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The Critics Agree: Borland'~ 

"Turbo C ... will stun you with in-RAM 

compilations that operate at warp speed." 


Turbo C's" sleek 
compiler is 'O rast 
and powerful. we 
used it to write ou r 
equation solver. 
Eureka." Even helter. 
all that muscle is 
wrapped in a ::;mouth. 

integrated environment with every
thing you need to make writing. 
editing and compiling your programs 
a snap: 

• 	Compile· 10.000 lines per minute* 
• 	Online. conlexl-sen ' ilive help 
• 	ANSI compalible 
• 	Six memory model ·-tiny to hug 
• 	450 library [unctions 
• Utiliti es: Librarian . Make. GREP 
• 	Source code ror MicroCalc 


spreadshcel 

• 	Command-line version of the com piler 
• lnline as embly that lets you mix 


C and assembler 


S)·s1em Ke.Qulrnmcnts Fut w· lllM Ps12~· .1n.J thr HtW' 1:.mu~· (•' 
J'dSijnal computtrs otnd all HJO'\. nim1i.1UM1'.:'l l'C·IJClS r~tS· l lOSI 20 or 
l.11t..· r :l.tHK J.:A~t 

-Richard Hale Shaw, PC Magazine 

• 	Prorcssional-quality graphics llhrary 
supporting VCA . CGA . L-:CA. Hercules. 
andl8M851·1 

• Interfaces with Turbo Pascal 4.0 

ancl Turbo Prolog 


Just $99.95 

" A lightning fast. fully featured C 
compi ler suitable ror almost every
thing ... Borland's Turbo Ccompiler 
i · nexible. fast and friendly. 

-	 Peter Feldman, PC Week " 

Heap Sort 
Tur/1<1 (' 1.5 Microsoft C 5.0 

-
Compile lim"._.. 4.7 sec. 16.3 sec. 

·
Compile & link 

7.4 sec. 19.5 sec.lime 

I 10.5 sec:. l!i5 sec.Execute ti me 
Object coc.lc size 111 9 1313 


I 

Execulion ·izc 6392 7891 

SGtt l:N'n<hmao. rnn oo an n \ll lt lft\t AT ul>ml:' Turoo r. \crshif1 I ~. Jnd 
Ulc Turloo U11 ~rr \' ff~loo I I , \ tl("NW)n C wnilon ~ O:mtl Utt' MS mrrlay 
11ni.rr,'1·rs10113 GI 

"Turbo Pascal 4.0 flies 

4.0 is ballistic!" - Tom Swan, 

Al most frorn 
... its introduction. 

Turbo Pasca l ~ has 
been the world
wicle Pascal stan
dard. It's fast. It'::; 
flexible . It's affor
dable. And it 

gives you full control. 
Compile more than 27 .000 lines 

of code per minute* . Ancl work in a 
complete. integrated programming 
environment with pull-down menus 
and a full-featured editor. 

You don't llave to swap code in 
and out to beat the 64 K barrier: it' 
designed for large programs. Break 
your code into conveni nt module. 
and work with them swiftly and 
separately. If there's an error in 
one. you can see it and fix it. 

S)'stcm Rr.qulrr.mr.nL~ t'or lfL1: IHM l'S/1.. nndlhc lli~1 e fMmll) uf 

prn.or1:al rom~·ukri :iM all 1 00~ CtKn~tlblcs 1'(;-UOS t 'IS. l:.J:SJ 2 ll or 

l11l(' r :UWKIV\.\I 

t Cu~umcr )3tt'1octlun 1\ our main ronn.·m. II"' IUlln GO dJ.) i uf 11..m:h:k"< 
1nl:c fll'Ot1Urt rltn not 1~:rforin 1n ~d;mct" '4ith our t"laims, .11 rntr 
allilnmf'r ~f\10.' dt1:ianmt"nt. ;1n1I ,.., . ..,.. 11.uunl\· it ri:f umJ 

All Bo..datd ~ ~lt"\r.IOJr'&lll O \ r.r "DWrNl.t~lr&M'u~tl.,.trl _,., lnlrrn.itivr,.i , l!ll" 

fl......( bl'llt'.a...., ~,._.~ ~".... ~ IJ.ll)"~l~d IMt.f Jf'lol" '!"' nut«ni 1'.i~fltll\ · ·~ 
lio.ifi..o.\ l t.lrf11.=.11~11111 IU1:?30 
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;Turbo Languages are Super ! 

like a rocket ... 
1987 Programmer's Jo11ma/ 

Powerrul reatures include: 

• rroducing EXE files 
• Separate compilation 
• Hui It-in project management 
• Graph unit including support 


for I13M C:GA. EGA, VGA. and 

3270 . Hercules and A'rl' o:mo 


• On line. conlext-sensiLive help 
•Run on ~ n BMHz 113M PC AT. 

Add expertise: 

The Turbo Pascal Toolboxes 


Start with Turbo Pascal Tutor ror 
just $69.95 and add the others as 
your interests and expertise grow: 

• Database Toolbox 
• l~nitor Toolbox 
• Graph ix Toolbox 
• Numerical Methods Toolbox 
• GameWorks 

Toolboxes require Turbo Pascal 4.0 

Just $99.95 each 

" Each new Turbo Pascal 4.0 Tool
box is a virtual treasure of program
ming methods and tips. 

- Giova1111i Pe"one, PC Week " 

Circle 40 on Reader Service Card 
(DEALERS: 41) 

"Turbo Basic compiles faster than 
anything I have seen." -Et/um Wi11er, PC Magazine 

Turbo Basic is 
the lightn ing-fast 
Basic compiler 
with a tota l devel
opment environ
ment that puts you 
in fu 11 control. 
Even novices can 

write professional programs with 
Turbo Basie's full-screen windowed 
editor. pull-down menus. and trace 
debugging system. You also get a long 
list of innovative Borland reature· 
like binary disk files. true recursion. 
and increased compi lation control. 
Plus the ability tu create programs as 
large as your system ·s memory can 
hold- not just a cramped 64K. 

The choice is basic: Turbo Basic! 

Just $99.95! 

" Turbu Basic. simply put. is an 
incredibly good product .. . Not on ly 
is this the must advanced BASIC 
ever. but Borland has lived up tu 
its Turbo tradition. 

- William Z ac/111101111, Comp111en vorld '' 

Add another Basic adva ntage: 
The Turbo Basic Toolboxes 

• The Dat<ibase Toolbox 
• The Editor Toolbox 

Too lboxes require Turbo Basic I . I 

Just $99.95 each. 

Syslcm Rcquln:mcnt...-; ror Ill(' tn \1 P::ir.! '• Jn.l lilt" lllMfli fiutld )' ul 
1)1·t:t.c:mar w m1111ll"r.!' .i n1! ;Ill 10(11\, romp.11 1blr~ l"C.t.IOS I MS. IMJ::=12 Dor 
l:1ti· r :lR·IK K>\M 6IO ' lo n 11111dlt· ti~ 11hmi •x 

Compare the BASIC differences 
Tur /)() /las/(· I I QuickB1\SIC 4.0 Compiler ()uickllASIC 4.0 Interpreter 

C:om pi lt: & I.ink w 
st.1nd -~lone f:XE :J sec. 7 sec. 

Size of . f~XE 28387 2:.91l0 

t:xccutlon timt 
w/AU 2117 0.16 sec. 

1·'' ..... . . 
1r;;, sec. 21.5 sec. 

f:xccution lime 
w/o 80287 0.16 SC '. 28fi.3 s~i: . 292.3 sec. 

Tht! F.1k\ns Opf:imizatlun lk nrlun;irt. pmcrnm from Morcil 1988 I · ·uc of Compulcr l.an~tmf,:(~ w:is U St ~ cl. TM l'rogr.im wns run on an IBM 
l'S/ 2 Model fiO with 8028i TI1c benchmark le>L< mmpih•r's ahlll1y to 01~ l mlzc loc1r, 1nvarla11l l\Xlc. unu'""I code. c.<pro.<.<1011 nn<I i:oMl
liunal evaluation. 
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"Fastest and ost approachab1 
imp ementation o that language" 
-Darryl Rubin, Al Expert, on Turbo Prolog 

"Mos p tful 
vers'on of Basic ever'' 
-Ethan Winer. PC Mag~ on Turbo Basic 

And able to leap 
onto "newground· the 
price/performance na" 
- John H. Mayer, Computer Desig1t, 
on Turbo C 

See ~~e technological 
excel~nce of Turbo C 

urbo Pascal and 
Turbo Basic! 

Meet Turbo Prolog 2.0: 
tificial liitelligence like 

ou've never -seen it! 



Turbo Prolog 2.0: Powerful Artificial 
Intelligence for your real-world applications! 


ew Turbo Prolog" 2.0 lets you 
harness powerful Al techniques. 
And you don't have to be an expert 
programmer or artificial intelli
gence genius! 

You get an all-new Prolog 
compiler that's been optimized to 
produce smaller and more efficient 
programs than ever before. An 
improved full-screen. completely 
customizable editor with easy pull
down menus. All-new documenta
tion. including a tutorial rich with 
examples and instructions to take 
you all the way from basic program
ming to advanced techniques. Even 
online help! 

System Requlremems for 111e '"" rs; 2- .,.. w 1eMe l•mily"' 
pet>OllJll """putm a!ld all 100'!> """paUllles. P<:rOOS lMS-OOS) 2.0 or 
la1tt_3'11 KRlc\t 

More new features! 
• 	An external database system 

for developing large databases. 
Supports B+ trees and EMS 

• 	Source code for a fully-featured 
Prolog interpreter written 
entirely in Turbo Prolog. Plus 
step-by-step instructions to adapt 
it or include it as is in your own 
applications! 

• Support for the Borland 
Graphics Interface. the same 
professional-quality graphics 
in Turbo Pascal. Turbo C. 
and Quattro 

• Improved windowing 
• Powerful exception handling 

and error trapping feature 
• Full compatibility with Turbo C 

so the two languages can call 
each other freely 

• Supports multiple internal 
databases 

• High-resolution video support 

Just $149.95! 

60-Day Money-back Guarantee t 

For the dealer nearest you 
Call (800) 543-7543 

Circle 42 on &oder Service Card (Deahrs: 43) 

Turbo Prolog Toolbox is 
6 toolboxes in one! 

More than 80 tools and 8,000 
lines of source code help you build 
your own Turbo Prolog applications. 
Includes toolboxes for menus. 
screen and report layouts. business 
graphics. communications. file
transfer capabilities. parser 
generators. and more! 

Toolbox requires Turbo Prolog 2.0 
Just $99.95 

" If I had to pi ck one single 
recommendation for people who 
want to try to keep up with the 
computer revolution. I'd say. 
'Get and learn Turbo Prolog. · 

-Jerry Pournelle, Byte 1188 

An affordable. fast. and easy-to-use 
language. 

-Darryl Rubi!~ Al Expert " 

I N1( RNA1101Jllt 
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smARTOORK. Keem-..:!!!!! 

Getting Smarter 


Smarter Artwork 

Three years ago, Wintek engi
neers created smARTWORK to 
reduce the time and tedium.of 
laying out their own printed-circuit 
boards. Thousands of engineers 
have since d iscovered the ease of 
use and sophistication that makes 
smARTWORK the most popular 
PCB CAD software available. And 
thanks to them, smARTWORK keeps 
getting better. 

smAR1WORK transforms 
your IBM PC into o PCB CAD system 

Interactive routing, continual 
design-rule checking, pad shav
ing, and production-quality 2X 
artwork hove always been a pa rt 
of smARTWORK. And now that 
many customer suggestions hove 
become a part of the software, 
smARTWORK is an even better 
value. That's why we 
offer it with a thirfy
day money-back 
no-nonsense 
guarantee. 

Using an Epson or IBM dot-matrix 
printer. you con create 2X artwork and 
1 X or 2X checkplols in a fraction of the 
time hand-taping requires 

New smARTWORK Features 

D Silkscreen layer for component 
placement and identification 

D Text capabilities for all three 
layers 

D Selectable trace widths and 
pod shapes and sizes 

D User-definable library 
D Ground planes created with a 

single command 
D Solder-mask and padmaster 

plots generated automatically 
D Quick printer 2X checkplots 
D Additional drivers for printers 

and plotters 
o Optiona l drill-tape and 

Gerber photoplotter utilities 
D AutoCAD~ .DXF file output 
D Completely updated 

manual 
D 800 number for free 

technical assistance 

2" by 4" section of a 10" by 16" double
sided board with silkscreen layer 

HiWIRE V1 .1r1 
smARlWORK V1 .Jr5 

Camera-ready 
2X artwork from an HI or HP pen plotter 

The Smart Buy. Guara nteed. 

Still priced at $895, smARTWORK 
is proven. convenient, and fast. 
Our money-bock guarantee lets 
you try smARTWORK for 30 days 
at absolutely no risk. Coll toll free 
(800) 742-6809 today and put 
smARTWORK to work for you 
tomorrow. That's smart work. 

System Requirements 

D IBM PC. PC XT. or PC AT with 384K 
RAM. and DOS V2.0 or later 

D IBM Color /Graphic s Adapter with 
RGB color or B&W monitor 

D IBM Graphics Printer or Epson 
FX/ MX/ RX-series printer. and/or 

D Houston Instrument DMP-40. 41. 42. 
51 , 52. or Hewlett-Packard 7470, 
7475. 7550. 7580. 7585. 7586 pen 
plotter 

D Optional Microsoft Mouse 

Wintek Corporation 
1801 South St. 
Lafayette. IN 47904 
Telephone: (800) 742-6809 
In Indiana: (317) 742-8428 
Telex: 70-9079 WINTEK CORP UD 

~~. ~. Ql'\d lt'IO \IMJO';IOQOOf& IOQLUOl6011'000tr'(3MOI 

'oWOCor~ -~bo1oQi1i0tOd•~Of~ lt'IC: 
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EDITORIAL 


Our New Benchmarks 
Here they are: BYTE's new system 
benchmarks. 

Our goals in developing these new 
benchmarks were very high: We set out to 
create a new suite of benchmarks that 
would give you the most comprehensive, 
accurate, and useful information on 
microcomputer performance that is avail
able today; benchmarks that were appro
priate for the current generation of hard
ware and software and that would not go 
out of date at any time in the foreseeable 
future . 

It was a tall order, but based on our ex
perience, research, and consultation with 
numerous industry experts, we believe 
we've succeeded. Once you've seen the 
benchmarks, we're confident that you 
will agree. 

The new suite comprises high-level 
tests, which examine a machine' s real
world performance, and low-level tests, 
which amplify and illuminate the high
level tests by providing a detailed, spe
cialized examination of each machine' s 
constituent subsystems. 

The new benchmarks provide an im
pressive level of detail-but not merely 
numbers for numbers' sake. For exam
ple, when a machine turns in an unusu
ally good or bad performance, our 
benchmarks show you exactly where the 
machine excels or falls short and which 
kinds of applications are affected. Just as 
important , they can reveal hidden 
strengths or weaknesses in machines that 
turn in otherwise seemingly average 
overall performance. 

The wealth of information provided by 
our combination of high- and low-level 
benchmarks means that you' re not locked 
into some narrow, preconceived or sub
jective interpretation of the results . 
Rather, you can easily use our bench
marks to estimate how any given machine 
will perform for your unique mix of ap
plications. (If you've ever wasted time 
trying to guess how an arbitrary and arti
ficial benchmark like the infamous 
NOP-no operation-test relates to real
world throughput, you'll appreciate the 
realism and immediate usefulness of our 
new benchmarks.) 

Also, there's our objectivity: BYTE, 
alone among the leading computer publi
cations, is not allied with a particular 
family of machines. We have no ax to 
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grind about any particular product, no 
reason-intentional or otherwise-to 
stack the benchmark deck one way or an
other. Our system tests are deliberately 
not optimized to favor any particular 
brand, chip family , or architecture. This 
means we have a way to address the 
thorny issue of accurately and objectively 
comparing the relative performance of 
systems with different processors and 
designs . 

We've-in effect- constructed a " level 
playing field " on which any machine can 
be put to the test with a minimum amount 
of tweaking. This also means we' ll be 
able to adapt our benchmarks to handle 
brand-new chips and architectures in a re
markably short time. 

But you don't have to take my word for 
any of this , because our benchmarks 
aren't of the "black box" variety-you 
know, the kind that spits out a result but 
doesn' t tell you how the number was gen
erated or what it really means . The 
" hows and whys" of our new bench
marks are explained in detail in this 
month's In Depth section, and the com
plete source code for all our low-level 
benchmarks is available via BYTEnet 
(free, except for the cost of your phone 
call) , on BIX, in print in our Quarterly 
Listings Supplement, and on disk (see 
page 3). We invite your close inspection. 

In the Reviews section, you'll see the 
new system benchmarks in action , with 
the results presented in easy-to-use, in
formative tables and graphs that should 
satisfy any level of curiosity about the re
viewed systems. 

At the top of each page of benchmark 
results you' ll find an overall number, or 
index. This represents the cumulative 
performance of the machine on our appli
cations-level benchmarks compared to 
several "standard" machines, such as the 
venerable 8-MHz IBM PC AT and the 
newer Compaqs and PS/2s. (Our new 
Macintosh benchmarks follow the same 
pattern; there are no new Macs to review 
at this time, so the new Mac system 
benchmarks do not appear in this issue' s 
reviews. However, the Mac benchmarks 
are discussed in the In Depth section.) 

Our high-level benchmarks measure 
the performance of each machine while 
running a wide variety of real-world com
mercial software packages , such as word 
processors, compilers, databases, CAD 

packages, desktop publishing packages , 
spreadsheets , and so on. These tests are 
designed to realistically exercise each 
machine's major subsystems-disk UO, 
video, CPU, floating-point unit, and 
memory- in a variety of ways. 

The overall index can serve to give you 
a " quick fix" on a particular machine , 
but , you should be aware that-like all 
generalizations- this overall number 
does not in itself provide high precision. 
That's why the index is visually joined to 
a graph that breaks down the overall per
formance into application-by-application 
results . Here , you can begin to see 
strengths and weaknesses emerge, and 
you can begin to use that information to 
see how a given machine meets (or fails to 
meet) your own specialized needs. 

The numbers to the left of the graph 
provide the detailed results of the applica
tion tests, for even greater refinement and 
accuracy. 

The lower portion of the page contains 
the low-level test results. On the right, a 
graph clearly illustrates relative perfor
mance on a subsystem-by-subsystem 
basis ; on the left are the detailed, test-by
test results . 

You can use the low-level results to ex
amine, in as much detail as you wish , why 
a machine performed as it did in the high
level tests. They also let you compare ma
chines at the most fundamental level , and 
to tailor our benchmark results to unusual 
applications not included in our high
Ievel tests: Just examine the subsystem(s) 
your application will exercise most, and 
you can get a good idea of how the re
viewed system will handle the task. 

The Future 
These new system benchmarks are the 
foundation for an entire new set of bench
marks. Over the next few months , you'll 
see additional refinements and improve
ments, including a new suite of software 
benchmarks. 

BYTE was the first magazine to use 
objective benchmarks in evaluating per
sonal computers. We're proud to con
tinue that tradition with these-the first 
"second-generation" microcomputer 
benchmarks in the industry. 

As always, we welcome your com
ments and suggestions. 

-FredLanga 
Editor in Chkf 
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Have you read the latest 
from PC Magazine about 
ALR's FlexCache 386? 

A Philosopy of Value 

''Even Compaq's DeskPro 
386/20 eats the dust made 
by the ALR FlexCache 
20386 as it screams down 
the DOS highway ..." 

PC Magazine, March 15, 1988 

Compatible 
Novell, DOS 3.X, 

sco Xeni• 386, OS/ 2 

Software 

At Advanced Logic Research 
(ALR) the philosophy of getting 
more for your money has become 
a tradition. A tradition recognized 
by a long line of excellent reviews 
from all the major trade journals. 
FlexCache 386 Series is based on 
the ALR 386/220, PC Magazine's 
choice as "The Best of 1987". Now 
the fastest PCs available, the 
FlexCache Series approach mini
computer performance and offer 
you the most for your money. 

FlexCache dual bus architecture 
separates the standard 8MHz 
peripheral bus from the high
speed memory bus. This permits 
access at the 16MHz or 20MHz 
CPU clock rate. By keeping fre
quently used data close at hand, 
the cache memory controller elim
inates wait states 95% of the time. 
Since 90% of all data transfers 
relate to the data bus, long delays 
in computations disappear. 

Faster Than IBM or Compaq 

This innovative design allows for 
up to 60% faster CPU I memory 
data through-put than the IBM 
PS/2 model 80-071 with the much 
touted microchannel. And the 
FlexCache 20MHz CPU " ...consis
tently lays down a coating of dust 
on Compaq's IBM-basher." 
-Compaq DeskPro 386/20. 

20386 

Balanced System/ Fast Disk 

Full track data transferring (1 :1 
interleave) plus ESDI look-ahead 
buffering, allow FlexCache 386 
systems to turn what used to be a 
data bottleneck into a super high
speed corridor. Compaq wants you 
to pay $7490 for their DeskPro 
386/20 model 60 with a 60MB hard 
disk. But for the same price you 
can get ALR' s Flex Cache 20386 
model 150 with a lSOMB hard disk 
and 200% faster transfer rate. 

Room to Grow 

Th~ minicomputer-style chassis of 
the FlexCache 20386 offers space 
for five internal devices, allowing 
more data storage than any other 
PC available. 

For the name of the ALR dealer 
nearest you call: 

1-800-366-257 4 


Advanced Logic Research, Inc. 
10 Chrysler, Irvine, CA 92718 
Phone: 714-581-6770 FAX: 714-581-9240 
Telex: 510-601-4525 
Answer back Advanced Logic 

AexCache 16386 ond AcxCache 20386 are trademark.. of Advanced Logic Research, Inc. Compaq O..kPro 386 & 386/20 are trademark.. of Compaq Computer Corp. IBM PS/2 is a 
trademark of lntemationa.I Business Machines, Inc. Prices and configurations are subject to change without notice. 

BYTE • JUNE 1988 8 



Can you cope with fame? 
"ALR products make headlines. Broad 
exposure from trade reviews and 
national advertising campaigns create 
public demand. This makes ALR dealers 
very popular." 
Alan Weinberger - President 
The ASCII Group, a 180 member 
nationwide chain 

Can you say goodbye to 
your middleman? 
"ALR only sells through authorized 
dealers which means you dont get a 
knife stuck in your back. it also means 
direct support from the factory. 
Support from ALR's sales staff, cus
tomer service staff and technical sup
port staff. ALR also offers Dealer 
Incentive Programs such as Flooring , 
Co-Op Advertising, and some of the 
highest margins in the industry." 

Tom Dirolf - President 
Technology Partners, Ann Arbor, Ml 

Do you have 

what it takes 

to be an ALR 


dealer? 
Can you be 

a 
"Yes Man"? 
"We've had to 


learn to say yes, 

a lot. Yes to 


speed, power 

and 


affordability. Yes 

to Novell 


expandibility 

and a complete 


variety of 

networking 


solutions." 


Sam Woo - President 
Micro Age Computer Store, Dallas, TX 

Can you handle success? 
If you think you can live with this kind of success, you may 
hove what it takes to be an authorized Advanced Logic 
Research Re~eller. If you know you con handle satisfying 
customers with the most advanced computing systems 
available . or your looking for on ALR dealer who already 
is, call ALR today at 
1-800-366-2574 and we'll send :;\\\)\___ _ _ 
you dealer information u~~ 
and o product package. Advanced Logic Research, Inc. 

Maybe you do have 	 10 Chrys ler, Irvine, C A 92718 
what it tokes. 	 714-581-6770 


FAX:714-581-9240 

Telex: 5106014525, 

Answer bac:k Advonced Log;< 
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SharpenYour PC Skills and 

Build a Great Software Collection 


Reviewers Love Our Monthly Software!ONLY$6.65! 
".. . Big Blue Disk offers games, educational programs, p roduct 

Monthly Software for reviews, programming utilities, and even commercial 
programs. We had more fun than an ant at a picnic, and we'reIBM PC™,Apple rrrM,or 
going to subscribe! . . . RATING: •••• Value for Money" 

C-64/128 TM ......... .. ........ . '. . ... . . .......... .. .. .. fAMll.Y COMPUTING 


Softdisk rating: ....... . . . . . . . . . . . . . . . . . . . . INCIDER. APR. 1987 

Learn From the Experts 

". . ./ highly recommend Loadstar. lf you can afford only one 
Draw on the vast experience of our disk seroice, make if Loadstm: .. " 
editors to provide you with 
carefully selected software 
you can use each month, from 
spreadsheets to role-playing 
games, from telecommunications to 
accounting to recipe programs. With 
easy· to-use documentation, you wiJI 
master each new application with 
confidence and ease. 

Become Experienced Inexp~nsively 
Without investing a fortune, our monthly software will help you to see 
why your personal computer is the most versatile and powerful tool you 
own. You wilJ know more about your computer, its capabilities, and 
software for it, than you would have thought possible. At S6.65 a month, 
our monthly software is the best value in software today. 

Try our Monthly Software for Three Months 
Every month your postman will bring you the latest issue of our 
monthly software, contained on two unprotected 51/ <i" diskettes. Each 
issue is chock-full ofour best software, including utilities, games, 
home and business applications, and educational programs. Order 
now and receive a special software gift absolutely free. 

STEVE LEVIN. COMMODORE MICROCOMP TERS 

Hl<i Hl.l 1E DISK (IBM PC Vl:'rsion) 
( .ontt.·nts of lssul.' II 17 

• 	Casino Craps Vegas-style dice game. 
• 	Puzzle 15 Slide-the-tiles puzzler. 
• 	Label Printer Keep your address 

book on file . Select & print labels. 
• 	Alfredo's Hulking Hubris Comedy 

digital animated cartoon. 
• 	Print Shop™Images For use with 

Br0derbund's® popular program. 
• A Pair of Sorts Compare 2 popular 

sorting algorithms in action. 
• 	Diskette Cookbook Includes Cajun 

recipes. Also add your own recipes. 
• 	And much morel 

Apple II, C611128. IBM PC. a11d Pr/111 Sbop are trademarks ofApple Computer /11c.. Commodor~ Business Macbil1es /11 c., 1memallom1/ Business Machines /11 c. , 
a11d Broderb1111d SoftUJare, respecllvely . Available at \Va/de11books, 8 . Dalton Booksellers. and/l11 e bookstores everyw/JeYt.' (cover price $9.95). 

v.es' Please rush my free gift and start my three month 
I• • subscription for only S 19.95 postage paid. I 

understand that this ls a trial subscription and that I am under no 
obligation to continue beyond three months. (Overseas $27.95) 

0 BIG BLUE DISK'" for IBM PC and compatibles. (51/.i " disk) 
0 BIG BLUE DISK'" for IBM PC and compatibles. (31/2'' disk) 
0 SOFIDISK'" for Apple II family & compatibles. (5W' disk) 
D LOADSTAR '" for Commodore 64 & 128 family. (5 'N' disk) 

Name'~~~~~~~~~~~~~~~~~~~~~ 

Address_~~~~~~~~~~~~~~~~~~~ 
City State___ Zip·___ _ 
Telephone_______~~--~------~ 

0 VISA/MC 0 AmEx 0 Payment Enclosed 
Card # Exp. Date._ ___ 

Call Toll Free 1-800-831-2694 
Louisiana residents include 4 'X, set/es ta.'\· BY068 

SOFIDISK •P.O. Box 30008 •Shreveport, LA 71130-0008 

FREE me bonus gift listed below for your computer 
when you order the next three issues of our 

monthly software for your IBM PC, Apple IJ or C64- 128. 

FREE for IBM PC- "Best of BIG BL E DISK" when you order 
BIG BLUE DISK. Nine of the best programs from recent issues. 

FREE for Apple II - 400 Print Shop '" Graphics on two disk!i 
when your order SOFTDISK- Not available elsewhere. 

FREE for C-641128 - "Best of LOADSTAR" when you order 
LOADSTAR. 14 of the best programs from recent issues. 

Your Satisfaction Guaranteed 

If you are not satisfied with your purchase for any reason, 

return your first issue for a full S 19.95 refund. TI1e free 

gift is yours to keep. You can 't lose. 
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MICROBYTES 


Staf/-written highlights ofdevelopments 

in technology and the microcomputer industry 


Device Could Break the Chains Between 
Portables and Batteries 
A new device that converts RF energy 
into DC is capable of powering small 
electronic devices, such as laptop com
puters, and could free portables from 
"battery bondage." "Using this de
vice, you'll never need batteries for your 
laptop again," Sonic Electric Energy 
Corp. president Ray Weilage told Micro
bytes. He said the company has been 
showing a "prototype RF-powered com
puter" at its headquarters in Atlanta. 

According to Rick English, technical 
analyst for Prudential-Bache, "Sonic's 
patent for the RF conversion device has 
been approved. They have a lock on the 
technology . " 

Weilage said Sonic has successfully 
shown the device is capable of powering 
small color TV sets and other little 
units, such as portable radios. "How
ever, the expansion of the technology 
into computers and television sets opens 
a new field for making these units por
table and power-source self-sufficient," 
he said. 

"We have a cell that converts radio 
frequency to direct current under 66 

MHz. That 's on the other end of the 
spectrum from NASA's experiments 
with microwaves to power an airplane 
type of thing. We're on the other end of 
the spectrum working with the longer 
wavelengths," Weilage said. 

The actual device is "very similar to 
the photoelectric cells that convert light 
to energy. It's the same thing, except 
that we're converting radio frequency to 
energy," Weilage said. 

To power a laptop computer would 
take a box about the size of a pack of 
cigarettes. Weilage said the unit would 
add virtually no weight to a laptop and 
would cost a manufacturer "about 
$20." 

The Sonic device draws the RF fre
quency from an antenna based on the 
Tesla coil theory. The efficiency of the 
device, Weilage claimed, stems from 
having reduced the Tesla coil to a 
microchip. "Bell Labs was the first to 
implement the Tesla coil technology on 
a microchip, " said English, "but they 
were using it for a 'what if we could do 
this• type of experiment. " 

"DRAM Scam": Atari Ctlief Slams Shortage 
America's computer industry is 
starved for computer chips, Japanese 
semiconductor firms are raking in the 
profits , and Atari CEO Jack Tramiel 
thinks it's all a scam- "the DRAM 
Scam, " he calls it. 

Tramiel used a press conference at 
the CeBIT '88 computer exhibition in 
West Germany to assail the "short
sighted and underhanded" trade policy 
of the U.S. and to denounce the " so
called DRAM shortage." He claimed 
there is plenty of chip manufacturing 
capacity in the world; however, because 
of trade agreements between Japan and 
the U.S., the supply can't match the 
demand. 

"This is a case of calculated short
age," said Tramiel; the trade policy has 
foisted aclassic manifestation of the 
Law of Unintended Consequences on the 
computer industry. A trade sanction 
against Japanese chip makers, intended 

to stop the "dumping" of low-cost 
chips on the American market while al
lowing the survival of the U.S. chip in
dustry, has backfired, he said. As a 
result, there's a shortage of dynamic 
RAM chips and a dramatic increase in 
their price, which in turn has meant 
higher prices for computers. 

Nine months ago, DRAMs sold for 
$1 .50. "Today on the spot market, those 
same chips cost $6," Tramiel said. 
"That' s not profit. That's robbery ." 
The current world demand for DRAMs 
runs around 100 million per month, ac
cording to Tramiel; the total U.S. out
put is only 10 million. "It didn't take the 
Japanese long to figure out that they 
could get a higher price for selling fewer 
chips. They don't mind profiting from 
America's stupidity ." 

Tramiel wasn't totally negative. "I 
don 't see this chip shortage lasting more 

conlinued 

Nano bytes 
• The hottest thing our traveling 
news hand saw at the massive 
Hannover Fair in West Ger
many-or at least it was treated as 
if it was the hottest thing- was a 
Macintosh SIZK-byte clone. 
Representatives of a Taiwanese 
manufacturer had brought the il
licit box to show to a select few. 
The fact that it used illegal copies 
of the Mac ROMs made the reps 
a little secretive. "We are not cer
tain that Apple can maintain its 
grip on the technology, " one of 
them said. "We feel it is a possi
ble violation of U.S. antitrust 
laws. " Asked what such a clone 
might sell for, the spokesperson 
said, "We would like to see the 
computer sell for around $795." 
• Although some expect the 
shortage of memory chips to 
lighten up soon, computer 
makers are wrangling to get mem
ory wherever they can. We've 
heard that certain Japanese semi
conductor companies have been 
quietly distributing 4-megabit dy
D8Dlic RAM chips to select cus
tomers. The DRAM shipments 
are invoiced "test samples" or 
"research samples," which could 
indicate that the chips are being 
offered in advance of actual pro
duction quantities. Japanese 
finns are increasing their outputs 
of dynamic RAMs; analysts say 
the few U.S. companies that sup
ply DRAMs had better do the 
same. 
• MIPS Computer Systems 
(Sunnyvale, CA) claims "sus
tained performance" of20 VAX 
MIPS with its new RISC proces
sor, the R3000, which is about 
three times the claimed processing 
power of Sun's SPARC chip. 
The 25-Mllz chip will be supplied 
by Integrated Device Technol
ogy, LSI Logic, and Performance 
Semiconductor. Perhaps as im
portant as MIPS's new chip is its 
agreement with AT&T to de

ccntinued 
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velop an application binary inter
face (ABI) that will allow binary 
compatibility of Unix applications 
across all systems using MIPS 
processocs. MIPS spokespersons 
claimed the AT&T deal sets 
them on equal status with Sun' s 
SPARC architecrure in relation 
ro Unix. However, Sun will jointly 
develop Release V of Unix Sys
tem V with AT&T. 
• Tandy (Fort Worth, TX) is 
now licensing its easy-to-compre
hend DeskMate Interface to de
velopers. DeskMate is a pictorial 
interface that works on 8088, 
8086, and 80286 computers. It 
takes up only 384K bytes of 
memory. Some of the software 
publishers saying they'll write 
for the environment include 
Symantec, Electronic Arts, 
Broderbund, Intuit, Sierra Online, 
Software Publishing Corp., and 
Activision. Tandy marketing di
rector F.d Juge said that because 
DeskMate is so easy to use, it will 
help sell "a ton of computers." 
• Epson America (Torrance, 
CA) cut the suggested price of its 
Equity m+ computer with a 
hard disk drive by $196 to $3299 
and the floppy disk drive version 
by $96 to $2199. The bad news is 
that the price of the LQ line of 
24-pin printers went up (except for 
the LQ-2500): the LS-500 went 
up $30 ro $529, the LQ-850 up 
$50 to $849, and the LQ-1050 
up $100 to $1199. 
• G-2 Inc. (Milpitas, CA) has 
gotten into the growing IBM-com
patible business with three new 
products: a chipset compatible 
with IBM's PC XT and PS/2 
Model 30 and supporting clock 
speeds up to 10 MHz, a VGA 
chip, and a trio of chips that G-2 
says "replaces most of the ICs" 
used to build AT compatibles and 
systems based on the 80386. 
Samples are ready now. 
•U.S. companies will spend 
$20 billion on software and re
lated services this year, a new 
report claims. Based on interviews 
with 137 Fortune 500 compa
nies, Newton-Evans Research (El
licot City, MD) says packaged 
software will account for about 
$12.5 billion of that sum. The 
researchers say that 350,000 
Americans are working in soft
ware-development jobs. 

continued 
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than 6 or 9 months," he said. He also 
announced that Atari hopes to either buy 
or build its own semiconductor plant 
within the next 12 months. 

Atari will hold the line on the prices 
of its systems, Tramiel said. (Atari is re
portedly currently buying chips, under 
contract, from Japanese manufacrurers 
for $2 .50 each.) "So maybe we only 
make $55 million next year instead of 
$57 million," he rold an applauding 
European audience. Europe receives the 
largest share of Atari's computer 
output. 

"·, ....."!'t,.._ 
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Mega ST on this side of the Atlantic, 
Harris said. 

The shortage of Mega STs in the 
U.S. has also put a damper on Atari 's 
laser printer, which depends on the 
large memory capacity of lhe Mega ST 
for effective performance. Unlike most 
olher laser printers, the Atari unit has no 
internal memory of its own but uses 

Regardless of its causes, the current 
shortage of DRAM chips is preventing 
Atari from manufacturing enough 
Mega STs to supply the U.S. market, 
company marketing director Neil 
Harris said. 

Because of Atari 's popularity in Eu
rope, most machines, which are manu
factured in Taiwan, are being delivered 
to European customers. Atari has held 
back advertising and marketing of the 

part of the Mega ST's 4 megabytes of 
RAM, which is actually a more effi
cient and cost-effective use of memory 
capacity, according to Harris: 

Atari continues ro delay production 
of its MS-DOS computer, announced 
more than a year ago. " it came down 
to a choice between manufacturing STs 
or MS-DOS machines," said Harris. 
"The MS-DOS machine is ready to go 
but won't go into production until the 
RAM shortage goes away. " Harris said 
that Atari expects the DRAM shortage 
to start easing by the third quarter of this 
year and still has plans to aggressively 
market the Mega ST in the U.S. 
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Motorola Pushing 88000 as Chip of the Nineties 
Motorola has established its 68000 as 
one of the powerhouse processors in the 
microcomputer market. Now the com
pany's Microprocessor Products Group 
(Austin, TX) is aiming for similar suc
cess with the 88000, its 32-bit reduced
instruction-set computer (RISC) pro
cessor. The 88000 is based on a 
Harvard-style computer an:hitecrure, 
with separate address and data lines for a 
program's code and data. These dual 
"paths" allow code and data operations 
ro operate in parallel, which improves 
throughput. 

The 88000 is composed of three 
chips : the MC88000 central processor 
and two MC88200 cache/memory 
management units (CMMUs) that super
vise the code and the data paths. The 
MC88000 has a register file of thirty
two 32-bit registers, built-in integer 
and floating-point math units, an exten
sible instruction set, and an extensible 
an:hitecrure. The extensible architecture 
is made up of eight special function 
units (one is the floating-point math 
unit) with 256 reserved op codes that 
allow a vendor to expand the 
MC88000's capabilities. Such expan
sions might include transcendental func 
tion support or a serial driver. The 
MC88200 CMMU has a built-in 16K
byte memory cache and performs bus 
snooping to maintain cache coherence. 

A scoreboarding function in the 
MC88000 maintains validity of the reg
ister file contents. For example, if a 

values, and the contents of one of the 
registers is invalid (perhaps the fetch in
struction loading lhe target register is 
still in progress), the scoreboard will 
stop the multiply operation until the 
fetch operation is completed. Score
boarding lets software designers write 
RISC software without becoming mired 
in the details of moving data through 
the processor. It also allows certain code 
optimizations to be performed . Pro
grams written for the 88000 are typically 
I 0 percent larger or smaller than 
equivalent programs written in 
MC68020 code, according to Motorola 
officials. 

From the beginning, both the 
MC88000 and the MC88200 were de
signed to support tightly coupled 
multiprocessing. You can use up to four 
MC88000s in parallel to boost process
ing power, or, if your application de
mands it, you can combine up to four 
MC88200s on a path to expand the 
path's memory cache to 64K bytes 
(128K bytes total). A single 20-MHz 
88000 processor runs at about 15 ro 17 
million instructions per second and 
34,000 Dhrystones. Motorola offers 
boards with combinations of one, two, 
and four 88000 processors. 

In what' s shaping up as a trend, 
companies are bringing out support tools 
with their new chips rather than just 
saying, "Here's the silicon, baby; you're 
on your own." For the 88000, there's 
an optimizing C compiler from Green-

multiply operation uses two register 
I 



dBASE® Users-Attack 

the Mac with FoxBASE+/Mac 


New Frontiers, No Fears. 
FoxBASE+ /Mac gives you the unprece
dented ability to run your dBASE pro
grams on the Macintosh immediately
without changing a single line of 
code! But there's much more. With 
FoxBASE+!Mac you can create 
beautiful, robust appUcations that 
are truly Mac-like-using the 
famiUar dBASE language! 

Speed and Power. 
FoxBASE + /Mac gives you speed to 
burn - plus the power and performance 
you've come to expect from Fox. In fact, 
FoxBASE+ /Mac is by far the fastest 
database system available on the Mac 
today-up to 200 times faster! 

View Window. 
The View Window is the master control 
panel for FoxBASE +/Mac's graphical, 
non-programming interface . se it to 
open and close files, set up indexes, 
establish relations, access BROWSE, and 
even to modify database structures! 

BROWSE. 
FoxBASE + /Mac's BROWSE feature 
brings new convenience and power to 
database display and etliting! You 're in 
complete control- BROWSE lets you 
dynamically adjust the size and order of You can create stunning screens like this with FoxBASE +!Mac-immediately! 
fields displayed, add or delete records, This actual Fox BASE+ !Mac screen photo ilJustrates the View Window, 

Command Window, Integrated Graphics, Memo field editing, and split the window to show different 
Trace and Debugging Facilities, and the BROWSE feature. database sections side-by-side. Together, 


BROWSE and View Windows eliminate 

the need to write programs for common 

database operations! Command Window. 


FoxBASE + /Mac's Command WindowIntegrated Graphics. gives both experienced developers and 
Copy and paste graphs, charts, diagrams novice user ultra-convenient access to 
and even pictures into your database - the dBASE command language-just 
instantly! FoxBASE + /Mac gives you the type a command into the Command 
power to display these graphics, or Window, and it's executed! 
merge them into reports and documents! 

Get The FoxBASE+/Mac 

Facts Now! 


Call (419) 874-0162 for more informationFox.BASE and Fox.BASE + /Ma:c ttrt\ trademnrks of Fox 
Softw11re. dBASE and dBASE Ill PLUS are trodemarks about FoxBASE + /Mac. Or visit your local 
of A.shtun-Thte. Ma.clntosh Is a trademark of MelnlOsh 
Laborntory. Inc.• licensed to Apple Computer, Inc. software retailer. 

~~~~~~~~~~~~~~~ Fox Software=== 
Nothing Runs Like a Fox. 
Fox Software, Inc. (419) 874-0162 
118 W. South Boundary FAX: ( 419) 874-8678 
Perrysburg, OH 43551 Telex; 6503040827 
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FoxBASE+fMac is part of the award-winning 
ramily of products from Fox Software. 
FoxBASE+ has been given the prestigious 
Editor's Choice award by PC Magazine, and 
scored an impressive 9.2 out of a possible 10 
when tested by /rifoWorld's Review Board! 
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• C + + is now available for 
workstations from Apollo Com
puter (Chelmsford, MA). 
Apollo's version of the object
oriented programming language, 
called Domain/C + +, is based on 
AT&T's C+ +translator. The 
company intends to integrate the 
language with its Distributed 
Debugging Environment later this 
year. 
•Since many IBM-compatible 
computers have high-resolution 
EGA or VGA monitors, the 
company known for bringing 
graphics to monochrome PCs, 
Hercules Computer Technology 
(Berkeley, CA), has had to tum 
to other areas of the graphics mar
ket. Hercules is working on sev
eral products for enhancing the 
perfonnance of VGA-based ma
chines such as the IBM PS/2. The 
firm is also developing similar 
products for the Macintosh II. 

The VGA package will coexist 
with an existing VGA board, con
nected via the VGA card's fea
ture connector. It will allow you to 
use Hercules' RamFonts on a 
VGA system and will also "im
prove the performance of current 
bit-mapped graphics applica
tions," according to Hercules 
CEO Jim Harris. Hercules hopes 
to show the VGA board at Fall 
COMDEX, with a Macintosh ver
sion following close behind. 
• Saba Technologies (Beaver
ton, OR) has retooled its Poage 
Reader scanner to handle draft 
type from dot-matrix printers and 
to be a little tilster at reading 
pages (about one per minute, the 
company says). The $1299 Page 
Reader 2.0 also now supports the 
Tag Image Ftle Fonnat, which 
means the graphics can be used in 
PageMaker and other programs 
that accept TIFF files . 
• The Computer Security In
stitute will demonstrate viruses 
and virus detectors at its confer
ence for users of IBM and DEC 
systems. The program will em
phasize n~rk security, with 
sessions covering Ethernet and 
MacVAX networks. The event 
happens this month (June 13-15) 
in Arlington, VA. For more infor
mation, phone Irene at (617) 
393-2600. 
• The market for used micro
computers has reached $1 .2 bil

continued 
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hill, with FORTRAN, Pascal, Lisp, 
and Prolog languages available in mid
1988, and COBOL and Ada languages 
available in the second half of 1988. 
Tektronix has its DAS 9200 logic ana
lyzer with a MC88000 probe for hard
ware prototyping and testing. Phoenix 
Technologies and Insignia Solutions an
nounced programs to allow MS-DOS 
applications to run on the 88000. 

Although Atari and Commodore are 
known in the U.S. primarily for their 
low-cost home computers, both com
panies continue to work at high
perfonnance machines. At the recent 
Hannover Fair in West Germany, they 
talked about their Transputer-based 
systems and Unix boxes that are in the 
works. 

Atari demonstrated prototypes of its 
system based on the INMOS Transputer, 
the Abaq, at COMDEX in November. 
The company will ship "about 100 Tran
sputers to developers in the next 
month," president Sam Tramiel told us 
at Hannover. 

Commodore also announced its own 
Transputer-driven system. The company 
claims a processing rate about 10 times 
faster than an IBM PC AT. Each chip 
has four high-speed serial connections 
in addition to a normal bus. Four addi
tional Transputers can be connected to 
the main processor. 

Commodore is developing its system 
with a large-scale research institution, 
Gesellschaft fur Biotechnologische 
(the Society for Biotechnology Re
search). Commodore plans to develop 
a high-performance workstation around 
the Transputer for use primarily in lab

( 

Mac the Mouth Shows How We Speak 


workstations that use three-dimensional 
graphics, CAD systems manipulating 
three-dimensional objects, and jobs 
(such as in aerospace) that demand 
fault-tolerant computing. Tektronix has 
said it will incorporate the 88000 in 
color graphics workstations. 

1 

U.S. Firms Show Workstations Overseas' 

oratories and industries. This project is 
based on the Amiga 2000, which, 
when equipped with the Transputer sys
tem, offers a greatly enhanced graphics 
capability for such applications as mod

speech problems that may be caused by 
hearing impairments, stroke, or head 
injury. It may also help people who want 
to lose their accent or develop a 

_.. 

eling molecular structures. 
Atari showed us a prototype of a 

Unix workstation. The system, when 
available, would be shipped with Unix 
System V version 3 .1, according to 
Shiraz Shivji, Atari's head of research 
and development. However, the working 
unit that we saw demonstrated was a 
wire-wrapped prototype. Shivji said the 
actual boards are now being manufac
tured and that Atari will begin shipping 
systems to developers in "two or three 
months." 

The-workstation will have at least 4 
megabytes of RAM, use a VME bus, 
and support Sun's Network Fde Struc
ture . The system is based on the 68030 
chip. It will use the International Stan
dards Organization model for network
ing, have a SCSI port, and use X-Win
dows, Shivji said. 

Commodore is also developing a 
Unix workstation. The Commodore 
model is based on the 68020 chip and 
will first appear as an add-on board for 
the Amiga 2000. 

You speak into a microphone. On the 
screen of a Mac Il, you see a cross
sectional animated diagram of a per
son's head. As you speak, you see the 
lips, the teeth, and the tongue move in 
sync with your voice. You think to your
self, "Gee, I didn't know my tongue 
moved so much." 

What makes this animation possible 
is a program under development by a 
small San Diego firm called Emerson 
& Stem. The primary purpose of the 
program, informally called Mac the 
Mouth, is to help people who have 
speech difficulties. 

According to Jan Zimmerman. the 
CEO of the company, the program will 
help speech pathologists to correct 

Anticipated uses for the 88000 in
clude large-scale parallel processing 
projects, big banking systems, AI 

different one. 
Mac the Mouth works by digitizing 

the sounds that a person makes when he 
or she says a word and breaking them 
down into a series of frequencies , simi
lar to a standard spectrogram. The pro
gram then translates these sounds into an 
animated diagram of a person's mouth. 
The effect is almost that of being able.to 
look into someone's mouth and watch 
his or her tongue move. 

The program will allow people with 
speech impairments to have visual feed

conlinued 



$299 For 3-D C 

you can't be 
by spendi 

thousands mori~ 

. . . You can spend thousands of dollars The compatibility that 
for three dimensional CAD software Design CAD 3-D offers you means DESIGNCAD. 3·D
and still not get the power and I . . . . that it can be used with almost any 
capability that DesignCAD 3-D PC compatible system. It supports 
offers for a remarkable $299! DesignCAD 3-D is more than 200 dot matrix printers, more than 80 plotters 
proof positive that you don't have to spend a fortune and most digitizers and graphic adapters. DesignCAD 
for quality. 3-D can read drawings from most other CAD systems. 

DesignCAD 3-D allows you to develop and advance The best reason to buy DesignCAD 3-D is not the low 
any design in 3 dimensional space, while providing you price, the performance or the compatibility. The best 
with features such as shading, hidden line removal, reason is the amazing ease of use. DesignCAD 3-D's 
printer and plotter support. DesignCAD 3-D's extensive powerful commands mean that you can produce 
file transfer utilities allow you to: transfer documents professional 3-D drawings in less time than you thought 
to and from IGES, DXF HPGL, transfer to GEM and possible. In fact, we think you'll agree that DesignCAD 
Post Script and to read ASCII text files and X, Y, Z 3-D is easier to learn and easier to use than any 3-D 
coordinate files. It allows up to 4 simultaneous views CAD system for IBM PC, at any price! 
(any angle or perspective) on the screen. Complex 

S.. your local computar dealer tor l>a•lonCAD 3-D, or contact:extrusions, extensive 3·Dtext capabilities, auto 
dimensioning and a host of other 
features are all included with P Re ource tagazine ·:·:·American 
DesignCAD 3-D, all at no extra has listed DesignCAD 3-D Small Business Computers, Inc. 
charge. a one of the six 327 S. Mill St, Pryor, OK 74361 

new computer products (918) 825-4844 FAX 918-825-6359 
Telex 9102400302worth watching in 1988. 
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lion, according to the National 
Association of Computer Dealers 
(Houston). Despite specialty 
stores and "computer brokers," 
most used computers are sold in 
traditional ways: friend to friend 
or via classified ads, an NACD 
spokesperson said. 
•Okay, he's rich and famous. 
But is he happy? "I'm frustrat
ed," said Apple vice president 
Jean-Louis Gassee. " I see the 
power of computing, but we're 
not doing it," he told an audience 
at the University of California at 
Berkeley. "We're not building 
networks or systems that can be 
used by nonnal people." Gassee 
warned that the "techno-clergy" 
must not become isolated from the 
rest of society. "The idea of 
10,000 remote databases means 
absolutely nothing to most 
people, " he said. 

MICROBYTES 

back on the sounds they are producing 
and the way they are producing them. ln 
normal operation, a person will watch 
the diagrams that are produced when a 
speech pathologist says a word and 
then try to duplicate those same patterns. 

According to Zimmerman, the soft
ware has already helped one of the com
pany's programmers. The program
mer, who emigrated from Thailand, had 
trouble pronouncing the "l" sound in 
words such as "really. " By using the 
program, she was able to see where her 
tongue should be correctly placed and 
was able to produce the correct sound. 

Zimmerman hopes to have Mac the 
Mouth ready in about 6 months. It will 
be available only for OEMs. No pric
ing data was available. 

The significance of Mac the Mouth 
may extend beyond speech pathology. 
Emerson & Stem's Zimmerman says 
the company is exploring the possibility 
of combining Mac the Mouth with a 
grammar parser to develop a system for 
speech recognition. Such a system, 
Zimmerman says, would be speaker-in
dependent since we all use the same 
patterns of mouth movement to produce 
a particular sound. 

Laser Printers Getting Higher Resolutions 
You might not notice it, but higher
resolution laser printing is on the way. 
Several comranies, including Fujitsu, 
Agfa-Gevaert, and Itek, demonstrated at 
the recent Hannover Fair in West Ger
many a new breed of laser printer based 
on a Canon engine and capable of pro
ducing output with a resolution of 400 
dots per inch. And at least three com
panies introduced printers with resolu
tions of 500 dpi or better. These 
higher-resolution models represent a 

coming trend for the desktop publishing 
market as the gap between typesetting 
and desktop publishing narrows, accord
ing to analyst Tim Bajarin, vice presi
denl at the market research firm Cre
ative Strategies. 

Although the higher-resolution laser 
printers (500 dpi and beyond) sound im
pressive, their effectiveness is lost on 
the lower-grade paper used in most of
fices. At 400 dpi , the ink sufficiently 

conrinued 

With Maplnfo, More Ways 
Than Ever To Map Your Data 

Pil Map. Automalieally use yru exlstiw,J 
database (from dBASE Ill or others) 
wllh street maps that we can suppl~ 
Maps from OVef 300 U.S. Cities and 
cowr .s crotain all OO<Jesses, aca.rate to 
the correct block and side of the 
street. Type any address and Maplnlo 
will find It for you. Call to the screen 
your complete record. 

Thematic. Use our lx>undaries (state 
or county) or draw your own (sales 
regioos. electiro diStricts. etc.). Create 
adatabase for the region (JXllllllation, 
average income. etc.) Color code 
IJoundaries or entire regions based on 
parametefs you define. 

And that's just asample. If you need to map your data, Maplnto can do it for as 1m1e as 5750. IBM PC or 
100% compatibles, wltt1 640K memory, ahard disk drive, and graphics capability. 

Presentation. Use powerful graphics 
commands to add your own titles, 
legends and text. Create arrows, 
willXlws CM" callouts. Tum oo ()" off larets 
of points, streets, bridges, regions. 
etc. 

Visual Database. Diaw anythifYJ from 
a!loo' plan tO aircraft desir,Ji. Stele data 
oo any JX)int ()" regiro. Create multiple 
layers to a!ld flexibility to your display. 

To order, call 1-000-FASTMAP. In New Yor1< State, call 1-518-274-8673 (Telex 371-5584). 
Maplnfo Corp., 200 Broadway, Troy, NY 12180Map!Joml0 
oBASE Ill 1s a trademark of Ashlan·Ta1e IBM an<! IBM PC are irademarks of lntemalional Business Machines Corp 
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Write. Right. 


If you' ve got better things to do than debug pages and 
pages of code, you need ASYST'." It · the programming 
environment developed specitkally for scicnt ificand 
engineering applications. 

ASYST simplifies data analysis and graphic display. 
and integrat es lIH'm with data acquisition. l sing 
ASYST, you can replace pag(!S of low-levelC'Ode \\'it ha 
few specialized commands. And it 's eas~' to tailor to 
your changingapplic:at.ions. ASYST's simple 
configuration menusand our technital support will 
get you up and rnnningquickly- and keep yuul.lwre. 

Call and disC'11ss your application wi th orw of our 
technical sp(~cialist s. Or rcquest. nwrn information . 

.Just make thr next. li111· of <'oclr you Bill.er 
1-800-348-0033 . 11. ·11 put .vou on-li rrn with ASYST, 
thescient.ifi t way t.o program . 

Features: 
• .-\11alog-lo-Digital. ll i~ital - l o -!\11alog . and Digital 1/0 Support 
• G PllVIE~~F: -4 88 h1tcrface 
• RS-2:32 lmerfacP. 
• Sophist.irntcd Analysis and Graph its 

System requires 113M PC, XT. :\T, or JOO %co111patiblP. . 

I00 Corporate Woods 
Roehester, Y 1462:3 
1-800-348--0033 (or 716-272-0070) 

System Oevelopers: Ask about our new ASYST Run - tim~ License. 

ASYST " a tra<k!marl< of Asy<tSoftware Technologies. Im·. 

1 8~1 . IR~ PC. llJM Pr :rand IBM P('JAT arere(liste!W tnuk marh 
of lnl~matlonal R1L,incss Marhint'..'I Corpor•tion . 
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pro~ams to support 400-dpi printers. 
Toshiba and Kentek showed new 

printers using Phoenix' s Postscript 
clone. Kodak had a four-color laser 
printer producing 17 pages a minute. 

MICRO BYTES 

Nashville Cats Plugging into MIDI 


TECHNOLOGY NEWS WANTED. The news staffat BYTE is always interested in hearing about new technological and 
scientific developments that might have an impact on microcomputers and the people who use them. We also wan/ Jo keep track 
ofinnovalive uses ofthat technology. lfyou know ofadvances or projects that involve research rele.vallt to microcomputing and 
want to share that information, please contact us. Call Jhe Microbytes staffat (j()J) 924-9281. send mail on BTX to Microby1es, 
or write to us at One Phoenix Mill Lane, Peterborough, NH 03458. 

eceivma 
Report 

Transmitted 
Invoice 

18 BYT E • JUNE 1988 

Price, Qty, Part# 
Matched 

Inv,..•~-- Stamped 
~oded 

(c) 

Checks Printed 
&Signed 

I 
I 
I 

·----------+ -- -- --- · 
I I. ~ 

Check 
Reai ster 

(e) 

Open 
Account s 
Payable 

A/P 

(e) 

"bleeds" to fill in the "step effect,, that 
is typical of desktop publishing fonts. 
Anything above 400 dpi is wasted be
cause of this bleeding, many desktop 
publishing experts say. And most eyes 

can t differentiate between 400-dpi and 
600-dpi output. 

However, several software houses , 
including Aldus (of PageMaker fame), 
say they'd upgrade their page-makeup 

• 
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"Right now, most of th work is 
done on Mac Pluses and SEs," Gerber 
explained. "There are software com
patibility problems with the Macintosh II 
due to copy-protection schemes right 
now , but that is supposed to change. in 
the next few weeks , and we'll see more 
Mac lls involved in MIDI here in 
Nashville. " l I' 

"Nashville is more than just country 
music," Gerber noted. " I've done some 
'spa ' music with the Mac for some 
performances. And many publishing 
houses use the Macs and MIDI for 
their lead sheets." 

.} 
I 

Would "Your Cheatin' Heart" sound 
any different if Hank Williams recorded 
it today? Nashville, known as Arneri
ca's country music capital, is home to 
hundreds of musicians who've plugged 
into computers as a tool for composing 
and recording. 

"This is a pretty computer-based 
city," said Tom Gerber1 a MIDI studio 
technician and editor of a Nashville 
MIDI newsletter. "People are surprised 
when they come here and see what is 
going on. A lot of people are using Mac
intoshes for various parts ofmusiCJpub
lishing. " Despite Apple's relatively late 

arrival on the electronic music scene 
with its MIDI adapter for the Mac and 
IIGS, the Macintosh is one of the fa
vorite electronic axes of Nashville 
musicians. 

Gerber noted that already five major 
recording studios are using Macintoshes 
in one way or another. " Some of them 
even started as MIDI studios," Ge ber 
said. ''West Park Studios uses three 
Macs for sequencing, mixing control, 
and sound editing. DBS Studios uses a 
number of Macs, and Masterfonics, one 
of the top CD recording and mastering 
studios, uses them with MIDI." 
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Shuddering, Blurring Solved 
In his review of multi scan color monitors 
(February), George A. Stewart found two 
problems with our Flexscan 8060S when 
it was connected to the Macintosh II . We 
have fixed both problems. 

The shuddering that occurred during 
disk access was caused by a special cable 
for the Mac II, whose proper pin assign
ment was not avaiJable when Mr. Stewart 
did his evaluation . We now sell the proper 
cable for the Mac II . 

The blurring was not caused by the 
side of the monitor but generated because 
of a 0.1-volt difference in signal levels . 
The Macintosh II's signal level is 0 .6 V; 
the VGA signal level is 0. 7 V. As we re
fined the hardware level for matching 
both signals, the blurring problem 
improved. 

Ted Fukada 
Applications Engineer 

Nanao USA Corp. 
Torrance, CA 

Digivision on Monitors 
Having read "Multiscan Color Moni
tors," I think you may be interested in 
Digivision' s range of multifrequency 
monitors. Compared to corporate giants 
Sony and NEC, Digivision is a relatively 
small company, though it's technically 
advanced in many areas of display unit 
development. In July 1987, Digivision 
successfully launched the world's first 
12-inch autosync monitor, which was 
closely followed by a 10-inch unit in No
vember 1987. At present, we are about to 
seek UL listing for these products with an 
eye toward entering the U .S. market. 

The article was extremely interesting 
and technically informative-the best I or 
any of my colleagues have read on the 
subject so far . Previous articles have 
contained minimal technical information 
and descriptions, so your article was a re
freshing change. 

Leonora Walker 
Marketing Executive 

Digivision Ltd. 
Leicester, U.K. 

Monitor Misconvergence 
I recently finished your excellent article 
on multiscan color monitors . Yours is the 
first article I've seen that presented an 
objective instead of a subjective review of 
monitors. 
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I'd like to point out, however, a pos
sible problem with some of the measure
ments. Doing the misconvergence and 
voltage regulation at a specific brightness 
level for each monitor is accurate only if 
each CRT has the same light transmis
sion. The faceplate of the CRT can be 
made to give off different percentages of 
the display's light output by using lighter 
or darker glass. The darker the glass, the 
less light output there will be from the 
tube for the same amount of CRT drive . 
However, the darker glass gives a better 
contrast ratio, so less light output is nec
essary. For example, if you had a CRT 
with a 90 percent transmission and a 
brightness of 50 footlamberts (ft-L), a 
darker CRT of 45 percent transmission 
would require only 25 ft-L for the same 
contrast ratio. Therefore, it is possible 
that your tests were unfair if a monitor 
had dark glass . 

Misconvergence is a very important 
aspect of a monitor to consider. How
ever, judging a series of monitors from 
looking at only one could be misleading. 
The CRT specs for rnisconvergence are 
typically 0 to 0.6 millimeter. Therefore, 
it is possible to see one monitor that is 
near perfect and another that is only 
good. 

For your information, "voltage regula
tion" is referred to as "high-voltage regu
lation." The anode voltage of a color 
CRT is typically 24 kilovolts. If there is 
no regulation of this voltage, it will de
crease as the screen gets brighter, which 
causes the display size to increase. 

Jim Samuels 
Chief Engineer 

Princeton Graphic Systems 
Princeton, NJ 

Smart EGA Plus Resolution 
ln the Product Focus on enhanced EGA 
and VGA boards (March) by Curtis 
Franklin Jr., several errors appeared in 
the chart on page 104. NSI Logic's Smart 
EGA Plus board has a maximum resolu
tion of 800 by 800 by 16 colors, and it 
supports VGA modes l lH and 12H, as 
the article states on page 106. The price 
of the board is $199. 

Also, in 640 by 640 mode, I have not 
seen a flicker problem on NSI or other 
boards that are operating normally, so I 
have to assume that you were operating in 
800 by 600 mode. You will see some 

flicker on all current high-resolution 800 
by 600 boards running on the NEC 
MultiSync. This can usually be adjusted 
so it is not troublesome to the user. The 
degree of flicker is a function of the 
manufacturer of the monitor, the speed of 
the EGA chip/board, and, in some cases , 
the applications software. 

Robert Gallagher 
Director ofSales 

NS/ logic Inc. 
Marlborough, MA 

How About "Ubiquitous 
Electronic Device"? 
"It's All in the Symbols" by Merrill Cor
nish (March) punctures the lid of what 
may eventually be the computer indus
try's biggest can of worms. The house
hold name of these ubiquitous electronic 
devices signifies a major stumbling 
block-as if we were to call automobiles 
"comer turners," ignoring their many 
other capabilities. 

Mr. Comish admirably points out the 
difficulties in parsing English language 
text (other languages have other difficul
ties), while also mentioning those associ
ated with programming languages. But 
most people have a problem envisioning 
all those nonnumeric symbols he talks 
about-for starters, the 52 characters of 
the Roman alphabet that the standard key
board can produce in dozens of fonts and 
in a variety of enhancements, such as 
underline, reverse, bold, italics, and so 
on, not to mention the combinations. 
This brings us to tens of thousands of pos
sibilities before we start combining these 
letters into words and then into sentences 
and then adding symbols and punc
tuation. 

Surely C. L. Sholes (of QWERTY 
fame) would say something like 
*#?@"+ %$@ if he could see how his 

continued 
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ceive a /ener until we publish it. 
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keyboard has been contorted , aug 
mented, and Mickey-Moused around just 
to accommodate a tiny number of the pos
sibilities that are available on present-day 
computers. 

Many languages use a variety of alpha
bets , and some, using pictographs, ideo
graphs, and hieroglyphs, don't even use 
alphabets at all. And then there are sym
bols- verbal, graphic, or iconic?-that 
are used to represent concepts in music, 
science, rel igion , finance , road signs, 
and prograrruning conventions , to name a 
few . For example, a red circle with a 
diagonal line drawn in it can represent 
three words , but a cross may represent 
several pages of words . 

Relational databases, hypertext, expert 
systems, and so on represent the first step 
of a thousand-mile journey . It is a para
dox that computer cognoscenti who can ' t 
abide last year 's 16-bit processors wres
tle daily with a keyboard that was de
signed for mechanical typewriters about 
I 15 years ago and ASCII that was de
signed for teletype machines about 45 
years ago . Mr . Cornish 's article has 
given us a hint of the revolut ionar y 
changes that will be necessary in soft
ware and in hardware before we can begin 
to realize the potential of these devices 
after we change the name of the machine . 

Larry Salmon 
Comptche, CA 

So Much for Symbols 
I just read " It 's All in the Symbols" by 
Merrill Comish. It 's true that we use 
symbols for numbers, but the representa 
tion is to represent the process . Gener
ally , in mathematics counting is defined 
as the concatenation of empty sets (a pro
cess), and from this we attempt to prove 
addition , subtraction , multiplication , and 
virtually everything else. There are no Os 
and Is inside a computer. What a com
puter does is complex processing on dif
ferent levels . There are no symbols inside 
a machine; there is onJy a method of pro 
cessing symbols. 

An artificial intelligence unit involved 
in symbol processing, such as natural 
language processing, tokenizes the words 
and parses them according to the specific 
grarrunar. Semantic nets are used in con
junction with the cognitive model to at
tempt to clari fy meaning . These semantic 
nets generally represent a token world or 
an empirical representation oflhe organi
zation of human knowledge. A number of 
simple data structu.res used in higher
level languages allow for practical repre
sentations of the empirical world. 

We are Jiving creatures , and one could 
say that we understand everything as a set 
of threshold neural responses. This could 

continued 



It's A 
Matter Of 
Security 
With Everex tape backup products, users of IB~ 
PC'"'/XT™/ATs", compatibles or PS/2s"'can easily 
protect the valuable information stored on their 
systems. A variety of options are available including 
external and internal units with 40MB to 125MB of 
capacity in cartridge, cassette or mini-cartridge 
drives - all at affordable prices. 

Everex has been an industry leader in tape backup 
systems since 1984. Our popular half-height, internal 
units are designed to fit inside 5 1/4-inch disk drive 
slots. There's even a mini-cartridge drive that fits right 
into a disk drive slot and runs off an existing floppy 
controller. 

With Everex tape systems, you have the flexibility to 
save or restore all information on your hard disk, 
including DOS and all other operating systems. 
Backup can be done file-by-file or as an entire mirror 
image, and you can restore individual files from image 
backups. If you have an assortment of PC/XT/ATs, 
compatibles and PS/2s, you can cut down on costs by 
using one Everex tape backup unit and a controller 
card in each computer. 

When you buy an Everex tape backup system you get 
everything you need. This isn 't true with other tape 
units on the market today-their extra costs can add as 
much as $250 to a system. 

When it comes to securing your data, it's easy to see 

why Everex has the answer. 


For more information or the name of 
your nearest Everex dealer please call: 

in Calif. 1-800-821-0807 
in U.S.A. 1-800-821-0806 

Evcre..1 \\ atr2dcm11.A and Eve1 ror E..Xcdknct= 13.41 u:e: i ~wt:d 
~of E\'tre.\ Syt.ltm>. !fl(', IB M :i.nd AT .m: rcii~tered 
~rrw"kl and PC. XT and PSn UC \nd(fl"latk \ or lntcm.Ukil'lal 
Bu_..lncst. Mac:hLIX1 C('lf'J). Ol9S8 E"·cru Systemt.. 11\C. 
Allrightsre..'il'rvied. 415-498-1111 48431 Milmont Drive, Fremont, CA 94538 
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LETTERS 

0 BUSINESS 1 EZ-FORMS business form 
generation, completion and printing program. 

0 CAD 3-The PC-Flow 1 .o compu10r aided flow· 
chart generadon program. Color graphics required. 

[fil COMM 4a,b c,d &-(5 disks) Join Iha world of 
sysops wilh ABBS Bulletin Board System 14.10. 

([} DATABASE 1a,b---(2 disks) File &press 3.8 
menu driven general purpose databaso manager. 

0 EDUCATION 1-lnteractive DOS lulorial for new 
PC users . Makes learning DOS painless. 

IIJ FINANCE 1a,b---(2 disks) PC AccounJant 2.0 
personal bookkeeping and finance management 

0 GAMES 1- 3-0 Pacman. Kong. Spacewar. Jani!· 
Joe. futuristic FtighJmare and more. Color required. 

0 GAMES 2-0ubert. Pango, Cen1lpede, dun 
geons and dragons style Zoarre. etc. Color req. 

0 GAMES 3-Biackjack with cusJomlzable rules. 
Armchair Quarterback (you call plays). and more. 

0 GAMES 4-Star Trek, Jhe CasUe advenJure 
game. and lhe original Colossal Caves Adventure . ~ 

0 GAMES 5-The Hack adventure game from Iha 
universities. Like Rogue, only much richer. ~ 

0 	G.AMES !>--Pinball. Othello. Dragons. Sopwith 

(fly a Sopwith Camel) and more. Color required. 


IIJ INFO 1a,b-(2 dlSl<s) Cooking recipes database 
w~h keyword~ngredienl retrieval. Add your own. 

~ MUSIC 2a,b---(2 disks) PianoMan 3.0 polyphonic 
musie recording and playback program. 

0 ORGANIZER 1- DeskTeam. a Sidekick clone, 
and the Judy personal calendar program. 

0 PRINTER 1-Resident print control and Ion! 
utilily, inlelligenl spooler, banner maker. and more. 

0 SIMULATION 1-Maze making program, MIT's 
Life simulation. starlields, etc. Color graphics req. 

0 UTILITIES 1-Acollection ol inva.luable general 
purpose DOS utilities. An absolute musl for all. 

0 UTILITIES 2-More Invaluable DOS util~ies in 
d uding screen bumoul. ram disk. and more_ 

0 UTILITIES 3--A comprehensive set of debugging 
and diagnostic uLiltties for monitoring your computer. 

NEW RELEASESIUPDA TES 
0 	BUSINESS 2-EJ<pressgraph business graphics. 

Chart your data and lind trends. Color graphics req. 
ffi CAD 1a,b---(2 disks) Flngerpalnl 1.2 advanced 

painting and Ahamlra objec1 oriented design. Color. 
IIJ CAD 2a,b---(2 disks) DanCad3d, an advanced 

20130 drahing program w/animalion. 640K. color. 
ffi COMM 2a,b---(2 disks) Procomm 2.42. an excel 

lent modem program with terminal emulation. 
0 EDUCATION 3-PC·Fastype 1.20 typing tu1or. 

ideal for beginners and advanced students alike. 
~ FINANCES 3a,b---(2 disks) Express Cale 3.12, 

a powerful and user friendly spreadsheet program. 
0 GAMES 8-Striker helicopler a11ack and Risk. Iha 

game of world dominallon. Color required. 
0 GAMES 12-Backgammon (play Iha computer) 

and Wheel of Fortune based on the gameshow. 
0 GRAPHICS 1- Aecord and play back screen Im· 

agesl Excellenl for demo. etc. Color required. 
II] GRAPHICS 2a,b,c-(3 disks) An excellent 3·0 

surface modelling and shading program. Color. 
~ INFO 2a,b---(2 disks) Zip·Phone, nailonal 

areacodefprefix lo zip-code cross reference. 
(fil LANGUAGE 3a,b---(2 disks) The A86 3.09 

macro assembler and debugger for 8088186/286s. 
(ID SHELL 48,b-(2 diSl<s) Au1omenu and HOM II 

4.04 hard disk prog. for cus1orn lull·screen menus. 
0 UTILITIES 5--Hard disk utilities for verifying, for

matting, parking and optimizing your dis!< drives. 
0 UTILITIES !>--Advanced ut~i1ies induding 

Marl<IRelease (remove residenl progs wlo rebooll) 
0 UTILITIES 7-More advanced utilities including 

Masle<key (undeleles files lrom hard disks) . 
~ WORD 1a,b-(2disks) PC Write 2.71. a powerful 

word processing syslem w/spell checker, laser supt. 
Mosl sottware Us1ed is shareware or user-suppor1ed. 

3.5 lorm'11 Jdd S• d'sk 125 aqc director . add $2. 

I MicroCom Systems Cost of items __ I 

3673 Enochs Street Shipping $3.oo


I Santa Clara, CA CA res tax I

I 95051 Total encl. I 


I I V7S4 I ~!.L-----------;.a2~t~~?.;~2m~2 Iii I 
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explain why trees have leaves; however, I 
doubt if it will ever explain trees or 
leaves. Until computers function on a 
glandular level, they will never be able to 
successfully abstract humanly because 
we are not made of silicon chips. It is true 
that Godel proved (by the application of 
the Liar's Paradox) that there are no for
mal systems that cannot be made incon
sistent and that there are no systems made 
inconsistent that cannot be made consis
tent. So much for symbols. There are no 
symbols that cannot be made meaning
less and no symbols that are meaningless 
that cannot be made meaningful. Perhaps 
this man is just tired of silicon and elec
tricity and is proposing a newer, more 
progressive, coherent light megabit pro
cessor. That may be in the future, but by 
that time I doubt if the computers will 
take anything that we say or do very 
seriously_ 

Joe Barnette 
San Francisco, CA 

Making Columns Wrap 
Dick Pountain's column-wrap program 
(Focus on Algorithms, "Multicolumn 
Paged Text ," March) is a fine base on 
which to erect improvements once you 
get it running. Unfortunately, in its pres
ent form it won't run at all. The problem 
is function spaces, which reads 

Spaces : = Copy(Blanks, 1, Num) 

where Num is the number of spaces you 
want. This won ' t work, because in the 
Turbo Pascal Copy function the third pa
rameter (Num) says how many characters 
to copy from the input string. Here the in
put string, Blanks, is merely 1 character 
long, so there's no way to copy, say, 38 
characters out of it. 

The simplest fix is to make the Con
stant Blanks contain 40 spaces between 
its two quotes, which is probably what 
Dick had in mind before a typesetter got 
at his listing. 

There's also a typo in procedure 
WriteOutPage: The first appearance of 
the word Spaces should be followed by 
an end bracket. 

Hugh Kenner 
Baltimore, MD 

Reordering the Alphabet 
After doing considerable reading on 
data-retrieval systems, search and sort al
gorithms, and the like, I have come to 
think that we may be letting a historical 
accident impede the efficiency ofour pro
cedures. We inherited our alphabet and 
the ordering of its letters from the 
Romans, and we have preserved the 
order, with minor additions , as though it 
were something ordained and immutable. 

However, the order of our alphabet is 
by no means the most efficient possible, 
even for human use in sorting through 
lists, and for computers' use it is almost 
criminally inefficient. Unfortunately, the 
ubiquity of ASCII clearly makes it too 
difficult and expensive to retool our sys
tem of encoding text for use with a CPU . 

A few moments' thought shows that if 
our alphabet were arranged in descending 
order of frequency of occurrence of the 
letters, any search based on alphabetic 
order should go much faster, whether 
done by humans or computers. 

Human nature being what it is, the 
hope of convincing the great mass of hu
manity to learn a new ordering of the al 
phabet is totally in vain. It is a different 
matter with computers. We could , of 
course, simply reorder the assigned 
codes, but this would require massive 
retrofitting . 

Fortunately, there is an easier way to 
go_ It makes no difference what order the 
characters of a text file are in inside the 
computer, so long as they appear in the 
expected order on the monitor screen or 
in hard copy for human consumption. 
How many people could or would read 
Robinson Crusoe printed in decimal 
ASCII code, let alone in binary numbers? 

It would be neither particularly diffi
cult nor time-consuming to run text 
through a filter that would recode the in
dividual characters of the alphabet to 
match their natural frequency of occur
rence . Once converted , data files would , 
or at least should, be much faster to 
search or sort. Recoding before printing 
would be required, but, in general, only 
selected fragments of data files would be 
output at any one time. 

I believe it would be well worth testing 
to see whether enough time would be 
gained by quicker searching to compen
sate for the encoding and decoding time 
and leave a net gain in speed. If there 
proved to be a substantial gain, it would 
add little to the cost to include the encod
ing filter in future revisions of existing 
programs or new software and probably 
would not be prohibitively expensive to 
patch into software in the field. 

This is just a suggestion-something to 
think about. If anyone has done any ex
perimenting along these lines, I'd like to 
hear about it. 

Billy R .. Pogue 
Lake Havasu City, AZ 

Objects in Continuous Systems 
In object-oriented programming, the pro
grammer thinks in terms of objects, 
which often have a correspondence in the 
real world (e .g., a dictionary). These ob
jects can respond to messages (e .g., 

continued 
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Now You're Talking 

Communicate with anyone 
anywhere in the world. Whether 
you use E-Mail or bulletin boards, 
information services like The 
Source and CompuServe,® or data 
file transfer, Everex modems meet 
all your communications needs. 

Working at your desk or on the 
road Everex offers you a complete 
range of modem solutions. We 
have 1200 or 2400 bps internal 
and external modems, modems 
that send and receive FAX 
communications, modems with 
MNP error correction, and a 
miniature modem that fits in your 
shirt pocket. 

EVER for EXccllcnce b a registered trademark 3.Jld EVER EX 
i.s :. 1radcm:JrL: of E"'cru Sy.s1cms. Inc. IBM . AT and PS/2 arc 
rcgisicrcd trademarks •nd PC and XT are 1rukmarks of 
lntcma1ional BusinL-SS M3chincs Corp. Hayt"S is a registered 
uad~mruk of Ha,..cs Microcompu1t:r Produc:1s. Inc. BitCom 1.s a 
1rndemark of Bit Sofo.varc. Inc. Apple is a registered u·adcmark 
:tnd Macin10 his u 1rudemark licensed 10 Apple Computer. Inc. 
CompuSt-rvC' is: a rcgis1crcd trademark of CompuServe 
fo fonnnt1on Services. The Source is a 1radcm3.rk of Sourer 
Telccomputing Corpor.ition. C Copyrigh t 19 Eve.re.x 
Sys1cms. Inc. All rig.his rescr'Ved. 

All Everex modems offer 
worldwide compatibility with Bell, 
CCITT or Hayes® standards. And, 
our modems are compatible with 
IBM® PC™(Xr""/AT and 
compatibles, PS/2s,® Apple® II and 
Macintosh™ computers. 

Features like automatic 
data-to-voice switching, tone or 
pulse dialing, built-in diagnostics, 
helpscreens, adaptive dialing, 
software-adjustable volume 
control, and auto-dialing all 

~~EEVEREX 
EVER tor EXcellence ® 

(415) 498-1111 48431 Milrnonl Drive, Fremont CA 94538 

combine to increase the flexibility 
and ease-of-use of Everex 
modems. The powerful 
communications package 
BitCom™ is included with every 
modem. Complete hardware and 
software manuals make setting up 
and using Everex modems quick 
and simple. 

You can rely on Everex modems 
to del iver superb performance at 
an affordable price. So, when you 
need a modem for your PC/XT IAT 
or compatible, PS/2, or Apple II 
and Macintosh computers , 
Everex has the Answer. 

For more infonnation or the name of 
your nearest Everex dealer please call: 

in Calif. 1-800-821-0807 
in U.S.A. 1-800-821-0806 

Circle 105 on Reader Service Card (DEALERS: 106) JUNE 1988 • BYTE 27 

http:1radcm3.rk


28 BYTE • JUNE 1988 



''" 

11 1 

. ~ 
1: •m 

,,ii' --- 
Ill 
·1 

l
11 

~_...=""""'~ 

INTRODUCING THE MOIDROLA 
88000 MICROPROCESSOR FAMILY: 

THE GREATFSf RISC OF ALL 
The future of RISC computing has 

been reduced to three small, but amazingly 
powerful chips. 

Namely, the Motorola 88000 family. 
One awesome microprocessor unit, support

ed by two cache memory management units. 
Designed to take RISC architecture far beyond 
anything else in the marketplace. 

The 88000 runs at a blistering 14-17 MIPS, 
7 million floating point operations per second, 
and an incredible 50 MIPS in parallel processing 
applications (using just four 88000 chip sets on 
our HYPERmodule~card). 

Which makes everything from multi-user 
business systems to fault tolerant on-Line trans
action processing systems to artificial intelligence 
systems several times faster and more powerful 
than ever before. 

What's more, it comes with absolutely every 
bit of hardware and software needed to build 
your system of the future, today. In fact, many 
leading hardware and software companies, 
including those in the independent consortium 
88open, are already designing systems around 
the 88000. And many more will follow. 

So make sure your future is as rewarding 
as it can possibly be.Call us for more infonnation 
atl-800-441-244Z Or write Motorola Inc., 
P.O. &x 20912, Phoenix, AZ 85036.---	 Because the greater the RISC, the greater 
the reward. 

®MOTOROLA 

•Rd11ud In struction Sd Comp11trr 

0 1988, Motorola Inc. 

HYPERmodule os • l:radom.uk ol Motorola Inc. 
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search for a word) . The dictionary exam
ple seems natural, in that it is inert (shut) 
until we want it to do something. 

But what about continuous systems? 
Consider the idea of a billiard ball mov
ing toward a cushion (or "rail," as I be
lieve you call it in the U.S.). Clearly , 
"ball" should be an object-it responds 
to "hit" messages and knows how to 
move. But the cushion is not passive-it 
has elasticity and responds when contact 
is made. Is the cushion , too, an object? 
For the sake of argument, assume it is an 
object. How does it know when contact is 

made? Is it constantly on the lookout for 
approaching balls? This doesn't seem to 
fit the real world. 

Another possibility is the addition of a 
third party-an overseer who spots where 
and when collisions occur and reports 
them to the cushion. 

I am well aware that billiards video 
games exist and also of the existence of 
planetary simulation systems in which 
the laws of physics can be changed. Is 
Smalltalk natural for the implementation 
of such systems, in that the design of the 
software bears a close relationship to 

Ifyouthink f.OU canbuya 
better Ccompiler, don't. 
We'll buy it for you. 

Buy Let's C®with csd'" 

forjust$75. Ifyou're 

not satisfied, get 

Turbo Cor QuickC. Free.* 


Why are we making this incredible offer? Because we're absolutely cer
ta in Lets C and csd C Source Debugger are U1e best C programming tools 
you can own. 

Rest assured U1al. like Its competition. Let s C features incredibly fast 
in-memory compilation and produces extremely light. high quality code. 
The differences lie In how much faster you can perform oilier programmtng 
chores. 

Our debugger. for example. can cut development lime In half. But U1ats 
not all : 

"csd is close lo lite id eal debugging enulronmenl . .. a dejlnlle aid lo 

learning C and an Indispensable tooljor program development... 


- William G. Wong. BITE 
And comparatively speaking: "No d ebugger !s Included in the Turbo C 

package . .. a seriou_c; s hortcoming... 
- MichaelAbrash, Pro,grammer's Journal 

Unlike our compet i lion. Let"s C Includes its own full -featured assembler. 
features documentation with complete examples and technical support wtU1 
complete answers- the.first lime you call . 

LET'S C AND csd FEATURES
LET'S C: csd: 
• Now compiJt:s IW11Ce .is ras1 • rui UNI Xoompabtldlty and complete • DebtJ9 in Csour12 code. NJI asstmt>'tr 
• lnteiJrated edll-eomolfc cycit, e0110r kbranes • Pr~ sepna!e source-. M!u.tl..on, 
automat1t.1~ PO(nts to tmn • M.lrry powei lul utd•tNISIOCIU(.!109 m.iikt, tr oo<amz-.d tvsuwy w\nOows 

assenlblet. iilrtnrv!'t • Abdity to St1 trace ()OIOU nt mondor 
modtl • MICfotMACS tunsc1een editor with v.mables

• ln<Jud<s bol• ""'' ""' ... l)O merro<y 

• tnte0ra1ed envirot'Hlw.nl Of command source COCle lnCIUOed • C.n ln1e:rx11Vttr tva!ult1t M'f Ceipressfon 
line llf'ltetlKti • 5uppor1f<! by d0len5. OI Uv:rd pat ly • can exea.111any c looct.ion ... yoor progwn 

• 8087 SMSnp and support llOtant$ .m bade 1unct""' 

So lfyou·re U1inking about buylng anyotherC compUer. think again . 
But U11s offer Is only available for a limited lime. So think fas t. And seeyour 
software dealer or call 1-800-MWC-I 700 soon. (1-312-472-6659 in llilnois.) 
Th cxchan,p.c Lc:t :S C aod csd for 1\..ut>o C or QutckC. return ~g1s1 rauon card wllhln 15 d.'l)~ or purchase 

~·~:r.·~~tsw~~~~.'::~~~~~~.~~o~;;t~r~~rr:h::~~!1~~~a:~~;:,~.~~~gA!~~ 
on tclephon~ ordc~. 

'IJ Mark11111 Williams 
Company 

1430 West Wrightwood, Chicago. Illinois 60614, 312-472-6659 
O 1988 Mark Williams Comp.iny 

what exists in the real world? 
Smalltalk experts , what do you think? 

Mike Parr 
Sheffield, U.K. 

Take Two Computers and 
Call Me in the Morning 
You might welJ ask why am I writing to a 
computer magazine about a medicalJy 
caused problem. I think I had better start 
at the beginning. 

My wife, my son , and I were going to 
Reno, Nevada, in early June of 1985 . I 
was to attend a week of schooling put on 
by the National Council of Juvenile Jus
tice. It was funded by the federal govern
ment under a grant. I had decided to take 
my spouse and 15-year-old son with me 
and make the trip a working vacation . We 
drove our car during the day and stopped 
to eat, swin1, and sleep in preselected 
camping areas at night. 

We'd been traveling for several days 
and were almost to Reno when my wife 
said to me, " Dick, you ' re not driving 
very well, and your speech sounds funny . 
I think we should go to the hospital and see 
if they find something wrong with you." 

We checked into the motel in Reno . 1 
couldn't write very legibly, and I found it 
very difficult to keep my signature on the 
line provided for this . Yet 1 never felt any 
pain . Through this time I did not suffer 
from any physical discomfort. 

The doctors at a hospital in Reno , after 
giving me a thorough physical examina
tion and a CAT scan, all agreed that I had 
had a massive stroke of the right part of 
the brain stem. I had not only lost much 
of my sense of balance, but I had great 
difficulty in speaking, and I had double 
vision . 

I was kept in the hospital in Reno for 
several days while I was given a battery of 
tests . When my blood pressure was no 
longer considered dangerous , my wife 
and I took an airplane to my home in 
South Dakota , while my son and brother 
drove our car back. 

When I got home, my wife took me to 
the local hospital, where the doctor sug
gested that I go to the physical , occupa
tional, and speech therapy unit . In ther
apy 1 was immediately placed on a 
computer, first the Visi-Pitch that was 
part of an Apple computer , where I 
learned to watch the track my speech ·---
therapist's voice made across the screen. 
I then tried to copy her pattern with my 
voice . She also encouraged me to turn the 
computer and Visi-Pitch on. I think this 
exercise helped my coordination, both 
physical and mental . 

Next I was given the task of playing 
games on the computer. These games 
helped me reestablish hand-eye coordina

con1i11ued 
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PSpice 

The Standard for Analog Circuit Simulation 


Now Available on the Macintosh II 

Since its introduction just over four years ago, 
MicroSim's PSpice has sold more copies than all 
other commercial Spice programs combined. In 
addition to running on the IBM PC family, in
cluding the new PS/2, the Compaq 386, the Sun 3 
workstation and the VAX/VMS family, PSpice is 
now available on Apple's Macintosh II. 

All these features which have made PSpice so 
popular are available: 

• 	Standard parts libraries for d iodes, bipolar 
transistors, power MOSFET's, opamps, voltage 
comparators, and transformer cores. 

• GaAs MESFET devices. 

• 	Non-linear transformer devices modeling 
saturation, hysteresis, and eddy current losses. 

• Ideal switches for use with, for example, power 
supply and switched capacitor circuit designs. 

In addition, all these PSpice options are available 
on the Macintosh: 
• Monte Carlo analysis to calculate the effect of 

parameter tolerances on circuit performance. 
• 	The Probe "software oscilloscope", allowing 

interactive viewing of simulation results. 
• 	The Parts parameter extraction program, allow

ing you to extract a device's model parameters 
from data sheet information. 

• 	The Digital Files interface, allowing you to 
transfer data from your logic simulator to (or 
from) PSpice. The interface performs the 
necessary D to A or A to D conversions. 

Each copy of PSpice comes with our extensive 
product support. Our technical staff has over 50 
years of experience in CAD/CAE and oursoftware 
is supported by the engineers who wrote it. With 
PSpice, expert assistance is only a phonecall away. 

Please call or write today for a free evaluation copy of PSpice. Find out for yourself why PSpice is the standard 
in analog circuit simulation. 

fl MicroSim Corporation 

23175 La Cadena Drive, Laguna Hills, CA 92653 U.S.A. • (714) 770-3022 (800) 826-8603 •Telex 265154 SPICE UR 
PSp~ban.~dtrad~r:::.u~~~~=,~~=~~1c~~~~~~~~:;.~!',~~c5J;.ut;r~~~~~:~~~';dd~~d~~~~=;,:~~~~fl'gisleredtr.sd~marb 
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tion ; they also made me think, and my 
ability to problem-solve improved daily. 
When I finally did return to work, one of 
my staff members had his own personal 
Apple Ile at work , and he encouraged me 
to make use of it at any time. I did this a 
great deal , using a word processor until I 
got my own Tandy 1000. 

I do like mechanical things, and the 
computer i an electrical/mechanical de
vice . Also , my son was heavily oriented 
to the use of computers, and to keep up 
with the rest of the world and my own 
child , I wanted to know more about them. 

Both my son and I now have computers at 
home. I can use both of my hands , and I 
attribute this digital dexterity to the use I 
gave to my hands while using the key
board of my computer. I probably would 
never have written this Jetter if I had to 
rely on a typewriter, or a pen and paper. 
The desire to become proficient in using a 
computer was the motivating agent I 
needed-physical as well as emotional . 

My doctor agrees with me. He gave me 
a prescription for a computer. My tax ac
countant said I could deduct most of the 
cost as a medical expense. 

I will admit that I can type only about 
12 words a minute, versus the 60 words a 
minute I could type before I had my 
stroke. I can no longer touch-type but 
have to watch my fingers all the time to 
make sure they go where I want them to . 
But at least they all still work. 

So now you can see why I am writing 
this letter to a computer magazine . I sim
ply want to say thanks, and I don't know 
who to say thanks to . 

Richard F . Stanford 
Pierre, SD 

----- ---------- -------- - -----, Heatsinking 80387s 

ONLY FORTRON 

COMES WITH 


ONE FULL YEAR 

OF SERVICE. 


FREE. ON-SITE. 

When you buy any Fortron 286 and 386-based IBM-compatible, 
one full year of service at your site is part of the package. Just call 
the service hotline, and we'll take care of you from a network of 
300 service locations throughout the country. 

Because we design and build our systems right here, ourselves, 

you always know exactly who to call for any kind of support you 

need. And you 'll get it. Fast. 


Call tol l-free for more information, and for the name of your 
nearest Fortran dealer : 800-821 -9771. In Californ ia,(408) 432-1191. 

Small Foolprinl 80286 
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80386. 16 MHz or 20 MHZ Desk1op 80286 or 80386 

l:Cl~il~N 
2380 Qume Drive, Ste. F 

San Jose, CA 95131 

Circle 109 on Reader Service Carri (DEALERS: 110) 

I would like to commend you on your In 
Depth section about floating-point pro
cessi ng (March) . I particula rl y liked 
Mauro Bonomi ' s article , " Avoiding Co
processor Bottlenecks ." I liked the whole 
concept of the graphic beach ball . 

The Weitek/80387 combination is fan
tastic, but , based on table 1 in the article , 
the over one mill ion Whetstone-per-sec
ond difference does not warrant the addi
tional cost of $1000 to $1500. I have 
fri ends who heats ink the ir 16-MH z 
80387s and run them between 23 and 25 
MHz with good success, which brings 
their efficiency even closer to the Wei
tek/80387 combination . 

Please le t me know whether your 
Float, Calcpi , Savage, Dhrystone, and 
Whetstone programs are available for us 
BYTE readers to run in our own hardware 
through your bulletin board . 

Doody R. Ungson 
San Jose , CA 

BYTEnet carries listings for all pro
grams mentioned in BYTE articles. The 
phone number is (617) 861-9764.-Eds. 

Up the Down Mouse 
If anyone , for whatever reason , would 
like to learn opposite movements (i.e. , 
moving your hand up creates an action 
down and vice versa, and moving your 
hand left creates an action right and vice 
versa), the solution is simple . Take your 
mouse , turn it 180 degrees and go to 
work . After a little practice, you may be
come quite good at it. 

Bob Hester 
Toulouse , France 

FIXES 

In the review of enhanced EGA and VGA 
graphics boards (March), we stated that 
Sigma Designs ' SigmaVGA board does 
not work with the IBM 8513 analog color 
monitor. Sigma Designs says that its 
board does work with the monitor when 
equipped with the correct cable. • 
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CHAOS MANOR MAIL 


Jerry Poumelle answers questions about his column 
and related computer topics 

The Ice Age Cometh 
By way ofbackground for the following 
letter: My talk to a meeting of®thors of 
books in the Yourdon Prentice-Hall series 
was titled "Ki> 're Eating Your Eggs. "It 
was built around the theme that much of 
the MIS community reminds me ofdino
saurs having a debate over whether to 
evolve bigger teeth or longer tails, while 
the mammals are chowing down on their 
eggs... . -Jerry 

Dear Jerry, 
Just a note to you manunals to let you 

know how things are going here at Dino
saur Central .... 

I just got a call from a fellow who 
wanted a price on converting 13,000 pro
grams-about 7. 8 million lines ofcode
from one system to another (incompat
ible) system. I gave him a price-I'm in 
business to do this sort of thing-but I 
thought this is really stupid. 

I'm being asked to clone a dinosaur . 
The agency that wants the new dinosaur is 
willing to consider spending millions of 
dollars so that it will have a newer version 
of exactly what it has now. Incredible! 

There's a lot of this dinosaur cloning 
going on these days. Companies are mov
ing their systems from IBM to DEC, or 
you can pick any other combination you 
want. If you think there are problems 
w,ith compatibility between systems in 
the micro world, you ought to see how the 
dinosaurs have screwed it up. Even mov
ing from one IBM system to a larger one 
requires the sort of planning previously 
reserved for D day . 

All this cloning takes up a lot of time 
and energy. Once the dinosaur keepers 
have spent the time they need to keep 
their beasts in order, there really isn't 
much time left for actual users who want 
the system to do something new or some
thing old a little better. 

Enter the mammals. The sales man
ager in the ~st Fencepost office can't af
ford to wait for the dinosaur keepers to do 
their thing, so he goes out and gets him
self a PC and gets someone to show him 
how to use Reflex or dBASE. He doesn't 
care so much about what the dinosaurs 
are doing, except when they louse up an 
order for one of his customers. 

Eventually, however, this guy is going 
to move upward in the company. He, or 
someone like him, is going to become 

president, and he's going to remember 
how the dinosaurs hurt his efforts and 
how the mammals helped him. That's 
when the Ice Age will start. Any vestiges 
of the dinosaurs that remain will have to 
earn their keep, either by keeping giga
bytes of data accessible or by providing 
very fast computation in special situa
tions. The mammals are going to call the 
tune. 

John Boddie 
Newark, DE 

It does seem to me that rather than 
build ever-larger COBOL programs for 
those giant machines that lurk in climate
controlled rooms, big companies might 
think about reverse engineering: Figure 
out what their programs actually do, and 
commission someone to write code for 
micros to accomplish that. Of course, 
that would decentraliu control and give 
computing power to people who don 't 
work for the MIS, so I suppose it will 
never happen. 
-Jerry 

Amiga vs. Atari 
Dear Jerry, 

I'm afraid your biases toward the Atari 
ST showed again in the November 1987 
Computing at Chaos Manor. 

Like all software-only emulations, pc
ditto is unacceptably slow . Unfortu
nately, the ST cannot make use of the 
Motorola 68020 microprocessor (as you 
implied), because the TOS operating sys
tem will not support it, as does the 
Amiga's . Nor will it support more than 4 
megabytes of memory, as does the 
Amiga's. 

The Amiga 500 offers far greater per
formance for a modest price difference . 
The Amiga 2000 makes true high-perfor
mance PC compatibility possible and can 
use a 15-MHz 68020 add-in card that 
offers most of the performance of a Mac
intosh n at about one-third the price. 

The same individual who was respon
sible for one of your favorite computers, 

continued 

Jerry Poumelle holds a doctorate in psy
chology and' is a science fiction writer 
who also earns a comfortable living writ
ing about computers present and future. 
He can be reached c/o BITE, One Phoe
nix Mill Lane, Peterborough, NH 03458. 

Create Powerful 

Programs with 

Hlai5e o s 


2560 Ninth Street, Suite 316 Berkeley, CA 94710 (415) s.40-s.41 
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...At an Affordable Price. (l'. C. w orlJ J 

All Ho lmes Corresopndent '" Modems are fully Hayes"' compatible. 
They include auco answer, auto dial, 
and use very little powt:r. These IDLm-.> 
feacures , along "~rh a rwo year I C 
warranty and a complete software M I C R O S Y S T E M S. I N C. 

~~~=~~e~ke Holmes the best value l -S00-443_3034 
WE' VE GOT THE MODEM FOR YOUR LAPTOP! ... 
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lhe Commodore 64, also guided the de
velopment of the Atari ST: Mr. Jack Tra
miel. Accordingly, the ST was designed 
and built with but one thing in mind
cheapness. This would be apparent to 
anyone who has lifted the cover off an ST 
and examined its innards (I have) . 

Generally , Amiga software is of higher 
quality than comparably priced ST soft
ware. I will admit that there is slightly 
more ST software available, but is quan
tity more imponant than quality? I think 
not. More Amiga software will appear as 
programmers become accustomed to the 

computer's more sophisticated operating 
system. 

Jeff Joseph 
Minot AFB, ND 

Well, sir, you /Ulve one view. I /Ulve 
both machines, and I have another view. 
True: pc-diuo is quite slow, about 80 per
cent as fast as a PC, while the Amiga 
2000 is exactly the speed ofa PC; as for 
the 68020 card for the Amiga side, I 
haven't seen one yet. 

Actually, like most people who've been 
around as long as I have, I followed the 

Tramie/ odyssey from irs inception: and 
I've done quite a bit ofpoking around in
side the Atari ST, including installing 
extra memory on a 540. I assure you I've 
had more Guru Meditations (Amiga 's 
system error messages) than cherry 
bombs (Atari's) . 

I hope you 're right about the upcoming 
software for the Amiga. -Jerry 

Medical Spelling Checker? 
Dear Jerry , 

My mother is a physician who has 
trouble spelling. We have an IBM PC, 
which she uses for word processing, and 
a couple of spelling checkers (Word Proof 
and the one in PC-Write). However, we 
have been unable to find a medical word 
list for any IBM PC spelling checker. Do 
you know of a spelling checker that 
comes with a medical dictionary, or a 
medical dictionary that we could add to 
one of our curren! spelling checkers? 
(Since PC-Write can add words to its list, 
all we really need is a file of medical 
words on an IBM PC disk with enough 
information to decode the file format.) 

We tried to contact Oasis Systems, the 
maker of Word Plus , which you've men
tioned favorably . Our letter was returned. 
Has the company moved? 

I enjoy reading your column in BYTE, 
but could you cover the Amiga more? 

Michael Hanson 
Seattle, WA 

I don 't know ofa medical dictionary. It 
is relatively easy to make one ifyou have 
the kind ofspelling checker that adds up
date words easily. The simplest way 
would be to get one of the medical CD
ROM units, put the text on-screen , aim 
the spelling checker at it, and add the 
medical words to the dictionary. A couple 
ofhours ofthat should build one heck ofa 
dictionary. 

A second method would be to write as 
you nonnally do, Look up every word the 
first time it comes up on-screen, be sure 
it's right, and add it to the dictionary. It 
won't take long before you 've built a 
pretty powerful dictionary. 

Oasis Systems is located at 6160 Lusk 
Blvd. , Suire C-206 , San Diego, CA 
92121 , (619) 453-5711 . 

Incidentally, the folks at Microlytics 
are always looking for new dictionaries 
to incorporate into their packages . 
They 've got the one I built out of these 
columns in their l.atest one; it even knows 
how to spell Poumelle.- Jerry 

The Trouble with Turbo 
Dear Jerry, 

I noted with interest your discussion of 
C compilers in your October 1987 Com

conrinued on page 322 



11 Important Reasons 

CProgrammers Use 


OurFile Manager 

1. It's written in C. 

Clearly the growing language of 

choice for applications that are fast , 

portable and efficient. All of 

db_ VISTA's source code is written in C. 


2. It's fast - almost 3 times faster 

than a leading competitor. 

Fast access that comes from the 

unique combination of the B-tree 

indexing method and the "network" or 

direct "set" relationships between 

records . A winning combination for 

fast performance. 


3. It's flexible. 

Because of db_ VISTA's combination 

of access methods, you can program 

to your application needs with ultimate 

design flexibility. Use db_VISTA as an 

ISAM file manager or to design 

database applications. You decide 

how to optimize run -time 

performance. No other tool gives you 

this flexibility without sacrificing 

performance. 

db_ VISTA is also well behaved to 

work with most any other C libraries! 


4. It's portable. 

db_ VISTA operates on most popular 

computers and operating systems like 

UNIX, MS-DOS and VMS. You can 

write applications for micros, minis, or 

even mainframes. 


5. Complete Source Code 

available. 

We make our entire C Source Code 

available so you can optimize 

performance or port to new 

environments yourself. 


6. It uses space efficiently. 
db_ VISTA lets you precisely define 
relationships to minimize redundant 
data . It is non-RAM resident; only 
those functions necessary for opera
tion become part of the run-time 
program. 

7. Royalty free run-time. 
Whether you're developing applications 
for yourself or for thousands, you pay 
for db_VISTA or db_ QUERY only 
once. If you currently pay royalties to 
someone else for your hard work, isn't 
it time you switched to royalty-free 
db_VISTA? 

Features 
•Multi-user support allows flexibili ty to run on 

local area networks 
• FUe structure Is based on the B·tree indexing 

method 
t Transactio n processing assures multi-user 

consistency 
•file locking support provides read and write 

locks 
• SQJ.,.based db_ Q UERY is linkable 
• File traDBfer util ities included for ASCII , 

dBASE optlonal 
• Ro ya lty·&ee run-time distribution 
•Source Code available 
• Data Defin ition Language for specifying the 

content and organization of your files 
+Interactive database access utility 
• Database consistency check utili ty 

File Management Record 
and File Sizes 

• Maximum record length limited only by acces· 
slble RAM 

• Maximum records perllle Is 16, 777.215 
t Maximum flle size limited only by available disk 

storage 
• Maximum of 256 index and data files 
•Key length maximum 246 bytes 
• No limit on number of key fields per record 
• No 	limit o n maximum number of fields per 

record 

Operating System 

& Complier Support 


•Operating systems: MS-DOS. UNIX, 
XENIX. ULTRIX. Mlcropon , VMS. 

Macintosh 


• C 	 compliers: Lattice. Microsoft , IBM . 
Aztec. Turbo C , XEN IX, UNIX 
and LlghtspeedC 

8. SQLbased db_QUERY 
is the query and report writing 
program that provides a relational 
view of db_VISTA databases. 
Use ad hoc or link into your C 
applications . Royalty-free . Source 
code available . 

9. Freetechsupport. 
60 days of free technical and application 
development support for every Raima 
product. Of course, extended support 
and training classes are also available 
at your place or ours. 

10. Upward database 
compatibility 
Start out with file management in a 
single-user PC environment- then 
move up to a multi-user LAN or a VAX 
database application with millions of 
records. You' ll still be using db_VISTA. 
That's why so many C programmers 
are choosing db_ VISTA. 

11 . WKS LIBRARY 
The WKS LIBRARY PROVIDES 
THE MOST EFFICIENT WAY FOR C 
and BASIC programmers to interface 
with 1-2-3, Symphony and dBASE . 
+ Reads & Writes WKS & Wl< l Files 
+ Reads & Writes DBF Files 
+ 1-2-3, Symphony & dBASE compatible 
+ Source Included 
t No Royalties 

30-day Money Back Guarantee! 

Price Schedule db_ VISTA db_QU ERY 

0 Single user $ 195 s 195 
0 Single user w/ Source s 495 $ 495 
0 Multi-user $ 495 $ 495 
0 Multi-user w/ Source $ 990 s 990 

NEW: 
0 WKS LIBRARY for 

Lotus 1-2-3 $ 195 

Call Today! 
Ordering is easy - simply call 
toll-free . We'll answer your technical 
questions and get you started . 

1 (800) db_RAIMA 
(800) 327-2462 or ~Ill 	 ~(206) 828-4636 

For international orders: 
In the U. K. call Systemstar Ltd .: (0992)5009 19 

FAX : (0992)55426 1 

In Switzerland call Comptronix AG: 01 725 04 IO 
FAX : 0 1 725 87 77 

In France call ISE-CEGOS: (1) 46 09 2828 
FAX : (1) 46 09 2800 

In Belgium call Lemnie S .A.: (02) 720.96.57 
FAX : (02) 721.12.00 

In Germany call ESM GmbH: 07 127/ 5244 

3055 - 112th NE. Bellevue , WA 98004 USA 

FAX: (206) 828-313 1 Te lex: 6503018237 MCIUW 
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ASK BYTE 

Circuit Cellar's Steve Ciarcia answers your questions on microcomputing 

Printer Woes 
Dear Steve, 

My NEC CP6 printer is capable of 
producing 360- by 360-dot-per-inch 
graphics, but the results that I have seen 
are far from this . (I have been using the 
Epson JX-80 printer definition for the 
best results, which are still poor .) It 
seems that the printer produces plenty of 
dots of resolution on the x-axis but far too 
few on the y-axis . This creates images 
that appear to have bands in them. I no
tice this fault with every bit-mapped re
production I make. 

Why is this happening? I would think 
that a simple dot-replication scheme built 
into the printer definition would create 
denser, darker graphics by simply repli
cating the solid lines. 

Also, is it possible to use an analog 
monitor, such as an NEC MultiSync, as a 
standard color TV if it ' s hooked up to a 
tuner? 

Chris Durst 
Laytonsville, MD 

I think the bands in your printed output 
come from irregularities in the paper 
feed. Take a very careful look at the 
paper path and see ifanything is binding 
or sticking, or ifthe paper is snagging on 
the cables in the back. Then make sure 
that the paper exits sTTWothly and doesn 't 
bunch up or drag on the way out. 

The real reason why you aren't seeing 
TTWre dots on the page is that the printer 
driver software in the computer isn 't 
sending them out. The printer commands 
provide the ability to put a dot nearly 
anywhere on the page; the software has 
to translate the screen image into the ap
propriate dot paJtems. 

You'd think thaJ the printer could "fill 
in the dots" and pro<h4ce a good-looking 
image, but it's not quite that simple. The 
problem boils down to the ratio between 
the dot's horizontal and vertical sizes, 
called the aspect ratio (there's also a 
screen aspect ratio, which is a different 
matter). Because each display mode has 
a different dot aspect ratio, there's no 
one way to translate a bit-mapped image 
from screen to paper. For example, the 
aspect ratios that show up in normal use 
are shown in table I . 

But the aspect ratio ofa printer dot de
pends on the horizontal dot spacing and 
vertical line spacing. Only the software 
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Table 1: Dot aspect ratio for 
various IBM PC screen modes. 

Mode Aspect ratio 

320 by 200 CGA 1.12 
640 by 200 CGA 0.56 
640 by 350 EGA 1.28 
640 by 480 VGA 1.00 

knows both the screen aspect ratio and 
the printer aspect and can (presumably) 
reach a compromise. Given the number 
of different screen modes and printers, 
it 's a wonder anything comes out at all. 

As a simple example, take a 640 by 200 
CGA image with a 1.12 dot aspect ratio. 
Try to find a way to represent that image 
on the paper with your NEC 's 1.00 as
pect ratio dots so thaJ the image comes 
out about 8 inches wide and 6 inches tall. 
Be sure to look up the details ofthe print 
head dot patterns and restrictions on pin
/iring order. You 'JI probably have to 
TTWve the paper in an i"egularfashion to 
get the dots in the right places. 

Once you 've done tlwt, repeat the ex
ercise for the EGA display and see wlwt 
changes. At some point you 'll realize tlwt 
you need a fraction ofa dot to make the 
answer come out right, and tlwt's where 
the problem lies. 

Also, despite everyone 's best efforts, 
paper just doesn't move reliably in tiny 
fractions of an inch. The re-suiting 
twitches cause painfully obvious glitches 
in the dot patterns, and nobody's happy. 
The good news, though, is the last line in 
table I. VGA displays lwve 1-to-I aspect 
dots , exactly matching laser printer dots. 
That means it's easy to get good-looking 
results on screen and paper. All you need 
is the right lwrdware. 

Unfortunately, the MultiSync won 't 
work with a stock 1Vtuner. The problem 
is tlwt the tuner produces standord Na
tional Television System Committee 
(NTSC) composite baseband video on a 
single output, while the MultiSync 
~ects to see separate RGB and synchro
nous inputs. -Steve 

Expert Nutrition System 
Dear Steve, 

I am currently developing a set of rules 
for an expert system that will be used as 

an advisor in enteral and parenteral nutri
tion systems in intensive care unit pa
tients. What is the best way to go about 
creating such an expert system? Should I 
learn a language such as Lisp or Prolog to 
write my own, or should I use some form 
of expert system shell? If the latter is the 
best, could you please let me know what 
is available? 

J. D. Harrison 
Nottinglwm, U. K. 

Although Mt as extreme, the differ
ence between programming an expert 
system in Lisp or Prolog and using an ex
pert system shell is TTU4Ch like the differ
ence between programming in assembly 
language and programming in a high
level language, such as BASIC. You'd 
lwve much finer control over your pro
gram ifyou used Lisp or Prolog, but you 
would also lwve the overhead ofmuch of 
the "housekeeping" (e.g. , the user inter
face, input screens, andfile lwndling). 

Since your object is to encode your ex
pert knowledge of nutrition systems, it 
would be far easier to use a shell. You 
will lwve to do some additional home
work to find the shell tlwt is best for you. 
I recommend thaJ you check out Knowl
edgePro from Knowledge Garden (473A 
Malden Bridge Rd., Nassau, NY, 12123). 
It 's very easy to use and would be espe
cially suited to a teaching-type expert 
system because of its built-in hypertext 
capabilities. Also contact EXSYS (P. 0 . 
Box 75158, Contract Station 14, Albu

comlnued 

IN ASK BYTE, Steve Oarcia, a compuier con
sultant and electronics engineer, answers 
questions on any area ofmicrocomputing and 
his Circuit Cellar projects. The most repre
sentative questions will be answered andpub
lished. Send your inquiry to 

Ask BYTE 
c/o Steve Ciarcia 
P.O. Box582 

Glastonbury. er06033 


Diu to the high vol~ of Inquiries, we 
CQlllWt guarantee a personal reply. All letters 
and photographs become the property of 
Steve Ciarcia and cannot be retu.rmd. 

The Ask BYTE staff Includes manager 
Harv Weiner and researcMrs Eric Albert, 
Tom Cantrell, Bill Curl~, Ken Davidson, 
Jeat1M.tte Dojan, Jon El.son, Frank /Wech
mann, Tun McDonough , F.dward Nisky, Dick 
Sawyer, Robert Stek. and Mart. VoorMes. 



Maybe you dorlt thinkyou need 
anewwonlprocessor. 
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Ifyou answer yes to just one of these questions,you 'll 
find that you're a prime candidate for a new advanced level 
of word processing. 

Do you create any of the following types of business documents: 
reports , plans, proposals, presentations, manuals, contracts, 
documentation, specifications? 

Do your documents call for more than words? Or have you 
considered a desktop publishing package to mix graphics, 
spreadsheets or tables with text on a page? 

In the process of creating a docwnent, do you or others frequently 
have to review and revise it? 

Have you ever had occasion to create adocument without sufficient 
time to tum it around? 

Is it critical that your documents look great? 

Tu m this pageoverandfold on thedotted 
line to find out why you may be a candidate 

for a whole new level ofword processing. 

I 
I 
I

© l9S8 IL11us lle\'tlopmcnt CQl']JOrJti<>n. Lolus. Lolus Monus<npt. 1·2·3. I 
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IS)'Sloms. Inc. AuWCAD Is an--gistcrro 1rademarlt of Aulodesk. Inc 
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Ifyou answered yes to just one of I 
these questions,you are acandidat.e I 
for Lotus~ Manuscript:" 2.0. I 

I 
IManuscript is specifically designed for Idocuments with tables,graphics, auto 
Imatic numbering and tables ofcontents, 

cross-references or indexes.It can easily I 
handle routine correspondence, too. I 

I 
Manuscript merges text with graph I 
ics created in 1-2 -3~ Symphony~ I
Freelance"' Plus,and Graphwritei4 II, Ias well as Postscript~ .TIF, .PCX , 

IAutoCAD,. files and more. And it's 
great at handling tables. I 

I 
Manuscript has many editing features I 
and even provides for reviewer's com I 
ments. Our draft copies look just like I
the final version, with the right type Ifaces, graphics and tables in place. 

1,·1 

Manuscript easily supports major revi- ~I 
sions to text, data, and fonnat, so that ~ 
last minute changes are a cinch. Plus ~ I 
it can link your most current 1-2-3or ] I 
Symphony spreadsheet data to tables :s I 
in your document. G: 

Manuscript produces higher quality 
pages than conventional word proces
sors, with sophisticated hyphenation 
and justification, plus balanced news
paper-stylecolumns previously available 
onJy on high-end publishing systems. 

Manuscript 2.0 gives you all 

the advantages of full-featured 

word processing, along with the 

powerful design and typeset

ting capabilities of deskt.op and 

electronic publishing-for the 

ttighest quality printed pages. 


Try Manuscript. Order our $15 
demo kit and get 
working software 
and a tutorial 
manual~ Call, 
1-800-345-1043 
and ask for demo 
kit ACW-1450. 

Lotus Manuscript 2.0 
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querque, NM 87194) for information on 
its EXSYS program. -Steve 

Dead Drive Blues 
Dear Steve, 

Last weekend, a drive bearing on my 
20-megabyte Hardcard started going bad. 

I bought the drive 17 months ago from 
Logic Array of Costa Mesa, California. 
Alas, the company is apparently no 
longer in business, so I can't get the drive 
replaced or repaired under my 2-year 
warranty. 

Is there a company that sells 3 \fi-inch 
20-megabyte hard disk drives without a 
controller? The dead drive is an NEC 
03126, part number 134-200420-001 . 

David G. McDonald 
Ames, IA 

Ifyou've got a genuine Hardcard from 
Plus Development, you should be able to 
get factory service. If. on 111£ other hand, 
you've got one ofthe clones, you 're sunk. 

Although I hate to say this, I think the 
cheapest way out for you is to buy an
other card. While it's possible to pick up 
just the drive, you 'II have to worry about 
connectors, cabling, mechanical hard
ware, and all that. 

"But, " I hear you say, "isn '1 all that 
stuffstandardized?" The answer, regret
tably, is "not quite. " The only way to 
find out wheth£r a new drive will fit is to 
buy it and see. You can accumulate quite 
a pile of pans while you 're thrashing 
around. 

Given the price competition in hard
disk drive cards, I suspect you can re
place that thing for about halfofwhaJ you 
paidfor it originally. -Steve 

Help with Heath 
Dear Steve, 

I teach a course in which we use Heath 
trainers (5-MHz 8088 microprocessor, 
64K bytes of RAM). These machines 
have an editor, an assembler, a debug
ging program built into ROM, and all the 
8088 control signals (minimum mode) 
available for building circuits on bread
boards. They're nice machines, but they 
lack disk drives and sufficient memory, 
so we can't use them to teach anything 
about the use of a disk-based operating 
system, a higher-level language, or disk 
files. 

Heath also sells an upgraded version of 
the basic machine that you can fit with 
two 360K-byte floppy disk drives and 
196K bytes of RAM. Except for the 
limited memory, this is what I'd like to 
use, but it costs twice as much as a good
quality IBM PC AT clone. 

There ought to be an expansion board 
for a standard PC that would bring the 
microprocessor signals (through buffers 

and isolators) out to a breadboard. Do 
you know of any products of this kind? 
The only one I've heard about is the eZ 
Board from Sabadia Export Co., but a 
friend told me that he had severe prob
lems trying to use it. 

Maynard Fuller 
Montreal, Canada 

Given thaJ you can buy an IBM PC 
clonefor about $600complete with moni
tor, drives, DOS, and keyboard, you 
would expect thaJ someone would have a 
useful breadboard accessory for it. But I 
haven 't seen one anywhere. 

Perhaps IM best thing to do is to get a 
cheap computer and a standard lBM PC 
prototyping card and have your classes 
roll their own. JDR Microdevices sells 
PC prototyping cards-check the back of 
a recent BYTE. The circuitry is simple 
enough that your students can probably 
handle the design on their own, and it 
will be a real learning experience. 

One suggestion: Ifyou 're going to use 
ribbon cables to bring the signals out, 
make sure you have a ground lead be
tween every signal wire, put the control 
signals in a separate cable, and keep the 
length down . Don 't try to save wire by 
running 26 signals in a single cable. Al
though I haven 't heard of the Sabadia 
board, I bet that's what the company 
tried to do. Even though we think of the 
PCas being pre11y slow, those signals are 
still fast and delicate. -Steve 

Memory Mayhem 
Dear Steve, 

I have an Intel 2010 Above Board/AT 
memory expansion board from Mead 
Computer . When I placed the order, 
Mead told me that I wouldn't have to dis
able the 384K bytes of my 1-megabyte 
motherboard. 

After delivery, I phoned Intel technical 
support to ask about switch settings, and I 
was told that I'd have to disable the 384K 
bytes (above 640K) of my motherboard . 

Mead Computer then told me that the 
2010 board would work without compli
cation in extended memory if I would 
start my extended memory location at l . 5 
megabytes rather than at the customary 
LO megabytes. 

It will be a while before I actually start 
running OS/2. Please straighten me out 
regarding memory configuration. 

Americus Mitchell 
Kilmarnock, VA 

If you don 'r disable the 384K bytes of 
RAM on the system board, you'll wind up 
wirh a "hole" berween rhe end of th£ 
RAM at 1. 384 megabytes and rhe start of 
the Above Board at 1.5 megabytes. All 

continued 
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From real time embedded 
applications to comprehensive 
commercial applications on 
Macintosh, IBM PC, Amiga, 
Atari, and others, Aztec Chas 
earned a well -deserved reputa
tion as an innovative, tough to 
beat, rock-solid C development 
system. 

But don 't just take our word for 
it- try it yourself. We know that 
the best way to understand what 
puts you ahead with Aztec C is 
to use it. That's why Aztec C 

systems purchased directly from 
Manx come with a 30-day, no 
questions asked, satisfaction 
guarantee. Call for yours today. 

We can also send you informa
tion that details the special fea
tures and options of Aztec C. 
Plus information on support soft 
ware, extended technical sup
port options, and all of the 
services and specialized sup
port that you may need when 
you 're pushing your software to 
the limits and ... beyond . 

MS-DOS Hosted ROM Development Systems 
Host+ Target: $750 Additional Targets : $500 

Targets: 
• 6502 family 
• 8080-8085-Z80-Z180-64180 
• 8088-8086-80186-80286/8087-80287 
• 68000-68010-68020/68881 

Components: 
• C compiler for host and target 
• Assembler for host and target 
• linker and librarian 
• Unix utilities make, dltt, grep 
• 	Unix vi editor 
•debugger 
• download support 

Features: 
• Complete development system 
• Fast development times 
• 	Prototype and debug non-specific 

code under MS-DOS 
• 	Compilers produce modifiable 

assembler output, support lnllne 
assembly, and wlll llnk with assembly 
modules 

• 	Support for INTEL hex, S record, and 
other formats 

• source for UNIX run time library 
• 	processor dependent features 
• source for startup 

Aztec C Micro Systems 
Aztec C is available tor most micro
computers in three configurations: 
The Professional : The Developer: and 
The Commercial system. All systems 
are upgradable . 

Aztec C68k/Am ... . Amiga 
source debugger- optional 

Aztec C68k/Mac . . . Macintosh 
MPW and MAC II support 

Aztec C86 . . . . . .. .. MS-DOS 
source debugger • CP/M libraries 

The followng have special pricing and 
configurations. Call for details 

Aztec C68k/At ..... Atari ST 
Aztec C80 . . . . . . . . . CP/M-80 
Aztec C65 . . . . . . . . . Apple II & II GS 

Standard System ... . ... . ....... $199 

• C compiler 
• Macro Assembler 
• overlay linker with librarian 
• debugger 
• 	UNIX and other libraries 
•	 utilities 

Developer System .. ... ... . .... . $299 
• all Standard System features 
• UNIX utilities make, diff, grep 
• UNIX vi editor 

Commercial System . . . ... . .. . . . $499 
• all Developer features 
• source for run time libraries 
• one year of updates 

Aztec C is available on a thirty-day money back guarantee. Call 
now and find out why over 50,000 users give Aztec C one of the 
highest user-satisfaction ratings in the indus try. 

Call 1-800-221-0440 

C O.D.. VISA, MasterCard . American Ex Manx Software Systems In NJ or outside the USA, 
press. wire (domestic and international), and One Industrial Way
terms are available. One and two day deliv· 	 call 201-542-2121 Eatontown. NJ 07724
ery available for all domestic and most Telex: 4995812 Fax 201-542-8386 international destinations. 
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-
TEST 

h FORMAT 

. . . Can double your 

hard disk performance. 
Experience has shown most hard 
disks are set up wrong . . which 
means the interleave is probably 
wrong and you are being penalized 
anywhere from 50 to 600% in perfor
mance. 

Included in the hTEST · hFORMAT 
package is an interleave optimizer, 
hOPTIMUM. It calculates the opti
mum value for interleave, then 
resets the disk, automatically, for 
peak performance. 

The second casualty to improper 
setup is your data ... because 
some hardware vendors take the 
easy route. They skip low-level 
testing and entry of manufac
turer's bad-track information . 

hTEST finds those· marginal 
regions on the disk before they 
cost you time and information. 
hFORMAT lets you enter the 
manufacturer's test information 
and certify for yourself that the 
disk is properly initialized for 
reliable service. 

When the worst happens ... and 
you lose data, hFORMAT will help 
recover your disk - even from that 
ultimate disaster: "Invalid Drive 
SP.ecification ." 

hTEST · hFORMAT: for IBM PC, 
XT, AT and compatible computers. 
Requires 64K, DOS 1.1 or higher. 

Advanced Hard Disk 

Diagnostics designed by 


Kolod Research . . . $89.95 


Paul Mace Software, Inc. 
400 Williamson Way 
Ashland, OR 97520 

(800) 523-0258 
(503) 488-0224 

(COD's, PO's add $5.00) 
(Foreign orders add $10.00) 

E'lOURSElf\ 
CON\l\NC'\ VJe\\ sen~ 'lou 

send us $ · \es\ d\S~-
an \n\et\ea'Je 
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the programs I know ofassume that the 
RAM is contiguous, so that hole is going 
to cause some problems. You've probably 
found that ow, right? 

Mead is correct in saying that the 
board will work, but only custom code 
that you write can rake advantage of the 
disconnected RAM on the Above Board . 
All the standard code will fall into the 
hole and die. 

The best solution is to disable the 384K 
byres of system board RAM and have 
everything work. Anything else isn 't go
ing to be worth the effort. You 'll wind up 
wasting a little chunk of those RAM 
chips, but so it goes. 

As far as OS/2 goes, there's going to 
be a lot ofblood in the streets when peo
ple find out that they can 't run a "stan
dard" version of OS/2 on clones that 
were sold as compatible with IBM PC 
ATs. The reason is that OS/2 can't use 
the BIOS routines in those clones: It must 
talk directly to the hardware because the 
BIOS code won 't run in protected mode. 
And that means the clone vendors must 
supply modified versions of OS/2 for 
their machines. 

If you've added oddball displays or 
other hardware, you won 'r be able to run 
the standard OS/2 from the vendor be
cause it won't talk to the display. It's not 
at all clear how this problem is going to 
be resolved, but I'm certain that the final 
answer isn 'r going to make everyone 
happy. -Steve 

Designing Chips 
Dear Steve, 

I've been working on an idea that may 
have commercial value, and I need to 
look into having a custom chip designed. 
Could you give me some insight into 
what to expect in terms of minimum 
quantities, design and production time, 
chip costs for the initial run, and so on? 
The chip I have in mind shouldn't require 
a dense mask, such as the 68020, but it 
does require a very high pin count (68 to 
166 or more). All the major functional 
blocks are in commercially available 
chips, so a lengthy design phase 
shouldn't be necessary. Where should I 
start? 

Your article "The BCCl80 Multitask
ing Controller" (January through March) 
was very interesting, and I'd like to see 
more in the same vein . It's fairly obvious 
that the chip you 're using is the most suit
able one available today for general
purpose controller work. Way back when 
you started out with designs based around 
Zilog or Intel processors, why did you 
choose these architectures over Motoro
la's 6802, 6808, and 6811? I'm no ex
pert, but it seems to me that if I have a 
specific control application , I can usually 

use a Motorola processor to accomplish 
the task and end up with a lower chip 
count than I can with a Zilog or Intel 
processor. 

Finally, with regard to programming 
languages, when I do control work, I pre
fer using Forth. I know most of the argu
ments in favor of using BASIC. I don't 
agree with all of them, but I can under
stand why you've chosen to use BASIC . 
The fact remains, though, that Forth is 
the only language available that gives you 
an operating system and language in 16K 
bytes or Jess and that runs on almost 
every processor available today. Its code 
is compact, and execution is fast. I'd like 
to see Forth as an alternative to BASIC in 
your future articles. 

Ken Martinson 
Ringgold, GA 

I assume that the custom chip you are 
asking about is an application-specific IC 
(ASIC) . AS/Cs include programmable 
logic devices (PWs) , gate arrays, stan
dard cells, or handcrafted full-custom 
/Cs. The advantage ofan ASIC is a single 
chip that replaces perhaps 30 or more 
standard logic parts and the board space 
that they would normally occupy. The de
sign is more difficult to copy. and you 
can realize optimum performance be
cause of reduction in pin and circuit 
board delays. 

Designing with PWs requires only a 
personal computer equipped with PW 
software and a PLD programmer (which 
costs approximately $10,()()()). In com
parison, setup costs for gate arrays or 
standard calls include nonrecurring en
gineering (NRE) fees, and the equipmenr 
requirements might include a CAEICAD 
workstation, a timesharing computer, or 
both . The NRE costs for gate arrays 
range from $5()()() to $80,()()(). For stan
dard cells, this figure runs from about 
$20,()()() to $150,()()(). Production turn
around/or gate arrays and standard cells 
can run anywhere from 2 mollfhs to a 
year; turnaround for PWs is perhaps a 
few minUJes. 

The choice ofa microprocessor is not 
an easy one. Certainly it would be nice to 
choose the best chip for every job, but 
that 's nor practical. A number of fac
tors-familiarity with the family, pro
gramming knowledge, software develop
ment equipment, factory support, and 
parrs and sample availability-determine 
the processor of choice. In most cases, 
these items weigh more heavily when 
comparing architecture than does saving 
a chip or two in a design. Only in designs 
where constraints are rigidly dictated 
(such as volume productions and a small 
physical size) would I trade the things I 

contin11ed 



MT330 with optional dual 

' Above you see the most 
ingenious printhead developed 
in years. 

It's a new stored-energy head 
that uses less energy and deliv
ers more speed than traditional 
ballistic printheads. 

And according to lnfoworld;' 
delivers constantly superior print 
quality, with letter quality compa
rable to a laser. 

You'll find this printhead, 
with its seven patents on design, 
materials, and production proc
ess, only on Mannesmann Tally's 
newest family of printers. Includ
ing the 24-needle MT330 word 
processing printer, a 10,000 page
per-month, 300 cps printer. And 

the 18-needle MT340 data proc
essing and industrial graphics 
printer, a 13,000 page-per-month, 
400 cps machine. 

We invite you to compare 
either of these heavy-duty 
printers to their Japan
ese counterparts. 

Because head to 
head, we win. 

And body to body? Again 
from lnfoworld: " ... most plastic 
and metal components appear 
quite a bit sturdier than their 
Japanese equivalents:' 

Again, bad news for Japan. 
But very good news for you. 

To take advantage of this 
news at a pleasantly surprising 

•
price, call the number below 
for the name of your 
nearest dealer. 

bin sheet feeder 

MANNESMANN 
TAJLIDYI I 


800-843-1347Ext. 80 
In Washington state, call: 
206-251 ·5524 Ext. 80 

~lufoworld. July 6. 1987 
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"During the next JO years, millions of programmers 
and users will utilize OS/2 .. .The hest way for them to 
understa11£/ the overall philosophy ofthe system will be 
to read this hook.'' Bill Gates 

INSlDE OS/2. Here- from Microsoft' s Chief 
Architect ofSystems Software- is a candid and ex
citing technica l examination of OS/2. In unprece
dented detail , Gordon Letwin explores the 
philosophy, key development issues, programming 
implications. and future of OS/2. And he provides 
the first in -depth look at each of OS/2' s design ele
ments - how they work alone and their roles in the 
system . INS! DE OS/2 is a valuable programmer-to
programme r di scussion of the graphical user inter
face, multitasking, protection, encapsulation, inter
process communication , and more. You can't get a 

more inside view. $19.95. 

Microsoft Press 

Quality Computer Books 

Available wherever books and softwareare sold. 
Or ml! in your credit card order. 800-638-3030 (In MD 824-7300). Refer toad BM38. 

ASK BYTE 

mentioned for a lower chip count. 
BASIC is an interactive language that 

is easy to learn and available on virtually 
every computer. Forth is also interactive, 
but it's not nearly as popular. The virtues 
in each have caused many to suggest the 
need for a single language that combines 
their best features. I use BASIC because 
ofits popularity, but /will consider using 
Forth in a future article. -Steve 

Optical Scanning 
Dear Steve, 

My company, Hemisphere Software, 
does contract programming and sells 
IBM PCs to small businesses and munici
palities. We've been working on a project 
that is missing one important part . I need 
a scanner with an automatic feeder to 
read a continuous form 2.4 inches wide. 
This scanner will have only one typeface 
to read . The scanner must meet the fol
lowing criteria: 

• It must read a continuous form of paper 
2.4 inches wide. The paper will hold text 
only, in black or blue ink. The paper has 
22 character positions and no special 
spacing at lbe top and bottom of each 
page. 
• The text is in code. The code equivalent 
for one word appears oo each line. 
• The text consists of 17 letters of the al
phabet, numbers I through 9, and the as
terisk. The letters can appear only in the 
following sequence, and only in these 
locations: 

STKPWHRAO*ELFRPBLGTSDZ 

Consequently, the letter T can appear 
only in the second or nineteenth position 
of the line, and so oo. Numbers can ap
pear instead of certain letters, as dfa
grammed below: 

STKPWHRAO*ELFRPBLGTSDZ 
12 3 4 5 6 7 8 9 

For example, line position 1 can be 
either blank, S, or 1. 
• The scanner's output is to be sent to an 
ASCII file. Each line of input will be one 
record . 
• The scanner's operation (start and 
stop) will be controlled from an MS-DOS 
IBM-compatible microcomputer. 

To keep the price of the system as low 
as possible, we're trying to keep the cost 
of the scanner below $1500. We' ll need 
two scanners as soon as possible, and 
we'll be purchasing more later. Thanks 
for any help you can offer. 

Stephen A. Gonslaves 
Wilmington, NC 

conrin11ed 
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AAAIBB 
!ieventh l\lat:ional Conference 

on Artificial Intelligence 

Augu• t: i!!1-i!!6, 19BB-!it:. Paul. Minne !lota 

The National Conference on Artificial Intelligence is considered the most important 
presentation of theoretical and applied research in the field of Artificial Intelligence 
in North America. The Conference highlights and publishes state-of-the-art research 
findings in the widest range of Al related fields including Machine Learning, 
Knowledge Acquisition, Expert Systems, Robotics, and Knowledge Representation . 

The Tutorial Program covers the spectrum from beginning to advanced topics such 
as Introduction to Al and Expert Systems, Object Oriented Programming, Knowledge 
Acquisition, Managing Expert Systems Projects, Knowledge Engineering Tool 
Evaluation, Diagnostics, and Uncertainty Management. 

The Exhibit Program features the largest Artificial Intelligence trade show spotlighting 
demonstrations of commercial hardware and software, university research, and Al 
related services. Vendors will also be making technical presentations concerning the 
advanced aspects of their current products. 

§pontlDred by the 
American "911DClat:iun for Artificial lnt:elllgence 

Send in this coupon to AAAI, 445 Burgess Dr., Menlo Park, CA 94025 for more 
details or call (415) 328-3123 

Name------------------------~-
Company~----------------------~ 
Address 


City - ---------- --- State, Zip ___ _ _ ___ 

VO 

What is a Best Western? 


The right place at the right price. 
INDEPENDENT 

WORLDWIDE 


LODGING 

Make reservations at any Best Western, 
see your travel agent, or ca11 toll-free 

··MJrlds largest chain of1-800-528-1234 independenlly owned 
and operaled 

hotel<t, m<>tor inns and resorts" 

ASK BYTE 


Every 11ow and then I get a leuer that 
reminds me just how weird the real world 
can get. A scanner to read 2. 4-inch con
tinuous paper with everything in 22
character codes? Zounds! 

Although you call it a scanner, what 
you describe is really an OCR (optical 
character recognition) system in dis
guise. Mercifully, you've simplified some 
ofthe most vexing parts ofthe project by 
using only one typeface and two possible 
characters per position , so you don 't 
have to solve the general problem. 

I first thought that a linear charge
coupled device (CCD) array would make 
a nice line sensor, with scanning down 
the paper handled by a gear motor pull
ing the sheet through the reader. Unfor
tunately, that puts the mechanical design 
in the critical path: The motor has to be 
fairly precise, the optics need to be quite 
good, and the whole assembly reeks of 
precision machine shop work. Ugh. 

Another way to handle it would be to 
use a TV camera with a macro lens and 
an Image Wise (see the May 1987 Circuit 
Cellar) digitizer ro grab an image of the 
sheet. With a full line extending com
pletely across the screen , there 's enough 
resolution to get about 100 pixels on each 
character. Thar should be enough to han
dle the recognition part ofthe problem. 

The reader might look something like 
this: a TV camera with macro lens and 
some lights , peering down at a flatbed 
section holding the paper. A motor and 
traction wheels draw the paper length
wise across the flatbed. The Image Wise 
digitizer sends the TV picture of the PC 
over a serial link. The RTS and DIR lines 
can control the motor and lights, with 
CTS, DSR, and CD returning some status 
bits. All the OCR logic is in the PC, which 
keeps the cost of the scanner down by 
eliminating a lot ofdedicated computing. 

You don 'r me11tion the throughput you 
need, bur I doubt that the speed will get 
better than a few tens ofseconds per line. 
That may sound slow, bur even simple 
OCR requires a lot of computations be
cause there are many bits in each line. 

I'm not sure there 's enough room in 
your budget for development and manu
factu ring, even at $1500 per unit. Ar 25 
units a year, you 've got a buy of$37,500. 
Figuring a parts cost at $750 (even sim
ple optics are expensive), you 're allow
ing about $19,000 fo r nonrecurring engi
neering, design, and p rogramming 
expenses- figu ring no profit at all on 
each unit. Nor good.

If you take a look at standard OCR 
scanners, I think you 'Ll find they 're much 
more expensive than $1500, even though 
they 're in volume production . Even 
though you've simplified the problem, it 
still isn 'r trivial. -Steve • 
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PERISCOPE,.POWER 

•••Keeps you going full steam ahead when other 
debuggers let you down! With four models to pick 
from, you'll find a Periscope that has Just the 
power you need. 

Start wi th the model that fits your cum:nt needs. If you 
need more horsepower, upgrade for the difference in 
price plus SI O! 

When you move to another Periscope model, don't 
worry about having a lot to learn . .. Even when you move 
to the most powerful model , Periscope llJ , an extra dozen 
commands are all that 's involved. 

A Periscope I user who recently began using 
Periscope Ill wri tes, "I like tbe 
Ja e/ t/;al wit/;i11 lbe firs/ balf 
bour of use I was debugging my 
program instead of learning 10 

use tbe debugge1:" 

• Periscope's software is solid, comprehensive, and 
flexible. It helps you debug just about any kind of program you can 

write ... thoroughly and efficiently. 
Periscope's the answer for debugging device-drivers, memory- resident, non-DOS, 

and interrupt-driven progrJms. Periscope works with any language, and provides 
source and/or symbol support for programs writcen in high-level languages and 
assembler. 

• Periscope's hardware adds the power to solve the 
really tough debugging problems. The break-ou t switch lets 

you break into the system any time. You can crack down a bug 
instantly, or jus1 check what 's going on , without having co 
reboo1 or power down and back up. That's reall y useful when 
your system hangs! The switch is included with Periscope 1, 
Periscope II , and Periscope III. 

Periscope I has a board with S6K of <.nite-prmected RAM . 
The Periscope soft ware resides 
in chis memory, safe from ru n
away programs. DOS memory, 
where debugger software 
wou ld normally reside, is 

thus freed up for your progra m. 
Periscope III has a board wi th 64 K of 

write-protected RAM, which performs the 
same function as the Periscope I protected 
memory. AND ... 

Periscope I Board 

The Periscope Il l board adds anocher powerful dimension to your 
debugging. Its hardware breakpoints and rea l-time trace buffer let vou track clown 

Circle 218 on Reader Service Carri 

bugs tha t a sofcware
oriemed debugger would 
t:ike coo long ro find, or 
can't find at all! 

PerlS<: ope Il l Board 

What Periscope Users 
Like Best: 

"I like the clean , so lid design and 1he crash 

recoi•ery: · Per iscope I user 

"I like the ability to break Ou l o f (a) locked 

up system!" Per iscope II user 

" ! am very Impressed with Periscope 11-X 
. . . it h;1s become my 'hc;wy du1 y' debugger 
o f choice, especially If I need to work on a 
memory resident utility or a clevicc driver." 

Per iscope 11-X use r 

"... Periscope Ill is the pcrfec1 answer 10 
the debugging needs of anyone involved in 
real-l ime progr;imming for the PC . .. The 
real time 1r;ice fea1ure has saved me m;my 
hours of hea rtache already." 

Periscope Ill user 

• Periscope I includes a hal f-lcng1h 
board with 56K of write-pr0tc ted RAM ; 
hrca k-out switch; software and manual for 
S345. 

• Periscope II includes break-out switch; 
so f1w:ire and manual for S 175. 

• Periscope 11 -X includes software and 
manual (no hardware) for S 145 . 

• Per-lscope Ill includes a full -length 
board with 64K o f write-pro tected RAM , 
hardw:1rc breakpoints and real-1i me trace 
buffer ; brea k-out switch; soft,1·are and 
manual. Periscope 111 for machines run
ning up to 8 MHz is 5995 ; for machines 
running up to IO MH z, S 1095 . 

REQ IREME TS : IBM PC. XT. AT. or close 
compatible (Periscope Ill requires hard\\me 
as \\'ell as ·o ftware rnmpalibility ); 00, 2.0 or 
l:11cr; 6 K avaibblc memory; one disk drive; 
an 80-colum11 monitor. 

Call us wi th your questions. We'll be happy 
to send you free info rmation or help you 
decide o tl1 e model that hcst fl t. your 
needs. 

OrdeT YouT PeTlscope, 
To/I-Free, Today! 
800-722-7006 

Periscope Break·Out 
Switch 
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THIS IS WHAT HAP 
LETOUR CUSTOMERS 


This is not exactly your typical dot 
matrix printer. But then, the new ALPS 
Allegro 24 wasn't built in typical dot matrix 
printer fashion. 

It's the result of a highly sophisti

cated new design process, never 

before attempted by any other 

printer company. We call it 

"Giving the Customers What 

They Wane' 


You told us you wanted a 
48 BYTE• JUNE 1988 

rugged 24-pin printer for under $500. Which 
the Allegro 24 is. You wanted it to churn out 
page after page of crisp, letter-quality output. 
Which it does. And you wanted it with easy

to-use front panel controls. Which, of 
course, it has. 

Then you insisted that it be 
jam-proof. Which explains this 
printer's uncharacteristic profile. 
You see, it has no platen.Just
a unique flatbed design for a 



PENED WHEN WE 
DESIGN A PRINTER. 

paper path that's straight, direct and virtually and brilliant ideas to us at 800-828-ALPS. 
unjammable. In California, 800-257-7872. 

As if that weren't enough, you asked for And help us design our next printer. 
and got-features like "paper parking:' for 
automatic switching from fan-fold to single 
sheet feed. Four resident type fonts. And 
full compatibility with most all the PCs and ALPS 
software you already have. AMERICAFor a free demonstration of the printer 

Built by popular demand.you've always wanted, see your local ALPS 
dealer. Or direct your questions, comments A llegro 24 is a trademark ofALPS Electric Co .. ltd. 0 1988. A LPS A merica . 
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COMPUTERS 

AS[ 


MOL 80 . . . . ..$1570.70 MOL 170 . .... $2949.36 

MOL 90 ....... 1879.15 MOL 300 ..... 3380.40 

MOL 120 .. .. .. 2219.05 MOL 340 . .. . . 4099.65 

MDL 140 .... . 2599.55 MOL 390 ..... 5540.40 


WYSE 

MOL 2108 $1082.50 MOL 2214 . .. .$1868.30 
MOL 2112 . .. .. 1568.20 MOL 3216 .•. • . 2658.05 

IBM PS2 
MDL 30. 2 dr • . $1272.20 MOL 60. 70 MetJ $3399.60 
MOL 30. 20 Meg .1725.17 MOL 80. 40 Meg .4497.67 
MOL 60. 40 Meg .3340.15 MOL 80. 70 Meg .5677.33 

t:ll/11/114/l , . 
Oeskpro 286. Model 1 . . ...... . .....S2095.55 
Deskpro 286 40 Meg ...... .. . .. ..... 2580.19 
Oeskpro 286. 70 Meg . . . .. .... . . . . . . . 2895.20 
Oeskpro 386. 40 Meq , ... ... . ..... .. .4662.05 
Oeskpro 386. Model 60. 20 MHz .. . ... •5579.30 
Deskp10 386. Model 130. 20 MHz .... . . 7059.92 
Oeskpro 386. Model 300, 20 MHz . .. ...9168.20 
Portable II. MO<lel 2 .. . .. . .... . .... . . 1896.10 
Porlable II. Model 4 . . . . . 2797.00 
Porlable Ill. Model 20 .. . .. . . . . •. . . .. .3577.85 
Porlable Ill . Model 40 . . .4159.33 

PACIWIO Bill 

P888 fXT Turbol 512K. 1 Floppy. DOS. 
~PIG. Monitor A<Jap1er & Keyboard .. ... $645.64 
PBea w11 lloppy_20 Meg . .. .. ... . . . . . 956.80 
VT286 (AT Compal.) 10 MHz. 0 Wail Slale. 
l .2M Floppy. SIP/C, FIH Con! &Keyboard 1299.36 
VT286 w/20 Meg ..... . . . .... .. . _. _. 1573.50 
VT286 w140 Meg . . . . . . . .. ....... .. .1724.10 
VT386 .. . .. . . .... . .. .. ..... . .. NEW MODEL 

TOSHIBA 
T1100 Plus ... S1484.10 TIOOO •. .... . • S759.41 
TJ100. 20 MB!t 2998.50 Tl200 ••. .... S2237.55 
T3200 ...SPfCIAL 8UY T5100 .. . . NEW MOOEL 

'-JAM 
6300 w/640K 1 Otive . ..... . . . .... .. .S849.20 

6300 w/640K I Floppy, 20 Meg ....... . 1159.60 

6300 w/640K 1 Floppy, 30 Meg .. . ..... 1187.70 

6300 wl640K I floppy, 40 Me9 ........ 1410.90 

631215335 wus ... ... .. . . .... .. .. .. .. . CALL 


,_ mt..... 
Z·183 .•. . . .. ... ....... ALL ZENITH MODELS 

Z·183. 20 Meg. __ ... . ........ . . IN STUCK 
Z·386. . •.... ..... . .... ... .CALL FOR PRICE 

Other Compu1ers Available Upan Request 

DRIVE CARDS 

MINISCRIBE 30 Meg fl ashcara .. .. ' . . . $425.96 

MOUNTAIN 20 Mea I 30 Meg ... .549.40 I 819.80 

PLUS BEVEL81PMENT 20 Meo . . . .555.55 

PLUS EVEL PMENT 40 Meg • . .... . . . . 765.$0 

WESTERN DIGITAL 30 Meg .. .. .. _.416.30 


DRIVES FOR ATs & 286s 

MINISCRIBE 40 Meo 28ms .... ... .... S609.40 

MINISCRIBE 80 Meo 28ms . . . . . ' •. .849.45 

PRIMf 40 Meg nar(f OISK • • ..••• • • • ' • • • 669.55 
PRIAM 60 Meg ha1d disk ....... ' . . ' ' .. 777.95 
PRIAM 130 Me o. nara OISk . 1967.68 
SEAGATE 4038 :JO Meg hara 01Sk .. ' .•. 479.80 
SEAGATE 4053 40 Meg hard OiSk .... .•. 589.98 
SEAGATE 4096 80 Meg hard disk ... .. •. 739.59 
360K lloppy drive..... . ... .. ... .. ... . 110.12 

PRINTERS 

EPSON 
EX800....... CALL LXBOO ........ ALL 
EX1000 . ... COW'• l0500 . . ... .. EPSON 
FX86e .. . . . FOR BEST L0850.. . .. . MODELS 
FX286e .. . . . PRICE L01050. . . . .. . . IN 
Call for Accessor ies L0·2500 . ... . . STUCK 

@©2JR11~:< by Kodak 
150P l 300 . ... ...... . ... . .... S319.17 1479.17 

IBM 
Pro Ptinlet II .. S447.95 Ou1er:1111er Ill ..$1295.62 

NEC 
Color P6 . . . .. S539.74 Color f'7 . ... .S699.12 
P660 .... ... . . 439.22 P760 .. ...... .609.35 
P560XL . . . .... 888.75 P960XL . . . • . . 1035.70 
P2200 359.65 8850 ... . .. .. 11140.79 
3550 •.• . ... . . . 719.12 CALL FOR ACCESSORIES 
~ 

Okimate 20 ... $122.74 ML 292 Plus . . . 377.44 
ML 182S . .... .m76 ML 293 Plus . . $516.55 
ML 182P . ..... 232.50 ML 294 . .... . . 737.10 
ML 192 Plus ... 329.50 ML 393 .. ..... 949.55 
ML 193 Plus ...456.48 ML 393 Color .1057.60 
LASERLINE 6 . 1229.30 

PANASONIC 
10801 . .. ..... $179.60 10911 . . . S219.85 
10921...... ... 334.28 159l . . .. . .. . . 433.44 
1595 ... .. ....459.45 3131 . • . • . •.... 274.32 
3151. ....•... .409.52 1524 . . ... . . . . . 579.10 

.CITIZEN 
1200 .. . . • .•. $169.55 MSP40 .. .. .. .S318.45 
124 ... . . . ..... 495.10 MSP45 . . .. . ... 459.20 
1800 ••••. .. . . 188.85 MSPSO .. .. . ... 385.64 
224 .. .. . .... .668.30 MSP55 . . .. .. . . 489.66 
MSP10 . ......• 286.20 Premiere 35 477.17 

TOSHIBA 
P321SL .. .... $494.85 P351 ·2 Color . $1199.95 
P341SL •...... 634.17 P351SX . . . . .. 1019.45 

LASER PRINTERS 

Hf'7440A .. . . S968.30 
Hf'7475A . ... 1417.44 
Hf'7550 . ... .2926.56 
Hf'7570 ... • . 3931 .20 
HP SCANJET ... SAVE 

FLOPPIES, DRIVES & TAPES 
112 he1_ghl lloppy drive ..... . . . . .•.. .. .S99.00 
MINISCRIBE 20 Meg 112 height w/ conl .329.14 
MINISCRIBE 30 Meo 112 height w / RLL •. 345.95 
SEAGATE 20 Meg f/2 heighl hard drive . 295.69 
SEAGATE 30 Meg 112 heigh! w! RLL. . . . . 309.72 
SEAGATE 40 Meq 112 height . .. . . • . . • . • 432.50 
GENOA 60 Meg int lape . .. . ... . .. __ .. 734.60 
GENOA 60 Meg ex t. tape .. . .. •........ 895.10 
GENOA 125 Meg 1n1. !ape ..• •..•• ••.. .995.85 
!OMEGA BERNOULLI 10+ 10 .. . .. ... . . . 1395.25 
IOMEGA BERNOULLI 20 +20 . . . 1629.99 
!OMEGA 20 Meg 112 height mt. ..... .. .. 995.55 
IOMEGA 20 • 20 Exlernal SV• .. . . ......1795.73 
IRWIN 10 Meg !ape backup . . . 259.34 
IRWIN 20 M/ 40 M lnlernal Tape .. .399.101 539.20 
MOUNTAIN 4440 1n1 •. ... . . . . .. ..• . ... 368.80 
MOUNTAIN 4440 ext. . . ... . . . ...... .•. 547.75 

• ,•.1 ..11 •• :a. • • : t 

SANTA CLARA Oiskless Wo1ks1at1on .. . . $640.40 
SOFTWARE & STARTER KITS 

WESTERN DIGITAL 3 NO<le LAN kil 
1·11 Western Ol]lilal software . . . . . . .. . . ST20.34 

Enily·level 286 Slarter Kil , 4 Users . . .. .. 489.90 

~'(j.~Hr~8~8%~:!~~ ~1 j·K~i:Js : : : : : i~~~ 
NOVELL SFT Netware Level f . . . .. . .... 2148.66 
NOVELL SFT Netware Level II V2 .l ... .. 2757.60 
Nonded1cated Nelware Soltware 286 

wI Keycard ...... ... .. .. ... . . ..... 1495.09 

INTERFACE CARDS 


ARCNET PC110 LANBoard .. . . .. . .. . .. S199.27 

ARCNET PC210 LANBoard . . . .. . ... . ... 249.50 

ETHERNET Interface Connector . .. ... . .. 329.80 

ETHERNET Plus Board (lor 286) ........ 709.74 

G-NET lnlerlace Card wI cable . . .. . ..... 299.52 

WESTERN OIGITAL Elhernel Cards .. . . .. . 269.10 


ACCESSORIES 

ARCNET Passive Hub . . . _. . .... .. . . ... sas.oo 

AACNET Active Hub . .. .•. . . ... . .. . . .. 499.98 

E1herne1 Termina1ors .... . .. . ... . .... . .. 37.50 

All Sales People are Novell tra in ed and authorized. 

Call COW lor all your Nelworklng Haroware & Software. 


M :.t• l : Ii (•l ;I Ii i i3 ;J j.13 • .,., ;I •tW 
CrNV" color ca1d ... . .... . . . .•.... .. S 99.00 
cow·· monograph1cs card wlp . . . . . . . . . 99.00 
GE OA Specirum !color monooraph1c wlp)168.75 
HERCULES color card wlp . . . 146.16 
HE RCULES monograph1CS plus w/p . .... . 179.84 
TAXAN MONOGRAPH IC W/P • . • . . • 99.00 
MM&t.1:c.13 : 1 ;t•l .~l :t :;t•J:1ii•l;fWM 
AT&T Monochrome Momlor •. : .• .. . •.. .S189.40 
AMOEK 3 QA I • 10A . . . . . . . 119.991 149.99 
AMOEK 1280 . 679.78 
COMPAQ monochrome moOilor _. _... .. .1BB.46 
COMPAQ VGA Mono . . ... .. . .. .. . , . IN STUCK 
IBM PS2 8503 . .. .. . . . . . .. . . ...... . . . 187.90 
NEC Mult1sync GS . . . . . . .. . .. ... .. .. 184.52 

EC Monograph ....... . . . .. . . . .1297.25 
PGS MAX 12E am ber color . 139.40 
PACKAAO BELL Green or Ambe1 . . . .... , .86.95 
TAXA 123 GreenI 124 Amber . . . 119.50 I 124.05 
M 3•l ! •J; l t-J; f.1:J :lt.. 't•J:i i i•l;fW 
AMOEK color 6001 I 722 ...•... $349.24 I 444.49 
IBM PS2 8512 Color . . . .. . ........... 428.40 
IBM PS2 8513 Enhanceo Co tor . . . . .... 498.20 
SAMSUNG GS Comp . . . .238.60 

PGS HX-12 Plus ' ... ... . .. . .. .. .. ... .417.15 
TAXA 6501720.. ........ . .. 469.90 1 299.80 

AG AVOX 8762 ....... . .. . ... . .... . . 259.05 

VGA & EGA PRODUCTS 

VGA & EGA MONITORS 


COMPAQ VGA monitor . . . ..•... ..•.. .$548.68 

MAGNAVOX 943EGA •. .. . . • • . ••.. . . .• . 387.40 

NEC Multisync 111 PLUS . . ... . ...609.7& / 888.10 

NEC Multisync XL 19 inch ............ 1974.46 

PACKAAO BELL VGA Monitor........... 389.95 


~~~l~~ftfsccan 'i:i03it3oz ·.'.'.' .' .'.'599.45i il~ 
TAX AN 770 PLUS .. .. . . . ... . _. . _.....499.40 

ZENITH 2·1490 . . . . . . . . . . . . . . • . 768.31 


VGA DISPLAY CARDS 

ATI VGA VIP • • ..• . •. •• . . •• . . . .... .. . $307.24 

GENOA VGA . •• ...•.. _. .. ... . •• •• . ••• . SAVE 

PARADISE VGA ... . _.. .... .•... .. • .. .297.68 

OUADRAM ULTRA VGA . •.. .• . .. •• . . . • . 299.80 

ORCHID VGA . . .• . .. .• . ... .. . . ....... 278.14 

Vt0E0·7 VGA ...... . . . ......... : . . ... 299.15 


EGA DISPLAY CARDS 

ATI wonaer caia .. .. .. . . . . . . . . . S199.95 

GENOA Super EGA HI-Res 800 x 600 234.40 

LOGITECH EGA Card w/mouse .••... •• • 217.18 

NEC GB-1 640.480 . . . . .. _............239.43 

PARADISE Aulo Switch EGA 480 . . . . . 169.65 

OUADRAM Prosync . .. •. . •.. ........• .285.40 

VI DEO 7 V'!'j Deluxe . . . . . .. ... . .. .... 249.74 

I U>J•13.r"l:W3 •1:.10111:11•Mi[o]IFW 

AST 5251-11 Plus... . ........ . ... .. .. $619.04 

EVEAEX 12009124008 .. ...... .109.901 199.5() 

IRMA 3278 179 ...... .• .... . . . .... .. . . 695.17 

PACKARD BELL 2400 lnt/2400 Ext .169.951199.22 


~ 
HAYES t200 .•$289.60 2400 . • .•.• . . $424.68 

12006 • . ... . .. 269.20 24008 . .. .. . . • 379.65 


l!l.'ilmotbi 

12008... . . • .. $108.45 2400B .. .....$199.70 

1200 E.xlerna l .. 129.10 9600 HST ..... 665.20 


~ 
1200 Int. ....•$194.50 2400 lnl. .•. . . S299:i0 
1200 Plus .. ... 228.88 2400 Ext • .. • . • 389.44 

3:11;; 
B087·2 1 8~87· 3 ..•.. ••.• • .. .•S15§.33 f122.50 
80287·6/ 81.10 ..... . ...174.30/29 .55 / 339.25 
80387-161 80387-20 ........ . ..•. 497.,,r n.44 

:11Fl'!l·WB3U'M;ll 
A·B Swllching Box tpar. or serlall S39.95 
BASf 5 Pack wlcase ... . .. ... .. ... . ... .49.00 
KENSINGTON Mas1e1piece . . . .. . .. . . .. .. . 99.99 
KENSINGTON Maslerpiece Plus . 118.40 

KEYTRONICS 5151 IBM or AT&T ..... . . . 149.95 

KEYTRONICS 101 ..... . ..... . .. . ..... 1114.65 

Printer Cable (IBM 10 Centtonlcs) 6 II . .... 19.99 

XT Power su!n i 1so wan .. .. ..... . . 69.95

M :P·S1 i:t · : J . \3 . tlJ ;M:•jil ; Ctj~ 


PEA MA POWER 6 Outlet Sutge Supp. . . . $29.40 

TRIPPLITE 


BC-450 . . . . .. .$419.78 LC·l200 .. . ... $136..85 

BC· l200 . . . . . • . 748.55 LC· 1000 • •. , . . . 189.75 

4 outlel .• •• •. • . 44.25 


DATASHIELD 

500 Wall ..... $560.05 1200 wan . .• . $994.75 

8~ wan .. .... 638.50 6 Out1e1 Surge .. ,27.85 


LOG ITECH HIRez .. . ........ .. . ....... S99.~ 

LOGITECH Cl I Bus .. .. ' . .. ... ... 89.95 / 109.0 

LOGITECH Logimouse C7 w Ipublisher ... 124.85 

MICROSOFT Mouse (Bus Version) .. . . . •. 119.34 

MIC ROSOFT Mouse (Serial Version) . . ... 131.26 

MOUSE SYSTEMS (Serial Version) . . ... . . . 99.55 

MOUSE SYSTEMS (Bus Vers ion) .. .. . • • . 108.77 


Call CDW™ for custom quotes If you find a better price 
on products not llsted. call us before you buy.•Ma:m~p11ui1 

:;WAIT? CALL COMPUTER DISCOUNT WAREHOUSE™ NOW! 
WOROPERFEGT a 2 5' •13''1 $199 9012" 90 Nationwide Toll Free HIGH VOWME tl81se 111 • sv.13"1 .. 399 DOl•24 oo 
LOTUS I 2 3 5v,13•7 J0S D0/327 00 BIDS INVITED 

ParaOO• Versioo 2 o 399 00 
 730 Anthony Tnill 

M1CROson WO<d v ~If.rel 243 50/319 30 Northbrook, IL 60062 

Ventura Sohware Version 1 I •99 00~~:~=~:=~--.;= ~IPOI 23~_: 4 ~1EJ FAX-A-BID (312) 291-1737•426
"' ..,., ,....,,..~.,.,.,.,..,. ,_,.,.....,.,.., .. ,,....,_ (312) 4981426 312) 2911737 ·~ .~· ·,."" . v~ .,,_~ tJl'Clilt'tW.lCJ>tt• Sci:.o.:1lflUt'1 ~~·~C'Cl"!lC'O'lf ~l$ ~1' "0f1 t:uo'l'I • - ~lnl• oJ 

.ore ~~1 11'1 ~ ' "' • "«; 1111'~ ,-.._..,.~ 01 IW '"° COW'J.:J 

http:S15�.33f122.50
http:469.901299.80
http:MM&t.1:c.13
http:wlp)168.75
http:11140.79
http:S319.171479.17
http:S2237.55
http:S1484.10
http:S2095.55
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Postscript for Programmers 
Eliakim Willner 

POSTSCRIPT 
LANGUAGE PROGRAM 
DESIGN 
Glenn C . Reid 

Adobe Systems Inc. , 
Addison-Wesley Publishing 
Co., Reading, MA: 1988, 
224 pages, $22. 95 

M any programmers find 
their firs! experience 

with PostScript as refreshing 
and exciting as a badly needed 
vacarion from run-of-the-mm 
work. It is an elegant and 
powerful language for putting 
words and images on the page. 
Fortunately , it is also very 
well documented . 

Until recently, the primary 
Pos tSc ript resources have 
been two books from Adobe 
Systems, published by Addi
son-Wesley-the Language 
Tutorial and Cookbook, or 
" the blue book, " and the Lan
guage Reference Manual, or 
"the red book . " Glenn C . 
Reid ' s PostScript Language 
Program Design , the newest 
offering from Adobe, will cer
tainly become known to Post

how the PostScript interpreter 
works if you are to use it effi
ciently. Reid states that the 
difference in execution speed 
between a poorly written Post
script program and a well 
written one can be as great as 
a factor of 10 or more. He 
therefore carefully explains 
what the PostScript inter
preter does when it encounters 
different language constructs, 
and why. 

The many examples Reid 
uses serve a dual purpose . 
First, they serve as dissection 
models; he subjects them to a 
statement-by-statement analy 
sis, explaining how each piece 
of code integrates with the rest 
and, in cases where a variety 
of means might have been 
used to reach the same end , 
detailing why he deemed the 
particular method selected to 
be the best . 

The examples also serve as 
paradigms for your own code. 
In fact , permission is expli
citly given for readers 10 in
corporale actual code from 
the book into their own appli
cations . This license would be 
hollow if the code were triv

script aficionados as " the green book," and it will almost cer ial. II isn't. Most of the exafllples represent substantial program
tainly become an indispensable companion to its fwo ming efforts . Taken as a whole , they embody many hours of 
predecessors . continued 

The blue and red books were written by the designers of Post
script . They are sufficient if you want merely to learn about the 
language. The new green book was written by a PostScript pro
grammer. It is essential if you want to bridge the gap between 
theory and practice-to actually use the language. 

Read the blue book before you begin using Postscript. It pro
vides a feel for how to work with the language , using short ex
amples to illustrate individual features . 

The red book provides the rationale for Postscript and a for
mal definition of the language. It is a well-written reference. 
Keep the red book at your side as you code; it's invaluable when 
you need to know the fine points about a particular keyword . 

Absorb the green book. Make its style and programming 
structure your own. The green book will teach you to think in 
Postscript. 

A basic premise of the green book is that you must understand 

ALSO REVIEWED 


Electric Language 

Advanced C Programming for Displays 

Prolog Programming in Depth 

Computer Vision: A First Course 

Illustrating Pascal 

How to Think About Statistics 
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Free Handbook 

Set.Data Translation invites you to 
receive the premier edition of our 1988 Data 
Acquisition Handbook Set. 

The Book 
Our traditional Data Acquisition Catalog-
fea tu ring full product information and 
numerous documentary stories on acquiring 
and processing signal data. 

The Booklet 
Our 1988 Product Summary-a summary on 
pricing, analog l/O boards, DSP processor 
boards, and application software. 

R.S.V.P. to receive an edition (while they last) 

by calling: (617) 481-3700 
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programming that you won't have to do . See, for example, the 
four-page printer emulator listing. The groundwork has been 
carefully set, preliminary procedures have been written and an 
alyzed , and a substantial and usable piece of code is wrought. 

The green book opens with an overview of Postscript (it ' s 
interesting to compare Reid 's overview with that of the authors 
of the red book), Chapter 2 provides a mild peek under the Post
script interpreter hood . This lays a groundwork for many of the 
rules that the author presents as the book progresses (more 
about those later) . Chapter 3 describes the Postscript imaging 
model-the controls you '11 be using as you "drive" Postscript. 

The individual chapters that follow deal with different aspects 
of the language. I recommend that serious users of PostScript 
read the book from cover to cover, then return to chapters of 
special interest. The chapters are generally self-contained, with 
occasional references to code from previous chapters. 

I particularly appreciate Reid ' s down-to-earth approach to 
programming. Too often, programmfog texts ignore some of 
life's less pleasant realities, like the fact that memory isn't an 
infinite resource, and that programmers spend far more time de
bugging code than writing it. Reid devotes chapter 13 to mem
ory and file resource management , and it ' s clear here (as it is 
throughout the book) that he speaks with the voice of experi
ence. The issue of resource shortage isn ' t delegated to chapter 
13 exclusively; Reid deals with it as it arises in the context of 
other topics as well. 

Chapters 14 ("Error Handling" ) and 15 (" Debugging Tech
niques") address the very important concept of what to do when 
things go wrong. Appendix A contains the listing ofa Postscript 
error handler. Again, Reid doesn 't shirk the issue of debugging 
Postscript code, because it comes up in other chapters . 

I spoke earlier of rules laid down by the author. I'm generally 
uncomfortable with what has been called the "prograrnming 
proverbs" approach to teaching . Short, arbitrary rules (like 
"never use goto") have so many exceptions that the rule, un
qualified, is misleading or meaningless. But the approach can 
be effective if used with intelligence, as it is here. 

For example, chapter 10 concludes with a brief set of guide
lines for properly structuring documents. These fill up a page, 
not a single line, and are thus both easy to remember and quali
fied enough to be useful . Again , in section 12.3, the author pro
vides an approach for dealing with printer error messages . 
These occupy half a page and provide a methodology, not a rote 
cookbook-style solution. The book does contain a series of itali 
cized notes that contain unqualified rules, where appropriate . 
Case in point, section 5 .2: "Note: Never initialize or replace the 
existing state ofthe interpreter . . . " 

One would expect a book on PostScript to be attractively laid 
out , and the green book doesn 't disappoint. The format is clear , 
with plenty of white space. Listings and examples are clearly set 
apart. The entire book is set in a new and very attractive Adobe 
type family called Stone. 

This is an excellent book. J would have added a section on 
Display Postscript and the programming issues it raises and in
cluded more detail on using PostScript with color output de 
vices , since these seem just around the comer. But I suspect that 
we'll see more from Adobe beyond the green book-and I'll be 
looking forward to those additions . • 

BRIEFLY NOI'ED 

ELECTRIC LANGUAGE: A Philosophical Study of Word 
Processing by Michael Heim, Yale University Press, New 
Haven, CT: 1987, 305 pages, $19.95. Philosophy teacher and 
writer Heim argues that word processing changes "the way we 
think about anything and everything." Word processing encour

cominued 
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FUJITSU'S FAMILY OF 
PC STORAGE PRODUCTS 

Howto 
giveyourPCs 
maiilframe 

reliability 


All it takes is Fujitsus 
storage devices. 

Fact is,we don't just talk 
quality and reliabilityWe deliver it. 

The world-class mainframe storage device. 

products. Because you'll find the same high level of 

The proof? Fujitsu $world-renowned Eagle drive. 

Its the same storywith our microcomputer storage 

expertise and knowledge at work here, too. 
The Choice That Pays Off 

For you, this means no longer having to over-buy 
storage devices.We maintain stringent out-of-box quality 
Making inventory management abreeze. And elimi
nating handling and shipping costs for retums. 

Better still , you're always assured aconstant supply 
of products.Thats because we're verticallyintegrated. 
So we manufacture our own Winchester heads, media, 
and components. Then assemble everything in one of 
ti1e worlds most advanced automated factories. Building 
everything to the most exact standards: Our own. 

And thanks to our unusually high MTBF, Fujitsu 
cl1ives keep working to spec once they're integrated. 
Which means you won't lose vital data.Theonlytiling 
you will lose is high service costs. 

The Flexible And Wmchester Standards 
No matter what you buy, you're always assured of 

innovation. Such as 3.5" flexible drives that seamles.5ly 
fit into 5.25" brackets.Ultra quiet,competitivelyp1iced 
5.25" flexible diives.And high-capaci ty, high-perfom1ance 
3.5" and 5.25"Winchesters that are perfect for abroad 
spectrnm of applications. 

t:. 1987 FuJlt.s.u Amer.ca. loc. 
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MODEL M253XK M265XK M222XD M224X 
Media Flexible Flexible Winchester Winchester 
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ages "on-screen thinking," and thinking-especially thinking 
in print-is bound with "ex.istential commitment" ; it " estab
lishes and reflects our identity ." Word processing removes 
anxiety about establishing that identity because a word
processed document is so easily revised . This also means word 
processing "reinstates some of the fonnlessness of conversation 
or soliloquy , " especially compared with the strict linearity of 
typewriting. Further, " word processing reveals knowledge to 
be a flowing process, a process parallel to ideational flow" as 
opposed to knowledge modeled on dialogue (give and take) or 
on reading and writing printed pages (argumentation). 

Michael Heim considers word processing a mixed blessing; 
"The thoughtful paging and browsing through tangentially re
lated books, all done at a leisurely pace, wilJ no longer be af
forded by computerized writing and reading." (Heim doesn't 
consider hypertext systems, which promise to restore browsing 
in a big way.) And while he draws the consequences of the text 
being presented as a pageless scroll of characters by the current 
generation of word processors, the new generation presents a 
full-size image of paper on screen, restoring the sense of bor
ders and divisions. 

The arguments range over all of Western philosophy (and 
some Eastern as well), from the ancient Greeks to contempo
rary phenomenology . This is a difficult, thoughtful exposition 
of primary interest to the philosophical community. But every
one who has used a word processor will find much to think 
about in Heim's ideas . - David Weinberger 

ADVANCED C PROGRAMMING FOR DISPLAYS by Marc 
J. Rochkind, Prentice Hall, Englewood Cliffs, NJ: 1988, 331 
pages, $40 (hardcover), $27 (paperback). Despite its title, this 
is not a book on computer graphics; it is limited to alphanumeric 
displays. But that's not a fault. Ifyou ' re at all involved in getting 
alphanumeric data out of the keyboard and onto the display (and 
what programmer isn't?) on a Unix- or MS-DOS-based com
puter, then Marc J . Rochkind ' s book definitely belongs on your 
library shelf. 

Wisely selecting the C language as his vehicle, the author 
tackles terminal emulation (for the Z-19; he should have se
lected the more common VT-100), raw and buffered keyboard 
1/0 , an elaborate window system, and virtual screen handling. 
Keep in mind that, throughout the book, the author presents 
plenty of source code for both Unix and MS-DOS systems (he 
even dips into assembly language code on the 8088 to speed crit
ical functions) . You'll find the early chapters particularly help· 
ful in demystifying the Unix termcap database and curses 
screen management utilities . 

The C source code presented is compatible with Microsoft 
and Lattice compilers on the MS-DOS side, and Unix System 
m. Xenix (based on Unix version 7), and 4.2 BSD and 4.3 BSD 
on the Unix side. The source code is available on floppy disk at 
extra cost . - Richard Grehan 

PROWG PROGRAMMING IN DEPTH by Michael A. 
Covington, Donald Nute, and Andre Vellino, New York: Scott, 
Foresmnn and Co. , 1988, 506 pages, $24. 95. Aimed at readers 
somewhat familiar with computer prograrruning (but not neces
sarily artificial intelligence (Al) techniques or languages), this 
book starts with the basics and delivers on its title, covering Pro
log in depth. Intermediate and advanced Prolog users will also 
find the book's comprehensive coverage of algorithms and tech· 
niques a useful reference. 

The book has been classroom-tested , and the polish shows: 
The text is uniformly good. Discussions on expressing pro
cedural algorithms in Prolog and on Prolog as its own meta
language are outstanding. A chapter titled "Additional Tech

continu.ed 

Cirr:le 66 on Rtathr Service Card -

Quaid Analyzer 
Instruction Oisplay 

dx ax 0000 0000 
ds:si bx 86c4:003e 085d 
es:di ex 86c4:0000 Oa9a 
ss:sp bp 86c4:0946 00a2 
data 09c2:0008 
code 09c2:0419 
cs:ip 09c2:0419 

•... oditsz.a.p.c 
flags 0000001001000110 
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d28c 0419 >move dx,ss 
cc8b 041b move cx,sp 

fa 041d cl i 
c88c 041e move ax,cs 
d08e 0420 move ss,ax 

Od60bc 0422 move sp,Od60 
0200c481 0425 add sp,0200 

fb 0429 st i 
52 042a push dx 
51 042b push ex 
53 042c push bx 
51 042d push ex 

30b4 042e move ah,30 
21cd 0430 int DOScall 

Part of a Quaid Analyzer display 

Quaid Analyzer is a powerful diagnostic tool 
that shows what is going on inside your com
puter. The > at the top is the cursor. You can 
move it with the arrow keys. When you move the 
cursor off the screen, the instructions scroll like 
text in an editor. You can move the cursor into a 
register and change its value, or see the instruc
tions or data it points to. Of course, you can 
scroll through the data display as well, and type 
new values into memory. With Quaid Analyzer 
you never have to type a command. 

This example shows the first instructions exe
cuted when VDISK.SYS Installs itself. You can 
see that it changes stack pointers, then gets the 
DOS version number. We got to this point by 
loading Quaid Analyzer before DOS, then 
watching the DOS call and disk interrupts until 
the driver was loaded, then putting a breakpoint 
on its first instruction. Drivers are ·installed before 
DOS gives you the first prompt. What other soft
ware tool can show you a device driver install? 

Quaid Analyzer comes with a manual, and software on a 3 
inch and a 5 inch diskette . If you are not satisfied with 
Quaid Analyzer, you can return it with in 30 days for a re
fund . Quaid Analyzer is not sold by dealers in the Un ited 
States or Canada. It is not copy-protected. 

To order Quaid Analyzer, call us with your credit 
card, or send us a check for $200 US funds. We 
ship within a day at our expense. 

Quaid Software Limited 
Third Floor Dept 8633 
45 Charles Street East 
Toronto Ontario Canada M4Y 1 S2 

(416) 961 ·8243 

Warning! For advanced programmers only. 
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CoMPUTERExPo w 

TEXAS # 1 IBM@ COMPATIBLE COMPUTER CENTER 

EXPO 286 

40 MB SYSTEM

&$,t,,!,? 
• 80286 CPU FCC 12 MHZ THRUPUT 

APPROVED 
• 512K 
• 1.2 MB FLOPPY DRIVE 
• 40 MB SEAGATE HARD DRIVE 
• MONO/GRAPHICS/ · 

PARALLEL ADAPTER /CLOCK 
CALENDAR 

•HI-RES GREEN/AMBER 
MONITOR 

•AT KEYBOARD 
• 1 YEAR WARRANTY 
• 3 HOURS FREE TRAINING 
NOW 80 MB SEAGATE IN STOCK 

THAU PUT 

• INTEL 80386 (32 BIT) FCC APPROVED 
• 1 MB RAM (Upgradeable to 4 MB on 

board) · 
• 64K CHACE MEMORY 0 WAIT 
• 1.2 MB FLOPPY DRIVE 
• 80 MB SEAGATE DRIVE (28 MSC) 
• SERIAL/ PARALLEL/CLOCK CALENDAR 
•RESET/ TURBO LIGHT INDICATOR 

CASE 5 DRIVE SLOT 
• 101 ENHANCE KEYBOARD 
• 200 W. POWER SUPPLY 
• I YEAR WARRANTY 
• 3 HOURS FREE TRAINING 
• 30 MHz System $CALL 

Ul~lntel ~·~·e
l"T'I............_-..........,...,-..........--~ 

AST Premium/286 

~ s2195 

• 1 MB RAM 

10 MHZ/WAIT 
40MB 

P"" SYSTEM 

• 1.2 MB Floppy Drive 
• 360K Floppy Drive 
• 640K RAM 

•AT Drive $
4 9 •Part 28 MSC 20/20 

ST 251 
• (Controller•• ophonal) 1 
• ST-4026 s29920 MB AT Drive 
(Full Height 38 MSC.) 

rother 
ERSONALFAX 

• ST-4038 s49930 MB Drive 
(Full Height 38 MSC .) 

• ST-4096 $84580 MB Drive 
(Full Height 28 MSC) 

MONITORS 
ono TTL Green/Amber 

amsung s95 
GB Color {IBM 

ompatible) s275 
agnavox Multlscan 

• 40 MB Seagate (28 MSC) Drive 
• Serial/Parallel/Clock 

• 30 MB Seagate Hard Drive 
• Monochrome Display 

4EesyControls $
985PCC Approved 

Compatible 

926x580 Res s495 
ltsublshi

• 101 Enhance Keyboard 
• MS DOS 3.2+ Basic 
• 1 Year Nationwide Warranty 

AST PREMIUM 386  CALL NOW 

WE SERVICE/ REPAIR 
GUARANTEED QUALITY SERVICE 

• Hi-Res Graphics 
• Parallel /Serial /Clock / Calendar 
•Keyboard 

AUTHORIZED AT&T DEALER 

• Genions Mouse $69 
w/peint software ... 

•Opt. Mouse s97 
w/Or Helo Paint • . . . 

I~~r°!allllPAllOAT•T 

w/Group 3 Fax Machines 
Hands Free. non·monitored 
operation 
Fine detail 

FAX · COPIER • PHONE 

00x600 Res $495 
9" Monitor 

~· HANDY 
~SCANNER 
FOR DESKTOP PUBLISHING 

s249 



When you want to talk computers.. 

ATARI COMPUTERS AMIGA SOFTWARE MS/DOS SYSTEMS 

65XE 64K Computer ... . ..... 99.99 
130XE 132K Computer . . . .. . 139.00 
520ST-FM Monochrome Syst . 649.00 
1040ST Color System ... . . . . 969.00 
SF124 Monochrome Monitor . 159.00 
SF1224 Color Monitor . . ... .. 329.00 

Includes: 520ST-FM , 512K RAM with 
3Y2'' Drive Built-In , Basic , RF-MOD, 
Atari Mouse, and SF-1224 Color 
Monitor. 

ATARI ST SOFTWARE 
Access 
Leaderboard Golf . . ... . ... . . 24.99 
Antic 
CAD 3D .... .... . . . ... . . ... .29.99 
Avant Garde 
PC Ditto (IBM Emulation) . .... 64.99 
Batteries Included 
Degas El ite .. _. . . . . . ....... 39.99 
DAC 
Easy Accounting ..... . . .. . .. 61 .99 
Soft Logik Corp. 
Publishing Partner .... . . . . . . 64.99 
Tlmeworks 
Swiftcalc/Wordwriter . . ...... 47.99 
VIP 
Professional Gem . . ........ 139.00 

AMIGA SOFTWARE 
Absoft 
AC Basic ........... ...... 139.00 
Ae~ls Development 
Animator/Images . . . .... . . .. 89.99 
Draw Plus ... .............. 149.00 
Son ix ... ... . ....... . .. .... 49.99 
Discovery Software 
Marander II . .. . ......... ... .31 .99 
Electronic Arts 
Deluxe Video 1.2 ....... .. .. .89.99 
Gold Disk Software 
Pagesetter wfText ed . .. .. ... 89.99 
Micro Illusions 
Dynamic Cad .. . . . . ....... . 349.00 
Micro Systems Software 
Scribble . . . . .. . . . . ..... .... 69.99 

New Tek Inc. 
Digi·View 2.0 ... . ..... . .... 149.00 
Digi-Paint . .. . . .... ... ... _. . 44.99 
Sub-Logic Corp. 
Flight Simulator II . . ... .. .. . . 39.99 
Word Perfect Corp. 
Word Perfect ..... _ 

MACINTOSH PRODUCTS 

PCPC 
MacBottom 21 MB 
Hard Drives 

CMS 
MacStack 60 ... .. . . . . .... . 899.00 
Everex 
40 MB SCSI ........ . . . .. . . 999.00 
PCPC 
Macbottom HD32 . ....... .. 999.00 
Floppy Drives 

Cutting Edge 
BOOK External .......... . .. 189.00 
Central Point 
BOOK Floppy External . ... ... 199.00 

Monitors 
Network Specialties 
Big Top 20" .. . .. . ... ..... 1,549.00 
Radius 
Full Page Display Plus . . . .. 1,499.00 
Two Page Display SE .. . . . . 2, 199.00 
Sigma Designs 
Laser View Display For SE . 1,749.00 
Memory Upgrades 
Dove Computer 
Mac Snap 524S ... . ... . .. . . 199.00 
Scanners 
AST 
Turboscan .. . .. .. . . . .... . 1,349.00 
Datacopy 
730 Flatbed Scanner . .. ... 1, 199.00 

MS/DOS SYSTEMS 
Ast Premium 286 & 386 . . .... . . Call 
Compaq Deskpro and Portbls .. Call 
IBM PS/2 25, 30, 50, 60, 80 . .. . .. Call 

Leading Edge .. .... ...... .. 899.0P 
NEC APC·IV Powermate . . . 2,399.00 
NEC Mullispeed Laptop . . . 1,229.00 
PCTOO 802861.2MB, 512K .. 899.00 
Tosh iba T-1000 Laptop ...... 799.00 

ZENITH 
PC Portable 
Dual Floppy 

MULTIFUNCTION CARDS 
AST 
6-Pak Plus 576 Board . . . . . .. 149.00 
Hot Shot 286 Accelerator .... 349.00 
Hercules 
Color Card . . ... . ... .. ... . . 129.00 
Graphics Card Plus .. . . .. . . . 159.00 
Intel 
Inboard 386 Board . . .. . .. . .. 799.00 
5th Generation 
Logical Connection 256K . . . . 349.00 
Quad ram 
Quad386XT 80386 PC·Upgr . .. 799.00 
Video 7 
Vega V.G.A. Adapter .. . .. . .. 299.00 
Zuckerboard 
Color Card w/Parallel Port .. . . 89.99 

MS/DOS SOFTWARE 
As1.,.ton-Tate 
d-Base Ill + .. . ....... .. .. . 389.00 
Borland 
Quattro . . ...... . .. . .. . . .. . 129.00 
5th Generation 
Fastback Plus . . . . ..... .. ... 89.99 
Genius 
Genius Mouse 6 + ... .. .. . .. 59.99 
IMSI 
Opt lmouse w/dr. Halo .. . .. . . . 89.99 
Logltech 
Hi-Res Buss Mouse . ..... . . 119.00 
Lotus 
Lotus 1.2.3 . . . .. . .... ..... . 299.00 
Software Publishing 
First Choice ...... . . . .. .. . .. 99.99 
Word Perfect Corp. 
Word Perfect 4.2 . ..... .. . . . 199.00 

v 
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........When you want to talk price. 

MONITORS · MODEMS PRINTERS 

Amdek Anchor Atari 
Video 310A 12" Amber . . . . .. . 99.00 6480 C64/1281200 Baud ...... 99.99 1020 XL/XE Plotter . . ..... . .. 35.99 
Video 41 O 12" A/G/W .... (ea.) 139.00 520 ST520/1040 1200 Baud ... 129.00 XDM-121 Letter Quality XL-XE 209.00 
Magnavox 1200E 1200 Baud External . . . 129.00 XM -M801 XL-XE Dot Matrix . . 199.00 
7BM623 12" TIL Amber .. . ... 99.00 Atari XM -M804 ST Dot Matrix . . . .. 189.00 
CM8505 14" RGB/Composite. 189.00 XMM301 XL/XE 300 Baud .. . .. 44.99 Brother 
CM851514" RGB/Composite. 269.00 SX-212 St Modem . ......... . 89.99 
 M· 1409 180 cps Dot Matrix . .. 309.00 
CM876214" RGB/Composite . 279.00 Avatex Citizen 
NEC 1200 He External . ... .. .... . . 94.99 1200 120 cps Dot Matrix ..... 149.00 
GS-1400 14" Monochr. TIL. .. 219.00 2400 External ...... . . ...... 189.00 Premier-35 35 cps Diasywheel 479.00 
JC-1402 Multisync·ll . . . ..... 599.00 Best Products C.ltoh 
Packard Bell 2400 Baud V2 Card w/software159.00 315-XP Epson/IBM 132 co l. . . . 549.00 
PB-1418F 14" Flat TIL A/G/W Everex Epson 


. . . . . . . ... . . . ... . .... (ea.) 119.00 · 
 Evercom 2400 Baud External . 239.00 LX-800 150 cps, 80 col. ... . .. 179.00
PB-1420CG 14" Mid-Res CGA 269.00 FX-86E 240 cps, 80 col. .. .... . . Call 

PB-1422EG 14" Hi-Res EGA . . 369.00 FX-286E 240 cps, 132 col. .. .. . . Call 
PB-8526-MJ Uni scan Mon itor . 399.00 LQ-500 180 cps , 24-w Ire ....... Cal I 

Princeton Graphics LQ-850 330 cps, 80 col. . . .... . . Call 
Max-1212" TILAmber ... . .. 149.00 LQ-1050 330 cps, 24-wire ...... Call
Thomson Hi-80 4 Pen Plotter ... .. .. . . 279.00
45015" 132 col. TIL Amber . . 119.00 Hewlett-Packard
412014" RGB/Composite . . . . 239.00 2225A Thinkjet . . . . .. .. . .. . . 369.00 

NEC 
P2200 Pinwriter 24-wlre ... . . 379.00 
P660 Pinwriter 24-wire . . . .. . 459.00 
P760 Pinwriter 132 col. ...... 679.00 U.S. Robotics 

s9999 
OkIda ta 
Okimate 20 co lor printer . . . . . 129.00 
ML-182 120 cps 80 co l. . ..... 229.00 

Hayes 

1200 Baud External 

ML-192 + 200 cps, 80 col. .. . . 359.00 
Smartmodem 300 .. . . ...... 149.00 ML-193 + 200 cps, 132 col. . . . 469.00 
Smartmodem 1200 .... ..... 279.00Magnovox CM8505 s
Packard Bell 14" RG B/Composite 189 1200 External .. .. .... . . .... . 89.99 
2400 External .. . . . ...... . . . 169.00 
Practical Peripherals DRIVES Complete Telecom Package .. 79.99 
2400 Baud Stand-Alone .... . 189.00 Atari SupraAA314 OS/DD ST Disk . .... . . 209.00 2400AT 2400 Baud Atari ... .. 169.00SHD204 20MB ST Hard Drive . 569.00 U.S. RoboticsC.l TD (For Amiga) Direct 2400 Baud External ... 199.00 C.l TD 20M B . . .. . ..... .. . .. 899.00 
 Brother M-1109C.l TD 33MB ... . .. . . .. .. ... 999.00 

C.LTD A500 SCSI Controller . 179.00 DISKETTES Dot Matrix 
Indus 
GT Disk Drive Atari XUXE . .. 189.00 Maxell Panasonic
GTS-100 ST Drive .. .. .. . . .. 189.00 MD1 -M SS/DD 51/4'' . . .... . . . . . 8.49 KX-P1080i 144 cps , 80 col. ... 189.00 
Racore MD2-DM DS/DD5 1/4'' .... . .. . . 9.49 
 KX-P1091 I 194 cps, 80 col. .. . 209.00
Jr. Expansion Chassis ...... 299.00 MF1 -DDM SS/DD 3V2'' ...... . 12.49 KX-P1092i 240 cps, 80 co l. . .. 339.00
Seagate Technologies MF2-DDM OS/DD 31/z'' .... . . . 18.49 Star Mlcronlcs
ST-225 20M B Orive . . . . . . .. . 249.00 MC-6000 DC-600 Tape .. .... .. 23.99 NX-1000 140 cps, 80 co l. . . . .. 179.00 
Supra Sony NX-1000C C64/128 Interface . 179.00 Atari ST 20M B Hard Drive ... . 559.00 MD1D SS/DD 51/z'' . . . ....... .. 6.99 
 NX·15120cps, 132col. . .. .. . 319.00 Amiga 2000 20MB Hard Drive. 629.00 MD2D OS/DD 5112' ' ........... 7.99 
 Toshiba
Xebec MFD·1DD SS/DD 3Y2'' . . . .. . .. 11 .99 P321 -SL216cps, 24-wire . .. . 499.00 
Amiga 20MB Hard Drive . . . . . 799.00 MFD-200 OS/DD 31/z'' ... . . . . 16.99 
 P351 -SX 300 cps, 24-wlre .... 999.00 

In the U.S.A. and in Canada 

Call toll-free: 1-800-233-8950 

Outside the U.S.A. call 717-327-9575, Fax 717-327-1217 

Educational, Governmental and Corporate Organizations call toll-free 1-800-221-4283 
CMO, 101 Reighard Ave., Dept. A1, Williamsport, PA 17701 

OVER 350.000 SATISFIED CUSTOMERS• ALL MAJOR CREDIT CARDS ACCEPTED• CREDIT CARDS ARE NOT CHARGED UNTIL WE SHIP 
POLICY: Add 30/o (minimum $7.00) shipping and handling. Larger shipments may require additional charges. Personal and company checks require 3 weeks 
to clear. For faster delivery. use your credil card or send cashier"s check or bank money order. Credit cards are not charged until we ship. Pennsylvania residents 
add 6% sales tax. All prices are U.S.A. prices and are subject to change. and all items are subject to availab ility. Defective sohware will be replaced with the 
same item only. Hardware will be replaced or repaired al our discretion within the te rms and limits ol the manufacturer's warranty. We cannot guarantee com· 
patibility . All sales are linal and returned sh ipments are subject to a restocking lee. We are not responsible fo r typographic o r photographic errors. 
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Circle 56 on Reader Service Card (DEALERS: 57) 

C programmers are talking about C _lalk I\! 

The easy way to add the POWER of 


OBJECT-ORIENTED Programming to C 


C ta lk ex ten d s l'our C co mpile r lo a rea l Objcct -O ri enr ed La ngu age (OOL ). 
II-is nol a new l~ng u oge: ii si mpl y a dds Sma llt a lk -like r<a rurcs ro C: 


0 Encapsulation 

0 :-i<ssaging (Dynamic Binding) 

0 lnh< ri l:mce 


C _r al k o ffers all or rh e a d .-a nt agts of OOLs : 


O A highly m<>dular softwarc design methodology 

0 Reusable soflware components 

a Extcnduble software componenlS 


Plu s the ad va nt ages o f C : 
0 Speed. sit<. Oexibilily 

0 (!35c or :t.pp1ication delivery 

0 Ace<ss 10 C libraries and C 1001sers 


C la lk cons is ls of an a pp lica t ion dt \' t lo pmt nl t n,·i r onmen l wi lh : 

- 0 A po\\'C'rfu l Smt1 lllaU:.m:c Browser for browsing, defining 3nd editing an 


appl icalion's objcc;t cla.ss hierarchy 


0 	 A Preprocessor for con\•crting obj«r class dcscriprions in10 standard C 
progroms lllnr arc comp•rable with popular C compilers 

An in1cgnucd. semiautomatic Make ut ili ty ror controlling the preprocessing, 
compiling md linking or an applic•tion , objcc1 cl•s« s. C fil<s or libraries 

C_tolk is designed 10 run on an IBM• PC (or compatable) wi1h one or 1he followi ng C 
compilers: Microsofl*' C. L::mice C. Turbo C, or C86. A system confi gured with a hard 
drive and mouse is highly rccommendtd. 

Toord<r: fl!!=-~~==~-
CNS, Inc . 'f§L ~ ~-.._ 
Soflwurc Producrs Dept. ~~~ =~~ 
7090 Shady Oak Road 

Eden Prairie, MN 5534~ 
 .u_.......o.i

,. ,... ...ot>....... --.~- ,, ... . ...,....i. .w. ...,"' _ _ ., 

rlll.•~ • •-M•a. 	 ., (612) 944-0170 
.. ~ r TM .........~i.I_,.._ _ _ "I 


Crot.WCW 1· Mu 1.uQlll, \ '11-11 
l•I.~ 

~,~ u .us u •r.•••rr. 
12$ ._,,__. 

1rt.. t•........,-.j - u11>-u.i. ., 

...11",.-; ,.. , ,,.,,..111. n •r 


1aw . ... 1.....-. o11&Mc:..,.. 
 ~lt-ol•• . -o.+-'-1. ~·l,. io-0.J- o1....,1.-...... 
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r•o•.,..,11•, ,..,. llic_ ...... ..--e1CX1, W. 
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MATHPAK87 High Perfom1a11ce 80x87 Sof tware 

MATHPAK 87 is a se t of 
MATHPAK 87 Timingsover 130 assembler coded 

numerical rou1ines for use Excculion Times on an IBM XT 

with 80x87 ma1 h coproces
.1--~--------ll6 s 

· -------tlSe•_______., c0 

l - £.=4----l13 n 
- - ---11 2 d 

;;=.==================;,' 
sors. These rou tines a re 
highly optimized and ru n 
up to 20 times faster than 
equiva lent high-level lan 
guage routines. A detailed 
and e asy-10-read manual 
(.180 p ages) gets yo u 
started using MATHPAK 
87 in minutes. MATH 
PAK 87 ro u1 ines are fasr. Nc1V Do1Prod VAddV Z,.roV 

co11ve11ie111 and reliable. Rou t ine 

MAIBPAK 87 includes: 65 vector/scalar routines (vector add. subtract. 
...); 24 complex vector/scalar routines; 11 matrix roul ines (<tdd , subtract, 
multiply. tra nspose. etc.); LU decomposition/backsolving routines fo r real 
and complex systems; Gaussian e limination; malrix inversion; rridiagonal 
equation solver ro utines: EISPACK cigcnvalue/vec1or routines: Statisrica l 
rou tines; FFf rouli ne.. (1-D, 2-D, complex, real, convolution); spectral 
analysis rou1ines (windows: Parzen. Hamming, ...): routines for numerica l 
integra1ion and solulion of diITe renl ia l equations: and missing functions 
for Mod ula-2 and Pascal : tan, logJO, aloglO, power, sinh, cosh and tanh. 

MA THPAK87 routinesare thefastest available! O n an IBM XT,a lK com
plex FFT t ake.~ t .85s (rea l I .Os); dot prod uct (length 10,000) takes 0.63&. 

$99 USfor Turbo Pascal 4.0 version. St 19 US for MS Fort ran, IBM Pro 
Fortra n, Lahey F77L, MS C, Lattice C, Logi tech Modula-2 or ITC 
Modula-2 versions. Please specify version. Add $5 shipping/handling. 

Precision Plus Sollware, 3148 Ki ngston Road, Suite 209-276, Scar
borough. Ontario, Canada MlM 1P4. Telephone: (416) 761-5309. 

International Dea lers: U.K.: Grey Mauer Lrd., Tel: (0364) 53499: Wcsr Gennany: 

SOS Sof1"11rc Service GmbH , Aller Pos1wcg 101 , 8900 Augsburg, Tel: 0821/57 108 1. 


BOOK REVIEWS 

njques " contains genuine nuggets about trees , sorting, and 
object-oriented progranuning. 

The second half of the book (on AI applications) is mostly 
expert-system-oriented; other chapters are devoted to discus
sions of natural language processing and Prolog's logical basis. 
Noteworthy among the expert-system topics are representation 
of uncertainty and extension of the Prolog inference engine. 

The progranuning examples are written in Edinburgh Prolog, 
and they ' re practical , plentiful (SOK bytes overall of source 
code) , and available by mail or network. Turbo Prolog users 
wilJ benefit from reacting this book, too , even though not all the 
code can be translated into the Turbo dialect. 

Appendixes describe the features of Arity and Turbo Prolog 
and how to use the Prolog debugger. -Alex Lane 

COMPUTER VISION: A FIRST COURSE by R.D. Boyle 
and R.C. Thomas, Blackwell Scientific Publications , Oxford, 
England: 1988, 210 pages, $29.25. This textbook is aimed at 
advanced undergraduate computer science students, though 
anyone who doesn't mind a lot of math in the text could profit 
from it. The material is not strictly state-of-the-art or detailed , 
but it provides a solid background in established theory. 

The authors distinguish three levels of vision tasks-low , 
medium, and high- and examine each in tum. Particularly good 
chapters cover low-level processing and segmentation. The ma
terial on knowledge representation concentrates heavily on se
mantic nets and frames, while the material on rule-based sys
tems considers only production systems. R. D. Boyle and R. C. 
Thomas touch on neural networks briefly , more as an example 
of what can be done without using the ideas in the rest of the 
book. 

The appendixes augment sections of the text instead of merely 
bulking up the book. They consist of C source code for histo
gram equalization and hierarchical edge detection , a brief intro
duction to Fourier theory, a table of three-dimensional interpre
tations of two-djmensional junctions, and a discussion of 
Goad' s algoritlun. The remaining end material includes an ap
pendix of solutions to chapter exercises, a list of references, a 
separate bibliography , and separate author and subject indexes. 

As a brief, technical introduction to computer vision , this 
tome deserves a place on your shelf. -Alex Lane 

ILLUSTRATING PASCAL by Donald Alcock, Cambridge 
University Press , Cambridge, England: 1987, 184 pages, 
$12. 95. Like its forerunner , lllustrating BASIC, this introduc
tory programming text combines a visual emphasis and a totally 
hand-lettered format. The method can be very fast once you 've 
adjusted . For instance , why use many words warning the reader 
never to write cons tant for const, when you can just display 
the word constant surrounded by little black bugs? 

I'm not sure that the " Utter Beginner" Alcock presupposes 
will find the early pages transparent. Though each statement is 
clear, the tax on memory is great. Also, his examples often em
ploy terms (e.g., t r unc) that he hasn't yet gotten around to de
fining formally. 

But as things get more complex , and the diagrams that gener
ally go with exposition become the exposition, the method pays 
off By about mid journey, even experienced Pascalers may want 
to jump aboard . If there ' s a clearer exposition of QuickSort than 
Alcock manages on one page, I don't know it . As for pointers, 
stacks, queues, rings, binary trees, and even hashing: Alcock' s 
drawings and pithy comments are of unparalleled clarity , and 
his sample programs are fun _ He claims to be covering the 
whole of the language as defined by ISO 7185 . Though I haven't 
checked that claim in detail , I'm inclined to believe it. I recom
mend the book. -Hugh Kenner 

co111i1111ed 
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1'o.~ 
1-800-638-9628 
Fax# (301) 258-2753 
For information call 
(301) 963-5800 
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WYSEpc 386 SYSTEMS 
Standard Features 
• INTEL 80386 Processor Running at 16 MHz 
• Phoenix 8ios 1.2 MB Floppy Drive 
• 1 MB of 0 Woll Stole Static Rom 
• Up to 24MB of True 32 Bil RAM 
• Socket for 80387 Moth Co-Processor 
• WYSE Window System Status Display 
• 2 Serial and 1Parallel Ports 
• 220 Watt Power Supply 
• MS·DOS 3.3•GW-BASIC 
• 11 Slots.Real Time Clock 
• 102-KEY Enhanced PC-Style Keyboard 
• 20 MB 28ms HARD DISK DRIVE 

Model 2108 System $2,295 
Model 2112 System $2,745 
Model 3216 System $3,940 

WYSE pc 286 SYSTEMS 
Standard Features 
• INTEL 80286 Processor 
• Model 2108 Running at 8 MHz 
• Model 2108 512k RAM Standard 
• Model 2112 Running at 12.5 MHz 
• Model 2112 lMB RAM Standard 
• Phoenix Blos 1.2 MB Floppy Drive 
• MS-DOS 3.3 GW-BASIC 
• Small Footprint 
• 1 Serial &Parallel Port 
• 102-Key Enhanced PC-Style Keyboard 
• WYSE Window System Status Display 
• 20MB 28ms HARD DISK DRIVE 

XENIX 

PCMOS/386 

MONOCHROME SYSTEM 
• Hercules Graphics Compotoble 
• I extra Parallel Port 
• 720 x 350 Resolution 
• 132 Column by 25 or 44 Line Mode 
• WY-530 14 inch HI Res Monitor 

Model 2108 System $1,795 
Model 2112 System $2,245 
Model 3216 System $3,440 

Model 2108 
Mode/ 2112 

SYSTEM UPGRADES 
• 2108 Moth Co-Processor 
• 2112 Moth Co-Processor 
• 3216 80387 Co-Processor 
• 360k 5.25 Floppy Drive 
• 720k 3.5 Floppy Drive 
• 1.44 3.5 Floppy Drive 
• 1.2 MB 5.25 Floppy Drive 
• 41MB ST 251 Hord Disk Drive 
• 71MB Hord Disk Drive 
• BOMB 4096 Hord Disk Drive 
• 130MB Priam Hord Dl•k Drive 
• WY-60 Terminal 
• NEC MULTISYNC II 
• NEC MULTISYNC gs 
• 1200 Baud Modem &Software 
• 2400 Baud Modem & Software 
• PC MOS/386 5 User OS 
• SCO XENIX 286 
• SCO XENIX 386· 

EGA COLOR SYSTEM 
• Hl Res 640 x 350 EGA Color 
• CGA, MDA & HGC Compo11ble 
• 752 x 410 Drivers Included 
• Autoswllching with CGA emulation 
• WY-640 EGA Color Monitor 

NEW VGA COLOR SYSTEM 
• HI Res 1280 x600 
• 256 Colors from Palette of 256.000 
• Implements all 17 VGA modes 
• 640 x 400 &512 x 480 
• NEC MULTISYNC II Monitor 

Model 2108 System $2,545 
Model 2112 System $2, 995 
Model 3216 System $4, 190 

$185 
$350 
$500 

$99 
$155 
$179 
$155 
$210 

$660 
$660 
$1780 
$455 
$150 
$99 
$99 
$199 

$495 
$499 
$599 
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SERIOUS ABOUT 

., SPORTS? 

~ 
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GET IT ALL WITH 
COMPUTER SPORTS WORLD 

America 's oldest and largest sports and horseracing database 
with over 4200 files of computerized infomJation_ 

AT YOUR FINGERTIPS! 

24 HOURS - UP TO THE MINUTE 


Scores Jn Progress . Weather • Transactions 

Injuries . Team Logs 


• Fantasy Stats • 


Call now and speak to a representative for your 

demonstration account number and password. 


~---~-...... - 800-321-5562 ~:;;;;; == ® 
COMPUTER SPORTS WORLD 

A service of TI1e Chronicle Publishing Company, San Fransisco. 

~' 
~ 
Keyboard Protector 

Finally! A Keyboard Protector That: 
•PROTECTS CONTINUOUSLV. 24 HOURS A DAY

Agains1 computer downtime due to liquid spills, dust, ashes, 
staples, paper clips and other environmental hazards. 

• BE.MAINS IN PLACE during the operation of your keyboard. 
SateSkin is precision molded to fit each key- like a "second skin.~ 

• 	EXCELLENT FEEL • The unique design eliminates any·in· 
terfarence between adjacent keys, allowing smooth natural 
operation of your keyboard. 

• SafeSld.n IS VIRTUAU... Y TRANSPARENT • Keytops and 
side markings are clearly visible. In fact, SafeSkin is so clear, 
sometimes you may not know it's there! 

• 	DURABLE - LONG LASTING - SafeSkin is not a "throw
awayn item. Many of our protectors have lasted over 3 years 
under continuoU5 daily use, without faDure . 

SafeSkin isavailable for most popular PC's and portables including: 
IBM, APPLE, AT&T, COMPAQ, DEC, EPSON, KEV
TRONICS, NEC, TANDY, TOSHIBA, WANG, WYSE, 
ZENITH. Specify computer make and model. Send $29.95, Check 
or M.0., VISA & MC include exp. date. Dealer inquiries invited. 
Free brochure available. 

Merritt Computer Products, lac. 
4561 S. Westmoreland / Dallas, Texas 75237 I 214/339-0753 

BOOK REVIEWS 

HOW TO THINK ABOUT STATISTICS by John L. Phillips 
Jr., W.H. Freeman and Co., New York: 1988, 198 pages, 
$17. 95 (hardcover). $9. 95 (paperback). Tools for doing statis
tical calculation are becoming commonplace in personal com
puter software- from spreadsheets to high-level languages to 
specialized math programs. Dedicated statistical packages are 
bringing the most sophisticated tools 10 personal computer 
users. With all that power, however, comes the potential for a 
great deal of confusion and misinformation: Statistical mea
sures are easily misused. 

This book's admirable goal is not to teach you how to do sta
tistics, but to teach you how to understand the statistics that 
others (or personal computers) do . 

The front cover of the book claims that it "will help you 
understand statistical concepts vital to your education, your 
business, or your profession; evaluate the news, polls, and 
trends that affect you as a consumer and citizen; and make better 
sense of the social statistics, advertising claims, economic fore
casts, and political issues you encounter every day." How to 
Think About Statistics might actually deliver on 80 percent of 
that claim-if you're willing to work at it. 

This well-written book is really an introductory undergradu
ate text focusing on applications of statistics to education , 
political science, psychology, social work, and sociology. The 
textbookish outlook shows from the first sentence in the intro
duction, " You may be planning to study statistics not because 
you want to but because you have to. " The author overcomes the 
reluctance of a coerced undergraduate audience through the use 
of sample applications that follow each chapter. 

The sample applications take the place of exercises found in 
most textbooks . They present a seemingly real-world problem 
(e .g., measuring the incidence of coups in Latin America) and 
then ask the reader, "How would you approach this problem?" 
The author warns that to get the most out of this book, it will 
probably be necessary to engage in a lot of page flipping . He 
even suggests that the reader keep two bookmarks handy for just 
that purpose. He's right. The author ' s solutions list the appro
priate statistical approach and are followed by possible ways the 
resulting statistic could be misinterpreted. Unfortunately, the 
solutions buried in the back of the book contain some of the best 
parts of this book. 

Phillips makes no assumptions on the mathematical capabili
ties of his audience, placing essential calculations inside boxes 
where they can be studied by those who have the background or 
interest, otherwise ignored or simply glanced at . The book 
leads the reader from understanding the purpose of a simple 
mean to contrasting means using analysis of variance, pausing 
along the way to explain standardization, correlation, causation, 
and contingency tables. Throughout, the emphasis is on under
standing the purpose and shortcomings of the individual statis
tics rather than on the nitty-gritty of calculation. 

People who have wondered what statistics are about (or who 
plan on using statistical software) will find this book a useful 
beginning. - William Gould 

CONTRIBUTORS 

LEAD REVIEW: Eliakim Willner is vice president for re
search and developrrumt at Pecan Software Systems Inc. and co
author of Advanced UCSD Pascal Programming Techniques 
(Prentice Hall, 1985). BRIEFLY NOTED: David Weinberger 
(Brookline, MA) is a writer for lnterleaj Richard Grehan is a 
senior technical editor at large for BYTE. Alex Lane is a knowl
edge engineer for Technology Applications Inc. in Jacksonville, 
Florida. Critic and author Hugh Kenner lives in Baltimore. 
William Gould is president of the Computing Resource Center 
(Los Angeles, CA) and a manufacturer ofstatistical software. 
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In the mid to late 70's, when engineers designed 
with SSI and MSI, the demands that they made 
on logic analyzers reflected the technology that 
they worked with - low density, low 
complexity, and low performance. 
Along came the 80's and with it PALs, GALs, 
PLAs, LCAs, ASICs, faster CISCs, and RISC 
machines. Technology leaped ahead .. . same old 
logic analyzers. 
Finally, a machine tuned to the times. The Pc/La 

OTACK:. DTACK 

BUS.ERA:- BEAR 

FAUL T2:- BG & !BA 

FAUL Tl:• BGACK & !BG 

Trigger program to detect I of 5 possible fau lts In the OMA cycle of a MC68000
This exa mple uses only a frac tion of the capabilities of the Pc/La . 


provides you with competitive sample speed 
and channel count, but more importantly, its 
superior trigger capabilities enable you to track 
down system bugs quickly and efficiently. No 
fumbling around the edges or shooting in the 
dark, you are right where you need to be. 
There is no need to translate your problem into 
someone else's idea of logic definition. This 
instrument uses state syntax directly. 
The Pc/La is packaged as a single add-in card 
for an IBM Pc/XTI AT or compatible. This means 
that you already own 50% of an efficient, 
high-performance hardware and software 
troubleshooting instrument. The other half is 
yours for less than $2000.00. 
The Pc/La - the only logic analyzer to earn the 
right to use the word analyze in its name. 

Take it from here, now it's ..... . 

YOUR MOVE 
(416) 266-5511 
285 Raleigh Avenue.Toronto, Canada. M1K 1A5 
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Or construct a bridge. Or design a circuit. Or even create a pie 


chart. With the MultiSync® Plus, high resolution graphics are well 

within rea'ch. When used with the graphics board that was 

designed for it-the MVA 1024 from NEC-it may well be the ulti

mate value for all your CAD and business graphics applications. 

MultiSync Plus has a 15" diagonal flattened CRT and a 

tilt-swivel base to make you more comfortable. It works with 

boards for a variety of systems, from PC/XT/AT/386 (or 100% 

compatibles) to MAC II and PS/2. It automatically adjusts its 

scanning frequency from EGA to VGA, and on up to even higher 

standards with our MVA 1024 in AT/386 based systems. 

Whether your plans are as big as a skyscraper or as small as a 

memory chip, MultiSync Plus makes the world of high resolution 

graphics more accessible. For literature or a dealer call 

1-800-447-4700. For technical details call NEC Home Electronics 

(USA) Inc. 1-800-NEC-SOFT. 

Compu1er ano Commun1ca1ions 
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Introducing OmniLab 9240. 

Totally Integrated Scope-Analyzer-Stimulus. 


• Combine a100 MHz digital oscilloscope 
with a time-aligned, 200 MS/ s 48-channel 
logic analyzer. ext add synchronized analog 
and digital stimulus generators.Then a 
remarkable new triggering system. What you 
have is the 9240 - awhole new class of 
instrumentation. Expressly designed to speed 
challenging analog and digital analysis. And 
get you from concept to product faster. 

• The 9240 is based on an innovative 
new instrument architecture that merges 
high-speed universal hardware and seamJessly
integl"ated sofl\\><1re to create high-perfor- . 
mance capabilities not available in separate 
instruments. Analog and digital traces are 
always time-correlated in a unique, single 
screen display. SELECf"' triggering bridges 
scope and analyzer techniques.And OmniLab's 
stimulus generators can playback captured 
or edited signals. 

• At the heart of the 9240 is SELECT 
triggering, the most straightforward and 
complete solution ever to triggering dilemmas. 
Ifs one system, operating with synchronized 
analog and digital views of your data. By 
combining conventional oscilloscope and 
analyLer triggering with powerful RAM truth 
tables-plus min/ max time qualification as 
needed - SELECT triggering helps you analy1.e 
hardware,debug software, and integrate 
systems more easily. 

• OmniLab"' is agenerntiun ahead of con
ventional digital scopes that often hide rarely 
occurring faults because they only show you 
a few cycles out of millions.With its con
tinuous monitoring, you can use SELECT 
triggering to quickly catch every occurrence 

Omnilllb dl1play demonstrates capture of an 
imbedded analog glitch (in top trace) with time-aligned 
presentation of the waveform's digitized bit values 
lcenterl end numeric states. 

NO-COMPROMISE 9240 SPECIFICATIONS 

DIGITAL OSCll.UISCOl'E 
Oig~izers: Two. 8bit 
Bandwidth: IOOMHz 
Single-Shot Digitizing: 34 S/s to 204 MS/s 
Repetitive Sampling: 680 MS/s 
Scale Fedor: SmV/divlo lDV/ tliv 

in 1·2-6sequence 
Raconl Length: 4K (16K. 64K optional! 

AIW.OC STIMULUS 

Output: 8mV to 8 V peak-l~eak. 8bit 
Cycle Length: 4lo 4K samples (16K optionall 
Clocking: 34S/sto34MS/s 
Functions: Record. ed~ and playback 
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of rare events like metastable states bus 
contentions, missing pulses, and buried noise 
glitches. 

• The 9240 is like having acomplete 
bench top of instruments integrated with your 
PC/AT or compatible. Which you can easily 
customize for digital development, analog 
development,or acombination of both. 

Ul8IC AIW.YlER 
Inputs: 48, liming and slal8 
AsynchrunausClocking: 34MS/son48inptn: 

204 MS/son Binpuls 
RepeOOve Sampling: 680 MS/s on48 inpirls 
Synchronous Clocking: Oto34MS/s 
Acquisition Memory: 4Ksamples116K.64Koptionall 
Disassembly Options: Over 150 microprocessors 

• With OmniLab, your productivity will 
soar. Because you achieve results with fewer 
instruments.And in fewer steps than ever 
before. By no means least, the 9240 delivers 
the best price/performance you'll find any
where,costing just $8900 fully outfitted. 
And most importantly,without compromising 
asingle high-performance spec. Not aone. 

• For more information,caU toll free 
800/245-8500. In CA: 415/ 361-8883. 
Or write for complete literature. 

..=. = • .=; =-= ===-====== 
~===~:: 
INSTRUMENTS 

702 Marshall Street,Redwood City,CA 94063 
TEL.EX: 530942 FAX: 41;/ 361-8970 

Computer Integrated Instrumentation 

•omniUb,and SELECT an> tmlemarksof Orion 
Instruments. Inc. 
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The Norton On Line 
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Guides : OS/2 API 

FreeHand 1.0 
Datacomputer DC 3.0 
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IT'S TIME TO DO SOME 

SERIOUS 386 BUGBUSTING! 


PROBE's me,,u---~i"i 
bar a11d pull
down menus set a 
11ew standard for 

debugger 

interfaces. 


PROBE has ~------T 
source-level 
debugging to let 
you "C" your 
program. 

This is an 
out-ofrange 
memory-overwrile 
bug. Since ii is 
inle"upt related, 
it only appears in 
real time. 

W
elcome to your nightmare. Your company has bet 
the farm on your product. Your demonstration 
wowed the operating committee, and beta ship

ments were out on time. Then wham! 
All your beta customers seemed to call on the same day. 

' 'Your software is doing some really bizarre things',' they say. 
Your credibility is at stake. Your profits are at stake. Your 
sanity is at stake. 

THIS BUG'S FOR YOU 
You rack your brain, trying to figure something out. ls it a 

random memory overwrite? Or worse, an overwrite to a stack
based local variable? Is it sequence dependent? Or worse, 
randomly caused by interrupts? Overwritten code? Undocu
mented " features" in the software you're linking to? And to 
top ii off, your program is too big. The software debugger, 
your program and it's symbol table can't fit into memory at 
the same time. Opening a bicycle shop suddenly isn't such a 
bad idea. 

THIS DEBUGGER'S FOR YOU 
Announcing the 386 PROBE '" Bugbuster, *from Atron. Nine 
of the top-ten software developers sleep better at night 
because of Atron hardware-assisted debuggers. Because they 
can set real-time breakpoints which instantly detect memory 
reads and writes. 

Now, with the 386 PROBE, you have the capability to set a 
qualified breakpoint, so the breakpoint triggers only if the 
events are coming from the wrong procedures. So you don't 
have to be halted by breakpoints from Jegitimafe area<;. You ... 
can even detect obscure, sequence-dependent problems by 
stopping a breakpoint only after a specific chain of events has 
occurred in a specific order. 

Then, so you can look at the cause of the problem, the 386 
PROBE automatically stores the l a~ t 2K cycles of program 
execution. Although other debuggers may try to do the same 
thing, Atron is the only company in the world to dequeue the 
pipelined trace data so you can easi ly understand it. 

Finally, 386 PROB E's megabyte of hidden, write-protected 
memory stores your symbol table and debugger. So your bug 
can't roach the debugger. AnC: so you have room enough to 
debug a really big program. 

COULD AGODO NIGHT'S SLEEP 
PUT YOU IN THE TOP TEN? 

Look at it this way. Nine of the top-ten software products in 
any given category were created by Atron customers. Maybe 
their edge is - a good night's sleep. 

Call and get your free, 56-page bugbusting bible today. 
And if you're in the middle of a nightmare right now 

give us a purchase order 
number. We'll PEDEX 

you a sweet dream. 

afi'(·=~ 
BUGBUSTERS 

.=ii 

A division of Northwest Instrument Systems Inc. 
Saratoga Office Center • 12950 Saratoga Avenue 
Saratoga. CA 95070 • Call 408/253-5933 today. 

• Vcmon• for COMPAQ. PS/2-KO> ond compaiiblc'- Col')'righl U 1987 by Alron. 386 PROBE i• o tro<kmark of Alron. Cill 44·2·8SS·888 in 1he UK ond 49·8·98S·8020 in West Genn•ny. TRBA 
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WHAT'S NEW 


SYSTEMS 

Stacked Planes 
for the Little Board 

T hanks to a new expan
sion adapter, you can now 

use standard IBM PC-style 
expansion cards with Ampro's 
Little Board/PC single-board 
computer. The StackPlane/PC 
adapter lets you install plug-
in cards in parallel to the com
puter board . Ampro says this 
means no more card cages and 
backplanes in embedded ap
plications where space is tight. 

The Little Board itself, 
measuring 5 1h by 8 inches, is a 
PC-compatible CMOS mod
ule with an 8-MHz 8088-com
patible processor. It can be 
configured with 256K bytes to 
768K bytes of dynamic 
RAM, 32K to 288K bytes of 
EPROM , a floppy disk con
troller , a keyboard interface, a 
speaker interface, two serial 
ports, a parallel port, a PC ex
pansion bus, and a SCSI bus . 
It needs about 4 watts of power 
from a 5-volt DC power sup
ply , and it comes in eight 
versions . 
Price: Little Board/PC, start
ing at $393 ; StackPlane/PC, 
$43 . 
Contact: Ampro Computers 
Inc., 1130 Mountain 
View- Alviso Rd., Sunnyvale, 
CA 94089, (408) 734-2800. 
Inquiry 751. 

A Rugged386 

D o you need powerful 
computing capabilities 

under adverse conditions? 
KMS Advanced Products says 
you can take its new rugged
ized computer "to the field or 
behind the lines"; in other 
words, just about anywhere. 

The RMC-3000 is an 
80386-based system in a case 
that looks Like a Kaypro 
transportable except for the 

The Ampro Little Board/PC uses standard expansion cards. 

heavy metal housing and rows 
of rivets; there's also a rack
mount model available for 
your tank or air transport 
vehicle . 

The system is fully com
patible with the PC XT and PC 
AT, KMS says . The company 
will assemble just about any 
configuration you can come 
up with. The basic machine has 
10 slots (one 16-bit and the 
rest 32-bit) and one serial and 
one parallel port, and it 
weighs about 45 pounds. You 
can mix storage options; 
KMS offers both 5 'A-inch and 
3 'lz-inch floppy disk drives, 
hard disk drives, and tape 
drives. 
Price: Starting at $13,900. 
Contact: KMS Advanced 

Products Inc., 3850 Research 

Park Dr., P.O. Box 1868, 

Ann Arbor, MI 48106, (800) 

521 -1524; in Michigan, (313) 

769-1780. 

Inquiry 752. 


A Powerful Crayon for 
Graphics Applications 

T his Crayon isn ' t for kids, 
and it's probably not for 

people who just want to put a 
little more speed into their day
to-day applications. This spe
cies of Crayon is an 80386
based rack-mounted system 
for folks who work in advanced 
graphics, CAD/CAM, anima
tion, video, and other areas 
that require sophisticated im-

SEND US YOUR NEW PRODUCT RELEASE 
We'd like to consider your producr for publication. Send us full in
formation , including its price, ship date, and an address and tele
phone nwnber where readers can get further infonnation. Send to 
New Produps &Jitor, BYTE, One Phoenix Mill Lane, Peter
borough, NH 03458. lnfomuuion conrained in these items is based 
on manufacturers' written statements and/or telephone interviews 
with BYTE reporters. BYTE has not fonnally reviewed each prod
uct mentioned. 

aging capabilities. 
Inside the box is a mother

board holding an 80386 pro
cessor (20 MHz, no wait 
states), 1 megabyte of memory 
(expandable to 16 megabytes 
using single in-line memory 
modules), and a socket for an 
80387 or Weitek 1167 math co
processor. The Crayon 386 
SP motherboard also supports 
"shadow RAM," which lets 
the Award BIOS run in high
speed RAM for increased 
perfonnance. You can set the 
bus speed to 8 or 12 MHz, 
and there are two serial, one 
parallel, one SCSI, and one 
game port. 

For storage, the basic sys
tem comes with one 1. 2-mega
byte 51.4-incb and one 720K
byte 3 'lz-inch floppy disk 
drive, but the case has room 
for a total of six half-height 
drives . The proprietary 
multidrive controller can han
dle two floppy disk drives, 
two bard disk drives, and seven 
SCSI devices. For hooking 
up the sorts of equipment that 
graphics types will need 
(e.g., digitizers, pointing de
vices, and high-resolution 
cards) , the system has six 16
bit and two 8-bit expansion 
slots. The Crayon has three 
fans to keep things cool. 

Its maker says the Crayon 
386 SP is fully compatible with 
the IBM PC AT and will run 
MS-DOS (3 .3 comes with the 
basic box), OS/2, or Unix 
and supports EMS 4.0. For 
looking good in those con
temporary art and video 
houses, the system is housed 
in a black case. 
Price: $7495 for the basic 
system. 
Contact: Video Graphic Sys
tems , 4163 St. Clair Ave. , 
Studio City, GA 91604, (818) 
509-5738. 
Inquiry 753. 

continued 
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WHAT'S NEW 

PERIPHERALS 

The Write-Top is a computer without a keyboard. 

Look Ma, No Keyboard 

Now there's an IBM PC
compatible laptop system 

that neither needs nor comes 
with a keyboard. Of course, a 
keyboard is available as an 
option, but you can simply in
put data into the system using 
your own handwriting. 

The Linus Write-Top, from 
Linus Technologies, combines 
a laptop computer with a 
transparent digitizer tablet and 
a handwriting-recognition al
gorithm. The tablet is situated 
right above the computer's 
flat panel display . The com
puter uses an 8- by 5-inch 
backlit supertwist LCD display 
with a resolution of 640 by 
200 pixels. When you draw on 
the tablet , the display under
neath responds as if you were 
actually drawing on paper. 
The company also claims that 
the computer can be taught to 
recognize any handwritten 
character and convert it to a 
standard character entered via 
a keyboard . 

The Linus Write-Top fea
tures 640K bytes of CMOS 
static memory , an 8088-com
patible processor , an internal 

modem, and a 3 ~-inch flop
py disk drive. The computer 
weighs 9 pounds and is the 
size of your typical small lap
top. The display/digitizer, 
which can be detached from 
the rest of the system, is 
about 11 by 11 inches and less 
than an inch thick. Options 
include a keyboard and a soft
ware package called Code
Write that allows developers to 
adapt existing applications to 
receive handwritten input. An
other package, Just-Write, is 
a word processor designed for 
handwritten input. 
Price: $2995 . 
Contact: Linus Technologies 
Inc. , 1889 Preston White Dr., 
Reston, VA22091, (703) 
476-1500. 
Inquiry 754. 

Output to Your 
Heart's Delight 

D o you need lots of print
outs every day? Are you 

sick of waiting for your 
printer to tap, tap, tap along at 
its snail-like pace? If600 

lines per minute (lpm) of draft
quality text is fast enough, 
you might consider Output 
Technology ' s OTC 2161. 
This dot-matrix printer gets its 
speed by using a th.ree-headed 
print mechanism that prints 
two lines of text with each 
pass. And if you need higher
quality output , it prints 325 
!pm in correspondence mode 
and 90 lpm in near-letter
quality mode. 

The 2161 features a control 
panel with 16 switches and an 
expandable SK-byte buffer. A 
parallel interface is standard, 
but you can also get RS
232C, RS-422 , twinaxial, co
axial , or PrintNet interfaces . 
The printer emulates the Data
products LB600, Printronix 
P6080, and Epson FX-286e. 

In addition to standard 
ASCII, the OTC 2161 comes 
with 12 international charac
ter sets , IBM Character Sets #1 
and #2, and the IBM Code 
Page #437 and #850 sets. Op
tions include extra font car
tridges, additional emulations , 
additional character sets, a 
paper stacker, and a quietized 
pedestal . The 2161weighs80 
pounds and includes free in
stallation in addition to 6
month on-site service. 
Price: $6450. 
Contact: Output Technology 
Corp., East 9922 Montgom
ery, Suite 6, Spokane, WA 
99206, (800) 468-8788; in 
Washington, (509) 926-3855 . 
Inquiry 755. 

A Security Guard 
for Your Modem 

Gateway 11 prevents unau
thorized folks from 

stealthily sucking data from 
your computer. Installed be
tween a serial port and your 
modem, the stand-alone Gate
way lI prompts a caller to 
enter a name and password be
fore permitting system ac
cess . If the correct information 
isn 't entered within a user
designated period, Gateway II 
rudely hangs up . 

Every call is logged in 
Gateway Il's memory . You can 
even pick up that report from 
a distant system by using a 
modem . 

Two models are available . 
Gateway ll can store up to 100 
passwords and telephone 
numbers (250 optional) . For 
extra peace of mind , Gateway 
ll DB (dial back) provides the 
additional security of Jogging 
the user into the Gateway II 
system and then calling back 
to a predetermined telephone 
number. It requires an exter
nal Hayes-compatible auto-dial 
modem. 

Both Gateway I! devices 
operate at from 300 to 19,200 
bits per second (bps) . 
Price: $395 for Gateway II; 
$495 for Gateway II DB. 
Contact: Adalogic Inc. , 7844 
McClellan Rd ., Cupertino, CA 
95014, (408) 257-1352. 
Inquiry 756. 

continued 

OTC's latest model prints 600 Lines per minuJe. 
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For problems involving engineering calculations or scientific analysis, 

the answer is MathCAD.0 

Transporting an iceberg to Southern 
California is a formidable task. Calculat
ing the variables is just as demanding. 
How many tugboats would be needed 
to tow the ice mass? At what cost? How 
much fresh water would be lost? 

Innovative solutions require extra
ordinary tools. For problems involving 
calculations or what-if analysis, the 
answer is MathCAD. 

MathCAD is the only PC-based soft
ware package specifically designed to 
give technical professionals the freedom 
to follow their own scientific intuition. 
Requites IBM"' PC or compar.ble 

You decide how to solve the problem -
MathCAD does the " grunt work." 
o Ends programming and debugging. 
o Recalculates as variables change. 
o Generates quick plots. 

Easy to learn and use, MathCAD 
operates interactively in standard math 
notation. And its built-in functions pro
vide all the power you need to solve 
real-world problems. MathCAD handles 
matrix operations, solves simultaneous 
equations, works with real and complex 
numbers, does automatic unit conver
sion, displays Greek characters and 

HOW 


other math symbols, performs FFTs 
and much more. 

There's never been a better way to 
get fast, accurate solutions to analytical 
problems. That's why 20,000 engineers 
and researchers are using MathCAD 
daily in applications as diverse as fluid 
mechanics. signal processing and 
molecular modeling. 

To tind out what MathCAD can do for 
you, call us today for a free demo disk: 
1-800-MathCAD (in MA, 61 7-577-1017). 
Or write to MathSott, Inc., One Kendall 
Square, Cambridge, MA 02139. 

Math Soft 
~ + -= x f + b 
Soltware Tools lor Calcula1ing Minds 

MANYGLASSES 

OF WATER 


IBM© International 8 US1ness Machones Corporat•on Matl1CA06 MathSott . Inc © Copy11ght MathSolt . Inc 1988 

CAN THIS 
ICEBERG SUPPLY 


TOL.A.? 
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WHAT'S NEW 

PERIPHERALS 

A Clean Sweep 
for Data 

I t may not have the power of 
your fairy godmother's 

magic wand, but DataSweep 
I is a hand-held character 
reader that lets you enter 
typed or printed information 
into your IBM PC by sweep
ing the reader across text. 

According to Soricon 
Corp., the reader can scan 120 
words per minute, with an ac
curacy of99.3 percent. It can 
read from 8- to 14-point type 
and scan up to 8 inches of char
acters in one stroke. The two
button wand lets you activate 
reading with the front button 
and program the rear button to 
keyboard functions such as 
Return, Tab, and Indent . A 
multi-font feature automati
cally recognizes most popular 
font styles, including propor
tionally spaced text and some 
typeset text. You can use the 
reader with most word-pro
cessing, spreadsheet, data
base, and desktop publishing 
programs. 

DataSweep l comes with 
the hand-held character reader, 
an interface board, and soft
ware. It requires an IBM PC, 
XT, AT, or compatible run
ning under DOS 2.1 or higher 
with at least 256K bytes of 
RAM and a full-size expansion 
slot. To get the most from 
DataSweep, you should also 
have a hard disk drive. 
Price: $1250. 
Contact: Soricon Corp., 
4725 Walnut St. , Boulder, CO 
80301 , (800) 541-7226; in 
Colorado, (303) 440-2800. 
Inquiry 757. 

Data Sweep 1 scans up to 120 words per minute. 

See It All 
on Your Mac SE 

I f your eyes are complain
ing about the Mac SE's pal

try 9-inch display, help is on 
the way in the guise of the V
Screen monitor from New 
Image Technology. Based on 
Princeton Graphic Systems' 
LM-300 high-resolution moni
tor, the V-Screen lets you 
view a whole page of text and 
graphics on its 15-inch 
screen. An 8~- by 11-inch 
page appears "life-size" with 
a resolution of 72 dots per inch 
and a l-to-1 aspect ratio. 

The V-Screen uses paper
white (P-138) phosphors and 
has a hardware mechanism 
that lets the 600-pixel screen 
pan left to right across a full 
1024-pixel virtual screen. 

The monitor comes on a 
tilt-and-swivel base and in
cludes a c-0ntroller card, soft
ware, and all connecting 

GIVE YOUR LAPTOP A 51A-INCH COMPANION 

L aptop computers and 
their 311.z-inch high-ca

pac ity floppy disks are 
great. But for better or 
worse , most of the world 
still runs on old-standard 
5 1.4 - inch floppy disks . 
There's no need to fear The 
Great Incompatibility: You 
can transfer and share data 
between disk sizes using the 

W525 Subsystem, an exter
nal 5 \4-inch 360K-byte 
floppy disk drive that plugs 
right into your Toshiba, 
Tandy, Zenith, Sharp , 
Datavue, or NEC laptop 
computer. 

The W525 Subsystem at
taches to the external floppy 
disk drive port and comes 
with a power supply and 

cables. 

Price: $1150. 

Contact: New Image Tech

nology Inc., 9701 Philadelphia 

Court, Lanham, MD 20706, 

(301) 731-2000. 
Inquiry 759. 

.. . And Also on Your 
PS/2 

I fyou're using your PS/2 
for those same desktop pub

lishing and CAD applications 
as the Mac above, you too can 
get eyestrain relief with the 
king-size Ventek PS 2000, an 
ultra-high-resolution mono
chrome text and graphics 
display for PS/2s equipped 
with the Micro Channel. 

The PS 2000 has a truly 
Promethean 20-inch diagonal 
screen. It is VGA-compatible 
and has a maximum resolution 
of 1280 by 1024 pixels. It 
comes with an IBM PS/2 

cable for your specific 
model of laptop computer. It 
measures 2 ~ by 10 by 61-"1 
inches. 
Price: $249. 
Contact: Weltec Digital 
Inc ., 17981 Sky Park Cir
cle, Suite M, Irvine, CA 
92714, (800) 333-5155; in 
California, (714) 250-1959. 
Inquiry 758. 

Micro Channel card and all 

the necessary cables. On the 

software side, the PS 2000 

includes drivers for most popu

lar desktop publishing and 

CAD packages . 

Price: $2495. 

Contact: Ventek Corp., 

31336 Via Colinas, Suite 102 , 

Westlake Village, CA 91362, 

(818) 991-3868. 
Inquiry 760. 

123-Key Keyboard 
Remembers Macros 

EECO , the company that 
manufactures the popular 

DataDesk keyboard, is com
ing out with a new keyboard 
that offers more features. The 
Maxi-Switch Memory Pro for 
the IBM PC and AT includes 
a whopping 123 keys and can 
remember its own macros. 

The keyboard includes 
nonvolatile EEPROM (electri
cally erasable programmable 
ROM) to allow it to record key
board macros . According to 
the company, you can repro
gram any of the keys from the 
keyboard or by running a utili
ty program on the system. 
Having the macros stored in
side the keyboard avoids 
compatibility problems that 
can be caused by garden-vari
ety RAM-resident keyboard 
macro programs. 

The Memory Pro includes 
many more keys than the famil
iar 84-key or 101-key key
boards of the IBM PC and AT. 
F-Or example, two sets of 
function keys are provided: the 
traditional 10 keys to the left 
of the typewriter keypad, and a 
horizontal row of function 
keys above the typewriter key
pad. These latter keys have 
removable transparent tops to 
accommodate legends de
scribing their function. The 
keyboard also has separate 
numeric and cursor keypads. 
Price: About $150. 
Contact: EECOlnc., 1601 
East Chestnut Ave., P.O. Box 
659, Santa Ana, CA 92702, 
(714) 835-6000. 
Inquiry 761. 

continued 
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Why Paradox 2.0 makes your 

network run like clockwork 


Paradoxe runs smoothly. intelligently 
and so transparently that multiple 
users can access the same data at 
the same time-without being aware 
of each other or getting in each 
other's way. 

WithParadox news travels fast 
and it's always accurate 

Paradox automatically updates itself 
with a screen-refresh that ensures that 
all the data is up to date and accurate 
all the time. Record-locking. Paradox
style. safeguards data integrity by 
preventing for example. two different 
users from making changes to the same 
record at the same time. 

Hort to m1k1 yo•r m1/l/11er ..twork "'"* 

To rLJl Paradex 2.0 or tile Paradox NelW1l<k Pack on a network, you need: 


• 	 Novell lllilh NoveH AJ!vant!d Nelware version 2.0A 01 higher 
• 	 3C0<n 3PkJS l'li tn 3Com 3 +OQeralinQ sys1em YetSion 1.0. 1.1 

OI hlQl>el 
• 	 IBM Tolten Ring OI PC Network wilh IBM PC Local Alea NelWOlk 

Program Ymioo I . 12 or higher 
• Torus ~ YetSion 1.45 or higl>el 
• AT&T Sl.Jrlan Yet>Jon 1.1 01 tighel 
• 	 BanyanVINES wsion 2. 10 
• 	 Other network conl*-'alioos lhal aie 100% c0<1'4>31ible lllilh DOS 

3. 1 and ooe ol 11\e lisled netwc!ks 

Syit1m R1111/r1mewlr for the Network ..Vrkrl11/01 

• 	 DOS 3. 1 or lligber 
• 	 640KRAM 
• 	 Airy coll"llination ol hard, nlljl91. 01 no disk drives 
• 	C~alill le monoclwome, cct-Ol. OI EGA moritor wilh adapter 

·eu.:..... ,.,Olid... ~OU'irali"""""' l oflllirl liO llr)'5 ol "'"- "" OIOC!uCI 
OCle-1 ncM pcdalm n;s::tt1ctn:t wiil o:r ciUTis. cat cu cusltJTl:f wvQ ~ 
.afldwe IR~illelU'ICI 

Pan<im is. ar~td v~l; ol Ms! Softwille ~is 1 tkrtm ~1h!tnafioNI 

ConWTI °""' bQplS>lgt""'1""""'"' r~..,,,~ .. ~-"·' 
~ 1e:spedhl! holds1. c;.ap,,~ • 1988 60!\iflcl lreer~. Bl 1243 

Circle 44 on Reader Service Card (Dealm: 45) 

'' When I saw the record-locking and 
autorefresh in action. I couldn't 
believe it. Here was a true network 
application. a program that can actu
ally take advantage or a network to 
provide more features and Functions. 
things that can't be done with a stand
alone PC. 

Aaron Brenner, LAN Magazine 

With Version 2.0. Paradox becomes a 
sophisticated mu ltiuser product that 
boasts an impressive selection of data
production features and password
security levels. 

Rusel DeMarta. PC Week '' 

Paradox responds instantly to 
"Query-by-Example" 

The method you use to ask questions 
is called Query-by-Example. Instead of 
spending time figuring out how to do 
the query. you simply give Paradox an 
example of the results you ·re looking 
for. Paradox picks up the example and 
automatically seeks the fastest way of 
getting the answer. 

Queries are flexible and interactive. 
And in Paradox. unlike in other data
bases. it's just as simple to query more 
than one table as it is to query one. 

'' The program elegantly handles 
all the chores or a multiuser database 
system with little or no effort by 
network users. 

Mark Cook and Steve King. 

Data Based Advisor '' 

'' Paradox .. . has quickly become 
the state-of-the-art product among 
PC database managers . . . Paradox 
still reigns supreme as the thinking 
user's DBMS. 

Jim Seymour, PC Magazine '' 

You don't have to be agenius 
to use Paradox 

Even if you're a beginner. Paradox 
is the only relational database manager 
that you can take out of the box and 
begin using right away. 

Because Paradox is driven by the 
very latest in artificial intelligence 
technology, it does almost everything 
for you- except take itself out of the 
box. (If you've ever used 1-2-3eor 
dBASE.9 you already know how to 
use Paradox. It has Lotus-like menus. 
and Paradox documentation includes 
"A Quick Guide to Paradox for Lotus 
Users" and "A Quick Guide to Paradox 
for dBASE users."} Paradox. it makes 
your network work. 

60-Day Money-back Guarantee* 

For a brochure or the dealer nearest you 
Call (800) 543-7543 

rNTERNAT/ONAL 
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WHAT'S NEW 


ADD -INS 

Korum 's Ten Time transfers data at 4 megabytes per second. 

Konen the Controller 

I t's a claim and a name: 
Konao 's Ten Time disk con

troller accesses data I 0 times 
faster than most controllers, 
the company reports. Using 
an on-board· RAM cache, the 
controller features a caching 
algorithm that results in a 
transfer rate of4 megabytes 
per second for most data 
requests. 

Both disk reads and writes 
are cached . When you write to 
the disk, it goes to the cache 
and is then written to the disk 
in the background. A 4-year 
battery protects your data if 
your computer goes down. If 
you request data that isn't wait
ing in the cache, a zero
latency read capability has
tens disk access by reading and 
transferring data immediate
ly , regardless of which sector 
the head lands on . 

Ten Time features a l -to- 1 
interleave and can control up to 
two hard disk drives and two 
floppy disk drives . It ' s com
patible with DOS, Unix, 
Xenix, and Novell and 3Com 
networks, and requires an 
IBM PC AT or compatible. 
Price: $595 for the hard disk 

controller; $695 for the hard 
and floppy disk controller. 
Contact: Konan Corp., 4720 
South Ash Ave., Tempe, AZ 
85282, (602) 345-1300. 
Inquiry 785. 

Capture that Image! 

F reezFrame lets you mix 
standard video and com

puter graphics. It's a full -slot 
board that provides a window 
into your VCR, video cam
era, laser disk player, or other 
standard NTSC video source. 
The board lets you capture 
images in real time, with up 
to 32,768 colors, and then su
perimpose text and graphics 
on top of the image. 

FreezFrame has five 
display modes: EGA-Pass 
through displays EGA images 
on the monitor; Real-Time Jets 
you view video input directly 
on your screen; Freeze lets you 
display a still image captured 
during Real-Time mode; and 
EGAICGA Low-Resolution 
Overlay lets you overlay text or 
graphics on a full-screen cap
tured image. 

FreezFrame gives you a 
maximum image resolution of 

512 by 256 pixels. It captures 
images in 1160 second and 
comes with 256K bytes of 
video RAM. The system runs 
on the IBM PC , XT, AT, and 
compatibles running DOS 3.0 
or higher and requires a 
multifrequency analog moni
tor, and an EGA or CGA card 
for overlay capabilities . 
Price: $1749. 
Contact: VuTek Systems 
Inc., 10855 Sorrento Valley 
Rd., San Diego, CA 92121, 
(619) 587-2800. 
Inquiry 786. 

Hard Power for Your 
PS/2 Model 25 or 30 

I fyou've been putting off 
adding a hard disk drive to 

your IBM PSl2 Model 25 or 
30 for lack of a controller, your 
wait is over. Data Technol 
ogy 's 5150CR2 and 5160CR2 
each occupy a half slot and 
support both hard cards and 
5 \4 - and 31-1-inch hard disk 
drives . 

The 5150CR2 uses modi 
fied frequency modulation 
(MFM) and supports drives 
with up to 16 heads and 1024 
cylinders. The 5160CR2 uses 
run-length-limited (RLL) tech
nology to increase storage ca
pacity by 50 percent and re
duce the data transfer rate. It 
supports drives with up to 16 
heads and 2048 cylinders. 

Software is included that 
assists you in installing the con
trollers. You can choose from 
among the drives of 15 manu
facturers and add other drive 
models to the menu . You can 
also split your drive into par
titions and enter media defect 

tables . 

Price: 5150CR2, about $80: 

5160CR2, about $95 . 

Contact: Data Technology 

Corp., 2551 Walsh Ave., Santa 

Clara, CA 95051 , (408) 

727-8899. 

Inquiry 787. 


NuVlsta Delivers 
Ultimate Mac II Video 

T ruevision's NuVista is a 
32-bit video-capture and 

display board that occupies 
one NuBus slot in your Mac D. 

The board is based on 
Texas Instruments' powerful 
340 I0 graphics processor and 
features a custom video cross 
point chip. It supplies up to 
16.7 million colors and pro
vides a resolution of 1024 by 
1024 pixels in 32-bit mode, 
though the resolution can be 
as high as 2048 by 2048 pixels 
in 8-bit mode. You can also 
capture a video signal in real 
time , and generate an analog 
video output signal. The board 
functions as the Mac D's 
standard graphics controller. 

NuVista comes with either 
2 or 4 megabytes of dual 
ported CMOS video RAM . It 
also includes input and output 
lookup tables , four channels 
of AID and DIA conversion , 
and a programmable piJCel 
clock. 
Price: $4250 with 2 mega
bytes of RAM; $5995 with 4 
megabytes. 
Contact: Truevision Inc ., 
7351 Shadeland Station, Suite 
100, Indianapolis , IN 46256, 
(800) 858-8783 : in Indiana , 

(317) 841 -0332 . 

Inquiry 788. continued 


SKY SCANNER IN A SLOT 

A fter you've scanned 
through the 200 chan

nels received by your back
yard satellite dish, then 
what? Norsat 's Micro-Sat is 
a satellite dish receiver that 
plugs into a full slot in an 
IBM PC or compatible. It 
lets you receive audio, 
video, and data signals at up 

to 9600 bps . Jacks on the 
board's rear-edge connector 
output the audio, video, and 
base band. You can send 
data directly to your RS
232C serial port and view 
video input directly on your 
computer monitor. 

You tune Micro-Sat using 
EPROM , binary-coded dee

ima.l switches , or through 
the data bus. It captures sig
nals at a frequency between 
950 and 1450 MHz. You can 
reset frequencies while run
ning AUTOEXEC .BAT, and 
you can also select video in
vert and audio bandwidths 
via DIP switches or directly 
from your computer. The 

board is compatible with the 

VC 11, B-Mac, and Oak de

scrambling systems and the 

C and Ku satellite bands. 

Price: $1000. 

Contact: Norsat Interna

tional Inc., 302-12886 '78th 

Ave., Surrey, BC, Canada 

V3W 8E7, (604) 597-6200. 

Inquiry 789. 
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The LOGITECH HiREZ Mouse
the only mouse expressly designed for 
high-resolution screens. 

With a resolution of320 dots-per
inch (as compared with 200 dpi or less for 
ordinary mice), it covers che same area 
on your high-res screen, but needs less of 
your desk to do it More than 50% less. 
Saving you valuable desk space, and 
effort mouse maneuvers that used to 
require a sweep of the hand are now 
reduced to a flick of the wrist 

HiREZ mowt 1u:tds 
50% less desk spnu 
tt> cover 1lu! samt 
amount of.f.C'ftn1 
11rra ma 200 dpi 

Which makes this new mouse a 
hand's best friend . And a more reliable, 
long-lasting companion- fully compatible 
with all popular software, and equipped 
with a Lifetime Guarantee. 

Equipped, too, with other advantages 
exclusive to all Logitech mice: A unique 
lightweight ergonomic design . Low
angled buttons for maximum comfort 
and minimum fatigue. An exclusive tech
nology that guarantees a much greater life 
span. An exceptionally smooth-moving, 
dirt-resistant roller ball. And natural 
compatibility with all PCs, look-a - likes, 
and vinually any software. 

So if you've got your eyes on a 
high-res screen, get your hands on the 
one mouse tha~ agi le enough to keep 
up with it 

The LOGITECH HiREZ Mouse. 
For the dealer nearest you, call 800

231-7717 (800-552-8885 in California), 
or write Logilech, Inc. , 6505 Kaiser Drive, 
Fremont, CA 94555. In Europe, call or 
write: Logi tech Switzerland, European 
Headquarters, CH-1111 Romanel/Morges, 
Switzerland (++41-21-869-9656). 

~LOGITECH 

Circle 159 on Reader Service Card (Dealers: 160) 



• 


Though most mice out there look pretty 
much alike, they're not all equal in performance. 
It pays to be just a little choosy to make sure you 
end up with the right mouse for your needs. 

Starting with software. Ifyou want full com
patibility with all of your software, all you have to 
do is look for a mouse with the Logitech name. 
There are four in all , each one designed for dif
ferent hardware needs. 

THE HiREZ MOUSE 
Ifyou've got your eyes on a high-resolution 

screen, the mouse to get your hand on is the new 
LOGITECH HiREZ 
Mouse. 

With a resolution of 
320 dots-per-inch (as 
compared with 200 dpi 
or less for ordinary mice), 
it covers the same area The LOCITECll 
on your high-res screen 
but needs less of your 

HiREZ Muuse needs 
50% less desk space 
/lJ covt7' the same 

desk to do it More than amount ofscrren 

50% less. Saving you 
area m a 200 dpi 
mo1ise. 

valuable desk space, and 
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Cood in1ti11cLs nm in th is family (left to right): thP'"'w l .OGrTECH HiREZ 
Mouse ($179). /hr m1ly 11w 1LW desig11ed expressly fo r high-rrs screem; the l.OG!Tf:CH 
Series 2 Mouse for the l flM PS/2 ($99, plugs right i11to mome port); arid the 
l.OCITJ-:CH Mous1'fur stmulard Jcreens ($ 119. i11 bus a11d .<1mal versio1is). 

All c11m r. with l.ogitech sOMI Plus Softwarr, which amires em e of use with 
virtually a11y software, mmlSe·llfL!fd or 1101. 

effort: mouse maneuvers that used to require 
sweeps of the hand are now reduced to a fli ck of 
the wrist. 

Which makes this new mouse a hand's best 
friend. And a more reliable, long-lasting com
panion. And, like all Logitech mice, it's fully 
compatible with all popular software, and 
equipped with a Lifetime Guarantee. 

THE SERIES 2 
MOUSE 

For those who've chosen 
the Personal System/2; the 
most logical choice is the 
LOGITECH Series 2 
Mouse. It's 100%compati
ble with PS/2, and plugs 
right into the mouse port, 
leaving the serial port free 
to accommodate other 
peripherals. 



• 
tmouse. 


THE ALL-PURPOSE MOUSE: 
SERIAL OR BUS 

Most people find our standard mouse is still 
the best choice for their systems. It's available in 
both bus and serial versions, one ofwhich is sum 
to fit perfectly with your hardware. And with all 
your favorite software - whether mouse-based 
01- noL 

It's hardly an accident that only Logitech 
offers you such a complete selection- we're the 
only mouse company to design and manufacture 
our own products. We make more mice, in fact, 
than anyone else. Including custom-designed 
models for OEMs like AT&T, DEC, and 
Hewlett-Packard. 

The three mice pictured to the left come with all 
this expertise built right in. Which explains 
an interesting paradox: while 
you may pay less for a 
Logitech mouse, you'll 
surely get more in 
performance. 

And in comfort. With a unique lightweight 
ergonomic design. Low-angled buttons for maxi
mum comfort and minimum fatigue. An exclusive 
tech nology that guarantees a much greater life 
span. An exceptionally smooth-moving, dirt
resistant roller ball. And natural compatibility with 
all PCs, look-a-likes, and virtually any software. 

All of which leads to an inescapable conclu
sion: if you want to end up with the right mouse, 
start with the right mouse company. 

Logitech. We've got a mouse for whatever the 
task at hand. 

A Logitt ch mouse plus LogiUch applicaJion softwareequals a wmplewso/ulion (all 
prim i11clude mouse, Plus Software, mut application): 
LOCICADD...$189. PUBLISHER PACKAGE WC/PAINT SET.. . 
7lmu yorn- PC i11to .. .$179. PUBLISHER S149. F.levm ly/Je 
afull-ftalllrcd CAfJD softwarr lets begim1= and f01l/s rmd a J6-color 
workstaJio11. Evtry· experts aliM produce pro- pale/le. Createsfil.cs thaJ 
thirigyou needfor ftsSi<mal, high-impact m UUI! ea.rily into both 
dimmsio11ed line doc11ma1ts. Design templates WGICADD orul 
drawi11g alld CADD. maM f>a(;t /ayqul easy. PURUSHER documents. 

(800-552-8885 in California). Or fill out and mail 
the coupon below to: Logitech, Inc., 6505 Kaiser 
Drive, Fremont, CA 94555. In Europe, call or write: 
Logitech Switzerland, European Headquarters, 
CH-1111 Romanel/Morges, Switzerland 

(++41-21-869-9656). 

----------------,
rLogitech, Inc., 6505 Kaiser Drive, Fremont, CA 94555. I
I Logitech Switzerland, European Headquarters, 
I CH-1111 Romanel/Morges, Switzerland. I 
I Yes! Please send me the name of the nearest Logitech dealer. I 
I Name I 
I Ccmpany!Title I 
I Addri!j.5 I 
I I 
I Phone I 

:~ LOG ITECH : 

For the dealer nearest you, call 800-231-7717 L----------------~l'enonal Syst~m/2 is a Ir.Idem ark of lni~rnalional Business Machines, Corp<>ration. 
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WHAT'S NEW 

Let the Computer 
Design that Servo 

W ith the SDK-400, your 
computer designs, con

nects, and tests motion-con
trol systems. Included in the 
servo design kit is a PC-com
patible motion controller, a 
servo motor with encoder, and 
a power driver. It also comes 
with a power supply, connec
tors , and design software. 

The motion controller 
plugs into the PC bus and ac
cepts over 40 ASCII com
mands and motion profiles . 
The controller accepts ASCII 
commands from the keyboard . 

Assembling the hardware 
is simplified by step-by-step 
graphic explanations included 
with the software. Diagnostic 
routines make sure you've 
connected everything properly, 
and then the software tunes 
the system for optimum perfor
mance. The software also in
cludes modeling and analysis 
programs that let you evaluate 
system performance and teach 
you about the theoretical as
pects of servo design. 

The SDK-400 servo design 
kit requires an IBM PC, XT, 
AT, or compatible with DOS 
2.0 or higher, at least 5 l 2K 
bytes of RAM , and a Her
cules or EGA board. 
Price: System I, with motor 
encoder size 5-500, $1145 ; 
System 2, with motor en
coder size 50-1000, $1175 . 
Contact: Galil Motion Con
trol Inc. , 1054 Elwell Court, 
Palo Alto , CA 94303 , (415) 
964-6494 . 
Inquiry 767. 

HARDWAR E 

Design and test motion-control systems with the SDK-400. 

Mr. Mox Powers 
up Your PC 

D o you ever need to 
power up your PC to ac

cess files from a remote loca
tion? Mr. Mox, an AC power 
switch that you control with 
an external modem, may be the 
solution. 

Mr. Mox features four 
grounded outlets, two of which 
are always hot; you control 
the other two with the Carrier 
Detect signal in your modem. 
You plug your PC into the out
lets and attach the DB-25 
cable to the modem outlet on 
Mr. Mox and to the external 
modem. 

Mr. Mox also includes a 
manual-override switch , a 
100-second power-off delay , 
built-in surge protection, a 

PURE PC POWER PROTECTION 

When lightning'scrash
ing down, your hard 

disk drives and modems are 
safe with the DSDLP surge 
protector-at least from a 
surge of up to 6000 volts, ac
cording to Dynatech. 

The DSDLP bas sensors 
that detect undervoltages 
and power-line losses on up 
to four AC outlets and two 
telephone receptacles. It 

also filters RFI (radio-fre
quency interference) and 
EMI (electromagnetic inter
ference) noise. 
Price: $139.95; includes a 
10-year warranty . 
Contact: Dynatech Com
puter Power Inc., 5800 But
ler Lane, Scotts Valley, CA 
95066, (800) 638-9098; in 
California, (408) 438-5760. 
Inquiry 768. 

• OTHER 

125-volt 15-arnp circuit 

breaker, and a DB-25 cable. 

Price: $99.95 . 

Contact: Kerunore Computer 

Technologies, 30 Suncrest Dr., 

Rochester, NY 14609, (716) 

654-7356. 

Inquiry 769. 


ASCII on the Wall 

What is the hexadecimal 
ASCll code for a check 

mark? Which color codes 
will give your screen yellow 
letters on a blue background? 
What are the keyboard scan 
codes for your function keys? 
You can answer these questions 
with a quick glance at Top
spot's computer reference wall 
chart. The chart features an 
ASCII table with all 256 sym
bols; keyboard scan codes; 
codes for the 16 basic colors 
and gray scales; tables of 
hexadecimal, decimal, and 
binary numbers; box-drawing 
codes; and a musical-note fre
quency chart. 

The wall chart measures 
24 by 3.6 inches and has a 
metal edge and hook for easy 
hanging. 
Price: $15 . 
Contact: Topspot , P.O. Box 
881, Marion, IA 52302, (319) 
377-0207. 
lnquiry 770. 

A PC-Based Digital 
Scope 

R apid Systems says its 
PC-based Rl200 digital 

scope is ideal for transient , 
vibration, modal , audio , and 
physiological waveform anal
ysis . It features sampling rates 
selectable from I Hz to 1 
MHz, a 64K-byte data buffer, 
12-bit AID converters on 
each channel , and amialiasing 
filters on each channel. 

The Rl200 is capable of 
zooming in vertically on wave
forms to see increased 12-bit 
resolution. An autosave feature 
stores the sweeps mode to 
disk, and the scope offers op
tional real-time fast Fourier 
transform spectrum analysis. 
Price: $2995. 
Contact: Rapid Systems Inc ., 
433 North 34th St. , Seattle , 
WA 98103, (206) 547-8311. 
Inquiry 771. 

Extend Your SCSI 

T he SCSI SO-pin parallel 
protocol normally oper

ates to only 19.6 feet , or, 
with the differential version , 
it can be extended to 82 feet. 
But Paralan reports that with 
the Paraline SCSI enhance
ment products, you can operate 
at distances of up to I 000 
feet, or up to 2 miles with fiber 
optic models . 

The Paraline SCSI bus ex 
tenders are freestanding units 
that operate from wall-mount 
power supplies. The single ex
tenders have one parallel in
terface and one serial connec
tion. You mate the serial 
interface with coaxial or fiber 
optic cables (depending on 
the model). Hub models are 
also available, and they have 
one parallel and four serial 
connections . 
Price: $305 for the coaxial 
version; $820 for fiber optic ; 
$1195 for Parahub-4; $2625 
for Parahub-4 fiber optic. 
Contact: Paralan Group, 
C .D.R. Systems Inc., 7171 
Ronson Rd., San Diego, CA 
92111 , (619) 560-1272. 
Inquiry 796. 

continued 
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All, 
PC Jr. too 

MS/DOS 	 <640K >640K 
programs 	 programs 

05/2 	 Still Shipping
waiting 

Multiuser 	 Primitive Mainfnime 
quality 

Networking 	PC Nets PC. mini & 
only mainframe 

Fllult You must CPUi:Disk 
lblerant be lddding R«overy 

Oracle Corporation, the world's 
fastest growing software 

company,1 has just climbed past 
Ashton-Tate to become the world's 
largest supplier of database man· 
agement software and servires.2 
Why? 

• Because ORACLE® runs on PCs. 
plus mainframes and minicom
puters from IBM, DEC, DG, HP, 
Prime, Wang, Apollo, Sun, etc. 
virtually every computer you have 
now or ever will have. Ashton-Tate's 
dBASE runs only o~ PCs. 

• Because ORACLE is a true dis
tributed DBMS that connects all 
your computers - PCs, minicom
puters and mainframes - into a 
single, unified computing and infor
mation resource. dBASE supports 
only primitive PC networking. 

• Because Oracle has supported 
the industry standard SQL language 
since 1979. Ashton-Tate promises 
to put SQL into dBASE sometime 
in the indefinite future. 

• Because ORACLE takes advan
tage of modern 286/386 PCs by 
letting you build larger-than-640K 
PC applications on MS/DOS that run 
unchanged on OS/2. dBASE treats 
today's 286/386 PCs and PS/2s like 
the now obsolete, original PC. 

Don't go down in flames. Bail out 
from dBASE. Call 1-800-0RACLE I 
and order your $199-PC copy of 
ORACLES today. Or just ask and we'll 
send you information on ORACLE, 
the number one selling DBMS on 
minicomputers and mainframes. 

ORACLE~ 
COMPATIBlttn • PORTABILITY • COlllECTABIUTY 

Call 1·800-0RACLE1, 
ext. 149 today. 

Dear Oracle, 
PC ORDER PROCESSING 

I 
I Oracle Corporation 

20 Davis Drive • Belmont, CA 94002 

l want ORACLE to be THE LAST DBMS 
for my 286/ 386 PC. Enclosed is my

I 0 Check or 0 VISA 0 MC 0 AMEX 
credit ca.rd authorizalion for Sl99 
(California residents add 7% sales tax). 


I 
l understand this copy is for PC develop
ment only. Offer valid only in th e US 

and Canada. 

I Prinl Nmi~ 	 0111e 

I nue 

I 
c.;;;;-~ny 

I 

Slrrd (P.O. Box num~n not OCC'l"pl.ablP) 


City 

Sl~lt' l ip 

II 
Phone 

C.edlt Card Number 

Ca.rd Eqll ratlon D•lc 

Slgn am~ IYT£ 

llm 1 nluHddod r-11• (VAR): 0 YES 0 NO 
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WHAT'S NEW 

SOFTWARE • PROGRAMMING 

FloPro 2.2 runs at 5 milliseconds per logic serve. 

Real-Time Machine 
Control on a PC 

F loPro 2.2, a CAM pro
gram for industrial appli

cations, emulates the pro
grammable controller 
processes of updating l/O and 
solving user logic. Using flow
charts as its programming 
language, the program can run 
at 5 milliseconds per logic 
serve, according to Universal 
Automation . 

You can run FloPro in a 
simulator mode that allows the 
flowcharts to execute without 
the 110 attached to the PC. 

The FloPro debugger lets 
you view flowcharts; modify 
current status of the 1/0, 
flags , timers , counters , and 
registers; display real-time 
status while executing; trace 
flowchart blocks and set 
breakpoints; cross-reference 
flowcharts ; and terminate or 
resume execution. 

FloPro also works in a 
multitasking environment. 

The program includes 512 
(each) inputs, outputs, flags , 
timers, 16-bit binary 
counters, and 4-digit binary
coded-decirual registers. A 
graphics editor lets you put up 
to a IS-character label on 
each mnemonic. 

FloPro runs on the IBM 
PC and compatibles with DOS 
3.0 or higher, 512K bytes of 
RAM, an EGA card, and a 
132-column printer. 
Price: $895 for the develop

ment system; $295 for the run 

time module . 

Contact: Universal Automa

tion Inc., 9G Rebel Rd. , Hud 

son, NH 03051 , (603) 880
6553. 

Inquiry 772. 


Compile any Microsoft 
BASIC Program 
on Your Apple llGS 

B ased on the Microsoft 
BASIC compiler, AC/BA

SIC is a native 16-bit com
piler optimized for the IIGS 's 
65816 processor. The com
piler produces stand-alone ap
plications by translating 
BASIC programs directly into 
machine language. It does not 
require a Linker, but does re
quire the run-time libraries 
included with the program. 
Absoft reports that you can 
take programs written in 
Microsoft BASIC for the 
Mac , IBM PC, or Amiga, and 
run and compile them on the 
IIGS through AC/BASIC. 

In addition, AC/BASIC 
supports the IIGS sound and 
color capabilities. To run the 
compiler, you need at least 
512K bytes of RAM on a 
IIGS and one 31/2-inch floppy 
disk drive. 
Price: $125 . 
Contact: Absoft, 2781 Bond 
St. , Auburn Hills, Ml 48057, 
(313) 853-0050. 
Inquiry 797. 

continued 

MOVING FORTH WITH OS/2 


LMI UR / FORTH for 
Microsoft OS/2 is a 

Forth programming envi
ronment for 80286- and 
80386-based machines run
ning OS/2 . 

UR/FORTH runs in pro
tected mode and lets you 
take advantage of OS/2 ' s 
support for multitasking, in
terprocess communications, 
and virtual memory man
agement. 

UR/FORTH offers a di 
rect threaded-code imple
mentation , a segmented 
memory model , a hashed 
dictionary for fast compila
tion , use of dynamic mem
ory allocation functions , 
and a uniform file interface. 
It includes a battery of 
string-handling operators , 
such as search , extract , 
compare, and concatenate , 
and a dynamic string-stor
age manager. A table-driven 
full-screen editor lets you 
edit as many as six files 
simultaneously. 

You can invoke OS/2 sys
tem functions interactively 
from the UR/FORTH inter
preter by typing the func
tion 's parameters , followed 
by the function's name . 
When you leave the OS/2 
operating system, the status 
of the operation is left on the 
Forth stack, and other re
sults are placed in the Forth 

data segment at addresses 
specified in the original call. 
You can also call OS/2 func 
tions from within compiled 
Forth programs. 

UR/FORTH supports text 
and graphics display modes 
of the CGA and EGA. It 
contains graphic drawing 
routines for reading or set 
ting individual pixels, line 
drawings, arcs, ellipses, and 
circles: region filling with 
patterns or solid color; bit
block moves; and position
ing of graphics at arbitrary 
graphics coordinates . 

Software floating-point, 
80287-assisted floating 
point , and 80387-assisted 
floating-point function li
braries are supplied. Lab 
oratory Microsystems re 
ports that you can use the 
software floating-point li
brary on any 286- or 386
based machine. 

To run UR/FORTH for 
OS/2 you need version 1.0 
or higher of OS/2, a 286- or 
386-based system, at least 2 
megabytes of RAM , and a 
CGA , VGA, EGA, or mono
chrome display adapter. 
Price: $350. 
Contact: Laboratory Mi 
crosystems Inc ., 3007 
Washington Blvd ., Suite 
230, Marina del Rey , CA 
90292, (213)306-7412 . 
Inquiry 773. 

An AC/BASIC control window. 
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apeek 


You've known Genoa as a developer 
of high performance graphics chips, and 
a leading manufacturer of graphics 
boards and tape backup. Soon you'll 
be able to depend on us for all your PC 
graphics add-on hardware. 

Over the next year, we'll be unwrap
ping a series of graphics products. Each 
is designed to give you the most reliable, 
yet innovative engineering features. And 
above all,the highest performance 
possible. 

Our SuperVGA HiRes family, featured 
here, is the first in our new product series. 
SuperVGA HiRes offers breathtaking 
color and resolution. From 16 colors in 
1024x768. Up to 256 colors in 800x600. 
You'll see more of your spreadsheets at 
once with SuperVGA HiRes.132 columns 
and 60 rows.You'll do Windows or 
08/2. In fact, every SupeNGA HiRes 
feature is designed to turn your IBM 
PC/XT/AT and PS/2 models 25 and 30 
into real graphics engines. 

Delivering 
SuperVGA Hi Res"' now! 

• 	 100% IBM VGA compatible 
• 	 Advanced features 

-1024x768 in 
16 colors and 
800x600 in 
256 colors/Model 5200 

-512x512 in 
256 colors/Model 5100 

• 	 132 columns text 
• 	 For both analog and 

TILdisplays 

If you're looking for PC graphics 
add-ons, take a look at Genoa first. Our 
new line of products is starting 
delivery now! 

For the Genoa dealer nearest 
you or to add your name to our mailing 
list contact: Genoa Systems Corporation, 
73 E.Trimble Road, San Jose, CA 95131. 
Fax: 408/434-0997. Telex: 172319. 
Or phone: 408/432-9090. In the UK, 
contact Genoa Systems Limited, phone: 
01-225-3247. In the Far East. contact 
Genoa/Taiwan, phone: 2-776-3933. 

Circle 118 on Reader Service Card 
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....- ....--...The handsome 
piece of high.. 
tech wizardry 

.....,._ __._ __,..,. you've just been 
admiring (on the 
previous two 
pages) is the new 
Dell System 220. 

The first 286 
computer running at 20 MHz. 
You read it correctly. 20 MHz. 

Which means it's as fast as 
most 386 computers, running 
MStOS/2 and MSt..DOS at blis.. 
tering speed. All from a tiny 
little corner ofyour desk. 

Yet this engineering marvel 
costs less than half ofwhat most 
other 386 computers sell for. 

Which might lead you, quite 
reasonably, to wonder: 

How can the people at Dell 
offer you so much for so little? 

The short answer is that you 
buy direct from us, the 
manufacturer. 

Eliminating the 

computer stores and 

their salespeople-who 

can add thousands of 

dollars to the cost of 

every computer. 


"Speed is a good thln2. 

Saf~ reliable, no hassles 

speed is better still!' 


-Al Poor, Editor's Choice, 

PC Magazine 


But while we eliminate the 
things you don't need, we also 
make certain we never eliminate 
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anything you actually do need. 
The very first thing you need 

from any computer company, 
obviously, is terrific computers. 

Well, we design and build our 
computers right here at our head-
quarters in Austin, Texas. 

Putting a premium on speed, 
compatibility, and reliability. 

Because we're flexible, we often 
get new technologies to the 
marketplace faster than any other 

computer company. 
In fact, we're already 

shipping our version 
ofMS OS/2, so you 
can run MS OS/2 
applications, now as 
well as in the future. 

'!..includes a year's on..site 
support..•in the price of the 
computer.This is the sweet.. 
est support deal offered by 
any computer vendor in the 
business!' 

-Eric Knorr, PC World 

As for quality control, around 
here it's an obsession. Each and 



every computer goes through a 
battery ofdiagnostic checks, 
including a comprehensive burn... 
in before we ship it to you. 

Every single Dell computer 
also comes equipped with one 
other remarkable feature. 

A level of service most retail 
computer stores can only envy. 

Starting with expert technical 
advice before you even buy a com .. 
puter. To help you decide which 
system best suits your needs. 

Followed by a thirty ..day 
money..back guarantee. To make 
sure you're completely satisfied. 

And all systems come with a 
one..year limited warranty. 

Then, we give you free tech .. 
nical support over the phone. 
With technicians who know the 
inside ofour computers the way 
you know the back ofyour hand. 

If on..site service should ever 
be required by you or your 
business, we'll send a Honeywell 
Bull service engineer to your 
office by the next business day~ 

Our attitude towards service 
is perhaps best summed up by 
a phrase we hear around here, 
delivered in a no..nonsense tone 
by our Chairman, Michael Dell: 

"Fix it~' he says. "Or give them 
their money bac~' 

"The combination of technical know.. 
how and service is impressive ... it's a 
good bet the computer world will be 
hearing a lot more about Michael Dell 
in the years ahead!' 

-StanleyW. Angrist, Forbes 

In four years, we've become 
one of the largest personal com.. 
puter manufacturers in the U.S. 
We've more than doubled our 
sales each year we've been in busi.. 
ness; last year, our sales grew 
from $69 million to $159 million. 

It shouldn't be any surprise. 
After all, we've been offering 
better computers, with better 
service-at better prices. 

All you do is call us and place 
an order, and we ship it direct 
to you. Which makes buying a 
computer as simple as it can be. 

Now, if you'd like the rest of 
the details on our hyper..fast 286 
computer, and information on 
the rest of our line, there's only 
one more thing you have to do. 

Turn the page. 
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The Dell 

Computer


Store. 

Welcome to our store.To buy or lease 

a Dell computer, call (800) 426-5150. 
We'll help you select the right system. 

For service and technical support, call 
our highly trained technicians at (800) 
624-9896. In almost all cases, any prob
lem can be solved over the phone. 

T hese technicians are also supported 
by H oneywell Bull service engineers 
who can be dispatched to your office 
by the next business day, should on-site 
service be required. This optional 
service contract is available in over 95o/o 
of the U nited States, with over 1,000 
engineers in 198 service locations~ 

We are so confident in our quality 
products that we also provide a Total 
Satisfaction Guarantee,which says that 
any system bought from us may be 
returned with in thirty days from the 
date it was shipped to you for a com
p lete refund ofyour purchase price. 

We also offer a One Year Limited 
Warranty, which warrants each system 
we manufacture to be free of defects in 
materials and workmanship for one full 
year. During the one year period we 
will repair or replace any defective prod
ucts properly returned to our factory. 

Call or write for the complete terms of 
our Guarantee Warranty, and the 
Honeywell Bull Service Contract. Dell 
Computer Corporation, 9505 Arbore
tum Blvd., Austin, Texas 78759-7299. 

Dell products are available on GSA 
contract #GSOOK87AGS6127. Call us 
to get GSA pricing. 
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THE NEW 

SYSTEM 


310. 

T he rop of the line. It's the 
highest performance 80386 
computer available, faster than 
the IBMt PS/2t Model 80 and 
the Compaqt 386/ 20. It runs 
at 20 MHz, with the latest 32· 
bit architecture for complete 
MSt OS/ 2 compatibility and 
maximum performance. Since 
it also has lntel'st Advanced 
82385 Cache Memory Con· 
croller, and high performance 
disk drives, the System 310 is 
ideal for intensive database 
management, complex research 
and development, CAD/ 
CAM, and desktop publishing. 
As a network file server the 
system offers an unbeatable 
combination of price and 
performance. 
Standard Features: 
lncelt 80386 microprocessor running at 

20MHz. 
I MB of80 ns 32·bit RAM expandable 

to 16 MB withour using an expan.<ion 
slot. 

Advanced Intel 82385 Cache Memory 
Controller with 32 KB of high speed 
sratic RAM. 

Socket for 20 MHz 80387 coprocessor. 
5.25" 1.2 MB or 3.5" 1.44 MB diskette 

drive. 
Dual diskette and hard disk drive 

controller. 
Enhanced IOl·ke.y keyboard. 
I parallel and 2serial ports. 
200-watt power supply. 
Real·time clock. 
8 expansion slots (6 available wirh hard 

disk drive controller and video 
adaprcr insrnlled). 

Dell System Analyzer. 
MS·DOS and MS OS/2 compatible. 
Security lock wirh locking chassis. 
12 month on-sire service conrracr 

(Available on complere systems). 
Options: 
I MB RAM upgrade kit. 
20 MHz Intel 80387 math coprocessor. 
2 MB or 8 MB memory expansion 

boards. 

SYSTEMJIO wtrh Moru1or ~nd Ad:Jprtt 

Haro l)bk 
Ori-.'CS 

VOA 
Mono 

VCA 
C<>io< 

V(it\ 
C(lio<Pll• 

.OM8·2.8mt. S:J.199 S3.'.l99 S..09!l 

90 M6·18ms 
ESOI 54.599 54.199 5-t.899 

150 MB·l6 n\t: 
ESOI SS.099 $5.299 S~.l99 

3?2 MIH8nn 
ESOI $7.099 $7299 $?J99 

THE NEW 

SYSTEM 


220. 

As fast as most 386 computers, 
at less than half the price-more 
power for the money than any 
other system. An 80286 system 
that runs at 20 MHz, with less 
than one wait state. Completely 
compatible for both MS-DOS 
and MS OS/ 2 applications (it 
runs OS/2 faster than IBM PS/2 
Model 80), and with a remark· 
ably small footprint, the System 
220 is the ideal executive work
station for database manage· 
ment. business, or sophisticated 
connectivity applications. T he 
system uses page-mode inter· 
leaved memory; the page-mode 
RAM operates at less than one 
wait state and inter-leaving 
results in a performance increase 
ofabout 15 percent 

Standard Features : 
80286 microprocessor running 

at20 MHz. 
l MB of RAM expandable to 

L6 MB (8 MB on system 
board). 

lncegrated diskette and VGA 
video conrroller on system board. 

One 3 . .5" l.44 Ml3 diskette drive. 
lncegraced high performance hard 

disk interface on system board. 
Enhanced !OJ-key keyboard. 
l parallel and 2 serial pores. 
LIM 4.0 supporr for memory 

over l MB. 
Real-time clock. 
Three full -sized ATt compatible 

expansion sloes. 
Socket for 80287 coprocessor. 
Dell System Analyzer. 
MS·DOS and MS OS/ 2 

compatible. 
Security lock with locking chassis. 
12 month on-site service con· 

tract (Available on complete 
systems). 

Options: 
3.5'' 1.44 MB diskerte drive. 
Intel 80287 coprocessor. 
I MB RAM upgrade kits. 

SY~ir.M ?IO 

WithMon1t0t 

VGA 
Mono 

VGA 
Cob 

VGA 
c.o;,.)b 

One IM.krttr- Ori<.\.' Sl .:"99 Sl .999 £099 
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THE NEW 

SYSTEM 


200. 

A great value in a full-featured 
AT compatible. An 80286 com
puter running at 12.5 MHz. this 
system is completely MS OS/ 2 
compatible. It's ideal for general 
business applications, as well as 
software development, local area 
networks, CAD/CAM. and desk
top publi hing. The System 200 
offers high speed drive options, 
industry standard compatible 
BIOS, and on-site service. At 
these low prices, the System 200 
is the best value in the 80286 
marketplace. As Executive Com· 
puting aid of this computer's 
predecessor. "If faster processing 
speed and low cost are two key 
issues affecting your purchase 
decision, this machine might be 
the ideal choice for your office'.' 

Sta ndard Features : 

lmcl 80286 microprocessor running at 


12.5 MHz. 
640 KB of RAM, expandable to 16 MB 

(4.6 MB on system board.) 
5.25" 1.2 MB or 3.5" 1.44 Ml3 diskette 

drive. 
Dual diskette 1md hard disk drive 

conrroller. 
Enhanced IOl ·key keyboard. 
I parallel and 2 serial ports. 
200-wart power supply. 
Real·time dock. 
6 expansion slots. (4 available wirh 

hard disk drive controller and video 
adaprcr insrn lledl. 

Socket for 8 MHz 80287coprocesso1-. 
Dell System An~lyze1-. 
M -DOS & MS OS/2 comparible. 
Security lock with locking chassis. 
12-monrh on-site service contract 

(Available on complete systems). 

Options: 

512 KB RAM upgrade kit. 

8 MHz Imel 802 7 coprocessor. 


SYSTv.M200 With MonltOf a~ Acbrrn 

H•1dDnl< 
r>rwn. Mooo VG A 

M(IN) 
VGA 
Cnloc 

VGA 
Cw Plus 
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100. 

A fu ll-featured, yet economical 
one-piece computer for office, 
school, or home. This system is 
fast. easy to use, and ready to 
run with Dell Enhanced MS· 
DOS 3.3, Microsofrt DOS Man
ager; and Microsoft Works soft· 
ware-more than a $400 value. 
included at no extra charge. 
Complete MS-DOS compatibility 
means you can run thousands 
of programs for business, per· 
sonal finance, education, and 
entertainment. And the System 
100 can grow, with the high 
quality options listed below. A 
price leader in 8088 technology, 
the System 100 boasts an inno· 
vative design that allows for more 
power. peed and convenience 
than most of its competitors. 

Standard Features: 
Imel 8088 microprocessor run· 

ning at 9.54 MHz selecrable 
to 4.77. 

640 KB of RAM. 

3.5" 720 KB diskette drive. 

Diskette drive controller inte· 


grated on system board. 
Integrated high-quality 84-key 

keyboard. 
I serial and I parallel port. 
Two full-sized expansion slots 

available when video adapter 
is insra lied. 

One half-sized expansion slot used 
for video adapter. 

Socket for 8 MHz 8087 
coprocessor. 

Interna l speaker with earphone 
jack and volume control. 

Securiry Tie-Down bn1cket. 
Dell Enhanced MS·DOS 3.3 

Microsoft DOS Manager, 

Microsoft Works. 


Options: 

3.5" 720 KB diskette drive. 

8 MHz Intel 087. 


With MnNl'Of :and AJ.ipc('r 

SYSTEM IOO 
Mono• CGi' VG1\ VG A 
chronl4' Colo• Mnno Cob 

720KB 
Dt.i.L.,u: sm S89'J Y.J99 Sl.199 

Dnw 

T"'"720K8 
lh:t.k<- 11 ~lftj,,,. S?49 Sl.Q49 Sl . l"fl Sl.349 

20 MBHoHl 
U..k $1 .2'.19 s1.m $1.499 $1Hl9 

PRINTERS. We now offer a full line 
ofPC,compatible dot matrix and laser 
printers. Our dot matrix printers range 
from inexpensive near,letter quality 
printers to the highest resolution printers 
available. Our laser printers include some 
of the fastest, most reliable printers ever 
made. All are 300 dots per inch, and all 
support serial and parallel interfaces. And 
all printers come with our 30,day money, 
back guarantee and a one year warranty. 

LASER PRINTERS 
Laser System 150 $5.995 
15 pages per minute. textand graphics 
1.5 MB srandard memory.expandable 

to2.0MB 
Dual 250-sheet input trays 

Laser Sysrcm 80 $3,195 
pages per minute text and graphics 

1.5 MBsr•ndard memory.expandable 
to 2.0MB 

Laser System 60 $2.195 
6 pages per minu re. rexr and graphics 
1.5 MB smndard memory. 

expandable to 2.0 MB 

DOT MATRIX PRINTERS 
Printer System 800 $699.95 
Highest resolurion text and graphics 

from a 24·wire dot matrix printer 
Draft quality at 200 cps 

Correspondence quality at 132 cps 
Letter quality at 66 cps 
Srandard parallel and serk1I inrerfaces 
\Xlidc rarriagc 

Printer System 600 $499.95 
9-wirc dot marrix 
Draft quality ac 240 cps 
Near·letter quality at 60 cp 
Srandard pardllel interface 
12.6 KB Bulfer (cxpandahle to 28.6 KB) 
Wide carriage 

Printer System 300 $199.9.5 
9·wirc dot matrix 
Draft quality at 144 cps 

ear-letter qualiry at 36 cps 
four standard fonrs 
Paper parkmg 
4 KB buffer 
Srundard Parallel interface 

PERIPHERALS. With our unique 
manufacturing capabilities, we can build 
a system to your exact specifications. We 
offer monitors, modems, graphics boards, 
tape backups, hard drives, diskette 
drives, expanded memory boards, a serial 
mouse, and more. Call for details. 
Operating System Software 
Dell Enhanced MS-DOS 3.3 with di k cache and other 

utilities $119.95. 
Dell MS OS/2 Standard Edition 1.0 $324.95 

SOFTWARE. Complete your system 
with software: accounting, communications, 
desktop publishing, graphics, home, spread, 
sheet, training, word processing, and inte, 
grated packages. Call for more information 

lDORDER,CALL 
• 800·426·5150 

All rrices and s~cifications ilrt subfect IO ~l)g<' wiihout notice. Please inquire for a1.mm t der:a1ls. 
Dd cannot be responsible for errors m cypography or phot'ogrnphy fn Canad.i.., le.l.Sing ls not 
cunmlly »-ailabk and oonfi11Urori<>ns and priang may'""!)'·•AvaHa bl< on 5)"St<m IOOa1 e..rra chaigt. 
tSzgmfttS regiSll'red or onregi.o;rcred rradernarks owned b)' cnrlnt>S other 1h.1n L>ell Computer
Corp0ra1ion. 0 1988 DELL COMPUTERCORPORATION. llEF8 
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WHAT'S NEW 

SOFTWARE • SCIENTIFIC AND ENGINEERING 

Anvil Forges Designs 
on Vour386 

Anvil-5000pc integrates 
drafting , wire-frame, sur

tilce modeling , section analy
sis, and numerical control 
using the same data structure 
and interactive interfaces for all 
functions. 

Its drafting capabilities in 
clude notes , labels, dimen
sions, cross-hatching , arrow 
on curve, balloon, text edit , 
surface finish, and true-posi
tion tolerancing. Its geometric 
features offer points , lines, 
arcs and circles , splines, 
conics , strings, and 
poly lines. 

The program has an inte
grated database, a warm re
boot, and an open architec
ture. It can handle drawings of 
parts that have more than 
340,000 entities. 

The program supports 
VGA, PGA , and EGA. It 
comes in six software mod
ules, beginning with 3-D De
sign and Drafting, which is 
the core module of the system 
and is available immediately. 
Other modules will be released 
throughout 1988. 
Price: 3-D Design and Draft
ing module, $3995; other mod
ules will range from $495 to 
$1995. 
Contact: Manufacturing and 
Consulting Services Inc. , 9500 
Toledo Way, Irvine, CA 
92718, (714) 951 -8858. 
lnquiry 774. 

Astronomical 
Space Birds 

S pace Birds is an astro
nomical program that pre 

dicts the visibility of artificial 
earth satellites. It requires that 
you obtain information on or
bital elements from NASA on 
forms provided in the pack
age. You enter the elements , 
your latitude, longitude, and 
height above sea level , and the 
time period for which you 
want visibility predictions. 

The program runs on the 
IBM PC, XT, AT, and compat

Anvil-5000pc does all kinds of3-D design and drafting . 

ibles with DOS 2.0 or higher. 

Price: $40 for PC and XT 

version; $45 for PC AT 

version. 

Contact: Astronomical Data 

Service, P .O . Box 26180 , Col

orado Springs, CO 80936, 

(719) 597-4068 . 
Inquiry 775. 

New Mathtool Module 

S tatistics I is the first 
module in Gulf's numeri 

cal analysis library, Math
tool. Statistics I calculates 
means, variance, moments, 
moving averages, frequency 
distributions, and cumulative 
frequency distributions . It also 
performs data smoothing, 
tests of hypotheses and signifi 
cance, and confidence inter
val estimates . 

The modules in the Math
tool series offer on-line editing 
of data, mathematical rou 
tines, and graphics output to 
the screen or printer . You can 
input your own data, ASCII 
files, or Lotus 1-2-3 files . 
Other Mathtool modules will 
include Matrix Analysis, Re
gression and Correlation , 
Probability, Differential 
Equations , Fourier Series, Bes
sel Functions, Numerical In
tegration, Analytic Geometry, 

Mathematical Functions, and 
Numerical Differentiation. 

Statistics I operates as a 
stand-alone program or will 
work with other Mathtool 
units. They all run on the IBM 
PC, XT, AT, and compat
ibles with 256K bytes of RAM . 
A monochrome or color 
graphics card is recommended . 
Price: $95. 
Contact: Gulf Publishing 
Co. , Book Division, Dept. R8 , 
P .O. Box 2608 , Houston, TX 
77252, (713) 529-4301 . 
Inquiry 776. 

Passage Into Two 
Dimensions 

W orld Precision Instru
ments has designed Pas

sage for two-dimensional 
plotting and numerical analysis 
on a Mac . The program lets 
you enter data from other pro
grams. It will scale and plot 
multiple sets of the data, in
cluding asymmetrical error 
values. Passage also analyzes 
and manipulates the data, 
using routines to calculate inte
grals, fast Fourier transforms , 
and polynomial fits. 

Passage runs on the Mac 
Plus, SE, and IT. 
Price: $495. 
Contact: World Precision 
Instruments, 375 Quinnipiac 
Ave., New Haven, CT06513, 
(203) 469-8281. 
Inquiry 777. 

SEGS Plots 
Engineering Graphics 

S EGS is a scientific engi
neering graphics system 

that can plot over 5000 data 
points for each of 10 curves 
with up to four independent 
y axes. It features a Lotus 
1-2-3- style interface and lets 
you produce presentation-qual 
ity graphics on many plotters 
and printers, including Hew
lett-Packard pen plotters and 
LaserJets , and IBM graphics
compatible dot-matrix 
printers . 

An internal numeric 
spreadsheet lets you enter, 
transform, and manipulate 
data mathematica.lly to produce 
plots . You can enter data with 
the numeric spreadsheet, or 
you can import data from 
spreadsheet print files or 
ASCII data files . 

To run SEGS, you need an 
IBM PC, XT, AT , or compat
ible with 256K bytes of RAM 
and DOS 2.0 or higher. It also 
runs on PS/2s and supports 
CGA, EGA, VGA, and Her
cules Graphics cards. 
Price: $195 . 
Contact: Edmond Software 
loc., 3817 Windover Dr., 
Edmond , OK 73013, (800) 
992-3425; in Oklahoma, (405) 
340-0697 . 
Inquiry 778. 

PCB Design 
on the Mac II 

EDS-1 is an electronic de 
sign program that com

bines modules for producing 
printed circuit board designs. 
Modules include schematic 
entry , PCB layout, routing, 
and a Gerber translator . 

Vamp also offers EDS-II , 
which is essentially the same 
package as EDS- I , but in
cludes a digital simulator. 
Price: EDS-1, $1495 . 
Contact: Vamp Inc. , 6753 
Selma Ave. , Los Angeles , CA 
90028, (213) 466-5533. 
Inquiry 779. 
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• 
•THE COMPILER 

THAT MAKES THE FASTEST 

CODE FOR SIEVE IS 


JPI TOPSPEED™MODULA-2. 

The successor of Pascal: 

JP/ TopSpeed Modula-2 

produces better code than 

Microsoft C, Turbo C, 

Logitech Modula, and 

Turbo Pascal 4.0. The fig

ures speak for themselves: 

M•»urcd by Bri11>h S!Jllldanl> ln.i11u110~ fBSIJ 
f 25 llClllllODS of s...,, on ~MH• An 

In England and Europe contact: 

knsen & Partner.; UK Ltd.. 63 Clerkenwcll Rd .. 

London ECIM 5NP. Phone: (01) 253-4333. 

In England call Toll Free 0800 444-143. 

24 Hour... Compiler Kit £59.95. TuchKit 

£29.95 (introductory offer only vahd in lhc US). 


Jensen & 

Partne~ 

lmemmiona.I 

TopSpccd,. a 1radc'°""' of kn><n II: Parrncrs ln1cma1ion>I 
Ocher hr.ind and prodU1:1 names arc trademark" or ~glstercd 
lradcnwts of thtu ~pcc11vc holden-

Circle 146 on Reu.der Service Card 

JPJ TopSpeed Modula-2 i a profes ional 
Modula-2 development system with full 
support of memory models. multi-tasking, 
long data types. structured constants. long 
and shon pointers, 80 x 87 inline code and 
emulator, separate compilation. direct 
BIOS/DOS calls etc. The comprehensive 
library includes CGA. EGA and VGA 
graphics support. math functions, sorting. 
file handling, window management and 
more. Here i what our users say: 

"JP/ Modula-2 is the Modula-2 
we have all been waiting 
for. JP/ Modula-2 will do for 
Modula-2 what 7iirbo Pascal 
did/or Pascal." 

- KN King 
Author ofModula-2: 

11ie Complier Kit lndudes: High-speed optim
izing compiler, integrated menu-driven 
environment with multi-window/multi-file 
editor, automatic make. fast sman linker. 
All Modula-2 ources to libraries included. 
Bonus: Complete high-speed window man
agement module included with ource. 

The TechKlt lndudes: A. sembler start-up 
source code for system. JPJ TopSpeed 
As. embler. TSR module, commm1iea1ions 
drivers, PROM locator and technical 
infonnation. 

Systems requirements: IBM PC or compat
ible, 384K available RAM and two floppy 
drives (hard disk i recommended). 

To become part of the excitement, make 
use of our limited-time introductory price /
of$59.95 (after July 4, 1988:$99.95). /30days unconditional money-
back guarantee. / 

A Complete Guide 

"JP/ Modula-2 is a landmark 
product. The e11viro11me111 is 
beuer than anything 011 offer 
from Borland or Microsoft ." 

-Huw Colli11gbo11me 
Co111p111er Shopper 

http:of$59.95


WHAT'S NEW 

SOFTWA R E • SCIENTIFIC AND ENGINEE R ING 

Camstat Analyzes 
Manufacturing Data 

With this set of statistical 
functions, you can 

monitor, detect, correct, and 
improve quality control in 
manufacturing processes. 

You can enter data into 
Camstat through its editing en
vironment or from files gen
erated by other applications. 
You can also create a series of 
prompts that you can use to 
enter data directly into the 
system, making it available on 
the manufacturing floor. 

Camstat handles paramet
ric , attribute, date, and charac
ter variables. You can split 
data into subsets, change 
values, transform values, and 
filter out subsets of data. 
Charting features include 
X-R, trend, and p-charts. Its 
graphics capabilities include 
histograms, cumulative sum 
plots, x,y plots, capability anal
ysis, SPC control charts, and 
Pareto charts. 

Carnstat runs on the IBM 
PC AT or compatibles with at 
least 640K bytes of RAM , a 
1.2-megabyte floppy disk 
drive, and an EGA or Her
cules monochrome adapter. A 
math coprocessor is 
recommended . 
Price: $649 . 
Contact: Cameo Systems 
Inc., 2880 San Tomas Express
way , Santa Clara, CA 95051 , 
(408) 986-9200. 
lnqu[ry 780. 

Generate Splf fy 
Scientific Presentations 

ou can use Ventura or Y GEM Desktop Publisher 
to create text for publication, 
then use Specific Fonts 4 (SF4) 
to create the scientific and 
mathematical formulas, expres
sions, and diagrams to insert 
into your document. 

SF4 provides you with 
symbol and monospace fonts 
for GEM users, a set of math 
and Greek picture foots in the 
form of Draw objects, and an 
art library of numbers and let
ters for special decorative 
features. 

Putting Camstat to use on the manufacturing floor. 

You can edit SF4 with 
FontEdit, a GEM-based editor 
from Specific Solutions. 

The program requires 
GEM or Ventura and runs on 
the IBM PC and compatibles 
with at least 512K bytes of 
RAM. 
Price: $75. 
Contact: Specific Solutions, 
1898 Anthony Court, Moun
tain View, CA 94040, (415) 
941-3941. 
Inquiry 781. 

Thermal Analyzes 
Semiconductor 
Temperatures 

T henna! is a three-dimen
sional thermal-analysis 

program that assists you in re
designing semiconductor cir
cuits . It calculates a grid of 
temperatures, up to 30 by 30, 
on as many as five power 
sources for a given substrate . 
A list of 20 substrates is in
cluded, or you can define new 
ones. 

The program runs under 
Microsoft Windows and makes 
use of Windows · Clipboard, 
allowing you to integrate any of 
its display modes into other 
Windows applications . You can 
also create text files to use 
with other non-Windows 
programs. 

You can view your output 
in graphic or text form. When 
viewing graphically , you can 
toggle isothennal and grid lines 
on and off. In text mode, you 
can display the cell and sub
strate input data as well as 
any calculated output data. You 
can also page through the 
data with the keyboard or 
mouse. 

Thermal runs on the IBM 
PC and compatibles with at 
least 640K bytes of RAM , a 
math coprocessor, and Win
dows 1.03 or higher. A Win
dows-compatible mouse is 
recommended. 
Price: $449.95 . 
Contact: Solutions Firm
ware, 6915 Rendina St., Long 
Beach, CA 90815 , (213) 596
1900. 
Inquiry 782. 

Analyzing Time Serles 
or Random Data 

Micro-Mac/Ran is a 
microcomputer version 

of the time-series and spec
tral-analysis system Mac/Ran , 
originally designed for 
ma.inframes. 

The program performs 
spectral analysis, data correla
tion, generation and complex 
arithmetic manipulation of sig
nals, and digital filtering. It 
comes in modules that can run 
as stand-alones, interactively, 
or in batch mode. The modules 

include shock spectra, multi
ple-input linear systems 
analysis, probability function 
estimation, tracking filters, 
third-octave processing, and 
more. 

University Software re
ports that the program was de
signed so that you need only 
an elementary knowledge of 
time-series analysis 
characteristics. 

Micro-Mac/Ran runs on 
the IBM PC and compatibles 
with at least 5 l 2K bytes of 
RAM , a math coprocessor, and 
a hard disk drive . It supports 
graphics boards and Hewlett
Packard plotters. 
Price: Four microcomputer 
versions range in price from 
$599 to $2495. 
Contact: University Software 
Systems, 250 North Nash St., 
El Segundo, CA 90245, (213) 
640-7616. 
Inquiry 783. 

Flt and Plot Your 
Curves 

Curve-fitting routines 
performed by F-Curve in

clude cubic spline, divided 
difference, polynomial and 
multiple linear regression 
with least squares, and non
linear fits using the simplex 
technique. You can use 
Savitzky-Golay filters to 
smooth the data. The program 
also lets you calculate the 
value of y for any value of x on 
the smoothed curve, the value 
of the integral of the smoothed 
curve for any x interval, and 
the value of the derivative of 
the curve for any value of x. 

Plotting capabilities let you 
plot data points with or without 
the fitted curve. You can plot 
data points with error bars or 
symbols or both. 

F-Curve runs on the IBM 
PC , XT, AT , and compatibles. 
Price: $59.95 . 
Contact: LEDS Publishing 
Co. Inc., P.O. Box 12847, Re
search Triangle Park, NC 
27709, (919) 477-3690. 
Inquiry 784. 
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"There's No Reason To Look Beyond 

" 

-PC Magazine, Editor's Choice Award, Two-Time Winner 

Data Recovery • Fast Hard Disk Backup • Disk Management 

Now we've given you even more 
reason-PC Tools"' Deluxe. 

PC Tools Deluxe gives 
you all the best features 
of Fastback:" Norton:"' 
XTREE:"' Mace:M Side
kick~ Lightning'" and 
Disk Optimizer-a $700 
value-for just $79. 

Other utilities may claim 
they "do it au:· but only 
PC Tools Deluxe delivers: 

• A DOS shell so complete 
80 Micro called it their "over
whelming choice based on 
versatility, ease of use, and 
cost!' •The best UNDELETE 
available-instead of merely 
"guessing:' it recovers all data 
even on fragmented files. 
• HARD DISK BACKUP 
as fast and every bit as reliable 
as Fastback. •The leading 
UNFORMAT for hard disks 
and floppy disks, enabling you to 

recover from many disk disasters. 
• PCFORMAT for safe for
matting of floppy and hard disks. 

utility for speeding up disk access. 
•A quick, reliable DISK CACHING 

• A fast COMPRESS feature that like Disk Optimizer 
dramatically improves hard disk performance. • And a better 
resident mini WORD PROCESSOR than Sidekick, including GerardPoint 
word wrap, search/ replace, formatted page printing and more. 

Before you buy any of these other utilities, take a look at PC Tools SoifJ!!l1!!o 
Deluxe. Like PC Magazine, you'll find there's no reason to look 

9700 S.W. Capitol Hwy. any further. For the dealer nearest you, or to order direct, call Portland, OR 97219 
(503) 244-6036, M-F, 8 a. m.-5 p. m. (West Coast time). Questions? 

Call us at (503) 244-5782. Circle 54 on Rttuler Service Card 


PC Tools is a rrad•mark of Central Point Software. All other product names are rrndemarks of thei r manufacturers. 



WHAT'S NEW 

SOFTWARE • BUSINESS 

Manage Your Money 
on Your Mac 

T he Macintosh version of 
Managing Your Money in

cludes the same capabilities 
as the IBM version and also 
allows you to integrate the 
financial "chapters" to come 
up with a budget, manage 
savings, calculate income, and 
more. 

The program performs 
basic budget and checkbook 
management , tax planning, 
portfolio management, and re
tirement planning. 

Managing Your Money for 
the Mac is not copy-protected 
and runs on the Mac 512Ke, 
Plus, SE, and II. You must 
have two disk drives, one of 
which must have at least 800K 
bytes of RAM. 
Price: $219.98. 
Contact: Meca Ventures 
Inc . , 355 Riverside Ave . , 
Westport, CT 06880, (203) 
226-2400. 
Inquiry 762. 

Low-Cost Turbo
Charged Accounting 

Everything you need to 
perform basic accounting 

tasks is integrated in Info
Team Turbo Accounting from 
Info Designs. The program 
includes modules for general 
ledger, accounts receivable, 
invoicing, accounts payable, 
and check writing. The mod
ules are integrated so that every 
time you enter or change in
formation, each transaction is 
time-stamped, and the gener
al -ledger module is updated. 
On-line help is included in 
each module. 

InfoTeam Turbo Account
ing is available on 3 lh- and 
51A-inch disks . It runs on the 
IBM PC, XT, AT, and 
compatibles. 
Price: $99. 
Contact: Info Designs Inc. , 
445 Enterprise Court, Bloom
field Hills, MI 48013, (313) 
334-9790. 
Inquiry 763. 

Scoring Big 
with Mutual Funds 

Mutual Fund Scoreboard 
disks are issued quarterly 

by Business Week and cover 
equity and fixed-income funds 
listed in the NASDAQ sys
tem. The current version of the 
Scoreboard includes the criti 
cal fourth quarter of 1987 and 
covers approximately 728 
equity funds and 536 fixed
income funds. 

The Scoreboard disks offer 
more than 25 fields of informa
tion, including a rating by 
Business Week, which measures 
a fund's performance ad
justed for risk and sales 
charges. You can retrieve in
formation from the fields in a 
variety of ways; for instance, 
you may want to know which 
no-load funds emphasize 
growth, or which outperformed 
Standard & Poor's 500-stock 
index in the past 5 years . 

You can convert the data to 
Lotus 1-2-3 or ASCII format. 
The Scoreboard runs on the 
IBM PC and compatibles with 
at least 256K bytes of RAM 
and DOS 2 .1 or higher. A data 
management program is in
cluded on each disk, so you can 
access and print the 
information . 
Price: $49.95 per disk; 
$ 149.95 for annual subscrip
tion to either Equity or Fixed 
Income disks; $239.95 for an
nual subscription to both Eq
uity and Fixed Income disks. 

Financial analysis at your fingertips. 

Contact: BusinessWeek, 

1221 Avenue of the Americas. 

New York, NY 10020, (800) 

553-3575 ; in illinois , (312) 

250-9292. 

Inquiry 764. 


Developing Business 
Programs 

C oncept 1.0 from Archi 
medes lets you prepare 

documents , design forms , 
write programs, generate 
spreadsheets, and organize a 
database. The word-process
ing, report-processing, and 
database management func 
tions are integrated with a 
progranuning language . Archi
medes says you can add 
macros, templates, and data 
libraries. 

Concept comes with soft
ware for word processing and 
mailing-list management , a 
pop-up calculator, a calendar. 
and an accounts receivable 
module. 

The program runs on the 
IBM PC, XT, AT, and compat 
ibles with 512K bytes of 
RAM and DOS 2.0 or higher. 
It also runs on PS/2s . 
Price: $195. 
Contact: Archimedes Inc. , 
O'Hare Lake Office Plaza, 
2350 East Devon Ave., Suite 
242 , Des Plaines, lL 60018 , 
(312) 635-0715 . 
Inquiry 765. 

A Micro-Based 
Management 
Information System 

EMIS D (executive man
agement information sys

tem) keeps databases of 
phone calls , leners, prices, in
voices, delivery dates , when 
to call back , and buying cycles. 
It can offer you figures on 
sales, call activity , time spent 
on the phone, internal 
memos , averages , and 
summaries . 

The Dossier is the pro
gram 's central file . Stored in 
the Dossier are names, ad
dresses , phone numbers , ZIP 
codes , titles, and greetings, 
along with information fields 
that you can designate. You 
can display past activity of the 
account with the files and in 
clude forms, memos, call 
dates . buying patterns . and 
other information. 

EMIS II has three levels of 
security . The first requires that 
you have an operator code. 
The second limjts certain data 
segments to only those users 
who have optional passwords . 
The third level lets managers 
limit access of certain 
functions . 

The program uses the 
Btrieve Record Manager, 
which sorts by midpoints, 
moving you closer to the de
sired files than alphabetical 
sorting , according to the com
pany. You can separate data
bases into data segments, and 
tr.rnsfer files between data 
segments . You can also import 
and export ASCII informa
tion . The program also has a 
forms- and report-producing 
capability . 

EMlS ll runs on the lBM 
PC, XT, AT, and compatibles 
with 512K bytes of RAM. It 
also runs on PS/2s, and there is 
a multiuser network version . 
Price: $1495 for single-user 
version; $2495 for three-user 
version; $1995 for every 
three users added. 
Contact: EMIS Software 
Inc. , 901 Northeast Loop 410, 
Suite 526, San Antonio, TX 
78209. (512) 822-8499. 
Inquiry 766. 
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ta oommunlcatton 
IN!IM._.,,inMlber of approaches have been 

Our exclusive near-end/ 
far-end echo cancellation 
techniques, combined 

Created by Dayner/Hall, Inc., Winter Park, Florida 

-.. -OM CO RD 

with trellis coding, result In -17dBm signal· 
to-noise ratio; that's plenty of horsepower for 

dlseussed. There's the CCITT-approved V.32. There 
are even some "pseudo V.325' around. Some 
suggest that, because of their somewhat lower 
cost, non-standard modems may be the answer. 

At Universal Data Systems, our position is 
carved In stone: for full end-to-end compatibility, 
regardless of equipment source, standardization 
on true V.32 is the only workable solution. 

That's why the fully featured UDS V.32 is the 
acknowledged price/performance leader. 

voice-grade lines. 
As back-up for your dedicated four- or two

wire system, or for a 9600 bps upgrade of your 
present dial-up communications, check out the 
UDS V.32. It's the standard! 

Universal Data Systems, 5000 Bradford Drive, 
Huntsville, AL 35805. s1595ooTelephone 2051721-8000; 

Quantity One Telex 752602 UDS HT\/. 

TELEPHONE 800 /451-2369 

Universal Data Systems 

® .MOTOROLA INC. 
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WHAT'S NEW 


SOFTWARE •OTHER 

SCORPIO ON THE DESKTOP 

The Scorpio desktop page numbering, and head monitors, and mice. It runs 

publishing system fea ers and footers. on the IBM PC XT, PC AT, 


tures WYSIWYG editing, Text-formaning capabili or compatible 386 systems. 

up to 4096 pages per docu ties include style-sheet defi Minimum configuration is 

ment, up to 40 columns per nition and recall, superscript 640K bytes of RAM, a 

page, automatic text flow, and subscript, and type sizes graphics monitor, a mouse, 

and both automatic and of up to 72 points in I -point and a printer. 

manual kerning. It comes increments. You can enter Price: $595 . 

with nine fonts, which in text directly on the screen or Contact: Via-PC , 1571 

clude two font families plus import ASCII files or files West Katella Ave. , Suite E, 

a utility font . Other features from WordStar or PC Write. Anaheim, CA 92802, (714) 

include automatic text-over The program supports a 491-8871. 

flow handling, automatic variety of scann.ers, graphics Inquiry 790. 


sion uses about 4. 75K bytes of 
RAM, plus 2K bytes for the 
command processor. The pro
gram runs on many CPIM sys
tems. If it doesn't run on your 
system and you have experi
ence in Z80 programming, you 
can purchase a kit version and 
configure it to your system. 
Price: $30; kit version, $45 . 
Contact: Plu•Perfect Sys
tems, 410 23rd St., Santa 
Monica, CA 90402, (213) 
395-4984. 
Inquiry 794. 

Take a Closer Look 

Zoom in on your text with 
ZoomText, a RAM-resi 

dent character-magnification 
program. It magnifies text from 
2 to 8 times its normal size, 
and three fonts let you vary the 
thickness and spacing be
tween characters. When you 
use it with a monochrome 
monitor, Zoom Text supports 
all character attributes includ
ing reverse video, high inten
sity, blinking, and underline. 
With a color monitor, Zoom
Text supports all foreground 
and background colors as well . 

ZoomText doesn't require 
any special hardware, accord
ing to Algorithmic Imple
mentations. It runs on the IBM 
PC, XT, AT, and compat
ibles with DOS 2.0 or higher. 
It uses SOK bytes of RAM 
and requires an EGA card and 
compatible monitor. 
Price: $495 . 
Contact: Algorithmic Imple
mentations lnc., 1463 Hearst 
Dr., Atlanta, GA 30319, 
(404) 233-7065 . 
lnquiry·791. 

Turn Your DeskJet 
Into a Plotter 

You can turn your Hew
lett-Packard DeskJet 

printer into a plotter to print 
engineering drawings, business 
graphics , and other docu
ments with Insight's DeskPlot
ter utility. Insight claims the 
software is completely trans
parent to your plotter applica
tions. A control panel lets you 

set print characteristics ac
cording to your needs, includ
ing the plotting resolution, 
the width of each pen, and the 
shade of gray. Ifyou need to 
plot multiple graphs, you can 
queue as many plot files as 
you like. 

DeskPlotter will run any 
program that outputs HPGL 
(Hewlett-Packard Graphics 
Language) . It runs on the IBM 
PC, XT, AT, and compat
ibles and emulates the HP 
7470A, 7475A, and 
ColorPro. 
Price: $129. 
Contact: Insight Develop
ment Corp., 1024 Country 
Club Dr., Suite 140, Moraga, . 
CA 94556, (415) 376-9451. 
Inquiry 792. 

Multltasklng
Word Processor 

J and~ Technologies calls 
EPEC the first word pro

cessor in a multitasking win
dowing environment. EPEC 
stands for "editor for produc
tivity, enjoyment, and 
creativity. " 

The windowing system 
supports overlayed windows 
and concurrent multitasking. 
The word-processing features 
include underline, boldface, 
text reformat, word wrap, pagi
nation, and multiple undo and 
redos. You can also edit across 
windows, moving text be

tween documents, or you can 
edit the same document in 
separate windows, so you don't 
have to scroll to edit. 

Other editing features in
clude editing an area as if it 
were a subdocument, so you 
can reformat or reshape it if 
you need to accommodate 
graphics. You can also gener
ate cross-references by listing 
lines and line numbers that 
contain a specific text string. 
You can assign up to eight 
function keys as macros . 

The program runs on the 
IBM PC, XT, AT, and compat
ibles with 256K bytes of 
RAM and DOS 2.0 or higher. 
Price: $99. 
Contact: Jandi Technologies 
Inc., 155-U New Boston St. , 
Woburn, MA01801, (617) 
932-0629. 
Inquiry 793. 

Bridging CP/M 
and DOS 

DosDisk lets you use DOS 
disks on your CP/M sys

tem, according to Plu•Perfect 
Systems. You can log into the 
PC disk and read, write, re
name, create, delete, and 
change the attributes of MS
DOS files . You cannot, how
ever, format DOS disks or 
run MS-DOS programs. Dos
Disk will read ASCil, dBASE 
II, WordStar, and other for
mats, and it maintains the date 
and time stamps of DOS files . 

The program supports 
standard 360K-byte disks . A 
resident system extension ver-

Stay In Tune 
with the Weather 

Accu-Weather Forecaster 
translates National Weath

er Service codes and lets you 
display them in maps and 
graphs. 

To use Accu-Weather Fore
caster, you need to set up an 
account with Accu-Weather. 
Metacomet reports that an 
average forecasting session 
will cost $2 in connect-time 
charges with Accu-Weather. 

The forecasting program 
lets you preselect what data you 
want from the database; it 
goes on-line and retrieves it, 
saves the data to disk, and 
logs off. You can specify tem
perature , barometric pres
sure, precipitation, and other 
variables for the entire coun
try , or you can zoo~ in on in
dividual regions' or cities. 

Accu-Weather Forecaster 
runs on the IBM PC with 256K 
bytes of RAM, DOS 2.0 or 
higher, two floppy disk drives, 
a color or monochrome 
monitor, and a CGA card or 
compatible. A version is 
available for the Mac 512, 
Plus, and SE. A Hayes-com
patible modem is required . 
Price: $89.95 for either the 
IBM or Mac version. 
Contact: Metacomet Soft
ware, P.O. Box 31337, 
Hartford, CT 06103, (203) 
223-5911 . 
Inquiry 795. 
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THE 
ISSIN 


ATEMPEST 

Network Server. 


From Atlantic Research 

CorP.oration. 

Atlantic ~esearch The BetterWa~
Corporation now • 

provides the missing 

link for creating a TEMPEST local area network (LAN)-our high performance. 

dedicated. multi-function TEMPEST Network SeNer. The T5172 Network SeNer. a 

TEMPEST version of the 3Com Networking System. can run Ethernet and AppleTalk

simultaneously. 


The T5172 does more than fill the gaps in your network: 
• It is compatible with ARC TEMPEST Macintosh lls and Macintosh SEs. as well as 
TEMPEST IBM PCs and TEMPEST Zenith PCs; 
• It optimizes network productivity, eliminating prob lems of complicated insta llation 
and use. incompatibility and lack of connectivity; 
• It provides program and data sharing, print spooling . electronic mail. tape back-up 
and network facilities to up to 50 users; and 
• It provides serial and parallel ports as well as Ethernet and AppleTalk ports. 

Best of all the T5172 TEMPEST Network SeNer is a product of Atlantic Research 
Corporation-the Better Way since 194 7. 

THE TEMPEST DIVISION OF A~C 
AllANTIC RESEARCH CORPORATION ~ 
THE INFORMATION SECURfTY PEOPLE 

1/ 800-542-5323 
in Virg inia, call 703-642-4280 

3Com® 3Com is a registered trademark and 3Server3 is a trademark of 3Com Corporation. 
""'h<><11rdl.,luc Addtd R<><ll<r Apple Talk is a registered trademark and Macintosh is a trademark ol Apple Computer. Inc. Authorizl!ld Dealer 
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WHAT'S NEW 


REGIONAL SECTION 


PACIFIC COAST 

Capture It In Color 

The VIA and VIA/PC are 
boards that plug into the 

IBM PC, PS/2s , and compat
ibles and enable you to capture 
color images from National 
Television System Committee 
video sources. VIA is com
patible with mode 13 of the 
PS/2 VGA and MCGA graph
ics chips and provides a resolu 
tion of 320 by 200 pixels with 
256 colors . 

According to the company, 
the boards acquire a 320- by 
240-pixel image with 65,536 
colors in 1/60 second; the soft
ware then selects the most 
common 256 colors in the 
image for display . Both 
boards occupy full slots . 
Price:VIA,$595;VIA/PC, 
$545 . 
Contact: Jovian Logic Corp., 
42808 Christy St., Suite 230, 

Capture color images with Jovian Logic's VIA/PC board. 

Fremont, CA 94538, (415) 

651-4823 . 

Inquiry 843. 


Get the Big Picture 

W ith Grand View, you 
can create outlines and 

word-processing documents 
and find relationships in the 

data you've accumulated . 
The program's outlining capa
bilities include a seamless in 
terface between headlines and 
documents. You can have up 
to nine outline windows open 
simultaneously, and you can 
organize headlines and docu
ments using Prioritize, Head
line Naming, Category Sort
ing, and Mark and Gather 

functions . You can also view 
your outline in a variety of 
numbering formats . 

Among GrandView's 
word-processing features are 
style sheets, paragraph for
matting, block operations, and 
custom headline labeling. 
You can create headers and 
footers , use different fonts 
and type styles, insert hard 
page breaks, and produce 
tables of contents. 

Tlie program lets you relate 
information by assigning out
line or word-processing infor
mation to categories . You can 
track the categories through
out the project and view the 
information by any category 
you choose. 

GrdlldView runs on the 
IBM PC, XT, AT, and compat
ibles with DOS 2.0 or h.igher, 
256K bytes of RAM , and two 

comi11ued 

"World's Largest Selection of RS-422A Converters" 

RS.232C TO RS..f22A " CONVERTER . ' ·,, • · 
Converter al lows your ~ 1 
RS·232C equipment to ' 

communicatew1thdevices1ha1 r~ 

use the R$-422A standard inter
face.The RS-422A standard uses . 

balanced d1fferent1al signals, which allows commun1ca
!tons.to take place on cable lengths up to4,000 feet. Ten . 

rece.ivers can be connected to any one driver for use tn 

multi-drop systems. 

. Converter uses male DB25P connector for RS-232C 

1nlerface; female DB25S connector for RS-422A 


C1i · D ·Sinterface. The R -232 ransm~ ata 1s converted lo
R$-422A and the RS·422A Receive Dala is converted to 
RS-232C. No handshake fines are connected. Requires 
12 volts DC al about 100 ma., an optional power supply 
is available. 
llodll422COH RS-232Clo R~22AConverter $49.95 
llodtl422PS PowrSupplylorConverttr 14.95 

Also available is a version of the RS-422A Converter 
with afemale 0825S connector for the RS-232C interface, 
and amale DB25P connector for the R$-422A interface. 
llOdtl422COR R1Ylll'MCIConvert1r $49.95 

CONVERTERRS..f22A TO CURRENT 

/) 

Compatlb/1 whh lht NewLOOP CONVERTER RS.530lnt1rfle1 Stand1rdModel422CL isa bi-direct· 
lonal, op1lcally isolated Converter supports Eight Channels ol RS-232C to 
R$-422A to Current Loop Con· R$-422A conversion; converts ID{2l, RD(3), RTS(4l. 
verter. One channel accepls CTS(5).DSR{6), CD(8). OTR{20), ancfTC(24) signals.The 
R$-422A data and outputs current loop; one 
channel accepts current locpdala and outputs RS-422A. 

The converter uses a male OB25P connector for the 
current loop interface and afemale 0825Sconnector for 
the RS-422A interface. The unit requires 12 Volts DC at 
about 100ma.An cplionalpower supply Model422PS Is 
available to power the R$-422A side ot lhe isolators. 
llOdtl422CL RM221oCUrrentloop $44.95 
llodtl422PS ~511pp1yroreonvener 14.95 

NEW/ 4 CHANNEL 
RS.232C TO RS..f22A

CONVERTER 
C mpat/"' hh lht /I.
R~O lnti'r:c.Stand:; 

Model 422CFC is a four channel version of our porg1ular 
h I 422CON c rt T 't o t 

!WO c anne · onve s ransmi a a an 
Request-To-Send from RS-232Cto RS·422A. Also 
converts Receive Data and Clear-To-Send from RS-422A 
10 ,.,8_232C. The Rs-232cconnection is a male DB25P 

n 
connector. The RS-422A connection is a female DB25S 
connector which also conforms to the new RS-530 
interface standard. 

Requires 12 Volts DC al about 100ma.. an optional 
power supply is available. 
llocltl422CFC 4ChanntlRM22AConverter $69.95 
Model 422PS PowtrSupplylorConvlll'l9r 14.95 

NEW/ 8 CHANNEL 
RS.232 TO Rs.422 

RS-232C port 1s a OCE interface (pin 2{IDl is an inpul) 
usin9 afemale DB25S connector.Tlie RS-42~A port is a 
DTE interface (pins2and14 (TO A&B) areoulputs) using 
a male DB25P connector that follows the new RS-530 
Interface standard. 

This Eight Channel Converter will orera1e at '!flYVOllage 
trom 10 to 30 volts DC;draws abou 100ma. Optional 12 
Volt OC power supply available. 
llocltl422CEC SChtnnelRM22AConvtrttr $99.95 
llodtl422PS Optional 12VoltDCPowtrSupply 14.95 

· - NEW/'· ..-~--=: RECEIVE ONLY 
)
Rs.422 TO RS.232 

. CONVERTER 
One channel RS-422A To RS-232C Converter can be used 
with receive only devices, such as printers. Inputs
RS-422AsignalsonlemaleDB25Sconnector,convertsil 
10 RS-232C;outputs ii on the male0825Pconnector, pin 
3. On the RS-232 connector, pin 4 is jumpered to pin 5. 
and pin 6 is 1'umpered to pins 8 and 20.

Converter 1s sell-powered from the RS·232C port; 
requires that p1'n 2 be low and pin 4 or pin 20 be high to 
operale 

· 
Modtl422CRS RM22AlbRS-232CConverttr $24.95 

Also available is a reversed version of the converter 
with a female DB25S RS-232C connector and a male 
OB25P RS-422A connector. 
llodtl422CRSR Rtvtl'MCIConverttr $24.95 

"SAME DAY SHIPMENT 

DIRECT FROM THE MANUFACTURER,


8&8 ELECTRONICSn 


UMONEY·BACK 
GUARANTEE" 
'One Year Warranty 
For All Products' 
WRITE OR CAU FOR 
FREE COMPREHENSIVE 
RS-232C lntertace Slld Moo~onng 
Equipment CATALOG 

··-- from B&B Eleclronicli 

B&B ~!~~tr.!n!~! 
15240 Boyce Memorial Drive 
P.O. Box 1040 • Ottawa, IL 61350 
(815) 434-0846 
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ADV ERTISEME T 

HIGH SPEED PC TO PC COMMUNICATIONS 


Breaking the Baud Barrier 

Here's how your 2400 baud modem 


can send data as fast as a 9600 baud modem 

for less than $90. 00 


Leigh Tracy 

W hen you got your first modem-that of how much disk space is available at the 
neat little 300 or 1200 baud job-you really receiving end. Ifa file is transmjtted with the 
thought you had it made, all the power, speed same name and extension, TurboCom will 
and convenience you'd ever need to move data assign it a unique extension, i.e., !-1, !-2, !-3. If 
from PC to PC. Right? the receiving PC does not have sufficient disk 

Now, of course, if you've got lots of data to space for the file you are sending, TurboCom 
move, you've recently bought or are consider terminates the phone connection, saving time 
ing switching over to 2400 baud speed. And, in and wasted money. 
reality, if your company is a power user it Increased modem speed allows you to save 
would make a Jot of sense in saved time and up to 75% on your telephone time and costs. 
telephone bills to be running at 9600 baud, if Because TurboCom can be programmed for 
it were not for the initial overwhehningly high delayed unattended transmission for auto
modem hardware costs. matic sending, you can transmjt data when 

Enter TurboCom high performance PC to telephone rates are lowest. PC to PC data is 
PC modem software by Datran, the clever transferred perfectly because TurboCom was 
Southern California based state-of-the-art designed with an advanced error-free high 
data compression specialists that speed protocol. 
brought you the great dCompressor Because ofTurboCom's high speed, 
short card that triples the dBASE Easy to Send and Receive cost savings, flawless operation and 
storage capacity of any hard disk. TurboCom is the easiest to learn and sensational low $89.00 price to con

use modern software that I've ever nect two PCs, I give thls product my Modems Run 4 Times Faster 
tried. No menus are required. It's as highest recommendation. TurboCom turbocharges your Hayes 
simple to use as the COPY command!compatible modem to send data files Turb o Your Laptop
To send data with TurboCom, all you (letters, documents, reports, data Each TurboCom package comes with 
do is type: bases, spreadsheets, binary files, pro both 5-1/4" and 3-1/2" diskettes, 

grams) up to four times faster with C>SEND FILENAME PHONE NUMBER which makes it ideal to run with lap
your existing 300, 1200 or 2400 baud To program for delayed transmis tops, too. It is not copy protected. 
modems. And it sells for only $89 .00 to To order direct from Datran, yousion you type: 
connect two PCs. can call toll free at 1-800-332-0456. 

C>SEND FILENAME PHONE NUMBER AT TIMEWhen the good people at Datran They accept MasterCard and Visa 
sent me TurboCom 3.0 for a test run, That's all you do. Then, the con and will ship within 24 hours with a 
I was amazed at how simple and well tinuing status of the transmission 30-day money-back guarantee. 
thought out it was for the ordinary automatically appears on the screen 
person (like me) to use. until file transmission is completed. ORDER TODAY TOLL FREE: 

Receiving transmitted TurboCom 1 ·800-332-0456 messages is automatic and unatTurboCom Facts: 
Requirements: tended. Simply type C>RCV and TurVersion 3.0 

Each package has IBM PC/XT/AT, 386 or boCom does the rest. $89.00 ==· Plus $5.00 ShiJ>J>ing/Handllng 
software for use comjlatible. Minimum Any businessman, insurance bro

with two PCs. 384K RAM, PC-DOS, 


MS-DOS 2.0 or greater. ker, accountant, office manager, sec
$89.00 

Internal or external retary or salesman on the road that turboCorri'Hayes compatible
Datran Corp. can use a PC can simply operate Turmodem. TurboCom at 
Order direct: both sending and boCom. It's that simple. 

1-800-332-0456 receiving PCs. 


Unattended Electronic Mailbox .. .W11~1~~J ... i5ATRJ\N 

Transfer data files PC to PC 
up to fou r times faster. 

Leigh Tracy is a consultant and freelance TurboCom is ideal as a fast, low cost Leader.<hip in Data Compression Technology 
writer whose columns have appeared in many mailing system between offices or Datran Corporation 
microcompurer magazines. companies. The sending PC is aware 2505 Foothill Blvd .. Lo Crescento. CA 91214 
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WHAT'S NEW 


PACIFIC COAST 

floppy disk drives or a hard 

disk drive. 

Price: $295 . 

Contact: Living Videotext 

Division, Symantec Corp., 117 

Easy St., Mountain View , 

CA 94043, (415) 964-6300. 

Inquiry 846. 


LAN Saves Scarce 
Slots 

I fyou ' re looking for an in
expensive, slotless way to 

connect your microcom
puters, SimpleNET' s OnePlus 
LAN may be the solution . It 
enables you to connect up to 32 
microcomputers using serial 
ports. The product consists of a 
signal converter, NETBIOS 
software, the SimpleWare Net 
work Management System, 
and 25 feet of cable . 

OnePlus lets you transfer 
data among network nodes at a 
rate of up to 115,200 bits per 
second . It utiJizes RS-485 sig

nals and is written in assem
bly language. 

OnePlus features file-shar
ing , record-locking, and pass 
word-protection capabilities . 
It also includes electronic mail 
and supports run-length 
limited (RLL) disk drives . 

Designed for IBM PCs and 
compatibles , OnePlus requires 
DOS 3. 1 or higher and takes 
up 140K bytes of RAM on the 
file server and I OOK bytes on 
workstations. 
Price: $174.95 per node . 
Contact: SimpleNET Sys
tems , 545 West Lambert Rd ., 
Suite A, Brea, CA 92621 , 
(714) 526-5151. 
Inquiry 841. 

Power Pascal 
Programming 

B orland' s Turbo Pascal 
4.0 Developer's Library 

includes rewritten Tutor and 
Editor toolboxes and new ver

sions of the Database, Nu
merical Methods . Graphix, and 
GameWorks toolboxes. The 
toolboxes are organized in 
modules , enabling you to link 
them into your programs with 
Turbo Pascal 4 .0's Make 
facility . 

The Database Toolbox sup
ports databases with over 2 
billion records . The Numeri 
cal Methods and Graphix Tool 
boxes enable you to analyze 
and graph data. The Editor 
Toolbox features a small 
modular editor you can build 
into applications , and an en
hanced MicroStar editor. 

The Developer 's Library 
runs on the IBM PC and com
patibles with DOS 2 .0 or 
higher, Turbo Pascal 4.0, and 
256K bytes of RAM . 
Price: $395. 
Contact: Borland Interna
tional, 4585 Scotts Valley Dr., 
Scotts Valley , CA 95066, 
(408) 438-8400. 
Inquiry 844. 

Study the SCSI 

You can monitor phase in 
teractions and data ex

changes with the FS600 SCSI 
Bus Monitor. The unit is about 
the size of a hardback book 
and utilizes a 12-MHz CPU to 
perform disassemble analyses 
and other tests without wait 
states. It also includes an 8K
byte buffer that enables you to 
capture information and el\
amine it by phase of bus, byte 
by byte, or using a fast-step 
function . You can print out raw 
data or phase information , 
disassembled bus states dis
playing data bytes, and disas
sembled bus states with the 
number of data bytes . 

The FS600 measures 2.3 
by 10.3 by 6 .8 inches and 
weighs 5 pounds . 
Price: $1800. 
Contact: FlexStar Corp ., 
606 Valley Way , Milpitas, CA 
95035 , (408) 946-1445. 
lnquiry 842. 
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4:45 Mailing 
complete and 
ready for 
pick-up. 

5:00 ••susan-Good 
work on th iling. 

~!\ 

Circle 502 on Reader Service Card 

Have an apple. -Bob'' 
r o~,.:i :mr ~~--:-oru:~m..c-;;..ic:- - -, 
I OwJ< 10 my 0 v-... 0 M'11m:.nl 0 Amcrian bp<tSS I 
I 0 Srnd C.O.D. I 

Cttdl1 card , ~. 02.t<:__ 

I Sigrwun: I 
I Oul>ldc 1.iSA add 110.00 per prog7>1t1 .00 cmkc Jl')'1'1rnl b)' crtdll I 

an! or mr b.uik dnh. Jl')'>blt in us. dolbn dm.11 on • us. bmk. 
I Nam< I 
I Ad4t<ss l'lloo< I I 

- Dew.ioprn.nt Syotems, Inc. I 
P.O. eax 110216. Atllngtoo, Tens 7(,007 

- lnql*let -

4c38 Personallzed 
sales letters 
printed. 

4:41 Labels 
printed. 

Wrth LetterMastet; all I do is 
name the list, name the letter, acti· 
vate the printer, and "go do." It's 
that simple! 

LetterMaster prints off any list onto 
leading brand ad~ labels. It 
prints Rolodex cards and file folder 
labels, too. 

'= LetterMaster operates with all 
the popular word processing pro
grams. About the only thing it 
doesn't do is lick the envelopes! 
S,.....-b$iop<l""100i?l«...,.m.•IC'")""'l!.llP!J.m 
_._..,...,tll(IWl.S,....~b---OOi 

j.l ar hlgtJn. ~ AAM. #ff~ d.tmd. ~cwm 118.~u. 
~"""!ldalTlic~lo<.;-1111-'lll<Qio)' , 
l!.lllCAl!Ml'S2/hmmlOMl,....,.....m..c.ip..~ l!uolodo 
w.dinoC..,..nl-Co<p 

Client Management/MailMerge System 

Only$149 

Multi·uscr S)'Slcms: 1349.00 

LIMITED 
OFFER 
CALL FOR 
OUR FREE 
DEMO DISK 

Research Development Systems, Inc. 

1-800-338-9181 


http:l!.lllCAl!Ml'S2/hmmlOMl,....,.....m..c.ip


0 E S T E C H 
TM 

I I I I I I I 
ACCESS DENIED! 

The Ultimate 

In 


Data Encryption 


The DESTECH system from Executek Products. 
Inc. provides an unprecedented level of data 
security by keeping the hard disk drive encrypted 
at all times; every track, every sector. DESTECH 
utilizes hardware encryption and features the 
DES Algorithm. endorsed by the National Bureau 
of Standards. DES is endorsed by the American 
Bankers Association for the transfer of electronic 
funds and is the most secure encryption 
algorithm publicly available. 

HARDWARE VS. SOFTWARE ENCRYPTION: 
The Federal Government has stated that securi
ty and encryption must be implemented in hard
ware to be considered truly secure. Software en
cryption systems are inadequate and are easily 
penetrated. They simply are not secure. 

THE SYSTEM: DESTECH consists of two main 
comp<ments: a half size internal PC card, for IBM 
and 1000/o compatibles. PC!XT/AT/& 386, and a 
data security utility program, which allows cor
porate management to designate computer file 
usage and multiple levels of security. 

Applications • 	 Electronic Funds Transfer For Financial • Mainframe Communications 
Institutions • Secure Technical and Engineering Data 

• Secure Banking/Accounting Software • Secure Client Information 
• Data Protection for Business Applications • Software Protection 

Features 	 CERTIFIED DATA ENCRYPTION DEVICE: Im
plements Federal Information Processing Data 
Encryption Standard (#46) . 

ENCRYPTION/DECRYPTION KEY: User defined 
8 digit security key consisting of letters, numbers, 
control characters, etc. 

RELIABILITY: All boards are manufactured in the 
United States and must pass stringent testing 
procedures. 

MENUS: An easy to follow graphic main menu 
permits users to invoke encryption/decryption 
functions without the intervention of manuals. 

MULTI-LEVEL SYSTEM CONTROL: Allows up to 
99 users. 

SECURE DRIVE: Automatic Encryption/Decryp
tion is transparent to user. 

Dealer/Distributor inquiries welcome, 

23505 CRENSHAW BOULEVARD 
TORRANCE, CA 90505 

(213) 530-2755 inside California 
(800) 334-5255 outside California 
(213) 530-3009 FAX 

BATCH COMMAND: Allows files to be queued 
and encrypted or decrypted automatically. 

DISK SCRAMBLER: Encrypts or decrypts an en
tire disk. Encrypted system disks will not boot. 

TAMPER PROOF: Protection against accidental 
file modification. 

DIRECTORY: Conveniently examine assigned 
security levels for all directories. 

DIAGNOSTICS: Automatic encryption/decryption 
passes to insure error-free operation . 

ADDITIONAL FEATURES: Compatible with 
PC/MS-DOS, Version 2.0 or higher, PS/2 System 
30 - Power-Fail Protection - Secure Drive Opera
tion - Secure Communications. 

s49900 

Specifications are subject to change without prior 
notice. 

Made in the United States of America. 

This device cannot be shipped outside the U.SA 
without authorization from the State Department and 
the Department of Defense. 

DESTECH is a registered Trademark of Alcon Systems Inc IBM PC· 
XT/AT & PS/2-System 30, and PC DOS are registered trademarks of 
International Business Machines Corpcration. MS·DOS is a 
trademark ot Microsoft Corpcrat ion . 
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EQUITY I+ 
• 360K Floppy 
• 20 Mcg Hard Disk 
• 640K Ram 
• Serial/Parallel Port 
• Monochrome Card 
• Monochrome Monitor 

LOW 


-
~ 

= ramPAa LAP-TOP--- · 
Desk Pro 20 meg . ....... .. . . . .. 1495 
 PS/2 model 30/20 meg . . . ....... 1775 
 Toshiba 3200-40 . . . ......... . ... 3795 

286 40 meg ..... .... ... ....... 2395 
 PS/2 model 50/20 meg . . . . • . . . . 2745 Toshiba 3100-20 . . ... .... .. .. . ... Call 
386 40 meg/16 MHz ... . . ... ..... 4195 PS/2 model 60/40 meg ......... .3495 
 Toshiba 1000 ........ . . . . . • . . . . . Call 

386 60 meg/20 MHz ... ......... 5650 
 PS/2 model 60/71 meg . ..... .... 3995 
 NEC Multispeed .. . ..... . ....... 1395 
Portable Ill 40 meg/20 MHz .. ... .. 4195 PS/2 model 80/40 meg . . . . . .. .. 5100 NEC Multispeed EL ....... . .... . . 1595 

CARO & MONITOR EXTRA MONITOR EXTRA EPSON LT . .............. .. ..... Call 


I 
CITIZEN TOSHIBA PRINCETON GRAPHICS AMO EK PC MOUSE IRWIN & ARCHIVE 

WE STOCK OKIOATA NEC SONY HAYES MICROSOFT MICE TAPE BACK 
EVEREX WYSE ACER SAMSUNG LOGITECH TAXAN 

HITACHI HOUSTON INSTRUMENTS CALCOMP MITSUBISHI 

EQUITY II PLUS 
• 1.2 Meg Floppy 
• 40 Meg Hard Disk 
• 640K Ram 
• Serial/Parallel/CIC 
• 80286 CPU 
• Monochrome Monitor 
• Graphic Card 
•MS DOS 
• fiN Basic 

In order to provide the best service, 
EPSON EQUITY Is 
exclusively wld on location. 

•MS DOS 
• GW Basic 

S1295 PRICE 
EQUITY Ill+ 

• 80286 CPU 6-8 12 MHz 
• 1.2 MEG Floppy LEADER• 40 MEG Hard Disk 
• DOS 3.2 Mono Monilor 

& Graphic Card 

S2195 

LEADING EDGE. A 

MODEL "D"™ 

ALL Configurations In Stock! 
NEW IMS Bernoulli Dual Speed 


MODEL " D" IS A REGISTERED TRADEMARK 

OF LEADING EDGE PRODUCTS, INC. 


Authorized Dealer Service Center 


HARD DISK 
Seagate 20 meg ........•....... 305 
Seagate 30 meg .. .. ............ 365 
Seagate 4096 80 meg ......... ... 795 
Seagate 251 .... ...... . .. ....... 395 
Miniscribe ...... ... ............Call 
Micropolis ..... .... .. .. . .. .... .Call 

~ 
NOVELL 
Authorized Dealer 

Netware 

EPSON® 
PRINTERS 

Epson FX86E ... . . . . . .. .. 349 
Epson 286E . ......... . . . 435 

SOFTWARE 
Microsoft Word .. .. .. .. .... . . . . . 239 
Word Perfect 4.2 . . .... ..........215 
Lotus 1-2-3 ...... ........ . ...... 325 
dBase Ill+ .. . ..... ....... ... 385 
Microsoft Works . . . .... . .. . .. .... 135 

AND MANY, MANY MOREi 

AST 
AST 386 model 340 ......... . 4395 
AST 286 model 80 ......... .... 1745 
AST 286 model 120 .. .. ...... . Call 
AST 286 model 140 ......... ... 2695 

CARD & MONITOR EXTRA 

Epson EX800 . . . ... ...... 455 
Epson EX1000 .... .. . . ... 499 
Epson LX800 .... .. . . .... 210 
Epson LQ500 ..... ....... 365 
GQ3500 . . . .. ... . .. •.... 1395 
Epson LQ850 .....•..... .550 
Epson L01050 . . . . .... . .. 749 
HP LASER II .. .. . .. . .... 1699 

I 

WE ACCEPT LC, CASHIER CHECKS, MONEY ORDERS, VISA, MC, AmEx 
3% charge on VISA , MC & 50/o on American Express 

COMPUTER LANE 

22107 ROSCOE BLVD.HOURS: 

CANOGA PARK(818) 884-8644
M-S 9-6 11z BLOCK W. OF TOPANGA 
CA 91304CORPORATE ACCOUNTS WELCOME 

CALL FOR VOLUME DISCOUNTS Compaq is a Registered Trademark of Compaq 
CONSULTANTS CALL FOR PRICING Prices subject to change without notice IBM is a Registered Trademark of International Business Machines 
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Those fantastic Byte covers-and boy, 
do they look great on this stylish , ¥4 sleeve 
T-shirt from Robert Tinney Graphics! 

The colored sleeves and neckline vividly 
complement the full-color design. 

And don't mistake this for a rubbery 
patch that cracks and peels off after 
a few washings. This is true four
color process: the permanent inks 
are silk-screened into the fabric , 
resulting in a beautiful , full-color 
image that lasts! 

You 'll also appreciate the shirt itself : 

a heavyweight cotton/polyester blend 


which combines tough washability with 
.... 
Human o· ·•' the cool , soft comfort of cotton. Each 

•mansions Byte T-shirt is priced at only $12. 50 
#T7 ($11 .50eachfor3ormore). Besureto 

include shirt size : C-(child 10-12), S
(34-36) , M-(38-40) , L- (42-44) , and 

DESIGNS! XL-(46-48). Most orders shipped 
/ within a week. 

#T2- Software Piracy #T4-Future Past 

#T1 - Computer Engineering #T3-lnside IBM #TS- Breakthrough 

r--------------------~--------1Send the tollowing T-sh lrlsls) at $12.SO each. or $11 .50 each for 3 or O 1h v ed us h k d · 1 h' . I
I more. I have Included $2 or shipping & handling ($5 overseas). a e enc 105 · · c ~ or money or er. mai I •S coupon to. 

D c.o.o. (via UPS- stateside orders only) Robert Tinney II O VISA D MasterCard O American Express Graphics
I ICard fl : 1864 North Pamela Dr. 

Baton Rouge. Louisiana II Expires: ___Signature: 70815 I 
Ship my ahlrt(•) to: For VISA. MasterCard or II American Express orders.I IName: or for more information 

I (Business) : Call 1-504-272-7266 I 
Address: ~ 

I City · -q~ I 
I State: Zip: 'f I 
L------~----------------------~ 
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On Site Service 
Contract ava/lablB. 

Don't Just Buy a Computer 

Invest in a SF-286 


B11lc Sy1tem Feature1: 
80286 18 bit CPU. 512K RAM expandable to 
1MB. CIOck/calendar with battery backup. 195 
watt l)OW9f' supply. Maxlswttch keyboard (101 
key ootlonall, I .2MB floppy drtw. floppy/hard 
disk controller. 80287 socket. 8 expenslon 
slots. AMI BIOS, lull manual. 48 hour burn·in 
1es1lng and a one year limited warranty. 

Complete Sy1tem PackagH 

SF·286 
MonograptllM 

Syttem 
EQA 

Syat

8 MHz $995 $1389 
10 MHz $1119 $1589 
10 MHz co wsl $1349 $1720 
12 MHz CO wsl $1499 $1 870 
18 MHz C80386l $1950 $2315 

Monogr1phlc System: 
Basic syS1em fealures plus monographlcs card 
with printer port and 12" amber monochrome 
monitor with tilllswivel base. 

EGA System: 
Basic System lealures plus EGA deluxe 
graphics card <640 x 3501 11/ld Mitsubishi 
14\0C EGA monitor upgrade to Super EGA 
Bundle. at $150 

'O!fl« •Y'- - .,. •..,,.,,.,,,call /or-· 

SF·288·8 MHz 
Super VGA Specla l 
Basic System featu res plus: Everex EVGA 
graphics board <840 x 480. up to 256 coloral 
and Mitsubishi Diamond Scan Multisync 
monitor with tiltlswlvel. $
SFMVl.1 3188 1699 

Super EGA Bundle $649 
Everex EGA Deluxe autoewltch grapnic. board, 
640 x 480 and 752 x 410, 132 COiumns PLUS 
Mlteublahl Diamond Scan with tllllswNel. 

Super VGA Bundle $799 
Everax VGA Graphics board. 640 x480 and 800 x 
800, 132 columns PLUS Mltaublahl Diamond acan 
wtth 1111/awlvel. 

EGA Bundle $499 
Everex EGA autoswttch Graphics board. 132 
columns PLUS Mltsublshl 1410C EGA monitor 

Hard Dl1k Drives 
Seagate ST225 20MB 
+ Controller 
Seegale ST238 30MB 
+ Controller 
Mlnlscrlbe 3850 40MB 
+ Controller 
Seagate ST251 40MB 
+ Controller 

Seegale 4038 30MB !39 msl 

Miniscribe 3850 40MB !81 ms> 

Swgale 3T251 40MB !40 ms> 

Mlcropolla 133571MB128 ms> 

Seagate 4096 BOMB !28 ms> 

Seagate STI 25 20MB !40msl 

Everex Modem• 
Everex Evercom half card modem, 300/ 1200 
baud, fully Hayes compatible 8lld Bltcom 
sottware. 

External Pocket Modem $139 ~ 
Everex Evercom ~~?:~ 
2400 baud modem1 ~ 
lntemal $179 External $199 

$275 
$299 
$375 
$469 
$499 
$329 
$399 
$729 
$829 
$299 
CALL 

Speclal 
Mlnl l/O 

Serial Mouse 

1so wen Power Supply 

Monographlcs boerd 

2MB EMS board w/OK 

3,5·· 720K tloppy/1 .4MB floppy 

EGA Deluxe Graphics board 

Evercom 2400 int. modem tor PS/2 $199 
Memory board for PS/2 $289 

$299 

S66 
from $65 

$55 
$79 
$80 

$119/$159 
$139 
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ALTEC ZIP-386 

$2,265 
• Intel 80386 mk:tQlllocesso< 
• IM high speed memory installed 
• E•Dandable1010 MB 
• Phoenix 386 BIOS or Award 386 BIOS 
• 4 speed (4.771618/t 6 MHz) 
• 200W power supply 
• Caso wilh re-set butlon 
• Enhanced keyboard 
• Hard dlsl<fflOl>PY dlsK controller card 
• 1.2M floppy disk drive 
• Monoctvome/Grapllics 

card wlfh p1lnter po1t 
' Hf·RES Monochrome Monil0< 
• Usefs manual 
• 1 year wananty 

ALTEC.286 Enhanced System 

$1,135 
• lnlef 80286-10 microproc<1SS01 
• 640K RAM 
• Dual speed GltO MHz 
• 20CNI 1K7M>r supply 
• AT style case 
• Enhanced keyboatd 
• Hard dlSk/ftoppy disk con1roi1er card 
• 1,2 M noppy disk drive 
· Mooochrome/Grap/\ics 

catd with p1imer pon 
• HI-RES Monochrome Monitor 
• User's maJ>ual 
• t rear warranty 

$635 

ALTEC.XT Turbo System 

• 8088· I mlcroprocesSO< 
• 4.77/10 MHz 
• 640K RAM 
• I SOW power supply 
• AT style keybe>ard 
• Mutti VO card 
• 380K floppy disk drive 
' 	Monochrome/Graphics 

card with printer po11 
• Hl·AES Monochrome Monitor 
• Usefs malllal 
• t year warninty_,__ --

ALTEC.286Jr System 

$1,095 
• Intel 80286-10 microproceSSO< 
• 640K RAM 
• 20CH/ pa.wir supply 
• AT]r style case 
• fiJ style keybcmd 
• Hard disl<llloppy disk controlled 

card 
• t.2M floppy disk dnw 
• Monochrome/Graphics 

card with pri111er pon 
• HI-RES Monochrome Monitor 
·User's maJ>ual 
• 1 year warranty.•.,..._.......__..
C:..8llA.,.. 	 A ALTEC Technology Corporation .._......'-" 

ln5G1011•2111 11GOOom 	 ._..._..._5751 Alc:lcenb9cMr Road, Loa Anattlea. CA 90040
4011-- 14GHO Oii i Ml l4MM CXll--.... -	 ------11&
lllK....., .... _ Tel: 1·213-888-9100l20Kllll"...,, __ .,_ 	 ·Ar•.............. 
·---1115.GI 	 Order Deak: 1 ·800o258-9971 1MllS~..--	 -~ 

Computers For The Blind 

Talking computers give blind and visually impaired people access to 
electronic information. The question is how and how much? 

The answers can be found in "The Second Beginner's Guide to Personal 
Computers for the Blind and Visually Impaired" published by the National 
Braille Press. This comprehensive book contains a Buyer's Guide to talking 
microcomputers and large print display processors. More importantly it 
includes reviews, written by blind users, of software that works with speech. 

This invaluable resource book offers details on training programs in 
computer applications for the blind, and other useful information on how to 
buy and use special equipment. 

Send orders to: 

National Braille Press Inc. 


88 St. Stephen Street 

Boston, MA 02115 


(617) 266-6160 


$12 .95 for braille or cassette, $14.95 for print. ($3 extra for UPS shipping) 
NBP is a nonprofit braille printing and publishing house. 
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TCS 8000 

16 MHZ, 0 WAIT - STATE 

32 BIT, EXPANDABLE 16MB 


COLOR MONITOR 

MODEL RES. 

• CM 1322N 640 X 200 
• CM 1370A 720 X 400 
• CM 1380F 640 X 350 
• CM 1495 800 X 560 

MONO MONITOR TERMINAL 

MODEL RES. ET - 10 SERIES 

MM 1222 800 X 350 
MM 1422 800 X 350 
MM 1295 800 X 560 

Circle 506 on Reader Service Card 
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Now You Have A Friend 

In The Computer Business· 


Authorized Autocad and Novell Dealer 
5 Good Reasons To Buy 

ZENITH 181/183-20 
$1449 I $2229 

ZENITH 
FLAT SCREEN 

MONIIDR 
CALL 

IDSHlBA 1000 $749 
IDSHlBA 1200 $2395 
10SHIBA 3100/20 $3099 
IDSHIBA 3200 CALL 
10SHIBA 5100 CALL 
NEC Multispeed EL $1595 
NEC Multispeed 20MG$2435 

AST PREMIUM 286/386 

512K RAM, l.2 Floppy, 
40 MB Fast HD, 
hi-res mono card, 
mono monicor, DOS 
3.2, GW Basic 

$2395 
Call for all 
AST produc1s1 

LEADING EDGE COMPUTERS 

Model D Hard Disk Full Mono System 

$1195 
Authorized Leading Edge Dealer 

WYSE 286 System 
512K RAM, 1.2 floppy, 40MB HD 

full monochrome system 

IN SIOCK! 
WYSE 386/ WYSE Terminals 

ACER 710 /910 SYSTEMS 

(Formerly Mullitech) 
5 I 2K memory. 20 MB 
HD. 6/ 10 0 wail state 
lull mono system 

IN SIOCK!
·-="'fi" Call for &st Price 

Acer 386 machine 

We carry a full line of HP, IBM, Intel, Diconix products at best prices in town. 

SOFIWARE SPECIAL 
'Mlrd P rlect . . . . . . . . . . . . . . . . . . . . . . . ..•194 
Microsolt Word ............. . ........ 209 
Lotus . . . . . . . . .. ......... . . .. ... ..... 305 
C.11 1 for any wf1,~ :m: -ddm.: q in 2.J houi"! 

PRINfER SPECIAL 
Epson LX800 .. ........... .....• . ....... 1 209 

Epson EX800/ l000 ....•. .. .. . ...• . .... 415/ 519 

Epson LQS00 / 1000 . . .... . . . . .......... 315/ 519 

Epson LQ500/ 2SOO .......•. . . . . . .... . . .H9 1899 

Epson LQ850110SO . .. .. ....... ........ 529 17~ 


EC P6/ P712200 ....... ........... 41416151379 

Toshib• P321SLIP35 1SL ............ .. I SlDCK 

Hr Laser Jcr Series 2 ....... ..•.. . ..... .. CA LL 

AST TurboLucr PI S ...... .... . ........... 3250 

NEC 890 with PIS .. . .... , .. . ....... .. ... 3195 

Ai,duun.1 P.tt-r ¥J SttvtOK Cnwi f• flmW'UCll'd. c-•nl"•"' urrr-.ic, pd; yp ldn::Jp.. 
c...JI ut b ~Corl.net 1110-.'0'I. 

AUTHORIZED DEALER FOR 
\ 11\1·11 '"1~,111 1-. Okidara 
Epson Computers & Printers NEC 
\~·1 Canon 

Samsung Universal Data Systems 
Zenith 11 WL' 
Toshiba Ashlon Tate 
Wyse Computers Paradox (Ansa Software) 
AT&T \l1tw: •II 
Autocad Ventura 
!om<'~·' fk· rr irn 1!1 jl,,, Aldus (PageMakcr) 

Leading Edge 

Computown Pleasa nt Hill 
1527 COntra Costa Blvd. 

Pleasant Hill , CA 94m 

(415) 682.:JDWN 
(415) 682-8696 

Comp11town .Mountnin View 
24!;5 M Old Middlefield Way 
Mountain View. CA 94043 

(415) 962-TOWN 
(415) 962-8696 

Computown-San Francisco 
760 Ma.rke1 Street. Su i1e 219 
(Phelan Building) 
San Francisco. CA 94 102 

(415) 956-TOWN 
(415) 956-8696 
FAX (415) 989·1'0~ 

~~~~~nstall, Service, & Train You ~ 
~:=-:.r~,,_ .......M . COMPUTDWN 

.... ~ 1111t.i.. QIWllUO Lai_ 
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ANNOUNCING 
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~:~:~ - . . 0 
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.: ... ::iif:~\l~ 
Better buckle up before getting behind 


the keyboard. You've never seen a 

Modula-2 system quite this fast! 


QuickMod is a supercharged version of the critically
acclaimed Stony Brook Modula-2. You get 15000
line-per-minute compilation speed on 286's. And 
you don't have to link before running your program_ 

Look a t what you get for just $95.00: 

Integrated compiler, text editor, make facility and 
windowing symbolic debugger • d ynamic linki ng or 
EXE file option • imports Microsoft object mod
ules • LONGINT • LONG REAL• 80x87 support 
or emulation • structured constan ts • array slices • 
Wirth edition 3 implementation 

And, unlike most PC Modula-2 implementations, 
QuickMod is a true two-pass compi ler that handles 
the exact scope and visibility rules specified by 
Nicklaus Wirth. 

For more information or 
to order, call or write: 


Forest Road 

Wilton, NH 03086 


(603) 654-2525 

The QuickMod language is compatible with Stony 
Brook Modula-2. o you can move up easily when 
you need more horsepower. That's a definite ad
vantage. considering what reviews say about Stony 
Brook Modula-2: 

"Ston r Brouk is a truly high-performance com
piler that helps make Modula-2 the serious sujtll'are 
developer's /anxuaKe of the 1990\ .. Everything 
Stony Brook has included is .finely crafted and 11·e// 
docu111e111ed." 

- Warren Keuffel and William J . Schaller. 
Computer Language. April 1988 

"Stony Brook:1· is a terrific compiler .. . This ex
perience ll'ith Stony Brook '.~ Mudula-2 sold me 011 

the product." 
- Kent Porter in Dr. Dobbs Journal of Software 

Tools, April. 1988. 

"The Stony Bruok Modula-2 compiler is remark
abfr impressh•e ... Initial tests indicated this compiler 
is competitive ll'ith Microsoft C 5.0 and Borland's 
Turbo C 1.5 in compilation time and code ej/lcienc_1:" 

- Gene Haltiwanger. Journal of Ada, Pascal and 
Modula-2 , March- April. 1988 

Quick Mod by Stony Brook Software 
for IBM PCs, PS / 2s and compatibles: 
Registered Stony Brook Modula-2 sers: 

$95 
$50 

Stony Brook Modual-2 Development 
System for DOS or 0 / 2: $345 

Both for only: $395 

QuickMod gets you off the starting line FAST. 
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Dealers Call For Complete Confidential Price List 

New Reduced Prices 


==-= = "" 

--- · -

PS II Model 25 Mono/Color .... $969/1195 
PS II M.25 Mono/Color+ 20MBS139511650 
PS II Model 30 2DR. + 20MB .. . ..$1695.. 
PS II Model 30-002/021 . ..... $1195/1695 
PS II Model 50-021 ...... ' . ' ... ..$2495 
PS II Model 60-44MB/70MB ' ·s319513595· 
..PS II Model 80-115 20MHZ . . .. $7695.. 
PS II Model 80-44MB/70MB . ..$419514795 
AT 339 (BMHZ, 512K, 30MB) .... In Stock 
AT 068 (6MHZ. 256K) ............ $2395 
XT 2DR. 256K./089 .. . . ..... $1250/1575 
Mono. Disp. 8503/XT Style . . ... $189/225 
Color Display 8512 ... .. . ....... .. $439 
EGA Disp. 8513/XT Style ....... $4951595 
Ext. Drive F/PS2 (51/.1) . ....... .... $285 
Pro Printer II/XL ......... . ... $359/505• 
Pro Printer X24/XL24 ......... ·s519/685 
Quit Wri ter 111111 ••••••• ••• ••• $96511095• 
IBM DOS 3.3 (min. 5) ... ...........$85 

Call For All Other IBM Products 
·ouantity Discount Available· 

&}> Seagate 

SEAGATE HARD DRIVES 
20MB/30MB W/Controller .... .. $259/279 
30MB/40MB (4038/4051) ....... $3851450 
40MB (ST251)/40MB (4053) . . .. ·s349/459 
BOMB (4096)/SOMB (277R) .... ·s689/445 
MINISCRIBE 
40MB (3650)/40MB (3053) ..... •319/525 
40MB (6053) Full Height. .. . ........495 
BOMB Full Height (6085) ............ 699 
HARD CARDS 
20MB/30MB for XT . ....... . ... 3451399 
40MB Card F/XT 40MSC ... ....... .. 499 
20MB/30MB For PS/2.... ...... .399/435 
MISCELLANEOUS 
130MB MAXTOR 28mlsecond ....... 1495 
COMPAQ Portable 20MB .. . .... .... .495 
COMPAQ 40/60MB F/DP386 .... . .695/895 
10/20MB IBM Hard Disk ......... 145/195 
130MB Compaq Hard Disk .. . ...... 1695 

comPAa® 

DESKPRO MODELS 

386/20 MHZ 60 MB HD ........ .. 5295'* 

386/20 MHZ 130 MB HD .. .......6595.. 

•·395120 MHZ 300 MB HD .... . .. 8695.. 
386 40MB 16MHZ Factory ..... .... 3895 
386 130MB 16MHZ Factory ... .. ' ' '5495 
286 Model 1 ... ... . .... ......... 1695 
286 640K, 20MB/40MB HD ... .209512295 
286 Model 40 (Factory) ........... .2750 
Deskpro 2DR. 256K/20MB ..... 109511395 
PORTABLES 
..New Portable 386/40MB ........ •5395 
..New Portable 386/100MB .... .. ... 6799 
II Model 4 (Factory/Upgrade) .. .259512395 
II Model 2 2DR., 256K (80286) ..... 1895 
... Ill Model 40MB.. ' . .. ..... ' .. '. 3875 
" ' Ill Model 20MB" ... . ...... . . . .3375 
Compaq Amber/Green Monitor ... . . . .195 
Compaq ColorNGA Monitor...... 5251575 
Compaq EGANGA Adapter ... . .. 325/425 
C. DOS 3.3/3.213.1 .... .... .. .. .89179/59 
Call on Memory and Other Compaq Products 

··ouantity Discounts Available.. 

Dealers & Consultants Only

Corporate & Retail Customers Call For Quotes 

INTEL 

8087-3 XT/80287-6 AT ...... ••$92/160 
8087-2 XT/80287-8 AT. . .... .$145/249 
80287-10 AT 10MHZ .......... .$289 
80387-16 for 80386 ....... ..... $455 
80387-20 Base Systems ........ $725 

OKIDATA 

182/182S 120CPS, 30nlq .... $2251269 
192+ /193+ 200CPS, 40nlq .$325/419 
292E/293E 200cps. 100nlq . .$359/489 
393/393 Color 450 cps . . .. $945/1029 
ML294/ML2410 ..... ...... $73711695 
Lazer Line 6 .. . ............ . .$1299 

10 MB. lnter./EX1ernal . .. ... .$2551379 

20 MB. lnter./External ....... $3251455 

40 MB. lnter./External . ..... $459/535 


Call for PS/2 Tape Back Up Units 

Call for Archive, Tecmar, Sysgen 


TOSHIBA 

321SU341SL (216CPS) ...... $4651645 
351-SX/351-2 Color .. . ... . .$99sno19 
Toshiba T1000/T1100 ..... .. $72911450 
T1200fT3120 .. . ..... .... $2295/2950 
T3200fT5100 . .... ..... . .$3675/4695 
Toshiba Modem/Compatible . .$2791249 

HEWLETT 

PACKARD 


Laser Series II ........... .Very Low 
·oesk Jet New 250 CPS .. .... .. $689 
1MB F/HP II CompaVHP . ... $339/369 
2MB F/HP II CompaVHP .... $639/669 
HP Plotter 7475A . . ' .. . ' ..... '$1395 
HP Scanjet Scanner w/lnt . . . ... $1350 

NEC NEC 

Multispeed EUHD . . . . . . '$145512299 
Multisync II/Plus+ .. . .... . .$559/875 
Multisync XL 20 + . ...... ... $1995 
LC860 + /LC890 .... ......$1899/3195 
P760/P2200 . .. . .... ....... $599/333 

***LOTUS 1-2-3-$289*** ***LOTUS SYMPHONY 31/z" - $259*** 
One stop shopping for dealers & consultants 
We also carry NEC. AST, Hercules. Drams. Modems. 

- Citizen. Micropolis. Sony, Microsoft. Samsung.D DATA 
l\111crica11 bprc ' f..!:!~I There will be a Charge 

- on all credit card purchases
VISA ISALES/SERVICE/REPAIR vi"· - For phone order call: 

4742 Woodman Avenue • (2 13-859-34 10 818-905-0994)
Sherman Oaks, CA 91423 Mo,lciConl~ - FAX/I 8 J8-905-8869 
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101 keys Enhan~ed AT.sfyle t(eyb08.rd witli "CLICIC .., .. ·, . •.. ·:: 
AT C8$e, Lodk. Reset+Turb.o button. speed LED . . 

CALL for XT, AT, 386.Desktop, Portable and Laptop Computers. 
LAN, File Servers, Workstations, H"1'd DrlvCs, Tupe Backups, Modems, Memory Updates ti' Software 

FAMOUS Brand Computers. Accessories. and Peripherals 

--------·- ----- FJ/.. HEWLETT A~-- - - QIH/PAlle SApple' ----·-- -=~ PACKARC - ·EVEREX · --- l~I® 

Consultants • Dealers • Corporations • Colleges • Universities• Schools • Government 


Export and OEM Inquiries WELCOME! 

a computer company...Wftere Quality Counts WHOLESALE outlet direct from factory LOCATED In the Silieon Valley 
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from 1/8" cassette and 1/4" 

,______,... 

2.2 Gigabytes of data, an ocean of information, 
and you can fit it all on a single VAST Cassette. 

The VAST Device from Emerald Systems responds to network. • AppllcaHons that span all 
your need for extremely large capacity net Industries: backup. doto aquisition. 
work fileserver bockup. Lorge doto volumes of data d istribution. graphics storage. 
250 MBytes to 2.2 Gigabytes ore now avail archiving. CAD/CAM. desktop 
able on your desktop. publishing. and a viable alternative to 

Imagine: 2.2 Gigabytes of storage is equiva CD-ROM. 
lent to the amount of data stored on over 6200 The complete line of Emerald 
floppies or the text on 1 million sheets of paper. Systems lope storage subsystems offer 
Designed with the NetWore operating system in you the most choices. 
mind. the VAST Device Is used with our ASP'" 
backup and restore software which has been tested and 
approved by Novell and supports Advanced Networe 286 
versions 2.0o and 2.1 The VAST Device maximizes the 
functionality of distributed networking environments by 
providing unattended operation coupled with a very fast data 
transfer rote. 

In your LAN, DOS or XENIX®environment, the award-winning 
VAST Device offers: The lowest cost per Mlyte of any storage 
media - S.02 per MByte! • Highly regard.cl ASP software, for 
easy installation. unattended backup. possword protection and 
menus with your choice of a variety of backup and restore 

\YIA~~.
J~~-~ 


techniques. • Non-Obsolesc.nc.: 
An end to time-consuming, 
expensive multiple cartridge 
backup sessions. The VAST Device 
accommodates your growing 

cartridge subsystems to 1/2" 
mag-tape subsystems for PC to 
mainframe interchange. to the 

new VAST Device. In total. your 
alternatives spon 60 MBytes to 
2.2 GBytesl 

Call today for a FREE full· 
color catalog: the complete 
line of Emerald Systems 
products. accessories 
and services. 1 ·800·553-4030 

In Californ ia. call (619) 270-1994. 

4757 Morena Blvd./San Diego. CA 92117/Telex: 323458 EMERSYS/FAX: (619) 483-286'1 
VAST.ASPare trademarks of Emerald Systems Corporation. NetWare iso trodemorlc of Novell. Inc. XENIX Is a reg istered trademark of Microsoft Corporation. 
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BYTE editors offer hands-on views ofnew products 

A Color Paint Application 
for the Mac II 

S uperMac Software 's PixelPaint does for color graphics 
on the Mac II what MacPaint did for the original 128K

byte Mac in black and white: It lets you draw in color using a 
simple user interface. The lasso , marquee, grabber, bucket , 
spray can, brush , pencil, and eraser tools that you used in 
MacPaint are included. You still have the ability to enter any 
style of text and draw lines of any thickness or direction , as 
well as rectangles, ovals , polygons, and freehand shapes. 

However, these tools come with new capabilities , thanks to 
color. You can pick 256 colors out of a palette of 16 million for 
the bucket, spray can, brush, and pencil to use. You can draw 
the shapes in any color or have them filled with color as you 
draw them. Pixe!Paint also has two new tools: the eyedropper 
(click it on a particular color to use the same hue in a new 
spot- a lot simpler than trying to remember the color's RGB 
values) and the arc tool ( handy for drawing arcs or Bezier 
curves). 

Pixel Paint ' s real power lies in this : Click on the box 
labeled Normal Tools and it becomes Special Effects, and 
these tools take a quantum leap in color capabilities. Now the 
bucket tool can do color blends , with the blend effect (e.g ., 
top-to-bottom, left-to-right, sunburst, and venetian blinds) 
determined by selections in the option menu. 

Spray can and brush operations cycle through the entire 
spectrum of colors as they work, or within a user-selected 
range of colors. With the brush, you can also perform 
shadow, charcoal , wash , smooth, shade, and smear effects. 
Lines can be drawn as fractals , radials, and neon (a line with 
colored edges that resembles a neon tube) , as well as the cycle 
effects just described. Properly handled, these Special 
Effects yield color images whose appearance can only be 
described as breathtaking. 

PixelPaint prints to PostScript devices like Apple 's Laser
Writer and the Linotronic 100 and 300. I successfully printed a 
color image to a networked LaserWriter and got the expected 
gray-scale image. Printing to the Imagewriter II is not 
supported because PixelPaint images can have up to 256 

The Facts: 
PixelPaint 1.0 Requirements: 
$495 Macintosh II with 256-color 

video board and l megabyte 
SuperMac Software of RAM; color monitor 
295 North Bernardo and 2 megabytes of RAM 
Mountain View, CA 94043 recommended. 
(415) 964-9694 
Inquiry 853. 

colors , which is beyond the ability of the lmagewriter II to 
reproduce accurately. Pixel Paint can open MacPaint, PICT, 
and encapsulated Postscript files, letting you import graphics 
from Mac applications like MacDraw, Adobe Illustrator, and 
Cricket Draw. 

At a price of $495, you'd expect copy protection on such a 
product. But in a bold move on SuperMac 's part, PixelPaint 
was introduced without copy protection. The diligent user 
can produce publication-quality color graphics of great 
sophistication with PixelPaint. Ifyou bought a Mac II to do 
professional graphics, you 'II do well to make PixelPaint your 
first software purchase. 

-Tom Thompson 

Don't Be Intimidated by OS/2 

T he Norton On Line Programmer's Guides: OS/2 API 
ease the task of learning and using OS/2 functions. The 

database of information is organized alphabetically and 
logically . While the alphabetic Listing is valuable for 
experienced OS/2 programmers, the logical organization of 
the information is great for those of us who are trying to 
figure out what's going on with this new operating system. 
One of the most valuable features is a cross-referencing line 
that points you to information related to what ' s currently on 
the screen. 

The program is menu-driven, and you can choose to start 
with an introduction to OS/2 . It gives a brief summary of what 

OS/2 and DOS have in common and what's different, lists 
which OS/2 function calls correspond to which DOS inter
rupts, and includes a section discussing 15 areas of OS/2 
(e.g., multitasking and semaphores) . The related function 
calls are grouped for each of the 15 areas . 

From the menu, you can choose system, file, mouse, and 
video calls. The first level in each group is an alphabetic list of 
the function calls, followed by a short description. The 
second level gives you a detailed discussion of the function, 
including what parameters it requires , what it returns, what 
include files it needs , and whether it works in DOS mode. 

concinued 
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This is followed by an actual example of using the call, both 
from C and assembly language. 

Other useful information you can find under the reference 
menu includes a complete list of the IOCTL functions 
(functions for sending device-specific commands to a device 
driver), a discussion ofOS/2 device drivers and related 
functions, and the error and return codes for DOS 2.x, DOS 
3.x, and OS/2. There is also a menu item for the ANSI escape 
sequences , the CONFIG.SYS commands, and the OS/2 struc
tures , which are the predefined C structures that OS/2 function 
calls use to pass data to and from functions . 

The package includes a version of the program for OS/2 
mode and for DOS mode. 

In OS/2 mode, you can install the Norton Guides as a pop
up program that is available to all OS/2 screen groups or as a 
stand-alone application in one OS/2 screen group. When you 
run the Guides as a pop-up program, you activate them with a 
hot key (Shift-Fl), and while the Guides are activated, the 
OS/2 hot keys for switching to another screen group are 
disabled until you leave the program . 

The disabling of the screen group hot keys is a function of 
the OS/2 pop-up call; tasks continue to run in the background. 
If you want to be able to switch screen groups while the 
Guides are on the screen, you can install them as an 
application. The two methods of running the Guides let you 
have two databases open on the screen at the same time. 

In DOS mode, you can have the Guides as a terminate

and-stay-resident (TSR) program that takes up about 65K bytes 
of RAM ; you can easily remove it from memory if you need 
the space. 

Other features include a compiler and a linker that let you 
create custom databases. There is a full -screen and a half
screen mode , and you can search for alt or part of a keyword . 
An auto-lookup feature looks up the word under the cursor 
when you activate the Guides. 

I highly recommend this program. Using it is an order of 
magnitude easier than thumbing through the OS/2 manual to 
get the information you need. The interface is intuitive, and 
the information is presented in a clear and even conversational 
manner. 

The Facts: 
The Norton On Line Requirements: 
Programmer' s Guides: IBM PC or compatible with 
OS/2 API DOS 2.0 or higher, or OS/2. 
$150 with Instant Access 
Engine; $100 without engine 

Peter Norton Computing Inc . 
22 l 0 Wilshire Blvd., Suite 186 
Santa Monica, CA 90403 
(213) 453-2361 
Inquiry 852. 

Drawing on the Mac 

The Facts: 
FreeHand l.O 
$495 

Aldus Corp. 
411 First Ave. S 
Seattle, WA 98104 
(206) 622-5500 
Inquiry 851. 

Requirements: 
Macintosh Plus or 512Ke 
with at least 1 megabyte of 
RAM, two SOOK-byte floppy 
disk drives , or a hard disk 
drive; Mac SE with two 
SOOK-byte drives or a hard 
disk drive; or Mac II with 
two SOOK-byte drives or a 
hard disk drive. 

F reeffand. Sounds like a light, fun sort of drawing 
program, right? Well , don't Jet the name fool you . We're 

talking serious drawing here. This is a Macintosh package for 
people who need to produce clean art and copy that are ready 
to go to the print shop. 

The folks at Aldus may not like this comparison , but 
FreeHand is similar to Adobe Ulustrator in that it uses a 
connect-the-dots approach. This is great for working up a 
polished version of a rough sketch . You scan the sketch, bring 
it into FreeHand, and then trace it. The program is like a 
multidimensional tracing pad . 

The tricky part is doing the tracing . You can put down 
points (dots) on the object you're tracing and then connect the 
points using various tools , or you can use the freehand tool 
that lets you draw by dragging the mouse. I found both 
methods to be awkward, but it 's not Aldus's fault that the 
mouse is like drawing, as someone said, with a brick. 

The FreeHand toolbox is geared toward building drawings 
using straight lines, curved lines, angles, diagonals, and 
shapes (squares, ellipses, and boxes with rounded comers) . 
Transformation tools let you rotate, stretch or compress , slant , 
and reflect images. A text tool lets you add type to a drawing; 
it's a basic Mac-style editor that lets you change fonts , specs , 
and even colors . 

The program 's color capabilities make it a serious 
program for pre-press work. A print shop handles color in two 
ways: spots of one color here and there on an illustration, or 
process color, which basically breaks an image into tiny dots 
and colors them with a mix of four pigments that tricks the 
eye into thinking it's looking at one color. FreeHand will let 
you set up a drawing to use spot or process color. (Adobe 
Ulustrator 88 is supposed to have some of these same capabili
ties that make FreeHand shine, but we ' re still waiting for it.) 

There 's no room here to describe how the program does 
continued 
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1-800-223-6925 
Here It ls. You won't find software that's easier to use: 
• Requires no accounting knowledge 
• Completely menu-driven with on-line help 
• 93-page fully indexed tutorial manual (on disk) 
A Proven Track Record. Hard to believe the $16 price? Don't 
worry. MoneyCounts® has been marketed for three years and 
is continually receiving rave reviews. There's no catch. This is a 
fully functional system that compares with products selling for 
$99 and more. 
Same-Day Shipping. Order today and own MoneyCounts® for 
only $161 Add $3 shipping and handling (outside North America 
add $7). Iowa residents please add 4% sales tax. Send check 
or money order payable to Parsons Technology. VISA and 
MasterCard orders welcome. 

Circle 212 on Reader Service Card 

(In Conada 319/395-7300) 

,..----------------. 

:??--~it"ll'"= 

0.,,t. B 
373 Col/In$ Road Ne S16 + S3 Shipping 
Cedar Rapids, IA 52402 

MoneyCounts · requires IBM or compatible computer 
with lwo disk d rives (orcCftiord dlsJc: drive). 192k or more 
memory. DOS 2.0 or later ond printer. 

Nome: _____________ 

Address: -----------

City/Stole/Lip: ----------

Phone:------------

Check _Money Order _ VISA_ MasterCard _ 


Cord w E~p. Dote _ _ 
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When youbuy apersonal computer you find yourself with a keyboard that maynot 

be exactly what you wanl Wecan give you some smart alternatives. 

Every one comes with easy-to-use software Iha allows you to allocate awide vanety 

of functions. strings or what-you-will lo each and every key - and in each mode. 

Whars more you can change these according to the apphca!Jon you're running 

Keyport 601M Handy keyboard add-on touch tablet that gives you 60 ·soft keys· in 

addition to all your normal keyboard functions.Stores text, formulae, extra functions 

etc - uses IBM games port 

Electrone Dashboard1M Afull function "enhanced" board to fit the AMSTRAD PC 

port that comes with some smart soltware that allows you to configure any key for 

virtually any application. 

Keyport 300™ Desk pad equivalent of the Keyport 60 with 300 ·soft keys: Ideal 

for point-of-sale, order entry, databases, financial 
applications etc. 

Eleclrone Dashboard Plus'MSimilar to above but has 
Standard IBMplug, "standard" function panel as 
well as adouble row of 22 <:!xtraprogrammable 
function keys. 
Electrone DIN·1241M Afull professional layout with 
separate cursor and funclion pad as well as 
numeric pad. A row of 25 separate function 
keys for real Rexibility. Drop-on function 
guide supplied. 

6.•~::.d:':;~~~1.r~~~~:;11l'1r1od ~~"".... 
Keo,11on ~a traoemaf"o1. ol Polytel Inc 

Catalogic 
PO Box 300249 

1700 Lincoln 

Denver 

co 80203 
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this, but it lets you mix basic colors on your screen to get the 
shades you want. (On a black-and-white screen, you get 
black, white, and gray instead of red, green, cyan, turquoise, 
or whatever.) The program comes with a chart that shows 
you how to mix basic colors to get not-so-basic colors. The 
folks who wrote the FreeHand manual do a good job of 
explaining this whole process, but if you're not familiar with 
how color printing works, you should talk with someone who 
is before you take your copy down to the print shop. 

FreeHand can send output to a Postscript device or to 
QuickDraw printers like the Imagewriter. You can adjust the 
resolution so that a printer can make plates with the copy you 
provide. Setting up a drawing for printing is relatively easy. 

As a way of converting a sketch into camera-ready copy, 
FreeHand is great. One of the things that's supposed to 
distinguish this package from, say, Adobe Illustrator, is its 
set of freehand drawing tools . In other words , you can use this 
software to draw (rather than just trace) , edit, and enhance 
pieces of art done outside the program. 

As far as drawing and painting ability goes, I think there 
are better stand-alone programs with these capabilities than 
FreeHand . In software heaven, you'd have both: a good 
graphics package-like MacPaint, SuperPaint, or 
GraphicWorks-to create your original art , and FreeHand to 
get the art ready for the printer. However, the real world is not 
software heaven, and we mortals must pay for programs. 

Ifl needed a package for drawing and painting and didn't 
need to worry about sending multilayered illustrations to a 
print shop, I'd go with something else. But for serious stuff 
that's bound for the printing press, things like technical 
diagrams or ad copy, FreeHand wins hands down . Ifl 
needed both, I'd buy FreeHand and hope that Aldus adds some 
better freehand drawing tools next time around. 

-D. Barker 

A Hand-Held PC Compatible 

T he Datacomputer is a portable computer designed for 
data collection and portable processing. It uses the same 

CPU as an IBM PC, so you can develop programs on the PC 
and download them to the Datacomputer. Its small size and 
ergonomic design make it a true hand-held computer. 

Transferring programs to the Datacomputer is simple. I 
connected my AT to the Datacomputer with an RS-232C cable. 
Then I ran the data transfer program on the AT. Next I 
selected the Load Program function from the Datacornputer's 
on-screen menu. The NDCDL program can automatically 
download a program to the Datacomputer at 9600 bits per 
second (the default setting) using the XMODEM protocol. 
NDCDL also has an optional mode for interactive commands 
to change the COM port used, path names and filenames, 
and the data transfer rate. I could also connect one 
Datacomputer to another for a program transfer. 

The computer uses an 80C88 microprocessor and a CMOS 
version of the 8088, and it has l 28K bytes of RAM, 
expandable to 960K bytes with optional memory modules. 
The screen is a backlit 26-character by 8- or 10-Iine liquid 
crystal display . The keyboard includes a full-size numeric 
keypad and a small QWERTY keyboard . The unit measures I 0 
by 5 by 1'h inches and weighs 35 ounces. It is powered by 
either four or eight AA alkaline or nickel-cadmium batteries. 

External connections to the computer include an 8-pin 
DIN serial printer port, a DB-25 RS-232C serial port, a DB-9 
bar code scanner port, an optional RJ-1 l modem jack, and a 

continued 
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__ _____________ 

dBFast 
-vs
Clipper™ 

• • LAN-Compatible.::·.·P\ •Wgbest clBue Compadblllty .. -. \ ·:_ :.··c.., . &vallUle lllroqtl ...,_. 

' ~ Dlecoant Softwue. 

\ -------,
· :_: ~:"' - · · 60 day Guarantee. I 

Try dBFast for 60 days. If you 're not totally sausfied fo r I 
any reason , just send it back for a full refund(less JIO handling fee). 

Call today! 1-800-356-6356 I 
Sales Information call 1-206-392-0368. Dealer inquiries welcome. 

manager, and data space management. The computer can store 
and run .EXE files created in BASIC , C, Pascal, assembly 
language, or other programming languages . 

The Datacomputer is also available as part of a 

F t ! dllfut" rompl]es and dell\..., a cypkal .EXE file In under 5 ><roods. whiltas er CliJ>li<t Is still plodding through • ' mlnu1' rompile'11nldng rootint 
And ch«I; ouo our b!Js1'rtng l!X<C1JUon lp<Cd .. • W. blow away ohe c:omptddon! '"Why ...;or· 
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coaxial connector for an external power supply. All the 
connectors are located behind a flip-down access cover that 
has a neoprene gasket to seal out the elements. 

The standard system includes a utility software disk for the 
IBM PC, with programs for downloading and uploading file s, 
memory-resident file management , an interactive data 

Developer's Kit , which includes a software developer' s 
manual , two 5 1A-inch floppy disks containing communica
tions software for downloading programs to the Datacomputer , 
software routines for data compression, screen and keyboard 
interfaces, peripheral drivers, and bar code decoding software. 
The kit also includes a PC-to-Datacomputer RS-232C cable 
and a nylon case for the computer. 

The Datacomputer's small size, rugged construction (it 
can survive a drop to a concrete floor), and the gaskets that 
seal the access and battery compartment covers make this 
computer ideal for use in harsh environments like factories and 
warehouses. A variety of bar code scanners can be directly 
connected to the computer . Because it 's programmable , the 
Datacomputer can be used for a variety of applications in 
locations where you wouJdn ' t want to risk an ordinary 
computer . 

-Stanley J. Wswla 

The Facts: 

Datacomputer DC 3.0 

128K bytes of RAM , $1995 ; 

384K bytes , $2245 ; 

640K bytes, $2495 ; 

960K bytes , $2795; 

Developer's Kit , $2245 


National Datacomputer Inc . 

Middlesex Technology Center 

900 Middlesex Tnpk. 

Building 5 

BiUerica, MA 0 1821 

(617) 663-7677 
Inquiry 856. 

Options: 
JO AA battery pack, $39 ; 
printer cable , $39; 300-/ 
1200-bps internal modem, 
$199; bar code readers: 
pencil wand , $159; non
contact four-LED scanner, 
$429; fixed-beam infrared 
laser, $439; moving-beam 
laser scanner , $869. 

continued 
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Hitachi '5035 er 35005 CO-ADM Drive with ytJtr choce of: 
- McGraw HI Scierce !rd Techneal Aefererce Set .. .. . $895 
- Ci'der Eectrcri: Ercyr: ~dia . . . . . . . . . . . . . . . . . $895 
- Mcrosoft Bod<!'tle lf ........ . ... _ . . . . . . . . . . $895 
- PC-513 Lora-y lDS<s r1 thro..gh rB17J _. . . . . . . • . . $695 
- Geovisal US. ~ <rd M~er . . . . . . . . . . $1395 
- The Ell ie LIJrtry . . . . . . . . . . . . . . . . . . $1'95 

'I · 1. I. 

Groler er McGraw H or EIOOtSle~ or PG5G . . . . . . . . . . . . $269 
The 801! Lbra-y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . fil95 
KH<-Othrrer Ercycq:edia of Cherrea 1i?ch~y ...•• • .. . . SE-15 
Registry of Mass Spectra Data . ...... . .. ......... $2655 
GeavlsU1 US. NH, !rd M~er . . . . . . . . . . . . . . . . . . $795 

ittcu FREE ORDER L E . 800- MEGABYTe (63d-229B)ll 

I. • 'I • 

Htochl ti03S Exterra QJ-ROM Drive with At.dCl . . . . . . $729 
ti03S with DiQ1t:.i.i At.do OutllJt . . . . . . . . . . . . . . . . . $929 
Hta::hl 35005 n term V2 I-eight CD-ROM Drive l'l'At.do ' . $729 
Maxro- 800 MB WORM Drive . . . . . . . . . . . . . . . . . $3799 
Oototech laserbai< 400 MB WORM Drive . . . . . . . . . $2799 
Alroek Laserdrive ........ ..............•. . ... cai 
PC1'18Je 286 'th ffi-ROM Drive . . . . . . . . . . . . . . . $3795 

CD-Pey 1$951 Poo-w utJtv tl'8C. oermt.s ""' to ,;,,y el .Wo CDs m H I
ln:l wrret.IJ~ drM!S o..rut to t-el<lJtxres er .,.Pier. 


CD-P6y6CJTli!r lstl5l 5..,.. feAl.lre•"' ll}Pl!!f ct.s u... lty m rare ™' 

ClJ-Au:JO:~ 1$'85~~':~~. ~j ~b=nS i:~ y;J.r [fa 

AbNS )OJ to stD'1' a Jn'lcrre<J li'Y se~1t:c Irr e -h d""
""""""" reoo;;nt01 ol COs Creates OSD! cmrotb~ recads 

217 E. 851:11 St. Free 3 Month IINTEFIHATIOHAL OFIOEFISICDP 	
D 

~~Y~. NY 1XJa3 Sub•crlptlon to A SPECIALTY 
i!l 21299&6999 CD-FIOM Review A1.stntn Agent: KEWTEL 
Fex 2'2-<1 J9-9'0'3 with orde" over 145 OlU1<m Rd. 
Carp.serve 75530214 s3oo Kew. Vi:ta'l! 31l1 

----IBM PC® COMPATIBLE-
SINGLE BOARD COMPUTER 

- From 

Quark/PC~ - .. s325. 
quantity one 

""'" 
• low Power - Leu than 3 Watts 
• Optlonal on-board Video LCD Driver 
• 	 Ideal for any PC compatible OEM 

product which Is not a personal computer 
Includes: 1. Powerful V40®C PU (Faster tha n a PC) 
2. Math Co-Processor Socket 3. 5 Volt Only Operation 
(3 watts) 4. Speaker Port 5. Keyboard Port 6. Parallel 
Printer Port 7. PC Bus 8. PC Com patib le BIOS ROM 
9. 1 Serial Port 

On board Options Include: 1. 5 Mode Video 
Controller Option (Monochrome, Hercules® Graphics. 
CGA, High Res CGA, LCD Driver) 2. Floppy Disk 
Controller (3.5 "/5.25". 360Kf720K/1 .2 MB) 3. SCSI Bus 
Interface (Hord Disk etc,) 4. Up to 768K RAM 5. Bottery
Bocked·up Real-Time-Clock 6. 2 Additional RS232C 
Serial Ports 

To order or enquire call us today. 

Megatel ComputerCorporation 


(416) 74>7214 FAX (416) 745-3792 
174 lurblne Drive. Weston, Ontario M9l 2S2 

US. Address: 1051 Clinton St., Buffalo, N.Y. 14206 
Distributors: 

Europe: V&C Computers.Germany (06071) 25666 
N.CS. Computers - Italy (0331) 256-524 

UK: Densilron (0959) 71011 or (0959) 71015 

Australia: Asp Microcomputers (02) 500-0628 


~~:Cn!~~~~~:~~~~~~~=~~l~n~lo°l~o~~;'J::~~:=~u~~~'c>~~~'~c 
11. o reglsle rftd trodemorll ol lflM Corporo tlon 

.....---megatel----... 
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SHORT TAKES 

Two TSRs to Help You 
Manage the RAM Traffic Jam 
The Facts : 
PopDrop 3. 1 
$49.95 

RAM Lord 
$99.95 

lnfoStructures Inc. 
P.O. Box 32617 
Tucson, AZ 85751 
(602) 299-5962 
Inquiry 854. 

Waterworks Software Inc . 
913 Electric Ave . 
Seal Beach , CA 90740 
(213) 594-4768 
Inquiry 855. 

Requiremellls: 
IBM PC, XT, AT, or compatible, or IBM PS/2; 
DOS 2.0 or higher. 

Managing the gaggle of memory-resident programs that 
resides in a typical IBM PC's RAM is about as much fun 

as keeping tabs on a room full of kindergarten kids. TSR 
programs are often a badly behaved lot when you force them to 
work together. They stomp on each other' s electronic toes, 
greedily grab for identical interrupts and precious memory 
space, and even lhrow tantrums by completely locking up 
your system. 

OS/2 is supposed to eliminate all this so-called RAM 
cram. But in the meantime, you either have to live wilh it or 
take action . Ifyou opt for action , remedies can come in the 
guise of two programs (themselves memory-resident) designed 
to deal with TSR discipline. 

InfoStructures ' PopDrop has been around for a few years, 
and version 3. 1 is a completely new incarnation. It has 
developed into an effective and useful program with an 
elegantly simple user interface. Each time you run PopDrop, it 
generates a record of your system's RAM status (taking up 
about 600 bytes of RAM space the first time it's used; about 
200 bytes thereafter) . Then you load one or more of your 
resident programs "on top" of it . You can create layers of 
TSRs in your system RAM by simply rerunning PopDrop at 
any point. All the TSRs you've loaded between invoking the 
program become a layer . 

But no matter how clever TSR programs like PopDrop are , 
the programs are still stymied by the way that MS-DOS was 
designed. Ifyou need RAM space for other programs, you 
must unload the programs in lhe reverse order of how you 
loaded them in . Not unlike an onion, PopDrop lets you peel 
off the layers ofTSRs that you built, in the event that you need 
to free up the RAM for other use. You can also tell PopDrop 
to deactivate TSRs without freeing the memory. And with a bit 
of planning, you can use PopDrop in batch files to load and 
unload TSRs wilh applications wilhout making your RAM a 
completely scrambled mess of holes and unused code. 

In contrast to PopDrop, RAM Lord from Waterworks 
Software talces a different and unique approach to managing 
TSRs. It lets you have access to up to 20 RAM-resident 
programs while taking up only the RAM space that the largest 
single TSR requires (plus 26K bytes for itself). For example, 
let's say you use a dozen TSRs regularly , and lhe largest takes 
up 50K bytes of memory . In this case, RAM Lord would 
keep a 76K-byte kernel in RAM. You use your TSRs just as 
you always have, but instead of their all being crammed into 
the RAM , RAM Lord keeps copies of the actual programs in a 
swap area on your disk. 

RAM Lord works quietly and well. Its major disadvantage 
is speed. Because it's storing your RAM-resident programs on 

cominued 
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SHORT TAKES 

12MHz-NO 
DP12/0"'
H/gh 
Perfonnance 
100% AT 
Compatible 
Motherboard. 

$399 
wilhoul memory 

True Zero Wail-Stale design rnc re3ses 
thr oughpul up 10 30%over compe1in g 
producls 
The DP 12/0 desi gn is optimized for 
demanding engineeringandscienlitic 
applications e.g. Au10CAD. Fortra n. 

• 8112 MHz Zero Wai1-S1a1e 80286·12 
CPU - Faslest "286 performance 
available. 

• I MbyteCMOS Zero Wail-Stale RAM . 
• 80287 MathCo-Processor socket 

wi1h independen1 clock allows full 
10 MHz 80287-10 operation. 

• ZyMOS POACH/AT CMOS chip set 
reduces chip coun l for improved 
reliability and reduced power 
con sumption. 

Dllll Pl.81 
r. 1cJoc omo111ers & Perq:iherals 

DISKSPL US, INC. 
356 Lexington Drive 
Buffalo Grove. IL 60089 

• 8 expansion slols (6-16. 2-8 bit) 
wilh 8 MHz1/0 clock lo ensure 
reliable expansion board operalion. 

• AWARD BIOS wilhbuilt-in setup 
utlility. 

• Ourel. fully socke1ed. mulli-fayer 
board design. 16 MHz ready. 

• CMOS Clock Calendar/Configuration 
File. 

• Keyboard Conlroller. 
• One Year Warran ty. 

TraClt tnalk$. IBM PC-AT. lntemataonal Susmess 
Mi<tllnt5 Corp.; AutoCAO. Autodesk, Inc • 
Po!Cl\IAT . ZyMOS C«po<a\lan 
OP12JO. 0.... Plus. Int 

Telex: 650 249 2 t 39 MCI UW 
Fax : (3 12) 537-8331 
Technical and more Info: 
(312) 537-7888 

Keep Your Mouse 
Operating Like New! 

Clean It Regularly With 
Mouse Cleaner 360°'"! 

Wit h regular use. the Mouse Input Device att ra cts dust. d irt . and 
o ther unwa nted residue to its trackin)l rollers. This ca uses the 
cursor to jump antl jerk across the screen fru trating the 
oper:tt or and reducing productivity. 

Mouse Cleaner 360° uses a revolu1ionary method to scrub the 
grime off 1he rollers quickly and easil y . im p ly in sert the 
pat.:nted Scrubb.: r Ba ll into the Mo use cav ity . Wi th a few 
ci rcular motions on 1hc Scru bber Board , your Mouse is clc;111 . 

ConlaCt your local Compurcr Dealer, Distributor 
(lncludl.ng MJcro D, Bonsu, & Ingram) or caJJ: 

E~llr"-=: 
3450 Yankee D ri ve 
Eaga n, MN 55 121 

612/ 452-8135 • 800/ 888-8458 
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disk, there 's a perceptible delay when you press a hot key. 
On a fast AT the delay isn't objectionable, but on my disk
based laptop it was uncomfortably slow. That disadvantage 
essentially disappears if you have extended or expanded 
memory available. Then RAM Lord keeps its swap area 
there, with no perceptible delay . 

If you regularly use more than a few RAM-resident 
programs, you need one of these programs. At $49.95 , 
PopDrop is reasonably priced, but it requires regular 
interaction. Although RAM Lord costs twice as much , it is 
well worth the extra bucks. Once you 've installed it, you can 
forget about it as it quietly and firmly manages your RAM 
space. 

-Stan Miastlwwski 

Delta's Mini Modem: 
A $99 Powerhouse 

W hen I first looked in the Delta Voyager's box, I didn ' t 
intend to review the tiny modem that sat inside. But 

after hooking it up to a Toshiba Tl 100 Plus, I knew this was 
a product I had to write about . The little powerhouse costs 
only $99, recently reduced from $149 . It's about the size ofa 
cigarette pack (2¥s by I by 3y; inches) and runs on a 9-volt 
battery , off a car's cigarette lighter, or off an AC adapter. It 
weighs about half a pound. 

Delta Voyager is a Hayes-compatible 300-/ 1200-bps 
modem that has 28 characters of nonvolatile configurable 
memory , remote ring, tone sensing, a low-battery light, and 
dial-tone monitoring. Also, it's compatible with Bell 103 and 
212 and. CCITT V.21 and V.22 standards . It operates in full
or half-duplex mode. 

To install the modem, you hook it directly into the RS
232C port, with modular RJ-11 telephone cable connecting to 
the phone line. It 's a little awkward , sticking straight off the 
back of the computer, and. it seems Iike it might be too heavy 
to stay attached. to the RS-232C port. At just 8 ounces, 
however, it stayed attached , and I had to allow just about 4 
inches between my computer and the wall . 

Delta reports that you can operate under battery power for 
up to 10 hours . I didn't try any marathon sessions, but I used it 
on a daily basis for 2 weeks with no trouble whatsoever. A 
shrink-wrapped 9-V alkaline battery is included, along with 
telephone cable and a DB-25- to- DB-9 adapter. Delta also 
offers an external 9-V AC adapter as an option , although you 
can use any standard ad.apter with an external plug (I used the 
one that came with the Toshiba) . Procomm 2 .4.2 also comes 
with the modem . 

Used with a battery-powered portable computer , the Delta 
Voyager gives you complete flexibility in telecommunications. 
The only feature the Voyager Jacked that I missed having was 
a speaker. But at $99, this mod.em is hard to beat. 

-Anne Fischer Lent 

The Facts: 
Delta Voyager (DM-1200) Options: 
$99 AC adapter , $4.95 

Delta Computer Corp . 
260 Forbes Blvd. 
Mansfield , MA 02048 
(617) 339-5575 
(800) 255-3358 
Inquiry 857. 



Introducing our 
new Macintosli 
Comm-Pack™: 
2400bP.s modem,
Microphone™ soft
ware, cable, and 
a price that makes 
it all worthwhile. 
This one's just for the Macintosh. 
Even the color is Mac-compatible. 
And you' ll look a long time for a 
more complete value... a value that 
begins with our Practical stand
alone 2400 modem. Feature for 
feature the PM2400SA is way out 
in front of anything comparable. 
Hayes '™ compatibility is 100%. 
Even the Macintosh version of 
Hayes ' Smartcom™ can 't tell the 
difference. But there's more to 
the PM2400SA than that.. . 
• 2400, 1200, or 0-300bps operation. 
• 	Automatic adaptive equalization 

for error-free operation over 
common phone lines. 

• LED displays for all functions. 
• Full or half-duplex operation. 
• Pulse or touch-tone dialing. 

• User modifiable, 
non-volatile, RAM stores 
modem configurations. 

• 	Automatic answer mode. 
• 	Complies with Bell 212A, 103, 

FCC Part 68, etc. 
We've made a great deal 

greater! By itself the PM2400SA 
is a great value. But, along with 
the modem, our Mac Comm
Pack includes both the cable 
you need and MICROPHONET~-
the communications program 

that goes beyond any program 
available for the Mac ...FREE. 
The complete package is an 
absolutely irresistible $299! 

Improved technology. 
Performance. Value. And the 
best guarantee in the 
business...a performance 
guarantee that's 5 full years 
long. Hardware, software, a 
rock solid guarantee, and 
superior value ...we'll say it 
again, " macnificent! " 

31245 La Baya Drive, Westlake Village, CA 91362 
1·818·991-8200 FAX: 1-818-706-2474 
All products and names trademarked are properries of their respeclive manufacturers. 
© 1988 Practical Periphera ls. Inc. All rights reserved . 

MODEMS • BUFFERS • IBM & APPLE ENHANCEMENTS• INTERFACES 
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Introducing 

~NEXOS" 


The new DSC 'EXOSNLocal Area Network introduces 
6 important advances in high-performance network
ing- beginning with Oe.xlbility no other IAN can equal. 
DSC NEXOS can be con.6gured for Token Ring. ARCnctN 
or Ethemet. So you can choose the most cost-effective 
con.6guration. You can use any IBM•-compatible PC 
(8088/ 86, 286, 386, PS/ 2) as workstations. sc any 
IBM·compatible 386 as a dedicated network server. 

DSC NEXOS meets or exceeds the performance of 
today's fastest L'\i'ls on all types of application pack
ages, due to the speed of the 20 MHz 386-bascd NEX/ 
ServerN and high-pcrfom1ance NEX/Unk"' interface 
cards. Network response stays lightning-quick, even 
during peak demand periods. The rEX/OS"' operating 
system also contains a powerful performance bonus: a 

•or 

Or install a NF.X/Scrver"' network server with up to 
600 Mb of hard disk storage per server and built-in 
print spooling. By simply adding EX/servers, your 
DSC NEXOS IAN can grow to an unlimited number of 
workstations 1~ith up to 400 gigab)•tes of hard disk 
storage. In any configuration, your I.BM-compatible 
DOS-based applications 11iJJ run on DSC NEXOS Daw
lessly... with an OS/ 2 migration path guaranteed. 

"database engine" which can process data al /beserver. 
Only the needed data is transmiued, not the whole 
fi le. This cuts network traffic, unlocks files in milli · 
seconds instead of minutes, and speeds process ing up 
to 600%on databases which utilize this facility. (Cur
rent listing of databases which utilize the DSC 
NEXOS database engine available on request.) 
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DSC NEXOS connects your people and systems to 

each other...and to a whole world of resources. 
DSC NEXOS offers asynchronous communication serv· 
ers that provide emulation or DEC VT-220, 102 and 
52"' termina ls. SNA/ SDLC gateways tn IBM 

System 3X, 5250 and 3270 environments. TCP/ 
IP gateways between MS· DOS• and UNIX environ· 
ments. X.25 gateways to public data networks. All 
implemented in the most seamless and cost-effective 
\~<1yS. 

DSC NEX:OS features the most effective and convenient worst-case disaster,your disk can be reloaded, updated 
protection for your valuable data: automatic on-line and back in service ln as little as half an hour.. . 
tape backup. Changes to Cllcs (all files or only the software fault tolerance that no other network can 
types you select) are instantly copied to tape. In a provide. 

Install DSC NEXOS with the IBM cabling systeru, tele· on-Line help and simple menus reduce the time and 
phone system twisted·pair, thin Ethernet or standard effort of software installation,user t.ralning and system 
coax cable.Then DSC NEXOS"familiar DOS commands, management. 

in one package- a capability other companles have 
in providing large-scale IAN installations and support 
DSC Communications has a decade of experience 

only promised. DSC has worldwide support And a 
to major .S. corpordtions. DSC is also a leading global perspective. DSC EXOS is the first Third 
supplier of telecommunications systems to the Generation I.Ai - a "nct,mrk engine" that empowers 
major public and private networks in the US, UK, PCs to achieve new levels of productivity. Call now 
Europe and Japan. By combining u\N and WAN tech· for a free DSC NEXOS information package, or to dis· 
nologies, DSC now delivers end-to-end connectivity cuss your networking needs with a DSC sales engineer. 

~ DSC Communications Corporation 
~ Business Network Systems Group 

3101Scolt Blvd.. Santa Cl1r:1, CA 9;0;4 

Call 800-832-7274 For More Information 

In the U.K. dial 100 and ask for FREEFONE-NESTAR 


Tite NewIAN 

~NEXOS™ 

DSC SF-XO.S. XEX/Stn"tr. ~Un};md ~r</OSm u-Jdem:id; of DSC Communk;ttklns Corpor21ion. ARCotl 1:$ 2 tt2dcm1r1r o(tbupoint. Inc. IA.\l ls a ~tm:d tnlitm10; of lnlC'nudoful Bus.fne.s Mxhlnes f.o rpor.iUOO. 
DOC \T·llO, 102, lfld 52 are 1nd<m>rb of Dililli Equlpmcn1lli'J"lr2lion. 
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PRODUCT FOCUS 


High-Speed Modems 

John H. Humphrey and Gary S. Smock 


We fly to Paris in 4 hours, seal inexpensive silicon building 
A new crop of modems
deals by facsimile in minutes, blocks. 

and can't stand to wait more Today, V. 32 modems are betake transmission rates to a blazing 
than 24 hours to get important 
mail. It' s not surprising that 
high-speed moderns, able to ac
curately send 3 megabytes 
across the country in less than an hour, 
are the fastest growing segment of per
sonal computer communications. 

The advantages of high-speed modems 
are clear: substantial savings in commu
nications charges and in time. Until re
cently, these high-speed units have com
manded premium prices, but prices have 
fallen sharply during the past year. The 
13 modems we review here send data at a 
rate of at least 9600 bits per second and 
range in price from about $900 to over 
$2000. 

But as in any field of rapid growth, 
standards and uniformity among high
spced modems have lagged behind in the 
rush to provide the most impressive per
formance for the most palatable price. 
Unlike the highly standardiz.ed 1200- and 
2400-bps modems we're used to, most 
high-speed modems work at top speed 
only when communicating with another 
such modem. The incompatibility is due 
to the push for greater performance at a 
given price and to the use of several com
peting-and confusing- standards for 
high-speed data communications. 

A Good but Shortsighted Start 
The central force for standardization in 
the communications industry is the 
CCITr, headquartered iil Geneva, Swit
zerland. In 1976, the ccrrr drafted the 
first standard for 9600-bps modems. This 
recommendation (V .29) was designed to 
speak specifically to modems operating 
at 9600 bps over 4-wire, leased-line tii.cil
itics with synchronous data. 

In 1984, the ccrrr adopted another 
standard (V .32), which provides for a 
9600-bps modem to be used on dial links. 
V.32 includes avant-garde communica
tions technology .known as echo cancella
tion to achieve full-duplex operation over 
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9600 bps and beyond 

2-wire mcilities. 
Echo cancellation makes extensive use 

of high-speed digital signal processors 
(DSPs). Both sending and receiving 
modems transmit simultaneously at iden
tical carrier frequencies, and the inbound 
and outbound data signals clash and over
lap, interrering with one another. 

The modem knows what signals it just 
transmitted, transmitted 100 millisec
onds ago, transmitted 2 seconds ago, and 
so on. It creates scaled and inverted 
copies of the wavefonns that it transmit
ted and adds these into the received data 
stream to cancel the interference from its 
transmitter, leaving only the incoming 
signal for its receiver to process. This is 
an incredibly complicated task that typi
cally requires the service of DSPs with 
performance in the range of25 to 50 mil
lion instructions per second. 

As published today, V .32 does not pro
vide rules regarding the use of asynchro
nous data, which was left for "further 
study." Basically, the CCITr did not 
foresee the rapid buildup in end-user de
mand for a moderately priced, asynchro
nous, 9600-bps, dial-up modem. At the 
time V. 32 was adopted, high-speed 
moderns were predominantly the realm of 
corporate users, where physical size, 
price, and power consumption were of 
secondary importance to solid analog 
performance, consistent reliability, and 
growth flexibility . 

But user demand for 9600-bps com
munication has been growing tii.ster than 
the ink was drying on V .32. Modem 
manufacturers, struggling with the tech
nical impact of designing reliable echo
canceling circuits, have chosen to offer 
stopgap alternatives to feed user demand 
during the interim period required to de
sign and cast echo-canceling circuits into 

ginning to ship in increasing 
numbers. They are still bulky, 
power-consumptive, and ex
pensive. Most manufacturers 

have jumped the gun, designing in iso
chronous (i.e., synchronous/asynchron
ous) converters to allow the modem to 
use asynchronous data . A number of 
smaller, lower-cost 9600-bps modems 
are also available, the product of stopgap 
design efforts. 

Competing Modem Techniques 

To achieve high-speed dial-up communi

cations for personal computers, there are 

three core requirements: an asynchro

nous intertii.ce, full-duplex operation, 

and a reliable and inexpensive modem 

engine capable of working under dial-up 

line conditions. 


V.32 achieves the first two objectives 
but tii.Us down in the third area. To get 
around the R&D invcsbnent required to 
develop a true V. 32 modem, many manu
facturers have elected to prt>duce high
speed modems that are not compatible 
with V.32 but that do provide 9600-bps 
operation. These manufacturers use one 
of four modulation approaches that pro
vide alternatives to the V.32 standard. 
(For more information on the theory and 
technology of the competing techniques, 
sec the text box " High-Speed Modem 
Modulation" on page 106.) 

V .29 and V .32 Revisited 
The first- and most popular-modula
tion approach involves changes to V .29 
core engines, which are available in chip 
sets from several sources. V.29 chips 
were originally tooled to serve modem 
manutii.cturers' needs for conventional 4
wire, leased-line, synchronous modems 
and for fax machines. 

Two techniques, ping pong and statis
tical duplexing, are used to build V.29
based 9600-bps microcomputer modems. 

continued 
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IDGH-SPE~D MODEMS 

Table 1: The modems reviewed use a variety oftechniques to achieve high-speed daJa transfer. Prices vary as well, 
from a low of$895 to a high of$2295. 

Case 
4696NS 

Concord 
296 Trellla 

Data Race 
RaceBMX-VM 

Data Race 
RaceVMI 

Faatcomm 
Turt>o2496 

Hayes 
V-Serles Smart· 

modem9600 

Chip set Rockwell Custom Rockwell Rockwell Rockwell Custom 
sets TMS32010 sets sets sets TMS32010 

Maximum 19,200 19,200 19,200 19,200 19,200 19,200 
Input speed 
(bps) 

Error Yes Yes Yes Yes Yes Yes 
correction (MNP class 6) 

Data Yes Optional Yes Yes No Yes 
compreaalon 

Duplexing Statistical Echo V.29 V.27 Dynamic V.32HDX 
technology cancellation ping pong asymmetric ping pong 

Compatlblllty V.29 and V.27 with V.32 Data Race BMX Data Race Race Fastcomm units Hayes V-Series 
statistical units. V.29 units, V.29 (speeds above Smartmodem 9600, 

duplexing, (V.22bis, V.22, (V.22bis, V.22, 2400 bps), V.22bls, V.22bis, V.22, 
V.22bls, V.22, 212A. 212A, and 103 212A, and 103 V.22, 212A, 103, 212A, and 103 

and 103 optional) optional) and V.29 

Price $1395 $1795; $1995 $995;$1245 $1195; $1345 $1099 $1299 
w/data compression w/options w/options 

Both start with a core V. 29 engine and 
build an isochronous converter onto it. 
V .29 is intrinsically half-duplex, how
ever-, and a method to simulate full
duplex operation is needed. This is where 
the two V. 29 approaches differ. 

In the ping pong approach, data you 
send to the modem is buffered. The two 
modems automatically switch their car
riers on and off rapidly, exchanging data 
each time they have the link for transmis
sion. A form of ready/busy flow control 
is used between the modem and your 
computer to prevent you from losing 
data. 

Statistical duplexing uses a low-speed 
reverse channel, which is added at fre
quencies above or below the V .29 en
gine's pass band. The reverse channel is 
intended to handle data at up to 300 bps 
and is there to service data at keyboard 
rates. Should a conversation change dy
namically (i .e . , you were inputting and 
receiving file data, but now your partner 
is inputting and receiving file data), the 
modems sense this change by watching 
the relative queue length of their 1/0 
buffers. The modems exchange control 
information to swap the assignment of 
their high-flow-speed channels. 

A second approach used by a few firms 
makes use of the technically easier to de
sign portions of V .32's modulation. The 
key technical problem with V.32 is echo 
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cancellation, which is required for full
duplex operation. One modification uses 
V .32 without echo cancellation and em
ploys the ping pong approach to simulate 
full-duplex operation. The other method 
grafts a low-speed reverse channel onto 
the core V.32 high-speed center channel 
to handle keyboard input. 

Please Squeae the Data 
The third approach involves data com
pression. Although a number of the 
modems we tested offer some form of 
data compression, what if we can get a 
really big "squish"? Data compressors 
find clever ways to shrink 10-bit ASCII 
data to, say, 4 or 5 bits for transmission, 
then convert back to I 0 bits at the other 
end. They look for repeated strings in the 
data, convert them into unique control 
characters, and explode them back to the 
original string when received. 

If the compression algorithm is effi
cient enough to absolutely guarantee a 
four-to-one advantage, modem makers 
don ' t have to use fancy high-speed 
modem engines at all. With a guaranteed 
4-to- l compression, they can get by with 
low-cost V .22bis (standard 2400-bps) 
technology that now exists. The draw
back to this is that you need a similar 
modem at the other end of the link to 
achieve 9600-bps speeds. An unexpected 
benefit is built-in compatibility with 

existing 2400-bps modems operating 
without compression. 

Multicarrier Technology 
The fourth approach borrows from 
spread spectrum communications tech
nology used by the military in secure 
communications systems. This technol
ogy breaks the data into discrete pieces 
and spreads them across the available 
bandwidth on separate carrier frequen
cies, keyed at different time intervals. 
This requires the enemy to know which 
spreading algorithm is being used to re
cover the individual pieces of the commu
nique. Without the correct algorithm, the 
transmission looks like random noise. 

Modems using multicarrier technology 
spread the telephone bandwidth with 
hundreds of individual carrier tones, 
each of which is modulated quite slowly . 
Digital data is fed to the modem and buf
fered . Individual bits are fed to the multi
ple carriers and data is passed over the 
link inn-length, bit-parallel fashion . 

The advantage of this approach is its 
ability to "map around" bad spots in tele
phone lines. If discrete portions of the 
telephone line are of poor quality, the 
modems recognize this and simply do not 
place carrier tones in those areas . In 
theory, this lets the modems operate at 
full speed under good line conditions and 
slowly fall back under poorer line condi
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Mlcrocom Racal-Yadlc Telcor Teleblt Telenetlcs USRobotics Ven-Tel 
AX/9624c 9600VP Accelerator TrallBlazer Plus 9600EN.32 Courier HST EC18K-34 

2496MA 

Rockwell Rockwell Rockwell Custom Custom Custom Custom 
sets sets sets TMS32010 TMS32010 and TMS32020 TMS32010 

TMS32025 

19,200 9600 9600 19,200 9600 19,200 19,200 

Yes Yes Yes Yes Yes Yes PEP (19,200 to 2400) 
(MN P classes 1-6) (MNP classes 4&5) (MNP classes 1-3) (MNP classes 1-5) MNP below 2400 

Yes Yes Yes Yes No Yes Yes 

Statistical Dynamic 	 V.22bis with PEP Echo cancellation Asymmetric PEP 
compression TCMQAM 

V.29 with statis· V.29 with dynamic Telcor Accelerator, PEP modems, V.32 USRobotics HST, PEP modems, 
tical duplexing duplex (Vadic), V.22bis, V.22. V.22bis, V.22, V.22bis, V.22, V.22bis. V.22, 212A, 
V.22bis, V.22, 212A, 103, and 212A, and 103 212A, and 103 212A. and 103 and 103 


212A. 103, V.27, V.29 (synchronous 

and V.29FT (syn- half-duplex) 

chronous only) 

$1399 $995 $895 $1345 $2295 $995 $1399 

tions. The modems automatically seek 
and find the maximum operating speed 
achievable under constantly changing 
line conditions. 

A Fast Field of Contenders 
The 13 modems we tested for this review 
all use at least one of the modulation ap
proaches discussed above. When you 
look at the features for each modem .in 
table I and the results of the tests we ran, 
remember that high-speed data commu
nications must be tailored to individual 
situations. Before you purchase a high
speed modem (or a set of modems), take 
a careful look at precisely how the fea
tures and performance of a system will 
match your needs. That said, let's look at 
the modems. 

Case 4696/VS: The Case 4696/VS is a 
full- or half-duplex V .29 modem with 
statistical duplexing that operates at 
speeds of 300, 1200, 2400, and 9600 
bps. Data compression and error correc
tion are provided through the six classes 
of MNP (Microcom Networking Proto
col) that this product supports. This unit 
provides the Microcom SX and the AT 
command sets, and it is compatible with 
Microcom 's AX/9624c and other con
ventional V .22bis, V .22, Bell 212A, and 
Bell 103 modems. 

Concord 296 Trellis: This is a true 
full-duplex V.32 product with MNP 

class 4. It features an AT command set , a 
Concord command set, and operates 
either asynchronously or synchronously 
at 4800 or 9600 bps. It supports 2-wire 
dial or leased-line operation. 

Data Race Race BMX-VM: The BMX
VM operates in half-duplex V.29 mode 
and uses a high-speed line-turnaround 
technique to simulate full-duplex opera
tion. The modem has an AT command 
set, a BMX command set, error detec
tion/correction, data compression, and 
flow control. It supports V.29 and V.27, 
and an option adds V.22bis, V.22, Bell 
212A, and Bell 103 compatibility . 

Data Race Race VM /: The Race VM I 
employs error detection/correction, data 
compression, and flow control to offer 
full-duplex asynchronous communica
tion. It features an AT command set, a 
Race command set, and supports connec
tion to either dial or leased 2-wire lines. 
An option is available for V.22bis, V.22, 
Bell 212A, and Bell 103 compatibility. 
Half-duplex synchronous operation is 
possible when the modem is operating in 
its V.29 mode at 4800, 7200, and 9600 
bps. 

Fastcomm Turbo 2496: The Turbo 
2496 uses a design based upon the V.29 
recommendation and simulates a full 
duplex asynchronous channel by using a 
proprietary modem-to-modem protocol 
with error detection and correction when 

operating at speeds greater than 2400 
bps. The unit features an AT command 
set with some additional extensions, flow 
control, and compatibility with other 
modems at 0 to 300, 1200, and 2400 bps. 

Hayes V-Series Smartmodem 9600: 
This Hayes modem uses a modified V. 32 
design that provides full-duplex trans
mission at 0 to 300, 1200, and 2400 bps, 
plus half-duplex transmission at 4800 and 
9600 bps. At the higher speeds, a ping 
pong protocol is used to simulate full 
duplex operation. This product is com
patible with all earlier Hayes products 
and with modems that support the 
V.22bis, V.22, Bell 212A, and Bell 103 
modulation. In addition to having true 
Hayes AT commands, the modem fea
tures error control, flow control, and 
adaptive data compression. 

Microcom AX/9624c: The Microcom 
AX/9624c supports the V.22bis, V.22, 
Bell 212A, Bell 103, V.27, and V.29FT 
(fast train) modulation standards and pro
vides its own SX command set, as well as 
an AT command set. Fast train is a tech
nique within the V .29 standard that pro
vides for an abbreviated handshaking be
tween sending and receiving modems. 
This modem supports MNP classes 1 
through 6 and provides data compression 
and error correction. The AX/9624c is 
compatible with the Case 4696NS. 

continued 
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High-Speed Modem Modulation 


H ow high-speed modems work is a 
complete mystery to many people. 

The electrical fundamentals are straight
forward . The real tricks involved lie in 
consistently and reliably demodulating 
the signal over a broad range of receiver 
conditions caused by telephone line con
ditions that can vary in real time on a 
given call. 

Envision a sinusoid of fixed fre
quency whose phase is changed at dis
crete time intervals (the baud rate). Ifwe 
are careful to sample the waveform at 
these periodic and discrete baud inter
vals, we can measure the phase changes 
that represent the data. 

Figure A shows a sinusoidal signal 
that has been phase-modulated to pro
duce +90, +180,and +270degreerel
ative phase shifts over three successive 
baud intervals. If we preassign digital 
meanings to the relative phase changes 
(0 = 0,0; +90=0,1;+180 = 1,1; and 
+270 = 1,0), we have encoded digital 
information and are sending data faster 
than the fundamental data transfer rate. 
Here, 2 bits of information (a dibit) is 
exchanged on each baud interval. 

If we increase the encoding density 
(tribits and quadbits), we can send even 
more information per baud interval . The 
baud rate is restricted by the fixed band
width of the telephone line; the rate of 
information exchange is not. The price 
we pay for higher encoding densities is 
the complexity of the modem's hard
ware-being able to diffe.rentiate be
tween smalJer discrete signal differ
ences. 

In the example shown, the modem 
need only differentiate between 90-de
gree shifts. If we carried the example 
one step further (tribit encoding). the 
modem would have to slice the phase do
main into eight pieces (23 = 8). Such a 
modem wowd need to be able to distin
guish between 45-degree phase differ
ences. 

Modems don't actually shift a single 
sinusoid . They make use of vector alge
bra by summing quadrature compo
nents. Suppose we have two signals (A 
and B) of identical frequency that are 90 
degrees out of phase with each other (a 
sine wave and a cosine wave). We say 
these signals are orthogonal or in quad
rature to each other. 

Vector algebra (remember physics?) 
tells us that the sum of the two (signal C) 

A .0.=+180° .0.=+270° 

oo +90° +270° +180° 
I I I I

!\! [\ f\ (\ I (\ ! (\
r v vv 
Baud interval 1 Interval 2 Interval 3 

B (1) (2) (3)
jsinewt jsine wt j sine wt 

,----
I I ' I I +1A I I 
cos I 

A+B=C 8 wt •-1 
I -1 
I 
I·---

I 

I 
I • • -B· • 
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I 
I 

+1 
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A 

Figure A: A phase-modulated sinusoid. Figure B: (1) The sum oftwo vectors. 
(2) The sum ofinteger orthogonal <;omponents. (3) Amplitude scaling of 
orthogonal components. 

is another sinusoid of the same fre
quency at 45 degrees (see figure Bl) . 
Also note that ifwe scale the two orthog
onal signals with discrete multipliers 
( + 1 or -1) before summing the two, we 
can place the resultant vector at any one 
of four discrete positions, each of which 
differs from the other by even 90-degree 
multiples (see figure B2) . 

Hence, we have taken a complicated 
modulation pro blem (changing the 
phase of a single sinusoid) and reduced 
it to electrical functions that are easy to 
perform (inverting a signal and sum
ming two signals). Figure 82 represents 
precisely what takes place inside the fa
miliar Bell 212A 1200-bps modem
differential phase shift keying (DPSK). 

Although higher-speed modems op
erate similarly, the encoding density is 
greater. In the DPSK example shown, 
we restr icted the amplitude values 
placed upon our orthogonal components 
to integer values ( + 1 and -1). If we 
allow the quadrature components to be 
scaled by fractional values before sum
ming the two signals, we can combine 
amplitude modulation with phase modu
lation and achieve an even greater en
coding density. 

Another form of DPSK modulation 
that is used commonly offers 4800-bps 
communication. There are two popular 
(and similar) schemes. One used in the 
U.S. is called the Bell 208 discipline; its 
counterpart in Europe is the CCITT 
V .27 discipline. 

Instead of a simple 4-point constella
tion like that shown in figure 82. the 
V.27 discipline offers an 8-point con
stellation, where the individual points of 
the constellation form a circle about the 
origin separated by 45-degree angles . 
V .27 is a half-duplex technique using a 
single-carrier frequency centered at 
1800 Hz that is modulated at 1600 baud 
using tribit encoding . Thus, we get 
4800-bps communication in one direc
tion at a time (1600 baud x 3 bits/baud). 

Figure 83 shows the constelJation pat
tern associated with newer 2400-bps 
dial-up modems that utilize quadrature
amplitude-modulation (QAM) technol
ogy to achieve full-duplex communica
tion according to the CCITT V.22bis 
recommendation . This is a 16-point 
constellation, which implies that the 
modems exchange quadbits (24 = 16)"of 
information at each baud interval . 

V .22bis technology is full-duplex. 
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Each modem transmits its own carrier, 
and they are separated in frequency 
by prearrangement. The originating 
modem transmits at 1200 Hz; the an
swering -modem transmits at 2400 Hz. 
The carriers are modulated at 600 baud 
using the 16-priint constellation shown 
and provide 2400-bps (600 baud x 4 
bits/baud) information interchange. 

To achieve 9600-bps communication 
rates, several techniques are in use to
day. The oldest one stems from the 
CCITT V.29 recommendation. V.29 
was originally written to provide 9600
bps communications over 4-wire leased 
lines using a synchronous data format . 
There is no reason why the core technol
ogy cannot be used in asynchronous 
dial-up environments, and a number of 
manufacturers have elected to do so. 

V.29 uses the same generic 16-point 
QAM constellation shown for V.22bis 
in figure B3. However, the carrier as
signment is changed. Instead of using 
two discrete carrier frequencies, V .29 
places a single carrier frequency in the 
center of the voice band at 1700 Hz. The 
modulation rate is increased from 600 
baud to 2400 baud, which causes the 
modem to take up virtually all the avail
able bandwidth the telephone line has to 
offer. This means that only one of the 

. two modems can send data at a given 
time, but they operate much faster
9600 bps (2400 baud x 4 bits/baud). 

The newest modulation technique 
(V.32) is quite similar to V.29 in many 
respects. It uses a single carrier fre
quency at 1800 Hz instead of 1700 Hz, a 
2400-baud modulation rate, and a core 
16-point constellation . V.32 differs 
from V.29 by offering an optional 32
point constellation (quintbit encoding) , 
which is trellis-encoded. 

The fifth bit is a logical derivative of 
the other four. It represents an integrity 
check similar to the ninth bit that is used 
in IBM PC and PC XT machines for 
memory-parity purposes or hamming
code techniques used in more advanced 
error-correction-c-Oding memory stor
age systems. Trellis encoding gives the 
modem superior signal-to-noise perfor
mance. V.32 is true full-duplex 2-wirc 
modem technology . Echo cancellation 
is used to separate the transmitted and 
received data streams of analog wave
forms that are propagating simulta
neously through the 2-wirc link. 

Racal-Va die 9600VP: The 9600VP of
fers full-duplex asynchronous operation 
at 300, 1200, and 9600 bps. Its modified 
V.29 design offers error control, selec
tive retransmission, and data compres
sion, and it adjusts its speed dynamically 
to optimize to current line conditions. 
The unit provides an AT-compatible 
command set, nonvolatile telephone 
number storage, and compatibility with 
the standard communication protocols 
when operating in the Bell 212A or Bell 
103 modes . Speed conversion and five 
types of flow control are available . 

This modem offers true full-duplex 
data transmission during interactive ses
sions that have relatively low data
throughput requirements and a haJf
duplex link while transferring large 
amounts of data in one direction. The dy
namic duplex technology will automati
cally select the appropriate duplexing 
method based on data traffic patterns. 

Jfelcor Accelerator 2496MA: The Ac
celerator uses a proprietary data-com
pression and error-detection technique 
with its V.22bis design to increase data 
throughput. It supports full-duplex inter
face speeds of 1200, 2400, 4800, and 
9600 bps, along with several interface 
and flow-control protocols. The unit is 
configured by an AT command set with 
some unique extensions. When not com
municating with another Accelerator, 
this modem will communicate with 
V.22bis, V.22, Bell 212A, and Bell 103 
modems. 

Telebit TrailB/azer Plus: The Trail
Blazer Plus features compatibility with 
modems that support the V .22bis, V .22, 
Bell 212A, and Bell 103 standards, plus 
its own Packetized Ensemble Protocol 
(PEP). Supported interface speeds are 
300, 1200, 2400, 4800, 9600, and 
19,200 bps. This unit features automatic 
error detection and correction, flow con
trol, an AT command set, and support of 
MNP classes 1 through 3. 

Telenetics 9600EIV.32: This is a V.32 
modem with an AT command set and 
error control. It offers full-duplex asyn
chronous or synchronous operation at 
4800 and 9600 bps. An option switch lets 
you enable/disable its trellis-encoded 
modulation at 9600 bps. The modem can 
monitor call progress electronically with 
terse or verbose responses or via a built
in speaker. Front-panel controls provide 
the ability to manually answer, originate, 
and disconnect calls, as well as force 
4800-bps operation and select error con
trol. The unit also provides nonvolatile 
storage for ten ~haracter telephone 
numbers. 

USRobotics Courier HSI: The Courier 
HST is compatible with V.22bis , V.22, 
Bell 212A, and Bell 103 modems, plus 

those that support the USRobotics high
speed technology (HST). When operat
ing at interface speeds of 4800 bps to 
19,200 bps, the Courier HST operates in 
the HST mode with error control and will 
either fall back or spring forward as line 
conditions permit. The unit supports 
MNP classes 1through5, data compres
sion, flow control, and has an AT com
mand set with extensions. 

Ven-Tel ECJBK-34: This modem is 
also known as the Pathfinder l 8K and 
features a high-speed mode that supports 
interface speeds to 19,200 bps. The unit 
uses PEP at the higher speeds;making it 
compatible with the TrailBlazer Plus and 
other PEP modems. It is also compatible 
with modems that support the V .22bis, 
V .22, Bell 212A, and Bell 103 standards. 
In the high-speed mode, the modem uses 
data compression, error detection, and 
error correction, and it adjusts its operat
ing characteristics to compensate for line 
changes. An AT command set with exten
sions is supported, as is MNP at speeds 
of 2400 bps and below . 

[Editor's note: Cermetek, NEC, and 
Universal Da1a Systems also make 9600
bps modems. Although none could supply 
us with units in time for this review, we 
will evaluate them in an upcoming issue.] 

Measuring Modem Performance 
We used Telequality Associates• SNR 
(signal-to-noise ratio) Map technology to 
measure the performance of the modems. 
(For more information on SNR Map tech
nology, see the text box "How Testing 
Was Conducted" on page 108.) The per
formance parameter we collected was 
throughput efficiency as a percentage of 
the data rate driving the modem. For pur
poses ofcomparison, our test setup drove 
all modems at 9600 bps, although many 
of the units tested offer higher nominal 
1/0 speeds. 

Figures la and lb provide raw test data 
in graphical form for two modems. We 
annotated the graphs to show the peak or 
maximum throughput efficiency mea
sured, the mean or average efficiency re
corded, the range, and the standard devi
ation of the test data. 

Ideally, we like to see performance 
where both the peak and average efficien
cies are high and close to one another. We 
also desire a value approaching 40 for the 
range, indicative of a low headroom de
mand. (Headroom is a term used in con
ventional modem engine testing that de
scribes the margin between signal 
strength and line noise required to oper
ate properly.) Last, we like to see small 
values of standard deviation, indicating a 
very consistent modem. 

Let's look at figure la, which shows 
conrinued 
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How Testing Was Conducted 


F igure A provides a simplified block 
diagram of our test system. Modem 

#1 and modem #2 represent the target 
modems under test. In each case, the 
target modems were a pair of identical 
models from one manufacturer. 

The central office (CO) simulator 
provides operating loop current to simu
late the DC conditions of a typical con
nection to the telephone network. The 
CO simulator also provides conven
tional ringing voltage to trigger the 
modem's automatic answer function. 

Additionally, the CO simulator is 
connected to a hybrid (2-/4-wire con
verter) that separates the transmitted 
signal from the received signal, as tele
phone lines do. The isolated transmit 
signal is then impaired by the telephone 
channel simulator, which has program
mable frequency response, group delay, 
and gain characteristics that can simu
late varying telephone line conditions. 

A programmable amount of noise is 
then summed with the signal to establish 

the desired SNR. The hybrid and CO 
simulator deliver this signal (i.e., scaled 
signal summed with the appropriate 
level of noise) to the other modem. 

The RS-232C ports of the modems 
are connected to data-pattern generators 
and checkers. Serial data is given to, 
say, modem #1 for transmission, and the 
8-bit binary data stream output from 
modem #2 is checked. The tester is ca
pable of both one-way data flow or two
way simultaneous data flow. 

Some of the modems evaluated were 
true full-duplex devices; others merely 
simulated full-duplex operation. We de
cided to test the modems by sending data 
in only one direction for the simulated 
full-duplex modems and in both direc
tions for the true full-duplex units. 

Testing in one direction corresponds 
only to the conditions of a file transfer 
where one modem has nothing to trans
mit while it receives a large amount of 
data. We noted that the throughput of the 
simulated full-duplex modems suffered 

Telephone 
channel 

simulation 

Central 
office 

simulator 

Transmitted 
data 

Received data 

Telephone 
channel 

simulation 

Serial data Serial data 
generator generator 

Received data Received data 
error checking error checking 

Test system controller 

Central 
office 

simulator 

Modem#2 

Transmitted 
data 

Received data 

Figure A: This simplified block diagram shows the setup for testing each pair 
ofmotkms. 

dramatically if asked to traffic two-way 
9600-bps full-duplex data. 

We tested the modems under two dif
ferent operating environments. One pro
vided -26-dBm received signal 
strength over a C2 line simulator, pro
viding typical phone line conditions. 
The other presented 40-dBm signal 
strength over a 3002 simulator, provid
ing poor phone line conditions. 

At each signal level, we decreased the 
SNR by adding noise to the received sig
nal until the modem's throughput effi
ciency dropped to less than 10 percent of 
the tester's nominal 9600-bps feed rate. 

At each point in SNR space, the 
modems exchanged a minimum of 
81 ,920 bytes. We used proprietary 
methods to ensure that the resulting data 
was within a 4 percent accuracy band 
with a 90 percent confidence level. We 
determined throughput efficiency by 
measuring the total time required to 
transmit and receive data. Time used by 
the modems to correct errors was in
cluded in the elapsed time for that par
ticular block. 

Since we knew the number of data bits 
received and the total time required to 
receive the error-free data, we calcu
lated and expressed the number of bits 
per second as a percentage of the nomi
nal rate. We constructed a special preci
sion timer for the test to ensure the 
accuracy of data clocking to within l 
millisec-0nd increments. 

We configured the modems with fac
tory default options and then pro
grammed them for testing with as few 
changes as possible. Since binary data 
was being transmitted, we disabled 
XON/XOFF flow control in favor of 
hardware flow control. We fixed the in
terface speed of the test system at 9600 
bps, the minimum conunon denomina
tor between all the modems tested. 

Due to variations in data-compression 
techniques used in the modems, we fol
lowed the manufacturers' recommenda
tions regarding the transfer of 8-bit 
binary data. Some modems actually had 
lower throughput when data compres
sion was used to transfer our pseudo
random data than without compression. 

If the manufacturer failed to make 
recommendations for handling pseudo
random data, we ran a pilot test to deter
mine the optimum setting for the com
pression feature. All modems employed 
some form of error correction. 
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Flgure l a: The SNR Maps 
here and in.figure lb show 
that the Telenetics modem 
ran with greater efficiency 
than the Ven-Tel modem 
under typical line conditions. 
The Telenetics modem, 
though, showed a much 
narrower range of 
operation. Shown here are 
the raw test resulls for the 
Telenetics 9600EIV.32, a 
true V. 32 modem. (In ideal 
performance, maximum and 
average efficiencies are 
high and close to one 
another, the standard 
deviation is a small value, 
and the range is a large 
value.) 
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Both modems ~re operating at 9600 bps with a signal level of - 26 dBm. 

Flgure l b: The raw test 
results for the Ven-Tel 
ECJ BK-34 modem, a 
multicarrier unit, show that it 
operated with less 
efficiency but over a broader 
range than the Telenetics 
modem. 

the resulting test data taken from the 
Telenetics 9600E/V .32 modem (a true 
V. 32 unit) operating under typical line 
conditions (simulated C2 channel with a 
received signal level of -26 decibels 
below l milliwatt [dBm]). The modem 
was almost 100 percent efficient in trans 
ferring data at 9600 bps as long as the 
SNR accompanying the received signal 
was above the modem's native headroom 
needs of24 dB. 

In this example, the 9600E/V. 32 
needed operating conditions where the 
received signal level was 24 dB greater 
than channel noise. As long as these con
ditions were met, the modem's receiver 
operated flawlessly. Once the modem's 
headroom needs were violated, its re
ceiver perfonnance fell dramatically. 

If you operate a conventional modem 
below its native headroom needs, data 
errors result. Modems that have error 
correction don't make data errors. Their 
throughput degrades, due to the extra 
time they spend in retransmission to cor· 
rect the flawed data. 

From the shape of the curve, you can 
see that error correction is not a panacea, 
since modems exhibit extremely sharp 
roll-off characteristics. By forcing the 
modems to operate just a few decibels 
below their headroom needs, they make a 
fast transition from perfect throughput to 
no throughput at all. 

Figure 1 b shows test data for the Ven
Tel EC18K-34 modem, which employs 
multicarrier modulation technology. The 
Ven-Tel modem is also operating under 

typical line conditions. There are a num
ber of differences between the operating 
characteristics of these two modems. 
First, both the peak and average through
put efficiencies measured for the Ven-Tel 
modem are lower than for the Telenetics 
modem. With a maximum efficiency of 
73.6 percent, the Ven-Tel modem deliv
ered a peak communications speed of 
7066 bps under 9600-bps feed-rate 
conditions. 

The Ven-Tel modem showed a much 
broader range of operation than the 
Telenetics modem, meaning that its head
room needs are smaller. This confinns 
the advertised benefits of multicarrier 
modulation. The modem can brown out 
instead of black out under poor line 

continued 
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HIGH-SPEED MODEMS 

Table 2: When fed ·dara at a rare of9600 bps, the true full-duplex modems 
from Concord, Telcor, and Telenetics consistently showed better throughput 
than the pseudo-duplex models. With the exception ofthe Telenetics modem, 
the true full-®plex modems operated at about the same rate over typical and 
poor phone lines. This table shows only throughput, not efficiency, and 
some ofthe modems can accept data at higher speeds (up to 19,200 bps). 

Typlcal llne throughput (bpa) Poor llne throughput (bps) 
(C2, - 26 dBm) (3002, - 40 dBm) 

Maximum Average Maximum Average 

ea.. 4896NS 8429 

Concord296 
Trame 8842 

Data Allee 
RaceBMX-VM 4963 

Data Race 
RaceVMI 5520 

Faetcomm 
Turbo2498 3475 

Hayes V-Serlee 
Smartmodem 
9600 5002 

Mlcrocom 
AX/9624c 8304 

Racal·Vadlc 
9800VP 6442 

Telcor 
Accelerator 
2496MA 9091 

Teleblt 
TrallBlanr Plue 7152 

Telenetlca 
9600EN.32 9283 

USRobotlca 
Courier HST 8678 

Ven-Tel 
EC18K-34 7066 

conditions. 
The other modems we tested per

formed similarly . These V .29- and V .32
based modems employed conventional 
fallback techniques to contend with dete
riorated line conditions . Although the 
digital feed rate to and from the modem 
-was fixed at 9600 bps, the modem saw 
line conditions degrading and ordered its 
engine to initiate speed fallback from 
9600 bps to 7200 bps to 4800 bps. 

Figure 1 b also shows that the Ven-Tel 
modem recorded a larger standard devi
ation . This indicates that its throughput 
efficiency varied more than the Telenetics 
modem. You can see the effects of this in 
the shape of the curve trace. A number of 
dips are found in the modem's efficiency 
curve. 

These dips represent decision points 
where the modem elected to change the 
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6422 4925 3274 

8448 8861 8237 

4704 4829 4339 

5136 0 0 

2486 3341 2102 

4742 4973 4435 

6115 3926 2592 

5798 6461 5002 

8256 9082 8362 

5568 7229 5078 

8995 0 0 

8083 0 0 

5414 7190 4704 

configuration of its multicarrier assign
ment to deal with signal quality degrada
tion . A trade-off -was executed. Ven-Tel 
purchased a greater operating range at the 
expense of consistency in throughput. 

Comparing Efficiencies 
Now that we have a handle on how the 
data was analyzed, we can proceed to a 
side-by-side comparison of the modems. 
Table 2 shows performance in tenns of 
raw bps numbers. To consolidate the data 
in a meaningful fashion, we used statis
tics to represent key aspects of perfor
mance. Figure 2 shows the group's per
formance on typical lines and poor lines 
by graphing the differences in their effi
ciencies . We think that figure 2 offers a 
more complete basis than the raw bps 
rates for comparing the modems. 

All the true full-duplex machines 

(Concord, Telcor, and Telenetics) had 
consistently better throughput than their 
pseudo-duplex cousins. Among the lat
ter , the USRobotics , Microcom , and 
Case modems turned in performances ap
proaching those of the true ful l-duplex 
modems . 

With the exception of the Telenetics 
modem, which refused to operate over 
our poor line conditions, the true full
duplex modems showed virtually no op
erating distinction between running over 
good or bad lines. The Race BMX-VM, 
Fastcomm, Hayes, Racal-Vadic, Telebit, 
and Ven-Tel modems were resistant to 
channel differences, however, they were 
still not as efficient as the full-duplex 
units. 

The Case and Microcom modems both 
ran over our poor line but exhibited a sig
nificant loss of throughput efficiency. 
The Race VM I, Telenetics, and US
Robotics modems simply failed to ex
change data under our poor line condi
tions. These are , indeed , gruel ing 
operating conditions rarely encountered 
in d ial-up America. However , other 
modems tested were able to handle the 
poor line conditions successfully. 

The surprise among the lot was Tel
cor's Accelerator 2496MA. This modem 
used conventional 2400-bps V .22bis en
gine technology and was robust and effi
cient in handling our 9600-bps stream of 
pseudorandom data . While a number of 
other modems tested offered data-com
pression technology , the Telcor modem 
showed outstanding cons istency in 
crunching 10-bit ASCII data. 

Some Caveats 

Overall , these modems are complicated. 

They have extensive hardware and soft

ware options that can have a serious im

pact on performance . To achieve top per

formance , you must carefully control the 

following three parameters: error correc

tion , data compression , and raw data 

transfer rate. 


Almost all these modems offer built-in 
error correction. If you work with a ter
minal emulator that employs data block
ing and error correction, you can choke 
one of these modems to death by setting 
the size of your feed blocks too small and 
starving the modem's built-in buffer. 

We sent pseudorandom data, which is 
hard to compress. Some of the modems 
offered options to engage or disengage the 
compression function so they wouldn ' t 
choke when fed incompressible data. 
One modem (Hayes) used data compres
sion that was not user-defeatable. Per
haps , had we sent spreadsheet or text 
files , we would have observed signifi
cantly better throughput with the Hayes 

continued 
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MNP®Class 5 Data 
Compression Modems 
from Multi-Tech Systems: 

When it has 

to be as fast 

as it is good 

• In the dial-up modem world, Class 3 MNP is the 
hands-down choice for hardware-based error 
correction. With its 100% error-free transmission, the 
MNP protocol is used in dozens of manufacturers' 
1200 & 2400 bps modems, and our MultiModem224E 
modems have been recognized as the best of their 
kind (see box). 

• Well , the best just got better. Multi-Tech modems 
now offer MNP Class 5 data compression along with 
error-correction. Class S's 2-to-1 compression and 
serial port speed conversion means that you can buy 
a 2400 bps modem from Multi-Tech and run it at 
speeds of up to 4800 bps*. Error free! 

• Multi-Tech Class 5 modems will communicate 
automatically with MNP Class 4 and Class 3 

modems, as well as non-MNP modems. And if you 
wish, you can even upgrade your present Multi-Tech 
Class 3 & 4 modems to Class 5 (call us for details) . 

In the May 12. 1987 edition of PC Magazine where 
87 modems were reviewed. only three were 
awarded Editors Choice: "For a high-performing 
2.400-bps modem with a slew of extras, check out 
Multi-Tech Systems' MultiModem224E .. . with 
[its] high immunity to line noise and the extra 

EDITOR'S advantage of MNP error correction, [this modem) 
should do a fi~e job of ~anaging fast , error-free 

CHOICE data communications. 

• Our Class 5 modems incorporate all of the features 
of our Class 3 versions. Features like phone number 
& configuration memory, auto-repeat dial and ''AT' 
command compatibility. And Multi-Tech's seventeen 
years of modem manufacturing experience. 

• Please call us toll-free at 1-800-328·9717, for 
additional information ... get a modem that's as fast as 
it is good! 
' The compression lhroughput of MNP Class 5 is. like all compression schemes, 
dependent on the type of data being sent. The more ··compressible" lhe dala, the 
greater lhe throughput. For example. a typical text file transfer at 2400 bps should 
yield a throughput of between 4400 and 4900 bps. And the MulliModem224E's 
speed conversion and flow control features let you set your modem's RS232C port 
at 4800 or even 9600 bps. to take full advantage of the Class 5 compression. 

Trademarks: MulliTech. MultiModem- Multi-Tech Systems. Inc.: PC Ma9azine
Zitt Davis Publishing. MNP- Microcom Network Protocol licensed from M1crocom. Inc. 
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Figure 2: Again, the full-duplex 
modems showed greater efficiency than 
the' half-duplex modems. Among the 
latter, the USRobotics, Microcom, and 
Case modems turned in perfonnances 
approaching those ofth£ full-duplex 
units. (In ideal performance, 
maximum and average efficiencies are 
high and close to one another, the 
standard deviation is a small value, and 
the range is a large value.) 
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modem . However, the Telcor unit pro
vided an intelligent compression algo
ritlun that simply ate up our data. 

Many of the modems allow data 1/0 
rates in excess of the 9600-bps speed we 
used for our comparison. For those of 
you who can crank up the feed rate (not 
all computers and/or communications 
packages will support faster data rates), 
you can expect higher gross throughput. 
But for this review we wanted to measure 
both throughput and efficiency. 

What the Future Holds 
The outlook for the future seems clear. 
The utility of error detection/correction 
features is quite apparent, and the CCITT 
is working on a new recommendation in 
this area (V.42). As currently drafted, 
this provides a smooth transition from the 
past to the furore. 

V.42's main impetus revolves around a 
new protocol, LAP M, which is similar 
to the byte-independent, bit-oriented, 
packet-switching protocols used in X.25 
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Company Information 

Case Communications Inc. 
7200 Riverwood Dr . 
Columbia, MD21046 
(301) 290-7710 
Inquiry 891. 

Concord Data Systems 
45 Bartlett St. 
Marlborough, MA 01752 
(617) 460-0808 
Inquiry 892. 

Data Race Inc. 
· 12758 Cimarron Path 
Suite 108 
San Antonio, TX 78249 
(512) 692-3909 
Inquiry 893. 

Fastcomm Data Corp. 
12347-E Sunrise Valley Dr. 
Restoa, VA 22091 
(703) 620-3900 
Inquiry 894. 

Hayes Microcomputer Products Inc. 
P. 0. Box 105203 
Atlanta, GA 30348 
(404) 449-8791 
Inquiry 895. 

Microcom Inc. 
1400A Providence Hwy. 
Norwood,IV1A02062 
(617) 762-9310 
Inquiry 896. 
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Racal-VadJc 
1525 McCarthy Blvd. 
Milpitas, CA 95035 
(408) 432-8008 
Inquiry 897. 

Telcor Systems Corp. 
12 Michigan Dr. 
Natick, MA 01760 
(617) 653-3995 
Inquiry 898. 

Telebit Corp. 
1345 Shorebird Way 
Mountain View. CA 94043 
(415) 969-3800 
Inquiry 899. 

Teleoetics Corp. 

895 East Yorba Linda Blvd. 

Placentia, CA 92670 

(714) 524-5770 
Inquiry 900. 

USRobotics Inc. 

8100 North McCormick Blvd. 

Skokie, IL 60076 

(312) 982-5001 
Inquiry 901. 

Ven-Tel Inc. 
2121 Zanker Rd . 
San Jose, CA 95131 
(408) 436-7400 
Inquiry 902. 

and ISDN (Integrated Services Digital 
Network) communications links. V. 42 
doesn't neglect current modems, how
ever; during initial handshaking, a V.42 
device will query the other modem and 
use LAP M only if it is appropriate to 
do so. 

If one of the modems is not equipped 
with LAP M but has MNP capability, 
both modems will begin to exchange data 
under MNP. Therefore , current users of 
modems equipped with MNP can take 
comfort in the knowledge that their hard
ware is not likely to become obsolete. 

It ' s also clear that intelligent data
compression algorithms will be increas
ingly important in data communications . 
If a Jowly 2400-bps V .22bis modem can 
be souped up to consistently pass data at 
9600 bps, combining data-compression 
technology with a good V .32 engine of
fers the possibility of reliable and cost
effective dial-up communication at effec
tive rates of38,400 bps. 

The wild card in the data communica
tions picture is ISON . There are those in 
the telecommunications and data commu
nications industries who predict that the 
increased bandwidth and line quality of 
ISON will provide their own solutions to 
the data rate problem. These experts tell 
us that ISDN is an inevitable part of our 
communications future and that any pres
ent plans should be built around the fea 
tures offered by ISON. 

ISON holds a tremendous promise for 
corporate users shuttling mixed voice and 
data signals between plant sites. But 
ISON is not the only logical alternative, 
and it won' t be implemented overnight. It 
took I 00 years to wire America with cop
per, put a telephone in virtually every 
household, and train us to say "Hello" in 
response to a ringing bell. In the 1960s 
we started to replace rotary dialing with 
tone dialing, and as we enter the 1990s, 
manufacturers are still churning out 
equipment with pulse-dial fallback . 

WhiJe we look to V.42 , ISON , and be
yond , V.32 and other modems are here, 
and their price and availability can only 
get better. Semfoonductor manufacturer 
Rockwell International has announced a 
CMOS chip set for V .32. Others in the 
industry (TIIT from France and Atlantic 
Network Systems from England) are 
shipping highly integrated V.32 modems 
with proprietary chips . The 9600-bps 
and faster modems reviewed here are just 
the beginning of the push to make dial-up 
modems even faster and better. • 

John H. Humphrey and Gary S. Smock 
are general partners ofTe/equality Asso
ciates in Golden , Colorado, providing 
engineering consultation and design and 
product testing in telecommunications. 
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One Language For V 

BBX® 


Specifications: 

Easo~·US'e--88 11: is the lasm.st, 

mosl "°""""'' 00<.1>l0pmenl tool 
avolloblo for business oriented 
program creatK.ln. Programmcf5 
can wri1e COde ln minU!es. 
E.ioculion hrno-88:ii:'s par1i8lly 
CX>ml>ileCI lonnal ~ enhllnced 
nxocutlon spood. 

EBSy Malnrenaf)C(t--88• Is an 
ln'8me1M> progammlng longuago, 
'With a trace faciUf)' and a tuu 
scroon odi1or which makes 
P'ogra.tn maif'llC1lllrlCO a snap, 

Pcrtubility-88' runs ur>der UNIX 
illldolhef ope<atlng~ withoot 
rl!O:)(rlpilation. 

COnlpao'Ollil)'-88" is an onhanco
....,, of tho BusiNW BASIC 
languacJO, on~ .-,d. 
~ you OCQ!SS 10 U'ous8nds ol 
Qj>plicalio«;, 

S.-Ollil)>-l'rogram mainte 
nnncc ulilitios and oomplolO 
documentation savo ~ 
,.,,. ard money. tt leis \/00 bulld 
ond suppon &Wlicatlon.s e..;Jy. 
Utilities- A oomplelO sat o( eex 
utiities 810 ptOVideO kX pt"ogram 
and r.so managumtml. 

Conw>l'$lon-/\ cornole!O ... of 
oonverslon utiliOos am provldod 
"'1t> OY"'Y OB' pod<age. 

Fwotu.... 

• 	 , .. place pred&ion and 
OOmputatiorJill ac:cuoiqt 

• FIOallng point COfWOrsion 

• Task ope0lied ~~ 

• Binary to decimal conver>ioo 

• Leno !unction namos 

• Oyn8mlc arrays 

SUing Fur>cliOnS 

• Numeric t> siring COl'IY8~ 

• Siring manipulalioo 

• No suing longlh '"' " '"'""' 
IJ0 Function3. 

.. Wir«rwing 

• 1/ 0 mnemonics 

• Dev;co iodepeodonl VCf~ 

• X.Y ctnOf addressing 

• Masl<ing 

• Sott key loods 

• No reaxd ~ti restl1c6on;s 

.. 	 ee:ii: Rio sacs wo limiled only 10 
mo stzo of me av~ modta 

File Sl!uct&Jros 

· INDEX 

·KEYED 

• MKEYED 

• SERl/\l 

· SORT 

•PROGRAM 

•STRING 

sys"'"' Structvre 
• 	Multi-taSl<lng - which proWlos 

record ond file level \oc:l<ing 
• Program over1ay 
• Publlc programming wl1lch 


p<ovidos : 

• Local vorlablos 
• Dynamically called sub

pmg<ams 
- ArJioJment passing 
- AutomJitJc pybiic program drop 
rrom momocy at Qxi1 

· Put>roe program In memory 
loeic oi>tlon 

Language SZructure 
• lntertlt1ivo prOgrtlm dlNelOpment 

• OnUM synta>< ehetl<Jl>g 
• Compotind atatamenls 

• User OOl!nod r.. 
• Unllrrwted n&.sling 

• Rmnolo 110 lists 

• Program sett mo<lifica11on 
• Case insenslttve console modo 

• Various del>uggil>Q tools 

BB'Ulillry&t 
• Flle&OW5e 

• Croaao Oata BUndJo 
• CaiaJlaJOf 

·ClearWOr1<sQae<I 
• Progtam Comparv 

• CopyFlle 

• DefinofAedefinO Filo 

• Ofr°"""Y Usting 

• Erase Ale 
• Generate Flloii51 

. • Progrt1m LbtlC 11J1$:!1 Relerenco 

• MOvOAIO 

• Program Renumberud 


· Rename Ale 

• File Resiler 

• ExO<>/te 0 1S $he<I Commsnd 
• Se"'ch and ~ca Program 

• Color & FUNC Key So1up 
• TlmefOate Examklol $et 

• Utilify~u 

• vosuaJ Utllit)I 1n1enaca 
• BX$N0 10XRCV coovoo:lon 


U1)1i00$ 


Its portability crosses all 
operating environments, and 
now its performance is crossing 
all oceans. 

Around the world, the 
industry's best and brightest 
programmers are discovering the 
astonishing power that BBx 
brings to Business BASIC. Write 
your program once, and have com
plete movement to MS/PC-DOS, 
OS/2, UNIX/XENIX, AIX, IX370 
and VMS. 

This year, over 50,000 copies of 
BBx are performing throughout 
the United States, Canada, 
Europe, Asia and South 
America. 

Commitment to innovation, 
development within industry 
standards and technological 
leadership have grown BB' 
around the globe. 

In 1988, aggressive marketing 
and uncompromising customer 
support will continue to 
compliment our success, and 
expand the BBxstandard among 
many of the world's most 
respected companies. 

Get in touch with one of our 
world distributors, and feel the 
pulse of the power of BB' ! 

Die Portabilitat schlagt samt
liche, bisher bekannte und unbe
kannte, EDV-Emgebungen . Die 
Leistung iiberzeugt inzwischen 
die gesamte EDV-Industrie. 

Weltweit entdecken die besten 
Software-Entwicl<ler die 
erstaunliche Leistung von BSX, 
mit der Business BASIC bereichert 
wird. Die Anwendungen werden 
nur einmal entwickelt und laufen 
ohne Anderungen oder 
Anpassungen auf MS/PC-DOS, 
05/2, UNIX/XENIX, AIX, IX370 
oder VMS. 

Mehr als 50.000 BB'-Lizenzen 
stellen die Leistung in den USA, 
Canada, Europa, Asien und 
Sud-Amerika unter Beweis. 

Zur Innovation nach lndustrie 
Standard Spezifikationen 
verpflichtet, und mit dem Ziel 
nach technologischer Fi.ihrung, 
wachst BBx um die Welt. 

Mit aggressivem Marketing 
ohne Kompromisse im Bereich 
Kundenservice, wird der Erfolg 
von BB' in 1988 fortgesetzt. 
Es steht auf samtlichen Systemen 
namhafter Computerhersteller 
zur Verfiigung und stellt seine 
Akzeptanz bei den 
anspruchvollsten Anwendern 
unter Beweis . 

Kontaktieren Sie unsere 
Vertretungen in aller Welt. 
Entdecken Sie die Schlagkraft 
von BB' ! 

BB' PROGRESSION/Pis available fa< Intel Based Computers. Altos. Arele. AT&T. PCS Cadmus, Compu!er 
Consoles. Convergent Technologies. CounterpolnUMumTech, Cubix, Oala General, Digital Equlpmenl. Fortune, 
Honeywell, Hewlett Packard, tCL, MotOtOla, Nixdorl, Prime, Pyramid, Rexon, Sanyo, Sequent. Siemens. Texas 
Instruments. Unisys. and the IBM family of producis. BASIS ls continually adding new syslems. 
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brld Class Business. 

Portable, ii franchlt tous Jes 

cadres d'operation, et sa 
performance traverse, maintenant, 
tous !es oceans . 

Dans le monde, Jes meilleurs 
et !es plus brillants programmeurs 
de l'industrie decouvrent 
l'etonnante puissance que BB• 
amene au BASIC des affaires. 
Ecrivez votre programme une 
seule fois, et accedez totalement 
a MS/PC-DOS, OS/2, 
UNIX/XENIX, AIX, IX370 et a 
VMS. 

Cette annee, plus de 50 000 
copies de BB• fonctionnent aux 
Etats-Unis, au Canada, en 
Europe, en Asie et en Amerique 
du Sud. 

Un esprit constant d'innovation, 
un developpement conforme aux 
normes de l'industrie, et une 
position de leader dans le 
domaine technologique, tels sont 
Jes a touts qui ont contribue a la 
croissance de BB• dans le monde 
en tier. 

En 1988, un marketing 
dynamique et un appui 
inconditionnel a notre clientele 
continueront a couronner notre 
reussite, et aetendre le standard 
BB• ade nombreuses societes 
parmi Jes plus respectees au 
monde. 

Contactez l' un de nos 
distributeurs mondiaux et 
decouvrez la puissance de BB•! 

Su portabilidad traspasa todos 
los medios de operaci6n y ahora 
su funcionamiento esta cruzando 
todos los oceanos. 

Los mejores y mas brillantes 
programadores del mundo, estan 
descubriendo la asombrosa poten
cia que BB• ofrece al negocio 
BASIC. Escriba su programa una 
vez y tenga movimiento completo 
a MS/PC-DOS, OS/2, 
UNIX/XENIX, AIX, IX370 y VMS. 

Este aflo, mas de 50,000 copias 
de BB• estan funcionando en 
Estados Unidos, Canada, 
Europa, Asia y America de! Sur. 

Empeflo de inovaci6n, 
desarrollo en los estandards de la 
industria y superioridad 
tecnol6gica han hecho crecer a 
BB• en todo el mundo. 

En 1988, mercadotecnia 
agresiva y apoyo constante a 
nuestros clientes seguiran 
complementando el exito y 
desarrollo de BB• entre las 
compaflfas mas respetadas del 
mundo. 

Comuniquese con uno de 
nuestros distribuidores mundiales 
y sienta la potencia de BB•! 

World 

Distributors: 


Edl.la Hlina Klrchho" I Co. KG 
Pfi"{PtbomS 11. 25. 6200 Wiesbadoo 
TEL: 106122) 2016 
FAX: (06122) 16505 
TU<: 418·2563ediad 

MUltllys 
T«golr vr.,.. Plass 5A 
~Drammen Norwoy 
TEL: (03) 83.86.05 
FAX: (03) 89.02 ~ 

J, P. Brown end Aa.aoel.alts 
780 Gotoon Bokor Rood 
WJlowdal-0. Ontario M2H 384 
TEL: (4 16) 494-0472 

pt lnform1 tlquo 
8, rue Boniamin eon,tanl 
750 19 Paris, France 
TEL: (01 ) 40.05. 10.65 
Tl)(: 2 14.583 
FAX: (01) 40.05.99.53 

Sonech Ply. Llml1od 
10 E:>loon Rood. BJallgowne 
Randburg 2 194, Sooth Alrica 
TEL: (011 1787-8839 
Fl>JC : (0 11 ) 886·3890 . 
TL.X.: 422669 S.A. 

Rlaegold Ply. Lid. 
678 P3ramat1a Road 
Croyden, N.S.W. 2132 
Aus1ralia 
TEL: 102) 799-6622 
FAX: (02) 799.9090 

Tempo Computador11 
Av. NnoricM 1670 
Guadalajara 44680 
Jai sco. Mexico 
TELS: 30-28-45 

30·28·4G 
30-28·86 

In the United S1atos: 
BASIS Incorporated 
P.O. Box 20400 
Albuquerque, New Mexico 87154 
TEL: (505) 821 ·4407 
FAX: (505) 821·1625 

We.stGermany, TOO Netnertands 
Austria . Swilzcrlol1d 
Oenmnrk. luxembourg, 68.,.hJm 
Engl.,,.. llaly 

Norway, Swodon. Finland, 
Groonland. Iceland 

C.nada 

Franco, Spain, f'ortuo3.I 

Soolh Alrico 

Rlsegold Pty. Lid. Ausualla 
86 HavolodcSUcc1 
Vll>stPM h 
Wctscom Au!tralitt 6005 
TEL: (09) 481-0607 
FAX: (09) 481·3162 

lnto,• I, S.A., de, C. V. Moxleo 
L.agun.a 00 Mayran 
No. 258 3 pioo 
Col. Anahuac C.P. 11320 
Mo.rico, D.F. 
TELS: OS 45 6730 al 

OS 45 6734 

BB' PROGRESSION/2~. BB' and BASIS Incorporated are trademarks and/0< service marks of 
BASIS Incorporated. Alt>uquerque, New Mexico. All references lo oompuler systems and software BASIS
products contained wilnln this advertisement recognize !he trade and/0< service mall<s of tne 
corresponding manufacturer and t>older of !he !Tade and/or service mark. IN CORPO RATED 
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WINDOWS FOR DATA® 


Ilf you program in C, take a few 
moments to learn how Windows for 
Data can help you build a state-of-the
art user interlace. 

~Create and manage menus, data-entry forms, context
sensitive help, and text displays - all within windows. 

liJ Develop window-based OS/2 programs right now, 
without the headaches of learning OS/2 screen manage
ment. Run the same source code in PCDOS and OS/2 
protected mode. 

~Build a better front end for any DBMS that has a C
language interface (most popular ones do). 

FROM END TO BEGINNING 
Windows for Data begins 

where other screen packages end, 
with special features like nested 
pop-up forms and menus, field en
try from lists of choices, scrollable 
regions for the entry of variable 
numbers of line items, and an ex
clusive built-in debugging system. 

YOU ARE ALWAYS IN CHARGE 
Control functions that you write and attach to fields 

andbr keys can read, compare, validate, and change the 
data values in all fields of the form. Upon entry or exit 
from any field, control functions can caU up subsidiary 
forms and menus, change the active field, exit or abort 
the form, perform almost any task you can imagine. 

r:£:r.__.
i.. ··= ~':-~~-·· OUR WINDOWS 
I -- ~·· ·:.. :~ WILL OPEN DOORS 

Our windOVJs will open doors to 
new markets for your software. 
High-performance, source-code· 
compatible versions of Windows 
for Data are now available for 
PCDOS, OS/2, XENIX, 

- UNIX, and VMS. PCDOS 
version~ are fully compatible with Microsoft Windows. 
No royalties. 

MONEY BACK GUARANTEE 
You owe it to yourself and your programs to try 

Windows for Data. If not satisfied, you can return it for 
a full refund. 

Prices: PCDOS $295, Source $295. OS/2 $495. 
XENIX $795. UNIX, VMS, please call. 

NO WALLS 
If you've been frustrated by the limitations of other Call: (802) 848-7731 ext. 51 

screen utilities, don't be discouraged You won't run into Telex: 510-601 -4160 VCSOFr FAX 802-848-3502 
waUs with Windows for Data. Our customers repeated
ly tell us how they've used our system in ways we never Vermont 21 Elm Ave. 
imagined - but which we anticipated by designing Win

dows for Data for unprecedented adapatability. You will Creative Richford, 

be amazed at what you can do with Windows for Data. • Software VT 05476 




SYSTEM REVIEW 


ALR's FlexCache 20386 

Catches Compaq 


In the race for the world's fast
est 80386-based personal com
puter, the list of top contenders 
is growing. If the standard 
BYTE benchmarks are any in
dication , Advanced Logic Re-
search's FlexCache 20386 is in 
a dead heat with the reigning 
speed champion, the Compaq 
Deskpro 386/20. 

The 20386 achieves its speed 
by using a FlexCache architec
ture that is much like Compaq's 
Flex architecture . It uses two 
concurrent buses , an Intel 
82385 cache controller, and a 
cache of 32K bytes of very high
s peed (35-nanosecond) static 
RAM (SRAM). It is in the 
over-five-digit cost class, al 
though. it is still considerably 
cheaper than the Compaq 
Deskpro 386/20. 

There are four basic 20386 
systems: the Model 60 ($5990), 
the Model 100 ($6490), the 
Model 150 ($7490), and the 
Model 300 ($9990) . All four in
clude a 20-MHz 80386 proces
sor, 1 megabyte of 80-ns dy
namic RAM (DRAM), 32K bytes of 
cache memory , a socket for a 20-MHz 
Intel 80387 math coprocessor, a 1.2
megabyte 5 1.4-inch floppy disk drive, an 
enhanced-small-device-interface (ESDI) 
based hard disk drive (in Models 150 and 
300) or a run-length-limited (RLL) based 
hard disk drive (in Models 60 and 100), 
one RS-232C corrununications port, one 
parallel port, and a keyboard that follows 
the style of the IBM Enhanced AT key
board. ALR also throws in a Setup Util 
ities disk and Phoenix Technologies' 
Control/386 software. The units differ 
only in the size (60, 100, 150, or 300 
megabytes, respectively) and speed of 
their hard disk drives. Any machine this 
powerful could function well as a multi
user system or a network file server. 

The system al~o needs a monitor, a 
video card , and operating system soft-

Mark L. Van Name 

The 20386's dual buses 

and cache controller make it 

the Compaq 386/20's peer 

ware . ALR's EGA-compatible monitor 
costs $699, while its EGA card adds 
$399. MS-DOS/GWBASIC 3.3 tacks on 
another $149. My evaluation unit also 
came with a second megabyte of DRAM 
($899), an 80387 ($1195) , and a 1.44
megabyte 3 'h-inch floppy disk drive 
($349) . This package, which includes 
what many Model 150 users are likely to 
want, totals $11,180. For those whose 
pockets are not quite so deep, ALR also 
has a 16-MHz 80386-based system, the 
FlexCache 16386: The Model 60 sells for 
$4690, and the Model 100 costs $5690. 

Tying the Performance Race 
Because the Compaq Deskpro 386/20 
was the previous performance leader, I 
compared the 20386 's test results to that 
machine 's times . (The performance table 
compares it to several other systems as 

well .) Using the new BYTE 
benchmarks, the 20386 beat the 
Deskpro 386/20 in the CPU 
tests by a small margin. Clear
ly , there is not much of a differ
ence between the computational 
power of the two systems , but 
the 20386 holds a slight advan
tage. Since both machines use 
the same CPU and cache con
troller chips, and both have the 
same size and speed cache, the 
performance differences prob
ably stem from the 80-ns 
DRAM memory of the 20386, 
as opposed to the Deskpro 
386/20's 100-ns DRAM. 

Many of the newer 80386
based machines include a disk
caching utility that can often 
improve performance . The 
20386 does not include a disk
cache utility with its version of 
MS-DOS, but there is one in the 
Control/386 program that is 
bundled with the system. How
ever, because Control/386 puts 
the 80386 in virtual 8086 
mode, you cannot run any pro
tected-mode programs while 

using it-and BYTE's C benchmarks run 
in protected mode. I did run the BASIC 
and Spreadsheet tests with Control/386's 
disk cache enabled, but it made no mea
surable difference. 

The 20386 lost the FPU benchmark 
tests. The 80387 coprocessor in my ma
chine was a 16-MHz chip, not the adver
tised 20-MHz version. This chip was sup
ported by a special 32-MHz oscillator 
that ALR attached to the motherboard as 
an obvious patch. An ALR spokesperson 
said that the company had to use the 
slower 80387 and the slower oscillator 
because it could not get a 20-MHz 80387 
from Intel. The spokesperson said that 
later versions of the 20386 will use a 20
MHz 80387 and will not include the 
slower oscillator. 

The hard disk drive benchmarks also 
conrinued 
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ALR'S FLEXCACHE 20386 CATCHES COMPAQ 

FlexCache 20386 

Company 
Advanced Logic Research Inc. 

1oChrysler Ave. 

Irvine, CA 92718 

(7 14) 581'6770 

Components 
Processor: 20-MHz 32-bit Intel 80386; 
socket for 16-MHz Intel 80387 
coprocessor 
Memory: 1 megabyte of 32-bit 80-ns 
DRAM on motherboard, expandable on 
motherboard to 2 megabytes and 
expandable on a two-card memory card 
set to 1 Omegabytes; 32K bytes of 35-ns 
static RAM for the cache: 128K bytes of 
BIOS ROM 
Mass storage: 1.2-megabyte 51/4-inch 
floppy disk drive; optional 1.44-megabyte 
3V2-inch floppy disk drive: 100-. 1SO·, or 
300-megabyte hard disk drive 
Display: Optional Casper TE 5154 EGA 
monitor; optional ALA EGA board 
Keyboard: 101 keys in IBM Enhanced 
keyboard layout 
110 interfaces: One RS·232C serial port 
with DB-9 connector: one DB-25 parallel 
port: one RGB-intensity monitor port 
with DB-9 connector; two 32-bit slots for 
memory-expansion cards: two 8-bit and 
four 16-bit expansion slots 

Size 
7V2 by 1 7 by 26 inches: 75 pounds 
(100 pounds maximum) 

Software 
Setup Uti lities disk with diagnostics tests 
and system setup; Control/386 

Options 
1-megabyte upgrade: $799 
1-megabyte memory card set: $899 
4-megabyte RAM pack set: $2100 
1.2-megabyte 5V4 ·inch floppy disk 

drive: $179 
1.44-megabyte 3V2-inch floppy disk 

drive: $349 
20-MHz 80387 coprocessor: $1195 
150-megabyte hard disk drive: $2999 
300-megabyte hard disk drive: $4595 
ALA EGA card: $399 
EGA monitor: $699 
MS-DOS/GWBASIC 3.3: $149 

Documentation 
Quick Installation Reference Guide 
FlexCache 16386/20386 Series: 
FlexCache 16386/20386 User's 
Manual: Operating Manual-High
Resolution Color Display Monitors; User 
Guide-Control/386 Version 1.1 

Price 
Model 60: $5990 
Model 100: $6490 
Model 150: $7490 
Model 300: $9990 
System as reviewed: $11 , 180 

Inquiry 883. 
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reflect the even match between the two 
machines. Both hard disk systems had 
comparable performances, with the 
20386 winning the Full Platter and 1
megabyte Write tests . An older test, the 
Coretest (version 2.7), rates the 20386 's 
hard disk as marginally faster on seeks 
but slightly slower on data transfers than 
the Deskpro 386/20's hard disk. 

The ALR EGA card was substantially 
slower than the Compaq EGA card. The 
speed difference was apparent in the text
mode tests, where the Deskpro offered a 
2- to 3-second advantage. That advantage 
was less in the graphics-mode tests, 
where the results were more evenly 
divided. 

The Livermore Loops, UNPACK, and 
Dhrystone tests went decisively to the 
20386, but not by a substantial margin. 

Finally, the Applications benchmarks 
were a split decision. The computers 
traded wins in the Word Processing tests, 
although the FlexCache came out slightly 
ahead. The Spreadsheet tests gave similar 
results, but the Compaq took a slim lead 
here. The Database tests went to the 
Deskpro, but, again, not by much. The 
Scientific and Engineering tests gave a 
slight edge to the FlexCache, and the 
Compiler test showed once more that the 
computers were evenly matched. 

Neither computer scored a knockout in 
any of the test categories. Like two evenly 
matched prizefighters, the FlexCache 
20386 and the Deskpro 386/20 stand 
bloodied but unbowed. 

Of course, the 20386's great perfor
mance would be useless if it could not run 
AT-compatible software or use standard 
hardware options. Fortunately, every
thing that I tested worked. I ran the fol
lowing programs: Lotus 1-2-3 version 
2.0; Quarterdeck Office Systems' 
DESQview 2.0, with its Quarterdeck Ex
panded Memory Manager 386 version 
l.10; Kermit 2.30; The Norton Utilities 
3 .00; Symantec Q&A 1.1; Borland· s Re
flex 1.14, SideK.ick l.56A, SuperKey 
l.l6A, Turbo C 1.0, Turbo Pascal 4.0, 
and Quattro 1.0; Digitalk's Smalltalk/V 
1.2; MicroPro's WordStar 3.3 and 4.0; 
and Microsoft's PC Paintbrush 2.0, 
Word 4.0 , and Windows/386 2.0 . I also 
successfully installed a fully populated 
Intel Above Board/ AT, an Everex Ever
com II 2400-bit-per-second internal 
modem, and a Microsoft Serial Mouse. 

In the course of my compatibility tests, 
I ran into a few minor but annoying prob
lems. First, for l-2-3's copy-protection 
scheme to work, I had to set the 20386 to 
its slower speed while 1-2-3 read the key 
disk. Once 1-2-3 was done with the key 
disk, I returned the 20386 to its normal 
high speed and ran 1-2-3 with no difficul
ties. Since you can control the system's 

speed from the keyboard, this is no real 
hardship. 

A second problem occurred any time a 
program, such as Setup or the Above 
Board/AT configuration and test soft
ware, rebooted the system. When this 
happened, I got the error message No 
timer tick interrupt. The unit ran 
fine, but the message was disturbing. The 
company said that this problem occurred 
because my evaluation unit included an 
older BIOS version, and that the produc
tion 20386s use a newer BIOS that fixes 
this problem. 

I also tried booting up OS/2 . The 
20386 couldn't load OS/2 while running 
at 20 MHz, and ALR suggested that I 
slow the machine to IO MHz. At that 
speed, OS/2 did load and run, and then I 
changed the speed to 20 MHz. The ALR 
spokesperson said that a new version of 
the ROM BIOS would eliminate that 
problem in future versions of the 
machine. 

One Big Box 
The very first thing that strikes you about 
the 20386 is its size. It is over an inch 
thicker, 1 inch deeper, and about 5 inches 
longer than a standard IBM PC AT. It is 
also heavier ; my unit weighed in at 
around 75 pounds, and a fully configured 
system can approach 100 pounds. ALR 
designed the unit to stand upright on the 
floor, supported by a stand that you can 
attach to its bottom with four screws . 

The biggest benefit of the large chassis 
is the addition of two extra half-height 
floppy disk drive bays at the top of the 
unit. The standard 1.2-megabyte floppy 
disk drive fills one of these new open
ings. There are two more typical bays 
below these new areas . With all these 
drive bays, you can fit up to one full 
height hard disk drive and five half
height devices in the 20386. To help sup
port these many devices, the power 
supply has a steady-state rating of 220 
watts, with peaks up to 300 watts . You 
could take full advantage of the 20386's 
drive capacity by putting two of ALR's 
300-megabyte hard disk drives into a 
Model 300 and placing its tape unit below 
the standard floppy disk drive; this would 
give you a system with 600 megabytes of 
disk storage and a tape drive. 

To get a peek inside the unit, you only 
have to loosen the two thumbscrews on 
the rear of the unit that attach a side panel 
to the body, and then remove that panel. 
Once you are inside, the way ALR ar
rived at this design becomes obvious (see 
photo 1). The chassis surrounds an inner, 
coverless chassis that is the standard AT 
size and is bolted to the sides of the new 
container- as if the company took the 

continued 



ALR FlexCache 20386 Model 150 
APPLICATION-LEVEL PERFORMANCE (In mlnutee and eeconda) 

WORD PROCESSING DATABASE 
XyWrlte Ill + 3.52 Med. Large dBASElll+ 1.1 

Load document N/A :12 Copy 
\fllordcount :02 :16 Index 
Search/replace :04 :17 List 
End of document :02 :10 Append 
Block move :10 :10 Delete 
Spelling check :06 :47 Pack 

Mlcro10ft Word 4.0 Count 
Cursor move :14 Sort 
Forward delete :12 

Aldus PageMekw 1 .O• Index: 
Load documerl :03 
Change/bold :16 ENGINEERING/SCIENTIFIC 
Align right :16 AutoCAD 2.52 
Cut 10pages :13 Load SoftWest 
Place graphic :03 Regen SoftWest 
Print to file 1:27 Load St. Pauls 

Regen St. Pauls 
Index: 4 .3 Hide/redraw 

STATA 1.5 
SPREADSHEET Graphics 
Lotus 1-2-3 2.01 AN OJA 

Block copy :03 MathCA02.0 
Recalc :01 IFS800pts. 
Load Monte Carlo :09 FFT/IFFT 1024 pts. 
Recalc Monte Carlo :03 
Load rlarge3 :02 Index: 
Recalc rlarge3 :01 
Recalc Goal·seek :03 COMPILERS 

Microsoft Excel 2.0 Microsoft c s.o 
Fillrighl :04 Xlisp compile 
Undo fill 1:30 Turbo~l4.0 
Recalc :0 1 Pascal S compile 

CPU OISKl/O 
Matrix 3 .1 Hard See~ 
String Move Outer track 3.33 

Byte-wide 21 .18 Inner track 3_33 
word-wide: Half platter 6.65 

Odd·bnd_ 28.84 Full platter 6.68 
Even·bnd. 10.60 Average s_o 

Sieve 19.6 DOS Seek 
Sort 20.73 1-sector 1.44 

8-sector 11 .02 
Index: 3.8 Fiie 110• 

Seek .27 
FLOATING Read .007 
POINT• Write .012 
Math 16.27 1-megabyie 

Error3 0.0 Write 2.87 
Slne(x) 5.9 Read 2.89 

Error 2.0E-9 
e X 5_93 Index: 2.9 

Error 1.77E-2 

Index: 3.1 

' 	All figures v.e-e generated usmg the 8088/8086 version ol Small·C (1 6-bit 
Integers)- Figures for the 80386 machines shown here do not use 80386
specific instrudions. 

>The floating-point benchmarks use 8087-compatible instruClions only. 
>The errors reported for lhe noeting-polnt benchmarks indicate the difference 

between expected al'\d actual values. 
• Times reported by lhe Hard Seel< and DOS Seek are for multiple seek 

operations (number Of seekS per!ormed currently sel to 100.) 
• Read and write times for the File l/O benchmarks are in secol'\ds per Kbyte. 
• For the Liverm0<e Loops and Dhrymone tests only, higher numbers mean 

faster performance. 

:46 
:05 

1:07 
1:28 
:01 

1:16 
:03 
:49 

3.2 

:35 
:27 
:07 
:05 

8:48 

:23 
:12 

:11 
:11 

5.1 

3:01 

:03 
Load rlarge3 :17 
Recalc rlarge3 :0 1 Index: 3.5 

Index: 3.8 

11'\dexesshow relative performance: for all il'ldexes. an8-MHz IBM PC AT- 1. 

LOW-LEVEL PERFORMANCE' (In MCOnda) 

ALR FlexCaehe 1 9 o 7 

Compaq388120 

IBM PS2/80 

IBMPCAT 

19.7 

12 

5 

19.7 

Word 
Processing 

Spreadsheet • 
D 

Database 

D 
Scientific 

Engineering 

D 
Compilers 

Graphs are based on inde>as at left and Show 
relative performance compared to an 8-MHz IBM 
PCAT_ 

ALR FlexCache 

Compaq 386/20 

IBM PS2/80 

IBM PC AT 

CPU 

FPU 

• 
D 

Disk VO 

Video 

VIDEO 
Text 

ModeO 
Mode1 
Mode2 
Mode3 
Mode ? 

Graphics 
Mode4 
Mode 5 
Mode6 
Mode13 
Mode 14 
Mode 16 

5.84 
5.83 
6.87 
6.88 
4.87 

1.48 
1.48 
1.65 
3.19 
3.46 
3.23 

CONVENTIONAL 
BENCHMARKS 
LIN PACK 
Livermore Loops6 

(MFLOPS) 
Dhrystone (MSC 5.0) 

(Dhry/sec) 

Index: 2.6 

170.81 

.1742 

6518 

For a full description of all the benchmarks. see ·• 1n1roducing the New BYTE Benchmarks" on page 239. 
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ALR'S FLEXCACHE 20386 CATCHES COMPAQ 

cover off one of its older machines and 
then dropped it into this newer chassis . 
The older chassis sits at the bottom of the 
new one, leaving room at the top for the 
two additional half-height devices. 

This design leaves the power switch in 
an interesting spot. It is a large red rocker 
switch on the right side of the inner chas
sis-but that side is now in a cavity at the 
top of the taller , floor-standing unit. 
ALR solved this problem by putting a 
small (4-inch by H~ -inch) metal door on 
the back of the system near the top . To 
tum on the unit, you loosen the restrain
ing thumbscrew, open the door, and 
reach in and flip the power switch . The 
company defended this design by point
ing out that, while this procedure is cer
tainly awkward, it makes it difficult for 
anyone to tum off the unit accidentally. 

Both the inner and outer chassis, as 
well as nearly all of the system, are metal, 
so I expected an FCC Class B approval . 
Instead, the 20386 has only FCC Class A 
certification. An ALR spokesperson said 
the company could get Class B approval 
easily but had not filed for it because it 
expects this system to be used primarily 
in the office and only rarely in a home. 

When you poke around inside a bit 
more, you find that ALR reused more 
than just the old chassis: The mother
board appears to be the same one that 
ALR used in its previous 80386-based 
systems-the ALR 386/2. It is even 
labeled "386/2." If you take it out, how
ever, you find that ALR has changed it in 
several important ways . 

The most obvious change is the addi
tion of a 6~-inch by 5Ys-inch daughter
board that connects to the motherboard 
by plugging into its 80386 socket. There 

are also about a dozen wires on the back 
of the motherboard that ALR uses to 
make signal corrections to support the 
daughterboard . 

The daughterboard contains the heart 
of the 20386: the 80386 CPU , the 80387 
math coprocessor, the 82385 cache con
troller chip, four SRAM modules that 
provide the cache memory, and 21 sup
port chips. All three of the Intel chips are 
socketed. The current 80387 socket can
not support a Weitek coprocessor. A 
spokesperson said that ALR was plan
ning to design a new motherboard that 
would combine the functions of the cur
rent daughterboard and motherboard on 
one board, and that the new board would 
support a Weitek board or an 80387. 

The daughterboard actually connects 
to an extender that is plugged into the 
80386 socket on the motherboard. It is 
mounted on three standoffs that are glued 
to the motherboard to prevent contact 
with the chips on the motherboard. 

The motherboard itself is about I 3 * 
inches by I2 inches . It contains all the 
standard AT circuitry, such as the clock 
and the AT bus , as well as up to 2 mega
bytes of 80-ns DRAM. It is a very busy 
board, however, with almost 120 chips
not counting the DRAM chips . My unit 
had 72 DRAM chips on the mother
board, giving it 2 megabytes of memory . 

The system has eight full-length ex
pansion slots. On the bottom are two spe
cial 32-bit slots . Even though they look 
exactly like standard AT slots , you can 
use them only for the ALR 32-bit mem
ory card set. These two cards are in
stalled together and hold, in I-megabyte 
increments , from I to 4 megabytes of 80
ns DRAM. ALR also offers a 4-megabyte 

Photo 1: The internal view ofthe 20386 clearly shows the case-within-a-case 
construction that allows extra space for additional disk drives. 
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daughtercard that attaches to the memory 
card set. This gives you 8 megabytes of 
additional memory on this two-card set, 
for a maximum configuration of 10 
megabytes. 

There are also two 8-bit expansion 
slots and four 16-bit slots . In my evalua
tion unit, ALR 's EGA card occupied one 
of the 8-bit slots, and the ESDI disk con
troller card and the serial/parallel/floppy 
disk controller card filled two of the 16
bit slots . Two I6-bit slots and one 8-bit 
slot were empty . 

The FlexCache Architecture 
The 20386 ' s FlexCache architecture 
works much like the Compaq Flex archi
tecture that I described in my review 
"Compaq Flexes Its Muscles " (February 
BYTE) , but it is a different hardware de
sign. There are two different buses that 
operate concurrently . One is the standard 
16-bit AT bus that the system uses for pe
ripherals . The other is a 32-bit local bus 
that is connected to the 82385 cache con
troller and the cache. The 80386 and 
80387 use this 32-bit bus to retrieve data 
from memory. 

A cache controller tries to satisfy any 
CPU memory request with data already 
in the cache. When it can (a hit), the CPU 
can keep working without waiting on the 
slower memory . When the desired data is 
not in the cache (a miss) , the CPU waits 
while the cache controller gets the data 
from the slower DRAM system memory . 
ALR claims a cache hit rate of 95 per
cent. The 82385 also handles all the 
cache management chores required to en
sure that data in the cache is valid. 

The BIOS (Phoenix Technologies ver
sion 1.00 04 on my evaluation unit, ver
sion I. I 0 00 IF on future units) is stored 
in slow ROM chips that sit on the AT
compatible bus. To speed up access to the 
ROM BIOS, the system copies it to the 
128K-byte area just below the 16-mega
byte memory line. If the computer con
tains an ALR EGA card, it also copies the 
EGA ROM BIOS to that area. The 20386 
then protects that memory so no program 
can write on the BIOS. 

Whole Lotta Storage 
My unit contained a Toshiba 1.2-mega
byte 5 1.4 -inch floppy disk drive and a 
TEAC 1.44-megabyte 3 ~ -inch floppy 
disk drive . ALR also offers a 360K-byte 
5 1.4-inch floppy disk drive. 

My hard disk drive was a I 5 I .2-mega
byte Control Data Corp. Model #94166
182 drive. It was controlled by a Western 
Digital ESDI controller that runs with 
l -to-1 interleaving. The Core Disk Per
formance Test Program indicated that the 
drive system had a data transfer rate of 
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Introducing 


FRONTRUNNER 

New ... for dBASE III PLUS Users! 


Fast . .. Resident . .. Powerful. 

FrontRunner offers all this and morel 


• CREATE MEMORY,RESIDENT dBASE III PLUS'" 
PROGRAMS - FrontRunner™is the first memory,resident 
applications development tool to contain a large subset of 
dBASE III PLUS commands and allows you to distribute 
RunTime"' applications . 

• 	dBASE Ill PLUS DATABASE AND INDEX FILE 
COMPATIBILITY - Allows you to use FrontRunner 
immediately. 

• 	UNIQUE KEYBOARD FEATURE - Bind commands or entire 
programs to a single Hockey for raf>id execution from within other 
applications. 

• 	PASTE COMMAND- This poweeful command allows you tu 
extract data from your dBASE III PLUS files and paste it into 
your spreadsheet or word processing application . 

Buy FrontRunner by June 30, 1988 and get a FroncRunner version of RunTime and an unlimited Run.Time license for 

royalty,free applications . FrontRunner is not copy,{Jl·otected and comes with a 30,day money,back guarantee. 


Tlie suggested retail price is $195 . 


See your local Asluon-Tate dealer now . For more in/onnation , or the name of tlie dealer nearest you , 


call (800) 437-4329. Ext. 555 .* 


*In Colorado, call (303) 799-4900 , Ext. 555 . 


.~ 

ASHIDN ·TATE 


Tmtlemarks I 11u~11.-r: dBAS£ Ill PLU• • Run Time. Ashwn-Tu1.: / A>ft1m1 -T<11<.' CorJ•ormiun ; FrmuUunn.:r /Apex Sof1wt1re Corporuumt 
© 19 Aslt1w1-T<11l' C11rportt1it111 ,A,// rii1h1J r<)Scrt•ctl. 
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The Closer 
You Look... 
The More 
You Find! 
Like this Russian Doll, o careful 

inspection of M IRROR II w ill 
reveal layer upon layer of 

carefully crafted feolures designed to 
provide you w ith the best solulion lo . 
today's and tomorrow's dole communi
cation problems. 

MIRROR II (the Crosstalk<& SuperKlone) pro

ALR'S FLEXCACHE 20386 CATCHES COMPAQ 

vides o superior reflection of lhe besl in Crosslolk 
XVI<&, at a fraction of the cost. M IRROR II comes com
plele wilh o supersel of the Crosslolk XVI Scrip! language.This Scripting copobilily and 
M IRROR ll's background communications mode gives you the power lo fully oulomole 
your PC communicolions, and lhe freedom lo use your PC for other losks while sending 
or receiving dole. 

• Background communicolions mode (coll or answer) 

• File transfer prolocols including Xmodem (Bolch, CRC or Checksum). Crosslolk , Hayes<&, 
Ymodem and Kermil 

• Terminal emulations for DECVT- 100/52, IBM 310 l (character or block mode), Televideo 
910 I 920 I 925 (character or block model. Adds Viewpoint, ADM-3A, Doto General 
D210, A NSI and Honeywell VtP7200 

• Learn mode for the automolic creolion of auto- MIRRORn 
logon Scripts 

• Full screen Wordstor-like lext editor 

• Site License (lhe cost effective woy lo slondord ize) 

• 	60-Doy, No Questions Asked Money-Bock 
Guarantee 

To order, call Toll-Free : 
1-800-634-8670 

336 Office P\ozo Drive (In Florido coll 904-878-8564). Viso I Mo.ste<Card I COD. $5.00 lor 
Tollohossee, Florido 32301Shipping ond Handling ISS.00 I°' COD 0<ders) Rondo resldcnfs 

please odd 5 % soles tox. Telephone: (9041 878-8564 
Telex: 6714280 KLONMIRROI! II ood SoldOo<>o on> -.,... ol Sol>IGone Db>ibu""1) C..,, I ftlM o o r<>go>
MG!~llb~b~on~ond ~fom.- "°""""'"' ol -........i ..,.._ ~ Wp ! Wo<<ISrot ~ 0 ·-od 

-~..... l~ll1016MP5121rnejM>

-.,.;. o1 °""""~A=dotos lnc./ Ha,..,oo...,......iroadomorl< ""9 MS.DOS / PC DOS 20 e< hdw ood ~ "°' <<>Pr - ol -o-- I"°""""' ON! C.- lM""' ..,,,._ 
........i
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program. With SETSPEED, you can set the 
system to its normal high speed (20 
MHz), or you can have it run at its low 
speed and emulate a 10-MHz system. 

ALR also bundles Control/386 version 
1.15 from Phoenix Technologies with the 
20386. This package contains many pro
grams that can help you run an 80386
based system, including an Enhanced Ex
panded Memory Specification (EEMS) 
driver, a disk-cache program, and hard 
disk utility programs. 

Four manuals accompanied my sys
tem: a quick installation and reference 
guide, a user' s guide, an operating man
ual for the high-resolution color display 
monitor, and a user ' s guide for the Con
trol/386 programs . The main manual, 
entitled FlexCache 16386/20386 User's 
Manual , is reasonably well written and 
clear. It contains many useful technical 
charts and explanations. 

After the Sale 

The 20386 comes with a one-year parts 

and labor warranty. You have to pay to 

ship your system to ALR, but the com

pany pays return shipping . This war

ranty , however, does not cover any op

tions that your dealer installs. 


You also get unlimited telephone sup
port with the 20386. The support staff 
seemed generally knowledgeable and 
pleasant. They were able to answer all my 
questions about operating the machine 
and adding options to it. 

You also can extend your service war
ranty for one, two, or three additional 
yea.rs with the ALR Extended Warranty 
Program. A one-year extension costs 
$579 for the Models 100 and 150, and 
$749 for the Model 300. 

Tops in Price and Performance 
Because of the 20386's 20-MHz CPU 
and FlexCache architecture, currently 
only the Deskpro 386/20 is in its perfor
mance class . On the down side , the 
20386 is big, and some of the engineering 
(at least on my evaluation unit) could be 
more polished. The Deskpro 386/20, 
while more crowded and difficult to take 
apart, is a more finished product. On the 
other hand, a Deskpro 386/20 Model 
130, equipped comparably to my evalua
tion unit but with 20 megabytes less disk 
storage, costs $1730 more. 

The FlexCache 20386 has power to 
burn. But you should plan to spend over 
$10,000 for most ready-to-use configura
tions . If you can afford it, the FlexCache 
20386 is (at least for the moment) tied for 
tops in PC performance. • 

Mark L. Van Name is a freelance writer 
and computer consultant living in Dur
ham, North Carolina. 
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780.9K bytes per second, an average seek 
time of 18 milliseconds, and a track-to
track time of 4.8 ms. 

The EGA-compatible card in the re
view unit was made by ALR. It was driv
ing a 13-inch Casper Model TE 5154 en
hanced color monitor, which comes with 
a tilt-and-swivel base. 

The keyboard was made by Maxi
Switch. It follows the IBM Enhanced 
keyboard layout and has two legs that you 
can tilt. The key action was good and pro
duced a mechanical click. You can use a 
DIP switch on the back of the keyboard to 

swap the functions of the Caps Lock and 
Control keys. 

Documentation and Software 
The 20386 came with the ALR 386/2 
version 4.0 Setup Utilities disk. The disk 
contains a Setup program, a program for 
doing a low-level disk format , an ex
panded memory manager (QEMM.SYS), a 
driver for 3 1h -inch floppy disk drives (in 
case you are not running MS-DOS 3.3), 
an ESDI driver, system diagnostics, a 
program to patch the disk-related bugs in 
MS-DOS 3.2, and the SETSPEED.EXE 

------------------------------~ 



Sig-prise. Now you get both in the same package.
New Chpper™from Nantucket~ 

Our latest version - Summer '87 - is still the best
periorming compiler ever. It lets users run dBASE<ll 
applications up to 20 times faster. But there's a lot 
more to it than raw speed.

Because new Clipper is one of the most powerful,
full-featured development languages ever. And 
gives you more control over your applications than 
any release of dBASE ever will. Now or in the future. 

Instead of designing Clipper as an add-on, we've 
structured it as an extended database language that 
uses dBASE as a subset. In addition to emulating
the dBASE language, weve added commands for 
menus, screens, windows and extended functions. 
As a result, you get dBASE compatibility and an 
entirely new level of power and versatility. 

And with ClipQer's open architecture, you can 
write functions in Clipper, C, Assembler or other 
languages, and integrate them into one seamless 
application. Which h.elps you create more sophisti-
O a ntuckel Corporalion 1988. Nanluckel isa regis1ered trademark and Clippe r is a 
1rademark of Nantucket Corporation. dBAS E is a regis1ercd trademark of Ashton· Tale. 
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cated applications in less time. And by using our 
full -featured debugger, you'll be done even faster. 

We also give you source code security that 
keeps users from damaging your application. And 
sophisticated record and file locking capabilities that 
make networking applications easier to create. But 
no matter what you create, you don't have to buy
runtime modules or additional software.You don't 
even have to pay licensing fees. 

If you haven't tried Clipper yet, just call (213)
390-7923 today. We'll send you full information and 
a free demo diskette. Or the complete program, 
if you'd rather. 

But call today. And see how easy it is to find the 
best dBASE development
language. Just get the fastest 
compiler. And open the box. 

Clipper .. 

Nantucket, 12555 W.Jefferson Boulevard 
Los Angeles, CA 90066 Telex: 650-2574125 
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...or Get Smarter 


llla!il The Next Generation in Modems., 
l· 

• A Custom designed 2400 Baud Internal 
PC modem by the makers of the world
famous EGAWONDER, means high 
performance & reliability. 
• Built-in microprocessor & digital signal 
processor ensures 100°/o error-free data 
using MNP-5. 
• Data compression increases 
throughput to 4800bps. 
• Background data spooling 
or Electronic Mail~ 

00 
Suggested 
List 
Price 

Smart price to pay for Smart technology 

*Full package of

M»»B»JI 
software included, Free. 

Technology you can Trust. ... 
ATI Technologies Inc .• 3761 Victoria Park Ave. 

ATI is a registered trademark of ATI Technologies Inc. Scarborough , Ontario. Canada M tW 352 
MNP is a trademark or Microcom Corporation. Mirror II is a Tel : (416) 756 0711, Tix: 06·966640 (ATI TOR) 
trademark of Softklone Distribution Corporation. Fax : (416) 756·0720 
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~ 
CLEO is your SNA or 

~ 
BSC Gateway 

CLEO 
now delivers 

3278 coax cards 
at •795,0~ 

~- "& 
- ' 

Remote Sites Communication 
Whatever your industry, your remote 
computers need to share information with 
your mainframe. Or, they need to exchange 
data with other remotes. In either case, you 
need a total solution at the remote si tes. You 
need oftware, hardware interfaces and 
modem that all work cogether moothly. 
You need CLEO! 

CLEO software products allow micro
computers to communicate with mini
computers and mainframes, and to emulate 
their workstations. ince 1981 CLEO has 
provided remote communications between 
micros and mainframes for the automotive, 
insurance, medical and banking industrie . 
Today over 66 000 CLEO users worldwide 
are running on all major brands of micro
processors. The greatest number of these 
users run CLEO software on IBM Personal 
Computers and NETBIOS LANs. 

Complete 
Software/Hardware Package 
Every CLEO package contains all the soft
ware and hardware accessories needed at the 
remote si te. Your selected CLEO S A or BSC 
software is packaged with I) an internal 
modem card for dial-up applications, or 2) 
an interface card and cable for use with your 
existing modem.There's no waiting for non
CLEO add-ons.And, youget prompt, single-

Package prices 
range from S795 .00 for 
most stand-alone packages, up to St ,995.00 
for the 32-user SNA gateway. 

Call us today to discuss 
your application. 

CLEO Software 
1639 orth Alpine Rd. 
Rockford , IL 61107 
Telex 03639 
FAX 815/397-6535 

Headquarters: 

SA: 1-800/233-2536 
Illinois: 1-800/422-2536 
International: 815/397-8110 
Sales and Distribution: 
Bcndux: 31(71)215281 
Canada, East: 800/361-3 185 
Canada. West: 800/361-1210 
Canada, Montreal: 5141737-3631 
Colombi2, S.A.: 12172266 
Denmark: 1628300 
England: 0908667737 
France: 146861136 
ll:ll y: (0331) 634 562 
Mo.ico Ci ty: 596-5539 

CLEO~ 

CLEO .... )780Plus,,. "llmml 1Dlkmub o( CLEO Sol1...... IBM u. rtgl<i.tfd lt:ldtlmrt ., lnienwional llu>lllCM M.tchlnoCorpot:11lon. 
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A Tale of Two Laptops 


Cramming the functionality ofa 
complete desktop computer, in
cluding monitor, power supply , 
and hard disk drive, into a brief
case-size package is no small 
task . Although we' re now see
ing laptops with far more power 
than a year ago, design prob 
lems still mean compromises. 

That's the case with NEC 's 
and Hewlett-Packard' s latest 
laptops . While the MultiSpeed 
HD and Vectra CS Model 20 are 
both MS-DOS machines with 
hard disk drives and liquid crys
tal displays (LCDs), they are as 
unlike each other as two such 
computers can be. Both have 
solid strengths, and both have 
significant weaknesses . 

The HP Vectra CS Model 20 
($3595) is designed for long 
battery life and to function well 
as a desktop computer. It has a 
full -size keyboard and a screen 
that maintains the normal as
pect ratio of an 80-column 
monitor. Typing on the Vectra 
is easy. In fact, the Vectra may 
have the best keyboard of any 
laptop computer available. 

However , the long battery 
life and the large screen and 
keyboard create problems with size and 
weight. In addition , because of the em
phasis on long battery life , HP has outfit
ted the machine with a display that is not 
backlit. In short, the Vectra is large, 
heavy, and difficult to use as a portable. 

NEC, on the other hand, has opted for 
convenience in the MultiSpeed HD 
($3695) . The computer is smaller and 
lighter than the Vectra, and it has one of 
the best screens I've used. Along with the 
small, light computer comes a small , 
light battery that tends to run out ofsteam 
pretty quickly: The MultiSpeed runs for 
on! y an hour or two on internal power. 

Like the Vectra, the MultiSpeed has an 
excellent keyboard, although it is less like 
that of a desktop IBM PC . ln aqdition, 

Wayne Rash Jr. 

ter than other laptops. The fullNEC's MultiSpeed HD and HP's 
size keyboard with separate nu
meric keypad is about the same Vectra CS Model 20 take very different 
size as keyboards on traditional 

approaches to portability 

The differences between the MultiSpeed (left) and Vectra 
(right) go beyond appearance. 

desktops . It has 12 function 
keys along the top of the key
board, and the Control and Alt 
keys are arranged as they are on 
the IBM Enhanced keyboard . 
You do not need to learn those 
mysterious triple-key combina
tions that plague other laptops. 

In the office , you can remove 
the 7-inch by 9 1.4-inch, 80-col
umn by 25-row LCD screen and 
plug in a standard monitor. The 
video controller lets you use 
either a CGA or an EGA moni
tor; a switch beneath the battery 
lets you select the one you want 
to use. To gel to the switch, you 
have to remove the battery- a 
step that also erases the setup 
information for the computer. 

The monitor plugs into a 9
pin connector on the rear of the 
computer, next to the parallel 
printer port. Also on the rear 
are covers for expansion slots 
for Expanded Memory Specifi 
cation (EMS) memory, serial 
ports, and modems . The 3 'h

the screen does not preserve the aspect 
ratio of the PC, so your pie charts may 
look like egg charts. 

Hewlett-Packard's Approach 
HP seems to have placed its emphasis on 
building a machine that would do well as 
an office desktop computer that could oc
casionally be taken into the field. HP 
claims that the Vectra has exceptionally 
long battery life for a hard disk drive 
computer-up to 10 hours . But this ma
chine is unlikely to gain much favor while 
traveling: Its l 91h -pound weight and 
great size conspire against it. In addition, 
I was unable to get it to run longer than 6 
hours before the battery died. 

As a desktop machine , it performs bet-

inch floppy disk drive and the 
20-megabyte hard disk drive emerge 
from the top of the computer. Also on the 
top is a bar graph, resembling a fuel 
gauge, that shows the life remaining in 
the lead-acid battery . 

The Vectra laptop uses an 8086-com
patible NEC V30 processor running at 
7.16 MHz. It has 640K bytes of 120
nanosecond (ns) RAM , room for an 8087 
math coprocessor, and a high-density 
l.44-megabyte 3 'h -inch floppy disk 
drive. The computer supports the use of 
proprietary-bus expansion cards that let 
you add memory, 1/0 ports , or modems; 
this lets you set up the machine for your 
specific use more easily than with other 
laptops. You can add an HP-422 serial 

continued 
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A TALE OF TWO LAPTOPS 


Vectra CS Model 20 MultlSpeed HD 

Company 
Hewlett-Packard 
Customer Information Center 
19310 PruneridgeAve. 
Cupertino, CA 95014 
(800) 367 .4 772 
(415)857-1501 

Components 
Processor: 7.16-MHz NEC V30; socket 
for optional 8087 math coprocessor 
Memory: 640K bytes, expandable to 4 
megabytes of EMS memory 
Mass storage: 1.44-megabyte 31/2-inch 
floppy disk drive; 20-megabyte hard disk 
drive 
Display: CGA on internal LCD screen: 
CGA and EGA for external monitor 
Keyboard: 92 keys, including separate 
numeric keypad 
1/0 interfaces: Paral lel printer port: four 
internal proprietary-bus expansion slots 

Size 
161/2 by 14 by 31/2 inches; 191/2 pounds 

Software 
HP Personal Applications Manager 

Options 
Dual serial adapter with 0 to 2 

megabytes of RAM : $220 to $1415 
2400-bps synchronous/asynchronous 

modem: $695 
1200-bps asynchronous modem: $450 
HP Vectra DOS 3.2: $95 
12-inch monochrome monitor: $325 
13-inch enhanced monitor: $845 
Battery module: $250 
Recharger: $155 
Solt case: $150 
Technical Reference Manual: $125 

Documentation 
62-page Setting Up the Portable Vectra 
CS; MS-DOS manual; pamphlets for disk
cache program: support guide 

Price 
$3595 

Inquiry 884. 

port for instrumentation, for example, or 
up to 4 megabytes of EMS 3.2 memory 
for handling large spreadsheets. 

The Vectra is quite compatible with the 
IBM PC. While I do not have the range of 
software on 31/2-inch disks that I do on 
51A -inch disks , I was able to confirm that 
WordStar 4.0, dBASE ill Plus, Multiplan 
2 .1, HyperACCESS 3.2, and Procomm 
2.4.2 all work fine . HP says all business
related IBM software runs on the Vectra. 

Travel Pains 
Clearly, HP did not design the Vectra 
laptop for air travel. Its weight and size 
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Company 

NEC Home Electronics (U.S.A.) Inc. 

1255 Michael Dr. 

Wood Dale, IL 60191 

(800) 447-4700 

Components 
Processor: NEC V30 running at 4. 77 
MHz and 9.54 MHz 
Memory: 640K bytes of RAM (first 126K 
bytes is CMOS. battery-backed-up for 
RAM disk); 512K-byte ROM 
Mass storage: 720K·byte 31/2-inch 
floppy disk drive; 20-megabyte 
hard disk drive 
Display: CGA on internal backlit LCD 
screen or external monitor 
Keyboard: 85 keys, including separate 
numeric keypad 
1/0 Interfaces: Bidirectional parallel 
printer port; RS-232C (25-pin) serial port; 
CGA monitor port: floppy disk drive 
controller/expansion port 

Size 
133,4 by 12V2 by 31/2 inches: 14 pounds 

Software 
MS-DOS 3.2: in ROM: Telcom. Outliner. 
Filer, Dialer, Notepad, Setup 

Options 
300-/1200-bps modem: $399 
300-/1200-/2400-bps modem: $499 
Leather carrying case: $249 
Semi-rigid carrying case: $129 
Car DC cable: $20 

Documentation 
241-page MultiSpeed HD User's 
Guide; 120-page Introduction to 
MS-DOS; 280-page Outliner-Filer· 
Notepad User's Manual; 147-page 
Telcom-Dialer User's Manual 

Price 
$3695 

Inquiry 885. 

make it inconvenient to carry onboard an 
aircraft, but this is insignificant com
pared to the inconvenience of actually 
using it on one. 

I carried the Vectra on a cross-country 
flight in a United Airlines DC-10. Even 
though I was traveling First Class, the 
Vectra was simply too large to use com
fortably ; using it in Coach would have 
been out of the question. The computer's 
weight even bent the table attached to my 
seat. (These travel pains were eased 
somewhat by a roomy and attractive vinyl 
carrying case that looked like leather and 
was comfortable to carry.) 

To make matters worse, the Vectra's 
LCD screen was essentially illegible in 
the well-lit aircraft cabin. It remained 
hard to read in reasonably well lit hotel 
rooms. The lack ofbacklighting was a se
rious handicap under many of the condi
tions where a laptop computer would be 
the logical choice. The brightness and 
contrast controls varied the display, but 
they could not raise the screen brightness 
to readable levels . 

Using the Vectra is complicated by the 
minimal docwnentation that HP provides 
with the machine. All you get is a slim 
setup guide, an MS-DOS manual, and 
some pamphlets that accompany the soft
ware and accessories. Additional man
uals are available at extra cost. 

NEC's Approach 
The NEC MultiSpeed computer has 
earned praise since the floppy disk ver
sion was introduced last year- and it 
deserves the praise. Like its floppy disk
-based sibling, the hard disk drive ver
sion of the MultiSpeed is well designed 
and easy to use. Unlike the Vectra, it is 
light, relatively small, and convenient to 
use out of the office. 

It is also nearly as convenient to use as 
a desktop machine as the Vectra is. The 
backlit LCD screen removes in seconds 
to allow the MultiSpeed to support a stan
dard CGA monitor. The keyboard is ex
cellent, and, like the Vectra, the Multi
Speed ·supports a separate numeric 
keypad, although its location is slightly 
less convenient-above the keyboard 
rather than next to it. 

The external monitor plugs into a 9-pin 
connector on the rear of the computer. 
Also located on the rear are a standard 
parallel printer port, a 25-pin serial port, 
and a floppy disk drive expansion con
nector. The rear panel also has a switch 
that controls the speed of the processor so 
you can switch between 4.77 MHz (for 
compatibility with the original IBM PC) 
and 9 .54 MHz. There is also a reset 
switch on the rear. The connectors are 
protected by small plastic covers that look 
like they would get lost easily. 

Included with the MultiSpeed are 
cables that allow the use of Zenith and 
Toshiba external 5 'A -inch floppy disk 
drives, and a cable that lets you connect 
the machine to an IBM PC so the PC can 
use the MultiSpeed's disks. This pennits 
considerable flexibility in transferring in
formation to and from the MultiSpeed. 

The MultiSpeed' s 3 'Ii-inch floppy 
disk drive is located on the right side of 
the machine. This drive supports the 
standard 720K-byte MS-DOS format for 
31h-inch drives-the same format that 
Data General, Zenith, and Toshiba use 

conrinued 



NEC MultiSpeed HD 
HP Vectra CS Model 20 
APPLICATION-LEVEL PERFORMANCE (In mlnutu Md MCOnda) NEC MultiSpeed 3 • 3 
WORD PROCESSING NEC 
XyWrlte 111 + 3.52 Med. Large 
Load N/A :25 
Wordcount :10 1:17 
Search/replace :17 1:10 
End of document :OS :44 
Block move :33 :33 
Spelling check :31 3:54 

Microsoft Word 4.0 
Cursor move 5:41 
Forward delete 1 :27 

Aldus PageMltker 1.0a 
Load NIA• 
Change/bold N/A 
Align right NIA 
Cut 10 pages NIA 
Place graphic NIA 
Print to file N/A 

Index: .73 

SPREADSHEET NEC 
Lotus 1·2·3 2.01 

Block copy :12 
Recalc :OS 
Load Monte Carlo :56 
Recalc Monte Carlo :24 
Load rlarge3 :14 
Recalc rlarge3 :04 
Recalc Goal·seek :12 

Microsoft Excel 2.0 
Fill right :15 
Undo fill 6:16 
Recalc <:01 
Load rlarge3 1 :25 
Recalc rlarge3 :05 

HP 
Med. Large 
NIA :28 
:10 1:19 
:19 1:15 
:OS :47 
:24 :24 
:34 4:17 

:31 
:57 

N/A1 

NIA 
NIA 
NIA 
NIA 
NIA 

1.282 

HP 

:14 
:OS 
:59 
:27 
:1S 
:04 
:13 

:19 
6:58 
<:01 
1:20 
:05 

DATABASE 
dBASElll+ 1.1 

Copy 
Index 
List 
Append 
Delete 
Pack 
Count 
Sort 

Index: 

ENGINEERING/SCIENTIFIC 
AutoCAD 2.52 

Load SoftWest 
Regen SoftWest 
Load St. Pauls 
Regen St. Pauls 
Hide/redraw 

STATA 1.5 
Graphics 
ANCNA 

MathCAD2.0 
IFS 800 pts. 
FFTnFFT 1024 pts. 

Index: 

COMPILERS 
Microsoft C 5.0 

Xlisp compile 
Turbo Paacal 4.0 

Pascal S compile 

NEC 

3:51 
:32 

4:27 
6:49 

:08 
4:12 

:24 
3:06 

HP 

3:06 
:29 

3:18 
5:3 1 

:06 
3:30 

:24 
2:36 

HP Vectra 3 • 8 
IBM PC 1.8 

IBM PC AT 5 

Word 
Processing 

Database 

D 
Spreadsheet 

D 
Scientific 

Engineering 

Compilers 

.58 

NEC 

9:30 
8:01 
2:37 
2:07 

1:41 :15 

3:21 
2:21 

4:22 
5:14 

.69 

HP 

9:41 
9:01 
2:40 
2:25 

1:53:57 

3:36 
2:30 

4:49 
S:4S 

.32 .29 

NEC HP 

14:03 15.02 

:19 :17 

Index: .85 .8 

Index: 1.01 .97 

'No mouse. 
' The resun for the Word cursor mow lest gives the Vectra a higher 0Yerall 1ndex than lhe IBM PC AT for v.ord processing 

Indexes show rotative perlormanoes; for all Indexes. an B·MHz IBM PC AT• 1; graphs are based on Indexes. 

LOW-LEVEL PERFORMANCE' (In HCOnda) NEC MultlSpeed 

CPU NEC HP DISKl/O NEC HP VIDEO NEC HP 
Matri x 18.71 21 .53 Hard Seek• Text 
String Move Outer track 9.18 9.16 Mode O 23.34 19.61 

Byte· wide 116.54 118.67 lnnertrack 9.20 9.22 Mode 1 23.38 19.61 
Word·wide : Half platter 23.10 23.05 Mode2 25.54 21 .09 

Odd·bnd. 116.54 11 8.69 Full platter 27.68 27.72 Mode 3 25.52 21.07 
Even·bnd. 58.27 59.38 Average 17.29 17.29 Mode7 23.45 18.78 

Sieve 104.32 113.86 DOS Seek Gr11phlc. 
Sort 121 .66 132.62 1·sector 16.84 17.33 Mode4 6.88 7.52 

8·sector 47.94 49.42 Modes 6.88 7.52 
Index: .66 .6 Fite 110• Mode6 7.45 8.13 

Seek .49 .37 Mode 13 NIA NIA 
FLOATING Read .060 .058 Mode14 NIA NIA 
POINT' NEC HP Write :001 .054 Mode1 6 NIA NIA 
Math NIA NIA 1-megebyte 
Error' NIA NIA Write 16.79 13.47 Index: .6 .6 

Slne(x) N/A NIA Read 13.97 10.05 
Error NIA NIA 

e• N/A NIA Index: .5 .58 
Error NIA NIA 

1 An fi gu res were gene1ated using the 6088/8086 version~ Small·C (16·bit CONVENTIONAL 
integers). BENCHMARKS 

•The ftoating·polnt benchmarks used 8087-oompatib!e Instructions only. NEC HP 
3 The errors reported for the Hoating·polnt Dencnmarks indicate lhe difference 

between expected and adual values. 
• Tomes repotted by the Hard Seek and DOS Seek are for multiple seek 

operaOons (romber ~ seekS pertormed currenUy set to 100). 
~ Read and vnle ijmes for the File UO benchmar1<s are in seconds per Kbyle. 
• For the Livermore Loops and Dhrystone t8SISonly. higher numbers mean 

UNPACK 8846 
Livermore Loopse 
(MFLOPS) .0024 
Dhrystone (MSC 5.0) 

(Dhry/sec) 1164 

9739 

.0022 

1066 . 
laster performance. 

For a full description of the benchmarks. see "" Introducing the N_ew BYTE Benchmarks"" on page 239. 
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Travel 
Companions. 
The WorldPort 2400'M and the WorldPort internal battery, drawing no power from your Call us today for more information about 
1200"' modems are the perfect travel laptop. Cutting edge technology brings you the WorldPort line of modems, or the name 
companions for your portable computer. features such as Bell and CCITT standards, of your nearest dealer, at 800-541 -0345. 
They work virtually anywhere in the world, direct connect and acoustic interface (300 (In New York,516-261-0423.) 
including hotel rooms and phone booths, and 1200 bps}, tiny size and atiny price. The 
allowing you to connect in afew million WorldPort 1200'M can be easily upgraded to 
more locations than other modems. 2400 bps and both the WorldPort 2400'.. 

and the upgrade come with Carbon Copy • • • ••• [ Touchbase Systems. Inc. 
With features superior to internal units, • • • • • •• 160 Laurel Avenue

PLUS ,.. communications software. • • • • •:.•:. Northport. NY 11768the WorldPort line of modems is the smart 
••••••..;•: (516) 261 ·0423choice for all your communication needs. Find out more about the travel companions • • H • • • TELEX: 6502848020 

WorldPort modems operate from their own that won't lie down your portable computer. ••• I ••:::. FAX: (516) 754-3491 

for their laptops. The 20-megabyte hard 
disk drive is hidden deep in the machine. 

The MultiSpeed's computing power 
comes from NEC's 9.54-MHz V30 
microprocessor. There is no provision for 
an 8087 math coprocessor. The first 
l26K bytes of the 640K-byte memory is 
low-power CMOS RAM that stays 
powered up by the battery and can be 
used as a nonvolatile RAM disk. The 
RAM disk software is included with the 
system. 

The 2200-milliampere nickel-cad
mium battery that powers the MultiSpeed 
when it's being used as a portable is be
neath an easily removed cover just behind 
the screen. It is designed for quick re
placement, making its short life some
what less of a problem. Still, you can 
expect only an hour or two of operation 
using both the hard disk drive and the 
screen backlighting. 

The MultiSpeed gets its name from its 
ability to operate at two different speeds. 
This function is controlled by a DIP 
switch on the rear panel of the machine. 
While there was once a need for the 
slower speed to satisfy some copy-protec
tion schemes, the problem seems to have 
disappeared; although a few games still 
operate properly only at the slower 

A TALE OF TWO LAPTOPS 

speed, the multiple-speed capability 
seems to be of questionable value. 

Included with the MultiSpeed is a col
lection of ROM-based applications. The 
machine's 512K-byte ROM contains Tel
com, Outliner, Filer, Dialer, Notepad, 
and Setup. The machine has sockets for 
four additional RO Ms beyond the two that 
contain the applications. 

A dedicated key, labeled "Pop-up" on 
the keyboard, invokes these applications. 
When the key is pressed, a menu appears, 
and you select the program you want. The 
machine normally has these applications 
enabled, along with the RAM disk, but 
you can clear them out of memory if you 
need the space. In addition to the ROM 
software, the MultiSpeed also includes 
MS-DOS 3.2, and there is a help key that 
produces ROM-resident help screens for 
the built-in applications. 

On the Road with the MultiSpeed 
The MultiSpeed HD is built for the con
venience of the person who must use it 
while traveling . This machine fits well on 
the tables in First Class on a DC-10, and 
its weight is within their capabilities. The 
screen was easily visible under any 
lighting conditions I encountered while 
traveling. Unfortunately, the short bat

tery life limits your productivity on a 
long flight. 

The MultiSpeed also works well in 
hotels and offices. The external power 
supply can use 50- or 60-Hz power from 
100 to 220 volts. In short, you can use it 
anywhere. Its relatively small size and 
light weight make it easy to carry while 
traveling, and its rugged fabric case is 
well designed. 

The machine's use is enhanced by the 
excellent manuals that have become one 
of NEC's strong points. The four man
uals are clearly written, well illustrated, 
and very helpful to users who find them
selves with questions in places where 
they can't ask for help. 

Similar Performance 
A quick look at the benchmarks (see the 
graphs on page 128A) shows that these 
two machines perform similarly, despite 
the difference in CPU speeds. It's clear 
that the Vectra operates without wait 
states, negating much of the Multi
Speed's potential speed advantage. Still, 
the MultiSpeed is slightly faster in all the 
standard CPU benchmarks. This can be 
attributed primarily to its slightly higher 
clock speed. 

continued 

World Port 1200 and WorldPorr 2400 are rrademarks of Touchbase Systems. Inc .. Carbon Copy PLUS Is a trademark of Merid ian Technology Inc. 
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The easy to set net. 

The only thing easier than installing a 
PC/NOS™ Network Kit - is using it! What 
more can you say about acomplete 
four-user network that costs only Sl395? 

Plenty! 
The powerful, full-featured 

PC /NOS LAN operating system 
meets all your workgroup or 
business networking requirements. 
Yet spares you the difficulties of 
intricate set-up and operation 
especially if you're just getting into 
networking. 

Easy to set. You can install the 
PC/NOS Network Kit in less than 
an hour. Just connect your com
puters and peripherals . Then load 
the PC /NOS software. It 's that easy! 

And even easier to operate. 
PC/NOS' advanced software tech 
nology allows you to fully utilize all 

the equipment on your network 
from any network station. And you 
can control it effortlessly with in
duscry srandard PC-Dosn 1 or 
MS-DOSTM commands. You can 
even add the capability to share 
modems as well as access SNA and 
X.25 networks . 

Get the best net net. Corvus ' 
PC I NOS Network Kit makes more 
business sense out of fewer business 
dollars . A complete four-user net
work for only 51395. 

Connect with Corvus. The 
PC /NOS Network Kit is not only 
easy to set, it 's also easy to get. Just 
contact your local dealer or call 
1-800-4 CORVUS. Corvus Systems, 
Inc., 160 Great Oaks Blvd., Sanjose, 
CA 95119-1347. 

1-800-4 CORVUS 

The Corvus PC/NOS Network Kit functions as 
a complete starter kitfor/our users, yet can 
e:xpand easily up to 64 users without having to 
upgrade the operating system. just order addi
tional cards at a cost of$149 each. The S/395 
Kit consists ofPC/NOS network software, four 
OmninetI I interface cards and cable. 

*** G.JRVUS 

The NetWorks'· 
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PC I NOS is >mdcm:irkofCorvw. Sysicms. Inc. 
PC.DOS is l 1r:ldcm::uk oflnrttn:11ionill Ousinc.:s.s ,\.12chincs. Inc. 

MS· DOS i!o :i trJdem;ii rk orM li;:roso(1 . Inc. 

© Coprrigh1 19R8 C:orvw S)' icms. Inc. 




A TALE OF TWO LAPTOPS 

The two machines split wins in the 
hard disk tests, with the Vectra coming 
out slightly ahead in the tests that go 
through the operating system for disk ac
cess. The screen display tests came 
through with another split , with the 
MultiSpeed a bit faster in graphics and 
the Vectra much faster at displaying text. 

Although the Vectra turned in a slight
ly higher overall score in the applications 
benchmarks, these tests also failed to de 
liver a strong winner. Some of the appli
cations, such as Excel, Lotus 1-2-3 , and 
AutoCAD, showed the MultiSpeed to be 

the faster machine . Others, notably 
dBASE III Plus and Word , favored the 
Vectra. It is important to note that the re
sults of the Vectra running Word show a 
level of performance not supported by 
other tests . It looks like the Vectra's key
repeat rate and graphics display con 
nected perfectly with Word to make the 
HP computer a real screamer on this 
application. 

While the benchmarks didn't show 
either computer to be clearly superior to 
the other, they did show that both com
puters perform well . Both machines con-

FREEWARE 
().'/ l .Y $2.99 Pt·:t~ DISI\ 0 1\ 'l.Y $ 2 .99 l ' l~K lJISI\ 

Pub l!r Domai n & S harewa r<' for IB'.1-1 a nd Compa tlbl•s · DOS 2.1 or h lghor 
Prag.ra ms and ut ilit ies for a ll you r computing n•~s 

ACCOUNTING 
:::J l'ASTBUCKS (191 ) Home finane< package. 

:J PRO PC·ACCT (526) lntegrat~ G / L. A I R. A/ P. 

::J CK·CHECKBOOK V3. l !791 Personal fi na nc.s. 

::J SBAS Vl.312701 S mall bus iness acrountJngsystem. 

::J PC·PAYROLL V2.3 (464) :1-!• nu drl\'•n. I 00 emp ma.'<. 


BUSINESS 
:;i EZ.PORMS Rev. c.24 166) Forms genera tor pkg. 

::J EASY PROJECT Vl.2 (440) Project mgm1. sy stem. 

:J BUSINESS LETTERS (303 lit 3041 650 lcttt'rs. 

::J MR. BILL V3.2131 l • 3121 Time & billi ng park.og1: . 

::J RENTAL PROPERTY 1318) Rental art Mty mgr. 


SLICWORKS (321 ) frame,rnr k clone. 
:J FINANCE MANAGER V4.0 (77) Ac-«>unt lng p.1r1<agc. 
:J PC.TICKLE 11462 Cale ndar. re minder. pla nnn 
:::J REAL ESTA11!: ANALYST (113) Me n u driven. 
:J DOCKETMINDERVl.2 (448) for lav.; -. rs l law firm. 

COMMUNICATIONS 
:J RBBSBULLETIN BOARDV15.l (290 • 292) 13 rli•l<~l 
:J QMODEM V3. l 1293 a 2941 '.1-!odem program. 
:J PROCOMM V2.42 IMl!t54) Mrnu drl,-.n mcxlem pkg 

DATABASE 
::J l'ILE EXPRESS V4.0l (33 lit 341 Easy dat.aba.sc. 

::J WAMPUM V3.1B 137 a 38) d Base Il l clone. 
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EDUCATION 
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:J FUNNELS lit BUCKETS V2.0 (130) !..earn. Age~ 5 · 10. 


::J AMYS lST PRIMER 11 33) Age 4-8. CGA & Bas ic req. 

:J POLYGLOT V6.0l (1391 Vocabu.lary b uilder. 7 & up. 

:J ANIMAL MATH 1181 l JU?es 4 8: up CGA req. 


Cf·Ml#t:.. I 
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:J DUNGEONS lit DRAGONS V 1.1 12051 
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:J 3D CHESS Vl .01(215) 20 & 3D ehessga1ne. 
::J SOLITA.l.RE (2111 4 !!<>mes. CGA roq. 
:J SUPER PINBALL (212) 5 games. CGA r<'q . 
:J WORDPLAY (367) Wheel of fortune Clone. CGA req. 

GRAPHICS 
::J l'INGERPAINI'V2.012821 E:asy. like Macpalm. 

:J LlGKl'ING PRESS (266) Prln rmaster clone. 

:::J CALENDAR CREATOR 1350) C rt'ate \ 'Our own . 

:J PRINl'MAsTER+ GRAPHICS 13191 3 i1brart,.,;. 

::J PRINTSHOP GRAPHICS (32013 llbrat l•s. 

::J PRESENTATIONS V2.0 1446) Create demos. 

::J DANCAD 3D V2.0B (424 a 4251 20 / 30 draftin g pkg 
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MISCELLANEOUS 
:J STRESS lit SHRINK 174) DtagnoS<' your,,.,lf. 

:J ASTROLOGY V9.51284) AsoroloR'· pkg. 

LANGUAGE 
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SPREADSHEET 
LOTUS 123 PROGRAMS (28 · 32115 dl•kst 


:J LOTUS 123 TUTOR (177) ~ui"'s Lotus. 


:J AS EASY AS V3.0 (302) Lotus clone. 


UTILITIES 
DISK COMMANOOV2.0 1218 &219) Norton '> Ad · 
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SIM·CGA 1220) Si mula te CGA graphic r ard . 
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::J REL!ANCE MAILING L1Sf V2.0 1161) E"-')'. 

::J PC·WRITE V2.71 (9 lit 10) Gr<'.ll word processor. 
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:J PC TYPE-+ (373 · 37:)) 13 dl~k" I Buttonw« rt'. 
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sistently ranked closer to the IBM PC AT 

than to the IBM PC. 


A Winner on Convenience 

In terms of convenience, there is a signif

icant difference between the machines . 

On one hand, there is the massive Vectra 

with its full-size keyboard and long bat

tery life. On the other hand is the conve

nience of the MultiSpeed, tempered by its 

short battery life. 


The Vectra 's strengths make it a good 
solution if you need a machine that works 
well as a desktop computer but must oc 
casionally be taken out of the office. The 
key word here is "occasionally. " The 
lack of backlighting makes using the Vec
tra a chore in the field. 

The Vectra 's size and weight also con
spire against its usefulness . The battery is 
again partly the culprit , but so is the 
placement of the numeric keypad , which 
is located in the same place as the keypad 
on desktop machines. Nice, but I'm not 
convinced it 's worth the cost in space and 
weight. The MultiSpeed 's keypad works 
quite well located above the letter keys , 
and it allows for a much more compact 
machine . 

The MultiSpeed performs nearly all 
the functions that the Vectra does, and it 
works equally well as a desktop machine , 
except that it does not support an EGA 
monitor. In addition , unlike the Vectra , 
the MultiSpeed is a willing traveler. It 
can be used conveniently out of the of
fice , although, because of the short bat
tery life, it cannot be used for long . 

In spite of the battery-life problem , the 
MultiSpeed 's usability and portability 
make it one of the best laptops available. 
Clearly , a great deal of thought went into 
meeting the needs oflaptop users. Ifl had 
to make a choice between the MultiSpeed 
and Vectra, I'd choose the MultiSpeed . 

There are other choices, however. If 
you're willing to live with a couple of 
extra pounds, the highly regarded Zenith 
Z-183 provides the best of both worlds. It 
has a screen the size of the Vectra 's that's 
as easy to read as the MultiSpeed 's. Its 
keyboard is not as good as the Vectra's or 
the MultiSpeed's, but its battery life is 
nearly as good as the Vectra ' s, lasting 
nearly 5 hours in the latest tests I per
formed. There's also the T3100/20 from 
Toshiba, which gives you all the perfor
mance of the IBM PC AT, with an 80286 
and a fast hard disk drive, but which has 
no battery . For me, it 's a toss-up between 
the MultiSpeed and the Zenith. • 

Wayne Rash Jr. is a ~mberofthe profes
sional staff of American Management 
Systems , Arlington, Virginia. He consults 
with the federal government on micro
computers and communications. 

http:SOLITA.l.RE
http:dat.aba.sc


When your basic 

quantum leap is 

just not enough: 


Professional Basic 

Programming Library 


PRoBAs is a lib.ran· of routines chac kicks 
QuickBASIC and BASCO~! into 5th gear :ind 
gi,·es you powers and abilities far beyond 
those of mortal men. !L's the greatesc ching 
since sliced bread and if you don'c gee it today, 
,·our hard disk will crash in recaliation. So 
inuch for the hype, now down co brass tacks: 

• 232 routines (226 in Assembly) 
• 600 page a-part manual 
• Full-featured windowing 
• Screen snapshots 
• Virtual screens in memory 
• Lightning-fast file 1/0 
• Access EMS as files or arrays 
•Full mouse support 

Plus 200 essencial services from directory and 
equipment routines to handy string, dace, time, 
and input routines. 

Sick of running our of string space? Store 
hundreds of K in numeric arrays or megabytes 
in DIS arrays. Tired of using a kludgy SHELL 
to DIR co read a direccon·? Scan subdireccories 
using wild-cards and score thoUS.'Ulds of file 
names, dares, and times. Wish you could drag 
:i <;>.·indo\\ containing te..'Xt or :i menu around 
rhe screen with a mouse? !e's easy! 

PRoBAs \'irrual screens allow vou co draw full 
o r partial screens to memory; and then smp 
chem on in an eyeb!ink .. faster and \\rithouc 
the limit:itions of PCOPY. Draw and score 
hundreds of pull-down menus or help screens, 
each in its own amiy. ready to be displayed 
:inywhere on the screen ar assembly speeds-
~·ou jusc can't get any faster. 

PRoBAs gin:s you a complete set of blazinglv
fast fi.le routines. Read or write llp co 04k 
chunks of data at a clip. with file locking and 
error handling so chat you can e\·en use d1em 
in subprograms. You'll nen::r \'\'3J1t to use 
BAS!Cs file 1/0 again! No royalty and not 
copy protected For all Yersions of 
QuickBASIC and BASCOM induding BASCOM 
6.0forOS/2. Just $99. 001 

PRoBAslM 

TooLKIT 


The TooLKIT is a collection of assembh· and 
BASIC modules that use che PRoBAs Jibrar\' 
to s:i\·e you e\·en more hours of grunt work 
Call a ring. bar, pop-up or pull-down menll 
Pop up a mini-word processor with word 
\\Tap in a window. :\L'lke file 1/ 0 faster \\ritb b· 
tree indc.'Xing You get: 

•Dozens of Menu Generators 
• Fast B-tree indexing 
•Mini-editor wHh word-wrap 
• Patch . EXE files 
• Protected storage areas 
• Display text files in windows 
•Julian date routines 
• Documented BASIC source 

Plus dozens of powerful, easy to use routines 
that help conserve the most valuable asset of 
all-- your time! Just $99. 001 

P&oScREEN"' 
Professional Screen 

Management System 


PRoScREEN is a full-feamrcd screen generator 
editor that \\rill sa\·c: you more design and 

coding time than you ever thought possible:. 
PRoScREEN works with screens like a word 
processor works with text to pro'l-idc: 
complete control over screen characters, 
placement and colors. Edit up to 3 screens at a 
time and perform block mo,·es, block copies, 
merge and cue and paste oper:icions-- e\'en 
between screens-- with ease. 

Use PRoScREEN co prototype designs, create 
full or partial screens for import via PRoBAs, 
or create input screens dut ha\·e up to 130 edit 
fields per screen. You can even take snapshots 
of other applications, edit them, and Eroduce 
demos and working rutorials. PRoScREEN 
comes with subromine source, o."tcnsive on· 
line help and a 285fage manual with rurorial 
and reference:. Jus $99. 001 

TELECOMM TOOLKIT 
The PRoBAs TELECOMM TOOLKIT is a 
collection of high-level corrununications 
modules that you plug into your code to 
prm·ide popular me uansfer protocols, 
terminal emulations. amo-dialing, phone: data 
base. login scripts and more. Plug just the 
routines you need imo your programs. 

• Xmodem/Modem7/Xmodem-lk 
• Ymodem (single and batch) 
• CRC-18 and Checksum 

e VT152, VT100, ANSI BBS etc. 

•Auto Dialer & data base 
•Script language support 
• Full terminal program 
• Documented BASIC source 

The T ELECOMM TooLK1T comes ·with a 
detailed manual and a full tenninal program in 
BASIC. Just $75. 00! 

P&oREF,.. 
On-Line Help 

For PRoBAs... 


PRoREF is three produces in one.. a pop·up 
help system for the 232 routines in PRoBAs, 
pop-up help for your routines, and an 
e.'>•ension of tbe QuickBASIC programming 
emrironment See the calling syncax and help 
tor any PROBAS routine, or anr of your 
routines, mth just a few keystrokes or mouse 
dicks. Pop-up an ASCH chart., calculator, 
kevboard scan code module or almost an,· 
DOS program ,.ia hot-key. Just $50. 001 · 

Our money-back guarantee assures you the 
highest quality and our technical support staff 
is always ready to help. Try our BBS at (301) 
953·-38 or giYe us a call ac: 

(301) 953-2191 


AdQ 53 . 00 per ~em (57 .00 Canada! to< shipptng . 
Trademarks: ProBss . ProRef . ProScreen· Hammerly HAMMERLY
Computer Services . Inc . Qu;c~BASIC . BASCOM' 
Mierosoft Corp . COtv1PLJfER SERVICES, INC. 

8008 Sandy Spring Road• Laurel, Maryland 20707 
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· HARDWARE REVIEWS 


Revitalize Your Old AT 

Don Crabb 

The dream of every computer the Fortron 386, the Micronics Four 80386 replacement 
owner is to take the old machine 386, the Turnpoint 386, and the 
and make it run faster, give it Whole Earth Electronics (Mymotherboards significantly improve 

lex) 386 . These boards are demore versatility, keep it com
patible with current software, 
and do all that for very little 
money. Most owners, however, 
just replace the old machine with a newer 
model. While the price of 80386-based 
machines has dropped over the last year, 
you can still expect to pay $3000 and up 
for the privilege of owning one. And if 
you've set your sights on the high end of 
the market (such as the Compaq Deskpro 
386/20 or the IBM PS/2 Model 80), you 
can expect to pay over $10,000. Equip 
these high-end models with big, fast hard 
disk drives and lots of memory , and the 
price reaches the $20,000 range. In addi
tion, you absorb the cost of your old AT, 
which just languishes in the background 
once you've bought an 80386 machine. 

There is an alternative. You can re
place the original motherboard in your 
computer with a newer 80386 mother
board. With a 32-bit processor and 32-bit 
data and address paths, an 80386 ma
chine can give you a tremendous perfor

your AT's performance 

mance advantage over an 80286-based 
system. These motherboards typically 
cost about $1500 and up-less than a full 
80386 system but more than an 80386 ac
celerator card. They offer better perfor
mance than accelerator cards, however, 
because combining an accelerator card 
and an older AT motherboard can create 
an I/O bottleneck. 

Many of the early 80386 boards (such 
as the Intel iSBC 386 AT) did not take ad
vantage of very-large-scale-integration 
(VLSD custom chips; consequently, they 
were crowded designs whose perfor
mance was far below the predicted level. 
That has all changed in the last several 
months: A whole slew of 80386 replace
ment motherboards for PC XT and PC 
AT chassis has appeared. 

For this review, I looked at four 80386 
motherboards made for AT-style chassis: 

signed to improve the overall 
performance of your AT by 2 to 
4 times by executing instruc

tions on a faster 16- or 20-MHz 80386 
chip. They also supply additional fast 32
bit RAM that can be used to further in
crease system performance while main
taining compatibility with DOS 3.x and 
your applications software. 

These boards replace the existing 
motherboard in your AT. Basically, you 
must disembowel your AT to install one 
of the boards. They have the usual com
plement of slots (32-bit, 16-bit, and 8-bit), 
plus keyboard connectors , a keylock , 
LED connectors, jumpers, a battery
powered clock/calendar, coprocessor 
sockets (for 80387 or 80287 chips), and a 
power supply connector that you'd .expect 
to find in any AT-style motherboard . 

AT Chassis Required 
Besides upgrading an AT, you can easiJy 
build your own 80386 machine around 

Fortron386 
Micronics 386 
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one of these boards by adding a power 
supply (185 watts or greater) , a generic 
AT chassis, an AT-style keyboard and 
cable, a combination floppy disk drive/ 
hard disk drive controller, a floppy disk 
drive, a hard disk drive, a speaker, a key
lock, a turbo switch, and status LEDs, 
plus a monitor and an EGA or VGA video 
card. All you'd have to add to this mix is 
DOS 3 .1 or higher, and you'd have a fast, 
inexpensive 80386 machine. 

Some of the boards come with 32-bit 
memory standard on the board itself, 
while others come with their standard 
RAM on a 32-bit plug-in card. In any 
case, each board I tested came with a 
minimum of 1 megabyte of 32-bit RAM. 

But if you ' re not up to building a new 
system from scratch, these boards will 
function nicely in most AT-style com
puters. As long as your machine's 
motherboard conforms to the AT ' s 
motherboard form factor (roughly 12 
inches by 13 inches) , you should be able 
to install any of these boards as an up
grade replacement. Your only other con
sideration is your keyboard; if it's not 
AT-compatible, it may not work with the 

particular keyboard ROM BIOS installed 
in the motherboard you buy . Other hard
ware compatibility issues are minor, 
since you are giving up your existing AT 
motherboard in favor of a new system 
with new ROM BIOS, a new processor, 
new RAM, and so on. 

Not for the Novice 
Replacement motherboards are not for 
the timid or the novice, or even the casual 
board twiddler, and don't let anyone try 
to tell you otherwise. While these boards 
can boost your AT's performance, they 
can be very tricky to install and config
ure . I've been building and using com
puters for 20 years, and I can't imagine 
anyone thinking that the complete dis 
mantling of an AT and installation of a 
new motherboard is "simple . " The 
manufacturers of all the boards I tested 
caution against inexperienced people in
stalling these boards. Indeed, many of the 
80386 motherboards now on the market 
were originally sold only to OEMs be
cause of the difficulty of installing them. 

Typically , you have to ground the AT's 
chassis (with·a grounded antistatic mat) , 

yourself (using a wrist grounding strap) , 
and the replacement motherboard (using 
an alligator clip wired to a separate 
ground) before you begin. Then you have 
to dismantle your current AT, noting 
where all the board connectors are lo
cated and how they're connected. 

The grounding process also has to be 
done carefully to avoid a ground loop that 
would reinforce any static problems. A 
ground loop is what occurs when you 
have more than one common ground for 
any electrical potential. You want only 
one true ground for any such potential . 
Ground loops tend to reinforce static ef
fects rather than dissipate them. The best 
situation is to run one true earth ground 
to each electrical surface you want to 
ground; such grounding is called an iso
lated ground. By definition , isolated 
grounds cannot result in ground loops. 

After dismantling your AT, you have to 
install the new 80386 motherboard in the 
chassis . Then you reconnect the power 
supply, install the disk controller, and re
install the disk drives, keyboard , key
lock, status LEDs, turbo switch and LED 

continued 
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Fortron 386 

Type 80386 replacement motherboard 

Company Fortran Corp. 
2380 Qume Dr., Suite F 
San Jose, CA 95131 
(408) 432-1191 

Design Topology Not specified 

Components Processor: 80386 running at 16 
MHz with one wait state; socket for 
optional 80387 or 80287 math 
coprocessor 
Memory: 2 megabytes of RAM 
standard on 32-bit plug-in memory 
card (no RAM on motherboard}; 
optional 2· or 8-megabyte 
accessory memory card: Award 
Software or Phoenix Technologies 
386 ROM BIOS and keyboard 
BIOS 
Slots: Four AT-style 16-bit slots: two 
proprietary 32-bit slots for system 
memory; two XT-style 8-bit slots 
Other: Speaker. turbo switch. and 
LED connectors; keylock; AT-style 
keyboard jack supplied; standard 
AT-style power connectors 
supplied; two serial ports and one 
parallel port; real-time clock/ 
calendar with battery backup for 
system configuration CMOS RAM 
Warranty: One year 

Size 12 by 13 inches; conforms to AT 
motherboard form factor 

Software ROMBIOS utility for running ROM in 
32-bitRAM 

Options 2-megabyte DRAM memory board: 
$850 
8-megabyte DRAM memory board: 
$2650 
80287 -8 coprocessor: $250 
80287 -10 coprocessor: $289 
80387·16 coprocessor: $485 

Documentation The Complete Computer 
Companion; Motherboard Jumper 
Settings and Hard Disk Installation 
Guide 

Price With 2-megabyte DRAM card: 
$2250 

Inquiry 886. 

Mleronlcs 388 

80386 replacement motherboard 

Micronics Computers Inc. 
935 Benecia Ave. 
Sunnyvale, CA 94086 
(408) 732-0940 

Not specified 

Processor: 80386-20 running at 20 
MHz with zero wait states; 
compatibility speed operation at 
16, 8, 6, and 4. 77 MHz: optional 
Intel 80287-8, 80287-10, 80387-16, 
or 80387 -20 math coprocessor 
(test unit included an 80387·20 on 
a special daughterboard that also 
held the 80386-20) 
Memory: 1 megabyte of RAM on 
motherboard: optional 2-megabyte 
32-bit memory board; expandable 
to 10 megabytes with optional 8· 
megabyte 32·bit memory board; 
Phoenix 386 ROM BIOS: Award 
keyboard ROM BIOS; Award ROM 
BIOS and Phoenix keyboard ROM 
BIOS also available at no eX1ra cost 
(board has sockets for both ROM 
BIOS and can be software-
selectable as desired} 
Slots: Five AT-style 16-bit slots; two 
XT·style 8-bit slots; one 32-bit slot 
for proprietary RAM board 
01her: Speaker, turbo switch, and 
LED connectors; keylock; AT-style 
keyboard jack supplied; standard 
AT-style power connectors 
supplied; battery backup for CMOS 
configuration table and real-time 
clock 
Warranty: One year parts and labor 

12by13 inches; conforms to AT 
motherboard form factor 

RAM BIOS and EGA BIOS utilities 
for relocating BIOS into 32-bit RAM: 
MICEMM (LIM/EMS} software 

2-megabyte 32-bit memory board: 
$995 
8-megabyte 32-bit memory board : 
$4995 
80387 adapter: $99 

386 System and Memory Board 
User Manual 

With 2 megabytes of DRAM: $2950 

Inquiry 887. 

Turnpolnt 388 

80386 replacement motherboard 

Turnpoinr America 
150 North Center St., Suite 224 
P.O. Box41334 
Reno, NV 89504 
(702) 786-4484 

Not specified 

Processor: 80386-16 running at 16 
MHz with zero wait states; optional 
80287-10 math coprocessor 
Memory: Optional 2-megabyte 32
bit RAM board: AMI 386 ROM 
BIOS; optional Award or Phoenix 
BIOS; AMI keyboard BIOS 
01her: Speaker. turbo switch, and 
LED connectors: keylock; AT-style 
keyboard jack supplied; standard 
AT-style power connectors 
supplied; system support functions 
include seven-channel OMA, 16
level interrupt, three programmable 
timers, and a real-time clock; 
CMOS RAM to maintain system 
configuration parameters; battery 
backup tor CMOS configuration 
table and real-time dock 
Slots: Five AT-style 16·bit slots: two 
XT-style 8-bit slots; one 32-bit slot 
for proprietarty RAM board 
Warranty: One year parts and labor 

12 by 13 inches: conforms to AT 
motherboard form factor 

None supplied 

2-megabyte 32-bit memory board 
with OK bytes of DRAM: $149 
80287·10 coprocessor: $300 

80386 Motherboard User's Manual 

With OK bytes of DRAM: $1495 

Inquiry 888. 
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Whole Earth Elec;tronlcs (Mylex) 386 

80386 replacement motherboard 

Whole Earth Electronics 
1321 67th St. 
Emeryville, CA 94608 
(415) 653-7758 
(800) 323-8080 

Eight-layer 

Processor: 80386-16 running at 6 MHz 
or 16 MHz with zero wait states; optional 
Intel 80287-8 math coprocessor, running 
at 8 MHz or 10 MHz (can be externally 
clocked to run at 10 MHz) 
Memory: 1 or 4 megabytes of RAM (must 
be specified when ordering, since the 
board RAM is not field-upgradable); 64K 
bytes of 40-ns 32-bit SAAM cache; AMI 
386 ROM BIOS, rev. 09/03/87, with 
firmware setup and diagnostics, 
including real-time clock setup; AMI 
keyboard BIOS, version 6 
Slots: Six AT-style 16-bit slots; two XT
style 8-bit slots 
Other: Speaker, turbo switch, and LED 
connectors; keylock; AT-style keyboard 
jack supplied; standard AT-style power 
connectors supplied; system support 
functions include seven-channel OMA, 
16-level interrupt, three programmable 
timers, and a real-time clock: CMOS 
RAM to maintain system configuration 
parameters; battery backup for CMOS 
configuration table and real-time clock 
warranty: 30-day unconditional money
back guarantee; one year parts and 
labor; extended warranty available 

12 by 13 inches;conforms to AT 
motherboard form factor 

None supplied 

80287-10 coprocessor: $309 
80387-16 coprocessor (requires 
daughterboard):$549 
80387-20 coprooessor (requires 
daughterboard): Call for price ' 
Daughterboard:$179 

Mylex 386 Manual 

With 1 megabyte ofDRAM: $1595 
With 4 megabytes of DRAM: $3095 

Inquiry 869. 

(if you have a hardware turbo speed 
switch), speaker, external battery back
up, adapter cards, and so on before you 
can start the configuration process (i.e., 
setting DIP switches and jumpers, run
ning the ROM BIOS configuration rou
tines, and running any supplied utility 
programs). Plus, you may have to parti
tion and refonnat your hard disk drive 
and reload your existing software and 
data from backups, since you may en
counter problems when using a hard disk 
drive formatted by your old system. 

Even with all these precautions, and 
with my experience, the Mylex board 
sold by Whole Earth Electronics man
aged to die a static-induced death and bad 
to be replaced for this review. 

Minimal Instructions 
None of the documentation supplied with 
these boards will win any awards for in
formation or appearance. The manuals 
are for competent hardware jockeys who 
know all about address lines , dynamic 
versus static RAM (SRAM) , and mem
ory interleaving. At that level, they are a 
minimal success. Still, as a card-carrying 
member of the Hardware Jockeys of 
America, I wished for even more techni
cal information in the manuals. All of 
them could have used complete board 
schematics instead of the paltry drawings 
of gross topology that were included. 

The best of a mediocre lot was the 
Tumpoint manual . The worst was the 
Fortron, since it lacked any visual aids. 
Still , I'd rate none of the manuals above a 
minimally satisfactory level. For novices, 
these manuals represent a disaster wait
ing to happen: one more reason why inex
perienced people should not be turned 
loose with these boards. A dead AT will 
likely be the result. 

Looking at the Hardware 
All the boards are approximately 12 by 13 
inches, the AT motherboard form factor , 
so they all should fit into a standard AT
style case. Each board is predrilled for 
mounting according to the AT standard 
mounting stanchions. Each comes with 
an 80386 CPU chip, a number of 8- and 
16-bit slots, connectors for a keyboard 
and a speaker, a keylock, an external bat
tery (for the on-board clock/calendar), a 
power-on LED, and supporting circuit
ry. All the boards can support a floating
point coprocessor (80287 or 80387), but 
none of the tested boards supports the 
Weitek WTL 1167 chip. 

The Micronics board came with an 
80386 running at 20 MHz and included 
an optional 20-MHz 80387 math copro
cessor. The rest used 80386 chips run
ning at 16 MHz. The Fortron board has a 
socket for an 80287 or 80387. The Mylex 

board uses an 8-MHz 80287, while the 
Tumpoint uses a l 0-MHz 80287. 

All the boards included at least one 32
bit expansion slot , except the Mylex 
board. Its 32-bit RAM cannot be ex
panded with external cards, so it is 
limited to on-board RAM (1 or 4 mega
bytes)-a significant disadvantage. Each 
board supported the 8-MHz 1/0 bus tim
ing common for ATs. 

The Mylex memory was composed of 
36 256K- by 1-bit dynamic RAM 
(DRAM) chips (including parity chips), 
for a total of 1 megabyte of DRAM, using 
120-nanosecond (ns) chips. Mylex also 
includes 64K bytes of 40-ns 32-bit high
speed SRAM that caches the entire 16
megabyte memory-address space, with 
no-wait-state caching, improving perfor
mance over an uncached processor. It is 
implemented with a write-through algo
rithm. The board comes with the 386 
ROM BIOS and keyboard BIOS manu
factured by American Megatrends Inter
national (AMI) . Mylex does not include 
any software to relocate the BIOS or EGA 
BIOS to RAM. With 1 megabyte of 
DRAM, the board lists for $1595. 

System support functions of the Mylex 
board include seven-channel direct mem
ory access (DMA), 16 levels of hardware 
interrupt, three programmable timers, 
and a real-time clock. CMOS RAM is 
used to maintain system configuration 
parameters. A battery backup for the 
CMOS configuration table and the real
time clock/calendar is included. 

The Fortron board ($2250) includes no 
RAM on the motherboard, but it has 2 
megabytes standard on a proprietary 32
bit plug-in memory card. I also received 
an extra 2 megabytes on a second mem
ory card. Each memory card has 72 120
ns 256K- by 1-bit DRAM chips (includ
ing parity chips). Each card arranged the 
chips into I -megabyte RAM banks, with 
two-way interleaving between the banks. 
The Fortron board did not include any 
SRAM cache, and this lack affected its 
performance rating: It was the slowest of 
the boards running the benchmarks. 

Fortron equips its 386 motherboard 
with the Award 386 ROM BIOS and key
board BIOS. Fortron also includes a 
ROM BIOS utility that copies the slow 
system ROM onto the fast 32-bit RAM. 
The Fortron board comes with a real
time clock/calendar and a battery backup 
that also powers the system configuration 
CMOS RAM. 

The Micronics board came with 2 
megabytes of RAM on the motherboard. 
In this configuration, the board sells for 
$2950. The memory is composed of 72 
100-ns 256K- by I-bit static-column 
DRAM chips (including parity chips). 

conlirwed 
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Table 1: The Micronics 386, with its 20-MHz 80386, was the speed champ, comparing favorably to the Compaq 
Deskpro 386120. The Whole Eanh (My/a) 386, Fortran 386, and Tumpoint 386, all with 16-MHi 80386s, had 
performances comparable to the IBM PS/2 Model 80. 

Fortron Mlcronlcs Tum polnt Whole Earth Compaq IBM PS/2 
386 386 386 (Mylex)386 386/20 Model80 

80287-10 80387-20 80287-10 80287-10 80387-20 80387-16 

Dhrystone· 3302 5120 3720 36 10 5705 3626 
Fibonacci 59.49 41 .2 54.5 56.1 38.27 57.26 
Float 7.01 1.25 5.3 5.65 1.10 1.62 
Savage 24.51 7.05 20.18 22.1 6.53 9.49 
Sieve 6.9 3.75 6.0 5.59 3.88 6.45 
Sort 6.98 4.85 5.71 5.93 4.89 7.74 

Disk access in BASIC 
Write 6.4 4.8 5.4 5.5 4.8 7.1 
Read 5.9 4.7 4.9 4.9 2.5 4.6 

BASIC performance 
Sieve 30 16 27 28 15 27 
Calculations 11 5.1 8.9 9.2 4.6 9.2 

Spreadsheet 
Load 2.2 0.8 1.8 1.8 0.7 1.8 
Recalculate 4.5 3.0 4.3 4.3 2.8 4.9 

System utilities 
40K File Copy 2.2 0.9 1.7 1.8 0.5 0.7 

For a description of Iha C language benchmarks. see " A Closer Look" by Richard Grehan t8Sls load and recalculale a !©row by 25-column Mulliplan (1 .06) spreadsheet. The 40K 
In lhc September 1987 BYTE. All times are in seconds. except for the Ohryslone. which is File Copy benchmark copies a 40K·byte file on the hard diSk. The BASIC benchmark pro
in Dhryslones per second. The Disk Access benchmarks wrile and then read a 64K·byte grams were run with MS-DOS 3.2 and GWBASIC 3.3 on all lhe motherboards. The Com· 
sequential lext file lo a hard disk. Si!l\/e runs one iteration of the Si!l\/e ot Eratosthenes. paq Deskpro 386/20 ran MS-DOS 3.31 and GWBASIC 3.3. The IBM PS/2 Model 80 ran 
Calculalions performs 10,000 mulliplicalion and division operations. The Spieadsheet PC-DOS 3.3 and BASICA 3.3. 

· For Iha Ohrystone lest only. higher figures denote faster perfoimanoo. 

Included with the reviewed board was an 
additional 2 megabytes of 32-bit RAM on 
a proprietary plug-in carcl. The maxi
mum memory you can load on the acces
sory card, using I-megabit chips, is 8 
megabytes , giving the Micronics board a 
maximum of I 0 megabytes of 32-bit 
RAM . The Micronics board is the only 
one of the four I tested that uses static
column DRAM, like the Compaq Desk
pro 386/20, rather than two-way inter
leaved DRAM. 

Micronics includes a real-time clock 
and configuration CMOS RAM that are 
both backed up by a battery. The Micron
ics board supports operation at five pro
cessor speeds: 4. 77, 6, 8, 16, and 20 
MHz. You can specify either the Phoenix 
or the Award ROM BIOS and keyboard 
BIOS when you order this board. For $50 
over the list price, Micronics will supply 
you with two sets of ROM BIOS chips: 
one from Phoenix, the other from Award. 
A nice touch. 

Micronics also includes both a BIOS 
and EGA BIOS relocation utility for mov
ing this code from the slower ROM to the 
faster 32-bit RAM. The Micronics board 
is also the only one I tested that includes a 
software assist for supporting the Lotus/ 
Intel/Microsoft Expanded Memory 
Specification (LIM/EMS) 2.0 using its 
32-bit extended memory . Ifyou are plan

ning to use OS/2, however, be advised 
that Intel hasn't yet written a driver that 
will allow the proper operation of LIM/ 
EMS software under OS/2. 

Tumpoint America's 386 motherboard 
included 2 megabytes of 32-bit DRAM 
on the board, composed of 72 120-ns 
256K- by I-bit DRAM chips, with a two
way interleave. An additional 8 mega
bytes of 32-bit RAM can be plugged into 
the 32-bit expansion slot using propri
etary cards. With OK bytes of DRAM, 
the board sells for $1495; a 2-megabyte 
memory board with OK bytes is $149. 

The Turopoint board also provides the 
usual seven-<:hannel OMA, 16 levels of 
hardware interrupts , three programmable 
timers , and a real-time clock/calendar. 
Both the clock and its CMOS configura
tion RAM come with a battery backup. 
The Tumpoint board comes with the 
AMI ROM BIOS and keyboard ROM . 
Turnpoint does not include any BIOS re
location software. 

Other than design discrepancies (in
cluding the use of some custom VLSI 
chips) and the inclusion or absence ofon
board RAM, these boards were remark
ably similar in appearance, location of 
connectors, and ease of installation. The 
Micronics board follows the design and 
layout of the Compaq 386/20 board (with 
the exception of Micronics' 387 daugh

terboard) , while the Fortron and Tum
point boards follow the Intel iSBC 386 
board layout. The Mylex board conforms 
to the design of the AMI 386 board. 

Although speed differences surfaced 
during testing, all these boards juice up 
the performance of a tired PC AT quite 
nicely . None showed excessive post
production engineering modifications , 
although the Mylex board did have a few 
new traces added after the substrate had 
been cast. Overall , each board has a 
solid, quality-built appearance. 

Compatibility Testing 
I tried every DOS-compatible application 
I could lay my hands on with these 
boards. That included all categories of 
applications: integrated programs such as 
Framework II version 1.1, Symphony 
2.0, SuperCalc 3 version 1, Lotus 1-2-3 
version 2.0lA, Smart Software 3.10, En· 
able 2.0, and Open Access n version 
2.05 ; project management programs like 
Time Line 1.0, ABT Project Manager 
1.0, and Harvard Total Project Manager 
1.0; database programs like dBASE ill 
Plus 1.1 , Paradox 2.0, Unify 1.1, Infor
mix-SQL l.l , Revelation 1.0, and Data
Flex 2.2; financial programs like Manag
ing Your Money 2 .0 and Financial 
Independence 1.0; the CAD program 

continued 

130 B Y T E • JUNE 1988 



---- - ---- - - ------ --

The best thing nextto an 

IBM PC. Or anyPC. 


-
-Modd 3101360 - 

The economics of IBM ASCII displays. 

The affordable Models 310 and 410, when 
equipped with cartridges, offer PC terminal 
function for all multi-user PC.s.That includes 
the IBM RT-PC'M computer and the IBM PS/2'M 
family. 

Whats more, Models 310 and 410 offer 
many popular emulations. Optional carttidges 
provide features such as concurrent DEC™ imd 
PC connectivity, and auto dial Both models 
come with a 3-year warranty. Add an IBM 
Maintenance Agreemen~ and you'll get five 

yeru·s of IBM service for just $54. 

The ergonomics of IBM 
ASCII displays. 

They're not only economically 
attractive, they're easy to look at. 
Flat 14" screens offer non-glare 
viewing. Green or amber/gold 

short-persistence phosphors produce crisp 
character resolution. And each model uses the 
advanced 102-key IBM keyboard. 

"Want more information? JustASOI:' 
For a free brochure and to find a dis

tt·ibutor near you, call 1-800-IBM-7257 
ext. 89. Or call your IBM Marketing 
Representative. -:--:-:~ ::<l! 

--- ·

- - -.Model 'tlV/460 

IBM is a reg1<1ere0 tradernark. and PS/2 and RT·PC are vademarl<s. ol IBM Corporanon. DEC is a trademark ol Digital Equ10men1Corooratlon • IBM 1988. 
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AutoCAD I . I ; word processors, includ
ing WordPerfect 4 .2, Samna Word JV 
version 1.0, and MultiMate 1.0; several 
languages , such as Turbo Pascal 87 ver
sion 1.0 , Microsoft FORTRAN 1.0, 
Microsoft C 4 .0, and Lattice C 1.0; a sta
tistics package called Systat 1.1; and a 
number of other programs, including 
some shareware utilities , games , and 
communications programs. 

Without exception, each board ran 
these applications at the full rated 80386 
speeds of 16 or 20 MHz. AMI, Phoenix , 
and Award Software's 386 BIOS provide 
complete compatibility. A few old games 
and some custom programs, including 
Flight Simulator 1.0, wouldn't work on 
these boards at the full rated speeds. 

I also briefly tested each board ' s abil 
ity to boot a Microsoft OS/2 system disk 
(version 1.02) . Each booted the disk 
properly , except the Mylex board (OS/2 
needs 2 megabytes to operate, and more 
to run multiple applications) . I also tried 
a beta version of database software for 
OS/2 on all but the Mylex board. It 
crashed frequently on the other boards. 
Since this beta software also crashed re
peatedly on an IBM PS/2 Model 80, it ' s 
not a fair test of OS/2 compatibility . 
Based on my testing and the availability 
of different ROM BIOS for each board , 
I'd say that each of these boards, given 
sufficient memory , will handle OS/2 and 
multitasking applications properly . 

I also had the chance to test each board 
with Microsoft Windows/386. Each 
board did the job properly, although I ran 
out of memory when I tried to open appli
cations on the Mylex board. 

Performance Results 
All benchmarks (see table l) were run 
with the replacement motherboards in
stalled in the chassis of an 8-MHz IBM 
AT configured with a 30-megabyte hard 
disk drive ( 40-millisecond average access 
time), an IBM EGA card and enhanced 
color monitor, one l.2-megabyte floppy 
disk drive, the combined IBM hard disk 
drive/floppy disk drive controller, and 
the standard AT keyboard. I used MS
DOS 3 .2 , GWBASIC 3 .3, and Multiplan 
1.06 to run the benchmarks . 

I took advantage of every hardware and 
software performance assist available on 
each board when testing: If a board had 
an 80287 or 80387 coprocessor, it was 
installed and used. If a board came with 
utility software to move ROM and EGA 
BIOS code out of slow ROM chips onto 
the fast 32-bit RAM, I used it. In short, I 
tested these boards under their best possi
ble performance configurations, given 
the equipment I was supplied. I tested the 
Fomon board using an 80287-10 math 
coprocessor, since it did not come sup
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plied with one; I used the same 80287- 10 
in testing the Mylex board, instead of the 
80287-8 supplied. Finally , I tested the 
Tumpoint board with its own 80287-10. 

The Micronics board was the fastest of 
the reviewed boards during benchmark 
testing . It ran away from the others , 
which is not too surprising considering its 
20-MHz clock speed, 80387-20 chip , 
and 100-ns static-column DRAM. It also 
effectively relocated ROM and EGA 
BIOS into the 32-bit speed RAM, using a 
special utility, RELOCATE.EXE. The EGA 
BIOS relocation was effective; it really 
helped EGA 1/0 performance. The ROM 
relocation speedup was not noticeable in 
my tests. 

The Turnpoint board was faster than · 
the Mylex board , although not by a sig
nificant percent.age, despite the Mylex 
board ' s 64K-byte RAM cache. The For
tron board proved to be the slowest of the 
group, although it still provided a sizable 
performance jolt to my test AT. The ROM
BIOS Fortron utility , for pulling the ROM 
BIOS into 32-bit RAM, had no effect on 
my benchmarks. Neither the Tumpoint 
board nor the Mylex board included a 
ROM BIOS copying utility aimed at im
proving performance. 

Recommendations 
If speed and raw horsepower were the 
only considerations, the choice would be 
Micronics . But making a choice purely 
on speed is a mistake because it ignores 
other buying concerns, the most impor
tant of which is value. If a replacement 
motherboard costs too much to buy, then 
all the performance in the world won't 
benefit you. For me, value is just as im
portant as performance, especially since 
the four boards I tested all made my tired 
old AT come to life. 

With these biases in mind, I picked the 
Tumpoint 386 board as my first choice in 
this group. 'The Tumpoint has the best 
manual, as well as the second best bench
mark times. It was about equally trouble
some to install as the other boards. Tum
point's technical staff was hard to reach, 
but knowledgeable the one time I got 
through . The Tumpoint board combines 
speed , RAM expandability (up to 10 
megabytes}, and an attractive price 
($1495 with for a board with OK bytes of 
DRAM) . Overall, it was the best buy of 
the lot, combining solid performance 
with a good price. 

At $2950 with 2 megabytes of DRAM, 
the Micronics board was the most expen
sive one I tested, although that $2950 
buys a lot: an 80386-20 and an 80387-20, 
a choice of the Phoenix or Award ROM 
BIOS, and memory expandability to 10 
megabytes . The Micronics board per
formed much like the Compaq Deskpro 

386/20 in my benchmarks, and the tech· 
nical-support staff was reliable over the 
phone. The board also supports LIM/ 
EMS through a software assist- a feature 
the other boards lack. The Micronics 
board performed flawlessly during my 
tests. 

Although the Micronics 386 has out
standing performance, it's just too pricey 
compared to the other boards I tested . If 
Micronics could get the single-unit price 
down to. under $2000, it would easily be 
the pick of this litter. As pricing currently 
stands, the Micronics board checks into 
the number two spot on my preference 
list. 

The Whole Earth Electronics (Mylex) 
board was a decent buy in its I-megabyte 
version at $1595, but the 4-megabyte ver
sion (the only other choice) was an ex
pensive $3095. The Mylex board was a 
fine performer, even though it ended up 
third in my benchmark tests . It comes 
with a 64K-byte processor cache-a per
formance plus that didn't shine during 
testing but might make an important dif
ference in day-to-day software use. 

The big advantage of the Mylex board 
is the company selling it. Whole Earth 
Electronics is an established company 
with a good reputation, and you can feel 
comfortable buying from it. Still, the 
Mylex 386 suffers from some perfor
mance compromises. The most impor
tant is the lack of a 32-bit expansion slot. 
You order the board with either 1 or 4 
megabytes of32-bit RAM. In these days 
of OS/2 and expanded and extended 
memory support, 4 megabytes is often 
not enough. Since I'm a memory junkie 
even more than I'm a CPU speed freak, I 
already have some custom applications 
that can easily use more than 4 megabytes 
of memory, so the My lex board is thi rd 
on my list. 

The Fortron board was the second 
most expensive of the lot ($2250 with 2 
megabytes of DRAM) , sported the most 
conservative board design, and afforded 
the slowest performance in this fast com
pany. Its conservative design will likely 
reward its purchasers by reliable perfor
mance and long life. Fortron also has the 
best technical support- which you may 
need, given the poor manual . I'd buy the 
Fortron board only ifl was nervous about 
the long-term reliability of other boards; 
it ranked last on my personal preference 
scale . • 

Don Crabb is the director ofinstructional 
laboratories for the computer science de
partment of the University of Chicago 
and is a lecturer in the department and 
the college. His articles and reviews have 
appeared in industry magazines, news
papers , andjoumals. 



0 Eastman Kodak Com pany, 1988 

The KODAK SV7500 Still Video Multidisk 
Recorder. Imagine this: a library ofphotos, 
slides, charts, graphs, and other visuals cap
tured and stored on 2-inch magnetic disks; 
then, committed to a memory that will cross
reference them by subject, dates, uses, or other 
categories. A library instantly available for dis
play on color monitors for meetings, reviews, 
training, or reference. And imagine transmitting 
those images over telephone lines-in seconds. 
Or; printing hard copies just as quickly. 

If you're intrigued by such advances in 
communications, investigate the SV7500 still 
video multidisk recorder; from the family of 
Kodak products that capture, store, display, 
print, and transmit high-quality video images in 
continuous- tone color: For more information 
and the name ofa dealer who can arrange a 
demonstration, send the coupon or ca/11 800 
44KODAK (1 800 445-6325), Ext 110. 

Imaging InnovationsFor The Workplace. 

BUSINESS IMAGES 
COMMITTED TO 
MEMORY BY 
Send me information on the products I have 
checked. 

0 KODAK SV9600 Still Video Transceiver 
0 KODAK SV7500 Still Video Multidisk Recorder 
D KODAK SV7400 Still Video Recorder 
0 KODAK SV6500 Color Video Printer 
0 KODAK SVSOOO Video Transfer Stand 
0 KODAK SV1300 Color Monitor 

Eastman Kodak Company 
Dept 412-L 
Rochester; NY 14650 

Circle 299 on Reoder Service Card 

0 Please have a sales representative contact me. 


Name ____ _______Title ______ _____ 


Organization ____ ______________ ___ 

Nature of Business - - ----- ------ -----

Address ____ _______ Phone No....___ _.______ 

City ___________ State_____ZIP_____ 
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To the National Aeronautics and Space 
Adminislralion, speed, power and reli
ability are of ~ importance.

Thev ~ Proteus com~ters for 
lheir t.oefdard Space Flight Center in 
Greenbel~ Maryland. 

NASA is a~ ruslomer of Proteus. 
So are Xerox, 'RCA, GE, Dupont, GM, 
Revlon, C'.eneral Dynamics, the U.S. gov
emment, the United Nations, MIT, Rar
vmdand Cornell.And the list doesn1 stop 
there either. 

Even ~~ computer manufuctur
en lilce ~F.quipment Corporation, 
HonevweU~m arid Prime buyregularly
from l>roteus. 
~ know Proteus computers have a 
~nuance ratio tha~ light years 

of IBM and the other desk-top 
~ler makers. And the computer 
magaiines ag_ree. _ 

finoul Colllplltlng mpzlne had 
dlls• UJ"Prices for the dllfmnt mod· 
•-'~dasslyProltusas a 
..,....dole, bat Its speed, expuslon 
aplllllly - senke Ullltmt put It In 
I elm wllh die big boys." 
CmloMlwm 

Whars more, every Proteus 
computer 

i custom built to exact specifications. 
Your specifications. 

Tell us which drives to use, which 
EGA adapters to put in. And 
we'll match your 
needs. Just as 
we have 
for ASA. 

I!:::: MADE INMlWCAI 
Proteus computers are engineered and 

manufactured right here in the USA . 
They havethepowerand s~ needed 

to get big jobs oif the S!'Ound. Featuring 
~28&'80386 models ranging from 
6MHz to a whopping 20MHz! 

Thi high spffil, plus our timing and 
IBM tanaard' Bus design, give Proteus 
machines supreme hardware compatibil
ity and adaptability. 

Every Proteus computer Is guaranteed 
IBM compatible or your money back! 

Proteus computers are also guaranteed 
compatible with OSfl., UNIX, XENIX, 

OVELL, 3COM, PICK, THEOS and aU 
major operating systems. 



PROTE 
PRonllS 386A 

386A 
standard 
ftatu nes: 
• 80386 CPU, 

16120MHz, 0-wait-state. 
• 64K Cache memory. 
• 10241< RAM expandable to 4MB of 

32-bit RAM on systemboard. 
• Clock, calendar and battery backup. 
• Dual floppyand hard disk controller. 
• 200 watt power supply, 110/220V. 
• ROM based setup and diagnostics. 
• Socket fo r coprocessor. 
• 2serial and 1parallel port. 
• l.2MB floppy drive. Free replacement 

with 3.5' or 360K drive. 
• Optional hard disk. See chart. 
• 101-key enhanced keyboard. 
• 15-month warranty on parts and labor. 
• Free on-yoursite maintenance. 
• 30 day, money back guarantee. 
• Made in U.S.A. 
386A monochrome 5)'SWn .. .. 12842' 
386A EGA color system ......... 13229" 

The 286GTX s perhaps the fastest 
12MHz computer around.It provides per
fect compatibility with an overaU through
put of 16MHz. 

lnfo\\brld said ofthe Proteus 286GTX, 
"It Is asuperb value, SCDl'5 high Inour 
bendunart tests, and Proteus has the 
best warranty and technlul support." 

This high speed 80286 based computer 
is ideal for networking, CAD/CAM, 
desktop publishing or business 

=ti~~~:........ ....... s11so 
286GTX standard ftatunes: 
• 80286 CPU, 12MHz, 0-wait-state. 
• 321< Cache memory. 
• 1024K RAM. 
• Oock, calendar and battery backup. 
• Dual floppy and hard disk controller. 
• 200-watt power supply, 110/220V. 
• ROM based setup and diagnostics. 
• Socket for coprocessor. 
• 2serial and 1parallel port. 
• 1.2MB floppy drive. Free replacement 

with 3.5" or 360K drive. 
• Optional hard disk. See chart. 
• 101-key enhanced keyboard. 
• IS-month warranty on parts and labor. 
• Free on-yoursite maintenance. 
• 30 day, money back guarantee. 
• Made in U.S.A. 
Z86GTX monochrome systtm .. 11997• 
286GTX EGA c.olor system ...... 12374" 

UTERSl 
This 80286 based AT compatible is a 
t, zero wait state computer roughly 

15%faster than our model 286E. 
PC Magazine said, 'The 286F Is an ex

tremely fm IOMHz m.tthlne th.t does 
wht1t It dalms to do and backs that up 
with an aggressive support plan." 

The 286F is perfect for network or busi

~=~~~~~~.~:........ ..... ~1495 
286F standard ftatunes: 
• 80286 CPU, lOMHz, 0-wait-state. 
• 1024KRAM. 
• Clock, calendar and battery backup. 
• Dual floppy and hard disk controller. 
• 200 watt power supply, 1JOl220V. 
• ROM based setup software. 
• Reset switch. 
• Socket for coprocessor. 
• 2serial and 1parallel port. 
• l.2MB floppy drive. Free replacement 

wi th3.5" or 360K drive. 
• Optional hard disks. See chart. 
• 101-key enhanced keyboard. 
• 15-month warranty on parts and labor. 
• Free on-your-site maintenance. 
• 30 day, money back guarantee. 
• Made in U.S.A. 
286F monochrome system ...... 11142• 
286F EGA c.olor system .......... 12129•• 

THE PllOrulS Toru SATISFACTION 
GUARANTU 

AU of our products 
are guaranteed to give 
100 percent satisfaction 

in every way. 
Return anything 

purchased from 
us at any time during 

the first 30 days if it proves other
wise. We will replace it, refund your 

purchase price or credit your credit card, 
as you WISh. In addition, there is a 
IS·Month warranty on labor and parts. 
Plus Free on·your·slte service. If some
thing goes wrongwith your Proteus com
puter durin~ the first two months, we'll 
send a qualified technician. There's also 
atolJ.free technkal support hotline 
and a 24-hour electronic support line. 

24-HOUR CATALO<i 
Just dial (201) 288-8577 using your 

modem set to 1200B/N/8/1. 

PRonllS 286E 
IOMH! 

Our 2&iE provides performance and 
value unbeatable by any other compara
bly priced machine. 

lnfo\librld magazine said, "For best 
machine In power, the Proteus 286E Is 
the dear winner. ~ recommendIt." 

The 286E is ideal fo r 

~::r..°.~~·........... .... s1295 
286[ standard features: 
• 80286 CPU, lOMHz. 
• 10241< RAM. 
• Clock, calendar and battery backup. 
• Dual floppyand hard disk controUer. 
• 200 watt power supply, 110/220V. 
• ROM based setup software. 
• Socket for coprocessor. 
• 2serial and l parallel port. 
• l.2MB flopp)' drive. Free replacement 

with 3.5' or 360K drive. 
• Optional hard disk. See chart. 
• 101-keyenhanced keyboard. 
• IS-month warran~· on parts and labor. 
• Free on-your-site maintenance. 
• 30 day, money back guarantee. 
• Made in U.S.A. 
Z86E monochrome system ...... 11542• 
286E EGA color systtm ... .. .. .. 11?29.. 

HARD DISKS 
Choose a hard disk 

for the computers and 
you haveacomplete 
turnkey system. 

Brand/ 
type \bl.MB 

Seagate 20MB 
Seagate 40MB 

Miniscribe 44MB 
Miniscribe 72MB 
Priam RLL IOOMB 

Maxtor 140MB 
Maxtor/ESDI 150/340MB 

TO ORDER 

65rns SZ79.00 
28ms $595.00 
28ms $665.00 
28ms $965.00 
24ms $Call 
18ms $Call 
lSms $Call 

Whether you need 1 or 100 systems, 
call us toll-free at 1-!ro-782-8387 (VARI 
Reseller volume dlstounts available). 

YoUI system will be delivered to your 
door completely assembled and factory 
tested for il8 hours. All you have todo IS 

power up and blast off into the wild, blue 
yonder! 

Circle 232 on Reader Service Card 





AN AT IN A MAC II? 

An AT in a Mac II? 


It ' s high noon at the job, and 
you and a coworker are franti
cally preparing a crucial re
port for that big I :00 meeting. 
You 've been breaking records 
laying out graphics for the re
port, thanks to the Macintosh 
n on your desk, and you can 
hear your cohort pounding 
away at the keyboard in the 
other room, computing spread
sheet numbers . You'll drop 
these numbers into tables that 
you've laid out inside the re
port. Finally, with l 0 minutes 
to spare, in rushes your col
laborator with that spread
sheet data-on a 5 1A-inch 
DOS disk. 

Is this simply a high-tech 
office nightmare? Unfortu
nately, no. With today ' s mix 
of PC and Macintosh com
pute rs, there's a growing 
problem of sharing data be
tween workers who use incompatible 
microcomputers . 

AST Research 's solution to this prob
lem is the Mac286, an AT-on-a-board 
that costs $1599. Equivalent to a com
plete AT motherboard, the Mac286 
shares a Mac Il's hard disk drive, key
board, and video display. This lets Mac 
owners not only share data with PC users 
but actually run MS-DOS programs (say , 
to correct a minor error in those spread
sheet numbers mentioned earlier) . Most 
AT-compatible software runs unchanged 
on the Mac286, with the exception of pro
grams that require an EGA board or other 
PC expansion cards, or programs that 
need expanded memory beyond MS
DOS's standard 640K bytes. 

I reviewed the Mac286 on a Mac 11 
with 5 megabytes of RAM, a 40-mega
byte hard disk drive, the Apple Macin
tosh II Video Card with memory expan
sion installed, and an AppleColor video 
monitor. I used Apple' s 5 1A-inch PC 
floppy disk drive with the Mac286. The 
Mac II ran either MultiFinder l.0 or Sys
tem 4.2 and Finder 6.0. 

The PC Within the PC 
The Mac286 consists of a set of two 
printed circuit boards (shown above) 
joined by two short ribbon cables. Each 
board occupies a slot in the Mac II. The 

- Circle 177 on Reader Service Card 
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chronization between the twoAST's Mac286 board 
computers is maintained by 
holding the Mac286's 80286 runs DOS on a Macintosh II-
in a wait state until the request 
is completed. but not without problems 
Installing the Computer 
The Mac286 came packed in a 
large box that held the two 
boards , three manuals, and 
three floppy disks . I was dis
mayed to find that the boards 
were sandwiched between 
three flimsy pieces of white 
foam and that they weren't 
wrapped in any nonconduc
tive plastic sleeves. This pack
aging provides no protection 
against electrostatic discharge 
(ESD) , which means the 
chances are good that you 
could damage the Mac286 be
fore you even install it. 

One of the three manuals 

first board is a processor card with an 
8-MHz Intel 80286 CPU and a socket for 
an 80287 math coprocessor. The second 
board contains the system's RAM . This 
RAM consists of four 256K-byte-density 
single in-line memory modules 
(SIMMs), providing I megabyte of pari
ty-checked RAM . The first 640K bytes of 
RAM is MS-DOS user memory, and 
AST uses the remaining 360K bytes to 
house the PC ROM BIOS routines . 

The memory board also contains sup
port electronics, such as the direct-mem
ory-access (DMA) controller, the inter
rupt controller, timers, and a floppy disk 
controller. A floppy disk connector is lo
cated to the rear of the memory card. You 
must supply your own 5 1A-inch floppy 
disk drive. 

These boards operate as a NuBus slave 
under the control of a Macintosh applica
tion. This application emulates several 
popular PC displays, manages a file that 
emulates a hard disk drive for the 
Mac286, and sets certain AT system con
figuration parameters. 

On the Mac286 card, calls to ROM 
BIOS routines are either handled by the 
Mac286's support hardware (e.g., calls 
to the floppy disk controller) , or · inter
cepted and processed by the Mac Il ' s 
68020 (e.g., calls to the hard disk drive, 
printer, or video display) . Process syn-

contains installation proce
dures that tell you how to open the Mac II , 
remove the back panels, and mount the 
two boards in the NuBus slots. You must 
locate the boards in the NuBus slots far
thest away from the Mac II power supply 
when you install them. If they ' re placed 
in any other slots, the weight on the 
monitor atop the Mac II might push the 
boards together and short them out . Fi
nally , you connect the PC floppy disk 
drive, close the hood, and prepare to start 
the Mac II . 

The three floppy disks contain all the 
software necessary to install and operate 
the Mac286 system. Two 5 \4 -inch floppy 
disks, labeled MS-DOS 3.2 System Disk 
and MS-DOS 3.2 Supplemental Disk, 
supply the MS-DOS operating system 
and software. The MS-DOS system disk 
contains the standard PC system pro
grams, such as ATTRIB.EXE and FOR
MAT.COM. The second disk includes GW
BASIC, an assortment of drivers, and an 
installation batch file . Those familiar 
with MS-DOS will recognize these two 
disks as the standard disk set that comes 
with every IBM PC-<:ompatible micro
computer. 

One 3 1h-inch Macintosh disk contains 
version 1.0 of the Mac286's Macintosh 
application, which manages communica
tions between the Mac286 system and the 

continued 
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Mac286 

Type 

IBM PC AT emulator for the Macintosh II 


Company 

AST Research Inc. 

2121 Alton Ave. 

Irvine, CA 92714 

(714) 863-9991 

Features 
8-MHz 80286 processor; socket for 
optional 80287; 1 megabyte of RAM, of 
which 640K bytes is user memory: 
connector to 360K-byte 5V4·inch floppy 
disk drive: MDA, CGA, and Hercules 
Monochrome Graphics Adapter 
emulation; hard disk emulation on host 
computer's hard disk drive; MS-DOS 3.2, 
GWBASIC, and utilities (on 360K-byte 
5V4·inch floppy d isks): Mac286 1.0 
application (on 3V2-inch floppy disk) 

Size 
Two boards, each 12.86 by 4 inches 

Hardware Needed 
Macintosh II with two empty adjacent 
Nu Bus slots (preferably slots farthest 
away from power supply): 5V4·inch 
external floppy disk drive 

Software Needed 
System 4.2/Finder 6 .0 or higher 

Documentation 
160-page Mac286 User's Mar:iual: 368
page MS-DOS User's Manual; 270-page 
GWBASIC User's Manual 

Price 
$1599 

Inquiry 890. 

Mac II. Unfonunately, the installation 
document has a number of errors about 
what files you need to copy for the Mac 
II. Despite these errors, it doesn't take 
long for an experienced Mac user to sort 
it out. 

The MultiFinder Size resource indi
cates that the Mac286 application re
quires 640K bytes of RAM to operate 
properly, which means that if you plan to 
operate the Mac286 under MultiFinder, 
you'll need a minimum of2 megabytes of 
RAM in the Mac II. Otherwise, the stan
dard 1 megabyte of memory will do. 

You start the Mac286 by launching the 
Mac286 version 1.0 application. A new 
window appears on your screen, titled 
Mac286 Vl.O. You should have the MS
DOS system disk in the PC floppy disk 
drive so the Mac286 can boot from it. 
After a few seconds, the window is re
drawn and the standard MS-DOS mes
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sages of memory tests and prompts for 
time and date flash by. The window's 
title then changes to describe the current 
PC video mode in use. 

The Mac286 screen display is a drag
gable window on the Mac II monitor that 
emulates one of three different PC video 
display modes. You choose from the 
monochrome 80-column by 25-row 
mode, Hercules mode, and CGA mode 
by selecting the Configuration Options 
item from the Misc menu and clicking on 
the appropriate radio button. The Config
uration Options dialog box also lets you 
choose to emulate the PC COM 1 or 
COM2 serial ports and which physical 
Macintosh port (printer or modem) to as
sign to the COM port. Again, this is ac
complished via radio button choices. You 
must quit the Mac286 version 1.0 appli
cation and relaunch it for these selections 
to take effect. 

Now you 're ready to make your DOS C 
drive. This "drive" is actually a file 
called x86 Drive Con the Mac II's hard 
disk, with the Mac286 application man
aging the DOS file structure. Not surpris
ingly, you first run FDI SK to make a DOS 
partition in this file. The default disk 
drive size is 20 megabytes, but if you're 
short of room on your Mac II's hard disk, 
the installation procedures supply a table 
with the proper cylinder nwnbers to par
tition for smaller disk sizes. Next, you 
format the C drive with the system option 
to copy the boot tracks to the drive. Fi
nally, you select Warm Boot from the 
Misc menu and let the Mac286 restart. 

This hard disk emulation is pretty 
good: The Mac286 actually boots from 
this file , and the DOS AUTOEXEC.BAT and 
CONFIG.SYS files on this emulation drive 
execute just as they do on a normal AT 
computer. You make the appropriate sub
directories and copy your favorite DOS 
programs from the PC drive into this file. 

To print from the Mac286 computer, 
you can use either an Epson printer emu
lation through AppleTalk to a Laser
Writer, or PostScript if you have a direct 
serial connection to a PostScript laser 
printer. You select which print mode to 
use from the Printer Options item under 
the File menu. 

The three manuals provided are the 
Mac286 User's Manual, MS-DOS 
User's Manual, and GWBASIC User's 
Manual. The MS-DOS inanual is a copy 
of Microsoft's standard MS-DOS man
ual; the GWBASIC manual is also Micro
soft's standard product. The Mac286 
User 's Manual covers installing the board 
set, installing the MS-DOS software in 
your Mac's hard disk, and configuring 
the different options that make the system 
useful to you. In general , this manual is 
very helpful and well written. The only 

exceptions are the errors in the installa
tion portion of it. 

AST does include an errata sheet that 
covers certain missing menu selections, 
operations that are described in the man
ual but won't operate as advertised if you 
are using MultiFinder (e .g. , Microsoft 
Mouse emulation and PC sound emula
tion), a recommendation to operate in 
two-color mode to enhance screen refresh 
speeds, how to build a modem cable, and 
notes on printing to the LaserWriter. 

Running DOS on the Mac 
As with installing the system, to start the 
Mac286 you must launch the Mac286 ap
plication. Once the DOS-emulation win
dow opens and the Mac286 boots, you 
can treat your Macintosh like any AT 
clone. If you're running under Multi
Finder, you can instantly transfer to a 
Macintosh application and return. Even 
without MultiFinder, you still have ac
cess to all your desk accessories. The 
Mac286 application has an FKey menu 
with a pull-down keypad emulation 
where you can use the mouse to select 
PC-keyboard keys or key combinations, 
but to use the Mac286 productively you 
need Apple ' s Extended keyboard with its 
built-in PC function keys. 

To test PC compatibility, I tried run
ning XyQuest's XyWrite ill Plus 3.06B 
on the Mac286, because XyWrite is noto
rious as an ill-behaved program that 
makes calls directly to the PC ROM 
BIOS. Also, the text formatting of a Xy
Write file is identical to a MacWrite text
only document : Carriage returns are 
present at the end of paragraphs rather 
than at the end of lines. This makes it 
easy to transfer ASCII text files from one 
computer to another. 

XyWrite ran without a hitch as I used 
the PC function keys on the Extended 
keyboard. I could delete lines and select 
and move blocks of text without prob
lems. The display settings in the B-W. INI 
file set the Mac286 window to the speci
fied colors when XyWrite started. 

However, the screen refresh rate in the 
Mac286 window is excruciatingly slow. I 
had initially set the Mac II display mode 
to 256 colors, and the screen refresh in 
every one of the three supported Mac286 
PC video modes was slower than molas
ses. In monochrome mode, for example, 
when you do a DOS DIR command, the 
screen does not show each line as it 
passes by, but rather jumps up about 3 to 
5 lines at each refresh. This means you 
miss some filenames if you have more 
files than can be displayed in one screen 
on your monitor. In CGA mode, a DIR 
command will jump over 10 to 12 lines at 
a time. As mentioned earlier, AST's ad-
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These are justafewof the 

16,777,216 colors 


your PC AT can process

usingour(HSI) Color 


Frame Grabber. 


Some color combinations may not grabyou. But for the 
first time ever, our DT2871 (HSI) Co/of" Frame Grabber and 
Aurora software let you grab, process, analyze, and display 
color images in real time on the PC AT. You can even import 
color images using the Tag Image File Format (TIFF). 

As if that's not enough of a breakthrough, the DT2871 
offers 512 x512 x32-bit pixel resolution, text and graphics over
lays, and-grab this! - hardware hue, saturation, and intensity 
(gray level) processing. 

Even if we don't have the greatest taste for colors, you 
have to admit our taste for teclmology 
is excellent. Give us a call today. 

(617) 481-3700. 
~ DT-ConnectN is an open interlace specification 
which pennits the direct connectionof stand-alone 
data acquisition and frame grabber boards to pro
cessor boards for greatly accelerated signal (DSP) 
and image processing. 

APPLICATIONS 


Scientific 
 lndu•trial 

Astronomy Machine guidance 
Medical diagnostic Imaging Machine vision inspection 

- Agriculture (fruit• & vegetable<) 
Modeling 
MicroSCoPY 

-Cosmetic• 
Motion analy<is - Electronic components 
Remote sensing -Food 
Surveillance - TeJ<tiles 

Robot guidanceFred Molinari, President. 

DA7ll TRANSLATION® 

Wo<ld Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192. (617) 4Bl-3700 Tix 951646 

United Kin1dom Headquartrn: Data Translation Ltd.. The Mulberry Business Parle , Wokingham, Berl<shire RGll 20J, U.K. !0734) 79383B Tix 940ll914 

West G.rl1Wly Hudq~rters: Data Translation GmbH. Stuttgarter Strasse 66, 7120 Bietiglleim-Bissingen,Wesl Germany 07142-54025 

lntematlONI S•les Offices: Au•tralia (2) 662-4255; Belgium (2) 735-2135; Canada (4 16) 625-1907; Chile (2) 25-3689; China (40Bl 727-8222. lB) 721-4017: Denmarlc (2) 274511; Finland (90) 

372-144; France (I) 69077802; Greece951-4944. 527-039: Hong Kong (3) 771-B5B5: India (22) 23-1040: Israel (3) 32-429B: Italy (2) B2470.I: Japan (3) 502-5550, (3J 375-155l. (3) 355-llll; 

Kotea <B2l 756-9954: Nelhe<1ands (70) 99-6360: New Zealand (9) 504-759; Norway (02) 55 90 50: Portugal 545313; Slngapo<e 7797621: South Africa (12) 46-9221; Spain U) 455-Bll2: 

Sweden (B) 761·7B20; SwiUMand (I) 723-1410: Taiwan (2) 709-1394: United Kingdom (0734) 79383B: West Germany 07142-54025. 


IBM PC AT is aregistered trademark of IBM. Data Translation is a registered trademark of Data Translation, Inc. 

Circk 79 on Reader Service Card JUNE 1988 • BYTE 139 



AN AT IN A MAC II? 

Table 1: In most ofthe benchmark tests, the Mac286 outperformed the IBM PC AT. The Disk Write and Read rimes are 
good, considering that the Mac286 must inte"upt the host 68020 processor to perform hard disk 110. There is no apparen.J 
degradation ofthe Mac /l's performance with the Mac286 idle in the system. 

Disk Disk Cal cu- Sieve 40KFlle Spreadsheet Spreadsheet 
Write Read latlons copy Load Recalculate 

8-MHz Mac286 15 9 15 48 8 2 3 
8-MHz IBM PC AT 14 9.3 20 61 20 1.2 3.0 
Mac II with Mac286 6 5 7 24 6 1 3 
Mac II 8 6 6.7 24 6 2.4 2.7 

Note: The Disk bencnmarkS wnte and then read a 64K·byte sequential text file to the hard disk Calcu ations performs 10,000 multiplication and division operations. Sieve runs one 
iteration ol the Sieve ol Eratosthenes. The 40K Frie Copy ben<:lvnark copies a 40K·t7tte file on the hard disk. The Spreadsheet tests load and recalculate a 25-row by 25-oolumn Mulliplan 
( t.06) spreadsheet. All BASIC benchmark programs were run with MS·OOS 3.20 and GWBASIC 3.20. For the Mac II, Microsoft BASIC 2.1(b) was used for the system benchmarks. 
Mulliplan 1.02 was used tor lhe spreadsheet tests. and a 25· by 25-cell spreadsheet was used. System 4.2 and Finder 6.0 were used. 

dendum indicates that you get better per
formance running the Mac II monitor in 
the two-color (black-and-white) mode. 
This helps performance a little, but it 
causes problems running some programs 
that expect to have a CGA monitor with 
more than two colors present. 

A serious problem showed up when I 
issued the XyWrite print command . 
When the Mac286 application attempted 
to print to the networked Laser Writer, the 
system crashed spectacularly , without 
even the courtesy of a bomb box. I traced 
this problem to my having supplied Xy
Write with the wrong .PRN printer file. 
When I copied the file JEPSONFX.PRN 
into the XyWrite directory and modified 
XyWrite's STARTUP.INT file to use this 
Epson printer file , the printing problem 

with XyWrite disappeared . 
I also experimented with Lotus 1-2-3 

version 2.01 , Turbo Pascal 3.0, Multi
plan 1.06, and Wizard ' s Crown, a game 
sold by Strategic Simulations, and I had 
no problems beyond the extremely slow 
screen refresh rate. 

One of the major concerns of anyone 
contemplating buying a PC emulator is 
performance. To address this concern, I 
compared the Mac286 to an 8-MHz PC 
AT. Table 1 compares the Mac286 to the 
IBM PC AT using BYTE ' s standard 
BASIC benchmarks. I also ran the stan
dard system benchmarks on the Mac II to 
see if the presence of the Mac286 might 
degrade the Mac II's performance, and 
these numbers are also given in table I . 
As the results show, the Mac286's per-

Photo I: The Mac286 runs under MultiFinder on a Mac II with a 256-color 
display. The MacWrite document shown was just converted to a text-only file called 
VID.TXT and was copied to Mac286's drive C using the DOS comm.and COPY 
D: VID. TXT C: . The document was then opened as it would be with XyWrite. 
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formance is better than or similar to that 
of an 8-MHz PC AT. 

Getting It from There to Here 
There are two ways to transfer text infor
mation between the Mac286 and the Mac 
II. You can select text from a Macintosh 
word processor, such as MacWrite 5 .0 , 
and paste it into a PC word processor- in 
this case, XyWrite . This works, but only 
for short pieces of text. I selected and 
copied lOK bytes of text from a Mac Write 
document into the Clipboard and then 
pasted it into XyWrite. The transfer was 
painful to watch. The text was placed into 
XyWrite a character at a time, and the 
transfer took 53 minutes to complete
with the Mac II in the two-color mode. 
This process doesn ' t work very well in 
the other direction: You get all sorts of 
escape characters from the XyWrite 
display buffer pasted into Mac Write. You 
cannot cut and paste graphics from one 
computer to another. 

Fortunately, AST has provided an
other method for transferring text files 
between the two computers. At start-up, 
the AU TOEXEC . BAT file runs three 
drivers-DSTEPl.SYS, DSTEP2.EXE, and 
DSTEPJ .EXE- that let the Mac286 see the 
Mac II hard disk drive as a D drive . Fold
ers and filenames that follow MS-DOS 
conventions appear in a DIR D: com
mand. The only file types that appear in 
this directory scan are files of type TEXT, 
crlf (MS-DOS text with carriage re
turn/linefeed combinations at the end of 
lines), and BINA (an MS-DOS executable 
file) . Transferring a file from the Mac II 
hard disk to the Mac286 emulated hard 
disk is simply a matter of issuing the 
command COPY D: DOCUMENT C: (see 
photo l) . Unlike the copy-and-paste pro
cedure, this transfer works both ways. 

A File Type item under the File menu 
lets you specify the default file type when 
you copy a file to D or prompts you for 
the file type when you do the copy . Files 

continued 
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AN AT IN A MAC II? 

copied this way to the Mac II 's hard disk 
show up on the Mac Desktop with their 
own distinctive icons. 

To Have or to Have Not 
Having a PC-compatible machine reside 
within your Mac II is a good idea. It solves 
many problems for people who have to 
deal with the tons of software developed 
for the PC but prefer to work on the Mac. 
The Mac286 provides this capability 
without robbing you of the desktop space 
that another computer would require. 

However , I have several concerns 
about the current usability of this prod
uct. First, if you simply need to transfer 
text from MS-DOS to the Mac and back, 
there are less expensive ways to do this . 
For example, you can use the Apple PC 
Drive Card ($129) and the Apple PC 5 1A
inch floppy disk drive ($399) to move 
files from a 360K-byte 5 1A-inch floppy 
disk to your Mac II ' s hard disk. Network
ing solutions are also available. By con
trast, the Mac286 costs $1599, and you 
still have to purchase the external 5 t,4
inch PC floppy disk drive. 

The second, and probably the most se
vere, problem concerns the slowness of 
the screen refresh . Using the two-color 
mode on the Mac II helps, but this creates 
problems for some PC programs and de
nies you the use of the Mac Il's color ca
pabilities. AST is aware of this problem 
and promises that version 1.1 of its soft
ware will have faster video performance. 

The third major area of concern is with 
ESD protection, or rather the Jack of it. 
These two boards contain a whole host of 
highly sensitive chips, yet the packaging 
does nothing to protect the boards from 
static. I went through three sets of 
Mac286 boards before I got a set that 
worked reliably, and I suspect most of my 
problems were caused by static damage. 

If you need PC processing capability 
beyond simply moving files between in
compatible microcomputers, and if you 
can live with the sluggish video display, 
the Mac286 works well. The Mac286 
application operates under the latest 
versions of MultiFinder and Finder, and 
the AT boards run XyWrite and Lotus 
1-2-3-two of the most finicky PC pro
grams-without problems. Nevertheless , 
the lack of ESD protection is alanning, 
and it's likely to cause grief for the less 
technically experienced user. I can't rec 
ommend the Mac286 until AST improves 
the video performance and does some
thing about the ESD problem. At least the 
last problem has an easy fix. • 

Naor Wallach is a senior development en
gineer at Eastman Kodak Co. in &ches
ter, New York. He uses a Macintosh II at 
work and at home. 
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settle for a generic brand? 


What's in a name? When it comes to the 
Aucodesk name, a lot. In fact, it's the best
selling, most well-respected name in the CAD 
business. There simply is not another company 
with the credentials co make that claim. 

That's why you shouldn' t settle for any
thing less than AuroSketch~ the best way to 
get started in CAD. AutoSketch is the precision 
drawing tool from the Autodesk family of prod
ucts. Nor only is AucoSketch priced at just 
$79. 95,., buc unlike some entry-level CAD prod
uces, you don c have to keep spending more co 
add the features AucoSketch already has. Stan
dard feacures like boxes, circles, screeching, mir
roring and rocacing- co mathematical precision. 
And advanced CAD capabilities like dynamic 
PAN and ZOOM and automatic dimensioning 
and scaling, in up to 10 working layers. 

Ofcourse, ifyou do want to move up from 
AucoSkerch ac some poinc, your files can easily 
be uploaded inco AutoCAD~ 

AutoSketch nms on JBM4P PCJXT™/A'f4'Jand 100% 
compatible computers, and supports IBM's PS/2.'" 

So ifyou' re ready for CAD, why noc go with che 
name chat rates highest among both critics and 
users? Anything else is, well, second-rare. 

To order your AucoSketch directly, call 
1-800-223-2521. For the name ofyour nearest 
AutoSkecch Dealeror 
for more information, 
call 1-800-445-5415 or 
write to AutoSketch, 
2320 Marinship Way, 
Sausalito, CA 94965. 

AUTODESK, INC. 
"A speed-enhanced version (9 times fasler). requiring a math coprocessor. ls available for S99.95. Circle 26 on Reader Service Card 

AutoSketch and AutoCAO are registered In the U.S. Patent ancl Trademark Office by Autodesk. Inc. IBM ancl Personal Complller AT are registered trademarks ct 
lntematlonal Business Machines Corporation. Personal Computer XT and PS/2 are trademarks of lnternalional Business Machines Corporation. 
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IBM OS/2 Standard Edition 


IBM's OS/2 Standard Edition 
1.0 is an 80286-based multi
tasking operating system that 
implements virtual memory 
on a segment basis . When you 
buy IBM's OS/2 Standard 
Edition, you get a dual-mode 
operating system: In DOS 
mode, you can run only one 
application, and in OS/2 
mode you can run multitask
ing applications in each of 12 
sessions. The system comes 
on four l.44-megabyte 3 1/z
inch floppy disks- one instal
lation disk and three system 
disks . The documentation 
consists of a 310-page user's 
reference in a three-ring bind
er and a 51 -page spiral-bound 
user 's guide. 

IBM OS/2 's Standard Edi
tion runs on the IBM PC AT , 
XT 286, and PS/2 Models 50, 
60, and 80. It requires a mini
mum of 2 megabytes of memory , or, if 
you give up the DOS compatibility box, 
you can get by on 1.5 megabytes . I ran 
OS/2 on a PS/2 Model 50 with 3 mega
bytes of memory (using the Intel Above 
Board) and a 20-megabyte hard disk 
drive. The installed system took up ap
proximately 3 .4 megabytes of hard disk 
storage. OS/2 can support up to 16 mega
bytes of physical memory. In theory , the 
Intel 80286 is capable of addressing a 
gigabyte of virtual memory . OS/2, how
ever, constrained by the 32-megabyte 
limit on the size of a hard disk drive, pro
vides only a 48-megabyte virtual address 
space. 

OS/2 Standard Edition ($325) does not 
include the graphical user interface, the 
Presentation Manager. According to 
IBM, the Presentation Manager won't be 
available until the end of the year (see the 
text box "Future Versions of OS/2" on 
page 147). 

The command interface of OS/2 is 
very similar to DOS (see table l) . Most 
commands work in both modes; only a 

EvaM. White 

You can install OS/2 overPC-DOS compatibility your current DOS system 
without reformatting yourand a robust environment for new hard disk. There are two fac
tors that allow you to do this. multitasking applications First , OS/2 ' s directory struc
ture is identical to DOS 's, al
lowing both types of programs 
to share the same hard disk 
and access the same files. 
Second, OS/2's hidden sys
tem files, IBMBIO.COM and 
IBMDOS.COM, are smaller than 
DOS's, allowing these files to 
overwrite the old ones. 

A Familiar Feeling 
If you are familiar with DOS , 
then you will be immediately 
comfortable with OS/2 . 
Choosing the DOS or OS/2 
command prompt puts you in 
a screen group (a virtual 
display of the computer 

handful are specific to DOS mode or 
OS/2 mode. This allows users already 
comfortable with DOS to ease them
selves slowly into OS/2 and its advanced 
features. Upon closer examination, 
though, it takes a little mental mode
switching to keep straight which com
mands work in which mode and in what 
form . Some commands work in both 
modes identically, but some have features 
that are specific to only one mode. Ac
cording to IBM, when the Presentation 
Manager becomes available , you will 
have the option of replacing the command 
prompt with windows and menus. 

There are some caveats to be aware of 
when using DOS programs in the DOS
compatibility mode. For example, for 
those DOS programs that access a serial 
port directly, you 'II need to run a specific 
program (Setcom40) that lets the DOS 
program access the target port addresses. 
Also, the number of device drivers you 
have installed at system start-up nibbles 
away at the memory pool allocated to the 
DOS mode. 

screen) with a DOS-like com
mand prompt (C:) . 

The Standard Edition of OS/2 comes 
with a full-screen user shell called the 
Program Selector (as shown in the photo 
above). The Program Selector is a rudi
mentary graphical user interface that 
gives you windows with a start list on the 
left side of your screen, a switch list on 
the right side, and a pop-down menu. The 
start list (left window) shows the applica
tions you can initiate. The switch list 
(right window) shows currently running 
applications that you can choose to run 
specifically or hop between. From the 
pop-down menu , you can update the start 
list by adding or deleting programs. All 
have context-sensitive help along the 
way. 

In OS/2, certain key combinations are 
special "hot keys ." The Alt-Esc combi
nation cyc\es you through the screen 
groups; Ctrl-Esc brings you back to the 
Program Selector. The only way to move 
between DOS and OS/2 mode is with one 
of these hot keys . A comforting help line 

continued 
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Table 1: Because IBM OS/2 Standard Edition is a dual-mode operating 
system, you have to keep straight which system utilities, configuration 
commands, and batch commands work in which modes. Some commands 
work only in OS/2 mode~ are mainly concerned with multitasking issues; 
some co!""!"nds work only m DOS mode and are there for compatibility. 
The ma1onry, however, are dual-mode commands that you can use from either 
DOS mode or OS/2 mode. 

OS/2mode 
only 

DOS mode 
only 

OS/2andDOS 
dual mode 

lntemal Detach' Break Chcp Chdir2 

commands: Dpath' Cls Prompt 
Start' Copy Rename 

Date Rmdir2 

Dir' Sys 
Erase (Del)' nme 
Exit Type' 
Label Ver 
Mkdir' Verify 
Path Vol' 

External Ansi' Append Attrib More 
commanda: Cmd' Assign Backup Patch' 

Createdd' Command Chkdsk Print 
Fdisk Graftabl Comp Recover 
Keyb Join Diskcomp Replace 
Spool' Setcom40' Diskcopy Restore 
Trace' Subst Find Set 
Tracefmt' Format Sort 

Help' Tree 
Mode Xcopy 

CONFIG.SYS lopl' Break Codepage' 
commanda: LibPath' Fcbs Country' 

Maxwait' Rmslze• Device 
Memman' Shell Devinfo' 
Priority' Buffers Diskcache' 
Protshell' Pauseonerror' 
Swappath' Protectonly' 
Threads' Rem 
Timeslice' Run 

Trace' 
Tracebuf' 

Batch Endlocal' Call If 
commanda: Extproc' Echo Pause 

Setlocal' For Rem 
Goto Shift 

' These commands ara n<M wilh IBM OS/2 Slandard Ed1lion. 
' In OS/2 mode. these commands will accep1 multiple filenames. 

across the top of the screen reminds you 
of the Program Selector key. With the 
help command, you can get an explana
tion of an error message and a recom
mended action to take by typing Help fol
lowed by the error message number. 
Most error messages are i.vailable on
Line, but you can tum to the back of the 
manual to find those that aren't. You can 
also use Help to tum the help-line display 
on and off. 

I didn't find OS/2 ' s power readily ap
parent because its commands look so 
much like DOS's. The power is there, 
nonetheless. 

OS/2 provides an environment where 
applications are protected from one an
other. Because of its multitasking nature, 
OS/2 has to assume more responsibility 
for resource management . lo OS/2, a 
process consists ofone or more threads (a 
dispatchable unit of work) and the associ
ated system resources (i .e . , memory, 
disk files, pipes, queues, and so on). A 
session is a collection ofone or more pro
cesses associated with a screen group. 
OS/2's tasking model is a multilevel pri
ority scheme with four priority classes 
(listed in order of decreasing priority): 
time critical , foreground, regular, and 

idle. The time-critical, regular, and idle 
priority classes each have 31 priority lev
els; OS/2 gives the foreground process a 
boost over other regular class threads 
when the Priority command in CON
FIG.SYS is set to dynamic. 

The time-critical class is for threads 
doing communications or real-time oper
ations. The foreground class is the screen 
group that is currently using the display. 
Regular-class threads are those processes 
operating in screen groups that are not 
currently using the screen and keyboard . 
Idle-class threads are noninteractive pro
cesses initiated with the Detach or Run 
commands. OS/2 uses a preemptive 
time-slicing dispatcher to switch the pro
cessor among the threads. This means 
that all threads get a fixed period of time 
to use the CPU before OS/2 interrupts 
their execution and moves on to the next 
thread. 

Flexible System Configuration 
At boot time, the CONFIG.SYS file deter
mines whether or not you will have both 
DOS and OS/2 modes and then sets many 
of the attributes of each mode. The num
ber of commands that you can put in the 
CONFIG.SYS file has increased dramati
cally. Some commands affect only the 
DOS compatibility box, some affect only 
the OS/2 box, and some work in both 
modes. Leaving a command out of the 
CONFIG. SYS file causes the system to take 
the default value for that command . For 
example, if I booted the PS/2 Model 50 
without a CONFIG.SYS file , the system 
would configure itself automatically with 
a DOS compatibility box. 

Thankfully, the package comes with 
an automated installation program that, 
in about 10 minutes, creates the desired 
CONFIG.SYS file and the directories, and 
copies the files from the supplied disks to 
their proper places. The directories thus 
created are C: \, C:\OS2, C:\OS2\IN
STALL, C:\OS2\INTRO, and C:\SPOOL. 
The system files go into c : \; system util
ities and installable device drivers go into 
C : \ OS2. Temporary files waiting for the 
printer go to C: \SPOOL. C: \OS2\ INSTALL 
and C : \ OS2\ INTRO contain the installa
tion programs and a program called "In
troduction to OS/2," respectively. 

Listing 1 shows the CONFIG.SYS file 
created for installation on the PS/2 Model 
50. PROTSHELL loads the user-interface 
program (in this case, the Program Selec
tor) and CMD.EXE, the OS/2 command 
processor. GMO.EXE is equivalent to 
DOS's COMMAND.COM. CMD.EXE has a· /C 
switch that is similar to COMMAND. COM' s /C 
optjon in that you can pass a command to 
a copy of the command processor. An ad
ditional switch, /K, lets you pass a com
mand to a copy of the command proces
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sor, but it does not return to the previous 
command processor. 

When the Presentation Manager be
comes available, it will take the place of 
the Program Selector. It will also take up 
its own session and have windowed appli
cations. The Program Selector will be 
one of the applications. 

The command PROTECTONLY deter
mines if the DOS compatibility box is 
present. If it is, RMSIZE sets the upper 
limit of the real-mode memory (any
where from IOOK bytes to 640K bytes). 
You can configure the system to run 
without the DOS-mode box by setting 
PROTECTONLY to yes . But be careful: If 
you do this, you wind up with a protected
mode system that won' t let you use the 
DOS-mode editor, EDLIN, to edit CON· 
FIG.SYS to reinstall the DOS-mode box. 

On the PS/2 Model 50, Chkdsk showed 
that there were 644,304 bytes available to 
the DOS mode, with 492,032 bytes free. 
Commenting out all device commands in 
the CONFIG.SYS gave me another 34,976 
bytes free for the DOS mode. Chkdsk 
does not give a figure for memory avail
able or free in OS/2 mode. However, you 
don't have to worry too much about space 
constraints in OS/2 mode because of the 
virtual memory scheme. 

You can use some special batch files to 
further customize the system. Batch files 
in OS/2 mode must have a . CMD file exten
sion, instead of the .BAT file extension in 
DOS. For example, STARTUP.CMD is the 
protected-mode counterpart to AUTO
EXEC.BAT. OS2INIT.CMD is another spe
cial batch .file that sets the environment 
for each OS/2 screen group that you start 
from the Program Selector's OS/2 Com
mand Prompt. AUTOEXEC.BAT executes 
the first time you select the DOS Com
mand Prompt. 

OS/2 requires numerous system files 
(between 50 and 60), in addition to the 
two hidden ones (IBMBIO.COM and IBM· 
DOS.COM), and the protected-mode com
mand processor, CMD.EXE. You will need 
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Future Versions of OS/2 

I BM's OS/2 Standard Edition 1.0 is 

but the first of several versions of 
OS/2 that will become available in the 
next year or two. 

The next new version, which IBM 
says will be ready in July, will be IBM's 
OS/2 Extended Edition 1.0. This ver· 
sion will be similar to the Standard Edi
tion, but will include two built-in appli
cations: a communications manager and 
a database manager. It will sell at a list 
price of $795 . Whereas several com
puter manufacturers may offer versions 
of the Standard Edition of OS/2 for their 
customers, the Extended Edition will be 
offered only by IBM. 

In October, IBM will reportedly be
gin shipping 1.1 of the Standard Edition. 

This version will include OS/2's graphi· 
cal user interface called the Presentation 
Manager. Owners of 1.0 will be able to 
upgrade to 1.1 for free. 

In November, we should see 1. I of 
IBM's Extended Edition. Again, this 
version will include the Presentation 
Manager, and previous owners will re
ceive a free upgrade. 

IBM has said it has plans to offer a 32
bit version of OS/2 designed for the 
80386 processor sometime in 1989. The 
company may also offer an enhanced 
version of the Extended Edition, called 
Extended Edition Plus. No further de
tails on these versions are available at 
this time. 

-Rich Malloy 

Listing 1: The CONFIG.SYSfile created for the Model 50 by the installation 
program. 

PROTSHELL• DMPC.EXE SHELLllF.CNF SHELLllF.EXE CMD.EXE /K 
OS2INIT.CMD 

LIBPATH=C:\;C:\OS2;C:\OS2\INSTALL; 
BUFFERS• 30 
DI SKCACHE=64 
MAXWAIT=3 
MEMMAN=SWAP,MOVE 
PRIORITY=DYNAMI C 
PROTECTONLY=NO 
SWAPPATH=C : \ 
THREADS=64 
SHELLmCCOMMANO . COM /P 
BREAK=OFF 
FCBS=l6,8 
RMSIZE- 640 
DEVICE· C:\OS2\POINTDD.SYS 
DEVICE=C:\OS2\MOUSEB05.SYS 
RUN =C:\OS2\SPOOL.EXE /D:LPTl /O:LPTl 
DEVICE=C:\OS2\COM02.SYS 
DEVINFO=SCR,VGA,C:\VIOTBL.DCP 
DEVICE• C:\OS2\EGA.SYS 

a high-density disk (either 1.44 or 1.2 
megabytes) to create a boot disk. The ex
act number of these files varies, depend
ing on whether you are installing OS/2 on 
a PS/2 machine or an AT-class machine. 
These additional files contain system 
components such as dynamic link librar
ies (DLLs) and standard defdult device 
drivers, message files, code pages, infor
mation files, and so forth. Some of the 
files are required only for PS/2 ma
chines. In general, those files with 01 in 
the filename are for AT-class machines, 
and those with 02 in the filename are for 
PS/2 machines. 

Some environment variables are sys
tem-wide and must be set in the CON
FIG.SYS file; some are specific to each 

screen group. Swappath is a system-wide 
variable that sets the path for segment 
swapping to the disk. Memman dictates 
whether segments will be swapped or 
moved (i.e., relocated in memory to 
eliminate memory fragmentation). Lib
path is another system-wide variable and 
sets the path for the system to search for 
DLLs. A DLL contains reentrant code 
that all processes share at run time. DLLs 
are global resources, and you must define 
the search path globally rather than on a 
per process basis as Path does. Dpath is 
an OS/2-mode environment variable that 
specifies paths to data files for each 
session. 

The Diskcache command is sup
ported only for the IBM PS/2 Models 50, 

60, or 80. A number anywhere from 64 
to 7200 specifies how many 1024-byte 
memory blocks the disk cache uses . 

Four statements in the CONFIG.SYS file 
give you some control over the threads in 
the system . The default number of 
threads is 64: OS/2 allocates 24 threads, 
and applications programs allocate 40 
threads. To set the minimum and maxi
mum amount of time used for round
robin scheduling among threads of equal 
priority, you use Timeslice. Setting 
Timeslice to a maximum value of 248 
milliseconds is good for most programs. 

A couple of commands give you some 
control over how the multitasking sched
uler handles regular-class threads. With 
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IBM OS/2 Standard Edition 1.0 

Type 
Operating System 

Company 
IBM Corp. 
Contact an authorized 
IBM dealer 
(800) 447-4700 

Format 

Four 1.44-megabyte 31/2-inch floppy 

disks (also available on 5V•·inch high

density floppy d isks) 


Language 

C and assembly 


Hardware Needed 

IBM XT 286. AT. or PS/2 Models 50. 60, 

or 80 with at least 2 megabytes of 

memory, one floppy disk drive. and a 

20·megabyte hard disk drive 


Documentation 

310-page user's reference 

51 ·page user's guide 


Price 
$325 

Inquiry 896. 

the Priority command, you can choose 
to have the system dynamically vary the 
priority level of the threads based on the 
amount of I/O and CPU usage . The sys
tem also gives any foreground threads a 
boost in priority over any background 
threads . When you choose dynamic pri
ority, Maxwait is the number of seconds 
that can pass before a thread waiting for 
the processor gets a boost in priority. 
With absolute priority , there is no fore
ground boost, and the system doesn ' t ad
just the priority of the regular-class 
threads. 

Unlike DOS, the asynchronous com
munication support in OS/2 is an installa
ble device driver: COMOl.SYS for IBM PC 
ATs and COM02.SYS for PS/2 machines . 
COMOx.SYS supports COM l through 
COM3 for full-duplex interrupt-driven 
communication. The functions it pro
vides are transmission and reception 
queues, automatic control modes for 
modem control signals, and XON/XOFF for 
transmit and receive. COMOx.SYS uses 
about 9K bytes of DOS-mode memory, 
so if you don't need its capabilities, you 
can leave it out of your CONFIG.SYS file. 
Also, if you do install the communica
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tions device driver, some DOS programs 
require you to execute the Setcom40 
command before they can find the COM 
port (more about this later). 

According to the company, COMOx. SYS 
is guaranteed to support 4800-bit-per
second communications on a 6-MHz AT 
while running a DOS-mode application 
in the foreground. I didn't have an OS/2 
communications program with which to 
test this , however. 

For PC ATs and XT 286s, OS/2 in
cludes mouse drivers for Mouse Systems' 
PC Mouse, Visi-On 's Serial Mouse, and 
Microsoft's Serial , parallel, and In-Port 
Mouse. On the PS/2 side, it includes 
drivers for the first two mice plus the 
Microsoft Serial and IBM PS/2 in-board 
Mouse. The POINTDD.SYS device driver 
works in conjunction with the mouse 
driver to provide mouse-pointer drawing 
support. 

In OS/2 mode, the base system con
tains the ANSI support that lets you rede
fine keys, manipulate the cursor, and 
change screen-display colors. In DOS 
mode, however, you still need to install 
ANSI.SYS; this device driver has no effect 
on OS/2 mode. Another device driver 
used only for DOS mode is EGA.SYS. It 
provides support for the EGA register 
interface. 

Other device drivers include 
VDISK.SYS, which installs a virtual disk, 
and EXTDSKDD.SYS, which lets you access 
an external disk using a logical drive let
ter. You should install vinual disks after 
any external drives so you won't affect 
their drive-letter assignments . OS/2 takes 
care of loading the standard default de
vice drivers for the keyboard, display, 
printer, disk, fixed disk, and clock; don 't 
put them in your CONFIG.SYS file. 

Batch Commands and CMD.EXE 
Batch commands and the internal com
mands supported by CMD.EXE are a super
set of the DOS-mode commands, neces
sitating the different batch-file extensions 
between OS/2 and DOS. SetLocal and 
EndLocal work together to let you change 
and restore the drive, directory , and envi
ronment setting during batch-file execu
tion. The ExtProc command lets you use 
your own batch processor instead of 
CMD.EXE. To use ExtProc, you have to 
put it on the first line of the OS/2-mode 
batch file that you want your external 
batch processor to execute. 

In OS/2 mode, if you interrupt a batch 
file, you don't get the option of continu
ing. Continuation can' t take place in a 
multitasking environment because it's 
impossible to predict what state the sys
tem will be in when the batch file 
recommences. 

The OS/2-mode command processor, 

CMD.EXE, embellishes some of the dual
mode internal commands. For example, 
you can Type or call a directory (Dir) of 
multiple filenames. You can put multiple 
commands on the same line by separating 
them with the &character. Also, you can 
use the ~ symbol to precede special char
acters (such as & and I) and have them 
considered as text. 

OS/2 expands nicely on the redirection 
capabilities of DOS. CMD.EXE uses the 
digits 0 through 9 as internal file identifi
cation numbers to which you can redirect 
a program's input or output. Digits 0, l, 
and 2 are the file numbers for standard in
put , output , and error, respectively . In 
DOS, you could redirect standard input 
and output , but not standard error. Also , 
with OS/2 you can use digits 4 through 9 
to stand for files of your choosing, to 
which any output of a process will be 
written. 

OS/2 lets you process commands con
ditionally. Separating two commands 
with an && causes the second command to 
be processed only if the first was success
ful. If you separate commands with a 11. 
the second command executes only if the 
first was not successful. 

Pipes in OS/2 mode are true pipes. 
That is, OS/2 uses a storage buffer to 
hold the data being piped between pro· 
cesses rather than a temporary file , as in 
DOS and DOS mode. 

System Utilities 
Both the DOS mode and the OS/2 mode 
share many of the system utilities . While 
some of the dual-mode commands will be 
familiar to DOS users, some will be new. 
The Help command mentioned earlier is 
a new dual-mode command, and so is 
Patch, which lets you apply IBM
supplied corrections to fix faulty code. 

Some of the dual-mode commands act 
a little differently from their DOS 3.x 
counterparts. When you specify For
mat/a, for example, the hidden system 
files IBMBIO.COM and IBMDOS.COM are 
transferred to the target disk, as you 
would expect. But Format also uses a text 
file in the root directory, called FOR
MATS. TBL, to specify it to the other 50 or 
so system files required to make a boot 
disk. One slight problem with creating a 
boot.able disk with the /s option is that 
Format can't find any files that are out
side the root directory (e.g., it can't find 
an installable device driver in C: \ OS2). 
The FORMAT command tells you which 
files it cannot copy so that you can copy 
them manually. 

Unlike DOS, you cannot use Chkdsk's 
/F (fix) parameter on the drive from 
which you started the system; you must 
boot up from the floppy to restore any 
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Unretouched Scn'en lm,1ges 

BuyThe One On The Left And You'll Have 

To Put It Where The Sun Don't Shine. 


The monitoron the right, 
however, can be placed anywhere 
you like.Even in direct sunlight. It's 
the new Flat Technology Monitor from 
Zenith Data Systems-winnerof PC 

Magazine's coveted "Technical Excellence Award" in the 
hardware category for 1987. 
You Have Tu See Zenith Tu Believe It 

So clear.So precise.So lifelike.It's the only monitor 
with acompletely flat screen. Abreakthrough thathas 
redefined monitor quality forever.Industry experts are 
already convinced. And once you see it in person, you'll 
be abeliever, too. 
Bigger,Brighter, Glare-Free 

Our Flat Technology Monitor has an impressive 
14 -inch display. And even though it's bigger,it's 50% 
brighter tl1an conventional CRTs and it has 70% 
greater contrast. So you get colors with greater depth 
and definition that make your reports,charts and graphs 
come alive like never before. 

The Flat Technology Monitor is virtually glare-free. 
So you can work longer without the usual headaches 

1988, Zenith Data Systems 

Circle 292 on Reader Service Card 

and eyestrain.And that means greater productivity.But 
to get the whole picture, you have to see it with your 
own eyes. 
Backward AndForward Compatibility 

You also get full compatibility with the high 
resolution VGA Video generated by IBM's new PS/2~ 
computers. And with Zenith's Z-449 or other VGA-class 
video cards, you can enjoy CGA, MDA, Hercules and 
EGA graphics as well. 
Experience Zenith's Latest Tuchnology Breakthrough 

Obviously, amere picture can't do justice to our 
new FlatTechnology Monitor. It demands a face-to-face 
evaluation.For ahands-on demonstration, call today 
for the name of your nearest authorized Zenith Data 
Systems dealer-the Flat Technology Monitor is available 
in quantities right now. 

1-800-553-0305 

data 
systems 

THE QUAUTY GOES IN BEFORE THE NAME GOES ON" 

Personal System/2 and PSl2 are regis1cred 1rademarl<s of IBM Corp 
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lost clusters on the hard disk. The /F op
tion requires that you cease all activity on 
the disk you want to fix. However, be
cause of OS/2's virtual memory, there's 
always the possibility of disk activity if 
OS/2 needs to move a segment in mem
ory or swap a segment out to disk. 

Some dual-mode commands have 
more functions in OS/2 mode. The Mode 
command lets you set the operational 
mode of devices, such as the communica
tions port, the display, the parallel 
printer, and system-wide disk 1/0 write 
verification (as opposed to a per process 
basis with Verify). ~u must have 
COMOx.SYS installed to use Mode to set the 
communications ports. 

While Mode is a dual-mode command, 
the manual recommends you set the 
COM port from the OS/2 mode because 
some parameters are available only in 
OS/2 mode. You can also query the set
ting of the COM port from OS/2 mode 
and use this output as input to another 
mode command. Mode no longer has an 
option to send the output from the parallel 
port to a serial device; the Spool com
mand supplies this function and requires 
COMOx.SYS to do it. 

The more interesting commands are 
those intended for OS/2 mode only . The 
Start command lets you start an OS/2 
session from another session . Using 
Start in the autostart batch file gives you 
another way, in addition to the Program 
Selector, to configure the system to auto
matically load whatever applications you 
normally use. Detach lets you initiate a 
noninteractive background process . 
Using a Run command in the CONFIG.SYS 
file has the same effect as issuing a De
tach command from the system prompt. 

A print spooler is necessary in a multi
tasking system where multiple applica
tions share one printer. In OS/2, the print 
spooler, Spool , is separate from the 
Print command. Spool is an exclusively 
OS/2 function that intercepts files sent to 
the printer from multiple sources. You 
can start it with a Run command from the 
CONFIG.SYS file or with a Detach com
mand at the command prompt. Either 
way, it is a process that runs at idle pri 
ority (i .e., when nothing else is going 
on). 

Spool gives the data it receives tempo
rary filenames and keeps them in the sub
directory, C: \SPOOL. Spool accepts only 
parallel devices for input, but it will send 
its output to either parallel or serial de
vices. You can have up to three print 
spoolers active, servicing three printers. 

The spooler works fine in conjunction 
with the Print command, but there is a 
problem with using DOS editors with the 
spooler. Because most DOS programs do 
not contain code to inform the print 
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spooler when to close and print the file , 
the output is not printed until you exit the 
application. You can press Ctrl-Alt-PrtSc 
to force the spooler to start without leav
ing the application. This key combination 
successfully forced output to the printer 
from XyWrite ill Plus. However, it's im
portant to wait until the application has 
sent the entire file to the queue before 
forcing the output, or else the spooler 
will split the output into two files . 

The Print command can send output 
to the printer or cancel the printing of one 
or more files, but it doesn't have an op

tion for listing the files waiting in the 
queue as it did in DOS 3.3. 

QS/2 has the same 32-megabyte size 
limit for hard disk drives as DOS 3.3 and, 
like DOS 3. 3, gets around the barrier by 
letting you partition your hard disk into a 
primary and extended partition. Fdisk 
has an option to then create a logical drive 
in the extended partition. 

I found the manual's description of 
Fdisk awfully vague. When I first saw 
the second selection on the Fdisk menu, 
"Change the Active Partition," I thought 
I could install DOS 3.3 in one partition 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Their Series II. 

Listen to Our Range 
of Capabilities. 
Compared with the similarly 
priced PCP! Laserlmage 1000, the 
HP Series II is just ho-hum. 

Versatility makes the Laserlmage 
1000 your printer of choice. Espe
cially when you compare software 
compatibility and memory. 

Emulation Sensation. 

The HP Series II only offers its 

own emulation . 


Our Laserlmage gives you 
more-HP Series II , plus down
loadable emulations for the IBM 
Proprinter, Epson FX/80, Diablo 
630, and HPGL Subset for spread
sheet graphics. 

You can even get Laserlmage 
with an optionaJ HPGL 7475A 
plug-in cartridge. 

This summer you will be able to 
upgrade to lmageScript:Mour 
Postscript® ·language emulation . 
with a single plug-in cartridge. 

So with Laserlmage, the choice 
is yours. 

More Memorable. 

HP's Series II comes with an 

underwhelming 512K of memory. 

Which is fine, if you limit yourself 

to simple documents. 


The Laserlmage gives you twice 
as much, with a full megabyte of 
memory. Standard, right out of the 
box. So it 's a much better choice 
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and OS/2 in another, and use Fdisk to 
change which operating-system partition 
was active. This wasn't the case. You can 
use this option only if you install another 
operating system (such as Xenix) on the 
primary partition. 

Serviceability Aids 
In a multitasking system a Jot of things 
can go wrong, and it can be difficult to 
track the problem down. In OS/2 mode, 
however, because programs run in 
protected mode, certain components of 
the system continue to run even if the sys-

Our Laserlmage: 


for newsletters and presentations. 
The Laserlmage 1000 is one of a 

whole family of fine printers with 
even more memory , more speed, 
and long, reliable duty cycles. 

Nationwide on-site service is 
also available. 

Call your dealer today for a 
Laserlmage IOOO solo. Ask about 
our extended warranty. And 
compare our Laserlmage with the 

tern is partially disabled . OS/2 has a sys
tem trace and memory dump facility . 
Both of these functions are not for the 
faint of heart: They're intended for use 
with aid from an IBM service represen
tative. 

You can use the Trace command to 
turn event tracing on or off, and you can 
invoke this command either at the OS/2 
prompt or at boot time by placing a state
ment in your CONFIG.SYS file. If you 
don't want to tum tracing on at boot time, 
you must place a Tracebuf command in 
the CONFIG.SYS file to set the size ofa cir-

HP Series II for yourself. 
Then , you decide which one 

makes the sweeter sound. 

~ Pmanal~ 
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cular trace buffer. Tracefmt takes the 
contents of the trace buffer, analyzes 
each record, and sends the output to the 
standard output device . 

To use the memory dump facility, you 
should have one formatted disk holding 
the Creat edd command file on hand to 
start the dump. Because Createdd uses 
the Format command, Format should be 
accessible from the current directory or 
from the search path. Createdd dumps 
all memory beginning at address 0 until 
the entire memory contents have been 
placed on the disk. To initiate the dump, 
you hold down the Control and Alt keys 
and press the Num Lock key twice . 
(Don't press this until you're absolutely 
ready, because the system will cease all 
current activities without flushing the 
buffers or other system cleanup opera
tions.) A memory dump can take several 
disks, but one 1.44-megabyte floppy disk 
was enough to hold the contents of the 3 
megabytes of RAM on my system. You 
can stop the procedure each time you are 
prompted to put in another disk. 

DOS Compatibility 
Most programs run in the DOS compati
bility box without problems. The manual 
warns that programs with copy-protec-· 
tion schemes that depend on timing or the 
operating system may not work. Those 
programs that are timing-dependent or 
hardware-specific, such as device 
drivers, may give problems. I ran Side
Kick l .52A, XyWrite ill Plus, Hyper
ACCESS 3.32, Lotus 1-2-3 version2.01, 
AutoCAD 2.52, MathCAD 2.0, STATA 
1.5, DIAL (Microsoft ' s bulletin board 
system), and dBASE ID Plus 1.1 in the 
DOS-mode box, and they operated much 
as they do in DOS. 

There were some differences, though. 
XyWrite usually caught the hot keys and 
put one of its own help screens up just be
fore OS/2 switched me to another screen 
group. Although initially confusing, this 
was not a functional problem. 

Because DOS programs that access a 
COM port were not written for a multi
tasking environment, many of them go 
directly to the port without bothering to 
see if another application is currently 
using it. Setcom40 makes the address of 
the COM port available to a DOS-mode 
application so it can access the port when 
the COMOx.SYS device driver is installed. 
After the DOS-mode program is through, 
Setcom40 also removes the address so an 
OS/2 application can use the port. It's 
important not to issue this command 
while a running OS/2 application is using 
the port. I had to turn on Setcom40 before 
using DIAL from the DOS-mode box, 
but not before using HyperACCESS. 

continued 
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I ran into a problem with an incompati
ble device driver. The Sysgen Bridge
file , an external 5 1A-inch floppy disk 
drive , would not run in the compatibility 
box. According to the company, it is 
working on a new driver. For the time 
being, I installed the Sysgen driver onto 
my DOS 3 .3 boot disk and rebooted from 
that whenever I wanted to transfer files 
from the 5 'A -inch format to the PS/2 
Model 50. 

Some of the old, little-used collUlland 
options have been wee-Oed out of the DOS 
mode . Format no longer formats eight 
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sectors per track, or a single-sided disk. 
Exe2bin , Ctty, and Graphics are no 
longer supported. The Label command 
does not delete a label from a disk. Files 
is ignored in the CONFIG .SYS file . Print 
doesn ' t support the /B, /U, /M, and /Q pa
rameters , which deal with buffer size , 
scheduling of the print spooler, and the 
queues~ of the spooler. You no longer 
have to specify the path name for the code 
page file with Country, change the code 
page with the Mode command, or load the 
Nlsfunc command to use Chcp to change 
code pages. 

I DEAS TRANSLATE 
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Improved Documentation 
The OS/2 user's reference is much easier 
to navigate through than the DOS 3.3 
manual . It is smaller and better orga
nized. As with the DOS user reference, 
the OS/2 user reference lists the system 
utilities and batch commands alphabeti 
cally, with cross-references to other re
lated commands. There is a large section 
on the CONFIG.SYS file commands. IBM 
has adopted a conunand diagram using 
lines and arrows that is clearer than the 
command format using brackets, capi 
tals, and small letters . 

The manual does a great job of show
ing which commands work in which 
modes through the use of a box icon . If 
the upper three-quarters of the box is 
filled in with black, it indicates that the 
command works only in OS/2 mode. If 
the lower left one-quarter of the box is 
filled in, the command works only in 
DOS . However, ifthe box is absent, it ' s a 
dual-mode conunand. Appendix A lists 
all commands in a table and indicates the 
mode each one operates in. The appendix 
also includes a useful section on DOS 
compatibility. 

Test Results 
To get some idea of how the scheduler 
works, I created a dual-mode version of 
BYTE's Sieve benchmark program in C 
and a compute-bound infinite loop and 
ran them together in various combina
tions. I used these programs on an IBM 
PS/2 Model 50 to find out how the CON
FIG. SYS commands work together and 
how the DOS mode fits into the scheme 
of things. For these tests , I considered 
only regular- and foreground-class 
threads . Time-critical and idle-class 
threads do not have their priority dynami
cally adjusted by the system. 

The way the scheduler works is that 
any higher-priority thread that is ready to 
run gets the CPU before any lower-prior 
ity thread . A CPU-intensive process at a 
higher priority could starve out processes 
at a lower priority . In CONFIG.SYS, if you 
set the priority to dynamic, the system 
will adjust the priority of lower-priority 
threads by boosting the priority of these 
processes by 1 after the number of sec
onds specified by Maxwa i t passes. It will 
also give any threads running in the fore 
ground a boost over regular-class threads 
running in the background . 

To see how this works , I started a 
CPU-intensive infinite loop in the fore
ground and ran 100 iterations of the Sieve 
in the background. When it was the only 
process running, the Sieve took 22 sec
onds; the contents of the foreground loop 
took approximately 47 seconds running 
3.ione. I ran these programs with both 

co111i11ued 
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Table 2: To show the difference between dynamic and absolute priority, I 
ran a compute-bound infinite loop in a foreground screen group and JOO 
iterations ofthe Sieve ofEratosthenes in a background, OS/2 screen group. 
Under dynamic priority, the smaller the value of Me..xwa1t, the more often the 
background process gets to run. Under absolute priority, Maxwa1t 's value 
has no effect on the scheduling ofthe foreground and background processes; 
while the Sieve andforeground process are both running, they appear to be 
competing equally for the processor. It is interesting to note that in these tests, 
the performance ofthe DOS-mode foreground process is comparable to the 
OS/2 mode foreground process. (Times are in minutes:seconds.) 

Foreground Background Priority Maxwalt 

OS/2 Mode 
46, 47. 46, ... 5:41 Dynamic 0:01 
47, 47, 47, ... 17:40 Dynamic 0:03 
47, 46, 47 ,. .. 59:50 Dynamic 0:10 
70, 47, 46, ... 0:47 Absolute 0:01 
70, 47, 46,. .. 0:45 Absolute 0:03 
69, 47, 46, ... 0:46 Absolute 0:10 

DOS Mode 
46, 47, 47, .. . 5:37 Dynamic 0:01 
46, 47, 47 ... . 18:30 Dynamic 0:03 
46, 47, 46,. .. 59:42 Dynamic 0:10 
70, 46, 47,. .. 0:49 Absolute 0:01 
69.47, 46.... 0:46 Absolute 0:03 
70, 46, 47,. .. 0:42 Absolute 0 :10 

Note a: 
Time slice • 32:248. 
The ellipses mean that tl1e time for the for"llroond program ront inued at the laS1 number. 
A DOS·mode process os suspended when it is in the background. 

Table 3: Comparing times for applications running under DOS mode and 
DOS 3. 3 shows that you get varied results. 

Application benchmarks DOS3.3 OS/2 DOS mode 

XyWrite' 2:51 2:44 
Microsoft Word 0:31 0:33 
Lotus 1·2·3 2:48 2:52 
dBASE Il l + 8:35 6:08 
AutoCAD 16:02 24:40 
STATA 0:52 0:32 
MathCAD 0:35 0:36 

' Times IOI latge program orily. 

OS/2 and DOS mode in the foreground 
(see table 2). 

When priority was dynamic , the fore
ground task executed at a fairly constant 
rate no matter what was going on in the 
background . When priority was absolute, 
however, the foreground tasks and the 
background tasks executed in a round
robin fashion . In these tests, because I 
started these processes from the com
mand line, they all had the same priority 
when I configured priority to be absolute. 
The programmer can set the priority of a 
thread; in this situation, a lower-priority 
thread would not get the processor from a 
higher-priority compute-bound infinite 
loop. 
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Table 2 also shows that when DOS 
mode is in the foreground, it gets sched
uled the same way as an OS/2-mode task 
running in the foreground . A task run
ning in DOS mode is suspended when it 
is switched to the background. 

Table 3 shows the total time for each 
program's test in the application bench
mark suite. (For a description of the ap
plication benchmarks, see the article "In
troducing the New BYTE Benchmarks" 
on page 239.) In general, DOS mode was 
slower on the loads from disk . DOS 
mode was about 4 minutes slower per
forming the Hide command in AutoCAD 
than was DOS 3. 3. DOS mode had some 
notable speedups: 5 seconds faster for the 

XyWrite block move test, and 20 seconds 
faster for the STATA graphics test. It also 
showed a lot of improvement in many of 
the dBASE ill Plus tests in the Copy, In
dex, Append, Pack, Count, and Sort 
tests. In these tests, it was 29, 21, 24, 55, 
41, and 31 percent faster, respectively . 

The only problems I came upon when 
running the application benchmarks in 
OS/2 mode were memory problems. I 
had to remove COMOx.SYS from memory 
to run the fast Fourier transform test of 
MathCAD. The memory limitations pre
vented me from running the Lotus 1-2-3 
Monte Carlo tests at all; the Monte Carlo 
requires over 512K bytes of memory . 

Is It Worth It? 

At this time, the average end user can' t do 

a whole lot with IBM OS/2 except run 

DOS applications in the DOS-mode box. 

I don't currently have any user applica

tions that take advantage of the advanced 

capabilities of OS/2, and the thrill of run

ning 12 simultaneous disk directories 

wears off quickly. 


So the question is, is it worth the 
money and effort to convert to OS/2 Stan
dard Edition now? I think it is. The DOS 
compatibility box seems to be pretty 
compatible for most applications unless 
you have a real memory hog of a program 
or an incompatible device driver. You 
can easily boot from a DOS floppy and 
just run under DOS if you don't want to 
struggle with these issues. 

It takes time to absorb the concepts of a 
system this complex. Even just the stuff 
you have to know to be an end user takes 
some mental adjustment. It took me a few 
weeks just to get used to the concept of 
screen groups, the fact that OS/2 has over 
50 files in the root directory, and to fig
ure out what the CONFIG.SYS commands 
were good for, just to name a few things. 

Ifyou happen to be an applications de
veloper, these are exciting times. Norton 
Guides has an on-line reference for the 
OS/2 Application Programmer Interface 
(API) that makes the approximately 200 
OS/2 functions accessible with a key
stroke. Laboratory Microsystems has an 
alternative to the very expensive Micro
soft Software Development Kit ($3000) 
and IBM Toolkit ($795), called UR/ 
FORTH ($350), which is a great system 
for becoming familiar with the OS/2 
API. Unlike C, Forth lets you simply try 
out an OS/2 function right at the Forth 
prompt. You don't have the lengthy edit , 
compile, link, and run cycle of C . I am 
expecting an avalanche of OS/2 applica
tions any day now. It will be interesting to 
see how well they all play together. • 

Eva M. White is a technical editor at 
BITE. 



Systat. Because other statistics and 
graphics packages are not enough. 
Systat now offers more statistical graphics than any other PC or 
mainframe package. And we still give you less bulk with more statistics. 

Statistics Basic statistics, frequencies, t-tests, post-hoc tests 
Multiway crosstabs with iog-liheer modeling. association 

coefficients, PRE statistics, Mantel-Heenszel. asymptotic standard 
errors Nonparametric statistics (sign. Runs, Wilcoxon. Kruskal
Wallis, Friedman two-way ANOVA, Mann-Whitney U. Kolmogorov
Smirnov. lllllefors, Kendall coefficient of concordance) Pairwise/ 
listwlse missing value correlation, SSCP. covariance, Spearman, 
Gamma, Kendall Tau. Euclidean distances, binary similarities linear. 
polynomial, multiple, stepwise, weighted regression with extended 
diagnostics Multivariate general linear model includes multi-way 
ANOVA. ANOCOVA. MANOVA. repeated measures, canonical 
correlation Principal components. factor analysis, rotations. 
componente scores Multidimensional scaling Multiple and 
canonical discriminant analysis, Bayesian classification Cluster 
analysis (hierarchical, single. average. complete. median, centroid 
linkage, k-means, cases, variables Time series (smoothers, 
exponential smoothing, seasonal and nonseasonal ARIMA, ACF, 
PACF, CCF, transformations. Fourier analysis Nonlinear estimation 
(nonlinear regression, maximum likelihood estimation, and more). 

Graphics Overlay plots Drivers ror most graphics devices 
Two dimensional: Error Bars Scatterplots line and Vector Graphs 
Vector, Dot, Bubble and Quantile Plots Ber Graphs (single. multiple, 

stacked. range) Box plots (single and grouped) Stem-and-leaf 
diagrams Linear. quadratic, step, spline, polynomial, LOWESS. 
exponential smoothing Confidence Intervals and ellipsoids (any 
alpha value) Smooth mathematical runctlons Rectangular or polar 
coordinates log and power scales ANOVA interaction plots 

Histograms (regular, cumulative, ruzzy) Stripe end jitter plots 
Gaussian histogram smoothing Scatterplot matrices Voronol 

Tesselations Minimum spanning tree Maps with geographic 
projections (U.S. state boundary file Included) Chernoff faces Star 
plots Fourier plots Pie charts Contour plots on regularly and 
irregularly spaced points Control charts and limits Three 
dimensional: Data plots Smooth function plots Vector plots 
linear. quadratic, spline, least squares surface smoothing Three

dimensional type fonts. 

Data Management Import/export lotus, dBase. and DIF 
files Full screen data editor Full screen text editor Unlimited 
cases Missing data. arrays. character variables Process 
hierarchical, rectangular or triangular files. irregular length records 
Character. numeric. and nested sorts Merge and append large mes 
Unlimited numeric and character variable transformations 
Subgroup processing with SELECT and BY Value labels and RECODE 

Statements Macro processor with programming language, screen 
control, file manipulation. applications generation, and report writing. 

SYSTAT 

Systat operates on IBM PCs and compatibles, MS-DOS and CP/M 
machines, several UNIX minicomputers, and the VAX/Microvax. 
Menu/windowed Macintosh version also available. Single copy price 
$795 USA and Canada, $895 Foreign. Site licenses, quantity prices 
and training seminars available. No fees for technical support. 
Statistics and graphics available separately. 

For more information, call 312 86.-.5670 or write Systat Inc., 
1800 Sherman Avenue, Evanston. IL 60201. 
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FILE MA.NAG EM ENT 
BTRIEVE 

XTRIEVE 
REPORT OPTION 

BTRIF.VE/N 
XTRIEVEJN 
REPORT OPTIONIN 

CBTREE 
C-TREE 

R-TREE 
C·TREEiR·TREE BUNDLE 
D·TRE& 

DBC Ill 
DBC 111111 WJSOURCE 
DBC Ill PLUS 
DB.. VISTA OR DB..QUERY 

SINGLE USER WISOURCE 
MULTIUSER 
MULTIUSER WISOURCE 

INFORMIX ESQL/C 
INFORMIX 4GL 
INPORMIX SQL 
PHACT MA.NAGER 
XQL 

FORTRAN COMPILERS 
LAHEY FORTRAN 
LAHEY FORTRAN P11L·EM116 
LAHEY PERSONAL FORTRAN 77 
MS FORTRAN (DOS OR OS/2) 
RM/FORTRAN 

LIST OURS 

245 185 
2'5 189 
1•5 109 
595 455 
595 459 
345 279 
159 IH 
395 318 
295 241 
650 523 
395 CALL 
250 172 
500 363 
7SO 5119 
195 CALI.. 
•95 CALI.. 
495 CALL 
990 CALL 
595 539 
995 899 
795 719 
249 222 
795 699 

477 431 
695 6%9 

95 86 
4SO 2Jl5 
595 471 

D!AGRAM 'ER OR DOCUMENT'ERProgrammer's Paradise Gives You Superb Selection, EXTEND 
FORTRAN ADDENDA 
FORTRAN ADDENDUMPersonal Service and Unbeatable Prices! GRAFMATIC OR PLOTMATIC 
MAGUS NUM.ERICAL ANALYST

Welcome to Paradise. The microcomputer software source that caters to your programming needs. MATHPAC 
PANELDiscover the Many Advantages of Paradise .. : SPINDRIFT LIBRARY 

FORTRAN LIBRA.RIES/UTILITIES 

• Lowest price guaranteed • Huge inventory, immediate shipment 
• Latest versions • Knowledgeable sales staff 

386SOFTWARE 
386·TO·THE·MAX 75 66 
ADVANTAGE 386 C OR PASCAL 895 839 
DESQVIEW 130 115 
FOXIIASE + 1386 595 •59 
HIGH C·386 895 839 
MICROPORT DOSIMERGE 395 30 
MICROPORT 

SYSTEM V/386 (COMPLETE) 799 679 
RUNTIME SYSTEM 199 169 

MS WINDOWS/336 195 130 
NOP C OR FORTRAN°Jll6 595 553 
PC-MOS 336 CALL CA LL 
PHARLAP 3861ASMILINK •95 02 
PHARLAP 3361ASWLINKLOC 695 595 
Pl!ARLAP 386 DEBUG 195 157 
PROFESSIONAL PASCAL 895 839 
SCOXENIX 

SYSTEM V 386 <COMPLETE> 1595 12711 
OPERATING SYSTEM 695 &119 
VP/IX 

2 USER •95 399 
UNLIMITED 995 199 

VM/386 245 182 
X·AM 595 Ml 

ADA 
Al.SYS AOA (WIMAINTENANCE) 3655 3399 
ALSYS ADA TOOLSETS 995 929 
ALSYS 386 ADA 3655 3399 
JANUS ADA 'JET SET' 99 90 

0 ED0 PACK 395 382 
"D' PACK 799 754 

APL 
APL0 PLUS PC 595 09 
APL•PLUS PC TOOLS 295 205 
POCKET APL 95 80 

Al/LISP
MULISP-87 INTERPRETER 300 199 
MULISP·87 INTERPICOMPILER 400 262 
PC SCHE~lE 95 86 

AllPROLOG 
ARITY PROLOG INTERPRETER 295 232 

COMPILER ANO INTERPRETER 650 57• 
STANDARD PROLOG 95 80 

COGENT PROLOG COMPILER 200 181 
TURBO PROLOG LOO 69 

TURBO PROLOG TOOLBOXES 100 69 

ASSEMBU:RSILINK&RS 
ADVANTAGE DISASSEMBLER 295 219 
ASMLIB 149 127 
MS MACRO ASM (DOS OR OS/2l 150 99 
OPTASM 195 172 
PASM80 195 115 
PLINK86PLUS 495 279 
VISIBLE COMPUTER 80286 100 90 

BASIC 
DB/LIB 139 121 
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PLASH-UP 89 80 
MACH 2 7(> 66 
MS BASIC COMP. 6.0 COOS OR OS/2) 295 189 

99 69~gA~~ICKBASIC 99 90 
QUICK PAK 69 80 
QUICK·TOO l.S 130 111 
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TURBO BASIC 100 69 
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AZTEC C COMMERCIAL SYSTEM 499 CALL 
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LATTICE C 500 272 

WJSOURCE 900 499 
MICROSOFT c coos OR osm 450 235 
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QUICK C 
TURBO C 
WATCOM C 

CINTERPRETERS 
C-TERP 
C.TERP FOR TURBO C 
INSTANT C 
RUNIC 
RUNIC PROFESSIONAL 
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1145 899 
9SO 7U 
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SUPPORT 
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SUPPORT 
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WISOURCE 
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METAWINDOW 
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LINT 
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PRE·C 

MODULA·2 
LOGITECH MODULA-2 
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DEVELOPMENT SYSTEM 
TOOLKIT 

SOLID B+TOOLBOX 
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WIUTILITIES 

OPERATING SYSTEMS 
MICROPORT: 

286 DOS MERG E 
SYSTEM VIAT 

RUNTIME PACKACE 
SOFTWARE DEV. PACKAGE 
TEXT PREPARATION rACKAGE 
UNL IMITED LICENSE KIT 

UST OURS 
DATABAS&COMPILERS 
CLIPPER 
DB FAST 
FORCE Ill 
FOXBASE + 
QUICKSILVER 
R:TUR.BO 

DBASE·TOOLS 
APPLICATIONS PLUS 
DBASE Ill PLUS 
DBASE TOOLS FOR C OR PASCAL 
DBFAST 
DEBUG Ill 
FOX TOOL BOX 
FRIENDLY FINDER 
GENIFER 
GENIFER SOLUTIONS 
Hl ·SCREEN XL 
QUICK ENTRY 
R&R 
REPORT PLUS 
Sll.VF.RCOMM LIBRARY 
SQUISH 
THE DOCUMENTOR 
TOM RETTIG"S LIBRARY 
UI PROGRAMMER 

DEBUGGERS 
ADVANCED TRACE·86 
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C-SPRITE 
DEBUG Ill 
PERISCOPE I 
PERISCOPE II 
PERISCOPE ll ·X 
PERISCOPE Ill 8 MHZ 
PERISCOPE Ill 10 MHZ 
PFIX 86 PLUS 
TDEBUG PLUS V. 4.0 

WISOURCE 

ADVANC ED NORTON UTILITIES 
BACK-IT 
COMMAND PLUS V. 2.0 
DISK OPTIMIZER 
FANS! CONSOLE 
FASTBACK 
FAST FORWARD 
FETCH 
MACE UTILITIES 
NORTON COMMANDER 
NORTON UTILITIES 
PC TOOLS DELUXE 
PDISK 
Q·DOS II 
VFEATURE 
Vl'EATURE DELUXE 
X TREE PRO 

EDITORS 
BRIEF 

W/DBRIEF
CVUE WISOU RCE 
EDIX 
EMACS 
EPSILON 
FIRSTIME !Cl 
KEDIT 
LSE 
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MULTJ.EDIT 
NORTON EDITOR 
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Pl EDITOR 
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SPF/PC 
VEDIT PLUS 
XTC 
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SCO: 
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 PASCAL COMPILERS295 269 
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TURBO PASCAL DEV. LIB. 395 2U 

167 119 TURBO PASCAL ADD-ONS 
395 282 ASCII TURBO GHOST WRITER 
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http:S0.60.80
http:R:TUR.BO


LISTOUHS LIST OURS LIST OURS LIST OURS 

AZATAR DOS TOOLKIT 99 86 ADVANTAGE VCMS 379 ADDITIONAL PRODUCTS SCREEN STAR 99 85 

DOS/BIOS 4t MOUSE TOOLS 75 10 LMK 195 "' 141 CROSS REFERENCE GENERATOR 50 39 WISOURCE 198 169 
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TURBO ADVANTAGE so 45 TEXT MANAGEMENT UTILITl£S 120 89 MS BASIC INTERPRETER (XENIX) 350 Ht '" TURBO ADVANYAGE COMPLEX 90 80 TR EE DIAGRAMMER 77 70 MSC COMPILER (DOS OR OS/2l 450 285 

TURBO ADVANTAGE DISPLAY 70 66 
 MS COBOL COMPILER 700 452 

TURBO.ASM 99 70 
 FOR XENIX 995 10BLAJSETURBO ASYNCH PLLS 129 IOI MS EXCEL '95 321ASYNCH MANAGER (CIPASCAL) 175 IS7 
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TURBO PASCAL TOOLBOX.&S MS M!DOS OR OSl2J 150TURBO ASYNCH PLUS 129 IOI
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SOFTCODE 195 119 LATTICE RPG 11 DEV. SYS. 1400 lilt 

RPG II COMPILER 7SO '21 FOR XENIX 815 U9
VITAMIN C 225 182 ESSENTIALRPG II SEU 250 199 MS QUICK BASIC 99 II

VC SCREEN 99 80 RPG II SORT MERGE 250 IH BREAKOUT DEBUGGER 125 89 MS QUICK C 99
WINDOWS FOR C 195 lit 
WINDOWS FOR DllTA 295 zn RPG II SCREEN DESIGN AID 350 SOI C UTILITY LIBRARY 185 !ZS MS SO RT 195 llW " MASTER FORTH IZS 115 COMMUNICATIONS PLUS 250 199 MS WINDOWS 99

WISOURCE 590 '79 PC FORTH ISO 109 ESSENTIAL COMMUNICATIONS 185 IZS MS WINDOWS DEVELOPM ENT KIT 500 Ht " PERSON/IL REXX 125 JOI ESSENTIAL GRAPHICS 299 2H MS WINDOWS/386 195 130 

SOURCE CODE MAINTENANCE PLL86 7SO 675 ,.RESIDENT_C•/ 99 H MS WORD 450 2&5 
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·Discover the power ofMicrosoft's new OS-2 languages 
Introducing five new language versions, a new "smart" programmer's text editor, and an 

enhanced version of CodeView debugger plus a Programmer's Toolkit. Each designed for OS/2 

development with support for DOS. All languages include the new reconfigurable editor, 

CodeView which now debugs programs up to 128MB, the ability to ... DSO'ft® 

break the 640K barrier, support for protected and real mode programs, mfC:I 

plus more ... 


OS/2 Programmer's Toolkit C Optimizing Compiler/5.1 
Provides documentation and special utilities for development of OS/2 Produces the fastest code available on a PC. In-line code generation, 
applications. Contains three reference manuals for a complete description removal of invariant code from loops, automatic register allocation and 
of system functions, structures, and file fonnats . Includes two free hours of constant folding. Integrated QuickC for quick compilation and prototyping. 
support via Microsoft's electronic-mail product support system. List: $450 Ours $285 
List: $350 Ours $229 

Macro Assembler/5.1 Basic Compiler/6.0 Simplified segment directives allow easy program and subroutine setup. 
New compiler offers: extensive math and customizable runtime libraries, Assembly rate of 25,000 lines per minute. Special constructs make the 
selective library linking, user defined event trapping, and inter·module error writing of a mixed language routine as simple as identifying the calling 
handling. Advanced language features such as user defined types, recur language and the parameters to be passed. 
sion, and huge arrays. QuickBASIC and enhanced CodeView integrated. List: $150 Ours $99 
List: $295 Ours $189 

FORTRAN Optimizing Compiler/4.1
Pascal Compiler/4.0 Extensive math options, memory model support, and outstanding code 
Now bolstered by CodeView for quick and efficient debugging. Ability to optimizations. New incremental linker. Full and complete implementation of 
compile any standard ISO or ANSI program. Meet target requirements the ANSI 77 FORTRAN standard. CodeView debugging. GSA-certified, 
with your choice of math options. Link and edit with greater efficiency with error free. 
new incremental linker. List: $450 Ours $285 
List: $300 Ours $189 
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APPLICATION REVIEWS 


D 
Two Mac Databases 

Double Helix 11 and 4th Di 
mension are two of the leading 
heavyweight contenders in the 
Macintosh database arena. 
Both are relational database 
systems that let you link multi 
p Ie files of records . With 
these systems, you can set up 
customized turnkey database 
management applications. In 
fact , you can do almost any
thing you want in designing 
customized database applica
tions on the Macintosh. 

Despite these similarities, 
Double Helix II and 4th Di
mension have very different 
personalities. Helix is one of 
the most visually oriented 
databases available for the 
Mac. You don 't have to type in 
instructions for anything; in
stead , you move icons around . 
This has been Helix 's trade
mark since its introduction 
back in the days of the first 
128K-byte Macs. 

At that time, Helix was a 
cute but limited program that 
couldn ' t even do subtotals . 
Now it has matured , and it still 
has an abundance of icons per 
square inch of computer 
screen . It also has all the 
heavyweight features most 
users need , except for a proce
dural programming language 
and a built -in graphics 
generator. 

There is nothing " cute" 
about 4th Dimension . If you 
prefer to build your custom 
applications with a sophisti 
cated Pascal-like program
ming language, then 4th Di
mension is currently the 
stand-out choice among Mac
intosh databases. If, however, 
you don' t want to program, 
then Double Helix Il easily 
and comfortably supplies you 

Go Toe-to-Toe 

Charles Spezzano 

An icon-operated and efficient 


Double Helix II differs from a powerful 


and sophisticated 4th Dimension 


With Double Helix II (top) , you use icons to create a 
database. With 4th Dimension (bottom), you can link two files. 

with the capability to create 
your customized relational 
application. 

Double Helix II 40 
Odesta Corp. offers Double 
Helix II version 40 for $595 . 
The program comes on two 
3 Yl -inch floppy di sks and 
runs on a Mac Plus with l 
megabyte of memory and a 
hard disk drive. 

Helix has fans like the Mets 
have fans. Even when Helix 
had flash and potential , but 
little power or real business 
capability , users still loved it. 
Now, Double Helix II is an 
easy-to-operate but versatile 
program for the serious user 
who prefers to create data
bases in a graphics develop
ment environment by using a 
palette of icons rather than tra 
ditional programming. 

What ' s called a file of 
records in other programs is 
called a relation in Double 
Helix II . A collection of rela
tions is a multifile database. 
When you open a new rela
tion , you are provided with a 
palette of seven icons. These 
icons represent the tools that 
you use to create the relation's 
structure. 

Once you open and name a 
relation , you can create a field 
by dragging a Field icon out of 
its icon " well . " Double Helix 
II handles five different types 
of data fields: text, number , 
date, flag (true or false) , and 
picture (screen image of any 
sort). ln addition to setting the 
type of field that you create, 
Double Helix II also provides 
a format button that lets you 
specify the exact output for
mat of a number, date, or 

continued 
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TWO MAC DATABASES GO TOE-TO-TOE 

Double Helix II 40 4th Dimension 1.0 

flag, and a validate bunon that lets you set 
restrictions on the information entered 
into this field. 

You don't have to specify a length for a 
field (see table 1). Double Helix II allows 
up to 32,500 characters per field, but it 
does not allocate a fixed amount of space. 
Rather, it allocates only the space you 
actually use when entering data into that 
field for any record, even if that space 
differs from record to record . 

Once you create fields, you design a 
form so that you can enter, view , and ma
nipulate the information they will con
tain. You build applications on forms by 
manipulating icons that represent each 
element or data-management activity, 
such as a value, a calculation, or a selec
tion process. 

With Double Helix II, everything you 
do with your data requires a fonn . You 
will need data-entry forms, report forms, 
mailing-label forms, and so on. Helix 
doesn't have separate components, such 
as a report generator that has different 
procedures that you must learn for each 
component. You use Template icons ex
clusively for fonn design. 

You use View icons to enter and view 
data. For this process, you simply drag 
and name a View icon, select the Tern
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plate you wish to use, pull down the view 
menu, and select Show Fonn. The form 
you created in the Template icon is now 
displayed and ready for data entry . When 
it's time for your first report, you drag 
and name a new Template. Then, as with 
the data-entry form, you can custom de
sign a report form, or you can use a 
Quick command to automatically gener
ate a columnar report . 

You can design fields to display and 
print in a variety of fonts, sizes, and 
styles. Double Helix II can index the 
fields to let you view records in a particu
lar order and to help speed up the retriev
al of information. To build an index , you 
use the Index icon. Essentially, you name 
the index and drag the field to be indexed 
to the top of a field list. A dialog box 
shows you that your index is being built, 
and also how much of the process re
mains to be completed. 

You can join separate fields of infor
mation, such as first name and last name, 
with a calculation. To do this, you use the 
Abacus icon. In this case, you might 
name the Abacus icon "Full Name." 
When you double-click on the Full-Name 
Abacus icon, a window opens with ob
long icons along the left-hand side. These 
are the famous Helix Calculation Tiles 

that let you visually program instead of 
using a programming language with its 
syntax protocols . You can also use tiles 
for complex calculations involving num
ber fields; the procedure is similar and 
just as simple. 

The next icon you might use is the User 
icon, which lets you create personalized 
custom menus for other people using 
your application on a single workstation 
or a multiuser network. Once you name 
the User icon and double-click on it , a 
window appears with the necessary eJe
ments for creating custom menus either 
manually or automatically . The auto· 
matic procedure assigns all the View 
icons to the menu. 

To further customize your application, 
you can assign keyboard command 
equivalents to your menu choices. To do 
this, you simply click on and drag a num
ber or lener from an on-screen keyboard 
at the bottom of the custom menu window 
and place it on top of the appropriate 
menu choice. Other icons add further 
power and flexibility to your use of an 
application. 

Key New Features 
Posting is the most eagerly awaited new 
feature of Double Helix II, especially by 
users of Helix accounting applications. It 
has been given its own icon on the Helix 
palette. Basically , posting refers to 
a database's ability to automatically 
change previously stored data in response 
to information that is being entered. 

More specifically. the posting function 
automates data management in three 
ways: It provides an automated method 
for changing the information in stored 
records; it lets you change data simulta
neously in more than one record and 
more than one relation; and it provides a 
method by which you can create more 
than one new record by simply pressing 
the Enter key. 

In day-to-day business use, here's 
what this means. With posting, you can 
automate tasks such as maintaining run
ning totals and global replacing or updat
ing of data either in muJtiple records in 
the same file or in multiple files . You can 
also generate audit trails, enter informa
tion that you cannot view or access on the 
entry fonn, or tag printed or dumped 
records. 

Double Helix II offers increased pro
tection against data loss and unlimited 
personalized custom menus and fonns for 
each user. Other features include faster 
printing; page numbers for reports; 
"inert" (temporary) fields into which 
you can enter data for calculations 
without having to store it; nonselectable 
rectangles that protect against tampering 
with the values in specified fields; storing 

Type 

Relational database manager 

and applications developer 


Company 

Odesta Corp. 

4084 Commercial Ave. 

Northbrook, IL 60062 

(312) 498·5615 
(800) 323·5423 

Format 
Two 3V2-inch floppy disks 

Hardware Required 
Macintosh Plus with 1 megaby1e of 
memory and a hard disk drive 

Language 
Not available 

Documentation 
425·page User's Guide 
367-page Reference Manual 

Price 
$595 
$395 for the Double Helix II multiuser kit 

Inquiry 891 . 

Type 
Relational database manager 
and applications developer 

Company 
Acius Inc. 
20300 Stevens Creek Blvd. 
Suite495 
Cupertino, CA 95014 
(408) 252-4444 

Format 
Four 3V2·inch floppy disks 

Hardware Needed 
Macintosh Plus with 1 megaby1e of 
memory and a hard disk drive 

Language 
Pascal 

Documentation 
204-page Tutorial 
367-page User's Guide 
172-page Programmer's Reference 
268-page Command Reference 
Utilities and Developer's Notes 
Changes and Enhancements booklet 

Price 
$695 
$295 for run-time version with four disks 

Inquiry 892. 
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or printing page set-ups; dump and load 
parameters; shade defaults ; shade invalid 
fields; and data validation. A new Object 
Manager makes working with large num
bers of icons and other. objects more 
efficient. 

You can use a Revert command to dis
card changes and reopen the original col
lection. Helix offers icon well labels, a 
duplicate suppression/previous tile that 
eliminates repeating identical entries in a 
list and blanks out subsequent repeating 
columns, and over 20 new Abacus tiles, 
including those for date and time manipu
lation . A new "Why?" menu, which 
works with the new data validation fea
tures, explains why the data you enter 
does not meet the criteria previously 
specified. 

For small business owners, managers, 
and professionals, Double Helix II 
provides a good combination of power 
and flexibility, plus ease of use and a 
short learning curve. Even new database 
users will be able to build custom appli
cations. By contrast, experienced data
base programmers will probably be dis
tracted by the new visual development 
environment in which they will find 
themselves. 

4th Dimension 1.0 
This new program from Acius comes on 
four 3~-inch floppy disks and runs on a 
Mac Plus with I megabyte of memory 
and a hard disk drive. 

Few Macintosh software packages 
have been as eagerly awaited or given as 
much fanfare as 4th Dimension. It has 
been heralded as the greatest French im
port since the Statue of Liberty . For the 
most part, this is one time when all the 
clamor may be justified. 

4th Dimension brings to the Macintosh 
world the first database that maintains a 
familiar Macintosh graphics-oriented in
terface while also offering a combination 
of multiuser Appletallc support, a tradi
tional Pascal-like programming language 
for applications development, and a host 
language interface for creating modules 
externally in Pascal, C, or 68000 assem
bly language. 

For veteran application developers 
coming to the Macintosh with program
ming experience on other systems, these 
features will eliminate the necessity of 
learning new methods, such as Helix's 
icon manipulation. For novice users , 
such a complex system will present some 
difficulties. 

4th Dimension is divided into three en
virownents: design, user, and custom. 
The design envirownent contains five 
editors: structure, layout, procedure, 
menu, and password. You can use these 
editors to develop files; fields within each 

Table 1: Although 4th Dimension is a robust program, Double Helix II has 
unlimited capabilities. 

4th Dimension Double Helix II 

Flies per database 99 Unlimited 

Fie Ids per me 51 1 Unlimited 

Records per flle 16,000,000 Unlimited 

Total llnks Unlimited Unlimited 

file; relationships between files; input, 
output, and dialog layouts; procedures 
(programming); custom menus; and 
password security. This multiwindow de
sign environment lets you switch quickly 
between the five available editors . 

The user environment comes into play 
once you've designed a database using 
the design environment editors-a pro
cess in which you can enter data and test 
the layouts and procedures you have 
created. You can view and print data 
through input and output layouts, create 
standard reports and eight types of 
graphs, import and export data, set an 
ASCII map (a character translation 
table), execute procedures, print mailing 
labels, and search and sort records . 

When I used 4th Dimension 's search 
and sort method, I found that it required 
fewer steps and was more self-evident 
than Helix 's Query icon method. Helix 
does offer a simple "quick query," but 
this method restricts you to three search 
criteria: "starts with ," "contains," and 
"is found within." 

The user envirownent also contains 
database functions that let you do the fol
lowing: enter data without customizing 
the database; test portions of your appli
cation as you develop them; use the ge
neric user-interface for ad hoc queries 
and database maintenance; and check the 
design and placement of layouts and dia
log boxes. 

Ifyou decide to go all the way to a turn
key application, the custom environment 
lets your application run like a stand
alone program with its own pull-down 
menus, password protection, and a run
time version (read-only database) that is 
available separately for $295 with four 
disks in the package. The run-time ver
sion only implements an application that 
has been designed with the full version of 
the program. It does not let you change 
the structure of the database. 

Five Editors 
With this overview of the three major en
vironments in mind, you can now take a 
closer look at the five editors available 

within the design environment. The 
structure editor lets you create files, as
sign fields and field types, and create 
links between files . In the structure win
dow , the entire database is visually repre
sented, with the fields of each file 
contained in a rectangle. 

There are eight types of fields: alpha
numeric (2 to 80 characters); text (an 
editing environment that provides scroll
ing and word wrap and accepts up to 
32,767 characters); real numbers; short 
(16-bit) integers; long (32-bit) integers; 
date; pictures; and subfile. A subfile field 
is actually a file attached to an individual 
record . Subfiles can have up to 32,767 
records, each record having as many as 
511 fields . Subfiles nest to five levels . 

You may give each field any of six 
available data- and error-checking attri
butes: mandatory , display only, can't 
modify, indexed, unique, and standard 
choices. The standard choices attribute 
lets you create a list of prepared entries , 
from which you can pick when you enter 
data . 

The layout editor is the second of the 
five design environment editors . Layouts 
are similar to Helix forms, but 4th Di
mension provides more drawing tools to 
create them . 

You can select a standard layout from 
eight choices or custom design an input 
or report format . You select fields to be 
included in each layout as well as create 
Macintosh interface tools such as check 
boxes, scrollable areas, buttons, graph 
areas, and any variable you want to in
clude on the layout. You can include 
displays of layouts from other files or 
fields from linked files. You can also 
display formats for dates, numbers, and 
variables. 

The procedure editor brings you into 
contact with 4th Dimension's full-fea
tured, Pascal-like programming lan
guage. You can use either the flow chart 
or the listing method for writing proce
dures. You use the procedure editor to 
write and modify global procedures for 
use as menus, commands, and subrou

conrinued 
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Table 2: Except for the "load sample file" test, 4th Dimension was 
significantly faster than Double Helix II. All times are in minures:seconds. 

4th Dimension Double Helix II 

Load sample flle 39:08 13:20 

Search for last record 1:45 4:45 

Search for nonexistent record 1:20 4:50 

Index • fleld 2:55 6:07 

tines, or to create layout procedures that 
control processing for a specific layout 
(e.g . , input, output, or dialog). You can 
also use it to create file procedures for 
controlling files. 

You use the menu editor to create cus
tom menu bars and menu command 
choices. 4th Dimension's menu editor is 
similar in capability to Helix's custom 
menu features. 

The final editor, password, provides 
the capability of creating a multiple-level 
password system that can control access 
to the design and user environments as 
well as protect menu bars, titles, and 
items. There is one drawback, however, 
to 4th Dimension's password scheme: it's 
an either/or system. Either users can get 
into a particular layout or they can't. By 
contrast, Double Helix II lets you further 
specify exactly what you can do with a 
particular layout once you've accessed it . 
On the plus side, though, 4th Dimen
sion's password system keeps track of 
how many times you use each password, 
and the date when you used it last. 

In my opinion, this is the premiere 
Macintosh application development tool 
for experienced programmers. No other 
program looks and feels like a graphics
oriented Macintosh package, while at the 
same time giving veteran programmers 
the procedural language, host language 
interface, and multiuser AppleTalk sup
port with which they can create a large
scale, completely customiud database 
application. Many users, however, will 
be in over their heads trying to develop 
complete turnkey applications with this 
version of 4th Dimension. The company 
promises that a future version will pro
vide pop-up menus and similar tools for 
nonprogrammers. 

Linking Flies: A Comparison 
With both 4th Dimension and Double 
Helix II, you use the mouse to link files. 
You link two 4th Dimension files by 
drawing a line between the linking fields, 
or from a field in one file to another file 
of records, which will become a subfile 
of that field. When you later create the 
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layout for a file, you can include data 
from any linked file. 

4th Dimension automatically writes a 
layout procedure program that moves the 
data between the linked files. You can 
modify these programs with the proce
dure editor or use that editor to create 
your own procedures to work with linked 
data. You might find managing file links 
with 4th Dimension difficult, depending 
on your skills in writing these programs. 

Double Helix Il links are for looking 
up data in or posting data to another file. 
You can create these links by dragging 
objects into the blank spaces on tiles or by 
specifying in a dialog box what you want 
placed into the spaces. A subform link, 
which provides a means to display a list of 
data from one file within the form of an
other file, is created in the file containing 
the data and is then brought into the form 
where it will be displayed. This proce
dure is perhaps the most tedious in Helix 
and involves approximately 20 separate 
steps, including creating an Index , a 
Template, and a View icon. 

Lines and arrows show the links be
tween files. These links must be set dur
ing the design process-a disadvantage 
compared to Double Helix's Look Up 
tiles, which let you, while working in one 
file, retrieve data from another file 
without the necessity of a predesigned 
link. With 4th Dimension, if you realize 
after the fact that cross-file data retrieval 
requires a link you had not created, you 
must go back and modify the design of 
the database. 

Making Comparisons 
I ran BYTE's benchmark tests on these 
two programs on a Macintosh 512E that 
had been upgraded to 1 megabyte of 
RAM with a Dove 524S MacSnap mem
ory board and SCSI port upgrade. At
tached to the SCSI port was a Nova 30 
hard disk drive from Micro Tech. 

Except on the initial task of importing 
a 1660-record file, 4th Dimension was 
significantly faster than Double Helix II 
(see table 2) . It performed searches and 
built an index three to four times faster 

than Helix did. These results strong.ly 
suggest that, in day-to-day use, 4th Di
mension will prove to be a speedier per
former than Double Helix II. 

The 1660-record ASCII file I imported 
into both Double Helix II and 4th Dimen
sion consisted of 15 fields per record. 
Helix took 13 minutes, 20 seconds to 
complete the importing process while 4th 
Dimension completed it in 39 minutes, 8 
seconds. 

I then asked both programs to search 
an unindexed field for the last record in 
the file. Helix found and displayed the 
record in 4 minutes, 45 seconds. 4th Di
mension did it in 1 minute, 45 seconds. I 
conducted a search for a nonexistent 
record, again on an unindexed field . He
lix took 4 minutes, 50 seconds, and 4th 
Dimension reported back in 1 minute, 20 
seconds. 

When I indexed the Last Name field in 
each database, Helix took 6 minutes, 7 
seconds, and 4th Dimension took 2 min
utes, 55 seconds. Both programs com
pleted searches on the indexed field too 
fast for me to record on my stopwatch. 

And the Winner Is? 
These two programs are excellent choices 
for building custom database applica
tions, because they both make good use 
of the Mac interface, they have all the fea
tures needed to create a turnkey system, 
and there are so few toe-to-toe competi
tors currently available for the Mac. Your 
selection of one or the other may rest 
largely on whether or not you prefer to 
build those applications through the 
visual object-oriented Double Helix II 
method or with 4th Dimension 's tradi
tional programming language. 

Other Macintosh database application 
development programs face stiff compe
tition from these two programs. They 
both create applications that make good 
use of the Macintosh interface. They both 
provide multiuser access. 4th Dimension 
also steals the high-end programming 
show from dBASE Mac with smoother 
search and sort methods, multiuser ac
cess, and a host language interface. 

In spite of the excitement over the ap
pearance of 4th Dimension in the U.S., I 
still prefer Double Helix II for my own 
database needs. That's because I am 
among the user category of small busi
ness owners, managers, and profession
als for whom programming is an unwel
come chore. Many full-time program
mers, however, will be waiting with open 
arms for 4th Dimension. • 

Charles Speu.ano, ofDenver, Colorado, 
is the author of "Database Managers" in 
BYTE's Applications Software Today 
(Summer 1987). 
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Microsoft.Pascal 4.0 Microsoft. BASIC 6.0 

The people who co-developed the indus
try's most powerful personal computer 
operating system are now proud to announce 
programming lan~ages to match. 

Introducing Microsoft® Macro ~embler 
5.1, C 5.1, Pascal 4.0, FORTRAN 4.1 and 
BASIC Compiler 6.0. 

Five industrial-strength, stand-alone lang
uages that combine the implementation 
flexibility you've enjoyed under MS-DOS\!!! 
(which. of course, they still support) with the 
advanced capabilities you've anticipated 
from OS/2. 

Capabilities such as the ability to develop 

Microsoft.C5.1 
( ~ rtm11 _· 111 • ( ,., '/ lf lo 

large, sophisticated applications which go 
beyond the 640K barrier, taking advantage 
of up to 16MB of RAM, and utilizing the 
potential of today's microprocessors. 

Just like their MS-DOS predecessors, 
these five new languages are equipped with 
powerful, professional features you work 
with, not around: 

Support of direct calls to the operating 
system, and inter-language calling for mixing 
multiple languages on the same project. 

Access to OS/2 system calls and a full 
complement of utilities, including an 
incredibly fast incremental linker and the 



Microsoft.FORTRAN 4.1 

Microsoft.Macro Assembler 51 

first protected mode programmer's editor 
that works equally well in real mode. 

Microsoft CodeView~our popular, 
advanced debugger that lets you untangle 
program logic at the source code level, no 
matter what code you're using. 

(It even lets you debug protected mode 
programs up to 128MB of virtual memory, 
and larger programs than ever before in 
real mode.) 

As the perfect complement to our new 
languages, we're also offering the Microsoft 
OS/2 Programmer's Toolkit. 

It contains a parameter-by-parameter 

breakdown of all OS/ 2 system calls and 
samples to get you started. 

All the tools you need for turning out 
larger, more powerful, more complex OS/ 2 
applications. 

(And, incidentally, all the tools we rely on 
for creating our own commercial software.) 

For the name of your nearest Microsoft 
professional languages dealer, simply call 
800-541-1261, Dept. B96. 

Ask him for some more information on 
our OS/ 2 family. 

He'll show you some languages you can 
really swear by. 

Microsoft . MS-DOS and Code View are re11istered trademarks of Microsofl Corporation. 



I The Norton On·Llne Program· 
I mer's G uide for OS/2 API is the first 

complete on-line manual for OS/2 I programming. 
I Instead of thumbing through pages 

of documentation, it's all there at I your fingertips with a few simple
I keystrokes. 

Normally it costs $150,but it's yours I free when you acquire the Microsoft 
I 	 OS/2 Programmer's Toolkit and one 

of the high level languages listed opI posite (an upgrade is fine) . 
I 

IHBmN
GUIDES 


Please send me my free copy of 
the Norton Guide for OS/2 API. 
I enclose a copy of my dated sales 
receipts and my registration cards:

The high level language I have 
licensed is (please check): 
0 Microsoft C Optimizing Compiler 

5.10. 
0 Microsoft FORTRAN Optimizing 

Compiler 4.10. 
0 Microsoft Macro Assembler 5.10. 
0 Microsoft Pascal Compiler 4.00. 
0 Microsoft BASIC Compiler 6.00. 

I 	 Redeem to: Norton Guide for OS/2 API offer, Microsoft Corporation, 13221SE26th, Suite L,BeUevue, WA 98005. 

I 	 Name=~~~~~~~~~~~~~~~~~~~~~~ 
I Address=-~~~~~~~~~~~~-------~ 

I City: State: Zip: ____ 

I Daytime telephone: ( ) ~- .....~. I

I 	 ll you have any questions about this offer,call (800) 426-9400. ln WA,(206) 882-8088. 896 mK:l~ll I 
•Registrution cards are nol required for upgrades. This offer is only valid in !he SO Uoi1ed States. h t~ not valid with any other offers. 
and is effe¢1ivc only for purchases from 4/1/88 through 6/ .'.!0188. The coupon must be redeemed by 7/31188. Please allow 4-6 weeks {or delivery. ·------------------------------~ 




DOUBLE THREATS TO LOTUS 1-2-3 

Double Threats to Lotus 1-2-3 


Quattro and Surpass are two 
spreadsheet programs that, at 
least in some ways, outshine 
Lotus 1-2-3. And they do it by 
being data-compatible with 
1-2-3 worksheets. In fact, you 
could consider Quattro and 
Surpass functional supersets 
of 1-2-3 . 

But there the similarities 
end . Each program has its 
own approach to providIDg a 
better spreadsheet. Quattro 
offers an easy-to-use interface 
and a very attractive price, 
while Surpass adds features 
that let you consolidate several 
different spreadsheets. 

Quattro 1.0 
Quattro looks and feels a 
whole lot like 1-2-3. I was im
mediately able to do good 
things with Quattro without so 
much as looking at the user's 
manual. If you ' re a fluent 
1-2-3 user, you ' ll get the hang 
of thjs program in about 30 
seconds. If you· re not , it 
might take you a couple of 
hours. Quattro ' s creators de
cided not to stray too far from 
the de facto 1-2-3 standard. It 
has all the familiar Lotus fea
tures, such as block defini
tions and moves, range nam
ing , built-in functions , file 
handling , and many of the fa
miliar keystroke rhythms of 
1-2-3. But Quattro's creators 
have gone out of their way to 
make some of 1-2-3 's func
tions easier to use. 

Borland International ' s 
$247 .50 package runs on the 
IBM PC , XT, AT, Portable, 
PS/2s. and compatibles. You 

Diana Gabaldon 

place within a range of cells; Quattro and Surpass are 
this is a very powerful feature 
that 1-2-3 lacks. souped-up 1-2-3 compatibles that build 

While most popular spread
sheets let you query a dataon the spreadsheet standard 
base in some fashlon, Quattro 
also lets you assign field 
names in a query . This means 
that Quattro names cells in 
your database , accordIDg to 
labels in the first row of cells. 
You can then reference these 
field names instead of cell ad
dresses when specifying the 
criteria for your query- a 
more convenient and some
what faster way of doing 
things . The program also has 
useful features such as depen
dent minimal recalculation , in 
whlch only cells affected by 
spreadsheet changes are 
refigured. 

You can customize Quattro 
to a very sophisticated level. 
With this flexibility , you have 
a range of options: from se
lecting the most desirable in
terface to developing your 
own menu system. You can 
change either to an interface 
virtually indistinguishable 
from Lotus 1-2-3, or to a nov
ice-level menu system. 

Quattro' s graphics are 
spectacular. With this pro
gram you have the ability to 
create just about every kind of 
graph you can think of, with 
every sort of pattern , legend, 
marker, grid , and title. About 
the only thing you can't do is 
add free-form text to a graph. 
You can store a graph as an 
.EPS or .PI C file (the most 
common graphics file for

Retrieve a Quattro worksheet (top) with four keystrokes. 

Consolidate several worksheets with Surpass (bottom) . 


need 384K bytes of RAM , but more row and down arrow keys to highlight 
memory is strongly recommended. Quat your choice, Quattro displays more de
tro provides both 5 'A- and 3 1h-inch flop tails of each function on the first line of 
py disks and requires DOS 2.0 or higher. your screen. 

Instead of residmg in a two-line area at If you ' re 1-2-3 adept , you already 
the top of the screen ala 1-2-3, Quattro's know many of Quattro's capabilities . 
menu choices are displayed in pop-up Block functions (e.g. , copy, move, erase, 
windows. You press the slash key, and and name ranges) and column, row, 
Quattro's first-level function menu ap erase, file, and print are essentially the 
pears as a list of coilUlland options in a same as l -2-3's similarly named func
vertical window. As you use your up ar- tions . You can also do a search and re-

mats) for later desktop pub
lishing purposes , or you can put it in a 
PostScript file for laser printing. 

Quattro• s print functions include a Top 
Head i ng and Left Heading function; 
these are the familiar 1-2-3 Border com
mands. In 1-2-3, I always had trouble re
membering whether it was the Column or 
the Row border that showed up on the 
left. You will enjoy Quattro s more de
scriptive command names , which spell 

continued 
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Quattro 1.0 Surpass 1.01 

Type Type 
Spreadsh13et Spreadsheet 

Company Company 
Borland International Surpass Software Systems Inc. 
4585 Scotts Valley Dr. 250 Bel Marin Keys Blvd. 
Scotts Valley, CA 95066 Building F, Upper Floor 
(408) 438·8400 Novato, CA 94949 

(415) 382-8840 
Format 
Four 51/4·inch or two 3V2·inch floppy Format 
disks 8088 version with three 5V4·inch floppy 

disks or two 3V2·inch floppy disks; 
Language 80286/80386 version with one 51/.o·inch 
C and assembly floppy disk and two 3V2·inch floppy disks 

Computer Language 
IBM PC, XT, AT, Portable, PS/2s, and Modula·2 
compatibles with 384K bytes of RAM and 
DOS 2.0 or higher Computer 

IBM PC, XT, AT, PS/2, or 100 percent 
Documentation compatible with a hard disk drive, 512K 
340-page reference guide bytes of RAM, MS-DOS or PC·DOS 2.0 
440·page user's manual or higher, and a monochrome or 
1OO·page getting started guide graphics display adapter 

Price Documentation 
$247.50 650-page document with quick 

reference and quick access guides and 
Inquiry 893. reference manuals 

Price 
For single-workstation copy: $495 
For 1 O·workstation network version: 
$1995 

Inquiry 894. 

easier, faster spreadsheet formaning . 
On the down side, Quattro is a mem

ory hog. I had trouble running spread
sheets with 100 columns or more on an 
IBM XT with 512K bytes . However, the 
program will use expanded memory, if 
available. For a first-time spreadsheet 
user, Quattro is a fine choice. At a much 
lower price, it offers all of Lotus 1-2-3's 
main features plus a few extras, such as 
the ability to used.BASE files . If you're 
spreadsheet shopping, Quattro is a good 
pick. 

Surpass 1.01 
You can run Surpass Software Systems' 
spreadsheet on an IBM PC, XT, AT, 
PS/2, or 100 percent compatible with a 
5 'A- or 3 'h-inch floppy or hard disk drive, 
a minimwn of 512K bytes of RAM, MS
DOS or PC-DOS 2 .0 or higher, and a 
monochrome or graphics display adapt
er. According to the company, this $495 
package works with all RAM-resident ac
cessory programs. When I tried it with 
SideKick (version 1.56), I had no prob
lems. The package also comes with a spe
cial version of Surpass that uses the addi
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tional machine instructions of the 
80286/80386 chips for better perfor
mance and memory utilization. 

Surpass does a good job of matching or 
outdoing 1-2-3. Their user interfaces and 
general modes of operation are similar. 
Not provided by Lotus 1-2-3, however, is 
Surpass' s abilities to use both extended 
and expanded memory and to load an en
tire spreadsheet into either. 

Surpass's screen appearance is slightly 
different from that of 1-2-3. This is be
cause Surpass uses windows and pop-up 
menus . You can have several spread
sheets visible in windows simultaneous
ly, and you can concurrently summon 
and dismiss menu windows at will. 

You can open and view multiple direc
tories and disks with this spreadsheet's 
Visual File Manager, and you can view 
and graphically traverse the disk's direc
tory tree . You can sort file lists by name, 
extension, size, DOS order, or time 
stamp. 

Surpass does not have Quattro' s ability 
to search and replace within a range. 
However, it does let you search a work
sheet for a text string , formula, or 

nwneric value, and for a specific con
dition, such as +A1<200. This command 
causes the program to search for cells 
containing a value ofless than 200. There 
is a separate @Replace function that will 
let you replace, append to, or delete spec
ified character strings. 

There are several nice small features, 
such as undo, zoom, automatic adjust
ment of column width to the width of the 
longest item in the column, macro re
cording (the program writes a macro by 
recording your keystrokes), and tracing 
(single-step execution of a macro so you 
can see where problems occur). You can 
keep macros in macro libraries-a feature 
that lets you use the macros with different 
spreadsheets rather than only in the 
spreadsheet where they were created. 

You can set recalculation to either 
manual or automatic . As with Quattro, 
Surpass also has dependency-based mini
mal recalculation. This means that only 
cells dependent on the last data entry are 
refigured-a process that considerably 
speeds up the recalculation function in 
large spreadsheets where changes affect 
only a few cells. More important, with 
Surpass, recalculation also runs in back
ground mode so you can continue with 
data entry or other spreadsheet functions 
while it takes place. Surpass can use the 
8087, 80287, or 80387 math coprocessor 
(not required), which, if used, increases 
recalculation speed. 

The graphics in this program are 
certainly adequate for most business 
uses. There are 21 different types of 
graphs , among them some interesting 
three-dimensional bar charts . I particu
larly liked being able to print a graph 
without having to exit from Surpass to a 
separate printing program. Quattro also 
has this feature, but it does not have Sur
pass's slide show feature, which lets you 
set up a programmed sequence of se
lected graphics screens for later viewing. 

Every new software product has one 
fearure that's supposed to really knock 
your socks off-a feature that everyone 
mentions when describing the product . 
Surpass has something it calls a "hot 
link," a feature that lets you consolidate 
spreadsheets. 

In a way, a hot link is similar to a rela
tion in dBASE ID. Just as a Set Relation 
command effectively joins two separate 
database files, a hot link joins two or 
more separate spreadsheets. Once two or 
more Surpass windows (spreadsheets) 
are hot-linked, they effectively act as one. 
And with hot links, you can build graphs 
that use data from several different 
spreadsheets . This feature is similar to 
that in the just-out NexView from ADC 
& Associates, with its distributed spread-

continued 



The new 
Hercules 
Network Card 
Plus makes put
ting a network 
into place sur
prisingly easy and 
very inexpensive. 

But since 
(remarkably enough) the 
Network Card Plus is 
also a gTaphics card, there's 
another advantage that 
may be just as significant. 

By offering advanced 
video capabilities (includ
ing Hercules' proprietary 
RamFont"' technology) on 
the same single card-the 
Network Card Plus saves you 
a slot, at the same time it 
saves you money. 

With the Network Card 
Plus, you can connect PC's 
to other PC's, Macintoshes, 
Unix-based systems, and 
expensive peripherals 
like printers. 

You can access files from 
other computers using the 
same interface you normally 
work with~ And you can ex
pand your network any time 
you like (up to 32 nodes-
more if networks are linked). 

For video purposes, the 
Network Card Plus provides 
Hercules monochrome text 
and graphics, including 
RamFont mode -which 
combines the versatility 
of graphics mode with 
the speed of text mode. 
RamFont lets word proces
sors, like WordPerfect 5.0, 
show actual italics, bold 
face, and multiple type 

styles and 
sizes. And it 
lets spread
sheets, such 
as Lotus 1-2-3, 
display more 
information on 
a screen. 

All without 
sacrificing speed. 

In short, the Network 
Card Plus 
answers 
two critical 
needs-
network
ing and 
advanced 
video. At the 
affordable price 
of just one card. 

For information -or to 
learn where you can buy the 
Network Card Plus-
call toll-free 1-800-532-0600 
ext. 402 (U.S.) or 
1-800-323-0601 
ext. 402 (Canada). 

~srculss NstworK ~ar~ rlus 

The Network and Graphics Card, unth Hercides RnmFont. 

• Requires in1UPensi<• nelW!l1king solrwaie. such as lOPS/OOS C 1988 Heicules Camput"- Ttchnology. Inc.• 921 Park er Suee' Oe1kelry. Cahlo1nia 94710. 
Techm..1Suppon 415· 570·0749, Soles 415·540· 0212 HOlcules and Ramfom are uadema1ks ol Htrcules Computet fechnology. Inc. Otlm 01odutts '" uademar sol me< <esiiectNe holdm 
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DOUBLE THREATS TO LOTIJS 1-2-3 

Table 1: On the IBM XT, 
Quanro ran somewhat faster than 
Surpass in both the Scroll and 
the Savage tests, while Surpass 
ran/aster in the R£calc test. 
Quattro, however, did poorly on 
the R£calc test. 

Savage Aeealc Scroll 

Quattro 21 .37 7 .13 37 .22 

Surpass 28.85 3.08 54.21 

1·2·3 28.90 2.44 57.67 

sheet database system. According to 
Lotus, its 1-2-3 version 3 will be avail
able this winter with a similar feature. 

The hot-link feature lets you copy a 
range from one spreadsheet to another 
with virtually the same keystrokes that 
you use to copy within a single spread
sheet. You can build a furmula in one 
spreadsheet that "pulls" values from sev
eral other spreadsheets . ff you copy that 
formula to other cells in the first spread
sheet, Surpass will copy with relative ad
dressing so that each new furmula pulls 
values from "equivalent" sets of cells. 

In effect, hot linking creates a three
dimensional spreadsheet. Not only can 
you manipulate cells horiz.ontally along 
rows and vertically in colwnns, but you 
can also work front-to-back through 
"pages" of spreadsheets. 

Unfortunately, Surpass's bot-link fea
ture is not implemented in any ofthe data
base commands. The most significant 
limitation of spreadsheets as far as data
base functions are concerned is that they 
limit you strictly to "flat"-as opposed to 
relational-database structures. 

I especially like Surpass's hot-link and 
background recalculation features. While 
Surpass' s price is comparable to Lotus 
1-2-3 's and considerably higher than 
Quattro's, the extra features and perfor
mance make it a good choice. 

Bow Do They Compare? 
The good news is that neither of these 
spreadsheets is copy-protected . How
ever, the bad news is that neither Surpass 
nor Quattro works with the multitude of 
add-in products that lately have bloomed 
for Lotus 1-2-3. Lotus's add-in manager 
allows a wide variety of these accessory 
database handlers, spreadsheet checkers, 
optimizers, and so forth to work inside 
the 1-2-3 menu interface. Surpass, 
though, has several features , among them 
its hot links, that the add-ins supply for 
Lotus (see my review "Database Man
agement via 1-2-3," May BYTE) . 
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Quattro does use SQZ!, an accessory 
data compression program from Turner 
Hall Publishing. SQZ! was originally de
veloped to work with Lotus 1-2-3 and 
other spreadsheet files but is now built 
into Quattro. With this addition to Quat
tro, merely saving a file using a special 
three-character extension compresses not 
only Quattro-generated files but any 
1-2-3 .WKS and .WKl files you may use 
with Quattro. 

I ran the BYTE benchmark tests on an 
IBM XT with 512K bytes of RAM (see 
table 1). I ran the Savage test on a work
sheet with 1000 rows consisting of a sin
gle cell containing a complex formula . 
Both the Recalc and Scroll tests used a 
worksheet made up of 100 columns and 
25 rows, where each cell is the product of 
1.001 times the cell to its left. All mea
sures for Surpass were very close to those 
for Lotus. 

Quattro was about 26 percent faster 
than 1-2-3 and Surpass in the Savage 
test-a test that is a check on time and ac
curacy-and 32 to 35 percent faster in 
scrolling. However, Quattro did poorly 
on the Recalc test, taking about 2 to 3 
times longer than 1-2-3 and Surpass to 
complete. 

Quattro comes with a perfect-bound 
reference guide, a user's manual, and a 
tutorial book called Getting Started with 
Quattro . Aside from the general in
convenience of perfect binding- the 
pages never lie flat-the books are attrac
tively laid out and logically organized. In 
terms of appearance and organization, 
the Quattro documentation is better than 
Surpass's. 

Surpass comes with a large binder that 
includes quick reference and quick access 
guides and reference sections on the 
spreadsheet and Visual File Manager. 
This spreadsheet's manual has a good 
tutorial section, and the index is ade
quate . Both programs have very good 
context-sensitive on-line help. 

Quattro is subject to at least two con
straints on technical-support access. You 
must have a disk serial number to obtain 
this perk, and it is not a toll-free call. 
Technical support for Quattro is also 
available through Borland' s special inter
est group on CompuServe. The software 
package includes a copy ofFor Quanro, a 
monthly newsletter-cum-tip-sheet for 
users. This publication is also available 
by subscription for $60 per year ($49 for 
new users). 

Surpass Software Systems provides 
free unlimited phone support (also not 
toll-free) from 9 to 5 Pacific time, Mon
day through Friday. Surpass' s phone sup
port is currently available to anyone-a 
registration number is not required . 
When I tried calling, I got through at once 

to a knowledgeable, helpful technician. 
For those contemplating a switch from 

Lotus 1-2-3, the question of compatibil
ity is especially important. Both Quattro 
and Surpass import and use 1-2-3 files. 
Surpass also imports and uses 1-2-3 
macros. Quattro also has this capability if 
the 1-2-3 interface is set, and it can read 
and write dBASE, Paradox, Symphony, 
and plain old ASCII files. 

Surpass is actually keystroke-compat
ible with 1-2-3, using the same sequence 
of keys to do similar functions . Quattro is 
not keystroke-compatible unless you re
set its "compatibility defaults" to enable 
its 1-2-3 user interface. 

In the other direction, 1-2-3 cannot 
read default Surpass files. However, you 
can save files under different extensions 
that are readable by 1-2-3. You must save 
1-2-3 version 1.0 files under a different 
file extension than version 2.0 files. 
Quattro not only reads files from 1-2-3, 
dBASE, Symphony, and others, but also 
exports Quattro-made files in any of 
these formats. 

Sum Total 
The problem is what to buy. Both Quattro 
and Surpass offer some distinct advan
tages over the present version of Lotus 
1-2-3. Specifically, Quattro comes in at a 
much lower price. At $247.50 (compared 
to $495 for 1-2-3), Quattro, with its cus
tomization possibilities, is a good value, 
though it is no speed demon. Surpass, on 
the other hand, offers the additional 
features of background recalculation, 
spreadsheet consolidation through its hot 
links, and slightly better graphics- all for 
the same price as 1-2-3. 

Those advantages may disappear , 
however, when Lotus introduces the en
hanced version of 1-2-3 . Moreover, nei
ther Surpass nor Quattro works with the 
large number of add-in products devel
oped for 1-2-3, and if you depend on any 
of those add-ins, you're also dependent 
on 1-2-3. 

Borland International worked hard to 
make Quattro "better" than 1-2-3. It may 
not be better, but it ' s very good. Surpass 
Software Systems made its hot-l ink con
cept very valuable for users, and it's also 
very good. 

So until the new version of 1-2-3 is 
ready, I recommend Surpass if you need 
the ability to consolidate several spread
sheets . Ifyou don't need that feature, you 
might consider Quattro the better buy . • 

Diana Gabaldon is editor of Science 
Software, an international journal for 
scientists who use computers, and an as
sistant research professor for Ariwna 
State University's Center for Environ
mental Studies. 



How to create high-performance programs 

without wasting your time or money 


A ""tchpolnl h.. ,.. t,ur,,d . 

s ize > e 
Ol d IM l«e .,., 8 
Heu uo luo ls LZ2 
Sp.u:e b&r wl II clco.r notice a ...tchpo lnl 

Technical Specifications
Power C Includes: Power Ccompiler wrth in egrated Make. 
Power CLinker. Power CLibraries (450 functions). the Power 
C book 1680 pages). and support !or 
..- ANSI standard v IEEE lloa11ng point

v 8087180287 coprocessorv auto - s~ns1ng of 8087180287 
v auloma11c register vanables 
v unhmlled program size 
v mixed model (near & far pointers) 
..- graphics on CGA. EGA. VGA, & Hercules 

Optional Products: 
..- Power Ctrace debugger 

v Library source code v BCD business math 

Order now by calling our toll free number or mail 
the coupon to Mix Software . 1132 Commerce 
Drive , Richardson . TX 75081 . 

1-800-333-0330 
For technical support ca ll : 1-214-783-6001 
Minimum Sysrem Requ1tements· 
DOS 2 O or rater. 320Kmemory. 2 floppy d11ves 01 hard d11ve 
Runs on 18M PC. XT AT PS '2 and compatibles 

60 day money back guarantee
Name ____________ _ 
Street _ _ _ _____ _____ 
City _ _____ _____ _ _ _ 
Stale ______ Zip ____ _ _ 

Telephone-----------
Paying by· O Money Order O Check 
O Visa D MC 0 AX D Discover 
Card # ------------
Ca rd Exp1rauon Date-------- 
Computer Name Dis Srze 

D 31h"- - ------- 0 5Vi' 
Product(s) (Nol Copy Pro1ected) s__O Power C compiler ($19.95) s__O Power Ctrace debugger (S 19.95) s_ _O library Source Code (St 0.00)

(includes assembler & library manager/ 
$__O BCD Business Math (Sl0.00) s__Add Shipping (SS USA - S20 Foreign) 
$__Texas Residents add 8% Sales Tax 
$ _ _Total amount of your order 

Powt 1 C/, f>o;o.'fi J Ctuce ltf l•Jaem;u ol Mix SortwJr' Inc 
OuJC',, C & ~·1ew •re 1ega1treo 1radtmarl.;s (ll MiCJosoll Corp 

1uroo C1s ~ 1eo1sltrtc1 ttadtma.rle of Bo•lil'ld ln1,rnatJ()n.ll 8 
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Step 1: The $19.95 
Power C compiler 
Power Cis the new ANSI compatible Ccompiler 
that runs faster than Microsoft C and has more 
functions than Turbo C . Power C combines 
high-performance software with superb docu
mentation, all for less than the price of most C 
books alone. It's your fast route to fast programs 
without the fast bucks. Compare Power Cto the 
competition and see how much time and money 
you 'll save. 

Performance/Price Chart 
(execution times in seconds) 

Power C Quick c~ Turbo C'~ 

1) fib 23 .8 53.4 26.4 

2) sieve 27 .6 43 .2 25.5 

3) tdbl 3.5 9.0 9.6 

4) diskio 13.5 14 .4 14 .3 

5) report 11.0 71 .7 60.7 

6) drystone 36 .6 41 .6 31 .8 

Compile/Link 73 .9 113.5 81.4 

EXE File Size 25120 32092 27184 

Compiler Price S19 95 $99 .00 $99 .95 

Debuooer Price $19.95 N/C NIA 

Library Source 510.00 $150 .00 $150 .00 

Total Cost S49 .90 $249 .00 $249 .95 

N;C no c~arge • NIA not aw1lable 

Benchmarks compiled using Make ulihty. command-line compiler. 


and mednim memory model 
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Step 2: The $19.95 
Power Ctrace debugger 
P ower Ctrace is the new state-of-the-art 
C debugger that makes Microsoft's Codeview 
look like old technology. Power Ctrace will reduce 
the time you spend debugging your Cprog rams 
by at least a factor of 10. With Power Ctrace. 
you 'll be working smarter instead of harder. Actu
ally, you 'll be having so much fun that it won 't 
even feel like work anymore . 

Unlike other debuggers. Power Ctrace lets you 
debug graphics programs on a single monitor. 
You can even debug programs that wri te directly 
to video memory. However. the major advantage 
of Power Ctrace is simple operation. You won 't 
waste any time trying to understand or remember 
cryptic commands. With Power Ctrace. a single 
keystroke is all it takes . Help screens show you 
which key to press and pop-up menus list your 
options . Invest just 10 minutes with Power Ctrace 
now and you'll save hours from now on. 

http:ln1,rnatJ()n.ll


Sysgen brings you the 

best buys in backup. 


$795 
60Mb QIC-File™ 
• 	Compatibility with all PCs and PS/2s TH 

(New QJC-File Plus available for 
PS/2 Models 50, 60 and 80 at $995) 

• 	Streaming tape technology with 
superior 90 I PS speeds 

• 	Dual read/write heads for simulta
neous backup and verification 

• 	QIC-File and QIC-File Plus tapes are 
fully interchangeable between PCs 
and PS/2s 

$595 
60Mb Smart lmage rM 
• 	Compatibility with all PCs and PS/2s 

(New Smart Image Plus f or P S/2 
Models 50, 60 and 80 at $795) 

• 	Streaming tape technology with 
superior 90 1 PS speeds 

• 	Dual read/write heads for simulta
neous backup and verification 

• 	Smart Image and Smart Image Plus 
tapes are fully interchangeable 
between PCs and PS/2s 

Sysgenrn gives you a lot the 40Mb Bridge-Tape TM Ask your dealer for a Sysgen 
more backup for a lot less . subsystem that 's PC and PS/2 backup system or call the 

Choose a Sysgen W' tape compatible, for total backup Sysgen hotline for more 
cartridge system or a Sysgen and data transfer flexibility. information. 
cassette tape system for all Sysgen backup systems 
your PC and PS/2 backup offer you the highest 1-800-821-2151 
needs. performance at the lowest 

Or choose other leading prices in the marketplace . 
backup products from the With the proven reliability 
complete Sysgen family, of 100,000 installed backup 
including the 120Mb Net systems. And a #1 rating by 
File TM for backing up entire industry experts. SYSGEN
Novell® networks and 	 I NC ORPORAT ED 



A SPREADSHEET FOR UNIX 

A Spreadsheet for Unix 


Although Lotus 1-2-3 has 
spawned a host of imitators, 
Q-Calc Standard is different: 
it runs under Unix. Q-Calc 
Standard is compatible with 
Lotus 1-2-3 version 2.01 , can 
use .WKS and .WK! spread
sheets, and has multiuser ca
pabilities inherent in Unix
based systems. 

Q-Calc operates under vari
ous versions of Unix System 
V; BSD 4.1 , 4.2, and 4.3; 
Xenix V; and HP..UX. It runs 
on a wide variety of hardware , 
including the IBM PC AT and 
compatibles, many 80386 ma
chines such as the Compaq 
Deskpro 386 , and many 
680x0-based systems such as 
the Macintosh II, Sun work
stations, Convergent Technol
ogies workstations, and the 
NCR Tower. Other Unix sys
tems include the IBM Rf PC, 
Honeywell Level/6, DEC VAX, and IBM 
30xx mainframes, to name a few. 

For graphics output, Q-Calc supports 
Tektronix 4014, HDS 220, and Visual 
550 terminals . It also supports some bit
mapped workstations, such as those from 
Sun . Q-Calc produces hard-copy graph
ics on PostScript-based printers, the HP 
LaserJet , IMAGEN Impress printers, the 
IBM Proprinter, and an assoronent of 
pen plotters. 

My review package came with a single 
1.2-megabyte 5 \4-inch floppy disk and a 
manual in an 8lh- by I I-inch three-ring 
binder. The clearly written and well
organized manual includes installation 
instructions, a tutorial , and a reference 
section. The tutorial is a good introduc
tion to Q-Calc, but it does not have 
enough examples on how to use Q-Calc 
commands to introduce a novice to 
spreadsheets. The reference section has a 
fairly complete index. The features and 
command set are close enough to I-2-3 
that an experienced user might not need 
the manual . 

The version of Q-Calc I used was opti 
mized for Xenix running on an IBM PC 
AT-compatjble 80386-based system and 
required 250K bytes of RAM and SOOK 
bytes of hard disk space. This package 
costs $450; versions for other systems 
sell for up to $4000 . For this review, 

Paul Schauble 

another version of Xenix. Q-Calc Standard 
Q-Calc was designed and 

written by Quality Software promises Lotus 1-2-3 compatibility 
Products and is published , 
distributed, and supported bywith Unix adaptability 
UniPress Software. The soft
ware had been repackaged by 
UniPress for various operat
ing systems, and the manual 
had not been updated. 

After installation, you must 
configure Q-Calc for the spe
cific terminal hardware that 
each user runs. This process 
identifies the functions avail
able on the screen and key
board. Each user has his or 
her own profile , which de
scribes the keyboard and 
screen in use and sets Q-Calc 
options. For example, the pro
file may specify that a Con
trol -Z is equivalent to the 
slash (/) graph view com

Q-Calc was run under SCO Xenix 2.2. I 
on an Everex 3000, a 16-MHz 80386 sys
tem with 4 megabytes of RAM , and a 
CGAcard . 

Installation Problems 
Unix software is more difficult to install 
than MS-DOS software. The IBM PC AT 
and MS-DOS standard covers not only 
the software but also most of the details of 
the hardware . An MS-DOS program run
ning on the IBM PC AT knows exactly 
what type of hardware it ' s using. In con
trast, because Unix runs on a very large 
variety of hardware, a Unix program 
must be explicitly configured for the type 
of hardware it will run on. 

The installation proved to be the most 
difficult part of this review. The installa
tion section of the Q-Calc manual gives 
specific instructions for installing the 
program on a Xenix V system. When I 
followed these instructions, the system 
displayed an error message , tar: 0 
files extract ed, from one of the Unix 
utilities. There were no other installation 
instructions packaged with the disk, nor 
any manual update. I probed the distribu
tion disk for a half hour, with the Xenix 
utilities dd, tar, and l s showing me how 
the disk is organized, and I was then able 
to complete the installation. The instruc
tions in the manual were apparently for 

mand. The profile also deter
mines printer setup, query before delete, 
and many other Q-Calc options. 

The defaults provided work well with 
many common terminals. The ANSI ter
minal model , used by Xenix for the CGA, 
and the VT-100 terminal model were us
able without specific customization. 
Other terminals may require building a 
user profile. This task is comparable in 
difficulty to making a Unix t erm info en
try. It is a job for an experienced Unix 
user or system administrator. 

Spreadsheet in Action 
The organization of Q-Calc and its com
mands and functions are almost identical 
to those of Lotus 1-2-3 version 2 .01. 
Macros work in the same way , although 
you must invoke them by a different key 
sequence than Alt-keystroke. Several of 
my macros did not work correctly be
cause a Q-Calc feature interrupted the 
macro and asked for confirmation when I 
attempted to delete rows or columns, or 
when I erased region commands. How
ever, I could disable the confirmation 
feature through the user profile. 

Also, Q-Calc provides a feature that is 
unique to Unix systems. The Lotus file 
import and export features have been ex
tended to work with Unix pipes. This lets 
you process part of a worksheet through 

continued 
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A SPREADSHEET FOR UNIX 

• Up to 16 modems on one singlc-slol plug-in card 
• Up to 64-uscr capabili ty simuluneous & in lcractive 
• Runs on any PC compatible under MS-DOS V3.X 
• User-modifiable C source code included 
• Menu-orienied operaiion 
• Complete accouniing capabi lity w/audit trail 
• Extensive SYSOP displays 
• Powerfai 1-prolectcd data 
• "Midnite-C leanup" feature 
• Full one year warrnniy on hardware 

Mega BBS applications 
on Microcomputers 

• Teleconferencing •_Insurance Claims Processing 
• Electronic Mail • Mulliple Listi ng Services 
• Fi le Upload/Download • Field Quoics 
• Order Emry • Sales Office Communications 
• Da1abase Look-up • Rescrva1ions Services 
• On-line Expen Sys1cms • SIG Confen:nces 
• Catalog Scanning • Stock Prices 
• Clas<ified Advcnising Svcs • Telephone Din:ctories 
• Educa1ion:tl Service~ • Tra,·cl Agency Services 
• Banking/Financial Services • Yellow Pages 
• Brokerage Services • Surveys/Polling 
• Customer Service •Mu Ii i-Player Games 

BREAKTHROUGH! 

Combine our single-slot card with our sophisticated 

BREAKTHROUGH software and you have aBBS that 
pcrfom1s like a mainframe on a 2861386 machine ... 
wi th only one cable coming out theback! Completely 
selr-conlaincd. with no external hardware necessary. 
the system is extremely reliable. nexible and fast. 

Successfully in use at overone hundred installations. 
BREA KTHROUGH allows up to 64 users to interact 
wi1h each other and with the system simultaneously. 
Up to 16 modems arc avai lable on one single slot card. 
Ex1ensive and growing th ird party developer support 
offers a wide variety of appl icationsfor many fields. 

Theonly way to experience our BREAKTHROUGH 
is by try ing it yoursel f. For $59.00 we' ll rush you a 
copy of The Major BBS (our multi-user Bulletin Board 
System), the C source, and a 175 page book explaining 
thesyslcm. This includes everything except thesingle
slot modem card and the low-level "device driver" 
object library package. Single slot modem cards are 
available separately in a variety of configurations and 
wilh any number of modems (up to 16) that you may 
require. 

JOS / 583 - 5990 

0GALACTICOMM 
The Leader in BBS forihc PC 

4 t01 S W 47lh Avenue , Suite IOI Fo n Loudcrdate , FL 33314 
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a-Cale Standard 

Type 
Lotus 1-2-3-compatible spreadsheet 
program for Unix systems 

Company 
UniPress Software Inc. 
2025 Lincoln Highway, Suite 209 
Edison, NJ 08817 
(201) 985-8000 
(800) 222-0550 

Format 
One 1.2-megabyte 5V,·inch floppy disk 
for the IBM PC AT version; four 360K-byte 
5V4-inch floppy disks for the AT&T Unix 
PC 7300 

Language 
c 
Hardware Needed 
IBM PC AT or compatible running a 
version of Unix with 640K bytes of RAM. 
a CGA, and a hard disk drive; AT&T 
Unix PC 7300 with 1 megabyte of RAM 
and a hard disk drive. Packaged for 
most versions of Unix or Xenix systems. 

Documentation 
428-page installation, tutorial, 
and reference manual 

Price 
For an IBM PC AT-class machine: $450 
(additional $150 for graphics) 
For an AT&T Unix P.C 7300: $750 
(additional $245 for graphics) 
Contact vendor for larger machine 
pricing. 

Inquiry 895. 

any filter program, or read from any file 
or database through a filter . A filter can 
read a database file and convert it into a 
worksheet format Most filters are writ
ten in C . Writing a filter is not difficult 
for a programmer, although the average 
spreadsheet user will probably not want 
to tackle it. 

Q-Calc uses the same file format as 
1-2-3 version 2.01 to store its own work
sheets . If you move a 1-2-3 file to Unix , 
Q-Calc can use it directly and then trans
fer it back to DOS and 1-2-3. 

I used the standard set of BYTE 
spreadsheets for the timing tests. The 
Savage spreadsheet consists of I00 rows 
by I 0 columns filled with the formula : 

@tan(@atan(@exp(@ln(@sqrt 
(l:A2)))) )+l 

where x is the previous cell in the se
quence. The final value in the sequence 
should be 1000. The Columns spread
sheet is 25 rows by 100 columns filled 
with the formula x x .100 l , where x is 
the previous cell in the sequence. The 
Scroll Right test used the Columns work
sheet and measured the time needed to 
scroll right from column 1 to column 100 
by repeated use of the right arrow key. In 
addition, I used spreadsheets from my 
previous projects to test compatibility: 
Cook's and Cook's Consolidation are or
dering worksheets that test macros and 
the ability to consol idate individual 
worksheets onto a master; Reanal does a 
rate of return analysis for a real estate 
property_ I transferred the spreadsheet 
files from DOS to Xenix via the doscp 
Xenix utility . 

The BYTE spreadsheet files executed 
successfully , but my other spreadsheets 
did not. I could load them correctly, but 
they would fail to execute on the first re
calculation. I tracked down the cause to a 
problem with the SCO Xenix floating
point arithmetic routines . When I in
stalled an 80287 math coprocessor chip 
into my computer, the spreadsheet files 
recalculated correctly. 

In working with all the spreadsheets , 
Q-Calc had a different feel than 1-2-3. 
Running under DOS, 1-2-3 provides 
nearly instantaneous response. Q-Calc 
was much slower, even with the 80287 
(see table 1). Compared to 1-2-3 running 
under MS-DOS on the same machine, Q
Calc took from I to 7 times longer to per
form most operations. If the Unix system 
serves more than a single user, Q-Calc' s 
performance will be reduced even 
further . 

Screen control was more limited than 
with 1-2-3. Although my computer had a 
color monitor, the worksheet appeared in 
white on a black background, with only 
inverse video to show highlighted areas . 
Q-Calc does not support color choice or 
use of other colors to specify highlighted 
or protected areas. Highlighting was in
consistent. At times , I would have high
lighted areas when I used the down arrow 
key but not when I used PageDown, or 
vice versa. The current cell cursor is also 
shown in inverse video . I found that oper
ations with cell protection enabled were 
confusing; it was difficult to quickly lo
cate the inverse video cursor among the 
inverse video unprotected areas . 

The standard Q-Calc keyboard assign
ments follow the 1-2-3 keyboard as 
closely as possible . The cursor keys , 
PageUp, PageDown , and most of the 
function keys have the same use in Q
Calc and 1-2-3. Some of the 1-2-3 keys, 
such as Escape and Control-right, cannot 
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~\1\ TASKING 

VM/386': The Fast 
Track To Multitasking. 
Run smart. Run efficient. Run VM/386 on your 386based 
PC and start multitasking now! o detours, no waiting, 
no runaround. 

Each VM is protected from the others. Amalfunction in 
one VM won't affect the others, but all \/Ms can share the 
same disk and other peripherals. 

Recalculate a spreadsheet , sort a database file, and receive 
your E-mail all at the same time. You can even work with 
two AutoCAD"' programs concu rrently. EGA applications run 
perfectly too-background and foreground . 

Protect your investment In software. No need to buy 
anything new. VM /386 runs existing DOS programs, 
unmodified . No PIF files required . 

Eliminate the hidden costs of retraining. VM/386 is easy to 
install , easy to learn , and easy to use. There's no new 
operating system , interface, or application to learn . 

Get on the fast track to multitasking . Call (408) 9868373 
for more information or to order VM/386. Everything else 
is just the runaround. 

System Requirements 
80386-based computer such 
as IBM" PS/2'" Model 80 or 
COMPAQ" OE.SKPRO 386~ or 
80286-b:ised com puter with 
Imel" Inboard'" 386/AT. 

One L2 Mb (S v, ")or one 3V1" 

The 
Professional 
Multlla1ker111 

mlcrofloppy disk drive. 

True multitasking. VM /386 uses the virtual 8086 mode of One hud disk drf\•e. 

the 80386 processor to create many Virtual Machines (VMs) DOS 3.0 or later. IGC 
2 Mb RAM recommended.in one computer. 4800 Great America Parkway
Supports monochrome, CGA, EGA,

You can load a different application into each VM . Each \'GA, and Hercules'" monitors. Santa Clara, CA 95054 
VM has up to 640K RAM, plus its own DOS, CONFIG.SYS, Nol cop)' pro1ec1ed. (408) 986-8373 
A TOEXEC.BAT and memory-resident programs along with 

l')l/ )$6 Is d lrridtll!fJl f t IJ{ IGC llUI u a~ lnrdt'Pffart uf /nlrrntJlit,),J1J/ RJiJllft'U >l;zc:binu Ct:JrpfmllHNrits applications. Tailor each VM to your needs. You have COJ/MI) 11n4 OES~KO )86 1irt rtguurft/ tr.illn1uJ.fll tJ{ Gtmf14'1 (omJIMln 0Jr/J'Wfl()ft /Nii U 11 "flJ/IMJ 
1fWlnft11rt ll!ld lnb&lrrl n" frMdf't'ltl1' 4 vf /rJt('{ U>Tpora1wi l ln(tdu u d Iradmu1rt of lkrtJL!.rs 0.1$pw1ncomplete control. TH~1ttJt~y AIJ/oCAD u It lr~dt'l'fa1t ef ,t uf(l(/Ht bf( 
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A SPREADSHEET FOR UNIX 

Table I: Benchmark results clearly show that Q-Calc runs slower than Lotus 
1-2-3 even with an 80287 math coprocessor chip. (All times are in seconds.) 

Environment 

Worksheet 

Xenix 
Q-Calc 
wlth80287 

Xenix 
Q-Calc 
without 80287 

DOS 
1-2-3 
without 80287 

Savage 33 150 14 

Columns 7 16 

Scroll Right 66 239 16 

be duplicated on the Xenix keyboard. All 
the commands are also available by enter
ing a Control-X followed by a letter for 
the specific command . Some users prefer 
this form for commands because it is the 
same on all terminals, while the function 
keys may be in different locations or 
missing completely. An apparent bug 
prevented me from marking a region by 
starting at the lower left comer and mov
ing up. Another bug resulted in several 
aborts with core dumps when I pressed 
PageUp. I saw this both with worksheets 
imported from 1-2-3 and with worksheets 
constructed with Q-Calc. This problem 
occurred only when operating on a color 
video card and appears to be a bug in 
SCO Xenix. Q-Calc operated correctly 
with a monochrome video card. 

[Editor' s note: To verify that Q-Calc 
does operate correctly in a Unix environ
ment, BYTE obtained another copy ofQ
Calc and installed it on an AT&T Unix 
PC Model 7300 running Unix System V. 
The Unix version ofQ-Calc had the cor
rect installation instructions. On the 
AT&T 7300 system, Q-Calc ran all the 
resr spreadsheets with no problems.] 

Graphics 
The Q-Calc Standard/Graphics package 
is priced separately from Q-Calc. Its op
eration is very similar to PrintGraph. You 
use Q-Calc to prepare and preview the 
graph and to make a graph file. This file 
is then made into hard copy using one of 
the supplied graphics drivers. AU the 1-2
3 graphics types (e.g., line, bar, and pie 
charts) are supported. In addition, Q
Calc adds a commodity chart that plots 
high , low, and closing price information 
from a stock market chart. 

The supported set of graphics display 
devices in Q-Calc is very limited. In par
ticular, the IBM CGA and EGA video 
cards are not supported in graphics 
mode. Q-Calc can draw crude graphs 
using ASCII or the IBM line-drawing 
character set. This is barely adequate for 
debugging and proofing graphs and is es
sentially worthless for presentations . 

UniPress is aware of this limitation but 
has no specific plans to remove it. In
stead, the company invites you to write 
your own device driver-not something 
the average spreadsheet user wants to un
dertake-and provides interface specifi
cations. 

Growing Pains 
This product shows a lot of potential, but 
the current version is Jacking in polish. In 
comparison with the best PC-DOS spread
sheets, Q-Calc is slow, limited in display 
versatility, and awkward to use. This 
package isn't going to make anyone rush 
out and buy a Unix system just to do 
spreadsheets . 

Almost all these limitations are the re
sult of Unix software standing at arms ' 
length from the hardware. Where MS
DOS applications have been optimized 
for performance on PCs, Unix applica
tions are optimized for portability. If you 
must use Unix, it is difficult to conceive 
of a spreadsheet program that works in 
this environment that would remove all 
these limitations. 

Still, Q-Calc has some problems . The 
lack of automatic installation procedures 
is usual for Unix software, but having to 
inspect a hex dump of the distribution 
disk is not. UniPress needs to improve its 
documentation in this area . 

The utility of Q-Calc depends on the 
environment it will be operating in. It is 
best used where other considerations dic
tate using both DOS and Unix and require 
spreadsheet use on both systems. In this 
case, Q-Calc 's similarity to 1-2-3 and its 
ability to use .WKS and .WKl files are 
major advantages that might outweigh its 
other problems. Q-Calc could be an ex
cellent product for this niche. If this 
interchangeability is not a requirement, 
then you should examine other alter
natives. • 

PaulSchaubleisanindependentprogram 
developer in Glendale, Arizona, who has 
been working with Unix-based systems 
for over I 0 years. 
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TURN-POINT AMERICA 


a} 80286 Motherboard - 12.5 Mhz 0 wait state. Norton SI 15.3. socketed for 4 Mb DRAM. 

b} 80386 Motherboard - 16 Mhz 0 wait state. Norton SI 23.0, socketed for 2 Mb DRAM.• 


c} VGA Card - 100% register compatible with mM. resolutions up to 1024 x 768 x 16 colors. 

d} Super Multi I/O - FD controller for l.44Mb thru 360k. 2 serial, 1 parallel. 1 game port. 


Sales 1-800-24 7-6413 

*Refer to the 80386 review in this issue of BYTE. Please call Tech Support (702) 786-4484 

our toll free line for distributor pricing. All of Tum-Point 
 Turn-Point Ame rica 

~clat corporationAmerica's products carry a one year parts and labor war
150 N. Center St.. Suite 224 

P.O. Box 41334 

Reno. NV 89504 


ranty. Visa, MasterCard and COD accepted. 
Circle 218 on Reader Se,,,k e Canl Telex: 650 308 4898 MCI 


TRADEMARKS and REGISTERED TRADEMARKS: IBM - International Business Machines 
 fox: (702) 826-6741 






por 'ta•bl, a. [L. portabilis]: The ability to take your 

personal cumputing en'Vironment across town, across the 

country or across the world .. .in your briefcase. Or even 

send it lyY mail. 

To make it in business, you've always had 
to go the distance. 

But taking the office with you is something 
new. You can handle all this added respon
sibility, however, with complete confidence. 
If your data is safe within the world's first 
portable, fast-access Winchester: the 
Personal Data Pac. Only from Tundon. 
Like you, this PC-compatible drive is a 
world- class traveller. With it, you 
can move mountains of data 
any- where, with complete 

reliability. Even when 
the going gets rough. 

The secret to the 
Personal Data 
Pac's por
tability is 

a unique 
head locking and shock-absorption 
system, which suspends the drive in 
a metal casing, housed in a rugged 
ABS case. 

So it's ready for just about anything. 
The red-eye to Rangoon~ A trip through 
the mail. Even an unintended fall off your 
desk. It will keep on working. 

And wherever the Personal Data Pac 
goes, it gets along splendidly. With 
a single, low-cost 

you can up-grade your cur

rent PC system. 


Just plug it in and you 

are set to share an entire 

library of software. 


Better yet, you no 

longer need dedi

cated workstations 

for everyone in the 

office and you are no 

longer restricted by your com

puter's hard disk. You'll have an 

unlimited capacity for hard work. 


And there's one more thing you can do with 
the Personal Data Pac that you can't do with 

other hard disks. Simply lock it 
away. Where only you can get a t it. _\ \ j _ 

J j The Tandon Personal Data Pac. ! 

1~ Perfectly secure. Completely 
• I ,- I ' - : 

I: I , ·- • reliable. And totally portable. •'' c ( 
I 

=·: 
However you look at it, it's a defi

' nition for personal freedom. And .,' l 
' 

peace of mind. 
To learn more about it, see your 

Tundon Dealer or call us today at 
1-800-556-1234, ext. 171. In California 

call 1-800-441-2345, ext. 171. 

We're redefining 
personal computing. 

lan'Clan
receptacle, the 
Tundon Ad-PAC, 
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A New Member of the Family 


Someday this place is going to 
vanish under a vast sea of 
paper, software, and cables . 
Looking at the view from my 
chair , you'd probably say it 
could happen in the next few 
hours : there is literally no flat 
surface, including the couch and the top 
of the fish tank, that isn't covered with 
something . It's just like the day after 
Christmas- and I certainly enjoy having 
all this to play with-but I'm afraid it's 
getting out of hand. 

Still, my desk was acrually down to 
bare wood last night, and there's nothing 
on it now that isn't relevant to this col
umn; I've got some new volunteers to 
help sort through the software; and my 
motto- " Every day throw something 
away" - has cleared out enough of the 
storeroom that much of this clutter can be 
put away when I get a free moment. 

On the other hand , my column is due 
tomorrow, Prince of Mercenaries is al 
most completed but long overdue, Wrath 
ofGod is due all too quickly, and I'm go
ing to Memphis in 3 days , then to a meet
ing of the advisory board of the Lowell 
Observatory, during which time more 
will come in. Sigh. 

ZannaLee 
One reason for the clutter crisis is that 
I've spent the last 2 days setting up Zanna 
Lee, the Zenith Z-386. It took longer 
than I thought it would, but then every
thing does, and I suppose it ' s not surpris
ing that changing to a new main machine 
would be complex. 

One reason for the change is disk ca
pacity . Zanna Lee has an 80-megabyte 
hard disk drive made by the Magnetic 
Peripherals Division of Control Data . 
I've heard good things about them, but I 
confess some partiality to Priam hard 
disk drives. I've had one of those in the 
Golem, my CompuPro Z80/286 Dual 
Processor, since about 1983, and there's 
been no hint of a problem; ditto for the 
40-megabyte hard disk drive in Fast Kat 
the Kaypro 386. 

Jerry Pournelle 

Zanna Lee is her name, 

and she j ust happens to be 

a Zenith Z-386 

I first saw Priam hard disk drives at the 
first Atlanta COMDEX; they were show
ing the then-new system of mechanical 
head lifters that click in on power loss . 
Now just about everyone uses that con
cept, and a good thing, too. 

Anyway, I invited my son Alex over to 
help set up the Z-386. Our first job was to 
configure Zaona Lee's hard disk drive. 
Actually, the machine did come precon
figured, but in my rush to transfer data 
from Fast Kat to Zanna Lee, I copied a 
whole bunch of files off Fast Kat's root 
directory. Some were system utilities, 
and one was, I think, COMMAND.COM; any
way , shortly after that we got version 
conflicts with CHKDSK and other utilities, 
sometimes even on start-up depending on 
the CONFIG.SYS file, and then Zanna Lee 
stopped talking to most of the partitions 
on the hard disk drive . 

This was annoying enough that I de
cided it was time to see that the exact 
same version of DOS was running on 
every machine in the house . I suppose 
strictly speaking that's not legal ; but in 
my defense I have an original DOS for 
every machine, so aU I'm actually doing 
is updating. 

Updating DOS is easy but tedious, and 
you do have to pay attention. First, you 
copy all the DOS system utilities from 
your floppy disk copy (surely you aren't 
working with the original disk!) to the ap
propriate hard disk drive subdirectories. 
That turned out to be a problem, since 
many of my machines came preconfig
ured. Those system utilities reside in the 
\ UTIL subdirectory on one system, \BIN 
on two others, \ 2861 on a third, and so 
forth. I still haven't decided what to stan
dardize on. 

Anyway, eventually I got it done, after 
which I went around using the SYS com

mand on everything in sight. 
The whole DOS update proce
dure is described in great 
detail in Chris DeVoney's 
Using PC DOS (Que, 2d edi 
tion)-a book I can't get along 
without . 

Once we had DOS updated, we still 
had to configure the hard disk drive. The 
Z-386 came with Zenith software to ac
complish that, but after about 4 hours of 
working with it (and discovering that it 
likes a version of DOS different from the 
one we had just instaUed everywhere, 
sigh), we gave up and got out SpeedStor. 

I don't seem to have the latest version 
of SpeedStor, but the one I do have 
worked fine. SpeedStor is menu-driven 
and quite well documented: the manual 
actually explains what's going on. Most 
of its text about hardware applies to IBM 
PC XTs, PC ATs, and very close clones, 
and there's little about backplane systems 
like the Z-386, but there 's enough to get 
the job done. Recommended. 

SpeedStor offers the alternative of for
matting Zanna Lee's hard disk drive as 
one great big drive, but there are draw
backs to doing that. After thinking about 
the situation, we partitioned the drive 
into three more or less equal chunks, 
meaning that Zanna Lee now has drives 
C, D, and E. Once that was done, I made 
a floppy disk copy of the new C:\ parti
tion to save the system and setup files , 
then used Fastback Plus to bring over 
everything from the Kaypro onto the Z
386' s C and D drives, and finally copied 
over the Kaypro stuff with the systems 
and setups I'd just saved. 

After that, it was time to purge the 
Kaypro of files I don't have permission to 
keep on more than one machine; the tool 
of choice there is PC Sweep, a shareware 
program that is invaluable for chores like 
this. 

Zenith sent a Z-515 memory board for 
the Z-386. That's 4 megabytes of 32-bit 
memory, which is a lot. The Z-515 can 
be set up to dedicate part of that memory 

continued 
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CHAOS MANOR 

to the Expanded Memory Specification 
(EMS), as well as automatically filling 
out the main system memory to 640K 
bytes. The EMS option looked like a 
good idea at first, and in my first installa
tion I reserved some memory for EMS; 
but on reflection this seemed pointless. 

The real advantage of having a 386 is 
the ability to use DESQview or VM/386 
so you can keep lots of different programs 
and utilities in memory; and if you have 
those, you don't really need expanded 
memory. If you do reserve memory for 
EMS, you'll find that as far as the com

puter is concerned, that memory has just 
plain vanished: it's not shown as either 
system or extended memory on boot-up. 
It's also simple to disable EMS. 

Mice and Memory 
The next step was to install a mouse. The 
Kaypro has been using the Logitech Bus 
Mouse, which is a good one, but that 
takes up a slot. On the other hand, I sure 
didn't want to use Zanna Lee's only serial 
port for the mouse. I was going to have to 
put some kind of board in there. Why not 
make it do double duty? 

The easiest solution would have been 
Logitech's EGA&Mouse board. That 
works fine, especially with Logitech's 
excellent Autosync monitor; I used both 
in Zanna Lee's setup exercises. If you 
want a good EGA system, I think there's 
no better value for the money than the 
EGA&Mouse board. 

Autosync is a fine monitor, but I'm in 
love with the 14-inch Zenith ZCM-1490 
Flat Technology Monitor; you can't be
lieve how nice that is, even in a sunny 
room with windows behind you. It's good 
enough, in fact, that I'm going to try it as 

---- ---- -------------------------. the main screen in place of the Electro-

IF PUBUSHING 

ISAPUZZlf. 


STOPIDOKlnu 

FOR JUST 


PIFC& 

The CPT Integrated Desktop Publishing System gives you 

everything .. . the software, the hardware, the full -page display, 


all the pieces you need to be up and publishing right away. 

Our customers agree-no one combines publishing 


technology and dependable support better than CPT. 

Take it from one of our customers: 


"The CPT system is very easy to work with. I do almost all 

my brochures and fonn s on ii now.. .and much nwre quickly. Thesupport 


from CPT was just great. As you can tell .. . 1 just love if!" 

Nancy Yeoman, K& K Insurance, Fort Wayne, IN. 

For more information on CPT Integrated Desktop Publishing, 
call 1-800-447-4700. 

~!!!1111!_!11.= =='= ,...-
_

i ® 
More Than Office Automation ... Office Productivity 
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home 19-inch monitor. 
I'm a bit concerned about the screen 

size, but after all, I used a 14-inch Hita
chi monochrome monitor for years; and 
perhaps because the ZCM-1490 is truly 
flat , text displayed on it seems easier to 
read than on traditional monitors. One 
fair warning: the ZCM-1490 has an inter
nal fan. It's not loud enough to bother 
me, but you can hear it. 

The ZCM-1490 is driven by the Zenith 
31-kHz video card. Video cards used to 
come with serial ports, but Zenith's 
doesn't. I wish it did; I could simply ad
dress that to COM2 and plug the mouse 
in. For that matter, I wish computer de
signers would recognize that mice are es
sential and slots are in short supply: a sin
gle serial port isn't enough. Machines 
should come with at least two serial 
ports . 

Since I'd have to use a slot anyway, the 
simplest solution was to install a Cheetah 
Combo card. This takes an AT slot and 
comes with a megabyte of 16-bit mem
ory, a serial port, and a parallel port. I 
can't use a second parallel port-who 
can?-but the serial port can be ad
dressed as either COM 1 or COM2. 
Cheetah cards come with an installation 
program that's absurdly simple to use: 
you just tell the program what you need, 
and it shows you a pictorial diagram of 
how to set the DIP switches on the Chee
tah card. 

I addressed the Combo card to just 
above the address of the Z-515, giving 
Zanna Lee 640K bytes of system memory 
and 4608K bytes of expanded memory. 
The top megabyte of that is 16-bit mem
ory, and thus considerably slower than 
the rest, but it's not likely I'll use it much 
either; I'll probably tum it into a RAM 
disk when I get time to figure out how to 
do that. 

CD-ROMs 
The next step was to install the Amdek 
Laserdek. This comes with a controller 
card. By now, the Z-386 was getting a bit 
full. Only three slots were left: one short 
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helps save lime, money, and cul frustrations. Compare, e\•aluate , and find products. 

386 PROGRAMMERS: 
Special Prices on Solid Tools 

Llsl Normal SPECIAL 
l>P C-386 by MicroWay 

Nl>P •"ORTRAN J86 From Micro\Vay, globally op1imizing compilers 
,yn1no 1 i~a lly and opera1ionally compa1iblc co Berkeley 4.2 Unix F77. 
!'(.'(', wich MSDOS cxccnsions ror easy porcing. 

hxDASt: Pl.US/ 386 Solid Dbasc cnvironmern from Fox Soflwarc. 
VM 386 Mullilasktr Run unlimi1ed tasks in vir1ual 8086 mode, by 

IGC. 

$595 

$595 
$595 

$245 

$529 

$529 
$479 

$229 

$489 

$489 
$369 

$199 

Ordrr bdnre June JO, 1988 and mention "8V688" for lhese spedal prices above. 

RECENT DISCOVERY 
OS/ 2 Programmer's Toolkit by Microsof1. 

Programmer's Reference, Learning 
Guide. on-line help. OS/2 u1ili1ies. Two 
hours modem supporl. OS/ 2 $279 

C Language-Compilers 

AZTEC C86 - Commercial PC $499 
C86 PLUS - by C l MS $359 
High C Optimizing Compiler PC Call 
In 1ar11-C/ l6M PC Ca ll 
l.attkc C - from La11ice MS $259 
Mi~rosof' t C 5.1 - Codeview MS $289 
NIJP C-386 by MicroWay MS $529 
Microsoft Quick C MS$ 69 
Turbo C by Borland PC$ 67 
Walcom C6.0 MS $259 

C Language-Interpreters 

C-tcrp by Gimpel - full K & R MS $219 
C Trainer - by Catalytix PC $ 89 
Interactive C by IMPACC Assoc . PC $189 
Run/C Professional MS $145 
Run/C Lite MS $ 79 
Turbo C -cerp PC $1 19 

C Libraries-Files 
BTree - Source, no royallies MS$ 69 
CBTREE - Source. no royalties MS $109 
ctree by Faircom - no royalties MS $309 
rtree - report genera tion PC $239 
dB2C Toolkit V2.0 MS $249 
dbVISTA - Source MS Call 

C Libraries-General 
Blackstar C Function Library PC $ 99 
C Tools Plus - V5 .0 PC $ 99 
C Utilities by Essential PC $ 119 
Greenleaf C Sampler PC $ 69 
Greenleaf Functions PC $129 
LIGHT TOOLS by Blai e PC$ 69 
Turbo C Tools by Blaise PCS 99 

C-Screens, Windows, Graphics 
C Display Manager PC $109 
C Worthy Interface Library PC $249 
dBASE Graphics for C PC $ 69 
ESSENTIAL GRAPHICS - fast PC $185 
Graphi C - new color version PC $279 
Greenleaf Data Windows PC $155 

w/ sourcc PC $259 
QL1idWindow/ C PC$ 75 
Terminal Mapping System PC $279 
TurboW INDOW / C-for Turbo C PC $ 75 
View Manger by 131aisc PC $199 
Vitamin C - sOllT<:C, menus PC $159 

VC Screen PC S 79 
Windows for C - fast PC Ci1ll 
Windows for Data - va lidatio n PC Call 

THI~ PHOllH .UUrnlfS SllOI' 
You1 compl~!e Source IOr sorh\'~IC' sc1v1cesandanswers 

5-8 Pond Park Road. Hingham. MA02043 
Mass: 800-442-8070or 617-740-2510 4/88 

DBASE Language 
Cl ipper compiler 
dBASE Ill Plu> 
dBASE Ill LANPack 
()BXL lntcrvre1cr by Won.J Tech 
h)\UA ' E + V2.0 
Quicksilver Diamond 

DBASE Support 
dAnalysl 
dBASE Tools for C 
dBRIEF with BRIEF 
dBC Ill by Lauicc 
Docu111cn1or - dFlow superset 
Gcnifer by Bytcl -code generator 
Nclworkcr Plus 
QuickCodc 111 Plus 
R&R Report Wricer 
Seek-I! - Query-by-example 
Silver Comm Library 
Tom Reuig's Library 
U I Programmer-user interfaces 

Other Products 
ASMLIB - 170 + routines 
Back-It by Ga7.elle 
Baler 
CO/ SESSION - rcmocc a~cess 
Dan Bricklin's Demo II 
Disk Technician - smart upkeep 
Fast Back Plus 
Flash-Up 
Easy Flow V5 .0 
Link & Locate 
Mace Utilities 
MKS RCS 
PC/Tools Deluxe - by Custom 
Plink 86 PLUS - overlays 
PV CS Corporate - by Polytron 
PVCS Personal 
R-DOC/ X 
Show Parcner F/ X 
Seidl Version Manager 
Source Prinl - V3 .0 
TLIB 
Tree Diagrammer 
Visible Computer : 8088 
WKS Library by Tenon 

FEATURE 
FoxBASE386 by Fox Software . 

PC $399 
PC $399 
PC $649 
PCS 99 
M ' $259 
PC S369 

PC S 219 
PC$ 65 
PC Call 
MS $ 169 

MS $ 229 

MS $ 249 

MS $ 229 

MS $ 189 

MS $ 139 

PC S 79 

MS S 139 

PC $ 79 

PC $ 249 


PC $125 
MS $1 19 
PC $459 
PC $229 
PC $169 
PC$ 89 
PC $ 149 
PC$ 69 
PC $ 125 
MS $309 
MS$ 85 
MS $ 155 
PC$ 69 
MS $275 
PC $339 
PC $135 
MS $135 
PC $328 
MS $269 
PC$ 75 
PC$ 89 
PC$ 65 
PC$ 65 
PC$ 79 

Single-user development package . 
Interactive do!-prompl mode , FOX BIND 
utility . on-line help. full manual. 
pseudo-compi ler. Address up to 
16M RAM . PC $519 

"\olr: .\II pricn \ubj r<I to chJntt \joilhoul l'IOCke . Mtnlion lhi' 1d. SOmr 
prktS art Spttials. A.sk. abou1 COi) and POs. Formats; .r laptop no" 
l\lil1blt, plus 200othrn. l:PS'iurf:ilc:T shipping add S-.\11tnt. 

Call for acatalog, literature, and S4llid value 

800-421-8006 


BBIEF'"Users:~~ 
Now you can have tut 
compilation A1IJl) an integrated, 
productive environment. 

0 ver 5.000 of you were forced to 
make sacrifices to use BRIEF. 'I'he 

Programmer's Editor. Advanced com
pilers and new programming environ
ments. like Turbo C and QuickBASIC. 
took up so much RAM that BRIEF 
could not fit in tbe same 640k. 

If you wanted to retain BRIEF's 
uniquely powerful featuresi while 
working with larger programs, you 
had to sacrifice speed and continuity. 
Instead of a tight Edit-Compile-Edit 
loop, you had to slog through an obso
lete Edit-Exit-Compile-Exit-Edit loop. 

Now you no longer have to 
make that sacrifice. 

You can enjoy the features • that 
have made BRIEF the best-selling 
and the best regarded2programmer's 
editor without sacrificing environ· 
ment integration. 

Version 2.1 of BRIEF can be 
swapped in and out wTfiia 
single keystroke - aJJowing 
immediate compilation with 
even the largest compilers: 
Microsoft C5.0. QuickC. 
Turbo C. Lattice C. dBXL. 
FoxBASE+ v2.0. Clipper. etc. 

' For example: real multi-level Undo (not 
s imply Undelete) , flexible windowing . 
unlimiled file size. unl imited number of 
simutcaneous files . au tom atic language 
sensitive indentati on . 
2 For example: 
"'The quintessential programmer's editor." 
Dr. Dobb's Journal " Right out of the box. 
it's a vcrsalile. exlrem ely powerful ed itor that 
handles most any programming lask with 
aplomb." - Compuler Language " Simple to 
learn and use and extremely sophisticated . 
Strongly recomm ended." - PC Magazine 
"'Not only the best programmer's text editor 
I've ever seen. but it is also a tour de force in 
tho way ii was conceived and implemented."-
Compulerworld "' So far surpasses users ' 
expectations that ii is revoluliooary:· 
M/croTimes Magazine "BRIEF is lru ly 
outstanding." - Microsoft Systems Journal 

Current BllIEI' 'Users: 
Call Ann for details on 4 other important 
enhancements. Registered users of versio ns 
2.0 or 2.01 update for only $35. 

Haven't tried BBIEF yet? 
BRIEF retails for $195. Call Ann today 
ror a no-risk. 60-day trial with a full. 
money-back gua.rantee. 

Call toll-free today 
800-881-8498 

~~ 

841 Main street, Suite 410 
south Weymouth,MA02190 

617-337-6963 
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FOUR WAYS TO CONSERVE ENERGY! 


pulse programming algorithms can program a to work for YOU! You 'll conserve energy while 
271024 in 80 seconds flat! saving lots of money! 

PC (8-bit) slot, one AT (16-bit) slot, and 
one full-size 32-bit Zenith slot. 

Like most clones, the Zenith's PC and 
AT slots and bus are fully IBM compat
ible. Again like all 386s, the 32-bit slot 
and bus are not standard; each manufac
turer has a particular bus design, which is 
why if you want 32-bit memory, you have 
to buy it from the manufacturer of your 
386 machine. Someday, I hope, that will 
change. 

The controller requires only a short 
(PC) slot, so that ' s where I put it. It took 
about 5 minutes to install the Amdek CD
ROM hardware. There are two cable con
nectors on the back of the reader. Neither 
one is labeled, which bothered me until 
I read the instructions : they're inter
changeable. Either can connect to either 
the computer or another drive. 

The Laserdek is external, and fairly 
awkward in size, being 14 inches wide, 
13 inches deep, and 3 inches high. There 
are ventilating holes on top . I got to won
dering why the thing is so large , so I 
opened it; there's no real reason for it to 
be so large. The Laserdek mechanism is 
about the size of a disk drive, and the rest 
of the box contains very loosely arrayed 
electronics. 

On the other hand, I learned that it's 

very sturdily made, and so long as the 
monitor is not so heavy that it actually 
distorts the case shape, and you don't 
completely block off the holes on the side 
behind the Laserdek, there's no reason 
you can't put it on top of your computer 
and the monitor on top of it. 

Software installation comes in two 
parts: installing the DOS extensions so 
your computer can find the Laserdek, 
and installing software so you can read 
the actual contents of the laser disk. 

The first part is pretty simple. The in
structions and software come with the 
Laserdek, and a Setup program does 
most of the work. The instructions are 
not too informative, but if you follow 
them, you'll soon have the computer lis
tening to the Laserdek. The important 
thing is to put the proper statements into 
CONFIG.SYS and AUTOEXEC.BAT and copy 
a program called MSCDEX. EXE into a place 
where the system can find it. 

One option is to put a good part of the 
access software into expanded memory . 
The command processor extensions take 
about 40K bytes of system memory, and 
some of that-I confess I haven't tried the 
experiment-apparently can go into EMS 
if you like. 

Another option is the letter designation 

of your CD-ROM. By default , it's the 
"next" device; in my case, since Zanna 
Lee has logical hard disk drives C, D, 
and E, the CD-ROM becomes F. You 
can, however, explicitly name the letter if 
you like. 

Once installed, the CD-ROM drive 
acts like a write-protected hard disk 
drive. You can read its directory, change 
directories within it, copy files from it, 
and do anything you could do with a truly 
enormous disk that you can't write to . 

One caution. If you have a CD-ROM 
disk in the drive, it spins continually. I 
don't know if this does any harm or not; 
after all, 8-inch floppy disk drives spin 
constantly, as do hard disk drives. On the 
other hand , it's one more thing to worry 
about. I noticed when I opened the Laser
dek that if there is no disk the motor shuts 
down, so I left the drive empty during my 
overnight heat test. 

It's my practice when I fill a system 
with boards to let it run all night and test 
it the next afternoon, when it's as hot as 
it's likely to be. I did that with the Z-386, 
and, sure enough, the machine hung dur
ing the boot-up process. 

This was annoying . "Heat problems," 
I muttered . "Too much memory, plus the 

conrinued 

1. Programming is no longer a bone-breaking, back-aching 
experience thanks to GTEK · , INC. who has put an end to 

energy-consuming products that leave ..... + you "dog-tired ." GTEK's· Romx·2 
\ ' • -·-·· - :;: Eprom Emulator is just the 

• pep pill you need to re· 

- --'..il.Mi;i;l:l:i:Ja:x:!.;a~~~// generate your creative 


Juices . This product elimi· 

nates the old-fashion methods 

of erasing and programming e· 


proms and saves you hours of programming time! 

What 's more, the ROMX·2 pays for itself with the first 

project you work on . 

2. 	Just sit back, relax and watch this programmer 

perform for you . This 9800 


/ ... ... .................... .. .... .. ...... ..... 1 Gang Programmer's SU· 


I ~~. -~..·•... ~~- · PERSON IC sphe.ed will 
amaze you w 11e pro· 

gramming 8 eproms at 
a time. Plus, its quick 

3. Th is tireless Model 9000 Eprom Programmer will never 
poop out on you . In fact, this high ·performance product 

has been proclaimed the fastest program· 
. mer on the market. Its quick pulse and In· 

tell igent programming algorithms give 
you SUPER FAST speed, and you can 

program the chip of your choice, in· 
eluding single chip processors and 

megabit parts. 

I 

4. The PCSS·8X Multiport Serial Board brought to 
you from GTEK®, INC. ls definitly a programmer's 

cure for fatigue and frustration. This board has 
100% DOS compatibility on arr 8 ports and an en· 

hanced interrupt driven de· 
vice driver. The PCSS·BX 

is available In AS232, 
AS422 8 port and 4 port 
versions. So, give us a 

calltoday,andletus 
put these four products 

ORDER TOLL FREE 1-I00·255"0TEK (4135) DEVELOPMENT HARDWARE & SOFTWARE 

FAX: 1-I01-417-0ll35 TELEX 3151114 (GTEK UD) P. 0 . 8ox 2310 

MS & Tec:hnlc•I Support 1·801 ·417~ Bey SI. Louie. MS 39521·2310 U.S.A.GTE K ®. INC. 
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Microstat-11 will have you up and running in 5 minutes 


perating M1crostat·ll couldn't be 
easier. o matter what your 
s atistical needs are. Simply select 

he op ions you need rom the menu system 
with a keyboard or a mouse and your 
answer is available 111s antly. o complex 
command languages to learn. On·line help 
1s only a keystroke away! Plus. 1 only 
akes three isks o operate the program . 
icros at-II is simple o use and ast! 

missing data. range checking. and built-in 
sca lars on data entry. plus other new fea 
tures. You can even use a mouse! 

Improved Speed and Interface 
Microstat-11 1s 8 times faster than our 

own Microsta version 4.0 and almost twice 
as fas as the compet ition. This exceptional 
speed was achieved without any loss of 
accuracy. When running descnpt1ve sta· 
istics the results were staggering (can b 

even faster with a numenc co-processor}: 

• 

more time. You don·t have to rerun a test 
to see output that has scrolled off the 
screen. 

Introductory Price Just $395 until 
July 1. 1988 

Microstat-11 is being o ered at he low 
introductory rice of just 5395 complete. 
Want Just a peek at Microstat-11? we·11 send 
you a demo disk and manual for just 5 19.95. 

I Phone 
D Bill my credit card. 0 VISA 0 MC 

The 11 1 Selling Micro Statistical 
Package is Even Better! 

1crosta 1s by a he most popular 
micro stat1st1cs package of all time. Tens 
of thousands of satisfied customers have 
relied on Microstat since 1979 or all their 
statistical needs. Microstat has been used 
for every application imaginable rom check· 
1ng the brine con ten of tuna fish to keeping 
game sta istics for an NFL football team. 
Already 64 of the Fortune 100 companies 
have purchased Mictrostat. Virtually every 
maJor university is resen ly using Microstat 
and over 10.000 co ies have been sold to 
he US government Microstat- 11 is even 

be er! 

The Coverage You Need 
Microstat-11 has the s atistical tests you 

need. Just some of he areas of coverage 
a1e deS<.riptive statistics. ANOVA. correla 
tion and regression (with stepwise). time 
series. hypothesis testing. nonpa1 amet1 ics. 
crosstabs and chi-square. probability distn· 
but1ons. scatterplots. plus a lot more! 

Easier Installation 
Microstat-1 1provides all this power with 

only 3 disks and can run on a hard disk or 
a floppy disk system with two drives. Our 
competitors use up to 21 disks and most 
require a hard disk. Plus Microstat-11 is not 
copy protected. 

Even Greater Flexibility 
We have completely redesigned tl)e data 

management section to include features our 
users have requested. You can have unequal 
cases in the same file. aliased variables. 

or your money back. 


Mlcrostat-11 .......... 88 seconds 


Leading Competitor 160 seconds -
Microstat 4.0 . .......731 seconds 


In S«onds Tests on .in 8 MH< Kr type ~"'"'" l•lO co· 
proc:es>Ol'I f1it'wrt1! 12.800c.1Se$ 

The user interface has also been great ly 
improved. A full-model regression on the 
infamous Longley data tJkes only 9 strokes 
with Microstat-11. One competing package. 
which claims to have the easiest command 
structure. requires 88 strokes. Plus. a 
speci JCally designed reversable scroll ing 
eature has been added to save you even 

D1 
I YeS! O 

1-800 
952-0472I 

I 
D 

D 

Please send me 

I ame: ~---------------------------~ 

I 
Organization 

Address ~~-------------------------~I City ________________ State ___ Zip ______ 

manual a the Im introductory price of 5395.00 


Please send me __ copy(s) of Microstat-11 Demo Disk and 

summary manual for just S 19.95. 

Add 54 µer package 1or UPS shipping char es. Indiana residents add 5% 

sales tax. 

Format: o s •~ "ll3 0 3 \flBM o s ·~ 1.2 meg 

Please send me a Microstat-11 brocl)ure. 


Please send me information on upgrading my Microstat 

p;ickage to Microstat-11. 


Also. a generous update program is available 
for our loyal Microstat customers. Just 
inquire. 

Absolutely Guaranteed 
We are so sure that Microstat-11 will 

sa t isfy all your statistic needs that we will 
offer a 30-day no risk money-back guarantee. 

Make statistics easy. order 
Microstat-11 today! 

1-800-952-0472 

Ecosoft Inc. Circle 92 on Reader Service Card 
6413 N. College Ave.. Suite I01 . 
Indianapolis. IN 46220 

copy(s) of Microstat-1 1and a complete 
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.. .to 5251 Emulation! 
Turn your PC keyboard into a 5251 key
board with Touchdown •M self-adhesive 
Keytop Labels . Bold imprint on trans
parent plastic lets PC legends show 
through . Won 't slip or slide. Fits IBM 
and look-a-likes. 
Keytop Kits (specify keyboard make/model) 

PC to 5251 Transparent ...... $21 .95 

PC to 5251 Opaque-bases . . . . . 24 .95 

PC to 5251 (For 12F-Key EPC) . . . 26.95 

PC to 3270 . . . . . . . . . . . . . 21 .95 

PC to 5520 . . . . . . . . . . . . . 29.95 

DisplayWrite 4 . . . . . . . . . . . 21 .95 

Data Entry Emulation . . . . . . . 16.95 

Do-It-Yourself Labels . . . . . . . . 29.95 


Many Other Keylop Kits Available! 

DOplayl'/rioe Is • ~•domark of Che IBM Colp 

We custom imprint keytop labels, 
IBM reolacement keys,

keytop she(ls and snap-on key caps. 

Flexshield •M 
Keyboard Protectors 
For most keyboards
(specify make/model) 
.. ..... . $26 .95 

Do-it-yourself Keyboard Templates 
1b-function key layoutI ' 
(5 templates) $12.95 -;: 

IBM 3270 key.board : 
(3 templates) $1 5 . 9~ 
IBM Enhanced PC 
keyboard (5 templates) .. : . . . . $18.95. . 
KeyStopper,,. Individual Key Loe outs 
FoJ IBM keyboards (except RT) . $11.95 

Workstation l Prtntw to Label 
~2 Workstatfon/4 . Print~r Labels . $12.95 

....---.---~ ........ (:oip 

f\$1Cterpur f.REE- 1988 Catalogl
CllfanmJ Dl•untsl 

CD-ROM controller, plus the WORM 
(write once, read many) drive controller, 
plus all the other stuff. Overloading the 
bus, maybe. Too much heat." 

I took the cover off the machine to cool 
things off. It dido 't seem particularly 
warm in there. Could I be doing some
thing wrong? 

As a matter of fact, yes . It wasn ' t 
Zanna Lee's fault at all. If you have the 
CD-ROM drive turned on, but there's no 
disk in there, when MSCDEX.EXE runs , 
there is a 30-second interval during 
which it tries to access the Laserdek but 
can't do it . Eventually it times out and 
continues with the start-up process. 

If, on the other hand , you have the 
Laserdek turned off (whether there's a 
disk in the drive or not), the delay is 
about I second. In neither case is there an 
error message. The solution to this might 
be to switch the Laserdek off when it isn't 
in use, but, alas, the on/off switch is on 
the back where it's not easy to get at. 

Other than that, the installation of the 
Laserdek went smoothly and simply. I 
tested it against about a dozen CD-ROM 
disks, and it was able to read files from 
all of them. So far, so good. 

Bookshelf 
Once you get the Microsoft DOS exten
sions installed so that DOS can find the 
CD-ROM drive, you'll still need soft
ware to make use of the information in the 
CD-ROM. There are exceptions to this
for example, the public domain software 
CD-ROMs distributed by user 's groups. I 
have one published by Aide Publishing. 
This thing contains about a million pro
grams, including utilities, games, lan
guages, source code, and a partridge in a 
pear tree, all accessible as soon as you ' ve 
run MSCDEX.EXE. 

However, while you can cram hun
dreds of megabytes of ordinary files onto 
a CD-ROM- and get at them without 
anything special-most of the other neat 
things you can do with CD-ROMs are 
more complicated. 

Case in point: Microsoft Bookshelf. 
Bookshelf combines The Chicago Man
ual of Style, Roget's Thesaurus , The 
American Heritage Dictionary, Bart/ell's 
Familiar Quotations, the National Five 
Digit ZIP Code & Post Office Directory, 
The World Almanac and Book of Facts , 
and probably something I've forgotten , 
along with elaborate indexes and soft
ware for looking through all those books. 
As I' ve said before, every professional 
writer has those books, but not many of 
us actually use them because it's too 
much trouble to go get the book and look 
things up . 

Microsoft Bookshelf makes that a lot 
easier. It's not perfect. The worst glitch is 

the "coarseness" of the scroll bars . If 
you're browsing through, say , The World 
Almanac, you can use the on-screen 
scroll bars (maybe Apple will sue Micro
soft for "look and feel " ?) to jump 
through the text, but the smallest possible 
movement of the scroll-bar bullet corre
sponds to over 50 screens of text, which 
you have to page through one at a time if 
what you want is right in the middle of 
that 50-page clump. This defect is pretty 
serious, since the whole point of having 
Bookshelf is quick access to the included 
documents. 

Bookshelf doesn't support all word 
processors . In particular, it won 't quite 
work with Symantec's Q&A Write . I can 
access and use Bookshelf from within 
Q&A Write; Bookshelf can even look up 
misspelled words and find synonyms . 
What I can't do is paste the results into 
the text. When I try , the program tells me 
that the write function has been disabled. 
I presume that Bookshelf does this when 
it doesn't quite understand the word pro
cessor that you ' re using , but so far I've 
been unable to get anyone at either 
Microsoft or Symantec to admit knowing 
anything about it. 

Bookshelf is a valuable addition to any 
writer's tool kit; as I've said before, I'm 
willing to bet that within a couple of years 
Bookshelf or something like it will be as 
ubiquitous among writers as word pro
cessors are now. It's valuable enough, in 
fact, that I'm seriously thinking of 
switching over to a word processor that 
can make good use of Bookshelf. 

If I do switch, it will probably be to 
XyWrite mPlus . The Bookshelf manual 
says that it works fine with XyWrite III 
Plus , while every week I find that more 
of my colleagues have fallen in love with 
XyWrite. This word processor is rapid
ly becoming the default text editor on 
New York's Publishers Row , partly be
cause it integrates with Atex so well , 
and partly because it's almost infinitely 
customizable. 

Installing Bookshelf is theoretically 
simple: you log onto the CD-ROM drive 
and run Setup; everything you need is 
right there on the CD-ROM itself. In 
practice, it wasn't quite that easy . Setup 
ran all right , and it went in to modify my 
CONFI G.SYS and AUTOEXEC.BAT files ; but 
when I then rebooted the system to invoke 
Bookshelf itself, I got the disturbing 
error message Out Of Environment 
Space. Looking up "environment" in 
Chris DeVoney's Using PC DOS pro
duced words but not much enlighten
ment. 

Environment, as it happens , is mem
ory that DOS reserves to store things it 
needs to know ; in particular, the path, the 
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Order Status, 
Technical & Other 
Info. (602) 246·2222 
FAX # (602) 246·7805 
Call for programs no! listed 

SPECIAL 
MICRO].OFT PC Excel 

DATA r rJ1 qllm 
PRODUCTS ijfll 

~295 

TOLL-FREE ORDER LINE 1-800-421-3135Exr.200 

FREE SOFTWARE! 

Purchase over $100 and receive one of lhese disks absolutely FREE! Purchases 
over $250 gel lwo tree disks, over $400 get three, or gel all four disks when your 
purchase is over $500! 1) MIXED BAG-A great assortmenl or ulll llies and 
games all packed on one disk. 2) PC-WRITE- Try lhis famous feature packed 
word processor. ll's a winner! 3) FONT-SET-Leis you set popular fonts like 
bold. underline. etc. on mosl 1a1e model printers lrom Citizen, Epson. NEC, 
Okidata. Panasonic. Star, Toshiba, etc. You can even use your printer like a 
typewriler! 4) ABC-LIST- Great mailing list program! Sort on any field, do Quali· 
hed searches. print reports and mailing labels. and morel 

-SOFTWARE-

Accounting 
Cyma Low Price 
Dae Easy Acct. $54 
Dae Easy Payroll 39 
Dollars &Sense 94 
In House Acct. 112 
Managing Your Money 3.0 117 

Communication Programs 
Carbon Copy Ptus S108 
Crosstalk XV1 89 
Crosslalk MK4 110 
Remote 89 
Smartcom II 79 

Data Base Managers 
Clipper 
Condor 3 
Data Perfect 
DBase Jll Ptus 
DB-XL 
Fox Base Ptus 
Genifcr .... 
Paradox 2.0 Premium 
PFS: Pro File 
Powerbase 
Q&A . 
Oolcksllver Diamond 
Revelation 
RBase System V 
Reflex 
Relate & Repart 
VP Info 

$37S 
32S 

Low Price 
Low Price 

80 
19S 
189 
43S 

Low Price 
169 
189 
329 
464 

Low Price 
81 

112 
6S 

Desktop Publishing 
Pagemaker $479 
PFS: Fi rst Publisher 59 
Ventura Publisher 493 

Graphics 
Chartmaster 
DesignCad2 
Diagram Master 
Easy Cad 
Energraphics 2.01 
Generic Cad .. 
In-A-Vision 
Microsoft Chart 3.0 
NeWSfoom Pro 
Prinlshop 

$199 
148 

LowPrice 
109 
294 
49 

270 
Low Price 

65 
.. 33 

Integrated 
Ability ... 
Ability Plus 
Enable 
Framework II 
Smart System 
Symphony 

... 

. . $56 
Low Price 
Low Price 
Low Price 

429 
L.OwPrice 

Languages 
Lattice CCompiler 
Microsoft CCompiler 
Microsoft Fortran 

$220 
275 

Low Price 
Microsoft Macro Assembler 92 

Languages 

Microsoft Pascal . . .. Low Price 

Microsoft Quick Basic $59 

Microsoft Quick C . _ 59 

Ryan McFarlan Fortran . .342 

Ryan McFarlan Cobol . . . . . . .549 

Turbo Basic 59 

TurboC . . 59 

Turbo Pascal 59 

Turbo Prolog . . . . . 59 


Multi-User Software 
Fox Base . . . $299 
Word Perfect . 310 
Word Perfect Modules ea 75 
Microsoft Word Low Price 

Project Manager 
Microsoft Project Low Price 
Super Project Plu s Low Price 
nmeline 2.0 . . $270 
Total Havard Man. 2 Low Price 

Spreadsheet 
Lotus t ·2·3 Low Price 
Microsoft PC Excel $29S 
Spreadsheet Auditor 82 
Supercalc 4 Low Price 
Surpass 329 
VP Planner Ptus 88 

Utilities 
Copy II PC 

~gri•e . 
Deskview2.0 
Direct Access 
Eureka 
Fastback Ptus 
Formlools .. 
Graph in the Box 2 
Mace . 
Microsoft Windows 
Norton Advanced 
Norton Ulilitles 
PC Tools Deluxe 

~~~~o 
Righwriler 
Sidekick 
Sideways 
Sqz 
Super1<ey 
Turtx> Lightning . 
XTree 

$19 
39 
39 
72 
49 
95 
92 
56 
SS 
SS 
S9 
75 
48 
37 
70 
49 
75 
SS 
39 

low Price 
55 
SS 
35 

Word Processing 
Microsoft Word 4.0 $195 
Multimate Advantage II can 
0 and AWrite .... Low Price 
Webster Spellcheck 37 
WorCJPerfect 19S 
Word Perfect Execui1ve 106 
Word Perfect Library S9 
'llbrdslar Pro . 233 
Wordstar 2000+ 194 

TOLL-FREE ORDER LINE 1-800-421 -3135 EXT. 200 

WAREHOUSE DATA PRODUCTS 


2701 West Glendale Ave. • Phoenix, AZ 85051 

We do not guarantee compatibility 

- HARDWARE 
Accessories 


Brooklyn B· '.dge Universal $75 

COpy II PC Deluxe 101 

Curtrs Ruby S9 

Mach Ill Joystick 36 

Masterpiece 88 

Masterpiece+ . . . . 99 

150 Watt Power Supply 69 


Boards 
AST 
Advantage Premium . . . . . . $285 
Sixpac Premium . Low Price 

~'Wctl]~ 129 
COior Card . 145 
In Color Card 302 
Graphics Ptus . . 182 
lrim. 
Above PC 64K 225 
Above 286 319 
Orchid nny Turbo 289 
TAUJREE 
J Ram 3 ATP .Low Price 

COMPUTERS 
AZ. 386 

80386· t6 Mrcro Processor. I MB ol 
Ram. Teac t.2 MB disk dnvc. 220 wan 
power supply, 6 layer mother 
board, RT keyboard S2595 

AZ.Turbo AT 
512K. 6 & 10 MHZ. keyboard. 
200 watt pawer supply,one 
1.2 teac drrve. Phoenix Bros S97S 

AZ.Turbo XT 
135 watt power supply, One 360K 
drrve. 640K. keyboard SS t9 

AST 286 or 386 
Premium Computer 

512K,cxpandableto2MBon thcsystem
board. RT enhanced stvfe keyboard, 
parallel.serial and crock. 1.2MB floppy
disk drive, 7expansion slols. DOS 3 3 
& Basic 
1year warranty Low Price 

EGA Boards 

ATl E~a Wonders $195 

NEC Bl low Price 
Paradise Aulo 48()' 155 
Quad EGA Plus 165 
Vega VGA 299 

EGA Monitors-
AMDEK 722 $45S 
Casper 410 
Mitsubishi Diamond Scan 486 
NEC 
Multisync Ptus Low Price 

Hard Cards 
Plus20 MB Low Price 
Plus40MB Low Price 

Hard Drives 

Seagate 20 MB 5265 

Seagate 30 MB 295 

Seagate 30 MB AT Low Price 

Seagate ST- I 25 w/cont 329 

Seagale ST-138 w/cont 399 


Modems 

f\l. 30011200 $75 

Everex 30011200 89 

Hayes 1200 Low Price 

Hayes 1200B Low Price 
Hayes 2400 Low Price 
U.S. Robotics 2400 335 

Mice 
Genius 
Logitech 
Microsott Bus w/Painlbrush 
Microsoh Serial 
Optimouse w/Dr Halo 
Optimouse w/OPE 

Monitors 
AMOEK 
410 Amber . . 
MAGNAVOXRGB 
PRINCETON 
Max 12 
HX 12E ... 
SAMSUNG 
ffiAmberwttllt 
Colorw/tilt 

Printers 
cmZEN 
MSP 10 
MSP 15 
MSP 20 
120 D . 
Premiere 35 
Tribute 224 
EPSON-Call on all models 
NEC 
P5XLP 
P7 Parallel 
8850 
PS Parallel 
P960XL . 
P2200 . . 

$59 
Low Price 

92 
92 
89 

185 

$145 
Low Price 

138 
. 460 

76 
249 

Low Price 
Low Price 
Low Price 
Low Price 
Low Price 
Low Price 

S81S 
59S 

.1059 
419 

.1005 
335 

OKIDATA-Call on all models 
PANASONIC-Call on all models 
STAR MICRONICS 
NB24-10 456 
NB24-15 . 610 
ND10 . 275 
NX1000 .. 179 
TOSHIBA-Call on all mOdels 

IUllS: Sl"Pl'flO oo l!WlSt saltwale rs 00 AZo..i..s · 6 /Uo .,,.. ""~ ct10d<i0Jmp.:my ct -a!Joy, 

OUtl""'1 1141 cays ID cf< '"' dCll.'Jll prnchasc codeJ• lrom avmoc~od msl;IUllOl15 lor 35 mo<O 01Jl\ cash 
pua> returns ib'e sub)Cd IO our appu>..-Jf Thclc v. ""3 20' I • II. mum phooo Olde• S50 All'f)t.c:CS :ue SUblf!Ct lO d1Jfl9C Due IO copy-right l.'.rws v.ecannn tlJ...;e bade any OOtfl sonwaro 

Servicing our PC buyers with Phone Hours: 

low pricing and technical Monday thru Friday 7am-9pm. 

experiencesince 1979. Saturday 9am·Spm MST. 
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This Software Won't Run. 


Without This. 

-----~,

\ 
\ 
\d that's the way --z!S know. Right now, our engineers 

are putting the finishingControl Data wants it. 
And a host ofother big - - touches on a new micropro

and not-so-big software develop cessor that we'll use in a whole new genera
ers who use our Software Sentinel. 
Tu make sure their successful software is pro
tected. So it stays successful. 

We've become used to being seen with top
notch software. A lot of the reason is how our 
engineers designed the Software Sentinel 
family. For the developer and the user. 'Th make 
it the most technologically foolproof yet easiest 
to use software protection key you or Control 
Data can get. 

For users ofED-Router and the thousands 
ofother programs we're protecting, it's a cinch 
to get up and running. They simply plug the 
Software Sentinel into the PC's parallel printer 
port. That's it. How much easier can it get? 
Users can even make unlimited backup copies. 
And run them wherever and whenever they 
need to-as long as they have the Software 
Sentinel key. 

As long as we're talking 
su~cess, there's some- .'4>#6.<·'. 
thmg else you should ( J~ 

tion of software and data protection products. 
With the same high-performance and high
reliability of our past successes but with many 
new features. Which no doubt is going to make 
life even easier for you and Control Data. 

The Software Sentinel. Making sure soft
ware developers stay successful with the suc
cessful software they've developed. 

For more information on the Software 
Sentinel family, contact Rainbow Technologies, 
18011-A Mitchell South, Irvine, California 
92714; or call (714) 261-0228. 

Software Sentinel Features: 
• Runs under DOS and Xenix 

• Uses algorithm technique, never a fixed response 
• Minimal implementation 

• Higher level language interfaces included 
• Transparent operation *The New SentinelPro™- Half The 

Former Size All The Features.' 
-,,,.~,/ RAINBOW TECHNOLOGIES 


180ll-A Mitchell South, Irvine, CA 92714 • (714) 261-0228 • TELEX: 386078 •FAX: (714) 261-0260 
Copyright 0 1988 Rainbow Technologies, Inc. Soll.ware Sentinel and SentinelPro Are trademarks of Rainbow Technologies. Inc. 


ED-Router is a trademark ofControl Data Corporation . 
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names of various devices , and other 
strings it needs to look at fairly often. The 
default environment is 160 bytes; you can 
increase it (in 16-byte increments) by 
using the SHELL command . However, 
Using PC DOS also warns you that care
less or improper use of SHELL can lock up 
your computer something awful , to the 
point where you may have to boot with 
the original system floppy disk. 

Since I didn't really understand envi
ronment to begin with , and I sure didn't 
have time to recover from a locked-up 
system, I called Microsoft technical sup
port. It took a few minutes to get the right 
people, but after that there was no prob
lem. Microsoft really does understand 
DOS. 

The line 

SHELL= \COMMAND.COM/E: 512/P 

inserted into your CONFIG.SYS will in
crease environment space to 512 bytes . If 
you do invoke SHELL, do not omit the /P; 
if you do leave it out, have an unmodified 
floppy boot disk handy, because your 
machine is going to be dead in the water, 
and resetting won't do you a bit of good. 
Believe me. 

Lost in Space 
Once I got the CD-ROM drive properly 
installed and Microsoft Bookshelf run
ning, it was time to look at other CD
ROM disks. In particular, I wanted a 
good look at the two disks of space data I 
got from the Jet Propulsion Laboratory. 
One of these disks features a number of 
images from the Voyager Uranus encoun
ter; the other is a sampler of data and 
images from all over the solar system. 

The software needed to display these 
disks is called lMDISP, and it's more 
ambitious than good. The documentation 
that comes with it is simultaneously 
tedious and dense. It took me an hour 
to figure out what was going on, and I 
still don 't understand all the commands . 
Some of them seem to hang the machine. 

Attempting to access many images 
gives the comment Attempt to read 
past end of file. Others tell me Input 
f ile does not have a proper l abel and 
ask me to specify the number of lines; in 
the example they give 370, but nowhere 
does it explain where that number came 
from or how you might figure out how 
many lines there are on each of the many 
images on the disk. 

Even so, there's a lot to see on these 
disks. The images of the Jupiter Galilean 
moon Io are easily accessed and star
tlingly good. I make no doubt that careful 
reading of IMDISP's operations manual 
will eventually let me access nearly all 
the images on both disks. It will take 
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work, but it should be worth the effort. 
It ' s probably not worth buying a 

Laserdek just for the JPL disks; on the 
other hand, it's one more reason to have a 
Laserdek. Besides, it's pretty certain that 
there will be many other disks of scien
tific data . 

One oddity: since EGA video doesn ' t 
have square pixels, the images are some
what egg-shaped. 

Pournelle's Insight 
Last month, as I was listening to Dr. 
Joseph Dionne, chairman of McGraw
------------ ---------------..-

Hill, speak at the CD-ROM conference in 
Seattle, I was suddenly hit with some 
inspiration. 

Dionne was speaking about CD-ROMs 
from a publisher's view. In the course of 
his speech, it became obvious that there' s 
a far larger CD-ROM market than I ever 
thought of. McGraw-Hill makes and sells 
a lot of them and is about to market more. 
All are hideously expensive and gener
ally sell to a rather narrow vertical busi
ness market; most contain topical infor
mation that's updated fairly often. The 

conlinued 

Means Accurate. 
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nearest thing to a horizontal market is the 
McGraw-Hill Encyclopedia ofScience & 
Technology, which includes some 7300 
articles plus the dictionaries of physical 
and life sciences. 

Dionne wasn't the only speaker to 
make the point that, yes, there 's a CD
ROM market out there, but at the mo
ment it's vertical. Of course I knew that ; 
I was reminded of the MicroMedix CD
ROM medical encyclopedia running on 
Mrs. Poumelle's system. (It came with 
its own CD-ROM reader, but it also runs 
fine on the Laserdek.) 

What's happening with CD-ROMs is 
almost the reverse of what happened with 
microcomputers . In the early days of 
microcomputers, the market was domi
nated by hobbyists and small business
people; big business wanted nothing to do 
with little computers. Most of the early 
development was done by small start-up 
companies. The big boys didn't jump in 
until later. 

The CD-ROM field is just the oppo
site. Big outfits like Phillips, Microsoft, 
and Amdek are developing the interface, 
while the CD-ROM disks tend to be pub
lished by giants like McGraw-Hill ; and 
while most early microcomputer soft
ware was developed by BYTE readers 

who tried to appeal to a broad spectrum 
of users , most CD-ROM systems are 
being custom-designed for specialized 
users and priced accordingly. 

After Dr. Dionne's speech I got to 
wondering why this should be, and I offer 
the following ; microcomputers were and 
are a threat to centralized control of com
puting. MIS managers and directors of 
central computing are scared to death of 
them . CD-ROM technology, on the other 
hand, lends itself nicely to centralized 
control. 

lfl'm right, this time big business will 
pay to develop our toys . It will probably 
take a bit longer for that technology to 
spread widely , especially since the MlS 
types don' t want it spread around, but the 
CD-ROM is just too useful to stay bottled 
up in central computing. The Library of 
the Month Club isn't here yet, but it's 
coming. 

WORMs 
The last thing I added to Zanna Lee was 
Information Storage's WORM drive with 
WORM-TOS. WORM disk cartridges 
are somewhat larger than CD-ROM disks 
and hold 200+ megabytes ; each one 
costs about $60 just now, but I expect that 
price to fall dramatically . 

The drive comes with its own control
ler. As an experiment I tried it in the 
short PC, the medium AT, and the long 
32-bit slots; it worked in all of them. 
What I wanted, of course, was to be able 
to use the SCSI interface so that I could 
daisy chain the WORM drive to the 
Laserdek- I'm running out of slots in 
there!-but that won't work. Oh, well . 

Hooking up the WORM drive is simple 
enough: drop the controller board into 
the machine; run a cable to the WORM 
drive, which is a heavy box about the size 
of a shoe box; and plug the drive in. Then 
you add stuff to your CONFIG.SYS file and 
reboot. It ' s all explained pretty well in 
the manuals . 

Ifyou 're trying to run both the WORM 
drive and the Laserdek at the same time , 
you may have a problem. When I first 
booted up the whole system I kept getting 
errors, probably caused by conflicts in 
the port addresses . You can change the 
ports-the WORM controller needs eight 
in sequence-with DIP switches on the 
controller board. What I did was fool 
around with the switches until everything 
worked; I think I set the system so that 
the first port address is 200 hexadecimal , 
but I'm not sure. Whatever it is, it works 
fine now. 

• 


Choosing a laser printer? 
Easy. 
Pick one equipped with Adobe~ Post

Scrip software. Postscript is a page descrip
tion language that comes as resident software 
in leading laser printers. And it's the first and 
only standard adopted by virtually every major 
company in the computer industry. 

Which means printers equipped with 
Postscript software work with any comput
ers you now have. Or plan to get. Including 
IBM~ PCs, Macintoshs~ minicomputers, and 
mainframes. 

So you get complete vendor indepen

-=-srSCRiPfl
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dence. And total flexibility. 

Lei's say you have a report, proposal or 
newsletter that needs printing. Just use any 
printer in the office that is equipped with Post
script software. From low to high resolution. 
Even color. It's your choice. 

And only printers equipped with Post
script software can handle the most powerful 
electronic publishing and graphics software 
tools in the business. 

Like the Adobe Type Library. With hun
dreds of typefaces to expand your range 
of communication. 

Adobe Illustrator'" software. A program 

that lets anyone draw like a pro. From the 
simplest to the most complex art. 

And Display Postscript'·-system soft· 
ware that brings the power of Postscript to 
any PC or workstation display. 

For details on any Adobe product, call 
800-29-ADOBE. In Alaska and Canada. 
call (415) 962-2100. 

And see how being picky actually 
increases your choices. 
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After you get the computer to acknowl 
edge the WORM drive, you need to de
cide whether to partition your WORM 
disk cartridge into large sections-up to 
128 megabytes-or to stay within the 
DOS 32-megabyte limits . It ' s simplest to 
use short segments, and being lazy, that ' s 
what I did. The decision isn't irrevoca
ble; that is, it is not possible to change the 
32-megabyte segment I already for 
matted , but according to the documents I 
can, if I like, install the proper software 
and set the next partition to be 100 mega
bytes . I suppose I'll have to try that 
sometime. 

So far , all I've done with the WORM is 
test it. It certainly works . You use it just 
like any other drive, except that you want 
to be careful since you can't erase any
thing written. If you write two different 
files with the same name to the disk area, 
WORM-TOS keeps track of that, and 
there's software that lets you step back 
through the various versions of fi les with 
that name until you find the exact one you 
like; then you can read it or copy it. The 
default, of course, is the latest one. 

I intend to get a lot of good out of my 
WORM : I have a lot of work on old CP/M 
8-inch disks. The Golem can read those 
disks, and I can use CompuPro' s ARC

NET PC system to transfer them over. I 
haven ' t yet tested the WORM drive' s 
ability to work with the network, but I'm 
prepared for it not to; all I really need is 
to get those files onto Zanna Lee's bard 
disk drive . Then I'll move them to a 
WORM cartridge. 

WORMs are great for archiving. I 
don ' t know how long WORM cartridges 
last, but they could be nearly eternal . To 
the best of my knowledge, none of them 
have gone bad from age alone. Of course , 
they haven't been around all that long, 
but they're certainly more durable than 
any floppies I've ever seen. 

They ' re also great for backups. I'd 
rather have a WORM than a tape drive . 

Now What Do I Do? 

The major point of setting up Zanna Lee 

was to compare new 386 control soft

ware , particularly IGC 's VM/386, with 

DESQview. 


DESQview, as most of you probably 
know , is a control program that lets you 
keep a whole bunch of programs in mem
ory and jump around among them. There 
are ways to let programs run simulta
neously , although, except for communi
cations programs, I don't find that nearly 
so useful as being able to go quickly from 

one program to another . I've used 
DESQview for about a year now, and I'd 
really hate to try getting along without 
it- unless, of course, I can find some
thing better. 

VM/386, on the other hand, is a pro
gram that lets you set up several virtual 
machines and jump back and forth among 
them . Each virtual machine thin.ks it is a 
single 640K-byte computer. Each can 
have a different CONFIG.SYS, and each 
can run a different AUTOEXEC .BAT on 
start-up. Each can be reset (with Ctrl
Alt-Del) independently of the others. 

Each of these programs has strengths 
and weaknesses . VM/386, for instance, 
really creates independent virtual ma
chines-and since your computer bas 
only a limited number of peripheral de
vices , you'll have to assign and reassign 
them as you change from one virtual ma
chine to the next. There's no housekeep
ing program to track that for you. 

DESQview , on the other hand, lets you 
load certain things into memory prior to 
invoking DESQview , then use them in 
any window you have open. The system 
mouse , for instance, is recognized at all 
levels ; in VM/386, the mouse is another 
device that has to be switched among 

continued 

, c -

Toxa!; lnstrumen1s 	 The Laser Connection oa1aproducts C0<pTe~as Instruments NBl, Inc. 	 OMS-PS" 
Omn1Laser-. 2106 Omnil.aser'" 2108. 2t 15 PSJet tPSJer. LZR" 2665 

Model909 	 80011. 810 
Linotype Company 
Llnotronic'" tOO, 300. 500 

OuadramApPlc Computer Inc. 
Qume Corpora.hon 	 Digital Equipmenl Corp AST IBM 4216-020 Varilyper 

Turbo Laser"tPS Personal Pageprin1e.r • VT·GOO LasorWrlter· llNT. llNTX Ouadlaser·· PS 
Script TEN'" 	 PrintServcr 40~ 

ScriplPrintor'"' 

Wang NEC Information Syslems Diconi• Apollo Compuler Inc. OMS·PS• 2400 . 
General Computer 

Oijit~ l/PS Domain1Laser 26.• OMS• JclScnpt' SilentWriter'" LC·990 Business LaserPrinter Plus'· LCSt 5' 

JUNE 1988 • BYTE 191Circle 9 on Reader Service Card 

Agfa·Gevaert 
P400PS'" 



CHAOS MANOR 

Items Discussed 

DESQview 2.0 ... ... . .. .. .... ....$129.95 
Quarterdeck Office Systems 
150 Pico Blvd. 
Santa Monica, CA 90405 
(213) 392-9851 
Inquiry 934. 

EGA&Mouse .... . ........ .... .... ... $399 

Logitech Inc . 

6505 Kaiser Dr. 

Fremont, CA 94555 

(415) 795-8500 
Inquiry 935. 

Expert 87 ... ... . .. .. .. ....... .. .. ... .. $495 
Magic7 Software 
101 First St. 
Suite 237 
Los Altos, CA 94022 
(415) 941 -2616 
Inquiry 936. 

Lane Mastodon vs. the Blubber 
Men of Jupiter . .. .. .. ... . . .... .. ... ... $12 
Infocom 
90 Shennan St. 
Cambridge, MA 02140 
(617) 876-4433 
(800) 342-0236 
Inquiry 937. 

Laserdek ..... ... ... . .... . ...... .. ... .. $995 
Amdek 
1901 Zanker Rd. 
San Jose, CA 951 12 
(408) 436-8570 
Inquiry 938. 

Math Aquarium ... .. .......... . .. $89 . 95 
Seven Seas Software 
P.O . Box 411 
Port Townsend , WA 98368 
(206) 385-1956 
Inquiry 939. 

Microsoft Bookshelf..... ..... . .....$295 
Microsoft Corp. 
16011 Northeast 36th Way 
P.O. Box 97017 
Redmond , WA 98073 
(203) 882-8080 
(800) 426-9400 
Inquiry 940. 

Planetary Data System Space 
Science Sampler 
NASAJPL 
4800 Oak Grove Dr. 
Pasadena, CA 91109 
(818) 354-6347 
Inquiry 941. 

Public Domain Software 
CD-ROM ..... .... ...... . . .. ......... .. $99 
AJde Publishing 
P.O. Box 35326 
Minneapolis, MN 55435 
(612) 835-5240 
Inquiry 942. 

Snoop II .. .......... . Price not available 
TriDOS Software Publishers 
4004 Barbur Blvd . 
Portland , OR 97201 
Inquiry 943. 

SpeedStor . ....... ... ......... ..... .... $99 
Storage Dimensions 
981 University Ave. 
Los Gatos, CA 95030 
(408) 395-2688 
Inquiry 944. 

The Documentor .... .... .. .. ... ..... $295 
WallSoft Systems Inc. 
233 Broadway 
Suite 869 
New York, NY 10279 
(212) 406-7026 
Inquiry 945. 

VM/386 ... . ...... ... . . .... . . .... ......$245 
IGC 
4800 Great America Pkwy. 
Suite 200 
Santa Clara, CA 95054 
(408) 986-8373 
Inquiry 946. 

WORM drive 
internal mount .... . .. ..... .. . .... $1888 
external mount ...... .. . .. .. .. . .. . $2088 

Infonnation Storage Inc. 

2768 Janitell Rd . 

Colorado Springs, CO 80906 

(303) 579-0460 
Inquiry 947. 

XyWrite m Plus ... ..... .. . .. .. .... .$445 

XyQuest Inc . 

44 Manning Rd. 

Billerica, MAOI821 

(617) 671-0888 
Inquiry 948. 

Z-386 
Model 40 .... ... ..... .. .. . . .. .. .. . $6499 

Model 80 ..... .... .. .. . ... .. ...... $7499 

ZCM-1490 .. .... .. . . .. ..... . . .... .....$999 
Zenith Data Systems 
1000 Milwaukee Ave. 
Glenview, IL 60025 
(800) 842-9000, extension l 
Inquiry 949. 

windows, as well as set up in each. 
VM/386 won't let you set up the 

WORM drive to be available to every 
window; if you want the WORM , it has to 
be installed in each virtual machine. This 
is also true for the CD-ROM device 
drivers. My preliminary experiments 
show that this works ; that is, I can have 
Microsoft Bookshelf available in several 
virtual machines, but only if it ' s loaded 
into each on start-up . 

VM/386 uses less system memory 
than DESQview; each virtual machine 
can be a true 640K-byte system. DESQ
view has enough system overhead that it ' s 
between hard and impossible to make a 
window leave more than 512K bytes 
available. 

DESQview, on the other hand , has 
system utilities like MARK and TRANSFER 
(cut and paste; it doesn't always work, 
though). VM/386-at least the current 
version-has no such thing. Ifyou want to 
transfer something from one place to an 
other , you first have to grab it with a 
memory-resident program like SideKick, 
store it on disk , then change virtual ma
chines and retrieve it. This is awkward. 

DESQview has some odd glitches. For 
example, sometimes I'll hit the Alt key to 
bring up the DESQview command win
dow, tell it to open a file , select Cross
talk, and tell it to open Crosstalk . The 
machine trundles for a second, the Cross
talk logo appears on the screen-and then 
everything closes down so that I'm at the 
point where I was before I opened the 
DESQview command window in the fi rst 
place! 

The first few times this happened I was 
so upset that I quit DESQview and reset 
the computer , but it happened often 
enough that eventually I just did every
thing again exactly as before : invoke 
DESQview, tell it to open a file , select 
Crosstalk, open that . This time it worked 
fine , and examining the other windows 
showed that apparently none of them 
were harmed. This may be a ha rmless 
bug , but it ' s annoying. Maybe VM/386 
won' t do things like that , although it 
probably will . 

I'd hoped to know a lot more about 
VM/386 by now, but it took longer to set 
up Zanna Lee than I'd thought; and once 
I was caught by deadlines , I had no choice 
but to go back to DESQview to get this 
written . With any luck, by next month I'll 
know more not only about VM/386, but 
also about Microsoft Windows/386. 

I also have OS/2, but I don ' t think I 
want to do anything with it. OS/2 I . I 
with Presentation Manager (i.e. , OS/2 
plus a bug-free Windows) may be inter
esting, but I think I can safely ignore the 
current version, at least until there 's a lot 

conrinued 
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Use Premium Ditto.Fuel Only. 
Take Yz gallon of gasoline formu

lated for high-performance motor 
cars. 

Add a clod of dirt, a quart of 
kerosene, a tablespoon of sugar, 
and a dollop of axle grease. 
Sprinkle with rust part icles and 
dog hairs. Stir. 

You'd be crazy Lo put that in 
your Ferrari, righ t? 

But what we've just concocted 
is the petroleum equivalent of a 
kilowatt of ordinary electricity. 

Emerson UPS's Provide 
Clean Fuel For Computers. 

Since today's computers are no 
less high performance machines 
than the most soph isticated auto
mobi les. they need highly-refined 
fuel, too. 

An Emerson Unin terruptible 
Power Source is the electrica l 
equivalent of a petroleum refinery. 
Raw fuel in, good fuel out. 

Such a simple olution to all the 
ham1 spikes, sags, and blackouts 
can do. 

Unrefined Electricity Does 
Crude Things To Computers. 
Unlike bandsaws, washing 

machines and tv's, computer 
circuits are hypersensitive to the 
slightest power variations. Data 
can be scrambled or vaporized in 
a few mi lliseconds. Programs can 
crash unceremoniously 

Fact is, many problems blamed 
on hardware or software are, in 
rea lity, the fault of raw electricity 
Industry statistics show that half 
the downtime, lost employee and 
machine productivity, and main
tenance costs are the direct result 
of bad electricity 

A typical computer site expe
riences about 7 blackouts, over 500 
sags and more than 2,000 spikes 
and surges per year. Plus there's 
almost continuous line noise at 
even the best locations. 

Power surges alone are credited 
by one insurance company wi th $35 
million in pc losses just last year. 

Any way you look at it, making 
sure your computer gets premium 
fuel is up to you. Fortunately. it's 
easy and affordable. 

UPS Performance And Throughput. 

Most people think of Emerson 


UPS systems as just battery backup 


protection against power outages. 
In reality, they're also the best 

power conditioners money can 
buy They work continuously, 
uniquely providing an impene
trable barrier that isolates your 
computers from power problems. 

The result: You get the level of 
performance your computer was 
designed to deliver. The level you 
paid for. 

The High Performance 
UPS Manufacturer. 

Emerson makes a full line of 
UPS, power condition ing and di ·
tribution systems, even simple 
surge protectors. 

All feature quiet operation, 
attractive design, UL-listed safety. 
operation that is one-switch 
simple, and proven reliability 
backed by the best service in th 
business. 

So, let us help you rev up your 
productivity Simply call 1-800
BACK-UPS for our free introduc
tory brochure and the name of 
your local representative. Or write: 
Emerson Computer Power, 3300 S. 
Standard St. , Santa Ana, CA 92702. 

I~15Ml5R!iCIN 
- Computer Power 

Computers Won't Run Right 
a.;i~~l'S~~ On The Wrong Fuel. 
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more software out there that can take ad
vantage of it. 

Comic Books? 
I like Infocom games-I really do-so 
when I got the latest release from Info
com I was ready to try it despite the title: 
"Lane Mastodon vs. the Blubber Men of 
Jupiter." 

What I had, I soon discovered, isn't a 
game at all . It's a kind of comic book 
with primitive animation. It is not an in
teractive story; there's only one action 
line, one ending, and nothing you can do 
will change the story at all. The gimmick 
is that you can read the comic book from 
the viewpoint of the hero, the villain, and 
subsidiary characters. The idea is to read 
along until you come to one of the (obvi
ous) choice points, where you can jump 
off the track and follow some other char
acter. You can also run the "projector" 
backward to a choice point and shift 
again. 

From time to time, the action is inter
rupted to let you witness a comic book di
alogue between two critics who have sup
posedly been watching this mess on a 
movie screen. For reasons best known to 
the designers, these rather unattractive 
male cartoon figures aren't wearing any 

clothes. They say a few meaningless 
things about the action so far, and the 
story continues. The breaks are clearly 
intended to make you go to the main char
acter's story line from time to time, and 
they're needed, since hero Lane Mas
todon is so dumb that only a twit would 
want to watch things from his point of 
view. 

The artwork is pretty grim; it's cer
tainly so compared to what real comic 
artists are doing now in Marvel Comics 
and the Watclunan series. The story line 
might amuse cretin dwarves, though I 
doubt it; not only is the story implausi
ble, but it knows that you know that. The 
notion is to invite you to share the joke. If 
you can do that, feel free; y~u might even 
enjoy this mess. 

I watched this thing through to the end 
because I was interested in the technique, 
but you'd have to pay me money to get me 
to do it again . In my judgment, Infocom 
has come up with the answer to software 
piracy : a story so dumb that no one in 
their right mind would want to steal it. 

Take It Apart 
Disassembly of a program is the art of 
taking a finished program and turning it 
into source code that can be reassembled 

into the original. It's a black art even with 
good disassembler programs. 

When I first got started with micro
computers, my mad friend Dan Maclean 
introduced me to a computer maniac we 
called "The Mad Disassembler." This 
chap worried excessively that somewhere 
out there was a program to which he 
didn't have source code. He worked in 
the computer department of a large aero
space company, and thus bad some pretty 
powerful machinery at his disposal; and 
whenever he saw a new program, he'd 
take it apart with the company's main
frame. So fur as I know, he never did any
thing with the source codes he generated. 
He just liked to have them. 

If the original programmer had taken 
steps to make disassembly difficult, that 
merely added spice. One example is 
Michael Shrayer's Electric Pencil, which 
was a disassembler's nighunare. Shrayer 
had encrypted all the ASCII messages. 
He wrote meaningless code sequences 
and jumped around them. In places 
where a careful programmer had error 
traps, Shrayer had time bombs. And so 
forth . None of that mattered: within a 
week, "The Mad Disassembler" had a 
complete source code to Electric Pencil. 

Back in those days, a lot of disas-

INDUSTRIAL STRENGTII 

OOPS. 


You have three options in today's world; lead, 
follow or get out of the way. You've already 
taken a leadership position in hardware with 
the latest 286 or 386 system. Now you can use 
that triple-digit architecture to blast ahead of 
the pack with the most powerful new Object
Oriented Progranup!ng (OOPS) software on the 
market: Smalltalk/V286. 

Smallt:alk/Y, the ori~al OOPS tool for 
the PC, gave scientists, engmeers, program
mers and educators a brand new way to solve 
problems. And soon they were developing
exciting new applications in everything from 
economics to medicine to space.

Now Smalltalk/V286 gives you true 
work station petfonnance with industrial 
strength capabilities like: push-button
debugging; multi-processmg; portability 

between DOS, OS/2 and Presentation 
Manager oi;>erating environments; integrated 
color graphics; a rich class library; and access 
to 16 MB of protected mode memory, even 
under DOS. 

The new Smalltalk/V286,which is even 
easier to learn and use than Smalltalk/Y, retails 
for:just $199.95. Or you can buy Smalltalk/Y, 
still the world's best selling OOPS, for only
$99.95. And both come with our 60 day money
back guarantee. 

Check out the new Smalltalk/V286 at 
your dealer. Hhe doesn't have it, order toll free, 
1-800-922-8255.Or write to: Digitalk, Inc., 
9841 Airport Blvd., Los Angeles, CA 90045. 

And let us put SmalltaJk/Vyou ahead of the 
power curve. 286 
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sembler programs were distributed on 
bulletin boards. 

I haven' t noticed many disassemblers 
lately , so when I received Snoop II from 
TriDOS , it was like a voice from the past. 
Just for amusement I aimed Snoop II at a 
popular word-processing program. I was 
amazed at the results. Disassembly is still 
as much art as science, but Snoop II takes 
a lot of the sting out of it. Recommended 
for the insatiably curious. 

Docwnentor 
There are probably more people pro
gramming in dBASE II than in any other 
language. Every one of them needs The 
Documentor. 

This program takes dBASE code and 
creates documentation for it. It generates 
a concordance and a cross-reference list. 
It comments code. It sets it up for pretty 
printing. The result is impressive. If you 
do any dBASE programming, you need 
this program. Highly recommended. 

Winding Down 
Once again I ' m out of space, and I 
haven 'I got started good. One thing I sim
ply have to talk about next time is the 
Amiga 2000, which can be a highly frus
trating machine . The disk access is slow. 

It bombs far more often than it ought to. 
The PC part of it is plain vanilla, and be
cause of the way Commodore chose to let 
the Arniga half-communicate with the 
PC, very few add-on PC boards will 
work. For all that, the Amiga 2000 has a 
prominent place here, because it's just 
plain fun (if frustrating) . 

If you do have an Amiga, be sure to get 
Math Aquarium, one of the most unusual 
programs I've ever seen: it turns equa
tions into visual treats, providing both 
colorful and informal results. It isn' t quite 
worth buying an Amiga just for this. 

I also want to talk about Expert 87, 
which, despite its name, isn't an expert
system program at all, but rather a pro
gram to help make your preferences ex
plicit and identify conflicts . It can also be 
used to generate consensus opinions from 
a group of experts. Used properly , this 
could be an extremely valuable program 
in both home and business. 

The book of the month is by Archer 
Jones, The Art of War in the Western 
World (University of Illinois Press) . This 
is a comprehensive military history with 
strong theoretical analyses, and quite the 
best work of its kind since Lynn Mon
tross ' s War Through the Ages. 

The computer book of the month is 

Peter Norton 's DOS Guide (Brady) . Nor
Ion's book isn't as encyclopedic as De
Voney's Using PC DOS, but for that very 
reason it's easier to read . Norton is very 
good at highlighting obscure bu1 useful 
DOS features . Get DeVoney ' s book for 
reference , but read Norton ' s book 10 
understand what's going on. 

The game of the month remains Em
pire (from lnterstel) for the Atari ST. I 
can't believe how much time I've spent 
on that game. 

I'm writing this at tax time. I was going 
to use TurboTax on the IBM PC, but the 
new MaclnTax package came yesterday , 
and I may as well get some use out of the 
Mac Plus, assuming that there is life af1er 
tax reform. Wish me luck. • 

Jerry Poumelle holds a doctorate in psy
chology and is a science fiction writer 
who also earns a comfortable living writ
ing about computers present and future. 
Jerry welcomes readers ' comments and 
opinions. Send a self-addressed, stamped 
envelope to Jerry Poumelle, clo BYTE, 
One Phoenix Mill Lane, Peterborough . 
NH 03458. Please pui your address on 
the letter as well as on the envelope. Due 
to the high volume ofletters, Jerry cannot 
guarantee a personal reply. 



The easiest way 
to upgrade your system 
is right at your FINGERTIPS. 

Add a Honeywell Silent-Tactile™ keyboard 

Honeywell 


to your system ...and touch the quality. 
From the ergonomic design to the light, crisp feel. we make 
Honeywell Silent-Tactile ,,. keyboards with one thing in mind 
making you more productive. 

You'll appreciate the silent keystrokes, and you'll notice less finger 
and hand fatigue - even after hours of continuous use. 

When you need a PC-compatible keyboard for replacement or 
upgrade, make the quality choice-ask for Honeywell Silent-Tactile'" 
keyboards. 

For the dealer nearest you. call toll-free: 

1-800-445-6939 
In Texas call collect: 9151543-5566 
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Planning and Publishing 

Ezra Shapiro 

There seems to be a lot of virus follows that lead and is incomlnstaP/an lowers the cost
programs kicking around these prehensible to anyone without 
days, nasty little scraps of code an advanced degree in obfuscaofproject management; RagTime 2
that know how to attach them
selves to other programs and 
then reproduce like crazy . Last 
week, my Macintosh became 
infected with one of them. I still haven't 
figured out how it happened, but at this 
point it's immaterial . The little fellow 
seemed relatively benign; all it did was 
copy itself into my system file-and every 
application I used thereafter. 

Fortunately, someone on BIX quickly 
posted a description of the virus and a co
gent treatise on removing it. I followed 
the instructions to the letter and had a 
clean system within several hours, but the 
narrowness of my escape left me shaken. 

A couple of years ago, I inadvertently 
launched a program that left a time bomb 
implanted in my MS-DOS computer. It 
slowly and imperceptibly chewed away at 
my file allocation table, eventually trash
ing the directory for 30 megabytes' worth 
of hard disk. In contrast, this Mac virus 
was sweetness and light; at least it didn't 
do anything destructive. It had a silly 
"look what I can do" bravado about it, 
rather than the sheer hostility of the ear
lier IBM PC program. 

My first reaction was a deep sense of 
relief at getting away from the virus un
scathed. After a few minutes, though, the 
relief gave way to anger and outrage. My 
hard disk is a very personal place; my 
privacy had been violated . 

Sad to say, I believe there's going to be 
a lot more of this kind of thing. As com
puter ownership spreads in our society , 
the population of computer users is going 
to become more and more like the general 
population of which it's a subset. What 
this means, unhappily, is that we can ex
pect to see all the ills of our civilization 
reflected in events in the microcomputer 
world. 

Our one faint hope in this dark time is 
that the act of launching a destructive 
virus program will rum out to be a rare 
event rather than a commonplace one. If 

falls short ofgreatness 

it goes the other way-and launching a 
virus becomes the equivalent of scrawl
ing graffiti on a wall -it's going to be 
tough out there. 

I'm already being very careful about 
which electronic bulletin boards and on
line services I use as a source of software 
downloads; I won't touch a program that 
hasn't been thoroughly checked by a 
competent sysop. I've "inoculated" both 
my Tandon IBM PC AT clone and Mac 
SE with antiviral software, though expe
rience suggests that these viruses will 
quickly mutate to overcome these feeble 
countermeasures . Right now, I'm hoping 
that widespread paranoia about viruses 
won't kill off alternate distribution 
schemes, or we'll witness the death of 
shareware. 

What can be done about this plague? 
Not a whole lot, at least not directly. We 
can try to broadcast the notion that writ
ing and distributing infectious or destruc
tive programs is simply not cool and 
thereby discourage the casual prankster. 
But we won't be able to control vandalism 
in software until we can control it on the 
streets. 

Prodigious Planner 
It's time to haul out the superlatives for 
InstaPlan (InstaPlan, $99) , the first MS
DOS project management package I've 
seen that I might actually consider using . 
It's well designed, complete, fast, power
ful, and inexpensive. What more could 
you want? 

I ought to interrupt this flow of praise 
to point out that I usually find project 
management software to be the most irri
tating stuff that crosses my desk. I've got 
a number of reasons. First, the discipline 
of project management itself is grounded 
in obscure jargon; most of the software 

tion. Second, the accompany
ing manuals (like most com
puter documentation) provide 
good information on how to use 

the software but little advice on why or 
when; unless you know what to do before
hand, you're lost. 

Third, I can't shake the suspicion that 
most managers have little use for Gantt 
charts, PERT, and critical path analysis; 
scribbled notes and flowcharts seem ade
quate for all but the most enormous proj
ects . It ' s one of those cases where com
puterizing the task often takes more time 
than simply doing it. And finally, this is 
an expensive category; project manage
ment packages start at $300 or so and 
continue up the scale to between $1000 
and $2000. That's quite a bit higher than 
most other software aimed at the average 
businessperson. 

For me, the most important point in 
InstaPlan's favor is its price. At $99, it's 
the lowest-priced full-featured product in 
its category . The price is reasonable 
enough to let you buy it on a whim, to see 
if you like or need project tracking soft
ware in your daily routines. Since project 
management is an arcane art, nearly im
possible to learn quickly without a good 
software package, it makes a lot more 
sense to start out with InstaPlan than with 
one of its competitors at quintuple the 
price. 

If you discover that project manage
ment is over your head and something 
you '11 never need, you can throw Insta
Plan out the window without feeling too 
much guilt. On the other hand, InstaPlan 
has so much going for it that it might in
spire you to adopt its approach to plan
ning and implementing all sorts of proj
ects, from medium-size to gigantic. 

But price isn't the only consideration. 
InstaPlan offers great flexibility and an 
initial planning approach that beats any
thing else I've seen. Like all project man-

continued 
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Items 
Discussed 

InstaPlan .. ..... .. ..... .... .. .... .. $99 
InstaPJan Corp. 
655 Redwood Hwy. 
Suite 311R 
Mill Valley, CA 94941 
(415) 389-1414 
(800) 852-7526 for orders 
Inquiry 950. 

Rag11rne 2 .... . .... ...... ... ......$295 
Orange Micro Inc. 
1400 North Lakeview Ave. 
Anaheim, CA 92807 
(714) 779-2772 
Inquiry 951. 

agement packages , InstaPlan lets you 
track tasks over the course of time, allo
cate both human and material resources, 
keep a running total of costs, and prepare 
elaborate breakdowns and reports . 

To get you started , though , InstaPlan 
lets you type in your notes as if you were 
using an outline processor. In operation , 
it 's similar to jotting down a quick list 
with Ready! or ThinkTank. You enter 
tasks and subtasks in an indented outline, 
and you can reorganize them by selecting 
and moving tliem around with the cursor 
keys. The program also lets you enter 
time estimates at th.is point. 

Once you 're done, you can hit a key
stroke or two and open up an expanded 
view of your project-a Gantt chart (bar 
graphs over time) , a PERT view (linked 
boxes that help you visualize interdepen
dencies) , a spreadsheet view (for deter
mining resource costs and manipulating 
data) , and so on. You can jump between 
views to do your patching , pruning, and 
refining where it makes the most sense. 

You can use InstaPlan to track up to 
600 activities , and you can revise your 
plan during the course of your project if 
factors change. Data can be exported and 
imported in both Lotus 1-2-3 and dBASE 
formats , so you can perform industrial
strength analyses of cost data. 

The developers of InstaPlan point out 
that the program is particularly effective 
for the early stages of project planning, 
when you ' re meeting with others and 
playing what-if with the variables. How
ever, from what I've seen of competing 
software, InstaPlan's tracking ability and 
report generation rank right up there with 
the best, from the beginning all the way 
through to the successful conclusion of 
any project. 
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Documentation is thorough and clearly 
written, which I demand for any subject 
as convoluted as project management. 
Within a few minutes , I'd mastered the 
difference between Gantt and PERT and 
was arriving at an understanding oflnsta
Plan 's Gantt Variance View. It was all 
falling into place rapidly. Hats off to the 
author. 

InstaPlan is an excellent piece of soft
ware , quite capable of holding its own 
against all but the most expensive project 
management products. I'm hesitant to 
compare it directly to the over-$1000 
members of this fraternity , which are 
aimed at serious managers with big prob
lems, but I'd bet that it could be used in 
many situations as a low-price substitute 
without any loss of functionality. 

lnstaPlan is a good deal for anyone 
who merely wants to experiment, but it 
also has the strengths to satisfy those with 
professional requirements . 

Highly recommended. 

RagTime Repeat 
About a year and a half ago , I wrote about 
a Macintosh desktop publishing package 
called RagTime. It was an odd blend of 
layout program, word processor, and 
spreadsheet. Though I found it easy to 
use, I was annoyed at the lack of business 
graphics , which struck me as essential in 
a product aimed at this market niche. I 
also found both the word-processing and 
layout elements of the program to be infe
rior to stand-alone products. 

But there was still something channing 
about RagTime; it was appealing, though 
I wasn't quite sure why. So I railed about 
its shortcomings, hoping my diatribes 
would reach the ears ofRagTime's manu
facturers . 

Time has passed, and I'm now poking 
at RagTime 2 (Orange Micro, $295) , the 
latest version of the package. Unfortu
nately, it still falls just short ofgreatness; 
it' s an attractive product that doesn't 
quite have the horsepower to take it to the 
top of the heap. I find th.is even more 
frustrating than a program that's simply 
rotten; I want to grab the programmers 
and shake them until they make this pro
gram live up to its potential . 

Since that isn't going to happen, I sus
pect RagTime will quietly vanish some
time down the road when the inevitable 
desktop publishing shakeout occurs. In 
the meantime, though, if the product's 
unique collection of features speaks to 
you , I recommend it. RagTime is an ac
ceptable desktop publishing tool for any
one who needs to manipulate both text 
and small spreadsheet grids. 

The basic look of the program is some
what reminiscent of Ready-Set-Go. You 

continued 
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Big power 
for smaller systems. 
Little Board/286 is the newest 
memberofourfamilyofMS-DO 
compatible Single Board Systems. It gives 
you thepowerofanATin the cubic inches 
ofahalfheight 5 1/4" disk drive. It requires 
no backplane. It's a complete AT-compat
ible system that's functionally equivalcnc to 
the 5-board system above. But, in less than 
6%ofthcvolume. lt runs all AT software. 
And its low-power requiremenc means 
high reliability and great performance in 
harsh environments. 

Ideal for embedded & dedicated 
applications. The low power and tiny 
fonn fuctor ofLittle Board/286 arc perfect 
for embedded microcomputer applica
tions: data acquisition, controllers, 
portable insLrumencs, telecommunica
tions, diskless workstations, POS terminals 
. .. vinually anywhere that small size and 
complete AT hardware and software 
compatibility are an advantage. 

you see here. 

THEAMPRO LlnLE BOARD™/186 

Compare features. • EG,VCGA/Hercules/MDA Betteranswers for OEMs. 

Both systems offer: on adaughterboard Little Board/286 is not only a smaller 

• 8 or I2MHzversions with no increase in answer, it's a better answer ... offering 
• 	512K or I Mbytc on-board volume the packaging.flexibility, reliability, low 

DRAM • SCSI bus support for a power consumption and 1/0 capabilities
• 80287 math co-processor wide variety of devices: OEMs need . . . at a very attr-.ictive price. 

option Hard disk to bubble And like all Ampro Little Board products,
• FuU set of AT-compatible drives Little Board/286 is available through 

controllers • On-board IKbit serial representatives nationwide, and world· 
• 2RS232C pons EPROM. 512 bits wide. For more infonnacion and the name 
• Parallel printer port available for OEMs ofyour nearest Rep, call us today at the 
• Floppy disk controUer • Tu'O byte-wide sockets 

number below. Or, write for Ampro LlUlc• EGA/ CGA/ Hercules/ MDA for EPROM/ RAM/ 
Board/286 product literature. video options NO~l expansion 

• AT-compatible bus (usable as on-board 
expansion soLid·state disk) 408·734-1800• Av.ide range of expansion • Single voltage operation 
options (+5 VDC only) Fax: 408-734-2939 11.X: 4940302 

• 	IBM-compatibleAward • l.ess than IOW power 
ROM BIOS consumption 

• O·70°Coperating ~l::l=ICI 
But only Little 	 COMPUTERS. INCORPORATEDrangeBoard/286 offers: 1130 MountainViewIAlviso Road 
• 5.75 '" x8"' form factor Sunnyvale, CA 94089 

AT is a registered trademark ofl BM Corp. 
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ADVERTISEMENT 
Reprinted from the DURHAM SUN 

DEVELOPER OF GAS SAVER 
AWARDED $22,000 

BOSTON - With the oil glut worse 
than ever and OPEC ringing its hands, 
the Federal Courts have awarded a fee 
of $22, 747 to National Fuelsaver Cor
poration of Boston, developers of the 
Platinum Gasaver. 

The Gasaver, which takes only 10 
minutes to install, releases microscopic 
quantities of platinum into the air-fuel 
mixture entering the engine. 

Platinum has the unique ability of 
making unburnt fuel burn. With plati
num in the flame zone, you increase the 
percentage of fuel burning in the engine 
from 68Cl/o to 90%. 

Normally, that 22% of the fuel would 
only burn if it came in contact with the 
platinum coated surfaces of a catalytic 
converter. Unfortunately, this converter 
process takes place outside of the 
engine, where the energy produced is lost. 

With the Gasaver dispensing plati
num into the combustio~ chambers, 
22% more of each gallon burns inside 
the engine so that 22% fewer gallons are 
required to drive the same distance. 

The process works on both leaded 

and unleaded gasoline, and meets the 
emission standards of au states. 

In concluding the government's five
year administrative procedure studying 
the Gasaver, the Federal Court stated: 
"National Fuelsaver Corp. and various 
independent parties have used a variety 
of methodologies to test the value 
of Gasaver. These independent par
ties often make stronger claims for 
the Gasaver than does its developer, 
National Fuelsaver Corp?' 

The government had already con
firmed in 1984 that the Gasaver raises 
the octane of gasoline, eliminating the 
need for premium fuel. 

Joel Robinson, the developer, com
mented: "We've already sold over 
100,000 Gasavers. Ironically, we find 
more people buy the Gasaver for its 
third benefit of cleaning out carbon to 
extend engine life than buy it for its fuel 
savings or octane boosting." 

For further information call 
1-800-LESS-GAS (1-800-5 3 7-7427) 
or 617-792-1300. 

11ie bottom llne-IEEE-488, RS232, par. port, 4MB EEM LIM, rum DOS and OS/2. 

APPLICATIONS ONLY 

work with "frames" that you draw on 
your page as you need them. Frames can 
hold text, pictures, or spreadsheet data. 
You can link text frames with "pipe
lines ." Changes flow between frames , so 
editing is a smooth process. Each frame 
has a unique identifying number that can 
be displayed or hidden at your discretion; 
the number is most useful with spread
sheet frames, which can reference each 
other. 

Here's a brief list of some of the fea
tures you get in RagTime 2: user-selected 
or defined colors (which is irrelevant if 
you don ' t have a color output device); al
gorithmic hyphenation of text in any of 11 
languages; kerning of text; import of 
paint, PICT, encapsulated PostScript , 
FOTO, and Tag Image File Format 
(TIFF) graphics; import of SYLK work
sheets; multicolumn or split-frame op
tions; object-oriented group and shuffle 
functions; a forms mode that lets you zero 
out values or text and save a layout as a 
blank form; search-and-replace on type
faces and type attributes so you can 
change from one look to another; 253
row by 253-column spreadsheet frames 
that can reference cells in other frames up 
to the limits of memory; ability to have 15 
documents open at once; and so on. 

Now here's what you don 't get: a spell
ing checker, dictionary-based hyphena
tion, business graphics based on the 
spreadsheets you've built in RagTirne, 
adjustable guidelines, and style sheets. 

RagTirne has a pretty solid list of fea
tures, even allowing for the few omis
sions, and the program works well. If 
you're interested in self-calculating 
forms, RagTime is not as spectacular as 
Trapeze, the forthcoming Wingz , or the 
upcoming revision of Excel, but it gets 
simple jobs done with less hassle than any 
of the flashier products. 

However, desktop publishing software 
from other manufacturers is not standing 
still; it's getting better faster than Rag
Time is. This year will see new versions 
of PageMaker, Ready-Set-Go, and Quark 
XPress, all of which will probably out
feature RagTirne. They won' t have the 
built-in spreadsheet, of course, and 
they'll be more expensive, but RagTime 
will not look great in comparison. 

But I have to say that I do like the prod
uct. I just don't want you to go out and 
buy it , then accuse me of glossing over its 
deficiencies. Take that as a midlevel rec
ommendation with a grain of salt. • 

Ezra Shapiro is a consulting editor for 
BITE. You can contact him c/o BYTE, 
One Phoenix Mill Lane, Peterborough, 
NH 03458. Because ofthe volume ofmail 
he receives, Ezra, regretfully, cannot re
spond to each inquiry. 
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Look Smart. Be Smart. 

Get Four LaserJetPlus/Series II Fonts 
for just $9995· 

Glyphix fonts work with Microsoft Word,WordPerfect, 
WordStar 2000, PageMaker, Ventura Publisher and more. 

Choose from amenu of size and style 

options and get great looking results. 

Glyphix fontsoffer 6 to 60 pt. type, 

14 bold weights, condensed, David Goodman 


President. SWFrEexpanded, screened, patterned , 
shaded type and more. 

r-....s12e.Glyphix~ 
High 'i' 

to 
'C-..-: ..... 

- .. • --~-....-..,~-- GlypAt• So n rocm~The Smart Choice. "' ;-: .,,,.____•.._...._...,.... .c:o.1 ,..,..,cov;-1.','"~.:·~~~-==-..:: ........ 


Com~are &Save Gl~~hix HP Bitstream 
Fonts to 60 QOint Yes No Yes 
Degrees of bold 14 2 2 
Patterned fonts Yes No No 
ExQand &condense Yes No No 
300 DPI densi!}'. Yes Yes 
T~~efaces ~er disk 4 2 
Price $99~ $200 

BASICS SANS SERIF Glyphix fonts require an IBM PC. 
Roman Avonti XT, AT, PS/2 or compatible with 
HeIvette c•mes 64K RAM; ahard diskdrive; 
Rockland Olivia LaserJet Plus, Series II or 
Cfuuu:efor Galaxy compatible printer, MS·DOS 2.0 

or later.BOOK FIXED 
Gar.u11ec Courier See Glyphix quality forBasque Prestige yourself. Our demo disk prints
Palatine Letter Gothic our newsletter and samples ICentrum Line Draw G~phix foot disks cont:tinof all fonts on your printer. I fwr complete fare:. 
DECORATIVE Send $5.00 check or money order. C.ompany ____ ___ ____ ___D &sic Set  $99.95 
Coop I o !look F:tces  S9'J.9S 
£1bbcp D Dccorali\c  S9'J.9S Address ___ ____ ____ _ _IBeget O ll.osics II  $9').95 
t1m1 I O Mn&ril- $<)<) .95 

City _ ____ _____ St _ ___ _0 fixed fool' - S')9,9;
BASICSll I 
Roman Italic I G~plti' film M<lll"!,'t!rS . Tel. (_) __ _,,S.wJteAmertype I arcrcquirroforUS('with: Ztp - - - 
13ie01Y 0 MS\\'unl- $79.95 lncludc$5.00"11~~lirt:uxlh:tndlingwidt)Wrordcr. !llft!lil r=!\::~1Post Olfice Box 5773
Optimis I D Wordl'crk'Ct- S79.95 Add Sl.50 lor ><wid item and L":ith addition:ll ilml. ~~ 

Wilmington, De 19808 All S11ftc prodllCIS COOlC\\ith l 30 <l:J)'. n~oockguar.uitce. .J
L 

Glyphlx and TheSmart Choice are trademarks or service marks of SWFTE lnlernaloonal. All olher products aretrademarks an<l/or registered trademarks of their manulacturers. Cl 1968 Fox Incorporated 
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Now go 17,400 bps in under $1000. 

The new Courier HSTT~ modem. 


PC Magazine calls USRobotics' Courier When you buy an HST modem, you 
HST. "the top price-perfonnance ratio at get USRobotics' more than lOyears of 
9,600 bps." Now we've made it almost modem experience gained through sales 
twice as fast without raising the price. ofover half-a-million modems. We're 

Our new full-duplex High Speed Tech an organization that will support you 
nology dial-up modem with MNP '" and grow with your needs. 
Level 5 data compression is totally PC Week says, "USRobotics' Courier 
Af corrunand set compatible, deliv HST produced the most impressive 
ering data at up to 17,400 bps. And test results based on the modem's 
automatic fall-bacWfall-forward suitability to both file transfer and inter
always assures the fastest speed active applications." 
possible. Courier HST reduces phone Other modems talk about speed. 
line costs every time you use it. Courier HST delivers. Get your hands on one ... fast! 

Ext. 114Call 1-800-DIAL-USR 
In Illinois (312) 982-5001 

~'-Robotics® 
 USRobotics. Sport>lcr ond Ttlpac ar• 1rodemarks or 
U.S. Robotics. Inc. Other compu1et and softwo.re namesThe Intelligent Choice In Data Communications. 
identified by • or "' are trade:names and/or 1radanarks 

8100 McCormick Blvd., Skokie, lllinois 60076. of their respective manufacturers. 
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Introduction 

Benchmarks 

F or the past six months, the lights at BYTE have been 
blazing at all hours-weekdays, weekends, and holidays 

alike. What generated this flurry of activity? The short 
answer is "benchmarks." 

No, not running them. We've been designing, coding, and 
testing an entirely new suite of BYTE benchmarks. Along 
the way, we've overhauled the Small-C language to work 
with today's state-of-the-art microprocessors . ~·re making 
both our benchmark code and the new versions of Small-C 
freely available on disk, via BYTEnet and BOC, and in print. 

Why did we do all this? Because we'd realized for some 
time that our old benchmarks-like most benchmarks cur
rently in use- were tired, worn, and in need of replacement. 
Some were originally developed for old-style, narrow-band
width machines. Others, including some established stan
dards, really dido ' t do a very good job of testing what they 
purported to test. In one way or another, almost all had 
aspects we believed we could improve-that w~ had to im
prove- if we were to continue our tradition of providing the 
kind of reliable, meaningful results that you demand and 
deserve. 

In this issue, we present the first ofour new tests in " Intro
ducing the New BYTE Benchmarks," written by the BYTE 
editors who have come to know the subject so intimately: 
Richard Grehan, Tom Thompson, Curtis Franklin Jr., and 
George A. Stewart. In coming months, we'll be expanding 
on the foundation established here. We welcome your com
ments, compliments, and constructive criticism. 

Also in this month ' s In Depth section, we look at the 
whole subject of benchmarking. We begin with an overv.iew 
of what benchmarks are and what they should be in "That 
' B' Word!" by Bill Nicholls. This article deals with such 
questions as why we write benchmarks, what they' re for, 
and what they tell us-and don't tell us. It also discusses 
some of the more familiar benchmarks in our industry . 

In " Problems and Pitfalls, " Alfred A. Aburto Jr. dis
cusses what's wrong with many benchmarks, what kinds of 
mistakes we're apt to make in writing them, and how we tend 

to misinterpret-or overinterpret- benchmark results . His 
article also details some of the problems found in many of 
today's popular benchmarks. 

Finally, Ron Fox presents "Why MJPS Are Meaning
less," an article that discusses micro benchmarks- those 
that test the various parts of a system rather than the system 
as a whole. Ron also presents a series of his own micro 
benchmarks that you can use to test some of the components 
in your own system. 

Benchmarks-you can' t live with them, and you can' t live 
without them. They are infinitely tedious to design and code, 
because there seems to be an infinite number of variables 
within them. But they are also the best method we have so far 
for comparing one system-or component or software pack
age-to another. Well-designed benchmarks provide an ob
jective evaluation of competitive products and thus give us 
the information with which to make informed choices. 

-Jane Morrill Tazelaar 
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BENCHMARKS 


That "B" Word! 

What it is, where it's going, and why we subject ourselves to it 

BENCHMARKS. SAY THAT word in 
some circles and you might be swearing. 
It drags up memories ofnights spent writ
ing benchmark programs, modifying 
them, testing them, and testing them 
some more, only to find that you're not 
testing what you thought you were, the 
compiler has optimized your code out of 
existence, or you're comparing the pro
verbial apples and oranges. 

A bendunark is simply a standard for 
judging the performance of various com
puters. But what gives the "B" word em
phasis is that there's no official standard 
for benchmarks, and, to make matters 
worse, computer technology isn't exactly 
holding still. 

Given that the laSk is difficult and ever
changing, why do we try to do it? First, 
without benchmarks, we have no basis 
for preferring one computer over another 
except price. And second, given any 
architecrure, benchmarks provide feed
back on how well it performs, thus pro
viding infonnation for those designing 
new architectures. 

Benchmarks measure performance, a 
complex issue, and yet they supply only a 
simple number as a result. Unless a 
benchmark clearly identifies what it's 
testing (i.e., a single component or the 
whole system), these simple numbers can 
be the seeds of misinformation. 

One such seed is MIPS, or millions of 
instructions per second. With no stan
dard set of instructions and no standard 
MIPS benchmark, you can ' t compare 
MIPS across different CPU architectures 
with any hope of accuracy; sometimes, 
you can't even compare them accurately 

Bill Nicholls 

within a single line of machines. MIPS 
has become "meaningless information on 
performance for salesmen. " 

Regardless of the difficulties, however, 
we need benchmarks-both general-pur
pose and specific- that don't become 
worthless as technology changes. 

What Makes a Good Benchmark? 
A good benchmark has four general re
quirements. Fust, it must be meaningful. 
The benchmark must test a factor that is 
relevant to the user. Second, the bench
mark must be accurate. Results should 
contain a measure of the accuracy 
achieved, and that measure should be re
ported as part of the results. Third, the 
test should be repeatable. The variance in 
results (called noise) should also be re
ported. Fourth, the benchmark should be 
able to discriminate between systems that 
are really different and report similar re
sults for similar systems. 

A meaningful benchmark is a test that 
measures something relevant to our pur
poses. The trick, of course, is to ask the 
right questions. Given the output from a 
good benchmark (e.g., a table of bench
mark data based on running the same 
program with the same level of compiler 
optimization), you can do a valid compar
ison of the results between systems. 

You can divide benchmarks into two 
categories: microscopic, looking at the 
components of a system in detail, and 
macroscopic, looking at the system as a 
whole. You must be careful, however, 
not to interpret the results of microscopic 
tests as having meaning at the macro
scopic level. 

Micro benchmarks are useful for find
ing the maximum capabiljty of a compo
nent within a system. They are helpful in 
system design and in estimating maxi
mum performance possible for an appli
cation under development. Hardware 
comparisons made with the same execut
able code can be quite valid for the test 
performed. And since different com
pilers for the same language, or even dif
ferent languages , can compile the same 
test for a given machine, we can develop 
tables of software comparisons as well. 
For a further discussion of micro bench
marks, see "Why MIPS Are Meaning
less" by Ron Fox on page 225. 

Real applications are valuable as sys
tem benchmarks, as long as the work you 
choose is representative of what you're 
trying to test. Recently, it has become 
possible to find applications that are sup
ported across a wide range of configura
tions and, in a few cases, across systems; 
these benchmarks are becoming more 
and more meaningful as the end user per
forms more complex work. 

Designing a benchmark test is a lot 
more difficult than it appears. Most peo
ple start by running benchmarks, then 
decide what they want to accomplish . 
The correct approach is to decide what 
you need to establish, choose appropriate 
benchmarks, run them, look at the signif
icance of the results, and, finally, decide 
whether the differences are significant. 

Choosing the appropriate benchmark 
requires some understanding of each 
benchmark process and its relative accu
racy. You need to separate those bench-

continued 
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THAT "B" WORD! 

marks that test components from those 
that test systems, and try not to compare 
the results of those two different catego
ries of tests. And you need run only those 
tests that reflect the environment and 
work you intend to perform. If you add 
benchmarks beyond this, you increase 
work and confuse the issue by adding re
sults not relevant to your objective. 

Having run a suite of benchmarks, how 
do you detennine what they mean? There 
is no simple answer to this because it 
depends on your objectives. If you are 
evaluating processors for pure perfor
mance and use an appropriate bench
mark, a significant difference between 
results makes a decision fairly easy. 

What makes a difference significant is 
lhe issue of repeatability. If you run the 
same test 10 times, are all the answers 
within I percent ofeach other? Within I 0 
percent? If you know that noise number, 
you can conclude that differences be
tween systems less than lhe noise amount 
are insignificant; a benchmark that shows 
differences between systems less than the 
noise amount can't be used to differenti
ate between them. 

Studying the Classics 
Several benchmarks have been around 
long enough to be considered classics. 
Whetstone, one of the oldest, was de
signed to be representative of typical 
scientific programs. It was based on the 
analysis of 949 ALGOL 60 programs. 
Whetstone was originally considered 
quite good, but recent analysis has shown 
that it's vulnerable to modem optimizing 
compilers. 

The best general-purpose test devel
oped thus fur is Dhrystone (named as a 
pun on Whetstone). Despite sensitivity to 
some kinds of optimization, it's a good 
effort and a useful performance test. Re
visions are under development to address 
known weaknesses; the current version 
(I . 1) has some flaws that are being ad
dressed in version 2 .0 . 

The Sieve, another classic, generates a 
small set of primes using an algorithm 
that does a minimal amount of calcula
tion. In addition, the run is quite small, 
and some modem compilers recognize 
the algorithm and perform special opti
mizations on it. While it purports to test 
computational performance, it primarily 
tests integer operation and indexing. This 
and other familiar benchmark tests are 
discussed in "Problems and Pitfalls" by 
Alfred A. Aburto Jr. on page 217. 

The SI (Norton's System Indicator) is 
an example of a benchmark built wilhout 
remaining independent of architectural 
differences within a single family of 
chips. Originally intended to point out 
the differences between various 8088 
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speeds, lhe SI gives misleading results 
when used to compare different genera
tions, such as 8088 versus 80286. 

Why We Need New Ones 
In the past , BYTE's benchmarks have 
been flawed, as in their continued use of 
unrealistic 1/0 tests like Format and 
Copy. The standard tests didn't cover a 
wide enough range, and some of the tests 
had very little discriminatory power. A 
second problem was the limited set of 
comparisons in any one article. A full set 
of comparisons over a range of bench
marks would have been helpful . The new 
set of benchmarks described in " Intro
ducing the New BYTE Benchmarks" on 
page 239 resolves many previous prob
lems and shortcomings. · 

PC Labs' benchmarks also contain 
basic weaknesses. Some of the tests lack 
discrimination. The test results for differ
ent products are so close that any signifi 
cant differences are lost in lhe noise. An
other problem is the use of subjective 
quality judgments without providing a 
scale for the basis of judging. Printer
quality output is a prime example of this 
problem. A third problem is the use of 
multiple testing personnel , adding an
other subjective element to the results. 

PC Tech Journal has compiled detailed 
component benchmarks and pseudo-real
world tests. While accuracy in the com
ponent tests has been a prime concern, 
some of the tests have minimal discrimi
natory power, and lhe results are often 
difficult to read. However, the basic data 
is good. The real-world tests typically are 
limited in value because of the small size 
of the environments tested, making ex
trapolation to larger environments with 
different structures risky . One example 
of this is the database benchmark series. 

The Software Digest benchmarks are a 
different class of tests than most of the 
others. Most of them are subjective, but a 
major effort has been made to limit this 
subjectivity by averaging test results over 
a number of cases to smooth any single 
observation. The overall score generally 
reflects the product's measurement. 
However, the basic tests are judgmental 
in nature, and the standards used may not · 
reflect what you consider important. 
This remains a problem despite the de
tailed reporting of the component results. 

The Art of Benchmarking 
Benchmarking is not just science or engi
neering; it is an art. While parts of the 
process have been reduced to engineering 
techniques, the task as a whole remains 
very much an application of the human 
art ofjudgment. "Good judgment comes 
from experience. Experience comes from 
bad judgment." This homily is the key to 

progress in benchmarking. Until you 've 
had hands-on experience benchmarking a 
number of systems, the results of your ef
fort are liable to be unpredictable. 

The earliest benchmarks, such as the 
Sieve, tested the CPU and memory . It ap
peared to be easy to test the CPU, and 
lhat was central to an understanding of 
performance. But both lhe Sieve and our 
understanding of performance have un
dergone substantial evolution since then. 
Further problems have arisen as tests for 
one generation of equipment were rerun 
on a later generation; for example, some 
tests designed for the IBM PC were later 
used for an 80386 system. 

To date, benchmark testing of 110 has 
been limited, and much of what we've 
done is too simple. The typical 110 
benchmark failed to test random access 
and such items as repeated access to di 
rectories and file access tables . One ex
ception to this is the Coretest hard disk 
benchmark for the IBM PC AT and com
patibles, which tests both random access 
and transfer rates . 

Graphics is another area of limited 
testing . With the exception of component 
tests of the EGA by PC Tech Journal and 
some performance tests by BYTE, little 
has been done. The main problem in 
benchmarking graphics and video is the 
extreme sensitivity of the results to hard
ware configuration and the quality of the 
code. Anolher whole class of problems 
arises when you try to figure out what to 
test (see references land 2) . 

Although benchmarking components 
(i .e ., micro benchmarks) may be the 
most popular test, how the system runs 
when you use it for practical work is the 
most important. Except for the Whet
stone, this important fact did not get 
much attention until recently . Using pop
ular applications as benchmarks is bring
ing some interesting facts to light, such as 
the sensitivity of an AT or 80386 system, 
especially a multiuser system, to the per
formance of the disk subsystem. In many 
cases, this performance is more impor
tant than CPU perfonnance and has led to 
a demand for faster disk subsystems. 

An effort is under way at the IEEE to 
develop benchmarking standards. It has 
been delayed by lhe lack of anyone to 
head the volunteer effort . When a set of 
IEEE standards can be developed, they 
will be of great value in reducing the cur
rent chaos in the area of benchmarking. 

On the Hard Side. 

Identifying the problems involved in 

benchmarking is an ongoing process. 

The more we learn, the more problems 

we find . The basic dilemma is the num

ber of variables. Even in simple cases, 


conrinued 
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MICRO-CAP ll:M 

The CAE tool with fully interactive 


analog simulation for your PC. 

Spectrum Software's MICRO-CAP II® is 
fast, powerful, and feature rich. This fully 
interactive, advanced electronic circuit 
analysis program helps engineers speed 
through analog problems right at their 
own PCs. 

MICRO-CAP U, which is based on our origi 
nal MICRO-CAP software, is a field-proven, 
second-generation program. But it's dra
matically improved. 

Sc/Jema/ic &lilor 

MICRO-CAP Il has faster analysis routines. 
Better resolution and color. Larger librar
ies. All add up to a powerful, cost-effective 
CAE tool for your PC. 
The program has a sophisticated inte

grated schematic editor with a pan capa
bility. just sketch and analyze. You can step 
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component values, and run worst-case 
scenarios- all interactively. And a SOCHype* 
library of standard parts is at your finger
tips for added tlexiblity. 

MICRO-CAP II is available for IBM® PCs 
and Macintosh.N The IBM version is CGA, 
EGA, and Hercules® compatible and costs 
only $895 complete. An evaluation version 
.is available for $100. Call or write today for 
our free brochure and demo disk. We'd like 
to tell you more about analog solutions in 
the fast Jane. 

• Integrated schematic editor 
• Fast analysis routines 
• High-resolution graphic output 
• 	 Standard parts library of soo• types 

*IBM versions only. 

• lhtnsient , AC, DC, and FFT routines 
• Op-amp and switch models 
• Spec-sheet-to model converter• 
• Printer and plotter• hard copy 

AC 1l11a/J~'is 

-~ --- ---- ---- .. - -,.. -- -- --~=~~-=~- -== == 
1021 S. Wolfe Road, Dept. E 

Sunnyvale, CA 94087 

(408) 738-4387 

MICRO.CAP II ls 2 rep>1cn.-d t.r>demm 


of Speanun Sof11''"'" 

Mxintosh is 1 1roderruui< of llrlntosh l.:lbor.uoiv. Inc 
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THAT "B" WORD! 

you have the processor, the auxiliary pro
cessors, the memory speed and interface, 
the 1/0 bus, and all the I/O devices and 
their interactions . Worse, it's not at all 
clear which variables are important or 
how they interact. In addition, many are 
not under your control, or not easily 
changed if they are. 

Small hardware differences often 
cause problems. For example, the IBM 
PC AT has a slow interface to the 80287 
chip. Note that the 80287 runs at a slower 
clock speed, but its interface to the 80286 
was chosen for simplicity , which also 
limits its performance (see reference 3) . 
In this case, many of the clone makers 
have built a faster interface without losing 
compatibility. 

Cache is another variable that affects 
the benchmarking task. Currently , there 
are software caches to improve the effec
tive speed of the hard disks and hardware 
caches to speed up or eliminate memory 
access for instructions and data. Adding 
cache to the benchmarking environment 
comp! icates the testing because of various 
cache algorithms, different cache sizes, 
and nonlinear cache effects . Thus , a 
cache adds two or more dimensions to an 
already complex benchmarking process . 
Current benchmarks simply avoid cache 

testing where possible. 
Hardware cache comes in two main va

rieties: external and on-chip. External 
cache sits between the main memory and 
the CPU and comes in a variety of sizes 
and implementations. Its purpose is to 
reduce the delay between the memory re
quest and the time data available at the 
processor. Its performance depends on 
the programs running, the operating sys
tem, the workload, and the specific size 
and implementation of the cache itself. 

On-chip cache, as in the Motorola 
68020, is a newer element. It is for in
structions only and is very small, but it 
totally eliminates memory-access delays 
for small loops and can generate large 
performance differences . 

On the Soft Side 
Along with the hardware complications 
are a few from the software side as well. 
One is compiler optimization . In the 
early days, compilers simply generated 
object code for a given source, and you 
were happy if it worked. Compilers are 
now "smarter," so the code will run 
faster . This has been a real disaster for 
the early benchmarks, as many of them 
were trivial tests done numerous times. 
The smart compilers simply eliminate 

meaningless operations , reducing some 
benchmarks to almost no operations and 
rendering the results meaningless. 

Another problem arises when bench
marks use different compilers without re
porting that fact and thus introduce vary
ing amounts of error into the results . 
When this occurs, the results cannot be 
validly compared with other systems . 

The software disk cache is another 
problem area. It can be disabled in most 
operating systems except Unix . Since the 
cache is not usually built in, eliminating 
it at start-up is easy for the purpose of 
benchmarking . However , Unix (and 
probably future systems) will have built
in cache, and since systems typically run 
faster with it than without it , they'll have 
to be tested with software disk cache . 

Multitasking software adds another 
level of complexity that minicomputers 
and mainframes have faced for years . 
Measuring the performance of one task 
while others are running becomes a sta
tistical exercise at best , a waste of time at 
worst. This area will get more attention 
as microcomputer multitasking becomes 
more common . New benchmarks in this 
area will need a wider set of environmen
tal settings for comparison purposes. 

continued 

f The Complete ~ 
1 68000 C Compiler ~ 

The UnlWare"' 68000 C Cross Compiler gen
erates fully optimized code for your ROMable 
applications. It supports: 

* 68000 * 68008 
* 68010 * 68012 
* 68020 * 68881 ~ 

You won't find a more complete package - the 

UniWare 68000 C Compiler comes with a 

relocating macro assembler, type-checking 

linker, librarian, and all the utilities you need to 
 ~ put your program into ROM. And it's just $995 

under MS-DOS. Also available under UNIX. 


CALL TODAY 


(312) 971-8170 ~ SOFTWARE DEVELOPMENT SYSTEMS, INC. 

3110 Woodcreek Drive 


Downers Grove, IL 60515 


The Complete ~ 
Z80 C Compiler ~ 

The UnlWare,,. Z80 C Cross Compiler gener
ates fully optimized code for your ROMable 
applications. It supports: 

•Zilog Z80 
•Zilog Z180 

•Hitachi HD64180 ~ 
You won't find a more complete package - the 
UniWare Z80 C Compiler comes with a relocat
ing macro assembler, type-checking linker, 
librarian , and all the utilities you need to put ~ your program into ROM. And it's just $995 
under MS-DOS. Also available under UNIX. 

CALL TODAY 

(312) 971-8170 ~ SOFTWARE DEVELOPMENT SYSTEMS, INC. 

3110 Woodcreek Drive 


Downers Grove, IL 60515 
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TOTAL POWER PROTECTION 
• 	 Blackouts - Enables user ro operate during complete loss of 

power. 

• 	Brownouts - User is protected from low AC voltage below I 02. 

volts . 

• 	Overload rrotectlon - Automatic shutdown In overload sirua t ion 

to protect urs from inverrer burnour . 

• 	 Overvoltase rrotcctlon - UPS runs on inverrer ( I I 7 volrs) 

when AC voltage exceeds I 32. volt s. 

• 	 Surges/ Spikes - Clamps transients above 200 voles with an 

energy rar ing of I 00 joules or less. 

• 	 EMl/Rfl - Three srage filtering for clean AC power . 

• 	Syncronlzed Slnewave• - Eliminates voltage reversal to input or 

your equ ipment. 

• 	 I Miilisecond Transfer Time• - This includes detection and 

transfer so your machine never notices loss of electrical power . 

• 	Two Audible Alarm Levels - Notifies user of battery usage and 

two (2) minute warning . 

• 	LED Display - Informs user of operation mode. power uti liz.ed 

on AC . plus ··on Battery" · and barrery power status. 

• 	 Alarm Siiencer - En<1bles user to silence alarm for quiet con

tinued oper<1rion during battery operarlon . 

• 	Optional Signal ron - Enables UPS to nmify computer of loss 

of AC power to <1 l low computer to backup or shut down . 

· z 50 wa11 <'Ind 500 watt units offer 4 msec tran>fer cime . PWM w"ve form . 

Suggested Retall 

250 WATT 120 Volt s 359.00 

300 WATT 120 Volt s 549.00 

500 WATT I 20 Volt s 699.00 

600 WATT 1ZO Volt s 899.00 

I ZOO WATT I ZO Volt $1499.00 

1600 WATT I ZO Volt s 1999.00 

230 Volt Units Also Avallable 

~ 

PARA SYSTEMS, INC. 

~ 
1455 LeMay Drive Telephone: 

Carroll con . Texas 7 5007 (2 t 4 ) 446-7 363 

1-800-238-7272 

FAX: (2. 14) 446-90 I I TELEX: I 402. 7 5 OMEGA 
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Subscription Problems? 


We want to help! 

If you have a problem with your BYTE subscription, write us 

with the details. We'll do our best to set it right. But we m ust 

have the name, address, and zip of the subscription {new qnd 
old address, if it's a change of address). II the problem 

involves a payment, be sure to include copies of the credit 
card statement, or front and back of cancelled checks. 

Include a "business hours" phone number if possible. 

Subscriber Service, PO. Box 7643, Teaneck, NJ 07666-9866 

212 BYTE • JUNE 1988 

THAT "B" WORD! 

Even without multitasking, changing 
operating systems can change your re
sults . The differences can be caused by 
overhead variations between the operat
ing systems ·or by different facilities and 
compilers. Typically, changing the oper
ating system per se doesn' t produce a 
major effect, but the variation in facili
ties, compilers, and concurrent tasks 
complicates the measurements. 

Tomorrow and Tomorrow 

We can now see the directions of tomor

row's benchmarks: improving the current 

ones and using both synthetic and real ap

plications . Third-generation develop

ment has begun already with Dhrystone 

2.0, Calcpi, search, and memory-access 

routines. 


At this time, there still are fixed system 
benchmarks. That is, the benchmark de
signer fixes the steps and operations in
volved, and the user isn't allowed to 
change them. In the future , we'll see syn
thetic benchmarks, or benchmark shells, 
that contain a large number of basic oper
ations typical of applications code. Users 
can then develop scripts that reflect their 
current or future applications and run 
those scripts on several machines . 

The future will also bring more real 
applications used as benchmark tests. 
This is perfect if you are using that spe
cific application, and also useful if you 
are using that category of application . 
The reason for this change is simple. As 
systems become more complex , the work 
involved in generating and validating a 
new system benchmark increases. At 
some point , the work involved in creating 
the new benchmark exceeds the value that 
you can get out of it, and real applications 
test the system sufficiently . 

The years ahead will see significant 
improvement in benchmarking capability 
as these trends bear fruit. The limiting 
factor , as it has always been, is the under
standing and care of the person using the 
benchmarking process. • 

Editor's note: For BIX references and se
lected readings . see graphic. displbiblio
graphy on BIX. 
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Unleash the full power ofthe 80386 chip. 


NO OTHER PC CAN DO MORE FOR YOUR BUSINESS 

THAN THE AT&T 6386 WORKGROUP SYSTEM. 


Compare the AT&T 6386 Work 
Group Sysrem to al rernarive PCs; 
youll find it unleashes the full power 
of the 80386 chip. 

In fact, il 'sone of the mosc power: 
fu l personal computers on the ma1: 
ket today. 

I ts crne 32-bic archicectur lets 
you perform real multi-raskingand ir 
supports multiple users with simul
taneous dara access. 

Bue there's much more co cheAT&r 
6386 WGS than rhe powerful features 
thac make iC a superior computer 
roda)( 

The 6386 WGS is pan of a family 
ofAT&T computers char share an open 
arch irecture and interface called 
the AT&T Applica tion Operating 
Environment 
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Ir's asimple, powerful id€a. 
The AOE embraces AT&T's ap

proach to indusrry-srandard oper
ali£1g systems, languages, database 
managemenr graphic·, networking, 
and more. 

Through AOE, AT&T is committed 
to openness and crue connectiviry. 

So, no matcer whar exciring new 
opporcuniries the 

); .'· ·•: 1 software industry 
provid , the Ah'ff 
6386 WGS i ready 
for chem. 

And yo ur in
vesrmenr in AT&T 
compurer equip
ment wi ll remain 
safe and sound. 

Read on. 

To help protect your curren t 
software inves tment we offe r a 
machine that can run in all major 
operating environments includ ing 
MS *-DOS, Windows/386 OS I2, 
UNIX System Y, and Sim ul-Task 386. 

Rapid chancres in roday'.-;.software 
"9.0rld mean your compurer must be 
ready for anything lhat comes along. 

And it must be able to run all of 
your existing DOS soflware: word 
processing, spreadsheets, databases, 
forecasting packages, and .so on. 

r~-..,,_......I

.,._ ·-........- -·..... .',• ui..·•··· ·-·-·~ ., __..._...,, .....
~-

'""'' "" •-11po ••10.,11• .. ICZIM'Wl • , .., ••, .._• .. .. - ... ,. __ ,.., - .. ,·~ n-.. ...... M ......... ,_..
........ , .... .. ___ ... _
~, 
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The powerful 80386 chip in the 
AT&T 6386 WorkGroup System works 
with Windows/386 so you can multi 
task DOS applicarionssimultaneously 
- the number of applicarions is Iim
iled onl) by your expandable RAM 
capacity. 

As 05/2 appli ca tions emerge, 
your 6386 WGS wi II be ready to run 
them. 

Plus you get the power of IX" 
System V; make the 80386 chip nyas 
you run powerful multi-ta. king UNIX 
System applications, while Simul-Tc.Lsk 
386 leLs you concurrently run your 
DOS appli ca tions in their own 
windO\VS. 

And your 6386 WGScan serve up 
to 32 connected termin<lls in a multi
user environment. 

Take advantage of PC enhance
ments when opportunities arise. 

Running out of expansion slots in 
your computer is amajor headache. 

And since rhe industry promises 
even more exci ting and powerful 
plug-in boards tomorrow, the prob
lem is just going to ger wor:e. 



So, in addition to providing tor 
more memory, rhe 32-bit path lets 
you 1 bn <J1ead now for high-pertorm
ance board'i in the fi.m.1re. 

The 6386E '\ G has an unprece
dented 10 expansion sloL'i: tour 32-bit 
paths, four 16-bit sluts, and rwo 8-bit 
slots. (8 and 16-bit boards can be 
used in the 32-bic sloL'>.) 

The 6386 \XtGS offers seven slots: 
three 32-bit, two 16-bit, and two 8-bir. 

1 o other 386 computer series 
gives ~'OU more expam.lability 

Add up to 5 magnetic periph
erals inside the machine. 

The Al:.'{;T 6386 \X GS lees \IOU acid 
up to fi\ e mass-storage peripherals 
including tape drive - rig/Jt in tbe 
machine. \'( hy clurrer up your desk 
\Vith outboard units? 

Keep on using your current 
media by choosing inboard 3Y2-inch 
with a 5Y.1- inch disk drive option. 

\X hy waste time convening all of 
your ) V..-inch diskettes just ro accom
modate a machine that forces \OU to 
use 3\/?-inch disketres? · 

Run at up to 20-megahcrtz clock 
speed. 

The 6386E \XIGS flies with its 20
megah rrz clock speed ( 16 or 20 
megahertz for the 6386 WGS). 

Choose from four industry-stan
dard graphics protocols: EGA, CGA 
MDA, and AT&T. 

The6386 WGS series supports vi1' 
lUally every graphics display device: 
on the marker. 

Get total compatibility with 
existing XT and AT comput<::rs. 

The Al&T 63 6 \XiorkGroup Sys
tem is totally hardwar -compatible 
with che IBM** XT and AT 

Virtually all rhe plug-ilJ boards 
design cl for earlier 8086 and 80286 
machines will work in the AT&T 6386 
machines. 

Expand RAM as needed. 
As nc,,· operating systems 

emerge, you need all che RAM you 
cangee. 

Today:<; new operating systems 
and applications ar significantly 
more memory-hungr~: 

FEATURE AT&T 6386 AT&T 6386E 
WGS WGS 

PROCESSOR 80386 80386 

CLOCK SPEED 16120MHZ 20MHZ 

RAM (STANDARD> IMS 2MB 

5.25- DISKITTE 1.2MB 1.2MB 
360KB 360KB 

3.5" DISKITTE 1 44MB l .44MB 

TOTAL INTERNAL 3 l /2HT 3 1/2HT 
DEVICES ... 1 FULL + 2 FULL 

TOTAL HARD DISK 435MB 600M8 
CAPACITY 

STREAMING TAPE 40. 600R 40. 600R 
BACKUP 125MB 125M8 

EXPANSION SLOTS 7 10 

More HAM lets you run multi-task
ing and multi-user applications much 
more quick!~( You avoid wasting rime 
in unnecessary disk access, because 
Lhe6386 WGS lets you expand HAM as 
your needs increase. 

Plan for the future by entering 
the AT&T Application Operating 
Environment. 

If you're running PC applications 
today and find that you need to 
enlarge your workgroup sometime 
in the future, you won't have ro 
build an applications library from 
scra td1. 

The AT&T AOE leL'> you port your 
IX System V sofrware essentially 

unchanged co depa rtmencal size 
minis ( including AfaT's 3B comput
er fami ly & RI C based machines) 
and mainframes, so you can start run
ning powerful 386-1ased applica
tions now, without fear for tomorrow 

At the same time you can build a 
fully networked PC workgroup. 

The 6386 \XIGS is compatible with 
a wide range of peripherals. includ
ing AT&T's laser, lene1cquality, clot
matrix, and line primers; ploners: 
and high -performan ce d ispl ay 
terminals. 

A single AT&T SW{LAN mvork 
can link from 2 to over 100 PCs 

' 
which means individual in \'Our 
workgroup can share printers, 
access the sa me data, and send 
messages. 

AT&T' modular architecture and 
rwbted-pair wiri ng make it easy for 
you to acid stations as needed. 

How to protect your freedom of 
choice. 

To avo id buying the wrong 
machine, rake a close look ar rhe 
AT&T 6386 WorkGroup Syslem. For 
more information on the 6386 WGS, 
the AT&T STARIAN . etwork, AT&T 
printers and rerminals, and the 
Application: Op raring Environ 
ment , ca ll your AT&T Account 
Executive, Authorized AT&T Reseller, 
or dial 1 800 247-1212. AT&T can 
arrange for you ro examine the 6386 
WorkGroup ·ystern, the STARLAN 

er,vork, and other components 
you'll need to build a product ive 
workgroup. Either at a faciliry near 
you or by special arrangement at 
your business locarion. 

From equipment to networking, 
from computers ro communicarion, 
AT&T is the right choice. 
1 .US~11~r\9'M11.11,.,..<lt~ 


'' l l!.\f. " 1 t~('J•r~koll!ll.rtiu!'JCll'.al8'Nnr» \b:OO-Cilpir>rdl. 


~1'Z::r~Nthdrmll\.duim°"'~rnf1U.1oon 

-===. AT&aT 
- The right choice. -
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UNLEASH YOUR 80386! 

Your 80386-based PC should run two to 
three times as fast as your old AT. This 
speed-up is primarily due to the doubl
ing of the clock speed from 8 to 16 MHz. 
The new Micro Way products discussed 
below take advantage of the real power 
of your 80386, which is actually 4 to 16 
times that of the old AT! These new pro
ducts take advantage of the 32 bit regis
ters and data bus of the 80386 and the 
Weitek 1167 numeric coprocessor chip 
set. They include a family of MicroWay 

mW1167 Numeric 
Coprocessor Board 

80386 compilers that run in protected 
mode and numeric coprocessor cards 
that utilize the Weitek technology. 

The benefits of our new technol
ogies include: 
• An increase in addressable memory 
from 640K to 4 gigabytes using MS
DOS or Unix. 
•A 12 fold increase in the speed of 32 bit 
integer arithmetic. 
• A 4 to 16 fold increase in floating point 

MicroWay® 
80386 Support 

MicroWay 80386 Compilers 
NOP Fortran-386 and NOP C-386 are globally 
optimizing 80386 native code compilers that 
support a number of Numeric Data Processors, 
including the80287,80387 and mW1167. They 
generate mainframe quality optimized code and 
are syntactically and operationally compatible to 
the Ber1<eley 4.2 Unix f77 and PCC compilers. 
MS·DOS specific extensions have been added 
where necessary to make it easy to port pro
grams written with Microsoft C or Fortran and 
RIM Fortran. 

The compilers are presently available in two 
formats: Microport Unix 5.3 or MS-DOS as ex
tended by the Phar LapTools. MicroWay will port 
them to other 80386 operating systems such as 
OS/2 as the need arises and as 80386 versions 
become available. 

The key to addressing more than 640 kbytes 
is the use of 32-bit Integers to address arrays. 
NOP Fortran-386 generates 32-bit code which 
executes 3 to 8 times faster than the current 
generation of 16-bit compilers. There are three 
elements each of which contributes a factor of 2 
to this speed increase: very efficient use of 
80386 registers to store 32-bit entities, the use of 
inline 32-bit arithmetic instead of library calls, 
and a doubling in the effective utilizatlon of the 
system data bus. 

An example of the berlefrt of excellent code isa 
32-bit matrix multiply. In this benchmark an NOP 
Fortran-386 program is run against the same 
program compiled with a 16-bit Fortran. Both 
programs were run on the same 80386 system. 
H01Never, the 32-bit code ran 7.5 times faster 
than the 16-bit code, and 58.5 times faster than 
the 16-bit code executing on an IBM PC. 
NOP FORTRAN-386"' •........ . •• ...$595 
NOP C-386'" . ....•...•.•........ - .. .$595 

MicroWay Numerics 
The mW1167'" is a MicroWay designed high 
speed numeric coprocessor that wor1<s with the 
80386. It plugs into a 121 pin "Weitek" socket 
that is actually a superset of the80387. This soc
ket is available on a number of motherboards 
and accelerators including the AT&T 6386, 
Tandy 4000, Compaq 386/20, Hewlett Packard 
RS/20 and MicroWay Number Smasher 386. It 
combines the 64-bit Weitek 1163/64 floating 
point multiplier/adder with a Weitek/lntel de
signed "glue chip". The mW1167 '" runs at 3.6 
MegaWhetstones (compiled with NOP Fortran· 
386) which is a factor of 16 faster than an AT and 
2 to 4 times faster than an 80387. 
mW1167 16 MHz ........ . .•....•..$1495 
mW1167 20 MHz ........ .•........$1995 

Monoputer '" - The INMOS T800-20 Trans
puter is a 32-bit computer on a chip that features 
a built-in floating point coprocessor. The T800 
can be used to build arbitrarily large parallel pro
cessing machines. The Moncputer comes with 
either the 20 MHz T800 or the T414 (a T800 
without the NOP) and lndudes 2 megabytes of 
processor memory. Transputer language sup
port from MicroWay includes Occam, C, Fortran, 
Pascal and Prolog. 
MonoputerT414-20wtth 2 meg' ... $1495 
MonoputerTS00-20 with 2 meg• ...$1995 

Quadputer 'M can be purchased with 2, 3 or 4 
transputers each of which has 1 or 4 megabytes 
of memory. Quadputers can be cabled together 
to build arbitrarily fast parallel processing 
systems that are as fast or faster than today's 
mainframes. A single T800 is as fast as an 
80386/mW1167 combination! 
Biputer"'T800/T414wtth2meg' •.•. $3495 
Quaclputer 4 T414-20 with 4 meg1 • ••$6000 
' Includes Occam 

speed over the 80387180287 numeric 
coprocessors. 

Equally important, whichever Micro
Way product you choose, you can be 
assured of the same excellent pre- and 
post-sales support that has made Micro
Way the wor1d leader in PC numerics 
and high performance PC upgrades. 
For more information, please call the 
Technical Support Department at 

617·746-7341 
After July 1988 call 508-746-7341 

80386 Multi-User Solutions 
ATS"' - This Intelligent serial controller series is 
designed to handle 4 to 16 users in a Xenix or 
Unix environment with as little as 3% degrada
tion in speed. It has been tested and approved by 
Compaq, Intel, NCR, Zenith, and the Department 
of Defense for use in high performance 80286 
and 80386 Xenix or Unix based multi-user 
systems. 
AT4- 4 users •• •. ......... . .••..••••$795 
ATS - 8 users .. •.... .... .. .........•$995 
AT16 - 16 users . ..... . .. .•.•......$1295 

Phar Lap"' created the first tools that make it 
possible to develop 80386 applications which 
run under MS-DOS yet take advantage of the full 
power of the 80386. These include an 80386 
monitor/loader that runs the 80386 in protected 
linear address mode, an assembler, linker and 
debugger. These tools are required for the MS
DOS version of the MicroWay NOP Compilers. 
Phar Lap Tools • .. .............. . .... $495 

PC/AT ACCELERATORS 
28TT\.u1>o-10 10 MHz •.•• •••• ..•.. ...$450 
287Turbo-12 12 MHz••• ....••• • . • .•.$550 
2S7TurboPlus-12 12 MHz ...........$629 
FASTCACHE-286 9 MHz .. ... . .. ... .$299 
FASTCACHE-286 12 MHz - .....•••••$399 
SUPERCACHE·286 ......•.....••••.$499 

MATH COPROCESSORS 
80387-20 20 MHz ...••.••.. •.. ... - .. $795 
80387-1616 MHz .. ...........• ....•$495 
80287-10 10 MHz........ . ..........$349 
80287·8 S MHz ......•....••••...•••$259 
80287-6 6 MHz . . . .... ..• . •.. . ... . . . $179 
8087-2 8 MHz ....••..•••••.........$154 
8087 5 MHz . .. •••. . , ....... ••• . .... .$99 

Micro The World Leader in PC Numerics 
P.O. Box 79, Kingston, Mass. 02364 USA (617) 746-7341 

32 High St., Kingston-Upon-Thames, U.K., 01 -541-5466 
St. Leonards, NSW, Australia 02-439-8400 

Way 
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BENCHMARKS 


Problems and Pitfalls 

What's wrong with the old benchmark programs? 

FROM TIME TO TIME, even bench
marks need a checkup. It's time to review 
the state of their health when the mere 
mention of benchmarks sparks debate 
and controversy. And it's time for treat
ment when we find anomalies in the data 
or contradictory results between one in
dependent series of tests and another. 

The trouble with benchmark results 
doesn't always lie in the programs; it 
often lies in the test methods and proce
dures used or with how the results are re
ported. And often it appears that the tests 
haven't taken into account all the vari
ables that can significantly affect per
formance. 

It's easy to make errors in conducting 
benchmark tests and unknowingly report 
erroneous, misleading, or contradictory 
results. Despite the problems and the 
controversy, however, developers and 
evaluators of computer hardware, soft
ware, and systems continue to use bench
mark programs to demonstrate product 
improvements. And the rest of us run 
them, or read them, to help us decide 
which products to buy. 

Getting All Your Ducks in a Row 
The lack of controlled and appropriate 
test methods and procedures causes many 
of the problems with benchmarks. For 
example, if we wish to compare the per
formances of processor A and processor 
B using C language compilers, then we 
must ensure that the C compilers used 
generate the best code for each CPU. If 
we fail to account for all the differences in 
code-generating efficiency between C 
compilers, our results may be controver-

Alfred A. Aburto Jr. 

sial and unreliable, relative to our origi
nal objective. Poor-quality software can 
easily mask the native processing power 
of an otherwise capable CPU. 

Another example: We know that disk
buffer size can greatly affect the perfor
mance of disk 1/0, but we rarely see the 
buffer size taken into account, analyzed, 
or even mentioned in many of the typical 
disk 110 or spreadsheet tests. We simply 
can't leave unknown or hidden variables 
floating around in our tests. 

Rick Richardson's excellent summa
ries of Dhrystone 1.1 results (Usenet, 
comp.arch, September 20, 1987) contain 
many examples that illustrate the varia
tions in benchmark performance on the 
same CPU at similar clock speeds. For 
example, the 80386 results at 16 MHz 
and 20 MHz showed performance results 
ranging from 1724 to 9436 Dhrystones 
per second. Certainly, this variation of 
5.5 in performance isn't due to the CPU 
type, which was an 80386 in each case, 
or to the clock speed, which changed by 
only a fuctor of 1.25. Therefore, it must 
be due to other factors, such as the type of 
C compiler, compiler and linker options, 
global code optimizer, cache memory, 
number of memory wait states, and so on. 

These results illustrate how important 
it is to keep track of all the variables that 
might significantly affect the outcome of 
a benchmark test. If you don't, then you 
can't expect to make "apples-to-apples" 
comparisons of system performance. 

Optimized or Obliterated? 
Optimizing compilers can significantly 
affect a poorly designed benchmark pro

gram . They can eliminate subroutine-call 
overhead delays by in-line-coding the 
subroutines, remove loop-invariant code, 
automatically assign register variables, 
eliminate common subexpressions, and 
perform other operations that destroy the 
intent and usefulness of the benchmark. 
The trouble isn't that compilers optimize 
code; it's that many benchmarks are 
highly susceptible to optimization. 

Dhrystone 1. 1, Whetstone, Float , 
Loops, QuickSort, and Savage can all be 
optimized to varying degrees. For exam
ple, a compiler can significantly improve 
the Whetstone's perfonnance by in-line
coding its three tiny subroutines, but that 
ruins one of the Whetstone' s primary fea
tures : measuring procedure-call effi 
ciency. Also, if the subroutines are in
line-coded, the Whetstones-per-second 
perfonnance output becomes misleading 
and invalid. The perfonnance isn't im
proved because the system executed 
floating-point operations any faster, but 
because the optimizing compiler re
moved hundreds, or even thousands, of 
processor instructions from the code. 

In addition, some versions of the FOR
TRAN and C Whetstone programs con
tain loop-invariant code, which an opti
mizing compiler may completely re
move . It may also delete floating-point 
instructions-perhaps millions of them, 
depending on the loop count-resulting 
in an invalid and misleading Whetstone
per-second output. Other benchmarks 
suffer a similar fate . 

In Dhrystone I. I in C, optimizing 
compilers can remove useless code and 

continued 
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in-Line-code and optimize the string-copy 
and compare routines, improving perfor
mance by as much as factor of 2. It's won
derful that optimizing compilers can im
p rove performance in these ways; 
however, the results of the Dhrystone are 
no longer valid. 

In the Float program, an optimizing 
compiler can remove all floating-point 
instructions, resulting in an empty shell. 
It can also obliterate the Loops program, 
resulting in a meaningless benchmark 
that takes no time at all to run. The com
piler can in-line-code the QuickSort sub
routine and automatically place its vari
ables in registers, resulting in ambiguous 
performance comparisons. It can reduce 
Savage to a simple loop, a= a+ 1.0, pro
ducing a trivial program that no longer 
computes the transcendental and trigono
metric functions originally intended. 

The benchmarks that are susceptible to 
these compiler problems need to be rede
signed to prevent optimizers from invali
dating their measures of performance or 
distorting and confusing performance 
comparisons. Dhrystone 2.0 is intended 
to achieve this goal. However, there 
doesn't seem to be much hope for the 
Whetstone, Float, or Loops programs. 
Such benchmarks as the Sieve, Fibo
nacci, and Fbench seem to be mostly
but not totally-immune from high de
grees of optimization. 

Sifting through the Sieve 
Jim Gilbreath originally proposed the 
Sieve of Eratosthenes as a benchmark for 
computer systems in 1981 (see reference 
I). It has since become a classic, fre
quently quoted in the literature and used 
by developers to demonstrate compiler 
and system improvements. Results exist 
for hundreds of different computers and 
numerous flavors and versions of com
pilers. It is unfortunate, however, that no 
single database of results has been main
tained to provide a historical perspective 
on Sieve performance, although Gil
breath's early work (see references I and 
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2) did contain hundreds ofresults. 
The Sieve won wide acceptance pri

marily because it was simple; it was eas
ily coded in many different computer lan
guages, and it computed something 
useful that was recognizable and verifi
able : prime numbers . These are strong 
points in favor of the Sieve, because, in 
general, those benchmark programs that 
do nothing useful or verifiable are the 
ones most susceptible to compiler opti
mization (e.g., Loops, Float, and Dhry
stone I. I). The Sieve speed at generating 
prime numbers tells us something about 
the efficiency of the total system-com
piler plus hardware. Performance im
provements reflected in the Sieve wiJI 
also be reflected in other applications that 
do similar types of operations. 

The Sieve was intended to measure sys
tem efficiency, or capability, with re
spect to memory references, simple 
structured control statements, and integer 
operations. Gilbreath stated that the Sieve 
was not the only criterion by which to 
judge a language or a compiler. Other 
tests or considerations are necessary for a 
more complete picture of system perfor
mance. Exactly what additional tests you 
should conduct is an open question. 
Exactly how you combine and "weight" 
the different test results is also open to 
discussion. 

Problems and anomalies can arise in 
comparing the Sieve performances ofdif
ferent systems. One problem with the C 
version of the Sieve program (see refer
ence 3) is that an optimizing compiler 
could eliminate the outer i ter loop 
because it performs no useful computa
tional task. You can remove it without al
tering any computations or outputs ellcept 
the run time. The intent of the outer loop 
is to increase the run time to make the 
time measurement easier and more accu
rate, but optimizing compilers work to 
make programs more efficient, or faster, 
by removing such unnecessary or wasted 
code. 

Another problem with the C Sieve is 

Table 1: Sieve performance varimions for an Amiga with a 14. 32-MHz 
68020and 32-bit memory (100 iterations). Note the difference the variable 
type makes on the run time. 

Ccompller Variable type Runtime C llbrary 
(seconds) 

AztecC3.4B int (16-bit) 12.3 16-bit 
AztecC3.4B short (16-bit) 12.3 16·bit 
AztecC 3.48 long (32-bit) 17.0 16-bit 
AztecC3.4B long (32-bit) 12.6 32-bit 

Lattice C 4.0 int (32-bit) 14.7 32-bit 
Lattice C 4.0 short (16-bit) 12.0 32-bit 
LatticeC4.0 long (32-bit) 14.7 32-bil 

the int definition of the variables . Some 
compilers define int variables as 16-bit 
signed numbers, while others set them up 
as 32-bit signed numbers . Because of this 
ambiguity, it would have been more ap
propriate to specifically define these vari
ables as short, unsigned short , long, 
or ulong, as the type of variable used can 
make a difference in the Sieve results . 

Table 1 contains some examples of this 
confusion. The Manll Aztec C compiler 
defines int variables as 16-bit (short), 
whereas the Lattice C compiler defines 
int variables as 32-bit (long) . Using the 
int definition, Aztec C runs the Sieve 
faster than Lattice C. However, if you 
change Sieve's int definition to short so 
that they both use the same size numbers, 
then Lattice C runs the Sieve slightly 
faster . 

In other words, if you compare the two 
compilers on an equal footing with re
spect to 16-bit variables, then there's 
only a slight difference in performance. 
However, if you change the int defini
tion to long, then Aztec C may or may 
not run the Sieve faster, depending on 
whether it is linked with 16-bit or 32-bit 
standard C libraries. 

To make a fair and equal comparison, 
you should run the Sieve with either the 
short (16-bit) or the long (32-bit) and 
avoid the more ambiguous int type. Usu
ally short will be 16 bits and long 32 
bits, but even these definitions are ma
chine-specific. 

More Chaff for the Sieve 
Another problem came to light with the 
Sieve benchmark results published in the 
September 1987 BYTE (see reference 4) . 
Table 2 contains those Sieve results and 
some others. All the systems ran the same 
Sieve source code, all used C compilers , 
and all contained 68020 CPUs with 32
bit memory at very similar clock speeds , 
yet there was a factor of 3.4 mallimum 
variation in performance. The outstand
ing performer was Definicon Systems' 
DSI-780 with the Silicon Valley Software 
(SVS) C 2.0 compiler. 

Trevor Marshall, then of Definicon, 
ellplained that these results were due to 
SVS C's automatic use of register vari
ables (variables whose "home" is a des
ignated CPU or FPU register instead of 
RAM). That is, while the source code 
says int, the SVS C compiler actually 
generates register int variables. This 
is a form of code optimization. The Sun 
Microsystems C compiler also generates 
register int variables, but only when 
you set the -0 optimize flag during com
pilation. Other compilers, such as Amiga 
Lattice C and Aztec C, can also work 
with register int, but the variables 
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must be defined as such within the source 
code. 

In contrast, some compilers, such as 
those available with some Unix systems, 
ignore a request for register int vari
ables; since register variables have no 
specific memory address, they can cause 
problems with subroutine calls and point
ers . Other compilers generate extremely 
poor code with register variables ; for ex
ample, some force a register variable to 
have an address for a subroutine call by 
unnecessarily pushing it onto the stack 
and then pulling it from the stack back 
into its home register. All these features 
of register variables can greatly affect the 
Sieve performance and confound the per
formance comparison of system A with 
system B if we aren' t careful to under
stand both the system's and the com
piler's operation. 

We can avoid these problems by delib
erately coding the Sieve to run efficiently 
with and without register variables de
fined . When the Turbo-Amiga Aztec C 
compiler was run with register variables 
defined , the run time decreased to 6.3 
seconds. We could make further im
provements if we redefined the Sieve's 
global variable, size, as a register vari
able, too . In this case, the Sieve run time 
decreased to 5.8 seconds, much more in 

line, in view of the clock-speed differ
ences, with the OSI-780's SVS C result 
of 4 .9 seconds. 

As stated by Gilbreath , the Sieve was 
designed partly to examine memory effi
ciency, but it fails to do this because 
the array size is fixed and relatively 
small . Actually , it's very small, since 
modern CPUs can address vast memory 
spaces, and typical microcomputer sys
tems might have I or more megabytes of 
RAM . 

Table 3 shows the memory-efficiency 
problems that can occur with some sys
tems as you increase the Sieve's array 
size. Notice the great penalty paid in per
formance by the IBM PC XT and the 
IBM PC AT as the array size passes the 
32K-byte boundary. The efficiency loss 
appears to be related to inefficiencies in 
the address calculations with signed long 
instead of signed short integers . 

The problem might have been avoided, 
at least temporarily, if the array-index 
variables had been defined as uns i gned 
short instead of int. However, for 
arrays larger than 64K bytes, the variable 
type, in this case, must be long or ulong. 

In any case, varying the array size has 
taught us something about the relation be
tween Sieve performance and memory ef
ficiency ; that is, the relative ranking of 

Table 2: Sieve benchmark results on a variety of68020 machines (JOO 
iterations). Again, notice that the main ingredient ofthe speed differences 
seems to be the variable type. 

System Ccompller Time Variable type 
(seconds) 

Definicon DSl-780 (16 MHz) 

Turbo-Amiga (14.32 MHz) 

Turbo-Amiga (14.32 MHz) 

Turbo-Amiga(14.32 MHz) 

Turbo-Amiga(14.32 MHz) 

Mac SE/Prodigy (16 MHz) 

Mac SEJHyperCl)arger (16 MHz) 

Mac II (15.67 MHz) 


SVSC2.0 
Lattice C 4.0 
AztecC3.4B 
AztecC3.4B 
Lattice C 4.0 
Consulalr C 5.04 
Consulair C 5.04 
Consulair C 5.04 

4.9 int ( = register i nt ) 
12.0 short 
12.3 int (=short) 
12.6 l ong 
14.7 i nt (= l ong) 
14.8 i nt (=long) 
14.9 int (=long) 
16.7 int(~long) 

Table 3: Sieve perfonnance as the array size increases (10 iterations). Notice 
the severe degradation as the ATand XT pass the 32K-byte boundary, while 
the execution time for the other machines grows at a predictable rate. 

Array size 8191 10,000 20,000 40,000 80,000 160,000 
(bytes) 

System Time (seconds) 

VAX8600 0.38 0.53 1.19 2.64 5.57 11 .88 
Turbo-Amiga 0.44 0.56 1. 14 2.32 4.68 9.46 
VAX-11/780 1.09 3.04 6.38 13.34 
Amiga 2.26 2.82 5.68 11.50 23.30 47.06 
vAx-11n50 2.41 6.11 13.13 29.65 
IBM PCAT 3.71 8.13 99.71 
IBM PCXT 11 .60 35.30 351 .50 

Sieve performance depends on the array 
size (see table 3). Thus, it's not always 
correct to deduce a relative ran.king of 
Sieve performance based on a fixed array 
size; you can obtain a more accurate pic
ture of performance by varying the array 
size. 

A revised Sieve program, designed to 
handle these problems and ambiguities, 
is available in the BIX supermicros 
conference. 

Floating Away 
The original Float program in C (see ref
erence 3) is perhaps one of the worst ex
amples of a benchmark program. (Refer
ence 4 corrects the worst of the errors.) A 
number of optimizing compilers , such as 
those available for the Sun and VAX sys
tems, can logically reduce the code to a 
simple c =a. The result is an invalid Float 
program that does no floating-point oper
ations and runs in almost no time at all. 

A compiler can optimize the Float to 
such a great extent because it 's a con
trived program that performs no useful 
task and provides no outputs . Compilers 
such as Microsoft C 5.0 can optimize the 
Float so that the resulting code bears little 
resemblance to the original source code. 

The Float is intended to perform dou
ble-precision floating-point multiplica
tion and division, but it provides no use
ful output and doesn't check floating
point accuracy. Some sort of computa
tional accuracy check and output would 
be desirable , since accuracy is important 
in floating-point processing. Also, a def
inite relationship exists between speed 
and accuracy in floating-point process
ing. A floating-point benchmark pro
gram should provide estimates of both. 

Another fail ing of the Float is that the 
program provides no reg ister double 
option. Without this option , the program 
can report misleading comparison re
sults, since some types ofcompilers auto
matically generate register doubl e 
variables (even if the source code says 
double only) . Other compilers do so 
only when the register double option 
is put in the source code or when the -0 
optimize flag is set during compilation. 

Running the Float with register dou
ble variables instead of double variables 
can, in some cases, result in a change in 
performance of a factor of 3. For exam
ple, an Amiga with a 68020 at 14.32 
MHz and Manx Aztec C 3.4B (a non
optimizing compiler) takes 2.98 seconds 
to run the Float with doubl e variables , 
but it takes only 1.04 seconds with reg
ister double variables . 

If the -0 flag is set, the results become 
confused, with timings of a fraction of a 
second or 0. If these various factors 

<:ontinued 
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aren' t accounted for in the benchmark 
testing, the comparison results will be 
confused and not very meaningful. 

The Float program is a good example 
of how to optimize do-nothing code to 
nothing. It should be laid to rest and a 
new floating-point scalar-arithmetic 
benchmark constructed. My suggestions 
for its specifications, based on my experi
ence with the Float, are as follows~ 

• The program should do something use
ful, recognizable, and verifiable. 
• It should exercise single- and double
precision floating-point operations. 
• It should provide accuracy ~check 
output. 
• It should provide register double 
and register float options. 
• It should exercise scalar-arithmetic ad
dition, subtraction, multiplication, and 
division ( +, - , *, and/) operations. 
• It should apply weighting factors so 
that the outputs reflect typical usage of 
the floating-point addition, subtraction, 
multiplication, and division operations. 
This is important because otherwise the 
divide operation, which takes the most 
time to execute, may unfairly bias the re
sults . Also , it's just not used .as fre
quently as the others. For example, the 
Weitek 1167 FPUs take about 0.6 micro
seconds for a double-precision add, but 
about 3.8 µ.s for the divide. 
• While the standard output based on 
typical instruction usage is provided in 
thousands, or even millions, of floating
point operations per second, I would pre
fer KFLOPS. 
• The program should provide _a peak 
KFLOPS estimate based on the addition 
operation. This would shed some light on 
the range of performance you can-expect. 
• The code must be optimized from the 
beginning as much as possible to prevent 
optimizing compilers from doing das
tardly things to the perfonnance results . 

Some progress has been made toward 
achieving these requireme nts in the 
FLOPS.C program, which is available in 
the BIX supennicros conference under 
the long.msg topic . 

To Soothe a Savage Beast 
The Savage benchmark is named for Bill 
Savage, who published the or iginal 
BASIC version (see reference 5) . A list
ing of the C version of the program is 
available in reference 3. Savage exercises 
some of the standard math functions 
(tan, atan, exp, l og, and sqrt) . ll is 
one of the few old BYTE or C bench
marks that provide an error check; it has 
some problems, however. 

The Savage error result is dominated 
by the atan(x) function, so the accuracy 

obtained does not reflect the much greater 
accuracy available from the other func
tions . The error in atan (x) , when x is 
greater than 500 or so, is generally so 
large that you can't run Savage reason
ably in single-precision. In general, the 
only way to keep the error under control 
is to run with double-precision only. The 
function atan(x) requires many digits of 
precision to maintain reasonable accu
racy when the argument x is large. 

Savage in C also doesn't account for 
regi s t er doubl e variables . This isn 't a 
significant problem; only about a 10 per
cent variation in performance has been 
observed when running Savage with and 
without regi ster double variables. 

Although it hasn't happened to my 
knowledge, Savage could be optimized to 
a trivial loop of a=a+l.0, resulting in a 
Savage test where no math functions are 
tested at all. 

Finally , Savage doesn't account for the 
typical usage frequency of the standard 
math functions . The sin ( ) , cos ( ) , and 
sincos ( ) type of functions are fre
quently used in graphics and many other 
applications , yet Savage doesn ' t test 
them. 

We need a new benchmark program for 
the standard math functions . It should 
test all the functions , provide accuracy 
checks, and weight the performance out
puts in accordance with typical usage. 

Fib ls a Little White Lie 
The Fibonacci program in C (see refer
ence 3) has problems similar to those 
found with the other benchmarks. The 
question of whether i nt equals 16 bits or 
32 bits is not addressed in this program. 
The outer loop contains one loop-invari
ant caU to the fib() function . You can 
completely separate the loop and the 
function call without affecting any calcu
lations except the timing. Due to this 
loop-invariant code, the outer loop is sub
ject to deletion by a smart compiler. 

The program doesn't provide a regis
ter int option. When I assigned some of 
the variables to registers , the perfor
mance didn't improve; it degraded by ap
proximately 30 percent . This illustrates 
how under certain conditions compilers 
have troubles handling register vari
ables efficiently. 

Fib uses a recursive function call to 
calculate the twenty-fourth Fibonacci 
number starting from a value of 1 for the 
first and second numbers. You could 
simplify the logic in the function call 
somewhat , because the function's input 
parameter x is always greater than 2 (it is 
fixed at 24). Fibonacci seems to be an at
tempt to test recursive function-call effi
ciency, but the trouble is that no compari
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son reference point is provided. 
I wonder how useful Fibonacci is as a 

benchmark. A test of recursive function
call efficiency is an interesting point, and 
Fibonacci is an extremely simple bench
mark , but it seems to take forever to run 
on most systems. For a performance 
comparison, I coded a nonrecursive form 
of Fibonacci into the original benchmark 
and made a timing comparison. The re
sults were unbelievable at first, but each 
program was calculating exactly the same 
sequence of Fibonacci numbers. These 
were the results, in seconds, for an 
Amiga with a 68020 and 32-bit memory 
at 14.32 MHz (for 100 iterations) : 

recursive run time = 55 . 10 
nonrecursive run time = 0 .0118 

The Fibonacci appears to be a good test 
of procedure-call , or function-call , effi 
ciency. The performance differs by a fac
tor of over 4500. Apparently , recursive 
function calls are highly inefficient . This 
leads me to believe that Fibonacci could 
be turned into a useful benchmark test 
providing insight into the comparative ef
ficiency of recursive function calls . 

Sorting Things Out 
QuickSort in C (see reference 3) has 
problems similar to those encountered in 
the other benchmarks. It doesn't define 
int variables as 16-bit or 32-bit. It 
should use variable types , long and 
short, so that the results are unifonnly 
comparable in most cases. 

The program doesn't account for sig
nificant variations in performance that 
can occur when some compilers automat
ically generate r egister int or regis 
ter long variables . Options for regis
ter int and register l ong should be 
part of the program. The function ran
dom( ) is simple and could be in-line
coded to eliminate the function-call over
head delay . Some compilers can optimize 
this program considerably . 

To qualify as a meaningful bench 
mark, QuickSort needs a specific pur
pose. It's not clear exactly what the pro
gram is supposed to be testing . 

Dry Stones? 

The Ada Dhrystone benchmark wa s 

created by Rheinhold P. Weicker. Refer

ence 6 contains documentation and a list

ing of it . The C version of the Dhrystone 

is by Rick Richardson , who maintains a 

database of results. 


The Dhrystone is a good benchmark 
that attempts to measure system perfor
mance based on an analysis of real pro
gram usage . It measures CPU perfor
mance plus compiler efficiency based on 
a statistical analysis of typical programs. 

It does no floating-point operations what
soever, because they weren' t found to be 
typical overall. Dhrystone is a general 
program not intended to describe system
performance expectations for numerous 
specific applications . 

Dhrystone 1. 1 has problems similar to 
those found in the other benchmarks. It 
provides no useful output that you can use 
to verify correct operation. It appears to 
be dominated by string-handling proce
dures , which some compilers can opti 
mize to various degrees. The new Dhry
stone program, version 2 .0, is designed 
to prevent optimizing compilers from dis
torting its measure of performance , 
Dhrystones per second. 

The Dhrystone doesn't address the int 
ambiguity (16 or 32 bits , short or long). 
You can improve the performance of 
those compilers where int is 32 bits by 
changing int to short. The benchmark 
has an option to handle register variables. 

Overall , the Dhrystone is one of the 
more outstanding benchmark programs 
currently available, but it can ' t be used in 
isolation to describe specific system per
formance on different applications. 

Out with the Old 
What's wrong with the old benchmarks? 
Just about everything. But benchmarks 
can be improved. We need to provide 
more uniform and unambiguous mea
sures of performance. We need to be sure 
that our benchmarks have specific pur
poses and that they perform those pur
poses under carefully controlled condi
tions. Some tests can be modified , and 
others must be rethought , redesigned , 
and rewritten . Thi s process has been 
started; the new BYTE benchmarks are 
introduced on page 239. • 
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BENCHMARKS 


Why MIPS Are 

Meaningless 


Component benchmarks tell you about subsystems, 
not about the system as a whole 

SCIENTIFIC COMPUTING tends to 
weight floating-point and memory per
formances highly, while word processing 
tends to weight integer computations 
more heavily . In theory, if you know the 
application mix, and you measure the 
performance of each subsystem in isola
tion, you should be able to calculate the 
system's performance as a whole-when 
it's running those applications . 

A typical computer system consists of 
several subsystems. A typical set of sub
systems might be an integer and logical 
ALU, the processor, memory, I/O inter
face, and a floating-point unit (FPU). 
The overall performance of a computer 
system is some weighted sum of the per
formances of these subsystems . The 
weights vary, depending on the applica
tion mix. 

One way to determine the performance 
ofeach subsystem is to time the execution 
of programs that isolate the subsystem. 
These programs are called micro bench
marks, because they look at performance 
in microscopic detail , whereas applica
tion-level benchmarks look at perfor
mance from a macroscopic view, as a 
whole. 

Some problems crop up in each of the 
subsystems when you try to produce 
micro benchmarks for them; problems 
also crop up when you try to compare the 
performance of two systems at the micro
scopic level. 

Under the Microscope 

The first step in building an accurate 

micro benchmark is to isolate the particu

lar computer subsystem you want to test. 


Ron Fox 

Practically speaking, this is an almost im
possible task. 

Consider the Savage benchmark, 
which is primarily intended to test the ac
curacy and speed of transcendental func
tions . Careful analysis shows that the pro
gram uses the ALU to control the loop , 
and that it accesses memory for program 
fetches and data. The effect of these con
tributions is small for CPUs without an 
FPU capable of performing transcenden
tals; however, as FPUs with direct tran
scendental support (via rough lookup 
tables and series corrections) become 
common, you can no longer ignore the 
contributions of the rest of the program to 
execution time. 

Thus, we have the basic principle of 
micro benchmarking: It is not possible to 
build a program that totally isolates the 
performance of a single subsystem. The 
best we can hope to do is to correct for the 
contributions of the subsystems we aren' t 
benchmarking. 

To make these corrections, we rely on 
incremental timing. This involves taking 
time estimates on two different sections 
of Savage. [F.ditor 's note: The author has 
created a series ofbenchmark programs 
that are discussed in this article. They 
are available on B!X an.d in other for
mats. See page 3 for details. ) 

The first section of SAVAGERF.C esti
mates the time required for the overhead 
calculations; the second section times the 
complete benchmark. (See the text box 
"Time on the Bench" on page 230.) The 
difference between these two is the in
cremental time required to perform the 
transcendental calculations; that's the 

part we really wanted to time in the first 
place. 

Isolating the AW 
A commonly used measure of perfor
mance for the ALU subsystem of instruc
tions is MIPS, or millions of instructions 
per second. It would be more descriptive 
to call them meaningless instructions per 
second. As you can see from the two 8088 
assembly language code fragments in fig
ure l, depending on your choice of 
instructions, MIPS can vary by an enor
mous amount. We need a more stable set 
of measurements than that. 

You can usually divide the instruction 
set of an ALU into several instruction 
groups : data movement , simple arith
metic, multiplication and division, bit op
erations, and flow control. 'fypically, the 
instructions within each group have simi
lar timings . 

In addition, if you expand the number 
of instructions used into reasonably sized 
classes, you can create benchmarks that 
make the processor do some semblance 
of real work. Throughout the process, 
however, you must remember that you 
want to write benchmarks that isolate the 
time contributions of the class of in
structions you ' re interested in from the 
time used by other, overhead instructions 
and from the effects of finite memory 
speed. 

The data-movement class of instruc
tions is responsible for moving data from 
memory to processor, processor to mem
ory, and memory to memory on proces
sors capable of memory-to-memory op

conrinued 
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WHY MIPS ARE MEANINGLESS 

The first step in building 

an accurate micro 

benchmark is to isolate 

the subsystem you 

want to test. Practically 

speaking, this is an 

almost impossible task. 

erations. The program MOVESRF.C is a 
benchmark that times register-to-mem
ory moves, constant-to-memory moves, 
and memory-to-memory moves. It also 
times its overhead incrementally , timing 
the differences between loops with one or 
two randomizer calls-included to pre
vent optimization-and looking at the dif
ferences to produce a time for the execu
tion of the loop construct alone. 

Even in this case, however, the timing 
is not necessarily for the moves alone. 
Some CPUs might need additional in
structions to compute the effective ad
dress of the source or destination oper
ands before they can actually do the 
moves. On the MC6800 8-bit micro, for 
example , the single indirection-and
index register would require quite a bit of 
register shuffling to do the memory-to
memory move. 

In addition, CPUs without autoincre
menting address modes must do some ad
ditions between loop passes . Since these 
computations are necessary for typical 
data-movement operations , whatever the 
context, it is fair to include them in the 
timing for the data-movement group . 
This overhead is functional, unlike that 
associated with the benchmark itself. 
Note that I haven't eliminated additions to 

The NOP program loop 

LOOP: 	 NOP ; J cl ocks 
JMP LOOP ;15 clocks 

;-------------------------------------------------------------~-----------
Total : 18 clocks " about 0. 5 MIPS (at 4. 77 MHz) 

The IDIV program loop 

LOOP : !DIV 
JMP 

BX 
LOOP 

; 165 to 184 clocks 
; 15 clocks 

;-----~-------------------------------------------------------------------
Total 	 : 180to199 clocks a about 0 .05 MIPS (at 4. 77 MHz) 

Figure I: Why MIPS are meaningless. You coul.d use either ofthese two code 
fragments to estimate MIPS on a machine, but their execution times differ 
significantly. 

Circle 254 on Reader Service Card for MS DOS Products. (All others: 255) 

the timing due to memory speed from this 
benchmark. 

We can create benchmarks for simple 
arithmetic, multiplication, division, and 
bit-manipulation operations by modify
ing MOVESRF.C. If we use the data-move
ment timings as a base for the incremen
tal timings , we can gel purer timing 
numbers for these operations. The bench
mark OPSRF. C estimates times for these 
instructions. 

The flow-control instruction group in
cludes all instructions that break up the 
linear flow of control from one instruc 
tion to the next. These include condi
tional branches, procedure calls, and 
unconditional branches. Since a condi
tional branch without a prior condition 
test is useless, this class of instructions 
often includes condition-code-setting in
structions, such as tests and compares, 
despite the fact that such operations usu
ally fall more in the range of simple 
arithmetic . 

The benchmark program FLOYRF.C es
timates the time for subroutine calls and 
conditional branches . The overhead-tim
ing routine for the conditional branch 
tries to separate the condition test from 
the actual branch. How successful this at 
tempt is depends on the CPU. Incremen
tal timing between the conditional branch 
and the procedure call lets us pinpoint the 
amount of time used by the call/return 
pair quite accurately . In high-level lan
guages , you can ' t separate the call and 
return, as they are naturally paired in 
the language constructs. 

If you wanted to, you could refine the 
FLOWRF.C benchmark further . As it 
stands, the call/return pairs are not 
pure; that is, returning a result takes 
some time. In addition, since most com
puters don't care if the conditional branch 
is part of an IF .. .THEN .. .EI.SE, WHILE, 
or FOR construct in a high-level language , 

continued 
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Asynchronous 

FPUs provide 

higher throughput on 
programs with a mix of 

floating-point and 

integer computations. 

it is sufficient to time a single condi
tional-branch construct. The IF is conve
nient, since it is easy to create an incre
mental-timing benchmark. 

Examining the FPU 
It is of secondary importance whether an 
FPU is intrinsic to the processor (as it is 
on the MicroVAX and the IBM 3090), a 
tightly bound coprocessor (such as the 
80387 and the 68882), or a loosely bound 
peripheral (such as the various Weitek 
floating-point chip sets) . What is most 
important is the degree of asynchronism 
with which the FPU can operate relative 
to both the ALU and earlier floating
point operations. 

The simplest FPUs are synchronous; 
the ALU can't continue fetching and exe
cuting instructions until the FPU be
comes idle. Asynchronous units, on the 
other hand, can run independently of the 
ALU. A program can start a floating
point operation, go away and do some in
teger operations, and then at some later 
time synchronize with the FPU, either 
transparently in hardware (as on the FPU 
option boards in the DEC PDP-11145) or 
programmatically (as in the 8087 family 
of coprocessors). 

Asynchronous units can provide higher 
throughput on programs with a good mix 
of floating-point and integer computa
tions. If the program can schedule code 
well between the ALU and the FPU, it 
can keep both units active and reduce the 
total time required for execution. 

Some asynchronous units provide in
ternal asynchronjsm for independent 
floating-point operations . The simplest 
way of doing this is with multiple func
tional units. For example, the FPS-164 
attached minisupercomputer contains in
dependent floating-point adders and 
floating-point multiplication and division 
units. They let the FPU add and multiply 
completely independently . 

A slightly more complex form of asyn

chronism is pipelining, in which you 
break a time-consuming operation into 
several substages . The computation 
moves from stage to stage, and the FPU 
can accept a new computation each time 
the entry stage becomes idle. 

While the first computation on an n
stage pipeline requires n units of time to 
complete, the second will complete one 
unit of time later. Thus, if a program can 
keep the pipeline full , the FPU can crank 
out computations with a throughput of 
one per unit of time; if the pipeline 
empties out, the FPU requires n time 
units for one computation or for the first 
of a series all over again, and the through
put time increases significantly . The 
FPS-164 pipelines the multiplication and 
division units to further improve potential 
throughput. 

Parallels and Pipelines 
Microscopic benchmarks for FPUs 
should explore the various possible op
portunities for parallelism. They should 
try to determine how well you can sched
ule code to take advantage of any poten
tial for parallelism, as well as test for its 
presence. The program FOPSRF.C tests 
for parallelism and measures the speed at 

continued 
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Time on the Bench 

W hen doing the precise timings re

quired of micro benchmarks, 
using a stopwatch is not good enough. 
The errors in start and stop times with a 
stopwatch are on the order of millisec
onds, while you want benchmark tim
ings for micro benchmarks to be accu
rate to microseconds ifpossible. 

The best way to time a micro bench
mark is to have the program use the sys
t.em-timing functions to start and stop its 
own "stopwatch." When you need very 
precise timing, you must also estimate 
the time required to call the stopwatch 
functions. The incremental timing ap
proach takes this time into account. 

With the exception of the memory
thrash benchmark, all the programs dis

cussed in this article used a set of timer 
routines that should be relatively easy to 
port to any machine with timing func
tions: The routine 1n1t1mer() initial
izes the timing system and determines 
the time required to actually get the 
time, and gettimer( ) rerums the time 
as a double-precision floating-point 
number representing the time used since 
the call to 1n1t1mer() in seconds. 

Listing A is a Microsoft C-compati
ble module containing these functions. 
If you wish to port these routines to 
other systems, the clock() function re
turns the time used by the process. The 
time given is a clock_t type, which is 
really an integer with CLK_TCK ticks per 
second. 

Listing A: The timer routines used in the benchmarks in this article. 

linclude <stdlib.h> 

linclude <time.h> 

finclude <stdio.h> 

static clock_ t calltime, cumcal; 


double gettimer() 


clock t time; 

long ~lock() ; 


time • clock(); 

time = time-cumcal; 

cumcal +• calltime; 

return (double)time/(double)CLK_TCK; 


) 
void initimer () 
{ 

double timel, time2; 

I* Calibrate the clock *I 

calltime - O; 

cumcal • O; 

timel = gettimer(); 

time2 = gettimer(); 

call time • (clock t) ( (time2-timel) *CLK TCK); 

cumcal - time2; - 

which basic floating-point operations can 
be performed. It's basically a modifica
tion ofOPSRF.C. 

To explore possible parallelism be
tween the FPU and the ALU, we would 
need to introduce integer computations 
between the floating-point computations. 
If the total benchmark timings remain 
relatively constant or don't increase by 
the previously measured time required to 
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perform the inserted integer operations, 
then parallelism exists. We can explore it 
by successively increasing the number of 
integer operations added between the 
floating-point operations until the bench
mark time begins to increase signifi
cantly. 

If we want to explore pipelined paral
lelism, we must string several floating
point operations together within a single 

loop. Withoui pipelining, the time should 
go up linearly with the number of opera
tions in the loop. With pipelining, the in
cremental time required for each addi
tional operation should be quite small 
relative to that required for a single 
operation. 

An additional micro benchmark would 
be to estimate the time required to per
form transcendental functions and to test 
the accuracy with which they are per
formed . Many older FPUs can't directly 
compute transcendental functions, such 
as logarithms and tangents, while newer 
ones, such as the MC68881/2 and the 
Intel 80x87, can. 

When you test the transcendental func
tions, it is important to both time them 
and test their accuracy . SAVAGERF. Cdoes 
this and is also a relatively simple pro
gram. It uses functional inverses to per
form the accuracy tests. TRANSRF.C is a 
more systematic test that times the basic 
transcendental functions and tests for 
their accuracy. 

Between Memory and CPU 
None of the subsystems discussed so far 
are as tightly bound as the CPU and its 
memory. The CPU fetches instructions 
from the memory subsystem, the instruc
tions get their operands from the mem
ory, and the CPU deposits the results of 
an instruction in the memory after the in
struction is completed. As CPUs become 
faster, eventually it will cease to be cost
effective to build an entire memory sys
tem fast enough to keep up with the pro
cessor. There are two possible ways to 
deal with this: Allow the memory to bot
tleneck performance, or incorporate a 
hierarchical-memory system. 

Hierarchical-memory systems contain 
small amounts of high-speed memory ca
pable of running at processor speed, 
larger amounts of memory that are some
what slower, and so on, in an increas
ingly slower hierarchy of memory sub
systems. The most common multilevel 
memory hierarchies are three-level vir
tual memory systems. typically, the fast
est level is an associative cache from 
which the CPU references instructions 
and perhaps some data as well. The sec
ond level is the main memory; in most 
systems, this level is simply dynamic 
RAMs. If you use a cache for your in
structions, you can use relatively in
expensive, slower RAMs for the main 
memory. 

In a virtual memory system, main 
memory is segmented, typically into 
fixed-si7.e units known as pages. A mem
ory map makes a correspondence be
tween the virtual addresses that a pro
gram sees and the physical addresses that 
main memory sees. Some virtual pages 
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may not have corresponding physical 
pages; the nonresident pages are kept on a 
"backing store," which is often a disk 
drive. 

Hierarchical-memory systems work 
well because typical programs obey the 
principle of "referential locality"; that is, 
memory references tend to be clustered 
about a relatively small set of addresses 
for a relatively long period of time. We 
can explore the effectiveness of this orga
nization by running nontypical programs. 
For example, THRASH.C, a benchmark 
written by Hank Vaccaro, randomly ref
erences elements of a large array . It is in
teresting to plot the speed per reference 
against the array size. A modified Thrash 
program, THRASHRF.C, gathers the data 
for just such a plot. 

The graph in figure 2 shows the tim
ings for THRASHRF . C when run on a 
MicroVAX Il under VMS (virtual mem
ory operating system). Although this ma
chine doesn't have a cache to speak of-it 

does have an instruction-prefetch queue, 
but the timing of the benchmark should 
be dominated by data references-the 
program address space is nevertheless 
accessible in a distinct three-level 
hierarchy. 

Under VMS, each program has a 
"working set" of directly addressable 
pages. For the run shown in figure 2, this 
working set was 3000 512-byte pages, or 
1.5 megabytes. As long as you confine 
your references to this working set, the 
program should execute quite rapidly . 
Once the program gets outside the 1.5
megabyte range, however, it begins page 
faulting; that is , it references memory 
locations that the program can't directly 
address. When THRASHRF.C needs a new 
page of memory , VMS places a page 
from the working set on a list-this will 
be the free list if the page hasn't been 
modified, or the modified list if it has. 
The needed page then becomes part of 
the working set. 

Memory references 
tend to cluster around 
a small set of 
addresses for a long 
period of time. 

When VMS puts a page on the free or 
modified list, it doesn't immediately 
break the actual binding between page 
and process virtual address . Eventually , 
VMS writes modified list pages to disk 
and then puts them on the free list, still 
bound to the processes from which they 
came. Only when VMS needs the page 
for another process or for another virtual 
address within the original process is this 
binding broken. 

continued 
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Listing 1: (a) shows the code generated by the &osoft-C88 C compilerfor 
the FOR loop shown, while (b) shows the code I was trying to benchmark. 

for ( i~ O; i < ASIZE ; i ++) 
dest {i] = O; 

Code gener ated by ECO- CBS 

(a) 

mov word ptr [bp ) (-20002),0 
L? 9f label near 

cmp word ptr [bp] (- 20002) , 5000 
jge L?9e 
mov a x, wor d pt r [bp ) [-20002 ] 
shl ax,1 
l ea bx, wor d ptr [bp ) [- 10000) 
add bx, ax 
mov word ptr (bx ) ,0 

L?a O labe l near 
inc word ptr [bp) (-20002) 
jmp short L?9f 

L? 9e l abel near 

Thus, if a page is removed from the 
working set and is then requested before 
it is bound to another process , the free. 
and modified-page lists act as a cache, 
preventing the costly disk 1/0 that you 
would otherwise need to obtain the page. 
A page fault satisfied from either the free 
or the modified list is called a soft fault . 
A page fault that can be satisfied only by a 
disk 1/0 is called a hard fault. These pro
vide the two additional levels of the mem
ory hierarchy. 

Figure 2, therefore, shows three dis
tinct speeds. The fastest timings occur 
when the memory references all lie with
in the l .5-megabyte working set ofpages. 
Next is a plateau that involves a large 
number of soft faults, but few or no hard 
faults; that is, the memory references fit 
within the free physical memory of the 
MicroVAX Il but are too big to fit in the 
process's working set. The MicroVAX Il 
has "only" 9 megabytes of physical 
memory; once the referenced program 
address space no longer lies within the 
free physical memory , a significant num
ber of hard faults begins to occur. 1bis 
accounts for the third timing plateau, 
where hard faults begin to dominate pro
gram execution time. 

Stumbling Blocks 
In trying to produce a set of reasonably 
portable high-level-language benchmark 
programs, I have ignored the actual gen
erated code. My approach results in two 
problems. First, using high-level lan
guages makes the exact sequence of the 
instructions being timed imprecise; and 
second, optimizing compilers can reduce 
the program until some timing loops are 
doing nothing. 
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(b) 

MJV CX,ASIZE 

MOV BX, [BP) [dest ) 


L?9F LABEL NEAR 
MOV WORD PTR [BX) , 0 
ADD BX,2 
LOOP L?9F 

The first point is fairly easy to see. 
Let's look at the generated code from one 
instruction in the MOVESRF.C benchmark. 
The compiler is Ecosoft's C88, which is 
deliberately not a highly optimizing com
piler. Listing la is the generated machine 
code for the clear-memory loop of the 
memory-access timings, but listing lb 
shows what we had really wanted to 
benchmark. 

This kind of code expansion makes it 
difficult to claim that a C benchmark 
actually tests memory-movement timing. 
The most we can say is that it tests the 
timing of typical memory references 
within high-level-language programs. 

In writing micro benchmarks, you ef
fectively have two choices: You can build 
portable benchmarks and put up with the 
associated imprecision, but be able to 
compare perfonnances between different 
architectures (e.g. , Intel 80x86 vs . 
MC680x0 vs. AT&T32000) ; or you can 
build benchmarks in assembly language, 
allowing complete control over the in
struction sequences you are timing, but 
requiring extensive rewrites to compare 
different architectures. This allows com
prehensive comparisons within an archi
tecture (e.g., Intel 80386 vs. 80286 vs. 
80186 vs. 8086 vs . 8088, or MC68008 
vs . 68000 vs . 68010 vs . 68020 vs . 
68030). 

On the other hand, with a highly opti
mizing compiler, you must deal with 
code deletion. The optimirer can decide 
to remove large pieces of the code that 
you wanted to time. One example of this 
is the original FLOAT .C benchmark, 
which, for nonoptimizing compilers, 
measures the speed of the multiplication 
and division family of floating-point in

structions. For an optimizing compiler, 
however , the benchmark effectively 
disappears . 

Reasonably good optimizing com
pilers can determine that the computa
tions are loop-invariant and that they are 
all done with constants and thus can be 
computed at compile time. Once this is 
done, the compiler deletes all but one of 
the pairs of multiplications and divisions 
in the loop, pulls the computations out
side the loop, evaluates them at compile 
time, notices that the loop is null, and de
letes the loop, leaving a program that exe
cutes instantaneously. 

One technique you can use to prevent 
your benchmarks from being annihilated 
is to write all computational results based 
on a certain condition. This condition 
could be detenn.ined by user input or 
hardwired into a separately compiled 
function, thus hiding from the compiler's 
optimizer. If you avoid loop-invariant 
computations and compile-time con
stants, you can prevent most loop and ex
pression optimizations. 

No Substitute for Understanding 
There is really no substitute for under
standing the architecture you are study
ing. Ifyou don't understand how the sub
systems interact to fonn a system, even 
the results ofa good micro benchmark are 
useless. For example, a micro benchmark 
might demonstrate that an ALU can give 
5 million additions per second. If, how
ever, the system is 1/0-bound, these re
sults are misleading. 

No micro benchmark is completely 
portable, due to the wide variations in the 
ways computer systems are designed. For 
example, a memory-reference bench 
mark does not have much meaning on a 
vector processor. High-level-language 
'micro benchmarks have their own set of 
problems: for example, the trade-off be
tween portability and instruction-stream 
precision, and the battle against ever
improving compiler optimirers. 

Micro benchmarks measure in detail 
the performance of selected subsystems 
of a computer system. Ifyour system will 
be used in a well-defined set of applica
tions, micro benchmarks can give you an 
idea of its performance , • 
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Transfer Rate• RLL Encoded Hard Drives• 1:1 Interleaving 
• World's Highest Performance AT Class Computer System! 

HERE'S THE 
ORDINARY 

PARTSSECRET OF 
TURBO ORDINARY 

PERFORMANCETHROUGHPUT j 

THE ADVANCED 
Dnta 1h:msfor. lhe true measure of com· DESIGN THAT putcr _pc;r(o nna ncc. can no t exceed 
200.000 by tes per.st.: ··oncl In gctl l ngdntaMAKES THIS SYS
to the computer ·~ proccs..,;;o;,

T EM PERFORM 
400 % FASTER 
THAN OTHER AT 
TYPE COMPUTERS 
AS T HEY ARE 
COMMONLY CON· 
FIGURED AND 
SOLD BY MOST 
VENDORS I N THE 
PC INDUSTRY! 

Nonhgatc's untc1uc Hnr'd Dr ive ls RLL En· 

NORTHGATE 
SYSTEM IS 

400% 
FASTER 

coded (50 % rnore fon113 ttcd ca pacity) Nor1hgatc Deli vers System Performa nce 
AND \..' tth l : l lntcrlcavc rcadslwrl t~s data Unm a tc hed by Other Vendors. Ask Lhem 
raster than 28ms drives. (.I n d p rove H to you rse lf! 

M ost computers l ook si mUar. Most vendors ndvcrt i5c 
proces sorspeed and 28MS ha rd drive access. There is 
l!t t le to d l•tinguish one from another. Thus everyone 
tends to a_ssumc all computers arc alike. 

NOT SO . Northgate Is trul y a d ifferen t System. And 
because ft Is . th~ compute r buyer gets fa r grc.atcr com· 
putcr value ror hi• money. That 's why Northgate has 
soared In popuJJlJity. Those who know choose Northgatc. 

They know they get value through pe r forma nce th at 's 
demonstra ted every time they tum on the system. They 
know all parts a.re World Cla55. not the ordinary "off the 
shelf" Items others use to keep costs down. 

North ga te p ioneered RLL Ha_rd Drive a nd l :1 Int.er· 
leaving in its 286sys tcms. Tb our knowledge. no com· 
pctito r even offers thcs(! vital performance features. 
Call them. We d id. Only Norl hgatc gives you this 

unique th roughpu t-enhancement. 

I f Northgate pricing seems h igher. don't be 
deceived by Bare Bones Prices you see In 
others' ads. Northgate's System is complete 
-IT'S THE 286 SYSTEM YOU WON'T OUT
GROWI We encourage you- Shop Around. 
Call all the Others and Compare. 

ALL THIS PLUS...The Computer Industry's Most Meaningful Service and Warranty Policy... 
30- Day Compatib ili l !J Warranry: • In lhccvcnt of f.a.Uureof3 p.Mt lha t dJsabln the system Norlh· Ins t ruct lamson maki u.g lhc rcpatr orrcplo.ccmcnt nnd wlll 

or thga te gunran tccs U.s sy.s1ems w!ll 01)(·n 11c nn;o s lllndard . ga te will ship. the same day lfnotlned by 12 oon Cc1ll rn l consu lt \\tlth cus tomer on 1hc phone to assure repai r lis 
cmnincrclaJ)' Q\1\llnblc DOS progr.:lm~ wrtt lcn for use on IBM Time. a nC\l•n:plHcemc111 pan.Customer m u5t phone orlh· properly comple ted a nd the .l:i)'Slcm Is again opt?rall ng. 
Compa1lblc: Co 111 puccrs. 1r. on cons ul1n1ion with Northgatc. gtHc Cus lo mcr Service for diagnosis of the failure. • 111 the case ofa co m ple te system returned for rc:~l r unde r 
;-. progmm runnot be ma de tooper.i tcsa 1t9f.-ctorl ly. <M•nermoy • Shlpm cnl of the rcplaC'cmcnt p.."\rt wtl1 be by ovcm lght warranty. cu stomer pays freigh t to Northgatt: and Nonhg~ 1 

return t la: sys tem . comple te a nd una ltered fo r '• pn:nl~p t a nd cxprcss serv&ct' -AT NORTHGAT E'S EXPENSf; -for next pays re turn fre ight by wh811!\·cr s.crvlct: the system ts sent 
full refund lnr ludt ng a ll freight cos ts. dny ddh"tf)' d ependi ng o o the carricr ·s ability 10 prov td · to Northgace 

such 5('.rv lcc In owncr·s geographic a rea . In the cYent of~ pan replaced und<"r\l."Hmtn t)'. the nt'\li' (Xlrl 

O ne·Year Ouerni9 h r AT NORTHOAT E • Qu.•ncr mu~H rc tum a ny replaced pa rt. complete a nd catrlcs a NEW ONE ·YE.~RGUAflANTEE FROM SHIP DATE! 
EXPENSE Parts Rcpla.cem e-nt warrant y: \m~ltcn:d . a n d pay re turn shipping COSI.$. to be received a t NOT E: MDny compu ter ~·c n dors e.lCtcn d only the pans 

Nonhgittt: Computer S)'stcm s \.\'l\.rr••i.n ts chnt Jt ll systcms i;0ld Northgate w1lhtn lU.'O \.\'t!clcsafter rettlvtng the re placement n1a11ufac lU rcr"s warranty which mny be ns ll tl le as 30·d3}rs. 
by Non hgatc will be free of defects In wurkman~ht p and J>'lrt . All produc ts sold by NORTHCATE a.re full y guanu11eed by 
miltc rl~ J -. fo r n nc ye.e r fro m da te of s h ipment • Nonhgatc's Customer Service department "'"Ill Pl'O\'ldc full Nor-thga tc for one year from da te of s hlp rnc11 1. 

USE OUR TOLL FREE ORDER LINE
NORTHGATE 

COMPUTER 

SYSTEMS 

A DIVIS/ON OF ABL INCORPORATED 800-548-1993 

13895 INDUSTRIAL PARK BLVD.• SUITE 110 VISA MC COD TERMS: Credit ca rd. Pre-Payment (allow 2 
PLYMOUTH, MINNESOTA 55441 week s for personal ch eck s t o cl ea r ) Wire Trans fer and Purch ase 

Orders for Ra ted Accounts. We abu ship l o APO and FPO. All 
HOURS: Mon.·Fri. 8 A.M .·7 P.M. CST, Sat. 9 A .M.·3 P.M. sh i pmen ts are FOB Minneapolis. M N 

i\l.l l'<>H l'OH:1\ TIO'.\ ,\ :'\,: () Ul-< 1\ '.\U \,\ ,\tt.s I:\ I HIS :\I> :\Ht-: 1 >ff f•H:Ol'EHl \'or ·11u ; m IH.~ Pt.l 1 1\'1-, O\\' \l-'. H:S XOHl11<;,\ 1 t: IS :\01 JU; l'>l'U\~IB L E J."OH urnows OR 0~1'o11SSIO:\S [:\ I l!IS 
1\ll\'~'. H ilSE~1t: :'O . • l'H l l't.~ ARJ.~ SCB. JEC-1 TO Cl l 1\:\(;}-; \\'11 IH >l "l .'\.en l l't: • I l ' f(UO 11rnrn ·1• tt i't: ·r l :\STA-(',\(' ll t: A:'.'U :\Uf<l IH;1\I E 1\Ht-: l H r\IJl·: ~AMES cw \OJ-f.1 11<; ,n t: C"O Ml' l '"I t-;N 
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Northgate's "C/T"-The New Keyboard C~ 

Th~ Resounding Favorite of Critics, Corporations and • 

People Like You Who Know and Demand the Best-For the Least! 

"Northgate's excellent tactile response 
approximates the 'clicky' feel that 
IBM keyboards are known for_Typing on 
the err is smoother and more comfort
able than on any of the replacement or 
clone keyboards I've tried." 

Here's Why
The Experts Rave 
Northgate is givin~ the world what it has 
always wanted- Tfie touch, lhe sound. the 
feel of a seleclric typewriter. No more of 
the mushy. spongy feel. the dull thunk 
that lets you know you have fingertips 
but no! that you have typed in a 
character. Finally you can get IBM-like 
keyboard feel at a sensational price. 

Other companies give you keyboards 
with a rubber-like membrane below the 
keys. No click. no sound , no feel. But 
cheap to make. OURS AREN'T! Northgate 
uses Alps Keyswitches. the most 
expensive. highest quality switches 
available for keyboards! And Northgate 
quality assures you years of service. 

Phone Orders Tull Free 
Answered 24 Hours 

800-453-1400 

or mail your order today. 
For orders of 10 or more phone our 

" I was surprised to discover how these 
keyboa.-ds increased my productivity. 
My ears can tell when my fingers have 
mistyped, and when I'm flying across 
the keys. my fingers get the kind of 
feedback they evidently need. As far as 
I'm concerned, C1T could also stand for 
Certainly Terrific.'' 

Keith Ferr<oll. COlllPVTEI• PC. March, 1988 

Typists Love The Touch, 
Pros Love The Productivity 
Plug the Northgate ..CIT" into your 
system. Press a key. WOW! At first touch 
you know this is it. The key passes dctcnt 
at center position with a slightly aud ible 
"click." Sound and change in tension tell 
your fingers you've made a n entry. As the 
key bolloms. a more pos itive click 
confirms the entry and s ignals the finger 
to release and hit another key. Touch 
typists love it. 

In acl!-lal typing tests. s peed increased 
by up to 28 percent with a 16 to 20 
percent reduction in errors. Besides 
making typing enjoyable again. the 
increases In production you get with the 
"Cff" should be enough reason to replace 
a ll your keyboards. 

NORTHGATE 
W_ COMPUTERrvr SYSTEMS-/V • j .. . M ~ " 

13895 Industrial Park Boulevard, Suite 110 
Plymouth. Minnesota 55441 

DET~NT 

R&OlJctD 
RY..SISTANCE 

ALPS KEYSWITCHES 

Nru .sculplured profil• dtsi9n 

Som e day a ll keyboards will use the sam e key · 

switches and quallly componen ts Nor1hgatc 

l nrorpor.:u~s 111 Its 84·kcy a_nd 101 -kcy kcyho:i_rds. 

But for now. Norlhgatc leads the way. Order yours 

tuday. If vuu arc not 100% .sa.Lisncd in cvc.-y \ V".l \ '. 


re turn It-within 10 days for a full refund. - 

I 
Northgnte Computer Systems 
13695 Industrial !'<:irk Blvd .. Suite 110 

r: ---------,I 
Plymouth. Mlnm·sota 55441 

I Ship: I ___ (Qll3!l llt y) --err.. 10 1 @ S99.oo I 
___ (Qwin11tyl " Cff" 84 @ S79.00II ___ For IBM PS Models add $30.00 I 

Name 

1I ComJIHny _ 

I
Address Ic.:11y _______ Swte Zlµ _ __ 

I
Phone _____ "()·~ or Computer_____, 

Vls.aJMaslcrc:;:i.nJ No. _____,_____..__ _ _,___

IExplmflon O.itc I 
Signotur<

I N~1 ~~LtJra.:J.--Cd..,)'W.Wi!i.ii.lpUPS.Fbr~Mi~ 1&dd. l ?'.00 u..., a.llowlnfl: 2 -3 'WHk• Cor dali,.vi')'. For ~nd ~ Ut<:!.r
I f~ timo________add •l.:&.OOca. f'brq1.-vnttshl arttirp~!ne: t!maadd_.I...~ 

general office al 612-553-0111 
Coln~llbk with OM! (."l.IITTrH 1ll!JIJ'C'I XT l"md AT 'Y~ :i.y:i;!o:m» ..,,.ld1 1-1;1.mJun.I 
~pin t Ul'I ('01"nH""" IOt.. SOf'lir N"Htipu t('hl ·lit l'l(W ("'(ln\p.lllbk- 1,1,•Uh st.'U\d.ud IB~1 

IBM, PS und AT arc reglSltrieel tra.demark! of IBM Corp- Copyright 1986 Nort hg<Ue Comp1.11er Systcmt11. ronneclo1'5- I~ mv.y mcluck :Klrm' m~l~ of :r-"'nllh. 'lbntly. 1md A-n!ti". 
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BENCHMARKS 


Introducing the New 

BYTE Benchmarks 


A set of staff-written programs that gauges total system performance 

Richard Grehan, Tom Thompson, Curtis Franklin Jr., and George A. Stewart 

THE GOAL OF benchmarking is a noble 
one. You run a program on a computer , 
and a number pops out to tell you whether 
or not the computer is worth its salt. 

But benchmarking is like playing the 
Oriental game of GO. Rules that at first 
appear simple blossom into complexity 
as you begin applying them. So, what 
starts out sounding like the simple job of 
devising programs to test the relative per
formance of microcomputer systems runs 
you headlong into the problems of differ
ent CPUs, different FPUs, different op
erating systems, and before you know it 
you 're just a pair of eyes peering through 
the turns of a Gordian knot. The trick is 
to design some sort of common ground, a 
model that acts as a guiding force to keep 
things real and reasonable. 

To date , no benchmarks have openly, 
clearly, and reliably tested both within 
and across brands and architectures. Oh, 
there are plenty of "black box" bench
marks: Plug in a disk, spin it up, and get a 
number. But what does the number 
mean? How does it relate to the real 
world? What actually was tested? And 
how? You might as well read tea leaves. 

There are also all kinds of machine
specific benchmarks. For example, you 
can grind away at any one of the many PC 
benchmarks until your system smokes, 
and you still won't have any idea how 
your machine stacks up against, say, a 
Mac II or SE. 

Our new benchmarks are a major first 
step toward remedying these and other 
flaws. The benchmarks include a set of 
low-level tests and a set of application
level tests. (Tables 1 and 2 show test re

sults for PC-DOS/MS-DOS machines 
and Macintosh machines, respectively .) 
For the low-level tests, we started by go
ing back to the Small-C compiler , first 
devised for the CP/M world, and build
ing from there (see the text box "BYTE 
Small-C" on page 256). We devised tests , 
chose algorithms, coded, debugged, and 
debugged again. 

No black box, these: BYTE's bench
marks have always been open, and our 
newest ones follow in that tradition. We 
will freely distribute the source code of 
both the benchmarks themselves and the 
custom versions of SmaU-C. You can 
read the sou.~e code; you can see exactly 
what our benchmarks test, and how. 

Why Small-C? 
Low-level benchmarking presented us 
with a number of dilemmas. Ifwe wanted 
laser-beam accuracy, we'd have to hand
code in assembly language whatever al
gorithms we picked for every processor 
out there , and someone would always be 
popping up with a coding trick that would 
shave 2 bytes and 20 clock cycles off the 
code. (Notice we said "algorithms" ; we 
wanted benchmarks that at once were 
low-level and had some connection to the 
real world. We didn't want to just code up 
a big pile of NOP or MOVE .L 01,01 instruc
tions and time them.) And assuming we 
did take that tack, we'd end up arguing 
over what the "best" implementation of a 
given algorithm would be for a given pro
cessor. Would it be the smallest version? 
The fastest? Not necessarily the same 
thing. 

We chose to modify the Small-C com

piler for the 80xx8 and 68xxx machines 
so that it would give us the spyglass into 
assembly language that we wanted and, at 
the same time, provide us with a vehicle 
that was as close as possible to being 
common across different processors . To 
put it another way, SmaU-C defined .a 
model, and we would ask each processor 
to take its best shot at executing that 
model. Naturally , where one processor 
would have an instruction that might give 
it an advantage in one area of the model, 
another processor would have an advan
tage in a different area. 

Small-C lets us create benchmarks 
based on algorithms that bear a resem
blance to real-world applications. We can 
then port those benchmarks more easily 
from machine to machine than if we had 
hand-coded them, and- thanks to the fact 
that Small-C emits assembly language 
source code- we can understand why one 
processor performs better than another 
for a given algorithm. Additionally, 
Small-C's #asm directive lets us dip into 
pure assembly code. This is especially 
handy in those cases where we "step out
side" the bounds of Small-C to test some 
system feature it doesn't support. 

And last but not least, Small-C is in the 
public domain , so we can freely share our 
source code with you. It opens the doors 
for discussions on optimization tech
niques, improvements to the run-time li
brary, language design, and more. 

CPU Benchmarks 
• Sieve . You may think that we're just 
keeping the Sieve of Eratosthenes around 

continued 
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because we've become so attached to it. 
There's some truth in that, but within that 
truth lie other, more compelling facts that 
we can't ignore: Language and system 
designers the world over have used the 
Sieve as a basic perfonnance test. The 
Sieve makes use of arrays (indirect ad
dressing), comparison operations, and 
simple math. We thought it worthwhile to 
keep the old firehorse around. 

For comparison, listing 1 contains the 
complete source code file for the new 
BYTE Sieve of Eratosthenes. 
• Sort. The new Sort benchmark now 
uses three sorting algorithms: a Quick-
sort, a Shell sort, and a heapsort. All 
three sorting techniques make heavy use 
of indirect addressing, comparison oper
ations, and basic integer math operations. 
But there are differences that allow the 
new benchmark to exercise more aspects 
of the machine than the old Sort did . Spe
cifically, Quicksort is a recursive sorting 
procedure, while Shell sort uses a repeat
ing-loop algorithm, and the heap sort 
uses a repetitive call to a subroutine. 
(Currently, the time reported for the Sort 
benchmark is the aggregate for all three 
algorithms. However, ifyou're interested 
in determining which algorithm works 
fastest, you can modify the source code to 
report on the individual times.) 

Listing 2 contains the source code for 
the Sort algorithms' major subroutines. 
• Matrix. The job of the Matrix bench
mark is to exercise the kind of operations 
that must take place to manjpulate ma
trices- in this case, two-dimensional 
arrays. Primarily, this involves indirect 
addressing, but the Matrix benchmark 
also tests integer math operations. Note 
that some integer math must occur as a 
program calculates the offset of an array 
element. Most high-level compilers that 
support multidimensional arrays handle 
this math for you automatically, but since 
BYTE Small-C allows only one-dimen
sional arrays, such math is necessarily 
explicit . 

The Matrix benchmark times three 
common matrix operations : Add two 
square matrices, multiply t'M> square ma
trices, and perform a transposition on a 
square matrix. The benchmark calculates 
the total time for all these operations and 
prints the results . You'll find the source 
code for the major routines of the Matrix 
benchmark in listing 3. 
• String Move. The String Move bench
mark's operation is easy to state: It moves 
lots of bytes from one place to another. 
Here, however, is a program whose por
tability becomes tricky. Consequently, 
the String Move benchmark makes heavy 
use of assembly language routines, and 
these routines are coded differently for 
each processor. There is another detail 
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Table I : BITE benchmarks for PC-DOS/MS-DOS machines. 

IBMPC IBM IBM PS/2' Compaq1 
Low-level Test PCAT Model SO 386/20 

CPU 
Matrix 66.51 11 .69 4.75 3.06 
String Move 

Byte-wide 378.18 80.41 39.31 26.11 
Word-wide: 

Odd·bnd 275.1 80.41 39.09 31 .01 
Even-bnd 275.1 40.26 19.66 13.07 

Sieve 298.46 73.65 29.11 23.18 
Sort 330.30 84.39 33.11 26.89 

FLOATING POINT2 
Math 70.80 46.46 10.77 . 7.01 

ErrorJ 0.0 0.0 0.0 0.0 
Slne(x) 26.92 20.05 4.61 3.30 

Error 2.0E-9 2.0E-9 2.0E-9 2.0E-9 
e• 23.39 17.20 4.50 3.06 

Error 1.0E-9 1.0E-9 1.77E-2 1.77E-2 

DISK l/O 
Hard Seek• 

Outertrack 6.47 3.28 3.34 3.34 
Inner track 6.54 3.30 3.35 3.31 
Half platter 23.34 11 .30 10.00 6.66 
Full platter 39.89 16.59 14.17 9.98 
Average 19.06 8.62 7.71 5.82 

DOS Seek 
1-sector read 16.26 11 .66 9.98 2.07 
8-sector read 59.34 24.33 20.54 10.89 

Fiie 1/05 

Seek .92 .22 .12 .13 
Read .06 .021 .017 .007 
Write .069 .022 .016 .012 

1-megabyte 
Write 1 :06.70 8.92 5.14 3.48 
Read 16.91· 8.16 5.67 2.88 

VIDEO 
Text 

ModeO 50.47 11 .55 4.73 3.76 
Mode1 50.64 11.53 4.73 3.77 
Mode2 50.97 13.15 5.00 3.88 
Mode3 51.30 13.13 4.96 3.85 
Mode? 11 _73• 4.98 3.s1 • 
·No display. but timed 

Graphics 
Mode4 18.62 4.69 1.98 1.33 
Modes 18.62 4.69 1.96 1.38 
Mode6 19.99 5.11 2.27 1.49 
Mode 13 3.68 3.35 
Mode 14 4.41 3.57 
Mode 16 3.85 3.48 

LIN PACK 
(single precision) 1646.72 1010.22 246.40 171 .15 

Livermore Loops 
(MFLOPS) .0169 .0237 .1150 .1735 

Dhrystone (Microsoft C 5.0)6 
(Dhrystones/sec) 391 1721 3977 6321 

' All figures ...,re generated using the 806816086 version ot Small·C (16-bit integers). 
Figures tor the 80386 machines shown here do not use 80386-specific instructions. 

•The Roating-point benchmarks used 8087·compatible coprocessor instructions only. 
'The errOIS reported tor the ftoating-polnt benc:hmarl<s Indicate the difference between expecied and aciual 

values. correct to 10 digtts or rounded to two decimal places. 
• Times reported by the Hard Seek and DOS Seek are tor multiple seek operations (number ot seeks performed 

currently set to 100). 
' Read and write times for the File VO benchmarks are in seconds per Kbyte. All others are in minules:seconds.lrac:tions. 
• For the Li""rmore Loops and Olirystone tests only, ngher numbers mean raster performance. 



NEW BYTE BENCHMARKS 

IBMPC IBM IBM PS/2 Compaq 
Application Test PCAT Model80 386/20 

WORD PROCESSING 
XyWrlte 111Plus3.52 

Load {large only) :57 :22 :17 :14 
Word count {med./large) :2313:03 :07/:55 :031:25 :021:16 
Search/replace :4312:44 :121:56 :06/:27 :051:19 
End of document :11/1 :48 :04/:37 :02/:16 :021:11 
Block move :501:49 :23/:23 :101:10 :10/:10 
Spelling check 1 :18110:06 :22/2:52 :10/1 :16 :06/:47 

Microsoft Word 4.0 
Cursor move 4:22 3:34 :15 :11 

GENERAL SYSTEM SPECJflCATIONS 

I. The PC system includes a 4. 77-MHz 8087, 
~ 12K-byte system memory, a CGA card, and a 
20-mcg•bylc cx1cmal hard drive. 

2. The PC ATiocludesan 8·MHz 80287, Sl2K
bytc system memory, • CGA card, and• 30
mcgabyte hard d.riV< . 

3. The IBM PS/2 Model 80 includes a 
16-MHz 80387, 6-mcpbytc sy>tcm 
memory_• VGA graphics adaP<tr. and • 40
megabytc hard drive. 

4. The Compaq Dcskpro 386120 systcm includes a 
20-MH• 80387. 6-megabytc sy>tem memory, an 
EGA graphics •da!MT, a300-megabyuo hard 
drive. and a 20-MH• 8238S cache controller. 

All disk tests refer to a single DOS partition on 
the hrud drive CXcepl for fWd Seek. which n:fers to 
the enti re disk. 

Forward delete 2:54 :59 :16 :11 with the String Move benchmark that 
Aldus PageMaker 1.0a makes its port across processors, shall we 

Load document 
Change/bold 
Align right 
Cut 10 pages 
Place graphic 
Print to file 

1:12 
4 :00 
3 :33 
2 :40 

:38 
22 :29 

:27 
1:02 

:56 
:43 
:12 

7:15 

:13 
:31 
:25 
:22 
:05 

3 :12 

:06 
:19 
:14 
:12 
:03 

1 :41 

say, "uneven." We can best illustrate this 
by describing how the benchmark runs 
for the different processors. 

8088/8086/80286-The benchmark 
moves bytes a byte at a time and a word at 
a time. For the word-at-a-time moves, the 

SPREADSHEET benchmark actually runs its test twice, 
Lotus 1-2-3 2.01 first for odd-byte alignment and theo for 

Block copy :34 :08 :04 :03 even-byte alignment. 
Recalc 
Load Monte Carlo 
Recalc Monte Carlo 

:12 
Insufficient 

Memory 

:04 
Insufficient 

Memory 

:02 
:18 
:06 

:01 
:09 
:04 

68000/68020-The benchmark moves 
bytes a byte at a time, a word at a time, 
and a doubleword at a time. Since the 

Load rlarge3 
Recalc rlarge3 
Recalc Goal-seek 

Microsoft Excel 2.0 
Fill right 
Undo fill 

:28 
:07 
:32 

:48 
16:45 

:10 
:02 
:12 

:12 
5:11 

:05 
:01 
:04 

:05 
1:52 

:03 
:01 
:02 

:04 
1:28 

68000 must access words and double
words oo even-byte boundaries, there is 
no odd-byte-boundary test. 

80386-This version of the benchmark 
will be a kind of hybrid of the first two. 

Recalc :17 :03 :02 :01 Bytes will be moved a byte at a time, a 
Load rlarge3 4:18 1:12 :28 :17 word at a time, and a doubleword at a 
Recalc rlarge3 :20 :05 :01 :01 time. For the word- and doubleword

DATABASE 
dBASE Ill Plus 1.1 

Copy 
Index 

3:33 
:51 

2:30 
:23 

1 :12 
:19 

:39 
:05 

width moves, the benchmark will test 
even- and odd-byte alignments. 

The following is pseudocode for the 
new BYTE String Move benchmark: 

List 
Append 
Delete 
Pack 
Count 
Sort 

5:29 
6:59 

:08 
5:16 

:38 
3:22 

2:23 
3:17 

:03 
2:05 

:19 
1:44 

1:34 
2:01 

:02 
1:42 

:17 
1:28 

:54 
1:22 
:01 

1:04 
:03 
:52 

begin main 
count = 10000 

allocate memory(source buffer) 
allocate memory(dest buffer) 
begin timer -

transfer bytes(source buffer, 

ENGINEERING/SCIENTIFIC 
AutoCAD 2.52 

Load SoftVVest 
Regen SoftWest 
Load St. Pauls 
Regen St. Pauls 
Hide/redraw 

STATA 1.5 
Graphics 
ANOVA 

MathCAD2.0 
IFS800 pts. 
FFT/IFFT 1024 pts. 

10:30 
6:15 
2:15 

:59 
2:18:30 

2:39 
1:48 

2:32 
2:57 

2:45 
2:21 

:35 
:21 

1 :44:45 

:49 
:37 

1:00 
:52 

:54 
:41 
:13 
:07 

14:07 

:36 
:16 

:17 
:18 

:35 
:28 
:08 
:05 

9:01 

:19 
:11 

:12 
:12 

dest buffer, count) 
end timer 
report(elapsed time) 
begin timer -
source_buf f _pointer = odd 
dest_buff_pointer = odd 
transfer word(source buffer, 

dest_buffer, count) 
end timer 
report(elapsed_time) 
source_buf f _pointer = even 
dest_buff_pointer - even 
transfer word(source buffer. 

dest_ buffer, count) 

COMPILERS 
Microsoft C 5.0 

Xlisp compile 
Turbo Pascal 4.0 

Pascal S compile 

31 :49 

:41 

9:45 

:11 

4:48 

:06 

3:00 

:03 

end timer 
report(elapsed time) 

release memory(source buffer) 
release_memory(de;t_buffer) 

end main 

One further note: For the 80xx8 ver
conrinued 
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sions , the String Move benchmark uses 
the REP MOVSx instructions. Since these 
instructions use DS as the source segment 
and ES as the destination segment, this 
has the effect of testing moves from one 
segment to another. 

FPU Benchmarks 
Most of the work for the floating-point 
coprocessor benchmarks went into craft 
ing a floating-point coprocessor library 
that we could attach to BYTE Small-C 
(see the text box "Small-C Support Func
tions" on page 261) . SmaJl-C does not 
support a floating-point data type. This 
means that BYTE Small-C has to manip
ulate floating-point numbers as arrays of 
bytes , and perform floating-point opera
tions by making calls into the floating
point library. For example, to add two 
floating-point numbers in BYTE SmaJl
C , the instruction would look like this: 

f2add(ptrl,ptr2,ptrJ); 

where ptrl and ptr2 are pointers to the 
arrays holding the floating-point num
bers, and ptrJ points to the array holding 
the destination. Consequently, the code 
to implement a floating-point algorithm 
looks like a series of function calls rather 
than a traditional assignment statement. 

This also means that BYTE Small-C 
will not have a floating-point emulator li
brary. We decided that such a library 
would involve too much work for too little 
return; emulating floating-point opera
tions involves integer math and logical 
operations, and our other benchmarks al
ready give an indication of the proces
sor's performance in such areas. 

We did, however, code the coprocessor 
library so that calls into it are similar 
across processors, and the source for the 
floating-point benchmark program is al
most identical for the 80xx8 and 68xxx 
processors. The library also includes 
functions for converting from integer to 
floating-point and back, as well as an 
output routine that can print floating
point numbers in scientific notation. 

BYTE' s new floating-point copro
cessor benchmark is in two parts, pack
aged in a single program. The first part is 
a large loop that simply tests the four 
basic math operations: add, subtract , 
multiply , and divide. The second half 
gives the transcendental functions a 
workout; it executes a numerical integra
tion algorithm known as the trapezoidal 
rule for two functions-sine(x) and ~
over a fixed interval. Both the basic math 
and transcendental tests return results as 
well as execution times , so we'll be able 
to test accuracy as well as speed. 

Listing 4 contains the source code for 
the floating-point benchmark. 
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Table 2: BITE Macintosh benchmarks. 

Low-level Test Mac Plus Mac SE Mac 111 

CPU 
Matrix 79.3 

68020 version N/A 
String Move 

Byte-wide 431 .6 
Word-wide 215.9 
Long word-wide 147.0 

Sieve 200.1 
Sort 179.7 

FLOATING POINT2 
Math N/A 

Error 

Slne(x) N/A 
Error 

e• N/A 
Error 

DISKl/O 
Sub-Finder Seek 
Sony: 

Sector read3 66.6 
40K-byte read3 137.0 
Sector read• 63.0" 
40K-byte read 136.8" 

SCSI : 
Sector read: 46.7" 
40K-byte read 65.5 " 

Fiie 1105 

Seek .7 
Read .116 
Write .092 

1-megabyte 
Write 13.9 
Read 7.5 

VIDEO 
Text 

Textedit 17.3 
Drawstring 4.3 

Graphics• 
Slow test 96.6 
OuickDraw 1.1 

LIN PACK 
Single precision 2685 
Double precision 4894 

Dhrystone (MPW C version 2.0)7 
(Dhrystones/sec) 

675 

' All figures were generated using the 68000 version 
01 SmaJl-C. Figures rePoned tor the Mac II do not 
use 68020-speciflc inslrucl>ons. except wnem noted. 

>The floating-point benchmarks used the SANE library. 
>These times are 10< the floppy disk drives. 
' These times are IOI the Mac20 hard disk drive 

External drives 
• ' 68020 version 

67.1 21 .2 
N/A 10.2 

374.5 93.9 
186.7 45.6 
92.4 22.9 

170.2 40.2 
154.2 44.2 

N/A 175.3 
0.0 

NIA 84.8 
1.05E-9 

N/A 112.5 
1.05E-9 

61.9 62.7 
137.1 136.1 

41.1 14.6 
52.8 19.4 

.5 .2 

.052 .023 

.039 .014 

14.8 5.2 
8.1 1.8 

15.1 5.6 
3.8 1.8 

84.4 46.2 
1.1 0.3 

2319 354·· 
4229 348'. 

805 2861 

• Read and wtite times for l/1e File 1/0 benchmark are 
in seconds per Kb)'le. All otheis are on 
minutes:seconds.lractions. 

• The Slow lest uses codes wrillen in Small·C to per· 
form the circle draw and foll. The QuickDraw version 
usss QvickD<aw comnands to draw and ~II the circle. 

1 For the Dhryslone tesl only. higher numbers mean 
raster performance. 
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Application Test Mac Plus 

WORD PROCESSING 
Mac Write 5.0 (small/large) 

Load 
Search/replace 
Find last page 
Merge small.txt 
Spelling check 
Store document 

MultlWord (small/large) 
Word count 

Microsoft Word 3.01 
Cursor down 640 lines 
Search/replace 
Store document 

Aldus PageMaker 2.0a 
Load document 

(20,586 words) 

Change/bold 

Align right 

Cut and refill 


first 10 pages 

Place BOK-byte 


graphics file 

Print document to 


Postscript file 


SPREADSHEET 
Microsoft Excel 1.0 

Full right 81 .. .AY50 
Undo fill 
Recalc 
Load rlarg3.x12 
Recalc rlarg3.x12 

DATABASE (1200 RECORDS) 
McMax87.2 

Copy 
Index 
List 
Append 832 records 
Delete 
Pack 
Count 
Sort 

ENGINEERING/SCIENTIFIC 
Mlnlcad 3.15 

Load 
Redraw 
Hide and shade 

Data Desk 1. 12 
Regression analysis 
Correlation analysis 

COMPILERS 
Light.speed C 2.11 

XLISP compile 
Turbo Pascal 1.0 

Pascal S compile 

lnsuffioenl mem0<y 10 spell·check 
BYTE benchmark large documen1 

:08/:16 

1 :32/10:39 

:03/1 :07 

:13/:16 


3:22/' •• 

:15/1 :13 


:11/1 :13 


2:27 
1:15 
:48 

:17 
1:32 
1:25 

:50 

:26 

2:59 

:32 
21 :13 

:01 
:50 
:06 

:31 
:20 

2:14 
:34 
:02 
:12 
:07 

1:08 

:25 
13:40 
16:19 

5:13 
5:59 

Mac SE 

:06/:14 
1 :20/9:40 

:03/:06 
:12/:17 

2:47/21 :43 
:14/1 :07 

:10/1 :07 

2:2 
1:07 

:46 

:17 
1:31 
1:10 

:44 

:21 

2:26 

:25 
17:20 

:01 
:41 
:06 

:28 
:19 

2:11 
:32 
:02 
:11 
:07 
:54 

:23 
11 :37 
14:55 

5:13 
5:59 

Macll 

:04/:05 

:78/3:09 

:02/:03 

:06/:07 


1 :08/7:40 

:12/:27 


:06/:35 


1:21 
:22 
:16 

:11 
:29 
:29 

:19 

:10 

:52 

:10 
5:22 

:01 
:15 
:02 

:10 
:07 

2:04 
:11 
:01 
:04 
:03 
:19 

:06 
2:54 
3:59 

1 :01 
1 :17 

2:51 2:25 1:02 

:1 7 :14 :07 

Disk 1/0 Benchmarks 
As storage subsystems become responsi
ble for more and more of the time you 
spend at the computer, it becomes more 
important to get an accurate picture of 
how a particular disk will affect total sys-
tern performance. If hardware and soft
ware vendors could agree on a single way 
to access disks, the job of benchmarking 
would be easy . Unfortunately for those of 
us who have to write and run the bench
marks , there are almost as many schemes 
for getting at storage as there are storage 
devices. 

In addition to the number of access 
methods and interfaces available, the 
nwnber of components involved with any 
storage access makes accurate perfor
mance testing of any one component very 
difficult. In general, the storage device it
self, the device controUer, and the com
puter's operating system are involved 
with any transaction. In some interface 
systems, such aS smaU-computer-system
interface (SCSI) systems, a device driver 
is involved as well. 

In most situations, it's impossible and 
nonsensical to divorce the performance of 
the disk from the performance of its con
troUer or driver. Our benchmarks don't 
attempt to force this separation, concen
trating instead on factoring various de
grees ofoperating-system overhead out of 
the performance equation. Since different 
programmers and hardware designers view 
the facilities of operating systems with 
varying degrees of contempt, we varied the 
tests based on how heavily they rely on 
each operating system's file system. 

The first test in the suite is the BIOS-
level benchmark. On an IBM PC or com
patible running MS-DOS, this bench
mark "goes around" the operating 
system, manipulating the disk with direct 
calJs to the machine BIOS. This test is de
signed to gauge the speed ofthe disk/con
troller combination, with as much of the 
operating system overhead as possible 
factored out of the results. 

The program begins by getting infer
mation from the disk and then proceeds to 
test the disk in four stages, with each 
stage repeated 100 times . The program 
first seeks between the two outermost 
tracks, reading one sector on each. It then 
seeks between the two innermost tracks, 
the outermost and middle tracks, and the 
outermost and innermost tracks, reading 
a sector on each track. The times from all 
these seeks are collected, and an "aver
age seek time" is calculated. 

The following is pseudocode for the 
BIOS-level benchmark: 

begin main 
ge t_di sk_in f o 

continued 
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We gave this card 
a built-in IC memory. 

THE MITSUBISHI PLASTICS IC MEMORY 

BEECARD SYSTEM 

If you need to carry information bur don't want a thickness of o nly l.8mm(0.07in), it 's compact enough 

to carry a computer, the Mitsubishi Plastics IC Memory ro carry in your waller. Yer o ffers a memory of from 
"Bee Card" System is for you. 64 K to lM bits . 

The Bee Card is a plastic card rhar conrains Best o f all, rhe Bee Card frees you from on
from one ro four ICs. Offering unprecedented convenience, line systems. Which makes it perfect for use in the 
versatility, reliability and economy, it makes slow-access field. In almost any field . 
casserre rapes and floppy disks obsolete. Cards come in four types and a variety of memory 

Ir 's also exceptionally sturdy and durable . With capacities. Mask-ROM cards are designed fo r readour 

+MITSUBISHI 
.,PLASTICS INOUSTRIES. l TD. 
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And we're giving you 

a lot of ways to use it. 


only. OTP ROM cards, for one-time programming. 
EEP ROM cards can be elecrrically erased and 
reprogrammed. And S-RAM cards, wirh replaceable 
lithium cell , are erasable and programmable at high 
speed. 

You 'II be hearing a lot abour these cards in the 
noc-roo-distanr future . And seeing a lot of chem, too. 
In computerized navigation systems for automobiles . 
Ar hospitals , recording and scoring patient charts. In 
industrial stock inventory control. And even at music 
srores, playing your favorite runes elecrronically. 

When you carry rhe Mitsubishi Plastics Bee Card , 
the future of information handling is right where 
you wanr 1r. 

In rhe palm of your hand. 

Circle 190 on Reader Service Card 

Offm new freedom of [om choice. 

btsm into laptop PC for inp11t and rtadout. 

Mask-Programmed ROM Card OTP ROM One-Time Programmable Card 

M K bics 128K bics 256K bics 64K bics 256K bics 

lM bics (2 M birs) (4 M bics) 5! 2K bics 


* ( lM bits)
EEP ROM Reprogrammable Card 
*Avai lable in chc:- near furnrc 


64 K bi1s (bycc mode) 

5-RAM Card128K bics (byre mode) 2-chip rype 


64 K bi rs (page mode l 64 K bits 128K bics 256K bics 

128K bits (page mode) 2-chip ty pe 512K bits lM birs 

For further information 

MITSUBISHI CORPORATION 
Semiconductor Dept. 
2-.H J\1,1r1111011chi, Chiyor/11-k11, Tokyo, 100-86 ) 11pr111 

Te/:(03)210-3792 Fax:(03)2I0-3353 Teltx: MCTOK A } 33333 


MITSUBISHI INTERNATIONAL GmbH 
Heinrich-Heim-Allu I, 4000 Diisseltlorf I Fer/em/ Rtp11blic of Germany 

Te/:(0211 )8385·396 Pax:(02JI)8385-397 7elex: 85830-20MTG D 
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disk_ identifier 
number of heads 
number=o f=cylinders 
sectors per track 

outer_track=seek 

first = outermost track 

second = 

next_to_ outermost track 

doseek (f irst , -second) 

display (accumulated time) 


inner track seek 
first = 


next to innermost track 

second = innermost track 

doseek (f i rst, second) 

display (accumula ted time) 


half platter seek 
first = outermost track 

second= (total tracks)/2 

doseek (first, second) 

display (accumulated time) 


full platter seek 
first = outermost track 

second a inne rmos t t rack 

doseek (first, second) 

~isplay (accumulated_time) 


end ;nain 

begin doseek (first, second) 

accumulated time a 0 

begin repeat (100 times) 


begin timing 
seek to (fi rst), sector 1 
read 1 sector 
seek to (second), sector 1 
read 1 sector 
stop timing (calcu late 

elapsed t i me) 

accumulated-t i me = 


accumulited time + 

elapsed time 

end repeat 
end doseek 


We have confidence in the results we 
get from this test, but it does have a cou
ple of shortcomings. First, since it deals 
with the hardware in a most intimate fash
ion, the program is quite hardware 
dependent. It will have to be significantly 
rewritten for new systems that might 
come out. The second will become more 
apparent as more of the world moves to 
the SCSI interface for hard disks. SCSI is 
a black-box design that effectively hides 
the geometry of the device from pro
grammers. It is so effective at this hiding 
that our BIOS-level test will simply not 
translate to the SCSI environment. 

The next benchmark is not nearly so 
subversive as the BIOS-level test. In the 
second BYTE disk-subsystem bench
mark, the operating system is used, but at 
a level of explicit device calls instead of 
relying on its file system. The testing 
methodology is relatively straightforward 
in an MS-DOS system. The main portion 
of the program is run twice. In the first 
iteration, the device is told to step through 
its sectors in 10 even steps, reading one 
sector at each step. In the second itera
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lion, the same 10 steps are used, but eight 
sectors are read at each stop. The time for 
each of these iterations is reported. This 
test is designed to be portable across a va
riety of system types , though we realize 
that some degree of reprogramming will 
be required for each new system. 

Pseudocode for OS Level-Explicit: 

begin mai n 

test device = drive t o be 


tested 

get_disk_info (test device) 

disk identifier 
number _ of_heads 
number of cyl inders 
sectors_per_track 
total sectors 

accumulated t i me = 0 
sector = 0 


beg i n repeat (50 t imes ) 

track seek (0, 1 ) 

beg i n- repeat (10 times) 


sector = sector + 
(total_sectors/ 10 ) 

begi n t iming 
track=seek (sec tor, ! ) 
end timing; calcu late 

elapsed time 
accumulated t ime = 

accumu l ated t i me+elapsed 
t ime 

end repeat 
repo rt (accumulated time) 

end r epeat 

begin repeat (50 times) 
accumulated_time = 0 
sector = 0 
track seek (0,1) 
begin-repeat (10 t i mes) 
sector = sector + 

(tota l sectors/10) 

begin_timing 

track seek (sector,8) 

end_timing; calculate 


elapsed time 
accumulated time a 


accumulated 

time+elapsed time 


end repeat 
report (accumulated time ) 

end repeat 
end main 

begin track seek 
(sect or_pos ition, 

t sectors_to_ read ) 
move to sector at 

(sector_position) 
read (i sectors to read) 

end track_seek - 

A case in point is the way this bench
mark was ported to SCSI drives under the 
Macintosh operating system. After sev
eral conversations with the folks at Jas
mine Technologies , who produce SCSI 
drives, we decided that going beneath the 
Finder to make calls directly to the device 
driver provided by the disk drive manu
facturer results in the functional equiva
lent of the MS-DOS version. This is 

probably the test that will require the 
most effort to port to new interfaces and 
operating systems. 

The third test owes a great debt to our 
old file 1/0 C-language benchmark. The 
program is designed to measure the inter
action of the disk/controller and the oper
ating system's file system. In the nonnal 
course of working with a storage device, 
three basic operations exist : creating 
files , appending files, and reading files. 
The benchmark creates 10 files of vary 
ing sizes. Each is then appended by a 
chosen amount. The test then uses an ar
bitrarily chosen number (actually a con
stant pseudorandom number) to deter
mine the location and size of the reads 
and writes that follow. Reading and writ
ing in the last portion are perfonned at a 
ratio of three reads for every write, since 
this approximates the usage pattern of 
disk users we observed. The accumulated 
times for reading, writing, and seeking 
are returned, along with the total number 
of bytes written and read . 

This program translated readily to the 
Macintosh. The only significant change 
was to allow for the difference in the way 
the 80x86 and 680x0 processors deal 
with pointers to disk addresses. The 
80x86 processor requires two integers for 
the pointer, and so two " random" num
bers must be generated for the read and 
write addresses. The 680x0 uses a single 
32-bit integer and requires only one "ran
dom" number. 

Pseudocode for OS-Level File: 

beg i n ma i n 
count = 120 
write time = 0 
write bytes = 0 
read time = O 
read-bytes = 0 
seek-time = 0 
total seeks - 0 
beg i n-repeat ( 10 times) 

create file 

end repeat 

begin repeat ( 10 times) 


extend file 

end repeat 

random_ read_and_write 

report 


end main 

begin create _fil e 
fileO size 4000 
filel- size 10000 
file2 size 500 
fil e 3=size • 2800 
file4 size = 25000 
file5-size • 14000 
file6-size 8000 
file7-s ize = 8800 
fileB size 300 
fil e 9- size = 21111 
for e~ch file begin 

open filex 

comim1ed 
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write_bytes = write_bytes + 
filex size 

begin tim~r 
write to file 
end timer; calculate 

elapsed time 
write time-= write time + 

elapsed time 
close file'X 

end 
end create file 

begin extend file 
fileO append = 12000 
filel-append 20300 
file2-append - 31111 
file3- append = 3400 
file4-append - 9099 
fileS-append 20755 
file6-append 7000 
file7-append 400 
file8-append = 22000 
file 9-append • 27000 
for each file begin 

open filex for appending 
write bytes • write bytes + 

fil ex append 
begin timer 

append fil e 

end timer; calculate 


e lapsed time 
write time ~ write time + 

elapsed time 
close filex

end 
end extend file 

begin random read and write 
begin repeat (COUNT times)/*see 

main for value of 
COUNT*/ 

begin repeat (3 times) 
select random file 
select i random sec t ors 

into file 
open file 
begin timer 
seek i sectors into file 
end timer; calculate 

elapsed time 
seek time-= seek time + 

elapsed time 
total seeks = total seeks 

- + 1 

select n r andom bytes to 
read 

begi n timer 
read n bytes 
end timer; calculate 

elapsed time read 
read time =- read-time + 

elapsed time-read 
read_bytes - read_bytes + 

n 
close file 

end repeat 
select random file 
select i random sectors i nto 

file 
open file 
begin timer 
seek i sectors into file 
end timer; calculate 

e lapsed_time 
seek time = seek time + 

248 BYTE• JUNE 1988 

elapsed time 
total_seeks-= total_seeks + 

1 
select n random bytes to write 
begin timer 
write n bytes 
end timer; calcu late 

elapsed time write 
write time =-read-time + 

elapsed time-write 
write_bytes - write_bytes + 

n 
close file 

e nd repeat 
end random read and write 

The final test in our suite is simplicity 
itself. It uses all the help the operating 
system can offer to first write and then 
read a I-megabyte file. Here is pseudo
code for Large Ftle Read and Write: 

begin write 
allocate 10000 byte buffer 
fill buffer with character 'A' 
open file 'bigfile.dat' 
begin timer 
begin repeat (100 times) 

write buffer to file 

end repeat 

end timer 

close file 

report 


end write 

begin read 
allocate 10000 byte buffer 
open file 'bigfi l e.dat ' 
begin timer 
beg i n repeat (100 times) 

read file to buffer 

end repeat 

end timer 

close file 

report 


end read 

In all, we've tried to create a suite of tests 
that will give all users an idea of how a 
disk subsystem will perform in a variety 
of circumstances, and will also give users 
with special requirements an indication 
of how the device will perform with the 
level of control they require. 

BYTE Video Benchmarks 
One 9f the most fundamental operations a 
microcomputer performs frequently is 
writing to its display . Like the process of 
printing a document, this type of task can 
become "bound" by the rate at which the 
display hardware can update the screen. 
Naturally, faster display hardware per
mits these video operations to finish 
sooner, freeing the processor to handle 
other tasks. Our tests measure this aspect 
of a microcomputer's performance. 

Deciding how best to measure this par
ticular microcomputer subsystem posed a 
bit of a problem. A test of any sophistica
tion became dependent on the algorithms 

used to implement the test program. This 
is clearly undesirable: The first require
ment for the tests is that the effect of the 
software should be minimized. This 
means that the benchmarks should be 
coded in assembly language to minimize 
this effect and to execute as fast as 
possible. 

However, another requirement of the 
benchmarks, at odds with the first, is that 
the benchmark programs have to run on a 
wide variety of machines, meaning that 
the test programs have to be portable as 
well. Fine-tuned assembly language pro
cedures gamer the best possible speeds 
for a given microcomputer but would be 
useless on another machine, and might 
not even work on the same machine with 
a new operating system or a new version 
of the old operating system. 

The problem was resolved by devising 
a set of simple low-level video bench
mark tests that would test certain basic 
graphics operations . The bulk of the 
benchmark programs would be written in 
Small-C , and , where it became neces
sary, assembly language would be used 
to operate the display hardware. 

An important point must be made 
here. These programs were primarily de
signed to be portable. The best possible 
implementation for a given test was not 
used, nor were the tests designed to pro
vide the fastest possible speed. The 
benchmarks provide a nominal measure
ment of basic graphics operations that 
could be compared across machines. 

Having said that, what did we decide to 
measure? For IBM PCs, PC compatibles, 
and PS/2 systems, there are several basic 
video operations : writing characters 
(text), positioning the cursor, and ma
nipulating pixels. For the Macintosh , 
everything drawn on the screen is a col 
lection of pixels: Theoretically, there is 
no distinction between text and graphics. 
Nevertheless , the Macintosh is used often 
as a word processor where text is manipu
lated on the screen, so we believe that , in 
reality , the distinction between text and 
graphics still applies . 

Video Specifics 
Measuring text throughput is simply a 
matter of writing a certain number of 
characters on the screen and measuring 
the time it takes to do th.is. Since cursor. 
positioning is often used in word-pro
cessing applications , we decided that its 
effects would also be measured as a part 
of text operations. First, 80,000 charac
ters of text are written to the display . 
Then the cursor is repositioned, and 
80,000 characters are written again. 

Pseudocode for the new BYTE Text 
Throughput benchmark: 

cominued 
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Listing 1: Source for BYTE's ne~ Sieve benchmark. Ifyou 're a regular reader, you'll find it's practically identical 
10 the source we've used before. The only additions are the timing functions gtime() and calctim(). 

/* 
** BYTE Sieve Benchmark Version 1 for 8088/8086/80286/80386 
**Feb . 17 , 1988 Written in BYTE Small-C 
** Based on Small-C by J.E. Hendrix 
** This program executes the infamous Eratosthenes Sieve Prime 
** Number Program from BYTE, Jan. 1983. 

** 
** Operation: 

1. Turn on stopwatch 
** 2 . Execute SIEVE for LOOP iterations 
** 3. Turn off stopwatch 
** 4. Report time and numbe r of primes found 
** 5. Exit 
*/ 
#include stdio.h 
#define size 8190 
#define LOOP 100 
#defi ne TRUE YES 
#define FALSE NO 

int tblock[4] ; /*Timer holding array *I 

char flags [size+ 1]; 


main() 

int i, prime, k, count , iter ; 

/* Announce yourself */ 
printf("BYTE Sieve Benchmark\n"); 

printf("\d iterations\n",LOOP); 

/* Start timer and execute loop */ 

gtime(tblock); 

for (iter = l; iter <= LOOP; iter++) 


( 
count • O: /* prime counter */ 

for (i = O: i <= size; i ++) /* set all flags true */ 


flags (i ] = TRUE; 

for ( i - O; i <= size; i++) 


{ 

if (flags [ i )) /*found a prime*/ 

( 
prime = i + i + 3; /* twice index + 3 */ 


I* printf ("\n%d", prime); */ 

for (k ~ i + prime; k <= size; k+- prime) 


flags [k] = FALSE; 

/* kill all multiple */ 


count++; /* primes found */ 

) 

calctim(tblock); 

/* Report results */ 

printf("Resu l ts: (HH:MM:SS:l/lOOths)\n"); 

printf("Elapsed time: %d:%d:%d:%d\n\n",tblock(O], 


tblock [ l),tblock(2],tblock(3)); 

printf ("%d primes . \n\n", count); 

/* pr i mes found on lOOth pass */ 


/* Exit */ 
printf("Press RETURN to exit:"); 

fgetc (stdin); 

exit(O); 
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Listing 2: Source for rhe major routines ofthe Son benchmark. 

(a) The Quicksort algorithm. (c) The heapsort routine. 

qsort(aray,bot,top) hsort(aray,bot,top) 
int aray(],bot,top; int ~ray[],bot,top; 
{ { 

int i, j, temp; 	 int i ,temp; 
while (bot<top) /* First •.. make a heap*/ 

/* Set ranges and choose foc(i=(top/2);i>l;--i) 
partitioning element */ sift(aray,i,top); 

i=bot; /* EKtract maxinrum */ 

j =top; foc(i=top;i>l;--il { 

temp=aray[bot]; sift (a ray, 0, i); 


I* 	Partition array */ t-amp=aray[O]; 
wh ile (i <j) { aray[O]=aray(i]; 


whi l e(aray[j]>temp) j-=l ; aray(i] =temp; 

aray(i]=aray[j); } 


while((i<j)&&(aray[i]<=temp)) 

i+=l; 

aray[j] =aray[i]; sift (aray, i, jl 

I int a.ray(], i, j; 

aray(i] =temp; { 


/* Call qsort recursively */ int k,temp; 
qsort(aray,bot,i-1); while ( (2*il <=j) 
bot=i+l; k-2*i; 
I if (k<j) 

if(aray[k]<aray[k+l]) ++k; 
if(aray(i]<aray(k)) { 

temp• aray (k]; 
aray(k] =aray(i];(b) The Shell sort routine. 
aray(i]=temp; 

shsor t(aray,bot,top) i=k; 
int aray(],bot,top; } 

{ el~e i = j+l; 
int i ,gap,nex,temp; } 

I* Set gap width */ reti.:rn; 
gap=(top-bot)/2; ) 

do { 
do { 


nex=l; /* No exchanges yet */ 

for(i=O;i<=top-gap;++i ) 

( if(aray(i]>aray[i+gap]) 


{ 	 temp=aray [ i]; 

aray(i]=aray[i+gap]; 

aray[i+gap]=temp; 

nex=O; /* Exchange happened */ 


\ while(nex~O); 


gap=gap/2; 

) while(gap !=O); 


; character 
if (row 25) row_counter 

-1 
if (row = 0) row counter 

= 1 
i f (column - length) 
column counter -1 
if (column = O) 

column counter 1 
row = row + 1 
c olumn = column + 1 
if ((char + 1 ) > 'Z') 
char ~ 'A' 

end repeat 
end timer 
compute time 
switch video mode(old mode) 
;resto~e original 
; mode 
report(accumulated time) 
begin timer 

;time loop overhead 
begin repeat (lines} 
end repeat 
begin repeat (count) 
end repeat 
end timer 
compute time 
report(accumulated time) 

end main 

Although graphics operations are sim
ply a matter of manipulating pixels, pixel 
throughput requires more than simply 
blasting pixels to the display. PiJCels are 
used to represent objects. As these ob· 
jects are drawn, the state of certain pixels 
must be read to permit certain graphics 
operations, such as clipping, to be per
formed on the object. Finally, drawing 
these objects can require that certain 
areas of the screen be flooded or filled 
with colors . Since the color must fill only 
the object, this again requires that the 
state of pixels be read . Since objects on 
the screen are ·typically drawn and then 
filled, the object drawn for the Pixel 
Throughput test is flooded with color 
using a seed fill . 

For the Pixel Throughput test , the ob
ject drawn is a circle. We chose a circle 
for the target object because, interest
ingly enough, the algorithm for drawing a 
circle was much simpler than algorithms 
to draw lines; thus, it minimized the code 

begin main 
count = 80000 
get_current_mode(old_mode) 

;get current 

: video mode 


prompt user for mode(video model 
;see ;hat user- 
; wants 

length = 
determine length(video mode) 
;type of- 

mode determines 
; number of chars per 
: line 

string = 
build str ing (length) 

lines : count I length 
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row = column - 1 
row counter = 

column counter = l 
begin timer 
switch video mode(video mode) 
begin repeat- (lines) 

;write string 
; to display 

display string(string, 
length) 

end repeat 
begin repeat (count} 

move_cursor(row, column) 

;position 

; cursor •• • 


display char(char, 1) 

; .• . and write 


overhead for the test . The circle is drawn 
eight times around a common origin, 
with the radius of each successive circle 
increasing by a fixed amount. Once each 
circle is drawn, it is filled with a color 
using a seed-fill algorithm, and then the 
next circle is drawn. The seed-fill algo
rithm may not be the fastest possible for 
this test, but the seed fill demands that the 
state of many pixels be read and written, 
which is the point of the measurement. 

Pseudocode for the new BYTE Pixel 
Throughput benchmark: 

continued 
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years ahead and get 
at the same time. 

Every business person worth his or her salt 
knows you have to prepare for the future. They also 
know the only way to get to the future is by getting a 
grip on business now. 

That is precisely the point of the IBM Personal 
System/2® family. 

Jn fact, the real beauty of the PS/2®design is 
that it has enabled us to satisfy many of your imme
diate needs, while still focusing on the bigger picture. 

For improving performance, 
there's no time like the present. 

The PS/2 was designed to bring advanced 
technology to your desk now. 

It runs DOS applications you're running now, 
like Lotus®]-2-3 spreadsheet and DisplayWrite™ 4 
word processing program. 

And it runs them faster- from 117% to more 
than 8500/o faste1; in tested applications,* depencling 
on the model you choose. 

The PS/2 family also gives you more ·tandard 
features than other systems. 

In fact, graphics, along with communication, 
printe1; and pointing device ports, are built right 
in. That can save you money later on. And it 
gives you the convenience you'll need in the 
futme. Right now. 

All of those features were designed to 
satisfy your present need for power and 
graphics. And they do. Which i why the 
Personal System/2 family is selling faster 
than any computers in history. 

But sati fying your current needs 
wa onJy part of the plan. 

The PS/2 was also intended to 

-~-------- __,-

offer you an entirely new way of protecting the life of 
your investment 

IBM puts the future of computing 
in your hands. 

If the IBM PS/2 is the best way to get a handle 
on business today the PS/2 combined with the IBM 
Operating System/2™program could completely 
redefine your ideas about computing in the future. 

In fact, we at IBM believe OS/2™is the future 

of personal computing. 


OS/2 (together with our models employing 
PS/2 Micro Channel"" architecture) boosts pro
ductivity levels even higher-up to 65% over DOS. 
Jt manages large memory to run several jobs at 
once, including multiple spreadsheets. 

OS/2 also ensures that you'll always be able to 

run DOS-based programs. 


And, even more important, it has impressed 
. ·oftware manufactmers enough for them to invest 
their time and resources, developing many new 
applications to take advantage of the power of OS/2. 

So call your JBM Marketing Representative. 
"Nowrvego1aj11mponmy Or call l-800-447-4700 for the 
compe1i1io11." name of your nearest IBM 

authorized dealer. 
Learn more 

about the IBM PS/2 
and OS/2. 
And learn 

how to make your day
to-day operation more 
efficient while keeping 
a close eye on the 

bigger picture. 

- ~ _- .... - ----- -- The Bigger Picture 
-~- · -e 

· Based on performance lest reSYUs ~ublished in tne April. 1987 and January. 1988 issues of PC OJ8est,comparing !he PSi2 Mcxfels 30. 50. 60and80 10 the IBM PC XT. running lotus l ·2·3 and DlsplayWrite 4. 
!This simulated screen shown wasdevelOped using the IBM Storyboard Plus program. IBM, Personal S~lem/2 and PSl2 are registered lrademarks: PC XT, OperallngSystem/2, OS/2. Micro Channel and 
Olsplay\Vnleare trademarkS of IBM Corporation. Lo1us and 1-2-3 ore reg1slered lrademarks of LolUs Development Corporation. IC> IBM 1988. 
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Listing 3: The major components ofthe Marrix benchmark: 
(a) adds two square matrices, (b) multiplies rwo square matrices, and 
(c) perfonns the rransposition ofa matrix. Note that Small-C supports only 
one-dimensional arrays , so we have to simulate square matrices. 

(a) 	 maddiarayl, a ray2,aray3,trows,tcols) 
i nt 11rayl [), aray2 []. aray3 [) ; 
int t rows,tcol s; 
( 
i nt i,j; 

for(i=O; i <trows ; ++i ) 


f or ( j=O; j <tcols;++ j ) 

a r ay3 [i*tcols +j ]=arayl [i*tcols+j) + 

aray2[ i *tco l s +j]; 

r e turn; 


(b) 	nvnult(arayl,aray2,ar ay3,rowl , coll,row2,co12) 
i nt arayl [J,aray2 [),aray3[]; 
int rowl,coll,row2,col2; 
( 
i nt 	i,j,k; 
for(i - O;i<rowl;++i) 

for(j - O; j <col2;++j ) 

{ aray3 [i*coll+j]=O; 


for(k- O;k<coll;++k) 

aray3[i*coll+j)+=arayl[ i *coll+k)* 


aray2( k*col2+j ); 


return; 

I 

(c) 	 mt rans (arayl, aray2, row, col) 
int a r ayl[),aray2 [); 
i nt .cow,col; 
{ 

int 	i, j; 
for(i~O; i<col ;++i ) 

for{j - O; j <row;++ j ) 

aray2[ i *col+j]garayl [j*row+i ]; 


ret urn; 


beg i n main circl e 
number o f circl es = 7 end repeat 
get_curre~t_mode (o ld_mode) end timer 

;get current v i deo compute time 
; mode swi tch video mode(o l d mode ) 

;restore original 
prompt user for mode(vi de o mode) ; mode 

- ;s ee ;hat user - r eport{accumu l ated_time) 
;want s end main 

switch video mode(v i de o mode ) 
:cha ng; mode - The benchmark programs work reli 

set size(vi deo mode , ex, cy) ably across the IBM PC family , from the 
-	 ;get x-y- limi t s f or first PC to the PS/2 Model 80. This is be

;this mode cause the video buffer's address has rebe g in t i mer 
mained stable over time, although the r adius - 20 

;starting s ize size of the video buffer has grown. A 
draw ci rcle(cx, cy, radius, menagerie of video modes has been intro

- color) duced since then, each with its own 
begin repeat idiosyncrasies. 


(numbe r of c irc l es) 
 Nevertheless, the PC video benchmark 
rad i us = radi us + 10 programs support MDA, CGA, EGA, 
d r aw circle(cx, cy, MCGA , VGA , and Hercules graphics 
radius, color) modes . The test prompts the user for the ;draw new 

desired video mode, and the output is ; circle 
flood c i rc l e(cx+radi us-5, modified as necessary to support the 

cy~ 	co l o r ) ; fl ood the mode requested. The timings for the tests 
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are measured by the computer under test. 
For the Macintosh, a window of fi;iced 

size is opened . This window fits within 
the smallest Mac display: the 9-inch diag
onal built-in monitor on the Mac Plus and 
Mac SE. The active port is set to Ibis win
dow, and the graphics operations are run . 
QuickDraw is used to draw te;ict or pixels 
in the window. Again, the computer itself 
times the operations to minimize error . 

Down the Pike 

As graphics boards with coprocessors be

come available, the benchmarks will be 

modified to work with them. If neces

sary , more sophisticated tests will be de

vised to thoroughly test the new capabili

ties provided by these coprocessors. 


Applications-Level Benchmarks 

BYTE's new applications-level bench

marks are designed to measure system 

performance in five areas of interest: 

science/engineering, database manage

ment, word processing, software devel 

opment using compilers , and spreadsheet 

calculation. Each application area places 

a different balance of demands on a sys

tem's resources, and, as a result, a group 

of systems may achieve different rankings 

in the various tests . 


The key variables that determine per
formance in these tests are CPU, effec
tive presence of an FPU, effective pres
ence of a GPU , operating system, speed 
of memory, and disk. (We say "effec
tive" because not all applications are 
written in such a way as to take advantage 
of numeric and graphics coprocessors, 
relying instead on the CPU .) The terms 
FPU and GPU refer not necessarily to 
chips but also, in some cases , to floating
point or graphics processor boards. 

Why test applications , given the abun
dance of numbers emanating from our 
low-level and mid-level tests? Primarily 
as a reality check. Most users will not 
have firsthand experience with our lower
level benchmarks, but they will almost 
certainly have some experience with one 
or more of the application areas we 're 
testing. Perform a global replace on 1000 
occurrences of the word first-anyone 
can relate to that . Our applications 
benchmarks will give you an easy-to
grasp handle on system performance. 

Applications benchmarks also offer 
some corroboration of the results from 
lower-level tests . A system that does ex
tremely well on the FPU benchmarks 
should excel in certain areas of our engi
neering/scientific benchmarks as well. In 
cases where our applications results are 
at odds with our lower-level measure
ments, deeper probing is called for . This 
brings up a third use for applications 

continued 



How much 

would you pay


for a device that 

does all this: 


• Print Master II Jets all your computers 
easily share all your printers, plotters, and 
modems, reducing the cost per user of 
expensive peripherals. 

• Print Master II spools print jobs in its 
smart 2561< buffer (field expandable up to 
7681<), then outputs them in sequence to keep 
your computers and printers working. 

• Print Master II allows computers to select 
each other so you can share data bases and 
transfer files. 

• Print Master II makes choosing a connection 
as easy as moving your cursor. You select 
where you want your data to go from a pop
up menu generated by BayTech's memory 
resident program. 

• Print Master II, Model 808E, features 
eight flexible ports: six serial and two parallel. 
You can set any port, including both parallel 
ports, as a computer port or a printer port. 

• Print Master II's serial ports operate at 
real speeds up to 9600 baud, even when all 

ports are operating at the 
same time. You can 
set baud rates, plus 
other con
figuration 
changes, 
for each port. 

• Print Master II handles protocol con
version automatically (i.e. serial/parallel, 
baud rates, handshaking, etc.), so it's 
compatible with virtually all makes of com
puters, printers , plotters, modems and 
peripherals. 

• Print Master II can be used in conjunction 
with the printer server of a LAN to help 
off-load network traffic by providing port 
expansion and extra buffer. 

• Print Master II features many little 
extras that make a big difference in per
formance: shielded connectors, a built-in 
power supply, easy-to-read configuration 
menus fewer parts for higher reliability, 
sturdy metal case. 

How about $595? Call us to order direct 
or for the name of your nearest dealer. 

BayTech 
Bay Technical Associates, Inc., Data Communications Products Division 


200 N. Second St. , Bay Saini Louis, MS 39520 USA 

Telex 910-333-1618 BAYTECH, Telephone 601-467-8231 or toll-free 


800-523-2702 
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Small-C has a history that stretches 
back to 1980 when Ron Cain first 

presented it in the May Dr. Dobb 's Jour
nal of Computer Calesthenics and Or
thodontia. Originally written for 8080
based CP/M machines (there were lots 
around back then), Small-C' s attraction 
was its ability to compile itself. Compil
ing a program with Small-C yielded as
sembly language source that you fed to 
M80 and L80 (Microsoft's CP/M as
sembler and linker) to create an execut
able file . Though Small-C handled only 
a subset of the features of a full-blown C 
compiler (e.g., it supported only char 
and int data types), it was powerful 
enough to handle applications that were 
quite robust. For proof, check the refer
ences at the end of this text box. L. E. 
Payne and J. E. Hendrix took this ver
sion of Small-C, added substantially to 
its syntax, and presented a hefty system 
library for the language. Again, this ver
sion of Small-C ran on 8080-based 
CP/M machines . 

BYTE Small-C is a modified version 
of Hendrix and Payne's Small-C with all 
the necessary enhancements added to 
bring it to processors and operating sys
tems in widest use today . As of this writ
ing, BYTE SmaJl-C is running on the 
8088/8086 (and 80286) under PC-DOS, 
on the 68000 and 68020 of the Macin
tosh family , and on the 80386 using 
Phar Lap's RUN386 environment. As 
with the original Small-C, BYTE's ver
sion emits source code that you hand to 
the appropriate assembler and linker. 
I've tried to keep the language as consis
tent across ports as possible; I've also 

BYTE Small-C 

Richard Grehan 

tried to keep the library routines as simi
lar to Payne and Hendrix's in operation 
and call structure as I could . There are 
some differences-some good , some 
bad. 

Here' s a potpourri of major features 
BYTE Small-C enjoys (or doesn 't enjoy) 
over its predecessors: 

• The original Small-C handled many of 
its logical , math, and comparison opera
tions by calling a math/logic library. 
When you consider that Small-C was 
running on an 8080 processor, the rea
sons for this are obvious-a 16-bit sub
traction operation could consume many 
bytes of code. BYTE Small-C encodes 
such operations "in-line," and it can do 
this thanks to the improved instruction 
sets of today's processors . The result is 
faster code, since the program doesn' t 
have to do a CALL instruction just to per
form an add or subtract. For some oper
ations , this also generates more code 
(since some comparison operations re
quire several instructions) , but given the 
amount of memory most 'machines have 
today, I decided that the speed-to-size 
trade-off was worth it. 
• The 8088/8086/80286 version of 
BYTE Small-C defines integers as being 
16 bits big . The 80386, 68000, and 
68020 versions , however, use 32-bit in
tegers . Pointer variables follow the same 
pattern (which means, of course, that 
the data area for an 8088/8086/80286 
program is restricted to 64K bytes) . 
• The 8088/8086/80286 version gener
ates code that is MASM-compatible. 
The 68000 and 68020 version emits 

MDS assembler/ linker-compatible 
code. Finally , the 80386 version pro
duces code for Phar Lap's 386jASM/ 
LINK package. I've recoded the library 
for the PC-DOS machines to make use 
of the DOS functions added with DOS 
2.0 and higher (i .e. , the Unix-style file 
110 calls). The Macintosh version uses a 
run-time library adapted from code first 
presented by Steve Williams (see 
references) . 

Finally , I would like to personally 
thank the people who have gone before 
me, and whose work made all this possi
ble-namely, Ron Cain, J . E. Hendrix , 
L. E. Payne, and Steve Williams. They 
have all put staggering amounts of time 
into work that they have graciously 
shared with us , and they have permitted 
us to share it with you. BYTE Small-C 
will be released into the public domain 
in source-code form (see page 3 for de
tails) . Use it , modify it , learn from it, 
and all we ask is that if you create some
thing with it, give conspicuous credit to 
those whose efforts brought it to you . 

REFERENCES 
I. Hendrix , J. E. The Small-C Hand
book. Reston , VA : Reston Publishing 
Company, 1984. 
2 . Dr. Dobb 's Toolbook of C. New 
York, NY: Prentice-Hall, 1986. 
3. Williams, Steve. Programming the 
Macintosh in Assembly Language . 
Berkeley, CA: Sybex, 1986. 

Richard Grehan is a BITE senior tech
nical editor at large. 

benchmarks-as a way of measuring total 
system performance. 

In most applications, we have selected 
more than one program to use . We picked 
programs that have a significant user base 
and fit nicely with our testing needs 
(e.g ., having macro languages and the 
ability to execute batch files) . Where pos
sible, we picked programs that are avail
able on both the Macintosh and the PC. 

Avoid the natural temptation to see 
these tests as software benchmarks. For 
instance, in the word-processing area, we 
a.re not testing the performance of Word 
versus XyWrite on MS-DOS computers; 
the tests weren't set up to make that kind 
of comparison at all . We use more than 
one program in each category as a way of 
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better covering the application, and to 
gain extra assurance that our overall rank
ings are independent of the particular 
program we used to test the application 
performance. For instance, it might be 
that XyWrite and Word would produce a 
different ranking on a given set of com
puter systems. That's important, because 
it tells you that there may be no clear win
ner in that application area . 

Science/Engineering 
Scientific and engineering applications 
place heaviest emphasis on graphics and 
numeric processing. We divide this area 
into CAD, statistics, and numeric analy
sis/plotting of functions . All our applica
tions programs will use the 80x87 (68881 

for the Mac) FPU if one is installed. 
For the CAD test, we use a 208, 172

byte .DWG file called SOFTWEST.DWG that 
produces a multilayer printed circuit 
boa.rd layout. The file is from The Great 
Softwestem Company and was specifi
cally designed to exercise CAD func
tions. We also use AutoCAD's St. Paul ' s 
Cathedral file, STPAULS.DWG; the draw
ing includes thousands of vectors and is a 
good test of raw graphics speed. Timed 
tests are: 

SEl . Load and display SOFTWEST.DWG. 
Disk and computation time dominate . 
SE2. Regenerate the screen image. For 
such a large file , disk and computation 

continued 



UltimatePower.UltimateConfidence. 

UltimateFreedom. 


r---;:---------, 
I 0 Please send me more information . IExperience 20 MHz 

386 Power,AST S1Yle 
The sky's the limit. That's how you 
might describe the power-packed 
capabilities of the AST Premium™/386 
.. . and how far we'll go to pro
vide outstanding products, service 
and support. 

Only the 20 MHz, Premium/386, 
with its advanced bus technology 
(SMARTslot™) and uncompromising 
compatibility, eliminates the traditional 
restrictions placed on an AT®'s per

high-quality technology. 
So while others are caught up in 

compatibility and support problems, 
you're completely free to enjoy the 
highest AT-compatible '386 system 
performance available today ... and 
take advantage of performance
oriented upgrades in the future using 
SMARTslot architecture. 

And because of our many years of 
working with key leaders in the 
industry, we're able to maximize the 
capabilities of the most advanced 
operating systems and application 
software available, including MS® 

0 Pka c have an ASr repre emativc call me. 
Name____________ I 
Tit/L___________ _ 

ICompa11~·-----------

Add=---------- I
Ci Sliltt__ ;tip___

I I
Phone 
AST ResCMCh. Inc .. 2121 Al1<>n1\l"e., Irvine. CA 92714 · '" I 
~992. Atht . M . C. - - - _BYTE 618.'.'.._J 

AST au1Ut.I prodrK.U fl'Drldtftd•-1.a ~ .aad lbr ;ffiddk E&JI WJ: 
U I US <I.HO; In dw ht' £A.fl u/J: ~3 $ 11n21: ln Canad~ alJ: 416 S,:.6 
1'14• .AS T wsd MIT kJp rr(;iskml imd Afl'Pn-mncm ~nd SMttKTsk)I tnulcrMrlrJ 
AST Rturtl'tlr. /11 ( IHM .tlld AT rtgftl<PTd a7fd O SI1 hlliht1<.i11* Jr. U:nw:tt1J"'1.l 

Bt.11rles1 Mtuni,,<N Cqrp. MS -DOS r1rnl M S rt<gistu~d ~"d Wi.11dmN lrddnmirlr. 
Mi~fl CU1"p. UNIX tnuloPWt* AJ?i.T &8 Llb&nltmitt. CDP.Y"$1il 0 19M 

AST Racan:J., ll'lc All rig}ltf rr.:srro£d. Snro: d~'Y UJitrt.fry \?J"5t1CAD 

formance and speed while providing OS/2 from AST, IBM®'s OS/2;" UNIX;" 
future upgradeability WindowsTM 386 and MS-DOS~ AS[

You also get the comfort that comes For more information call 
from choosing a company with a (714) 863-0181 and ask for operator RESEARCH INC. 
solid worldwide reputation for reliable, AA 15, or fill out the coupon below. Tnnes Have Changed. 
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Limited 

386 EGA or VGA COLOR - $2,950.00* 


MODEL: TAXAN 386/20 
• Taxan Model 765 640 X 350 14" EGA Color Monitor 
• 20 MHz 0 Wait State Computer 
• Everex Auto Switch EGA Card 
• Intel 80386 CPU 
• Multi-speed 9.6/21.0/26.7 Landmark 
• Digital Display 
• Keytronics 101 Enhanced Keyboard 
• 1 Meg, lOOns Memory 
• 230 Watt Power Supply & Tower Case 
• Seagate Model ST25 l 42+ Meg Hard Disk Drive 
• 5\4 11 1.2 Meg Floppy Drive 
• 3'h'' 720K Floppy Drive 
• Western Digital 2 Hard Disk and 2 Floppy Controller 

with cables 
• Chips and Technology Chip Set 
• Serial I Parallel & Game Ports 
• Complete Operations Manual 
• One Year Warranty 1-10 11 -100 101-500 
• Math Co-Processor Socket . . . . . . . . . . $2950 $2750 $2550 

386 Base System 

MODEL: T386/20 
• Same as above without 1-10 11-100 101-500 

EGA Color . .. .. .. .. . . .. .. .. .. .. . $2550 $2250 $2050 
• Same Base System without 

EGA Color & Hard Disk . . . . . . . . . $2100 $2000 $1850 

*VGA 1280 X 600 . .. add $250 

CCDA ... the One to Buy! 
Company 

386 
Speed 

14" EGA 
Color 

&Caro 

40+ meg 
HD 

Drive 

101 
Enll•nced 
Keyboard 

D19itll 
Display 

Toi.tr 
Cast 

1.2 
Flop. 

1.4 
flop. 

Serial 
Pon 

Paral~I 
Pon 

Game 
Pon 

Memo<y 
1Meo. 

Oual HO/ 
Conuolle1 PRICE" ' 

CCDA 20MHz • • • • • • • • • • • • $2950 
IBM PS/2 16MHz • • • • • • • • $5,504 
ACER 16MHz • • • • • • • $3,995 
ARC 386i 16MHz • • . • 512K • $4,758 

CAE/SAR 386 16MHz • l70mea • • • • 2.5MB • $4,695 

COMPAQ 16MHz • • • • • • • • • • $6,387 

COMPUADD- 16MHz • • • • • • • • • $3,300 

FIVE STAR 16MHz MONO • • • • • 2 • $3,595 

NCR PC916 16MHz • l70meo p • • • 2 • $8,298 

PC DESIGN 16MHz • • • • • • • $3,125 
PC LIMITED 16MHz • • • • • • • • $4,799 
TELEVIDEO 16MHz • • • • • • 2 • $5.749 
WANG 380 16MHz • • p • • • 2 • $8,645 

• = Included P• Propril'lat)' "Pri(t•sin 1hi.<eh.1n arc from publishrd lc.<t artic/rs. Ms nr m:ent quOl<'S ofthrequipm,•nt indi•a t<"<i.All products or """"'Sinthis ad ar< trademarks ofthose 1·ariouscorpor.11inns. 
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p R 0 D u c T s 

Offer 
CCQA sell~ ~nly REAL products

When 1t comes to quality, pnce and perfonnance, there is no 
company to compare with CCDA. Since CCDA uses only the 
highest quality NAME BRAND PRODUCTS, quality cannot be 
questioned. As to performance, the materials speak for them
selves, and price is incomparable. 

IBM AT 
I 

JI J
I I t I 
I I I I 1 

1, · , 'Compatible 
$1,850.00 


12 MHz 286 EGA Color System 

MODEL: TAXAN 286/12 
• Taxan Model 765 640 X350 14" EGA Color Monitor 
• 12 MHz PC-AT Computer 
• Everex Enhanced Auto Switch EGA Card 
• Intel 80286 CPU 
• Multi-speed 6/8/10/12 MHz 
• Digital Display 
• Keytronics IOI Enhanced Keyboard 
• 640k I20ns Memory 
• 200 Wan P.C. Cooling Power Supply 
• Seagate Model ST25 I 42+ Meg Hard Disk Drive 
• 51/.i ·· 1.2 Meg Floppy Drive 
• Western Digital 2 Hard Disk and 2 Floppy Controller 

with cables 
• Chips and Technology Chip Set 
• Serial/Parallel & Game Port 
• Complete Operations Manual 
• One Year Warranty 1-10 11-100 101-500 
• 80287 Math Co-Processor Slot . . . . . . . $1850 $1750 $1650 

286 Base System 

MODEL: T286/12 
• 12 MHz PC-AT Computer 
• Same as above without 1-10 11-100 101-500 

EGA Color & Hard Disk . ... . .. . . $ 995 $ 895 $ 795 
• With EGA Color ...... ..... .... . $1395 $1295 $1195 
• With Hard Disk .. . . . .. . .... . ... . $1350 $1250 $1150 


Circle JOZ 0 11 Reader Service Card 

In today's marketplace you will find hundreds of companies 
who sell private label products. Some of these !inns will buy from 
little known manufacturers iri Taiwan or will have them build 
something to "spec;" they may even purchase from known 
manufacturers and either procure their standard product and 
relabel it or wi ll have a product designed to their specifications, 
which in most cases is to the detriment of the consumer. CCDA 
does none of these; CCDA purchases only the finest of 
non-altered. nationally advertised products, in such quantities as 
to allow incredible savings to CCDA customers. 

When a product is designed to a particular requirement, it is 
usually 10 eliminate some of its intended functions in order to 
save money and conform only to the barest essentials required 
for operation. Naturally th is eliminates versatility, which is not to 
the customer's advantage but increases profit to the seller. 

TO ORDER, CALL TOLL-FREE: 

1-800-637-CCDA 

CCUA GUARANTEE: All CC DA products are warranted to bc free from defects in mmrials and 
workmanship for 12 mon1hs from the rime of purchase. Should a prohlcm caused by defective ma1crials or 
workmanship om11 "i thin !)()days from dale of pu«:hasc,simply return s.aid product to CCDA for repltc .. 
mtt1l or repair. Since most probkms o.:cur "ithin the fi rst 90 days of opuarion 1his i< a mo<1 clTwiw 
methodology of cont-cling such difficullies. Should probl ems occu r due 10 dcfccti1't materials or 
workmanship afrcr 90 dai•s. products may be rc1umed to the manufacturer. RETURN POLICY: All CCDA 
produru arc guarantc-cd 10 pro1·idc sarisfaelion 10 insureperformance and compatibility.Should an yCC DA 
product prO\i: unsatisfactory due lo incomparibilil)' or perfo rmance it may be «:lumcd "ithin JO days from 
dale ofpurthasc. PROUUCTQUALITY: All CCDA products arc pro1idcd hy leaders in 1h<eompu1cr indus· 
try and the purchascrncc'll nol worry abour-privatc la\>el"' or -singlcsoo rce"" product problems. All produc1s 
arc of lhc highcsl qual ity and are tested before shipmcnl to insure properopcra1ion .• All price.< subjcc1to 
change "ilhoul nolkc. • Delivery and shipment subject to a1<1 ilab iliry. • CCDA rt?.l<! l\'CS the righ1 to sub· 
st ilulc cqui1 ..lcnl ilcms. • Pu~haser is liable for all purchases FOB CCOA Dall a.1. .1nd .1hoold insure 
purchax. • free shipping UPS ground "ith in the continental U.S. 

CLONE COMPONENT 
DISTRIB TORS 

OF AMERICA 

17610 Midway Road, 
Suite 134-342 

Dallas. Texas 75252 
JUNE 1988 • BYTE 259 

http:1,850.00


MICRO CADAM CORNERSTONE:M 
Real mainframe-based PC CAD 

software that beats them all. 

Now you can get real mainfmme 
CAD power for your IBM PS/2~ 
PC/AJ and compatibles at a PC price
just $2 995~ 

MICRO CA.DAM CO fERSTONE 
beat the competition at the recent 
"PC CAD Shootout' -a benchmark 
evaluation of the best PC CAD software, 
sponsored by the ational Computer 
Graphics Association (NCGA), and 
witn~ by 170 CAD/CAM profession
als and editors. 

We not only finished first-we 
were the only ystem to completely 
finish the benchmark exercise in the 
allotted time. 

And when the audience voted, 
11CRO CA.DAM CORNERSTONE outpolled 

the closest competitor by a 6-to-I 
mm·gin. 

1ICRO CA.DAM CORNERSTO 1£ 
isn't just fast, it's also incrediblypower
ful. It employs the friendly CA.DAM 
user interface famous throughout the 
industry for being easyto learn and 
use-even if you 've never worked with 
a CAD system before. 

MICRO CADAM CORNERSTO iE is 
upwardly compatible with the whole 
CADAM family of CAD/CAM/CAE solu
tions, working toda on more than 
Z-,000 CAD Mtermimtls and used by 
over 100.000 design and manufacturing 
professionals world\\ ide. And it features 
DXF neutral files, so you ClUl exchange 
drawings with other PC-based systems 

f0 19 -c_.\DA,\ f l~C 

and interface to other applications 
like desktop publishing. 

So if you're looking for real 
mainframe CAD power at a PC price 
then ask for the one that beats them 
all, MICRO CADAM CORNERSTO E. 
Call CA.DAM today-toll-free at 
800-255-5710. 
MICRO CAOAM CORNERSTONE . •. 
The Ultimate PC CAD Production Tool ,,. 


._~ 

CADAffi inc 

A SUBSIDIARY OF LOCKHEED CORPORATION 

· Su~'O!OO _s_ra:;ul llernslnjt ftc. CAC\\..\t ts :i rl'l;!Stttlb..! lrOllienu.tk :md MfCRO C...\~" (X>K~F.RSTOSE is a lr~lrc nf C'.AI>.\.\\ IXC. IBMJnd POAT 2rt r~tred 1r»om;arh :ulJ PS/2 ls :1 tnd.nn:u k of lnlC"rn:Uilll\ill Bustness M~inn.Corpor.nJon 

Dealer Inquiries invited 
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Circle 3 on Reader Service Card 

NEW BYTE BENCHMARKS The best 

Small-C Support Functions 
T o aid in the crafting of the low-level benclunarks, we created quite a number of 

support functions to interface with our Small-C programs. This is particularly 
true of the floating-point coprocessor benchmark. So that you'll find the source and 
pseudocode in this article more readable, here is a brief catalog of the more impor
tant functions and wha1 they do. 

Floating-Point Functions 
Small-C has no floating-point type, so 
the library functions operate on blocks 
of 8 bytes (you can use a four-element 
integer array) . This means that numbers 
are manipulated in the IEEE long-real
number format (i.e. , I bit for the sign, 
11 bits for the exponent, and 52 bits for 
the mantissa). Nearly all these floating
point functions operate on their argu
ments via pointers. 

• finit( )-Initialize the floating-point 
coprocessor. 
•fint2float(ptr) - Converts the 2's 
complement integer (stored as a quad
word) pointed to by ptr into floating
point format. 
• ffloat2int(ptr) - Converts the 
floating-point number at ptr to a 2's 
complement integer (quadword) . 
• f2add ( facl, fac2, dest) - Adds the 
floating-point number at facl to the 
floating-point number at fac2 and 
places the result at dest. 
• f2sub ( facl, fac2 , dest) - Subtracts 
the floating-point number at fac2 from 
the floating-point number at facl, plac
ing the result at dest. 
•f2mult(facl,fac2,dest) - Multi
plies the floating-point number at facl 
by the floating-point number at fac2, 
placing the result at dest. 
• f2mult(fac1, fac2,dest) - Divides 
the floating-point number at facl by the 
floating-point number at fac2, placing 
the result at dest. 
• f l oad (ptr)-Loads the floating
point number onto the top of the co
processor' s internal stack. 
• fstore(ptr) -Stores the top number 
on the coprocessor's internal stack at 
ptr. 
•fadd(ptr), fsub(ptr), fmult(ptr), 
fdiv(ptr) - These functions operate 
like their f2xx counterparts mentioned 

time still dominate. 
SE3. Load and display STPAULS.DWG. 
SE4. Calculate the hidden lines and 
display. Computation time and memory 
handling dominate this item. 
SE5 . Regenerate the STPAULS.DWG. 
Graphics speed dominates this number . 

We use AutoCAD for MS-DOS com-

above, except that facl is the top num
ber on the coprocessor's stack, fac2 is 
given by ptr, and the result is left on the 
coprocessor's stack. 
•fabs() - The top number on the co
processor's stack is set to its absolute 
value. 
•fconst(n) - Loads the top of copro
cessor stack with the constant given by 
n. For n =O, l ,2, the constants loaded 
areO, 1, and''" respectively . 
• fcompz ( ptr)-The floating-point 
number at ptr is compared with 0. This 
function returns a -1 if less, 0 if equal, 
and + l if greater. 
•fcomp(ptr1,ptr2)-This funclion 
returns -1 if ptr<ptr2, 0 if 
ptr1=ptr2, and+ 1 ifptr1>ptr2. 
•fsin(ptr,dest) -Calculates the sine 
of the floating-point number at ptr and 
returns the result in dest. 
• fex (ptr, dest)-Calculates e", where 
x is given by the number a1 ptr. Stores 
the result at dest. 
•fltpri nt(n,ptr)-Prints the float
ing-point number at ptr in scientific no
tation (i.e ., +/ - x.xxxxxE+/ - yyy) . 
The integer n selects the number of 
digi1s (up to 19) to print . 

Timing Functions 
•gtime(tblock)-This function re
turns the current system time in the four
element integer array tblock [], so that 
tblock[O] holds hours, tblock[l ) 
holds minutes, tblock [2] holds ~ec
onds , and tblock[J] holds hundredths 
of a second for MS-DOS machines, or 
sixtieths of a second for Macs. 
•calctime(tblock)-This function 
caJcula1es the difference between the 
current time and the time held in the 
tblock [] . The resulting elapsed time is 
returned in the tblock [] array and has 
the same format as described in the 
gtime() function. 

puters and Minicad for the Macintosh. 
Tests SE!, SE2, and SE3 are primarily 
dependent on disk access and computa
tional speed; SES is the most direct indi
cator of graphics throughput, since the 
calculations have been completed already 
and display lists generated. Test SE4 is 
again computation- and memory-han

conrinued 

Modula-2 

compilers for PCs and 

compatibles 

Taylor Modula-2 
The professional high-performance oompller fotPCs: the fas. 
test compiler in the wor1d! 

• unrivalled speed of.comp11atlon 
1.000-10,000 lines per minute (80286. 8 MHz).

• excellent code 
Mini-computer standard global optimisation. Code per
forms 1580 Dhrystone tests per second! (80286,8 MHz) 

• unra-compact 
high code density and a library of unrivalled compactness 
(23 modules in atotal of 13K!) 

• completely standard Implementation 
Follows N .., standard for Modula·2. BIOS Indepen
dent - uses MS/P(; DOS exclusively, 

• easy lo use
Straighlforw.ud user interface. Comprehensive documen
tation for system programmers. 

• Guara~~ "'PPOrt 
One year QU811111tee. Maintenance contracts available. 
Swiss quality pioclicl 

TaylorModula-2 $900 
Demo dlsk $10 

M2SDS $99 
The professiOnal ~odula-2 sottware development system 
M2SOS compi15ef the following features In an easy-to-use 
window envlronrolnt 

- modem. synla)(-drtven editor 
- fast compff( 
- linker prod~ EXE programs 
- unique lltlnlly manager 
- comprehenslYB slandard library 

There am avasf1W1111ber oltools, toolboxes,demo disks,pub
lic domain programs and books for M2SOS - probably more 
than fonany other devetopment system! M2SOS was used for 
the writlng of the Fll!Sighl Integrated business s.ottware paek
age! 

Demo disks $10 

' t~Modula-2 
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dling-dependent, since it requires gener
ation ofa 10,000-plus list ofhidden lines. 

For statistical work, we use STATA 1.5 
(MS-DOS) and Data Desk Professional 
(Macintosh) . In the MS-DOS case, we 
execute two do-files; one (SE6) performs 
a series of ANOVA operations, and the 
other constructs and displays 27 data 
graphics . In the Macintosh case, we do a 
regression analysis and a correlation 
analysis on a set of 10 1000-observation 
variables. 

As an additional check on computation 
speed, we ran a couple of models written 
for the MS-DOS-based MathCAD pro
gram. One model (reported as SE7) per
forms an iterative floating-point opera
tion to generate 800 x,y points in a list, 
and then plots the points; another com
putes the fast Fourier transform (FFT) 
and inverse FFT on a 1024-point data set. 
The time to execute the entire FFT is re
ported as SE8. 

Database Management 

We use dBASE ill Plus (MS-DOS) and 

d.BASE McMax (Macintosh) as typical 

DBMS tools . Both packages run a do-file 

that performs eight timed tests using a 

1200-record, 490K-byte mailing list. 


DB I. Copy 1200 records to another file. 

DB2. Create an index file on a randomly 

sorted field . 

DB3 . Using the indexed file, list last 

name, first name, country to the screen. 

DB4 . Using the indexed file, append 832 

records to the database. 

DBS. Using the indexed file, seek and de

lete the appended records. 

DB6. P-ack the (unindexed) database. 

DB7. Count records with a specified 

country field . 

DB8. Sort the database to another file , 

two sort keys. 


Word Processing 

The word-processing tests use XyQuest's 

XyWrite ill Plus, Microsoft Word 4 .0, 

and Aldus P-ageMaker l .Oa for MS-DOS 

computers; and MacWrite 5.0, Microsoft 

Word 3.01, and Aldus P-ageMaker 2.0a 

for Macintosh computers . Two ASCII 

documents are used: small. txt (6072 

words) and l arge.txt (24, 108 words) . 

For the P-ageMaker test, we fill in Aldus 's 

blank Business Templates with our own 

text and graphics files to create a 35-page 

handbook document. 


Using a XyWrite macro program, we 
time each of the following operations for 
small. txt and large. txt: 

WPl. Load document (large. txt only). 

WP2. Count words . 

WP3 . Global search and replace, then 


continued 
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Listing 4: BYTE 's new floating-poinr benchmark. 

I* 
** BYTE Small-C Floating-Poin~ Benchmark 
** Version 1 for 8088/8086/80286 
** March, 1988 
** Written in BYTE Small-C 
** Based on Small-C by J .E. Hendrix 

** 
** Operation: 

** 1. Initialize the coprocessor. 

** 2. Execute fourbang(), which: 

** a . Generates space for temporaries and constants. 

** b. Turns on stopwatch. 

** c. Executes loop FCOUNT times. Loop consists of : 

** 8 each of float ing add, subt r act, multiply, d i vide . 

** d. Turns off stopwatch. 

** e. Calculate s time for an empty loop. 

** f. Reports time and result of operations. 

** 3. Executes finteg(), which: 


a. Generates space for temporaries and constants.** 
** b. Turns on stopwatch. 

** c. Executes a trapezoidal i ntegrat ion method for sin(x) 

** from 0 to pi/2. 

** d. Turns off stopwatch . 

** e. Calculates t ime for an empty loop . 

** f. Re ports time and result of operation. 

** g. Turns on stopwatch . 

** h. Executes a trapezoida l i ntegration method for eA(x) 

** from 0 to 1. 


i . Turns off stopwatch.** 
** j . Cal cu l ates time for an empty l oop. 
** k. Reports time and result of operation. 
** 4 . Exit s. 
** 
** NOTE: 
** Si nce Small-C does not support float i ng-po int , we simply 
** manipulate f l oat i ng-po i nt numbers as 4-e lement integer 
** arrays. The floating-point library functions handle the 
** actual calls to the coprocessor , i ncluding the routine 
** to print out a floating-point number . · 
** 
** Expected results: 

**For first test : l .OOOOOOOOOE l (10.0) 

** For trapezoidal of sine(x): 1.000000000EO (1 .0 ) 

** For trapezoidal of eAx: 1.718281828£0 (e - 1) 

*I 

#include stdio.h 

#define FCOUNT 20000 /* Number of t imes the four-banger tes t */ 

/* i s repea t ed. */ 


#define ICOUNT 32000 /* Steps ize for the i ntegrat ion test */ 


/* Timer holding variables */ 

int tblock [ 4 J; 

int mtblock[4); /* For empt y l oop timing*/ 


main() 
{ 

/* Announce yourself */ 
pri nt f ("BYTE Small-C Floating-Point Coprocessor Benchmark\n\n"); 

/* Initialize the math coprocessor */ 

finit (); 


/* Do four-banger test */ 

fourbang {) ; 


/* Do integration */ 

finteg (); 
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/* Go h ome */ 
finit (); 

printf("Press RETURN to exit:"); 
fgetc (stdin); 

exit (0); 

I* 
** fourbang () 

** Executes a loop of floating-po i nt additions , subtractions, 

** multiplications, and divisions. 

•/ 
fourbang () 
{ 

int ten [4); /* Holder for 10 */ 

int one [4] ; /* Holder for one */ 

int temp [4 ) ; /* Temporary storage */ 

i nt i ; 


I* Announce yourself */ 

printf ("Basic Math Test (+, -, *, /) \n"); 


/* First set up constants */ 

t en[O] alO; 

ten[l]=ten(2] =ten [3] =0; 

f i nt2float(ten); 

fconst (1); 

fstore{one); 


I* Initia li ze temp location */ 

fload (ten) ; 

fstore(temp); 


gtime(tblock); 

/* Do the operation */ 

for(i=O;i<FCOUNT;++i) 

{ 


f2add(temp,one,temp); 

f2sub(temp,one,temp); 

f2mult(temp,ten,temp); 

f2div(temp,ten,temp); 

f 2sub(temp,one , temp); 

f2mult(temp,ten ,temp); 

f2add(temp,ten,temp); 

f2div (temp ,ten,temp); 

f2add (temp,one,temp) ; 

f2sub(temp,one,temp) ; 

f2mult( t emp,ten, t emp); 

f2div (temp,ten,temp); 

f2sub(temp,one,temp); 

f2mult(temp,ten,temp); 

f2add(temp,ten,temp); 

f2div(temp,ten,temp); 

f2add(temp,one,temp); 

f2sub(temp,one,temp); 

f2mult(temp,ten,temp) ; 

f2d i v( temp,ten,temp) ; 

f2sub(temp,one,temp); 

f2mult(temp,ten,temp); 

f2add (temp, ten ,temp); 

f 2d i v(temp,ten,temp); 

f2add(temp,one ,temp); 

f2sub(temp,on e , temp); 

f2mult(temp , ten , temp); 

f2div(temp,ten,temp) ; 

f2sub (temp,one,temp); 

f2mu lt (t emp,ten,temp); 

f2add(temp,ten,temp) ; 

f2div(temp,ten,temp); 


continuedcalctim(tblock) ; 
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Anew concept in managing 

Megabytes 

of memory 

IX-BoX* 
Have you ever spent hours 

- searching for a letter :bieltyou-kna ists, 
but can't seem toffiid? 

- lookin ran a~ 1ch you can only re
member half of? 

- tracking down a variable which was initiali
sed somewhere in your programs,and which 
is now causing them to crash? 

- rummaging through your ultra-modem data
base, simply because you omitted to define a 
simple key f\eld when setting it up? 

- searchl~g'40br literature index for an urgently 
needed atilcte? 

looking, but without succ 

IX-Box is l'llUCll more than a simple informa
tion ret~·stem, yet it only costs $ 275 

Demo Ma>sts $10 

• IX-BoX IS ~de mark of Snark f.13, Zurich. 

Farsight 
Once you've used the Farsight integrated soft
ware package, you'll know the fun of working 
with l!Jldexploiting.Megabytes of memo~ 
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Capital 

Gain. 


T ime and 
again, you've 

heard it said, "To 
make money, you 
have to have money:' 

The truth is, you 
have to know how to 
save money before 
you can think about 
making more. 

That's why more 
and more people are 
joining the Payroll 
Savings Plan to buy 
U.S. Savings Bonds. 
That way, a little 
is taken out of 
each paycheck 
automatically. 

In no time, you'll 
have enough Bonds 
for a new car, your 
child's education, even 
a dream vacation. 

Whatever you 
save for, Bonds are 
the safest, surest way 
to gain capital. 

~~ S]'.,._ 

#L-~Take .. ~u;: 
. stoc'll~Gs .,,o-:f 
inAmerica. 
When you put part of your sa vings 

i11to LJ_ S_ Sa vings Bonds you're 
helping to build Cl liri{!,hterfuture 
for your co untry and for yourself 

r.P.1- A pubhc s11rv1ce ol th1S puDheauon 
~.~ ana Ttrn Atlve1us1ng Counc il. 
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/* Now calculate an e mpty l oop •/ 
gtime (mtblock); 
for(i ~O;i<FCOUNT;++i) 

calctim(mt block); 

/* Report results •/ 

print f( "• ..Resu l ts: (/Ill times are HH:MM:SS: l/ lOOths \ n"): 


print f ("Tota l t ime : \ d : \ d: \ d: \d\n", tb lock (0 I , tblock 11 L 
tblock[2 ], Lblock( 3]); 

printf (" Empt y loop Lime: \d: \ d : \d :\d\n",mtb lock (O J, mtblock I l J, 
mtb l ock (2), mtbloc k {3) ); 

p r in t f("V<l l ue : ") : 
Clt pri nt ( 10 , terr.pl; 
pri ntf (" \n\ n" ): 

rcLurn: 

1· 
finteg () 

Do integ ration . 


finteg() 
I 

int t.wo(4); /* Holder for two */ 

int pit.wo(4]; /* Holder fo r pi/2 •/ 

int temp(4]; /* Temp location •/ 

int sinex ( 4 J; /* Sine value */ 

int. ex(4); /* e~x value •/ 

int accum(4J; /* Accumulator •/ 

int x(4]; /* Holder for x •/ 

int i; 


/* Announce yourself •/ 

print.f{"Trapezoidal rule for sin(x) 0->x- >pi/2 \n"); 


I* Generate 2 •/ 

two[OJ - 2; 

two[l] -t.wo[2 J ~t.wo[3] =0; 

fint2float(two); 

/* Generate pi/2 •/ 

fgetpi2 (): I* Get. pi ove r two •I 

fstore{pitwo); /*St.ore pi over two* / 


/* Gene rate steps ize */ 

temp(O] =ICOUNT; 

temp(l] =t.emp[2J ~t.emp(3)=0; 

fint.2float.(t.emp); 

f2div(pit.wo,temp,temp); /• Steps ize in temp• / 


/* clear accumulator •/ 

fconst. (0); 

fstore {accum) ; 


/* Store x(O) •/ 

fconst. (0); 

fstore {x); 


/* Do trapezoidal rule for sine (x) */ 
gtime (tblock) ; 
for(i=O ;i<ICOUNT+l;++i) 
{ 

co111i1111ed 
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fsin{x,sinex); /*Get sincx */ 

f2add{accum,sinex,accum); 

if((i! =O),,(i! =ICOUNT)) 


f2add (accum,s inex, accurn); 

f2add(x.temp,x); /* Increrrent by step*/ 


f2mult Caecum. temp, accuml- ~ /* Times stepsize •/ 

f2div(accum,two,accum); I* Di vided by 2 •/ 


/* Calculate time •/ 

calctim(tblock); 


/* Get time for an empty loop */ 

gt 1.me (mtblock) : 

for(i =O;i<ICOUNT+l;++i) 

calctim(mtblock); 


/* Report results */ 

pi:-int f {" .. ** Results: (All times ai:-e HH:l"f>1:SS:l/100ths)\n"); 


printf ("Total time: %d: \d: \d: \d\n". tblock (0 I , tblock (l]. 
tblock(2).tblock(3)); 

print f ("Empty l oop time: \d: \d: \d: \d\n". mtblock (0], mtblock {l] , 
mtblock(2],mtblock{3] l; 

printf ("Value: '') : 
fltprint(lO.accu~); 

print f( " \n\n" ) : 

/ * Now do trapezoidal rule for e Ax * / 

p rintf {"Trapezoidal rule for e Ax 

I* Generate stepsize */ 
temp(OJ-ICOUNT; 
temp(l)-te111>(2]•temp(3)-0; 
f1nt2float{teirt>); 
fconst(l); 

fdiv (tell{>) ; 

0->x->l\n"); 

fstore(temp); I* Stepsize in temp */ 

/* Clear accumulator */ 

fconst (0); 

fstore (aocum); 


/* Store x(O) */ 

fconst(O); 

fstoi:-e(X): 


/* Do trapezoidal rule */ 

gtirre(tblock); 

for(i- O;i<ICOUNT+l;++i) 

{ 


fex{x,ex); /*Get sinex */ 

f2add(accum,ex ,accum) ; 

if((i!-0),,(i! mICOUNT) ) 


f2add(accum,ex,accum); 
f2add(x,temp,x); /* Increrrent by step*/ 

f21TUlt (aCCUrn, temp, accum); /* Times stepsize •/ 

us 

~ ~1.A~l.ilUI• 

.... .. . 

~ ~l ... l"o~· · · 

f2d1v(accum,two,accwn}; 

/* Calculate tirre */ 
calctim(tblock); 

/* Get tirre for an empty 
gti.me (mtblock); 
foi:-(~•O:i<ICOONT+l;++i) 
calctim(mtblocl:); 

/ * Divided by 2 */ 

loop */ 

continued 

extenders via 
RS-422or 
fiber-optics 
• 512K IEEE 
data buffers 
& expanders 
•Software 
for IEEE 
control from 
languages & 
Lotus f-2-3® 
• Menu-driven 
graphi~s & 
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software 
• 30 day 
money-back 
guarantee 
• 2 year 
warranty 
•Call for 
your FREE 
Technical 
Guide 
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/* Report results */ 

printf (•**** Results: (All times are HH:l'M:SS: l/lOOths) \n'' ); 


printf{"Total till'e: td:\d:\d:\d\n",tblock[O].tblock(l], 
tblock(2J,tblock.[3]); 

printf("Ell'pty loop time: td:\d: \d:\d\n".mtblock(O].mt block[l). 
mtblock(2],mtblock.[3]); 

printf(•Value : •); 

fltprint (10, accum) ; 

printf{"\n\n•); 


I* Co home */ 

return; 


I* 
** fgetpi2 ()

** Puts the value pi/2 on top of the floating-point stack. 

*/ 

fgetpi2 () 
{ 

int two(4); /* Holder for 2 •/ 

two[0) =2; 
two(l) ~two(2 ) =two ( 3) -0; 

fint2floa t( t wo); 

fconst(2); /* Get p i on top of s t ack •/ 

fdiv(two); /* pi/2 now on floating point stack top • / 

retu rn; 


search and replace the original text 

(small. txt = (6072 - 4S9S) X 2 = 

2348 instances, large.txt = (24, IOS 
20,477) x 2 = 7262 instances) . 

WP4. Find the last page of the paginated 

document. 

WP5. Perform 12 block moves . 

WP6. Spell-check. 


With Word, we time the following: 

WP7. Move cursor down 640 lines. 
WPS. Delete forward, 1552 characters . 

MacWrite doesn't do word counts 
(WP2), so we use a desk accessory , 
MultiWord Counter. Microsoft Word 
does tests WP3 , WP7 , and the store. 

PageMaker provides us with an oppor
tunity to manipulate both text and graph
ics in a desktop publishing test. We take 
a large document and then time these 
operations: 

WP9. Load text document (20,5S6 words 

of text) . 

WPlO. Convert all text from normal to 

bold. 

WPl 1. Realign all text from the left to 

right column guide. 

WP12. Cut the first IO text pages and re 

fill the document. 
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WP13 . Place a large graphic. 

WP14. Output the document to a Post

script printer file . 


The tests are the same for MS-DOS 
and Mac machines, except for the graphic 
placed in WP12. For MS-DOS we use a 
70K-byte AutoCAD PLT file, and for the 
Mac we use an SOK-byte scanned encap
sulated PostScript format image. 

Spreadsheet 
Our spreadsheet tests use Lotus l -2-3 on 
MS-DOS computers and Microsoft Excel 
on both MS-DOS and the Macintosh; 
these are leading packages for the respec
tive machines . We time the following 
tests for Lotus 1-2-3: 

SPl. Given a 75 by 2 spreadsheet (tl) of 
the form : 

1 (a75*1.001) 
( al*l.001) (bl*l.001) 
(a2*1.001) (b2*1.001) 

(a75*1.001) (b75*1.001) 
perform an overlapping block copy as fol
lows: from (bl.. bw75) to (cl.. bx75), 
resulting in an extension of the above ma
trix to 75 by 75. 
SP2. Recalculate. 
SP3. Load a sparse-matrix spreadsheet 

RLARGEJOO .WKS (Sl,440 bytes) . 

SP4 . Recalculate. 

SP5 . Load a 330K-byte Monte Carlo sim

ulation spreadsheet. 

SP6. Recalculate. 

SP7 . Run a 1-2-3 binary search macro 

program to seek a result to a tolerance of 

10-•o. 


For Excel, we use a 45 by 45 matrix 
and do a block fill, the equivalent to an 
overlapping block copy. We also add an 
undo fill command to further test the ma 
chine's number-crunching capability : 

SP8. Fill right. 

SP9. Undo fill right. 

SPIO. Recalculate 45 by 45 matrix. 

SPI 1. Load RLARGEJOO.WKS. 
SP12 . Recalculate. 

SPI is a good test of the basic spread
sheet function for relative addressing and 
block copies with relative addressing, in
dicating CPU speed and memory-access 
time. The presence of an FPU would be a 
major factor in SP2. 

SP3 is a test of disk-access time and 
general computation time. The sparse 
matrix (i .e ., a large, widely distributed 
percentage of cells are empty) places de
mands on a spreadsheet's memory-han
dling functions. 

Compilers 

Two compiler tests round out our applica

tions benchmarks. For MS-DOS sys

tems, we chose two widely used com

pilers , Microsoft C 5.0 and Turbo Pascal 

4.0. For Macintosh systems, we selected 
Lightspeed C 2.1 1 and Turbo Pascal 1.0. 

The C test is a compilation of XLisp 
source files . The source consists of 25 
files containing 225K bytes of code. For 
Pascal, we compile the Pascal S source 
code, which consists of three files con
taining 44K bytes of code. 

The Fundamental Things Apply 
There you have them-the new BYTE 
microcomputer benchmarks. As you've 
seen, each is the result of a good deal of 
consultation, introspection, and analysis. 
The process is open-ended, too. Some of 
these benchmarks are going to be modi
fied as new equipment appears-but then 
again, that's the beauty of what we 've 
done . We've now got benchmarks that 
can remain consistent and valid in spite of 
updates . It's probably not entirely appro· 
priate to tell people to enjoy themselves 
by exploring the intricacies of something 
as picayune as benchmarks, but at least 
we' re confident that you can run these 
tests with the assurance of accuracy and 
the understanding that you ' ll be gaining 
important, objective information. • 



At9.600bps 

AMODEM THAT IS TWICE 

AS GOOD AS IT LOOKS, 


P.O. Box 105203. Atlanta. GA 30348. I-layes

It says 9.600 bps. But for this modem. trans protocols. no compressing files. 

mitting data at 9.600 bps over dial-up lines isn't the AV-series Smartmodem 96oorn can even take 

half of it. the place of two modems. Because it communicates 

Its built-in data compression can boost in either synchronous or asynchronous mode. 

throughput to 19.200 bps. While error-control pre All of which makes our 9600 at least twice as 

vents loss of data. good as it seems. Or. looking at it the other way. 

With no effort on your part  no selecting more than double your money's worth. 

"'For your nearest Hayes dealer. call 800-635-U25. Hayes Microcompurer Products. Inc .. 
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If you want the best 

· there'sonly 


" ATether you wantthe best portable or desktop, V V ~he best 80286- or 80386-based personal com
puter, there is only one choice: Compaq. Because 
COMPAQ personal computers are consistently rated the 
best in each class by both industry experts and sophisti
cated users. 

For instance, the COMPAQ DESKPRO 386/20 and 
the COMPAQ PORTABLE 386 are the most powerful 
personal computers in the world. Both are based on the 
32-bit Intel* 80386 microprocessor, running at a blazing 
20 MHz. Both offer the most storage and memory in 
their classes. And both feature performance enhance
ments such as concurrent bus architecture, disk 
caching, and high-speed coprocessor options. All of 
these features work together to deliver system perform
ance that rivals minicomputers'. 

The groundwork for these innovations was laid by 
the industry's first 80386-based personal computer, the 
16-MHz COMPAQ DESKPRO 386. Still outperforming 
most 80386 machines, it offers high-performance capa
bilities to users moving up to this class. 

In the arena of 80286-based personal computers, 
the 12-MHz COMPAQ DESKPRO 286 runs your soft
ware up to 20% faster than most of its 10-MHz 
competitors. 

No one even comes close to Compaq in portable 
computing. Because no one but Compaq builds portables 
with all the features sophisticated users need. The 20-lb. 
COMPAQ PORTABLE Ill is the smallest full-function 
80286-based computer that truly gives you the power of a 
desktop. And the COMPAQ PORTABLE II still offers more 
internal expansion capabilities than any other portable. 

"l}ased on Rn imkpcndcnl sun •cy of major bra nd s. t Based on on indepcndenl s.u_rvcy of 209 FORTUNE tOOO comp:m ies. 
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personal computer, 
one choice. 

Computer users at every level will find that 
COMPAQ computers represent the best solutions. We've 
consistently expanded the limits of personal computer 
technology with advanced features that optimize overall 
system performance. All while preserving your invest
ment in industry-standard hardware and the world's 
largest library of business software . Compaq also works 
to engineer each computer to meet exacting quality and 
reliability standards, so it's ready to withstand the rigors 
of the real world . 

These are all reasons why Compaq earns the high
est quality ratings from computer experts. And unsur
passed satisfaction ratings from computer users ~ It 's 
also why, this year, more FORTUNE 1000 corporations 
plan to add Compaq to their approved vendor lists than 
any other brand.t 

If you want the best personal computer, you have 
only one choice. Call 1-800-231-0900, Operator 50. In 
Canada, 1-800-263-5868, Operator 50. We'll give you a 
free brochure or the location of the Authorized 
COMPAQ Computer Dealer nearest you. 

COMPAQ\' COMPAQ PORTAllLl! 11~ COMPAQ DESKPHO 286® and COMPAQ DllSKl'RO 
386C> arc registe red trademarks o( Compaq Computer Corpornlion. ®Registered U.S. ~tent 
and '!Tadeonork Office. COMPAQ PORTABLE lll~ COM PAQ DESKPRO 3861201" and 
COMPAQ PORTAllLE 3861"'ore trademo rks of Compaq Computer Corporation. Intel i• o 
registered trndemnrk o( Intel Corporation. © 1988 Com~q Computer Cotporntion . 
All righ t• reserved . 

rDlllPAQ 
It simply works better. 
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The graphics tool for all seasons! 

Announcing "ColoRIX" VGA Paint. the graphics editor for all EGA and VGA modes with the same easy to learn, icon
free interface you all know and love! RJX (creators of EGA Paint) have something we've been working on for almost three 
years that we think will knock your socks o!P.! Introducing, RIX Soft Works "Colo RIX" VGA Paint program! This is the 
one you've all been waiting for! With features programs costing over four times as much don't have! "ColoRlX'' is designed 
for the new VGA standard and special ·' ZGA' high resolution (640x480x256 etc.) as well as all the popular EGA 
resolutions up to 800 x 600 x 16 colors. "ColoRIX" has features like our exclusive Grad command (Automatic Color
Gradation Fill) which lets you se lect colors. press a button and you get a precisely computed color-graduated fill up to full
screen size instantly! A special Auto-Palette Organ.izerto he lp you quick ly sort and manipulate your256 color palette out of 
the 256.000 that are now available for use in VGA modes! You' ll love our VGA Smoother too, with up to four level of 
automatic anti-aliasing to smooth up those awfu l "jaggies". "Colo RIX" has all the features contained in our superlative 
EGA Paint 2005 Final Version and more! 2005 Final Version is the first " final version" of any software program ever. 
runs a mere $129. (+ shipping) and is available now! The Final Version can create either GEM.IMO or PC 
Paintbrush.PCX files for use in your desktop publisher and makes banners over 60" long! Another major bargain from 
RIX ! We will be hipping"ColoRIX"VGA Painton or before Independence Day '88! GettheoneandonlyEGAor VGA 
specific graphics programs in the industry from those wi ld and crazy folks in Irvine, CA! 

IColoRIX VGA Paint - Just $199.00 I -- =- =-~ ---~--
CALL NOW TO ORDER - Toll Free: RIX SoftWorks, Inc. 

ln CA: (800)233-5983 Outside CA: (800)345-9059 18552 MacArthur BL * Suite 375 * Irvi ne. Calif. 9271 S 

TARGA,. Lot" Trademark of l'n1e,·isiQn, Inc. Circle 245 011 Reader Service Card (DEALERS: 246) 
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Management in C 
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QNX: Bend it, shape it, any way you want it. 
ARCHITECTURE If the micro world were minal and remote access. ONX is both run your unmodified QNX applications on 
not so varied, ONX would not be so sue multi-tasking AND multi-user, allowing up any mix of machines, either standalone or 
cessful. After all, it is the operating system to 32 terminals and modems to connect to in a QNX local area network, in real mode 
which enhances or limits the potential any computer. on PC's or in protected mode on AT's. 
capabilities of applications. QNX owes its INTEGRATED NETWORKING Neither Only QNX lets you run multl-user/multi
success (over 55,000 systems sold since UNIX nor 0512 can provide integrated tasking with networking on all classes of 
1982) to the tremendous power and flexibility networking. With truly distributed pro- machines. 
provided by its modular architecture. cessing and resource sharing, QNX makes REAL TIME QNX real-time performance 
Based on message-passing, QNX is radi all resources (processors, disks, printers leaves both OS/2 and UNIX wallowing at 
cally more Innovative than UNIX or OS/2. and modems anywhere on the network) the gate. In fact, ONX Is ln use at thousands 
Written by a small team of dedicated available to any user. S stems may be of real-time sites, right now. 
designers, it provides a fully integrated single computers, or, by simply adding DOS SUPPORT QNX allows you to run 
multi-user, multi-tasking, networked oper· micros without changes to user software, PC-DOS applications as single-user tasks, 
ating system in a lean 148K. By comparison, they can grow to large transparent multi- for both PC's and A T's in real or protected 
both OS/2 and UNIX, written by many hands, processor environments. QNX is the main- mode. With OS/2, 128K of the DOS 
are huge and cumbersome. Both are ex- frame you build micro by micro. memory is consumed to enable this facility. 
ampies of a monolithic operating system PC's, AT's and p512•s 0512 and UNIX Within QNX protected mode:· a full 640K 
design fashionable over 20 years ago. severely restrict hardware that can be used: can be used for PC-DOS. 
MULTl-USER OS/2 is multi-tasking but you must replace all your PC's with AT's. In ANY WAY YOU WANT IT ONX has the 
NOT multi-user. For OS/2, this inherent contrast, QNX runs superbly on PC's and power and flexibility you need. Call for 
deficiency is a serious handicap for ter llterally soars on AT's and PS/2's. You can details and a demo disk. 

THE ONLY MULTI-USER, MULTI-TASKING, NETWORKING, REAL·TIME OPERATING SYSTEM FOR THE IBM PC, AT, PS/2, 
THE HP VECTRA, AND COMPATIBLES. 

Multi-User 10 (32) serial terminals per PC (Al). 
Multi-Tasking 64 (150) tasks per PC (Al). 

Networtdng 2.5 Megabit token passing. 
255 PC's and/or AT's per network. 
10,000 task& per network. 
Thousands Of US8fS per network. 
2,800 task switches/sec (Al). 

Fast Intertask communication 
between tasks on any machlne. 

C compller Standard Kernighan and Ritchie. 

Flexlblllty 

PC-DOS 

Cost 

Single PC, networked PC's, 
single PC with terminals, 
networked PC's with terminals. 
No cenlral servers. Full sharing 
or disks, deviees and CPU's. 
PC-DOS runs as a QNX task. 

From US $450. 
Runtime pricing available. For further Information ora free demonstration 

diskette, please telephone (613) 591-o931. 

Quantum Software Systems Ltd.• Kanata South Business Park •175 Terrence Matthews Crescent· Kaneta, Ontano, Canada• K2M 1W8 

\HX4wffV:St..Otr~ol AT 4 T &.l't..-..16¥..PC, Al' in-...aPS.-"l- PC·OOS~OS4'welt~ito-t~aww...Mac.bn6 HPanovtcJta WOrf9!1.IM'tld lradftNn..<11~ ~t·P~ecr,.rr, 

Clrck 231oa lllolUr &rvk1 Ctml 



CIARCIA 'S CIRCUIT CELLAR 


Steve Ciarcia Part 1 

Computers on the Brain 


Clever signal amplifiers, noise 

rejection, and AID conversion are 

all part of the HAL EEG 

A lot has been written recently about artificial in
telligence (Al). Some writers declare that we are 
on the threshold of the most important advances 
in computing since Boole and Babbage began 
fooling around with two-valued logic and the dif
ference engine. Others decry the hype and note 

that the majority of recent software releases are now touting 
some fonn of Al influence in their design or execution, weaken
ing the meaning of the tenn in order to sell products. 

Even after 100 years of study, not all psychologists are in 
complete agreement as to what constitutes intelligent behavior 
(look around you-how much have you seen lately?). Intelli
gence has generally been defined as the global ability to solve 
problems, to adapt to new situations, to fonn concepts, and to 
profit from experience. 

However, it is obvious that there are many different types of 
behavior-many different ways of responding to the same prob
lem-that can be called intelligent. Within the last 20 years, ex
perts have paid much attention to the basic types of intelligence 
and how they are mediated by the biological substrate of the 
human brain. 

Experts have long supposed that human beings use two major 
modes of thought: the way of reason and the way of emotion. A 
commonsense view is that these two ways of thought occasion
ally conflict. Some writers conceptualize the differences as ana
lytic versus synthetic, successive versus simultaneous, or even 
digital versus analogical. 

Paralleling the conceptualization of two modes of thought 
have been the results of research on the two hemispheres of the 
brain. Psychobiologist Roger Sperry of the California Institute 
of Technology won the 1981 Nobel Prize for Physiology and 
Medicine for his studies on the functions of the two hemispheres 
of the brain. 

Essentially, Sperry and his colleagues srudied individuals 
who had undergone a commissurotomy, an operation that severs 
the main bundle of nerve fibers that support the bulk of neural 
communication between the left and right hemispheres. They 
found that each hemisphere seems somewhat specialized for dif
ferent tasks. For approximately 95 percent of the population 
(right-handed individuals and two-thirds of left-handed individ
uals) , it appears that the left hemisphere of the brain is better 
organil.ed for executing tasks characterized as: 

• Verbal: language skills, speech, reading and writing, recall
ing names and dates, and spelling. 

• Analytical : logical and rational evaluation of factual material . 
• Literal: literal interpretation of words. 
• Linear: sequential infonnation processing. 
• Mathematical: numeric and symbolic processing. 
• Contralateral movement: controlling movement on the right 

side of the body. 

The right hemisphere is better organized for tasks character
ized as: 

• Nonverbal: using imagery rather than words . 
• Holistic: processing information simultaneously, in parallel. 
• Visuospatial : functions involving perceptions of location and 

spatial relationships. 
• Emotional: experiencing feelings. 
• Dreaming: imaginative and metaphoric visual image-making. 
• Contralateral movement: controlling movement on the left 

side of the body. 

Hemispheric Activation Level Detector 
This month's Circuit Cellar project is a brain-wave-monitoring 
biofeedback device that provides real-time information about 
predominant hemisphere activation. That is, this Hemispheric 
Activation Level Detector (HAL, for short) graphically displays 
the relative amounts of brain-wave activity in each brain hemi
sphere (see photo 1). 

HAL can distinguish among grossly different conscious 
states, such as between concentrated mental activity and pleas
ant daydreaming. For example, if you are debugging a program, 
HAL should show a predominance of left-hemispheric activity . 
If you are listening to some light music and daydreaming, it 
should show a predominance of right-hemispheric activity. 

HAL is a relatively sophisticated, low-cost, stand-alone, 
fully isolated four-channel electroencephalogram (EEG) braid
wave monitor. It gathers analog brain-wave voltages from four 
sets of scalp contacts, filters them, converts them to digital 
values, and transmits them via an RS-232C port (making HAL 
compatible with any computer) for recording or analysis. 

HAL includes a two-channel fast Fourier transform (FFf) 
analysis-and-display routine for an IBM PC. (HAL's PC soft
ware is intended only as a graphics display demonstration-and 
there are limitations in processing power when using a straight 
4.77-MHz PC-so it displays only two channels, even though 
HAL sends data on four channels.) Ifyou have a more powerful 
machine, you should be able to expand the software to display 
more channels. 

When running this special analysis-and-display package, the 
PC separates out various amplitudes and frequencies of alpha, 
beta, and theta waves, as well as phase differences between the 
hemispheres . The result is a graphical representation of what is 
going on in your brain in real time. 

continued 
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Warning 
H AL is presented as an engineering example of the de

sign techniques used in acquiring brain-wave signals. It 
is not a medically approved device, no medical claims are 
made for it, and it should not be used for any medical diag
nostic purposes. Furthermore, the safe use of HAL requires 
that the electrical power and communications isolation de
scribed in its design not be circumvented. HAL is designed 
to be battery-operated only. Do not substitute plug-in power 
supplies. 

Analyzing HAL's circuitry illustrates practical design tech
niques , including differential amplifiers for low-level signal de
tection in a high-background-noise-level environment, a low
frequency band-pass ftltering-rectifying-integrating detector, 
optoisolation for safety , and AID conversion . 

I'm presenting HAL as a two-part project. This month , I'll 
look at the problems involved in picking up microvolt-level sig
nals, amplifying and digitizing them, and sending them to your 
computer . 

Science and the Brain 
As I investigated this area , I found that a great deal of serious 
research has been going on regarding what we know about how 
our brain works . Much of this thinking is finding its way into 
computer science; even the Macintosh and the IBM PC now 
have neural-network hardware and software available for the 
experimenter. 

In his book Megabrain , Michael Hutchison quotes National 
Institute of Mental Health neurochemist Candace Pert (discov
erer of the opiate receptor in the brain and researcher on endor
phins- the brain's own painkillers): 

There's a revolution going on. There used to be two systems 
of knowledge: hard science-chemistry, physics, biophysics
on one hand , and on the other, a system of knowledge that in
cluded ethology, psychology, and psychiatry . And now it's as if 
a lightning bolt had connected the two. It's all one system- neu
roscience . . .. The present era in neuroscience is comparable to 
the time when Louis Pasteur first found out that germs cause 
disease. 

Bi-fl IH Uf1U}' Mfflllil? 
' I rt ,:;o-,1nt Rlf.llT Bf;).tlH 

·~(! ·~u at IH . . A ;'ti :1H •.. U! 
·c. ~11.-.1 "" '" lh '" '·"' OCTAAT 

1:! 
II - 'J'" -


.,., ,;,e Gil.... C'I! IA IA 4ll'~ "" "' "" 
rHft">•: 0 I nT.R[NU'. ,,, t :Jlt:r: a:ll ., .. :· ,. !>IJTO<!:SL£rr 

:RIGIH ' 

Hutchison further quotes neuroanatomist Floyd Bloom of the 
Scripps Clinic in La Jolla, California: 

A neuroscientist used to be like a man in a Goodyear blimp 
floating over a bowl game: He could hear the crowd roar, and 
that was about it. But now we are down in the stands . It 's not too 
long before we'll be able to tell why one man gets a hot dog and 
one man gets a beer. 

Much of the activity in this area has centered around the elec
trical characteristics of the brain . Advances in semiconductor 
technology have made available inexpensive resthat let you de
sign physiological monitoring equipment with laboratory qual 
ity at experimenter prices. When interest in alpha-wave biofeed
back peaked about 15 years ago, a good-quality EEG feedback 
unit (which provided less information than HAL) cost $1000 for 
just one channel . Now, you can build four channels for under 
$200. 

Digging into the Waves 

The brain is a source of many electrical signals. An EEG is a 

recording (usually a strip chart) of the electrical potential differ

ences between pairs of electrodes fastened to the scalp. 


Silver-silver chloride electrodes pick up the signals . You 
must take some care to clean the area of the scalp with alcohol 
and perhaps use a mildly abrasive conducting cream to ensure 
good electrical contact. Ideally, there will be less than 10 
kilohms impedance between any two electrodes, but anything 
under 25 kohms works (I'll describe placement of the elec
trodes next month) . 

It takes a trained eye to determine specific information about 
a person from an EEG. At present, we can only generalize as to 
what these recordings mean , and we are unable to correlate spe
cific waveforms with intelligence. The observable electrical ac
tivity, however, does offer some clues . 

According to medkal and psychological research, by moni
toring this activity , you could, in a gross way , investigate how 
the brain functions in a variety of circumstances. For example, 
if you monitor the two hemispheres while a person is solving 
problems, the type of problem could be indicated by the relative 
preponderance of one hemisphere's activity as compared to the 
other' s. Sometimes you can even determine the activity (sleep 
versus reading; relaxed versus agitated) . 

The electrical signals we are currently able to monitor and 
identify from the brain are categorized as follows: 

Alpha: Research has already indicated that in an awake person, 

the presence of alpha waves indicates a relaxed person with an 

absence of problem-oriented brain activity . (Alpha-wave activ

ity describes electrical activity in the range of 8 to 12 Hz, a 

nearly sinusoidal signal at a voltage level of between 5 and 150 

microvolts [JLV]-typically 20 to 501N.) 

Beta: When a person is thinking or attending to some stimulus , 

alpha-wave activity is replaced by beta-wave activity (14 to 25 

Hz, activity of a lower amplitude). 

Theta: Theta-wave activity (4 to 8 Hz, 20 JLV and higher) usu

ally appears during sleep, but it has been associated with deep 

reverie , mental imagery , creativity , dreaming, and enhanced 

learning ability . 

Delta: Delta-wave activity (from 0 .5 to 4 Hz) is seen in the 

deepest stages of sleep. 


In addition, you must remember that I am describing an at 
tempt to correlate cerebral electrical activity with subjectively 
observed events (types of cognitive tasks). While brain waves 
may be varying tens of times per second , our subjective experi

continued 

Photo 1: HAL 's output shows energy level by frequency 
ofbrain-wave signals for both sides ofthe brain. 
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MNP offers error-free data trans
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To eliminate unwanted noise, HAL 

incorporates a band-pass filter that 

rejects frequencies under 4 Hz and 

over 20 Hz. While this compromises 

delta-wave acquisition, it does filter 

out most of the undesired signals. 

ence varies more slowly. It may talce a second or two to change 
concentration and to focus on a new task. Hence, you need to 
integrate the readings over a short period of time. Previous re· 
search in this area suggests that 1.4 second to 'h second is 
reasonable. 

A Noisy Environment 
It's possible for HAL to "hear" more than we want. HAL is 
sensitive enough to detect artifactual signals: muscle activity 
from the forehead, eye and head movements, heart-rate activity, 
brain-wave "spikes" or irregular slow-wave activity, and- if 
you're not carefuJ- 60-cycle power-line hum. To eliminate this 

Photo 2: HAL in the prototype stage. The input jacks are 
arranged along the top; HAL 's battery is near the bottom. 

Photo 3: HAL 's optoisolated RS-232C circuitry. 
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noise, HAL incorporates a band-pass filter that rejects frequen
cies under 4 Hz and over 20 Hz. While this compromises delta
wave acquisition, the benefit is that it filters out most of the un
desired signals . 

Detecting 4- to 20-Hz signals with a minimum amplitude of 
5 µ.V from a source with approximately 10- to 20-kohm imped
ance is not an insignificant task. ldealJy, the band-pass filter 
section should have a flat (±!-decibel [dB)) response across the 
passband; it should provide at least - 18 dB per octave attenua
tion of signals outside the passband. The frequency response of 
the amplifier should be at least 50 to 60 dB down at 60 Hz. An 
equivalent input noise level of 0 .5 µ.V or less would be good . 
Finally, input DC current should be less than 50 nanoamperes. 

HAL's Circuitry 

HAL's hardware circuitry is divided into two sections: pream

plifier/filter and digitizer/control (see photo 2) . The preampli 

fiers and filters acquire and boost the microvolt-level analog sig

nals to useful levels . The digitizer section does the signal 

conditioning and AID conversion and sends the data through an 

optocoupler to the host computer for analysis (see photo 3). 


Several factors contributed to the evolution of the analog sec
tion of the circuitry. Initially, I planned to use narrow passband 
hardware filters to detect and measure only the alpha waves for 
each channel. Such an approach would discard a significant 
amount of information coming from the brain, essentially ma.k
ing the monitor capable of only simple "digital" discrimina
tion-the presence or absence of alpha waves. This hardly 
seemed an achievement, since it merely duplicated the simple 
alpha biofeedback units available for the last 15 years. 

Discussions with hardware and software experts eventually 
led to the conception of a more sophisticated system, one in 
which I considered the slowness of the EEG waveforms, the 
speed of the A/D conversion, and the analyzing power of an 
IBM PC. Ultimately, I decided that the HAL EEG monitor 
would function as a raw data accumulator and transmitter. The 
host computer would perform all signal analysis and display the 
results. (HAL's data output is RS-232C serial and can be ana
lyzed and displayed on any computer. I chose to use an IBM PC 
here only for convenience.) 

I expanded the bandwidth to allow the possibility of analyzing 
beta and theta waves . Even though these amplitudes are much 
lower than alpha waves, they are associated with some interest
ing phenomena. 

To accomplish this task, I had to develop a special preampli
fier/filter that would amplify only the specific EEG signals 
picked up from the scalp of the subject and amplify them to a 
level that is high enough for AID conversion. Each HAL pre
amplifier/filter channel talces six operational amplifiers (op 
amps). Four of them provide amplification and impedance 
matching, and two others provide 60-Hz rejection filtering . 

I designed the amplifiers and active filters in figure 1 a around 
the TL-084 quad op amp and used as many common values as 
possible. The TL-084 provides junction-field-effect-transistor 
inputs with picoampere bias currents, low power consumption, 
and adequate input noise level. (Ifyou are building this project, 
you should not substitute another type of op amp.) The band
width of the analog section is about 16 Hz ( - 3 dB at 20 Hz) . 

You can calculate the equivalent input noise by integrating the 
noise voltage as a function of frequency over the bandwidth . 
This 180-nanovolt equivalent noise, combined with the noise 
from the differential input stage multiplied by the system gain, 
yields a calculated output noise level ofapproximately 2.5 milli
volts (mV). 

Actual measurements of the noise output of the four-channel 
prototype were 3.5 mV root mean square , with a source imped

conrinued 
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ance of 13-kohm impedance per input. I decided this was 
acceptable for the system with a 10-mV per bit AID sensitivity. 

I used three sections ofIClA to make a differential input in
strumentation preamplifier. (Note that all six op amps associ
ated with channel A are labeled IClA and IC2A. Channel B's 
op amps are labeled IClB and IC2B, respectively, and so 
forth.) An ideal difference amplifier will amplify only the volt
age difference between the two inputs. Voltages that appear on 
both inputs when referenced to the ground lead are called com
mon mode voltages. 

For example, if the voltage on one input is +50 µ.V and the 
other input is +15 µ.V, the difference signal would be 35 µ.V and 
the common mode signal would be 15 µ.V. HAL measures the 
difference signal between the two electrode positions. The dif
ference amplifier measures this difference by applying one sig
nal to the inverting input of the op amp and the other signal to 
the noninverting input. 

The ability of the op amp to amplify only the difference is 
specified as the common mode rejection ratio. In HAL, I mea

sured this experimentally by shorting the inputs, applying an 
input signal between the shorted inputs and ground, and com
paring the output with that obtained by applying the same signal 
across the two inputs. The common mode output was 43 dB 
down below the differential output. (You would correctly sus
pect that the major component of common mode voltages in 
HAL will be induced by the 60-Hz power line. I'll discuss how 
HAL rejects the 60-Hz signals later.) 

I set the voltage gain of the preamplifier to 5800 and incorpo
rated AC coupling between the stages to eliminate DC offset 
voltages and provide some low-frequency roll-off. Feedback ca
pacitor C3 provides high-frequency roll-off, with the gain down 
9 dB at 60 Hz. The third-order active filter stage has a - 3-dB 
frequency of22 Hz and is 30 dB down at1SC> Hz. You'll find the 
same third-order filter at the input of each final amplifier to the 
AID converter (ADC), thus providing another 30 dB, for a total 
of 69 dB attenuation at 60 Hz. 

The interstage coupling capacitors set the low-frequency 
passband of the amplifiers . The low-frequency roll-off is 24 dB 
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per octave, with the - 3-dB point at 6 Hz. This is well above 
muscle activity and other noise . 

A 2.5-volt reference diode sets the analog references to the 
ADC at 1.75 V and 3.25 V, or ±1.25 V of half the power sup
ply. The last amplifier stage is DC offset to one half the power 
supply voltage, with the AC signals having a pennissible peak 
value of 1.25 V. I set the overall gain of the amplifier stage to 
12,500 so that a 100-µV signal would be the maximum input. 
This amounts to about 0.8 µ.V per bit sensitivity. 

Since the ADC0808 is generally thought ofas a DC converter 
and HAL measures AC signals, offsetting the reference to the 
ADC lets it measure signals that swing above and below some 
point designated as "zero" (offset binary converter). When you 
apply 0 V to the ADC, its output will be 80 hexadecimal. 

A voltage gain of 12,500 corresponds to 82 dB (20 xlog Av). 
The 60-Hz rejection of 69 dB results in a 60-Hz gain of 13 dB 
(82 dB - 69 dB). The common mode rejection of43 dB reduces 
the 60-Hz gain to a loss of -30 dB (13 dB - 43 dB). This all 
means that a 60-Hz common mode signal at the inputs is re

duced by a factor of0.03 in getting to the ADC. 
To show up as a ± 1-bit ripple on the data, the common mode 

input signal would have to have an amplitude of 300 m V peak to 
peak. This 300 mV would be reduced by a factor of0.03 to be
come 10 m Vat the ADC. When I connected a 1-inch unshielded 
lead to HAL's input, it picked up about 100 mV peak to peak of 
noise. This seems adequate, but all the same, don't use HAL 
while standing directly beneath a neon sign transformer! 

The Digitizer and Control Section 

The signals from the four preamplifier/filter channels go to four 

of the eight analog inputs of the ADC0808. An 80C3 l CPU per

forms channel selection and transmission to the host CPU . 

(While it is possible to duplicate the preamplifier/filter section 

to ultimately produce an eight-channel version of HAL, the cur

rent level of software for the 80C3 l is designed for only four 

channels.) 


Figure le shows the microcontroller part of the headset cir
continued 
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Microsoft.C5.1 
Op1imi<i11g C(Jmpi/er 

I For Ptt:J011al Compwtrs RJov1i11g 
r/rc MS, OSl2 orMS.DOS, 
Optrori11g SY'/tm 

Everything about Microsoft~ C Optimizing 
Compiler version 5.1 is dedicated to the professional 
programmer. 

Fast code. Fast development. Fast debugging. And 
fulJ support for both MS-oos~and the OS/2 systems 
in a single package. 

There's no fasterC code on a PC, because power
ful optimizations, such as in-line code generation and 
loop enregistering, generate executables that are com
pact and efficient. The documentation even teaches 

Microsoft C OpUmizlng Compiler 5.1 Thchbox 

~lcr 
• Optimizations !hat generau: the fasteSt code for DOS and 

OSt2 sysiwu. 
• In-line code generation. 

- Loop optimiz.ations. 

• Elimination of corrunon subexpressions. 

• Full OS/2-sysiem support 10 brc:lk lhe 640K balTicr. New. 
• Family API prog;.ims that 1un under OOS and the OS/2 

systems. New. 
- Wriie multithreadcd programs and Dynamic Link 


Libraries. New. 

• Small. medium,compact. large. and huge mcrray models. 
• Mix models wilh NEAR. FAR, and !ruGE keywotds . 
• Fas: comoilation 00.<XXl lineslminuie) wilh Microsoft 

QuickC'.;r 
• Faswst math, in-line 8087/80287 instructions. and 

noating-point calls. 
• More complete suppon of proposed ANSI standard. 
• Over 350 hbrary functions . including a graphics library. 

Microsoft Qx!eView 
• FuU OS/2 systems support. New. 

- Debug applications of up to 128 MB under the OS/2 
systems. New. 

• Debug multithreadcd programs and Dynamic Link 

Libraries. New. 


• Sowa:-levcl debugging for precise control over programs. 
- Dynamic breakpoints in lhe source . 
- Debug programs wrillen in a variety of Microsoft 

languages. New. 
• FuU symbolic display of C suucrun:s. New. 
• lnieractively foUow linked lists and nested SUUCIWtS. 

New. 

- Wateh variables, rnemoty, rcgistc:ts, and flags. 


O!hcr Utj!ities 
•Fast linking (twice as fasi as the C 4.0 version linker). 
• OSl2 incremental linker-up to 20 times faster than afuU 

link. New. 
• OS/2· and MS-DOS reconfigurable prograrruncr's 

editor. New. 

you special coding techniques to squeeze every last bit 
of speed out of your code. 

Fast code isn't all you get. Under MS®OS/2, the 
640K barrier is gone so you can write C programs as 
large as a gigabyte. You can call the operating system 
directly. Create more responsive programs (multiple 
threads allow program operations to overlap). And 
build Dynamic Link Libraries (DLLs) that can be 
shared, saving valuable memory. DLLs also allow 
your main programs to be smaller, so they load faster. 
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cuitry. The 80C31 's port 1 connects to the ADC0808's data bus, no port bits are left for anything else. 
outputs, with all the control and status bits handled by port 3. The timing requirements are so simple that the code doesn't 
Bits from port 1 also drive the serial output line and the two even need interrupts. It samples the two switches, reads the left 
event marker switch inputs. Because port 2 is dedicated to the and right hemisphere voltages from the ADC0808, and sends 
upper half of the program address and port 0 is the EPROM data the results out serially. Each data sample consists of a 5-byte 
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F1gure le: HAL 's AID converter, on-board CPU, and RS-232C port. 
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transmission. The data sequence is first byte, two switch posi digital circuitry runs from the 6-V supply. Current drain with 

tion codes with 6 bits of leading zeros, followed by 4 bytes of all CMOS components is 225 milliamperes (mA) at 6 V and 50 

sequentially sampled AID channels. mA at -6 V. (OK, I know that most chips like 5 V, but CMOS 


HAL is battery-powered. Four alkaline C cells provide +6 digital chips will work fine in this application at 6 V.) An addi-

V, and 4 AA cells provide -6 V for the op amps. The CMOS cominued 


--------------------------------------------,
I 


I 


1 


I 

PHONE JACK I 

Jl PINS 1+4 
CONNECTED I 

THROUGH I

IBM PC GND 
 I 


I 

I 

I 

I 

I 

I 

I 

I 


-- - --------------------------- -------------~ 

-

--
------

ADO 

ADJ 

ADS 

AD6 

A07 

AOC 

ADZ 

ADI 

R26 
2.2K 

IC9 

+V .~ 
27C64 

Vpp 

+v o-ll PCM 01 19 A07 

06 18 A06 
ICB Al2 z 17 ADS
74HC3'3 A1 2 05 

18 19 All ZJ 
Al l o• 16 AOC 

80 so 
17 

10 7Q 16 AlO 21 AID OJ 15 AOl 

u 
60 6Q 15 A9 2' 

A9 oz 13 AOZ 

13 so SQ 12 A8 25 
AB 01 

IZ ADI 

8 
•D CQ 9 J A> 00 

11 ADO 

1 6 • A6JO lQ

• zo ZQ 5 I 5 
AS 

l z 

1 I 
6 ulD IQ ., 

Al 
EN O"E 8 AZ 

111 JI 
9 Al 

10 
AO 

22 CiE 
20 C"E 

,------------------------------------
I OPTOISOLATED RS-232C 

PORT 

I 
I 
I I 

C20 !.LI 
I 

47pF 1' l 

1 

I 2 

I .I 

IC I 
LM7805 l 

..-------tlN OUT>---<--

GNO 

BLACK 

IC6 
MAX232 

Cit CZ+ 

c 1- CZ-

CV+ cv -

+sv GNO 

16 15 

• 
_.&!. C2l 

5 'T' 47pF 

6 _\ I+ 

C22 
4 7pF 

/I 

MODULAR 

I 
I 
I 

I 
I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

JUNE 1988 • BYTE 283 




CIRCUIT CELLAR 

Listing 1: Source code for HAL's main loop. 

; -- BOC31 main loop 

ADCdata EQU Pl data inputs 
ADCctls EQU P3 control l /O 
start EQU 2 + to start convers i on 
I"eady EQU 3 + on end of conversion 
switches EQU BlH switch bit locations 
ADCO EQU lOH low order address bit 
ADCaddr EQU 70H address bit location 
sync EQU P3.0 sync out of switch input! 

:>> setup code omitted 

;wait 	for Timer 0 to run out, then reload it 
again 	EQU S 

JNB TFO,again loop until timer tick 
CLR sync blip scope sync down 
NOP 
SETS sync . .. and back up again 
CLR TRO 
MOV THO,#HIGH -TOperiod ; reload 
MOV TLO, #LOW -TOperiod 
CLR TFO clear end flag 
SETS TRO ; restart counter 

read the channels in a great rush' 
CALL 	 getADC 

;--- read the switches and send them out 
MJV A,AOCctls grab input bits 
ANL A,#switches strip switches 
RL A move to bits 1-0 

Lsw 	 JNB TI,Lsw will set every time! 
MOV SBUF,A send byte 
CLR TI reset ready flag 

send analog data 
LO 	 JNB TI,LO wait for trans ready 

MJV SBUF,RO drop in the value 
CLR TI reset trans ready 

Ll 	 JNB TI,Ll repeat for channel l 
M:>V SSUF,RO 
CLR TI 
JMP again 

tional 9-V battery (10 mA) provides power for the serial 
communication. 

The two-push-button switch inputs (J6) allow operator signal
ing to the host computer. Serial data output drives the TILl 11 
optocoupler by means of a BS-170 field effect transistor. A 
MAX232 (IC6) converts the optocoupler's output to RS-232C 
levels compatible with the serial input of the IBM PC host com
puter. The MAX232 is powered by the separate 9-V battery to 
maintain isolation between HAL and the PC when the serial 
port is connected. (Do not try to use the 6-V C cells that power 
the main HAL circuit to power IC6.) 

The Control Program 
HAL's firmware control program (the main loop is shown in 
listing I), contained in a 2764 EPROM (IC9), is called BI03 l. 
Nearly all BI031 's time is spent in line waiting for timer flag 0 
(TFO) to become a logic 1. Whenever that happens, the code 
reloads timer 0 to produce the next l /64-second delay and clears 
the flag again. 

While the 5 bytes in each sample take only 6.25 milliseconds 
to transmit at 4800 bits per second and there's lots of idle time 
on the link (the PC code needs 64 samples per second; we don't 
send it faster because the PC analysis program would choke), 
the FFf software in the PC presumes that all the data points are 
sampled at the same instant in time. As a requirement, then, 
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Listing 2: The code HAL uses to read its AID 
converter. 

;-------------------------------
; Get channels from the ADC input 
; Values are stashed in I"egisters 
getADC PROC 

MOV A,ADCctls ; reset address 
ANL A,#NOT ADCaddr 
SETB ACC . ready ; ensure this bit i s a l 
MOV ADCctls,A 

;--- grab channels 
SETB ADCctls.start ; blip start line 
CLR ADCctls.start with 1 us pulse 

Wait for EOC to go away 
LwOr JB ADCctls.ready,LwOr 
; Now wait for EOC active 
LwOe JNB ADCctls.ready,LwOe 

MOV RO,ADCdata ; save data in reg 
ADD A.#ADCO ; t i ck channel number 
MOV ADCctls,A 
SETS ADCctls.start ; repeat for chan. 1 
CLR ADCct ls.start 

Lwlr JB AOCctls.ready,Lwlr 
Lwle JNB ADCctls.ready,Lwle 

MOV Rl,ADCdata 
RET 

getADC 	ENDPROC 
END 

81031 runs the ADC as fast as possible between samples . I used 
in-line code to eliminate the overhead of subroutine calls and 
returns, although I'll be the first to admit that the few microsec
onds probably don't make any difference at all. Listing 2 shows 
what's needed to grab channels 0 and 1 from the ADC0808. 

Throughout the conversions, the accumulator holds a copy of 
port 3, so changing the ADC channel address is simply a matter 
of adding 1 to the proper accumulator bit and reloading port 3. 
The code sets the ADC ready bit to a I to make sure that the bit 
is always an input; writing a zero to that bit would tum it into an 
output. 

Toggling the ADC's start bit using a pair of CLRfSETB instruc
tions provides a I-microsecond pulse on that output. One of the 
nice things about the 8031 is that you can tell exactly how long 
each instruction will take, so generating precise time intervals is 
quite simple. 

The ADC0808 takes a few microseconds to drop the line that 
signals the end of conversion before starting the next one, so the 
code includes a loop to wait for that bit to go away before con
tinuing. This is one of those cases where the computer can out
run the peripheral! 

Next Month 
I'll examine the software components of HAL, including an 
8088 machine language discrete FFT callable from BASIC. I'll 
provide BASIC source code so you can design your own soft
ware and reconfigure HAL into a sophisticated brain-wave bio
feedback monitor or a continuously recording EEG, or so you 
can add additional channels. • 

Special thanks for help provided on this article to Dr. Robert 
Stek, David Schulze, Rob Schenck, Jeff Bachiochi, and Ed 
Nisley. 
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Editor's Note: Steve often refers to previous Circuit Cellar articles. 
Most of these past articles are available in book form from BYTE 
Books, McGraw-Hill Book Co., P.O. Box 400, Hightstown, NJ 08250. 

Ciarcia 's Circuit Ce/Jar, Volume I covers articles in BYTE from Sep
tember 1977 through November 1978. Volume JI covers December 
1978 through June 1980. Volume Ill covers July 1980 through Decem
ber 1981 . Volume IV covers January 1982 through June 1983. Volume V 
covers July 1983 through December 1984. Volume VI covers January 
1985 through June 1986. 

It's virtually impossible to provide all the pertinent details of a project 
or cover all the designs I'd like to in the pages ofBYTE. For that reason, 
I have started a bimonthly supplemental publication called Circuit Cel
lar Ink, which presents additional infonnation on projects published in 
BYTE, new projects, and supplemental applications-oriented materi
als. For a one-year subscription (6 issues), send $14.95 to Circuit Cel
lar Ink, P.O. Box 3378, Wallingford, CT 06494. Credit card orders can 
call (203) 875-2199. 

The following item is available from 

CCI 
P.O. Bo:it428 

Tolland, CT 06084 

(203) 875-2751 
Inquiry 952. 

Circuit Cellar Hemispheric Activation Level Detector (HAL) complete 
printed circuit board kit. Comes with printed circuit board and all chips 
and board-mounted components, including 80C3 l, IC sockets, 27C64 
EPROM, user's manual, and IBM PC demonstration display on PC for
mat disk. Does not include banery holders, batteries , scalp electrodes, 
or connecting cables. HAL-4-KIT. .. . .... .... . .. .. .... .......... . .... $179; 
add $19 ifyou want an IBM PC cable. 

The Circuit Cellar HAL design is available for licensing to qualified 
manufacturers. Call for infonnation. 

All payments should be made in U .S. dollars by check, money order, 
MasterCard, or Visa. Surface delivery (U.S. and Canada only): add $5 
for U .S .. $8 for Canada. For delivery to Europe via U.S. airmail, add 
$14. Three-day air freight delivery: add $7 for U .S. (second-day Fed
eral fapress), $15 for Canada (OHL), $22 for Europe (DHL), or $30 
for Asia and elsewhere in the world (OHL). 

There is a multiline Circuit Cellar bulletin board system (running TBBS 
2 .OM) that supports past and present projects in BYTE and Ink. You are 
invited to call and exchange ideas and comments with other Circuit Cel
lar supporters. The 300-/1200-/2400-bps BBS is on-line 24 hours a day 
at (203) 871 - 1988. 

To receive information about the Circuit Cellar Ink publication for 
hardware designers and developers, please circle 100 on the Reader 
Service inquiry card at the back of the magazine. 

Steve Ciarcia (pronounced "see-ARE-see-ah") is an electron
ics engineer and computer consultant with experience in pro
cess control, digital design, nuclear instrumentation, and prod
uct development. The author ofseveral books on electronics, he 
can be reached at P. 0 . Box 582, Glastonbury, CT06033. 

GET SUPERSOFT's 

SERVICE DIAGNOSTICS 

All the software, alignment diskettes. parallel/serial wrap-around 
plugs, ROM POSTs and extensive, professional documentation to 
provide the most comprehensive testing available for IBM PCs, 
XTs,ATs and allcompatibles under DOS or Stand Alone. No other 
diagnostics offers such in-depth testing on as many different types of 
equipment by isolating problems to the board and chip level. 

NEW: SuperSoft's ROM POST performs the most advanced 
Power-on-Self-Test available for system boards that are compatible 
with the IBM ROM BIOS. It works even in circumstances when the 
Service Diagnostics diskette cannot be loaded. 

NEW: 386 diagnostics for hybrids and PS/2s ! 
For over nine years, major manufacturers have been relying on 
SuperSoft's diagnostics software to help them and their customers 
repair microcomputers. End users have been relying on SuperSoft's 
Diagnostics II for the most thorough hardware error isolation 
available. Now versions of Service Diagnostics are available to save 
everyone (including every serious repair technician) time, money, 
and headaches in fixing their computers, even non-IBM equipment. 

All CPUs& NumericCo·processors All Color Graphics & Monochrome 
System Expansion & Extended Memory Monitors 
Floppy, Fixed & Non-standard Disk Drives Parallel & Serial Ports 
Standard & Non-standard Printers Mono, CGA. Hercules & EGA 
System Board: OMA, Timers. Interrupt, Adapters 

Real-time Clock & CMOS conlig. RAM All Keyboards & the 8042 Controller 

Join the ranks of XEROX, NCR, CDC. SONY, PRIME, ... who have 
bundled SuperSoft's diagnostics with their microcomputers at no risk 
because of our 30 day money back guarantee. 

Service Diagnostics for PC, PC/XT. andcompa~blesonly ......... .. .............. ... ... $169 

Alignment Diskette for PC, PCIXT and compa1ibfes (48 tpi drives) ..................... $ 50 

Wrap-around Plug for PC, PCIXT and compatibles (parallel and serial) ............. $ 30 

Service Oiagnostlcs for AT and compatibles only ........ .......... ............................ $169 

AlignmentDiskettefor AT and compatibfes(96tpidrives) ............... .... .............. $ 50 

Wrap-aroundPlugfor AT(serlal) ....... .................................................... ........... $ ts 

ROM POST for PC, PCIXT. and compatrblesonly ........... .......................... ........ $245 

ROM POST for AT and compatibles only ........................ .................................. $245 

ServlceDlagnostlcs: TheKIT(lncludesalloltheabov-ve$502) ......... $495 

Service Diagnostics for all other CPUs (386, V20. V30, Harris, etc.) ..... ............. $195 

Diagnostics II is the solution 101he service p<obfems ol users of aflCPIM·80, 


CP/M·86 and MS·DOS computers .................. ....................................... ....... $125 

ROM POSTfor PSl2and°'!)mpatiblesonly ... ..................... ................. .............. $245 

Alignment Diskette for PS/2and compatibles (3.5 inch) ................................... . $ SO 


FIR5TINSOFTWARE TECHNOl.OGY P.0 .Boz 1628 Cllampai90, IL6t820 (217) 359-2112 Telex 270365 

SUPERSOFT is a regisl"'ed oademarlt of Sup<irSott. Inc.: CDC of CoooOI D.:1.ta C<J<p.; IBM PC. AT & XT ol 
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A screen star is born. 

Introducing Ultrasync. The high-resolution, autosynchronous 

color monitor that 's PC and PS/2 series compatible. 

Ultrasync, with its exceptionally fine (.28mm) dot pitch, 
creates a picture of incomparable clarity. Capable of displaying infinite 
shades of brilliant color with striking contrast and dimension. 

But the real beauty of Ultrasync is its versatility. It has the greatest 
autosynchronizing frequency range combination available with 45Hz 
to 120Hz vertical scan range (NEC's Multisync scares at 50Hz and 
peaks out at 75Hz) and lSKHz to 35KHz horizontal scan. 

Plug Ultrasync into any IBM PC/PS series, Apple Mac II, or 
practically any computer system and it will adjust automatically to the 
standard you are using. There's no fiddling with switches or knobs. 
Our automatic picture sizing feature prevents display distortion and shrinkage. 
A simple built-in text switch is provided for your convenience. What's 
n1ore, you'll enjoy the ease and comfort of Ultrasync's ergonomically 
advanced design. 

Nobody but Princeton Graphic Systems could bring you an 
image with such star quality at a suggested ret:lll price that's remarkably 
affordable. $849. After all, we've been doing it all along. 

GRAPHIC SYSTEMS 

THE VISIBLE EDGE 

601 Ewing Street . Building A. Princeton. New Jersey 08540 (609) 683-1660 
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COMPLETE 12 MHz 

ZERO-WAIT 286 SYSTEM 


WITH rlMB HARD DRIVE! 

Can you believe it? Yes you ca:n1 

32 MB hard drive. 12 MHz ZERO Wait State. Fully AT 
compatible. Our cam:plete '286 system ready to plug in and 
fly right out of the box! At the amazing price ofonly $1,295! 

How is it possible? By buying direct from the manufac
turer that's how. Zfl)3 International offers you the finest, 
best-backed fully AT compatible systems available . .. at 
fact<Jry di3'ect prices. 

We think you'll agree, this is the very best value you'll 
find anywhere. 

norCudGIMr---Pngrm 
CiQmpare not only our features but 

the~Customer .Assurance Pro

gram as well: 1. Full refund within 

30 ~ofshipment ifyou are not 

absolutely satisfied 2. One fUll year 

limited warranty on parts and la

bor. 3. Federal Express replacement 

of any failed parts for your first 

year of ownership. 


And every ZEDS® system is fully assembled, burned-in 
and test.ed in our own laborat.ories. We would like to build 
one for you. Give us a call today! 
OTHER ZEOS OPTIONS: 
• 	 Basic System Only: Everything except lIDD/HDC. 

$995 
• 	 Complete 64 MB hard drive system! Only $1,595 
• 	roA Upgrade. 14" EGA color monitor with~ OOA 

card. Fully tested. Add $495 
• 	 Many other drives and options available. Call Tull Free 

for details, 800-423-5891. 

NlWl ZEOS®'386 Toww System 
Available now! Ze()(ffl 386 Tower Sys
tem! Completewith 64 MB HDD; 
Adaptec 2372 HDC, 1:1 irrterleave, 
800 KB/sec transfer rat.e; l MB 
RAM, 1.ero-Wait, cache memory, 1.2 
FDD, High Resolution tilt swivel 
monitor, 101 key keyboard, and 
more. Complete 20 MHz System 
$3,495! 16 MHz $2,995! 

ZEOSORDER NOW TOLL FREE INTERNATIONAL. LTD 
530 5th Avenue NW. Suite 1000 

St. Paul, MN 55112800-423-5891 
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Peter Wayner 

Error-Free Fractions 

Computers can store 

rational numbers exactly with the 

use of factorial-base format 

m ost computer users know their machin.es can't 
represent all fractions exactly. Many program
mers even know why. Something about finite 
memory and infinitely repeating decimals .... 

However, if you're willing to depart from 
conventional (exponential-base) representation formats, you 
can store fractions exactly. You can even do exact calculations 
without fear of dreaded roundoff errors. A Pascal listing pre
sented in this article demonstrates the technique (see listing l) . 
Unfortunately, rational-number math written in Pascal cannot 
keep up with highly optimized floating-point code: The compu
tations done in the demonstration program aren't so fast as those 
done in floating point . But they are exact. 

The mathematics involved aren't really new; nineteenth-cen
tury German mathematician Georg Cantor (see reference 1) 
presented the scheme and proved that it allows any rational num
ber to be represented exactly in a finite series-no repeating 
decimals (see the text box "A Mathematical Proof' on page 
290) . Before explaining why factorial base gives exact fractions 
and conventional exponential base does not, I'll show how simi
lar they are. 

A Question of Place Values 
Both systems use place values to represent infinitely many dif
ferent numbers with a finite set of digits. For instance, i'n base 
10, the sequence ofdigits 104.32 corresponds to the series 

1 x 102 + 0 x 101 + 4 x 100 + 3/101 + 2/102. 

The place values are 101, 10', 10", 1/101 
, and 1/102. 

Before proceeding, a word about notation. Every base-2 
number in this article is identified by a subscripted 2, as in 
10. Ii; every factorial-base number is identified by a subscripted 
F, as in 12. lp. I'll often spell it out as \Yell , 

The base-2 systems indigenous to silicon worlds are the same 
as base 10, except that they use 2 as the radix instead of 10 and 
have only t\\Q distinct symbols or digits, as in 10.0111, which 
reatly means: 

I X 21 + 0 X ~0 + 0/21 + 1/21 + l /23 
, 

with place values 21, 2°, 112', 1/21 
, and 1/23 

• 

Factorial bases are almost the same, except that the place 
values are factorials rather than exponential values: 301.102F 
corresponds to the series 

3 x 3! + 0 x 2! + I X 1! + 112! + 0/3! + 2/4! = 19 Y. 2 • 

Recall that the notation 3 ! (3 factorial) means 3 x 2 x 1, and in 
general, n! means n x (n - 1) x (n - 2) x · · · x 1. So the place 
values are 31, 21 , 1!, 1/2!, 1/3!, and 1/4!. As a convenience, 
figure 1 gives the ten factorial place values around the decimal 
point. 

One major difference between exponential base and factorial 
base concerns the use of digits: In factorial-base notation, the 
l~est allowable digit depends on which place you're looki~,& 
at. m a..a.-1 · · ·a,.a_,a-2 ·· ·a-., you must have 0 S a, S Iii. 
For instance, in 321.123p, each digit is at its maximum value for 
the position it's in. 

Computing with Factorial-Base Numbers 

Analogies between the factorial-base and base-10 computation 

make the new system especially attractive. Numbers that con

tain the maximum value in each digit, like 321F (which is equal 

to 23 base 10) are 1 less than the value of a 1 in the next signifi

cant position (lOOOp = 24), just as 9999 = 10,000-1 . Frac

tions that contain the maximum value in each position are close 

to 1 in both cases (.123456F and .999999). 


The whole process of adding two factorial-base numbers is 
exactly the same as adding two base- IO numbers if you remem
ber that the maximum value allowed in each position changes 
from one place to another, so that you know when to carry. 

For instance, adding 
(.023F) looks like this: 

~. (.OOlF in factorial base) to 1~. 

.0 0 

carry 

addend 

.0 2 addend 

.1 0 sum 

Note that two carries are needed because the maximum value is 
3 in the right column and 2 in the center column. The process of 
carrying digits extends similarly to the integer portion. 

The algorithms for the other functions are also analogous to 
ordinary arithmetic. Division is the most difficult operation, 
just as it is in regular arithmetic, requiring an estimation process 
to calculate the digits. 

The Root of the Problem 
The best introduction to factorial-base arithmetic comes from 
learning exactly where the base-10 and base-2 representations 
fail. Both handle all integers exactly, but only some rational 
fractions exactly. For instance, %is exactly . 5 in base l 0 and 
exactly .12 in base 2. But ~is nonterminating and hence inexact 

contiTIJled 
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A Mathematical Proof 

The proof that any rational number has an exact factorial

base representation has two parts. Fust, that any integer p 
can be expressed as a sum ofn products involving factorials : 

with a, ,S i. The exact, finite factorial representation is just the 
sequence of coefficients a.a.-,a~1 · · ·a, . 

Choose n such that n! <p < (n+ 1)1 and set a. to the integer 
part of p divided by n!. Notice that this a. cannot exceed the 
maitimum value for this position, n, because p is less than (n + 
1) x n! = (n + l)!. 

Repeat this process with p set equal to the remainder of the 
previous division, and it will return the value for~•. This con
tinues until all the digits arc computed. The process must tenni
nate exactly (i.e., give a 0 remainder) at a 1 because the remain
der stays less than i + 1 at each step, and, at a., the only 
nonnegative integers less than i + 1 = 2 are 0 and 1. Both of 
these leave no remainder after division by 1. 

Furthermore, the representation a.· ··a, is unique because 
the largest value that can be represented with n- 1 digits is 
strictly less than the multiplier of the nth digit (n!), so the i! 
terms arc linearly independent with respect to multipliers that lie 
between 0 and i. 

The second part of the proof establishes that every plq, p<q, 
can be represented as a sum ofn quotients involving factorials : 

a.., 
(i+ l)! 

with a.., .s i . The exact, finite factorial representation is just the 
sequence of coefficients a..,a..2a-> · · ·a..•. 

The proof begins by pointing out that if (i + 1) p > q then 
plq > l / (i + 1). Compute a...1 as the result of integer division of 
(1 + 1) p by q, which in this case is 1 ifplq is greater than% and 
0 if it isn't. 

Set p equal to the remainder of this division and repeat this 
step to calculate a..2 as the result of integer division (2 + l) pl q. 
The value a-1 is between 0 and 2 . 

in finite space (.333333 · · · in base 10 and .01010101, · · · in 
base 2) . 

The difference between exact and inexact fractions lies in the 
denominator's relation to the base number. For instance, 2 di
vides both IO and 2 ; hence, ~ is exact in bases 10 and 2 . The 
number 3 divides neither 2 nor 10 and thus ~has no exact repre
sentation in either base. 

In general, the base-n representation of a fraction plq termi
nates only when there exists an integer m such thatp/q =min' 
for some integer i. For example, in base 10, the number %0 has 
an exact decimal representation because %0 = 151101 = . 15. 

In this respect, base IO has a slight advantage over base 2 : It 
can represent all fractions of the form p/2'51 , while base 2 can 
handle only those in the fonn pl2'. Base 30 would be better still 
because 30 = 2 x 3 x 5, and it ' s not difficult to realize that 
base 210 (2 x 3 x 5 x 7) could handle an even larger part ofthe 
rational numbers. 

Continuing along these lines, the base would eventually grow 

Take the remainder asp and repeat for a..3, a_., and so forth. 
You will find a 0 remainder at the smallest i such that q divides 
i! , because the remainder after each step is p x i! mod q. Even
tually, i will be large enough so q will evenly divide i!. 

Once you have the 0 remainder, you have an exact representa
tion of plq. The program in listing 1 uses this algorithm to con
vert the quotient into a factorial-base representation. 

Beyond Rational Numbers 
The preceding proof does not show exactly what happens with 
irrational numbers, but it does intimate that they would appear 
as infinite strings just as they do in a fixed exponential-base rep
resentation. Any irrational number x can be bounded by two ra
tional numbers p ,lq, < .% < p,lq1; these two rationals can be 
converted into factorial base. As the two rational numbers get 
closer and closer together, the terms of the factorial-base repre
sentation also come closer together. In this fashion, you arrive at 
a factorial-base approximation of the irrational number. This 
ability to easily approximate irrational numbers is one of the ad
vantages of the system. 

One particularly interesting instance of this capability is the 
value of e that you can calculate from the familiar series: 

00 

e = 't"' _I .""' .,i • O 1. 

Converting this to the factorial-base system yields a very simple
to-remember constant, 10. l l l l l lF· · ·. 

By a similar reference to series expansions for sine and co
sine, you find some surprising patterns: 

sin(l) = .1 2 0 0 5 6 0 0 9 10 0 0 · · · , 

and 

cos(l) = . l 0 0 4 5 0 0 8 9 0 · · · . 

Clearly, factorial-base numbers present some unique oppor
tunities in any computer-mathematical application involving 
factorial terms. 

so big that it would be difficult to use, and it would still leave out 
a portion of the rational numbers-the ones with factors that are 
relatively prime to every prime factor in the base. 

Factorial-base numbers are an elegant alternative. They pro
vide a base system that can handle any plq without much extra 
effort. For example, ~ in factorial base is .02, because ~ = 
%+%. The fraction% is .103F, and 23 becomes 321F. The text 
box above gives some of the math theory . 

Putting Theory into Practice 
The Pascal program in listing 1 provides a routine that converts 
a rational number in the form p/q to factorial base, as well as 
other routines that do addition, subtraction, multiplication, di
vision, absolute value, and negation . The routines are based on 
the work of Patrick Staley at Southwestern University (see refer
ence 2) . 

The numbers themselves are stored in an array . The integer 
coniinued 
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ERROR-FREE FRACI10NS 

l12ol24 I6 I2I I . l 112 IVs 1 112. IV,20 I~20 I 
Jiigure 1: The ten factorial place values around the dedmal 
point. 

Listing 1: A Pascal program demonstrating the use of 
factorial-based nwnbers for exact fractions. 

PROGRAM fact; 
CONST 

maxarrays i ze = 12; 
TYPE 

number=ARRAY[l ..maxarraysize] OF longint; 
{The coefficients of a factor i al-base} 
{number. Slot i conta i ns a{2- i } .} 
{Slot 1 is used to carry the integer) 
{part of the number . } 

VAR 
i, j, m: integer;{Counters} 

a, b, c: number;{Factorial-Base} 


{numbers for ca l culations.} 

k: longint;{A temporary regi ster.} 
zero, one: number;{Two glob"al var i ables} 
{containing zero and one .} 
float: real;{A floating-po i nt vari able} 

{with regu l ar ar i thme tic.} 

PROCEDURE c onvert {VAR result: number; 


p, q: longint); 
{A routine that takes a p and q and) 
{converts into a factorial-base number.} 

VAR 
i: integer; 

BEGIN 

result[l] : = p DIV q; 

I F {p<0) AND (p MOD q <> 0) THEN 


result fl] : - result (1) - 1; 
p : = p MOD q; 

FOR i : - 2 TO maxarraysize DO 


BEGIN 

p :- p * i; 

result[!) : = p DIV q; 

p :• p MOD q; 


END; 

END;{Convert} 


FUNCTION less equal · {x, y: number): boo l ean; 
{Tests 2 numbers and returns true i f x<=y} 

VAR 
i: integer;{A counter} 


BEGIN 

i : = l; 

WHILE (x[i) =y [ i]) AND ( i <maxarraysize) DO 


i : = i + 1; 
lessequal : = (x[ i ]<=y[i]); 

END; { les sequal} 
FUNCT I ON notequal (x, y: number): boo lean; 
{Tests two numbers and returns) 
{true if x<>y} 

VAR 
i: integer;{A counter} 


BEGIN 

i : = 1; 

WHILE (x[i] =y[i]) AND ( i <maxarrays i ze) DO 


i : - i + 1; 
notequal := (x[i ] <> y[ i ]); 


END;{notequal} 


continued 

part of the nwnber is kept as an integer in the first array element 
because the arithmetic for integers is already exact. The a, digits 
to the right of the decimal, beginning with a.-1 , are stored to
gether in the ( l -1)th component. 

Only the integer part can hold negative values, so the frac 
tional part of a negative number is handled in much the same 
way as such values are stored in two's complement arithmetic. 
In this method, -% is represented as -1 + K This method of 
storage lets you take advantage of the speed of regular integer 
arithmetic. 

The algorithms themselves are not much different from the 
steps that everyone learns by rote in grade school. Addition and 
subtraction are carried out term by term, and a third routine 
called smooth handles carrying the overflow and borrowing 
from the previous term. Two short routines handle multiplica
tion and division term by term, calling smooth to handle bor
rows and carries. Higher-level functions use these routines to 
perform multiplication and division of complete factorial-base 
numbers. 

The procedures for addition and subtraction are very stable 
and will overflow only if the results grow larger than the size of 
the largest integer the machine can represent. The multiplica
tion routine can overflow sooner; for instance, when a nwnber 
is multiplied by a large integer, it is possible to overflow the 
individual term's array component. If the division routine is op
erating upon two nwnbers of similar size, the results wilJ not 
overflow the machine, but if a larger number is divided by a 
number close to 0, an overflow error can occur. (The estimation 
algorithm could be improved to help avoid this problem.) 

Some Experimental Results 
I've used mathematical reasoning to show the benefits of facto
rial-base numbers, but how do these nwnbers work in practice 
in a computer? To find out, I executed the following code using 
factorial-base and standard floating-point (an extension of the 
exponential-base) number formats : 

x:=l/n; 
for 1: =1 to JO do 

x:=(n+l)*x- 1; 

Mathematically, the function/(x) = (n + l)x - l is invariant at 
the pointx = 1/n; that is,/(x) = x for x = lln. On paper, then, 
you would expect the Pascal variable x to remain unchanged 
after 30 iterations of the loop. This was the case when I used 
factorial-base nwnbers. But the standard floating-point system 
failed badly and returned 286,331, 161.6 instead of .33333 
when n was set to 3. 

From previous discussions , you might expect the floating
point software to find the correct answer at least for n = 10 
because Y.o = . I exactly in base 10. This was quite far from the 
truth : x should have equaled .1 but turned into 2.)6378547759 
e21 after 30 loops . All the calculations are, of course, done in 
binary. The floating-point software finds the correct answer 
only when n is 2. 

The only negative aspect of the factorial-base system is the 
slowness ofthe calculations. My Pascal program could not com
pete with the optimized floating-point code. The algorithms 
aren't that different from the regular arithmetjc, but they must 
deal with the shifting base, which adds a lot of overhead. The 
factorial-base arithmetic could be recoded into assembly code 
for better speed. Even better, it could be converted into silicon 
by designing a special chip. 

Until such a time, the code should be saved for problems 
where speed can be sacrificed for accuracy. These problems 
may range from mathematical analysis (as in the last example) to 

continued 
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ERROR-FREE FRACTIONS 

FUNCTION smooth (VAR x: number): number; 
{Takes a number and does all the carrying) 
{and the borrowing.) 

VAR 
i: integer;{A counter} 

BEGIN 
FOR i :- maxarraysize DOWNTO 2 DO 

BEGIN 
x(i - 1) := x(i - 1) + x[i] DIV i; 
IF (x[i)<0) AND (x(i) MOD i <> 0) THEN 

x[i - 1) :• x(i - 1) - l; 

x [ i] : • x [ i] MOD i 


END; 

smooth : .. x; 

END; 
FUNCTION add (x, y: number): number; 
{Adds two factorial numbers) 

VAR 
i: integer; 
temp: number; 

BEGIN 
FOR i :- 1 TO maxarraysize DO 

temp(i) :• x[i] + y[i]; 
add := smooth(temp); 

END;{add} 
FUNCTION subtract (x, y: number) : number; 
{Subtracts two factorial numbers} 

VAR 
i: integer; 
temp: number; 

BEGIN 
FOR i : • 1 TO maxarraysize DO 

temp(i] : • x(i) - y(i]; 
subtract :• smooth(temp); 

END;(subtract) 
FUNCTION absolute (x: number): number; 
{Returns the absolute value of x.} 
(This is trickier than flipping a bit} 
{because the sign bit is attached to x[l].) 
(So if x(l)<0 then compute -x[l] subtract} 
{the rest of the terms x(2 .• n)) 

VAR 
i: integer;{a counter} 
y: number;(A temporary register if x<0) 


BEGIN 

IF x[l)<0 THEN 


BEGIN 

y ( l] : - -x [ 1) ; 

FOR i : .. 2 TO maxarraysize DO 


y(i) :• 0; {Zero rest of the array.} 
x[l) : = 0; 
x := subtract(y, x); 

END; 

absolute : • x; 


END; 

FUNCTION negative (x: number): number; 

{Converts a positive x to negative form.) 


VAR 
i: integer;(counter) 

temp: integer;{A temporary register.} 

y: number;{Temporary, for subtraction.) 


BEGIN 

temp : .. -1 - x[l); 

x[l] :• 0; {Save the first value and} 


(let x•fraction(x) .) 

FOR i : .. 2 TO maxarraysize DO 


y[i] :• 0;{Zero the array.) 

y[l) :,. 1; (But let it equal one.) 

x := subtract(y, x); 

x[l] : • temp; 

negative : • x; 


END; 

FUNCTION multbyint (x: number; 
int: longint): number; 

{Multiplies x by an integer int.) 
VAR 

i: integer; 
temp: number; 

BEGIN 
FOR i : • 1 TO maxarraysize DO 

temp[i) : • x(i) * int; 
multbyint := smooth(temp); 

END;{multbyint) 
FUNCTION divbyint (x: number; 

int: longint): number; 

(Divides x by the integer int.} 


VAR 

i: integer;{A counter) 

carry, part: longint; 


(Two registers to carry on digits.) 
temp: number;{Temporary result) 
negativeflag: boolean; 

(Set to true if a negative number.} 
BEGIN 

negativeflag :• (x[l]<0); 
IF negativeflag THEN 

x := absolute(x); 

carry : • 0; 

FOR i :c 1 TO maxarraysize DO 


BEGIN 

part : • x[i) + carry * i; 

carry :• part MOD int ; 

temp(i) :• part DIV int ; 


END; 

temp : - smooth(temp); 

IF negativeflag THEN 


temp : • negative(temp); 
divbyint :• temp; 

END; 
FUNCTION multiply (x, y: number): number; 
(Multiplies x and yin factorial base.) 

VAR 
i: integer;{A counter.} 
partial, temp: number; 

{The partial sum of the multiplication} 
(and a register} 

BEGIN 

partial :~ zero;{Zero the array.} 

FOR i :• 1 TO maxarraysize DO 


BEGIN 
y := divbyint(y, i); 

(Shifty over one decimal place.} 
temp :z multbyint(y, x[i)); 

{Now temp contains y* (x[i)/i!) .} 
part ial :• add(partial, temp); 

(Add it in and continue.} 
END; 

multiply : • partial; 

END;(Multiply} 

FUNCTION divide (x, y: number): number; 

{Divides x by y in factorial-number} 

{representation. Begins by scaling the} 

{numbers to find an easy, accurate way of} 

{computing the first value. After that it} 

(proceeds to use long division.) 


VAR 

i, j: integer; 

negativeflag: boolean; 


{A marker to preserve sign.} 
temp, partial: number; 

(A temporary number: partial result.} 
denom: integer; 

continued 
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ERROR-FREE FRACTIONS 

(The p part of an approximat i on of} 
(the denominator.} 

denomfact: longint; 

(A factorial counter,} 

(q part of the denominator,} 

(approx: p/q.} 


posit: integer; 
(Marks the position being calculated.} 

estimate: longint; 
(An estimate of this value.} 

BEGIN 
negativeflag := ((x(l)<0) AND Cy(l]>0)) OR 

((x[l)>0) AND 
(y[l)<0)); 

(Take care of negative & positive numbers . ) 
x := absolute(x); 
y ;z absolute(y); 
i := l; 
denomfact : • 1; 
denom : = y[l); 
WHILE (denom<l00) AND (i<7) DO 
(Get approximately 3 significant figu r es} 

BEGIN 
i : - i + 1; 

denom := denom * i + y[i); 

denomfact . - denomfact * i; 


END; 
posit : • 1; 
partial : = zero;{Zero the answer) 
WHILE (notequal(x, zero)) AND 

(posit<- maxar r aysize) DO 

BEGIN 


estimate := (x[l) * denomfactl DIV 

denom; 


REPEAT 

temp := multbyint(y, estimate); 

est i mate := estimate - l; 


UNTIL lessequal(tP.mp, x); 

x := subtract(x, temp); 


(Calculate the remainder} 

partial[posi t ) : = estimate+ 1; 


{Record the result.) 

posit := posit + l; 


{Move over one notch.} 

x : • multby i nt(x, posit); 

{Shift the numerator over one notch.) 
END; 
( Do loop unt i l x~0 for best accuracy.) 

partial : = smooth(partial); 
IF negativeflag THEN 

any real-world calculations requiring exact representation of ra
tional numbers. 

Other Exact Formats 
There are several other ways to represent rational numbers ex
actly, but all have major disadvantages. The simplest approach 
is to store the numbers p and q in two registers. This is quite easy 
to handle mathematically, but it introduces some new problems. 
For instance, it's hard to tell if ' 0 }{024 is greater or less than 
520o/i 0456 without calculating the quotient, whereas l .023p is ob
viously greater than 1.02'.Zp. 

The limits of the computer' s integer representation also hob
ble the two-register system faster than they do with factorial
base numbers. For any n, the fraction 1/n! requiresjustn - 1 Os 
and a 1 in factorial base; that same value will overflow 32-bit 
integers for n as low as 14. Other systems involving residue 
arithmetic and p-adic numbers (see references 3 and 4) are be-

partial : = negative(partial); 
divide := partial; 

END; 
PROCEDURE print (x: number); 
(Pr i nts out a number.) 

VAR 
1: integer;{a counter} 
y: 	number; 

{A temporary register if x<0.) 
BEGIN 

IF x(l)<0 THEN 
{The numbers are stored in the form) 
{sum x(i]/i! so convert to an) 
{equivalent positive number by) 
{subtracting the x(2 .•max) terms) 
{from -x(l], the integer part of) 
{the number.) 

BEGIN 

y[l) := -x(l); 

FOR i : - 2 TO maxarraysize DO 


y(i) : - 0; 
{Zero the rest of the array.) 

x[l) : - 0; 
x : - subtract(y, x); 
write('-'); 

END; 

write(x(l): 3, '.'); 

FOR i : = 2 TO maxarraysize DO 


write(x[ i ]: 3); 
write l n(' '); 

END;(Print.) 
BEGIN {Main Program) 

FOR i : • 1 TO maxarraysize DO 
zero[i] : = 0; {Zero the array.) 


one : - zero; 

one (1) := l; 

{Set 1 equal to zero plus one.) 

float := 1 I 3; 

a :• one; 
a := divbyint(one, 3);{Set a equal to 1/3) 
FOR i := 1 TO 30 DO 

BEGIN 

floa t :• 4 * float - l; 

a := multbyint (a, 4); 

a := subtract(a, one); 


END; 
print{a); 
writeln('Using floating po i nt : ', float: 

20); 
END. {Program FACT) 

yond the scope of this article; while they can be more efficient, 
they are quite unintuitive-the numbers must be reconverted 
into fixed base before they can be recognized and compared, for 
instance.• 
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DOS ~ running Lotus 1-2-3 SCO XENIX ~ running SCO Prol"'5ional 

THIS IS AN IBM 

PS/2 MODEL 80 


RUNNING DOS 

Under DOS, this PS/ 2'" is a powerful 80386-based single

tasking, single-user computer that can run thousands of 

DOS applications. In 16-bit, 8086 mode. 


One at a time. 


When OS/ 2 •• software becomes available, the PS/ 2 can 

become a multitasking, single-user computer running in 

16-bit, 286 mode that can also single-task those DOS 

applications under OS/2. 


One at a time. 


With DOS or OS/ 2, the PS/2 will suppon one user. 


I user (DOS) I user (OS/ 2) 

Cost per system• • : $12,389 $12 ,594 

Cost per user: $12,389 $12,594 


Circle 250 on Reader StT'llice Card 
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THIS IS AN IBM 

PS/2 MODEL 80 


RUNNING SCO XENIX 

Under SCO XENlX~ this PS/ 2 becomes a powerful 80386
based multitasking, multiuser computer that can run thou
sands of XENIX applications. In full-tilt, 32-bit, 386 mode. 

Many at a time. 

And using SCO VP/ix;·· the PS/2 can multitask DOS 

applications under SCO XENIX. 


Many at a time. 


With SCO XENlX, the PS/ 2 will suppon one user. 

Or 9 users. Or even 33 users. 


And it can do all that today because you can get SCO 

XENlX for the PS/ 2-now! 


I user 9users 33 users 

Cost per system• • : $14,559 $19,726 $40,402 
Cost per user: $14,559 $2,192 $1 ,224 

SCOXENIX System Vand the SCO XE IX familyof software solutions 
:ue available for all Industry-standard 8086-, 80286-, and 80386-based 
computers, and the IBM®Personal System/2"' Models 50, 6o, and 80. 
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ABOVE BOARD 2LEAVES THE COM 


Above®Board 2 is the first memory board 
for the PS/2'" that comes with the new expanded 
memory specification-LIM 4.0. 

Because only Above Board 2 comes from 
Intel.The company that developed LIM 4.0. 

So now your users can access more 
memory. And run the very latest DOS appli
cation ·oftware well beyond 640K.Which will 
give everyone powerful, new capabilities they 
never thought possible. 

Above Board 2also promises 100% com
patibility wid1 OS/2'"application software. 

Along with guaranteeing compatibility 
with the PS/2'.5 microchannel technology 

Add to that Intel's technical support, 
award-winning documentation and five-year 
warranty,and Above Board 2 is clearly your 
one and only choice. 

Of course you could always wait for the 
competition to catch up. But, 
where would that leave you? 
For mor\'.' m(llml.1Uon.all800-5J8-JJ7J_ Tr.idem:irk..'V'0\\1'\C.~ 
Al>O\'e,lmeVlmi:ICorput"'J.ti1'll.PSJ2,0. 2/lmcntHHJf&tl 
~ml·~.... Mxh1noCorpor.mon.C I lmclCorporauon. 
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with new UniLab 8620 analyzer-emulator. 

• 64Kbytes from hard disk in 5 seconds. 
That's moving. But today you've got to be fast 
just to stay in the race for better micro
processor designs. 
• Thesecret is a new, high-speed parallel 
interface: the Orion bus.Which zips data 
betweenyour PC/AT and the 8620 analyzer
ernufator, breaking the RS-23 2 bottleneck. 
• The 8620 with 0-bus give~ youcomplete 
program diagnosis - and solutions - in real 
time. For more than 150 different micro
processors. Usi ng the same conunand set 
environment. 
• Agenerous 2730 trace-cycle buffer with 
selective filtering lets you cut through the 
clutter and displayjust the traces you wish. 
And you get lµsec resolution in program 
time measurement. Plus continuous InSight 
monitoring of your 

lnSight Displey. lnSight blends analyzer
emulator techniques to give you continuous, 
real time monitoring of key processor functions. 
And still services user interrupts. It displays 
changing register contents, 1/0 lines, ports, 
user-defined memory windows.With your 
own labels. 

• On top of that, you get niLab's trade
mark ability to debug by symptom, not just by 
breakpoint and single step. And, to help 
youcomplete the job on time,on thespot, a 
stimulus generator and EPROM programmer 
are included. 
• Ease of use, another Orion trademark, 
is also built in. So you haveall the familiar 
features and formats you're used to working 
with. It doesn't matter ifyour project is a 
single chip controller or complex 16-bit 

Analyzer Triggers. Commonly used triggers 
can be selected quickly from alist of standard 
and user-defined triggers. 

1n icroprocessor, the 8620 is the top price/ 
performance analyzer-emulator that does it 
all. At just $4380.With processor Personality 
Pales typically $550 each. 
• Unilab 8620. Fast-lanedebugging that 
gets you to market quicker. 

Call toll-free: 800/ 245-8500. 
In CA: 415 / 361-8883 

Sec us at Electro 
Booth 2741 -45INSTRUMENTS 

702 Marshall St. , Redwood City, CA 94063 
TLX 530942 FAX 415/ 361-8970 
Computer Integrated Instrumentation 
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program's key 
functions as they 
are performed. 
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Dick Fountain 

A Personal Transputer 

The prototype Atari Abaq, with the 

Helios operating system, could put 

a Transputer on your desk 

he Atari Abaq is the first of a new breed of com
puters built around the INMOS Transputer 
chip, a high-performance 32-bit processor with 
a unique communications-based architecture 
designed for parallel processing systems. 

Since its launch in 1984, the most common application for the 
Transputer has been in the "personal supercomputer," an array 
of Transputers acting as a powerful calculating engine, with a 
conventional computer acting as a frontend and supplying disk 
and display services through a conventional operating system 
such as Unix or PC-DOS. For this type of work, and in em
bedded control applications , Transputer programs (usually 
written in the Occam language) run on the bare hardware, with 
no intervening operating system to provide standardized 
services. 

Beyond the personal supercomputer arena, the lack of a stan
dard operating system that runs on the Transputer itself has be
come an obstacle to its wider adoption. The Transputer has a 
totally new architecture and instruction set: on-chip static RAM 
in place of registers, a hardware stack for expression evaluation 
and a 4-gigabyte linear address space with no memory manage
ment. (See "The DSI Transputer Development System" by John 
Poplett and Rob Kurver in the February BYTE.) Because of 
these new features, industry-standard operating systems would 
need to be completely rewritten for the Transputer. More im
portantly though, no existing operating systems have the charac
teristics to make full use of the Transputer's power. 

Existing multitasking/multiuser operating systems (e.g., 
Unix and its relatives) were originally developed on minicom
puters and expect lo see a single CPU that runs multiple tasks by 
time-slicing in a shared memory space. The Transputer was de
signed with an altogether different model of computing-one in 
which different processes run on different processors with sepa
rate memory spaces. 

This model is more like a local-area network of machines, in 
which different tasks can be distributed to different worksta
tions. Extensive efforts are being made to produce versions of 
Unix in which the kernel can be distributed over many proces
sors, but no such version is in widespread use yet. 

The job of providing a new sort of operating system for the 
Transputer is now approaching completion, spurred on by 
Atari 's announcement of the Abaq at the Fall 1987 COMDEX. 
The new operating system is called Helios and is being written 
by Perihelion Software Ud. of Cambridge, England. Perihelion 
Software is run by Tim King, late of Metacomco, developer of 

AmigaDOS for the Commodore Amiga. Helios is a general
purpose operating system for Transputer systems, and although 
Atari is an important customer for Helios , there are several 
others, including the graphics supercomputer firm, Meiko. 

Transputer-Powered Graphics Workstation 
" Abaq" is a Hebrew word meaning "from the sands" (suggest
ing silicon) , and the root from which "abacus" is derived. The 
Atari Abaq was developed by Perihelion Ltd. (sister to Perihe
lion Software) and is due to be launched in September. [Editor's 
note: Because a Belgian firm has prior rights to the name Abaq, 
it is likely that Atari will have to find a new name before the 
September release.] It is a Transputer-powered graphics work
station that, at least in its first iteration, uses an Atari Mega ST 
as an UO processor. At the time of this writing, it exists only as a 
board-level prototype. The basic machine will be powered by a 
single T800-20 floating-point Transputer, but more Transputers 
can be added in groups of four by inserting cards into expansion 
slots (three on the prototypes, but probably four in the final 
design). 

At present, two versions of the Abaq are being planned. One 
is an add-on for an existing Atari Mega ST; the other is a stand
alone computer containing an ST motherboard. Both share the 
same technical specifications. 

Because Atari doesn't provide the necessary expansion slots , 
the add-on unit will require the ST to be dismantled to gain ac
cess to the expansion bus on its motherboard, resulting in twin 
boxes and twin power supplies. The stand-alone machine will be 
housed in a single box with a footprint similar to the Mega ST's , 

continued 

"Charity" blitter chip assists graphics creation. 
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but deeper. An ST motherboard installs underneath a similarly 
sized board containing the 20-MHz Transputer and its 4 mega
bytes of dynamic RAM; the Abaq video circuitry and blitter 
with l megabyte of dual-ported video RAM; a SCSI port for the 
40-megabyte hard disk drive, and the expansion slots. 

The Abaq offers fast, high-resolution graphics assisted by a 
custom blitter chip, code-named Charity. Charity is an entirely 
new design; it is not the Atari device used in previous Mega STs. 
It is being implemented using an 8500-gate, 2-micron, CMOS 
(complementary metal-oxide semiconductor) uncommitted 
logic array. Fifty working samples of the first revision have so 
far been made for development work. Charity performs block 
moves on two-dimensional rasters of color pixels. It employs 
32-bit-wide data paths and shares the bus with the Transputer 
CPU; it can copy rasters to and from the full address range, not 
just within video RAM. 

The chip normally reads and writes one address location at a 
time and can simultaneously handle 4 or 8 pixels, depending on 
the video mode. The blitter allows all the normal Boolean mask
ing operations between source and destination for overlaying 
and transparency effects. It also permits tests on pixel values 
within a given range so that the programmer can distinguish ab
solute colors on the screen despite the possibly discontinuous 
mappings of the lookup table. Charity should perform general 
color blits at around 10 million pixels per second. 

Charity also has a special pixel block mode (PBM) that can 
be used only when the destination raster lies entirely in video 
RAM . PBM permits 32 pixels to be written in one or two 
cycles-a process that gives an area-fill or line-drawing capabil
ity of from 64 to 128 million pixels per second (equivalent to 
about 100 full screens per second) . PBM also puts single-color 
font data onto the screen extremely rapidly, enabling quick 
screen updating for desktop publishing applications . 

The Abaq's video system has four display modes. Mode 0 
furnishes a 1280- by 960-pixel display with 4 bits per pixel ; 
mode 1, a 1024- by 768-pixel display with 8 bits per pixel; mode 
2, a 640- by 480-pixel display with 8 bits per pixel, double buf
fered (i.e., two separate screens for animation effects); and 
mode 3, 512 by 480 pixels with 32 bits per pixel. 

A 24-bit hardware color lookup table maps 8-bit inputs into 
24-bit outputs. Full 8-bit digital-to-analog converters (DACs) 
are employed to provide the analog video · signals to drive the 
color monitor's RGB guns. 

In modes 1 and 2, you can choose the 256 displayed colors 
from a palette of 16 million. In mode 3, the color lookup table is 
bypassed and 8 video bits are sent directly to each DAC, giving a 
fixed palette of 16 million colors-the remaining 8 bits are used 
as overlay and tag bits . Overlay bits are decoded in hardware and 
can be used to support a number of hardware-encoded cursors, 
while the tag bits can be used by suitably written applications 
programs to mark separate screen areas for efficient object-ori
ented graphics and sprite effects. 

Atari will be offering only one high-resolution monochrome 
monitor with a 146-MHz vertical scan rate for mode 0 operation 
in 16 shades of gray-features aimed at desktop publishing and 
CAD/CAM users. For other modes, off-the-shelf monitors such 
as the NEC MultiSync Plus or XL will suffice. Still under re
view is the question of color operation in mode 0-but the qual
ity of monitor required \\Ould be very expensive. 

So far, Abaq' s developers have designed two kinds of Abaq 
expansion cards. The Transputer farm board contains four T800 
Transputers with I megabyte of dynamic RAM each, while the 
memory expansion board contains 20 megabytes of DRAM. A 
four-slot Abaq could contain 17 Transputers or 84 megabytes of 
RAM, or combinations in between-for example, 13 Trans
puters and 24 megabytes of memory (three Transputer boards 
plus one memory board) . No industry-standard bus has been 

304 B YT E • JUNE 1988 

adopted for these cards that can simply receive the Transputer 
memory bus signals. The Transputer links are not brought to the 
edge connector, but you can join them independently with 
point-to-point wiring to set up different configurations. 

In the prototype machines I saw, the Abaq/ST interface was 
rudimentary , but in the finished machine, you will be able to 
use GEM (the Digital Research Inc. standard operating system 
software supplied with the Atari ST) on the Abaq screen, and 
access the Abaq hard disk and other SCSI peripherals from the 
Atari ST. 

The Helios Operating System 
The Abaq is a powerful enough graphics workstation, but it is 
the Helios operating system that will make this workstation ex
traordinary . The goal of Helios is to allow Abaqs to be 
networked together in such a way that all the processors in all the 
machines are potentially available to all users. 

Because typical workstation users are happy with Unix , 
Helios is deliberately being designed to look as much like Unix 
as possible . The Helios shell looks exactly like the Unix C Shell 
and supports all the normal Unix commands. Internally, how
ever, it works very differently from Unix in several respects: 
Helios has a distributed kernel versus Unix's centralized kernel; 
it does not need to spawn new processes in software because the 
hardware handles this procedure; and it names every system ob
ject, whereas Unix names only files and directories. 

However, Perihelion has emulated Unix version 7 calls to the 
point where much of the software-especially the development 
tools-can be ported by little more than a recompilation. I have 
seen the MicroEMACS editor, running on an Abaq , ported 
using public domain C source code. 

Thus, Perihelion is writing much of Helios in C rather than 
Occam; the rest is in Transputer assembly language. The 
in-house-produced C compiler is based on the excellent Nor
croft portable compiler. 

The Nucleus of Helios 

Helios is a fully distributed operating system that works by mes

sage-passing. At a minimwn, every Transputer in a Helios net

work must run a system program called the "nucleus," which 

consists of about 30K bytes of code. With its various work

spaces , the nucleus needs about lOOK bytes. The program is 

subdivided into four modules: the kernel, the processor man

ager, the loader, and the system library. 


The kernel is responsible for managing all the Transputer' s 
hardware resources ; it implements the message-passing mecha
nism and allocates RAM to tasks from both the Transputer 's on
chip RAM and the external DRAM. The kernel also provides a 
service called the name server (described in more detail later) , 
which contains list-processing and semaphore services. 

The processor manager creates new tasks, controls them 
while they run, and then terminates them and releases their 
resources. In Helios, a task is not the same as a Transputer pro
cess. It is built out of one or more concurrent Transputer pro
cesses and will contain other resources like open files, static 
data areas, and dynamic storage such as a stack and a heap. 

Helios doesn't need to support processes as such, because on 
the Transputer they are provided and scheduled by the hard
ware. Spawning a new process requires just a couple of Trans
puter instructions. Thus, Helios needs no equivalent of the Unix 
fork procedure. 

The loader is responsible for loading objects into the proces
sor and unloading them when they are no longer needed. It 
translates program images and puts them into memory, loads 
resident modules for code sharing, and handles data objects 
such as fonts and other bit-mapped images. 

con1inued 



An inside lookat 


The more you look into 386 compatibles. the more 
you realize that well thought-out design innovations 
(that really work) are few and far between. 

That's why our engineers set out to design the 
CV-386.They realized they could unlock more of the 
chip's potential. if only they could speed up data retrieval. 
without affecting system reliabil ity. 

INNER POWER 
Here's how they did it: ahigh-speed RAM cache 

circuit-a full 64K of superfast 
memory-that puts your most fre
quently accessed data right at your 
fingertips. If you're ever involved in 
processing complex databases. long 
spreadsheets.or detailed engineer
ing drawings.you'll see the value of 
this innovation in asecond... literally. 

Best of all. the cache circuit 
actually makes the GV-386 more reli
able than other high-speed machines. 
by sparing integrated circuits from 
harsh overloading. 

Our BBS is on-line 24 hours. 
Call The SoflStop al 918-252-9137. 

Prices sub1ect to change. 

Circle 304 on Reader Service Card 

GV-386 

Specifications 

O Available with 16MHz 
or20MHz CPU 

O Zero Wait States 
O 64K Cache (keyboard 

enabled) 
0 IMB RAM on-board, 


expandable to 4MB 

O Socketed for 80287 or 


80387 
O 1/0 Bus runs at 8MHz for 


hardware compatibility 

O Six 16-bit slots: lWo 8-bit 


slots 
o Price: 20MHz systems start 

at $2.750: 16MHz systems 
as low as $2.375 

QUALITY THROUGHOUT 
Of course.our most important criterion when 

designing our super compatible wasn't speed-it was 
quality. Tuke alook inside the GV-386 and you'll see it 
everywhere: from the highest quality components avail
able to the intelligent use of special CMOS RAM to store 
system set-up information.On the outside. the fit and 
finish of the GV-386 would make Big Blue green.Even the 
user's manual has impressed users and reviewers alike. 

We'd like to tell you more about 
what went into the GV-386.Give us a 
call and we'll give you the whole story. 
We'll also tell you about ourexclusive 
30-Day Compatibility Guarantee.our 
full One-Year Warranty and our toll
free support service. 

The CV-386 from PC Designs. 
With design innovations this 
advanced.at this price. it's an 
open and shut case. 

IPC ltlii9Mii 

Call us now at l-800-32-BIT PC 

1800 - 322 - 487 21 

2500 . Hernloc Circle.Broken Arrow.OK 74012 
• 918·251 ·5550 JFax. 918·251·70571 

19 Rector Slreel. Suite 2i05, ew York.NY 10006 
• 212-Sl4·72801Fax· 212-797-39731 
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The system library is a resident code module that supports the 
equivalent of the system calls in an ordinary operating system. 
All applications programs must talk to the machine through this 
library. Many tasks can share resident Helios modules, result
ing in great code economy. The Helios ls command, for exam
ple, occupies 663 bytes compared to 1 lK bytes under Unix. 

The system library also keeps track of the resources allocated 
to running tasks; a table of pointers to the task• s resources is the 
first parameter passed in any Helios system call. A second li
brary provides Unix-compatible system calls, thus localizing 
and isolating any Unix compatibility problems. 

Server Tasks Are Transparent 
The network hardware is uncomplicated and is based on buf
fered Transputer serial links that operate at up to 20 megabits 
per second. In the worst case, you will always have at least one 
Transputer in your own workstation. But when other users log 
off, you will be able to use the Transputers in the other worksta
tions to accelerate your own software. Or there might be a large 
box ofTransputers on the network, such as a Meiko Computing 
Surface, shared by all users-just as laser printers are currently 
shared by network users. First there were file and print servers. 
Now, Helios introduces us to the notion of a "compute server." 

Helios tasks may communicate only through message-pass
ing. By contrast, the individual processes within a task can 
communicate by any means a progranuner may wish to devise. 
The overall Helios design is based on a client/server model with 
some similarities to that ofAmigaDOS-no surprise, given that 
both designs are descended from the Cambridge Distributed 
Operating System. Applications tasks request services from sys
tem server tasks by sending them messages. 

In Helios, server tasks can be running anywhere on the net
work and are totally transparent to the user and to applications 
programs. This transparency is achieved by the ability of the 
kernel's name-server task, which can search the network to lo
cate other servers. Like files in an ordinary operating system, 
servers in Helios are called objects. When you type the ls com
mand, you will see servers listed as well as files. 

Running ls again on one of these server names will list its 
contents. If it is a disk server, you will get a dir~tory of files. 
For another kind of server, you might get a list of\funning tasks. 
Ifyou have the necessary access permissions, you could type ls 
followed by the path name of a disk belonging to another work
station in the network and it would be duly listed. From then on, 
the name of that disk drive would appear in the directory list for 
your own workstation, because the name server now knows its 
location. 

Helios servers are written to be "stateless"; that is, the suc
cess of a request for a service never depends on the success of a 
previous request. Achieving statelessness involves some repeti
tion of information; for example, every file read or write request 
must supply the name of the file and its position pointer. But the 
trade-off is µtat the system is inherently fault-tolerant; any re
quest can be repeated until it succeeds. 

The Message-Passing Mechanism 
Helios' message-passing mechanism must be able to pass mes
sages between tasks on different processors, as well as between 
rasks on the same processor. Helios handles this operation by 
sending messages to message "ports." These ports are software 
data structures that relate to the Transputer's hardware links in 
much the same way that tasks relate to processes. A message 
port located on a remote processor is represented in the sender 
processor by a surrogate port to which the message is sent. 

This surrogate port contains a physical link address and 
passes the message to a port on a next-door-neighbor processor, 
which may itself be a surrogate port. The message is thus passed 
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hand to hand until it is eventually : • ::eived by a real message 
port. The message leaves a trail of port descriptors in each pro
cessor through which it passes, pointing back to its source. By 
default, the surrogate ports along the trail will be deleted to 
avoid wasting memory, but you can set a flag in the message 
header to preserve the ports and hence keep the route open for 
use by further messages. 

If for some reason (e.g., a hardware or software failure) a 
message cannot be delivered to its destination, an exception is 
raised and returned to the sender for another try. If the excep
tion itself fails to arrive, a timeout will occur on one of the ports. 
There are no routine acknowledgments of messages; they are 
assumed to have arrived safely if no exception is returned. The
oretically, it would be safer to have the receiver acknowledge 
every message, but such a process would double the time it takes 
to send a message. This trade-<>ff can be justified by the high 
reliability ofTransputer links compared to a conventional LAN. 

You can build further error recovery into applications pro
grams at a higher level. For example, the program could lock 
out dead links or processors (as it would bad disk sectors) and 
reroute messages through the good parts of the system. 

While the Helios messaging system is simple and speedy, the 
link speed of 20 megabits per second is not fast compared to the 
speed with which a 10-MIPS Transputer accesses memory. 
Thus, message-sending is still a relatively slow operation. 
Tasks that need to have a predictable real-time response must 
either poll the reply port using a short timeout-so they are not 
suspended waiting for the reply-or else spawn a child process 
to watch the port for them. 

Distributing Programs 
Since there is no hardware memory protection available, Helios 
provides a software protection scheme based on capabilities. A 
capability is a 64-bit data structure that contains a checksum 
encrypted with an access mask. 

This scheme operates all the way from the level of protecting 
data objects from the unwanted attentions of rogue tasks, to re
stricting human access to files. Whenever a task creates a new 
object, the system gives the object a unique encryption key with 
which it encrypts its creator's access mask and then returns the 
capability. A task can only access that object if it owns a valid 
capability containing the necessary access pennission. 

All client requests to servers must be accompanied by a valid 
capability-this process is rather like presenting a credit card. 
Helios allows only whole programs, rather than their compo
nent processes, to be assigned to separate processors. In this 
respect, Helios represents a regression from the highly parallel 
approach taken by Occam. 

A native Occam program running on the bare hardware can 
have many component processes executed concurrently on dif
ferent Transputers, enabling the implementation ofhighly paral
lel algorithms such as pipelines. The Helios approach, however, 
still allows three lesser levels of parallelism. 

The first level is Unix-like; pipes connect small single-func
tion programs such as file filters, or editors and compilers. A 
Helios routine called the task-force manager assigns each such 
program to a separate processor, if enough are available, and 
implements the pipes using real Transputer links. The proces
sors can either come from the user's own cluster of private 
workstation processors, or be allocated from a shared pool just 
for the duration of the execution. 

You can place frequently used programs, such as compilers, 
on a particular shared processor permanently and direct all in
vocations of the program to that processor. If a program is well 
behaved-if it doesn't corrupt memory belonging to other pro
grams-this processor may be shared by several users. Otber
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wish to send our subscribers material about their pro
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choosing only those who are reputable, and whose pro
ducts, services, or information we feel would be of in
terest to you. Direct mail is an efficient medium for pre
senting the latest personal computer goods and services 
to our subscribers. 

Many BYTE subscribers appreciate this controlled use 
of our mailing list, and look forward to finding infor
mation of interest to them in the ma il. Used are our 
subscribers' names and addresses only (no other 
information we may have is ever given). 

While we believe the distribution of this information is 
of benefit to our subscribers, we firmly respect the wishes 
of any subscriber who does not want to receive such pro
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A PERSONAL TRANSPUTER 

wise, Helios never allows tasks from different users to be 
assigned to the same processor. 

The second level of parallelism involves large programs that 
you~ divide into modules and allocate to different processors. 
This division is often easy to perform, since many large pro
grams are already written as a number of overlays. The process 
involves creating a blueprint file that holds a description of the 
application components with their memory requirements, rela
tive placements, connections to other modules and so on. The 
task-force manager uses this file to place the components and 
execute the application. 

It would be much better to have a task-force manager that 
could simply look at a program and decide how best to distribute 
it over the processors. Although this goal is the object of many 
current research projects, it lies well beyond the present state of 
the art. 

The final level, with the fmest granularity and highest degree 
ofparallelism, is the Occam compatibility level. Helios can exe
cute Occam programs by ta.king the components of an Occam 
PLACED PAR construct (a group of concurrent processes) and 
building a blueprint file for them, then allocating each compo
nent to a processor. Each component is made into a whole pro
gram by wrapping it in a cocoon of processes that interface to 
Helios system services and translating raw Occam channel com
munications into Helios messages. 

Helios Development Tools 

In addition to the C compiler already mentioned, Perihelion of

fers a Transputer assembler and linker and is working on a de

bugger that will allow one Transputer to monitor the activity of 

another, offering features that are nortnally found only in hard

ware debuggers. Other firms are preparing Transputer Pascal, 

FORTRAN, Lisp, and BCPL compilers, as well as a Helios

hosted Occam compiler. 


Perihelion will supply graphics suppon for the programmer 
by porting Xwindows Vll, the public domain Unix window 
manager that is fast becoming a standard; it bas been adopted by 
large manufacturers such as Apollo and Hewlett-Packard . Peri
helion hopes to have beta-test versions available by July . Helios 
will perform all graphics operations by sending messages to an 
Xwindows graphics server that drives the blitter. As an alter
native to the C Shell, Xwindows will also be used to implement 
a windows/ icons/mouse/pull -down-menus (WIMP) user 
interface. 

Perihelion has written a number of disk servers . Several 
servers can be installed in the same system using different disk 
formats. Floppy servers for the IBM PC, Atari ST, and BBC 
Micro already exist, while the hard disk server uses a Unix 4 .2 
format, extended to include the Helios protection scheme. 

The Future According to .Transputers 
The Abaq/Helios project promises to liberate the Transputer 
from its present confinement in the supercomputer laboratory 
to, at the very least, the engineering office and teaching lab. 
Although prices have not yet been fixed , at the time of the 
Abaq 's announcement, Atari spokesmen said that the company 
hoped to keep the price below $5000. 

Clearly , the Abaq is not yet the Transputer machine for the 
rest ofus. But such a price would be relatively inexpensive for a 
workstation network that should provide at least as much power 
as the newest offerings from Sun and Apollo. And Helios could 
become the basis for even less expensive machines that will 
finally truly bring the Transputer into the personal computer 
arena. • 

Dick Pountain is a BITE contributing editor, a technical au
thor, and a software consultant living in London, England. 
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by David L. Fox 

Dynamic 

Memory Management in C 


Here's how to use C's built-in 
memory functions to produce better 
programs, plus some debugging 
code to make using them easier 

emory management is the process by which pro
grams keep track of where the data they need is 
stored in the ~omputer's memory . When the 
correspondence between data and physical 
memory locations changes during the execution 

of a program, its memory management is said to be dynamic. 
Some pitfalls are waiting for you when you use C ' s memory 

management tools, but there are techniques for avoiding them. 

C Memory Management and Memory Functions 
Much of the memory management done by C is transparent to 
the programmer. For example, the declaration int 1; reserves 
one word of memory to store the value of the variable 1. If this 
declaration occurs outside a function, then other functions can 
access i; in this case, 1 is an external, or global, variable. If the 
declaration occurs inside a function , the word used to store i is 
allocated on the stack. Here, the allocated memory is available 
inside the function, but discarded when the function returns , 
making it available for use by another function . This sophisti
cated memory management scheme requires no effort on your 
part: You simply declare a variable, and it is available wherever 
the declaration is in effect . In addition to the built-in memory 
management through global and local declarations, the standard 
C library contains several functions that give the programmer 
access to the heap. These functions are listed in table l. 

The malloc ( ) function returns a pointer to a region of at 
least size contiguous bytes of memory that can be used in any 
way you see fit. Free ( ) returns a block of memory to the heap 
that was obtained by malloc ( ) . Malloc ( ) and free ( ) are the 
same as new() and dispose() in Pascal. Realloc() changes 
the siz.e ofa block of memory reserved by malloc ( ) . The mem
ory block requested can be larger or smaller in siz.e. It is impor
tant to note that realloc ( ) may modify the pointer to the mem
ory block. If this happens, the contents of the original block (up 
to the smaller of either the old or the new block size) are copied 
to the new location. Finally, calloc() provides an alternative 
to malloc ( ) when requesting a block. It differs from malloc ( ) 
in two ways: It uses two arguments to specify the block size, and 
it zeros the contents of the allocated memory block. 

Advantages of the Memory Functions 
Why would anyone use these functions when C has built-in 
memory management for variables? One answer is that a C 

Illustration by Tom Centola © 1988 

compiler can allocate only fixed amounts of memory for a pro
gram when it is compiled. For example, suppose you have writ
ten a program for sorting a list of numbers . Before the numbers 
are sorted, they are read into an array in memory that's declared 
as double numbers [1000] ;. 

This array works fine until you need to sort a list of 1001 
numbers. To fix the problem, you can change the declaration to 
double numbers [5000]; and recompile the program. This 
solves the immediate problem of sorting the larger list, but it 
introduces a new problem: The rest of the memory reserved for 
the array goes to waste. Worse, the program won ' t load unless it 
bas enough memory to allocate the entire array , whether or not 
all of the array is used. If the array is large enough, the program 
won't run at all on many microcomputers. Only those with lots 
of memory will work. You can avoid both problems by using 
malloc ( ) or callee ( ) to dynamically allocate memory for the 
array , making it as large as possible on a given machine at run 
time. This would fail only when the data set is too large for the 
machine- a limitation that everyone must live with . 

Unnecessary limits caused by fixed array sizes are all too 
common. For example, in MS-DOS, try setting the Path envi
ronment variable to a string of more than 127 characters. As in 
the previous example, using fixed-siz.e arrays to store the com
mand lines is wasteful , since you must make the array size large 
enough to bold the longest possible line. Listing I shows a rou
tine called getline( ) that reads a line of any length. This rou
tine avoids the wastefulness of fixed-size blocks by adjusting the 

continued 
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DYNAMIC MEMORY MANAGEMENT 

Table I: The common C language functions that 

access the heap. 


#include <stdllb.h> 

Purpose: ANSI standard header containing declarations of 
memory management functions. 

size_t 

Purpose: The integral type {defined in <stddef.h>) of the 
result of the sizeof operator. 

void •malloc(size) 

size_t size; 


Purpose: Dynamically allocates memory. The size of the 
memory requested, in bytes, is passed to malloc ( ) . A 
pointer to the block is returned if the operation is successful; 
otherwise, NULL is returned. 

void free(pointer) 

char •pointer; 


Purpose: Releases memory blocks allocated by canoe(), 
realloc ( ) , or rnalloc ( ) . The pointer to the block is passed 
to free(). 

void •realloc(oldptr, newsize) 

void •oldptr; 

size_t newsize; 


Purpose: Modifies the size of an allocated memory block 
while preserving its contents. A pointer to the old block is 
passed to realloc ( ) . A pointer to the new block is returned 
if the operation is successful; otherwise, NULL is returned. 
The pointer returned can be different from the one passed to 
realloc( ): 

void •calloc(nitem, itemsize) 

size_t nitem; 

size_t item.size; 


Purpose: Similar in function to malloc ( ) , except that the 
contents of the block are :zeroed. The size of the allocated 
block (in bytes) is nitem*1temsize. A pointer to a block 
whose size can hold the items requested is returned if the 
operation is successful; otherwise, NULL is returned. 

size ofevery block to the line it contains. It reads characters and 
stores them in an array created by malloc ( ) until a new line 
character is read. If the array fills up, it is expanded by calling 
realloc( ). 

When blocks of memory are needed at different times, mal
loc() and free() allow the program to reuse memory. For 
example, the code fragment below can use the same memory (at 
different times) for an array of integers and an array ofpointers. 
This can often reduce the total amount of memory required to 
run a program, or it can allow larger amounts of data to be pro
cessed in a given amount ofmemory. 

char **s; 

int *p; 

/* Allocate space for an 
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array of 1000 integers. */ 

p - (int *)malloc(lOOO*sizeof(int)); 


/* Finished with integers. */ 

free(p); 


/* Allocate space for an 
array of 1000 pointers. */ 

s = (char **)malloc(lOOO*sizeof(char *)); 

/* Finished with pointers. */ 

The examples given so far have all dealt with simple arrays. 
The benefits of using malloc ( ) and free ( ) to perform dy
namic memory management are multiplied when they're used 
with more complex data structures, such as linked lists and 
trees. While it is possible to store a tree in an array of node 
structures, you must keep track of which array elements contain 
active nodes and which are unused and available as new nodes. 
Malloc ( ) does all the bookkeeping for you. To create an empty 
node structure, you simply execute 

nodeptr =(struct node* )malloc(sizeof(struct node)); 

When the node is no longer needed, you use free(nodeptr); 
to get rid of it. 

Disadvantages 
Like most things of value, the benefits of dynamic memory 
management are not without cost. The first drawback that 
comes to mind is increased overhead. This overhead turns out to 
be quite small. The memory allocated by malloc ( ) is as effi
cient as any pointer in C. The extra work is required only when a 
block is created or released. The additional memory used by 
malloc ( ) for bookkeeping is significant only if many very 
small blocks are being used. 

Dynamic memory management's second cost is that debug
ging is more difficult. Exceeding the size of an allocated mem
ory block is one of the toughest programming errors to find and 
correct. Adjacent areas of memory are written into as a result of 
this error, and you won't detect the damage until you attempt to 
use the contents of the overwritten memory. These modified 
values generate all sorts of strange bugs that don't point to the 
real problem. In the case of an array allocated at compile time, 
the variables assigned to memory adjacent to the offending array 
are determined by the declarations in the source code. Since re
lated variables are often declared together, there is a good 
chance that the problem will be localized. 

The location of objects in memory is not under your direct 
control when you use malloc ( ) • and there is a good chance that 
completely unrelated data will be stored adjacent to one another 
in memory. Even worse, most implementations of malloc ( ) 
store the data needed to maintain the free list adjacent to the 
allocated block. Overrunning the end of a block won't destroy 
data visible to you, but it corrupts the free list. As before, this 
causes problems when you attempt to allocate a new block of 
memory using the damaged portion of the free list, and the pro
gram may crash as a result-even while executing code that is 
far from the actual cause of the problem. This kind of bug is 
very difficult to locate. 

The free list can also be damaged by calling free() with a 
pointer that -wasn't obtained from malloc(). This error is easy 
to make when a program is allocating memory for many data 
structures. The seriousness of this error depends on the imple
mentation of free ( ) . Consistent with the lean and mean philos
ophy of C, most versions of free ( ) do only minimal checking. 

continued 
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DYNAMIC MEMORY MANAGEMENT 

Listing 1: The source code for getllne.c, a routine 

that reads a line and adjusts storage to hold the line, 

regardless ofits length. 


/* getline. c -- Read a line. */ 

iincl ude <stdio.h> 

Binclude <stdlib .h> 

Binclude <stddef.h> 


/* getline -- Read one line from file */ 

I* infile into a string allocated by * / 

I* malloc. Return NULL on error, * / 

/* otherwise a po i nter t o the string. */ 


idefine MEMINCR 256 /* Increment in 

size of memory block. */ 


char *getline (infilel 

FILE *infile; 

( 

char *r; 

size t n, m; 

int c; 


n = O; / * 8 of bytes read. */ 
m ~ MEMINCR; / * Ava ilable space. */ 
r - malloc (m+l); /* Allow room f o r \0 *I 
do ( 

if (--m = 0) ( 
if (( rm realloc(r, n+MEMINCR+l)) =

NULL) ( 
return NULL; 

m = MEMINCR; 

) 


if (( c = ge tc( infile)) ~ EOF) { 
return NULL; 

I 
r[n++) = c; 
while (c != '\n'); 

r [n) = '\0'; I* Terminate the s tring. */ 
if ((r = rea lloc (r, n+l)) ~ NULL} { 

return NULL; 

return r; 

This minimizes the overhead of calling free() but transfers the 
responsibility of writing correct code to the programmer. 

Avoiding Bugs 
Since programs using malloc ( ) to manage memory are suscep
tible to some nasty bugs, the best course is to write correct code 
in the first place. By far the .most effective way to minimize the 
number of bugs in your code is to think before you write. The 
extra time spent on careful design of the program and its data 
structures will be more than repaid when debugging the code, 

Programmers !)ften reject programming techniques that re
sult in more reliable code because they believe (rightly or 
wrongly) that these techniques result in slower programs. This 
concern for efficiency is doubly misplaced. First, it comes at the 
wrong time. You should consider efficiency during the design 
phase, particularly in the choice of the algorithm you use. Sec
ond, efforts to improve perfonnance are usually done in the 
wrong place. Execution speed is relevant only to those parts ofa 
program that execute for a significant amount of time during the 
program's operation. In most programs, this is only a small 
fraction of the code. Finally, speed is of little importance if the 

continued 
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DYNAMIC MEMORY MANAGEMENT 


Listing 2: A junction to luuuJk error-checking for calls 
to malloc( ). /fthe request/ails, the program is stopped 
after printing an emJr message; otherwise, the poi111er 
retuf'TU!d by malloc ( ) is passed to the program. 

/* mmalloc -- Allocate nbytes of memory using 
malloc(). Exit if malloc() fails. */ 

finclude <stdlib . h> 
char * mmalloc(nbytes) 
unsigned nbytes; ( 

register char *s; 

if ((s • malloc(nbytes)) -- NULL) ( 

fprintf(stderr, •out of memory l \n\ 


Request for 'u bytes failed.\n", nbytes); 
exit Cl); 
I* Exit() could be replaced with a call 

to a garbage collection or compaction 
routine and the malloc retried. */ 

return s; /* Return only if s points 
to a valid block of memory. */ 

program does not work correctly. The choice between a pro
gram that produces the wrong answer quickly and one that gives 
correct results more slowly is obvious. 

Now consider some ways to make the use of malloc ( ) more 
reliable. Always check the value returned by malloc ( ) to verify 
that memory was actually allocated. It's a nuisance to have to 
write if (malloc{ ... ) =.. NULL) error( .. •); every time you 
n.eed to allocate some memory, especially when you're certain 
there is enough memory. You can avoid this inconvenience by 
using the function supplied in listing 2. 

The idea of encapsulating the error-<:hecking in a separate 
routine is a simple example of the general principle of infonna
tion hiding. Malloc ( ) itself provides another example. The de
tails of bow malloc ( ) keeps track of the sil'.C and location of 
available memory blocks are hidden from the program calling 
malloc ( ) . This bas several advantages: Keeping the interface 
to the rest of the program simple minimizes the chance of malc
ing an error. The methods and data structures hidden inside a 
library routine can be thoroughly tested and verified, indepen
dently of any application. 

A Debuaf.ng Tool 
No matter how carefully you design and write your programs, 
sooner or later you will be bitten by one of the nasty bugs dy
namic memory management makes possible. There is a debug
ging tool that will help you lmd the source of the problem. 

The basic idea is this: Before every call to a memory manage
ment function, insert code that will make a copy ofthe sil'.Cs and 
locations of blocks allocated by malloc ( ) . This copy is com
pared with the information maintained by malloc ( ) . Any dis
crepancy is reported immediately. This lets you locate the 
source of the error at once instead ofwaiting for the delayed and 
often disastrous results of overwriting adjacent memory. 

The debugging code is in the form of three routines (tmal
loc ( ) , trealloc ( ) , and tfree ( )) that are called instead of 
the corresponding library functions. These routines are located 
in memmchlc .c . The comments in memmchk.c tell you how to 
make these functions available to your program, and address im
plementation details. 

To implement such a tool, you need to know how malloc() 
works. This violation of information-hiding results in a severe 
portability problem, since there are many ways to write a mem
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ory allocator. You would need a different version for every C 
compiler. I've used Kernighan and Ritchie's implementation of 
malloc, as published in their book, The C Programming Lan
guage (Prentice Hall, 1978, page 173), to guide the implemen
tation of the debugging routines presented here. Since this book 
should be in every C programmer's library, you can use it to 
assist you in porting the debugging routines to a new compiler. 

As described by K & R, the basic data structure used by mal
loc ( ) is the free list, which is a linked list of available memory 
blocks. Each block in the list bas an associated header structure 
containing the size of the block and a pointer to the next block in 
the list. Blocks that have been allocated and that the program is 
using are not included in this linked list, but they still have a 
header containing the sil'.C of the block. A call to malloc ( ) re
sults in a search of the free list to find a block large enough to 
satisfy the request. This block, or a portion of it , is then re
moved from the free list, and a pointer to it is returned to the 
caller. Free ( ) inserts the block pointed to into the free list at 
the correct location and updates the link pointers in the header 
structures to maintain the free list. To prevent memory frag
mentation, adjacent free blocks are merged . Only the structure 
of the header is important to the debugging tool. This structure is 

struct header ( 
struct header *ptr; 


I* Link to next block . */ 

unsigned i nt size; 


I * Size of block. */ 

I; 

Although the details differ, all the versions of malloc( ) I 
have seen use a variation of this algorithm. I've used the debug 
functions in memmchlc.c successfully with Ecosoft Inc. 's C88 C 
compiler 4.05. I've also used Manx Software Systems' Aztec 
C86 C compiler 4.10, although I had to add K & R's version of 
malloc to use memmchlc. c with it. Ifyou have the source code for 
your library, you might want to tailor the malloc ( ) checker in 
memmchk. c to your compiler. 

In addition to checking the block size and location on every 
call to free ( ) or realloc ( ) , another check is performed: The 
number ofblocks in the free list is counted every time a memory 
management routine is called. Since only one block at a time is 
added to or removed from the free list, any substantial change in 
the length of the free list between memory calls indicates that 
pointers connecting the linked list are corrupted. 

F'mally, there is a routine called memlst() to list all the cur
rently allocated memory blocks. This can be useful if called at 
the end of your program. If all the allocated blocks are freed, it 
should not produce any output. If some blocks are still allo
cated, it indicates that you do not have memory management 
under complete control. The uncertainty about which blocks 
are in use and which are not can be a source of serious errors . 

Using C's dynamic memory management functions results in 
programs that are portable and that adapt to the amount of mem
ory available on the host computer. The disadvantages can be 
controlled by careful program design and the coding techniques 
I've described. Attention to program design and good program
ming style, especially important with dynamic memory man
agement, will improve the reliability of any program. • 

Editor' s note: The C source code for the debugging tools is 
availabk in a variety offoimats . See page 3 for details. To use 
the tools, you'll need a C compiler. 

David L. Fox ofGolden, Colorado , is the chiefscientist ar Mini
mum Instruction Set Computer Inc. He has spent the last 4 years 
developing programnum' tools and expert systems. 
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The Best Education 


For the sb.'th straight year, the best Seminar Series 
anywhere In the computer industry is free to all 
Volume Buyers - corporate and reseller - attending 
PC EXPO on June 2 1-23 in cw York. In an inclu try where 
information and education command a high pric ', no other 
computer trade event can match the value that PC EXPO 
provid s volume buyers like you . 

No one else matches PC EXPO's quality either In fa t, 
most experts rank it # 1 in the industry. What's even more 
important is the response our Seminar ·rics get from you. 
When a · ' ing P E, PO c.. ion in term of app li cabilit 
to th ir job-, overall content and level of information 
presented, over 92 percent of all olume Buyers rated them 
as very good or excellent. 

....--------- - -- Seminar Schedule---- --- ------. 

'l\w rhn . .lu1w 2 1 

PC L PO Kl::Y OTE 9:00 a.m. 
1etl C. Lautenbach, IBM Vice 

President, and Prc-ident., ational 
Distribution Division, kicks off the 
indu try' best cminar Series. 

o Selecting a D ·kto11 Puhli. hing 
'Lem 

o Legal Developme nt in the 
TechnolOg)' Field 

• A LAN Primer. Ba ic Terms and 
'lechnologie 

o Optical loragc 
D \ [: A Primer 

• 	Distributed Databa e: Products or 
Promi e-? 

o What to do While the 80386 1}ikes 
Over th e World 

o Costs and Benefits of Microcomputers 
• Making th e V X Connection 
o 	 ·oftwar 1989: What Corporation · 

Can Expect, What sers \Vant 
o Security Decisions in a Micro

computer Environment 
o Qualifying for Corporate Account 

eUing 

\\ 1•dn1',d<1\. Jun r 2~ 

• Network Manag 	111cnt - Keeping 
your ctwork Runnin•• 

• Groupwa rc: Connectivity for 
Workgroups 

o In Graphic Detai l 
D Exp rt Systems: Real Applications 

of Al 
o Portables: A Roundtablc Forum 
o Desktop Publishing: What Corpora

tion are Doing 
• LAN Backbones and Bridge 
• The Macintosh in the Corporate 

Environment 
D Dealing with the Inevitable: 

Departmental Systems 
o Di counting: Th Return Engc'l,,>cment 
.o Softline: Candid Comment 	 from 

Industry Leaders 
o Promoting Re ·ponsible End-U er 

Computing 
• 0 	 /2 and Networking 
o Latest Developments in prcacl

hc t Software 
•	 Micro-to-Mini Connectivity: Issue 

and Answers 

'1'11ur·qb). .lun e- 2:l 
• How to Grow Your 1et 
o Software upport und pgrades 
o Micro-Channel Architecture 
o What' cw i11 Training? 

DE tabli hing a Backup . trategy 
o Executiv' Information ·ystcm 

• Local rca ctwork I u 
• Micro to Mainframe Connections 

• LA 1s and Allernative 
o Projc ·t Man.-ig ment oftware 

D 	New Lives for Old - What lo do 
with Out-Dated Equipment 

• Workgroup Computing 
o Information Centers: Changes and 

Chall nge 
o End ser Support 
D Microcomputer Maintenance 

• Con11ectio11s '88 Se ions 

Sdmdule ~u hje<.'I 10 chllilj,..:: without notice 
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Money Can't Buy 


This year, the PC EXPO in New York Seminar Se ries 
Incr e a ses its e ducational pote ncy by adding a new 
the m e, Connections '88 Joining "Management Concern~' · 
and "'lechnoloay I sues,'· Connections '88 ses ion addr 
the cha ll no of organ izing and managin" variou · 11011 

ompatible clements of large-scale in tallation into fully 
integrnt d nvironmcnt wh cr mainframe, min i and micro 
computer equipment and ofLwarc are effectively connected 
and uti lized. In addition an innovative new hiuhl iaht, 
Co11nectio11s Loh demonstrates ·eve ral different networking 
olution. bet\veen hotJ1 compatihle and non-compatibl ' products. 

Only at PC EXPO, the Profcssionnl Volume Buyer 
trade sho-..·, -..i JI you increa se your technical, 
educational and professionnl knowled ge, -..·ithout 
decrea sing your bank a ccount PC EX PO in i\c\'' York, 
June 21. 22. 23. Jacob Javits Conve ntion C •ntc r. For a 
complete minar Series hrochun; ca ll 20 1-569-8542 or writ 
l'C EXPO, 333 'ylva n Avenu ', Env]cwood Clirt'··, 1\J 076.12. 
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CHAOS MANOR MAIL 

continuedfrom page 34 
puting at Chaos Manor. I agree that C 
compilers are getting better and more 
competitive. I have only three, but I find 
that they vary considerably in complete
ness and technical support. 

My venture into the world of C has 
been as a self-taught hobbyist rather than 
as a professional. I am therefore more 
sensitive to and irritated by systems and 
documentation that assume all users are 
computer science graduates who write 
their own functions in assembly language 
to fill in the missing gaps in the· product. 

My sad experience with Borland's 
Turbo C is an ex.ample, even though you 
generously suggested it as a "clear choice 
for beginners and dilettantes." I am 
somewhere between these extremes, but I 
find this package one of the most defi
cient of the lot. Can you imagine a system 
that comes with two nice volumes of in
structions and functions , yet doesn't con
tain one C function for even clearing the 
screen? Jn fact, the IBM PC version con
tains practically no screen functions 
whatsoever. You cannot locate cursor 
position, read the cursor column or line, 
or even scroll. 

On the bright side of this competition, 
C Ware's excellent DeSmet C compiler 
and debugger provide no less than 17 
screen-level functions to simplify the in
terface between the C program and the 
IBM PC and its clones. You can fold 
them into the standard function library 
with a simple routine. 

When I wrote to Borland asking for 
help or infonnation on the Turbo C defi
ciency, the company took more than 3 
months to answer and then simply told 
me that no screen functions were pro
vided because they were "not standard. " 
To my amazement , Borland recom
mended that I buy these functions from 
another company. So much for Borland· s 
support for what might otherwise be a 
useful compiler. I am now back and 

happy with my C Ware DeSmet C com
piler, while Borland' s inadequate prod
uct is gathering dust on my bookshelf. 
Let the nondilettante buyer beware. 

Walter K. MacAdam 
Hanover, NH 

Thanks. As I said in my column, I have 
to base what I say about C compilers on 
what I'm told by people I farm them out 
to; I don 't program in C, and I have little 
right to an opinion of my own. Perhaps 
the people I used to test Turbo C were too 
advanced to notice the problem ?-Jerry 

Does BYTE Slight Amiga? 
Dear Jerry , 

I'm somewhat surprised that your Feb
ruary column devoted so much space to 
the Atari Mega ST. I am the former 
owner of an Amiga l000 and now the 
happy owner of an Amiga 2000. 

I'm not anti-Atari. I just don't believe 
that you or the other writers who contrib
ute articles to BYTE are giving the 
Amiga its due. I can understand how you 
might have trouble dealing with Commo
dore . I certainly have. I think, however, 
that the company seems to be getting its 
act together and appears to be more re
sponsive to its customers. I wouldn't have 
bought another Amiga ifl didn't think the 
company was on the right track. There 
were times I wished I'd purchased a Mac
intosh or any other computer, but I don ' t 
feel that way now . 

Quite a few new third-party hardware 
products are now on the market or being 
developed for the Amiga . Significant 
software is showing up. I don't see any 
mention of it in BYTE. The last article of 
consequence was the Commodore A2000 
product preview in March 1987. A lot has 
changed between then and now. 

In the low-cost home market, Commo
dore offers the 500, a computer that 
stacks up quite well against the Ataris and 
in many respects offers a better, more ex

pandable value. The 2000 has given the 
Amiga owner a machine whose expand
ability and flexibility are far-reaching: 
68020 and 68030 cards, MS-DOS and 
possible OS/2 compatibility, possible 
Macintosh compatibility. 704- by 470
pi.xel resolution, a multiscan board, and ru
mored new Denise and Agnes upgrades, 
just to name some of the advantages. 

I'd appreciate it if you'd see what 
could be done to bring the developments 
in this line ofcomputers to the attention of 
BYTE readers. Ifyou and any other writ
ers for BYTE have serious objections or 
reservations concerning the Amiga , I 
wish you 'd address them in the maga
zine. I'd hate to think that you would just 
ignore it. 

John H. Harvey Jr. 
Minneapolis , MN 

I think you have two misconceptions. 
First , I rely on the BYTE people in Peter
borough for support and information , but 
my column is an independent operation. 

Second, I live in Hollywood, amidst 
huge stacks of hardware and software, 
and there's only me to deal with it all. I 
try to keep up with what's going on, but 
so much comes in that I 'm hard-pressed 
to look at it all. The fact is that Atari 
takes the trouble to see that I get most of 
the interesting third-party hardware and 
software for its machines, and Commo
dore doesn't. 

I recently got an Amiga 2000 and had a 
couple ofAmiga experts over to help set it 
up; I'll have a report pretty soon. How
ever, I can write only about what's here, 
and the Commodore machines I have are 
pure vanilla. On the Amiga 2000, the 
IBM PC halfhas exactly the same speed 
as the earliest PC, while the Amiga halfis 
built around a 68000. No 68020 on the 
Amiga, and no way to run OS/2 on the 
PC. I wish I did have something with all 
the goodies you describe. Does any
one ?-Jerry • 

PC voice mail,nowonly$199. 
Watson®, hailed by one 

reviewer as "the premier 
voice mail station" at $498, 
is an even better value at 

$199. Watson eliminates 
telephone tag and gives you 

big.system features like auto speecklial, auto 
answer, message forwarding, and built-in 300/ 

1200 bps modem. For an ear-opening 
business applications demo, 

call 1 (800) 6-WATSON (in Mass., (617) 
651-2186). Th order, call I (800) 533·6120 
(in Mass., (617) 655-0066). 
Credit Cards Accepted. 

Natural Microsystems Corporation 
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Online Access has been roaring down the tracks for a year now, taking 
advertisers full speed ahead to business professionals and information special
ists. These one million-plus business people use online services to get their 
business information. 

And they use Online Access to do it. 
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PUT 

420,000 


MICRO MENTORS 

mwoRK. 


Advertise in the new BYfE magazine and let the 
people other people come to for advice help spread 
your message. We have a total of 420,000 paid read
ers who are powerful because they're knowledgeable. 
Each one is a leader in personal computer decision
malcing at his company. And each one believes that 
ads in BYfE are a valuable source of information. 

a 93% provide advice about acquiring micros, 
peripherals and software, an average of 
25 times a month. 

CJ 85% are directly involved in purchasing 
decisions about microcomputers and 
related equipment for their company. 

CJ 96% work for a company that currently 
owns or uses microcomputers. 

CJ 75% of these companies plan to buy 
an average of 145 microcomputers in 
the next 12 months. 

In short, when it comes to making a purchase 
decision, people listen to BYI'E readers. So if you're 
not planning on advertising in BYfE, you may be 
planning an advertising schedule without teeth. 

~.,,BYTE 
SOURCE: 1988 BYII: Subscriber Profile 



48 ,)lours). 

P 0 

Inquiry 576. 

SOFTWARE PACKAGING, DISKS 
Clah bioders &sips Ike 16Ms. V~Dndeis: boJces, and 
~sizes Disk pages,~&labels. LoN 
qty m r)llllng Bo!~ &, braoded disks. Muell More! • 
piices Fast semce. Cali or wme for FREE CATALOG. 
Anthropomorphic Systems Limited 

376-8 East St. Charles Road 
Lombard, IL 60148 

1-800-DEAL·NOW (312) 629-5160 

Inquiry 577. 

Inquiry 578. 

RE-INK FABRIC RIBBONS 
Cut ribbon cost ll'f using Bolg RibbOn Inkers. Do all car· 
tridQe ribbons whh ju81 one Inker. Choose from 3 
models. Manual E·Zee Inker  $311.50 

E18Clric E·Zee Inker - $89.50 
Ink Master lE18ClnC) - S1H.OO 

1000:. ol ~UHIS 6 )9•... Monoyl>Mlk Q..,.,,IH, 

BORG INDUSTRIES 
525 MAIN ST., JANESVILLE. IA 50647 

140().553-2404 

Inquiry 579. 

SELF-INKING PRINT ER RIBBON- u-  - 14701002,~ U\an IM corMrntion&I rlQbot\ 

""""'~· --....._,..,..,..0tc LA 1111>'120 
LA-3<>'8M 1"'3 

Mooet 40 
Tl 800'810. 82n 880 

Ccnatt1.1&~,,...., ~01--andw.1Jll"lll'°""'4f"CIY°"'• 

CONTROW D PRINTOUT DEVICES, INC. 
P0B 889, Boklwin RO.. AIO«I, NC 2871)C 

(704) 684-9044 • TELEX: (FILMON-AREN) sn454 
Inquiry 580. 

Inquiry 583. 

BAR CODE READERS 
For PCIXT/AT, a.nd ALL PS/2 models-attaches as 
2nd keyboard, reads 
mounting vie velcro to side of monitor. OR In short 
slot ot PC, XT, Jf.T. PC-$385. PS/2, Klmtrom, & 
RS-232 models-$399. UPCIEAN. 2 ol S. Code 39. 
MagStrlpe +sioo. 6adQe Readers- 1..asen; 1001 30 
days back. 

Worthington Data Solutions 

(800) 3'M220 

PRINT BAR CODES/BIG TEXT 
FROM YOUR PROGRAM 

Add bar<Odes end big graphics lext to )')ur program. 
Pr int rrom Inside ol dBASE, BASIC. C, etc. 881 codes 
UPC, E.m. 2 JS. Code 39. Epson/Oki/IBM dOI matrix 
text up 10 v.•. !Mer.let tom. up to 2· (t58 plll). tall. 
S159-S239. 30 day SS back guarantl)G. 

·-· ______.;__ 


.• 
ll_J ~ •• 

~~~~~THE 'BUYER'S MART

II 

A Directory of Products and Services 

"I 

THE BUYER'S MART is a monthly advertising section which enables readers 
to easily locate suppliers by product category. As a unique feature, each 
BUYER'S MART ad includes a Reader Service number to assist interested 
readers in requesting information from participating advertisers. 

RATES: 1x-$475 3x..:....s450 6x-$425 12x-$375 
Prepayment must accompany each insertion. VISA/MC Accepted. 

AD FORMAT: Each ad will be designed and typeset by BYTE. Advertisers must 

ACCESSORIES ACCESSORIES 

FREE CATALOG 
'Thousands ol parts and rew surplus electron«: parts 
at super low prices. FAST ORDER PROCESSING 
AND SHIPPING (95% of all C)tders $11tpped WI '" 

C LL OR WRITE FOR A FREE CATALOG 

ALL ELECTRONICS CORPORATION 
Box 567, an .Nuvs CA 91408-0567 

1-800-826-5432 

JOB PROTECTION 
It your job depends on youf computer, you should 
have our FREE catalog. Call (800) 356-5794 Ext. 
8995 for a FREE catalog trom ine wo~d's largest 
manufacturer ol single phase unin1enuptlbkt pa.Yer 
supplies. Ca.JI or write today! 

BEST POWER TECHNOLOGY, INC. 
P.O. Box 280, Necedah. WI 54&46 

In Wis. (608) 5$5-7200 Ext . 8995 


(800) 356-5794 Ext. 8995 

La-. 10-15 tlmtl 

"" Ol<idl<rr.a>A;8JA-8' 92-93 
Tei«yoo-Jl. :IS 

$11' GerniN 1QX 

~ 

FREE CATALOG 
Valuable Compu18f Sopplies Source for Dlsk111es • Olsl< 
Paeks • Dual C<>Yers • Furniture • Data Cartridges • 
Plotler Supplies • Cleonino Supplies • 18pes • Ribbono 
• Paper • Copier Suppllff • Surge Proceao<s • Cables 
• Print Wheels • LOT MORE • L()N PRICES • 

• Bulk Diskettes as low a.s 30¢ each. 
C/JJ/, Wrlre or C/rde Inquiry Card for a FREE CBtSlog 

OAAN COMPUTER SUPPLll!S 
184 B Eu Sunnyoalca ""'" C4mpbeU, CA 95008 

(800) 523-1238. In Calif. 1408) 2"/TJ.ffl47 

Inquiry 581 . 

FREE Source-Book 
For Engineers & Sclentlm 

184 page Source-Book lnclud11 • Industrial & Lab 
Computen; • Data Acqulsition & Control l/O Cards • 
NEW 386 CPU Cards • CMOS l/O Cards • New PS/2 
l/O Cards • Broad selection ol Engineering and Scien· 
llfic Soltware • And Much Morel 

lnduatrlal Computer Source 
~66 Complex St. 1208. San Diego. CA 92123 

(619) 279-0084 Ext. 1 
The 81-lo Sou,.. 10< lnduatrlol "--·i.r SU°"'lo• 

Inquiry 582. 

ARTIFICIAL INTELLIGENCE 

muLISP"' 87 for MS·DOS 
Fast, compact, efficient LISP programming environ
ment. muLISP programs run 2 to 3 times laster & 
take Yz to V. lhe space ol other LISPs. 450 Com· 
mon LISP functions, multi-window editing & debug
glng, flavors, graphics primitives, lessons & help, 
demo programs, comprehensive manual. 

Soft Warehouse, Inc. 
3616 Harding - ' Suh• 505. Honolulu. HI 96818 

f808l 734-5801 

BAR CODE 

as keyed data. External 

c1 '1"" i"OA SL. Swu. Crl.IL CA 95060 
In CA: "°'' o-.n31 

Worthington Data Solutions 
41 7-A 1ngi'Js St, Sara Ctuz. CA 950EO 

(800) 3'5-4220 In CA: (40ll) 451-H38 

furnish typewritten copy. Ads can include headline (23 characters maximum), 
descriptive text (250 characters maximum), plus company name, address and 
telephone number. Do not send logos or camera-ready artwork. 

DEADLINE: Ad copy is due approximately 2months prior to issue date. For ex· 
ample: March issue closes on January 7. Send your COP'/ and payment to THE 
BUYER'S MART, BYTE magazine, 1 Phoenix Mill Lane,Peterborough, NH 03458. 
For more information call Mark Stone at BYTE 603-924-3754. 

BAR CODE 

PRINT BAR CODES 

AND BIG TEXT 


On )<>Ur EPS0NllBM/OKlll.8sef.Jet printer" 1• tall ltxl· 
readable 11 50 h. Code 39. 2 ol 5, 128. MSI. UPC/EAN, MIL· 
STD. AIA(l, Mon...ot'lwn. AAj IOrmatlsizt. Fii<> Input. One 
!ICl'oen ID design label~ om.1 U..JM 11 appm.Oll10< 
simplo P<OQrams fOI bAr COClts frcm $49. 30 doy- $ bad< 

Worthington Data Solutions 
..17A Ingalls St. satU Cruz.C.:. ~ 

(800) 3tS.'220 In CA: (tOll) •51-nll 

BARCODE BARGAINS 
Buy direct and save. We'll beat any written 
quotes tor competing equivalent bar code 
readers or bar code label generation software. 
Call or write for brochures. Quantity discounts, 
warranty, same day shipping. Bar codes are all 
W9 do at ITS. 
lntemallonal Technologies & Systems Corp. 

1950 Wh;c, SW Or . o.amond Bar. CA. 91765 

(11•) 161-71177 Telex 650282'73A MCI 

Inquiry 584. 

BAR CODE MADE EASY 
PEACON E-Z·REAOER' keyooard -faros ond """"""" 
Rs.232 "'°""" rnalol <easy 10 add bar eodo IC wtualy ""'! 
oompuler/IO<mnol WITHOU T S0f1W.>RE MOOIFIC\TION 

- anopcong. Two ~ "'""'"" Blv codo P<"'""O
sofrwotG ~tie- ca1bdotlblS on 1.1:st. accvru.. H!)I GtQ 

orcry - reseller diloouru 

PERCON 

2190 W 111/l SL, Eugene. OR 97402 


(503) 344-1189 

Inquiry 585. 

READ & PRINT BAR CODES 
Fas!. reliable dala entry Into your programs as II 

trom your keyboard. lmemal unit for PC, XT, AT 

PS/2·M30. RS·232 unit tor DOS & Non·DOS 

systems (Incl. all PS/2). Stainless steel wand end 

LASER ln1erfacos. Powerful Bar Codo and Tex! 
 .. 
prfnting software. 


Seagull Scientific Systems 

601 UnrVOl$/ty Ave.. Su~e •50. Sacramento. CA 95825 


(91$) 388-17711 


BAR CODE RE ADERS 

Among 1he lnclldlries D&Ol Md "''* w.stfy US01I 
..._ - .. mojor - ,..,._ (oodo 3ll, 2 cl s. 

UPC/EAN, codabar), OOl1r1!1d5 - ~ 4 ~. 

lldvonc:edCMOS..,.. keoyboard- supply, COMOCb 10 d 
lllM oompaiiOloo ond DIN "'""1nlls, oomplelefy OS lntttpon. 
donl. -..__...Same Mt o/llp, 1 )9Bt WOttlllly, 

~- - CAU. few p<lcu 100 low ID 

Solutions Engineering Sales 

6653 Geo<Q18 Ave., Silver Sp<ing, MD 20910 


800-635-6533 
Inquiry 587. 
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CROSS ASSEMBLERS 

Professional Serles 
PHudoCOd• ,.,...., •IS PseudoSam Profess nal 
Series ot cross assemblers. AU populu p~11aora. 
Macros. Conditional Assembly. end Include File~. Vrr· 
tuany unllm1 ta<1 size. For IBM PC's. MS-DOS 2.0 or 
greater With manual !or $3500. Ea~ add~;on.1 S20pO 
(Ml res. 4% tax) VISA/MC. (Dealer l~uMes Wtlcome.) 

Orde( from d1stnbuton 

Micro Kit 
w10 Panoraon. caieoonl a , Ml ~s31a, e1e.-7'91·9333.. 

Inquiry 600. 

~----THE BU¥ER'S MARm----

880XO Cross Assemblers 

=--~==~...::.::;:~ 
:;:i:=.~~.:=~~~~""'l 

BAR CODE 

DATA INPUT DEVICES 
Bar Code & Magnet ic Slripe Readers for "11crowm· 
pu!O(S & lennlnsls. Including IBMPS/2 &olhors. DEC. 
AT&T. CT, Wyse. Wang. All readers oonnea on !he 
keyboard cal>lo & are 1ransp&ren1 10 all sojlwaro. l..oW 
cost bar code print programs & mognedc enOOders are 
ol•o avallal>le. GSA con1rae1 #GSOOIQJl'AGS5346. 

TPS Electronics 
4047 T1anspo11. Palo Alto. CA 94303 

415-856-6833 Telex 371-9097 TPS PLA 

Inquiry 588. 

BAR CODE SCANNER/READER 
l'o< PC/)(TIAT anc c<>mpatJDfet. Ind APPLE II. ~rd 
omulal(ng model wi1tl wnnd tor only $249, fl•ld• 2 ot 5. 
UPCIEANIJANJUl'C E. Code 39. COOABAR Mlh 1 Y' 
wamanty. 
Also RS.232C IJ\d CENTRONICS models W>th choice ol 
wands. hand-held, and au1o tcal'lne,.. 

call Q! wrilo for rree cataJog 

TRADE MATRIX of Slllcon Valley 
3639 S.1Jnv.ood Or.. Son .!OM. CA 95148 

(800) 222-4229 Ext . 39, (408) 238·1784 

Inquiry 589. 

BANKRUPTCY/SURPLUS 

IBM • Ap~ • DEC • HP • wang • Tektronix • NEC 
Tiie tmogo belweon you and bankr1J~c1es & 1uct1on1: 

Tho Bankruptcy Newsletter 

A member ol )'OU' 1eam but no <etalner. no sto.ftlng . 


no employee bonofils. no... But we do offer 

SeMCe... We auend sales k>oking fof' tt&ms ror our 


oubscfibors wllhln their price range 

Newsletter. We publish 30+ pages weekly HOiing 


audlOoa of compulaf3 & tl'1Y8ntorios plus much more 


Call for details: 209/296-3626 

Inquiry 590. 

CAD/CAM 

True 3·0 CADICAM on a PC! 
CAOKEY 3 .Reg $3,195 $2,695 
CADExpen R119 $395 $325 
CADKEY 1 .Reg $495 . $425 
Solid Synthesis Reg $49 $425 
CADJET Templates for CAOKEY 3 ..CAU 

VISA/MC/Company POs AccsptBd 

-· 703·977-6520 - 
HLB Technology 

PO Boor =·Blue Rk!go, VA 24664 

Inquiry 591 . 

COMMUNICATIONS 

MULTl·USER BBS (FOR IBM PC AT) 
TEAMate - a mainframe quality BBS. A mlmC0"1pu· 
SeM Full screen cursor-wo1ron0d Interlace. !Opie 
outline Slructur public and pnvate topocs, audh trails, 
xmodem , integrated mail, contenl relrleval and more. 
MS-DOS. XENIX and UNIX versions. 

MMB Development Corporation 
!021 ~ 1M ~~ ~ Be:lcll. CA 90260 

1·800-832-6022, In CA (213) 545-1455 

Inquiry 592. 

FAX MACHINES/PC SYSTEMS 

MURATA FAX 1200lt600 • . $7151925 

SHARP FAX FO:IOOIFOSOO 1119511'95 

TOSHIBA FAX 301oor.l300 11038/1240

ATloT 3500'35Ulr.l520 $13951159511895 

RICOH FAX 10l20 S1220l15SO 

CANNON FAX 20 $1279 

PCIXT R-.rn11 FAX + SUnne< SU95 

PCIXT JOI~ Mswe< & \tc);Cem.,1 $1195 

HP LASER JET II $1825 

TOSHIBA laptop• 1000!11000100 $798/130512225 


Prt1P11Y pricM Vi$1J/MC 2% c.od2% restoc,k 20% 
TELEPHONE PRODUCTS CENTER 
23$91 •21 3 El Tata Rd. E1 CA 9:2630 7 141739 · 9.SSS 

Inquiry 593. 
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COMPUTER BOOKS 

Books! Books! Books! 
If it 's published and about IBM or compati· 
ble computers, we probably nave it Books 
about applications. programming, operating 
systems, utilities, hardware and much more. 
Call today for a free catalogue. 

Book Expren 
DtlQ 100 M t VJednet Cl $ovth 8~.e!o Gr°"1e IL G0009 

, 800 234 2620 

Inquiry 594. 

COMPUTER INSURANCE 

INSURES YOUR COMPUTER 
SAFEWARE provides full replacement of hardware. 
media and purchased 50ttware. As little as $39 a 
year provides comprehensive coverage. B anket 
coverage: no list of equipment needed, One cell 
does t all. Call 8 am-tO pm ET. (Sal. 9 to 5) 

TOLL FREE 1·800-848·3469 
(lDcal 614-282-0559) 

SAFEWARE, The Insurance Agency Inc. 

Inquiry 595. 

CROSS ASSEMBLERS 

FASTER TMS32020/C25 
Macro Assembler 

only $49.95 
Ariel Corporation 

212-925-4155 
110 Greene Street Suite <404. New York. New Yori< 11)012 

DSP BBS: 212-925-4131 
JOO. 1200/2'()(1 !o!NP·5. 9600 UST 8 bi ts. oo por.ly, t 1101> 0.1 

I 

I.I 

Inquiry 596. 

I CROSS ASSEMBLERS 
Universal Linker, Librarian 

Targets for 36 Microprocessors 
Hosts: PC/MS DOS, micro VAX. VAX 8000 

Developed and supported at: 

ENERTEC, INC. 
BOX 1312. Lansdale. PA 19446 

216-362·0966 MCNISA 

Inquiry 597. 

8051 SIMULATOR 
Superb full lunC1ion debugQer slmulalor supports
all 8051 modes of interrupt. Just like the real thlngl 
Full dfsassembler and many unique features. 

ONLY $150.00 
CROSS ASSEMBLERS 

For ZBO. 8-080/8085, ~ 8051. and 8096 
srlll STS.00 each/ 

LEAR COM COMPANY 
2..0 Klpllng SI . Sulle 208. Lakewood. CO 80215 

(303) 232· 2228 

Inquiry 598. 

CROSS ASSEMBLERS 

8 BIT DEBUG/SIMULATORS 


DISASSEMBLERS 

EPROM. 8748, PLO Programmers 

All run in PC/Xr/AT Full lea1ured 


MICROCOMPUTER TOOLS 
Phone (800) 443-a779 

In CA (415) 825-4200 


912 Ho.,;ngs Dr . Conc:O<d. CA 94518 


Inquiry 599. 

II 


l'tCO'OI. ~'4'lliOl'\t0r-....~ot.ltlOclllltlltmocUll..lnd 

=:~=-~~~1~~~ 
--~ ~~°**" ~MC~Wi,..,.... ...,_.. NoPQ);fJ' CCOl"'"'--~ 

- RAVEN Computer Systems 
Sox 12118, St. """!• MN 65112 1812) 638-0365 

Inquiry 601 . 

ASSEMBLERS & TRANSLATORS 
Over.., 20 ~rgn qu311ty. full runctron taSI rOkX:ata e ar~ 
absolute macro assem61ars are avall.able -mm.id a1ety 
Source lanQuaoo transtntors help )ou cl1l!OQ9 mctoeom 
~ tor "110 about MSIOOS'.CPMBQASIS...,...,,,. 

RELMS"' 

t>.O. Box 6719 


San Jose, California 95150 

(4 08) 355-1210 


TWX 91G-379-0014 


Inquiry 602. 

ZBO/HD64180 

SLR Sysiems cross assemblers run on PC and are 

compatible wtt~ Mfcro50fl MBO/LBO. 5195.00 tor 

assembler and linker. We have CP/M emulator 

cards for PC Up to 1zS mhz Z80 clOck speed. $1811· 

Ing at 5249.95! Also ZBO/HD64180 C compl iers 


Z·World 
tm Poe.... /We., o....ia. Cl\ 95616 

(918)7~3722 

Inquiry 603. 


DATA CONVERSION 


MEDIA CONVERSION/DATA TRANSLATION 
A{o(o thl/J Just a suMQltt dump Of ASCII uanWfJ 


Word Proc...ln9, DBMS. •n<I Spr.1t<11Moet Gata on Dl1ka 


:.~fr:!~':n::~M~~y==:.~=sp~:~: 
-r,p.Mtttrw. and Electron!<: Pul>llthln9 systems. 

18~ ~n~ho&1~:;::!'1~~ 
CompuData Translators, Inc. 
3325 W1lshlre Blvd.• Suite 1202. Losfalgeles. CA 90010 

(213) 387-4477 1-800·825-8251 

Inquiry 604. 


DATA/DISK CONVERSIONS 


Get the Expertise You Need! 
Olsk/Olsk • Tape/Disk • OCR 

Over !,000 formats! 3V2. 51/•. or 6 inch d!s)<S. 9 lrac~ 
mag iape. 10 MB Berl'.IO(jh e<ytndge Data base 
woid proc=1 transla!Jon. Specialists •n Gowrn· 
men! Secunty Data Call tor tree consutta11 

Computer Conversions, Inc. 
9580 Bl8Ck Min Rd S!e J. San Oiegq. Cl\ 92126 

(619) 693-1897 

Inquiry 605. 
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DATA/DISK CONVERSIONS 

DISK CONVERSIONS 
Media transfer 10 or from: IBM. Xerox. DEC. Wang. 
Lanior, CPT; M1com, NBI. CT, also WP. WS. 
MSIWAO, OW3, MM, Samna. DEC DX. MAS 11, 
Xerox-Writer, ASCII. 

FREE TEST CONVERSION 
CONVERSION SPECIALISTS 
531 Mein SI .. S1e. 835, El Segundo, CA 90245 

(213) 545·6551 (213) 322·6319 

Inquiry 606. 

DISK & TAPE CONVERSIONS 
AUTOMATICALLY 

SAVE TIME AND MONEY 
Ovor 1000 iolmat.a lrom Mrn1. Mte10 M;i1ntramo. \'YOtO Pro
cossors.. & Typoself(t{S 

TAPE COrtY9fltOns u kloN as $23.00 MS 

OISI< ConvofsJon15 N tow .u $1 5.00 per Q,.k 


Call °' wuHr TOOAV rot • cost s..&v'ng quotation 


CREATIVE DATA SERVICES 
1210 W Latomer Ave , Campl>Oll. CA 95008 

(408) 888-8080 

Inquiry 607. 

DISK INTERCHANGE 
SERVICE COMPANY 

DISC sp&e1a.r1zos ln transferring files between lncom
pa111>1e di$!< lom>8!s. arid b<Mweon disk alld 9-truel< lllpe 

• Dedka1od Word Processors 
• Min i, Mleto & Mainframe Computers 
• 9-Track Tope l800. 1600 and 6250 BPI) 
• MSOOS. CPI>.!. UlillX. DOS. PAOOOS. IBX+ . A1"11 

2 Perk Drive • Westford , MA 01886 

(617) 692·0050 

Inqui ry 608. 

QUALITY CONVERSIONS 
• Disk 	 •Tape•Scanning 


"TYPEWRITTEN $.33 por page 10 ASCII 

"TYPESET 6-24 point LaN Rates 


(" WP Formals available) 

IMAGES 


LOgOS/Line An/Glossies 


1st Run Computer Services Inc. 
1261 BJoa<'way. Suho 506. New York NY 10001 

(212) ~0100 

Inquiry 609. 

IBM PC •to• HP 
fllE OOPv 

IB"I PC 10 HP Fiie Copy allews IBM PCs. PS/2, com· 
pa11bl&S to read. wrne files written by Hewlett Pael<ard 
Serres 70. 80, 200. 000. \000, 9000's We.offer CU&om 
WO<~ using oor lllo copy utHrlies and P!O!)ram uanslruors. 
Call for est1ma1e cataioO, daia sheet. 

Oswego Software 
507 Nonh Adams St 
Oswego, llllnoTs 60543 

3121554-3567 
Fax 3121554·3573 

Telex 858-757 

Inquiry 610. 

CONVERSION SERVICES 
Convert any 9 lrack magne110 1ape to or from CJJer 
fOOO lormatS u1Clud1ng 3'(2" 5'14 s· disk tormrus & 
•.Qrd p<ocessors Disk to disk COOWISIOOS also 
available.Call 'or more 10!0 lmrOdlfcmg OCR Scan 
nfng Services 
Pivar Computing Services, Inc. 


165 Arlington t;gts Rd . Dept. llB 

Buffalo Grove. IL 60089 312 459·6010 


Inquiry 61 1. 

DATABASE MGMT. SYSTEMS 

dBASE Ill WORKALIKE $39 
ll's true!!! '1 on 1 = 311 1' a stand alone emulalion 
ol dBASE Ill PLUS and more. Includes: dBASE pro. 
grarnm1rig wllh extras. faster do! pr0111P1 command 
mode than dBASE. faster assist mode with more 
features. IUIOrial. on line help. MS.DOS 512k inlro 
S39 + S4 slh chk/mo. COD + S2. dBASE Ill PWS 
s a trademark of Ashton-Tate. 

I on I Computer Solutions, Inc. 
26 Rnc:t"Miood Or , Trumbull, Cf 06811 

203·3711•01114 

Inquiry 612. 

DATA PROTECTION 

Guard your files with VACCINE"' 
Checks your system during boot up, warns 
of malicious changes before it's too late! 
Simple, positive fix . This is the one you've 
seen on TV & In the papers. It works! Only 
$39.50. VISA/MC. 

Corbin Software II 
600 Industrial Circle, While City, OR 97503 

503426-6737 

Inquiry 613. 

dBASE Ill COMPILERS 

FREE dBASE Ill + 
COMPILER DEMO DISK 


Don buy Cbpper' un111~ §6<1 oor FREEdBASE Coro· 

p<le< 8 :aluatoo" Kol lncludos DEMO DISK Wllb 8 ~RG's 

llod reool!s ol oompmng Wrll\JCh!)pet. Ou1Ck$<1YC1' & FoJ 

BASE • Also 15 benchmarl<.\asts. complete magazine 

!IMGWS and <lc!wted b•""'1utes ab001all 3 coro111tors 

FREE No oblogaloon Call 24 hoUIS. 7 days 

d•t•BASE Spec/sit/BS (415) 652·2790 
P.O. Box 2-t75. O•kl.lnd , CA U811 

DEMOS/TUTORIALS 

INSTANT REPLAY Ill 
Buld Demos Tli:orials. Protocypa Pt- M 
Tomoo'lleyDOard Macros and Menu Sy<iems, Includes 
Ser- Mak6t KeysttokalTfTlC Edrtor. Program Memon>or. 
and An.mater Recd Gr"8r R<Mews' Somply tne BEST No< 
COJ)'f p<Olftded No 10)'1! OS 60 daY. sattS!llcf'!'(l (l'lOO"'f
bac~ uor IBM O!'dCQITIP31b S149.§5 USCbk/Cr Crd 
Demo o.s>.ooe SS 00 

NOSTRADAMUS, INC. 

3191 Soulh Valley Slreel (SIG 252) 


Soll Lake City, U1ah 84109 801 487·9662 


Inquiry 614. 

DESKTOP PUBLISHING 

New! Award Maker Plus 
Macintosh IBM • Tandy'1 , & MS.DO~ com· 
pallbles_ PMt professional qualily awards. oer
1iflca1es. coupons. diplomas end more. Hundreds 
of predesigned slyles tor all occasions, just enter 
text select border. color and pffiit. Includes special 
oiler tor Pm-reed parchment paper 

BAUDVILLE • 616-698--0888 • S49.95 
5380 52nd S1ree1 SE. Grand Rapids, Ml 49508 

Inquiry 615. 

DISK DRIVES 

PS/2 DRIVES FOR PC's AT's 
CompaltKi1/PC $329 
CompaUKIVAT $309 

Bu ill·in (loppy controllers- no prOblem, 

Supports mulliple drives and formats. leis your 

computer use IBM PS/2 I 4M diskettes plus motel 

Call for further Information or 10 place an order, 


VtSAIMCICOG'CHECK. 

Micro Solutions Computer Products 
132 YI L>"""1! Hwy DeJ<a·D. IL 601\5 &15115~11 

Inquiry 616. 

DUPLICATION SERVICES 

SOFTWARE DUPLICATION 
• One Slop Shopping • Technical Support 
• Custom Packaging • Drop Shipping 
• Copy Protec1Jon • Fast Turnaround 

• Compeli!ive Pricing 

SATISFACTION GUARANTEED 

800-222-0490 NJ 201-462-7628 


MEGASoft 

ro. eo. no. Fr NJ oms s..- 111 ... _ :uo 

Inquiry 617. 

SOFTWARE PRODUCTION 
• 	 Disk duplicallon • Warehousing 
• All lorma1s • Drop shl pping 
• 	 EVERLOCK copy • Fulfillment 

protection • 48-hOur delivery 
• 	 Label/sleeve prlnllng • Consullalion & 
• 	 Full packaging guidance 


services Star-Byte, Inc. 

713 W M&Jn S!. . Lanldal<I. PA t!)U6 


2t5·3N·1200 


Inquiry 618. 

ELECTRONIC PROJECTS 

BUILD TALKING ROBOT! 
- Build e.E .RJ$ 1ne Buie Edueatronol RobolJiaonor 
-

-
-

Foalutad 1n BYTE Aprjl 4 Moy r l!1 
EYOn 11 c.noo c.an Pl'09'•n) 1til1 tafking Roool . DI.lilt 

Jront_off·lhe-shell cornpononlJ 

Minimum Kil $43.00 U.S. 

CcmpjOll Kit $165 00 u.s.. 

FO< lunhe< ln!O<matlo ...,., $1 .00 kw -- 4 

handling 10· 

GoCo Dist. 
Sull• ~ 1148 Ha(WO()d St 

$50.00, 

Inquiry 622. 
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V.lncouYltf. 8.C. Clnaoa "6E 3V1 

Inquiry 619. 

FLOW CHARTS 

FLOW CHARTING II+ HELPS YOU! 
Pr s.o Uowchart!ng ~I IHI and ifm$ whti Flow Charting 
It+ . !lr'M - and p.i.. ~~ bOld Ind rormat loots. 
241t\ape1 -95 mot: fast entry of er rows, bypuses & c:on-. 
')O<'O": FU! in>en Lino: Shtlnk oetoen cl<gploys 20G<olumo 
e~rt: •o column o<1 11 1erooo IOI d-Olall W01k•.cnucn moret 

PATTON & PATTON 
8 Gr63t O; 81\id San JoGe.. CA. 95\19 

1-8001672-3470, ext. 897 (CA resldenls) 
1-800/53a.S157. ex1 . 897 (OulS do CA) 

408/629·5044 (OulSide ino U.S.A.) 

Inquiry 620. 

STRUCTURED FLOW CHART 
NSChart creates Nassf:Shnorderman (S1ruciu red) 
llowcharts from a simple POL. Keywords deline 
slruC1ures & 1ext strings appear In !he chart. Easy 
10 create. """" easier to revise! Automalic chart SlZ· 
ing. lex\ cen1erlng. Translators from many 
languages av3llable. For Mac and IBM PC. 

SILTRONIX, INC. 
P.0 Box 82544. San Diego, CA 92138 

1-800-637-4888 

Inquiry 621 . 

FOREIGN LANGUAGES 

ON THE IBM PC & PS/2 

Use Arabic. Cyrillic. FiilSI'. French, Gurmsn. Groek1
Hobrew. llahan. Spanish. Tutki.sh. Urdu. VAmnamese. 

Sc antlllc NOlatlons, elc. 1n popular sorrwrue: woro

perfocl, iM>r<l<!4t. \\iiJcswrrter. PCWme. DbaSe. $pread

sheel1Ba5'C. Prolog. Desktop Publlshfng. Dot main• 

and laser p~nters as>1fon. EGA $75. VGA & MCGA S85 

CGA, MDA Hercules $95 one languago. NLO add 


http:Tutki.sh


--; 

HARDWARE 

DISCOUNT CLONES 
• XT Turbo - $·U5. 
• IJ a/10 MHz - HIS. 

' $ootr.e ST22S 20MB lwd dr!.o "'1h - r-$300. 

• 3IMI Z5MH.t - U,650. 
• HS)a CO!"Pllitljt 1200 ""ud rnooorn - SH. 
• IM<nlU EGA - $150. 
• S.19* <OMB ,..rd drMI - 1375. 

Automated Bu11lne1111 Solutlona 
516- 379-3995 

30~~~~-;:::~~~a::,:==~ 
Inquiry 623_ 

.. 
New XT TI.lrl>o 


6'()/( RAM. Mono/Graphics • Multi tp wlclock·CDI BDI 

backup • 2 P81SlllJ/, 2 StHlal & , G•m• ports • 


• Monochrom1t Mon/I()( & '/(TIAT kr,1x>ar<1 • 

1 360K Floppy Drive and 


1 20 Mttg Seagate Hard Drive 

One Yea1 FactO{Y, Wsrrsnfy-$1225.00 DOS Inc. 


l'ou• ,.~ IMld 69' sale• tu • Plus $35.00 "11 

Ph,,_ 2 14 ug 3523 


Ferris Computers 
P.O. Bax 22, Fenlt, TX 75125 Chlk• M-0. • Cashlt<'s Chk. 

Inquiry 624. 

- 4..__ -- ... 

LOCK YOUR PC! 
Replaces one expansion slot plate wilh a stur· 
dy' steel mount for your padlock/cable/Chain. 
With your lock, LocklVPC can't easily be 
removed on mosl unils even ii the case is open· 
ed . Check/MO $8.95 plus $2 $/H, CA add 7% . 
(No anli·fheh guarantee impli9d). 

Locklt/PC 
Su110 314-B,__,3790 El Cerni no ~ , Palo Allo, CA 94308 

Inquiry 625. 
J .. 

87C51 PROG. $125.00 
I he LJPA 87C5! Pr!1Qr8IJJlll•nQ A<l'aoter letS you use 

'Y<)ur gentiral purpose programmer to piogram the 
87C51; 8Z51fl. AMD8753H, 87C252. and 8752BH 

so l_ets yoo'prog ttie 8('C51/8751H secumybtts 
and lhe 87C51 e'lC{Y on array, Ifs 1191'/ SI pie and 
VERY Cost eKecn 

LOGICAL SYSTEMS CORPORATION 
6184 Toall Slation , Syracuse NY 13217 

(315) 471-0722 Telex m5617 LOGS 

Inquiry 626. 

NorthStar 
Silts and to...ce. NOrlhlOch Spoclnfl2as n Horizon ano,,,. 
vanuage ha.rdwlirtllOftwartlluppon. Utgoll fun aorvieo 
0(11rlOU10< of NonhStar piod1'Clo ln Unl1od SWes. Wo °">'" 
Mll-4rade NonhSW p<oduct• and periP!)erala. • oompto10 
ritPaJr 11.ciJrtT•a • loch suppon and training • all httdwatt 
orMI ooft•"VO Jn lfOCk • llmO dly- "'9ilable • ton l"OIS 
or customer ulisractlon 

NorttlT'ech Support Services, Inc. 
Ober!lrt. Ol\io IM• ton V1rg1rna 

1.$00-426-7898 216-775.()525 

Inquiry 627. 

NEW/USED APPLES & STUFF 

MACINTOSH - Call 

Apple Parts - Call 


Mac accessories-hard drives Call 

We buy, sell & horsetnide - Apple. IBM. 

SHREVE SYSTEMS 
2421 Malcom St., Shreveport. LA 71108 

318-365-6743 4-9 p.m. • FAX- 318-865-2006 
tntemaoonal Tnqulnes weleome C.S.T.---VISA/MC 

Inquiry 628. 
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HARDWARE/COPROCESSOR 

DIGITAL SIGNAL PROCESSOR 
DSP products for the IBM PCIXTl/rr based on 1he Tl 
TMS32010 and TMS320C25. OGslgned for epplications 
In communteatlons, instrumentation. speech, and 
numeric Pt0C9Uing. Offe<ed with 12 bit BO l<Hz ND and 
DIA and con11nuous data acqulSKion & ptaybad< option. 
S650 and up. 

DAL.ANCO SPRY 
Suite 241, 2900 Connecticut M. NW. 


Washington DC 20008 

(202) 232-7999 


Inquiry 629. 

PC MINI-SUPERCOMPUTER 
Up to 40 MIPS In Your PCI 

Ml your PCIXTIAf ¥m11 1 to s PC4000 boards 1or ahigh speed 
pt.AJSC ~The PC<OOO uses Ille NC4016 RISC Ellgit>o 
wNch tx8CU1ts high loYtl Forth in silicon, Each PC4000 IS 
egeneral ""~ patl!lel """"'°"""' tl'"1 dellvers speeds
"In Ille 5 IO 7 MIPS rw>QO .,. -""'°'. 100 times laster than a 
PC. USO-S Forth, C or Assembler. From $1295. 

SILICON COMPOSERS (415) 322-8763 
210 California Ave.. Suite K. Palo Alto, CA 94306 

Inquiry 630. 

INFORMATION 

The Tables of ERP 
The " Economic Report of the President" has 
concise tables ot the major economic indicalors 
(GNP, Employment, lnfl•llon, Popul•llon •nd 
much more.) The, Tables o! the 1988 Report are 
"""avallable on disk n (CAL. WKS, CSV. or n<1) 
formats for (PC or MAC or most CP/M)- $49.95 

FAIRFACTS 
Box~&, San Ra.'Oel, CA 94915 


Toi. 415-415-17111 


Inquiry 631 . 


INVENTORY MANAGEMENT 


STOCK·MABTER 4.0 
Commercial grade Inventory men•wement 

aoftW9r-. •t mlcro pricH. 
• Supports afJ 12: • Stock Statui Repc>rtl"9 

cransacOon types • Acilvity HlatOfy Ana.lysJs 
• T1end Anatysls • Blll of Materi1J1 
• Ouality Controt • Purchase Otd1r Writing 
• Muttlpte t.ocaUont • Ckdtr En11y 
• P1.11c:hue Order TrocJctno • Material Aoqulremon11 
• Ooen Order Reporti09 • On ne lnQulry 
• Serl•l/lol ! Ttacklng 

1n-f~=~~·.::.C~J~m~~~~m 
Inquiry 632. 


LABORATORY INTERFACE 


INTl!ltACTIVE LAB MIFTWARE 
IN A COMPILl!D LANGUAGE INTERFACED lO BASIC 
$75 'A&Aembly ungu•ge Speed for• $75 
De1a acqulaf1lon·s1gnal averaglng'graphlcs 
Experiment con110l "Background operation• 
Data analysis·Expanding BAS1c·s da1a space 
Runs TECMAR lat>mas1er interface bo<lrd 
Described In BYTE Jun.a& p147 Juty87 p303 

SALT II 
5801 S. Dorch11sr11r - r2A, C1>1cago. IL 606J7 

(312) 702-1491 

Inquiry 633. 

LANS 

LANLINE-1 
with SAFFRON-I N~ 115.200 BliUD XFR )WE 
l nk Four PC COmpUIOrl To Any PC COmputer Vla RS232 
Po<ls, l ink PC XT's. AT's. Ot1klops, or U.plops. MENU 
Orivon: Read DltedO<y. Ren""9 Olr, Copy F'dn, Do4ooo Flies. 
and Prinl To Alf'/ Pr1nt1tr Connected. 3Yl and sv .. Oill<S 
You W~I '-- tt 
reg S13t.95 SPE_CIAL INTROOUCTORY . . • f7U5 
OEAlEA INQUIRIES INVITIED . 1-800-854-7222 

TAMPA BAY DIGITAL 
1750 DREW ST ClEARwqER, Fl 3A815 813-<4:).704V 

Inquiry 634. 

LAPTOP COMPUTERS 

LAPTOP SPECIALS 
Toshlbll • Zenllh • NEC • OATAVUE • SHARP 
• AFFORDABLE SY•• or 3~• DRIVE UNITS 
for LAPTOPS & DESKTOPS Including T•n
dy 1400 LT. • DICONIX PAINTERS • 768 card 
for T1000 • 2400 BAUD MODEMS for Laptops 
• Laptop sohware • Hard drives • Fast reliable 
and friendly service. For Low Pricing call 

COMPUTER OPTIONS UNLIMITED 
201-469·7678 (7 Days, 9 am-10 pm Eastern time) 

Inquiry 635 . 

LAP-LINK 
Tho IM!mlH eolullon '°' i;lllcing-"""""""' wflh any IBM 
compailblo dollc10P PC. llS. 200 blud - ,,.,_las.,
1han any oohef p.-oduct avallablo. No ln...Ulllon nectnory, 
easy to use sptit 1CrMn design. tnchJdH lnctld tff "unlvet
MI eabfe'· U"lll conMdS any two coml)Ut0f'$. Transfer ef'ICire 
c!l$ks '"""' ll>an a DOS ~ command! ()nfy ll29.95 ln
cludlr19 un...,,.., cable and OOln 311>" ano 514 • dlSl<S. 
··Briogo'· - can '"°" in tor on1y iaus w1o ca1>1o 

Travellng Software Inc. 
19310 North Creek Parkway, Bothelr WA 96011 
1-800-343-8080 (208) 483·8088 

Inquiry 636. 

LEGAL 

LEGAL DOCUMENT MAKER 

All plead ings and documents. 

Any word processor s.ottware. 


Free Brochure. 

New! Supra II'" . 


TSC 

The Software Company 


P.O. Box 872687, Wasilla, AK 99687 
(907) 745-6267 

Inquiry 637. 


LITERARY LINGUISTICS 


TEXT PROCESSING SOFTWARE 
The CONSTAT suilt of programs tor the IBM or Macin· 
tosh PC wltl prOdu~ concordances. lexical sta1l11ics, 
cluster analyses and YOCabulary OYO~aps 10 help 80lve 
problems of au1horshlp and sequence o! composition 
ot tilorary 1exts. Send for 1echnlcal data and lls1 ot 
mnchlne·readable t1x1s. 

Louis Ule 
Z7 Mu 01ang Rd., Rolling Hiiis. CA 90274 

(213) 377·3080 

Inquiry 638. 


MEMORY CHIPS 


MEMORY CHIPS 
'1256-15-12·10 ••• ,. Cd 51000 (1 Meg) Call 
'16'·15 ,. • • .. Coll 51256 lor Come>IQ 386 .S.43 
4114-12 C.11 80S7.:).2 ' M/143 
41126 Piggy BIClc !or Iii .' . 2.13 802l7+1-10 1515123312'3 
<1'6'·12 (6'Kx4) ,. - ' J .27 90JS7 ' Colt 
41'256 (256!W) C.11 NfC.>.'20-S • , •• Call 
2(&'.27128,27256,27512 c.n Mouse S•• 

PNCH liJtlj«I to di~ 


ESSKAY 1.aoo.327.32n 

111"353·3353 

Inquiry 639. 


PROGRAMMER 'S TOOLS 


CLIPPER'" DEVELOPMENT TOOLBOX 
AJlirrnalNll Business Training, Inc. inuoduc•t BOATS'M.IN'S 
MATEe . ant oi ,,.,.r 150 runc:Uons. p<ocltduras. and OOS 
UtUitlts for dBue,.prograrnmers who use d ipper as •com
~101. ThouHndt d dMloPmtnl ~rs htrve gone lnio this 
softWllle In ordot to save yOU h04Jrs o( progt1mming time. 
Whether you 1ut a novice ot a serlout copper d~oper, 
1tle BOATS\111.IN 'S MATEC) le lor you. Freo list ol library 
tuncOons available. 

Call 1-800-32&-7&77 In N.H. 1-357-SG&S 

ALTERNATIVE BUSINESS TRAINING, INC. 
206 Washl"lllon St. Ktotnt, NH 03A31 

Inquiry 640. 
I .,.. .. 

·~·..... I 

http:CP/M)-$49.95
http:Wsrrsnfy-$1225.00


.i 

Amaryllis Inc. 
W,tta<iuo<Jo<: ~d· M' MA 017-:0 

61 365-5456 

....:--.:.-.. ---·rWJ.a ·~ 
-~.. "'"'"·' 


PROGRAMMER 'S TOOLS PROGRAMMER'S TOOLS PUBLIC DOMAIN 
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If-

ASCII WILL PAY YOU $40 
for your old screen or applicallon generator when 
you buy Turbo Programme r (formerly T· 
Gt\OStWntor) tor Turbo Pascal 4.0 or Turbo C. Com
plete data base T· Pascal or C source code lh under 
5 minutes from sc reens you draw. B-Tree lndexes 
& file manager included. Unlimited technical sup
pon that our customers brag on . 

$289 ($249 alter rebate). 

ASCII 800 227-7681 ·1 

Inquiry 641 . 

Affordable CASE 
A new concept In Computer A ided Engineer
ing for developing PC/DOS applications! C 
Dispatcher generates last . ellicient C code for 
co.mmand and menu driven applications. 
Develop, document, an change easily. Many 
features. For many compilers, 

., 


~ 

In uiry 642. 

FINITE STATE PROGRAM COMPILERS 
Clelielop complex soltware progra s 1 1nutes in
stead o hours' The COM~EDITOR Jorms source 

1nue State pi61)1ams on ADA, BASIC. 0. FOFURAN 
and ASCAL 
IBM PC, XT. AT. PS/2 175K RAM Dos 2 O+ 
Prtce; s175.00 per comp\ler (Wrth Pnmer) Sampler $30 

AYECO 5025 Nassau Circl,_e. Orlando 
INCORPORATED Fl. 32808 (407) 295-0930 

Inquiry 643. -
TLIB',. 4.0 Version Control 
lhe beSI getS better! They loved TLIB 3.0; "pack«! worh 
reaturos . /do•• dtlrss/ amazi~gly /RSI a•· 
cellent "- PC T..:h Journot Sept lt7. " has my h ghest 
recommond11101>"-f\ Richardson. Computer Shop
per Aug 87. Now lLIB 4.0 hos: t>mncnlng. more 
keyv.ords. wildcaros & mo 1/sis1 nMSion merge, LAN and 
WORM drive supp0<1. more. MS/PC-DOS 2.x & "3.x 
S99.9 5 + $3 s&h Visa/MC 

BURTON SYSTEMS SOFTWARE 
Cary C 21519 (919) 469-3068 

.,,,,,. -~ 

3191 Sautn V6Ti-J Sr IS"'"' 2S2J Sin La.W Cffy. V 84:09 
(801) 487-9662 

Inquiry 646. 

,.. 


I 

.. 


Modula-2 
'*POr1ol,....,,1- Toolkll ~ogra!05 R°""rtoou l'O"l)rlul 
xreen S'(5fem wi1n NOYOll's BttiM Ille "'-"ager. lnciudc'S 
an Re~oiroobfoct codo, fu11 R/BT sour~. and sample a~ 
pUc.11ion. Over 600 rout ines. CaU lor frH C0'1f of AOOp 
manual-"'Only~149 For JPI Logit8ch. Slony 8'ool<. FST, eo:. 
Ftcm lhe cro-. al Graphix. EmtStcragt. OynaMatnx. Mod
Baso. NotMod. and Mac102- MC/VISAIAMEXJPOriCOO. 

PM14538 SE 50th , Portland. OR 97206 
(503) 777-8844; TLX: 6502691013 

Inquiry 647. 
',.l. ' 

•
.. 

FREE BUYER'S GUIDE 
See Page 23 

Proorammer·s C<>nnocd 1s en Independent doa or 
representing more than 2SO rn.onutac:turers with OYOf 7CO SOil· 

:;;~=~:~~=·~~J:·~·,;,:!l~o= 
ol 1ru1lssuo 10 soe o part1aJ 1111 oe our sotiware prodUCU. 

Programmer's Connection 
I 800-336-1166 

216-494-3781 

Inquiry 648. ~ 

Disassemble MPU OBJECT CODE on your PC 
R bl Symboloc disassem rs we flfl. available 
lonhe Motorola nlel A 11, flock\w!( &ZjQg m<tosr 
l\<lom31JC la generation. assembly capabolily and 
(!1uch more Call and ask I 'What \'Oil nee<! 

RELMS" 

P.O, Box 67)9· 
 rl 

San Jose. Catiforn a 95150 
(408) 356-1210 

TWX 910-379-0014 (800 448-4880 

Inquiry 649. 


PUBLIC DOMAIN 


$3.00 SOFTWARE FOR IBM PC 
Hundreds to choose from , wordprocessors. 
databases, spreadsheets. games. x-rated, tono, 
communications, business. music. bible, art. 
education. language and usalul utlll1les for mak
ing your computer easier to learn. Mos1 programs 
havo documentat(on on the disk. 

Write for your FREE catalog today! 

BEST BITS & BYTES 
Bo< '1!2• ~a, u 

7111-9975 
CA 91.lO'l 

Inquiry 650. 

RENT SOFTWARE $1/DISK 
Rent Public Doma n and User Supponed Software 
for St per d1sklull or we'll copy. IBM (3!1>" a1so1, 
Apple. C-04. Sanyo 550 and Mac. Sampler $;jj 
VISA/MC. 24 hr. into/Order lfne. (619) 941-3244 or 
send #10 SASE (specify computer) Money Back 
Guarantee! 

FutureSystems 
Box 3040 (T) , Vista, CA 92083 


office: 10-S PST Mon.Sat. (619 941·9761 


Inquiry 651 . 

QUALITY SOFTWARE IBM/COMPATIBLES 
Get a Word Processor. ,Spreadsheet. Database. 

Money Manager and 5 arcado games plus our 

10.000 program catalog for ONLY Sl0.00 ( +s/h) 


800.992-1992 (Natfonal) 

800-992-1993 (ca only) 

619-942-9998 (Foreign) 


VISA. MC. AMEX_f'Ccepted. (COO t 1.90) 


The International Software Ubrary 
51M04 E.nc;m<IU' 61"1. En<<nltoo. CA 9202• 

Inquiry 652. 

ta. 

, ,11 ,., 
t 

.

FREE CATALOGUE 

PUBLIC DOMAIN/SHAREWARE 


• 11100 IBM PC & compatlbles disk.I • 

200 Amiga disks • 125 Al.au ST dt11c:s 


PC do•k• as tow u $ t 25 oocn. Amoga & ST as low as$ .60 

oa<;;hl Rett1 or t>uy., Froo shipping/ Call toH hOG..,wri10 cJ,. 

clo f&aoer siMce IOI FREE BtG CATALOGUE Wllh ruo 
do$Cl10llona. Pieue SQOCify computer-•4'8 tu lumarounc:tl 

Computer Solu11ons 

PO BQ• 35'1 - Dept B. Meson. M>cnogan 481154 


1-800-874-9375 (M- F 10-6 EST) t-517-628·2943 


Inquiry 653. 

~ 


J 
I 

FREE SOFTWARE 
Tho PUBLIC DOMAIN USEAS GROUP P'....,.i.s public do
main ""1waie lot IBM. CPIM, C6' & C-128 computOrS. PO\IG 
sonool1hOoldOSl (951. 1982>&'"'9011(o.or •O.OOOmembets 

WOtldwlde) uSCfS QfOUP' 
SPECIAL OfFER-$ond $10 and rocol"' "°' only OUI l )'0"1 
m9mbership bu1 al50 our ntW mtmbac disk free {conl11ns 
2 great progr9ms). o, 1ot more Into. send a SASE tsPOCJFy 
compuler) to. 

PUBLIC DOMAIN USERS GROUP 
P.O. Box \«2·BM , OrangOj>arl<: F\. 32067 

90•·26'-3512 (ORDER LINE) 

Inquiry 654. 

SECURITY 
~ -

BIT-LOCK SECURITY 
Piracy SURVIVAL 5 YEARS prOllOs offeCliveness 
of powerful multilayered security, Rap;d decryption 
algorithms, Reliablelsmall pon transparent security 
device. PARAL EL or SERIAL port. Countdown 
and timeout options also available. KEY-LOK~ 
security at about 112 BIT-LOCK cost. 

MICROCOMPUTER APPLICATIONS 
7805 S. Windemere Ci rcle, limoton, CO 60t20 

(303) 922-8410 or 798-7883 

Inquiry 655. 

--.. r J 

COPY PROTECTION 
T: =~ll~R= =!,,m~~!:u'~urd'::~~ 
~~~~J:!!":~:.,i'~..::"'F" 
• Hald cMk suppurt • No source c:oOe ch.angos 
• Cu.&lomizOd YOflloftS • LAN SUpPO'l 

• New u~ntoos ovallo~e 

(408) m-9680 
SOFTGUAAD SYSTEMS, INC. 

noi.-s--.oo.~,,_ 
Ft\X{40f)'77>140:S 

Inquiry 656 . 

SOFTWARE/ACCOUNTING 

dBASE BUSINESS TOOLS 
• General Ledger • Purcn Ord/lnvntory 
· Accounts Recvbl • Accounts Payable 
' Order Entry · Job Costing 
' Sales /\nalysis • Job Estimating 
$99 EA + s& "'1<!8ASE 2. 3 or 3+ SOURCE"COOE 

dATAMAR SYSTEMS . Cr. Crd/Chl<ICOD 
4876·8 Santa Monica Me. 
San Diego, CA 92107 (619) 223-3344 

Inquiry 657. 

FINANCE MANAGER II 
Easy to learn. fully integrated, JT1&/1U-<ll!V9f' book· 
keeping system for small buslnass and personal 
use. General Ledger, IBM PC. XT. AT. PS/2 or com
pat Try before you buy! Fully func1l0r1af 11 month 
General Ledger evaluation copy for only StO! 

CALL TODAY! (719) 528·8989 
HOOPER INTERNATIONAL: PO Box 62219. 
Colorado Springs, Colorado 60962 

Inquiry 658. 
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XACT-1 6C PROGRAMMER 
Compij)te RAM·Resklem emulation of the Hewlett
Packard 16C Programmer's Calculator. Binary, hex. 
decTmal. 0C1al and noar modes. AND. OR. XOR, 
shift mask 3nd ore, See BY TE "What's New''. 
Jari.;ea pp. 88 for derails. S39.95. PCOCT/Ar 30 day 
money back guaran ee. VISA/MC. 

CALCTECH, INC. 
t3629 Benevuc-Rodmond Ad W202. B&11evue. WA 93005 

(206) 643-1682 

Inquiry 645. 

TURBO PLUS $99.95 
PtogrammmfJ wols lo, Turbo ra.$Ul 4 0 ScrtHlfJ Pillnltlf. 

codJ ~oror. JIO Fi111ds1 Dyna IC / • .f~n rJ . 
PrO{Jl1mm1ng Uml LJlNIV'lH~ SamiJI.• P1~rams. 

280 P~~ Rlunrat~ M~nUil 60 D"'f Sattil•ctlM 
Gu11r1mHt BtochurBs & Demo Dt#euts avaSI 
Highly F11vorabltt Rrilrrts' IBM & Compa/Jblos. 

Nostradamus Inc. 

http:noi.-s--.oo
http:1982>&'"'9011(o.or


SOFTWARE/Al 

Learn Al Fast 
11/lhen~ Is a bOOk and a disk ol l..olus spreadsheets. 

':4 m1JNBIOus littlo Al training package . 
'fOU 'II t nd It Bn BXOOl/e I tutor/a/ 

this produCI Is a must" 
E.u1 S"8i>1m. 

BYTE. AIJg 'SI, p 263 
II/then le only S69.9 5 

If/then Solutlons 

SOFTWARE/BUSINESS 

dFELLER Inventory :,=~~prog~ wikt b1e CIBA.SE 

dFE~lER Inventory $150.00 
R9Quires dEIASE t 0< ll J. PC-DosiCPM 

dFELLER Plus S200.00 
With HlstO<Y MCI Purchase Orders 

t;leQuor0$ dBASE ill et dBAS 111 Plus (F0< S1oe1<1ooms 

Feller Associates 

SOFTWARE/ENGINEERING 

STAUCTURAL ANALYSIS 
MICROSAFE: Inexpensive. easy to learn and use 
Finite Element Analysis for IBM PCs 1111d com
pallbles. Up 10 400 nodes, 600 beams. 500 plates. 
GfllPhlcs. 2-D: S7S. 3-0: S120, Both: St60, Overseas 
add $20. Evaluation copies. NOT COPY· 
PAOTECTEO. Ask for brochure. 

MICROSTRESS Corp. (Dep. 8M1) 

.... 

PO BQx 52097 ""'°'Mo. Cl !l4l03 '1S.322<J•~O 
lbtu. 1·2 l 1 2 f DQIS!«f S3 ~ ll\PPfJU NA $8 Cll~tiofo 

Inquiry 659. 

SOFTWARE/ARCHITECTURE 

MOVING 3·D NAVIGATOR 
• 	 Rapl(! movjng natural views ol Wire-frame objecls 

)'OU eteata; lly aboul Of through tho ipodels In 
any arbitrary path by oasy fingMip oontrof 
1449.85 + 54.00 S&H. (lnqufro ror lorelgn rato.) 

+ Require IBM PC or eompaJjble (256K up). SV• ' 
demo-dosk ST.00 + $1 ,00 S&H 

bp-Codlna Systems
(YOSHINO ENTERJIRISE~U.S.A.. INC.) 


2445 Unlvers11y Heights twe.. Boulder. CO 80J02 

telephono [303) «11-3640 • racslmlle \303) 442-t967 


Inquiry 660. 

SOFTWARE/BASIC 

XGRAF DRAWS IN BASIC! 
FINALLY! XGRAF replaces OulCkBASIC's poor 
drawing commands wl1h assembly language calls 
1ha1 work on li.eiwles. EGA, VGA, CGA and EEGA 
screeri_s. Only $99.00 + $4.00 S&H. Call us at 
1·800-4 23-3400 l9:00 AM 10 8:00 PM EST) 

KOMPUTERWERK, INC. 
851 Parkvlew 811.'d., Pittsburgh, PA 15215 

For info., coll (412) 782-0384 

Inquiry 661 . 

SOFTWARE/BASIC TOOLS 

QulckWlndows 
Aa aeen In the Microsoft V• lue-Pack C.181og! 
Cruco w;ndOws. pop-.up anO puH-deiwn m-"UI. d.a.11-onlly 
screens., ano mut1(plt-tnpu1 dialog boxos QuiektY and •ully 
Full aupp0<1 ol Mi<roooft mouoe Join 1ho ~ Fol:1Uf\O 500 
OOOlj)Ollfos-using OuoclcWi!>dOwS 'And C«lof iouo: CooY today. 
Ou1ckWlndows $79. Advanced &139 fOf Microsoft 
OulckBASIC 0< BASCOM. 

Software lnterphase, Inc. 
S Bradl9)' SL ~to 108 • Pr~. Al 02908 

(40t) 27'-5465 

Inquiry 662. 

SOFTWARE/BUSINESS 

DATA ENTRY SYSTEM 
Heads.dcm da1a entry with t"°"pass veofica11on for 
!he PC/XTIAT & comp;mbles L<>adi!d wuh features 
like ;[luto dup & slop. verily 6ypass. range cliecks 
& ta"ble IOOl<ups ~ully nienu driven only $395 

C or troo 3Q doy /tJaf penod 

COMPUTER KEYES 

21929 Makah Rd .. Woddway. WA 98020 

(206) n6-6443 1-600.359.0203 

MILP88-MIXED INTEGER LP 
A geooral-P<J•poo<! S'jO!em fOr soiw:og """"° '!)ltl9"f l!(Jear
p<ogr11111s woth up lo 65 integers 255 oonst l3JrllS t255 
vana~ Sol- problems by appjying !he.branch and 
bOOnd method Menu·driveo wtlh ma(lY use!Ul features 
similar to LP88 Req IBM PC. 192!<. $149 Wilh 8087 
suppon. users gu1d~ VISA/ C 

EASTERN SOFTWARE PRODUCTS, INC. 
POB 1532a Afexandroa. \jO, 22309 

(703) 549-5469 

I • 

-I 

SOFTWARE/CHURCH 

PowerChurch Plus® 
f ast fnendl . reliable urcl) ad!Jlio1stratior 
SYStern. Full fund accounting. mailing lists. 
memberslJip. conlnbobons. attendance, word 
processmg. aCCls. payable. ~toll, multi·user 
support, and much more - all for $695 co 
plete FREE demo version. 

F1 SOFTWARE 
P.O. Box 3096, Beverly H1lfs, CA 90212 

(213) 854-0885 

ROMAR CHURCH SYSTEMS"' 
MOIT\berllil>Sl 'i<!d' S a!',lf~ ad\l'~. labela. l«l"'S, 
'eoo<ISJ. any •) Qrfenng-'256 Otll>Onal f,>ledqe 

'.e<ne!'<S; PoSI 10 i~~r ~·nanco gon.fedoer W'buOqet up
10:500'JUOICCals & gg deQ<o J"9"'1) & YTD •"""'1S anytome.b 

~~~~~~7~~,":.:'c1 
09; "1IJ »a SllC)f1t.. wme k>f t1oe 48-peoo OUIOO 

Romar Church Systems, Attn : BJB 
RO. Sox 4211 . ~lkhan . IN 46514 

(219) 262-2188 

Inquiry 666. 

SIMULATION WITH GPSS/PC'" 
GPSS/PC~ Is an IBM personal computer fmpfamento
tlon of tho popular mainframe slmulatlon language 
GPSS. GraphlC$, animation and an extremely lnterac· 
tive environment allow a totally new vklW of your simula
tions. Simulate complex roal-wortd systems with tho 
most inlo(l!clive and vlsuol yet economical slmulo1 Jon 
software. 

MINUTEMAN Software 
PO Box tl'lJV, S'OW. as_,,""11!' 0 SA 

(617) 897-5662 ext. 540 (800) 223-1430 ext. 540 

Inquiry 671< 

Circuit Analysls  SPICE 
Non·llnear DC & llanslent: Linear AC. 

• Version 381 with BSIM , G8As, JFET, 
MOSFET. BJT, dlOde. e1c. models. screen 
graphics, 1mproved speed and COtMlrgence. 

• PC Version 2G6 available at S95. 
Call. wrllo, or Check i nquiry # for moro1 nfo. 

Northern Valley Software 
26327 Ro<l)(OC Dr .. Rancho s \4oro.a. CA 0027• 

(213) 541 -3677 

550 CR PPA. OOte 3. Ishpeming, Ml 49849 
(90e)48M024 

Inquiry 664. 

Inquiry 665. 

SOFTWARE/EDUCATION 

WE CAN MAKE IT TALKI 
~ll<ing .OucaUonll programs Imm o...no computar So~ 
vi<H lot IBM' lcom.,.i &Apple' It's auppot!J!'O'l ll>HCh 
cords "' (Un wlo -h 3 SPELLING P"'Qf81TIS share 
~ Rleol C<t111 'WO<d.nllos. adfu• pronune1arkon1 
S/wlllh -.. 1001 2 •iutv MATH progtama( MEMORY 

~~~-~:n::::r:::":plleo BASIC with 

U.S.A. DIRECT 

Dep1 B. i:iC 32-Bo~ I , Enfield , Nl:t 03748 


(603) 446-2693 

Inquiry 667. 

SOFTWARE/ENGINEERING 

Affordable Engineering Software 
FREE APRLIQ,ATION GUIDE & CAT. LOG 

Circuit Aila\ys1s • ROOl Locus • Thetmai Analysis • 
Ploner Onvers • Engoneenng Grap/11cs • Signal Pro
cesslng • Acllve/Passo ve ' F~1er Design • Transfer 
Fu!)CllOri/FFT Analys s • Logic S• u't81ton, • Mtcro
~Design • PC/MSDOS • 'Maoniosh • VISAIMC 
Ai::Cepted 

BV Engineering • (714) 781·0252 
2023 Chica90 Ave .. Ut>I 8· 13. R.vl!fSKJe. CA 92507 

Inqui ry 668. 

PROFESSIONAL SOLUTIONS 
FOR PCe and MS.DOS 

DEFLECTION OF BEAMS OF UNIFORM OR VARIABLE 
CROSS SECTION (not an FE-l><ogram)· Statically deter. 
rn1na1e Pfob5em• & coruinuous bNlnS 

SIMPl.E OR MULTIPLE SHRINK-FITS: Shrin._ prOSSU<8S, 

SUHHI, 1CQfooal holding abilrty etc,,. 

HERTZl Prnsuto betwoo~ bodtta 


MICROMIN'"' - Software 
Dao s.iwor P 0 Bo 3 44 Mannl0td. ()I( Z• ll4• 


RoetYdoc M- {800) ;!36-2072. exl 5178 


1osso Forest Ave. s.. Seallle. WA 98178-3205 
(206) 772·0508 

Inquiry 670. 

Inquiry 672. 

FREE ENGINEERING MAGAZINE 
P9rsonal Engineering s a monthly magazine sent 
free of charge IUSA on!Y) 10 sc1entists/eng1neers 
who use PCs ror technical appllcat1ons. Topics 
each month include ln11rumenl811on • Data 
Acq/Control • Dealgn Automation. To receive a 
lree sample Issue and quallllca1ion form etther c r
cle below or send request on letter ead to: 

Personal Engineering Communications 
BOA 1821 B•oQl<ino. M ·1)21"6 

Inquiry 673. 

. . 
EC·Ace ANALOG CIRCUIT ANALYSIS 

You can afford to get started with Ee.Ace, a subs« al 
the powerlu~ ECA'2 circ:uil sJmulat lnclud<>S all thO 
baSQ and bull!.in graphics, 
• N:;, DC. Tefl'pera!Uf8, Transoent 
• A lull 525 pg. ECA-2 manual. 
• lnteracsive. twice as fasl u SPICE, 

EC-Ace 2.31 IBM PC or Mee $145. 

C•ll 31:J.e63.8810 for FREE DEMO 


Tatum Labs, Inc. 
1478 Marl< ~In Cl .• Ann, Arbot, Ml 48103 

Inquiry 674. 

SOFTWARE/FINANCIAL 

THE FINANCIAL PLANNER 

AS EASY AS ~ATM• 


Your Bank's ALlo. lf>ller Machlne & THE FINANCIAL 

PLANNER havO a IOI "' common. NEW Menu driven pro

gram w/ easy to use Manual • Balance Checl<book. 

Prepare Budget, Flnancior Sla:oment. Ulan AmorftzaOOn 

Schedule & more • S99.95 -OUR PRICE-$59.95 + 

$2 SIH, PA 6'111 lX. Apple lie. lie. llgs. IBM PC °' COfn. 

patible. CK/MCNISA 

SOFTECH IND., INC. 71 7·584-5191 


- tt7A. OelX - ..~~"" 1Tr.R 

Inquiry 663. 

332 B YTE • JUNE 1988 

Inquiry 669. Inquiry 675. 

http:PRICE-$59.95
http:bull!.in


·. 


~ 

I. 


1.~~-~~TME Bl!J~ER'S MARJi---=~--

SOFTWARE/FORECAST 

FORECAST PRO 
An oxcellent to<ecastlng package that uses a1tilliifa1 l11
181tlg9nce IO he4p bc(h the beginner and the 8Xp8!1enced 
lor""°'or achlcM• loi>-JlOICh result& nme series 
analysis 1echnlques Include exponential smoothing. 
8ox.Jonk"'in.s. & dynum lc regreSSlon 

CALL NOW FOR A FREE DEMO DISK! 
BuslneN Forec111 Systems, Inc. 

68 Leonard Street. Belmont, MA 02178 
(617) 484-5050 TELEX #710-3201382 

Inquiry 676. 

SOFTWARE/FORTRAN 

FORTRAN n Extension 
EXTEND subroutines lor MS. AM. IBM Pro com· 
pilers to control keyboard , (llOfli!Of, text & graphics, 
DOS Ille & directory opera110ns. parallel & serial 
1/0. Plus user graphlCs fOf CGA, EGA, VGA , 
HP7475A, TEK 4010, AuloCAO OXF & db sa...e files. 
Both 8087 & non 8087 libraries pkgd for $149. 
Royally fre<t. VISAIMC/POICHK. 

Design Decisions Inc. 
P.o. BoX t2884. Pittsburgh. PA 15241 

(412) 941 -4525 

Inquiry on. 

SOFTWARE/GENERAL 

WOULD YOU LIKE ro KNOW? 
Your 1.0.? Memory Level? Response Time? 

Coordination? Visual Perception? 
Expano ~ur mind with MENTOR' - sottwore lhat 1•18 
:i.:.·fn~~fs":_Qht:~ 11~M'1P~=~r~ers:~ 

• CGA/EGNVG/'I • $49.95 • VISA/MC 
No shfi>etng charge to anywhere In the world 

Heuristic Research, Inc. 
3112-A Wnt Cuthbert A"'·~ Midland, TX 7970! 

800-443-73 80 (In TX . col lect 915-69-4-5936) 

Inquiry 678. 

US$5 ... INCLUDING DISK 

~n2.o~~~t~~:~r.:.~%'~~:".'.:! 
ot hi-quallly manu1.la. Stst H Mcot . 

1200 bl>• f'od<et·oi:<I ldod<lm • $ 1$9 

2S6K All io Hl·RH EG~ CINI $179 
15 MHz AT/28& Mothertioar~ ('lb . $649 
I.DIS ot 01111aln1, ram enlps, tto. Spoclly your compute• 
type. FREE catak>g senl to you by air·mail. Writ•: 

IBRAHIM BIN ABU BAKAR, Dept. BYTE 
Ratno1 Cit)) ~ Box 1029. Sif>vapore 9117 

REPUBLIC OF SINGAPORE 

Inquiry 679. 

SOFTWARE/GEOLOGICAL 

GEOLOGICAL CATALOG 
Geological software for log p Ing, griddlng/con· 
1our'ing, hydrology, digitizing, 3-0 solid modelling, 
syn1h811c seismogram, fracture analysis. Image pro
cessing , scou1 ticket manager, 0\181 50 programs 
1n catalog. Macintosh 1001Ca1a1og $3.,00 

RockWare, Inc. 
4251 Kipling S11, Sulla 595. Wheal A dge. CO 

80033 USA 
(303) 423·5645 

Inquiry 680. 

SOFTWARE/GRAPHICS 

PC TECHNICAL GRAPHICS 
TEKMAR is a graphiC$ library for the EGA or Teemar 
Graphics Mastor1Simila(IO Pl..01'10. lnehJdes WlNOON. 
VIEWPORT, AXIS. Support lor HP. HI plooers. Cu"'9 
fining, complete plol1fng program. 1.Dg. seml-k>g.-111ul1i· 
axis. 3-0. contours. Jerry Poumoue (Aug 86 Byie): ' '.As 
good as any I have"'"" seen.. " Demo disks, lltarature 
available. 

Advanced Systems Consultants 
21115 Dewnshlre St. #329. Chatsworth, CA 91311 

(818) 407-1059 

Inquiry 681. 

SOFTWARE/GRAPHICS 

TurboGeometry Ubrary 
(Source & Manuel) 

TIKbO Puul. c. Mae. & Mleroooll c °""' ll50 2 & 3 dimen· 
sional routines anc:ludinvi lnteraectiOf'\I. Tran.sformtak>nt. 
EquarJOn1. Hidden llnes. """'-· Cuno<n. Aroes. 
Volumos. CJ1pping, Pl&n•a. Mat1kH. v.c:tors. Oisiance. 
Pl>lyDe<omp. IBM PC (Comp.), MAC. 

' VISA/MC $99.95. 

Disk Software, Inc. 
2116 An!pOho ,.87, Rlc:natdoon. TX 7l5061 

(2141 423-7288 

Inquiry 682. 

FPLOT PEN PLOTTER EMULATOR 
Use your dot ma1rl• or laser printer as an HP P4'n 
plolter. Fast hi-res outpot Vary line width. Include• 
VPL.Or vi11ua1plonor utlllty to caplure ploning com
mands. Suppor18 NEC PSIP6. IBM Proprinter, Ep
son LOIMX/FX , HP Laserjel. Uses Hercules. CGA, 
EGA or VGA for scraeo preview. $64 check or m.o. 

HORIZON SOFTWARE 
11 Suite 605. 24-16 Slelnway SI.. Astoria. NY 11103 

212-418-8469 
Inquiry 683. 

GRAPHICS PRINTER SUPPORT 
AT WTI US6 the PnSc ~eY ta ake QuBl1ty SC<Jtoa 
B&W or color reP1oduct1ons yoor <J•spiay an Bfl'f 
dot maJ11x. 1nlijef, or /aser ptJfl/Ot GRAFPWS sup
ports 811 versions ol.J'C or MS·OOS W<th /BM (• cl 
EGA. VG"\) r. Hercules graplVCS boards 
$49.95. 

Jewell Technologlee, Inc. 

4740 44th //Ne. SW. Seatt e. WA 98116 


800-628·2828 x 527 206 937·1081 

Inquiry 684. 

FORTRAN PROGRAMMER? 
Now~ con coll 2·0 and 3-0 gr11>hles routliioa ""' n your 
FORTRAN p«>grom 

GRAFMATIC. oeroen roullnH $ j35. 
PLOTMATIC. Plotter driver 1~ 
PRINTMATIC' p<lnter driver 13 

fO< Ille ISM PC, XT. ~ eompotlblo._ Wt suppon a 
Yori«Y of eompliot0. gn1phic4 bdo,, plOI,.,. "!l'1 "'"''°" 

MICROCOMPATIBLES 
30 rtlUO. D<. 0.IJI. 11, SU"9r SIM)"9 · MD 20901 USA 

(301) 593-0883 

Inquiry 685. 

CGA-+ Hercules"' Graphics 
MocfH!GA• a110ws you lo ""'bu.mess graphics. 
games, BASICA graphics and other CGA specific SOii· 
'IN• wtth your Hercules' Monoc/lrome Graphlcs adapcor 
and monocltrome [llOO!tor, \'llor1<s wilh alt CGA programs. 
m .95 (+ SS s&ll) tor the 3k'l'SR wrslon. 3Q-<lay money 
back guarantee. Call QI wn1e: 

T.B.S.P. Inc. 
ms Wtlt...ood BIYd.. sur11 793. t.os Anfl"l•s. CA 9006A 

(213) 312"11!M 

Inquiry 686. 

SOFTWARE/HEALTH 

FamllyCare"' Software 
Thia comprehensive modleal diagnostic expert 
eyotom spares expensive, unnecessary trips 10 a 
physician by guiding You qu1cidy through possible 
symptOfnS ar>d giving you 5Jl&Ciflc direction! lo< 
medical care, home 1rea1men1, and medlcatkms, I~· 
eludes nundreds of symptOfns, lnju es. and 
diaeaaea of newborn• through 1Mnag•1S. 

F•m~~~'!~:'."•r• 
29451 OtMflfttld Rd Sul. n.1e. SouW:lt'd. Ml 4807'> 
800,.2-429 or 3 13/5511-45151 

lnquiJY 687. 

1 

/ii 

SOFTWARE/INVESTMEl'1T 

Tho .,.,... lkWnna """"' TOP 1000 tt10 Mututol Fund SC:Of'lba.n:I 

DltlttftH 1,1s.e lhe •normou:• pc11'1"9r d )'9Ut 18M..O< COMPMICM PC 

ao~. t11t. 11'1dcompar•WWoJ9CIUit)'&ndluo:.O~mutu&1 

~.:~~M=~~::.::1eu~~~ 
Mutual Fund ScortboWd ~ 

$ll~HCll Of S23'JJ/O 0- ~xnpdons ., """' 
lOP 1000 I TOP 1000 E.\.ITE OtMttwia: 

.z:;:..~~...!,!::!.':~~~~ 
°"'"'"°"°',_.....,... 1n!o<mollont>ycdlng H00-5SW57& 

(In l•inota. can 1-312·250-9"292>i°' wrt,. ,., Business Week Diskettes 
P.O..&. e21. Edi G.,,..., IL llOOOO 

Inquiry 688. 

SOFTWARE/LANGUAGES 

INCREASED EFFICIENCY WITH 
DRUMA FORTH·83? YESI 

S1rlcl ..i STANDARD. kle&l lof loachorsllo1mo 1MS+ 
rnen:10f'Y~ 64K'IPffd & compaanMS IO 320K lnU~ ~1no 
doc:Jglouary. ASC II & SCR lilts. Ea..... A.uemblo~ FUU 
rHIOOS m1trl1ces. Developer.- Ideal 

• lllM PCIXT/AT & ALL COMPATIBLES 
• BEST VALUE: $79. S&H $2. VISA/MO 
• 15 cloy money "-ck. CALL OR WRITE 1oday 

DRUMA INC. 

6448 Hwy 290E. Suilt E·103. A&Jst1r. TX 78723


°"'"'"' 512-323-0403 Bllool'<I: 512-323-2•02 


Inquiry 689. 

MULTI-USER DEVELOPMENT PLATFORM 
G n !he 803118 ~ for ~r applleOliOns wlth THEOS C, 
en adYllllCOO COf"pllo• fol lhe new THEOS 366 mull~ user. 
!llU~ltasl<friv QPO....ing system MOCM• ANSI c ...ndanl. piUI 
ollors llMI powor «250 aaGitlor>ll tundion9 for VOi graphics. 
reel-Omo l)!OCeSSing and hlo - PrOYti:les UNIX .,,., oos 
-rce coae eo<nPoliblllty 8roa"8MK 11rnt......-ume 
manual SOI BASIC Language Po<kogo also ovolloblo 

F<N comp/Olo mulrl• US<ll >Olutli>tu. ull 111 IO<lq. 

THEOS Software Corp. 

1n1 llOthl;ho o, Sotto ~60 4'o<il ei..~. CA 94596 


(415) 935-1119 FAX (4151 tJ!l-11n 

Inqui ry 690. 

SOFTWARE/LASER FONTS 

LBserJet Fonts 
EZfont downl..d t • ll mH 1..1ror1MSIOOS program 
to select lo ts by l ltle and orientation. Download Im· 
medlotely or In groups by application. &I'/ aott lonts 
work EZiont-$79. Also, B!Glonl-8 fonts Ip sizes rom 
10pts 10 158 pis (2 lnchos}-print from any- word 
processor- easy oommands, 30 day money back 
guarantee. 

Worthington D•t• Solution• 

"""' Inv•• s1.. Santa Cruz. CA ~ 


8004"5"220 In CA (<OI) .......,. 


SOFTWARE/LOTTERY 

WIN LOTTO 
GAIL !10WARO'S systoms have won S27 million 
for 9 Lotto jeckpot w lnnerwl Now IMl.llable on IBM 
PC 5V• • dlskenes the complete • ulll11nf/c Gell 
Haw11rd Whe<tllng S~oms (Sman Luck Comput8f 
Wh1111f" $29.95 .;i $2 s/h); also Gall Howard's Smalt 
Luc Computer Advantage~ $39.95 + S2 Slh 
(specify Lotto game). 

Smart Luck Computer Systems, Dept. B-1 

127) Wo.. Dundee Rd., Sudt 16-A. SunllO GnMI, [L-,00089 

31HJ•-330GA Nslol'CllJl -.io~ Lor.o°"""" oi.o M~ 

Inquiry 691 . 

THE ULTIMATE LOTTERY PROGRAM 

~==et~s~~~~:t'~~::~1!:.t:~~u;:~ 
Keno Gtm----=-Ovet' 100 lrequoncy 1nO Mtledlon rtoont 
d isplayed 0< pontOO oy btlJ • . Pt)~ lrfpl.U. flmlUH. mates. 
moSt l tequen1, end put du9 1n t0ft4td or num• N<: oro.r In. 
eludes Pr""9n Wheeling S)"loma 0 111.l for arry glll)e also 
""9ltable. ISM PCJXTOO'/lAP'IOPS 256K RAM, DOS 2.0. 
5.25' • disks $49.95 + $0.00 Shi~, ~SA/MC 

WESTERN EN·COMM, INC. 
4909 Stocl&.'e Hwy, 1649 ~'<10 Cl\ 93309 
caoo 1112-saae or (805 931-1633 FAX: 1.eos.e31.s122 

Inquiry 692. 
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SOFTWARE/PACKAGING 

SAVE SAVE SAVE SAVE 
LET'S TALK LABELS 

We do dJ•k l•bell (5\4  & 3)-\) 
• Btilltot • FallOt • ~a&:* • 

86cau10 WO .JQitCflllb:• --.n dfP label• L.lfl 'I Tl.lit, 

Wo al.o h.... 1V'4k Slffvt>• 
M•lJfrt • e lndeni • Vlnyt Peoe• 

we are a compl•I• aoft-re packaging service . 
Hice & Associate• 

~C.tndnn~umt>ut Rd., Wo~ Cnes.er. OH • 5069 
IS1.J..T17.0133 

Inquiry 693. 

SOFTWARE/PRINTER 

PRINTER GENIUS 
Po:Moe1ful memo')' resldem primer managomont  Con
t!OI print&r leatures from menus or wtthln documents 
- Prim spool lo disk files  Baci<ground print  Direc· 
10!)' & mobrowse  Edit small text ~ Redlroct output 

User rrlondly pop-up s<reens  92 page manual 
Preset !or all prln1e111 - Completely nexlblo  PC MS. 
DOS - $69 + $4 S/H - VISA/MC 

Nor Software Inc. 
527 3rd Ave . Surto t50. t'Jew"tb!k. NX 10016 

(212) 213·11118 

Inquiry 694. 

SOFTWARE/SALES & MRKTG. 

lead Management System 
The neX1 gonOfl!llon In Sales mana~ement. Follow up, 
to-<lo lists. 1elomarketlng, produa hsts. appolnlments. 
mall-merge. word processor. and spreadsheet. Tracie 
expenses to sh<lw coot of sofas. Uses your sales cycle 
and generales lop Ion 11 m . Industry spoclflc 119rslons 
ava ilable. IBM PCIXT/AT, compallbles, and laptops. , 
S99.95 Vl~MCICOD. Demo Disk $5.00 

Powerhouse Svstems Inc. 
1022 Well Fit• $1 S u e t04, Wintton-Salom. NC 27101 

(800) s2s-sn4 or (919) 721.0241 

Inquiry 695. 

FOLLOW-UP 
SOFTWARE FOR SALESPEOPLE 

Manage & control all of your sales activities 
on your desktop or laptop. 

$179.95 
XYCAD GROUP 

1577 51. C111r - • CIOYol•nd. OH «114 
(100) 0114457 (211) 519-5788 In Ohio 

SOFTWARE/SCIENTIFIC 

Inq uiry 697. 

· -
ADVERTISE YOUR 

COMPUTER PRODUCTS HERE 

fo r as llttle as $375 In 
T H E BUYER'S MART 

For m ore information call 
M a r k S tone at BYTE 

603-924-3754 

SOFTWARE/SCIENTIFIC 

FOR PROFESSIONALS 
Expen system owetopmont tool which lnfeis rules: EX· 
PERT 4 for IBM PC. Numeric datat>ase program w~h 
statistics plus graphlCs: TADPOLE for IBM PC. 
Bibllographfc pmgrams fot IBM PC (REFSYS) and Ap
ple Mac (AUl091BLIOJ. Science and oducarlon pro
grems ~D MUCH MORE. Send or call lot F EE 
caWog. 

BIOSOFT 
1'0. Box 580, Mnnown, NJ 08850 

201 613 9013 

Inquiry 699. 

Do You Need to do This 
on Your PC? 

614 118 cu in 
I 

1.2 liter par MC 

• 8.386ol21 -
U.C...xtOOO. "-n.. lnt•lllgent C"1cv11Jfor·: 

""" IBM PC's) Vo!ity IOgiC Cl cak:ula!lons. R..iuce stops 
by 50%. El<ten8"'° faDle Cl physical COO!ilanlS< fssily
cuslomlzed. Mueh morel SS9.9$ Demo disk S1 . 
Lascaux Graphics 3220 Steuben w.. 
Bronx, NY 10467 (212) 654-7429 

Inquiry 700. 

SCl·GRAF and SCI-DATA 
SCl-ORAF proOOc:es huge l'kes grai:lls <tvv 889/f!18'1!1S 
Ot  c - &Jllj:>ons log scales. """' b<Ws. """'"flard pnrCe( outp<L 

SCl-tw.l\ ~s looSI squates and noonai CUM! 
sc'*>g arid polal c:oordnl!e ·~ 

Prices start at $59.95. 
Microcomputer Systems Consultants 

Baa UT, SO/Ill Barblta. CA 93!02 

(805) 963-3412 

Inquiry 701 . I· 

'• 

. 
t 

'•· 

-
SOFTWARE/TAX PREP. 

W-2 (COPY A) ON FLOPPY 
Tho 11'2 M~ program make$ en IASISS'. FORWO' "°9P)' 
'1om • dlllo elf1'(""""" 0t lmponoo ASCII fM. lnd<.dos manuel 
and oppliemfon tom1 L 
• lJl9d ~ Wkfe. • Menus. USOf foflndly 
• S!oJ>-bv-"'"" dllA ...-,. • Prim w2 tonns 
• F!MpllorMI ·PC 

llllnOIS Business Machines Inc. 
Depart.  PC 

1ol00 Box J10 ~ Rd.. E-. IL 62025 
PH. I (111) 69HoeG 

Inquiry 705. 

STATISTICS 

STATA 
S181lstics and graphles join to make STATA the most 
poNerfuf package for the PC. No comparable pro
gram is 8$ feat. friendly. and accurate. $ZO Demo. 
Quantity discount available. can tol~free tor more in
1orrna1ion. AXNISAIMC. 

1-800-STATAPC 
Computing Resource Center 

10801 Nlllional - · Los Mgoles. CA 90064 
(213)~1 

Inquiry 706. 

1 ... - ~"· 

THE SURVEY SYSTEM 
An easy.Jo-use package designed sgeofically fa. 
questlonnalN data. P oduces banner fom\81. cross 
labs & relaled la~ stalisoos Oncl . egression) & bar 
charts. Codes and (epoi1S ansv.ers to open-end ques
oons. Al repOtts we cameia·readv IOI prolesoonal 
prese~ CRT ntervie.Ying option 
CREATIVE RESEARCH SYSTEMS 

15 Lont Oil< Cll.. Dtfll. B. F'llllluma. CA &41152 
707-765·1001 

Inquiry 7CJ7. 

·
STATISTIX"' II 
~ poMlffuf and Incredibly~ 
Full screen editor, ltansformattons, linew models 
(ANOVA. regression, logft, PCA, etc). AfllMA, most 
standard sl8I procedures. Clear, well organized 
documentation. Satisfaction guaranteed. $169 PC 
DOS. $99 Apple IL . 

NH ANALYTICAL SOFT~RE 
P.O. Box 13204. !Josevtle. MN 55113 

(812) 631·2852 

I• 

... 

... 
I 

111 

FOR THE IBM PC & COMPATIBLES 

MICROCOMPATIBLES INC. 
301 Prelude Dr., Sill/er Spring, MD 20901 

(301) 593-0683 

Inquiry 702. 

SclentttlcJEnglneering/Graphles Libraries 

Turbo & Llghtapeed Pascal, Modllla-2, c 


Send for FREE caralogue Cl ~ tools lot Sclenlisls 

and Engineers. Includes: Sclemlllc subroutine ltbnlries. 

- incleponcjont "8Pf"ic$ ibrarioo (including EGA. HP 

plotte< and Laserjet suppon), .clontttic chanlngJib<aries. 
3-0 plalllng library. dala ~ ibr8rleo. meill>drtwn 
process conqol software. Vorsooos available lot a variely 
Cl populat langueges. 

Quinn-Curtis 
1181 a-onu1 SI ., Unn 2-5. HtwtO•\ _.llA Cnt6A 

Inquiry 703. 

SOFTWARE/SORT 

OPT-TECH SORT/MERGE 
Extremely last SorVMerg&'Sefoo utity flUt\ as an MS
DOS command "' CALL as a subroutine. Suppons 
most languaQ86 and fi!etypes ondlldlng Btl'l!Ml and 
dBASE. U'*111ted filesi7.es, mUlhpje keys and mUc/1 
more' MS.DOS $149. XEN $249. 

(702) 588-3737 
r Opt-Tech Data Processing 

PO. Box 678 · Zephyr ~ NV IJ9.l48 

SAMPLE SIZE? 
A I expert system ostlm81es sample s 2e for regres· 
slon, ANCNA, comparisons ol means. props. IOI 
surwys. expeitmems. • . CompoteS maximum size. 
QCfjUSIS for response raies. multiple groups._ . Help. 
change/rerun, roforences, ASCII file report EX· 
SAMPLE IBM-compatible. $195+5/h (50% educ. 
disc.). VISA/MC/PO, JO.day guarantee. 

The Idea Works, Inc. 
100 WUC ~. Cclumbla, MO 65200 

(314) 445-4554 

Inquiry 708. 

I~· 11 

NUMBER CRUNCHER STAT SYS 
Meno-driveo Mul:Jple & srep.Yise regression. ANCNA. 
lime senes. dtscnmlnanl Cluster and laaor analysis. 
p<incipef componcncs, saiuet jlklCs. tiostograms. HeslS. 
corlingepcy tables. non~ l'Jlpo11 expor1 
data Spreadsheet, son. join. merge. $99. MS.DOS 
Graph1cs program. S59. 

NCSS·B 
1365 East 400 North, l<a)$Ville. UT 84037 

801-546-0445 

Inquiry 709. 

... 

ORDINARY/PARTIAL 

DIFFERENTIAL EQN 


SOLVER 


Inquiry 698. Inquiry 704. Inquiry 710. 
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STATISTICS 

StatPac Gold 111 

Vaed WO<ld's Best Slall$licaJ & Fou1casl1ng Package 
In 1987 by PC 'M>rld Magazine readers- Sue times 
more \/Oles than 1he next closest competitor. M0<e 
comp<ehensive & easier to use than aJ1 others. Gei 
the !acts Call oo.v for your FREE brochure. 

1-800-328-4907 
Walonlck Associates, Inc. 

6500 Nlcolle1 Ave. S .• Minneapolis .. MN 55423 
(&12) 868-9022 

Inquiry 711 . 

UTILITIES 

CleanUp 
the Fife Menegement liystem 

FEATURES: global file search. wild card & Altribv1e 
file martdng, source & target space into. me copy 
to rnuH lple dlaks when luff, pop up windows, 
prompted file deleting and many more. 

Price: $41.ill 

1-800-553-0846 
Acme Software Works 

1380 156\h //Ne_ N.E. Suite 147, B<lllevue, WA. 9S007 

Inquiry 712. 

Enhanced DOS Commands 

... -
UTILITIES 

COPY AT'TO PC 
Tho 1.2m8 drtlot hU long be0<1 known O> READ b<A NOT 
rollallly WRITE on 3'!0lcll lopploo. Wllh "CPl'A~- 1.2rn9 
~ CAN roiably WRITC :ieokB llqllJlos aavW>g a t1oc tor a 
aocond hW ""'« beckup """" "CP'llQ"<PC"' (Ncl C0!11 f'To
-i ol1Ms '1he ~ SOf'TWAAE SOWT1QN,' ONLY 
Sl9+S4 SIH ~UPS BIR 

MICROBRIDGE COMPUTERS 
65!> ~. San Carlos. CA 94070 

Order loll lree l-loo-623-8777 
415-6934777 (CA) 212-334-1158 (NY) 
TELEX E21..NK 628'/3089 FAX 415-693-7875 

Inquiry 715. 

• I 

Recover deleted files fastl 
()sk Explorer ,..,.., rndudes ~lie l&::DS'{ \!xi type 
in 1he deleted 1ieli name.. Disk Explorer fllldS and r<!!loces 

Disk Explorer also Sh<Ms vN!'s really on disk; vie... 
Cllange oc aea!e tormals. dw!ge a fieS status. change 
dala ., ar1f se<:lOt MS.DOS S75 U.S. ChecM:redil card 
v.elcane. 

QUAID SOFTWARE LIMITED 
45 Charles St E. 3td Fl. 

Toronto, Ontario. Canada M4Y 1$2 
(418) 981-8243 

HANDS OFF THE PROGRAM" 

' ' ,... ~ 

WORD PROCESSING 

FARSI I GREEK I ARABIC I RUSSIAN 
Hobrow. all EuropHn. SUno'nlM:an. ~u1 etthet H.indl. Pun· 
jabl. 9-ngali, Gujatari, TAMil, Tllll. Kotnn, Viet or IPA, FuU· 
fNtured muhl.tanguago WOtll l)IOCOSOOl IUJ)j)«U °"'""""" 
rote;gn oharac:tert and NLO printing Whh no harawltt 
modllleatlone. tnctudot Foot Edllor~S355 dot matrb! S150 
add1 kJr laMr: $19 demo. S/H In U.S. lncl'd.. ~- PC. 640K. 
grapNU

1 
30 d~ Guaronlff. MCNISAIAMEX 

GAMMA PRODUCTIONS, INC. 
710 Wilshire Bl>d .• Suite 609. Santa Monica, CA 90401 

213/394-8622 Tu: Stoeooszr.I Gamma pro SNM 

Inquiry 718. 

• 
CompareRlte™ 

CompareRite saves editing time by comparing tv.o 
dOCuments and generating a third that shows 1he dlf· 
ferencesrn an ""9rago of two sooonda !)<Ir pago. Con\· 
pareRite highlights chanll<>$ the w~ you want to see 
them. Worl<& wltn all major WO<d processing programt. 

Prlce - $129.95 + ehlpplngtnandllng 

JURISoft, Inc. 
763 MossochuHtts M .. Otp1 11 , C8mb<id91, MA 02139 

1-800.282· 5856 ext. 11 
In MA - 817-884-8151 ext. 11 

Inquiry 719. 

DuangJan 

PC.Write"' Shareware Ver. 2.71 
Fast, full featured word processor/text editor lor IBM 
PC. With spell check. screen clip, mallmerge, split 
screen, ASCII files, macros. Easy to use. Supp0<18 
400 pri nters · lase(Jet+ and PostScript. Software, 
User Guide, and Tutorial on 2 disks lor $16. Try-It. 
then reglstor with us for only $69 and get User 
Manual, 1 year tele·suppon, newsletter and 2 
upgrades. 90-day guarantee. VISA/MC. 
Qulckaoft 1-800-888-8088 CALL TODAVI 

219 Ffm N. , #224-BYTC. Seattle, WA 98109 

I' • 
• I I 

'- ., 
.!;f!Aj 

\....~,·~ 
~ 1) 
!n 

- .;" "';1;
:.,..-__ r•ll 

Advertise your computer products in THE BUYER'S MART~ 


It's easy to get your sales message into print. Just send us 

typewritten copy or phone in your ad. 


And as a unique feature, every BUYER'S MARiT' ad 

is assigned a reader service number which will 

provide your company with valuable inquiries. 


Call Mark Stone for more information at 603-,.924-3754 
BYTE/McGraw-Hill 

One Phoenix Mill Lane 
""".":'IC 

•...__ 
1-":' "1. • 

Peterborough, NH 03458 ~-·• J.. 1..,~·J • ........-...,. 
-- .. __ .... ;:m!!!!..J..:., 1 ...&;.. ....... 

L -~ 

..... - -. I 
. . 
' I 

Get directory listings OI all tiles that don't match a 
1tmplate. Search all directories for flies matching a 
templaJe. New oomman<1s and new ..,,,_,. of existing 
commands. al wf!h Iola ol ..arlable oPtlons. Ptus all com
mands accol)( special CO<les to 1educe repetitl"' an· 
tries. Get the most from DOS with these um ... saving 
routines. For MS·DOSIPCDOS 2.0 and higher. $29.95 

Drlscoll Graphics 
135 E, COu<eO, P.O. ao. 625 

CUnton, Ml 4923& 

Inquiry 713. 

MATCH PRINTERS TO PC 
M~Pmer adtQtS ,,,,_ P'lf'W'l llO PCIPS2 ano cx;rnp.:iblits " "" 
h'l resc:lc!n drrvec. OOl the II.ii ax»nOOd ISM A.SOI cNtlaer Mt Ol"I 
IN:llf pnt'l*1. ~ Sl)l!Mn. Cerrnlln,, r~. S...,.,. Gtoek c. 
.,..,,_.,,.- Wo<ISO<... --llNQ-"""OM P, 
EPIO" anct mo.~ DN'WS Sotw Cl\lf~ oampac.oiiry 
~ g,.., Jor tcedemi; and trlOnot'Mg ~ ll'ltOOl.aOt')' 
Poe. $59~ & S2 &H c..lkw,... ~add 8~ NMs tu 
MOChecJir:.J 

MATCH SOFTWARE 
5"28 Coldwater ~. NOflh HOiiywood. CA 911106-1113 

Toll free W 1 (800) FLOPPYO 

Inquiry 714. 

• LooloJ Hard Oislt. • - Floppy Uee. 


• - Subdifo'*><1el.
• Ncnnal Utt al DOS CorMl8lldl ond AQpflcailon Softwol9. 
• IOM PC. XT. '1 I/Id True ~ 
• DOS V2.0 ond Higher. HW Diak ~ 
• Koop Ot"9< ""°""''• HANDS OFF '11><w Syolem
• IH.95 V1SA/MC 

SYSTEM CONSULTING, INC. 

314 Camerbury Dr .. Pittsburgh, PA 15238 


(412) 963·1624 

Inquiry n6. 

$59.95!! 
Buy the RED Utilities now! Programs include: 

Disk cache to speed hard disk. Printer spooler. 

Batch file compiler. Path command for data files. 

Wild card exceptions. Pro!ect hard disk from ac

cidental formatting. Son directories. Over 10 

more programs. IBM PC. Visa/MC. 

The Wenham Software Company 

S Bu<1ey St.. Wemwn<.. MA. 01984 (617) 774·7036 


Inquiry 717. 

Bilingual word processor for English and: Arme· 
nlan, Bengali Euro/Latin, Greek, Hindi, Kluner, Lao. 
Punjabi, Russian. Sinhalese. Tamil, Thal, Viet 
S109+S5 Slh (foreign + $12 s/h). Font edttor ncluO. 
ed. For IBM with dot-matrix & LaserJet printer. 
Demo S6 + St S/h. 

MegeChomp Company 

352• Coc1mSt1 - · Po~adflphlo . PA 1G1•9-1000 


(215) 331-270 


Inquiry 720. 

Inquiry 721 . 

-1' 

l ...... 
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NECV20a V30 CHIPS] 
~ the 8086 0< 8081 in Voot IBMwPC •n4 

PorlHo. ..,..."llls,...dbyupto 40,.I Priet 
MISCfUAN£0US CHIPS 

Patt No. Price 
B500/B800/ll8000 Collt 
P9rt No. Prk:e 

8000 SERIES Cont 
Part No. Pric<I 

SPECIALSI 
SMP81FY Pree . Sample &Ho<d Amp .. 7.95 

W09216. ........ 6 .95 
6845.. • . .. . 995 2.95D765AC..... '"'95 3.95 8228. .. . .. " ... 2.95UP070108-5 (SMHz) V20 Clllp• • • • • $ 7.49 
6850. . ..... . .... 1.95 82.J7~5. .' .... 4:95 4 49 MAX232CPE Duo! RS232 Rec.fTrans.. 5 19UP070108-8 (BMHz) V20 Chip•• . • . $ 8.95 ll5H9(), ' ..•.. ""'5 5.95 6852.' ..... " .... 1.-19 8243.. " ••.• ""5 1.75 LM306P Dua! Compara to r. . . . . • . . .79UP070108-10 (10MHz) V20 Chip • . .. $21 .95 MC68000l.8. ' ... ' 11.95 8250A. ' ••••...... 6.49 

UP070116-8 (8MHz) V30 Chip ... .. $11.95 
ZBO, ZBOA. ZIOB SERIES 

MC60000L10. . . • 13.95 82508 (Fo. IBM) • 6.95 6116P..1 16KCMOS SAAM (100ns) . .. 5 49 
MC68010L 10 ..... 49.1>5

zoo.. " ...... +£5 .99 
8251A. . " •• • 1.89zeo-cTC. , .. T"9 .99 27128-45 128K EPROM (450ns) 21V ... 4 .95 

ZOO..Ol\RT. . . . • .95 
UP070116-10 (10MHz) V30 Chip.... $24.95 MC68020RC12B 1&9.95 8253·5. " ..... 1.95 

74LS612 Memory Mapper, Trt-S 1a1e ..• 11 .95MC68881RC12A1•9.9S 8254.. . . •. " " " 4.95ZOO..PIO. . . ~ .IXI74 8255A-5. ....... 1.89
Z80A. ............ 1.69 

8031 . ~S~~~ES . 3.95 8257-5. .. " ' " . 1.95 ..... Ho. 1-9 10+ Part No. 1·9 10+ Z80A.CTC.•.•..•• 1.79 174HCHl-sPEEDCM08
80C31 " 9 .95 8259·5. . . . . .... 2.:25Zl!OA-OART, , .. , • , 4.9574()0, .29 19 7485.• '' .85 .55 8035. " 1.95 8272. . . .. ti5 3 .95ZOOA-PIO.. • . . 1.69 


ZOOA.slOIO. S.75
7402. .29 .19 7466. .45 .35 8073. .... . .. 9.05 8279-5. " . . . ... . 2.95 
74()4_ 29 ,11> 7489 .... 2.05 1.95 8080A. . 295 2.49 67• 1 ........... 9.95
Z808 . . ' .... 3.49 7405. .35 .25 7490 . ~ .. 49 .31) 8065A .... . 2.49 8742. .. ' ' . 2!t.95 22.95ZSOB-CTC. . .•.. , 3.95 8086. . . . ' S.95 
7407. .39 .29 7•1 '21. 45 .35 
7406. .39 .29 7493. - -· 45 .35 Z806-PIO..•.. ..i!!I 3.95 =j~2~~i ii1Vj ' J~llOOG-2. .. . . . . " . 695 

8087(5MHz) ..... 129.95 8 749, """' .. 9.95 
7-'10.. ..... 29 ,19 74125. .. : 5'j .45 

850019800168000 SER.7 4 ()8. .•• .• .35 .25 74 123. .. .55 .45 
8751.. . . . 39.958502, ............ 2.65 

8755. . . . 14.956SC02(CM0S) 8'95 7.75 ~~=~l=>>.-.~m;74 14. .49 .39 74128.. - 69 .59 

8520 ... .. . ... 1.95 BOOS. •••. 6'09 5.75 
7417... ::: ~: .39 .29 741 50. ' ..... 1.35 1.25 
74 16. .39 .29 74143. ..... : 3.95 3.85 ~~IS~~.798008·2 ... &95 7756522 .......... " 3.95 


8532. . . ... 6'09 !'>.49 8116. .... . ... 4.95 ADC0608CCN.... , 5.95 
7430. . '. .35 25 7 41 58. . ' 1.59 l.49 
7420,.' .... 35 .25 74154... . .. 135 1.25 6551........ """9 2.95 
 81 SS. .•• . " .... 2.40 ADC080llCCN a953.69 

65C802(CM0S)... 17.05 8155-2. .. .. . .. . 3.49 AOC0016CCN . . , 11 .957432. . .39 29 74173. .85 .7!; 6600. . . . .. .. 1.115 8156. .. ....... 3.95 
 ADC120SCCJ- I , . 19.957438. .31) 29 74174 .59 49 DAC0808l.CN. . . . . 1.956802. ' . . . . 3.95 8202 • " " " 5.957442. .55 .45 74175. - : : : : ~ 59 49 OAC1008LCN.•. . 4.955610, . ' 1.25 8203. . .. " . " . 9.957445. .79 69 74 176. .. . 99 .89 682t . .......... t.75 
 AY""3-10150.. , .... 4.95" 8212. ....• " ... " 2.29
7446 .81> 79 74 16 1 ... . 1.95 1.85 6840. . . .. - ..... 3.95 8224. . .. . ...... 225 AY-5-1013A. .. . . . . 2.95 
7 4'1 7 , .00 .7') 74 169•.. : . 1.95 1.85 
7448. - ..... 2-05 1.95 741 93 . .79 .69 
74 72... '. .09 .71> 74 198 .. -· 185 1.75 
7473. .39 .29 74221. - .... .99 .89 
74711 .39 29 74273. • .. ' 1.95 1.85 
7475 .49 .39 74365 . .... .85 .55 
747/l. ..•• ::. .45 .35 74367... ... .55 .55 

74LS 
7• LSOO. ' .20 19 74LS1 65. •. .75 .65 
7 4 l.S0'2. . • . • . .29 .19 74LS 166. •. .99 .lJ9 
74LSQ4. ' ' . . .35 .25 74LS\73 .59 .49 
7.tLSOS. . . . .35 .25 74LS174 49 .39 
74l.S06. 1.09 .99 74l.S175. .49 .39 
74LS07. ' ' .. 1.09 .99 74LS16Q, 4,59 -4.49 
7dLS09, .... . .29 ,19 74LSt91.• ::. .50 .49 
74LS10. ..... .29 .19 74 L$193. • . •. .79 69 
74L$14..... ,49 .39 74LS221 .•... .69 .59 
74LS27. . . . 35 .25 741.S240. ' ' 69 ,59 
74LS30. .29 .19 741.6243 .' .69 .59 
74LS32.. ..35 .25 74LS244..... .69 .59 
7 4l...S42. .49 .3Q 74LS245. .... 89 .79 
7•LS47 .oo .89 74LS259.... 99 .89 
74L.S73. .39 ..29 74LS273... .69 .70 
74l.S7·i .35 25 74LS279.... 49 .39 
74LS7S. . . .39 .29 74LS322. 405 3.115 
74LS76. . . . 55 .45 74LS365 ' 49 .39 
74l.S65. ' • .59 .49 74LS366. . .49 .30 
74LSOO. . . .35 25 74l..$367,. ' .49 .39 
74LS90. .. . . .49 .39 74i.S368. ... : .49 .39 
74LS93. , . . .49 .30 74LS373.' ... .79 .69 
74LS123. . .. .59 4~ 7 4LS374..... .79 .69 
74LS125. . ,49 39 74LS393. . 89 .71> 
74LS 13a .... AO .39 74LS590 , .. S.05 5.95 
74LS130.. .411 .30 74LS624•..• ' 2.05 195 
7aLS1~ 1.09 ,00 74l.S629. ' ... 2.95 2.85 
74L$157.. . ' .45 35 74L$640. .••. 1.09 .99 
74L$158. .... ,45 .35 74LS645. ' . .. 1.09 .99 
7 4LSt 63, .. . , .59 .49 7.S LS670..... 1.09 .99 
7 41..$ '6d. . . . .so 419 74LS668. . . 2.39 2.211 

74SOO. ... . ........ 29 
74$04... . . 29 
74$08. .. . ' . .35 
74$10 . . . . . . . .29 
74.532. .35 
74574. .. . . • . . . . .45 
74585. .. " .... . . 1.79 
74588. . . . .. . . .49 
745124, .. ' .... ' ' .. 2.75 
74$174., ....... ' 79 
74$175. .... . . ,79 

• 
74$188". .' ". " ... 1.49 
74$ 189.... . ..... 169 
74$196. '. • ' . 2.411 
74S240. . , .... . . 1.49 
745244 ...... 1.49 
745253. . . . . . . . . . . .79 
74$267 ' .. ' " . . . ". 1.49 
74$288"......... " 1.49 
74.$373. . 1.4Q 
745374. . ... 1.49 
74S472" . . 2.95 

·::~~g :gt'gj2\1 /=/'iP..i~~ i~ 9 .951 LAG570 . . . ~ 
'4164- 100 65.536x 1 (1Cl0ns) . 395 WD1770••... . 11 .95 

::1~:1~ ~i~~: l\~l... :.::::...~ Sf3052P. .... 2.49 
·4154.200 55,538 x 1 (200noJ..... . 1.95 6502. . • . . • . . 2 .65 

:~2~12 ~'\~..::, :=).... ·· · ~~ 6504A........ 1.951 
'412* 100 262.144 x 1 ( ICXlns) , 12.95 6507 . , . .. ••. 4 .39 

:::~~:~ ~m:::, 1:~1....... :.:: :62~ 6510. .. 9 .95 

"50464- 15 65.536 x 4 ( 150n9)(4464). .. . . 9.95 6520. .. . . . . . I 95 

1:m~:g ~:~~ Nf:::/,1=:: ·: ~.~~ 6522.. ... 3 .95 
----- - STATIC RAMS 6525. ~ 3 .49 
"2016- 12 2048x6 (120nel . . ..... 3.95 6526.... ~12.95 
2018-45 2048 x 6 (45ns) • . . . . . 6:95 5.49 6529. . . . . . . 2 .95 
2102 
2114N :~::1 1=1 :: .::: :::· :·. ~ 6,.49 5.496532.'' .• 
2114N-2L 1024 x 4 (200no) LOW F'Owor. , •• 1.49 6545· 1 .... 4,9<i 3 .25 
2 1C l 4 
5101 ~~~".,4 \~:\~). .• .,:;~ 6551. .. ' 4-49 2.95 

· e 11 6F'-3 2048xe <150n•)CMOS. ....... 3.95 6560. 10.95 
0611~ 
'6264LP-12 ~~~: n~i~~~ :·:· . ~~~ 6567 ....... 14.95 
"6264P.15 8192 x 6 (1!50no) CMOS. . .. 5 .89 6569.... • . . 24.95 
' 62641.P-15 

I 	 6514 ~~~:: i=i~~OS ~~~ 6572. · 8 .95 
"4325<>-15L 32.768x8 ( ISOnal LowPowor 1295 6581 (12V).. • 14.95 
- ----- EPROMS 6582 (9V) +4,% 9.95 

~~m~ ~~ g ::~m~:: ·······-.: ~~ 8360. . .... .. 14.95 
1MS2532A 4096 x 6 (450ns) 21 V. . . . S.OS 8501. . . . . . .. , 10.9 5 

~~m ~=: i:~m~·.;.oe .:.~· ::~ 8502. .. . ..... 7.95 
1702A 256x8 (1µs) •.. 6'95 495 8563.... • . 15.95 

~m ~~=: i:=l 2sv: :·::: · : .• ~:~ 856•......... 9 .95 


~~ti;-~ =~i \~~~) ~~'(; (C;MQs) .: ;~: 8 566.. ...... . 24.95 
2732 4006 x 6 (450no) 2SV, , . . . . . 3.95 8701. · . . • • • . . . 9 .9 5 

C04001 .. .. • . . 19 C04076. •..•. .. " -59 2732A·20 4096x6 (200na)21 V, ........ 4.25 8721. ••... .. 14.95 
C04008..... .. 69 C04081 ... " " . . " .25 
C04011. 19 C04062.. . . . . . . .25 ~;~·25 :g:~~ \~=, ~~'(, ·<a.;,05, ::;: 8722........ 9 .95 
C04013. .29 C04093... .. ' .35 2764-20 8 192x6 (200n0)21V. . 4.25 "25 1104-04.. ... 10 .95 
C04016. . . .29 C04004...•.•.. . " .89 2764·25 6192 x8 (250rulJ 21V 375 310654-05..... 9 .95 
C04017 .49 C040I03 .......... 2.49 

C04016. .511 "" .'19 ~;~~t5 ::~~=: l~~W· " ~:~ 3 180<8·03..... 10,95C040107....... .jv._ 

C04020. .SD C040109.......... .79 27C64- 15 8192 x 8 (150ns) 21V (CMOS) • S.<9 • 318019-03., ..• 10.95

C04024 .49 C04S 10. .......... .69 

C04027. .. .. . . . . • 35 C045 11. ........ .69 ~m::rs :~::::: 1~1~:~: .. :.. :: ~r 3 18020-04... .. 10 .95 

C04030. "... . . . 29 C04520. 75 1 
C04040. • . . .65 C04522. .70 ~;b~~~ :~ ~ i «~~> {;5.,v<CiVKiSJ. · ~~ 325302-01 ... . . 10 95 
C04049. .29 CD<l538. .79 27250-20 32.768x8 (200naJ 12.5V .. , • 6.95 325572-0 1 ..... 14.95 
C04050. .29 CO<l54 1.. .89 
C04051 .59 C04543 . '70 ~;~~:J.~s m::i:, c~~il 1~2~ cCMOSi :~..; ' 82S100PLA'' ... 15.95 
C04052. ' 59 C04553. . . ' ' ' 4.95 27512·20 65.536 x 8 (200na) 12.5V ...... 13.49 901225·01 . 11.95 
C04053 ..• . " . . . • . .59 C04555. . .. ' • . . • .79 27512·25 65.536x8 (2SOna) 12.SV ..... . .. 11.95 901226-01.... 11 .95 
C04063.. . . . . . . . , 49 C04559. " . ... " ' 7.115 _00_1_64___ _ - 13.95 901227-03..... 1 1.95s_192 •8u~:';> 2sv ........
C04066. . . " .29 C04566. ...... " 2 49 
00ol067." 1.29 C0.1583. ... ' . " .69 2816A 2048 x 8 (350ns) 5V Roaa/W'rte. 5 .95 901229-05 . , ... 11 .95
C04069 ' 25 C04584. " ' ... " .39 2817A 2048 x 8 {350nsl 5V Reod/Wne... 7.95CD<l070. .. . . . . .. .. 25 C04585.. . .. .. . . . 89 	 ·No toOC:a.. a'.'8ilabl0 2865A 8 192 x a (250ns) sv Ruad/W1to... 9.95C04071 . . .. .25 MCt441 lP... . . . 8.95 	 " NOIO 82S I OOPlA 52813121V) 2048 x 0 (350ns> 5V Read Only. 1.49C04072. , .. , . . . . . . 25 MC14490P.. . . 4 .49 	 U17 !C·64) 

~ No. Price 
74HCOO. .. . .. £5 . t 9 
74HC02. .. . • . £5 .19 
74HC04.. . .... "'9 . 19 
74HC08. ........ "'9 ,19 
74HC.0. . "'9 .19 
74HC 14. . .. •. "'9 .29 
74HC30 " ..••. "'9 .19 
74HC32. .. , , , .• , "'9 25 
74HC74. . . ' •• ' ,ea .29 
74HC75. . . . ,ea .35 
74HC76. . . . . . . ...S .35 
74HC85. • . . " ;;og .:IS 
74HC86. .. "." :l9 .35 
74HC123. .... "9 .69 
74HCl2S. ... . "'9 .39 
74HC132. ..... =69 .39 
74HC l :J8. ..... "'9 .39 
74HCl39...... ""9 .39 
74HC154.. .... +."491 . 19 
74HCl63... , oe& .39 
74HG174. . ... ~ .49 

74H~ 

Par1 No. Pric• 
74HC1 75. . .. -69 .49 
74HC221 . ••.•.. +.t9 .69 
74HC<40.. " .• .• ,gg .69 
74HC244.••....• '99 .69 
74HC245. ...... '99 .79 
7 4HC253. . .. . . :59 .49 
7•HC259. . . '89 ,49 
74HC<73 -99 .G9 
74HC373. . . -99 .65 
741-IC374. , , ,gg .55 
74HC59!.. . . . ~ 1.09 
74HC68a " .... -99 .79 
74HC»l:l...... . .... f.1..95 
7•HC4040.. .... ,gg 79 
74H01049.. ... :59 .49 
74HC4050. .. . -59 .49 
74HC4060. ..• '99 .09 
74HC4511 .... "2111 .09 
74HC45 14.. ... t:.;ae I 09 
74HC4536. ...... , .89 
74HC4543. .... ++9 .69 

CMOS TTL 
74HCTOO 74HCTI~ •.•• -59 JS" '119 17 
74HCT02. ~ 17 74HCTI 57 -69 35 
74HCT04, %9 17 74HCTI 74 -69 35 
74HCT08. -119 17 74HCT175. ~ .39 
74HCTIO. <19 17 74HC1240 ,gg 89 
74HCT32 -119 21 74HCT2" , ,gg 59 
74HCT74. "9 25 74HCT2• 5 . , 

-	 7974HCT86 74HCT373 , ~ 55" "9 29 
7dHCT1U ... ~ .35 74HC1374 .. . +¥.! 49 

I 74C-CMOS I 
74COO. .. . .. .. .. .29 74C174 ..... , .. . .79 
7 4C02. . . . • . • . . . .29 74C 175. . . .. . . .. . 79 
74C04.... " ' .29 74C22 1.. ... ' " 1.79 
74COO.' .. . .35 74C240.'.' ' . . 1.79 
74C10. .......... .35 74C244. , ... . . t.79 
7'1C14 , .SD 74C373. , .....• 1.95 
74C32. . .3S 74C374. .. ' ... ' .. 1.95 
74C74... .. • •. .511 74C912. .......... 895 
74C8S.. .. . ..... 1.49 740915. ..... ' ... 1.39 
74~ ' ' . "." .35 74C920. ... . . .. 8.ll5 
74C89 ' •"..... 549 7• C92 1, .• .. . 6.95 
MC90. . .. . . . . . .99 7"C922. . . . . . . 3.95 
74Cl54.... , 2.95 74C923. . . . . . .• 3 .95 
74C173. , ...•.. I.OS 74C925... . .... .• S.95 

I UNl!AR I 
D60026CN. . " .. " . 1.95 LM14S8N. . . .. ~ 
Tl..074CN. .... 1.19 LM 1486N. ,,... ,49 
TUl84CN.. . . .. . . . .99 DS14C88N(CM0S) 1.19 
AFICXHCN•. , ,.,. 8.95 LM1489N. ... ... ,. 49 
LM:J07N. . . . . . .. . .45 DS14C89N(CMOS) I 19 

'LM149ef\l. ,., .. .... 89 
l.M31 1N. .. . .... .45 
LM309K. " • ". 125 

MCHl48P. .. ..•. 3.49 
LM317T. •• . " ... .79 LM1871N . . ... , , . • 1.95 
LM318N. " •.. " .••99 LM1872N. ...... .. 1.95 
LM311lN. . '. ' .• 1.29 LM1896N-1.•. +.<09 ,79 
LM323K. • . ' ' . ' 3 .95 ULN2003A. . . . .. .. , 79 
LM324N. ... .......39 XR2200. .. .. . . 3.95 
l.M338K. •• " • .. 4.95 XR2211 ... . . . .. . 2.95 
l.M33QN. .• •••• • •• .39 XA2243.. .. . . .. . 1.115 
l.F347N. . .. , , , 179 26l.S29 . . . . . . 3.9S 
l.M348N. • .. " . . . 69 26l$31. ' .......... 1.19 
LM350T. , , ..... 2.95 26L.Sa2. " ...... ". I.IQ 
LF351 N. , . . .39 26lS33. ..... .... 1.4 9 
LF353N. ..... . .49 LM2901N,... i!9 .25 
LF355N . . , .711 LM2907N.. . . . . . . . 129 
LF356N. .. . . .89 LM2917N(8oon).. , 1.95 
LF357N.. .. 1.09 MC3419CL .... . • . G.95 
LM358N. .40 MC:l446N... " ' ' 1.69 
LM380N. . . . . 2. 19 MC34!50P. , , .. , .. , . 1.95 
LM361N.. , . 1,79 MC34704"........ 1.115 

LM380N-8. • .w MC347 IP... . , .. 1.95 
LM366N-3... .lJ9 MC3470P.. , , •. 4,79 
LM387N. . . ..99 MC34ooP•. ' .. ' . . 1.69 
LM393N. . .39 MC3487P,, . , .. , . t .69 

LM390()N. . . ' • .49 
LF411CN. . • . . . . .. .79 
LM399H. •.. 2.95 

l.1v\3903N. . . . . . 1. 1 g 
LM3909N. . . ..•99 

NE540H {C540H) •2.29 
TL497ACN. .. '' ... 1.49 

LM3914N... 1.95 
NES55V.. . ..... .29 LM3916N . '. 1.95 
XRLS55.. , ...... .59 NE5532 . .69 
LM556N. . .. .. . . . .49 NE5534.... ... . .ell 

7805K (l.M340K-5) .. 1.29NE558N. . .. . .. . .89 
LMS65N... .. • .. .99 ~i:~:~:m:~i: :~LM587V•• , ,79 7605T lLM340T· 5) . .49NESD2N , .89 
LM741CN. . .. •.. .29 m~+ ~gi-:~1 ::~ 
LM747CN. ..... .59 
MC13SOP.. .... . 1.09 =ittl~~I: · .~ 
MCl372P...... 1.95 75472. ,69 
MC1377P.. . ,, 2.29 75477 ..... .. ' .119 
MC1396P.. . . . 8.95 MCI 45 IOOP... !!£5 2.•19 
LM1414N. . . . . 1.29 MCl45406P... ,,. , , 2.95 

I IC SOCKETS I 
Low Prom• \¥1.r• Wf•'1 (Odd) LeotM • 3 

aLP............. .11 6WW............ .511 
14LP ... . ...........12 14WW. .. .. ...65 
16LP. ... .13 16WW. . ..... 69 
24LP. 25 24WW., ......... 1.19 
28LP .27 28WW.......... . 1.39 
40LP. . . . . . . .29 40WW. . .. .. .. .. 1.89 
_.s,_c~•TioJ•-""'*...,__ 

PARTIAL LISTING • OVER 4000 COMPONENTS AND ACCESSORIES IN STOCK! • CALL FOR QUANTITY DISCOUNTS 
*RAM'S SUBJECT TO FREQUENT PRICE CHANGES 
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JE101 6 
"-~~~~~~~~~- Pictured 

• Tactllo touch iteyswitcnes • Swi1ch sckM:1ablc between 
PC/XT or AT • mumlntltd Caps Loelt. Num Lock. and SaoU 
Lock 

JE1015.. . ..... . .. ..... .. $59.95 
• Enh.nnced keyboard layout • lllurru\1.UOd Num Lock. caos 
lock &n.d SefoH Lock • AutorMUcally awllch1111 bot'WOOn 
PCIXT 0< AT 

JE1016........ . .. ... .. . . $79.95 

400041 NSC '-"-' 0...11-·Vol.I C87).. . .. $ 14.95 
400042 NSC Lin... 0...  ·-II C87). . .• S 9.95 
400043 NSC U- 0... -·Vol.Ill (87). . .. $ 9.9 5 
210830 lntel Memo<y ....-C87)., .. ... $17.95 
230843 im.i 111...,._-. s.t C87)... . $24.95 

JE1060 Por1 and Real Ttme Clock (PC/Xl) • • •• • •• •• • •• • $59.95 
JE1061 RS232 Serial Hall Card (PC/XT/Al) •• • • ••• • ••••• $29.95 

JE1065 
110 Card wllh Serial. Game and 
Parallel Printer Port (Al)•• ••• • ••••••• ••• • • • $59.95 

JE1078 

Floppy and Hard Disk Controller Cards 
JEl 040 360KB Floppy Disk Drive Controller Card (PC/Xl) • ••• $29.95 

JE1041 20/40MB Hard Disk Controller Card (PCIXT) •• ••• • • $79.95 

JE1042 30/60MB RLL Hard Disk Controller (PCIXT) •••• •• •• $99.95 

JE1043 360Kl720K/1 .2MB Floppy O!Sk Cont Card (PC/XT/ Al) $49.95 
360Kl720K/1.2MB Floppy/Hard DiSk 

JE1045 Controller Card (Al) •• ••••• • • •••• ••• •• ••• $159.95 

Additional Add-Ons Available! 

l(jngdom KD302: 
• Pockot Size In hO.nOY 

carry caaMt 
• 311 Oigl1 LCD 
• Auto Of manual ranging 
• Audlblt conunulty IHIGP 
• Yost1: ~ Vott.ago, 
~l...nc;<!"1\d 
eo.;nu;ty 

• One Vear Wamanty 
· Sr.zo. .t'-'Lx 2""W x ~ii 

KD302 .. $27.95 
Mer.x M4850: 
• Handheld,hlgh -.:curacy 
"''"O~ilLCO 
• MAnUAI r~ng wt1n 
CMtrloaO ProlOc:Uoo 

• AvekDl-e COl'dnu~ lesto• 
• Tc>ls: AC/DC Voltavo. 

Resistanco. Continuity 
C10lldlanc.e, frOQoeocy 

• Ono Yollt W:lffitnty 
-~10: 1•t11131+"Wx l \lil"'H 

M4650 .. $89.95 

Jameco Solderless 
Breadboard Sockets 

JE2:I JE24 J E27 .... Olm. eom.. Binding 
~No. L• 1:w- A>lnbo Posto 

JE20 61'1 x 'II 200 0 s 2.29 
JE21 3 \:o x 214 400 0 S 4A9 
JE22 612 x 1'!0 630 0 s 5.95 
JE23 61'1 x2111 830 0 $ 7.49 
JE24 6 1'1 x3\ll 1.360 2 $14.95 
JE25 61'1x 4 \:o 1.660 3 $22.95 
JE26 6'.9 x 5'11 2.390 d $27.95 
JE27 7\lo x 712 3,220 4 $37.95 

-Jameco's 
IBM PC/XT/AT 

. . . 
Compatible 

Motherboards . 
' 

·Award 
BIOSROMs - •' - -
Included JE1 001 

JE1001 4.n/8MHz (PCtxn •• • • $ 99.95 
JE1002 4.nl10MHz (PCIXT) ••• $ 119.95 
JE1007 6/8/10l1 2MHz (AT) •••• $349.95 

JE1081 

JE1082 

Jameco 
Computer 

~ion JE ••~•so;J!l!!!!!CJ 
JE1190 Power a.... . .. ... . . $29.95 
JE1191 ll-Outlet-Slr1p .... $11 .95 

IBMPC/XT/ATCompatibleKeyboards 

IBM AT Compatible Kit 
Mini-286 6/8/10/12MHz Kit 

801>1o AT llOll>trl>oord 
(Ztf'O-flt. RAM - 5netude• 

JE1007 A-rd BIOS ROMs)•• •••• $349.95 

JE101 5 XT/AT SlyM l<e,t>oold... .. $ 59.95 

J E1017 Baby AT Fllp·'lb<> C-. . .. $ 69.95 
J E1 022 5\0' HHlonsJtyDlsk """9 . . $ 109.95 
JE1032 200 Watt -Svpply... . $ 89.95 

360K/720K/1.2M J E1043 Conbolf"' Ca<d•••• • • • •• S 49.95 

J E1065 1npu110u1pu1 C.Nl•• •..•.. $59.95 

Regular Ust $789.65 

SAVE $99.701 

JE2009* IBM AT Compatible Kit. •••• • • $689.95 
JE286M JE2009 Technical Manual. . . . . . .. .. $29.95 

'RAM not lnch.ied - Minimum RAM codlgurofon St 2K (18 Clllos 41256-120. lff lefl) 

_._ ~ t 1 1 t. : , . 1 . ' • 'IJ. I -

12" Amber Monochrome 
TTL Input, High Resolution (PCIXT/Al) 
AMBER.. . . . ~ $99.95 

14" RGB Color - CGA Compatible 
Amber/Green/Color Switchable. 640 x TTXl410 
200 Resolullon (PCIXT/Al) 
TTXl 410.. ... . . . .. $279.95 

14"EGA Color · EGA/CGA Compal., 720 x 350 (max.) resolution (PC/XT/ Al) 
TE5154 . . .... ...... ..... ..... . ... . ... .. . . $399.95 

• • ' 

Graphic 
Display . - . . I 
Cards '~ 1 L·-:. ~~U -..:...a.. · , 

JE1050 

JE1050 Mono Graphics Card w/Prlnter Port (PCIXTIAl) • ••• • $59.95 
JE1052 Color Graphics Card w/Printer Port (PC/XT/ Al) • •••• • $49.95 

JE1055 EGA Card with 256K Video RAM (PC/XT/Al) •• • ••• $169.95 
Mulll 110 with Drive Controller 

JE1071 and Mono Graphics (PC/XT) • • •• • ••• ••• •• •• • $119.95 

Multifunction, 1/0 and Expansion Cards 
110 Card with Serial. Game, Paralkll Printer 

Seagate 20,30 
40 and 60MB 

Half Height 
Hard Disk 

Drives 
ST22511 CPlclurodl 

ST225 20MB Oti.. only (PCIXT/ AT). .... $224.95 
ST225K 201118 w!Conlm.... CPC/XTJ•.... $269.9 5 
ST238 !lOMB o.M only f"CIXT/AT). . •• • $249,95 
ST238K 301118 w/Contto.... (PC/XTJ, , . • . $299.95 
ST238AT 30MB w/Contoo .... CAT)• •• •• • •• $389.95 
ST251 401118 Oti.. only (PCIXT/AT)• •••• $429.95 
ST251XT 40MB w/Cont. Cord CPC/XTJ. •••. $469.95 
ST251AT 40MBw/Contro.... Cord CAT)••• • $539.95 
5T2n 80M8 Oti.. only CPC/XT/AT)• ••• • $499.95 
ST277K 60MBw/Contro._ Cord CAT)•••• $639.95 

JE1022 cPlcturod) 

JEl 020 380Kl!Rod< 11.tL (PC/XT/ATJ •• • $ 89.95 
JE1021 3'0KllelgoB.tL(PC/XT/AT) • • • $ 89.95 
JEl 022 1.2MB Bo19t 11.tl cPC/XTIAT) • $109.95 

Toshiba 3.5" PC/'U/AT
Compatible Disk Drive 

352KU l'.!.,n,:8..,g\~";1A~~t. $129.95 

2400/1200/300 Modems 
Datatronics . • .11· • H~ command Comp.it· 

u oblo • 8otl 103121V. com· 
pallblo · Auto-cll.at/outo ·-= Cl Answot • FCC aoaro""ed 

c;:::m::a • 1-year warranty · Includes 
MaxlMlte CommunlcaUon 
Sortworo 

1200H 12001300 Btud tn-1 Modem. •• . $ 69.9 5 
24005 2•0011200l300tntomo1111oc1em•• •. S1 39.95 
1200C 1200/300 Boud E.lemal .._. . .. $11 9.95 
2400E 2c0011200l300 _1 _ ..• . 5219.95 

Jameco Extended 80-Column 

Card for Apple lie 


• 80 Col./64K RAM · Ooubl.. 
amount of data )'Out AQpla #c 
can dlwt.1y aa wcll aa Ila m•m· 
ory CBDBclty • kteal lor "t¥Ord 
processing • ComDlete wilh 
W.saructions 

JE864 $39.95 
$99.95 

Digital Multimeters 

http:360K/720K/1.2M


Circle 63 on Remkr Service Card 

eompu$ave 

Call Toll Free: 1-800-624-8949 

BOARDS 

Abwi Board 286......329 ArtlSl 1............. 799 

ATIEGA Nlnder ...... m ATIY.l.P... ........ .258 

AilO'/ SIM 16N ....... .579 VMllM1024 ..... 2345 

He!cules Network+ •.229 BOCA RAM AT .....142 

AST52SH1E ........549 STB'.(lA EM .......299 

Orchid Designer .......268 NEC ff 1024 .....789 

Orcllld fU!fTuroo ....259 Melheus 1104 .... ..965 

ParadlseWAPro .....352 Paradise480 ......148 
Tecmar EGA Master ... 105 Paradise \GA ....238 
Sigma '.(lA H........ ..255 Hercules \GA ......245 
Video 7\lega WA .....252 l\!gl Dehae ....... 182 
AOCIArictoca!l/£vere1JNumber9/fan1ree .... .... r.AU. 
Coolf)ll tone/OuadrarwVerticomllntel ... .......... r.AU. 

MONITORS 
Goldstar RGB .. ... 239 Arnde 410A ...... .. 138 
Mitsubishi1371 A... ...'89 Amdel: 1280 .......649 
NEC Mlll11$ynch GS .. 179 PGS LM-300 .......539 
NE.CMultisync II ......572 HJlaeh1 .......... SAVE 
HECMultisync + .....889 Taunnn+ .... ...515 
NEC Multlsync XL .. 1999 PGS Ultra ..........528 
ltECMonograph .. 1295 Zenilb1490 .... ...605 
Verliccm 2Paoe .. .. . 1795 Tax.in Crystal ..... 1499 
Sigma Laser 19" ..... 1729 wtse 700 ......... .678 

SCANNERS 

llaiacopy Model 730 .... .... . .. ........ ... ... .. 1095 

PGS LS.JOO Wll'C Pamtbillsh &OCR ... ..........965 

PanaSQlllCFX·RS505 ...... . . • .........965 

ASTIHewlell·PaciiararTaxanlOthels ............. SAVE 


COMPUTERS 
NEC Multispeed .... 1299 AST 286 Model ... SM 
NEC Multispml EL • 1565 AST 386 Model •. SAVE 
NEC Multispeed HD . 2265 Sharp 4501 .. .. 618 
TGslllba T-1000 ........ 739 Sharp 4502 ....... 1165 
TGslllbaf.1100 + ... 1365 Slla!p 4521 ...... 1975 
in!llba moo ...... 2245 Sharp PC7000A .. .1165 
Toshiba T-3100/2ll . 3045 Sharp PC-7100 .... 1145 
Toslllbaf.3200 .... . 3895 Samsungl..aplop SME 
Toshiba T-5100 ..... 4979 Zenith llptop .. .SAVE 
Samsung S·SOO-AT:10M HZl40M HO ........... 1565 
Acef811386:16MHvOWaltr40MDrive .......... 3029 
Acer 80386:16MHvO WalV80M Drive .. .. .. .. . 3545 
Tandon PAC 286:1Ml30M HD ................... 1795 
Televldeo 386: 16 MHZ/21,1/1 .2M Dnw ......... 2495 
Sperry f'Cill:512Kl44MHlli!(eyboard .... 2795 
W,Se2108: 8M~12"'1 .2MDrive .... .. .1129 
Wrse 2112:12.5Mltu1Ml1.2M Drive .... ...... 1545 
Wrse2214:12.5Mllz.'11WalV1.2MDrivt ....... 1945 
Wrse386:16Mltu1Ml1.2MDriYB .. ......... 2575 
Al1os!ITIIMnsub1shilNEC/AT&T.. ........ .. CALL 

TERMINALS 
IBM 3151 . .. ....... .385 Allos V .... . . 489 
Falco5500 ............ 419 Wrse30 ..... ......289 
KimlronKT 70 PC ....359 W,Se SO .. ... . 359 
Televideo96S .. .. .. SAVE Wrse 60 . .. ....395 
Televldeo 905 ...... ..295 Wrse 85G . '29 
Televldeo955 ....... ..369 Wrse99GT .....472 
Visualltink/CIE/AddslAmpexiOume........ ... .. . r.AU. 


PLOTTERS 
tal~1044·GT .• 10245 HP74Th-L .. 1395 
Calcomp1043-GT .. 6275 HP 7570-A ••••.• • J195 
~komjl 1023 .. .. ...3745 HP7595 . .. .. . 7695 
llollslDn 41142 ...... 2095 lollfle 3700 " .. " 3099 
Housloa52 ...... .. . 2795 IO!rne400J ....... 00 
Houstoo 56-A .. . . 3795 Enter SP·IOOO .... 2665 
Houstoo 61 .. ........ 3275 Ro!aoo 880 ..... .. .929 
Houston 62 .. . 4495 Roland 980 .. " ... .1195 
Numonicslfaxan'\lersateciOlherModels ....... CALL 

DIGITIZERS 
caJcomp36x48 .... SAYE Calcomp 12x12.. ... 378 
Calcomp 44x60 .. SM GTCO 24x36 .. 1995 
IWrla IS 8.5111 .......259 GTCO 36x48 .. .. 2395 
IWr1a IS 12112 ........322 Summa 24x36 .. 3095 
KurlalS 12117 ... .. ...545 Summa4lx60 ....4195 
l<lirta IS3 .......... .SM Summa 12112 + ...358 
HJ1.ach111x11 . .445 Summa 12118 .....598 

MODEMS 
Mullttedl224EH ......388 AOOlol2400-E 145 
Mullttecil224EC ..32'.I AST9600 . .. ... .789 
Pracucal 2400-SA . ..175 Ml<)entJ'od(el 125 
Pnctical1200-I .... 65 Hayes1200 ........ 279 
Promelhetls 2400 812 .119 H~ 1200-8 ... 252 
Promeuieus 24(KXJ ... 152 HayH 2400 . 415 
Racal·Vad1C 2400VP ...399 Zoom2400·HC . 142 
USR Courier 2400 .. ...299 Novallon Parrot . 89 
USR Cooner 2400£ ...359 USR HST 9600 .....649 
Ven·Tel2400MNP .. ..455 Ven·Tel 18tXMJ ......9Jil 
Avalflrl Case1EvereivUOSI01hers ...... ..... ...... r.AU. 

PRINTERS 
CHiien IZO.D .........142 Alps 224 ..........465 
Citizen180-0 ......... 158 fup1SUDL3400 ... 515 
Citil!n MSP 40 .......285 NEC P-2200 .......328 
Cttilen MSP 45 .. .. ...408 NEC P-ti60 ... ... ... 418 
Oioorux0150 ........299 NECP-76-0 .........592 
O~ata393 ..........~9 NECP·5XL .. . .815 
Okidala 193 Plus ...439 NEC P-9XL .. ..... 11!18 
Panasonic 108UIM2 . l75 Epsoo lD·SOO .349 
PanasonJc1091 iM2 ...2112 EpsonEX·lOOl ... 499 
PanaSGnle 1524 •.549 Toshiba 321SL ....489 
PanatQ!liC 1595 .. .....449 TosM1a341Sl . 645 
SiarNX1000 ........ SAVE Tilsluba351SX ...959 
Oa1aSouthJCIElfu11tsuJOICIBro1he! I. ........ CALL 
ClloMliabio:'Oata ProduCISIG~uoom .. ••.. .. SAVE 

LOW PRICES FOR LASER PRINTERS 

Genel3J ps.Mac " .. 1545 ASTTurbo p,s ... SAVE 
HPl.aserJelll .. SAVE Canon8·11 ...... 1545 
Oki l.aserhne 6 .. 1395 NEC 890 3145 
Taxan CryslaiJet .• 2445 Panason1t4450 1665 
Toshiba Page 12 ... 2495 OumeScn~ 10 . 4295 

DISK DRIVES 
Minlscrlbe6053 ......565 losh:ba 3.5" .... 94 
Mrnw1be JQM Card ..385 MmiSC!lbe 4-0M .•. 318 
Mlnlsaibe6085 ......785 Pluscard20M .525 
Miniscribe 30M K~ ...285 Plus card 40M .665 
Seagate 20M KH .. 265 Seagate40M ....382 
Seagate 60M Mac .... 755 Seagale 4096 . 795 
AST1A11oy1Everexl(lenoafMaynart!IMaxtor........ CAU 
Arehr.t1Moun1ainllallgrassitOC/Teanar . . CAll 

HOURS: MON-FRI 7AM·ar'm1:11A1 ~Am•.:r'M 


IN ARIZONA CALL (602) 437·4855 

CompuSave 4207 S. 371h SI. . Phoemr. AZ 85040 Prices Reflect Cash Discounts And Are 
Subject To Change Without Notice Ma1or Credi! Cards And Selected PO 's Are Accepted . We 
Cannot Guarantee Compattbilily CompuSave Is ADivision 01 Adlanko Corporahon 

MICROCOM.. 

9600+ 

( ~ ~' l ..._ __ ;~~ i~ )t 

MICROCOM 

NETWORK PROTOCOl (MNP) 


LEVEL 6ERROR COAR. 


~~~$699 

Full warranty. Special quan
lily and 1erm commitment 
arrangements available. 

rnJ.iilobotics 
MODEMS 

• Hayes compatible 
• 300, 1200, 2400 Baud 
• Auto dial/answer 
• US made, 2 yr. warr. 

2400 BAUD 

~~~$139 


BEST PRICES ANYWHERE! 


~mm 

286AT 

• Intel 80286 Processor 
• 80287 Co-Prooessor Slol 
• 30 MB Seagate H/D 
• VGA/EGA Graphics Card 
• Novell. IBM. & OS/2 

Compatible System 

r•11:;1 

~~~s995 


Your Choice of 
Optional Monhors 

FAX 

ON-A-CARD 

Fully aulomaled FAX OON 10 
any Group Ill FAX machine. 
Unauended background 
operalion. Send scanned. 
ASCII, or word processed
files. Use any laser or dot 
malrix printer for oulput. 

PC EblTOR'S CHOICE 

$289 

Hand Scanners Available 

MULTI-LINE 

INTEGRATED VOICE MAIL 


TELEPHONE RESPONSE CARD 

IDEALLY SUITED FOR: 
• Information &Order Taking100s • Voice Mall Answering System

OF 
 • Mail Forwarding & Pager Alert 

• In & Outbound Telemarketing 
• Fully Menu Driven by Calling 

Party. Fits in PC card slot.USES 
THE PROFESSIONAL 6~~~ $239 

HUNDREDS OF SALE ITEMS EVERY DAY! 

lOSHIBA 130 MB/28 MS HD $999. VIDE0·7 VEGA VGA CARD $289. 
lOSHIBA 2 MB 31/2 IN. FD 129. ORCHID VGA (1024x768) 319. 
lOSHIBA 1.2 MB 5V• IN. FD 99. ORCHID 286 UPGRADE CARD 389. 
MINISCRIBE 43 MB HD SYST. 369. QUADRAM 386/XT 699. 
SEAGATE 30 MB HD SYSTEM 299. GENOA EGA PWS & GEM 199. 

VISIT OUR 24 HR BBS (805) 650-0193 (8/1/N) 

FOR COMPLETE CATALOG & PRODUCT LISTINGS 
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~ ;:;:i~~ 
IBM PC/)(r 


COMPATIBLE 
 ==-==·· - XT 
I 

PACKAGE 
HARD DRIVE ,;.._ 


PACKAGE ~ 

D{~~~ F~Je 
IBM Hard Drive /

• IBM XT Compuler • IBM Keyboard 256K S2599 §·~~~ RAM ExPQlldable lo 640K • 360K Disk Dr.ve Personal Syslem II Model 25....... ........St049 

• 20MB Herd Drive ·Packag e of 10 011.ketles 
(Monitor Oplionn~ t>S II Mooe1 2~w/Color Moni1o r. ....... .St299


s759 PS II Model 60 W/44MB Herd Drive & 
t 720 KFloppy Drive..... .... ........... .... 53299s1499Same Pkg. w/One Floppy $1029 PS II Model 60 wno MB 

& 20 MB Hara Orlve £ 720K Orive....................... ................- .•$371)g 
IBM >CT Pnckage wilh s1219 IBM Personal System II Monllors s1199 
2 360K Floppy Drives 8503 Mono.......................... ................ $209 PS/ 2 Model 30 "w/ 720k $
s949 85 t 2 Color ...........................................S459 Floppy Drive & 20MB IBM 1599 


8513Color:.... .................................. ....~t9 
 Hllld Drive 

NEC POWERMATE I 
EPSONPACKAGE 

SEAGATE FX-86E......$299.95IBM PC/)(r/ AT COMPATIBLE 20MB 1/ 2 HI. w/ Conlroller...........• ..$2'9 
 FX·286E.•••$449.95 
30MB t / 2 HI. w/Con1roller..... .........Utt FX-800..•...-$429.95 
40MB 1/ 2 HI. w/ Conlroller..•••.••.•.•. •$431 LQ.800...... $349.96 

L0-850......$489.95 
L0.500......!15.95MINISCRIBE LQ. t 050.... 59.9540MB 1/2 HI. w/Conlroller..............$3&t 
 EX-800...... 1'1.95CMS20M8Card...... ............ ...... •• ....$33t 
 EX·tOOO.... 59.95CMS 30MB Card................ .. ...........$379 
 Dc-aoo......$199.95 

PANASONIC 
10801·11 .•. ....St !IB.95 
1092i ••• .•.•.•$289.95• 800286 10 MHz ProoeHOf. 640K SANYD/i 
 taserjetPR-3000 Series II t091 1·11.......$189.95
RAM • 1.2 MB Floppy • 12" Momlor IO<·P t 524..$499.95L.0 . Daisy $s1299 m 1629Wheel Pnnler TOSHIBA 

I MB EXPANDERw/ NEC 20 MB Hald Dttve.....$1529 sag 50 ~: :~t:::::: t.t"1:~• s349 351 · 11 .. ....•... $799.95 
wilh monitor 
POWERMATEll $1799 

~l~~A~G:,,~
• 512KRAM Compuler 


RAINBOW.. $219.96 

NX 1000 

• Keyboard • 360K •
NX· IOOO..•..S169.95 
NX· 15...••.• ••S289.95 Floppy Drive •_4 .7·7.16 
NB-2410 ...• $409.95 MHz • t 2'" Moni1or • 
NS.241 5..•••$559.95 • 8088-2 Processor 
IBM Pro· 

prinler 11..•••$369.95 
 s729 

OK/DATA 
OKJ· t20....•. S189.95 
O<JMATE20.S139.95 
O<OATA180. S<!19.95 
OKIOATA183.$289.95 

NEC 
P-2200•...•...$339.95 
P~....•...••....$419.115 

AMSTRADVENDEXcommodore HF.A OSTART l~I PACKAGES 
PCl0-1 PC/)(r , Apple llC or llErl\ii) d~p";!:u Keyboard • 5.25' Disk 

Dnw • 12"' Monlto1 • All
IBMPC/)(r ~~~~;,COMPATIBLE 

COMPAnBL.E Hook-up •Cables and~ PACKAGE
PACKAGE ~ttfi~~~tt;.ro.ckage ol 


PC1CH Compuler 
 APPLE llC APPLE HE 
• 5~~~~~andlble - . ijij~~~~ '~?Qi 4.7 MHz. •Dual Floppy Otlves • 7 Expans.ion s579 $779<~DE MOUSE&• 360K Disk Drive SlolS·5t2KExpandeble 10766K • Patollel & 

FRE SOFTWARE• Enhanced Keyboard StrlaJ Ports ·Mous. ·Available In Co&ol o.r 
Monochrome System• OverStOOO Worth of 5t 2K • One 360K DNve • ClocK caionaar 
Sol!w&1e·NO CHARGE! 

•Serial & P111alle1 r'ons 
• MonoGrapnlcs Cald • Ser1a1 and Parallt>I 

... Adapl•rs •Package ol 10 Oiskenes Pons • Mono Monttor • Moni10t SI.and 
•All Hook·up Cables 

s529 
Same Package with 


20MB H111d Drive 

$789 

THOMSON 14" CGA 
Monitor. ......... .. ...... .... ... ...... ..$289 
THOMSON ULTRA SCAN.. $419 
MAGNAVOX EGA 
MDnltor............... ..................$339 
wltn EGACara...... ... ... .. .... ....$459 

comma are 
128 PACKAGE 

AMIGA 2000 IN STOCK 
AU PERIPHERALS IN STOCK 


A-001 0121< EXPANSION • A•IOIO :1.6" F'LOf'F'i 


DRVE·A·t<W7 oz· OISJ( DRVE WITt1 TRANS

FOA.IER ·A·20080 BllOGE ~· A· IO&< AGB 

COi.CiA MONITOR • A. 1MO l.tOOEM • A.1090 

SIOECAR • A·2!lll0 HAR> DAllE CXlNlJIOU£R 

FOR A·2000 • A·:Z010 3•.- MERIW. CISK DAllE 

FORA·:ZOOO.A-:zoe.22M8EXPANSION f'OAA.2000 


Commodore 128 Comoulu • Commodore 1571 Disk 
Drive • Commodore 1902 Color RG8 Mon- S699 
Jtor •Commodore 1515 80 Column Prinler 

http:OKIOATA183.$289.95
http:S<!19.95
http:O<JMATE20.S139.95
http:�_4.7�7.16


SERIAL/PARALLEL 
Communications Board 

• 	Two Parallel Printer Ports 
• 	Two 8-Bit Digital 1/0 Ports 
• 	Two Serial Ports, RS-232, As-422 

or RS-485 
• 	Address Selectable 
• 	Selectable &Shareable Interrupts 

1-800-553-1170 

478 E. Exchange St.. Akron. OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 

TUC: 5101012726 

9TRACK 
TAPE SYSTEM 

• Mainframe to PC Data Transfer 
·High Speed Backup 
·All Software, Complete System 
• Service and Support. easy 

Installation 

call (818) 343-11505 or wr ite to: 
Colltecll ~·Cot,. 
P.O. Box 153 Tanana. Calif. 91356 

CONTE CH 

EPROM PROGRAMMER 
$ 3 4 9 

me EP-1'$" GREAT VALUE AND HERE'• WHY: 
• READS, PROGRAMS.COPIES OllER 360 EPAOM ~ Ef!'AOMS 

FROM 301.FG'S INClWNG 2716-27513~11 
• REAOSl'MllTES Ma. MOTOROIA SlMGHT HEX & Ill~ 
a OFnONA1. H:A0S PROGl\AM INlU 87•X.S751 .87Q;t ,S75S 
• MeNU·OIWEN CHP SELfCllON BY MFG & P,N;NO M00Ut£S 
o FAST, SLOW, 0U0< PULSE PROGRAMMING ALGORllliMS 
• Sl'l.JTS ALES BY BASE ,tDORESS mo OOOJEl/EN (16 & 32 em 
o All INTEWGENCE IN UlfT; Z80 MICROPROCESSOR BASED 
• S. 12.S. 21.2S VPROGRAMMING FOR 0"°5 & ·A SUfF1)( PARTS 
• FREE PC-00S SOFTWAAE • RS2'32 TO ANY COMPUTER 
a GOUl n:xTOOl 2lF SOCKET • a BAUD RARES TO 311.400 
a MONEY BACK GIJARANTEE • ONE YEAR WARRANTY 
• 2FREE FIRMWARE Ul'OATES • SAME DAY SHIPMENT 
• CHECKSUMS SUPPORTED • IN ERASERS FROM $34.95 
CALL TODAY FOR MORE INFORMATION 

800/225-2102 

BP~ 
10681 HACDINGTON 1190. HOUSTON , TX 77043 
7 1 3/461 -~ TlX: 1561477 FAX: 713/461 -7413 

51/4" DS/DD 59c 
51/4" OS/HD 1.59 
3112" OS/DD 1.09 

l'ltce beHd on quantity of 300 
lnclude9 lleevn, l8bela end teba. 

800-222-0490 
In NJ 201-462-7628 

e 24 Hour Shipment e 

MEGASoft 

P.O. Box 710. Freehold, NJ 07728 

RS-422 
FOR PS/2 

~.1 :; . : ·~ I . 
• r . ;:::;, • , . 	 ,.~ . 

' - . - . ..._~\ '. 

MODELS 50, 60, 80 
• 	Two Channel 
• Transfers to 256 K baud 
• 	 Address Selectable 
• Interrupt Selectable 

1-800-553-1170 
nGUATECH .. 

478 E. Exchange St., Akron, OH 44304 
TEL: (216) 434-3154 FAX: (216) 434-1409 

TLX: 5101012726 

UNIVERSAL LOGIC PROGRAMMER 
• PROGRAMS. r----------......,,.., 

READS. OUPU· lOOIC ,,.,..._ 
CATES. TESTS 

AND 

SECURES 

HUNDREDS 

OF ~ANO ---· 2 4-PIN - ·DEVICES 

• 23UNIVER· 
SAi.PiN 
DRIVERS 
WfTH INDE· 

"°"1100PENDENT 
DAC. AOC& 
Sl£WFUNC
T10NS PROGRAM AUA()ST ANY LOGIC DEVICE 


•	 MENU ORJVEN OPERATION IS EASY TO LEARN AND OUICK 
TO OPERATE 

• CONNECTS TO ANY IBM COMPATIBLE COMPVTER VIA 
PARAUEl PRINTER POR'T 

o EDITS FUSE DATA & TEST VECTORS WITH FUU 
SCREEN EDITOR 

• TESTS W1TH VECTORS & SECURES AFTER PROGRAMMING 
• SUPPORTS AU POPULAR PU> OEVELOPEME:NT SOFTWARE 
e GOlDTEXTOOl 2lF IC S0C><ET • ONl.INE HEl.J' FUNCTION 
• MONEY BACll GUARANTEE • SEIJ' CAUBAATING 
• TOU.-fREE TECH SUPPORT • JEOEC ALE IN/OUTPUT 
• UPOATAl!l.E VIA FlOf'l'Y • ONE YEAR WARRANTY 
• EPROM PROGRAMMERS Al.SO •SAME DAY SHIPMENT 

• JUSTS71111 
CALL FOR FREE DEMO DISK 800/225-2102 

BP~ 
10681 HACOINGTON #190 HOUSTON, TX 77043 

713/461 ·9430Tl..X: 1561477 FAX: 7131461 ·7413 

• 2400, 1200, 300 Baud Afyrr; Modem 
• Hayes ·Ar Command Se1 
•CCITTV22bls, V.22& Bell212A1103Co1J11alble 
•Auto AllswerlAJl.o Dial 
• Colf1lact Size 
• Programmable nori-volilile phone number 

memory, user configuration &speaker 'IOlume 

Order Now 
Toll Free 

USA:S00-533-8049 
CA:S00-624-5628 

-·· 

Dealers! 
Network-OS LAN Sys!ems - Includes Boards, 
Cabling, Terminators and Soltw!lro. Two-user 
hardwve and software tor under $1,000 llstl 

Cloae-Up Remote Communlcallons • Support 
your customer wl1hOU1 leaving your office. 
Authored by Cog ttat. tor Norton-Lamberti 

Context Sanaltlve Help for DataFlex, RM/ 
COBOi.., Clipper and d8asa Ill - Puts your 
appllcallon's documentation "on line: 

CmRex Database Management • True Multi-
u..r database for MS/PC-DOS, Uni• and Xenix. 
Stte lk:enslng avallable. 

Dump/R11tore-XT · Seven ulllhles for lhe MS/ 
pe.oosu..r. 

C811 or write today tor our catalog and prlclngt 

COGITATE, INCORPORATED 

"A Higher Form of SoliWare• 


24000 Tel~raph Road 

Southfield, Ml 48034 


(313) 352·2345/Telex: 386581 

VlsajMastetC11d Accepted 


A Hovr-IO·Haf'd>ooio, thal 
Onables )'OU 10 G'Qt'lrlguto th9 
BEST product$ ltom ltlo wor1d'1 
lilltdtng PC h;trdwB!G and 
sottware VfM"IOOt6 .nco ~ hov 
turn..Jwysyaaom~ttll1 

mee4 your noods. 

Toi FrH Hotlne IOJ appic46orl 
aWscanc. and COt'IYl!H'WJnl ono 
$toP 5otlopping •I C!Ofr419tJ:ive 
pricos. I 00% Sa"'raaioo 
Gu.oran

CaU0twrtt•l0t•P'l\EE ~ 
handbooktOda)' I -

203-786-5151 ~0'!' P.oeo• .__.......,,cr,,.... 
(9'00 NJ. 10S:OOPM E.S.n Fe:ii 20'3-i'&&-SG23 r-.· 91~1001 



The Amazing A-BUS 
Plug into the future 

With the A-BUS you can plug your PC (IBM, Apple, 
TRS-80) into a future of exciting new applications in the fields 
of control, monitoring, automation, sensing, robotics, etc. 

Alpha's modular A-BUS offers a proven method to build your 
"custom" system today. Tomorrow, when you are ready to take 
another step, you will be able to add more functions. This is ideal for 
first time experimenting and teaching. 

A-BUS control can be entirely done in simple BASIC or Pascal, 
and no knowledge of electronics is required! 

An A· BUS system consists of the A· BUS adapter plugged into 
your computer and a cable to connect the Adapter to 1 or 2 A-BUS 
cards. The same cable will also fit an A· BUS Motherboard for 
expansion up to 25 cards in any combination. 

The A-BUS is backed by Alpha's continuing support (our 11th 
An A·BUS system with two Motherboards 

A·BUS 1d1pter (IBM) In foreground 

About the A-BUS: 
• All the A· BUS cards are very easy to use with any language that can 
read or write to a Port or Memory. In BASIC. use INPand OUT(or PEEK and 
POKE with Apples and Tandy Color Computers) 
• They are all compatible with each other.You can mix and match up to 25 
cards to fil your aoolication Card addresses are easily set with jumpers. 
• A·BUS cards are shipped with power supplies (except PD·123) and 
detailed manuals (including schematics and programming examples). 

Relay Card RE-140: s129 
Includes eighl industrial relays. (3 amp contacts. SPSn Individually 
controlled and latched. 8 LED's show status. Easy to use (OUT or POKE In 
BASIC) Gard address is jumper selectable. 

Reed Relay Card RE·156: S99 
Same features as above.but uses 8 Reed Relays to switch lowlevel signals 
(20mA max}. Use as a channel selector. solid state relay driver. etc. 

Analog Input Card AD·142: s129 
Eight analog inputs. Oto +5Vrange can be expanded to 100V by adding a 
resistor 8 bit resolution (20mV} Conversion time 120us. Perfect to 
measure voltage. temperature. tight levels. pressure. etc.Very easy to use. 

12 Bit AID Converter AN-1 46: $139 
This analog to digital converter is accurate to .025% tnpl1t range Is - 4V to 
+4V. Resolution: 1 millivolt .The on board amollfler boosts signals up to 50 
times to read microvolts. Conversion time is 130ms. Ideal for thermocouole. 
strain gauge.etc. I channel. (Expand to 8channels using the RE·156 card}. 

Digital Input Card IN·141 : S59 
The eight inputs are ootically isolated, so it's safe and easy to connect any 
"on/off" devices. such as swltches. thermostats. alarm loops. etc. to your 
computer. To read the eight lnouts. simoly use BASIC INP (or PEEK). 

24 Line TTL 1/0 DG·148: $65 
Connect 24 input or output signals (swllches or any TIL device) to your 
computer The card can be set for. Input, latched outout. strobed output. 
strobed input. and/or bidirectional strobed 1/0 Uses the 8255 Achip_ 

Clock with Alarm CL-144: S89 
Powerful clock/calendar with· battery backup for Time. Date and Alarm 
setting (lime and date): built in alarm relay.led and buzzer: timing lo 1/100 
second. Easy to use decimal format. Lithium battery included. 

Touch Tone®Decoder PH·1 45: $79 
Each tone is converted Into a number which is stored on the board. Simply 
read the number with INP or POKE. Use lor remote control projects. etc. 

A-BUS Prototyping Card PR-1 s2: s1 s 
3112 by 4\lz in. with oower and ground bus. Fits up to 10 l.C.s 

year, 50000 customers in over 60 countries). 
The complete set of A-BUS User's Manuals is available for $10. 

Smart Stepper Controller sc-149: s299 
World's finest stepper controller On board microorocessor controls 4 
motors simultaneously. Incredibly. It accepts plain Englishcommands like 
"Move arm t 0.2 inches lell''. Many comotex sequences can be defined as 
"macros" and stored in the on board memory.For each axis. you can control: 
coordinate (relative or absolute). ramping.speed_step type (hall. lu ll.wave). 
scale factor. units. holding oower. etc. Many inputs: 8 limit & "wait until" 

ST·143 	 switches. oanic button. etc. On the lly reoorting of oosition. speed. etc. On 
board drivers (350mA) tor small steopers (M0·1031 Send lor SC·149 llyer. 
Remote Control Keypad Option RC·121 : $49 
To control the 4 motors direclly, and "teach" sequences of motmns. 
Power Driver Board Option PD·123: $89r ·M) t 'r~. _._..,.. ll _"l Boost controller drive lo 5 amps per phase For two motors (eight drivers). 
Breakout Board Option BB·122: $19 

- -.~ 
For easy connection ol 2motors 3 ft. cable ends with screw terminal board 

CL· t44 Stepper Motor Driver sT-143: s19 
Stepper motors are the ull1male In motion control. The special package 
(below) includes everything you need to get familiar with thorn Each card 
drives two stepper motors ( t 2V. bldirectronal. 4 phase.350mA per phasel 

~ 	 Special Package: 2motors(M0·103) + ST-1 43: PA·181 : $99 

Stepper Motors M0-103: s1 sor4for$39 
_ Pancake type. 2V•" dia. V<" shaft. 7 5°/steo. 4 phase bidirectional. 300 

step/sec. 12V. 36 ohm. bipolar. 5 oz· in torque.same as Airpax K82701 ·P2. 
RE·140 Current Developments 

Intelligent Voice Synthesizer, 14 BH Analog to Digital converter .4 Channel 
Digital to Analog converter. Counter Timer. Voice Recognition. 

A-BUS Adapters for: 
IBM PC. XT. AT and compalibtes. uses one short slot AR· t33...S69 
Tandy 1000.1000 EX& SX. 1200.3000.UsesooestlO'tslol AR·133...S69 
Apple II. II+. lie. Uses any slot AR-134...$49 
TRS-80 Model 102. 200 Plugs into 40 oln ·svstem bus" AR·136.. $69 
Model 100. uses40 0tnsoeke1 (Soc~el osduol~1~on aoao1erl AR· t 35...S69 

IN-141 TRS·80 Mod3.4.4 D FilsSO olnbus (Wllhharddisk.useY·cablel AR-132...S49 
TRS-80 Model 4 P. lnctudesextracable.(50 Olllrusls recessedl AR-I 37...$62 
TRS·80 Model I, Plugs Into 40 pin 110 bus on KB 0< E/I AR·13 t...$39 
Color Computers (Tandy).Flls ROM slot Mullioal<. or Y-cable AR· 138 .S49 

A-BUS Cable (3 ft, 50 cond.) CA·163: S24 
Connects the A·BUS adaoter to one A·BUS ca1d or to first Motherboard. 
Special cable for two A-BUS cards: CA·162: $34 

A-BUS Motherboard Me-120: $99 
Each Motherboard holds five A-BUS cards A sixth connec tor allows a 
second Motherboard to be added to the first (with connecting cable CA
I61: St 2). Up to five Motherboards can be joined this way lo a single A· 
BUS adaoter. Sturdy aluminum frame and card guides Included. 

AD·t42 

Technical info: (203) 656·1806Add$3.00perordorlorohlpplng. ~d~ ALPHA ~@@lo~~ Vl11, MC. ch1ck1, M.O. -•come. 
CT & NY reoldenta ldd ..,.. IH. 	 &r~t,°t\'Y 800 221 ·0916
C.O.D. add SJ.00 oJClra. 

Connecticut orders: (203) 348·9438 
g::~~..=~~P~~115 •SJo'""'"""'r' ' .. ~"'P••r 242· B West Avenue, Darien, CT 06820 AJI tines open weekdays 9 to 5 Eastern l ime 
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2400 Baud 


MODEM 
• 2400 + 1200 + 300 
• IBM INTERNAL 
• AT-HAYES COMPATIBLE 
• ADVANCED TECHNOLOGY 
• 30 DAYS MONEY BACK 
• 2 YEAR WARRANTY 
• MADE IN USA 

(800) 228-6648 (408) 732-4500 (CA) 

Circle 62 on &ader S11rvke Card 

RS232C IBM PC Compatible 
P9per ~pe Tr8namltter/Model 812 

Stops and starts on character at all speeds. 
uses manual control or X· on. X-otl 90-260 
volt. 50-60 Hz power. 50-9600 baud, up to 150 
char/sec synchronous or asynchronous; 
gated internal or external clock. RS 232C. 
current loop or parallel output . reads 5-8 level 
tape, 7·11 frames per character. even or odd 
parity. Desk top or rack mount. 

Addmaster Corporation, 2000 S. Myrtle 
Ave ., Monrovia, CA 91016, (818) 358-2395, 
Telex 674770 Addmaster SGAB 

Circle 8 on R11ad4r Strvict Card 

DUMP YOUR MANUAL 
DUMP your manual and start using 
MENU DRIVEN utility program DOS 
MANAGER for your system's opera
tion. Press a key- Zap! and your 
command is executed immediately. 

• DOS Tutorial 
• Format 
•Copy 
• Mode settings 
• Display file contents 
• Transmit files 

AND many more. All at a Press of 
a keyll 
For IBM PC, XT. AT... 
Only $39.95 + $3-50 shipping. 
send order to: 

SO"WORLD 
P.O. Box 1874, Lowell. MA 01853 

(617) 452-2189 

Circlt 261 on RLaikrStrvice Card 

PDK51 


The $595 Solution to·8051 

Product Development 


The PDK5t Is a powerful and economical 
choice ror tho development or 8051-based 
11\'Stems. The POK51 Is used with an IBM-PC or 
equivalent and Includes: 

• SIBEC-11 8052 Basic Mlcroconlroller 
• SXA51 Cross Assembler 
• ROM-Based Monhor/Oobugger 
• PROM Programmer 
• Power Supplies 
• Documentation, Tulorial and More 

Call Now! (603) 469-3232 
Binary Technology, Inc. 

()
Main SI.. P.O. Box 67. Meriden. NH 03770 

Dear Retailer, 

Great Newslll 
Now you can sell your products to over 20 
million potential home personal computer 
users using our Electronic Home Shopping 
Network... 

Natlonwldelll 
Personal Computer Owners beginning In June 
will be able to access our Network Free!!! to 
purchase products or all types. No $5.00 per 
hour charge, plus registration lees. Just buy, 
buy, and buy. 24 hrs a day. 7 days a week, all 
from the comfort of their home. 

Act Now!ll 
Space is Short. •No upfront costs! 

'A 5% lee is added to each Item ordered. 

Call Now!!! 
1-800-228-0640 
UbrldWide Services 


6925 Union Park Suire 300 

Salr Lake City, Urah 84047 

Circle 72 on &ader Service Card 

• 9 analog Inputs 
• 8 contact (SUUUS) inputs 
• 8 '8/oy dti~ O<Jtpurs 
• 6 op1ion.1 pulse accumul,tors 
• Base Prk:o '595.00 

The MOJAVE LMX 1/0 processor communi 
cates with any computer or terminal in ASCII 
over RS-232 or over built in Bell 103 or Bell 
202 modems. Operates over virtually any 
distance over dial up or over multi-drop radio 
or cable. A small battery can power the LMX 
for up to 4 years. Larger capacity 1/0 pro 
cessors are available. 

~ 
~ " We're the 1/0 specialists" 
7100 Hayvenhur<t Ave., Van Nuys, CA 91406 

818-902-1611, FAX 818-902-1934 

Circle 192 on &aikr Service Card 

Need Ports? 

No Slots? 


Add a Bus! 

BUSport™ 


The RAMport™ and CPUport™ 
allow expansion of micros via 
the existing memory or CPU 
sockets, bringing out a ribbon 
cable bus to a family of 110 
Modules including parallel, 
serial, and other interfaces. 

HITech Equipment Corp 

9560 Black Mountain Road 


San Diego, CA 92126 

(619) 566-1892 


Circle 130 on Reader ervice Card 

Dear Advertiser. 

Great News/11 
Now you can advartise your cl ients pro· 
ducts to over 20 million potential 
customers Nationwide on our Electronic 
Home - shopping service. Also thru our 
Customer Access Machines. 
24 hrs a day, seven days a week. No cost 
for use by user. Jus buy, buy, 

Natio ide!lt 

Space is short 

Cost is $149.95 per Screen 


Regularly $395.95 pe screen. 

Send Ad Copy a nd Check to: 


UbrldWide ervi es 

6925 Union Pm* uit 300 

Salt wk iry, Uwh 84047 


or Call 1-800-228-0640 

Circle 73 on &ader Service Card 

DATA ACQUISITION 

PROCESSOR111 


• onboard intelligence 
ior IBM P T/Kf 

• analog and digital I/O to 
150,000 amples/se ond 

• 80186 coprocessor 
real tim processing 

• onboard software, incl. · f 
• run applications vithout 

programmin 
• direct access o Lotus 1- -3 
• manual with tutorial and 

' mp! applications - , ·20 
• digital I/O rom 995 
• analog IJO ' ·om 1695 

( 06l 881 286M1cRo. r R 
I 2863 152 .,.,,,I .E. 

Rtdme; d, A 98052LA &O RATORI 1 Thlcx 510 GO ! 3':73 

Circle 186 on Rtaikr Service Card 



IEEE-__ 

Plastic 

SAME-DAY SHIPMENT! 
MONEY-BACK GUARANTEE! 
"RS·232C TO CURRENT LOOP 
Bl·DIRECTIONAL 
CONVERTER" 
Model 232CL2 
only$89.96 

l nie ~ace your RS·232 port to oxisn1111 wrreni loop 

syslem. Model 232CL2 couples and isolate< Transmit 

and Receive D•ta through high speeO optical lsotatois. 

Po""'red from pins 4. 5. 6. 8 llld 20 on !he RS-232 

side:one pin mtJSt be high, one most be low. 

Ho--•-IOOOO<l't•"'"'·-1J2l'S·12V OC
-S"'°'Y-IMnlOOOpo<1• pmm:n, IM.9! 
OrMr diftt1 lrom manut1c11rrer 7110AY and SAVEJ• 
~ ytHJrFREE cop1 of I I IJ EUCTRON/CS ' 
c111io, ~1111111to1101"'""'"11111 G
mllllilorltlg~lpmnllotRS·132 poill. . 

•Trrms:ViU. MC. wn OfOtfS.OOS!paid, PO.'i lfacn 
QUMlfltd rlltd l•ms xetP\ld. It. nSldilnll adG ew1. Nia lu 

1502F~~~· PJ).B:J< ·~···~~..!!!~ l 61:B:I 
Phone: 815-434·0846 

Easiest IEEE 488(GPIBIHPIBJ 
Interfaces for your PC, PS/2, 
Macintosh, HP and morel 
• Controllers 
• Converters 
•Extenders 
•Buffers 
•Boards 

::;:.'::°r ad Call or send 
for your FREE .':': hTachnical Guldel.~ec <21e> 439-4091 

29171 c..- Ao9d. CllN9fend, Ohio 4'141 
TlllD •Fax 18~ 

Cirr:le 87 on /Uader Service Card 

n DISKCOTECH 

WORLDWIDE SALEI/ 

WHY RISK THE UNKNOWN ... when you can get 
premium quality disks from the Leader and 
Inventor of magnetic media.. .. for leasll 
* Sllrdy .~=~~~11~1~:.or.~=~A~RANTY * 

5.25• DS·DD Dlaktttu: Box Lib Box 
DS-DD·48TPI ........ . .. . . . 38 .. ...49 
OS·00·48TPI · 15 C<Jl0< o~· . . .. •49 . .. .•59 
OS-HD·96TPI . .. . . .........82 . .. ..99 
DS·HD·96TPI ·16 coior Disks· • ••• •94 .... . 99 
3.50" DS·DD 135 TPI: 
DS·DD·135TPI . .. . .... . . .• 1.19 ... 1.29 
DS·DD·135TPI "ColorD•sks" •••• 1.19 .. . 1.29 
DS·HD 2MB . • .. • .....•... 3.95 ... 3.99 

All 51s· oiskell" incl"'° Tyvtl<• ......,,_ oolo<-todod !D 1-. wlp 1ahs. 
COLOR DISKS ,IN flAINBOW ASSORTMENT OR SOLID COLOR (y<u """'I 

BLACK DISKS COLOR DISKS 

.29 . ..... 5.25" OS/DD 4BTPI . .. . .•39 
, 78 .. ... . 5.25" OS /HD 96TPI .. .. ..82 

1.09 ..... 3.50" OS/DD 135TPI .. .. 1.15 
'5 25· 8ulk 01$ks wolh Tyvtl<. oolo<-<od!d ID"°""' .00 w/p lilllo. ildd 6' 

DS·DO Quantity Discounts OS-HO* Available.76 ... .. ... 5.25" ........ 1.49 

1.59 . . . . . . . . 3.50" .. .. . .. . 4. 75 

1.52 . . . . . .. . 8.00" .. .. . .. . 2.05 
.49 3M's Highland Boxed Diskettes 1.19 

DC-1000 .. .... 12.75 DC·300XLP ... 19.45 
DC·2000 . •. ..• 17.25 DC·600A . •... 21 .65 
3M Mag Tapes 1200' w/seal . .•......•. 8.25 
3M Mag Tapes 2400' w/seal . . . .. .... . 11 .25 
3M Headclean Kit for 5.25" 6.99 for 3.50" 10.99 

&GI BASF ·F~EEPlastic9 Library Case 

5.25" OS/DD . ...... ......... . ... . .. •68 
5.25" OS/DD in Library Case ... . ..•. .. •.68 
5.25" OS/DD in Minidex/60 . •.. • .. . . . .. ,79 
5.25" OS/HD "AT' ... . .. . .. . .. .. •.. .••99 
3.50" OS/ DD 135TPI . ... ..• .. .. . •• . 1.39 
3.50" OS/DD in Microdex/25 . . .. .. .•. 1.49 
•CALL FOR COMPETITIVEPRICING ON ALL 

'BASF MAG TA ES. 

- Please call tor information-

ORDERING INFORMATION 
TERMS: VISA, !lastorcard °' A!!Elt COO odd S3.00. Prfpai<j 
0<ders deduct 2'JI. cash discooo1. POs accepted lrom recogn~ed 
institutions and corporations on Net 30. Slllpplng: S4! !OOor lewet 
disks. Reduced shipping on larger quantities. Foreiijn ordeos, 
APOIFPO. please call. Reduced slli[)!)ing on !aloe< quantities 

HRS. 8 e.m. to 6 p .m. (mountetn Ume). 

Toll Free Order Line: Information Line: 

1-800-523-9681 1-801 -255-0080 
TLX-9102404712 FAX-801-572-3327 

ii DISKCOTECH 
DISl<CO TECHNOLOGIES, INC. 

213 Cottage Avenue 
P.O. Box 1339 Sandy, Utah 84091 
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Wmerican 
Semiconductor· 

XT, AT-386 
Complete units 

as low as 
$35./month 

5 year warranty available 

Call for 

Details 


Not a lease-You own it! 


1-800-825-SAVE 

HD64180 Single Board 
Protyping I Control Computer 
Get your 64180 project goi ng quickly! 

The SBC 100 is• compk1e compu1cr powered by • w•ll 
1ransfom1cr. ,.\ vaHablc C compiler. assembler. linker 
and debugger run on a PC. Has b..111ery-backcd RAM. 
bauery-bJ.cked clock. power fail i111e1TUp1, SBX bus 
connccton. serial and parnllel VO. pro101ypc: arc.a for up 
10 20 !C's. Only S'29S int!uding scriol cable. power 
supply. 32k of baucry bocked RAM and "'hcm3'ic 

Z-World 
I772A Pitasso Avenue 

Davis. CA 9~616 

(9 16) 753-3722 ·zao Family Spedalists· 

tn Gcmm1y: iSyS1cm081Jlf1687 

Wmerican 
Semiconductor 

MATH CO.PROC.: EPROMS: SIMMS: 
8087 $107.00 27126 SJ.90 I MB CHIPS 
8087·2 151.00 27256 CALL 1 MB>< 9 
80287 169.00 2764 2!Ill I MB>< 8 
80287-8 239.00 27512 CALL 256 )( 9 
80287· 10 305.00 
80387·16 460.00 

STATIC COL. RAM $700 

DRAMS: 
4 64·150 CALL LARGE INVENTORY OF 
4164·\20 CALL All PRIME PARTS FOR 
256-100 CALL MORE INFO CALL 
256-120 CALL 1-800-825-SAVE 
25&150 CALL FAX: 1·813·889-0658 

1-800-825-SAVE 

s 
Very Fast 

lll!tl!!lllfM'-!lll,•11!!1•~{:! 1sti1 

1;•4•,1114 

Co-Processor 
Our co-processor card plugs into your PC or PC/AT. 
With the included software you can run your !SIS.II de· 
velopmenl tools, such as ASM80, PLMS 1, etc. Serial 
communications program for PC-Intel file transfer in· 
eluded. $495gelS you acomplete 6mhz system. Clod<. 
speedsol 10and 12.Smhzalsoavailable. Wehave lhe 
best and fastest pioduels in this aJea. 

Z-World 

2065 Martin Ave #11 0 


Santa Clara. CA 95050 


(408) 98Q.1678 

In Germany: iSystem Tel: 0813111687 

http:only$89.96


MICROMINT'S Gold Standard in Sin~le Board 

Computers & Controllers 

Tbt DCCllO. ~,_,... a t.s" um the:wne ~1eoCMOSZ-.90 lnWuc::Doo C(lmpQlilll. 
~eli4laOn*lt'a.SllJ10~S&llOl'X*'IC."Mt:IOwdCOC'T'P"~~cd 
~preicmconuol~Km~6,,..alld1cpocts.~xriill 

~'fltmul=~=-~~.:.111~'"::;,~ 
~M~~·,ecc:11conll0k:r bomd.. 

""°"""""• OllQSl:IDMltll).•n.MtU 11-btcru.~ PICC~"" 

• Upm»11tbplfttDW~~"'"""" 
• Mli:Clftll'WJ~UA.W.~or~ll:lrtW 
• t)6ledJnistKRM! SIMM 
• M~-llOM~~ 

ll'NOOUIM 
- ~~~"°""'"".-tr....J'*~tlO••.toOtwd 
: ~.iill'w:.:.r:"=·':'Jbe.d~IM'9.~0fRS-ttl 
• llo'ICP.'J....,,.,~fr!Ce('(but«lief«wwciOI 

°""""""'""~·~w.-no c.c.~ «tg.!:Mmf(IOf' 

·~ ......41~ftCC~J.O~rotftb 
·-~~b-~p..Mp.)lb-
• t> '91 DH» b RH)fmmeit uo 
· to-~bll$1')t.....,JCNlpgrt 
··~~lor~,.COM«IOft 

8CC18C>-1•to 9MH:.~andfuly~&CC1tO'Compt.nal 
Cormtllcr ~ m ~cf wauc RAM. ROM Monltm. 
~llO~IXllrnn:imlduid'~fTW'IUolll UH.00 

~~9'6t:;DQAM.o0,j lt00.00 
ICCll0-1 tOOOtMnmfwbttlRAM.wlo~llOM $Hli..OO 

SB180FX --S409.00 
H nel•• IX'tlrd Con1pu1cr 

_,........_ 
•tam:t11 QofMO.ai ... """"""" OU•1 
M~l\CC..-.. 

· ~e1i..o---. ...............,,,~ 
-- 
_...-tr-.tit-~~ 
•OrlWNC ...........
.............. 

•CWW~K)rot 

··~~~A((at 

' 

,,_ 

-
•wdlllWlllll~~ 
c--.

••u..M....~ 

• o...IN..W..lll-..-.-.."......,..,....__

. --.. ,~••MMtl..S I..... 

• s1•..,....,._RAM1:111t.:-i """""'_...... ,,.,,...,,........,.~ I0 4 


. o;.cr .... .-..........,19.0I' 

-m:MU«Jlit.... 
·M~•CIOlll.,.._-

· ~.,...,."""CIOl'I ....... 

~-...,tl))UDOblui3 

· ~ll&f)ftCftollP7', ....,. 
-
~t lO)ll.oOO"-'f 

•t..~•MK>ID' 
. ...~ ...... IO 

·::--=~IQ=--~.............
~ 
•C..111'~.ucNdlOOll.,Wl) t 

• ,,,.,~Jat"-1 *''*-~~ ... 
~IMlilllld&f' 

l'\OWl'.tlARDDD«~ 
• u-,..,...,,~-iall 

· ~-RC~~ -~ .....~JlfPSlllJI 
·c-~,..,·, 14.•. ftr._, 
..o--.... . .....,~ 

• IWllltl baA "" """""" _.. dr!ii
.... .,.... MC"O.W~-..,,... 

• liliOi,C.OJ:::ANC~bJW;S 
IMC.--~ 

•(llM mDQS. IOCI)~-~ 

Ml l~t 	 S&1t.::IX 61 .. .MILIC~tio.ni~w/ 
'nt.K01"1ftDAM. bftt'POMmorwot ~ Ch!i> 
Add~:.:>(IO!iof 0\11.l . 

SOltor'X-l•JO 	 S61..:f'X 1(0J1111MCT oo.Jtd.ndn<nti.'d -...~...tiZ·5'Mml......,~ZJXJOS.l.CW> 
NW "'*~ U.S ~ .-'Id ZDM drilviNa MOS 
.rd~t'l'QC'MXIO.\Kb .-"9Bii0Skw$CSl"'-'d~....:.· '· '' 

GT180- S.395.00 
4.1f.1plm· :i. Dl\rt.11 ~"f'5h' m 

lma~eWise1 M 
~rwJ 1>1~n.1l lmd\!m'J! !'i"-sfl m 

lmcgtW11t 

•e, ,• ., . ' - ·- - . 
I 

'· •' 

• ~ !! • -. ~ 

OptiOMI PC l.dldce DWI COlfllftU ~., lkl lot  _... ~ Dalnop 
Md .... Proer_ 

111'1)1 
0001 

~Wbt °"'IL'n I n1nvNUN 
lmilr,."C'WucRn:"mrr l ~ 

J.:kt.00 
»e•.oo 

' 0 C~ OEM-286- 5620.00 
~ 'Q9\J...~ 1. omph.• h .• Pt lM·ll'll 

, 
.,_ 

L •. --. __,...,.,,.........( 

1'I< MICAOMI!ff lttH ~I 
~ ..............~-d 
rii:focomp,ICf wfKf'I rwtds. oNt • 
~ >uOPrmd ~ tobrcotnt. 
compk~~PfQ\'l'~ in 
~Ofm4(~~1t't 
ICC.St 1DO !ht 11\titt ""Wi·~ 
~ad~con~•OOM 
rm.itnt aK bftt tloolinQ ~ 6ASK 
inlnpfnn It ton~ )(Xllocb tor uo 
IO.qlC~ol~4n 
"'1rud1~trn1- 9rMll'lf £PROM PfO 
91.nvnn. >cwald par~• "ttW 
~poil.-tlhano~r• 
iott«tiOn. • MNI pl'Ylltf pon. 
KOi' 
e.M:·WCompujt'f'C°Of\lroln

""·oa 
oeM 100 QuANm'V POta 
ilft..00 

ICCO> 
Mula runcoon c.rp.nwon: &c:wd -.Qt 
8Ckb t pcnund Ofit J; "FM Uto.00 
•N09.-a.Aaa.1" ID.STaU. ~MM».-CMLP08~ 

BCCll--- S139.00 
H.l..~ 1\ Cona11lf~· t -• WQZ.~chlp~ • OnbotrdQrlfboiMc~

• •on bOtrd p.-*I pam A~ pon 
• 6~(401tmll 
• kDl<CWll:'lt'l•CR1' md.n. ainll'OI 

PfCIQf.n'blne.k 
• ~~ofRAMorfPDOM

'"""""""• r.,,d1Met. 110'9ti00bpli 
• OW IM-2drna tu.....,. tor................I)()
· ~°""" '.J ...D••'-· ••9 

.. -1!19 

eccu• 
~-c:....-11,..00 

BCC22- $249.00 
l("ml '4.l!l' Sman Tl'munal 

European Distributor: 
J.B. DesiQns 

.............. 

Cirencester. Glos. EnQland GL7 2PB 
Tel: 0285·68122 

Manufacturer Representames: 
k.cess Technoloqy 
Placentia. CA 92670 
Tel: (7 14) 996·391 7 

Microfuture 
Fremont. CA 94538 
Tel: (415) 657-0264 

To order call 

1·8oo-635·3355 
for technical information H203)-87Hil70 

TELEX: 643331 fAX (203) 872-2204 

Mlcromint, Inc~~ 
4 Park Street ~~~• 
Vernon, CT 06066 ~-

<WJC·MI l'UJ\Jft5 

• 100lloA1~ 
• ~111Cfl09'0(~• • ,,,, 100 .wh: 
• 10ri:11CoPK'.:nit,11~ 

= ~~Z°'o1~(.n~1 ~ 
.- """'*'· ~C..SIL."#~ 
·~~.,INSf\IMIEt~flr.n. 

: =~~~Wftfdxt ......
_ 
HI0.00 
llU..CIO 

...._.. 
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PAUEPROM PROGRAMMER CARD 
For PCIXTtAT Sy1t1m1 

NEW - VERSION 2 OF SOFlWARE ANO HARDWARE 

·~~:.',:. ri,'6.J:o. 
ALTEAA. CYPRESS, 
RlOOll, 1~ PANATEC 
PALS 5'.c>Po<1s EPLD, 
pc;.n,y. RA, anosn.ro<l 
i>'Odl><1 1t<m !ypO<. 
·F--Rud. 
Wlile. Verify, l'ro!tc1. 

Ecil. PM!. and Fit load 

and wve of PfOQfAm 


.JEOEC ,._,O<I 
·S0tti¥.itt lnducJtd 

100MHZ LOGIC ANALYZER CARD 

For PC/XT/AT Sy11om1 


·2• ~Ill 25Khz·25Mhl 
-6 ~ne1s a1 100 Mhz 
-lrttmal Clod. up 10 100 Miu 
·Exl'"nal Cb* up IO 2S Miu 
·Tlveshold Vol:"9f m.. ECL.I -. . orv~lrom · 1010· 1 0... 
.C.. S!.><k Muloplo Boords 

-~ ·M Soltwaro lncUled 

CALL NOW FOR ORDERS AND 
TECHNICAL INFO (201) 994-6669 

~~~'S'~rJ~g1~=~NKCOMPUTER 

.San 

it'sinsur«IP 


SAFEWARE181 Insurance provides full 

replacement of hardware, media and 


purchased software. As little as $39/yr. covers: 

• Fire • Theft • Power Surges 


• Earthquake • Water Damage • Auto Accident 

For information or immediate coverage call: 


1-800-848-3469 

In Ohio ca/11-614-262-0559 

@z:t If) 

UNIVERSAL E(E)PROM 

PROGRAMMER KITS FROM $95 


• No pnsoaalh1 modu&e.: Menu-driven device .sclccdon. 
• On boud J'O"'<' supply (I !MJ(IV AC). 
• Oircd: 1eduUal 1upport: Foll I ,arWUTaalJ'. 
o U1<:r fri<oclly &Of1wvc: Complete help menu. 
• Quid< pul,. •laorilll• (l72S6•odcr601«). 
• Programs 27D lo I Mbi.t; 2:5xx, 68xx, CMOS; f;l;PROMS. 
e Miao.: 8741, 87.fZ 8748. 8748H, 8749, 8749H &. IDOC'c. 

o IBM·l'C,Applt, CPM orUabdrl>.r;Aat•ud RS232. 
o Ofhclhplil Hex, Bia>ty, ln1cl & Mocorola8,16.32 bi1. 
• 	t.hnual wilb aimpld.t ado<malla. 

VISA MC AMID< CUI <aday fm daUuhcds !! 

B&C MICROSYSTEMS 

355 WEST OLIVE AVE. SUNNYVALE. CA 94086 
PH: (408) 7:JO.SSll FAX: (406) 7:JO.SS21 TELEX: 984185 

MULTI-TASKING SYSTEM 
( •t1rslon 2. 0) 

for lhe IBM > PC. PC/ XT and PC/AT 
• No 1ayal11es 
• ISM PC 00$'" ~ppoll
• c W\9~ iuppcK: 
• PriMtnPftv• .fr,C.l\f(lu lM 

• T111'4 $1i<tng .-... .1 1 1.1~ 
• SOo•et cooe oe 11"1t 

c 1n1utae• ano o."'c• 
an~ 1•1ftC:luoec::I 

~~~ mus 
"'-• O"l't "~vs 
....... •rt  U'lti us 

• lnlef'ta.s ~ ~f..1.-aQ• 

PIUlf\0 
• Dynamic oe>t'•.ll hOt\I 

• LUt.. (ft.\l•IO~ete 

• ,.,.. P'IOt•loe& 

· ~ ~llOUl1on 

• Even t M-.n.t9e' 
• Si!ttn..&>hO'• M;in•~r 

KADAK Products Ltd. 
20fi ·t8-41 W 8t~y 

iln(OUV'ef 8 c CeMOil 

4• ~ t60<&113Al ·2196 
lllf le~ · 04 S.5670 

Clrck 150 on ~aiUr&rvkt Card 

9-TRACK MAG.TAPE SUBSYSTEM" 
FOR THE IBM PC/XT/AT AND... 

For~ t'UfCNlnge. Dld<up IN:l IWeM-.1 t$0fagtt, 
.AK $ystetnt oftet11119-l•D. l8M ~tNlt·comp:lli'*t 
v,- magnetJC laplt ~tot IN IWJ PC, It runng 

• 18M ronnat 16001»00 a.no 800 cpl. 
• Softw9re tor PC-OOS. M.S-OOS. XENIX. 

• Alao for A.TAT. DEC. YAX, 
~~· :JOO, R$-232, 

AKSysterna 
J0741~St 
CNtl~ CA 9tl 11 

~ ~'3-1011 

Circle 12 on Ruthr Strvkt Card 

REAL VOICE Digital Recording '°' your PC. x T, AT or Compatlblo 

+VOICE MAIL SYSTEM 
+TELEMARKETING 

- fnt>ound & Oufbound 

+SMARTEST ANSWERING 
MACHINE 

+AUTODIALER-DATABASE 
+VOICEPAD'" 

• Vo iCIJ /or your Ptograms 

+PROGRAMMER'S TOOLKIT 
·(optional 'l!P'J 

'h card. software, cables. ll!1d 1peak11r 

CIC $2sgoo • s a111 Ill 
(415) 652-9600 

Talking Technology, Inc. 
4383 Piedmont Ave. S<Jito B 

Oakfand. CA 94611 

Circk 212 011 ll6aikr &niu Canl 

Circle 88 on Reader Service Card 

TVVEI< 
.. WITH 29
SLEEVES" 	 ~ 

1000· 	 ea. 

BOLK s~.f DISKS 

Double S ide-Double Oen. 

1003 Tested &Certified Error free, 
at "Minimum 553 Clippin~ Level or 
Higher'."'Lifetime Warran y7 With 
Tyvek Sleeves &Write on Labels 

100 200 600 

.38c .35c .32c 
each each each 

DEALERS W ELCOME 
Telex ,.4933362• Fax ""405-495-4598 

Shipping Charges Varv With Ouantitv Cell 
"" ~- Del•w,g:e 1·800· 1.\~1J849

Die~etttcli:o':,."=:, i~aoo ·s54"7osa 
PO ... ..,, llY TP'Wll'r Oo. Q:ll;ll

01111ec (Olf Novoo• 1·800· 621 ·6221
l"O 90il tJ.HI lilYIC...S WY ..11J 

~~~~fJ'J~r~~~:·~~c~W?o~~~~ 
M<.HL0 1 PR aOd S'Ji a<ldt1tona1 tor PAL 

3M 
5~ 

8:~ 951) 85.0 79j 
~~~ 175-0 1650 16® 

"Worldwide" 
Orders Accepted 

10Box 

~J~erba1in1

~ ---· 

5 f DISKS 5 BOX IOBOX 

o-side 9so 8$.P 79.iD·Den. 

H:n~ 17~ 16~ 15~ 

--3112· Diskettes- 

S·Side 11~ D·Side 16~ H·Den.39~ 
--- 8"' Diskettes- 

S·Sidel51D S·Side 17~ O-Side20~
S·Den. D-Den. D·Den. 


International Orders 

Acceoted 

-°'- ~1wg~;.~~;Jl!oia 
Di~ett~Okl~..t~.:!'5~~02!

01111 [Olr Nov""" 1·800·621·6221
fOQ. .. IJJ!M., L&&~fN. M'ltJ 

curi'=~"?n~~~'ei"'.a~. 
Telex#4933362•Fax#4'K.49H598 

JUNE 1988 • BYTE 345 

http:H�Den.39
http:Mocorola8,16.32
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E(E)PR~P~MMER $395 

• s.. re oa&li!J' • oduk ; ··· - :J-<:L: . -~ d:\icud-::tion. 
• 8ui1't ·L~ En"""'l:ffin::~ O!'Ji.io= (S.SO)i F p d.. 
• ~ =-!fr:~' hnrc; Coqrl:;! help ClCD !.l. 

• Du :<<..i::~ ttJPfl"O't ; Fu~? :ar"~nty. 

• Qu iel. W.. • orillun (V2.56 •.:od<r 60 1«). 
• Pu>gJ\""""l& 77Xl to l M b&ti ~ 6&: l C !\tOS; .EEPROMS 

• ~t i« : 8741, -2,-@. ·9 OR 87(C) I, 87(1..1S2. 8753. ?761 
• I U~\.PC, Ai:pk, CPM • Uabt(.tra; ,\J11oboud P. 
• Otr..thplil BiM')'. IAlcl A Mc<otola8,16,) biL 
• Mu ua l ~{Ua mm.pld.11 sdKm.JUa. 

VISA MC /\1 ! EX !All tob)' /OI dcwh«ts /1 

B&C MICROSYSTEMS 

S WEi.T OLIVE AVE. SUNNYVM.E. CA 9-IOB6 
PH· (408) 730-~5 11 FA.'C· (40S) 730-5521 TEJ..EX: 9Sll 

Circlt JZ on Rlader Strvict Card 

Oklda t ~ ML 82A and ML 83A Printers : 

IBM EMUJATION ''PWS" 

PC·WRITER
oNLv 

$99.00 
01\I' il'l~p1ng 8t s.a 1u 
11"- lCthf 1dd1euuJ 

oniev hac;lt gu•r1nl1t 

•FULL EMULATI ON OF THE IBM PC 
GRAPHICS PR INTER 

•LETTER QUALITY PRINTING 

•E LI TE CHARACTER PITCH 

• ue RI PTS/SUPERSCRIPTS 

• OO T AOO RESSA8LE GRAPH ICS 

• FRONT PANEL FE ATURE 

SELECTION 


To O rder : (714) 261·0228 

0 RAINBOW TfCHNOLOGl!S, INC 

1101 l·A Milche!I So., Irvine, CA 92714 
(714) 261·0228 Telex : 386078 

Circle 241 on Rtadtr Strvkt Card 

Advertise your 

computer products 


through 

BYTE BITS 


(2" x 3" ads) 


For more information 

call Dan Harper at 


603-924-6830 


BYTE 

70 Main St. 


Peterborough, NH 03458 


Circle 310 on &abr Strvk' Card 

th• 
LOGIC ~ 

LAB is o comp/ore logic c/..,./opmenl sys lem 
• Complete Syslcm Including Progrommer, Sample 

GAL o..,,;ces. Sohwo•e ond oil Cobling. 
' Progro ms CAL o...,,;ce> Including 16V8, 16Z8, 

20V8, & 39V18. 

:~~~~~iE°fu!~::.:s~"!,~~~d~~;~:s · 
•Accepts All Stondor~ JEDEC Download Files. 
• Software Updoloble. 
• 30 Doy M4noy 8odt Gua ranloo. 

• Viui ond Moft•r Ccwd Ac«i>1td • 

CALL FOR FREE DEMO DISK 
Pmgrammabl~ Logic Trchnologles, Inc. 
P.O. Box 1567 
IJ)ngmont. C01J()5()1 OAt i. .,...._...,~J 
f'h. /.JOJJ m · 9059 lD'!!W• ~~~ 

Circl~ 228 on Rlaihr S.rvk1 Card 

REAL WORLD 110 
For PC/XTIATs

A0200 • 4 channel. 
12-blt A 0 board 
10 kHz sampling 
ra le. . i 

. ,.;;. ~ 

..lnstrumcn alion 
amp 1ron1 
ell<! $239 A0500 

AOA300 • 8 channel. 8·bll AO: single DIA, 24 
programmable d1g1tal 110 lines 
ADSOD • 8 cllannel. 12·b1t A10 board . So ltware 
programmable gains ol 1.10. and 100 Highly 
accurale integraltng converter 

$239 

1 01011a1 110 11nes H1on-z inpu1s ~239 
AOIOO · Single channel vers ion ol AOSOO 10 d1gilal 
I 0 lines. ~me accuracy an d prog1ammable 
gains $149 
OA600 • Fas1senhng 12·bit dual 01A convener $169 
OG24 • 01011al 1'0 board With 24 TIL lines 
conl1gurable 1n sottware $95 
XB4D • Easy connecl extender,orotoiype 
board w1lh lermmal slnps 
OEM 01scounts available 

$49 

BUILD YOUR 

NE1WORK 
wrnr 

moos__.,.... 

EASYUSE LAN COMPONENTS 
• Nctworl< Sortw.re (per usu) $99 
• Saver Cards (4 users) $349 
•Workstation Cards S199 
and 
Easyusc Rrady to Rim Scrwn. 
They start at 4-0 mcgs and 4 USttS 

for only.,.. Sl ,995 

Your 2861386 AT " i th our Sen 'el' Cam(s) 

61 7-163-9617 
4.5-0 l!NfonJSt.. 
lnlng)on. 
MA. O'l17J. 

..._ 
' / 

(814) 234-8087 

Circle 90 on Reader Service Card 

100% certified and tested. Error free 
llfe time warranty. All disks Include 
generic white box, ryvek sleeves. 
labels, write protect tabs, shrink 
wrapped. 
5.25 Black Disks, OS/DD . . . . . . . .36 ea. 
5.25 color Disks, 8 colors 

Avallable, OS/DD . . . . . . . . . . . .46 ea. 
5.25 Black otsks, OS/HD . .. . .. . .86 ea. 
5.25 color Disks. 8 Colors 

Avallat>le, OS/HD . . . . . . . . . . . .94 ea. 
3.5 Blue or crav Disks, 

OS/DD.. . . . . . ...... .. . ...... 1.12 ea. 
3.5 Color Disks. 7 Colors 

Avallable, OS/DD . .. . . . . .. .. 1.28 ea. 
3.5 High oensttv, stack only . .. 3.80 ea. 

BULK MEDIA AVAILABLE 
5.25 OS/DD.............. . . . .32 ea. 

5.25 OS/DD colors. . . . . . . . . . .42 ea. 
5.25 OS/HD... .. . .. . . ... . . . . .82 ea. 

5.25 OS/HD Colors. . ... . . .. . .90 ea. 
3.5 OS/DD Blue or Grav .. . . . 1.07 ea. 
3.5 os;oo colors . . . . . . . . . . . 1.23 ea. 
5.25 TYVek Sleeves. . . . . . . . . . .03 ea. 
5.25 Paper Sleeves . . . . . . . . . .02 ea. 
5.25 Label Sheet . . . . . . . . .. . .08 ea. 
3.5 Label Sheet. . . . . . . . . . . . . .20 ea. 
5.25 White BOX... . . . . ..... . .15 ea. 

3.5 White Box . . ..... ..... . . .14 ea. 

CONTINUOUS FORM LABELS 
80)( Price 

Size Across Qty. Per/1000 

2>Ai x 7/16 1 across 10,000 S1.9S 
2'MI x 7 /16 4 across 20,000 $1.95 
2Yl x 15/16 1 across 5,000 $2.18 
2Yl x 15/16 3 across 15,000 $1.98 

• 2.,. x 2.,. 1 across 2,500 $12.00 
2"6 x 1· 7/16 1 across s.ooo $3.00 
3)(15/16 4 across 20,000 $2.00 
3.3 x 15/16 4 across 20,000 $2.05 
3\.7 x 15/16 1 across 5,000 $1 .90 
3Yl )( 15/16 2 across 10,000 $1 .90 
3Yl x 15/16 3 across 15,000 $1 .90 
3Yl )( 15/16 4 across 20,000 $1 .90 
4)(15/16 1 across 5,000 $3.21 
4X15/16 3 across 15,000 $3.21 
4X1·7/16 1 across 5,000 $3.25 
4X1·7/16 3 across 15,000 $3.25 

Prtces Quoted fOr fUll bOxes only. 

1040 Broaawav 


westvllle, NJ 08093 


609·456·699& 
FAX# 609·456·7172 

All orders F.O.B. Westville, NJ. 

coo orders add s2.20. Visa & MC accepted. 


All orders snipped same dav. 
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Circle 144 on Reader Service Card (DEALERS: 145) 

FCC APPROVED! 

Sub-Mini AT! 
The Space Saver 
3-DR. CapabUlty 
a.Expansion Slots! 

Saale Syatem: 
• 8/10MHz Speed, 0 Wait 
• 3-LEDs. Reset & Turbo Switch 
• 0·1MB on Board With 0K 
• 200-Wan Power Supply 
• AT Style Keyboard 
• tea 1.2M Floppy Disk Drive 
• tea Floppy/H.D. Controller 
• iea Mono Graphics Card W/f>rinter 
• lea 12" TTL Amber Monitor W/Swivel Base 
• Assembled & Tested 

S9G3.00 

10MHz XT Turbo Basic System: 
• Baby AT Case W/Keyfock • lea Floppy Disk 
• 4.77/lOMHz Hardware Controller 

Selec1able • lea Mono Graphics
• 8ExpanSl0!1 Slots Card W/Printer 
• ~Kon Board Wrth OK • lea 12" TTL Amber 
• 150-Wan Power Supply Monitor W/Swivel 
• XT Styte Keyboard Base 
• lea 3&>K Floppy Disk Drive • Assembled & Tested 

$493.00 

10MHz Of 12MHz AT-286 Basic System: 
• 6/10 or 6/12 MHz Speed, • lea 1.2MB Floppy 

0 Wait Disk Drive 
• 8 Expansion Slots • lea Floppy & H.D. 
• &-1MB on Board With 0K Controller 
• Regular AT Slide Case • tea Mono Graphc1s 

or Digilal Display Case Card W/f>rinter 
• 200-Watt Power Supply • lea t2" TTL Amber 
• AT Style Keyboard MonitQr W/Swiwl Base 

• Assembled & Tested 
tOMHz 12MHz 

A911ular Case 
Digital Case 

93&00 tOOt.00 
958.00 1022.00 

1. 
2 . 
3. 
4 . 
5. 
6. 
7. 
a. 
9. 

to. 
11 , 
12. 
13. 
14. 
t5. 
t6. 
17. 
18. 
19. 
20. 
21 . 
22. 
23. 
24. 

25. 
26. 
27. 
28. 
29. 
30. 
3t . 
32. 
33. 
34. 
35. 
36. 
'SI. 

PERIPHERALS AT/XT
For XT 

Floppy 01sk Controller With Cable $22.50 
Herd Disk Controller Wilh Cable $72.20 
0·384K Mu1tifunct1on Card. OK $86.30 
Monochrome Graphics Printer Card $43.60 
Color Graphics Card $46.30 
Color Graphics Printer Card $50.00 
Enhanced Graphics Adaptor (EGA) $131.10 
Color/Monochrom& Display Card $61.30 
Parall&I Printer Card $18.80 
Dual Game 110 Card $18.80 
Serial 110 Card $25.00 
Dual Serial 110 Card S43.80 
Mous& For AT/XT W/Oriver Softwar& $61.30 
Multi 110 W/Controll&r S68JIO 
Mult i 110 $56.30 
No-Slot.Clock $28.80 
576K RAM Card, OK S35.oo 
4.77/SMHz XT Turbo Motherboard $93.eO 
4.77/lOMHz XT Turbo Motherboard $100.00 
XT Slide Caoo $35.30 
XT Flip Top Case $32.90 
Baby AT Caoo. XT $47.10 
150-Watt Power .Supply $46.110 
150-Watt Power Supply (UL) $68.60 

For AT 
~~~.f~J>c~~~.tr~er W/Cabl&s 
2M8 EMS RAM Card. OK 
Serial/Parallel Card 
6/10MHz AT Motherboard. O Wait 
6112MHz AT Motherboard, 0 Wait 
81 !0MHz Mini AT Molh&rbOard, 0 Watt 
AT Slide Cas& 
AT Slide Cas& W/Olgi18t Display 
Mini AT Slid& Case 
200.Watt Power Supply
200-Watt Power Supply CUL) 
200-Watt Power Supply l=or Mini AT 

$156.30 
$68.80 

$123.eo 
$46.30 

$331.30 
$393.80 
$362.50 

$64.70 
85.90 
61.20 
81.30 
95.00 
7ll.80 

ORDER HOT LINE 1-800-543·5107 
Technical Information (714) 990-2097 

Hours: Mon. - Fri. 9:00 am  6:00 pm PST 
Please write for our complete price list. 

JAWIN COMPUTER PRODUCTS 

• 
565 W. Lambert Rd., KC ~ 

Brea, CA 92621 .._. 
Tenns: Ploasaadd5<M> l<>< S2.00.""""- " hoghe<l olu• 25' 
IOteacn$10000. CA rtsiOentS ptease add ~s.\les t.aA. We .iccopt 
VJSA/MC /C&sh Plffsonal checks please alow 2 week!. to t:'ea.r All 
mtf(:~1 S.O 1S w&mt ntt(I lOr 1 )"941 unteu othOfwls.e Sl.1100 

VT240 Smart Terminal Emulator 
and Communications Program 
for the IBM XT. AT. PSl2 1t1d compatlbfn 

VT241 
$295. 
•plus your PC 
or compatible 

.Compc<hal•" vmo 1 1'1'2'1 
tmUblioo 11 l-1 llm<S IM !p«'d. 

•Com pln< vmo ANSl <mui.>1100 
in<Wing tnr doub!r·hilhldoublf. 
"~ ~'ten. INC smooth !Mlol· 
q. n>rioo>l'muilinaionl! ..ppon. 
ltld 00.nio;Jd>bi< tom,. 

•Al kall IIS <OhimM di!P1>11bk 
in IJ2-rolumn mod< on lh< CGA . 
E(,A, l'GA. >nd H<f,,,lc< ><llpl<!\. 

•f uD Trl1ron11 4010/4014, O.vl llld 
R<GISp>llll>:>!U-1. 

-XER.\llT ltld X~IOOE\t tnn<lt:r>. 

ngrnninn Blli Nct /Orx ind 
VM $<!\im for MS.OOS ""PIX"I· 

Also available VT220. VT100, 0400. 4014 
emulators and 1he fJouer. ·uuionno VT200 style 
keyboard. 
KEA SYSTEMS LTD. 
Slit~ 412. 2150 l\t>st ~~. B.C CJllalb VSK 41 9 
1~(61}1}73U411 TtleX:IJ4.352848w:R Fv-{~)i3z.-0715 
()d<r Tai fret 8(MEJ.8lf12 
311/J>y rrrot>ty l!>C< 9WfMllH AMEXIMCMSA 

2for t ~~.., bul< 5'/•" 
i bnl irilaly deledM! wfil siI rnonttis 

- ........ !Iba, llbela 
£1.0< 
5'140SllO (Mn UXI) .. .. • .29$ 

OStlO (Mn 50) • .. •.. .. .. lk 
Color SW OStlO (Mn 50) . C9c 
5'/' El.I-AT I() (Mil 50) 7k 
Bm Cl 10 SW OSOO {Ill\ 10) $4.21 
Bm Cl10Color S'!.' OMlO 
FrM Plos:icCase (Mn 5) ... SUI 

31h '·ssoo (Mn 25J .. "' 
'OSOO(Mn25) ............. St.ts 

Dita 'IIT:i CO MBMri C.v10Je 
)T\00~ (Mn5) .... l15JO 
liOD' 12011! DM>c..'Ji0ge 
(lm.5) . . $19.20 

-~Cal lor l1N'6 - "' . °""" 'SLqecl "' Miallilr,~ ............., 

SNi>!*'9: Sl.50 per n:io. Older.$1 .50 eacl> ad<ll. lol ~ "'"'*" 

1·800·537-1600 .I r-D 
es-o<No. 277 ~· 

°'1>1- No. 1523 P.O. Box 61000,S.. Frras<0. CA !14161 

CUck 175 on RMMhr Serviu Card 

Now gel PQPUlor >P88Ch technOk>Qles In ONE p«> 
dueII Speech Thing Is o ful.teolured 8 bl! 0 / A sound 
ConYerl81. Eoslty OllOChes oulslde Iha compule1-no 
sk>ls requited. Soflwore Includes prerec0<ded 
speech vocobuklries. syn1ne11e taxi lo Sp&ech 
(speoks Ol"'f ASCII lex!) .demo ptOQroms. ond com. 
ple!e edlllng teo1uies. PT!ce ootv S69.95. AISO 
O\'OllOOMI, Voice Mosl91 PC plug In board '°' dlgllol
rec0<dlnQ. edl!lng, ond VOICE llECOGNlllON. (11&
Qukei Speech Thing 10< souna ou1pu1.) ONv S79.95. 
Potenled price/ performonce bteol<llvoughsl 
TO Ol!O£R BY MAIL Include 5' 5Npplllg & hondllng 
<S6 Conodo. St2 o-..os) per 0<det Vl$0, Most91. 
Cord phone 0<den occepted. 30 day money bocic 
guoronlee, one 'I.at worronly. °""" voice 1/0 sys..
lems OVOiloble 10< Apple, Commodole. ond A1ori 
Coml)Ul91S. 

@ Col Oii wnre !ooay IOf FAff Proouc1Cotoaog 

<X>'WX INC. (503) 342-1271 
675 Congei Si . Eugene. 0<9QOl1 97402 

Cin:I• 1501t RnMr S.mu Card 

IEvwra AT 1IOO 
-SY'!tmlm 
(llADf: .. U..S..A.-.....,~~ 
•Ft#(_..., ... ..,'°
•Ml4-lr~I._ 

· l~ ... !M ~DOlillf 

· m-~ """""' '""" .__,.._ .....--• KC dliW T C'P'Md 

· ·tbl~ .... -•U\CGkO....Mlllll
_,,_ 
...... ""--- ............... 
Howll.•pgci.~ 

• ~PQlll fliaxir.-r. 
,__ .,USA..) 

• IXs'~-
· ~111!1111~._ 
-""°'10'! .. 

...... . u.J.A .. t .._..,,._____.,.-..._....R_~_-_-...........,.~=-
~~~·~l'ICll~ 
Ill"-..~~ ~'IMO ll~I UOO 

1..-..i IOa ln , •••• ..... Ut$ ~Al ,OllHZ,, ..' ..at 
• ••• ••••••••••••••• ••••1111 ............. ~.,...,.. 

""'70lll • ICZll-100it 
• F.-,teMXT~ • AMIBI08,,5tZK. 12n,.gllc
• 80N 4 7'1'1MHZ.-.0r • lOO • fll'S.~Ka 
• 640Kon~ • i+An"'°"' . ~etor4~ 
· ~~ • ltloa..doci..c.Mamt 
• Hf.AnMclrl ~ . ,,.. ..-t.iplAiility, 
· Heitc.eomo.&.~c.o ~ l A<la-.gOI'. 

Schwab Compu:t•r Ctnttr 
"TN~...... - ~..__°""' 
~DC.... AMI. ...... CW.. CA ~T 

eQt.14M1'!0 
o.i,~ ...._Ft0-7, Wll-4 ~--- 

Cin:l1 251 on RulhrS.rvlu Card 

ATIENTION p•cad USERS 

Now you can increase the product
ivity of your software by using the 
ne.v... 

RAPICAD buffer/decoder. 
Two buffers in one unit with parallel 
and serial in/out. Up to 1 Meg total 
memory. 

NO EXTERNAL DECODER 
needed any more... because 

RAPICAD is fully pcad box compati 

ble and software transparent, allow

ing the use of p·cad and any other 

software with any printer, plotter, 

laser, etc. 

Prices as low as $995.00 


Cl 
INTECTRA Inc. 

2629 Terminal Blvd. 

Mtn. Vie.v, CA 94043 
(415) 964-5018 

6805/6305 SINGLE CHIP 

MICROCOMPUTER 


DEVELOPMENT SYSTEMS 

Two systems allow the IBM PC/XT/AT to be used as 

a complete development syslem for th& MOTOROLA 

6805 series slngl& chip microcomputers. Model 

MCPM-1 supportS the MC68705P3. PS. U3. us. A3. 

& R5 chips. Model MCPM·2 supporis the 

MCt468705F2 & G2 cmos verslOns. BoU1 systems are 

prie&d at $495 and Include a cross assembler pro

gram, a Slmulatorl0e3r program and aprogram

~~g;;.~,~ilo~~d.~w~~~~~•lm~~m Is 
THE ENGINEERS COLLABORATIVE 


PO. Box 53. West Glover, VT 05875 

(802) 525-3458 
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Why pay 11b~,TcI~R QUALITY Pftl!!~1!n 
STARWRITER"' F-10 

When our 40 cps letter quality daisywheel printer from the same manufacturer is only 

s299ooea. 
These printers were originally priced to sell at over $1100. Through a special arrangement 
MEAD has purchased these units from a major computer manufacturer and is offering these 
printers at a fraction of their original cost. 

LIMITED QUANTITY ONLY 665 UFT! 
OPTIONS 

• 6 ft . Serial Cable .......................... ............... ....$ 1goo • 40 CPS • Accepts Paper to 15 Inches 

• AT or XT RS232/Serial Interface . . . . • . . . . . • . . . . . . . . . . . . . • . . . . . . . 3goo • Form Length and Pitch Set from Conrol Panel 
• Bidirectional Tractor ..... .. ....... . .......... .. ....... .. ....... 14goo • Industry compatible ribbon, printwneels and control commands 

• Cut Sheet Feeder ................ ................. ..... ....... 19900 • RS232 Serial Interface 


CATTll 8MffZ COWl.rn nm• CAU FOii PRICE CAr 286-10 
BASE SYSTEM ~l,,f 1 r.. W"""'Y BASE SYSTEM A~ 

• 256K (Opt. 640K) • 150 wan Powe< • 5121< (120 NS) • 200 Win Power ~ 
Supply • AT Style Keyboard ~/, Supply • AT Sryie Keyboard ';;//~

• 4. n or 8 MHZ Ktyboard Selec1able Y" • Westem Digital Controler • 1.2 Meg r" 
• FDC C-O<l~ols Drives ~ • Legal Blos w/man!Ws • Systems 

• 8087 Socio!! • 350K AowY Olive Documentation • 1 yr wor. • Clock/CaJc 

OPTION A OPTION A AT OPTION 8 AT 

12• Mono Amber Monilo< 
 12• Mono- Mon~Of MO x 200 Colo< Monl10< 

Grap/IQ Card w/par po<1 
 Graphlco CM! wiper pot1 Oraphlco Card w/pllt pot1 

'519'' '1099M 

MEMORY CARDS150 WATT POWER SUPPLY~, 
EV138 G-576K for XT.. .. • . .. .. .. .. . • . .. .. . .. .. 89" 4164 t50 NS. 64 x 1 .. .. .. . . .. .. . . .. • . • . . . 311 

t59M i.\' 
• Direct PC Replacemenl ~~~ 

EV171 G-2MB AT EMS/EXT ..................•• 111911 
 4114 120 NS. 64 x 1 .. .. .. •.. • • . . . .. ...........3" 

EV173 Par/Ser/Clock G-1 Meg XT ................ 111911 
 41256 t50 NS, 256K x t .. .. • .. ....... . ....11"

EV173A Par/Ser G-1 Meg AT .................... 109"
EPSON 31/z DISK DRIVE 41268 120 NS. 2561< x 1 .. .. .. .. . .. .. . .. .. . 1111 

• In SV• Mounting l~u 41258 100 NS. 256K x 1 . . . . . • • • . . • . . • • . . 1211TAPE BACKUPS BY EVEREX
• 72ot< \".;II 4414 150 NS. 64K x 4 .. .. ..... . ... .............11"
40 Meg XT or AT wor1<s off FllC ..................349"

•99" 60 Meg w/Oic-02 Interface .......................59111' 
 1Mq tOO NS. 1048 x 1 ..•............. . ........49'1 


HARD DRIVES MODEMS COPROCESSORS 
Intel 8087 SMhz ........... ................. .... 102"
~VERE.F 
Intel 8087 8Mhz . .. . .. . .. .. .. ~ .. . .. 14911~seagate EV-920 EverCom 12 300/1200 bps ..... ... ....... . M" 
 Intel 80287 6Mhz ... . .. .. .... .~\' .......... 17911
EV·940 Internal 300/1200/2400 . . ....... • .........179'"
COMPlfTE ms Intel 80287 8Mhz . . . . . . \~:"•~t . ............239"
EY·IM5 External 300/1200/2400 ...................2391' 
 Intel 80287 10Mhz.. . .. F.': . .. ....... 28911 

ST238 30Meo w/cont. & Cables .. •.. . • .. .. ...... 29911 
STm 20Meg w/conl. & Cables ...................279" 


Intel 80387 t6Mhz .............................49811 


ST251 40Meg 'h HT 40 MU w/software ...........•4291' 
 Intel 80387 20Mhz .. .. . .. .. . . . .. . .. . .. .7991' 
ST251·1 40Meg. 2 8 MU sec ...... .. ............. '89" 

COMPl.US 
t200 Baud w/Bitcom 5 yr. Warranty .. . . .. ... •..... 69"" 


ST4026 20Meg full HT 40 Mil ....................279" 
 SIMM RAM UPGRADES ~r~~t200 Baud External, 5 yr . Warranty .........•..... 119" 

2400 Baud Internal, 5 yr. Warranty . . ... . .... . ..... 1411'ST409e 80Meg Full HT w/soltwate . . ..... . .... . ... 79911 
 256K x 9 t20 NS .. 139" 1 Meg x 9 120 NS .. 649'1 

3 MONTH WARRANTY 
STANDARD FEATURES 

MANUFACTURED ev C.ITOH 

COMPUTE smu1 CAU RJll l'lllCf 

IU  II 
- --===~ 

¥ -

OPTION CAT 
12· Mono - MonilO! 

o·~~811ear..!..r'~ 
'1399" 

RAM CHIPS 


OPTION B 
640 x 200 Colo< Montt0< 
Graphla CAld w/par po<1 

50 -90° 0 OFF LIST All New_ Nol Used All Have 90 Dav or More WarrantyLIQUIDATION SALE 
TANDON SEAGATE EPSON 

10 llH llUll DlllYE 1.01508 T1'AC10llS - FLOl'l'Y Dlllft• TM100.2A Full Height • The Originial Drive used by IBM • ST212 112 Height • 65 Mil Sec. • Discontinued By Epson • Mead has last 450 Units 
I.kl 249'1 Utl 9411 ...... 4911

Ust 299" - 12911 ... 711" - -· CMI OR ATASISPECIAL'SNEC 
30 MEO HARD DRIVECOMPOSITE MONITOR While Thsy Lastll • Full Heigh! • 40 Mil Sec 

Real HERCULES Color Graphics Card . . . . . . . . . • . . . . . 59" 
• 12• Green Screen • JB 1201 New 90 Day Warranty 

Ull 199" ..... 59"' Ust 699" - 2991' !ll 11.. io, HT 169"MS DOS 3.2 w/GN Basic .. . .. .. .. .. .. .. • .. .. • . . 711" 
1.2 Meg MllSUBISHI Floppy Orivll ..............••• 79" 

360K TEAC55 fN Floppy Drivll .. .. .. .. .. .. • .. .. • .. 79" TANDON3M COMPATIBLE 
Printer Stand Manufactured lrf EPSON . . . . • • • . . • . . . 9" 160K FLOPPY DRIVEDATA CARTRIDGE t.t-, 

1411Printer Stand Manufactured lrf IBM . . . . . . . . . . . . . . . . •TM 100.lA• DC 300 XLP • -4/% 
HP LA.SER Jet II w/Toner Cartridge .•.. .• ••..•. . . . 16991' • 160K• 45 Meo or Lsss " .. 
EGA 13• Monitor; 640 x 350 .•.. . . .. ..• . .........369" 
 • IBM Packaging & Instructions 
CGA 13• Monitor 640 x 240 SAMSUNG . .... • . . . .. . 249" 


Ult 39" -1411 


• Individually Wrapped 

12· Amber Monochrome HYUNDAJ . .. .. . .......... 79M 
 Lisi 19900 

llO SURCHAllGE FOR MC/VISA800-654·7762 TERMS:,.....__ ,,... __SAUS: 1 ui.-6 ..._ PSI MC • VISA • COO • CASH
_ 

702·294-0204 -Clllcl:l•AEIH4'1'1 
CUmlllfll SERV1Cf /ORDER S111TUS: 

FAX 702-294-1168 
1000 NllVlda Hwy. • Unit 101 • Boulder City, NV 89005 

Circle 170 on ReiUkr Service Card JUNE 1988 • BYTE 349 

http:TM100.2A
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Circle 86 on Rlader Service Card 

2 FOR I LIFET1ME WARRANTY 

./ Pkg'd in 6 ditteranl colors. bulk or boxed 

./ 100% l9S1ed and certified 

./Made 10 exceed A.N.S.I. specs by 62.5% wilh a 
guaranleed clipping level of 65% or above 

./ Includes lyVek envelopes (no1 paper), wrile pro1ect 
tabs ond user labels 

./ Brand-name quality al attordable prlcas 

~1 /4" • 48 TPI OS-HD 96TPI 
OS.DD IBM-AT Compallble 

.49 BULK .90COLOR 
OR GRAY 

.59 BOXED .99COLOR 

, r. America 's 
ICENTECJ.t Premium Quality 

Color Viskettes 
./TIMELESS WARRANTY 
./ 75%+ cllppl ng level guaranleed 
./ Per1ormal'IC9 exceeds A.N.S.I. spec. by 88o/• 
./Each disk 100% 1ested and cenified 
./ 17 COLORS for da1a oruaniza1ion 
./ Pkgs. Includes lyVek sleeves. w/p labs, & ID labels 

~1/4" • 46 TPI OS.HD 96 TPI 
OS-DD IBM-AT Compatible 

.84 

.63 
PLASTIC STORAGE BOX 1 3 9 

COLOR • 

3-112". 135 TPt 
OS.DD COLOR 

1.75 

BULK 
COLOR 

PLASTIC 
STORAGE BOX 

1.15 
3-1 /2" • 135 TPI 
BLACKDS·HD 

4.90 
Call 101 best prices on BASF 
diskettes & Pelikan ribbons 

5-1/4" • 48 TPI 
DS·DD 

.79 

OS·H096TPI 

IBM-AT Compatible 

WithFREE Platen Cleaner 

Nashua 

MICRO CHANNEL 
ENGfNE ERING DEVELOPMENT 

S UPPLIES 

INIRO QUCJN G: The PS/2 Burn-In Board ! 

For Design and Manufacruri ng Engineers 
I . Fi11tPw1" 
Backplaftc forPsn 
Mirn>Owmcl 
2. Ttsald.apcc:n 
wi~poll>'tr 

cychn1 compuecrs 
J . T<Jt..i..pa. 
witto11 ~&:ins-' · Oi>d<>NImodule and 
liOft~ pruvidc1 

U.Jluttplm 
....urion 

CALL now for your FREE Callllog. 
Quality PS/2 compatible products available . 

ON TARGET 
TARGET 
TARGET 

ON TARGET Assoc latff 
1034 W. M•u<lc Ave., I 602 
SunnyVillO. CA 94086 
(408) 980-7118 

r.srz. ... Mm ~I ""tndcmarb of IBM Corp. 

Circle 207 011 llMMkr S.rvlce Card 

ADAPTEC 
PC-XT ~ ST506/412 .. . .. . .. .. . .. . . . . . . .. .$45 
2072 PCIXT Rll. ....... . ....... . .... . .. ......... .S98 
3530 SCSI 1D Tape OtC 36 ....... .... . .. . ...... ....$78 
4000 SCSI 10 STS0614t5 .. . ......................S89 
~SCSI lo STS061412 All ......................$98 
4520 SCSI 10 ESDI .... . . ... . .. .. . . ...............S98 
5500 SCSI 1o STS061412.. ........................$125 
5580 SCSI lo SMD .. .. . ..... .. .... .... .. . ... .....$175 
XEBEC 
S1410 ~I Cooiroller .......... . .. . . . ....$109 
Sl420 ~I IO 514" Aowf & Hard Disk CooltOllet ......$99 
Apple II , II+, llE Hoel .tdapler . . ... ....... . .. . .......$29 
Toshiba PC IO ~I/SCSI HOOi Adaplet ...•... . .....• .$29 
9205 Mullibus Hard Disk Controller .................$199 
93050 IEEE 488 (HPIB) 10 STS061412 Cootroller . ... .. . . $89 
1490 ~I lo SMD Conl roilef ........ .. . .. ........$149 
OTHERS 
OMTI 20C. l SASI ConuOl1et .. .. .. . . • .. . .. .. .. ..$99 
OTC 510A ~I Cormilet .. . .. • .. .. .. .. . .. .$99 
Shugart 161(>1.3 0t 4 SASUSCSIController • •. • •.. •... .$19 
WO 1002SHO Xebec Compalible ~I Comroller ... .. . $109 

• call lor cable pticn. 
• Controller manuals $8 each. 

Compuler Surplus S10r11 "WE 
Phone 408-434· 1060 BUY 
FAX 408-4340931 AND 

Telex 1561447 SEU: ' 
MCNISA/Oiscaver/COO's 

TERMS: P.O. orders accepted. govemmenl and schools on 
ne130. SHIPPING: U.S. orders add $3.00 per 100 d iskettes 
or tractlon !hereof. add S3.00 for COD oroers. 
PRICE PROMISE: We wi ll better any lower de~vered price 
on 1he same products and quan1hies advertised nalionalty. 

~ r:::3~ u t=::J.t.~ !>""''J,, 
Toll Free Orner Une: lnlormation Line: 

1-800-233-2477 1-801-S6HI092 

·91sc INTERNATIONAL 
:.. u PP., r:O M l" AN i 

; 3:6 W 6040 S. W E ST J O RDAN UT 84088 
H R S 6 AM TO 5 PM (M T N TIME} 

350 B Y T E • JUNE 1988 

Circle 69 on /WJMr Service Card 

find out how O<~ whole family cJ 

EMU-TEK graphics cerminol emulanon 


~lftw:rre make> good ><tue for 1hr work you do. 

C.11 t<.><hy lot more information. 


IFTC::~I 
(714} 995.3900 


(800) 962-3900 (800) 972-3900 !Calif.) 

10801 Dale St., Suit< M·l 


Stanton. CA 90680 


Circk 112 Oii Rlalkr ~rvlc~ Card 

IBM/PC DOl:ld\'IENT 
CONVERSIONS 

WORDIFORWORD 
The Industry Standard in 

document conversion. 
• TWo way COllWl'liolw 
:~:e:~=~ 1s149.oo I 
• Special 'Smarr ASCII -r.a page lonnalt!"'d 

SIJlll)Ofla conversions~: 

WordStar 
PFS: WRITE 
01lio8Wrll., 
Valkawriter 
XyWrhe 
DisplayWrhe 

Wordf>ooea 
PFS: Flrat Choloe 
EM Wrlllng ""1. 
OCAIRFT 
EBCOIC 

Muliolala 
PFS:ProWrlle 
Mlaoeolt Word 
A.SCll 
'Srrart" ASCII 

l..,LA_N_V-er-s-io_n_$_299-..l 
Call (800) 624-6107, Dept B 

MASTERSOFTTINC. 
4621 N. 16th S • 
PHOENIX, AZ 85016 
(602) 2n-0900 

Circk 168 on Reader Service Card 

UNIVERSAL E(E)PROM 
PROGRAMMER $495 (Kits from $165) 

•No ptf'lONlll)'•Ochdcs: McD\11 dr ivca ~ Kkdiua. 
• Buik·lll Etuertrunct op<"'° (l lO); CoodU<I~• foam pad. 
e Oiled tcdWcal 10pport; FaU I )Ur WUTU9'. 
• Stud alorle d uplla1ion & ver~y (27X.X parts). 

•Quid< P"IM ........• (27ll6 undct 00 oec:). 
• nu lo I Mbi1: 2.1u: 68u: CMOS: EEPROMS. 
• 8'l4 1 ,• 2._.,~-8H,·9,·9H,-$ 1 ,.CS l ,·'2,·~S. 976! & mmc. 
• IBM· PC, ApJ»'r. CPM °" Ual14.ri"C1'"; Autohavd RSU?, 
• 0Uw:U1plit He.a. Biury, Intel & MOCOlob lltl6.)2 hie . 
• M.HUll wit.It CO.pkie .....lb. 

VISA MC AM CX C#JI 10<Jgy f°' ,u,.,;,..., r. 
B&C MICROSYSTEMS 

3SS WEST Ouve AV I!. SUNNYVA LE, CA -
I'll : (408) no-m I FAX: (408) 'll0-5521 TELEX, ?1i.111u 

Circle 31 on R.eader ~rvlct Card 

I not only a 
printer buHer I 

PRINTER BUFFER - MULTIPLllXOR - SWITCH 
WITH TWO DPARA TI IHPU11 !JI.RIAL AH O PAll ALL I LJ AND 
TWO $SPA R.A.Tl OUll"VTS fflftl AI. AND PA.R AU.IJ.t <l AN 81 
UllO UK I JU.HOARD IU rrlR WITH At' 't' ll'lPUT TO .OIY 
OUTPUT aut AUO YOU CAN OOHNIO't I COMPU11R5 ro 1 
"U H1' 1R. Oft: 1 CO MPU TIR TO J tRUfTIAS. 0A l C(l.MPU TlfU 
AN D t PRrtlTlfH AHO MOR I • 1 OCI M"1tlA TO .1 PAJHTIAS 
OR • OOU PUTIRS TO I PRUftlR 
HtoH 0 APAOIT1' • &4 Kl TO ne KD A.ttD - tl.6 ,.(!, ro I M& 
IMOD ! U A AH O I J- P' AUS.1.. COP'I' AND RltS l1 1\I N01SOtfS 
SIA IA.L roRn WITH r OR • 81TS WORD \.IHGTH. I OR I STOP 
BIT. PARITY, XOH/ X01'. OYA., ATS 

DCB •g."61< I 255 l'I 

1'1 Powu n•rh ••4 '"'nll •I u '°l " 11• itu:h1C .C 

AL.SO, WI HAVI THI Mon C0>4 PLn l DATA COJol Vl.RTlf' 
UNIT OONVJ.RTS RS U I URI.AL 1 0 C'IHTR01'1 1CS: P A.RALLIL 
OR VJCI VlRSA, JUST IY MOVI KO JU MPIR.S IAUD R.ATI AMO 
PROTOOOI. PULLY PROORAMA MI PRON llO TO t '>toO BAV OS 
11'101.VD IS • Dl R. RlS1 XO" / X0'1, r AFUTY, • lt 

OCU I 80 l" I r=::JD 
l" I row•r "'"1' u4 c..W.. tlOl i.c-l~d t4 ~ 

~ serial<>parallel 
DCU bi - directional converter 

. 
THlS rs THI Mon SOPHIJTIOATID 

INTECTRA ln<.-1>.,1.m 
tt.rt llRNl~At. flL YD 

MOUN TA IN VllW-CA-H GU. 

(415) 967-8818 TX 345545 
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Our new compuTer deal is so good rhoT we can't tell you 
the manufacturer's name. This is o quoliry compuTer manu
factured by one of The biggesT names in the business. A 14 
billion dollar giant who bullds The computers from the chips 
on up! However. because of the low price we're selling them 
or. The monufocTurer won't let us print their name. 

Complete System with 

1 Floppy, HI-res Monitor 


and Software 


Add $200 for R6B Color System 

Standard Features 
• 4.77/ 8MHz Turbo Processor Speed 
• 640 Kbyte of UM memory standard 
• Quilt-in serial communications port 
• Quilt-in parallel porr 
• 4 slots for system enhancements 
• Hercules compatible display adaptor 
• High resolution green TTL monitor 
• Clod~ calendar with battery bacl~·up 
• M5-DOS/GW Qosic sofrware version J .2.1 
• Integrated productivity sofrwore 
• One year warranty 

1 Floppy, 20Mb Hord Disk,. 
Monitor 6 Software 


-NOT AVAILABLE AT Pl E RETAIL STORES--0
$699 $999 


QUANTUM 

Q540 


Hard Drive 

• 42.7 Mbytes copaciry 

• 45ms avg. access time 
• 00 day worranry 

1 each 2-4 ea. 5-9 ea. 1O+ ea. 

$359 $349 $339 $329 

These PCs come with 640K memorystandard. Mosr com· 
poribles sold today hove only 256K Ar today's high P..AN\ 
prices. rhe extra memory you need ro run most programs 
odds another $200 onto the other guy's price-don't be 
fooled by o lower price on a system that needs expensive 
upgrades. Our system comes complete. 

Complete System with 

PRIORITY~ ELECTRONICS 
800-423·5922 
21622 Plummer Street 

Chatsworth, CA 91 J 11 


FAX: 818-709-4062 

• 5ome Doy Shipping befO"e 2pm PT 
• No su1chorge on credir cord orde~ 
• Pric~ ore subjecr ro chonge w irhour norice 
• Shipping charges added ro O"der 
• !\eroll prices may vory 
• Umlred ro Yael< 

Circk 226 on RMMr Service Card 



AHIGH QUALITY 
RS232·RS422 BIDIRECTIONAL 
CONVERTER AT A LOW PRICE 
Chanon RS232 
01t.1 Slr1.1ms Into 
RS42l? Compatlblo 
D1hl S!roamt 

eo-ns 115232 
linl<$tol011Qd1Sunct 
RS422 staoo.nls on cabl< 

ModiI 
.U1709 

itngthS lo 4.000 leel. - h;Mng hloh nois< lmmurwty lor use in 
indu$lria6 environments This moou'9 fNkK ii possible 101 RS232 
equipped.,..,_, l.\JCfl "' In IBM pel'$0NI COO\IMtr. 10 lnierl... 
wil/l an RS4 22 eQ\Jloofd dtvie• IOClllOed on lht many uses ol lhls 
OJOYtfftt Is lhe ~ 1ry to communialc with ~Im Au1omit1on·s 
own step mo1D1 motion conuok. The unit includes: 1 OOWtf S(Jp:pty. 
W or writt 10< brothu<t. 

~ ANAHEIM AUTOMATION 
910 E. °'1AQOI>• Un<. Anaheim. CA 92801 

171') 99H990 Ttlo. 2978211 MCI FAX; 714-992-0!71 

DYNAMIC RAMS 
1MBIT 100ns $39.00 
51258 100ns $ 9.50 
41464 150na $ 8.25 
41256 100ns $ 9.95 
41256 120ns $ 9.50 

J;# 41256 150ns .il:!!JO-;t 
41264 150ns $12.50 

~ 4164 150ns •if.M"t 
• ft11~2"Jc>,.Ploc,.Srrtn - ""'" I 

-~~ ~95.00 • .E.J!8!2M.ll 
21Ct01 ~ 
27C512 2CO"ll 
t7'1:l! ~ 

'"'"".'""" $ 1.2Jli5 
80287·10 1t\'""4l. $285.00 
80287-e ~ $235.00 
80287-e &t+4.I: $169.00 
8097·1 1°'1"1Hl $189.00 
808'7·2 ~ $1 45.00 
8087 t.rlV-(1 $102.00 
Y-30 &"l'HI $ 12.75 
V-20 1()Tfl( $ 17.00 
v.20 ....., $ s.!O 

""""""""" zmo ,.,.,. 
'Zlla\ 2SOrw 

""""" """",,.. ....... 
•l...BAMli ..... ·- ·

......, 
I ....."" I .... 
I 31'0 

MIDI Starter System Plus•• 
for your IBM PC or compatible 

PC standard MIDI Co-Processor 
MelodEase Plano Roll Composer 

Easy.S Multi-track Recorder 
Synth Sound Manager Software 

$2l9 with MIDI cob/es 
l1$k about our MIDI ProgTammer's Tao/Kil 

usic Quest, Inc. 
1700 Alma Dr.. Suite 260 
Plano. TX 75075 (21') 881·7408 

1111 IBM PC/VT220 
EM220 	 VT120. vr102 emulor/011 

File Tta11Sfer$169 
132 Colu11111111nde.< 
Color Suppon 
flot Kit)' 

1111 TEK 4105 
EM4105. 	Tektrrmir 4105 e11mla1io11 

1l-ktron fr 4010 emulation$349 
V/ '220. V/'102 emulmio11 
Picture fi les 
lligh f't!.rnlwio11 hardcopy 
I-GA {llu/ EGA suppon 

Diversified Computer 
Systems Inc. 
3775 Iris Al'e. . Suite 18 
Borr/du, CO 80301 
(303) 447-9251 

TmdnnMi.J · V7'02. 1"7710- DF.C: 18.\f PC. XT - IBM Cal'fJ: 
Tr!11v'lu - Trlr.1PV#f1n lnt'. 

•Multi-user Database! 
•Powerful! 
• Multiple Operating 

System Compatibility! 
•Attractive Dealer 

Pricing! 
• Full Dealer Support! 

Oar;:tf\(• ;JIC 1~ J Ucderrt.a tk o l Di!IO Acee~\ 

Dealer Inquiries Invited 

24000 Telegr<iph Road 
Sou1t1held. M ichigan 48034 USA 

(313/ 352-23~ 5 

Cink SJ on bathr S.""" Card 

Motion Control & 

Data Acquisition 


A card In your PC creates tne fast LAB 40 bus 
which suppons up to 8 modules. 

·~~n~;~1~':~~l;'Re~~~1~i'. ~~~~{~~on-
trol. motion iecord/playback. C calls. Up to 16 
axes. Two axis package w/motors St550 (USA). 

: ~xis sw~:~":'~e4c~.ew~~~~ ~~J~ 
•Modr,8 & 12 bit NO, Relay, Stepper, Clock, 
Servo & Amps, Prog Controller (Fonh. NO. 
EEPROM. 68HCtt . RS-232/422/485. LAB 40). 
·Adapter tor RS·232 for Mee and others. 
•free Immediate 1echnica.I supp0n & li1eratu1e. 
Call (415) 755· t978 or our BBS (415) 755-1524. 
75 Southgate 
Daly C11y. CA 9401 5 

( 
01~fi,~~t1~1~ 0 ~~~n3~2~4'!!( 

I 

ynamic 
;fectnmics 

B~S2 
ommc1cc 

CcnlcrOr. 
Suite L 
1..a~un<t Hill' 
CA92M.' 

Phone: 714-855-0411 

Fax: 714-855-8504 


No relund • e>change only • E.xcllange good lor 30 days 
unless rmnulacturer V..rranlies merchandiu 1onQt1 

Get the whole 

story on 21ClPhics 


terminal elnUlation. 


To find out more about softwa.re 
thnt lets your PC emulate 
TEKTRONIX'" 4105/6/7/9 and 
DEC VTIOO'" terminals, 
call or write: 

Cl GRAF'POIITT 
4340St.eVens Creieks Bhod., Suitic280, 
S.n !me. CA 95129 (d08J 249-7951 

http:softwa.re
http:sw~:~":'~e4c~.ew


••• 

TlMELINE INC. YO! 

• .. check It out! 

ORDER DESK ONLy 11Contlnentel U.S.A. lnelde Celttomle L.A. & Technical Info OEM INQUIRIES
(800) 872-8878 ( 800) 223-9977 (213) 217-8912 11 WELCOME

• 81.0WOUT SALE •
TAPE BACKUP CARTRIDGES AST™ADVANTAGE!™ s79BRAND NEW • FAMOUS NAME BRANDS 
10,000 ftpl ea. n9.9Ss13 MULTIFUNCTION CARD 

60 Mb (DC600 style) 3-9 17.95 ea. 
10+ $15.00 u. 

1,600 bpi ea. S15.95 
30 Mb (DC300 style) 3-9 S14.95 ea. 

10+ $15.00 
6,400 bpi ea. $17.95 

45 Mb 

GRAHAM MAGNETICS DYSAN XIDEX 

TAPES 

DCIOOO $10 each 

DC2000 (minimum 3 tapes) 


Power Supply 
Heaven! 12Your Choice: 5 

Astec - 65 Watt •upply. Closed 

frame. 

Output: + 5V @ 6A, + 12V @ 


1.5A, + 12V@ 2.1A, 
- 12V@ .25A 

Compower 130 Watt 1111pply. Unit is 
open framed. 
Outpur: +5V@5A. +12V@5A, -12V@.5A 
Dlmena/ona: B'l•L x 4JMW x 2'1,H 

Power Systems-180 Watt supply. 
Unit is open framed with 2 four pin 
power connectors built onto the unit. 

Output: +SV t 20A, +12V@ 4A. 
-12V SA 

Dimensions: ~L x 4%W x 21/iH 

KEPCO{IDK Switching 
Power Supply. 

IPn'&,80 pieces avallable)
Model E X1 T-3 100 watts +SV@ BA, 
-5V@ 1.SA. +12V@ 2.0A. -1 2V@ 2.0A. 
lnJ:ut vohage: 100 to 130V a-c or 200 to 
2 OV a-c • 47-440 Hz si:zyle phase • 
brownoUtvoltage90Va-c/180 a-c • fusad 
inpuV output protected a~pst short circuil 
• Dim: 9Y2L x 4-15/ 1 x 2YeH. 

188 Watt Switching Power Supply. 
What a DEAL at $25.001 

On/off switch in the front. Built in filter 
for easy power cord plug-in. OPB_n 
frame. L·bracket type. Two 4-pm 
power plugs for floppy and/or hard 
disk drives. 
Output: +5.0SV@ 22A, + 12.02V 

2-9 S14.95 ea. 
10+ $13.00 ea . 

INMAC MEMOREX, ETC.•.. 

(0-tC MEMORY) 
FOR YOUR IBM PC/AT 

AN INCREDIBLE DEAL! You get one serial port and. one parallel 
~rt. Can be expanded to 1 .5 Mb. This card has EXTENDED 

EMORY. (This is not EMS or EEMS.) We boughl these from 
an OEM - BULK PACK. So. no AST"' box or manual. We 
supply our own manual. 1 Year Warranty. 
(Game Port, Option for 2nd Serial Port and Pi~ack available 
separalely. Memory expandable to 3.0 Mb wilh iggyback.) Card 
avallabkJ with 0-K memory only. 

@4A, -12V@ .5A, +12.59 Reg. random polarization. We only have limited quantities 
@ 1.5A D.C. of these units so we suggest you call right away. t hey'll 

be gone fast!!D/11N1nslons: 13~L X S~W X 21'1'Hm:l 1490 W. ARTESI~~ENA, CA 90247 

INCREDIBLE!! 
VGA Monitor and 


Graphics Card Package 

$649.00 


This monitor and card package give you incredible resolution and 

color capabilities. Please call to find out more information about 

this fantastic deal. The units are fully compatible with all IBM XT, 

AT and PS/2 systems and compatibles. and you run CGA, EGA, 

PGA and VGA. WOWll 

This package will run all of the following modes: 


800 x 560 x 256 colors 

64-0 x 480 x 256 colors Call 

800 x 560 x 16 colors 
 for320 x 200 x 256 colors 

640 x 350 x 16 colors quantity

64-0 x 200 x 16 colors 
 discounts640 x 200 black and white 

320 x 200 x 4 colors 

40 and 80 column character mode 

Hercules Graphics 


THE RETURN OF THE SPY IN THE SKY 
NEC UP07910 - ~HAAGE COUPLED DEVICE)

4096 ELEMENT - LI EAR IMAGE SENSOR 
The charge coupled device is soldered to apr.am~ board.CNe sold 
out of the AID board that accompanied the unit . . . went lastl) Since 
this is an 8ll8log device, the circuitry to provide timi~tals and con-
Yert analog outputs to digital MUST BE SUPPLIED BY PURCHASER 
to intertace to a microprocessor based system. 
Timing requirements could be detennlned from a NEC manual on the 
7910 or from the schematic on the AID board.PLEASE NOTE: We have 
the AID board schematic, but unfortunately, we do NOT have the NEC 
manual. 

S5 9 • 9 5 (While they last/) 

\ftJ ~ ~~ Helium-Neon Laser Tube ~, 

with Power Supply. 


(10 milliwatt maximum output) 

Laser tube is non-polarized with mode TEMOO. It is 

ADAPTEC 3530A 
Streaming Tape Controller $
SCSI to QIC-36 79 
Interlaces directly with the tape's natlve 
OIC-36 interface, eliminating the need for a 
separate OIC-02 to OIC-36 tape formatter. 

FLOPPY DRIVES 

1.2 MB sag 
HALF HEIGHT FLOPPY FOR AT 
1.2MB • OS/DO • 96 tpi 

BASF Floppy Drive 
Y2 HT. OS/ DO 
360K 48tpi •&5 

112 HT. 720K FLOPPY 

96 tpi 


Tandon TM 65-4 s49 

AMLYN t860A 


High Capacity Drive 

51,4• OS/HIGH DENSITY 
3.2 mByte unformatted s792.3 formatted 
Takes S- controller to operate 

(We also have KODAK 3.3 FLOPPY) 

REMEX RFD480 
Floppy Disk Drive 
2/3 ht 360K OS/ DD s35 
FULCRUM TRACK BALL 

• Stationary Mouse 
• PC Magazioo Editors ssg 

First Choice for CAD Use 

CONAAC MONITOR 
Model 7211 '2295 
15-31 KHz 

Mlmlnum O!Uer: $25.00. Shipping & handling charges via UPS 

Ground: $.50/lb. UPS Afr: $1.CXl/lb. Minimum Charge: $4.00. We 

accept cashiers checks, MC or VISA No personal check COO's. 

(800) 872-8878 California residents add 6Yz% sales tax. We are not responsible lo< 
typOgraphical errora. All merchandise subject to prior sale. Phone(aoo)2~n ~ • (;1~)~;;:;~~ orde<s \oY91come. FOl'9lgn Orden rwqulre apeclel hlncllng. 
Pl1cel eubject to chenge without notice.15% Restocking fee for returned orders. 

Circle 275 on kader Service Card JUNE1988 •BY TE 353 



Fix common problems fast! 

You don't need to be an expert 
to diagnose and correct 
problems involving PC setup. 
All you need is HELPME"' 
software! More than 300 tests. 
On-screen help for under
standing and correcting iden
tified problems. Quick 
identification of system con
figuration and compatibility. 
$99 plus shipping and han
dling. MC and VISA accepted. 
California Software Products, 
Inc., 525 N. Cabrillo Park Drive, 
Santa Ana, CA 92701 
(714) 973-0440. 

am. SO on ••rs.mu Card 
(DBALBRS: 51) 

PC488 $145 
WW COST PC/"JIT/AT INTERFACE 


FOR IE.EE-488 (GPIB/HPrB) 

• INCWDES INSTALUJIU: DOS DEVICE DRIVERS 
• 1OF61trreRRUPT Ll!VELS 
• 1 OF2 DMA CHANNELS 
• UP TI) 4 DOARDS PBR COMPUTER 
o CONTROLLl!R / TALXBR I USTI!NBR 
o CIJSTOMSOPTWARESUPPORT AVAILABLE 
o COMPATIBLI! WITH MOST ll!EEA88SOF'IWARE 

PACKAGES FOR THE IBM PC 
o OUAN'ITTY DlSCOUl'<TS 

VISA MC AMEJ< <A/Jtod#yfo'lkM4Slt<,1/I 

B&C MlCROSVSTEMS 

355 We.st Olive Ave, Sunnvvalc. CA 94086 
PH: (40l!)7JO.ll11 PAX: (401!)7Jll'i521 TELEX: 9&1185 

.. . at your command 
MaslnSwit<h b sophblltaltd ytt nrxlblt. Several 
compulerscan access one another or share prin1crs 
and modems. U.sc serial o r parallel inlcrfaces. up 
lo nine pons. The buffer is cxp;:mdablc up to one 
megabyte. Acce5S a job ron trol menu from each 
oompmcr to view the queue or cancel. hold. and 
release jobs. M any 01herfea1urcs. 

M1sltn."llet soflwarc allows rompUlrr nelworking 
ond electronic mail ca~bililics for PC.<. 

Othtr solutions from ROSE 
• Prinler Shiui ng • Multiple:c~rs 
• Pro1ocol Convcnion • Modems 
•Buffe ri ng • Manual Switchc 
•M ier<.> 10 main(rnmr • Cables 

:!t":i"c=::Z~~c;{~a!::rtoicr~vri~ 
Draltt ud OEM l•q11lrio an--.~. 

a..w.....,,,,,,,,_Canl 
<DBAtDS•UIJ 

the HUSKY™ 

EPROM 

PLD 
MICRO 

GANG 
SET 

PC based PROGRAMMER 
$599.00· 

· ~~ nu1 lndudrd. 

From A Name You Ca11 Tmst 

LOGICAL DEVICES, INC. 
1201 ' \\ <·~ 1 M Pl.ut·, 1·1 l...uiJt.·rJJh:. I I. H Hlt) 

1·800-331 -7766 
Telex 383 142 

(305} 974-0967 
Fax (305) 974-8531 

Cbd.155 011 ..,,.,s.mc, Card 
(DBALBRS: 156) 

For IBM 
XT I AT I 386 
& Compatibles 
Three Powerful 
Computer Products in One. 
• All the features of CCITT Grou~ll 

Fascimile Machine + the abill to 
send direct from ASCII files & 
bps data modem w/CRC checking . 

• Sends mulitiple FAX's to multiple 
destinations in~tantly1 9r when you 
choose + receives wno le you use 
your computer for other programs. 

• Scanner reads line art , photos;.~~d
FAX & OCR documents up to -'W 
dpl w/32 dither shades + editing . 

• OCR translates to ASCII files 
typewritten. letter-qualjty, & dot . 
matrix print + proportional spacing . 
Complete System Price $2495. 

(Including all lnletfaces & Sohwate) 

Call (408) 748-8611 

am.W °" BMIMrS.nle6 Canl 
(DBALBBS: lUJ 

SIMM 
1Mblt 

- 51258 
41256 
41256 
41256 
41256 
41256 
41264 

PROMPT DELIVERY!!! 
SAME DAY SHIPPING (USUALLY) 
QtUIJnTTY ONE PAC£S SHONN kW A.PAIL 12. tMI 

DYNAMIC RAM 
t048Kx8 100 ns $450.00 
1Cl48Kx1 100 ns 36.50 

• 256Kx1 100 ns 10.50 
256Kxl 60 ns 10.95 
2561<x1 80 ns 10.85 
256Kx1 100 ns 10.75 
2S6Kx1 120 ns 10.50 
256Kx 1 150ns 9.25 

+ 64Kx4 120 ns 13.50 

27C1000 
27C512 
27256 
27128 

EPROM 
128Kx8 200 ns 
64Kx8 200 ns 
32Kxe 250 ns 
16Kx8 250 ns 

STATIC RAM 
.. 43256L t 2 32Kx8 120 ns 

5864LP-12 eKxe 120 ns 

Mastliw<Atd VISA Of UPS CASHUT Dll.NEff 
••:w>a><"' Factory New, Prime Parts .JJPoo 
-=-~ MICROPAOCE~ UNLIMITED. INC. 
,,. ... ,.,,·. >•.OOO$.-A~.. l918) 267-4961

7
fr.P.I .-an • ~~~.~r.a bllv.c--~• 
~ ~,....,,._.. , ....., klt17111'»it---...O.....~ ... 
tNctf_,. __.,. R ........... _.._....... .... JMw.. Elqw-~ 
.. .. 1&.1111, ................_,......,.,0N ...IO.ltl 

EPROM 
UV ERASERS 

From 
$59.95 

ERASES 
EPROMS 
AS FAST 
AS4 MfNUTES 

From A Name You Can Trust 

LOGICAL DEVICES INC. 
1201 N.W. 65th Place 

Ft . Lauderdale, FL H\09 

1-800-33 1-7766 (305) 974-0967 

T elex 383 142 Fax (305} 974-8531 


Cit-ck 157on llMMUr Senke Card 
(DEALERS: 158) 

EPROM/PAL Programmer 

* PAL MODULE '215 
P"'IJratnl 20 l 2• pin MMI 
(A.B), NS Tl PALS 
Read JEDEC mo IO<mll 
Security. DIR. Lew>, SNE. 
EDIT. READ. WRITE. VERIFY. 

llllr lriondty monu - SN/. 
' EPROM MODULE (1, 4, 8 aocktl) 
·16K to t024K EPROM. CMOS EEPROM. 
-Read lnlel, Motorola, TEK HEX file 
"lery last (Quick pulso). rollablo, easy to use 
' BIPOLAll ROM MODULE $295 

:M~!·,~~;41\M~";..8::~ 1~ans 
-t. • . 8 socket module B'flliloble 

-6748 Dlsossemblor Included 

• 8751/521252/44 Modulo $245 
·Normal. Intelligent programming Atgorilhm 
• TTL & MEMORY IC TESTER MODULE $t95 

~~·~=~~~·u~~~~t~:.i"'N;tAtic IC's 
• INTERFACE CARD & CABLE S5D 
·This card ls common to all ab<We modules 

:":l~:~:~~~~~:~~llbles $545 
-Programming Cepablllly lor ECEJPROM. BIPOLAR, 
PAL, 8748. 875t . IC/RAM TESTER In one boX 
·Includes Interface card, cable and software._ 

473 Sa~na Ct .. #24 XELTEK 
Sonia Clara, CA 95054 "'!I!"' - CA rosldonts 
(408) 727-6995 lliillll add &..5% ta.< . 
FAX (408) 727-6998 Add S8 lor SIH 

artl6191 on llealhr Slnik6 Card 

MOTION CONTROL 

DREAM 


$7 5 ::i~ 

~ 

4 AXIS VERY SMART 
STEPPER CONTROLLER 

D 49 •11• Intl commands in plain English. 

O Macros. Battery llackup lor memory. 

D Learn mode wilh oplional "Teach Pendant" 

O 4 axis 1l1111t111111 control. You select the 


ramps units. speeds, drive types,... 
D Input lor Limit Switches, Panic button, etc. 
0 On board 1111ltlt11kl11 compiler. 
D Works with 11y computer with a Centronics 

porl or with the Alpha Products A-BUS 1y1t111 
See page 341 for details of the SC-149 

~ALPHA~..@ilg; 

Clrcl6 l J 011 llJJaJler S.rvk6 Cud 

5195 



Low Prices, Fast Service. 

I 

1 satisfaction 
Guaranteed! 
Since 1975 

!~~~-XT I'~ 
• 4.77 & 8 MHz 
• 640K Motherboard with 256K 
• Disk controller • 8 slots 
• 360K disk drive • 8087 socket 
• 150W power supply 

Turbo-AT 

s799 m 
• 1 MB Motherboard 

with 640K El 
• 200 watt power supply 
• AT-style keyboard 
• One year warranty 
• Clock/ calendar 

Option A 
• High resolution amber monitor 
• Hi-res graphics card add 

• Parallel printer port .. . .. ~148 
Option B 
• Hi-res RGB color monitor 
• Hi-res graphics card add 

• Parallel printer port . .. ...s29a 
Option C 
• Hard disk drive 
• Dual hard disk controller 

30 MB for XT 40 MB For PC/XT/AT 

add s29a add s49a 
i1tef Math Coprocessors 
8087 sg8 8087-2 5138 
8087-1 °198 80287-6 $178 
80287-8 s22a 80287-10 5268 
80387-16 S438 80387-20 ' 728 

PC Mouse 
Mechanical Mouse w/software 558 
Mouse Systems serial ..... .. . 598 
Mouse Systems Buss . . . . . . ... 598 
Fast rap Trackball . . .... ... ... 598 

1200Baud 8. 
Deluxe Modem :-: 

$68 

• Including free software 
• Hayes compatible 1h slot card 
• On-board speaker 
1200 baud external ....... . . . . sga 
2400 baud V2 card internal ... 514a 
2400 baud external ..... ..... s16a 

30 MB Hard Disk 
Complete kit with ' 
controller 

s299 
20 MB PC/ XT Kit. ..... . ..... 524a 
20 MB Card .......... . . . .... $328 
40 MB for AT ... .......... . ,s39a 
40 Mb PC/XT Kit. .. . . .. ..... 549a 
60 MB for AT .. . ......... .. . saga 
80 MB for AT ... ....... .. ... sgga 
120 MB for AT .. .... . . .... s2298 
Mountain 40 MB Tape ... .. .. sega 

360K Disk Drive 
Half height, IBM compatible 

ssae 

Tandon TM100-2 full height 
for IBM PC or XT . . ...... ... 5118 
1.2 MB for AT .. ... .. .. .... .. _sga 

5W' drive for PS/2 ....... . . .. 526a 


31/2" Disk Drive 
for your PC/ XT/AT .. .. . ... $98 
Mounting kit for above .... . .. 519 

EGA Package s49a 
Hi-res EGA card 640x4aO .... 512a 
EGA monitor 640x350 ....... s37a 
NEC MultiSync II 640x560 .. . 5648 
RGB color monitor 640x240 .5258 
Thomson Ultra Scan 
monitor 800x560 ...... ... .. . s44a 

EPSON 24 Pin 

~~~o~ J&..._ 

List Price 5529 ~ 

Letter Quality Printers 
EPSON LO-aso .. ... . .... . . . Call 

EPSON L0-1050 .. . . . . .... . . Ca ll 
EPSON L0-2500 . .. .. ... . . .. Call 

EPSON9Pin. 
s199 -= ca11 
LX-aoo 

Near Letter Quality Printers 
EPSON FX-86e ...... ...... . Call 
EPSON FX-2a6e .... . . .. . . .. Call 
EPSON EX-aOO .......... . . . Call 

HP LaserJet l~I_.. ... 
S1798 --~ 

Lis t Price s2595 

('i] ~!~K':~6 
PDP 4 MB RAM card w/ OK .. s19a 
PDP 1 MB RAM card . . ... ... s34a 
PDP 2 MB RAM card . . ... .. .564a 
PDP 4 MB RAM card .. .... 5114a 
Extra Toner Cartridge .... . . .. ~ga 

Laser Printer ~ 
sgga*~ 

·interface required 
• 300 x 300 DPI 
• 8 pages per minute 
• HP compatible· 
• Standard or legal size 
HP LaserJet+ interface· .. . . . s19a 
1.5 MB RAM card . ..... . . ... s19a 
Toner cartridge . . . . .. . ... .... s5a 
Special package price . . . . . $129a 

No Slot Clocki8S48 

MICROSOFT. $ 
MS-DOS 3.21 ..... .... 98 

Place orders toll tree! 

1 1 0 

~~~~~:e~~~~,~~~;: · ~~~~~;:;~ ~~~ J~llECOMPU71ERFax machine 1-2 13-675-2522 
A ll others 1·2 13-973-7707 

Prices at our eight store locations w ill be 
higher on some items. 

Calilornia 
Torrance. Santa Ana . Woodland H ills 

We accept checks. credit cards or purchase 
orders from qua lified firms and institutions. 
No surcharge on cred it card orders. CA.. 
TX. & GA. residents add sales tax . Prices & 

4901 W. Rosecrans Ave Bo x 5046 
Haw1horne Cal1forn1<1 90251-5046 

Kearny Mesa. Sunnyvale availabili ty subject to change without
Texas notice. Shipping & handling charges viaAoooson. Houston 

UPS ground SOe/ lb. UPS air ' 1 00/ lb.Georgia 
Smyrna Minimum charge s3.00. 



2112 254h4 1450...) 2.99 
2:11• 1024•4 1•50...1 .99 
2 114 l ·2 102•111• 1200...lllOW POW£A) 1.49 
TMM 2G1ti· l00 2048•8 (100.UI 1.95 
Hf!llll6116·• 2041d (200nsJCCMOSI 1.79 
HMl116· 3 2048d (15on>l(CM0S) 1.85 
HMti116lP·4 2~-8;11;8 1200ntHCMOSllt.P) 1-115 
HM6116lP·3 :ZCMlxS 1150n•llCMOSJ(l.P) 1.90 
HM6'16LP·2 20oll•I (120...l(CMOSJILPI 2.•5 
HM626'1lP· 1S 8192'8 1150...llCMOS)(LPI •3.95 
H-26'1U'·12 81921t.8 1120..allCMOSllLPI .•9 
H_..32Hl.P·15 327Ual 1150..•JICMOSllLPJ 12.95 
H-3256lP-12 32761•1 1120...llCMOSJILPI 1•.95 
MM4l2SGLP· 10 327681118 llOOna)ICMOSHLPI 19.95 

DYNAMIC RAM!i 
4116--250 163841tl 1250..9) .49 
4116· 200 163&h, f200ns l .119 
1111116· 150 1631A•1 1150..al .99 
4114-120 181&4a1 (120...1 1.•9 
MM4)32 J2761h 1 (200na ) 6.95 
4164· 150 ti55l6•1 f150ns l , 79 
4164· 120 655 36.1 1120..al 1.99 
MCM&MiS BS5 36a 1 t200nal t .95 
TM$4164 65536a1 (1501\JI 1.95 
•IM·AHAESH 65536•1 (150na)I PIN I AH AESHi2.95 
TMS<M16 16384•• 11SO..a1 3.7S 
41128· 150 131072•1 1150n•l 5.95 
TM5UM· 15 65536•• 1150...l • .,. 
•t25e· t50 26214'•• (150..9) 3.95 
41258-120 282'4·4•1 (120n.t l 4 .9S 
412H· 100 2621441111 (tOO•ul 5 .49 
HM5t258·100 2621'4•1 (IOOftallCMOS) 6 .95 
1 MB-120 104157h1 (120...1 31 .95 
1 MB- 100 104157&.1 (1OOnal 3•.9S 

EPRDM§ 
2708 1024,9 1•so..a112s111 
2716 204la8 1450n•H25VI 
2716· 1 2048.al ll50nsU25V) 
TMS25:U 4096•8 1450n.)IZSVI 
2732 4096•1 14S0n•U2SVI 
2732A 00%•8 1250no1121111 
2732A·2 4096•8 1200n.U21VJ 
27CM 1192•8 (2S0...)(12.511 CMOSI 
2784 1192•8 f450ru)(12.5V) 
2760-250 1192•8 (250...1(12.SV) 
276'·200 8192•8 l:Z00...)(12.SV) 
MCM68766 8192•8 1350...112111112• PINI 
27128 16384.8 (250n.)(12.511) •.25 
27C258 J%76118 t250n&ll12.5V CMOSI 7 .95 
27256 32768•8 12S0...1112.5V) 5.!15 
27512 65531b8 (250...1112.5111 11 .95 
27C512 SS5l&dl 12so....1112.sv CMOS) 12.95 

IUl.IJ• PrOQif_ ...oltalQi9 

li500 
1.0/tlHz 

2.25 
ICMOSI 7.95 

1.65 
2.95 

13.95 
5 .95 
2 .95 

n51 2.95 

i!.O /tlll% 
2.69 
2 .95 
S.95 

11 .95 
3.95 

65S1A 8 .95 

3.0MHz 

l.OMH1t. 
1.95 
2 .95 
3.95 
2 .95 
2 .95 
1.95 
2 .95 
1.2'S 
.1.95 
4 .95 
6 .95 
2.75 
4 .75 
1.95 

6883 22.95' 

~.OMHz 

Z ·BO 
~.SMHz 

Z80-CPU 1.25 

4.0MHz 
ZSOA·CPV 1 29 
ZSOA·CTC 1.69 
ZSOA-OART 5 .95 
ZIOA·OMA 5 .95 
Z80A·PIO 1.89 
ZSOA-$10 0 5 .95 
ZSOA·SIO 1 5 .95 
Z80A·SIO 2 5 .95 

1i.OMH1t. 

HIGH.YECH 
SPO"fLIGl\11' 
IMBEPROM!i 

• 128K x 8 ORGANIZATION •200NS 

~S2i ~~ ~ t ~ ~ ~ ~ ~;~ i •CMOS DESIGN 
FOR LOW POWER 

ti:::::~:::::J fi34.95 
s 2 s i s~ ; ~ ~~~e~ ~ ~~ 

8 000 
8031 3.95 
8035 1.49 
1039 1.95 
8052AH 8ASJC 30.95 
aoao 2 .49 
8085 1.95 
ll086 6 ." 
8088 5.99 
&088-2 7 .'5 
1155 2 .49 
8155·2 3.95 
8741 9.95 
8748 7.95 
8749 9 .95 
8755 14.95 

8~00 
8203 14.95 1255·5 1.59 
8205 
8212 

3.29 
1 49 

8259 
825'·5 

1.95 
2.29 

9216 1.49 8257 2.25 
822• 
8228 

2.25 
2.25 

8272 
8274 

• -39 
4 .95 

8237 
9237.5 

l .95 
4 .75 

8275 
8279 

16.95 
2 .49 

8243 1-95 8279·5 2.95 
8250 6.95 8282 l .95 
8251 1.29 8283 3 .95 
8251A 1.69 8284 2 .25 
8253 1.59 82116 3.95 
8253-S 1.95 8287 3 .95 

255 t .49 8288 4 .95 

MATH CDPRDCE!i§DR!i 

1771 
1791 
1793 
1795 
1797 
2791 
2793 
2797 
8272 
UPD765 
MEl8876 
MD8877 
1691 
214J 
9216 

lJART!i 
l .95 
4 .95 
.l.9S 
.t.9S 
3 .95 
9 .95 
6 .95 

10.95 

/tll!iC. 
AOCOSO.. 
AOC0809 
OAC0800 
OAC0808 
DAC 1022 
MC1•0 IL8 
IT28 
6T97 
OP8300 
9330 
93"" 
9602 
ULflf200l 
MAX.2"J2 
MCJ070 

8087 5 MHr •99.95 
8087·2 8 MHz S169.96 
8087·1 10 MHz &229.95 
80287 6 MHr S179.95 
80287·8 8 MHr S249.95 
80287.10 10 MHz S309.95 
80387·16 16 MHr 5499.95 
80387·20 20 MHr 5799.95 

•

I 


J2.7MKHz .95 
1.0MHa 2.95 
1.8432 2.95 
2.0 1.95 
2 .4576 1.9'5 
3.579505 1.95
•.O 1.95 
5.0 1.95 
5.04588 1.95 
6.0 1.95 
6 .144 1.95 
1.0 1.95 

10 .0 1 .95 
10.738635 1.95 
12.0 1.95 
14 . 31818 1 .~5 
16.0 1.95 
'8.0 1.95 
11.432 1.95 
20.0 1.95 
22. 1184 1.95 
24.0 1.95 
32.0 1.!15 

!iCIUATOR 
5 .95 
5.95 
S.M 
5.95 
5.!15 
• .95 
4.95 
4.95 

·4.·"'5 
• .95
•.n 
• .95 
• .95 
4.:15 
4.96 

74FOO 
74F0 2 
74FO<I 
7•F08 
74f1 0 
74f32 
70f60 
74F'74 
74FM 
74f l 38 
74F139 
74f253 
74F157 
74F240 
7•SOO 
7•S02 
74$04 
74S-Oe 
7 4 S10 
7•S32 
74$74 
74586 
74$112 
74$124 
745138 
74S1Sl 
1.as1s1 
74$158 
748163 
745175 
745195 
74$240 
74$2•1 
745244 
745280 
74S287 
7•S2U 
74$299 
74SJ73 
7 4$374 
748471 
701571 

.JS 

.35 

.35 

.35 

.35 

.JS 

.55 

.39 

.55 

.79 

.19 

.89 

.19 
1.29 

.29 

.29 

.29 

.J5 

.29 

.35 

.49 

.35 

.so 
2.75 

.79 

.79 

.79 

.9$ 
1.29 

.79 
1.49 
t.49 
1.49 
1.49 
1.H 
1.69 
1-ft~ 
2 .9! 
1.459 
1.69 
4.95 
2.95 

74LSOO 
7dLS01 
74LS02 
7US03 
7•LSO• 
74LSOS 
7•LS08 
74 L$09 
74LS10 
74LS11 
74l-S 12 
74LS'3 
74LS14 
74LS1S 
74LS20 
7US21 
74LS22 
74LS27 
7•l528 
74LS30 
74LSl2 
74LS3l 
74LSJ7 
74LU8 
74LS42 
74LS47 
7•LS48 
74LS51 
7US73 
74LS74 
74lS75 
74lS76 
74LS83 
74LS8S 
74lS86 
74LS90 
74LS92 
74lS93 
70LS9S 
74LS107 
74LS109 

16 
18 
17 
18 
16 
18 
18 
18 
16 
22 
22 
26 
39 
26 
17 
n 

.22 
23 
26 
17 
18 
28 

.26 

.26 
39 
75 
es 

.17 
29 
24 
29 

.29 
49 

.49 

.22 
39 
49 
39 

.49 

.3• 
36 

74LS112 
74lS12~ 
74LS123 
74lS124 
74LS12$ 
7•LSl26 
74LS132 
74l$133 
74lS136 
74LS1l8 
74LS139 
74LS145 
74L$147 
74L$148 
74LS151 
74l5153 
74LS154 
74LS155 
74l5156 
74LS157 
74LS1S8 
74LS160 
74LS161 
74LS 162 
74LS163 
74LS164 
74LS165 
70LS166 
74LS1G9 
74l5173 
74LS174 
74l.S175 
74LS191 
74LS192 
70lS193 
74LS194 
74l$19S 
74LS196 
74LS197 
74l5221 
74l52•0 

,. 
.•5 
.49 

2 75 
39 
39 

.39 
49 
39 
39 
J 9 
99 

.99 
99 
39 

.39 
1 49 

59 
4~ 
3~ 
29 
l 9 
39 

.4 9 
39 

,49 
.65 
95 

.95 
49 

.39 
39 

.49 

.69 

.69 

.69 

.69 

.59 

.59 

.59 

.69 

7 4LS24l 
74LS242 
74LS24J 
7US244 
l•lSHS 
74L5251 
74LS253 
74LS257 
74l5258 
74LS259 
74LS260 
74lS266 
74LS27J 
74LS279 
74lS280 
74L5283 
74LS290 
74LS293 
74LU99 
74LS322 
74LSl2l 
74l5l65 
74lSJ67 
74lS368 
74lS373 
74LSJ74 
74LS375 
74LS377 
74l5390 
74lS393 
74t.SS41 
74lS624 
74LS640 
74lS645 
70LS670 
74LS682 
74L~8 
74LS7113 
25LS2521 
26l531 
26LS32 

69 
69 

.69 

.69 
79 
49 

.•9 
39 
49 

1.2g 
•9 
39 
79 
39 

1.98 
59 

.89 

.89 
I 49 
J 95 
2_4g 

39 
J9 

.39 
79 
79 
95 

.79 
,_ 19 

79 
1_4g 
1 95 

99 
.99 
.89 

J .20 
2.40 

22.95 
2.80 
1.96 
1.95 

7400 LINEAR 
7400 19 Tl071 69 LMS67 79 
740:l 
7404 

19 
.19 

Tl072 
Tl074 

I 09 
I 95 

NES70 
NES92 

2 95 
98 

7406 .29 Tl082 .99 lM72J 49 
7407 .29 Tl084 1-49 LM7ll 98 
7408 .24 lM301 34 LM741 29 
7410 .19 lM309K 1.25 LM747 69 
7411 
7414 
7416 

25 
.•9 
.25 

lM311 
LM311H 
LM317K 

59 
89 

3 .49 

MC13JO 
MC1350 
LMUfiB 

1.69 
1-\9 

.35 
7417 .25 lM3171 .69 lM1488 49 
7420 
7430 

19 
.19 

lM318 
LMl19 

1.49 
1.25 

lM1489 
LM1496 

•9 
85 

7432 
7438 
7442 

.29 

.29 

.49 

LM320 •••7900 
lM32JK 3 _4g 
LM324 34 

ULN200l 
XR2206 
XR2211 

,79 
l.95 
2.95 

7445 .89 LM331 3.95 LM2917 1.95 
7447 .89 LM330 1.19 CAJG46 .89 
7473 .3• LM335 1.79 CA3146 1.29 
747' .33 lM336 1 75 MC3373 129 
7475 .45 LM338K • .• 9 MC3470 1.95 
7476 .JS LM3J9 .59 MCJ.480 1 .95 
7483 
7485 

,50 
.59 

LM340 ...1aoo 
LFJSJ 59 

MC3487 
lMJ!IOO 

2.95 
."9 

7•86 .35 LFJ56 .9 9 LMJ91 1 2 .25 
74gg 
7490 
7493 
74121 
74123 
74125 
74150 
74151 

2 .15 
.J9 
.35 
.2• 
.49 
.45 

1.35 
,55 

LF357 
LM358 
lM380 
LM383 
LM386 
LM393 
LM394H 
Tl'94 

.99 
59 
89 

1.95 
.89 
45 

5.95 
4 .20 

LM3909 
tMlg14 
MC•024 
MCA044 
RC4136 
RC4558 
lM1J600 
75107 

.98 
1-89 
3.49 
3.99 
1.25 
.69 

1.49 
1-49 

74153 .SS Tl497 3.25 75110 1.95 
74154 1.4 9 NE555 .29 75150 1.95 
74157 .55 NESS6 49 75154 1 95 
74159 
74161 
74164 

1.65 
.69 
.85 

NES58 
NE56' 
lM565 

79 
1.95 

95 

75188 
7518, 
75451 

1-25 
1 25 

J9 
74166 1.00 LM586 1.49 75452 .39 
74175 .89 NES90 2.50 75477 1.29 
74367 .65 HaTO·S CAN. K• T0-3. T•T0·220 

CMO!i/HlliH !iPEED CMO!i 
400 1 .19 .2' 7•HCIS4 
4011 .19 40&9 .19 7'HC157 
4012 .25 4070 .29 7•HC244 
4013 .JS 4081 .22 7•HC24S 
4015 .29 4093 .49 74HC273 
40 18 .29 144'1 9.95 74HCJ7J 
4017 .49 tc.tJ.J 14.95 741 HC374 
4011 ,69 , ...97 8 .95 74HCTOO 
•o:zo -5~ •SOl .49 7•HCT02 

-

4021 .89 4511 .19 74HCT04 
4023 .25 4518 ... 74HCT08 
4024 .49 0528 .79 74HCT32 
4025 .20 • 538 .95 7'HCT70 
0027 .39 4702 MS 7t HCT13B 
4028 .65 74HCOO .21 74HCT139 
4040 .H 74HC02 .21 74HCT111 
40<l2 .59 7•HCOO .25 74HCT240 
40&4 .es 14HC08 .n 74HCT24' 
4046 .H 74HC10 .25 74HCT24S 
0047 .19 74HCU .JS 74HCT273_, .29 74HCl2 .JS 74HCT373 
4050 .29 74HC74 ~35 74HCT37• 
4051 .'9 74HCM .45 74HCT313 
4052 .H 74HC 131 .u 7•HCT4017 
40&3 .H 74HC139 .45 74HCT4040 
4080 .69 7•HC151 .59 7•HCT4060 
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•• 

15V .12 1.0,I 35V .45 
15V 42 2.2 35V 19 
ISV .45 • .7 35V .39 
I SV .99 10 35V .ti9 

Dl!iiC 
50V 05 001ut sov .05 sov .05 .005 sov .OS 
sov .05 .01 50V .07 
5DV 05 .os sov .07 
50V .os I 12V 10 
sov .05 . I sov 12 

MONOLITHIC 
. 11.A 50V 18 
471~ sov .25 

ELECTROLYTIC 
AAO J.AL AXIAL 

25V 50V.. 

4.7 sov . II 10 sov 16 '"' '"' 
10 SOV II 22 16V ,. 
47 l5V I] 47 sov 19 
100 16V 15 100 35V 19 
220 J5V io 470 sov 29 
470 25V 30 1000 16V 29 
2200 16V .70 2.200 16V .70 
4700 25V 1.45 4700 16V1,25 

BYPAJ§ CAPACITOR§ 
.01 1.tf CERAMIC DISC 100.1 .s.oo 
.01 µf MONOLITHI C 100, 510.00 
. 1 µ'f CERAMtC DISC 100 ' t6 .50 
1 1/f MONOLITHIC 100, 5'2.50 

..SNAPABLE" 
HEADERS 

CAN BE SNAPPED APART TO 

MAKE ANY SIZE HEADER. 


ALL WITH , •• CENTERS 


1•40 STRAIGHT lEAO 
h40 fUGHT ANGLE LE.AO 
2d0 2 STRAIGHT LE.ADS 
2•·40 2 RIGHT ANGLE LEADS 

DI§CRETE 
1N751 . 1S 4N2:8 .6" 
1N4148 2S ' 11Z 4N33 Jl9 
1N40041 0 . , . 4Nl 7 1 .19 
1N5402 .25 MCT·2 .59 
KBP02 SS MCT-6 1.29 
2N2222 25 TIL-111 99 
PN2222 .10 2N3906 .10 
2N2907 .25 2N4401 .25 
2N3055 .79 lN440:Z ..25 
2N3904 .10 2N4403 .25 
4N26 69 2N6045 1.75 
4Nl7 69 TIP31 .49 

• ADJ\ISTABl.E HEAT $ET11HG 
WITH TIP TEMPERATURE 
READOUT 

•REPLACEMENT TIPS 
AVAll.ABl.E SUS 

•4g_g5 

7805T 
7&0BT 
7812T 
7815T 
7905T 
7908T 
7912T 
791ST 
7&05K 

.49 
,.,9 
.49 
.49 
.59 
.59 
.59 
.59 

1.59 

7812K 1.39 
7905K 1.tS9 
7912K l .'9 
78l05 .49 
78L 12 -49 
79l05 .69 
79L12 1-49 
lM323K 4.79 
lM338K 6.95 

DE$CRIPTION ORDER BY 
CONTACTS 

10 20 26 34 40 so 
SOLDER HEADER IOHuS .82 1.29 1.68 2.20 2.58 

RIGHT ANGLE SOLDER HEAOER toH..SR .15 1.35 1.78 2.31 2.72 
WIREWRAP HE.ADER IDHuW 1Jl8 2.91 J .U 4.50 5..21 

lllGHT ANGLE WlllEWRAP HEADER IDH""WR 2.05 3.28 4.22 4.45 4.80 
RIBBON HEADER SOCKET IOSn .SJ .19 .95 1.29 1.49 

RIBBON HEADER IDM u 5.50 6 .25 7.00 7.50 
RIBBON EDGE CARO 10£•• .85 1.25 1.35 1.75 2.05 

10' GREY RIBBON CABLE RCu 1.80 3.20 4 .10 5 40 6.40 
fOR OROEf!ING INSTRUCTIONS. SEE D·SUBMINIATURE CONNEC TORS. BELOW 

0-SUBMINIATURE CONNECTORS 

DESCRIPTION ORDER BY 
CONTACTS 

9 IS 19 25 37 50 

SOLDER CUP 
MALE 08.uP .45 .59 .69 .69 I .JS I.IS 
FEMALE OBuS .49 .89 .75 .75 1.39 2.29 

RIGHT ANGLf PC SOLDER 
MALE 08uPA .49 .69 .79 2..27 
FEMALE OBxxSR .SS .75 JIS 2.49 

WIREWRAP 
MALE OBnPWW t .69 2.56 J .89 5.80 
FEMALE DBuSWW 2.76 4 .27 a.u 9,95 

IOC RIBBON CABLE 
MALE IDBuP 1.39 1.99 2.25 4.25 
FEMALE IDBuS 1.45 2.os 2.35 4 .49 

HOODS 
METAL MHOOOu 1.05 1.15 1.25 1.25 
GREY HOOD•• . 39 ..39 .39 .69 .75 

ORDERING JNSTRUCTIONS. 
INSERr rHENUMBEROF CONTAC rSIN rHEPOS/TIONMARKED .. OF THE ORDER BY PA.RT 
NUMBER US I ED EXAMPLE A 1$ PIN RIGHT ANGLE MAlf PC. SOLDER WOULD BE 0 815PR 

MOUNTINli HARDWARE 59f 

IC SOCKETS/DIP CONNECTORS 

DESCRIPTION OADE.A av CONTACTS 
I 14 16 18 20 22 24 28 40 

~LSOCKE'TS UST .11 .11 •12 ... .18 ,. ..20 ..22 ..30 
PSOCKETS >U<YNJ ,59 .69 .69 Jl9 1.()9 1.39 t .49 ,.., 1.ff 

rv KETS ZIF.. 4.95 • "95 ... 5 .95 ... 5.95 6.95 9.H 
TOOLED SOCKETS AUGATu:ST .82 .79 .89 1.09 1..29 1.39 1.49 1.69 2.49 

TOOLED._ SOCKETS AUGATuVNI 1.30 1.80 2.10 2.40 2.50 2.90 3.15 3.70 S.40 
OMPONENT CAJUUE"S ice.... .49 .59 .69 .99 .99 .ff Jl9 1.09 1 .•~ 

DIP PLU<iS JDC IDP.,. .95 .49 .59 1..29 1.49 -· .as 1.49 1.59 

FR.. EPOXY GLASS LAMINATE WITH GOLD PLATED EOGE·CARD FINGERS 

SIU< SCREENED LEGENDS. MOUNTING BRACKETS INCLUDED 


--------r' 

.. - -· . 

- -. '·' 

FORPS/i! 
32 arr PROTOTYPE CARO 
16 err CARO WITll uoDECODING LAVOUT 
PARTS l(IT FOR JOR·PA'6 ABOVE 
16 BIT CARO FOR VIDEO APPLICATIONS 

RJRAT 
16 BIT CARD WITH UO DECODING LAYOUT 
PARTS KIT FOR JDR·PR10 ABOVE 

FDRXT 
WITH +5Y AND GROUND PLANE 
AS ABOVE WITH UO DECODING LAYOUT 

EXTENDER CARD!i 

EXT·IGee FOR XT SYSTEll 

EXT·802M FOR AT SYSTUI 

EXT-11 lllCROCHANNEL 18-BIT 

EXT-32 lllCROCHANNEL 32-BrT 

1-TIEPTS. 
2390TIE PTS. 
3220 TIE PTS. 

5PECTRONICS CORPORATION 
EPROM ERASER§ 

Chip lnt•na1ty u™'Modol Timef (uW I Cm') CostC• SHK •h' 
gNO 119P E· l•O B.000 

YES S.139PE ·140T 9 8.000 
YES 12l'f. ·240T 9.600 •t89 

FOR TROUBLESHOOTING 

SERIAL COMMUNICATIONS 


"OPEKICLOSE INDIVIDUAL CIRCUITS 

"20 JUMPERS CROSs-<:ONNECT • ERASES 2 EPflOMS IN 10 MINUTES 
ANY TWO CIRCUITS • VERY COMPACT. NO DRAW£R 

• THIN METAL SHUnER PREVENTS
• 10 LEOS SHOW CIRCt.nT ACTIVITY UV LIGHT FROM ESCAPING 

•GEHDER-80 M.-~- ... •34_g5
19.95 ~ 

6ENDER CHAN6ER!i 
FOR 25 PIN 0-SUBMINIATVRE 
CONNECTORS 
QENDER·ff FEllALE·llALE 7.95 

GENOER-1111 llALf-llALE 7.95 

GENDER-MF llALE-FUIALf 7.95 

GENDER-NII NULL llODEll U5 

GENDER.JB JUllPER BOX US 

GENDER·llT lllNrTESTEA I US 
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Ifs l 1ME TO TA,iiOE UP r~ow THAT JOR BAE.Al< S fHE 
PRICE BARRIER ON 2<00 BAUD MODEMS 
e AUfO DIAL ANSWER 
• SELF TES T ON POWER·UP 
• TOUCH TONE OR PULSE OIALtNG 
• HAYE S & BELL SYS I EMS COMPATIBLE 
• FULL OR H.Al r DUPLEX 
• MIRROR II CO MMUNICAllONS SOFTWARE INCLUDED 

MCT-241 
MCT-121 1200 BAUD 112 CARIJ S &9.95 

EXTl:RNAL MODEM§ 
MCT-12E 1200 BAUD s 99.95 
MCT-24E 2400 BAUD $169.95 

COMPUTER 
CA!!iE!i 
ATTRACTIVE, STURDY STEEl CASES Fil THE POPULAR 
SIZED M0THER80AR05 ANO INCLUDE SPEAKERS. 
FACE Pl ATES. EXPANSION SLOTS, FRONT PANEl 
KE YLOCKS. LEO INDICATORS ANO All NECESSARY 
HARDWARE 

XT STYLE FLIP-TOP $34.95 
XT STYLE SLIDE-TOP $39.95 
AT STYLE SLIDE· TOP $89.95 
JR. AT STYLE FLIP-TOP Sl49.95 

• INCLUDES ISO WATT POWER SUPPLY 

POWER 
!ilJPPLIE!i 
FOR IBM XT COMPATIBLE 
• UL APP . 135 WATTS 
• 	 t SY ISA. • t2V 4 2A 


- 5V SA, - 12V SA 


PS· t35 
PS-150 150WMOOEL $69.95 

FOR IBM AT COMPATIBLE 
• 200WATTS 
• 	 t 5.V 22A, • 12V0" 


5V SA, - 1.2 \1' SA 

PS-200 
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DIABLD 

PRINTER


-i!7!J95 

• LETTER QUALITY AT 20 CPS. 132 COlS 
• 10. 12. 15 PITCH 6 PROPORTIONAL SPACING 
• SERIAL & PARALLEL INlERFACE 

e AUTO PAPER lOAO, FRICTION FEED 

e FULL XEROX WARRAN TY 


CENTRONIC§ 
LA!!iER •ff.95PRINTER 
NEAR TYPE!iET OfJAUTY 
AFFOllllABLE AT LA!iT 
• 8 PAGES PER MINUTE • a0D OPI RESOlUTION' 
• I YEAR WARRANTY • CHOIC E OF EMULAT ION BO,,ROS 
MULTI-PRINTER EMULATION BOARD: 
EPSON FX ·&O EMULATION- NOTH ING ELSE REOUIRED 
IBM PC GRAPHICS. PROPRINTER 6 DIASLO 6JO 

EMULATION REOU IR[S ADDITIONAL FONT CARO 

HP LJ + EMULATION BOARD: 

HP L ..SERJET EMULATIDN- J RESIDENT FONTS & 
2 PITCHES ADDITIONAL FONT CARO AVAILABLE 

l .SMB RAM CARD $139.95 
EXTRA FONT CARDS $199.95 
TONER CAllTRIDGES $59.95 
PFS FIRST PUBLISHER $99.95 

IBM 
COMPATIBLE 
KEYBOARD§
RJU ONE VEAR WARRANTY 
IBM ENHANCED STYLE LAYOUT $79.95 
• AVTOSENSE FOR XI OR AT COMPATIBLES 
• LEO INDICATORS • AU TO REPEAT FEATVRE 
• SEPARATE CURSOR PAO 
MCT-5339 
IBM AT STYLE LAYOUT $59.95 
e SOFTWARE AUTOSENSE FOR XT OR AT COMPATIBLES 
• LEO INDICATORS • AUTO REPEAT FEATURE 

MCT-5060 


ftlAXl-SWITOf ICEYBOARlr.i 
ENHANCED STYLE LAYOUT $84.95 
• STANDARD ENHANCED KEYBOARD LAYOUT 
• TACTILE FEEDBACK 
e LIGHTED NVM. CAPS, AND SCROLL LOCK 
• NUMERIC & CURSOR KEYPADS. 12 ·F- KEYS 
MAX· 5339 
MAX·5060 MAXI-SWITCH, AT STYLE 

VliA 
COMPATIBLE 
PACKA&E

•54gaa 
MONITOR -- 
~CAIHJ 
TIJliETHEll 
• 800)(560 
M~IMUM 

RESOLUTION 
•	 640)(480 

IN 16COlORS 
• 320 X200 

IN 256 COlORS 
• IEJ.MSTYLE, 	 ~ 

ANALOG MONITOR 
• FVLlYVQA, EGA. ' (: .. 

CGA. HERCULES & ; ~~r.·
MONOCHROME 
COMPATIBl.E ' ) '. -- __J_.d 

NEC MULTl§YNC •599.95 
e ORIGINAl CGA EGA PGA COMPATIBLE MONITOR 
• AV TO FAEOVENCY ADJVSTMENI 
• RESOLUTION AS HIGH AS 800 X 5&0 

CA§PERE&A 
• 	 15 75•21 8$ ftHz SC ANNING FREQUENCIES 
• 6• 0 X 200 350 AESOLUflON • 31 MM DOT PITCH 
• ,.. BLACK MAIAIX SCREE N • 16 COlORS 

CA§PEll Rli8 
• COLOR GREEN AMBER SWITCH • 39MM DOT PITCH 
• 6d0 X 2• 0 RESOt.UTION • 14 NON·GLARE SCREEN 
• ROB IBM COMPATIBLE • CABlE INCLUDED 

§AICATA 

lffflNDCHRDME 

• IBM COMPATIBLE Ill INPUT 
• 1; NON·GLARE SCREEN 
• CAllLE FOR IBM PC INCL VO EO 

SAMSUNG MONOCMROME MONITOR 

ftlDNITOR !JTAND!!i 
MODELMS· IOO 
• TILTS ANO SWIVELS 
• STURDY PLASTIC CONSTRUCTION 
MODEL MS-200 $39.95 
• TILTS ANO SWIVElS • BUILT IN SURGE SUPRESSOR 
• INDEPENDENTLY CONTROLS UP 105 AC OU I LETS 

LO&ITECH 
MOlJ§E 
•7!195 
PC MAGAZINE'S EDITORS CHOICE 
ALL MODELS HAVE SERIAL SUPPORT ICOM1 COMZI 200 
0 Pl RESOLUTION. LOTUS 1·2·3 SHELl. SElF-INSTALllNG 
SOFTWARE ANO · POINT EDITOR" 
SERIAL MOUSE W/PC PAltlTBRUSH 
BUS MOUSE W/PC PAINTBRUSH 
BUS MOUSE WIPC ,AINTBRUSHICAD 

3.5" FLOPPY 
Dl!iKDRIVE ~ 
•fj!g95 -.J#' 
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WAS $649 Aff lffCREOIBlE PRICE REDUCTION • SAVE S1 50 

AHO GEl MORE MEGABVTES PER OOllAR IHAff EVER 

BEFORE THE ST· 217 IS AN All DRIVE WltH A FAST •0 MS 

ACCESS TIME' 

ST·277 


WITH MCT·RLL CONTROLLER $549.00 
WITH MCT· ATIFH CONTROLLER $639.00 

Iii! HEIGHT DRIVE§ 
ittJ MB. fi!!i M!!i, !liT·i!i!5 
WITH MCT·HOC CONTROLLER 

WITH MCT-ATFH CONTROLLER 


30 MB RLL. fi!!i M!!i. ST0 i?3B 
WITH MCT-RLL CONTROLLER 
WITH MCT· AT FH·RLL CONTROLLER 

40 MB. 40 MS, !liT·i?!!ir 
WITH MCT-HDC CONTROLLER 
WITH MCT·ATFH CONTROLLER 

•i!i!S.00 
$269.00 
$339.00 

•<?49.00 
$299.00 
$389.00 

~<!9.00 
$469.00 
$539.00 

FULL HEIGHT DRIVE§ 
30 MB. 40 MS, ST·4038 $559.00 
80 MB, 28 MS. ST-4096 $895.00 

INTERFACE CARDS FROM 
MODULAR CIRCUIT TECHNOLD6Y 
DISPLAY ADAPTOR§ 
MONOCHROME fiRAPHIC!li CARO •!59.9!5 
IRUE HERCULES COMPAllBILllY SUPPORTS lOI US 1~J 
• PARAlLEl PRINTER PORT CONFIGURES AS CPI 1 OR 

LPT2 • uses VLSI CHIPS TO ENSURE RELIABILITY 


MCT·MGP 


ENHANCED fiRAPHIC!li ADAPTOR•t4!1.9!!i 
100-. IBM COMPATIBLE . PASSES IBM EGA DIAGNOSTICS 
• 2~K OF VIDEO RAM ALLOWS 640 X 350 IN 16 OF 64 

COLORS • COMPAT IBLE WITH COLOR ANO 

MONOCHROMEAO..PTORS 

MCT·EGA 


CDLDR liRAPHICJI ADAPTOR -9.95 
COMPATIBLE WllH IBM GRAPHICS STANDARDS 
• SUPPORTS RGB. COLOR & COMPOSITE MONOCHROME 
• 640 320 X 200 RESOLUTION LIGHT PEN INTERFACE 

MCT·CG 


MlJLTIFUNCTION CARD§ 
/tfONO&RAPHIC!li MULTI 110 •ff!l.7!5 
TOTAL SYSTEM CONTROL FROM A SINGLE SLOl l 
• CHR 2 FLOPPY'S SERIAL. PARALLEL GAME PORT 

ClOCK CAL • RUN COLOR GRAPHICS SOFTWARE ON A 

MONOCHROM E MONI TOR 

MCT·MGMIO 


MULTI 110 FLOPPY CONTROLLER •79.9!5 
A PERFE CT COMPANION FOR OUR MOTHERBOARDS 
• SUPPORTS UP TO 2 Jl;OK FLOPPIES. 720K WllH DOS 3 2 
• SERIAL. PARALLEL. GAME PORT, CLOCK CALENDAR 
MCT·MIO 

MIO- SERIAL-2NO SERIAL PORT $15.95 


MULTl 110 CARD •5!1.95 
USE WITH MCT·FH FOR A MINIMUM OF SlOTS USED 
• SERIAL PORT, CLOCK CALENDAR Wl lH BATTERY BAC .. 

UP • PAAAllEL PAINTER PORl ADDRESSABLE AS LPT 1 

OR LP T2 

MCT·IO 


AT MULTIFUNCTION CARD •r39.95 
ADOS UP TO 3 MB OF RAM TO VOUA AT 
• USER EXPANDABLE TO 1 5 MB. OR 3 MB WITH OPTIONAL 
PIGGYBACK BOA'IO 10 K INSTALLEOI • INCLUDES 
SERIAl ANO PARALLEL PORT 

MCT·ATMF· MC PIGGYBACK BOARD $29.95 

ATMF SERIAL·2ND SERIAL PORT $24.95 


ATMVLTlllOCARD •59.95 
USE WIJH MCT AlfH FOR MINIMUM OF SLOTS USED 
• SER IAL PARALLEL ANO GAME PORTS • USES 16-< >0 
SERIAL SUPPORT CHIPS FOR HIGH SPEED OPS 
MCT· ATIO 
ATIO·SERIAL-2NO SERIAL PORT U4.95 

MEMDRYCARD§ 
5761< RAM CARD •59.!IS 
A CONTIGUOUS MEMORY SOLUTION IN A SHORT SlOT 
• USER SELECTABLE CONF1GURATION UP 10 576 K 
• uses 6•K & 256K RAM CHIPS !ZERO K INSTALLED! 

MCT·RAM 


EXPANDED MEMORY CARO 
' MB OF LOTUS !NIEL MIC ROSOFI COMPAT IBLE MEMORV 
FOR AN >tl • CON~ORMS TO LOTUS INTEL EMS • USER 

XPANOABLE 10 2 MB • CAH Hf USED AS EXPANDED OR 
CONVENTIONAL MEMORY RAMOISK ANO SPOOLER 

MCT·EMS 
llCT· ATEMS AT COMPATIBLE VERSION $139.95 

DRIVE CONTROLLER§ 
Fl.OPPY DIS« CONTROLLER •i!9.9!!i 
OUALITV DESIGN FOR S1NGLE SLOT CONTROL OF 4 
FLOPPY S • INlERFACES UP TO' FOO S TO AN IBM PC 
OR COMPATIBLE • SUPPORTS BOTH OS 00 ANO OS 00 
WI TH DOS 3 2 
MCT·FDC 

t . i! MB FLOPPY CONTROLLER 969.!IS 
AOO VERSATILITY ANO CAPACITY TO YOUR XT 
• SUPPORT S 2 DRIVES. BOTH MAV 9E J60K OR 1 2 M8 
• ALLOWS OAIA 10 FLOW FREELV FROM XT S TOAT'S 
MCT·FDC·1.2 

R.DPPYIHARD CONTROLLER •139.95 
XT SYSTEM STAR VED FOR SlOI S• !H IS CARO FREES ONE 
UP • INTERFACES UP TO 2 FOOS & 2 HOOS CABLING 
FOR 2 FOO I HOO • SUPPORTS BOTH OS DO & O~ 00 
WITH DOS 3 2 
MCT· FH 

ATIFHCDNTRDLLER 
FLOPPY HARO DISK CONTROL IN A !AUE A! DESIGN 
• SUPPORTS UP TO 2 360K 720K I 2MB FOOS AS WELL 
AS 2 HOO S USING STANDARD CONTROL !ABLES 
MCT·ATFH 

RLL Ol!i1' CONTROLLER •rgg,95 
1MPROVE SPEED ANO STORAGE OF YOUR AT 
COMPATIBLE • SUPPORTS UP TO 2 All HARO DISCS ANO 
2 FLOPPY DRIVES • SUPPORTS JI;() 720 1 2 MB 
FLOPPIES INS 25· & 3 5· 
MCT· ATFH·RLL 

DlliK ,-.c 

!'!!~~! !J;':IJ .. "'i; 
• ULTRA HIGH OE NS ITV 
• ALSO WORKS WITH 720K DISKS 
FDD· l.44X BLACK FACEPLATE $149.95 
FDD·1.44A BEIGE FACEPLATE $149.95 

'/• HEl6HT FLOPPY Dl!!ili DRl\IE!!i 
51/• " TEAC FD-558 DSIDD 360K 
S'I.- TEAC F0·55G OS/HD 1.2M 
5'/•- FUJITSU M2551 A 05100 360K 
51/.- FUJITSU M2553K OS/HD 1.211 
5 1/ • " DSIDD 360K 
51/4" DSI H0-1.211 
3112· MITSUBISHI OStOD (AT OR XT) 

ARCHIVE XL 
TAPEBACK
*3fi!J95 
BACK UP "0 MB IN "40 MIN UTE S' 
• 	 EASV-TO·USE MENU DRIVE N 


SOFTWARE 

•	 USES STA NDARD 


CIC DATA FORMAT 

• 	 FULL & INCREtJENTAl ~ 


BACK ·UP 


• P,4RTl"'l & FULL RE S TORE 
AR 5240 XT - FOR XT S & Al S 
AR 5540 AT - Al S ONLV 2X FASTER 
TAPE NOT INCLUDED 

TAPE CARTRIDGE-40 MB $24.95 


i!OMB HARD Dl§K 
ONA CARD 
·~g 
• SAVES SPACE ANO REDUCES POWfA CONSUMPTION 
• IDEAL FOR PCS WITH FULL Ufl(iHT FLOPPIES 
•	 LEAVES ROOM FOR A HALF LENGTH CARO IN 

ADJACENT SLOT 

INBOARD 3Bli/PC 
•B!l5.00 
UPGRADE YOUR X T TO A 386 FOR LESS I HAff S1000 
• 16 MHZ PROCESSOR REPLACES 8-088 • 1 MB 

• INSTALLEO • EXPAND TO 3MB WITH PIGGYBACK CAAO 
• 5 YA WARRANT V 

INBOARD 3861AT $1199.95 
ABOVE BOARD PS 286 $399.95 
ABOVE BOARD 286 $369.95 
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OVER illl,000 JDR !iY!iTEM§ IDMHZXT
HA VE Al.READY BEEN BUILT. 

EASY TD A§!iEMBLE IN JU!iT i! COMPATIBLE 

HOUR!i WITH A llliCREWDRlllER. 

!iAVE MONEY AND LEARN •ssgaa
ABDl.JT YOUR CD/tfPUTER AT 
THE §AME TIME. INCLUDES SERl"L PORT, 2 PARALLEL 

PORTS, CLOCK CALENDAR ANO GAME 
ADAPTOR RUNS COLOR GRAPHICS ON 
A MONOCHROM MONITOR 
• MOTHERBOARD 
• 256K RAM MEMO~Y 
• 	 13~ WATT POWER SUPPLY 
• FLIP· TOP CASE 
• AT SlYLE KEY60ARO 
• 360K FLOPPY DRIVE 
• MONOGRAPHICS I 0 CARD 
• MONOCHROME MONITOR 

• 12 MHZ BABY AT MOTHERBOARD l&MHZ• 256K RAM MEMORY 
• MINl·AT CASE W POWER SUPPLY 
• AT STYLE KEY80AR0 IMB3B& 
• I 2 MB FLOPPY DR IVE 
• FLOPPY•HARD DRIVE CONTROLLER 
• MONOCHROME MONITOR •if!if!9B65• GRAPHICS ADAPTOR 

• MYLEX 386 MOTHERBOA'<O 
• 1 MB RAM ON BOARD 
• 200 WAH POWER SUPPLY 
• AT STYLE CASE 
• ENH...NCED AT STYLE KEYBOARD 
• 1 2 MB FLOPPY OAIVE 
• AT FLOPPY HARO CONTROLLER 
• MONOCHROME MONITOR 
• MONOGRAPHICS CARO 

"'9illmllll............................

TURBO 4.7718 MHZ •99.95 Ii!! MHZ MINI BDi!!Bfi ¥399.95 
• 	 • 77 OR 8 MHZ OPER ...TION WITH 8088·2 & OPTIONAL • 6 MHZ. 10 MHZ (011 WAIT STATE). 12 MHz ( 1 WAIT STAT El 

8087-2 CO -PROCESSOR • USES ZVMOS ASIC'S FOR LESS CHIPS. GREAT ER 
• 	 FRONT PANEL LED SPEED INDICATOR AND RESET RELIABILITY 

SWITCH SE T SUPPORTED • SUPPORTS 256K- 102•K MEMORY 
• CHOICE Of NORMAL•TUR80 MODE OR SOFTWARE • RE·CHARGEABlE HIGH CAPACITY Nl·CAO BATTERY 

SELECT PROCESSOR SPEED • 6 16·81T SLOTS, 2 8·8 1T SLOTS 
MCT-TURBO • MOUNTS IN STANDARD XT CASE 

MCT-XTMB STANDARD MOTHERBOARD $87.95 MCT-BATMB-12 
MCT-BATMB 6110 MHZ llollNI 80286 BOARD $389.95 

BDi!!Bfi fi/B MHZ •379.95 lfi MHz MYLEX 3Bfi •rli49.DD 
• 8SlOT12 EIGHT BIT, 8 SIXlEEN BIT) AT MOTHERBOARD • 1 ue RAM ON BOARD ID MHz §INliLE CHIP 
• HARDWARE SELECT ION OF 6 OR 8 MHZ • 8 SLOTS. 2 8·BIT, 5 15· BIT 
• 1 WAIT ST ...TE 	 o SUPPORTS 80287 M"TH CO·PROCESSOR 
• KEY LOCK SUPPORTED. RESET SWITCH, FRONT P"NEL • SUPPORTS 80387 WIAOAPTOR •fif!ggs

LEO INDICATOR 	 • &•KB C"CHE FOR NEAR 0 W"IT STAT E 
• SOCKETS FOR I MB OF RAM ANO 80287 • USES AMI BIOS • SINGLE CHIP USES LESS POWER. IMPROVES RELIABILITY 
• BATTERY BACKED CLOCK 	 MCT-386 MB • KEY SELECTABLE SPEED. • 77 MH• OR 10 MHzMCT-ATMB 	 MCT-386 MB-4 4 MB MEMORY INSTALLED $2649.00 • 2.3 TIMES FASTER THAN A STANDARD MCT-388 MB-MCB MATH CO-PROCESSOR 

• RESET SWITCH. KEVLOCK ANO SPEED•POWER ADAPTOR BOARD 	 $149.00 INDICATORS SUPPORTED 

MCT-TURB0-10 

EPRDM 
PROliRAMMER .• . 

f • 
- ti·, :'lo :1 

.. I 'r- t I 
' ':I 1., I • 
~ .~ -------.-----•fif!!J95 

PROGRAMS 27XX & 27XXX EPROMS UP TO 27512 
• 	 SUPPORTS VARIOUS PROGRAMMING FORMATS AND 

VOUAGES 
• SPLIT OR COMBINE CONTENTS Of SEVERAL EPROMS 	 .. r.11 " -f 

• • l .OF DIFFERENT SIZES 
o READ. WRITE , COPY. ERASE CHECK AND VERIFY -. mi... . ' 
• SOFTWARE FOR HEX AND INTEl HEX FORM ...TS ,! • I • 1 _ 

MCT-EPROM I I ;-: ' ' ·- .MCT·EPAOM-4 4 GANG PROGRAMMER -- . ·
I 

MCT·EPROM-10 10 GANG PROGRAMMER __·.- -. . - _ 
MCT-PAL PAL PROGRAMMER 

MCT-MP PROCESSOR PROG. 
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s2295oo 
RETAIL 

1169500 

INTRODUCTUKY 
OFFER 

• Repeala..,ilily .001" 
• Speed at 7" Per Second 

"D" SIZE PLO'ITER 


• Vacuum Paper Hold Down 
• 	High Resolulion Circles: Suitable for 

PCB Artwork 

(4151 490-8380 ZERICON 
Si'EVENSON BUSINESS PARI< 
BOX 1669, FREMONT, CA 94538 

HARD DISK ACCllERATOR 
•Caching eliminates repetitive 

disk accesses 
• Useup to 15 Mb of extended/ 

expandedor 500 Kb of standard memory 

DISffiTE ACCE.ERATOR 

SCREEN ACCELERATOR 


FAST - FRIENDLY - SAFE 


VCACHE 

GOLDEN BOW SYSTEMS 


$59.95 1Add S3 lor . ,,. 2a10 At~~:":!Oi 
shlp!'m!lfhandl1ng San Diego, CA 92103 

:1~~~;lS 800/284-3269 

9-Track Tape Subsystem 
for the IBM PC/XTI AT 

Now you can exchange data files between 
your IBM PC and any mainframe or mini
computer using !BM compatible 1600 BPI 
9-Track tape. Unit can also be used for disk 
backup. Transfer rate is up to 4 megabytes per 
minute on PCs and compatibles. Subsystems 
include 'Tor 10 Vz" streaming tape drive, 
tape coupler card and DOS or XEN!X 
compalible software. 
Prices start at $2, 995. 

[JURLSTRR._ 

9621 lrondale Ave., Chatsworth, CA 91311 

Telephone: (818) 882-5822 

CUd6 236 on IINMr S.rnu Card 

l!PWOll & SRAM 
Disk and Drive 
l!mUl8ton for 
... PC,XT, AT 
and~ 

Fl'ATURIS 
8 Ct.Pl: 11'\d OrtYI! emt.!Qtors uo to 1 2 M8 • SUOCIM"O ~ 

assene vtt1k>n 
• assene versk>M ~ wno SRAM or fPIOM 
(~to186K9 

• ~~on~ OISll:tttt ano Slmtl'fVC'OPV 

• PrOQf'JIM\~ UtlttieS PfOYkH!CI tor ROMOl'SK 
• •utoooormo ~fl" ITlOClf's • ooerate uc> ro tour unin 

oer comouter 
• Fast lPROM D~lnQ • ~O.dtn.UefV 18C.-81mln 

~~t'Ofltrol. instn.tmtntat f()(I ano manutKturln9 
tMt svsrems In envtronmtnts hOstHe ro dtm 

• vnaneocseci remote "te tnsa&Lmons 

· ~PC~~worw'~~~e 
• :m~~=ift~1r1no ruootOlZatk>n and 
on onc11 rrom $ot95 CPCf:...180!0 to s1m aaa 1 2Mm 

CURTlS, INC. • 6121484-5064 

"""' 10  C1PCM ~ ~ st. NUii, - 5S1'Z7 lQ:2'J 
· reM k ii r ered t:ndetNR Of • 

SINGLE BOARD COMPUTER 
PC/XT HARDWARE COMPATIBLE 

6 
8 
0 
0 
0 

• SK"DO~ OPERATING SYSTEM WITH 
EDITOR, ASSEMBLER, UTILffiES 

• HUMBUG• DEBUG MONITOR 

• 1 MB ZERO WAIT STATE ORAM 

• FDC, 4 X RS·232, PRINTER PORTS 
• PC/XT VO SLOTS & KEYBOARD 

KIT PRICES START AT 5200 

PERIPHERAL TECHNOLOGY 
1480 TERREU. MILL RO. STE. 870 

MARIETTA. GA 30067 • 4041984-0742 

Add-Ons for 
the Blind 

What you add on to you r computer, if 

you're a b lind operator, is almost more 

Important than the computer itself. 


Scanne rs, modems, braille printers, 

speech synrhcsizers, braille output 

devices a nd a host of o the r 

periplwrals a re desc ribed in "Add-Ons: 

T he U ltimate Guide ro Peripherals for 

the Blind Compute r U se r:' 


The product rev iews contained in this 

book are written by those who know 

them best-blind compute r users. 


$ 16 .95 fo r bra ille or c~sscllc 
S l9 .95 for print . 

Send orders 10 : 

National Braille Press Inc. 

88 Si. Stephen Sirect. Boston. MA 021 1 S 


(617) 266·6160 


6800/6809

Micro Modules 
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DV-01 
GRAYSCALE 
FRAME GRABBER 

Composite video In/out 
256 x 240 resolution 
Digit ize/d isplay at frame speed 
256 gray levels in 
16 Meg. color palette out 
PCOCT/AT compatible 
$849.00 Complele with software 

ControlVision •·;: · 
P.O. Box 596, Pittsburg, KS 66762 
316 231-6647 
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TECHNOLOGY .............. ... ..... 11 782 SOWTIONS FIRMWARE.. .... ....... 67
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775 ASTRONOMICAL DATA SERVICE . 67 

TECHNOLOGIES ..... ... .. .... .... . . 67 853 SUPERMAC SOFI'WARE ..... ... . .. .. 89
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CONTROL DATA .... .. .. ......... ..... 117 
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COMING UP IN BYTE 
 Subscription 

Problems? 


PRODUCI'S IN PERSPECTIVE: 


Just as the need for more memory has been growing, the demand for more 
disk-storage capacity is also growin1. Our Product Focus for July will feature 
40-megabyte bard disk drives that offer an access speed of 30 milliseconds or 
faster. We' ll also look at several 40-megabyte hard disk cards that offer an 
alternative for upgrading disk storage. 

A system renew com.,..-es five IBM PC AT-compatible computers, all of 
which run faster than the standard 8-MHz IBM PC AT and come in at lower 
prices. 

Hardware reriews: Orchid Technolo&Y'S ColorVue SE board brings color to 
the Macintosh SE. The only board of its kind so far , it's designed to let Mac 
SE owners hook up color monitors, run their applications in color, and print 
color hard copy. 

Most owners of IBM PC AT-compatible and 80386 computers should 
have no problem running OS/2 when they decide to switch. IBM PC owners, 
though, don't have this option with their standard system, since OS/2 does 
not run on the PC' s processor. Two new boards, though, promise to bring 
OS/2 compatibility to PC compatibles. Microsoft's Mach 20 board and Sota 
Technology's MotherCard 5.0 both add an 80286 processor to a PC. 

Multitasking alternatives on 80386 syst'Cms arc covered in software reviews. 
We will review three n~rthy packages: Concurrent DOS 386 from Digital 
Research, VM/386 from IGC, and ProBas from Hammerly. 

Application reviews are MicroGraphic's Designer for MS-DOS systems, a 
powerful graphics-oriented program, and Newspace, a file-compression utility 
for the IBM PC. 

Products found in Shert Takes for July will include Soft PC, UR/Forth, 
Condor: Build Your Own, Ogivar 286 Portable, GrandView, EasyTalk, and 
Choice Words. 

IN DEPTH: FEATURES: 

We will spotli&ht multitasld111 oa Features will include a piece on 
80386-based computers. Using the Integrated Services Digital Network, 
power of these macbina to perform or ISDN, a rapidly advancing 
simple tasks like word processing or communications technology that 
database IIUUJaiement i8 a little like allows digital data, voice, and 
cracking walnuti with a sometimes even video to be carried 
sledgehammer. So much of the directly over the switched telephone 
computer' s "brainpower" is sittin& network. Dick Pountain will report 
idle that, if machines could a« on the newest Tra&sputer processor 
bored, these units would be in tears innovation-a chip called Viper-to 
most of the time. What cu you do, come out of the British Isles. It 
though? An elegant solutiOfl is to have promises to seriously challenge the 
your machine do lots of dliap at the traditional structures of computer 
same time. The problem with that design. Additionally, in the Circuit 
answer has heretofore beea that, CeilM', Steve Ciarcia will present the 
when you pi.le lots of tasks onto the second pan of his brain-wave
same processor, it slows way down. mooitor construction project. 
There are ways of getting around that, 
and we'll tell y<1u about them. 

We want 
to help! 

If you have a problem 
with your BYTE 

subscription, write us 
with the details. We'll 
do our best to set it 
right. But we must 

have the name, 
address, and zip of the 
subscription (new and 

old address, ii its a 
change of address). If 
the problem involves a 

payment, be sure to 
include copies of the 
credit card statement, 
or front and back of 
cancelled checks. 

Include a "business 
hours" phone number ii 

possible. 

E\ITE 
Subscriber Service 


P.O. Box 7643 

Teaneck, NJ 07666-9866 


~·ir. 
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To get further information on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that cor
respond to the inquiry number listed with the advertiser. This Index 
is provided as an addhlonal service by the publisher, who assumes 
no liability for errors or omissions. 
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To get further information on the products advertised in BYTE, fill out 
the reader service card by circling the numbers on the card that cor
respond to the inquiry number listed with the advertiser. This index 
is provided as an additional service by the publisher, who assumes 
no liability for errors or omissions. 

READER 
SERVICE • Correspond directly with company 

Index to Advertisers by Product Category 


Inquiry No. "9No. 

HARDWARE 

ADD INS 

13 ALPHA PRODUCTS ......... 354 

14 ALPHAPAOOUCTSC0 ...• •.• 341 

25 ATRON . • . . . . . . . . . . .. . .. .. 841 

29 B&C MICRO SYSTEMS ...... 354 


' BINARY TECH ............ . 342 

379 BWE CHIP TECHNOLOGY llA·32 

52 CAPITAL EQUIPMENT . ...... 200 

74 CONTROL VISION ...... .... 381 


385 CUBIX ........... ...... NA·17 

79 DATA TRANSLATION ... ... . . 131 


111 GENOA SYSTEMS CORP . ..... 79 

121 GTEK, INC .. ......... ... . . . 114 

122 GTEK. INC ......... . . . ..... 114 

125 HERCULES COMPUTER .... • 181 

128 HERCULES COMPUTER •.... 111 

130 HITECH EQUIP. CORP . . ..... 342 

131 INTEL CORPORATION ... 300,301 
140 IOTECH ........ . ...... .. . 215 

141 IOTECH . ................. 343 

537 KEITHLEY 0AC • . . . . . . . . llSW-2 
117 MICROWAY , ........... .... 151 


• MICROWAY ............. ... 211 

• MOTOROLA INC. . .... . .. . 21,29 


111 NATIONAL INSTRUMENTS ... 171 

211 PERISCOPE COMPANY ....... 47 

233 QUA TECH ................. 24 

234 QUA TECH ................ 340 

235 QUA TECH .. ..... ......... 340 

511 SCIENTIFIC SOLUTIONS . llMW·3 

817 SCIENTIFIC SOLUTIONS . llllMW-3 

253 SEAlEVEL .... ............ 352 

272 TALKING TECH ..... , ..... .. 345 

213 V3 CORP . ......... ....... .. 11 

291 Z·WORLD ................. 343 


410 DRIVES 

414 MANZANA ............. . llH~·1 


415 MANZANA .............. NHE·1 

273 TANDON ..... ......... 171,179 

274 TANDON ..... .. ....... 171,179 


411 HARDWAAEPROORAIHIERS 

30 B&C MICRO SYSTEMS ...... 345 

32 B&C MICRO SYSTEMS . .. . .. 347 

31 B&C MICRO SYSTEMS .... . . 350 

41 BP MICROSYSTEMS ........ 340 

48 BP MICROSYSTEMS ........ 340 


381 OATAMAN ...... ...•... . llA-31 

121 GTEK, INC . ...... ... . ...... 114 

122 GTEK, INC ............ . .... 114 

154 LINK COMP. GRAPHICS ..... 345 

155 LOGICAL DEVICES ..•....... 354 

1158 LOGICAL DEVICES . .. ... .... 354 

157 LOGICAL DEVICES .......... 354 

151 LOGICAL DEVICES ......... . 354 

207 ON· TARGET .. . ............ 350 

303 ORION INSTRIMENTS . ..... 302 

221 PROGRAMMABLE LOGIC .... 347 

402 TRIANGLE DIGITAL ... ..• llA-32 

211 XELTEK . .... . ........... .. 354 


412 INSTRUMENTATION 

COMPUTERCONTINUM . .. . . 312 

111 MICROSTAA LASS ..•.. , • .. . 342 


Inquiry No. "9No. 

112 MOJAVE SCAOA .. .. .... . 342 

208 ORION INSTRUMENTS ....•.. 14 

303 ORION INSTRUMENTS ..•.. . 302 

244 REAL TIME DEVICES . . . .. ... 347 

213 V3CORP.. .... . .. .. . , ...... II 


413 KEYlllOAAOS/llHCE 

H ELECTRONE .. ........ .... .. 12 

133 HONEYWELLKEYBOAADDIV. 111 

134 HOOLEONCOMPANY ...... . 111 

135 HOOLEONCOMPANY ....... 111 

501 INMAR .. . ............ . . llPC-4 

189 LOGITECH INC . ............. 73 

150 LOGITECH INC .. . ........... 73 

101 LOGITECH INC . .. .. • ... .. 74,75 

112 LOGITECH INC . ... ....... 74,75 


414 MASS STOftAOE 

12 AK SYSTEMS .............. 341 

309 CONTECH ............... .. 340 

211 EASTMAN l<OOAK .....••••. 133 

3N EMERALD SYSTEMS ....•. llA·1 

381 EMERALD SYSTEMS ...... llA·1 

411 EMERALD SYSTEMS .... Nf'C.11 

4H EMERALD SYSTEMS ..•. llf'C.11 

103 EVEREXSYSTEMS .... .. •. .. 25 

104 EVEREXSYSTEMS .....•. •. . 21 

113 FUJITSU AMERICA ........... 13 

114 FUJITSU AMERICA .... . . .... . IS3 


• MAXELL DATA PAOOUCTS ..... 7 

190 MITSUBISHI PLASTIC LT0.244,241 

401 OLIVETTI .. .. . .. .. .. NA 38-40 

2341 QUALSTAA .. . .. .. .... .. ... 311 


• SYSGEN, INC ......... . .... 172 

273 TANDON ............. . 171,171 

274 TANDON .............. 171,171 

271 TOKIN COAPORATION . ... .. 261 


Ml8Cal.AHEOUS 

7 AD LIB, INC . . .......... .. .. . 4$ 

I AODMASTER .............. 342 


20 ANAHEIM AUTOMATION ..... 352 

21 B&B ELECTRONICS .•.•..... 343 

35 BAY TECHNICAi.ASSOC ••.• . 255 

15 EMERSON ELECTRIC ...... . 113 


• INTECTRA ................. 350 

130 lfiTEGRAHDRESEAACHCORP.... 224 

413 LOWELLCORP . ........ . llHE·2 

171 MERRITT COMPUTERS ....... 50 

111 MUSIC QUEST .. ........... 312 


' NATIONAL FUELSAVER CORP.200 

211 PARA SYSTEMS ............ 211 

211 SUPERSOFT ............ ... 215 


411 MOOEMSIMULTIPLEXOAS 

24 ATI TECHNOLOGIES INC. 124, 125 

53 CENTRAL COMP. PROD . .. .. . 340 


• CLEOSOFlWAAE .......... 121 

12 COMPUCOMCORP . .. ...... 342 


387 OATATRONICS .......... llA-33 

101 EVEREXSYSTEMS . ......... 27 

IOI EVEREXSYSTEMS .......... 27 

124 HAYESMtCROPAOO . •••.... 217 

131 HOLMES MICRO SYSTEMS INC.34 

132 HOLMES MICRO SYSTEMS INC. 34 

510 INTERBUSINESSCOMP.... ..,... 

194 MULTI-TECH SYSTEMS ...... 111 

115 MULTI-TECH SYSTEMS ...... 111 

311 NOKIA INFO. SYSTEMS ... MA·11 


Inquiry No. "9No. 

223 PRACTICAL PERIPHERALS .... II 

277 TOUCHBASE SYSTEMS INC. 1218 

280 UNIVERSAL DATA SYS ... ••.. 17 

211 USROBOTICS . . . . ... .. .. ... 204 

212 USROBOTICS .............. 204 

211 WESTERN OATACOM ... .... 275 


411 MONITORS 

511 NANAO ............... lllllW.. 
512 NANAO ........... . ... llllMW.. 
200 NEC HOME ELEC. DIV . . ... 12,13 
225 ffilNCETON GRAPHIC SYS. . . 211,217 
500 TATUNG SCI. & TECH .... llPC-11 
403 TVM ...... . ............ llA-31 

417 NIETWORKHARDWARE 

51 COGITATE .. .... . ..... . .... 340 

301 CORVUS .... . .... . . . .. .. • 121C 
115 GALACTICOMM INC . . ....... 174 

125 HERCULES COMPUTER ... . . 111 

121 HERCULES COMPUTER .•... 111 


' MICROWAY . . .............. 211 

3" NATURAL MICROSYSTEMS .. 322 

234 QUA TECH ........... .. ... 340 

235 QUA TECH ................ 340 

247 ROSE ELECTRONICS • . •.... 354 

241 ROSE ELECTRONICS .. •. ..• 314 

2'7 SUNCOl.ST SYSTEMS •••.... 308 

211 SU~ SYSTEMS ....... 308 

310 THORMUDTECH . ..•..... . . 347 

217 WIESEMANN & THEIS GMBH . 221 


411 


15 ALPS AMERICA .. .. ...... 41,41 
11 ALPS AMERICA .. . .... . .. 41,41 

311 DESTINY TECH CORP . ... . .. 247 

14 DICONIX . . .............. 20,21 


127 HEWLETT·PACKAAD . ...... . 211 

121 HEWLETT-PACKARD . .. .. ..• 221 

121 HEWLETT-PACKARD . . ... , .. 223 


• INTECTRA...... ........ , .. 341 

113 MANNESMANNTALLY •....... 43 

114 MANNESMANNTALLY...... . . 43 

211 PCPI ................. 150,151 

217 PCPI ................ . 150,151 

241 RAINSOW TECH . .... ....... 347 

247 ROSE ELEcmc>NICS .. . .... 354 

241 ROSE ELEcmc>NICS ....... 354 

212 ZENITH DATA SYSTEMS ..•.. 141 

214 ZERICON ..... . ..... . ..... 311 


411 SCANN£R9IDIGIT1 

411 F&WCOMMUNICATIONS llNl!-10 

107 FLAGSTAFF ENGINEERING . . 110 

108 FLAGSTAFF ENGINEERING .. 180 

263 SPECTAON SYSTEMS ....... 354 

214 SPECTAON SYSTEMS .... . .. 354 


SOFTWARE SECURITY 

4t3 ATI.. RESEARCH CORP . .. llPC-1 

75 COi/OX, INC..... ........... 341 


242 AAINSOWTECHNOLOOY .••• 111 

243 AAJNSOWTECHNOLOGY .... 111 


421 SYSTEMS 

10 ADVANCED LOGIC RESEARCH l,I 
11 ADVANCED LOGIC RESEARCH 1,1 

Inquiry No. P-o-No. 

412 ALTEC TECHNOLOGY ... llPC-10 
• AMPROCOMPUTERSINC.. .. Ill 
• APPLE COMPUTER INC .... 32A_.. 

' AST RESEARCH ............ 217 

• AT&TINFO SYSTEMS ....... 213 

• AT&T INFO SYSTEMS ... 214,215 


47 BUS COMPUTER SYS. INC . • . . 34t 

302 Cl.ONE COMP.DIST. Of AM .. 251,211 


S5 CWBAMERICANTECH.... 3',37 

' COMPAQCOMP. CORP . . 2",2" 


13 DELL COMP. (INrl) .... .. . IO--t1 

317 DELL COMP. (N. AMERICA) . ICM1 

II DISKSPWS .. .......... .... 11 

17 ENGINEEASCOLL.ASORATIVE341 


411 F&WCOMMUNICATIONS llHE·10 

412 FIRST MICRO CORP . .. ... llME.. 

IOI FORTRON CORPORATION .... 32 

110 FORTRON CORPORATION .... 31 

300 GATEWAY2000 ............ 141 


• IBM CORP ............... .. 131 

• IBM CORP ..... ... .. .. . 252,2153 


313 MAYFAIR MICROS .••..•• llA·10 

174 MEGATEL .... ... ... ... ..... ti 

177 MICRO 1 .................. 13' 

201 NEC INFO. SYSTEMS •• .. .••. Cltl 

3HI NORMEREL .. . . . ••. . .. 230,231 

40I OLIVETTI .. .. .. .. .. . NA 31-40 

304 PC DESIGNS .............. 305 

211 PERIPHERAL TECH •. ...• • . . 311 

240 RADIO SHACK ........ .... . av 

311 SEMI· TECH MICAOELECT •. llA·5 

313 TELEVlDEO ......... . ..... 315 


• TOSHIBA COMPUTERS .. 214,215 

271 TURNPOINT AMERICA ..... . 177 

407 WOAKVISION SCIENTEK CORP. llA-30 

213 ZEOS INT'L ........... .. . .. 2N 

297 Z·WORLD .. .... .... ... .... 343 


422 


151 KEA SYSTEMS ............. 142 


SOFTWARE 

251 SOFTWARE DEVELOP. SYS... 210 


424 lllMIMS-008 APPUCATION9 
BullneMIOlflce 

22 ASHTON·TATE ............. 121 

34 BASIS, INC •..........•. 114,115 

44 BORLAND INT'L .... .. . ...... 71 

4$ BORLAND INT'L ... ... .... . . . 71 

59 COGITATE ...... . .......... 352 

11 oe FAST . . ................. 14 


111 FOXSOFlWAAE ............. 13 

112 FTG DATA SYS.............. 350 

300 GAMMAPAOOUCTIONS .. MA·11 


• LOTUS DEVELOP. CORP . .. H,40 
• LOTUS DEVELOP. CORP. 93,ff,17 


111 NANl\JCKET ....... .. ...... 123 

• ORACLE CORP .............. 77 


212 PARSONS TECHNOLOGY .... . 11 

213 PATTON&PATTON ........... II 


' AAIMA CORP .. .... ..... ..... 35 

515 RESEARCH DEVEl.OP.SYS. . . llMW-1 

411 RESEARCH DEVEl.OP.SYS... llH~·18 
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Advertising Supplement included with this Issue:READER 
Advanced Computer Products (U.S. Subscribers) 

SERVICE 
Inquiry No. Pmge No. 

502 RE~OEVELOP. SYS. .. . MPC-5 

52t RESEARCH DEVELOP. sYS.... llSE-1 

489 SINPER CORP•.•. . ...... llHE-9 

405 VCN INT'L ...... ...... . .. HA·2 


425 IBMJMS.OOS APPLICATIONS 
8clentlflc/T9Chnlclll 

23 ASYSTSOFTWARETECH . ••. . 17 

37 BINARY ENGINEERING SIN . . 222 

31 elNAAY ENGINEERING SIW . - 222 


1H MATHSOFT .. ...... . .. ...... H 

180 MICROSIM . ...... ... . . ..... 31 

111 MICROSIM ........... . .. ... 31 


' MICROWAY • . .. ... ...... . . . 211 

224 PRECISION PWS SOFTWARE . 51 

265 SPECTRUM ......... ..... .. 209 

2tl STSC, INC. .. . ... .. _..... .. 297 

307 SYSTAT .. ... .... ... .. ..... 11515 

30I SYSTAT •..•... . .. ... ... . .. 155 


421 IBM/MS-DOS APPLICATIONS 
Mleoel.._e 

t2 ECOSOFT ..... ... . . . ... . - . 115 

500 EXECUTEK PRODS. INC. . NPc.t 

123 HAMMERLY COMP.SEAY. INC.• . 121E 

392 HOPE CIRCUIT •. ..•.. ... HA·32 

1H MAP INFO. SYS. ....... .•. ... 11 

1U MASTERSOFT ... ....•..... HO 


427 


19 AMER.SMALL BUS. COMP. ... 115 

21 AUTOOESK .. ..... - . .. .•. . . 1 Q 


219 WlNTEK CORP. . ..... .. - ..... S 

290 WINTEKCORP . •..• ...•.... 311 


421 lllM/Ms-DOS-U.N 

4t CAOAM ... ... . .. .... ...... HO 

49 CAOAM ................. .. HO 


202 NESTAR .. .... . ....... 100,101 

247 ROSE ELECTRONICS .... . . . 354 

241 ROSE ELECTRONICS .. . . .. • 354 

2H SOFTWARE LINK .. .. .. .... . 153 

290 SOFTWARE LINK ... ..... ... 1153 


1H MAP INFO. SYS. . . . ...• .....• 11 

171 MEOIACYBERNETICS .... .. .. 19 

172 MEDIA CYBERNETICS ... •..• . 19 

2415 RIX SOFTWARE .. .. ..... ... 270 

241 RIX SOFTWARE .... .. . .... . 270 


430 l~UAGES 

3 A+LMEIERVOGT .. ... ..... 211 

377 ANALYTICAL ENGINES ... HA-34 

27 AVOCET SYSTEMS INC. . ... . 229 

311 BLAISE COMPUTING INC. .... . 33 

40 BORLAND INT'L. ......... . .. Cll 

41 BORLAND INT'L . .. . - - - - .... .en 

42 BORLAND INT'L. . .... - ....... 1 

43 BORLAND INT'L . .. .. ........ - 1 

15 OIGITALKINC . . . ... . . . . 1t4,1H 

92 ECOSOFT ... .. - ..... ..... • 115 


141 JENSEN & PARTNERS INT'L . •• 13 

115 MANX SOFTWARE SYSTEMS . . 41 

117 MARKWILLIAMS ... .. .. . .... 30 


MICROSOFT CORP.. ..•• 183-115 

MICROSOFT CORP... - - •. ..• 1H 


' MICROSOFT CORP•..... 2'0,211 

MICROSOFT CORP.. .. . . . ... 213 


191 MIXSOFTWAAI: •. . • •... • _., 171 


Inquiry No. Pmge No. 

317 NOVELL .... ..... ...... llA-215 
504 SlONEYBROOKSIW .... llC-13 
409 WARREN POINT INT'L .. . . llA-34 

Q1 IBMJMS.OOS-UTIUTlES 

4 A+ L MEIER VOGT .. .... .... 2t3 
377 ANALYTICAL ENGINES ... HA44 
25 ATRON .. _.. .. . .. .. .. . .. .. H 

' CALENO .. ..... - ....... llA-13 

50 CALIFORNIA SIW PROO.. .••. H4 

51 CALIFORNIA SIW PROO... ... 354 

54 CENTRAL POINT SIW ... - - ... 15 


313 CLARION SOFTWARE .... llA·15 

58 CNS, INC... .. ...... ........ 51 

57 CNS, INC... . ........ . ... . .. 51 

77 CURTIS INC• ..... ........ .. :M1 


119 GOLDEN BON ...... ... .... 311 

120 GRAFFPOINT . - _... ... . .... 352 

3911 NEURALWAf'.IE .. .. .. ...• UA-14 

411 NEURALWARE INC.. .. . . MNE·14 

210 OSBORNE/MCGRAW·HILL ... 311 

2tl PAUL MACE ....... ......... 42 

211 PERISCOPE COMPANY . . . .. - - 47 


• at.WO SOFTWARE .. .... .... 54 

231 QUARTERDECK OFFlCe SYS.. 202,203 

239 OUARTEROECKOfflCESYS.. 202,203 

211 SOFTWORLO ... ... .. .... .. S42 


• VERMONTCREATIVESIW ... 111 

295 ZORTECH .. ....... - .... .. . 235 


432 ll!IM/MS-OOS-COMMUNICATIONS 

' OATRANCORP... - ...... ...l!-3 

• OATRAN CORP. ........ _llPC-3 


12 OCS (DIVERSIFIED COMP) - .. 352 

182 KEA SYSTEMS .. ........... 3'I 

257 SOFTKLONE DISTRIBUTING . 122 


433 O'T1tEA APPLICATIONS 
Ml-aen.oue 

215 VOYETRA TECH . . . .. . .. . .. . 311 


434 MAIL ORDER/ 
RETAIL 

50t ALTEX ELEC ....... ••. . llM~M 


531 ALTEX ELEC ........ ... llSW·1 

17 AMERICAN SEMICONDUCTOR 343 

11 AMERICAN SEMICONDUCTOR 343 


471 APPLIED PROG. ELECT• . llNE·11 

477 AUSTIN COMPUTER . . .. llNl!·15 

494 B&B ELECTRONICS . ___ .. MPC-2 

33 B&W SYSTEMS INC. . .. - __ .. . 59 


' BYTE BACK ISSUES ... . . .. - . 323 

312 CAS COMPUTER POJNT . . UA-30 

471 CHAS MICRO .. ........ . llNE-4 

IO COMPACTDISKPROOS. INC... M 


' COMPARE COMPUTERS . llMW-5 

' COMPARE COMPUTERS . MNE-12 


314 COMPUAOO __ ..... . ... . HA·21 

~ COMPUSAVE .............. 331 


4711 COMPUTER AOE .... _.. llNE·13 

15 COMP. DISC. WAREHOUSE .. . 50 

le COMPUTER EXPO .. ...... - .. 55 


'85 COMPUTER LANE .. . .. .. MPC-7 

87 COMPUTER MAIL ORDER .. 50,57 

st COMPUTER SURPWS STORE 3'° 

70 COMPUTER WAREHOUSE •. . 144 

71 COMPUTER WAREHOUSE .. . 144 


4M COMPUTOWN .. .. - .... llPC-12 
• DALLAS SOFTSTORE - - . llSW-8 

Inquiry No. P9gt No. 

4tO OIGICOM TECH ... . _ - .. . llNE·5 
II DISC INTERNATIONAL . _ - - . . 350 

17 OISl<COTECH .... .. ... .. .. - 343 
II DISKETTE CONNECTION ... . 345 

90 DISKS TOGO .... .......... 347 

91 DYNAMIC ELECTRONICS ... . 352 


497 O-OATA ...... .... . .... UPC-14 

311 GREY MATTER .... . ... . . 18A·23 

521 HARO DRIVES INT'L ....• 1181!-3 
522 HARD DRIVES INT'L - _... llSE-3 

' HARMONY COMPUTERS _ - ... 24 

138 IC EXPRESS ... ...... ... - - - 352 
142 JAOECOMPUTERPROOUCTS US 
143 JAMECO ELECTRONICS . 331,337 
144 JAWIN COMPUTER PROOS... S4I 
145 JAWlN COMPUTER PROOS. . . :Ml 
141 J.O.R. MICROOEVICES . . 351,357 
149 J.O.R. MICROOEVICES . . 351,359 
149 J.O.R. MICROOEVICES . . ... . 380 

523 KNAPCO ......... .... .. llSE-5 

170 MEAD COMPUTER .. ........ S49 

173 MEGASOFT ..... ...... .... 340 

175 MEP (MICRO ELEC. PROD.) .. 3'I 
171 MICROCOM SYSTEMS . ...... 21 


' MICROMINT .. . .... ........ 344 

' MICROMINT _.... ..... llM/AT-8 
• MICROMINT ... ...... ... llSE-1 
' MICROMINT . . . . . . . . . . . USW·3 


1711 MICROPROCESSORS UNLTO. 354 

193 MONTGOMERY GRANT . - - - - - 339 

117 M.H.I ..... .. .......... . . .. - 111 

203 NORTHGATE COMP. SYS. 238,237 

204 NORTHGATE COMP. SYS.. ... 231 

208 ON-LINE SlORE .. . ... .. . . .. S3I 

529 OWL COMPUTER .. . . . . llM/AT·5 

311 PACIFIC COMPUTER . •. .. ... 323 

312 PACIFIC COMPUTER . ... . ... 323 

417 PC LINK CORP. . . - .... MNE-1, 7 

215 PCPWS .. . ....... ... ... . 1280 

228 PRIORITY ONE .. ....... .... 351 

229 PROGRAMMER'SCONHECTION .... 23 

2:SO PAOORAMMER'SPARAOISE . 1H,157 

231 PROGRAMMER'S SHOP . . . . . 113 

232 PAOTE\JSTECH.CORP. . ... 1S4,135 

251 SCHWAB CORP . .. ... .. . ... S4I 

252 SCIENCE & ENGIN. SIW ..... :S07 

l530 SF MICRO .. • ..... _.. . llMIAT·1 

503 SF MICRO ........ ...... NPC-9 

254 SILICON SPECIALTIES .. ... - 227 

245 SILICON SPECIALTIES ... ... 227 

251 SN'WELECTRONICS . .... ... 212 


• SOFTLINECOAP... ...... NA·27 

212 SOWTION SYSTEMS ... ..•. 113 

531 SURAH INC. _......... llMIAT·3 

SOS SURAH INC... .. ...... . llPC-15 

400 S-100 . . ... ...... . ...... . llA·9 

401 S-100 ........ . .......... UA·9 

275 TIMELINE ... .... . . ..... . . . 353 

404 USA SOFTWARE . . ....... llA-7 

2M WAREHOUSE DATA PROO• . .. 187 

511 Y.E.S. MULTINATIONAL .. llMW·2 


435 EDUCATIONAU 
INSTRUCTIONAL 

I AAA! ...... ..... .... ....... 48 

380 BLYTH . .. . . . . . ..... . . . . llA·22 


BUYERS MART .... ... . - 327-335 

BYTE BACK ISSUES . ..... NA·21 

BYTE errs .. __ ........... .S47 


311 BYTE BITS - ............ llA44 

' BYTE CIRCULATION . . - __ .. . 312 


BYTE MARKETING .... . . . ... 321 


Inquiry No. 1'9gtNo. 

BYTE CIRCULATION ..•.. HA·3f 
BYTE sue.MESSAGE . ... leA·14 

' BYTE SUB. MESSAGE - . . • llA·28 
BYTE sue.SERVICE . .. - - - . . 212 


' BYTE SUB. MESSAGE .. . 308,313 
71 CYBER RESEARCH •. . ..... . 340 

IO DATA TRANSLATION . .. .. . . .. 52 


314 DATAPRO ... ..... ......... 1H 

153 KNC7ft'LEOGE GARDEN INC. .. 277 


• MCGRAW-HILL BOOKS .. . "8E·7 
' MCGRAW-HIU BOOKS .. llSW·5 


184 MICROSOFT PRESS . - .... . . . 44 

185 MICROSOFT PRESS ......... 44 

209 OSBOANE/MCGRAW·HILL - - _309 

214 PC EXPO .... ...... .. .. 320,321 

38 SOFTOISK . .. .. .. ... .. ...... 10 


436 DESKTOP 
PUBLISHING 

I A006E . . ... .. .. ... ... 190,111 
78 CPTCORP.... .... ... .. .. .. 182 


524 MERLIN PUBLISHING GRP.llse-4 
220 PERSONAL TEX ...... .... . . 152 

270 SWFTE .... . .... ....... ... 201 


• MISCELLANEOUS 
37' AL OOWNLCW>ING .•• . .. llA-30 


' BEST WESTERN .... .. ...... 48 

• BYTE TIPS .... ...... .. llMW-1 
• BYTE TIPS .. .. ..... .. llM/AT-4 
• BYTE TIPS ... .. - ...... llSW-4 

N 	 ERGOTRON ... .. .. .. - .... .. H 

' ROST. TINNEY GRAPHICS llM/AT-1,7 

' ROST.TINNEY GRAPHICS •.. . UPe.e 

• ROST.TINNEY GRAPHICS ••.. llSE.. 
• ROST. TINNEY GRAPHICS . . llSW-1, 7 


249 SAFEWARE .... . .. . . ....... 345 

214 VICTORY ENTERPRISES •.. .. 142 


437 OPERATING 
SYSTEMS 

SOI CORVUS .. . ..... . ....•... 121C 

137 JGC ........ .... .. .... .... 175 

150 KAOAK PRODUCTS LTD. .. ... 345 

202 NESTAR .............. 100,101 

237 QUANTUM .... .. .... .... .. 272 

250 SANTACRUZ OPERATIONS . . 299 


438 ON-LINE SERVICES 
450 BIX .. .... .. ... ...... .. 310,311 
371 BIX ..... .. .......... ... llA-37 
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Computers For The Blind 

Talking computers give blind and visually impaired people access to 
electronic information. The question is how and how much? 

The answers can be found in "The Second Beginner's Guide to Personal 
Computers for the Blind and Visually Impaired" published by the National 
Braille Press. This comprehensive book contains a Buyer's Guide to talking 
microcomputers and large print display processors. More importantly it 
includes reviews, written by blind users, of software that works with speech. 

This invaluable resource book offers details on training programs in 
computer applications for the blind, and other useful information on how to 
buy and use special equipment. 

Send orders to: 

N ational Braille Press Inc. 


88 St. Stephen Street 

Boston, MA 02115 


(617) 266-6160 


$12.95 for braille or cassette, $14.95 for print. ($3 extra for UPS shipping) 
NBP is a nonprofit braille printing and publishing house. 

PS SUBSCRIBERS ONLY!*rl"'l Use BYTE's Telephone Inquiry P1ucessing System
.l. Usmg TIPS can bring product information as much as 10 days earlier. 

SEND FOR YOUR I) 
SUBSCRIBER I.D. CARD 

If you are a new subscriber or have lost your l.D. card, circle #1 on the Reader Service 
C'ard; attach ma iler label. We will immediately send your personal TIPS subscriber card. 

GET PREPARED 2) 

3) 

Write your Subscriber Number, as printed on your Subscriber l.D. Card, in boxes in Step 5 below. 
(Do not add O's to fill in blank boxes) 

Wri te numbers for information desired in boxes in Step 7b below. 
(Do not add O's to fill in blank boxes.) 

CALL TIPS 

ENTER YOUR 
SUBSCRIBER AND 
ISSUE NUMBERS 

ENTER YOUR 
INQUmIEs 

END SESSION 

,1) 

5) 

6) 

7a) 

b) 

8) 

9) 

Now, on a Touch-Tune telephone dial: (413) 442·2668 and wait for voice commands. 

When TIPS says: "Enter Subscriber Number" 
(Enter by pushing t he numbers and symbols[# or * enclosed in the boxes] on telephone pad 
ignoring blank boxes) 
Enter DD DD DD DD Ill Ill 
When TIPS says "Enter magazine code & issue code" 
Enter [l] Ill !ID (BJ III III 

When TIPS says "Enter (next) Inquiry Number" 
Enter one inquiry selection from below (ignore blank boxes) 

Repeat 7a as needed (maximum 17 inquiry numbers) 

l . D D D III III 6. 0 0 D Ill Ill 10. D D D III III 14. D D D Ill 00 
2 . D D D III Ill 7. 0 D 0 Ill Ill 11. DD D Ill Ill 15. 0 D 0 Ill Ill 
3 . D D D Ill Ill 8. D D 0 Ill III 12. 0 0 D 00 00 16. D 0 D III 00 
4. D D D 00 00 9. D 0 0 III III 13. 0 0 D 00 Ill 17. D 0 D 00 00 
5. 0 0 0 [!) [!) 

E nd session by entering [!) [!) ll!J [l] 00 III 

Hang up after hearing final message 
If you are a subscriber and need assistance. call (603) 924·9281. 

If you a.re nol a subscriber fill out the subscription card found in this issue or, call BYTE Circulalicm 800-423-8912. 
•Domestic and Canadian Subscrlben Only! 
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Information Retrieval Service 

To assist you in making your evaluations, purchasing decisions, or recommendations, you can 
request further information directly from the manufacturer or service company on products and 
services advertised in this issue. There is no charge, no obligation. Just complete and mail the 
attached post-paid, self-addressed reply card, and we'll do the rest. 

Circle numbers on reply 
card which correspond to 
numbers assigned to 
items of interest to you. 
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1315 131 tllS l)g 140 141 142 143 '" 145 14& 1-47 1-49 14.9 150 ISi 152 I~ 15"C 1~ ,~ 15"7 ue l:nl !ISO lei1 162Management, Administrative 1 0 Purchase order 163 16' 166 66 167 168 169 170 I/I 172 173 II• 115 176 111 1111 179 180 t61 111: 1$! 16' lllS IM 167 IM 18'l 
l 0 MIS/ DP, Programming 1 D Evaluation 190 191 1112 193 19' 195 196 191 196 1~ 200 201 m 203 io- ios m 201 20ll m 210 211 212 2 3 21• 21s 216 
1 0 Engineering /Scientific, R&D l 0 Spccilication/ R«ommendation 

211 21e 219 220 221 222 m w m m m m m m 231 m 233 2JJ m 236 w 2311 m 2<0 241 '" 1•J 
• 0 Professional (law, medicine, E. Please lndlcate the product ~m•rum•~~m~~~~•~m~~mm~~~-~~m

accounting) categories for which you 211 112 213 2u 21s, 216 211 21s 279 2e0 ie 1 282 m 284 m 286 187 28e m m 191 m m ~ m 296 29~ 
s D Other lnOuence the selection or 298 299 300 301 302 XO »i JOS 300 Xl7 308 309 310 311 312 313 31' 315 316 311 3t8 319 320 321 322 323 32• 

purchase at your (or your 325 326 321 328 J29 JJ0 3JI J32 :l3J J34 3JI 336 3J7 338 339 3'0 3'1 3'2 3'J J44 3'5 346 3'7 348 349 l50 3SI 
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D 26- 99 1 0 Microcomputers '°' <01 '°6 <Cll '10 "1 m m m '15 "' m "' m <20 '21 412 m q, ~ •26 w <21 m l30 u1 <:12 
l 0 Peripherals ~~~~-~~~w•~~~~w~~~~~~w~~m~~D 100-499 
J 0 Software 'fll '61 ~ •63 •6' '66 466 '67 '68 <69 •ro "' m m m •75 •76 m oe '19 '80 '81 '82 '83 qµ '85 '96 • D 500-999 

w~~~~~~~~~-~ffl~~~~~~~~~mm~mm• 0 Accessories and suppLiess 0 lOOO or more wmmmmm~~mww~~m~m~~~~~~~m~~~
F. For bow many microcomputers C ~ason for req utst : (Check all ~~~~~~WW~~~~~™~~~~~~~~~~~~~

do you tnnuence the purchase lbal apply). ~ 66!1 s10 571 m m m m 578 5n 5111 579 580 5111 :iaz 5Sl M< 511.1 ~ se1 5111! 3119 ~· lo!ll ll!l lo!l3 5!ll 
or products a l your (or your 595 5911 587 5911 1o99 ooo 001 502 eoo 110< 6Cl5 600 001 r.oe !i09 610 en 111 e1J 61' e15 11e e11 618 819 1110 Q11 0 Business use for yourself cllenl's) company or organl·

2 0 Business use for your 612 613 Q• 621 616 617 616 619 630 631 632 631 634 I;;> (;36 6Jl 630 639 6'0 6'1 641 643 6'• 6'1 640 647 6'8:ulion? 
company 6'9 650 Ml 651 653 M4 6SS 656 W 656 559 6f.O 661 661 663 66' 66S &i6 667 6611 669 670 511 671 673 67• 675 

I 0 [ i 0 5- 9 
mmmm~w~~W66S~W~~~~mm~~~w~~~~~l 0 Personal use l 0 2-4 • D 10 or more 100 104 105 100 101 1oe 100 110 111 112 7'3 7t4 11s 116 111 11a 119 no 121 112 123 12<1 115 726 121 120 129 
lXJ 7JI 732 733 73'4 ~ 736 737 738 TJ'9 1'0 741 742 143 JU 145 7'6 TH 1'8 7•9 75() 751 7~ 1~ ls.I l,5.5 1~ 

7S7 75! 7~ 760 761 762 163 161 IM 166 161 168 769 110 111 11'1 173 11"- 775 716 111 718 ng 180 781 7&2 11U 

™™~™™™~mmm™~~m™meoo~~eoo~~~~~~~ 

6 I 811 813 81' 811 lt6 617 8t8 819 820 11:1 812 8ZI 824 a2S 82li ii:/ 8211 829 830 Sll 8:J2 8lJ 113< a3S 11!1! $!7 
~m~~~~~~~w~~~~~~~~~w~~~~~~~ 

"6$ 116 167 6158 869 910 871 872 m 67• e~ 876 en e111 879 880 ea1 w 863 ae< eas 816 Ml eee 369 ·eeo 1191 
tm SI !!!' 1195 1196 1197 11911 lllll 900 901 001 !I.II !IOI 906 906 907 90I! 000 tlO 911 911 913 91' 915 91! 017 m 

State _ ___ _ _____ mm~mm~mmwmmmm~m~~~~~m~~~~~~ 

~~~~~ffi~~~~~~~M~~~~~~~~~~mmm 

mummmmm~~~~~~~~~~m~~m~m~~~m 

-

! 
i BUSINESS REPLY MAIL 

i 
FIRST CLASS MAIL PERMIT NO. 176 DALTON, MA 

POSTAGE WILL BE PAID BY ADDRESSEE

I 
I 
I 
I READER SERVICE 
I PO Box 298 
~ Dalton, MA 01227-0298 

USAl 
l 
I 
I 
I 
I 
I 



Information Retrieval Service 

To assist you in making your evaluations, purchasing decisions, or recommendations, you can 
request further information directly from the manufacturer or service company on products and 
services advertised in this issue. There is no charge, no obligation. Just complete and mail the 
attached post-paid, self-addressed reply card, and we'll do the rest. 

Print your name and 

card which correspond to 

Circle numbers on reply 


address and mail. 

numbers assigned to 

items of interest to you. 
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BUSINESS REPLY MAIL 
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POSTAGE WILL BE PAID BY ADDRESSEE 

READER SERVICE 
PO Box 298 
Dalton, MA 01227-0298 
USA 

Fill oul lhls coupon cardully. PLEASE PRJNT. Rcqucsls cannol be 
honored unless lhe zip code Is Included. This card Is valid (or 6 months 
from co•·er dale. 

A. Whal Is your primary job function? 
(C heck one only) 

1 0 Business Owner, General 
Managemcnr , Adminis1ra1i vc 

0 MIS/ OP, P rogramming 
O Engineering/Scienr ifi c, R&D 

• 0 Professiona l (law, medicine. 
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~ 0 O ther 


B. 	How many people does your 
company employ? 
0 2S or fewer 
D 26-99 


l 0 100-499 

• 0 S00-999 
l D 1000 or more 

C Ru.son for request: (Check all 
lhal apply). 


1 0 Business use for you rself 

l D Business use for your 


company 

J D Pe rsonal use 


D. Your nexl step after lnformallon 
Is received: 

1 0 Purchase order 
2 0 Eval uation 
l 0 Spccification/ Rccommcnda1ion 
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categories for which you 
lnOueoce lbe ~lccllon or 
purchase al your (or your 
cU~nl's) company or organi 
zation . (Check all lbal apply). 
0 Microcomputers 
0 Peripherals 

J 0 Software 
• 0 Accessories and supplies 

f . 	For how many mlcrocompulers 
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client's) compa ny or organ.I· 
zalion? 
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2 0 2-4 • 0 10 or more 
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THE DESKTOP COMPUTER FOR PEOPLE 

WHOSE MINDS ARE AT WORK 


EVEN WHEN THEIR BODIES AREN'T. 


Presenting the PowerMateno Portable. Desktop power to go1 1 

: 

Ifyou happen to be one of those rare individuals whose minds don't punch out 
at five o'clock, we have some good news for you. 

It's called the Power Mate Portable. And thanks to son1e workaholic engineers 
at NEC, this nifty little dynamo is everything a desktop computer is. 

Plus it's portable. Which means you can use it anywhere. At work. At home. 
Or on the road. It boggles the mind. 

And speaking of mind boggling, check out what's under the hood: Intel 80286"' 
technology, full-size internal AT-compatible expansion slots, an op
tional internal modem, 20 or 40 MB hard 
disk and EGA resolution on a backlit LCD ~ff$~~ 
display. Call 1-800-343-4418 and find out 
more about PowerMate Portable from NEC 
NEC. The quick pick-me-up for the 

-..-.-ii--' "Thank Goodness it's Monday" crowd. 
Fur thl· n:1ml.' of 1hc 1..kalc:r n1: ;m.: :--1you . l·all l-800-3·1J-4·HS . In <:nnjJ:1. <.' :lll l-800-.'Si-·BIJ . t'\EC l n lorm:t1 1u11 Sy ll"IH'- I>l·p1. 1'>!0. I.i i.I .\bssachu~c l b An: .. 13oxburou~h. Mt\ OliJ9. 
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Tandy Computers: 
Because there is 
no better value.™ 

The New Tandy® 5000 MC 


• 	 20 MHz I ntel® 80386 
m icroprocessor 

• 2MB RAM, expandable 
to 16MB 

• Intel 82385 Memory Cache 
controller 

• Built-in VGA graphics, 
as well as MCGA, 
CGA, and EGA 

• Displays 256 colors, 
64 shades of gray 

Poce applies al Radio Shack Comoutcr Centers and par11c1patmg stores 

•Five IBM Micro Channel',. 
expansion slots, plus two 
dedicated me mory slo ts 

•Built-in 	l.44MB 3 1/z" 
disk drive plus three 
front-panel device slots 

• High-speed/high-capacity 
disk options 

• 	80387 co-processor socket 
• Supports MS-DOS®, MS® 

OS/2 and multiuser SCO® 
XENIX® operating systems 

~md rJearcrs Monitor sold scpa:
rolcly. lnlel/Reg. TM lnlel Corp IBM/Reg. TM and Mic•o Channel/ TM IBM Corp. MS. MS-005 and XENIX/ 
Reg TM M1crosol1 Corp SCOIAeg TM lhe S•nl.1 Cr"' Opera!ron 3Com/Reg TM 3Com Corp 

Our most powerful 
80386 based computer 
... made in America. 

T he new Tandy 5000 MC Professional 
S!'Stem (s Stricdy business, from the look 
of its 256,000-color VGA graphics to 
the tactile feel of its keybmird. 

Inside is pure performance, from the 

80386 processor operating at 20 MHz to 

t he fas t memory with cache that pro

vides RAM-fast access to your data. 


The 5000 MC comes with a built-in 
l.44MB 3 1/z" floppy drive. There's room 
inside for a second 3 1/ 2

11 d ri ve (or hard 
drive} and two 5 1/ .1

11 fl oppy, hard or tape 
drives. Choose from ST-506 or ESDI
and SCSI supporr is coming. 

Add a 20-MHz 80387 math coproces
sor. Expand the memory to 16MB using 
two dedicated expansion slots, and yo u 
can still add up to five IBM® Micro 
C han nel compatible expansion adapters. 

And with its high-speed performance, 
the 5000 MC is a natural as the hub of a 
multiuser system or as a file server in a 
3Com® office w rkgroup . 

A Tundy 5000 MC with an 84MB hard 
di ·k drive i~ o nly $6999. Check our che 
new alrematfve in persona l computing. 

r----------, I Send me a Tandy 5000 MC brochure. 
Mail 10 Radro Shack. Oeol. 88 ·fl ·880 II 300 One hndy Cenler. for I Wo1U1, TX 76 102 I 

I 	 IName 

I 	 ICompany 

I 	 IAddress 

I Crly 	 Slaie 

21P Phone _ ____L----------.11 

ftad1elhaeK 

COMPUTER CENTERS 

A DIVISION OF TANDY CORPORATION 

Circle 140 0 11 Render Service Cnnl 
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