


Instant Gratification. wt 


~ hat ' new? The "V" series bordcrless, 
ener.,y- ·u in•r monitor· .' And 

oft S ·lect preinstallcd software. 

)-011 ,,,int it all. ri,,ht 11uw. (That':; 0.1 .. 
p ·uplc 'XP t 11101 from IB\1.) For in5tamx~ 
you \\ ant th lat st dazzlin" monilu..,,. 

. 'o " " rC'atl'Cl th · n •11 .. , .. . s ric· monitor5 
11 idt a ;;harp. bord rb•s ima"'" And they're 
oo cncr1ry- ffi cicnt tltt-y'1c qualilied for an 
EPA En ·rg~· tar 111 ling.' 

)ou said. "In ta iling ~uftwar ·takes up too 
much lime.'' o now wr ran do it fo r vou at 
th fo ·t ry with oft.' ·lt'l'tT'1. Wt: lest and 
opli111i z , ca 'h app lica tion to work on your 
partinrlar P . And we i!i1·, you cus
lu111izcd confirr11rntion~. plus tire 'luality 
and support you c 'Pl'cl fru111 Lire wo rld's 
lari.:C'>l compu t<'r rom puny. 

So l!Oahead. br d ma ml in~ \\'e' r,., r<'arly for 
auythinu all u,: 110 11. 

IBM PC Direct 


ValucPoint i. 
onserve space a ncl morwy. 

• :3 expan:;ion ·lot~. 3 l my~ 

• Vl::SA Local Bu Vidl'U 
• Pcnlium '-upgradalrl l' (1·xn·pl 425 , I i) 
• 	IB.111 Basi 101-K ·v f•1•hoard and 

IB.111 \louse 
• 1)0. and \\~indow,: pr ·i n:;tallt:cl 
• 512KB \·id o ~ l emon· 

• Choose volll· IBM ;olur ~ l onilor: 14L8. 
14\1 (add .'100 lo hn~" 111ocl1·l pric ·). 
15\1 (add $250). 17 (add $6-0) 

425 X/Si 
i4-8 .'X/25~11·17. 120~1U I lll.41\IJ3 H.A~l 
1 -~J.8 (113\I Cn·.l i1 I.""'"' ,' .t.i / 11u .°

0
) S1.259* 

43;mX/Si 
486DX/ 33M llzt 120M H 11J>,4i\ IBRAM 
11).J,8 ( 113~1 Cn·oli1 l.1·:1;.-: $!i11/111 u.) $ 1,639* 

~33DX/Si 

486DX/33.11Ulz.7212i\1131 ll>.t1 \IH HAi\ I 
l-1-L8 (IB \I Cn·di1 l.o ·:c ... ·: S<1:l/ 1110.) , J.7-J.9 * 

4660 ' 2/ i 
i486DX:2/66 1111, 21 21\IB I ll>.41\Jl"l RA1\ I 
141.8 ( IB~I C:n·dit l.o ·:iw: ::1 7i/m,.) $2.149* 

priced right ru 

ValucPoinl Dcsk'fop. 


The modern-clay workhors • 

• .'i expa nsion slut " 5 buys 
• F 'A Local Bus Virlr u 
• Pcntium1-upgmdable 
• I B~I Enhan cl I 1-Kel' J,evho:m l and 

I B~l i\louse 
• DO and \l\indo\\ , pn·i1i,tallc-·d 
• I~IB Video lllem I) 

• Choo;:<• vo111· I B~ I 'ulor 1\lonitor: 141.8. 
14.V (add SLOO lo hnH•' 111odd pri ·1;:), 

JSV (a drl $250). 17\1 (add. '670) 


425SX/D 
i..J.86 X/:2.51\IJ-17- 21:.1\IU JJl). 11~113 B1\ i\ I 
l-l-L8 (lll\I C:n·.li1 1.. ·:c.·•·: s :,i/1111• •• ) $1.- 89* 

4.3:mx10 
4B6 DX/3:3i\'1111,t 212 I B J-1D, 4-M13 HAM 
14L8 (IB,\I Crt'di1 l.c·n-.·: $l.W111") $ 1.9:19* 

'1-50DX2/D 
i486DX2/ 50Jlll ld40\IB 11 IJA\IB HA~I 


1 -~ 1 .8 (113\I Cn·clit 1, .,,..,,., , lll / 11m) 2.:259* 


466DX2/D 
i•rn6DX:2/66Mll1, :340 IHI ID, 8\113 RAi\ I 
M-L8 (IB\I Cn·dit l ~·a,..·: S1J<J/ 1111•) $2;-69* 

We r pullina the per onal 
in per onal ·oniputina. 



~ mal(e it easy to get the PC you want, 
1d ready to go to worl(. 

ValuePoint Mini:lbw • 1 "~ 
With room to g row. 

• B1·xpansiun ,I t:;, 6 bay' 
• \' E. 'J\ IAmil Bus Vidl'n 
• 1'.. ntiu111 '·11pgratlabl1• 
• IH.\I Enhanced LOI-" ' ' KL'vboanl and 

Ill1\I \lou:; · 
• U • aml \\'inclows p1vi11otall1·tl 
• I1\ lll Virl1' 11 ~ I ·111or ' 
• 	 'hoo,1 · your IL3 I 'olor ~ lo nitor: 14·1.8. 

11 \I (add $ 100 LO base model pri ·c). 
J.)\ ' (add $:250). 17\' (w l1IS(iO) 

11.3:mxrr 
4B6 J)A. I 331\1 I-I1} ;3,10 \111 11 J).41\ 113 HA \I 
141.8 (111\I t :n·tlit L1•0;;,··: $i•l/ 11111. 0 ) $:2.219* 

11.50IJX2/T 
i486DX:USO~ lll 1. : 10 -113 111 .8\IBRJ\M 
141 .8 (IB\I f: r\'clit I""''''' ~;;t/1/11111.) S:l.569* 

tJ.66 DX2fl' 

i"l-86DX2/6Mll 11.424.\I B 1I D.S~ I B H ~ I 


14.J.H (lll \I Cn·tlit I""'"' '' , 107/rw•) ":..989* 

1~6fl0X2/T 

i48<i l>X:2/66\11 l:t. 5l7\ IB Illlll1\IB RA,\I 
Ml.8 (111\l t :n·<lit 1.i·:r ... ·:.$ 11:!/ 1111 •) $:3. 1:.9* 

Soft Select pr ·in ·ta iled software lets 

you hit I.he g round rurming. 


\X'" 1·a11 pn·install 1mmy uf your fornrit · 

applil'ations. tlwn thoru111..dtly ""'' and 

opti111izl' thrrn - all lur 1111ly a SI flat li·c. 

\\ 'hen ~our uc\\ \ 'alu.. n>int arri, ..:;.just 

plug it in and go. f l'O llr>t•. \\'(' itl :'u "i\'l' 

vou tlw di:;keltc$. nmnuuls and dnc·umen

tatinn. ln~ta llino- "oft warr rl11t·s11t g1·1an 

ea~ i ·r - or fa:;trr. 


Here's just a sampling of 

IBM Soft Select appllcatlons. 

(.(,//fi,r our !t1fr.$/ fl(/ditio11.• 

Microsol Office (WIN) 

Intuit Quicken™ (WIN) 

Borland Ouallro Pro (WIN) 

Microsoft PowerPoin (WIN) 

WinFax™ Pro (WIN) 

WordPerfect (DOS) 

IBM VoiceType™ Conlrol (WIN) 


Add a CO-HO 1driv •nnd find out 
what you've been 111iss i11tt. 

Pra r· ti..al ly all multim ·dia appli1 ·ation~ 
and 111or<' and more rcrrular ~nf'twa r ·Lill ·~ 

- an· arnilahl ~ in 0-H \I format. Thi 
internitl 1 A intcrfoc •wr. ion ha," 
300 B/ (' llHL,i 
llllltn :<w'l ained 
data transfer rate 
with mu lt i-sc.sion 
CD-HO~l tcchnolo"y. 
including full Kodak 
Photo .l)nt compatibility. \\ (· ca n in~tall it 
for you at the fa ctory ::o i1·s rf'ady to go 
"l w11 your IB" ValucPoi11t arriws. 

ISA Inte rnal CO-HOM Drive 

p:2C:2%1)......................................... $24·5* 




Thinl( faster. 


i.lnd mon• doing i\ ncl t lwrx.'~ a stunclard f11ll 

sizc kcyhoard and ini •gr.it1 ·cl ' lhtck Point I IT" 

pointin!! d1' \' il"c for 011w nir nf"1· (and ·ontrol ) 

that,. scc1md to non " 


Th · Thi11 I l'acl 750C;; 1•vf' 11 rrronl igun:s 

fo ;;;tcr . .lu ·1lir1 the huud (a hi111!1 'cl kryhoarrl !) 

to pop in availahlc quick·dtan/.! hard drivr;; 

and fl op1 y dri,·es. "pe ·ial puw1•r managrmr 111 

featun·,: 1111·1111 you do1i1 hmP to rx it your 

appli ration Lo ·hang• lmt11·ri1 •s 1111 tlu· fl y. 

And the w1 ·ight of th · Thinkl'arl 7.-0Cs ,,·mit 

slow you down. ith 1: It "< a sle1•k 6.2 po11111I ::. 

battcri ·~and all. 


Go ahead anrl find Ll1e ti11w - 1·all IBM PC 

Direct tu nn l1·1: /\nd whik you'r •on the lino·. 

ask u;;; a hnut an array of options ln hr lp ynu 


think ' \'1·11 fo.·ter still. 


The IBM Th inkPacl 750Cs. 

To order yours from IB I PC Di reel, 

gel to th' phone pronto! 

• i486 	L/33~ 11 lz pro c, or" itl1 BK B 

internal ·rn·lt 
• 4.\IR RA \I 
• 1701\113 H1·111ova hie Ilard Drive 
• 3.5" 2 .88~113 HemovulJlo· Floppy Drive 
• PO ICIA ~ lo t s 

• 9.5" clu::i l sc.i n color di :;pla~ 

• full -s ize k1 ·yhoard with int 't;rat d 
Track I hint II 

• Audio i11 p111 / 011tputjaC' ks 
• 11 .r x s.:r x 2.0· 
• 6.2 llJs with battery paC'k 
• TBJ\I DO ·. Introd uctory I 1·11tr1 and 

Prodigy' pn:i11st;1ll cl 
• 3-ycar in1 r rna1ional lrnvclPr·,: warranty" 

}0/111 Croiµ 
l'CCmwi/11111/ 

.'\1 Ill 11' · Dirrct'"''· 
w1: 11 h1·lp ) Oii 

eon lig11n· a11 
IB~I Thin kl':id 
that"sj11,;t )"' " 
' l"''"' I. , ... .. 11 he 
surpri~·tl Ito'' 
rmmy op1 iono: are 

"rnilabll". Ask 
about th<"m. 

I Icy, you I lwn· - I he u1w rnnning nl 

warp •peed - thi · is for v1111. luw 
down aml catch a glimpi'l" or one or 

the fostest not 'hook PC· around. 
Tlw IB~ I Think Paci 7.50 ·-· 

It ha· an i486'1~1SL/:~:l 1\l I I z pro ·c~


sor wi th an 8KB into ·rnal cache lo 


!!Cl thoi; · high-po\\'l'n'rl upplicatiu n~ 


really cr::m ki n" Tlwre·~ a crystal'(' l1·a r 

9.5' 1fo1gonal nwa,:uri·nwlll dual scan 

color display o you eu n clo l1 ·s~ ;; q11 int ing 

Well on.figw· of oux newest Valu Point"' PIBM PC Direct th ,.vay ou lil th n xt pag now! 
We're putting the p>rsonal 
in personnl computincr. 



- ----- - -- -------- --
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With HelpWare, you're covered by the 

\Ve' re behind you eve ry step of th e way. 

IBM HelpWarc<» goes u ' yo n<l Vu luePoint·,; 
one-year warranty and our 30-<lay. ha le
f'rcc moneyback gua ranlt.:c.4 HclpWa rc is 
tech support people wlr o urc ulways th ere 
when you need th em, 211· hours a day, 7 
days a week. They're trained to nnswer 
practically any question, from how to set up 
your system to solving hardware problems 
that may occur. 

Our newest monitors arc even easier 
on your eyes. Not to mention your 
electric hiU. 

Who says you can't have it both ways? These 
advanced high-rc·olu tion monitors del iver a 
brighter; bolder, cri per, borderless image 
that's fli cker free. 

But when you-re not using them they" II 
automatically power down ' to mise rly energy 
consumption levels. When you resume work, 
just touch a key or the mouse and they.II 
power up instantly, riglrt where you left oIT_ 

best support people in the business. 

Our automated fax line i always ava ilable Sa li/M11 111fl , 
I le/pCerl/Pr~ and if you have a modem, you can access 
Speriolist our 24-hour onlinc bullcti11 boa rd. 

HelpWare also includes one ycu r of free 
onsite se rvice, provided by thousands 
of dedicated IBM service reps ut hu n
dreds oflocations nationwide. They 
make hou e calls anywhere in the . ·, 
no matter how remote.' nd we have the 
largest parts inventory in the bu ·inc ·s, to 
help reduce down time even further. 

In short HelpWare is th most comprcht.: n
sive support you can gcL 

The "V" series: for new sysh;111s a ml 

upgrades, too. 

Cross-platform comp<itibi lity i built in. 

You ca n plug it right into almost any IBM

compatible system and run most popular soft

ware. These monitor· arc ava ilable in 14', IS" 

and 17' screen sizes. 


So sec the light. And ave energy. 

Call IBM PC Dirccl today. 


Complimentary! 
It '~ lir e latest edition of 
th e 1BM PC Direct 
catalog. flciluePoints, 

·ThinkPads, printers, 
monitors, multimedia, software, 
and more. To getyour cop)'; 
call lBM PC DIRECT toda)' 

ISMPCOrectEsMJ1ablieloCJStlXre's1111heUS ni~RJOOonly Forwstmen~· 
saofU....areas.pfesfc:mayourlo:allSMSalesll<;re5lml""lotmoreirmmtXK1 

' fBM PC O:ILCCi pnces ontr The o:i:r~ cc ices~ p-oou;u ll'! Slb,ecl sa ctanoe or 
.~.,tl'IOU!pmrno:ice Pred!.aSyouac:cJJiftmztnlDl!!~l.nb¥r'ftli:s.tltlO 
l'Ol\me i't<""5e /q:"""'1t rhe """o!fo<~ anl DIOOuls ""I De ..1f1'tlie INOuQh 
ISMAtaOOm~-!11l'JC2Smay>ary Sliop"Oandnanll>n(Jctorges 
are extra.. ··i;i ACied.t U9se t:-rices are QUO!~ tor 36-moritl I~ Lease ra:es <JX)ted ate 
QOOd lh:CU!Jh &'30.'9-: , i!ll?i w'lidl lune""''" st.Ojod ID <M>oewiltloul nollt!l I.mo 
a-nillb!e to QUalrhed ctml'lef'Oai customers only. I Sane 4860X/J3MHl ptOC$$SOB m1I 
De ll\l!l\J1'r:luted ~t IBM U . The ""'W saving Ortu"Y;, adrr.rtd by ll'O s'911'ft !ell! 
lrom syst~ un ts Iha! support the VESA OPMS p10f;IOS3t. 3. JPQrad.lblll wttll Intel"! Mute 
OvttOuven. proetssar rosed on PeOOllll l!dlnolotJY.4. Cop:es ol warranly m 30-M/ 
f'nOOe)back ~raruee ll'llorrm:ion a.,..a1lable ttuoogh IBM~ IBMAutnol'lled Do:!Jers 
Plel<..e call 1800 425-2958 lordetails reoardirYJ ISM"! moneo,'tl3Ck ou:irarriee Mld hm1te<J 
~'arranty. 5. Al no addition.lt Ch.11ge during WJl'ranty peiioel Cnsitesel'vite BVillbb:e 
l!onaay-Frictr/ 8afn.5pm In )')Ut time ZOO!.6. lnlematloml travel~'! wananry serv~ 
available in cc.or.mes whefa Ttl.'fliP'ad Is sold. ISM,Tl'tmkPao. M1nl-TO'fttr, He!pCAnler 
aoo HelpWa;e are reqis:ered 1~iks. and Trao.Pc{nt II. lh!uePo l~ and sor. Se!ed are 
traoemarks ct tr.rematianal Business M~ines Ccwporatlon ,\JIomet nrns and p:od!J::t 
names ase reoistertd trademarts. 11ademalks or setvlce ma1k.s ct lhtl11e:.!pectr..e tWJlders. 
PC!hroe1~a-o1 nn Colmulir:alionsCOfl'lli>'1 ao:llsusedby l!ll.l~llcense 

Q19941~1ona1 Businessfl.a:Nnes Cofpotarion 

To order: 

call 1 800 426-7420 

8am-10pm M-F, EDT 
9am-5pm Sat. EDT 
Purchase order available for qualifying customers. 

http:addition.lt
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~cb:uc offcr. LJcrnscd u.v:oof Mk wsoft ~)and ,\licmsoft OffJC~· ·tOOf I.m:r tj uJ!ify fo r 'lO 1 ~'-l lt' upon .'l<.·qrnrlnt: ~11CTtJsof1 :\co.-~s 2.0 P12.9 upfJ'.)dc: SRl ' J. L 1n·n"t'J U"l·a ol \)lf1h' !'?nir".:1111L1l, Offl\""'l' S1;md.W. Won! , :\ hcrosoft E.~!. J\, wn lhm 1·, or .\110 
Office Prof~$l(m:i.l ux. ludo: ~-t1nosof1 f.JU..-d, m:ird, Pu wt:rPoim , ,\ tk1osoi1 Aci;:css. :mJ ;t wo 1b1:i11on hccnX' for :\l.:Lll l ~tul !tCJ'\'CJ md ·"°t'n.'-:ul· ;\~·quin:-d ~(·p.1.r:itrh·). Jn th(" .~1 1 Unltr.I S1:.1r(, C'JIJ 181.l()l J,0-89%, Ckpt. C!'J. For infn •m l ~· : In C'.• u,;11b, \~ti lSOOJ $61 -~ 



They say you can't be all things Then fasten your sear belts. event model for added control and 

to all people. But one database Microsoft Access packs speed, flexibility similar co Microsoft• 

comes really close: new Microsoft 

Access" database management 

system 2.0. The first relational data

base for everyone. 

TlnWlmrdllnlce'°"'detllto ~ 
• Mlcr-'I Word~, "'-=--' 
.o !Ml you-print lorm ~ 
.._.or~enwio,._ U:..::::::::... 

V(JMd do you nnt the W1anl to do? 
~!i,lnlcyourdetlltoanllillllng 

•Ml«oaoll Word docunwtL 

C-•,_docunW11ancl1'- Unit 
the datll to It. 

Allw 11..._Mlcroeoll Word, the 
Wlmrdc;ian: 
r' OJ*I MkrMOll Word Help on how to 

_,...your nu merge. 

Mail Merge Wizard works directly with 
Microsoft Word to /1/ace your selected data 

into the document ofyour choice. 

Ifyou need a database with a 

small "cl;'you've found it. Microsoft 

Access is easy to use. So easy, you 

can create rabies, make forms, and 

print reports right from the start. 

Want that capital "D" variety? 

power, and control. Helping data

base developers quickly create 

sophisticated database applications. 

The fact is, Microsoft Access 

has something for everyone. Or 

more precisely, a lot for everyone. 

Like new Rushmore'" query 

optimization, a technology that 

makes queries lightning fast. So 

you get your data quicker. 

Like Tuble \Vizard, a feature 

that rakes you step-by-step through 

table setup and design. 

Like Query \X'izard, a helpful 

assistant who walks you through 

the steps of finding your data. 

In fact, thanks to lntelliSense'" 

technology, a Microsoft Office 

feature, many of your 

Thla--·--on;Whalclo--•·'---on......--·oelllllOOY·---........... ,...-.Cldcu.-butlon··.,_,.. --·MM&a 

Addfitlly fi111ctional buttons to a form using 
the Button \ViZ11rd. Microsoft Access does all the 

work of writing the code behind the bul/0 11. 

Visual Basic· programming system. 

Microsoft Access even makes 

it easy to rap into any current data

base you have, from Paradox· to 

Microsoft SQL Server. 

You can also count on unlimit

ed no-charge product support 

Wit/J OfficeLink:;, 
send data directly to 

Microsoft face/ 
using the Analyze It 

too/bar b11t1011. 

by phone (roll charges may apply). 

routine tasks will be auto- And for as little as 99· for an 

matic. And your complex 

tasks become much easier. 

Of course when y , d
' ou re rea y ro 

venture beyond the basics, 

W1th tools that help yot 

develop powerful data

base applications. Including 

engine-level validation guar

anteed to keepyour dara safe. 

upgrade or 359· for the Office 

Professional upgrade, Microsoft 

Access couldn't be more, well, acces

sible. For a resellers name, or to 

And a program-
Oling Ian guage Microsoft Officefeaturing an 

:ess qu.t/ify for s40 1cba1c upon .u:qulrlni; Offn rtokiik>n.il -f.J ( \J?') upjtr.&dc SRP). rlu.s 11pplk'.lblc s:1lc1 t.t,x, Rcsclkr pric~ may\";lly. Offct i;oo<1 umtl Augm1 JI, l.994 :ind only In rhc SO Un!1cd St,u~. ::i 1994 Mkm$0fl II'\ All rlt;hu rcxn't'd. />.Urnnoft 
~idc lhc 50 Unh.rd Scm::i. & CuuJ.J , o.11your \oc;1I Mkm)o()ff ~uhsi,lt.u~· or (206) 936-8661. ,\ fic'TQro f1 , ~ llous.ofl Acrru, J\y.\·cr fblnt. V1swl &we :mJ the \~"inilov.~ ~1 arc rcgis:l!'tcJ rndnn:irk!. :md lnr dliSmsc :uul Rmhmun.- arc u:1eknurlu Qf ,\tkmM>ft Corp. 

http:rtokiik>n.il
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News&Views 
D I G ITAL S I GNAL PROCESSI NG 

The Engines to Make Multimedia 
Mainstream .. ... ....... ..... .. .. .. .. 22 
As ind ustry groups seek to standardize 
software programming interfaces, DSPs 
may hold the key to bringi ng voice , 
video. and telephony to low-cost PCs. 

NETWORK OPER ATI NG 
SYSTEMS 

LANtastic 6.0 Creates Peer 
Pressure... ...... ... ..... . ... .. .... ..26 
Peer LANs have evolved fro m limited 
f'unction packages to full-featured systems 
that integrate into enteqirise LANs. 

INTERNET 
COMM UN I CAT I ONS 

Front Ends Ease Internet 
Access .......... ..... .. .. ..... .. .. .. .30 
A number of companies are releasing 
soft ware designed to make accessing the 
Inte rnet eas ier. 

Adapting GUI Software for the 
Blind Is No Easy Task .. .. . .. .. .. .. .33 
The widespread adopt ion of graphica l 
app li cat ions adds a whole new set of 
challenges for appli cations deve lopers 
and visuall y impaired users. 

P D A S 

Motorola's Envoy First to Run 
Magic Cap . .... . ... . .. .. .. ....... .. .. 34 
Despite ini tial disappoi nting results in 
the area o f PDAs, companies continue lo 
deve lop hand-held. eommunicati ons
cenlric computi ng devices. 

PRO •RAMM I NG TRENDS 

CAD Gets Objective . ... .. ... .. ...... 38 
CAD soft ware vendors are beginn ing to 
exploit new technologies such as object
oriented programming and OLE 2 .0. 

OPE RAT I NG SYSTEMS 

Apple's and Microsoft's System 
Software Road Map ...... ...... ... .40 
App le recent ly divulged new 
informati on on plans fo r its Mac 
operating system. 

N E W PRODUCTS 

What's New .. ...................... 220 

Sparcbook 3 ships wi th the Solaris OS ; 
Face to Face prov ides real-time cross 
platform document confe rencing for 
PCs and Macs: and more. 

B YTE MAY I 994 

PROGRAMMING 

Componentware 46 
BY JON UDELL Component software, as exemplified by 
Visual Basie's custom controls, is succeeding where object
oriented computing has fai led. 

Object Wars-52 

Features 
SOFTWARE DEVELOPM E NT 

Extensible Software Systems 57 
BY DICK POUNTAlN AND CLEMENS SZYPERSK l New program
ming tools are needed to develop software syste ms that can be easily 
extended with new modu les. 

Subtyping or Subclassing?-58 Inheritance or De legation?-60 

I NFORMATI ON PROCESS ING 

The Computerized Patient Record 67 
BY SCOT!' WALLACE Computerized patient records will improve 
healt h care and reduce costs. 

MULTIM E D I A 

Desktop Data Conferencing 81 
BY ANDREW W. DAVIS A new breed ol' mult ifuncti on DSP
based periphera ls makes data conferencing inevitab le and lays the 
grou ndwork for personal videoconferencing. 

The Higt1 Cost of Videoconferencing-82 

DSPs and the PC Mainstream-84 

State of the Art 

W I R ELESS COMM UN I CAT I ONS 

Wireless Gets Real 90 
BY DAV ID A. HARVEY AND RI CHARD SANTALESA 
Buoyed by new products, serv ices, and access standards , wide-area 
wireless comm unications is ready for prime time . 

PCSes Are Coming-94 

Reviews 
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Universal Wireless LANs 99 
BY CEES LI NKS. 
\VIM DIEPSTRATEN. 
AND VIC HA YES 
The [EEE brings order to the 
chaotic world o f' wire less LANs by 
agreei ng upon a fou ndat ion 
protocol for media access. 

The Evo lution of a Standard-102 
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Hands On 
FONT MAPP l NCi 

Under the Hood: 
The Panose Typeface-Matching 
System... .. ......... ... . . .. . .. . 187 

BY SCOTT BOGGAN AND 
MICHAEL DELAURENTIS A look 
at a fon t-match ing system based on 
visual ch<iractc ri sti cs. 

PROCIRAMI"v1I NG 

Some Assembly Required: 
Agents Away 113 The Icon Programming 

Language.. . .... . . . ... . ... .. . . .193
BY PETER WAYNER 
Telesc ript pro vides the glue that BY RALPH E. GRISWOLD Icon does 
lets personal communicators access string and structure processing and 
the world. It could change the way numerical computat ion. 
you tal k to the world . 

NETWORK I NGSpeaking the Same Language-118 

Beyond DOS: 

IPX and NetBIOS for 0512 .. . 201 

BY BARRY NANCE Over-the-wire 
message pass ing with Ne tBIOS 
and !PX in an OS/2 environ ment. 
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E-Mail from Afar 122 
BY HOWARD EGLOWSTEIN AND BEN SM ITH 
Lotus cc:MaiJ and Microsoft Mail provide the 
necessary E-mai l tools for communicating with 
offices in far-fl ung locations. We li ked both user 
interfaces, but cc:Mail is ea~ier on the administrator. 

E-Mail in Your Pocket-124 

Can PC E-Mail Be the Wrong Choice?-126 

NETWORKS 

Without Peer 133 
BY BARRY NANCE Zenith Data Systems' new 
$999 Z-Stor Personal Server is a dedicated file server 
that makes sense fo r small workgroups. Bundled 
with Novell 's Personal Net Ware, it almost insta ll s 
itself on Ethernet LANs. 

PROGRAMM ING 

Poet in Motion 137 
BY RICK GREHAN Poet 2. 1 is a true object-oriented 
database thac also includes all the fea tu res of a full 
blown multiuser database: compound indexes, 
locks, even multi level transactions. Grehan explains 
how programmers can use the same structures of 
C++ code to support the database. 

V OICE RECOGNI T ION 

Desktop Dictation 145 
BY STANFORD DIEHL The TBM Personal Dictation 
System bri ngs computer-based dictation services 
to a mainstream corporate audience. With its support 
of voice input of system commands and its 
sophisticated dictation appl ication, the system 
can support text entry in a fu lly "hands-free'' 
environment. Its accuracy and ease of use make the 
system viable for general business correspondence. 

Learning to Listen-146 
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Printer at Work 149 
BY ED PERRATORE The first At Work laser printer, 
Lcxmark's Win Wri ter 600 provides good 
performance and an excellent user interface. 
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Big-Screen Stars 157 
BY STEVE APIKI Capable 2 1-inch moni tors from 
Nam10 and Nokia push resolution to a flicker-free 
1600 by 1200 pixels. Both can suppon an 80-Hz 
refresh rate if you've got the right graphics card. 

COMMUN ICATI ONS 

SITcomm Is Serious 161 
BY TOM THOMPSON Apple Events suppon is one 
reason Thompson finds Aladdin Systems' S!Tcomm 
a standout among Mac communications packages. 

PR I NTERS 

Lab Report: 

Head to Head: 71 Printers 164 

BY SCOTT HIGGS AND Cl-I ANDRIKA MYSORE 
We use our PC and Mac printer tests to choose the 
hest of today 's lase r. ink-jet. dot-matrix. and color 
printers for six importan t business applications. 
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As We Went to Press-166 
How We Tested-168 
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Crash, Bang-Quake ........ 205 

BY JERRY POURNELLE Jerry 
survives an eanhquake, install s 
a LAN server, and gives out more 
User's Choice Awards. 

Books and CD·ROMs: 
Entertaining Math Models ... . 41 
BY RICK COOK. LAMONT WOOD. 
DAVE VISLOSKY. AND BEN SM ITH 
Mathematical modeling, CD-ROM 
databases. computer ethics. and 
3-D graphics li braries. 
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This page presents the articles in 
this issue according to computing 
plarform. 

DOS/WINDOWS 

CAD Gets Objective ..... . .....3 8 

A modu lar Windows-based develop
ment tool, Cadkey Object Developer 
provides an object-oriented environment 

in which to create CAD applications. 

FoxPro 2.6 Targets dBase IV 

Market .. ..... ... .. ...... ... .... 40 

Micrusol-i" s latest version of Fox Pro for 
DOS and Windows goes head-to-head 
with Borland's dBase IV. 

Apple's and Microsoft's System 
Software Road Map .. ....... .. 4 0 
What to expect down the road from 
Microsoft ' s new operating syslcm . 

E-Mail from Afar ... ...... .. .. 12 2 

PC-based E-mail sys tems from Lotus 
and Microsoft can tic large organiza
tions together with suppon for multiple 
platforms. remote users, and gate\1.1ay 
connections to other mail sys1cms. 

Without Peer .. ........... .. .. 13 3 

The $999 Z-Stor Personal Server from 
Zenith Da rn Systems inexpensively pro

vides peer-to-peer Ethernet LA Ns with 
the reliability of a dedicated file server. 
The bund led Nove ll Personal NetWare 
software gets along with Windows for 
Workgroups. 

Poet in Motion ... . .. ..... ... .137 

Poet 2. 1 is a true object-oriented data
base that also includes all the features 
of a full -blown multiuser database: 
compound indexes, lock s. even mu lt i
level transactions. Grchan evaluates the 
persona l edit ion of Poet for Windows, 
which requ ires ei ther Microsoft Visual 
C++, Borland C++, or Symantec C++. 

Printer at Work ....... . ..... .14 9 

Lcxmark 's Win Writer 600-dpi laser 
printer puts Microsoft 's At Work Print
ing Software to good use. 

Big-Screen Stars .... .... . .... 157 

Push screen resolution to new frontiers 

with a 2l·inch monitor from Na nao or 

Nok ia. CAD users will appreciate 1600
by 1200-pixel resolution at an cyc 

saving 80-Hz refresh rate. 


Lab Report: Head to Head: 

71 Printers ..... .. ...... .. ....164 

This month we ran our PC-based printer 
tests on laser, dot-matrix, ink-jet. and 
color printers to determine 1heir rank
ings for high-end business and profes
sional applications. 
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OS/2 


Desktop Dictation . .... ..... . .145 

TI1c IBM Personal Dictation System 
bri ngs computer-based dictation ser
vices to the OS/2 desktop. The package 
suppons voice control of the OS/2 inter
face as well as a soph isticated dicration 
application. Its accuracy and case of use 
make the ystem viable for general busi
ness correspondence. 

IPX and NetBIOS for 05/2 .. . 201 

Nance demonstrates that programming 
!PX and NctBIOS in an OS/2 environ 
ment isn't as difficult as you might 
think . 

Poumelle: Crash, Bang-

Quake..... . ...... . ........ .... 205 

Jerry offers some guidelines to help you 
decide whether or not to make the 
switch to OS/2, installs OS/2 LAN 
Server 3.0 Advanced in Chao · Manor. 
and announces the rest of the User' s 
Choice Award winners. 

MACINTOSH 

Apple's and Microsoft's System 
Software Road Map ...... ..... 40 
Apple reveals new detai ls of its system 
soflwarc slrntcgy . 

E-Mail from Afar ... .. .. .. .. .. 122 

Herc's a feat ure-by-feature comparison 
of the two LAN-based packages 1hat 
comm and the lion's share of the E-mai l 
111arke1: Lotus' s cc:Mai l and Microsoft 
Mai l. 

SITcomm Is Serious.. ..... .. .161 

A latecomer to the tcnninal-emulat ion 
market. Aladdin Systems' S!Tcomm of
fe rs unique features that give it a hefty 
competi tive advantage. Suppon for 
high-level Apple Events is one such 
fe ature. 

Lab Report: Head to Head: 

71 Printers ..... ........... ... 16 4 

Ou r srn ndarcl sui te of Mac-based printer 
tests reveal which of the current crop 
of laser. dot-matri x. ink-jct. and color 
printers work best in a Mac intosh 
environment fo r six key business 
applications. 

E-Mail from Afar .. ..... ...... 12 2 

While both Lotus"s cc:Mail and Mi
crosoft iv1::til support clients running 
DOS. Windows, the Mac. nnd OS/2. 
cc: Mail now adds Solari s to 1he list of 
clknts thm it suppons. 

The Icon Programming 

Language ....... ... ........ ..•193 

Originally staned on Uni x, this high
level general-purpose programming lan
guage now runs on a variety of 
platfom1s. All implementations, includ 
ing the source code, arc in the public 
domain . 
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LANtastic 6.0 Creates Peer 

Pressure ... . .... ... .... ....... .2 6 

Now that Anisoft has licensed Novell' s 

Net Ware Core Protocol, LANtastic 6.0 
can access file nnd print services from 
NctWare networks. And its object-ori 
ented groupware features will compete 
to-"·to-toc wi th Windows for Work
groups 3. 11 . 

Wireless Gets Real. .. ....... .. 9 0 
Two-way wireless communication in 
the fonn of analog cellul ar, RF packet 
data. and cellular digital packet data 
technology will shape the furure of en
terprise computing by enabling any 
where. anyti me access to E-mail . infor

mation services. and LAN-based 
resources. 

Universal Wireless LANs.. .. .. 9 9 

The DF\VMAl. prntncnl promises to 
b1idgc the interoperability gap by pro
viding a common access protocol for 
wireless LAN systems. It suppons both 
ad hoc wireless LANs and a formally 
structured wireless LAN environment. 

Agents Away .................. 113 

Tclcscript-a communications language 
that lets you bundle your messages, re
quests. and preferences into an intelli
gent program that is sent across the net
work- aspires to be the centerpiece of 
the globa l interactive network. 

E-Mail from Afar ..... .. ..... .12 2 

rr you' re looki ng for a way of communi

cating with remote offices wi thout the 

expense of inslalling wide-area network 

services. one of these LAN-based 

E-ma il packages may be for you. 


Without Peer ...... ..... ..... .133 

Zenith Data Systems" $999 Z-Stor Per
sonal Server blurs the distinction be
1wccn peer- to-peer and client-server 

LANs. Bundled with Novell' s Pe rsonal 
Net Ware, it ' s a dedicated fil e server for 
small workgroups. 

IPX and NetBIOS for OS/2.. . 201 

Nance provides an over-the-wire deliv 

ery system for SQL statements that 
works equally well through either 
NetBIOS or IPX . 
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It's the same size as a · 

3.5" floppy diskette. It's as fast as mo$thard 

disk ~rives. And you gan write,erase anp'rewrite over four million times. 


· .But it's rro floppyl It's Rinnacle:s n~w· TahoeN230 ·Portabl~ 3.5" Optical Hard '':. 
D'rive With 230:Megabytes.of removabl,e optical storage. · 

The iJ'ahoe~230..isthe mostversatile ·storage device· 

available today. 


It's a perfect 

5olution for both 


portable and 

deSktop 


· compilti..g. 
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Missions don't get much more critical than this. Motorola~ is currently developing 

the IRIDIUM~'" System, a massive cellular communications system involving a con

stellation of 66 satellites orbiting the earth. Equally critical is the massive amount 

fraJ!l~Maker4 
of documentation required to get the IRIDIUM System off the ground. And natur

ally, Motorola selected the best tool for tb.e job: FrameMaker." ~ FrameMaker delivers exactly wl1at 

Motorola needs for all their hardware and software documentation. The abJity to easJy integrate text, 



charts and graphics in long, structured formats. On-line document distribution with hyperte>..i: capabili

ties for fast and easy access to technical information. And multiplatfonn capabilities for file compatibility 

across the PCs, Macintoshes, and UNIX workstations on site, as well as remote access from systems 

all over the world. ~ Now imagine what FrameMaker can do for your business. Cal1 l-800-U4-FRA1\1E 

Ext. 603 today for our comprehensive Guide To Document Publishing with FrameMal~er 4. And see 

what FrameMaker can accomplish with your mission critical documents. ~Frame~ 
Circle 91 on Inquiry Card. 



I~nmtm IDennis Allen 


The Entertainment Factor 

Developments in 

the entertainment 

industry are strong 

indicators of just 

what lies ahead 

for the enterprise

computing world 

Computer technology for the next 30 years will be driven 
by the e nt e rt a inme nt industry. That 's what Ed Mc
Cracken, the CEO of Silicon Graphics, said at the recent 
PC Forum-the who's who mee ting of the computer in
dustry. Th is was no news flash to the other computer 
company CEOs. presidcnL'>, vice presidents, and strategists 
attending the forum: Consumers in the pursuit of enter
taimnent will spend enough money to make investments 
in certain technology areas worthwhi le. 

Sure, McCracken has a vested i111erest in say ing what 
he did. After all , it was his computers that created the 
dinosaurs of Jurassic Park. It is also Si licon Graphics 
that is transferring its considerable graphics capabilities 
to build a 64-bit computer (call it a game, if you will) 
with Nintendo. It is also Si licon Graphics that is working 
with Lucas Films to move Hollywood out of the fiJm 
(" linear storage," as the fo lks at MCA call it) business into 
all -digital movie productions. McCracken also spoke of 
virtual reality theme parks in which hi s company wi LI 
play a major role. According to McCracken. Si li con 
Graphics even supplies an employee to play "video key
board" for Gratefu l Dead concerts. So, yes, it 's fair to say 
that he has a vested interest in following and promoting 
the entertainment industry . 

That fact , however, doesn' t make him any less right. 
Again to use McCracken's view, it 's not business that 
has driven tec hnology for the last 30 years-it 's been 
the military. Had it not been for the military and its in
terest in the space program, would we ever have seen 
mass-produced microprocessors? The fact of the matter 
is that the arrangement hasn ' t been so bad. While the 
military subsidies pa id for certain R&D of large. expen
sive technologies, the PC industry ro lled out bits and 
pieces of those technologies-more often than not with 
notable improvements- first to individuals and later to the 
business enterpri se. 

While the PC industry likes to take credit for having in
vented everything, it has not invented so much as it has 
borrowed. Or to put it another way, it has not invented so 
much as it has scrounged around among the leftovers of 

government-subsidized research. But the net result has 
been good. We have more desktop and enterprise-wide 
computing power and functionality than ever before. 

So just what does it mean that entertainment will now 
drive technology? In some ways , not much. New tec h
nologies will come about, and the PC industry will move 
them to the desktop to solve problems in the enterprise. 
On the other hand, it's a matter of focus. There are certain 
technologies that the entertainment industry seeks to ex 
ploit, and it is in those areas that we can expec t rapid 
outgrowths to the desk top. 

Clearly, the target technologies for entertainment are 
video, sound , user interfaces, and communications (aka. 
the data highway). That' s not news ei ther. But the prob
ability that a Nintendo game or a digital et-top box run
ning something like Prodigy TV (a proposed marriage of 
information mid regular TV broadcasts) or even an amuse
ment theme park wi ll be the first to produce usable full
motion, 3-D images with beautiful sound and virtual re
ality interfaces is significant. You ought to be watching 
tho e developments so you can pred ict how those tech
nologies will work on the desktop in the enterprise . 

Consider Michael Crichton' s new book, Disclosure. 
which takes place in the high-tech industry and uses vir
tual reality as a means for the hero to explore corporate 
databases in an effort to solve hi s problems. Jn the book. 
the characters wa lk on spec ial mats and wear specia l 
glasses to wander through the corridors of networked 
computers to find virtual fil e cabinets, open virtual file 
drawers, and leaf through virtual fil e fo lders. An inter
esting way to explore a database. to be sure, but accord
ing to McCracken, that scenario in Disclosure (an ex
cellent book, by the way) is a lot closer to becoming real 
than you might think. 

But long before we can tiptoe through our databases, 
that kind of technology wi ll be a stap le for entertain
ment. Likewise, the first widespread use of videocon
fe rencing may be on a TV set while people play games 
wi th fo lks in other parts or the world. None of this makes 
the technology any less sophisticated or less important to 
enterprise computing, but if we watch close ly. we just 
might be able to pred ict the future. • 

D ENNIS ALL.EN. EDITOR IN ClllEI· 

(da/len@hix.i"om) 
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THE LEADER IN OBJECT COMPUTING 

asses Microsoft 
''Borland C++ 4.0 surb~ning multiplatf orm 

com ·thCVisual ++ • • • · ual tools wid new vis 
support an t C++ features.'' 
state-of-the-ar PC week, Jan. 1994 

The world chooses Borland C++ 

for its 1&/32-bit standardl 


Experts agree! There's only one 

C++ that makes moving to 32-bit 

development a snap. It 's Borland® 

C++ 4.0 and it 's the world-standard 

16- and 32-bit compiler. 

" ... it shows Borland'~ 
attention to developer s 
needs." ~SIJGPPlll',fell· 1894 

Borland C++ gives you a single 

Integrated Development Environ

ment to target DOS, Windows, NT 

and Chicago platforms. There's a 

Project Manager that will build 

16- and 32-bit versions simultane

ously, and a TargetExpert to make 

switching between platforms as 

easy as clicking a mouse. Plus you 

get a compiler that includes the 

latest ANSI C++ features, such as 

reusable templates and robust 

exception handling. You want 

speed? PC Week says, "Borland 's 

compile-link speed ... was about 

twice that of Visual C++ 1.5." 

And getting started is easy too. 

The AppExpert and ClassExpert 

will create your application for you. 

You simply plug together high-

functionality components-like 

SpeedBars;> editors and status 

lineS-from OWL 2.0. Perhaps 

that's why Software Del'elopme111 

And since 

OWL2.0 is 

platform

indepen

dent, the 

code you 

~~a:~!I

111 DOS. Wllllnrl. 1111 W-. NT 
The workS·tlllndurd C and C· · 

magazine proclaims, " Anything that I 1-800-336-8464, ext. 8310 I 
MFC can do, OWL can do better." 

ln Canada, call 1-800-461-3327. 

Borland 
Power made easyrn 

create will run today on 16-bit and 


32-bit Windows. That's code with 


the future built in. Get Borland 


C++ 4.0 and get a head start on 


tomorrow 's projects today. 


90-day, money-back guarantee! r ----- ISee your dealer or call now, I 

Copyright © 1994 Borl and ln1emation:1.I. Inc. All rights reserved. All Borl und produc1 nnme.s arc lrJdemarks of Borland ln1em ationnl, Inc . Bl 6587 
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Over 3Million Copies Shipped! 

And Now.... 
Introducing Colorado Backup for Windows 2.0 
Tape Backup and Archival software from Colorado 
Memory Systems, the leader in tape backup solutions. 

Since 1990, Colomdo Memory Systems has shipped 
over 3million copies of our popular Colorado 
Backup· software. 1 ow, we bring you new 

Colorado Backup for Windows· 2.0, which suppollS 
all Colorado Tape Back·up Drives from 120 MB to 
4GB through a common, easy-to-use inte1face. 

•!• Powerful feature · include drag-and-drop 
sin1plicity, reliable background oper.ttion, 
automatic - unattended backup, disk grooming, 
broad network compatibility, a Tape Library to 
help you locate lost or arcl1ived files quickly, 
file re-<lirection and open file handling. 

•!• Explore Colorado Backup for 
Windows 2.0 and the complete 
line of Colorado Tape Backl!p 
Solutions tcxlay. 



Better Backup. 

G

fVEN THE VALUE OF YOUR DATA, 

you'd bener back it up. And there's no 
bener backup than Colorado Tape Backup. 

With capacities from 120 ~m· up to 4 GB* and 
dozens of industiy awards, 
Colorado Tape Backup Solutions 

are the world's 1umber 
One backup systems. 

Colorado ''Backup for Beyond all the 
Megabytes andWindows 2.0 supp01ts Megahertz that you get 

all Colorado Tape out of your system, 
it's the data in it d1at'sBackup drives through ult imately your most 

acommon, easy-lo valuable asset. 
Whether your data is on an use intetlace. 80 MB notebook or a 4 GB server, 

you need to protect your data 
every step of d1e way. Colorado 
rape backup is the easie t and most 

' 'reliable way to do it. And Colorado is 
recommended by editors, resellers and end users 
more than all od1er backup systems combined. 
Explore Colorado Tape Backup Solutions today 
and see what you've been missing. 

Jumbo Internal Tape Backup System 
Jumbo 500 AVAILABLE EARLY 1994 
• 255 ~IB native/500 MB compressed capacity 
• Up to 9.3 MB/minute backup speed 
• Includes software, minicartridge and more 

Jumbo 2;0 
• 125 MB native/250 MB compressed cap-Jcity 
• Up to 9.3 MB/minute backup speed 
• Includes software and more 

Jumbo 120 
• 60 MB native/ 120 MB compressed capacity 
• Up to 4.7 MB/minute backup speed 
• Include software and more 

Jumbo Trakker Extemal Parallel Port System 
Jumbo Trakker 250 
• Par,illel port interface 
• 125 MB native/250 MB compressed capacity 

.:,.:.:::::; • Up lo 8 MB/minute backup speed 
• Includes software and more 

Jumbo Trakker 120 
• Parallel port interface 
• 60 MB native/ 120 MB compressed capacity 
• Up to 4 MB/ minute backup speed 
• Includes software and more 

PowerTape & PowerDAT High Capacity Systems 

PowerDAT Series 6000 

c:::.:::-:.r----=-
• 2 Gigab1~e native/4 GB compressed capacity 
• Backs up 300 MB as fast as 30 minutes•Includes software, data cartridge and more 
• Optional Cheyenne· ARCserve· for PowerDAI" 

PowerTape Series 4000 
• 2 Gigabyte native/4 GB compressed capacity 
• Up to 18 MB/minute backup speed 
• Includes software, data cartridge and more 
• Optional Cheyenne· ARCserve· for PowerTape·· 

PowerTape Series 2400 
• 1.2 GB nali\'e/2.4 GB compressed capacity 
• Up to 18 MB/minute baclrnp speed 
• Includes software and more 
• Optional CheyeMe· ARCserve- for PowerTape" 

PowerTape Series 1100 
• QIC compatible 

Al!!lll!l!!ll,..,~ • 525 MB native/1.05 GB compressed capacity 
• Up to 12 MB/minute backup speed 
• Includes software and more 

Call/or more informalio11 and FREE literature 

1-800-451-0897 
F.xte11sion 750 

Circle 73 on Inquiry Card (RESELLERS: 74). 
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In the real world of project manage
ment, the only constant is change. 

format. Evaluating 
"what-if" scenar

Betare you make aproject
Managers are faced with coordinating 
more activities in less time, with tighter 
budgets, and workgroups spread out 
across the building and around the 
world. So what can managers at all 
levels of experience count on to keep 
them up to date and in control - Project 
Scheduler 6 for Windows! 

Unlike many software programs 
that claim to be easy to use, Project 
Scheduler 6 for Windows really is, and 
the experts agree.According to a recent 
InfoWorldreview; "Project 
Scheduler's interface is a joy to 
use... Scitor understands how people 
use project management software." 1 

But Project Scheduler 6 offers 
managers more than just relief from 
occasional project stress. 

"Project Scheduler 6 surpasses 
Microsoft Project and CA Super
Project - in addition to challenging 
many high end packages." wrote 
InfoWorld.2 

Easy to learn and use 
project management 
software . 

Multi-project environments 
Advanced modeling 
and analysis 

Flexible reporting 

~~~!~~! 

Sophisticated modeling features, like 
the Advanced Resource Tracking 
Spreadsheet (ARTS}'", let you evaluate 
resource costs and usage on a period by 
period basis using a familiar spreadsheet 

ios is aloo a breeze management software decision, 
with Project call for this free executive 

summary.Scljed.uler's 
aS,iliwro,perform Call 415-570-7700 
multiple.undo/rectos in seconds. 

Our software's built-in object
oriented report writer provides extra
ordinary flexibility and covenience. 
Andasthe first project management 
software to share information with 
,ather ODBC-compliant applications. it 
even helps build greater reporting and 
data management efficiency through
out theBnterprise. 

So, as Windows Magazine recently 
putit"Ifyou're seeking a Windows 
project management product that 
does it all and then some, Project 
Scheduler 6 fills the bill." 3 

e 1994, Salor Corporallon. 393 Vinlage Parl< Drive. Su•le 140. Fosler City. CA 94404. Tel. 415-57CH700. In Ganada, call 905·640·5493. Projecl Scheduler6. ARTS. and the Sci1orname are lrademar1<S of Sci1or Corpora1lon. 
Windows Is a trademark cl Microsoft Corporation. ' fnfoWorld, August 9, 1993. :lnfoWorld. January 3. 1994. JWlfldows Magazine, November 1993. 
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-PC Ubrl~ February 1994 

I 
We give you more and more ... for less . Check out the options. We offer you 

... . 
and less! PC World agrees.They awarded award-winning, Intel verified systems 
ZEOS the January; February and March with many upgrade paths. Choose 
1994 Best Buy awards for our 486DX2-66! from one of our money-saving pack

ages (many ready to ship the same day 
"a powerful Best Buy that has exceptional appeal for you order) or custom configure a system 
both performance and budget buyers:' to your exact needs. 

There's more. PC World went on to say the 486 sys The value doesn't stop with your system. 
tem is "the best all around value we've seen'.' Why? Many companies talk about service. At ZEOS, our 
Because we provide our customers with the latest tech customers do the talking. ZEOS has 
nological advancements at the best possible price. In won more PC Magazine Readers' 
fact, we lowered prices on most of our 486 Local Bus Choice for Service & Reliability 
Upgradable configurations-and we now offer the awards than any other company- ~ , , 
options of the new Intel 486DX4 microprocessor run five in all! And we were the first ~ 
ning at 75MHz or lOOMHz. company to provide our customers with 

And all 486 Upgradables 24-hour, toll-free technical support
are 100.% compatible with every day. You receive the best service 
every major network operat

11PROS: and support in the business. 

PC World reported the system tested was 

R
It runs withing system on the market, Excellent Plus all 486 Upgradables include aNetWare

including Novell NetWare. It's Performance, One Year Limited Warranty; 30-Day 
a breeze to get connected! 

Others will be green with envy. In 
addition to high-performance and lower 
prices, all 486 Upgradables are now "green'.' 
Support the environment by saving energy 
...and conserving energy means a real 
savings for you and your business. 

design, and support; 
low price. 

CONS: 
None:' 

-PC World, Feb 94 

Money Back Guarantee and Express 
Parts Replacement. 

Feature for feature, no one gives you 
more than ZEOS. At any price, any
where. ZEOS continues to be the best 
value. Call your Systems Consultant 
now at 800-554-5226. 



PACKAGE 1 


486SX-25 ......... ... ... $1195 

Lease $50/month 
486DX-33 ..... ...... ... $1395 

Lease $59/month 
486DX2-50.... .. .... .. $1495 
Lease $63/ month 
486DX2-66 ... .... .... $1595 

Lease $58/ month 
486DX4-75 ....... ..... $1795 

Lease $65/month 
486DX4-100 ... .... ... $1995 
Lease $72/month 

•Intel Verified: for the Pentiwn· 
OverDrive· Processor 

• 2MB high-speed RAM 
• 	107MB local bus hard drive 

w/32K cache 
• 3.5" l.44MB floppy drive 
• 	Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 	14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w/2 cooling fans 
• 101-key space-saving keyboard 
•EPA Energy Star compliant 
• MS-DOS6.2 

FAVORITE OPTIONS 

PACKAGE 2 


486SX-25 .... ... ... .. .. $1395 
Lease $59/ month 
486DX-33... .. ... ..... . $1595 
Lease $58/month 
486DX2-50........... . $1695 

Lease $61/month 
486DX2-66 .... ... .... $1795 
Lease $65/ month 
486DX4-75 ........... . $1995 

Lease $72/month 
486DX4-100 .. ........ $2195 

Lease $79/ month 

•Intel Verified: for the Pentiwn" 
OverDrive' Proces or 

• 4MB high-speed RAM 
• 214MB local bus h;ml drive 

w/32K cache 
• 3.5" l.44MB floppy drive 
• Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w /2 cooling fans 
• 101-key space-saving keyboard 
•EPA Energy Star compliant 
• MS-DOS 6.2, Windows for V\brk

groups 3.11, Microsoft Mouse 

PACKAGE3 


486SX-25 .......... ... . $1795 

Lease $65/month 
486DX-33 .... .. .. .. ... $1995 
Lease $72/month 
486DX2-50....... .. .. $2095 

Lease $76/ month 
486DX2-66 ........ .. . $2195 

Lease $79/month 

486DX4-75 ...... ..... $2395 

Lease $87/month 
486DX4-100 ..... .... $2595 
Lease $94/month 

•Intel Verified: for the Pentium· 
OverDrive· Processor 

• 8MB high-speed RAM 
• 426MB local bus hard drive 

w/ 128K cache 
• 2XCD-ROM, 3.5" l.44MB FDD 
• 	Diamond SpeedStar Pro 

Windows-accelerated local 
bus video with lMB RAM 

• 	14" 1024 NI SVGA color 
monitor, .28mm dot pitch 

• On·board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six· bay desktop w12 cooling fans 
• 101-key space-saving keyboard 
•EPA Energy Star compliant 
• MS-DOS 6.2, Windows for V\brk

groups 3.11, Microsoft Mouse 
• Choice of Lotus Application 

PACKAGE4 


486SX-25 .... ..... ..... $2195 

Lease $79/month 
486DX-33.. .... ....... $2395 

Lease $87/month 
486DX2-50........... $2495 

Lease $90/month 
486DX2-66 ... .. .... . $2595 

Lease $94/month 
486DX4-75 .......... . $2795 

Lease $101/month 
486DX4-100 ..... ... .$2995 
Lease $108/month 

•Intel Verified: for the Pentium' 
OverDrive· Processor 

• 16MB high-speed RAM 
• 528MB local bus hard drive 

w/ 256K cache 
• 2XCD-ROM, 3.5" l.44MB FDD 
• Diamond SpeedStar Pro 

Windows-accelerated local 
bus \~deo with lMB .RAM 

• 	14" 1024 NI SVGA color 
monitor; .28mm dot pitch 

• On-board SCSI socket 
• Two VESA local bus, five 16-bit 

and one 8-bit expansion slots 
• Six-bay desktop w /2 cooling fans 
• 101-key space-saving keyboard 
•EPA Energy Star compliant 
• MS-DOS 6.2, Windows for V\brk

groups 3.11, Microsoft Mouse 
• Choice of Lotus Application 

426MB to 528MB HDD UPGRADE .. ..... ..... .. ...... .... ... ....... .. $95 

10·BAY VERTICAL CASE .. .... .... .. ... .. .......... .... .. ........... .. .... ... $95 

ADAPTEC 6360 SCSI CONTROLLER CHIP .......... .. ...............$49 

96/48/24 V.42 bis SEND/RECEIVE FAX MODEM .... ......... $49 

DIAMOND VIPER VIDEO CARD 

with lMBVRAM: $149 .. .. .... .. ...... ..... ...... .. ...with2MB VRAM: $249 

15·1NCH SVGA MONITOR UPGRADE ................ ..... .. .... ... .....$95 


Fax Orders: 800-362-1205 or 612-362-1205. Phone Orders: Govern
ment: 800-245-2449, Outside U.S. and Canada: 612-362-1212. Purchase 
Orders, MasterCard, VISA, Am Ex, Discover, Z-Card'." COD and 
affordable leasing programs. Open 24 Hours a Day, 365 Days a Year! 

LOTUS SMARTSUITE UPGRADE 
Five Windows applications in one box! .. .... .............. .. .. ....... ......... .. $299 
COMPLETE MULTIMEDIA PACKAGE 
2X, rnultisession MPC2 CD-ROM, 

16-bit sound card, stereo speakers ..... .. .. .. ....... ..... ... .... .. .......... .....$299 

If your system includes a CD-ROM drive, 

upgrade with a sound card and speakers ....... ........... .. ...... .... ...... ...$148 

Many other affordable upgrades and options available. Call for details! 

CALL NOW TOLL FREE 

800-554-5226 ZEOS 

INTtRNATIONAl. LID.24 HOURS A DAY 

Circle 158 on Inquiry Card. 



Super Highway Construction Details 

Yo ur March cover s tory " Build ing the 
Data Highway" was extensive and broad
based, with a good balance between back
ground, current issues, and future potential. 
I am deep ly invo lved wi th these issues 
here at the Uni vers it y of Montana, and all 
too often, fo lks wri ting about the Internet 
don ' t have a clue. 

Thomas Morarre 
Lnlo. Mo11ta11a 

Our discussion of the Int emet 
has spawned many inquiries 
0 11 how to access it. 0 'Reilly 
& Associates ((707) 829
0515) sells l111eme1- l11 -A -Box. 
Th e National Center/o r S11
perco111pU1i11 g (NCSA , (2 17) 
244-3473) is the source for 
Mosaic. Both products p ro
vide an easy-w-access f rom 
end to the lntem et. - Eds. 

--...............
..........,.... 

Ito!\ ............. 


: * ........* .......- '.II 

-~---

Overall , I thought the data-highway article 
was timely and useful. But I must take ex
ce pt ion to yo ur comment, "ATM a lso 
doesn ' t now support multicasting, which 
means that all transactions are poi nt -to
point." Fore Systems' switches prov ide 
point-to-multipoint comm unication in an 
effic ient manner, not requi ring multiple 
point-to-point links to accomplish this task. 

Tony Mason 
Fore Sys1ems. Pi1tsh11rgh, PA 

Tlte ATM Forum User Network l11te1face 
Specification ( 3.0) does 1101 s11ppor1111u/
ricast service addresses bur does support 
point-to-111ultipoi111 virtual channel con
nections. These poi111 -10-multipoi111 cir
cuits let you transmit data and reach 
multiple parties, but you musr know all 
recipienrs ' addresses when you esrablish 
the connections. In 111ulticasting, you 
only need to know a single address, and 
rlwr server will know the others. The 
ATM Forum intends to support multi
casting in its next revision.-Eds. 

I must comm ent on the idea of supplyi ng 
universa l data-highway access by creat
ing ·•a public tru st fun d into whi ch a ll 
prov iders pay and from which subsid ies 
are drawn." I cannot subscribe to, nor sup
port, any type of arrangement where politi 
c ians have access to moneys in a public 
trust fund. Soc ia l Securi ty was a similar 
type of setup until politic ians sq uandered 
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it , leaving us with the crippled program 
no one trusts or re lies on. 

Erik Ohmberger 
Roches/er Hills, Ml 

At the Los Alamos National Laboratory, 
we read your article on the data highway 
with great interest, as we are work ing on 
the CASA Gigabit Testbed. But CASA is 
not a po int -to-point swi tchless network. 
The SONET (Synchronous Opt ical Net
work) lines connect to switches. wi th many 
computers on each switch. The a11icle also 

-· ~ 

implies that propagation delays 
are unique to the CASA net
work. One goal of our research 
is to hide these delays. 

Stephen Tenbrink 
Lvs A/01110.1-, NM 

Tlte point we wanted to make 
1vt1s that adding a site to a test
bed like Nectar could /Je ac
complished by establishing a 
link to an A T1\ll switch. Adding 

a site to CASA involves establislt ing a 
link to one other site in the network. We 
did not intend to imply thar the propaga
tion delay wa.~ unique to CASA or ajlaw 
in rhe test-bed, bw rather that it was 
what CASA intended to s111dy.-£ds. 

Technical Support-We Hit aNerve 

Your report on the increase in technica l
support calls (News & Views, March) ig
nores the rea l reasons: product de fects and 
lousy or incorrect documentation. If com
puter firms want to know why technical 
support is ex pensive and customers are 
angry, they ought to look at the slop they 
euphemisticall y call documentation. 

Joe l Amkraul 
Los Angeles, CA 

This is a11 excellelll point, b111 it doe.1·11 '1 

contradict the .findings of the Help Desk 
Institute. As the survey notes, major rea
sons f or the decrease in support rnlls are 
recurring problems being solved and bet
ter customer training, botlt of wlticlt im
ply that tlte offending products did 11 01 
work in the firs t place or were 1101 i11111
itive.-Dave Andrews 

Magic Cap: Radical or What? 

Ge nera l Mag ic's Mag ic Cap (News & 
Views, February) is hard ly a "radical de 

parture" from other point-and-cl ick GUis, 
much less original. The Home Desk by Rus
se l Lyon, a launching pad from HyperCard 
to other appl ications, looks quite similar. 

Annemarie T immerman 
Pi11sb11rgh, PA 

You aren 't tlte only one to notice the vi
suctl similarity between General Magic's 
Magic Cap and Apple's HyperCard. We 
noticed it, too, l t .I' did Andy Herz/eh/ and 
Bill Atkinson. early Mac and HyperCard 
pioneers \\'ho were among tlte fou nders 
o.F General Mag ic and are now develop
ers ofMagic Cap. But Mag ic Cap is 
original in its elimination of the distinc
tion (central to 111ost other operating sys
tems) among fi les, applications, and ob
jects.-A ndy Reinhardt and Tom Halfhill 

Liquid-Cooled PCs ...The Next Dumb Thing? 

The article "Liquid-Cooled PCs: The Next 
Hot T hing?" ( ews & Views, February) 
leaves me tota ll y dumbfounded . Does de
plet ion of the ozone layer dwindle into in 
s ignificance when compared to the need 
to cheaply coo l a Pentium chi p? Su much 
for green PCs. What's the next project
using whale o il as a lubricant? 

Norm Macleod 
SI. Jea11- .1·1ll'-Riche/ie11. Quebec Ci1y. Canada 

The Do/cir Pe11 1i11m portable co111p11ter 
uses F/11ori11ert, a chemically inactive 
fluid, in its liquid heal sink. It does not 
conduct electricity or harm the earth '.1· 

oznne layer.-Eds. 

AXES 

Due to a printer error, the first line of the 
capti on on page 193 in th e April issue 
Roundup was masked. The firs t line should 
have read : "Act ion 's time management 
cont ro ls are centered arou nd its bar-sty le 
time line, where each object in a .... " 

In the March issue (page 66), the locat ion 
for Hybrid etworks ((408) 725-3262) is 
incorrec t. It is locared in Cupert ino, CA. 

The February Lab Report (page 162) said 
the EISA bus has a 33-M Hz operati ng 
speed; instead, it has a 33-MBps data trans
fe r rate. The operating speed is the smne as 
th at o f an ISA bus (8.33 MH z), but its 
wider bandw idth increases the data trans 
fer rate by a fac tor of 4.• 



Microsoft• Windows'· for 

Workgroups 3.11 is fast. Very fast. 

In fact it might be more appro

priate to call it Microsoft Windows 

GTI. Because, for local disk ac

cess, its now up to 150% faster than 

Windows 3.l operating system. 

This added speed, powered by 32

bit technology from our "Chicago" 

project, means applications can be 

loaded at twice the speed. It also 

makes searching for files and load

ing Windows up to 100% faster: 

You'll be happy to hear that this 

new version of Wmdows can be 

used by everyone, whether you're 

stand-alone, networked , or dialing 

into your office from the road . 

Windows for Workgroups just in

stalls what you need and you're 

off to the races. 

Packed with new features like 

Microsoft At Work'" fax technol

ogy and super-fast networking that 

works with Novell" NetWare: 

Wmdows NT" and other standards, 

Wmdows for Workgroups 3.ll is an 

essential upgrade for any Wmdows 

3.l user. But theres only one way 

to experience this speed and power. 

Drive it. 
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Introducing 


TM 

A powerful new vision of programming.™ 

Break the barrier. Extend the boundaries. 


Free yourself from the limits of what procedural 

programming can accomplish . Get out of the code 

mode and into the VisualAge. 


Client/ server OOP from IBM. 
The ability to rapidly develop industrial

strength, object-oriented client/server applications 
breaks through with VisualAge, IBM's powerful 
new object-oriented visual programming tool. You 
can get the job done in the OS/2® workstation 

environment, with support for Windows™ coming 
soon. Working individually or in teams, you can 
produce scalable client/server applications with 

out rewriting yesterday's programs. And you can 
do it with amazing speed. 

VisualAge provides access for DB2/2TM in 

the base product, as well as optional access to 
other IBM and non-IBM databases, and access to 
a variety of remote applications and network 
protocols such as TCP/IP and CICS OS/2.TM It 
enables development of multimedia applications 
and doesn't require a communications program
mer for networking applications. 

co 

Recycle, don't rewrite. 
VisualAge suppo1ts development 

approaches that reward code reuse so you don't 
have to spend time writing code you've already 
written. It gives you prebuilt, standaTd-compliant 
objects to get you started, intuitive graphical user 
interface tools, and the added flexibility of a 
completely integrated Smalltalk object-oriented 
base. And it supports rapid prototyping and 
iterative development. 

IBM and 05/2 are reglslered trademarks and VisuolAge, 0 0212 end CICS 0$/2 oro trademarks of lntomational Buslnoss Machines CorporaUOn. Windows Is a trademark of Microsoft Corporation. Cl1994 IBM Corp. 



- - - --- - ----
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For a demonstration diskette, 
ca ll 1 BOU3-JBM-052. 

VisualAge is so extensible, you can even 

write your own add-ons. It provides an open 
arch:itecture, it's System Object Model-enabled, 
and it's based on industry standards. 

See VisualAge for yourseli. Call I 800 
3-IBM-OS2 (in Canada,! 800 465-7999, ext. 
657) to order or to receive a VisualAge demon
stration diskette. We'll show you how easy it is to 

make the barriers come twnbling down. 

SOFTWARE FOR OBJECT-ORIE TED PROGHAMMl G. 

==-==- ==® 
- -. --_ - _..._- - ----, _ 



DIGITAL SIGNAL PROCESSING 

The Engines to Make 
Multimedia Mainstream 
As industry groups seek to standardize software programming interfaces, digital signal 

processing may hold the key to bringing voice, video, and telephony to low-cost PCs 

DAVE ANDREWS 

D ue to their ability to rapidly process repetitive arithmetic , pro
grammable DSPs (digital signal processors) can enable PCs to per
form a variety of functions-fax and data modems to speech recog

nition to applying special effects to images. Because a DSP is optimized for 
processing certain functions related to speech recognition or digital video, it can 
serve as an efficient complement to a general-purpose CPU. But a lack of 
standards has inhibited mass acceptance of DSPs in low-end computers. Now, 
two efforts are under way to define software architectures that will let software 
developers incorporate signal computing in their applications without having 
to know the intricacies of different underlying DSP architectures. 

General-Purpose DSP Market (worldwide) 

1993 Actual 1997 Forecast 

Office $15 Military $27 Office $61 Military $91 

Instrumentation $34 Instrumentation $126 
Consumer $67 

Consumer $377 

Computer $122 

Computer $618 

Communications $431 Communications $1 , 100 


Total: $728 million Total: $2.493 billion 

Source: Forward Concepts (rempe, AZ) In mll/lons of dollars 

One effort is being driven by 
Microsoft, which has defined 
a software architecture for Win
dows that will insul ate hard 
ware and software developers 
from hav ing to know the nit 
ty-gritty detail s of a specifi c 
DSP. A group wi thin the IM A 
( Interacti ve Mul timedia Asso
ciation) is driving a second ef
forL th at hopes to establi sh a 
broad standard tha t encom
passes Windo ws , the Mac, 
OS/2 , Uni x, and o ther pla t
forms. The companies in thi s 
group are Apple, AT&T, IBM, 
Intem1etrics, and Microsoft. 

Motorola (Austin, TX) has 
already re leased PC Medi a, a 
development platfo rm for hard
ware and software developers 
who want to get an early start 
on developing multimedia so
lutions for Windows that re
place several single-applica
tion add- in cards. Microsoft 
says it will re lease a deve lop
ment kit this year that will let 
DSP manufac turers deve lop 
drivers that will let their chi ps 
work with applications written 
to the company's DSP software 
architecture 

Microsoft also says it is de
veloping a DSP resource man
ager, which will be available 
a t abo ut th e sa me time as 
Chicago, the nex t ve rs ion of 
Windows . Microsoft ' s DSP 
software architecture will in
te roperate with DSP kerne ls 
from AT&T, IBM, and Spec
tron Microsystems. The IM A 
was expected to re lease its API 
in April and development tools 
early next year. Microsoft says 
it is working with and will sup
port the efforts of the lMA. 

If a standard emerges that 
many hardware and software 
deve lopers support , end users 
will benefit by havi ng multi 
media-capable PCs that are less 
expensive than those available 
today. Because a programma
ble DSP can act concurrently 
as a modem , sound card , or 
othe r per iphe ra l, yo u don ' t 
have to buy a separate card for 
each function. 

If DSPs become standard, 
software deve lopers will be 
more inclined to support them 
in their programs. Spreadsheets 
tha t can " read" columns o f 
numbers as you compare them 
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to a paper backup, word pro
cessors that can send fil es over 
a modem from within a docu
ment , and databases that you 
can update by speaking into a 
microphone are just a few ex 
amples of applications that will 
become more prominent. 

Blake Irving, product man
age r for Microsoft ·s audio 
product unit , agrees that de
velopers were not shielded 
from the speci fic intricacies of 
individual DSP platforms of
fered by companies such as 
Analog D evices, IBM, Mo
torola , Tl , and others. Making 
an application work with each 
platfonn means extra work for 
the developer. PC hardware 
vendors faced a similar prob
lem: What if nobody writes ap
plications for the DSP we in
clude on our motherboard? 

However. not eve ryone 
thinks that dedicated DSPs are 
required to add signal comput
ing. For example, Apple 's new 
Power Macs, unlike its Centris 
660AV and Quadrn 840AV , do 

not have DSPs be Microsoft's DSP Windows Interface cause the PowerPC 
601 chip instruction I The appl ications developer Incorporates DSP functionality Application by writing to standard Windows APls. set includes the ba
sic signal-process

APlsing multiply-accu
{muttlmedla, telephony, messaging) 

The APls interlace through a device driver that calls the mulate operation , 
Microsoft DSP resource manager. Device drivers allowing it to oper

{wave, telephony service provider) 
ate as a DSP. 

Including func
The DSP resource manager allocates DSP resources and 

tionality in the CPU controls DSP tasks. The DSP driver manages PC-to-DSP 
DSP resource manager communications. A DSP driver provides the interface allows for a lower Interface and DSP drlver between the resource manager and the DSP real-time 

costing system, be kernel {e.g., SPOX). 

cause manufactur
The DSP real-time kernel resides on and Interacts with the ers don ' t have to DSP real-time kernel 
DSP hardware. 

add the extra DSP 
chip. Others are not IDSP hardware and 1/0 devices I 	The programmable DSP can act as a modem, telephone, 

sound synthesizer, or other device. so sure about that 
strategy, however, 

noting that today ' s hottes t CA), which develops DSP platforms with or without a 

processors will be consumed based products for the Mac, DSP chip," says Dave McLean, 

by tomorrow 's ambitious soft agrees. " People buy a Power manager of Mwave product 

ware. " Software DSPs I don ' t PC system for perfonnance. If marketing and business devel

believe are powerful enough," the first thing you do is load a opment at IBM. ''Our virtual 

Microsoft ' s Irving says."His lDSPJ function that brings the signal-processing strategy ac

tory has shown that software PowerPC to its knees, you ' re complishes that." Whether it 's 

has an infinite capacity to eat not getting the performance." in the DSP or in the CPU it 

up CPU cycles." "Software developers want self. however, signal comput


Joe Burke, president of Spec the ability to run their applica ing will change the way you 
tral Innovations (San Jose, tions on signal-processing PC compute. 

Tl's Breakthrough DSP 

D evelopers and analysts are raving over 

a new DSP (digital signal processor) 
that shatters speed records and brings an 
unprecedented level of performance to the 
desktop. The highly integrated chip from 
Texas Instruments (Dallas, TX) will begin 
appearing early next year in products rang
ing from high-end video-capture boards and 
image processors to videoconferencing sys
tems. It's so fast that it leaves powerful 
RISC chips in the dust and opens the door 
to applications that weren 't practical be
fore, such as portable fingerprint recognizers 
and on-the-fly digital filtering of video frames. 

Tl says the TMS 320C80, which is better 
known as the MVP (multimedia video pro
cessor), executes 2 billion operations per 
second , about 10 times the performance 
of previous single-chip DSPs. -it's probably 
an order of magnitude faster than any other 
DSP, • says Gerry Kaufhold , principal ana
lyst for ThorKa Research-TRIMM ((602) 
820-9112), a research and consulting firm 
focused on multimedia. Another ThorKa an
alyst, Rick Sizemore, refers to the chip as 
"the god of DSPs. • 

The MVP achieves its breakthrough per
formance with a combination of high inte
gration and a unique microarchitecture. On 
a single chip, it integrates four 64-bit DSPs, 
a 32-bit RISC CPU with an FPU , dual video 

controllers, a OMA controller with a 64-bit 
DRAM interface, and 50 KB of SRAM (stat
ic RAM). Using a 0.5-micron CMOS process, 
it incorporates 4 million transistors-about 
30 percent more than a Pentium micro
processor. The MVP is sampling now, and Tl 
says full production will begin early next 
year. At an expected cost of $300 to $400 
in 10,000-unit quantities, this powerful chip 
won 't likely begin showing up on commod
ity PCs anytime soon, however. 

Because the MVP is fully programmable 
and supports MIMD (multiple-instruction/ 
multiple-data) throughput, it can be applied 
to industry-standard compression algorithms 
such as JPEG (for still images), MPEG (for 
motion video) , and H.261 (for videoconfer
encing), as well as to proprietary schemes. 
An integrated transfer controller supports 
off-chip DRAM, VRAM (video RAM) , and 
SRAM with 400 MBps of 1/ 0 bandwidth. 

Developers say the MVP can do things 
that now require expensive workstations or 
multiple boards with numerous DSPs. For 
example , Printrak (Anaheim, CA), which 
makes fingerprint-recognition systems, is 
working on an MVP-based recognizer that 
replaces 28 DSP boards with a single board 
that's portable enough to be installed in a 
police cruiser. 

Dr. Yongmin Kim , a professor of electri· 

cal engineering at the University of Wash
ington (Seattle), has been working with pro
totypes of the chip since 1990. He is de
veloping an MVP-based high-end multimedia 
board that plugs into a VL-Bus slot. Future 
versions will support PCI (Peripheral Com
ponent Interconnect). The board, to be sold 
under a nonexclusive license by Precision 
Digital Images (Redmond, WA), performs 
audio/video processing, JPEG/ MPEG en
coding, and P*64 compression for video
conferencing. Kim says his single MVP board 
replaces the equivalent of eight DSP boards 
costing $30,000; POI expects to sell it for 
about $10,000. Kim says a convolution fll· 
ter performed on a 512- by 512-pixel video 
frame that took four seconds to execute on 
a 486-based PC requires only 19 millisec
onds on the MVP. 

"Researchers all over the country are go
ing to feel like they died and went to heaven 
when they get hold of this thing, · says DSP 
analyst Will Strauss, president of Forward 
Concepts (Tempe, AZ). "Every laboratory in 
the country is going to want one of these 
for voice recognition, high-end audio/ video 
processing, and what have you. Of course, 
the military is going to love it, because 
there 's nothing else better for radar and 
sonar processing." 

-Tom R. Halfhill 
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The new HP DeskJet 310 printer. 


DESKTOP TO GO. 
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· thigh-quality black 
white or color wherever 

you want to work 
·Hewlett-Packard presents the Desk.Jet 
printer that doesn't re11uire a desk. 
The HP Des~et 310 is small and light 
enough to let you print anywhere. ~t · · 
the office, at home or Oil·the road. And 
it gives you sharp, 300-dpi print quality, 
in black & white or color. 

The HP Desk.Jet 310 costs only $379~ 
yet it comes loaded with 84 typeface, 
size and style combinations, along 
with a new lightweight, multi:voltage 
power adapter. It prints portrai t and 
landscape on plain pape1; transpar
encies or labels, and it uses HP's own 
inl\jet technology for clea r, crisp ·out
put at up to three pages per minute. 

If that's not enough for you, a whole 
family of optional accessories is avail
able, including a colorkit for just $49, 
and a multi-page sheet feeder for easier 
desktop pri nting. 

HP has managed to fit everything you 
could want into a little print.er package. 
To see for you rself, look in the Yellow 
Pages, or call 1-800-552-8500, Ext. 
7858 for the name of the HP dealer 
nea rest you: 

DeskJet Printers 
Make it happen. 

r//P9 HEWLETT® 
~~ PACKARD 

"Snggt"Stc--<l llS. li:-t price. f in C.1ruufa call l-800-!JS7..'.)S(i7, 

Exl. 78&$. f!) ILtfi..'I Hewlt:tt-Padcanl Company Pt-; JZ:tlO 
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NETW OR K OPERATING SYSTEMS 

LANtastic 6.0 Creates Peer Pressure 


P eer-to-peer LANs have 
evo lved from limited

function packages into full -fea
tured sy tems. While they offer 
numero us fea tu res for small 
and medium installations, peer
to-peer ne tworks a lso easily 
and seamlessly integrate into 
existing enterprise-wide LAN . 
A case in po in t : Arti so ft 's 
LANtas tic 6.0 ($ 11 9 per node; 
( 602) 670-7100). The latest in
carnation of this popular peer
to-peer LAN is packed with a 
raft of improvements and new 
feature that challenge full 
fledged server-based LANs on 
nearly everything except price. 
LANtastic 6.0 ups the ante, fur
thering intense competition in 
the peer-to-peer arena. 

Among the new fea tures in 
LANtastic 6.0, the package's 
universal client wi ll cause the 
most eyebrow-ra ising in cor
porate insta llations. A LAN
tas tic 6.0 workstation can con
nect as a client to vin ually any 
server-based network operat
ing system . For the huge in 
stalled base of Net Ware users, 
Artisoft has licensed Novell ' s 
NCP ( NetWare Core Protocol). 
This lets LANtastic 6.0 access 
file and print services from any 
NetWare 2.x, 3.x, or 4.x net
work . LANtas tic 6.0 a lso sup
ports SMB technology, giving 

it access to Microsoft 's Win
dows for Workgroups, Win
dows NT, and LAN Manager, 
as well as IBM 's LAN Server. 

Stan Schatt , LAN services 
d irec tor at Computer Inte ll i
gence/ lnfoCorp (La Jolla. CA), 
expects the " million users of 
NetW are 2.x who ' ve been 
abandoned by Novell" to be the 
most immediate customer base 
for LANtastic 6.0. Art isoft has 
a lso come to the conclusion 
that certain users wi ll want 
more. Artisoft says it will ship 
a 32-bit server-based network 
operating system later thi s year 
(see "Artisoft and Novell in 
Technology Partnership"). 

LANta tic 6.0 ' s ace in the 
hole is Artisoft Exchange, what 
the company calls an "object
oriented groupware system." 
In this arena, Artisoft is going 
head-to-head with the group
ware fea tures of Window for 
Workgroups 3 .11, which in
clude mai l, scheduling, and fax 
support for the still-evolving 
Microsoft At Work standard . 
LANtastic 6.0 includes full 
featured mail and scheduling, 
as well as message forwarding 
to page rs. Arti so ft has an
nounced that it will also offer 
fu tu re gate way product s that 
allow connections to Novell 
MHS, MCI Mail , and server

to-server connections. 
Realizing that not a ll LANs 

require all features, the prod
uct has modular server com
ponents that let system adm in
istrators pick and choose the 
fea tures they need. Small in
sta ll a t io ns can eschew ad
vanced securi ty or the ex ten
sive network management. 

LANtastic 6.0 is being po
sitioned by Arti soft as a fl ag
ship product, between the en
try-level Simply LANtastic and 
the upcomin g se rver-based 
package. With the nex t ver
s ions of W indows and OS/2 
expected to have built-in peer
to-peer networking, lnfoCorp 's 
Schatt says that "operating-sys
tem companies wi ll be Arti
so ft 's biggest threat ," but he 
adds that Artisoft has a " bright 
fu ture." But in this era of par
simonious budgets, the lo w 
cost of peer-to-peer LANs is 
nearly irresistible. 

-Stan Miastkowski 

In round 1 of the Microsoft
Stac compression lawsuit, 
Microsoft was ordered to pay 
Stac Electronics $120 million 
for infringing on data· 
compression patents in the 
companies' patent and trade
secret dispute. In March, 
Microsoft began shipping MS. 
DOS 6.21, a new version that 
does not have the DoubleSpace 
disk-compression feature. Stac 
also had to pay Microsoft 
$13.6 million for misappro
priating trade secrets. Both 
companies say they will appeal. 

Modular Windows, the Tandy 
VIS's operating system, is a 
product no longer, according to 
a spokesperson for Microsoft; 
it began and will end with the 
Tandy VIS. The representative, 
however, said that much of 
what the indusby saw in the 
VIS-bound software may yet ap
pear In TV cable boxes. As for 
the VIS, the home-based enter· 
tainment system Is sbl l avaD· 
able through the Tandy cata
log, along with about 75 titles 
out of the originally promised 
100. You can still buy one at a 
Radio Shack retail outlet, but 
several ouUets we surveyed 
said the unit Is a poor seller. 

Artisoft and Novell in 
fechnology Partnership 

•. 

•, 

On the face of It , there 's hardly a more unlikely pairing.than 
Novell , the undisputed champion of corporate and enterp'rise 

computing, and Artisoft, which produces LANtastlc, the popular 
SOHO (small office/ home office) LAN. Neverthefflss, the \V'{o : 
companies have jointly announced that Artlsoft is licensing ~et
Ware 4.01 and NCP (NetWare Core Protocol). 

Artisoft officials say the company wanted to provide Its approxi
mately 2 mill ion users with a 32-bit, dedicated-server network op
erating system without having to develop that software from 
scratch. Artlsoft will use NetWare 4.01 as the core of its 32-l>i.t 
network operating system. The company hopes to release lo 
June an integrated program that installs a version of NetWare 
4.01 over a LANtastic peer-to-peer network. The server product 
will have the look and feel of LANtastic, Artisoft says, and will 
scale down certain NetWare features (e.g., the LANtastic version 
will not support full global directory services). 

Artisoft will be selling the 32-0it server and a LANtastic NLM 
(NetWare loadable module) as a package deal. The package will 
not be bundled with LANtastlc 6.0. 

-Alexis Tannenbaum 
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WATCOM'" SQL for Windows is ahigh-performance 
SQL database engine for Windows applications. The package includes 
everything required to begin using WATCOM SQL immediately from many popular 
Windowsapplications, supporting interfaces ranging from ODBC and DOE to the Windows 
clipboard. Everything necessary for application development in CIC++ (usi ng compilers from 
WATCOM, Microsoft or Borland) is also included. 

Installation in Under 10 Minutes Theeasy installation and setup reduce 
the time andexpense traditionallyrequired by client/server technology. Further, WATCOM SQL lets 
youachieve high performance results right out of the package without the need for performance 
setup and tuning by expert personnel. 

Perfonnance and Reliability WATCOM SQL'scost-based query optimizer 
and efficient data representation combine to deliverhigh performance.Transaction processing and 
declarati ve referential integrityprotect the consistency of your data.The client/server architecture 
reduces network traffic, resulting in increasedperformance for your multi-user applications. 

Scalable SQL for Now and the Future WATCOM SQL applications 
can be designed to run without change in environments ranging from standalone PCs to large multi
user networks. The32-bit WATCOM SQL Network ServerEdition unleashes the power of 3861486 
PC's to deliver high performance for large networkswith many clients. 

The Best Yalue in SQL Database Engines wATcoM '" sQ1 
for Windows has a suggested retail priceof $795*but for a limited time youcan get it at the 
introductory price of only $395*. Even better, as a registered user of WATCOM SQL you'll be able 
to get acopy of the6-user Network ServerEdition foronly $99* (Suggested retail price:$795*). 

Royalty-Free Runtime for only $99* As aregistered user you can get 
royalty-free runtime support for just S99*, enabling youto distributeour standalone single-user 
runtime SQL database engine with your applications royalty-free . 

1-800-265-4555 
The Leader in Development Tools 

Highlights 
II!- ODBC Level 2support 

II!- Built-in declarative referential 
and entity integrity 

II!- Visual Basic Interface 
II!- Bi-directional , scrollable, updatable cursors 
II!- Row-level locking 
II!- ANSI SQL and IBM SAA compatible 
II!- Full transaction processing support with checkpoint log 

and forward transaction log 
II!- Multiple simultaneous application connections 
II!- Symmetric multi-threading of concurrent requests 
II!- Import data from popular file formats including DBF 
II!- Automatic use of expanded and extended memory to 

improve performance 
II!- Static and dynamic embedded SQL interface for use with 

WATCOM's 16 and 32-bit CIC++ compilers, and other 
popular CIC++ compilers 

Also available: 

WATCOM- SQL Developer's Edition for DOS 

Complete ClienUSener Development Tools Package for 
DOS including Standalone Single-user SQL Database 
Engine. Enablesdevelopment and deployment of single-user 
standalone applications, and development of applications for 
use with the WATCOM SQL Network Server Edition. 

WATCOM'" SQL Network Server Edition 
High-perfonnance Multi-user SQL Database Smer 
for PC LANs. Supports multiple concurrent DOS or 
Windows clients in anetwork environment. 

WATCOM. 415 PhiII Ip Slreet, Waterloo, Ontario, Canada, N2L 3X2: Telephone: (51 9) 886·3700, Fax: (519) 747-4971 . 'Pnces do not lndude lreiQht and tam where applicable.Authorized deal•rs may sell !or less. 
WATCOM, and lhe Lightning Device are lrldemarkS ofWATCOM 1n1emalional CorPorJllon. Other 1r1dtmar1a are the properUes of !heir rt1pecti't'tl owner1. Copyrioht 1993 WATOOM International Corporation. 
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INTR0 DU CI NG THE T 4 8 0 0 CT. Fasten your seatbelt and enjoyportable multimedia computing in 
high gear. Race through your number-crunching and graphics-intensive applications on the scorching 75MHz 

lntelDX4 processor. Load all you want into the massive SOOMB hard drive. Enjoy the thrust of an integrated 

T4800CT FEATURES: • VL Local-Bus video • NiMH bm1cry for cxiendcd life 
• 75 Ml·h ln1cl DX4 '", JJ 1·oh processor, 16K cache • lntcgra rcd graphics acccler.nor • J.5" 1.44MB floppy disl dri1·c 
• 9.i' dia. color VGA ITTLCD :icri1e mmrix display • .W1\V Audio • Ball roint'" MOU5t •i1h Q.1iclPort '" 
• 500MBH DD • Audio1acks: Hcadphone/Sp<akcr and • i'r<-irurallcd !-Oftwano: 005, \Vindo•> for Workgroups~ 
• 8MB R.A Mexpandable 10 14\IB ,V\icrophone Win:b>> Sound System'". Run Time and Video for 
• T•u PCMCl.Asloo(l6mmand Snun) • 6.91 1:6. \Vindo•>, and lndeo™ video 



PEN 'ER UP. 
Enjoy SVGA graJihics, JJTesemed in 256 simulumeous colors an Toshiba's 

1rivid 9.5" diagonal color TFT-LCD acri1-e manix display. 

I 

Dockin rhe oprional DeskSuuian IV inde - Fire-up rite 
for ins ra111 connecrion ro yo11r _,.--- iHt"" L 0 c G new soft ..ID NO 

moniror, full-size ware srandard far video (1/ayback 
keyboard , Jninrer, in yo11r multimedia presentations . 
and network.

l:::::!:'!!:iP' 

D11al PCMCIA exjJansion slots
Type II and an oversizedTy pe 111

The T-Plan cmi nm sim11lwneo11sly ro give you 
service !Jro· ~l~m,~ almosrlimickss flexibility . 
gram provides 
bwnf>er·co-bwn per !Jrotecrion 
for years ro come. 

~~/
lsooMBI The i11regrated sound sysrem ~ ) 

Noww11 and speaker, plus porefar •· ·• 
can keep f11ll m11lrimedia fiks on Use rheLCD srarus lx1r as yo11r dashlxmd to monirar lxmery usage, exrernal headphones or 
yo11r porrable . AuraResume, disk drive activity , e-mail, and more. sJieakers, let yo11 presenr lo11dand c ar. 

graphics accelerator, VL Local-Bus video, Indeo video, and full audio capabilities. Give the most dazzling 
presentations wherever your work takes you. With all thispower, plus PCMCIA flexibili ty, you'll be ready for 
wherever the future takes computing. See how it feels. Call l ..S00.. 457.. 7777 for the dealer nearest you. 

In Touch with Tomorrow 

TOSHIBA 

©1994 Toshiba America lnfomtarion Sys1cnu, Inc. All pm.lucts indioted hy lrJJcmark S}lnbols :.uc uadcmmkcd :md/or rc-gis1rrrd hy theirrespect ive comp:mies. 

Titc lntd Inside and lndco video IOf,'OS are rrademarl<sol lntcl Corr<ir.uion. 
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INTERNET COMMUNICATIONS 

Front Ends Ease Internet Access 


I t seems like sacrilege, but it 
was just a matter of time. A 

number of companies are re
leas ing software designed to 
make it easy to access the In
ternet. The flood of new Inter
ne t users are clamoring fo r 
software that simplifies con
nec tions. While on-line ser
vices like CompuServe stri ve 
to improve both their interfaces 
and their Internet access, sev
eral companies have rushed to 
fi ll the void. Some combine ac
cess to several on-line services, 
while others are designed spe
cifically for the Internet. A few 
have entered the di al-up Inter
net market aft er developing 
front ends fo r dedicated (not 
dial-up) Internet connections. 

America Online and Prodigy 
already provide graphical nav
igation program s that work 
with their own on-line services. 
Other companies have written 
graphica l front ends. One of 
these is Pipeline (New York , 
NY, (212) 267-3636), whose 
Pipeline fo r Windows (a ver
sion fo r the Mac is slated to 
ship this month) works with the 
compan y's own Internet se r
vice. (Several other Internet 
providers have licensed Pipe
line to front-end their Internet 
serv ices.) 

Pipeline offers point-and

headers, which identify new (Point-to-Point Protocol). Icons 
thread topics. If you wa nt to show what's available without 
read the messages, you tell it requ iring you to remember spe
to go bac k and ge t a ll th e cific locations, and the inter
threads (i.e., a series of posted face shields users from the in
messages that usuall y relate to tricacies of ve ronica, a rchi e, 
a particular topic). gopher, and W AlS. 

Programs like CyberCorp 's The above is not a compre
(Atlanta, GA, (404) 424-6240) hensive li sting of graphi ca l 
Cyberdesk treat the Internet as front ends for the Internet. A 
another on-line se rvice and few other products include In
function as a communications ternet-In-A-Box (see the April 
package with extremely pow BYTE, page 257), Mosa ic, 
erful built-in scripts. The idea is Cello for Windows, and Viola 
that even though the various for X Window System. MKS 
on-line services are separate, ((519) 884-2251 ) is deve lop
users prefer to control all their ing a graphical front end called 

click navigation through the communications in one appli Internet Anywhere. 
complex ities of news group ac cati on. All mail and news In the pas t, use rs dow n
cess, as well as other advan group messages are re trieved loaded their Internet ut ilities as 
tages. Pipeline lets you multi for the user to read off-line. they became available, updat
task downloads and supports Topic headers are delivered ing individual setups as often 
real-time chats and games and back to the user's desktop, and as new progra ms we re up
other act ivities through its fas t the user selects the threads that loaded. Many new users, how
PinkSlip protocol. News group should be downloaded. eve r, will be content to treat 
subscriptions are selected from WinGopher Complete, from their Internet front end like any 
a pickli st. You can combine Noti s Sys tems (( 708) 866- other piece of softwa re and 
groups in fo lders that you 0159), can work th ro ugh a wait for improvements and re
name. When you open the LAN connec ti on or di al-up visions to show up in the next 
folder, the program automati connection using SLIP (Serial version of the package. 
cally picks up the appropriate Line Internet Protocol) or PPP -Angela Gunn 

On-Line Access to the Internet 

How much Internet access do the major on-line services offer their subscribers? Delphi and BIX 

led the way in providing an array of options, but the other services are starting to catch up. 

America Online 117031 448-87001 provides E CompuServe plans to add additional Internet 
mail , Usenet. WAIS (Wide Area Information Ser access services throughout the year. 
vice) and gopher access . No charge. (At Delphi 116171491-33931 o ers full access to 
press t ime, America Online was in beta testing ll)ternet services , including E-ma!.J., IRC (Inter
of its Internet access services .) net Relay Chat), news groups, gop he r , e 
BIX 116171 491-33931 offers a range of Inter net, f t p, and gateway access to popular In
net services , including E-mai l, f t p and ternet utilities like a rchi e, WAIS, WWW 
a r chi e, gop he r , tel ne t, and Usenet ac (World Wide Web) , and ve ronica . Access is 
cess. The first 10 MB of Internet mail each $3 per month over standard connect rates . 
month is free ; a $1 per 100 MB surcharge may GEnie 1(3011 251-6415) has E-mail access 
be added for high-volume accounts , at BIX's via gateway. No charge. 
discretion. 

Prodigy 119141 448-8000) has E-mail access 
CompuServe 116141457-86001 has E-mail ac via gateway. (It also offers access to another 
cess via gateway. Standard rates to read , on-line service, the Imagination Network,
download, or send Internet messages are 15 through its GamePoint gateway.) Prodigy
cents for the first 7500 characters and 5 cents charges 10 cents for each Internet message 
for each additional block of 2500 characters. sent or received. 

30 BY T E MAY 1994 



E ,. 

Corporate, Government 
and Education Services 
Contact the Egghead Account 
Representative for your state at: 

For DOS, Windows, and OS/2 
Your needs for new devices and Increased data storage capacities are constantly growing. 
That's why you need software that will not only connect these peripherals, but wl/I also 

And for your Novell NetWare File Server ... 
CorelSCSI NETWORK MANAGER 
• Connect Jukeboxes, CD-ROM, Multllunctlon, WORM and Rewritable drives to your Fiie Server 

• Complete Data Protection and Improved Network Performance at a fraction of the Cost 
• Includes Co relRAIO, so you cancustomize RAID level 4and 5arrays 
•Easily integrate any manufacturer's hardware. eliminating the need fo r expensive hardware arrays 
•Hot-swap and hot-standby features eliminate server downtimewhile rep lacing failed drives 
• Uses only one drive for fault tolerance. leaving more hard disk space available for data 
•All utilities are completely menu-driven and status screens let you easily troubleshoot problems 
• Faster CD-ROM Drive Access from the Server 
• High-performance CD-ROM server sottware uses hard drive caching to speed up the access 

time when multiple users are using asingle CD-ROM drive 
•User requests are sent simultaneously to both the user and the cache 

• Increase Storage Capacities wllh Advanced Jukebox Support 
•Optical jukeboxes are transparently integrated with NetWare file servers. so thejukebox C coREL" 

simply appears as an extension to the network volume (613)728·3733
•Can map aparticular directory to aspecific cartridge, providing improved data management Ext.28 

Clrcle 78 on Inquiry Card. 

have advanced features and applications to Improve their performance. 

Connect a Variety of Devices to your Computer 
• Connect up to seven SCSI devices to a single host adapter 

• No need to purchase different drivers every timeyou attach anew peripheral or change operating environments 
• Includes drivers for the following SCSI devices: 

SCSI hard drives WORM drives Scanners (TWAIN-compliant) DAT tape drives 
CD-ROM drives Multi-function drives Removable drives OIC tape drives 
CD-ROM writers Ropt ical drives PC Notebooks 8MM tape drives 
Rewritable drives Printers (SCSl-2) 

More Uses for your CD·RDM Drive 
• Support for multisession and Kodak Photo CD 
• Corel Photo CD lab for the conversion of PCD images 
• CD-ROM writer software lets you use a recordable CD-ROM writer to create customized CD-RO Ms 

More Control over your Devices 
• Diagnostic utilities let you configure SCSI device parameters. check media, and thoroughly test devices 
• System and media browser books let you examine your computer's hardware, operating system and CDs 

Sound Features are Added to your Computer 
•	 CD Audio player features an advanced interface, multiple player modes. database utilities, 

CD-Digital Audio recording and a WAV file conversion utility to record and save sound clips 
• WAV File Editor, an OLE application. lets you edit and modify WAV and voe files 

Backup Software 
• Backup data to tape, optical, floppy and network drives. and SCSI and non-SCSI hard drives 
• Support fo r tape carry-over, "drag and drop" functionality, double buffering and multi-tasking 

Easy to Use 
• Simply type "install". New devices added later are automatically configured and recognized on boot up 
• Advanced features eliminate complex configurations, tricky installations. and confusing command functions 

Works with Virtually all Host Adapters 

Includes ASPI drivers for over 30 popular host adapters. and supports various modelsof SCSI host adapters from: 

Always Technology, Acculogic, Adaptec. American Mega trends, Buslogic. CMD, Creative labs. DPT. OTC, 
Future Domain, IBM. Media Vision, New Media, Practical Enhanced Logic, Ologic. Rancho Technology, 
Smart & Friendly and Ultrastor. 

~-~~~~~--~~~~~ ~E~mnm 
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AMBRA : 

1-800-200-3390 : 


In Canada,' 1-800-363-0066, Ext. 3300 • 

~---, : 
Weekdays Sam to llpm •

Weekends lOam to 7pm (ET) •
• ~ ••
•
•D41001NL •

./ 486DX4, 100 MHz • 

./ Upgi:adable to Intel~ • 
Pentium~ technology • 

./ 16KB L1 cache • 

./ 256KB WriteBack L2 cache • 

./ 8MB RAM, max: 64MB • 

./ 4 16-bit ISA, 1 32-bit • 
VL bus slot • 

./ Fast, cost-effective • 
upgrade to PC! • 

./ 440MB 02ms) IDE • 
hard disk • 

./ 5 drive bays • 

./ Local bus IDE controller • 

./ Local bus graphics • 
accelerator,lMB • 

./ 15" FST-NI color • 
monitor, LR • 

./ 3.5" 1.44MB diskette drive • 

./ Lexmark~ PS/2 ~-style • 
101-key keyboard • 

./ MS-Dos~ 6.2, Windows·· 3.1, • 
mouse • 

$2,529 	 •
•
•
•
•
•
•T41001NL MINITOWER • 

./ 540MB 02ms) IDE • 
hard disk • 

./ 7 16-bit ISA, 1 32-bit • 
VLbusslot • 

./ 6 drive bays • 

./ 2X Multisession CD-ROM • 
$1,859 rAddjust $200for 16- • 
bit sound card. speakers and choice • 
of CD 5-packs. Call for details.) : 

•
•
•
•
•
•
•
•
•
• 

Why AMBRA. •
•
•IBM' TECHN-ICAL SUPPORT: • 

TOLL FREE,24 HOURS, •
•7DAYS AWEEK! •
• -
OPTIONAL •
•IBM ONSITE SERVICE: • 

---ONLY $29 FOR 1YEAR!' • 
•
•

CUSTOM CONFIGURATION •AT NO EXTRA SERVICE •COST! • --- •
• 
• 

30·DAY MONEY·BACK 
GUARANTEE •

1·YEAR LIMITED •
•WARRANTY!' •
•
•
•
• 

RIGHT NOW. 


s 
R . 

1	OUt.•rinw-~ maydiffor in Canada. 2Sty for fif14t )'cl\r. l'll'l\:,c call for funhcr Mtaih.. Onsit i: scr.iCt.• mil)' not be ;w:tiL'lblc in l'crt:tiu 
loo1tivns. l Pkasc call for details ~bra..,J ing AMU f<J\'s mollC)'·bnck f..'llar.ullL'\" aml limitr'll w:ur.tuly . lktum !!ihivpini;: and 
insurance 3fC the responsibility of the cu~tomt' r. •I f>1 ·ll and <;atcway nmnl>cn. rl'1>0rt t.-d in / 'C MaRazinr, 1217 / 93. AMBKA 
rcsulls indt·pc.·n dcntly ll'Sll'<l l /'.l l / 9·1. 
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• • • 

Pentium technology tomorrow. • 
Nearly 50% speedier than 
DX2 66 MH z processors today. 

I 6KR L1 cache: Twice as 
much as provided by DX2 66 
CPUs  teamed with 256KB l2 
WritcBack for a big payoff in 
processor performance! •• 

•••• 

•• 
• 

••• 

Toll-fn_.., !RM technical support: Call on the experts any hour. any clay. 

• 

Including Sundays' (fry calling Gateway 2000™ support on Sunday, and 
you'll find nobody home.) 

• 

D4100l/VL: 100 MHz 486. FIRST UPGRADABLE LOCAL BUS. 
OUIOO 

VESA local bus , cusily 

.5 

~ 400 f------

upgradable to l'CI : The VESA 
DllU advantage now. Plus the option 

to change to PC! quickly and 
~ 100 

~ 
cost-effectively late r.1i 200 

] • 
100 

100 Ml lz DX4 CPU: Intel's • 
fastest 486! Upgradable to • 

• Enhanced 1/0: Local bus graphics 
accelerator gives you an extra edge 
of speed for graphics apps! • Local 
bus IDE controller makes disk 
read/writes happen fast! • Buffered 
serial ports improve modem 
perfomiance under Windows! 

• Also available: DX2 66 MHz 
AMBRA l/VL models that 
outperform the competition!'•

•
•
•
•
•
•
•
•
•
•
•
•
• 

$2,529 


AMBlV\ 
4661/VL 8X1/flXr Dcll Dimension 

XPS DX2/66 

Wll\'SfONE...<; 61.l ·13.4 533 
l>OSM:irk 768.2 590.7 730.2 

Graphics WinMarks 1·1.6 2.7 11.5 

(S>01'11"'111cifu>:dZXCD-ROM:mkl$!9'J.)

•
•
••
• 
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AMBRA : 
• 

1-800-200-3390 : 

In Canada,' 1-800-363-0066, Ext. 3390 • 

~--gm : 
Weekdays Brun to llpm • 


Weekends lOrun to 7pm (ET) •

•
•~ ••
•DP60/PCI • 

./ Pentium processor, 60 MHz • 

./ 256KB L2 cache • 

./ SMB RAM, max: 128MB • 

./ 4 ISA, 2 PC!. 1 ISNPCI slot : 

./ 440MB (12ms) IDE • 
hard disk • 

./ 6 drive bays • 

./ Fast PC! IDE controller • 

./ PC! gr:a.rr.hics acceler- • 
ator, 2MB • 

./ 14" SVGA color monitor, LR • 

./ 3.5" 1.44MB diskette drive • 

./ Lexmark PS/2-style 101-key • 
keyboard • 

./ MS-DOS 6.2, Windows 3.1, • 
mouse • 

g;2, S80 rwith 540MB hard • 
disk, add $80. With 15" FST-NI •
monitor. add $119.) •

•
with PCI Diamond • 
Viper video •

•./ 16MB RAM •./ 540MB k12ms) IDE •hard dis •./ 2MBVRAM •./ 15" FST-NI color •monitor, LR •$3,389 •
•
•
•
•
•
•

DP60E/VL (EISA/VESA) • 
.fPentium processor, 60 MHz • 
.f 256KB L2 cache • 
.t 16MB RAM • 
.f 540MB SCSI hard disk : 
.f l411 SVGA color monitor, LR • 
.f VESA graphics accelerator, • 

2MBVRAM •$3,779 •
•
•
•
• 

WhyAMBRA. 
•
•
•
•IBM TECHNICAL- SUPPORT: •TOLL FREE,24 HOURS, •

7DAYS AWEEK! •
•
• -
OPTIONAL •

IBM ONSITE SERVICE: •
•ONLY $29 FOR 1YEAR!' •
• -
CUSTOM CONFIGURATION •

AT NO EXTRA SERVICE •
•COST! •
• -
30·DAY MONEY·BACK •

GUARANTEE ••1·YEAR LIMITED •
WARRANTY!' ••

•
•
• 

GET A LO I OF EXIRA 


FOR A FEW EXTRA 


AMBRA 

1 ~~,?~~s~ ~~;:e~~ fo~~~~l~il: ~;;~0Ji~;i\1BR.~~~1:n':~.~~~~uk~~%~l~~~~·d~~~~~~-d~~~~~~~YR~~~~~h~~~;·~~ff(•rt:iin 

insumnce llrl" the re-spons.ibility of lhc cus1omcr. 4 \Vinbcnd13.1 1. 



• • • 

MIBR<\ supcrioT vitluc on 
Pcntiurn: Compare our Pentium • 
processor-based desktop lo a 
model from Gateway, point for 
point At AM BRA your money 
buys more! 

• 

Extrn room for memory:• • • • 
Gateway uses up all 4 SIMM 
sockets (4 x 4MB). Our 2 free 
SIMM sockets (we use 2 x SM.B) 
let you easily expand. 

• 

•IOI-key lUM keyboard: • 
h's the classic IBM keyboard 
with all the qualities (especially 
the tactile feedback!) that PC 
users everywhere prefer. 

PENTIUM AND PCI TECHNOLOGY. WITH ALL THE PLUSES. 


• • • • • • 
• • • • • • 

• • • • • • 

MEMORY 

• •SIMM SOCKETS FREE 

HARD DISK DRIVE 

A
• DP60/PCI 

16MB 

2 

540MB 

GATEWAY 
PS-60 

16MB 

0 

540MB 

DISK DRIVE INTERFACE 
----------------1---------+---.-.-.~.-..---• 

PCI • • • • • PCI 

PCI IDE PCI IDE 

VIDEO ACCELERATOR 

VIDEO RAM 

MONITOR 

• KEYBOARD 

CD-ROM 

POWER SUPPLY 

24-HR, 7-DAY SUPPORT 

SERVICE PROVIDER 

YES 

IBM . 
• •• 

NO 

Dow Jones 

PRICE c..utJ/7/9-1) • • • $3,295 

90 million W-mMarks : 
ifyou like: Upgrade from 

• • 	our fast PC! accelerator lo 
a superfast PC! Matrox 
MGA Il+. It's a great option 
for graphics power users' 

$3,297 


• IBM onsite service: • In case a problem arises, who would you like lo see come • through lhe door? A mere $29 buys you a year of coverage from IBM.•
•
••
•
•
•
••
•
•
••

$3,297 
•
••
•
•
• 

• 
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AM BRA DESKTOPS ANDAMBRA : 
• 

MONEY AND SPACE SUPERSAVERS MINITOWERS FEATURE: 
.I Inte l~ Pentium~ upgradabilityl-SOO-l00-3390 : S450DXA 	 D466DXA• .I 486DX2, 50 MHz .I 486DX2, 66 MHz .1 3.5" l.44MB diskette drive 

In Canada,' l -800-J63-0066, Exe. 3.l90 • .I 128KB 12 cache, max: 256KB .I 128KB 12 cache, max: 256KB .I Lexmark~ PS/2"'-style 101-key 

~~ · - · • .I 4MB RAM .I 4MB RAM, max: 36MB 
 keyboard

.I MS-DOS'" 6.2, Windows'" 3.1, 
mouse~ ~ - .;. r. 	 : ~ ~4~6~ a~~~)tIDE hard disk ~ ~4~6rJ~ ~it'~~)tIDE hard disk 

Weekdays Sam to llpm • .1 3 drive bays 	 .1 5 drive bays OPTIONS INCLUDE:Weekends lOam to 7pm (ET) 	 • .1 32-bit IDE controller .1 32-bit IDE controller 
.1 15" FST-Nl color monitor: $399~ • .1 32-bit graphics accelerator, lMB .1 32-bit graphics accelerator, .1 17" FST-Nl color monitor: $740• .1 14" SVGA color monitor, LR IMB .1 2.4/9.6 kbRS data/fax modem: $85• $1,595 	 .1 14" SVGA color monitor, LR .1 14.4 kbps oata/fax modem: $169• 	 $1 ,739 (Add $50for minitower.J ./ 250MB tape backup unit: $169

•
• 
: FAST AND UPGRADABLE l/VL SYSTEMS PENTIUM/PCI TECH 
: 04661/VL 	 041001/VL DP60/PCI 
• .I 486DX2, 66 MHz .I 486DX4 100 MHz .I Pentium processor, 60 MHz 
• .I 256KB WriteBack L2 cache .I 16KB Li cache ./ 256KB 12 cache 
• .I 8MB RAM, max: 64MB .1 256KB WriteBack L2 cache .I BMB RAM, max: 128MB 
• .I 4 16-bit ISA, 1 32-bit VL bus slot .1 8MB RAM, max: 64MB .1 4 ISA, 2 PC I, 1 ISA/PC! slot 
• .I Easy up~de to PCI .1 4 16-bit ISA, 1 32-bit VL bus slot ./ 440MB (12ms) IDE hard disk 
• .I 440fy!B (12ms) ID E hard disk .I Easy upgrade to PC! .1 6 drive bays 
• .1 5 dnve bays .I 440MB (12ms) IDE hard disk .I Fast PC! IDE controlle r 
: .I Local bus IDE c?ntroller .1 5 drive bays .I PC! graphics accelerator, 2MB 
• .I Local bus graplucs acceler- .I Local bus IDE controller .1 14" SVGA color monitor, LR 
• ., at5 • lMBNI . .I Local bus graphics acceler~,rFST LR 	 $2 580 

., 1 - co1or monitor, ator lMB 	 ' 
• $2,219 .1 15" FsT-N I color monitor, LR 
: $2,529 with Diamond Viper • minitower .I 16MB RAM 
: minitower .I 540MB (12ms) IDE hard disk ./ 540MB (12ms) IDE hard disk 
• .1 7 16-bit ISA, 1 32-bit VL bus slot .1 7 16-bit ISA, 1 32-bit VL bus slot .I PC! Diamond Viper graphics 
• .I 6 drive bays .1 6 drive bays 	 accelerator, 2MB VRAM 
• .I 2X Multisession CD-ROM .I 2X Multisession CD-ROM .1 15" FST-Nl color monitor, LR 
• $2,469 	 $2,859 $3,389 

: LIGHTWEIGHT, HIGH· POWERED NOTEBOOKS 

• SN425C 	 N450T SN "ROAD WARRIOR": $386 

.I PCM CIA 2.4/9.6 kbps data/fax • .I 486SX. SL-Enhanced, 25 MHz .I 486DX2, 50 MHz modem, extra battery, battery• .1 4MB RAM, max: 20MB .I 8MB RAM, max: 12MB charger, carrying case• .I 170MB removable hard disk .1 3.5" l.44MB diskette drive 
• .1 7.8" SfN color screen .I 200MB hard disk SN "QUICK DOCK": $404 
• .1 1 PCMCIA slot, Type II .1 9.5" TIT active matrix .I Port replicator, 14" SVGA color 
: .I 86-key keyboard monitor, full-size keyboard color screen 
• .I Integrated 16mm trackball .1 1 PCMClA slot, Type III 

.1 86-key keyboard N "INSfANT OFFICE": $927• .I Suspend/ Resume 
• .I MS-DOS, Windows 3.1 .I Integrated 16mm trackball .I Docking station, 15" FST-NI 

.I MS-DOS, Windows 3.1 color monitor, fu ll-size keyboard • .I Slip case 
• .I 4 lbs, including battery .I Carrying case N "TRAVELER": $288.1 6.6 lbs, including battery • $1,899 	 .I PCM CIA 2.4/9.6 kbps data/ fax 
• 	 $3,899 modem, extra battery 
•

WhyAMBRA. 	 •
•
•
IBWTECHNICAL- SUPPORT: •TOLL FREE, 24 HOURS, • 

7DAYS AWEEK! •
•- •OPTIONAL •

IBM ONSITE SERVICE: • 
ONLY $29 FOR 1YEAR!' 	 •

•
•OPTIONAL-EXECUTIVE • 	 AMBRA

WARRANTY FOR • 
NOTEBOOKS1 •

•
•CUSTOM CONF-IGURATION 	 •

AT NO EXTRA SERVICE •
•
• 1Offerings m..iy di.ffrr in Cinad:L 2$29 !or fint year: des.klops and towers.. Please call for funhcr dctiils. On site SC'f\icc m.3Y not be• a:\':3.ibblc in ecru.in locations. 3 Please ca.II !or details regarding Executive warranty. 4 ~ call for dclail.5 Tl:flarding A.~~..1 BRA's money· 

b.lck gu:irnn1ec and limiled warranty. Rr-tum shippillJr and insurance are the responsibility of the customtt. 
C 199-1 M tflRA Computer Corporation. AM HRA is a trademark of ICPI Ltd. and used under license thcrdrom. TilC A\1BRA loRO and 

30·DAY 

COST

MONEY·BACK-! 

• 
logol)l JC arc trademarks of .'\J\1BRA Computer Corporation. 18!\.f and PS/2 are registered trademarks of International Business GUARANTEE •

• M11chi.J1~ Corpomtion. lute! is n registered lrndtrnark and Pentium is a trademark of Intel Corporation. Lexmark is :i trademark of 1·YEAR LIMITED Lcxmnrk lnlemational. Inc. MS.DOS is a registered trademark and Windows is a trademark of Microsoft Corporation. AH olh<'r product • names arc trndernMks or rcsristcrcd lr.ulcmarks of their respective companies. Offerings, 1>rices and products arc subject to cha.nJ.!CWARRANTY!' • without prior 1101icc. Prices do not include shipping.

•
•
•
• 

http:M11chi.J1


News&Views 

ADAPTIVE COMPUTING 

Adapting GUI Software for the Blind Is No Easy Task 

T he use of GUi s among 

bljnd computer users is in
creasing, for better or worse. 
According to the Royal Na
tional Institute for the Blind 
(London, U.K.), 82 percent of 
the software firms surveyed in 
Europe and the U.S. see the 
use of GUls increasing among 
blind users. "The blind are 
being guided down a graphi
cal path as text-based appli
cations become scarcer and 
scarcer," says Dave Kos
tyshyn, president of Syn
tha-Voice (Stoney Creek, 
Ontario, Canada), devel
oper of the first speech 
program for Windows for 
blind users. 

This widespread adop
tion of graphical applica
tions adds a whole new set of 
challenges for applications de
velopers and visually impaired 
users. The World Institute on 
Disability (Oakland, CA) esti
mates that between 400,000 
and 500,000 people in the U.S. 
cannot see well enough to use a 
monjtor without depending on 
speech synthesi or ome other 
alternative output. such as 
braille. 

GUI platforms rely on spa
tial and pictorial representa
tions to convey information, 
which makes them much more 
difficult to use for many blind 
users than text-only applica
tions, according to Kostyshyn. 
To make a GUI-based word 
processor or other type of pro
gram accessible to a blind user, 
developers of speech-synthe
sis programs must verbalize in
formation about the interface 
(including bunons, menus, and 
text associated with graphical 
objects) and the application it
self (i ncluding cursor position, 
font styl e and co lor, dialog 
boxes, and graphical images). 

Luckily for companies that 
need to comply with the Amer
icans with Di sabilities Act , 

more Gills are being adapted 
for the blind with speech, 
braille, and magnification sys
tems . Although not al ways 
easy to use with all applica
tions , this new generation of 
graphics-based adaptive hard
ware and software lets the vi
sually impaired use Mac, OS(l, 
Windows, and other GUI plat
forms. At the 1993 Closing the 
Gap conference, which is of
ten described as " the Comdex 
of the adaptive-computing in
dustry," many new assistive de
vices were introduced. 

The Mac was the first Gl,JI
based platform to become ac
cessible for the blind, thal'lks 
to Berkeley Systems ' Outspo
ken speech software. (For in
formation on other adaptive 
products, see "Computers for 
the Disabled," June 1993 
BYTE.) Due to the overall suc
cess of Windows 3.1, users can 
pick from a wide variety of 
Windows-based adaptive hard
ware and software products . 
The newest Windows speech 
package to enter the market , 
WinVision from Artie Tech
nologies (Troy, MI, (313) 588
7370) joins Windows screen 

readers like Window Bridge 
from Syntha-Voice ((905) 662
0565) and ProTalk from Bi
olink Computer Research and 
Development (North Vancou
ver, British Columbia, Cana
da, (604) 984-4099). IBM has 
developed Screen Reader/2, a 
speech-access program for 
OS/2 that lets the blind use 
DOS, OS/2, and Windows ap
plications with the aid of 
speech and braille output. 

A prev iously inaccessible 
platform for the disabled, Unix 
and its GUis, is starting to at
tract developers. Several are 
working on a suite of adaptive 
products for Unix, ranging 
from speech programs for the 
blind to keyboard-enhancement 
utilities for persons with mo
tor disabi lities. The Disability 
Access Committee for X, or 
DACX, is creating operating
system-level hooks to make it 
easier to develop speech- and 
braille-access systems for vi
sually impaired users. 

"We want to make the work
station environment friendly to 
adaptive developers by creat
ing device-independent tools," 
says Earl Johnson, manager of 

enabling technologies at Sun 
Microsystems Laboratories 
(Mountain View, CA). Ac
cording to Johnson, DACX is 

creating solutions that will let 
developers target several dif

ferent Unix platforms 
when they develop for 
one platform. 

In addition, the Com
mission of the Euro
pean Communities 

has funded GUIB 
(Graphical User 
Interfaces for 

Blind People), 
which is ex
ploring the 
following out
put technolo

gies: speech, 
braille, and au

dio . Those involved in the 
GUIB project are working to 
ensure that new platforms are 
developed with the needs of 
disabled people in mind. 

Although GUI-based plat
forms are becoming more ac
cessible, Syntha-Yoice 's Kos
tyshyn notes that the next wave 
of operating systems wiU offer 
a new set of challenges. For ex
ample, when Microsoft unveils 
its new version of Windows 
with its overhauled interface, 
speech-reader programs will 
have to be modified as well. 

The process of adapting GUI 
platforms will be further com
plicated by the expected in
crease in the number of 3-D ap
plications. Ronald Morford, a 
blind programmer and presi
dent of Automated Functions 
(Arlington, YA), says, "The 
translation of 3-D graphics 
screens into braille or speech 
output is a fonnidable task for 
the programmer and a some
times . teep learning curve for 
the blind user." Challenges like 
these add a whole new et of 
dimensions for developers of 
adaptive products. 

-Joe Lazzaro 
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News&Views 

PDAS Motorola Envoy 

Motorola's Envoy First to Run Magic Cap 

I n announcing the hand-held 

Envoy, Motorola is the first 
company to release details 
about a hand-held computer de
signed specifically to run Gen
eral Magic's Magic Cap oper
ating system. With built-in 
modems for wired and wire
less communications, bundled 
clients for on-line services, and 
a software environment built 
around communications, Mo
torola aims to correct one of 
the most commonly cited fail
ings of Apple 's Newton Mes
sagePad, its lack of communi
cations capabilities. 

However, in other key areas 
the Envoy, which is expected 
to ship this summer, is still an 
early iteration of the ideal 
portable communicator. At 
7.25 by 5.75 by 1.2 inches, it 's 
bigger than a MessagePad , 
making it too large to put in a 
coat pocket. It weighs 1.6 
pounds (725 grams)- 25 per
cent more than the 580-g Mes
sagePad 110 and nearly two

and-a-half times more than a 
Hewlett-Packard HP lOOLX. 
It 's intended for data, not voice 
communications, so it doesn't 
substitute for a cellular phone. 
But the biggest problem is its 
$1500 list price. 

In relative terms, of course, 
the Envoy 's $1500 price is im
pressively low for what you get 
(see summary box). But given 
the MessagePad ' s mediocre 
sales at less than half the price, 
the Envoy may remain a niche 
product for the foreseeable fu
ture . Small volumes lead to 
tepid developer re sponse , 
which constrains availability 
of applications. 

Andy Seybold, editor of the 
Mobile Computing Report and 
an analyst of the mobile-com
puting market, praises the En
voy for what it has achieved, 
especially the integration of 
communications into applica
tions. Seybold also likes the 
Magic Cap user interface, es
pecially the fact that it doesn't 

use handwriting recognition. 
But, he adds, without an op

tional ex ternal keyboard , the 
Envoy has limited usefulness 
for E-mail and document cre
ation, which he believes are the 
key applications for customers 
most likely to buy it. " To me, 
the Envoy is a device not for 
creating data but for manipu
lating it ," he says. This poses a 
marketing dilemma. Whereas 
the Simon from IBM and Bell
South, which combines a cel
lular phone with basic address 
book and scheduling functions , 
is not meant as a desktop re
placement, the Envoy has to 

compete against subnotebooks, 
yet in text-processing applica
tions it suffers by comparison. 

As for the price, Seybold of
fers the c lass ic analys is: " If 
something is very, very useful 
to people , price is a nonissue. 
But I'm not sure this version 
[of the Envoy] is useful enough 
to make price irrelevant." 

-Andy Reinhardt 

Unlike the Newton MessagePad, 
Motorola's $1500 Envoy Includes a 
bullt·ln fllll modem and a wireless 
modem. It also has two PCMCIA 
slots. 

• $1500 price 

• 16-MHz 32-blt 68349 "Dragon" 
processor 

• 1 MB al RAM, 4 MS of ROM 

• 9600/2400-bps fllll modem 

• 19.2-Kbps Anlls wireless data 
modem 

• Two PCMCIA Type II slots 

• 3 by 4.5-lnch monoehrome 
nonbackllt LCD, 480· by 320· 
ptxel resolution 

• !RDA-compatible infrared 
transceiver 

• Bundled applications: America 
Onllne, eShop, AT&T Penonallnk, 
RadioMall, Intuit, PenWare 
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PDA Companies: We've Only Just Begun 

Apple has released a slimmer, less ex· 
pensive, and more capable Newton PDA, 
the MessagePad 110. The MessagePad 
110, which sells for $599, is a half-inch 
narrower than the MessagePad 100 and 
supports deferred handwriting recogni
tion, letting you scribble notes for later 
conversion. Apple also beefed up the sys
tem RAM to 1 MB. " I think this new ver
sion reinforces Apple 's commitment to 
this technology, " says Barry Owen, editor 
in chief of Intelligent Newton (San Francis
co, CA). "There will be many more mani
festations of this platform." Apple also 
plans to beef up the Newton's communi
cations abilities by supporting t>No-way 
wireless data-communications services. 

More PDA competitors will soon enter 
the field . Hewlett-Packard and Novell have 
invested In Geoworks (Berkeley, CA). The 
three companies say they will collaborate 

on low-cost (under $500) consumer-com· 
puting devices designed for anywhere, 
anytime network access. And Compaq, 
Motorola, and Toshiba have announced 
their Intentions to develop products for 
Microsoft 's WinPad , which is the code 
name for a future operating system for 
hand-held devices. Other companies are 
reevaluating strategies-Eo's next PDA 
will likely more closely resemble a smart 
cellular phone. 

Mike French, project director at Link Re
sources, estimates that Apple's sales of 
the MessagePad in the product's second 
four months were only 25 percent of Its 
first four months (20,000 versus 80,000 
units). But his company forecasts an up
beat market, as new PDAs reach the mar
ket and as large corporations complete pi
lot projects for specialized applications. 

-D.A. 
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... an4 ifs hCJndwriting
mpgnttton is the best 
weve ever seen. ' ' March 1994, PC CoMPlfFJNG 

COMPANIES OFFERING CIC 
REcOGNmON TECHNOLOGY: 

Apple/Jopan 
AT&T 
Daupliin 
Fuptsu 
IBM 
MicroSlote 

NEC 
Samsung 
Seiko Epson 
SymbofTech. 
Toshiba 
and other:s 

OC's New Handwriter® 
YPad:MThe Electronic Note-Taker 


THE "BF.ST IN PEN COMPUTING" UST KEEPS GETTING BEl'IER AND FASTER 

YPADISFOR 
WHAT You Do 
MosrOFTEN 

YPad furthers rhe spectacular suc

cessof Handwricer" fo rWindo\\~, rhe 

al l- in-one input device fo rentering 

graphics, cexc and commands chac's com

patible wich all yo ur applications. 

\Vie now introduce and include 

our NE\Y/ YPad noce-caker with our 

ul tra-light/ul tra-thin tablet, cordless elec

tronic pen and recognition software fo r 

your desktop computer. Also included is 

our 1 EW Handwricer Recognition 

System version 4.0, NEW SVGA sup

port and l\ EW mouse-replacement dri

ver for DOS. And as an incentivefor 

you ro cake us up on our sacisfaccion-or

your-money-back offer, chis $600 value 

can be yours for an S.R.P.of only $399. 

THE ULTIMATE 

EDITING TOOL 

Gestures are special pen~
that perfonn specific editing ' 
functions, such as the cut 
for deletingselected text. 

ures are special pen strokes 
that perfonn specific editing ' 
functions,I 

You spend at least 80%of your 

document-creating rimeediting. 

Highlight ing, changing words wich ges

cures you alreadyknow, moving cexc, 

spellchecking, pointing and clicking will 

make your pen che uhimare keyboard 

ompkmcn1. 

THE ULTIMATE 
PHYSICAL 
THERAPIST 

Tired ofhurring, sir

ri ng in a rigid, cramped posi

tion using che mouse? Are 

56%of all OSHA reported injuries are 

RSI, or Repeti tive Stress Illnesses.The 

recommended physical therapy for wrist 

and tendon problems is making a fisc. 

Kind oflike you'd do holding a pen. Pen 

computing is .t l'ery he.1hhy complement 

co your compuca keyboard. And co 

your life. 

ULTIMATE 

GRAPHICS 


Michelangelo didn 't create his 

Sistine Chapel masterpiece wich aball 

peen hammer. \Y/hy constrai nyour own 

creativi ty wich a mouse? Handwriccr Ices 

youdra11· or rracc wi1h cast .rnd works 

perfectly wich your graph ics software. 

ULTIMATE 
SECURITY: YoUR 
SIGNATIJRE 

Whyuy 10 remember all those 

different passwords - and changing 

rhem periodically - when Handwricer 

for Windows comes wirh signacure-veri

fication securi ty built inco ascreen saver? 

People may try co trace yo ur signacure, 

bur ic's virtually impossible fo r chem co 

duplicate che stroke dynamics you used 

co wrice ic. Sign.nure-verific.11ion securi

ty makes a Hrndwri1er rhc ulr imaic 

complement co your kcyho1r<l , especially 

in c1wironrne111s where many people 

have potential access co work areas. 

' 


Ourprevious vmio11 is a worldwide 
bemeller. CIC now includesthe new 
Handwriter Recognizer version 4. 0, which 
is more robust, f11Jter, and allows natural 
writing. 

HandWiiter'® 

VERSION 1.5 

INCLUDES: 


NEW YPad note-raker, NEW 


Handwricer Recognition System soft


ware, NEW SVGA support, NE\Y/ 


mouse-replacement driver for DOS, 


Microsoft Pen Extensions for Windows, 


a screensaver wirh Signacure Verification, 


Crossword puzzles {and a way co gee 


more), an ultra-chin/ulcra-lighc rablec 


char plugs inco your serial pore, and a 


cordless electronic pen. Priced separately, 


YPad and the new Handwricer for 


Windows are an outstanding value ac 


$600. Bur co encourage you co order ... 


THIS $600 VALUE 

HAs ASUGGESTED 


PRICE OF $399 

FROM YOUR 
CoMPUIER 
DEAIEROR 


DIRECT FROM CIC 
Call 800-888-9242 ext 5031 

415-802-7888 from outside the U.S. 

Or FAX 415-802-7777 


0 Communica1ion lmdligcnce Corporation 

QC. NASDAQ/NMS CIC! 
(11994 by CIC. Handwriter. Handwriter Recognition Sys1em and YPad are uadcmarks ol Communication Intelligence Corporation. AH other lrademarks acknowledged. TRBA 
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THIS IS THE Q~ 

Network Manager 

Embedded Window 
Manager 

Process Manager 

} 

\ 

P1003.1 P1003 4 


THE OS OF CHOICE 

FOR EMBEDDED SYSTEMS. 




"/) J) J) J) / .

//' / I .
/ I I 

_-/.//, ....'.AN·D SO IS THIS. 

J 

---- ,// I 

~ / 

~· ._->• .C:::. 

• 

SCSI tape 

SCSI CD-ROM 

Arcnet 

Parallel 

THE OS OF CHOICE FOR ANY SYSTEM. 

THE CHOICE IS YOURS, MODULE BY MODULE. 


WE WORK IN REAL TIME. '" 

1-800-363-9001 
( EXT. 201) 

QNX SOFTWARE S YSTEMS LTD. 175 TERENCE MATTHEWS CRESCENT, KANATA, ONTARI O , CANADA K2M IWS T EL:613-59 1-0931 • F AX: 613-591 -3 579 

C QNX Soltw.ue S.)'5-lcms Lid. 1994. QNX ls a registered tradem.1.1k of QNX Software Sys1ems Lid. All other tradcrTklrks and registered trcldcm.vks belong 10 their respective own~ 

Circle 136 on Inquiry Card. 
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PROGRAMMING TRENDS 

CAD Gets 0bjective 


R ather than overloading 
their programs with new 

features, a few CAD software 
vendors are looking at the un 
derlying architecture of CAD 
and exploiting new technolo 
gies, such as OOP (object-ori 
ented programming) and OLE 
2.0. 

Cadkey ( Windsor. CT, (203 ) 
298-8888), best known for its 
namesake mechanical CAD 
prog ram , has deve loped the 
C adkey Objec t De ve lo pe r 
(CODe), which is a full y ob
ject-oriented framework fo r de
ve lo ping CAD applications . 
01her CAD ve ndors are em
ba rking on s imil a r deve lop
me nt paths: A utodesk will 
make A utoCAD more modu
lar ove r the nex t se ve ra l re 
leases of that program. and Vi
sual CADD (Seattl e, WA) is 
deve lo ping a 2-D C AD pro 
gram that will support visual 
programming lang uages and 
OLE 2.0 for release sometime 
thi s summer. 

CODe is designed and opti 
mi zed fo r Microsoft Windows, 
including the Win32s. NT, and 
Chicago versions. CODe's ar
chitects took full advantage of 
Windo ws . They used v isua l 
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lnfoModeler Gets the Message to the Customer 

If you've ever been Involved In the construction of a large.scale database 

system, you know the hazards. In my experience, such hazards always 

revolved around property determining what should go Into the data

base, figuring out how It all hooked together, and maklnr sure you 

didn't miss a relationship or data Item. Usually, I could avoid these 

hazards If I could show the client the database structure and get veri

fication that my proposal not only captured aO the data, but that the ta

bles went correctly related. Of course, this worked only If I could keep 

the cllent from falllng asleep as I outlined the database structure. 

Things would have gone more smoothly had lnfoModeler been avail

able then. 

The data-modeling methodology of lnfoModeler (prices ranp from 

$795 to $14951 is based on the object-role-modeling paradigm rather 

than the more welJ..known enlltJ-relatlonp paradigm. The latter cap. 

bares database lnfonnallon at a lower level !the loglcal level), where you 

have to create entitles (members of a database!, assign attributes, de

programming lang uages and termlne which tables those entitles Inhabit, and buDd relationships be-
incorporated MFC ( Microsoft tween the tables. 

iH!ii!!l!ilOJ!l!ili!!!!i!i:l 

Cadkey's Object DeYeloper lets you develop CAD applications that Integrate with 
other Windows programs ria customizable Interfaces, Ol£ 2.0, and multiple 
documents. 

~~~~~S~~~~~~ In object-role modeling, much of this 

wort occurs naturally as you construct 
~·-· ·- © 

facts about the lnformaUon In your data· 
B @,:;-:;;: r base (It's automatic with lnfoModelerJ. 

Youdelennlnewhatoblectswftlbelnyour 


~:? :ifi;;:;-; ;». ,~ 
E= ?: l ~ < ..::=-< I database (e.g., employees, dates, and ad· 

~~~=:::::::::=~EE:~~ dresses! and what roles those obiects play 

Foundati o n Classes) andOLE 2.0 in the product. 

An esse nti a l fea1ure of 

C 0 De, whic h s t a rt s a t 

$495 , is that it is modular 
in nature. The program in-
eludes a geometric modeler, 
a solids mode ler, math Ii 

braries, and a graphics pi pc
line. Each component is a 
module that can be plugged in 
or unplugged, as the developer 
wishes. 

Similarly, deve lopers who 
require more than the simple 
fil e -based s to ra ge inc luded 
with the first version of CODe 
can opt to use Object Des ign 's 
ObjectStore cl ient/server data 
base. 

It may seem odd that a tra
d itiona l C A D ve ndor wo uld 
want to sell a development tool 
rathe r than an end- use r pro 
gram. But in many cases, Au
toCAD serves only as a CAD 
eng ine that supports spec ial
ized applications ranging from 
process piping to appare l de 
s ign. CODe offe rs the de ve l
opers of these applicati ons a 
powerful. modular eng ine. 

-Evan Yares 

AIJmetrb'•lnfoModelerleb (e.g.,emptoyeesllveataddressesandare 
you describe your database hired on certain dates). You collect these 
application using 8Y111Jday 
bllllneutenninology. facts and hand them to lnfoModeler. It 

passes back a recipe for your database, complete with which Items 

are In what tables, descrtptions of co11stralnts, relationships via foreign 

keys, and even the code necessary to build the tables. 

lnfoModeler's structure for Implementing object-role modeling Is 

Asymetrtx's FORML (formal Obied Role ModeDng l..anguapl, whlc:h 

Incorporates both graphical and text "languages" for describing a 

database. The graphical notation Is composed primarfty of object types 

(represented by elBpsesJ connected to one another through predicates 

(represented by rectangles). Graphical models easily map to sentences 

In FORML's text language, and although the syntax Is necessarily strict, 

you can nevertheless build natural English sentences such as: "Em· 

ployee lives In city." A database neophyte can therefore examine a 

database definition written In this language and stand a reasonable 

chance of being able to understnl It and to spot an envr In the design. 

-Rick Grehan 



MICRODISK~ modular disk 
subsystems. Each module con· 
tains a genuine Micropolis disk 
drive, power supply and cool
ing fan. 

Super-<:apacityN modules are 

available in I, 1.7, 2 or 3 giga

byte increments depending on 

the model drive selected. 


Patented Interlocking 
Design adds disk storage with
out the unsightly cabling mess. 
Power and data cables are inte· 
gral to each module so you'll 
only need one power and one 
SCSI connection for an entire 
stack. The interlocking modules 
stack for easy capacity upgrade. 

Performance Plus drives fea· 
ture 5400 rpm speed and a !Oms 
average seek time for superior 
performance. Fast SCSl-2 with 
advanced caching techniques 
and Tagged Command Queuing 
provide dramatically increased 
throughput. 

LT LS 

MICRODISK subsystem storage modules can be slacked 
four to seven modules high depending on model. 

Removabllity Each disk mod
ule can be removed from the 
stack without uncabling or dis· 
connecting power to the stack, 
so you can lock up your valu
able data or take it with you. 

MICRODISK subsystems are 
designed for use with Macintosh 
or PC compatible systems. Also 
available are special AV mod
els* that optimize performance 
for audio/video applications. 

Built For Reliability 
Micropolis disk drives feature a 
five year warranty. All other 
components have a three year 
warranty. 

Ask for MICRODISK by 
name, it's the original stacking, 
removable disk drive subsys
tem. For tfre name of the 
reseller nearest you, call toll 
free 1-800-395-3748. 

MODEL FORMAITED TRANSFER 
NUMBER CAPACITY RATE 

1050' l.OGB IOMB/Sec max 

1760' 1.7 GB IOMB/Sec max 

2100' 2.1 GB IOMB/Sec max 

3020' 3.0GB IOMB/Sec max 

• AV models have slightly lower fonnaned capacities. 
Specify for MAC 0< PC compatible. 

MICROPOLIS" 

All logos and names are the property of their respective owners. 
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D A T A B A S ES 


FoxPro 2.6 Targets dBase IV Market 

F or several years, each new 

version of M icrosoft 's 
FoxPro has set new standards 
fo r speed among PC databas
es. Al the same time, FoxPro 
has been quietl y leading the 
way in terms of cross-platform 
interoperabi lity. It was one of 
the first DOS databases to offer 
a full y mouse-driven window
ing interface, along with some 
innovative enhancements to the 
ta lwart "when" and "va lid" 

operators to make applications 
event -d rive n. The W indows 
version was full y compati ble 
wit h the DOS version . And 
FoxPro 2.5 fo r the Mac is pro
vid ing serious competit ion to 
ACI US 's 4th Dimension and 
Blyth Software's Omnis 7. 

Neverthe less, Bo rl and ' s 
dBase IV dominates the in 
stalled base for Xbase databas
es. With FoxPro 2.6, Microsoft 
hopes to lure dBase users wi th 

a combination of dBase com
pat ibil ity, usability features, 
and packaging. Unix and Mac 
680x0 and PowerPC versions 
should fo llow thi s summer. 
( Borland says it will re lease 
dB ase for Windows in June.) 

New dBase IV-li ke exten
sions to the FoxPro language 
should make most dBase ap
plications run as is. Last year 's 
Migration Ki t is replaced with 
AutoMigrate, which converts 
forms and reports to FoxPro 
format automatically when ap
plications run. 

FoxPro 2.6 offers wizards, 
whi ch he lp yo u q ui ck ly do 
common tasks , to users who 
might be int imidated by the 
complexities of creating appli
cations. Technically advanced 
users can bypass wizards and 
work with the soph isticated 
Power Tools (e .g., Screen 
Builder and Project Manager). 

• P- networtdn1 
• 32-blt netwmlo driftn 

and file system 
• Remote access 
• Bullt-la fax 
• Improved NetWate 

lntepatlon 

Both the DOS and 
Windows versions 
of FoxPro 2.6 
Include the 
Catalog Manager, 
which acts as a 
home base for 
designing or 
launching tables, 
reports, and 
queries. 

CMslp> 

Separate add-on pack
ages like the SQL Con
nec tivit y Ki t and the 
Distribution Kit are now 
packaged together as FoxPro 
Professional for $695. The base 
pac kage ($495) wi ll se ll fo r 
$99 through June 30. 

Many of FoxPro 's persistent 
annoyances are still present in 
the preliminary version I used. 
It's sti ll di ffic ult to put record 
nav igation into forms or build 

1. 1., ~ 
~> lk1-l•h••............,l °'"'-l 

"'1 • 11 

1 -·~ou1.,... 
h r l-1 
r.1..-.. 

one-to-many forms without 
special utili ties, and applica 
tions produced by those uti li 
ties are still hard to customize. 
But the price of FoxPro's speed 
and power has always meant 
some ac rifice in accessibili ty 
by less sophisticated users. 

-Mark Hettler 

APPLE'S AND MICROSOFT'S SYSTEM SOFTWARE ROAD MAP 


Apple recently divulged new details of Its system software 
strategy for the next few years. This summer, System 7.5 

will lnboduce such features as multlthreadlng; drag-and~rop 
editing; QulckDraw GX (an Improved graphics engine for both 
screen rendering and printing); MacTCP (the first I• a series of 
()pen Transport network protocols to be Integrated Into the Mac 
OS as AppleTalk Isl; a scriptable Ander, which allows macros 
and applications to automate file management tasks on the Mac 
Desktop; automatic file synchronlutlon between mobile and 
desktop systems; built-In DOS file compatiblllty; and context· 
sensitive help. 

Conspicuously missing from System 7 .5 are preemptive 
multitasking (System 7 Is llmlted to cooperative multltasldng) 
and memory protection (which kffps programs from Interfering 
with each other In a multitasking emlronment). In contrast, 
both of those features and multlthreadlng are expected to 
appear In Chicago, the next release of Windows 3.x. According 
to Apple's road map, Mac users must wait until the release of 
an operating system code-named Gershwin In 1996 to get true 
preemptive multitasking (OS/2 2.1 already provides preemptive 
multitasking, multithreading, and memory protection). 

Gershwin will also lnboduce a hanlware-abstraction layer. 
This layer abstracts upper-tevet operating-system services from 
the underiylng hanlware, allowing easier cross-platfonn 
portability. Another notable feature of Gershwin will be an 
entirety new GUI, but Apple Is light-lipped on details. Copland 
is Apple's lntennediate step to Gershwin. Among other things, 
Copland will offer memory protection and a microkemel 
an:hltecture. Until the hanlware-abstraction layer Is added In 
Genhwin, however, the mlcrokemel wm contribute little to 
Copland's portability. 

-T.R.H. 

1993 1994 1995 1996 

Apple 
s,stam 7 Pro s,stem 7.5 "Copland" "Gershwin" 
•l'owtrTalk • Multithruclln1 •Mlcnllcemel • Preempthe 

(Apple ()peG Colabontire • Drag and drop • Mlo1*J PfOIKtlon nwltllasldng 
Enrironmettl •QuickDnwGX • New 1/0 an:hltecture • HAL (hardware

• App(eScrtpl • MacTCP •OpenDoc adaption layer) 
• PlalnTaJk • lntelllpnt help • Ac:Uve assistance •Intelligent 

(wolce l'ICOlllltionl • Scriptable Finder • More networking aulsbnce 
• Quicklime 1.6 • File synchraelutlon • Adnnced ll'lllhlc• 
• DOS flle 1/0 • 680xO and Powerl'C • NewGUI 

Microsoft Windows NT 
3.1 ll'o<table Windows) "Da)tona" '-C.fro" 
•"'-npthe • Smaller ....._,. • Dlslrlbuted OS 

multllnldq footprint • Obied FUe System 
• Multlthreaclng •New TCP/IP, 
• ..__, pr1llec:tion IPX/SPX sbcks 
• SJmmetrlc • Powetf'C 

multlproceuing • OpeaGL support 
•C2...... se<Ur!IJ 
• NT flle Sfllem 

• NewGUI 

?
• 

•HAL 
• 80x86, R4000, Alpha 

Microsoft Windows for Workgroups 3.11 
180x86 Windows) "Chicago" 

• Preemptke multltnklng 
• Multithrudlq 
• 32-blt components 
• New GUI 
• Ol£ 2.0 support ? ? 
• Plu1 and play 
• 	Platfonn-lndtpenelent 

networking 
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With our Object Database, 

All the Pieces Come Together. 


Introductory 
Offet 

Smoothly. Easily. That's the 
beauty of POET, the Object
Oriented Database System for 
C++. It's simply a more effi 
cient way to work, and yields 
finished applications that 
outperform relational applica

tions in both productivity and performance . 
What's the secret of Object Oriented Database 

programming? The POET ODBMS works with a one
step approach, seamlessly integrating into your appli
cation by storing your C ++ objects in the database. By 
contrast, the relational approach forces you to design 
and maintain separate application and database mod
els and then write lots of code to tie them together. 
So POET is more direct. More logical. And far more 
productive. 

Compare POET 
with the relational 
design methodology 

, . 
you re usmg now. 
For a limited time, 
you can get the 

POET- ODOMS Relational RDBMS 

U1« Appllcallao ~le 0.W... 
Modol 'MDdtl Reqalml 

C++ lntepatioa. Tocal Poor 

Productivity ID<ttWd Reduc..I 

Complex Objcc1 Excollcn1 Poor 
~rrformancc 

POET Personal Edition 2.1 for Windows for just 
$299'. Or, call toll free to request a revealing white 
paper that compares the two methodologies and 
includes testimonials from key POET installed 
clients. You'll find that POET is the solution to your 
application design puzzles. 

Call 1 ..800..9 5 o..8845 

POET 

Software 

Circle 179 on Inquiry Card. 

• TI1 is intrOOuciory offer is goo<l thruugh June 30, 1994. tPOET npp lic:Hions arc portable, at source and darnbaSl' level across all these popular plmfonru: 
Windows. OS/2, Macinrosh, Windows NT, UNIX (Sun, Si licon Gmphics, IBM), NEXTSTEP 486 and Novell (NLM) 


POET Software Co. 4633 Old Iron.sides Dr., Suite 110, Sama Clara, CA 95054 TEL: (408) 970-4640 FAX: (408) 970-4630 

D: POET Software (+49-40-609 90 18); F: LC! ( + JJ.J.34 65 77 77); NL: Protools Software (+JI ·20·645 50 23); S: Duke 


Symms ( +46·8· 703 27 81 ): UK: Silicon River ( +44·8 1-317 77 77); Aust,. li a: Microway ( +61·3 ·580 1333). 
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EASY ADD·DNS: ~ PCMCIA cards YOUR NAME HERE: ThinkPad 500 

make adding LAH You can order 
connectivity, a afree ID plate • 486SLC2, 50/25MHz processor

modem or additional , that personalizes 
memory easy! · your ThlnkPad. with 16KB internal cache 

• 4MB RAM/85MB hard drive
IBM~ PC DirectTl,! has ThinkPads with more of what you want,and less of what you don't: More features 

• 10.1 'w x 7.5'd x 1.6'h/34 lbs. with battery pac
and power. Less size and weight! The ThinkPad™ 500 is asleek 3.4 pounds. Yet, it packs enough high-speed 

• 7.4' monochrome passive-matrix 
horsepower to let you take your most sophisticated desktop applications on the road. 

LCD display, 64 grey scales 
Now- want to carry off color with ease? Then call us about the Th inkPad 350C. You get a9.2' backlit, • 81-key keyboard w/integrated TrackPoint It 
256-color,passive-matrix LCD display.There's plenty of power for your current needs.And ample space to • PCMCIA slot 
upgrade for more.All in an easy-to-take 5.7-pound package. Both of these lightweights get the heavyweight • IBM DOS preinstalled 
backing of IBM's HelpWarelfol, including a30-day moneyback guarantee' and around-the-clock telephone • 1-year internat ional traveler's warranty ' 
assistance.' You'll find them at IBM PC Direct. To order these, or any of our other critically acclaimed IBM. ' Sl 699* (IBM Credil LeasE 
ThinkPads, call now. 1 $61/mo ... ) 

"illlo!l!C ~O(bs oot; Thi oild1119S """' ~ proclllsm!U!>leCl IO cl1ango or •illm"'1 wlttlout P<iol nocial. Ploclue!S >OU _,.,may Nl! te <Mtoo unoo any e>•t•NJ VOiume Pur<'iase Agoomnt lhe same ~"•I~"" tl!OOo.<fl ""' Ile"''"'" 1111ougn IBM Au:llo!llE<l Remo••~~' 
~Q110eS ~v.w;, ~~~ctwossewin. ..18f.4 CredJ1t.us.e. Prict.i.~tor36-toontnterms..Laseri1asqooteaareQOOC1tfll'01Jgh~.a.'tet r.tichtmerate:saresu~.'€Cttochange 111ttllOIJtnoi:ice Lcaseava1tat1le :o Quallhed comnercialcust0trersooly_tAtnoad<J.l lOf 
CIWJ!odl>l'IO ~f~p,o 500;JNnti'.O~ ar,o 11lio<Pad 350are flllllufdC!tlred 1n U.S. IBM. ThinlPad .ro He!pYI"• ~• reo•wed tra<lemaf>J "" E;uyServ aoo Trackpo ~ II are"""-"""'' ot tn:t1Nli011al B""''" Macll.,., Corn PC a..ea " a 11aoema1k ot 1HC0<11TIUl\<ahons C0011 



ThinkPad 350C (color) 
• 486SL,25MHzprocessor 

with 8KB internal cache 
• 4MB AAM/250MB hard drive. 

3.5' 1.44MB diskette drive 
• 11 .?'w x8.3 'd x 2.0'h/5. 7 lbs. with battery pack 

• 9.2' STN backlit LCD,256-color display 
• Full-size keyboard w/integrated TrackPoint II 

• PCMCIA slot 
• IBM DDS preinstalled 

• 1-year international traveler's warranty1 

S2 699* (IBM Credit Lease 
$97/mo...)1 

• 486SL, 25MHz processor 
with 8KB internal cache 

• 4MB AAM/125MB hard drive, 
3.5' 1.44MB diskette drive 

• 11. ?'w x 8.3'd x 1.9'h/5.2 lbs. with battery pack 
• 9.5' monochromeSTN backlit LCD display, 64 grey scales 

• Full-size keyboard w/integrated TrackPoint II 
• PCMCIA slot 

• IBM DOS preinstalled 
• 1-year international traveler's warranty' 

Sl 899* (IBM Credit Lease 
$68/mo... ) 1 

We're putting the personal 
in personal computing. 

Order Now! 
1 800 426· 7 423 

8am-10pm M-F, EDT; 9am-5pm Sat., EDT. 

-~ ~ . 
and is used by IBM under hcense.C 1994 lntema!ional Business Machines Corporation. 1 Warranty and 3(}.<Jay guaranlre inlorma11on a\O:ilable tnrough IBMand IBM AutttGrlzed Oealcrs. Please ca I Purchase orders available for 
1800 426-2968 lor details reg.lrd lm;i IBM's moneytiack guarantee 2nd limited warranry.Copies ol lte terms ol IBM's moneytiack guarantre and limlled wamnty avallabe upon rcQuesl 1!ntemalional qualifying customers. 
1tavele1 's warrantyservice available In countries lll'he1e ThinkPad is sold. Carry-In Repall and Thin\;PadEasyServ"" available in U.S 
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"KFC packs quire a lot into this 
producL The 15-Inqh ~ 15Q1 
resolutions as Jiigh as 1280 &y 
pixels al 60 Hz noninterlacecL 

provides a full et of image-adjustm 
including pincushion, image rotation, 

men!. It uses the VESA DPMS jlOWer 
ent control ignals to meet Energy Star 
ents.' 

CA1507 offers controls that let you 'adju 
size and position, correct image tilt aml 

'oning, recall factory mode settings, an 
power down delay interval.... It image 
score was well above average." 

Magazine, January 199'1 

e KFC CA 1507, recipient of the 
' Energy tar, offers a full range of 

adju tment controls. TI1is monitor 
plie with the DPMS power 
agement tandard suggesteJ by 
VE A and will work with any 

-compliant computer." 

Digest, November 1993- 1
' 

_,
• I 

FC' new green monitors 
consume less than 1.5 Walls 
when inactive, and less than 
20 Watt when on stand-by. 

j>ared lo the al'crage of 85-100 Walls for an 
Ordinary monitor. each KFC monitor contributes 
substantially to a greener enl'i ronment. And 
you're not just shaiing the contribution, you're 
also sm~ng money. 



Entertaining Math Models 

RICK COOK 

I f the two-volume Reality Rules sounds 
like gang graffiti , the content is an enter

taining but useful graduate-level course in 
mathematical models-how they work and 
why they fail. Like all good teaching, these 
books are lucid and thought-provoking. Like 

great teaching, they also entertain while show
ing the world from a new perspective. 

Perhaps the most off-putting thing about this work is the table of contents. 
John Casti includes every trendy topic, from catastrophe theory and cellular au
tomata to genetic programming and sociobiology. And, just to keep modelers hum
ble, he tops it off with a chapter on the theories of knowledge, citing Kuhn , 
Sapir-Whorf, Godel , and other members of the currently fashionable pantheon. 

In spite of the apparent grab-bag contents, Reality Rules is not another " fluff ' n 
stuff" popularization. All these fields relate very directly to the business of build
ing good models. Catastrophe theory, Casti says, is useful "in giving us a deeper un
derstanding of what does and doesn't count in the analysis of a particular system." 

That statement comes after a solid introduction to catastrophe theory, an ex
amination of how to use it in constructing models, and several pages of a case study 
showing its use to analyze the growth and collapse of,.budworm populations. 
Casti may take you on the scenic route, but he never loses sight of his destination. 

For Casti, models are dynamic systems, and model making is the process of 
mapping reality (or the interesting pans thereof) onto a dynamic system. Ulti
mately, he says, the success of the model depends on the appropriateness of the 
dynamic system chosen and the fidelity of the mapping. Casti assumes his read
ers understand vector notation and have a working knowle.dge of calculus and ma
trices. Even without that, most of the work is comprehensible, although the more 
of the math you understand, the more you will profit 
from the books. 

REALllY RULES: PICTURING
The style, like the math, is easy and informal. Casti is THE WORLD IN MATHEMATICS,

never afraid to substitute a paraphrase where a formal VOL 1: THE FUNDAMENTALS, 
definition or complete proof is unnecessary. If you do VOL 2: THE FRONTIER 

computer modeling, these books will save your bacon John L. Castl 
one day . Meanwhile, they will make you think and en WDey-lntersclence 

ISBN 0471-57021-4 andtertain you to boot. • 
0471-57798-7 

535 eachRick Cook 11.l'e.1· computer models to help him write science flc
rion. Yo11 cw1 contacr him on BIX as "rcook." 

ETHICS AND COMPUTERS 
COMPUTER ETHICS: CAUTIONARY TALES AND ETHICAL DILEMMAS IN COMPUTING, 
2d ed., by Tom Forester and Peny Morrison MIT Press, ISBN 0-262-56073-9, $14.95 

I s it OK to copy your friend ' s game onto your machine? Is it just a funny 
prank when someone has infiltrated a company ' s computer system leaving a 

smiley face on every screen? Obvious questions like these, and some not-so
obvious computer dilemmas, are not answered, but rather di scussed in the revised 
edition of Computer Ethics. 

Perhaps by becoming aware of the often negative results caused by computer 

PHONE BOOKS 

SELECTPHONE Pro CD, Inc., s Doaks Lane, 

Marblehead, MA 01945, (6171 631-9200, $299 

BUSINESS AMERICA ON DISC American 

Business lnfonnation, Inc., 5711 South 86th Cir., 

Omaha, NE 68127, (4021 593-4500, 57500 a year 

A t your fingertips (well, actually on four 
CD-ROMs), you can have 72 million 

U.S. residential li stings and 8 million busi
ness li stings. SelectPhone from Pro CD is 
available for $299. The residential listings 
give the full address and phone number, and 
you can search by name, city, state, ZIP code, 
street address, and phone number. The busi
ness listings include the SIC (s tandard in
dustrial code) classification and business 
heading and number of employees. You're 
not limited to what you can print or export. 
Searching and sorting is rapid. (For $149. 
Pro CD also has DirectPhone, which can be 
searched by name only.) 

The database is created by shipping all 
10,000 phone books printed in the U.S. to 
Beijing, where 250 clerks keyboard in the 
names, with updates produced quarterly. The 
results can be a little spotty. Miijor firms were 
mi ssing . In the case of Egghead Software, 
there were only 62 entries, and the " number 
of employees" field rarely seemed reliable. 
And I wondered what those Chinese clerks 
thought about the "pet cemetery" business 
heading, especially as several West Virginia 
exterminators were included. 

The main competitor is Business Ameri
ca on Di sc from American Business Infor
mation. It lists businesses only, but it addi
tionally includes the name of the boss and 
credit information. But you lease the disc, 
and for $7500 a year. you ' re limited to re
trieving 20,000 business profiles. For the bud
get-conscious, the firm also offers The Eleven 
Million Businesses Phone Directory for $79. 
You can search by name, city, state, ZIP code, 
and phone number, but you can retrieve only 
the name and phone number. Keyboarding 
and verification, however, are done in-house. 

-Lamont Wood 

Lamo111 Wood is a freeln11ce wrirer living i11 San 

Amo11io, Texas. You cn11 comact him 011 BIX as 

"/wood." 
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Circle 193 on Inquiry Card (Resellers: 194). 

See DOS Netwc>l'kq 
in a Whole New I.igtit. 

MultiLink For WindowsTM may clearly be the answer 
you're looking for. Employing Microsoft Windows' 
DOS-Box technology, MultiLin.k For Windows pro
vides smooth networking of 1 to 32 DOS-based user 
consoles (local or remote) in tandem with a Win
dows-based host computer. And you may see your 
PC investment in a whole new light, too. Put older 
PCs to work as terminals with the MLWTerm pro
gram included in MLW. With prices starting at just 
$189 for the two-user version, MLW is a very bright 
choice indeed. To find out how MultiLink For Win
dows can help illuminate your DOS networking stan
dards, call Robertson-Caruso & Associates today at 

(404) 512-0600 or Fax (404) 396-6628. 

MultiLink™ 
For Windows 

------------, 

WIBU-BOX: 
The smallest is the Winn 

v The new WIBU®-BOX is the smallest ASIC based Dongle. 

v New Features like Limit Counter or Remote-Programming.I 

v Available for LPT, COM, for (E)ISA slots and on PCMCIA. I 

v Protection for DOS, Windows and networks without I 
requiring source code modification . Order your 

v Support of os12®,Win32s, Windows '" NT. evaluation I 
- package I 

L today~ .I 

WIBU·SYSTEMS GmbH In USA and Canada please contact : 
Rueppurrer Strasse 54 Soulhwind International Inc. .WJ.8.U 0·76137 Karlsruhe, Germany P. 0 . Box 308, Brookeville, MD 20833 
Phone: +49·721/376357 Phone: (301) 570·3497 SYSTEMS FAX: +49·721/377455 FAX: (301) 570-4773 

Books &CD-ROMs 


hacking, invasion of private E-mai l messages, viruses, software 
theft, and computer fa ilures, society will no longer tolerate such 
abuse and misuse of computer systems. As the authors contend, 
"this book is a modest contributi on to thi s task. " 

-Dave Vis/osky 

BATTLE OF 3-D SPACE LIBRARIES 
OPENGL REFERENCE MANUAL by the OpenGL Architecture Review 
Board Addison-Wesley, ISBN 0-201-63276-4, $32.95 

OPENGL PROGRAMMING GUIDE by the OpenGL Architecture 
Review Board Addison-Wesley, ISBN 0-201-63274-8, $34.95 

PEXLIB: A REFERENCE MANUAL by Mark 
Graff PTR Prentice-Hall, ISBN 0-13-176066-1, $34 

PEXLIB: A TUTORIAL by Paula Womack PTR 

Prentice-Hall, ISBN 0-13-15843-7, S42 

T wo of the leading 3-D graphics libraries 
are PEX and OpenGL. PEX, as Paula 

Womack describes it , is a 3-D extension to 
the X Window System. OpenGL is not quite 
the equivalent; it is Jess focused on client/ 
server communications than on graphics effects. OpenGL comes 
from Si licon Graphics and, like PEX, is freely avai lable as a set 
of libraries. (What isn ' t free is the hardware that is optimi zed 
for either of these libraries or implementations of these libraries 
for specific hardware. But that ' s another story.) 

These books don 't provide a comparison wi th any other 3-D 
graph ics libraries or how they might or might not functiona ll y 
overlap and perhaps interplay between applications and systems 
(a radical idea!). What you get is a tunnel view of 3-D graph ics. 

But then, by the time you buy any of these 
texts, you will already have decided which 
3-D graphics direct ion you will concen
trate on. Be it PEX or OpenGL, these books 
are essential. You will need both the tutor
ial/guide and the reference manual. 

The tutorial/guides are loaded with pro

gramming examples that show the concepts 

of their respective graphics library . Both 

include a small portfolio of art that was cre

ated usi ng the li brary, as well as diagrams 


of the visual concepts that are related to the program's function

al concepts. The OpenCL Programming Guide spends more 

pages discussing the concepts than does PEXlib: A Tutorial , 

which is more restricted to the view or a speciali st programmer. 


What is amazing in all these volumes is how little graphics is 
used to illustrate the information . When you consider that the 
subject is graphics, you 'd expect that every concept-whether it 
be 3-D rendering attributes, or even the rationale behind vari
ous data structures, data-object binding, and c lient/server pro
tocols-would be illustrated by a dynamic image. This is not so. 
The reason is that the subj ect matter is geared to the applica
tions-programming level , not to the applications-using level. One 
thing is clear: ProgranUTiing 3-D graphics is far more complex and 
time-consuming than taki ng a piece of paper and a pencil and 
rendering the image that is in your mind.• 

-Ben Smith 
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NewIFSOview/X v2 adds Xterminal ca).llbility and 

remote ainputingpowerto your386 orDetterl>C. 


No longer are the best specialized Unix programsavailable only to 
workstation users and those with XTerminals. 

DESQview/X'" breaks down tl1e barriers within your enterprise, 
allowing everyone access to the best computers for 
ead1 task-whether 38~ 486, Pentium or 
workstations likeSun11 SPARCstations, HP~ 9000s or 
IBM® RS I6000s-tl1ey are all accessible to earn user. 

DESQview/X provides amultitaskingPC 
environment with both local and remote XClient 
and XServer capability. And it allows concurrent 
execution of both DOS text and MS Windows~ 
programs. Plus, it allows these DOS and Windows 
programs-unmodified-to be converted into X 
Clients for use by any X workstation. 

Its true multi-platform interoperability. 
Ead1 authorized PC on tl1e network can run 

programs remotely on any workstation in tl1e network. So tl1eres 
never acompromise when the task calls for morecomputing power 
than the userhason hisor her desk. Similarly, users can take 

advantage of faster PCson tl1enetwork for tasks 
that require extra power. And for tasks that mi~1t 
tieup a users own desktopunit-like along data 
base sort-DESQview/X allows users to send the 
task to an under-utilized PC (or printer) 
anywhere on the network. 

When youconsider tl1at a386 PC wifu as little 
as 4MB RAM and a40MB hard disk can run 
DESQview/X, purmasing XWindow terminals is 
no longer economicallypractical. 

DESQview/X: thepower of enterprise-wide 
computing from fue pioneer in multitasking. 

Quarterdeck Office S~tems, 150 Pico Boulevard, Santa Monica, CA 90405 (310) 392-9851 Fax (310) 314-4219 

Quarterdeck International ltd., B.l.M. House, Crofton Terrace, Dun Laoghaire Co. Dublin, Ireland Tel.(353) (1) 284-1444 Fax: (353) (1) 2844380 
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.MetaWare High C/C++ 
by MetaWare, Inc. 
NEW RELEASE! High C/C++ version 3. l, 
MetaWare's 32-bit compiler. is shipping. 
Includes a 32·bit source-level debugger. 
and a 32· bit Appl!catlon Developer's 
Kit for Windows . The "Incremental 
Strengths" feature enables gra d ua l 

( 

·
mJgratlon from C to C++ one block al a time. High C/ C++ pro· 
vides optional ANSI conformance, eight levels of global opUmlza· 
lion and a full Implementation of C++ templates. 

List: $795 Ours: $669 FAXattra #: 1590·0008 

WindowsMAKER N~,i--
Ptofessional 5.5 ~"?. 
by Blue Sky Software sio,,,, 
This award-winning product offers more 
functionality & ease-of-use Ulan any oilier 
tool. Create fu ll -fea t u red Wi n d ows 
Appllcations: MDI. Toolbars, Statu s ba rs . 
TempJates, On· line Help, Grap hical 3D 

buttons, Edit Duling Preview & much more. TrueCodeTM tech· 
nology ensures that user code ls 100% preserved during code 
regeneration. Supports ANSI C, MFC C++. OWL C++ & more. 
Uses Swltch· ftrn Code Generation Modules for generating code 
for specific platforms, allowing migration between languages . 
C++ libraries & platforms. Highly recommended! 

List: $995 Ours: $875 FAXcetera #: 2602-0003 

'P~t 
CA•REALIZER .for 

~ - -.--Windows & OS/2 

by Computer Associates r CA·
· REALI ZER 
Defines a new generation of development .>; 
toofs that handles the mechanics of event
drJ.ven programming. message passing , ,: : : . 
process sharing and other complexities 1

: • 

bel:ijnd the scenes. Combtnes a structured , 
1;iuperset of BASfC extended to access 
Windows and OS/2 objects and resources, a visual development 
tool and .Programmable Application Tools . CA· Reallzer will help 
YQU create spreadsheets. charts, text editors. animation. graph· 
1cs tablets and user-friendly forms from tools that can be created 
and manipulated by simple commands. 

Llst : $295 Ours: $79 FAX.cetera # : 1004-0008 

as Windows, Motif', or yout own cus

tom design. J?ortabllity to ElOS; Windows/ NT and OS/2 enables 

you· to offer your p.Foduct to multiple target markets with a 

Slpgle engineering effort. Atid, object-Menu 's Intuitive architec· 

ture. straightforward metl:iodology and Visual Design tool actu· 

ally SJ>Ced GUI development to allow you more time to focus on 

y olll\ appllcatlon. 

DOS or Windows List: $299 Ours: $269 
Professional LI.fit : $699 Ours: $599 
F~tm #: 208&-0003 

c-tree Plus® 
by FairCom 
DOS • WINDOWS • NT • UNIX • OS/2 • 
SUN • RS6000 • HP9000 • MAC • QNX • 
BANYAN • SCO. This well known. highly 
portable data management package h as 
become established as the tool of choice for 
commercial development. Offering unprece· since 1979 
den ted data control, programmers m ay 

FAIRCOM• 

choose from direct low level access. ISAM level convenience, or 
SQL access with the FalrCom Server. Single User. Mul tiUser. or 
Client/Server. ANSI Standard. 

List: $595 Ours: $505 FAXwera #: 1381-0008 
Gaµ Programmer's Paradise• Italia for special pricing In Europe. 

Blinker 3.0 
by Blink Inc. 
A Wlndows llnker, a royalty-free 286 DOS 
extender and an awa rd -win n ing DOS 
dynamic overlay llnker ln one easy- to-use 
product. The only way to crea te programs 
which run in both real and protected mode 
DOS. Comparable with most programming 
languages, Bllnke r 3 .0 c reates memory 

efficient programs for DOS or Wlndows in seconds. 

List: $299 Ours: $269 FAXw ero #: 2534-0001 

!II 

Symantec C++ 
Professional 6 . 1 
by Symantec 
The new version 6 . 1 no t on ly 
enhances product s tability and rella· 
billty but also brtngs new features that 
6 .0 customers asked for. Now you get: 

full template debuggtng; hliproved hierarchical project manager ; 
customizable color-syntax hlghllghtlng; & enhanced 32·bit sup· 
port with 32-bJt MFC 2.0 on the CD-ROM. So don't wait. Try 
Syimqilec C++ 6 .1 and find out why the critics are ravtng about 
th1s new breakthrough In programming systems. 
Competitive UpllJ'&de for Borland or Microsoft customers $ 189. 

List : $499 Ours: $299 
Comp. Upg. List: $199 Ours: $189 
FAXcetQll #: 2132·0038 

object-'Menu 
byLifeboat Publishing 
object-Menu Is the way to quickly 
create powerful object-oriented appll· 
cations. Bullt·in aesthetics make It 
easy to create Interface styling such 



Bast 
Doc-To-Help · 
by WeXTech Systems 
The world's best documentation and help
autnorlng tool just got better . and now 
supports all Windows 3 .1 features. New 
features of version 1.5 include an 1nterac
tlve help window editor. an Interactive help 
macro editor. support for s egme n ted 
hypergraphlcs and the abJlity to Import 
existing help source files and convert them 
Into documentation. 

List: $296 Ours: $236 FAXu t<ra #: 1000-1901 

la rs 

Distinct TCP/ IP for Windows 
by Distinct Corporation 
Includes Windows Sockets. This award win 

ning product is lhe professional program

m er's choice for TCP/IP connectivity ln the 

Windows environment. Windows Sockets . 

Berke ley Sockets Kernel, ONC RPC/XDR. 

Telnet. FTP and NelWin are !he smalles t and 

fastest DLLs. Supports SLIP or PPP concurrently with Ethernet 

or Token Ring. 100% DLL. 128 concurrent sockets. Extensive 

language $Upport. 111c best TCP /IP solution ava ilable today! 


Standard Ed. List: $495 Ours: $446 
Professional Ed. List: $695 Ours: $625 
Visual Ed. List: $ 195 Ours: $ 179 
FAXatera #: 2994-0003 

WATCOM"' SQL for ·Windows 
by WATCOM 
WATCOW'" SQL (or Wlndows Is a complete 
client/server DBMS )nduillng a standalone 
single-user SQL database server. WATCOM 
SQL for Windows a:Jlows you to develop and 
deploy single-user standalone appllcations. 
and to develop appllcations for use within 
the WATCOM SQL Networ,k Server Edition. 

WATCOM SQL for Windows Includ es s upport for th e 

Microsoft Open Database Connectivity (ODBC) s ianda rd for 

database appllcatlons. 


~: $395 Ours: $299 FAXcetem #: 1683-0013 

Mwave"• Developers Toolkit 
with mM WindSurfer"' Bundle 
by Intermetrics, lnc. 
What once was multiple products and toolse ts 
Is now bundled In one multimedia PC add 
in card and Too lkit. Th e Mwave 
WtntlSiirfer Communications Adapter ts 
a ·works out of the box" data/FAX modem. 

sound, voice messaging & telephone answertng card wlih appli 
cation software. 1t Is bundled with the Mwave Developers Toolkit 
so you can build software that takes advantage of the Mwave 
digital signal processing (DSPJ pla tform that drives Windsurfer. 
Tty out the magic of a software upgradeable and progranmmble 
Mwave PC solution. You'll be developing for the future and us lng 
It today! And you can do It for an Incredibly low price! 

Ilst: $900 Ours: $495 FAXcetcm #: 1012-4601 

RoboHEL~ 2.6 
by Blue Sky Software 
RoboH E LP• 2 .6. t h e b cs l -s e lllng Help 

Autho;rtng Tool for Windows & Windows NT. 

offers full document to Help system conver

s ion & vice \'ersa. Tums Word for Windows 

Into a fully funcliona l hypertext auihortng """'~ 


system capable of producing Windows Help ,. Help Authoring Tool 

files as easily as It does pla in tei..1:. Fill in 

th e a ctu a l He lp t ext whe n prompted . 

RoboHELP lakes care of generating the ITTF. HPJ & H Illes. Link 

tester allows you to s imulate your design before you compile. 

Full support of Word 2.0 & Word 6 .0 , & a ll featu res In the 

Windows Help Engine, such as macros. secondary windows. & 

mulUple hotspot graphics. 


List: $499 Ours: $439 FAXcctem #: 2602-0005 

GFA-BASIC Compiler 
for Windows 
by GFA Soft.ware 
Tech nologies, Inc. 
GFA SOFTWARE a n n ounces the 
release of the firs t BASIC complier for 
Windows. For th e firs t lime ever. 
BASIC programmers can create a true Windows EXE. DLL. or 
VBX. The GFA-BASIC Complier paves !he way for BASIC and ·c
programmers lo s tart writing fast. robus t Windows applications 
quJckly. Benchmarks place the new Compiler at 25-500A> fas ter 
than C or C++. The GFA-Baslc Compiler shJps wi th OPTLINK 
from SLR. 

List: $395 Ours: $355 FAXcctcm # : 3614-0002 



Object technology failed to deliver on the promise 

of reuse. Visual Basie's custom controls succeeded. 

What role will object-oriented programming play 

in the component-software revolution 

that's now finally under way? 

.JON UDELL 

om Button, Microsoft 's Vi sual Basic czar , 
loves to show how Visual Basie's custom 
control s have ga lvanized the component
software business. " Here are the 16 controls 
we shipped with Visua l Basic for Windows 
1.0," he says, positioning the Too lbox win 

dow in the lower left corner of the screen. "When we shipped 
version 2.0. third-party custom cont rols were already be
coming common." He sweep the Toolbox upward to revea l 
several dozen controls. "And here's the situation today." Now 
Lhc Too lbox fi lls the screen with a dense mosaic of all the 
custom controls the machine's memory and disk can ho ld. 

The fac t that VBXes (Visua l Basic custom cont rols) today 
best exempli fy the decades-old notion of reusable soft wm·c has 
been a surpri se for everyo ne, including Microsoft. VB Xes 
aren' t just fo r 3- D buttons, gauges, and scrollable grids. Na
ti onal Instruments (Austin, TX) will sell you a VBX that con
trols GPIB (general-purpose interface bus) instruments. Cim
tlex Teknowlcdge (Palo Alto, CA) offers a VBX-based expert 
system. Distinct (Saratoga, CA) packages its TCP/IP pro
gramming kit into a VBX. Diamond Head Software (Hon
olulu, HI ) o ffers a suite of image-handling VBXcs. Sty lus 
Innovati on (Cambridge. MA) sell s one that you use to bu ild 
voice- response and fax-on-demand applications. 

These arc all actual "off-the-shelf " components that you can 
use to build real applicati ons in a hurry. They are not , however, 
objects-at least, not the sort o f objects that afic ionados of 
C++, Smallta lk , or Objecti ve-C embrace. 

Real objects. a OOP (object-oriented programming) expens 
rightl y point out, rest on the tripod of inheritance, po lymor
phism. and encapsul ation, while VBXes stand onl y on the 
single leg of encapsulation. But if that' s a c1i ppling limitation, 
why has VB X-rathcr than OOP- ignited the co mponent 
revolution? Why have C++ vendors such as Micro oft and 
Borland had to reverse-eng ineer Vi sual Basic so that pro
grammers. lac kin g reusable C++ obj ec ts. ca n tap the ri ch 
VBX componc..:nl market? 
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These ironies have spurred all the major players in the soft
ware indusrry to rethink the ro le of object technology vis-a-vis 
reusable components . What has emerged is a new, more re
ali stic understanding of how a component-software industry 
ca n work . 

Rethinking Reuse 
The traditi onal OOP vision was, at best. vague on the subject 
of reuse: Objects would appear as by-products of oft ware de
ve lopment , a market would emerge, and programmers would 
beco me producers and consumers of objects. Why didn' t this 
happen? There were two major roadblocks. Most OOP lan
guage systems. including C++, lack the means to package and 
d i u·ibutc objects effectively in binary form. More subtly, the 
skills and di sciplines needed to bui ld components are often 
quite differe nt from those needed to use them. 

Apple, DEC, IBM, Microsoft, Novell . Sun. and others are 
busily reva mping their system soft ware and too ls in an e f
fort to brea k th rough these roadblocks. Des pite incessant 
bi ckering. they' re all headed down the same path . 

An alphabet soup of tandards, including Microsoft 's COM 
(Common Object Model). IBM 's DSOM (Distributed Sys
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tern Object Model), Sun 's DOE (Distributed Objects Every
where). Hewlett-Packard 's DOMF (Distributed Object Man
agement Faci lity), Next's PDO (Portable Distributed Ob
jects), Novell 's AppWare Bus, and the Object Management 
Group's all-embracing CORBA (Common Object Request 
Broker Architecture) , wi ll provide the mechanisms fo r com
ponent exchange that pure OOP fa iled to deliver. Meanwhile, 
a restructuring of the software industry will define niches 
and appropriate technologies for the component builders who 
creme reu able packages, as well as for the solution builders 
who assemble components into end-user applicat ions. 

At the end of the day, applications are all that really matters. 
Thiny years ago. we began hearing about a software c1isis. The 
crisis was, simply, an applications backlog-too few program
mers, too little time, and too much demand. Since then, every 
new paradigm for the construction of software-structured 
programming. CASE, OOP- has been billed as the way out 
of the software crisis. Yet we've hardly made a dent in the 
backlog. True, we're far better served by commercial soft
ware than in the past, but it remains horribly expensive to 
build custom software that au tomates processes unique to 
particular industries or individual companies. 

ILLUSTRATION: JOHN CORBITT ~ 1994 

To drive down the cost of custom software development, 
you have to apply a principle that software theorist s have 
known for years. The best programmers aren't just a little 
better than average programmers; they ' re shock ingly bet
ter- I 0 times, maybe I 00 times more productive. And yet, 
says Richard Probst, SunSoft's manager of business deve l
opment for project DOE. today we see vi1tually no division or 
labor in the software industry . ..The way you work is about the 
same no matter what kind of software you work on;' he says, 
"and that's a sure sign of an immature indu try." 

The VBX phenomenon is an important first s tep toward 
maturity . VBX-enabled programming differs markedly from 
conventional programming. You create applications by ar
ranging controls on forms, edi ting the comrols ' properties, 
and writing a few--often surprisingly few-lines of event-han
dling code in Vi sual Basic, or C++. or whatever language i 
native to the environment that hosts the VBX. 

This simple disc ipline , which is standard across all do
mains served by VBX comrol s, enables average program
mers (like me) to build custom applications in hours or days. 
It took me just two days to put together a use ful client/server 
database appli cation using Coromandel's Integra VDB. And 
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whil e 1 haven' t yet tried Sty lus Inn ova
tion 's Visual Voice, I'm certain that I could 
leverage the programming experti se it en
capsulates to build the fax-on-demand sys
tem our editorial assistants have been ask
ing fo r, and do the job in the day or two 1 
could justify spending on it. 

The Dark Side of VBX 
Despite its success, VBX is a flawed com
ponent architecture . Most g laringly , it 's 
tied to Windows and (less tightly) to Visual 
Basic. That puts the cart before the horse. 
As a prospective buyer, notes SunSoft's 
Probst, "you should ask first about a com
ponent 's functiona lity, quality, and price, 
and its supplier's track record, not about its 
required operating system and language 
environments." 

Moreover, a rich supply of components 
cann ot erase th e inhere nt limi tati ons of 
Windows 3.x-segmentation, cooperative 
multitasking, and fragility. "Some of our 
customers want to build T 1 voice-response 
systems that handle 24 lines," says Mike 
Cass idy, president of Stylus Innovati on, 
"but Windows can handle only about 15 
connections." 

In the realm of Windows 3.x, VBXes 
are further restricted to Visual Basic and a 
small number of other development tools, 
inc luding Microsoft 's and Borland's C++ 

compilers. Powersoft's PowerBuilder, and 
Gupta's SQLWindows. These tools jump 
through hoops to emulate the Visual Basic 
run-time environment-with varying de
grees o f success. "Hosting VB Xes was not 
the most pleasant engineering task we've 
undertaken," says Bill Rabkin, senior tech
nical evange li st with Powersoft (Burling
ton, MA), "and we got no cooperation from 
Microsoft. " 

Other critics find the boundary between 
the VB X and its enviro nment too rig id. 
The allure of real object technology, after 
all , is that you can modi fy a component 
that does 90 percent of wh at you need, 
adding the last I 0 percent yourself. Next
Step programmers fi nd it ridiculous that 
you can' t extend VB Xes in this way. Their 
equi vale nt to a VBX is the palettized ob
ject, whi ch other objects can freely inher
it fro m and specialize. 

In Nex tStep, component builders and 
component users share the same Objec
tive-C messaging and inheritance mecha
nisms. Doesn' t that vio late the principle 
o f di vision of labor? Not when program
mers use the ir ow n compo ne nts . A lex 
Cone, president of Objective Technolo
g ies (New York, NY ), markets NextSte p 
components and also uses them in hi s con
sult ing work . "The power of NextStep," 
he says, " is that I a lways use the sa me 

messag ing mode l, I always build objects 
and systems the same way, and I never 
have to shift paradigms." 

From VBX to OCX 
Recogni zing these limitati ons, Microsoft 
has created a new component model based 
on OLE. Wh en Vi sua l C++ 2. 0 ships, 
probably this summer, developers will gain 
access to the too ls needed to build a new 
generation of VBX-the OLE custom con
trol, or OCX. OLE controls won' t s ilence 
all the critic isms of VBXes, but they will 
move the Wi ndows co mponent marke t 
onto a much fi rmer fou ndat ion. 

Some of the in fras tructure fo r OLE con
trols is already visi ble in Visua l C++ I .5 
and MFC (Microsoft Foundati on Classes) 
2 .5. That tool set radi call y simplifi ed the 
creati on of OLE 2.0 in-process servers that 
ca n embed themselves in container docu
ments and ex port their intern al me thods 
to callers by means of the OLE automa
tion interface , !Dispatch. 

Note that Visual Basic-or its embedd
able variant , VBA (Visual Basic, Appli
cati ons Ed iti on)-is only the first of po
te nti all y many languages that w ill be 
optimized to conu·ol OLE automation serv
ers. Lisp, Smalltalk, and other interpretive 
languages, once they are retro fitted wi th 
IDi spatch support , will be ab le to wield 

Approaches to Component Software Document, object, andconununication models for six leading component architectures. Adoaiment model, such as OLE or OpenOoc, 

demes how acomponent fits into the CUI a,pfication environment An object mode~ such as COM, DSOM, or DOE, dtfines at aligh lerel how components talk to other components that may be local or remote. A 

co11111ulication model supports conversations belween compOtlents aC111ss anelwortl. The object models shown coMecting to aCORBA "doud"-llOE and DSOM-are CORBA-<0mpianl There is interoperability witlin 
aVien CORBA implementation, such as DSOM, but not yet across implementations-for eiample, from OSOM to DOE. 

Microsoft 

Windows Macintosh 

NT Chicago OSF/1 

Today, OLE 2.0 and COM support Windows (and soon, 
Maclntoshl components. A distributed version of OLE 
2.0 that will support networl<ed components is also in 
the works, and it has been demonstrated using a 
.version of COM licensed to DEC. 

File Edit Tools Hel 

DEC plans to bridge the worlds of OLE/COM and 
CORBA. ObJectBroker, acting as a gateway, will enable 
OLE components to communicate with CORRA 
components running on a variety of platforms, 
Including OSF/1, VMS, AIX, and HP/UX. 

OpenStep brings to the Solaris platform the rich 
application environment of NextStep and its wealth of 
object-oriented components. Sun plans to support OLE 
and OpenDoc. DOE components will communicate with 
each other and with other CORSA implementations. 
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OLE controls just as they can a Win32 layer that in turn for self-registration , persistence, and li
now call DLLs. talks to the native Mac Tool censing. From the developer's perspec1..11

Visual C++ 2.0, wiLh MFC box. FoxPro 2.5 for the Mac, tive, an OLE control will be just one more~ 3.0 and the OLE Custom which is built with an internal 
Control Developer's Kit, will version of this technology, 
enable such automation
aware in-process servers to 

"The way you work is 
validates what Microsoft has 
long claimed: that the Win

mutate into full-blown OLE about the same no dows APl has the ability to 
controls Lhat maintain ed matter what kind of serve as a cross-platform AP! 
itabl e properti es, generate 
events, and can bind to data 

software you work 
capable of express ing the 
core of substantial commer

th e way VBXes do today. on, and that's a cial applications. 
The redi stributable run-time sure sign of an im If Visual C++ 2.0, MFC 
DLL containing support for 
Lhese extensions will be avail

mature industry." 
3.0, and OLE 2.0 all materi
alize on the Mac as planned, 

able in 16- and 32-bit ver Richard l'ro/J.w. there' s every reason to expect 
sions; unlike VBXes, OCXes 

ma11llgcr<f that OCX es will become 
will run natively on Windows 
3.x, NT, and their successors. 
They will not initially exploit 

/Jmi11c.1.1d<'1'clop111c/I/. 

S1111So/i 

portable, at least across those 
operating systems that mat
ter to Microsoft-the Win

multithreading , however, dows variants and System 7. 
even though the enabling substratc-MFC Prospects for OS/2 and Unix , where Mi
3.0-will itself finally be thread-aware crosoft has no commercial interest, are 
and thread-safe. rather dim, as members of the OpenDoc 

It 's very likely that OCXes will also ap consortium like to point out. 
pear on the Macintosh, as a by-product of VBXes talk to hosts by firing events. 
work that Microsoft is doing to support its To implement OCXes in a similar way, 
own Mac applications. Versions of Vi su the run -time DLL will add new interfaces 
al C++ 2.0 Lhat arc hosted on Windows to OLE 2.0 to implement an event mecha
NT-but target 680x0- and PowerPC nism. It will also supply common dialog 
based Macs-are in th e pipeline. These boxes for property editing; stock proper
tool sets suppon an MFC layer that rests on ties, events, and methods; and mechanisms 

target the tool set can crank out, not no
ticeably different from a DLL or an EXE. 

The transition from VBX to OCX is not 
hard at all, VBX vendors say, in part be
cause Microsoft provides ajump-star1 tool 
that can look at the properties and events 
supported by a VBX and generate the skel
eton of a compatible OCX. "It 's a fairly 
mechanical port," says Joe Modica, vice 
president for R&D at Sheridan Software 
Systems (Melville, NY), "although if your 
VBX was written in C, you may want to 
think about converting to C++." 

Dorai Swamy, executive vice president 
of Coromandel (Forest Hills, NY), also 
reports that the VBX-to-OCX transition 
is a no-brainer and that OCX performance 
seems fairly snappy. Especially interest
ing to him, in view of Coromandel's grow
ing consultancy business, is the tool sup
port for building OCX hos ts . Just as 
controls are specialized OLE in-process 
servers, hosts are specialized OLE con
tainers-thanks, again, to new MFC ab
stractions. The next version of Visual Ba
sic will be one such host, but the idea 
is that any application should, with mini
mal effort, be able to host OLE controls. 
"We're defining frameworks for specific 
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Key 
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Component 

Novell Apple 

Macintosh 

File Edit Tools Hel 

NetWare, System 7, 
OS/2, AlllX, 

NT, Unix 0512 AIX Power Open 

Novell's AppWare strategy encompasses Windows-, IBM will support visual and Interactive Windows- and For Apple, OpenDoc represents a way for the Macintosh 
Mac-, and Motif Openlloc-based components. ALMs Presentation Manager-based components using to duplicate-and, It Is hoped, Improve upon-tile 
running on multiple operating systems will OpenDoc. The real payoff, though, will come from kinds of document- and component-based appllcatlons 
communicate across multlple networil substrates. DSOM's ability to integrate these components into that have flowered on Windows, thanks to OLE. 
Novell ls also considering DSOM and COM support. larg~scale distributed systems. 
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industries, such as retail and fin ance," 
Swamy says, "and the ability Lo plug OLE 
controls into our own applications will be 
very important to us." 

Does n' t all thi s dependence on MFC 
and OLE extensions tie developers lo the 
Microsoft tool set? In principle, 
no. "Everyth ing works in terms 
of OLE 2.0," says Eric Lang, Mi
crosoft program manager for OLE 
custom cont ro ls, "so any
one who understands those 
interfaces can reprodu ce 
what we've done." In prac
tice, however, that will be 
very difficult. 

In principle, OLE con
trols, unlike VBXes, can be 
ex tended-not by inheri
tance, which COM doesn' t 
suppon, but by aggregation 
of interface pointers. In 
practice, that , too, will be 
difficult. Most developers 
say that, until Microsoft 
evolves tools that simplify 
the mechanics of aggrega
tion , they aren't willing to 
wrestle with it. Note, how
ever, that the audience for 
whom OCXes are intended 
won 't necessarily find multiple inheritance 
any more congenial than inheritance. The 
VBX model succeeded precisely because 
it hid this level of complexi ty fro m cor
porate developers. 

Alternative Approaches 
Years ago, Visual Basie's spiritual ances
tor, HyperCard , populari zed the visual
prototyping, script-oriented programming 
style that now fuels the success of Visual 
Basic. It also defined a component stan
dard of sorts-the XCMD/XFCN mech
ani sm that's used to surface C or Pascal 
modules as HyperCard primitives. 

Why, given these ingrcdiellls, did the 
HyperCard component industry stagnate? 
It happened in part because the Mac OS 
has lacked an effective way to load gen
eral-purpose extensions dynamically. As a 
result, XCMDs and XFCNs are awkward 
constructs, limited in their access to mem
ory, global data, and toolbox ca lls. The 
new DLL technology in the PowerPC ver
sion of System 7 will solve that problem, 
according to BYTE's Macintosh expert 
Tom Thompson. At this late date, howev
er, Macintosh DLLs will mean more to 
the emerging Open Doc standard than the 
aging XCMD standard. 

More recently, Parts from Digitalk (San
ta Ana, CA) has stirred up many of the 
same ingredients-visual programming, 
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sc ripting, and components-to create an 
attrac ti ve Smalltalk-based development 
kit for Windows, NT, and OS/2. Like Pro
graph CPX from Prograph International 
(Halifa x, Nova Scotia, Canada) and No
vell's Vi sual AppBuilder, Parts pushes 

visual programming to the limit. In 
these ystems you program, at the 
highest level, by creating diagrams. 
You drag icons representing com

ponents, function , and syn
tactic constructs onto the 
su1face of a form and con
nect them with links. To en
capsulate a complex part of 
a diagram-thereby creat
ing a component-you 
draw a boundary that hides 
what's inside, exposing a 
few inputs and outputs. 

In Digitalk 's system, the 
simplest parts to create are 
those that encapsulate code 
expressed entirely in the di
agrammatic language. More 
advanced pai1s wrap objects 
written in the system 's na
ti ve language, Smalltalk, or 
wrap DLLs that em ploy C, 
COBOL, CICS, SQL, or 
other languages. "Many of 

the most critical components come from 
technology spec ia lists who cannot nec
essarily write VBXes in C," notes Mike 
Arrigo, vice president of marketing for 
Digi talk . Fortune 1000 companies wi th 
hundreds of millions of dollars in vested 
in legacy systems can benefit enormously 
from the ability lo componentize those 
systems so that, for example. a host-based 
crcs transacti on becomes just another 
part that can be assembled using the Parts 
workbench. 

Darrell Deming, manager of brokerage 
systems for USAA (San Antonio, TX), 
find s thi s approach hi ghl y productive. 
"We've built a sophisticated discount bro
kerage application, with a client/server 
connect, and we've stayed true lo the par
adigm of Parts as an object assembler," 
he says. Whal hasn't yet evo lved is any 
significant exchange of components be
tween the brokerage group and other units 
within USAA . It ' feasible, using DLLs 
as the medium of exchange. but so far it 
hasn' t happened. "Component distribuLion 
has to be driven by business needs," says 
Demin g, "and because our spec iali zed 
parts aren' t useful to other groups, we're 
not being driven lo di stribute them." 

While Parts today is a proprietary com
ponent model, Digitalk plans to support 
OCX controls and has already demon
strated that Parts can work with DSOM, 

the exchange standard that underlies Open
Doc. Another prop1ietary component mod
el that's portab le across Windows, NT, 
the Mac, Unix, and OS/2 is ava il able to
day from XVT Software (Boulder, CO). 
XVT's ll1in, operating-system-neutral GUI 
layer is the linchpin of one of the premier 
cross-platform development toolkits. 

Last year, XVT Software extended the 
kit wi l11 XVT-PowerObjects, which are 
modeled on VBXes but are po11able across 
all XVT-supported platforms. The first set 
of componellls included toolbars, toggle 
buttons, status windows, and table and 
spreadsheet widgets. XVT Software. its 
partners, and its cu ·tomers arc busily ex
tending the PowcrObjects catalog. Because 
the company has always preferred to use 
native services where available, it 's eyeing 
the emerging component-exchange stan
dards with great interest. 

Despite the incessant "Windows every
where" mantra, Roger Oberg, XVT Soft
ware 's marketing vice president, reports 
no slacke ning of Mac sales, and particu
lai·l y strong demand on the Motif side. ·'ff 
Microsoft 's portable object technology 
doesn' t address Motif," he says, "then it 
won ' t meet the XVT need." OpenDoc's 
multivendor heritage and CORBA-co m
pli ant DSOM foundation appeal to the 
company. however. 

Rediscovering NextStep 
One of the great strengths of the VBX 
approach is that it boils down a lot of tra
ditional programming tasks to sim ple 
design-time edi ting. NextStep's Interface 
Builder was doing that-and in a more so
phisticated way-long before VBXes ever 
existed. Objects that appear on the Inter
face Builder palette are true first-class cit
izens in the NextStep environment. Next's 
Object Ware catalog lists dozens of these 
components-some for genera l-purpose 
use, others speciali zed for the financial
services rea lm , where NextStep has es
tabli shed a strong beachhead. 

Next developers say that it ' s straight
forward to palettize an object for use with 
Interface Builder. The job does require 
that you extend the system's generic in
spector to create the specialized one used 
to display and edi t the object' state, but 
even that ta k will be streamlined in the 
forthcoming version 3.3 of NextStcp. The 
ability to drag links between the outputs of 
one object and the inputs of another comes 
essenti ally for free. Clearly, components 
arise more naturally from the nmmal ext
Step development process than VBXes do 
from routine Windows development. 

Moreover, says Dirk Fromhei n, presi 
dent of Watershed Technologies (Marl





borough, MA), objects that use the NX
Connection class get networking for free. 
That means that Watershed's GraphRight, 
a charting component. is able to serve both 
local and remote clients ...The NXCon
nection object traverses the whole netinfo 
dom ai n automatically," says Fromhe in , 
"so the c li ent litera ll y does not know 
whether the service is being provided lo-

Object Wars 

C + + created a peculiar sort of 

doublethink in the software in
dustry. The object-oriented features of 
C++ presumably explain why it is slow
ly but surely eclipsing C. Yet it clearly 
has not delivered on one of the major 
promises of OOP (object-oriented pro
gramming): software reuse. 

ln tem1s of packaging and distributing 
binary modules, C++ arguably repre
sents a huge step backward. Statically 
linked C libraries have always been an 
effective way to exchange reusable code. 
Dynamically linked C libraries worked 
even better. Freed from the burden of 
static linking, DLL-based operating sys
tems such as Windows and OS/2 became 
collections of field-upgradable parts. 

When C++ class libraries change, 
however, their clients typically have to 
recompile to accommodate them. Tom 
Pennello, vice president of MetaWare 
(Santa Cruz, CA), says that operating
system developers working in C++ are 
hard-pressed to explain to their man
agers why they can ' t release object-ori
ented libraries. The reaction, Pennello 
says, is invariably something like, "What 
do you mean? We ' ve been doing thi s 
for years with procedure libraries !" 

There is also th e vexing problem 
of link compatibility across compilers. 
"Thi s is where the type safety of C++ 
comes back to bite you," says Tom Kef
fer, pres ident of Rogue Wave Software 
(Corvallis, OR), a leading vendorofC++ 
class libraries. 

Although we reflexively equate OOP 
with reuse, Jim Bonine, former vice pres
ident of engineering and now a consul
tant to StepStone (Sandy Hook, CT), 
says that C++ was never even meant to 
solve the problem of large-scale com
ponent exchange. "When we pressed 
Bjarne on that point," says Bonine, re
calling a 1987 debate between AT&T's 
Bjame Stroustrup (inventor of C++) and 
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call y or remote ly." 
Despite NextStep's undi sputed virtues 

and its much-heralded port to Intel hard
ware, it continues to struggle for mind 
and market share. Lt 's too earl y to know 
whether SunSoft's licensing of Next' s ap
plication framework and tool set will tum 
the tide. but the once-unthinkable alliance 
between former rivals is a resounding af

StepStone's Brad Cox (i nventor of Ob
jective-C), "he admitted that the appro
priate scope for reuse of C++ modules 
was probably [at] the project or depart
ment level." 

StepStone's Objective-C was one re
ponse to this problem; IBM ' s SOM 

(System Object Model) is anotl1er. Each 
of these technologies em ploys a run
time engi ne to enable objects to bind 
dynamically wh ile preserving the flow 
of inheritance across object boundaries. 
"With SOM, you can add virtual func
tions, or even refactor the class hierar
chy," says Meta Ware 's Pennel lo. 

The DirectToSOM feature Pennello 
is adding to MetaWare's High CIC++ 
parallels the compi ler's internal object 
model with LBM 's SOM, solving the 
problems of component exchange and 
link compatibility. The benefi ts of thi s 
tactic . Pennello says, more than repay 
its cost in performance. When IBM ' s 
C++ compiler adds the same feature, 
says Cliff Reeves, lBM's director of ob
ject-technology products, ·•you' ll see the 
first [direct] binary exchanges between 
di fferent C++ compilers." 

StepStone's Bonine thinks that SOM 
makes sense for harnessing components 
written in multiple languages. but he 
questions the notion of retrofitting C++ 
in this way. "It's unclear how much more 
baggage C++ can take," he says. Mike 
Pote!, vice president for technology de
velopment at Taligent (Cupertino, CA), 
says the DirectToSOM compiler won ' t 
initially handle the full complexity of 
C++. Taligent has built extensions to 
its C++ compilers to get the dynamic 
binding capabi lity that is needed for its 
fort hcoming object-oriented operating 
system. 

Not surpri singly. the harshest criti
cisms of IBM's SOM and DSOM (Dis
tributed System Object Model) come 
from the Microsoft camp. "We take se

firmation of the va lue of Nex t' s technol
ogy. " I used to have troubl e gett ing IS 
people on Wall Street or in health care to 
consider a Next-based solution," says Ob
jective Technologies' Cone, "but now Ille 
Sun deal has validated the whole concept." 

SunSoft has intentions of grafting the 
Ne xtStep (or rather, the OpenStep) appli
cation framework and tools onto its own 

riously Ille idea that interfaces are sig
natures, separate from implementations," 
says Microsoft' s Mark Ryland . "None 
of the CORBA [Common Object Re
quest Broker Architecture] schemes, in
cluding SOM, face up to what it really 
means to have millions of binary objects 
out there." 

SOM will break, he says, in cases 
where vendors supply competing im
plementations of the same interface
implementations that are at first equiva
lent but diverge over ti me. Microsoft's 
COM (Common Object Model) , he ar
gues, avoids such problems by spawning 
interfaces: A single object can simulta
neously express multiple versions and 
varying sets of capabilities. 

Cll.abs' (Component Integration Lab
oratories) executive manager Jed Harris 
responds heatedly . " It's a broken exam
ple," he says. " The two implementations 
wou ld no longer be valid subtypes, and 
that ' s just a bug that you can detect me
chanically." Neither SOM nor CORBA 
requires a singly rooted inheri tance tree, 
he adds. Client can use mixed-in mul
tiple inheritance to select from a smor
gasbord of components. 

While that ' s possible with SOM, says 
Mark Bramhall , DEC' technical direc
tor fo r distributed c9mputing services, 
it' s less effici ent than with COM . (DEC 
has licensed COM so that its own com
ponent toolkit, ObjectBroker. w)ll be 
able to act as a gateway between OLE 
and the CORBA technologies.) "l n the 
distributed case, with DSOM, thousands 
of remote objects means thousands of 
proxies," he says. "With COM. on the 
other hand, you can quantize these into 
a smaller set of interfaces so that things 
scale nonlinearly. You can get away with 
just te ns or hundreds of proxies and 
avoid exploding the typeenvironment." 

Although the debate rages on, wi tli 
no end in sight , th ere is a subt ext of 
tacit consensus: Components are crucial; 
C++ alone can ' t deliver them; and new 
mechanisms need to evolve. The ferment 
is a sign of healthy growth. 



System-Saving Upgrades. 

POWER SUPPLIES 

"The premier power-supply maker'' 

John Dvorak, PC Magazine, March 30, 1993 

"The only company to go to for apower supply" 

Jerry Pournelle, Byte, April 1993 


ENERGY-SAVING UNITS 
Save electricity wicl1 our economical Energy-Star 
power supplies. Fully-tested and UIJCSAffUV 
approved, they're perfect for standard systems. 
STAR 205 SLIM/DESK!fOWER ............ $79 

ULTRA-QUIET UNITS 
Unrattle your nerves with 

NOISE LEVELS (db) 
an ultra-quiet Silencer 

'""' power supply. Appreciated .," 
38 - by users since 1986, their 

"~ 
36 ..~ high-efficiency fans and 

low-turbulence circuitryORD INARY SILEHCER 
POWER SUPPLY PCIW[fl SUPPLY reduce noise by up to 84% ! 
Amust for home office or 11111/timedia applications. 
SILENCER 205 SLIM ............................ $109 
SILENCER 220 DESK!fOWER ........... $119 
SILENCER 270 DESK!fOWER ........... $179 

HIGH-PERFORMANCE UNITS 

Upgrade your computer widi one of our premium 
Turbo-Cool power supplies-die choice of PC 
professionals. You'll get 50%-100% more power, 
built-in line conditioning, super-tight regulation, 
ultra-dean output, ahigh-capacity cooling fan, 
UIJCSA!fUV, a 3-year warranty for 300W 
models, and a 5-year warranty for die 4i0! Ideal 
for high-end workstations and network file servers. 
TURBO-COOL 300 SLIM/BABY ......... $169 
TURBO-COOL 300 DESK!fOWER ... $189 
TURBO-COOL 450 DESK!fOWER ... $349 

SOLID-STEEL CASES 

Give your computer a 
professional, high-tech 
look with one of our 
premium-quality, 
USA-made, all-steel 
cases. They're rigid
wtlike light-weight 
imports-so die PC's 
components are always 

properly aligned and grounded. 
You'll enjoy easy system access, and widi room for 
up to 18 drives, diere's real expandability! 

Deshop Tower Monster 
E.tposet! DriV? Ba~: 5 6 13 
Total DriVl! Ba~: 7 8 18 
Motherboard Capaci ty: 2 
Power SupplyCapacity: 
Cooling Fan Capacity: 6 
Filtered Air Inlet Yes Yes Yes 
Lochble Front Door: Yes No Yes 
Beige or Black Finish: Yes Yes Yes 
Meelli FCC-B Specs Yes Yes Yes 
Made in USA Yes Yes Yes 

SOLID-STEEL DESKTOP CASE ......... $175 

SOLID-STEEL TOWER CASE ............ $295 

SOLID-STEEL MONSTER CASE........ $895 


REDUNDANT POWER 
Eliminate the risk of network downtime or data loss 
due to ixiwer supply failure with the TwinPower 900 
redundant power system. It delivers high-capacity, 
fault-tolerant power co your entire network server. 
Consists of two Turbo-Cool 450 power supplies 
in parallel, utilizing a special power-management 
interface module. Amust for missi()JI critical LANs. 
• 900 watts peak power 
• IOOX more reliable 

man a single-unit 
• load-sharing design 
• hot-swap capability 
• 5-year warranty 
• monster-case compatible 
T\VIN-POWER 900 ............................... $995 

OVER-TEMP ALARM 

Don't wait for die acrid smell of 
burnt components! Widi our 
new 110 Alert, you'll know 
if your PC is over-heating 
before damage occurs. 
Should die computer's 
temperature reach I 10°F, a loud 
alann warns you mat a fan has failed or that die 
cooling system is inadequate to handle diat extra 

hard drive or oilier peripheral you may have added. 
Compatible 11~di any computer, die inexpensive 
110 Alert is compact, easy to install, and so reliable, 
it carries a lifetime warranty. 
110 ALERT............................................. $19 

CPU COOLERS 

It's a fact. 486 chips run hot, often exceeding I85"F! 
Now, you can cool your 486 to a safe 85°-95"F wicli 
our popular CPU-Cool. It prevents random system 
errors and other heat-related problems. Consists of 
amini-fan embedded in a die-cast heat sink diat 
easily mounts on me CPU. Powered by a spare 
drive co1U1ector. Effective, inexpensive insurance! 
• cools CPU 70° - IOO"F 
• prevents system errors :: __...- c....,•u.n __M•_i·Fl__ 

• adds years to CPU life ''°' 
• clllnner, quieter, and ,,.. "" 

better-built dian cheap ·:: 
imported imitations. 

• safe, simple installation ~ ~ 
CPU-COOL (FOR 486s) ............................. $24 
PENTACOOL (FOR PENTIUMs) ............ $29 

/Ill /lllWEll ~ lllllll/MIJ, /Mii, 
5995 Avenida Encinas, Carlsbad, CA 92008 • (619) 931-5700 • (800) 722-6555 • Fax (619) 931-6988 

We acccp1V'~. MC. COD, or PO on approved crediL Wamntyperiod: facyem for Twin Power and Turbo-Cool 450. 'Three rem for Turbo-Cool (exctp1 4i0). Two )tm for aU otht11 (exrcp1 I IO Alen). 

Ho11r1: 7a.m. - S p.m. (Pl) Mon. - Fri. Silencer, Turbo-Cool, TwinPower, CPU-Coo~ Peni.Cool, and 110 Alert aretnd=b orngistered tndemarb of PC Power & Cooling, Jn c. ©1994 PC Power & Cooling, Inc. 
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CORBA-compli ant di s tributed -object
plumbing layer, DOE. SunSoft' s Probst 
likens thi s to IBM 's plan to layer the Tal
igcnt application framework on top of the 
CORBA-compliant DSOM . A wrapper of 
CORB A IDL (Interface Definition Lan
guage) around Next compone nts, says 
Probst, will enable them to plug into the 
ame sockets that accept C++, Smalltalk. 

or Ada components. 
Won't that destroy the seam lessness of 

pure Objective-C development that Next 
programmers so hi ghly prize? Not neces
sarily. It ' s true that Objective-C objects 
can' t converse intimately with foreign ob
jects. But a library that internally exploits 
a ll the power of Objective-C can export 
multiple interfaces and so appear, to cli
e nts, as a collection of independent com
ponents. 

The OpenDoc Alternative 
OpenDoc is the cross-platform compound
document standard that will be licensed 
by CILabs (Component Integration Labo
ratories) , wi th the backing of Apple, IBM, 
Novell, WordPerfect. and others. Open
Doc' s charter, like that of OLE 2.0 , goes 
beyond compou nd document s; it defines 
a full-blow n component architecture (see 
"A Close-Up of OpenDoc," March BYTE). 
OpenDoc parts, like OCXcs and OLE serv
ers, can load dynami cally, embed them
selves in containers, and respond to com
mands issued from a variety of languages. 

Four fou ndat ion technologies underly 
OpenDoc-a compou nd-document frame
work for OLE-like embeddi ngs, a com
pound file format (Apple 's Bento), a lan
guage- ne utral automation architecture 
(mode led on Apple Events), and a lan 
guage- neutral run -t ime mechanism for 
dynamic object linking and binary com
ponent exchange ( IBM 's DSOM). (See 
..IBM' s Assault on Distributed Objects," 
November 1993 BYTE.) 

C l Labs wi ll license the source code for 
all four technolog ies to interes ted parties. 
"There aren't any secrets," says David 
Austin, Apple's manager of Open Doc de
ve lopment. The first developer ' s releases 
of OpenDoc for at lea t three platforms 
should start appeari ng around the time you 
read thi , from Apple (for the Mac), Word
Perfect (Wi ndows) , and IBM (OS/2). 

C l Labs claims that Open Doc wi ll have 
a number of advantages over OLE. In the 
realm of compound documents , these in
c lude support fo r nonrectangular content 
and multiple ac ti ve objects. "OpenDoc ' s 
screen-brokerin g technology is much 
better than OLE' s." says Doug Donzelli. 
vice president fo r AppWare foundation 
technology in Novell' s AppWare Systems 

54 RYTE MAY 1994 

Group. "ClarisWorks, which in ternall y 
uses a hi ghly sophisticated component in
tegration scheme, was one of the bench
marks for the OpenDoc designers; you 
could not build Claris Works with OLE 2." 

As a general component model, Open
Doc 's s trength s flow from its sc ripting 
technology and DSOM. To support script
ing. OpcnDoc will support th e 
registration of standard proto
cols. or event suites, for ma
jor classes of applications. 
The eve nt " advance to 
next word," for example, 
will mean the same thing 
in a ny word processing 
application. OpenDoc pro
ponen ts argue th at thi s 
di sc ipline, like the Apple 
Events model , ensures at 
least some level of script 
reusabi lity across appli
cations and components , 
whereas OLE' s approach 
guarantees none. 

Microsoft' s response? 
··we wanted to standard
ize on suites of OLE automation verbs," 
says Mark Ryland, senior program man
ager on the Cairo project, "but the major 
independent software vendors couldn 't 
come to a consensus. Do you leave the 
cursor at the beginning of the next word? 
The encl? What about punctuation? We 
would have had to mandate these things 
li ke Apple does, and we chose not to." 

rBM 's DSOM, say the Cl Labs backers, 
will endow all OpenDoc platforms wi th a 
network-capable, language-neutral mech
anism for packaging and distributing com
ponents. The COREA-compliant inte r
face-definition language used to describe 
the ir interfaces means that users of com
ponents can extend them-without access 
to source code-using multiple inheri
tance. Microsoft disputes these claims, and 
the COM-versus-DSOM debate has lately 
turned into a pitched battl e (see the text 
box "Object Wars" and "Extensible Soft
ware Systems" on page 57). Microsoft ' s 
Ryland argues that COM's aggregation, 
unlike DSOM's inheritance, cleanly sepa
rates interfaces from implementations. 

A related argument is that while inher
itance is useful-perhaps even essenti al 
as a private discipline for builders of com
ponents-it's inappropriate as a public dis
cipline for users of components. OpenDoc 
proponents vehemently di sagree. "Obvi
ous ly. a well-encapsulated object has val
ue," says Cli ff Reeves, IBM's director of 
object-technology products. "But at what 
point does it s top being something for 
which inheritance is usefu l?" 

Jed Harris. executi ve manager of Cl
Labs, argues that Microsoft ' s approach 
forces the programmer to predetermine 
the boundary between a component and 
its environment. But that boundary can ' t 
be known in advance; it must be discov
ered during iterati ve, exploratory devel
op ment. " You can never get it right the 

first time," says Harris, "and that's why 
you do n ' t wa nt two differen t pro

gramming models ." 
The uses of OpenDoc are 

as varied as the companies 
backing it. Apple, focused on 
the desktop, needs to enable 
the Mac to dupli ca te- and 
hopefully improve upon-the 
kinds of document- and com
ponent-based applications that 
have fl owered on Windows, 
thanks to OLE. IBM, focused 
on th e enterpri se, wants to 
build complex, heterogeneous, 
distributed systems using stan
dard interchangeable pa rt s. 
WordPerfect sees OpenDoc as 
a platform-neutral way to de

compose a monolithic application into 
pieces that can be specialized for particu
lar markets and to enable that application 
to accept pluggable third-pa1t y extensions. 

So far, developers have mixed reactions 
to OpcnDoc. " I' m focusing on OLE 2," 
says Ray Cote, president of Appropriate 
Solutions (Antrim, NH). "It ' s the holy grai l 
of reusable code, and it will be mature on 
the Mac and Windows by the time Open
Doc arrives." lnterleaf's (Waltham, MA) 
chief architect Kimbo Mund y says, " If 
OpenDoc does a few more thin gs than 
OLE 2, then, frankly , I don 't care; 1just 
want one interface that will keep me com
petitive on multiple platforms." But Mundy 
cautions Lhat " if Microsoft continues to 
ignore the non-PC Motif platforms, then 
OpenDoc wi ll have the edge." 

Acceptance of OpenDoc will certa inly 
depend, in part, on how effectively it can 
interoperate with OLE. Can two such com
plex standards really play together? "After 
months of analysis, we' re convinced it will 
work," say Novell ' s Donze lli . "Other
wise we wouldn't have backed OpenDoc." 

Novell's AppWare Bus 
Anothe r too lkit for the co nstruc ti on of 
portable components, due out by the time 
you read this, is Novell's AppWare. Ver
sion 1.0 wi II include about 70 bundled 
components, or ALMs (App Ware loadable 
modules). and will support development 
of ALMs-for Windows and the Macin
tosh-in C and BASIC. 

Novell 's App Ware Systems Group wi ll 
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succe.<;.<;fu l business. That includes the monitor you look at 
- hour-after-hou[ So,when your work includes 
CAD/CAM, desktop publishing or even spread sheets, why 
would you use an outdated monochromeor 14" monitor? 
Color adds impact! And tl1e large screen lets you see the big 
picture. The award-winning Viewsonic 17 and Viewsonic 
21 color monitors are ideal for all applications tliat 
requi re brilliant images, ultra high resolution and pre-press 
color matching. 

Not only do these 17" and 21" monitors offer maximum resolutions of 1,600 x 1,280, theyfeature ViewMatch"' - an exclusive 
system that let'i you relax while tl1e monitor displays dazzling colors that match printer output. Now that's impo1tant. In addition, 
there is a \\~de range of digital controls to customize images. \1ewSonic has done it again! 

The monitor of your dreams is now a reality. 
And at a price that will allow you to sleep at night 

Now available with FREE Mac adapter! 

VlewSonlc VlewSonlc VlewSonlc VlewSonlc 
176 17 20 21 

Screen Size' 17" 17' 20" 21 " 
Dot Pitch Imm) 0.28 0.27 0.28 0.25 
Horizontal Fr uen 30-64KHz 30-82KHz 30-82KHz 30-82KHz 
Maximum Resolution 1280x1024 1600 x1280 1600x 1280 1600x 1280 
Maximum Refresh 160Hz 120Hz 120Hz 152H z 
Flat Square Screen Yes Yes Yes 

Viewsonic® 
See The Difference!"' 
20480 Business Parkway Walmll, CA 91789 
Tel: (800) 888-8583 or (909) 869-7976 fax: (909) 869-7958 
or ria Applcl.i nk: VIEWSON IC or Compusc rrc: 73.\74. 51 4 
• 17''. 20' a11d 11 " CRT~!· h!ld 15.5" to IS T' . \fU" anti !~ 7" 1!1:1~1:.U \iew·.iblescreens. r~pecthel~·. 
All prOOuct'i :uv\ hr:tnd n:unejj :i.re n:-g.is1en.\l 1r.ldc1ul00 o( the:l r !efX"(lh~ comp:inics.. 
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unite technology from two acquisitions, 
Serius and Software Transformation. Se
rius provided the pictorial programming 
environment, which is now called Visual 
AppBuilder, and the App Ware Bus, which 
defines how ALMs plug into and 

tions-intensive applications. But ver ion 
1.0 does not let you distribute an applica
tion based on ALM components. The next 
version , due around September, will pro
vide two mechanisms-PeerLogic' s Pipes, 

and one of the COREA-compliant 
communicate with hosts. Soft- -~::::;:::::;::::;=:::;;::; technologies, possibly DSOM. 
ware Transformation supplied ._.._+-+--t-iT"'4 
cross-platform foundation 
classes that will make ex
isting Windows and Mac 
components more robust , 
and it will also extend App
Ware' s reach to OS/2 and 
Unix platforms. 

Central to the AppWare 
foundation is the notion of 
scalable families of compo
nents. App Ware's text wid
get, for example, comes in 
several API-compatible ver
sions, ranging from a light
weight multiline edit con
trol to a near-full-function 
word processor. This foun
dation won ' t be part of the 
initial AppWare products; 
Novell plans a developer' s 
release of foundation-based 
versions of the AppWare 
Bus and Visual App Builder 
by the end of 1994, with fi
nal versions due in 1995. 

-

"How will component 

vendors compete when 

a few hundred dollars 

buys you a whole appli· 

cation--or even a 

suite-that's also an 

integrated develop· 

ment environment with 

most of the objects 

you want and very few 

missing pieces?" 

.lt '. fli-cr foncr. 

/lltf1/ishcr11fS11/i/c11a 

Specialized Applications 
Mainstream applications 
can profit from component 
technology, notes Mark 
Ericson, object architect for 
WordPerfect (Provo, UT), 
who thinks that internal use 
of OpenDoc parts will en
able his company's word 
processor to handle new 
kinds of content and thus 
appeal to specialty markets. 
"WordPerfect has a general 
equation editor," he says, 
"but scienti sts or engineers 
may require specialized 
equation editors ." 

In an era of shrinking 
margins, the ability to create 
and manage premium prod
ucts could become critical 
to vendors of what has tru
ly become commodity soft
ware. The same OpenDoc 
technology used internally 

Concurrently, Borland is working to 
graft its OWL (Object Windows Library) 
framework onto the App Ware foundation, 
transforming OWL into a cross-platform 
API and making ALMs an easy target 
for Borland C++ developers. Eventually, 
claims Novell's Donzelli, "you'll be able 
to write an OLE part or an OpenDoc pan 
or an ALM from a single source. In fact, 
OWL programmers are doing this today, 
although they don't realize it." 

While Visual AppBuilder's pictorial ap
proach to programming will likely receive 
the lion's share of attention at first , No
vell says the product's main purpose is to 
expose the App Ware Bus and jump-start 
the ALM binary standard. "We're giving 
away the bus-the tool interface, the run
time event engine, the messaging system," 
says Joe Firmage, vice president for App
Ware Bus technology in Novell 's App
Ware Systems Group. Early adopters in
clude Gupta, which has announced that a 
future version of its SQLWindows will be 
able to accept plug-in ALMs. 

Why might developers prefer App Ware 
over OLE or OpenDoc? These technolo
gies are tuned for the desktop-for visual, 
interactive tasks, Firmage argues-where
as AppWare's inherently asynchronous 
approach favors distributed, communica
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to specialize WordPerfect for particular 
markets, Ericson adds, will give Word
Perfect users access to third-party compo
nents. That means the company won' t have 
to invent, maintain, and evangelize a pro
prietary extension mechanism. 

But Microsoft desktop marketing prod
uct manager Mike Ri sse doesn ' t yet see 
a need to differentiate Excel by varying 
its core components. "We give you the ob
ject set and the tools to customize Excel for 
a medical office or an electrical-engineer
ing firn1 ," he says. The next version will be 
even more customizable, he adds, because 
you'll be able to export user-written Vi
sual Basic for Applications functions to 
OLE automation controllers. 

However, in Microsoft's development 
labs, experiments are validating an OLE 
building-block approach to applications. 
"We' ve been playing with a word proces
sor built out of components," says OLE 
architect Tony Williams, "and it's blind
ingly fast." What 's more, the user inter
face of Cairo, the Windows NT successor 
due in 1995, is literally a collection of user
customizable OLE components . 

Applications vs. Components 
Today 's applications not only are in com
petition with the new pluggable compo

nents but also are growing increasingly 
component-like themselves. That ' s espe
cially true on the Macintosh, where Ap
ple Events are now widely exploited. 

Symantec C++, for example, is actual
ly a collection of independent components 
that talk to each other by means of Apple 
Events. When the debugger needs to eval
uate an expression, it pipes it to the com
piler. As a result, the debugger is able to 
handle very complex expressions, and it 
automatically benefits from compiler up
grades. Now that the Think Class Library 
encapsulates the Apple Events APls, it's 
easier than ever before for users of Syman
tec C++ to achieve the same effect in their 
own applications. 

Excel 5.0, Windows' bellwether appli
cation , exposes dozens of objects-and 
hundreds of methods and properties-to 
programs wiitten in its own internal script
ing language or in Visual Basic 3.0. This 
OLE automation capability, coupled with 
Excel's OLE embeddability, lets Visual 
Basic programmers use the application as 
though it were a high-powered custom 
control for charting or data analysis. 

The increasing programmability of main
stream applications raises some interesting 
questions. "How will component vendors 
compete," asks Jeffrey Tarter, publisher of 
Softletter (Watertown, MA), "when a few 
hundred dollars buys you a whole appli
cation-or even a suite-that's also an in
tegrated development environment with 
most of the objects you want and very few 
missing pieces?" 

Peter Mullen, development manager for 
Shapeware (Seattle, WA), shares that con
cern . Shapeware 's Visio , an intelligent 
business graphics application, was one of 
the first implementers of OLE automation. 
Visio Express, the first pure OLE 2.0 serv
er, exists only to embed the graphics with
in OLE 2.0 containers. 

Will Shapeware also cast its technol
ogy in the OCX mold? Mullen's not sure. 
"Resellers love Express because it's a sec
ondary sell along with an application like 
Word," he says. "But where's the mass 
market for an OCX?" 

While the VBX example proves that 
component vendors can find comfortable 
niches, these questions are ex tremely per
tinent. Nearly everyone agrees that the is
sues of cost, distribution , and suppon will 
have to be worked out before a software
components market can really thrive. The 
technical foundations are being laid, but 
the business model is still up in the air.• 

} 0 11 Udell is a BYTE senior tec/111ico/ editor at 
large. You can reach him n11 the Internet or BIX at 
jude // @bix. com. 



INTEL VERIFICATION LAB 
GUIDING You TO FUTURE COMPATIBILITY 



SHEDDING LIGHT ON 
UPGRADABLE INTEL 

PROCESSOR TECHNOLOGY. 

One of the biggest benefits of Intel's micro
processor technology is its upgradability 
with Intel OverDrive"' processors. To help 
ensure today's systems are compatible with 
Pentium™ OverDrive processors, we've 
created the Intel Ve1ification Lab. This 
Technology Briefing will explain the pur
pose and process of Intel Verification. 

A QUICK 
OVERDRIVE '" 
PROCESSOR 
REFRESHER . 

Cu1Te11tl y available ror 
many lntel486"" systems. 
OvcrDrivc processors are a 
fami Iy ot' CPU upgrades 
which significantly acceler
ate your software to give 
your system a mid-li fe pcr
fo nnance boost. 

Today's lntelS X2"" mid 
[ntclDX2'" OverD1ivc 
processors utilize speed
doubling technology 
and inCOll)Oratc a 
large. on-chip cache 
to achieve their dra
matic increase in per
fo rmance. Tomo1TOw·s 
Pentium Ove rD1ivc proces
sors will be based on the 
same technology as the lat
est Pentium processor. such 
as superscalar processing. 

THE CHA L LENGE 

F OR PC DESIGNERS . 

[)eo.;igning systems to accom
modate Pentium OverDrive 
processors create some 
unique and sometimes diffi
cult obstacles for computer 
manufactu rers to overcome. 

The reason is simple: 

Pentium OverD1ive 
processors don't physicall y 
exist yet. Therefore. PC 
designers must build and 
test their systems fo r future 
OverDrive processors wi tl1
out the benefit or having 
ac tual samples. 

As the tirst step in build
ing machines upgradable 
to Pentium OverDrive 
processors. Intel provides 
PC manufacturers (OEMs) 

with detailed design 
specificat ions for 
future OverD1i\·e 
processors. Then. 

as an add iti onal 
help. we p1m~dc a way 

for OEMs to supplement 
their own comprehensive 
system testing. That's where 
the Intel Verification Lab 
comes in. 

T H E IVL SOLUTION . 

The Intel Verification Lab 
(IVLJ is a multimillion dol
lar facility whi ch tests new 
lntel-l86 and Pentium 
processor-based PC designs 
to help OEMs better meet 
Inters c1i tc1ia fo r upgrad
ability and compatibility 

with Pentium OverD1ive 
processors. 

IVL conducts a batte1y 
or tests. applying Intel"s 
extensive knowledge and 
experience in processor 
design and software com
patibility. For example. in 
functional tcstjng we 
uncover BIOS problems, 
such as BIOS timing loops. 
or inco1Tect microproces
sor identilieation. which 
could lead 10 compatibility 
problems when a faster 
processor is installed. 

Intel 

PC OEM 

During the testing, which 
takes a few weeks. Intel 
and the PC manul'acnirer 
work closely together ga1h
e1ing infon nation <Uld 
analyzing the results of the 
tests. This process creates 
a database or infom1ation 
which is used to enhance 
both Inters OverDri,·e 
processors and PC manu
facturers' system designs. 

THE BENEFIT O F 

I V L T ESTIN G . 

The puqJose or testing is 
simply to help you get a 
better PC-one that is reli
abl y upgradable with 
OverDri ve processors. and 
once upgraded. full y com
patible with all the applica
ti ons you run. 

How TO SPOT I NTEL 

VER I F IED SYSTEMS . 

Intel Verified: for 1hc 
Prn1i11111° ..,On:rD1i \·e.., processor. 

Just look for this designation. 
OEMs whose Intel micro
processor-b<L-;ccl designs have 
passed IYL testing are autl10
1izecl to include it in thei r 
advertising and literature. 

INTE L VERI F ICATION 

THE INTEL VERIFICATION LAB ( IVL ) 

TESTS NEW PC DESIGNS FOR UPGRAD

ABILITY AND COMPATIBILIT Y WITH 

PENTIUM OVERDRIVE PROCESSORS . 

IVL TESTS EVERYTHING FROM PHYSICAL 

MEASUREMENTS TO THERMAL AND 

ELECTRIC AL SPECS TO BOOTING UP 

AND RUNNING POPULAR SOFTWARE. 

SOME IVL TESTS USE A PENTIUM 

OVERDRIVE PROCESSOR EMULATOR ( SEE 

BOARD AT RIGHT ) TO M IMIC PENTIUM 

OVERDR IVE PROCESSOR FUNCTIONALITY. 

IN ORDER TO BE VERIFIED, DESIGNS 

MUST HAVE A ZIF ( ZERO INSERTION 

FORCE ) SOCKET, WHICH SIMPLIFIES 

THE UPGRADE PROCEDURE. 



ELECTRIC AL CURRENT, AN D ALSO THAT ITS VOLTAGES 

AND TI MINGS ARE WITHIN INTEL SPECIFICATIONS . 

THERMAL 
THE THERMAL TEST MEASURES THE HEAT 

DISSIPATION OF THE SYSTEM DESIGN TO 

ENSURE TH AT IT CAN PROPERLY MAINTAIN 

THE PENTIU M OVERDRIVE PROCESSOR 

WITHIN SPECIFIED TEMPERATURE PARAMETERS. 

TO MAKE SURE IT'S AS COMPATIBLE WITH THE NEW 

OVERDRIVE PROCESS OR AS IT IS WITH THE ORIGINAL 

INTEL MICROPROCESSOR. 

THIS TEST MEASURES THE PHYSICAL 

DIMENSIONS SURROUNDING THE PENTIUM 

OVERDRIVE PROCESSOR ZIF SOCKET TO MAKE 

SURE THE SOCKET IS ACCESSIBLE TO THE USER , 

AND THAT THE PENTIUM OVERDRIVE PROCESSOR 

CAN BE EASILY INSTALLED. 

ELECTRICAL ~ FUNCTIONAL 
IVL TESTING LOOK S ltT THE ELECTRICAL USING THE PENTIUM'MOVERDRIVE 

PARAM ETERS OF EACH SYSTEM TO MAKE PROCESSOR EMULATOR , THE SYSTEM 

SURE THE OVERDRIVE "·' PROCESSOR DESIGN IS TESTED WITH ALL MAJOR OPER

SOCKET DRAWS THE PROPER AMOUNT OF ATING SYSTEMS AND POPULAR SOFTWARE APPLICATIONS 



THE OVERDRIVE"'' PROCES SOR 
UPGRADABILITY PATH . 

INTEL CONTINUES TO DEVELOP VARIOUS OVERDRIVE 

PROCESSORS TO BOOST THE PERFORMANCE OF 

INTEL486 AND PENTIUM PROCESSOR-BASED PC S. 

THE INTEL VERIFICATION LAB TESTS PC DE SIGN S 

TO HELP ENSURE UPGRADABILITY TO PENTIUM 

OVERDRIVE PROCESSORS. 

FUTURE OVERDRIVE™PROCESSORS. 

T HE P E N TIU M Ii ·· 
OVERDR IVE P ROCESSOR 

F oR I NTEL486 C PU 

B ASED PCs . 

The next generation in 
upgradability is the Pentium 
OverDrive processor for 
lntel486 SX. DX mid DX2 
CPU-based systems. The 
Pentium OverDrivc 
processor is based on the 
latest Pentium processor 
technology. such as super-
scalar design, which allows 
it to execute two instruc
tions per clock cycle. 

It uttltzes an enhanced 
I version of the Pentium 

processor"s on-chip cuche 

I and a much faster, 
redesigned floating-poi Ill 
unit. It also has a Bus Inter-

I 
f:-{' ,·;1'r 

I , ,

I 
 r'/j .. ~ 


~~ .... · 
) 

I 

face Unit (B IU) that is opti
mized for systems tJ1at have 
a 32-bit bus (see diagram ). 
all or which gives existing 
systems a substantial 
increase in performance. 

LOOKING AHEAD . 

In the future. you' ll even 
be able to increase the 
performance of alreacly
powerful Pentium proces
sor-based PCs. I.Ji fact, 
there me cwTently many 
systems designed to take 
advantage of Pentium 
OverDrive processors. 

And Intel's commitment 
to upgradability doesn't end 
there. Even more powerful 
new versions of OverDrivc 
processors m·e already on 
the drawing bom-cl. And as 
new Intel microprocessors 
are introduced, you can be 
sure new generations of 
Intel OverDrive processors 
wi II soon follow. 

For more information and a complete list of systems that have been 

Intel Verified : for the Pentium '" OverDri \·c" proce~sor. call 1-800-955-5599 and a-;k for literature 


pack#118. Or dial Intel's Fax Back at 1-800-525-3019 and ask. for JocumcnL~ #3035 through 3039. 


'' For European inquiries. 
ca ll +44 (OJ 793 43 11 55 ;111d 
ask for lnfopack !VP-US. intel® 

© 11N-1 l n11.·I Cnq>11r:11ion. 
t \Vhik ~upplii: s l;i:-1. 

•'tTIJird -p~irly 1r:1dl·11 1a rJ.: , ~ir~ lh t· 
prop1.· r1y 11f 1h-.·1r rc~ p..:•: ti, · 1.: t11 )ldrr:-.. 
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Extensible Software Systems 


DICK POUNTAIN AND 
CLEMENS SZYPERSKI 

Y 
ou know you've accom
plished the software en
gineer's nirvana-fully 
extensible software

when you can add new functionality to 
a system by interchangeably mixing 
and matching code modules at run time, 
without having to recompile anything. 

For example, if you can add one spell
ing-checker module to your system that 
immediately becomes usable from any 
application , then you no longer have to 
worry about multiple dictionaries and 
interfaces and can work more efficient
ly . Such extensible systems hold the 
promise of increased economy and re
liability. But what's the reality? 

For the last decade, operating sys
tems and appli cations have grown in 
an ad hoc fashion-in the way you 
might add outbuildings to a farmhouse. 
A new generation of microkernel-based 
operating systems promises to replace 
this haphazard, unreliable growth with 
a new kind of controlled extensibility. Making software fully You can even add what amounts to 

Extensibility: What Is It? extensible means you a whole new operating system
Windows 3.1. This is a stronger kind 

In one sense, all application programs can mix and match code of extensibili ty, though still limited. 
are extensions of the operating system, It certainly won't guarantee reliabil
because they add new functionality modules at run time, ity, as anyone who has wrestled with 
without forcing you to recompile the 
operating system. For example, MS without recompilation 

TSR conflicts can testify. These prob
lems persist because the extension 

DOS can open and close text fi les, but interfaces have been hacked out and 
it doesn ' t know how to edit them; for that, you must run an ap modified by generations of third-party programmers, often using 
plication (i.e., load an extension) such as EDLIN or WordPerfect. undocumented features . More important, this is one-way exten
Many large applications- such as AutoCAD and Lotus 1-2-3- sibility: Newly added code can use old code (e.g., DOS func
are extensible, letting you load extra modules that add new func tion calls), but old code cannot generally cal l new code, except for 
ti ons. Unfortunately, this is a limited and proprietary extensibil a few well-defined cases such as printer drivers. Sharing code 
ity; you can't add AutoCAD tools to Lotus 1-2-3 or vice versa . modules also implies that once a module (e.g., the text-editing en

You can also extend MS-DOS with modules that any appli gine) is debugged and stable, it will be reliable throughout the sys
cation can use. For example, load ing a new driver via CON tem. At present, every new application introduces its own text
FIG.SYS at boot time might extend the system to support a CD editing code and its own new bugs. But software doesn't need to 
ROM drive. You can add TSR programs at run time that alter the be this way . DLLs, as used in Windows, suggest another ap
way DOS manages memory . proach for extensible systems, which could consist of a tiny fixed 
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SUBTYPING OR SUBCLASSING? 

Inheritance and polymorphism Subtypingys. Subdassing 
are important concepts in OOP 

(object-oriented programming), 


. "· 
Ob)ect-ortented 


but more subtle distinctions are 
 languages ought to 
distinguish betweenusually not explained. One fun
subtyplng, which

damental issue is the distinction expresses conformance 
(Le., lw-klnd-ilf)between types and classes, some
relations, andthing not reflected in current com
subclaulng, which

mercial OOPSes (object-oriented merely means 

programming systems). 
 reusing code. 

Type distinguishes kinds of ob
T-+T0 T is a subtype of To jects; its purpose is to control what 


values can be assigned to variables or used in 
 c- T c implements T 

operations. Polymorphic variables and opera-
 c -+ Co c is a subclass of c ~---~ 

0 

tions can accept objects of many types, but only 
if these conform to the declared base Deleptlon can avoid Dy0amic Subdassing
type. This means they must be sub- the formation of such by Delegation
types (i .e., specialized kinds) of the =can 
base type. Expressed in a program- subclass another 

ming language, an object's type is class (I.e., use Its 

. all . .bl . -" code) wltboat at the
its extern y v1s1 e mteuace, rep- same time creating a 

resented by the names and formal sabl;ype-basetype 


parameters of its methods. relationship. 


Class concerns how a type works (i.e., the code 
that implements those methods and thus defines the 
behavior of objects of the type). A class that reuses 
some code from a previously defined class is called 
a subclass and is said to inherit from its base class, or superclass. This subclass rela
tion only involves sharing code and does not imply that the corresponding_ type is a sub
type of the other. · 

Most OOP languages don' t distinguish subtyping from subclassing, though it would 
often be desirable for a type to inherit code without having to create a subtype of the 
base type. Ifclass and type are identical, you must use forwarding to simulate inheri
tance or introduce wrong subtype relations (as most OOPSes do, including Smalltalk). 

As an example, in the original Smalltalk Collection class library, a set is implemented 
as a subclass of a bag, conveniently inheriting most of its code since their imple
mentations are similar. Mathematically speaking, a set is not just a kind of a bag, 
since they behave differently under the multiple update operation. But a typed language 
like C++ will lead you into making a set a subtype of a· bag, and hence to the common 
design error where a function that expects a bag may be called with a set, and will fail . 
Static type-checking cannot catch this kind of error if wrong subtype relations exist. 

Why do current OOPSes allow wrong subtypes'? Because a compiler can't check the 
behavioral (as opposed to syntactic) conformance of a subtype. ft would have to check 
the mathematical definitions of sets and bags against the implementations. Unfortunately, 
such checks are equivalent to Turing's Halting Problem: undecidable in principle. 

Another fundamental difference between OOP and traditional programming is the 
complex.ity introduced by recursion. Whenever a method invokes another method 
on the special "self" object, the code that is actually executed may be located in a sub
class that overrode the original method. In other words. recursion can cause a subtle 
interaction of a class with its subclasses and superclasses. 

Like Ethos, Microsoft's Component Object Model separates extensions from a base 
class's implicit recursion pattern. The only way to pass control from a cJass to its base 
class is by forwarding through an instance variable containing an object of the base class. 
For the base object to call the caller back, a callback object must be explicitly passed. 

A more powerful scheme than forwarding is delegation, where the callback object 
is the caller itself and gets passed with every invocation of the base object. Delegation 
has the same expressive power as inheritance, so either can simulate the other. For
warding can simulate delegation only in a cumbersome way by adding an extra call
back parameter to each and every method. See the text box "fnheritance or Delegation." 
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microkemcl augmented by DLLs. To get 
there from here, thou gh. you need new 
programming tools to he lp enforce the re
quired discipline. 

Objects, Classes, and Extensibility 
Extensibility is one of many benefits that 
OOPSes (object-oriented programming sys
tems) promise to deliver through encapsu
lation, polymorphism. and late binding. 

An encapsulated object behaves like a 
black box whose inte rnal state can be 
changed only via a well-defined interface . 
Changing the internal implementa tions 
(i.e., methods) of such objects should not 
break any application programs that use 
them, if the interfaces remain unchanged . 

A polymorphic operation can be applied 
to different types and classes of objects . 
With late binding, you don ' t need to know 
which kind of object until run time. Com
bining polymorphism wi th late binding 
(called virtual methods) allows you to write 
code that will work properly for types and 
classes that do not yet e xist. This is es
sential for truly extensible systems. which 
are by definition never finished. Other pro
grammers must be ab le to extend your 
work in ways you cannot anticipate. Late 
binding is what ennbles old code to call 
new code. /11lierira11ce is the ability to de
rive child objects that inherit (i.e .. reuse) 
the interface code of their pnrcnts. 

The Real World Intrudes 
In the real world, ex tensibility is more e lu
sive than thi s story would suggest. A fully 
extensible syste m shou ld be able to add 
and remove compiled code modules with
out forcing the recompilation of any mod
ules already present (e.g .. adding the new 
spelling checker must not force you to up
grade to a new version of your word 
processor). ll1is µ~supposes that the OOPS 
supports separately com pi lab le modules, 
but some object-oriented languages (e.g., 
Smalltalk) do not. In fa ct, an extens ible 
OOPS needs to support a separate compi 
lation unit whose granularity is typically 
larger than a s ing le c lass. because some 
program constructs (e.g. , cyclically de
pendent type definitions) cannot nom1ally 
be compiled across modul e boundari es. 
and some definitions use aux iliary con
strncts that should no t be visible outs ide 
the module. 

Current object-oriented languages vary 
enom10usly in the ir altitude to type-safety, 
which is the detection of the illegal use of 
operations (see the tex t box ..Subtyping or 
Subclassing?"). Smalltalk has no concept 
of type. so any operat ion can be applied 
to any object and only run-time checks 
can detem1ine if a particular method call 
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will succeed. Object Pascal and Oberon 
use strong typing, so the legality of many 
operations can be checked at compile time. 
C++ falls in between-most operations 
are type-safe , but unchecked type-casts 
perform the important type-narrowing op
eration (i.e., going from a general type to 
a more specific subtype). 

Needless to say. you must be able to 
compile new modules for an extensible 
system without needing the source for all 
the old code, and compiling a new module 
must not affect the correctness of older 
code, as can happen with some type-check
ing systems based on global program 
analysis. 

SOM, COM, and Fragile Base Classes 
It ' s highly desirable to be able to extend a 
system using a variety of compilers and 
languages. but we're not there yet. You 
can't use Microsoft C++ to extend Bor
land class libraries or inherit from Mi
crosoft C++ libraries into Turbo Pascal. 
We need a vendor-independent object 

Inheritance or Delegation? 

To illustrate the difference between inheritance and dele
1 ~ation, consider the following code, which implements a 

rather poor! y designed class called pr i n t er that supports ttie 
printing of documents: 

Printer = PO I NTER TO PrinterDesc: 
Prin t erOes c = 

RECORD 
pagen o : I NTEGER; (*variable is pr i vate *) 
PROCEDURE (p: Pr i nt e r ) Pa geNo(): INTE GER : 
PROCEDUR E (p: Pr i nter) SetupN ex tPa ge 

CVAR endOfDoc: BOOLEAN); 
PROCEDU RE ( p: Pr inter ) PrintPage; 
PRO CED URE (p: Printer) PrintDoc; 

EN D; 

(The language used here is Oberon-2, whose syntax bears 
a family resemblance to Object Pascal. The parameter ( p: 
Prin t e r) in front of each method name specifies the static 
type to which the methods are bound.and is called the re
ceiver; methods are invoked on an object of this [or a con
formant] type as, for example, P . Page No.) 

Pri ntD oc prints an entire.document by alternating calls to 
Set"upN ex tPage with calls to Pri ntPage until the former re
turns with endOfDoc true. PageNo returns the page number of 
the page currently printed. Pri ntDoc also contains a lot of 
nasty code to locate, open, and close printer drivers, which can
not sensibly be reimplemented and must be reused. 

The first implementation of Printe r increments the page 
number before calling Pr i n t Page and after calling Se t up 
Ne xt Page; however, the documentation says nothing about this 
order of execution. Later on, the implementation is changed to 
increment the page number before calling Set upNe xtPa ge . 
This does not violate .any previously documented rules. But it 
may well break extensions that have been written in the mean
time. 

For example, a subclass Ind ex Pr i n t e r inherits from 
Pr.inter and extends SetupNextPa ge to add marked words to 
an index; it takes pag e No( )+1 as the current page position, 
which worked fine with the original Printer. With the new 
implementation, the results are all off by one. Here, you have 
a fragile base class intertwined with its subclasses in such in
tricate ways that changing it becomes virtually impossible. 

Now if you prohibit inheritance and extend Printer using 
only forwarding as follows: · 

Ind ex Pri nter = POINTER TO 
RECORD ( Prin te rDesc ) (* A ty pe ext e ns i on *) 

base: Printe r : (* Pointer t o t he ba se clas s *) 
PROCEDUR E ( p: Print e r ) PrintOoc : 

ENO; 

As it stands, this version of Ind ex Pri nt er can't do the 
job, because without inheritance or late binding, it can only call 
the original Pr i ntDoc umen t method and can't regain control 
after Print e r calls SetupN ext Page to add its own actions. 
Forcing the system to rely on pure forwarding reveals the de
sign weakness in Pr i n t e r the first time you tcy to extend it. 
However, by using explicit callback parameters, the Printe r 
interface can be changed to make I nd ex Pri nt er work: 

Pr i nt e rOes c = 

REC ORD 

PROCEDURE (p: Pr inter) Pr i nt Doc ( q: Prin ter) ; 
ENO; 

This last implementation of Pri n t Document calls the 
methods of its cal.lback parameter q instead of s e 1f to perform 
its job using callback "hooks" : 

PROCEDU RE ( p : Printer) Pr in t Doc (q : Print er ) ; 
BEG IN 

... (* nasty dri ve r code *) 
I F q = NIL THEN (* no delegator * ) 

. . . ( * as or i g i n.a l v e r s i on *) .. . 

EL SE ( * pass control ba c k t o de legat or * ) 
WHI LE -e ndDo c DO 

q .Set upNext Page(e ndD oc ); 
q . Pr i ntP ag e 

END 

ENO; 

. .. (* mor e nasty driv e r cod e *) 


END Pr i ntDocu ment; 

The result of this interaction enables q to delegate Prin t 
Doc to p, which in tum returns se l f invocations ·to q , thus 
achieving the effect of late binding (i.e., old code calling new). 
Now I nd ex Pri nte r must keep track of page numbers itself, 
relying on its own implementation instead of that in Prin te r. 
Making the callback explicit reduces the likelihood of a frag 
ile base class. 
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The answer is the 
Conner CR6 RAID system. 
Developed for high
performance PC LAN based 
client/server environments-by 
the industry's leading disk drive 
manufacturer. 

Designed with our customers in 
mind, Conner's CR6 disk array is a 
fully integrated, fault-tolerant, external 
RAID subsystem with a maximum 
storage capacity of 6 GB. And its hot

swappable drives can be replaced on-line 
without system interruption or loss of access 
to mission critical data . 

Plus, Conner CR6 RAID systems 
are highly scalable and flexible . 
Choose between RAID levels 0, 1 
and S in either bootable software 
or hardware implementations. And they're certified 
for use in Novell NetWare 3.x and 4.x environments . 

More good news . Conner CR6 RAID is more cost 
effective than either mirroring or duplexing for file 
servers requiring S GB or more of disk storage . 
You simply add arrays or upgrade disk drives to increase capacity or performance. 

As for easy installation and administration, Conner CR6 RAID systems come fully 
bundled with hardware , software and documentation. There is no need for external 
terminators or to set SCSI ID's . What's more, Conner's Array Management Software 

krunswith 
allows you to manage multiple arrays from a single -NetWare 

workstation and features a GUI interface that supports 
workstations running DOS, Windows and OS/ 2. 

If you still have any question about who has it all in RAID. call 
Conner Storage Systems at l-800-7SS-OS3S 

for product literature. Whatever your C::.-.:.YER 
storage question, we're the answer. Storage Systems 

Novell. NetWare. and the Y£S icon are trademarks of Novell. Developer Tested Only. Novell makes no warranties with respect to this product. 
Conner Storage Systems. Lake Mary. FL C't07) 263-3500. ©199'• Conner Peripherals. lnc. All trademarks or regis tered trademarks are of their respective owners. 
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model to define a standard binary format 
fo r pass ing me sages and parameters be
tween objects. 

Predictably, there arc two rival models: 
Mic rosoft ' s COM (Component Object 
Model), which unde rli es OLE 2.0, and 
IBM ' s SOM (Sys te m Obj ect Model ), 
which was ori ginall y introduced to sup
port OS/2 2.0's Workplace Shell but also 
forms the bas is o f OpenDoc, a new com
pound document mode l that fBM, Apple, 
Sun, and others support. 

The two mode ls are significantly dif
ferent. SOM is language-independent and 
supports full inheritance, while COM is 
intimately tied to C++ and supports only 
forwarding, a weakened fo rm of inheri
tance th at Microso ft ca ll s aggregation. 
The only way to reuse code from a parent 
class is by expl.ic itly putting a pointer to an 
object of that class into a 
pri vate data member of the 
child; thi s object then acts 
as a proxy fo r it s pa rent Using derived 
class and forwards all rele types, you can 
vant messages to it (see the 
text box " Subtyping o r replace or modify 
Subclassing?"). parent-class

Microsoft says it pulled 
behavior, but youback from full inheritance 

to avoid the " fragile base must follow strict 
class problem" (see "Ob rules.jects on the March," Janu
ary BYTE). This problem 

power. One of the authors (Szyperski) has 
researched such techniques, which he calls 
EOO (extensible object orientation) at ETH 
(Eidgenoss ischc Technische Hochschule) 
in Zurich. EOO amounts to object-orien
tation plus separate compilation plus type
safety. 

Overriding Concerns 
In OOPSes that employ inherit ance, de
rived types inherit all the procedu res or 
methods of their parent type but can over
ride them and defin e new implementa
tions. Thi s powerful feature allows you to 
replace or modi fy inherited behaviors, but 
you must fo llow strict rules to avo id the 
fragile base-class problem. 

To be sa fe, the overriding procedure 
must be both , yntactically and semanti
cally compatible with the original proce

dure. A language can express 
syntactic conformance by us
ing a strong ty ping scheme 
that the compil er can chec k. 
Semanti c compa tibility is 
di fficult to check, and no ex
isting programming language 
has a mechani sm for speci
fy ing behav ioral confo r
mance. Nevertheless, certain 
design principles can help. 

In general , it is only safe 
to extend procedures whose 
complete behavior is known. 

arises when adding new variables or meth
ods to a base class forces aH its derived 
classes to be recompiled or modified. Here, 
even though the class ' s interface was un
changed, hidden semantic dependencies 
had vio lated the black-box walls that en
capsul ati on was s upposed to provide. 
Changing the self-recursion pattern of the 
base class (i.e.. the way that its own meth
ods call one another) often causes these de
pendencies (see the text box "Inheritance or 
Delegati on?"). 

In essence, Microsoft says that full in
he ritance o ffers prog rammers too much 
freedom, which they will inevitably abuse 
by designing un safe extensions and thus 
hinder easy upgrading of the product. How
ever unpopular thi s argument, it contains 
a kernel of truth that OOP supporters must 
face: Module interfaces fo r truly extensi
ble systems need str icter controls than cur
rent OOPSes provide. 

Aggregati on is one solution, disabling 
full -code inheritance and prov iding onl y 
the weaker alternati ve o f forwarding to a 
base c lass. Unfortun ate ly, thi s gives up 
much of the extensibility OOP was sup
posed to deliver. Other design techniques 
ca n restrict the potenti al fo r inheritance 
mi sc hie f wh ile reta ining it s ex press ive 
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Using a "super" call to the parent proce
dure within the extended procedure can' t 
guarantee safety; the parent may have had 
side effects or hidden behaviors that, when 
changed at a later date, caused the extended 
code to break. When replacing. rather than 
extending. the default behavior o f a base 
procedure. the onl y safe course is to re
place it totall y. without makin g a super 
call. You must defin e completely the be
hav ior of such base procedures , with no 
hidden actions, and you must expmt every
thing needed for the implementation so 
that re implementers can use it. 

Since an empty procedure does noth
ing, it can al ways be overridden safe ly. 
An empty procedure meant only to appear 
in an objec t' s interface is ca lled an ab
stract procedu re; a type that provides at 
least one abstract procedure is often called 
an abstract class. You may not create in
stances of such types-they are j ust inter
faces whose code must be impleme nt ed 
within some ex tension type. To avo id the 
frag ile base-class problem, you onl y ex
port and ex tend abstrac t classes , keeping 
the nonabstract classes that extend and im
plement them hidden wi thin modules. 

If you don't export the extended type, 
how can you create and use objects of that 

type? By exporting a long with each ab
stract type a corresponding di rcctmy object 
(accessed via a globa l variable) that con
ta ins me thods to c reate and manipul ate 
new objects of the extended type. For ex
ample, a file di rectory object might contain 
methods to create new fil es and to look 
up ex.isling files by name. Directory objects 
can be replaced at run time, allowing you 
to add and integrate extended services and · 
thus support complete extensibility. 

Future Directions for Safe Extensibility 
These des ig n princ iples emerged from 
research at ETH on an ex perimental ex
tensible operatin g system ca lled Ethos, 
impl eme nted in Obe ron -2, a s tron g ly 
typed, modul ar OOP language that offers 
late binding and code inheritance but does 
not d iffe renti ate between subtyping and 
subclass ing (see "Oberon: A Glimpse at 
the Futu re , .. May 1993 BYTE). Ethos 
demonstrated that strong typing and strong 
modularity are powerful means for achiev
ing full ex tens ibility. E th os has led to 
Oberon/F, a commercial application frame
work fo r standard GUis (e.g .. Macintosh, 
Windows. and Motif) from Oberon Mi
crosystems' (So lothurnerstrasse 45, CH
4053, Basel, Switzerl and). Oberon/F ex
tensions are plat fo rm-independent , provide 
native look and fee l, and are document
cente red rather than applicati on-centered. 

Restricting the use of inheritance proved 
to be the key to system manageability and 
extensibility in Ethos, allowing easy addi
tion of extensions that are themse lves ex
tensible. But relying pure ly on forwarding 
to extend ex isting objects often proved too 
weak for adequate code reuse. Inheritance 
was no longer an option because the use 
of directory objects meant that the base ob
jects were not visible at compile time. In 
such cases, delegation proved to be a high
ly effective substitute fo r inheritance, but 
since Oberon can only simulate delegation, 
it was too cumbersome to use everywhere. 

It may be desirable to build support for 
delegation into the programming language, 
just as current OOP languages support in
heritance. No current OOP language sup
ports both de legation and inheritance, and 
whether such suppo11 can be implemented 
in a type-safe and efficient way remains 
a topic for fu rther research. • 

Dick Po1111tai11. a B l'TE contrib11ti11g editor, has 
11Ti1ten many articles 011 ohject orie11wrinn and 
operari11g sy.~rems. He ca11 be reached 011 rile ln
rem et or BIX Cl/ dickp@bix.com. Clemens Szyper
ski is associate pmfe.uor ofco111p111ing at Queens
land U11i1·ersi1y in Bri.<lmne. A11.wralia.following 
a doctorare 1111der Profcsrn r Niklaus Wirrh at 
Eidgenijssisc/1e TC'chnische /-!ocl1sch11/e. 

mailto:dickp@bix.com
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Our monitor family teams 11/tra high 
resoliftion rvith alistofimpr.essiv~ 

technical specifications. 

Superior 
IriE~ery
Detail. 


At Nanao, details make all the difference in 
creating our family ofprofessional display moni
tors. From the product design and manufacturing 
that takes place in our factory to the end user's 
working environment, Nanao pays attention to 
every detail. Tn engineering. Assembly. Product 
testing. Quality control. Shipping. Customer 

support. From the very first days ofthe company, 
we set out to be an innovator in monitor technol
ogy. And, in a few short years, we have achieved 
that goal. Today, Nanao has the lowest repair 

1-800-800-5202 


NANJ10 

NANAO USA CORPORATION 

23535 Telo ~ Torrance, CA 90505 
(310) 325-5202 Fax: (:310) 530-1679 

EvcryNanao 
monitor undergoes 
intense scmtiny 
and testing to 
ensure1naxim11111 

perfomiance 
and product 

•il•Jll!--~ reliability. 

Nanao T eries and FSeries monitors 
have caphtred every major award from 

the h1d11stry's leadingpub/ications. 
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rate in the monitor industry, the highest product 
re/iability1 and a f a~t~'gtQWing number of 

enthusiastic customers. So ifyou're looking for a 
superior monitor, start with the details. We do. 

I I I I l' I 

Nanao monitors 

reduce 
glare and 

eliminate 
static electricity. 

feature protective 
coatings 

• a11d 
': panels

', ___ : that 

~.~'fk 
Nanao was the 
first monitor 

l ' 1 \ IJ ~ ll f \ f t, I r. company to join 
in partnership 

with the EPA Energy Star Program. 

A heritage 
ofprecision 
craftsmanship 

and attention 
to detail has been 
designed into Nanao's 

family ofdisplay monitors. 
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/\PC Back UPS 1250 

Back-UPS 

ANSI/IEEE 587 Cat
egory Atest wave, 

Back-UPS are 
superior to 

• 

en 
~ere are three types of computerl ~sers: those who have lost data due 
to a power problem, those who are going 
to, and those who have protected them
selves against the inevitable surge, black
out or brownout with the most reliable 
UPS they can buy: Back-UPS by APC. In 
fact, editors and users alike agree that if 
your system demands absolute reliability, 
you can depend on APC Back-UPS. 

According to a study by Bell Labs, 
undervoltages represent the overwhelming 
majority of power problems likely to hit 
your computer. The question is not if a 

Voted most reliable by 3-to-1APC 

Tripp -Best 
t J • 
II-

. -

In a recent poll by PC 
Magazine's MagNet, 
APC was voted the 
most reliable UPS 
111a1111(acturer by a J. 
to- I margin. That 's 
dependability that will 
see yott though years of 
1111111atched power 
protection. 

failure will occur, but when.Whether due to 

construction, wiring, weather, other office 
equipment, or accidents, power problems 
are as inevitable as death and taxes. That's 
why you need instantaneous battery backup 

power from the Back-UPS to prevent 
data loss, hard disk crashes, and hard

ware damage. 
If you're concerned about 

lightning, rest assured that 
when measured using the 

0 1994, APC. R.:ick·· UPS , PowerChutc arc 1tadcmMks of APC. Other Lrndem ark10 arc the propcny o f 1hdr owners. Specs subject to change without notice. 
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"All other brands of UPS die regularly in this 
lightning prone environment. My APC won't 
die!" said Paul Sisilli, Systems Analyst, City of 
Port St. Lucie. " \Vith other brands, users don't 
fi11d out u11til it is too late. The power 
interruptions here are very hard to live with. 
The other brands are dyi11g off. Typically they 
last iust beyond their warranty period. My 
Back-UPS is going 0 11 three years... 110 other 
brand is as reliable." 

virtually all separate surge suppressors. 
Surge performance is even backed by a 
$25,000 Lifetime Equipment Protection 
Guarantee_ 

Ifyou're protecting a network server, a 
communications interface port (on models 
Back-UPS 400 and higher) provides the 
security of an automatic shutdown to all 
major OS including etWare, Windows, 
Windows NT, LAN Server, LAN Manager, 
LANtastic, SCO Unix, OS/2, Banyan Vines, 
AppleShare/System7and more,so your data 
is safe whether the system is attended or nor. 
(PowerChute software and interface kits 
sold separately.) 

And since data processed
MADE IN on net\vorked clients needs 

protection too, the $139 
Back-UPS 250 provides an ~ 

Back-UPS (R to L) Application Sugg. List 

250 LAN nodes, internet hardware, POS $139 
400 Desktop 486, 386 systems, servers $229 
450 Tower 486, 386 systems, servers $279 
600 Heavily configured systems, CPD/ 

CAM workstations $399 
900 Multiple systems, longer runtime $599 

applications 
1250 Multiple systems, LAN hubs, 

small minis, telecom equipment $799 

Do11 Traux knows first ha11d about Back-UPS 
reliability: "It ought to be agai11st the law to 
buy a computer withal// m1 APC Back-UPS 
250. I recently had a direct lightning hit right 
outside the house... my computer never blinked. 
Each momi11g I get a surge down the line a11d 
both APC's bate it - they simulta11eo11sly 'holler 
' 11 clamp' while my 'Bra11d T' quietly sleeps i11. 
I've relegated that unit to 1wn-critical 
ho11sebold stuff like my VCR. " 

More than ... 

I I I I I I 
~ Satisfied Users 

APC has won more awards for perfo rma11ce 
and reliability tlJa11 all other UPS vendors 
combi11ed...i11cludi11g fo 11r co11secuti11e LAN 
Times Readers Choice awards... 

economical solution fora II your LAN work
stations. 

Discovering how essential Back-UPS 
protection is can be hard ...if you wait for 
the next storm to ro ll through. But discov
ering how afforable it has become is easy... 

Ca ll today and find out (the easy way) 
why more than 1,000,000 satisfied users 
bank on Back-UPS from APC. With more 

awards than all other 
brands combined, field
proven reliability, and a nvo 
yea r wa rranty, Back-UPS 
are power protection you 
can purchase with confi
dence. 

ii~ i'j 
800-800-4APCb ·-~-S11/11r;.,· 

APC EUROPE (•lli 646 2l~OO I ASIA/l'A Ill FAX, 40 1-789· 16.ll I...:::.. .. a'J l. AMERICA fAX : 40 1·78':1·!177 1 I Com pu)(T \'c: GO APf'-'iUl'PORT 
" ' "II" l ' (lll H111 1l 
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J\11drew \Vargo, Manager at Bax ter l.A11d 
Company, tried t1110 other bra11ds before Back
UPS. "One lasted a few days, a seco11d 011e 
went up i 11 smoke a~er 48 hours, a third lasted 
less than 24 ho11rs! I then bought 111 y Back
UPS for less than half of 111hat I had f1aid for 
the others. We've purchased three more Back
UPS and fo r tbe past 14 111011ths they 've bee11 
iust l111mmi11' a111ay 0 11 the sa111e power li11e that 
was eating the other bra11d$ alive!" 

AWARD-WINNING FEATURES 
brsta11ta11eo11s backup power beats 
blacko11ts a11d brownouts 

Unmatched light11i11g (tested to UL1449) 
a11d surge protection for maxi11111111 
hardware safety 

Network-grade line conditio11i11g a11d EMl/ 
RFl filters prevent glitches 

LAN Interface (0 11 Back-UPS 400 and 11p) 
provides automatic sh11tdow11 to all maior 
OS: \Vi11dows, NT, Net Ware, LAN Server, 
LAN Manager, LANtastic,Unix, OS/2 , 
Vines, AppleSbare/System7 and more. 

Site diagttostics a11tomatically spot missing 
gro11nd and reversed polarity, two common 
miswiri11gs which 11s11ally require a11 
electrician 's visit to diag11ose. 

Option switches allow yo11 to c11stomiui 
tra11sfer voltage and alarm settings. 

Test Switch for 011going peace of mind 

2 year warra11ty and fu ll safety a(J{lrovals 

$25,000 Lifeti111e Eq11ip111c11t Protection 

TM 

AMERICAN POWER CONVERSION 

http:401-789�16.ll


MorelHAN SOURCE 

Using a mixed bag of 

UNIX" development tools raises 

a few questions. 

Like, are the tools compati 

ble? Do you have everything you 
need to complete the joh) And , 

will you get home before dawn? 

Is there a better way? 

Definitely. 

Introducing SunPro 

WorkShop7 For the first time, our 

best and brightest cools for C, C ++, 

or FORTRAN development

SPARCworks~ SPARCompiler;· 

SPARCworks/iMPact, and 

SPARCworks/TeamWare-are 

now together in one boxed suite. 

All the core tools you need 

for faster, smoother, easier Solaris" 

development. 

Each product 

has been carefully 

designed to work 

hand in hand withYou' Ii sm>e so much 
time, you c1111 send 1he the others. Yet 
coffee machine 011 a 
much-deserved vacation. they're all strong 

enough to stand on their own. 

First, our new SPARC works 

development tools are the most 

powerful, most graphical, easiest

to-use version evei: 

J_, J_, J_, 

Sl'AllCworts: SPAllCompllll SPAllCworU/ 
Provtn toots C++: Dar uw, T11mW1r1: 
tor bulldlno 11tlw1 C++ com· Gr1phlcal code 
b1tltr 1ppllca· plltr 1apports m1a1g1mtnt lor 
tl01t1, t11t1r. l1t1st ltntu•t• group projects. 

d1"dlnll. 

SPARCworU/ SPARCampller 
IMPad: Powtr· C: lldUllty 
Mtoolstor 111a1no cIn· 
multllhr11ded QHQ11)'11tm 
d1velopmenl. lorJlst, robust 

appllQUom. 

It includes our advanced 

Debugger, with enough bells and 

whistles-like Runtime Error 

Checking and Fix and Continue

to fill up another ad . 

Then, our new SPARCompiler 

language systems compile source 

files 30-40% faster. And our new 

code optimizers boost runtime 

execution performance 10-15%. 

Our brand new SPARC works/ 

iMPact tools are the ultimate in 

multi-processing development and 

feature a thread-aware debugger. 

SPARC works/TeamWare 

code management tools allow easy 

distribution and coordination of 

group projects . 

SunProWorkShop also fea

tures our new ToolTalk'" interfaces 

that extend our core development 

tools so you can add other tools 

co the mix. 

There's simply nothing like 

SunProWorkShop for C , C++, and 

FORTRAN. 

And at just $2995 for the C++ 

version, it's an unbelievable value. 

Just call l-800-2SUNPRO 

and we'll send you either a video 

demonstration or our 30-day Try 

and Buy CD to 

evaluate. Ask 

about our 

Tracie-up 

why piece together development 

cools when you can get chem 

all in one box. 

With SunProWorkShop. 

•sunPro 

ASun Microsystems. Int Business 

Ouui& ~US. pkiut:(onu.: 1 your lr..:oal S11n l' rv lt nclli:r. For tht" munt• u(dlC' SunPm lttu llt'r nt:ttr!.t you COl ll •l ·11:'.i·3)6·6R•1R, Sun P n), 21~0 Garn11 /\.,.: , , Muunuain Vu:w, CA 9.\0·B- 1100. Sun. 1he Sun 

lob'O, Sun M inosys remJ, St111Prv, iho::- Su ri Pru lobv. $<.}J,.1i i a11<l 100IT;i lk "'' 1naJ.:1n;111 lu or rcg1t1Netl tr.ilkm:trk) of Sun M k«.,.)'5tt' ln\, Inc. All S PARC u ..J.i:nurks . tndu<ling 1hc SCO U1mpl1ant lo.1,'0, :m : 1r.idema.rkJ o r 

rtgisrt"re<.l 1r-.1o.knu rk, of SPARC lmr rmuiun11l, Im;. SPh.RComp1kr. 11nd Sl'ARCwutks •re' l1cl"nK"J nclush·d y tu S..,n Mkro~rucm), Inc. Prtxluru lxam tJ,C the SPARC ctackm.uk arr bilsetl o n an iuchirt.: 111~ tkvrlO)lo!'J by 


Sun Microsyl>tcm s. Inc. UN I X Is 1 «",gnte rcd tr:uJcmark of UN IX S~u:m Labor.uonn. All othe r products o r Jcrvkr.\ mcnuont"d hi£-rtm ~re rnu.~miuk.\ c.f 1hdr IUJ~Cl i ~~ nwncr). () 199'1 Suu M ic t<>1o)'1o tC'lnS , Inc 


Circle 178 on Inquiry Card. 

http:ctackm.uk


lljl!tj 


The Computerized Patient Record 


SCOTT WALLACE 

M 
edicine, like many 
scientific activities, 
cannot be practiced 
effectively without 

accurate and timely information: in
fomrntion about patients and their prob
lems, appropriate care-giving proce
dures and their benefits and limitations, 
the medical and institutional resources 
available to support care providers and 
their patients, and the cost and result 
of care. Today, the vast bulk of this in
formation can be found not on-line but 
in hard copy of one form or another: 
paper-based patient records derived 
from provider-patient encounters; film
based x-rays and scans from diagnostic 
procedures; strip charts and other out
put from laboratory and patient-moni
toring equipment; and voice recordings 
of clinicians' notes. AU are critical com
ponents of what, in the aggregate, is 
called the patient record. 

For many years, the medical com
munity and its IT (information tech
nology) suppliers have sought to im
prove, refine, and extend the support 
that computer-based systems offer in 
the delivery and administration of 
health care. Understandably enough, 
patient data has been a prominent rocus 
in this effort. More recently, the health 
industry has been joined by regulatory 
and market interests eager to under
stand and contain the costs of health
care delivery. According to a Decision 

Huge benefits in the sued a report called The Com

quality of health care along 
with financial savings 
center on a broadly 

accessible computerized 
patient record 

puter-Based Patient Record: An 
Essemial Technology for Health 
Care. The repon, which focused 
on the computerization and 
communication uf patient anti 
provider information, identified 
five objectives for the CPR 
(computerized patient record) 
of the future. The CPR must I) 
support patient care and im

Resources report, 25 cents of every hospital dollar spent in 1990 
paid administrative costs (many of which are associated with the 
management of patient information). Computerizing the patient 
record seems an excellent way to reduce administrative costs 
and deliver better health care. 

Focus on the Data 
In 1991 , after serious and comprehensive study of prospecli ve 
health-care-delivery improvements, the Institute of Medicine is-

prove quality of care; 2) enhance productivity of health-care pro
fessionals and reduce administrative costs of health-care deli very 
and financing; 3) support clinical and health services research; 4) 
accommodate future developments in health-care technology, 
policy, management, and finance ; and 5) ensure patient data con
fidentiality at all times. Neither paper-based records nor con
temporary computer-based records can effectively support all 
these objectives today. 

The Institute of Medicine report also noted that the future CPR 
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The Computerized Patient Record in Transition 
Institutional CPR-centralized model Institutional CPR-distributed model Virtual CPR-longitudinal 

Users 

Source: Decision Resources, Inc., 1994 

Treatment 
record 

Treatment 
record 

Decentralization of health-care delivery-combined with the movement from mainframes and minicomputers to client/server archltectures--is driving the transition 
of the CPR from a centralized through a distributed to a virtual longitudinal model. 

must be "far more flexible, allowing its 
users to design and utili ze reporting for
mats tailored to their own specia l needs 
and to organize and display data in various 
ways. The patient-record system of the fu
ture must provide other capabil.ities as well, 
inc luding links to adm.inistrative, biblio
graphic, clinical knowledge, and research 
databases. To meet the needs of clinicians, 
CPR systems must be linked to decision
support systems; they must a lso support 
video or picture graphics and must pro
vide electronic-mai l capability within and 
between provider settings ." Given that 
telecommunications and computing infra
structures at health-care institutions typi
ca ll y lag five years behind mainstream 
business users of IT, the repon poses quite 
an aggress ive challenge. 

Although the scope of the technical and 
operational tasks associated with realizing 
th.i s vision of the CPR are monumental, so 
are the incentives. New purchas ing pat
terns conjoined with institutional cffo11s 10 

contain costs are " flattening" the hea lth
care industry-creating new alli ances of 
purchasers as well as of providers who sup
plement and compete with trad itional hos
pital services. This has created an unpre
cedented need to share clinical and patient 
encounter in formation . At the same time, 
pati ents are becoming more mobile, rou
tinely receiving treatment-and incurring 
billings-at many institutions even within 
a single episode. As a result , the need for 
accurate, accessible, timely , secure shar
ing of in fo rm ation has reac hed c riti ca l 
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mass. And demand to apply the appropriate 
information and communications resources 
to the problem will only increase as IT
savvy stakeholders (e.g ., insurance com
panies and Fortune I 00 employers paying 
health-care bills for thousands of workers) 
exercise more prominent influence. The 
result is the need for a new system for de
li vering and accounting for health care. 

CPR Today 
The CPR systems found in hospitals to
day typically treat the hospital as the pri
mary, and often sole, provider and venue of 
care delivery. Until recently, this orienta
tion was appropriate and relatively effec
ti ve. With the decentralizati on of health
care delivery and the consequent rise in 
specialty services and organizational al
liances, this centrali zed model for patient 
information management is becoming less 
appropriate. Further, within indi vidual in
stitutions, patient record in formation is be
coming decentrali zed, dri ven largely by 
an industrywide transition from central
ized minicomputer and mai nframe sys
tems toward distributed. client/server sys
tems (see the fig ure "The Computerized 
Patient Record in T ransition"). Health
care providers, patients, and payers are re
structuring their relationships, and the CPR 
is changing as well. It is being transformed 
from a centrali zed model through a dis
tributed model to a longitudinal model. 

In May 1992, the General Assembly of 
the state ofVem1ont created a Health Care 
Authority charged with developing plans to 

support universal access to health care for 
residents. In support of that goal, a non
profi t co rporation called the Verm ont 
Health Care Information Consortium, or 
YHIC, was formed. Its mission is to plan 
and develop a modem, regional, integrated 
health-care information system. Bruce Post, 
president of YHIC, oversees research and 
policy development ac ti vi ties. Post has 
been worki ng with all stakeholders-ven
dors, providers, payee organizations, and 
consumers-to develop definitions of func
tionali ty for the system and to identify in
te1face standards and telecommunications 
policies that support the ind.ividual needs of 
institutions and the needs of the population 
at large. He sees collaboration as critical 
to th e success of regio nal, community
based health in formation systems. "Health
care institutions can no longer operate as 
Towers of Babel. While there may be dif
ferent languages and needs, we have to 
build a system with effective communica
tions and info1mation sharing. This means 
some kind of integrated database and com
munications system," says Post. 

Post is not alone in hi s interest in de
veloping reg ional health information net
works. Last December, th e C. Everett 
Koop Institute at Dartmouth sponsored a 
conference for health-care professionals, 
policymakers, and technologists to di scuss 
the ways and means of developing an in
tegrated health-care information network 
to serve the populations of Maine, New 
Hampshire, and Vermont. "We all know 
that the in formation highways of the future 
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are blocked by obstacles. We need to iden
tify those obstacles and come up with plans 
to remove them," said fo rmer Surgeon 
General Koop at the conference. "How do 
we communicate now? What is our vision 
for communicati ons in the fu ture? What 
do we want to communicate? To whom 
should it be communicated?" These ques
tions must be addressed before robust and 
effective networks can be implemented 
(see the figure "CPR: Many Users, Many 
Uses"). While the answers will diffe r from 
community to community and insti tution to 
institution, a set of common architectural 
and solution elements are emerging. 

CPR at the Brigham 
Today, one would be hard-pressed to find 
an institution with a more viable informa
tion architecture-or one that supports its 
care providers with more comprehensive or 
broadly accessible on-line patient data
than Brigham and Women ' s Hospi tal in 
Boston, Massachusetts. The Brigham is a 
teaching arm of Harvard Medical School 

and, like most hospitals, has a heavy lega
cy of centralized, minicomputer-based sup
port systems. Unlike most institutions, the 
Brigham has successfull y migrated to a 
LAN- based , distributed, c li ent/server, 
desktop environment at the same time as 
dramatically increasing the availability of 
on-line patient information and the number 
of supporting applications. 

At the hospita l's main campus, over 
3300 Intel clients and 120 servers are con
nected via 70 4-Mb Novell NetWare 3.0 
token rings and two 16-Mb backbones (see 
the figure "Brigham and Women's Hos
pital Information Systems Infrastructure") . 
This infrastructure suppon s more than 65 
applications software systems, such as 
Pathology Laboratories, Patient Account
ing, Results Retrieval , and Physician Order 
Entry. Applications are written in resource
conserving MUMPS (Massachusetts Gen
eral Hospital Utility Multi-Programming 
System), a client/server applicati ons de
velopment and run-time enviro nment. 
(MUMPS was originally developed in the 

late 1960s and earl y 1970s for minicom
puter systems at Massachusetts General 
Hospital, and it still has a strong presence 
in health care as well as engi neering and 
scienti fic markets.) 

In part , because of the sophi stication 
and effecti veness of its systems and, in 
part , because it provides health-care ser
vices to clinics remote from the main cam
pus, the Brigha m has a j ump on mos t 
institutions try ing to develop the next-gen
erati on CPRs requi red to support a dis
tributed health-care-deli very system. Sup
port fo r dece nt ra li zed access is a key 
fea ture of the CPR. 

John Glaser, vice president of informa
tion systems, says there are three basic pur
poses of the CPR. " [The CPR] makes data 
avai lable, so that no matter where or when 
the data was produced, you can get at it. It 
helps streamline the processes that surround 
the provision of care. And it makes ordering 
care more efficient. For example, [the CPR] 
allows us to put logic on top of the content 
to guide the care-giving process." 
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Enrollment data 


Provider data 


Benefit plan data 


Purchaser, payer 

Government and 
regulatory agencies 

Special studies 


Epidemiological analysis 


Community 

Source: Hartford Foundation 

Functional assessment 
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Life-style/behavior survey 


Patient's own data 


Provider data 


Periodic reports 


Special studies 


Data 
repository 
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•Profile 
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•Lab results 

•Assessments 

•Surveys 
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•Profile 

•Directories 

•Surveys 

Payors. 
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Purchasers 

•Enrollment 
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Health-care providers 

Patient profile 


Encounter history 


Medication history 


I( Medications prescribed 

Physicians 
Physician referrals 

Preadmission plan 

Encounter and claims data 

Supplemental data 

Hospitals 

Medications filled 

Provider data 

Lab results 

Provider data 

Provider data 

Encounter and claims data 

Laboratories 

Dentists 

The CPR must accommodate a wide variety of users and uses. These uses as well as the types of data of the CPR will change over tlme to accommodate evolving 
operational requirements and computing and communications platfonns. 
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Serial 
interface 15 Data General MV series 

minicomputer systems 

Source: Brigham and Women's Hospitat, 1994 

This large, urban teaching hospital is today transitioning from a legacy of minicomputers to a modem clienVserver architecture. The result: an institution uniquely prepared 
to support the modem CPR. 

Brigham and Women's Hospital Information Systems Infrastructure 

Dalabase 
servers 

An example of guiding the care-giving 
process can be fo und in the hospital ' s 
fledgling ex pert systems that support care 
givers' planning and ordering processes 
through protocol-based analyt ics . Perhaps 
a CPR contai ns recent lab data on a pa

. ti e nt ' s potass ium leve ls and a care giver 
e nters an order for a d ru g that has con
traind ications in patie nts with high potas
s ium levels . If th e potass ium level was 
high, the system wou ld alert the clinician 
to the contraindication and ask for con lir
mati on of the order. If the level was nor
mal, the order would be proces eel wi thout 
query. Messages presented at the time of 
emry can also be deli vered by E-mail or 
over the hospital"s paging system. This 
degree of suppo11 is not a fundame ntal part 
of the CPR, but the C PR is a fundamental 
prerequisite to systems li ke this that rely on 
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patient data to improve treatment pl an
ning, patient outcome, and quality of care. 

CPR Data 
For the most part, data in the CPR today at 
the Brigham is entered through a keyboard, 
although some diagnostic and labora tory 
dev ices output data via interfaces directly 
to workstations for ultimate inclusion in 
the patient record. This machine-to-ma
ch ine interface is considered a tactic crit
ical to reducing CPR misinformation, the 
vast bulk of which is induced by human 
eJTor. Such linkages are not yet effectively 
standardi zed and thus require significant 
developme lll effort to es tablish. 

The radiology department at the Brig
ham uses these inte1faces and offers a good 
example of how departmental data is gen
erated , stored, and then accessed e nter

prise-wide. The primary computer for ra
diological support services is a DEC VAX, 
but hundreds of PCs and Unix worksta
tions provide client, server, and computa
tional support. Links to the hospital infor
mati on system transfer not on ly patient 
scheduling and billing data but, through a 
ne w system emerging from development, 
image data from CAT and MRI (Magnetic 
Resonance Imaging) scans, as well as nu
clear-medicine imagery. 

A typical CAT scan results in 60 im
ages, each 5 12 by 5 12 pixe ls requiring 2 
bytes of storage-that's 32 MB of data 
per exam. In the course of treatment, a pa
tient wi ll ofte n have more than o ne scan. 
The result is a hospi talwide accumulation 
of about 3 GB of image data per clay. 

Typically, these images ru·e reviewed by 
p1imary-care physicians pl anning treatment 
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Choice ofstandard or locking from cover, 
available in beige or black. 

AirLinks go where wires won't! 
AirLink'" digital wireless modems can transmit data. voice. video, or anything e lse you want to 

send , up to 30 miles away. They' re perfec t for that small remote site. tetherless videoconferencing, 

or a cost-effecti ve, quickl y deployed link. Speeds range from 1.2 kb/s to fractiona l TI . No li cense is 

necessary. And you can count on your data arri ving at its destination; our users all over the world 

have reponcd their wireless links arc more trouble-free than their wired links! So next time wire is 

too much hassle o r too much money for the application. 

ca ll th e co mpany th a t pioneered d ig ita l wire les s 

modems. Cylink Corporation. 3 10 Nonh Mary Avenue, 

Sun nyva le. Californ ia. USA. 94086. Toll-free (USA): 

800-533-3958, FAX: 408-720-8294. Telephone: 408

735-5800. For instant, faxed in fo mmt ion. call 800-735 

66 14. then enter 30 I. Worldwide sales & suppon . 

England: Cytlnk, lid., Hampshire- TEL: +-"4· 256· <1 6ll186 • FAX: +44·256·24156 
Singapore: Cyllnk CorporaUon- l EL: +65· 336·6577 •FAX: ,. 55.334.1429 
C 1994 C)11nkCofpor1tion 

Cy!lnk IS a r ~lstercd trademark. Md AJrUnk Is a lradem3rt ol Cyllnl:. Corporallon. 
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on Sun Microsystems' workstations with 
19-inch 1280- by !024-pixel displays. A 
doctor specifics the patient images desired, 
and in about 5 to 20 seconds, depending 
on the workstation and the network load, 
images appear on the screen. Initially, an 
overview showing thumbnail images of all 
60 frames is displayed. The clinician would 
reference the radiologist' s on-line audio or 
tex t interpretation and select individual 
frames for viewing in fu ll resolution. " It 
takes about a second to ge t a half-a
megabyte frame transmitted over the net
work to the workstation," says Ethan Fen
ner, director of Radiology In fo rmation 
Systems. "The frame is 12 bits deep and 
must be reprocessed for an 8-bit-display 
buffer; that happens in about a second and 
a half." 

Ri ght now, Fenner and hi s colleagues 
have I 0 GB of storage with Sun worksta
tions acting as servers. This supports about 
three days of images. While the system 
has been well received by clinicians, stor
age limitations must be overcome, and 
broader access to the radiological dala
ba e mu t be established. " We have 
passed the feasibi li ty test, and we' re trying 
now to pass the test of scale," Fenner notes. 
Plans call for an increase in storage ca
pacity to 30 or 60 GB (supporting one to 
two months of pat ient image data) and an 
increase in the number of supporting work
stations from three in the radiology de
pm1ment to 10 or 15 stations di stributed 
throughout the hospital. 

Remote access to the images, scheduled 
for more full-scale implementation in the 
futu re, has been tested in limited fashion. 
The Btigham is pan of the LMAnel (Long
wood Medi cal Associati on network ), a 
fiber-optic link connecting many health
care institutions in the Boston area, in
cluding the radiation therapy planning lab 
at the Dana Farber Cancer Institute. Clin
icians can solicit images over the LMAnet 
from the Bri gham to be used for local 
analysis and radiation treatment planning. 
While thi s use has proved the technolo
gies, broader use requires more deve lop
ment. "These planners are basically physi
cists and are very competent Unix users," 
says Fenner. "They've been able to tap 
into the ex isting database and fil e system 
without a lot of application development. 
It will be di ffi cult fo r us to support these 
kinds of applications outside the ins titu 
ti on, and we need to deve lop some in
house operations experi ence befo re we 
open the floodgate to outside users." 

CPR Challenges 
Broad , distributed, timely access to pa
tient in formati on is an absolute element 
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You are out ol business, every minute your data is unavailable. 

Mega Dri\'e has create-ii the ~ffi and MK HAJU Disk Arrays to be the most advanced, fault tolerant storage systems amilahle. 

With 2 to 490+ GB's of bulletproof reliability and superior performance, theymeet and exceed all of your mission mitical computing demands. 

At the center of the Mega Drive 

HAID Disk Arrays is an Active 

Backplane that provides billions of 

hours of reliable performance. 

Built on a hardware-based RAIO 

architecture, and l@JM'@f'Ml 
drives, power supplies, and fans, 

Mega Drive RAID Disk Arrays run 

complex applications year after year 

without skipping a beat. 

To further increase the Mega Drive 

RAID Disk Arrays' i@!iffl!@iilijj 

we've added optional remote pager 

modules, tape backup tmits,and even a 

built-in UPS. 

But real world storage systems 

require more than relentless reliabilil)'. 

They demand 1>erfonnanee and 

power to handle your graphics, imag

ing, Q!Md server, database, 

and general office applications. Which 

is why we've dt~signcd the MR and 

MegaDl!ive announces lhe 

Safest fastest RAID storage


svstems ever created 


Mega Drivc1s !\'ID imd MK RAID Disk Arrays Fe.ntlll'e: 

A Suppon of llAID Levels 0. 3 and 5 
A l'pto 128)Ul ufCadie 
A Intel ~J(JI) lllSC-Ba.«.'11 RAID Cumroll<r 
A Cablde,s Acri•'I' Jlndqilanc 

A &alalole 2 GB 10 i 'IO GB of Safr Sum~ 


A HiJl!1 1llllllJ1.dlpu1 F1151 & \\'idt SC:lil-2 

A f'11)111 Panel 11'.D .lrrar Co111rol Cerner 

A I liglt-C'.ap:icil)'. liu Oovmrimt S)>1rm 


A IJual Oplional DATor8mm'fapo Onns 
A Optional Remoll' Pagei:1\IO(ifJQ1tion 
A Siugfr-t'.nded/Di[fen:mial SQllOptima 
4 Ilu1SQ"!'llllhle Dri•ts. Pl$. and Fara 

MK IWD Disk Arrays with a 20 MB/sec. SCSI-2 Fast &Wideintcrfacc, a screaming fast i960 RISC processor, and 111' to 128 Megah}1es of cache. 

And, just IL~ impm1ant as reliability and 1wrformance is your need for flcxihili~'· So naturally, all of Mega Drive's RArD Disk Arrays arc 

PC, Novell, Windows, NT, and OS/2, ready. In addition, 01cy support Macintosh, PowcrPC, UNLX, SUN, DEC, HS/6000, HP, SGI. Apple 

Workgroup Sen·er and All.IX. And for your crnh-ing needs, the~- provide a zero-cost upgrade path using the same shock-mounted drives as 

our Mercury Hemovable Drive System. 

Rcliahili~·. Pcrfonnancc. Flexibility. It all adds up lo this: the \lcga Drive RAIO Disk 

Arrays solve all ym1r real world stomge needs. For more infonnationon the mosl advanced 

storage systemsavailable, call 1-800-664-MEGA ext. 330. 
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Rackmount 

• ENCLOSURES 
• KEYBOARDS 
• MONITORS 
• DRIVE ENCLOSURES 

I II 11111111111111111 II 11 II 1111 

Integrand's unique enclosure design uses 
modular construction. We have 3 basic 
models for ISAIEISA bus computers. Over 
100 interchangable modules allow you to 
customize them to nearly any requirement. 
Integrand offers high quality, advanced 
design hardware and strong support. Why 
settle for less? 

Monitor: 10' Super VGA Color from $650 

PC Enclosures from $300 
Keyboards: Drawer, Shelf &Panel from $85 

Made in U.S.A. 
Rack &Desk Models 
Accepts Most Motherboards and 
Passive Backplanes 
Up to 20 Slots 
Rugged, Modular Construction 
Excellent Air Flow &Cooling 
200 &300 Watt Supplies, UL, CSA, TUV 

Call or write for descriptive brochures,prices 
or applications assistance: 

INTEGRAND 

~- _--=:._ R l S f A R C H C 0 R P 

8620 Roosevelt Ave.• Visalia, CA 93291 

2091651-1203 
FAX 209/651-1353 


We accept VISA and MasterCard 
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of the CPR, and the practices and systems 
required to support it must be mastered . 
"At a minimum, you have to make sure 
that an authorized user at a workstation 
anywhere on the health-care network has 
the ability to get into any clinical database 
on the network," says Glaser. "So, if your 
doctor's office has a Mac sitting there but 
I've got applications written in Windows at 
the Brigham, what are we going to do? 
That's got to be resolved." 

Other major issues requiring resolution 
include establishing and evolving networks 
to interconnect institutions, and buying 
and managing the storage systems required 
to keep thousands of patients' clinical in
formation on-line for tens of years. Once 
these technical and operational issues are 
resolved, lesser challenges remain . "To 
effectively track a patient over the course 
of multiple visit5, there must be 'glue data' 
that allows me to link Mrs. Smith's visit to 
the Brigham with Mrs. Smith 's visit to 
Mass. General two months or two years 
later," Glaser says. "This means I need a 
common identifier, common definitions 
of diagnoses, and definitions of medi
cine-there's probably a dozen different 
types of data standards needed. And then 
the standards must be enforced." 

There will be no dearth of interested 
parties ready, able and anxious to con
tribute to the standards development and 
deployment process. Professional health
care organizations (e.g., the American 
Medical Association, the American Hos
pital Association, the College of Healthcare 
Information Management Executives, and 
the Healthcare Information Management 
Systems Society), data exchange standards 
bodies (e.g., the IEEE, the ISO, the Health 
Industry Standards Coordinating Council , 
and the American College of Radiology 
and National Electrical Manufacturers As
sociation), state and federal agencies (e.g., 
the Health Care Financing Adminisu·ation, 
the Center for Disease Control , the Na
tional Institutes of Health, the FDA, the 
DoD, and the Veterans Administration), 
and other interested parties (e.g., CPR sys
tem vendors, communications suppliers, 
consumer advocates, and special-interest 
groups such as large-scale employers and 
insurers) are already involved. Balancing 
these interests, although essential, will be 
difficult. 

Trouble Ahead? 
As if the procedural and technical chal
lenges weren ' t enough , finally, there are 
the legal obligations-and liabilities-as
sociated with the di stributed CPR. Care 
giving has become distributed more quick
ly than the information that supports that 

care, which creates a catch-22 of sorts. 
Hospitals, HMOs (Health Maintenance 
Organizations), and other providers are re
sponsible not only for the quality of their 
services, which in today' s evolving market 
implies responsibility for supporting broad 
and timely access to patient data by co
providers, but for the confidentiality of 
that information. Yet the infrastructure re
quired to support secure storage, distribu
tion, and management of that information 
simply doesn ' t exist. " I think we're head
ing for a train wreck," observes Glaser. 
"The technology and the transformation 
of the delivery system are moving faster 
than the legal apparatus is moving." 

Clearly, patients want clinicians to have 
all the information necessary to provide 
quality care. And clinicians want to have 
on hand all the infonnation needed to make 
informed decisions about their patients. 
Resolving security and confidentiality is
sues to the satisfaction of all parties-and 
there are quite a few of them-is a neces
sary and critical step in widespread CPR 
deployment. 

CPR as a Universal Model 
Developing a robust , effective CPR is a 
challenging task. However, clinicians , 
patients, technologists, and other stake
holders can clearly see the needs and the 
benefits of a viable CPR. It is of note that 
better-quality, lower-cost , more-available 
health care may not, in the long run, be 
the most important benefit the CPR 
provides. 

If health-care institutions succeed in 
supporting broadly accessible, near-real
time, secure collection and use of data
data that is distributed throughout geo
graphical regions on diverse hardware and 
software platforms-and are able to offer 
authorized users access and services con
toured to their specific needs, then a mod
el for the distributed use of information 
appropriate to any industry and to nearly 
any application will have been developed. 
The incentives and the technology are here 
today. With all businesses-not just the 
health-care industry-standing to benefit, 
the prognosis for the CPR is guardedly 
hopeful.• 
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Z-Mail for UNIX 

ing language that provides a set 

of fundamental commands allow

ing anyone from the end-user to 

the system administrator to 

lHf Comrnn Cnoss-Prnnonm 
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Z
-MAIL SOLVES THE BIGGEST 

problem facing e-mail users 

~ today ... the ability to cost

effectively provide cross-platform 

messaging in today's open-systems 

enterprise. Z-Mail operates on 

Windowsrn, Macintosh® and virtually 

all UNIX® platforms, moving e-mail 

effortlessly and transparently 

throughout your entire organization 

without the need for costly gateways! 

Z-Mail provides an extensive set of 

features, including Z-Script1
"' , a script-

extend their e-mail functionality. 

Using Z-Script, you can cus

tomize the user interface, 

change the directory service you 

use, or switch to an alternate 

mail transport protocol. By defm

ing customized rule-based filters 

to better manage the mail system 

itself, users are more productive both 

in and out of the office. 

Z-Mail also lets you send all types 

of file format attachments, includ

ing spreadsheets, graphics, data, 

sound and video, as easily as text. 

And because Z-Mail is based on 

standard messaging protocols, 

you can exchange mail not only 

across the hall, but across the 

Internet and throughout the 

world . 

Z-Mail for Windows 

Z-Mail for Macintosh 

Let Z-Mail work for you as the only 

enterprise-wide e-mail system you'll 

ever need. Z-Code has been develop

ing proven, robust e-mail technology 

since 1985, so you are assured that 

Z-Mail provides the features and relia

bility you require. 

Call, fax, or e-mail to receive 

product information, techni

cal white papers, and a free 

demonstration kit. 

Z·Code Softwa re Corporallon. Z·Mal l, and 1hc Z logo are 1rademarks of Z·Code Softwa re ~ Z·Code Software Corp.• l01 Rowland Way, Ste. 300 •Novato, CA 94945 
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IF THIS IS HOWYOU 


Now you gain virtually instant 
access to Dalapro's product and tech
nology services from your own PC, 
with Datapro on CD-ROM. 

Menu-driven software makes it 
simple to browse through the table of 
contents or search by keywords and 
subject to get fast answers to all your 
technology questions. And you can 
simultaneously view multiple reports 
and cut and paste between applica
tions to custom - tailor analyses . 
Available in both Windows and DOS. 



KEEP PACE WITH THE NEWEST 
INFORMATION TECHNOLOGIES, 
YOU NEED PROFESSIONAL HELP 

PRESENTING THE FULL LINE OF 

DATAPRO INFORMATION SERVICES 


Downsizing. Wireless. Client-server com
puting. Multimedia. ATM. Strategic plan 
n in g and sound bu siness dec isio ns 
depend upon keeping up with the latest 
information technologies. 

But you probably need a supercom
puter lo sort through all the publications 
that end up on your desk. Sure. consul
tants can help, as long as you're willing to 
pay as you go. 

Isn't it time you turned to 
Datapro information services? 

For ove r two decades Datapro ' s 
unmatched information services have 
helped users, buyers, and managers of 
information technology plan effectively . 
And Datapro has been there every step of 
the way-from mai nframes and dumb 
term inals, through the PC revolution, lo 
the ri se ofintemelworks. 

Today, with its staff of over 400 spe
cialists and more than I00 expert ana
lysts, Dat ap ro has th e resources to 
address vi rtually every critica l issue in 
computing and communications. 

An essential resource for anyone 
who must evaluate, implement, 
or manage technology. 

Whether you want a quick overview 
or are looking to build a complete library 
of research materials. Datapro's compre
hensive information technology services 
can help you ma ke decisions quickly . 
Charts. tables. and graphs make il a snap 
to compare product features. functions. 
and prices. And once your system is up 
and running, Dalapro is there to help you 
manage and maintain il. 

That's why IT professionals use Data
pro lo stay up to dale. Sales and market 
ing professionals count on us lo help· 
them track trends. And vendors tum to 
Datapro to size up the competition. 

Datapro's line of comprehensive 
information services can meet all 
your needs. 

With Datapro's complete line of in for
mation services, you' re always in the 
know no matter what your concems. 

Product and Technology Services 
0 First Looks. Keep tabs on major 

developments in inl'ormation technology 

Ava ilable on CD -ROM 

until a complete repo1t is available. 
User Ratings. Get beyond the hype 

and find out which vendors can rea lly 
deliver on their promises. 

Technology Concepts. Stay ahead of 
the game when it comes to vendor strate
gies and other vital issues. 

Market Ove1views. Discover the mar
ket's promising vendors and products. 

Comparison Columns. The elforlless 
way to make side-by-side appraisa ls. 

Competitive Outlooks. Pul products 
and underlying technology in perspecti ve. 

Product Repor /S. An in-depth look at 
specs. features and !'uncti ons, pricing, 
interoperability, and other issues. 

0 Ma nagement Rep orts. Prac ti ca l 
advice from professionals that takes the 
mystery out of managing in fo rmation 
technology. 

Business Services 
Datapro Online. Tap into three online 

databases from the offi ce, at home, or 
even on the road. 

Reprints. A cost-efficient way lo deliv
er your product message and verify prod
uct features and benefits. 

Feature Reports. Cull just what you 
need from Datapro 's database of in for
mation services and put a sharp focus on 
strategic business decisions. 

Custom Publishing. Package the latest 
product information in a convenient, sin 
gle source tailored to keep sales person
nel one step ahead of the competi tion. 

Consulting Services 
Help Desk. A telcpl1one inqui1y service 

lo help you make the best use of your 
Datapro information service. 

Assist On Demand. Pay only for the 

information you need about a spec ific 
product. vendor. or technology. 

Su/'\leys. Determine the strengths and 
limitations of your products- and your 
competitors'-from actual users. 

On-Call Consulting. Fast answers to 
mos t inquiries with in minutes- via 
phone, fax, or electronic mail. 

Educational Services 
On-Site Seminars. Custom-tailor a cur

riculum in any aspect of information tech
nology right where you do business. 

Comp uter -Based Training . Get a 
grounding in the fundamentals or master 
advanced topics ti ght on your own PC. 

Teleconsulting. Let a conference call 
between students and instructors ad
dress implementation issue.; that come 
up in later stages of a project. 

International Services 
Dalapro International. Get up-to

th e-minute industry ana lyses and in 
depth evaluations into the hands of pro
fessionals whose responsibilities extend 
beyond the U.S. 

Market Research Services 
Northern Business lnjormation. A Data 

pro subsidiary, Northern Business lnl'or
mation is the world's foremost strategic 
telecom research company. 

Send for a free demo disk today. 

DATAPRO 

Oa iapro USA, 600 Delran Parkway. Delran. New Jersey US>\ 

08075. Tel · 800·328 -2776. Fax . 609-764-28 12 

Oatapro lnlemational , Mi..:Graw· M1ll House Shoppentw ngers 
Road. f\ l ~idenhead . IX•rkshirc . Engli! nd 51.6 2QI.. • , r. 
Tel· ..14 IOJ 628 773277 , Fax, .44 101628 773628 ~!II1.n 
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PROTECT YOUR SOFTWARE 


NO BUTTON, 
NO ACCESS. 
Dallas Semiconductor is re-shaping the world of software 
protection and distribution control with a new family of 
microchips called Authorization Buttons" '. 

Put a Lid on It 
We put the lid on software piracy by packaging microchips 
in button-shaped, stainless steel cans. The chips contain 
missing but critical information to make the software run. 
Execution rights are determined by possession of the 
Authorization Button. And thanks to the high-volume, 
low-cost nature of canning, Buttons are the lowest cost way 
to protect software. 

Pick Your Button, Name Your Price 
We offer a variety of Authorization Buttons and features so 
you can select the level of protection and price point 
that are righ t for you. 

Current offerings include a laser-engraved serial number, 
a memory wi th an expiration date, and a multi-level, 
password-protected memory. 

Security Continuum 

Button Type Unique 
Serial # 

Reod/Write 
Memory 

Password 
Protection 

Expiration 
Timer 

Decoy 
Responses 

OS 1420 ID Button x 
OS1427 Time Button x 4K bits x 
DS1425 Multi Button x 2K bits x x 

Encourage the Trial 

Snap-In, Snap-Out 
Buttons interface to the PC's parallel port via the DS1410 
Button Holder. They simply snap in and out. So an 
inexpensive Button can be sent out for a new release, a 
security update, or a lease extension. Each Button Holder 
accepts two Buttons, so your customers don't have to 
piggy-back dongles to protect multiple packages. 

The future will be a dongleless world. New computers 
that accept Buttons directly, including palm and note
books, are being designed at OEM's today . Buttons are not 
parallel port-dependent. 

Software Protection with Complete 
Compatibility 
Dallas Semiconductor Buttons are compatible across all 
ISA, EISA, and MCA machines - on underpowered 
notebooks as well as the anti-compatible Brand X's. We 
achieve this total compatibility through microchips that 
are self-powered, unlike other protection devices that must 
draw power from the host machine. 

Made in the U.S.A. 
At Dallas Semiconductor, we design nnd manufacture our 
own microchips. And we're the only ones in the software 
protection business who do. Sixty intricate process steps 
and a 64-bit unique serial number lasered into each chip 
prevent duplication. 

To learn how to button down your software, give us a call. 

With the DS1427 Time Button, you can actu
ally encourage software trials (and still sleep 
at night) . Trial or lease plans can be based on 
calendar time, elapsed time, or the number of 
times an application has been accessed. 
When the trial period that you specify is up, 
the software no longer functions. 
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Desktop Data Conferencing 


ANDREW W. DAVIS 

A 
revolution is quietly 
changing the des ktop 
computing landscape. 
Tbe resolution of DSP 

(digital signal processor) standards and 
the development of programming in
terfaces promise to dramatically change 
the nature of the PC peripheral board 
business. In a short time, companies 
marketing dedicated modem, sound, 
codec, and similar add-in cards will re
place those dedicated cards with sin
gle-card multifunction products. What 
is making this feasible are new (RAM
based) DSP chips and the multitasking 
software that enables a single board to 
take on multiple personalities: You sim
ply download the appropriate algo
rithms for communications, speech pro
cessing, sound editing, or even image/ 
video decompression (see the text box 
"The High Cost of Videoconferenc
ing?"). 

While business users have been slow 
to embrace desktop multimedia, this 
new breed of mixed-media modems is 
appealing because it holds the potential 
to save time and money as it changes 
for the better the way many of us do our 
work. The mixed-media modem can 
bring real-time, remote, interactive 
sharing of data to the desktop in a low
cost, easy-to-use platform that takes 
advantage not only of uni versal POTS (plain old telephone sys
tem) lines but of newer LAN and WAN (wide-area network) 
connectivity as well. 

Companies are embracing mixed-media audiographics, or data 
conferencing, as an enabling technology for a variety of next
generation applications. These include lower-cost, higher-per
formance customer technical-support centers, remote presentations 
and sales calls, di stance learning, telecommuting, and a variety of 
other remote collaboration applications. Whether the business 
driver is a need to reduce office space, to comply with the Amer
icans with Disabilities Act, to meet local air pollution/traffic
control regulations, to enhance the effectiveness of remote col-

Data conferencing 

might be the first 

"killer" multimedia 
application 

laborati on, or to improve employee quality of 
life with work-at-home programs, desktop data 
conferencing is an increasingly viable option. 
Indeed, data conferencing might be the first 
"killer'' commercial multimedia application. 

Teleconferencing 
Early teleconferencing products were essen

tially sophisticated telephones that provided a convenient way for 
one group of people in a room to converse with another group at 
the other end of the phone line. The current generation of these 
products relies on DSP technology to provide high-fidelity audio 
by balancing multiple microphones and providing signal pro
cessing that effectively eliminates room echoes and line delays. 

Videoconferencing-which adds video of the meeting rooms 
to the transmission-allows distant colleagues to meet without the 
expense, waste, and inconvenience of traveling. Because video
conferencing requires significant investments in equipment and 
often entail s the use of dedicated facilities with special commu
nications lines, its applicability and appeal have been limited. 

co111i11ued 
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The High Cost of Videoconferencing 

R ising transportation costs and the 

time-wasteful aspects of travel 
have focused corporate attention on ex
pensive broadcast-quality videoconfer
encing systems. But video on the desk
top remains a problem. Although many 
solutions are available, the combina
tion of desktop video and telephony is 
sure to disappoint-unless users are 
willing to make hardware investments 
that represent an order-of-magnitude 
increase over traditional desktop pe
ripherals. Serious videoconferencing 
requires dedicated compression com
ponents and general-purpose DSP (dig
ital signal processors) to handle the au
dio and modem algorithms. 

Multimedia authoring systems that 
compress and decompress 24-bit-color, 
full-screen video at 30 frames per sec
ond require relatively wide, within-plat
form data transfer channels and are not 
adaptable to telecommunications ap
plications. Teleconferencing systems 
must squeeze information into Low
bandwidth POTS (plain old telephone 
system) lines. The bit stream weighs 
in at 18 Kbps even when images are 
small 160- by 120-pixel snapshots with 
8-bit color (typically talking head 
shots), JPEG-compressed at a 35-to-l 
ratio, and updated only four times per 
second (thus losing lip sync). Sun Mi
crosystems published results s tating 
that researchers "found no evidence 
that groups are more effective or effi
cient at solving problems or making 
decisions when they are connected 

through a video and audio link than 
when they use only an audio link." 

Hence, in a desktop environment 
with an analog phone line, users will 
give up 90 percent of their communi
cations bandwidth to information that 
adds, perhaps, 5 percent to the value 
of the communication. Most PC-based 
desktop videoconferencing vendors of
fer solutions that require costly, dedi
cated, high-bandwidth lines. This lim
its these products' market appeal. 

Video has its strength in group-to
group conferencing, where dedicated 
systems are used. It may offer advan
tages in long (more than 60 minutes) 
person-to-person conferencing, since 
video provides more of the fee l of a 
face-to-face meeting. But for individual 
business communications, data con
ferencing is probably the best solution. 
Bandwidth utilization is more sensible; 
the information is more useful, and sys
tems without video cost 50 percent to 
90 percent less than .those with video. 
Most important, data-conferencing so
lutions provide high-productivity com
munications on POTS lines. 

The present market attention on PC
based video for multimedia recording, 
playback, and desktop videoconferenc
ing is misleading. The Apple Quadra 
840A V and recent Windows-bac;ed ma
chines announced by Acer America and 
NCR (now AT&T Global Information 
Solutions/NCR) lend insight into why. 
Customers generally applaud the Mac
intosh's sound capabilities but often de

scribe the video as small , grainy, and 
too slow. Apple, in fact , has focused 
attention on the machines ' new Geo
Port telecommunications architecture, 
a software-based fax/voice/modem run
ning on the motherboard ' s DSP3210 
coprocessor. 

Acer and NCR also recognize the 
limitations of video. They introduced 
computers with separate dedicated DSP 
subsystems for videoconferencing func
tions (which are ba<;ed on AT&T' s A VP 
4000 chip set) and general-purpose 
DSPs for sound, audio, and telecom
munications. The Acer motherboard in
cludes two DSP3207s to support the 
bandwidth required for sound encoding 
and decoding. sampled synthesis, and 
echo cancellation, as well as modem, 
fax, voice coding, and telephone func
tions. AT&T's VCOS operating system 
supports multiple DSPs via a utility that 
balances compute tasks and I/O lines 
across DSP resources. The NCR archi
tecture is similar, except that the gen
eral-purpose DSP for audio/modem and 
the dedicated ICs for video compression/ 
decompression are on separate add-in 
boards, not the motherboard. 

The Acer and NCR configurations 
are reflective not only of the compute 
horsepower needed for videoconfer
encing on the desktop but of the band
width requirement'\ as well- both re
quire ISON connections. The question 
that begs an answer is, Why not just 
use data conferencing-videoconfer
encing without the video? 

VIDEO BANDWIDTH REQUIREMENTS 
Image resolution, pixel depth. compression. and the number of frames transmitted per second all affect bandwidth requirements. 

HORIZO HTAL VERTICAL PIXEL FRAMES COMPRESSION COMPR ESSION RESOLUTIO H RATIO TO V.32BIS 
RES OLUTI ON (P llHS) RESOLUTION (PIXELS) DEPTH PER SECOND RATIO METHOD BANDW IDTH (K BPS) (1 9.2 KBPS ) 

640 480 24 30 None 221,184 11,520.00 
640 480 8 30 None 73,728 3840.00 
320 240 8 10 1 None 6144 320.00 
320 240 ........ 8 10 

,,.. 
16 JPEG 384 20.00 

320 240 8 24 120 lndeo 123 6.40 
160 .......4 120 T• 8 5 10 -11 JPEG 77 4.00 
352 288 8 2 30 JPEG 54 2.80 
352 288 8 10 200 MPEG 41 2.10 
320 240 8 10 200 MPEG 31 1.60 
120 100 8 2 10 -i. JPEG 19 1.00 
160 120 8 4 35 JPEG 18 0.90 
352 ~•·:- 288 8 2 ·j 120 lndeo 14 0.70 
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mECONFERENCING OPTIONS 

Users can match features to operational requirements and communications links. 


9· -· ·--·  .. ... ., - -
- -

STANDARD 
PHONE/FAX 

AUDIO 
CONFERENCING AUDIOCRAPHICS 

DEDICATED VIDEO
CONFERENCING 

DOCUMENT 
CONFERENCING 

PC DATA 
CONFERENCING 

PC VIDEO 
CONFERENCING 

" 
Voice 

.. -~~ . - Yes Yes No Yes No Yes Yes 

Fax/modem Yes/no No/no No/no No/no Yes/yes Yes/yes Yes/yes 

Whiteboard/file sharing No/no No/no Yes/no Yes/no Yes/some Yes/some Yes/some 

Video No No No Yes Sti ll Image Still image Still image 

PC/stand-alone Stand-alone Stand-alone Stand-alone Stand-alone PC PC PC 
Suitable for POTS Yes Yes Yes No Yes Yes No 

Conference locus Two-way Group-to-group Group-to-group Group-to-group Individuals Individuals Individuals 

While traditional videoconferencing sys
tems enable groups to see and hear each 
other, these systems are not optimized to 
share on-line information such as spread
sheets, word processing documents, pre
sentation files, databases, scanned or ac
quired images, and so on. Unfortunately, 
much of today ' s business information is 
on-line-generated and stored on PCs and 
other desktop workstations. Recognizing 
this disconnection, severa l vendors of 
dedicated videoconferencing equipment 
are incorporating the data elements into 
their desktop systems, even though most of 
these systems today suffer from video 
compression bottlenecks and requirements 
for relatively expensive, high-speed com
munications interfaces (see the text box 
" DSPs and the PC Mainstream"). While 
these limitations rule out truly interactive, 
broadcast-quality desktop videoconfer
encing on PCs using low-cost multimedia 
peripherals, what' s practical today are data 
conferencing, collaborative computing, 
and individual-to-individual communica
tions over a standard phone line (see the 
table "Teleconferencing Options"). 

Document Conferencing 
Document conferencing is a new variant 
of screen sharing (previously called remote 
log-in) . Instead of having full control of a 
local system. a remote user shares one or 
more designated windows with a local user. 
Most document-conferencing solutions use 
a whiteboard model. After establishing a 
desktop-to-desktop connect.ion , the session 
presents a whiteboard window that both 
panicipants view and manipulate. 

The whiteboard software includes a 
complement of drawing, painting, and 
ann otati on tools for brainstorming and 
sketch ing, enabling you to emulate the in
teractive discussions that often take place 
in rea l meetin g rooms. Bit maps of the 
whiteboard are JPEG-compressed prior to 
being sent over the wire, and you can save 
snapshots of the whiteboard for future ref
erence. However, if you want to make ex

isting information from a spreadsheet or 
other file avai lable, you must "cut" from 
the application and "paste" the bit map 
onto the common whiteboard. The white
board data is static-changes made in the 
collaborative window do not affect and 
are not affected by the "real" data. 

A variation on this theme involves past
ing objects-rather than bit maps-onto 
the whiteboard. Using Windows' OLE fea
tures, an OLE-compliant application such 
as a spreadsheet can provide server ser
vices to the collaborative program acting as 
a client. Embedded objects can be edited in 
the server application, and the editing 
changes are reflected in the client (white
board) application , after an Update com
mand has been executed. 

The next step up in document-confer
encing capabilities is interactive fil e or 
application sharing. Here, you select a win
dow or file that a remote partner can ac
cess, and then both of you can review and 
modify the document through the shared 
session. The main advantage is that you 
can directly modify source data, not an in
termediate bit map. Most of the vendors 
marketing whiteboard products intend to 
add file sharing to their offerings. 

Various technica l approaches can be 
used to enable application shaiing. One ap
proach captures the Windows GDI (Graph
ical Device Interface) screen drawing com
mands and sends these commands over the 
phone line 10 the receiving system, where 
they are executed in parallel. Sending draw
ing commands and not bit-mapped images 
makes efficient use of the communications 
bandwidth while granting the remote and 
local users access to the same screen. 

With document conferencing, you can 
send text, images, graphics, spreadsheets, 
and drawings over standard telephone lines 
using common modems, but voice is not 
part of the transact ion. Because the data is 
digital, document conferencing readily lends 
itself to any computer-compatible commu
nications channel, including LANs and 
W ANs. Many of the document-conferenc

ing solutions available today for POTS and 
LANs require the use of a separate phone 
line for simultaneous voice and data con
ferencing . This obviously doesn' t work if 
access is limited to a single phone line or if 
you are working from a laptop on the road. 

Data Conferencing 
Data conferencing adds a key e lement lo 
the document-conferencing equation: si
multaneous voice and data transmission on 
the same communications line. Data-con
ferencing solutions digitize voice and treat 
it as one more element in the data stream. 
Many data-conferencing products were de
veloped and marketed as subsets of desk
top-based videoconferencing solutions. 

While the host PC can readily handle 
document conferencing, voice coding for 
real-time interactive communications over 
a phone line requires the greater process
ing power DSPs provide. Fortunately, the 
new breed of mixed-media modems can 
accommodate voice coding as one more 
element in the data management library, 
although performance may be affected. 

Voice is typically digiti zed at a 12-bit 
resolution (72-decibel dynamic range) al 
8000 samples per second ; thi s is sufficient 
to handle the approximately 3500-Hz band
width of most human speech. A simple 
"companding" system encodes each speech 
sample into an 8-bit value, producing a 64
Kbps data stream that exceeds the band
width of most modems and phone lines. 
This results in the need for speech com
pression, and numerous algorithms have 
been developed, reflecting a wide range of 
performance, voice quality, and cost trade
offs . For data-conferencing applications, 
the goal is to code an analog speech sig
nal into compressed digital fom1at. transmit 
the data, and then decode lo an ana log 
wavefom1 in real time. For personal con
ferencing using POTS, transmis ion band
width is the primary obstacle. 

Two types of voice coding technology 
ex ist today . The first type is waveform 
coders, which deal with signals on a sai11ple
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DSPs and the PC Mainstream 


D SPs (digital signal processors) 
are not new, even to desktop 

computers. Ifyou use a traditional mo
dem or sound board, then you are like
ly using dedicated DSPs. What is new, 
however, is the availability of low-cost, 
high-perfonnance, multipurpose DSPs 
capable of running several different 
tasks concurrently. General-purpose 
DSPs with sophisticated operating sys
tems, algorithm libraries, and friendly 
programming interfaces are poised to 
enter the desktop mainstream. 

There are several reasons for this. 

Standards are a second reason to pay 
attention to DSPs on the desktop. DSPs 
have had limited applicability because, 
until now, DSP architectures were pro
prietary. This meant that developers 
had to write high-level applications for 
each specifi c DSP hardware imple
mentation. Now, under the auspices of 
the IMA (Interactive Multimedia As
sociation) Digital Signal Processing 
Technical Working Group, a set of 
Windows-based standards is evolv
ing-standards that promise to make 
it feasible for software vendors to de-

First, DSP vendors are working 
with PC and workstation devel als cost less than the collection of 
opers to provide tight integra individual fax , modem, sound, 
tion with host environments. MIDI, or CD-ROM boards they 
Products encompass not only replace. The appeal of a single 
the DSP ICs but also sophisti~ 

cated, preemptive multitasking 
DSP operating systems, clean 
interfaces to the host hardware 
and software, and multimedia 
libraries addressi ng a wide 
range of needs. One example is 
AT&T's VCOS operating sys
tem, which has an architecture 
based on a DSP kernel, an ap
plications server running on the 
host, and separate APis for both. 
IBM's MW A VE structure is 

Application API 

System programming interface 

Multimedia device driver 

DSPAPI 

DSP resource manager 

DSP operating-system API 

similar (see the figure "DSP Op- With new DSP operating systems, sottware development efforts can be 
erating Systems"). effectMly applied to multiple DSP platforms. 

hy-sample basis. using only the output sig
nal in the coding process. Wavefom1 coder.; 
such ~L~ ADPCM (adapti ve di ffe rential pulse 
code modul ati o n) make no assumptio n 
about the source of the input signal. Com
putati onally simple ADPCM tec hniques 
prtxluce bit streams with unacceptable voice 
qualit y at data rates be low 24 Kbps and 
with unintelligible speech at rates below 16 
Khps. making them unsuitable for wide
spread POTS-based te lecommunications. 
Source or parametric coders (or rncoders) 
encode speech signals in terms of parame
ters that drive a speech production model 
based on human vocal tract shape and ex
citation levels. Vocoders arc computation
a ll y demanding but can operate at much 
lower bit rates than waveform coders (sec 
the table 'T elecommunications and Speech 
Coder.;" ). Some speech-coding algorithms 

combine various techniques. 
The most common vocoder technology 

in use today is CELP. or code exc ited lin 
ear prediction. which uses '"codebooks· · to 
qua111ize the input signal. Basic sounds are 
stored in the codehook and arc then mod
iticd in amplitude and pitch to reproduce
in a fashion consistent with human vocal
cord anatom y and fun cti o n- th e input 
voice. The transmitter decomposes sounds 
into their codebook values and sends point
ers plus modi fy ing parameters to enabl e 
the receiver to reconstrncl the source voice. 

The CELP algorithm provides excellent 
speech quality and is well suited for tele
conferencing. although some listeners com
plain that the resulting voices sound some
what anilicial. CELP is compute-intensive:. 
however. st raining e \·en DSP resources . 
On a 16.7-MIPS DSP. 4800-bps C ELP 

velop applications that are independent 
of the underlying DSP hardware. A 
standardized API is the beginning of a 
new era of multimedia capabilities for 
Windows. At the center of the evolving 
standards architecture is the DSP re
source manager, which connects any 
compliant DSP hardware/software en
gine to standard multimed.ia device 
drivers used by high-level applications. 

Finally, DSPs are entering main
stream computing because the price/ 
performance of general-purpose DSPs 
has reached the point where multi

function single-board peripher

multimedia peripheral, sharing 
the cost of hardware across mul
tiple applications, is so strong 
that a number of vendors (e.g., 
Apple, NCR, and Acer Ameri
ca) have designed the DSP right 
into the motherboard. This ap
proach makes the motherboard 
more expensive, but it lowers the 
overall system cost-and it also 
reduces demand on limited-chas
sis 1/0 connect space. Expect 
more vendors-and the market 
in general- to move in this di
rection. 

compression can consume approximately 
90 percent of the DSP processing re~ources. 
Variations o n CELP ta ke ad va ntage of 
higher output bit streams ( less compres
si on) or enhanced codebook search algo
rithms to reduce the co mputational load . 
One recent modification is CELP+. deve l
oped by Be ll Labs and used in AT&T' s 
PC-based TclcMedia conferencing system. 
CE LP+ produ ces high vo ice qu a lit y al 
6400-bps bit streams and consumes fe wer 
DSP MIPS than earlier CELP approaches. 
The CELP+ algorithm and the V. 32terbo 
modem algorithm can execute on a sing le 
DSP32 l 0-based communications subsys
tem. C1x led speech data is multiplexed with 
other digital data within the o ve rall trans
mi ssion enve lope provided by the modem 
( 19.2 Kbps). resulting in a POTS-compat
ible. desktop audiographics engine. 

n111ti1111cd 
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Foureas waysto 

getyouri eas on1\l 

AITech has the most complete line ofVGA-to-TV encoders for the PC and Mac markets. Whether you are develop

ing or giving presentations or training programs, recording back to video, or just enjoying playing PC games on your 
TV screen, AITech has an encoder to fit your needs and budget All ofour encoders convert to NTSC or PAL signals, 
provide S-VHS and flicker-free output for enhanced TV viewing and video recording,and are Wmdows compatible. 

For infonnation on AITechs products, call your local dealer or call us at 1-800-882-8184or1-510-226-8960,or fax 
AITech offers several 

AITech International 
full-motion video capture 47971 Fremont Blvd., Fremont, CA 94538 
boards including 
VideoBlender, VideaSurge 
and WaveWatcherTV. 

v; s ; 0 n f Mu I t 1 e d ; a illech0 

1-510-226-8996. From outside the U.S., call 1-510-226-9169. 

CAITcch International, 1994. ,.,lulliPro CTV. ProPCfTV Plus. audloSHOW. gamePlayerTV. Vidoo81ender, VidooSurge and WaveWatcherTV are irade· 
marks of A!Tcch International . All other trademarks nro !ho property ol their respectivo holders. Spocilicatlons are subject lo change without notice. 

Circle 67 on Inquiry Card. 
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based on speech coding or analog signal 
compression. In fac t, voice is not convert
ed to bits-per-second data. Rather, Voice
Span c hanne l codin g is based on an 
ex tension to the di gital data techniques 
employed in full -duplex, equalized, echo
canceled modems that provide simultane
ous communicatio n of both di gi tal and 
analog information . A DSP dig iti zes and 
maps the analog voice signal into a com
bined analog-and-data signal suitable for 
communication through a POTS line over 
modems using QAM (quadrature ampli
tude modulation) techniques. 

VoiceSpan also defines methods for au
tomatically or manuall y ori g inating and 
answering ca lls, as well as fo r interoper

Typical demands on modem bandwidth during audiographlcs teleconferencing sessions. A combination of hlgll ating with standard phones, faxes , and 
speed modem services and speech compression can consume nearfy all of a typical DSP's resources 116.7 MIPS). 

modems. The first product to embed Voice
Span technology is the Paradyne DataPort 

Perfonnance Considerations tum, accommodates less compressed, more 2001 modem. The 200 I prov ides 14 .4
Data conferencing applications can place realistic speech. Kbps transmission when ac ting as a stan
strenuous demands on desktop computers. dard modem, or 4800 bps for data while 
Analysis of the MIPS requirements for dif VoiceSpan and VoiceView simultaneously transmitting voice. AT&T 
ferent DSP tasks shows that the combination An alternati ve technique to incorporating Paradyne bundles the product with FarSite 
of high-speed modem services and concur voice in PC-based personal conferencing is whiteboard software from DataBeam, and 
rent speech compression consumes nearly now available through VoiceSpan tech the technology has been licensed by various 
all of today's mixed-media modem DSP nology from the AT&T Bell Laboratories companies in the phone, games. computer, 
(16.7-MIPS) resources (see the figure "DSP group. VoiceSpan increases the capacity fax, and copier businesses. 
Resource Allocation") . Attempting such a of existing phone lines by splitting a single Early this year. Radish Communications 
task without a DSP, even on the new Pen line into three virtua l channels: one for Systems announced a voice-modem tech
tium and PowerPC processors, won' t pro voice or low-quality audio, one for data, nology, called Voice View, that enables the 
vide satisfactory performance. and a third virtual channel for control in integration of voice, data, and fax over a 

Once the connection is made, all data fom1ation. With VoiceSpan, users can talk POTS line within a single phone call. The 
must fit into the performance envelope of over the phone while simultaneously send mi xed-medi a communicati ons are not si
the modem; thi s is where modem speed ing data, faxes, still images, or data from multaneous, however; you switch between 
really counts. V.32 is the practical bottom lile-sharing applications . them sequentia lly. 
end for data conferencing, and the new Unlike other products, VoiceSpan is not 
V.34 modems with 28,800-bps Future 
capabiliti es promise to make TRECOMMUNICATIONS AND SPEECH CODERS For professionals working on PCs 
personal teleconfe rencing even and workstati ons who need to 
easier and more interactive. De- BIT STREAM DSP REQUIREMENTS coll aborate wi th others at diffe r
pendin g on the compress io n __ _OR_ _H_ _ _ ______ _ _ _ _ (MIPS) - - ALG IT M (KBPS) _ ____ _ _ ent locations, the new DSP-based 
a lgo rithm execut ed and tbe multimedia peripheral s could be
throughput of the modem, voice 

Parametric coders 
come an important computing 

will consume 30 percent to 60 
LPC10 (FS1015) 2.4 9to 11 

companion. Combining collaboCELP (FS1016) 4.8. 7.2 15 
pe rce nt o f th e modem band rati ve data sharing with simultaCELP+ 6.4. 6.8 5.8 to 6.3 (AT&T) 
width . neous voice and operating over 

Data-conferenc ing applica
VCELP (cellular phones) 7.95 15 to 19 

LMCELP (low-memory CELP) 4.8, 7.4 13 to 15 standard phone lines, data-con
LDCELP (low-delay CELP) 8 19.6 tions prese nt multidimensional fe renc ing solutio ns w ill let g lob

cha ll enges to hard ware and G.728 12.8, 14.4, 16 16.5 ally dispersed users with phone 
TrueSpeech 6.8, 7.2, 8, 11 7 (DSP group) software designers. Design trade access work as if they were in 

offs involve compress ion fac tor, their offi ces and at their desks. • Waveform coders 
speech qua lity, computationa l G.726 16, 24, 32,40 5 to 8 
complexity. ;md line delay. Com G.722 48. 56, 64 9 to 10.2 A ndreu· W. Dal'is is an independent
press ion algorithms are bound G.71 1 48, 56. 64 0.6 marketing co11.wltm11 in Sowhboro11gh. 
ed on the high end by available Massaclu1se11s. focusing 011 high -tech

ModemsMIPS and on the low end by the nology business del'elopmc/lf and mar
V.22bis 2.4 - 5 keting comm11nicario11s. His special in output bit stream, which must 
V.32bis 14.4 9.6 to 9.9 (AT&T) terests include tiara acquisition andnot exceed transmi ssion-line 
V.32terbo 19.2 10 image proce.ui11g for multimedia. scibandwidth. More sophisticated 

entific. and lmsi11e.u app/icario11s. He CCITT G3 fax 9.6 9.3 modem a lgorithm s like V. 34 can be reached 011 AppleLi11k as Mac
consume more MIPS but sup Data courtesy of DSP SoMware Engineering, Inc. (Bedford, MA) SciTech or 011 the /11r em ct or BIX ar 
pon more bandwidth, which, in edirors @bix.cr1m. 
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Adva nced 

0 
en 

NoMORE EXCUSES. 

Now1HERE'S A16-BIT SOUND BLASTER FOR EVERY APPLICATION AND BUDGET... 


AND NO MORE EXCUSES FOR OWNING ANYTHING LESS. 


SOUND BLASTER~ l6 BASIC EDITION: MORE VALUE. 

A best buy at $199.95: our basic 16-bit board gives 
you everything you need for high-quality PC 
sound. It's the ideal tool for enhancing your multi
media presentations, interactive software, and 
sound-enhanced games. And you can upgrade 
with our optional Wave Blaster··daughterboard 
to sampled wave synthesis, or add our Advanced 
Signal Processor DSP. 

SOUND BLASTER 16 Mumco: 

MORE CD-ROM OPTIONS. 


Sound Blaster 16 MultiCD is a multi-functional 
audio solution that includes a CD-ROM interface 
for the most popular drives from Creative, Sony 
and Mitsumi-no additional interface is needed! 
For $249.95: you get Creative's high-performance 
16-bit audio plus a variety of multimedia titles. 

SOUND BLASTER 16 scs1-2: 
MORE SCSI COMPATIBILITY. 

Specifically developed for those with data-inten
sive devices, our SCSI-2 card features CD-quality 
stereo sound plus compatibility with SCSI-1 and 
•All pril\.'S lislL'<l are manufocturer's suggested retail 

II 

Boo;/ CPU 
efficiency by 11p 
/o65%wit/1a 11
Admizced Signal 
Processing 
11pgrnde. 

audio technology with E-mu 
Systems' Advanced WavEffects~ 
synthesis for pro-audio sound. 
It features 32-note symphonic
quality MIDI playback, and 
digital signal processing. 

Plus it's 100%General MIDI 
and Sound Blaster compatible. 
All for just $399.95: 

NO MORE EXCUSES, PC OWNERS. 


Now with Creative's great selection of advanced

technology 16-bit boards, there are no more 

excuses for not upgrading your PC with enhanced 

audio capabilities. 


SCSI-2 devices. At an SRP of $279.95, you 
can't beat this card's dynamite software 
bundle and rich sound. 

SOUND BLASTER AWE32: MORE FIDELITY. 

Our most advanced 16-bit card for the 
d' . . . di h . S d1scnmmatmg au o ent us1ast, oun 
Blaster AWE32 combines our 
state-of-the-art digital 

WavEffecf synthesis 
fro111 E-11111, with 
downloadablesound 
sa111pli11gand DSP 
special effects! 

kkd'" THE 16-BIT SOUND STANDARD. c R ~ATIv~ 
CREATIVE LABS, INC. 

U.S. inquiries,: Cw.:ith·eLabs l·OC0-79S-5227or 1-WS-128-0000. lnlcm.ition.1. l inquiries:Creali\'e Technolo.;y ltd.,Sing;ipore.TEL65-77J.-0233 FA."( 65-i73-0333. Sound B'~t'r,Sound Bl.l5tt..'T 16MuhiCD, Sound Bl.l.~L'f 
16 SCSl·2. Sound Bl.ist£.!f AWE32, Waw BLWcr, Ad\'Jno.."\J W.ivEfft'CtS, .ind 1he Sound Blaster and Creath·e logos are tradrmarks of Cn.•.ith-c Tl'choology Ltd. All othet trademark.s<u't' the proptrty oi 1lk>ir n-sp«tin· 
holdtTS. CCupyright 199-\ Cre.itiw Technology Ltd. All rightsn:servOO. Note: Sound Blastcr 16MultiCDworlG with Sony CDU31A; ~1it:,umi CR.\IC-LL1005. -FXOOl; .ind Creiliw Llbs/Patl.lSOnic CDR-523 and ·563. 
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This 1 s your 


career. 


If you're a desktop developer hung1·y for n ew 

opportuni ties, Powersoft is servin g up somethin g 

yo u 're sure to like. A $249''· desktop ve1·sion of our 

awar·d winning Powe r-Builde r-;" the application develop

ment software that's helped thousands of companies 

make the transition to client/ server computin g. 

With PowerBuilder Desktop yo u get many of 

the same ingredients in o ur Enterprise edit ion in 

ponrons that make sense for the desktop-class 

databases already r·esiding on your network. 

For starters, you can create yotll" own client/server 

applications usin g a common object technology. 

A technology that lets your programs, as well as your 

programming know-how, be sca led to nm against any 

database from .DBF to DB2.' 

With PowerBuilder Desktop you also get to take 

advantage of hundreds of built-in functions to access 

and manipulate data, perform calc ulati ons, and 



This 1s your career on 


n e w P o w e r B u i 1 d e r D e s k t o p. 


Any questions? 


communicate with other applications. 

Something you'll appreciate very quickly 

once you realize how much time it saves . 

Of course you'll want more on 

Introductory 
your plate than that . So there's alsoPrice: $249':

our "SQL Smart" DataWindowT" to build applications 

without coding SQL. A built-in data dictionary to 

increase productivity and ensure standards. And the full 

32-bic rela tional power of the W ATCOM'" SQL database. 

If we still haven't whet your appetite, conside1· 

our one-day comprehensive client/se rver training class 

for only $399 that includes your personal copy of 

new PowerBuilder Desktop. Just call Powersoft at 

1-800-946-3500 for dates and a location near you. Or if 

you want to get your career cooking even sooner, call 

your corporate reseller, stop by CompUSA, or call 

Powersoft at 1-800-642-1421 today. Powerson.. 
B u i l d i n g o n th e p o w e r of p e op le. 

"lnrroductory price; suggested retail price: $695. Powersoft Corpor.nion, 70 Blanchard Road, Burlington, MA 01803 
Powersoft Europe, Thames House, I Bell Street, Maidenhead, Berkshire, SL6 !BU, United Kingdom 

All tr.idcmarks and registered trademarks arc propcny of their respective owners. Prices listed do not include sales t:ix, shipping and handlin£. 30-day money back guarantee. 
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IRELESS ETS EAL 
Wide-area wired communications and network-access services are rapidly being augmented 
by more flexible wireless solutions 

DAVID A. HARVEY AND RICHARD SANTALESA 



T he year 1921 marks the first recorded 
use of mobile wireless in the form of 

two-way radio communications by the De
troit Police Department. A quarter of a 
century later, in 1946, the first mobile te le
phone rang through the air. Until recently, 
however, ubiquitous wireless connectivity 
seemed as fanciful as the communicators 
used on Star Trek. Not any more. 

Today, wide-area wireless communica
tions span Lhe radio spectrum from Lhe low 
kilohertz bands to the ultrahigh microwave 
frequencies (see the figure "Frequencies 
for Wireless Data Communications") . 
Even Orbit, a proposed telecommunica
tions device from Bell Northern, is sup
posed to affix (in the best Captain Picard 
style) to your clothing. The wired ties that 
bind you to your wide-area communica
tions, data transmission, and network-ac
cess services are rapidly being augmented 
by more flexible wireless solutions. 

Catch the Wave 
Since our last look at wireless mobile com
munications (February 1993 BYTE), the 
wireless market has evolved dramatical
ly. CDPD (cellular digital packet data), 
which rides atop the existing analog cel
lular infrastructure to provide a digital data 
capability, has moved from the drawing 
board into the market with the backing of 
industry big guns such as AT&T, Bell At
lantic Mobile Systems, Nynex, GTE Mo
bilnet, PacTel, Southwestern Bell, McCaw 
Cellular, and Sprint. [n response, RAM 
Mobile Data (Woodbridge, NJ), a data
packet-radio joint venture of BellSouth 
Mobile Systems and RAM Broadcasting, 
announced in early March flat monthly 
rates of $25 for up to 100 KB of messag
ing, $75 for up to 400 KB with additional 
messaging at 20 cents per KB-approxi
mately 10 cents per packet-and $135 for 
unlimited messaging. The effects of such 
competition will be to bring wireless more 

quickly within the reach of more users. 
In addition to wireless service providers, 

a slew of value-added companies are riding 
the wireless wave to double-digit growth . 
RadioMail, which provides links between 
user-wired E-mail services and the Ardis or 
RAM Mobile Data networks, and Wire
less Telecom, a wireless hardware and 
gateway di stributor, have experienced 
rapid expansion. In fact, RadioMail an
nouncemems of additional services and 
alliances are a lmost a weekly phenome
na; its latest announcement introduced a 
wire less fax service complete with cus
tomized cover sheets at 99 cents per do
mestic page. 

Further fueling the wireless marketplace 
is an increasingly broad range of wireless
enabled hardware and software products. 
On the hardware side, Dell Computer ' s 
new line of Latitude notebooks ship with a 
comprehensive communications package 
called Comm Works from Traveling Soft
ware, as well as a free subscription to Ra
dioMail. Also, IBM 's recent ThinkPads 
offer wireless connectivity, and AST's 
newly released PalmPad li sts similar ca
pabilities as an option. 

On the software side. nearly every ma
jor LAN E-mail package and numerous 
stand-alone communications packages 
have added or are scrambling to add wire
less support. Lotus cc:Mail , Microsoft 
Mail, WordPerfect Office, Da Vinci eMail, 
CE Software 's QuickMail, and Connect 
Software 's E-Mail Connection 2.0 all work 
with wireless services. E-mai l is quickly 
moving beyond the LAN. 

At the Speed of Light 
Wireless technology breaks down into one
way and two-way communications. One
way communications, best typified by 
paging services, al lows broadcasts of in
formation to single or multiple receivers. 
Perfect for dispatching messages, news 

Wireless Gets Real 
The wireless revolution is com
ing to acomputer near you 
.....................90 


Universal Wireless LANs Agents Away 
Anew media-access-control Telesaipt-aware networks let 
protocol promises to tie wire you use intelligent software 
less LANs together •••••99 objects •••••••••••113 

updates , pricing information , and routing 
assignments, one-way communication is 
a cost-effective method for delivering in
formation to those who are able to easily 
respond through terrestrial means. For ex
ample, a number of financial institutions 
are using EMBARC's (Boynton, FL) one
way messaging service to post up-to-the
minute mortgage rates to all their branches 
and field-loan officers. The most interest
ing developmems in one-way messaging 
come from products like Motorola's News
Stream PCMCIA cards coupled with pro
viders like EMBARC to de li ver informa
tion from various news services anytime, 
anyplace. 

While one-way broadcasts play an im
portant role-their lower price and one
to-many broadcast abilities make them 
extremely useful for information deliv
ery-two-way communications will shape 
your untethered working future by allow
ing connection to LANs, wireless pay 
phones, real-time conferencing, and more. 
The three most important two-way tech
nologies are analog cellu lar, RF packet ra
dio, and CDPD. 

Signals and Packets 
One of the simplest fonns of wireless com
munication is ana log ce llular. Designed 
originally for voice communications, ana
log cellular operates much like a land-line
based telephone-indeed a ce llular call 
travels for most of its di stance via land 
lines. Transmitting data over analog cel
lular requires a modem that links to your 
cellu lar service or phone. 

Ce/111/ar gets its name from the hexag
onal cells (which are roughly 8 miles in 
diameter but smaller in densely populated 
areas with heavy traffic) served by a single 
base station (i.e., a setup common to most 
wire less services). Mov ing between cells 
requires that your signal be handed off be
tween adjacent cells. This is no problem for 
voice signals filled with gaps and pauses; 
however, add in data, and without special 
protocols or eq uipment, every handoff is a 
potential fou led transmission. Indeed, the 
problems with data transmission over ana
log cellular are manifold and are so inher
ently related to the nature of analog that 
in the long run , packet-based communi
cations will be the way to go. 

Packet-based communications repre
sents the next step up the ladder of com
plexity. The basis for services such as 
RAM Mobile Data and Ardis and for tech
nologies such as CDPD, packet-based 
communications is far better suited for 
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Cellular Private land 
mobile 

Narrowband PCS Industrial Common carrier 
paging 

Polnt-to-multlpolnt 
Point-to-point 

PCS Industrial 

824- 849 MHz 
869-894 MHz 

896-901 MHz 
930-931 MHz 

901-902 MHz 
930-931 MHz 

902-928 MHz 

Unlicensed 
commercial use 

931-932 MHz 

Includes national 
paging services 
such as SkyTel 

932-935 MHz 
94 1-944 MHz 

1850-1970 MHz 
2130- 2150 MHz 
2180- 2200 MHz 

2400-2483.5 MHz 

Unlicensed 
commercial use 
such as LANs 

The FCC has divided the available spectrum to support a variety of radio-based services. H Is responsible for defining the limits of each class of service. 

data transmission than analog. Even voice 
is moving to packets. ln the fu ture, voice 
cellular will take the packet route using 
CDMA (code division multipl e access) 
and TOMA (time di vision multipl e ac
cess). Both of these technologies increase 
the cellular capacity: TDMA by a fac tor of 
three and CDMA by I 0 times over existing 
analog cellular systems. In part , this in
crease is due to thei r packet nature. 

The advantages that packet transmis
sion has over conventional circuit switch
ing include the following: 

• Robustness: Carrier loss between 
packets is typicall y not a problem. 

• Security: Encryption on small packets 
i easily handled. 

•Per-packet billing: Shon messages, 
which encompass the majority of 
E-mail traffic, can be sent inex pen
sive ly, charging onl y for transmission 
air time. 

The log ic behind pac ket use is irre
futable. Radio is synonymous wi th inter
ference, drop-oms, and static. This, in turn, 
di ctates that wireless da ta transmi ss ion 
(where every bit counts) include robust er
ror correction, e ither via cellular proto
cols-such as Microcom' s i'v1NP I 0, AT&T 
Paradyne's ETC (enhanced throughput cel
lular), and USRobotics' HST Cellular
or through the actual transmission mecha
ni m (i.e., CDPD's TCP/lP or the Mobitex 
packet-based transmis ion architecture that 
RAM Mobile Data uses). 

Analog radio transmission, particular
ly voice transmissions, mainta in one ad
vantage over pure dig ital wireless. Ana
log radios degrade more gracefully than 
di gital radios as determined by a concept 
known as fa de marg in s. Fade margin 
refers to the to lerated level of signal de
cay before communications cease. With 
di gital, the distance between a completely 
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valid signal and one that's totally useless is 
small and abrupt. 

Using RF Packet Radio 
Unlike analog cellular, packet communi
cations is not connection-oriented ; with 
RAM Mobile Data, for example, your ra
dio modem is connected as long as it's 
turned on. 

The message path from RAM Mobile 
Data to CompuServe is typical of packet 
wireless operation. Once powered on, the 
wireless modem identifies itself to the lo
cal base talion, each of which provides 
up to 16 separate radio channels. If you 
need additional capacity, more than one 
base station can serve service areas known 
as MSAs (Metropolitan Statistical Areas). 
According to RAM Mobile Data, each 
channe l can handle between 1500 and 
5000 packets per hour. 

To communicate, existing RAM Mo
bile Data-compatible modems, such as the 
Mobidem (Ericcson GE Mobile Commu
nications), broadcast at 896 to 902 MHz 
and receive at 935 to 941 MHz. The mo
dem establishes a link with your comput
er, and as the message tex t arrives from 
your system, the modem breaks it into 
packets with a maximum size of 5 12 bytes. 
Each packet is preceded by a header that 
can be up to 33 bytes long. The header 
contains a 3-byte sender code, a 3-byte ad
dressee code, a I-byte fl ag, a I-byte pack
et-type marker, a 22-byte space for other 
addressees, and finally, a 3-byte network 
time stamp. 

To ensure agai nst mu ltipath inte rfe r
ence, the modem applies a Gaussian Min
imum Shift Keying, or OMSK, modula
tion to the signal. In additi on, it leve ls 
16-b it CCITT s ta nd ard CRC (cyc lic 
redundancy check) e rror detection and 
correction on top of the Hamming error
correcti on coding applied to each byte . 
Before transmi ssion , the modem inter

leaves the dat a blocks. Acco rdin g to 
RAM Mo bi le Data , th e int er leav in g 
means that a fade- induced error burst of 
20-bit duration results in no more than 
20 correctable single-bit errors in the 20 
Hamming-encoded data word ; therefore, 
no retransmission is required . 

As it as embles the packet, the modem 
checks signal strength , verifies the co n
nection to the base station, and transmits at 
8 Kbps. At the base station , the received 
packet is verified, and a receipt verification 
is transmitted back to the Mobidem. From 
the base tation, the header information is 
analyzed, mid the data is re layed to a local 
witch- usually over a wired network or 

system. From there, it passes to a long
distance carrier switch that confe rs with a 
national control center. Here, RadioMail' s 
system tallies bill ing charges and routes 
the complete final message through its In
ternet gateway to CompuServe 's Internet 
gateway fo r de livery. At present , RAM 
Mobile Da ta transmi ss ions are limited 
to text-only message deli vered by means 
of the RAM Mobile Data- compatibl e 
modems and services. 

CDPD Hops 
Compared to the packet-radio networks, 
the nascent implementations of CDPD are 
more flex ible, allowing a CDPD-compl iant 
modem to serve both packet-based data 
and analog voice communication . CDPD 
is a clever hybrid of packet-based trans
mi ssion and channel hopping that takes 
ad vantage of the natural pau se within 
voice transmi sions. Like the RAM Mobile 
Data and Ardis schemata, CDPD breaks 
data into packets. (It uses OMSK modu
lation and Reed-Solomon for.vard error
correction code.) Also, as with packet net
works, CDPD sends data on one set of 
frequencies and receives it on ano ther. 
What di ffers is that CDPD was designed to 
work on top of the same bandwidth as 
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analog voice transmi ss ions. This fea t of 
pac keti zed cont o rti o n is ac hi ev ed by 

PCSes Are Coming 


T oday, a new fonn of wireless ser
vice is generating a lot of ex

citement. While CDPD (cellular digi
ta l packet data) , pac ket radio, and 
eventually digital cellular will play the 
dominant roles in long-distance wire
less communications, a new set of ser
vices called PCS (personal communi
cation services) could change the face 
of.short-di stance wire less. 

PCS denotes a group of wire less 
services ranging from pay phones to 
sophisticated PC Ns (personal com
municati on networks). PCS is not in
tended as a replacement for existing 
fi xed-wire or cellular-based systems: 
rather, it will coexist by providing lo
calized services such as inter-office 
and campus-wide voice, fax, and data. 
For the mo. t part. PCS will be facili
tated by PCNs operated by licensed 
pruvitltirs, but some bandwidth will be 
re~e rved for unlicensed usage such as 
ad hoc AN ·. 

PCS is designed for localized im
plementations: The cells are smaller 
than conventiona l ce llular, and the 
transmitters are less powerful. The ad
vantage PCS brings ro th airwaves 
over existing packet- and cellular-based 
systems is- wider bandwidth. 

Making Room 
Regardless of the type of the trans
mission and service-whether cellu
lar, microwave, AM, FM, HAM, or 
shortwave-all wirel ess technologies 
use wavelengths of different frequen
c ies that occupy the electromagnetic 
spectrum. Most radio bands for digital 
information e xc hange (i ncluding 
vo ice) lie between cellular 's 800 to 
900 MHz and the unlicensed 2.4-GHz 
bandwidth slated for wire less LANs. 
Abo ve th at, you w ill find products 
such as Motorola 's 18-GHz Altair Plus 
llLAN. 

In the U.S ., frequency a llocation 
and licensing is the province of the 
FCC. In the case of unlicensed fre
quencies, the FCC simply allocates 
the band and sets the guidelines for 

proper usage. With licensed bands, the 
FCC actually decides who will be able 
to transmit in the band. 

While unlicensed frequencies /; channel and repea ts the li s tening/send
are used for wireless LAN and ing/hopping cycle. Corporate connecti vity 
cordless telephone equipment, is greatly fac ilitated through CDPD's built
the frequencies for cellular in support of TCP/IP. all owing inte rcon
and RF packet radio are li nection of LA Ns. WANs. the Internet. and 
censed by the FCC. While other informati on services. 
thi s adds to the cost of CDPD-compliant devi ces. just begin
wireless via licensing fees ning to ro ll off th e assembl y lines. a llow 
and limits the number of users access to both traditi onal voice ce l
users and providers. it lular, as we ll as packet-switched CDPD 
defuses a potential ra transmission. T hi s is a needed step. es
dio babel of rampant. pec iall y for personal communicati on de
uncontrolled broadcasts. In 
the cellular bandwidths, fo r example, 
the FCC allows one land-line-based 
provider and one alternati ve provider 
per metropolitan area. 

The FCC has allocated 160 MHz oti 
bandwidth for PCS, 40 MHz is allo
cated for unl icensed users, and 120 
MHz for licensed providers between 
1.85 GHz and 2.2 GHz. The FCC auc
tion of the commercial bandwidths of 
the spectrum is slated for this month1 
with announcements of projected PCS 
services like ly by this summer. 

One of the hurdles that PCS faces is 
thar there are already occupants with
in its licensed bandwidth . FCC rules 
require that PCS licensees pay ~or the 
relocation of current tenants. This is 
certai n to add to th time it will take 
PCS to come of age. Thus, the win
ners in the looming auction of PCS 
frequencies may not' be home free once 
the auction is over. 

Once frequencies are c leared and 
established, the methods through which 
voice and data are transmitted and re
ceived need to be detennined and stan
dardized. Except in rare cases, these 
methods are frequency-independent ; 
what governs the ir use is the type of 
informatio n be ing transmitted, the 
range of the transmission, the sensi
tivity of the transmission to error, and 
of course, the broad morass of politics 
and industry infighting. In other words, 
don' t look for PCS anytime soon. 

vices th at need to in corporat e ex isting 
wireless phones to make a move toward 
ubiquity. 

The only problem with C DPD is that it 
has limited coverage. At the time of thi s 
writing, all th at exists arc test networks 
in Las Vegas and California . Although 
promised for early 1994, ctment estimates 
see most provide rs ( including McCaw, 
GTE. and Bell Atl antic) rolling back start
up dates to the second or third quarter of 
thi s year. 

Packets to PDAs 
An added boost to wireless transmission is 
the newly formed wireless modem stan
dards committee of the Portable Computer 
and Communicati ons Association. By the 
end of the year, it will approve a standard 
interface for wire less moderns based on 
the same Hayes AT modem command set 
that wired modems CUJTently use. Thi s will 
greatly e:1se the problems of software de
velopers and make it easy to interoperate 
wired and wi re less modems. 

The interface standard will merge nice
ly with the curre nt move away from !
pound wire less modems. exemplified by 
the Ericcson GE Mob itlem and Motoro
la's InfoTac. to newer PCMC IA fonn-fac
tor wireless modems. Today, the range of 
wireless PCMCIA tlev ices available is re
strictetl to paging cartls and two-way wire
less LAN cards. You can buy a Hewlett
Packard lOOLX with a Mobidem wireless 
modem. but imag ine how much more at
tracti ve the bundle would be if the modem 
were a low- power PCMC IA card. 

The introduction of wide-area wireless 

CDPD 's channel-hopping protoco l. 
A CDPD dev ice works by "listening" 

for the idle time within vo ice call s. 
When the dev ice detects a su ffi
cient idle interval. it sends a packet 

I 
using the full 30-kHz bandwidth 

of the channe l. II the channel 1s 
full . a CDPD dev ice "hops" to another 

94 H V T E M AY 199·1 



Lowest Prices on the SX and New DK2-501 

keyboard. Includes parallel, 
serial, PS/ 2 mouse, external 
keyboa rd and VGA ports. 
And It's just $399! 

f I 
IND'Mlll'~.W.d:M toCAl)'pflJkt 

W1nBool< 

Upgradable processor! 

Monochrome Color Dual-Scan 

$1599 $1999 
4MB RAlll200MB HDD 

• SL Enhanced Intel 
486SX25MHz 

Gall for the lowest DX2·50 prices! 
Convenient payment 

options 
Use your Maste rCa rd, 
VISA, Discover Card, 
Micro Center charge, per
sonal check or P.O. with 
credit approval. 

Thank-you for your order! 

30·day unconditional money-back guarantee 
Your SJffsl2ction Is uncondllJonalfy 
awr2nteed for 30 days from date of 
~ //iJllVlyreascn)OOJteOOI 
saisfied with your purc/l.lst from us, 
will be glad to give you your money-

Rave Reviews! Read what the experts say: lruY''fGJ$#Jil "If you're a Windows user on 
-· '· -·---- a...b.u..d.Qfil, or 1ust have a bad 
case of Mac envy.. .you should take alook at the 
WinBook. It's amachine that can hold its own 
with more exoensive. less thoughttullydesigned 
m!fil!lS from other direct vendors." 

.COMl'ITTER SHOPPER. This Poworbook T~in Acts Like a PC, 9/93 

The WinBook lntel486 SX-25 and DX2·50 SL Enhanced Features 


~ 

I 

Ergonomically 

engineered & designed 


by award-winning 

Palo Alto Design 


The Win Book's unique 
ergonomic features include 
a sloping wrist rest and key
boa rd with full- size kevs, 
plus a centered, dual-bution 
trackball-allowing you to 
work in total comfort away 
from your desk. 

SX &DX Specllleatlons 
Sln/ltltbl 
• 11', U 'fllltt' 
• SX r:iroc:<t11m" ~~lbs w-:n 

bi!l!<f 
• S(;a'klDXrual ·~rolt¥59 

tls • ,il'lllit~ 
Ptt1U11Dnkt 
• lftsl~OJ.H'J~ llOC',C! 

""""""""' 

Clear, sharp color display 
gives you near-active 

matrix quality at a 
passive matrix price! 

imagesaresharperanddearer 
with less cursor loss. And the 
WinBook's advanced dual-
scan color display gives you 
99%shadow-free perfonnance 
compared to other single-scan 
passive matrix displays. You 
get a brighter, crisper, wider 
angle of view with an 18: 1 
contrast rat io-compared to 

Longer battery life 

The WinBook features . iMH 

2200 MA batteries "ith gold

plated contacts, allowing it 


13:1 with previous passive 
matrix technology. 
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to run much longer than 
units with traditional NiCAD 
bat teries-and there's no 
memory effect! 

The WinBook offers you 
more features for less! 
• 9600 baud send/4800 

baud receive fax/2400 
baud modem 

• Industry-standard type ll 
PCMCIA slot 

• 512k \1deo RAM 
• Fast-acting LCD screen 
• Buill-in centered dual

button trackball 

im "The WinBook is a great exampleDI of what a Wi ndows notebook 
" 1Noows should be ....fast. easy-to-use and a 
M.OCUINE miser on batterv life.. .. lt's also inex
~: nearly 50%less than some compara
ble notebooks." 
117NDOWS MAGAZINE, Transcontinental Portable, 9/9'J 

Docking station gives 
you desktop power! 

Two expansion slots and 
drive bays let you add 
periphera ls such as moni· 
tors, hard drives, CD ROMs, 
1/ 0 cards or an extended 

Mouse/keyboard, parallel, 

serial and VGA ports 


plus PCMCIA expansion 


fs_/t.I I'/-rflhl y(II.tl 
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COMPllTER CORPORATION 
o subsidiary of Micro Electronics. inc. 

4MB RAM/200MB HOD 

• Fax modem Included! 
• DDS and Windows 

Service, warranty, support 
• 72-hour sen ice turnaround. 
• 30-<lay unconditional money

back guarantee. 
• 24-hourburn-in protection. 
• One-year limited warranty 

on parts and labor. 
• Toll-free technical support for 

the life of the mmputer. 

WmBook 

Monday-Friday, 8am-9pm EST • Saturday, 9am-4pm 
1160 St eel wood Rd., Columbus, OH 43212 • FAX: 1-800-448-0308 

Circle 180 on Inquiry Card. 



FRACTAL IMAGE COMPRESSION REDUCES 

WHALE-SIZED IMAGES To GUPPY-SIZED FILES. 


Imagine storing up to 100 high-quali ty full screen 
images on a single floppy disk \1~ th enough room 
left over for the program to display them. 

Fractal compression files average between lOKB and 
32KB and display at barracuda speeds. These incred
ibly small files provide unmatched space savings in 
whatever storage media you may use. Using frac tal 
compression, Microsoft Encarta was reduced from 
four CD-ROM disks to one. 

Whether it's stills or full motion video, 
DOS or Windows, Iterated Systems' 
.OBJ and .DLL fam ily of toolkits will 
help you conserve your resources. 

~ Iterated Systems, Inc. 
FOR ADDITIONAL INFORMATION: 

TEL: 800 437·2285 FAX: 404 840-0806 

Unlike eartier assays in PDAs, the Motorola Envoy is 
built from the ground up to support ubiquitous wireless 
connectivity. 

PCMCIA devices will dri ve the young 
PDA market. Anyw here, anytime com
munica tions is the ultimate killer appli
cation for PDAs, a lesson that many com
pani es have taken to hea rt see ing the 
disappointing ales of the Apple Newton. 
One of those pay ing attention has been 
Motoro la , wh ich introduced it s Envoy 

communicator in March. Built around Gen
eral Magic 's Magic Cap operating system 
and Telesc ript communications language, 
the $ 1500, l .6-pound Envoy boasts a wide 
range of software and hardware telecom
munications capabil ities. bolh wireless and 
wired. It includes subscriptions to America 
Online, AT&T PersonaLink. and Radio
Mail. With Telescript support in AT&T's 
PersonaLink, you can use the Envoy to 
send inte ll igent agents to other users or 
serv ice providers (see "Agents Away" on 
page 11 3). 

Of main interest to wireless communi
cations is the Envoy's integrated 4800-bps 
MDC wireless packet modem that taps 
into the Ardis network . Combined with a 
range of applications powered by a 32-bit 
processor. the Envoy is an advanced look 
at what the wireless future storming its 
way into the business world holds. Mo
torola plans to introduce add itional wire
less PDA using Newton Intelligence and 
Microsofi·s WinPad operati ng systems, 
both of which it licensed. 

While Apple's Newton MessagePad and 

Sharp ·s Expert Pad lack built-in two-way 
wireless ability, third parties are stepping 
in to fill the gap. ETE offers the ETE Com
municator for Sharp 's Expert Pad. Pric
ing starts at $500 for a version sporting a 
ce llular phone with a wired 14.4-Kbps 
data/fax modem. An optional wireles · mo
dem ties the Expert Pad into the RAM Mo
bile Data network. 

Even though the wireless world still has 
much work ahead of it in laying the final 
touches on a nationwide infras tructure that 
reaches even rural areas, the moving curves 
of fa lling prices, increased wireless com
petition, new pocket-size devices, and the 
competitive business advantage that wire
less brings points to one conclusion: The 
end of the decade will mark a commu
nications land scape where wireless is 
mainstream. • 

David rl. Han•ey and Richard Smua/esa are rhe 
publishers of PDA and Wireless World. w1 in 
d11s/1)' 11e1vsle11er. They can be reached 1111 rhe !11
remer or BIX or da lzarvey @bix. com or edi
rars@bix.com, respectively. or 0 11 MCI Mail ar 
405-61/ 7. 

5550A PEACHTREE PARKWAY NORCROSS, GEORGIA 30092 

9 6 nvTE M AY 1994 C irc le 1 5 9 on Inqui ry Ca rd (RESELLERS: 160). 

mailto:rars@bix.com
mailto:dalzarvey@bix.com
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GetAF 

PC Buyers jump for joy! You're 

entering the exciting and competitive game of 

computer buying! We know you want to finish 

first with high-performance PCs and prize

winning service at the most affordable prices in 

the industry. It's no contest - with Gateway 

2000'" you'll always be the winner! 

And here are the stars of our show, 

Gateway's Pentium'"-based systems! You'll 

get a shining performance with our new 

incredible 90MHz P5 system!. And the 

stupendous performance of new lightening-fast 

hard drive systems! Screaming graphics 

controllers on the top two PS models! Along 

with the most powerful Intel processors 

available today! And (drumroll please) 

all at 486 prices! 

Intel's new 90MHz processor gives our top

of-the-line, power-packed Pentium-based 

system the edge - it 's one of the fastest PCs 

available today. And now in all Gateway 2000 

P5 and 486 PCI systems, a new PCl/IDE 

controller allows the hard drive to transfer data 

up to twice as fast as non-PCl-based systems. 

The PCIJIDEcontroller enhances our Intel 

Pentium processor and PC! local bus for faster

than-ever data access! 

Take full advantage of the performance-boosting PCI bus 

with high-end graphics controllers with 2MB VRAM on our 

top two PS systems, for vi rtually unbeatable graphics! All 

otherGate\vay Pentium and 486 PCl -basedsystems come 

with a standard graph ics with IMB or 2MB graphics memory 

giving you up to 64.000 colors at I024 x 768 resolutions. 

Been spinning your wheels on how to get tomorrow's 

technology today and still pay 486 prices? With prices 

between $2,495 and S3,995, the puzzle is solved when you 

buy a Pentium-based system from Gateway 20001 

The Bonus Round 
Win big with a486 PCI system that blows the competition 

away! You'll get the pinnacle of 486 perfomiance with 

Gateway 's new IOOMHz DX4 machine priced at $2,495. 

The Gateway P4D- I00 includes 8MB RAM, a 540MB hard 

drive, double-speed CD-ROM, 15-inch color CrystalScan xi 

monitor, 128 KB cache, IMB PCI local bus graphics and your 

choice of application software. And you can upgrade all of 

our 486 systems to Pentium technology in the future. It 's 

another sure winner from Gateway 2000! 



The Home Version 
Fun and games are only part of what you get with 

the Gateway DX2-66 Family PC,"' our best-selling 
• ·--'~.'.~1 11 u1111u11uu uumru n mmm11murn 

Family PC model priced at only $1 ,995! All Family . '. ...PC configurations include full multimedia capabilities . '. 
and software choices for the whole family, 

bringing productivity, education and 

entertainment into your home. 

8 0 0 8 4 6 2 0 5 8 
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Looking for the perfect portable 

PC? You'll get a celebrity performance when 

you choose Gateway 200017'< for the most 

value-packed portable PCs in the industry! 

GATEW1YlaXJ 
COLORBOOKTM 

Gateway has all the right answers for 

incredible values with the ColorBook! 

Performance-enhancing features ... fast 486 

processors and an incredibly big I0.3-inch 

screen on two ColorBooks models! ... make 

the ColorBook an undisputed champion. 

Introducing the ColorBook DX4-75 with 

a faster-than-ever processor! The substantial 

power boost of the 75MHz processor has 

made this model the fastest 486 portable 

available today. And that's not all. For your 

extreme viewing pleasure, an extra-huge 10.3

inch dual-scan VGA color screen is standard 

on the DX2-50 and DX4-75 models. You 

won't find anyone else with a 10.3-inch screen 

at a better price. 

All ColorBook models - 4SX-33, DX2-40, 

DX2-50 and DX4-75 - have a host of great 

features. At less than 5.7 pounds and 

measuring an ultra-thin 1.77 inches, the 

ColorBook supports simultaneous video; has an 

easy-to-use, built-in trackball; two PCM CIA Type II slots; 

great battery life; and a suspend/resume feature so you can 

stop work anytime and resume later without losing data or 

restarting the system. 

..,d, GATEWAY2ooJ
-,•H A N D B 0 O K ® 4s6 

The revolutionary Gateway HandBook 486 is perfect for 

all your worldly travels. This powerful little performer will 

forever change the way you use a PC. And you won't have to 

think twice about taking it with you - no matter where you 

go. It 's a no-brainer. The HandBook is so small (about the 

size of a day planner) and so lightweight (its less than three 

pounds) that you 'll never want to be without it! 

Unless you mind all the extra attention, as described by a 

leading columnist: "I almost got mobbed the other day on the 

train. I was doing what I usually do on the commute: writing 

on a notebook computer. The only difference was that I was 

using a Gateway 2000 HandBook 486 ... I can't wait until 

everyone has one. Then they'll leave mine alone." 



The Hand.Book is a real PC with a 

powerful 486 processor; an IDE hard 

drive up to 130MB; standard 4MB or 

8MB RAM upgradable to 20MB; a 7.9-inch bright, backJit 

VGA display screen; 78-key keyboard; EZ Pointrn integrated 

pointer; excellent battery life; and suspend/resume feature . 

Looking for a square deal on the best portables around~ 

The odds are stacked in your favor with Gateway's 

ColorBook and HandBook portable PCs. 

8 0 0 . 8 4 6 . 2 0 5 8 




Gateway 2000,... is the name ofthe game when it Hands Down Winner in Service and ReliabilitJ 
comes to the best service and support. The Gateway family is Abig thank you to readers of PC Magazine who responde 

made up of hard-working Midwesterners who are dedicated to to a Service and Reliability survey with impressive results: 

satisfying our customers. And al though we're a Fortune 500 "In our latest survey, only Gateway 2000 gets our highest rati1 

company, we haven 't forgotten our si mple philosophy of in both the desktop and laptop categories." The survey coven 

providing an honest value, a superior product and the best reliability, satisfaction with repair experience, satisfaction 

service possible. In return , Gateway's loyal customers are with technical support, and the likelihood 

always there to cheer us on. But you don 't have to just take our of buying new PCs from the same 

word for it. The surveys prove it! vendor again. 

All the talented people appearing in this ad are Gatewai• 2000 employees. 



HANDBOOK.® 486 	 PORTABLE OPTIONS 
I Weight: 2.94 Lbs. PCMCIA Cards: 

I Dimensions: 9.75" x 5.9" x 1.6" HANDBOOK HANDBOOK 4DX2-40 I TelePath" 14400/14400 fax/ 

I SL Enhanced Intel ®486 or DX2 4SX-25 With 40MHz 486DX2 CPU, modem. $249 


Processor 	 8MB RAM, IJOMB Hard Drive, I 9600/2400 fax/modem. $149
With 25MHz 486SX CPU,I 4MB or 8MB RAM 	 Extra NiMH Battery and Leather I Ethernet adapter. $149
4MB RAM and BOMB(expands to 20MB) 	 Carrying Case I Token Ring adapter. $449
Hard DriveI 80 to 130MB IDE Hard Drive 	 I HandBook VGA adapter. $229$2295

I 7.9" Backlit VGA Display $1495 8111/eries: 

I NiMH Battery & AC Pack I 2.2Ah NiMH batteries. $89 


(with IJOMB Hard Drive) HANDBOOK 4SX-25I Suspend/Resume Feature I Alkaline battery pack. $29 

I I PCMCIA Type JI Slot $1595 With 25MHz 486SX CPU, SMB Diskelle Drive: 

I EZ PointNIntegrated Pointer RAM, IJOMB Hard Drive and I HandBook external I.44MB. $99 

I 78-Key Keyboard Leather Carrying Case Coses: 

I Parallel, Serial & PS/2i Ports $1895 ColorBook $49, HandBook $55 

I MS Works for Windows" 3.0 fatended VIP Warra111y: 

I MS-DOS 6.2, WFW 3.11 & I We'll ship a replacement 


Serial Transfer Cable 	 within 24 hours during warranty. 
Point of sale only. $100 

COLORBOOK'" 	 COLORBOOK PACKS 
I Weight: Under 5.7 Lbs. Traveler's Packs: 
I Dimensions: II.7" x 8.5" x 1.77" COLORBOOK DX4-75 I Case, extra battery & PCMCIA 
I SL Enhanced Intel 486, DX2 or With 75MHz DX4 CPU, 8MB RAM, 9600/2400 fax/modem. $279 

DX4 Processors 250MB Hard Driveand IOJ" LCD • Case. extra battery & PCMCIA 
I 4MB or 8MB RAM (expands to TclePath fax/modem. $369$3495

8, 12 or 20MB) 
I 3.5'' l.44MB Diskette Drive COLORBOOK 4SX-33 COLORBOOK DX2-50
I Removable 120 to 250MB IDE 

With 33MHz 486SX CPU, With 50MHz DX2 CPU,Drive 
4MB RAM, 120MB Hard Drive 8MB RAM 250MB Hard DriveI 10.3" or9.4" VGA Dual-Scan 
and 9.4" LCD and 10.3" LCDSTN Color Display 

I NiMH Battery & AC Pack $1995 $2995 
I Suspend/Resume Feature 
I 2 PCMCIA Type TI Slots COLORBOOK DX2-40 
I Integrated Trackball (2 buttons) With 40MHz DX2 CPU,
I 85-Key Keyboard 4MB RAM 250MB Hard Drive 
I Parallel, Serial & PS/2 Ports and 9.4" LCD 
I External VGA Port $2495I MS Works for Windows 3.0 
I MS-DOS 6.2 & WFW 3.11 

SERJ'JCE 
Ifa system comes with "choice of I The Entrepreneur Pack (Works,N I QAPlus Diagnostics Every Gateway system is backed by: 
application software," choose one Publisher," MoncyN & games) • Gateway Computer Glossary I 30-Day Money-Back Guarantee 
of the following packages: I Borland Paradox®and Quattro~ I Gateway Mouse Pad I One-Ycar Limited Warranty 
I Microsoft Excel for Windows"' Pro for Windows spreadsheet Systems with CDs also include: I Lifetime Toll-Free Technical 
I Microsoft Word for Windows™ I Borland Paradox®and C++ • Gateway System CD Support 
I Microsoft Word and Bookshelf,~ (CD-ROM only) • On-Line User's Guide I On-Site Service Available To 

CD-ROM Edition With desktop and selected I Gateway Mall On-Linc Catalog Most Locations 
I Microsoft PowerPoint for portables you also get the I Lifetime BBS Membership 

Windows"' following sofiware and extras at I FaxBack Automated Fax Service 
I Microsoft Project for Windows™ no additional charge: 

Our money-back guarantee does1101I Microsoft Access™ for Windows I MS-DOS 6.2 & Windows 
includeshipping. 011-site se111ice isI Publisher's Pack (CD-ROM for Workgroups 3.11 provided al 110 charge during

only; includes CorelDRAW3,N 
ArtShow, MS Publisher 2.0 & 
MS Design Pack) 

Printed on recycled 
paper with soy inks. 

Gatewayl(}(}()i.riJ 
corpora le sponsor of 

G~5i\L 
~L~Ar 

.~ 

I CoSessionN Host Remote 
Diagnostics (with all modems) 

warranty ifour technici1111s 
derermine ii is necessmy !/you'd 
like to re11d our w11rranly 1111d 
[,~mrantee policies. please call for a 
Ji'ee copy. 



Ready For Action 
Gateway 2000's friendly employees 

will take care of you from your first phone 

call throughout the life of your system 

with lifetime technical support. We've 

also made it easy for you to buy one of our 

world-famous PCs. 

Easy Payment Options 
Gateway accepts most major credit 

cards and C.0.0. terms, with net 30-day 

terms and leasing options available to 

qualified commercial customers. 

You can also apply for our new 

Gateway 2000 DuoLine 

MasterCard®Card, issued 

by Dial National Bank, 

which lets you make 

purchases from Gateway and 

anywhere else MasterCard is accepted by giving you 

two lines of credit - one for Gateway purchases 

and one for all other purchases. For Gateway 

purchases, the card has no annual fee and a low 

variable interest rate of just 12.9%APR. For other 

transactions, you get a variable interest rate of 

13.9% APR and a low $18 annual fee.* 

*Cash advance fee is $1plus1% ofthe a11101111t ofthe cash 

advance, b11t not less than $5 nor more than $10. Financing is 

available 011 approved credit with the Gateway Duoline 

MasterCard, iss11ed by Dial National Ba11k, Des Moines, Iowa. 

Internationally Known 
Gateway 2000 also makes it easy for 

our neighbors in Canada and Puerto Rico to 

buy Gateway systems. You get award

winning technical support, CSA approvals, 

and on-site service that is available in most 

Canadian and Puerto Rican locations. Our 

international shipping rates are some of the 

most competitive in the industry. Canadian 

and Puerto Rican customers can reach us 

toll free at 800-846-3609. All other 

international customers can call us at 

605-232-2000. 

Our Family PC comes with a 14-inch 
color SVGA monitor. 101 -key keyboard, 
double-speed CD-ROM. sound card, 
speakers. joystick.fax/modem and 
mulitmedia software. You choose 
011e soflll'are op1io11fro111jil'e great 
Family PC nrnlri-rirle packages. 

I I 
,. .~ 
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.Vorld Class Winning 
PC World 's 1993 World Class Awards found readers honoring 

:Jateway 2000 with lop honors in live categories including Best 

iervice and Support (for the second year in a row!) and Best Mail 

)rder Company. Thank you, PC World readers! 

Jesse Berst, editor of Windows Watcher 

vas quoted in PC World:"Gateway has 

liscovered an amazing secret, give people 

oore for less and they are going to like you." 

Ne knew our secret wouldn't be safe for long! 

Good Answers! 
Computer Shopper summarized its readers' responses best: 

"Gateway, dominator of Best Buy balloting for the past three years, is 

your choice as Best Overall Supplier of computer systems ... For state

of-the-art PCs at bargain prices, North Sioux City is where Shopper 

readers look first." And "...Gateway 2000 has 

inspired a high degree of confidence and 

brand loyalty among Shopper 's readers, 

who continue lo rank Gateway's service 

and support as the best of all direct-channel 

PC vendors." Thanks Shopper readers! 



INTEGRATED SYSTEMS 


4SX-33*/4DX-13* 4SX-33'FAMILY PC "' 4DX2-66*FAMILY PC MULTIMEDIA KIT 
I Imel · 33MH~. 486SX or DX CPU I Intel 33MHz 486SX CPU I Intel 66MHz 486DX2 CPU Here's everything you need to add 
I 4MBRAM I 4MBRAM I SMB RAM, 128KB Cache multimedia to aGateway desktop 
I 340MB 13ms IDEHard Drive I 340MB 13ms IDE Hard Drive I 340MB 13ms IDE Hard Dri ve PC that has a CD-ROM drive. You 
I Local Bus Graphics with IMB I Local Bus Graphics with IMB I Local Bus Graphics with IMB won't find a better price anywhere! 
I 3.5" Diskette Drive I Double-Speed CD-ROM, 16-Bit I Double-Speed CD-ROM, 16-Bit I Gateway 2000 16-Bit Sound 
I 14" Color Crystal Scan ~ I024NI Sound Card &Speakers Sound Card & Speakers Card, Sound Blastcr-'"Compatible 
I Mini Desktop Case I 2400/9600 Data/Fax Modem I 2400/9600 Data/Fax Modem I 2 Labtec~ CS-180 Speakers 
I 5 16-Bit ISA Slots I 3.5'' Diskette Drive I 3.5'' Diskette Drive I Microsoft Encarta & Corel 
I 101-Kcy Keyboard & MS Mouse I 1-l" Color SVGA Monitor I 14" Color SVGA Monitor Photos CD Software 
I MS-DOS~ 6.2 & WFW ™3.11 I Mini Desktop Case I Mini Desktop Case $132 (with system purchase)
I MS Works for WindowsN 3.0 I 5 16-Bit ISA Slots I 5 16-Bit ISA Slots 

Get the multimedia kit with a I EPA Energy Star Compliant I JOI-Key Keyboard, MS Mouse & I I 0 I-Key Keyboard, MS Mouse & 
CD-ROM drive for $299 (with


4SX-33 $1295 Joystick Joystick 
sys/em purchase).
I MS-DOS 6.2 & WFW 3. 11 I MS-DOS 6.2 & WFW 3. 11

4DX-33 $1495 I Choice of Family PC Software I Choice ofFamily PC Software 

I EPA Energy StarCompliant I EPA Energy Star Compliant 


$1495 $1995 
486 PCI SYSTEMS _______ __________ 

P4D-33' P4D-66" P4D-100I 

I Intel 33MHz 486DX CPU I Intel 66M Hz 486DX2 CPU I Intel IOOMHz 486DX4 CPU 
I 8MBRA:'vl . 128KB Cache I SMB RAM, 128KB Cache I 8MB RAM, 128KB Cache 
I 540MB 13ms IDE Hard Drive I 540MB 13ms IDE Hard Drive I 540MB I3ms IDE Hard Drive 
I PCI Fast IDE Interface I PCI Fast IDE Interface I PCIFast IDE Interface 
I PCI Local Bus Graphics with IMB I PCI Local Bus Graphics with IMB I PCI Local Bus Graphics with IMB 
I Double-Speed CD-ROM I Double-Speed CD-ROM I Double-Speed CD-ROM 
I 3.5'' Diskette Drive I 3.5" Diskette Dril'e I 3.5" Diskette Drive 
I 14" Color Crystal Scan I024Nl I 15" ColorCrystalScan Monitor I 15" Color CrystalScan Monitor 
I Baby AT Case I Baby AT Case I Baby AT Case 
I 4 ISA, 2 PCI& I PCl/ISA Slots I 5ISA & 2 VESAIISA Slots I 4 ISA, 2 PCI& I PCI/ISA Slots 
I AnyKey• Keyboard & MS Mouse I AnyKey Keyboard & MS Mouse I AnyKey Keyboard & MS Mouse 
I MS-DOS 6.2 & \VFW 3.11 I MS-DOS 6.2 & WFW 3.11 I MS-DOS 6.2 &WFW 3.1 1 
I MS Works Multimedia Edition 3.0 I Choice of Application Software • Choice of Application Software 

$1995 $2295 $2495 
PENllUM SYSTEMS_~~~~-~----~----------~-

P5-60 P5-66 P5-66 BEST BUY P5-90 
I Intel 60MHz Pentium"' CPU I Intel 66Ml-lz Pentium CPU I Intel 66MHz Pentium CPU I Intel 90MHz Pentium CPU 
I 8MB RAM, 256KB Cache I SM BRAM, 256KB Cache I 16MB RAM, 256KB Cache I 16MB RAM, 256KB Cache 
I 340MB 13ms IDEHard Dri ve I 540MB 13ms IDEHard Drive I 540MB 13ms IDE Hard Drive I 540MB 13ms IDE Hard Drive 
I PCI Fast IDE Interface I PCI Fast IDE Interface I PCI Fast IDE Interface I PCI Fast IDE Interface 
I PCI Local Bus Graphics with IMB I PCI Local Bus Graphics with 2MB I High-Perfonnance PC! Local Bus I High-Perfonnance PCI Local Bus 
I Double-Speed CD-ROM I Double-Speed CD-ROM Graphics with 2MB VRAM Graphics with 2MB VRAM 
I 3.5" Diskette Drive I 3.5'' Diskette Drive I Double-Speed CD-ROM I Double-Speed CD-ROM 
I 15" Color CrystalScan Monitor I 15" Color CrystalScanMonitor I 16-Bit Sow1d Blaster-Compatible I 3.5" Diskette Drive 
I Baby AT Case I Baby AT Case Sound Card & Ymnaha Speakers I I7" Color CrystalScan 1776LE 
I 4 ISA, 2 PCI& I PCl/ISA Slots I 4 ISA, 2 PCI & l PCl/ISA Slots I 3.5'' Diskette Drive I Tower Case 
I AnyKcy Keyboard & MS Mouse I AnyKey Keyboard & MS Mouse I 15" Color CrystalScan Monitor I 4 ISA, 2 PC! & I PCl/ISA Slots 
I MS-DOS 6.2 & WFW 3.11 • MS-DOS 6.2 & \VFW 3.11 I Baby AT Case I AnyKey Keyboard & MS Mouse 
I MS Works Multimedia Edition 3.0 I Choice of Application Software I 4 ISA, 2 PCI & I PCl/ISA Slots I MS-DOS 6.2 & \VFW 3.11 

I AnyKcy Keyboard & MS Mouse I Choice of Application Software$2495 $2795 I MS-DOS 6.2 & \VFW 3.1 1 $3995I Choice of Application Software 

$3295 

• lnlcl Verified:~ WINOO.VS.. for the Pcn1iumrn 
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Extra Winnings 

You 'll score bonus points with the peripherals listed below, 

sold only with the purchase of a system. Call our special 

component add-ons division at 800-846-2080 for our complete 

line of extras for Gateway customers. 

Multimedia 
Multimedia Kit 

Here's everything you need to add multimedia to aGateway PC 

that has a CD-ROM drive: 

I Gateway 2000rn 16-bit CD-quality sound card, compatible 

with Sound Blaster"' cards, with MIDI/game port, mic in, 

stereo line in/out 

I 2 Labtec®CS-180 speakers 

I Microsoft®Encarta Multimedia Encyclopedia 

I Corel Professional Photos CD Sampler 

$132 (with system purchase) 

Get the multimedia kit with a CD-ROM for $299 (with system 

purchase). 

Yamaha®YST-MIO Multimedia Speakers 


The small speakers that sound big and come with a tiny price! 


This free-standing, self-powered speaker set is agreat value! 


$75 


A/tee La11si11g ACS-300 Multimedia Speakers 

Get superior stereo sound with these top-rated Altec Lansing 

ACS-300 speakers with separate powered subwoofer. $219 

Communications & Storage 
TelePathT" fl Fax/Modem 

Internal fax/modem, 14,400bps modem, V.32bis, with 

14,400bps fax capability. Package includes data and fax 

communication software, plus a CompuServe®trial 

membership. $149 

Colorado Memory Systems®TBU 

2SOMB internal automatic tape backup unit copies up to 

9.SMB per minute. Comes with MS Windowsrn and DOSil<' 

software, one tape and cable. $159 

Networking 
l11tel EtlterExpress"'' 

A 16-bit Ethernet adapter from a world leader in networking. 

$105 Twisted Pair or BNC 

Ethernet Adapter from 3Com® 

Manufactured by 3Com for Gateway. 

$105 Twisted Pair $125 BNC 

Token Ring 

IBM®16-bit ISA Token Ring card. $429 

Monitors 
Crysta/Scan® I 7-111clz Monitor 

Non-interlaced color monitor with intelligent multiscanning 

analog color display capable of ultra-high resolution up to 

1280 x I 024 in non-interlaced mode and .26mm dot pitch. 

Upgrade from a 14-inch monitor $430 
Upgrade from a IS-inch monitor $350 
(Prices good only for upgrades at the time of system purchase.) 

Printers 
Epson®Stylus 800 luk Jet Printer 

Great laser quality at an ever greater value. Measuring only 

17 inches by I 0.S inches, the Stylus 800 has seven different 

typefaces and prints an extra-quiet ISO characters per second 

at 360dpi. Parallel cable included. $289 

Epson Actio11Laser 1500 Laser Primer 

The ActionLaser delivers professional-quality printouts. Fast 

six-page per minute speed, 14 resident fonts, 300 x300dpi, 

and !MB memo1y expandable to SMB. Parallel cable 

included. $669 

Home Office Pack 
Add these peripherals to your new Gateway desktop, and you 

have everything you need for an efficient home office. 

• Epson Stylus 800 Ink Jet Printer 

• TelePath 11 Fax/Modem 

• I Parallel Cable 

$399 
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UNIVERSAL WIRELESS LANS 

A new IEEE standard promises to bring interoperability to the wireless LAN marketplace 

CEES LINKS, WIM DIEPSTRATEN, AND VIC HAYES 

T he wireless LAN marketplace is heat
ing up. By giving you the ability to 

roam throughout a coverage area while re
maining connected to your LAN-based 
service , wire less technology i · a natural fit 
for today ' s horizontal corporations and 
mobile workforce. But as the market is 
flooded by interested parties-hardware 
manufacturers , system integra tors , and 
computer manufacturers- the need grows 
for interoperabi lity between competi ng 
products. 

The worldwide authority on standard
iza tion in wi re less LANs is the Wire less 
Local-A rea Networks Standards Working 
Group, IEEE Project 802. l 1. Since 1990, 
the Project 802. l l committee has worked 
to establish a uni ve rsa l standard for the 
wireless marketplace. Recentl y, the com
miuee selected the DFWMAC (d istributed 
foundation wire less media access control) 
protoco l proposal from AT&T Global In
fom1ation Solutions/NCR Microelectronic 
Products Division's Wire less Communi
cat ions and etworki ng Di vision , Sym
bol Technologies, and Xircom as the foun
dation for the development of a wi re less 
LAN standard. Widespread adoption of 
the techno logy embodied in DFWMAC 
will ensure a vital and interoperable wire 
less LA 1 marketplace. 

Requirements and Architecture 
The initial task of the Project 802. 1 I com
miuee was to analyze the applications and 
environments in which wireless networks 
are used. As early a5 March 1992, the com
mittee fonna ll y establi shed the func ti onal 
requirements for a wire less LAN protocol. 

The Project 802.11 commi ttee es tab
lished the minimum functi onal bandwidth 
at I Mbps. This was deemed necessary for 
common operations such as file trans fer, 
program loading , transaction process ing, 
multimedia. and manufac turing process 
control. For app licatio ns such as digital 
voice and process control , which require 
transmission of real- time data, the com
mittee dec ided to require support for time-
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Architecture for Wireless LANs 
lu slrales the basic architecture of wire
less LANs . 

The Reference Model 
The Project 802. 1 I committee uscs a rcf
erence mode l thal d ivides protoco ls for 
wireless communications inlo two main 
groups. The fi rst group of protocols is a 
common MAC (media access control) spec
ilication for all wireless networks. A single, 
medium-independent MAC protocol pro
vides a uni lied network interface bclwecn 
different wireless and wired net works . 

The second group of protocols are the 
PHY (physical) spec ilicati ons for medi
um-dependent protocols. In wireless com
munica ti ons , the med ium is defined by 
signal characteri stics in a panicular band
width of frequencies . There arc different 
PHY specifications fur each frequency 
bandwidth supported in Project 802. 11 . 
Fu r exa mpl e. the re are differe nt PHY 
speci fi ca ti ons fo r the 9 15-M Hz band
width. the 2.4- and 5.2-GHz bandwidths. 
the in frared bandwidth . and so on. The 
figure "One MAC for All" shows PHY 
laye rs supported by th e IEEE Project 
802.1 I proposa l. 

Delining the re ference model resulted 
in a li st of criteria that any MAC propos
al had to address. wi th support for multi
ple PHY spec ifications being one of the 
most import ant. Because NCR, Sy mbol 
Technologies. and Xircom indi viJuall y 
use dillerent PHY layers, support for mul
tiple PHY technolog ies was buill into the 
DFWM AC protocol proposal. Other pro
posa ls on the table were more focused 
toward a spec il'ic PHY layer. Other im
portant criteria that musl be met include 

- - Defines the extended 
service area 

First BSS 

In this example, two BSSes are interconnected by a single distribution system that also proYides a gateway to off
site networks. The ad hoc network coexists with the infrastructure network and interoperates with it. 

bounded services. which limil the packet 
Jelay variance. IL also identifi ed the need 
for reliable operation in a wide range or 
environments. including linancial. retail. 
office, school. and industrial settings . In 
addition. it was decided that mobile com
puting should at least support pedestrian 
speeds of several miles per hour, wirh a 
vehicular-speed option for indusllial users. 

To address these requirements. the Proj
c<.:t 802. 11 committee fo rmulateJ a basic 
archit ecture for wireless LAN systems. 
Ge nera ll y speaki ng. wirel ess networks 
break into two types. The first lype is in
fra structure-based networks lhal let you 
roam through a building (e.g .. a store. a 
hospital, or a manufacturing lloor) while 
maintaining a connection with the orga
ni zati on· s computer resources. Us uall y. 
wired netwo rk s form th e 
fo undati on fo r wire less-net
work infrastrnc lures. The sec
ond type is an ad hoc network 
1ha1 any number ur users can 
sel up instantl y. as mi ght be 
des ired when mee ting in a 
conference room. for exam
ple. The 8Cl2. I I archi1ec1urc 
allows fur ove rl ap by using 
the same basic access prolu
col for bu1h ad hoc and infra
sl ruct ure- based net works. 
The basic architecture leis 
multiple networks share the 
sa me medium . usin g lh c 
same channel. thus ensuring a 
high deg ree or effi ciency in 
rn:quency usage. 

One MAC Specification for All U.S. 

OSI model 

Layers 

l'crent components of a wireless LAN . A 
single ce ll within an infrastructure-based 
network is called a Basic Service Arca. or 
BSA. The size of any ce ll is depende nt 
on the environment and the power of the 
wire less transce ivers. An y single BSA 
can contain a number of discrete grou ps 
of wireless stations. Multiple SSAs can 
cover larger areas. interconnected by APs 
(Access Points) and a distribution system 
(w hich is usuall y wired). Such intercon
nec ted BS As fom1 an ESA (Ex te nded 
Service Arca). The group of stati ons that 
arc assoc iated lo the same AP is ca ll ed 
the Basic Service Set. or BSS . The sel of 
stations within multiple BSSes that are 
connected via a dist ribution system forms 
an ESS (Ex tended Service Set). The fi g
ure "Architeclll re for \1\-' irelcss LANs" ii-

Europe Japan

til } 


The Project 802 . 11 com Wireless networks use many different unlicensed frequencies, including regiens in the infrared, 915-MHz, and 2.WHz bandwidths. 
mittee also defined the di!'- The DFWMAC layer supports underlying PHY layers in multiple-frequency bandwidths in multiple regions of the world. 
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WE JUST PUT MORE DISTANCE 

BETWEEN RLN AND OTHER 


REMOTE ACCESS SOWTIONS. 

For some time, Remote 

LAN Node® has been ac
knowledged as the best 

remote 
node 
solution 
you can 
buy, let
ting users 
dial into 
their 
LANsRLN comes preconfigured 

011 n mck-111011nfable and work 
486 server for 4, 8 or 16 
sim11/taneo11s 11sers, or as just as if 

software-011/y for 2-16 they were 
si11111/ta11eo11s users. locally 

connected. And it's been pro
ven in use across the world. 
Now RLN"' 2.0 has really left 
the others in the dust. 

RLN now supports token
ring as well as Ethernet. In 
fact, you can access either 
one with the same client 
software. RLN is the only 
remote access solution that 
works in virtually any single 
or interconnected network 
environment. 

There's also new SNMP 
support, and a built-in 
Windows'M-based Remote 
Manager console for server 
management from any 
remote PC. You can also 
simultaneously update user 
information on multiple 
servers from a single loca
tion. And RLN has a 
Custom Client Build II 
utility, so configuring 1tn.nswith 

NetWore 

your remote clients is easier. 
RLN has always included 

powerful security features. 
But now that we've added 
enhanced data 
encryption, pass
word aging and 
support for 
Challenge 
Handshake 
Authentication 
Protocol 
(CHAP), it's 
the most 
secure solution 
you can buy. 

So call for 
more infor
mation and 
a free demo 
copy of RLN software that 
will let you dial in and see 
what it's like to be a remote 
node. We'll also send you an 
informative white paper on 
remote computing. 

Like RLN users the 
world over, you'll see what 
lengths we've gone to, to 
make sure no other remote 
solution comes close. 
1-800-348-3221, ext. 57DD * 

88A 

T11e Freedom To Co1111111111icnte. 

"Or rull <.W-IJ 415-8380. If> 199-l Digital Camm1mict1tim1~ 


AssocitJtc:;. l11c. All rig/J t5 rt'S<'n\"tt. DCA nud RL·mote LAN 

Node t1Tt" rrsijf,·rt'd tratkmarh mul RLN i$ 11 trrult:mnrk of 

Di:; itnl Ccmw11mict1 tious A$socit11t•s, 1'1c. Wiudows is it tnule

mark of Microsoft Corporation. t\ 11 other trademarks an: the 

property of thdr ow11ers. 
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THE EVOLUTION OF ASTANDARD 
D FWMAC (distributed foundation wireless media ac

cess control) has an involved parentage that 
demonstrates the standards-definition process in the 
1990s. AT&T Global Information Solutions/NCR Micro
electronic Products Division's Wireless Communica
tions and Networking Division entered the wireless mar
ket In 1990, specializing in direct-sequence spread-spectrum 
technology. NCR became a market leader and in 1992, was joined 
by Symbol Technologies (San Jose, CA) in proposing a wireless 
LAN standard. The NCR/Symbol integration began due to customer 
demand to both companies for interoperability of their products. 

The NCR/Symbol proposal was not alone, however. In t he past 
three and a half years, the Wireless Local-Area Networks Stan
dards Working Group. IEEE Project 802.11 has received over 11 
proposals for a MAC (media access control) specification from 
various market players. These proposals have fallen into two 
main groups: distributed-access protocols, which, like Ethernet. 
distribute the decision to transmit over all the nodes using a car
rier-sense mechanism, and centralized-access protocols. which 
involve single-node transmission regulated by a central ized deci
sion maker. IBM submitted one example of a centralized protocol 
in July 1991. 

Work began on the original NCR/ Symbol proposal- called 
WMAC (wireless media access control)-in November 1992. 
WMAC used a distributed-access protocol as a foundation for 
more advanced functionality. This functionality included power 
management. synchronization . and optional support for time
bounded services. In March 1993, Xircom proposed the WHAT 
(wireless hybrid asynchronous time-bounded) MAC protocol . Xir
com 's WHAT protocol also used a distributed-access protocol. 
supporting hidden nodes as well as time-bounded services. 

In May 1993. several companies proposed rival MAC specifica
tions . While NCR and Symbol introduced the WMAC protocol , 
Spectri x offered the CODIAC (centralized or distributed integrated 
access control ) MAC protocol ; shortly thereafter. National Semi· 
conductor (Sunnyvale. CA) proposed merging IBM 's and Xircom 's 
proposals into a hybrid protocol. 

In September 1993, the Project 802.11 committee selected 
five of the original 11 proposals for further consideration with a 
goal of selecting a final protocol at the November meeting. The 
five selected proposals included two distributed-access protocols 
(the WMAC protocol from NCR/ Symbol and the WHAT protocol 
from Xircom). two centralized access protocols (the IBM protocol 
and the CODIAC protocol from Spectrix). and one hybrid protocol 

(the WHO protocol from National Semiconductor). At 
that time, the CODIAC and WHO protocol proposals In
corporated a secondary mode that mimicked aspec~s 

of the WHAT protocol at certain times. 
Also, at the September 1993 meeting, NCR, Symbol, 

and Xircom decided to integrate their proposals, result
ing in the enhanced WMAC protocol called DFWMAC (Distrib

uted Foundation WMAC) that was introduced in the November 
meeting. The resulting DFWMAC protocol contained 95 percent of 
the functionality of the WMAC protocol , adding improvements in 
the areas of optional hidden-node protection from the WHAT pro
tocol and PHY (physical) independence and synchronization sup
port for extemporaneous ad hoc networks. Thus , the DFWMAC 
protocol ultimately has become an improvement over the individ
ual protocols, and its popularity has been strengthened by the 
number of companies involved. 

At the November 1993 meeting, the 802.11 committee re
viewed the above proposals. At that time, National Semiconduc
tor's WHO proposal was voted down, and it decided to support 
the DFWMAC protocol proposal. A voting procedure was held, 
and the required 75 percent majority then selected DFWMAC as 
the 802.11 foundation protocol for the MAC specification . 

Global Considerations 
To achieve worldwide standardization . the 802.11 committee is 
coordinating its efforts with other standards organizations where 
appropriate . These include the T1P1 group in the T1 Accredited 
Standards Committee and the TR32/ TR45 groups in the 
Telecommunications Industry Association . T1P1 aims to provide 
publ ic telephone , ISDN , and cellular telephone interoperability. 
The TR32/TR45 groups are primarily interested in digital-voice 
communications on cordless and mobile telephones. 

The 802.11 committee is also well connected with the ETSI (Eu
ropean Telecommunications Standards Group). The ETSIRES 2 
committee defines standards for land mobile systems operating 
in the 2.4-GHz bandwidth. The ETSI-RES 10 committee is drafting 
a standard for a HIPERLAN (high-performance LAN), that will pro· 
vide 10- to 20.Mbps bandwidths in the 5.2-GHz bandwidth. 

AMD. DEC . international Computers , National Semiconductor. 
NEC, Norand, Telxon , and Toshiba have already put their voices 
behind DFWMAC, and more companies are joining the motion. 
Together with efforts to broaden the geographical reach of the 
standard , these endorsements will go a long way to ensure that 
any wireless LAN equipment you purchase will be interoperable. 

po we r manage ment and time- bo unded 
services . 

Access Control 
The lowest protoco l level in DFWMAC 
is the DCF (D is tribut e d Coordination 
Functi on). which supports asy nchronous 
communi cation between mult iple stations. 
DC F supp lies the bas ic medium access 

that a llows for automatic mediu m sharing 
betwee n simil a r and di ss imi la r sys tem s. 
Contention between mul tiple stations wi sh
ing to access the same medium is resolved 
th rough a mech~rn i sm ca ll ed CSMA/CA 
(c arri e r- se nse mu ltip le acces s/coll ision 
avo idance) wit h acknowledgment. 

T he C SMA fu nc tion in DFWM AC is 
s im ilar to the one Ethernet uses. The car

rie r-sense mechani sm dete rmines whether 
the s ignal energy in a partic ular frequency 
bandwidth is above a ce rtain threshold . If 
the signal strength is be low the threshold . 
that frequency bandwidth is ava il able for 
wire less da ta communi ca tio ns . and the 
tran smillcr sends a parce l o f data called a 
f mme. If the s igna l streng th is abuve the 
threshold. the medi um is cons idered busy. 

<·0111i11ued 
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Congratulations, Apple, 

on a day we've both 


looked forward to seeing. 
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IBM 

JB)I Mi<mdrctrouics 

IBM Microelectronics On March 14th 
Total Technology Solutions Apple launched 

Power Macintosh™ systems, a family of person
al computers using ow- revolutionary, RISC
based PowerPC "' microprocessors. As a member 
of th e PowerPC alliance with Apple and 
Motorola , we' re proud to see such tangible 
proof that our vision has become a reality. Yet 

whil e IBM is delighted to ce lebrate today, 
we're still determined to anticipate tomorrow. 
With products, application s and support 
designed to make PowerPC microprocessors, 
and the systems they run, the future of com
puting. It's a challenge IBM Mi croelectronicsT" 
Division and Apple we1come. Jn fact, we look 
fo rward to it. 

==-= =~ 

--- ·
Power Macintosh is a trademark of Apple Computer, Inc. IBM is a registered trademar1< and PowerPC, the PowerPC logo and IBM Microelectronics 

are trademar1<s of the International Business Machines Corporation. © 1994 IBM Corp. 



When the carrier-sense mechanism deter
mines that such multi ple accesses to the 
medium arc occ urr ing (i.e .. th at the 
medium is busy), the transmitter waits for 
a short while before try ing to rerransmit. 
This waiting period is called backoff. To 
reduce the probability of access collisions 
and prov ide fair access to the medium by 
all stations, the time gap between stations 
accessing the medium is varied by backoff 

periods of random lengths. 
DFWMACs CSMA/CA and Ethernet's 

CSM A/CD (carrie r-sense multi ple ac
cess/collision detection) use a carrier-sense 
mechani sm to determine whether other 
transmitters are using the medium. In both 
cases, if the transmilter senses the medium 
is free, then the transmission of the frame 
starts immediately. However, if the trans
milter senses the medium is busy, CSMA/ 

NEW FACE ON YOUR HOST DATA.. . 
KEA.term 42~ powertul link to 
your VAX and UNIX text 

A A FACELIFT-THE WINDOWS 	 applications. 
KEA.term 340-lor applications 
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data-making it better looking. and more Call 1-800-663-8702 
useable. 

KEA Systems Ltd. 
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Apply the power and ease of Windows 
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Fax: (604) 43 1-0818 Basic ... lo your host data using KEAtenn's 

DDE. hot links. file transfer. and user-defined 
menus and dialog boxes. And you'll get 
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sessions. 
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CD and CSMA/CA use sli ghtly diffe rent 
methods to resolve the contention. 

In Ethernet, when the transmitter de
tects a busy med ium. it defers access until 
the end of the current frame plus an lFS 
(interframe space), or si lencc peri od. It 
then transmits it s frame. If more than one 
stati on is deferring simultaneously, they 
will possibly start transmitting at the same 
time. causing a co lli sion. Note that the 
probability or a colli sion occurring is high
est when the medium becomes free. Col
li sion frequency also depends on the total 
network load. 

In Ethernet. the CD (collision detection) 
fu nction detects this collision: All colliding 
transmitters sense colli sions and generate 
a random bac koff de lay. After the delay, 
the transmitters reexamine the medium 
again to see if it has become free. By con
llast. in wireless networks. the CD function 
is not viable. This is because the dynamic 
range of the signals on the medium used by 
multiple networks or stations is very large. 
As a result, no CD techniques can be used 
to resolve access contention. As collisions 
cannot be detected, the likelihood of trans
mission failures increases; therefore, lost 
frames in a wireless CSMA-only imple
mentation become more likely. 

To keep coll isions from destroying data, 
DFWMAC uses a CA mechani sm. Back
ing off and wa iting until the medium is 
free is not suffi cient to prov ide reliable 
communications, so the CA (colli sion de
tection) mechanism adds a MAC-level ac
knowledgment to ensure the integri ty of 
indiv idual packets. 

The acknowledgment protocol allows 
for data recovery at a low level, which is es
senLial in a wireless environment to resolve 
reli ability problems ari sing from access 
colli sions and interference. To allow de
tection of a lost frame due to inLerference or 
colli sions, the destinati on stati on (or sta
tions) returns an acknowledgment imme
diately fo llowing a success rull y received 
frame. When the acknowledgment fa ils to 
return, a MAC transminer can recover from 
thi s error by retransmitting the fra me after 
a random retransmission backoff. 

DFWMAC defi nes an effi cient backoff 
algorithm that is stab le at hi gh loads. The 
algorithm u es exponenti al backoff for re
transmi sion ·. To support coexisting asyn
chronous and time-bounded services, the 
algorithm also supports different priority 
leve ls that di fferent IFS delays control. 
The fi gure "Avoiding Colli sions·· shows 
the basic access mechani sm. The key pro
cedure is that a stati on that wants access to 
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Avoiding Collisions 

Free access when medium 
is free longer than DIFS 

D.IFS Contention window 

DIFS 
koff window Next frame Busy medium 

Defer Access Select slot and decrement back·off as long as medium is busy 

To resolve contention among users for the wireless data channel, DFWMAC uses CSMA/CA. When the medium is 
busy, access is deferred. Multiple access attempted during a busy period will defer until the end of that period, after 
which a random backoff resolves the contention. The scheme reduces collisions where they are most likely to occur. 

Two-Headed Access 
Time-bounded services/ 

asynchronous 

Contention
free 

The DFWMAC offers time-bounded services through the 
PCF access method. This can coexist with the standard 
DCF access method because it uses DCF with priority. 

the medium needs to sense the medium 
first to ensure that a minimum IFS has 
been assigned . 

The protocol defines three backoff pri
orities. The exact backoff period varies 
randomly. The priorities arc as follows: 

• SIFS (short IFS) . This. the shortest IFS . 
is used for all immediate response ac
tions. These actions include acknowl
edgment frames, RTS (request-to-send) 
frames followed by CTS (clear-to-send) 
frames, and any contention-free response 
frame sent during time-bounded services . 

• PIFS (point coordination function lFS). A 
mid-length IFS, this is used for station 
polling for time-bounded services. 

• DIFS (distributed coordination function 
IFS). The longest IFS, this is used as a 
minimum delay for asynchronous frames 
in the contention period. 

In general, using a DCF-based CSMA/ 
CA access technique extended with a 
MAC-level acknowledgment protocol en

sures the reliability of transmitted wireless 
frames and the efficient recovery of trans
mission failures al the MAC layer itself. 

Power Management 
The mobile nodes used for wireless trans
mission are usually small, hand-held, bat
tery-operated devices. Power conserva
tion management functions in DFWMAC 
allow efficient battery operation while 
maintaining connectivity and network 
throughput. 

Current wireless-network protocols 
assume that nodes are always ready to 
receive frames from the network. With 
power management, station receivers can 
be turned off most of the time. saving bat
tery power without affecting functionality. 
The DFWMAC includes a protocol that 
lets you switch mobile computers from 
full-power (nmning) mode to low-power or 
sleep mode , where special mechanisms 
ensure delivery of all wireless data com
munications. The power conservation pro
vision'> are provided in both infrastructure 
and ad hoc modes. \Vith these mecha
nisms. battery life in infrequently used 
scanners or palmtop devices can last for 
months. 

Time-Bounded Services 
In DFWMAC. time-bounded services arc 
available via an optional PCF (Point Co
ordination Function). The PCF runs on top 
of the basic-access protocol to ensure co
exi stence of both time-bounded and non
time sensitive applications (see the figure 
'Two-Headed Access"). 

The PCF uses a superframe concept to 
ensure contention-free service. Within a 
given superframe period , the PCF is ac
tive in the contention-free period, while 
the DCF is active in the contention period. 

co111i11uecl 
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The Superframe 
Superframe stretching 

Superframe Superframe period 

Contention-free period Contention period 
DCFI : Busy medium ~- PCF (optional) I 

CF-Burst 

Variable length PCF 
(per superframe) defer Asynchronous traffic defer 

When mixing PCF and DCF access, the DFWMAC uses a superframe to ensure that every frame has both a contention-free period for time-bounded applications and a period 
where normal, contentious asynchronous transfers can occur. 

The con tenti on-free period can be vari 
able in length on a per-superframe basis 
without incurring any additional overhead 
(see the figure "The Superframe"). 

At the beginning of the superframe, if 
the transmitter senses that the medium is 
free, the PCF gains control over the me
dium . It" the transmitter senses that the 
medium is busy, then the PCF defers until 
the end of the frame; but when the trans
mitter gains control over the medium, the 
data channel is available for the PCF peri
od. In the DCF, a frame can still start near 
the end of the DCF period. This causes 
stretching of the superframe, which, in rum, 
causes the contention-free period to start 
at variable intervals. 

Asynchronous data traffic using DCF 
automatically defers until after the con
tenti on-free periotl. This is because the 

PCF uses the PCF priority leve l of the 

CSMA/CA access protocol, which causes 

a burst of traffic with interframe gaps that 

are smaller than the minimum DIFS peri

od that the CSMA/CA needs. As DCF is 

the basic access scheme for both asyn

chronous and time-bounded services. with 

DCF running under PCF for time-bound

ed services. both asynchronous and time

bounded traffic defer to each other when 

appropriate. 


Finalizing the Standard 

U ltimately , the DFWMAC protocol pro

poses to solve the wireless standard tie

bate by providing a complete wireless 

LAN system that would accommodate 

both the ad hoc wireless LAN environ

ment and an infrastructure wireless LAN. 

By accommodating both environments 


with the scime access protocol , DFWMAC 
bridges the gap in protocol interoperabi lity. 
The breakthrough Project 802. 11 MAC 
protocol vote. in pai1icular, will bring com
puting and data communications solutions 
together to provitle peop le access to in
formation and to each other- anytime, 
any\\1here. • 

Cees Links is direuor t!f producr 111mwge111e111for 
AT&TG/ohal /11 fo r111ario11 Solutions/NCR Micro 
e/ec1ro11 ic Prod11c1s Dil"ision 's Wireless Comm11
nicatirms mu/ Networking Dii,ision ( Urrechr, The 
Ne1herla 11 rls). \Vim Diepsrra1e11 is one of Ih e 
aurhors r(/"lhe DF\VMll C prolocol proposal and 
reprcsenls NCR i11 Ifie IEEE Project 802.11 and 
ETSl-l?ES 10 sra11dard co111111i 11crs. Vic Hayes is 
principal special isl for s1m1dards. and fie chairs the 
IEEE Project 802. 11 co111111i11ee. All ll'nrk ./(,,· 
AT&T/NCR. You ca11 co111ac1rhem011 the /111eme1 
or HIX at edi1ors@bix.co111. 

For PCMCIA Products circle 79, 
OTHER Products circle 80 on Inquiry card.········································ROMDISl<TM 

SOLID STATE Disk Emulators and PCMCIA Products 
Board Level Disk Emulators 

PC CardShark II ' '" 
PCMCIA Carddrive 

High Capacity DRAM Drive 
•Replace mechanical drives in embedded systems •Expandable 16 to 512MB. 51/4" or 
•High performance and low cost models available desktop models. Fast SCSl-2, SIMM 
•Flash, EPROM and battery-backed SAAM module based, .1 msec access with 
technologies. Capacities from 180K to 14MB built-in battery back-up and ECC. 

•Dual drive and hard drive emulation support Flash IDE Drives with capaci 
• 8 and 16 Bit ISA bus support ties from 2.5 to 40MB 
PCMCIA Carddrives & Adapters Features: Autoboot capability, all 

models. Support for all popular op
embedded PC system 

•Use PCMCIA cards in your desktop or 
erating sytems. Solid state reliability. 

•Internal model fits in 3 "2'' drive bay Applications: Embedded 
•Dual socket & external models available Systems, Diskless PCs, LANs, 
•Support for all types of memory, POS, Medical, CAD/CAM, 


1/0 cards and Type Ill hard drives 
 Graphics, High Performance PCs 
•DOS & Windows compatible drivers included and Servers. 

···················CURTIS, INC. Industry Leader in Disk Emulation Products 
418 W. County Rd. D •St. Paul , MN 55112 • 612/631 -9512 •FAX 612/631-9508 
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WITH Mus1cT1ME™ 

YOUR SOUND CARD 


PLAYS MORE 

HAN GAMES 

NEW QWERTY 
KEYBOARD INPUT 

ALLOWS YOU TO PLAY YOUR 
PC KEYBOARD LIKE APIANO, 

AND INSTANTLY CREATE 
BEAUTIFUL, SHEET MUSIC 

RIGHT BEFORE YOUR EYES.! 

Clrcle 125 on Inquiry Card. 

MusicTime is the most entertaining way to make 

music with your sound card , multimedia computer, 

or MIDI instrument. 

Write songs, create lead sheets, arrange for small 

combos, compose hit singles, orchestrate church 

music, or simply explore music with nothing more 

than MusicTime and your soundcard. 

Play your music into the computer with your 

MIDI or computer keyboard , and Music Time records 

and displays your composition. Use MusicTime's 

award winning interface co arrange your music for 

virtuaJly any instrumental or vocal group. Create, 

play, print. It's that easy! 

COLOR, LETS YOU SEE INDIVIDUAL 
PARTS INSTANTLY. .........__ 

ISN'T ITTIME YOU 
STARTED PLAYING 

MUSIC AGAIN? 
Available at COMP USA, Software Etc, 

Fry's, and wherever fine software is sold. 

Music Retailers: Thinkwarc (4 15) 777- '}87 
Au.nrailia: r-..l.1inl)' ~luhitr.IC 61 (0 3) 558,-1555 lk Nc l.ux : .1. v. 
Micrn So l111ion B icr~t.·s J 2 (OIO ) 41 9() 51 France: Conlll> 
Fr;mcc .U (01 ) ·1.33') ·1055 Germ;m y: M:.f_iC ~ l us i c ·1 'J (07? ) 
•1 67768 U. K., Arh;tcr l'rn ~llDI ·14 (08~) ~OJ.0041 

I 00 Smnc Pinc Road 
1-blfMoon Bay. CA 
94019 
(4 15) 726-0280 
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He's not 
superhuman, 
yet he walks around with 
steel beams, bricks and over 
200 types of concrete in his 

oc et.:o~:; 
walls With his eyes. You can almost see 

the light from Randy Popp's imagination when he looks at a space. Architects 

are like that, you know. So it's no surprise Randy keeps his designs and his 

dreams on a MobileMax™131 megabyte PCMCIA hard drive. Amazing. 

All that data, like CAD drawings and construction schedules, on a portable 

drive not much bigger than a credit card. But this little structure is built 

like a brick house. It easily handles 600 Gs of shock. And it uses very little 

battery power, which appeals nicely to Randy's sense of energy conservation. 

But most important, Maxtor's MobileMax fits 

the way Randy works. Going from job site, to 

office, to home, to client meetings. Using more 

than one computer. (Who doesn't these days?) 

But that's no big deal. He simply plugs his 

MobileMax drive into any Type III PCMCIA slot No slot? 

No problem. A Maxtor MobileMax DeskRunner™PC Card drive provides full 

PCMCIA capability. Now if carrying your business around in your pocket sounds 

appealing, visit your computer retailer. Or for more concrete information call 

1-800-4-MAXlDR. MobileMax. It's where work is going. 

Circle 109 on Inquiry Card. 
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The AP PROFESSIONAL ToolKit-More tools, solutions, 

and references •••• Right at your fingertips. 


Programming for the Newton~ 
Software Development with NewtonScript'" 

• h d DEMO .
JuI1e McKee an an I I ~\ 
Neil Rhodes ~t ~ 

Foreword by Walter R. Smith 

Describes the NewtonScriptTM development envi
ronment and teaches the reader how to w rite 
Newtone software on the Macintoshe for a w ide 
variety of applications. 

May 1994 
Poperback, $29.95, c. 352 pp. 
ISBN : O-l 2-484BCJ0.1 
The enclosed 3.5" disk provides o sample Newton• appl icotion, os 
well as a Demonstration ven.ion of NTK™. 

Graphics Gems IV 
Edited by Paul S. Heckbert 

Includes the latest techniques in rendering , 
color, ray tracing , and much more. ~ 
May 1994 Hardback, $49 .95, c. 512 pp. 
IBM Version Includes one 3 .5" disk. ISBN: 0.12.336 155·9 
Mac Version Includes one 3.5" disk. ISBN: 0-12-336156-7 

Network Design Essentials 
Ed Tittel and 
Margaret Robbins 

The jargon-free guide to network design and 
implementation has arrived . 

April 1994 
Popcrback, $24.95, c. 250 pp. 
ISBN: 0· 12·691395-1 

Multimedia Authoring
Building and Developing Documents 
Scott Fisher 

Includes exercises to make you "think 
Hypertext/ Multimedia " 

February 1994 

Poperback, $34 .95 , c. 286 pp. 

ISBN: 0-12·257560-1 

Includes one 3.5" disk. 


AVA ILAB LE 

- WlllKA .. P•· 
Authoring Interactive Multimedia 
Arch C. Luther 

Authoring Interactive Multimedia is r,ack
aged with The IBM~ Ultimediae Tool Series M 

Multimedia Sampler CD-ROM. 

Multimedia programs appearing as samplers on the 
CD-ROM may be ordered by calling the IBM 
Ultimedia Tools Series at (800) 887-7771 . u: 
January 1994 As seen on 
Poperback, $49.95. 298 pp. Sights & Sounds 
ISBN: 0-12-460430.7 on the Discovery Channel 

The Fuzzy Systems Handbook 
A Practitioner's Guide to Building, Using, 
and Maintaining Fuzzy Systems 

Earl Cox 
Foreword by Lotfi Zadeh 

February 1994 
Paperback, $49.95 , 615 pp. 
ISBN: 0. 12- 194270.8 
Includes one 3.5" IBM disk with C++ source code for o complete fuzzy 
modeling system os well as for the book'> case shJdies. 

Microsoft~ Visual C++™ 

Windows Primer 
Keith Gurganus and Danny Alexander 

An introductory, hands-on tutor ial for programming 
with M icrosoft~ Visua l C++'". 

April 1994 ~ 

Paperback, $39. 95. c. 400 pp. 

ISBN : 0- 12-308650.7 

Includes one 3.5" disk contai ning source code for all the programming 
examples found in the book. 

The Borland~ C++ 4.0 Primer 
Keith Weiskamp 

A book to help you util ize the power and flexibility 
of the Borland~ C++ 4.0 Compiler and the 
C++ language. ~ 

February 1994 I 
Paperback, $39 .95, 56B pp. 

ISBN: 0.12-7 42683·3 

Includes one 3 .5" disk for DOS end compal ibles. 


FROM YOUR 1-800-321 -5068 
Fax 1-800-336-7377 LO CA L 

For lnternalional Callers 1-407 ·345·2525 
BOOKSELLER e-mail : app@acad.com 

\0199<: by AP PROFESSIONAL. Pnces are subjecl 10 change wilhoul notico. 
All Righls Reserved AVAN:JM.'ST 21054 4./94 

DrA:l 133-1 

Circle 183 on Inquiry Card (RESELLERS: 184). 

I 

mailto:app@acad.com


Telescript is a sophisticated communications language that is the centerpiece of a new style 
of information network-the electronic marketplace 

PETER WAYNER 

O ne of the promises of PDAs (per
sonal digita l assistants) is portable, 

seamless, interactive access to informa
tion. The bigges t c hallenge to realizing 
this goal is not the wireless communica
tions hardware but rather the polyg lot of 
protocols used in data communications. 
Getting different computers and networks 
to work together is analogous to building 
the Tower of Babe l. And adding ease of 
use and transparency just multiplies the 
difficulties. From a communications point 
of view, Microsoft CEO Bill Oates's " in
formation at your fingertips" seems far 
away indeed. 

General Magic (Mountain View CA) 
thinks it has a solution to the communi
cations problem. Called Telescript, it i an 
interpreted language that works indepen
dently of any and all protocols and trans
ports . It aspires to be the centerpiece of 
the g lobal information network. 

New World View 
A common communications language is 
especially important in wireless commu
nications. PDA · and their ilk arc meant to 
be more than simply smart pieces of paper; 
they' re supposed to be gateways to the 
world, letting you send and receive mail , 
make appointments, access data reposito
ries, book a flight , and perform a host of 
other moderately intelligent tasks to make 
your life easier. 

In Ge neral Magic 's view, Telescript is 
necessary to a globa l interactive network, 
because the greatest limitation to interac
tivity is the time its takes fo r messages to 
travel across the network during a com
munications session. Each character trav
e ls in a small packet aero s the network 
to a computer that wi ll often respond wi th 

~ another character or a small burst of in
o fo rmation. Answering n questions would 
~ take 211 times the network trave l time. g 

General Magic wants to do away with 
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all this communications chat
ter. Telescript lets you bun ANew Way to Interact
dle your messages, requests. 
and preferences into an intel
ligent program that travels to 
a distant computer, gets an
swers to all your queries, and 
then returns with the answers. 
Thi s results in just two trips 
across th e network-a big 
saving in time, band width. 
and money. 

The Telescript Difference 
Built-in inte lli ge nce about 
how to interac t w ith other 
systems is the major differ
ence between Te lescript and 
all the other so ftware com
municati ons sys tems. As a 
language, Telescript is just as 
computationally powerful as 

Telescript bundles functionality into an agent that Is sent across the networi<. Intermediate 
C o r BASIC. In contrast, requests and answers don't need to travel over the networi<. 
most ne tworking protoco ls 
like Novell's !PX or the lntemet' s lP mere
ly pass packets of data between computers. 
The software running on the mac hines 
must know what to do wi1h the bits when 
they arrive . A Telescript-ready machine 
will be able to understand any arb itrary 
Te lescript program that arri ves over the 
network. 

You use this built-in intelligence to cre
ate messages that aren't just requests
they ' re smart programs that can make de
cisions based on your preferences. General 
Magic likes to refer to the packets of Tele
script code as Telescript agents, which , 
you' ll admit, sounds a lot cooler than Tele
script programs. 

Of course, a Telescript agent is nothing 
without a network filled with computers 
running T e lescript inte rpreters . AT&T 
Easy-Link division (Parsippany, NJ) plans 
to be the first to ofter such a network. It has 
teamed up with wireless-network providers 
such as Ardis (Schaumberg. TL). SkyTe l 
(Washington, DC), and RAM Mobile Data 
(Woodbridge, NJ) to provide a Te lescript
aware seamless domain of wired and wire
less communication. Called AT&T Per
sonal Link, the network is scheduled to go 
on-line thi s summer." 

Beyond AT&T Personal Link. General 
Magic has ambitious plans to push Te le
script as a standard for any type of net
work interaction. The company recentl y 
announced th at Nippon Telephone and 
Teleg raph (Tokyo , Japan), th e world 's 
largest te lecommunications company. has 
taken an equity position in General Magic. 

:1.:1.4 BYTE MAY 1994 

a lthough NTT has no t announced any 
plans to field a Telescript network. Even
tually, General Magic hopes to see Tele
script adopted for eve rything from per
sonal E-mail to enterpri se computing. 

What's in a Name 
The idea of using a full-nedged language 
to transfer data is not new. Te lescript 's 
nam esake, the PostScript language from 
Adobe Systems (Mountain View, CA) , 
revolutionized printing by using programs 
to control the layout of text and graphics on 
a page. Thi s approach is much more nex
ible and efficient th an sending simple bit 
maps to the printer in term s of both size 
and speed. Most important , PostScript is 
machine-independent; the same program 
will run on printers of different capabilities, 
letting you rende r your page at the best 
ava ilable resolution and ensuring that the 
page you see on your 600-dot-per-inch 
laser printer will match the one created on 
a commercial quality printe r. 

Te leseript promises to bring the same 
interoperab ility to the networked world . 
Like PostScript , it is an inte rpreted lan
guage. You won ' t have to worry about bi
nary-leve l incompatibilities when your 
Macintosh-produced Telescript agent finds 
itse lf running on a DEC VAX cluster. 

ln addition to Telesc1ipt, General Magic 
is offering Magic Cap, a nice user interface 
cum ge ne ra l utility package for PDAs. 
Magic Cap includes many fea tures for 
mak ing phone numbers, calendar in for
mation, addresses, and the like easily ac

ccss ibl e. When Mag ic Cap 
wants to communicate with 
the world , it spits out Tele
script agents. Telescript does 
not require Magic Cap, how
ever. Any operating system 
can host Telescript, and Gen
eral Magic is trying to get the 
lang uage adopted as a de 
facto standard fo r agent-based 
interaction over commercial 
data networks. 

How It Works 
Telescript comes in two na
vors, high Telescript and low 
Telescript , although the anal
ogy to spoken languages that 
this nomenclature implies is a 
bit misl eadin g. High T e le
script is a modem, high-level 
object-oriented language that 
General Magic says bears a 
striking resemblance to Small

talk and Modula-3. The semantics are said 
to be clean and simple. I can' t comment on 
these c laims, however, because General 
Magic declined to provide code samples
perhaps to avoid giving clone makers a 
head start. But General Magic plans to re
lease complete descripti ons of the lan
guage at a Te lescript developer's confe r
ence this September. 

Telescript is similar to an object-ori
ented version of Lisp; the code is dynam
ically bound at run time, and the Telescript 
engine handles garbage collection and 
memory management. The dynamic bind
ing i. necessary because Telescript code 
needs to interface with routines on both 
the local and remote systems. Having the 
interpreter handle garbage collection and 
memory management is essential to plug
ging security gaps. If an agent were able to 
access memory directly , it could then 
change or damage host systems. 

When generated, high Telescript is sent 
to the locally residing Telescript engine, 
which consists of a converter and the Tele
script interpreter. The converter translates 
high Telescript into the low variety. 

Low Te lescript is a simple stack-based 
language simil ar to Forth and PostScript 
that runs on the Telescript interpreter. Gen
era l Magic designed high Telescript to be 
easy for programmers to use. Low Tele
script' s des ign makes tasks easy for the 
computer. Its simplicity keeps the size of 
the interpreter down, minimizes the mem
ory usage of agents, and al so makes the 
interpreter easy to port from one platform 



adapter, recharge

able batteries, 

wherever you 

want to take it. 

There are people who have a need for speed. And 

people who are going places. Many times it's even the 

same person. That's why we created Reno '." 

Not only is it the fastest double-speed CD-ROM 

drive around, with an ultra-quick access time of 

180ms-i t's also so portable it can be taken anywhere. 

Take it to work, bring it home, or slip it in your 

briefcase and take it on the road. Reno is compatible 

with most notebook computers and comes equipped 

with an AC power 

stereo headphones, a protective carrying case and a 

standard SCSI 2 interface. 

So if you 've got the drive for power, we've got 

the drive for you. It's compact, sleek, light and 

easy to install. It's also compatible with both PCs 

and Macs and available as part of a complete 

multimedia kit. For more information or a dealer 

near you call 1-800-845-5870. Reno from 

Media Vision. It'll take you where you want to 

go-and go 



to another. Low Telescript interpreters are 
much easier to create because they need 
only run code that a computer generates. 
Thus, the interpreter does not have to wor
ry much about semantic errors. Also, the 
stack-based nature of low Telescript is 
harder for humans to read but much easi
er for computers to parse. A system on a 
network that provides services need im
plement only low Telescript, while the 
client machines need the more complicat
ed high Telescript capability. 

Just as you can use PostScript without 
ever seeing PostScript code , you will 
rarely , if ever, see either of the Telescript 
languages. The applications developer will 
create skeletal agents in high Telescript 
and add an interface to collect the para
meters for the agent. This interface can be 
written in any language. 

Going Places 
When the Telescript engine finishes con
verting a new agent into low Telescript 
and commences execution, most agents 
will promptly ask to go somewhere on the 
network. The key command, called Go, 
initiates the move. When an agent exe
cutes this command, the local Telescript 
engine bundles up the agent, finds its des
tination, and sends it on its way. 

The Telescript engine saves an agent 
by bundling up the agent's low-Telescript 
code, the program counter, the stack, and 
any of the memory-based objects that the 
agent owns. These states are captured into 
one big file and then sent over whatever 
network transports are appropriate. 

An agent can specify a destination-a 
place, in Telescript-ese-in one of four 
ways. The first two-providing a name 
or an address-are similar. Both the name 
and address are 16-byte Telescript-gener
ated entities that are unique to a particular 
place. The name consists of the authority 
and identity of the place, while the address 
consists of the authority and location of 
the place. This scheme provides flexibility 
as the nature of the network changes with 
the introduction of new services and new 
offerings. Of course, an agent has to first 
acquire the name or address of a destina
tion before it can use them. Some names 
and addresses will be included with agents 
that service providers supply; others will be 
teamed by agents themselves as they cruise 
the network. 

The third way an agent can specify a 
destination is to ask to be sent to a ma
chine offering a particular class of service. 
The Telescript engine would find the clos
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est or least expensive service offering a 
particular class of information and then 
ship the agent off to it. One common ser
vice will be a directory that matches real
world names, addresses, and phone num
bers with Telescript addresses. 

The fourth method used to designate a 
destination is called "the way." In this 
method, the interpreter not only details the 
address of the destination but also specifies 
how to get to the address. For example, it 
might specify that the address can be 
reached through only the public telephone 
network and will provide the appropriate 
telephone number. This final method mar
ries the destination with a specific means 
of communication. 

Telescript includes another version of 
the Go command called Send. This in
struction lets an agent create subagents 
and send them every which way in search 
of parts of the final answer. In this ca~e, the 
entire agent does not move to a new loca
tion-it simply spawns versions of itself. 

Security Matters 
Running Telescript on an interpreter may 
be slower than using object code, but it is 
important for many reasons such as ma
chine independence and ease of porting. 
Another reason to use an interpreter is that 
it bolsters security . 

The Telescript interpreter, for example, 

AVocabulary for Telescript 

Agent-a program you create and send 
across anetwork. An agent carries out your 
transactions on aTelescript-aware network. 

Place-a logical location on aTelescript 
network that corresponds to aTelescript 
engine. Your communicator is a place and 
so is an electronic shopping center or a 
directory of services. Places can be nested. 

Travel-the movement of agents from your 
place to other places. Travel is enabled by 
the Telescript Go instruction, which Indi
cates that the next Instruction should be 
executed at the agent's destination. 

Meeting-describes the interaction of two 
agents carrying out a transaction in the 
same place. 

Connection-interaction between two 
agents In two different places. Telescrlpt 
supports connections, but it is designed 
with meetings in mind. 

Portal-a place where an agent can access 
systems and services that are not part of 
the Telescript network. 

can check the identity of each computer 
sending a request and then allow access 
to preauthorized users only. When run
ning an agent, the interpreter can limit the 
amount of CPU time that a particular agent 
con sumes by counting the number of 
Teleclicks it uses. Intrusive or nosy Tele
script agents can also be stopped because 
the Telescript interpreter can limit the ac
cess to files. These features are a neces
sary precaution if your computer is going 
to participate in a worldwide network filled 
with good and evil people , agents , and 
programs. 

The biggest danger of any networkwide 
system that allows intelligent agents is that 
some of the agents will deliberately or ac
cidentally run amuck. Agents have much in 
common with viruses: Both are little pro
grams that get to seize control of a foreign 
machine. The only real difference between 
viruses and Telescript agents is that Tele
script agents have invitations and can ex
ecute on a system only after presenting the 
correct credentials. 

Invitations are an important distinction. 
The local Telescript engine decides how 
visiting agents can use local features, mem
ory, and services. Computer viruses find it 
easy to survive in the personal computer 
world because all the software is compiled. 
The virus can insert its string of instruc
tions into another string, and the CPU will 
not notice because it executes its compiled 
code without question. Being interpreted, 
Telescript acts as an intermediate layer 
that examines and executes each instruc
tion. It can stop a visiting agent that tries to 
insert instructions into a place where they 
don ' t belong. In fact , a visiting agent can
not read from and write to memory or the 
file system directly. It can only create ob
jects and access their contents. The inter
preter intercepts calls to objects that don't 
exist or don't belong to the visiting agent. 

These measures are important security 
features that will stop most problems. The 
only danger is that there will be some hole 
in the Telescript engine that mistakenly 
allows an agent to access memory direct
ly . The famous Internet virus from 1987 
exploited a programming error in the "lin
ger demon" software. This simple soft
ware protocol acts as a directory service 
for the Internet by offering a standard for
mat by which each machine takes a name 
and checks lo see if that person has an 
account. In theory, this shouldn ' t be dan
gerous because the local machine is only 
answering simple questions; it isn't exe
cuting programs or giving the outside user 
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Speaking the Same Language 


T elescript lets you createagents that 
can.representyour needsandpref

erences to other agents on the.network. 
For example, to make a plane reserva
tion, you cast the request as a Telescript 
agent and send it off to a booking service 
on tbe network. The Telescript engine 
at tbis service would execute your agent, 
find the least expensive flight for the 
date you want and choose tbe best seat 
available, knowing that you prefer mid
plane window seats or rear aisle seats. 

To perform such a feat , your agent 
has to know more than just how to find 
the booking service and how to transmit 
your preferences. It must be able to cast 
your requests into a form that is under
standable to the service agent. 

Telescript is a general-purpose Ian-

access to more infom1ation other than the 
name of the person. The security hole was 
that some versions o f the software did not 
check the length of the name. The Internet 
virus stuck itself onto the end of the name 
and then le t the fin ger program write the 
name and the attached virus onto the pro
g ram stack. Whe n the fin ger program 
stopped and e rased the na me, the virus 
was still left in memory. General Magic 
stresses that it is examining a ll its code to 
protect itself against these types of attacks. 

Cash Cache 
The second, and perhaps most important 
security feature , is a network version of 
money ca lled Te lecli cks. Local engines 
will use Te leclicks to regul ate the con
sumption of resources such as computa
ti o n time , me mo ry. o r communicati on 
bandwidth. When an agent hitches a ride to 
another machine or executes some local 
command, it spends some of its a llotment 
of Telecli cks. The amount it spends de
pends on the loca l cost o f services. 

For most purposes, Te leclicks limit the 
acti o n o f an agent. When you create an 
age nt , yo u g ive it a certa in a mo unt of 
Te leclicks to do its job. This prevents it 
from spendi ng too much time or resources 
in its search for a solution. A limitation is 
important because in many cases, you will 
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guage; it provides a framework for agent 
interaction, butitdoesn't have built-in 
knowledge ofairline re ervations, med• 
ical databases, electronic shopping, and 
other services. These services each re
quire a specialized vocabulary exten
sion analogous to an APL At first, ser
vice providers will need to supply client 
agents that bavethe required vocabulary 
built-in. But the eventual goal is to de
velop a standard interface so thatagents 
from a service provider can visit your 
system, make you aware of a new ser
vice and its options, and even deposit 
an appropriate cl ient agent in your 
toolbox. Such "traveling salesperson ' 
agents are a few years offbut will greatly 
enhance tbe electronic marketplace that 
General Magic wants to create. 

end up pay ing in one way or another fo r 
the resources that your Te lescript age nt 
uses. If you sent off a request to a big text 
database asking for infomialion wi th acer
tain keyword, you' ll probably be charged 
based o n the CPU time that your agent 
con umes. Telecl icks can prevent unwe l
come surpri ses on your credit-card bill. 

The host Telescript engine can also limit 
the amount of Telecli cks that a visiting 
agent consumes. This is important because 
a ho t can ' t really kn ow what a vi. iting 
agent is doing, even as lhe agent is caught 
in an infinite loop. Teleclic ks provide the 
means for lhe host machine to stop mem
ory or C PU hogs. 

Who Are You? 
Telescript also includes a third a peel of se
curity: namely, identity. Each Telescri pt 
agent comes sealed with a cryptographi
cally secure s ignature constructed by tak
ing a secure checksum of the data and then 
signing thi s with an RSA Data Securities 
(Redwood City, C A) pri vate key. The 
Te lescript host can use this s ignature to 

veri fy that the packet of in structions and 
object arrived securely from its owner. 

The s ignature is a lso im po rta nt fo r 
billing purposes. Networks offe ring Tele
script services will need a secure way to 
ensure that the agent is operating fo r some

one who will pay the bills. General Magic 
considered the more robust cryptographi
call y secure di gital cash syste ms, but it 
has put off decisions on these ideas. 

In addit ion to identity services, Te le
script uses software from RSA to do pub
li c- and pri vate-key encryption based on 
certificate-guaranteed software. In many 
cases, the actual contents of any commu
nication can be encrypted using a cipher 
like RSA 's RC-4. At this time, the current 
version of Te lescript will include encryp
tion routines that are weak enough to pass 
through the State Departme nt 's divi sion 
regul ating export of military technology. 
The software, however, can be easily mod
ified to use more sophisticated encryption 
algorithms, if necessary . 

Telescript in the Real World 
When it comes on-line, AT&T Personal 
Link will de fine the limits o f the Te le
script-aware world . Services from AT&T 
and others will populate thi s world . For 
exampl e , AT&T has already si gned up 
Mead Data Central (Dayton, OH), the giant 
owner of database services Lexis and Nex
us, and News Electroni c Data (C linton, 
NJ), which is part of Rupe rt Murdoch 's 
publi shing empire. More radica l offerings 
will come from companies such as eShop 
(San Mateo, CA) that plan to offer per
sonali zed stores, malls, and other shop
ping experiences. The real promise ofTele
script won ' t be realized , however, until 
many more network prov iders make the ir 
systems Te lescript-aware . 

Until then, connectivity among the Tele
scri pt network and other networks will 
come via portals. An agent that needs to 
communi cate with a machine o n a non
Telescript network lodges it request at the 
appropriate portal, which establishes a tra
ditional connectio n and performs a tradi 
tional transaction. The portal then passes 
the results of the transaction to the agent. 

Despite the initial limitatio ns of Te le
script' s reach, the techno logy is a n im
porta nt step forward. It allows you to pe r
fo rm complex network operati ons eas ily 
and it prov ides a g limpse of what future 
network-based computing might be like. 
One thing ' s for sure, no one e lse in net
work communications has come forward 
with a vision as broad as that de fined by 
Telescript. • 

Peter \Vayner is a BYTE consulting editor based in 
Baltimore. Maryland. He can be reached 0 11 the 111
tem et at pcw@acccss.digex.ca111 nr 0 11 RIX as 
"pwayner." 
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Why Not Keep Them All In One Place? 

Getting PCs to en-ex ist with diverse computing srandards means 
keeping a lot of balls in the air. XVision 5 lets you juggle the whole 
rnnge uf t:nterprise-widc operating envi ronments, right from your PC. 
As the pioneer in devduping PC X Servers for Microsoft 
\V indows, Visionware undersranJ s how to un ite 
W indows, X, NT , networks, UN IX and VMS, 
to bring all your computing sramlarJs together 
ac the PC desktop. 

Easy Access to UNIX and VMS 
XVisiun 5 lets yo11 nccess hosr-hased character and 
graphica l applications, includ ing X app lications, 
from the familiar Microsofr Windows environment . 

Built-in Intelligence 
XVision 5 automaricn lly huilJs a connec tion w your 
host system and, during insrallarion, auromatica lly op.limizes 
itself to deliver max imum graphics pcrfonnance fu r X applications. 

Data Sharing 
XVision 5 provides yuu with data sharing capahilir ics that make 
fil e transfer, local priming and copy & paste quick nnd easy. 

Integrated Communications 
XVision 5 delivers workstation functionality through your 

choice of a network transport and supporrs aII common net· 
work protocols such as TC P/IP, DEC net, Novell N etWare 

and seria l connections. 

Easy to Use 
XVisiun 5 is easy to use, t!asy to insta ll anJ easy to 

configure. O n-line help and roll -free technical 
support make XVision 5 the easit!S t PC X 
Server to use. 

XVision 5 t ics it a ll together. Instead of anod1er ball 
to keep in rhe nir, XVision 5 provides a real solution thar 

fi nally frees you from the whole juggling act. 

Call 1,soo,949,s4 74 today. 

XVision 5 
The Smart PC X Server 

from Visionware. 

See us at Interop/Networld• • booth #2168, 
and at Windows World 

booth #6734 
f)' v1s1onware® 

\/1sionU'are is l l n~J,._ristered 1rlllk1rurrk and clie 
V1 (itm u•ar,• li~o . XVision . X\'ision 5 arl~ US Headquarters International Headquarters 
mult•rnt1rk..s nJ \.1isionuiare Ltd All 01hcr 4500 B<>hann11n Drive, =280 • Menlo Park, CJ\ 94025- 1029 5 7 Cardiga n Lane • Leeds LS4 2LE • England
tTadc17'.nrks arc rccogn i~ed ru prof~rry of 
[heir rcJf>.:cril componies . Tel: (415) 325-2 l l3 • Fax: (4 15) 325-87 10 Tel: +44 532 788858 • Fax: +44 532 304676 
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Before connecting your people, connect 

Now IBM PC Direct saves you time and 

a customized LAN that's loaded, tested 


Vrwrldin Nan 11 P,· i.s 
part (if ou r exclusi1.·(• 
u•am (if :\'etirur/,· 
s,,,..·iulists 1rho 

ore spf'rirdly troi111'd 
to n111flg11re a 
n1st1J111i:.ed l..A .r\ ' 
ri~hr orer th r~ plwrw. 

That's right we deli ve r. Int rodu cing 
NET Sclcctrn - a co mplet e Local Arca 

Network from 113:\1 PC Dircctrn. 
Sl' rvcrs. Client workstation s. :\'et work 
and ope rating srtem software. 
Network interface r:;.irds. Cabling. 
The works. 

NET Select can increase yo ur produc
ti vity almost im111ediately . .lust co nnect 

and plug in yo ur systems to get started. 

If you need onsitc i nstallatio11, we offer 
or;tional setup and cabling :;crvices. And if 
you ord1 ·r any of our Va luc l'oint"rM cli ent work 
stations. \\"C ca n c\·cn preload popular business 
so ftware ava ilable from 113" Soft Seleetrn. 

The net n·snlt.? Yrn1 save time. money an d 
fru strati on . .lust call onP of our 113:\'I PC Direct 
Ne t\\"ork Sp(' f' ialists. They· re trained to help 
~·o u configure your drea m Li\!\. On the phone. 
At a pric1· you"II like. 

IBM quality from one end lo the other. 
For your server. choose a ('w-tomizccl IB'f 
Val~e Point :\lini-Towcr® or IB1\I PS!2® 
Server 85. Then pick any 113'1 Va lue Point 
system for your cl ient workstation s. Your 
choice of Net Ware® from I HM or 113M OS!2® 
LAJ\J Se rve r is part of th e package. too, plus 
the choice of preinstalled Eth1:rnet® or 
Toke n-R i ng·1~1 cards. 

IBM HclpWarc® support around the clock. 
Herc's 0 111: of the best support progra ms 
anywhere. with around-th e-clock assistance 
fr~m the Pe rso nal Sy tern · I lclpCcnte r® 
for your !Ll\l lrnrdware (v ia phone, fax or 
electro nic bull etin board). plus a 30-day 
moncyback g11arantre. 1 And there's onsite 
service w 1xwhere in the .S.' from dedicated 
113~1 custom er e ngim:c r~. 

There"s more. Network Support I lclpPacks 
gi\·C ~'OU the n1•xi!Jili ty to buy the technical 
assistan ce - for both hardwan' and network 
operating .,yste ms - that's right for your 
entire network. At affordabl e pri ces. ' IBM PC Direct 

·1 BM PC Direci p11ces ooly Includes $10 Solt Se!eci pceload lee per client sys1001_ The ollenngs, prices and prOOt.els are suO)eC! to ch2nge or witfld1awal w11nou1oiior no!Jce.We're putting the personal Oflec is r.01 ava1lab1eoutsidi! the United Stales Proouc:s you acauite may not be counted und..:r any existlno Volume PUICflaSe Ag:rcemem !ho 5aO'"W! offerings and oroducts may 
te ava ilable throuan IBMAuth011red Rcma1 tf:fs Aerrar~e!er p11ces may vary. Stiop•ng and handlingcharges are cx11a ·"Some 486DX/33Mtl1 ctiips may be manufactured by 
IBM. 1. Copi<s ol warranly and 30-daymore10.ick ~uaiant"' inlorma1ion available lhrough IBM and IBM Aulhorize<I Deale<s. Please call I 800 •126·2968 lor detai .s regardingin personal computing. 

http:n1st1J111i:.ed


- - - --- - -- - ---- ----------
==-== ==® ___ , _ 

NET Select: 

A complete LAN, from server to 

clients and everything in between. 

Whether you're networking 2 or 250 users, there's an IBM server that can do the job. 
Through ET Select., you can choose from either an IBM VaJuePoint Mini-Tower or an 

with us. 
money with 
and network~ ready. 

An affordable three-user LAN 

Our sample conJiguration (shown above) 
is the economical and easy way to set up 
a network for three use rs. It's de li vered 
preloaded with the operating system and 
network software to meet your needs. 

ValuePoint Mini-Tower 6387 Server 
• i486DI DX2/66M Hz proces or 
• 527MB Hard Disk 
• 8MBRA.\'I 
• IBM J4L8 14' Color Mo nitor (SVGA) 
• Ethernet interface card 
• TB I DOS and Net\Vare from 

IBM V.3.12 - 5 users 

Val uePoint Si Clients (3) 
• i486SX/25MHz processo r 
• 120MB Hard Disk 
• 4MB R M 
• IBM 14L8 14" Colo r Moni tor (SVGA) 
• Ethernet interface ca rd 
• IBM DOS and Net Ware from IBM Client 

• Price: $8,359* 

IBM PS/2 Server 85 466. 

ValuePoint Mini-Tower 6387 

• CPU: 486DX/33M l-lz*' or 
i486 DX2/66M Hz processor 

• 	Storage: 527MB Hard Disk, 
and one optional 170, 
245, 340, 4.24. or 527M B 
Hard Disk 

• Memory: 8MB RAM sta n
dard, upgradable to 64MB 

• 	Network Interface Card: 
Ethern et or Token-Ring 

• 	Operating Emironment: IBM DOS with 
Net Ware from TBM V.3.12 or IBM OS/2 
LA N Server 3.0, Entry 

• Prices start at $3,029* (monitor not i11cluded) 

There's a Val ucPoint client workstation 
that's right for your business. 
Your NET Select LA! comes with Olle 
of the world's favorite PCs as clients: the 
IB ·I Valu cPo inL 

Most ValucPoint systems can be preloaded 
with your network rcr1uester and popular 
application software, through IBM's Soft 
Select ervice. You choose from the world 's 
bcst-sclli ng business software at great 
price . And we'll prcload, test and optimize 
all your selections on your LAN for a single 
fee of ju L$10 per cl icnL 

PS/2 Server 85 466 

• CPU: i486DX2/66MJ-lz 
processor with 256KB L2 
(write-back) cache, 
upgradable to Intel® 
Pentium® OverDriveTM 

• Storage: 540MB or lCB 
SCSI-2 fast Hard Disk and 
four optional 540MB, lCB 
or 2CB Hard Disks. 
Standard SCSI-2 fast and 
wide data stream ing busmaster con troller 

• Memory: 8MB RAM standard, upgradable 
to 232MB 

• Network Interface Card: Ethernet or 
Token-Ring 

• 	Operating Environment: IBM DOS with 
NetWare from IBM V.3.12 or IBM OS/2 
LAN Server 3.0, Entry 

• Prices start at $5,779* (monitor not included) 

ValuePoint client configuration options 

• CPU: i486SX/25MHz to i4860X2/6GM l.l z 
processo r 

• Storage: 120MB Hard Disk, up to 527MB 
• 	Memory: 4MB RAM standard, upgradab le 

to 64MB 
• Monitor: IBM 14L8 14' Color Monitor 

(SVGA) 
• 	Network Interface Card: Ethernet or 

Token-Ring 
• LAN Requester: NetWare from IBM 

Client., or OS/2 LAl\I Server Requester 
• Applications: Choose from popular 

business software applications availabl r 
preloaded from IBM Soft Select 

• 	Prices start at $1,519* 
(p ri ces may vary depending 
on configuration selected) 

To order: 

Call 1 800 426·7850 

8am-10pm M-F,ESTIBM's moneyback guarantee and limite<I warrarly. 2. Al no additional charge during warranly period. Ons11e service available Monday-Friday 8am-5pm in your lime zone. IBM. PS/2, 

OS/2, Mini·Towe1, HelpCenter and HelpWare are registered trademarks. and ValuePoint, NET Select and Soft Select ate traoemarks ol lnterna!ional Busi~s P...\achines Corporal ion. 9am-5pm Sal.. EST 
All oiher brands and product names are registe·ed uademaiks. trademarks or sertlce marks cl thcl11espcctive holders. PC Direct is a trademark ol ZIN Communka ions Company and 
is use<l by IBMunder license.© 1994 lnternallonal Business Machines Corporation. 	 Purchase orders available for qual ifying customers. 



I:m fJWi Roundup 

E-Mail from Afar 
Lotus cc:Mail and Microsoft Mail provide 

the necessary tools if you need to 

communicate with offices in far-flung 

locations 

HOWARD EGLOWSTEIN AND 
BEN SMITH 

B usinesses all over the globe are 
looking to E-mail as a way of com
municating with remote offices. It's 

usually a lot less expensive than instarnng 
WAN (wide-area network) services, and E
mail permits people to take their work with 
them when they travel. In thi review, we 
focus on two packages that command the 
lion 's share of the E-mail market: Lotus's 
cc: Mail and Microsoft Mail. 

Both packages are all-encompassing 
LAN-based E-mail systems that can run 
on just about any computing platform and 
can effectively tie large organizations to
gether. Both support clients running DOS, 
Windows, the Mac, and OS/2; cc:Mail 
adds Solaris. As options, both packages 
provide remote client software and gate
ways to other major mail systems. 

The two packages use a shared file ac
cess model, where a series of applications 
use a shared file area on a server to man
age, transfer, and exchange E-mail. Ad
ministration software allows a network ad
ministrator to add users, mailing lists, and 
BBSes and perform other management 
tasks , such as directory synchronization. 

We 've looked at earlier versions of these 
E-mail giants before (see "M ixed Mes
saging," March 1993 BYTE), but much 
has changed since then (and is still chang
ing). Of the two companies, Lotus has 
made more changes; it has revised its Win
dows client interface, for example, and 
added remote client software for Windows. 
(Since our review, Lotus has also added 
support for NetWare MHS and more flex
ible directory synchronization.) Microsoft 
has added MAPI support and X.25 and 
AT&T EasyLink gateways, along with 
more minor changes. 

Both cc :Mail and Microsoft Mail still 
have good user interfaces, but when it 
comes to ease of setup and administration, 
cc:Mail comes out ahead. However, the 
fact that Microsoft Mai l hasn' t changed 
as much as cc: Mail may have an explana
tion: Microsoft is working on a totally new 
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that tell you at a glance whether thi ndplent ls local Ill 
Your post office or at• remote post office. Selecitlnc a 
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to - who may not be In your directDIJ. 

E-mail system with capabilities sim
ilar to those of Lotus Notes. The new 
mai l server, EMS, will run on Win
dows NT. 

Lotus cc:Mail 
Lotus's cc:Mail is easy for the adminis
trator to configure, easy for users to handle 
without elaborate instruction , and 
reliable. Its faults are few. It suffers a:M•• 

from a lack of consistency between ,l!!f!SW! '9'~"11J''11~i"1'-~ll<~•~·~···1""1;:!M~'~"'fi''~-~"'~°"!''~ · 
platforms, which can comp Iicate Iii. • .• 
training. From a management per- liiiiimilil~~~~~2fli~~~~;jjL__-il 
spective, it also lacks tracking ability, 
so you can't determine the status of a 
particular message. 

A cc:Mail implementation uses one 
or more central post offices. In E
mail-speak. a post office is a place to 
collect messages and maintain a data
base of users. A post office can be 
physically a dedicated machine or a 
shared file area on a network. Local 
cc:Mail users run the cc:Mail client 
software on a DOS , Windows, or OS/2 
system, a Macintosh, or a Sun worksta
tion running Solaris. 

The user interfaces on the client pack
ages look and fee l like other applications 
you might be familiar with. The DOS cli
ent software uses character-based menus, 
while the other versions use pull-down 
menus in the style of their respective en
vironments . The Windows interface , for 
instance, uses drag-and-drop functions to 
do things such as adding recipients to a 
mai l header. 

To establish a cc:Mail post office, you 
need a LAN with enough shared file space 
for your user database and messages, and 
dedicated DOS or OS/2 machines for any 
gateways you want to ins tall. Once the 
post office is established, the mail admin
istrator runs a Mac- or DOS-based utility 
to acid users and addi tional post offices to 
the system directory. 

Have My Gateway Call Yours 
A key part of a cc :Mail setup is its collec
ti on of optional gateways, software that 
you run on dedicated PCs to connect your 

--~ 

The Windows version of cc:MaD add• 1 lllfff1 - nd11 
function that processes mall meaaps for JOU 
automatlcally. This example mows 1 nde tblt, wbell 
receMnga new mall -.p, looks Ill- If It_ 
from a user nmned "Robomall" with 1 sullfect of 
"Activity log." Wlien It flndl • - llllllSllP. It 
automatically moves It to a llllnlp folder. 

cc: Mail system to other mail systems. The 
most common gateway in a typical cc:Mail 
configuration runs a copy of Router 4.0 
($ 1295) under DOS. It serves to connect 
two cc: Mail post offices by a phone link or 
a LAN connection. 

Lotus also offers gateways for many 
common mail systems. The SMTP Unix 
mail gateway ($349) uses a LAN's TCP/lP 
connection to a mail-equipped Unix system 
to transfer mai l between your cc: Mail users 
and any standard Unix mail system. Other 
gateways include a UUCP Unix mail gate
way ($495), an MCI Mail gateway ($ 1295), 
and a fax gateway ($ 1995) for convert ing 
ASCII mail messages to outgoing faxes. 

Lotu " s Router doesn' t need big hard
ware, and it ' s easy to configure. To run 
the standard Router program, you need a 
DOS workstation (an old 286 or 386 will 
do nicely) with a network connection to 



chine running Router for that post of
fice, the name of another valid post 
office that has the target post office 
in its directory, or the drive and path 
through a network connection of the 
other post office. We successfully used 
the test post office to exchange mail 
with our production department's E
mail system with all three methods. 

When a cc:Mail router is not con
necting two post offices on the same 
LAN, it's calling another router to 
transfer mail or waiting for another 
router or a remote user to dial in. Once 
two post offices connect, they identify 

each other by post-office name and pass
word; they then transfer their mail through 
an error-correcting protocol. Incoming 
mail for a local post-office user is posted 
directly into the mail database, and mail 

MlcllllOft Mall dmn henlJy on the Windows 
~formolt of Its look and feel, making It easy 
for Medan_,.. to INm. When JOU compose a 
- .......r- c:an select the l"lldplents from a 
fd pt-Gfllce Ost or fnllll - of iem"al altematlve..... 

,.....,.;:...,,= ..~- "'" """"', w..•• -,,m,. ,. --..i.,,.--,,,-, M•" - ,,.,,,""""-- -.. ---'--'------ ,,M~="ll~ that needs to be forwarded to another 1 11

Unllke the Windon wenlon, Mlc..-ft Mairs 
Madnlolll client IOftnre bas a Spartan, 
manochrome look about It. WhDe It don the same 
thlap as the Windows packap, the Mac package 
lacb feltures tltat Mac 11111"1 typlcally expect, such 
.. drq;aad-drDP Icons. 

the post office it ' s going to serve, and a 
modem and phone line if you expect to 
share mail with cc: Remote users or other 
Router-equipped post offices. When sev
eral post offices coexist on one physical 
LAN, Router doesn ' t require a modem to 
transfer messages from one post office to 
another. 

To try out Lotus's latest version of Rout
er (4.0), we created a new post office on 
BYTE's editorial LAN, on a different file 
server than the one we use for everyday 
E-mail. Then we put a 33-MHz 486 PC 
with an AT&T DataPort 2001 14.4-Kbps 
voice/data modem on the network to serve 
as the gateway running Router. Novell Net
Ware allowed our 486 to access the two 
different post offices as different drives. 

In the post-office database, a remote 
post-office entry can be one of three types 
of addresses: the phone number of a ma

................. 
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post office is queued for the router to 
resend. 

Unfortunately, Router can handle 
only one phone Line. If you want mul
tiple phone lines servicing your mail 
system, you ' ll need several machines, 
each running a copy of Router, or you 
can install a multiport serial board 
in an OS/2 machine and run cc:Mnil 
Multisession Router 1.0 ($3495) with 
up to eight modems. 

A router or multisession gateway 
connection accesses the mail database 
through a LAN connection. Besides 

the mail access, the gateway also needs a 
call list that defines each of the events that 
you want the gateway to handle. For in
stance, you might set up your gateway to 
automaticaIIy scan the database every 5 
minutes and dial out to your California of
fice if there's any urgent mail waiting to go 
out. (Mail can be of low, normal, or ur
gent priority.) You might choose to have 
normal-priority mail go out in batches a 
few times a day and have low-priority mail 
wait to go out until 11 :30 p.m. , when the 
rates are lower. 

Mail administrators wiII appreciate that 
Router can keep a log of everything it does. 
However, the logs are in a nonreadable 
format. To decipher them, you need the 
help of a third-party or custom software 
package. The logs are useful for debug
ging a finicky modem connection and also 
serve as a form of mail tracking. Lotus 
cc:Mail has no mail-transaction tracking 
of its own-once you send a message, 
there's no way to tell if it's on its way. 

Mail sent through Router will , at the 
very least, have the post-office transfer 
noted by date, author, and subject. BYTE's 

production mail system uses these logs for 
a robot mailer that summarizes the previ
ous day's activity and sends the summary 
to an administrative mailing list each morn
ing. Lotus plans to add tracking capability 
later this year, but in the meantime, the 
logs work well enough for interoffice mail. 

From the Road 
For the most part, the software for access
ing a cc:Mail post office from a portable 
computer is nearly identical to the desktop 
version for any particular platform. The 
only real difference between the remote 
and LAN-based client software is that the 
remote software must establish a modem 
connection to a post-office gateway be
fore exchanging mail. Remote packages 
cost $295 per client. 

The Mac remote-access software uses 
the same clean front end as its desktop 
cousin (shown in the screen at left). The 
icons are large and clearly labeled; the 
clean screen design and simple operation 
make it a breeze to run from the small 
640- by 480-pixel screen of a portable 
Mac. The latest versions of both the sta
tionary and mobile software also support 
Apple Events for automating your mail 
sessions through AppleScript. 

For folks who insist on the smallest 
possible E-mail system, Hewlett-Packard 
continues to bundle a reduced version of 
cc: Mail Mobile into the HP lOOLX palm
top computer (see the text box "E-Mail in 
Your Pocket" on page 124). 

The biggest change in cc:Mail's mobile 
lineup is the new cc:Mail Mobile for Win
dows software. Except for its added dialing 
directory and modem support, it's the spit
ting image of the desktop version 2.01 
Windows client. In addition to pull-down 
menus, you get a large number of icons 
that you can build into any number of tool 
palettes. Drag-and-drop operation is the 
norm for most functions; to add a name 
to an address field, you simply select the 
name from the directory and drag it to the 
address field. . 

While the rich functionality of the Win
dows remote version is handy to have, the 
software is also difficult to use without a 
mouse. When you're already juggling a 
briefcase, your carry-on bag, and a com
puter while you're traveling, you may not 
want to pack a clip-on trackball as we!L 

Windows Rules 
The shining feature in the Windows soft
ware (both remote and desktop versions) is 
its support for mies. They let you predefine 
certain events that cc:Mail automatically 
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watches for. When you go on vacati on. 
fo r example, you can have your desktop 
system check the subject heading of your 
incoming mail. If it ' s a sys te m log that 
doesn ' t require your attenti o n until you 
return. you can set up a rule to move th at 
type of message into a fo lder. 

Us ing rules both in and out o f the of
fice can greatly cut down on connect time, 
and it makes using the mail system much 
more e ffi c ient. We 're looking forward to 
see ing rule support incorporated into the 
other c lients as well. 

Microsoft Mail 
Mic roso ft Mail has diffe re nt faces, de
pe nding on whethe r yo u ' re a use r o r an 

.r ...... ' .... ••. , .... \ r ' . ~ ~ ·' ' "' r - ' • • 

E-Mail in Your Pocket 

HOWARD EGLOWSTEIN 

I n its I OOLX palmtop PC. He wl ett 
Packard has managed to stuff a 7 .91

MHz 8086-compatible processor, a fuU
function keyboard , 2 MB 

other software packages. I 
recently took the ti ny IOOLX along with 
me on a trip that took me through several 
thousand miles and several ai rports. 

The HP cc: Mail package shares some 
similarities with Lotus's cc:Mail DOS 
Remote client software. The interface is 
c harac te r-based a nd uses pull-down 
menus accessed through the IOOLX ' s 
Menu key. Function keys across the bot
to m o f the screen offer yo u relevant 
choices, depending on what you 're work
ing on. As yo u move from screen to 
screen, the function-key labels constant
ly update to suggest your next action. 

Squeezing a full mail package into 
a JOOLX requires some compromises. 
When you enter a name into the direc
tory of any other cc: Mail client, for ex
ample, you store the post-office name 
and address fi rst; then you use that post 
office to address other names. On the 
100LX, you have to enter the post office 
as part o f every name. It seems like a 
small thing, but when you re standing 
by an airport pay phone juggling luggage, 

admini strator. Users get an easy-to
Lotus cc:Mall Microsoft Mall 3.2use inte rface that is consis te nt with •


that o f ot he r Microsoft Offi ce prod
ucts on the same platfo n11 . Achnini s
tra tors. however, see something less 
attrac ti ve be hind the scenes- an in 
consistent. hard-to-use set o f utilities 
fo r setup and management. 

You can te ll a good user interface 
by two things : the ease with which a 
new user learns it and the facilities that 
it offers fo r e ffici ent long-term heavy use. 
Microsoft Mail does well in both o f these 
categories. As proof, look at the use r 's 
guide-the core section is onl y 12 pages 
long. You simply don ' t need a manual. 

A lso. because there arc several ways of 

-1. - • ... ' 

it seems especially annoying. 
HP doesn' t sell a PCM CIA modem for 

the lOOLX, but you can use a third-party 
modem card , or you can 
connect a pocket modem of memory, and a PCMCIA 
to the IOOLX's serial port . 

easily slips into your jacket 
2.0 s lot into a package that 

A PCMCIA mode m is 
pocket. More important., HP much more convenient, but 
includes a special vers ion of they suck the very life out 
cc :Mail Mobile in ROM , of your batteries. Depend
along with a half dozen or so ing on the model you use, 

a PCMCI A mode m can 
reduce the HP's normal 60-plus hours of 
operation to less than 15. It' s best to save 
the PCM CIA slot for a storage card. 

The rest of the software is quite handy, 
too. I would have liked the I OOLX a lot 
better if it had security features to protect 
sensitive information. My electronic ad
dress book holds back"Up credit-card in
formation and sensitive phone numbers. If 
I were planning to replace this gadget 
with m1 HP IOOLX, l'd want some way of 
keeping prying eyes from reading it. 

While I ani. not ready to repl ace my 
Toshiba T4600C (wh ic h we ighs 12 
pounds with batteries and case) with the 
svelte HP IOOLX, I found tliat the HP 
unit makes a perfectly usable second ma
chine. 1l1e next time I have 10 write a re
view while l'm ontbe road, I could hap
piJy leave tl1e Toshiba at home and rely 
on just the IOOLX. J'U end up fix ing a 
lot of typographical errors that I wouldn' t 
have made with a larger machine's bigger 
keyboard and more capable software, but 
that ' s the price you pay for progress. 

+ Easy-to-learn client 
user Interface 

• Lack of Interface con

sistency between 

client platforms 


+ Easy setup and admin
istration 

• No message tracking 

+ Easy-to-learn client 
user interface 

• Lack of interface and 
feature consistency be
tween client platforms 

• 	Inconsistent adminis· 

trative tools: disorga

nized documentation 


+ Message tracking 

accomplishing the same task with Micro
soft Mail , you can use the product in a 
manner that reflects your personal style of 
working. Even the charac ter-based MS
DOS interface is easy to navigate around 
in , but , as with any other DOS interface. 
yo u have to learn a few not-so-obvious 
keyst rokes 10 move in and oul of di ffe r
ent modes- between te xt-entry mode and 
command mode, for instance. 

Microso ft Mail provides a convenient 
set of oplions fo r every user. You can use 
sys te m-de fin ed address d irectories and 
personal address books, to which you add 
add resses e ilher from system directories 
or on the fl y. For DOS, the structure of 
the message fo lders and address books fo l
lows the same model as the DOS lile sys 
tem; fo r the Windows interface , it foll ows 
the same mode l as the File Manager. 

T he o ptio nal re mote use r interfaces . 
which le t you connect to your E-mail sys
tem via modem ra ther than from directly 
on the network , are nearl y ide ntica l to the 
on-line interfaces . 1l1e workstation and re 
mote versions o f Microsoft Mail allow you 
to create and view messages off-line while 
you' re disconnected from the mail serv
e r. a fe ature that a ll ows use r producti v
ity even while the network or server is not 
working. Lotu s cc: Mail remote packages 
provide a similar capabilit y. 

T he only real difficulty with the Micro
soft Mail user interfaces is the diffe rences 
among the DOS. Mac, and Windows in
te rfaces; lhcy are co mple te ly d iffe rent, 
both visuall y and in the ir command orga
ni za ti on. If ii takes !ra ining for a user to 
learn the DOS interface , it will require re 
training fo r th at pe rson to learn the Win 
dows-based interface. 

Installing Microsoft Mail 
Microsoft Mail requi res either a Microsoft 
LAN Man ager- compatible network or a 
Nove ll NetWare network , a minimum of 
4 .5 MB of d is k space on the server, plus 
an add iti onal 6 MB for the DOS and Win
dows client programs. A DOS-based cli
e nt workstati o n o nl y need s 10 be a PC 
with 5 12 KB of free RAM, but a Windows 
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dial in via modem with the same client software third-party communications software 
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group communication, comprehensive security a Remote or local administration via the normal 
features, simple installation and robust server. FirstClass client 
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client should be at least a 386-based work
station with 4 MB of RAM (although it 
will run- more slow ly- on a 286 with 
less memory). An OS(2 Presentation Man
ager client should have 8 MB, although, 
again , it will also work on less memory. 

Without tra ining, you may find the first 
Post Office (the E-mail server database) 
installation diffi cult. The documentation 
doesn' t clearl y define what model of E
mail server the system uses, nor does it 
di stinguish between a file server and an 
E-mail se rv er, re ferring to both as just 
"server." The model that Microsoft Mail 
uses is that of a shared file system sitting 
on a network server, by default mapped 

to drive M for all the PC clients. Each cli
ent user runs an interface that allows him 
or her to read and compose messages that 
are retrieved from and sent to the server 
either directly over the network or, in the 
case of a remote client, through a DOS
based MTA (Message Tmnsfer Agent) that 
runs on a separate PC connected to the 
network . 

The planning guides and installation in
structions never explain a procedure as 
they lead you through it , so you never 
know if you ' re on the correct path until 
the module you 've installed either works or 
fail s. Even worse, every module and option 
has its own installation method; there is 

no standard overall install ation interface, 
an attribute of almost all PC software to
day. Once installed, nearl y every admin
istrative module has its own interface as 
well. Some are command-line, some are 
character-based windows, and some are 
even Microsoft Windows-based. 

Most pieces of a Microsoft Mail sys
tem require an INI fil e, whether or not 
they 're Windows applications. Unfortu
nately, nearly every IN1 file has to be either 
created or edited by hand and placed in an 
appropriate directory path. The admini s
tration manual is full of examples, but it' s 
not always specific about where these files 
need to reside. On the positive side, once 

Can PC E-Mail Be the Wrong Choice? 

BEN SMITH 

For so many of us, most of our com
munications are necessariJy beyond 

the boundaries of our own organiza
tion. We demand that our phone, fax, 
and ma il systems have the ability to 
connect to the outside world. The same 
appl ies to E-mail. 

Even though both Lon1s cc:MaiI and 
Microsoft Mail have gateways to other 
systems- to the lnternet- and X.400
based E-mail worlds in particular
these connections come onJy with extld 
effort and optional licenses. Compared 
to the E-mail capabilities of most Unix 
systems, they ' re kJudges at best. 

PC-based E-mail systems require 
separate PC to run the gateways, as 
well as extra installation and manage
ment for each E-mail post office. They 
also obfuscate on-the- fl y Internet ad
dressing with address directories. In 
short, they complicate life for the user 
and the mail administrator. 

1f your organization needs to com
municate via E-mail. with the rest of 
the world , it ' s poss ible to have very 
good PC LAN access to the Internet 
E-mai l backbone without building a 
PC LAN E-mail system. The major 
TCP/IP prov iders for PCs-for exam
ple , FTP Software (North Andover, 
MA) and Spry (SeattJe, WA)--provide 
DOS- or Microsoft Windows-based 
user interfaces to Internet E-mail. With 
some user agents, such as Portable Mail 
for Windows from Qualix Group (San 

Mateo, CA), you can work with mes
sages whiJe you ' re off-line. 

The Internet E-mail server is typi
cally a Unix computer, which can be 
either local or remote. E-mail is a stan
dard part of Unix systems: You don ' t 
need to license separate software to 
have E-mail available on them. Net
working also comes with Unix systems. 
Unix E-mail is the global de facto stan
dard, despite its limitations on deliv
ering nontext messages and attach
ments. But even these limitations can 
be avoided by the adoption of MIME 
(Multipurpose Internet Mail Exten
sions) and new MIME-intelligent user 
interfaces such as Z-MaiJ from Code 
Software (Novato, CA). 

But open E-mail systems aren ' t al
ways what is needed, and PC LAN
based E-mail works well for small- to 
medium-size organizations that want 
to improve their internal communica
tions without changing the way they 
communicate with the outside world. 
Packages such as cc :Mail and Mi
crosoft MaiJ are strong on security. A 
closed world not only protects inside 
communications from intrusions from 
the outs ide but also protects against vi
tal information leaking out. Some very 
large installations have successfully 
based themselves on PC LAN E-mail , 
in spite of the complications of up
scaling. 

On the other hand , there are some 
reaJ advantages to starting with a sys
tem designed from the ground up for 

a large organization 's specific needs, 
systems where the E-mail server is buiJt 
on a fault-tolerdllt database system that 
could serve any other corporate DBMS 
need. Because a PC LAN- based E-mail 
system requires that the database run 
a PC network server, the server is ca
pable of handling only transaction loads 
that are appropriate for a PC. You don 't 
want more than a few hundred E-mail 
accounts on a single server. 

Ifyou have 10,000 E-maiJ users, you 
need 50 to 100 E-mail servers. That 
means 50 to 100 mail directories must 
be synchronized. Directory synchro
nization is a problem that grows geo
metrically with the number of directo
ries; in other words, synchronization 
of 50 to 100 directories is a very large 
problem. One alternative is a single 
server/directory with PC clients-for 
example, the products from Fischer In
ternational Systems (Naples, FL). 

How does the Internet solve the di
rectory-synchronization problem when 
it has literaJiy millions of E-mail hosts? 
Actually, it doesn' t solve the problem at 
all; it avoids it. It has no E-mail direc
tory. You don ' t use Internet mail to find 
people; you use it only to communi
cate with people you ' ve already found 
by some other means: meeting people 
and exchanging business cards, brows
ing through Usenet news messages for 
subjects and authors that interest you , 
and any of the other ways that people 
have been meeting each other over the 
last thousand years of commerce. 
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The Report Writer for Everyone! 
FINALLY ... a report writer powerful enough for programmers but 
designed so the non·technical person can easily generate reports 
from a variety of database sources including Btrieve, xBase and ASCII 
fixed and variable length flies. freestyle's unlimited report layout 
flexibility and file relationships make it easy to create, save. modify or 
delete reports of any size. Included in freeStyle Report Writer is 
Crystal Sort-Crystalogic's program that allows the user unlimited 
sort combinations and selection criteria for maximum sorting flexibili
ty. Full mouse support and context sensitive on-line help makes it 
easy for the NON-TECHNICAL person to get up and running quickly. 
freeStyle works with stand alone and networked PC's and any printer. 

With Freestyle you can view 
and design reports as you 
"draw" them on the screen. 

Price: $249.95\l/ith f'reeStyle there are NO Lll'tlTS on: 

• Fil e and re port s ize • File re la tio nships 
REQUIREMENTS' 

5 12 Ram IBM f'C.XT. AT or any compatible re 


• Re port layout n exibility • Cus l o n1 p ri nte r con figu ra tions 

• Leve l breaks o n a ny • So rt con1bination s a n d MS-DOS or f'C·OOS l. J or Inter. 

com bi n a lio n of data s e lection crite ria 

• S imp le a n d comple x exp re ssion s on any d a ta type for any Non·Technical person 11 ho wants an easy wa) to 
prepare custom 1eports from a \ atiety of database sources. 

f'EATURING drag and drop \VYSIWYG report layout screen 

--~VM____ 
Virtual Memory Management Library 

Instant access to all available memory. 
Crystalogic's Virtual l'femory l'fanagement 
Library for C/C++ prov id es easy access to 
E.' panded. Extended & Virtual Disk Memory. 
It offers instanl access lo all available mem· 
ory from DOS based C/C++ programs. Easy 
to leam with no royalties. now your pro
grams can dynamically determine and use 
all available memory resources. Perfect for 
graphics. data collection. large data mes or 
any applications that use large amounts of 
data. Includes support for Microson. 
Borland or any ANSI C or C++ compiler. 

Price: $ 149.95 
REQUlRU1L'US: lBM PC or Compatible Personal Computer· MS-DOS Vtrsion 3.3 or later· One ~. 2s· 

or S.5· floppy disk drive A SI C/c ... compiler. 

~I or 1"'rltt for lnron:n;iUon on any of our ~•·an:: 


fr«~ Timt. Mdinlain:J re cJocJ.• .xcurxy 


PRECISION TIME™
Tired of resetting your PC clock? 

We've got your problem solved at an afford· 
able price. PRECISION Tll'IE accurately sets. 
calibrates and maintains stand·alone or net· 
worked re clocks. Sets time manually or by 
accessing an atomic clock. Protects against 
random time/date changes. Requires minimum 
memory and disk space. Supports Novell, 
LANtastic and other popular networks. Excel
lent For employee Umeciocks. BBS, photngraphy, 
public utilities, scientific. transaction process
ing, banking. data acquisition, medical & more. 

Regularly $1 49.95 
Introductory offer 
$79.95 

REQU1R£MeNJ'S: IBM AT or com pallblc re with 80206 or higher m icroprocessor. MS-DOS 
or PC·DOS Version J . .J or later. 1200 BAUD modem for Atomic clock access. 

VISA l!t Maslerrnrd Accepted 

For Orders Only: 
1 ·800-91-LOGIC 
or 1·800-915-6442 
For more Inf ormat ion · 

f'rr:cSt yl c Rtport '''riler • Frugtamnubk ~pat Writer for ~t 
Crysbl Sort • th'g'amnuble nigh Spttd SM Voice: 615-391 -9100 
C'J)'stal\?l · \'btwl Httr.oty 1'ilnag(mt11 f U/lr.Jry PERFECTLY LOGICAL SOFTWARE 
er,·mt VW · \' itl'UdJ li'/ndoi.'ini:J 1'iansgi~ment Ubt:Jl)' FAX Info: 615-391 -5292 

BBS: 615-391-80652525 Pe rimete r Place Dr .. Suite 12 1 • Nashville. TN 372 14 
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Work Smarter 
Exce l 5 Complete S pecial Edition 
Nearly 1000 pages of Excel know-how ! Excel 5 
Complete emphasizes effective and timesaving 
ways to use the program. whether you have to 
create a numerical analysis or design a multimedia 
presentation. This book also shows how to harness 
Excel's impressive chart. table, and presentation 
capabilities. You' ll learn about connecting your 
spreadsheet data to other applications, how to use 

• • ,.,,,..-__ Excel as a database, and much more. And for added 

value, PackRat Personal Information Manager 
from Polaris and dozens of Excel worksheet samples 
are FREE on the companion di sks that come with 

the book ! 


$34.95 with companion diskettes Item # B252 


The Photo CD Hook 
The mos! complete guidebook 
for Photo CD digital image tech
nology. Covers photography. 
Photo CD system configuration. 
image processing software. ma
nipulating images. a Photo CD 
Workshop. creating a home the
ater. and much more. Include 
valuable coupons and CD-ROM 
with examples, photo samplers. 
demo programs and more ' 
$29.95 w/companion CD-ROM 
Item #Bl95 
ISBN 1-55755- 195-2 

Order 
TOLL FREE 
1-800-451-4319 
Ext. BS 

Ask for our 
FREE Catalogs 
of books and 
software 

Abacustlll 
Dept BS. 5370 S2nd Street SE 
Grand Rapids, YI ! 49512 
1-800-451-4319 Toll Free 
Phone 616-698-0330 
FAX 6 16-698-0325 

1I:m fMMRoundup 

you have worked this out for yourself, Mi
crosoft Mai l is fairly consistent. 

Once things are set up, you have a con
siderable amount of control over how di
rectory synchronization takes place. When 
you have remote post offices, the data 
communications gateway can double as 
the connection between post offices. The 
remote post offices use the same message 
format as users do for keeping their user di
rectories synchronized. There must be one 
directory server to and from which the oth
er post offices (i.e., the requestors) pass 
and receive their changes, but you control 
when the updates occur, which users and 
groups get updated, and the address types 
to be updated other than Microsoft Mail 
directories (e.g., SMTP and X.400). 

The server utilities include a program 
for building a text file to use for importing 
NetWare users ' accounts into Microsoft 
Mail. Unfortunately, Microsoft still hasn't 
extended the character set for this direc
tory to include all the characters support
ed by NetWare's name bindery. You must 
edit entries containing characters such as 
the underscore, a common character in 
both NetWare and Unix account naming. 

There is also a name-extraction uti lity 
for I ,AN Manager. But even though LAN 
Manager is a Microsoft product, Microsoft 
Mail account naming is more res tricted 
than it is in LAN Manager. The name-im
porting function is slow; it takes almost a 
second to process each name on a 33-MHz 
486 server with the administration appli
cation running on a 50-MHz 486 machine. 

A very positive element for Microsoft 
Mail is its transaction Jogging. You can 
follow just about any kind of activity using 
these tools. Lotus provides transaction Jogs 
only with its Router software, but it doesn't 
give you any way of reading them. 

Branching Out 
For going beyond the LAN, there is a host 
of optional gateways and enhancers for 
Microsoft Mail, including those that sup
port Fax ($1995), MCI Mail ($995), IBM 
Profs ($14,995) , X.400 ($4495), and Net
Ware 's MHS ($995). We evaluated the 
TCP/IP SMTP gateway ($4995), a feature 
that we believe should be built into all pro
fessional E-mail systems today . The most 
difficult part of this installation was adding 
a second network-protocol stack on the 
gateway machine. 

Because of the load on the database and 
server, a reasonable maximum number of 
users for a PC-based E-mai l system such as 
Microsoft Mail is about 300. Large instal 
lations require more than one E-mai l post 

PC Intern System Programming 

Updated for DOS 6.2 & PentiumThi 


PC Intern, 1300+ pages of pro

gramming knowledge. Program

mingexamples throughout in As

sembly language. C. Pascal. & 

BASIC. Covers video cards, 

sound. TSR's, processors, the 

motherboard, and more. A literal 

encyclopedia for DOS program

mers. 

$59.95with companion diskette 

Item #B 145 

ISBN l-55755-145-6 


Excel for Science & Technology 
Learn about Excel Solver, 
Scenario Manager, Mathematics 
Functions, Physics, Technology 
Conversion and many other 
topic .Macros and worksheets on 
the companion disk allow you to 
apply what you learn. Excel for 
Science and Technology is more 
than a book; it 's an indispensable 
professional work tool. 
$34.95 with companion diskette 
Item #Bl96 
!SB I 1-55755-1 96-0 

DOS 6 Complete Special Edition 
with Updates for MS-DOS 6.2 
The most authoritative and up
to-date DOS reference book 
available.Your guide to Micro
soft ' latest version of DOS. It" s 
an encyclopediaofthe mostrecent 
DOS knowledge, forthecomputer 
whiz and the everyday u er. 
Includes many useful tip fo r 
outliHing any computer with MS
DOS versions 6 through 6.2. 
$39.95 with companion diske!!e 
Item #B251 
ISB N 1-55755-251 -7 

Multimedia Mania 
Explores the evolving multimedia 
explos ion. How to set up a 
complete MPC system and create 
presemati ons. Comains ter
minology and info about popular 
programs. Covers aud io 
technology. sound boards and 
sound recording, CD and CD
RO 1 technology. Companion 
CD-ROM feature example 
programs and techniques. 
$49.95 withcompanion CD-ROM 
Item #B 166 
ISB N 1-55755-166-9 
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CompuServe would like to introduce you 

to our information highway. 


Complete with visitor centers, shopping malls, 

town squares, and other world travefers. 


You\e probably been hearing a lot about the information 

highway lately. But before you take your next trip , 

maybe you should make sure the highway you're on is a 

superhighway. Like CompuSen ·e. 

CompuSel\'e has nearly 2,000 places for you to 

go, things for you to see, and fun for you to have. You can 

turn in to one of our many forums where nearly every 

hardware and software vendor is represented, along with 

almost every shade of political opinion. O ur Electronic 

MaW is filled with the newest merchandise, and our Cl3 

Simulator and Electronic Convention Center let you just 

stop by and chat. 

Other ser vices range from renowned reference 

databases to timely financial data and thousands of freeware 

and shareware programs. 

Plus, CompuServe has over a million and a half 

members wor ldwide. So , you 're bound to find plenty 

who wi ll share your interests, he able to offer advice , 

or just become fast fri ends. 

For only SS.95 a month , you can get un limited 

connect time - day or night - to a fu ll package of more 

than 50 basic sen ·ices. That includes news, stock quotes , 

travel arrangements, mm·ie an<l restaurant revievvs, 

60 E-mail messages a month , and more. Plus, a whole 

un iver se of other services is available at nominal 

additiona l charges. 

So'bact on the· fast track . For more information 

or to order, see your computer dealer or call 

I 800 848-8 199. And take our information highway 

straight into the nex t century. 

~fnmpuServe® 
The information service you won't outgrow.'" 
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SIMPLY 

THE BEST 


RESOURCE 

FOR 


DIRECT 

BUYERS! 


Use BYTE's fast, conven
ient card deck to find 
the best deals on com
puter products and ser
vices. Each mailing is 
loaded with essential 
hardware and software 
product information for 
making purchases direct 
from the manufacturer 
- and it's absolutelyfree! 

The BYTE Deck is your 
#l resource for: 

• CD-ROM 
• Networking 
• Multimedia 
• Windows 

andMore! 

The next edition of the 
BYTE Deck mailing will 
arrive in your mailbox 
soon. Don't miss it! 

Advertisers: 

Call Susan Rastellini today at 


(603) 924-2596 or fax vour order to 

<603) 924-26s3 
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office. Even though the second and third 
installations are easier, they introduce the 
complication of installing the necessary 
gateway for keeping the system E-mail 
directories synchronized. Microsoft Mail 
includes the modules for doing this, but 
its model scales well only up to a few thou
sand total E-mail users. 

The problem is that this is a PC network 
with a PC DBMS, and the database oper
ations must occur on a client PC across 
the network; the result is too small a serv
er and too slow a database. Any organiza
tion with more than 300 users will proba
bly want to develop its own E-mail direc
tory scheme. Fortunately, Microsoft Mail 
can import and export directories, as well 
as interface to other programs, through 
DLLs and the MAPI protocol. 

In other words, you can extend and au 
tomate Microsoft Mail by running external 
applications written in both C and Visual 
Basic. Despite Microsoft Mail's shortcom
ings as far as administration is concerned, 
the extensibi li ty of the product is the one 
feature that makes it stand out in large and 
sophisticated installations. 

An organization we talked to that has a 
very large Microsoft Mail installation in
dicated that the fact that it had standardized 
on a single mail system was far more im
portant than the fac t that it had to build 
its own directory service and write its own 
installation and administration manuals. 
Having one well-designed, consistent in
terface to E-mail is more important to this 
organization than the difficulties of ad
justing a PC-scale product to a widely dis
persed network of 20,000 users. 

Easier Access 
Lotus and Microsoft may own the bulk of 
the LAN-based E-mail market, but there 
are other contenders you may want to look 
into. Many run on top of MHS , a trans
port layer from Novell that uses a stan
dardized shared fi le space on a server. An 
MHS mail package uses this transport lay
er to provide its communication serv ices. 
In theory, this means any MHS package 
should work seamlessly with any other; 
many users find this to be true in practice. 

Lotus is constantl y tuning and enhanc
ing cc : Mail. The latest new tool is the 
cc:Mail Mobile client for Windows. It ' s 
a tremendous tool for remote offices , al
though it might be a bit cumbersome to 
handle on your portable computer due to its 
heavy re liance on a pointing device. While 
the Mac mobile c lien t a lso requires a 
mouse, it manages to accomplish its task 
with simpler motions. 

Microsoft's totally new NT-based E
mail engine should be ready now, although 
client software is currently available only 
for Windows for Workgroups (and will be 
included in Chicago). The new engine will 
provide group functionality similar to that 
of Lotus Notes, and, with MAPI support, it 
should be just as open as Microsoft Mail. 
If it also includes access to the global E
mail community without optional pack
ages, customization, and modification, it 
will be an attractive package. For now, 
Microsoft Mail is a good choice if you 
need a closed E-mail system with just a 
few post offices. 

For LANs with around 300 users or 
fewer, a PC-based E-mail system such as 
cc:Mail or Microsoft Mail makes a lot of 
sense. Beyond that, finding names in the 
directory becomes a chore for users. With 
that said , we find both packages easy to 
use for clients (which should be one of 
your strongest considerations) and rough
ly comparable otherwise. The pros and 
cons cancel each other out. Either pack
age provides you with the necessary ad
ministration tools as well as the means to 
connect with the outside world. • 

Howard Eglowsrein and Ben Smirh are resring ed
irors for rhe BYTE Lnb. You can reach Howard 
on the Intemer or BIX ar heglowstein@bix.com. 
Ben is rhe aurhor of Unix Step-by-Step (Hayden, 
1990). You can reach him on rhe Inremer al ben@ 
byrepb.byte.com or on BIX as "bensmirh." 

About the Products 
cc:Mall 

DOS (version 4.0) .... ... .............. ................ ... $295* 


Windows (version 2.01). Mac (version 2 .0), 


OS/ 2 (version 1.0) .. .. ................................... $495* 


Unix (versl9n 1.9) ...... ..... ............ ................ .. $895* 


10.user upgrade •............•.•.•.. : ..•.... ... •.•..... ... $34.5 


25-us~r upgrade ... ..........•...•.... .•.•.. .•...•. .... .. , $845 


100.user upgrade ..... ..... ...... .•.•.•.•...•.. :: .•.... $3295 


* Per post office. 

Lotus Developmer)t Corp. 

800 El Camino Real West 

Mountain View, CA 94040 

(800) 448-2500 
(415) 961-8800 

fax: (415) 961-0215 

Circle 1340 on Inquiry Canl. 

Microsoft Mall for PC Networks 3.2 

10 users ...•.. ......... ....•.•.......•...•...•.....•.•.•.•.•. $695 


20.User upgrade ... ............ .. ....................... $1349 


100.User upgrade ................•........ ...........•. $5500 


Microsoft Corp. 

1 Microsoft Way 

Redmond, WA 98052 

(800) 426-9400 
(206) 882-8080 

fax: (206) 936-7329 

Circle 1341 on Inquiry Canl. 
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Here is the whole truth. 
Today, having a 'green' monitor is a nice start, but it's a long 

way from actually running green. To be truly green, even 4-Stage 
VESA4J-DPMS™ compliant monitors must be instructed to power 
down when idle, if not they stay on at full power ...even with a 
screen-saver Installed. 

\ , ~ j 

~~ 
loPT1jiJiJ4j@! Wear Opriquesr have made it our goal 

to become the Complete Green Solution. To do this, fo r 

a limited rime Opriquest wi ll include Opri-Green'" Energy 

Saving Software for free ($29.95 value) when you purchase any of our 14': 

15': 17" or 20" Optiquest 'green' color monitors. Opti-Green'" Software wi ll 

enable your moni tor to automatically power down when idle after your 

programmed period of time. 

Our full line of Optiquest energy

sav ing color moni tors is 

environmentally efficient, each fully 

compliant with all VESA®-DPMS'"and EPA Energy 

Star'" performance standards. So, when choosing a 

monitor that combines quality, value, and truly green 
We even make an Energy 

Saving Adapter that can 
suspend power to your monitor 

energy and cost performance, choose from the company 

& primer. even if none of the 
present hardware is green. 

Above and beyond energy and cost 

savings , we're ge tting great reviews too. Our 15000 won rhis 

year's PC Magaz ine's Editors Choice Award fo r rhe second year in 

a row, calling it "an excellent buy that's very hard to pass up." 

And PC World picked our 4000DC for its Best Buy Award , 

saying "the extra-large d isplay and on-screen controls make the 

Optiquesr 4000DC a Best Buy." 

C heck our O priquesr's high quality, energy- aving monitors and power-saving 

accessories for yourself. You'll see that the Optiquest Complete G reen Solution is 

the one for you. For more infonnation, call 1-800-THE-OPTI. 

that provides the Complete Green Solution. 

COMDEN"OPTlWill:~ i@ 
Booth M4346,... ..._

~ 

C l 994 Optlquot t, lnr:. 20490 ButlnoH Parkway, Wnlnu r. Calltornla !JJ.789 USA • rel: (!1091 468-3 150 • Fu: (909) 468-J 110 

The Enet'it Stw emtitem ooes not rC1>1'csent D'A ~1 or M'f pro0uc1 °' M!fVIC!e. • A.'I tmdc!mt:lrM me'1Uonad In thl• oci in tho rwOPerty or their resoectM COIT'ICW'lieS. 


Rcpnntro tJom ·PC MAGAZINE." M1m:t1 15, 1994 • Reprinted rrom •PC WORLD." April, 1994 • Copyrl&M 0 1994 Zlf l Oav!I PubllltllngComPNIY L.P. 

Nole : 14· , 15", 17", ond 20 · CRTs akJ 13.2 ", 13 .6 ", 16.1" and 18.7" dlftiotlal vlewi.t>!e .cree111, re!11PllC1.Nety. 




486/Pentium Cross Platform Tools 

The Fastest 32-bit Code NDP Fortran, NDP CIC++ and NDP Fortran-90 


2*theta 

DOS 
NDP Fortran hos come vJ1h ~ 
screen graphics since it \'.OS introduced 
in 198 7. The problem wth this approach 
today is that just witing to the screen is 
not enough. You also have to be able to 
Interface the 32-blt f'PI that comes w th 
your OS and possibly other f'Pl's. How
ever. taking advantage of a single .AP! is 
a time consuming tedious task. 

386, 486 &Pentium Compilers 
Mcrov..ay's NDP family of 32-bit compilers 
generate globally optimized mainframe 
quality code that runs on the 386. 486, 
Pentium and 1860. They run on 32-blt 
operating systems such as 0S(2., UNIX, 
Solaris. Coherent. and DPMl/VCPI ~ 
Extenders. 

NDPFortran-9cf' a complete Fortran-90 
...tllch runs In conjunction wth the NDP Fortran. 
NDP Fortran1m Is a full F77 wth F66. COD. 
\ttv1S and M3 extensions. 
NDP CIC++ compiles K&R and PNSI C plus 
Is C+ + Release 2.1 compliant. 

NDP PaHal1m Is a full ISO Level 1 Pascal wth 

B-5D extensions that can Interface the NDP C 

runtime libraries. 


NDP Language Pricing 

DOS versions include a VCA/\IM c:x::6 Ex

tender. DFM Interface layer, support for 'Yi37 

and W:litek coprocessors, NDA.Jnk. NDA.Jb and 

GRIX - our c:x::6 graphics library. 1he Pentium 

release adds new code generation. royalty 

free DFM and VCR plus symbolic debugging. 


DOS 386/486 verslon................ ........... . $695 


DOS Pentium version ............................ . $995 


OS/2 Developer's Pack Includes IBl\ll 03(2 

W::>rl<Frome and T oolklt. lhese tools use the IBl\ll 

Linker. Deduct S 100 If you don't need the 

'v\b!1<frame. 386.486.................................. $595 

Pentiurn....... .... .. ..... ... ................. ............... $795 


UNIX 386/486 use the natiw tools and are 

available for SCO or ISC LNIX ........... .. .. S 1195 

Coherent veision .... .. ............. .... .. ............ $295 


NDP Fortran-90.. ....... ..... ..... ..... ............ $395 


05/ 2 
VGP solves the .AP! interface problem

wth a universal vector output format that 
can be converted into EPS. TIF , GEM 
HPGl2, CGM IAf./F. etc. You create plots 
or graphics vJ1h calls to NDP Fortran or C. 
Included \Mth the complier is a DISPl.AY 
program that runs on the OS you ordered. 
If you v..ant to export your v.ork, import PS 
or TT fonts or do real time screen plots by 

i860 Supercomputers 
Glgacubern - Your choice of Q..Jadf>vters or 
JllrayffoXPs - a Glgaflop starting at.......... S50K 

1m
ArrayProXP - EISA krcry Processor 
features a zero v.ait state 50 MHz 64-blt 
memory sy.;tem. 1he 400 M8/.)ec memory 
bandlMdfh In conjunction wth 100 megaflop 
1860XP results In 28.96 Unpack megaflops, 94 
megaflops doing dot products and 70 
megaflops doing FFTs. 1he card bursts on the 
EISA bus at 33 MB/Sec a nd holds up to 256 
megabytes of RAM from ...... .... ........ . $8995 

QuadPuter'!'860 - 1he \'.0!1d's most cost 
effective Sl.percomputer. 1he Q..Jadf>vter In
cludes four modules, each containing a 25 
MHz 1860 and tv.o megabytes of local mem
ory. 1he modules plug Into an EISA card that 
prov1des 32 megabytes of shared memory. A 
single Q..Jadf>vter hos an aggregate throughput 
of 200 megaflops! Wth softv,are from ..... $9995 
Number Smasher~ 860 - our ISA 860 
card comes wth 8 or 32 megabytes. It in
c ludes an NDP Language - 80 megaflops of 
throughput starting at just. ................... ...... $2995 

NDP Fortra~860 along wth our 
CIC++ and Pascal utilize advanced scalar 
code generation techniques to optimize the 
1860's numelic scalar performance.... ... ... $1995 

trn 
PPS·860 postprocesslng scheduler, takes 
assembler output and converts scalar opera
tions Into pipelined operations running In dual 
Instruction mode. Scalar speed ups In the 
range of 10 to 50% are common.. ........ .... $500 

VAST-II Veclorizer speeds up vector codes 
100 to 300% . Includes a library of 700 vector 
primltives ....... ............ .......... .......... .. ......... .. $1495 

Windows 
binding VGP into your program, you can 
purchase one of several upgrades. or the 
source! Best of a ll. you get the same out
put Independent of the OS you a re using 
and VGP supports over 20 different types 
of plots. making it easy to create d isplays 
W'lich communicate your Ideas. 
DISPl.AY Export Extensions .... ... .. .......... $145 
Binary~ Source llbrary .. .. .... .. ... ... $395/695 

Pentium/486 Workstations 
486-IX Workstations - a Mcrov..ay To....er Is 
the Ideal solution to your 486Rentium needs. 
lhey feature lndustr1al grode knerican pov.er 
supplies, heavy duly cooling and easy access. 
~I motherboards ore carefully burned In and 
equipped wth 50 knp connectors. Some of our 
motherboards can be upgraded or purchased 
wth Pentiums. Our BX ToW3rS make great V\brl<
stations. file servers. and C/>Dr:;/'M stations. lhey 
\\ere originally engineered to house 1860 array.; , 
configured as NFS computational servers. Each 
system Is customized wth the CG of your choice. 
Including ISC LN1X. 03(2 , c:x::6 and Wndow;. 
W'lat differentiates Mcrov..ay toW3rS Is our ability 
to Integrate the peripherals you need, Including 
SCSI tape drives and CD-Ra\1'5, netv.orl< cards 
and high quality hord disk and graphics adapt
ers. 486-BX sy.;tems are used \'.0!1d1Mde perform
ing demanding tasks from testing Jet engines to 
searc hing for oil. Call today for our BX Catdogue. 

Search Engines & Libraries 
MSE-160 - Free Text Search Engine ISAcard 
processes 160 megabytes of data per second. 
Includes Text Retr1evd softv.ore .. ......... .. ... .... $950 

IMSL Mcrov..ay complied and validated ver
sion of the IMSL mainframe libraries, available 

~~... .. .~.8.6.~~.8.6. .. ... ~... ...'~~~:... ...~f.oJg 
NAG Mcrov.ay complied and validated 
Foundation x86A860 .... .. ... ...... ...... .... S 1195/1995 
FortLP................................................. S 1195/1995 
IAbrk;tation ... .. .. .. ... .. .. .. .... ... ......... .....$2995/3995 

KUCK &. ASSOCIATU hand coded 1860 ll 
brar1es. DSP library does 1024 real FFT In 500 
microsecondsI 
DSP... _. ..... ... .. .. -.... $750 BLAS.... ..... .... .... ... .. . $500 
LAPACK and BLAS. sources Included. 
386/486... .. ..... .. .. .. $195 1860 .................... ... $295 


MICrowtJy__® hechn_og~-u can count on!
____ol_.__..y f1o_________
Research Pork Box 79. Kingston. MA02364 USA(508) 746-7341FIV<746-4678 

U.K. 81 -54 7-5466. Poland 22-4141 15, Greece 1-29 15672. France 130-54 1767 

http:Mcrov.ay
http:DISPl.AY
http:DISPl.AY
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Without Peer 
Zenith Data Systems• $999 file server dramatically lowers the entry 

point for peer-to-peer networking 

BARRY NANCE 

P eer-to-peer LANs are an inexpen
sive networking option for work
groups and small businesses. But 

peer-to-peer design has drawbacks. Com
plex setup can be one, because there are so 
many possible arrangements for sharing 
resources compared to a similar-size client/ 
server LAN. Depending on how many 
workstations double as servers, assigning 
drive mappings between machines can ac
tually be harder with a peer-to-peer LAN. 

More important, having a PC act as both 
workstation and server increases the risk of 
data loss. In a DOS or Windows environ
ment, an application bug can lock up a 
shared server. At best, such a crash will 
cost you the time it takes to reestablish 
your connection to the shared hard drive. 
At worst, you may lose the file you were 
saving to the shared disk. 

You can buy a separate PC to act as a 
dedicated server, but then you 're getting 
away from a low-cost solution. You'll also 
find that people tend to ignore the "hands 
off' signs you attach to the server and use 
it to run applications anyway. 

Collaborating with Novell, Zenith Data 
Systems has brought out a solution for 
these and other peer-to-peer LAN pitfalls: 
the Z-Stor Personal Server. It's a small, 
inexpensive PC with most of the functions 
you 'd want in a small workgroup server, 
few of the functions you'd need to run ap
plications on the server, and a $999 price 
that fits into a peer-to-peer budget. The Z
Stor also offers quick, simple setup, al
most installing itself. You simply connect 
it to an Ethernet LAN and power it on to 
provide shared file and print services. 

Defining "Personal" 
In naming the Z-Stor a "personal server," 
ZDS has defined a new product category, 
one that also blurs the distinction between 
peer-to-peer and client/server LANs. This 
product is unusual in other ways, too. It's 
a smal l (8 - by 11- by 12-inch) box that 
comes preloaded with Novell's Personal 
NetWare operating system. It provides 
built-in Ethernet, SCSI, and PCMCIA con
nections, but it doesn't provide keyboard or 
monitor connectors and it lacks expansion 

slots. It sets up in minutes 
and automatically recon
figures when you add the 
expansion options ZDS 
provides. 

The Z-Stor comes with 
Cyrix's Cx486SLC CPU, 
running at 25 MHz, and 2 
MB of RAM. The $999 
Model 400 has a 210-MB 
IDE hard drive, while the 
$I 599 Model I 000 runs 
a larger (540-MB) IDE 
drive. The server uses the 
on -the-fly file compres
sion facility of Novell 
DOS 7 to give you about 
400 MB of storage on the standard 210
MB IDE disk and around I GB on the 
Model lOOO' s 540-MB disk. 

ZDS doesn't provide a keyboard or a 
monitor with the Z-Stor-or even con
nectors to attach them. You configure the 
unit remotely from a workstation using a 
utility preloaded on the server. Omitting 
the keyboard and monitor reduces the Z
Stor's price, discourages people from run
ning applications at the server, and reduces 
the server's user interface to just the on/off 
switch. But the Z-Stor is only a partial so
lution in this regard, because you can still 
run character-based DOS applications on 
the server through remote control. 

Connectivity and Storage 
While you can't hook a keyboard and 
monitor to the Z-Stor, you can connect to, 
control, and share its resources through 
Ethernet or Token Ring or by modem. You 
also get an SNMP agent that you can op
tionally load at each PC running Personal 
NetWare. The Z-Stor doesn ' t have a seri
al port or an expansion slot. You can con
nect a modem through its PCMCIA 2.0 
Type II slot, and a shared printer or a note
book PC to its 25-pin parallel port. 

The on-board NE2000 Ethernet adapter 
in the Z-Stor provides an RJ-45 port for 
connecting to a IOBase-T Ethernet LAN, 
and a FriendlyNet port for connecting to 
thin or thick Ethernet. ZDS will sell you 
an optional Asante adapter ($69 for thick-

The 8- by 11· by 12· 
inch Z-Stor Personal 
Server provides 
dedicated file and 
printer sharing for 
peer-to-peer 
Ethernet LANs. The 
optional Internal 
CD-ROM adds $499 
to the $999 base
unit price of the 
Model 400. Hooking 
to coaxial cable 

net, $89 for thinnet) 
if your LAN doesn't 
use 1 OBase-T un 
shielded twisted pair. 

The optional Token Ring PCMCIA card 
($579) auto-senses your LAN's ring speed. 
(The card attempts to join the LAN first 
at 4 Mbps, then at 16 Mbps.) InstaUing the 
Token Ring adapter automatically disables 
the built-in Ethernet. ZDS also offers an 
optional 14.4-Kbps PCMCIA modem for 
$299 . Because the Z-Stor has just one 
PCMCIA slot, you cannot simultaneously 
use Token Ring and connect to the server 
through the PC-card modem. 

In addi tion to the internal 3'/z-inch IDE 
drive bay, two half-height 5'/•-inch stor
age bays open to the rear of the Z-Stor. 
The server accepts up to two SCSI devices 
through its built-in SCSI-2 connector. 
SCSI hard drive options comprise a 500
MB drive for $999 and a I-GB unit for 
$1599, letting you add up to 2 GB of ad
ditional storage space (and perhaps double 
that with Novell DOS 7 fi le compression). 

A Toshiba CD-ROM drive ($499) is an
other SCSI option, and you can also pur
chase a floppy drive (3'/2- or 5'/,-inch, or 
both); the Z-Stor comes wi th none. For 
backup, ZDS offers a $449 250-MB mini
cartridge quarter-inch tape drive or a $1599 
1-GB DAT (digital audiotape) drive. The 
Z-Stor complies with EPA Energy Star 
guidelines and consumes only about 30 W 
of power while running. continued 
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Ia41lfaW1 Without Peer 

Loaded and Ready 
The Z-Stor comes with Novell DOS 7 and 
Novell Personal NetWare loaded on its 
hard drive, along with installation and re
mote maintenance utilities. DOS 7 is a 
new version of Novell's competitor to IBM 
PC-DOS and Microsoft MS-DOS. Novell 
DOS 7 offers features similar to those of 
PC-DOS and MS-DOS, including built
in file compression, but Novell's DOS also 
offers multitasking and comes with Per
sonal NetWare. Novell's latest peer-to
peer NOS (network operating system) en
ables you to access NetWare file servers 
and also lets your PC play the role of file 
server to other workstations on the LAN. If 
you use just the Z-Stor as your file server, 
you have a LAN environment similar to 
but slightly slower than that provided by 
the server-based NetWare 3.x or 4.x. 

With the Z-Stor you get one copy of 
Novell Personal NetWare to install on a 
workstation; for more workstations, you'll 
need to buy additional copies. The Z-Stor 
comes configured for a maximum of 25 
workstations, but a workgroup size of two 
to 10 people is a more realistic load. 

The Personal Server Extended Services 
utility gives you remote control of the serv
er from a workstation . Through its menus 
you can install the server, run DOS com
mands, view or change the server's status 
and configuration information, and reboot 
the server from a workstation. 

To discourage using the server to run 
applications, the remote-control function 
won ' t run graphical software (e.g., Win
dows), nor can you use your mouse through 
the remote-control link. Only text-mode, 
command-line software will run. You can 
connect to and administer the Z-Stor re
motely via the optional PCMCIA modem 
as well as through a LAN connection. 

The Extended Services software runs 
in text mode or under Windows. You run 
the Extended Services installation after 
connecting to the Z-Stor. The server-status 
menu option displays the amount of RAM, 
server disk space (free/ 

·~·~· 

,.. 

cess other ervers when you connect to the 
server through a modem. If you opt for a 
tape backup unit in your Z-Stor, you can 
use the tape-drive menu option to back up 
your server. ZDS preinstalls modified Con
nor tape-backup software in the server. 

You can't change the Z-Stor's AUTO
EXEC.BAT or CONFIO .SYS files, nor 
directly modify the server's NET.CFO file. 
These prohibitions keep you ,_,, ~ 
from inadvertently reducing the !;:oancdlon 

server to a nonbooting, expen
sive paperweight. The Z-Stor 
uses preloaded NE2000.CFO, 
TOKEN.CFO, MODEM.CFO, 
IPXROUTE.CFO, and OTH
ER.CFO files to dynamically 
build the NET.CFO file at boot 
time. If you edit these files , the 
Z-Stor software checks your 
changes before applying them • 
to the NET.CFO file. 

To run a particular program at boot time, 
you create a PROFILE.BAT file thesame 
way you'd create an AUTOEXEC.BAT 
file on a regular PC. Unfortunately , the 
Z-Stor does not remember the time of day 
across a power-off reboot; you must use 
the NET NTfME command each time you 
boot to synchronize the server's date and 
time with that of your workstation. 

One of the software modules (codevel
oped with Novell) running on the server is 
a network watchdog program that can de
termine if the network has failed . If the 
watchdog program senses a problem, it 
shuts down the server, reboots, and at
tempts to reestablish previous connections. 

ZDS offers a special PCMCIA card 
($149) to easily reinitialize the Z-Stor if 
the server's hard drive fails. To recover 
from a crash, you insert the PCMCIA card 
and power on the server. No CNE (cer
tified NetWare engineer) need be present. 

Up and Running 
After only a few minutes out of the box, 
the Z-Stor was up and running as a file 

About the Producttotal). number of re
boots, hours in opera

Z-Stor Personal Server
tion, and whether to Model 400 (210.MB hard drive) ....... $999 


Model 1000 (540.MB hard drive) ... $1599 
Tested configuration (Model 400 

run CHKDSK. 
The server config

with CO.ROM drive and
uration option lets you FriendlyNet thinnet adapter) ..........$1587 

see and modify the 

Zenith Data Systems
server ' s workgrou p 2150 East Lake Cook Rd. 

Buffalo Grove, IL 60089name, language, Ether
(800) 553-0331net frame type, and To
(708) 808-5000

ken Ring speed. The fax: (800) 472-7211 
server's built-in router Cin:le 1077 on Inquiry Card. 

function lets you ac-

and print server. The 
floppy disk- based in
stallation of Personal 
NetWare on a work
station actually took 
longer than putting the 
file server on the LAN. 
Total set-up time was 
less than 8 minutes. 

f tested the Z-Stor 
on a IOBase-2 (thinnet) 
Ethernet LAN with 
several other PCs. One 
was a 25-MHz Com

pudyne 486 machine running Windows 
for Workgroups that I set up to be a Per
sonal NetWare workstation. The Personal 
NetWare installation process transfom1ed 
Windows for Workgroups to work coop
eratively on the new LAN. A NetWare 
3.11 server on the Ethernet segment al
lowed me to evaluate how the Z-Stor 
would work on an existing NetWare LAN. 
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Wrth the Personal Server Extended Services utility yoo 
can remotely view the status and configuration of the 
Z·Slor Personal Sener from a worl!staUon. 

And a LaserJet printer, which I attached 
to the Z-Stor ' s para llel port , became a 
shared resource for hard-copy output. 

From tl1e Compudyne system, Personal 
NetWare let me access the Z-Stor as easi
ly as the NetWare 3.11 file server. Copy
ing files between the servers and running 
applications, with a stopwatch to time the 
operations, told me the Z-Stor wasn' t quite 
as fast as NetWare 3.11 running on an 
equivalent 25-MHz 486 machine. How
ever, a typical workgroup of2 to 10 work
stations should be able to use it without 
significant performance penalties. 

The Personal Server Extended Services 
uti lities work well , but you probably will 
rarely need to use them; the Z-Stor Per
sonal Server doesn't need a lot of baby
sitting. Except for making tape backups 
of your files at the server, there's simply no 
need to run any software on the server oth
er than the NOS itself. Small , utilitarian, 
and easy to set up, the inexpensive Z-Stor 
is just right for peer-to-peer LAN work
groups that need to share files and a print
er but want the reliability that a server
based LAN offers. • 

Barry Nance. a BYTE co111rib11ti11g edilor and a 
programmerfor !he past 20 years, is the a111/10r of 
Using OS(2 2. I (Que, 1993). ln1roduction 10 Net
working (Que, 1992), and Network Programming 
in C (Que, 1990). You can ret1ch him 011 the l11
ter11e1or BIX at barryn @bix. com. 
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structures as C++ programs. 

I:tl'lfJW1 Software and Application 

Poet in Motion 

Poet 2.1 combines an object-oriented model with the best features of 

a multiuser database 

RICKGREHAN 

\N
ith everything in the 
programming world 
turning, it seems, 

into an object of one sort or another, 
it's inevitable that the trend of OOP 
(object-oriented programming) 
should spill into the database world. 
You would hope, of course, that 
such spillage would occur with a lit
tle thought behind it , not just as a 
consequence of technological iner
tia. Poet 2.1 puts the object-oriented 
model to good use and includes all 
the accoutrements you' II find in a full
blown multiuser database: compound in
dexes, locks, even multilevel transac6ons. 

I explored the si ngle-user personal edi
tion for Windows 3. 1 and Microsoft Vi
sual C++. Versions are avai lable for other 
wmpilt:rs and platforms, including NT, 
OS/2, Mac System 7, NextStep, and sev
eral Unix variants. A professional edition 
(multiuser) is available on most of these 
platforms. 

Beyond Relational Data 
As justification for the move to ODBMS
es (object-oriented database management 
systems), proponents claim that certain 
problems crop up when trying to manipu
late a rela6onal DBMS from within a C++ 
or Pascal program. In particular, there has 
appeared the notion of impedance mis
matching, a term borrowed from the elec
tronics world. Working with a relational 
database from within a language such as 
C++ forces your data to undergo a struc
tural transformation when it passes from 
your application to the database or vice 
versa. 

For example, suppose you have a data
base consisting or an EMPLOYEE table 
and a DEPARTMENT table. In your pro
gram, you might be tempted lo lay out 
structures that will hold rows fetched from 
each table: 

struc t emp l oyee 
cha r name[20J : 
date bir t hdat e : 
s t ru ct dept* department: 

} ; 

st ruc t dept { 
char name[lO ] ; 
struct employee * de pth ead : 

} ; 

This scheme could produce a number of 
problems. First, the C++ structures repre
sent the connections between employees 
and departments using pointers, while the 
database system (if it is re lational ) will 
handle these connections via foreign keys, 
which will likely be stored as strings. 

Next, the empl oyee structure includes a 
member of type date, which could be a 
class for which you 've built methods that 
allow your program to easi ly perform sort
ing or comparison operations on calendar 
dates . If the internal storage format of a 
dale as handled by the database is different, 
you' ll have to build conversion functions 
lo move data from one format to the other. 

Poet seeks to alleviate these problems by 
creating a DML (database management 
language) within the structure of the C++ 
class syntax . At the heart of thi s idea is 
the notion of persisrenr objects: objects 
that have the look and feel of instantia
tions of C++ classes but can be placed in 
permanent storage in a database. 

Poet manages the storage and retrieval 
of contained or referenced objects in vis i
bly. When you load an object from the 
database, a ll referenced objects are also 
loaded, with pointers properly "wired." 

The Front End 
From the programmer's point of view, 
working with Poet is a matter of dealing 
with the preprocessor, PTXX. Actually 
more than just a preprocessor, PTXX takes 
a special header file (identified by a .hcd 
extension) into which you have placed the 
definitions of the classes whose objects 
will reside in your database and, from that 
file, generates all the C++ source needed to 
manipulate those objects. 

Suppose you're working for an organi
zation that has need of a client database 
and you decide to use Poet for the task. 
Since this is, after all , OOP, I' ll assume 
that you've defined a class called Client 
that will hold each client's data. I'll also as
sume that you're a Poet pro: You've built 
your application's source code, you've fed 
everything to PTXX, and you're ready to 
include what PTXX has given you into 
your C++ program and hand it all to the 
compiler. What, precise ly , has PTXX 
given you? 

First, it ha5 made a container class called 
ClientAllSet, a potentially humongous set 
whose elements are of class Client. Mem
ber func6ons allow you to traverse the set 
in various ways, retrieve e lements from 
it, store new elements into it, de lete ele
ments, and so on. ClientAllSet is attached 
to the database of persistent objects out 
on disk. (This process of attaching a class 
to a database amounts to issuing a call to 
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"connect" the Cli
entAllSet class to a 
named database. 
From that point on, 
Poet handles the 
traffic flow of ob
jects between disk 
and memory auto
matically.) 

Second, PTXX 
defines a query 
class called Client
Query. The member 
functions of Client
Query allow you to 
specify a query's 
parameters. These 
specifications get 
assembled into an 
object of class Cli
entQuery, which 
you then pass to 
the Query member 
function of Client
AllSet. 

Finally, PTXX defines another container 
class, ClientSet. The behavior of ClientSet 
is much like that of ClientAllSet; its func
tion is to hold an arbitrary number of ob
jects of class Client, and you usually use 
ClientSet objects as a repository for query 
results. It is, however, not persistent. 

All these classes are placed in .hxx and 
.cxx files , which you tie into your pro
gram via inc 1ude statements. Simplest 
among the database manipulation meth
ods are Put() and Get(), which, respec
tively, store objects into and retrieve ob
jects from the database. Simple as they 
seem, however, things can get complex. 
An object of one class may contain as a 
member an object of another class. So an 
operation that appears to fetch a single ob
ject may actually fetch a nested Russian 
doll of objects containing objects . Fur
thermore, objects of class A may contain 
a pointer to an object of class B; fetching 
a classmember of A would require fetch
ing the proper classmember B and resolv
ing A's pointer to B. Poet handles it all , 
loading referenced objects and resolving 
pointers. Poet even allows you to control 
how much gets loaded. 

For example, in the preceding case, you 
might want a fetch operation to retrieve 
only object A-leaving the pointer to B 
dangling-and retrieve object B only 
when you specifically issue a call to do 
so. Poet allows this via the ondemand 
keyword: The system will not retrieve an 
object of type ondemand unless it is ex
plicitly told to. 

Retrieving lnfonnation from a typical relational database (a) usually means pulling a 
row from a table structure, disassembling the fields, and translating them into 
variables your program can use. Poet (bl lets you pull objects from the database and 
place them directly Into C++ class structures-all pointers and references Intact. 

Queries and Sorting 
Querying is handled by the query class 
that Poet automatically builds for every 
persistent object class. Poet fills query 
classes with methods c.:orresponding to 
each member of its parent class. If you 
define 

persisten t class Client 
short cl ientid : 
char name[30J : 

I : 

Poet builds the following query class (I've 
left out some of the details of the member 
functions for clarity's sake): 

class ClientsQuery: pub li c PtQuery 
l 
public: 

Setclientid( ... J : 
Setname < ... l: 

I: 

You can see that each member of Client 
has caused Poet to generate correspond
ing Setxxx functions . To locate the client 
whose ID is 47, the query would look like 
this: 

ClientAllSet *clall = 

new Cl ientAllSet(objbase); 
ClientSet *result=new ClientSet: 
ClientQuery clquery; 

clquery.Setc li entid(47 ,PtEQ); 
cl a 11 ->Query (&cl query . result ) ; 
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$24.95 (Paperback) 

Kernighan and Ritchie on C, seminal Wozniak pieces, 

1989-1992 BYTE Awards, and many other "best of" 

features. Relive the microcomputing revolution with 

BYTE. 


····················································································································•
ACE THE TECHNICAL INTERVIEW 
How to Get Your Next Job 
in the Computer Industry 
MICHAEL ROTHSTEIN 

$19.95 (Paperback) 

Go into your next interview with this ace up your 

sleeve: the right answers to 2000 key technical ques

tions, sure-win interview tactics, and much more. 


Avallable at your local bookstore, 
or call toll-free 1·800-822·81 58. 
On CompuServe: GO MH 
On the Internet: 70007. 1 531@compuserve.com 

~w~ 
McGraw-Hill, Inc. itnl'i 

mailto:531@compuserve.com
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The Setc lien ti d() member function of 
c l query lets you specify the parameters of 
the query . You then pass a poin ter to this 
query object to the Query member function 
of cl a 11 , which performs the query and 
places the results in re sult , a container 
class that can hold an arbitrary number of 
Client objects. Once the query has com
pleted, you can use member functions de
fined for obj ec ts of class ClientSet to 
"browse" the query's results. 

Finally, Poet also builds query class 
member functions that allow you to sort 
the query results. So, if you've built a 
query that locates all client IDs greater 
than I 00 and you want to sort by name, 
you simply issue cl a 11 . Sor tByName (Pt 
ASCEND I NG) before building the query . 
The items will be loaded into the result set 
in ascending order by client name. 

Indexes 
Indexes can significantly speed the query
ing and sorting process. If you create a 
class to which you wish to attach an in
dex, you must build one or more class 
members of type usei ndex. The name of 
that member wi ll appear elsewhere, in an 
i ndexdef definition. An i nd exdef looks 
like a typical C++-derived class defini 
tion, but it contains no methods-only data 
members. This is best illustrated by the 
following code: 

persistent class Cl i ent 
short cl ientid ; 
char name[30J ; 
Address address; 
Phone phon enum ; 
useindex ldlndex ; 
useindex Na me lndex ; 

I; 

in dexdef Idlndex: ClubMember ! 
client id ; 

) ; 

i ndexdef Namelndex: ClubMember ! 
name[[20]] ; 
client i d ; 

I ; 

Objects of class Client have two index
es associated: Id ln dex and Name Index . 
The first has only one component, cl i 
en ti d (i n this example, a unique 1D num
ber assigned to each client). The second 
is a compound index, consisting of name 
and c 1 i en ti d. Notice the double brackets 
in the name member of Name Index . This 
tells Poet to use only the first 20 characters 

"CAN COMPUTERS GET 

SEXUALLY TRANSMITTED 


DISEASES?" 

!left" A;fl~tfcf lf"()/f( ANGOSS 
The World's First 


Computer Advice Col umn 


Dear Angus, 
I have a very 
healthy drive, but 
I'm worried : can 
compu ters get 
sexually transmitted 
diseases? 

Nervous. 

Dear Nervous: 
With all the bugs out there, I 
always recommend virus 
protection. (I prefer RAMses 
myself.) You just never know 
where your Human's been! 

AtVq>trS' 

Dear Angus, 
I am desperate . I can 
no longer face the 
agony of giving b irth 
to a new application . 
The last one saw me 
in l abor fo r 16 
months . Isn ' t that 
stretching things too 
far? 

Depressed. 

Dear Depressed: 
The only thing being stretched 
here is credibility! There's no 
need to be in hard labor for 
anywhere near that time. 
Prompt your developer to load 
you with ANGOSS SmartWare 
RAD. This Rapid Application 
Development system makes 
delivery a breeze. In fact, in a 
U.S. research report, ANGOSS 
SmartWare RAD is hailed as 
"unparalleled on any platform". 
Cheer up and call me when 
you're free for a byte. ~ 

,. !Vq'tfS' 

Dear Angus, 

Help. I'm just not 

the box I used to 
be . They want me to 
do everything around 
the office, but I 
can ' t get my act 
together . I ' m sure 
my User ' s going to 
give me the boot . 
Please , Angus , can 
you energi ze me? 

Bushed. 

Dear Bushed: 
Clearly the task will take more 
than batteries! Try ANGOSS 
SmartWare Version 2.6, just 
released. You and your User 
will have real power and 
flexibility with ANGOSS 
RAD (Rapid Application 
Development) and an 
environment that includes 
user and systems management 
with: 

A word processing 
spreadsheet 

A database 
A enhanced graphics 
A communications 
A plus a complete program

ming language 

So for superlative general 
purpose software that features 
speed and ease of use, prompt 
your User to get ANGOSS 
SmartWare 2.6. It's the best 
cross-platform office suite 
money can buy. 

Gal a compu1er perplexed with aprocession problem1 Command him or her 10 wrile "ASK ANGUS". 
c/o moss Sollwm Interna ti onal li mi teo. m!in! Stieet West. Sui te 101. lo1nR10 . Canaoa. M3V IJI . 

r 1~ 101m 1 111 f 1m1m1m 

ANGOSS ~ ~ 11 W~ I ~ Available on ODS/LAN and numerous UNIX platforms. 
Circle 189 on Inquiry Card. 



Save Disk Space 


•PKZIP version 2.0 
PC WORLD •PKWARE Introduces the next generation of Its award 

winning compression utility. PKZIP 2.0 yields greater 
performance levels than achieved with previous releases 
of the software. PKZIP compresses and archives files. 
This saves disk space and reduces file transfer time. 

Software developers! You can significantly reduce 
product duplication costs by decreasing the number ofWORLD CLASS disks re~ulred to distribute your applications. Call forAWARD Distribution License information. 

Put Your Executables on a Diet 
Software developers I Save disk space and 
media costs with smaller executables. You can 
distribute your software in a compressed form 
with PKLITE Professional.• PKLITE Professional 
gives you the ability to compress files so that 
they cannot be expanded by PKLITE. This 
discourages reverse engineering of your 
programs. 

PKLITE Increases your valuable disk space by compressing DOS 
executable (.EXE and .COM) mes by an average of 45%. The operation of 
~ITt Is transparent, all you will notice is more avaUable disk space! 
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of the name field in constructing the in
dex . Poet is intelligent enough to use in
dexes whenever such u e would speed a 
query. For example, Poet would use Id 
i nd ex for handling a query along the lines 
of "Which client's ID number is 400?" 

Transactions 
All Poet operations include some form of 
transactioning. Whenever you store an ob
ject, you may also be storing all other ob
jects referenced by that object. (I say may 
because how much is actually stored can 
be controlled by the depth mode parameter 
in the store operation. This depth indicator 
has four settings, ranging from "store only 
the object itself' to "store the object and all 
objects it references .") When you issue a 
store operation that triggers placing mul
tiple objects into the database, Poet stores 
either everything or-if any part of the 
operation fails-nothing. 

If you' re particularly antsy about the 
safety of your data, Poet does provide an 
optional two-phase commit. In this case, 
Poet builds a forward recovery file-a file 
that contains the write operations Poet in
tends to perfom1 on the database-before 
making any updates. Even if the system 
crashes, Poet can use the forward recovery 
file to rebuild the database. Of course, en
abling the two-phase commit option means 
that database 110 runs more slowly, since 
it requires twice the usual write operations. 

The transactions I've described are sys
tem-level transactions. Poet also supports 
user-level transactions, which are handled 
using the time-honored begin/commit 
bracketing s tructures. Specifically, once 
you've connected to a database, you can is
sue a Begi nTransact ion () method call, 
carry on database operations, and conclude 
with a Commi tTransact ion () call. All 
operations between the two calls are post
ed to the database on ly when Commit 
Tran s action ( l executes. If somethi ng 
goes awry during the transaction, you can 
issue an AbortT r an sac tion() call and 
the database wi ll be left in its original state. 

Locks 
Where transactions provide one form of 
concurrency mechanism, locks prov ide 
another. It' s important to note that some 
locking goes on "under the sheets" when 
you enable transactions. Specifically, if 
you store or delete an object from within a 
transaction , Poet automatically places a 
transaction lock on that object to ensure 
th at no other processes will mess with 
the object until the tran sac tion is safe ly 
committed. co111i1111ed 
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Accessing a Unix application fiom your PC no longer 

means you have to leave the world of Microsoft Windows. 

That's because NCD has brought its leading X server 

technology to your PC. 

It's called PC-Xware, and it 's a Windows 

application. So it allows you to access both 

graphical X and character-based Unix applications 

in the same way you currently access, say, Excel. 

Or Word. And since the complexity of Unix 

is masked behind Windows icons, displaying 

a Unix application on your PC requires nothing 

more than a point and a click. 

What's more, only PC-Xware integrates fast X acce s 

with the tools needed to get Windows and Unix notjusr 

working together, but complementing one another. 

For beyond its powerful PC X server and VT320 emulation, 

it has a 100% Windows-based TCP/ IP stack, plus NCD 's 

XRemote serial protocol. 

Which means your PC can access all 

your hosts and all your applications without 

the need for extra software. And if you 're 

also after Unix files, PC-Xware even has 

integrated fil e transfer and NFS options. 

If all this sounds like something you 

could get fri endly with, call NCO today at 

1-800-793-7638 and ask for PC-Xware. 

All reg istered ano unregisteredllademarks rncntiore<1 abo'le aie the sole properiy ol lheirrespec!lve owners. 



Subscription 

Problems? 


I
f you have a problem with 
your BITE subscription, 
let us know! For best ser

vice, provide a brief descrip
tion of the problem and a 
copy of a recent magazine 
mailing label (if available). If 
your label is unavailable, just 
give us your subscription 
account number along with 
your name, address, and zip 
code where your BITE sub
scription is currently being 
sent. If you have a change of 
address, be sure to provide 
both your old and new 
addresses. If the problem 
involves a payment, be sure to 
include copies of your can
celled check (both sides) or 
your credit card statement. 
Please include a "business 
hours" phone number if pos
sible. Send to: 

BYTE Magazine 
Subscriber Service 
PO Box 555 
Hightstown, NJ 08520 

Fax: 609-426-7087 
Phone: (9 a.m. to 8 p.m. 

Eastern lime, 
Mon. - Fri.) 
800-232-2983 (U.S.), 
or 609-426-7676 
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In the case of explicit locks, Poet pro
vides seven lock types, ranging from no 
locking to exclusive locking. In between, 
locks are classified based on what your 
process intends to do, along with what 
your process wants to prevent other 
processes from doing . For example, the 
PtL K_ READv WR !TE lock level indicates 
that your process will be reading the locked 
object so no other processes should try to 
write (or delete) it. 

Since Poet is an object-oriented system, 
the question arises of how much in the 
database is being locked . Poet has four 
lock depths, from flat (which locks only 
the object be ing locked) to deep (which 
locks the object and all its referenced 
objects). 

Events 
Suppose you've initiated a query on a data
base that's likely to take a long time. It 
would be nice if you could keep the user 
apprised of the progress of the query and 
allow her to cancel the query if she de
cides it 's taking too long. 

Associated with each Poet database is 
an exception manager, and within the ex
ception manager are 
methods that let you 
install callback func
tions for progress 
monitoring (a call
back function being a 
routine in your appli
cation that Poet calls). 

You can build call 
back function s that 
are triggered at the 
beginning, during, 

· and hat t e coneIus10n 
of a database opera-

ti on. I f you real I y 
want a spyglass into 
your database, every 
persistent class that is 
built by Poet inherits 
member fum.: tion~ 

Client(short clientid , 
char* cname) : 

Client() : 
vir tu al int Notify(PtOnDemand 

*Object . PtOnDemand *Root . 
PtWatchMode Action): 

I : 

Cl i ent MyClient(44, " Bob " ) : 
PtWatchSpec WatchDel 

CPtWATCH_DELETE , PtDEEP) : 

MyClient. Watc h (& Wa tchDel ) : 

In this example, I ' ve defined the per
sistent class Client and overridden its vir
tual Notify () member function . Later in 
this hypothetical application, I've created 
a new Client object , " Bob," to which is 
attached a watch specification. The param
eters of the specification tell Poet that I 
want my Notify () routine called when
ever someone tries to delete "Bob." 

You can create more than one watch 
specification for a given object. Poet al
lows you to set watches for store, update, 
lock, and unlock operations. Furthermore, 

About the Product 

Poet Personal Edition for Windows 2.1 
(as tested) .... ... ................. ......•........ .. .... ... .. $499 

Requires Windows 3.1, 4 MB of RAM. and 5 
MB of free disk space; versions available for 
Microsoft Visual C++, Borland C++, and 
Symantec C++. Other platforms supported. 

Poet Professlonal Edition SDK 
(multiuser), compatible with Windows ror 

Workgroups and Microsoft Visual C++ ... ...... $1995 


Other platforms are supported; contact Poet 
Software for prices. 

Poet Software Corp. 
4633 Old Ironsides Dr., Suite 110 
Santa Clara, CA 95054 
(800) 950-8845 
(408) 970-4640 

fax : (408) 970-4630 

Circle 1078 on Inquiry Card. 

you can set the depth 
of the watch, in fash
ion and function sim
ilar to setting the 
depth of a lock oper
ation , which I de
scribed earlier. 

Coda 
Hard-core, meat-eat
ing C++ progra m
mers faced with their 
next database project 
would do well to ex

amine the possibili
ties offered by Poet, 
since it allows 1hem 
to use the structures 
they'll be coding into 

~------------~ 

Watch ( ) and Not i f y ( ) , which your pro
gram can use to track what operations oth
er processes may be performing on an 
object. The Watch() member function 
accepts a watch specification as its argu
ment; if the conditions of the watch spec
ification are satisfied , the object' s Not i 
fy ( ) function is called. Again, some code 
will clarify this: 

pe r sistent class Client 
short client i d : 
char name[30J: 

public: 

their programs as the 
same structures that wi II feed the database. 
If you couple Poet with a good class li
brary that allows the rapid construction of 
GUI objects (e.g., Microsoft Foundation 
Classes), you ' ve got a platform that ap
proaches-and in terms of flexibility , 
probably exceeds- many of the self-pro
claimed fourth-generation GUI/database 
applications generators that are on the mar
ket today. • 

Rick Crehan is technical direcror of the BYTE 
Lab. You can reach him on the lntem et or BIX at 
rick_g @bix. com. 
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Iim'l fM'hi Software 

Desktop Dictation 

The IBM Personal Dictation System delivers a voice-controlled computer 

interface and sophisticated speech-to-text software-on a 486-based PC 

STANFORD DIEHL 

T he IBM Personal Dictation Sys
tem, or IPDS, brings computer
based dictation services to a main

stream corporate audience. The system 
combines a voice-controlled application 
interface with a sophisticated dictation 
system. Less than two years ago, this type 
of system required the horsepower of an 
RS/6000, but the system 1 eva luated ran 
on a 486-ba5ed OS/2 desktop. IBM is cur
rently working on a Windows version. 

The Technology of Speech 
The IPDS req uires a single adapter, along 
with OS/2 2.1 software. The adapter pro
vides audio input and o utput and a lso 
includes a DSP (digi tal signal processor) 
that handles the computationally intensive 
dictation algorithms. The system must be 
ab le to immediately access the acoustic 
models of up to 32,000 words as well as 
the parameters stored for the speaker's 
voice. 

Naturally, this requires some memory. 
IBM recommends 16 MB of RAM-8 
MB for lPDS, the rest for OS/2. IPDS oc
cupies 32 MB of hard disk space and con
sumes an additional, recoverable, 30 MB 
during training. After training, 2 MB or 
less shou ld hold your voice parameters, 
but optional dictionaries add 10 to 15 MB 
each to the hard disk requirements. During 
a dictation session, the system stores data 
for the correction phase, including audio 
data (for playback) and possible alternative 
words. So you' ll need lots of space dur
ing a dictation session-over half a mega
byte per minute of speech. Al the end of a 
session, those resources are recovered . 

Discrete-speech systems support large 
vocabularies. IBM's dictation system ships 
with a 20,000-word office correspondence 
dictionary. Optional specialized dictio
naries range from 16,000 to 30,000 words; 
you can add 2000 words to each dictio
nary. You must pause discretely between 
each word you speak, and you have to train 
the system to understand your voice. Com
bining a command interface with dicta
tion technology enables you to create and 
save documents in a completely "hands
free" environment: You can dictate and 

enter system commands 
with your voice. 

Basic Training 
To train the system , you 
must recite, one sentence at 
a time, a script that appears 
on your screen. My train
ing session took well over 
an hour. The process can 
get a bit tedious, but you 
can pause the session at any 
time and resume training 
later. Once you have com
pleted the training session, 
the system requires another 
2 hours to process the data. 

The system builds an 
icon for you on the desktop. Double-click 
on it, and the system loads the IPDS. 
Clicking on the microphone button at the 
bottom right corner of the screen turns the 
microphone on and off. Say "dictation win
dow," and the dictation application starts 
up. You are presented with a window that 
looks much like a blank word processing 
document. Say "start dictation," and the 
system will begin translating your speech 
into text. Once I got the hang of speaking 
with a pause between words, I dictated 
fairly quickly, up to 70 words per minute. 

I dictated a number of different types 
of documents into the system: press re
leases, magazine artic les, excerpts from 
popular novels, technical manuals, office 
memos, business letters, and even some 
poetry. In each case, the system improved 
as Tread additional documents into it. The 
adapt ive language model does its job welL 
It entered new words into the dictionary 
so that the system understood words J com
mon I y use, including special formalling 
(e.g. , capitalizing all the letters in BYTE). 
But it also updated data on my word-usage 
patterns; in effect, it learned the frame of 
reference for a paiticular set of documents. 
For instance, the more that I read press re
leases into the system, the better it got at 
translating press releases. 

I found that the system works much bet
ter for documents (e.g., legal papers and 
technical manuals) that abide by a consis
tent language structure; with such docu
ments, the system can better predict what 

llor ect Word 
Q.tc tatlon f.lle ~dlt !!el Format 

Del ete 

Dear r-tr. Wright. 
affair 
Arthur 
author 

I want to thank you for yo offered n to BYTE magazine. I woutd like 
to discuss your proposal In officer good ooe and an appropriate 
topic cx BYTE. Multl-proces Olllcer nd distributed computing are 

~~~:~~~~ ~:!~. 1 ~,;' unralr ;~ ~u~hC:.~~~~!:: :':U~!~:Us more 
description of relevant te'w'=,,,upc,;p,.,.er__~lts pracllcal eppllcatlons. I am 
encloslng a style guide and • guidelines. 

Since you live nearby. I was hoping we could meet for lund1 on the t\ventlelh 
or this month. We could l'alk about your ar:tlc(e and have a bite on BYTE. 
Please. call me to confirm. I can also provlde directions If you need them. I look 
forward to meeting with you. I think you are the right author to wrlle this 
piece, Mr. Wr!ght. 

s1ncere1y. 

The IPDS includes voice control of the OS/2 desktop and a sophisticated 
dictation application. When you correct a word, the system offers a list of 
possible alternatives. Note the button for turning the microphone on and off 
and the history of voice commands. 

words will be used. ll is much less accurnle 
on more free-form prose, such as a novel, 
but in general, the system is very accu
rate- considerably better than other com
puter-based dictation systems I've used. 

Hands-Free, Eyes-Free 
When you firs t start using the system, you 
have to correct quite a few words. Lucki ly, 
you can complete a dictation session with
out watching the screen to check for any 
errors that are being made. This makes the 
system "eyes-free" as well as "hands-free." 
When you go back to correct the mistakes, 
you select the offending word, and the sys
tem plays back your pronunciation of the 
word. · So even if the system really man
gles the translation , you can a lways go 
back and hear what you said . The system 
also lists possible a lternatives for an in
correct word. Often, the correct word is 
on this list, and you simply select it (see the 
screen). If the word is not on the list, you 
type it in . New words are added to the dic
tionary in this way . 

Over a few weeks, not only did the sys
tem adapt to me, but I adapted to the sys
tem. I spoke more rapid ly and rarely ran 
words together. l also learned how to cor
rect words quickly. I transferred docu
ments to a word processor and completed 
any fina l edits there. Voice macros were 
simple to create and extremely convenient. 
For instance, l could say "open letter," and 
the sys tem would print my name and 
address , the current date, and a general 
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Learning to Listen 
IT -

~ . . 
~ - I 

1, ,~ 

.. 

To translate speech into text, the IBM 
Personal Dictation System, or lPDS 

employs four distinct but interwoven pro
cedures. The first one is acoustic pro
cessing which extracts usable informa
tion from raw audio data. The process 
also uses an ada talion mechanism to fil
ter out steady-state background audio 
(e.g. , the hum of a computer fan) and to 
adjust to different microphones. The sys
tem collects your raw speech and breaks 
it down into centisec,ond ( I I I 00-second 
frames . Spectrum analysis determ ·nes 
the di stinct frequency characteristics (i.e. , 
featureivectors) of the centisecond frame. 

A statistical model, called the Hidden 
Markov Model , predicts which featur 
vectors are like ly to represen a subpho
netic sound such as the t sound). heSCJ· 
subphonemes are called I 1be/s. So, for 
example, the Hidden Markov Model for 
at sound will most likely predict t-type 
labels. The system knows whal' sounds 
you are making during training because 
you are following a known sc ript. It 
learns how you make a t sound, how you 

salutation. You can generate often-used 
phrases or paragraphs by simply saying a 
single word . The system can be frustrating 
at first , but it gets more accurate and much 
easier to work with as you go along. 

The IPDS should appeal to markets 
where voice recognition has traditionally 
done well. The ideal environment for the 
IPDS is a "hands-free/eyes-free" one, such 
as a hospital where a nurse could enter 
patient data while taking a blood sample . 
The alternative is a manual procedure (e.g. , 
a pen and clipboard) that requires the use 
of your hands. Legal applications are also 
well suited fur IPDS . IBM sell s supple
mental dictionaries for journalism ($499), 
emergency medical ($499), and radiology 
($599) applications, and more are in the 
works . IBM is also porting RS/6000 Eu
ropean language versions to the PC. 

Breaking Tradition 
Beyond the traditional markets, IBM is 
targeting IPDS for general business cor
respondence. During my evaluation, I 
found that most of my correspondence 
shares consi stent terminology and phrase
ology. The system became quite accurate 
at creating memos and business letters. 
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make an a sound, how you make an a 
sound when it follows at, and so on. 

The next step, acoustic matching, com
pares the extrac ted labels to the acoustic 
model s in the dictionary. Every word in 
the c!ictionary is broken down into these 
subphonetic labels, so the labels gener
ated through acoustic processing can be 
matched to the dictionary entries. 

The system does not decide on the best 
word based on acoustic matching alone. 
It also employs an adaptive language 
model to enhance recognition accuracy. 
The language mode l is based on uni 
grams (s ingle words), bigrams (sets of 
two wo,rds), and trigrams (sets of three 
words). The model maintai ns data on 
word usage and knows the probability 
thaf any single word or set of words will 
be uSed. 

For instance, there is a relatively high 
probabi lity that the word the will be spo
ken, and a lower probability that the word 
c.reed will be spoken. The system then 
l9oks at a pair of words and determines 
the probability that a particular pair of 

However, the corporate environment is 
not as amenable to speech recognition as 
traditional voice applications are. The 
range of documents is more diverse, and 
the physical environment might be un
suitable. Although the training process ac
counts for steady back
ground noise, the system About the Product 
will still pick up any loud 
stray noises. In a shared IBM Personal Dictation System 

Software and microphone headset.. .. 5499 office or cubicled runmge Micro Channel adapter ...... , .. .. ..... ...5579 

ment, you give up confi ISA adapter ...... .... $499 

dentiality when reciting IBM Corp. 
Speech Recognition Support Center 
Mail Stop 2236, Route 100 

your documents, and your 
coworkers might grow 

Somers. NY 10589 
weary or listening lo your (914) 766-9251 
dictation sessions. fax: (914) 766-2788 


If you are accustomed 
 Circle 1338 on Inquiry Card. 

to regular typing, you will 
generate correspondence more quickly 
from your keyboard. If you cuITently use a 
stenographer, you must consider the trade
offs. The IPDS involves more work (i.e .. 
training the system and correcting mis
takes), but it costs much less than a stenog
rapher, is always available when you need 
it. and requires no health insurance. If you 
don ' t type well or don ' t feel comfortable 
working with a computer, the IPDS system 

words will appear together. Next, it con
siders a set of three words and checks its 
probability data again. The system con
stantly refines its recog nition o~ a pattic
ular word by looking.ahead and back. As 
you dictate you can watch the system 
dynamically alter its word guesses a5 the. 
frame of reference around that word ex 
pands. 

The last step of the process, the. hy
pothesis search combines the results of 
both the acoustic matching and the lan
guage model to determine the most prob
able word string. 

In addition to adding new words to the 
dictionary as you s ecify them_, the sys
tem updates the probability models to re
flect your unique word-usage patterns. 
This adaptive process allows the sr,stem 
to become more accurate as you use it. It 
also explains why the, sys em works bet
ter with documents that share consistent 
terminology and phraseology: ~ can bet
ter predict what words yo'u are likely to 
say i(you follow consistent patterns of 
word usage. 

should appeal to you. It's easy to use and 
employs the most natural interface of all: 
Just talk to it. 

Voice recognition is becoming viable. 
IBM is on the right track, and the future 
looks exciting. The company showed me a 

prototype system running 
on a ThinkPad with a 
PCMCIA adapter, prom
ising that speech recog
nition for mobile appli
cations will be available 
soon. And IBM believes 
that the PowerPC pro
cessor has the horsepow
er required to support the 
IPDS without the need of 
additional DSP hardwm·e. 
A PowerPC-based per

sonal digital assistant may then adopt a 
voice-activated interface. Voice-controlled 
computers are no longer relegated to the 
realm of science fiction or even to spe
cialized niche markets; viable speech rec
ognition has arrived on the desktop. • 

Stanford Diehl is director of the BYTE Lab. You 
can reach him 0 11 the !111em e1 or BIX tit .l'tlielrl @ 
bix.com. 



Intel 66 MHz Pentium CPU • 512 KB external cache • Hardware-accelerated graphics • 16 to 192 MB of memory 

540 MB or 1GB Fast SCSI-2 disk • Integrated Ethernet • CD-ROM • A 17- or 20-inch color display. 


Backed by worldwide service and support. 


For more information or the number of a sales representative 
or Solutions Center near you, call 800-345-4856. 

INTEr<G?l\?H 

Solutionsfor the Technical Desktop 

ln~ii :uxi tht ln:crgr:iph lo~l m n.w~n.,1 trademuks and W-2 ll¥1 Solutions for the Tochnlc:tl l)!Sktql are tradi.marks ol lnti:W3{lh O\q'IJr:ttlun. Tiie Imel lmide mi l't'ntium 1-'r'cassor ).Q~ are 1r.11k>tn:irl;s of lnU!I Corpor.tl!On. 
Qlll(!rhtani:b ;u-..1pn.xlurt n:UT!t!i :m: lt'd.k'inatb uf\1)1'.'!r n::lj)C(t!l't' Q',lll lcrS. Cop)Tii:J1t 1994 lntl'Tlf.l:ph Col'f(lr:ulon. lhU11.'l\11lc, Al •. \5f.i1J4®l . l'rint.:d in llS,,\. llr>AJ)181All 

Circle 99 on Inquiry Card (RESELLERS: 100). 



WHY IN THE WORLD 
WOULD YOU PUT 
UN1x·· ON YOUR PC? 

UNIX on your Intel 386, 486 or Pentium -based PC can give 
you unparalleled solutions for your most demanding systems 
needs. Here are just a few of the solutions available from ... 

Information Foundation • the Open Systems Migration Experts! 

UnixWare is the latest release of UNIX SVR4.2. Capable of 
running UNIX, XENIX, DOS and MS-Windows applications 
in an easy-to-use, Motif-based graphical desktop! 

UnixWare Personal Edition ... From $166! 

Now the UnixWare Personal Edition comes with TCP/IP 
and NetWare networking at no extra charge! 
Supports Ethernet, Token Ring, SLIP and PPP. 

Get on the information highway ... From $166! 

Complete X11 & Motif UNIX development system
supporting graphical, character-based and networking 
development. Comes with complete on-line manuals. 

UnixWare Personal Edition & UnixWare 
Software Development Kit ... From $255! 

Complete UNIX SVR4.2 Including TCP/IP & NFS 
networking. Xl 1 & Motif, full development system, 
DOS & Windows support, on-line manuals and more! 

UnixWare Personal Edition, UnixWare NFS & 
Software Development Kit ... From $399! 

Solaris for your PC. Complete multimedia UNIX 
runtime environment supporting TCP/IP & NFS. 
WABI now included to run Windows applications. 

Solaris x86 Desktop ... From $636! 

Complete graphical UNIX system supporting 
unlimited network and terminal-based clients. 
Includes free development system! 

UnixWare Application Server ... $974 
Add LAN Manager Server for $995 

Intel 486DX VESA bus workstation with 16 MB RAM, 
270 MB hard d isk, SVGA video card & monitor, 
keyboard & mouse. UNIX pre-installed! 

Above configuration for only $2295! 
Call for Pentium & custom upgrades. 

INFORMATION FOUNDATION (IF) offers Novell's UnixWare, 
SunSoft's Solaris and a range of complementary software, 
UNIX documentation, networking products & hardware. 
Each month IF offers special featured products and free 
giveaways. IF 's prices and service are unmatched in the 
industry. Call now and find out why Information Foundation 
is changing the way the world buys UNIX! 

AS ALWAYS ONLY • Free product support 
INFORMATION FOUNDATION • Free Click-Startl>I Training 

OFFERS THESE EXTRAS: • No question money-back guarantee 

CALL: 1·800·GET·UNIX 


Information 

Foundation 


· PRODU(TS 

·TRAINING 

·DEVELOPMENT SERVl<ES 

1200 17th Street, Suite 1900 
Denver, Colorado 80202 
Phone: 303/572-6486 
Facsimile: 303/572-6484 
E-mail : sales@if.com 
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Printer at Work 

Microsoft At Work makes Lexmark's WinWriter 600 a capable personal 

laser printer. It's not a 

ED PERRATORE 

M icrosoft outlined its broad At 
Work strategy for integrating 
office equipment and PCs in 

June 1993, spec ifying five types of hard
ware as potential AL Work devices : fax 
machines, photocopiers, te lephones, print
ers , and, incongruously, hand-held PDAs 
(personal digital assistants). Microsoft ' s 
At Work partners previewed some pieces 
of the technology during the official At 
Work debut to show its potential. Ricoh , 
for example, demonstrated a prototype of 
its nctworkable rFS66 fax machine (which 
is clue this quarter). The fax capability in 
Microsoft Windows for Workgroups 3. 11 
also adds to the At Work picture. 

The first available At Work device from 
a company other than Microsoft, however, 
is Lexmark 's Win Writer 600. The $1399 
WinWriter provides a nearly comple te 
model of what At Work can do for printers. 
Jn doing so , it demonstrates both goals 
of Microsoft 's At Work strategy. The first 
goal is to make complex, feature-laden of
fice equipment and PC peripherals more 
useful through a common GUl (not nec 
essarily Windows) that guides you through 
setup and operation. The second At Work 
objective is to integrate office peripheral s 
and PCs as much as possible. Thi s hap
pens through communications capabilities 
and document-rendering standards that 
move digital dat a from point to point in 
the most useful form permilled by a par
ticular communications channel. 

Hooked to a network, an At Work office 
copier could, for example , serve to scan 
documents into digital fom1 and send them 
via E-mail around the LAN . Likewise, a 
networked AL Work fax machine, with a 
touchscreen LCD to display the At Work 
GUI, could give you the same control fea
tures that fax software now provides for 
PC-based fax boards, such as off-hours 
fax mailing and routing to mailboxes. 

It 's a grand plan , and one that 's sti ll 
evolving, with implications yet to be re
alized . Microsoft's total At Work strategy, 
however, will succeed only if it receives 
support from other companies in the hard
ware, software , and te lecommunications 
industries and if customers are willing to 

good choice for most networks7 however. 

pay for the added functions. My 

experience while testing the Win

Writer 600 indicated that at least 

some parts of the At Work tech

nology will surv ive, whether the 

total Microsoft initiative catches 

on or not. 


AFamiliar Story 
Microsoft 's At Work Printing Soft
ware gives the WinWriter two ad
vantages : unusual ease of use and 
RISC-like performance that belies 
its fairly s low (and inexpensive) 
CISC processor. The former ad
vantage comes from the At Work 
user interface, and the latter from Lexmark's $1399 10-ppm WinWriter laser printer has a minimalist 

front panel. It relies on Microsoft At Work Printing Software as anhaving the host PC preprocess the 
interface for configuration and feedback.

print image. U ing a slow proces
sor also helps to keep the printer 's price 
down . 

This printing approach should sound fa
miliar. Microsoft 's Windows Printing Sys
tem provides the same benefi ts for Hew
lett-Packard 's Lase rJet TI and Ill printers. 
Indeed, the At Work software is a scal
able update of this older cartridge-based 
system, which has become an official At 
Work product by default. 

The Win Writer 600, which has the same 
laser engine as Lexmark's 4029 printers. 
provides high-quality output and a rated 
printing speed of 8 pages per minute with 
600-clot -per-inch resolution , and I 0 ppm 
when printing 300-dpi output. The Win
Writer 600 also has IEEE 1284-compati 
ble bidirectional communication , allow
ing the printer to provide detailed feedback 
to the host computer-a key requirement 
for At Work printing. 

Lexmark was able to meet its under
$ 1400 price point by focusing on Win
dows. It didn ' t build in support for HPGL 
(Hewlell-Packard Graphics Language) or 
the ability to take a PostSc ript printing 
option. If you 're printing from DOS, you 
do get PCL 4 (Printer Control Language) 
emulation, six printer-resident bit-mapped 
PCL fonts, and a primer-control utility. 
But from DOS yo u miss out on the At 
Work software's performance advantages 
and the pleasurable user interface . 

For paper handlin g in the WinWrite r 
600, you get a 200-sheet input tray that , 

to the possible dismay of some users , out
puts (collated if you want) to only a 100
sheet upper tray. A snap-on front tray can 
accept 20 sheets of face-up heavy- and 
sensitive-s tock output, fed through a rear 
removable manual-input tray. Options in 
clude a $349 500-sheet feeder that goes 
underneath the printer ($359 for legal size), 
and $229 I00-sheet auxiliary and $349 
75-enve lope feeders that go in the same 
rear position as the manual-input tray. 

The Win Writer comes with a 4000-page 
toner cartridge. Replacements cost $ 199 
for a 7000-page cartridge and $259 for a 
9500-page cartridge, all based on 5 per
cent toner coverage. 

Finer Feedback 
The WinWriter' s At Work Printing Soft
ware takes up a whopping 6 MB of hard 
disk storage. However, it provides perfor
mance benefits and an exceptionally weLl
designed setup and feedback interface . 
You also get the 44 TrueType fonts of the 
Microsoft Font Pack. The At Work soft
ware turns the Win Writer into a very smart 
printer, one that can converse with your 
PC about print-job status and any prob
lems requiring attention. 

During the approximately to-minute in
stallation process, the software looks for 
your printer (it must be on-line) and de
te rmines the reso urces of both PC and 
printer. Changes in setup are a snap, thanks 
to severa l graphical panels in the setup 
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WinWriter 600 Printing Performance 

Swan 386SX-16 (600 dpi) 

Compaq Deskpro 4/66i (300 dpi) 

Compaq Deskpro 4/66i (600 dpi) 

400 600 BOO 1000 0 

Swan 386SX-16 (600 dpi) 

Compaq Deskpro 4/66i (300 dpi) 

Compaq Oeskpro 4/66i (600 dpi) 

• Microsoft At Work printed the document at 300 dpi after issuing a warning and recommending a RAM upgrade. 

The Lexmark WinWriter 600 had 2 MB of memory; the Compaq Deskpro 4/66i had an Intel 66-MHz 486DX2 CPU, 8 MB of RAM, 
and a 240-MS hard disk; the Swan 386SX-16 had a 16-MHz Intel 386SX CPU, 4 MB of RAM, and a 50-MB hard disk. 

Due to preprocessing by Microsoft's At Work Printing Software, the processing abilities of the host PC have a big performance effect. All 
results are from using Nsn's printer-performance tests. All times are in seconds. 

dialog box that replace the usual (often 
unintuitive) click-on options. The panels 
range from graphical representations of 
portrait versus landscape to a dot-pattern 
diagram that changes when you adjust 
brightness or contrast levels. 

When you print a document, a pop-up 
window gives you an accurate estimation 

The WinWriter 600's Microsoft At Work user interface, 
which runs on the host PC, provides detailed feedback 
during the printer process !shown hereI and if any 
problems pop up. 

of the time required until the last page 
drops into the p1inter' s output bin. A status 
bar at the bottom of the window tells you 
how many pages of the total have been 
printed thus far , and a masculine voice 
from your PCs speaker announces such 
things as "printing completed." I personally 
tired of the voice and disabled it. 

The animated window also provides 
valuable feedback on printing problems. 
Its flair for diagnostics isn ' t flawless, bu1 
messages such as "toner low,' ' "check cov
er/cartridge,'' "clear paper jam" (I had no 
jams in nearly 4000 pages), and "paper 

Text 
~~~~~~~~ 

98.9 

~ 

20 40 60 BO 100 0 20 40 60 BO 100 

out" take plenty of the guesswork out of 
your printing. 

Unfortunately, bidireclional communi
cations doesn ' t work across a network. 
However, Microsoft intends to issue an 
upgrade to the software (no date has been 
specified yet) that will handle this short
coming. This piece of software will take 
care of the added communications hop be
tween the client PC and the PC that' s host
ing the p1inter. No hardware changes are 
required . 

The WinWriter has a minimalist front 
panel. Two buttons give you cancel, form
feed, and pause/resume functions ; four 
LEDs indicate ready, printing in progress. 
paper status, and service needed. The rest 
is handled nicely through the At Work 
software, as described above. 

At Work Printing 
Unlike previous Windows printers , the 
WinWriter isn't dumb. It has a relatively 
inexpensive 16.7-MHz Motorola 68000 
CPU, and it comes standard with 2 MB of 
RAM. The Motorola chip isn' t fast by cur
rent printer standards, but it's good enough 
to handle the built-in PCL 4 for DOS ap
plications and to team up with the CPU in 
your PC. 

About the ProductThe At Work software 
is quite sophisticated in 

WlnWrlter 600 .... ... $1399 
getting maximum speed Lexmark International, Inc. 
from the printer while in 740 New Circle Rd . NW 

Lexington, KY 40511volving the host CPU as 
(800) 358-5835 little as possible. It uses a 
(606) 232·2000

process that Microsoft calls fax: (606) 232-2380 
load ba/a11ci11g to distrib Circle 1339 on Inquiry Card. 
ute the workload so that the 

printer processor does as 
much of the work as possi
ble. Taking the processor 
and memory configuration 
of both printer and host PC 
into account. the At Work 
software divides each page 
of a document ' s Windows 
metafile representation into 
bands, analyzes each band 
for the complexity of its 
printed objects, and then 
allocates CPU horsepower 
and RAM as needed . Typ
ically, At Work assigns the 
printer processor as much 
work as it can handle in 
real time, but on occasion 
the software will assign it 
and the host PC the prepro
cessing of difficult bands 
before starting up the laser 
engine. 

The At Work Printing Software requires 
a minimum Windows configuration of a 
386SX processor and 4 MB of RAM. The 
faster the host CPU and the greater the 
available memory, the faster the Win Writer 
600 prints, to the limit of the 8- or 10-ppm 
print-engine speed. 

Another benefit of the At Work soft
ware is that every page always prints. Lex
mark guarantees that if your PC meets the 
minimum configuration, a standard 2-MB 
WinWriter will always give you output, 
though perhaps not at 600 dpi . On some 
tests I ran , for example, the At Work soft
ware dropped resolution from 600 dpi to 
300 dpi with a displayed warning indicat
ing which pages required this action . If 
you need detailed bit maps at 600 dpi, get 
the $279 upgrade to 6 MB . 

Performance Tests 
To test the WinWriter 600, I ran the same 
NSTL benchmarks used for this month's 
Lab Report (see "Head to Head: 71 Print
ers" on page 164). To show the effect of 
the host PC configuration , I tested the 
printer attached to two different machines, 
a Swan 386SX-16 with 4 MB of RAM and 
a Compaq Deskpro 4/66i with 8 MB of 

RAM. Except for the text 
and paper-handling tests , 
where laser-engine speed 
was the determining factor, 
printing with the 66-MHz 
Compaq was five to seven 
times faster than with the 
386SX-powered Swan (see 
the figure " Win Writer 600 
Printing Pe1fo11nance"). 
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Switch To CA-SuperProject For $149 And Get TimeSheet Professional® For Free. 

- ------For ALimited Time. Save More Than $600.------ 

HowTo age The 

Future Today. 


1fi' 

Introducing The First Project Management 
Software Everyone Can Use. 

Beginners Love It 
Because It's So Easy. 

Only CA-SuperProject'" 
offers a special Beginner 
Configuration with sim
ple, easy-to-understand 
menus and an on-line 
"PM Assistant" that 

' gl!( • walks youthrough • • • , 
procedures and teaches the basics i\fj 
of project management. Lots of m 
sample data and excellent tutorials -~
make it fun to learn and super easy to use. 

Experts Love It 
Because It's So Powerful. 

CA-SuperProject has all the flexibili ty and 
power you need to 
manage extensive .,,,,,, ~m~ +projects without any MICROSOFT. 

WINDOWS.constraints. It's Cm IPATillLE 

more sophisticated. Buy one version, 

according 
to NSTL 
(Sqftware 
Digest), 
it's the 
"best 
program 
for users 
who require a very powerful project 
manager with the most complete tools for 
modeling and managing resources. 
analytic functions and the most efficient 
resource leveling available." · 

To Order, See Your Local Dealer Or 
call 1-800-225-5224, Dept. 62500. 

Call now to find out how you can manage 
your projects efficiently. CA-SuperProject 
and TimeSheet Professio nal from TIMESL!PS 
Corporation - the 
best way to man f;OMPUTER

0 

age your future J'ISSOCIATES 
more effectiveand. get the other FREE. today. Software superior by design. 

New CA-SuperProject 3.0 
'Software Oigesl. Vol. 10. No. 11, 1993. Soflwarr Digest isa registered tradcmarkofNSTL. lnc.. a.\\cGraw-HillCo. Dealer prices may vary. 
OCt.)m1Mcr :\ssodmcs 1n1crn•Uion<11. Inc .. lsl.1ndia. NY 11 iSS-7C\.'\1. All pr1x!.urt names referenced herein are trademarks cf their respec tive companies.Circle 76 on Inquiry Card. 
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Lexmark suggests that if you regularly 
print complex bit maps, you should up
grade your printer from the standard 2 MB 
to 4 or even 6 MB . (The maximum is 8 
MB, for which you must discard the stan
dard 2 MB and install two 4-MB SrMMs.) 
The whole rendered page must fit in the 
printer's RAM to print as intended. 

Lexmark claims that the Win Writer 600 
should print faster than HP' s LaserJet 4, 
despite the Win Writer's slower processor. 
Compaiing my WinWriter test results with 
the Compaq Deskpro 4/66i to results from 
NSTL's testing of the LaserJet 4, I can't 
verify Lexmark 's claim. The NSTL results 
came from testing with a slightl y faster 
Compaq Deskpro 4/66m (also with 8 MB 
of RAM), and the tested LaserJet 4 had 
4 MB of memory. Still, I can say that the 
results for both printers are in the same 
ballpark, although HP has just released a 
faster version of the LaserJet 4. 

Weighing In 
Your first consideration of the Win Writer 
600 must take Windows into account. The 
printer's most important features, includ
ing performance, depend on the Windows
based At Work Printing Software. Perfor
mance also depends on the host system. 

The At Work user interface is an im
portant feature, but you must determine if 
the challenges you now face in printing 
from Windows applications necessitate a 
printer that says and shows so much. HP's 
LaserJet 4L and 4P printers provide simi
lar, though less complete, feedback. 

As use ful as printing feedback would 
be on a network, the Win Writer 600 is not 
a network printer. The status feedback does 
not yet go any farther than the PC that the 
printer is attached to. 

The Win Writer's lack of PostScript sup
port will be a greater shortcoming for many 
networks, espec iall y where people use 
high-end graphics applications or systems 
other than Windows-using PCs. The Win
Writcr supports PCL 4, but without che 
benefit of host processing. 

lf you don't need a network printer, but 
you do need fast graphics speed in a Win
dows environment, you will have much to 
like in the Win Writer 600: quality output 
with a helping hand and reasonable graph
ics speed, plus guaranteed compatib ility 
with Chicago, Windows for Workgroups, 
and , eventually, Windows NT clients. • 

Ed Permtore is a BYTE 11ews editor based in New 
York. Yo11 co11 co11wc1 /1i111 on the /111em et or 8 /X 
at epermtore@bix.com or 011 MCI Mail as "eper
ratorelbyte. " 
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EASY To INS T ALL , EASY TO I NSTALL , 

AFFORDABLE , AFFORDABLE, 

AND COMPATIBLE AND NCOMPATIBLE 

WI T H JUST ABOUT WITH JUST ABOUT 

EVERYTHING. EVERYTHING . 

1bere are a couple of ways lo stand 011/ in a crowd: either be ei:ceptiona/ly good- or exceptionally bad. 1be FJheRx 10Base-T and 10Base2 

twenty leading Type 11 compliant laptop and notebook systems. They're priced over a hundred dollars less than the competitimz, yet offer ind11stry leading 
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---..-/ 

11vincing? Cal/ ;our local dealer or Kingston at (800) 435-2620.1ben try LIS 01z for size-cre'Umake; 0 11 lookgood. 
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URGENT-YOUR INPUT NEEDED 

Dear Reader-

One of BYTE's important sections is our unique "State of the Art" (SOTA) , where every month we take a narrow slice of 
computer technology and examine it in the kind of depth that you, as a technically sophisticated reader, demand. 

We plan our SOT A coverage based on what we hear from users, what's new on the market, emerging technology that BYTE 
editors hear about in our ongoing discussions with vendors, and last-but far from least-feedback from you , our readers. 

With this issue, we're trying to get that all-important reader input well before the fact. Specifically , the October 1994 
SOTA will deal with some aspect of the general topic of Data Acquisition in Business. This is clearly much too broad a sub
ject to cover comprehensively; therefore, we want to identify the appropriate slice or slices of this topic that will be of great
est interest and most use to you, our readers. 

Therefore, please take a minute to fill out this form and fax it back to us. Your cooperation will help make BYTE a better 
magazine and will allow us to focus on those areas that you're most interested in. Thanks. 

DATA ACQUISITION IN BUSINESS 

For each question, please rate your interest in these topics using the following scale: 

Not at all interested 1 2 3 4 5 Very interested 

If there is an important answer that we haven't offered you, please write that in on one of the provided lines. 

1. DATA INPUT TECHNOLOGIES 

D AID conversion 

D barcoding 

D brainwaves 

D handwriting recognition 

D handprinting recognition 

D mark-sense 

D OCR 

D other optical scanning 

D touchscreen 

D video 


D voice recognition 


D 
D 


2. DATA VALIDATION 

D boundary controls 

D algorithms 

D Al and expert-system checks 

D 
D 


3. ERROR HANDLING 

D automated systems 

D graphics-based systems 

D exception queues 

D Al-based systems 

D 
D 
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4. PROCESS CONTROL 

D feedback loop design 

D sensor technologies 

D real-time systems 

D 
D 


5. ELECTRONIC DATA INTERCHANGE 

D interface design 

D integrity verification 

D origination verification/ 
nonrepudiation 

D authorizations, signatures, 
sign-offs 

D forms technology 

D standards 

D ___ _ 

D _ ___ 


6. AID & D/A CONVERSION 

D hardware or software 

D sampling techniques 

D standards 

D 
D 


7. SPECIFIC APPLICATIONS FOCUS 

D manufacturing 

D telecommunications 

D survey research 

D lab/instrumentation 

D medical 

D financial services 

D service tracking 

D point-of-sale terminals 

D public information kiosks 

D 
D 


8. ABOUT YOU (OPTIONAL) 

Title---------- 

Company _ _ ______ _ 

Phone - ---- ---- 

E-mai l address ________ 

FAX the completed form 
(without a cover sheet, 
please!) to 603-924-2530 OR 
603-924-7620. If you do not 
have access to a fax, you may 
contact us by mail. Please 
photocopy the entire form 
and mail it to: 

BYTE SOTA Poll 

c!o Market Research Dept. 

One Phoenix Mill Lane 

Peterborough , NH 03458 
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Big-Screen Stars 

Nanao•s and Nokia's best monitors set a new benchmark for 21-inch 
CRTs-flicker-free at 1600 by 1200 pixels 

STEVE APIKI 

F or th e manu fac LUrers of 
th e nex t genera ti o n of 
high-resolution di splays, 

high-quality 1600- by 1200-pixel 
resoluti on on a 2 1-inch sc reen 
present fo rmi da bl e techni ca l 
challenges. The Nanao FlexScan 
F780iW ($3999) and the Noki a 
Mul tigraph 445X ($3225) are the 
firs t mainstream PC and Maci n
tosh monitors capable of fli cker
free 80-H z refresh at 1600 by 
1200 pixe ls. But while both are 
excellent d isplays, they arrive at 
the next high-resolution front ier 
by two very di ffe rent paths, and 
not without trade-offs. 

The techn ica l c ha ll e nge in 
building a high-quality, hi gh-res
o lution di splay is simpl y one of 
numbers. Di sp lay ing 1600- by 

Nanao's FlexScan F7801W lleftl and Nokia's Multlgraph 44SX•deflne the leading edge In monitor technology, with 

1600- by 1200-pixel resolution at an 80-Hz refresh rate. The FlexScan sacrifices low-end graphics support for excellent 
performance at high resolution, while tile Multlgraph 445X relies on digital fine-tuning to enhance display quality. Both 
monitors provide a wide variety of configuration options-the AexScan through the front panel, and the Multlgraph through 
a configuration menu. 

1200-pixel resolution on a 2 1-inch screen titative tests in the BYTE Lab to measure Nanao's fi x is to offer the FlexScan bun
requires a dot pitch of 0.26 mm or fin er, performance. By both quantitative and dled with a modified 4-MB Matrox MGA 
but putting more phosphor dots on a big qualitati ve measures, the FlexScan is the Ul tima Plu s graphics board ($4999 fo r 
screen increases the chance of manufac better monitor, despi te Nokia's more rev moni tor and board). The MG A Ultima's 
turing defects. The combination of large ol utionary architecture. built-in VG A can d ri ve the F780iW at 
tube and small spot size also calls for more boot-up; equally important, the modi fied 
precise electronics because the alignment Nanao FlexScan F780iW MGA Ul tima includes a 200-MHz color 
of the scanning electron beams is more As the new top of the FlexScan li ne, the DAC (DIA converter) ch ip and is set to 
critica l. F780iW has a great pedigree. Like the oth support refresh rates of up to 76 Hz at 1600 

Because so much of a large screen im er models in that very successful line of by 1200 pixels. 
age falls in your fl icker-sensitive peripheral monitors, Nanao's latest FlexScan is well For almost any application except CAD, 
vision, the electronics in a 2 1-inch monitor designed and deli vers outstanding d isplay a second monitor fo r booting is an unrea
are further pushed by the need for a high performance: sharp, bright, uni fo rm, and sonable requirement. I ran the FlexScan 
vertical re fresh rate. A 76-Hz refresh rate flicker-free at 1600- by 1200-pi x.e l reso with an MGA Ultima, so using it as a pri
i. fli cker-free for many people, but 80 Hz lution. mary monitor for Windows appli cations 
is bener. Displaying 1600 pixels by 1200 The cost of great high-reso lution per was practical, and the board and monitor 
pi xels by 80 screens per second requires a formance, un fo rtunately, is lal:k uf sup cumbinatiun wurkeu fine. 
very large bandwi dth. (In fact, very few port fo r standm·d VGA modes . This is the Once past the boot, the Flex Scan 's dis
graphics cards can drive these monitors at F780iW's weak spot. Monitor can per play was great. Running AutoCAD, the 
the 200-MHz bandwidth required for thi s form optimally over only a limited range of monitor' s ability to run the visible image to 
screen mode.) frequencies , even within their spec ified the edge of the display bezel without black 

To meet these demands, Nanao has cho bandwidth . Rathe r than sacrifice optimal borders (a capabil ity that Nokia ' s moni
sen a trad it iona l approach that provides performance at high resolution. Nanao de tor shares) was wonderfu l. It put Auto
uncompromised image qual ity at high res cided to sh ift the horizonta l freq uency CAD' s top and right menu borders square 
o lution but limits the FlexScan' s capabil range upward, putti ng the lowest support up against the edge of the screen. 
ities on the low end. Nok ia 's des ign is ed horizontal scan frequency at 45 kHz W indows is often a strin gent test of 
more radical, relying on dig ita l tuning of above the standard VGA scan rate of 3 1.5 monitor capabilit y, as the large , bright 
d isplay paramete rs to overcome display kHz. That means tha t the F780iW is unable display background easily shows any non
defects and provide more flexible config to support the boot video mode o f most uniform brightness characteris ti cs. The 
uration. I worked wi th both of these high PCs, so it 's re legated to use as a second FlexScan showed a bright Windows dis
end monitors and ran them thrnugh quan- monitor. play with high contrast, although there was 
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Comparinc SCIMllS betw-. the F1exScan F780IW (left) and the Multlgraph 445X shows that both displays 

provide clean, sliarp U- and pod comergeace. Howewr, despite tuning .-Hor parameten for this 

shot, tbe FlexScaa provided -.-hat better contrast and less luminance Yllrlatlon Dftr the white areas. 

The Multigraph is also unusual for the 
level of control the user has over monitor 
parameters. fn addi tion to the image size, 
location, and trapezoid and pincushion set
tings typically found on high-end moni
tors, you can also set convergence , color 
temperature, white uniformity, and other 
parameters through a menu that pops up 
on-screen when you hit a button on the 
front panel. 

The on-screen menu has a few gli tches. 
It sometimes has trouble displayi ng when 
you switch the frequency of the ma in dis
play, and although it 's designed to appear 
when the monitor loses sync, it sometimes 
continues to flicker on and off well after 
sync is lost. However, compared to the 
FlexScan with its limited palette of front
panel adjustments, the Multigraph is con
siderably easier to tweak to your li king. 

Although Nokia 's monitor held a rock
steady 1600- by 1200-pixel image at 80 
Hz, the display had some minor problems. 
Despite making numerous adjustments to 
contrast, brightness, and focus , I was not 
able to get quite as clear or bright a dis
play on the Mult igraph as I could get on 
the FlexScan. Convergence also remained 

a small , s lightly pink diagona l region . 
When it was running in one area of the 
BYTE Lab, near a large linear power sup
ply, the FlexScan also showed some flick
er interference that did not affect the Multi
graph. As an FCC Class A device, the 
FlexScan may also generate more EMI/ 
RFI in add ition to being more sensitive to 
interference. 

The FlexScan 's display was sharp at au 
corners. Nanao uses two optimizations, 
Dynamic Focus and Dynamic Beam Spot 
Control , which help to improve sharpness 
away from the center of the screen. These 
technologies compensate for changes in 
focal length across a scan and keep the 
electron-beam spot circu lar on all areas of 
the tube. 

Nokia Multigraph 445X 
Nokia's Multigraph tackJes the image-con
sistency problem from a new angle. In
stead of having a single set of analog beam 
adjustments that optimize display quality 
at the center of the screen, the Multigraph 
provides digita l control over 16 adjust
ment points, which cover the center, the 
1,;orm::rs, and selected points in between. 
This is new technology-as of this writing, 
only Nokia offers a monitor with this ca
pability. Philips, which has announced a 
simi lar system, wa. not able to deliver a 
production unit in time for this review. 

Parameter adjustments are made on the 
fly, bu t the targets for each adjustment 
point are preset, si nce there is no feedback 
mechanism to enable the moni tor to mea
sure its own performance. The targets, 
stored in EEPROM, are set at the factory to 
compensate for individual variances in 
each tube and to provide a unifom1 image. 
A service technician can also readjust a 
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monitor if it changes over time. 
Despite these compensations, the Multi

graph simply did not perform as well as 
the FlexScan. ln fact, Nokia's own ratings 
for misconvergence (0.3 mm at center) 
and luminance uniformity over the screen 
(70 percent) are only average among 21
inch moni tors. 

MONITOR CAPABlLmES COMPARED 
Top-of-the-line monitors use the best consumer technology to present accurate, clear images 
on large screens and at high resolution . Among the optimizations both share are 200-MHz 
bandwidth, antireflection screen panels , a full-screen viewing range, lnvar shadow masks, 
and phosphors with a wide chromaticity range. 

Size (in.) 


Dot pitch (mm) 


Maximum resolution (pixels) 


Refresh rate at highest resolution (Hz) 


Horizontal scanning frequency (kHz) 


Vertical scanning frequency (Hz) 


Visible screen area (mm) 


Video bandwidth (MHz) 


Screen treatment 


Controls 
Control type 
Presets (factory/user) 

Shadow mask type 

Phosphor type 

Power consumption (W) 
Active 
Standby 
Power-down 

Regulatory approvals 
Emissions 
Flicker 
EMURFI 

Dimensions (H x W x D: in.) 

Weight (lb.) 

Warranty 

NANAO FLEXSCAN F7801W NOKIA MULTI GRAPH 4451 

21 21 

0.26 0.25 

1600 x 1200 1600 x 1200 

80 80 

45-100 3CH02 

55-120 50-120 

403 x 298 400 x 300 

200 200 

Conductive Conductive 
antireflection panel anti reflection panel 

Front panel On-screen menu 
9/19 14/1 4 

lnvar lnvar 

Medium-short Medium-short 

160 160 
16 15 
11.2 8 

MPR·ll, TCO 92 MPR-11, TCO 92 
IS09241·3 1$0 9241-3 
FCC Class A FCCCl~l_3 

19.1 x 19.7 x 21.1 20.4 x 20.2 x 19.7 

83 71 

3 years 3 years 
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SuperSpot Test 
~ Better Worse II-

Nanao FlexScan 
F7BOiW 

'Nokia Multigraph 
445X 

Nanao FlexScan 

F780iW 


Nokia Multigraph 
445X 

0.04 

Convergence Error (mm) 

0.10 

0.17 

Drift(mm) 

::::=:31 
006 

0.06 0 0.02 0.04 0.06 

BYTE's display-quality measurements show a slight but consistent advantage for Nanao's RexScan over Nokia's Multigraph 445X. Note 

that all measurements were made at 1024- by 768-plxel resolution at 60 Hz, so these tests do not fully stress either monitor. The top-

left graph shows the difference in size between horizontal and vertical lines, a measure of the sharpness of the electron beam. The top-

center graph shows convergence error at the center of the screen; both monitors have excellent convergence (BYTE tuned the 

Multigraph for best convergence). The remaining graphs chart image variations over time, which reflects the steadiness of the display. 

Although the FlexScan performs somewhat better than the Multigraph, both of these monitors show almost negligible luminance and 

position variation. 

noticeably off at the sides of the display, 
again despite adjusting it through the 
menu. Finally, running Windows with a 
bright white background showed a large 
yellowish area just off the center of the 
screen, as well as a few smaller spots in 
other areas. 

The Best Parts 
These are high-end monitors by any mea
sure, including price: The FlexScan sells 
for $3999, and the Multigraph for $3225. 
At these stellar levels, you expect a top
quality monitor, so both Nanao and Nokia 
have included high-end design elements 
beyond those directly relatecj to bandwidth 
and image uniformity. 

Both monitors have a conductive anti
reflection panel that provides the best 
antiglare/antireflection performance avail
able on PC displays . Unlike a diffusion 
coating, which diffuses reflected light, the 
antirellection panel absorbs most incident 
light without diffusing transmitted light 
from the image. Both the FlexScan and 
the Multigraph had very low reflections 
and were easy to use even in an office lit 
by fluorescent tubes. 

Besides cutting reflections, the anti
reflection panel includes a conductive ele
ment that cuts static buildup and electro
magnetic radiation through the screen. This 
second characteristic gives both CRTs low
enough emissions to conform to Sweden ' s 
TCO standard, which is more rigorous than 
MPR-n . 

Behind the glass, both the FlexScan and 
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the Multigraph use fnvar shadow masks for line width , were very close for these 
(which are less sensitive to thermal two monitors , so only the few results that 
changes) and medium-short-persistence show differentiation are graphed in the fig
phosphors (which have a wide chromatic ure. The FlexScan was uniformly better 
ity range). These ele
ments are common in 
most high-end CRTs. 

These two monitors 
also include roughly 
comparable power con
servation features for 
reduced power con
sumption in standby 
modes. The FlexScan 
supports the VESA 
DPMS (Display Pow
er Management Sig
naling) specification, 
while the Multigraph 
complies with the 
Swedish NuTek stan
dard. However, both of 
the monitors imple
ment their power-down 

About the Products 

Nanao FlexScan F7801W ... ..... .......S3999 

Bundled with Matrox MGA Ultima 
Plus 200-MHz controller ............. ...... $4999 
Nanao USA Corp. 
23535 Tela Ave. 
Torrance, CA 90505 
(800) 800-5202 
(310) 325-5202 
fax : (310) 530-1679 
Circle 1075 on Inquiry Card. 

Nokia Multlgraph 445X ..... .. .. .. .. ...$3225 


Nokia Display Products, Inc. 

3000 Bridgeway Blvd. 

Sausalito, CA 94965 

(800) 296-Q542 
(415) 331-0322 
fax: (415) 331-0424 
Circle 1076 on Inquiry Card. 

features in such a way that they will work 
even if you don't have a "green" PC or 
workstation ; all they require is a blank 
screen saver. 

Spot Comparisons 
Besides the qualitative comparisons 
gleaned from Windows and AutoCAD, I 
made quantitative measurements of dis
play quality using a Microvision Super
Spot monitor-test unit (see the figure "Su
perSpot Test"). The SuperSpot measures 
line size and a host of other parameters 

for each screen using an op
tical sensor and computer
controlled display patterns. I 
made these measurements at 
I 024- by 768-pixel resolution 
with a 60-Hz refresh rate, so 
keep in mind that these tests 
don ' t push the monitors to 
their limits. 

I evaluated the FlexScan 
F780iW with the special Ma
trox Ultima card Nanao rec
ommends; Nokia supplied an 
Infotronic IGP64 PCI 1600 
card with the Multigraph 
445X. Both cards use the 
200-MHz color DAC neces
sary to drive 1600- by 1200
pi xel resolution at an 80-Hz 
refresh rate, although the Ma
trox card goes to only 76 Hz 
at that resolution. Both mon
itors work with either card. 

Many of the SuperSpot ' s 
test results , including those 

for the following tests: 
difference between hor
izontal and vertical line 
sizes, convergence, and 
time variations for lu
minance and beam po
sition. But for each of 
these tests, the results 
for both the Multigraph 
and the FlexScan are 
very good relative to 
results for lower-reso
lution devices. 

Taking both the Su
perSpot measurements 
and the qualitative re
sults into consideration, 
the Nanao FlexScan 
F780iW is the clear 
winner. While neither 

monitor is inexpensive, the FlexScan costs 
over $750 more than the Multigraph 445X. 
But in the display-sensitive CAD and 
imaging arenas where these monitors will 
first make their mark, the price difference 
will not be much of an issue. • 

Steve Apiki is a BYTE co11trib11ti11g editor and for
mer director of the BYTE lab. He is senior de
veloper at Appropriate Solutions. Inc., a consrilt
i11gjir111 based in Peterborough, New Hampshire. 
You ca11 reach him 011 the Internet or BIX at apiki 
@bix. co111. 



I1M tJW'i Application 

SITcomm Is Serious 

Advanced features make this $120 terminal emulator for the 

Macintosh a standout 

TOM THOMPSON 

A laddin Systems is we ll 
known for its Mac utility 
programs. This visibility 

comes from the quality of its prod
ucts-and the offbeat names some of 
these programs sport. For example, 
its file compression and archiver util
ity goes by the frank title of Stufflt 
Deluxe. Now Aladdin has a tenninal 
emulator program called SITcomm. 

At first you may wonder whether to 
take SITcomm seriously-not be
cause of the pun, but because the tele
communications market is a mature 
one with fierce competition and lit
tle room for newcomers. What can 
Yet Another Tenninal Program offer? 

Surprisingly, SITcomm offers a lot 
of features, several of which make it 
stand out in the crowd. These include 
one-bu non log-on sequences for pop
ular on-line services such as Compu
Serve and GEnie, automatic decom
pression of incoming archive files , 

~ File Edit Session Translate Windows ·Hs "" 0 0 oH •• s 

SITcomm 
Uni ke mos t of the other Mac v ruses, INIT 9403 Is very destructive . ter 
a certain number of other f l l es hova been i nfected, the virus wl 11 erase 
disks connected to the system: It attempts to des troy disk Information on 
al I connected hord drives ( > 16 Mb) and attempts to completely el"Ose the 
boot volulfte. 

Type RETURN to continue . . . 

Fi l e Area : MACINTOSH Subarea : ALL Fi le Des 

1 . AREA . .. . . .. Se lect a f l le Ol"ea 
2 . SUBAREA . ... Se Iec t a subareo 
3. LIST . . .. . .. L ist fi les 
4 . BROllSE . .. .. Bl"OWS<! thl"Ough f I I es 
S. SEND ..... . . Send a file to BIX 
6. RECEIVE . . . . Receive a file from BIX 
7 . TYPE ...... . Typeafile 
8 . CHECK . . .. . . Check the contents of a file 
9. OPTIONS .. . . Set options 

10 . MODERATE •.. Enter moderator subsystem 
11 . QUIT .. .. . . . Leave the I i st i ngs subsys t e,. 


Selec:tion : 6 
Fi le? disinf34 . cpt 
Get ready to rec:eive using ZMOOEM batch .... 

OO :D:1:23 ¢ 

Bil< Y J.~ Notepad J OisooMeot 

9600-N-8-I YTID2 ZMOOEM I P•u•t Conntotion 

Status: Receiulng Data 

Method: ZMDDEM MacBinary 

• Stop 

v v. 1.D. ©1993 Aladdin Systoms, Inc. 

Bytes Transferred: 12,288 


Outof: 167,9:S6 

Est. Remaining Time: 04:00 


Elapsed Time: 00:17 


Total Session Time: 00:19 

Data Rate (cps): 646 

Retries: O 

and , most important, full-blown Apple 
Event support. This last capability lets you 
record and edit on-line sessions to create 
automated scripts-to log on and down
load your mail , for example. Finally, at 
$120, the price is right. 

Good Things Come 
With all these bells and whistles, you'd 
expect SITcomm to be massive, but the 
complete package fits on two 800-KB 
floppy disks and takes up just 2.5 MB of 
disk space after installation. The SITcomm 
application itself weighs in at 343 KB and 
requires only 600 KB of memory. 

A custom Installer application (built by 
another Aladdin utility , InstallerMaker) 
lets you pick the desired configuration. 
After installation, you get the SITcomm 
application , an Address Book file that 
stores frequently called services and set
tings, two tenninal fonts, plug-in tool files 
that implement various connections and 
transfer protocols, and sample scripts in 
both the AppleScript and UserLand Fron
tier languages. 

Aladdin achieved its economy of size 
by using Apple's Communications Tool-

A floating toolbar below SITcomm's terminal window displays current line speed, terminal emulation, and protocol 
settings on buttons. You can press these buttons to configure the settings. 

box, an API that supplies basic networking 
and communications services. Using the 
AP! to handle the details of modem con
nections and terminal emulation, Aladdin 's 
software engineers only had to write the 
application-specific code. Because the 
Communications Toolbox is part of Sys
tem 7, STTcomm requires thi s version of 
the Mac OS to run . 

The Communications Toolbox 's mod
ular design allows great flexibility in how 
a program establishes a communications 
session. Its API provides a hardware
independent interface, while separate plug
in modules called Tools handle such hard
ware- or implementation-specific details 
as the serial connection, modem type, ter
minal emulated, and fi le transfer proto
cols. There is, for example, a Serial Tool 
for establishing direct serial connections. 

An Apple Modem Tool lets you choose 
the serial port, the modem type (which 
configures the modem command set) , and 
the baud rate as well as stop bit, parity , 
and other hardware-specific settings. A 
VT I 02 Tool and a TTY Tool handle ter

minal emulat:ion. Aladdin supplies Tools to 
manage XMODEM, YMODEM, ZMO
DEM, and Kermit file transfer protocols. 
As the company introduces new Tools with 
new capabi lities, you just add the files to 
the Extensions folder. 

Serious Features 
SITcomm provides a sparse but informa
tive display (see the screen above). A float
ing Toolbar below the terminal window 
sums up the current line speed, terminal 
emulation, and protocol settings, display 
ing them on buttons; you can click on the 
buttons to change the setti ngs. Other Tool
bar buttons activate functions such as stor
ing text selected in the terminal window to 
a notepad file , capturing the terminal 's I/0 
stream to a file, or routing it to a printer. 

SITcomm uses an Address Book file 
that lets you organize on-line contacts by 
name. With each name you can store a 
phone number, baud rate, file transfer pro
tocol , and terminal emulation to use. The 
program maintains a separate notepad for 
each Address Book name. When you select 
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Sample AppleScript to Log On to BIX 

tell app l i cation · sn·col11!1l " 
act iv te t • Launch SITcom.r:i. and make i the foreground app · ) 
Load Addf-ess ·srx · ( • Load the speed and ~ransfer pro ecol settings for BIX *) 

Connect 

Wa it. For ~ext "bLx\ ") : " ( • Look for the TYMNet prompt. • ) 

( • Tel 1 it w want BIX "' ) 

Send Text "bix 


Wai t For Text " Name? " ( ... Log-on name and password promp s ~ ) 

Send TexL "scriptsuva nt 

wait For Te xt "sword : " 

Send Te xt "notap ssword 


set banner to 1 (• Prime escape flag to loop at the beginning •) 
repeat while (banner = 1) 


(Wai t fo r;- Text {":" , "more ... " } timeout 6) ( " Look fo r t hese 2 st r ings*} 

copy r esult to messResult ( ' save returned string in va r '.able • ) 

if messResu l t = '" more . . . " then ( • We ' re caught i n system banr.er *) 


Send Text • 

( • Fire off ret:urns o push through the banner text " ) 

else if messResult ·· · then( • Found regular prompt , escape loop ,. ) 


set banner to O 

end if 


end regeat 

(" Go to the mail service • ) 

Send Text •mail 


(Wait: Fo r Text "No unread inbasket nessages ." t i meout 6) ( ~ Save response .., } 

copy r esuit to messResult 

if me ssResult. ; · No tmreaa inbasket messaQes . • then ( ~ No mall, qt.lit: se r vice • > 


Send Text • q 

else 

( ' File and download mail here •) 


end if 


Wait For: Tex t ":" timeout 6 ( .. We • re done, sign o:t '" ) 

Send Text "bye 


end tell 

a name from the pop-up menu in the Tool the stream of hi gh-level event traffic into 
bar, SITcomm configures each Tool setting an ed itable script fi le. You can then edit 
and dials the number. this scri pt and save it as an executable fi le. 

The program contains automated se When you launch the resulting applica
quences fo r several popul ar on-line ser ti on, it issues a sequence of Apple Events 
vices. including CompuServe. Dow Jones, that stee rs SITcomm th rough the log-on 
MCI Mail , EasyLink. and GEnie. There process for your service. Thi s capability 
are also canned sequences for connecting is one of the greatest feat ures of the Mac 
to several types of BBSes (i.e., Fi rstClass, OS, and S!Tco mm excels at it. 
TBBS. and TeleFinder). a medley of Unix 
systems. and even a VAX. You configure Lacking Examples 
them via the Address Book item in the Having said how wonderfully S!Tcomm 
Session menu . A sess ion is then only a handles high-level events, I must also re 
pop-up menu away in the Toolbar. port that the manua l is woefull y short on 

If your service isn' t on S!Tcomm's list, information on how to use them. To be 
there's no easy way to ere fai r. the manual provides an 
ate an automati c sequence About the Product appendix detai ling the events 
entry . The best soluti on is SITco mm understands. in
to use the manu al log-o n 
sett ing and create an Apple
Script that drives S!Tcomm 

SITcomm 1.0 .. . .... $120 

Aladdin Systems 
165 Westridge Dr. 
Watsonvi lle. CA 95076 

cl uding desc ri ptions of any 
required arg uments and re 
turned results. But it's served 

through the service's log-on (408) 761 6200 up as reference material only; 
sequ ence. Howeve r, yo u 
need the deve loper ve rsion 

fax: (408) 761-6206 
Circle 1079 on Inquiry Card. 

there are no useful exmnples. 
As a res ult , it too k me 

of AppleScript or UserLand hours of ex perimenti ng and 
Frontier to gain access to a script editor. intense study of 1he ApplcScript manual 

Because SITcomm full y supports Ap to fig ure out how to write a script that 
ple Eve nt s, the script edi tor can capture could retrieve any new E-mai l or messages 
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if they are present and then di sconnec t. 
I've prov ided the resulting AppleScript 
(see the li sting) . 

S!Tcomm 's support of high-l eve l 
events. its most significant fea ture. gives it 
the potent ial to act as a communicati ons 
engine in a vari ety of component-based 
applications, or in environments such as 
OpenDoc . But it won' t be of much use if 
these features aren' t documented better. 

Putting On the Squeeze 
Because Aladdin makes Stufflt Deluxe, 
one of the Mac standards for fil e com
pression and archi ving, the company in
corporated this technology into SITcomm 
in a way that makes fil e transfers painless. 
Once you've received severa l fil es and 
want to leave S!Tcomm. it automatically 
decompresses any Stu fflt Deluxe, Com
pact Pro, ApplcLink pac kage, or encoded 
BinHex files before it quits. 

For downloading fil e archi ves with odd
ball fo rmats, S!Tco mm comes with an 
anny of fo rmat translator modules that you 
can pick and use fro m its Translate menu. 
Just a few of the translators are PC .ZIP 
and .ARC, and Uni x tar, compress, and 
uuencode. If you send fil es, S!Tcomm can 
automatically compress them before trans
mitting them. Th is eliminates one more 
annoying intermediate step in the process 
of moving data over the phone wires. 

I tested S!Tcomm on a Quadra 840A V, 
a Quadra 800. a PowerBook 170, and a 
PowerBook Duo 270c. Send ing and re
ce iving fil es using the various Aladdin 
transfe r protocol Tools we nt without a 
hitch, and it was ni ce to have immediate 
access to decompressed fi les once I ex ited 
SITcomm . Setting up an Address Book 
entry for my GEnie account took only a 
minute or two. and S!Tcomm nai led the 
connection perfectly the fi rst time. 

S!Tco mm is a latecomer to the com
munications scene, but its unique features 
give it a hefty advantage over the compe
tition. Its small foolprint makes it essential 
for the PowerBook-toting crowd, and its 
transparent compression and decompres
sion of fil es eliminates one more nui sance 
when deali ng with matters in Cyberspace. 
With better documentati on, its high-level 
event capabilities can make it a commu
nications component for custom in-house 
solutions. Check it out. • 

Tom Thompson is a IJYTE se11ior tech11icnl l'ditor 
at large ll'ith a B.S.E.E.Jrom Memphis State U11i
1·ersin-. HI' is 011 Associate Apple Developer. Co11 
tact him 0 11 Applelink as 7~ THOMPSON. or 011 
the !111em et or /J IX m ro111_1ho111psm1@bix.co111. 

mailto:ro111_1ho111psm1@bix.co111


WE'VE EXAGGERATED HOW MUCH 

CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 


BUT ONLY SLIGHTLY. 


calculating powe r in spec ific dis

ciplines like signal processing, data 

analys is, stati stics a nd gra phics. 

Plus, like its Marhcad precleces

sors , it 's as easy and intuitive as using a 

scratchpad . Si mply enter equations in 

real math notation anywhere on Mathcad 

PLUS 5.0's on-screen worksh eet. Add text 

and graphics. Change variables and instantly 

update your work. Mathcad PLUS 5.0 calculates 

answers quickly and accurately, then prints your 

resul ts in impressive, presentation-quality documents. 

So try Mathcad PLUS 5.0 today, and tomorrow 

you'll J:ie ten times more prod uctive. W ell , maybe we're 

exagg!trating' again. But only sli ghtl y. Math cad PLUS 5.0 

is priced at just $29921'. T o order, or to rece ive even more 

informatio9, call 1-800-967-5075 . O r mail or fax the 

co.upon bel0w (Fax: 716-873-0906). 

j-FBEEMATHcAo~l>ius-5.oii\ii=oRiViAT1oi\i-i<if-i 
l For·more frifonnation on Mathcad PLUS 5.0, mail or fux this coupon. : 
I I

• ~ns ' 
I I 

: Nome T 11 l1.: : 
I I 

I ~--------------,,
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math rnpability than ever before. It 

lets you tack le harder problems and 

solve even tougher equatio.ns. In short, 
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version of Mathcad' ever released. 

And that 's no exaggeration . More 

powerful than spreadsheets or calculators, 

easier than programming languages,· new 

Mathcacl PLUS 5.0 gives engineers, scientists 

and educator more tools to do calculations 

with greater speed and ease. 

Yo u ge t mo re functi o na lity for computing 

de rivat ives and integra ls, differential equations, advanced 

vector and matrix operations, statistical functions, cmve 

fitt ing, and fast Fourier and wavelet transforms. You can 
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HANDS-ON TESTING 
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I 

The newest laser, ink-jet, dot-matrix, and color printers vie 
for top honors in our applications-based rankings 
SCOTT HIGGS AND CHANDRIKA MYSORE 

he printer market continues to be one of the most competitive segments of the computer indus
try, thanks to an almost constant supply of new models and falling prices. This Lab Report, our 
third on printers in the last year, tracks these changes with evaluations of71 laser, ink-jet, dot-ma
trix, and color printers. Thirty-eight of those printers weren ' t available when we compiled our last 
printer Lab Report (see" 176 Printers Face Off," November 1993 BYTE). Among the new mod
els is Apple's LaserWriter Select 360, a 10-page-per-minute laser printer with exceptional print 

quality. Also new are lasers from Alps and Genicom, built around a I0-ppm, 600-dpi engine from Brother that's 
teamed with a 20-MHz Motorola 68030 processor. These are among the fastest midrange lasers we tested: Geni
com 's Model 7610 won our Genera l Business rankings, while the Alps LSX 1000 and Brother 's HL-1 Oh (a 
similar configuration that was ranked in November's report) placed as close runners-up in that category. 

New designs and lower costs account for different winners in some categories. For example, Canon 's re
cently introduced BJC-600 now ranks as the ink-jet printer with the best print quality, supplanting the Epson 
Stylus 800, November's winner. But some past winners still reign: Hewlett-Packard 's LaserJet 4 Si re mains 
the top printer for workgroups (as in all three printer reports), and the Compaq PageMarq 20 still leads for CAD 
and DTP (for an update on Compaq's plans to support this printer, see "As We Went to Press .. . " on page 166). 

Compared to the printers we tested in our last report, prices have fallen in each segment of the market. The 
average cost has dropped from $1000 to $700 for PCL-on ly lasers rated at 4 ppm. Ink-jet prices overall 
now average about I0 percent lower than for comparable models in the November report. 

In a ll , we tested 3 1 gen
era l-business printers (10 How to use this guide ppm or less), eight work
group lasers (1 2 ppm or 

We used our standard suite of PC- and We summarize test details about the faster, with Ethernet sup
Macintosh-based printer tests to choose winners and important runners-up in each of port) , and s ix CAD andprinters with the best speed and output the categories. using charts li ke the one 

quality for six key business applications. shown here. 
 desktop publishing lasers 

(able to handle 11- by 17
Combined engine vendor' s rating inch paper). We also ranked 
and processor -..llodol7610 for engine or 

speed when ... _,_,..._,..__....,_.,. print-head 
 eight draft-quality printers 
running our test ~ -·---~ ..,_..._.., speed; does not (ink-jets under $1000) and 
files, measured t!V~ :::_:,~.:;"~!, incl ude printer 

11 general-purpose colorin ppm. Higher --· processing time. 
numbers --- ======== =-;;,-;; ;;;;;--.;;;=======ii~'iii~---l!!ll;;;;lll!ll;;---;.... .,. ...,,.. mm printers (ink-jet, thermal
indicate faster "' ,.._ "' ., ""' _,,,. ,., ...,, 

ml' ClMcca l••1i117110 6l'i 60t N'A l79performance. """ .. wax-transfer, and dye-sub" mm• C-LBJla) "--· ~Hl· I OI 119 61~ 14'1. 1'4 ., limation printers costing no " 
~-~·~ more than $5000). Finally, 

we evaluated 10 large-for
A composite rating for text and graphics output Retai l price: may Include optional memory 

quality; based on a 10.point scale, with higher to conform to our testing specifications 
 mat dot-matrix printers de
numbers indicating better print quality. (see "How We Tested"). s igned fo r hi g h- volum e 

print jobs. 
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What to Look For in a Printer 

Color Ink-Jet 

TONER CARTRIDGE 
The printers that are easiest to service areLaser those with an Integrated toner cartridge 
and drum. 

PAPER INPUT TRAY 
Capacities of 100 pages or 
less are adequate for lasers 
used by one person or a 
small workgroup, but 
consider optional paper 
trays and total capacities of 
1000 sheets or more for 
large networks and high
volume won! processing 
applications. 

PAPER PATH 
Choose printers with a straight-through 
paper path If you print envelopes and 
heavy stock. The curved path (depicted 
here] is typical for standanf size and 
weight paper. 

PRINT HEAD 
For affonfable color printing and 
output that's appropriate for 
business reports, ink·Jets perform 
well. Choose thermal-transfer 
printers for higher-quality color with 
intense colors and subtle dithering. 

PROCESSOR 
Select lasers with a fast RISC 
processor (the most common we 
saw were from Intel, AMD, or 
WeitekJ. Fast processing is 
essential for printing graphics 
and PostScrlpt. 

ENGINE 
Low-cost lasers typically rely 
on 300-dpi engines rated at 
from 4-6 ppm. Output 
quality from these engines is 
acceptable for business 
correspondence, especially if 
you primarily print text and 
little graphics. For better 
quality, choose a printer 
with a 600-dpi engine. 

If you plan to use a variety 
of fonts, make sure the 
printer offers one or more 
built·in slots that easily 
accept font cartridges. 

BEST 

Gen~ral Business 
Genicom Model 7610 
This 10-ppm laser printer 
offers a 600-dpl engine and a 
20-MHz 68030 processor to 
produce clear text at speeds 
that lead or compete closely 
with every other midrange 
laser printer. PAGE 166 

Workgroups 
Hewlett-Packard 
LaserJet 4Si 
This 17-ppm printer continues 
its year-long reign as the 
pest-per:fonning laser for 
netwotks. At $3749, it's also 
one cif the least expensive i~ 
this group. PAGE 169 

CAD and DTP 
Compaq PageMarq 20 
Al O!.lgh Compaq is wlth
c!Fawing from the printer 
m<'!rl<ei. It will continue to sell 
ttiis 20,ppj'n laser for the 
lmmediatefuture. There's 
still no laser better for fast 
speed and support for 11• fly 
11-inch paper. l!AGE 171 

Color 
General Paramebics 
Spectra Star GT 
In addition to speed, this 
thermal-wax'lransfer pn'hter 
offers excellent color quality 
and smooth paper handling. 
lt'has parallel, serial, and 
LocalJalk.ports. PAGE 173 

Draft Quality 
Canon BJ-200e 
This ink-jet delivers clean 
output·at speeds comparable 
to a 4-ppm laser's for half·the 
cost. Its on-line documentation 
Is a plus. PAGE n s 

UStings and Fonns 
Texaslnstnonents 
Omni 800 Model 8930 
For. higtwoll.lme printing of 
multipart forms and ciontin
uous-feed stock, no other 
printer matches the Omni's 

,output quality. It ranks 
seeond for this categOly In 
our higll'qualify-mode perfor
mance tests. PAGE 177 
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THE BEST PRINTERS FOR 


W
hether you print reports, memos, spreadsheets, graphics, or simple desktop-published documents, hi gh-quality 
laser output is the standard for business. ~he good news is that 300-dpi quality no longer commands a ~remium price; 
if you mainly print only text, we fou nd four 4- to 6-ppm lasers (see Low Cost chart on page 167) with good speed 
and output for less 

than $1000. One of them, NEC's 
host-based Silentwriter Super
script 610, retails for on ly $600 
(it lacks memory and relies on 
the host computer for thi s re
source). 

If your print jobs often com
bine text and graphics, 600-dpi 
printers offer sharper images for 
prices that run about $500 to 
$1000 more than the lowest-cost 
300-dpi lasers. Today, 600-dpi 
output is more than ever the stan
dard for laser printers: All but 
four of the 14 lasers we ranked 
for General Business support this 
resolution. In addition Lo sharp
er output, these midrange models 
offer faster speed, with print en
gines rated at 6 to I 0 ppm (see 
Best Overall chai1 on page 167). 

Only three of the printers that 
we ranked for General Business 
in the November report appear 
in our rankings this month: HP' s 
LaserJet 4, NEC' s Silentwriter 
Superscript 610, and Texas In
struments ' MicroLaser Pro 600 
PS23. P1ice cuts for these models 
currently average over IS per
cent. You can take home today ' s 
winners for Macintosh and High 
Quality for 18 percent less than 
the comparable models in No
vember ' s report cost. 

Several printers that did not 
win one of the General Business 
categories outri ght deserve at
tention as runners-up, and one 
of these may be the best printer 
for you, depending o n you r 
needs . For example, Canon ' s 
new LBP-860, the first runner
up for Best Overall , is ideal if 
your work is graphics intensive. 
This printer tied with App le ' s 
LaserWriter Select 360 for the 
second-highest quality score for 
lasers ranked here. Although the 
LBP-860 fell a few percentage 

AS WE WENT TO PRESS ... 
Here are some updates on changes in important printers we evaluated: 

Lexmark IBM LaserPrinter 4039 family 
Both the l2R and .the 16!. .will be replaced in the second quarter of this year with new • 
els that offer IJidirectional communications, among other 'features. The print engines· 
~nd processors will rem~in the same, however, and Lexmark will sell ~n upgrade kit (at 
pi'ess time, $~~for:either model) for existing 40l9 printers. The upgrade cq~ of new 
software and a SIMM.module that will allow the printers to send and receive status mes
sages to and from a n·etwork administrator. The administrator could change default set
tings or make other adjustments to a printer from any connected computer. The com
munications protocol is based on one developed by the Network Printing Alliance. In 
addition, upgraded printers will have enhanced PCL 5 and PostScript Level 2 supPOrt. (See 
"Printer at Work" on· p~ge 149 for d~ils .on anqther new Lexmark laser.printer that 

, . shipped too late to.be included in this Lab Report.) 

lijil1iltfiljM@MliifJ1I 
Compaq announced late last year that it will disconti.nue future development of the Page
Mana printer family and won't compete in the printer market with new products. However, 
as we went to press, the.company said it plans tosupPOrt existing PageMana printers for 
the next five years ~Jld ~II continue to manufacture units based on the existing design to 
meet demand. Comi)aq says inventories and future production will keep PageManas in the 
market into the second half of the')'~ar. . 

Canon LBP-860 
APostScript option, the firSt ever offered by Canon1 is due to be available by the time you 
read this. According t.P Canon, the $495 upgrade will use a controller from Peerless 
Systems that requires only 2 MB of memory to produce PostScript Level 2 files that 
would need 6 MB of memory with standard controllers•. (See the summary chart for Gen
eral Business Best overall category and the Roll Call for data about the PCL version of th~ 
new printer. Because.tfie PostScript option wasn't yet shipping, we weren't able to test 
it or the memory claim for this Lab Report.I 

DEC PrinterServer 17/600 
DEC plans to be shipping its new network printer liy the end of the first quarter (we received 
a preproduction version of the printer during our test cycle, but a production unit didn't 
arrive in time for inclusion in this report.) The 17-ppm, 600-dpi printer is designed for 
Ethernet environments and accepts Windows NT, NetWare, Unix, OS/2, and Macintosh print 
jobs simultaneously. The printer can also communicate print-job status and print-job 
problems to users on the network. At press time, the PrinterServer 17/600 was priced at 
$4695. 
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points behind the LaserWriter GENERAL BUSINESSand Sharp's JX-9460PS for text 
quality, it beat all printers we 

For best combination of speed and qua 1·ttested (including the 1200-dpi 1 y .•. 

models) in rendering fine lines. 

For detailed graph ics and ex BEST OVERALL Genicom Model 7610 

cellent bit-map rendering, the 

LBP-860 will serve admirably. 
 This printer breezed through our performance tests with the 

second-fastest Postscript score in this group. Although the However, during our test cy
Model 7610 ranks fifth among Best Overall contenders in 

overall output quality, its 600-0pi engine produces text with 
cle, Canon was not yet sh ip
ping the optional PostScript up

excellent clarity.grade (see "As We Went to 
Press .. . " on page 166). 

The Brother HL-lOh is the SPEED {PPM) QUAUTY CLASS RESOLUTION RESIDENT 
PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) FONTSonly printer that gave the top

rated Genicom serious compe BEST Genlcom Model 7610 6.35 6.04 NIA 8.79 10 20·MHz 68030 $2283' 600 83 
RUNNER·UP Canon LBP-860 5.50 N/.~ NIA 9.48 8 16·MHz i960 $2199 600 45tition in perfonnance tests. This 
RUNNER-UP Brother HL·10h 6.19 6.15 NIA 7.84 10 20·MHz 68EC030 $1890 600 83is not surprising, since both use 
RUNNER-UP HP LaserJet 4 5.56 3.38 NIA 8.90 8 20·MHz i960 $1839 600 80the same engi ne and class of 
RUNNER·UP Sharp JX·9460PS 4.29 3.22 NIA 9.77 6 16·MHz AMD290051 14 $1428 600 62processor. On every PCL test , 

only a couple of seconds sepa Need good performance for under $1000? 
rate these printers. The sole ex
ception to this rule is the bit

LOW COST Okidata OL 410emap test, which takes almost 
50 percent longer with the HL-

Priced under $1000, this 4-ppm printer posted the highest quality score in this group. 1Oh. Their positions are re
However, the trade-off is slow print speed. If you need Postscript for under $1000,versed in PostScript, again with 
choose the Tl MicroWriter PS23. matching speeds except on the 

bit-map test, where the Geni
com takes 40 percent longer. SPlED (PPM) QUAUTY CLASS RESOLUTION RESIDENT 

PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) FONTSMembers of HP' s LaserJet 
BEST Okidata OL 410e 2.59 NIA NIA 8.76 4 5899 300 144 famil y appear as runners-up 
RUNNER-UP Tl MlcroWriter PS23 3.17 1.20 1.82 8.46 5 $997 300 23in each of the fo ur Genera l 
RUNNER-UP HP LaserJet 4L 3.29 NIA NIA 7.87 4 18.5·MHz i960 $849 300 80Business categories. The 4L is 
RUNNER-UP NEC Slientwriter Superscripl 610 2.98 NIA NIA 8.10 6 8·MHz NEC 87C51 $600 300 Hosl·ba;eda runner-up for Low Cost, with 

300-dpi reso luti on and the For unmatched Mac speed ••• 
fastest PCL score for printers 
in that group. The 4M is a good 

MACINTOSH Texas Instruments Microlaser Pro 600 PS23choice for Macintosh. with text 
quality second on ly to that of 

None of the General Business printers we tested came close to the MicroLaser In our Mac the top-rated App le Laser
speed tests. In addition to fast speed in our text tests, the Microlaser Pro renders fonts 15Writer Select 360. The LaserJet 
percent faster than its closest competitor, the HP LaserJet 4ML. 4 ranks high in overall quality 

for the same reason: excellent 
c larity of text and better line SPlED (PPM)_ QUAUTY CLASS RESOLUTION RESIDENT 

PCl POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) FONTSrendering than all but the three 
Tl Microlaser Pro 600 PS23 3.15 2.44 4.26 8.43 20-MHz Plalinum $1599 600 31top printers. 8 

Apple LaserWriter Select 360 NIA 4.09 3.76 9.48 10 16-MHz AMD29200 $1599 600 64Note that the Sharp JX
HP LaserJet 4M 5.56 3.38 3.98 8.90 8 20-MHz i960 $2479 600 809460PS was the lowest-cost 
NEC Silentwriter 1097 5.14 3.73 3.97 7.97 10 20-MHz i960 $1400 600 57PostScripl printer ranked here, 

and its stunning 600-dpi out When print quality matters 
put achieved the hi ghest score 
in this group (the JX-9460PS's HIGH QUALITY Apple LaserWriter Select 360
text sharpness ri valed that of 
some 1200-dpi printers). How

This new printer has a parallel port for PCs and generates exquisite output. Particularly ever, we penalized thi s printer 
good are its fine lines and bit-map graphics. Its text quality is the highest In this class. 

because it cou ldn 't print our 
bit-map test in 600-dpi resolu

SPlED (PPM) QUALITY CLASS RESOLU:UON RESIDENTtion (the test printed with no 
PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) FONTS

problem at 300 dpi). We con
BEST Apple LaserWriler Select 360 NIA 4.09 3.76 9.48 10 16-MHz AMD29200 $1599 600 64sulted Sharp, but we weren' t 
RUNNER·UP Genicom Model 7610 6.35 6.04 N/A 8.79 10 20·MHz 68030 $2283' 600 83able to solve the problem dur
RUNNER-UP Sharp JX·9460PS 4.29 3.22 NIA 9.77 6 16-MHz AMD29005/14 $1428 600 62ing our test cycle. Accordingly, 
RUNNER· UP HP LaserJet 4 5.56 3.38 N/A 8.90 20·MHz i960 $1839 600 80

the printer placed as a runner
RUNNER-UP Brother HL·1Oh 6.19 6.1 5 NIA 7.84 10 20-MHz 68EC030 $1890 600 83

up rather than the winner for 
RUNNER·UP Alps LSX 1000 5.41 5.19 NIA 7.96 10 20-MHz 68EC030 $1599 600 83

High Quality. 
' PC : Price includes 10 MB ot memory. NIA = not applicable - = data not available at press time 
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HowWe Tested 

0 n the PC, we ran tests at each 

printer's highest resolution and 
at the lowest resolution avai l
able in each category. When

ever possible, we also tested the printers 
on the Macintosh platform. 

PERFORMANCE 

Our nine speed tests measure each 
printer's ability to print documents with 
dense or sparse text, graphics, and fonts 
in a range of styles and sizes. The dense
text test requires printing a 2-KB file of 
ASCH text with little whi te space. Per
formance in this test correlates to raw 
speed, since there are no fonts or graph
ics for the printer to interpret. A second 
text document consists of ASCII text 
blocks broken up by areas of white 
space. Designed to simulate the print
ing of invoices and forms, thi s test is 
geared primarily to evaluati ng how fas t 
dot-matrix printers can advance paper. 

The graphics tests use bit-mapped im
ages lo simulate documents with cus
tom fon t or screen shots. These tests 
help us determine how efficiently each 
printer communicates with a computer. 
One test component measures the print
er's abi lity to draw complex lines and 
fiUed areas. A second test concentrates 
on producing curves and gray scales. 

We use the font test to measure the 
speed of the printer's processor. The test 
requires printers to create serif and sans
serif fonts in regular and bold faces in 30 
different point sizes. 

We generated a performance index 
for each printer by combining individual 
test scores with weightings that empha
sized the tests that were most signifi
cant for an application category. For ex
ample, the results of the graphics tests 
counted for more of a color printer's 
overall speed score than did the results of 
the paper-handling test. 

PRINT QUALITY 

Thi s month we introduce the second 
version of our monochrome print-qual
ity tests. As in past reports, these Post
Script-based tests measure a printer's 
ability to reproduce a photographic im
age; print attractive, legible text in a 
wide range of sizes; and draw lines. For 

example, the line-squeeze test 
forces a printer to draw two 
lines successive ly closer to
gether until the gap between 
them vanishes-indicating that 
the printer can no longer make 
the black-to-white-to-black 
transition. The monochrome 
suite also gauges more esoteric 
featu res , such as how accu
rately the printer positions pa
per and how well the printer 
displays reversed (i.e., white 
on black) text and graph ics. 

The color-quality tests, also ••--• 
written in PostScript, stress a The evaluation team: Seated, from left: Chandrika Mysore, 
color printer's abil ity to print a Scott Higgs; standing, from left: Alan Joch, Morgan Nee. 
wide range of hues and to 
blend hi.1es. Other parts of the test ex
amine ink placement: the ability of tl1e 
printer to accurately place lines witllout 
misregistration or smearing. 

Altllough we wrote the monochrome 
and color tests in PostScript, we were 
able to test printers that don't support 
PostScript by using Freedom of Press, a 
PostScript interpreter from ColorAge 
that translates PostScript into low-level 
printer driver calls. 

FEATURES AND 
EASE OF USE 

F or each printer, we evaluated how easy 
it was to set up and configure the ma
chine, load paper, and replace consum
ables . For individual application cate
gories, we used the presence or absence 
of important features to detem1ine wheth
er a printer was eligible. For example, 
the CAD and DTP category considered 
only laser printers tllat could accommo
date 11- by 17-inch paper. 

THE TEST 
CONFIGURATION 

Our printer benchmarks are applica
tions that run under Windows 3. 1 or Ap
ple's System 7. We disabled print serv
ers, spoolers, and buffers during testing. 
We required workgroup lasers to have at 
least 8 MB of RAM and PostScript, if 
available. Other lasers had at least 4 MB 
of RAM and PostScript, if available. 

We ran PC-based tests using Com
paq Deskpro 66M (66-MHz) comput

ers with 540-MB hard drives, 8 MB of 
RAM, and DOS 6.0 and Windows 3.1. 
For Macintosh testing, we used Quadra 
640A V computers with System 7.1 , 16 
MB of RAM, and 400-MB hard drives. 

Test data for this report cannot be di
rectly compared to previous p1inter Lab 
Reports. In addition to running a new 
version of our quality tests, we upgrad
ed our PC test-bed for this report (for 
previous reports, we used 33-MHz Com
paq systems to run our tests). 

This month's test sample focuses on 
printers for high-end business and pro
fess ional applications. We selected only 
high-end dot-matrix printers; we think 
this is the most important niche for this 
technology. We tested all available new 
models of laser and ink-jet printers, but 
we didn't retest models that received 
low speed scores in previous reports. 

Contributors 

Scott Higgs, Pmjee1 Mwwger/NST!_ Jim 1es1ed 
hardware fo r NSTl.for six years. HI? S fll' /11 /11sr year 
i11 Europe. where he helped establish a l l '.Hing 

/ad /ity in France. 

Alan Joch, Senior Edi/Or/BYTE. coordi11al<'s 1/ie 
cv111bi11ed 1es1i11 g berwee111/ie BYTE u1h mu/ NSTL. 

Chandrika Mysore, Prifller Repori /'rojec1 
Mmmgerl!VSTL manages evaluations ofprintt' rs, 
systems. and peripherals. 

Morgan Nee, Co11s11/ra111/NSTL has u1sr<:d primers 
and systems for NSTl. since 1988. 

171c lab Report is w1 011goit1J; collaborative pmjl'CI 
be1Wec11 BITE Magazine amt National Sofl wari· 1'es1ing 
IAboratories (NS!l-J. BITE Magazine am/ NSTL urr bmh 
operating units of McGraw·Hill. Inc. Conwc1 tilt! NSTL 
sralf ,,ia the lmcnret m t!dilors@nsrl. com: at NSTI""' hie .. 
Pl~momh Comorme Center. Plymouth Met!linF. l'A 
19462; or nt(6 /0) 941 -9600. Con1nc1 BYTE 011 /J/X vit1 
tlu· lnrcnret at flj pd 1@bix. rom or at (603) 924· 928 1. 
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BEST 
BYTE WORKGROUPS 

For speed and networking ease . .. 

BEST OVERALL Hewlett-Packard LaserJet 4 Si 

This fast, hlgh'<!uality printer continues to reign as the leading choice 
~ for workgroups. Although it 's rated behind the Genicom 7170 for 
fl~ PCL speed, the LaserJe.tprq'{ides significantly better quality than all 
~ the other workgroup printers. It has 10 MB of base memory,. 600- by 
~ 600-dpl resolution, 2000-sheet capacity (in three trays), and an 

Ethernet connection. And it's among the least expensive printers in this group. 

SPrnl (PPM} QUALJIY CLASS 
PCL POST>CRIPT' MAC INDEX (PPM) PROCESSOR 

BEST HP LaserJet 4 SI 7.91 5.63 NIA 9.10 17 25·MHz i960CF 
RUNNER·UP Genicom Model 7170 8.96 3.54 3.20 8.52 17 20·MHz 68030 
RUNNERUP Lexmark LaserPrinter 4039 12R 5.66 3.47 4.56 8.63 12 16·MHz AMD29000 

When price matters ... 

RESOLUTION MAXIMUM 
PRICE (DP!) INPIJT (SHEETS) 

$3749 600 x 600 2000 
59775 300 • 300 2000 
51999 600 x 600 700 

We tested eight printers that 

led the laser field in print speed 

and h igh-quality output. T o be 

ranked for thi s category, a l aser 

printer had to be rated at 12 ppm 

o r faster , and, as a minimum, 

it had to provide an E th ernet 

connector. 

Three printers. the Compaq 

PagcMarq 20, t he Genicom 

M odel 7170, and the HP LaserJet 

4 Si , save Novell network users 

the cost of a dedicated PC print 

se r ve r. All three use coaxial 

E thcrncl connect ions and their 

own so ftware to act as print serv

ers in themsel ves . The remain

ing printers that we looked at 

connected to a dedicated print 

se rver v ia an EtherTalk connec

ti on, wh ich is the setup we used 

for testing. 

LOW COST Lexmark IBM LaserP.rinter 4039 12R 

This is the only workgroup.class printer we tested that offers a significant price difference 
from the rest of the pack: At $1999, it costs nearly half as much as the HP LaserJet 4 SI 
(which doesn't support Macs). But the LaserPrinte·r 4039 ·12R's speed and quality scores are 
good enough to rank It third among wo'rkgroup printers, eyen with a 12·ppm engine. 

These full-featured printers 
SPEED (PPM} QUALITY CLASS RESOLUTION MAXIMUM 

range in price from $ 1999 for PCL POmCRIPT' MAC INDEX (PPN) PROCESSOR PRICE (DP!) INPUT (SHEITS) 

L ex m ark' s IBM LaserPrinter BEST Lexmark LaserPrinter 403912R 5.66 3.47 4.56 8.63 12 16·MHz AMD29000 51999 600 x600 700 

4039 12R to $9775 for the Geni-

coin Model 7170. Apple's Laser- Need top Mac speed? 
Writer Pro 810 offered the high

est resolution. at 800 by 800 dpi, MACINTOSH Hewlett•Packard LaserJet 4 SiMX 
but its quality score fell below 

In the MX configuration (which boosts the base price of the LaserJet 4 Si by $1750), this ·17-ppm
that of the ranked printers. 

printer significantly outperforms i,ill otner workgroup printers in Mac speed and output quality. With 
The Genicom and HP prod both EtherTalk .and AppleTalk connectors standard, this printer is easy to Install on any Mac network. 

ucts provide a base paper-tray 

capaci ty of 2000 sheets. Except 

for the two L exmark printers we 

tes ted. all the printers offer at 

leas t three paper trays (the L ex

marks have two trays standard). 

Multiple paper trays are useful 

if you print on st<JndanJ U.S. let

ter and legal sizes as we ll as Eu

ropean A4 paper. The Genicom 

was the most generous, with four 

Lrnys . 

The unranked 16-ppm Alps 

LSX 1600e laser printer (see the 

Roll Call on page 180) i s a new 

SPEID(PPM) QUALITY CLASS RESOLUTION MAXIMUM 
PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DP!) INPIJT(Sll!ITS) 

BEST HP LaserJet 4 SiMX 7.91 5.63 7.87 9.10 17 25-MHz i960CF $5499 600x600 2000 

RUNNER·UP Compaq PageMarq 20 6.76 6.10 6.45 8.59 20 20-MHz AMD29000 $4636 400 x800 1500 

RUNNER·UP Lexmark LaserPrinter 4039 16L 6.90 3.60 5.10 8.24 16 16·MHz AMD29000 $4137 600 x600 1000 

RUNNER·UP Lexmark LaserPrinter 4039 12R 5.66 3.47 4.56 8.63 12 16-MHz AMD29000 $1999 600x600 700 

Want the highest quality for networks? 

HIGH QUALITY Hewlett-Packard LaserJet 4 Si 

This prin1er uses 600- by 600-dpi resolution to produce the best quality scores in this cate
gory. It did especially well in our line tests , scoring roughly 25 percent better than the other 
products. However, when reproducing photographic images, it lagged ttie Compaq PageMarq, 
the Dataproducts LZR 2080, and the two Lexmark IBM 4039 printers by about 10 percent. 

product targeted for networks. It 
SPEED (PPM) QUALJIY CLASS RESOLUTION MAXIMUM 

offers a maximum input- tray ca (PPM) PRICE (DP!) INPIJT(SHEElS)PCL POmCRIPT' MAC INDEX PROCESSOR 
pacity o f 750 sheets and 35 en BEST HP LaserJet 4 Si 7.91 5.63 NIA 9.10 17 25-MHz i960CF $3749 600 x 600 2000 
ve lopes. However, it didn't sup RUNNER·UP Compaq PageMarq 20 6.76 6.10 6.45 8.59 20 20·MHz AMD29000 $4636 400 x 800 1500 

port Ethernet. and its PostScript RUNNER·UP Lexmark LaserPrinler 403912R 5.66 3.47 4.56 8.63 12 16-MHz AMD29000 $1999 600 x 600 700 

RUNNER·UP Genicom Model 7170 8.96 3.54 3.20 8.52 17 20·MHz 68030 59775 300 x 300 2000
option w asn ' t avai l ab le during 

RUNNER-UP Lexmark LaserPrinter 403916L 6.90 3.60 5. 10 8.24 16 16-MHz AM029000 54137 600 x 600 1000 
our test cyc le. 

' PC NIA = not applicable 
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I 

I 
'j 

After all these years, 

isn't it time you got the 

big box ofcrayons? 
I 

Th ere comes a time in your Which i: twi ce as quick as its I1 
I 

life when you just have to stop award-winning pred ecesso r. 

and say, I want a ll the colors On lop of a U thi s, the Phaser 

and I want th em now. If you 300 g iv es yo u PA NTONE <:! 

have reached that poin t, con approved color ma tching and I 
gratulations : you' re ready for conne ct s to an y Mac . PC or 

Ithe new Tektronix® Phaser" 300. workstation. Color me fl exible. I, 
We've take n the top-selling For a free Phaser 300 print 

printer in it s market and made sam pl e or th e nam e of yo ur 

it be tt e r. For s ta rt e rs, we've nea res t Tektronix dea le r, ca ll 

impro ved th e Phaser 300's 800/835-6100, Depa rtm e nt 

image quality. So what was 33J. Fur fa xed inform a t ion. 

once great color is now really 	 call 503/ 682-7450 and a k 


great color. Cri per, ri cher and The new Phaser 300 can print a full bleed II ".d l" for d o ·u me nl #5002 . You ' ll 

page on nearly any h·iml of1mJH~r in tum minutes. 


more de tail ed . And because Think fast. be amazed al what th e bi g 


we know you don't lik e s ittin g around wat c hin g box of c ra yo ns can do. Of course, the Phase r :300 


paint dry, we've made it fa s te r. Now you can s pi t may no t co me with it s own built-in sharpe ne r, 


out up lo an ll" x 17" fu ll bleed image on nearly but, hey. with color that looks thi s good, you can 

I 

any kind of pape r in two minut es. TeklrODiX forget a bout things ever ge tting dull. I 
I / 	 I 

I 
J~ 

Circle 1 50 on Inqui ry Card . 



BYTE CAD AND DTPBEST 

Need fast speed for 11- by 17-inch paper? 
while midrange lasers suffice 

for business memos, correspon

dence, and reports, desktop pub

lishing and CAD applications re

quire high-resolution lasers that 

can handle 11- by 17-inch paper. 

The printers we evaluated for this 

category represent the luxury 

and 1200 dpi for the others. The 

Apple LaserWriter Pro 810, 

Dataproducts LZR 2080, and 

Compaq PageMarq 20 are 20

ppm printers. The first two offer 

800-dpi output ; the last prints 

400 by 800 dpi . Given these dif

BEST OVERALL Compaq PageMarq 2.0 

The PageMarq ran almost twice as fast as any other printer in this category in 

our Postscript tests. Its output quality ranked third, however, hampered by a 

400- by 800-dpi print engine in a class dominated by higher-resolution printers. 

Standard are PCL 5, Postscript, and HPGL. For excellent output quality for less 

cost but far slower speed, choose the 600- by 600-dpi GCC SelectPress 600. 

models of their respective print

er families. All come with at 

least 35 resident PostScript fonts 

and at least 4 MB of memory . 

The Compaq PageMarq 20 and 

the GCC SelectPress 600 cater 

to PC users with PCL 5 support. 

The Apple LaserWriter Pro 810 

includes PCL 4 emulation. A 

built-in hard drive on the Laser

Master Unity 1200XL-O holds 

over 200 resident fonts . 

In addition to printing in any 

style, these printers operate in 

any environment. In almost all 

cases, built-in ports or low-cost 

options include RS-232, paral

lel , Loca!Talk, and Ethernet (the 

Dataproducts LZR 2080 and the 

Apple LaserWriter Pro 8 10 we 

tested lacked a parallel port). All 

except the Apple LaserWriter 

Pro 810 include auto-sensing to 

switch into an appropriate mode 

depending on the data received. 

Performance and quality vary 

SPEED (PPM) QUAlrrY CLASS RESOLUTIOH MAXIMUM RESIDENT 
PCL POSTSCRJPT' MAC INDEX (Pl'M) PROCESSOR PRICE (DPI) MEMORY FOHIS 

BIST Compaq PageMarq 20 6.76 6.10 6.45 B.59 20 20-MHz AMD29000 54636 400 x 800 20 MB 50 
RllNNER·UP GCC SelectPress 600 4.26 3.12 3.25 9.53 8 25-MHz AMD29030 54499 600 x 600 16MB 50 

RllNNER·UP LaserMaster Unity 1200XL-0 3.63 2.99 2.82 10.00 8 33·MHz Unily $8995 1200 x 1200 48 MB 241 

Is your budget limited to $5000? 

LOW COST Compaq PageMarq 20 

Only three printers in· this category retail for less than $5000, and none comes close to 

matching the PageMarq's speed. The trade:off is lower resolution (see above). 

~~- QUAUlY CLASS RESOLUTION MAXIMUM RESIDENT 
PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) MEMORY FOHIS 

BIST Compaq PageMarq 20 6.76 6.10 6.45 8.59 20 20·MHz AMD29000 $4636 400 x 800 20 MB 50 

RUNNER·UP GCC SelectPress 600 4.26 3.12 3.25 9.53 8 25-MHz AMD29030 $4499 600 x 600 16MB 50 

RUNNER·UP Apple LaserWrlter Pro 810 NIA NIA 4.12 8.21 20 Weitek 8200 $4899 800 x 800 32 MB 0 

For top Mac performance ... 

MACINTOSH Compaq PageMarq 20 

The PageMarq's performance looks even more impressive in the Mac environment. It com

pleted BYTE's tests 56 percent faster than the second-place (for speed) Apple LaserWriter 

Pro 810, and 125 perce~t faster than the 1200-dpi LaserMaster Unity 1200XL-O. If price and 

quality matter more to you than speed, both the Dataproducts LZR 2080 and the GCC Select

Press 600 are excellent candidates for Macintosh environments. 

considerably, because the print SPEID (PPM) QUAlrrY CLASS RESOLUTION MAXIMUM RESIDENT 

engines in this category cover a PCL POSTSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) MEMORY FONTS 

wide range of resolutions. The BIST Compaq PageMarq 20 6.76 6.10 6.45 8.59 20 20·MHz AMD29000 54636 400 x800 20MB 50 

GCC SelectPress 600, NewGen 

ImagerPlus 12. and LaserMas

RllNNER·UP Dataproducts LZR 2080 

RllNNER-UP Apple LaserWriter Pro 810 

RllNNER·UP GCC SelectPress 600 

NIA 

NIA 

4.26 

NIA 

NIA 

3.12 

3.85 

4.12 

3.25 

8.69 

8.21 

9.53 

20 

20 

8 

7.25·MHz Weitek8200 $5495 

Weilek 8200 54899 

25-MHz AMD29030 54499 

800 x 800 

800 x 800 

600 x 600 

32MB 

32 MB 

16MB 

35 

0 

50 
ter Unity I 200XL-O are rated at RUNNER·UP LaserMaster Unily 1200XL-O 3.63 2.99 2.82 10.00 8 33-MHz Unity $8995 1200 x 1200 48 MB 241 

8 ppm. with resolutions of 600 

dpi for the GCC SelectPress 600 Do you require unexcelled quality? 

HIGH QUALITY LaserMaster Unity 1200XL-O 

The Unity 1200XL-O is designed to serve those who want camera-ready copy from their 

desktops. Speed is not its forte , but the quality of the output rewards your patience. 

With over 240 fonts preloaded on its internal hard drive, the Unity 1200XL-O delivers 

unrivaled capabilities for serious desktop publishing, 

ferences, it is no surprise to find SPEED (PPM) QUALITY CLASS RESOLUTION MAXIMUM RESIDENT 
that the Compaq PageMarq 20 PCL POSlSCRIPT' MAC INDEX (PPM) PROCESSOR PRICE (DPI) MEMORY FOHIS 

ran performance tests 52 percent BEST LaserMaster Unity 1200XL-O 3.63 2.99 2.82 10.00 33-MHz Unity 58995 1200 x 1200 48MB 241 

RUNNER·UP Compaq PageMarq 20 6.76 6.10 6.45 B.59 20 20-MHz AMD29000 $4636 400 x 800 20 MB 50faster than the second-fastest, the 
RUNNER-UP GCC SelectPress 600 4.26 3.12 3.25 9.53 8 25-MHz AMD29030 $4499 600 x600 16MB 50

GCC SelectPress 600. 
• PC N/A = not applicable 
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The ENTERPRISE PRIN,iitJ 

From MClnnesmann l'CIH~ili~~i 


Auto-Switching Support for High-Speed Monthly bar code capability ~n~:.8,tl.tin2' ,.... 
IBM® Systems and PC Networks Text · Workload ~OSTNE:" bat code~ ~t ti*\~p~~; 
(or DEC® Systems): Auto-switching MT350 112 · 225 lpm• . 18,000 pages hne matnx mode.ls now .pi;o:vide;b · 

4serial & parallel 1/0 on all models (S 0 cps) QMS®CODE V™ Version 2c(}ihplitiB" . . · 
supports local and remote hosts at the MT360 15~1·2iog~fj* 22,400 pages at no additional cost. · '' ,,.,:..::~~::~~~>:'.:i~\{ 
same time (Optional: IBM Twinax/Coax MT645 450 lpm** 80,000 pages Heavy Forms Printers: Straight ' ": t'\: 
& parallel). 1-M-T-6-61---------~ paper paths and easy front loading make ..

800 lpm 145,000 pages
Auto-Switching Emulations: 1-----1-----f-------1 these printers ideal for high-volume prin:t-
The host-selected PC and System printer MT691 1,400 lpm 250,000 pages ing of heavy multi-part forms and labels: 
emulations switch with the interfaces. ·varies w/column width "lines per minute To find out more about Mannesmann Tally 
Full Speed & Functionality for All Platforms: Enterprise Printers, just call: 
All ofthe speed and functionality of Mannesmann Tally 1-800-843-1347 Ext. 31 
printers is maintained in a variety ofline printer and dot 
matrix printer emulations. MANNESMANN 
POSTNET & Industrial Bar codes: All Enterprise TallyPrinters from Mannesmann Tally offer built-in industrial 
IBM is a· r~gist('rcd trademark of International Business Machines Corporation. 
QMS is a registered trademark and CODE V is a trademark of QMS, Inc. Mannesmann Tally Corporation 
.DEC is a.registered trademark of Digital Equipment Corporation. Kent, Washington 

Circle 106 on Inquiry Card (RESELLERS: 107). 
, ~- ,. ' 



BYTE 
BES'l, COLOR 

Want the best color for general business? 
Color printouts enhance pre

sentations and reports, and the BEST OVERALL qeneral Parametrics Spectra Star GT 
general-purpose color printers 

we tested perform well when The Spectra Star was· the only color printer to complete BYTE's PC bench

mark mix faster than 1 ppm. To complement Its good speed, the Spectra 
Star offers color quality second only to the DEC ColorWriter 1000's and 

producing both monochrome text 

and color graphics. We limited 
has excellent paper handling that avoided jams during the intricate 

our evaluations to printers priced thermal-printing process. The printer comes with parallel, serial , and 
under $5000, and, in general, the LocalTalk ports (with automatic switching) and PostScript Level II. 

ink-jet , thermal-transfer, and 

dye-sublimation printers we re SPEED (PPM! 
POSISCRIPT' MAC QUALITY ClASS RESOLUTIOH llffiRNALceived will not serve for spe

B&W COLOR B&W COLOR INDEX (PPM) PRICE (DPI) HARD DRIVE 
cialized applications such as col

BEST General Parametrics Spectra Siar GT 1.67 1.09 1.54 1.17 5.88 54495 300 x 300 Yes* or proofing and photographic RUNNER-UP DEC ColorWrlter 1000 1.43 0.84 1.48 1.09 6.15 $3999 300 x 600 No* quality output. RUNNER-UP Tektronix Phaser 200e 1.05 0.68 0.90 0.73 5.67 $4480 300 x 300 No 

• 
* 

lnk-jets offer the most afford RUNNER-UP HP DeskJet 1200 C/PS 1.69 0.35 1.59 0.66 4.96 $2749 600 x 300 No 

able color technology, with over Need economical color? 
half of our test models qualifying 

for the low-cost category (under 

$1300). What' s more, some ink

jets, including the Canon BJC

600 and Lexmark IBM Color 

JetPrinter PS 4079, provide ex

cellent dithering and shading that 

place their output quality among SPEED (PPM) 
the leaders. In this regard, the POSTSCRIPT' MAC QUALITY CLASS RESOLUTION IHITRHAL 

B&W COLOR B&W CO toI INDEX (PPM) Pl!ICE (DPI) HARD DRIVECanon's $719 price tag is noth
BEST Fargo Primera Color NIA NIA 0.87 0.38 4.55 0.5 S995 203 x 203 Noing short of remarkable. The * RtJHHER-UP Canon BJC-600 1.35' 0.14' NIA NIA 5.60 240 cps S719 360 x 360 No 

Lexmark' s ability to handle 11- • 
RtJKKER-UP HP DeskJet 560C 1.52' 0.27' NIA NIA 4.81 3 S719 600 x 300 No 

by 17-inch paper is a unique ad • 
Do you require Mac support?vantage in this category. Still , 

ink-j et output , including that 
MACINTOSH G~neral Parametrics Spectra Star GT

from these two printers, lacked 

the intensity of color that we saw 
Perform·ance differences are particularly marked on the Mac, with the three leaders running 

from thermal-wax technology . 34 to GQ percent faster th.an the runners-up. The Spectra Star's built-in LocalTalk port gives it 
Among the thermal-wax print an additional advantage over the runners-up In this category. 

ers, the DEC ColorWriter 1000 

provides the top quality overall, SPEED (PPM} 
POSTSCRIPT' MAC QUALITY CLASS RESOLUTION llffiRNALwith intense co lors and subtle B&W COLOR B&W CDLOR INDEX (PPM) PRICE (DPI) HARD DRIVE 

dithering. It consistently placed 
BEST General Paramelrics Spectra Siar GT 1.67 1.09 1.54 1.17 5.88 $4495 300 x 300 Yes* 

second, about 0. 15 ppm behind RUHHEll-UP DEC ColorWrlter 1000 1.43 0.84 1.48 1.09 6.1 5 $3999 300 x 600 No* 
the speed-leading General Para RUHHER·UP Tektronix Phaser 200e 1.05 0.68 0.90 0.73 5.67 $4480 300 x 300 No* 
metrics Spectra Star GT. For top print quality . .. 

The Fargo Primera uses ther

mal techno logy. For an extra HIGH QUALITY General Parametrics Spectra Star GT 
$250, you can add a dye-subli

mation cartridge, making it the For ultimate quality, the DEC and Tektronix printers offer slightly better color transitions. We 

still favor the Spectra Star, however, because of its print quality and speed. only dye-sublimation printer un

der our $5000 price limit on col
SPEED (PPM)or. But its speed was slow and 

POSISCRIPT' MAC QUALITY CLASS RESOLUTION llffiRNAL 
its print quality only marginally B&W COLOR B&W COLOR INDEX (PPM) PRICE (DPI) HARD DRIVE 

better than the them1al version ' s. BEST General Parametrics Spectra Siar GT 1.67 1.09 1.54 1.17 5.88 54495 300 x 300 Yes* 
RUHHER-UP DEC ColorWriter 1000 1.43 0.84 1.48 1.09 6.15 2 $3999 300 x 600 No 

• 
* 

RUNHER·UP HP DeskJet 1200 C/PS 1.69 0.35 1.59 0.66 4.96 1-2 $2749 600 x 300 NoKEY 
RUNHER·UP Tektronix Phaser 200e 1.05 0.68 0.90 0.73 5.67 2 $4480 300 x 300 No* *Thermal •Ink-jet 

' PC Native mode, not Postscript N/A = not applicable2 
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LOW COST Fargo Primera Color (Thermal) 

Among the printers available for under $1500, the Primera occupies a unique niche. with 

its ability to change modes from thermal to dye sublimation (with a $250 option), you can 

invest a bit·mo.re time and money to achieve even greater quality. However, our tests 
showed that;the dye-sublimation mode took three times longer to print. 

http:bit�mo.re


Simply the best all-in-one Desktop Video Studio, for 

• video editing 

• animation-to-video 

• video presentations 

All hard- and software included. And it runs on your 
standard Windows-PC or Macintosh! 

Features include an edit controller for 260+ VCRs and 
camcorders, a video mixer with 6 inputs, a character 
and graphics generator for t itling, a 300+ digital video 
effects unit. and 4-channel audio re-recording in CD 
stereo quality. 

Video Machine and Video Machine lite give you full 

studio quality for a price you can afford! 

But don't just take our word for it: 
"A Dream Machine... FAST has produced a real w in
ner" AV Video 

" Seems like magic ... an outstanding achievement .. . " 
Byte 

"The FAST Video Machine is the closest thing to a one
step solution you will find . Video Machine offers the 
most bang for the buck of any solution on any plat
form" High Color Magazine 

"Add up prices for stand-alone gear, and you 'd be 
hard-pressed to top this board for ten times the mo
ney" Videomaker 

" Seeing is believing!" Broadcast Hardware 

We couldn't say it any better. 

FAST Electronic U.S. Inc. 11/IFRST USA: 

The Art of Digltel Video. One Twin Dolphin Drive 
Redwood City, CA 94065 
Tel. 1800) 248-FAST 

International: 
FAST Electronic GmbH 
P.O. Box 20 07 19 
0 ·80007 Mlinchen 
Tel. ++49 89 50206-0 
Fax ++49 89 50206·199 

EVJE 
i•lfj1!~!•u [.p I 

~ 

~ 


FAST. The Art of Digital Video. 

YES. I take your word fo r itl Send me 
more informat ion about 

C Video Machine for PC 
- Video Machine for Macintosh 

Aclcr ess 

Circle 190 on Inquiry Card (RESELLERS: 191). 



BYTE. DRAFT QUALITYBEST 

Ir your budget is limited and you 

print only a sma ll number of 

pages a day , one of today ' s 

monochrome ink-jet printers can 

offer quality competitive with a 

laser's for half the price. 

We tested eight monochrome 

ink-jets that sell for under $ 1000. 

Need the best in Ink-jet economy and speed? 

BEST OVERALL Canon ~-200e 

The BJ-200e delivers clean, readable output at speeds comparable 

~ to those of a 4-ppm laser, for about half the cost. It easjly oµtpaced 

~~ !!;j the runners-up in dr~ft-mode speed, and its high.quality-mode score d. also set the pace for this category. Its quality scor~ lagged that of 
~ its blg·brother, the BJC-600. 

The ft ve that support both mono SP£W(PPM) QUALITY ClASS RESOLUTION STANOARO WARRANTY MAXIMUM 
chrome and color printing start PC MAC INDEX (PPM) PRICE (DPI) MEMORY (YW!S) INPUT(SllEflS) 

at $7 19, while the monochrome BEST Canon BJ-200e 2.81 NIA 5.98 4 S399 360 x 360 256 KB (host-based) 2 100 
RUNNEl-tlP CalComp TechJet Personal 2.41 NIA 6.20 3 5699 360 x 360 40KB I 100only models average under $400. 
RUNNEl-tlP Tl MlcroMarc 2.16 NIA 5.61 4 $329 300 x 300 24 KB 100

(For rankings in this section, we 
RUNNER-tlP Canon BJC-600 1.76 NIA 7.04 240 cps 5719 360 x 360 60KB 100 

considered only monochrome 

performance. ) Is $500 your limit? 
The four ink-jets that we 

ranked Best Overall he lp the LOW COST Canon BJ-200e 
technology overcome its low

speed stereotype: Performance "with fasfspee~lmost 20 

as a group approached the ppm The B)-26oe also offers 

rate of under-$1000 lasers. In ad

dition, ink-jets can be more flex
RESOLUTION STANDARD WARRANTY MAXIMUMible than low-cost lasers; for ex (DPI) MEMORY (YW!S) INPUT (SHEflS) 

amp le, the CalComp T ec hJ et 

Personal can hand le 11- by 17

inch paper. 

Another notable runner-up is · 

the Texas Instruments Micro

Th.e BJ·200e outclasses the under-$500. compeuticiri

percent faster than its, closes.t competitor, the'TI Micro~arc. 

QUALITY ClASS 
INDEX (PPM) PRICE 

BEST Canon BJ-200e 2.81 5.98 $399 360 x360 256 KB (host-based) 2 100 

RUNNER·UP Tl MlcroMarc 2.16 NIA 5.61 4 $329 300 x 300 24 KB 1 100 

RUNNER-UP Lexmark IBM ExecJet 114076 2.03' N/A 5.02 3 $349 600 x 300 21-KBbuffer 2 150 

RUNNER·UP HP DeskJet 520 1.66 N/A 5.67 S365 600 x300 3 100 

RUNNER·UP Citizen Projet II 1.91 NIA 5.09 3 $349 300 x300 128 KB 2 70 

Marc, which doesn't win any cat
Not for PCs only • .. 

egories outright but bundles fast 

speed and high quality in an af
, 1•1 csa I:;<·t1:. Brother HJ-400 

fordable ($329) package. Its per

formance (third-fastes t among -ac. It gives Macintosh 
all ink-jets in draft mode and sec prlrit sjjeed. 

ond-fa5test in high-quality mode) 

is even more remarkable given RESOLUTION STANDARD WARRANTY MAXIMUM 
PRICE (DPI) MEMORY (YW!S) INPUT (SHEflS)that this was the lowes t-priced 

printer in the entire sample. 

This was,the only. monoch"corrie ink-jet in our test sample to·support,the,M

use·rs outputquallty .tllat ra,nks above average and'aci:epta61e

BEST Brother HJ-400 1.18 1.08 5.91 $419 360 x 360 64 KB 2 100 

Macintosh support was lack
Need high quality at a low price?

ing in the test sample of mono

chrome ink-jet printers we re HIGH QUALITY Canon BJC-600 
ceived. HP does sell a Macintosh 

version of the new DeskJet 520, The BJC-600 took almost twice as long to complete our printer te.sts as its sibling, but the 
called the DeskWriter 520. Like BJC-600 compensates with top-notch output. Text was sharper and line rendecing-clearer 

than with any other printer In this class. its PC cousin, the DeskWriterof

fers 600- by 300-dpi resolution 

and sell s for $365. We did not SP£m (Pl'M) QUALITY ClASS RESOLUTION STANDARD WARRANTY MAXIMUM 

PC MAC INDEX (PPM) PRICE (DPI) MEMORY (YW!S) INPUT (SllE£TS)


receive a Desk Writer for testing. 
1.76 NIA 7.04 240 cps 5719 360 x 360 60 KB 2 100

The Brother HJ-400, with an 
IUNNER·UP CalComp TechJet Personal 2.4 1 NIA 6.20 3 5699 360 x 360 40 KB 1 100 

8-pin serial port, comes ready for RUNNER·UP Canon BJ-200e 2.81 NIA 5.98 S399 360 x 360 256 KB (host-based) 2 100 
easy connection to a Macintosh. RUNNER-UP Brother HJ-400 1.18 1.08 5.91 $419 360 x 360 64 KB 2 100 

However, it is the slowest print RUNNEi-UP HP DeskJet 560C 1.55 NIA 5.87 3 5719 600x300 3 100 

RUHHEl·UP HP DeskJet 520 1.66 NIA 5.67 3 S365 600 x 300 3 100er in this category (40 percent 
RUNNER-UP Tl MicroMarc 2. 16 NIA 5.61 4 S329 300 x 300 24 KB 100 

slower than the BJ-200e). 
1 Native mode. not PostScripl NIA = not applicable - = data not available al press lime 
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IT'S TIME FOR A 

REALITY CHECK IN DESKTOP 


COLOR PROOFING. 


Do you find that obtaining accurate desktop color proofing is just a fantasy? If so, ste 
into reality with the NewGen Systems Corporation Chromax Color Printer. NewGen he: 
developed this new full-bleed tabloid size dye-sublimation color printer to brea 
through barriers that only existed as a fantasy. Accurate color, true photographic quali1 
and unmatched performance can now be achieved at a price that seems like a figmer 
of your imagination! 

The Chromax Color Printer produces uniform color that is unattainable from other dyE 
sublimation printers. Streaking, banding and ghosting are virtually non-existent with th 
Chromax; allowing you to rely on a Chromax proof for your design, proofing and pri 
press applications. Furthermore, support for the EFIColor™ color management syster 

assures color reliability. NewGen delivers the Chromax with proven 
Postscript™ Level 2 compatibility, RISC-based performance and networking 
capability second to none. A Newlien Systems Carparatiali 
So, when you are finally tired of paying for expensive proofs, it's time to W 11:;:;arew11ap1street,faaata1n va11e1, CA 82708 

stop fantasizing, and move up to reality. Visit your NewGen dealer today, m: nt/B.ff.BBOD IAJ: nt!Bft-2110 

or call (800) 756-0556 for more information. 
Circle 116 on Inquiry Card (RESELLERS: 1.l 

© Copyright 1994. All rights reserves. NewGen is a registered trademark of NewGen Systems Corporation. All other trademarks are property of their respective owners. 
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BYTE LISTINGS AND FORMS 
Dot-matrix technology contin

ues to fill an important niche for 

those who need workhorse print

ers for multipart forms, large 

runs of labels, and oversize pa

per. We evaluated 10 high-end 

dot-matrix models (none sup

ported the Mac) that serve these 

needs as no laser or ink-jet print

er can. Several of these printers, 

all priced above $ I (XJO, mn faster 

than typical low-end lase rs . 

However, there are two trade

offs for this speed: noise and in

ferior print quality. 

111ese printers emphasize raw 

output over fancy formatting. 

None offers PostScript , PCL, 

HPGL, or scalable fonts. All dis

tinguish draft from letter-quality 

mode, at typical speed differen

tials of 500 percent. All offer at 

least two paper-feed paths to ac

commodate your preferred set

up. For those who do not require 

presentation-quality output, the 

Advanced Matrix Technologies 

AMT Accel-535dsi, Brother 

M4309-A, Okidata Mic roline 

395 , and Tl Omni 800 Model 

8930 support color printing. 

The Mannesmann Tally MT 

360-2T provides the fastest avail

able output and more font op

tions (nine) than most of the oth

er printers. The Dataproducts Dot 

Matrix 8524 scores just behind 

the TI Omni 800 Model 8930 in 

most categories, but it gave our 

testers trouble aligning margin s. 

Although the Advanced Ma
trix Technologies AMT Trade! 

Ill doesn 't quite fit in this cate

gory, it deserves mention as the 

only laser printer tested that uses 

pin-feed instead of sheet-feed pa

per. Its quality is comparable to 

that of the best dot-matrix print

ers; however, it cannot handle 

wide paper or multipart fo rrns. 

If you need good print quality on 

narrow-width , pin-feed paper, 

consider this unusual and (at 

$7995) expensive niche product. 

Want the leader for multipart forms? 

BEST OVERALL Texas Instruments Omni 800 Model 8930 

For high·volume printing of multipart forms and continuous

~ feed stock, no other printer matches the output quality of the 

\\~ 18·pin Omni. In our high-quality-mode speed tests, this printer 

~ ranks second to the 24-pin Mannesmann Tally MT 360-2T, 

~ which places fourth among printers here for print qual ity. The 

Omni is also only one of two printers we ranked that offers as standard the 

ability to print bar codes. If print-head noise is a concern, however, note 

that the Omni's decibel rating is the highest of all the dot-matrix printers 
we ranked. 

Sl'UD 
(HIGH QUAUlY CIASS RESOLUTION STANDARD WARRAllJY RESIDEllT OPERATING HUMBER OF 
QUALITY) IHDEX (CPS) PRICE (DPI) MEMORY (YEARS) FONIS HOISE (OB) PIHS 

BEST Tl Omni 800 Model 8930 2.96 ppm 4.42 600 $2545 216 32 KB 2 63 18 
RUNNEl-llP Mannesmann Tally MT 360-2T 3.52 ppm 3.89 720 $2795 360 128 KB 9 55 24 
RUNNEl-llP Dataproducts Dot Matrix 8524 2.70 ppm 4.14 780 $2395 360 60KB 10 55 24 
RUNNEll·UP Epson DFX-8000 2.03 ppm 3.72 1066 $3199 300 32 KB 3 55 9 (lwo rows) 
RUNNEll·UP Brother M4309-A 2.24 ppm 4.11 800 $2195 216 96 KB 9 57 18 
RUNNEll·UP Genicom Model 3840EP 2.16 ppm 3.56 600 $2922 400 64 KB 9 55 18 

Want high quality for an economical price? 

LOW COST Okidata Microline 395 

n-., 
~-

~-------

The Microline 395 combines economy with highly readable output. It ranked second 

among all the dot-matrix printers we tested in overall quality and costs about $1000 

less than the other quality leaders. Its speed is much slower than that of the Best 

Overall contenders, but the Microline easily outruns the only other Low Cost candi

date. As a bonus, the standard-configuration Microline 395 can print bar codes (like 

the Omni; bar code printing is an option on the AMT Accel-535dsi). 

Sl'UD 
(HIGH QUALITY ClASS RESOLUTlOH STANDARD WARRAllJY RESIDEllT OPERATING NUMBER Of 
QUALITY) IHDEX (CPS) PRICE (DPI) MEMORY (YEARS) FONIS HOISE (DB) PINS 

BEST Okidata Microllne 395 2.78 ppm 4.14 607 $1499 360 64KB 12 58 24 

RUNNEl·UP AMT Accel-294d 1.61 ppm 3.96 540 $1190 240 8KB 55 9 Idual heads) 

Want the speed leader? 

HIGH SPEED Epson DFX-8000 

This is the dot-matrix printer to choose if flat-out speed for large print runs is an 
overriding requirement for you. Although its quality is acceptable , this printer's 

forte is fast print-head and paper-handling performance, as evidenced by its draft

mode speed score of 4.77-6 percent faster than that of the nearest competitor, 

Genicom"s Model 3840EP. The DFX-8000 comes standard with a Centronics port 

and offers·RS-232 as an option. For only slightly slower performance with a price saving of about $300, 

consider the Genicom 3840EP. 

SPUD 
(DRAfT QUALITY ClASS RESOLUTION STA.HOARD WARRAllJY RESIDEllT OPERATING HUMBER OF 
QUALITY) INDEX (CPS) PRICE (DPI) MEMORY (YEARS) FONTS NOISE (DB) PINS 

BEST Epson DFX-8000 4.77 ppm 3.72 1066 $3199 300 32 KB 3 55 9 (lwo rows) 

RUNNEi-UP Genicom Model 3840EP 4.47 ppm 3.56 600 $2922 400 64 KB 9 55 18 

RUNNEll·UP Dataproducts Dot Matrix 8524 4.07 ppm 4.1 4 780 S2395 360 60 KB 10 55 24 

RUNNEll·UP Mannesmann Tally MT 360-2T 4.02 ppm 3.89 720 $2795 360 128 KB 9 <55 24 

RUNNEi-UP Tl Omni 800 Model 8930 4.00 ppm 4.42 600 $2545 216 32KB 63 18 
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HONORABLE MENTIONS 

The reduction mode on Canon's BJ-200e is a unique 

feature that enables you to print wide documents such as 

spreadsheets on regular-size paper. It reduces the output file to 

two-thirds or one-hal f of its full size. 

The Apple LaserWriter Select 360 and Apple 
LaserWriter Pro 810 offer 

fax modules. This capability means 

the printers can act as stand

alone fax machines that receive 

faxes and deliver them as plain

paper documents. 

A "paper out" flag on the HP LaserJet 4MP tells you at a 

~ I c:.==r.'' :-. f ,·~ 

glance when the input 

tray is low on paper. The 

bright-orange fl ag, 

which is easily seen 

whether the printer is at 

your desk or connected 

remotely to a network , 

drops automatically. The 

printer need not be on 

for thi s feature to work. 

"'Ill I' l\TI Rf\( I \II \lS~I 

l ~Tt:JffA CF. Up.'1>o•• ....,.u,,,,_t~'l1lfvoa;1~it...
-~~1 
ldw.><O 

t::.1u ...Joca....,1IC'ftlorSQC•1Clt.,-""' ' 
l:llC t...L•'4'•~t •,,,_.~ ~ 

~U,,..,"'Jldlh<',..__.. 

ramPAa 
__ .._,Ot::I~.,._,....__... ....~"'1.--_ _ ---·---~-_ _ _ · · - - .......a •• -  ..--c..-..- ·----- ..- --·- PAGElllA/1Q 20 

Finding your way using the menu tree 

can be difficult unless you're using the Tl MicroWriter 

PS23 or the Compaq PageMarq 20. Both have a complex 

control-panel menu system. However, each also lets you 

print out the entire system, which makes it easy to find 

the proper buttons and sequences to reconfigure 

the printers. 

Dubiou.s Achievements 


The GCC SelectPress 600, LaserMaster Unity 
1200XL-O, and NewGen lmagerPlus 12 au have a 

plastic security key fo r letter, legal, and larger-size paper. The 

corresponding keys must be installed in the paper tray for the 

paper to load properly. We found this an added nuisance-when 

switching to different-size paper, and we worry that a misplaced 

key might be responsible fo r bringing your printing resource 

to a standstill. 
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SEE TO IT THAT THE PRINTER YOU CHOOSE TODAY 

IS THE PRINTER YOU'LL USE TOMORROW. 


'• 

Insist upon a printer with genuine Adobe'" PostScript™ software inside. 


It's the industry standard and the only way to guarantee that your printer will work 


with virtually every software application and hardware environment, today 


and tomorrow. Adobe PostScript software sets the standard for new color and network 


printers. In fact, leading printer manufacturers offer over 300 Adobe PostScript 


printers. Adobe PostScript is your assurance of the highest-quality output


every time-whether you're printing from DOS, Windows': OS/2®, Macintosh®, or 


UNIX®. So if you're anyone from a small business owner to a professional publisher, an 


Adobe PostScript printer is the best long term value for your company, today and 


tomorrow. For a free guide on how to choose a printer, 


call l-800-833-6687, Dept E, Ext. 0106. 


SET YouR SIGHTS ON GENUINE ADOBE PosTScRIPT DEVI C ES: 
BLACK-AND-WHITE, COLOR, NETWORK AND FAX PRINTERS. 

IT'S NOT JUST PRINTING, 


IT's AooBE PosTSCRIPT PRINTING. 


A dobe, the Adobe logo , PostSc ript, che PostScript logo and l hc cagline , .. It 's no t juu printing, it 's Adobe PostScript printing" arc trridcmarks of Adobe Syste ms Incorpo rated wh ich 
ma)' be registered in ccrcain jurisd icr io ns. A II o ther ma rks und trademarks .i re the property of their respect ive companies. tH 994 Adobe Systems lnco rpo rmed. A 11 rights rc:scn·ed. 

Circle 63 on Inquiry Card. 



ROLL CALL OF PRINTERS TESTED 


VENDOR MODEL 

PRICE 
(AS TESTE

HIGH
D ) QUALITY 

DRAFT 
SPEED (PAG

POSTSCRIPT 
ES PE RMINUTE} 

MAC 
QUALI TY 
INDEX 

CLASS 
(SPEED) 

Advanced Matrix Technology, Inc. AMT Accel·535dsi $2495 0.89 t.88 N/A NIA 4.03 480 cps 
Advanced Matrix Technology, Inc. AMT Accel·294d $1190 0.82 1.61 NIA NIA 3.96 540cps 
Brother International Corp. M4309-A 52195 2.24 3.80 NIA NIA 4.11 800 cps 
Dataproducts Corp. Dot Matrix 8524 $2395 2.70 4.07 NIA NIA 4.14 780 cps 
Epson Ame rica DFX·BOOO $3199 2.03 4.n NIA N/A 3.72 1066 cps 
Genicorn Corp. 
Mannesmann Tally Corp. 
Okidata 
Output Technology Corp. 

• Texas Instruments...,..,,.....~, '""'· 
CalComp 

~Canon Computer Systems, Inc. 

Model 3840EP 
MT 360·2T 
Micro!ine 395 
Model 850XL 
Omni 800 Model 8930 

HJ-400 
TechJet Personal 
BJ-200e 

$2922 
$2795 
$1499 
$2095 
S2545 

$419 
$699 
$399 

2.16 
3.52 
1.81 
1.67 
2.96 

1. 12 
2.22 
2.43 

4.47 
4.02 
2.78 
2.92 
4.00 

1.1 8 
2.41 
2.81 

NIA 
NIA 
NIA 
N/A 
NIA 

NIA 
NIA 
NIA 

NIA 
NIA 
NIA 
NIA 
NIA 

1.08 
NIA 
NIA 

3.56 
3.89 
4.14 
3.81 
4.42 

5.91 
6.20 
5.98 

600 cps @ 12 cpi 
720 cps 
607 cps @ 15 cpi 
850 cps 
600 cps 

110 cps 
248 cps 
248 cps 

Citizen America Corp. Projet II $349 1.78 1.91 NIA NIA 5.09 180 cps 
Epson America Stylus 800 $399 1.97 1.96 NIA NIA 4.28 150 cps 
Hewlett-Packard Co. HP DeskJet 520 $365 1.55 1.66 NIA NIA 5.67 240 cps 
Lexmark lntemalional, Inc. IBM ExecJet II 4076 $349 2.03 NIA NIA N/A 5.02 300 cps 
Texas Instru ments MicroMarc $329 2.23 2.16 NIA NIA 5.61 300 cps 

Advanced Matrix Technology, Inc. AMT TracJet Ill $7995 8.96 NIA 3.95 NIA 7.47 16ppm 
Alps Electric LSX 1000 $1 599 5.41 NIA 5.19 NIA 7.96 10 ppm 
Alps Electric LSX 1600e $3295 4.82 NIA NIA NIA 8.33 16ppm 
Apple Computer, Inc. Personal LaserWriter 320 $959 NIA NIA NIA 226 8.24 NIA 
Apple Computer, Inc. LaserWriter Select 360 $1599 NIA NIA 4.09 3.76 9.48 10 ppm 
Apple Computer, Inc. LaserWriter Pro 810 $4899 NIA NIA NIA 4.12 8.21 20 ppm 
Brother International Corp. HL·10h $1890 6.19 6.85 6.15 NIA 7.84 10ppm 
Brother International Corp. HL-GV $1643 4.14 NIA 0.67 NIA 8.09 6ppm 
Canon Computer Systems, Inc. LBP -860 $2199 5.50 5.93 NIA NIA 9.48 8ppm 

~Canon Computer Systems, Inc. LBP-430 $799 2.58 NIA N/A N/A 8.30 4ppm 
Compaq Compute r Corp. PageMarq 20 S4636 6.76 NIA 6.1 6.45 8.59 20 ppm 
Dataproducts Corp. LZR 2080 $5495 NIA NIA NIA 3.85 8.69 20 ppm 
Epson Ame rica ActionLaser 1500 $1028 4.54 NIA NIA NIA 7.83 6ppm 
GCC Techno!ogies SelectPress 600 $4499 4.26 4.43 3.12 3.25 9.53 8 ppm 
Genicom Corp. Model 7170 $9775 8.96 NIA 3.54 3.20 8.52 17 ppm 

~Genlcom Corp. Model 761 0 $2283 6.35 6.93 6.04 NIA 8.79 10 ppm 
Hewlett-Packard Co. HP LaserJet 4MP $1729 3.19 NIA 2.44 2.52 8.27 4 ppm 
Hewlett-Packard Co. HP LaserJet 4P $1229 3.19 NIA NIA NIA 8.27 4ppm 
Hewlett-Packard Co. HP LaserJet 4M $2479 5.56 NIA 3.38 3.98 8.90 8ppm 
Hewlett-Packard Co. HP LaserJet 4 $1839 5.56 NIA 3.38 NIA 8.90 8ppm 
Hewlett-Packard Co. HP LaserJet 4 SiMX $5499 7.91 9.91 5.63 7.87 9.10 17 ppm 

• Hewlett-Packa rd Co. HP La serJet 4 SI $3749 7.91 9.91 5.63 NIA 9.10 17ppm 
Hewlett-Packard Co. HP LaserJet 4ML $1279 3.29 NIA 2.47 2.65 7.87 4 ppm 
He.wlett·Packard Co. HP LaserJet 4L $849 3.29 NIA NIA NIA 7.87 4ppm 
Kyocera Electronics, Inc. Ecosys FS·1500A $3300 4.05 NIA 1.08 1.18 8.72 10ppm 
Kyocera Electronics, Inc. Ecosys FS-3500 A $5380 6.63 NIA 5.57 8.05 8.66 18 ppm 
LaserMaster Corp. Unity 1200XL-O $8995 3.63 NIA 2.99 2.82 10.00 8ppm 
Lexmark International, Inc. IBM LaserPrinter 4039 12R $1999 5.66 8.52 3.47 4.56 8.63 12 ppm 
Lexmark International, Inc. IBM LaserPrinter 4039 16L $4137 6.90 7.37 3.60 5.10 8.24 16 ppm 
Lexmar1< International, Inc. IBM 4037 SE $1078 3.22 NIA NIA NIA 8.71 5 ppm 
NEC Technologies, Inc. Silentwriler Model 1097 $1400 5.14 NIA 3.73 3.97 7.97 10 ppm 
NEC Technologies, Inc. Sllentwnter Superscript 610 $600 2.98 NIA NIA NIA 8.10 6ppm 
NEC Technologies. Inc. Si lentwnler Model 640 s000 NIA NIA NIA 2.04 7.75 6ppm 
NewGen Systems Corp. lmagerPlus 12 $8193 3.34 NIA 2.54 2.06 8.13 ii ppm 
Okidata OL410e $899 2.59 3.38 N/A NIA 8.76 4 ppm 
Okidata OL 850 $1999 4.24 NIA 1.31 2.36 8.66 8 ppm 
Panasonic Communications KXP 4440 $1549 4.38 NIA NIA NIA 6.97 10 ppm 
Panasonic Communications SideWriter KX·P4400 $1048 2.77 NIA NIA NIA 8.50 4ppm 
Sharp Electronics Corp. JX·9460PS $1428 4.29 NIA 3.22' NIA 9.77 6 ppm 
Texas Instruments Microlaser Pro 600 PS23 $1599 3.15 3.27 2.44 426 8.43 8 ppm 
Texas lnstn;ments MicroWriter PS23 $997 3.17 NIA 1.20 1.82 8.46 5ppm 
Xerox Corp. Xerox 4011 Desktop $1599 4.21 NIA 1.43 NIA 7.80 8 ppm 

I 

TECHNOLOGY PRICE B&W SPEED {PPM } COLOR SPEED {PPM} 
(AS TESTED) PC MAC HIGH - DRAFT POSTSCRIPT 

QUALITY 

Canon Computer Systems. Inc. BJC-600 $719 1.35 NIA 0.14 0.33 NIA 
Dataproducts Corp. Jolt PSe 

• 
$4995 1.09 1.15 NIA NIA 0.31•

Digital Equipment Corp. DEC ColorWriter 1000 $3999 1.61 1.48 0.94 NIA 0.84* Fargo Electronics, Inc. Primera Color $995 1.28 0.87 0.32 NIA NIA* Fargo Electronics, Inc. Primera Dyesub Color $1245 0.18 0.15 0.10 NIA NIA• ~General Parametrlcs Corp. Spectra Star GT 

•
* $4495 1.67 1.54 NIA NIA 1.09 

Hewlett-Packard Co. HP DeskJet 560C $719 1.52 NIA 0.27 0.30 NIA 
Hewlett-Packard Co. HP DeskJet 1200 C/PS $2749 2.96 1.59 0.49 0.89 0.35•
Lexmar1< International, Inc. IBM Color JelPrinler PS 4079 $3199 1.11 0.79 NIA NIA 0.37•
Star Micronics America SJ-144 $599 1.24 NIA 0.31 NIA NIA* 
Tektronix, Inc. Phaser 200e $4480 1.05 0.90 NIA NIA 0.68* 
~ = BYTE Best NIA = not applicable - = Data not available at press time • = lnk·jet * = Thermal + = Dye-sublimation 
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RESOLUTION EMULATIONS 
(DPI) AUTO· HP DESKJET POSTSCRIPT TRUE PCL 5 PCL 4 HPGL EPSON IBM IBM DIABLO 

SENSING 500/SOOC/SSOC IMAGE LQ/FX PRO PRINTER GRAPHICS 630 

480 No No No No No No Optional Yes Yes No Yes 
240 No No No No No No No Yes No No No 
216 No No No No No No No Yes Yes No No 
360 No No No No No No No Yes Yes No No 
300 No No No No No No No Yes Yes Yes No 
400 No No No No No No No Yes Yes Yes No 
360 No No No No No No No Yes Yes No No 

360 No No No No No No No No No No No 

216 No No No No No No No Yes Yes No No 

216 No No No No No No No Yes Yes Yes Yes 

360 Yes No No No No No No Yes Yes No 

360 No No Level I No No No Yes Yes Yes No No 

360 No No No No No No No Yes Yes No No 

300 No Yes No No No No No No No No No 

360 No No No No No No No Yes No No No 

600 No Yes No No No No No No Yes No No 

600 No Yes No No No No No No Yes Yes No 

300 No Yes No No No No No No No No No 

300 Yes No Level II optional No Yes Yes Yes No No No No 

600 Yes No Level I No Yes No Yes Yes Yes Yes Yes 

300 Yes No Level II No Yes No Yes No No No No 

300 No No Level II No No No No No No No No 

600 Yes No Level II No Yes No No No No No No 

800 No No Level II No No Yes No No No No No 

600 Yes No Level I No Yes Yes Yes Yes Yes Yes Yes 

300 Yes No Level I or II optional No Yes Yes Yes Yes Yes Yes Yes 

600 Yes No Level II No Yes No No No No No No 

300 No No No No Yes Yes Yes No No No No 

400 Yes No Level I or II Yes Yos Yes Yes No No No No 

800 
300 

'(es 
Yes 

No 
No 

Level II 
Level I or II optional 

No 
No 

No 
Yes 

Yes 
Yes 

No 
Optional 

No 
Yes 

No 
No 

No 
No 

No 
No 

600 Yes No Level I or II No Yes Yes Yes No No No No 

300 No No Level I optional No Yes Yes Yes No Yes No No 

600 Yes No Level I No Yes Yes Yes Yes Yes No Yes 

600 Yes No Level II No Enhanced No Yes No No No No 

600 Yes No Level II No Enhanced No Yes No No No No 

600 Yes No Level II No Yes Yes Yes Optional Optional No No 

600 Yes No Level II No Yes Yes Yes Optional Optional No No 

600 Yes No Level II No Yes Yes Yes Optional Optional No No 

600 Yes No Level II No Yes Yes Yes Optional Optional No No 

300 Yes No Level II No Enhanced No Yes No No No No 

300 Yes No No No Enhanced No Yes No No No No 

300 No No Level I optional No Yes No Yes Yes Yes No Yes 

300 No No Level I optional No Yes No Yes Yes Yes No Yes 

1200 Yes No Level I Yes No Yes No No No No No 

600 .Yes No Level I No Yes Yes Yes No Yes Yes No 

600 Yes No Level I No Yes Yes Yes No Yes Yes No 

300 Yes No No No No Yes No No Yes Yes No 

600 Yes No Level II No Yes Yes Yes No No No No 

300 No "!o Level I optional No No Yes No No No No No 

300 No No Level II No No No No No No No No 

1200 Yes No Level I Yes Optional Yes Yes No No No No 

300 No No No No Yes No Yes No No No No 

300 No No Level I No No Yes No No No No No 

300 No No No No Yes Yes No No Yes Yes Yes 

300 No No Level II optional No No Yes No No No No No 

600 Yes No Level I No Yes No No Yes Yes Yes No 

600 Yes No Level II No Yes No Yes No No No No 

300 Yes Yes Level I No No Yes No Option~I Optional Nn Yes 

300 No No Level I optional No Yes No Yes Yes Yes No Yes 

QUALITY CLASS RESOLUTION EMULATIONS 

MAC INDEX (SPEED ) (DPI) AUTO· PCL SC HP DESKIET POSTSCRIPT PCL 5 PCL 4 HPCL EPSON IBM IBM 

SENSING 500/SOOC/SSOC LQ/FX PROPRINTER GRAPHICS 

N/A 
0.52 
1.09 
0.38 
0.11 
1.17 
NIA 
0.66 
0.49 
NIA 
0.73 

7.04 
5.22 
6.15 
4.55 
5.70 
5.88 
5.87 
4:96 
5.23 
5.28' 
5.67 

240 cps 
2ppm 
2ppm 
112 ppm 
1/Sppm 
2ppm 
3ppm 
7ppm 
3ppm 
459 cps 
2ppm 

360 
300 
300 
203 
203 
300 
600 
600 
360 
360 
300 

No 
No 
Yes 
No 
No 
No 
No 
Yes 
Yes 
Yes 
No 

No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 

No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 

No 
Level II 
Level II 
No 
No 
Levels I, II 
Level II optional 
Levels I, II 
Level I 
No 
Level II 

No 
No 
Yes 
No 
No 
No 
No 
Yes 
No 
No 
No 

No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 

No 
No 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 

Yes 
No 
No 
No 
No 
No 
Yes 
No 
No 
Yes 
No 

Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 

' The Sharp JX-9460PS could not complete our bit-map test in PostScript in 600 dpi . ' The Star SJ-144 printed banding in all the graphics and quality outputs. 
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ROLL CALL OF PRINTERS TESTED 


• 

MEM OR Y MAX IMUM CONSUM AB LE S FCC PR INT ENGI NE 
VEN DO R MODEL (AS TESTED ) MEMOR Y RATING COST RATIN G VEN DOR 

Advanced Matrix Technology, Inc. AMT Accel·535dsi 32 KB 480 KB St3.33 B Advanced Matrix 
Advanced Matrix Technology, Inc. AMT Accel-294d 8 KB 512 KB $11 .03 B Advanced Matrix 
Brother International Corp. M4309·A 96KB 96KB 900 pages $34.90 B Brother 
Dataproducts Corp. Dot Matrix 8524 60 KB 60KB $45 B NIA 
Epson America DFX-8000 3 KB 32 KB 15 million characters $33 B Epson 
Genicom Corp. Model 3840EP 64 KB 64 KB 15 mill ion characters $31.70 B NIA 
Mannesmann Tally Corp. MT 360·2T 128 KB t28 KB 15 mi ll ion characters $27.95 B Manncsmann Tally 
Okidata Microline 395 64 KB 64 KB 5 mllllon characters $29.95 B Okidata 
Output Technology Corp. Model 850XL 2MB 2MB 76 million characters $2 1.38 B NIA 

- Texas Instruments Omni 800 Model 8930 32 KB 32 KB 15,000 characters $20 A Texas Instruments 

''"~""'~'"'""''•CalComp 
~Canon Computer Systems, Inc. 

HJ-400 
TechJet Personal 
BJ-200e 

64 KB 
40KB 
256 KB 

64 KB 
40KB 
Host-based 

900 pages 
450 pages 
450 pages 

$26 mono 
$25 mono 
25 

B 
B 
B 

NIA 
Canon 
Canon 

Citizen America Corp. Prolet II 128KB 384 KB 300 pages $8,00 B NIA 
Epson America Stylus 800 32 KB 32 KB 200 pages St 9.99 B NIA 
Hewlett-Packard Co. HP Desk.lei 520 1000 pages $31 .95 B Hewlett-Packard 
Lexmark International, Inc. IBM ExecJet II 4076 21 KB 1 MB (for fonts) 1000 pages S3 t.95 B Lexmark 
Texas Instruments MicroMarc 24 KB 24 KB 1400 pages $32 B N/A 

Advanced Matrix Technology. Inc. 
Alps Electric 

AMT TracJel 111 
LSX 1000 

4 MB 
4 MB 

9 MB 
34 MB 

8000 pages St20 
$99 

B 
A 

Penlax Technologies 
Brother 

Alps Electric LSX 1600e 4 MB 34 MB St68 A Matsushita 
Apple Computer, Inc. Personal LaserWriter 320 4 MB 8MB 3000 pages 57g B True Laser 
Apple Computer, Inc. LaserWriler Select 360 4MB t 6 MB 4000 pages $99 B Fuji/Xerox 
Apple Computer, Inc. 
Brother lnlemalional Corp. 

LaserWriler Pro 810 
HL· tOh 

8MB 
4 MB 

32MB 
34 MB 

11 ,000 pages 
4000 pages 

$279 
St30 

A 
B 

Fuji/Xerox 
Brother 

Brother International Corp. HL-6V 3 MB 5 MB 3500 pages $114 B Brother 
Canon Computer Systems, Inc. LBP-860 6MB 32 MB 6000 pages St 50 A Canon 
Canon Computer Systems, Inc. 

~Compaq Computer Corp. 
Dataproducts Corp. 

LBP-430 
PageMarq 20 
LZR 2080 

5MB 
12M B 
8MB 

5MB 
20 MB 
32 MB 

3000 pages 
14,000 pages 
11,000 pages 

S85 
S259 
$309 

B 
A 
A 

Canon 
Fuji/Xerox 

Epson America ActionLaser 1500 3 MB 5 MB 6000 pages $ t59 B Minella 
GCC T echnotogies SelectPress 600 8MB 16MB B Toshiba 
Gcnicom Corp. 

~Genlcom Corp. 
Model 7170 
Model 761 0 

9MB 
10MB 

9 MB 
34 MB 

13.000 pages 
4000 pages 

$269 
$125 

B 
B 

Toshiba 
Brother 

Hewlett-Packard Co. HP LaserJet 4MP 6 MB 22MB 3000 pages $89 B Canon 
Hewlett-Packard Co. HP LaserJet 4P 6MB 22 MB 3000 pages $89 B Canon 
Hewlett-Packard Co. 
Hewlett-Packard Co. 

HP LaserJet 4M 
HP LaserJe1 4 

6 MB 
6MB 

22 MB 
22MB 

6000 pages 
6000 pages 

$155 
$155 

B 
B 

Canon 
Canon 

~Hewlett-Packard Co. HP LaserJet 4 SiMX lOMB 26 MB 8000 pages $169 A. B Canon 
Howlett-Packard Co, HP LaserJet 4 SI 10MB 26MB SOOOpages $169 A,B Canon 
Hewlett-Packard Co. HP LaserJet 4ML 4MB 4 MB 3000 pages $89 B Canon 
Hewlett-Packard Co. HP LaserJ et 4L 4 MB 4MB 3000 pages $89 B Canon 
Kyocera Electronics. Inc. 
Kyocera Electronics, Inc. 
Laser Master Corp. 

Ecosys FS· 1500A 
Ecosys FS-3500 A 
Unity 1200XL-O 

4 MB 
10 MB 
32 MB 

5 MB 
18MB 
48MB 

7000 pages 
7000 pages 
5000 pages 

$49 
$49 
$59 

B 
B 
A 

Kyocera 
Kyocera 
Toshiba 

Lexmark International, Inc. IBM LaserPrinter 4039 12R 4 MB 16 MB 7000 pages $1 99 B Lexmark 
Lexmark International. Inc. IBM LaserPrinler 4039 16L 8MB 16M B 12,800 pages $269 B Lexmark 
Lexmark International, Inc. IBM 40375E 4.5 MB 4.5 MB 3500 pages 5114 B Lexmark 
NEC Teclinologies, Inc. Silenlwriter Model 1097 7 MB 9 MB 8000 pages $200 B Minolta 
NEC Technologies, Inc. Slientwriter Superscript 610 Host-based Host-based 4000 pages $115 B NEC 
NEC Technologies, Inc. Silenlwriter Model 640 3MB 3MB 4000 pages $115 B NEC 
NewGen Systems Corp. 
Okidata 

lmagerPlus 12 
OL 410e 

40MB 
4MB 

96 MB 
5 MB 

5000 pages 
2000 pages 

54 g 
$29 

A 
B 

Toshiba 
Okidala 

Okidala OL 850 2MB 4 MB 2500 pages $33 B Okidata 
Panasonic Communications KXP 4440 4 MB 5 MB 5000 pages $54 B Panasonic 
Panasonic Communications SideWri ter KX·P4400 4MB 5MB 1600 pages $14.95 B Panasonic 
Sharp Electronics Corp. 
Texas Instruments 
Texas Instruments 

Xerox Corp. 

JX·9460PS 
Microlaser Pro 600 PS23 
MicroWnter PS23 

Xerox 4011 Desktop 

4MB 
6 MB 
4 MB 
3 MB 

9MB 
22 MB 
4 MB 
5 MB 

15,000 pages 
15,000 pages 
2500 pages 
1500 pages 

$2 10 
s1g9 
$48 
$32 

B 
B 
B 
B 

Sharp 
Sharp 
Samsung 
Tokyo Electric 

MEM OR Y MEMOR Y CO NSUMAB LES FCC PRINT ENGINE CO NTROLLER 
VENDO R MODEL (ASTESTED ) MAX IMUM CO ST RATING VE NDO R 

Canon Computer Systems, Inc. BJC-600 Host-based 60 KB $7.50 A Canon t6-MHz Toshiba 
Dataproducts Corp. 
Digital Equipment Corp. 

Jolt PSe 
DEC Co!orWriter 1000 

6 MB 
8 MB 

lOMB 
8 MB 

$179.95 Color pack 
$125 

B 
B 

Dataproducts 
Tektronix 

24-MHz Weitek 8220 
16-MHz AMD29000 

Fargo Electronics, Inc. 
Fargo Electronics, Inc. 

~General Parame1rics Corp. 
Hewlett-Packard Co. 

Primera Color 
Primera Dyesub Color 
Spectra Star GT 
HP Des;Jet 560C 

32 KB 
32 KB 
6MB 

32 KB 
32 KB 
32 MB 

$45 

$342 (3 colors) 
$34.95 

B 
B 
A 
B 

Fargo 
Fargo 
Sharp 
Hewlett-Packard 

33-MHz 1960ca RISC 

Hewlell-Packard Co. HP Desk.Jet 1200 C/PS 4 MB 26 MB $34.95 (1 color) B Hewlett-Packard 
Lexmark lnternalional. Inc. IBM Color JetPrinler PS 4079 4 MB 16 MB 534 .95 B Canon 16.7-MHz AMD29200 
Star Micronics America SJ-144 176 KB 176 KB 57.50 B Star 
Tektronix. Inc. Phaser 200e 6MB 8MB Sharp 16-MHz RISC AMD29000 

~ = BYTE Bes! NIA= not applicable - = Dala not avajlable at press time 
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INTERFACES 
AUTO· CENTROHICS RS-232 RS·422A LOCAL· ETHERNET TOKEN SCSI OTHER FONTS FONT 

CONTROLLER SWITCHING TALK RING STANOARD SLOTS 

AMT Accel·535dsi No Yes Yes Yes No No No No Twina x, coaxia l 2 
AMT Accel·294d No Yes Yes Yes No No No No Twinax, coaxial 0 

No Yes Yes No No No No No None 9 0 
No Yes Yes Optional No No No No None 10 0 
No Yes Optional No No No No No None 3 0 
No Yes Yes Optional No Optional No No 10Base-T, TCPnP 9 

MT 360 Yes Yes Yes No No No No No Twinax. coaxial 9 0 
No Yes Yes No No No No No None 12 0 
No Yes Yes No No No No No None 
No Yes Yes No No No No No None 0 

N/A Yes Yes Yes Yes No No No No None 0 0 
N/A No Yes No No No No No No None 7 0 
NIA No Yes No No No No No No None 20 
NJA No Yes No No No Yes No No None 9 0 
NJA No Yes No No No No No No None 11 0 
NIA Yes No Yes Yes No No No None 55 2 
10·MHz 68000 No Yes Optional Optional No Optional Optional No None 14 0 
N/A No Yes No No No No No No None 3 

6·MHz i960 &i961 Yes Yes Yes Optional No Optional Optional No Twinax. coaxial 7 2 
20·MHz MC68EC030 Yes Yes Yes No No No No No None 83 1 
16·MHz AMD29200 Yes Yes Yes Yes No No No No None 27 2 
AM029205 No No No Yes No No No None 35 0 
16-MHz AMD29200 Yes Yes Yes No Yes No No No None 64 0 
Weitek 8200 Yes Yes Yes Yes Yes Yes No Yes None 0 0 
68EC030 Yes Yes Yes No Yes Yes Yes No None 83 1 
16-MHz 68000 Yes Yes Yes No No No No No HP Bitronics 50 1 
16-MHz i960 Yes Yes No No Optional No No No PCMCIA 45 1 PCMCIA 

No Yes No No No No No No None 15 0 
20-MHz AM029000 Yes Yes Yes No No No No No EtherTa lk, TCPnP 50 Unlimited 
7.25·MHz Wettek 8200 Yes No Yes No Yes Yes No Yes None 35 0 
16.67·MHz 68000 Yes Yes Yes Optional Optional No No No Twinax, coaxial (optional) 0 t 
25-MHz AMD29030 Yes Yes Yes Yes Yes Yes No No TCPnP 50 0 

Yes Yes Yes Yes Optional Optional Optional NIA TCP/IP 0 2 
20-MHz 68030 Yes Yes Yes Yes Optional Optional · Optional Optional M10 Interface 83 2 
20·MHz l960KA Yes Yes No No Yes Optional Optional No Jet Direcl HP Bitronics parallel 80 0 
20·MHz 1960KA Yes Yes No No No Optional Optional No Jet Direct HP Bitronics parallel 80 0 
20·MHz i960 Yes Yes Yes Yes Yes Optional Optional No None 80 
20·MHz i960 Yes Yes Yes Yes No Optional Optional No None 80 
25·MHz i960CF Yes Yes No No Yes Yes Optional No None 81 2 
25-MHz 1960CF Vos Yes No No No Yes Opllonol No None 81 2 
18.5·MHz i960KA Yes Yes No No Yes Optional Optional No None 80 0 
18.5-MHz i960KA Yes Yes No No No Optional Optional No None 80 0 
16·MHz MC68000 Yes Yes Yes No Optional Optional Optional No None 92 2 PCMCIA 
16-MHz AMD29000 Yes Yes Yes No Optional Optional Optional No None 146 2 PCMCIA 
33·MHz Unity Yes Yes Yes No Yes Yes No Yes None 241 0 
16-MHz AMD29200 Yes Yes Yes No Optional Optional Optional No None 14 1 
16·MHz AMD29000 Yes Yes Yes No Optional Optional Oplional No None 0 1 
1O·MHz 68000 No Yes Optional Optional No No No No None 0 0 
20-MHz i960 Yes Yes Yes Yes Yes Optional Optional Yes Optional 57 0 
8·MHz SuperScript 87C51 No Yes No No No No No No None Host· based 0 
NEC cus tom ASIC No No No No Yes No No No Nono 17 0 
25-MHz XL·8220 Yes Yes Yes Yes Yes Optional No Yes None 35 

Yes Yes Yes No No No No No None 14 bar code 
No Yes Yes No No No No No Apple Talk 26 

16-MHz i960SA Yes Yes Yes No No No No No None 36 1 
15·MHz NS32CG16 No Yes Optional No No No No No 28 0 
16·MHz AMD29005/14 Yes Yes Optional No Optional No No No None 62 
20·MHz Platinum Yes Yes Optional Optional Yes Optional No Optional High-speed parallel 31 

No Yes Optional Optional Yes Optional Optional No None 23 0 
16-MHz 68302 No Yes Optional No No No No No None 15 2 

INTERFACES FONTS FONT 
AUTO SWITCHING CENTRONICS RS-232 RS ·422A LOCALTALK ETHERNET TOKEN RING SCSI OTHER STANDARD SLOTS 

No Yes No No No No No No None 8 0 
No Yes Yes No Yes Optional No No AppleTalk 39 0 
Yes Yes No No No Optional No No AppleTalk 12 0 
No Yes No No No No No No Serial to Mac 
No Yes No No No No No No Serial to Mac 1 

Yes Yes Yes No Yes No No No None 52 2 
N/A Yes No No No No No No None 6 (DOS). 14 (TrueType). 35 (Mac) 2 
Yes Yes No No Yes Optional Optional No EthemeV10Base·T and BNC 45 1 
Yes Yes Yes No Yes Optional Optional No None 35 0 
No Yes No No No No No No None 8 0 
Yes Yes No No Yes No No No None 17 0 
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ROLL CALL OF PRINTERS TESTED 


PAPER SIZES TOLL-FREE PHONE INQUIRY 
VENDOR MODEL LETIER LEGAL A4 11" x 17" ENVELOPE PHONE NUMBER 

I 

Advanced Matrix Technology, Inc. AMT Accel-535dsi Yes Yes Yes Yes Yes (800) 992-2264 (805) 388-5799 1105 
Advanced Matrix Technology, Inc. AMT Aocel·294d Yes Yes Yes Yes Yes (800) 992-2264 (805) 388-5799 1106 
Brother International Corp. M4309·A Yes Yes Yes No No (800) 276-7746 (71 4) 859-9700 1107 
Dataproducts Corp. Dot Matrix 8524 Yes Yes Yes Yes Yes (800) 283-1932 (818) 887-8000 1108 
Epson America DFX-8000 Yes Yes No (800) 922-8911 (31 0) 782-0770 1109 
Genicom Corp. Model 3840EP Yes Yes Yes Yes Yes (800) 443-6426 (703) 949-1708 1110 
Mannesmann Tally Corp. MT 360·2T Yes Yes Yes No Yes (800) 458-4701 (206) 251 -5593 111 1 
Okidata Microline 395 Yes Yes No (800) 654-3282 (609) 235-2600 1112 
Output Technology Corp. Model 850XL Yes Yes Yes Yes No None (509) 536 -0468 t11 3 

~Texas Instruments Omni 800 Model 8930 Yes Yes Yes Yes Yes (800) 848-3927 (817) 774-6001 1114 

Brother International Corp. HJ-400 Yes Yes Yes No Yes (800) 276-7746 (714) 859-9700 1115 
CalComp TechJet Personal Yes Yes Yes Yes Yes (800) 932-1212 (71 4) 821-2000 111 6 

~ Canon Computer Systems, Inc. 
~Citizen America Corp. 

BJ-200c 
Projet II 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

No 
No 

Yes 
Yes 

(800) 423-2366 
None 

(714) 438-3000 
(310) 453-06 14 

1117 
1118 

Epson America Stylus 800 Yes Yes No No Yes (800) 922-8911 (310) 782-0770 1119 
Hewlett-Packard Co. HP DeskJet 520 Yes Yes Yes No Yes (800) 752-0900 (208) 323-2551 11 20 
Lexmark International. Inc. IBM Exec.Jet II 4076 Yes Yes Yes No Yes (800) 358-2380 (606) 232-2000 11 21 
Texas Instruments MicroMarc Ye s Yes Yes No Yes (800) 848-3927 (817) 774-6724 1122 

Advanced Matrix Technology, Inc. AMT T racJel 111 Yes Yes Yes No Yes (800) 992-2264 (805) 388-5799 1123 
Alps Electric LSX 1000 Yes Yes Yes No Ye s (800) 825-2577 (408) 432-6000 11 24 
Alps Electric LSX 1600e Yes Yes Yes No Yes (800) 825-?577 (408) 432-6000 1125 
Apple Computer, Inc. Personal LaserWriter 320 Yes Yes Yes No Yes (800) 767-2775 (408) 996-1010 11 26 
Apple Computer, Inc. LaserWriter Select 360 Yes Yes Yes No Yes (800) 767-2775 (408) 996-1010 1127 
Apple Computer, Inc. LaserWriter Pro 81 o Yes Yes Yes Yes Yes (800) 767-2775 (408) 996-1010 1128 
Brother International Corp. HL-10h Yes Yes Yes No Yes (800) 276-7746 (714) 859-9700 1129' 
Brother International Corp. HL-6V Yes Yes Yes No Yes (800) 276-7746 (714) 859-9700 1130 
Canon Computer Systems, Inc. LBP-860 Yes Optional Optional No Optional (800) 423-2366 (714) 438-3000 1346 
Canon Computer Systems, Inc. LBP-430 Yes Yes Yes No Yes (800) 423-2366 (714) 438-3000 1347 

~ Compaq Computer Corp. PageMarq 20 Yes Optional Yes Optional No (800) 345-1518 (713) 378-8820 1348 
...,.. Dataproducts Corp. LZR 2080 Yes Yes Yes Yes Yes (800) 283-1932 (818) 887-8000 t34~ 

Epson America ActionLaser 1500 Yes Yes Yes No Yes (800) 922-8911 (310) 782-0770 1350 
GCC Technologies SelectPress 600 Yes Yes Yes Yes Yes (800) 422-7777 (617) 276-8620 1351 
Genicom Corp. Model 7170 Yes Yes Yes No Yes (800) 443-6426 (703) 949-1708 1352 

~ Genicom Corp. Model 761 O Yes Yes Yes No Yes (800) 443-6426 (703) 949-1708 1353 
...,.. Hewlett-Packard Co. HP LaserJet 4MP Yes Yes Yes No Yes (800) 752-0900 (208) 323-2551 1354 

Hewtet:-Packard Co. HP LaserJet 4P Yes Yes Yes No Yes (800) 752-0900 (208) 323-255 1 1355 
Hewlett-Packard Co. HP LaserJet 4M Yes Yes Yes No Yes (800) 752-0900 (208) 323-2551 1356 
Hewlett-Packard Co. HP LaserJet 4 Yes Yes Yes No Yes (800) 752-0900 (208) 323-255 1 1357 
Hewlett-Packard Co. 

~Hewl ett-Packard Co. 
HP LaserJet 4 SIMX 
HP LaserJet 4 Si 

Yes 
Yes 

Optional 
Optional 

Optional 
Optional 

No 
No 

Optional 
Optional 

(800) 752-0900 
(800) 752-0900 

(208) 323-2551 
(208) 323-255 1 

1358 
1359 

Hewlett-Packard Co. HP LaserJet 4ML Yes Yes Yes No Yes ' (800) 752-0900 (208) 323-2551 1360 
Hewlett-Packard Co. HP LaserJet 4L Yes Yes Yes No Yes (800) 752-0900 (208) 323-2551 1361 
Kyocera Electronics, Inc. Ecosys FS-1500A Yes Yes Yes No Yes (800) 367-7437 (510) 748-6680 1362 
Kyocera Electronics, Inc. Ecosys FS-3500 A Yes Yes Yes No Yes (800) 367-7437 (510) 748-6680 1363 
LaserMaster Corp. Unity 1200XL-0 Yes Yes Yes Yes Yes None (612) 944-9331 1364 
Lexmark International, Inc. IBM LaserPrinter 4039 12A Yes Yes Yes No Optional None (606) 232-3000 1365 
Lexmark International, Inc. IBM LaserPrinter 403916L Yes Yes Yes No Yes None (606) 232-3000 1366 
Lexmark International, Inc. IBM 4037 5E Yes Optional Yes No Yes None (606) 232-3000 t367 
NEC Technologies, Inc. Silentwriter Model 1097 Yes Optional Yes No Yes (800) 388-8888 (508) 264-8000 1368 
NEC Technologies, Inc. Slientwriler Superscript 610 Yes Yes Yes No Yes (800) 388-8888 (508) 264-8000 t369 
NEC Technologies, Inc. Silentwriler Model 640 Yes Yes Yes No Yes (800) 388-8888 (508) 264-8000 1370 
NewGen Systems Corp. lmagerPlus 12 Yes Yes Yes Yes Yes (800) 888-1689 (7 t 4) 436-5150 t371 
Okidata OL 410e Optional Optional No No Yes (800) 654-3282 (609) 235-2600 1372 
Okidala OL 850 Yes Yes Yes No Yes (800) 654-3282 (609) 235-2600 1373 
Panasonic Communications KXP 4440 Yes Yes Yes No Yes (800) 222-0584 (201) 863-7845 1374 
Panasonic Communications SideWriter KX-P4400 Yes Yes Yes No No (800) 222-0584 (201 ) 863-7845 t375 
Sharp Electronics Corp. JX-9460PS Yes Optional No No Optional (800) 732-8221 (201) 529-8200 1376 
Texas Instruments Microlaser Pro 600 PS23 Yes Optional Optional No Optional (800) 848-3927 (817) 774 -6001 t377 
Texas Instruments 
Xerox Corp. 

MicroWriter PS23 
Xerox 4011 Desktop 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

No 
No 

Yes 
Yes 

) (800) 848-3927 
(800) 821-2797 

(817) 774-6001 
(3 10) 333-2192 

1378 
1379 

Canon Computer Systems, Inc. BJC-600 Yes Yes Yes No Yes (800) 423-2366 (714) 438-3000 1380 
Dataproducts Corp. Jolt PSc Yes Yes Yes No Yes (800) 283-1932 (818) 887-8000 1381 
Digital Equipment Corp. DEC ColorWriter 1000 Yes No Yes No No (800) 777-4343 (508) 493-5111 1382 
Fargo Electron ics, Inc. Primera Color Yes Yes Yes (800) 327-4622 (6 12) 941-9470 1383 
Fargo Electronics, Inc. 

~General Parametrics Corp. 
Primera Dyesub Color 
Spectra Star GT 

Yes 
Yes 

Yes 
No 

Yes 
Yes No No 

(800) 327-4622 
None 

(612) 941-9470 
(51 0) 524-1060 

1384 
1385 

Hewlett-Packard Co. HP DeskJet 560C Yes Yes No Yes Yes (800) 752-0900 (208) 323-2551 1386 
Hewlett·Packard Co. HP DeskJet 1200 C/PS Ye s Yes No Yes Yes (800) 752-0900 (208) 323 -2551 1387 
Lexmark International, Inc. IBM Color JetPrinter PS 4079Yes Yes Yes Yes Yes None (606) 232-3000 1388 
Star Micronics America SJ-144 Yes Yes No Ye s Yes (800) 447-4700 (908) 572-3300 t389 
Tektronix, Inc. Phaser 200e Yes No No No No (800) 835-6100 (503) 682-7377 1390 

~ =BYTE Best - = Data not available at press time 
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Whar a relief. Ar lasr 
there's a network print 
server card that eases the 
pain associated with 

managing networked 
.-J~Q!Jl-o~ pnnters. 

It's called Pacific 
DirectNct. And painlessly, it connects HP®print
ers and planers to vi rtually any Ethernet or ~ 
Token Ring network, while simultaneously ~ 
supportingNovell Nee Ware, UN fX TCP/JP ~~ 
and EcherTalk operating systems. Appt"'-od 

Pacific DirectNet is engineered to simplify the 
entire printer sharing process, from installation to 
everyday use. Software is included chat allows 
automatic secup on Novell networks. And with 
support for LPR/LPD, FTI~ TFTP, and RShell, it's 
easy to setup and connect printers to any UNIX 
network-Sun, HP, IBM, DEC, SCO, Solaris, 
and Interactive UNIX. 

For network managers, upgrading to the latest 
network operatingsystem or to new fea tures of an 
existing one is surprisingly simple. Just slip a disk 
into a PC and update Paci fic DirectNec's Flash 
memory. There's even an SNMP agent char allows 
network management software to recognize and 
manage primers just like ic does ocher network 
devices. 

Wich Pacific DirectNet, sharing a networked 
printer is no longer a headache fo r users either. 
Because wich automatic switching berween operat
ing sysrems, rhey won'r be rroubled by freq11enr 
trips to che printer front panel to switch protocols. 

Pacific DireccNet boards are ava ilable for HP 
LaserJet® Ill , IIID, ll!Si, 4, 4M, 4Si, 4Si MX, 
PaintJer®XL300, DeskJec®l200C, and DesignJec® 
printers and planers. For more info rmation, a 
dealer near you, or to order direct from Pacific 
Data Produces, call us coday ac (619) 625-3685. 
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Announcing the most The Summit for Networking 
Important networking and Professionals. 

computing event ever held. 
NetWorld+lnterop 94 is the gather-

Networking changes minute-to- ing place for the industry's best and 
minute. Li\N, WAN and telecom- brightest. Only NetWorld+Interop 
munications are converging into a 94 offers you this comprehensive 
single all-encompassing business educational experience free: 
environment-connecting not only • 171e JnteropNeC featuring 
desktop to desktop, but company a guided tour of industry's only live 
to company. multi-vendor, multi-protocol net-

NetWorld"' +Interop" 94,The work that mirrors the inter-
Networking Summit. was created ~ operability challenges 
specifically to mirror these changes. you face today. 

TI1is unique forum puts • Internet Showcase;' 
together the two biggest names where you can learn 
in networking events. Net- about the richness and 
World;" the hallmark of the diversity of the Internet. 
desktop Li\N community. • Start-Up City;"an exhibit 
And Interop~ the prov- area dedicated to showcasing 
ing ground of interoper- innovative new products and 
ability for the WAN and solutions from emerging 
telecom worlds. companies. 

What you get is the • Co11fig11ratio11 Clinic;· 
first truly all-in-one net- where you can get suggestions 
working forum . for designing and configuring 

your network from the best in 
the business. 

• CNEPA Labs, a forum for 
the transfer of technical infonna
tion from the vendors to the net
work computing professional. 

• TSANet, where Technical 
Service Alliance members join 
together to solve your biggest 
networking challenges right on
the-floor. 

• So/11tio11s Showcase'" Demo11
stratio11s, cooperative technology 
demonstrations by leading ven
dors including ATM, APPN, Fast 
Ethernet and Multimedia. 

You will see the hottest new 
technologies demonstrated 
by more than 600 of the 
world's leading network
ing companies. You'll 
leave the show ready 
to make the best pos
s ible buying decisions 
for your company. 
Because when you see 

it at NetWorld+Interop, you know 
it works! 

Don't wait. Pre-register 
now and attend FREEi 

NetWorld+Interop 94 Las Vegas 
takes place May 2-6, 1994 (exhibits 
open May 4-6) at the Las Vegas 
Convention Center. 

For more information and 
details on how to attend FREE 
(a $50 savings), or to become an 
exhibitor, call 1-800-488-2883 
Extension 314. 

Outside the U.S., call 
415-578-6900, or contact us 

over the Inte rnet at 
networlcl@interop.com~ 

Don't miss this 
unparalleled chance to 
experience the best in 
networking. 

• More lnforma:1on is ava ilable 
lhrougn ln terop·s Gopher Server at 

progrnms.lnterop.com and World W!dc 
Web (URL htlp;// programs.lnterop.comJ. 

NctWofld+lnterop 94 Is produced by lntorop Company. lnterop Is a registered trademark and Configuration Clinic. Internet Showcuse , lnteropNet and Solutions Showcase are tradem arks of lntcrop Company: NelWorld Is a 
service mark of Novell, Inc. 01994 lntcrop Company. 303 Vintage Park, Foster City, CA 94404. 415·5 78-6900. Fa~ : 415·525·0221. lllustralfon by Kenneth Gllllam Assoc l<Jtcs/ Mlchacl Kunlsakl. 
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1:m1ti11m Under the Hood 


The Panose Typeface-Matching System 

A system for matching static or distortable fonts 

SCOTT BOGGAN AND 
MICHAEL DE LAURENTIS 

A
 
s the popularity of the dozen or so inex

pensive font libraries on the market at

tests, computer users cannot resist fonts. 

Perhaps because fo nts de li ver on the 


promise of personalizing the PC, documents are dressed 

in everythjng from Aachen to Zapf Dingbats. 


Thi s creative freedom comes at a price, however, as 

fo nts present a significant banier to document portabil 

ity. When documents contai1ting fonts are exchanged be

tween platforms and among networked workgroup users, 

problems inevitably occur. For example, a proposal for 

matted in Century Old Style that 's sent to a Windows 

system that doesn' t have Century Old Style in talled will 

likely be displayed and printed on the Windows system 

in Times New Roman , destroying the document 's line 

endings and page breaks in the process. 

Or a PC document containing CG Omega 

mi ght be sent to a Macintosh counterpart 

that doesn' t recognize that the font is iden

tical to Optima and instead di splays the 

document in Courier. 


The Panose typeface- matching system 

from Else Ware (Seattle, WA) attempts to 

solve these font problems. Panose has been 

adopted by a variety of software and hard

ware vendors, including Aldus, Go Corp. , 

Hewlett-Packard , Lo tus, Microsoft, and 

No Hands Software. Many type vendors, 

including Agfa. Bitstream. and Microsoft. 

have also licensed Panose fo r use in their 

retai l font products. By objecti vely clas

sifying fonts according to their visual char

ac teristics, the Panose system selects and 

replaces fonts in documents on a varie ty 

of platforms, including Windows, Macin

tosh. DOS, Unix , and PenPoi nt systems. 


The Trouble with Fonts 
Font-portability problems are not surpris

ing , give n the widespread popularity of 

font li braries from many vendors. Since font packages 

provide users with lots of fonts at a cost of just pennies 

each, most users have one or two of these packages in

stalled on their system. 


The font vendors themselves are parti a lly to blame 
for the font-portabi lity problem. Over the pas t 20 years . 
many font vendor have licensed or recut the popular 
type de igns, marke ting the fo nts under new names. 
Name variations between vendors are the most common. 

Linotype-Hell owns a typeface that it ca lls Optima; Agfa 
call s its version of the same des ign CG Omega. Inter
platform font-name variations are a lso common, even 
within a single vendor 's product line. Adobe uses the 
name GoudyOldStyle for one of its fonts on the Mac
intosh but ca ll s its PC version Goudy Old Style (wi th 
spaces). Such confusing name variations alone are enough 
to throw a monkey wrench in to the process of sharing 
documents. 

The grow ing popularity of workgroup products such as 
Lotus Notes and Microsoft Windows for Workgroups 
aggravates font-portability problems by increasing the 
li kelihood of shared documents between computers . 
Portable computi ng also adds to the document sh uffl e 
between compu ters with different fo nt configurations. 
Since fonts don ' t travel with documents, formatting is 
lost unless all computers that call up a document have the 
fonts req uested by it. 

Current Approaches to Font Substitution 
Windows and the Macintosh address the font-substitution 
problem in very different ways, as do different applica 
tions vendors. Even wi thout knowing it. most Windows 
users have experienced the Windows solution to rillssing 
fonts: When you open a document containing a ntissing 
font , the Windows fo nt mapper finds a substitute and 
suppli es it to the application. Since the Windows font 
mapper provides no notification of this process, it ' s often 
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Leltertorm 
.-----~~---rm S!Y,_.,le___..=, 
Stroke variation 

dif!icult to tell when a fo nt is mi ssing. 
Furthermore, there is no easy way to ASample Panose Number 
customize Windows font replacements, 
si nce Microsoft chose not to pro vide Times New Roman an interface 10 Windows font mapping. 

How does the Windows fo nt mapper 2 2 6 3 5 4 5 2 3
Setting

work'J The Windows core mapper uses ~~~ x-he19ht Large~l Attribute 
weighted penalties to ide ntify the clos .Mi ~ne sm~~ro~dll~,____~~nda~....__. 
est font replacement and then provides 
the applicati on with the font having 
the smallest penalty. The mapper as
signs large penalti es to font attributes 
such as character set. output precision, ._____ P roportion Modern__~___~~--_____ 
variable or fi xed pitch, face name, fam '-------1Weig:.:.: __;.:; ed·==--hl.._ M::.:::
il y type. and height. Although these 

._----~~_rif style c _v____se__~_~___o e 
att ributes preserve the overall fee ling 

._------1Famil}t~~~....__Lati·~~~~_.ki d =" 'ext·n
of the fo nt , they ignore such crit ical 
visual characte ri sti cs as se ri f s ty le, 
weight, proportion. and contrast. ln ad The Panose typeface classification number Is a 10-digit description of 

a font's critical visual characteristics.diti on, the Windows mapper doesn' t 
handle font-name vaiiati ons very well. 
Jn practi ce. Windows usually replaces mi ssing fonts with either 
Ari al or T imes New Roman. 

The Mac OS takes a d ifferent approach: If the req uested font 
is not available. it noti fies the user and displays the mi ssing font 
in Courier. Although it effectively highlights the problem. this ap
proach fo rces the user to either install the mi ss ing fo nt or refor

..mat the doc ument. 
Windows 3. 1 prov ides vendors of applications and fonts with 

a solution to fo nt portability: font embedding. Embt:dding lets you 
inc lude TrueType fo nts in a document file . There arc two types 
of font embedding: read-only and read-write. Read-onl y fonts 
allow a recipient of a shared document to use the embedded font 
fo r viewi ng and pri ntin g only; when the doc ument is closed , the 
fo nts are deleted. Read-write embeddable fo nts are permanently 
installed on the system, allowing the user full access to the fo nt 
fo r ed iting, viewing, and printing documents. 

However, fo nt embedding is not a prac tical so lution to the 
font problem. Few applications vendors support it, and the idea 
has been cooll y received by font vendors, most o f whom limit 
the ir suppo rt to read-only access. Most important , embeddi ng 
fo nt s increases document fi le s izes according to the size o f the 
font fi les. For instance, because TrueType fonts range from 35 KB 
to 70 KB , embedding four fo nts in a document increa es it s size 
by approx imately 200 KB . 

Panose Font Mapping 
In an effort to resolve font problems in portable-document soft
ware, the Panose fo nt mapper uses techniques th at di ffe r from 
1hose of font embedding. The key to the Panose font class ification 
and matching system is the Panose typeface c lass ifica ti on num
ber, a I0-byte descripti on of a font 's visual characte ristics. 

There are two other components to the Panosc system: classi
ficati on procedures and the Panose mapper. The class ifi cation 
procedu res are used to ass ign a Panose number to a fo nt. The 
Panose mapper accepts the number of each missing font, compares 
it again st the fo nts on the system, and then se lects the closest 
match. The mapper a lso prov ides an inte rface fo r the user to 
adju st the mapper to lerances and override the replacements it 
provides. 

The Panose num be r is an array of I0 di g its. The firs t d igi t 
identities the fo nt fa mil y and de termines the mea ning of the re
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maining nine digits. The standard fonts 
used for European languages belong 
to the Latin Text and Display family, 
and the remaining nine digits describe 
seri f style, we ight, proportion, con
trast, stroke variation, arm style, let
terform. mid line, and x-he ight. Script 
fonts be long to the Latin Script fam
il y, and the remaining nine digits de
scribe too l kind, weight, monospace, 
aspect ratio, contrast, topology, fo rm, 
fini als, and x-ascent (see the fi gure "A 
Sample Panose Number"). 

Since each digit in the Panose num
ber is an integer, it ex presses a few 
di screte va lues. Therefore , a fo nt 's 
weight (which can range from light to 
ex tra black) is measured and catego
rized in one of 11 buc kets. Similarly, 
serif style is placed in one of 14 buck
ets according to its shape. This ap

proach keeps Panose numbers very compact while prov iding 
enough in formation to find the c losest match to a given font. 

Panose classification procedures are the rules and equations 
used for determin ing a I0-digit Panose class ifica tion number. 
Font class ification begins by printing selected characters from a 
font and measuring various attributes. For example, the widest and 
narrowest stems on the uppercase 0 are measured , and the ratio 
between the two is used to determine the value of the contrast dig
it. There are a total of 65 Panose measurements, but through a pro
cess of e limination mos t fonts ca n be accurate ly class ified in 
five steps (for sans seri f) or nine steps (for seri f) , depending on 
shape complex ity. 

Once a font has been class ified, the Panose class ification num
ber is registered and stored in a database that is di stributed with 
the Panose mapper. Panose numbers are al so embedded in doc
uments c reated by appli cati ons that are Panose-aware. When 
documents are shared between Panose-aware applications, those 
applications reference the Panose database before referencing 
the Panose numbers that are already embedded in the documents. 

The Panose Mapper 
When a document is brought into a Panose-aware application, the 
application or operating system requests a font name from the 
MA I (Mapper Applicati on Interface), which in turn queries the 
Core Mapper Services . The core mapper returns a Panose num
ber to the MAI, which consults the Panose exceptions database for 
a custom mapping . lf there is no exception in the database. the 
mapper di splays a Results dia log box that tells the user what was 
found and allows the option to override the mapping. Finall y, 
the mapper suppli es the replacement font to the applicati on or 
operati ng system (see the fig ure "The Panose Architecture" on 
page 190). 

The Panose mapper software determines the closest poss ible 
l"ont match on any given system by comparing the Panose m11n
bers of the requested and ava il able fonts. The individual Panose 
digits are compared, weighted by their typographic importance 
(e.g. , weight caiTies more imponancc than contrast), and summed 
to provide a numerica l visual d istance. 

The components of the Panose mapper include the Core Map
per Serv ices and the MA I. The Panose mapper also includes a 
database of registered Panosc numbers fo r most common font 
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The Panose Architecture 
Panose font-matching results ~ 
~~~~~~~~~~~~!cancil! 

Missing font: Substituted font: 

Arial Arial 
Arial Narrow Arial Narrow 
Book Antique Book Antique ~ 

Substituted font: \ Helv (system default) lol 
Results dialog box 

Exceptions 
database 

Environment

dependent MAI 

Environment

Independent 
 Panose number 
("core") 

The MAI provides additional 
services for Windows and Macin
tosh applications developers. The 
MAr includes sample dialog box
es for both platfom1s, database ser
vices for relrieving Panose num
bers , and an API that"s des igned 
for simple integration of Panose 
mapping into the application's ex
isting font-selection mechani sm. 

The mappe r algorithm starts 
with two lists: fonts requested by a 
doc ument . and fonts available on 
the system. The mapper considers 
each font in the requested list in
dependently and looks for the best 
choice among the available fonts . 
The result is a one-to-many map
ping from the required li st to the 
available list. 

The mapper first checks the 
available fonts ; if no matches arc 

A depiction of the Panose mapper's execution flow when a font Is requested by an application and/or the operating system. A found. it looks at the exceptions 
font Is requested when a document Is brought into a Panose-aware application. list. Finally, it compares the re

names. This a llows accurate replacements should a document 
provide only the missing font's name or request a font without an 
embedded Panose number. 

The Core Mapper Services represent the basic Panose services 
for selecting the closest visual match or enumerating fonts by 
visual distance from a target font. The mapper looks at several fac
tors when mapping fonts. These include the following: 

•The 111atch value is the number returned by the font mapper to 
assess the visual s imilarity of two fonts . It is obtained by com
paring each of the digits of the Panose number, multiplying each 
comparison by a weight. a nd adding them together. A small 
match value indicates a good match. 
•The threshold is a number that indicates the highest acceptable 
match value. This is used as an optimization by the font mapper 
to abort the match process once it has determined that the match 
value will be beyond the threshold. If no fonts can be found with 
a match that 's less than the threshold, the default font is used. The 
threshold can be relaxed so that the mapper computes the match 
value regardless of its s ize. 
•Penalty rabies contain the numbers that evaluate the closeness 
of two Panose digits . The tables can be thought of as 2-D arrays 
where the value from one di git indexes the row and the value 
from the other digit indexes the column. In reality. the mapper 
stores the tables in a compact form si nce. depending on the dig
it. there may be a great deal of repetition or a clear pattern in the 
penalty values. Each digit in a Panose number has one penalty 
table. 
•Mapper weights arc numbers that control the impact each penal
ty table value has on the match value. There is one weight for each 
digit. After the mapper computes the penalty value, it multiplies 
the result by the weight. All the weighted penalties are added 
together to yield the match value. 
• Cross-class 111appi11g makes it possible to use a Panose number 
from one classification sy~tem to select a font in a different clas
sification . The current mapper supports cross-class mapping for 
Latin text to kanji text and vice versa. 

quired font against the entire list 
of available fonts and maps to the first font returned. If the map
per can't find a match within the specified tolerance, it returns the 
default font. 

The MAI also looks at other factors when matchin g fonts. 
These include the following: 

• S11bstit11tio11 tolerance sets Panose mapping tolerance. which 
determines when the mapper gives up and substitutes the sys 
tem default. 
•The Alternate Spelli11g.1· feature enables the use r to modify the 
spelling list that comes with the MAI. This list captures cross-plat
form naming variations, such as Avant Garde (Macintosh) and 
AvantGarde (Windows). 
• The Marching Exceptio11.1· feature lets the user customize the 
behavior of the mapper. Exceptions are typically used to break 
ti es bet ween two otherwise identical matches. For example, 
Times on the Macintosh would typically map to Times New Ro
man in Windows, but an equally valid match may be Dutch 
Roman (a Bitstream font) . Exceptions can also be used to create 
special mappings should the user want to do so. 

The Panose number database contains over 2500 namc-to
Panose number records for common TrucTypc , Type I, Uni x. 
and printer fonts. The database is included with the rest of the 
Panosc mapper components and is redi stributed to the end user. 
All the Panose mapper components contribute very little overhead 
to a Windows system. consuming o nl y 238 KB of file space . 

Overcoming the Limitations 
Panose I .O's bucketizing scheme keeps Panose numbers com
pact while providing enough information to find the closest match 
to a given font. but it docs have some limitations. For instance. 
since the font mapper uses lookup tables to calculate the differ
ences between two fonts , classifying a new family (e.g .. kanji) un
der Panose 1.0 requires an updated table for all exis ting systems. 
In addition, a large number of fo nt attributes don't fit neatly into 
buckets . especially with distortabl e font technol ogies such as 
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The only WindowsTM statistics 
package you'll ever need. NEW~ 
#1 for DOS and Windows 
Rated "the best general-purpose 
statistics program " for the PC by 
SoftwareDigest ~ SYSTAT for DOS 
is now joined by SYSTAT for Win
dows. This addition to the SYSTAT 
family takes full advantage of 
Windows, with pull-<lown menus, 
dialog boxes, sizable windows, and 
the ease of use you expect in a 
Windows package. 

SYSTAT for Windows runs in 
standard and 386 enhanced modes 
and can take advantage of Win
dows advanced memory manage
ment. o matter how large or 
complex your analysis is, you can 
useSYSW. 

SYSTAT delivers a balance of 
power and simplicity. It lets you 
analyze and manipulate data 

with a comprehensive range of 
advanced statistical procedures, 
and present your results with 
stunning graphics. 

Just point and click 
SYSTAT is a full-fledged Windows 
application. Just point and click. 
SYSTAT's QuickStat'M buttons give 
you simple, single-click shortcuts 
to common statistical analyses. 

More statistics, from the basic 
to the most sophisticated 
Afull range of univariate and 
multivariate statistics-from l tests 
to multidimensional scaling. With 
a few clicks you can turn most sta
tistics into graphs and perform: 
• 	multiway crosstabs with log 

linear modeling 
• 	nonparametric statistics 

SYSW offers the most 
advanced multivariate general lin
ear model available for Windows. 

The most graphics 
No other statistical or graphics 
package can produce all the scien
tific and technical graphs that 
SYSTAT can-nor surpass its ease of 
use. Graphics capabilities include: 
• 	histograms 
• 	single, multiple, stacked, and 

range bar graphs 
• 	single and grouped box plots 
• 	stem-and-leaf diagrams 
• 	 pie charts 
• scatterplot matrices 
• 	3-D data and function plots 
• 	contour plots 
• control charts 
• 	maps with geographic projections 
• Chernoff faces• principal components and 

factor analysis 
• cluster analysis 
• time series 
• nonlin ear estimation 
• correlation matrices 
• means, effect, and dummy 

models 
• post hoc tests 

• complete color spectrum 
• log and power scales 
• confidence intervals and ellipses 
• linear, quadratic, step, spline, 

polynomial, LOWESS, expo
nential, and log smoothing 

"SYSFAT (for Windows)  with 
its superb graphics, high-qualit)' 
statistical algorithms, and 
reasonable price  is an excellent 

• wi.. 11 . nn choice." PC Magazine 
~ 

For more information, special 
offers for current users, and demo 
disks, call: 

708-864-5670 

For more information call orwrite:.SYSTAT, Inc., 1'800 Shefmen Avenue, Evanston,Jllinois 60201-3793. Tel:708.864.5670, Fax:708.492.3567 
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Greece:30.1.362.9041 , llolland: 31.34.0266336, Italy: 39.587.213640, Japan: 111 .33.5902311, M-laysia: 603.703.5568, Mexico: 52.5.523.3102, 
New Zealand:64.7.8562675, Norway: 47.32.892.240, Poland: 48.12.360791,'Spain: 34.3.4154904, Sweden: 46.31.n6.0121, 
SWifzerland: 31 .971 .33.71, Taiwan:886.2.704.2762, UK: 4!1.462.480.055 
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I: Miti sIm Under the Hood 


Panose Space Properties 

1. Each digit represents an axis; thus, Panose space can have up 


to mdimensions, where mIs the maximum number of Panose digits. 


2. Asingle static font Is represented as a point In Panose space. 

3. Adistortable font Is represented as a higher-order object, such 

as a line, polygon, or cube. 


4. The distance between two fonts in Panose space measures the 

visual similarity between the fonts: The shorter the distance, the 

greater the similarity. 


5. Panose space Is extensible. In the rare cireumstance that a font is 

created that does not exist In Panose space, new digits are used to 

account for it, thus widening the scope of Panose space to Include 

the font. 


Apple's TrueType GX and Adobe Multiple Masters. Distortable 
type allows the user to modify a font ' s attributes (e.g., weight 
or width) to generate thousands of variations from a single mas
ter outline. 

The revised Panose system, Panose 2.0, expands the IO digits 
used in Panose 1.0 to define 36 font traits in I 00 bytes of data. Jn 
addition, the classification scheme is more quantitative. For ex
ample, Panose 1.0 uses a single val ue for serif style; Panose 2.0 
has individual measurements for serif width , height, tip size, tip 
roundness, angle, balance, foot pitch, and more. 

Panose 2.0 numbers have an arithmetic relationship and can be 
viewed as axes of a coordinate system. In Panose 2.0 terminology, 
each Panose 2.0 digit is represented by an axis in Panose space. 
The value of a single Panose digit is represented by a point along 
the axis. The Panose match value is simply a weighted distance 
between two points (here, weighted means each ax is can be scaled 
to place greater emphasis on the distance for that digit). In sim
ple terms, the Panose match value (or visual distance) can be 
expressed using the standard Cartesian 

Panose space to the distortable font's space. Thus, once it finds 
the point nearest to the requested font, Panose can derive the ap 
propriate settings for the distortable font technology to construct 
the font. 

This highlights a fundamental difference between Panose 1.0 
and 2.0. Panose 1.0 digits describe a font , but the logic for as 
sessing the visual distance between two fonts resides in the map
ping software. Panose 2.0 digits represent a font' s position in a 
Panose space where, by definition, the distance between two 
fonts is their visual distance. Thus, the logic for assessing visu
al distance actually happens when the fon t is c lassified (i.e., 
when its position in Panose space is determined). 

This means the Panose 2.0 mapping algorithm is very simple: 
Each digit is stored with an ID number, or tagged digit . The 
mapper lines up digits with the same ID value and executes the 
distance algorithm. This allows for a small, fast , scalable algorithm 
that never needs to be modified. 

The Next Step 
Since Panose can provide so much detail about a font, the next 
logical step is to use Panose numbers to synthesize fonts. Else
Ware' s ln finifont system, an extension of the Panose system, 
can do just that. For distortable font technologies such as True
Type GX and Multiple Masters, Panose can create many fonts 
from one master font. As with Panose 2.0, each of these master 
fonts can be represented by a shape (e.g., a line, square, or cube) 
in Panose 2.0 space. 

Using the 36 Panose 2.0 digits, lnfinifont can synthesize a 
font that captures the basic serif shape, stem shape, weight, con
trast, and width. This provides enough data for lnfinifont to re
create the approximate shape of the fon t, but the font wou ld be 
somewhat homogenized and would lack the subtle intricacies 
that distinguish the best type designs. 

To capture these intricacies, the [nfinifont system accepts in
put from detail strings. which provide additional data for adjust
ing pecific aspects of a font design. Infinifont supports global de
tail strings that adjust the charncteristic of a font (e.g., the thickness 
of all uppercase diagonal stems) and local detail strings that ad
just the individual aspects of a particular character (e.g., the dis

tance by which a lowercasej extends be
distance formula. low the baseline). 

Given the Panose-space base proper The small size of these descriptor files A2-0 Panose 2.0 Space
ties, any font can be defined in terms of 
Panose space. This provides a compre
hensive system for describing and com
paring fonts. In the figure "A 2-D Panose 
2.0 Space," the font that is closest to font 
A is font G, a single-axis distortable font 

iii(increasing the axis value for the font in ~ creases its contrast and weight). To find 
8 
c 

the closest match for a particular dis
tortable font, Panose first locates the nor
mal through the distortable font (line G 
in the figure) that passes through the re
quested font (point A in the figure). The 
distance along that normal is the match 
value between the two fonts . In addition, 
that point on the distortable font repre

makes lnfinifont very efficient. Because 
most TrueType fonts consume 30 to 70 

•
c 

··I KB of disk space, a library of 150 fonts 

•
F 

cou ld easi ly consume 7.5 MB; lnfinifont 
A can store the same library in roughly 500 

KB. This makes Infinifont attractive for : such system components as printers, per)(________ 
 sonal digital assistants, operating systems, 
and oft ware applications. • 

•
B 

•
E 

Scott Boggan is the technical marketing mnnager 
at ElseWare Corp. (Seal/le. WA) and is coawhor 

H a/Developing Online Help for Windows (Sams. 
1993). You can reach him an the /111em et at scoll 
@el.\'elvare.com or 011 BIX c!o "editors." Michael 
De Laurentis is a senior developer at Else Ware. 
He is author of the Panose 1.0 f o11t-mappi11g 

Weight 

sents the instance of the font that you want A2-D Panose 2.0 space containing distortable fonts. Known 
software and the ·· Pmwse 2.0 White Paper,·· the Panose-classifled fonts are represented as a single point into match. visio11 document f or P<mose. You can reach him Panose 2.0 space (e.g., points A-f). Distortable fonts can be 

A Panose 2.0 number contains suffi represented by a shape such as a line or a square (e.g., line G 011 the /111em et at mike @elseware.com or on BlX 
cient information for converting from and square HJ. c!o "editors. " 
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1rn11ti!11n Some Assembly Required 


The Icon Programming Language 

A new way to deal with strings and structures 

RALPH E. GRISWOLD 

Icon is a very hi gh- leve l, general-pur
pose programming language w ith a 
strong emphasis on processing strings 
of charac ters and complicated struc

tures. It was developed al the Univers ity o f Arizona un
der the support of the National Science Foundation as a 
byproduct of research on high-level faci I ities for nonnu
meric computati on. 

That desc ription is accurate, but it doesn ' t really te ll 
you what the language is like or why so many program
mers love it. I'l l explain these things and give some ex
amples that convey the nature of the language. 

An imponant issue in designing Icon was making pro
gramming easy, quick, and , we hoped. fun . The success 
of thi s design phi losophy is illustrated by 
the fact th at Icon programs are typ ica ll y 
one- tenth lo one-third the s ize of cqui va
le nc C programs and can be wriuen corre
sponding ly fas te r. 

Programming tasks that require ex te n
sive manipulations of stri ngs and structures 
are surprisingly common. Compilers. word 
processors . and databases arc examples. 
Ico n has been used for man y things. in 
c luding text formatting. natural -language 
processing, program generation, rapid pro
totyping, and A I. Because it' s easy to pro
gram in Icon. programmers o ft en use it fo r 
one-shot, th rowaway applications. But thi s 
language is a lso popular for the most com
plex applications. including those of a spec
ulati ve nature. where qu ick results and case 
ofmoditica ti on are vit a l. 

[con started on Un ix but is now ava il 
able fo r many platforms, ranging from PCs 
to mainframes: the Amiga. the Atari ST. 
th e Macintosh , MS-DOS . MYS . OS/2. 
many Unix systems, VAX . and VM/CMS. 
Im plementat ions for Win32 and Windows 
NT are in progress . A ll imple mentations. including the 
source code, a rc in the public domain. 

Major Features 
Icon has many types of da ta to suppon a wide range of 
comput ational tasks. In tegers. real (i.e .. lloatin g-point) 
numbers. and strings are fam iliar. In Icon. structures such 
as lists and tables with associative look up arc a lso data 
types. More on th is later. 

To make programming easier. lcon docs not have type 
declarations. Type declarations make it eas ier to imple

ment a language, but they oft en require tedious, verbose, 
and e 1Tor-prone coding. 

A lthough Icon lacks type declarations, it is a strongly 
ty ped lang uage. During program execution , it checks 
types whe n necessary to ensure that tl1ey are correct. It 
also converts types au to matically when necessary; for 
example, it converts numbers to strings for writing with
out any exp li c it action in the program. Simi larly, in op
eratiuns th at ex pect a number. a string that looks like a 
number is automaticall y converted to a number. In other 
words, the implementation handles many matters that 
you have to ex plicitl y program in most programming 
languages . 

Like other powerful programming languages that date 
back lo Li sp, Icon manages storage automatically. It cre
ates objects as needed during program execution. Space 

for them is provided au tomaticall y, and unused space is 
garbage-collected when necessary. There also is no lim
it on the size of objects o ther tlrnn the amount of avai lable 
memory. Some kinds of objects even grow and shri nk 
automati ca ll y. 

With an emphasis on processing strings and structures, 
you'd ex pect Icon to have a large reperto ire of opera
tions fo r dea ling with such data. It does, but more im
po11ant, it provides new ways of thinking about strings and 
structures th at make programming easy and natural. For 
example . strings in Icon are true first-c lass values, not 

PHOTOGRAPHY: LINDA SALAZAR C 199.: M A Y 1994 BYTE :1.93 



l:tliti!1In Some Assembly Required 


arrays o f characters. A string-scanning fa
cility supports sophisticated pattern match
ing without tedious bookkeeping. At the Control structures use theheart of Icon is goal-directed evalu ation, 
which automati cally searches among alter success or failure of a 
nati ve results. computation initiated by an IconOn the face of it , an Icon program looks 
a lot like a C or Pascal program. A program expression instead of the 
consists of a collecti on of procedures, and somewhat formal notions of 
each procedure contains ex press ions th at 
perform computations. Syntax clearl y isn' t true and false. This idea alone 
everything, and as you get into program makes Icon programs shorter 
ming in Icon, you ' ll see how its powerful and easier to write than thosesemantics and automatic handling of details 
stand behind a famili ar appearance. in most programming languages. 

lt 's tim e for a few s imple e xa m ples. 
Here's about as simple a program as you' ll 
find-a main procedure that writes out a greeting: 

procedur e main() 
writeC "Hello 1-1orld " l 

end 

Now suppose you have a file that contains a lot of numbers, one 
per line, and you want to know the ir sum : 

proce dure main( l 
count := 0 
whil e count+ := r ead ( ) 
\·lri te( COUil t) 

end 

Each number that is read increments the count. Note that Icon au
tomaticall y converts the values read from strings to numbers fo r 
additi on, and it autom ati cally converts the fin al number to a 
string for writing. The loop terminates when there is no more 
data to read. No test fo r an end-of-file is needed- read ( l simply 
fails at the end of data. 

Expression Evaluation 
Much lies behind express ion evaluation. In the rea l world, we 
constantly try to do things that may or may not be possible, and 
sometimes our attempts fa il. That' s fundamental to expression 
evaluati on in Icon . If a computation cannot be perfo rmed (which 
is different from an erroneous computation), the expression fa ils. 
Control structures use the success or fa ilure o f a computation 
initiated by an Icon expression instead of the somewhat fo rmal no
ti ons of true and fa lse. Thi s itka alone makes Jeon progra ms 
shorter and eas ier to write than those in most programming 
languages. 

In the real world, there are often many ways of doing things
altemati ve courses of action. For example, you may have a choice 
of doors by which to leave a large store. The same situation oc
curs in many programming tasks. Suppose , for exa mple, that 
you want to locate equal signs in a line of a program. There may 
be many equal signs. You may or may not want to know where 
the fi rst one is. You may want to know where all of them are. In 
most programming languages, you have to pick your way through 
the line, keeping track of where you are, doing index arithmetic, 
and so forth. 

In Icon, the computation is handled di ffe rently. A computation 
that has many altemati ves generates those altemati ves as needed. 
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For example, up to( s 1 . s2) generates all 
the locati ons, fro m left to ri ght , at which 
characters of s 1 occur in s 2. If you onl y ask 
for one, you get the first, as in 

first : = upto( "=" , li ne) 

which produces the location of the fi rst equal 
sign in the line . If there is no equal sign, 
upto() fa ils, and no ass ignment is made. 
It 's a good idea to check fo r this. If you want 
all locations, there is a control structure to do 
that: 

every •1rite(up to( "=" . line)) 

writes all the locati ons. 
Sometimes a successful computation depends on a combi nation 

of things . For example, to find out if an equal sign occurs in a line 
at a location greater than I 0, all that's needed is 

i f upto( "=". lin e )> 10 then 1-1rite( "yes " ) 
else write( "no " l 

Here, the comparison operation keeps asking for locati ons until 
one is greater than 10. If there is one, yes is written. If there 
isn' t, no is written. 

The idea of generators opens up all kind of possibili ties. One 
useful generator is i to j , which generates the integers fro m i to 
j in sequence. Wi th thi s, Icon doesn' t need a for control struc
ture. For example, 

every step to 10 do 
p(stepl 

ca ll s p ( 1 ) , p ( 2 ) , . .. p ( 10 ) . Thi s can a lso be done more co m
pactly with just 

every p(l to 10) 

Alternation, denoted by a vertical bar, generates its arguments. 
For example, in 

upto( "=", linel I l ine2J 

the second argument of up to( J is a generator, so the locations of 
equal signs first in l in e 1 and then in 1in e2 are generated. You 
can even write yuur uwn generaturs using pruceclures, su the 
poss ibil ities are endless . 

String Scanning 
l"ll shift gears now and look at string analysis. Scanning is based 
on the idea of a subject string that is the foc us of the analysis. A 
cursor keeps track of the locati on of interest in the subjec t. 

String scanning has the fo rm s ? expr . where s is the subject 
of scanning and exp r pe1forms the scanning. The cursor starts at 
the beginning of the subj ect and can be moved by move ( i l , 
whi ch advances it i characters, and tab ( i ) , which sets it to the 
i t h character. These functions fa il and don' t move the cursor if 
it is outs ide the ra nge of the subj ect. As an example, 

text ? 1·1 hi 1e 11 r i t e (move ( 1 ) ) co111i1111ed 
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writes the characters of text , one per line. 
Much of the power of suing . canning come. from using analy

sis functions like up o( l to provide the argumelll to t ab( ) and 
10 move the cursor accordingly. Suppose. for example, that you 
are interested in the op codes that are used in an assembly lan
guage program. I'll assume a syntax in which op codes fo llow the 
first blank fi eld of a line and are themselves fol lowed by a blank 
field before their operands. Op codes can be found as follows: 

ws := " \ t " 
li ne ? I 

tab( u p to(~1 s l l 
t ab (many(1vs ) l 
opcode : = tab(upto(wsll 

The string ·.vs defines whire space-blanks or tabs. Several 
express ions are needed for canning, so they are enc losed in 
braces . The firs t expression locates the beginning of the first 
blank field. (I n string scanning. ana lysis functions are applied 
to the subject and need no second arg ument. ) The second ex
pression skip over this fie ld, using many ( l , which produces the 
location at the end of a seq uence of characters. The op code is 
whatever fo llows until the next white-space character. 

In practice, a little bit more is needed to skip comment lines, 
handle op codes without operands, and perhaps check for correct 
syntax. I've omitted these niceties here to avoid complicating 
the example, but you ' II find them in the listing "Tabulating Op 
Codes." 

You can use the scanni ng express ion above in a number of 
ways, which suggests that you should encapsulate the code in a 
procedure: 

procedure opcode( l inel 
\'IS : = " \: " 
l i ne? I 

tab( upto(1·1s l l 
tab(many( 1vsl l 
return t ab(upto (wsll 
I 

end 

The argument is a line of code, and the value returned is the 
op code. For example, you cou ld use this procedure to write out 
all the op codes: 

1·1 hile line := read () do 
1v ri te(opcode( l inel l 

This is just one example of the endless possibilities of string 
scannin g. 

Structures 
Except for the simplest file analys is and generation, string-pro
cessi ng tasks require structures to organize the data-li sts of 
strings, symbol tab les, and so on. Icon provide four kinds of 
bui lt-in structu res: records , lists, sets, and tab les. 

Records are similar to those in other programming languages, 
and I won't bother to describe them here. Lists in Icon can be used 
in two ways: as one-di mensional arrays subscripted by position, 
and as stacks and queues in which elements are added and re
moved at the ends. co111i1111etl 
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Sets are collections of distinct values. You can add and re
move members to and from sets and compute the union , inter
section, and differences of sets. 

Tables provide associative lookup; they are like lists, but they 
can be subscripted with any kind of value, not just integers. Table 
subsc1ipts are called keys, and each key has a value associated with 
it. If a table is subscripted with a key that is not already in the table, 
a new table entry is added. 

Structures themselves are data values. You can assign them to 
variables, pass them as arguments to procedures, and so on. All 
structures in Icon can be heterogeneous; that is, they can con
tain values of any type, and the same structure can contain values 
of different types. For example, a list can contain integers, stri ngs, 
and even lists. 

I'll continue with the example of extracting op codes from an 
assembly language file to illustrate how you can use some of 
Icon's structures. Writing out all the op codes as illustrated above 
might be useful in some situations, but it's usually more helpful 
to accumulate all the op codes and process them in some way. A 
list of op codes is a good place to start. It can be constructed as 
follows: 

op l ist := list(O) 
while line:= r ead() do 

put(opl i st . opcode( line)) 

The first line assigns an empty list-a list with no elements
to op l i st . In the loop, instead of writing out the op codes pro
duced by opcode ( ) , you can append them to op list using one 
of Icon's functions that treat a list as a queue. The final result is 
a list of all op codes in order of appearance. Note that it is not nec
essary to know in advance how many op codes there are : Lists 
grow in size automatically, and there's no limit to their size ex
cept the amount of available memory. 

You could use the li st of op codes in many ways . To get a 
listing of the op codes, you could index through the li st, writing 
each element: 

eve r y i := 1 to *opl i st do 
1·ir i te (op list [ i J) 

The expression *op l is t gives the number of elements in the 
list. 

There's a better way to do this. The expression ! Xgenerates all 
the elements of the structure X. For lists, it generates them from 
beginning to end. To write all the elements of op l is t, all you need 
is the following: 

every ~irite( ! oplistl 

Suppose, now, that you want to know which op codes are used 
in the program. The complete list almost certainly contains du
plicates-probably many. Finding the distinct op codes is a job 
for a computer, not a person. 

Icon's sets make this easy. By definition , a value can be a 
member of a set only once. A simple change to the code above is 
all that's needed for writing the distinct op codes: 

opset : = set( l 
1·1 hile line := read() do 

insert(opset . opcode(l i nell 
every wr ite( !opse tl co11ri11ued 
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The fun cti on set ( l creates an empty 
set. Insertion automati call y checks for 
values already in the set and doesn't add 
them- something you'd have to program 
in most languages. Incidentall y, Icon does 
thi s efficientl y with dynamic hashing
not something you'd be likely to imple
ment your elf. 

Another thing needed to make the code 
rea lly useful is sort ing. All you need is 
an additional function in the las t line: 

every ~irite( !sort(opset)) 

Having gotten thi s fa r. you can do one 
more thing that might be useful in the 
analys is o f op-code usage : Count the 
number of occurrences of each one. Here 
is where Icon's table data type comes in: 

optab : = table(Q) 
~il1i l e line := read() do 

opt ab[ oacode(linelJ + := 
oplis sort(optab. 3) 

Tabulating Op Codes 

procedure main() 
I Table for lhe opcodes 
optab : • tableCOl 
HProcess the i np ut . co unting the opc odes 
while line : - rea d!) do 

oplab[opcode(line)l + : - 1 

opl i st :- sort{optcb . 3) 


O Write out the r es u lts In columns 

wr1 te( " Opcode tabulation :" ) 

wr ite() 

wh ile wr i te( l eft ( get (o pl is LJ. 61 . rig ht (get(opl ist) . 6)) 


end 

procedure opcode( li ne) 
ws : - • \ 0 White-space charact ers 

0 Analyze t e line 
1i ne ? I 


if any( ":" ) t hen fail 0 Skip comment lines 

if tab(uptoCwsll & 0 Fi nd bla nk field 


labCma ny(ws)l & fl Sk ip blanK field 
code : - tabC upto(ws) I 0) II To b l ank or end of 1ine 

t hen return code 
else fai l 
I 

end " 

Program Output 

Opcode t abu l ation : 

ca l l 2 
cmp l 
db 1 
dd 3 
d 1·1 8 
j nz l 
tes 3 
mov 22 
pop 1 
push 6 
ret 2 
xor 3 

1·1hile 1·1ri e(ge (oplistl. ":" get(oplistll A complete program to tabulate op codes is shown in the list
ing ' 'Tabulating Op Codes." In addition to the improvements on 

The first line assigns an empty table to opt ab . The 0 is not the size string scanning mentioned earli er, the output is fo rmatted in 
of the table. but rather the initial value used for all entries in it. columns, as shown in the sample output. 

Each value that opcode() produces is used as a key to subscript 
the table. For example. if opcod e ( l returns "mov ", the sub Other Features 
scripting expression is equi valent to Icon has a large repenoire of function . It 's not just a language for 

processing strings and structures. You can do numerical compu
optab[ "mov " ] + := l tation if you want. It also has a number of sophisticated fea tures, 

including an expression-level coroutine fac ility, that Tdon' t have 
which increments the entry for "mov " by I. The first time op t ab room to describe here. 
is subscripted with thi · key, a new entry is created wi th an initial Recently, conoibutors at the Uni versity of Arizona have added 
value of 0, increasing the table size. This new value is then in high-level facilities for graphics and window operations to Icon; 
cremented to I. these facilities are comparable in power to Icon 's repe11oire for pro

The ex press ion so rt( op tab . 3 l sons the table, producing a list cessing strings and structures. But that 's a whole other story. • 
in which there are two elements for each table entry: one for the 
key, and another fo r the value associated with the key. The val Editor' s note: The source code fo r OPCODES is available elec
ue 3 sons the table according to the key so that the op codes are 1ro11ically. See page 5 for dew ils. 
in alphabetical order. The last line writes out the key and their as 
sociated values with a separating colon. The fun cti on get( l re

Ra/pli E Gri.n rn/d is a Regents· Profe:;sur in tlte co111p/l/er science department 
moves the first (i.e .. left-must) element or the list- first a key at tile Unil'cr~· ity of Arizona. He .<peciali:es i11 progra111111i11g la11g11age design 
and then its associated vnluc. Nute that wr ite( J has three argu a11d i111ple111c111mio11s. Yo11 c:a11 reaclt lii111 0111/te /111em et at ralplt @cs.ari:o11a 
ments, which are written in order on a line. .edu or 011 ll/X d o ·'editors.·· 

There is both an interpreter and an optimizing 
compiler for Icon. The interpreter gets into 
execut ion quickly and is best for program 
development. Interpreted code runs fast enough 
for most applications. A 32·bit C compiler can be 
used for applications where you need the fastest 
possible execution time. There is also a large 
library of programs and procedures tl1at is an 
exce llent resource for persons new to Icon as 
well as for experienced Icon programmers. 

Tile main documentation for Icon is The Icon 
Programming Language (Griswold and Griswold. 
Prentice-Hall. 1990. ISBN 0·13·447889-4). There 
is also a book on the implementation: The 

What's Available and Where 
Implementation of the Icon Programming 
Language (Griswold and Griswold. Princeton 
University Press. 1986. ISBN 0-691-08431-9). 
Technical reports provide supplementary 
documentation. A free newsletter about Icon is 
published three times a year and is avail able 
from the Icon project. 

Implementations . tile program library. and 
supplementary documentation are avai lable by 
anonymous FTP to cs.arizona.edu: cd / icon and 
get READ.ME for navigation instructions. 

The Internet newsgroup comp.lang. icon pro
vides a forum for discussion about Icon. BIX also 
has a conference on Icon . named icon. It main

tains the current version of the most popular PC 
implementations of Icon and provides gateways 
to comp.lang.icon and the Arizona FTP site. 

To subscribe to the newsletter. order books. 
get program material on magnetic media. or just 
find out more about Icon. contact 

Icon Project 
Department of Computer Science 
The University of Arizona 
Tucson. Al. 85721 
(602) 621-8448 

fax: (602) 621-4246 

icon·project@cs.arizona.edu 
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1rnlit1!1rn Beyond oos 


IPX and NetBIOS for OS/2 
Programming IPX and NetBIOS is easier than you think 

BARRY NANCE 

If your organi zati on is like the one I 
work in, in the pas t two years you' ve 
grown to have a mixture of DOS, DOS
and-Windows, and OS/2 machines in 

your offi ce. Your file servers probabl y run Novell Net
Ware, IBM OS/2 LAN Server, or a combination of the 
two. I' ve found that writing software for such an orga
nization can be interesting, to say the least. 

When my team recently deve loped a SQL Server
based appl ication that everyone on the LAN could ac
cess, I wrote the over-the-wire message-passing soft
ware for each of the three platforms. I also wrote the 
code that, through SQL Server' s 16-bit programming in
terface, delivered SQL statements to the database manager 
and sent responses back to each workstation. 

In a heterogeneous LAN environment, message pack
ets don ' t carry an identifier of the operating system or en
vironment running on each computer. Messages fl ow 
through the wire from PC to PC (most of
ten from work statio n to fil e server and 
back-the vast majority of LAN messages 
are file-server packets) , and it ' s up to the 
sender and receiver to agree on the content 
and purpose of each message. 

If you transmit a message packet from a 
computer that uses the EBCDIC character 
set, an ASCII-based receiver will have to 
translate the textual portions of the mes
sage from EBCDIC to ASCil. For nontext 
(i.e ., binary) data fi e lds, some compute rs 
store low-order bytes first, and some com
puters store hi gh-order bytes first. 

However, between computers that use 
the same character set and store binary data 
in the same format (e .g., DOS, DOS-and
Windows. and OS/2 on an Inte l C PU), you 
can send and receive message packets wi th
out worrying about the operating systems 
the sender and receiver are using. The pro
gramming interface is the only diffe rence 
from platfo rm to pl atform. In a DOS envi
ronment, you invoke Intenupt 5Ch to access NetBIOS or 
Interrupt 7 Ah to access !PX. 

From within an OS/2 program, you call functions in a 
DLL, which comes with the requester (i.e., LAN Server 
or NetWare) that all ows the work stati on to access the 
file server. The NetBIOS functi on you' ll use most o ften 
is Net Bi osSubm i t () . One of the data items in the NCB 
(Network Cont rol Block) indicates which operation that 
NCB should perform . While Net BIOS uses NC Bs. IPX 

uses ECBs ( Event Control Blocks). NCBs and ECBs are 
data stru ctures containing information about the mes
sage packet th at you want Lo send (or that you expect to 
receive), including the address and length of the mes
sage buffe r. !PX has separate functions for different op
erations: OpenSocket( ) , Cl oseSocket( ) , IpxRe
ceive( l ,and lpxSend(). 

Requests and Responses 
For the new applicati on my team created, SQL Server 
runs on an OS/2 2 .1 PC. Workstations might run OS/2, 
DOS, or Windows. The workstation softw are, written 
by the other team members, calls a low-level client mod
ule when the application needs Lo access the database. 
The client module transmit s the request over the wire to 
the database-server PC. 

At the database server, several operations take place. 
A computer program receives the request, deli vers the 

~ 
a: 
w 

"' a'i 
g 

SQL to SQL Server, binds the result to a data item in 
the program, and transmits the data item in a message 
packet bac k to the client workstation . The program in 
the database server, running concurrently alongside and 
interfaci ng with SQL Server, launches a diffe rent thread 
to handle each request. 

As is true for most-if not all- relational DBMSes, 
SQL Server incl udes multipl atform enablers that the 
team could have used to make the workstation-to-server 
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PEABODY, HERE ... 
WITH THE 
FAX-ON-DEMAN 
SYSTEM THAT 
WON'T SET You 
"WAY BACK." 
As a recognized authority in the fields of technology 
and history, it is no surprise that COPIA has asked me 
to say a few words about their Fax Facts product. 
After all. we are both best of breed. 

• Retrieve Info via fox/Voice • Fax Broadcast/Fax Mailbox 

• Expandable to meet your needs • Fax from any Windows program 

• U.S.Potent holder for same 
call fax delivery 

• IVR provides realtime queries 

• Credit Cord charge per fax 

TRY THIS DEMO: 
708/924-3030 

DOC. NO. 889812 

by Copio 
International ltd. 
Wheaton, Illinois 60187 
708/682-8898 

~ 

"" RHE TOR EX 
S.M.AflT Developer 

Ff..tfwl 
RELATIVE vs. ABSOLUTE 
There's no sure ~""- winner. Both, relative 
pointing and absolute \~ · control hove their 
moments. At times one outperforms the 
other by omile. And vice verso, depending 
on the application. That's why we hove 
invented the mouse that's both relative 
and absolute. So now you hove the best 
of both worlds! 

A RISTO 
Technology with Prestige since 1862 

N0<11>1Jn<ri<o: 
Al~TOG<ap: '<I!'<"" 
ADirisiooio l IO!HliOOllllC. 
IOO~o1'l«1et. P.O. Bc.!S, 
60om,;.,1, HJ O;E04 · 0068 
I~: (8001631 · 76l6 
fcu;(!08) • 7~· 151 3 

U1u1ldKl!,OOm: 
lllSIOU!U.~ITEO 
IOI H0111< 
Terrac eRocdSovth, 8inh1d 
Bro<l<«ll lGl 25BH 
ftl: 103Hi301936 
f0>:(03Hi3069l6 

c~3""""'11;,-.·w..
THE ABSOLUTE AND RELATIVE MOUSE 

• ISiP I 369.00. r.cl<t< i'.:~m<rd 1-\,~on ITIOM, ~V• ,;,,.,.,'I cn0 ~~liJ"'l .00.U. """'") 

1rn11titt1m Beyond oos 
communications link . The SQL Server enabler is a DOS TSR 
program, called DB NMPIPE, which implements named pipes 
over NetBIOS. The enabler does essentially what my program 
modules do-redirect SQL statements across the LAN. 

But the team wanted snappier performance than the enabler, 
based on named pipes, would provide. The team wanted the 
client software to take as little memory on DOS machines as 
poss ible. And the team wanted an over-the-wire delivery sys
tem for SQL statements that would work equally well through ei
ther NetBIOS or IPX. 

Talking with NetBIOS and IPX 
This las t criterion became important when a second group of 
people, on a separate LAN, wanted to use the application . While 
the first group used NetBIOS to access LAN Server file servers, 
the second group used IPX to access NetWare servers. The sec 
ond group also strongly resisted adding Novell 's NetBIOS em
ulator on top of the IPX protocol stack they already had in place. 

Replacing the NetBIOS calls with IPX call s was almost a one
for-one process. The changes to the low-level code were sim
ple. The programming techniques for NetBIOS datagrams and 
IPX datagrams are similar, making it easy to send and receive 
over-the-wire messages in OS/2 programs using ei ther protocol. 

With the NetBIOS interface, the sender and receiver add their 
respective names to the NetBIOS name table using the NB_ADD 
_NAME_WAIT command. The name you arbitrarily choose to 
give each workstation can have a length of up to 15 printable 
characters. NetBIOS returns a name number to each participant 
in the NetBIOS dialogue. 

The name number is a reference point for both sides as the 
receiver issues NB_RECEIVE_DATAGRAM_ WAIT commands 
and the sender issues NB_SEND_DAT AGRAM_WAIT com 
mands. Both sides can send and receive messages; you decide how 
the dialogue between the participants fl ows. At the end of the 
dialogue, both sides delete their names from the NetBIOS name 
table. 

The IPX programming interface parallels that of NetBIOS for 
sending and receiving datagrams. Both sides open a socket at 
the beginning of the conversation between the workstations. At 
the end, both sides close their respective sockets. Through an 
open socket, one side or the other can send or receive message 
packets with their respective program statements. 

Message Passing 
The IBM and Novell technical references provide more detail 
on the NetBIOS and IPX programming interfaces. That detail , 
however, is easy to understand if you have a basic understanding 
of the functions you use to send and receive message packets. One 
of the few difficulti es you might run into involves pointers (i.e., 
addresses) that you pass to the NetBIOS and IPX DLLs. Net
BIOS .OS2 and IPXCALLS.DLL are 16-bit DLLs that expect 
16-bit pointers. The fo llowing prototype shows one way to tell the 
lBM CIC++ tools compiler to emit the proper 16-bit code for 
the Net Bi osSubmi t ( l function: 

exte r n unsigned short NetBiosSubmit(short , short , 

void * l : 

/lpragma linkage ( NetBiosSubmit , farl6 pasca l ) 


To take advantage of the parallelism between NetBIOS and IPX 
datagrams, I built two DLLs. I used the same name (NBIPX.DLL) 
for each DLL file and the same function name within each DLL 
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INCREASE SPEED 
WINProbe uncovers the secrets to faster 
Windowsoperation. Simplyclick your mouse 
on "Tune Up" and WINProbe analyzes your 
system, then gives you up to 35 suggestions on 
how to speed up your system... 

• 	 Analyzes SmartDrive settings to improve 
hard drive performance 

• 	 Identi fies and explains how to set up a 
pennanent swap file 

• 	 Identifies which mode is best, Standard or 
Enhanced 

• 	 Pinpoints the optimum driver for your VGA card 
• 	 Optimizes and frees fragmented memory 
• 	 Analyzes and sug •ests the best Windows setup 

for your system 

TROUBLESHOOT 
YOUR OWN PC 
Few things are more aggravating than computer 
downtime and lockups. You waste time wait ing for 
help and usually pay a dea r price to get it when you 
finallydo. You r time is va lu able, so let WINProbe 
troubleshoot the problem for you. You'll be able to 
quickly identify the source of the problem; hard
ware, software, or configuration . Telephone support 
time is slashed. Repa ir bills drop like a rock (50% 
and more of your repai r bills are for diagnosing the 
problem, WINProbe does it fo r you at ~O COST!). 
Tests include... 

• 	 CPU and system board In 16 and 32 bit operation 
• 	 Math coprocessor 
• 	 Memory; conventional, extended, expanded, 

and XMS 
• 	 C0~1 ports and MODEMcontrol lines 
• 	 Floppy dri\'e speed and surface analysis 
• 	 Hard drive surface analysis 
• 	 Keyboard and scan codes 
• 	 Video adapter and screen 
• 	 Mouse initialization and interru pts 
• 	 Printer operation, output, and cable 

,.,,..._ •• w . ... ,, "" ''f'' • ., , .,.._. I""" 

crash~ and other problems ca used by reduced avail· 
able memory. 

RESEARCH INT ER NATIONAL CORPORATION 
703 Grand Central Street• Clearwater, FL 34616 

@---···--~IYY/oV'IC 

"T/Jis 599 toolkit deserves /1 i,gh praise for 
ease of 11se, co111plete11css, e111d accuracy. " 

Wlndolt!S Sources 

'~ hargain worth writing lwme abo11 ~. 11 

PC Comput/119 

''WINProbe's most'i111pressive offeri[lg is its 
memory-reclambtion capability. This feature 
alone is worth the price of ad111issio11 .11 

PC Comput/119 

RESOLVE SETUP PROBLEMS 
Say 'goodbye' to software and hardware configu ra
tion and setup problems. WINProbe provides 
helpful information on ... 

• 	 Install ing a new hard drive 
• 	 CMOS display and ed it 
• 	 IRQ, D~fA , and UMB usage 

COMPATIBILITY 
WINProbe requires an IBM AT, 386, 486, PS/2 or 
compatible with at least IMB of RAM, DOS 3. 1or 
higher, Windows 3.0 or higher, and either a 
Hercules mono, EGA, VGA, or SVGA video. A 
mouse is recommended but not required. 

BUY WINPROBE OR 

BUY THE BUNDLE 

WINProbe is available by itself or in a special 
bundle with PC Certify, Landmark's DOS trouble
shooting software and Landmark DOS for Win 

dows, the remarkable DOS-like operating shell for 
Windows. 

2 GREAT DEALS! 
YOUR CHOICE: 

WINPROBE.. \II 

ONLY $4~ 

--/11\ 

WINPROBE BUNDLE... 
WINProbe • PC Certify 


Landmark DOS for Windows 

ALL 3 PROGRJ\~~ - /

ONLY S2W 


· ~ie\\eftlO~ ~~:· 
,. 90 Day

Money-back 
Guarantee! 

TO ORDER, OR FOR TltE DEAUR NEAREST YOU, CALL 

(800) 683-6696 

FAX: (813) 443-6603 • lnt'I (813) 443-1331 

Mon-Thur:8AM-9PM, Fri:8AM-6PM, Sat:10AM-3PM 


nIANDMARK 

i ,. 	 • ._, '''' " I What to do when installing an add-in card 
• 	 Cleaning up •.!NI and •.GRPfiles 
• 	 Memory allocation and man agement 
• 	 Locating and removing duplicated system fil es 

OPTIMIZE MEMORY 
WINProbe includes a memory optimization fea ture 
which lets you reclaim memory that Windows applica
tions use but don't properly make avai lable when 
you're in another program. 'oll' you can avoid system 
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Ever seen a grown pirate cry ? 
Just plug this in ... and watch 

MEMOPLUGTM 
The amazing Software protection system based on a 
hardware plug. Contains read-write programmable 
memory. This y tem is practical and ea y to use for 
both programmer and end-user. Suppons various 
programming languages, operating systems and 
types of computers. 

U-PLUGTM I 

The premiere protection plug for UNIX systems 

that connects the standard serial pon of computers 

and works1a1ions. 


LANPLUGTM 
Comprehensive network protection stans with 
a single plug. The LANP!ug lets you operate 
protected software from any workstation on the ·N~ 
network, whi le supervising a number of c: 
authorized simu ltaneous operation applications. "' 

~ 
CLOCKPLUGTM 

This unique Time-limited software protection system is (Ill 
based on a plug containing a real-time clock. It aUows 
users limited exe<mtion times for leasing and demonstration 
applications. 
A password system allows you to rewind the clock by telephone 

U.S. office: Tel: I (800) 477-5177 s1 1 
Tel: cs131744-5 177 Fax: (8 131744-5197 Elia him 

South Africa: LionSof1 Tel : OJ I 640 6002 
Holland: M.H .P Tel: (3 1)44061Q9 16 MI cR 0 c 0 Mp 0 TE Rs l T 0 
France: KT.I Tel: (I) 47 38 16 17 sHo~onim P.O. Box 869 1 1Spain: Economic Data Tel: ()4) I 442 28 00 Hoi fa 35022 lSRAEL 
Czeck Republic: PC Kompas Fax: (42) 2 43 JI 88 Tel: 972-4-5 16 1 l l . Fax: 972-4-528613 

Currently looking for International distributors 

A Message 

to Our Subscribers 


F
rom time to time we make the BYTE subscriber list 
available to other companies whose products or 
services would be of interest to our readers. We take 

great care to screen these companies, choosing only those 
who are reputable. Furthermore, subscriber names arc 
made available for direct mail purposes only; 
telemarketing calls are strictly prohibited. 

Many BYTE subscribers appreciate th.is carefully managed 
program, and look forward to receiving information of 
interest to them via the mail. While we believe this 
information is of benefit to our subscribers, we firmly 
respect the wishes of any subscriber who does not want to 
receive promotional literature. Should you wish to resttict 
the use of your name, please send your request (including 
yo ur magazine mailing label , name , address , and 
subscription account number) to: 

BYTE Jtlagazine 
Subscriber Services 
PO Box 555 
Hightstown, NJ 08520 

1rn11ti!1m Beyond oos 
(Open LAN ( ), C 1 oseLAN ( ), Sen dMsg () ,and Rec ei veMsg ( l ). In 
one DLL, I coded to the NetBIOS interface. ln the other one, I 
coded to the IPX inte1face. 

The main program insulated itself from NetBIOS and LPX by 
invoki ng the functions in the NBIPX DLL. This meant that, on a 
given LAN, I didn ' t have to distribute a different executable file 
for NetBIOS and IPX. I could simply install either the NetBIOS 
or lPX version of NBIPX, depending on which protocol that par
ticular LAN uses. The main program is the same for both proto
cols. For my specific application, I achieved the same level of gen
erality that named pipes would have offered , without sacrificing 
the performance and memory usage that several layers of Novell 
or IBM system software would have cost me. 

Hidden Awareness 
I managed to hide the differences between the NetBIOS and !PX 
AP!s from my program, but I had to be constantly aware of the 
limitations that using datagrams imposes . The transport protocol 
does not guarantee the deb very of datagrams (datagrams are con
nectionless), which meant that each message packet had to con
tain a sequence number. The receiver verifies each packet to en
sure that no packets in a logical group of packets are dropped . 

I also designed the dialogue to allow the client workstation to 
expect an acknowledgment for each work request packet sent to 
the database server. The workstation reissues a request if it doesn't 
get a response within a short time. I used staggered retry intervals 
of 'Ii second, I second, 5 seconds, and 20 seconds. 

Finally, I designed the format of each packet to not exceed 
the size Jimjtation of datagrams. NetBIOS datagrams can be up 
to 512 bytes , while IPX packets can be up to 546 bytes. Stepping 
up from datagrams to a connection-oriented protocol, unfortu
nately , wasn't a solution to the small-packet problem. 

NetBIOS session services, which are connection-oriented and 
offer guaranteed delivery , can send and receive 64 KB at a time 
and aren't difficult to use. But Novell"s sess ion services, pro
vided by the SPX protocol , can send and receive only 534 bytes 
at a time. (!PX and SPX can sometimes use larger packets, up to 
4202 bytes, depending on the brand of network adapter and soft
ware driver in a PC. But Novell 's software development kits for 
both DOS and OS/2 recommend sticking to the lower size limit.) 

Nothing to Fear 
Using either NetBIOS or !PX in an OS/2 environment is easier 
than you might think. Both protocols are especially good at let
ting workstations send work requests to software running on un
attended PCs on the LAN. Shating files on a file server, through 
the file-redirection functions inherent in the network operating sys
tem, is sometimes the wrong way to design a LAN-aware appli
cation , particularly if the application uses the file server to store 
queues of work requests. 

Named pipes are easy to use, of course, but the extra layers of 
system software may slow down your application. Going to the 
" bare metal" of NetBIOS or IPX will give you better perfor
mance and a new perspective on how LANs work. With a little ex
tra effo1t, you can even insulate your program from the differences 
between NetBIOS and !PX. • 

Barry Nance. a Bl'TE contributing editor and a progra111111erfor the past 20 
years, is the author of Using OS/2 2.1 (Q11e. 1993). Introduction lo Net
working (Que. 1992). and Network Programming in C (Q11e, 1990). He is the 
exchange editor for the IBM Excha11ge on BIX. He can be reached 011 the /11
tem et or BIX at ban)'n@bix. com. 
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.JERRY POURNELLE 

Crash, Bang-Quak~e 


I had been working late on part 2 of my User 's Choice Awards 
and got to bed about 3: 15 a.m. At 4:31 the eaithquake hit Chaos 
Manor. We knew it was bad because it went on and on, and 
we.could hear things crashing all over the house. Eventually it 
stopped, and we could escape from the bedroom by clambering 
over the bookcases that had torn loose and fallen. 

We determined that no one in the house was injured, so I 
went upstairs to the office. When I got to the head of the stairs, 
I could go no farther. The Great Hall is 30 feet high , with built
in bookcases extending up 12 feet. Many of those had torn 
loose, and all of them had shed their books. Way over at the far 
side of the room, I could see that Percy, the IBM PS/2 Model 77, 
was running off the Best Patriot UPS (uninterruptible power Orchids and Onions 
supply), but there was no way I could get to it. I could see that both the Chee issue forth despite
tah 486/25 and Super Cow, the Gateway 2000 486/66, had fallen over, or at least 

an earthquake,their monitors had. 
operating-system

I could also see that the tropical fish tank had I' ve got a big Chaos Manor Orchid for them. 
fa llen in shards, making a horrible "soup" of Within hours, they had patched all the wate r wars, and a Flying 
books, splinte rs, fallen plaster, hardware, soft lines, got a new transformer up on the pole, and Windows ordealware, disks, cables, unanswered mail , dead fish, strapped the dead one so it was harmless; and 
and everything that had been on the ready-line well befo re dark, we had both power and wa
tables. It was impossible to get to the other ma ter. Thanks , fe llows. 
chines. although I was pretty sure they were still 
turned on because I could hear the Clary UPS Amazingly, we lost very little. The im
screaming its " Power Is Off" warning. It would portant computers all work. SuperCow' s NEC 
just have to wait until the morning. MultiSync 4FG monitor fe ll onto a pile of wet 

Alex and I got out the tools and fl ashlights books. Part of the built-in swivel base broke, so 
and did a quick inspection. Three feet of the it now rests on a wok stove ring; otherw ise, Su
back chimney had fa llen into the pool- right perCow was undamaged. Big Cheetah fe ll over 
through the pool cover. The front chimney had still running, and the Nanao FlexScan T560i 
new cracks. Amazingly , all the brick fac ing was monitor fe ll on top of it. Neither one seems dam
intac t. We ' II need some repairs, but the outside aged. The cat ran away and was gone for three 
of Chaos Manor wasn' t badly hurt . days, but she came back dirty and hungry and 

Alex and I then went around the block check now angrily ignores the aft ershocks. The dog 
ing on neighbors. Everyone was outside despite stays close to humans and seems to know when 
the cold. We noted things like down power lines, new shakes are coming. 
fa llen transformers, and burst water mains, which I brought in some help from the Los Angeles 
we reported as soon as telephone service came Science Fantasy Society to box everything, so 
back. that I could get into the office quickly and re

I don' t suppose the Los Angeles Department build. My particular thanks go out to LASFS 
of Water and Power collec ts these things, but Vice President Bob Null and Librari an Leigh 
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Strother-Vien for their assistance. 
Although there was a lot of destruction, 

nothing irreplaceable was ruined. A great 
deal of software was part of the soup and 
has gone away, as have a number of CD
ROM drives, boards, modems, some gad
gets, and countless disks. A lot of books 
were ruined, but not one rare edition. The 
Falcon I was awarded by the U.S. Air 
Force Academy has been shattered, but I 
still have the base with the plaque. We did 
lose some Venetian glass, including a de
canter of 70-year-old port, but the Apollo 
commemorative glasses Mrs . Heinlein 
gave me from Robert 's collection were 
untouched. 

Chaos Manor went from its usual mild 
but chronic chaos to an acute state, but 
we've pretty much returned to normal. The 
truly amazing part is that despite all the 
stuff that was destroyed, there's still more 
to write about than I' ll ever get to. 

IBM showed up a week later. Dave 
Whittle had made an appointment weeks 
before. He brought with him an IBM PS 
Va luePoint Pentium, alas incomplete; a 
full report on the machine another time. 
He also brought Charlie Brown, an OS/2 

LAN Server 3.0 Advanced guru. They got 
here after the worst was cleaned up, but 
there was still plenty of damage control 
going on while they set up the system. 

The first thing was to install network 
cards in both the Pentium (which we have 
named Ozzie) and Percy. I have always 
named my machines and some of you have 
laughed at me, but now the network soft
ware demands it. Anyway, we had an IBM 
Ethernet card for the Pentium; but, alas, 
there wasn ' t one for the Micro Channel 
PS/2. We called a number of electronics 
stores: no one stocked either IBM or 3Com 
Micro Channel Ethernet cards. We did find 
a Danpex EN/2, which is compatible with 
NE 2/T (Novell), so Alex went right out 
and bought that. 

Unfortunately, whi le the card wou ld 
work with NE 2/T, there is no OS/2 driv
er for it, as we found out after making a 
number of phone calls and BBS down
loads. (The IBM OS/2 BBS at (9 19) 517
000 I is a great source of such informa
tion, and I should have consulted it before 
getting the board.) We returned the EN/2 
and ordered a 3Com EtherLink III board. 
It works just fine , but we didn ' t have it 
while the IBM team was here. 

Of course, our mission wasn't to demon
strate that two OS/2 machines can talk to 
each other, but to get an OS/2 machine 
networked with Windows for Workgroups 
systems. I'd intended to use an Intel Ether
Express card in the Pentium, because that's 
what I have in all my other machines, and 
under Windows, the EtherExpress card re
ally is "plug and play"; but the IBM team 
wasn't sure there was an IBM-certified 
driver for that. 1 fear I was rather rudely 
sarcastic about that. Anyway, by sheer ac
cident we did have an ISA-bus genuine 
IBM Ethernet card, and while getting that 
running under OS/2 wasn ' t quite as simple 
as in stalling an EtherEx press ca rd in 
W4WG, it was easy enough. (As it hap
pens, the EtherExpress card would have 
worked as well.) 

Then the fun began. First, open up 
the OS/2 LAN Server network and look 
at what assets are available. Not many. 
That turns out to be my fault , sort of; that 
is, the name of my workgroup is JERRY 
ONE (note the space), and the name of my 
Cheetah 486/33 is BIG CHEETAH 486. 
The Cheetah 386 is, of course, CHEETAH 
386, and the 486/25 is CHEETAH 486/25. 
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Those are all lega l name to W4WG, but 
not to OS/2 LAN Server. 

Fortunately, there is a workaround: open 
an OS/2 window and issue commands . 
NET VIEW " \\BIG CHEETAH 486" (the 
quotation marks are part of the command) 
gets the name of all ava il able assets on 
Big Cheetah, including the fact that the C 
dri ve there is named BIG C. Then : NET 
USE G : " \\BIG CH EETAH 486\BIG C " 
(once again, the quotation marks are pai1 of 
the command) connects the OS/2 machine 
to the W4WG network. so that local G is 

the C drive on Big Cheetah. 
IBM OS/2 LAN Server 3.0 Advanced 

has a GUI that works well with other OS/2 
machines. It supports drag and drop, and 
all that sort of thing; but if you try to in
voke it for W4WG connections, you get 
an en-or message. OS/2 systems work with 
32-bit operations, and W4WG can ' t sup
port those . [Editor ' s note: Windows for 
Workgroups 3. 11 does support 32-bitfile 
access.] You may now decide just whose 
fault that is: Microsoft, for not supporting 
full 32-bit network standards, or IBM, for 

- ·"····· :::·•<<~2*?B Flowcharts 
AnyWayYouFl~f-~ Want! 

IntroducingCharting@ Flow Charting'"4 
for Windows! 

We've re-worked the bas ics to make flowcharting easier and more fl exible than 
ever. We call it sensible technology. The end result is a flowch arting program 
that is incredibly powerful, yet remarkably quick to learn and use. And it's 
packed with everything flowcharters want. Here's a sampling: 

SensibleLines '" are totally editable. 

You've never experienced anything 

like it. Experiment with the look 

of your charts! 

Get your point across thanks to 

distortion-free shape sizing with 

SensibleShapes '". 

SensibleTex t'"- Word processing 

masterfully designed for flowcharts 

- it works the way you expect! 

Job-specific shape templ ates let you 

create the perfec t chart for the task 

at hand. 

Snapshot'" your preferences . Your charts 

look great every time. 


And Flow Charting 4 is backed with a 90-day no-ri sk guarantee. Our legendary 
post-buy support includes free unlimited technical support, free subscription to 
The Flow Charter" and access to valuable fl owcharting resources. 

For flowcharts exactly the way you want , you need Flow Charting 4 for Windows! 
See your local dea ler today, or for a free interactive demo. call now: 

(800) 283-4080 ext. 877 
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not making provisions to dumb down its 
network requests so they ' ll work with 
W4WG. 

Fortunately, No11on Commander, which 
is plenty good enough as a file manager, 
works just fine across the network. Launch 
Commander for DOS, log on to the for
eign drive (Gin this example) , and Bob ' s 
your uncle. You can copy, delete, view, 
and edit files ; cut and paste from Word 
for Windows documents; run programs ; 
and so forth across the network just fine. 
Commander isn ' t quite drag and drop, but 
to me it ' s intuitive enough. It' s quick, too. 

Once you figure out how to set up the 
network connections from the command 
line, you can write a .CMD file (s imilar 
to a DOS batch fil e) that will do all that 
for you , on start-up if you like, and let 
Commander take care of the rest. 

The next thing to try was printing. 
My Hewlett-Packard LaserJet Ill is phys
ically connected to the Cheetah 486DX2/ 
33. We had no trouble seeing the printer 
across the network, and not much more 
connecting the OS/2 machine to it; and 
when we sent a fil e across, the printer lit 
up . Alas, what came out was garbage. The 
IBM team spent a couple of hours trying to 
fix that, but they never did, and I have yet 
to print a file sent from an OS/2 machine to 
a W4WG machine. 

It does work the other way; that is, once 
you get a W4WG machjne to connect to an 
OS/2 machine that has a printer, you can 
print easily enough . I'll get to how in a 
moment. First, you need to connect your 
W4WG machine to the OS/2 LAN Server 
3.0 Advanced network. 

Go to the W4WG system, open File 
Manager, and click on the little share di
rectories button to open a window called 
Connect Network Drive. When you do 
that, you will not see any OS/2 systems at 
all ; but if you go to the area entitled PATH 
and type in \\PERCY (or whatever name 
you have given your OS/2 machine), the 
connection will be established and the net
workable assets on the machine will ap
pear. You can connect them to a physical
drive letter in the same point-and-click 
way you make any W4WG connection. 

Unfortunately , you ' re still not done: 
while you have access lO the OS/2 ma
chine's drive, you can ' t see any files on 
it. This is because OS/2 LAN Server 3.0 
Advanced has rather sophisticated secu
rity provisions, and they have to be turned 
off before an outsider can tamper with your 
files. You do that by going back to the 
OS/2 system, opening the Net Configura
tion icon , and making account GUEST an 
administrator account. Guest is the default" 
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name for an outsider. Once that ' s done, 
you can access the OS/2 machine from 
W4WG. 

Now you can connect the printer. Leave 
File Manager and go to W4WG's Print 
Manager. Do the PATH trick, and you'll 
see the OS/2 printer. Select it, leave Print 
Manager, and go to the Control Panel. 
Open the Printers icon there and assign 
your OS/2 printer; in my case, I called it 
LPT2. It's tedious but simple, and when 
you ' re done, you can print just fine. 

OS/2 LAN Server 3.0 Advanced is 
considerably more complex than W4WG. 
In general, it ' s more powerful, but there 
are maddening anomalies. If you want your 
W4WG systems to see all the assets avail
able on the OS/2 network, you have two 
choices: do as I described above, typing 
in the name of the OS/2 machine in the 
PATH area in the Connect Network Drive 
box; or, seeing that your workgroup name 
is the same as the name of the domain you 
have set up on the OS/2 LAN Server. Alas, 
OS/2 LAN Server requires that both ma
chine and domain names be no more than 
eight letters and contain no spaces. W4WG 

workgroup names don ' t have that limit. 
The GUI part of OS/2 LAN Server isn't 
as consistent as W4WG's interface. 

First conclusion: it works, provided that 
you have the 1ight equipment. Remember, 
it is OS/2, meaning that while there ' s a lot 
of hardware it works with, there ' s a lot 
more it can' t use: recall my first attempt to 
find an OS/2-compatible Ethernet board 
on short notice. OS/2 LAN Server 3.0 Ad
vanced is harder to set up or reconfigure, 
but it has considerably more security and 
power than W4WG. ln fact , it ' s a real net
work, comparable to NetWare in capabil
ities, reliability, and difficulty in using. 

It's an expensive way to go if you ' re 
networking only a couple of machines, but 
the cost per workstation goes down dra
matically as you add to the system. If you 
need to network OS/2, DOS, and W4WG 
workstations, it will do the job, and if you 
have many OS/2 systems to network, it's 
clearly a good choice. 

Which brings us to the real question: 
should you change to OS/2? 1 have no fi
nal answer, but I do have guidelines. If 
you run mostly DOS programs, OS/2 re
mains a better DOS than DOS, and a lot 

better DOS than Windows. It' s still not a 
better Windows than Windows, but if you 
have good enough hardware, that may not 
matter. We installed a SoundBlaster Pro 
16 board in the Pentium and ran Wing 
Commander. Even with a lot of other stuff, 
including the network, running in the 
background, it ran absurdly (and unplay
ably) fast, faster than under DOS with a 
486DX2/33. 

Moreover, when we ran the Texas In
struments Windows benchmark utility Win 
Tachometer on the Pentium (which has 
the latest A TI Technologies Mach 32 video 
board with OS/2 drivers) , it pegged the 
meter. That is , we could see that it was 
very fast , but Win Tachometer reported 
unrealistically low numbers-11 .3 over
all. My guess is that we should acid 64 to 
that total. 

Incidentally, the reason Win Tachome
ter wouldn ' t run earlier (see my March 
column) is that the Win-OS/2 default for 
program installation is to have it run in a 
windowed session; you must go into the 
settings and tell it to run Win Tachome
ter in a full Win-OS/2 window or it will 
crash. Maybe that ' s not so incidental: if 
you hate having to learn little arcana like 
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that, you probably won't like OS/2. This is 
a system that gives you a great deal of con
trol over things, but it demands that you 
learn how to use it properly-and comes 
with some singularly ill-chosen defaults. 

If you do become an OS/2 enthusiast, 
be prepared to get on-line to BIX or GEnie 
and spend some time learning these tricks 
and more. The good news is that OS/2 
users are like early computer enthusiasts 
(or BYTE readers, for that matter): proud 
of their system and willing to go out of 
their way to help newcomers . 

And that, I guess, is the real bottom line. 
OS/2 will do all that DOS and Windows 
will do and more. Many DOS games won ' t 
run in Windows but give OS/2 no trouble 
at all. OS/2 networks extremely well to 
other OS/2 systems and acceptably well 
to W4WG. It's true 32-bit code, it truly 
does multitasking, it really knows objects 
and object linking in ways Microsoft 
doesn ' t seem to have learned, and as long 
as you're not experimenting to find the 
limits, it's solid as a rock. Technically , 
OS/2 is a winner, and it's sure to get better. 

On the other hand, the user interface 
seems to have been an afterthought, and 

changes have to be cleared There's a lot at stake for 
by a committee within the developers, who have to de
most hierarchical top-down cide where to allocate their 
company I know of. More resources. Do they go into 
over, its success depends Windows products, where 
on IBM learning how to do the market is larger and 
mass marketing. The OS/2 likely to stay that way for a 
2.0 and 2.1 marketing strat while, but where they may 
egy was definitely a step 
in the right direction. That strategy was 
designed by two very bright people, but 
both of them are gone: Lucy Baney is not 
with IBM at all , and John Patrick has been 
promoted out of OS/2. 

Microsoft is a big company, but Bill 
Gates gives hi s managers a lot of author
ity. Big ships like IBM turn slowly; Mi
crosoft is more like a fleet of medium-size 
ships-some elements turn quite quickly. 
Moreover, PC operating systems are Mi
crosoft' s heart of hearts, the flagship prod
uct of a company built on software sales; 
OS/2 must compete with many other prod
ucts within IBM. Microsoft will always 
give DOS and its follow-ons high priority 
and a great deal of top management atten
tion. OS/2's prio1ity depends on how skill
fully its product managers play corporate 
power games. 

have to compete head-on 
with the Microsoft Applications Group; 
or into OS/2, which at the moment has a 
distinct technical edge and needs applica
tions badly. I'm glad I don't have to make 
that choice. 

It ' s easier for users. OS/2, particularly 
OS/2 for Windows, is cheap enough that 
you can afford to try it. Many BYTE read
ers will love it; every time I get infuriated 
with OS/2, I find some new feature that I 
just love. It is powerful, and it really does 
multitasking. 

On the other hand, you should prepare to 
be infuriated: while OS/2 is technically 
complete, the user interface has lots of 
"gotchas." The defaults seem to have been 
chosen at random by an unlucky gambler. 
If you've been in the PC world very long, 
you probably own hardware that OS/2 
doesn't support. continued 
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Andy Seybold and other industry 
analysts have pronounced the operating
system wars over, with Microsoft the win 
ner. I'm not so sure. I thin k IBM has a 
window of opportuni ty for about one year. 
It won't be easy to take advantage of it , 
because it 's not clear that IBM 's top man
agement knows what they must do . 

First , they must ge t OS/2 fini shed; 
they ' ve pretty well done that. Technically, 
OS/2 2. 1 is a superior product. Second, 
make it easy to go from Windows to OS/2. 
They took a big step in that direction with 
OS/2 for Windows, and if they' ll get OS/2 
LAN Server out at a low-enough street 
price, they ' ll have fini shed that job; OS/2 
LAN Server is neat. Third, make the user 
interface more friendly . That 's not hard. 

Finally, they need some luck, because 
most people aren ' t going to change oper
at ing systems just for a lark. There has to 
be something you can do with OS/2 that 
you can't do with Windows. I' m not real 
sure what that will be, but as a guess it 
will involve multimedia. Whether it ' s writ
ten by IBM or a thi rd party, they need that 
killer application, and they need it soon. 

Me, I' ll stay with OS/2 for a while; but 
I'm still writing thi s on Big Cheetah run
ning DOS 5 and W4WG. I may change 
that. When I do, I' II let you know. 

Two bug reports, both concerning 
W4WG. First, the problem with the Max
imum Storage Duette optica l drive was 
not W4WG, but the Maxsys SCSI driver. 
If you run the Duette with a Corel driver, 
the problem goes away. Moreover, I cured 
the problem we had wich the Pioneer 
read/write optical drive by switching to 
version 3. 11 on all W4WG machines. 

Second, a rare buc infuriating bug in 
both W4WG 3.1 and 3. 1 l. How we found 
it is instructive. 

The earthquake put me way behind on 
fiction, so I didn ' t cance l the afternoon 
writing session with Larry Niven when 
Whittle showed up by appointment in the 
morning to install OS/2 LAN Server. As it 
happens, the Cheetah 486DX2/25 that he 
usually works with was the most conve
nient machine for the IBM team to link 
up with for chei r network tests. That should 
have been no problem: but sudden ly-and 
withou t explanacion-Larry' s machine 
popped up a blank-error dialog box and 
completely locked up. Fortunately, we had 
lost little text, but this was definitely not 
good. Moreover, it appeared that the only 
thing that had changed was that the IBM 
OS/2 LAN had logged on to that Cheetah. 

I disconnected the Ethernet T connector. 
We worked until dinner with no problems. 
Everyone went home. I reconnected the 

Circle 89 on Inquiry Card.( Resellers: 90). 
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the Cheetah 486DX2/25.Ethernet and did some file 
And by coincidence, the transfers from that machine 
night before the IBM troops to the OS/2 network. Noth
came over, I turned off theing happened. I left the ma
Berkeley screen saver and chine with Norton Com
turned on the Flying Winmander in the foreground 
dows screen saver thatand went to bed. The next 
comes with Windows. Itmorning everything was 

fine: Commander had 
brought up its "twinkling stars" screen 
saver. The system was operating perfectly. 

Then I switched to Program Manager 
and left that on-screen while I did some 
more network tests. Within 5 minutes, the 
machine was locked up tight. This time, 
the dialog box wasn' t quite blank: it said 
"Application Err." Nothing worked, and 
1had to do hardware reset to recover. Test 
again: log on to the machine from the OS/2 
system, leave Program Manager up, wait. 
Crash in 2 minutes , dialog box totally 
blank, hardware reset. Do the same thing 
again, but disconnect the Ethernet T con
nector. Wait an hour. No crash. Connect 
the Ethernet. Crash in 5 minutes. 

It has to be the OS/2 network, right? I 
called the IBM people. They reasonably 
asked, why didn ' t it crash any other ma
chine? Clearly, this ancient Cheetah has a 
BIOS problem. "Let us send you a new 
motherboard. Install that, and Jguarantee 
you won't have that problem." 

So, what the heck, I did. Alex bought 
16 MB of new memory chips. It took about 
2 hours to change motherboards, and it re
ally wasn't hard to do. The new board has 
VL-Bus slots, which the Cheetah doesn!t 
have, and an updated AMI BIOS. When I 
got the board fastened down, 1 carefully 
removed the Ince! OverDrive chip from 
the Cheetah and installed it on the new 
motherboard. Plug in the power lead. Tum 
it on. Everything works. Do some tests, 
and discover that this is about 10 percent 
slower than the Cheetah had been. Con
nect the Ethernet, log on to the system, 
wait-and it crashed within 5 minutes. 

This is getting annoying. What' s dif
ferent about this machine from other sys
tems that are not being crashed by the OS/2 
network? Well , surprise: it's running 
W4WG 3.1, not 3.11. OK, install version 
3.11 from floppy disks. Test that. Crash 
again. 

Time to apply logic. Had we ever 
had problems with this machine locking 
up? Well, yes, there had been a couple of 
times when the Berkeley screen saver 
would pop up and suddenly the machine 
would die. Not often; and I knew it wasn ' t 
really Berkeley' s fault to begin with , be
cause, for rather complicated reasons, I 
had an old version of the screen saver on 

was still turned on. 
But surely it couldn't be the Flying Win

dows screen saver? One way to find out. 
Disconnect the IBM machines from the 
network. Log on to the 486DX2/25 (no 
longer a Cheetah, but I don ' t have a new 
name for it) from another W4WG ma
chine. Wait. Crash within 5 minutes. OK, 
go into the Control Panel, bring up desk
top, and say NO SCREEN SA VER. Exit. 
Wait. No crash. Connect the IBM systems 
in. Still no crash. Turning off Flying Win
dows did the job. 

Moreover, I then installed the newest 
version of Berkeley's Star Trek screen 
saver and left it on: still no crashes. But 
turning on Flying Windows will reliably 
and repeatedly bring the machine down if 
it ' s connected to the network and another 
machine is logged on to it. This seems to 
be specific to this machine, or at least this 
speed (486DX2/25). I have since got Su
perCow up and running and connected to 
the network, and it ' s had Flying Windows 
going for two days while I've been moving 
files through the network. Incidentally , 
SuperCow has that Hercules Dynamite VL 
board, and those windows really fly. 

I hate to give short shrift to User' s 
Choice Award winners, but that's what 
I'm about to do. I generally like to write a 
short squib on why I've chosen some prod
uct for an award, but I haven ' t enough 
space. 

Hard drive controller: An Orchid to Per
ceptive Solutions for their WinStore/6 IDE 
controller; drop one into an IDE-drive ma
chine and see real performance improve
ment. But for solid trouble-free SCSI 
caching controllers , this year's User ' s 
Choice Award goes to Distribured Pro
cessing Technology ' s SmartCache III 
SCSI host adapters . 

Word processor: This tends to be a mat
ter of taste, because many of them are good 
enough. For example, WordPerfect 6.0 for 
Windows is now acceptably easy to learn 
and gets a Chaos Manor Orchid; but I have 
found Microsoft Word for Windows 6.0 
to be outstanding. I particularly like its 
version controls, including document com
parison and merging. It handles footnotes 
splendidly . The user interface has been 
improved, the help system is really neat, 
the hints and cue cards make it easy to 
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learn features I never knew about, and so ror. Software for low-level formats of IDE, once the network is started. Network 
far I haven't found anything I really dis SCSI, RLL, ESDI, and MFM drives. Archivist will act as if it wants a lot of in
like. Hands down, this gets my User's Memory tests. IRQ (interrupt request) tests. formation, but in fact all you enter is the 
Choice Award for Word Processor. You name it, this tests it. If you maintain drive letter. In my case, the C drive of the 

I talked about Quantum Leap 2.1 in the PCs, you' ll love it. It gets a User's Choice Cheetah 486/25 is X, so X is all I needed to 
December 1993 column. It's an OS/2 busi Award. tell Network Archivist. Then tell it to ex
ness modeling and forecasting program A renewal of last year' s User's Choice port the contents of that drive to tape and 
that's so good you might change to OS/2 A ward to BSE for their Flashdrives, which go to dinner. 
just to run it. It easily deserves a User's are pocket hard drives (see my March col Network Archivi st gets a small pearl 
Choice Award. umn). They really work. Onion for its documents, which have too 

Monitvr: A User' s Choice Award to few examples; but it also gets the User' s 
Nanao. The FlexScan T560i monitor sur The User's Choice Award for Choice Award as backup and archive man
vived the earthquake: it fell face-down on Windows Shareware of the Year: Plug-In ager of the year. Despite rather cryptic 
the floor from a considerable height. For for Program Manager (see my May 1993 documentation , Network Archivist has 
tunately, some books had fallen first. Any column) does neat things for Windows, saved my bacon a dozen times in the last 
way, we set it back up and turned it on, and does them unobtrusively. I've seen no year, and I have yet to lose I byte of data 
and there was my bright, colorful, glare problems with it in nearly a year of use. it protects. It even protects against opera
free, rock-steady, eyesight-saving screen. When we decided to change mother tor stupidity. 
I love this thing. boards on the Cheetah 486/25, we wanted 

to do a backup, preferably over the net The biggest Orchid I can find for 
Micro 2000's Micro-Scope and Post work using Palindrome' s Network Archi NASA's Dan Goldin, who came up with 
Probe are available separately and in a vist and Fast 2000 DAT (digital audio $990,000 for a last-minute save of the 
small kit (the Toolkit) containing diag tape) drive. I didn't manage that because I DCIX spaceship after ARPA refused to 
nostic software and a diagnostic board. If didn ' t read the Network Archivist docu spend money already appropriated to keep 
your system fails to boot, this will tell you ments correctly. It turns out that it ' s ab her flying. NASA may be changing, mov
why , if anything will. If it boots but be surdly simple and can be done from either ing back toward the gung ho, can-do out
haves oddly, this gives you a fighting Windows or DOS: the W4WG network fit that flew the X-15 and led America to 
chance of finding out if it's a hardware er- works quite well from command-line DOS dominance in aerospace. I sure hope so . 

co111i1111ed 

Product Information 
A portable, battery-powered had! Microsoft Word for Windows 6.0 A User's Choice Award for SmartCache Ill SCSI host 
drive that's smaller than a cigar ($495) gets my U~er's Choice Windows Shareware of the Year to adapters (from .$285 to $595) are 
box, the Flashdrlve (available in Award for Word Processor. The Plug-In for Program Manager a family of solid, trouble-free SCSI 
80 to 520·MB from $499 to user interface has been· improved, ($.:20). It does neat things for caching hard drive controllers that 
$1149; smaller sizes are also the t)elp system Is really neat, it Wlhdows and does them receive this year's User's Choice 
available) gets a renewal of last has easy-to-learn features I never unobtrusively. Contact Plannet Award for Controllers. Contact 
year's User's Choice Award. knew about. and so far I haven't Crafters, Inc., 2580 Runic Way, Distributed Processing 
Contact The BSE Co., 2114 North found anything I dislike. Contact Alpharetta, GA 30202, (800) 651- Technology, 140 Cadence Dr.• 
Fourth St., Flagstaff, AZ 86004, Microsoft Corp., 1 Microsoft Way, 1000 or (404) 740.9821; fax Maitland, FL 32751, (800) 322· 
(602) 527-8843; fax (602) 527- Redmond, WA 98052, '(800) 426· <404) 74Q..19i4. Circle 11S2. 4378 or (407) 830·5522; fax 

1540. Circle U46 on Inquiry 9400 or (206) 882-8080; fax (407) 260-5366. Circle U54. 

Card. (206) 883-8101. Circle U49. Quantum leap 2.1 ($695, stand· 


alone: $995, client/server) An Orchid to Perceptive Solutions 
A User's Choice Award for Network Archivist ($1695) gets combines a powerful math tool for their WlnStore/6 ($159) IDE 
Monitors to Nanao's FlexScan the User's Choice Award as set, including simp.lex and reduced controller; drop one into an IDE
TSGOI monitor ($1999) , hands backup and archive manager of gradient solution algorithms, with diive machine and see real 
down. It's a brig)lt, colorful , glare the year. It has saved my bacon a an easy-to-use spreadsheet performance improvement. 
free, rock-steady, eyesight-saving dozen times in the last year, and I interface, what seems to be a fully Contact Perceptive Solutions, 
screen. I love this thing. Contact have yet to lose 1 byte of data It relational database, and the Inc., 2700 Flora St., Dallas. TX 
Nanao USA Corp., 23535 Telo protects. Contact Palindrome, capability to incorporate expert 75201, (800) 486-3278 or (214) 

' Ave., Torrance, CA 90505, (800) 600 East Diehl Rd., Naperville, IL system rules. There may be a 954-1774; fax (214) 953-1774 

80()..5202 or (310) 325-5202; fax 60563, (708) 505-3300; fax · more advanced business-modeling Circle USS. 

(310) 53()..1679. Circle U47. (708) 505-7917. Clrele USO. and problem-solving system 

available for mainframes, but I WordPerfect 6.0 for Windows 
Micro-Scope ($399) and Post 05/2 LAN Server 3.0 Advanced don't know of any for small ($495) is now acceptably easy to 
Probe ($299) can be bought . ($1460) is a real network computers. Contact Quantum learn and gets a Chaos Manor 
separately or as' the Toolkit comparable to NetWare In Development Corp., P.O. Box Orchid. Contact WordPerfect 
($698) , containing diagnostic capabilities, reliability, and 970, Claymont. DE 19703, (302) Corp., 1555 North Technology 
software and a diagnostic board. dtfficulty In using. If you need to 798-0899; fax (302) 798-6813. Way, Orem, UT 84057. (800) 824· 
You name it, this tests it. If you network OS/ 2, DOS, and W4WG Circle U53. 3323 or (801) 225-5000; fax 
maintain PCs, you'll love It. It gets workstations, it will do the job, (801) 222-5077. Circle USG. 
a User's Choice Award. Contact and if you have many OS/ 2 
Micro 2000, Inc., 1100 East systems to network, it's clearly a 
Broadway, Glendale, CA 91030, good choice. Contact IBM Corp., 
(800) 864-8008 or (818) 547- 1 Old Orchard Dr.. Armonk, NY 

0125; fax (818) 547-0397 . Circle 10504, (800) 342-6672 or (914) 

1148. 765-1900; fax (313) 225-4020. 


ClrcleUS1. 
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The inspiration fur ournew OubW>rld~seat. 


With an adjustable lumbar support, a newly designed footrest and the privacy of side headrests, you'll 
think you're flying on cloud nine. It's the way we make you feel that makes us the world's favourite airline. 

BRITISH AIRWAYS 
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Clrcle 72 on Inquiry. Card. 



Low-cost routine access to space wi ll 
change the world. 

An enormous Chaos Manor Onion 
to the U.S. Patent and Trademark Office, 
whi ch managed to award Dr. Roger 
Bi llings a patent for inventing distributed 
fi le sys tems in 1982. Specifi ca lly, he 
claims to have invented the notion of shar
ing data between computers using devices 
known as "dedicated servers" with soft
ware " pursuant to an access-control pro
gratn ." 

I'm a fi rm believer in intellectual prop
erty, but how could he possibly have in
vented that? Distribu ted fi le systems have 
existed since the 1970s. I wrote about dis
tributed computing. including networking, 
in some of my early columns. Billings' 
claim is analogous to my getting a patent 
on the letter e. 

An even larger Onion to Bank of Amer
ica for paying Billings $ 125,000 to drop 
his lawsuits so Bank of America can use its 
Ethernet systems in peace. I know that set
tling was cheaper than fighting, but Bank 
of America has done none of us any fa
vors by feeding the energy mon ter. And 
the largest Onion I can fi nd, with garlic 

fessio nal Editions' Wo rd clusters. to those who have 
" inves ted'. in shares in Developer's Kit (Microsoft 
Billings· lawsuit. Press), which gives you the 

In any rat iona l world software and instructions 
fo r do ing Word BASICthi s mess would be sett led 

in wee ks. but l have no and customizing Word 6. 
Some tough logging, butdoubt that it will wind its 
all the in formation is rightway through the courts for 

yea rs, enrich ing lawyers 
and haras ing business users of Net Ware 
and I suppose IBM OS/2 LAN Server. No 
wonder this nation is in troubl e. 

On which score, the book of the 
month is Edward Luttwak ' s Rec/ai111i11g 
the Endangered American Dream (Simon 
& Schu ter, 1993). In my judgment , Lutt
wak is better at di agnos ing than prescrib
ing, but this book deserves a careful read
ing by anyone who is concerned with just 
where this nation is going. Agree wi th him 
or not, he clearly gives you much to think 
about. 

There are two computer books of the 
month. One is Bill Camarda's Inside Word 
fo r Windows 6 (New Riders, 1993). Word 
6 has many features, and they're all cov
ered in this readable book. I keep it right 
near my desk. There's also Microsoft Pro-

in there. 
We've been too busy to play games, so 

there's no game of the month. Meanwhile, 
although floods of soggy software went 
out when we cleaned up the horrible mess 
in the Great Hall , a steady stream of very 
neat tu ff ha come in . If anything will 
save us from Lunwak's fear that we' re be
coming a third-world country, it will be 
this industry. • 

Jerry Poumelle holds a docrorare in psychology 
and is a science jicrion writer who also eams a 
comfortable lil"ing ll'lili11g abour computers present 
and f 111ure. Jerry welcomes readers · co111111e111s 
and opinions. Send a self-addressed. sramped en
velope ro Jen)' Poumelle, do BYTE, One Phoenix 
Mill u111e. Peterborough, NH 03458. Please p111 
your address on the /erter as well as on the enve
lope. Due to the high 1·0/ume oflerrers. Jeri)' can
not guaral//ee a personal reply. Yo11 ca 11 also con
tact him 0 11 the lntemet or BIX at jerl)p@bix.com. 

COMING IN JUNE 

I;''J 11 SPECIAL ISSUE 

Buyer's Guide to Computers 


and Printers 

Th.is special Buyer's Guide edition is available only on newsstands and features BYTE Lab/NSTL 
reviews of: 

• 90 high-performance 486 and Pentium systems 
• 120 dot-matrix, ink-jet, and laser printers 

Match the Right System and Printer to Your Needs! 

BYTE's Buyer's Guides combine comprehensive testing with easy-to-read results that match the 
right product to your application. 

Available June 1 4 on Newsstands Eve rywhere. Don't Miss It! 
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l\~rm.11?1 Hardware 

FULL-FEATURED PoRTABLE 

WORKSTATION 

Preloaded with the Solaris 1 or 2 operating 
environment and version 2.0 of the Nomadic 
Computing Environment, Tadpole's Sparc
book 3 portable worflstation has a removable 
340- or 520-MB hard drive. The unit, which 
weighs 61/ 2 pounds with battery pack, has 
PCMCIA slots for two Type VII cards or one 
Type Ill card. Other features include an on
board Weitek P9000 graphics accelerator, a 
ThinkPad keyboard with an integrated Point
ing Stick, a built-in data/fax modem, and 
SIMMs that you can upgrade from 16 MB 

to 64 MB. With the Sparcbook 3, you get your choice of an internal 12-V nickel-metal-hydride bat· 
tery pack, an external 12-V nickel-cadmium pack, or both. Prices start at $10,950. 
Contact: Tadpole Technology, Austin, TX, (800) 232-6656 or (512) 219-2200. 
Circle 1271 on Inquiry Cud. 

LET ATROLL TOUCH YOUR 
POWERBOOK 
Troll Touch PB touchsc reen 
($695) for the PowerBook I 80c 
is made of clear, pressure-sen
sitive, resistive-coated layers of 
polyester that will not shatter or 
break when in transit. You acti
vate tJ1e screen by touching it up 
to 60 times per second. Since the 
screen is resistive, it will not re
act to heat or humidity and will 
not drift out of calibration. Troll 
Technology (Valencia, CA) in
tegra tes the screen onto your 
PowerBook ' s LCD when you 
send the unit to the company. 
Phone: (805) 295-0770. 
Circle :1274 on Inquiry Card. 

COMPUTER 
PROJECTIONS 
A compact pro
ject ion system 
that works with 

- most PCs and 
Macs, the Lite
Pro 540 ($7499) 

projects screen images measur
ing a. large as 15 fee t on the di
agonal. The active-matrix LCD 
displays more than 1.4 million 
co lor · s imultaneously from a 
palette of more than 16.7 mil
lion. From I.n Focus Systems 
(Tualatin, OR), the unit includes 
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a hand-held remote device that 
you can configure witJ1 the com
mands you use most freq uently. 
Phone: (800) 294-6400 or 
(503) 692-4968. 
Circle :1276 on Inquiry Card. 

INTERNAL FAX MODEM 
An in ternal fax modem that 
transfers data at 2400 bps and 
sends and receives faxes at 4800 
bps and 9600 bps, respecti vely, 
the MX-2496B ($59) includes 
MNP 5 and V.42bis capabilities. 
From Calpak (Torrance. CA), me 
modem ships with software to 
send and receive faxes in the 
background, send faxes at night, 
print faxes on a laser printer, and 
prepare cover sheets. You can 
also create a personal phone and 
fax directory and automate your 
fax/phone answering and re
ceiving capabilities, among otJ1er 
func tions. 
Phone: (310) 539-8366. 
Circle :1275 on Inquiry Card. 

SHARE APRINTER 
MosesSpool (two-node starter 
kit, $ 149) lets two PCs share a 
printer; you can upgrade to a 
LAN if you wish. From Moses 
Computers (Los Gatos, CA), me 
printer sharer connects directly 

to your PC' s bus to transfer data 
at 2 Mbps. Its design eliminates 
jumper settings, specialized hubs, 
transmitters, and complex wiring. 
Phone: (408) 358- 1550. 
Circle :1277 on Inquiry Card. 

COLLECT SCIENTIFIC DATA 
ON YOUR MAC 
The Serial Box Interface ($99) 
from Vernier Software (Portland, 
OR) connects to me modem port 
of your Mac. With your sensors 
and the company's Data Logger 
software (s ite license, $30), you 
can monitor e lements such as 
temperature, pH, pressure, heart 
rate, light intensity, and voltage. 
Phone: (503) 297-531 7. 
Circle :1279 on Inquiry Card. 

AVIDEO CAMERA FOR THE MAC 
A color video camera that works 
from me top of your monitor, me 
PC-7 Multimedia Video Camera 
($349.95) has a resolution of 380 
horizontal lines. It has au tomat
ic whi te balance and exposure 
functions, a low-light-sensitivity 
rating of2 lux, and an fl .8, 4.44
mm medium-wide-ang le lens. 
The outputs of me Advanced Mi
crovideo (A usti n, TX ) camera 
are standard composite video and 
line-level audio. You can use the 

camera for desk top te leconfer
encing, video mail , and making 
QuickTime movies. 
Phone: (512) 335-2200. 
Circle :1280 on Inquiry Card. 

FLEXIBLE DIGITAL VIDEO 
The Targa 2000 (from $5995) 
lets you di splay a Video-in-a
Window image whi le outputting 
video in NTSC or PAL format. 
From Truevision (Indianapoli s, 
IN), me Targa 2000 is based on 
the company's DVR architec
ture, which features a set of log
ical components th at encode, 
decode. process, and store digi
tal video. The digital video card 
supports displays of up to I 152
by 870-pixel resolution at 24 bits 
per pixel and lets you capture 
full-frame, full-motion images 
with CD-quality audio. You can 
also marquee a portion of the 
desktop or resize the entire desk
top prior to recording the select
ed area on video. 
Phone: (800) 344-8783 or 
(3 17) 841-0332. 
C ircle :1281 on Inquiry Card. 

MAKE YOUR PC 
LOCALTALK-READY 
The pocket-size PCTalk adapter 
($199) from Apexx Technology 
(Boise, ID) snaps onto your PC's 
paralle l port to provide a con
nection to Loca!Talk . The adapt
er lets you connect any number 
of PCs to an Apple Talk network 
or connect your laptop to Macs, 
netwo rk printers , and other 
shared resources. The adapter 
supports Farallon Timbuktu for 
Windows (kit, $399) and Phone
Net PC software. 
Phone: (800) 767-4858 or 
(208) 336-9400. 
Circle :1278 on Inquiry Card. 



TCP/IP TERMINAL SERVER 
An eight- or 16-pon terminal 
server that provides native serial 
access to a TCP/IP host regard
less of where the users are on 
the network, the PortServer (from 
$1595) eases serial port config
uration and management. The 
se rver lets you connect work
groups or clusters of as many as 
16 asynchronous RS-232 serial 
1/0 devices to any Ethernet net
work that's running the TCP/IP 
protocol. From DigiBoard (Eden 
Prairie, MN), the PortServer uses 
the company's Net CfX protocol 
software and includes l MB of 
RAM with a throughput rate of 
up to 38.4 Kbps. The PortServ
er's front-panel display enables 
system administrators to track 
network and asynchronous line 

activity and monitor the status of 
attached devices. 
Phone: (612) 943-9020. 
Circle 1286 on Inquiry Card. 

APRINTER FOR THE NETWORK 
A 300-dpi color and mono
chrome printer, the Codonies 
(Middleburg Heights, OH) NP
1600 Photographic Network 
Printer ($9995) uses dye-subli
mation technology with 16.7 mil
lion simultaneously printable col
ors to produce continuous-tone 
prints. Designed for use with any 
TCP/IP or EtherTalk network, 
the Codonics NP-1600 can print 
files from DOS, Unix, and DEC 
VMS systems and recognizes 
image file formats such as TIFF, 
GIF, PCX, PICT, and PostScript 
Level n. The printer's five output 
formats range from 8 '/, by 11 
inches to 9'/, by 12 inches, and 
it accepts paper and transparen
cies interchangeably. 
Phone: (800) 444- 1198 or 
(216) 243- 11 98. 
Circle 1282 on Inquiry Card. 

HUBS WITH SPLIT PERSONALmES 
Available in Ethernet, Token Ring, and tenninal-server ver
sions, each INXLlnk hub has its own internal management 
system. This lets you use a hub as an independent, stand· 
alone network for a 
workgroup of up to 24 
Ethernet or 26 Token 
Ring users or stack the 
hubs to fonn larger net
works. Each hub can be 
managed in-band from 
a Telnet client or an 
SNMP management 
station. For out-of-band 
management, you can 
attach any vnoo ter· 
minal or modem to the 
console port. Prices 
start at $2395. 
Contact: Racal-Data
com, Boxborough, MA, 
(800) 722-2555 or 
(508) 263-9929. 
C l n:le 1272 

on Inquiry card. 

GRAPHICS VIA THE PCI BUS 
Designed for the PCI bus, the 
GraphMax Pl 2 (from $399) is 
based on IBM 's XGA architec
ture. From VidTech Microsys
tems (Minneapolis, MN) , the 
card features resolutions as high 
as 1600 by 1200 pixels with 16 
colors and a noninterlaced re
fresh rate of 120 Hz. The 1 MB 
of VRAM on the card is upgrad
able to 2 MB. 
Phone: (612) 780-8033. 
Circle 1283 on Inquiry Card. 

ANOTEBOOK DESIGNED FOR CAD 
The top-of-the-line Tri-CAD De
signBook ($4595) provides 340 
MB of hard disk storage and 
12 MB of RAM (expandable to 
20 MB). The 486DX2/66 CAD 
graphics system has a I 0-inch 
TFT active-matrix VGA color 
display, a PCMCIA Type Ill slot, 
a built-in trackball , and a 200
pin docking port. The optional 
Docking Station ($475) includes 
two VESA slots, four 16-bit ISA 
slots, built-in speakers, and a 
SCSI controll er. The system is 
from Tri-Star Computer (Chan
dler, AZ). 
Phone: (800) 755-1000 or 
(602) 961-3401 . 
Circle 1284 on Inqui ry Card. 

HIGH-TECH TERMINAL 
The QVT520 video display 
terminal ($359) from Qume 
(San Jose, CA ) provides 
ANSI emu lations such as 
DEC PCTerm, VT420 , 
VT320, VTIOO, WY-85 , 
WY-60 native mode, and a 
Unix Conso le mode . The 
15-MHz terminal supports 
I 0- by 16-character resolu
tion , selec tab le full over
scan, and the simultaneous 
display of 512 distinct char
acters per session. It has an 
85-Hz noninterlaced refresh 
rate and 96 KB of hi gh
speed static RAM . Capable 
of running dual terminal ses
sions from two host com
puters, the QVT520 can si

multaneously display both ses
sions on a split screen. 
Phone: (408) 473-1500. 
Circle 1285 on Inquiry Card. 

CD-ROM TOWER OFFERS 
FLEXIBILITY 
Compatible with ISA, EISA, and 
Micro Channel systems, Online 
Computer Systems' (German
town, MD) CD-ROM tower sup
ports from four to seven double
speed SCSI-2 CD-ROM drives. 
Each drive supports 200-ms ran
dom-access speeds and sustained 
transfer rates of up to 330 KBps. 
In addition, each drive has a 256
KB buffer and fully integrated 
audio, is MPC-2 compliant, and 
supports multisession Kodak 
Photo CD. The CD-ROM tower 
(from $3875) can be used as a 
stand-alone system or with a net
work. 
Phone: (800) 922-9204 or (301) 
428-3700. 
C i rcle 1288 on Inquiry Card. 

STORAGE FOR THE MAC 
A rewritable magneto-optical 
storage system for publishing, 
prepress, CAD/CAM, multime
dia, and imaging applications, 
the Olympus 128MO Macintosh 
($ 1195) has a continuous read
transfer rate of 768 KBps. From 
Olympus Image Systems (Irvine, 
CA) , the system provides 120 
MB of storage and has the abil
ity to transfer synchronous and 
asynchronous files. It dynami
cally renders partitions when you 
drag a handle in the interface and 
electronica lly locks files for 
read-only security. 
Phone: (800) 347-4027 or 
(714) 753-5935. 
Circle 1287 on Inquiry Card. 
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POWER DOWN AND 
SAVE ENERGY 
The 17-inch digitall y cont ro lled 
DX l 7 F mo nit o r ($849) fro m 
MAG lnnoV ision (Sa nt a Ana. 
CA) can power down to 15 W in 
its standby and suspend modes 
and to I 0 W in its o ff mode. The 
video signal circuits arc Vl::SA 
compatible and meet DPMS re
quirements. The monitor has a 
fl a t-square sc reen and a nonin
terlaccd resolution of up to 1280 
by 1024 pixel s; re fresh rates go 
up to 76 Hz at 1024- by 768-pi x
e l resolution. The monitor has a 
clot pitch of 0.26 mm and a band
width o r 100 MHz. 
Plume: (800) 827-3998 or 
(714 ) 75 1-2008. 
Circle 1289 on Inquiry Card. 

TELECOMMUNICATE 
IN WINDOWS ... 
A Windows- ba si.: d te le pho ni.: 
managi.: ment sys tem. Spectrum 
En voy ($349) pro vides phone . 

WIRELESS COMMUNICATION 
BETWEEN BUILDINGS 
The AirPort Wireless lnterbuilding Systems 
use spread-specbum radio technology to pro
vide 16-Mbps wireless point-to-point and 
point-to-multipoint communications at dis
tances of up to 1.8 miles. The systems com
bine a data throughput rate of 5.7 Mbps with 
full Ethernet compatibility and SNMP networil 
management.·Components include a wireless 
hub with an antenna, one or more wireless 
remote units, and an optional SeePort Net

woril Management System. AirPort I provides line-of-sight connectivity between two or more buildings 
at distances as far as 1000 feet; AirPort II comes with an indoor antenna or an all-weather outdoor 
antenna for a range of 1.8 miles. AirPort I costs $12,450; prices for AirPort II start at $22,000. 
Conract: Windara, Northborough. MA. (508) 393-3330. 
C l rcle 1273 on Inquiry Card. 

host Mac w itho ut kci.:ping the 
host running when it ·s not need
e d. From Se rve r T ec hn o logy 
(Sunnyvale , CA) . the unit o per
a tes in three modes. In the re
mote-power-sw it ch mode . the 
host Mac powers on when a spe
cific numbe r of pho ne rings is 

data modem. =========-..., detected: it automati 
fa x. answer cally powers off when 
ing machine, the ca ll is di sconnect
vo ice- mes  ed . In thi.: AUX -po rt 
sag in g. and mode. the unit permits 
PC audi o the Mac ·s modem and 
functions in a ~----------'---' answering machine or 
single package that includes DSP 
hard ware and Oc tu s PT A so ft 
ware. From Spectrnm Signal Pro
cess ing (Burnaby. Briti s h Co
lumbia. Canada), Envoy includes 
an M wave disc riminat o r that 
recognizes if an incoming call is 
a fax, modem, or voice call and 
handl es each one appropriate ly. 
Othi.: r remures include suppon for 
ca lle r ID. speakerphones. and ad
vanced on- and off-hook sensi ng. 
Plum e: (800) 667-0018 or 
(604) 42 1-5422. 
Circle 1290 on Inquiry C a rd . 

REMOTE POWER BY PHONE 
Activated by a phone . the Mac 
Power O n/Off+ Aux (S 199.95) 
remot e power-cont ro l unit de
tec ts incoming pho ne call s and 
powers up a re mote Mac. pro
viding remote users access to a 

fax to shari.: a s ingle phone line. 
The reboot mode le ts you phone 
the host Mac·s modcm 10 reboot 
a remote Mac workstation. gate
way, or server that has locked up. 
Phone: (800) 835- 1515 or 
(408) 745-0300. 
Circle 1294 on Inquiry Card. 

DATA ACQUISmON AND 
CONTROL MODULE 
A general-purpose measurement 
and contro l device. the Model 40 
(S99) from Pra irie Digital (Pra i
ri e du Sac. WI ) features 28 pro
grammable di gital 1/0 lines and 
e ight analog input channels. The 
serial- po rt unit. whi ch can be 
connected to any RS-232 device. 
also has three stepper-motor-con
troller ports. fo ur re lati ve resis
1ance c hanne ls . and a pul se 
w id th-modul at ion o utput. The 

battery-operated Model 40 is eas
ily connected to your laptop or 
palmtop. 
Phone: (608) 643-8599. 
Circle 1291 on Inquiry Card. 

LET YOUR NOTEBOOK ANSWER 
THE PHONE 
T he Poc ke t Fax Link ($ 299) 
PCMC IA fax/modem card auto
ma ti c all y an swe rs in co min g 
phone calls. records messages of 
up to several minutes in length, 
and prompts the caller to review, 
modi fy, or re-record the mes
sage. From Radio, Computer & 
Te lephone (M innetonka. MN). 
the 14.4- Kbps fax and data mo
de m le ts you scro ll th roug h a 
phone list. select the name you 
want , and then touch a button to 
prompt the system to automati
call y dial that person 's number. 
Yo u can save a recorded mes
sage to a fik and download it to 
play it back. 
Phone: (800) 543-0000 or 
(6 12) 542 -1081. 
Circle 1292 on Inquiry Card. 

PROJECTION PANEL 
The lates t o r In Focus Sys tems · 
(Tualatin . OR ) Pane lBook pro
jecti on pane ls, the Pane lB ook 
5 30 ($5299) can project mo re 
than 1.4 million colors s imulta
neously with a resolution of 640 

by 480 pixe ls. Compatible with 
PCs and Macs. the unit has an 
81/,- inch-diagonal ac ti ve-matri x 
LC D and fits into a bri e fcase . 
The panel has built- in . full -mo
tion video support fo r NTSC and 
PAL/SECA M video signa ls. A 
hand-he ld re mote co nt ro l in
c ludes a customizable button for 
storing commands. 
Phone: (800) 294-6400 or 
(503) 692-4968. 
Circle 1293 on Inquiry Card. 

MAKE THE CONNECTION WHILE 
TRAVELING 
The Model 305 Konexx Modem 
Ko uple r ($299) has a b uilt - in 
2400-/9600-bps data/fax modem 
and connects to the serial port o f 
your PC. Compatible with tele
phones the world over, includ
ing pay and cellular phones, the 
Model 305 is powered by a 9-V 
a lka line battery fo r 6 hours o f 
transmi ss ion time. T he unit is 
from Unlimited Sys te ms (San 
Diego, CA). 
Phone: (6 19) 622- 1400. 
Circle 1296 on Inquiry Card. 
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or generarions, we have looked to the stars as symbols of that which cannot be reached. 


To be considered a star, one must display rare ralenr and abili ry ro ri se above the masses. 

While the average person may never literally reach the stars, it is possible to put one to 

work fo r you. * Consider the Samtron StarPowerrn line of high resolution monitors. Featuring 

digital controls, flicker-free screens to ease eye suain and non-interlaced displays fo r edge to edge 

viewing, the entire line complies wi th EPA Energy Star"' standards. * In addirion, every Sarntron 

monitor comes wi rh an unparalleled three year pans and rwo year labor warranty, adding up to 

heavenly perfo rmance at down-to-earth prices. 

* Contact your local dealer about the SrarPower line. 


You won't even need a telescope to see them up close. MONITORS WITH STARPOWER~ 


lt• EPA £.lllfJT S~"'" tmbltJn does 1111rqnunt £PA rndonuieat ol ay pr*t DJ Jervic:a. Sptt.if.atiam wbject 1~ dimge wi'ttlovt iota. VGA is 11tJde11111kol ltll1111ational 8111 ieeu M11dilleS Co.. ltd. SetH1I ts Umulal!d. 
Circle 143 on Inquiry Card . 

SC-726UXL 
I7" Flat Screw 
1,280 x 1,024 (60Hz) High Reso/11 tio11 
Mnc Compntible 

SC-52BUXL 
I5" F!tlf Screw 
1.280 x / ,024 (60Hz) High Resol11tio11 

SC-428UXL 
14" / ,024 x 768 (75 Hz) High Resol11rio11 

The StarPower Line Features: 

• Super Fi11e Dot Pitch 

• Low Emission, MPR II 

• VGA, SVGA, XGA, VESA 

Compatible 

• M11lti-Sca11 

• Power Saving ~ IPA POUUllOM ,.IYIHJU 

SAMTR01 DI PLAYS, INC. 
14251 E. Firt"Stonc Blvd. ;101LiMir.id>.CA90638 
Td: 310 802-8425 Fax: 310 802-8820 
Customa Smicc: Td: (800) SAMTRON. 
Disttibuto": Cmda. Td: (4 16) 858-3000 
Ma ico, Td: 011-525-325·0993 



REAL-TIME DOCUMENT 
CONFERENCING 
Platform-, application-, and network-in
dependent, Face to Face lets two people 
use any combination of Macs and Win
dows-based computers to work together 
on a document while they discuss the work 
in progress over the phone. After viewing 
and annotating identical, synchronized im
ages of the document, each participant 
can save, print, or forward an electronic 
copy of the finished product via E-mall. 
Face to Face lets you scroll through the 
document, letting you work on the entire 
document rather than just individual pages 

AJ tte leofrc•wcsi.mtud_.,.. N:MEd~tt-.1.d 
«1AliB!C~tlon'sr.:w7llpnxUJa"wdh • nl 

l"j1 ~~~~~~~\~':"r:.~u::u 
l.!.J ~.. · . ,.~ h1a-VplnPraidtrJj>.CM£. 'No 

a.&xht~tp«d ud owrllyaf-b iltlesdl-(uben 

' r1ull•C:npl\ Is th! first m'Jll1m•dl tt 
gntttnlU pukC1e to D• orrn•t •cltd 
croun1' lne 723 ~OCU.s.or' I 18 tllt mottl 

co·~otes~r . ~ld lng unparoll•l~ 
oer tormonct_forpntttucr untns •vt 
Optftl l •ons lll::e full motion video ; U ld 
Chcrlu M.:Gein, VP of CnQlnt•r11)'jl at 
A("(j 

or sections. The software ($295 per copy) operates via modems, lANs, and ISDN networks. 
Contact: Crosswise, Santa Cruz. CA, (408) 459-9060. 
Circle 1298 on Inquiry Card. 

NETWORK JOB SCHEDULER ..
A distributed-network job-sched
uling and workload management 
system, OnSchedule (server ver
sion starts at $2500) has the abi l
ity to automaticall y schedule , 
execute, and manage processes 
over a network of heterogeneous 
machines. From Paradigm Sys
tems (Newark, CA). 

bility lets you link any item with 
any other item (or several other 
items) in your database without 
having to rekey in format io n. In
telligent fi lters in the softw are 
let you define a specific search 
for informatio n. The so ftware 
can also export and import in
formation to and from other ap

p1ica t ions or com
puters.ogr~~cp~:~~11t~ "'::.=1===1- - "'::-_""--=----- ;;;ii-&ii'~_=5'"" ""~"'.'i<r- ;=:='iil 
Phone:=~· ----a · I_ t=;;
(800) 725-3734 or~ydc~~~b.~~~~~ Y~-~l ~~-8; (408) 562-5990.li.J ·a i· :::-.:.t===i : ':::J; 
Circle 1303allows inter- • ·-· ··-'-·T'--,!£. 

related jobs to be ex- ~ fl on Inquiry Card. 

ecuted in a specific 
seq uence. The sys-
tem's GUI identifies all compo
11e111s in the system, the !lo w of 
each cycle, and the relat ionships 
among all compo nen ts. Users 
can custom ize their own evcnt
tlri ven scheduling. A Hot l:!ack
Up option is available. 
Plume: (5 10) 440-8551. 
C ircle 1302 on Inquiry Card. 

RELATIONAL DATABASE 
MANAGEMENT 
A contact manage ment program 
fo r the Mac. Full Contact ($ 169) 
uses RAM-based relational tech
nology to keep trnck of contracts. 
activities, and dates. From Fit 
Software (Sama Clara, CA). the 
program ' s Multi Linking capa
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PUT YOUR RAM TO THE TEST 
RAMexam ($29.95), from Qual
itas (Bethesda. MD), he lps you 
avoid sys tem crashes resulting 
from RAM failure . The software 
uses a consi stent fault model that 
is based on a s trategy of specif
ic sequences of bit patterns de
signed to detec t spec ific types 
of memory fail ures. The DOS
based utility installs automati
cally and includes six tests based 
on the most likely categories of 
memory failure . You can con
fi gure RAMexam to test sys tem 
memory dai ly. week ly. month
ly, or as freq uentl y as you like . 
Phone: (800) 733- 1377 or 
(301) 907-6700. 
Circle 1304 on Inquiry c a rd . 

CONTROL-SYSTEM DESIGNER 
The Non linear Contro l Design 
Toolbox (W indows vers ion. 
$895) fro m The MathWorks 
(Nati ck, MA ) works w ith the 
company's Matlab and Simulink 
software to help you design con
trollers directly in the non linear 
domain. Targeted for engi neers 
who des ign controllers for in
du s trie s s uc h as automotive, 
ae rospace. process control, and 
petroche micals, the NCD Tool
box lets you use the GUI to in
teract ively specify time-domain 
response constraints. You can 
conduct live optimizations, dis
playing responses as they evolve 
at eac h iteration to provide ac
cess to intermediate so luti ons. 
You can also seamlessly access 
Matlab, Simulink, and optimiza
tion routines to auto mati ca ll y 
tune controller parameters. The 
software is also available for the 
Mac and Un ix. 
Phone: (508) 653-14 15. 
Circle 1305 on Inquiry Card. 

BUILD ASKYSCRAPER FOR OS/2 
From Binar Graphics (San 
Rafael, CA), SkyScrnpcr- Desk
top Manager for OS/2 ($99) pro
vides a visual representation of 
OS/2's multitasking capabilities. 
Each video display represents a 
desk in a virtual office in which 
you can place as many desks as 
you wish. Each app lica tion or 
group of applications sits on its 
own desk and is represented by a 
button in the on-screen toolbar. 
You can open all your OS/2 ap
plications to full-screen size on 
different desks and switch among 
them with the click of a button. 
You can also organize your desks 
into multiple offices on different 
fl oors. You config ure the way 
SkyScrapcr looks by defin ing the 
number and arrangement of 
desks. offices, and fl oors . 
Phone: (800) 228-0666 or 
(415) 49 1-1 565. 
Circle 1306 on Inquiry Cnrd. 

PRESENTATION SOFTWARE 
FOR UNIX• 
A native X Window System ap
plication , Ovation presentation 
grnphics software ($795 per user) 
runs on X terminals , worksta
tions. or PCs running X software 
on a network. From Visual En
gineering (San Jose, CA), Ova
tion allows you to drag and drop 
graphics from other Unix appli
cations. It provides hyperlinks to 
trigger Unix multimedia features; 
graphical on-line help; a graphi
ca l slide sorter; built-in outlin
ing to help you quickly develop 
presenta tion text ; drawing and 
charting tools; and suppo rt for 
speake rs· notes and audience 
handouts . 
Phone: (408) 452-0600. 
Circle 1307 on Inquiry Card. 
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ENCRYPT AND 
COMPRESS DATA 
C rypto/Cra m , a data -e nc ryp
tio n/data-compress io n sys tem 
(from $30), le ts you compress or 
e ncrypt mu lt ip le fil es by w ild 
card with or wit hout a specific 
fi le-attribute criterion. The com 
press ion engine is based on the 
p ublic dom a in LZ77 s li ding
window-compression algorithm 
to achieve, o n average, a 2- to- 1 
compression ratio. From Radix2 
Software Eng ineering (Liberty
vi lle, IL), the program incl udes 
Auto Path Walki ng, whic h al
lows you to quick ly change di
rec to ries; user-definable encryp

l ion or compression ac tivity log 
files; infinite cipher layering with 
intermixed access codes: a lter
nate extension bindi ng; and four 
utilities. 
Phone: (800) 946-8086 or 
(708) 549-6733. 
Circle 1308 on Inquiry C a rd . 

other programming languages. 

The SparcWorks tool set includes integrated run-time error check

ing and f"uc and Continue capabilities. The SparcWorks/TeamWare 

code management tools automate software-version control, release 

integration, release management, and project building. Sparc

Works/lmpact extends Sparcompiler FORTRAN to automatically 

parallelize FORTRAN applications to run on multiprocessors with

out any source code changes. SunPro WorkShop for C costs $2195; 

the version for C++ costs $2995; the FORTRAN version is $3195. 


FACILITY SCHEDULER T 
A W indows-based program for 
scheduling fac il ities and the ir re
lated support equipment , Time 

umes . move and copy in 
the background, send an 
alias to a new destination, 
and compress or ex pand 
fi les. Fi nd capabilities le t 

and Place ( from $89) ena bl es 
you to see and man ipul ate a ll 
your room schedules at once so 
that you can schedule blocks of 
rooms and move events from one 
room to another. You can create, 
stretch , shrink. copy. and move 
events by dragging and dropping 
them on a grid, and you can en
ab le five controls fo r any room. 
Controls for the re lationships be
tween reservations include link
ing o ne reserva tion to another. 
From Fac ility Innovations (Wal
nut. CA). the multiuser database 
app lication is network ready. 
Phu11 e: (8 18) 810-803 1. 
Circle 1311 on Inquiry C a rd. 

MAC FILE MANAGEMENT 
A fil e management app li cati on 
for the Mac. Pro Fi les (S 129) from 
Day na Communica t ions (Sa lt 
Lake City, UT) lets you work in a 

through the OLE 2.0 and DLL in 
terfaces . You ru n your app lica
tion. open a document file. and se 
lec t from the Rite-Express ions 
tool bar to act ivate a func tion. The 
MP IOO 's pressure-sensit ive pad 
captu res the wri ti ng. transm its it 
to the compu ter, and puts it into 

window called the Filelist. Here 
you can create a customi zed li st 
o r riles and fo lders on which you 
can synchronize fo lders and vol

you search by mult iple cri
teria. T he program is compat ible 
with AppleShare , Persona l Fi le 
Sharing, Net Ware . and Un ix. 
Pho11e: (801) 269-7394. 
Circle 1309 on Inqui ry C a rd. 

CD-ROM NETWORK CACHING 
Opt i-Net Li te (CD-ROM server 
license, $ 179) adds data caching 
and da ta pre fe tc hi ng to shared 
CD-ROM drives installed in pcer
to-peer network servers. Accord
ing to Online Computer Systems 
(Germantown. MD), thi s boosts 
network perfo rm ance and use r 
prod ucti vit y by prov idi ng up to 
600 percent faster access to CD
ROM applications. You can store 
recent ly and frequent ly used ap
plicat ions and data in high-speed 
extended memory. 
Phone: ( 30 I ) 428-3700. 
Circle 1310 on Inquiry C a rd . 

Software Update 

Catalog On Disk for Windows 
2.20, Curtis Software (Tor
rance. CA), improves speed, 
adds Format Viewer and the 
capability to copy complete 
product reco rds to a buffer 
and paste them to create new 
records, modifies Product 
Line files, and adds enhanced 
on-screen ordering and im 
portation as options. $1795. 
Phone: (3 10) 320-2451. 
Circle 1324 on Inquiry Card. 

Pixar Typestry 2, Pi xar (Rich
mond, CA), includes Adobe 

mustrator 
import , a par
ticle system 
tool, new op

tions for bui lding objects. en
hanced animation control , a 
Looks editor, new perforation 
cont rol. ed itable bevels, new 
Environment Looks. and fog. 
$299. 
Phone: (510) 236-4000. 
Circle 1325 on Inquiry C a rd. 

Tech Help 6.0, Flam beaux 
Software (Glendale, CA), has 
an en larged hypertext data
base of BIOS and DOS func
tions, covers ystem-exten
. ion APls and uses the late t 
version of the Flam beaux 
Help Viewer. $99.95 . 

Phone: (800) 833-7355 or 
(818) 500-0044.. 
Circle 1326 on Inquiry C a rd. 

Automenu 5.0 Net,.Magee En
terpri es (Norcross, GA), up
dates its look with menu 

arranged in • 
overlapping 
windows, 
improves 
setup and maintenance, lets 
mult iple MDFs (Menu Defi ni 
tion Fi les) reside on the same 
screen adds a soft ware-detec
t ion modu le, supports cutting 
and pasting of items between 
menu pages and MDFs, and 
provides hot-key acces fo r 
any displayed menu item. 
$399.95 per erver. 

AWORKSHOP FOR UNIX 
SunPro WorkShop is an inte
grated product suite for C, C++, 
or FORTRAN Unix developers 
running the Solaris 2 operating 
environment for SPARC. The 
Sparcompiler Ccomponent aids 
in cross-language development 
and migration between C and 

SEE THE HANDWRITING 
ON YOUR PC 
Ri te-Exp ress ions ($379) 

from ln for ite (San Mateo. 

CA) le ts you annotate and 

import handwritten infor

mat ion to off-the-s he lf 

W indows and DOS pro 

grams using your MP IOO 

Writing Pad. Jn Windows. 


jiliillill the PC software works 


the open document as an overlay Pho11e: (800) 662-4330 or Contact: SrmPro, a 1111it o.fSun Microsystems, Mou111ai11 View. 
at the cursor. (404) 446-6611. CA, (4 15) 960-1300. 
Plume: (4 15) 571-8766. Circle 1337 on Inqui ry C a rd . 

Cl rcle 1322 on Inqui ry Card. 
Circle 1299 on Inquiry Card. 
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SOPHISTICATED STATISTICS IN WINDOWS 
Built specifically for Windows, Statgraphics Plus for Windows 
emphasizes the exploration of data and interpretation of results 
in its interactive graphics. Available in every procedure, the graph
ics let you fully interrogate 
statistical data on-screen. 

The software's StatFolio 
function lets you automati· 
cally save and reuse work 
without writing code or re· 
cording macros; when you 
run a StatFolio analysis on a 
new set of data, the graph· 
ics and tables are updated in 
real time on the screen. A 
DOE link lets you manage 
data in a spreadsheet with· 
out having to export it to Statgraphics Plus. You can dynamical
ly link the data into the data editor and use it inside the program 
as if you had entered it directly into the system. All changes you 
make to the spreadsheet are automatically reflected in the updated 
statistical output and graphics. The base system includes sim
ple and multiple regression; ANOVA; one-, two-, and multiple-vari
able analyses; and distribution fitting. The base system costs 
$649; each additional module is $399. 
Contact: Ma1111g istics, Rockville, MD, (30 1) 984-5000. 
Circle 1300 on Inquiry Card. 

FONTS ON CD-ROM 
The Bitstrcam 500 Font CD for 
Windows ($49.95) has more than 
500 professional-quality type

faces in TrucTypc and 
PostScript Type I for
mats. From Bitstream 
(Cambridge, MA), th e 
CD-ROM disc in cl udes 
the Mini-MakeUp stand
alone Windows mini-ap
plication. which lets you 
stretch, bend , twist , col
or, shade, till , and rotate 
text to create special ef
fects. Mini-MakcUp can 
su pport OLE as well as 

standard Windows graphics fi le 
for mats. 
Pho11e: (6 17) 497-6222. 
Circle 1315 on Inquiry Card. 

DESIGN WITH THESE 
WIDGETS 
A set of custom controls fo r Vi
sual Basic. Designer Widgets 
(S 129) lets you add graphical in
terface desi gn elements to the 
app licalions you design. You use 
the Dockable Toolbar to create 
floati ng tool bars of buttons that 
the user can attach to the top . 
sides. or bottom of a Multiple 
Document Interface fonn. When 
the toolbars arc not clocked, the 
user can resize and reshape the 
palette. The Index Tabs cont rol 
enables you to design effic ient 
dialog boxes using the index tab 
metaphor to group collec tions of 
related options. Wi th the Form
FX cont ro l. you can customi ze 
the look o r your fo rms by ma
nipulating capti ons and borders. 
The Designer Widgets software 
is from Sheridan Software Sys
tems (Me lvi lle. NY). 
Phone: (5 16) 753-0985. 
Circle 1316 on Inquiry Card. 

Software Update 

Energize 2.5, Lucid (Menlo 
Park. CA). suppo.rts auto
matic precompiled header 
files, reduces the size of fi les 
by 50 perccm, uses auto
matic dependency analysis 
for make fi les, speeds up 
application developmetll, 
incorporates compiler tech
nology advancement , and 
supports the " long double" 
rype for more precision in 
floating-poim arithmetic. 
Single unit , $4250. 
Phone: (4 15) 329-8400. 
Circle 1328 on Inquiry Card. 

ABC RowCharter 3.0, Micro
grafx (Richardson, TX), 
features expanded shape 
palettes. an automalic align
ment tool for graphics with
in flowcharts, improved 
quick-and-easy connection 
Lines. OLE 2.0 implementa
tion, and new keyboard 
shortcuts and hot keys. 
$495. 
Phone: (2 14) 234- 1769. 
Circle 1329 on Inquiry Card. 

CodeBase 5.1, Sequiter Soft
ware (Edmonton, Alberta, 
Canada). includes lhe Code
Controls Windows interface 
designer and the CodeRe
porter developer' s report 
writer. $495. 
Phone: (403) 437-2410. 
Circle 1330 on Inquiry Card. 

OSJN (Optical Storage for Net

Warel 2.0, LaserData 
(Tyngsboro, MA), adds NLM 
optical drivers wi th multi
tasking and mulLithreaded 
capabilities, supports config
urations that include a mix of 
5'/,- and 12-inch WORM and 
CD-ROM opLical storage 
devices. provides direct con
neclion of WORM optical 
drives and jukeboxe to 
NetWare server , and pro
vides server-based optjcal 
backup and automatic 
synchronization. From 
$4476. 
Phone: (508) 649-4600. 
Circle 1331 on Inquiry Card. 

CHARTING THROUGH WINDOWS 
Chart s Now ($99 .95) , a Win
dows-based graphics editor, lets 
you quickly create organ ization
al cha rts. nowcharts, network 
and block diagrams , project 
schedules, and viewgraphs. From 
Foundation Microsystems (Moun
tai n View, CA). the program in
cl udes drag-and -drop edit in g. 
intelligent wizards. and a zoom 
capability that provides chart
editi ng avai labil it y at all ti mes. 
You can indi viduall y configure 
the chart symbols and use the un
limited note field fo r entering de
tail about the item represented 
by a symbol. 
Phone: (5 10) 8 14- 1695. 
Circle 1314 on Inquiry Card . 

AUTOCAD FILE CONVERTER 
An HPGL/2-to-Au toCAD fi le 
converter, HP2Design for Win 
dows ($395) convc1ts HPGL Jiles 
to DXF. DXB. or binary DXF for
mats and works wi th AutoC/\D 
releases I 0. 11. and 12. From Tai
lor Macie Software (Kent. WA). 

226 B YTE MAY 19'J.I 

HP2 Design has a Fearure Recog
nition funclion that re-creates fea
tures such as arcs. circles. and el
lipses. rather than transliterating 
HPGL line segments, fo r more 
compact converted files. ll1c soft
ware also recognizes overlapping 
segments. A typical conversion 
rate on a 33-M Hz 386 PC is less 
than 15 seconds. according to the 
company. 
Pho11e: (206) 631-1513. 
Circle 1312 on Inquiry Card. 

SCREEN ILLUSIONS 
Stereol usions ($49) from 1/0 
Software (Cucamonga. CA) lets 
you turn yo ur Windows- and 
Windows NT-{;ompat ible draw
ings and pictures into SIRDSes 
(Si ng le Image Random Dot 
Stcreogrmns). ·n1e SIRDScs con
sist of a pic tu re containing a 
semi-random pattern of dots that 
forms a 3-D image when viewed 
at a certain angle on your com
puter screen. 
Plume: (909) 483-5700. 
Circle 1313 on Inquiry card. 
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The future of computing is wide open. 

If you're working in an open-computing 

environment-or are planning to make the change 

soon-the choices are more complicated than ever. 

You need the right mix of technical and business 

information to make the right decisions. 

That's why you should be reading 

Unix World's Open Computing. 

Written for professionals who integrate, 

manage, program and resell interoperable 

systems, Open Computing gives you the 

up-to-the-minute information that you need to: 

• reduce information costs 

• create strategic computing solutions 

• select the right hardware and software 

•improve productivity 

Seize the opportunity-the open-computing era 

will reward both the individuals and the 

organizations that can put their knowledge 

to use and harness the potential of interoperable 

systems. Build your knowledge through the 

in-depth features, industry news, comprehensive 

product reviews, and programming tips in every 

issue of Open Computing. 

To start receiving Open Computing, just call the 

roll-free number below. Receive twelve issues for 

just $18.00 per year-half of the newsstand price. 

Your satisfaction is guaranteed. 

subscribe now 

1·800·257·9402DBYTE45 
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WORK IN 3-D WINDOWS 
Caligari trueSpace for Windows immerses you in a 3-D-per
spective workspace where you can shape objects as if working 
in clay and interact with them in real time. You can make 
changes as you navigate around the space with a mouse and 
view 3-D objects from all angtes by rotating, bending, twist
ing, molding, and manipu
lating them. You can create 
beveled metallic 3-D logos 
by selecting any TrueType 
font and typing in perspec
tive space. The software's 
ray-tracing feature lets you 
create effects such as re
fractions and reflections, 
and you can combine tex
tures with shadows and 
transparencies to add real
ism. You can drag objects 
around or use the spreadsheet-like visual time editor to create 
animations. You can then output the animations to videotape or 
save them in AVl/Video for Windows format. The program costs 
$795. 
Co111ac1: Caligari, Mo11mai11 View. CA . (4 15) 390-9600. 
Clrcle 1301 on Inquiry Card. 
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Net/WrkOS2 provides s1.:amle. s 
integration between individual 
PCs and LAN platforms runni ng 
OS/2, as well as between OS/2 
plat fo m1s and PCs or LA s run
ning software such as Windows 
NT. The software uses a simple 
co mmand language to operate 
across APPC/APP netwo rk s 
and TCP/IP backbones. It sup
pons Dynamic SQL and includes 
the Net/Wrk Scheduler and the 
AP! Tool Kit. 
Phone: (800) 292-0127 or 
(708) 705-0400. 
Circle 131 7 o n Inq u iry C a rd . 

SCANNING IN UNIX 
Unix software tha t can ru n on 
Su nOS . Solari . , RS/6000. and 
DEC systems. lmager Desktop 
($795) suppons Hewlen-Packard 
ScanJet !lex co lor flatbed scan
ners. From Advent Imaging 
(Pri nceton. NJ). the software lets 
you generate and save color im
ages as monochrome. gray-scale. 
or 8- or 24-bit color at up to 1600 
clpi . T he program ·s prev iew 
mode lets yo u view the image 
before you scan it. 
Phone: (609) 252-6933. 
C ircle 1320 on Inquiry C a rd . 

DOS EXTENDER 
A 386-based DOS ex tender , 
Causeway for A sembly Lan

guage ($ 14 7) ha. an in
tegrated linker with a 
morphing feature that al
lows it to read and use 
most linker scripts with
out modification . You 
can nest link-script files 
up to 10 leve ls deep. 
From Devore Software 
& Consu lt ing (Naper
vi ll e. IL) , the software 
al so includes a ymbolic 
deb ugger for running 

programs under protected mode 
and a file compressor that allows 
you to compress DOS-extended 
app licat ions by as much as 50 
percent. 
Phone: (708) 717-6369. 
Ci rcle 1321 o n Inquiry C ard . 

Software Update 

Mathcad 5.0, MuthSoft (Cam
bridge, MA), offers usabili ty 

enhance
ments; leam
ing aids; and 
additional 

graphics, numeric func tions, 
and ODE support. $99.95. 
Phone: (617) 577- 1017. 
C i rc le 1332 on Inquiry C a rd. 

CV Mate/Pro 6.0, Vermont Mi
crosystems (Winooski, VT). 
boo ts the graphics perfor
mance of Compmervision'. 
Personal Designer by as much 
as eight times and features 
productivity tools such as a 
Bird' -Eye View. Magnifying 
Glass. and Real-Time Anti
Aliasing. $295. 
Phone: (802) 655-2860. 
Circle 133 3 o n In quiry C ard . 

HyperHelp 3.1, Bristol Technol
ogy (Ridgefield, CT), adds 
support for kanji, frame 4.0, 
DEC' s Alpha OSF/l work ta
lion. and Silicon Graphic ' 
Indigo and Lri workstations. 
5000. 

Phone: (203) 438-6969. 
Circle 1334 on Inqui ry Card. 

DP Umbrella 2.5, Yycor (Col
lege Park, MD), uppons Mi
cro oft Mail and cc:Mail adds 
task dependencie. associated 
with activities and work or
der provide equipment 
earches for equipment item · 

on any number of fields, and 
adds a zoom feature in the 
Help Desk Monitor module a 
well as configuration option. 
to set counter · in activity, per
sonnel, and component win
dows. $7995 for five simulta
neous u. er . 
Phone: (800) 888-9267 or 
(301) 220-4450. 
Circle 1335 on Inquiry C ard. 

MacAnalyst 4.1, Excel Software 
(Marshalltown, IA). adds en
hanced object-oriented design, 
code browsi ng, and reengi
neering capabi lities. $995. 
Phone: (5 15) 752-5359. 
C i rcle 1327 o n Inquiry C ard. 

CREATE LANDSCAPES 
IN 3-D ~ 
A 3-D landscape-render
ing software program for + 
the Macintosh. Scenery 
An im ator (S l49) uses 
3-D models from Lhe U.S. 
Geologica l Survey to en
sure accuracy when ren
dering pictures of scenes 
as dive rse as nati onal 
parks and a si mulated lunar land
scape. From Natural Graphic. 
(Rocklin. CA), the software in 
cludes adjustable lighting, land
scape co lor. clouds, trees. and 
snow level to use in creaLing pic
tures from any perspective or in 
drawing a fli ght path for anima
tion. A bui h-in fracta l landscape 
generator helps you create ran
dom landscape .. 
Phone: (9 /(J ) 62./ - 1-136. 
C ircle 1 3 18 on Inq u i ry C a rd . 

AUTOMATIC FILE INTEGRATION 
Trans Plus for Window. ($225) 
from lntex Solutions (Needham, 
MA) converts most ASC ll files 
into valid spreadsheet files and 

then automatically launches your 
spreadsheet program and opens 
the file in a ready-to-use format. 
The software. which eliminates 
the data-parsing procedure. sup
ports ·tandard ASCII text files 
and is compatibl e wi th mos t 
spreadsheet programs. 
Phone: (6 17) 449-6222. 
Circle 1319 o n Inqui ry C ;i rd . 

FILE TRANSFER WITH OS/2 
Net/Wrk0S2 ($ 1495) allows you 
to transfer files bidirec tio nall y 
and remotely execute programs 
across simil a r and di ss im ilar 
hardware pla tforms without do
in g any programm ing. From 
KnowledgcNet (Palatine. IL). 



Think 

Fast ... 


. PASSING 

LANE AHEAD 

What's the quickest route to tech 

support? Osborne's new Certified Tech 

Support series! Developed in 

conjunction with Corporate Software 

Inc.. one of the largest providers of 

tech support fielding more than 

200,000 calls a month , Osborne 

delivers the most authoritative question 

& answer books available anywhere. 

Speed up your computing and stay in 

the lead with answers to the most 

frequently asked end-user questions 

from the simple to the arcane. And 

watch for more books in the series 

coming up soon. 
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The Internet Sound Blaster: BYTE Guide 
Yellow Pages The Official Book, to CD-ROM

'_1_j_fl!,by Harley Hahn Second Edition by 1chael Nadeau 
arid Ric S out '/ Peter· M1 Ridge. I eludes One 
$27.95 David Golden, Ivan Lu . CD- -01'1 Dis~ 
ISBl\J: 0-07-882023-5 Scott Sindorf. and $39.95 

Richard Heimlich. ISBN: 0-07-881982-2 
Includes 0 1:1e. 3.5-lnch Dis~ 
$34.95 
ISB ; 0-07-88 000-6 

Ava ila ble now at yo ur local book and com puter stores: 

B.Cf!:!.~~·~.&. .~ _N.§ '7k~N! Borders· Circle 122 on Inquiry Card. :. 
clciWM-•iCOiis· rmc-10 ccn~-, 
so.--1n;v;;:@ Wcddenbooks Osborne ~·~r. 
or call 1. 800 .822.8158 any time . Merition key co de SF54BYL Get Answers- Get Osborne 
arid use yo ur Arn eri ca ri Express , Visa , Di scover, or Maste rca rd. for Accuracy, Quality and Value 

' I 
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HANDHELD NOTEBOOK 


PCMCIA Brings Them 

DESKTOP PDA PALMTOP 

All Together 

LAPTOP PEN-BASED SYSTEM 

The PCMCIA standard allows the information 
gathered via laptop, PDA, palmtop, or pen-based 
systems to be compatible with desktop PC's. 
Quatech manufactures a full line of products that 
conform to the PCMCIA standards including Type I 
card readers for memory cards , Type II and Ill 
interface adapters, and 1/0 cards for communications 
and data acquisition applications. 

Quatech's 1/0 cards are available in RS-232, 
RS-422 and RS-485. Each are PCMCIA PC Card 
2 .1 compliant and support "hot-swapping" 
(insertion and removal of card while system is on). 
Quatech also offers a single port IBM PC 
compatible Enhanced Parallel Port PCMCIA card 
and a 24 digital input/output Type II PCMCIA card. 

Call today for more information on 
Quatech's PCMCIA products or our 
complete line of communication, data 
acquisition and industrial 1/0 products. 

1-800-553-1170 
Foreign Distributor Inquiries Welcome Cjl GUATECH FAX: 216-434-1409 

BBS: 216-434-2481 Providing quality technology for over a decade 

662 Wolf Ledges Parkway, Akron, Ohio 44311 U.S.A. (216) 434-3154. International: Australia/lnterworld Electronics & Computer 03-563-5011 , 
Canada (Western)/lnterworld Electronics 604-984-4171 (Toronto office 416-513-7027), Denmark/Jes Rasmussen Aps. 45 4281 6838, England/ 
Diamond Point International 634-722-390, Finland/Lab HI-Tech OY 358-0-682-1255, France/Elexo 33-1-69302880, Germany/Jupiter Electronic 
Systems GMBH 06181/75041 , Israel/ACM Ltd. 972-03-6487885, ltaly/N.C.S. Computer Italia 03311 770016, Korea/Sam Boo Systems 82-2-135
280, Netherlands/ACAL Auriema 040-502602, Singapore/Bliss Services Pie Ltd (65) 338-1300, Saudi Arabia/Integrated Coputer Operations 966 
3 895 1827, South Africa Eagle Electronics 27 21 234943, Switzerland Amira Tech. Engin. 37-2311-18, Spain/SANTA Barbara ~Made 
SA 34 3 418 81 16, Sweden/Systec 46 13 1101 40. IBM PC-XT, AT, and Micro Channel are reg istered trademarks of IBM Corp. in 
All other trademarks are of thei r respective companies. U.S.A. 

Circle 138 on Inquiry Card. 
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Mail Order 
The latest offerings from 

vendors supplying 
products of all leading 

manufacturers at extremely 
competitive prices. 

232 

Hardware/Software Showcase 
This categorized four-color display 

section makes it easy to find 
Hardware and Software products from 

a wide variety of manufacturers 
and suppliers. 

257 

Buyer's Mart 
From Accessories to Laptops 
to Word Processors, you can 

easily find the dealers you are 
looking for in this directory of 

.products and services. 

266 



WHY PAY 

RETAIL?
CDW is now an 

authorized IBM 
reseller! 
Call today for our best 

price on IBM products, including: 
 CDW®$etts• Th inkPads • PSNaluePoints 
e IBM Options 

ThlnkPad 500 85MB .., .$1599.00 CDW 39402 For less 

IMAGNAVOXI 
Magnavox 20CM64 

20" SuperVGA 

Monitor 


v Max Resolulion: 1280x1024 Non-Interlaced 

v Max Refresh: 90Hz, .31mm Dot Pitch 

v' Supports Wide Variety of Video Standards 

v Front Mounted Controls, TilUSwivel Base 

v' 1 Year Warranty 

tN NOVELL. 
Notware V4.0 1 


5 USER CD . ................. .....................848.00 

10USERCO ....... .. ........................... .1895.00 

25 USER CO ..... ..2845.00 


....... .3748.00
so USER co ......NG"iW8'i-0'"Vii'1'2" 

5 USER 3.5 ' ...... ................... .. ........................578.00 

10 USER JS .... .....................1298.00 

25 USER 3.s· ..............................189&.00 

SO USER JS .........2.578.00 

100 USER 3.5" ........................ ............. ......~...3698.00 


Call for Pncar iu on NetWaro CO ROM 
VorslQ05 and Upgmdes 

PERSONAL NETWARE V1.0 NEW 

1 USER. ....... ... ....... ......... •.•...IJ7.!i7 

5 USER. ..... ................. .................. ............- •...265.52 


llOY?LL PA1Cftt0 tS SUll.JfCT TO CHAHC.E. PUASE CALL 
COW FOR Tiii! MOST CURRENT PRftlNG 

(l acTl'fl 

COACTIVE STARTER KIT .. ..........189.99 

COACTIVE ADO-ON KIT .... ....•..•..139.89 


"iU".1':•~:<;~ 
TCS 143 ETHERNET COAX .............. ........... ........ 119.87 

TC5143 ETHERNET COAX 6PK .•.._ ........... ........667.25 

TC5143 ETHERNET 10BT ····-·········· ................... .89.95 

TCS143 ETHERNET tOBT 6PK...·-···-··-· •..-ASJ.54 


+~:~~H~~~~-:::::....:::::1~~ 
~~!~ ~H'"Jr.~~E-cAAo-: :: ::::::::: ::: :~~ 
TC6040 ARCNET PASSIVE 4 PORT HUB COAX .39.50 

TC5055 ETHERNET 8 PORT CON 10BT........ .....J3g.47 

TC4045 TOKEN RING 16'4 CAA0.......- .............3J5.44 

cow Carries lht ~~C:tOe~r,ft TCUS PtQdl.IC'.s 

~ ARTISOIT 
NODERUNNER 2000A ...... ....... ....... .... .........217.34 

NODERUNNEA 2000T..... ......174.47 

NOOEAUNNER 2000C .. ... .. ... .. .172.47 

NOOERUNNERISI 2000A ....... - ...105.88 

NOOERUNNER/SI 2000T ..- ..•...86.44 

NOOERUNNER/SI 2000C ..................... .....86.44 

Lan!astic V6.0 ............................................ ........79..50 

Lnntastic V6.0 5 user.......... ........ ....................J22.90 

lat'l lGStic V6 .0 Starter Kit .... ....... ......... . .... .......334.31 

CENTRAL STATION I! ........ .389.89 

108T 5 PORT INTERNAL HUB. .......255.33 

NOOERUNNER STARTER KIT WINDOWS ..Al9.29 

SIMPLY LANTASTIC START KIT NEW.•.••....204.03 

SIMPLY LANTASTIC V 1.0 NEW...... .......54.89 

T· AUNNEA 8 POOT l OBT ·- .. .299.88 

T·AUNNER 12 PORT 10BT .....488.41 


SMC. 
ULTRAl6ETHERNETCOAX •.•.. 105.25 

ULTRA16 COAX 6PK . ...................................579.05 

ULTRA16 COAX 24PK ....2206.96 

ULTRA16 ETHERNET 10BT •...10525 

ULTAA16 108T 6?K .•..578.54 

ULTRA16 10BT 24PK .. ..... .. ..... ............. .... ...2115.l & 

ULTRA16 ETHERNET COMBO .. .......... ......... .11Sl.35 

ULTRA16 COMBO 6PK .. .................. .669.36 

ULTRA16 COMBO 24PK •........ .....2566.88 

Ell-iERCAROi- ELITE COAX ...... . •...- •.119.6-1 

ETHERCARO+ ELITE COA.X 6PK _..628.73 

ETHERCARO..- ELITE MCA COAX .................189.26 

ETHERCARO+ ELITE 108T.. .•..11 9.64 

ETHERCARO+ ELITE 10BT 6PK... .. .. ...... ...- ..619.22 

ETHEACARD., ELITE MCA 10BT... ••.1 89.55 

ETHERCARO... ELITE EISA 10BT ... . ........ 579.78 

ETHEACARO+ ELITE COMBO...................... 139.57 

ETHEACARO+ ELITE COMBO 6PK..............753.59 

360e ETHERNET 8 PORT CON 108T...........329.61 

3512 ETHERNET 12+2 PORT CON 108T.....fi14.76 

PC600WS ARCNET CARO COAX .................119.93 

PC650WS AACNET CARO TP ...... .................119.88 

PC600FS AACNET CARO COAX .......... ........ .t &9.29 

PC130 ARCNET CARO COAX .............. ...... ....68.50 

ARCNET 8 PORT ACTIVE HUB COAX .....,. .229.41 

TOKENCARO ELITE 1614 .. ..... ..265.88 


3Com· 
3C503 ETHERUNK 11 COAX. .159.44 

3C509 ETHEAUNK Ill COAX..... ...... .............. .115.50 

3C509 ETHERLINK Ill COAX 5 PK .. ... ...........529.12 

3CS09 ETHEALINK 111 IOBT ... ........ ...... ..........11 5.50 

3C509 ETHEAUNK tll 108T S PK .. ... ......... ....527 .97 

3C509 ETHEAUNK Ill COMBO .. .... . .. .. ••.....135.68 

3CS09 ETHERUNK Ill COMBO 5 PK .. ... ....578.84 

3CS79 ETHEAUNK EISA COAX ........ ...... ....229 .91 

3C579 ETHERUNK EISA 10BT ........... .........229 .91 

3C162712 PORT LINKBUILOER 108T .........638.95 


OTHER TOP-QUALITY NAME BRANDS 

EAGLE NE2000.- COAX.. .. ...... 109.90 

EAGLE NE2000+ 108T ......... .... ..... ..... ..... .. .....94.80 

EAGLE NE3200 TH!N COAX wfTPA ... ..... .. ...478.34 

NATIONAL SEMI NE2000+ COAX ..................89.54 

NATIONA.L SEMI NE.2000+ 10BT .........•...... .....8-i.59 


11 y~Cr~c~;:: ~:~~~N:,':-o~~Je°di~!I 
en the lnCuslry' 

J(jrcom 
PE310BC POCKET ETHERNET COAX ..........J09.sg 

PE31082 POCKET ETHERNET COAX ....... ....224.44 

PE310BT POCKET ETHERNET 10BT ............268.31 

PA202B6 POCKET ARCNET COAX..........•.•...229.30 

POCKET TOKEN RING 111 ...............................455.89 

PPXOJ PARAUEL PORT MULTIPLEXOR ... ....n .80 

XIRCOM 14.4K POCKET MODEM .... ......... .. .506.19 


IBM TOKEN RING 

llBM TOKEN RING 16/4 ISA . ... .A29.58 
IBM TOKEN RING 1614 MCA ............489.58 

IBM TOKEN RING MAU.... . . ............... ......A.58.88 


intel. 
....•.......99.33 

......... AS<l .13 

....•...1698.38 


.............166.52 

.................gg,33 


. .....454.13 

698.38 
166.52 

... ... .... ..11&.n 

......•. ...045 .09 
........ .2036.93 


......111 .88 

..••..........515 .62 


......129.79 
.......599.00 

...... .... .A09.88 

...... . ......... ........... .. .349 .94 


.... ...... .368.85 

..........368.85 

..•.•... ..519.93 

.....•...A49.9£i 


~L"'ll~ 
JUMBO t20M8 INTERNAL... ............99.80 

JUMBO 250M8 INTERNAL..... .... ............ ... ....167.34 

TRAKKER 120MB PARAllEL PORT ........ .. .•199.45 

TRAKKER 2SOM8 PARA1.LEL POAT .....••••••.324 .84 

POWERTAPE 2.4GB SCSI INTERNAL. ..........946.91 

POWERTAPE 2.4G8 SCSl EXTERNAL .......1G87 .99 

POWEADAT 4GB SCSI INTERNAL .. ...1188.0D 


f•M:G4' 
TAPE 250MB INTERNAL ..... .....•.169.57 

TAPE 250 INTERNAL PlUS .....•.185.13 

FLOPTICAL 2 t MB INSIDER ........ ..................379.27 

BERNOULLI 90MB PC POWERED PRO ......298.49 

BERNOULLI I SOMB INSIDER SCSI ...... .479.11 

BERNOULLI tSOMB INSIDER tOE •..•.... ......A69.59 

BERNOULLI 1SOMB PC POWERED ......... .... .494.76 

BERNOULLI 1SOMB TRANSPORTABLE .. ....568.26 

90MB CARTRIDGE ...... ......89..27 

150MB CARTRIDGE ...... ...•. Jil:Z .80 


MICROSOLUTIONS 
BACKPAO< 3.5" 1MMB FLOPPY PAfW..1..B. - 1i4.32 
BACKPAO< 525• 1.2MBFLOPPY PAfW..1.B. __,.175Jl!I 
BACKPAO< 11'1»m HO PARALlEL ·····- ..·-·-.........-.30859 
BACKPAO< ro:uB HO PARALlEL-··-··------.J91J.OO 
BACKPACK VC CO-ACfJI PARALLEL---377M 
BACKPACK 25CM3 TAPE B-U PARAUEl __356.QS 

PRONOTE42MBPARALLEL .A18 .17 

PUMA 88MB PARALLEL.. ......442..4..a 

PUMA 105MB PARALLEL. .................. .. .... .....519.10 

MARLIN 105MB INT IDE ............................A78.2S 

BBMB EXT SCSI W/ADPT .. ............ ....... ... ... ... 530.00 


I Mountain. 
TD-250 250MB INT IOE ....... ........................ .. 189.32 

FS8SOO JOSMB !ITT IDE ....................... .... ..... .449.50 

SIDECAR II 305MB PARALLEL TBU •. . .... ...... .358.77 

1200-4 4GB EXT SCSI ...2045.39 

750MB· 1.5Gll lNT TSU W/AOPT •.. . ......... .....1036.19 

750MB· 1.5GB EXT TSU W/AOPT..... ..... .. ...1254 .69 


' 'ifi!JO·l'lltMf 
WYSE 30 AMBER OR GREEN ............. .........272.89 

WYSE 50 AMBER OR GREEN ....... ...............355.50 

WYSE 55 AMBER, GREEN, WHITE ........... ....231 .16 

WYSE 60 AMBER. GREEN, WHITE ...............279.60 

WYSE 150 AMBER. GREEN. WHITE ........ ....265 .45 

WYSE 160 AMBER. GREEN, WHITE . ...329.88 

WYSE 325 COLOR .... . ........A58 .40 


M115ip i AA ·lMfi·l•l:1.13. 
ALTEC LANSING ACS300 SPKRS/SW...........274.26 

Beethoven ln1MM Explorer Kil w/ 16 bit sound332.0I 

Bc..;thuvun lnl MM tntru Kil w/ 10 b ll iMJund ....... 11!16.H 

CDW 4 CD EDUTAINMENT BUNDLE• .•. ........ .. .65 .16 

COW 5 CD BUNDLE" ...... ... .. .... ....... ... ....... ..... ..129.17 

COW 5 CO BUSINESS BUNOLE' ....... ........... ..119.86 

COW 5 CO ENTERTAINMENT BUNDLE' .. .. ....79.33 


g~~~~~~~~J~~~6~·:::: ...:~~~ :~ 
CREATIVE LABS SB 16AWE32 ... .295.04 

CREATIVE LABS SB 16 SCSI ...• . ....1n .1XJ 

CREATIVE SB 16 ASP MCO ... ........... ...... .......183.79 

DIAMOND SONIC SOUND BASIC ..... .... ... ......214.58 

DIAMOND SONIC SOUND LX ............ ... ...... ....109.30 

l.1EOIA VISION CRITICAL PATH ........... ... .. .... .A4.53 

1.AEOJA VISION MEMPHIS SYS ........................578.75 

IAEOlA VISION PRO 16 SYSTEM II BUNOLE .489.81 

MEDIA VISION PRO AUDIO 16 BASIC .... .........97.74 

MEDIA VISION PAO AUDIO SPECT 16... .... ...123.64 

MEDIA VISION PRO AUDIO STUDIO 16 ... '" ...157.45 

MICROSOFT BOOKSHELF co ......... .... ..........11 9 .89 

r.11CROSOFT CINEMANIA 1994 .. ...... ........52.88 

MICROSOFT WIN SNO SYS V2.0 ............ .... .....S2.95 

IAS ENCARTA 1994 .•.-.............. .......8.5.24 

r.tS MULTIMEOIA BEETHOVEN ...52.81 

MS \.\'IN SND SYS V2.0W1BOARD.................139.20 

ORCHID GAMEWAVE 32 ................ ...... ..........138.'10 

ORCHID SOUNDWAVE 32 ...... ....... ............ .2 19 .72 

PROCOM EXT MULTIMEDIA STATION..........789.46 

PROCOM INT MULTIMEO!A STATJON ...........739 .16 

SONIC SOUND PAO UPG KIT ..... .................... .98.45 

SONY OSKTOP Lt9 EXT WISNO 2X..... .........A79.54 

SONY OSKTOP LIB INT WJSNO 2X ....•....•.•.••A67.7l 

SONY OSKTOP LIBRARY INT 2X ...... ........... .234.10 

SOUND BLASTER PRO OLX ........ .. .. ................79.00 

TUATl.E BEACH MONTEREY SNO CAO .... ...349.n 

TURTLE BEACH MULTISOUNO ..... ......A 27.88 


"AVA ILABLE ONLY WITH CO-ROM DRIVE 
PURCHASE. CALL FOR DETAILS 

•i·D;'•* ·' ' ·*•'fii'i·'''';''''+• 
Beethoven 260ms Int CD·AOM Kit ............. .....178.73 

CHINON COS535 INT CD-ROM KIT . .... ......387.GO 

CHINON CDX535 EXT CDROM KIT.... ..... .. .A27.88 

NEC 3XE EXTERNAL .... ...558.92 

NEC 3XI INTERNAL .•....A79.90 

NEC 3Xp Poriable ..................... ....................A27.59 

ORCHID COS3110 INT ·····-· ············ .............19-4.81!1 

FlONEER DRM604X 6 DISC Oua:draspln ..•.1149.00 

FLEXTOR 3028 240MS INT KIT .... ................ .CALL! 

PLEXTOR 3028 WIPA SPECTRUM 16 ...........CAUi 

FLEXTOR 5028 240MS EXT KIT ..... .. ........ .....CALLI 

PlEXTOR 5028 WIPA SPECTRUM 16.•........CAL LI 

SONY COU·33A lnl 2X CD·ROM Kii ......... .....179 .78 

SONY COU535 INT CO.ROM ................... .274.72 

SONY COU561 INT SCSI 2X CO-ROM ... ..289.IJ 

SONY COU7205N EXT CO·ROM ...................«9.88 

SYOOS PARALLEL PORT CO-AOM .. ... .... ... ..289.49 

TOShiba 3401 EXT SCSI 4 DRIVE TOWER ...2535.08 

Toshiba 3401 EXT SCSI CO·ROM•..•.. ... ..... ....A68 .80 

Toshiba 3401 EXT SCSI CD·ROM W/AOPT ...599.95 

Toshiba 3401 INT SCSI CO-ROM ......... .. .........367.60 

Toshiba 3401 INT SCSI CO-ROM W/AOPT .....519.55 


MURTR" 
ISIONE 12 X 12 4 BUTTON ........... ...............295.25 

IS/ONE 12 X 12 12 BUTTON ................. ........298..82 

XLP 12 X 12 4 BUTION & STYLUS . ..•.........219..55 

XLP 12 X 1B 16 BUTTON... ... .. ....... .. .............. .442.60 

XGT 12 x 12 ..• •~ciiComp" ............. .343.98 


08 Ill 12X 12 4 BUTTON ........ •..... ........ ...299.37 

OB Ill 12X 12 16 BUTION ...... ................. 2 99.37 

08 11112X18 VJ/PRES PEN. .. ..........J99.85 

08 Ill 12X18 16 BUTION CORDLESS ..........696.85 

SLATE t2X12 W/PRES PEN ....................... .. .363.40 

SLATE 12Xt2 W/ 16 BUTTON ........... ..............239.91 


Canon 
IX4015 COLOR SCANNER .................. ......... ..997.42 


SUMMASKETCH 11112 X 12 16 BUTION ..... .253.90 

SUMMASKETCH 11118 X 12 4 BUTION ... .. .524.41f 


,,'l ~Nr 
HI 7100 A-0 SIZE 8 PEN ..............................2598.78 

HI 7200 A·F SIZE 8 PEN ... .......................3387.22 


[Ji]~!~~~ 
~~ ~~~H Ii~ ·ooc·oME:"i·4'f"F'EE"DE"Ff ::: :::~~:~~ 
HP SCANJET llCX WI ISA ....... .. .. .... ...... .. .. ....995.50 

HP SCANJET ltCX DOCUMENT FEEDER. ..A74.72 

llCX TRANSPARENCY ADAPT ......................633.26 


EPSON' 
ACTIONSCANNER ES600C . .......... ... ..7!il6.S8 
ACTIONSCANNEA ES800C . ....1065.00 
ACTIONSCANNEA ES800C PRO ...1238.53 

'I 1.1 ii·l::i;l·i·I•Uiilt 
VGA & SUPER VGA MONITORS 

AST VISION 4N 14'... ........................... ...... .... .369.91 

MAG INNOVISION MX15F ................... .......... A97.1S 

MAG INNOVISION OX15F .. .............. .. .......... A35 .90 

MAG INNOVISION MX17F... .. ... ......... ........8n.40 

MAG INNOVISION MX17FG ... ...927.53 

MAG INNOVISION OX17F ........ ....... ....... ....... .698.00 

MAGNAVOX CM2089 14" .28 .... ..... .257.18 

MAGNAVOX CM2099 14· .28 ~~ I .... .278.IO 

MAGNAVOX CM4017 17' .....6-18.20 

MAGNAVOX 20CM64 20' SPECIAL! .. ... .. ......g99.00 

NANAO F.l40lW 15• .... ....... .659.00 

NANAO F5501 17".... .... ....... .. .. ........... .... ....... .999.00 

NANAO F550iW 17" ...................1127.00 

NEC 3V 15" ..... ...... .......... ........ ... . ...... .478 .79 

NEC 3FGE 15· ........ ...... .5n.11 

NEC 4FGE 15· ........ ·· -- - .629.11 

NEC 5FGE 17' .•..••.... .....998.50 

NEC 5FGp 1r.... ....... .............................. ...1129.20 

NEC 6FGp 21· .... .......... .. ........•1999.00 

PANASONIC C1381l 14" .... 3 35.76 

PHILIPS 17640C 17" ... ......... .... , ........ . .... .•..719 .50 

PHILIPS BAIU IANCE 17"..... .........•..995.00 

PHILIPS BRILLIANCE 21' ...........2239.45 

SONY CP01430 14"---···-··· .... A97.00 

SONY CPO 1730 17" .............. ..•. .997.DO 

SONY 17SE 17" .• ................................... ..1147.00 

SONY GOM2038 20" .... .. .. . ..... .....2 198.00 


VGA & SUPER VOA DISPLAY CARDS 

ADS VGA TO TV ELITE ................ .......224.57 

ATI Graphics UllJ'a+ 2MB............ ... ....231.58 

ATI Graphics Ultra Pi o 2MB ........ ..........-357.56 

ATI Graphics Ultra Pro 2MB EISA •.. , .. .....394.12 

ATI Graphics Uttra Pro 2MB VLB ........ ...........357.59 

CARDINAL WARPSPEED 2MB VLB ....A70.20 

CR EATIVE LABS VIDEO BLASTER .......... ...339.02 

CREATIVE LABS VIDEO SPIGOT .......237.73 

DIAMOND STEALTH PRO 1MB ....... •........247.47 

DIAMOND STEALTH PRO 2MB ...... . .....333.32 

DIAMOND SPEEOSTAR PRO 1MB. ..........107.43 

DIAMOND VIPER \ 'LB 2MB...•....•.....•.. ....... •...387.86 

HERCULES GRAPHITE PRO 1MB .. ........ .2SS.46 

HERCULES GRAPHITE 2MB ......... ......... ...368.45 

HERCULES DYNAMITE VLB ... ... ............ ........157.30 

INTEL SMART VIDEO RECORDER ... ....... . .. ..486.88 

ORCHID FAHRENHEIT 12801- ... ................157.84 

ORCHID FAHRENHEIT VA ...........................172.97 

ORCHID CELSIUS VlB 1MB....... .......••.238.97 

ORCHID CELSIUS VLB 2MB ................. .297.96 


No Surcharge For Credit Cards
If You Find a Better INASDAq l CDW • HOURS MOST ORDERSSalH 7:00 -9:00 COT Mon-Frt.BUY WITH CONFIDENCEPrice, Call CDWe rn~illllllrn:J 9:00-5:00 COT SalCDWl!!l 15 A NASDAQ ,.....,.. _ _.._.. I SHIP THEC-c.i.J~-,.,....---<1 .._ __

_ _ f<ll _ _ __ _ .. _ _ _,. __Before You Buy TRADED COMPANY -t917fOW91-·-....~..-n.-·-·{l.llf'O. J3Jt:llllt., .... _ _,....,... _ .,.__ 5'l s-1~ -a:: ......GC -· r-

(800) 959·4CDW --.-..-.... -»~-..v....___ I.'¥_ SAME DAY::::.~"::.:.=----::::- -- ... _,.._. .. L_________, 

http:7!il6.S8
http:sound332.0I
http:M115ipiAA�lMfi�l�l:1.13
http:PARALlEL-��-��------.J91J.OO


WinWriter 600 
Laser Printer 
The first oplimized, fully 
Integrated Microsoli- At 
Work based printer that 
utilizes the underlying 
technolo!JY ol the Microsoft 
Windows Printing System. 
.,. 600 dpi, 8 ppm/300 dpi, 

WHYSITTLE 
FOR LESS? 

~anon! 
BJ·200e 
ti' 360 dpi BubbleJet Printer 
ti' Up to 33% Faster than BJ-200 

10 ppm .,- 2MB RAM Std., BMB Max. 
.,. Motorola 68000 CPU, 16.7Mhz .,. Emulation: 
PCL 4, Mlcrosolt Windows Printing System 
.,. Bi-dlrectlonal Parallel Interface .,. 44 
TrueType fonts .,. 200 sheet paper capacity 
t/ Energy Star compliant t/ Requires host PC 
running Windows 3.1 or higher 

, ..... .... ...... .. ...........$119'7.38 CDW 38332 

CDW® 
SERVICES YOU 

BEi IER 

.., .......... .. ..... ..$289.00 
BJc-600 

LP 4'255 30.e_ 1WJ.35 
LP4t3D 17aw6_14 15.&4 
LP 413X> 30d3_tm.T7 
lP4.tl[) 17tMJ_ 11JL52 
LP«lll~ 
,,(f 4fD) t7tMl-111J6,$7 
MT' 43D:,o.t3 11i12U6 
MT4ti6017CJ.e_ 11t8.1s 
MT4.-9D3'SCM3 ..237S.12 

...........·-··········-··1592.1$ 
................... ......1471.70 

OR .........- ...............2239.35 
0 ............................1568..cs 

OR ............- ...........l3H.OO 
OR .. ................. .... .. .l89'.50 

can rm0011111' on now OX•I rnodelS 

canon 
NOTEJET .v.25 180M8 ,......•... .•. .••••_._,__.,.. .25'7.ll2 
,._'OTEJET 4.125 120MB COLOR ·-·-·--··-·.2711.51
NOTEJET 4125 200MB COLOR ......_____,...lOlt.57 
INNOVA 4fJ3l SX 170MB....._ ..........-.............D2t.64 
INNOVA 4fJ3l SX 240MB...............................1025.71 
INNOVA 4/50l 170MB..................- .. ..•••..•1349.55 
INNOVA 4l50L 240MB  ·-····--·---·····1421.K 
INNOVA .w&t. 170MB -----------1SJa..57 
INNOVA416&.240MB --------11U.ll 

EPSON" 
ActionNote 4SLC50 120MB•modom ·-····-·····1156.!2 
AcllonNolo 4SLC50 1BOMB+modem - ···- ..--172&.H 
ActlonNotoSOOC 120MS+mcxsem...•..._._.....tl7V.48 
ActionNote500C 180MB+modem...- .....__,_•.206J_1 1 

IBM 
ThlnkPa.d 500 4/500X2 65 MB............. . .. .. 1599.00 
Th!nkPad 500 4/500X2 170MB .......... .. 1SH.00 

PSIV•luePolnl Systems 

42SX9 m.e_ lll6aJ 1!~1~~~-:i~."'''"' 42'EX9213.B ~ tamm 
4C[(;D(91a:J.tJ_ 12!Ba) MT~ 
4G:DX9213.tJ_ tJIB.CD MT3U.t3-Z!!l.ID 
40DC291a'.ML-16W.IJ) MT27M3-2111CD 
40DX292t3dl-17!1MD f\rt..mS«I~ 
4'DMT212'1. 1'111.Q) 

NEC 
VERSA NOTEBOOKS 

414() 1DeMero -25&1.43 "'!iO 2(9,18 Cob -A.llil7.A4 
4.'40 1~Ccb_...17.l0 N!l034CMJt.Ac:t>o _ .3&51.79 
4140 25CWSM:ro ....l91i19.17 4'50 ~BCob' -A917!IJ 
4f.4() 25CM3 Cob --4226.al "15 3'CJ.B Cob -5:22!l.05 
4>!D 2CQ.8Mcro -l2$9...00 
READY 4-mS 170MB Ml.ltlmedla .............--.1431.70 
READY 4f.XJS 2 101.18 Ml.Attrnodb .............. .....t 798.71 
IMAGE Ill 4/50210f.-IS.....................................1719.00 
IMAGE Ill "50 •20MB.......... ...........................1978.62 
POWEAMATE 4133SX 170MB.......................1 129-S4 
POWERMATF A/500X' ' IOMR 1311.27 
POWEAMATE 4166DX2 21ot.tB........---···-t771.72 

PACKARD BELL 
............................1tev.60 
rnono •••·-··---·····1479.17 

·-··-··---· 2&09.04 
·-----···1151.31 

......1J.lLSI 
··-····-1541•.0 
-·-··1179.2.5 

···-····---······-·.l&Ol.GC .................... - ............1171.39 
........ .................... ......1541.47 
8 ............................. .1121.70 

.l'tXAS INSTRUMENTS 

CDW Computer Centers, Inc. 
1020 E. Lake Cook Road 
Buffalo Grove, IL 60089 

$HARP. NOTEBOOKS 

496133 200MB PAS CLR WfTRKBALL ...........2629.37 
4661'l3 200MB ACT CLR WfTRKBALL ,_.,.•..•.2997.75 

M ·I·ll'f.\1jlfi:ii.j;14;1{1!:S1f.i$MI 

184 TURBO ..........219.14 ML59 1...... ............ ..Sl5.87 
Wl320................... .l04 .45 Pl\Cctmlltk 3410 .. .1222.92 
ML321 ....................432 .43 Ol400E .................491.N 
Jll380......- ...........214 .95 Ol.4 IOE ···--·-····.649.31 
Jll.395-····-·········..919.32 Ol..810 ,__._..........90550 
J/l.395C ...............1039.7.i Ol.83(). ................1079.11 
J./l520.....................369.82 Ot.850 PS ............1199.20 
Ml.52 1.......... .........AM.18 OQC.IT 4000 .......290t...9 
Ml.590...•.•.•,••...•.....429.51 

canon 

EPSON" 
... ...............115.63 L0870....... 
..................171.95 

........ 197.00 
164 .95 

................... .267.59 
170 ..................354 .95 

l0570• ..................237 .97 
l01070+ ...........•..•.365.35 
ACTION LASER 1500 ....................................15&.70 
ACTION LASER 1500 w12ue ..........................715.22 

'"-nf" t.- UAMJ~AC1\lfl£n RCIA T[ fCUOI 5;10-.. 

IBM LEXMARK LASER PRIITTERS 

4037 SE SPPM --·--··· ·-----657.17 
~101 ..,________........._.____11115 ,2 

4039-lOR -· --·-··· 1319..'6
'039-IOR ........... ............... ltll n 
4031>-12R .............1811.71 
'°39·12l 1 ............. .2154.24 
4039· 16L 1 ..............-.. . ............ .2.735 36 
WinWri'lot 600 NEW! .............. .. I 197.38 

NEC 
P3200 ...................l19.00 Sllentwnler 95F......H7.70 
SuperScnp1e 10 ... .557 .78 Sdontwn1er 1097 .nn.&o 
Sllontwritor 640 •..•.788.SB 

Pm-* 
11 50.......................133.411 2624 ................... _. AQl.41 
1624•.••.•- ...............315.20 31Zl NEW •· ..·••M• .241 OQ 
2023.......................202.117 4410 LASER......... .147. IS 
2 123......................:243.37 4430 LASER ........6115.11 
2124 ... .............. ...311.41 4440 LASEA ........1019.71 

.TDAS IN S'TlWM[NTS 
• _____ ,__,,___,_.., .2;41.00 

---·---·-·-.S 17.1(1 
·-·-------·---'n.22 
·--·-·"····· ..-·····'""'"'••••• .t37..2CI
PS23' • ...................130l.OO 
PS65 ............ ...... ....1528.2S 

.................... .274.68 
. .... lJ0~ ..... ~6.10-..1 
•. .._..,~._- ....... I 

$HARP. PRIITTERS 

SHARP JX9400 JOOOP I 4PPM ....... ..... .........An.09 
SHARP JX9480PS 600DPI 6PPM...................149.11 

M~~;.~ 

COSTAR 
la.DolYln~r II OOSIWin .______ ..........- ...·-· 171.00 
Address EllptOA ............- ............................... .ll't.00 

M:f.i ;l·i·l;il')if...ld·ltt1 ·i·l !! iJ ·tW 
MIWo'' 

131MS IDE ............1'9.10 34SMB IDE .......... .298.IO 
170MB IDE ..••••••....205.08 345f.t8 SCSI... ,_. ..JIS.•l 
24SMB IOE ............238.4i 540MB IOE ..........1211.lO 
245MB SCSl ......... .264.44 

MICROPOUS 
105(J.'S CIE.._.GU9 1.CBXiSSCSIAV__...35 
1a'D.eSC:S-.a:aAO 1.m;Ga SCS AV - 129.la 
1.7'GB SCSl  - 1129.915 Xia SCSI 21" 00 

SPORTSTER MODEMS 
14.4 INT ... .............. 1 3~1.50 14.4 EXTWIFAX ...169.50 
14.4 INT W/FAX ....149.50 Wor1dpotl 14.4 ...... 1'9.00 
14•.c EXT................159.50 

COURIER MODEMS 
V:JlTtbJH -...:JJJJD V.32TotoEXT--371.Zl 
V.32TotoHWf~ V3lrot:oEXTWFAX -..:m.cB 
DUAL STD TEABO INT WIFAX ........................708. 13 
DUAL STO TEABO EXT W1FAX --··-··--·-·...7J2.53 

ffi11ayes 
ACCURA 24009 WT .......... _..........·-···----•.59 .10 
ACCURA 2400 EXT ............................. .......... .&t .25 
ACCURA 24EC • FAX 96 INT .. ............H.41 
ACCURA 96 •FAX 961NT ... .... 139.95 
ACCURA96·FAX96EXT .. . ..........147.90 
ACCURA 1.C,4 •FAX 14.4 l ~-lT ......................Ul.20 
ACCURA 14.4 • FAX 14 4 EXT . . ........156.90 
OPTIMA 2400 V.A2BIS EXT............................112.64 
OPTIMA 24 •FAX 96 EXT...............................119.34 
OPTIMA 9600 EXT ............... .50 
OPTIMA 96 +FAX 96 EXT ,42 
OPTIMA 14.4 EXT .............. .......... ........ 
OPTIMA 14.• •FAX 14.4 EXT..................... ... .3 

14 .4 • FAX 14.4 Podcet ..............__,, .296 
28.SK V FC VI/FAX EXT ................... .439.13 

9600 EXT .. . .569.11 
14.4 5.20 

21.12 

------... ..........._ ..........- .. - ......-61 .61 
............................._ ......SJ.15 

.42'1~~YiFAX:~:::=::;-~':n
YI/FAX ...... ......................131.n 

EXT WIFAX ...............- .....1151.18 
WIFAX ...........................151.SO 

EXT WIFAX .....................179.55 

EXT '#f~lf~.:~.:- .... 3~1:~g 
SATISFA~MODEMS 

100 INT .........96.66 400 INT ....... 273 .05 
200 INT 7()Q SO .COO FXT .309-S9 

FAX MODEMS 
2400V.42SISM --.11.00 wa>EXTW,FAX.__1.&!UIJ 
2400V.4281S EXT _.114.52 144 t lT\'/,FAA  156.15 
9flXJNTWifAX.-1J171 14.4EXTW.FAX - 17·t2B 

BOCA 
BOCA 14AK IU T WIFAJL.. • ......11 7.22 
BOCA 14..tK EXTWIFAX.................-. ·---.. 147.!1 
V.FC 2-'K BPS NT WIFAX... . ............- ......199.59 
V.FC 24K BPS EXT W/ 165!0 VO BOAAD - ..... 221.ISA 

M :f ·jifl;i l :t .Sfj 111:;w.1:i1illifW 
SMART UPS SERIES t~ EW 

Sr.iART 250 LAN .......................................- .....232.45 
5'.tART 400 LAN ....................... ...........- .....l7t.!7 
SMART 500 LAN......... ....  .....309.09 
SMART 600 LAN ..... . ......... .334.91 
SMART 750 LAN ..............................................A:ZB.53 
SMART 900 LAN .............................. ... ............. .525.64 
SMA RT 1250 LAN ..................... ......... .851.66 
ISOBAR 4 OUTLET..... ..................... ..................38.95 
ISOBAR 6 OUTLET ....................................- ......AG.311 

CDW11 Sells for Less and Services You Better! 

(800) 959-4CDW 
(708) 465-6800 

98 
BC250....- ................H.11 BC600 t.AN.•••....•••.249.00 
BC400 ...... ..............165•.59 BC750 LAN. .. ...313.90 
BCSOO.................119.42 ecooo LAN ..359.17 
BCSOO LAN ............1H .40 BC1250 LAN ........ .459,10 

AMERICAN POWER 
BACKUPS2SO BACKUPS1250.--.A91.n 
BACKUPS400. SMAAT UPS400__29Q.Q5 
BAO< UPS 450 SMART UPS ftXl _ ..:163..38 
BAO< UPS fD> SM.RT UPS 900 --579.55 
e.Ql.f'S9CD SMART UPS 1250-125.90 
SURGEAAREST NEnYORK NEW ·-·-··-·····..14.97 
SUAGEARREST PRO NEW -····-···-·-·-·---..33..SI 
SUROEARREST NETWORK · PHONE ..- ..- -Al .65 
UNE·R 600..........................--...······-..··--·····- 111.0lil 

iJ•jlt;tf. 

CDW' Foaturoa Delkln, Kingston, Pacific 
Dnta and Slmplo Technology Memory. 

ON MEMORY................... .....___..•.CALLI 
VO "MLC 2MS ., ............ ··---........ .C.All l 

EC 486 4MB .............- .•...••..•.CALLI 
II IMO CUPID SIWM...._.-.......CAUI 
&MB UPG ................................CALLI 

OPS·All MODELS ..............CALLI 
URA 486 61.18..................... .CAU I 

·······-··------.CALL! ___,.CAUJ 

····-···-·····-.CA.LL! 
..CAUi 
..CALLI 

Alli 
Alli 
AUi 
AUi 

..C ALLI 
.......... .CALLI 

............CALLI 
..........CALLI 

.......CALLI 
...............................CALLI 

Tl TM4COO ......................................- ..CAU ! 
TOSHleA NOTEBOOKS-ALL MOOELS ·--···· CALLI 

s°::,,': ·~~.~~r:~o~ 
e u 1,1':oat Cu1Tent Prtclng and 

AvallabUlty Information. 

INTEL 387SX 16/20l25MHZ................................76 .14 
INTEL 387SX 33MHZ..........................................at.IO 
INTEL 387Sl.-............-·-·····-·····---········-7&.22 
INTEL 387DX .....-·--·-···-·----·-----1'1.13 

CALL FOR FREE 
CDW®CATALOG 



--

DO·IT·YOURSELF DATA RECOVERYRESCUE RECOVER DATA FROM PHYSICALLYDATA ~ECOVE~Y SOFTWARE DAMAGED FLOPPIES & HARD DISKS 
IN LESS THAN 60 SECONDS! 

'1 lli ... , Jlt- • • ~ RESCUE DATA RECOVERY SOFT
O.tt., •• •• 

WARE™ is !he lAS.lE.fil,..EASJ..Efil_ &'l-«
,., IL11 •I [)' ,. SAf.ES.Imelhod in dala recovery anywlierel 

'!1 U1t>·"' "+'' t;.H• ~ 
~ ...... ,. .... ....,..., ....., For !he lirsl lime you can recover a file 

in less than 60 seconds even when DOS 
, .. , ..... l1.tj f •.-.Y

'ti U- 1• • \ 1'-Y •,AS"f I , 


£11ri ' +"' 
 cannot read aphysically damaged flopoy 
'!1 r...,.. l'- •''''1.,. ~-

•"'' ,.,.. , , {.ti ..... 

!~ .,., ...... I It • r 
 Recover Text,.Exe.Graphics files.elc _..You 

can even recover enl iresub-direclories wlh 
asingle key slroke.

'------------1 CALL NOW FOR PRICING! 

PC DIAGNOSTICS THAT REALLY FIND THE BUGS! 

THE TROUBLESHOOTER™is unlike olher diagnoslic programs Iha! rely on DOS. TheTroubleshooter'" bypasses DOS and 
lesls all major hardware direclly for trueaccuracywhile olher programs frequenlly give erroneous lest resulls . Loaded wilh all 
llie lests you need lo quickly and accuralely isolate !he source al PC failures. Newest vers ion includes low level formalting 
of l.D.E. drives and cache memory lesling. Ru ns on any PC (wilh Intel or compatible C.P.U.) independent of any operating 
syslem! Priced lar below all compeli tors. 

THE DISCOVERY CARD™is the only lool that truely ends 
!he lrustralion of IRD & OMA channel conflicls! Stop 
wasting lime trying lo "Figure-it-au!" when it comes to sel
ling up add-on cards. Perfecl for anyone who upgrades 
PC 's, sels up nelworks, multimed ia , elc ... 
·11 you support PC's. the Discovery Card is likely robecome one of your 
most important tools· -IHFOWORLD, Seplember 93 

THE POCKET POST™ is !he most compact and fealure 

packed diagnoslicpower-on self lest (pas!) card in the world. 

Debug dead PC's inless lhan five minules! Also. tesls power 

supply and 9bus/clock signals. Comes with adelachable logic probe. CALL NOW FOR PRICING! 


EVERYTHING YOU NEED 
TO INSTALL, SET·UP & 
MAINTAIN HARD DRIVES! 
DRIVE PRO™ - The all-in-one sollware ulili ly!or the most 
efficient and correcl installalion and maintenance of any hard 
drive! • lnslall IDEDrives in less lhan60 seconds! Aulomatically

The Hard Drive Kl/ '"' --- , sets CMOS, Parlil ions, and DOS lormalswilhoul re-booling or 
user inlervenlion. • DOSFormat any sizadrive in under 30 seconds! • Drive TableOverrideallows almosl anyBIOS lo have a 
user definable drive type. • Drive Boot Fixeris asafe alternative to low level formatt ingbad IDE Drives. Plus too many other features 
10 mention! 

ENCYCLOPEDIA OF HARD DRIVES™- 3 volumes wllh over 1500 pages ! The largest compiled reference on Hard 

Drives ever published! 

Volume One ...SET-UP GUIDE• ln1e1la:e Types and lns1a11a11on • Hard 011ve Specs lor over 2100 drwes Item 198410 p1esenl. 

Volume Two ... DRIVE SETTINGS• E.planalion ol Jumper Types. Changes inMake &ModelandOdaull Jumper Sellings • Diagrams for over 

1000 drives wilh delailed specificalions 

Volume Three ... CONTROLLERS • Over 400 Diagrams of Conr1ollers "' lhdelailed spec1ricarions And Much More! 


THE HARD DISK TECHNICAL GUIQfTM - Comprehensive field version of the Encyclopedia wilh over 400 pages of vilal 

specs! Compact lo carry in the field. CALL NOW FOR PRICING! 


VITAL HARDWARE SUPPORT 
AT YOUR FINGERTIPS! 
Now available for the first lime on CD-Rom. this Technical Library conlains complete 
configuralions. speci fications. diagrams,settings, component localions. and vital informa
tion on 1500 main boards, morelhan 700 network interface cards, 2100 hard drive models 
and 400 controller cards.Amus! for any service department. CALL NO WFOR PRICING/ 

; • BEST 
~	 Windows 
! 	 Trauble


shoatlng 

Program 

Available/
July 1993 

•... amodel of elegance and c1a11/y.Skyltghl 
s/ands oul as aproduc/ lhiJI exudes mlelfi· 
gence Ill tune/ion anddesign • 

· PC Ma gazine, July93 ' 

Skylight "' TUNE, OPTIMIZE & 
TROUBLESHOOT WINDOWS tor 
laster speed & top performance! 
"Any •3y 1-ou can think of lo si1ce 11. S1cyr1ghl can shoir 1110 you-how 
Windows 1s usmg memory. syslMt resources. system melrics, GD! heap 
usage. ThisMDl-bds.."11program0He1s an m111gumg view into the guts or 
Windo>i~ • - Windows User,June 93 

NO MORE 
SYSTEM CWHES 

COOL CHIP™ is an 
inexpensive heal sink 
Iha! can lower the op
erating temperalure of 
aC.P.U. by as much 
as 351F. lhus elimi
nating system lock-up 
due to excessive heal. 

Excessive heal build
up within !he C.P.U. 
is the number one 
cause of sys tem 
crashes. lock ups.erraticbehavior andinlermiltent fai lures. 

COOL CHIP™ is the most effeclive means available lo 
eliminale C.P.U. overheating. 

"Weh<d been experiencing various problems ivifh system lock
ups and shul-downs. and w!.' exhausled all other possibilities 
lo resolve lhese va11ous problems (memory, programs. po11~1 
supplies, monitors. disk drives)...since theinstallation of COOL 
CHIP we have encountered no other problems. · 

-M.H.. Cert ified Nelwork Engineer 



With Backpack's unique printer port connection, 
family support has never been easier. 

Adding additional storage to your IBM direct ly to the backpack drive , you don't have 

com patible , laptop or notebook has never to disrupt your print operations. With the 

been easier. The backpack0 family of no-slot backpack family of d iskette, hard, ta pe or 

dr ives plugs direct ly into your para llel CD-ROM drives , you can easily transport 

printer port to provide you with additional your information wherever you go-just plug 

storage instantly . Using them one at a backpack into the parallel printer port of any 

time, or daisy chaining up to four together , IBM compatible or portable. And , of course, 

there are no interface cards to instal l so all backpack drives work with Windows '.M With 

you don 't have to open the cab inet of your backpack, there 's no hassle . Just sit back and 

enjoy the new member of the family . computer . And because your printer attaches 

Just plug and play. 

It's the no-hassle approach 


to additional storage. 


I Mic:ra5olutions I 

132 W. Lincoln Hwy. DeKalb, Illinois 60115 Telephone 815.756.3411 FAX 815.756.2928 

Call Toll Free 800.295.1214 

Circle 215 on Inquiry Card (RESELLERS: 216). 



The system you need 
at a price you can afford. 
Platform for platform, the fastest, 
most cost-effective and rellable 
systems and motherboards 
386SX+40MHz = 53.1 Landmark 
386DXC+33 MHz = 58.7 Landmark 
386DXC+40 MHz = 64.0 Landmark 
486SX25MHz = 114.0 Landmark 
486SX33MHz = 151.0 Land.mark 
i486DXC+33 MHz= 151.9 Landmark 
i486DXC+40 MHz= 183.7 Land.mark 
i486DX-2 50 MHz = 19.7 MIPS* 
i486DX-2 66 MHz = 26.9 MIPS* 
i486DX-2 75 MHz = 30.5 MIPS* 
i586DXC Pentium 66 MHz = 45.0 MIPS* 
VESA Available in 386DX, 486, 586 
C= 64K Write-back Cache (256K available) 
• Powermeter - too fast for Landmark Software 

ISA or VESA. Your choice 
SVC's new VESA Local Bus systems are 
ultra-fast, yet affordable answers for file 
servers, graphics, workstations and other 
data intensive applications. SVC VESA 
Local Bus systems offer up to 32 MB per 
second performance on Disk Channel. 
Exceptlonal performance 
All SVC motherboards are designed, 
assembled, tested and supported by SVC. 
Each is designed to offer the highest relia
bility in the industry (300,000 hours MTBF). 
All conform to FCC Class Aor Class B 
emission standards. All run the full gamut of 
PC operating systems. The result is unequal
ed flexibility,0erformance and reliability. 
Dollar-for-do ar, platform-for-platform,you 
can't buy more performance and reliability 
for less. 
Total compatlblllty 
Software: Microsoft DOS 3.1 to 6.2; 
Windows; Windows for Workgroups; 
Windows NT; OS/2 2X; SCOUNIX/Xenix; 
AT&T UNIX; Interactive UNIX;Novell 2.X, 
3.X and 4.X 
Hardware: accepts all standard 8and 16-bit 
ISA expansion cards. Enl1anced 104-key 
keyboards, any current hard disk or floppy. 

VESA LB 32-bit availablewith all CPUs. 

Total expandablllty 
• 	 Up to 16/32/128Megabytes of fast DRAM on 


the Motherboard 

• 	 Hist SRAM write-back cache to 512K 
• 	 Up to 8 bard and floppy drives depending on 


chassis 

• 	 1:1 interleave available on all disk 

controllers 

INDUSTRIAL QUALITY SYSTEMS AT AFFORDABLE PRICES 


ALL SYSTEMS INCLUDE: Three-year limited warranty. MTBF: 300,000 Hours 
• 4 MB 70ns zero wait state ORAM 
• 1.44 MB Teac FOO 
• 210 Megabyte Conner IDE Hard Drive 
• 20 MBPS HD Interface 
• (2) Serial, (1) Parallel, (1) Game Port 
• Real time clock & battery backup 
• 	15ns Static RAM Cache 

66 MHz Pentium DXC VESA LB System 
• Pentium"' Processor 45 MIPS $1695• On-board DRAM to 128 MBytes 
• 50 MHz/3 VESA Local Bus Slots/256K cache 

75 MHz 30.5 MIPS 486DX275 
• 486DX2 Processor @ 75 MHz $1195 
• 256K 15ns Static RAM Cache 
• 2 32-bit VESA Slots, 37.5 MHz 

66 MHz 486DX2 ISA/VESA LB and 
EISA/ISA/VESA Systems $995 
• 486DX2 Processor 26.9 MIPS 
• 64K Cache (expandable to 256K) 
• EISA/VESNISA Motherboard add: $195 

33 or 40 MHz 486DXC VESA LB Systems 

• 486DXC Processor $945 
• 64K Cache (expandable to 256K) 

33MHz 486SXC VESA LB System 
• 486SXC Processor 
• 64K Cache (expandable to 256K) $765 

• 2 or 3 32-blt VESA LB slots 
• 	250W Power Supply Peak/Venting Fan 
• 	104-key enhanced keyboard 
• 	Complete technical manuals 
• Microsoft software package 
• Three-button mouse & audio speaker 
• 	72-hour dynamic burn-in. 

Drives and upgrades Add 
• VESA Mirror Board and 2nd 

210 MB Hard Drive (upgrade) $299 
• Conner 420 MB IDE HD (upgrade) $109 
• Cormer 540 MB IDE !ill (upgrade) $235 
• 1Gigabyte IDE HD (upgrade) $545 
• 250 MB Conner Tape Drive, cable 

aud backup software $149 
• Dual-speed CD-ROM, dual-media controller 

& softivare $189 
• 	SouudBlaster'" compatible card, 

speakers, mike, 2games $ 69 
• 14.4 fax/Modem&software $119 

Monitors & Accellerators 
14" SVGA Interlaced (Hitachi tube) $219 
14" SVGA .28 11VESA-ready (Hitachi) $349 
15" SVGA .28 NI VESA-ready (Hitachi) $445 
17" SVGA .26 NT VESA-rcady (Hitachi) $845 
ISA 16-bi t video adapter $ 39 
VESA 32-bit accellerator !MB $ 69 
VESA 32-bit acccllcrator (83) lMB $149 
VESA 32-bit accellcrator (Wcitec) 2MB $379 
Intel & Pentium are Rcglslored Trademarks of Intel Corp. 
All Trademarks are the property ol their respective owners. 



High-performance business and industrial systems. Factory-direct prices 
Since 1982, Slllcon \hlJey Computer Corporation has delivered over a mJ.IJlon computer 
systems and snbsystems worldwide. All motherboards and hlgh-speed 1/0 cards are 
designed, built, tested and supported by SVC. Our location In California's Silicon \hlJey 
means we are among the first to bear of and Implement new designs in microprocessor, 
chlp and board technologies. SVC has a worldwide reputation for the design and 
manufacture of PCs, IDE 1/0 cards and motherboards. SVC 1/0 delivers up to 5 times the 
throughput of competing cards. Thus, platform-for-platform, SVC provides the bJghest 
overaIJ computing performance avaUable. Today, SVC systems are running In thousands 
of Industrial, business, and governmental locations around the world. 300,000 hours 
l\1TBF and SVC's three year Umlted warranty provide an unparalJeled level of relJability. 
And, SVC technical support Unes give you access to the finest designers in the world. 

Add automatic, fail-safe hard disk backup at all times with SVC's 
proprietary Mirror Boards and a spare drive you may already own. 
Here's how they work: 

Two mlrrorod ~1"9 or (2) IOE 2 ISA IOE devices 
hard drlves to 8 Gigabytes each hard d isk. ta pe or CO-ROM 

Sustained Transfer Rate (Core Test 2.7) 
3624 Kb or 3.6 Mbytes per second In SVC 486 

Meets IEEE VESA Standards 

Mirroring IDE Drive Kits 

ISA 16-bit ADP104 plus 1 drive 
210 MB t 4ms Conner Drive $295 
420 MB 14ms Conner Drive $385 

SVC Mirror Boards control sets or 2 identical IDE drives. All data written to the primary drive is 

simultaneously written to the second drive. [[ either drive fai ls, an alarm sounds and you are 

automatically shifted to the other drive. The average life of a hard disk is 4years. If data inte1,rrity 

is important to your business, there is no safer, faster or more trouble-free data insurance. 

Technical details: 

On-board 33MRz or 75MHz (equivalent to h1teI™ 8051) CPU. JGK Static Cache. On-board BIOS is 

self in stalling and totally transparent to the operating system, other controller cards on the bus, 

and network software. Operates at the full speed of the bus. 10 software or expensive software 

upgrades areever required. RAID ! compatible. Far faster than software based !WO solutions. 

Only available from SVC. World leaders in fast 1/0. 

ISA 16-bit Mirroring IDE Drive Controllers: 
ADPI04 - Controls 2 sets of 2 hard drives 

to8GB $75 
ADPI08 - Controls 2 sets of 2 hard drives 

to 8GB plus 4 mixed capacity 
floppy drives to 2.88MB $125 

VESA 32-bit Mirroring IDE Drive Controllers: 

ADPt t tVL Super 1/0 -Single-board control 
for 2 sets of 2 mirrored hard drives to 8GB, plus 
2 IDE de\~ces (HD, tape or CD-ROM) and 2 
mixed floppy drives to 2,88 MB. 2 serial, 1 
parallel aud 1 game port $145 

VESA 32-bit Super 1/0 Controller 

ADP90VL - Controls 4 independent IDE hard 
drives of any capacity to 8GB, plus 2 mixed 
floppy drives lo 1.44 MR Provides 2 scrinl, I 
parallel and l game port. $59 

Universal IDE Controllers 
ADP60F 16-bit IDE Cont roller. Works with all 
16-bit !SA systems. Controls 2 IDE drives to 1.6 
Gigabytes. Controls 2 floppies of any capacity. 
On-board intelligent BIOS is relocatcahle. $39 

ADP50 8-bit I.DE Controller. Interfaces 2 16-bit 
IDE hard drives to the 8-bit bus. Works with all 
X1' compatibles including IBM, Compaq, Tandy 
and ATI. Self-configu ring BIOS. $39 

Building or upgrading systems? 
Ask about SVC's wide selection and lowest prices 
on US-designed and built motherboards. 
All Trademarks are me property of Their respective owners 

32-Bit VESA Local Bus Super 1/0, Floppy 
and Mirroring IDE Hard Disk Controller. 

RAID 1 Compatible 

2 Flopploa 
1.44 Mbyto 
to 360K 

CPU 

- Co m 1 Sorh1I 
- Co m 2 Sorta! 

LPT 1 Parallel 

540 MB lOms Conner Drive $485 
810 MB toms Conner Drive $685 
t080 MB t Oms Conner Drive $785 
Above kit with ADP! 11 32-bit VE 'A 
Mirroring (automatic backup) add: $45 

SVC 8-bit or 16-it Hard Drive Kits 
Featuring Fast Conner Hard Drives 
These kits work with any 8 or 16-blt ISA 
Bus PC or AT machine including Compaq, 
IBM, AST, Tandy, A TT, Dell, Gateway and 
other ISA-bus compatibles. On-board ROM 
BIOSs are self-installing and co-exist with 
other controllers on the bus. 

All kits include: High-speed SVC IDE 
controller, Coroner caching drive, cables 
and installation Instructions. 

Capacity Speed Throughput Price 

2t0 MB t4ms 7.5MBPS $2 t 4.00 

420MB l 4ms 7.5MBPS $324.00 

540MB toms 8.0MBPS $434.00 

810MB toms 8.0MBPS $634.00 

1080 MB lOms 8.0MBPS $724.00 

8-bit kits interface 16-bit drives to any ISA PC 
or AT 8-bit.slot. Controllers are available 
separately. 
You can't buy more performance for 
less. All SVCsystems, subsystems and 
boards arc designed, built, manufactured and 
warrantied by SVC. All incorporate the latest 
technologies to be developed in Silicon Valley, 
our home. We offer teclmical support from 
9AM to 5PM PST, and a 24-hour bulletin 
board for questions and the latest device 
drivers available. We are now in our twelfth 
year of delivering high-speed systems, boards 
and sub-systems. 

Better Boards 

Better Systems ~ 

Better Prices lliim 


SILICON VALLEY 

C 0 M P r T E II 

1-800-600-8111 
441 North Whisman Road, Bldg. 13, Mountain View, CA 94043 

Phone: 415·967-1100, Fax: 415·967·0770 

Circle 232 on Inquiry Card. 



CACHE~ 	 CHANGE YOUR 286 TO A 486 TOSHIBA LAPTOP MEMORY 
12HS 1SNS 20NS 25MS MAHU . PART t PRICE 

PC1 4·PA!312U 9-100 
321V! 900 !00 700 
.... GSO 600 SY.I 

PC18 PAa3 17U 9-100 
641(,1 1: 00 900 !00 PC-PM31 4U lll'JOO 
64K..O: 11 00 900 !00 PC1 4 ·PMJ15U ,.,.. 

l'O · .., ..,
16'U4 800 100 600 18900IBM PS/1, PS/i MEMORY MODULES128K.o8 )900 	 2900 30900 

PRICE 19"00 
37900lndtvldul D·RAM Chips 11:11a:o1t1um 	 3700 69900 
209001(>1.00

IOl7 .csooMEMORY ron llM' Af»Pl( 	 79.00 41 900
1!1037·? 4900 	 S<.0045NS 60NS lONS IONS 100NS 86900 

1MeQ •1 7" 72.5 675 S.9S toa7-1 e.5 00 1'900 26800 
8900 69900902!7·Xl 55 00ll.lt01..& 350029002700  ;moo80Ja7•160X .. SOO

I MeQJ! .. (Zip P\) 27 00 25 00 23 00  4690090331.10ox ssoa "900256 •4 1ViCt0Lp)- 159S 11 95 109S 80l!7·DX tOon Afl1 i9 00 9900
2~4 89S 7~ 695  9900 
256 •1 4 00 350 300 775 

eo.&!7·SX (OoH A!!I l09 00 
13900Int~ SX !Does All) 79 00 1090025G o16VRA.M- 39003900 1n!:1Sl Mobil MOO 109005.s ,.a l2S - ln!tl T6SX 49 00 20000 

6-:.>. I 18500100 1n1t1 20SX >: 00 
11900 
20000 
11900 
21900 
9500 

11 400
4T.~Ptintl..n-60 4'&;16!.lt; 11'!t00.'33900'6-99Xl 
~S•>tlSl L161.6rQ(' 	 C.l.l .1 1900 
Alrb~SQfW\b3!6, H~'C.I :'6SX 2;1Mt~ l(Jl 	 C.l.l 

r rrtri.meWSlll'l'I NOTEBOOK, LAPTOP MEMORY.\r'.t:r•Sotll"U.lt.WC:t &lt1.t1V!U4a6 "16Mt~ l(J! 	 C.l.l 
Antl•J llC •2SSl 2;.t1Me' 1090J.'Z0900.H9)'l MODEL AMl. W'GIUDEO llWIU. PART t 	 Pfl!C(
Ant•J ll 5tr.r:s ''!.12/!6~ 1t900'31'9c.Y.»900129)) AaRJ:ll 
""1brJSH!it:it.' &il6MeJ 1!900.'!19lJ .i.t[R750

23-000 AlRVU11:11c ..,.. ~ 12'1}7980 ·=~~;~ 
A!i900 :..ST6u-,oo&£oo&ortt " '~l{'.'tg Sll1?5Hll1 -OJ? 
10300 "'' lMS, ?Y2)L ~U.Ql:JCYRIX DRx' 386 to 486 Upgrade 	 "'·~ """ 19goo AS1 	 u•ro 
3&.100 :.Sl • ?!ill 16.'.~ 81900Clock DolAllcr 	 10l00 "'" ..... "'"' 

"'' 	 "'"' • SriQle cblp uporadl sol-11on 
°CIOO:dollbllngled1nokJ!Jr 
' ~libtl wtlh lnOuWy Wl'ldn 3860X CPU ICIWt 
• ~tlb.. wftt!DOS, WlnODwl, l:X, OS/l 1.l and2 1 
' Usaln!MtrtsWIS.ltdmaltdllip 
' Easy ID ins._,.tlOU 15 mWMos 
The C'(rt• UPQr :ad• IUOS .ti f>NCC lhe ~ OI your 
01101~1 386 111..cro111uauoc comll1n«t wilh 1 1 K 
on·Cfl.P utne yO\I vv.11 crw1 ~ l>'!ll01~1\Cc Doost 
ol 100%ll.ndmor• IOullOJ ~rrtDOS W f'ldowsOI 
OS/2' 3ppl:(.lt Ol1 't< l •1dl F l!QUI!~ .I t.llQ!! ..moUt!I QI 

n11cro11 1ocniut hUfKPOWCt 

MODEL AM-T. UPG RA DED CMPO PAR T f 	 PRICE I"" 
•.rcP:~2'6.JMS:C l 5 ..... 	 llilOOCX-S k.Plo38&'3J.'.!S61l3L. 2MtQ Moeu&c l lS UJ 0(11 10900SIMM MODULES (Add $5.00 for SIPP) l.(CFro-;toftdJU PC31·'1 	 11900

4!16125.488f.llL. 3Mtg M oeu&c llti56 1 001 ·12900 	 """' ,,..,\E C 	 '1:31!2
40HS ~O HS 60HS 70HS IOHS 100HS 486i50L. S~tern Pro 32Mt(I M0(11~ 11 Ci568-001 145900 	 '""'UC 	 ~ PC4l 71 

1 Meo , !J 1J cti1p) 5500 5500 11200 .ill 00 ..ooo Onk.P10 38&'33L, 486/33L ~hp ad) 11 6569 001 2i900 	 ....., P(..&Hl 19l00'EC 	 '"" .,lMeQJ 919c11p) 6000 5900 4900 .il800 4GOO 3800 ~kPto 386J2S. 2B6120 H.fto Mocule 11 3131 00 1 79 00 i;rc PC..U'I 
4M!Q) 9 IG500 15900 14900 4MegM0(11le 11 3132·001 21900 loEC lll·i:ttr: I'"' PC.&M'l 00 
16Ml!Qll 9(9ChlDI 79900 Ooe:ikPto 386S· 161.1H: IUCQE~pBl'.I 113633 00 1 149 00 t&CCUlttllll ..... Pc.1121 '""' 

NlCUltrl)lfl1L1SC PCH·:?l 
IL\e'QM OC11kl 11 3645.()(1 1 79 00 
•l 'ASQ(•J> B" 11 36JHl01 :?7900 	 .....t.tc lP!r.IMf.Vn.i .. ~~l~IJeG.'lOMt~ Of'.i 1n4 1!JI 

Pxl.lf:1~.le6S)'7!fi llku ~ 1-'q 'S6Ja6SX 4'ACQ M OC:ule 112SJH)01 219 007i PIN SIMMS (EJSA) PM'~Cf11l.CmO.Ul1n Cf..SA165Oes kPro 386120E IM~(~po.1 11 J64•H)0 1 14900 P1N'.OlllCCllUCf480 lMfo..U.~ CALl.JtAl.LtJ.lt 
500025G .< 3Ci If.leg 	 Des~ Pro 386125E • IM~ hp 6" 11 36.1 5·001 27900 NB 

n1

'""' .USC'1811.(M2 10900 
S12ii:3G2MCIO ll'JOO 8400 11J13Hl01 7900IM(!(l Moc:ul(i ~U4tll 10CJ(XWJ900 
1 \ lli '*M eo 190 00 180 00 11500 4 Mo{J Mcl(wl$ 113132·001 219.00 ""' c1sna......,...._ MIJ!ESX20 119ro.moo°'"kPro 2361J. J86N, !Mtt1Motwlt 118688-0J I '900' • 'lAAl.l!'Q :t!io!JOO '.UlllOO ""' I.... 2~• 0001 1000~.J86'2!M ·IWJJM. 2Mev MOOull!I 11 11689•00 14 ~J6 t6Mro C.S!J 00 64900 	 ,....,... 1"""96-1 MOO64900 '"""" 	 •• oo4865n5M. 48GSll6M ..("'leQ ~.10011~ 118690.00 1 18000 

Pon I St11ts 48fiC 128377-001 38900 ™"8.< J632 ~l~ l s.19 00 1499 00 19?CXV1S4900 
16 ( 36 641.ltQ CALL 3516 00 	 l&nlU 1510,i.110,ll!O ·~·~ M Scocs (Jp Ba 8~~~ 129160-001 21900 	 """" I.... 
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THEY WERE DESPERATE, 
DARING AND DEADLY! 

The relentless gunfire of 
Japanese Zeros. Gravity
twisting dive-bomb 
attacks. Dropping 

torpedo "fish" on unsuspecting carriers. There's no room for error 
when you're a naval aviator in 1942, The Pacific Air War, the ultimate 
simulation of air combat in the South Pacific. 

Taking on the same challenges that World War II fighter pilots faced , 
your tour of duty incl udes some of the most heroic battles ever fought. 
Battles that will have you chasing down Wildcats, Corsairs, and Zeros 
in death-defying dogfights. Performing high-speed dives UROn heavily 
defended carriers. And pushing your skills to the limit as you master 
WW II air combat in an innovative virtual cockpit. 

The outcome of the war in the Pacific turns upon your actions. 
Your task force is depending on you. And the skies are yours to 
control in 1942, The Pacific Air War. 

CHALLENGE the enemy at the battles of Coral Sea, Midway, 

Eastern Solomons. Santa Cruz, and the Philippine Sea! 


COMMAND U.S. or Japanese forces! 


PILOT any of ten historically-accurate planes, each with its 

authentic cockp it and flight characteristics! 


SWEAT over the comprehensive strategy for all ~aval forces! 


EXPERIENCE the thrill of head-to-head dogfights with a 

friend via modem connection . 


© 1993 MicroProse. ALL RIGHTS RESERVED. 
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It's fast. It's small. It's reliable. It's incredibly compatible. 
Backpack is the best sel ling parallel port tape drive and I Mbps transfer rate, Backpack is the smallest 

on the market. We'd like to tel l you why. and fastest parallel port tape drive you can buy. 


With Backpack, tape backup is quick and simple. Micro Solutions is dedicated to t he perfection 

Just plug it into your printer port and it's ready to of backup technology. 

use. No hardware conflicts, no slots required. One 
 CD-ROM, hard drive, and diskette Backpack 
model fits all IBM PCs, compatibles and portables, drives are also available. Call today for ordering 
regardless of CPU speed. information and a dealer nearest you. 
Backpack can store up to 250MB on a tape using Telephone 815.756.3411 FAX 815.756.2928 
data compression, is completely QIC80 compatible, 

and reads QIC 40 tapes. With its compact size Mian5olutioll§ 132 West Lincoln H ighway D eKalb. IL 60115 


Call toll free: 800-295-1214 
Circle 213 on Inquiry Card (RESELLERS: 214) . 
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=:.-:. === Nolebooks === -= 
Thinkpad ?SOC MB Stock .......... . . . .....................8450 
with 14.4 fax modem, docking station, internal CO-ROM drive, 
lap link, DOS, carrying case, stereo speakers. Win tax, Windows 
3.17 and lots of other CO-ROM software 
Thinkpad 350/350C 4MB RAM 150/250MB .....................CALL 
Thinkpad 750/?SOC 4MB RAM 170/340MB .......................CALL 
(Please call tor prices and availability 
PSI ValuePoint Local Bus systems 
6381WSO4860X2/66 4/212MB... . . .......................1830 
6382 KSO 486DX/33 4/245MB .................................. .. .. ....1459 
6384 N704860X/33 4/340MB . ... .. .1725 
6384 X70 486DX2166 4/340MB .............2169 
6384 VSO 486DX2150 4/212MB.........................................1699 
6384 V71 486DX2150 4/340MB........... ..............1899 
Mint Tower Models 
6387 N50 4860X/33 4/212MB ..................... .....1699 
6387 N704860X/33 4/340MB ........................................1850 
6387 VSO 486DX2150 4/212MB....... ...................1820 
6387 V81 4860X2150 8/420MB........ .. .. ..... ...2299 
6387 X70 4860X2166 4/340MB. .......2298 
6387 X91 486DX2166 8/527MB.............. ...........................2850 
All models include DOS • Windows • mouse 
Penllum Models (New Rel ease) 
6384 model 189 P60/0 16/424MB . .............................call 
6384 model 189 P60/0 16/5274MB ...................................call 
(withPC! local bus) 
Micro Channel Machines 
PS/2 90-0LF 486 DX2150 8/400MB. ...............call 
PS/2 95-0MF 486DX/50 16/400MB...... .......................call 
PS/2 95-0MT 486DX/5016/1GB ............ ..............................call 
Array Servers 
9595 ING 4860X2166 16/400MB ........ .. ................... ..call 
9595 INT 486DX2150 16/1GB ................................call 
9595 3NT 486DX2166 16/3 X1GB .................call 
Array Pentium Servers 
9595 3PG P/60MHz 16/3 X540MB ..........................call 
9595 3PT P/60MHz 1613 X1GB ..... .. .... ...call 
9595 30T P/66MHz 1613 X1GB ...call 

SYSTEMS (hp) ~!~KLf~ci 
Omnibook 300 386/25 2/40MB 2/10MB.......... ............................ call 

Omnibook 300 486125 4/40MB ..... ............................................call 

Nelserver LM DX2/66 16/535MB/1GB............................... 4799/5130 

Nelserver LM 5/6016/0MB..................................... ....................5389 

Nelserver LM 5/60 16/1GB/2GB .............. ......... .. .. ...........6499/10489 

Netservcr LE OX2/66 8/535MB... .... .. ............... .................3520 

Nelserver LE DX 2166 8/1 GB ................. ....... .. ....... .... ...3894 

Plotters 
Draftmaster RX....... .. ..................... ........ ...................beS1 olfer 
DesignJet 600/600C........ ................ .................beS1 otter 

Prlnlers 

HP DeskJet 310...................300 HP1200C/ps ....................1847 

HP 4/4M. ....1380/1855 HP 550C/500C .. ..........499/415 

DEskJet 560/520............. ..stock ScanJel llp/l lcx .............7001945 

HP 4SIMX/4SI .... ......4159/2599 HP 4U4ML. ...................645/999 

HP1200C............... ......1360 HP 4P/4MP..... ............960/1320 


Complete produc1 range available from HP. 

Notebooks 
Toshiba 


T1900/1900C 486SX/A 4/120M8/200MB ................................ ......call 

T4600/4600C 486SX/33 4/120M8/200MB ......................................call 

T1950CS 486DX2/40 4/120M8/200MB ......................................... .. call 

Tl 950CT 486DX2140 4/200MB/340MB ........................call 

T6600C/T6600CD/T6600CDV ...... ... ..J.. ....... .. .. ..call 


New releases < 0:: 

~~ 
Netware 3.12 


5 users special 

10 users ......................1350 

25 users ........... ...........1995 

50 users .. .. ... .........2459 

001250 users ......... ..call 


Netware 4.01 

5 users ....................special 

10 users ......................1720 

25 users ......................2750 

50 users ..........3550 

100/250 users ....... .call 


T4700/4700C DX2/50 4/200/340MB........... .. ll.(/)..Q ····· ........call 

TEXAS tNTRUMENTS 

T4000E DX2/50 4/200MB (active color)..........................................call 
T4000E 486/75 with over 400MB ...........................special 

NEC Technologies 
Versa 486DX2140 4/200/340MB (color & mono) ... ...............call 
Versa 486DX2150 4/200/340MB (color & mono) .. .................call 

We also carry Epson, Canon, Texas lnstrumenls, elc. 

comPAa 
No1ebooks 
Conlura Areo 4/25 4/84MB/170MB .......1399/1650 
ConluraAreo4/33C 4/120MB/250MB... ......2175/call 
Concenlro 41254/120MB/250MB ...................................2450/2640 
Concentro 4/33 4/250MB ....................................................... 2910 
Conlura Nolebook 4125 4/120 ................................ ....v. special 
ConturaNolebook 4125 color 4/120 .......................... ...............2575 
NEW BIG RELEASESProllneaMini Tower Serles 
LTE Lite 4/40C MHz series ... ..................................................CALL 
LTE Lite 4/50C MHz series.... ... CALL 
LTE Lite 4/40CX &4/50CX MHzseries .... CALL 
LTE Lite 4fl5 MHz with 510MB disk.... ...........CALL 
(all new LTE Lile models have PCMCIA sl ots) 
Prollnea0esk1op Serles 
Prollnea41255 4/120M8/240MB.................. .................1050/1280 
Prollnea4/50 4/240MB ............... .... .... .. ....................1659 
Prolinea4/66 4/240MB ............... ..........1875 
Prollnea Mini Tower Serles 
Prollnea 4B6/33s 4/170MB/340MB ...... .............1420/1 559 
Prollnea486/33s CDS 4/340MB ...........................................special 
Prolinea DX2/50 4/340MB/525MB ..... ..1899/2230 
Prollnea DX2166 4/340M8/525MB ..... .1099/2299 
Oeskpro Serles 
Deskpro 4/33M 4/340MB .......................................................CALL 
Deskpro 4/SOM 8/240MB............................ .........CALL 
Deskpro 4/66M 8/240MB............................. ..............CALL 
Deskpro 5/60MB 8/270MB/525MB ... ....4250 
Deskpro 5/66M 8/525MB .............. .........5599 
New Cos1 Ettectlve Servm 
ProslgnlaVS DX2166 Model 1.......... ..........CALL 
ProslgniaVS DX2166 SCSI 535MB/1GB . ...............CALL 
Powertul Servers 
Prolianl 1000 DX2166 model 1..... .......CALL 
Proliant 1000 5/60 model 1................................. .........CALL 
Prolianl 2000 DX2166 model 1......................... .......CALL 
Prollant 2000/4000 5/60 model t .........:................. ... CALL 
Prosignia DX2166 model t ............... ........ ..................CALL 
Proslgnia5/60 model 1.................. .. ... ......................................CALL 
For NelWork or Unls Server solution special conllguratlon available 
upon requ est. 

Hard Drives 
Conner 340/540MB ... 330/475 Quantum 1GB ..............special 

Conner 420MB .................399 Max1or 170/245M6 ...189/245 

Conner 1.2GB ..............special Max1or 340/540MB ...310/575 

Ouanlum 245MB ............. ..call Maxtor 1GB .................special 

Ouanlum 340/540MB345/610 Mlcropolis 1.712.4GB ........call 


ADAPTEC CITIZEN EPSON MOUNTAIN TEXASWE HOUSTON INSTRUMENTS
BOCA INTEL HAYES KINGSTON INSTRUMENTSSTOCK: US ROBOTICS

CALCOMP CREATIVE LABS MAYNARD LOGITECH MEGAHERTZ 

MultiMedia 
Complete package 
Crealive Lab Edutainment Kit ................ .. ..439 
ProAudio Multimedia System 11. .............. .. 799 
Fusion DoubleCO 16 int.......... ..................499 
Sound Cards 
Sound Blaster 16 .......................................145 
Sound Blaster 16 SCSI/SCSI ASP.......220/245 
Pro Audio Spectrum 16 .............................145 
CD·ADM Drives 
Sony 33A... ...................189 
Sony GOU535/540 .....2991325 
Sony COU561..... ....................................459 
NEC 3XI (inVext)... ............4991565 
NEC 4XI (inVext)............ .....call 
Toshiba TXM 3401 (inVext) ......call 

Graphics Card & Controller 

Diamond Viper 2MB VLB ..........................call 

Diamond Viper 2MB PCI VLB ........ ............450 

Diamond Stealth 24 VLB/1SA ... .. ......... ......call 

ATI Ultra Pro 2MB ISANLB ... .....350/350 

ATI Ultra Pro 2MB EISA/PCI ...... .... .....399/450 

Orchid 1280 2MB VLB .. ........... ...... .. ....225 

Adaplec 1542 kit ...........265 

Adaptec 2842 VLB kit ...........299 

Adaplec 2742 EISA kit ..............320 

Adaptec mini SCSI Tranter . ..........call 

Adaptec 1510A SCSI 16·1SA.................... ....79 


Miscellaneous MANAGER SPECIALS PRINTERS 
Summa Digitizer 12x12 (4 button) ........320 NEC3FGe/4FGe .... ............. ................620n4o Epson LOB70/t 170..............................465/620 

Summa Digitizer 12x18 ........................520 NEC5FGe/5GP ..............................1150(1399 Epson DFX 5000 ................ .......................1365 

Houston Instruments plotter NEC 6FGP/3PG ..... ... ....•...•.............2399!2750 Epson DFX 8000 ..... .2257 

DMP621/DMP62 ... ... .. ... ...... ...speclal/3040 IBM Motherboard SLC2 Epson Laser t500 ........................................675 

Calcom plotter/IOline plotters ........... ... .call 50MHz/66MHz/75MHz ...............250/3DDnoo Epson Laser 1000 ........635 

Intel Satisfax 400 Modem ... ....... ...........250 IBM Patriol VLB controller/IDE ...... ...... ......59 Epson Slylus 800 ....340 

Intel Satisfax 400E Modem ...................350 IBM Tomhowk VLB card 1MB ....... .. ...........99 OKI ML320/321 .....................................315/440 

Cardinal 14.4 Fax Modem .......... .......... .140 PageMaker 4.0 (PC/Mac) .... .....................299 OKI ML590/591 ..................................440/585 

Best Data 24/9600 Fax Modem ........... ....59 c 486SX/33 (t ) b t ff OKI OL400E/8 t0 ...................525/899 

PinnacleOptical Drive ...... .....................call r--om~pa_q____o_w_er__.. ._..._.._..._.. _e_s_o_er-1 Canon BJ 10SX/BJ-200 ..... 250/350 


HP Optical Drive .... .......... ..............•.......call 

Kodak Optical Drive ........ .•.... .. .. ... ...... ...call 


ACS computer systems 
ACS IBM SLC/50MHz ........ ...... .......•. .. .1325 

ACS IBM SLC/66MHz .. ...................... ..1379 

ACS IBM 75MHz .......... ...................... ..1780 


Above sys1ems Include 
• Mid Tower Case 
• 4MB Ram & 245MB Hard Drive 
• 1.2MB & 1.44MB Floppy Drives 
0 IBM Tomhawk VLB Graphics card 1MB 
• IBM Palriot Drive Conlroller 
• SVGA .28 1024x768 Monitor 
•DOS, Mouse. Windows, 101 Keyboard 

Apple I I '/ bl Canon BJ 600 ......1640 
s a so ava1 a e now Kodak DICONIX 180SI .. ...........235 

Ouadra 950 series...................... .................call Citizen PN4B .. .. .........................................230 
Ouadra 900 series..., ....................... ............call Call !or all major brands 

Ouadra 800 series.......................................call 1---T-a-pe_ B_a_c-k--U-p_D_r-iv_e_s----t 

Ouadra 840 series......... ............ ..... ..call 

Ouadra 605 series............ ....... ...... . .....call Colorado Jumbo 120/250 Int ...........135/185 

Ouadra 660 series................... ..... .. .....call Colorado Trakker 1201250 Ext .. 250/359 

Mac Powerbook series ... .......call Syquesl 88 meg kit lnVExt ............. ..525/625 


Power PC Models Colorado Power Tape 2GB lnl .... ........985 

Power PC 6100/60MHz. ........call Colorado Power Tape2GB Ext... .. ..... .....1120 

Power PC 7100/66Mhz ....... . ......call Colorado Power Tape 4GB Int ........... ....1199 

Power PC 8100/80MHz...............................call Colorado Power Tape4GB Ext... ............1365 


Full product range available Including prlnlers, Wanglek 525MB/l GB lnt....... ... ........560fl20 

Wangtek 4GBlnt .............. .... ....... .. .......1099


d d Iscanners, a apters an accessor es. We also carry Exabyle , Mountain, e1c. 

Computerlaneinc. 

Compaq Is aRegisteredTrademark of 

Compaq. IBM is aRegistreredCorporate Accounts Outside California: 1-800-526-3482 
Trademark cl International Business

Volume Discounts Machines.
Inside California: 818-884-8644 • FAX: 818-884-8253 ALL OUOTEO PRICES REFLECT AAnd 

5%CASH DISCOUNT 
Consultant Orders 7500 Topanga Canyon Boulevard, Canoga Park, CA 91303 Visa. MasterCard and American Express 

al so acceptedWelcome Hours: Monday - Friday 9 -6, Saturday 10-5 Pr ices sublet! to change without notice. 
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Printer Port Connections Are 

The New Tools Of The Trade. 


nee you discover just how easy it is to 

install a backpack CD-ROM drive to your 

computer, you'll never be inconvenienced 

by conventional installation methods again. Just plug 

backpack into your computer and you're ready to go. 

No interfacecards. hardware conflicts or expansion 

slots required. Because of its unique printer port 

interface. backpack ntsall IBM PC compatibles and 

portables regardless of CPU speed. In addition. a built

in audio circuit with both headphoneancl lineoutput 

jacks allows for connection of sound cards or Hi-F'i. 

You can run thousands of your favorite multimedia 

programs and view Kodak™ Photo CDs wo. with 

CD-ROM backpack. Compact and versatile. you can 

expect backpack to go wherever you go. bringing with 

you the wealth of information CD-ROM swrage makes 

possible. Printer pass-through is included. Tape drive. 

hard drive and diskette backpack drives are also avail

able. Call today for ordering 

information 

and a dealer 

nearest 

you. 

CD-ROM Drive 

Micrn5alutian5 
132 IV. Lincoln Hwy. DeKalb. Illinois 60115 Telephone 815. 756.34 11 Fax 815. 756.2928 llflotoCD ~mOO I 

is a lradem.art. uscc
Call Toll Free 800.295.1214 ... undcr license.D 

Clrcle 211 on Inquiry Card {RESELLERS: 212). 



Tapejet 250 External 
Tape Backup 

This exte rnal tape backup drive from 
Multiport offers mobility. There's absolutely 
noti1ing to install. Just connect it to your 
printer port, load tl1e software (1 disk) and 
you're in busin~. Naturally, it can be moved 
around tl1c office to backup all your com
pute rs,even notebooks,andit's fast,very fast. 
9.7M ll/minute to be exact. Order #492o6. 

NEW 3.5" TAPE_ 
BACKUP 

This QJC-80 Tape Unit, from CORE Jnterna
tionaJ, is a slim,high perfonnance 250MB tape 
dri11!. Here's what makes tl1 is tape backup at
tractive besides a 11!1)' competitire price: 1) 
Ferrite read/write heads. (Brass is used by all 
other manufactu rers because it costs less). 2) 
It 'll Fit in your 3.5" drive bay,but comes wi th a 
5.25" adapter as well which means it goi ng to 
saveyou space. 3) It comes with tl1e aw:utl win

ningCentral Point Back-up Program. 4) It \\111 
read ;md write tapes backed up on other brands. 
5) It has an incredible data transfer rate of as 
much as !Mbps. 6) A simple step-by-step 
manual is provided, making installation a 
snap.Comes with aprefonnatted DC2 I20 data 
cartridge. Includes both DOS mid WindO\\~ soFt-

ware. Quality, Flexibility, Speed and Compat
ibilityand look at theprice. Order #40209. 

tl1e experts to be themost powerful word pro
cessi ng tool, while re1mti ningremarkablyuser 
Friendly. DOS Version 6.0also available. 

Includes the new Workgroup Desktop that 
allows sharing information easily among 
your staff. Give your offi ce a power boost! 

WordPerfect 6'.0 for Windows 
1365613.5' lipgrnrl< from WordPerfect ;.2 •9gls 

136,62 3.5' Competiti1" Trade-up '11 4'1 
136560 3.5' Single Usu 1268" 
WordPerfect 6.0 for DOS 
138648 5.25" DOS lJpgr.lde (from WP 5.1) ' 98" 

138650 5.25" Competitn."hle-up 'll4" 
138631j.25" Single User (IJQS l'e~ion 6,0) 1268" 

Borland Office for Windows 
•30014 3.5" Upgrade 
130015 3.5" Canpetitivc Trade·up 
130013 3.5" Singlellser 

' 233" 
'269" 
' 359" 

CALL 
'\ 

/
NOW / 

~~ 

WORDPERFECT 6.0 FOR WINDOWS 
Take full advantage of Windows mid have the 
convenience of your favori te word processor, 
too. WordPerfect for Window> gives you the 
built-in desktop publishingfeatures, theAdobe 
'J)'pe Manager, button bars and much more 
For unprecedented PC power! Considered by 

' 
Borland 

Office +

for Windows 11 
\\111Q~1:nJll."lWtr:nt'fp.1.'.ti't.\'dlolO '--~ 

THE 
GUARANTEED 
LOWEST 
PRICE! 
BORLAND OFFICE 2.0 FOR WINDOWS 
Aprofessional software packages that gives 
you a trioof power for computingsolutions, 
integrating WordPerfect 6.0 for Windows, 
Quauro Pro 5.0 for Windows and Paradox 4.5 
for Windo11~ . Designed to give you aconsis
tent look when switching bel\v1!Cn programs. 

Tum your 286 into a 486 with a Single Chip! 
w/ ll a!h Coprocessor 

,,.• ~..-... $24995 $29995 
Onler #40000 Onler #40001 

Jus1 pu ll out the old 286 chip. Then plug in the new 
Make- it 486. Your upgrade is complete! 'M1ere are no 
BIOS chm1ges,no jumper.;,no dip ;>vitches to set. It will 
gi\'e you a 400% increase in speed, your soflware 11-i ll 
recogni7.C )Uursy~lem a.1a486 gi1ing rou :un."\I to mm1y 
new programs requiring a 386 or higher, and you c:m 
run Windo11>in the enhanced mode. 

Specifyt)peof chip when onlering. 
Chip~PI.CCt)pe. PGA:id:ljlier (no 
clia~) onler #40002. . \dd S 9.95 
for LCC Mapter, order# 0013. 

$10 OFF 
Each 
Vid ,o 

Nearly 150 different titles available from ViaGrafix's extensive 
library of training videos, with advanced and beginner versions. 
Prices range from $29.95 to $59.95. Call for complete list. 
NE'JWARE • Peachtree 5.0 • CoreJDraw 4.0 • J.otus 1-2·3 
• NetYl:are, Setup DATABA..')E • liarvanl Gmphics • Quattn.1 Pru 
• Ne1ware Bundle (6 tapes) • Paradox 4.0 • Aldus Per;ua.1ion 2.X • lmprov 
WORD PROCESSING • I.earning Q& A • Microsoft Powerpoint • Excel 5.0 
• Won!Perfcc15. 1 • Intro to 1\t:o:5s DOS &WINDOWS PROGRAMMING 
• WordPerfect 6.0 • dBase IV 2.0 • Leaming DOS • Programming in C 
• ~l icrosof1 Word 5.5 • FoxPm forWindo11·~ • PC Viruses • Pascal 
• AmiPro 3.0 DESKTOP PUBLISHING • \Vindo11~ .). I • Ba.>ic 
• l'rofes>ional Write 2.2 • Ve ntu ra Publisher • Mvanced \Vindo\1~ 3.1 • Visual Basic 
ACCOillfllNG • Freebmce forWindo11~ • Nonon Utilities 6.0 • Leaming C++ 
• Quicken 6.0 • Pagcmakcr 5.0 · SPREADSHEET • Many, many more! 

... 
Call for /

11 (;I (;l[R~.I -..... FREE CATALOG ---- ~ (800) 251-3364 
01 REC T ~---

HOW TO ORDER: • Toll Free in US or Canada (800) 251-3368 • lntemational Orders, call (602) 813-3 100 •Fax your order to: (602) 545-8090 

SHIPPING: • Shipping $3 (in Continental US) • 531 E. Elliot Rel. , Chandler AZ 85225 • U.K. OFFICE 0734-819960 • GERMANY 0221-39-60-98 




---

New Hours:Your One Stop Component &Computer Source SAM · 5PM PST 

78271 32-key keypad .......... .... . $59.95 

20431 84-key keyboard ........ ... .. .39 .95 

17128 101-key enhanced ... ........ 74.95 

17136 t30·key enhanced ... .. .. ....99.95 


Computer Power Supplies 
• Fits most popular desktop. 

mini vertical and vertical 
cases •One-year warranty 

• 808818028 6180386 and 
compatible • Built- in fan 


19465 150 Watt (8088) .. ... .. ... ..$69.95 

67467 200 Watt (8088) .. ........ .. .. 89.95 

19545 200 Watt ...... ..... ..... .. .. .. 89.95 

19553 200 Watt mini ...... .. .. .. .. .. 89.95 

65728 300 Walt ............... ..... 139.95 


Graphics/Memory Cards r 
• 8088/80286/80386 

and compatible 
• One-year warranty 
• Expand your memory or enhance your 

graphics capabili ties 

93542 VGA Hi-color card ........$139.95 

67459 VGA card .... .. ... ... ..... .... . 59.95 

91230 Monochrome Graphics ......39.95 

29313 32MB Memory card .... .... 144.95 

19975 (8088) Memory Card .... .. ...49.95 


Parallel Printer 
Cables and Adapter 
28695 PPG Adapter .... ................ $5.95 
28716 PPC6 6' ·straight cable .. .•••• ...4.95 
28708 PPC12 12' - straight cable ....... ..8.95 
28741 PPR6 6' - right angle cable ........ 6.95 

9-Pin Serial Cable 
31721 SAT6 9·pin serial cable ....... .. 4.95 

DB25·Pin Extension Cable 
39538 25M10M Male to male ... ........ 8.95 

SIPP to SIMM Converter 
• Use SIPP's in place 

of SIMM's 
• Upgrade from a SIPP 

motherboard to a new SIMM motherboard 
without bu yi ng new RAM 

• Fits Into standard 30 pin SIMM socket 

93382 SIPP Module Converter ....$11 .95 

Keyboards & Keypad 

Jameco Motherboards 

• 

95231 
103966 
95222 
79214 
82333 
82350 
101821 
84945 

41371 
41398 
42251 
42219 

SIPPS 
41700 
41718 
41697 

SIMMS 
41523 
41486 
41689 
41742 
41751 
41769 

• Motherboards also 
available without 
CPU! Call for details 

• Diagnostic and 
operating system 
software available 

• One-year warranty 

80486DX SOMHz w/CPU ..$799.95 
80486SLC 50MHzw/CPU •.399.95 
80486DX 33MHzw/CPU .•.549.95 
80486SX 25MHz w/CPU ... 289.95 
80386DX 40MHz w/CPU .. .239.95 
80386DX 33MHz w/CPU .. .219.95 
80386SX 33MHz w/CPU ... 124.95 
XT 10MHz w/CPU ............. 79 .95 

RAM Memory 
41256-100....... 256KBx1 •.•. $1 .95 

41256·120..... ... 256KBx1 .....1.85 

511000P-80 ........ 1MBx1 .. ..•6.49 

511000P·10 ........ 1MBx1 .....6.25 


421 OOOA9A-70 .. . 1 MBx9 ..$54.95 
421000A9A-80 ...1MBx9.. .• 49.95 
421000A9A-10 ... 1MBx9....47.95 

41256A9B·80 ...256KBx9 ..$14.95 
41256A9B-10 ... 256KBx9 ....14.95 
421000A88·80 .... 1MBx8 ....49.95 
421000A9B-60 ....1MBx9....57.95 
421000A9B-70 ....1MBx9...•54.95 
421000A9B·80 ....1MBx9•.••49.95 

Floppy Disk Drives 
• 8088/80286/80386 and 

compatible 
• Additional accessories available 


74392 F0505 3.5'/5.25' ..............$149 .95 

74384 FD235J 2.88MB 3.5" .. .... .. .... 119.95 

40774 356KU 1.44MB3.5" ..............79.95 

17099 FD558 360KB 5.25". ... ... .... ... 89.95 

17101 F055G 1.2MB5.25' ..............99.95 

79396 SD540 360KB5.25' ... .•.. ... ... .59.95 


Floppy Controllers 
and 1/0 Cards 
• One-year warranty 
• 8088/80286/80386 and compatible 

Multi 1/0 with Floppy Controller 
19895 8088 Multi VO ...............•..... $69.95 
19908 286/386 Multi 1/0 .. ................ . 59.95 

Floppy Disk Drive Controller Cards 
19617 Two-drive controller ...............$34.95 
19668 Four-drive controller ... .... ..... ..•. 44.95 

1/0 Card 
104109 4 Serial. 3 parallel ..................$69.95 

RS232 Serial Card 
78713 t6450 UART.. ................. .. ...$29.95 

Conner IDE 
Hard Drives 
• One-year warranty 

93286 CP30174E 170MB ...............$249 .95 

93294 CP30254 250MB .. ....... ..... .. . 299.95 

93307 CP30544 545MB .. ....... ........749.95 


Silicon Valley 
IDE Disk Drive 
Adapter Cards 
• One-year warranty 

10233 ADP20 16-bit hard ... .... ...... $24.95 
10250 ADP20F 16-bit hard/floppy ..•.•..29. 95 
10268 ADPSO 8-bit hard ................. 59.95 
10276 ADP60 16-bil hard w/ BIOS ..... 69.95 
10284 ADP60F 16-bil hard/ •.••.. ..•.••••74.95 

floppy w/ BIOS 
74114 ADP65F 16·bil hard/quad ........99.95 

floppy drive adapter 
101670 ADP90VLSuper 1/0 Card {VESA)•• 99.95 

Monitors 
67491: 
• Supports video modes 

up to 640 x 480 with 
I16 shades of gray 

78676: 
• 0.39mm dot pitch 
• Max. resolution: 1024 x 768 

67491 12" Paper White .. ... .. ........... $99.95 
87978 14"Amber monochrome ........ 129.95 
78676 14" Super VGA .............. .. ...279.95 
66122 14" Super VGA (Low radiation) 429.95 

Jameco 
Accessories 
104441: 
• PC/XT/386/486/PS2 

and compatible 
computers 

• Microsoft® Mouse • One-year warranty 
compatible • Weight: 1 lb. 

104441 Serial Mouse ...................... $13.95 

25970 Logitech Serial mouse .............74.95 

25961 Logitech Mouse w/bus ............79.95 

26307 Mouse Pad ........................... 4.95 

66261 Jameco Digitizer tablet.. ..... .. ..199.95 


JAMECOM 

ELECTRONIC COMPONENTS 

COMPUTER PRODUCTS - · 

~EPROMS~' 

39909 2708 ...... ... .. .... .... .... ... ...... . $4.95 

33611 TMS2716 ... ... ..... ............ ... .. 6.95 

40002 27t6 .. ....................... .... .... 3.95 

40125 2732A-25 ....................... .. ... 4.19 

40230 2764A-20 ............. ...... .. .. ... .. 4.49 

39829 27C64-15 ......................... .. . 3.75 

39933 27128-25 ... ... ...... .. ... ... ........ 7.75 

39968 27128A-20 ......................... . 4.95 

39984 27 128A-25 ........ ... .... ...... .... . 4.49 

39677 27C128·15 ..... ..................... 5.39 

40037 27256-15 ........... ... .. ... ....... .. 5.39 

40061 27256-25 ......... .... ... .... ........ 4.75 

39714 27C256-15 ..... .... .. ...... ... ...... 5.49 

39722 27C256·20 ....... ... .... ...... ...... 5.25 

39781 27C512·15 ................ .... ... ... 6.49 

65699 27C020·15 ....... ............... ... 10.95 

43692 68766·35 .. . ... .... .. .. .... .. .. .. .. .. 4.95 


UVP EPROM Eraser 
• Erases all EPROM's 
• Erases 1chip in 15 minutes 
• Erases 8chips in 21 minutes 
• UV intensity: 6800 UWICM2 
• Size: 9.0'L x 3.?"W x 2.6'H 
• One-year mfg's warranty 

15712 DE4 8-Chip eraser. ............ $89.95 


HOT SPECIALS 

Part II Description Price 
32408 40MB MFM Hard Orive ...$199.95 
108978 PC/XT Case w/ Power 

Supply ••• •••••• •••• ••• •.. •...89.95 
106569 2400 Baud internal 

modem .. ............... ... ·.• 39.95 
106577 2400 Baud external 

modem ......... ... ......... .49.95 
104441 Serial Mouse ..... ....... .... 13.95 
73630 16-bit IDE Controller .••••••17.95 
106121 PS2/AT 106-Keyboard (82)/ 

keypad (24) set ......... .. 59.95 
106391 Universal serial parallel 

converter .............. .... 69.95 
99979 Wall Plug-In wfTelephone 

Protection... ... , •• •••••••.• • 9.95 
105208 PC to TV Converter Box..•199.95 

Portable IC Tester 
Our hand-h eld IC tester is an 
easy-to-operate, cost effective unit 
that includes excellent functions. 

• Supports TIL. CMOS, DRAM 
4 t , and DRAM 44 Series 

• Size: 7'L x 3.625'W • One-year warranty 

73525 Portable IC Tester ..............5149.95 


Microprocessors : ,111111 
iflTJJJll " 

26147 MM54 t04N .... .............. ....... $24.95 

26227 MM5B274N ...... ...... ........... .... .7.49 

431 58 6402 ... ......... ..... ... .. .... ... .....4.95 

43166 65C02 ... ......................... .. .. 5.95 

43254 6522 ......... ... ...... .. .............. 3.75 

43596 6821 .. .. . : ................ ... ........ . 1.95 

51844 8031 ... ... .. .. ...... ...... ....... ........ 3.59 

51676 80C31 .. .. .......... .. .. .. .. ........ ..... 6.95 

52003 8052AH ... ........ ........... .. ....... 6.95 

52142 8088 .... ... ....... .... .. ..... .. .. .... . 3.95 

52652 8251A ... ....... .. .. .. ... ....... ....... 2.95 

52724 8255 ................ .... ........ .... ... .. 2.75 

52732 8255A-5 .... ...• ........... •.. •.. ...... 2.95 

52417 82C55A ................... ..... ... .. .. 3.95 

53022 8748 ... ... ......... ................ ..... 8.75 

53057 8749H ........... ..... ... .............. 9.75 

53081 8751H .... ........ ... ... ......... ... . 24.49 

52978 87C51 ...... ...... .... ... ........... . 32.95 


1355 Shoreway Road 

Belmont, CA 94002-4100 

FAX: 1•800•237•6948 (Domestic) 

FAX: 415•592•2503 (International) 


, - ~ ~ Call for our new 1994Catalog today. ~ • ~I ~ L1f_j © 1994 Jameco 5194 
New Hours: 

6AM • 5PM PSTCall 1•800•831 •4242 to order today! 

Heatsink/Fan for 
80486 CPU! 
Keep your 80486 cool! 
• Just snap it in without 

having to remove your a•CPU from the motherboard 
• Size: 1.95"L x 1.95"W x .80"H • CFM: 6.3 

67660 486 Heatsink w/Fan ...... ...... $12.95 

Jameco Desert Cooler 
• Exhausts hot air out - '" 
• Cools down your ..=za.J 

computer by more "-. ~ 
than 80% 

• Installs on the back 
pan el of your computer 

• Size: 4.8"L xl.G"W x 1.5"H • GFM: 30 

79011 Desert Cooler .... ........... ... . $44.95 

TSM 
Fancard II 

I 
• Circulates air directly on and around boards 

and components prone to overheating 
• Can be installed into any PC slot 
• Size: 13.4"L x 0.7"W x 3.3"H • CFM: 25 

79020 Fancard 11 ....... ... ..... ..... .. .. $38.95 

Switching Power Supply 
for Apple II, 11+ and lie 

• Can handle four floppy disk drives and 
up to eight expansion cards 

• Short circuit and over load protection 
• Fits inside the Apple II , II+, lie 
• Fully regulated +SV @SA, t 12V @2.SA, ·SV 

@SA. ·12V@.5A 
• Same size as original Apple power supply 
• Apple type plug·in power cord included 
• 110V/220V switchable • Weight: 2.8 lbs 
• Size: 9.8751 x 3.SW x 2.25'H • 60 Watt 
• One-year warranty • Data included 

22269 KHP4007 Power supply .....$49.95 

Switching Power Supply 
for Apple llGS 

• Fully regulated t SVDC @6A, t 12VDC @2A, 
SVDC @ O.SA, ·1 2VDC @ O.SA • 60 Watt 

• Input Voltage: 11 SVAC • One-year warranty 

85518 Switching power supply ... .... $69.95 


486 Bare·bones System 
Bare bones system 
includes motherboard, 
computer case and 
power supply 

• t28KB cache memory 
(expandable to 256K) 

• Memoiy expandable 
lo32MB 

• FCC approved • One-year warranty 

95151 486DLC 40MHz ... .. .......... $419.95 


Jameco Computer Cases 
~-----. • Fits most 

Jameco 
mother· 
boards 

• Some cases 
include 
power supply 

20503 Desktop slide case w/ 
200 Watt power supply .......$129.95 

20511 Desktop slide case ..... .......... 49.95 
20520 Desktop flip top case ... ... ... ...39.95 
65648 Vertical case/300 Watt 

power supply .. ............... ... 229.95 
20546 Mini vertical case w/ 

200 Watt power supply .. .. .... 119.95 

7 Outlet Surge Protector 
I •.• •.• '.' \.' •.· •.• •.• 

• 15 Amps, 120 VAC • Clamp. resp. time <5 nsec 
98749 Power Strip ...................... $9.95 

Circle 208 on Inquiry Card. 

http:3.5'/5.25


Recognized as the two best 

PC-diagnostic tools on the market. 


NOW AVAILABLE IN ONE GREAT PACKAGE... 

ALL NEW VER. 5.0 

.. 
t-- • • t--- • • 
~ __...__ 

UNIVERSAL DIAGNOSTICS SOFTWARE 

Fully operating system independent 
diagnostic software. 
llfl'UMRADE Recently named as PC Upgrade 

1 
..... UTILITY OF TH[ MONTH Magazine s Utility of the Month. 

-::.i 
FULLY OPERAlfl NG SYSTEM INDEPENDENT, 
BIOS INDEPEND)lNT, AND CMOS INDEPErffeEN11. 
MICRO-.SCOPE Univer!;al Computer Diagnostics was developed to 
satisfy the expanding need for accurate system diagnosis in lh rapidly 
growing desktop computer market. 

e CAQHE MEMORY - "Micro-Scope" Yer. 5.0 

therefore cannot be accurJtely diagno ed with 
any program which cannot recognize these differences! 
• MEMORY TEST - "Mi1:ro-Scope" 5.0 has no limitations as to the size of 

memory it can accurately te~l. Micro-Scope now also tests up lo 2 mcg of video 

memory! 

• MEMORY EXAMINE- Displays any physical bit of memory. Very useful for 

determining memory conflicts. Very useful for determining available 

memory space. 

• BATCH CONTROL - All tests. even destructive, may be selected fo r testing. 

• ERROR LOGGING -Automatically inputs errors during testing to an error log. 

• AUTOMA PPING -Automatically bad sector maps errors fou nd on hard disk . 

• IRQ DISPLAY - Show bits enabled in IRQ chip for finding cards that are 

software driven. (Network. etc.) 

e JRQ CHECK - Talks directly to hardware and shows 1/0 address and IRQ of 

devices that re pond. 

• SECTOR EDITOR - Allow> !he editing of any sector of floppy or hard disk 

media (even track 0). 

• AND MUCH MORE.. .We don't have enough space here for everything th is 

software can do! 


~-
The only Power-On Self-Test card 
you need to debug any "dead" PC! 

SERVICE NEWS Named as Product of the Month 

PRODUCT OF THE MONTH in the July i s,ue of Service News. 


"This is the only card that wiU function in every system on the 
market. The documentatioi:i is extensive, and not only covers 

theiexpected POST Codes for different BIOS versions. but also 
includes a detai led reference to the bus signals monitored by 
the card. - Scott Mueller from his globally recognized book, 

'Upgrading & Repairing PCs, Second Edition' 

• Compatible wi th Micro Channel 
computers. 

• Dip switch allows easy selection of 1/0 ports to reacl. 
• Includes lri·slatc LOGIC PROBE to detennine actual chip failures. 
• Manual includes chip layouts and detailed POST procedures for all 
major BIOS's. 

This is the perfect package for all repair 
technicians and self-maintainers. 

Call MICRO 2000, Inc. for volume 

discounts and after sales service! 


800-864-8008 
1100 E. Broadway, Suite 301 _== 1111R(J _.S

Glendale, California 91205 
818-547-0125 • Fax818-547-0397 

• I 

!)OW fully te~ts cache memory and the cache 
controller sulisystcm. 
e LOW LEVEL FORMAT - Abi lity to do 
factory style initialization Of all IDEdrives, 
together with the ability to do factory tyle low 
level fom1a11ing on all drives, including MFM, 
RLL, ESDI, SCSI. and all IDE drives. 
e 0 /S. BIOS and CMOS INDEPENDENT 
Docs not rely on O/S for diagnostics. Talks to 
PG'. on a hardware level regardless of the 0/S. 
BIOS or CMOS setting. 
e TR UE HARDWARE DIAGNOSTICS 
Accurate testing of OPU. IRQs. DMA. memory, 
hard drive. floppy drive. video cards. etc. 
e DISPLAY DRIVETYPE- Reads and dis
plays the actual dri ve parameters for any drive 
type automatically. 
e CPU DETERMINATION - This capability is 
necessary for accunuc system diagnosis on 
386SX. 386DX, .\86DX and 387 and 487 chip 
implementations. Because each of these pecific 
chips has its own unique instruction set, and 

• Includes pads for voltmeter 10 attach 
for actual voltage testing under load. 
e 4 LEDs monitor +Svdc -5vdc 
+12vdc -12vdo. 
• Monitors Hi & Lo clock and OSC 
cycles to distinguish between clock chip 
or crystal failure. 
• Monitors 1/0 Write and 1/0 Read 
lo di stinguish between write and 
read errors. 
• 1onitors memory write/read to 
distinguish between address line 
failures and memory chip failures . 
e Monitors ALE fo r proper CPU/DMA 
operation. 
• Monitors Reset to determine if reset is 
occurring during POST. indicating short. 
• Monitors progress of POST wi1ho111 
POST codes. 
• Reads POST codes from any IBM 
or compatible that emits POST codes. 
ISA/EISA/MCA . 

Circle 219 on Inquiry Card. 
• AUSTRALIA - MICRO 2000 Australia , 47 Central Ave. Oak Flats , NSW 2529. Tel: 61 42 97 3983, Fax: 61 42 56 4446. 
• UK - MICRO 2000 Europe, P.O. Box 2000, Latchworth. Herts . 5661 TG .. England. Tel: +44 462 483483, Fax: +44 462 481484. 
• CANADA - Business Data Systems, 169 Burnside Drive, London, Ontario, Canada N5V 184. Tel: 1(800)267-3424 Fax: 1(519) 453·5420. 



:Our best SCSI-Adapters

. . • 4 

just gotbette&.... 
' ·. :...;: ""'. ... . 

SmartCache III: Th_ecomplete SCSI solution!: 
SmartCache Ill offers top performance and universal connectivity with all 

major SCSl-1, SCSl~2, FasJ.SCSl .devices, including _hard drives; tape, CD-ROM, 
andWORM. . 

It comes with built-in support from all major operating systems, including 
DOS, Windows, OS/2, NetWare, Windows NT, NextStep, .and al! versions of 
UNIX. 

And only SmartCache Ill gives you a growth path.,Qptional plug-on 
modules let you migrate easily to caching (with up to 64Mb.Cache), as well as full 
RAID capability. Storage Manager, our GUI utility, makes irn~tall<:ltion quick, easy, 
and automatic. Plus, it gives you on-line and remote control ·over. subsystem 
management, diagnostics, performance monitoring, and disk array configuration 
and control. 

DPT supplies SCSI technology to the world's largest, most demanding 
computer manufacturers, and has an unsurpassed record for pro~uct reliability 
among the foremost distributors in over 40 countries. 

Distributed Processing Techn~logy, Inc. 
14ppan~a,ce Dr. Maitland, FL 32751 llDRT 

See· us at Comdex, 

Booth #N6754 


CaU.DPT, today! · 
800-322~4DP'{ . 

;, .- ' 

Circle 204'on Inquiry Card (RESELLERS: 205). 



The First Pan-European 
Co111puter Postcard Deck 

_ Targeting the 
Exploding European Market!!! 

Circulation of the BYTE EURODECK is targeted to BYTE provides you with this affordable direct 
50,000 computer buyers in over 20 countries in channel to Europe. For information on the next 
Western Europe. Take full advantage of the benefits BYTE EURODECK, 

Call Joseph Mabe today at 603-924-2533! 

Fax 603-924-2683. 


Companies outside of North America, please contact your local representative. 



PERFORMfifiCE 


HupidHlllJJ 
SuperServers 

• Easy to Configure 
: Faull Tolerant 
• Hot Swap Power Supply 
• Hot Swap Drives 
• Drives hove their own power 
• supplies 
: Up to 70 high c apacity 

removab le d rives. 

Rack Mount Chassis 

llalilghom 

$450 

Rack Mount Monitors 
14" 18~VGAcolor(NI) 
Ilea CRi cover. 

~t~~Sc~. 

$785 
Rack Mount Disk Array 

'1);iEGA TOWER 
- on-lllons: 

25.5'(H) 
xll '(W) 
x 17.6'(0) 

- 2cola< apllons: 
Bloclc,2-Tone Belge 

- Lockable Doors 
- 3COOiing f<nS 
- Room tor 14 Slots 
- 12 D!tve Bays 
- 4loekoble whools 
- Sllde-ln D!tve Rois 

• Hot Plug PwT SUpply 
• Hot Plug Drlves 
• Eoch Dftve hosown 

Power supply 
• Fa<.11Toteron1 

: ~~s~~o~~s 
• Vorloble Speed Fons 

ill ci (b(bj'ffi® MHz 
486-33 - $ 998 
486-50 - $1160 
486-66 - $1283 
486-80+ - CALL 
Pentium - CALL 

System Includes: 
Intel 486 CPU Upgradeable to Pentium 

based processor with Intel Pentium 
Overdrive ready ZIF socket. 

Progromoble Flash EPROM (optional). 
Easy to configure frequency synthesizer. 
256K Cache (Exp. To 1 meg) 
Five 16-blt Expansion Slots 
Three VL Bus / 32 bit slots 
4MB RAM(Upgrodoble to 128MB) 
IDE HD/ FD Controller with 2s/l p/lg 
l.2MB or l.44MB Floppy Drives 
101 Enhanced NMB Keyboard 
7 Boy Mighty Tower (Beige or Block) 
2 Low Noise Cooling Fons with filters 
300W UL CSA Power Supply 
Block Mouse/ KB/Monitor Options 

486 EISA System 
CCSI 486-33-$1198 c a ll tor 
CCSI 486-50-$1374 AMIPrlcing! 
CCSI 486-66-$1497~~ 

~ 
Configured As .¢' 
Above 256K ~· 
Cache On MB. ~~ 
8 EISA and ~ · 
l VLB Slots 

Complete lnteradiw Kiosks 
t Point of Purchase Displays 
r Demonstration Console t Data Collectlons Terminal 

1 
,_80,10'0\81 

r Training Center 5!-hod8 
' 

Features Include: 
1oucNc:reenmoniton(l4" & 17")· 19· Rock!loseUnlt -Slytish 
&Modoo1De1lQn · Credl! CatdReocei- lelepnono I 
Vtdeopnone · Prtnfors •CustomProgrorTYTW'\g 

~.~~~c~~J~~,~~:!~U-.1 • Editing Scttwore tnch ..:ded • Coptuto Vldoo up to 16. 7Miltion Colors! 
.. • ComplereNon·UneorSOlutlOnl • Suppooso,viOeoS1andOrds! 

~- • tox1andGroph1c 0ve11ov Less than $1000 

• Souno O.laste r 16 Discovery CD Klt • PROMOTION Roal Tmo Frame Grobbef 
w/Dual Spoed CD ROM & 5 lllles • TA!X;A Boards 16 and 32• 

: ;U~O~~~~& RC-570 Cameras • M ATROX mulllrnedlo p roduc 1s 

• DIGfTAL FILM RECORDERS by Potmoid : ;';;;~~~ ~~.?ttfm"~:::. Sottworo 
• BRAVO Slldo Make r by Polaroid • MULllMEDIA EXPLORER for Windows 
• UMAX 2'2 -bll 600 1200 DPI Color Scanne1s • ANJMA'IOR PRO 
• COLOR POIN l CH11 l04 6MB RAM A-Size • 3 -0 STUDIO (with systems only) 

: ~[,~~~~ ~io~b~' r~~ST 34aMS access) • TV lllldge Prorosslonol CVGA-NlSC> 
• PANASONIC CR562 (320/300KB) • lV Bridge Exte rnal (Ext . VGA-NTSC) 
• TO SHIBA XM3401 <200MS/J27KB transfer) • JVC HIRes CamCorde r (410,(X)Q Pbcels) 
• Sony & JVC CD-OOM Recorders • ShoaowPro Image datatx»o sottwore 

• Up lo 256 MB RAM onboord 
• Up lo 512K write-bock CACHE 
• 12 32-BIT EISA Slots, with B Bus master slols 
• Supports 486-33, 50, or DX/2 66 
• Mode In USA 

EISA Bus 486/ P24T CPU Card 
The Ultimate Single Boord Computer 
(ISA andPC/ 104 Versions a lso a vallable) 

PSn~eran • 32BlfEISA/PentilrnReody 

• Up !o 128MoQRAM/ 1Megcochememo<y

==l'Jlo!I ~~ c-.:aill!ic."'C • COtT1P01iblowtlhPCXJEJSA BockpkJneSfondold 

c~"' ______ ___ •_R_o_Jto_b_lo_de_~Q.=...n isldooltorlndustrlolopplcollor\1 

EISA Bus 14Slot Backplane
5<Jppotts EISA andPCJ(J S1andord ci:Jrds 

ISA Bus 4-20 Slot Backplanes 
4.5.6. B.12. 14, 18, c!20siotconffgt.rotfofU. 

Seomanted versions also ovolob/6. • . 

-·----  19" Rack Color Workstations 
• Ecsy occess to boards, power suppty, and d isk drives 

<. • Ho&ds up to 7 t'-'I ktngm bootos 

. . . • Cooling fan con11 dsopo10Ung lemporalure ol boorOS 

• BuJt in membrane keyboard ond keypads/ external keyboard port . 

"Power 
For demanding TechnoWlzords on the gol 

386 and 486 EISA, ISA, or VL 
MotherBoards AvaDoble 

6Expansion Slots Color LCD ond Color 
3Drive Bays Portable Systems 
LCD &Gos PloSITlO Now AvArwu1 

Coses Available 



MLIA lt!.1 ii'•l il-'!l:C•li ~ :t•I•nrttJtf•]w . 
~ AST Toshiba

II P°""bt<4/2SSl 411J __ IJl9 T I OOOIE/U/I~7000,7000SX;SX, 2.Ml __ ll! 
11111___ sm moosx. moos,.;., m ___._ s111 

Pow.,b t<3/7SSL3/7SSl.(.ll 4llJ __ l119 lllJ __ 1319 
Pn- bt< 716, Ja6SX /70, 25, lSC m __1141 lllOOXL 1600, 3100! llll __ II' 

0 1..... N1111 w __ 110s moosx.37oosx.sxc 1.111 ___ 111 
11.111 __ 1m m __ 1161 

Compaq moosL m __11u 
Ul.l __1269 1.YJ __ IJ}I( oaltf1t416 

c...... 3/ 20, 3/ 21. l/21< 

Coa"'•4/7S1 trit1 

!Ml __.._ 5119 llMB ___.... 1931 
m -··· 5111 14400, moo 1~1 mod~il 4MB ______ 1109 
w __ sm 1m __ 1111 
w __ 5119 l(fllj l1900, l4l00, l4600, l4100(•"'4•hl lllJ UJ TI Im 

WE SET1HE ST.ANDA.RD: 
1111 ....._. l31s 11111 1111 11 sm 

llE386S /70 
llE U11 20; 21; 71< lit 

1111 .......- ..... 5211 
m ___ sm
1111 ___ 1395 

moo. moo,moo' moo 
Zenith 

1MB _ ..___ 119 

llE U!t4/ 21< 

Sll716 
Ill 3161/ 20 

IBM 
PS/7 ClSISX oM iw.r.. 700, 
700< 720, 720c 

lfEW ThiekPM710l 

16Ml .......- ... 1711 
4118 ............... 5119m ___ sm 
4111 __ sm 
4Ml _____ Sll! 

m __ sm 
1111 __ 1319 
11111 ____ 11059 
m ___ Slll 
11i1 __ 1319 

Z·Ult 370l 
Z·Holt 320L 3201.b, 321L 32Slt 

£\'I Z·Holt 421 S..lt1 
Z·Sport 4201, 4211 
Mo1tersP01t 386Sl.Sl(,Sh 
Mu1enPort JUSX 
Sl!pUsPort SX; 216e; S&auPwt 
SopenPort 284; 716t 
SuptnPort 216r, SbasPOf t 

lMB ................ Sl59 
lMl ................ 1108 
IMl _ .. ___, 531-4 
IJU tJJfl $S4' 
4Ml ..........- ... Sll! 
l!ll .................. S90 
1118 ___ 189 
1Jll __ SIJ9 
IMB._ ..___ SI 39 
m ___. s199 

NSI Nellltek JAi) lJll __591 
m ____ s119 

l401X. Nllll:, PS/ Nolt 187 <Ml ,__ 1115 
l40SX. PS/ N111 112 1111 __ 1359 

NEC 
Ultrollt• Vtno (all .Nth) m ___ sm 

1111 __ 1449 
11111 un _m1 1 x36 •••••• $181Uh"U!tlll, Sl/7 SC lJll __ S79 
4Ml __ ll69 

Ul•aUlt Sl/70, ll/70P m __m 2x36 •••••• $354 
m __ sm 

PtoSpH4216, 3841X / 1' m ,.__ 1179 llll d ·70..19d"11 --·----- 146 
p.,5"'" 316 l!ll ...... _ II 19 Sl11136-70J2M81.-·-·--·--..- ·--·-.............. SIS 


41ll19-70ns •••.___________ $1SSTexas Instruments lllld&.IOllMIJ .___________ Siil
l•cvolMelt 3000 t• modok) 2MI --SI!

ll£W lnnolMolt 4000 Joi .,....1) 4MI _.....-. 1119 lMlx l&-70111181 ------·-.. ---··· S314 
lrmlMO!t WlnllC/75 lMB ......·--·- 5129 

f PERSONAL COMPUTER MEMORY 
AST IBM 

7
316Q ~m~'/ ~1119.001 __ Sill IMI l01ll900L 1369 l.M!~ 1~;;"_'.'.~ • H~: 31~:r~~~'.~~;i 

iM'a so0710-004 .... ...196 !Ml l00824001 _ 531 9 0 1.MBRAEnlnp<n• 486, Hwdlo 486, Sp<ln!O 486 (ohodtl•I 

An.;i"'\k~61;i.a10;~5:tli"'"tli'' ~Z11m:¥ifi' PS~~784~~m·-- Siil 16MI N/l ____ S6S9 

~~i\'U" 48401/13; sx12s. 1.... Lc 4/ 251; JJ; 331; 1111 921ms ------- 112 

1MI 500987 ·001 ....... 172 M l00917·001 _ 5119 4MI !lflm --..--·---·-·- 1161 
p,...._ 316/71; 33; 33l, Pr.- II 3841X/ 16; !O; 21 PS/I Comel1oat, Eu'°'lol, hptrt orodtl1143, 144, 

Ill! l00710.00J, 001 ___ 147 PS/V..,..t al eodtb ""'' Cn "'k' 
Adv..,!ogtl 416/71; ll; 33p; SX70, Imo 4/ ll; 416/ 21; 4111 96f9!90 _____ Ill! 
p'iM1a"' 4/71; lllL ltns001f14~~710.001 ____ \69 PS/ I c....c..... h ...11o1, hptrf <IHfll 176 

1100
:~"'·;r.: l~l~3;;.!Z,1ll~1rjit4~6iiT1~~~~~ PS~~~~m. 30/716.:.::;...,," 1491211 · 
ll; JJE; 33TL PnnU.11316/75; 33, 416/ll, 41611/20 lMI Iii JOfll!O ------ 181 
Prom;,. S...tt IE 4/ 33 PS/ 73SSX; ll, 40SX. SOI. SSSX; LS, !SIX; LS, 70, XS!olloo 

4!11 SOOllQ.00< _ Sl79 IMI l007IOOOI _ 13ll 2M3 64!0604 181 
Compaq PS/7 71>-A71 ; A61; 121; 161, PS/I c"""'•'· 111..1~\ 

ProU.n 3/2Ss; 3/2Su l1ptr1 mocltb xii, all, 114, PS/Vchtpolll Cu min 
l!ll 14173&.00I ..._ 189 IM! l41742·001_ S319 l.llB 64l060I _____ Ill 

Prolloto 4/71• 4/33, 4/ SO PS/7 JllX; LS, 40SX. lSS X; ll, 6111:; ll, XS!olMo. PS/ 
Ill! 141611.001 - 139 lJIJ 141613001_ 181 Y..,..., Cu Hrict, odopttt M.d 34FJOll or 34F3077 
41A1 lll llC.001 - Slll IJll 14111SOOl . S3l4 4M8 34129llorl7f9977 ................. Siii 

Dt1kPro 316·70, 20t, 75 PS/ 7 3SSI:; LS, 40SX. PS/Voluepalrol Cn 1trit1 
m 113132.001 _ Siio 4!11 113641.00l _ sm 14iom IJl400 

Dt::o ~1~Vi!!io1 _, lllO 4MI 11 3634.00l _ lllS Pl/2 90 IP, 9SXP..PIS (pmnL 56, S7(ol), Pl/! Pro M2123 
011kP 3/21033\ 4/7111 33< " ' mN; 316N 316SX/ 10: lM8 6410901 - .............- .................. 181lt£1ll ro ; . ; ' PS/ 7 90 XP, 91 XP, PIS (pos1), 16, 17 (ol),

t:lf;1~;:~~= PS/1 Coeslh•t, hs.liol,, hpttt ~11111 , all. a14, 
2MI 111619.001 .................- .............- .................... . 181 I'S/I Pto M2173 
4MB 118690·001 ..... Sii i !MB 111877·001... sm 4MB 64l0128 ..... ......._.................... 5181 

ProSlgnlo PC Smtt 416/ll; DX2/ 66 llll 64l0130 __....... _ .._ ...... S314 
l!MB 1'9310-001 ·---- 5649 hpon.... loo<d1for10, lOZ. SSIX. 60, !Ill 

DnkP1t JU·ll, 416·33, SrirmPro ?.8Mh/2MB 14972S9 ___.........- ...... 1199 
lMB 1151H·OOI ...... 199 1118 116S61·00l... SJ19 NEC 

Dell ft i...g, m . m . 414 

1 x9c3-chlp)e.... $43 
4x9 •••••••• $155 

Sportstor 14, 400 Fa x" 

High Speed Modems 


5f.<4;,,Jl..1 ~J. t.. 
,.wJ./. t...,:....,., ,(.,...., o/~a .,.J ,.,,..._,.1 M< 

V.41/MJI P" 2~ &ror <0a1rol oxl Y.42 bil/MliPS dalo <omp<nlioo 

'"~~:::=r:.=11.b:hwmt 
IHTI ANAl U TIRHAl 
14.lfll .__ • 1 56 14.4Fll _ 173 

ORDER NOW! 

FAX / MODEMS 

~~ 
PCMOA 2.0 Da1a/Fa1 wilb XJACX 

14,400\pl lll/llodtn Sttt 
24/!600\ps Fll/Modtm 1179 

lalernal Data/ Fat w/M.NP-S, V.42/V.42bls 
14,IOOl>pi IAXll!m 1419 
961'6~ FAX/llodol 1399 
14/l!Ollbpi fll/Mod<nr ____.._ ____..____ 1109 

Potkel Maden11 far ony miol porl 
14,400\pll.t.Xlllodo<> Ill! 
96/l600\ps fll/Modtm __ _.._ ....,..........._.____,Sll 9 

MONITORS 
ADI 

• MKroS<an l h , If, 0.28mm, 1024 ~768 @ 72Hz 
Nkropr~n1<1 ·1>Md Ogilof <0•rols, 301-601H1_ ..___ 1319 

• Miaol<n 4G. lffil, 0.28'xm. llro.IOH NIC 60H1 
Mi<Jopr0<t1.sor-bowd d'igi1olcontrok, JOK·MkHz ···-····-··--··· SH9 

• Ml<roSm 1A. 1111T,0.26avn, 1280•102 4HI C 60H1 
Nkropo~n1<1.i...l~gird<0'1< ols. lOl-64!Hz ___ 1!69 

·:eia CPU UPGRADES 
Kingston 

IX / Howl "'"".,.... 
1SMH115XJ __..........------·--·-·-- ..·-·---· 1169 

SL~)~'a'~/.,."".,.... 1199 
2w.mo. 1m
lOMJt11\lC1 _____________ 1m 

Cyrlx 
436 Upgrad.s 

C..•!lllh'-16/32 ....----..--- -·--- 1169
c..•11Db'-10/ 40 _.________ 1m 
C...116Db'-25/ l0 lj69 
c...mlbll1m 1169 
C...41611<'-10/ 40 ..----·----- 1369 

Intel 
lnlel Ma1h 

803111116, !O, llMIU - - --..•..- -·----.... 115 
803870116, 10, 15, 33MH1 - ..-·--·--·-..--.......... S89 
!03371ll!<blt 16, 10. 21MH1 _______ S!l 

lard OverOrfn Pr0<essors 
4861ll0 .;,h ·~ktl ................ ..................... 1311 
4861X1lw;~,,.hr ...... ............................_...................... 1438mom.;!hou! ...1.1 ______.._____ 1439 

4l!Dlllwttlou!>o<kt1 ·----·--·--·-------- SSl4
4160133 or 4161Xl3 with >o<hr ............_____....,____, ms 


LASER MEMORY 

•MEMORY GUARANTEED • IOO•lo 
COMPATIBUINFORM,FIT, AHDFUNCTION 

· AU PRODUCTS USER INSTALLABLE 
· INSTALLATION INSTRUCTIONS INOUDED 

WITH MOST MEMORY PRODUCTS 
• FREE TECHNICAL SUPPORT 
•CORPORAn PO'S, APO/FPO'S WRCOME 
•GOVERNMENT AND 

EDUCATIONAL PRIONG 
• INTERNATIONAL ORDERS WELCOME 
•SPECIAL VOWME PRIONG 
· OVERNIGHT DEUVIRY AVAIWU 
•VISA, MASTERCARD, AMERICAN EXPRESS, 

AND DISCOVER AcamD 

•NO SURCHARGE ON CREDIT CARDS 

PONTS£11U FOR WS! 

TOU FREE FROM USA & CANADA 

l :I•I•Ji l:I•l t}:ttt ij 
INTEIHATIONAl ORDERS 

714·448·7750 
fAX ORDERS 

714·448·7760 

BUSINISS HOURS: 

Moaclay ·Friday, 7am-Spm, P.S.T. 

Sarurday, 9am·3pm, Orders Only 


4.ll! 
llMI 

Atody 471, 433 

41~12001 _.__,___ ,___.. Siil 
410·11003 ... .....- ............ 1647 

4!ll N/l -----  1191 
l!MI N/I -----·--· 1649 

Po wtrMolo 716/ 17; Sl/ 16, SX /70
l!lllil DP~l~l lOJ ____ 1!6 

Powedklt SX /20 
lll!CllJU..,ldt 
2lllup. Bm 

OP~llh!IOl ___.. lll9 
Ol~llh!I01'!103 _____ SllO 

Zenith 
z.s,,..., 4111~ 4JJDL 45001 

m ll!~n ______ 1112 
!Ml Ml·IOl ___________ 1361 

Zltitl Z·ll6/70; 21; ll, 33E 
llll LlllOOM! •. m 
4MI 

C..01 llP-4, 4ll!t, 4Pln 
IMI 163 llJO .......... SIDI 2MB N/A.......___,__SllS 

1p1.. U'l 6000 w 11\.\01 __ 1110 m N/A ___ m1 
E~ lttioalaw ll lPl·&OOO 

0HP2f:..,1~~11-;r°4.-4f.i:1U14~~ x~ikh;U;, 600 Slll 
4111 C206S.\ __ ll81 !Ill l206!.1 __1314 

HP lm"kl llP, U~ lllP, 111 0 
2lll 131111 __ 197 m 334171 __ sm 

Hrll'ltrJtt 11& llD 
I.Ill 334441 _ 5110 4.111 334411 __ 1195 

llM 1... 407' .. orodtls 
1111 1113334 __ 5'1 41!.! llll3ll -  111/ 

Olilonr 400 
IMI 70011701._ 16/ l!IB N/l ___ llOI 

p,....,k 4410' 4430 
lllJ Ix.PHI _ Sill 4M1 K/1 ___ 5191 

p,..,o.tt «Sot & 4.00 

MAIL OR FAX ORDIRS TO: 
Rrsl Soun• lnttmatlona~ Inc. 

7 Joun11y
Aliso Vlefo, CA 92656 

http:4861X1lw;~,,.hr
http:SOOllQ.00
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Whether you are looking for rack mount computers, 

monitors, keyboards, or printers, now you can experience rack 

mount power at an affordable price! Let our specialists help 

you design a rack mount system that best suits your needs. 

Customized systems that are racked with power! 

. m51: 

customized for your specific requirements. 

Now that's a powerful combination! 

Warranty 
All Recortec rack mount product$ are backed 

with a one-year warranty. 

Free Catalog 
For a free copy of Recortec Rack 

Mount products catalog, call us today at 

1-800-729-7654 

RECORTEC, INC. 

1290 LAWRENCE STATION ROAD 
SUNNYVALE, CA 94089 

TEL: (408) 734-1290 
FAX: (408) 734-2140 

Circle 217 on Inquiry Card. 

When you order computer sy~tems from 

Recortec, you can be assured that you will recieve 

high quality, pre-tested, fully configured systems



Circle 200 on Inquiry Card. 

and a lot: more... 
HIGH PERFORMANCE 
At 180,000 cps parallel and 115,200 bps serial, Buffalo boxes 
are the fastest. Up to 16mb of butter available. 
FASTER PRINTING 
Sharing devices so fast they speed up printing using Windows. 
It's twice as fast as the new Windows Printing System. 
EASE OF USE We also make 72 contact 
Transparent to users. Optional printer selection software 
included. Connect with standard parallel and serial cables. PC SIMMS! 
FLEXIBILITY 
Eleven models in all parallel,all serial or in combination. 
Configurable 1/0 options. Models are easily cascaded together. 
VALUE 
With non-buffered autoswitches starting at $59 and intelligent 2805 19/h St. SE, Salem, OR 97302
sharing devices fram $349,Buffalo has the right sharing (503) 585-3414 • FAX (503) 585-4505 
solution tor you. 

There Are 275,000 Good Reasons to Advertise in the BYTE Deck! 


The BITE Deck mails to a select group of 275,000 BYTE subscribers who are proven direct market buyers. 
ln fact, BYfE subscriber surveys show that many readers prefer to buy through the mail order/direct channel: 

Direct Channel Preference 

for Purchases of: Software 76% 


Peripherals 

Computer Systems 
48%Networking Source· llJJ;\ SuUsn iht•r Snuly 

The average BYfE reader influences the purchase decisions of 107 others, works in a companywith more 

than 1,000 employees, and influences more computer product purchases than anyother person in 

his/her organization. The BYfE readership provides quality leads. 

Why settle for anything less? 


Call Susan Rastellini today at (603) 924-2596 or fax your order to (603) 924-2683. 

The BYTE Reader: Simply the Best 

252 UVT E M A Y 1994 



I 

2-hour Ni-Cad Battery 

TFT Active Matrix Color 
640 x 480 256 colo rs 

STN Passive Matrix Color 
640 x 480 256 colors 

Monochrome Backlit VGA 
640 x 480 32-grey scale 

Intel 486 SX/DX/DX2 CPU 

80M 340M Hard Disk 

Built-in 15mm Trackball 

4MB, 8MB, 20MB Memory 

1.44MB Disk Drive 

Need the fastest Windows performer? 
High Performance Micro-International HCP Model 65681M 

"If you need a notebook with processing power for massive spreadsheets and databases, to perform 
gray-scale imaging, or for other demanding tasks, d1e HCP 6568JM is for you. It ran our Windows per
formance test twice as fast as the Compaq LTE lite 4/25E, .. . In fact, this was the fastest monochrome 
notebook in our entire test sample. The HCP 65681M's monochrome screen quality is the best we saw 
from passive-matrix monochrome displays ... and an excellent keyboard." 

October 1993 BYTE/NSTL LAB REPORT' 

:MJCRO-INTERNATIONAL, INC. 10850 Seaboard Loop, Houston, Texas 77099 
National Sales:(800) 967-5667•Local Sales:(713) 495-9096•FAX:(713) 495-7791 

$2740 for a monochrome 4862/66M system with MS-DOS 6.0, Wind9ws 3. 1, 8MB RAM, and 250MB hard disk. 
Prices for other configurat ions are avai lable upon request. 

Office hours Monday-Friday 8:00-6:00 • Saturday LO:OO- l :00 • Sunday-Closed 

Clrc le 221 on Inquiry Card (RESELLERS: 222). 



Circle 227 on Inquiry Card (RESELLERS: 228) . 

Add COMPLETE imaging to your apps! 

[bl ~ D)IJ@@Cb§®. 

PRICES SLASHED 50% 
LEADTOOLS is a library of sophisticated imaging functions for developers. AD kits provide blazing 
speed, tree example applications,dear documentation (induding examples), free technical support 
and aflexible programming environment. Satisfaction guaranteed! Supports major C& Xbase 

LEADTOOLS Standard High level calls for fast and easy handling of al 
was S495 NOW $295 Royalty Free! popular PC file formats. 

LEAD TOOLS Professional Low &high level functions for an the flexibility and 
was $1990 NOW $495 Royalty Free! control programmers need 

LEADTOOLS Express Obsoletes hardware compression cards. 
was $1990 NOW $995 Decompress lo 1MB 24-bit TGA image in 1.5 sec. 

LEADTOOLS NT The only set of Imaging tools which gives the 
was $1495 NOW $995 Royalty Free! sophisticated NT developer the control he demands. 

LEADTOOLS NT Express Only tools designed for 32·bit environment. 
was $1495 NOW $995 Decompress to &display a 1MB 24·M TGA in 1sec. 

LEAD TOOLS Visual Basic PJ LEADTOOLS power in a custom control. Flexible, 
was S495 NOW $295 Royalty Free! yet easy to use. 

V@@m 
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Ai'i'=tO 
INTERNATIONAL, INC. 

2032 Bertng Dr. 
San Jose, CA 9.5131 

• RAc kMOUNT SysTEM 

- 286, 386, 486 ISA I EISA I VESA 

• RAckMoU NT MoNiTO RS 

-10", 14" and 20" 

• RAckMOUN T ENclosuRES 

- Up to 20 Slots & SOOW PS 



- - -

DUETO CURRENT MARKET CONDITIONS , ~liiiiiil~M~od~a r C ir~~~Te= n~og:y~ m the~ oard fe~ u~e;s ~32- t~ ul~~~ cuit ~ch~ol~ ·s~~o~~rb~~~~ at~r a ~~:bi~, 
CALL FORCURRENT DRAM PRICES! Pl 

Part# Size Speed Type Price 
1MX9-7DX3 1M x 9 7Dns SIMM 39.95 
SPECIAL FOR BYIE CUSTOMERS ON LYI 
1MX9-6DX3 1M x9 60ns SI MM 54.95 
4MX9-8DX9 4M x 9 80ns SIMM 154.95 

4M x9 60ns SIMM 169.95 
16M x9 70n s SIMM 899.00 
lM x 36 70ns 

70ns 

JOR Price Guarantee 
If you purchased any item from 


JDR Mlcrodevices In the last 

30 days and we've lowered 

our price, call us with the 

deta/ls and we 'll promptly 


refund the difference 


• Programs devices up to ., ~ IJdllCTlt--·' 

512K bits, plus 27C100, ---·- ----- --- ---
27C101, 27C301 , 27C1000 

• 8-bit 8088 & 286/386/486 PC compatible ca rd ; ZIF 
socket accepts 0.6" wide DI PIC's to 32 pins 

MOD-MEP-1A ................ ........................ ..................... $199.95 
MOD·MEP-4A As abovewith 4 ZI Fsockets ........ .. .... $269.95 

VESA Local Bus for quick data transfer! The VL Bus enables 
your CPU to share information with 2other interfaces at 
speeds up to 33MHz. The 32-bit cachearchitecture allows 
more data per cycle. The VESA Local Bus gives you the 
added advantage of economical upgrades-standard 8 
and 16-bit ISA cards plug right into themotherboard. 

• 33MHzIntel 80486DX or 66MHz Intel 
80486DX2 CPU 

• 	Uses 256K x 9, 1M & 4M x 9 80ns SIMMs 
(0K Installed) 

• 	ZIF CPU socket for upgrades, eight 16-bit 
expansion slots 

• MS-DDS & Windows 3.1 compatible 

Upgrade to a new high-quality, high-capacity Seagate drive. 
These3-1 /2" drives are designed for general purpose, 
medium performance applications. 

131Mb, 16ms, IDE .... .. ............. ... ............ ....... $1 89.95 

214Mb, 16ms, IDE ...... ... .......... $21 9.95 

261Mb, 12ms. IDE .................... ................ .. ... $219.95 Note: Pleaseorder 

341Mb, 12ms. IDE ............... .. .......... .............. $299.95 HD-MHWstot 

452Mb, 12ms, IDE .................................. ....... $419.95 adaptor (S9.95J to 


mount 3-112' drive1.05Gb, t t ms, Fast SCSl -2, .......... ................. $949.00 
 in 5-114' slot.1.05Gb, 11ms, Fast SCSl-2, 1' ........ $949.00 

1.4Gb, 1Sms, SCSl-2 ................. .. ................ $1199.00 

1.9Gb, 13ms, Fast SCSl-2 ........... .......... $1399.00 

2.1Gb, t 1ms. Fast SCSl-2 ............................ $1749.00 


.. . 
This 16-bit card controls up 
to 2 floppy and 2 hard drives. 

• 	16-blt 286/386/486/ 

PC comp~tlble card 


~ 	 Supports up to two 
IDE HDs arid 360Kb, 
720Kb, 1.2Mb or 1.44Mb F.Ds 

Make your 486 CPUrun 
cooler with this easy 
snap-in fan . 

• 	In-line adaptor taps 
power from power 
supply 

Extend your parallel 
printer up to 1,200 feet 
and connect up to 16 com
puters.The transmitter automatically switches 
on and off to allow multiple users access to printer. 

This internal CD-ROM drive is com 
patible with multisesslon Photo CD, 
High Sierra and ISO 9660 formats~ 

• 16-bit 286/386/486 PC · ~ _,.....,,...--..,_ 
compatiblecard ~ 

• 350ms avg access time · · 
• Drive. interface card , cables, MS-DOS 

CD-ROM extensions. drivers, software & manual 
........ .. $149.95 

FREE JDR CATALOGS! 

PC PRODUCTS 
AND ELECTRONIC 
COMPONENTS 

CALL TOLL-FREE 
800-538-5000 

MAY t 994 BYTE 255 



Circle 223 on Inquiry Card (RESEUERS: 224). 

We've Made It 
Perfectly

Clear.
The most advanced, innovative and bes1 sounding digital a.idio boards 

come from Antex. That's why they're preferred by OEMs and integrat01S 

• Multiple compression formats - ISO/ MPEG/MUSICAM. Dolby AC-2, 

CD-ROM XA, MS ADPCM, IMA 

• AES/EBU/SPDIF Digital VO 

digll'Cll•
• Dual-device and multiple adapters AUDIO• Wavetable synthesis 

• SCSVMIDI interlaces The difference is clear. 

800/ 338-4231 • 310/532-3092 • FAX 310/ 532-8509 
16100 South Figueroo Street, Gordeno, Colifornio USA 90248 

• 

P~Clflf,FPc}~T l\llf~O 


490 1 fo rena Blv d . uile 1111 • an l icgo . ( ' \ 92 11 7' ' . FORS LE ' C LL TOLL FltEE 

l•u\ 1-800-581-6040 
1<· 19 ) 511 1-11 125 

CD ROMS 

SAME DAY SHIPPING AVAILABLE IF 

ORDER PLACED BY 2:30 P.M. P.S.T. 


HOURS: MON·FRI 7 AM·5:30PM P.S. T. 

SAT. 1 OAM·2 PM P.S. T, 
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Accessories/Supplies•Add-ln Boards•Communicalions/Networking 

Polaroid 's C-P Filters for computer monitors fea
t.u rea two-layer circular polarizer and multi-layerPolaroid 
optical coatings to provide the ul timate technol

Bar Coding 

Barcoding with 
Windows! 

• Full-featured. etwork-ready. Fully DDE compatible! 

• Supports most popular symbologies. bar code printers 
and databases 

• Interacti ve and automatic printing tools via Windows. 
not DOS. 

• Full des ign capabilities ; Full Windows implementat ion. 

"iil!iilDJI 
IllMayer Automation Group• Division ol MayerElectric Supply Co, Inc. 

3405 41h Ave. So.. Birmingham ,AL 35222 • (205) 583·3500 •FAX: (205) 323-0886 

Circle 288 on Inquiry Card. 

delivery and security applications: 
The TimeWand JI offers the 
durability and computing power 
necessary in applications ranging 
from hospital patient care to 

"Ille Time Wand l offers credit-card warehouse inventory. 
sized portability, ideal in time and 
document tracking applications. Call today to receive a free 
The rugged DuraWand can take information kit on Videx 
the punishment typically found in portable bar code readers. 

See us at COMDEX, booth #M5220 
1105 N.E. Circle Blvd., Corvallis, OR 97330 I ~Tl[:Ai.iiiii£iiji~ 

503-758-0521 •Fax 503-752-5285 ~~ - lit;JJ 
Videx, Timc\rVand, .ind DuraWand are registered trademarks of Videx, Inc. GC0462B 

Circle 261 on Inquiry Card. 
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ogy for glare reduction and contrast enhance
Circular Polarizing Filters ment - the difference is immediate and dramatic. 

Because of the very efficient ambient light tra p
ping properties of circular polarizers, Polaroid 

The Ultimate Glare Control 
And Contrast Enhancement CP-Filters suppress up to 99% of unwanted 
Technology reflected light and are as much as 14 times more 

effective than otl1er fil ters in improving contrast. 
Most models also include an electrically conduc
tive coating that eliminates static and reduces up 
to 98% EMI for electric field radiation. 

Polaroid produces a full range of optical qual 
ity anti-glare fi lters in glass and triacetate to fi t 
most 9"-21" monitors. 

Polaroid Corporation, Polarizer Division, 
N2, 1 Upland Road, Norwood, MA 02062 
1-800-225-2770 Fax 617-446-4600 

Circle 252 on Inquiry Card. 

Competing in today's marketplace demands the 
reliability provided by Star Gate's serial 1/0 

controllers. Our products are proven in the field 
- where performance really counts. 

Besides built-in reliability and the industry's most complete ESD 
protection , Star Gate's 1/0 controllers include the following 

installation and performance options: 

EIA-232, EIA-422 and EIA-485 interfaces 

Broad O/S support including UNIX, 
OS/2, Windows and Windows NT 

MICROSOFTo 	 2 to 64 high-speed ports in a single host PC 
WlNIXJMi NT~ 
CQ\1Wllll.E 	 Optimized data handling for modem pooling 

and print, file and communication servers 

Call us at 1-800-782-7428 and let us share 

the secrets ofour competitive edge with you today! 


Star Gate Technologies, Inc. 

29300Aurora Road 


Solon , OH 44139 • 216-349-1860 •FAX 216-349-2056 


0 1994 Digl International Inc. -• bKil.. 

Circle 267 on Inquiry Card. 

Communicating with a Higher Intelligence· 


GMMSync™ 
ZilogTM85C30, 85230 Based 


Async, SDLC, HDLC, Bisync 

Built In Null Modem Option 


Perfect for PC lo Mainframe Apps 


Call or Fax Us 
OEM and Dealer Inquiries Welcome 

(714)752-9447 Fax (714)752-7335 
~ GMM Research Corooration Glilm 18092 Sky Park South. Unit E, Irvlne CA 92714 

Circle 241 on Inquiry Card. 



Communications/NetworkingCommunications/Networking 

8-64 Serial Ports in a PC 

• 8 ports, 16550 UA RTS 
• Oigi, Galncticomm compatible 
• Works with a ll popula r BBS 

Sort ware 

• 8 ports, 32K-512K FIFO 
•Windows, DOS, U l X, XEN IX, 

FOSSIL dri \'ers included. 
• RS-232, 422, 485 int erfaces 

GTE K~ .INC. 800-282-4835 
PO Oox 2310 Oay St. Louis MS 3952 1 Phone: (60 1) 467-80-18 r:a x: (60 I) 467-0935 

All product n:1mi:s or compa ny nnmcs are the prupcny of 1hci r n:~pcc t ivc holden. , 

Circle 242 on Inquiry Card (RESELLERS: 243). 

CONTROL 
ALL YOUR PC SERVERS 

FROM ONE KEYBOARD & MONITOR 
with MasterConso/e® 

COMPARE QUALITY 
AND PRICE PERFORMANCEI 

• Save Space. Cut Costs & Centrali ze 
Control with 100% Reliabil ity 

• ''Plug and Play"' Any Mi x of PC/ATs 
& PS/2s; Suppons All Video 

• Desktop or 19" Rac km ount Models 
fo r 2, 4, 8. 16 PCs. Expand tu 64 

• Keyboard Emulator for EtTOr Free 
PC Autoboot and PC Opcrntion 

• AUTOSCA rM 10 Monitor All PCs 

"No other solution 
stacks up." 

• PS/2 & Serial Mouse Suppon 

• Remote A~-cess up to 150 Feet 

• Thousand' in Use Worldwide 
GS A Schedul e for US Fed. Govt. 

CALL TODAY! 
(908) 874-4072 x 71 

a 
RCI 

RARITAN COMPUTER, INC. 10-1 Ilene Court, Belle Mead, NJ 08502 Fax (908) 874·5274 

30-DA\' :\10:\EY 11.\CK GLIARANTEE FULL 1-\'EAR \\'ARR \NTY 

See 11.S at COMDEX/Spnng ,?4, llooll1 #N4974 . 
Gcnn:my • El~crCc\mputcrtcchnik. Tel: 4?-521-88§877 Fax: 49·521-~8~25 [I 
Jnpan > Pro ide Corp.. Tel: 81-3-3254-i; IJ I Fa..: 81-3-3254-613-1 
Taiwnn - Raritan Computer Taiwan. Inc.. Tel: 886-2 218-1117 Fax: 886-2 2 18- 1221 
The Ne therlands· Anclcom 13.V .. Tel: 31· 1-442-33 13 Fax: 31-10442-3443 
United Kingdom· Kumilr<ln LTD. Tel : 44-244-536123 Pax: 44-244-53 1043 
For Lisi o l' Lalin 1\mcri c:m and C:m:u.li an Dea lers contact RC! (908) 874- I072 

Circle 282 on Inquiry Card (RESELLERS: 283) . 

LET YOUR COMPUTER DO THE TALKING! 
Integra ted 

Voice/ Fax Mail 
intl.~rnrcs major \'ok-c/ f:L'\': 01pplk":'t tio11s plus 
proJ.tram contnll huo one fuU-fc;uured hiJ.:,h 
pcrfnnn:mce softwa"'. PC-AT/.~6/486 based. 

I Automated Anendant 

I Unlimited Audiotcx 

I Voice Mail 

Menu drh·c r~ E.1s)" tu tLo;c. l'uU suppon for I Talking Yellow pages 
Rhctnrcx. Nc.·w \'oicc, Oialogic, nlcom. Pika. • 
Tll :urd Intel mice anti fa." hardware. Suppon.' I Telemarketmg 
up tn 32 voice line. :uul up to II f:L" lines. I Fa.~ Mail 
l la rd\\arc +"\nh,\ ;irc Kit' $650 
2 \nln· llm.,, kit ' tart~ at I Fa.x-0n-Dcmand 
f .l \.Clll lk1n 1r.d llnl·'· HIH·5<>H-1=thti tff HIH-_1,.(i.~\.~X 

SigmaTech Software I Fa.x Broadcasting 
Tel: (8 18) j 6!1-6 1.il fa"X : (818) 568.''859 I Date/Pany lines 
1t1HO l ll l'1tm ck ,., ,., . . \on lin d~,·. LI 'J l.Wi 1·s.1 I lnt'I Call Hack 
!Ut•,d ln"> l>t.•Jk:r' 0 1' \h PmJll' l.1hcJ.., .ire \\du111w1 

Circle 269 on Inquiry Card (RESELLERS: 270). 
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Rhetorex 

Voice Processing boards 


make CTI areality. 

If you· re asking "what 's 

CTI;' you' re missing one 
of Lhe holiest new 
technologies goi ng. 

Compuler Telephony 
Integration links PC
based computer appli 
cations to the telephone 
network, providing voice/ 
fax mail , interactive voice response, voice/fax servers 
and more. 

Interested? Maybe you're already developing a CTI 
application. Then it's time to di scover Rhetorex:· 

For the best value in CTI technology-from our 2 and 4 
port DSP-based voice and fax. process ing boards, to our 
24-port platform-gi ve Rhetorex a call . And start making 
CTI a reality today. 

I 

lijHiiel;ii:j•
r . 

Rhctorcx, Inc .. 200 E. Hacienda Ave., Campbell , CA 95008-66 17 
Tel. (408) 370-0881; Fax (408) 370-11 7 1 

All trademarks idcnt ifo..'d by the™ ~ymbol arc 1rnclemnrks of Rhcwrc.\ , Inc. 

All other 1r::i.tlcrn11rks belong 10 their respec ti ve owners. © 1993 RhctorcK . Inc. 


Circle 254 on Inquiry Card. 

Hard Drives Motherboards Systems 
Conners 340 .....$260 386/40DX isa... $105 386s 
Quantum 270.. .. $225 386/486DX VL n/cpu $115 486s 
lDf:JSCSI Available ISA/Vesa LocalBus Pentiums 
Call for Other Drives, M!Bs, Monitors, Cards & Systems. 

Next Wave Systems 

7025 Mission St. , Suite I03, DalyCity, CA 940 14 


1-800-296-2211 
1-415-755-7245 1-415-755-374 1 (FAX) 


Open 7 Days a Week VISA/MasterCard 


Clrcle 292 on Inquiry Card. 

Complete mulli-fine 
packages slart at $6991 

;;1,~'!.!':'/i.~C.'!.t'£L/?,f!: ~"f,f; 7iF 
Circle 2S7 on Inquiry Card. 

For Sales and 

Technical Information Call: 

1 ·800·685-4884 
Demo: 1·510·522·3800 ext. 120 



Computer Systems • Data Acquisition 

Use •c• KS-7 AT equivalent card $289 - q1
NEC V53 CPU 51 2K Ram, AT bus, 
Options: PCMCIA, 4M Ram. 2M Eprom, Code 512K NV Sram, Clock, VGA, 5 Sena!, 
2 Parallel, Keybd, Flop, Modem, 12 bit ND. 

Run with KS-2 XT equivalent card $149 - q1 
NEC V40 CPU 256K Ram, XT bus DOS Options: PCMCIA, 51 2K Eprom, 384K 
Sram, Clock, 3 Serial, 2 par., Modem, N D. 

Complete Development SupportBurn in We provide development systems and 
utilities to download, test, and bum yourROM DOS programs into ROM. 

#CILA 303-444-7737 
Boulder , Colorado 80301 fax: 303-786-9983 

Circle 246 on Inquiry Card. 

Rackmount Solutions 
RACKMOUNT COMPONENTS- OTY 25 PRICING 

Rackmount Chassis 19'xl"x1r $131 
Rackmoun1 VGA Monitor $531 
Rackmoun1 Monl1or Sh elf $113 
Rackmoun1Cherry Key board Drawer S200 

RACKMOUNT PLATFORMS - Qty 1 Pricing 
RMS4860X2·66 EISA $1 593 RMS486SX-33 5915 
RMS4860X·33 $1136 RMS386SX·33 $665 

RACKMOUNTCHASSIS - 15 Models up to 20 Board Slots 
SLOT CPU BOAR OS - EISAllSA 486, 486SX. 386. 386SX 
RACKMOUNTMONITORS - Super VGA & Monochrome 
RACKMOUNT KEYBOARDS - High O.tality Cherry KB 
RACKMOUNT SWITCH - Video/KBup to 12 CPUs 
RACKMOUNT CABINET - Modular 1rom 21' to 96' high 

Exciusive lnlernatlonaJ Oistnbutor Pro0ram now Available 

·w..~·~·~· •••ttE".\~ .~ ~.~ ..,.,.. . 
TECHllOLOC"r I/IC. 

2468 Armstrong Street, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 

Ci rcle 264 on Inquiry Card. 

PC-based Solutions for 
Industrial Automation 

• Industrial PCs & Workstations 
• Enclo.sures and Card Cages 
• 486/386/21:16 CPU Cards 
• RAM/ROM Disks 
• lhdustrial VO Qrds 
• RS-2n/ 422/485 

1-800-800-6889 

Circle 235 on Inquiry Card. 

Data Acquisition 

•AID Boards 
• Signal Conditioning 
• Communication 
• PC Instruments 
• Scientific Software 

- iijijll#llih METRABYTE 

" U1 
DAP 3200t ™ Da ta Acq11isilion Proct:SSOr"' 

Analog 1/ 0 to 330K samples per s<.-cond Digital Signal Processing up to 16 MIPS 
Digital 1/ 0 to I.GM samples per second 10.24 MHz CPU with up to 4M DRAM 
Up to 512 analog inputs on one OAP 2().32 MHzDSP with up to 96K SRA.M 
Up to 128 digital inputs/outputs DAPLm Operating System 
12-bil or !!>bit resolution ADCs • 100-  ""1UIUOds l\'llCROS fA R 
FFT and FIR-filtering "ith on-beard DSP • Custom """"""'1 inc - -
CP : il86or i·l 86 L \ BORATORJES'# 

Send for FREE catnlog and demo diskette. 
206-453-2345 I fax 206-453-3199 

2265 ! 16th Avenue NE 
Bellevue. WA 98004 

Circle 249 on Inquiry Card. 



Disk & Optical DrivesData Acquisition • Diagnostic Equipment 

The Classic Color Trasportable PC 
• Avallallle in 486·33/50/66 SjSlem or in aSKD enclosure 
• Build-in Hr color SVGA SONY Trinltron monitor 
• 6 Slols With 3IUll 3haltarrangement 
• 2.x 5.25" DO and 1 x 3.s· HOO bay 

Circle 279 on Inquiry Card. 

Fix Your PC "FAST"! 
with the new UNICORE POSTcard V2™ 

I Requires no operaling system 
I On board ROM diagnostics included 
I Buill·ln PreDOS debug capability 
I Full power-on-sett-lost (POSl) mon~oring 
I Solves ell IRQ and OMA conflicis 
I Continuous loop mode for system bum-in 
I Comprehensive users manual wi1i' lots ol 

troubleshooting tips. 

The Unlcore POSTcard V2'" Is a plug-in cfiagnos· 
tic boalll 1h31 monito<s POST (power on sett lesl) 
routiles, prtrlides continuous burM1 testing ol 
prelloot lundlons, and supports c:omprehenslv9 
system ft.rlCIXln and oomponern diagnostics for 
IBM and Olll\patille PCIXT,AT. 80386.8G4S6 and 
Penlium class machiles. In addition, the 
POSTcalll V2 has the ability lo soun:e actual IRQ 
usage and actually monitor OMA and IRO Ines. 
The POSTcard V2 plugs llto any standard 6-bll 
(PC/Xl) or 1&-bi1 (Al) slot and in seconds you wil 
be able to cfiagnose even hard-Ill-find motherboard 
failures. 

CZ UN~RE [II 
1538 Turnpike Stree~ North Andover, MA 01845 

800-800-BIOS 
(508) 686-6468 FAX : (508) 683-1630 

Circle 258 on Inquiry Card (RESELLERS: 259). 

Circle 293 on Inquiry Card (RESELLERS: 294). 
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COMPACT DISC RECORDER SYSTEM WITH; 

PHILIPS CDD521 SCSI RECORDER CARD 

AND OUR CD-PRODUCER PREMASTERIN G 

SOFTWARE IS ONUY $5995.00 COMPLETE . 

'Ske CD-ROWis American lnfoScience 
"  TP-' d~kt<!P i~ 1948 South I .H. 35 

Minutes "' Austin, Texas 78704 
512.440.113~ or fox 512.440.0531 

Circle 291 on Inquiry Card. 

WRllE ONCE CD SYSTEM 
Including a Philips CDD-521 write once drive, 

SCSI interface card, cable, software for CD


ROM and CD-Audio and 5 blank discs. 


COMPLETE SYSTEM 
PRICE $6495 
214-380-01 26 
FAX 214-380-4506 

2CD-ROM, LLC 
4819 Keller Springs Rd . 
Dallas, TX 75248 

Circle 280 on Inquiry Card. 



Disk & Optical Drives 

Circle 276 on Inquiry Card. 

Terminate SCSI Problems! 
SCSI VueTM 
Terminator 
~:Rcgulut io·1· 
• SlaLUs lndica1ors 
• Gold ConiaclS 
Bencfita: 
• Improve SCSI Bus 

Performance 
• Less Errors; More Reliable 

Data Transfl': r 
- · • Diagnoses Problems 

• Analyzes Signal Qual i1y High- Performance 

Fca1urcs: 
• Diagnostic lndicnlors 
• L1rge Fcrri1 c Fi llers 
• Tri ple Sh ie lding 
• Double Gold '.'.Ou" 

Plated Conncc1ors 
• Extra Heavy 26 
Gauge Wire 

Bcncfils: 
• No Loss Of 

Imponanl Dnla 
• Fa tcr Pcrfom1ancc 
• Test Cable lmcgri1y

• 

Active Diagnostic 
• DOS • MAC • UNLX • 

SCSI Vuen' 
GoldCables 

3I01 'Whipple Rd., Union City, CA. 94587 
D•l•G•l•T•A•L Ph: 510-471-6442 Fax 510-471-(1267 

Disk & Optical Drives • Diskettes/Duplicators 

PS/2 50 50z 55sx 60 70 80 P70 
IHTI:RHAL DRIVES • /Al'/ be ustd as a high petf1Jmlanco replzam(nl or to aHJist wt/I angina! IBM drlre, 
Com/liffb.~ •llhDOS3J to62. OS/22.0, 2.1, Willd!r"' 3.1. NT, and Novell lnc/Vdes1Df orSCSl·2microciwlnol 
contto/'cr, /u:dd11ve. motntng kit nbl>a1. powe1 cable, manual,,,,,.,...,._ and free trclltllCal-L 

131 mo. 1sms, Internal IDE Drive .... • • S41~ Processor Upgrades 
245mD. 1Sms, Internal IDE I SCSI Drive .• $4691$499 '"' PS'Z ~'»286. so, ..,..., oo 
345mb, 13ms, Internal IDE I SCSI Drive . $5()91$609 ~-'""5LC>50""' 
540mb. 8.Sms, Internal SCSI On:ve Kit ... ~ . S889 r!:~::,:~ 1L06gb, 9ms, lnlernal SCSI Drive Kit •.•...• S1 ,209 Onl 

5345 

RAPID REPRODUCTION 
Simple Fast Smart Reliable Duplicators 

AX 1000 MANUAL 
-FORMAT. COPIES .VERIFIES. 
-180 3.5 H.D.fhr. 
·COPI ES ALL MFM FORMATS 
- RE LIABLE TEAC DR IVES 
-AVG. 100.000 COPI ESfDRIVE 
-5.25" + JS DUPLICATION 
· I YEAR WARRANTY 

AX-2X AUTOLOADER 
- FORMATS. COPIES.VERIFIES 
- 18015 HD.lhr, 
- COPIES ALL MFM FORMATS 
- FULL BIT BY BIT VER IFICATION 
- ADJUSTABLE WINDOW MA RGIN 
· BATCH PROCESS ING 
· 6 MONTH WARRANTY 

~~N·1c 
TECHNOLOGIES 
CORPORATION 

4995 T I M B E RL EA BL V D ., UN IT 9 
M I SS I SSAUGA , 0 T_ L 4W 2 S 2 

TEL: (905) 602 9270 FAX: (905) 602 9279 

Circle 236 on Inquiry Card (RESELLERS: 237). 

M AY 199.+ B YTE 
Circle 273 on Inquiry Card (RESELLERS: 274). 



Keyboards • laptops & Notebooks 	 Laptops & Notebooks 

Rugged Rackmount Keyboards 

Elma offers high quality industrial ruggedized 

keyboards. Features include: 

• 19" rackmount keyboards 
• Take 1 U or l.75" space 
• Over 25 models to select from 
• Available in full travel and membrane types 
• IBM PC XT/AT, PS2 compatible 
• US and Internat ional versions 
• Spring-lock fronr panel 
• 8mm, 2 button trackball with serial output 

Ca ll Elma at 510-656-3400 
Elma Electronic. Inc. 
44350 S. Grimmer Blvd. 
Fremont, CA 94538 

[ E L M A
I""'\. Tel: 510-656-3400 

~=== Fax: 510-656-3783 

Circle 286 on Inquiry Card (RESELLERS: 287) . 

CUSTOMIZE YOUR KEYBOARD 

• Custom Key Imprinting · all brands! 
• Custom Colored keys for IBM~ DE~. 

Wyse-., Key Tronic-., Chel'f'r'*, and more! 
• Custom and stock keytop label kits for 

software suppon & languages. 
• 	Full color keyboard templates made to 

your exact specifications. 
• Word Perfect Keyboards. 
• Cyrillic, Arabic, Hebrew, etc. Keyboards 

CUSTOM HOTLINE BOO 937-1337 

Circle 244 on Inquiry Card. 

FREE CATALOG 
Everything you can dream of for 
your HP lOOLX ! Flash and RAM 
memory cards, connectivity kits, 
printers, modems, and over 30 
oftware programs are just some 

of the products you will find in 
thi · 72 page catalog - all at 
EduCALC's everyday di scount 

HPIOOLX prices! Call today for your 
FREE catalog. 

EduCALC Mail Store 
27953 Cabot Road 
Laguna Niguel, CA 92677 F//'Q9 HEWLETT 
(7 14) 582-2637 ~~PACKARD 

Circle 277 on Inquiry Card.
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Circle 295 on Inquiry Card. 

Notebook Expansion 
The Easy Way 

LapStation Expansion 
Systems and 
CableMate Port 
Replicators let you 
attach any desktop 
peripheral or PC 
enhancement card 
to your notebook in 
one easy step. 
Models with one to 
seven slots and bays 
support most popular 
notebooks. 

---~nu--corpo rat 1on-

The Portable Penpherols People 


1214 Wilmington Avenue I Solt Loke City, Utah 84106 

(801) 466-9797 FAX (801) 485-6204 Toll Free (800) 866-9797 

Circle 238 on Inquiry Card. 



Laptops & Notebooks • Modems/Multiplexors 

Boost data entry speed, accuracy and convenience 
with Genovation 's Micropad,TM the innovative 
numeric keypadfor portable computers. 

Is the unhandy numeric section or your 
ponablc computer's keyboard dragg ing youTO COMPUTER ... 	 down? ....Gi ve your productivity a boost by 
using our Micropad. The ergonomica lly 
de igned Micropad i ideal for spreadsheet 
and accounting appl ications that require fas t 
and accurate entry of numeric data. 

The Micropad attaches to the para llel port 
of any MS-DOS computer while provid ing a 
clean pass through connection to the pri nter. 
Power usage is negligible. Lightweight and ... compact, the Micropad is fully compatible 

TO PRINTER with and programmable under both DOS and 
17741 Mi1chell, Nonh Windows. It is also available with connectors 
Irvine. CA 927 l 4 USA to fit keyboard and serial ports. 
TEL (7 14) 833·3355 
FAX (714) 833·0322 CiENOVA-_N~TlO_(800) 822-4333 

Circle 240 on Inquiry Card. 

Circle 278 on Inquiry Card. 

Multimedia • Printers/Plotters • Programmable Hardware 

PC Screen to TV Screen 

VGA to TV conversion. the 

Windows, Mac & OS/2
MuJtimedia Presentations 

on Television ... 

1-800-863-ADDA 
· I ~- ~ 

alternative fo r professionals to de li ve r 
hi-resoluti on computer graphics and 
dynami c presentations on televi sion, 
with 16.8 million colors and flicker
free video output, bundled with Award 
Win ning ACT ION! 2.5 SE Software. 

ADDATECHNOLOGrES, INC. 
4850 1Wnrn1 Sprillg1> Blvd., 

Suite #109, Fremont, CA 94539 
• As k. for Adda's "''cl u si ~; 1qwo Flicke r- USA Tel 51 0·770.\lff99 Fnx 510-623-IHOJ 

Free VGA lo TV Con,ci1cr. Cm1111 lu Tr i r.114 ·278·322~ Fnx 60~·278-2909 

Clrcle 289 on Inquiry Card (RESELLERS: 290). 

Why not take it with you? 
Th e World's Slimmest lightest 

last> r-qualit y portable printer. 
• One inch thick 
• 2.6 pounds 
• Plain paper printi ng 
• O HP transparency printi ng 
• Laser q uality reso luti on, 360 dpi 
• 48 dot thermal transfer 
• 67cps in lOcpi , 81cps in 12cpi 
• 360 dp i ~ 360 dpi 
• Centro nics 8 bit pa rallel 
• Bui lt in NiCcl ballery pack 

For info rm atio n ca ll 

1-800-779-7705 
Atl anti c Techno logies 

663 t Amslcrdnm Way. Wilm inglo n NC 2040 5 

Clrcle 296 on Inquiry Card. 

N •west n Z·World's line of C·progr.imm.1ble 
miniature controllers, 1he Linle Sw"' has 16 -
inputs, tq high·current driver ouiputs, RS23' 48;, banery·backed 
RA.II and rcJl·lime clock. progr:1mmable 1imers, watchdog, and more. lt is also 
avaibblc with enclosure and LCD/kerpad. explosion cards fo r ad<ltional 1/0, and 
optional 18 1\!Hz clock. Our e:J>)'·!o-usc, ye1 powerful Dynamic C"' development 
sysrem ( 195l integr:ues an editor. compiler. and debugger. ll1e Linle 1ar is ideal 
for control, test and data acquisirion applica1ion ·. 

li24 Picasso Avenu e 
Davis, CA 95616 
916.757.3737 
916.753.5141 FAX 

Clrcle 263 on Inquiry Card. 

24-Huur AtlloFAX 
916. 753.0618. 
C.111 from yo11r f,\X. 
Rcque. t catalog =18. 
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Tape DrivesScanners/OCR/Digitizers • Tape Drives 

AV 100 - :\VISION Gray. Dr·s k/ J..,.piop Scanm·r 
WO UP l. Built· in ,\J)f Dirc"l l>rin t to Pri ntt"r 
iPlioto Plus&: OCl1 (l ,.ptop a< uph·r addi tional) 

!\ V 680 G · AV ISION 256 Gray. Oa tberl ' "'"""''" 
mux . I,GOOx 1.600 01'1. Legal Size, OC R 

!\ V(,60C · AV JSION 24. IJ it. Tnw Colo r Flatbed -"<·amwr 
1\ lax . I .200 DPI. L..~a l izc. iPhuto Pl us &: OCH . 

!\ \1680C · Al' ISI0.'11 2'i·Bit .Tnu· Co lor Flatlwd Sca nner 
Max. 1,600 DPI, Legal size, l 111u ~<: Pal &: OCH 

!\ \/ 8 0 0 · !11'1510 11 ll igli· peed (IOp pm) Sc:11 11 11 :r 
24 Bi t. 1.200 IW J in Fla1hcd Image Fas t &OCH 

A VG 120 • True C-Olor . 2~00 x 2400 dpi 

Multimedia Upi:-racl e Kil w/lll bit sound cards 

$l~I 

s 1 :~ 

t.<X-J 

"'·Ro 
S2.~00 
6.50.00 

SS99.00 

$799.00 

SM9.00 

SJ, 299.00 

Sl .X9.9.()(J 

Call 

S9.'JJJ5 

COMIPU ER§ °' Jo MORJE 
,\ Dl\' IS IO'.'\ tW 1.IT EC: J I CO ll l'UltATIO:\' 

1 800 548 3246 U.-J0.-1 ..11 -8.00l~M l f'.•ff) 
- - - MO~ -5.-IT. 

l.ITEUI CO IW • h lol 'l . MAIN STH .. U>l:JSlll !ltC:. il\.C. 27.W ) 

TECHNl CA L. SUPPO RT: J.SOQ.. L.JTECH·6 
\A H and Dt' a l1 · 1~ l\•·leomc-" 1'1 10\E 1919J t%-2f>69 FAX : l919) ·1%-i l 11 

A\ 1-.1< 1:--. I ~ TllE H~C l.•'11'.HEJJ 'rR . \Ut:: ~.\ \1t: 1 wA\ ISIO'.\ 1\ C. • 1·11 1c t:."i SUJIJ ITf TO Cl l A~GE \\'ITllOt t r ·" llTl(.E. 

Clrcle 281 on Inquiry Card. 

3480/3490 & 9-Track Tape Subsystems 
1/411 DAT 8mm Optical 

Windows Software Now Available 
• Tape Backup and Restore 
•Make Your O wn CD ROM 

with our CD ROM Maker 
• Optical Storage from $99s.oo 
• Fujitsu Quality Drives 

Circle 247 on Inquiry Card. 

Desktop 9-Track Tape Subsystem 
#1-selling 9-track system on desktop . 

Oualstar's low cost 1/2·incl1 9·track Streaming 
tape systems bri ng full ANSI data interchange to 
IBM AT. PS/2 or Macintosh. giving your micro the 
freedom to exchange data files wi th nearly any 
mainframe or minicompute r in the world. 

Systems include DOS or Xenix compatible 
so ftwa re, coupler card and ca bles. High reliabil ity 
1600 or 6250 BPI capability may be used fo r disk 
backup as well as data interchange. 

Call us today! For details and
QURLSTRR: to order: Fax (818) 592-0116 
- "' Phone (818) 592-0061 

6709 Independe nce Avenue, Canoga Park, CA 91303 
© 1989 Oualstar Corp. 
All product and compa ny names and tradema rks are the exclusive property of ttlci r re spec tive owners. 

Circle 253 on Inquiry Card. 
BYT E MAY 19'J4 

619·571·5555 Overland Data 
FAX 61 9·571·0982 
Europe (+44) 734·891891 Your best choice for 1/2 inch 
EuropeFAX ( +44) 734·891 897 tape solutions since 1980. 

Circle 251 on Inquiry Card. 

TAPEf9i18K ® , ...~.~ 
S 1 0 r11 t: ' 

W e m a k e t a p e s wo r k li ke d i s k s! "" '"''" 

TAPED/SK software turns your SCSI tape drive into a DOS "disk'.' 
DOS assigns a drive letter to your tape drive! 
Works with DOS, Windows, and Windows For Workgroups! 

Full use of your investment - Use your expensive tape drive all the 
time, not just for infrequent backups. 

Easy to use - Easy backups make fo r frequent backups. 
Now save valuable data to tape as easily as saving to disk. 

Direct data access - Read your data direc tly from tape. 
No need to restore data to disk. Save data directly to tape. 

Tape storage is cheaper - less than 1/2 penny per megabyte. 
2 gigabyte tapes cost less than $10.00 

Supported tape drives 
HP JetStore·Conner Python· ltl9HQ!f.I only $249.95 
Turbo Python·WangDAT· .J etStorc 
Exabyte·WangTEK·Legacy· Hefenrnced 800-TAPEDSC 
Tandberg·Colorado Solution 800-827-3372PowerTape. and others. 
Call for delai led lis t. T APEDISK C01poration 

Circle 284 on Inquiry Card (RESELLERS: 285). 



CAO/CAM • Data Acquisition 

Wln tek Corpora ti on 
1801 South Stree t 

Lafayette, IN 47904 

742-6809 

HIWIR~ ll Schematic 
and PCB SoHware 

With support for ex 
panded and extended 
memory, HiWIRE II can 
handle your mos t de
manding schematic and 
PCB designs. The unique 
HiWIRE II editor allows 
you to display and edit 
schematics and PCBs 
simultaneously. using 
the same commands for 
each. HiWIRE II is S995, 
and is guaranteed. 

Call (800) 742-6809 
or (317) 448-1903 

Database • Utilities • Windows 

dBASE Data Entry 

The TransTerm 5 is a work station data entry/display terminal 
for on-l ine shop floor data collection into PC/AT/PS-2 systems. 
The unit is one of a family of such term inals which feature LC 
displays for operator prompting and data entry via sealed touch 
keys or an optional barcode scanner or badge reader 
(Code39,UPC+). A multi-terminal network controller (up to 250 
stations) and a dBASE IV compatib le softwa re package are also 
available. System costs start below $300 per station. Options 
inc lude display backlighting, barcode scanning , counter inputs, 
control output. 

COMPUTERWISE; 
302 N. Winchester• Olathe, KS 66062 

913-829-0600 • 800-255-3739 •FAX 913-829-0810 

Circle 239 on Inquiry Card. 

FAST LOAD :
- .. "'II 

FILE-WISE DISK ACCELERATOR 
BEYOND DISK CACHE ! BEYOND RAM-DISK ! 

• Keeps files you specify In E/XMS for ultralasl access 
• WorkS alone or 10 speed up existentcache/RAM disk 
• Unlike cache, your files don1 get needlessly llushed 

out of RAM. but are always ready lor instant access 
• Unlike RAMdisk. no need to copy Jiles I reconligure 

appli:ations, no RAM wasted on granularity slack 
• Reduce LAN/secver traffic. Speed up DOS &WIN. 
• Pries:$ 49. Call for OEM adaptations &site licelise 

OMEGA POINT, INC. 
25 Birth Rd. Framinglllm, MA 01701 

~ 
TEL (508) 877-1819 
FAX (508) 877-0915 

Circle 268 on Inquiry Card. 

Add Networking Protocols to you r system designs with: 

FUSION Developer's Kit 
• FUSIONTCP/IP protocol suite 

FUSION SNMP agent MIB 2 + Version 2(Available Soon) 
• Flexible architecture -C source code 
• Used in thousands of process control, embedded systems, 

and end-user designs 
• Easy porting with consul ting and training available 
• Complete porting services available from our engineering 
staff 

.P4 S~ttw~~ 
MAY 1994 BYTE 2 65 

Cl rcle 262 on Inquiry Card. 

1994 

-IEEE 488 and 
VXllus Conttol, 
Data Acquisition, 
and Analysis 

Computer-Based Instrumentation 
Free 1994 catalog of hardware and software for computer
based instrumentation. Features instrumentation software for 
Windows, Windows r T, Macintosh, UN IX, and DOS, 
including LabV IEW, LabWind ows, and th e new 
LabWindows/CVI. Describes IEEE 488. 2 interfaces, plug-in 
da ta acqu isition boards, VX lbus control lers, and signal 
cond ition ing accessories. Customer educa tion classes also 
detai led. Includes tutorials and glossary. 

National Instruments 
6504 Bridge Point Parkway, Austin, TX 78730 


(5 12) 794-0100 

(800) 433-3488 (U .S. and Canada) 


Fax (5 12) 794-8411 


Clrcle 250 on Inquiry Card. 

International 
Sell your computer produc 
growing markets today! 
REACH 78,000 LATIN AMER! 
BYTE READ ERS 
Now you can advertise in 1,2, or 
all 3 Lat.in editions of BYTE: 

BYTE Mexico 

BYTE Brazil 

BYTE Argentina 


Give Liz at Global Ad-Net a call t 
info: 603-876-4311. 



THE BUYER'S MART 

A DIRECTORY OF PRODUCTS AND SERVICES 

THE BUYER'S MART is a unique classified section or

ganized by product category to help readers locate sup

pliers. Each ad has Inquiry numbers to aid readers re

questing information from advertisers. 

AD FORMAT: Each ad will be designed and typeset by 

BYTE. Do NOT send logos or camera-ready artwork. 

Advertisers should furn ish typewritten copy. 2"x 1•/,." 

ads can include headline (23 characters maximum), de

sc riptive text (300 characters is the maximum 

recommended) plus company name, address, tale-


ACCESSORIES 

RADIOACTIVE? 
Pio! IIon your PC .-ft Thi RM-60 RAOIATION l.IONITOR 


Sena! or pmter port. 0et9Cfs· ALPHA • BETA • GAl.-'J.tA • X·AAV. 

,,iicroA. 100'.> trnes me resolution of s:andard ge19tr counters 


Exce~! 10< Uadortg RADON GAS. Fond soon:es. N•N: Ve"""1 3.1 

- WINDOWS. Plot • ilaQ,groond • Cosnic flaY> •Clouds • Foods 


CaW/rr.e lot PC MAGAZINEreview. • TSR• GM Tube 

VlSAV.CIEURO Phone oniefs. No< sa!isfied1 Fifi rohrnd 


800-729-5397 or Tel/Fax: (302) 655-3800 
Aware Electronics Cor~. 

P.0 .Box 4299. Wllmlng1on. DE 19807 $149.50 

KEYBOARD, VIDEO, MOUSE, AUDIO 
Extend signals lrom PC with EXTENDER 


Split signals with COMPANION/PC EXPANDER 

Switch signals among PCs with COMMANDER 


Boosts signals up 10 600 feel. Control LP to 96 PCs 
with one keyboard , monitor and mouse. 

CYBEX CORPORATION 
4912 Research Or., Huntsville. AL 35805 

Phone: 205-430-4000 Fax: 205-430-4030 

Inquiry 651. 

VGA Splitters 
Connect 2, 4, or moro monitors to your compulor 
Br igh t a nd crisp p roson tatlon sim ultaneous ly on 
all monilors - Guaranteed 
Works vnth all VGA. SVGA. and RGB rnoohors 
Small durable metal case. MADE IN USA 
Extension cables available 

H&R TECHNOLOGY'. 
Sanla Ana. CA (71 4) 641-6807 800•959•6439 

Inquiry 652. 

ARTIFICIAL INTELLIGENCE 

Al Reverse Engineering Tool 
Reverse engineering tool usos expert sysl <J m lo analyzo 
applica!lons written In COBOL and olher 3td gcnoralion 
langua ges. 
• Automatic product)on of system diagrams. 
• Anatysis reports. 
• Powerful script language. 
• Can be configured lor JCL, FORTRAN, etc. 
• Windows 3.1and OS/2 versions. 

FREE DEM O 

System Builders 
Tel (6 13) 230-4067 Fax (6!3) 236·3754 

Inquiry 653. 

BAR CODE 

Labeling Software 
On EPSON. IBM . OKI. or LaserJet. Easy 
WYSIWYG design. Any lormat/size. Up to 120 
fields per label. 18 text sizes to 3.. -readable at 
100', AIAG . KMart, Sears. MIL-STD. Penneys, 2ol5, 
128. UPC/EAN. Code 39 . File Input & Scanned 
PCX graphics - $279. Other programs lrom $129. 

Worthington Data Solutions 
(408) 458-9938 800-345-4220 

phone and fax number. 2"x2'/," ad has more space for RATES (Jan. 1994) 
descriptive text (850 characters is the maximum recom
mended)_ 

3-5 
lauts 

6·11 
lssuu 

12 
ISSl.I H 

13 
Issues 

DEADLINE: Ad copy is due approximately 2 months 
prior to issue date . For example: November issue 
closes on September 8. Send your copy and payment 
to: THE BUYER'S MART, BYTE Magazine, 1 Phoenix 

2" x1 '/." 
1 ad 
2 ads/issue 
3 ads/issue 
2•12rt. • 

$696 $668 S5B5 
557 
529 

$557 
529 
501 

Mill Lane, Peterborough , NH 03458. For more infor 1ad S1 .392 $1 ,336 $1 ,170 $1 ,11 4 
mation call: Margot Swanson at 603-924-2656. 2 ads/issue - 1,114 1,058 
FAX: 603-924-2683. 

BAR CODE 

3 ads/issue - 1,058 1.002 

BAR CODE 

Portable Bar Code Reader 
>- Use as a PORTABLE. WEDGE. or SERIAL 
>- 9V Battery Operation with Lithium Backup 
>- 2x16 Supertwist LCD Display 
>- 54 Key Keyboard with Separate Numeric Keys 
>- Real·time Clock Supports Date & Time Stamps 
>- Reads all Popular Bar Codes (16 types) 
>- Wand, CCD, Laser. or Serial Input Devices 
>- Bul t-In Program Generator 
>- Create Your Own Custom Programs 
>- 6 Built-In Inventory Programs 
>- Up to 250 Programs Can Reside in Memory 
>- Create up to 250 Data Files per Program 
>- Up to 250 Look-Up Flies in Memory 
>- Bullt- ln Calculator 
>- Supports HAYES Compatible Modems 
>- 64K Memory with Data Compression 
>- 30-day SS Back Guarantee - 1 Year Warranty 
>- Complete Unit with WAND Scanner - $795 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless. TX 76040 

(800) 648·4452 (817) 571-9015 FAX (817) 685-6232 

BAR CODE READERS 
For PC, XT, AT, PS/2, & Serial Terminals 
>- Emulates Keyboard: Works With Any Software 

>- Data Appears as Keyboard Input 

>- Uses Enhanced Decoding Algorithms 

>- Accepts Wand. SloVBadge. CCD, Laser. 
Magnetic Stripe Reader, & RS232 Serial Input 

>- Reads All Popular Bar Codes (16 types) 

>- Reads HIGH. MEDIUM. & LOW density codes 
>- Auto·Discriminates Between Bar Code Types 
>- Easily Programmed with a Bar Code Menu 
>- Over 140 User Configurable Options 

>- Daisy Chain Up to 96 Readers 
>- Supports NOVELL Networks 
>- Supports US & INTERNATIONAL Keyboards 

>- Direct From Manufac1urer 
>- 30-day SS Back Guarantee, 1 Year Warranty 

>- Complete Unit with LASER Scanner - 51095 
>- Complete Unit with WAND Scanner - $395 

AMERICAN MICROSYSTEMS 
2190 Regal Parkway. Euless. TX 76040 

(BOO) 648-4452 (817) 571-9015 FAX (817) 685-6232 

SCANNER SALE 
USA M• de 

• WELCH AUYN Steel Wand w/decoder $249 
• SYMBOL Laser LS2000, LT1700 or SP400 wfdocoder 5699+ 
• So!twMl Wedge (00&"1N) •.t!P Wand or PSC lJlsct 5125+ 
• Mag Stripe Encodor/Roodor (2 or 31rks) $1099+ 
• Prlnl Software (00&\'llN) S149+• Sortwaro : lrMn~ Tedi. 
• POS Products • 30 Doy SS Back • SPANISH Oepl Aval l. 

BARCODE INTERNATIONAL SYSTEMS (BIS} 
12140 Severn Way. Rivorsldo. CA 92503 (909} 270-0016 lnl'I 
(800)653-4252 US• (800)219·5!78 CAN· FAX (909)270·0920 

Inquiry 654. 

Bar Code Readers 
For PC, XT, AT, PS/2, Macintosh 

and Serial Terminals 
* Anaches as 2nd Keyboard or to any ADB port

* Reads 2of5. 126. UPC/EAN. Code 39. etc. 

* External or Internal attachment on PC 

* Wand. CCD, Slot Badge. Magstripe or Laser 

* Two Scanners per Reader 

* 100+ Configurable Options 

* 2 Year Warranty. 30 Day S Back Guarantee 

* Direct From Manulacturer 

* Top Rated by Independent Review 

* Complete with Laser Scanner - $1295 

* Complete with Stainless Steel Wand - $399 

Worthington Data Solutions 
3004 Mission Street 

San ta Cruz, CA 95060 
408-458-9938 

800-345-4220 

Portable Reader 
* AA Battery Operated. 64K or 256K 

* User's voice messages tell operator what to 
do at specified errors and at data entry steps. 
Messages are pre-recorded by microphone 
and broadcast thru bullt-ln speaker or 
earphone. EASYI Any language. 

* 4x20 Supertwist LCD Display. 36 Rubber Keys 

* 2 Built-In Inventory Programs 

* 3 User Defined Programs. & 3 User Data Files 

* Wand. CCD. or Laser Scanner Input 

* Serial Interface and Keyboard Interface 

* Reads 2of5. UPC/EAN. 128, Code 39. etc. 

* 2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

* 64K Complete with Steel Wand - $799 

* New Smaller Size- weighs only 12.5 oz. 

Worthington Data Solutions 
3004 Mission S1roe1 • Santa Cruz. CA 95060 

408-458-9938 FAX 408-458-9964 800·345-4220 

Cordless RF Bar Code Wand 
A cordless RF bar Code wand with a range of 100 
leel. Ptug-N·Play. No software needed. Attaches 
as 2nd keyboard. For IBM and Macintosh or any 
serial device. Real-time remote data collection for 
$695.Optional pocket beeper for long range -S295. 
Its an exclusive from the PC bar coding leader. 

Worthington Data Solutions 
(408) 458-9936 (800) 345-4220 
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BAR CODE 

Bar Code Printing Software 

LabelWorks for Windows 


> Prints all Popular Bar Code Types (19 Types) 

> Desktop Publish ing Fea tures: WYS IWYG. 
Scalable Fonts. Rulers. Guides, Lines, Shapes. 
Page Zooms (25%-400%). Templates 

> Rotates Text. Bar Codes, and Graphics 

> Supports Windows Compatible Fonts 

> Choose From Over One Hundred Pooular 
Label Formats or Design Your Own 


> Rich Text Support: Mix Styles. Types. & Sizes 


> Automatically Prints Serial Numbers 


> Imports & Exports Graphic Files: 

TIFF, GIFF, BMP, PCX, WPG. WMF, TARGA 


> Supports Virtually all Windows Compatible 

Printers (PostScript. Laser. & Dot Matrix) 


> 30-day Money-Back Guarantee, $295 


' ' • CALL FOR FREE DEMO SOFTWARE .. • 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 

1800) 648-4452 1817) 571-9015 FAX 1817) 685-6232 

BAR CODE EXPERT 
• Ke"Jboard we<lQe readers lor PCIXTIAT. 1'512. Mac and Ternlnals. 
• Readers wlRS·233, RS-185ond multidrop protocol. 
• Reader w/OTMF output data tra~sm1ssion over phone lire. 
• Atcepts Wand. Slot. CCO. t.aser. MaQstripe and MICA 
check reader . 

• Reseller's distoun1available. Please call for free. catalOQ. 

!BS-Intell igent Barcode systems, Inc. 
16031 Kaplan Ave., Clly al Industry, CA 91744 

(800) 765·2271 (818) 968·6265 Fax: (818) 968·5527 

Inquiry 655. 

NEED A ONE STOP SOURCE 

FOR YOUR BAR CODE SOLUTIONS? 


HO PROBLEM! WE OFFER Quality • Perlormance • Value 
A lull lina of READERS • PAINTERS • PORTABLES • BAA 
CODE READERS FOR NOTEBOOKS• HEWLETT·PACK· 
ARD SCANNERS • MAGNETIC STRIPE READERS. Our 
renders plug and play wilh your existing system wilholtl odd· 
itional softvvoro. CALL ABOUT OUR 30 DAY GUARANTEE• 
TECHNICAL SUPPORT• OE~tNAA DISCOUNTS. 
INTERNATIONAL TECHNOLOGIES &SYSTEMS 

EasternUSA (BOO) 826-1688 804-272·01J8 Intl. 
Wes te rn USA (800) 228·9487 804-272-0357 Fu 

Inquiry 656. 

DOS & WINDOWS BAR CODING 
Bar code readers designed for fast, reliable , cost · 
ellective data·entry. They work just like a second 
keyboard . Numerous scanners (wand, credil card, 
CCD, laser, etc). Bar Tender for Windows designs 
labels on screen &. outputs on almosI any printer. 
DOS pr inling, too. Generous reseller discounts. 
Great warranty. 30-day money·back guarantee. 
Seagull Scientific Systems, Inc. 

15127 N.E. 24th. Suile 333. Redmond, WA 98052 
800-758-2001 205-45Hl966 FAX 205-451-8962 

.. 
 ·
DATA INPUT DEVICES 

Bar Code, Magnelic Stripe Readers for microcomputers 
& terminals. Including IBM PS/2 & others. DEC. 
Macintosh. AT&T, CT. Wyse. Wang. All readers connect 
on the keyboa rd cable & are transparent to all software . 
UPC & 39 prin t prog rams, magnelic encod9 rs, & 
ponable roaders are also available. 

TPS Electronics 
4047 Transport, Palo Al1o, CA 94303 

415-856-6833 AppleUnk: BARCODE 
1-800-526-5920 FAX: 415-856-3843 

Inquiry 657. 

BAR CODE 
VARIANT MICROSYSTEMS 

BAR CODE READERS DELIVER 
WAND!LASER/MAGNETIC CARD CONNECTIVITY 

Keyboard wodgos (lntemaVExtemal) Im IBM PCIXTIAT. 
PS/2, and por1ables 
AS232 wodgos for WYSE, Link, Kimtron terminals 
Bar COdO and label prinling software 
Full two-ye..u wmranty 
3~0ay Monoy·Back Guarantee 
Extensive VAR/Dealer Discounts 

<65CO F"""'1t Bhd.. SU:.10S/ F"'"""1, CA 9"531!115tol.i.<(}2870 
800-666-4BAR FAX: (510) 440-2873 

Inquiry 658. 

BOOKS 

Earn Your High-Tech Degree 
While Working Full Time 

H igh· Technology Degree Alternatives shows how 
to get your college degree without qui tt ing your 
job. attending night school for years. or breaking 
your budget. $21.95 + $3.75 Slh. Use VISAIMC. 

Professional Publications Inc. 
Dept. 808. 

(800) 426-1178 

Inquiry 659. 

C++ & DAT ABASE 
C++ Llbrar1os 10 BCcess end tax to/from your database: 
SyPlUS & OraPlUS Ct-t lforaries tor Syba.se & Oracle S1B900 
SyPlUS & OraPLUS w/Source code $589.00 
Sy FAX & OrafAX C•• Ubrarles lor S'Jbase &Oract• St 29 00 
Sy FAX & OraFAX w/Sour"' code $529.00 
Olhcr C++ Products: 

ln·O!lJth C• +vfdeo cours.e: DOS/UNIX examples. suppan $249 00 
The C·• TOOLBOX. MSiWin. DOSLltlraries 589 00 
The C•· TOOLBOX w/Scurce code S269.00 

Universal Information Systems (UnilnfoJ 
(BOD) 793-7491 

72 Van Rlopon Avenue. Jersey City. NJ 07306·2806 

Inquiry 660. 

CAD/CAM 

CONTOURING MOTION CONTROL 
F~~~x! ~P~'~T!1~~,~RT ! $249 

NEW VERSION 3 VISNMC 
• Con trols up to six step motors slmuttanoously. 
• Linear and Circula r lnlorpolation. 
• Now foa1ures 10 accommodale machine con1rot 
• Easy·IO·U!IO DOS devico driver. Super Manual. 
• CAD·CAM ln lorface available. 

Corporation, 1422 Arnold Ave
Ability Systems Roslyn. PA19001l215l 657·4338 

FAX: 1215)657·7Bt 5 

Inquiry 661 . _ 

International Marketers: 
Sell your computer products in one of the 

fastest growing markets today! 
.., REACH 78,000 LATIN AMERICAN BYTE READERS 
c I Now you can advertise in 

1, 2, or all 3 Latin editions ol BYTE 
BYTE Mex ico • BYTE Brasil • BYTE Argentina 

Give Liz at Global Ad-Net a call today for more Info: 

603-876-43 I I 
Inquiry 662 . 

CD RECORDABLE 

Geared to CD·technology 
GEAR. lhe ultimate CD·Recordabl• lo o! fo r any CD·Slandard 
II you demarnl a sJmple, easy to use sollJfjon 10 creale CD's, GEAR 
is every1hlng you need. GEAR supports all major CO· Recorders. 
.NC. KOdak. Pt11l1PS. Ricoh, Sooy and Yamaha GEAR Is avaitab!e on 
DOS. Windows. Apple Macmlosh. Sun Unix and Hewie!! Packard 
Unix. 

Elektroson 
Amerka. 3 1 Walerkx> Avenue. Bervtyn. PA 193 12, USA 
tel 1·215--660-9033. lax 1·215-66 i·9387 
EU1opo &Am. P 0 Box 2'36. 5600 CK Eird>""'1. rne 'C'!t0ri3ros 
101 31 · (0) 40-51 5065. lax 31 ·(0) 40·514920, 
E·mail Elok1r0 Csc1.kun.nl 

Inquiry 663. 

.. I 1 ILL - 111 

CD-ROM 

A-LINK is YOUR LINK to CD ROM TECHNOLOGY 
From the heart of Silicon Valley 

* CD Rom Titles * 

• CD Rom Drives * 


• Multimedia·• 

Low Prices ........ .. .... La rge S e lection 


Call 24 hours for lree catalog 


800-529-9222 or Fax (408) 255-6281 

Visa/MC 


Inquiry 664. 

Allegro Business CD·ROMs 
• Allegro Businoss Library ...... . ........................ $59.95 

• Allegro PC Library ...... . . .. ... .. ............$99 95 

• The Climon Haatth Securi ty Plan... . . ........ .. .......$14.95 

• lnPrinl Art Llbrnry Volume 1 ........................... ... .. ..... $59.95 

• lnPrin1 At1 Ubrtuy Volume 2 ........... . . .................. 559.95 

• Multimedia Bi..siness 500.......................................... $49.95 


Allegro New Media •387 Passaic Aver.ue 

Fax: 201 ·808·2645 Fairfield, NJ 07004 


CALL TOLL FREE: 800-424-1992 


Inquiry 665. 

USA UNZIPPED™ 
lnstanlly veri ty any address in the entire USA. Pro,i dos 
unlimited access on CD·ROM lo every straet, city, and 9· 
dlgi1 ZJP code. Glenn up mailing lists. Avoid waslod posiage. 
Pays for itsoll many times over. Windo"Ns. 30-day monoy· 
bad< guarantee. Only S29.9S. MC/Visa. 

CD LIGHT 
8861 S. Siiverstone Woy, Sandy, UT 84093 

Phono 801 -943-0162, Fax 801-943-5633 
71141.224 @compuserve.com 

Inquiry 666. 

:;: TOSHIBA :;: TEXEL *NEC * 

* SCSI INTERFACE :;: 


:;: MEDIA VISION :;: TRANTOR :;: 

• CD·ROM TITLES. MAC & 005 

• CO.ROM CADDIES & ACCESSORIES 

Computers at Large 
Saratoga, CA 

Dodlca1od 10 CD·ROM technology. 
PLEASE CALL FOR O UR P RICE L IST 

800-642·4194 • 408·255·, 08 1 
Fax 409·255·2388 VISA & MasterC<l td accepte<l 

Inquiry 667. 

MULTI-PLATFORM CD-ROMs 
GRAPHICS: G1 a~hlc :ippllcations & source ..... . ...S24.95 
AUDIO: Audio ~Ds, Sounds, Elfeds... ..........S24.95 
LANGUAGES/OS: Largest collecU01 or Languages w/source S.39.95 
MEGAMCOIA II : 24 bit lmoges. lonts. 5ounds ....................... S3!>.05 
DIGITAL CINEMA: AUi & MPEG video clips ......... .......$34.95 

KNOWLEDGE MEDIA 
436 Nunneley Rd.. , Ste B. Paradise, CA 95969 
(800) 78·CD· ROM : (916) 872-3826 FAX 

Inquiry 668. 

Put All Your Documents on 

CD-ROM for less! 


We can assls l you In your CD-ROM Oovolopmenl by 
converting papor documents, mcrofllm or f.c:ho. calalcgs ofld 
images on 10 CD·AOM. Wo also develop search onglles lor 
ro1rioval purposes. 

Comµo1l1Jvo prices and e11:ccllen1 cusiomer service 

Call !or Information. 


Media Conversion Corp. 
800 Roosevelt Road, Building O/Sui10 106 

Glen EDyn. ll 60137 
/BOO} 861).1033 or Fax /708) 469-1277 

Inquiry 669. 
MAY 1994 B Y T E 267 

http:compuserve.com
http:Elok1r0Csc1.kun.nl


CD-ROM 

CD-ROM Networking for l'ccr-to-Pccr Networks 

Introducing OPTI-NET• Lite 


OPTl·Nl:i' lit<• cmplo) tb.tJ. caching :rnd prcfctc hing 
techn olt)f,:.ics to improve the response times fo r dic:nts 
!)h:tring t:l}-RO~I rt"Sourccs on pcc r-i o.JX--cr nc twork..'ii. 
Call fo r yo ur free c;u:i lug fc:nuring our line of CD·HO~I 

t~~~~~~~ 1!1 1!~c_tg~~'~"\~1:;. CC18~k~.~f ~~;~:~~ ~~;1~1!)1~~~~1~~ 
Cl).RQ,\t h J. rdV•":lfl', ml! ncr-workcc..1 CD·HO~l 1ilk:,! 

ONLINE COMPlITER SYSTEMS, CNC. 


Fb.~hF• .\.\: Tnf11m1:i rlon llocllnc 30 1-601·2 120 
_lO l - 128·3700 or FAX u.i:i t 301-i28-2YOj . 

Inquiry 670. 

New and Updated CDROM Titles 
Cica MS Windows CDROM. Thsnds ol Window< prgrm<..$29.95 

Giga Game< CDROM, Games lor DOS/V/indows................$39.95 

Space and Astronomy, Thsnds NASA images/data ..........$39.95 

CUser Group Librar1. C source code Dec 93 .......$49.95 

S1mtel MSDOS COROM. DOS Shareware/freewara ..... .. ...S29.95 

ORZ Ham Radio CDROM, FCC Callsign Db & Shn•1ar ......529.95 

Hobbes OS/2 CDROM. OS/2 Sharewarelf reeware ..........529.95 

Source Code COROM, 650 Mb source. OOS/Unix ............$39.95 

Gutenbfrg Project, Literature and docs ...........................$39.95 

Linux Operating Sys. 3861486 OS. Xl 1. lull src ................$49.95 

freeBSD Operating Sys, Ver 1.0, krnl SIC , XIGNU " " """""$39.95 

Libris Britannia. MSD05 Tech/Sci/Engineer .... .. .......... .....S69.95 

X11RS/Gnu CDROM, Full src. SPARC binaries .................$39.95 

llebula lor NeXTSTE P. Proms lor Intel NeXTSTEP ..........559.95 

Ada ProgrammingCD ROM, Compilers. source, docs .........$39.95 

Amine! CDROM. Amiga Sharewarelfreeware ....................$29.95 

CDROl.I Caddies, lilellme Guarantee .................$4.95 


Top quality CDROMs. 100% salislled or lull retund . 

WALNUT CREEK CDROM 
404 1 Pike Lane, Ste D-212, Concord, CA 94520 

1·800·786-9907 Visa/MC AMEx, Fax: 1·510·674·0821 

Inquiry 671 . 

CELLULAR PHONES 

TWO CELLULAR PHONES 
WITH ONLY ONE NUMBER 

Our cellular software will allow you to 
change phone numbers and e lec 
tronic serial numbers on 

MOTOROLA• MITSUBISHI• PANASONIC 
NEC • RADIO SHACK • NOKIA 

WHY PAY TWO CELLULAR BILLS? 

Put the same number on as many 


phones as you like! 

Only $495! 


We can also sell you a hand held 

cellular phone with your existing 


number for only $395.00! 


Cellular Press 
421 N. Rodeo Dr. #15318, Beverly Hills, CA 90210 


Phone: 310-289-2174 

Fax on Demand: 305-346-7674 


Call from your lax handset and lollow lhe voice 

prompts to receive complete technical specil ications 


Inquiry 672. 

COMMS SIMULATION 

F:REE Demonstrate. test or 
bundle lrom lax-scanning 
to ISDN , NO lino or 
inslallalion costs. 

WORLDWIDE PHONE- LINE SIMULATORS 
Fax Scanner (9 to 18 Volts) $45 £28 
One-way Dial-up ("Li te") S125 £79 
Two-way Dial-up ("Demo") $189 £119 
6-way ISDN (rent or buy) from 5599 £370 

FREELINK "' GoodThinKlng '""' 
Access +44 (O) 644 291803 Fax.292803 Visa 

Inquiry 673. 
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COMPUTER BOOKS 

COMPUTER BOOKS at a discount 
Personal, technical ser\ice. 15% discount olf most books 
from 140+ pubUshers. Networks, Windows, archltocture , 
CD-ROM, c++. UNIX, COP, lntemel, Macintosh, TCP,lP, 

~~~:i'~ti~~;,~:U~;,~~c~,;/'f,~~ 1~~rn~~KM"c;,~~~ 1 
AMEX. DISC, JCB cards. Free 16-page catalog. 

CompuBooks 
Rt. 1, Box 271-D 51 2-321·9652 
Cedar Creek. TX 78612 Fax 512-321-4525 

800-880-6818 

Inquiry 674. 

COMPUTER INSURANCE 

INSURES YOUR COMPUTER 
SAFEWARE Comput erowne~s coverage provides 
replacement of hardNare. media and purchased 
soltware. As little as $49 a year covers accidents, 
theft. power surges and more. One call does it all. 

1-800-800-1492 
SAFEWARE, The Insurance Agency Inc. 

PO Box 022 11, 2929 N. High St., Columbus. OH 43202 

Now avollnblo In Ontario!! ! 


Inquiry 675. 

CROSS ASSEMBLERS 

Cross Assemblers 40"t..:1'E>1i
Simulators ~ q/Jc 

Disassemblers E>4><S>~ E>q 

Pseud oCorp 
&, 

· 
716 Thimble Shoals Blvd. Newport News, VA 23606 

(804) 873-1947 Fax (804) 873-2154 
BBS (804) 873-4838 

Inquiry 676. 

DAT A RECOVERY 

Ontrack 
DATA RECOVERY 

• Professional seN lce recommended by major hard 
drive m2Ilufacturors • Expertise in virtually every 

operallng system & media storage device • 24·hour 
support with weekend. priorily, & on-sile service 

available • For fast, successful results. call: 

MN:l-800-872-2599 • CA: 1·800-752-7557 

UK: 44·81 ·974-5522• GERMANY: 0130·815·198 

Corp, Headqua rters: 6321Bwy Dn've, Edon Prairie. MN 55346 

Inquiry 677. 

Tape & Optical Data Recovery 
Any Tape, Optical, Cartridge o f any format whether 
pa rt ially overwri tten or damagod, Vogan tho world 
leaders In Tape & Optical Data Recovery can recover 
any data anywhere on lhe surface. Recoveries from 
112·. t/4", DC2000, 4mm, 8rnrn EJcabyte, DEC TKxx. 
3480. Worm, M agno10 Optical etc 

VOGON International Ltd. 
USA: 405-321-2585 Fax: 405·321·2741 

UK: +44 (0) 734-890042 Fox: +44 (0)734-890040 


Conversion & Dupllcalion Systems & Bureau 


Inquiry 678. 

DAT A/DISK CONVERSION 

THE #1 CHOICE 

in disk & tape conversion 


~~~~~l. :~~~9m:r:~i1~0~:e~j~~~~~~g~~~~~;.-
Free test • Satisfaction guaranteed 

Graphics Unlimited Inc. 
3000 Sc-c:ond SI. North, Minnoopolis. MN 5511 1 I 

(612) 588·7571 FAX: (612) 588-8783 
1·800-745-7571 

Inquiry 679. 

DATA/DISK CONVERSION 

CONVERSION SERVICES 
Convert any 9-track magnetic tape to or from 
over 5000 formats including 31>", SY.- , B" disk 
formats & word processors. Disk-to-disk con
versions also available . Introducing CD-ROM 
conversions. Call for more info. 

Pivar Computing Services, Inc. 
165 M ln9ton Hgts. Ad.. Dept. #B, Buflalo Grove. IL 60089 
(800) Convert (708) 459-6010 

DATABASE/ZIP CODE 

US ZIP CODE IN DISKS 
INCLUDING CITY, COUNTY AND STATE 


FREE ZIP CODE FINDER SOFTWARE 


JUST $49.00 

PUMA INSTRUMENTS 


28861 RAINTREE LN., SANTA CLARITA, CA 9t350 

Tel. (805) 297-6379 Fax (805) 297-7081 

Inquiry 680. 

DISK DRIVES 

WORKSTATION PRODUCTS 
Oisk. optical and tape drives tor RISC/ lnl el 
platlorm s. Reliab le , co st- ertec tive sol ulions. 
Supporting IBM PS/2, RS/6000, Sun. HP, DEC. 
SGI and others. Installations Worldwide. 

COMPUTER TECHNIQUES 
625 E. Merritt Ave. Suite K 


Merritt Island, FL 32953 USA 

Call 407-453-8783 Fax 407-452-3757 


Inquiry 681 . 

DISK DUPLICATION 

FULL SERVICE DISKETTE DUPLICATION 
• All disk formals, 100% virus checked 
• Available in a variely ol colors 
• Cuslorn silkscreenlng 
• Bulk diskettes also available 

Manufacturing diskettes In the U.S. s ince 1978 

Syncom Technologies, Inc. 
1000 Syncorn Drive, Mitchell, SD 57301 

1-800-843-9862 

Inquiry 682. 

EDUCATION 

S.S. & M.S. In COMPUTER SCIENCE 
Tho American lns111u10 lot Compv1cr Sciences offers on in· 
dopth home study program to earn your Bachelor or Science 
find Milster o f Science degrees In Computor Sclonce at 
homo. 8.S. subjects covered ore: MS/DOS. BASIC, PASCAL, 
C , Filo Processing, Dato Slructures & Operating systems. 
M.S. program tndudes subjects ln Software Enginccnng and 
M tldal lntel6genco. 

AMERICAN INST. for COMPUTER SCIENCES 
2t01·6Y Magnolia Ave.5'>Jtl1. Ste. 200. Birmingham,AL 35205 

800·767·2427 20S·323-6191 

FLOWCHARTS 

FLOW CHARTING 3 
• High resolution pnnl outs ... 

dot mnlrht or lase r ~ 
• Multl·page charts ... 
portrnll or k1ndscnpc ~ 

• Import/export capab1hties 
• 35 shopes. 1 O fonts, 4 line stylos 

Coll for free domo disk! 

PATTON & PATTON eoo-s25-0082ex1. t 311 
So 11 w a re Co r p o r a. 110 n .&!!l~Ct~lib?'IHil.CA9:Sm7 

5« our Jd on DJue 208 

Inquiry 683. 



FLOPPY DISKETTE 

3.5" FLOPPY DISK 
RELIABLE & DURABLE 

• We are a manufacturer under the licence 
of Sony corporation . 

• Ou r disks are all 100% Tested & Cert ified 
Error Free with guaranteed Clipping Level. 

• Avai lable products: 2HD, 200, Clam Shell. 
• Our own brand MEGA and OEM or bulk 

are also available. 
• Duplicator & wholesaler are welcome. 

INMARK IND. LTD. 
(HK) 

IA Man Foong Industrial Bldg. 
7 Cheung Lee Street 

Chai Wan, Hong Kong 
Tel : (852) 558-2203 Fax: (852) 897-3700 

YHC CASSITTE IND. LTD. 
{TORONTO) 

75 Salntsbury Square. Scarborough 
Ont Canada M 1 V 3K1 

Tel: (416) 321 -1179 Fax: (416) 321-8451 

Inquiry 684. ."I. 
~.,LI! A.I 

FLOW CHARTS 

WINDOWS FLOWCHARTER $129 
RFFlow 3.0 Is a professional drawing tool lor 
llowchar1S & org. charts. Requires Microsoh Win
dows: 200 shapes auto adjust rn size; diagonal fines 
and curves; auto line routing and re-routing; OLE 
server· clicK on a shape to b rin g up a sue-chart; 
Import/export bitmaps and metafiles: Call for free 
trial disk. 

RFF ELECTRONICS 
1053 Banyan Coun. Loveland, CO 80538 

Phone: (303) 663-5767 FAX: (303) 669-4889 

FOREIGN LANGUAGES 

FOREIGN LANGUAGES 
Arabic, Hebrew, Russian, Chinese, Japanese. 
Indian, S.E. Asian - all the world's languages In 
Windows. Full support for mixing Arabic, Persian, 
Urdu, Hebrew + En glish. Chinese and Japanese 
type vertically/horizontally. Easy to usel From 
$149.95. Calf or write Iha Winlanguage" experts! 

Gamma Productions, Inc. 
Tel 310·478·6774 Fax 310·478-7765 

2130 Sa1•Mlle Blvd. #305, Los Angeles, CA 90025 

Inquiry 685. 
-> 

HARDWARE 

486 
Upgrade slow 386 with 
486 33, 50*, 66* Mhz 

motherboards from $108. 
•Made by IBM-3 year warranty. 

486 Systems from $598. 
1 Year Parts, Lifetime labor warranty 

MONEY BACK GUARANTEE 
For immediate Information any time, call (718) 335·9725 

from your fax and request document number 81 Ot . 

Fulmark 73 Spring St. , #407, NY, NY 10012 

1 (800) FULMARK or 
(212) 274-1194, fax (212) 274-0803 

$108 
Inquiry 686. 

~ .. ... 

HARDWARE 

IBM BUY • SELL• TRADE DCA 
NEED TO BUY 

IBM CAU'S, LAMS, SDLC Card, MC 
Store Loop Adapter, Any Quantity 

CONNECTIVITY 
IBM 4MB TOKEN RING 
IBM 4MB TOKEN RING MC 
IBM 16/4 TOKEN RING MC 
IBM 16/4 TOKEN RING AT 
IBM 5250 EMULATION AT/MC 
IBM 3270 EMULATION ATiMC 
IBM 8228 MAU 
IBM 8218 COPPER REPEATER 
IBM 8220 FIBER OPTIC CONV 
DCA IRMA I BLOWOUT 
DCA IRMA Ill 
DCA IRMATRAC 1614 
MA DGE TOKEN RING 4MB (NEW) 

SOFTWARE 

49.00 
99.00 

249.00 
349.00 
249.00 

99.00 
225.00 
275.00 
675.00 

49.00 
199.00 
299.00 

69.00 

IRMA WORKSTATION WIN 249.00 
IRMA WORKSTATION DOS 249.00 
ATTACHMATE EXTRA 200.00 
ATTACHMATE EXTENDED 24g.oo 
IBM 3270 PC EMULATION 149.00 
IBM PERSONAL 3270 V.2 200.00 

IDEA 5250 EMULATION 99.00 MC 
Piedmont Data Systems

Atlanta , Gecrgia 
Phone (404) 449-3425 FAX (404) 441-1961 

Inquiry 687 . 

Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 

Professional, Corporate, Government, and 
Educational Buyer since 1985 

APPLE II' & MACINTOSH' 
SYSTEMS• PARTS• EXCHANGE REPAIRS 

Calf for a Ca/a/og...800-27 4-5343 
INT'L: 617-275-4600 •FAX: 617-275-4848 

205 BURLINGTON ROAO • BEDFORD, MA 01730 

Inquiry 688. 

It 
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HEWLETT·PACKARD 
Buy  Sell  Trade 

LaserJet ColorPro 
DeskJet Draft Pro 
RuggedWriter DraftMaster 
Electrostatic Plotters DesignJet 

HP 9000 Workstations and Vectras also available. 
Ted Dasher & Associates 

4117 Second Ave .. S. Birm~ ll{lham, Al 35222 
Phono: (205) 591-4747 Fax: (205) 591 -1108 

(800) 638-4833 

Inquiry 689. 
... '- .. 

DC POWER? PC APPL! ATI N? 
•we have solutions 

·12, 24, 48, 12, 125, 250 voe 
• Panel Mount Rack Mount 

Computers and Power Supplies 
'Sales and Service Support Slnce 1976 

TRANSDUCTION LIMITED 

'I 

5155 SPECTRUM WAY, BLDG. 23 
MISSISSAUGA, ONTARIO, CANADA L4W 5A1 

U.S. and Canada Sales 1-800-268-0427 
lntemalional: 

Tel: 905-625-1907- Fax: 905-625-0531 

Inquiry 690. 

HARDWARE/DSP 

DSP & DATA ACQUISITION 
PC based DSP board s tor Data Acquls l1ion and general 

fi~:~a"~d·/~~/,fg'~r~~~~P~r:es"s~~~e n TMS320 series 01 

~~t~:i~~o1n~r fff~~~ ~t~~~l~~~,f~i i ~~ts6~1t~;~~~~si~~l~d3e1~ 
wilh each board . 
33MFLOPS TMS320C31 based Model 310A with high speed 
analao VO is priced lrom $700. 

Dalanco Spry 
89 Westland Avenue, Rochester , NY 146 18 

Phone: 716-473-3610 Fruc : 716-27 1·8380 

Inquiry 691 . 

., 
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LANS 

The $25 Network 
Try the 1st truly low-cost LAN 

•Connect 2 or 3 XTs, ATs, 386s, 486s 
• U ses serial ports and null modem cable 
• Runs at 11 SK baud - approx 8500 bytes/sec 
• Runs in background, totally transparent 
• S hare disks and printers , etc. 
• Needs only 15K of RAM 

Little Big LAN 
The most flexible network 

• Peer to P eer LAN to 250 nodes 
• $75 tota l software cost , not per node! 
• Link via serial , parallel , or Modems 
• Link via Ethernet or Arc net 
• Mixed mode routing 
• T ypically only 4 0K of RAM 

Skeptical? We make believers! 

Information Modes 
P.O. Drawer F, Demon . TX 76202 

Tech 817-387-3339 Orders 800-628-7992 
Hours 1-5 Mon/Wed, 9-5 Tue/Thu/Fri CST 

Inquiry 692. 

MAILING/SHIPPING SOFTWARE 

*** SHIPMASTER *** 
$ 79• 9 5 Mailing & Shipping Software 

Reg 5299.00 Limited Offer/!/ 

• Generates Address Labels, COD Tags & UPS Manifest 
• Eliminates UPS Calculations & Multi-Chart Look·up 
• Easy· fo·fol/ol'I Menu Screens &Pop·Up Colored Windows 
• Interfaces with DBS Invoicing/Accounting Packages 

Free Bonus! »> Includes Built·in Message Scheduler 

D $79.95 ShipMaster (Mailing & Shipping Sollware) 
D $49.95 CheckMa ster (PersonaVBusiness Cheek Book) 
D $29.95 BudgetMaster (Rnanetal Bu clgelary Forca'1er) 

,, SI.OD Shipping & H1 ndllng (C111f Rtsldentf 1dd 1.75 " Siles T11} 

D Visa D MasterCard D Ch eck o COD Cash only 

Card # ExpDate__ 

D 3.5" IBM-PC D 5.25" IBM·PC D Apple Macintosh 

Please FAX your ord er w/company name, address & pho ne i 

Data Business Systems roep1. 2; 
t 22·A 31st St. Newport Beach, CA 92663 
(800) 675-0731 Fax: (714) 675·074 1 

Inquiry 693. 

NOTEBOOK PERIPHERALS 

Second Serial Ports 
Toxos Instruments, Toshiba, EvereVSonyo 

RS232 • RS42214B5 
High-spood bullorod UART • $19910 $249 
NEW tor PCMC IA • RS422/485 
Custom UO pons for Toshiba 
150 pin bus: RS232,422/485. IEEE 488 

Cus1om design capabi1ity. Also Auto & aircralt powor 
adapters for portoblo computers and printers 

Oo sig nod and ma do In USA!I 

Empire Engineering 
Ca~lomia USA 

tel 805/543·28 t 6 fax 805/543·2820 

Inquiry 694. 

PROGRAMMERS TOOLS 

E-MAIL Enable Windows ARRfil 
" OMS1M, It's powerful stuff!" JoM Jottu1 ROSC 

=:~17!~:· ~~fenoffC:fi~n~bs~~r":;~r:s~ ~:~d'~§ 
your appllcallons can use VIM, MAP/ & MHS e-mafl. 
OMS Is available as a DLL or a VBX. Ask us about the 
source code. 

• Vlsa/MC/Amex • 

Call: (214) 234-2611 
Raindrop Software Corporation 
833 E. Arapaho Ad., Sufte 104. Richardson , TX 75081 

Inquiry 695. 
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SCIENTIFIC SOFTWARE 

Scientific &Technical Software 
Call for our latest FREE catalog 

1.800.622.3345 
ScrTech is your source for tho best value in sckmtlfic and 

technical soltwaro. Mo'° than 1250 poduc1s. 

1.312.472.0444 2231 N. Clyboom Ave. 
FAX 1.312.472.04n Cllicago, ll 60614 

Inquiry 696. 

SECURITY 

FIGHT PIRACY!
* The New EVERLOCK * 

SOFTWARE COPY PROTECTION 
New Option Board Sale-Now Remote Aogis1rallon 


New CPU LOCK-CD ROM LOCK and more

* EVERKEY HARDWARE LOCKS * 

_Az-Tech Software, Inc. 
Call for a 201 East Franklin, Richmond, MO 64085 
FREE (8 16) 776-2700 
Demo (800) 227-0644 FAX [816) 776·8398 

Inquiry 697. 

THE ULTIMATE SOFlWARE SECURITY 
e STOPCOPY fa mily - UNCOPIABLE copy proloclion 
• STOPVIEW soltwaro encryplion 
• NETUMIT network loeenso motoring 
• DOS. Windows, Macintosh, 0512. support 
• 	 No source code Changes required - fOf ANY ol our prQd. 

ucts In ANY environment 
• Our products deSlrO'/ All ol our competition 
• Cell lor 	FREE demo disk , or lo discuss our products' 

MANY options 

BBi Computer Systems, Inc. 
14105 Horitago Lano, Sliver Spring, MD 20906 

800/IRY-ABBI • 8001879·2224 • 301/871-1094 • FAX:301 /460·7545 

Inquiry 698. 

IS YOUR DATA 

SAFE? 


Gain the peace of mind that your data 

is CORRUPTION-FREE with 


FILE ALERT for WINDOWS NT! 


Automatically detects and immediately 

alerts you to any corruption so you can 


act before it becomes a disaster! 


Special introductory price of $99! 
(Plus shipping and handling) 

Call 

1-800-829-HELP 
ext. 60011 

Executive Software 
Copyright 1994 Exe<utive Sofnvare Int. Inc. All Aijjhts Reserved. 


FILEALERT Is a trademark of Execu!Ne Sof:ware Int. Inc. 

Windows NT Is a lrademark ol Microso11 Cmporalion. 


Inquiry 699. 

KEY-LOK'" SECURITY 
Piracy survival 1 1 years proves effectiveness 
of powerful mullllayered security. Algorithmic 
response. Programmable memory. Econom
ical. Transparent to PARALLEUSERIAL port , 
Counters/Real-Time-Clock . Multi ·product/ 
feature licensing. DOS/UNIX/052. Al so . 
access control system and disk drive locks. 
MICROCOMPUTER APPLICATIONS 

3167 E. 01ero Circle, Littleton. CO 80122 
(303) n0-1917 FAX : (303) n0-1863 

Inquiry 700. 
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SECURITY 

CRYPKH SOfTWARf llCfNSING SYSHM 
" Hardware key-like protection without the hardwarekey· 

CrypKey is a software protection tool , ottering 
• complete security from any disk copy program 
• compl,te compat1bll1ty wlih any MS DOS 


or MS WINDOWS 3.1 based machine 

• comp le te lnvlsiblllfy - no disk key, no hardware key. 

less support calls 
• instan1 disaster reco~ry 

CrypKey is a sa les fool, allowing you to sell your program 
• by increm enls - enable the oplmns the cus1omcr 


purchased 

• by number ol runs· e.g .. sell 100 calculations tor $499.00 
• by time period - e.g .. lease or demo your program 


for 60 days 


CrypKey uses a numeric key llml can be lransmilled by phone 
or fax. Sell your customers more options. more copies. more 
time or more runs lnslantly, just by making a telephone call. 
(Great for overseas cuslomers or distnbutors.) 

"NOW AVAILABLE FOR NETWORKS" 
CRYPKEY IS PROOUCED BY KENONICCONTROL 

ENGINEERING AND SOFTWARE SINCE 1972 


Kenonlc ControlsLim/led• 7175-12th Street South East• Calgary, 
Alberta, Canada T2H 256 • (403) 258-6200 •fax: (4/J3)258·6201 

Inquiry 701 . 


SERVER MIRRORING 


No*Stop Network 
The software solution to provide full 

Level 3 Fault Tolerance for PC LANs. 


• Server Mirroring 
• Uninterrupted Processing 
• Continuous Backup 
• Any Network Operating System or 

Server environment 
Nonstop Networks Limited, NY, NY 

212-481-8488, Fax 779-2956 

Inquiry 702. 


SOFTWARE PACKAGING 


FREE SOFTWARE 

PACKAGING CATALOG 


Evorything you will nood lo Pnckogo, Oislributo, and Ship You r 
Soltwn•oll From monunls nrld blndors to mailers and shlppo1s 

LABELS LABELS LABELS 
For your diskotlos. plain or custom prinlod 
dot ma1rix or lasor pnnter ... lree samplos 

.. •FREE CATALOG.. • 
Hice & Associates 

6586 Monticollo Or., West Chester. OH 45009 
Phone/Fax: 513-777-8586 

Inquiry 703. 

STOCK PACKAGING 
to help you 

market your software 
ask for catalog 93QS2 

Call 708 390-77 44 
or fax 708 390-9886 
PolyQuick Co. 

1243 Rand Road, Des Plaines, IL 60016 

Inquiry 704. 

SOFTWARE/BUSINESS 

DATA ENTRY SOFTWARE 
Full featured. heads-down data entry 


with ~No-pass verification, edit language. 

operator stats. much more! Designed for 

the PS~. PC, XT. AT or compatibles. 


PCs from S395 LAN version available 

FREE 30 day trial 

Computer Keyes Tel: 206/77616443 
21929 Makah Rd.. Fax: 206/776-7210 
Woodway, WA 98020 USA: 800/356-0203 

SOFTWARE/EDUCATION 

DERIVE® NOW HALF-PRICE! 
DERIVE': A Mathemollcal Assistant combines the 
power ol computer algebra wilh lhe ease of a menu 
driven Interface. I I so lves symbo li c & numeric 
equa1ions, and does calculus, tri3>i vector & ma1rix 

~~~~~g~~~LJ~i ~ri1~9p~~~';~1 2eS! & plots In 2 & 

Req: MS-DOS PC compatible & 512K. 

SOFT WAREHOUSE, INC. 
3660 Waialae Ave. Ste. 304 . Honolulu, HI 96816 

Ph: (808) 734-5801 Fax: (808) 735-1105 

Inquiry 705. 

SOFTWARE/ENGINEERING 

Circuit Simulation 
New Windows/Windows NT CAE Tools 

lntcoducing I!:l!l First and On l~ 

Interactive SPICE 
Experience Analogand Mixed signal simulation 

like you 'vs never seen before 

"Just likebeing at the Bench." 
includes: 

• 	 New lsSpice4; lnleractive Circuit Simulator 
• 	 Real Time Cross Prob ing between 

Schematic editor and Simulator 
• 	 Model Libraries , more than 5000 Paris 
• 	 For PC, DEC Alpha, Mlps, Macintosh 

Full SPICE pro~ams start ing at $95. Complele 
systems with sc ematic entry, lsSP1CE4, models, 
and waveform graphics only $2595. 

Call or Fax for your Free Demo kit 

P.O. Box 71 0 San Pedro, Ca 90733-0710 

Tel (310) 833-0710 

FAX (310) 833-9658 
 intuso& 

Inquiry 706. 

SAUNA: 30 THERMAL ANALYSIS 
• Models: PCBs. stacked plales. heatsinks, muHiboard 
enclosures. • All hoat lransfer modes: convec tion , 
ra d ia tion , co nduc tion • Interac ti ve menu -d riven 
• Thermal pa ramete rs library • Fast ~what Ir: 
dimension, mat'I. finish, anatyses • Easy to learn & use 
• 	 IBM PC & Macintosh II 

Call or FAX for f ree evaluation program 

Tatum Labs, Inc. 
1267 N. Silo Ridgo Drive. Ann Arbor, Ml 48108 

313-663-8810 FAX 313-663-3640 

Inquiry 707. 

SOFTWARE/GRAPHICS 
TIFF, PCX, TARgA. GIF. DIB , BM~ DCX , EPS, WMF, WPG, PICT. JPEG 
AccuSott Image rormat Library 4.0 

(no w v e rsion) 
·111~ most comprehensive raster support library on the m.1rkcr 

lmporl. export, convert, display, and print all above format s! 

~~N~~;~a~~~:r~~r~~P~~~~~~{6{flfy ~~~ri~~~~ I G~.eGi.11fW~~F~ 
multi· page Images etc. Rotate . zoom. scale. color reducllon. 
sharpen. speciaJ-ettects etc Versions lor DOS, Windows. NT. 
Watcom. 0512. MAC. and 01htHS. 

AccuSoft Corporation 
112 Tumplko Rood, Westboro, MA 01581 

(800) 525-3577 (508) 898-2770 FAX (508) 898-9662 

Inquiry 708. 

CAD/CAM/CAE Developers Kits-Windows/DDS 
NEW RELEASE! TG·CAD Professional v .5.D. 

Replaces TG·Professlonal v.4 .0. lndudes upgraMd 20 & 30 
gcomelric development kil.s, OXF In/Out release 12 and 
(NEW) TG·CAO Craw v. 1.0. All in C. This fou1 por t 
dovolopmem kit Is truly ·Tho Ull fmo to CAOtC AMJCAE 
Programming Engine: Comos wilh or wilhoul sourco code. 
30 da~ guaran100. Frco 30 page !ochnlcal papor. 

DISK SOFTWARE, Inc. 
109 S. Murphy Rd.. Plano, TX USA 75094-9971 

Toi (214) 423-7288 Fax (214) 423-7288 

Inquiry 709. 
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SOFTWARE/GRAPHICS 

Sirlln's CAD ++ ENGINE 

SOFTWARE/SCIENTIFIC 

FREE CATALOG! 

UNIX ON CD-ROM 

UNIX Clone for $39.95 
• Read and Write AutoCAO OWG and OXF files. 
• Object oriented, modular, database-like aceess 

to CAD data. 
• View, Print (rasterize), Plot (vectorize), and 

Pick (interact) modules. 
• 	Available for CIC++ for DOS. Extended DOS, 

Windows, Sun, Macintosh and other Unix systems. 

Sirlin Computer Corporation 
25 ~h~~~~").~~-0\~~a!'.76o';r4~~3~SA 

Inquiry 710. 

SOFTWARE/MATHEMATICS 

ORSYS - $299 
OPERATIONS RESEARCH SYSTEM 
Linear programs up to 3000 by 15000 
Mixed-Integer and discrete linear programs 
Nonlinear objective and quadratic programs 
Transportation and Transshipment models 

Eastern Software Products, Inc. 
P.O. Box 15328, Alexandria, VA 22309 

(703) 360-7600 Fax (703) 360-7654 

Inquiry 711. 

SOFTWARE/MODELING 

Announcing GMS 2.0 from Probots, Inc. 
Easiest &most powerful modeling &simulation tool ovoil. 

• Now with Super Stnrn1 Sheet Su t1er User ln1erla ce & lntetioent 
Agen1 t.todtllng c.1pabllitits! 

• Sp!cify &v>liclmmoclols.runsi-."'3lyl?resulb.-sys· 
lems & geneu lr specUcular graptucs m minuttsl 

• rlo special train ing or prooramm1ng 1equired! 
• Ideal for planning and predicting tasks! 

Act now tor special Intro pr ices! DEALERS WANTED . 
Probots, Inc. 413-586-8929 
~~~.~0~00~ft.sb~ ·:io7 800-Sim-Easy 

Inquiry 712. 

SOFTWARE/SCIENTIFIC 

HP48 MATH-PACK: 
300 programs on 3.S-·disc with English guide, 
transferable to your HP48S/SX (version S) or 
HP 48G/GX (version G): algebra , calculus 1111 , 
symb. matrices, vectors, integ ration, complex 
runct., dilf. geom., dilf. eq., plot, statistics, spec. 
lune!. etc. Please order with check $129.00: 

Olp!. Phys. C. HEUSON 

Zugspltzstr. 4, D 87493 Lauben, Germany 


Tel +49-8374·8299 Fax +49-8374-6712 


Inquiry 713. ,, 
'~I 

VTEX Scientific Desktop Publishing 
• Sca lable Fonts • Font effects • Typeface customization 
• Equations • Tables • Graphics • Forelon lanouayes 
• Mulli-llngual spell & hyphenation • IDE • On·llne help 
• Oos. Oos·32 and Windows versions • From $199 

I£?< of Tomolfow'- Notices of AMS, March 1991 

Call now for a FREE DEMO DISK 


MicroPress, Inc. 
68-30 Harrow Street, Forest Hills, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 

Inquiry 71 4. 

EXPERIMENTAL DATA-FITIING 
SCIENTIST. now on Windows™, fits experimental 
data to any combination of user-defined algebraic 
and differential equations. Laplace transforms and 
complex numbers - also determines best-filling 
splines, polynomials and interpolating functions. 

MicroMath Scientific Software 
800-842· 6284 fax: 801 · 942-0299 

Inquiry 715. 	 :.: 
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AFFORDABLE EARTH SCIENCE SOFTWARE 
Over 350 programs for Windows, DOS, Mac, 


Amiga, UNIX 


800-775-6745 
RockWare •251 Kiptmgst. s ..10595 
Scientific Software Whea1 Aidgo, co eoo33 

(303) 423-5645 •FAX (303) 423-6171 

SOFTWARE/TYPESETTING 

PC TE" 
The next step 


beyond desktop publishing 

This complete publishing system makes all 
your documents look their best. There is 
no limit to what you can do wi th PC TEX. 
Systems for DOS or Windows 

PCTi:X excels at typesetting: 
• High qualily books and articles 
• Scientific notation/math formulas 
• Professional technical documents 
• Foreign languages 

PCT# is the difference 
between average and expert! 

Personal TeX, Inc. 
800/808·7906 or 415/388·8853 


12 Madrona St., Mill Valley, CA 94941 

Fax: 4 15/388-886 5 


inquiry 716. 

SOFTWARENOICE/FAX 

HIGH LEVEL C LIBRARIES 
Multi-Voice and Multi-f ax a1e comp!ete devtloDment C 1oolkits 10 

=:~:1i!~.'~:1~:S 1~um:~:ev~trf!~1r~Jr1~E~o~/:;
APPLICATION in minutes. Marr/ example programs and libraries are 
delivered with tutfy commented source code. VISA/MC Accepled. 
Mulli-Volco for Olaloglc, Ahotorex, or Powerllne II : $599 
Multi-Vok:o tor Slnglo Uno Watson Board: $99 
Multi-Fax lorCAS (Intel SatisFAXtton): $199 

Ill SOFTWARE 
Fax-On-Demand for Information: (514) 835-2216 

Tel: 514·597-1692 Fax: 514·526-2362 BBS: 514·835-5945 

STATISTICS 

NCSS 5.x Series - $125 
Easy-to-use menus & spread sheet Mul liple regrosslon. 
T-tes1s. ANOVA (up to 10 factors, rop . mcasuros, 
covarlanco) . Forecostlng. Factor, clustor, & discrlmlnon1 
analysis. Nonparamelrlcs. Cross Tabuta1ion. Graphic&: 
histograms, box, scallor, otc. Reads ASCIVLotus. Many new 
acta-on mocJulos. 

NCSS 
329 Nor1h 1000 East, Kaysville, UT 84037 

Phone: 801-546-0445 Fax: 801 ·546·3907 

Inquiry 717. 

TRANSLATORS 

EASY TRANSLATORS TO " C" 
e ASM-IBM ASMf370, Intel ASM86, MASM 
e COBOL · COBOL 68, 74, 85 
e PUl - 13 dialects, IBM, DAI, VAX, STRATUS elc. 
e PUM - Intel PUM 51. 80, 86, 96, 286, 386 
• Translation seivice: custom dialects; MS-DOS 

Micro-Processor Services, Inc. 
92 Slonehurst La .. Dix Hills, N.Y. 11746 

Tel. (5t6) 499-4461 : Fax (516) 499-4727 

Inquiry 718. 
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Trans-Ameritech presents LINUX Plus and BSD CD· 
ROM . l ales1 versions of LINUX and BSD with X· 
windows, TCP/lP dovolopment environments. 

ALL SOURCES ARE INCLUDED. 
! REAL UNIX POWER for the PRICE of DOS I 

ONLY $39.95 
Trans-Ameritech Enterprises 

2342A Walsh Ave., Santa Clara, CA 95051 
408-727-3883 FAX 408-727-3882 

inquiry 71 9. 

UTILITIES 

PEN PLOTIER EMULATOR 
FPLOT turns your printer into an HP pen plaiter. 
Fast hi-res, no jagged lines. Vary line width, color. 
Screen preview - zoom. pan . Works with most 
CAD programs. Supports most printers. Requires 
DOS 2.1 or higher. $119+53 S&H. VISAIMC/Chk/MO. 

FPLOT Corporation 
24- 16 Steinway SI., Suite 605, Astoria, NY 11103 

718-545-3505 

Inquiry 720. 
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Serial Troubles? 
Watch Your Serial Port Problems 

Disappear with DATASCOPE<' 
DATASCOPE shows you the data that is trans
ferred between serial devices. A must have for 
problems with your computer, mouse, modem, 
plaiter, fill)( serial device! 

Only $89.95us from SEIMAC RESEARCH 

Call 902-468-3007 


for a !axed brochure on this amazing utility 


inquiry 721. 
._. .. , 

WINDOWS 

THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 

Latest Windows and DOS Utils, Pgms, Source 
Code. Lively CHAT, online games, Internet Access 
and more and all FREE. Call from home or off ice 
up to 14.4K and download for FREE. (n/Bf l ) 

217-792-3663 
Customor Service 415-2814429 
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YOUR SALES MESSAGE 
about the special 


computer product or service 

that you provide 

belongs in print 


THE 

BUYER'S MART 


can help you reach computer 
professionals and produce valuable 

inquiries for your company! 
Call 

Margot Swanson 
for more information 

603-924-2656 
or 

Fax: 603-924-2683 

Inquiry 723. 
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YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 

To order products or request FREE information, call advertisers directly or send 
in the Direct Link Card by mail or fax! Let them know you saw it in BYTE! 
Inquiry No. Page No. Phone No. 

A 
280 2CD-ROM,LLC 260 214-38(H) l26 

6H2 ABACUS SOFTWARE 128 800-451..:J 19 
eXI BS 

28!1-290 ADDA 263 ~ADDA 

555 ADDTECH COMPUTERS INC 240NE3 908-805-0900 
63 ADOBE SYSTEMS INC 179 8()().962-3623 
550 ADTEK (INTI) 144 8 18-597- 1578 
64-65 ADVANCED LOGIC RESEARCH 107 714-581 -sno 
67 AITECH INTERNATIONAL 85 8Q0.882·8 1114 
66 ALADDIN KNOWlEDGE SYSTEMS 69 80Q.223-42n 
220 ALLMICAO 234 80Q.653-4933 
560 ALTEX ELECTRONICS 24-0SO 2-3 8()().53 1-5369 

Al.IBAA COMPUTER CORP (N.A.J 32-320 8()().20().3390 

AMERICA ONLINE INC (N.A.) 144A·B 8()().627-6304 
235 AMERICAN ADVANTECH 259 8(J().8()().6889 
291 AMERICAN INFOSCIENCE 260 512-440-11 32 

88 AMERICAN POWER CONVERSION 64-65 800-800-4APC 
dpl A2 

AMERICAN POWER CONVERSION 64A·B 
189 	 ANGOSS SOF1WAAE l>fTl. 141 41&-593-5077"' 
223·224 ANTEX ELECTRONICS 256 310-532-3092 

295 	 ANTAON ELECTRONICS LTD 262 
183-184 AP PROFESSIONAL (N.A.) 112 619-6911-64'6 
218 	 APPAO INTERNATIONAL INC 254 8()().927-5464 
17!H76 AAISTO GRAPHIC SYSTEMS (ltirl) 202 +49-40-54747-111" 

175· 176 AAISTO GRAPHIC SYSTEMS (U.S.) 202 800-631-7646 
177 	 ASK ME MULTIMEDIA CENTER 198 612·531·0603 
69 	 ATI TECHNOLOGIES INC 196 ~2·2600 

eXI 6222 
296 ATLANTIC TECHNOLOGY 263 8()().779-7705 
278 ATRIE TECHNOLOGY INC 263 t-886-2-9995155 

AUTOOESK INC 117 8()().964-6432 
23&-237 AXIOMATIC 261 905-602·9270 
532 AXIS COMMUNICATIONS (INTLJ 2n +46-46136 130·· 
238 AXONIX CORP 262 801-466-9797 

B 
450 	 BIX (N.A.) 2n 800-695-4775 
70.71 	 BORLAND !NTL 11 800-336-6464 

ext 7853 
n BRITISH AIRWAYS 217 
200 BUFFALO PRODUCTS 252 800-345-2356 

BUSINESS WEEK (INrL) 147 212·512·60 12 
BUSINESS WEEK (INT'L) 223 ..41-21-617-44· 1 I 

BYTE BUYER'S GUIDE 218 
BYTE CIRCULATION 240NE 2 
BYTE DECK (ll.A.) 130 603-924-2596 
BYTE EUAOOECK 248 603-924·2533 
BYTE INTERNATIONAL (INrL) 143 603-924-2636 
BYTE ouEsnomi A1Ae 156 
BYTE SHOW SERVICE (!NTL) 120.121 603·924·2608 
BYTE SUB MESSAGE 204 
BYTE SUB MESSAGE (INrLJ 209 

c 
196 	 CALIFORNIA PC PRODUCTS INC 215 40S-637-2250 
165 	 CARDIFF SOFTWARE 198 800-659-8755 
530 	 CHAPl.ET 40IS 19 ·866-2·298-8989 
531 	 CHAPLET 40IS 21 •886-2·29B·89B9 
501 	 CHERR Y MIKAOSCHAL TER 138-139 +49-9643-180 

GMBH (INT'L) 
73-74 	 COLORADO MEMORY SYSTEMS 12·13 800-45 1-0897 

COMMUNICATION INTELLIGENCE 35 4 15-802-7888 

502-503 COMPEX INC 4015 7 7 14-630-7302 
75 	 COMPUSERVE 129 800-&<8-8199 

COMPUSERVE (N.A.) 128A·B 800-&<8-8 199 
76 	 COMPUTER ASSOCIATES 151 8()().225-522• 

dep! 62500 
202 	 COMPUTER DISC WAREHOUSE 232·233 80Q.959-4CDW 
504 	 COMPUTER FRIENDS 40!5 8 SQ.3.626-2291 

COMPUTER PROF BK SOC (N.A.) 209 717-794-2191 

COMPUTER PROF BK SOC (N.A.) 208A·B 
505 	 COMPUTER OUICK (INTL) 106 415-661·8330 
20 1 	 COMPUTER & CONTROLS SOLUT 249 8()().775-3525 
203 	 COIAPUTEAl.AllE UNLIMITED 242 8 18-8&4-116J.4 
239 	 COMPUTERWISE 265 8()().255-3739 
110 	 CONNER (N.A.) 61 BOO·755-0535 
276 	 CONTROL CONCEPTS, INC. 261 8()().922-9259 

COPIA INTERNATIONAL LTD. 202 70B-682-a898 
78 	 COREL somVARE 31 6 13-728-3733 

ext 28 
181 	 CREATIVE LABS INC 87 80Q.998·LABS 
187· 188 CRYSTALOGIC. INC 127 6 15-391-4412 
7!l-80 	 CURTIS INC 108 612-631·95 12 
81·82 	 CYBEX CORPORATION 207 2QS-.130-4030"' 
506-507 CYBEX CORPORATION (INT'L) Clll 205-430-4000"" 
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Inquiry No. Page No. Phone No. 

198 	 CYLINK 74 8()().533-3958 

D 
168 DALLAS SEMICONDUCTOR 80 8()().258-5061 

233 OATACAL DIRECT 244 800-251-3364 

DATAPRO 78-79 609·764-0100 
8X1277 

297 DATAPRODUCTS 98 8 18-687-8000 
508 OATATRONICS TECHNOLOGY 401S 18 +886-2-782-0305'' 
271-272 OAVI SON·WOATH CORPORATION 263 B00-668-2707 
84-85 DCA (•I.A.) 101 8()().348·3221 

8AI 570 

561 DECUS/TALLEY 
MANAGEMENT GAP 24050 1 609·845-7258'" 

DELL COMPUTER CORP (N.A.) C1V 8()().626-8260 

DELL COMPUTER CORP (N.A.) Clll 800-fi26.8260 
86 DELPHI INTERNET SERVICES 206 800-695-4005 
204-205 DISTRIBUTED PROCESSING TECH 247 B00-322-4378 

E 
277 EDUCALC 262 7 14-582-2637 

87·88 ELIASHIM MICROCOllPUTERS 204 813-744-5177 
286-287 ELMA ELECTRON IC 262 61Q.656.3400 

509-510 EUTAON 4015 20 • Jl>-35-692·229 .. 

F 
548-549 F & H SIMULATIONS [INT'L) 32 ..31 13 427 516 .. 
511·512 FAST HAADLOCK (INITL) 61 t49-89-~80020 

1111).191 FAST MULTIMEDIA (INrL) 174 +49·89-50206-199'' 
190-191 FAST MULTIMEDIA (U.S.) 174 8()().248-FAST 

527 FlRST INITL COMPUTER 401S 2 ·886·2·717-4500"' 
206-207 FIRST SOURCE INTI 250 714·5&8-9866 
91 FRAME TECHNOLOGY (N.A.) 8-9 80Q.U4FRAME 

ext 603 
89·90 FRONTIER TECHNOLOGIES 214 414·241-4555 
92·93 FUTUAESOFT ENGINEERING 21 2 71 J.496-9400 

G 
GATEWAY 2000 97 8()().846-2058 

GATEWAY 2000 96A.J ~2058 

275 	 GENERAL TECHNICS 261 800-487-2538 
240 	 GENOVATION, INC. 263 714-833-3355 

94-95 	 GLENCO ENGINEERING 135 800-562·2543 
241 	 GMM RESEARCH CORPORATION 257 714-752-9447 

2n·274 GRANITE DIGITAL 261 510-471 -6442 

513 	 GREY MATIER LTD 401S 14 +44·0364-53071 "' 
242-243 GTEK INC 258 8()().282-4835 

H 
556 	 HERGO ERGONOMIC SUPPORT 240NE 2 800-232·8737 

HEWLETI·PACKARO 24-25 8()().552·8500 
ext 7858 

244 	 HOOLEONCORPOAATION 262 602-6J.'.7515 
96 	 HUMMINGBIRD COMMUNICATIONS 136 905-470.1207"" 

540 	 IBM 40IS5 
IBM MICROELECTRONICS 103 
IBM PC DIRECT (N .A.1 40B·C 800-42&-7423 
IBM PC DIRECT (N .A.I Cll-1 800-426-7420 
IBM PC DIRECT (N.A.1 120.121 800-42&-7850 
IBM SOFTWARE SOLJTIONS 20.21 8(J().J. IBM·OS2 

171>-171 INFORMATION FOUNDATION 148 800-438-8649 
515 	 INNOVATIVE DATA CNCPTS (INITL) 115 603-899-9840.. 
97 	 INTEGRAND RESEARCH 76 209-651·1 203 
582 	 INTEGRIX INC (!NTL) 77 805-375- 1055 
98 	 INTEL CORPORATIOll 56A·O 800-538-3373 
9!1-100 	 INTERGRAPH (N.A.) 147 8()().345-4856 
546-547 INTERSTELLAR SYS LTD (INTI.) 209 +4'·506-460120 
245 	 10 TECH 259 216-439-409 1 
159·160 ITERATED SYSTEMS 96 800-437·2285 

J 
208 	 JAMECO ELECTAONCS 245 800-SJl-4242 

JOA MICROOEVICES 255 8()().538.5000 

K 
101 	 KEA SYSTEMS L TO/ 104 800-663-8702 

ATIACHMATE CANADA 
248 	 KEITHLEY METRABYTE 259 8()().348-0033 
102 	 KFC(N.A.) 400 800-253-2872 
246 	 KILA 259 303-444·n37 
103•104 KINGSTOll TECHNOLOGY 153 714-435-2600 

Inquiry No. Page No. Phone No. 

199 KNOWLEDGE GARDEN 199 ..04 (0) 753 790755 
(EUROPE) L TO. 

516 KUO FENG CORPORATION (INT'L) CIV •886-2-754·8498.. 

L 
229·230 LA TRADE 238 800-433-3726 
551-552 LABTAM (INT'L) 130 508·393-5780 
247 LAGUNA DATA SYSTEMS 264 800-938· TAPE 
146-147 LANDMARK RESEARCH !NTL CO 203 800-683-6698 
541 LANSOURCE 401S 24 ..44-223-237778 
227·228 LEAO TECHNOLOGIES 254 800-037-4699 

517 LIGATURE LTD (INTL) 40IS 22 -+972·2·513553 
517 LIGATURE LTD (U.S.) 40IS 22 617-238-6738 
281 LITECH CORPORATION 264 800-548-3246 
518 LOGIC PROGRAMMING (INrL) 209 '44-61·874-0449" 

M 
163·164 MAG INNOVISION 159 800-827-3998 
554 	 MANCHESTER EOUIP 240NE 6 516-435-11 99 
554 	 MANCHESTER EQUIP 240NE 6 A·B 516-435-1199 
533 	 MANNESl.\ANNTAIULY(INT'LJ 1n '44-0628·5m82"' 
10S-107 MANNESMANNTAIULY(N.A.) 1n 8()().843-1347 

eX1. 19 
538-539 MARX DATENTECHNIK GmbH 40156 +-19-8403-1555 
108 	 MATHSOFT INC 163 
109 	 MAXTOR 11~111 8CXJ.4MAXTOR 

288 	 MAYER AUTOMATION GROUP 257 800·289·6293 
MCGRAW HILL NRI (N.A.) 192A.S 
MCGRAW·Hlll PROF & REF DIV 140 BOQ..822-8158 

162 	 MEDIA VISION (N.A.) 115 80().845-5870 

519 	 MEGAOATA 40IS 12 51 S-589-8858 •• 

111 	 MEGADRIVE SYSTEMS 75 31().247-0006 
oX1330 

219 	 MICA02000 246 800-864-6008 
215-216 MICRO SOLUTIONS COMP PROD 235 800-295-1214 
213-214 MICRO SOLUTIONS COMP PROO 241 800295·1214 
211-212 MICRO SOLUTIONS COMP PROO 243 800-295- 1214 
293.294 MICAODATA 260 800-539-0123 
221·= MICRO.INTERNATIONAL, INC. 253 800-967-5667 
112 MICAOPOLIS CORP 39 llOQ.395-3748 
210 MCAOPAOSE SOFTWARE 239 8()().87!1-PLAY 

MCAOSOFT CORPORATION 19 

MICROSOFT CORPORATION 2·3 

MICROSOFT CORPORATION (N.A.) n 

MICROSOFT CORPORATION (N.A.) 72A·B 


249 MICROSTAR LABORATORIES 259 20&-453-2345 
MICROWAY 132 508·74€>7341 

123-124 MINUTEMAN 51 800-238-7272 
520.521 MINUTEMAN (INrL) 112 214-446-7363 
538 MIT AC INTERNATIONAL CORP 40JS 11 ·885-2·5018231 
544-545 MITRON COMPUTER (INTI) 66 · 65-2-67-5679 

N 
113· 114 NANAO USA CORP (N.A.) 63 310·325-5202 
250 	 NATIONAL INSTRUMENTS 265 800-433·34a8 
11 S 	 NEC MONITORS 154-155 800-NEC-INFO 

NETWORK COMPUT DEVICES (N.A.) 143 8(J().8()().9599 
NETWOALD-+INTEROP 9J 186 llOQ.488-2883 

LAS VEGAS 	 ext 314 
209 NEVADA COMPUTER 240 800·982-2925 
116-117 NEWGEN SYSTEMS CORP 176 7 14-641-8600 
292 	 NEXT WAVE SYSTEMS 258 8()().296-221 1 

NOKIA DISPLAY PRODUCTS INC 71 80Q.BY NOKIA 
118-119 NSTUPENTIUM (N.A,) 138 800.220-NSTL 
558 	 NYNEX MOBILE COMM 240NE 1 800·996-0ATA 

NYNEX MOBllE COlolM 240NE 1 A·B OOQ.996-0ATA 

0 
514 OLIVETTI SYS & NTWKS (INT'L) 88-89 
288 OMEGA POINT, INC. 265 506-8n-1s1e 
528 ON TIME MARKETING 40JS 12 •49-4()..437472 
185· 186 ON TOP SYSTEMS 214 800-454·4426 
120.121 OPTIOUEST 131 909-468-3750 
122 OSBORNE MCGRAW-HILL 229 800-822·8 158 
251 OVERLAND DATA INC 264 B00-729-8725 

p 
231 PACIFIC COAST MICRO 256 619-581-6040 

PACIFIC DATA PAOOUCTS 185 619-625-3885 
266 PACIFIC SOFTWOAKS 265 800·54 1 ·9508 
125 PASSPORT DESIGNS INC. 109 415·726-0200 
126 	 PATION & PATION 208 8()().525--0002 

ex1en 
557 PC OUTFlTTEAS INC. 240NE S 8()().989-5155 
129-130 PC POWER & COOLING 53 800-722·6555 
127-128 PC POWER & COOLING 74 800-722-6555 

http:CHAPl.ET
http:8()().53


YOUR DIRECT LINK 

ADVERTISER CONTACT INFORMATION 

Inquiry No. Page No. Phone No. 

131 PERSOFT INC 189 600.368·5283 
522 PHAR LAP SOFTWARE INC 4015 9 6 17·66 1-15 10 
523 PHIUPS MONITORS (INTL) 8-9 ·31-40-73·39·83'' 
132· 133 PINNACLE MICRO 714-727-3300 

543 PIONEER HIGH FlD (GBJ LTD (INT'LJ 101 

134 PKWAAE INC 142 414-354-8699 

179 POET somvARE (N.A.J 40A 800.950-8845 

252 POLAROID CORPORATION 257 800-225--2nO 
135 POPKltl SN/ & SYSTEMS INC. 105 212-571-:J.<34 

529 PORA CORPORATION 4015 23 ·U0.2-&!35582" " 
167 POWERSOFT CORP (NA) 88-89 800-395-3525 

POWERSOFT CORP (N.A.) 88A-8 
105 PAOORAMMER'~ PARAOl~F 44-45 A00.44 5-7A99 

Q 
563 QA TRAINING 4015 10 .44 285 655 886 
136 ONX SOFTWARE SYSTEMS LTD 36-37 600-363-900 1 

oxl 201 
253 OUALSTAR CORP 264 61S-682-S822 

137 QUARTERDECK OFFICE SYS 43 3 10·392-965 ' 
138 QUATECH 1NC. 230 800-553- 11 70 

R 
139-1 40 RAINBOW TECHNOLOGIES 59 800-852-8569 

282-283 RCI 258 908·874-4072 

OXI 71 
217 RECORTEC INC 25 1 800-729-7654 
254 RHETOREX. INC. 258 408-370·0881 
193-194 ROBERTSON-CARUSO & ASSOC 42 40-i ·5 12 -0600 

Inquiry No. Pege No. Phone No. 

141· 142 ROSE ELECTRONICS 210 800-333-9343 

s 
143 SAMTRON DISPLAYS INC (llAJ 223 3 10-802·8425 

5-12 SAIATRON (INT'L) 63 ..19-6 1-96-18·38·29 

SCI TOR CORPORATION 15 41s-s10-noo 
144 5EOUITER SOFTWARE INC 195 403-437-2410 

269-270 SIGMA TE CH SOFTWARE 256 811!-368·6 132 

232 SILICON VALLEY COMPUTER 236-237 41 5-967· 11 00 

255-256 SILICONSOFT. INC 259 600-969-44 11 

169 SOFT ARC 125 4 16-75-\- 1856.. 

524 sonwAnc cccurnr v 401S 13 ~03<)<."J '- 7420'

553 SPIDER GRAPHICS 240NE 4 400-956-1231 
564 SPIDER GRAPHICS 24050 4 408·9'".>6-1231 

267 STARGATE TECHNOlOGIES 257 800-782· 7 428 
145 STATSOFT 93 9 18-583-4 149 

178 SUNPRO(NAI 66 600·2SUNPRO 

526 SYMANTEC (INT'L) 73 408·252-3570 

14&-149 SYSTAT INC 191 708·86-i·5670 

T 
257 TALKING TECHNOLOGY INC 258 800-665--1884 

284-285 TAPEDISK CORPORATION 264 800-827-3372 

150 TEKTRONIX 170 600-835-6100 

exl 33.J 

151 TOSHIBA AMERICA INC 28-29 600·457-7m 

279 TRANS2000 260 3 1 0-908-681~ 

264 TRI VALLEY TECHNOLOGY INC 259 510-447-2030 

Inquiry No. Page No. PhonfJNo. 

u 
258-259 UNlCORE SOFTWARE 260 800-600-BIOS 

UNIXWORLO OPEN 227 

v 
260 V ICTORY ENTERPRISES TECH 261 8()().727 -3475 

261 VIDEX. INC 257 503-758-0521 

152-153 VlEWSON!C 55 909-869-7976 

tn-174 V1$10NWAAE 11 9 4 15-325-2 113 

537 VOCALTEC LTD. (INT'L) 152 -+972-9·562 121 

w 
525 WALKER. RICHER & QU INN 401S 17 206-2 17-7100 

154 WATCOM 27 600-265-4555 

181-182 WIBU (INT"L) 42 t49-72 1·377455'' 

181-1 82 WIBU (U.S.) 42 301·570-3497 

180 WINBOOK INC. 95 80()..468-0366 

262 WINTEK CORP 265 800-468-0366 
155-157 WOLFRAM RESEARCH 197 800-44 1-6284 

z 
195 Z-CODE SOFTWARE (N.A. ) n 41 5-698-66-19 

158 ZEOS INTERNATIONAL 16-17 800-SSJ. -5226 
21>3 Z·WORLO ENGINEERING 263 9 16-757 ·3737 

•Correspond duec.fy with company. ··Indicates FAX Nu:ntx!r 

BYTE ADVERTISING SALES STAFF 
David B. Egan. Associate Publisher. One Phoenix Mill Lane. Peterborough. NH 03458. Tel. (603) 924-2678, Fax: (603) 924-7620 
Diane Lieberman. Director, Inside Advertising Sales, One Phoenix Mill Lane. Peterborough, NH 03458. Tel. (603) 924-25 18. Fax: (603) 924-2683 

NEW EN GLAND 
ME. NH, VT, MA. RI . CT. ONTARIO 
CANAD~ & EASTERN CANADA 
Senlord L Fib/sh (617) 860-634-4 
Pa1ric!u puyno (603) 924-2654 
wq;\l"H·Hol Pubucatior~ 
2.i Hanwol AvenUO 
Lox1ng1on, MA 02 173 
FAX: (81 7) 860-6899 

EASl COAST 
NY, NYC. NJ. DE. PA 
Kim Norns (212) 512· 2645 
Uontilhan Sawyer (603) 924-2665 
McGrnw·H11I PublicallOns 
1221 AYonuo ol _Amenc.os--281h Floor 
Naw York, NY 10020 
FAX: (212) 512-2075 

SOUTHEAST 
NC, SC, GA, FL, AL, TN , MS. AR, LA , 

~~;y~o'1i~~t~~04) 843-4782 
Bnan Hlgg.ns (603) 924-2651 
,McGraw-Mill PubhcalK>OS 
4 170 Ashl0td·Durywoocty Ad., Su110 520 
Allanta, GA 30019 
FAX: (404) 252-4056 

MIDWIST 

~~- ~~-- ~~~- SD. MN. 

Kun Kclloy (312) 616-3328 
Ed Ware (603) 924-2664 
McGraw-Hill Publicallons 
Two Prudonlia l Plaza 
180 North Stou.on Ave . 
Cp<:<1go. j L 60601 
FAX: (312) 616-3370 

IOUTNW!ST, 
ROCK Y MOUNTAIN 

'j.":;n~:r·~~lke• (214) 701-84116 
Bnan Hqg:ns (603) 92.t..2651 
McGrnw·Htll Pub!ICatx:rtS 
14850 OUorum Or., Sule 380 
Danas . TX 75240 
FAX: (214) 991-6208 

SOUTH PACIAC: Loo""'..... CA 
LOS ANGELES COUNTY. AZ, NM. NV 
Alan El Faye (213) 480-5243 
Bmd Dltoo (603) 924-257' 
McG[aw-~ill Pubhcatkrls 
3333 Wltsh(ro Boulevard •SOO 
LOS Angeles. CA 9001 t> 
FA X: (213) 480-5235 

NORTH PACI FIC 
NORTHERN CA, OR, ID, M , WY . UT 
Roy J . Kops (41 5) 513-6881 
Jomes Ball 1603) 924-2662 
SILICON VALLEY. HI, WA. AK . 
W. CANADA 
a.u Mc:AJoo (41 5) 513-6862 
James Sail (603) 924-2662 
McGraw- H i ~ PublicatJons 
1900 0 'Farrell St.reet. Sutle 200 
San Matoo. CA 94403 
FAX: (415) 513-6867 

Peterborough, NH Office: Inside Sales FAX: 603-924-2683 Advertising FAX: 603-924-7507 

SOUTM PACIFIC: lrYlae, CA 
ORANGE COUNTY 
SAN DI EGO COUNTY 
Bolh Dudas (71 4) 753-8140 
Brad Ouon 603) 92.C-257.C 
McGraw·Hlil Publcations 
15635 Alton Pl<w1.. Surte 290 
IMno, CA 92718 
FAX! (714) 753-8147 

__,aon--r. _ 
Ma<!< Siono (603) 924-2695 

Tho ...,....-vc
Ma<gOl LSwamon \603) 924-2656 
BYTE,Pul>lcallOns 

IYT'E llock 
Susan Ras! l!n1 (603) 924-2596 
BYTE Publlcal<>n> 

EUllG«Cll 
Jooeph Mabe (603) 924-2533 
BYTE Pul:>lic.aliOns ·· ""'""lalDC -Ed Ware (603) 924-2664 

Elion Pomam \6031924-2598 
BYTE Publications 
One Phoenix Mill Lane 
Pelorborough. NH 03458 

One PhOentx M·U Lane 
Pol orborough. NH 03458 

One Phoenix MUI Lane 
Pelerborough NH 03458 

INTERNATIONAL ADVERTISING SALES STAFF 
UHfTID KI NG DOM , 
FRANC£, 8ENEWX 
Gari Luca• (+44 71 495 6782) 
Jorintl\1\11 McGowan 

GI RMANY , SWITllRLANO, 
AU I TlllA 

~g:~~t~r 9Publishfng Co. 

rTALY, 
SCANDINAVIAN COUrml1ES 
Zona CoupO, Amnnda Blaskott 
A·Z ln1omatJonol &lo:. [ td. 
70 Chalk Farm Road 
London NW! SAN 
England 
Tel: +'4 71 2843171 
FAX: +44 71 2843174 

ISllill. 

~~~~ieatJOn l nn. 
P.O B<ix99 
Herzl(ya 46101 
Israel 
T el: +9n 9 586245 
Tel: +9n 9 586246 
FAX: +972 9 585685 

One ?hOenu: Mill Lano 
Pcterbo<ough, NH 03458 

TAIWAN/ PAC IFIC R1M 
JMOI Wang 

~dA~~~~ ~~~~~~~oc~. 
Fu Hsing Nonh ROJ d 
TE.i;>ei 105 
Tc.iwan A.O.C. 
Ttl: .aB6 2 71 36959 
FAX: .aB6 2 7189467 o 

HONG KONG 
Yen 

Third Wave Pubhsting Corp 
lJrut 2. SF Hing Wah Center 
82-84 To Kwa Wan Rood 
Kowioon, Hong Kong 
Tt l: +852 764 3830 
FAX: +1!52 764 3657 

BYTE Publ<:a"°"" 
One Phoenax Md! Lone 
Pelertlorough. NH 03<S8 

JAPAN 
Masaki Mor1 
Transworld Med1£1 Inc. 
102, 2-26-3 Nis;,;golancb 
Shinagawa-ku, 
Tokyo 141 
Japan 
Tel: +81 3 33887466 
FAX: +81 3 37880674 

A.._Suzu!ci 
No.:us. Inc. 
2$8, Unold,01l>'lw 
Tol<yo 146 
Japan 
Tel: +81 3 37573nt 
FAX: +1!1 3 37572266 

SINGAPORE 

AUSTRAUA 
Phil Bush 
National Advertising SeNlces 
7- 13 Parrawoon Stroot 
Cromomo NSW 2090, 
Au:Waf.a 
Te l: '+61 2 908 9329 
FAX: +612953 8274 

MALAYSIA 
H.K. U m 
Servex (Malaysia) Sdn. Bild. 
5th Floor, Bena Tower 

160.Jalan Ampong ~ 
50450 Kuala l.Umpur \t 
Malaysia 
Toi: +60 3 2524592 • 

FAX: +60 3 2624591 ~..:: t 

L.lob.g$1rassc 19 ~~~~~ ~~1lsbng ~. D·60323__Erunldun 
34~rSt. Germany 
London W1 X 4BR Toi: ,._.9 69 71 .CO71.CO 
EnglaQd FAX: 9 69 7140 71 48 
FAX: +'4 71 4956734 

Subscription Customer Service 

U.S. 1-800-232-2983 


Outside U.S. +1 -609-426-7676 


For a New Subscription 

U.S. 1-800-257-9402 


Outside U.S. + 1-609-426-5526 


KOREA Thii'dV/ave Publls.h1ng
Voung-Seoh Chinn Ono Rocho, Canal Road •03-0 I 
JES tAedia lnlern.1 ~K>naL Sim Lin Squaro 

Singapore 0718 ~~~r.~~Oi 
11 .~\~,ml\~~·•·,1 ! 

oroa 

,-.~p~·. -~''·· • 
.. I ' _. t ·, :.:~!'.- ...-{,.-, ~ 

.... 
~~~r~·: ~
Kangdong-G u 
Seoul 134-070. 
Ttl: +112 2 4813411 
FAX: +82 2 48 1341 .C 
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YOUR DIRECT LINK 

PRODUCT CATEGORY INDEX 

For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Cardi 

To receive information for an entire product category, circle the category 
number on Your Direct Link Cardi 

Cato/(oryNo. 

Inquiry No. Page No. 


HARDWARE 
1 
223-224 
252 

2 
223-224 
69 
201 
79-80 
204-205 
208 
162 

138 
553 
564 
267 
257 
181 ·182 

3 
288 
261 

4 

560 
532 
198 
84-85 

241 
242·243 
556 
519 
544.545 

558 
282-283 

254 
141-142 
26!1-270 
257 

5 
555 
6H5 

218 
201 

552 
98 
246 
554 

221-222 
292 
118-119 
231 
217 
232 
264 
158 

6 
235 
245 
248 
249 
250 
138 

ACCESSORIES/ SUPPLIES 
ANTEX ELECTRONICS 
l'OlAROfO CORPORATION 

ADD-IN BOARDS 
ANTEX ELECTRONICS 
ATI TECHNOLOGI ES INCORPORATED 
COMPUTER & CO>lTROl.S SOLUTIONS 
CURTIS INC 
DISTRIBUTED PROCESSING TECH 
JAMECO ELECTRONICS 
MEDIA VISION IN.A.) 
PACIFIC DATA PRODUCTS 
OfJATECH INC 
SPICER GRAPHICS 
SPIDER GRAPH ICS 
STARGATE TECHNOLOGIES 
TALKING TECHNOLOGY INC 
WlBU 

BAR CODING 
MAYER AUTOMATION GROUP 
VIDEX INC. 

COMMUNICATIONS/ 

NETWORKING 


ALTEX ELECTRONICS 
AXIS COMMUNICATIONS llNT'L) 
CYUNK 
OCA IN.A.) 
GMM RESEARCH CORPORATION 
GTEKINC 
HERGO ERGONOMIC SUPPORT 
l.\EGAOATA 
MITRON COOPUTER (INT'L) 
NYNEX M061LE COMMUNICAllONS 
RCI 
AHETOAEX INC. 
ROSC El.ECTRONICS 
SIGMA TECH SOFTWARE 
TALKING TECHNOLOGY INC 

COMPUTER SYSTEMS 
AOOTECH COMPUTERS INC 
ADVANCED LOGIC RESEARCH 
AMBRA COMPUTER CORP IN.A.) 
APPRO INlERNA TIONAL INC 
COMPUTER &CONlROLS SOLUTIONS 
DELL COMPUTER CORP (N.A.) 
DELL COMPUTER CORP (N.A.) 
GATEWAY 2000 
GATEWAY 2000 
IBM PC DIRECT (N.A.) 
IBM PC DIRECT (N.A.) 
INlEGRIX INC (INT'L) 
INTEL CORPORATION 
KILA 
MANCHESTER EOfJIPMENl COMPANY 
MICRQ.INlERNATIONAL INC. 
NEXT WAVE SYSTEMS 
NSTlJPENllUM (N.A.) 
PACIFlC COAST MICRO 
RECOATEC INC 
SILICON VALLEY COMPUTER 
TRI VALLEY TECHNOLOGY INC 
ZEOS INlERNATIONAL 

DATA ACQUISITION 
AMERICAN ADVANTECH 
IOTECH 
KEITHLEY METRABYTE 
MICROSTAR LABORATORIES 
NATIONAL INSTRUMENTS 
OfJATECH INC. 

256 
257 

256 
196 
249 
108 
247 
245 
115 
185 
230 

240NE 4 
24050 4 

257 
258 

42 

257 
257 

24050 2·3 
2n 
74 

101 
257 
258 

240NE 2 
40IS 12 

66 
240NE 1 

258 
258 
21 0 
258 
258 

240NE 3 
107 

32·320 
254 
249 
CIV 
CUI 

96A.J 
97 

Cll· 1 
408-C 

n 
56A·D 

259 
240NE 6 

253 
258 
138 
256 
251 

236-237 

259 
16-17 

259 

259 
259 
259 
265 
230 

C11te/(aryNa. 

Inquiry Na. Page Na. 


255-256 SILICONSO FT INC . 259 
279 TRANS 2000 260 

53 DIAGNOSTIC EQUIPMENT 
293-294 MICROOATA 260 
258-259 UN ICORE 50FTVIA~E 260 

7 DISK & OPTICAL DRIVES 
280 2CDROM,LLC 260 
291 AMER ICAN INFOSOENCE 260 
276 CONlROL CONCEPTS. INC . 261 
79-80 CURTIS INC 108 
275 GENERAL TECHNICS 261 
273-274 GRANITE DtGfTAL 261 
111 MEGMJRIVE SYSTEMS 75 
213-214 MICRO SOLUTIONS COMP PROO 241 
211-212 MICRO SOLUTIONS COMP PROO 243 

215-216 MICRO SOLUTIONS COMP PROO 235 

112 MICAOPOLIS CORP 39 

132·133 PINNACLE MICRO 

543 PIONEER HIG H FlD (GB) LTD llNT'L) 101 

8 DISKETTES/ DUPLICATORS 
236-237 AXIOMATIC 
260 VICTORY ENTERPRISES TECHNOLOGY 

9 FAX BOARDS/ MACHINES 
529 PORA CORPORA TION 

10 GRAPHICS TABLETS/ 
MICE/ PEN INPUT 

175-176 ARISTO GRAPHIC SYSTEMS 

11 KEYBOARDS 
501 CHERRY MIKROSCHALTER GMBH llNT'L) 
286-287 ElMA ELECTRONIC 
244 HOOLEON CORPORATION 

12 LAN HARDWARE 
200 BUFFALO PROOUCTS 
502.503 COMPEX INC 
81-82 CYBEX CORPORATION 
506-507 CYBEX CORPORATION llNT'L) 

84-85 OCA(N.A.) 
556 HERGO ERGONOMIC SUPPORT 

IBM PC DIRECT IN.A.) 
544-545 MITRON COMPUTER (INT'L) 

558 NYNEX MOBILE C0\1MUNICATIONS 
514 OLIVETTI SYS & NT/IKS llNT'LI 
129-130 PC POWER & COOLING 
127-128 PC POIVER & COOLING 

13 LAPTOPS & NOTEBOOKS 
295 ANTAON ELECTRON ICS LTD 
238 AXONIX CORP 
531 CHAPLET 
530 CHAPLET 
2n EDUCALC 
527 FlRST INTERNATIONAL COMPUTER 
240 GENOVATION INC. 

IBM PC OtRECT (NA.) 
JCR MICROOEVICES 

221 -222 MICRDINlERNATIONAL INC. 
536 MITAC INlEANAT~AL CORP 
151 TOSHIBA AMERICA "IC 
180 WJNBOOK INC 
158 ZEOS INlERNATIONAL 

14 MAIL ORDER 
ALTEX ELECTRONICS 
AMBRA COMPUTER CORP IN.A.) 
BYTE CIRCULATION 
BYTE INTERNATIONAL llNT'L) 
BYTE SHOW SERVICE (INT'L) 

202 COMPUTER OISCOUNl WAREHOUSE 

203 COMPUTERLAN E UNLIMITED 

261 
261 

40IS 23 

202 

138-139 
262 
262 

252 
40!5 7 

207 
cm 
101 

240NE 2 
120-121 

66 
240NE 1 

68-89 
53 
74 

262 
262 

40IS 21 
40IS 19 

262 
401$ 2 

263 
408-C 

255 
253 

40IS 11 
28-29 

95 
16-17 

240502-3 
32-320 

240NE 2 
143 

12G-121 
232·233 

242 

C11tagaryNa. 

Inquiry Na. Pa/(e Na. 


208 
221-222 
209 

557 

15 
206-207 

98 

103-104 
229-230 

16 
196 

97 
109 
231 
129-130 

127-128 

17 
278 
508 

18 
102 
516 
163-164 

113-114 
115 

120-121 
523 
143 
542 

152·153 

19 
289-290 

555 
223-224 
201 

190-191 

162 
125 

557 
255-256 
537 

20 
63 
296 
200 
504 
297 

533 
106-107 
115-117 

150 

21 
271-m 
87-88 
511·512 

536-539 
181-182 
263 

IBM PC DIRECT (N.A.) Cll-1 
IBM PC DIRECT (NA I 
JAMECO El.ECTAONICS 245 
MICRO.INlERNATIONAL INC. 253 
NEVADA COMPUTER 240 
NSTUPC DIGEST 218 
PC OUTFlffiRS INC. 240NE 5 

MEMORY/ CHIPS/ UPGRADES 
FIRST SOURCE INT'L 250 
IBM MICROEl.ECTRONICS 103 
INlEL CORPORATION 56A-D 
JAMECO ELECTRONICS 245 
KINGSTON TECHNOLOGY 153 
LA TRADE 238 

MISCELLANEOUS HARDWARE 
CAUFORNlA PC PROOUCTS INC 
COMMUNICATION INlELLIGENCE 
INlEGRANO RESEARCH 
MAXTOR 
PACIFlC COAST MICRO 
PC POWER & COOLING 
PC POWER & COOLING 

MODEMS/ MULTIPLEXORS 
ATAIE TECHNOLOGY INC 
OATATAONICS TECHNOLOGY 
JOA MICROOEVICES 

MONITORS & TERMINALS 
KFC IN.A.) 

KUO FENG CORPORATION llNT'L) 

MAG INNOVISION 

NANAO USA CORP (N.A.) 

NEC MONITORS 

NOKIA OtSPLAY PROCUCTS INC 

OPTIOUEST 

PHILIPS MONITORS llNTL) 

SAMTRON DISPLAYS INC (N.A.) 

SAMTRON ~NT'L) 


VIEWSONIC 


MULnMEDIA 
AOOA 
AOOTECH COMPUTERS INC 
.'INTEX ELECTRONICS 
COMPUTER & CONTROl.S SOLUTIONS 
CREATIVE LABS INC 
FAST MULTIMEDIA 
MEDIA VISION IN.A.) 
PASSPORT DESIGNS INC. 
PC OUTFlTIERS INC. 
SILICONSOFT INC. 
VOCALTEC LTO llNT'L) 

PRINTERS/ PLOTTERS 
MJ06E SYSTEMS INC 
ATLANllC TECHNOLOGY 
BUFFALO PROOUCTS 
COMPUTER FRIENDS 
DATAPRODUCTS 
HEWLETT·PACKARO 
MANNESMANNTALLY (INTL) 
MANNESMANN TALLY (NA.) 
NEVIGEN SYSTEMS CORP 
PACIFlC OATA PRODUCTS 
TEKTRONIX 

215 
35 
76 

110-111 
256 

53 
74 

263 
4015 18 

255 

40!3 
CIV 
159 
63 

154-155 
71 

131 
8-9 

223 
63 
55 

263 
240NE 3 

256 
249 

87 
174 
115 
109 

240NE 5 
259 
152 

179 
263 
252 

40IS8 

24-25 

1n 
1n 
176 

185 

170 

PROGRAMMABLE HARDWARE 
DAVISON·WOATH CORPORATION 263 
EUASHIM MICROCOMPUTERS 204 
FAST HAROLOCK (INTL) 61 
JOA MICROOEVICES 255 
MARX DATENlECHNIK GmbH 40IS6 
wtBU 42 
ZWORLO ENGINEERING 263 
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YOUR DIRECT LINK 
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For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Cardi 

To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 

Category No. 

Inqui ry No Plllte No. 


22 	 SCANNERS/ OCR/DIGITIZERS 
BHB ELIASHIM MICROCOMPUTERS 204 
517 LIGATURE LID (INT"LI 401S 22 
281 UTECH CORPORA T10N 264 

23 TAPE DRIVES 
T.H4 COLORADO MEMORY SYSTEMS 12-13 
247 LAGUNA DATA SYSTEMS 264 
213-214 MICRO SOLUTIONS COMP PROO 2'1 
215-216 MICRO SOLUTIONS COMP PROO 235 
211·212 MICRO SOLUTIONS COMP PROO 243 
251 OVERLAN D DATA INC 264 
253 OU ALSTAR CORP 264 
2114-285 TAPEDISK CORPORATION 264 

24 UPS 
68 AMERICAN POWER CONVERSION 64-65 
123-124 MINUTEMAN 51 
52G621 ~~N\ITEMAN (IHn) 112 
127·128 PC POWER & COOU~ 74 
129-130 PC POWER & COOLING 53 

SOFTWARE 

25 BUSINESS 
165 CARDIFF SOFTWARE 198 
116 PATTON A PATTON 208 

SC ITOR CORPORATION 15 

26 CAD/CAM 
175-176 ARISTOGRAPH1C SYSTalS 202 

AUTODESK INC 117 
99-100 INTERGRAPH (NA) 147 
262 WINTEK CORP 265 

27 COMMUNICATIONS/ 
NETWORKING 

502-503 COMPEX INC 401S 7 

84-85 OCA (NA! 101 
89-90 FRONTIER TECHNOLOGIES 214 
92-93 FUTURESOFT ENGINEERING 212 

IBM PC DIRECT (N.A.) 120-121 
541 LANSOUFICE 40IS 24 

MICROSOFT CORPORATION 19 
131 PERSOFT INC 189 
193-1 94 ROBERTSON-CARUSO & ASSOCIATES 42 
169 SOFT ARC 125 
1n-174 VISfONWARE 119 
525 WALKER. RICHER & QUINN 40IS 17 
195 Z·CODE SOFTWARE (NA) n 

28 DATA ACQUISITION 
250 NATIONALINSTRUMENTS 265 

29 DATABASE 
76 COMPUTER ASSOCIATES 151 
23 9 COMPUTERWISE 265 

MICROSOFT CORPORATION 2-3 
MICROSOFT CORPORATION (NA) 73 

18S-186 ON TOP SYSTEMS 214 

30 EDUCATIONAL 
61.Q ABACUS SOFTWARE 128 

MCGRAW HIU NRI (NA) IB2A·B 
537 VOCALTEC LID (llfrl) 152 

31 ENGINEERING/SCIENTIFIC 
548-549 F & H SIMULATIONS (INTL) 32 
159-1 60 IT ERATED SYSTEMS 96 
146-147 LANDMARK RESEARCH INTL CORP 203 
155-157 WOlFRAM RESEARCH 197 

32 ENTERTAINMENT 
210 MICROPROSE SOFTWARE 239 

33 GRAPHICS 
67 AITECH INTERNATIONAL BS 

Catet{ory No. 

Inquiry No P111te No. 


17S.176 ARISTO GRAPHIC SYSTEMS 202 
78 COREL SOFTWARE 31 
227-228 LEAD TECHNOLOGIES 254 
113-114 NANAOUSACORP(NA) 63 

34 MACINTOSH 
519 LOGIC PROGRAMMING ASSOC (INTL) 209 

35 MAIL ORDER 
202 COMPUTER DISCOUNT WAREHOUSE 232-233 

505 COMPUTER QUICK (llfrl) 106 
233 OATACAL DIREC T 244 
513 GREY MATIER LTD 401S 14 
105 PAOGAMIMER"S PARADISE 44-4 5 

36 	 MATHEMATICAL/ STATISTICAL 
F & H SIMULATIONS (INTI.) 

145 STATSOFT 
14'-149 SYSTAT INC 191 

155-157 WOLFRAM RESEARCH 197 

37 	 MISCELLAENOUS SOFTWARE 
ON TIME MARKETING 401S 12 

38 	 ON·LINE SERVICES 
AMERICA ONLINE INCORPORATED (NAI 144A·B 

450 	 DIX (NA) zn 
COMPUSERVE 128A·B 

75 COMPUSERVE 129 
86 DELPHI INTERNET SERVICES 206 

39 	 OPERATING SYSTEMS 
NETWORK COMPUTING DEVICES (N.A.) 143 

136 ONX SOFTWARE SYSTEJ.lS LTO 36-37 

137 QUARTERDECK OFFICE SYSTEMS 43 
193-194 ROBEATSON-GARUSO& ASSOCIATES 42 

40 	 PROGRAMMING 
LANGUAGES/TOOLS 

189 	 ANGOSS SOFTWARE INTERNATIONAL 141 

70.71 	 DORLAND INTERNATIONAL 11 

COPIA INTERNATIONAL LID. 202 
187·188 CRYSTALOGIC INC 127 

540 IBM 40155 

IBM SOFTWARE SOLUTIONS 20-21 
515 INNOVATIVE DATA CONCEPTS (INTL) 11 5 
199 KNOl'llEOGE GARDEN (EUROPE) LID. 199 
227·228 LEAD TECHNOLOGIES 254 
51 8 LOGIC PROGRAMMING ASSOC (llfrL) 209 

MICflOWAY 132 
528 ON TIME MARKETING 401S 12 
522 PHAR LAP SOFTWARE INC 401S9 
179 POET SOFTWARE (N.A.) 40A 

135 POPKIN SIW & SYSTEMS INC. 105 

167 POWEASOFT CORPORATION (NA) 88-89 
144 SEOUITER SOFTWARE INC 195 
178 SUN PRO (N.A.I 66 
526 SYMANTEC (llfrl) 73 
154 WATCOM 27 

41 	 SECURITY 
66 ALADOIN KNOWLEDGE SYSTEMS 69 
501 CHERRY MIKROSCHALTER GMBH (llfrL) 138·139 
168 DALLAS SEMICONDUCTOR BO 
87-88 ELIASHIM MICROCOMPUTERS 204 
509-5 10 EUTRON 401S 20 
511·512 FAST HAROLOCK (INrL) 61 
!14-95 GLENCO ENGINEERING 135 
SJ&.539 "1ARX OATENTECHNIK GmbH 40156 
139-140 RAJNBOWTECHNOLOGIES 59 
524 SOFTWARE SECURITY 401S 13 

181·182 WIBU 42 

43 	 SOFTWARE DUPLICATION 
236-237 	 AXIOMATIC 261 

Cate~ory No. 

Inquiry No Plllte No. 


45 UNIX 
COPIA INTERllATIONAL LTD. 202 

91 FRAME TECHNOLOGY (N.A.I Jl.9 
96 HUMMINGBIRD COMMUNICATIOUS 138 
171).171 INFORMATION FOUNDATION 148 
546-547 INTERSTELLAR SYSTEMS LID (!NTL) 209 
551-552 LABTAM (INTLI 130 

NETWORK COMPUTING DEVICES (NA) 143 
1n 11c VISIONWARE 119 
15S.157 WOLFRAM RESEARCH 197 
195 Z-COOE SOFTWARE IN.A.I n 

46 UTILITIES 
550 AOTEK (INT'L) 144 
66 ALADDIN KNOWLEDGE SYSTEMS 69 
220 ALLMICRO 234 
110 CONNER(N.A.) 61 
187-1 88 CRYSTALOGIC INC 127 
146-1 47 LANDMARK RESEARCH JHn CORP 203 
219 MICR02000 246 
293-294 MICROOATA 260 
268 OMEGA POINT INC. 265 
134 PKWARE INC 142 
284-285 TAPEDISK CORPORATION 264 

47 WINDOWS 
61-92 ABACUS SOFTWARE 128 
1n ASK ME MULTIMEDIA CENTER 198 

COPIA INTERNATIONAL LTD. 202 
89-90 FRONTIER TECHNOLOGIES 214 
96 HULIMJllGBIR!l COMMUNICATIONS 138 
101 KEA SYSTEMS L TlllATIACHMATE CO 104 
146-147 LANDMARK RESEARCH llfrL CORP 203 
51 B LOGIC PROGRAMMING ASSOC (INTL) 209 
210 MICROPROSE SOFTWARE 239 
113-11 4 NANAOUSACORP(NA) 63 
18S-186 ON TOP SYSTEMS 214 
266 PACIFIC SOFTWORKS 265 
125 PASSPORT DESIGNS INC. 109 

131 PERSOFT INC 189 
193-194 ROBEATSON{;ARUSO & ASSOCIATES 42 

scrron CORPORATION 15 
ZSS.256 SILICONSOFT INC . 259 
180 WINBOOK INC 95 

48 WORD PROCESSING/ DTP 
91 ~IE TECHNOLOGY (N.A.) Jl.9 

517 LIGATURE LID pNTL) 4015 22 
517 LIGATURE LTI> (U.S.) 4015 22 

GENERAL 

49 	 BOOKS/PUBUCATIONS 
61-<;2 	 ABACUS SOFTWARE 128 
18J.184 	 APPROFESS,ONAL(N.A.i 112 

BUSINESS WEEK (INnl 147 
BUSINESS WEEK (INTL) 223 

BYTE DECK (NA) 130 
BYTE EURO DECK 248 
COMPUTER PROF BOOK SOCIETY (N.A) 209 
MCGRAW·HIU. PROF & REF DIV 140 

122 	 OSBOANE MCGRAW·HIU 229 

SO 	 RECRUITMENT 
563 	 OA TRAINING 40IS 10 

51 	 MISCELLANEOUS 
n 	 BRITISH AIAVIAYS 217 

BYTE CIFICULAT10N 240NE 2 
BYTE SllOW SERVICE 120-121 

BYTE SUB MESSAGE 204 
BYTE SUB MESSAGE (INn) 209 
OATAPRO 78-79 

561 	 DECUSITALLEY MANAGEMENT GROUP 240501 
NETWORLO.:NTEROP 94 LAS VEGAS 186 
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EDITORIAL INDEX 

For more information on any of the companies covered in articles, columns, or news stories 
in this issue, circle the appropriate inquiry number on Your Direct Link Card. Each page number 
refers to the first page of the article or section in which the company name appears. IS pages 
appear only in the International edition. 

Inquiry No. P/16e No. 

D 
1108, Dataproducts 164 

1349, 1381 

1309 Dayna Communications 225 

1382 DEC 46, 67, 99, 164 

1321 Devore Software 228 


& Consulting 

1286 DigiBoard 221 

1154 Distributed Processing 205 


Technology 

E 
1460 Empress Software 401S-20 

1109, Epson America 164 

1119, 1350 

1436 European Business 401S-10 


Group 

1327 Excel Software 228 


F 

1311 Facility Innovations 225 

1383, Fargo Electronics 164 

1384 

1423 First International 401S-6 


Computer 

1303 Frt Software 224 

1326 Flambeaux Software 225 


Forward Concepts 22 

1314 Foundation Microsystems 226 


G 
1351 	 GCC Technologies 164 


General Magic 22, 11 3 

1110, Genicom 164 

1352, 1353 

1450 Geosoft 401S-16 


Geoworks 22 

1435 Graphtec 401S-10 


GTE Mobilnet 90 

1465 Guildsoft 401S-15 


H 
1120, Hewlett-Packard 22, 90, 14 

1354, 1355, 1356, 1357, 9, 164, 187 

1358, 1359, 1360, 1361 , 1385, 1386 

1427 Hexoft 401S-3 

1433 Hi-Spectra 401S-6 

1432 Hitachi 401S-6 


1151 	 IBM 22, 46, 81 , 90. 133, 

145, 201, 205 


1276, In Focus Systems 220 

1293 

1322 lnforite 225 

1454 Informatica 401S-15 

1319 lntex Solutions 228 

1313 l/OSoftware· 226 


K 
1317 KnowledgeNet 228 

1431 KYE Systems 401S-4 

1362, Kyocera Electronics 164 

1363 


L 
1331 LaserData 226 

1364 LaserMaster 164 

1121 , Lexmark lntemational1 49, 164 

1339, 1365, 1366, 1367, 1388 

1340 Lotus Development 90, 


122, 187 

1328 Lucid 226 


M 
1337 	 Magee Enterprises 225 


Inquiry No. PalfeNo. 

1289 MAG lnnoVision 222 

1111 Mannesmann Tally 164 

1300 Manugistics 226 

1332 MathSoft 228 

1305 The MathWorks 224 

1329 Micrografx 226 

1149, Microsoft 22, 46, 57, 113, 

1341 122, 133, 137, 149, 187, 205 

1148 Micro2000 205 

1461 Moon Valley Software 401S-24 

1277 Moses Computers 220 


Motorola 22, 90 

1463 MAT 401S-20 


N 
1075 Nanao 157 

1147 Nanao USA 205 

1438 National Instruments 46, 


401S-12 

1318 Natural Graphics 228 


NCR 81, 99 

1368, NEC Technologies 164 

1369, 1370 

1371 NewGen Systems 164 


No Hands Software 187 

1076 Nokia Display Products 157 

1453, Non Standard Logics 40IS-15, 

1459 401S-16 


Notis Systems 22 

Novell 46, 133, 201 


0 
1449 0 2 Technology 401S-15 

1112, Okidata 164 

1372, 1373 

1287 Olympus Image Systems 221 

1288, 

131 O Online Computer 221, 


Systems 225 


1113 	 Output Technology 164 


p 
1150 Palindrome 205 

1374, Panasonic 164 

1375 Communications 

1302 Paradigm Systems 224 

1458 Pathfinder 401S-18 

1155 Perceptive Solutions 205 


Pipeline 22 

1325 Pixar 225 

1152 Plannet Grafters 205 

1078 Poet Software 137 

1455 Polaris Software 401S-22 


Powersoft 46 

1291 	 Prairie Digital 222 


Precision Digital Images 22 

Pro CD 41 

Prograph International 46 


1452 	 Prosa Software 401S- 16 

Q 
1462, Q+E Software 401S-22 

1466 

1304 Qualitas 224 

1153 Quantum Development 205 

1285 Qume 22 1 


R 
1272 Racal-Datacom 221 

1292 Radio, Computer 222 


& Telephone 

Radish Communications 81 


Systems 

1437 Radius 401S-10 


Inquiry No. PalfeNo. 

1308 Radix2 Software 225 

Engineering 


RAM Mobile Data 90, 113 

1421 	 ADI Europe 401S-3 


Rogue Wave Software 46 

RSA Data Securities 113 


s 
1330 Sequiter Software 226 

1294 Server Technology 222 

1467 Shareware 401S-24, 46 

1376, Sharp Electronics 90, 164 , 

1422 401S-4 

1316 Sheridan Software 226 


Systems 

Silicon Graphics 10, 41 

Spectral Innovations 22 

Spectron Microsystems 22 


1290 Spectrum Signal 222 

Processing 


1464 SPSS France 401S-24 

Stac Electronics 22 


1389 S1ar Micronics 164 

Sun Microsystems 22, 46, 67 


1299 SunPro 225 

Sun Soft 46 


1428 Sygnus Data 401S-4 

Communications 


Symantec 46 

Syntha-Voice 22 


T 
1271 	 Tadpole Technology 220 

1312 	 Tailor Made Software 226 


Taligent 46 

Tandy 22 


1390 Tektronix 164 

1429 TeleDisk 401S-4 

1114, Texas Instruments 22, 164 

1122 


Toshiba 99, 133 

1439 Transtech Parallel 401S-8 


Systems 

Traveling Software 90 


1284 Tri-S1ar Computer 221 

1274 Troll Technology 220 

1281 Truevision 220 


u 
1296 	 Unlimited Systems 222 


USAA 46 


v 

1430 Varit ronix 40IS-4 

1333 Vermont Microsystems 228 

1279 Vernier Software 220 

1451 Viatec Soltware 401S-1 8 

1283 VidTech Microsystems 221 


Visual GADD 22 

1307 Visual Engineering 224 

1444 Vitelec Electronics 401S-12 

1335 Vycor 228 


w 
1273 Windata 222 

1457 Wordcraft 401S-18 


International 

1156 WordPerfect 46, 205 


x 

1379 	 Xerox 164 


Xircom 99 


z 
Zenith Data Systems 133 


Inquiry No. 

A 
1426 	 Acct on Technology 

Acer America 
ACIUS 

1105, Advanced Matrix 

1106, Technology 

1123 

1280 Advanced Microvideo 

1320 Advent Imaging 

1456 AIP·NL 

1079 Aladdin Systems 

1124, Alps Electric 

1125 


AMD 
American Business 

Information 
1425 Amstrad 

Analog Devices 
1278 Apexx Technology 

1126, Apple Computer 

1127, 1128 


401S-3 

81 

22 


164 


220 

228 


401S-16 

161 

164 


99 

41 


401 S-3 

22 


220 


22, 46, 81, 

164 


1440 


1434 


1424 


1306 


1315 


1334 


Appropriate Solutions 46 

Archipel 401S-1 2 

Ardis 113 

Artie Technologies 22 

Artisoft 22 

Asymetrix 22 

AT&T 22, 46, 81,90, 11 3 

AT&T Global 

Information Solutions 
Auspex 
Automated Functions 
AVM 

Computersysteme 

B 
Bell Atlantic Mobile 

Systems 
Bell Labs 
Bell Northern 
BellSouth 
Berkeley Systems 
Binar Graphics 
Biolink Computer 

99 


401S-8 

22 


401S-3 


90 


81 

90 

22 

22 


224 

22 


Research and Development 

Bitstream 187, 226 

Blyth Software 22 

Borland International 22, 


46, 57 

Bristol Technology 228 


1107, Brother International 164 

1115, 1129, 1130, 1377, 1378 

1146 BSE 205 

1469 The Business Channel 40IS-24 


c 
Cad key 22 


1116 CalComp 164 

1301 Caligari 228 

1275 Calpak 220 

1117, Canon Computer 164 

1346, Systems 

1347, 1380 

1118 

1282 

1348 


1298 

1324 


276 


Citizen America 164 

Codonics 221 

Compaq Computer 149, 164 

Compudyne 

Computer Intelligence/ 


lnfoCorp 
Coromandel 
Crosswise 
Curtis Software 
CyberCorp 
Cyrix 
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BIK: Vour [oac:h 

to the Internet! 


G ive BIX a t ry w ith our new 5 ( or Free Offer! Join BIX 

today and get 5 hours of evening and weekend access for free I 

Take the rest of the calendar month to exp lore BI X, and then 

contin ue for our standa rd $13 m onthly membersh ip fee. ee Further detai ls and complete rate inform ation are 

provided du ring reg istration. Usi ng any communicatio ns 

prog ram, dia l 1-800-695-4882. At the " logon" p rompt enter bix. 

Then at the " name?" prom pt enter bix. byte39. If you have any 

questions, call us at 1-800-695-4775 (voice) . Or fax us at 617-491 -6642. 

Send Internet mail t o info@bix.com. Windows users ca n order BIXnav, our graphical 

interface for BIX, fo r easy point and click access. Details are available duri ng registratio n. 

Undor thO 5 lOI Free plan. daylime ratos ($9/hr .) apply tor access during prime timo hour6. lhe 5 lor Free offer is valid for l1rsH ime members only . 

Clrcle 450 on Inquiry Card. 

The Internet connects you with 

more than 10 million people , at 

universities, companies, and other 

online services. Now, get full access 

to the Internet free of charge when 

you subscribe to BIX! You'll also 

get expert assistance from BIX 

moderators who can help you find 

your way around the Internet. 

These experts can guide you through 

the many services and featu res 

avai lable, and help you find the 

information you're looking for. 

Anytime you need help, just join our 

special 'internet' conference and get 

fast answers to your questions. 

As you become more famil iar w ith the 

Internet, you' ll be able to download 

files from al l over the world using FTP, 

connect to other sites and services 

through te lnet. read and reply to 

Usenet Newsgroups, access util ities 

li ke f inger and whois, and much more ! 

BIX and the Internet together provide 

the largest and most effective technical 

resource for computing professionals. 

And with over 600 local access 

numbers in the U.S .. plus telnet access 

via the Internet, BIX makes it easy to 

con nect. Try BIX today through our 

special 5 for Free offer - and become 

part of the top technical team! 

EIX 
If you caH hack it 

mailto:info@bix.com


[ij,]iili1IJliflfi Tom R. Halfhill 

The Introversion of America 
Virtual communities are 

no substitute for real 

communities 

alk through any residential neigh
borhood built in America over the 
last 75 years, and you ' II notice a 
revea ling a rchitectural pattern : 

Houses e rected before World War II almost invariably 
have large front porches, while houses th at came late r 
don ' t. Broad, full-frontage porches have g iven way to 
s imple stoops or abbreviated eniryways that are more 
decorative than fun ctional. 

The abrupt demise of the front porch isn't merely sym
bolic. It says a lot about how America has changed over 
the last 50 years and how new technology can signifi
cantl y alter our communities and soc ial relationships. 

Consider how front porches once defined our interac
tions wit11 family members and neighbors. As an external 
room attached to the face of the house, the porch repre
sented an intersection between public and private life. 
Before air conditioning, porches were a shaded refuge 
on hot summe r clays. Before TV, they were gathering 
places for sociali zing and courting in the evenings. In 
urban neighborhoods, they were public parlors, inviting 
random e ncounters with passers-by. Porches were de
signed for a lifestyle that was fundamentally extroverted. 

Over tl1e years, tlrnt connection to the outside world ha<; 
gradua ll y been rep laced with e lectronics that span great 
di stances. First te lephones, then radio, then TV, and now 
computer · have changed the way we sociali ze, maintain 
re lationships, and relate to our neighbors. Most recently, 
millions of people have started communicating witl1 each 
other via computers and modems plugged into on-line 
networks- and soon, via the data superhighway . 

The interactive networks make it possible to maintain 
far-fl ung virtual comm1111ities of like-minded people. ln 
itself, this is nothing new. It ' s the next logical step in a 
long trend toward basing relationships on common in
terests instead or geographical proximity. In the old days, 
especially in rural communities. fo lks had to associate 
with their neighbors, because there wasn ' t much choice. 
Nowadays, modern tran sportation and communication 
free us to assoc iate with those who share our views and 
interests, mid that 's good. But they also threaten to isolate 
us from our immediate communities, and that 's bad . 

Unlike some observers, I don ' t fear that the expanding 
bandwidth of communications will fracture us into virtual 
communities that are too narrowly focused. According to 
thi s argument , ca ble TV channe ls and on-line forums 
are growing so numerous and specialized th at we won ' t 
be exposed to diffe ring viewpoints. As viewership de
clines on broadcast TV networks. say the critics, we ' ll no 
longer share a common media culture. We'll lose our 

national identity and become so enmeshed in se lf-rein
forcing feedback loops that we lose touch witli reality. 

I don ' t think that will happen. Sure , some people will 
maroon themselves on virtual info-is lands, but they al
ready do anyway. Most will be liberated by the interac
tivity and finely tuned narrowcasting of tlie new media. 
Whether passive lurker or aggressive flamer, you can ' t 
surf the networks for long without stumbling across a 
spirited debate about someth ing that grabs your atten
tion . Log on and see for yourself: Our virtual communi
ties are lively places tl1at roar witl1 tl1e noise of democracy. 

Virtual communities are exci ting and healthy, but they 
become a problem when they displace s imilar discourse 
in real communities. No matter how little you have in 
common with your nex t-door neighbors, you still have 
one thing in common: You are neighbors. If tliat rela
tionship is abandoned, the real communi ty begins to lose 
it s cohesion, j ust as the virtual community unravels if 
everyone stops posting messages. It would be a serious 
mistake to sacrifice tl1e o ld community for the new. 

Tum off your computer, take a walk around your neigh
borhood, and observe how dwellings continue to evolve. 
Prison bars di guised as decorative grilles protect doors 
and windows from break- ins. Front porches have moved 
to the back of the house, where they ' re called decks, and 
become the cente rpieces of backyards waJled in by pri
vacy fences . Or they ' re re located within the house itself, 
where they' re euphemistically called family rooms (e.g., 
TV rooms), thereby offering even more privacy- plus 
easy access to the rem ote, virtual neighborhoods. 

At best, our real communities will become sterile and 
boring. At worst , they' ll become hostile places where 
criminals fill the void of street life. Isolationi sm doesn ' t 
work any better local ly than it does internationally, and 
the results can be equa ll y self-destructi ve. • 

Tom R. Haljl1ill is a BITE se11ior 11 ews editor based i11 Sa11 Ma teo. 

Ca/ifomia. Omtnn him mi tile /111eme1 or /JIX a11/wljl1ill@bix.co111. 
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DUAL-SCANCOLOR BUILT-IN TRACKBAU LONG-LIFE BAITERY 


DELL LATITUDE~ • 4MB RAM FEATURES COMMON TO THESE 
MOBILE COLOR • I70MB HARD DRIVE CONFIGURATIONS: 

ORDER CODE #5000699 • 	 9 5' DUAi-SCAN STN COlOR 
DISPLAY12449· • INTEl'" i48o·., SX St-ENHANCED 

BUSINESS LEASE: $91/MO. 33MHz PROCESSOR 

• 	 LOCAi BUS VIDEO WITH
• 	 1IMB PA'v\DELL BEST BUY 512K VR!>M
• 	 170.VS HA~D DRIVt 

• 	 TYPE 11/111 PCMCIADELL LATITUDE MOBILE • ACT! - CONll1Cl •'NNAGfR 
SALES MANAGER SWANSION SlOI• 	MICROSOFT POWERPOINT 

• 	 3.5' DISKETIE ORNE• 	MICROSOFTWORKS 
• 24/96 F/~ MOOtM • 	 NiMH BAnERY12799· • ATIACH[ CARRYING CASE • iVS-DOS 6 2/WINDOWS 3.1 

BUSINESS LEASE : $104/ MO. ORDERCODE #5000700 • 	 DVv\ENSIONS: 
8.6' x 11_7" x If

DELL LATITUDE MOBILE • BMB RAM 
POWER PACK • 170MB HARD ORIVF • 	 WEIGHT: 6.4 IBS. 

• 14 4 f/l:i.MODEM • 	 COMM\11,0RKS 
• EXTRA BAIE'IY 	 JS COWllUNICATICN TOOLS12999· • ATIAChE C.t·.RRYING CASt 	 I I PACK.AGEi 

BUSI ESS LE ASE : Sill/MO ORDER CODE #5000701 • AIV.tRICA ONLINE 

If you happen to find a notebook that can do more for less, and has 
dedicated notebook support, kick your heels together. And then buy it. 

M-LL. 

CAll 800·626·4380 MM 

HOURS: MON-FRI 7AM -9PM CT SAT 10AM·6PM CT SUN 12PM-5PM CT 

IN CANADA'. CALL 800-668-3021. MEXICO'. 228· 7811 KEYCODE #11EBD 




H1.· ~ ri,.mJ.;.·nt, r;l nh·J Dt:ll "1-H~h\·;;r in Cu;;lUml.'r S;l tl'•f:1i.:11on .ummi; Dc~k 1 l'P l\·n,1.111 .il C,1m1•ut l.'r t; ...l.'r.'.<i.~ 


"'fhi.s dLTkt: hw not b('t'rl a pfmtt'l"d by the Fccli:rnl Cummunil.·,11ion.5 Commi.oion. Tl1U dl·t fre i5 1101, uml nUI)' 110 1 b(', offen.~ 1l for suk or (uuc or .)old or lt:nscd 


until th t: «l•lmJ1•ul of the FCC luu been obwint:d. ·11umw:im1L:l Jmci11r, 1''\'./nrn 5/15/l),L l/ Q9J }.lJ Pmt·L·r aml As.'i 1'i..·t11us Di:~h1p Pt•r)Olldl C u111/1u1t·r S1111\fi1a1m1S11uly 
ru1k/11crt•J llfnn nJ: l.956 h1umcs.s i&.'T r.:s (Kirukn ! ~ . · 11nrn 1·,d.J 111 rh..· L'.S. onl:-i· ) wfl l' fm>..!uns w u.i pw mnnmu rm! a.twlttbk Ill C 1m.c1..:1'1 , ,r .\t t" .'l:ICO . : iJ11 -m1t'.H kmm.1: arn.111~.:J 

lry l.1•m ms; (irmlJ!, In c . 1\ l ::i -IXJS mid J\licrusnfl tm.: n·gi~ 1t· rl·d m1dl·mmb mu.I \Vi11do111~ 1~ <I tmdemmk u/ ,\ li1..'rm11{1 Corpora.;inn. Tiu~ /111d /mu/l· l•l j!ll llrtd l11h•l 1m.• rc,(!l Hl'rcd 

miil~·nmrk~ i:nd 1-f~6 . l'l·11mnn mu.l O l't!f•lnw aTl' 1rcuk·11w1k:i o/ /rud Crnpora11 111 . \I L-Hu.~ 1$ (I rrt1Jenuirk of Vu.l~·o F.l·nmr.10 SimWuJ.s A.'i.'iol·wurnt. l\·cn·l·y U a TL',l!IHL'Y' ''I 

1mdt•mark oj Pt'lll 't'Y Elel."tnmic..' C11rpornrio11 . Dell Jisclam1' (mJ(mt'WT)' lllft'rn r in ilK· mink.~ mul 1111me~ o/ urhen . cD199.J lJcf. Cmn/nclt'T Cur/xi r11rrn11 . All n,l! IH.~ Tt'St' rt":il. 

http:F.l�nmr.10
http:l\�n,1.111.il


XPS 90MHz PEl'ITIUM 
LOADED! 
DEU DIMENSION XPS P90' 

88299* 

BUSINESS LEASE: $122/MO 

• 	8MB RAM 
• 	128MB MAX RAM 
• 528MB HARD DRIVE 
• 	256KB EXTERNAL CACHE 
• 	7 EXPANSION SLOTS TOTAL 


13 ISA. I PCI. 1PCl/ISA 

SH.ARED AVAILJ18LEI 


• PCI i19GXE VIDEO CARD 
• 	VSl5 MONITOR(15' CRT. 


102L! x 768, .28mm. NII 

• ON: DISKETIE DRIVE (35') 
• SPACESAVER KEYBOARD 
• 	MUlTl-SESSION, DOUBLE-SPIN 


CD ROM DRIVE 

• MS)()S 6 2/MICRCSOFT 

WI DOVVS 3. I/MOUSE 

ORDER CODE #500012 


50MHzSK/2 
MS OFFICE/ MULTIMEDIA 
DELL DIMENSION L!50SV 

BUSINESS LEASE : S7L!/ MO 

• LIMB PJ>v\11 
• 64MB MAX RAM 
• 	 340 AB HNID DRIVE 
• 	UPGRADEABLE TO PE TIUM 


OVERDRIVE 

• 	5 EXPANSION SLOTS TOTAL 

(4 ISA, 2 ON Vl-BUS AVAILABLE) 
• 	LOCAL BUS VIDEO 
• 	SVGA 10241 MONITOR (14' CRT, 

1024 x 768 ..28rnm) 
• ONE DISKETIE DRIVE (35') 
• 	SPACESAVER K[YBOA~D 
• 	MULTI SESSION. DOUBLE-SPIN 


CD ROM DRIVE 

• 	SOUND BLASTER 16 SOUND 


CARD 

• 	PEAVEY. 200 SPEAKERS 
• 	PRE-LOADED MS OfflCE. 


MS BOOKSHELF, UICKEN 

• ~AS-DOS 6 2/MICROSOFT 

WINDOWS 3 l/MOJSE 

ORDER CODE #300018 


XPS 100MHz 486 
PICTURED SYSTEM: NEW! 
DELL DIMENSION XPS 4100V' 

BUSlf'IESS LEASE : $100/MO 

• 	8Ml3 RAM 
• 6'1MB MAX RAM 
• 	450MB HARD DRIVE 
• 	UPGRADEABLE TO PENTIUM 


OVERDRIVE . 

• 	7 EXPANSION SLOTS TOTAL 

15 M. I ON Vl·BUS AVAILABLE) 
• 	VL ti GXE D:OO CARD 

15 MONITOR 115' CRT. 
102LI x 768, 28mm, I) 

• ONE DISKETIE DRIVE 135') 
• SPACESAVER KEYBOARD 
• 	MUITJ.SESSION, DOUBLE-SPIN 

CD ROM DRIVE 
• MS-DOS 6.2/MICROSOFT 

WI DOWS 3.1/MOUSE 

ORDER CODE #400011 


66MHz486 
BEST BUY! 
DELL DIMENSION 466V 

s7999· 
BUSI ESS LEASE: $70/MO. 

• 8MB RAM 
• 64MB MAX RAlv\ 
• 	 340MB HARC DRIVE 
• 	UPGRADEABLE TO PENTIUM 


OVERDRIVE 

• 	5 EXPANSION SLOTS TOTAL 

15 ISA, 2 0 VL-BUS AVAILABLE! 
• LOCAL BUS VDEO 
• 	VSl5 MO ITOR (1 5' CRT, 


1024 x 768, 2Bmm. NI) 

• OM DISKETTE DRIVE 13.5"1 
• 	SPACESAVER KEYBOARD 
• 	MS-DOS 6. 2/MICROSOFT 


WINDOWS 31/MOUSE 

ORDER CODE #300019 

DELL DIMENSION XPS P60 

BUSINESS LEASE $92/MO 

• 	 8MB RAM 
• 	 128MB MAX RAM 
• 	L! 50M3 HARD DRIVE 
• 	256K5 EXTERf'IAL CACHE 
• 	7 EXP.ANSION SLOTS TOTAL 


14 ISA. I PCI, I PCl/ISA 

Sl-V1RD AVAILABLE) 


• 	PCI VIDEO CA~D 
• 	VSl4 l'l\ONITOR (l L!' C T 


1024 > 768, .28mm. NI) 

• ONE DISKETIE DRIVE 13 5'1 
• 	SPACESAVER KEYBOARD 
• MS·DOS 6 2/MICROSOFT 

WIND8WS 3.1/MOus: 

ORDER CODE #500011 


50MHz 486 SK/2 
NEW! 
DELL DIMENSION 450SV 

s7599· 
BUSINESS LEASE : :i.59/MO 

• t!MB RAM 
• 64MB MAX RAM 
• 	 3'10MB HARD DRIVE 
• 	UPGRADEABLE TO PEI TIUM 


OVERDRfVE 

• 	5 EXPANSION SLOTS TOTAL 

15 ISA, 2 ON VL-BUS AVAILABLE) 
• LOCALBUS VIDEO 
• 	VS l4 MONITOR 11 4' CRT, 


1024 x 76B..28mm, Nii 

• OM DISKETIEORNE (3.5"1 
• 	SPACESAVER KEYBOARD 
• 	MS·DOS 6.2/MICROSOFT 


WINDOWS 3.1/MOUSE 

ORDER CODE #300017 

XPS 100MHz 486 
NOT PICTURED: NEW! 
DEU DIMENSION XPS 4100V' 

BUSINESS LF.ASF. $81/MO 

• 8MB RAM 
• 64MB MAX RMI 
• 	340MB HARD DRIVE 
• 	UPGRADEABLE TO PEf'ITIUM 


OVERDRIVE 

• 7 EXPANSION SLOTS TOfAL 

16 ISA, I ON \IL-BUS AVAILABLE) 
• VL \~DEO CARD 
• VS14 MONI OR (It!' CRT, 


1024 x 768. 28mm, NII 

• ONE DISKETIE DRIVE (35') 
• SPACESAVER KEYBOARD 
• 	MS DOS 6 2/MICROSOFT 


WINDOWS 3. I /MOUSE 

ORDER CODE #400010 

33MHz486 

DELL DIMENSION 433SV 

s7399· 
BUSINESS LEASE $52/MO 

• 4MB RAM 
• 64MB MAX RAM 
• 	2IOMB HARD DRIVE 
• 	UPGRADEABLE TO PE ~TIUM 


OVERDRIVE 

• 5 EXPANSIO SLOTS TOTAL 

15 ISA, 2 Of'-1 Vl ·BUS AVAILABLE) 
• LOCAL BUS VIDEO 
• 	VSl4 MONITOR (14' CRT, 


1024 x 768, .28mm, NII 

• ONE DISKETfE DRIVF 13 5') 

• SPACESAVER KEYBOARD 
• MS·DOS 6 2/MICROSOFT 

WINDOWS 31/MOUSE 

ORDER CODE #300016 


NO SCREAMING CUSTOMERS. 

N o one keeps tabs on customer service more frequently than J.0 . Power and 

A ssocia tes. A few months ago , t hey aske<l i ,956 business users how happy 

they were with their PC. They call it the "J .0. Power and Associates Highest 

C ustomer Satisfaction Among PC Users" M-LL. 
award '. Now we call it "o urs'.' 

Give us a call today. And watch CAll 800-531-2751 MJW 
HOURS \10 N- FRI 7AM-9PM CT SAT 10AM-6PM CT SUN 12PM-5PM CT 

how fast we put a smile on your face . IN CANADA'. CALL 000-668-3021 KEYCODE #11EBE 



DOUBLE-SPIN PC/ 25BKB WROE BACK 
CD ROM LOCAL BUS VIDEO CACHE 

DELL DIMENSIOW XPS P90 • s~·s , ,../\., • vs 1 s ,\ ~oNnoo 

PENTIUM'" 90MHz SYSTEM' • 128MB lo/v\X RNv\ • ONE DISKEITE DRIVE (3 YJ 
• o'.150\'B ._.,\~0 DP.l'I' • SPl<CoSA\[> !'fY!\01\RIJ 

• 256KB [XflPt'--Ai Cf..ChE • DOUolE 5P:t--- CD ROM DP.IV[ 
• 7 txP.\NS Cr, s~o s ·01:•l 1.1 151., I :lC • ·:.sDC5' o? 1:1cP.05011' w, rows82999* I "Cl/ISA SI lARFD ,\V.\llABLEI 3 :;:.~OUS[ 

BUSINESS LE.ASE '· $111/MO • PO VIDI 0 (I, .D OP.DE° CO:lf #500013 

You could blow a gasket waiting on your old PC, so call 
and order a Pentium system thar>s a total speed demon. 

HOURS MON-FRI 7AM·9PM CT SAT A'.1 -6PM CT SUN 12PM ·5PM CT 

IN CANADA'. CALL 800·668-30?1 KEYCODE #11EE4 


'This dt.•tik t.• Jrns nor hn·u uf1f1rnPcd b)' the FL'tfL·rn l Cmrummico tions Commi.~.< ion . This ilt•tik t• b 11111, 


und rnuy n ot In· , aff.:r ctl fur .rnlt: 11 r lcu.<c:. FCC hc:u h<'t'tl ub1ui11 t.•tL
' or mid ur lt'ust·d 1nuil du: llfJpro1•e1 l of d1t~ 
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