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SWTPC announces first dual 
minifloppy kit under $1,000 

Now SWTPC offers complete best-buy computer system with $995 
dual minifloppy, $500 video terminal / monitor, $395 4K computer. 

$995 MF-68 Dual Minifloppy 
You need dual d rives to get full benefits 
from a minifloppy. So we waited to offer a 
floppy until we could give you a dependa
ble dual system at the right price. 

The MF-68 is a complete top-quali ty 
~ minifloppy fo r your SWTPC Computer. The 
~ ki t has controller, chassis, cover, power 
(".' supply, cab les, assembly instructions, two 

· ~ highly reliable Shugart drives, and a 
c diskette with the Floppy Disk Operat ing 
g System (FOOS) and disk BASIC. (A floppy 

0 is no better than its operating system, and 
: the MF-68 has one of the best available.) 
~ An optional $850 MF -6X kit expands the 
u system to four drives. 

Enclosed Is: 
__ $1 .990 for lhe full system shown above 

(MF-68 M1rnfloppy. CT-64 Terminal wtlh 
CT-VM Moni1or). 

__ $995 for rhe Dual Minifloppy 
__ $325 for lhe CT-64 Terminal 
__ $175 for the CT-VM Monilor 
__ $395 for the 4K 6800 Computer 
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$500 Terminal/Monitor 
The CT-64 terminal kit offers these 

premium features : 64 -character lines, 

upper/lower case lelters. switchable con
trol character printing, word highlighting , 
full cursor control. 110-1200 Baud serial 
interface. and many others. Separately 
the CT-64 is $325. t11e 12 MHz CT-VM 

monitor $175. 


__ $250 for lhe PR -40 Line Pont er 

__ $79.50 for AC-30 Cassene Interface 

__ Addi11onal 4K memory boards al $100 

__ Addi tional BK memory boards a1 $250 

_ _ Or BAC # Exp. Da1e ___ 

__ Or MC # Exp. Date ___ 

Name Address 

City State _ __ Zip__ 


$395 4K 6800 Computer 
The SWTPC 6800 comes complete wilh 
4K memory. serial interface, power supply, 
chassis , famous Motorola MIKBUG 
mini-operating system in read-only 
memory (ROM), and the most complete 
documentation with any computer ki t. Our 
growing software lib rary includes 4K and 
8K BASIC (cassettes $4 .95 and $9.95; 
paper tape $10.00 and $20.00). Extra 
memory. $100/4K or $250/8K. 
Other SWTPC peripherals include 
$250 PR -40 Alphanumeric Line Printer 
(40 characters/line , 5 x 7 dot matrix. 

75 line/minute speed . compatible with 

our 6800 computer and MITS/ IMSAI ); 
$79.50 AC-30 Cassette Interface System 
(writes/reads Kansas City standard tapes, 
controls two recorders. usab le with other 

, computers) ; and other peripherals now 
: and to come. 
r 
: I I ..-1 I . 
1 C I ' I Lr3 Southwest Technical 
: - • • - - Products Corp. 
I 219 W. Rhapsody, San Antonio. Texas 78216 
: London: Soulhwesl Technical Producls Co .. Lid 
1 Tokyo: Sm.ahwesl Technical Producls Corp./ Japan 
I 
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Your computer's usefulness de
pends on the capability of its CPU, 
memories, and 1/ 0 interfaces, right? 

So here' s a broad line of truly 
useful computer products that lets 
you do interesting things with your 
Cromemco Z-1 and Z-2 computers. 
And with your S-100-compatible Al
tairs and JMSAis, too. 

CPU 
• Z-80 MICROPROCESSOR CARD. 
The most advanced p.P card avail
able. Forms the heart of our Z-1 
and Z-2 systems. Also a direct re
placement for Altair I IMSAI CPUs. 
Has 4-MHz clock rate and the power 
of the Z-80 µ. P chip. Kit (Model ZPU
K): $295. Assembled (Model ZPU
W): $395. 

MEMORIES 
• 16K RAM. The fastest available. 
Also has bank-select feature. Kit 
(Model 16KZ-K): $495. Assembled 
(Model 16KZ-W): $795. 
• 4K RAM. Bank-select allows ex
pansion to 8 ban ks of 64K bytes 
each. Kit (Model 4KZ-KJ : $195. As
sembled (Model 4KZ-W) : $295 . 
• THE BYTESAVER - an 8K capa
city PROM card with integral pro-

To make 

your computer 

more useful-


a wide choice of
I memory, 1/0, CPU
C3 

grammer. Uses high -speed 2708 eras
able PROMs. A must for all com
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK-0): $145. Assembled (Model 
BSW-0) : $245. 
• 16K CAPACITY PROM CARD. Ca
pacity for up to 16K of high -speed 
2708 erasable PROM. Kit (Model 
16KPR-K): $145. Assembled (Model 
16KPR-W): $245 . 

1/0 INTERFACES 
• FAST 7-CHANNEL DIGITAL 
ANALOG 1/ 0. Extremely useful 
board with 7 AI D channels and 7 
DI A channels. Also one 8-bit par
allel 1/ 0 chann el. Kit (Model D + 
7A-K) : $145. Assembled (Model D 
+ 7A-W): $245. 
• TV DAZZLER. Color graphics in
terface. Lets you use color TV as ful 1
color graphics terminal. Kit (Model 
CGl -K) : $215 . Assembled (Model 
CGI-W): $350. 
• DIGITAL INTERFACE (OUR NEW 
TU-ART) . Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial 1/0 ports and 
two 8-bit parallel J/0 ports as well 
as 10 on-board interval timers. Kit 

(Model TRT-K): $195. Assembled 
(Model TRT-W): $295. 

• JOYSTICK. A console that lets 
you input physical position data with 
above Model D + 7 AID card. For 
games, process control, etc. Con
tains speaker for sound effects. Kit 
(Model JS-1-K) : $65 . Assembled 
(Model JS-1-W): $95 . 

PROFESSIONAL QUALITY 
You get first-class quality with 

Cromemco. 
Here are actual quotes from ar

ticles by independent experts: "The 
Cromemco boards are absolutely 
beautiful" . . . "The BYTESAVER is 
tremendous" . .. "Construction of 
Cromemco 1/0 and joystick are out
standing" ... "Cromemco periph 
erals ran with no trouble whatso
ever." 

Everyone agrees. Cro memco is 
tops. 

STORES/ MAIL 
So count on Cromemco. Look 

into these Cromemco products at 
your store. Or order by mail from 
the factory. 

We wish you pleasure and suc
cess with your computer. 

Cromemeo 
incorpora ed 
Specialists in computers and peripherals 
2432 CHARLESTON RD ., MOUNTAIN VIEW, CA 94043 • (415) 964-7400 

Circle 102 on inquiry card. 



tually tamper-proof. No accidental 
program changes or surprise mem
ory erasures. 

FASTEST, MOST 
POWERFUL p.C 

Cromemco's mtcrocom.. 
rs • and 

Meet the most powerful 

µC system available f~r dedicated work. 


Yet it's only $595! 

Here's the muscle you've been telling us you wanted: 

a powerful Cromemco microcomputer in a style and price 
range ideal for your dedicated computer jobs-ideal for 
industrial, business, instrumentation and similar applica
tions. 

It's the new Cromemco Z-2 Computer System. Here's 
some of what you get in the Z-2 for only $595: 

• 	 The industry's fastest µ.P board (Cromemco's highly 
regarded 4 MHz, 250-nanosecond cycle time board). 

• 	 The power and convenience of the well-known Z-80 
µ.P. 

• 	 A power supply you won't believe (+BY @ 30A, 
+18V and -18V @ 15A - ample power for addi 
tional peripherals such as floppy disk drives). 

• 	 A full-length shielded motherboard with 21 card slots. 
• 	 Power-on-jump circuitry to begin automatic program 

execution when power is turned on. 
• 	 S-100 bus. 
• 	 Standard rack-mount style construction. 
• 	 All-metal chassis and dust case. 
• 	 110- or 220-volt operation. 

DEDICATED APPLICATIONS 
The new Z-2 is specifically designed as a powerful but 

economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z-2 vir

widely regarded as the standard of the future. So you're 
in the technical fore with the Z-2. 

BROAD SOFTWARE/PERIPHERALS SUPPORT 
Since the Z-2 uses the Z-80, your present 8080 soft

ware can be used with the Z-2. Also, Cromemco offers 
broad software support including a monitor, assembler, 
and a BASIC interpreter. 

The Z-2 uses the S-100 bus which is supported by the 
peripherals of dozens of manufacturers. Naturally, all 
Cromemco peripherals such as our 7-channel A/D and 
DIA converter, our well-known BYTESAVER with its 
built-in PROM programmer, our color graphics interface, 
etc., will also plug into the S-100 bus. 

LOW, LOW PRICE 
You'll be impressed with the Z-2's low price, technical 

excellence and quality. So see it right away at your 
computer store-or order directly from the factory. 

Z-2 COMPUTER SYSTEM KIT (MODEL Z-2K) (includes 
4 MHz µ.P card, full-length 21-card-slot motherboard, 
power supply, one card socket and card-guide set, and 
front panel ; for rack mounting) .. . . . . . . ... . .. $595. 

Z-2 COMPUTER SYSTEM ASSEMBLED (MODEL Z-2W) 
(includes the above as well as all 21 sockets and card 
guides and a cooling fan; for rack mounting ) ... $995. 
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In This 

One of Lhe mosL exciting aspects of 
experimentation with computers i 
using the computer to make objects 
move. Distilling this excitement to its 
implesl form, Leon Sweer, Thom as 

Dwyer and Margot Critchfield at the 
University of Pittsburgh's Project Solo 
have de igned a "one-dimensional 
plotter" which is used as the output 
di play for the fam il iar Lunar Lande r 
simulation game. Read Controll ing 
Small DC Motors with Analog Signals. 

The small computer field is expand
ing fast. Growing with it is a need for 
more microprocessor orien ted course 
in our universi ti es. In his ar ti cle, A 
Mi croprocessor Course , Mark E Fohl 
ex plains how he he lped initiate a 
microprocessor cou rse at Frankl in 
Universi ty in Columbus OI and details 
some of Lhe difficulties instructors 
might expect to run into. 

Read Joe Wei bccker's COSMAC 
VIP, the RCA Fun Machine, a per
onal description of his new COSMAC 

VIP kit. This article con tains some 
backgrou nd information on one man's 
design philosoph y and its result in 
a new product from RCA. 

The lc,id artic le of our special sec
tion on APL (A Programming Lan
guage) was written, appropr iately, by 
the man who developed it at IBM 
during the early 1960s: Dr Kenneth E 
Iverson. In Understa nding APL Dr 
Iverson analyze some basic APL op

erators through a series of questions 
desig ned to test your powers of i nduc
tion . The article conc lu des with some 
cha ll enging APL "thought experi· 
rnents" for your decoding pleasure. 

An excellent way to become more 
fa mili ai- with APL is to read David D 
Keefe's Here's APL in Action ! David 
has written an APL version of the pop· 
ular Lunar Lander game along wi th a 
detailed descr ip tion of the entire pro
g1·am to help the reade r decipher those 
high information den sity APL 
statements. 

Have you ever wanted Lo own a 
truly power ful computer? APL may be 
an answer to this quest for an ulti
mate language when it is added to 
an otherwise mundane computer. Mike 
Wimble's An APL In terpreter for 
Microcomputers can hel p you imp le
ment APL if you have a flair for do it 
yourself software. With a liLLle effort 
you can use any of the popular pro
cessors to produce yo ur own APL 
interp1·e ter from Mi ke's design . 

Have you always wanted Lo have an 
elegan t looking co rnputei- art program 
for graphic di pl ay, but didn 't want to 
spend the time req ui1·ed to program it? 
Try Serendipitous Circles! Authors 
Galway anu Anderson have di covered 
a simp le algori thm to create beautifu l 
and unusu,11 moving patterns in no 
time at al l. 

The abi lity to ha nd le and manip
ulate text i · d very useful func tion . It 
allow programs to be changed very 
quickly wi thout havi ng Lo man ipul ate 
large amounts o f d.1ta (and it is cer
tainly better than an IBM correcting 
Selectric typewri ter for writing and 
manip ul ating text). In his art icle, 
Editoria li zing with Your Computer, 
Gary McGath de cribes some of the 
properties of sim pl e text editing 
programs. 

Whal make APL such a heavily 
discussed topic among sma ll system 
enthu iasts? How docs it differ from 
BASIC, and why should you use it 
at all? All en Atwood discusses all of 
these topics and more in Why People 

Get Hooked on APL. Find out what 
you've been missing by programming 
in BAS IC. 

Often it is necessary to dete rmine 
the data that is present on a particular 
port or set of lines of a computer for 
purposes such as debugging. The usual 
indicato r bit pattern consisting of indi
vid ual lam ps can be very confusing and 
lead to erro rs if read quickly. R R 
Burns offers a solution to th is prob
lem. In his article, An 8 Digit Hexa
decimal Readout, he describes a 
test rig that can monitor 32 lines in 
groups of fo ur bi ts. 

In thi s issue, Ralph Te nn y describes 
some of the tricks (some cal I them 
kluges} which can be done with pulse 
waveform edges, Schmitt triggers, 
resistors and capacitors. Turn to Look 
What You Can Do . .. with an Edge as 
a Cue to understand some of the 
design practices you may occasionally 
find in a processor. 

In two ear lier articles in BYTE 
W Douglas Maurer described an algo
rithm for processing algebraic expres
sio ns when implementing comp ilers or 
interpreters. In hi s latest co ntribution 
to BYTE 's ongoing flow of tutoria ls on 
computer science problems and 
techniques, Dr Maurer presents an 
ingenious extens ion of the Bauer
Samelson algorithm which will enab le 
the do-it-yourse lf compiler writer to 
create effic ient object code for expres
sions involving logica l operators and 
comparisons of operands. 

Many people use their computers as 
number crunchers and want quick, ac
curate algorithms fo r determining 
some fair ly involved math ematical 
func tions. Typical exampl es are trigo
nometric functions, hyperbol ic func
tions and exponentiation. In his article, 
Simple Algorithms for Calculating 
Elementary Functions, John Rhein
stein details several algorithms to 
ca lculate these functions quickly. 

How do you get rid of bugs? Set 
out a few traps using techniques out
li ned in John M Schule in 's art icle on A 
Trapping Technique for the 8080 . 
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Comments on 

the Acquisition 

of Knowledge 

By Carl Helmers 

I am ometimes asked by per o ns new to 
th e field, "What is the best way Lo approach 
the problem of learni ng enough abou t com
puter and their in tri cacie Lo allow th e neo
phyte to accomplish useful tasks?" Some 
thoughts on this subject, with an aside on 
simplici ty and system design, provide the 
theme for this essay on the philosophy of 
personal computing usage and ex perim en
tation. My point of departure for this 
thought journey is an old but useful prin
cle adapted to a moder n con tex t. 

The Princip le of Simplicity 

Th ere is a Famous rul e of thumb which 
is well-k nown to philosophers, logicians, 
mathematician and natural scientists, which 
might be ca ll ed the "Principle of Simpli
city ." The fam il iar name for th is principle 
is the rule of "Occam 's Razor" after a 
medieval logician (Will iam of Occam) who 
has become iden tified with the concept. 
Paraphrased from the typ ica l undergraduate 

Continued on page 66 
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If you've been looking for S-100 bus 16K module 
expansion ... look no further. Solid State Music is 
delivering, today, through more than 75 computer 
stores, coast to coast. 
Delivery is just one of the benefits you ' ll get from Solid 
State Music. The New MB-716K static board is packed 
with features that give you total system versatility and 
expansion at a price you can afford. 

• 	Low power- (+ BV@ .55A, + 16V@ .OBA, - 16V@ 

.03A typical). 


• High speed- 32 - 4K x 1 200ns static RAMs. 

• Fully buffered- All data output, input and address lines 
are fully buffered. 

• 	Automatic unprotect and memory protect-Memory 
protects in 4K block segments and memory automatically 
un!J)rotects at power-on. 

• Memory disable- ROM monitor can initialize system at 
power-up or reset (SOL compatible). 

• Expansion beyond 64K-	 Low power features and a 

board-inhibit line allows expansion beyond normal 

64K capacities. 


• Quality construction-includes low profile Tl sockets 

and gold edge connectors. 


The new MB7 16K static board is priced at just 
$525.00, in easy-to-assemble kit form, or $625.00 
fully assembled and tested. 

Contact your local computer store today for 
complete details on the new MB7 or other fine 
Solid State Music products. 

Solid State Music 

2102A Walsh Avenue 

Santa Clara, CA 95050 

(408) 246-2707 

WE'RE THE BLUE BOARDS! 
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Digi tal Deli 
80 W. El Camino Real 
Mountain View. CA 94040 
14 15) 961·2828 

The Computer Man 
624 Wes t K atclla #JO 
Oran,,e. CA 92667 
(7 14) 63'.\- 1222 

The Byte Shop 
2227 - I Cam ino Rea l 
Palo Alto. C A 94306 
(415) 327-8080 

rlyte Shop 

4% South Lake Ave. 

Pasadena. CA 9 1101 

(21J) 684-:1311 


The Computer Store 

o f San Francisco 
109'.\ Mission St ree t 
San Frnm:isco. CA 94 l03 
1415) 431-0640 

Byte Shop 
321 Pacific Ave. 
San Francisco. A 94 111 
(415) 421-868(1 

The Byte Shop 
2626 Uniun Avenue 
S<1n Jose. C A 95.124 
(408) '.\77-4685 

The Cumputcr Room 
124 H Blosso m Hill Rd . 
San Jose . CA 9512'.\ 
(4081226-8383 

The Byte 'hop 
509 Francisco Blvd . 
San Rafiiel. A 94901 
(4 151457-93 11 

The Byt e Shop 
'.\400 El amino Rea l 
Santa C lam . 'A 95051 
(408) 249-422 1 

Rct:rcational Computer 
Ce nters 
l'.\24 South Mary Ave. 
Sunnyvale. CA 94087 
!40Rl 7:15 -7480 

Byte Shop of Tarwna 
18424 Ventura Blvd . 
Tarzana. A 91356 
(21'.\) ]4'.\ -]9 19 

Th..: Byte Shop 
2989 North M ain St. 
Walnut Cr..:o.:k . C A 945% 
14 151 lJ:\:1-6252 

By te Shop 
14:100 13..:ach Blvd . 
Westminster. "A 92(>8.1 
(7141894-91.11 

COLORAD > 

Byte Shop 
2040 JOth St . 
Bou lder. CO 80JOI 
IJO'.ll 449·62.l:I 

FLORIDA 

Sunny Computer Stores 
U niversity Shopping 
Ce nt er 
12381\ S. Dixie Hwy. 
Coral Gab les. FL '.\3 146 
(305) 661·6042 

Delta Elct:tronics 
2000 U.S. Hwy. 44 1 East 
Leesburg. FL 32748 
(904) '.\57-4244 

Byte Shop of Miami 

7825 Biro Road 

Miami. FL :n 155 

005) 264 ·298'.\ 


Micrnt:omputcr 

Systems Inc . 

144 So. Dale M abry Hwy. 

Tampa, FL ]:1609 

(813) 879-430 1 

GEORGIA 

A t lanta Computer M art 
5091-B Bufo rd Hwy. 
Atlama. GA 30340 
(404) 455-0647 

I LL\ O IS 

The umbers Racke t 
623 1/~ Sou th Wright St. 
Champaign. I L111820 
(2 171 352 -5435 

i tt y bi ll y mach ine co. 
l'.\16 Chicago Ave. 
Evanston . IL 60201 
(J l2l .128-6800 

Reeves Com mu11ica 1iuns 
1550 W. Court S1. 
Kankakee. I L h0'J01 
181519.17-4516 

ilty billy 111ad1ine co. 
42 West Ronscvl! h 
Lombard. I L 60148 
(.1 12) 620-5808 

INDIA A 

The Daw 11om:iin 
406 So. Collegl! Ave. 
llloominLtton , IN 47401 
(812) .l'.\4: J607 

T he By te Shop 
5lJ47 East 82nd St . 
Ind ianapolis. I 4h250 
(.117) 842-298.1 

The Da ta Domain 
7027 . Mid1igan l~d . 
I 11d ianapol is. I 46268 
1:117l 251 ·J l.W 

T he Da ta Un111:iin 
21') Wcsl Colu111hia 
West L:1fayet 1e. I 479115 
i'.\ 17174.L\95 1 

K F.NTll ('KY 

The D:11 ii Domain 
.102X H1111si11gcr Lane 
Louisvi lk . KY 40220 
!502! 45fi·5242 

MI C HI GAN 

T he Computer Store 
of Ann /\rhor 
.110 East Wasilingtnn 
Ann Arbor, M I 48104 
(:I I ]) 995-7616 

Compuler Mart 
or Roya l Oak 
1800 W. 14 Mile Rd . 
Royal Oak . Ml 4807'.l 
DIJI 576-09()(1 

Genral '0 111pu1er Sto re 
20 11 Livernois 
Troy.M I 48084 
(313) .162-()()22 

NE W JERSEY 

1 l oboken Computer Works 
No. 20 Huuson Place 
I l obokc n. NJ 070'.\0 
12011420- 1644 

The Computer Man 
of New Jersey 
501 Rout e 27 
lse li n, NJ 088:10 
(20! ) 28:"1-( l600 

E W YORK 

The Comput er Man 
o f Lo ng Island 
2072 Front Street 
East M eadow, L. I. . 
NY 11 554 
(5 1(1) 794-0510 

Synehro Sou nd 
Enterprises 
19.1-25 Jam<iica Ave. 
Ho ll is. NY 11 423 
1212) :159-1489 

The Compu ter Shoppe 
444 Middle Country Rd . 
Middle Island . NY I1953 
(5 16) 732·'.\086 

Audio Design Electronics 
487 Broadway, Ste. 512 
New York. NY 10013 
(2 121 226-2038 

The Computer Marl 
o f cw Yor k 
118 M adison Ave. 
New York. Y IOOOI 
f212l 686-792.l 

The Cl1111pu1cr Corner 
200 Ham ilton vc. 
Whit e Plains . NY I0601 
(9141949-3282 

OIIIO 

Cyh..:rsh11p 
1-1 .'i l S. Hamilt on Rd . 
Col 11111h11s. OH 4.1227 
16141 2.19-k081 

OKLAHOMA 

High Tcdrno logy 
1020 Wes t Wi lshire Bl vd . 
Oklahoma Cit.y. OK 7311 6 
(405l 842-202 1 

OREGON 

Byte Shop Comput er Store 
'.\482S. W. 
Ct:dar Hills 131vd. 
Beaverton , OR 97005 
(5()]) 644-2686 

T he Rea l Oregon 
Comput er L>. 
205 West 10th Ave. 
Eugene. O R 97401 
(50'.\) 484- 1040 

llytc Shop Computer Sto re 
203'.\ S. W. 4th Ave. 
Portland , OR 97201 
(50'.\\ 223-3496 

RH ODE ISLA D 

Crnnputer Puwer. Inc . 
M24 Airport Mal l 
IROO Post Rd . 
Warwick , RI 02886 
(401) 738-4477 

SO TH CAROLINA 

Byte Shop 
2018 Green treet 
Colu mbia. SC 29205 
(803) 771-7824 

TEN ES EE 

Microproducts & ystems 
2307 E. enter L 

Kingsport , TN .17664 
(615) 245-8081 

TEXAS 

llyte Shop 
3211 Fondren 
Houston. TX 77063 
(7 13) 977-0664 

o mput cn ex 
2300 Richmo nd Ave. 
Housmn, TX 77098 
17 13) 526-:1456 

Interac tive Com put ers 
7646 t;2 Dashwutid Rel . 
Housto n. TX 77036 
(7 13) 772-5257 

The Micro Store 
634 So. Centrnl 
Expressway 
Richardson, TX 75080 
(214) 231-I096 

VIRG INI A 

The Computer Systems 
Store 
1984 Chai n Bridge Rd . 
McLean. VA 22101 
1301) 4(10·3634 

Media Rcacti >ns liK. 
Jl]OJ Sou th Shore Dr. 
Reston . VA 22090 
(703\ 471-9:130 

WASHINGTON 

Hytc Shop Computer Store 
14701 N. E. 20 th A ,·e. 
Bellevue. WA 98007 
1206) 746-0651 

T he Retai l Computer Swrc 
4 IO .E.72nd 
Seattle. WA 98115 
(2061524 -4101 

WISCONS IN 

The Milwaukee 
Computer Store 
6916 W. North Ave . 
Milwaukee. WI 5'.\2 13 
(4 141 259-9140 

CA ADA 

Trintronics 
160 Elgin St. 
Place Bell anada 
O ttawa , Ontario K 2P 2C4 
(613) 236-7767 

First Canadian Computer 

Sto re, Lid. 

44 Eglinton Ave. West 

Toronw. Ontario M 4R IA! 

(4 16) 482-8080 

The Computer Place 
186 Quee n St. West 
T o ronto, Ontario M 5V IZ I 
(4 16) 598-0262 

Pac ific Computer Store 
4509-1 1 Rupert St. 
Vancouver. B.C . V SR 214 
(604) 438-32 2 

Circle 104 on inquiry card . 

http:7141894-91.11


OPTIMIZING KEYBOARDS? 

111;111 /lie ubilily to redefine lu:ystrol~es 
ur will, it is possible to do comiderable 
experimenwtion with f?eyboard meuning 
jusl wilhin /h e confines of 11 s111ndard 
hey layout. The PCD lwybo11rd seen in 
Popular Sdcncc ltpri/ 1977 and s!?etched 
in your feller represents experime111ution 
with physical placem ent, a differenr 
order of problem. 

HIRED GI RL AND THE MOWBOT 

Re: James F Ward (Ask BYTE, 
BYTE, Volume 2, Number 4, page 59): 

There is a robot lawnmower. I t is 
called "Mowbot," and has been written 

up in magazines such as Scien tific Amer
ican and Esquire. It is a self-propel led 
mower that covers the <1rea to be mowed 
in ,1 random walk . Out-of-bounds area 
arc marked by a current carryi ng wire 
buried just below the surface of the 
ground; the Mowbol s ·nscs the magne tic 
field ,1ro und the wire and "bounces" 
off the boundary in a random direction. 
I f it cont, els ,m object, i l stops. Bes ides 
not requiring an opera tor, one claimed 
advantage is that the random path 
covered by the machine eliminates un
desirable mowing p ucrns. The time 
rcq ui red to cover a given area in a 
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random path is surp1 isingly not much 
greater than the time required using a 
regular path (nunrandom path) . This 
gadget has been marketed for some 
time. fl similar idea wuld be used for a 
hom~ vacuum cleaner, altho ugh making 
it sma ll enough lo sweep under the 
furniture woul<J be a l<H1gh 111ecl1anicol 
problem. Those who were devotees ol 
B grade TV as children will reca ll a 
"Science Fiction The,1trr " story th,11 
featured a myster ious couple from the 
future who used such a gadget in the i r 
home. 01 coL1rsc, Dan Davi has alrcacly 
invented it. (Sec Heinlein, R A, T11c 
Door i1110 S11111111rr, Signet Book s, New 
York). I bought ii when papcrb.1ck 1 ere 
still 50 cents. In lhc book, "Hi red Girl " 
w.-1s first mai-ketcd in 1970; howrvc1, 
not in this univcr e. 

William R H.1111blc n 
946 Evan Rel 

Nashvi ll e TN 37204 

MORE INFORMATIO N ON MOWBOT 

Enclo cd is ,1 dJla sheet for the 
Mowbot au10111a1 ic l.1wn111owc1 whic li I 
distrib ute in 1l1c Cincinndti 0 11 arc,1. 
1 his IJwnmowc1 Ii.is been .iround 101 .it 
le.1s1 even yca1s Jnd cos1s considc r,1b ly 
les> than the S 1500 quoted in the le t 1cr 
from ).imcs Ward found on p.1ge 59 ot 
April 1977 BYTE. 

The lawnmower i completely ,1uto· 
111 ,11ic ,111d will cut .irouncl t rees , per· 
111 .1ncn1 obs1.1cles and patios with no 
problem. The secret lo the Mowbot 's 
pcrformJncc is in a buriccl 14 gauge 
co pper wire which i pl .iced ,1round the 
perimeter of your yMd .1bou1 1 to 2 
inches below 1hc sur face . The sign.i i 
generator which come wi th th<· Mow
bot generates ,, high frequency currenL 
which 1hc Mowbo1 will detect Jnd turn 
aw<1y from. The Mow bot 's p,11 1crn i 
completely ra ndom which give your 
IJwn <1 finished manicmed look. i\nd 
meanwhile, you MC off w.itching TV, 
1 lay ing golf or working on your robo1 
to c lc<1n your house (a chore 1he 
Mowbol will nol presently pc1 form). 

I thought you might be in teres ted in 
this "robot"' law nmower. I f I can be o f 
,1 ny more J.SSis t<1nce, 1>lc,1 c let me know. 

Kim Pol lock 
11 824 Fairsprings Ct 
Cincinnati OH -15246 

/'he Mowbot is ma1111/uc1 11red by 
Kistler Products, 9 Hackel Dr, Tono
wanda NY 14 750. A factory represen
tative in phone convasalion said /hat a 
limited number are a11ailab/e from s/och 
for $ 7 75. Th e compony also markets a 
swimmin.<1 pool cleaner which worl?s on 
a similar principle. 

SMALL COM PU TERS 

Whil ' skimmi ng EDN maguinc this 
morning I found an item th at brought to 
m ind yo ur April 1977 edi toria l con
cerning Arthur larkc's Minisec. Pages 
43 to 46 of the April 20 1977 issue of 
EDN have an article on a microproces



sor based calibration aid used by the US 
Navy. Of particular interest is the means 
of operator interface. Under contro l of 
a PACE processor, an 80 by 256 dot 
ma t rix plasma display panel displays 
various control legends and prompting 
messages as well as graphics, like XY 
plots. A 16 by 4 infrared sensor-detector 
array "looks through" the display pane l 
to detect the presence of an operator's 
finger on any of 64 spots on the panel. 

Now, wouldn't it be nifty to use 
something like that as the front pane l 
of our home computers? 

How about th e pocket computer? 
Wel l, not yet, bu t today we cou ld build 
a pe rsonal computer about as large as a 
portable cassette tape reco rd er. Texas 
In struments now supplies samples of 
a 92 K magnetic bubble memory (com
plete with all magnetics) in an over
sized 14 pin DIP. Tha t's 11.5 K bytes 
on one chip with nonvo latility, too! 

Put toge ther a processor, the panel 
display/sensor arrray, a bubble memory 
package or two, and a NICAD ba!lery 
pack, perhaps even a cassette drive, and 
you have a tr ul y portable persona l com · 
puter 300 years ahead of its time. 

D Lamkins 
0 B L Electronics 

Canton MA 02021 

SURPRISE! 

Dear Carl/Karl, 
Yes, it 's a small un iverse ... and 1'm 

embarrassed to say that I'd never even 
noticed the name of BYTE's editor... 

Although the January issue is the 
latest to arrive here by balsa-wood raft, 
my eve r-loving editor at Ballanti ne 
Books, Judy-Lyn n de! Rey, has airmailed 
me your editorial on Imperial Earth, 
which I read with great interest. I was 
we ll aware of the total impossibi lit y of 
imagining 23 rd century technology, and 

am glad tha t my "Minisec" isn't alread y 
listed in next reason's models. In cident
ally , the new Casio CQ-1 does contain a 
clock/calendar of the type I suggested! 

However, the COMSOLE is already 
upon us! Earlier this month I watched 
the British Post Office engineers demons
trate their VIEWDATA system at the 
Venice EU ROCON 77 (see e nclosed 
leafle t). When fully deve loped, it will 
do essentially everything I described in 
Chapter 24. 

Concerning alphanumeric key boards 
for a hand -s ized dev ice, I agree that you 
wou ldn't use them for exte nd ed key
stroki ng. But you'll need them to make 
brief en tries for such purposes as direc
tory and d ict ion ary information (vide 
the problem of the wristwatch telephone 
directory, which I mentioned in my 
speech at the MIT telephone centennial 
- you'll find it in the upcoming The 
View From Serendip). 

When I was in Boston last yea r I was 
fasci nated by the video disp lays in 
Marvin Minsky's lab, and am determined 
to take one back to Sri Lanka with me 
on my next visit in October. . . if I am 
able to make a choice from your embar
rassing selection of riches. (EC D's Micro
mind seems the one that best fi ll s the 
bill, as all I really want to do is to make 
pretty pictures and impress the neigh
bors.) 

Arthur C Clarke 
Colom bo SRI LA N KA 

BUG REPORT : AMSAT MONITOR 

I just wanted to call you r atte ntio n 
to a program bug in the AMS80 monitor 
you pub lished in September of 1976, 
page 108. The pun ch rout ine will not 
punch out high memory correctly if 
the ending address is over F FE FH . 
T he program, s It stands, requires that 
the lower limit +16 be greater th an the 

upper limit at the end of the program to 
start its last record (03BB DAC 303 
JC PN l ). Changing this instruction to 
JM PN 1 solves this problem. 

D K "Billy" Manzarek 
8609 Cedros St, # 2 

Panorama City CA 9 1402 

BUG REPORT ON 
"FLIGHTS OF FANCY . .. " 

In the March 1977 issue I found an 
old frie nd abou t whom I'd li ke to make 
a few comments. I am referring to 
"Flights of Fancy with the Enterprise." 
This version of Star Trek is a modified 
version (aren't they all) of STTRl , the 
Star Trek game provided by Hewlcu
Packard for th eir 2000F series time
shari ng systems. Further, it was a sub
mitted program , so who knows where it 
came from origin ally . I ran across it in 
their program library listings soon after 
I had discovered computers and pro
gramming in high school. Being an 
optimistic beginner I decided that I 
wou ld modify it to run on our 2000E 
series system which did not support 
formatted output nor have a workspace 
large enough to hold the entire program. 

After some work I succeeded in split 
ting it into three pieces which could 
chai n (call in to exec ut ion) to each other, 
and which communicated through a 
common block which was undisturbed 
by the cha ining process. As a side ef
fect of this work I discovered some of 
the bugs in the original version, on e of 
which is still present in the listing 
which appears in the March issue. 

If one a ttempts to warp out of 
th e galaxy, the program will die a ghastly 
death with a subscript out of range 
error. Th is is because the handy code 
used if you move more than one quadrant 
(lines 1360 to 1470) does not check for 
or correct thi s situation. To see that this 

SWTP 6800 OWNERS-WE HAVE A CASSETTE 1/0 FOR YOUI 

The CIS-3o+ allows you to record and playback data using an 
ordinary cassette recorder at 30, 60 or 120 Bytes/Sec.! No Hassle! 
Your termina l connects to the CIS-3o+ which plugs into either the 
Control (MP-C) or Serial (MP-S) Interface of your SWTP 6800 
Computer. The CIS-3o+ uses the self clocking 'Kansas City'/Biphase 
Standard. The CIS-3o+ is the FASTEST, MOST RELIABLE CAS
SETTE 1/0 you can buy for your SWTP 6800 Computer. Kit  $69.95* 

Assembled - $89.95* 
PerCom has a Cassette 1/0 for your computer! (manual included) 

Call or Write for complete specifications * plus 5% f/shipping 

PerCom Data Co. 
• Guland, Texas 75042 • (2141 276-1968 • IUllbllRIWD[~EfUUlM] P.O. Box 40598 

PerCom - 'peripherals for personal computing' TEXAS AESIOENTS AOO ~... SAlES TAX 
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POWER. 


IMSAI Introduces the Megabyte Micro!M 

The Megabyte Memory 
Unti l today, 1he largest memory you could 
fi t and address in a single microcomputer 
CPU was 65 K. 

ow, lM SAI present an incredible 
memory system for micros 16 time more 
powerful than yeste rday's best. 

Imagine. a full mega byte o f power from 
ixteen 6S K RAM boards. 

And. to con 1rol all 1h is. th e IMSAI 
lntelligen1 Memory Manager (IMM ), th e 
super con 1ro l boa rd . 

You can write protect blocks through
out the full megabyte.Or, ma p in 16Kblocks. 

Plus. pre et l6 mapping configu ra tions 
with protect for high peed transfe r or rapid 
ch ange. 

All interrupts a re fully vectored , a nd 
th ere's an interru pt if a n a ttempt is made to 
wri te into protected memory. 

T here's even a reaJ " time of day" clock. 

65K, 32K and 16K RAM 
Boards 
Until tod ay, 1he 111os1 memory you could 
plug ihlo a sing le slo t wa 16K. 

Now, IM SAI presents memory boards 
in astonishing mu lt iples of sixteen : 6S K , 
32K and 16 K low power, dy na mic RAM 
Boa rds. T hey ca n be used in any S- 100 bus 
compu te r ind ivid ually or in combi na tion 
to form conven tiona l systems up 10 6SK 
by tes. 

Every board is fas t. With ' hidden 
refresh" and no "wait sta te ." 

The omplete Megabyte
Microcomputer ystem 
The IMSA I Megaby te Micro'"' is only part 
of 1he siory. The fu ll sys tem ca n includ e 
dual fl op py di ks, 1ermina ls , plo llers , 
printers and 1ape ca etles. 

lMSAI a lso offer the fines1 high level 
and peripheral sof1ware ava ilable . Paper 
tape a nd Tape Ca " e tte 1/ 0 and super Disk 
Operati ng Systems. Plus, BASI C and Disk 
BA IC with more h igh level la nguages 
coming. 

U ntil wda , th e microcomputer's 
potenLi al was jus t something you ta lk ed 
about. 

ow, you can put it to work . Powerfully. 
Circle 106 on inqui ry card . 

GENTLEMEN: 
I'm power hungry! 
0 Send 65K RAM Board Kil S2599 0 Assembled 53899 
0 Send 32K RAM Board Kil S749 0AssembledS 1099 
0 Send 16K RAM Board Ki1 S449 0 Assembled 5679 
Q Send IMM ROM Con irol Ki1 S299 Q A"5emblcd SJ99 
0 Send IMM EROM Con1rol Kil S499 0 Assembled S699 
O Send full catalog Sl.00 

Check / MO enclosed. Amt. $ _________ 
Charge my: 0 BAC 0 MIC 

#--- -------Exp. Date:--

Sig. --------------

0 Send name of my nearesl IMSAI dealer 

N•1mc ---- - - - -------

Company ___ _______Title __ 

Address _____________ _ 

i1y _________ _ _ _ _ _ _ 

Sm1c/Zip --- - - ----- ---

IMSAI Manufacturing Corporation 
14860 Wicks Blvd. 
San Leandro, CA 94577 
(415) 483-2093 TWX 910-366-7287 



problem really exis ts, start in quadran t Exactly what one should do isn't 
1, 1 sccLOr 1, 1 and move in direction cle ar: yo u can either type a nasty er
3 wi th a warp fac tor of 1 (01 = 1, ror message and stop the . hip at the edge 
02 = 1,Sl = l,S2 = 1 ,W1 = 1,C1=3). of th e ga laxy , or you ca n mak e the 
You will fi nd that yo u end up in qu ad  galaxy "circ;u lar" so th at the sh ip comes 
ra nt - 1, 1 sector 8, 1 and the next tim e back in on the other side. In my or igi nal 
an array is ind exed with the quadran t correc tion I mod ified the move sec tio n 
coordinate you will have a problem . to actu;il ly move the ship from one 

AN APL Bl GOT SPEAKS 

DEAR EDITOR ; 

YOU MAY CO NCLUDE FROM T HIS LETTEH T HAT I AM AN APL BIGOT . YOU , 

OF CO URS E . ARE CORR ECT . I AM TYPI NG 1'//IS LETTE.'R ON MY SELECTRIC 

11 USING MY APL ELEME NT (987). 1 PRESENTLY DO NV T //AVE MY OWN 

PEHSO NA L COMPUTE:R S YSTEM BUT AM LOOKI NG FO/lWAllD TO TllE DAY WI/EN 

I CA NBEGIN T llA T P/lOJ ECT . I USE (OJI MJSUSI!.') APL A/,MCST DAlLY JN 

MY WOR K AN D OCCA SIO NA L LY HAVE A N IBM 5100 AT MY DISPOSAL FOii A 

WF,'EK f.' ND . I AM OVE:RJ OYED TO SEE 1'1/E MOMEN1'UM 1'HAT APL rs S1'ART
I NG TO PIC K UP ll ERE I N 1'JI E UNITED STAT1'.'S . CANAD1l AND EUROPE 

ARE ll A Y A llEAD OF US I N ACC£'P1'JNG A P/, AS TllE CO NCISE PRO/JUCTJVE 

L ANGUAGE TllAT IT I S. 


I HEAD WITI/ I NTERES1' T ll E A /11'1CLE ON /IPL I N T ll F. NOVEMBEll l!.:t.'l~ BY 

/.IR. AR NOLD . T HE ART1 CLf.,' WAS /I GOOD I /J TRODUCTJO N 1'0 APL . Tl/£' 

DEFJN11'10tl Of' T HE l 'HIMITIVES WAS INCOMPLETE AND THI:: REl' /IESE N'I'
A TJO N OF T HE PRIMITIVES l~A S CRUDE A1' £JF:S1'. I l~fll, TYPE T ll F. 

COMPLETE CHARACTER SF:T WITll OVER-ST/llKES /IT TllE BOTTOM OF MY 

L ETTEH SO T llE READE/IS CA N SEE" 17' IN A /,L IT BEAUTY. ON /.I R . 

A Rfl OLVS /.IJCRO-P/IOCESSOR !IPL SPECIFICATIONS MY COMME'NT JS ' .. BA CK 

TO TH E DRAWI NG BOARD .' A MICRO-P/IOCESSOR IS NOT A 3&0/310 SO 

Wl/Y ADOPT T HEI R FORMA T . A LSO USI NG '' BYTES TO REP!lf.'SE"NT A 

CJ/A HllCTER JS RID I CULOUS. I I/AVE READ OF AN APL J /.IPLEMENTllTJO N 

DON /,," IN EUROPE ON A 16 -81 1' 161< MAC HIN E T llJI T USED TllE COMPl,E'1'E 

A PL LA NUUAGE . TH EY II/I D DISKS ATTA CHED TO 1' /IE MAClli ll E . I 'I' J/ J NK 

T l/ f,' A l/S WER IS 1'0 USJ:: A COMBJ NII 1'JON OF f'LOPP Y VJSK AND l'HO/.f /ROM 

TO P/IO VIDE T HE I NTERPRE'l'ER . 1' /I F,' IB/.I 51 0 0 MA NA GES 1'0 1'117' T l/ E 

FULL APL L ANGUAGE I N 16K . ISN ' T T HE/IE A SIMIL A R APPROACH f'OR 

MI CRO? ( LE1' ME EXPLAIN 1'HA1' MY USE Of' PRO /.t /ROM JS N01' IJASIW 

ON ANY KNOWLEDGE 01" WI/AT T HEY REALL Y ARE OR MF:AN. 1 ' VF: JUST 

READ 1'/IE TE/INS A ND I/AVE A VAGUE IDEA AIJOU1' THEM . I AM MORE 

SOf"TWAllE O/IIEN1'ED . I DON ' T HAVE AN Y 11 /IEID Wll/IE K N0 h1L/::DGJ:: . . . ll F:LP !: ) 


J N T HE FEBRUARY ISSUE Of' f!.:t.'l'.f; J SAW SEVERAl lf.:TTEllS ASKTNG" ABOU1' 
FINDI NG !IN Arr.. llOM . AGA IN , I MAY BE: WAY OVER MY l/E:AD . BU1' SEt:: /.t S 
TO /.I E' THAT T HE: IBM 5100 MUS1' llAVf." A 110 /.1 011 SOMET/iillG FOii CHARACTER 
CENERll TIO N. CAN 1'1/A'I' /JE I N1'/:,'RFACED WI'I'll E'XISTING SYSTEMS 'I'O 
GE'l' T HE DJ::SJRED llESUL'r? 

FTNALLY , Tiit: f!.:t.'l'.t; ST/l f'F SHOULD Bf," /J UNG Fl/OM 1' /IE Nt:AllES'I' YA/WARM . 
YOU ACCE:P1'ED A ll AR1'JCLE PROM DR . KENN ETH 13 . WELLES WI/ JC/I CO NTAi ll ED 
II PICTURE OF' A /JOME- BREW MODIF'JED SELECT/UC 1'Yl'E l{RJTEH ll N/J N01' A 
WO/ID ON T HE CO NV ERSIO N. 1 I/AVE: llE"A D MANY LETTF,' /IS JN !11.'lf; /JF:GGJ NG 
FOii I NSTHUCTIO NS ON HOW TO MA KE TllE CONVERSION . IF tou ACCEPT 
ANOTJ/F.R AHTTCLE PROM DR . WF:LLt:S WITHOUT A COMPLETt: DETAILF:D 
DESCFllPTJON OF THE SF.LECTRJC CONVERSION P/IOCESS , I WTLL PJ::HSONll/,LY 
COMMIT BATTERY UPON YOUH PERSON . 

1 f,'NJOY YOUFI PUBJ,ICA 1'ION AN/I 111·1 '/'/IE l'J/OUD OWflf,"11 OF A L/.IOS1' A 

COMPLE.'TE SE'l' OF l!.r:u; . SOMEJ/01./ 1 /IA vr,· MJSl'LAC£D ISSUE 2 IN '/' /If,' 

PHOCESS OF MOVING FIW/1 C1ILJFOllNJA 7'0 Tf,LJNOIS . Kl:.'t:I' UP Tl//:," 

clOO!) 1i0.TIK : 


SIJ/,CE/lf.'LY , /. 

t~' ;J. /_;J.().. /( ;c .. ,, LL·4 
GAllY j . WTllER 
fib' l 
HOCJ/J::ST£R , IL 62563 

I'S : llE.'11/:," I S Tl/A1' BEAllTJFUJ, CllltRAC1'£'H S£'T I PR01'-ITSl!.0 /I . 

<S= '>< VA- : ?wcp- 1 I tO*·• ul l_Vil• ' LJ() c:::o nu.lT I ; :\ 0 '" 1l><l>911!lf:l\I "' 

123•15G7890 + < Ql./Ell1'YUJOP<- ASDf'CHJKLl I ZXCVBNM • . / Hn! U ""I 


lnformu1io11 011 Selectric conversions uf 1/Je interface ure d iscussed in one 
i> coming; huve patience. Don Ty !stra · article presen!ly beinq cdil ed and u 
article on the 10 Selectrics is a first step, second urtide promised (but 1101 yet in 
for the electrunics of his interface is the uur office). /Joth of the~c future urticJe, 
same u; !hut required for a convert ed arc wri11e11 by people ivho have suL·ccss
ma111ml machine. Th e mechanical details f 11//y 11crum11fisl ll'd w1Jr /iing ,ystems. 
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sector to the nex t, across as many 
quadrants as necessa ry to comp lete Lile 
move. This single stepping all owed me 10 

ca tch the ship in the ac t of trying to 
leave th e galaxy and to stop it at the 
edge with a wa rn ing abou t navigation 
out of the galaxy being proh ibited. 
These changes or those to impl ement 
any othe r reaso nab le so lu tion arc not 
difficult but do require carefl1 I thought. 

In hand traci ng my example above 
vo u wi ll find a bug new to th is versio n: 
the array C (which is used in co urse 
cal culati ons) is no t comp letely defi ned . 
In lines 170 and 180, on ly 1 I of the 18 
cleme nt arc initia lized . Wl1<1t the other 
seven have in th em when they arc firs t 
used (presuming your syste m wil l le t you 
eva lua te expressio ns wich lrndc fi ncd 
variab les in them) is anyo ne 's guess and 
will most certain I y not be what you 
want. The other seven v.1lucs sho u Id be 
defi ned in say line 185 .1s fo ll ows: 

185 C(I, 2] = C\ 2, 21 = C\6, 11 
= C[7, II = C[8, I I = C[8 , 21 
=Cl9, l \ = 1 

I don ' t wish to so un d like I'm putti ng 
Mr Pr ice's work clown; overa ll , this vcr· 
sion looks quite reasonable. I do have 
two suggestions (both arc things lh<ll 
were in the original bu1 arc not in thi 
version) which I feel make the game 
mo re enjoyable. 

I. 	 The short range sca ns shoultl be 
comp le1cly opt ional as they take 
a long time to type on a Tcle1ypc 
and arc o ften no t needed. 

2 . 	 The playe r sho uld be told wh at 
quadran t ;in cl sec tor they Jre in 
Jftcr each sh ip movement. I1 
seems to me that this game would 
be very diffi cult to pl ay sinc.:c you 
don't know whe re you s t.irtecl 
no r where you arc in the g.1l ,1xy . 
How do you know wh ere 10 look 
ror the rest ol the Kl in gons 
without wande ring around .1i111 
less ly hoping to find them? (No1 
knowi ng where you 've been 
makes it hard to know where you 
haven ' t been.) This lac !- o l infor
mati on also makes the "flight out 
of the galaxy" bu g worse; if you 
don't know wh ere yo u are it' s eas
ier to go to o fa r the wrong way. 

,il so ccrn to remember that th.:re is 
<l problem in the lib r;iry co111pu tcr sec· 
l io n, but I don't remembe r exac tly what 
or where it is. Perhaps it has been cor · 
rec ted in th i· version. II iL com es bad 
10 rnc I'I I le t you know . 

Jo hn Stafford 
423 1 Casa de Machado 

La Mesa CA 92041 
jws:u nix 

HOM EB REW ? 

First of all , a a newcom er 10 13 YTE, 
111us1 say \' OU have a very good sci up, 

but after reading awhile I mu ~ L cal l 

Continued on page 136 
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When we cumhined our highly praiSl'd ZPU hu.ud and our System Munitur Bo.ud , we 
defined the standard for the industry; we integrall'd more power and flexibility in two sluts uf 
our motherboard than must other systl•ms can muster using five or more boards . When we 
put this setup into our rugged aluminum c.1sc we created the first XITAN system , the alpha 1. 
By adding a CRT terminal and 'or teleprinter you will h.wt• a complete computer system. 

KIT : $769 ASSEMBLED & TESTED : $1039 





built-in speaker. 

of the art in personal computing today, 
and compatible upgrades and peri
pherals will keep Apple II in the fore
front for years to come. 

Write us today for our detailed 
brochure and order form. Or call us 

for the name and address of the 
Apple II dealer nearest you. (408)
996-1010. Apple Computer Inc., 

20863 Stevens Creek Boulevard, 
Bldg. B3-C, Cupertino, 
California 95014. 

You've just run out of excuses 

for not owning a personal computer. 


Clear the kitchen table. Bring 
in the color TV. Plug in your new 
Apple II~ and connect any standard 
cassette recorder/player. Now you're 
ready for an evening of discovery in 
the new world of personal computers. 

Only Apple II makes it that 
easy. It's a 

But Apple II is more 
than an advanced, infinitely 

flexible game machine. Use 
it to teach your children 

arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

index recipes, record collections, even 
control your home environment. 

Right now, we're finalizing a 
peripheral board that will slide into 
one of the eight available mother
board slots and enable you to compose 

music elec
tronically. 
And there 
will be other 
peripherals 
announced 
soon to 
allow your 
Apple II to 

talk with another Apple II, or to inter
face to a printer or teletype.

Apple II is designed to grow
with you as your skill and experience 
with computers grows. It is the state 

complete, ready to use computer, not a 
kit. At $1298, it includes video gra
phics in 15 colors. It includes 8K bytes 
ROM and 4K bytes RAM - easily 
expandable to 48K bytes using 16K 
RAMs (see box). But you don't even 
need to know a RAM from a ROM to 
use and enjoy Apple II. For example, 
it's the first personal computer with 
a fast version of BASIC permanently 
stored in ROM. That means you can 
begin writing your own programs the 
first evening, even if you've had no 
previous computer experience. 

The famil iar typewriter-style 
keyboard makes it easy to enter your 
instructions. And your programs can 
be stored on- and retrieved from
audio cassettes, using the built-in 

cassette interface, so you can swap 
with other Apple II users. 

You can create dazzling color 
displays using the unique color gra
phics commands in Apple BASIC. 
Write simple programs to display 
beautiful kaleidoscopic designs. Or 
invent your own games. Games like 
PONG-using the game paddles.
supplied. You can even add the dimen
sion of sound through Apple II's 

Apple II™ is a completely self-contained 
computer system with BASIC in ROM, 
color graphics, ASCil keyboard, light· 
weight, efficient switching power supply 
and molded case. It is supplied with 
BASIC in ROM, up to 48K bytes of 
RAM, and with cassette tape, video and 
game 110 interfaces built-in. Also in
cluded are two game paddles and a 
demonstration cassette. 

SPECIFICATIONS 
•Microprocessor: 6502 (1 MHz). 
• Video Display: Memory mapped, 5 

modes- all Software·selectable: 
· Text-40 characters/ line, 24 lines 

upper case. 
·Color graphics - 40h x 48v, 15 colors 
· High-resolution graphics - 280h x 

192v; black, white , violet, green 
(12K RAM minimum required) 

· Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 

· Completely transparent memory 

access. All color generation done 

digitally. 


• Memory: up to 48K bytes on- board 
RAM (4K supplied) 
· Uses either 4K or new 16K dynamic 

memory chips 

· Up to 12K ROM C8K supplied) 


•Software 
· Fast extended integer BASIC in ROM 

with color graphics commands 

· Extensive nionitor in ROM 


el/0 
· 1500 bps cassette interface 

· 8-slot motherboard 

· Apple game 1/0 connector 

· ASCII keyboard port 

· Speaker 

·Composite 


video 

output 


Apple Il is also 

available in board-only 

form for the do·it-yourself hobbyist. Has 

all of the features of the Apple II system, 

but does not include case, keyboard, 

power supply or game paddles. $598. 


PONG is a trademark of Atari Inc. 
"'Apple II plugs into any standard TV using 
an inexpensive modulator (not supplied). 

' applcz computczr inc: 

Circle 108 on inquiry card . 



Order your Applell now. 

Use this order form to get your Apple II fast. As a special offer for 
those who order now, we will include free a custom vinyl carrying case 
(a $50 value). And we will also pay shipping charges to anywhere in the 
continental United States. 

Apple II Price List. 
RAM Apple lI Calif. Residents Apple II Calif. Residents 
Complement System Add Board-only Add 

4K $1,298.00 $ 84.37 $ 598.00 $ 38.87 

BK 1,398.00 90.87 698,00 45.37 

12K 1,498.00 97.37 798.00 51,87 

16K 1,698.00 110.37 978.00 63.57 

20K 1,778.00 115.57 1,078.00 70.07 

24K 1,878.00 122.07 1,178.00 76.57 

32K 2, 158.00 140.27 1,458.00 94.77 

36K 2,258.00 146.77 1,558.00 101.27 

48K 2,638.00 171.47 1,938.00 125.97 

Memory is offered at a 20 % savings when ordered with the system- or board- as reflected in the prices above. 

Additional RAM can be easily added-in at a later date as your needs develop. 
One set 4K chips (4K bytes) $125 
One set 16K chips (16K bytes) $600 

Prices and specifications subject to change without notice. 

applcz computczr inc: 
20863 Stevens Creek Blvd., 83-C 
Cupertino, California 95014 
(408) 996-1010 

---------~----~-~-~ 

Orderfornt 
0 Please send me an Apple II System 
0 Board Only 

with _ K bytes of RAM (4K minimum) at $ _____ 

California Residents add 6. 5% tax ________ _ 


Total$ ________ 

Name --------------- 
Address ---------------
City---------------- 
State _ ___ Zip ----------

Phone------------- -- 
Shipping Address (if different) 

0 Cashier's check or money order enclosed. 
(Please allow 2 additional weeks for personal checks .) 

Please charge to my 
0 BankAmericard 
0 VISA 
0 Master Charge 
Card Number ______________ 

Expiration Date ------------- 

Signature ---------------

Mail to: 	 Apple Computer Inc., 20863 Stevens Creek 
Blvd., B3-C, Cupertino, California 95014 

Circle 108 on inquiry card.--~~~--------------
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n APL Update 


EH Anthony 
Zoology Department 

University of Guelph 
Guelph , Ontario N1G 2W1 
CANADA 

You and your contributor, Mark Arnold, 
are to be congratu lated for introducing your 
re ders to APL. Nevertheless, the article in 
your November 1976 issue may benefit from 
updaLing with respect to current usage of 
some fund amental termino logy, especia ll y 
for those who may have encountered APL 
for the first t im e in your journal . 

Arnold Ii ts funct ions uch as + - X -:
'T"L but calls them operators. They are 
function . Then, when he gets to operators, 
such as / nd . , Arnold calls them com
po ite operators. They are simply operators. 
Is this not merely nit picking? No, it is not. 
Is this distinction in terms rea lly important? 
Yes, it is. To say otherwise is to overlook 
much thaL is ignificant in the evo lu tion of 
APL. 

I be lieve the corrections proposed here 
alig n with the grain of APL in a significant 
manner. Computer languages scarce ly bear 
close comparison with APL for the simple 
reason that it is more than just a computer 
language. Fir t and foremost it is a teaching 
language. Teach in g is the role for which it 
was born . Requiring a language to be useful 
in teaching apparently invokes a different 
and better set of co nstraints than merely 
requiri ng that it enab le us to operate a digi
tal computer. In general, it may be said that 
what is good for teaching is good for al l as
pects of society. Certai nly computer sc ience 
is not immune to this thesis. 

An obvio us requirement of a teaching 
language i con istency in notation and ter
minology. The lack of such consistency has 
been a common ource of difficulty for 
those learning traditional mathematics. Com
mon functions like pl us and minus have 
frequently been referred to a operators, 
whi le less common ones like sine and cosi ne 

have been cal led functions in the same text. 
Th is distinction in terminology tend to 
divert attention fr m the b, ic activity they 
have in common, namely ccepti ng an (non
functional) , rgurnent (or arguments) and re
turning a 1·esul1. Using terminology that 
re lates them to the same class of activi ty 
empha izes the underlying unity. The term 
function seems admirably suited to that 
usage, although Lh e choice is obviously 
arbitrary. 

Operators perform higher level of ma
nipulation in APL. They are characterized 
by the fact thar they take a function as one 
or both of their arguments. (Their introduc
tion necessitates a hierarchy in the order of 
execut ion, such that operators are executed 
pr ior to fu nction .) The differences between 
func tion and operator in APL may be illu s
trated with reference to the symbol / , 
wh ich serves dual roles. If we say I 0 7 
7 0/7 2 3 4 5 , we are using the symbol 
as a compression function. It then has a 
Boolean vector as left argument and an ordi
nary numeric vector as a right argument and 
returns 7 3 4 as a 1·esu lt. Note that neither 
argument is a function; the only functio n in 
the express ion is compression , represented 
by /. If, on the other hand, we say +/7 2 3 
4 5, we are using / as the red uction oper
ator. It takes as its left argument a primitive 
scalar dyad ic functio n, ie: a function whose 
three properties are indigenous to APL 
(present on the keyboard of an APL ter
minal), that it is defined initially for scalars 
(single numbers), and that it accepts two 
arguments. In this specific instance, the left 
argu ment of reduction is the plus function. 
Plus reduction is ummation and the oper-

Continued on page 106 
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Photo 7: A detail of the actual model, in operation in the authors' Project 
Solo laboratory at the University of Pittsburgh. The program used to drive 
the output device is a relatively conventional BASIC version of lunar lander, 
with modifications to use the analog inputs and outputs diagrammed in figure 
7. Input comes from a "throttle" stick which is a lever mounted on a poten
tiometer read by an analog to digital input conversion channel. Outputs 
from several digital to analog conversion channels drive display meters (see 
figure 7), as well as the voltage set point of the motor drive electronics 
described here. In the authors' system, these analog conversion functions are 
provided by a Cromemco conversion module which plugs into an Altair 
(S-700} bus backplane of the computer which runs BASIC for the lunar 
lander simulation. 

Controlling Small DC Motors 

with Analog Signals 

(Or, the Key to Making a Rea list ic Lunar Lander Simulation Display) 

Leon Swear 
Thomas Dwyer 
Margot Critchfield 
Project Solo 
Un iversity of Pittsburgh 
Pittsburgh PA 15260 

Microcomputers are starting to show up 
in an unexpected variety of places: en
gi neering labs, businesses, factor ies, go lf 
courses, rad io stations, the home, and most 
recently, the classrooms of adventuresome 
teachers. 

One consequence of this growth has been 
a rapid expansion in what might be called 
"blue sky" thinking about how computers 
migh t be used. Amateurs aren't afra id to 
fantasize a bit, knowing that's where half 

· the fun li es. Even when these ideas are too 
amb itio us for immed iate implementation, 
they often suggest simpler partial projects 
that wil l eventually fit in as com ponents of 
a bigger system. For exampl e, getting 
simple black and white graphics to work 
on CRT monitors could be the prelude to 
running a more ambitious so und and colo r 
"spectacul ar" under computer control. 

Our experience at Soloworks in applying 
computers to education indicates that 
working at this imagi native leve l helps 
foster the natural ab iii ty of peop le to learn 
through creative exp lorations. This in turn 
suggests that the more fl exi bl e the tech
nology, the better the learning. Computer 
hold special promise because of the way 
they can be "transformed" with software. 
Their main limitation has been at the inter

18 

face level. For example, it has not been easy 
to find hardware for controlling "things" 
(as opposed to symbols on a terminal). 

An important first step in solving this 
problem has been the appearance of analog 
to digital and digital to ana log interface 
boards (eg: the Cromemco D+ 7 A). On the 
input side, continuous joystick control now 
becomes easy. But what about output? In 
particular, it now makes sense to ask if a 
computer can be used for control of con· 
tinuous DC motors. We'll also want to ask if 
computers can move things according to 
algo rithms that specify position. The answer 
is yes, provided that (a) we can find a way to 
amp lify the analog output so it can d1·ive a 
motor, and (b) we can create a feedback 
path that lets the motor know if it has run 
long (or fast) enough to accomplish the task 
at hand. 

This article describes one simple approach 
to solv ing these two problems. In order to 
make the ideas invo lved easier to follow, 
they are presented in terms of a pecific 
project, namely build ing a one·d irnensional 
dynamic plotter for use with a "l unar 
lander" style game. I owever, with a little 
imagination, many other application of 
these ideas should be possible, including the 
co ntrol Of several motors. 
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Figure 7: A pictorial diagram of ho w the one-dimensional plotter fits into the implementation 
of a planetary landing simulator. The motor drive circuits (2) use feedback to set the altitude of 
the model ship based on the current set point command Xe issued by a digital to analog con
version output of the computer. The computer (1) implements a mathematical model of the 
spaceship '.5 flight based on analog to digital conversion of a throttle signal input, with analog 
output of the ship's altitude as voltage X C· 

The One-Dimensional Plotter 

A plotter is an electro-mechanical in
strument for displaying the position or 
motion of some object, usually as a fu nc
tion of t ime. It can be used for such things 
as showing the flight path of an airpl ane or 
the trajectory of a rocket. To display the 
position of an airplane it would be nec
essary to have a three-dimensional display 
or a three-dimensional plotter {x, y and z, 
where z is altitude) . To show the flight path 
of a plane flying at constant altitude only· a 
two-dim ensional plotter wou ld be needed. 
The graph produced wou ld have one ax is 
corresponding to the north-south compo
nent of motion, while the other ax is would 
represent the eas t-west component. 

While most genera l plotting work is done 
in lWO dimensions with the mechan ism 
dragging a pen to create a pictur o n paper, 
a one-d im ensional plotter also has applica
tions. For example, a one-d ime nsional 
plotter could be used to show the vertica l 
descent phase of a spacesh ip making a 
simulated landing on a moon or planet. A 
small scale model of the spaceshi p could be 
raised and lowered a number of feet with 

respect to a landing surface (the pl anet's 
surface) by a motor-driven derrick-like 
arrangement. The result would be a dynamic 
plotter that allowed the "pi lot" to practice 
land in gs in one-dimension, up-down (see 
figure 1). Later, other com ponents of 
motion {dimensions) cou ld be added by 
using a fancier mechanical setup . 

Authors' note: The nex·t few paragraphs con 
be read over rapidly by those who are not fa
miliar with calculus. 

In this design, the information displayed, 
either graphical ly or dynamically by a plot
ter, is the pos ition of the spaceship or other 
object of intere t. The plotter must be to ld 
the initial position, and any changes in 
position as part of the mathematical model 
of a spaceship landing. Sometimes th is 
change information is not known directly, 

nd must be ca lculated from other inform a
tion, such as velocity. or the spaceship 
problem, the change in position (called 
displ ace rnent r L".X) can be calcula ted from 
velocity by integrati ng the velocity with 
respect to time L".X = /J v dt. For a constant 
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diff 1 •n ' b t \\ n th l' Lalwl 1.:d p( siti1111 

f th ' hi1 ( ) .in Llw .1t 1u .1 I P• 'i tion n f 
the modd ( ' al · 

PLOTTER HARDWARE 

=n if Xc- Xa=O 

·/ i f Xc-Xa>O 

· 0 ii X Xa<O 

I 1 th 1 words, e is zero when there is no 
c1 rm ( c. = al, positive when Xc>Xa, and 
ncg.1 uv \vht.:n Xc<Xa

1h error ign.i\ e tells the motor which 
d ire Lion to turn in order to move the 
111 1d I ~hip to the correct position . If€ is 
p11 ~ i1i vl' the motor in our diagram of figure 
1 musl turn one way to raise the model 
t11Hil th ttc t ual position becomes equal to 
th 11 cu 1osition. If e is negative the 
m lrn mu 1 turn the opposite way to lower 
th<' 1111 u•I t the correct position. If E=O 
th n 1lw L >rr cl position equals the actual 
pu,i lion I Lh e model and the motor does 
n 1 11 11 n. The magnitude of e can also be 
u-cd tn ll terminc the speed of the motor. 

I Im · does the motor driver know the 
rlC tu,il po. iii n (Xa) of the model? When 
1lw mot01 move) tJ1e model, the motor also 
nH•'"' ii ' ipcr on a "feedback" potentio· 
m•1 r. ·1 h • vo ltage at this wiper will be 
r11 11pw tinnal co the altitude of the model 
and m.1 r.111ge anywhere from - 6.5 V to 

.5 in this design. The potentiometer 
I(• ' lb b.1 I.. Jn electronic signal to the "sum
in in~" iiL uiL (circuit~ in figure 3, ICl) 
1nlllc.11 illg the ,1ctual position of the model. 
I f th ' hip is il l maximum altitude, the 
w11w1 i-. near th e Lop of the potentiometer, 
Jn I th volt<1gc is about 6.5 V. I f the ship is 
Jt 111111 i111u111 <1l titude, the wiper is near the 
bull• 1111 11 the pot •ntiometer and the voltage 
i~ .thou! 6.5 V . The mechanical arrange
m 111 (~ C' ligurc 4) must be set up to ensure 
rl " ' 1 cl,l11omhip. 

In ,111nn1.1ry, the correct position (Xe) is 
omp.11(·d by th e ,,, circuit which tells the 

11101111 lriver if Xe is greater than (>). less 
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Figure 3: Details of the m otor drive se1vo cir uit. This basi ir ·11il con be 11 ed (with appropriate 1:hoices ofgearing and mechan
ical arrangement at the feedbocl? pots) to ontrol a large number ofme honlsm whi "fl d pend upon DC motors to set position. 
The feedbacl~ from the position measuring potentiometer e1 is wmpared 1vi1/J the s r point c by amplifier /Cl . The error 
signal resulting (if large enough) directly drives the motor aft r i1111er ion b I '4 1 h 11 the sel point Xe is far away from the 
a tual position Xa. As the set point is approached, th direc t error ignal become near/ / ero so the amplified error signals for 
small positive or negative displacements (I 2 and I ~ be om lh dominant t rm in /he summation at the input of /CS, 
until finally Xa matches Xe within limits I by the moll rrur threshold pol nliomete1 . Thi complexity of the circuit is 
required by the Fa I that tl1e DC motor req11fre o ·ertain minimum drit1e 1•nltage in order for any motion to occur. 
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The nulpu l of the potentiometer is the 
driver , in turn , t II th 

(=) 
m• position feedback. The job of the circuit of 

way or Lhc opp site wa 1gurc 3 is to ;mempt to make the position 
by a+, , or 0 o l1 c1 1c. f dh,1 k vol tage equal to the position com
move the model 11 ip IO\ , rd d mnr m.111d v 11 tag by moving the motor until the 
correct po iti n, if 11c ssa1y, whi le in(or· til'fer n e bet.ween the two is zero. This is 
ming the ~ ir ui1 o l th ; new pc silt in . " omp li shed c1 follows. 
When the a twil p quaI. Ihe or- I 1 i onnectcd as a difference amplifier 
recl po 1t1 n, th rror sign,11 b come o th,i1 it~ output i equal to approximately 
equal to 0 and the motor stops. l\n fun h r 4'· , where € = (position command Xe) 
change in the input ~ ign a l ( orr I pn 1l1on (po ition focd bt1ck Xa) . This difference is 
·ignal, Xe) will ,1u~e urth r mov n1 •111 of f•J th1 011 h RI 10 the summing amplifier 
the model in th . am• w.iy. I A :.1 1hat i i magnitude is one component 

The remtindc1 of· Lhi ttrlii.I • lecrib r tlw fin, I rn tor voltage. Thus, the larger 
how to build the se ·tor in figur I IJbel cl th r.Jiff re ncc, the larger the voltage, and the 
motor drive cir uitsl21, <inc.I h w rli>~e JSL r th e motor turn . In actual practice, as 
circuits in t rfc1 I 1hcoth 1 "impon nb. thi '> di ff ren .1pproaches 0, it would not be 
This corresp nd to 1he el 111 111 ~ 1 th drive a 12 voe motor. Here is 
right of the cl tted line in figure 

than (< ), or 1ual 10 

IC2 and IC3 come in, 
n tantly looking to see if the 

Circuit Description ltage, a portion of which 
Figure 3 sh w rhc mo tor driver ir uit, app ' ars a ros R6, is larger than some small 

and figure 4 show th fc clba. k p ren ti · p itiv v1 lt g·(se tbyRl3),orsmallerthan 
meter and how it b 11n ct cl t llw mmo . ·omc :. m.111 negative voltage (set by R14) . If 
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You can buy software from 
anybody but ours works 
in your system. 
We only sell one product , Quality. 
Our general ledger does what everybody 
else's Payroll , A/R , A/P , Inventory, 
General Ledger, and Tax programs do 
and it 's much shorter and easier to use. 

We have been In business for over nine years building a 
reputation fo r providing a q uality product at nominal prices 
NOT what t he traffic w il l bear . Our software Is: 

• Versatile 	- as most programs allow for multiple modes of 
operation . 

• Tutorial - as each program Is self prompting and leads you 
through the program (most have very detailed Instructions 
contained right In thei r source code) . 

• Comprehensive 	- as an example our PSD program not only 
computes Power Spectral Densi t ies but also Includes FFrs . 
Inverse-transforms, Windowing. Sliding Windows. simu l
taneous FFT's variable data sizes, etc. and as a last word 
our software Is: 

• Readable 	- as all of o ur programs are reproduced full size 
for ease In reading. 

• 	Virt ually Machine Independent - these programs are written 
in a subset of Dartmou th Basic bu t are not oriented for any 
one pa r ticu lar system . just In case your Basic might not 
use one of our functions we have included an appendix In 
Volume V which gives conversion algorithms for 19 differ 
ent Basic ·s: thats right. just look It up and make the sub
st i tution for your particular version . If you would like to 
convert your favorite program In to Fort ran or APL or any 
other language. the appendix in Volume II will define the 
stcUements and their parameters as used In our programs. 

Unfortunately this much versar ill ty, comprehensiveness 
and compatibility requ i res extra money. But over 85 % of our 
programs In the first five volumes wil l store and execute . as Is , 
in most 8K Basic ·s with 16K of free user RAM. If you only have 
4K Basic. because of Its lack of string functions on ly about 
60% of our programs in Volumes I thru V would be useable . 
however they should execute in only 8K of user RAM. Volume 
VI wi ll requ ire the user to have externa l data fi les and 30K of 
user RAM. 

Our " General Ledger Program ·· (Vol. VI ) Is a complete com
prehensive business system designed to keep ALL of your com 
pany' s record s without the need for updating from orher pro· 
grams and there Is NO need ro keep monthly tear sheets to be 
added together for end of the year reports as ou r system wi ll 
provide you w i th year end account totals . This program 
generates over 30 major reports . includ ing: 9 4 1 ·s . P / L·s. 
Balance Sheers . and year end account totals for filing Federal 
Income Tax Schedu le C's and / or I I 20's. 

A ll of our p rograms are available on machine readable 
med ia . For those that have specific needs. we can tai lor any of 
our p rograms for you or we can write one to fit your specific 
needs . 

Future additions: 
Soon to be re leased! A " fantastic·· wo rd p rocessing package 
set up for lawyers. publishers and writers : and a Medical Billing 
system wh ich will also allow a pat ien ts record to be Individ 
ually scanned . AND there are rumors that a 12K chess game. In 
Basic . w ill also be released . 

Subjects Covered in Volumes I - VI 
Vol. I - $24.95 Vol. Ill - $39.95 Vol. VI - $49.95 
Bookkeeping Advanced Business Complete 
Games Billing , Inven tory Business 
Pic tures Investments Systems 

Payrol l General Ledger 
Vol. II - $24.95 Taxes (requires
Math I Engineering Vol. IV - $9 .95 ext. files )
Plotting I Statistics General Purpose 
Basic Statement 

Vol. V - $9.95Del. 
Experimenter's 
Program 

AVAILABLE 

AT MOST 


COMPUTER 

STORES 


Add $1.50 per volume handl ing, all domes
1lc shipments sen t U.P.S. except APO and 
P.O. Box wh ich go parcel post. Foreign 
orders add SB.DO/volume lor air shipment 
and make payable In U.S. dollars only . 

SCIENTIFIC RESEARCH 
171 2-8 Farm ington Co urt 
Crofton , Maryland 21114 

Phone orders call (800) 638-9194 
Information and Maryland residents call (800) 721 -1148 

B~HNAMER IC•R O... 
accepted 



DRIVE FR OM FIGURE 3 
IC5 PIN 4 

ion 
IOW 

CABLE 
SPOOL be 

Figure 4: A pictorial schematic of the mechanical arrangement used for the lunar lander model. A main shaft is connected 
directly to the motor and has a spool of thread used to suspend the model. The direction of the motor controls whether the 
module rises or falls relative to the ground surface of the planet model as the shaft rotates. The main shaft has a spur gear which 
drives a large gear to achieve a gear reduction which maps complete physical travel of the model lander into the motion of the 
pot's wiper through its complete range. 

tMOTION OF LANDER 

LUNAR 
MODULEZJ[] MODEL 

one of these condi tions is satisfied, the com
parator output becomes 12 V, and a portion 
of that output (usual ly around 2 V, and 
determined by R17 and R 19) drives the 
motor into its operating range. The actu al 
values of these potentiometers wi ll depend 
upon the particu lar motor you use, and 
upon your actual physical configuration. 

IC5 is a high power operational amplifier 
capable of delivering up to one amp of cur
rent at up to 12 V. It is also used as a 
summing ampli fier to bring together the 
voltage commands from th e other circui ts. 

Parts Substitution and Adjustment 

None of the part are extremely critical, 
and substitutions can be made. Almo t any 
opera tional amplifier that accepts +12 V 
can be used (eg: 741C), and it is not nec
essary to use the LM306 comparators. 
LM 31 ls, for in tance, wil l do. A substitute 
for the power operational amp lifier can also 
be used, but be sure that whatever yo u use 
is provided with a good he, t sink. 

When the entire configuration ct up, 

FEEDBACK 
POTEWflOM ETER 

O POINT B, FIG. 3 

POSITION 
FEEDBACK,Xo 

o POINT A, FIG. 3 

GEAR REDUCTIO N: 
PICK RATIO SO THAT FULL TR AVE L OF 
POT SHAFT TAKES PLACE WHILE LUNAR 
MODU LE TRAVE RSE S ITS FULL RANGE 
OF ALT ITUDE. 

sure that the feedback pot turns less 
than once when the model moves through 
its entire range. If it turns more, increase the 
radius of the take up spool or change the 
drive ratio of the motor pot gears . The wiper 
sho ul d be al most midway in the pot (0 V) 
when the model is halfw'ay up in distance. 

Apply power and short the position 
command line to ground. The model shou ld 
position itself somewhere in the middle of 
its range . If it oscillates, adjust the potentio
meters to set the response range of the 
lander (R13, R14) andthemagnitudeofthe 
threshold motor voltage (Rl7, R1 9). Ex
perimenting with different motors and 
gearing setups shou ld give you an idea of 
what type of performance to expecr. Basi
cal ly , you want the motor to move at a rapid 
rate if the difference between the Xe and Xa 
is more than abo ut 2 V, and then to slow 
down as Xc- Xa ap proaches zero. 

Use a power suppl y to apply different 
po ition command voltages to see if the 
model "seeks" correctly . Don't apply more 
than about 6.5 V. If you do, th e system will 
try to move the model so th at the position 
feedback is more than 6.5 V, and this is 
impos ible. Resu lt : the model goes crazy. 

Once II of the above is working, you're 
ready t c nnect it to an integrating com
puter. The two choices here are a special 
purpo e ana log computer, or a ge neral pur
pose digital computer with a digital to 
analog output board. A discu sion of what i 
involved in using a digita l compu ter for this 
purpose can be found in chapter 10 of the 
book An Amateur's Guide to Personal 
Computing (by Margot Critchfie ld and 
Thomas Dwyer, Addison-Wesley Company, 
Read ing MA, 1977).• 
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That's right! The TSC Multi
User System brings you the 
capability you 've been ask
ing for! Four simultaneous 
users, all running BASIC, 
all independent, and all on 
the same Micro! 

You thought it couldn't be 
done, but TSC has done it! 
The basic system sells for 
less than $130 and is avail
able now. Write for com
plete details or visit your 
dealer. 

Presently, the system is 
available only for the SWTPC 
6800. It includes a 4-user 
version of TSC' s Micro BA
SIC Plus. Also available are 

and disc-based 

*Also be sure to check out 
the complete line of TSC 
software , including Text 
Editors, Word Processing 
Systems, Assemblers. Utili
ties, Diagnostics, Interpret
ers , Games, and more! 

Ci rcle 110 on inqui ry card. 



Photo 7: Packaging technology at Franklin. Although it looks a little shaky it still works. 

Mark E Fohl 
3567 Karikal DrA Microprocessor Course 
Westerville OH 43081 

In August 1975 Franklin University made 
a commitment to offer a program in micro
processors. I would like to describe what has 
happened since then, both in terms of 
Frank lin's goals in offering the course and 
of my experience in developing and Leaching 
the course. 

First of all , the character of Franklin 
may explain some of the rationale used in 
organizing the course. Franklin University 
is located in downtown Columbus OH. With 
some 4,000 students, it is the second largest 
institution of higher education within 50 
miles of Columbus, second only to Ohio 
State. Sixty percent of the students atte nd 
classes in the evening. Fran klin promotes 
itself as "a third kind of education ": broader 
than a technical school but more detailed 
than a liberal arts school. Franklin offers 
bachelors and associates degrees in business 
and engineering, and has recently been ac
credited by the North Central Association of 
Colleges and Secondary Schools. Frank lin 
keeps in touch with the needs of local in
dustry and stresses practical education . 

I am currently a software design engineer 
at North Electric Company, located near 
Columbus. Prior to this, I worked at a gov
ernment division of RCA doing mostly 
design automation work. One of my projects 
there was coordinating the design automa
tion efforts for the design and production of 
a 3 ch ip CMOS microprocessor. Wh ile at 

North, I taught math part-time at a small 
school abo ut 40 miles north of Columbus. I 
wanted to teach closer to home, so I blan
keted the schools in Columbus wi th a letter 
asking for a teaching position in math, pro
gramming or electronics. Dean Sidney Kelly 
of Franklin responded that there were no 
such positions open there, but that Frankl in 
was co nsidering offering a course in micro
processors. Following an afternoon interview, 
we both thought it was worth a try. 

Franklin decided that its microprocessor 
co urse would offer thorough coverage of the 
fundamenta l concepts of microprocessors 
along with in-depth experience on one par
ticular system. It was also decided that the 
course would start with the basics with 
respect to avail able prerequisites , and con
tinue with hands on experience in a laboratory 
environment. These goals suggested that the 
course occ upy two trimesters, and that it 
actually be a 2 course sequence. Each course 
would have fo ur class hours per week for 1 5 
weeks, and each course would be worth 
three semester credits. Furthermore, the 
sequence would be divided equally between 
lecture and laboratory, with almost all lec
ture in the beginning, gradually changing to 
almost al l lab in the end. The course pre
requisites were listed as a familiarity with 
digital logic and the binary number system. 
These prerequisites could be met with 
Franklin's series of electronics courses, and 
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System 8813 
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It's like adding a room to your brain! 

he ystem 8813 from PolyMorphic Systems is a complete, 

powerful problem solver in a single walnut cabinet. Thi 
machine allows you to perform complex financial engineer
ing, and scientific models in the comfort of your office or den. 

The high speed video disp lay present your re ult in text 
tables and graphic . The detachable typewriter-like keyboard 
permit relaxed program entry and operation . Convenient 
mini-discs store programs and data for compact filing ecure 
storage, and fast access. Our disc BA lC programming lan
guage is simple enough for the computer newcomer, ye t 
powerful enough to amaze the most advanced users . 

The whole fami ly can immediately use and enjoy pre
programmed applications and educationa l package . Let the 
System 8813 become your trusted busine · profession, and 

persona l tool. The PolyMorphic Disc System is a completely 
assembled and tested unit with brushed aluminum front panel , 
wa lnut cover, detachable keyboard , video monitor 16K RAM. 
Includes system software and fully extended BASIC on disc. 

System with l di c drive - $3250 
Sy tern with 2 disc drives - 3840 
System with 3 disc drives - 4430 

elivery 60 days ARO. Upgrade package for POLY 88 
owners will also be available. Prices and specification 
subject to change wit hout notice. 

PolyMorphic <~osi 967-0468 

Systems 460 Ward Drive, Santa Barbara, CA 93 111 



with a course entitled "Computer Calcula
tions." The sequence would be offe red not 
only to full-time students at Franklin, but 
also Lo anyone in the community who, for 
either industrial or personal reasons, wanled 
a solid background in microprocessors. Stu
dents would need no previous experience 
with microprocessors, and the sequence 
wou ld be offered as an attractive alternalive 
to a 3 day seminar. 

With the philosophies and prel iminari es 
taken care of, implementatio n of the 
sequence remained. By this time iL was late 
August, and the sequence was scheduled to 

begin the following January . Being th e 
instructor, I was responsible for putt ing the 
entire package together . Two tas ks presented 
themselves: the first was to adopt a course 
outl ine and prepare corresponding lectures, 
and the second was to equip the laboratory. 

The first task was relative ly easy . The 
obvious strategy was to start from the abso
lute basics and work upward. Accordingly, 
the course wou ld begin with a review of 
binary numbers and binary operations. A re
view of digital logic elements, both gates and 
flip flops, would be nex t, followed by devel
opment of a generalized arithmetic and log ic 
un it. The arithmetic and logic unit wou ld 
proceed to a generalized microprocessor unit, 
followed by a discussion of a part icu lar 
microprocessor . Course development could 
not proceed until specific laborato ry equip
ment was selected. 

One of the problems at this point was 
selection of a suitable textbook . No general 
textbooks on microprocessors were available 
at the time. I chose Blakes lee's Digital Design 
With Standard MS/ and LSI because a few or 
its chapters covered microprocessors and 
microcomputer system elements. In retro
spect, the text was not very good for the 
sequence because of its constant emphasis 
on hardware design considera Lions. 

Whi le preparing the lecLUres, I began the 
process of acquiri ng laboratory equ ipmenl. 
At the time, the two manufacturer who 
eemed to be far ahead of the pack were 

Intel and Motorola. I thought that these two 
would be in the best position Lo donate 
equipment, considering their stable positions 
in the marketplace and their competitiveness . 
Accordingly, I contacted local representa
tives from both In tel and Motorola. I a ked 
each fo r any help they could provide, and I 
reminded each that I was talking to the 
other. 

The Intel representative stated flatly th at 
there was noth ing he could do personal ly , 
but he adv ised me of a univer ity donation 
program. I wrote to In te l in California 
requesting more information and an app lica
tion form . The material cam shortly there
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after, and it turned out that each application 
was good for up to four kits, each containing 
an 8080 chip, 256 words of programmable 
memory, 1 K of blank erasable read only 
memory, and four 8212 data latch chips. I 
made a copy of the application and gave it 
to another instructor at Frank lin. We sent in 
our applications sometime in September; in 
mid -November, we received eight kits in the 
ma il. Each kit contained the chips plus one 
programmer reference card. 

The Motorola representative said he 
didn't know exactly what to do, but he was 
sure there was something. After much corre· 
spondence (among him, me, Austin and 
Phoenix}, he said Motoro la would provide 
five Microcomputer Evaluation Kits, without 
read only memories , if the University wou ld 
purchase four kits. Each of these kits con
tained an M6800, 128 words of program
mable memory, two PIAs, one ACIA, a 
printed circ'Jit board, 1 K of read only mem
ory containing the MI KBUG debugging pro
gram, assembly instructions , a reference 
manual, and an applications manual. This 
offer came in early December. 

It appeared that the cash values of Intel's 
and Motorol a's donations were about equal. 
Intel's equipment was already in, and I had 
to decide how to proceed. Whereas Intel's 
donation represented more raw computing 
power, Motorola's contribution was a better 
package, which included a tested system 
design, software and a Teletype interface. 
Considering that I would have to do the 
system design for the Intel package, and con
sidering that I was up to my ears already, I 
opted for the Motorola deal. 

The time came now to spend some 
money. Class was scheduled to start in about 
four weeks, but we wouldn't be using the lab 
equipment until about the seventh or eighth 
week. The dean was reluctant at first to 
spend any money, but at this point there 
was no alternative. Besides, the tuition from 
the students already enrol led in the course 
was eno ugh to cover both my salary and the 
lab eq uipment. The dean gave his blessing, 
and we proceeded from there. I contacted 
the Motoro la representative and informed 
him of our decision; then I called the local 
distributor and ordered the equipment. I 
expected the equipment to be ready in 
about two to three weeks, about the same 
time as the beginning of the winter trimester. 

The equipment I ordered from the 
distribu tor included all the discrete circuitry 
specified in the assemb ly instructions. There 
were still two glaring om issions from the 
microcomputer system: the power supply 
and the 10 dev ice. In addition, there was the 

Continued on page 90 



Whether managing accounts at the local general store or aiding in the 
development of the latest Space War, the MiniTerm Dual MiniFloppy* 
System 80/2 can do the job best. Z-80 powered, and S-100 bus 
structured, the System 80/2 mainframe with regulated supplies for two 
mini floppies * is also available without cards and drives. 

Dealer Inquiries Invited. 

M 1n1Term Associates, inc. 
Box 268, Bedford , Mass . 01730 (617) 648-1200 

·Mini Floppy Is a registered trademark of Shugart Assocates. 

29 Circle 1 11 on inqui ry card. 



Photo 7: The COSMAC VIP system demonstrating its graphics abilities. The !?it version of this product includes the board alone; 
the user must supply a standard video monitor (or modi fied n 1) and inexpensive tape recorder. 

COSMAC VIP, the RCA Fun Machine 


Josep h A Weisbecker 
1220 Wayne Av 
Erlton, Cherry Hi l l NJ 08002 

Most begin ners thin k of co mputer> only 
in te 1·ms of so lving eq uations or proc ssi ng 
da ta in English language format. Ask some
one with lim i ted exposure LO comp uter 
about their use in homes .incl lhey inv<1ri<1bly 
ment ion kitchen 1·ec ipe f i les, mea l pl a11n ing1 

income tax prepara 1 ion or checkbook 
balancing. I don ' t th ink any of th ese appl ica-

Li ons ha real ly caugh t on so fu. Thi view 
f com puters as su per calcul<1tors or da ta 

processors is ap pare nt ly hared by many 
peopl e cur rently involved in th e ho me 
cornpu ter movement. Th is mien Lat io n keeps 
pr ice h igher th an necessary fo1· Lh e major ity 
of potential hobby u er who coul d have just 
a much fun w i th m uch le ophisticat d 
mdch ines. 

Th e COSMAC V IP was crea ted to pro 
vid e a viabl e alternat ive LO expensive hobby 
compu Le r . I t wa no t de igned to compete 
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with existing systems, but rather to maxi
mize he number of people who can afford 
co own the ir own high technology graphics 
and games fun machine. 

In this article I'l l give you some back
ground information, outline my design 
phil osophy, and describe the COS MAC VIP 
sy tern. You can then deci de whether this 
article represents a blatant sales pitch or an 
honest explanation of a re latively low cost 
approach to small personal computers. 
Home or business users who want extensive 
data processing capability sho uld stop read
ing now. You wil l be better off with one of 
the more expensive BAS IC language oriented 
systems. Those who are beginners or are 
interested in computers for fun at absol ute 
minimum cost should continue reading. 

Fi rs t some backgrou nd. About five years 
ago I developed a system called FRED. This 
was the prototype for a low cost micro
computer aimed at video games, hobby and 
school use. (F RED was described in the 
August 1974 issue of the IEEE Computer 
magazine.) COSMAC VIP evolved from this 
FRE D system. My family and friend s have 
been usi ng th is type of system for almost 
five years and we've onl y scratched the sur
face of applications for it. In fact, my $2000 
personal BASIC system seems dull by 
com parison and is gathering dust. The 
development of the 1 card COSM AC VIP 
system is due primarily to a desire to shai-e 
fun I've been having with as many others as 
possible. RCA deserves a lo t of credit for 
supporting the development and making the 
system available for home and schoo l use. 

Design Philosophy 

COSMAC VIP is based on the premise 
that a home computer shou ld be low cost, 
easy to use and fun for the whole fa mily. It 
is therefore aimed at video graphics and 
games applications. Even the youngest 
family member can have hour of fun 
drawing pictures on the TV screen. 

Let 's exam ine some cost factor . Whil e 
memory and logic costs continue to de
crea e, a 2 K byte programmable memory 
wi 11 always be cheaper than a 16 K byte 
one. To many designers, lower memory 
cost mean that they can des ign more 
memory into a system at the same price. 
To me it means that I can design lower cost 
computers using about the same amount I've 
always used. When the current crop of 
$1000 computers drops Lo $500, a COSMAC 
VIP type computer might drop to $150. The 
lower the cost, the more people cc1n own 
their own compu tcrs. 

The drastic price reduction for a central 
processing unit caused by the development 
of single chip micro processors has not been 
matched by equivalent cost reductions for 
conventional computer input and output 
devices. The lowest cost home computers 
can only be ach icvcd if the need for special
ized 10 devices is minimized . I don't think 
il is fair to ask the limited budget, unsop his
ticated beginner to spend several hundred 
dol lars on a system which uses a $10 central 
prncessor but requi res an additiona l expen
diture or $IOOO fo 1· a terminal and enough 
memory to make it useful. The COS MAC 
VIP minimi zes 10 device cost by relying 
onl y on d video monitor, aud io cassette 
recorder and 16 po ition key pad. CMOS 
circuits 1·cducc power su pply costs, and a 
minimum number of integrated circuits 
permit Lhc entire computer, including 
keyboard, Lo be packaged on one inexpen
sive p1·inlcd circuit boMd. 

As I sec iL, fo ur major obstacles must be 
overcome before everyone can own their 
own computers. Th e first obs tacle involves 
just ifying a relatively high priced piece of 
equ ipmen t which is often useful to only one 
family member. COSMAC VIP was designed 
fo1· relatively low cost and includes 20 video 
game Ii Ling that can be imm ediately loaded 
and pl ayed by the whole fami ly. This goes 
a long way toward eliminating the first 
obstacle. 

The second obstacle is the complexity of 
conventiona l computer operating and pro
gramming procedu res. I can't understand 
how a begin ner can be expected to cope 
with co mpl ex operating systems. COSMAC 
VIP programs arc ini tialed with a si ngle 
RUN switch. Any memory byte can be 
examined or modified using the built-in 
hexadecima l keyboard. Loading programs 
is easy. Just enter the starting address fol
lowed by the byte seq uence lo be stored. 
No extra key depressions arc required 
between bytes. Mem ory addresses and stored 
bytes arc disp layed on the TV screen in 
hexadecima l formal. Tapping a single key 
steps thrnugh memory letting the user 
exa mine stored byte without modifying 
them. 

To load a cassette program into memo ry, 
you merely en ter the starting memory 
address and single digit block length code via 
the hexadecimal keyboard and play the tape. 
Less than 30 seconds later, COSMAC VIP 
shows you th e last byte loaded into memory 
on th e TV screen and yo u're ready to run 
your program. Recording the contents of 
memory on a cassclle is just a easy. 

A third obstacle in the path of home 

'1~Cl~l'l!t 
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A. PRO VI DED WIT H COSMAC VIP 

SOFTWARE +SVDC 512 BYTE COS MAC 
POWER ROM MICRO· 


20 VIDEO 

• 

SU PPLY OPERAT IN G PROCESSOR 
GAMES (COMPLETE l SYSTEM COP IB02•
LANGUAGE 

TEST PROGRAMS 

•
MANUALS 

TONE AUDIO 
CIRCUIT CASSETTE 

READ/WR ITE 
INTERFACE 

OPTIONAL 
2048 
BYTE 
USER 

PROGRAMMABLE 
MEM ORY 

*fTuli~[f~M~~~~?~t~~~if.t& 
~~:~~:: 

- ---11 --------------- (T_O_N_E_O U_T_P_U_T _I ----(-MIKE - EA_R_l ____(_Vl_O_EO_ O,_U_T_P_U_Tl___... 

OPTIONA L 

B·BIT 

PARALLEL 

i·O PORT 


CHEAP SPEAKER 
OR EARPHONE D
FOR TONES 0 0 0@111 11 11 

CASSETT E RECORDER VIDEO MONITOR 

B. ON -CA RD OPTI ONS C. SUPPLIED BY USER 

GRAPHIC 
VIDEO 
DISPLAY

rn@nm INTERFACE 

Figure 7: Block diagram depicting the essentials of a fully function ing COSMA C microprocessor. The system 
provides the user with everything needed to start programming except a video monitor and a cassette recorder. 

computer purchase is the abi lity to program 
the computer. Suppa e you buy an expen
sive system and then discover that you either 
can't or don't enjoy programming it. 
COSMAC VIP provides enough ready to use 
programs to just ify the price even if you 
never write a program. It also provides a 
sim ple interpretive user language that many 
have found just as easy to learn as BASIC. 
Th is new language requires much less mem
ory and is orie nted toward simpl e graphics. 

The fourth obstac le preventing many 
poten tial home users from getting started is 
the fear of buying an expensive computer 
and watching it become obsolete within 
severa l months. I fee l that use of state of th e 
art integrated circuits for COSMAC VIP 
helps minimize this problem, as does the 
relatively low cost of the system. 

Hardware 

Figure 1 shows a block diagram f the 
COSMAC VIP system. It shows exactly what 
is provided in the price and what the user 
has to provide. What yo u don't get is a vid eo 
monitor, inexpensive speaker, standard 
audio cassette recorder and expensive 
cabinet. Wh at you do get is everything else 
needed to immediately load and rnn 20 
video games and write and debug your own 
graphic, game or educational programs. 
Th is includes al I the memory yo u need and 

an easy to use numerically oriented lan
guage. You also have the ability to use 
COSMAC machine code. 

All system tim ing is derived from a 
crystal clock so there are no adjustments 
required. A single tone can be generated 
by programs. This tone can be used in games 
or sounded when a key is pressed. The 
hexadeci mal keyboard is a re li able touch pad 
type, and is fu ll y debounced by read only 
memory software. 

The audio cassette interface was des igned 
to allow saving programs on tape. You load 
a program into memory from the hexa
decimal keyboard and then record the 
contents on an audio cassette. You can then 
load the program from the audio cassette 
any time you want to use it again. The 
cassette data tran fer rate is about 100 bytes 
per second. You must man ually start and 
stop the cassette recorder, un less you add 
your own start and stop relays. The 1·elia
bil ity of any audio cassette data system may 
not be suitable for commercial work. Audio 
cassettes are however th e be t means of 
saving programs available for the hobby 
computer user worki ng on a I im i1ed budget. 
With proper care in use they have proven 
themselves to be qui te adequate. In the 
COSMAC VIP tape system, each byte on 

Continued on page 94 

32 



----------~ 

ORDER FORM [Wri te in each box the quanti ty o f each pa rt requ ired) 
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•encan 

lconomic~ 

isogood otiad. 

We asked thousands of your fellow citizens this 

question. You should know how your answer 

compares with theirs. 


Not too surprising, most people have gripes.. 

Inflation . Unemployment. Taxes. These are among 

the concerns that topped the bst. 


Yet, if you checked "good," you join the great \ 
majority of Americans (about 80%) who believe 
that fundamentally the American Economic 
System- with the individual freedom and high 
standard of living that have accompanied it-is the 
best in the world. 

The question is: how do we overcome the bad 

without destroying the good? 


Obviously, the more we all know 

about our system and how it works, the 

better we can decide what to preserve, 

what to change. 


That's why we are offering a booklet 

that explains the American Economic 

System. It is easy to read, interesting-and 

free. Mail the coupon for your copy today. 


Every American ought to know what 

it says. 


The American 
Economic System.
It's one of your basic freedoms. 

Bookle ts, P.O .Box 1887, New York, N.Y. 10001 


_ Please send me a free copy ol the booklet 

about our economic system. 


_ I would also like a copy of lhe survey 

highlights. 


Name _ __________Title___ 

Company _______ ______ _ 

Address.______________ 


City _______.State_ __~ 


Nole: Booklets in quantily, posters and olher materials 

are available for use by companies, clubs, etc. For in

formation, write: The Adverhsing Council, 825 Third 

Avenue. New York , New York 10022 


0_$·~ A publ<: """'""'message al The Advert1>1ng Council IJ 

·\ · ) . & U.S. 0..po<imenl ol Commerce ' I 

~.. presenled by lhls Mdgazme. 
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Meet the First Family in floppies. 

"' r.• o!>\J... 

Conlro l 

The l'oots of our flop py family 1143M controller • LSI technology • lK buffer 

Dual head 50 pin LSI interface 

1149M Mul tipm pose New 143M disk dri ve. '1\vo-siclecl recording. 
Cabinet assembly. Sing le/double clensiLy. LSI Mu ltifunction. 

LSI-11 

RS-232-C 


S-100 BUS 


Our host adaptors 

Rack or table mounted. 

CalComp's gol il all togeLhel' for you . A tota l 
floppy fami ly. Any way you wanl it. . . sing-le producLs 
or the LOla l package. In every case you µ;cl I I'll <! 

mul lil'unclion, LSI technology, high MTBF and low 
;'vlTTR reliabi li ty. compatibility and mull ipl ' 
interfaces. 

And that's not a ll. Field-1m11·e11 double density 
-now one or two-sided. And our new ll43M 
conl!'Oller along with th ree host ad<iptol's. 

With CalComp it 's all there. Choice. Flexibili ty. 
Eve1·yth ing you need for all or pal't of a total 
memory subsystem. Plus CalComp's worldwide 
service to support our family. We've de livered 
50,000 drives - why not add you1· application 
rcc1uiremcnts to our growing family. 

Just call us or use the coupon . We'd li ke lo tell 
you more about our fam ily. 

r-----------, 

I California Computer Products, Inc. FREE I

2411 \Vcsl La Pal ma Aven ue 
Anaheim. California 92801 

17141 821-20U
I 1

Please send me your free Floppy Famil y information kiL. 
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Understanding APL 

A Note to Those Unfamil iar with APL 

If you are totally unfamiliar with APL, a good first step would be to 
consult some of the references listed at the end o f this article and Mike 
Wimble 's article. We recommend the IBM APL/1130 Primer, available 
from IBM branch offices, as an excellent self-teaching tool . .. CM 

D r Kenneth E Iverson 

APL Design Group 

IBM 
1700 M arket St 
Ph i ladelph ia PA 19103 

Note: In the APL listings 
which follow, the user's 
entries are reproduced in 
blue while the computer's 
responses are in red for 
clarity . 

Adin Falkoff, in his review of APL con
ferences to be published in Computer Re
views (as of this writing), indicates the 
"widely ranging subject matter" covered in 
APL papers by listing dozens of applications, 
covering such areas as word processing, 
convex geometry and database systems, to 
name a few. Because of this potentia l 
breadth, it is necessary, in a short paper, to 
focus more narrowly on some one aspect of 
AP L. 

In scanning previous issues of BYTE to 
identify some aspect which would be rele
vant to its readers, I concluded that, how
ever diverse their interests, this audience 
held one thing in common: a penchant for 
exper imentation and exp loration, for play
ing arou nd with ideas and things. I have 
therefore chosen to emphasize these aspects 
of APL: the use of experimentation on an 
APL computer in learning the language it
self, and the exploration of other topics 
both with and without the aid of a 
computer. 

True experimentation must be carried out 
on a re. I physical device. Readers who have 
the use of APL computers or terminals may 
fi nd them useful for verification of the 
questions posed later in the article. For 
other readers we will try to approximate this 
experience by showing certain experiments 
together with the results they produce. The 
reader may then study the results of these 
experiments in the same way he or she 
would study the resu lts of his or her ow n 
experiments on a real computer. 

However, un like the experimenter at a 
real APL computer, the reader cannot then 
decide what experiment to try next in order 

to settle the questions ra ised in his or her 
mind by the last experiment, but can only 
use the experiments next presented by the 
author. Although each experiment may have 
bee n chosen to answer questions raised by 
its predecess9rs, it may miss many of the 
questions ra ised in the minds of particular 
readers. However, this difficulty can also be 
overcome to a large degree by the use of 
"thought experiments," discussed later in 
this article. 

To fu ll y appreciate and enjoy the experi
mental approach used here, one should make 
the most of each experiment by not reading 
any result until eve ry clue has been used to 
puzzle out what the result should be. For 
example, one would try to reason out and 
state the definition of the function I from 
the followi ng experiments : 

3f5 
s s 

before going on to read that "the symbol r 
denotes the maximum function which yields 
the va lu e of the larger of its arguments." 
Remember, of course, that APL statements 
(shown in red he re} start at th e left margin, 
while user entries are indented. Similarly, 
try to guess the result of the following 
experiment: 

8 12l8 

before reading it, since th e relation of the 
symbols r and L alone suggests that Lde
notes the minimum function. 

One fina l comment on the reading of this 
paper: although it is clear that this magazine 
enjoys the patronage of many young readers, 
I have, in the interests of clarity and 
precision, chosen to use word which may be 
unfami liar to some readers. If you happen to 
fall into this class, then this is as good a time 
as any to acqu ire the important habit of 
reading with a good dictio nary at your 
elbow. 

Systematic Exper imentation 

Simple funct ions yield to experiments 
with randomly chosen a1·guments , as hap
pened in the case of the maximum function . 
Even there, however, the argument were 
chosen with more care than might appear. 
For exam ple, if only the two on the left 
(315 and 4r7) had been given, one might 
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32K. One Card. One low price. 

Only from the Digital Group. 


ow, on only one fully stntic card , the Digital Group ha 
squeezed in a whopping 32K of memory. Which, with a little 
quick addition, means a full 64K arch itecture now req uire · 
only 2 boa rds instead of 8. That's a 4-to-1 space reduction 
.. . and leaves one extra memory slot n the Digital Crou p's 
s tanda rd motherboa rd till available fo r future product . 

All thi and one low price, too. 
It ju t may be the best news of all. Our full s tatic, assembled 
and tested 32K memory board is only $995. Now that's worth 
remembering. It' s substan tially less than our equi valen t a 
sembled SK boa rd prices. (Please no te: We' re ini tially offe r
ing th is 32K board asse mbled on ly. but kit v rsion will soon 
be avai lab le, too-a t even lower prices .) 

Here' what you get. 

Specifications: 
• 32K on single card 
• 	Speed-450ns. All of our cu rrent CPUs 1 ill operate at 

fu ll - rated speed . 
• Decoding- Lower or upper 32K ba nk 
• Power- + 5V only (.{t 4A 
• ard . ize- 12" x 5" (excluding connector fingers) 

Features : 
• 	 May be intermixed on Digi tal Group ystem with our 

BK memory cards 

• 	 All data and address lines are buffered 
• 	F11/ly sta tic memories-EMM 4801 (450ns) or equiva

lent 

Price: 
32K board complete, assembled and tested $995.00 

For all the memorable details, just fill out the coupon below. 
(Then all you have to remember is to mail it in.) 

'-----___o~rn@)o =--[f®1I.@o ?. ___..)(~1B cQ] =--_ o _ _o ® -=--

P.O. Box 6528 
Denver, Col rado 80206 (303) 777-7133 

::J 	 I promise to mail this in, so add me to your mailing list! 

City /S tate/Zip___________________ 

::J 	 Remember me? I'm a lready on your mailing lis t, but I need the 
memory spec s heet d esperate ly. 

Circ le 114 on inqu iry card . 



have concluded that the result of the func
tion was simply the value of its right 
argument, but the third case (5f3) rul ed out 
this poss ib ility. 

Experimentation with a systemat ic set of 
argumen ts usually gives a clearer picture of 
the function. For example, we might use a 
fixed left argumcn l and a set of uccessive 
in tegers for the right argument, as in 311 and 
312, and so on . This can be done most 
conveniently by giving a list of arguments as 
fo ll ows: 

., 
: 1'3 tl \ J , .1


'_!.. ' ~ t 


I+ ':t tJ 1' El 9 10 

l I 1 • ) 16 " ii 7 


) ) ] I ~ (, 7 

J >l ' J f ~ • 7 


I I I 0 0 0 9 

11 t lo r, f 1 


' I I 0 ~ 1 1 


The behavior of th e two new functions 
(~ and o#=) are probab ly clear from the last 
two experiments. However, the ex peri ment: 

'.l i I 2 I II 5 6 7 


1 2 0 J '.' 0 1 


might leave one in doubt, wishing to see 
cases with different left arguments such as 4, 
5, etc. In general, one might wish to see a 
whol e table of values fo r a systematic set of 
left argu ments. Th is will be exp lored in the 
section on tables. 

Names 

It is clearly convenient to give a name to 

any num ber or list or table of numbers that 

is used repeatedly. For example, we could 

give the name S to the list 1 2 3 4 5 6 7 

fo llows: 


,, t l.J .S · l ) 

We could then wri te the preceding expe ri 
ments more si mp ly as 3x5 and 3+5 and 3rs, 
etc. Thu s: 

11 


' .. 
l " q : b 

1 a r .. 

Th is use of names corresponds to the no tion 
of variables in algebra. 

Tables 

In the ex periment: 
4 xs 


U 8 12 16 20 2U 28 


38 


it is clear that the multiplication app li es to 
the left argument 4 together with each 
element of the right argumen t. In the 
experiments: 

S tS 
2 11 6 B J 0 12 111 


S•S 
1 u 9 J& ?5 36 49 


it is clear th at the functions appl y to each of 
the correspondi ng pairs of elements of the 
left and right arguments. 

In order to make an addition table for the 
integers from 1 to 7, it would be necessary 
Lo add each element of the left argument to 
every clement of the right argument. This 
will be ind ica ted by placing the symbols for 
null (o) and do t (.) before the plus sign as 
fo llows: 

So ~... .i. 

2 4 5 6 '/ B 
,, 5 & 7 B 9
.,5 6 a 9 10 

5 G 7 8 9 10 11 

G 7 8 9 10 11 17 


8 9 JO 11 12 1 3 

9 10 IJ I? I 1 4 


Tables for t imes (x), maximum ff), and 
less than(<) can be produced sim ilarly: 

.... •, : .1-· 

11 (, I I 

I {, I l () l :1 I I 


1 11) 

• • , , 0 1. 


: Q l • ; 

'• l 


'" 

The patterns of numbers (such as the 
diagonals of twos, threes, etc, in the addition 
tab le, and the L-shaped patterns in the 
maximum table) are often sur prising even if 
one is already fa miliar with the particular 
function, and it is entertaining to predict 
patterns before actual ly producing the tab le. 

Tables are also useful in determ ining the 

definition of an un known fu nction. To 

illustrate this we will return to the funct ion I 

for which we have already seen the case: 


311234567 


1201201 


lhc fol lowing table should suffice to idcn
t ify the fu nct ion for most readers: 

S• . I 3 

0 0 0 0 0 0 0 
1 0 1 0 1 0 l 
1 2 0 1 2 0 1 


2 3 0 1 2 3 

2 3 0 l 2 


l 2 3 s 0 l 
,,] 2 3 5 6 0 


Some Tools 

The fu nctions introduced by the fo l
lowing experiments are not only interesti ng 
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SCELBI does it again! Here, for the first time, 
are all the tools you need to get the most 
out of your '8080'. About the only thing 
missing is the '8080' itself. Just look at what's 
in this total package ... 

'8080' Octal Code Card and / or '8080' 
Hexadecimal Code Card, inst:.nt slide rule 
aids for programming or debugging '8080' 
software. Contains all standard mnemonics, 
with corresponding codes for either octal or 
hexadecimal modes. Easy-reading instructions 
are color coded to ind icate which flags are 
affected during instruction execution. Front of 
card features qu ick, logical reference formats, 
while back displays ASCII code chart for 
all 128 characters, plus '8080' status words 
and reg ister pair codes. 

The '8080' Programmer's Pocket Guide is a 
compact 3 x 4 V2" ever-ready, instant reference 
for either Code Card, that explains the 
instruction set in detail, giving both octal and 
hexadecimal codes. 

~ '-4 I 
JNZ MRRED302 065 002 ,. .. , .,.. I:' 

SPECIAL MONEY SAVING INTRODUCTORY OFFER! :-LAG 
Each of these "must" programming tools sells · 

~AGindividually for only $2.95. If you order today, you can 
own any two for only $5.50 .. . or all three for only ) VAL 
$7.95! You need these low cost, highly productive tools. 

~T FLSo, order today, and save, Save, SAVE! Clip th is 

handy mail order coupon and mall it today! 


Scelbl Compuler Con1ulting, Inc. 
P.O. Box 133 B PP STN 
Mlllord, CT 06460 lT 


Please rush Items checked below (Wrile quantities of each In Q ) 

Q Oclal Code Card(•) Q Hexademlcal Code Card(s) 

'R 

Q The ·soeo· Programmer's Pocket Gulde(s) 

O I enc lose $2.95 lor llem indicated above. 
O I enclose $5.50 for 2 llems Indicated above. 
D I enclose $7 .95 for 3 Items Indicated above. 

LIMIT: 3 lfems per cusfomer for lhls money-saving Introductory 
Offer. 

Name __________________ 

Address _________________ 

City Slale _ _ Zip ___ 

'--- -------- - - - -- - - -- ------------ -------' PASS ' 
I .. • SET nN T'R TO CON ' 
; l F NOT" ' 
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1' 

210 

2 1 

3 2 

* As a challenge to rea
ders, we will print the an
swer to this thought ex
periment next month to
gether with a complete 
explanation of how the 
expression Is evaluated. 

in themselves, but prove very useful in 
further experiments: 

I) ~1 7 s+/3 2 7 s 
1 2 3 s 7 2 

\II ~., ~ 3•2..-715 ,,1 2 	 l • s l l~So' u 1 0 ! I' 
l J J l ] l l ~ 

•/3 	2 7 5 

ll.D:" 0 \ 0 1 0/ 1 'lf/J 	2 7 5 
1 1 2 2 2 • 

,,,T-(\ i,) •. "r •I T 
-& -,? 	 l 0 1 1 l &'1 I~. I1 2 0 2 

0 -1 l I lj 2 1 6 

1 0 3 2 1 0 r r 
0 1 	 2 3 

These functions can be used in many 
interesting ways to bring out the properties 
of other fu nctions. For example, the relation 
between addition and multiplicat ion and the 
relation between multiplication and power 
can be brought out by considering the 
fol lowing ex pressions for various values of N 
and M: 

1'."•·1 .... c 
r:.N• 

t/Nri" t ltw~ ··J 

12 10 
M,.NN•N 

12 l 0 
•/llo.V •//loll 

81 31 
H• !I M• N 

81 11 

Thought Experiments 

Thus far we have considered only experi 
ments performed with the aid of a computer 
or, what amounts to the same thing, with 
the aid of printed results prepared in ad 
vance by a computer. However, if the ru les 
governing the notation are simp le and 
uniform (as they are in APL), th en one can 
perform interesting and revealing thought 
experiments by simply applying the rules. 
For example, the fol lowing expressions can 
be seen to be equivalent by performing 
thought experiments for various chosen 
values of N: 

+/1N 
+/cj>1N 
((+/1N)+(1/$1N))!2 
( t I ( ( \fl ) +<I> I ti } ) : 2 

( ; I ( ( A' p (II t l ) ) ) : 2 
(Nx(fl+l)H2 

In particul ar, the last express ion is a neat 
way of evaluating the first. For example, if 
N is 100, then+/ tN is the sum of the first 
100 integers, and is equa l to (1OOxI01) t 2, 
or 5050. 

We will conclude with two thought 
experiments which use only functions al
ready treated. The fi rst : 

(2=1/~0=( tN}•. I 1N)/1N * 

has a resu lt which, when obtained for any 
argument N equal to 7 or more, should be 
recognized by any reader. 

The second concerns comparisons of two 
tab les M and T. The express ion M=t-T yields a 

4 0 

table of the same size containing ones and 
zeros, with ones only where M and T 
disagree. Therefore +/M=t-T gives counts of 
the disagreements in each row, and +/+/M::/=T 
gives a single total count. Hence the latter 
expression yields zero only if M and T are 
identical. 

The expression +/+JM::/=~ M therefore 
yields zero only if M agrees with its trans
pose I\"> M obtained by "flipping M about its 
diagonal to interchange the rows with the 
columns." Ev a lu ate the ex pression 
+I+ IM;t.lslM for values of M produced as 
function tables for various func tions such as: 

M.. So. +S M• S 0 • -S 1·1• S•. ,;5 

Then try to determine what class of func 
tions yields a zero result. 

Ideas for experiments in a variety of 
fields are available in existing publications. 
Among the references cited at the end of 
this article, Iverson (references 2 and 3) 
presents further definitions of APL func
tions, Blaauw (4) presents a 1 page APL defi
nition of the Intel 8080 instruction set, the 
exercises in Iverson (5 and 6) and in Orth (7) 
present topics in mathematics at var ious 
levels, Spence (8) treats electric circuits, and 
Iverson (9) treats a variety of topics which 
include geometry and computer science. • 
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IF YOU'RE NOT DESIGNING 

WITH ACSC PROTO-BOARD;LOOK 


AT ALLYOU'RE MISSING. 

Accesslblllty - All parts are 
Instantly and easily accessible, for 

Utlllly- Models are available q uick signal trac ing , ci rcu it 
with or without built-in regu lated modifications. etc. 

Variety - A wide variety ofpower supplies (fixed or models are available withadjustable). capacities ranging from 630 to 
3060 solderless tie-points (6 to 32 

Economy-Eliminate heat and 14-pin D I P's), to fit every tec hn ica l 
mechanical damage to expensive and budget requi remen t. 
parts. Save money by re-using 
components. 

Versatlllly - Use wi th v irtually all 

types of parts, including resistors . 

capacitors , transistors, DIP's. 

TO-S's, LED's, transformers. 

relays, pots. etc. Most pl ug in 

directly, in seconds. 


Durablllly - All Proto-Board 
models are carefully const ructed 
of p remium materials. designed 
and tested for long, t rouble-free 
service. 

Expandability -Proto-Board 
units can be instantly inter
connected for greater capacity. 

Visibility -All parts 
are instanlly and 2asily 
visib le, for quick circuit Whatever type of 
analysis and diagramming . electronic circuits you 

work with, you can do 
more in less time with 

CSC's solderless Proto
Board systems. As fast and 

easy as pushing in or pull ing out 
a lead, you can design, test and Speed - Assemble. 


test and modify circuits modify circuits at will. Com

as fast as you can push ponents plug into rugged 5-point in or pull out a lead. 

Save hours on every terminals. and jumpers, where 

project. needed, are lengths of :#22 AWG 

solid wire. In the same time you took 
to read this ad, you could be well on 

your way to assembling a new circuit. 
Adaptablllty - Use in design, For more information, see your CSC packaging, inspection. QC, etc. 

Works with most types of ci rcuits . dealer, or write for our catalog and 

in many. many applications. distributor list. 

Flexlbtllty - Use independently, 

or in conjunction w ith other 
 CSC PROTO-BOARDSOLDERLESS BREADBOARDSaccessories. such as scopes. 

counters. CSC Proto-Clip'" 

connectors. Desig n Mate '" test 

equipment. etc. One Proto-Board NO. OF 

un it can serve a thousand MODEL SOLOERLESS fC CAPACITY MANUFACTURER'S OTHER 
applications. NUMBER TIE·POINTS (14·PIN OIP'S) SUGG LIST FEATURES 

PB·6 630 6 $15.95 Kit - 10-minuie assembly 

PB· lOO 760 10 19.95 Kil - with larger capacity 

PB·101 940 10 29.95 8 ~islr lbution ouses. 
CONTINENTAL SPECIALTIES CORPORATION higher capacity 

PB·I 02 1240 12 39.95 	 Large capacity, moderate 
price 

PB·103 2250 24 59.95 	 Even larger capacll'j ; only
2.7e per tie·POinl=$=·14 K •nclall Sir Cl. Bex I ~2 . Nttw HdVen. Cl O 50 

PB·104 3060 32 79.95 	 Largest capacity: lowesl203-62~ 3 t03 TW / 10 J65· I 227 price per tie·polni
\fit'SI Cna,1 35 t Cdltlrnno" St s.111 F1<1nc1sc0. CA J 104 

·115· 42 8 /21WX t0-372 79 2 PB·203 2250 24 75.00 	 Built·ln l%·1egu1a1M
5V, IA IOW"!lpple power
supply 

PB·203A 2250 24 120.00 	 As above plus separate Y2·amp 
+ 15V and - 15V in1ernall1 
adjustable regulated power© 1976Continental Specialties Corp. 


Prices and specifications subject to change without notice. 
 supplies 

Ci rc le 116 on inquiry card. 



The Complete 

Chai anger System 


Imagine a system complete with terminal, CPU, memory, 
floppy disk, software, and all the litt le necessities to make it 
work together immediately. Now imagine this comp lete system 
available not on ly fully assembled, but priced much lower than 
anyone else's kit. What you are dreaming of is OSl 's " new" 
Challenger System! 

In the conf iguration shown above, the Challenger includes 
everything an end user needs for a complete small computer 
system . All you add is 110 VAC power and a desk to put it on. 

This fully-assembled system inc ludes: 

HARDWARE: 
OS I Challenger 65 with 16K RAM, serial interface, system 

monitor PROM, and floppy disk bootstrap PROM . 
OSI Challenger sing le drive floppy disk formatted for 250K 

bytes storage per diskette surface. 
Stand-alone terminal and Sanyo monitor for 16 lines of 64 

characters at 2400 baud (other term inal options are available) . 
And all interconnecting cab les! 

SOFTWARE: 
2 diskettes containing over 100,000 bytes of software in

cluding OSl's powerful Disk Operating System with variable 
length sectors. 6502 DISK BASED RESIDENT AS SEMBLER/ 
EDITOR! A total ly interactive Assembler/Editor wh ich as
sembles up to 600 lines a minute and is completely compatible 
with MOS Technology's Cross Assembler format. This program 
also contains a powerful disk-based line editor with commands 
for general text editing. OSl'S EXTENDED MONITOR: A power
ful machine language debugging and utilities package including 
a Disassembler which Is format compatible with the Assemb ler! 
OSI 6502 SK BASIC FOR DISK BY MICROSOFT: This powerful 
BASIC has all the features of Altair- SK BASIC for the 8080 
plus higher speed and disk storage. And i t comes complete 
with a BASIC program library. 

DOCUMENTATION AND SUPPORT: 
We include over 600 pages of hardware, software, program

ming, and operation manuals. The Challenger is based on the 
well-proven OSI 400 system. The over 2,000 OSI 400s and 
Chal lengers now in use assure continu ing hardware and soft 
ware support for this system for years to come! 

EXPANDABILITY: 
The Challenger System can now be expanded to 192K of 

RAM and 16K of 110 and ROM. There are over 13 accessory 
boards including A / D, D/A, parallel and serial 110, cassette 
interfaces, a dual drive f loppy, a video graphics display, several 
RAM and PROM boards, and multiple-processor configurat ions. 

APPLICATIONS: 

The Chal lenger system is complete, fu lly assembled and 
configured so that the Disk Operating System can be booted 
in immediately on syslem power-up. Ev&n a relatively inex
perienced operator can have a comp lex BASIC program on-line 
just seconds after the system is turned on. The ease of use, 
high reliability , and large library of standard BASIC applica
tions programs make the OSI Challenger System the first 
practical and affordable small computer system for small 
business, educational institutions, labs, and the personal 
computerist. 

PRICES: 
Challenger System, complete as slated above with terminal 

and monitor $259900 
As above without terminal. Specify RS-232 or 20ma loop 

and baud rate s209900 
IMPORTANT NOTE: 
One of the most important features of the Challenger System 

is that it is not really " new". OSI has been delivering the basic 
circuitry of the Challenger since November 1975 and the f loppy 
disk since June 1976. The only th ing new is the total integration 
of the components as a complete, simple to use, fully-assem
bled, small computer system. 

For more free in format ion and the address of the OSI 
Computer Dealer or representative in your area, wrile to: 
OSI; Dept. S; Hiram, Ohio 44234 or enc lose $1.00 for the full 
OSI catalog wh ich contains kits from $134 and fu lly assembled 
compu ters from $439. 

I I 

Dept. S, Hi ram, Ohio 44234 



Announcing a Computer 
that thinks in BASIC 
far only s2se. 

aaa 1 

Oh io Scientif ic's new Model 500 computer has full mini-computer 

BASIC in ROM and a minimum of 4K RAM for user programs. 

BASIC is always there when the computer is turned on. 

Make your terminal Intelligent! 

If your company or school has remote computer terminals, con 

sider the Model 500-1 . It fits in the commun ications line between 

the terminal and modern or system. When the 500-1 is off, the 

terminal talks to the modem. When It is on, the terminal talks to 

the Model 500. Use the Model 500 for short and medium sized 

programs In BASIC. Use its immediate mode as an ultra-powerfu l 

scientif ic calculator ! 

Computers for Students 

Couple a Model 500 to a low cost purchased or leased terminal 

such as the popular ASR-33 teletype for student instruction. The 

Model 500's BASIC is a perfect instructional language for stu 

dents. Since the computer's machine code is also accessible, 

the Model 500 can challenge the advanced student with other 

opt ional software such as our interactive Assembler/Editor. 

Personal Computing 

The Model 500 has eliminated all of the grief of the first genera

tion personal computers. This computer comes fully assembled, 

tested, and guaranteed. 

Most importantly, it Is easy to use since the BASIC Is always 

there. 

Flexibility and Expandability 

The Model 500 uses Ohio Scient ific 's standard 48 line bus so 

that it is fully compat ible with our Model 400 kits and Chal lenger1m 

product lines. Any of th irteen accessory boards includin!iJ RAM , 

PROM, parallel , serial , AID, DIA, cassette, and video graphics can 

be added as well as peripherals inc luding floppy disks, line 

printers, color graphics, and more. 


The Model 500 is offered here In three forms lo meet every 
application and pocket book. 
Specifications 
Model 500 Board $298.00 
a· x 10· fully assembled board including 6502 microprocessor 
running at 1MHz, 512 bytes of PROM, 8192 bytes of ROM con
ta ining 8K BASIC and 4096 bytes of RAM for user programs. The 
board contains an ACIA based serial interface wh ich is jumper 
selectable for RS-232C or 20ma loop at 110, 300, 1200, 2400, or 
4800 baud. 

The BK BASIC fea tures: full float ing point math including 
transcendental funct ions, N dimension arrays, multiple letter 

variables, full string functions, logical operators, PEEK, POKE, 
USA, and lots more! 

The Model 500 board requires +5 volts at 2 amps, - 9 volts at 
500ma, an external reset switch, and an ASCII serial terminal for 
operation. 
Model 500-1 S429.00 

Fully enclosed 500 board with power supply, reset switch, and 

two 25 pin EIA standard terminal connectors for loop through 

operation. The 500-1 is 12· x 15" x 4". 

Model 500-8 $629.00 

This unit is a 500 board In an eight slot Challengertm case allow· 

Ing seven slots for expansion. The unit has a heavy-duty UL 

recogn ized power supply and is 15· x 1rx10·. 


ORDER FORM 

Order directly from: 
Ohio Scientific; Hiram, Ohio 44234 
This Introductory offer expires August 31, 1977. Please allow up to 60 days 
for delivery. 

PRINT OR TYPE CLEARLY. 

Shipping Address ---------------
City _________ ___Slate___Zlp ___ 

Payment by: BAC (VISA)_ MC_ Money Order_ 

Credit Card Account # _______ Expires ______ 

Interbank ii (Master Charge) _______ 

__ Model 500 Boards @ $298.00 

__ Model 500-1 Computer @ $429.00 _______ 

__ Model 500-8 Compu ter @ $629.00 ------ 

--Addit ional 4K RAM Memories 

lor 500-8 @$1 49.00 


4% Sales Tax (Appl ies to 

Ohio Residents only) 


TOTAL CHARGEO ORENCLOSEO _______ 

All orders shipped Insured UPS unless otherwise requested. 

1111 SllEllTIFll 

Hiram, Ohio 44234 

Circle 117 on inqui ry card. 



Listing 7: An APL Lunar Lander program. The program consists of the main 
program function FLY. plus an optional initialization program LEM and a set 
of subfunctions called from FLY. All input and output operations are con
tained in the subfunctions so that the operator can more easily experiment 
wilh different output formats. The program hos been written for a hypotheti
cal APL interpreter designed for use in microcomputers and as such uses a 
subset of the standard APL operators. Note the compact nature of the pro
gram (an APL hallmark}, and the fact that fine number. used in program 
functions can be repeated in subfunctions. 

v FLY 
[l] L550:SB • Z·B-JoT3 - ST- T - O 
(2) E-JolO 
DJ r-ra 
[u) O• AJ , DU , 05 

[5) V•V6 , VU , V5 

[6) L6•0 :TF· l ( ( (I 11 ( V• V)-2•D•G) • O. 5 l>lt V)+l t G 

(7] CKSCALE 

(8) PTSTAT 
(9) T- t 1 1' ' .(O.Ol>F' )/ 1 .F' ' 
( 10) -(0.0l>F)/LSJO 

[ 11 l SET VALUE 

( 12 ) T•MT l l flTlllTF 

(lJ] Z• Z•M<IB 

[1u] S• (ML I Bl'"B 

(15) B- (( I Bll<OfP-+\·l t 2 B•T)tT)••B 

[16) -(O.OISP• O[F-T••/l8l/L1530 

[17) '••••• OUT OF FUEL •••••' 

[18) LISJO:-(v/(O•E),2 : Zl/Ll7BO 

(19] (Z • O)/(O)f3 10 o ' Vi:RTICAL TRANSVERSEllORIZONTAL ' ),(3 21 o ' l!:l/CJll 


E WILL BLOW IN ' ) , (3 3 o 3 0 • E) , 3 1 o ' BUR/IS .' 

[20) E+E-Z • O 

[21) LB30:D-D•CV•T)•(T•T•G•B)t2 

(22] V+VtT•GtB 

(231 B- BrcO . Ol <F 
C2u) - (O . OOl<liD)/L6UO 

(25] 1:1/DCAME 

[26] - o 
[27] L1780: ······· BANC ~ I

• 
V CY.SCALE :DSl :DS2 :PLOT 

[! ) - (IOOO<ltD)/0 

[2) - CIOOSltD)/L l 

[J) •, ..... pffE:PARI: fOR IMPACT ' 

(•) -( !J<I D)/Ll 

(S ] '•••..,.•••••• FASTEN RETAINING STRAPS' 
[6) Ll:DS l --1 1 (0 20 100 500 2500 <ll+llD)/ u 20 100 500 2500 
(7) DS2 - -lt(O 20 100 500 2500 <l - ltD)/ • 20 100 500 2500 
(8] ' SCALE:X: ' . ( • 052) ,' . l'• ' , TOSJ 
[9 l PLOT- l 21o0 

[to) PL0T(5• l 1• 1lJ] • 6 

[II) PLOT[55+ t ltl-11o5 

( 12 J PLOT[ GO• ( 11 • ( Sl l I D[I ]1DS1 )••O[!) J. CC5 l l IDC2 ltDS2 )••D(2 ) l) -1 

[13] PLO'J'[60 ) •2•PLOT[60] 

f1u) .. 11 1 1 , ,., tO!ih l ·CIJ ' [PLOTl


• 
V PTSTAT 

(1) ' l.T TIME T = 1 ,( YTJ ..T3 -.,.T) ,' SEC. STATS ARE AS FOL!.OSIS: 1 

[2] ' VERT !CAL TRANVERSF: HORIZO/ITAL ' 
(3) ' 01STANCl: ', 9 1Cl 8 2 • 0) ,' MliTERS ' 

C•l • vi;LOCI7'Y ' , 91(18 2 • Vl. ' M7'RS/so·c .' 

(S] ' FUl:L .. . ', (2 • Fl ,' BURI/ UNITS ' 

[6) ' CO.VPUTED TIME TO IMPACT AT PRESENT RAT/:. . . • ' , (2 • Tr•D(O]> 


0 . 001), ' SECO//DS.' 

)LOAD LEM 

SA l'l:D lB . 18.•0 01/0J/77 

THIS JS THI:. ""LUtlAR LA//Dl:R " PROGRAM 

TYPE; "" LB!{" TO ENTER A /IEW SET OF SPACE A/ID VSHJCLE CONOJTIOllS 

TYPb" " rLY .. '1'0 USE THI: PRESTORE:D SET OR TO RETRY THE Sl:T YOU l:NTERE:D 111 -Ll!M "". 


V LEM 

[!] ' THIS IS A LVllAR LANDI/IC PROGRAM ' 

[2] ' l:llTER 11/JT1 AL ALTJTUDE Ill MSTl:RS . . . ' 
(3) A3• 0 

[•] ' Ell Tl:R IllITIAL VSRTICAL VELOCITY (DOI/II IS MINUS) . • . ' 

(SJ V6-0 

[6] ' ~PTeR 'I'RA!ISVERSE DISTANCE (Y l . .. ' 

(7] Do-0 

(BJ ' ENTER Y VELOCITY .• . ' 

[9] V• - 0 
[10] ' li:llTl:R HORIZONTAL (X) DISTANCE. ..• ' 
[II] D5 
[12) ' SNTER X VELOCITY . .• ' 

(13] vs - o 

[ t •l ' 1:1/Tl:R MA XWUN BURI/ RAT/: . . . ' 

( l 5 J M• O 

[ I 8) ' LNTER FUEL CAPACITY, .. 1 


(17) FJ • O 

(JS] ' ENTl:R PLAllETARY FORCES (GRAV17'Y . Y AND X CORIOLIS COMPONotlTS) ' 

(19] G· 3oO . o . o . o 

(20] ' ENTER Ml lilMUM SPECIFIABLI: TIMI: DELTA .. • ' 

[21] MT•O 
[22] ' ENTl:R NANI: OF YOUR SJ/IP . . 
(23] 11
( 2 • ] 

( 25 l 

[26] '••• CONTROL TO ', /I ,' . .. COMMENCE: LAllDINC ' 
( 2 7) FLY

• 

Here's APL 


David D Keefe 
144A Spring St 
Tillson NY 12486 

About the Game 

This APL version of the Lunar Lander 
program is developed from a BASIC version 
ca lled LEM, published in the November
December 1976 issue of Creative Computing 
magazine {"LEM" contributed by Bill 
Cotter). The program has been cstructured 

The APL System 

This APL Lunar Lander program has been 
written using a significant subset of the full APL 
operator set (such as APLSV implemented on the 
IBM 5100), and is eventually intended for use on 
a small system APL interpreter . In general, the 
functions use no array operations or vector sub· 
scripting (indexing) . However, for illustration pur 
poses specific examples of array reduction and 
vector index ing are included. In these cases the 
text describes alternate procedures with examples 
to show why it is advantageous to keep this higher 
level of capability. The operator subset used is 
based on a proposal contained in Mark Arnold's 
article "What is APL?" (November 1976 BYTE, 
page 20), which has been expanded slightly to 
include the execute and vector rotation o perators . 

About the Author: Dave 
Keefe describes himself as 
an incredibly lazy pro
grammer. He is convinced 
that APL lets him write, 
test and bring up a new 
application in less time, 
less effort and with less 
symbols than any other 
major language. He wrote 
this article over the holi
day season in the hope 
that the game format 
would make a good vehicle 
for showing how APL can 
be applied. The game pro
gram took a couple of 
evenings at an APL 
machine's terminal. The 
rest of the article took 
considerably longer. 
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Listing 71 continued: 

\' SET'lhLUE 
flJ 1 T' SET ' ENTER T[}JE INTERVAL· 
[71 ' B[O) ' S!>T ' VliRTICAL (Zl HUR/I? 
[Jj 1 8[1 ) 1 SET I TRJ.llSVERS~ Cf) BURN? I 

rq ' 3[2) ' SET ' HORIZOliTAl (X) Bllffo'I? 'in Action! 
V A SET /..'SC~ V 

: 1] (1~ 1 1 S 1 , A)/O 
· 21 -:~sc 
:JJ l'- (ol!SCH
["] (vn·· ·- · )/SS 

to use vector operations within the force 	 [$] .a A. ' - FIX V' 
[6) 	 - o

equations, resu lt in g in a simpl ified program 	 (1) SS: .1 1 .C: ' ,A ,'·-l ' 
(a j 	 .1 A . '- o ' 

structure . Vector· operations also allow the [9) - o 
game to be easily expa nded : For exam ple, v Z- FTX 0 

lll D[llZ/ 107. -·D o'. ' ] - 'the user can now specify Coriolis force 12] 	 Z-(!J•' '>ID 
l JJ 	 D ,._ 1 t Z , I 0 Ielements, seen as an effect on the horizontal 
[I.I] Z-(OxpZ)/(f-Dc 1 .0173 '< 56789 1 )/ ·- · } . z ..... cz, • . 0123toS6789 ' \/Z

and transverse veloc it ies as a result of the {5] z - 1u z . • ' . 1 • A 

rotation of the target planet. These forces V EllDCJiME 
fl] 	 Df0] - 0ar-e applied as a part of the same equation 
[ 2] 	 C.':SCALi: 

which applies the gravitational force. [3] PTSTA7 
[•) 	 4{•/3> I V)/SUCC 
[5 J 	 ( 8 e 0 I 011·01/ ... SPUCKS . . SORRY . . . llAAAARfiilWHOOPS . . ,,r ?>- x ! l : AIEEEEF:l::t;DHELPUS ' ) r 

-19- ,_ / l 'to • Z-3,IV9-.r:lThe Program 	 r61 
[7] 	 '•••••• AT ' . (0 • 13'60). ' Niii. , '. (2 • 60IT3). ' St"C . INTO THE; LA,WI/.'C PROCf.'DURE ' 

The APL LEM program consists of a ma in reJ ,;ii RADIO CONTJtCT WITH Ti/£' I , N .' WAS LOST . tI 

[9] AT LAST llf"rORT SI/£: ''AS '. ((O,Ol>Fl/ ' OUT OF FUEL A/ID ' ) .' DFSCENDIIJC AT 7/lt: R 
progr·am func tion (F LY), an optional initial AT!' ' 

[10) or '. <i • YIO]) ,' NF:TEllS/St:C • • WITH A CROU/.'D snED OF ' . li • B- 1 · 18•8 - 1'1",C)>
ization functio n (LEM), and a set of su b O.S) , ' METERS/SEC. ' 

[ 11] 	 "••••• HER LAST REPORTED POSITION >'AS ' .' 2 .C• /D•D - 1'D) • 0. SI .' MET/i/IS FROt-: THE TARCfunct io ns which are cal led fro m within FLY. ET LANDING SiTE. I 

[12] 	 ' SHE IS PRESUMED ro HA"E 1 , (ll<fYrO])/ ' CRASHED I , fJ<B)/ 1 Mi'D t l,((3<8l/ 1 F'l,!PIn genera l, the input and output operations PEn oveR • >. •uror.· IUPACT. 1 

[ 13 J 4 0associated with LEM have been put into 
(l • J SUCC' ' .... •• THE '. II . ' HAS LA/IDED ! ...... 

separate functions . This permi ts experimen ' 
(15) - (•/">IB- (•/B•B - 110) • 0 . Sl/CRT

tat ion wi th vari ations of the 10 fo rmats with 	 (16] (•/20•!8)/0K 
[17] 	 ~ ( • /100>18)/FAill 

out affecting the main proce sin g program 	 (18) 4 (•/500>!8)/POOR 
[19) ' OF COURSE YOU ARE: l/OPELESSLY LOHT Ill THE ''ILDE.~lloSS. ' wh ich ca lls these fun ctions. The accom	 00] - o 
(2 1 ] FAIR' ' TOO BAD TllA1 YOLI ARE: BALANCiiD 011 TH£ oor.i: OE' A CRf.VASSE . .. YOU WERE '. rpanying write-up descr ibes each of the state  7 1 • B) .' NETERS GFF TARGET ' 
(22J 	 - oments in the FLY program and the general 
[23] OK '' YOU ARE ALNOS1 READY TO SOLO WITH TPAT PERF"ORNA/ICE !' 

operations performed in the other funct ions. 	 (2• l - o 
[ 25] CRT' ' YOU QUALIFY FOR Sfi/IJOR PILOT WITH THAT ONF: \'

It is intended as a tutor·ia l to be read in con	 (2&] ·•O 
[27] POOR' ' UtiFORTUIJATELY YOU ARE Iii Tiii: MIDDLE O." A RATHER DHP Ril'E:R

ju nction with the function listings, which JJCRSE YOT , YOU ARI: 3 METERS UPSTREAll OF A I 000 l·IETF:R ''ATERF"ALL i' 
[28] 	 - ocontinue on the next two pages. 

Listing 2 : An explanation of the Lunar Lander program shown in listing 7. 
Author Keefe provides detailed comments about the program, a virtual 
necessity when programming or reviewing programs in A PL, because of its 
conciseness. In the case of the subfunction CKSCALE, an alternate program 
is described which avoids the use of vector and array indices. 

fUllCT O/; I/Al:£' FLY 	 TRA!ISYF.RSE A/ID h"OR!ZONTAl nilOCITI!:S 8EJ!JC 
APPL IED TO THE LA/IDE:R. 

THIS F"UllCTIO/I IS r.~I: PRillCIPAL CALCU£,ATIOI/ AND /;Ot,JC 
PROCF.SS j/I THI: LU/IAR LAI/DER (ALJAS • Tl/E /~Alfi lll.'E! . ilRAl.'Cff 6 L6uO - TUE STl1R"i' OF' THE /.111111 PROCESSI,'lG lOOP . TF IS TUE 
POINTS ~·rTHIN FLY AR£ LAEELL£D ·· i.,,.¥" ·· WHERr: xx)( rs Ti/£ LI!IE CALCULAn'D TINE /Jo'IT!L IMPACT ASSUIJillG THE: 
llUMBl:R Ill THE 5ASIC l'E:RSIO/I OF Ll:.V >Ill/CH IS NOST CO.~?A.~ABLE VERTICAL i·11cI/IE IS SI/UT DOW//. THIS IS SIMPLY A 
TO THE PROCl:SSI/IG WHICH OCCURS AT THIS STATF:llEllT. THE SOLUTJOll E'OR Tl/Ii POSITIVE: RE:AL ROOT OF Tllf: 
fOLLOW!llC SECTIOll PROVIDES A LINE BY LINE Ol:SCRIP':TOll OF QUADRATIC EQUATI ON [o:O.;.(V111TP\-t(.S.11:G)111T!' • 2J . 
-:' HE PROCESS I/IC •'RICH IS Pl:RFOR!:F.D Ill FLY' 

7 THE: CY.SCALE FUllCTI O/I P//11.'TS THf: CR!D SHOWI/IC LEU l.oCATIO// 
ll/IE 110 I DliSCRIPT/011 VfiRSUS Tl/Ii TARGET AS THE LE•: APPROACH E:S 

TOUCHDO~// , 
l TllJS LJ/JE SHOWS HOW A Sil/Gl.E APL STATE/.!El/7 C:O!.' BE iJSEO 7C 

S?EC!f'Y NULTIPL' V!.RJJ.BLES .=-OR BOTH V~CTOi?E A/.'C 8 THE !'TSTAT FU/ICUO /I ?RI/ITS THli CURRE/IT FLIGHT STATISTICS. 
SCALARS. THIS STATEUEUT SETS ALL or THE 
Vt.RJ ABL f:S f/Al.Jf:!J TO U::RO. SB , Z . AllD 8 ARE: J 9 MID 10 PROVIDE: A SHORTCUT E'OR THE: CASi: 111/ f:R f: Tllfi Loll I/AS 
i:LEN/i/IT VECTORS ; T3 , ST , A/ID T t1RE SCALAR . . RUii OUT or PUliL. STATl:#IE/IT g FORCES THI: TINE: TO 

THE FULL TJ.OIE - TO-INPACT AND 1 0 Tl! EN /!RA llC//E:S 
i' E JS VECTOR WHI H SHOWS THC NUl-:BER OF BURJ.'S LEFT FOR A DIRECTLY TO Tl/£ l!A!/I CALCULATIOll SEGN/i/IT . 

DAMAGED £ !/CI/IE. IF /.NY f:LEt!EllT Of o E:Vl:R REACllES THESE: STATE;IEllTS COULD I/ AVE BUill COMBillliD I I/ TO A 
U:RO THF: El/GI/IE >'ILL E:XPLOOE. SI/i CLf: CONPOU/1 0 STAT f:Nl: /I T . f'O/I EXAl.J PLo , 

•l FT . O~'i'· 1 ' T ' . U"i'•-0.0 1>f)/ 1f ' )/l.SJO UOWEVE."R T'HF: 
.3 f /.ri TRE REM,:INJl.'r; FUEL . IT 15 !IJ!Til.LlZFfJ TO ':HE rALl'E CATEIJATiON FT , OoT- . .. IS ARTJPICIAL A/ID NOT 

rt:PUT 111 Tl!E in~ RQU'J'IUE . CONSIDE:PEO GOOD FORM Ill APL . 

" D IS TP.E DISTA NCE VECTOR CO/ITAillIJ!C THI: ,1LTITUDE , 	 11 T/1£ Sl:T VALUE F'U llCTION Rl:ADS Ill NEW VA LUES FOR TH £ TUE 
'J'RAA'SVERSE A!ID HORI ZOllTA/.. lJJS'IA!lCE F'Ra.t: THE INTERVAL AftO BURIJ RATE CT M IO B} . 

TARG~T LAllD!SG AREi. . IJO T'C HOJ.' C;tTf:llA T IOJJ IS USE() 

TO FORM THE VE:C'l'O .~ F"ROM THE: THREE SCALARS ''HICIJ 12 THI: RESULTANT l'ALUE OF T WILL BE EQUAL OR CRoA U:R THAI/ 

WERE o//Tf:RED Ill Llil.J • Tl/E Mil/lMUl.J ALLOWED TIN E: rMT) AND 110 GREA TfiR THAN 


THI: /IEA Pf:ST W//OLI: SECOND CREA:ER TllAll T HE: 

S V IS THE VELOCITY Vi:CTOR .~ADE UP Of" THE: VF:llTICAL , ZE:RO - BUPll TINE TO I MPACT ( Tf ). 
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Listing 2, continued: 

13 A REAL 	 EXAMPLF: OP T HE POWER OF APL. //OTC: HOW THI;: RESULTS 
OF' THE LOGICAL OP<:RATIOll M<IB IMAXINUll BURI/ RA':'I: 
LEISS THAii THI: ABSOLUTE: VALUE OP TllE BU RN Vf;CTOR 
F:LEllENTS) ARE USED TO 11/CflllMBNT THE Z Vf:CTOfl 
WHICH INDICATES ENGi ll E DAllAGE. IF AllY 01/E OF THE 
BURN ELEllENTS EXCE:EDS H , THE: CORRESPONDING 
ELF:MENT IN Z IS I/ICREMEllTE:D. 

I' THI: RESULTANT 8 JS LIMITE:D TO THE: MAXIMUM BURN RATE. THE 
OPERATION ••B RE:PLACES THE: SIG/I ON EACH f:LENE:llT 
OF B Ill/IC// WAS REMOVED BY THE: ABSOL UTE VALUE OR 
MAGNITUDE OPEiRATIOll. 

15 THE BURI/ VALUES ( B) ARE LIMITED BY THE AVAILABLE FUEL 
A/ID FUE:L PRIORITY GOES TO THE VERTICAL E//CI/IE' 
BEFORE! TRAllSVERSo . Bof'ORE' HORIZO/ITAL. NOTE THE: 
I/SE Of' THE PLUS SCAN OPERATOR (+\). IF 8•1 2 3 , 
THBN + \ - 3tH8 WOULD BE +\O l 2 OR 0 l 3, IF PLUS 
SCAN IS NOT IHPLn!E/ITEO LI/IE 15 MUST BE: EXPANDED 
TO 3 LINE:S llI'1'H SEPARATE: FUEL TESTS FOR EACH 
ELEllENT OF B. 

1 6 THE //Ell FUEL VALUt IS CALCULATtD AND THEIN TESTED, A 
BRAHCH TO L1530 OCCURS IF' MORE THAii 9 TH OUSA/IOTi!S 
OF A BURI/ UllJT REMAill. 

17 PRINTS THI': OUT OF PUE:L I/ARNING 

18 L1530 CONTAINS A POllE:RFUL TE:ST USED TO Df:TE:flHillE IP A/I Y 
l':/IGI/1£ HAS BEE:// ABUSED. TllO LOCJCAL V::C'i'OflS (O:f: 
ANO 2•ZI ARE CATE:NATED AND THE RESULT IS TESTl':D 
VIA OR fll':OUCTION (vi). J P ANY Of Tiff: ELEMENTS Ill 
THE Rf:SULTANT VECTOR IS Sf:T TO l . THE: B/IA/ICH TO 
Ll7BO OCCURS ( BA/IG). 

1 9 SHO llS APL ARRAY CAPABILITY AS Till: iOCICAL VE:CTOR Z• O JS 
USl':O TO Sl':Ll':CT RO>'S OF A CHARACTER ARRAY 111/ICH 
CONT AillS A Ml:SSACE . IP THI: MICRO- APL SYSTE:M 
OOe'Stl' T SUPPORT ARRAY OPERATIO/I , USE O/IE OF THE: 
NO/l·ARflAl ALTEiflNATI VES SHOii/i BELOW. 

[ 1 9) (O •ll Z )/ ' VEflTICAL ' , ( ENG ' l?l/GillE I/ILL BLOll IN ' ) 
• ( • l t E ) , BIJ ... • BUR/IS' 

[ 19.1] (0 • 111'Z )/ ' TRAllSV&RSE:' ,£/IG , ( <l tll El , SN 
[!9.2) (0 •- l ! Zll ' HORIZONTAL ' , tNG,( • - lti:: ) , 8 11 

IF VECTOR SUBSCRIPTillG IS ALLOllE:D A COllVEllU:NT 
ALTE:R //A TIVE IS : 

(19] 0 BURI/ ' VERTICAL ' 
[19.1] 1 BURI/ ' TRANSVERSE ' 
[ 19.2] 2 BURI/ 0 1/0RJZOllTAL ' 

llHERE BURN IS THE FUl/CrIO/o' • . • 
OA BUR/I MSG 

( I ] Z( A )IHSC, ' El/GI/IE WILL BLOW 111 '. ( • E[A]) . ' BURllS 'O 

20 LIXE LI/IE 1 3 USES THE LOGICAL VE:CTOfl RESULT Ill AN 
ARITHMETIC OPEflATIOll - TO DF:C fll':ME:ll 'l Tl/£ P.E/JAillillG 
8/JRN COUNT. 

n LB60 - Tllli RE:AL WORK OF THt: PLY FUNCTIO/I ! Tl/ I S STATE/1E /I T 
CALCULATl:S TH£ NEW DISTAi/CC V<:CTOR 

22 F'ORMS TllE liEll VELOCITY' VEC TOR 

23 ZEROS TllE BURN VECTOR IF THE FUEL IS E:>.'HAUSTEO. 

24 BRA/ICHES BACK TO L640 IF THE LE!! I S llOflE Tl/All A 
MILLIMET/iR ABOV/i TllE SURFACI':. 

25 TllE ENDGA!lf: PU/ICTIO/I PRI/JTS YOUR RF.PORT CARO. 

PUllCTIO/I NM!E: CKSCA !,I; 

THIS f'Ull CTION DISPLAYS A GRID SHOiiING TllE LON POSITIO/I 
I tSYMBOl) fl£LATil'S TC' THE TARGl:T LANDI/IC AREA. THE 
GRID APPF;ARS AS SOON AS THE ALTITUDE IS 1000 l:f:TEFIS OR 

THIS FUll CTIO/I USES VECTOR OPERATIONS 01/LY EXCEPT !'OR 
LI/IE 14 Wl/ICH PRI/ITS Tl!E GRID AS A CHARACTE:R ARRAY. 
LI/IE l • COULD BE RE:PLACEO WITH /. LOCP TO PRillT EA CH 
ROii OF THE GRID . THE ROTATE: OPERATORS ( ~ ) C/.!I Bf: 
E:LIMINATE:D BY Cl/t.NGI/IG A COUPLE OF Sif.llS 111 Lii/£ 12. 
Tl/IS WHOL!: ROUTI//E IS MORE STRAIGHTFORWARD IF ARRAY 
lliDEXINC IS ALLOWED. EC • HERE ARE LillE:S 9·1' Ill APLSV 
llOTATIO// AS USE/l Ill THt' !811 5100: 

(9) ?LOT-11 l l oO 
(10] PLOT[;S] - 6 
(11] PLOT[5;)•5 
[ 12) PLOT(5· (5 l l I 0 [1 )10S1 \X<O(l] ;5 • (Sll IDf2)tDS2 lo Df2 ]J•l 
1131PW'/'15;5J· PWTI5 ;5) •2 
[ J ") ' :Olild·DD ' [PLOT]o 

All ALTE:RllATIVE ROUTI/IF: WHICH LISES A LOOP A/10 AVOIDS 
807'.'/ Vf,,'l."TOH A/ID Mmli 't l/JO/Cf.'5 rs: 

[9] L- 5-(Sl l IDHDSI ) ..Dl -ltH D 

{ J O] R•5d5ll I D2•DS2) ..02..Jt 0 

c11 J r-o 

[ 1 2)LOOP; - t/:L)/S£T 
[13] - (]=51/RSA 
( l LI) 11t-6t 1- I 

(15) -llXT 
( 16 )RSA: 11 a< So' I ' ) • 1 Q1 

l 17 1 - i r.r 
[lB]SET, - 1/ : 5)//158 
(19) ( RtSC), ' f ' . <R-tlH SC•·llt-6 t 1 - 1 

r 10J -llX T 
( 21 lRSB : t Rt sc} . < 1 t <<R= s) / ' :!B ' > • 1 + 1 ) • <R1 l >isc... 11 o t so 1 I 1 l . 10 1 

( 22 )/IXT , .• ( l OH-I• ! l /LOOPV 

FIJllCTION NA~!E: PTSTAT 

THIS FU/ICTIOll Pf/I/ITS OUT THE: C/JflflE/IT fLIGHT 
S'i'ATI ST I CS. 

FUNCT I OI/ I/AME : LEM 

THIS FUNCTION JS USi.'D TO INPUT "l'l!E I!IJ'l'J:..L. PA.l?A ~.·z rEP.S 
TO THE I/ORY.SPACE. /I OTE THAT MORE VAfl!ABU:S ARE: 
REQUESTED IN '1"HIS VERSION OF Ltf.l THA.11 11.' THE BASIC 
VEflSJOll , THE ADDC:D VARIABLoS LET JO/I MAKE Tll E GAllF: 
MORE CJIALLENC!llC BY SPEC!FY!tlC THt 1-!!fl!MUI-: BURtl T!ME 
AND ALSO I MPOSI/IG CORIOLIS FORCES ASSOCIATED WITH '!'HE 
Fl01'AT10/JOF THE PLA .VET IA' AOD!::!Oh' TO Th'i: GRAVITY 
FORCE. 

FUllCTI O// I/AMI:: SETVALUE 

THIS E'U/ICTJO// IS USED TO JI/PUT llF:W TIME MID B/Jflll 
VALUES TO THE FLY PflOGRAI! . Si:TVALUE USES THE SET 
F'U NCT!Oll TO FIE:AO A/10 CHf:CK EACH VALUf:. SET Ill TUR/I 
uses Tiii': FIX FU//C TIOll TO TliAllSLATE THE CHARACTER INPUT 
INTO A VALID /IU/IEllIC VALUE . ff 110 t'ALUE rs Elo'Tt:fl::D Ill 
RESPOllSE TO TP.e REQUEST FOR !I/PUT . THE PREVIOUS!,? 
ENTE:RllD VALUE WILL BE us;.·o . SET ALSO SCA /IS FOR 1\ .. _ .. 
Ill THE !//PUT CHARACTER STRING . Ti/IS Cl!ARACTER IS US!:O 
TO SHUT DOW/I TUI.: EIJCillE FOR THE DUR.11T !Oil O.t:- ":HE 
PLIGRT. Tl/Ii APPROP.~IATE BUR/o' 'It.LUE WILL BE SET TO ZERO 
AND 110 FURTHE:R II/PUT VALU/iS I/ILL BE ,~EOUESTl':O FOR TH I S 
IiNGll/E'. 

FU//CT ION NAME: S/.'DGAME 

Tl/IS F'U/ICTIO/J PRINTS THF: GOOD/BAD 11/illS 01/CE: Tllo Li:M 
HAS RF:ACllE:D THE SUR FA Ct'. NOTS Tl/AT A C0111' 011 11/iSSAGfi IS 
USE: D FOR ALL CRASH REPORTS WIT// LOGICAL OPEP.A'J'IO/.'!; 
USED TO CONTROL 11/CLUSIO// O!' VARIOUS DISASTERS. 

LESS, llARll!llC l!ESSACE:S 
MIO All EXPA/IOE:D WARllillC 
LINES 6 AND 7 Ill BASIC ! 
SCALES OF' THE GRID ARE 
L<M GE'TS CWSER TO THE: 
011 THE TARGE:T H!AGE IF 

APPEAR AT 	 100 l!ETERS ALTITUDE 
APPEARS AT 10 !IE'TE:RS. 'ifll' 
THE HOf/17.0/ITAl A/ID TRA/iS\' £RSE 

AUTOllATTCALLY ADJUS TED AS THC: 
TARCE:T . T//E LE' I IS SUPE:RV:POSF; O 
YOU PLY I':' WITHill • llE:TORS. 

Listing 3: A sample run of the Lunar Lander program. This is the classic 
version of the game in which the operator attempts lo become a senior pilot 
by optimally landing his craft within the constraints of the program. As 
part of its printout, the program provides a set of two coordinate axes show
ing the position of the operator's ship at discrete time intervals. 

FLY 
AT TIME: T • 0 S&C. STATS ARE AS FOLLOWS: 

Vl':RTICAL TRANV/iflSE: HORIZONTA L 
DISTA i/ Ci': 3000.00 2300 . 00 2000. 00 METl':flS 
VELOCITY - 100.00 - 500.00 5. OOMTRS I Sf:C. 
FUEL... 1500 . 00 BURN UNITS 
COMPUTED 1'IME TO IMPACT AT PRESENT RATE . •• 26 . "9 SE:COllDS. 
o ilTER TilfE INTERVAL · 10 

VERTICAL (Z) BURN? I 

TflAllSVF:flSF: ( Y) BURN? 61 

HORIZO llTAL (X) BUR/I? - 11 


AT TIME T 	 ; 10 SF.C. STA1'S ARE AS FOLLOWS; 
V~RTICAL TRA/IVl:RSE TIORIZO//TA/, 

DISTA//CE 1900 . 00 •S0 . 00 1 500 . 00 Hl':TERS 
VELOCITl' 120.00 30 . 00 10 5.00/olTRS/SoC . 
PUE£ .•• 770 . 00 BURN UNITS 

CO!/PUTED TI!fE TO n!PAC'i' AT Pf/ESE/IT RATE: .•. l•.91 Sf:CONDS. 
l'/ITER T I IF: INTERVAL· 1".5 

VE:RTJCAL (Z) DUR/I? 1 .2 
TRANS11ERSE f Y) BURIJ? 0 
flORIZO,'l'i'AL (X) BUR/I? 1 

SCt.LE,X•20 , Y• • 

11 11101111 1 
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Listing 3, continued: 
DISTANC/:: 

VF:RTICAL 
3,33 

Tl/All VERSE 
.00 

HORIZONTAL 
S . 13 ME:Tt:RS 

VELOCITY 
run... 

2. l O 
518 .1 0 BURI/ UllITS 

.oo 17.50/ITRS/SEC. 

COMPUTE:D TIME TO IMPACT AT PRES£/11' RATE •.• 1 . 23 SECOllDS. 

AT TIME T • 2• . S SEC. STATS ARE AS FOLLOWS: 
F:llTF:R TIME: II/TEP.VAL J 

l'ERTICAL ( Z) BURN? 1 

DISPAICE 
VERTICAL 
IBl.03 

'l'RAllVERSE 
-15.00 

F.ORJZOllTAL 
82.6.3 NETERS 

HORIZONTAL ( X) BUR/17 17 . S 

VELOCITY 117.10 30.00 90 . SOW'l'RS/SEC. • • •"' • • PREPAR8 F'OR Il.JPACT 
fUEL, . , 738. I 0 BUR/I UllITS • • •"'••• "' "• FASTEN RETATNJ!IC STRAPS 
COMPIJ'l'/:.'D TIMF: TO IMPACT AT PRESEllT RATT:: .. . l . 5• SE:COllDS. SCALE :X•4 ,l'•O 
EllTER TIME IllTERVAL  l 

VERTICAL ( Z) BUP.11? 0 
TRAl/SVERSE en BURI/? 30 
HORIZO/lmAL (X) BURI/? 10 

•••• •• PREPARE FOR IMPACT 1111l!il 11111 
SCALE:X•20 , Y•O 

AT TINE T = 27.5 SSC. STATS ARE AS FOLLOWS: 
111110• 11 I I l'ERTICAL TRAlll'E:RS/:: HORfZOA'T/..L 

DISTAi/CE 1.23 .oo .6 3 NETERS 
VSLOCITJ' -2.10 .oo . OOMT/IS/SEC. 
FUE:L ... 499.&0 BURI/ U/IITS 
COMPUTED TINE TO IMPACT f.T P.~ESE/.'T RATE: •.• .52 SF:CO/IOS. 
~llTER TINE INTERVAL- l 

AT Tl.'IE T • 25. S Sl:C . S TATS ARE AS FOLLOWS: VERTICAL ( Z l SUR/I? l 
VERTICAL TRANVERSE HORIZONTAL l/ORIZO/l'lAL (X) BUR/I? -

O!STAllCF: 63 . "l . 00 '7. 1 3 METG'RS 
VELOCITY 118.10 . 00 20. SONTRS/SEC. •"' • • • • PRePA!iE F'OR IMPACT 
FUEL... 
CO.VPUT/iO 

&38.10 81/Rll Ill/ITS 
T.1a; TO IMPACT AT PRf:Si:ll'l RATE . .• . 54 SECO/JOS . 

• •• • ••••• •FA STEN 
SCALE:X:'- .Y=O 

RETAINING STRAPS 

li!ITER TIME JNTt:RVAL l 
VERTICAL (Z) BUR/I? 117 
TRA//SlfERSE ( Y) BURI/? -
l/ORIZOllTAL (X) BUR/I? 3 

•••••• PREPARE FOR IMPACT I II I l!il 111 11 
• • • • • .. • • • FAST/::11 RE:TAINI/IG STRAPS 
SCAL£: X•4 ,Y•O 

;IT TIIJF: T • 28.S SF:C. STATS ARE AS FOLLOllS: 
VERTICAL TRANVl:RSE HOR!ZOllTAL 

1111IDI•111 DISTAi/Co • 00 .oo - . 6 3 fEiTl:RS 
l'E:LOC!Tl' 2 .1 O • OG . OONTRS!SEC . 
FUEL . .. 498. 60 BUR/I U/IITS 
CO/o:PUTFD TillF: TO IMPACT ;11' PRE:SE:llT RATE • • • . 00 S.':COllDS . 
... ... TllE llAL·LUJAH //ilS LA!IDE/J ~ •• •••• 

AT TIHE T : 26.S SEC. STATS ARE AS FOLLOWS: YOU QUALIFY FOR SF:/IIOR PILOT WITH THAT O/le ! • 

g 
Soon To Be Unveiled 

What is a Firmware System? 
A Firmware system is the entire package 

Software and Hardware that work. 

Our Firmware includes a miniature micro 8080 
computer; S-100 Buss, with over 65K of user 

RAM. No switches to set , Power-on operation , 
multiple 110 interfaces, printer, Video Terminal, over 

600K Byte Disk, Disk Extended Basic and applications Software on 
diskettes complete with fu ll documentation (includes General Ledger, Pay
roll, Word Processing, Medical A/R , A/P , Engineering , Statistics, more) 
plus a lease purchase plan and field service in most areas. Hard to believe! 

Includes over For less th an $300 you could lease your very own , nothing else to purchase. 

$25,000.00 of busi Foreign packages avai lable last of '77 . 

ness programs free 

and that's only part Complete System (fully assembled) ... $8999.00* 

of what we're giving Additiona l 600K disks optional.
away. We bui lt our 

Compare at $30 ,000 for other micros or $70,000 for mini'sreputation providing 
quaIity software at 'Add $60 for UPS shipping and handling • No Purchase Orders - Include 50% deposit with all COO orders. 

affordable prices. 
Now we are going to 
do the same with e SCl~~!~~a~~n!~~~rtARCH
Firmware. 

Crofton, MD 21114
Dealer Inquiries Invited . (301) 721-1148 
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SYNCHRO-SOUND Enterprises 

Your Small Computer Department Store 


One-stop shopping for 
Hardware and Software 

LEAR SIEGLER 
ADM·3A TERMINAL 

• 	Full addressable cursor. 
• Character Generation- 5 x 7 dot matrix. 
• 	Display Format- Standard: 1920 

characters, displayed in 24 lines of 80 
characters per line. 

• Character Set- Standard: 64 ASCII 
characters, displayed as upper case, plus 
punctuation and control. 

•Communications Rates- 75 to 19,200 
baud (switch selectable). 

• Computer Interfaces- EIA standard 
RS232C and 20mA current-loop (switch 
selectable). 

• Data Entry- New data enters on bottom 
line of screen; line feed causes upward 
scrolling of entire display with top-of· 
page overflow. Automatic new line 
switch selectable, end-of -line audible 
tone. 

ADM-3A Kit . . . . . . . . . . 795.00 
ADM-3A Assembled . . 895.00 
Lower Case Option . . . 89.00 

Compare our PRICES, PRODUCTS, QUALITY, 
DELIVERY, SERVICE ... we carry everything 
you need in small computers, terminals, 
printers, monitors, keyboards, accessories. 
We ' ll meet or beat competitive prices on 
everything we sell! 

Friction Feed .......... $1099.00 
Tractor Feed ....... . .... 1229.00 
RS 232C Serial Interface . . . 250.00 

SPECIAL BUYS 

HAZELTINE Modular One Video 
Terminal . . ..... . .. . . . .. . ..... .. $1639.00 

SORAC 10120 Video Terminal Kit. . . . . 959.00 
DEC LA180 Printer ..... . .... .. . .... 2769.00 
COMPUCOLOR 8001 Color Graphics 

Computer . . . . . . . . . . . . . . . . . . . . . . 2595.00 
ICOM Microfloppy Disc & Controller . . . 989.00 
NORTH STAR Microfloppy Disc & 

Controller ....... ... ... . . .. . .. . . 599.00 
OKI DATA Model 22 Printer . .. .... . . . . 2095.00 
OMNITEC 401C300 Baud Modem . ... . 300.00 
2708 EPAOMS . .. . . .... .. .... . .... . 29.95 
OAE Papertape Reader ... . .. . ... .. . 69.95 

SOL 20 In Stock For Immediate Delivery 



COMMERCIAL QUALITY KEYBOARD 

The Model SS·1 Communications Terminal 
is a non-contact capacitive keyboard with a 
guaranteed life of over 100,000,000 opera· 
tions. 
• MOS/LSI Encoder with high reliability 

low power consumption. 
• Key Roll Over which eliminates operator 

error and increases thruput. 
• Hysteresis for tease proof operation. 
• Solid State performance at mechanical 

switch prices. 
• Tactile Feedback at the operate point. 
• ASR-33 Array with four mode encoding. 

Keyboard Kit .... . ... $99.95 
Enclosure (with numeric 

cutout) .. . .. . .. .... 49.95 
Numeric Pad . . .. ..... 34.95 
Complete Kit (with pad)179.95 
Assembled Unit 

(with pad) . .. .. .... 229.95 

• 132 column printing • 30 CPS 
• Full keyboard •Tractor Feed 

SOFTWARE 
Attention ALTAIR DISK Owners 

Now available-an Accounts Receivable 
System for the small user. This system is ex
pressly designed to be run on an 8080 based 
microcomputer using an Altair floppy disk with 
Altair Basic, Video Terminal and Printer. Many 
features normally found only on large scale com
puters are included. Provided are such functions 
as: Adding New Customer Accounts, Deleting 
Dormant Accounts. Transaction Processing, 
and Report Generat ion. The Monthly Statements 
Include both current and aged balances. Other 
reports generated are the Aged-Accounts 
Rece ivable and Delinquency Notices. 

This easily usable system requires very little 
operator training. All comm·unicat ion is in an In
teractive mode with the program constantly 
prompting the appropriate responses. Operator 
errors are easily corrected and accidental data 
base deletions are prevented by requiring addi· 
tional confirmat ion . 

This Accounts Receivable System, although 
supplied ready for use, may readily be modified 
to include special installation-dependent func
tions. All major programs are written in high 
level language making program additions and 
alterations a simple task. This program module 
is designed to serve as the basis for a complete 
accounting package. Prov isions are included for 
linking Billing Inventory Control and General 
Ledger modules which will be avai lable in the 
near future . 

We carry a full line of the following: TDL, OAE, 
Processor Tech., Hayden, Tarbell, IMSAI, 
Cromemco, Compucolor, lcom, Lear Siegler, 
Okidata, DEC, Javelin, Teletype, North Star, 
Heuristics, Peripheral Vision, TRW. Same day 
delivery and shipping on most items. Full, 
modern repair facilities on premises for com· 
plete servicing of everything we sell. 

* 
SYNCHRO·SOUND Enterprises 

The Computer People 

193-25 Jamaica Avenue, Jamaica, 
New York 11423 • 212/468-7067 

Hours 9·4 daily Visit our new showroom . . . 
and Saturday working un its on display 
Dept. e BankAmericard • Master Charge 

----------------------------·I 1 Pl ease send me further informal ion on: fllsl i l ems) 

________ ______Price List D 



An APL 

Interpreter for 

Microcomputers: 

Part1 
Michael Wimble 
6026 U nderwood Av SW 
Cedar Rapids IA 52404 

With this article we begin a three part 
series by Mike Wimble about an APL in
terpreter for small systems. The articles 
consist of a series of flowcharts from 
which the enterprising reader can con
struct his or her own code. Considering 
the complexities of APL, it is interesting 
to note that Mike's own program for this 
interpreter (written in PL/I) is less than 
1600 statements long! 

The format of this article will be 
slightly different from most of the other 
articles that have appeared in BYTE. 
Because this series of articles is pre
dominantly pictorial, we have integrated 
the main text into the figure captions. 
As a resu lt, some of the captions dis
cuss topics related to other figures . 
In these cases we have added cross 
references for clarity's sake. We hope 
this format will eliminate unnecessary 
page turning. 

Table of Contents 

The following table of contents describes the material covered in this month's article 
as well as the two upcoming articles (to be published in the September and October issues 
of BYTE). 

Part 1 : The Scanner 

Statement scanner tables 

Results ofa hypothetical program containing a user-defined function 

Statement scanner overall flowchart 

Scanner subroutine flowcharts 

Part 2: The Statement Interpreter - Expression Evaluation 

Interpretation of variables t September 7 9 77 
Interpretation of constants } BYTE 

Interpreter flowcharts 

Part 3: The Statement Interpreter  Mathematical Processing 

Recognition ofoperators 
October 79 77 

Interpretation ofoperators J BYTE 
Interpreter flowcharts 
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The Great APL Interpreter Contest 

As an incentive to those experimenters 
who would like to try writing their own APL 
interpreters based on this series o f articles, 
BYTE announces the Great APL In terpreter 
Contest. We will award prizes for APL inter
preters (suitable for publication with roy al
ties to authors) based on Mike '.5 flowcharts 
(or independent of them if you pre fer}. 

Contestants are free to write their inter
preters for any microprocessor they choose. 
Entries will, however, be judged on their 
suitability for use on small systems with a 
minimum of 76 K bytes of memory> as well 
as on programming elegance and efficient 
use of space. Alf of these factors should 
therefore be kept in mind. 

Entries should be addressed to BYTE, 
attn: The Great APL In terpreter Contest, 
70 Main St, Peterborough NH 03458, and 
must be postmarked no later than midnight, 

Introduction 

February 28 79 78. Entries must be in the 
form o f a publication quality manuscript 
which describes the implementation of the 
interpreter and which includes a listing of 
source code and object code. Contestants 
should also submit machine readable source 
and object code in the form ofpaper tape or 
cassette. 

The winners (if any) will receive $7000 
plus normal author payments, should the 
entry be chosen for publication In book 
form or as an article in 8 YTE. We reserve 
the righ t to choose more than one winner 
under the same terms. 

judging wi!I be done by the editors of 
this magazine. Those seriously interested in 
entering this contest should call Carl 
Helmers or Chris Morgan at 8 YTE, 
(603)924- 727 7. May the midnight oil burn 
prosperously for all. 

scanner upon co mplet ion. We begin our 
Under the sponsorsh ip of the National discussion by look in g at some of the tables 

Science Foundation, Bernard j Robinet com mon to both subprograms. Afte r thi s 
prod uced an NTIS report entitled, "Archi discussion one shoul d have a general under
tectural Design of a Direc tl y-Executed APL standi ng of the work ing of the interprete r 
Processor". Al though at a deta il level the and we can begin a detail ed descr ipt ion of 
paper is fraught wi th logical and typo the actual program. 
graph ical errors, it presents an excell ent 
and comp lete plan for impl ementing an 
APL interp reter vi a so ftware, firmware or 
hardware. Th is ar ti cle is a descr ip tion of 
just such an interpete r. The program was 
origin ally written in the PL/I language bu t 
is presently being enh anced and translated 
for execution on a TMS 9900 micro pro
cessor. No attempt wi ll be made herein to 
describe APL, and the information is aimeo 
at the ex peri enced progra mmer wh o can use 
fl owcharts and di agrams as a starti ng point. 
Emphasis is placed on arch itecture, ra ther 
than on actual code so that, wh ile the more 
experienced progra mmer shou ld have 
enough information to program his or her 
ow n interp rete r, even the neo phyte can still 
learn many of the tech niques of interpre ter 
des ign. 

The APL interpreter is organized as two 
separate sub programs which are executed 
sequentially. The first subp rogram is the 
scanner, the second is the intepreter. The 
scanner accepts all program inpu t, trans
lating the program in to a se ries of sy ll ables 
and pointe rs, unt il the end of an imm ed iate 
mode statement is fou nd . The in terpreter 
gains control to execute an immediate mode 
statement, using the in for mat ion buil t by 
the scanner, and returns control to the 

Table 7: A sample A PL statement, plus a breakdown o f the statement into 
"tokens." This program Inputs a list o f numbers and prin ts their average. 
The token Is the basic semantic element o f a program. just as a program 
consists of one or more statements, a statement consists o f one or more 
tokens. (In the literature, the term token is sometimes equated with "sym
bol" or "atom. " Th is can lead to some con fusion because the term "atom " 
hos a somewhat different meaning when used by LISP programmers.} Even 
though tokens can be further broken down into elements called characters, 
the interpreter spends very little time dealing with individual characters 
compared with the time spent In manipulating tokens. 

Charac ters Token 

D quad 

lef t a rrow 

left parenthes is 
APL Statement + plus operator 

I red ucti on o pe rato r 

0+-( +/XX )+ p XX+[] xx variable name 

) right paren thesis 

divide ope rato r 

p rho operator 

ravel opera tor 

xx varia ble name 

+ left arrow 

\ 
D quad 
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Table 2: Set of noun-adjective combinations (syllables} used by the inter
preter. One of the main functions of the scanner is to extract the tokens from 
each statement, left to right, and to store them in a table as a noun-adjective 
combination. Surprisingly few nouns (only nine} are needed to construct a 
powerful interpreter. The table of noun-<idjective pairs built by the scanner 
is labelled SP, and each entry consists of two elements: C is the noun and P 
is the associated adjective. Three of the adjectives are labelled "variable num
ber. " This number is actually a pointer to the symbol table VTAB which is 
indexed by VA R. Each entry in VTA B has three elements: Vl 1 V2 and V3. 
Vl is the character representation of the sy mbol. V2 is a pointer to another 
table, FTAB (see table 5), but V2 is used to distinguish between global 
variables and formal parameters of the same name. V3 is also a pointer to 
another table, D (see tables 4a and 4b}, and is set by the statement inter
preter as memory is assigned to hold a value for the variable. V3, then, is 
either the address, or a pointer to the address, o f the value of the variable. 

NOUN 
!j_UMBER 

1 FORMAL RESULT 
2 FORMAL ARGUMENT 
3 GLOBAL VARIABLE 
4 MO NADIC OPERATOR 
5 REDUCTION OPERATOR 
6 DYADIC OPERATOR 
7 SPECI AL OPERATOR 
8 CO NSTA NT 
9 STATEMENT END 

Table 4a: Format ofentry 
in table D for a vector or 
a matrix. When a constant 
is encountered in a state
ment, the actual value is 
stored in this table, and 
the appropriate adjective 
in table SP points to the 
address of the constant in 
this table. Constants, values 
assigned to variables, and 
intermediate results of 
computations are stored in 
this table. Each entry in 
the table is a variable 
length string consisting of 
several elements. 

TABLE D I NDEXED BY DA 

VARIABLE NUMBER 
VARIABLE NUMBER 
VARIABLE NUMBER 
OPERATOR NUMBER 
OPERATOR NUMBER 
OPERATOR NUMBER 
CHARACTER 
ADDRESS OP CONSTANT 
STATEMENT NUMBER 

7~BLE SP INDEXED 

E_NTRY 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Q p_ 
7 11 
7 3 
7 6 
5 1 
3 1 
7 7 
6 4 
4 7 
4 8 
3 1 
'7 3 
7 1 1 

Table 3: Representation of 
the tokens oftheA PL state
ment o~(+/XX) .:,.p, XX~o 

in table SP (see table 7 }. 
A fter a program has been 
stored le ft to righ t in 
table SP by the scanner, 
the interpreter will execute 
the statements from right 
to le ft. Obviously more 
information is needed for 
statement execution than 
is contained In this table. 

BY I 

TOKEN 
QUAD 
[,EFT ARROW 
LEFT PARENTHESIS 
REDUCTION BY + 
GLOBAL VARIABLE XX 
RIGHT PARENTHESIS 
DYADIC OPERATOR 7 

MONADIC OPERATOR p 
MONADIC OPERATOR , 
GLOBAL VARIABLE XX 
LEFT ARROW 
QUAD 

D 
+ 

+/ 
xx 
) 

p 

xx 

D 

ELlfl.MENT 
1 
2 
3 
4 

N+2 
N+3 

N+2+x/p ENTRY 

CONTENTS 

TOTAL LENGTH OF ENTRY 

NUMBER OF DIMENSIONS FOR ENTRY (RA NK OF ENTRY OR ppENTRY ) 

LENGTH OF DIMENSION 1 (SIZE OF FIRST DIMENSION OR pENTRY[l]) 

LENGTH OF DIMENSION 2 (SIZE OF SECOND DIMENSION OR pENTRY[2 ]) 


( L ENGTH ::L::M::s::::::I;;a:~LAST DIMENSION OF pENTRY[ppENTRY] ) 

) I N ROW MA JOR ORDER 
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TABLE D INDEXED BY DA Table 4b: Format of entry 
in table D for a scalar. 

E,LEME!j_'f. CONTENTS_____ 
1 CONSTANT 3 (LENGTH OF ENTHY ) 
2 
3 

CONSTANT 0 
VALUE OF SCALAR 

(NUMBER OF DIMENSIONS FOR ENTRY) 

Table 5: Format of an entry in the FTA B table. This table is used to store function headers when they are encountered. Each 
entry has seven elements, as shown. The remaining table that deals with function definitions is table VFUNC (table 6). There are 
also several tables of constants, but they are used primarily Lo simplify Lhe scanner, and are discussed as necessa1y in the section 
entitled Statement Scanner later in the article. 

TABLE FTAB INDEXED BY F 

ELEMENT {)_SE --------------------------------
F1 CHARACTER REPRESENTATION OF FUNCTION NAME 

F2 " ARITY " OF FUNCTION . EQUALS 0 FOR NILADIC 1 FOR MONADIC , 


AND 2 FOR DYADIC . 

F3 " EXPLICIT RESULT " FLAG . BINARY 0 FOR NO EXPLICIT RESULT , 


BINARY 1 FOR EXPLICIT RESULT . 

F'4 CHARACTER REPRESENTATION OF VARIABLE NAME OF EXPLICI'I' RESULT . 

F5 CHARACTER REPRESENTATION OF VARIABLE NAME OF LEFT ARGUMENT 


FOR DYADIC FUNC1'ION . 

F6 CHARACTER REPRESENTATION OF VARIABLE NAME OF RIGHT ARGUMENT 


FOR DYADIC FUNCTION , OR ARGUMENT FOR MONADIC FUNCTION . 

F7 POINTER INTO TABLE VFUNC . 


Note: "AR ITY " is a mathematical term denoting the number of arguments in a func tion . 

ENTRY VALUE 	 Table 6: Organization of 
table VFUNC. VFUNC, 
indexed by VAL, holds1 NUMBER OF STATEMENTS IN FUNCTION 1 . 
the address pointers to the 
individual statements in a2 POSITION OF RIGHTMOS'I' SYLLABLE IN TABLE ' SP ' OF 
function. The sample pro
gram and comments in 

STATEMENT 1 IN FUNCTION 1 . listing 7 should help to 

clarify the use of VFUNC. 


3 POSITION OF RIGH'l.'MOST SYLLABLE IN TABLE ' SP ' OF Two more tables are dis

cussed in parts 2 and 3 of 

STATEMENT 2 IN FUNCTION 1 . this series ofarticles. 

N+1 POSITION OF RIGHTMOST SYLLABLE IN TABLE ' SP ' OF 

STATEMENT NIN FUNCTION 1 . 

N+2 NUMBER OF STATEMENTS IN FUNCTION 2 . 

N+3 POSITION OF RIGHTMOST SYLLABLE IN TABLE ' SP ' OF 

STATEMENT 1 IN FUNCTION 2 . 
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TABLE 7A TABLE 7B TABLE 7C TABLE 7D 

MO PTAB DO PTAB REDTAB CHARTAB 
Ml M2 D1 D2 R1 R2 C1 

1 + 2 1 + 52 1 +/ 2 1 

2 3 2 53 2 -I 3 2 -+ 

3 x 4 3 x 54 3 x/ 4 3 
4 5 4 55 4 7/ 5 4 ~ 
5 * 6 5 * 56 5 */ 6 5 
6 21 6 87 6 =/ 21 6 ( 

7 p 22 7 p 88 7 ~ 1 22 7 ) 

8 23 8 89 8 <1 23 8 [ 
9 = 71 9 $/ 24 9 J 

10 ~ 72 10 ?./ 25 10 

Tables 7a, 7b, 7c and 7d: 11 < 73 11 >/ 26 11 0 
These tables complete the 1 2 $ 74 12 A/ 27 12 SPACE 
:et of APL tokens used by 1 3 ?. 75 13 v/ 28 
this APL interpreter. The 
tables are scanned by sub

14 
15 

> 

A 

76 
77 

14 
15 

I / 
LI 

29 
30 

routine OTHERS when a 
token is encountered 

16 v 78 16 ®/ 31 

which has not already 
been recognized by sub
routines /DEN or NOM
BRE. 

Listing 1: Results of a hypothetica l program containing a user-d efined function . This exercise 
demonstrates the in terrelationships of tab les 1 through 7. The program consists of a definition 
for a function AVG with a monadic argument Y and an explicit result X. Following the func
tion definition is an immediate mode cal l of the funct ion. 

The scanner begins by insert ing a statement end noun type in table SP, position 1, and pro
ceeds to scan the first statement. When the function header is recognized, an entry is made in 
table FTAB as shown and scan ning continues with the second statement. Again a statement end 
noun is inserted into table SP, position 2, but th is time it is known that this should be state· 
ment number 1 of the function, so the adjective has a va lue of 1. Positions 3 thru 14 are the 
noun-adjective description of the second program statement and are similar. to table 3, the 
differences being due mainly to the fact that the variab les are no longer global but rather are 
formal arguments and formal resu lts. Program statement 3 produces no entry in table SP but 
merely signals the end of a function defin ition. Table SP, positions 15 thru 19, contains the 
noun-adjective description of the immedi ate statement. No te how position 19 indicates a con
stant whose value is stored in table D beginning at position 1. Also note how the element 
vector is stored in D and re late th is to the description in tab le 4a. 

For the one entry in FTAB, element F7 points to position 1 in table VFUNC (see table 6) . 
Here, VFUNC shows that there is only one statement in the function and that its rightmost 
syllable (noun-adjective pair) is at position 14 in table SP. Positions 3, 7, 12 and 18 in tab le SP 
refer to variables, and the associated adjectives poin t to entries in tab le VTAB. For variables X 
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Results of Scanning a Hypothetical Program Containing a User Defined Function 

PROGRAM : 

"::/ X + AVG Y 
[1] 	 X + (+/Y) + p , Y D Note: Colored arrows indicate 
[2] 	 "::/ pointer destinat ions 

0 +AVG 37 - 25 

TABLE 	 SP INDEXED BY I TABLE VTAB INDEXED BY VAR 
I = 20 VAR = 4 
c p V1 V2 V3 

1 	 9 0 1 x 1 0 
y2 	 9 2 1 0 

3 	 1 3 AVG 0 0 
4 	 7 
5 	 7 
6 	 5 TABLE FTAB INDEXED BY F 
7 	 2 F = 2(8 7 F1 F2 F3 F4 F5 F6 F7 

y9 	 6 1 AVG 1 TRUE X 
10 	 4 
11 	 4 
12 	 2 TABLE VFUNC INDEXED BY VAL 
13 	 7 VAL = 3 
14 	 7 0 0 
15 	 9 0 
16 	 7 DO 
17 	 7 
18 	 3 TABLE D INDEXED BY DA 
19 6 1 3 7 2 5 DA = 8 

1 7 
2 1 
3 4 
4 3 
5 7 
6 2 
7 5 

and Y in VTAB, element V2 indicates that the symbols are local to function AVG, while the 
symbol A VG in VTAB has a V2 value of zero indicating a global variable name. V3 values are 
all zero at this time, and will be set when the statement interpreter executes. 

Having now discussed the majo r tables used by the interpreter and shown the general direc
tion or goal of the scanner we can now discuss the statement scanner in greater detail. The 
scanner is a rel atively easy funct ion to program, and with the detailed discussion and flowcharts 
which fol low one should be able to implement a scanner for any of the popular small 
computers. 
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The Sta tement Scanner 

The main fu nction of thi module is to 
build the var ious tables requ ired by the 
ta tement in terpreter. There are two types 

of statements and two modes of scanning to 
be handled by thi s modu le. The fir t state
ment ty pe is the function header which 

:JN 

H 
u Q. 

defines the form of a funct ion and which 
also causes the scanner to enter the fun c
tion definition mod e. Th e second type of 
tateme nt is any statement other than a 

func tion header. This type of statement 
can occur when the scanner is in either 
immedia te or function defi ni tion mode. 

Upon startup, the scanner is in im
mediate mode. When a del character (v ) 
is encounted in immediate mode, the scan
ner swi tches to function definition mode 
and Lhe characters immed iately fo ll owing 
the del, on the same line, form the function 
header. After th e function header come the 
statements forming the function body. Wh en 
another del character i found whi le in fu nc
tion definition mod e, the scanner returns to 

w 
c:: 
m 
::!: 
0 z 

w 
J "' 
<I... 

w 
J (/) "' 
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immediate mode. Wh en a statement is 
finally scanned in immediate mode, control 
is transferred to the statement interpreter to 
execute the statement, using any previously 
defined functions as necessary. Follow ing 
executi on of the immediate statement, con
trol is again returned to the statement scan
ner and th e process repeats. Wh en a line of 
input code is read, it is stored in a character 
vector ca ll ed S, indexed by J. Each element 
in S is one character long ; the last character 
for each line mu st be a carriage return. Thus 
the expression S (J) refers to the J th char
acte r of the input string. Similarly the 
ex press ion S(J) = CR is a test for the Jth 
character being a carriage return (C R). 
After ome ini tialization, then, block IP 
loads vector S with the next statement and 
sets index j to 1. 

Subroutine S Kl PSP {see f igure 2) is next 
invoked to skip over any leading spaces. If 
the next character is a carriage return, th en 
the line was al l blank and is ignored. Other
wise a check is mad e for a del character, 
which causes switching between the two 
scanning modes as mentioned above . If 
FLAG is rue, the scanner is in fu nction 
mode and a del wi ll return the scanner to 
immediate mode. If FLAG is fa lse, the 
scanner is in immediate mode and a del will 
put the scann er into function definition 
mode, and processing will proceed at the 
box label led FUNC which scans the functi on 
header. If no del character is found, sca nn ing 
proceed as norm al. Th e next step is to cal l 
sub ro utine ID EN (figure 3) which is in
voked to determine if the next token is an 
identifi er. If not, scanning will resu me at 
block NOMBRE (see figure 4). Wh en an 
identifier is found, it must be encoded and 
entered into the appropri ate tab les. Th e 
identifier can be one of fo ur things: a 
global variable, a formal argument, a formal 
result, or a label. If FLAG is false (im
mediate mode), then the id entifie r can be 
neither a forma l argument nor formal re
su lt. If FLAG is true (function defini tion 
mode) , a quick test will determine th e type 
of id ent ifier: if th e identifier is equal to 
element F4 in tabl e FTAB, the identifier 
is a fo rmal resu lt of the current function . 
Simi larl y, the identifier being equal to 
elements FS or F6 in ta bl e FTAB means 
the identifier is a formal argument of th e 
current fu nction . 

One must check two thing to test if n 
identifier is a labe l: if the character imme
diately after the id entifier is a colon (ie: 
S(J) = ':') an d no other semantic informa
tion has ye t bee n scan ned fo r th is statement 
(ie: SP (1-1) .C=9 ), then a label h been 
fou nd. In any case, the identifie r must be 

put into the symbol table, if not already 
there, and the app ropriate noun-adjective 
co mbination must be entered in table SP. 
Finally , if a label was fo und, the va lue link 
(V3) fo r the symbol tab le entry is made to 
point at a sca lar in tab le D. The va lue of the 
scalar is equ al to the statement numbers 
where th e label is found. 

If the next token is not an identifie r, 
scanning con tinues at th e block labe lled 
NOMBRE, as mentioned prev iously. Fig
ure 4 shows the scanni ng process for num 
bers in the source program. Subrou ti ne 
NUMBER is invoked to extract a number 
(see figure 5). If the next token is not a 
number, scanning proceeds at block 
OTHERS, described nex t; o therwise the 
number is stacked in a temporary vector, 
TV AL. The stacking proces continues as 
lo ng as numbers separated by spaces are 
foun d. Finally, the noun-ad jective pair 
for a number is entered into table SP, and 
the appropri ate scalar or vector is crea ted in 
table D. 

OTHERS, shown in figure 6, hand les the 
scanning fo r tokens no t previously recog
nized. Tab les 7a, 7b, 7c and 7d aid in th is 
processing. A call to subroutine LOOKUP 
appears severa l tim es with the accom panying 
parentheses conta in ing three arguments. 
Subroutine LOOKUP wi ll scan the tab le 
named in th second argu ment for an oc
currence of the firs t argument: if fou nd, the 
th ird argum en t poin ts to th e re lat ive po i
tion of the match ; otherwise, the third 
argumen i et to zero. 

The next step, then, is to check if the 
next characte r is in the tab le of monadic 
operators. If S(J) is no t a monadic operator, 
a furth er te t is performed to dete rmine if it 
i a dyadic operator, carr iag return, or valid 
special character. Figure 6 il lustrates the 
handling for each case. If a monadic opera
tor is found, a further test is made to deter
mine if it is part of a red uction character 
pair. Again, figure 6 shows the testing and 
hand ling of each case. The handling of a 
car riage return will be discussed in the last 
paragraph of this sect ion. 

Returning to the beginning of the discus
sio n of the statemen t scanner, you will recal l 
that funct ion header req uire a special scan. 
Figures 1, 7a, 7b, 7c, 8 and 9 detai l thi s 
proce ing, which is actually quite simple, 
lthough at firs t glance it may ppear to be 

lengthy . The to kens after th e del character 
(de l ind icates the beginning o f a funct ion 
header) are examined to determine the type 
of fun ction, it name, its argu ments an d its 
resu lt. There may of course be zero, one or 
two argu m nts (corre pondi ng to a ni ladic, 
monadic and dyadic fu nctio n respectively), 
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and one or no explic it resul t. After these 
pieces of information have been extracted, 
they are used to build an entry in the table 
FTAB, one en try for each function. The 
symbol table VTAB i updated to reflect 
the occurrence of any formal parameters. 

Th ere comes a point, finally, when a 
carriage return is foun d an d Lhe canner 
is in immediate mode. This occurrence 
causes the statemen t scanner to end and 
the statement interpreter to begin . All 
the tab les described in the first part of thi 

article are now comp lete, and the variable 
I poin ts to the firs t syllable to be inter
preted. Next month we will begin to de
scribe the statement interpreter. You shou ld , 
however, at th is point be able to take any 
APL program and produce a val id set of en
coded tables using the flowcharts shown. 
Do not be intimidated by the number of 
fl owcharts used, since the actual amount of 
code required for implementatio n is not too 
lengthy when using any of the more power
fu I microprocessors. 



Figure 2: Subroutine 
SKIPSP. This routine is 
used to skip over leading 
blanks. 

SKI PSP 

RETURN 

Call SKIPSP 

Result : 	 Global variable J is incremented 
unti l S(J) is a nonblank cha racter. 

Circle 119 on inquiry card. 

IOEN 

SK I PSP 

IG NORE 
LEADING 
BLANKS 

Figure 3: Subroutine 
NO I DEN. This subroutine is 

invoked 10 determine if 
the nexI toI? en is an 
identifier. If not, scanning 
resumes at bloc/? NOMBRE 
(see figure 4). If a variable 
is found as the next to!?en, 
8 will be true and Q will 

J • J+ I contain the character repre
sentation of the variable. 

NO 

RETURN 

Call ID EN (Q , B ) 

Result : 	 If a var iable is found as the next 
token , B will be t rue and Q wi ll 
contain the character representation 
of the variab le. 

Ir the next token is not a variable, 
B wi ll be fa lse. 
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NOMBRE 

NUMBER 

CALL 
NUMBER 
(VALUE , 8) 

FAL SE 

TVAL( Kl - VALUE 
K+- K+I 

NUMBER 

CALL 
NUMBER 
(VALUE, Bl 

NO 

FALSE 

OTHERS 

SPC n.c-s 
SP(Jl. P-DA 
1-1 +1 

0(0Al-K+3 
O(OA+l)- 1 
OCDA+2l-K 
OA+-DA+3 

NO 

D(OA l - TVAL(Z) 
DA-DA+ I 
Z +- Z+ I 

YES 

IP 

DlDA)+-3 
DlDA+l)-O 
OA-DA+2 

Figure 4: Subroutine NOMBRE. This sub
mutine is called when the next token 
scanned is not an identifier. It calls sub
routine NUMBER (see figure 5) to de ter
mine if the token is a number. If not, a 
further call is made to subroutine OTHERS 
(see figure 6} to scan for tokens not pre
viously recognized. Th e noun-adjective pair 
for a number is entered in to table SP 
(table 3) and the appropriate scalar or 
vector is created in table D (see tab les 4a 
and 4b). 

THE mi& 8700 COMPUTER/ CONTROLLER 
An exceptional price on an applications oriented 6503 based micro-processor system 
leaturing: THE IDEAL. LOW COST SOLUTION TO IMPLEMENTING ALL 

• 11' bytes RAM locations (512 bytes s upplied) THOSE WILD COMPUTER BASED CONTROL SYSTEMS 
• 11< bytes ROM (256 byte monitor inelucl cl ) YOU'VE BEEN DREAMING OF! 
• 2 - bit input ports 	 PATA sortware currently ava il ab l or w1der 
• 2 - bit output ports (l latchecl , 1 buffered) cl velopm nl inc ludes: Music synU1esizer 
• 24 key touch operated keypad (u sed by monitor inlerl'aee: 1 lomc applications package including: 

toa_llow entry& executionofuserprograms mu lti- zone fir /burg lar a larm, r eal timec lock, 
al 0 user definable.) nergy sav ing heat/a ir conditioning control , 

• 2 - latched seven segment displays (used by computer gen r a ted ·~1001·-b 11 ": Model roal road 
monitor to disp lay memory location &content contro ll er and more.· · ··· · · · · · .. . · .... . 

eas il y user programmed ) 8700 COMPUTER 'CONTROLLER KIT ...... .. S149.95 


• Optional 	cassett i.nlc1'facc (S22. 50) fit s (r 'quires 5v. (ti l. 2A. : 12v. (u 150 ma.) 
entire ly on th processor board. Shipped direct (rom PAJA (add $3. 00 postage)

9iA. ELECTRONICS • DEPT. 7·B • 1020 W. Wilshire Blvd. • Oklahoma City, OK 73116 Also available at FULL-LINE Computer stores. 
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NUMBER 

NO 

SIGN+- I 
COUNT - O 
VALUE - O B- FALSE 

COUNT-COUNT+ I 
J+-J+I 

NO 
RETURN 

YES 

YES 
ERROR 2 

DIGITS MUST FOLLOW THE 
ERROR 1 

NO 
NO 	 DECIMAL POINT IN A 

NUMERICAL CONSTANT 

INVALID CHARACTER 
FOLLOWING MINUS SIGN 

Call Number (VALUE, B) 

VALUE-VALUE *SIGN 

RETURN 

VALUE +- VALUE 
+SIJ )110 +-couNT 
COUNT- COUNT+ I 
J+- J+I 

Result : 	 If a nu meric constant is fo und as the 
next to ken, B will be true and VALUE Figure 5: Subroutine NUMBER. This subroutine tests the token beingw ill conta in the value of the constant . 

scanned to determine whether it is a number or not. If a numerical constant 
If the next token is not a numeric is found, B will be true and VA LUE will contain the value of the constant. constant , B will be false . 

If the next token is not a number, B will be false. 

VALUE- IO*VALUE 
+S(Jl 
J - J+I 

YES 

SKIPSP 

CALL 
SKIPSP 

YES 

Practical Microcomputer Programming: The Intel 8080 
Here is a comprehensive source of programming by W J Well er, AV Shatzel , and H Y Nice 

in formation for the present or prospective user of the 8080 
microcomputer , an architecture which appears in the M ITS Send $21 .95 plus 50 BITS , Inc. 
Alta ir , 8800, Processor Technology SOL, IMSAI 8080, cents postage to: 70 Main St . 
Polymorphics POLY -88, and other popular mic rocomputer Peterborough NH 0345 8 
system products. 

After several prel iminary chapters, the authors get down to 
Master Charge and pract ical deta ils with topics such as movi ng data, binary 

ar ithmetic operations, multiplication and d ivision, use of the -M•stack pointe r, subrouti nes. arrays and tables, conversions, 	 BankAmericard WolcomeBANKAMERICARll. 
decima l ar ithmetic , various I 0 options , real time clocks and 
interrupt driven processes, and debugging techn iques. Most 
examples are given in symbolic assembly fo rm , with For conven ience, use the coupons on pages 
occasional l istings of assembled code usiFlg a Computer 146 and 148. 
Automation software development system. Al.I orders must be prepaid 

This 306 page hardcover book is wel l worth its $21 .95 Price show n is subject to change without notice. 
price and should be in every 8080 or Z-80 user's li brary. ln unusual cases, processing may exceed 30 days. 
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NOTE: THE SYMBOL "II" INDICATES CON CATENATION. 
OTHERS 

Figure 6: Subroutine OTHERS. This subroutine is used to identify those 
LOOKUP 

tokens (listed in tables ?a, 7b, le and 7d) not already identified by sub
routines !DEN or NOMBRE.(SlJ) , MOPTAB, Z l 

NONO 

.... ------------,
LOOKUP 

II I 
SPECTAB• I 

I (:. -- , - ,1,;,l) :( S ( J), SPECTAB,K)LOOKUP 
I IL _ _ _ ____ _ ___ __ J 

(S(J ), DOPTAB,Z) 

YES 

NO 

o-stJ>lls<J+ 11 
CARR ET 

LOOKUP 

LOOKUP 


(S(J), CHARTAB , Z) 


NO 

YES 

SPlll .C-7 
SPII).P-SlJ) 
1-1+ I 
J+-J +I 

YES 
ERROR 4 

INVALID 
CHARACTER 
ENCOUNTERED SP(!) . c- s 

SP(!). P- N 
!+-I+ I 
J-J+ I 

SP(l).C-6 10 , REOTAB,N)
SP(!l . P - z 
1-1+1 
J-J+I 

YES 

SP(l) . C+-4 
SP(ll.P - z 
l+- 1+1 
J +-J+ I 

IP 
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MONAD 

FAL SE 

TRUE 

NILAD 
0-02 

FAL SE 
0  01 

0-02 

LOOKUP 

(Q, FTAB. Fl , Zl 

LOOKUP 

10, FTAB. Fl, ZI 

NO 
ERROR 5 

FUNCTION 
PREVIOUSLY 
DEFINED 

F-F+I 

FTAB(F) F4+-'@' 

FTABIFl. F5-'@' 

FTAB (F) . Fl - 0 

FTAB(F). F2- I 

FTABIFl . F3 - W 


NO 
ERROR 5 

FUNCTION 
PREVIOUSLY 
DEFINED 

F.,._F+I I • 

FTA8(F) .F4-@ 
FTA8(Fl . F5-'~' 
FTABIFl.FG-' ' 
FTAB(Fl .Fl-0 
FTAB(F) . F2-0 
FTAB(Fl 'n-w 

TRUE 
FTAB!Fl . F4-0I 

FAL SE 

EOL 

Figure la : Subroutine 
NI LAD. This subroutine 
performs the scanning 
function for a nilodic 
function header. A ni/adic 
function is one which 
takes no arguments. 

TRUE FTAB !Fl. F 4..-QI 
FTABIFl. FG-03 

FTAB(F). FG..-03 

EOL 

Figure lb: Subroutine 
MONAD. This subroutine 
scans monadic function 
headers. A monadic func
tion is one which takes 
one argument. 

63 

http:FTABIFl.FG


DYAD 

FALSE 

0-03 

LOOKUP 

(0, FTAB . Fl, 2) 

NO 

F-F+I 
FTAB(F) . F4-'@' 
FTAB (I). FI - 0 
FTAB(F) . F2-2 
FTAB(Fl. F3 -w 

FTAB (Fl.F5+0 I 
FTAB(Fl.F6•03 

EOL 

TRUE 

0-02 

ERROR 5 

FUNCTION 
PREVIOUSLY 
DEFINED 

FTAB(F).F4-0I 
FTAB IFl. F5-02 
FTAB (Fl F6-04 

Figure 7c: Subroutine 
DYAD. This subroutine 
scans dyadic function 
headers. A dyadic function 
is one which takes two 
arguments. 

EOL 

SPOl .C-9 
SPHl.P-O 
t-1+1 
FTAB(F) .F74-VAL 
LENG-VAL 
VFUNC (LENG)+O 
VAL-VAL+I 

NO 

NO 

NO 

CARRET 

SP( l ).C-9 
SP( t ).P+-STMT 
t-t+I 

FALSE 

VFUNC(VAU-I - 2 
VAL -VAL+I 
VFUNC(LENGl+VFUNC(LENG) +I 

IP_GET 

Figure 8: Subroutine EOL. 
This routine performs the 
common processing needed 
for function headers. See 
section entitled "The State
ment Scanner. " 

FN_VAR_AOD 

CALL FN_VAR_ADO(FTAB(F) . F4, F) 

FN_VAR_ADO 

CALL FN_VAR_ADO(FTAB(Fl.F5 , F) 

FN_VAR_AOO 

CALL FN_VAR_AOO(FTAB(F). F6, Fl 

IPGET 

FN_VAR_AOD 

Figure 9 : Subroutine FN_ 
VA R._A DD. This routine 
aids subroutine EO L by VAR - VAR+I 

VTAB(VAR) . VI -o 
VTAB(VAR) . V2+-F

adding user de fined formal 
parameter names to the 
symbol table. 

RETURN 

IPINIT 

Figure 70: Subroutine 
CARRET. This routine 
scans carriage returns. 
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GLOSSARY 

Array : A group of numbers or characters which 
can be subscripted and treated as a single object. 
APL arrays can be vectors or matrices. 
Compiler: A program which translates a high level 
language source program into machine language 
object code. APL, like any language, may be com
piled but is usually executed interpretively . 
Composite Operator: An APL operator wh ich 
operates on all the elements of an array. 
Dyadic: Taking two operands . Used to describe 
certa in APL funct ions or operato rs. 
Execute Mode: The APL mode in which a line of 
APL code entered by the user is immed iately exe
cuted by the computer (also called immediate 
mode). Compare Function Defintion Mode. 
Function Definition Mode: The APL mode in 
which functions are created . 
Function Header: A l ine of APL consisting of a del 
operator ( 'ii ) followed by a function name and 
information about the number of arguments the 
function takes and whether or not it returns a 
result. 
Global Variable: A variable which is avai lable to 
any calculation or any funct ion in the workspace. 
Interpreter : A program which takes a source listing 
from a high level language (like APL) and executes 
it sequentially (usually line by l ine). 
Local Variable: A variable which is available only 
during the execution of the function in which it is 
defined. For example, in the function header 

'ilY R Q;I ;J 
I and J would be local variables. 

Monadic: Taking one argument. Used to describe 

certain APL functions or operators. 

Niladic: Taking no arguments. Used to describe 

certain APL functions or operators. 
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COMPLETE 

FLOPPY DISK SYSTEM 


FOR YOUR ALTAIR/IMSAI 

$699 


That's right, comp lete. 
The North Star MICRO-DISK SYSTEM™ uses the Shugart 

minif loppy™ disk drive. The controller is an S·100 com 
patible PC board with on-board PROM for bootstrap load. It 
can contro l up to three drives, either with or without 
interrupts. No OMA is required . 

No system is complete without software: we provide the 
PROM bootstrap, a file-oriented disk operating system (2k 
bytes). and our powerful extended BASIC with sequential 
and random disk file accessing ( 1 Ok bytes). 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive itself can be 
mounted inside your computer, and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you 
prefer , we offer a power supply ($39) and enclosure ($39). 

Sound unbelievable? See the North Star MICRO-DISK 
SYSTEM at your local computer store. For a high-performance 
BASIC computing system, all you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the North Star 
MICRO-DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execution speed by 
also ordering the North Star hardware Floating Point Board 
(FPS-A). Use of the FPS-A also saves about 1 k of memory by 
eliminating software arithmetic routines . 

Included : North Star controller kit (highest quality PC 
board and components, sockets for all IC's, and power regula· 
tion for one drivel. SA-400 drive (assembled and tested). 
cabling and connectors, 2 diskettes (one containing fi le DOS 
and BASIC) . complete hardware and software documentation. 
and U.S. shipping . 

MICRO -D ISK SYSTEM ... $699 To place order, send 
(ASSEMBLED) ....... S799 check , money order or 

BA or MC card II with exp .ADDITIONAL DRIVES.. . $425 ea. date and signature. Uncer·
DISKETTES. . .. ... ..... $4 .50 ea. tified checks requ ire 6 
FPS-A .. .. . .. .... . .. . . $359 weeks processiny . Cal i f . 

(ASSEMBLED) . . . .... $499 residents add sales tax . 
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Continued from page 5 

philosophy course, the elements of this 
pr in ciple are: 

Given multiple, equivalent logical for
mulations of an argument, that argu
ment is best which is both complete 
and of the simplest structure. 

Complete means that the argument 
takes into account all the necessary 
details of the point being made. 

Simplest structure means that the 
argument in some sense is the most 
compact or easiest to understand. 

The who le point of this principle is that in 
order to reduce the complexity of long and 
involved logica l constructions, one should 
choose path s of explanation wh ich are di rect 
and concise rather than long and co nv ol uted. 
However, the principle says nothing about 
the need for comp licated logical structures 
to describe comp licated concepts. It merely 
says that for a given level of comp lexity 
the simplest argument, which accounts for 
all features of the point being made, is the 
best argument to adopt. 

Simpli city and Personal Computing 
The design of systems and the program

ming of compu ters are activities, li ke many 
human activities, which benefit from the 
app lication of this principle. lf I take the 
liberty of reformulating the pr in ciple of 
simplicity from an engineering or pro
gramming point of view, it might read: 

That system {program) is best which 
accomplishes its goals with minimum 
complexity. 

This application of an old principle to a 
modern context is a desirab le design goa l for 
the personal computer, or its attendant pro· 
gram ming. Bu t understanding and utilization 
of such constructs can onl y be simp lified 
within the limits of the function whic h is the 
goal of the des ign. A complex structure is a 
complex structure, and ceases to be itself 
when pieces are removed by a simplification 
which compromises the goals and funct ions 
of the structure. Within any given definition 
of the funct ions or goals of a computing 
system or program, the p1·inciple of sim
pl icity is most app licab le; but if the overall 
goal is not simple, the available alternatives 

-
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of view) within the new system. It can 
be used when acqu iring knowledge 
about a new area by the technique of slicing 
up a compl icated subject into manageable 
un its. We see the success of this method as 
design discipline in numerous ways, rangin g 
from the modular low level hardware func
tion boxes called in tegrated circuits, to th e 
design of finished product personal systems, 
to the modular design of systems software, 
to the appl ications software an intelligent 
user designs modularly with an eye towards 
the problems of managing comp lex ity. 

Applying the Principle of Simplicity : A 
Caution 

The owner of the personal computing 
system can use this principle of simplicity 
in numerous ways. However, it is not 
possible to accomplish positive goals with 
a personal computer by ignoring com
plexity and demanding some form of 
"absolute" simplic ity which amou nts to 
a lack of awareness of the subject matter. 

The computer as a servant to mankind 
cannot be used to its fu llest potential 
without active thought on the part of 
an interactive user. A "brain amp li fier" 
is less than maximally useful without 

for apprnaching this goal wi ll necessari ly 
reflect th is lack of simplicity. 

However, all is not lost. One of the 
greatest contributions of the past half cen
tury of systems engineering is what might be 
cal led a principle of local simplicity within a 
larger (ie: system wide or "global") struc
ture. The goal is still comp lex, but the 
details are locally simp le. This principle is 
inherited by today's personal computing 
designs, as wel l as much of modern tech
no logy from aerospace control systems to 
robotic manufacturing and process control. 

The practical appl ication of the concept 
of keeping designs and structures as simple 
as possible, consistent with accomplishment 
of complex goa ls, is seen in the idea of 
modularity as imp lemented in both hard
ware and software. It is nearly impossible 
to keep track of a myriad of details about a 
large and com p I icated system. But, if the 
design is approached from a modular and 
hierarchical point of view, th e principle of 
simplicity is much more easily and usefully 
applied on a local basis and reflected in the 
entire system's conception. Local simplicity 
is used by the designer to minimize com
plication by choosing and eva lu ating the 
best alternatives at each level (or point 
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brain act1v 1t1es (thoughts} to "ampl ify." 
With an understanding of the idea that 
most complex problems can be organized 
and presented by app lying the principal 
of simplicity locally, a knowledge of the 
organ ization and design of systems and 
their use can grow and flour ish in each 
active user's understanding of the tech 
nology. 

I consider it very important to emphasize 
the point that the user or a com pu te r is an 
active participant in the technology, that 
knowledge of the techno logy and its 
potential is essential to its fu ll uti li zat ion by 
individuals. When we publish an article on 
some subject, it helps in th is endeavor by 
providing a local and specific focus on that 
subject with in the global knowledge of com
puter science. This is a so rt or modulari
zation of some aspect of the technology, 
with various pointers and refe rences lo the 
more general context of comp uter sc ience 
practices as necessary. But each such ele
ment assumes an active nd intelligent reader 
no t will ing to turn off input activities al the 
scanning of the end mark (•) for an article. 
There is no simple shortcut to knowledge 
and understanding; we can onl y provide 
aids and pointers to help mark the path. 

Practical Philosophy for the Neophyte 
The osmosis theory of ed ucation, coupled 

with a bit of inspiration from the principle 
of simplicity, is perhaps the best method of 
approaching the unknowns of personal com
puting systems on the part of the beginner'. 
The osmosis theory may be described as a 
form of directed Brownian motion (in 
analogy to a well-known physical pheno
menon of random motion}. It is a directed 
act ivity in the sense that there is a particular 
goal used to judge the relevance of sources 
of information . It is a ra ndom activity in 
the sense that prior to acqu iring an un der
standing of the fie ld, there is no hard and 
fast criterion upon which to judge the order 
an d timing of materials to be read and inte l
lectually digested. In its simplest form, il is 
to simp ly plunge in to the literature of a field 
and read every scrap of information which is 
related to the desired goal of understanding 
the subject. As new points are encou ntered 
with this approach, they are integrated into 
a personal internal structure of knowledge. 
The strategy is eminently successful when it 
covers all levels of deta il about a subject 
through various readings, coupled with re
rlection and a bit of feedback which helps 
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elim inate the randomness in the direction 
of futu re readings. 

In one respect, I wr·ite about this osmosis 
method of acqui ring knowledge (and its re
lationsh ip to the pri nc ip le of simplicity) 
with some authority; I know that the 
method is practica l because I' ve perso nall y 
applied it to gain my present understand ing 
of compute r science, such as it is. 

This process of acq uiring knowledge 
about a fie ld is prone to an apt computer 
science analogy: imagine that the person 
acquiring the knowledge is analogous to a 
compi ler program, that the source text of 
the com pi lat ion is the litera ture of the 
fie ld , and that the object lex t out of the 
com piler is an in ternal understanding of 
the fie ld. The analogy is illu mi nati ng with 
respect to the problems compilers often 
have with pars ing and detecting subtle 
seman tic nuances of a source language, or 
the pro blems of forward references to 
undefined elements of a program, which 
are analogous to ga ps in the knowledge of 
a person embark ing upon a deta iled study 
of a field. 

Learning Abou t Menta l Amplifiers 
I th in k it can be safe ly asserted that the 

Circl e 123 on inquiry card. 

raison d'etre fm computing is to ampli fy 
one's me nt al powers by automati ng var ious 
processes wh ich ca n benefi t from th e effort. 
There is, of cour e, the intox ica tion with 
technology's detai ls, which affects us al l, 
and a certain degree of specula tion on the 
experimcntc r"s part a Lo whether an ult i
mately usefu l resul t will ensue when enough 
hil rclware and ortware deve lopment has 
been accum ulated. But the pot of gold 
wh ich attracts a lot or such pecu lation in 
the prese nt era is the idea that comp uters 
can become amplifie rs for menta l fu nctions. 
When bo th the me ntal ilncl phy ical func
tions arc modeled and automated, the 
resu lt is a robot, hence one of the reasons 
for th e dual fasc ina tion with robot and 
com pu lc 1·s. 

Me nta l powers and mental opcr·ations 
arc far from simp le. The range of activ ities 
lo which I ca n turn my conscious attention 
is wide and var ied; the sa me applies lo every 
1·eadcr. In dealing with a complex subject, 
mental operat ions and the ir assis tance 
thrn ugh , utomation, the pr·inciple of 
simpl icity is by no means to be forgotten, 
for it gives a cri te rion fo r judgment and 
disc rimination among numerous alterna
tives at all leve ls. • 
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Photo 7: The basic ellipse 
created with the algorithm 
in figure 7 and with theSerendipitous Circles origin centered. There Is 

In this article we describe a simple algo
rithm wh ich produces beautiful computer 
art. The algorithm was written to draw 
circles, but when we tried to draw large 
circles, we saw strange complex pattern . 
The screen was filled with wi ldly oscillating 
jelly bean shapes which wo ul d periodically 
explode in a beautiful sparkling flash and 
co ll apse back into new jelly beans. Experi 
menting with different diameters, we discov
ered many new dynamic patterns. 

The Magical Algorithm 

The algorithm that prod uced these seren
dipi tous ci rcles is remarkab ly simple . A 

no evidence of "display 
wrap around" or arithme
tic overflow here. 

flowchart is shown in figure 1. This algo 
rithm can be imp lemented on the smallest of 
home computers in a short time, and is 
guaranteed to impres everybody with pretty 
pictures while providing an interesting math 
ematical puzzle. An example of an a sembly 
language listing for the Motoro la 6800 is 
shown in listing 1. 

Implementing this algorithm on a com
puter which has graphics capabilities is very 
easy. However, if you are one of the many 
unfo rtunate peop le wi th no graphics cap ab ii
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CHOOSE AN INITIAL 
X VALUE AND 
Y VALUE 

I 

DISPL AY THE POINT 

(X,Y) 

I 

XNEw:•x- f 

I 
XNEW 

YNEw: • Y• - 
2 

I 

X.=XNEW 

I 

Y: • YNEW 

I 

Figure I: The magical circle drawing algo
rithm. T/11~~ straightforward procedure re ults 
in some surprisingly sophi licated di play 
when each coordinate pair is calculated and 
displayed on a graphics peripheral device. 
The algorithm solve a difference equation 
which ha as its solution on ellipse. Th e 
none//iplical patterns arise from overflows in 
the computer' registers during the calcula
tio11S, and from lac/? of precision due lo the 
finite size of computer words. 

ities, we suggest the following possible olu 
tion: Bormw your friend 's oscilloscope {the 
one you used to get your computer 
work ing). This oscilloscope should be able to 
draw a point on its screen , given an X 
deflec ting voltage and a Y deflecting vo ltage. 
Now al l you do is connect a digital to analog 
converter (DAC) to each of two parallel 
outputs from your computer, and you' l l 
have th e X and Y voltage necessary to drive 
the osci l loscope. This i how th e 6800 
program in the listing works. 

The reason th is program produce its 
beautiful patterns is quite well under tood. 
The algor ith m so lves a difference equation 
which has as its so lution an ellipse. The 
continuous analog of th is equation is a 
differenti al equation which hes as its so lu 
tion a circle. The complicated nonelliptical 
pattern come from overflows and lack of 
precision due to the finite size of a computer 

Listing l : The serendipitous circle algorithm as written for the 6800 micro
processor. This program uses 7 6 bit arithmetic. The photos shown in this 
article illustrate circles generated with 24 bit arithmetic, although the results 
for both methods are quite similar. Different precision arithmetics can be 
used to generate slightly different results. 

00001 NAM CIRCLE 

00002 OPT M 

00003 *************************-*************** 

00004 * 

00005 >!<CIRCLE DRAWING PROGRAM 

00006 *WRITTEN BY WILLIAM F. GALWAY 

00007 * 30-DEC-76 

00008 *THE ALGORITHM USED IS AS FOLLOWS: 

00009 * 

00010 *LOOP: DISPLAY A POINT AT CURRENT ex. Yl 

00011 * X <- X-Y/2 

00012 * Y <- Y+X/2 

00013 * GOTO LOOP 

00014 * 

000 15 ********************************************** 

00016 * 

00017 >t<S IXTEEN BIT ARITHMETIC IS USED ALTHO ONLY 

00018 *E IGHT SITS ARE DISPLAYED. 

00019 **************************** 

00020 * 

00021 *SOME GOOD STARTING VALUES FOR CX,Y) ARE : 

00022 * C7F00,0000l 

00023 * (7F00,8100) 
00024 * <7D00,7D00) 
00025 * C7CF3,7CF3) 
00026 * 
00027 ****************************** 
00029 *DEF !NE SOME SYMBOLS 
00031 3B0B WK0 EQU $3808 WORK REG ISTERS. USEFUL FOR 
00632 3B0D WK! EQU WK0+2 GETTING NUMBERS FROM 
00033 380D XH I EQU WK l WORK REG'S USED FOR X.Y 
00034 3B0F WK2 EQU WKL+2 
00035 3811 WK3 EQU WK2+2 
00036 *******"""'******************************* 
00037 >t<DEFI NE ADDRESSES FOR 
00038 >t<DIGITAL TO ANALOG CONVERTERS 
00039 *THE FOLLOWING THREE REGISTERS ARE 
00040 >t<UN !QUE TO TH IS SYSTEM. 
00041 *****"'***********'***'~****************** 
00042 3B04 DACCSR EQU $3804 USED FOR SETTING UP DAC'S 
00043 3805 DACX EQU DACCSR+l ~AC FOR X VOLTAGE 
00044 3806 DACY EQU DACX+I DAC FOR Y VOLTAGE 
00e ;is 2000 ORG $2000 
00048 2000 CE 380D START LOX oiXH I PO INT TD HI ORDER X 
00049 *THE FOLLOWING nm INSTRUCTIONS ARE 
00050 *UNIQUE TO THIS SYSTEM, AND ARE NECESSARY 
00051 *TO MAKE THE DAC'S WORK IN THE DESIRED MANNER. 
00052 2003 86 30 LDA A #$30 SET UP DAC CSR 
00053 2005 87 3804 STA A DACCSR TO SHOW DATA NOT ADDRESS 
00054 2008 A6 00 LOOP LOA A 0,X GET HI ORDER X 
00055 200A E6 02 LDA 8 2,X GET HI ORDER Y 
00056 200C 87 3805 STA A DACX DISPLAY A POINT AT CX.Yl 
00057 200F F7 3806 STA 8 DACY 
00058 2012 E6 03 LDA 8 3.X 8 GETS LO Y 
00059 2014 A6 02 LDA A 2.X A GETS HI Y 
00060 2016 47 ASR A GET Y/2 
00061 2017 56 ROR 8 
00062 2018 40 NEG A DO A 16 BIT NEGATE 
00063 2019 50 NEG 8 NEGATE LO ORDER 
00064 201A 82 00 SBC A .a PROPAGATE CARRY 
00065 201C EB 01 ADD B LX GET X+C-Y/2) LO ORDER 
00066 201E A9 00 ADC A 0.X THEN HI ORDER 
00067 2020 E7 01 STA B 1.X STORE LO X 
00068 2022 A7 00 STA A 0.X STORE HI X 
00069 2024 47 ASR A GET X/2 HI ORDER 
00070 2025 56 ROR 8 LO ORDER 
00071 2026 EB 03 ADD B 3.X ADD LO Y 
00072 2028 A9 02 ADC A 2.X ADD HI Y WITH CARRY 
00073 202A E7 03 STA 8 3.X SAVE LO Y 
00074 202C A7 02 STA A 2.X SAVE HI Y 
00075 202E 20 DB BRA LOOP LOOP TO DISPLAY SOME MOREi I 
00077 END 

71 



The screen was filled with wildly oscillating jelly 	 effect is to experiment with different 
values of X and Y yourself. bean shapes which would periodically explode in a 

beautiful sparkling flash and collapse back into 
new jelly beans. 

word. Fo r example, overflow occurs when 
your computer adds two positive numbers 
and gets a negative number. Lack of preci
ion occurs when your computer divides 5 

by 2 and gets 2 as the result. 

Variations on the Algorithm 

There are several different ways that the 
program in figure 1 can be varied. Some of 
these are described below. 

Photo 2: Effects created 
• Initial X and Y by overflows and lack of 

precision of finite com The choice of a tarting point deter
puter words. The initial mines the pattern the program draws. 
point (X, Y) for this photo Poi nts close to the origin draw ellipses; 
was chosen to be slightly larger values can produce more interesting 
further from the origin patterns. Photo 2 was produced by using 
than the initial (X, Y) used slightly larger starting v lues than for 
forphoto 7. photo 1. The be t way to understand this 

• Display Wrap Around 

Most display dev ices have less than 16 
bits of resolution, typically ten or fewer 
bi ts are used. If X and Y are represented 
as 16 bit integers, which ten bits should 
be displayed ? The logical solution is to 
display only the most significant bits. 
Different interesting results can be ob
tained by displaying successively les sig
nificant 10 bit slices from a 16 bit value 
of X and Y. Choosing a 10 bit slice that 
excludes some high order bits produces 
an effect called wrap around. The effect 
is the same as magnifying the original 
picture and then folding it over on itself 
to fit the display screen. Photo 3 was pro
duced from the same initial point as 
photo 2; but photo 2 displays the ten 
most significant bits, while photo 3 dis 
plays the ten bits just below the most 
significant bit. Photo 4 was produced 
by displaying an even less significant 



ORIGIN (0,0) 

ORIGIN ( 0,0) 1/4 OF THE ELLIPSE 

Figure 2a: One of two 
preferred locations for the 
origin of your coordinate 
system display. Here the 
origin is placed in the 
middle of the display to 
produce an ellipse cen
tered about the origin. See 
photo 7. 

Figure 2b: In this case the 
origin has been placed in 
the comer splitting the 
ellipse up into four quar
ters. This i called "display 
wrap around. " 

Photo 3: This photo shows the effect of dis
playing the ten bits just below the most 
significant bit for both X and Y. Note the 
radical change in appearance. 



Photo 4: Once again the display changes significantly, this time by choosing 
an even less significant group of ten bits for display . The technique ofusing 
only certain groups of bits is analogous to magnifying the original picture and 
then folding it over on itself to fit the display screen. 

group of ten bits and using a different 
starting poin t. 

• Position of Origin 

Figure 2 shows two choices of pl ace
ment for the origi n. Choosing the or igin 
in the center of the display, as in fig ure 
2a, results in the ell ipse draw n in the 

About the Authors 

William F Galway Is employed by the University of Utah working with 
computer-aided Instruction using computer graphics. It has bee11 known 
by many people that the algorithm desarlbed In this article will draw e/llpses 
and circles. While working with a computer music reseat·ch group at the 
University, Mr. Galway noticed the curious behavior of the algorithm when 
large diameters were used. 

D john Anderson Is a graduate student at the University of Washington 
in the Department of Zoology working on difference equation models 
of population growth. In the past, he was employed at the University of Utah 
where he worked with min/computers In physics and chemistry. 

center of the display. However, if the 
origin is placed in the corner as shown in 
figure 2b, then one quarter of the ellipse 
is drawn around each corner. Choosing 
the origin in the center corresponds to 

usi ng a signed digita l to analog conver
sion and choos ing the origin in the 
corner corresponds to an unsigned con
vers ion . Patte rns that are not very inter
esting with one origin may be very 
in teresting with the other origin. 

• Speed of Display 

The speed of display ing poi nts, ie: the 
number of points per seco nd, is an 
important factor in the appearance of a 
pattern . You can put a loop in your 
program to introduce a de lay and experi
ment with this effect. 

Generalizing the Equation 

Stil l more patterns can be produced by 
using the more general equation: 

XNEw:=X - aY 
YNEw:=Y + bXN EW 
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COMPUTER ENGINEERING 
THE MID IGHT SPECIAL .. . 

. . . a full color limited edition poster for your Casey 

Jones fantasies. 


The poster isl 6!h by 21 \.l inches (41.9 by 54.6 cm) with 

a white border. The colors are the same as the origin al 

by Rober t Tinney, which graces our July cover, minus 

the BYTE logo. The price is $3.00, plus 50¢ postage . It 

is shipped unfolded , in a mailing tube. 


ORDER 	 OW. SUPPLIES ARE 
LIMITED. 

BITS Inc 

70 M ain Street ___ Posters $3.00 each 

Peterborough NH 03458 plus $ .50 mailing 

D Bi ll BankAmericard 	 D Check Enclosed 

D Bill Master Charge $ 
No.____________ Exp. Date ___ 

Address __________________ 

City _________ State__Zip______,._________________________....;.____....;;__________________._______________________________________ 
In unusual cases. processing may exceed 30 days. 

The photographs in this article used a=b=Yi . 
We have tried value other th an Yi with 
interesting results, but have never u ed dif
ferent values for a and b. 

Precision of Arithmetic 

Most of the programs we have written to 
draw our pattern have used 16 bit arith 
metic. The program used for the pictures in 
this article used 24 bits (double precision on 
a PDP-8 computer). It is possib le that using 
fewer bit will not produce such interesting 
results. 

Other Algorithms 

Another algorithm you might try is 
shown in figure 3. Without much trouble it 
can be shown that this is a difference 
equation analog of a differential equation 
that draws parabolas. This part icular algor
ithm can produce intere ting and compli
cated musical sounds if the outp ut of the Y 
DAC is amplified and played through a 
peaker. 

It is easy enough to try new forms of 
these or other difference equations. It has 
been our experience that these algorithms 
often produce new visu al and audio effects 
that will astound you.• 

CHOOSE AN IN ITIAL 
X VALUE ANO 
Y VALUE 

I 

DISPLAY THE POINT 

(X,Y) 

I 

XNEw: •X+I 

I 


YNEW: ' Y+ XNEW 

I 

X: •XNEW 

I 


Y:•YNEW 

I 


This algorithm can pro
duce interesting and com
plicated musical sounds if 

the output of the Y digital 
to analog converter is 
amplified and played 

through a speaker. 

Figure 3: A serendipitous 
algorithm based on a pa
rabola. (This can be more 
easily seen by manually 
executing the algorithm 
and plotting a few points 
for X and Y.) The pa
rabola is the solution to 
a difference equation 
which forms the basis of 
the algorithm. 
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PC '77 offers you the most complete show of its kind ever held. Proven in 
'76 and acclaimed in '77 by all the major professional publications as the 
coming event of the year, this show is a 'must'. Make plans now to at
tend. Here are some of the scheduled events: 

PRE-CONVENTION PROFESSIONAL SEMINARS 
August 22-26 Technical Design Labs and Trenton State College Z80 Seminars at near

by Trenton State College. 

Five software and four hardware seminars. 

August 25, 26, 28 SYBEX Seminars at the Shelburne Hotel. Three intensive 

seminars: Introduction to Microprocessors, Programming Microprocessors, 

Microprocessors Applications. 

August 24, 25, 26 TYCHON INC. Microcomputer Interfacing Workshop at the 

Shelburne Hotel. 

August 26, 27 Osborne & Associates Microprocessors - Where they came from and 

where they are going, an analysis of all products on the market today. At the 

Shelburne Hotel. 


all b 

MORE NEW PRODUCTS THAN EVER! 
All the products you'v!'! been reading about in the ads will be on di play at PC '77. Many companie · 
will be showing exciting new products. HEATH COMPANY will display exclusively, for the fir t time. 
their complete computer line. SOU TATE MU IC, POLYMORPHIC Y TEMS, TH 
DIGITAL GROUP, THOMAS IN TRUMENTATION, MOS TECHNOL GY. TECH ICAL 
DESIGN LABS. UTHWE T TECHNICAL PRODUCT , CROMEMC , E & L JN· 
STRUMENT , THE INTERPRING GROUP KENT-MOORE INSTRUMENT . PER Cl INC. 
GEORGE RISK INDUSTRIES, MID WEST. CIENTIFIC, OSBORNE AND A OCIATE . EX
PA DOR, QUAY ORP, MATRIX PUBLI HER . CAMEL T PUBLI HING . HAYDE 
BOOK CO, CAW ELECTRO ICS, E CLOSURE DYNAMIC AND OROC TERMI AL will 

howing new product . . Plan to attend! 

OUTSTANDING COMPUTER HOBBYIST OF THE YEAR AWARD 
This is an annual award presented to a person who has given outstanding 
service to others in the personal computing field with no commercial mo
tives. Nominations are currently being accepted from individuals and clubs. 

For an interesting evening of family entertainment , pion to attend the 
Ice Capodes which are in town the week of PC '77 . 

LET'S KEEP THE PERSONAi. IN PERSONAL COMPUTING! 



FREE! SEMINARS, FORUMS, 
TECHNICAL TALKS 

ENI AC by Dr. John MauchI , the co· in en tor of E IAC 
PROGRAMMING ENI AC by Mrs. John Mauchly 
SAM 76 by Claude Kagan or Western Electric Co .. an interactive symbol ystem manipulations 
system which grows wit11 tl1e user. 
TELE OM IUNICATIONS FROM THE TERMINAL USER' VfEWPOI T by David L. 
Peters or Vedic Corp. 
INTRODUCING THE HEATHKIT COMP TER PROD CTS bv Lou Frenzel of Heath 
~~y . 
HOW MICROPROCE SORS ARE DESIGNED by Will Mathys or MO Technology 
THE F TURE OF MICROS I M.EDICINE by Dick Moberg, Dept. of Neurosurgery. Jef· 
ferson Medical College. Philadelphia 
THE HUMAN FA TOR by Andr w Singer of ROM Magazine 
SHO LD MICROS BE USED FOR BUSINESS APPLICATIONS'! by Frank J. Ponzio. Jr.. 
or Mini Computer uppliers. Inc. 
ROBOTS by Tod Loofbourrow. author for Interface Age Magazine 
GETTING INTO THE 11CRO COMPUTER B SINESS by Robert S. Jones. publi her of 
Interface Age Magazine 
M IC FOR THE HOBBYIST. HARDWARE AND OFTWARE by Malcolm Wright of 
Solid State Music 
HAM RADIO APPLICATION by Dr. Robert uding of the Digital Group 
HANDICAPPED Y 1POSI M by Dr. Robert Suding of the Di1:.ritel Group 
HOME MANAGEMENT SY TE I by Dr. Robert udin, of tlie Digital Group 
FLOPPY DISK by Herbert G. Waite of PerSci Inc. 
INTERFACING A HOME SELECTRIC by Charles Yates of Amateur Compu ter Group of 

ew J er ey 
MOVING PTO A MATE R RADIO by Chod Harri · of the American Radio Relay Leabrue 
OPERATING THRO GH AMATE R SATELLITES OSCAR 6 AND 7 bv Gary Tater 
W3HUC of AMSAT . . 
THE PHASE Ill MICROPROCES OR CONTROLLED A IATEUR ATELLITE bv Tom 
Clarke WA3LND and Jon King W3GEYof Al\'.1 AT . 
MICROPROCE OR APPLICATION FOR RADIO A 1ATE R bv Ko er G3ZCZ of 
AMSAT . 
WH T PEOPLE ARE 'OT GOING TO DO WITH HOBBY COM P TER b. tcphe11 
Gray· of Creative Computing 
APPLICATIO OF MIC.ROCOMP TER : THE MYTH AND THE REALIT) by David 
Ahl of Creative Computing 
I TRODUCTIO TO COMP TER THRO GH THE BASIC LANGUAGE b~· Eri Golem
bo of Computer Mart of New Jersey 
DYNA 11C DEB GGJ C r TEM FOR THE 8080 CODE by Larry tein and David 
Benevy of Computer Mort of ew Jersey 
MICROPROCE SOR FOR THE HOBBY MARKET TODAY A D TO~IORRQ\"( " b)' Dr. 
Adam Osborne of 0 borne nnd Associates 
GETTI G STARTED WITH MICROCOMP TER OFTWARE by Dr. Chris topher A. 
Titus. author of the Bugbooks 
COMP TERS ANO 1 IC by Carl Reimers of BYTE Magazine 

PRE-REGISTER I FILL OUT AND MAIL THE COUPON ON BACK PAGE I 




BORNE ASSOCIATES, SYBEX AND TYCHON SEMINARS ARE ALL HELD IN 
THE SHE BURNE HOTEL, ATLANTIC CITY, NEW JERSEY. TECHNICAL DESIGN LABS AND TRENTO!' 
STATE COLLEGE SEMINARS ARE HELD A T NEARBYTRENTONSTATECOLLEGE, TRENTON, NEWJERSEY. 



ilf·d' lvest ern 
cien tific 

Instrum 

Where does one get software? The lucky 
winners of the Scientific Research 
BASIC software library wilJ have a good 
start at answering this question. 

lnterface Age 
Life Time uh cription 

Interface Age is an exciting window on 
this burgeoning new technology. F ind 
out about microcomputing for the home 
and the small businessman using this 
monthly compendium. 

en ts 

olid State Music 

Plug in any one of a number of Solid 
State Music modules and enhance the 
power of an Altair (S-100) bus sys tem. 
In particular enjoy the new SB-I music 
synthesizer and the VBJA video board 
to be given out as door prizes at PC77 . 

.~.-:· . . T-----1 -
~"" r .:··.- :, '-. ~r_._' 
-~----- ~ -

~- - -, I I f ,,, • 1 

Doolt P 
****** 'lllZEs 

Heathkit 

******* 

Th.is new Heathkit H9 video terminal 
features data ra tes ranging from J l 0 to 
9600 bps, EIA RS-232 and 20 ma 
current loop interfaces, a full ASCII 
keyboard and 12 lines of 80 characters 
per line. 



Register 
before 

Au~stlO 
SAVE20% 

In-depth 
Seminars, 
lectures, 

presentations! 

Silicone Sea ... There 's a new excitement in Atlan
tic City. With the advent of casino gambling 
$800,000,000 is being invested by such companies 
a Caesar's International, Playboy, Penthouse, Bal
ly Corporation, Resorts International, Loew's Cor
poration and many others in new hotel, restaurant 
and entertainment facilities. And of course all the 
old attractions of this famou resort remain, the 
miles of sandy beach with gentle urf, the clean 
well run amusement parks, the boardwalk with its 
exotic shops and much more. All of thi adds up to 
the perfect family vacation spot, easily reached in 
less than two hours driving time from Washington 
DC, Philadelphia or New York City. 
There is parking for 20,000 cars within a three 
block area of convention headquarters. The conven
tion hotel is right on the boardwalk. Hotel parking 
is for hotel guests only. Others park on near-by 
Pacific Avenue. 

Club Booth ... Every computer club is welcome to 
participate with us at PC 77 at our gigantic club 
booth. Clubs may have member manning the 
booth to engage in non-commercial activities such 
as meeting new people from their areas, giving out 
club literature, newsletters, membership forms and 
signing up new members. 

HelpfuJ Hints for Getting the Most Out of the Show 

Dr John Mauchly and ENIAC ... Enthusiasts will 
ha~e a chance to meet one of the earliest pioneers of 
the computer industry. pr. John .Ma?~hly, co
inventor of ENIAC, the fust electronic digital com
puter, will be a featured spe.aker an~ €plest at PC 
77. Dr. Mauchly will be tellmg the ms1de ~tory of 
the trials and tribulations, as well as the triumphs, 
of ENIAC. And remember, all of this was going on 
during World War II! Accompanying Dr. Mauchly 
will be Mrs. Mauchly who worked on the project as 
one of the original woman c<?mputer programm~rs. 
Dr. Mauchly, who is an active home compute~st, 
will be available to speak informally with hobbyists 
during the convention. Don't mi s this! 

Cluh Hospitality Suite ... The Amateur Computer 
Group of New Jersey, Northern New Jersey 
Amateur Computer Group, Philadelphia Area Com
puter Society and the Chesapeake Micro Computer 
Club will host a hospitality suite during the show. 
Representatives of all computer clubs are encour
aged to drop by the suite during the show to ex
change views, greet old friends and meet new ones. 

SPECIAL GROUP TRAVEL RATES ... for Clubs and 
Organizations from West Coast and Mid America. Contact Seven 
Seas Travel, l 7220 South Norwalk Bldv .• Cerritos, Calif. 9070 I. 
Dawn Corrigan. 2 13/ 924-838.1. 

1. Make a list of the companies that you particularly want to see. 
2. Bring pregummed address labels with your address printed on them for exhibitor questionnaires, booth prize 

tickets and requests for information. This will save having to write your name hundreds of times and give you 
more time to get around the show. 
3. Plan on returning to your room or car several times during the day to drop off literature and to change into 

a fresh pair of comfortable shoes. 
4. Bring a good tape recorder, lots of spare batteries and tapes and record information, make notes, and record 

the seminars. (Recording of seminars is for personal use only, reproduction is prohibited.) 
5. If you are planning to attend only one day, make that day Saturday. If you find you really need more time 

you'll be able to come back on Sunday. 
6. Make hotel reservations early. Have them confirmed to save both time and disappointment. 
7. Bring spare pencils, pens, and note paper. 
8. Bring adequate identification in order to make pmchases. 
9. Be open minded when talking to exhibitors. Listen to what they have to ay, you may learn omething 

valuable. . 
10. Bring your camera, there wiJI be much to photograph. 
11. Remember that advance regi tration will save you from having to wait in line. Mail the coupon below to
day! 

I 
PC '77 Weekend admission at the door will be $10.00. Register before August 10th SAVE I~------------------------~ 
203 A VOID WAITING IN LINE! Admission includes exhibits and seminars for both I days, Augu t 27-28th. I

I Plea e ru h advance registration tickets for August 27-28th at $8.00 each. I 
Plea e rush Banquet tickets for Saturday, August 28th at $17 .50 each. 

I Send reduced Hotel rate information .
I Make all checks payable to "PERSONAL COMPUTING '77" and mail to: II PC'77. Route _l. Box 242, Mays Landing, N.J. 08330 I 
I ame Amount enclosed I 
I Address I 
I City State Zip

L-------------------------1 




Editorializing 

with 


Your Computer 


One of Lhc basic r·equircments of a 
sofLw, re system i a way to get text input. 
Programs need da ta to work on; and you 
need s me way Lo turn th is data from 
markings on a piece of paper Lo bits in side 
the mac hine. The most obvious examples , if 
only beca use you have to use them before 
you can have any other programs of your 
own creation, arc assem bl ers and comp ilers. 
Th e source prngr, m to be tran lated is ju t 
the data for the translating program. Other 
kinds of programs, tab ulatio ns, stat isti ca l 
analyses, and so fo rth , also cry out for a 
convenient way to get a large amou nt of text 
into the computer. This is where the text 
editor comes in. 

A text ed itor is a program which allo ws 
the user to ente r and mod ify encoded 
character data . With it, you can en ter a 
program or d list of figures or anything else , 
go back and make corrections, and fina lly 
outpu t the text on to a storage dev ice or 
leave it in memory for yo ur next program LO 

work over. A text edi tor i a fai rl y impl e 
prngram to wr·ite, and th e 8 bi t machi ne 
which you arc probably u ing actuall y ha 
one advantage for editing over many big 
co mpute rs: Its un it o f in format ion is ju t the 
right size for- holdi ng o ne ASCI I character. 

There arc two basic requirement fo r an 
editor: a place to put the text and a way to 
handle it. The place to put it is the text 

buffer, which i imply a block of main 
memory of a rca onable ize. he way you 
handle it is with a co mmand language, which 
wil l ·run interac ti ve ly th rough yo ur conso le. 

The buffe r can alway have the sam 
start ing loca tion, but where it ends depend 
on how much text it hold al any moment. 
So a pointer ind icating the cu rTent end of 
the buffer ha to be kept. Initia lly (or after 
you "scra tch" yo u1 rile) , it po in ts to the 
beginn ing of the buffer, si nce there is no 
Lcxt yet. The convention assumed here i 
that the end of buffe r pointer indica tes the 
firs t unused loca ti on. There is also an 
absolu te end to the buffe r, which does not 
change; this is the encl o f the memory 
alloca ted for it. The eel i tor hou Id guard 
c1gainst any attempt to tore charac ters 
beyond thi po inl , for that might wipe out a 
program or crucia l data. 

Another po inter which the edi tor needs is 
the cur or. This poi nter ind icates the exact 
locat ion in the buffer wh ich will be affected 
by ed iting command . In erred charaelcr 
will appea r at this po int; dele tions wi ll wipe 
out the charac ters which are here. When the 
edi tor sta rts up , the cu r or addrcs cs the 
beginning of the empty buffer. 

T xr Mod ify ing Commands 

The co mmands whi ch an editor need can 
be classified into text modi fication, cursor 

Gary McGath 

7 Silver Dr. Apt 3 

Nashua NH 03060 
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The Text Editing Buffer Concept 
STARTING LOCATION -----~ 

A text editing buffer is an area in 
memory address space which has program
mable memory implemented. It is the com b---1 
puter equivalent of a blackboard on which 
to create programs, letters to friends, or even 
novels or other writings. A typical way of 

CURSOR LOCATION-------describing such a buffer is through several 
pointers (address values) which identify the BUFFER AREA 

I N MEMORYlimits of available programmable storage. 
The starting location is a fixed address which 
is built into the text editor program when 
such a program is typically implemented on 
a small computer. Similarly, the absolute 
end of buffer space is a fixed address which 

CURRENT ENO OF BUFFER - ---11>1
points to the next location after the end of 
the buffer. Th e cursor location is a variable 
in the text editing program which is allowed 
to range between the starting location value 
and the current end of buffer. The current 
end of buffer is another variable, which 
identifies the location of the next available ABSOLUTE END OF BUFFER---! 

unused byte in the buffer space. This vari
OTHER PROGRAMS, DATAable should be constrained to be greater than OR UNIMPLEMENTED 
MEMORYthe cursor location, but always less than the 

absolute end of buffer. When the current 
end of buffer is the last byte in the buffer, 
the buffer is full. 

positioning and 10 command . Since Lhc cursor is moved alo ng. But when the cursor 
main concern of the edito r is to do some is somewhere else, then the char·acter which 
th ing with text, I'll stan with the commands it points at and all the charac ters after it 
that modify text. have to be moved down Lo make room for 

At the very least, a command Lo inpu t the inserted character(s). This is whe1·e buf
text from the keyboard is needed . There fered input is more efficient. Without it, the 
doesn't actuall y have to be an expl icit input characters have to be pushed down every 
command; if all commands are issued by time a new character comes in; with it, they 
special control characters (exc lu ding carriage can be moved over by the number of 
return, tab, etc), then the ed itor can take characters in the buffer all at once. If, 
every noncommand character which it reads for example, you want to inser-t 40 char
in its normal course and insert il directly acters at a point in text that has 100 
into the text buffer. Alternatively, a specific characters after it, you would have to do 
in put command can cause al l text which is 4000 memory to memor·y transfer·s, not 
typed to be stored in a temporary buffer, up counting the insertion itsel f, without buffer
to a preselected termination character, such ing, as opposed to 100 with buffering. But 
as the aptly named "escape" code. The Lhis on ly matters if you can type characters 
temporary buffer is then copied into the in faster than your processor· can handle 
text buffer after getting the termination them. [In the text edition I wrote for my 
character. The latter method makes typi ng 6800 based system, I used the "quick and 
in control characters, except th e termination dirty" brute force technique just described. 
char·acter, easier. It is even more efficient in With my homebrew machine on long text 
some cases where "efficient" means quicker chunks (7 2 K or so) it takes typically 7 /5 
res ponse ro the user. On the other hand, second for the program to respond, in
direct insertion can be hand led with fewe r tolerably slow . .. CH/ 
instructions, avo ids the need for a buffer·, The other basic text modifying operation 
and el iminates the chance of forgetting is character delet ion . Probably Lhe be L 
whether the ed ito r is wailing for commands character to delete is the one just before the 
or input. cursor, so that you can r-ub out what you 

In erting characte r is ca y when the just typed in if you made a mistake. But be 
cursor is at the encl of ·the buffer. The sure to check for deleting past the beginning 
characters are just deposited there, and the of the buffer-! If the delclion occurs at th e 
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FLIP OVER OUR FLOPPY 


Only $750 from Peripheral Vision. 

Peripheral Vis ion is a brand-new company that 's dedi

cated to selling reasonab ly priced peripherals for various 
manufacturers' CPU's. 

We think you 'll flip over our first product. 

It's a full-size floppy disk for the Altai r-l msai plug-in 
compatible S-100 BUS. And it's available for as low as $750. 

Here are the features: 

• 1 interface card supports 4 drives 

• Stores over 300,000 bytes per floppy 

• Bootstrap EPROM included-no more toggling or 
paper tape 

• Completely S-100 plug-in compatible 

• 	 Interface cabling included 

• Drive 	is from lnnovex (the originator of the floppy 
concept)-assembled and tested 

• 	 Interface card design is licensed from Dr. Kenneth 
Welles and the Digital Group 

• Disk operating system with 	file management system 
included on floppy 

• Cabinet and power supply optional 

Prices : 	 Kit Assm. 

Interface card kit and 
assembled and tested drive $750 $850 

Power supply- + 24V at 2A 45 65 

Cabinet-Optima, blue 	 85 

Now, a little more about our company. 
Peripheral Vision may be brand-new, but we have some 

old-fashioned ideas about how to run our business. 
We know there are serious incompatibilities among the 

different manufacturers' peripherals and CPU's. We want to 
get them together. And, we want to bring significant new 
products to market-products consisting of everything from 
adaptation instructions/kits for hardware and software to 
major new products. 

It's a tall order, bu t we feel we 're up to the task . 
Peripheral Vision has already obtained a license from 
The Digital Group to adapt versions of some of their prod
ucts to the S-100 BUS. And we 're working on getting more 
from other companies . 

Most important to our customers, Peripheral Vision is 
committed to helping you get along with your computer. 
We 'll do all we can to make it easy. 

Write us now for all the in formation on our company, 
our philosophy and our exciting line of products. And be 
prepared to flip over all of it. 

P.O Box 6267 ' Denver. Colorodo 802061(303) 733·1678 

Send me the works, and I just m ight flip over it ! 

Address__________________~ 


City/ State /Zip _ ________________ 


Circle 124 on inquiry card. 



end of lhe buffer, then the end of buffer 
pointer just has to be decremented; for 
neatness, the deleted character might also be 
zeroed out. If the cursor is in the middle of 
the buffer, then the character it point at 
and al l subsequent characters are moved 
back one position, thus overwriting the 
unwanted character. 

For added power, the deletion command 
could be al lowed to ta kc a numerica l argu
ment, indicating how many characters to 
de lete. A number reader for this command 
can also be used in connection with olhcr 
commands. Other options conceivable in
clude deleting al l characters up to and 
including the next "end of line" character, 
thus enabling the editor to delete one or 
more line . 

Cursor Commands 

Commands which position the cursor are 
fairly easy to implement, since they require 
no moving of text. Commands to increment 
and decrement the cursor, and to move it to 
the top and bottom of the buffer, are trivial 
to implement. The only th ing to worry 
about is the possibility of moving the cursor 
outside the buffer. 

Commands to move up and down a line 
of text are just a little trickier. Assuming 
that the end of a line is designated an "end 
of line" character such as the ca rr iage return 
character, the next line command scarche 
the text bu ffcr, tarting at the cur or, for a 
carriage return; it then positions the cursor 
immediately after the carriage return. The 
previou line command searches backwards 
from the cursor for the second carriage 
return it encounters (the first carriage return 
is al the end of the previous I inc), and 
positions the cursor at the character im me
diately after this second carriage return . 
Numeric argument can be used Lo move up 
or dow n several lines at a time. 

The most complex cursor pos1lioning 
command is the search command. I Ls func
tion is to earch the buffer for a u er 
specified sequence of characters, and then to 
position the cursor where Lhe sequence i 
found . The search may be forward or back
ward from the cursor. 

A buffer will be needed to hold the 
search stri ng: the sequence of characters Lo 
be matched. If you imp lemented a buffer for 
inpu t, you can use it again here. To conduct 
the search, sca n the text buffer for the first 
cha racter; then, having found a match for it, 
check if the immediately succeeding charac
ters match the rest of the search string. If 
they don't, resume scanning for the first 
character. Continue until a m, Leh i found 
or the buffer runs out. If the search is 

S4 

unsuccessful, the cursor is probably best le ft 
where it was before the search started. 

In put and Output Commands 

There are two kinds of input and output 
that the editor needs to be able to do . One is 
communicat ion with the terminal; the other 
is interaction with long term mass storage 
such as cassettes, tape cartridges or floppy 
disks. 

Terminal input has been implicit in the 
discussion of all the commands. Terminal 
output has two specific functions: giving the 
user messages and displaying part of the 
text buffer. Messages should inc lu de com
plaints about illegal commands, not ifications 
of whether searches succeeded, warnings 
about attempts to go outs ide the buffer, 
indicat ions of fa ilu re in transfers to 01· from 
mass storage, and so fort h. Typeouts from 
the buffer can be handled in various ways, 
but what is important is that it be easy to 
look at the vicinity of the curso1·. A minimal 
print or display command might just print 
the line which includes the cursor character. 
For greater flexibility, arguments to indicate 
a number of lines could be implemented. 
With two arguments, a numb er of lines 
before the cursor and a number , fterwai-d 
cou ld be printed out; if both arguments arc 
zero, just the line containing the cursor 
character would appear. 

The other part of input and output is 
based on the need to tore your text· for 
later u e. It is not very effic ient t have to 
type in your whole program anew every 
time you want to upda te it; it is far more 
co nve ni ent to have a copy of the previous 
version on magnetic or paper tape, disk, or 
whatever medium is ava il able to you, so that 
you can load the editor's text buffer, make 
the necessary change , and output the new 
version for later sessions. 

This is simple enough if the entire text 
file with which you are working will rit in 
the text buffer {g iven that you have the 
necessary interfacing and 10 routines). But 
when there i too much tcx t for the ccli tor 
to handle at once, it ha to be broken down 
into buffer sized pieces. To do this, you 
need the abi lity to alternate between reading 
one fil e and writing another. If you have 
cassette storage, this means you hou Id hav 
two recorders with motor control. The trick 
can probably be done with one recorder, but 
only with painful quantit ies of rewinding 
and positioning via the tape counter a the 
tape is moved between the two files. 

A large text file should be broken up into 
pages. Th is is done by inserting the form 
feed character control L into the text at 
reasonab le intervals. The text input routine 



DIP IC INSERTION 
TOOL WITH PIN 
STRAIGHTENER 

MODEL 
INS-1416 

afford in lime, err toragc. • 

PRE-CUT 
PRE-STRIPPED WIRE 

Circle 196 on inquiry card. 

Command Explanation 

lxxxi C Insert xxx, any sequence of characters except t·c. into the text buffer. 
Dnnnt C Delete nnn characters prior to the cursor. 
Fnnn l C Move t he cursor forward n nn characters. 
Rnnn1 C Move the cu rsor back nnn characters . 
A Move the cursor to the top of the buffer. 
z Move the cursor to the bottom of the buffer. 
Lnnn1 C Move forward nnn lines. 
Bnnn ~C Move backward nnn lines. 
SxxxlC Search fo rward from the cursor for xxx. 
UxxxlC Search backward from the cursor for xxx. 
y Yank a page of text into the buffer after first clearing the buffe r. 
w Write a page of text from the buffer. 
c Close the output file or device. 
Tmm, nntC Type out m m lines before the cursor, the line containing the cursor , and 

nn lines after the cursor. 

can Lhe n be designed to read the inpul file mancl . N tc that with th is comma nd lan
up Lo and including the first conLrol L guage, contro l C it elf cannot be in erted; 
encountered, copy it into the bL1ffcr area, this should not be 1 great loss, since control 
and then wait for anothe r command before C is norma ll y an end of text indicator. 
1·cading another page in. This method c1 ll ws These comm<1nds will provide you with a 
you to rix up one page at a time, outputting sma ll, yet vcr ati lc editor. If you want to 
each page before ge tt ing another page from expand further, options uch as scra tch 
the input f'ilc . buffer , itera tion, and macro-commands a1·e 

Table 1 presents a possible command possible; for an example of a powerful 
language for an editor which includes the editi ng program, sec Digital Equ ipmen t Cor
features discussed here. If a command takes poration's TECO. At the other end, you can 
no litcrJ I or numeric argume nts, it needs no leave out nu mcric arguments, sea rching and 
terminator; the next character i a new even line pos it ioning ror the simple t editor 
command. Where there are arg ument , the pos ib lc. It all depends on wh at y u can 
character con trol C termin ate the com- rt and 
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Tobie 7: A set of possible 
commands for a text edi
tor. These commands are 
just suggestions for the 
type of arguments that 
may be used in an editor 
language. Note that the 
character t C stands for 
control C Control C can
not be encountered in the 
text to be edited since it is 
used as on indicator at the 
end of a command. 
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Photo I. 

The New 

Heathkit Computer Line 

On June 7 1977 we traveled co the 
Heath Company's plant near Benton 
Harbor MI to take port In the "Heath 
Computer Product Press Porty." This 
was a gathering of people from various 
publications to preview the new product 
line which Heath is introducing to the 
general public at the Personal Computing 
77 show In Atlantic City NJ at the end 
of August. The major features of the 
new Heath product line ore best des
cribed by pictures supplied to us at the 
press party, along with notes based both 
on the press release and our experiences. 

The H8 Computer Kit (Photo 1) 

The Heath product line has one 8 bit 
member, the HS compute r based upon 
the Intel 8080A design. This product, 
which sel ls at $375 for the basic pro
cessor box, includes cabi netry, fron t 
panel with 1 K ROM monitor, processor 
board and power supp ly . Memory cards 
arc ava ilable with the H8· I kit for 4 I< 

Photo 2. 

bytes by 8 bits at $140 and the H8-3 
expansion module adding another 4 K 
by 8 bits to the 1-18· 1 for $95. (The 
cabinet shown is said to be capable of 
holding up to 32 K bytes in the form of 
H8· 1 cards full y populated with memory 
ch ips.) Peripherals cards presently avail· 
ab le include the 11 8-2 paral lel interface 
card ($ 150) with three input and three 
output ports, and the H8·5 ser ial in t.er· 
face board ($1 IO) which contains 
RS -232 inter faces at a number of da ta 
rates, 20 mA current loop interface, and 
an audio cassette interface which uses 
1200 bps modified Manchester phase 
encoding al the "Kansas City" standard 
frequencies. 

These systems come complete with 
software for immediate use, included 
as part of the price. At the pre s party, 
we exercised th e 1-18 with Benton Harbor 
BASIC, a full implementation of 
Dartmouth BASIC for the 8080 which 
takes 8 K by tes and features dynamic 
storage allocation (programs ex1>and and 
cont ra ct with use of data) . The more 
complete 12 K Benton Harbor BAS IC, 
extended, adds strings and other cxten

sions to the 8 K vers ion. 13oth versions 
have a number of user-oriented edi ting 
rcaturcs which arc both unique and use· 
fu l as demonstrated to us a l the press 
party. The design and coord ina1ion of 
the systems software ror the H8 sys tem 
were performed by Gordon Lctwin, 
Hea th's resident software wizard, who e 
ti tle is Lead Sys tems Prograrn111er for 1h e 
Co111putcr Products Linc. 

The H 11 Comp uter" Kit" (Photo 2) 

The second tar in the Hcalhkit con· 
stcl lation is the top of the line HI 1 
system, a confi rmation of persistent 
rumors over the past year that Hea th had 
all ied itselr with Digital Equ ipme nt Cor· 
poration. The H 11 is an LS1- ·11 board 
from Digital Equipmen t Corp, mounted 
in a Heath supplied chassis and ,1ccom
panicd by Heath's switchinR power 
supp ly, backp lane assemblies, and heavy 
duty documentation. It is intended ror 
use with a terminal suc h as the Hea1h H9 
or the LA -36 DECwriter which Hea th 
wi ll market, and at the time of ini1ia l 
de liveries the H I I is intended to be used 
as a sta nd a lone paper Lape sys tem using 
the Heath 1-1 JO prod uct as its paper tape 
racil iry. (F loppy disk systems and sort
ware arc in the works but arc not \'Ct 
ava ilab le from Heathkit.) The HI I com· 
putcr itsclr is $1295 ror the cabinet, 
LSl-11 board, Heath backplane and 
power supply. This price or course in· 
eludes the built-in terminal support 
software of the LSI-I I, the 4 K by 16 
bit sem iconductor memory of the 
LSl -11 board, and a te rminal interracc. 
Purchase of the Heathkit enrol ls the 
user in the DECUS libr;vy and inc ludes 
complete DE C systt!ms sortwarc on 
paper La pe: Ed itor, PAL· l I assem bler, 
linker, ODT, BAS IC and FOCAL la ng
uages. (BASIC requires add ition al 
memory.) Other compo nents of the H 11 
line include the Hl 1-1 4 K by 16 bit 
memory board at $275, the Hl 1·2 
parallel interface board at $95, and the 
Hl 1-5 serial interface board at $95 . The 
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Fully as em bl ed 

4Kxl dynamic 

used by the ton in IBM compat

elf contained contro.l 

16384 BYTES for $485.00 

assembled (with sockets) : tested - burned-in - guaranteed 


A new high in 100 bus memo ry cost effectiveness . 


(with socket ), tested , burned- in and guaranteed . 


memory chip (the same ones 


ible memory ystems) combined with 


logic , yield a memo ry system with: 


• 	 low power consumption , total board 5 watts . 

• 	 Tran parent refresh , which means the 


memo ry looks static to the outside world. 


• 	 No waiting. In fact , .xrdy is not even con


nected to the memory. 


•	 Full DMA capability 

• 	 R eliabl e , low level clock and control 


signals . 


Dynabyte 
Dynabyte ® brings to the S - 100 Bus a tate of the art , industrial quality memory system. 

16K on a single board fo r $485 .00, Guaranteed for 1 year. 

Bl' Tf OF PA 11/J/:.: A 
. /.96 o. f, alr e Ave . 
Pasadena, f.u. 91109 
(213) 68:/.-33 /l 

l!l' 'l'E OF . 'i i '/'A CLA R1I 
8·1.00 /~ / Cu111i11 0 R ecd 
. 'arzta Clura , Ca. 9505 7 
(408) 249- /.221 

HYTE OF WA LNUT CR.t:/:;K 
2989 N. Main . /. 
lflu l rwl Creek. Ca. 94596 
0 15) 933-62S2 

Bl'TI~ OF ' JIN MA TEO 
120() IV. llills dule B/11J . 

°<111 .llat en , Ca. 9.J..f.03 
n1 s; 3.1.1- t:. uo 

13 }" f' t: OF P ,.1/,0 : II, TO 
2:.!'17 /~ / Camiuu 
Pu/11 A I to , Ca. 9·/.306 
(4 / S) 3:.!7- 80 80 

fo r more information call or write to: 

R.H.S. MARKETING 
2233 El Camino Real 

Palo Alto, California 94306 
(415) 321 - 6639 

DEA LER INQUIRES INVITED 

B of A & MASTERCHARGE ACCEPTED 

Circle 125 on inqui ry card. 
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Photo 3. 

1-111 box wil l accommodate up to 20 K 
words of memory, accord ing to the press 
re lease copy. 

Photo 4. 

Other Systems Prod ucts 

Both the H8 and the H 11 arc 
designed for use with other products in a kit based term in al unit roday. I ts 
which have generic app licabi lity to any feature in lude , lul l 67 key ASC II 
computer system. Al presen t these encoded keyboard, a 12 li ne by 80 
inc lude the H9 vid eo termi nal and the characte r d isp lay format (upper case 
1-110 paper tape reade r and punch u nit. on ly), a formall ing option fo r fo u r 

The H9 video termina l at $530 is col um ns of 12 lines or 20 cha rac ters 
probab ly one of the be t buys availa b le bu il t into ils ha rdware, a block trans-

Presenting a growing line of 

professional quality S-lOO [lli[L&\~~ 
IMSAl / ALTAIR 


COMPATIBLE 
 BOARDS 
BK BLANK RAM BOARD lor111121ypomomory $25.00 

_.,lh MEMORY PROTECT/UNPAOTECT ond SELECTABLE WAIT STATES 

(NEW) Z-80 CPU BOARD $35.00 
-with PROVISIONS tor ONBOARD 17tl8 and POW£R ON JUMP 

(NEW) PROTOBOARD $25.00 

(NEW J 2708/16 EPROM BOARD $25.00 
--IKtC!pls up lo 16K of 2-708'1or32K of 2716'1. 

All ODA.RDS fEAfURE 

FULL BUFFERING on ALL DATA and ADDRESS LINES 1 


SOLDE,R MASKS and SILK SCREEN 1 


DIP SWITCH ADDRESSING ' 

GOLD EDGE CONNECTORS 

PLATED THROUGH HOLES 


lenepl lor PRDTOBOARD 

WATCH FOR OUR 16/64K DYNAMIC RAM BOARD AND 

ADDITIONAL BOARDS TO BE ANNOUNCED FORTHWITH. 


IMSAI 8080 Kit $575.00- with 22 Slot M .B. 

Z-80 CPU CHIP... . .. ... . . .....$25.00 

2708 CHIP.•.......• •• ..• • $20.00 


PO BOX 91 

• ITHACA, N. Y. 14850 
r iTIMCO aU~lO 

PLEASE CALL (607) 273-3271 
TO ORDER OR OBTAIN TECHNICAL ASS ISTANCE. 

Siink.Ameriwd 1nd Mnler Ch:11gc ordtrs wr:lcomr.d. 

DEM and qt1;1nll1'( l!iscounls IVilllable 

m1ss1on feat ure, a nd a li mi ted plotting 
mode of operation. T he en t ire unit is 
co ntai ned in an attrac tive cabinet, as 
seen in photo 3 . 

The H10 paper tape reader punch is 
Hea th's- principa l mass s to rage unit for 
use with the Hl 1 product line as cur· 
ren tl y ava ilab le (although, accord ing to 
the people a t Heath, this is by no means 
intended as the last word in that area). 
It can a lso of course be used wirh the 
H8, and any other comp u ter which has 
a para ll el 8 bit TT L compatible interface 
for input and output. Fcarures of this 
unit, shown in photo 4, inc lude a bu il t-i n 
power supp ly, s tepper moto r drive, a 
stand a lone tape copy mode, and da ta 
ra tes of 50 characters per second 
reading, 10 characte rs per second punch · 
ing. The p rice o f the Hl 0 k it is $350. 

All Heathkit products can be pur· 
chased under Heath Company's revolving 
charge cred it pl an , a benefit which 
shou ld be of major interes t to potent ial 
comp ut er hobby ists. Sh ippi ng da tes for 
all new compute r products a rc scheduled 
for the fa ll. For further information 
write for the "Computer Informa1ion 
Package" Heath Company, Dept 
360-26, Be nton Harbor MI 49022. • 

Circle GOO on ln1:1uirv card . 

Computeri zed Morse Code Reception 
Package 

Polaris Computer Systems has 
annou nced a Morse Code reception pack· 
age for Altair (S-100) bus 8080 micro· 
computers. The package consists of a 
tone to DC converter modul e and com· 
plete software. The converter connects 
to the communications receiver via head· 
pho ne: jacks and to the computer via a 
parallel 10 port . The converter contains 
a phase locked loop for tone decoding 
and adjuslablc center frequency and 
ba nd wid t h controls. I ls design is highly 
immune to impulse noise. Provision for 
audio and visua l synchro nizat ion (w ith 
an osci lloscope) of the incomi ng signal 
is provided . 

The software adjusts for va riations in 
transmission as each code clement is 
received, !lowing for manu I or auto· 
ma t ic tra nsmission of CW a t speeds rang· 
ing from 5 to 60 words per minute. 
Noise and d ropout nega ting logic is in· 
elu ded. Final output of received tex t is 
to an 510 port for d isplay to a printer or 
CRT. 

Package price in kit form for the con· 
vcrter, object program and comp lete 
documentation is $95. An assembled and 
tested version lists at $145. So urce 
ta pes and co mplete turnkey packages arc 
also availa ble. A schcmalic of the con· 
verter, object dump and documentat ion 
of the device are avai la bl e for $17. 
Polaris Computer Systems is located a t 

3311 Ri chmond Av , Houston TX 
77098 .• 

Cm:::lc 602 on mqu1ry c:41rrl . 

No te: A group of other Altair (S· 100) 
bus interface new products items begins 
on page 152. • 
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The SOROC 10120 

CURSOR CONTROL. Forespace , back
space, up, down, new line , return, home, 
tab, PLUS ABSOLUTE CURSOR AD· 
DRESSING. 

TRANSMISSION MODES. Conversation 
(half and ful l Duplex) PLUS BLOCK 
MODE - transmit a page at a time. 

FIELD PROTECTION . Any part of the 
display can be "protected" to prevent 
overtyping . Protected fie lds are disp layed 
at reduced intensity . 

EDITING. Clear screen, typeover, abso
lute cursor addressing , erase to end of 
page, erase to end of line, erase to end 
o1 field . 

DISPLAY FORMAT. 24 lines by 80 char
acters ( 1 ,920 characters). 

CHARACTER SET. 96 characters total . 
Upper and lower case ASCI I . 

KEYBOARD. 73 keys including numeric 
key pad. 

REPEAT KEY. 15 cps repeat ac t ion. 

DATA RATES. Thumbwheel selectable 
from 75 to 19,200 baud. 

SCREEN. 12 inch rectangular CRT - P4 
phosphor. 

Specials of the Month 
North Star Micro Disk 
w ith power su pp ly and cabinet ... . . K it - $699 

A ssembled - $799 

IMSAI 1-8080 with TDL ZPU . .. .. . K it - $825 
Assembled - $975 

Digital Systems FDS Disk Dr ive with 
CP/M Software (assembled on ly) . Sing le - $1 ,750 

Dual - $2,350 

Mountain Hardware PROROM . . . . . K it - $145 
Assembled - $210 

Vector Graphic BK RAM . ... . .. .. Kit - $235 
A ssembled - $285 

XIMEOIA OFFERS A FULL RANGE OF PRODUCTS FOR 
THE PERSONAL COMPUTER ENTHUSIAST ANO THE 
SMALL SYSTEM OCSIGNER. LET US QUOTE ON ALL 
YOUR HARDWARE ANO SOFTWARE NEEDS. 

OUR RETAIL STORE - THE COMPUTERIST tm - IS NOW 
OPEN IN SAN FRANCISCO. CALL US FOR DIRECTIONS. 

SPECIAL INTRODUCTORY PRICING 

Kit$ 995.00 Assembled $ 1,295.00 
(Price includes block mode, lower case and 24 
line options.) 

NOW WE'RE 
TOLL FREE 

800-227-4440 
(in Cal ifornia, Hawaii, and Alaska, call collect: 

415/566-7472) 

1290 24th Avenue, San Francisco, CA 94122 
(415) 566-7472 

COD orders freight collect. Order·s with paymen t shipped prepaid . California 
rnsidcms add 6% sa les tax . Please allow 3 weeks for de live ry. 

Circ le 140 on inqui ry card . 
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Continued from page 28 matter of assemb ling the kits. The dea n 
introduced me to Lwo senior students who 
worked part-time in the schoo l's electronics 
lab. These students, he said, woul d design a 
power supply and assem ble the kits. The 
students began immediately on the power 
supply, and in about a week they finished 
the design. They gave me their pans lists, 
and I phoned the artier in to the distributor. 
There was nothing lert to do now except 
wait for the equipment. 

It was now ti me to begin class. I went to 
the classroom the fast even ing and found a 
room full of students. Of 30 people who 
registered, 29 showed up. We got all the pre· 
lim inaries out of the way early. I announced 

c 

r

Pho10 2: A typical class session : designing, discussing, debugging and some 
time al the drawing board. 

the class schedule, the type of equipment we 
wo uld use, the gradi ng scheme, my office 
hours, prereq uisites, and al l the other good 
stuff that 's announced during the first class 
session. After some phi losophizing about the 
history and potential of microprocessors, we 
got down to the business of the sequence. 
We started with the binary number system as 
planned. The lectures went very well. There 
was the usua l supply of questions, an
swers, quizzes, homework, problems, and 
discussions. 

Meanwhile, the equ ipment was not coming 
in from the distributor as planned. We got 
the Evaluation Kits from Motorol a, all except 
the read on ly memories. The discrete circuits 
just trickled in, a resistor here, a socket there , 
maybe a potentiometer or a voltage regula
tor. No amount of discussion, coaxing, cajol· 
ing, begging or screaming could get the 
components in. Some of the components, 
they dmitted, had a 7 or 8 week lead time. 
Four weeks into the class schedule, we had 
approximately 90 percent of the pieces for 
one system. The students went to a local 
electronic shop to buy the missing items. 
This brought out our other major problem : 
namely, there were no terminals with which 
to talk to the system . I mentioned this to 
Lhe dea n, then borrowed an old CRT from 
North Electric for debugging purposes. At 
this point the dean ordered six new ASR-33s 
from Teletype. He explained that these 
would be used for other courses also. 

One of the interesting developments of 
all this was that my student helpers, who 
were super careful in their work, discovered 
a few mi nor errors in the schematic that 
Moto ro la provided with their Evaluation Kit. 
The students routinely corrected the draw· 
ings and made up abou t 40 C size sheets for 
distribution to the rest of the students. In 
the process, I sent a copy of the revised 
schema tic to the Motorol a applications 
engineer in Cleveland Lo see if Motorola 
wo ul d object. He was quite surprised that 
the errors had not been found before . Not 
only did he not object, but he also was 
grateful fo r the sheet and asked if we co uld 
spare a few more! 

After 11 weeks of class, includ ing four 
weeks of excuses and apo logies Lo the stu
dents, six lab stations were equ ipped . The 
packaging left a little to be desired (see 
photo 1), but the power supply and the kit 
worked, and the en tire system erved as an 
exce ll ent educational veh icle. By thi s lime, 
the lectures had covered the M6800 pro
cessor architecture, the Eva lu ation Kit 
system structure including the add ress space, 
and most of th e M6800 instruction set. The 
students were more than ready to gel their 
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Announcing. 

~ []fTl!.lf1 RE 
Microtech, Incorporated introduces a number of sophisticated software packages for microcomputer 

users. Our software is created expressly for microprocessors, making it fast and memory-efficient. Our 
higher level language, MICROTECH BASIC, provides features never before offered for microcomputers, and 
our applications and documentation allow even first-time users to be up-and-running quickly and 
effortlessly. 

MICROTECH BASIC is designed with great flexibility . The structure easily accomodates driving a wide 
range of peripheral devices through BASIC commands. The language is constructed expressly for Z-80 based 
microcomputers, affording a truly sophisticated higher level language with a small (under 7 K without 1/0 
drivers) memory requirement. Briefly , MICROTECH BASIC has all of these features : 

• 	 32 BIT ARITHMETIC- numeric range ~2. 147,483,647 without loss of accuracy. 
• 	 COMPLETE STRING VARIABLE PACKAGE. 
• 	 TABLE DRIVEN VARIABLE STORAGE - reduced memory overhead for variable storage. 
• 	 MASS STORAGE DATA FILE HANDLING - allows data to be read or written to mass storage 

devices either sequentially or randomly. 
e 	 MASS STORAGE PROGRAM FILE HANDLING - a full directory based program file capability has 

been implemented. Commands available include PGRM (used to create a directory entry). SAVE , 
ERASE, LOAD, and RUN (load and go). 

• 	 COMPLETE PROGRAM OVERLAY CAPABILITY - a powerful programming technique that allows 
an executing program to load and execute any other program currently in th e directory with all 
variable values passed to the new program. 

MICROTECH BASIC is currently available in audio cassette form for Digital Group Z-80 systems. We 
have hooked MICROTECH BASIC to our own Phi-Deck driver software to create TOS (Tape Operating 
System) BASIC. Up to four Phi -Decks may be used for mass data and program storage. All tape control is 
provided through BASIC commands. This package, with all audio, video, and mass storage drivers, requires 
roughly 9.5 K. A minimum 18 K system is recommended. 

MICROTECH BASIC will soon be available for many Z-80 based microcomputers and will include a 
variety of drivers for tape and disc mass storage systems. Write for complete details. 

APPL/CATIONS APPL/CATIONS APPL/CATIONS 
MICROTECH has an extensive library of applications written in MICROTECH BASIC. As 

examples, we have: 

• 	 BASIC GAMES - a collection of 10 programs on tape (to be used with our Phi-Deck 
BASIC) . This is a comprehensive package including Casino Games, Educational Games, 
Space Battle, and Tic-Tac-Toe . 

• 	 PERSONAL CHECKBOOK MANAGEMENT SYSTEM - a group of programs that allows 
checkbook management, bank reconciliation, and tracking of deductibles for tax purposes. 
It uses a single tape drive for programs and data storage. 

You may purchase our products through computer retailers or d irectly by mail. 

PRICING 
TOS BASIC (for Digital Group Systems) - includes BASIC, 
data tape formatting routine, and deck-to-deck copying 
routine - 28 page user's manual and free updating service .... . Special introductory price $59.95 
(specify 32 or 64 character video when ordering) 	 ($100.00 after 9/15/77) 
BASIC GAMES - Program tape and documentation .. . ... . . . . ... . ... . .... .. . . .. .. $20.00 
PERSONAL CHECKBOOK MANAGEMENT SYSTEM 

Program tape and documentation ..... . . . .. . . .. ...... . .. ... .. . . ..... . ... .. . $30 .00 

Dealer and Manufacturer Inquiri es Invited 

POST OFFICE BOX 599 

E. BRUNSWICK, N. J. 08816 
INCORPORA I LO 
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han ds on the system. Conseq uently, most 
of the nex t fo u1· weeks were spent in the lab, 
writing and te ting small programs. 

On the 15 th wee of class, 25 students 
took the fin al exam. The firs t trimester, 
which covered in significant detail a com
plete mi crocomputer system, was final ly 
finished. In my opinion, it was a re OLmding 
success, even considering some of the 
problem . 

After a week lo ng vaca ti on the second 
trimester began . In th i tri mester, applica· 
Lions and project work wou Id be em ph asized . 
Several lab projects were scheduled, some of 
which involved interfacing ex ternal hardware. 
Lecture time wol.il d be minimized, and most 
of wh at there was would feature gues t lec
turers and cover applica tions and re lated 
topics such as microprogramming and direct 
memory access techniques. 

Unfortunately, only 15 students enro lled 
for the cou rse . I attribu te the sharp drop in 
part to gradua tion, but mostly to the fact 
that many st udent do no t li ke to go to 
school in the ummcr. The tudents who d id 
attend h d an advanl gc though, because 
smal ler class izc gave them more o pporl uni ty 
to use the eq uipment. 

The fast part of the tr imester was devoted 
to various number represen tations, conver· 
ion from one representation to another, and 

arit hmet ic operation in the representat ions. 
The firs t two lab exercises were th e multipli· 
ca tion of two 8 bit numbers and the binary 
coded decim al addi tion 0 1· ubtract ion of 
decimal numbers up to four digits long. I 
schedu led these exercises f irst because my 
two techn icians had g1·ad uated and nobody 
was availa bl e to assemble and test the hard
ware. I also thought that these exercises 
wou ld accustom the students to writing 
fairly detail ed programs. The studen ts, how· 
ever, had a difficult Lim e with these pro
gram . I fo und th ere were two major 1·easo n 
for th is. 

The first was th at there was no assem bl er 
available; all programs had Lo be writte n, 
assemb led and en tered into system memory 
by hand. This made fo r a lot of aggravating 
housekeeping and transcription errors. The 
second reaso n was th at mo t of the tudents 
were electronic types and thi s was their first 
experience with programming. 

Meanwh ile, I decided that there would be 
three more lab exerci es. The first would be 
storing data on a tape cassette using the 
Lancaster interface descr ibed on page 30 
of March 1976 BYTE. The econd would in
volve a row of 24 L Ds add1·e sa ble as three 
memory locations. The th ird exercise cou ld 
be ana log Lo digital co nversion using the cir
cuit shown on page 70 of May 1976 BYTE. 
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By thi s time I had ro und ed up a technici, n, 
and he started to work about the fourth 
week of class. The cas ette interface was 
finished first, bu t we never got it working 
right. It Look about two weeks Lo figure out 
that co up ling capacitors were needed on the 
TTL circuitry . Then we fo und th at the tape 
was position sensitive, even after we changed 
the delays from 2.5 and 5 seconds to 5 and 
10 sec nds, respectively. In additio n, the 
entire thing was assembled on a super strip, 
and they just do n't lend themselves to re li
ab le operation. The ana log to digital conver· 
sion and lights projects went very smoothly. 
The hardware worked right just about as 
soon as it was bui lt. The students had less 
difficulty with these two projects, and had 
more fun playi ng with them than they did 
with any of the other three. Photo 2 depicts 
a typical cla s ession during the second 
trimester. 

The second trimes ter went fairly mooth
ly, and pas ed without much incident. We 
had one guest lectu rer, and we spent one 
evening at Oh io State University watching 
a demonstration of a Motorola EXO Rci 01·. 
The onl y probl em during the second ll'i
mestcr were a few mi nor glitche in omc of 
the ex ternal hardware and the lack of ofl
ware deve lopment facilities. 

It was fina lly over. The 30 week excur
sion into micro processors ended. For me, it 
wa a great ex perience. Most of the hard 
wo1·k and sweat came in preparing the lec
tures and wa iting al most end lessly for the 
hardware to arrive . The actual teaching of the 
co urse and conducting of the class were a 
pleasure. The studen ts were perceptive, co

perativc and eager . 
The total cost to Frank lin for both tri

me Lers was abou t $1400. Th is includes six 
Motorola Evaluat ion Kit ; discrete com· 
p ncnts, power su ppl ies and ext ra program
mable memory chips for nine kits; and a few 
miscella neous components for the hardware 
lab . Not included in thi figu1·e is the co t of 
six brand new Teletypes. 

I would like to ex press my gratitude to a 
few people whose contribu tions were inva lu
able. Dean Ke ll y prov ided his and Franklin's 
cooperation in Lhc overall offering of the 
course. Mike Kabealo, the Motoro la sales 
engineer, gave us the hardware which wa 
the fo unda tion of our lab. Dr Tony Lucido 
showed us hi EXO Rcisor and its oftware, 
and he also provided us wi th an excel lent 
example of how no t to fi x a Teletype. 
Finally, Lee Sensi baugh and Tom Ri chards, 
my two ace technicia ns, through their 
enthu iasm and ti reless efforts , were the key 
factor in getting the laboratory Logether 
and worki ng.• 
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THE RM64 MEMORY BOARD prov ides the most (((((((1 1 1
cost effective means for system memory addition in the industry. ' 
The board is S- 100 bus compatible maki ng it usable in over a dozen 
different microcomputer systems includ ing A LTAIR and IMSAI . 

It comes in three configurations: 32K, 48K or 64K bytes and is 
completely assembled, checked out and burned in for at least 50 hours 
prior to shipment. This complete testing procedure enables EXTENSYS 
to prov ide you a one year wa rranty on parts, labor and materials 
(assuming no misuse of the board occurs). 

On board hardware is provided for : 

Individual memory bank address selection in SK incre ments; 


Complete dynamic refresh logic w ithout loss of processing 

ef f iciency while programs are running; 


Board select logic which allows more than one 64K byte board 

per system; · 


S-100 bus compatibil ity including on-board voltage regulator; 

Memory overlap which allows memory sharing the same address 

space to coexist in the same system ; and 


Wri te protect ion in 16K blocks 

TH E CGM77 COMPUTER GRAPHICS MACHINE is a fully tested 
system that provides the basis for developing the most sophist icated 
video graphics imaginab le. The CGM77 board is S-100 bus compatible, 
making it usable on over a dozen different computer systems. The only 
additional components needed for a complete video graphics system 
are SK bytes of RAM interfaced to the microcomputer system . The 
EXTENSYS RM64-32K RAM board is ideally suited for this. 

, 

Specia l contro l panels are available that provide universa l contro l 
for interfacing with the graphics board. Output of the board is in the 
form of composite sync that can be used directly by a high resolut ion 
video monitor. 

The heart of the system is the EXTENSYS GRAPHI CS MACH INE. 
This is a sophisticated piece of software developed by EXT ENSYS for 
the rapid implementation of video graphics. The G RAPH ICS 
MACHINE permanently resi des in PROM chips that are part of the 
board and therefore never need to be loaded. The GR AP H ICS · 
MACH IN E software actually t ransforms the m icroprocessor into a 
much more powerful and sophisticated computer whose instruction 
set is ideally suited for the deve lopment of video graphics or video 
games. 
Contact your local computer store _________ ., 
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Continued from page 32 tape consists of a start bit, 8 data bits and 
a pari ty bit. Parity of each byte is auto
matically checked when a cassette program 
is loaded into memory. A light and warnir.~ 
tone tel l the user immed iately if a parity 
error occurs. Th is makes cassette volume an d 
tone adj ustments possible. Another light 
provides a visual indication of tape data. 
This lets the user manually position the ta pe 
when recording several programs on the 
same cassette. The last byte loaded into 
memory from a cassette is always displayed 
on the TV screen. 

The graphic video di splay consists of an 
array of spots on the TV screen. Th ere are 
64 spots in the horizontal direction. Th e 
number of spots in the vertical direction can 
be varied, under program control, from 32 
to 128. The normal dis play is 64 spots wide 
by 32 spots high. This array of 2048 spo ts 
represents 256 bytes. If a bit is 1, the spot 
is whi te; if a bit is 0, the spot is black. 
Changing the states of the memory bits 
with a program creates patterns, pictures 
or numbers on the TV screen. It is possible 
to create moving patterns by shifting the bi t 
patterns around using a program. Swi tch ing 
between different display maps by changing 
the contents of a singl e address register 
all ows very quick di splay changes. 

Th is graphic di splay uses the RCA 
CDP1861 integrated circuit which was de
signed for use with the COSMAC micro
processor. It prov i<;les the lowest cost graphic 
video disp lay currently available with any 
microcom pu ter. It is lim ited to fairly low 
resol ution appl ications . Higher resolution 
requi res larger refresh memory capacity 
and much more expensive circuits. In five 
years of ex perience I have fou nd th is resolu
tion adequate for large numbers of ap pl ica
tions. A very inex pensive color graphics 
add on is being pl anned for this display. 

Ph ysical ly, the COSMAC VIP consists 
of a single 8.5 by 11 inch (21.6 by 27 .9 cm) 
printed ci rcu it card that sits on rubber feet 
(see photo 1). The hexadecimal keyboard 
occup ies the lower right hand corner of the 
card. The power pack plugs into the wall 
and is connected to the card with Lwo wi res. 
Three shielded cables are needed for con nec
tion to the video monitor, the cassette re
corder mike input and the earphone output 
jack. These cables are readily avai lable at 
local electro nics outlets. 

Assembly time for a COSMAC VIP kit 
is two to three ho urs. IL involve soldering 
the com ponents into the card. No individual 
wiring is required, other than the above 
extern al connection . The assemb ly instruc
tions and printed circuit card were designed 
with the experienced kit builder in mind. If 

you have never built a kit you would be 
better off fi nding a friend with a sharp eye, 
steady hand and fi ne point soldering iron to 
hel p you ou t. Assembled versions wi ll be 
ava il able and a plastic cover for the card is 
plan ned. The pri nted circuit card can also 
be mounted in you r own box with the key
board, single operating switch and three 
LEDs remounted on the surface of the box. 
On ly 19 integrated circuits are used in the 
2 K byte standard system. A single +5 VDC 
supply comes with the kit an d powers the 
computer. Only 350 mA, average current, 
is required with mos t of the current used 
by the NMOS programm11ble memory. Th e 
CDP1802 COSMAC microprocessor is the 
key to the low power and relati vely few 
integrated circuits requ ired for a system of 
th is type. 

System Expansion 

The COS MAC VIP was designed as a com
plete, stand alone, graphic home computer. 
Hardwa re hackers will, of course, not be 
sa tisfi ed with the standard system and wil l 
want to add a variety of gadgets of their 
own. Expansion capabil ity was therefore 
designed in to the system. First, you can 
increase memory to 4 K bytes by just adding 
fo ur ICs to the prin ted circuit card. This 
perm its more sophisticated programs for a 
system of this class. A comprehensive, 44 
line interface is provided that can be used to 
ad d al most anything to the system includi ng 
up to 32 K bytes of program mable memory. 
This interface provides all the COSMAC 
microprocesso1- signals . A fair amoun t of 
technica l skill is, of course, required by 
hackers who actually use these lines. 

For novices who want to add existing 10 
devices such as rel ays, music synthesizers, 
printers, or an ASCII keyboard, an easy 
to use parallel 10 port option is provided. 
Adding fo ur read il y avai labl e ICs to the 
printed circuit card provides an 8 bit ou tpu t 
port and an 8 bit in pu t port plus hand
shaking signals on 22 interface pads. A 
standard 22 pin card socket can be used for 
co nnecting ex ternal devices to these ports. 
The output lines can drive two TTL loads. 
The in put lines arc high impeda nce, 22 K 
ohms or more. 

Software and Documentation 

Two manuals are provided with the 
COSMAC VIP system. The COSMAC 
microprocessor u e1- manual is for those who 
want to get involved with the detail s of 
machine language programming. The 
COSMAC VIP manual provides al l the in 
ro rmatio n rcq ui rnd to assem bl e, run , pro
gram and tro ubleshoot the system. Every 
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THE LATEST IN TAPE SYSTEMS 


~ODEL CC-8 - $175.00 

4800 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NRZ type Recorder 
with remote motor start/stop. Error rate 108 at 
4800 BAUD. Can be used from 110 to 4800 
BAUD into a UART or "Bit Banger PIA" - no 
clocking required. This is not an audio recorder. 
It takes RS232 or TTL signals from the 
terminal or computer and gives back the same 
signals. No audio interface is used. Motor 
start/stop is manua l or through TTL or RS232 
signals. 

Tape speed is 3.2"/second nominal; 1.6"/sec. 
optional. 110 volt, 60 Hz, 5 watts. (220 Volts 
on special order) . Can use high quality audio 
cassettes (Philips Type} or certified data 
cassettes. Can be used in remote locations from 
a 12 Volt battery. 

Recommended for DATA LOGGING, 
WORD PROCESSING , COMPUTER 
PROGRAM RELOADING and DATA 
STORAGE. Especially recommended for 6800 
systems, 6502 systems, 1800 systems and 
beginners with the 8080 systems. Manual 
control except for motor start/stop. 6800 or 
8080 software for file or record searching 
available on request with order. Used by major 
computer manufacturers, Bell Telephone and 
U.S. Government fo r program reloading and 
field servicing. AVA ILABILITY - Off the 
shelf. 

MODEL 3M3A - $220.00 

50 KILOBAUD CARTRIDGE RECORDER 

This is a self clocking ( 1 / l) high speed 
recorder. Loads BASIC in under 2.0 seconds. 
Recording is done at 19.2 Kilobaud. Playback 
at 30 Kilobaud. File or Record searching is 
done at 50 Kilobaud and loading is automatic. 
Worst case access time about 2 minutes for up 
to 2 megabytes on the 3M Data Cartridge. 

Tape speed 10"/sec. on record, up to 
30"/sec. on playback. Records one clock track 
and one data track on each pass (2 passes} . 
Recording is NRZ unencoded from RS232 or 
TTL signals. 

This recorder requires one Parallel port for 
motor control, and one serial port for data and 
clock. (Cannot be used witl1 UA RT's or UART 
boards such as the 3P+S) . Used with USA RT's, 
ACIA's or other 1/1clocking1/0 devices under 
software control on ly . No manual contro ls. 
Software for 8080 and 6800 available. Power 
supply is built in, 11 OV, 60 Hz. 220 V, 50 Hz 
for export. 

AVA i LAB ILITY - 90 Days 

2510 (H) CONTROLLER 
$190.00 ($160.00 Kit) 

PROVIDES MONITOR AND TAPE 
SOFTWARE in ROM TERMINAL and TAPE 
PORTS on SAME BOARD CONTROLS ONE 
or TWO TAPE UNITS (CC·8 or 3M3A) 

This is a complete 8080, 8085, or 280 
system control ler. It provides the terminal 1/0 
(RS232, 20 mA, or TTL} and the data cartridge 
1/0, plus the motor controlling parallel 1/0 
latches. Two ki lobytes of on board RO M 
provide turn on and go control of your Altair 
or lmsai. NO MORE BOOTSTRAPPING. Loads 
and Dumps memory in hex on the terminal, 
formats tape .cartridge files, has word processing 
and paper tape routines. Best of all, it has the 
search routines to locate files and records by 
means of six, five , and four letter strings. Just 
type in the tile name and the recorder and 
software do the rest. Can be used in the BiSync 
(IBM) , BiPhase (Phase encoded} or NRZ modes 
with suitable recorders and interfaces. 

Th is is Revision 7 of th is controller. This 
version features 2708 type EPR 0 M's so that 
you can write your own software or re locate it 
as desired. One 2708 preprogrammed is 
supp lied witl1 the board. A socket is availab le 
for the second ROM allowing up to a full 2K of 
monitor programs. 

Fits all 5100 bu s computers using 8080 or 
Z80 MPU's. Requires 2 MHz clock from bus. 
Cannot be use; with audio cassettes without an 
interface. Cassette or cartridge inputs are 
RS232 level. 
AVAi LABILITY - Off the shelf. 

OVERSEAS : Export Version 220 volt 50 hz. Write factory or : Megatron-Datameg, 80 11 Putzbrunn . Munchen , Germany ; 
Nippon Automation 5-16-7 Shiba, Minato-Ku , Tokyo. Japan ; l-lobbydata , FACK 2001'2 , Malmo Sweden ; G. Ashbee. 17?. 
Ifie ld Road. London SW l 0-9ag: Trintronics, Ltd .. 186 Queen trce t W .. Toronto, Ontario , Canada; EBASA , Enrique 
Barges 17, Barcelon a J4. Spain; ARIES, 7, rue Saint Phillipe du Roulc; 75008 Paris ; Microlem 20131 , ilano Italy; Eagle 
Electric , Capetown, S. Africa. 

For U.P.S. delivery , add S3.00 Overse:1s and air sh ipments charges collec t. . ..J. Residents add 5% Saks Tax. \ RITE o r CALL for further 
inform.ition . Phone Orders on Master Charge and BankAmericard accepted. 

Canadian Distributor : 
Trintronics Limited 
186 Queen Street West 
Toronto, Canada M5V lZl 
Tel : (4 16) 598-0262 NATIONAL MULTIPLEX CORPORATION 

34 74 Rand Avenue, ou th Plainfie ld J 07080 13ox 288 Phone (20 l ) 56 1-3600 TWX 710-997 ·9530 
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program provided in th is manual can be run 
on the standard 2 K byte memo ry system. 
Detailed, drafted logic di ag rams are provided 
and a section of the manual is devoted to 
troubl eshooting techniques. 

Th e most important feature of the 
manual is the number of ready to use pro
gram list in gs provided. I am one of those 
peo ple who fi nd it hard Lo understand 
any th ing unless I can see some exampl es. 
I suspect that a lo t of people are in the 
same boat but don't like to admit it. For this 
reason , plenty of actu al programs are pro
vided . You ca n en ter these programs usi ng 
the hexadeci mal keyboard and record your 
own cassette library . These progra ms were 
developed and debugged using the COSMAC 
VIP system itself to thorough ly test the 
operating system. Most of the programs were 
written in the interpreti ve language provided 
with the COSMAC VIP system. 

Several test programs are pro vid ed to hel p 
you identify and analyze hardware problems 
shou ld they occur. A short test program th at 
can be loaded from the hexadec imal key
board allows reco rding of a test cassette for 
analyzing tape problems. A specia l memory 
test program is provid ed th at wi l I detec t 
most types of memory bit fa il ures and wi ll 
in form you which circu it to re pl ace . 

20 video game programs arc provided . 
These games include target shoo ting, number 
guessi ng, pic ture or pattern generation, 
shooting stars, etc. Let's be honest, a pri
mary application for home computers is 
games. There is noth in g to be asha med of if 
that's all you do with your computer. Chess, 
Go, bridge, tennis and baseball playe rs do 
not constantly apologize for pl aying games . 
The sales of co mmercial games and the 
newer video games show that games fill a 
real need. Many peopl e spen d most of the ir 
spare time watchi ng peopl e getting paid to 
play games on TV. Game are fun, educa
tional and sat isfy bas ic human needs. The 
computer is a super toy. Why not re lax and 
enjoy it? The COS MAC VIP game set per
mits the whol e fami ly Lo enjoy it wi th 
you. Starting with games may even develop 
latent programming interests tha t solv in g 
equations won't. 

Designing Programs 

This is wh ere the fr ustration starts for 
many begin ners. A number of high level 
languages have been developed to make 
comp uters easier to program. These are 
invar iably English language oriented. Th is is 
nice in theory bu L uses up a lot of memory 
in practice. The more popu la r languages are 
also aimed at math and data process ing 
app li cations rather than control, games 
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and video graphics. A unique numerically 
oriented in terp retive language is provided 
with the COSMAC VIP. 

Th is language looks a lot like machine 
language. It provides 31 elementary instruc
tions. Each instruction is two bytes or fo ur 
hexadeci mal digits. Single instr uc tions per
mit genera ting a random byte, reading in a 
hexadeci mal key board digit, disp laying a 
pattern on the TV screen, soundi ng a tone, 
incrementing a variab le, sett ing or testing 
a real time clock, etc. Sixteen 1 byte var
ia bles are provided. Subroutine nesting and 
machine langu age inserts are permitted. 
The interpre ter for this language on ly 
occupies 512 bytes of programmab le mem
ory. Progra ms written in this language are 
ext remely compact . A programmed video 
ka leidoscope requ ires less than 64 instruc
tions. A rocke t launch ing space ship inter
cept video game on ly requires 104 instruc
tions including on screen dec imal scoring. 
It is poss ible to play tic-tac-toe against 
the computer using a 235 instructio n pro
gram th at includ es random mistakes by Lhe 
computer. There is space for programs 
conta in ing up to 592 instructions in the 
standard 2 K byte system. 

I've been usi ng this type of hexadecimal 
interpretive language programming for a 
number of years. It has been learned and 
used by children, engi neers an d programmers 
with no difficu lty . An occasional profes
sional programmer may grumble about the 
lack of self-documentation and the need for 
patches, but the money that th ese features 
cost isn' t coming out of his pock et. New
comers to compu ters migh t even fi nd this 
COS MAC VIP language somewhat easier 
to understand than conventional high level 
languages. This is particularly true if they 
come fro m a hardware backgrou nd . It is 
certai nly cheaper to implement this type of 
interpretive language. Ease of unders tandi ng 
is difficult to measure since everyone is 
differen t. What's easy for one person may be 
diffi cult for another. Newcomers may 
welco me a programming approach that 
sim plifies programming without strain ing 
the ir memory budgets . The home computer 
field is still young enough to to lera te ex
perim enting with a variety of languages. 

Some home compu ter users will wan t to 
get involved with machine language program
ming. They may be interested in deve lo pin g 
th eir ow n languages or learning micro
processors at the detai l level to enhance thei r 
careers. The COSMAC VIP can be directly 
programmed in machine code from the hexa
decimal keyboard , and machine language 
programs can be saved on cassettes. The 
operating system permi ts examination of the 



proce sor's regis ters to facilitate debugging 
mach ine code programs. The external inter
face permits subst ituting a user's read only 
memory based operating system fo r the 
sta ndard one, if ever required. 

Summary 

COSMAC VIP is a compl ete computer on 
one printed circuit card. It is ori ented 
toward control and video graph ics. In price 
and perfo rmance it fi ts in between low 
priced machine language trainers and more 
ex pensive high level language oriented 
systems. It is id eally suited to person al use 
at home and educa tional use in schools . 

COSMAC VIP is bei ng made avail able by 
RCA. It is the resu lt of five years o f deve lop
ment effort in my laboratory wh ich wa 
ai med at produci ng a co t effec tive ho bby 
co mp uter. A low level interpretive pro
gramming language, test programs and 20 
vid eo game programs are provided with 
COSMAC VIP as it is coming to market 
for the fi rst time. Assembl ed and covered 
up vcr ions arc planned. Add ons such as 
color graph ics arc being developed. Family 
fu n, low cos t, and fl exabi li ty were pi-i rnary 
des ign goa ls, wh ich I believe we've accom
plished with th is product. • 

Circle 131 on inqui ry card. 

Circle 130 on inquiry card. 

~ 
~ 

Whether for troubleshooting or analysis at some point Cit 
you"ll need an extender board. Ours offers a built -in logic C 
probe. special edge connector that allows clip lead probing. • 
jumper links in all supply lines. a non-skid probe. .. plus 0 

() good instructions and a rea listic price. 

Q I 
if,~Boards are kit form only. Cal res add tax. ~ 

...,ATIBLE •AVAILABLE IY M,._ 

No bells or whistles... just performance, 
a warranty and a low price. 

............ ,
-----------· .a'9llll:illli• 

~----.......-..... ...... ! •...-.......... 
 i I I . 
For $107.00 take your choice ; the 4K RAM board or the 

alpha video board. For $137.00 the video graphic board 
can 't be matched . (BK RAM and much more on the way.) 

These are not kits, but completely assembled, burned-in, 
tested boards with a 1 year warranty. No soldering , no 
messing , no chance of mis-connections . .. just plug 'em 
in and you 're ready lo go. 

The 4K RAM has the same features and speed as what 
you're used to (500 nsec, no wait states) but with a couple 
of extras you might not expect. Like a mechanical wr ite 
protect switch that gives you posi tive memory protec tion. 
And Visaddress " , an easily accessible switch on top of the 
board for easy to read address selection . 

The alpha video board otrers Visaddress address selec
tion and d isplays 128 ASCII characters : both upper and 
lower case. A standard 16 line by 32 cha rac ter format with 
character selectable video reverse and socketed ROM are 
standard features. (Character generator ROM available with 
standard graphics characters. Optional Greek or ASCII 
control characters available.) 

And our video graph ic board gives you an exceptionally 
easy approach to computer animated dynamic disp lays. 

Our matrix approach allows d irect addressing of each dot 
in an 128 by 96 array, simp lifying dynamic movement. And 
unlike OMA displays, our on-board RAM allows your CPU 
card to do other wo rk during d isplay time and with no 
dynamic RAM problems. And like our other boards , it has 
Visaddress address select ion. 

Quality, assembled boards at less than kit prices. But 
what else would you expect from a company whose prime 
product is electron ic test instrumentation and microproc
essing components? 

Order di rect , by check, BankAmericard or Master Charge 
(Add $1 .50 sh ipping. cred it customers give us all the card 
numbers, please and Ohio residents add 4 V2 % sales tax) 
or contact us for more information. Ken t-Moore Instrument 
Company, P.O. Box 507 , Industrial Ave., Pioneer, Ohio 
43554. (419) 737-2352. 

Kent-Moore 

INSTRUM ENT COMPANY 



Personal Computing Expo

will come to New Yori<! 


PCEPERSONAL COMPUTING EXPO 

NEW YORK COLISEUM, OCTOBER 28, 29, JO, 1977 

It 's a brand new show (in the world 's biggest economic 
center) specifically for manufacturers , buyers and 
those providing services to the personal computing 
enthusiast. For the first time , this booming field will 
have a New York Coliseum showcase . It is planned as 
the largest public show of its type and will attract at 
tendance from the huge population areas of Boston , 
Washington , Philadelphia and Baltimore. 
New York 's is the world 's communications focal point , 
the one place that will put personal computing in a 
significant spotlight . New York is surrounded in depth 

by people who work in the computer field , by com 

puter learning centers , universities , personal com 

puting clubs and thousands of others whose I ives ore 

affected by computers . 

More than 100,000 paid subscribers of BYTE magazine 

will be urged to view the exciting exhibits and to at 

tend the BYTE-sponsored lectures . Circle the dates : 

October 28 , 29 , 30 - and make your plans now to be 

there when Personal Computing Expo comes to New 

York! 


11 Personal Com utin : An idea whose time has come! ''* 
Tutorials by the IEEE 
Computer Society, 
Mid-Eastern Area 
Personal Computing Expo is also joined by the In
stitute of Electrical and Electronics Engineers Com 
puter Society , Mid-Eastern Area Committee, whose 
experienced staff is presenting six day-long 
tutorials at a modest charge. If inconvenient for 

you to attend a tutorial during the show, simply 
sign up for follow-up tutorials on weekends after 
the show. 
Whereas the lectures will provide you with in
formation , the tutorials will teach important skills 
enabling you to use your own computer at home or 
at work. 

TUITION: 
The tuition fee for the tutorial program in
cludes a one-day admission to the 
Personal Computing Expo. 

One 
fotoriol 

Two Three 
Tutorials Tutorials 

Students {with ID) $30 
IEEE Members $40 
Non-Members $50 

$50 $75 
$70 $100 
$90 $125 

Tuition includes hand-out material, in
cluding text and / or hand-out materials. 
Participants will also receive a certificate 
of participation . 

REGISTRATION: 
In order to provide an interactive, learning environ
ment between the participants and the lecturers , 
the number of registrants is limited. Registration is 
accepted on a first -come , first served basis . Early 
registration is therefore suggested . Cancellations 
received before September 15, 1977 will receive a 
full refund . 
To register , make your check payable to the IEEE 
COMPUTER SOCIETY, and moil to : 
Daniel R. McGlynn, Ph.D. 
Tutorial Program Chairman 
IEEE Computer Society 
329 - 84th Street 
Brooklyn, N.Y. 11209 

FOR FURTHER INFORMATION: 
OA the technical content of the tutorials, technical 
background suggested to derive maximum benefit 
from the program , or information on the IEEE Com
puter Society, coll 
Cary Ringel 
Chapter Chairman 
IEEE Computer Society (212) 460-4600 

TIME AND LOCATION: 
The tutorials will be held from 9 AM to 4 PM each 
day in the New York Coliseum , at a location to be 
announced and posted. Participation in the 
tutorials also includes a one-day admission to the 
exhibition area and other lecture programs. 

EXPO TICKETS: 
Will be sent to tutorial registrants about three or 
four weeks prior to the show. 

E'1TI DAILY TUTORIALS AND 
ThoSm•l!ly•..m•)Oo•ool SPONSORED LECTURES 



Exciting lectures 
sponsored by 

Personal Computing Expo is endorsed by BYTE mogozine, whose staff hos contacted prominent speakers 

for on exciting series of lectures. 

V isitors w ill be able to attend these meetings free of charge. The lectures will not conflict with each 

other eliminating the worrysome choice among several equally important topics . In addition, they will be 

repeated on the next day to give you o second chance if you missed o topic . 

lectures ore typically 30 minutes. often with demonstrations and on odditionol 15 minutes for questions . 


Portia Isaacson Ph.D .... Saturday 11 AM and Sunday 12 Noon 
Co-owner of the Micro Store, a personal computer store , in Richardson Texas actively engaged for 12 

years in the computing field in industry and at universities . 

Member of the ACM and IEEE, and chairman of the 1977 National Computer Conference. 

Author of many articles in professional journals and magazines. 

Received a Ph .D. in Computer Science from the Southern Methodist University. 


Personal Computing: An Idea Whose Time Has Come 
A review of what has happened so far in the personal computing field , and an outlook into future 
developments , including those in the computer assisted home. Slide demonstration. 

Sol Libes ..• Friday 6 PM and Saturday 10 AM 
President of the Amateur Computer Group of New Jersey 
Teacher of electronics and computer programming at a community college 
Author of 10 books (work ing on the 11th) and several hundred magazine articles in electronics and com 
puting · 
Received an award for "The Outstanding Amateur Computer Hobbyist of 1976" in Atlantic City by Personal 
Computing 1976 show, and BYTE. 

How to Get Started 
A discussion of typical home computer systems and their essential hardware and software components . 

John H. Diiks Ill .•. Saturday 1 PM and Sunday 2 PM 
President of Personal Computing Inc. and tradefair director of the Personal Computing shows in Atlantic 
City in 1976and 1977. 
Exper ience with various computer systems since 1962. 
Employed by Western Electric Co . Inc., division of the Bell System . 
Member of the Amateur Computer Group of New Jersey and of the Philadelphia Area Computer Society . 
Teaches microcomputer courses in an adult evening program at a vocational school. 

Innovative and Unusual Computer Applfcatlons for the Home. 
Discussion of " far -out " applications of microcomputers and electronic technology for home use , such as a 
child locator and warning device , a home security system, etc. Slide demonstration. 

Robert S. Jones ... Friday 1 PM and Saturday 2 PM 
Publisher.of Interface Age Magazine 
Prior experience in sales and marketing for the semiconductor industry . including Intel, National 
Semiconductor and Analog Devices Inc. 

Personal Computing for the Business Man 
Evaluating business applications for micro computers . including slides showing selected applications. 

Louis E. Frenzel ..• Saturday 3 PM and Sunday 3 PM 
Director of Computer Products at Heath Company . involved in the planning of new computer products . 
Prior to Heath , with McGraw Hill in product planning and design of educational electronic kits . 
Prior experience including computer engineering for eight years 
Author of severol books . home study courses and numerous magazine articles in electronics and com
puters. 
Received a BS in electronics from the University of Houston and a MEd from the University of Maryland 

How to Build Personal Computer Kits 
Tips for successful kit construction. Benefits of kit products for the personal computer user. Including 
slides showing selected computer kits . 

Carl Helmers ... Saturday 4 PM and Sunday 4 PM 
Editor.-in-Chief and co-founder of BYTE magazine . 
Obtained computing experience as a personal way to accomplish artistic and technological goals in 
music. 
Graduated in 1970 with a BS in Physics from the University of Rochester , NY. 
Worked for several years at Intermetrics, Inc . in Cambridge, Massachusetts on the NASA Space Shuttle 
Project. 
Prior to working with BYTE , publication of a small computer newsletter on a part -time basis . 



Computers and Music 
How to create music with computers . Problems of performing electronic music, music under computer 
program control and computer music in conjunction with traditional instruments. Illustrations and ex 
amples from personal experience . 

Jack L. Davies .•. Friday 8 PM and Saturday 5 PM 
Pres ident of Pan Atlantic Computer Systems GmbH , a distributor of various micro computer systems in 
Europe. 
Extensive experience in us ing minicomputers and microcomputers in the US 
Mil i tary Schools in Europe . Designed and developed numerous games and educational programs for 
students in these schools . 

Microcomputers In Education 
Discussion of the many possibilities of using microcomputer systems in schools. Effect of personal com 
puters on students. 

David Fylstra ..• Saturday 6 PM and Sunday 5 PM 
Member of the research staff of the Telecommunications Sciences Center at Stanford Research Inst i tute 
for more than two years . Specialized in microcomputer software and computer simulation of speech pro 
cessing systems. 
Graduated in 1974 with a BA in English and Psychology , Stanford University , Phi Beto Koppa . 
Act ive in the research on communication systems and devices for the deaf. 

Speech Analysis and Synthesis for the Amateur 
Using the personal computer as a device to analyze the acoustical foundations of speech and to formulate 
rules for the control of the speech synthesizer . 

Max Mathews Ph.D. ... Friday 9 PM and S~turday 1 PM 
Director of Acoustical and Behavioral Research , Bell Lobs 
Author of The Technology of Computer Music, and numerous articles. 
Scientifi c Advisor to the Institute for Research and Coord inat ion of Acoust ics and Music (IRCAM) 
Dr . Mathews is often regarded as the "Father of Computer Music" 

Pure.Digital and Real Time Music Synthesis 
The use of the d ig ital computer as a musical inst rument with which composers and performers creote and 
ploy music . Sl ide and tape demonstration. 

Carl L. Holder ... Saturday 8 AM and Sunday 6 PM 
Di rector of Product Management . Planning and Communications at Information Term inals Corp . for five 
years . 
Prior experience, including Memorex Corp ., i n the area of magnet ic media development and testing . 

Present and Future Storage Devices 
Survey and d iscuss ion of current devices and media , includ ing latest technological developments like t he 
charge coupled devices and magnetic bubble memories. Costs, advantages and disadvantages of these 
devices for the personal computer user. Accompanied by sl ides. 

DAILY TUTORIALS--------~ 
There w i ll be two tutor ials offered each day . one aimed at those par ticipan ts wh<:' hove 
little o r no experience w ith mi croprocessors , and the other fo r those already experi enced 

·with m icroprocesso r systems. 

BASIC COURSES 
1. 	Development of Microcomputer Systems for 

Business Use 
Sy Ro tner , embank , N .A. 
- system design concepts 
- economic eff icacy of microcompu ters versus large centra lized 

compuler systems 
- dist r ibu ted processing def in i t ions 
- odvonloges and problem areas 
- network design and arch itec ture 
- dote communica tions aspects 
- case study: desi gn of o slond -o lone workstati o n for dole en· 

lry end r e trieval 

2. 	Development of Microcomputer Systems for 
Home Use 

Cory Ringel , Con Edison 
- survey of simple microcomputer con trol systems for home use 
- selection of ho rdwore : IC's, boards. k i ts , development 

systems 
- programming and so flwore a ids 
- in terlac ing: A I D and DI A convers ion 
- examples: design of o home control system: m icrocompu ters 

for o mus ic synthesizer; com puter TV games . 
- ca se study: use of the M otoro lo 6800 in design of o microcom· 

puter system 
3. 	 Survey and Comparison of Microprocessors 
Donold Lew is. Standard M icrosystems In c. and other speakers 
- defini tions ond d istinctions be tween A LU-ch ips , controllers , 

microprocessors . m icrocompulers 
- cu rren t opplico tions 

- microprocessor orchilec tures (bi t -slice , 4-b i t , 8-b it , 16-bi t , 


m inicomputer · type) 
- vendor survey 
- performonc:e evaluat ion ond criter io for selection 

INTERMEDIATE/ ADVANCED COURSES 
4. 	 Microprocessor Interfacing 
Donald Lewis, St andard M icros ystems Inc. 

- in terface com ponents (periphera l in terface chips , UAR TS , 


e tc. ) 
- interface standards (IEEE 488. RE 232C, S-100. elc.) 
- in terfacing to keyboards 
- int erfacing lo cose tte and floppy disk drives 
- in terfacing to d isplay devices 
- case study : how to design o CRT te rm inal 

S. 	 Microprocessor Programming and Software 
Dona ld l ewis. Standard M icrosystems Inc . 
- sof twa re design : llow-chortlng, sett i ng breakpoin ts, 

d ocumenta tion , e lc. 
- a ssembly language for the In tel 8080, 8085, Z-80 . M o torola 

6800 
- instruc t ion types and addressing techniques 
- use of the stock 
- in terrupt handli ng a nd d i rec t memory access (OMA ) 
- software deve lopm ent a ids 
- h igh level languages for microcompu ters 

6. 	 Technology Analysis and Forecast of Future 
Microprocessor Structures 

Don iel R. M cGlynn. U.S. Ph ilips Corp . 

end Wiii M olhys. MOS Technology Inc. 

- emergence o f specialized compu ta tional elements (SCE ) · 

- o rchitecturol evolu tion (s tock processors, reconfigurable ar 

chi tec tures. mult i- level logic) 
- resource management techniques 
- soflwore evo lution (nono ·progromm ing , extensibl e i ns t ruc

t ion se ts, struct ured programming m odules . very-high -level 
longuoges) 
- evolution of sem iconductor technology o f m icroprocessors 
- microprocessor architecture a t the chip level 
- case studies : design o f M OS Technology 's new 8-bi t and 16-bl t 

processors 



Personal Computing Expo to be 
produced by 
H.A. Bruno & Associates 
H.A . Bruno & Associates , Inc .. hos been prominent in 
the exposition and promotion fields since 1923. Highly 
skilled in the production and promotion of consumer 
and trade shows , the company currently promotes the 
American Energy Expo , the Notional Boot Show , Auto 
Expo/ New York . Promotion assistance a lso is current 
ly rendered to the Notional Computer Conference 
and the Triennia l IFIPS Congress in 
Toronto . 
The show producer hos promoted successful shows in 
the New York C0liseum every year since the building 
opened in 1957. Stoff personnel ore thoroughly 
fomilior with the building , its services , management 
and labor. 

Interesting, educational exhibits 
of Personal Micro Computers 
The lectures and tutorials ore not just theory! You will 
be able to see a multitude of micro computers. Try out 
various demonstrations : fascinating games, even in 
color; sma ll business applications ; computer produced 
speech ; music ; color graphics ; and many more . Micro 
computers ore not only smal l and portable , also you 
will need only a " micro budget" to be able to take 
them home. 

Show Hours and Admission 
Persona l Computing Expo hours ore as follows : 

Friday , Oct . 28 - Noon to 10 p.m . 

Sot. Oct. 29 - l 0 o . m . to l 0 p . m . 

Sunday . Oct. 30 - Noon to 7 p . m . 

General Adm ission : $5.00 (includes free BYTE lec

tures ) per day . 

Two-day Tickets : $9.00 (advance sole only) 

Three-day tickets : $13 .00 (advance sole only) 


General Information 

You may find it odvontogeous to purchase two or 
three-day admission tickets in advance. These are 
available by mail only , no later than October 10, 
1977. Use coupon below. 

Group rotes (l 0 or more persons) qualify for $1 .00 
off regular prices . Arrangements must be mode by 
mail prior to October 10, 1977. 

Special arrangements hove been mode if you 
desire to stay overnight . Our headquarters hotel , 
the Barbizon -Plaza , is located on Central Park 
South , two blocks from Columbus Circle. Single 
rooms available at $34 .00 per night ; $40.00 double , 
plus tax . There 's a weekend pion: $22 .95 daily , plus 
tax per person , double occupancy . .. incl1,1des 
breakfast (brunch on Sunday ) and meal gratu ities. 
Children under 14 in some room with parents , free . 

For hotel reservations and information , coll toll 
free (800) 223-5493 . From New York State co ll (800) 
223-5963 . 

For those traveling to New York by air , American 
Airlines offers a convenient service through ar
rangement with Personal Computing Expo. For in
formation , coll toll free (800) 433-1790. In Texas the 
number is (800) 792-1150. From the West Coast . 
round trip fore via American is only $227 .00. 

20 ,000 persons are expected to attend and view the 
more than 200 exhibits by personal computer 
manufacturers and retailers . 

Personal Computing Expo will occupy the 4th floor 
of the New York Coliseum. It is located on 59th 
Street and Columbus Circle - the geographical 
center of New York City . Garage parking in the 
building is available . 

For answers to any questions pertaining to your at 
tendance at Personal Computing Expo , contact the 
Show Manager , Ralph Ianuzzi , at Area Code 
212/753-4920 . 

Advance sale of tickets available ... Three days '13 

Two days s9 . .. General Admission '5 


MAIL THIS CONVENIENT ORDER FORM NOW! 


r-----------------------------•
I Personal Computing Expo admission is $5.00 per day. Advance reservation eliminates I 

I 

waiting in line. Order advance tickets with this coupon. Admission ticket includes access I 

to exhibits, lectures and tutorials. 

I Please send me advance registration tickets for three days, Oc- 1
I tober 28-29-30. Total cost $13.00 per person. 1
I Please send me advance tickets for two days, October and I 
I October . Cost is $9.00 per person. I 

Please send me advance tickets for one day, October . Cost I
I is $5.00 per person.
I Make all checks payable to PERSONAL COMPUTING EXPO, and mail to: I
I Personal Computing Expo, 78 East 56th Street, New York, N.Y. 10022. I 
I Name Amount enclosed$ I 

Address
I City State Zip______L-----------------------------J 


I 



A Note About 
Prices in This and 
Other Book Reviews 

Readers should be a
ware that publisher's prices 
are subject to change with
out notice. Wh ile we checl? 
the accuracy of prices at 
the time book review copy 
is prepared, occasionally 
prices may have changed 
by the t ime subscribers re
ceive their B YTEs. 

Expanding Your Computer Library 

What do you do wiLh your sys tem? Where 
is all the appli cations software? These are 
queslions frequen Lly posed by people who 
are trying Lo find out abo uL mall com
pu ters. Aside from games, which arc a 
challenge to wri te as we ll as pl ay, applica
tions software seems somewhat carce. In 
this article, I 1·ecommend some books Lhat 
can introd uce you to the world of computer 
applications. Most of the books discussed 
below conta in program list ings in BAS IC or 
FO RTRAN. Othe1·s do not, but are useful 
for the weal th of ideas OI" method pre
sented. 

At the head o f my list is a re markab le 
book, Scientific and Engineering Problem
Solving with the Computer, by Wi II iam 
Ra lph Bennett Jr (Prentice- Hall, NJ. 1976, 
hardcover, $17 .95). Based on a co mpu ter 
course which D1· Bennett taught at Yale, the 
boo k introduces you Lo BAS IC pro
gramm ing, then rapid ly b1·anchcs out Lo 
explore many unusual, but h ighly fascinating 
problems in va1fous areas. Chapter headings 
incl ude " Plott ing and Graphic Display," 
" Dynamics," "Random Processe ," "Wave 
Mo Lion and Fou1·ier Series," "Electronics 

·and Commun ication," and "Language" (a 
sin gul ar ly intriguing subject; cip hers, random 
text generaLion, and compu ter identification 
of authors are some chapter subheadings). 
Program examples in Lroduce you to com
puter applications in Lhese areas, and Lh ere 
arc do-it-you rself problems lo so lve. Refe r
ences arc given al Lhe end of each chapter Lo 
fac ilitate furth er 1·escarc h. A reasonable 
knowledge of maLhemat ics, such as college 
leve l calculus, is useful, buL certain ly not 
neces ary Lo enjoy this text. Dr BennetL's 
writing sty le is refreshing ly i11 formal, and 
quite humorous in places. A wo1·d of warn
ing : You will be extremely frn st.r atcd if you 
buy this text and do no t have a machine on 
which to cxperi men t. 

Numerical methods ai-e the mainstay of 
programming. Unlike analytical methods, 
which yield answers in terms of symbo ls or 

equations (the way you did things in algebra, 
trigonometry, etc}, numerical methods are 
compute r or ienLed, and yield digital answe1·s. 
Typical numerical algorithms (a prescri bed 
step-by-step way of carryi ng out calcula
tio ns) are used to approx imate functions 
(trig, log, etc), solve equations, find areas 
and volumes (integra tion), or the inverse, 
rates of change (differentiation). solve diffe r
entia l equations, man ipul ate matrices, and 
nu merou other procedures. 

Though Bennett describe so me nu meri
cal meLhods, there are more detai led books 
on the subject. Two of Lhe best I have 
encoun tered are Numerical Methods for 
Scientists and Engineers, by Richard W 
Hamming (McGraw-Hil l, ew York, 1962, 
hardcover, $18.50) and Numerical Methods 
for Digital Computers, Volumes 7 and 2, by 
Anthony Ra lston and Herbe rt S Wil f (Wi ley, 
New York, Volume 1, 1960; Volume 2, 
1967, , 17.25 and $19.25 respec tive ly). Both 
of these cover algoriLhms for numerica l 
procedures me ntioned above, and considei-
ably more. Hamming's book is a text, with 
descriptive chapters on each majo 1· subject. 
There are 11 0 program listing , buL the 
algor ithms are not terrib ly diffi cult to tran 
late into a computer acceptable form. The 
book can be used for self-instruction, and a 
knowledge of calcu lus is helpful. Ralston 
and Wi lf's books are more refere nce
oriented. It is easy Lo find the algorithm for 
yolll· particular need. The first (earlier) 
volume doe not contain spec ific program 
listings, though flowcharts are abundant. 
The eco ncl vo lu me does have listings, 
mostly in FORTRAN and LGOL. Thi 
volume also includes an in trod uction to 
programm ing in both FORTRAN and 
ALGOL, though it i somewhat out of date . 
Ral ton and Wi lf's volumes are more useful 
once you have some experience wiLh numeri
c, I programm ing. 

A very fine Lext in numer ical methods is 
Applied Numerical Methods, by B1·ice 
Carnahan, H A Luther and j ames 0 Wilkes 
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Talk to your computer for $299 

~ithSpeechLa6. 


Use SpeechLab to directly 
control any S-100 Bus Com
puter such as Sol IMSAI ,Altair 
andsoon.SpeechLabcan 
teach you almost as much as the 
Bell Laboratories know about 
voice recognition voice control 
and computer input. 

SpeechLab digitizes and 
extracts data from speech wave 
form and applies pattern 
matching techniques to recog
nize the vocal input. Response 
is real time . The system 
featu res 64 bytes of storage per 
spoken word and can handle 
up toa 64 word vocabulary. And 
recognition after very little 
practice is 95 percent or better. 

$299"' assembled and tested 
When we talk price every

body's skeptical. And why 
not? We give you a complete 
hardware/ software system 
a 275 page laboratory manual, 
95 page hard ware manual 
and high fidelity microphone. 

The lab manual includes 

paper tape, assembly language 
speech recognition program 
in source and paper tape hard
ware self-test program in 
source and paper tape. 
SpeechBasic plot, correlation, 
recognition and advanced 
recognition programs are 
offered in source. 

Hard to believe, you bet. 
True? A Los Angeles customer 
says ' I love your kit!!! I 
have 40 boards and 2 IMSAI's 
and your kit was the best 
documented of them all. I love 
the way you integrated the 
software and hardware to
gether. I love your lab manual. 

We loved those comments. 
They tell the story better than 
we ever could. The LA cus
tomer did ask who the founders 
of the firm were so he could 
relate better. They're a couple of 

gifted young engineers who 
got tired of the big firm, big tech
nology trip and decided to take 
a chance with a better idea. 

You can't get better quality 
You can't get more performance 

Sure more complex, 
higher price equipment is avail
able for about 50 times more 
money. It wont do much more 
than you can do with Speech
Lab. And the quality and 
state-of-the-art engineering 
can't be any better. We use 
CMOS design for low power 
and ultimate reliability. 

See SpeechLab at your nearby 
co1nputer store 

Selected computer stores 
have SpeechLab on display. 
Visit your nearest. If he doesn't 
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(Wiley, New York, 1969, hardcover, 
$21 .95). Th is book uses so lved and unsolved 
problems to illustrate the major concepts of 
numerical problem solving. Numerous useful 
program listings are given in FORTRAN , 
along with sample computer runs. Like 
Hamming's book, this is a text, but is less 
general in scope. The programs, however, 
ma ke it most attractive, as it is sometimes 
easier to understand an algorithm when pre
sented in coded form. The problems chosen 
as illustratio ns are engineer ing oriented. For 
example, the book uses r·adiant interchange 
between plates, displ aceme nt of a cam
follower, flow in a pipe network, member 
forces in a plane truss, and transient behav
ior in a resonant cir·cuit. The programs are 
organized as subroutines which you can easi
ly use for other purposes. 

Graphical presentation of data is dis
cussed in Bennett and Carnahan et al, with 
some program examples. For those of you 
with some sort of computer graphics facility, 
or an inter·est in graphics, Mathematical 
Elements for Computer Graphics, by David 
F Rogers and j Alan Adams (McGraw-Hill, 
New Yor·k, 1976, paperback, $9.95) pro
vides an exce ll ent software "how-to" (unless 
you have a system with hardware graphics 
functions). The book has chapter·s for each 
major graphic function : rotate, transl ate, 
reflect, project, perspective and stereo view. 
A major· bonus is a complete set of program 
listings for use in any BASIC that has true 
subroutine call capabi lity (like FORTRAN). 
They can easi ly be rewritten to accommo
date other dialects of BASIC. The book is an 
excellent reference and text. Some knowl
edge of ana lytic geometry and tr igonometry 
is helpful. 

While Carnahan et al briefly examine 
chemical engineering, a more thorough book 
on programming in chemistry is FORTRAN 
IV in Chemistry, by G Beech (Wiley, New 
York, 1975, hardcover, $23.50) . In addition 
to programs for simu la ti on of lab prnblems 
on the college level, there is much material 
on theoretical chemistry (quantum and 
classica l mechanics). as wel I as practical la b 
problems. These problems are comple
mented by FORTRAN lis tings and sample 
runs. This is a specific text, and if your 
interest is in chemistry, you might easily 
find a computer app li cation based on the 
materia l in th is book . Topics include: 
numerical methods, kinetic and thermal 
problems, spectrometry, atomic and molecu
lar orbital theory, and data acq uisi tion in 
chemistry. Familiari ty with the noncom
puter approaches to chemistry problems and 
a knowledge of FORTRAN are useful in 
reading thi s book. 

Bennett, Carnahan et al, and Beech have 
chapters devoted to statistics, an area in 
which the computer has proved of ine li
mable value. Markel analys is, reliability 
Le Ling, election results projections, and even 
scholastic test ing would be nearly impossible 
without the computer. The basic programs 
are relatively easy to write, but the more 
advanced techniques, incl uding analysi of 
variance and factor analysis, are considerab ly 
more com pl ex. 

Two books serve as exce llent guides to 
statistics by computer. Biomet1y, the Prin
ciples & Practice of Statistics in Biological 
Research, by Robert R Sokal and F James 
Roh If (W H Freeman, 1969, hardcover, 
$18. 50) is a textbook of statistical method
ology. It is well written and clear, and as an 
added feature includes a complete library of 
statistics programs in FORTRAN. These are 
all sub routines which you can assemble to 
perform the task at hand. The book is 
oriented to biological research, but the 
methods are easi ly ada pted to other 
situations. 

FORTRAN Programming for the Beha
vioral Sciences, by Donald j Veldman (Holt, 
Rin ehart and Winsto n, New York, 1967, 
paperback, $5.98) is not as thorough as 
Sokal and Rohl f, but is more concise. It has 
a chapter devoted to learning FORTRAN, 
and a set of statistics programs in 
FORTRAN. These two books assume a 
knowledge of mathematics through ele
menta ry ca lculus, but the mathematical dif
ficulty varies with the particular topic . These 
texts have served me we ll, and I have even 
been ab le to earn some extra income by 
doing stat istical analysis on research data. 
Believe it or not, there is a large number of 
people who stil l do statistical calculations on 
nonp rogrammable calculators. 

A book re lated to my field of endeavo r· is 
Computer Techniques In Biomedicine and 
Medicine , ed ited by Enoch Haga (Auerbach, 
Philadelphia, 1973, hardcover, $24.95). 
This collection of articles is divided into two 
major parts: simulation and modeling, and 
data acqu isition and management. The ar
ticles vary in complexity and specific ity. 
Topics i:1clude simulation with appl ications 
in cardiovascular and pharmacologic research, 
data base accumulation, image processing, and 
the role and potential of minicomputers in 
medicine. Some topics contain sample pro
gram listings and flow diagrams. Other top
ics, especially those on data base management, 
are quite general, but applications would be 
highly dependent on the particular data base. 
The book serves as a good starting point for 
exploring the rapidly growing field of bio
medical computin g. 
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Circle 133 on inquiry card 

Th i~ ha been a brief in troducLion Lo 
elec ted book on appli ca t ion programming. 

Because rny invo lvcmelll in compuLing i 
orienlecl t sc ientific application , Lhe 
book I 've c creel here arc mo tl y cience 
and engineering tomes. The amou nt of 
FORTRAN usage in these books is also 
large, bul il has been my personal experience 
that FORTRAN and BASIC can be cl ircclly 
Lra n lated, i f aLtenLion i pa id Lo proper 
language ru le . An elementary text on 
FORTRA N i al way handy Lo have as a 
reference for yn Lax . If you know BAS IC, 
FORTRAN is not at all difficult to lear n. 

The books mentioned are no t inex pen
sive, bul they serve as good investments i f 
they help you so lve a problem, or pose a 
problem you become interested in solv ing. I 
wou ld encourage you to examine the e 
books, if you can, before you buy them. A 
well stocked college scie nce or engi neering 
library hould have many of them avai lable. 
Th is review might also se rve to encou rage 
you to wrilc about your favo ri te computer 
books.• 

Steven C Horii MD 
40 Waterside Plaza, 15F 

New York N Y 100 10 
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Continued from page 17 

ation returns the result 75. This dua l use of 
a symbol, like the concept of valence applied 
to functions, may seem strange and even 
confusing upon first encounter. Familiarity 
soon reveals that adoption of th is procedure 
is a source of considerable economy in the 
language. Th ere are only a few operators in 
APL so far, but they impart gr-eat power to 
the language . Implementation of new opera
tors will likely high light subsequent develop
ment of this exciting language. 

Some insight into the evolution of APL 
has been provided by the innovator of that 
language, Kenneth Iverson , and his co llabo
rators. When the history of its development 
is widely ap preciated, APL wi ll be een as 
one of the great in te ll ectual achievemcms of 
this century. Iverson is a mathematician who 
is keen ly aware of inconsistencies th at have 
long plagued his di scipl ine and is eager to 
avoi d those blemishes in APL. Nevertheless, 
the distinction drawn here between function 
and operator was not made in the earliest 
versions of the language. Only after opera
tors were recognized as "composite func
tio ns" did the matte r receive the attention 
that brought it into li ne with the ge nerality 
that is a basic theme of the language. 

Arnold cer·tainly is not alo ne in using the 
older terminology . He cites a widely used 
textbook th at deals rather lamely with this 
point. A more recent textbook on the lan
guage (one author a mathem atician and 
promi nent user of APL ) uses th e terms 
function and operator interch angeab ly and 
appears determined to promote the con
fusion that originators of the language have 
been at pains to dispe l. 

BIBLIOGRAPHY 

1. 	 Falkoff, A D and K E Iverson, "The Design 
of APL," IBM J Res Develop 17:324-334, 
1973. 

2. 	 Forsythe, G, "What to Do Until the Com
puter Scientist Comes," Amer Math Monthly 
75 :454462, 1968. 

3. 	 Iverson, K E, "APL in Exposition," Tech 
Rept 320-3010 IBM Ph iladelphia Scientific 
Center, 1972. A section of th is excellent 
l itt le volume entitled "The Computer : A Device 
for the Automatic Execution of Algorith ms" 
is particularly appropriate to your journal and 
should be reprinted if at all possible. 

An anonymous contributor to Scientific 
Research (1969) po ed two interesting 
questions: "To what extent are scientists 
beginning to use programming languages to 
describe or model their problems in pref
erence to normal mathematics? " " Is it 
possible that researchers wi ll some day 
automatica lly think in FORT RAN or 
BASIC instead of algebra or calculus?" 
Positive answers to those questions could 
scarcely have been framed then, even by 
enthusiastic users of those languages. If 
those enquiries now be made of APL, there 
can be little doubt of affirmative answers. 

As Forsythe (1968) pointed out, "The 
most valua ble acquisitions in a scie ntific or 
technical education are the general -purpose 
mental tools that remain serviceable for a 
lifeti me." APL certainly fits more com
fortab ly into that category than does any 
other la nguage by which we now try to 
instruct computers. APL is sometimes 
referred to as lverso n's notat ion; hence 
it is appropriate to recall a remark attrib
uted to Bertrand Russell: "A good nota
tion has subtlety and suggestiveness which 
at times make it seem almost like a live 
teacher." That notion seems to have been 
crystallized in APL. Iverson will eventually 
be recognized as the teacher of the century. 

The story of APL includes a lesson tha 
our overst ressed society might do wel I to 
ponder, namely the importance of providing 
some shelter from expediency for the de
velopment of any signif icantly new idea. The 
small team in itial ly in volved in design and 
impleme ntation of APL were not subject to 
strong duress to get their kite in the air. 
They did not have to settle for the com
promises by which committees have pro
duced such regrettable languages as say 
PL/I. Instead, they were able to indu lge the 
luxury of Quaker co nsensus in reaching 
important decisions. Our greatest deb t LO 

ear lier computer languages may well prove 
to be the lebensra um they provided for the 
development of APL . Thi s remark able lan
guage wil I undoubtedly undergo considerable 
further evolu tion, some of which wil l urely 
be influenced by its use with microcom 
puters. It must be impl emented throughout 
the computer world. Those involved with its 
development and impleme ntat ion should 
consider its history very carefully. 

Our thanks to Mr Anthony for his com
ments about Mark Arnold's article and about 
the present and future status of APL. • 
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Why People Get Hooked on APL 


Allen Atwood Ill 
Am 2-501 
472 Memorial Dr 
Cambridge MA 02139 

The first question one 
must ask when thinking 
about the implementa
t ion of a new language is 
whether or not the lan
guage is capable of solving 
the problems commonly 
solved on that machine. 

APL, A Programming Language, is one of 
the most powerful interactive languages in 
use today. I ts rich set of operators is ol"i 
ented toward operating on groups of data 
with the same freedom th at other languages 
operate on single data items. These op
erato rs give the la nguage the breadth lo han
dle an amazingly wide range of computing 
problems. This article explores APL 's ap
plicability to personal computing, and looks 
at some of the ways that APL can be prac
ti cal ly imp lemented on the smal l system. 
Particular attention is given Lo the problem 
of storage ma nagement. References in th e 
article to the internal workings of an APL 
interpreter for a microco mpu ter perta in 
to the APL interpreter currently under 
development by the Microsoft Company 
for use with the Intel 8080 chip. This 
interpreter (being imp lemented as this is 
written) wil l include , significan t subset of 
APL, des igned to contain most of the 
features avai lable on large APL systems, 
excep t fo r those parts of the language 
wh ich pertain to a mu ltiuser environme nt. 

The first question one must ask when 
thinking about the implementation of a new 
language on a machine is whether or not 
the language is capable of so lving the prob
lems commonly so lved on th at machine. 
With APL, the answer is a qualified yes. 
Since the language is interpretive, it will 
never be as fast or as efficient as assemb ly 
language or a true compiler; one would not 
wan t to refresh a display from memory 
us ing APL. On the other hand, APL is a far 
less cum bersome programming language 
than assembly language. Clear ly then, APL 
can be LI ed to solve the prob lems (and play 
the games) that are present ly implemented 
with BAS IC, an area where APL excels. 
As an interactive system, like BAS IC, APL 
is easy to prog ram with and debug, and it is 
also considerab ly faster than BAS IC. 

The heart of APL 's speed lies in lhe 
abil ity to ex press highly complicated algo

rithms with a few keystrokes . This gives the 
language a double adva ntage over BAS IC . 
Part of the speed improvement will come 
about simply because APL programs are 
shorter than their BAS IC coun terparts. The 
interp reter wastes less time analyz ing the 
program and spend more time manipulat· 
ing the data. The other, more subtle, speed 
advantage lies in the speed of the functional 
ubrout ines that are built direct ly into APL. 

As an example, consider this BASIC routine 
which calculates the average of the data 
items in the N element array 

1000 S•O 
1010 FOR l=rl TO N 
1020 S•S+A<I> 
1030 NEXT I 
1040 S•S/N 

The routine exits with S being equal to the 
average of the N items in the array . Now 
compare that with an APL routi ne that per
forms the same function : 

S+-( +IA )7 p/1 

Notice that the entire loop, Iines "!010 
thru 1030, is reduced to the expr-ession +/. 
Th us BASIC, whi le summing up the array 
elements, must go through great convolu· 
tions to achieve the desired resu lt, including 
perform ing the subscrip t calculation A(I) N 
times and storing the temporaries S and I in 
memory each pass through the loop. Th is 
involves considerab le overhead , including 
looking up S in the symbol table every time 
through the loop, skipping over any remark 
statements left in ide the loop, calling the 
for·mula eval uator Lo analyze the LET state
ment in line 1020 each time through the 
loop, etc. The BASIC routi ne is also fairly 
cumbersome to use as a subrouti ne, because 
one must be sure that the loop variab le I is 
not confused with some import nt piece o f 
data (with the same name) in the calling 
program. 
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APL , on the other hand, does the entire 
calcu lation in a very fast loop internal to the 
in terpreter, kee ping the sum in a pecial 
memory location (or possibly an 8080 re
gister, depending on the magnitude of the 
temporttry). No t counting the time spent 
lexically analyzing the line, one would be 
hard pressed Lo write an assembl y language 
program that performs the summatio n faste r 
than APL does. The time overhead of ana
lyzing the line, wh il e measurable, is a fa il"i y 
insignificant percentage of the total time 
spent, both because it is only do ne once, and 
because the line is only nin e characters long. 
APL also re li eves the programmer of the 
poss ible variable conflict between the loop 
variable I, and another use of I in some 
other part of the program, since it does not 
use a named var iable as a temporary . 

APL's operators can be used in combina
tion to perform cons iderably less trivial 
tc1sks than averaging an array. Consider Lh e 
Followi ng APL function ca ll ed SORT. Thi 
function sorts an array o f alphanumeric 
str ings in to an order specified by another 
str ing called an "alphabet" strin g. SORT 
tttk es two arguments: the string array lo be 
ortcd, and th e al phabe t to be used during 

the sort. As an examp le, we firs t assign the 
string ABCDEFGH I j KLMNOPQRSTUVW 
XYZ to th e variable ALPHABET. 

Th e request: 

ALPHA BET ORT FOO 

would then cau c APL to type the tring 
array FOO sorted into norm..J' alphabeti ca l 
urder. Other common permutations are 
easy to achieve; one could use the reverse 
operator (4>) to ge t revcr e al phabet ica l 
order. In this case, the proper APL incan
tation wo uld be : 

( ¢ ALPHA BET ) SOR'J' FOO 

Well, what docs it take to write thi magica l 
SORT in AP L? The function sort is de
fined a fol lows: 

VR ALPH!I SOR'l' LJ.:;'J' ;TEMP 

[ 1 J TEMP ( pLJ. ']'+( ALPHA I ' 

,ALPHA ) 1LIS'l' ) I 2 J 
[ 2 ] LI ST-<-LIS'I' LJ. LIST [ ; TEMP}] 
[ 3 ] +2xt0 7!TEM -TEMP- 1 

[id R+ALPHA [ LIS'I']V 


In Lh c first line (often cal led the funcLio n 
header) the fun ction i dec lared as having 
two arguments which are a igncd the value 
ALPHA and LIST during the execution of 
the function. TEM P is dec lared as a tempo
rary variabl e, used o nl y inside the function, 
and R is dec lared as the va lue variable of the 
functio n. Thus when the function is ex ited 

the value rewrncd will be th e value of R. 
Al l fo u1· of these variables arc local to the 
function; that is, they will be cleared. Thus 
any pace they use wil l be recla imed upon 
ex iling the fun ction . Al o, if there were any 
varic1blc with Lh esc names .i lrcady in ex is
tence, the old va lues are pu hed onto the 
8080 stack to be restored on exit from the 
function . (Actu al ly, a pointer to the old 
value i pushed onto the lack, not th e valu e 
itself.) This guarantees that th ere will be no 
conflicts between the fu nct ion and the en
vironmen t from which it is cal led. 

Conside r· th e deepest level of nested 
parentheses in line 1 : The var iable ALPHA 
has a str ing composed of one space cate
nated in fro nt of it. This new string is first 
rca igned Lo AL PH A, and then used as the 
left argument of dyad ic ioLa, with the right 
argumen t being the array (LIST) that we 
wanL to sor t. Th is function returns a numer
ic array havi ng the amc number of row and 
col umns as LI ST, and wh c every character 
is 1·cplaccd by th e index of the match ing 
character in AL PH A. A space wou ld thu 
beco me a ·1, because the first character of 
AL PH A i a space. Thi s new numeri c array 
i ~ assigned Lo LI ST, and then the shape 
fu nction p {the grcck lctLcr rho), i ap plied 
Lo it. Thi s retu rns a two clement vecLor 
whose first clement is th e number of rows 
in LIST, and whose second clemen t is the 
number of co lumns. The seco nd clement of 
the vector is se lected by the index ing brack
ets, and is assigned Lo TE MP. TEMP thus 
points Lo the last co lumn of LI ST. 

Linc 2 and 3 perform the actual sort. In 
line 2, the enti1·e col umn pointed Lo by 
TE MP is extracted by the ex pression LIST 
[; TE MPJ, and so rted to produce a vector 
of ind ices used to index LI ST again. This 
has the net effec t of so rting LIST based 
upon the colum n pointed Lo by TEMP . In 
line 3, TE MP is decremented and its va lu e 
tcs Lcd . If TEMP i non Lcro (in dicating that 
the a1-ray has no t been sorted on every 
col umn ), con trn l i tran fcrred back to line 
3 for another pass . If T EMP is eq ual to zero, 
then the interpre ter proceed to line 4 where 
LI ST is used to ind ex AL PH A and prod uce a 
characte r arTay sorted in the proper ord er. 
Wh en the end of the fu nction is reached , the 
o ld valu es of ALPHA , LIST , TEM P and R 
arc resto red , and the las L value assigned to 
the sorted al ph anumeric array R is re Lurned . 

Because the bulk of the sort is done by 
th e grade up and i ndcx bracket operators, 
th e algorithm is fairly fast. It i al o quite 
shon, bei ng less th an 120 characters. When 
co mpared with a BASI C routine that per
fo rm s a sim ilar fu nct ion {see li sting 1), the 
APL routine seems quite short indeed . The 

APL tends to use large 
quantities of memory, 
reflecting its IBM/360 

origins. The cause of this 
weakness is unfortunately 

also the cause of its 
strength: its abi lity to 

operate on groups of data. 
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•oo 	 POR X••1 TO M-1 
rOR X2•Xl•I TO N 
X•I 

200 	 Jr INSTR<AS1MIDS.<)(l(XI ),x, l) )•IMSTR<AS1MIDICXS<X2>1X1 I) ) 
TK!H IF X•LEH<XSCXI)) 


TllEH NEXT xe.x1 

ELSE X•X•l 
aoro eoo 

ELSE IY INSTRCAS.MIDS<XS<Xl>•X•l>>•INSTR<AS,MIDSCXSCX2>•X•I >> 

TllEN SVAP XS<Xl>•XSIX2> 

N!"XT X21 XI 
ELSE NEXT xe.x1 

Listing 1: A BASIC string sort. This routine is designed to take a string of 
characters and arrange them in alphabetical order. Compared with the corre
sponding APL string sort (see article) this routine will typically take longer to 
execute and is more cumbersome to write. One of the drawbacks of A PL, 
however, is that it invariably takes more memory space than other high level 
language interpreters. 

BAS IC sort, incidentall y, is written in 
Altair extended BAS IC; in standard BAS IC 
it would be longer yet. 

This routi ne also demonstrates one of 
APL 's losing feat ures : its memory ineffi
ciency. APL te nds to use me mory in large 
quantit ies, reflecting its origins on the 
IB M/360. The ca use of th is weakness is 
unfortunately also the sou rce of PL's 
strength : its ab ili ty to operate on groups 
of data. Instead of having single numeric 
temporaries inside a form ul a, as BAS IC 
might, APL often designates entire arrays 
as temporaries. (Although BASI C can gen
erate large character tempo raries du ring 
stri ng operations, they are limi ted Lo 255 

The heart of APL 's speed bytes in implementations uch as Micro
lies in its abili ty to ex soft's Altair BAS IC.) These temporaries 

can consume significant amounts of mempress highl y complicated 
ory, especiall y if they are numeric. APLalgorithms with a few 
requires at least 16 decimal digits of prekeystrokes. 
cisio n in its nu mbers, which in turn re
quire eight bytes of storage per number. 

The problem is aggravated by the size of 
the interpreter itse lf, wh ich we expect wil l 
occupy aro und 24 K bytes if all the features 
of the language arc implemented. Clearly, 
if APL is to become popu lar as a language 
among personal co mputer users, some way 
must be fou nd to im plement a practical APL 
interpreter on a sma ll system. 

The simp lest way to olve the problem 
is to stream line the language, elimina ti ng 
features unti l the interp reter wil l take up no 
more than 8 K bytes or so. One could limit 
the size of floati ng poin t data to fo ur bytes 
rather than eight. Limiting arrays to one 
dime nsio n, and thus elim inating most of the 
operators designed to operate on mul tidi
mentional arrays, wou ld be a big saving. 
Eliminating the composite operators (except 
for the most important one, reduction) 
wou ld save a lo t of storage in the in te r
preter. 

Once this point is reached, it would prob
abl y be better to forge t abo ut APL enti rely 
and go back to BAS IC, because al l that re
mains is a simple desk ca lculator sty le Ian

guage with a strange characte r set and a 
pecu liar order of evalualion. The heart of 
the language is its abil ity to man ipu late 
arrays, and when this feat ure disappears the 
language loses much of its usefulness . 

It might seem more reasonable to elim
inate only those operators, like matrix in ner 
and outer products, wh ich ap pear to be 
useful only to mathematicians; but as one 
becomes more fam iliar with APL, these 
functions become increasingly more useful 
in everyday applications. Matrix inner pro
duct, for example, is one of the most power
fu l tools in the language for extract ing 
info rmat ion from a stored array. Using 
matrix inner product, the entire APL sorting 
fu nction can be reduced to only one \inc 
of code: 

VR+-ALPHA SORT1 LIS'l' 
[1] 	R LIST [ Ji( ( ' ' /JLPH/J) 

1 LIST)+ . x¢(( pALP~A) + 1) *- 1 
+1(pLIST) [2 ; J 

This algorithm (from Gi llman and Rose, 
APL 360: An lnteroctil1e Approach, john 
Wi ley and Sons, New York, 1970) performs 
only one numeric sort, as opposed to SO RT, 
which performs a numeric sort for· each col 
umn of the array. Although this code is 
fairly obscure (especially to a person used to 
BAS IC or FO RTR AN), one becomes more 
comfor·table with this sor t of coding through 
ti me. 

I feel that the efforts of an implementor 
of an 8080 APL interpreter shou ld be di
rected toward writing a full set of AP L that 
is reasonably memory efficient. This is not 
as hard as it seems: There are a fe w features 
tha t can be built into the interpreter which 
can reduce the memory requir·em ents of an 
APL function down to a reasonable leve l. 

The firs t problem to solve is the number 
of bits of resol ution needed for accurate 
dat a representation. If a person i doing 
floating point calculations, he or he should 
have a full 16 digits of precision available 
(ie: eight bytes of informat ion per num er ic 
va lue). On the other hand, it is qu ite ex
travagant to u e 64 bits for storing Boolean 
or character data . Also, operations on inte
ger data (such as loop variables, counters, 
etc) should be carried out u ing a small, 
reasonably fast in teger format, r·a ther than 
a slow floating point format. 

For example, in Microsoft's upcom ing 
APL interpreter, we have chosen to stor·e 
data in four differe nt for'ma ts: 1 byte un 
signed integer, 2 and 4 byte signed integer, 
and 8 byte floati ng point. These types ar-e 
transparent to the use r·, and any nece sar-y 
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conversions between types are performed 
automatical ly. If one adds two arrays, for 
example, there is no need to wor-1·y about 
the best fo rm at for the a1Tays or for the 
resu lt. Thi multiformat scheme will also 
tend to increase the peed of the interpreter, 
since operations between in tege 1·s are much 
fas ter than operations between floating 
numbers. 

For this multiformat scheme to be effec
tive, the in terpreter must be as stingy as 
poss ible in converting to a larger fmmat 
when deciding on the size of the result 
of a calcu lation. If two arrays are being 
mu ltiplied, fo1· example, the interpreter 
will assume that the size of the resulting 
array will be the same as that of the larger 
operand. On ly when this assumption fa ils 
(ie: when the product of two elements 
of the arrays overflows the result type) 
does the in terpreter increase the size of 
the result. 

As carefu l as the interpreter is, occa
ionally a variable is stored in an overly 

large format. This can happen if the square 
root is taken of an array whose cl cm en t 
are all perfect squares, for example. To 
solve this prob lem the interpreter scans 
all data duri ng terminal inp ut waits and 
converts each one to the smallest Form, t 

that can hold it. 
Another storage saver that can be built 

into an in terpreter is a careful examination 
of each statement to elimi nate unneeded 
temporaries. Fo1· example, consider this 
APL statement: 

Z XxY 

The sim plest way to operate on th is state
ment would be to make cop ies of bo th 
X and Y, multiply them, and then store 
the result in a new location pointed to 
by Z. Whi le this is an acceptable way of 
hand ling scalars, it is wasteful to the extreme 
if X and Y are large arrays. Thi s statement 
should use onl y enough memory to hold 
the result and the two operands. No tem· 
poraries are necessary. Accomplishing this 
is nol difficult when the in terpreter knows 
how large the result will be; it is a more diffi
cult problem when the type of the resu lt 
is uncertain. If both X and Y are stoi-ed in 
a 1 byte format, for example, Z might 
require either one or two bytes per value 
depending on the contents of X and Y. 
Since the final size of the resu lt ca nnot 
be determ ined unti l the last elements of 
the arrays are multip lied together, it might 
seem necessary to go back and start again 
using a 2 byte multiply routi ne!. A mOl'e 
sane solution, though, is to go back and 
convert all previous results fro m 1 byte 
to 2 byte format, and then contin ue from 
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the point of overflow using 2 byte multiply. 
Si nce upward type conversion is very fast, 
the overhead on overflow will be small. 

Two other ways of saving storage are 
worth mentioning: data shari ng between 
variables, and the overwriting of temporary 
results. Data sharing, the more difficult of 
two to implement, is a method of savi ng 
storage by keepi ng as few copies as possible 
of any one set of data . For example, if A is 
an array, then the statement B A should 
not copy any data: B and A should point to 
the same array in memory . The sharing will 
continue unti l either A or B is modified, at 
which point the interpreter is forced to 
make an extra copy of the data. Although 
this examp le is rather contrived, the tech 
nique can be of great value when cal ling 
functions. On ly rarely does a function 
modify its arguments (SORT being a notable 
exception), so there is little point in mak ing 
unnecessary extra copies of them . Data shar
ing has the additiona l advantage of requiring 
very little overhead, just one byte per data 
structure counting the number of variab les 
pointing toward it. 

The technique of overwriting previous 
res ults can also be a big scratch memory 
saver. Consider this APL statement: 

B + 1 + A 
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Let us assum e that A is an array stored in 
floating point format. Wo rking from right to 
left, the interpreter adds 1 to A, then take 
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B. At first glance it might seem that this 
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writing the result of the reciprocal operator 
over the 1 +A temporary. The only rema in 
ing problem is finding a quick way to dis
tinguish between a "true" array, pointed to 
by a named variab le, and a temporary array . 
The solution is to look at the reference 
count of the array: If it is zero, then no vari
able is pointing toward it and it ca n be safely 
destroyed. 

No matter how carefu l a programmer is, 
or how many tricks he or she builds into an 
interpreter, there is no way of avo iding the 
fact that implementi ng a powerful language 
like APL on a small computer will take a lot 
of memory, certai nly more than a BAS IC 
interpreter. As I consider all of APL's useful 
features (and the plummeting of memory 
prices), I feel sure that APL will become one 
of the most popular la nguages among sm II 
system enth usiasts. APL programs are short 
and easy to understand once you are familiar 
with the Gre~k character set.• 

The 	 ® 
fabulous Phi-Deck family 

of 5 cassette transports 
under$100 in quantities of 10 

Featu ring : 
• Die-cast frames 
• Remote contro llable 
• Precise. fast head 

engage/disengage 
• Ouick braking 
• Search FF/rewind 120 ips 
· Speed ranges f rom 

.4 to 20 ips 

Electronic packages and mag heads for most applications 
For app lication in : 
1. Micro processing 7. Security/automatic warning 
2. 	Data systems 


recording/logging/sto rage 8. Test applications 

3. Programming 9. Audio visua l/education 
4 . Instrumen tation 10. Telephone interconnect 
5. Industri al Control 11. HI-Fi 
6. RS-232 Data storage 12. Point of sale .'tll- 'IHplel lncorp oro ted 	 bI ( 4605 N. Stiles P.O. Box 18209 

I Oklahoma City. Oklahoma 73118 (405) 521-90.00 

I 0 I am interested in application no. ________ 

I 0 Have Representative call D Send application notes 

I Name Ti tleI Company Name _ ______________ 
Address __________________ 

I City 	 State Zip ____ 

L~~~~~------------~ 
113 	 Circle 139 on inouirv card. 

http:521-90.00


An 8 Digit Hexadecimal Readout 


RR Burns 
17502 Teachers Av 

Irvine CA 92714 

Table I: The trulh table o( 
the read only mem01y that 
is used for the display. 
With this table it is pos
sible to have a separate, 
di linguishable character 
{or each of the hexadeci
mal digits. 

While working or playing with a micro
processor the logic state or many lines must 
be studied simu lta neously in order to under
stand and debug the system. Typically, 16 
address lines, eight data lines and possibly 
some 10 lines are of interest. Each line can 
be individually checked with a meter or 
oscil loscope, but it is much more convenient 

Hexadecimal 
Decoder b a f g e d c 
Address 7 6 5 4 3 2 1 0 

00 0 1 1 1 0 1 1 1 

01 0 1 0 0 0 0 0 1 

02 0 1 1 0 1 1 1 0 

03 0 1 1 0 1 0 1 1 

04 01011001 

05 0 0 1 1 1 0 1 1 

06 0 0 1 1 1 1 1 1 

07 0 1 1 0 0 0 0 1 

08 0 1 1 1 1 1 1 1 

09 0 1 1 1 1 0 0 1 

OA 0 1 1 1 1 1 0 1 

OB 0 0 0 1 1 1 1 1 

oc 0 0 1 1 0 1 1 0 

OD 0 1 0 0 1 1 1 1 

OE O 0 1 1 1 1 1 O 

OF 0 0 1 1 1 1 0 0 

10 
All zeros 

to 1F 

segment 
bit 

I - I 
l_ I 

I 

I 


2 
=1 

[ 


-d 


blank 

to measure the states of the lines in para llel. 
Most microprocessor front panels have many 
LED indicaLOrs to simultaneously read oul 
th e address and data lines. 

Since microprocessors arc byte oriented 
machines, hexadecimal digits are often used 
when w1·iti ng code. Afte r countless mistakes 
decoding data and address lines, I knew I 
needed an automatic method Lo translate the 
many ones and zeros to hexadecimal. The 16 
hexadecimal digits 0 to 9 and A to F can be 
displayed in a directly readable format using 
a 7 segment readout. A check of the data 
sheets fo1· the common TIL binary coded 
decimal to 7 segment decoders, such as the 
7447, showed none display the letters for 
inputs greater than nine. Although the dis
play may be un ique fm each input, a 
directly readable digit is required or th e 
system is not much or an improvement over 
individ ual lamps. 

A simp le solution is to build a custom 
decoder by burning part of an 8 bit by 32 
word bipolar programmable read only mem
ory. The hexadecimal digit to be displayed 
provides four of the five address bi ts that 
determine the decoder's output. Seven or 
the eight output bits are used to turn on or 
off the appropriate segments of an LED 
reado ut. Table 1 shows the truth tab le for 
the decoder. It can be progra mmed using 
methods such as those described on page 66 
of the November 1975 BYTE or by the 
distributor at the time of purchase . The fifLh 
input, highest order bit, i grounded since 
only half of the read only memory is needed 
to ho ld the hexadecimal 7 segment code. 
The eighth oulput bit is also unused . It 
could be used to light th e decimal point 
during display of input values greate1· than 
nine lo emphasize the hexadecimal natu1·e of 
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th e readout. Since onl y minimal confusion is 
present (b could be read as 6), thi s was not 
fe lt to be necessary. 

The circuit di agram is shown in fig ure 1. 
Since programmable read only memories are 
relatively expensive, the di spl ay is mu lti
plexed to reduce cos t. Th is a lso resul ts in a 
power sav ings. A 555 ti mer osc illates at 
abou t 1000 Hz and drives a 749 3 which is 
used as a 3 bit counter. Its output address 
de termines which inpu t digit is to be d is
played by selecting the cor rect output fro m 
each of the 74 LS151 multip lexe rs and also 
sets a 74154 decoder to dri ve the co rre
sponding readou t digit. Each 74 LS151 
multipl exes one bit of the eight d iffe rent 
inpu t digits. Low power or lo w po wer 
Schottky should be used to mini mize line 

loading of the device under tes t. The fo ur 
bits Lo be decoded, the outputs from the 
multiplexers , ad d1·css the 82523 decoder as 
d iscussed above . Co mmon ca thode 7 seg
ment LED readou ts ai-e interfaced to the 
decoder ou tputs and to the 7 41 54 output 
us ing PNP and NPN tra nsistor drive rs. 

The compo nent layout is no t critical and 
the construct io n tech nique wi ll depend on 
the use intended_ The un it could be bui lt as 
a dedica ted fro nt panel; however, since I fee l 
tha t a micropwcessor shou ld be brought up 
with a mon ito r syste m that en bl es the 
sy Lem video d isplay or te leprinter to serve 
a the fron t panel, I bu il t the readout to be a 
stand alo ne tester. 

The timer circu it , tra nsi stor , nd resi sto r 
ncLwo rks, and the output le ds fro m the 

Figure 
matic 

I 7'1LSl51 

2 74 LSl51 

3 74LSl51 

4 74LSl51 

5 555 

6 7'193A 

7 74154 

B B2S23 

+sv 

16 B 

16 8 

16 B 

16 8 

B 

5 10 

24 12 

16 8 

7: This is the sche
diagram for the 8 

digit hexadecimal readout. 
The output for the display 
is multiplexed to save on 
the co t of the relati11ely 
expensive read only mem
0 1y. All resistors are .25 W 
and ore measured in ohms. 
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How to Make a Di sp lay Prin ted Circu it . .. 

The pattern below shows the typical foils for two positions ofhexadecimal 
display fabricated at home with printed circuit techniques. This double sided 
board can be made by first laying out all the holes for all the displays. (A 
template made by marl<ing a section of "P" pa/lern Vectorboard can be used 
to guarantee the same pattern at each position.) 711en using the template or 
hole locations marl<ed without the template, the set of six holes for each 
position is drilled with a small (eg: #60) drill. A ft er thoroughly cleaning Lhe 
board, the pattern is laid out using printed circuit resist tape, a resist pen such 
as the Sanford's "Sharpie" marl?ing pen available at slalione1y stores, or a 
resist paint. Both sides of the board receive this hand crafted pal/em for as 
many positions as you care to wire up. When mounting Lhe LED readouts, the 
b, c and cathode pins are bent outward to mal?e contact with the pads on the 
top of the board. Due to the difficulty of remo11i11g the LED readouts after 
installation, testing the devices prior to soldering is a highly recommended 
procedure. 

In this figure, the patterns for only two readout sections are illustrated; 
the hole and circuit pattern is repealed for each additional one required. The 
segments are lettered near the printed circuit paths which connect them. Both 
patterns are viewed from the top foll lool<ing into the printed circuit board. 

ITOP)r- - ---..., 

d ~~""""'"""'~='l"""""'""""""""'~=>l........='fL_____ .J 

LFNO 70 
0 0 	

0 

0 

0 

b 


c 

-----BOTTOM FOILS---- -------TOP FOILS---- - • 

74154 and 82523, as well as voltage and 
ground, were etched on a printed circuit 
board. The rest of the circuit wa wire· 
wrapped. Two 16 pin dual in line package 
sockets were used for the inpu l connectors. 

Eight Fai 1·chi ld FND-70 7 segment LED 
disp lays were mou nted on a sep;Hate board 
in four groups of two to repre en\ four 
bytes. The segments a1·e wired in paraIlei. 
These readouts do not plug into a dual in 
li ne package socket and must be either poi nt 
to po int wired, or a printed circu it board 
must be made. 

The readout is simp ly used by connecting 
it to the li nes of interest. The data on th e 
lines must be stepped slowly enough to 
enab le the data to be read. For cases where 
th is is not possible the data could be latc hed 
on com mand by a strnbe that selects the 
time of inlerest and then read out at leisure. 

Besides serving as a temporary front panel 
du ring the period when a new miuoproc· 
essor system is being brought up, the read· 
out is useful for later use to monitor 10 li nes 
during program debugging essions. It is also 
a very usefu l tool for general test ing and 
breadboard development when severa l lines 
must be monitored. Examp le uses include 
deciphering read only memories made long 
ago, but left unl abeled, checking out surplus 
integrated circuits such as comparators, de 
coders, adders, etc. It can be attached to the 
switches of a manual read only memory 
progra mmer to give insurance that the 
switches have been properly set. 

From my experience, it is well worth the 
few hours and few dollars to get together a 
hexadecimal readout. You will soon find it is 
one of the handiest tools on your bench .• 
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Creative Computing will help you 
decide which computer is best for 
you . 
Creatwc ·s no-nonsense equipmenl profiles arm you 
with lhe facts before you talk to the vendor or dealer 
Whether you're in terested in a m1crocomputer kit . a 
m1m, termmal, or programmable calculator you II 
find the evalua11ve 1nformat1on you need m Creative 
Indeed. one wi se hardware decision could save you 
Ifie cos1 of a lifehme subscnptiont 

Creative Computing discusses 
computer appl ications in non
t e ch n i ca I , understandable 
language. 
Business people who wa nt to know whf-'11 s going on 
on lhe EDP department. students who want to leaon 
aboul microprocessors. hobbyists loo~ong 10 ma~c 
good use of home computers, or anyonr concNncd 
about lhe eflect of the compu ter on society 1Y>ll l1no 
these and many. many more mmd~expandmg IOP•CS 
covered on the pages ol Crca11ve 

Creative Computing covers com
puter education in depth. 
Alter all . that's where we got our s lnrl and so we 
conhnue to present four or five ma101 learning 
ac t1 v111es every issue II you re a 1 each~1 Crearwe 
will save you hours of preparation 11mt'.' 11 you re a 
studenl. you H be way ahead ot yow class w11tl 
Crea11ve And 1f you 've aheady graduated you can 
bon up on whrtt you missed 

• 

Creat_i ve Computing carries out

standing fiction every issue. 

One ol 1he best ways ol exploring lulur scenarios ol 
compuler usage is lhrough r1ction . so Creative see s 
out material from the bes1 authors - Isaac Asimov 
Frederrk Pohl, Arlhur C Clarke to name 1us1 a few . as 
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Look What You Can Do... 

. . . with an Edge as a Cue 

There are hundreds of digita l integrated 
circuit functions, some highl y special ized 
and others perfectly general. So long as 
simple digita l functions are involved, logic 
cookbooks, truth tables and functio nal de
script ions explain what various in tegrated 
circuits do and show how to app ly 
"standard" so lutions to problems. But it is 
often possible to combine integrated circuits 
and other components to provide clever 
solutions to various problems, taking advan
tage of the characteristics of the integrated 
circuits. In this article, we concentrate upon 
several different ways to generate pulses or 

Ralph Tenny time delays on cue, using analog, asynchro
POB 545 nous and synchronous (clocked) digital 
Richardson TX 75080 methods. 

7414 

IN PUT ----{;>---- OUTPUT INPUT~ OUTPUT 
LI NEAR AMPLIFIER 

SCHM ITT TRIGGER 

TIME 

a b 

Figure 7: Comparison of the Schmitt Trigger and Linear Amplifier. The 
simple linear amplifier generates an output voltage which is a fixed multiple 
of the input voltage. The graph at the left shows what happem to a simple 
input waveform as amplified with a gain greater than unity. The Schmitt 
trigger, in contrast, has two threshold levels, Vl on the rising ide and V2 on 
the falling side of the input waveform. The output changes from a high logic 
level to a low logic level when the V l threshold is crossed, and returns to the 
high logic level when the V2 threshold is crossed in the opposite direction. In 
this example a 74 74 circuit is used, which is an inverting Schmitt trigger. 

Exploring the Schm itt Trigger 

Schmitt tr igger in tegrated ci rcuits are 
avai lab le in both the TIL and CMOS logic 
famil ies, and share a common characteristic: 
A property cal led hysteresis has been incor
porated in the circuitry between input and 
output, which leads to a useful ti me delay 
effect with signals that are slowly varyi ng 
compared to logic speeds. This action can be 
illustrated by co mparing a linear ampl ifier's 
response with the response of a Schmitt 
trigger. Figure 1 a shows how the I inear 
amplifier responds to an input waveform: It 
simply amplifies the signal but otherwise 
makes a fa itl'ifu l copy. In figure lb, the 
response of the Schmitt trigger to the sa me 
type of input waveform is illustrated. No te 
how the Schmitt trigger output makes no 
change until the in pu t crosses a threshold 
Vl, then makes no further change until the 
input voltage has dropped to a lower thres
hold , V2 . The hysteresis property of the 
Schmitt trigger is this difference between the 
rising (Vl) and fa lling (Y2) change thres
ho lds. Th e use of this hysteresis to reduce 
noise on a sign al is illustrated graphical ly in 
figure 2. The analog input signal in figure 2 
wou ld cause problems if app lied to a TTL 
gate input. By simply taking adva ntage of 
the hysteresis levels Vl and V2 using a 
Schmitt trigger, the inpu t signal is trans
formed into a much more usab le sign al with 
clean (ie: the typical 10 ns) tra ns itions. 

Because the Schmi tt tr igger's hysteresis 
rejects noise so readi ly and has a rapid 
response once the threshold has been 
crossed, it is often used to accept slow 
waveforms for inpu t to normal logic cir
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IANALOGJ !DIGITAL 0 OR I LEVELiV""' 

Figure 2: One of the principal u es of the Schmitt trigger 
circuit is to convert lowly varying analog signals into the 
nearly instantaneous transition ofdigital logic - and at the 
same time to filter out minor variation . Thi example 
il/ustraies how an arbitraty analog input is converted into a 
digital signal by a Schmilf trigger with thresholds Vl and 
V2. Changes only occur at Vl when the input is rising, and 
V2 when the input is falling. 

o. POSIT IVE EDGEcuitry. With proper external circu itry, the 
Schmitt trigger wi ll also accept capacitively 
coupled waveforms. Due to this property, 

INPUT INPUTthe Schmitt trigger is a very versatile device. 
An example of the Schmitt trigger's 

application i the generatio n of a tr igger 
pulse o n an "edge" of another waveform. TIM I NG DIAGRA M 

Figure 3 shows two differen t edge detectors 
made with the 7414 circuit as the key 
Schmitt trigger elemen t. Figure 3a shows the 
positive edge detector, and Figure 3b shows 
the negative edge detector. T he Schmitt INPUT 

trigger's properties of hysteresis a ll ow the I 
I 

I 
I 

I 
I .I .' I re liable use of long time delays in the RC I 
I 

I I0 . POSITIVE
network driving the device; use of an EDGE OUT PUT 

I 
I 

I 
I ~ ~ I 

I 

u nordinary TTL gate wou ld not be reliable due I 
I I I 
I I .I I 

II Ito the optimization of TTL devices to 
b. NEGATIVEstandard TTL transit io n speeds. T he tim ing EDGE OU T PUT 

d iagram in figure 3 shows the re latio nship of ~ ~ ~ L 
the two edge detector o utputs to a common 
driving waveform. How aqout pul se delays? Figure 3: By using an RC networ/? to differentiate a logic signal, the analog 
Cascading several such edge detectors gives a signal which results can be used with a Schmitt trigger to generate pulse at 
series of delayed pu lses as shown in figure 4. "edges." The posili11e edge detector (a) and negative edge de tector (b) here 
The Liming is de termined by the RC com u e the Schmitt trigger 11ersion ofan inverter, the 74 14. 
ponents used, and is thus cal led "asynchro
nous" since it has no dependence upon a 
regular clock pe riod and can vary with the 
tempera ture and other physica l parameters 
which affect resistors and capacitors . 

The Schmitt trigger also interfaces with Figure 4: A cascading 
the real world outside digitla nd. Figure 5 series of positive edge 
shows two ways to create what is ca lled a detectors can easl/y be 
"power on reset." Such a rese t funct ion is made using several Schmitt 

INPUT ____.fL_fl_f1__
used Lo clear digital logic such as counters, trigger stages. Each stage 
seq uencers, control lers, and microprocessors uses the logic signal generPOINTA~
which must start from a predetermined tale ated by the previous stage, 
fol lowi ng the appl ication of power to the resulting in a series of 
system. A typical rule to th umb is to choose POINT B pulses with progressively4----u--T. 
the RC time constant to give a reset delay at longer delays relative to 
least three times as lo ng as the power li ne the Inpu t signal 's rising

OU TPUT-uuu 
takes to come up to fu ll voltage. edge. 

INPUT 

OUTPUT 
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Figure 6: The time delay properties of a 
Schmitt trigger and RC netv.1or!?s can be 
used to debounce switches. The common 
approach is to use a flip flop such as the 
circuit at (a). However, by using a Schmitt 
cir uit, it is possible to get away with an 
SPST switch instead of the SPDT switch 
required for the flip flop technique. Two 
versions of SPST switch debouncing are 
shown at (b) and (c). 

Figure 7: An inverting 
Schmilt trigger an be 
used a an oscillator by 
feeding its output bacl? to 
its input with an RC net
work as shown CJL (a). I f a 
Schmitt trigger NAND 
gate is used instead of the 
inverter form, the extra 
input can be used Lo gale 
the o ci//ator on or off. 
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Figure 5: Using the time delay properties of CJ Schmill trigger with an RC 
network leads to this technique to produce a power on reset signal. A master 
system enable (a lo w state) is delayed by the RC time constant of C2 being 
charged by R2 after the power is turned on. During the time that normal 
system aclion is disabled, the power on re et pulse is created by the positive 
edge trigger of the upper Schmitt circuit. The RC constants are chosen so that 
the system enable falling edge follows the rising edge of the power on re et by 
a good ma1:qin. 

74132 

~ G~OUTPUT 
~OUTPUT p 
I ;;; 
OUTPU T 

- - - Sl...lUl_S- - G~ 
I I 

I : 
I I 

OUT~ 
I 

0 b 

122 



One of the most troublesome rea l world 
logic interface problems is switch de
bouncing. Any switch contact bounces, a 
little or a lot depending upon many factors. 
A typical way of debouncing a wiLch is to 
u e two NAND (or NOR) gates in a se t-reset 
flip flop circuit as shown in figure 6a. 
However , this circuit requires a single pole, 
double throw switch. The circuits of 
figures 6b and 6c show how the Schmill 
trigger gate can be used lo generate a 
debounced TTL signal from an SPST switch 
by using RC components to generate a time 
delay wh ich is longer than the typical 
bounce interval for the contacts. 

One other place the Schmitt trigger shi nes 
is in the digital oscillator as shown in 
figure 7a. Be ides the 74'14 hex inverter 
package, Schmitt tr iggers come in several 
other packages including a quad NAND 
package called the 74132. As an oscillator, 
the 74132's gating action can be used to gate 
the oscil lator on or off using the second 
input as shown in figure 7b. (Nole that any 
of the previous il lustrations can be imple
mented with the 74132 or other gates in the 
7400 series of parts with Schmilt trigger 
inputs.) 

For those who may not have the appro
priate logic handbooks, let's note that the 
two Schmitt trigger integrated circuits men
tioned above arc fu nctionally identical to 
their normal TTL counterparts, with the 
exception of the Schmitt input property. In 
figure 8, these pinouts are reprod uced for 
reference purposes. If you need a spare 
inverter or NAND gate, the Schmitt trigger 
property of any extra active sections can be 
ignored without side effects in mo t case . 

INPUT 

0 

OUTPUT 

b 

Figure 9: If the Schmill /rigger property is 
needed in an exist ing circuil, an AND gale 
can often 'be modified as a temporc11y 
expedien l. The circuit at (a} shows a 7408 
AND section used as !he equi11alenl of the 
Schmill trigger in figure I b. The circuit at 
(b} shows !he equi11a!ent of the po i/i11e edge 
conne tor in figure 3a. 

GA GY 5A SY 4A 4Y Vee 46 4A 4Y JB 3A JV 

l A lV 2A 2V 3A JV GNO lA 18 1V 2A 2B 2Y GNO 

SN7414 SN74132 

Figure 8: Some Pinouts for Re11iew. This illustration shows the pinouts of the 
7474 and 74732 Schmitt trigger packages. Note that these pinouts 
correspond exactly to the pinouts of the 7404 and 7400 respectively. The 
only difference between the standard inverter and NAND gates and the 
Schmitt trigger forms is the fact that the inputs have the Schmitt trigger 
property. These figures reproduced from pages 5-9 and 5-37 of the TT L Data 
Book for Design Engineers (available through BITS}. 

The Schmitt tr igger aspect of these gates 
is thus a useful bonus. Every digital kluge 
board will most likely require al least one 
Schmitt trigger integrated circuit on it for 
those unexpected noise and tim ing problems 
which crop up sooner or later. One other 
item hould be noted about the TTL 
Schmitt triggers: Pull down rn istors and 
feedback re i tor (sec the examp les in the 
figures) sh uld not be larger than 390 ohms. 
Pu ll up res istor can range up to about 
2.2 k ohms. 

A Schmitt trigger can be made using 

positive feedback around an AND gate. 


INPUT OUTPUT 

INPUT 

I 

c -----VI T HRESHOLD 

V CAP 

OUTPUT =1
~~~~~,~~~~~~~ 

Figure I 0: If the input network of the 
Schmill trigger i hool?ed up a an integra
tor, charging the capacilor, the pulse edge 
out of the Schmi/f circuil will be delayed. In 
this case, the nega/i11e edge of the 7474 
output i a delayed and i1werted copy of the 
positi11e edge inpul. 
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Figure 77: If a delay network such as that in figure 70 i pre ented with a 
string of short pulse , there will be a certain minimum length input which will 
be recognized as a transition on the output. If the pulse is 1101 long enough to 
charge lhe capacitor lo the threshold level through the resistor, then there 
will be no change al the output. Thus the chmill trigger wilh an RC nelworl< 
can be used lo discriminate against short pulses. 

Figure 9a show the 7408 used as the basic 
Schmitt tr igger in a circuit ana logous Lo 
figure 1 b. Figure 9b shows the 7408 sub
stituting for Lhe 7414 in a circu it like 
figure 3a. In b lh cases, excepL for the fact 
that the outpuL is not inverted by the 7408, 
the effect is Lhe same. Note Lhal Lhe unused 
inpu t of the AND ga le is tied Lo +5 V to 
enable the ga te. Make the feedback resis tor 
abo ut 10 times the pu ll down or pull up 
resistor for be t result . Use your own 
imagination to de ign al l the previous func
tions (with the exception of the osci I la tor) 
using positive feedback and AND gates 
instead of Schmitl trigger circuits. 

By reversing the resistor and capacitor al 
the inputs, a Schmitt tr igge r wil l delay a 
signal or discriminate aga inst narrow pul ses. 
Figure I 0 shows the de lziy function, and 
figure 11 shows how narrow pulses (or noise 
gli tches) can be filte red out of a pulse str ing. 

Using Gate Propagation Delays 

When gates arc as cheap as they are, it is 
sometimes more approp1·iate to so lve pro
blems withou L resistors and capacitors. For 
example, the edge detector can be made 
using gale propaga tion de lays instead of the 
RC Lime delays of a Schmitl trigger . 
Figure 12 shows such an edge detecLor. For 
those who may not be Fam il iar with th e 
princip le, another common name for this 
circui t is a "delay oneshot." The de lay 
oncshot works this way {referencing 
figure 12): The input is init ially low, which 

forces the output hi gh. With three inver
sions, point C wi ll be in iti ally high. When the 
input goes high, the output wil l go low {after 
one gate delay) since point C is still high. 
Three gate de lays after the edge, point C will 
go low fo rcing the output high again after 
one gate delay. A simi la r process takes place 
for the NOR ga te versio n of fi gure 12b. The 
timing diagrams of figure 12 show how the 
gate delays lead lo the pul se effect. 

The name de lay oncshot comes from the 
Fac t that an in tegrated circui t's output does 
not change insta ntaneou ly with its input; 
rather there is a fin ite propagation delay 
shown as t.T in figu re 12. Therefore poi 111 C 
goes low three propagation delay after the 
input went high , and th e output will then be 
low (for figure 12a) for a hon rime of 
about 25 Lo 35 ns with ta ndard TTL pans. 

he exact time depends upon the particular 
integrat cl circuit, its current temperature, 
and other physical parameters. In many 
ap plications, the exac t pul se wid th is not 
important; for it is wide enough to trigger 
clock and edge sensitive inputs of other TTL 
devices such as flip flops and counters. While 
figure I 2a show a po it ive edge detector, 
using a NOR in stead of a ND as in 
figure l 2b yields the negat ive edge detector. 
The circuit of figure l 2c completes the 
picture by using an exclusive OR gate to 
detect both edges of the in put waveform. 
Thi exclusive OR circuit is also known as a 
frequency doubler since it produce two 
pul ses in each period of th e input waveform. 

Digitally Controled Delays 

I a longer pulse needed? Do you need a 
pul e with a programmable length? Is a 
special synchronous timing re latio nship 
needed? If the answer to any of these 
questions is yes, th en use of clocked digital 
de lay generation methods is a u eful ap
proach . 

Figure 13 shows a comb ina ti on sy nchro
nizer and delay generat ion circuit which uses 
a shift register. The inpu t waveform fal ling 
edge ca n have any timing relationship with 
respect to the clock signal to the shift 
register. In the ill ustration, its change i 
shown occuring app roximately in the middle 
of one phase of the clock cycle. Whenever it 
cliang s, the next active edge of the clock 
{marked by an up ward arrow) wi ll read the 
input data in to the first stage of the shift 
register . Then seven clock period la ter, the 
output Lage of the hi ft register wi ll change, 
since the 74164 used in this example has a 
total of eigh t stage . By using the NAN D 
gate shown along with the inverter, Lhe time 
during wh ich the QH and QA outputs of the 
shift register disagree is detected to form the 
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pulsed output waveform hown in the Liming 
di<igram. Note that, assuming a I MHz clock, 
the width of the pul e generated by th is 
circuit will be exactly 7 µ s. The relative 
Liming of the input cha nge and the fi rst 
clocked lransi Lio n of the shift register dete r
mine the exac t staning time of the pul ·e. By 
adding other NANO gates tied to different 
hi ft 1·egis ter outpu ts, it is possible to 

produce severa l di ffere nt bu L sy nchronized 
pulses fo r the ame input edge. Also, since 
the cha nge info1·mation is passed from stage 
Lo stage by the clock, the output of any 
tage wil I have a change edge which is 

sy nchron ized to the clock. The example of 
figure 13 uses a 74164 shift 1·egisle r; the 
same princip le can be u eel with shorter or 
longer shift registers. Nole also that to 
ob tain a complete 7 µs pul se, the input must 
remain low for at least 8 µ (wors t case 
reldt. ive t imin g). 

How abo ut a oneshot with a program· 
mab le pulse width? Figure B sho ws how the 
combination of a presettable counter with a 
latch gives a programmable oneshot. IL 
opera tes this way: a sume that no negat ive 
goi ng inpu t pu lses have reached the circuit 
l<tLely. The normal operation of the counte r 
is to continuously count thro ugh 16 sta te , 
giving a borrow output (ca lled the "end 
pulse" in the diagrams) whenever state 0 is 
reached . Thus after power i turned on, 
within 16 clock cycles the RS I tch will have 
been reset such that the output li ne of the 
circu it is low. 

Now uppose an input pulse of arbitra ry 
dura ti on reaches the circuit. Thi pulse 
forces the digital pattern on the fo ur input 
lines (noted C3 Lo CO correspondi ng lo the ir 
binary weigh ts) to be loaded into the 
coun ter. During the load pul e, which need 
not be synchronous with . the clock, the 
cou nter is inhibited from coun ting and the 
RS latch is se t so that the ou tput is high. As · 
soon as the loa d pulse ends, the counter can 
aga in cou nt down , fro m the loaded state of 

F(gure 12: Making use or 
lhe finite (typically about 
7 0 ns) gale delays of logic 
circuits, it is possible to 
mal?e edge detectors with
out any analog com
ponents such as resistors 
or capacitors; (a} is a posi
tive edge detector, (b) is a 
negative edge detector, 
and (c) is a frequency 
doubler, which detects 
both edges of a repetive 
logic waveform. 

3 in the cxa rnpl . Even tual ly the coun ter 
reaches zero hav ing exhausted the pro
gram med counl. This c, use Lhe borrow 
pul e to be emitted, resetti ng the la tch aga in, 
thus ending the genera ted pulse. The nel 
length of th - pul e genera ted is equa l to the 
length of the input pul e plus the delay 
between the end of the inp ut pulse and the 
end of state 3, plus 2.5 clock periods. If the 
input pul e is restricted Lo a sho rt width 
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Figure 13: Use of digital 
circuits with clocked tran
sitions enables delays, edge 
detection and other func
tions to be done with 
outputs synchronized to 
the clock. For example, 
this 8 bit shift register is 
used to obtain a pulse 
width of exactly seven 
clock periods, synchro
nized to the clock. If the 
input pulse is longer than 
the seven clock periods 
plus one clock period for 
relative timing slop, this 
circuit produces a digital 
negative edge trigger. 

Figure 14: A program
mable delay generator. 
This circuit generates a de
lay which is set by the 
inputs of the counter and 
the width of the trigger 
pulse at the input. The end 
of the pulse is synch
ronized with the clocl?, 
but the start of the pulse is 
synchronized to the input. 

7404 
INPUT 

INP UT OUTPUT 

SHIFTOUT 
QA OB QC OD OE OF OG 

A SHIFT 
REGISTER

74164 OH 

'------t B +5 
CLOCK CLEAR 

CLOCK --------------' 

INPUT 

CLOCK 

SHIFT OUT 

OUTPUT 

!{H;...,>--------- 7lH ----
5' CLOCK 

6T S • SYNCHRONIZATION DELAY. FROM I NPUT 
CHA NGE TO F IRST RIS ING CLOC K EDGE . 

INPUT 
7400 

0 
C3 

0 
C2 Cl 

1-tFOR THE 
CO TIMING EXAMPLE) 

RS LATCH 

7400 

LO AD 0 C 8 A 

ENO PULSE 
74193 BORROW !-------+-------' 

DOWN UP 

CLOCK------' 

INPUT 

CLOCK 

END PULSE 

OUTPUT 

such a might be generated by the ci rcuit of 
figure 12a, then the programmable delay is 
determined by the count entered but with 
an uncerta in ty of one clock period due to 
the poss ible variations in timing of th e input 
pulse relative to the clock. This same circuit 
can be extended to arb itrary pulse widths by 
cascad ing the 4 bit counter . . With a I MHz 
clock, for example, fo ur 74 I 93s could be 
used to programmably time periods of up to 
65,535.5 µs. 

Hopefu ll y your imagination has been 

jogged a little by the di cussion f lhese edge 
related phenomena. A number of circuits 
which treat edge related phenomena were 
made by using the characteristics of ome 
integrated circuits and a litt le imagination. 
These particu lar techniques may not be 
immediately useful ; bu l when you need one 
of the functions de cribed, they wi ll c me in 
handy. In y ur spare Lime, remember to 
study the various in tegrated circuits, not just 
the cookbook applicat ions, but any imagina
tive ex ten ion you can dream up .• 
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• ANY NUMBER OF FILES MAY BE OPEN (IN USE) AT ONE TIME 
•THE NUMBER OF FILES AND SIZE OF FILES IS LIMITED ONLY BY THE SIZE OF THE DISC 
• MERGING FILES REQU IRES NO EXTRA DISC SPACE 
• NO WAITING FOR THE DISC TO RE-PACK 
• LONGER DISC LI FE - MORE EVEN DISC WEAR 

Our Basic Floppy Disc System (BFD-68) must, in all mod · 
esty be called superb. It comes completely assembled with a 
disc controller that is plug compatible with the SWTPC 6800. 
In fact all our products use the 6800 standard SS-50 (Smoke 
Signa l 50) bus used by SWTPC. The cabinet and power supply 
are capable of handling up to 3 Shugart Mini -Floppy Drives. 
One drive is included in the price of the BFD-68 and others 
may be added easily at any time. Or you may save money by 
ordering the dual-drive BFD-68-2 or triple drive BFD-68-3 (pie· 
tured). Price: BFD-68 $795, BFD-68-2 $1169, BFD-68-3 $1539, 
SA-400 Drive $390. 

The BFD-68 includes our Disc Operating System Software. 
Our software provides for a soft-sectored disc format consist
ing of 128 bytes per sector, 18 sectors per track and 35 tracks 
per disc. The software provides direct commands to name and 
rename files, transfer memory to disc and disc to memory and 
to automatical ly jump to the starting location of any program 
loaded from disc to memory. The direct command names are: 
RUN, GET, GETHEX, CLOSE, SAVE, DELETE, APPEND, RE
NAME, COPY, u~·1, FIND, LINK and PRINT. In addition, the 
Disc File Management subroutines are ava ilable to create files 
under your program control. 

A bootstrap PROM is included on the controller board to ini · 
tiate the Disc Operating System wh ich loads into a 4K memory 
board located at 7000 or optionally at DODO. Thus, you can be 
up and running from a co ld start in just a few seconds. 

SUPER SOFTWARE 
Free patches are provided for SWTPC BASIC version 2.0 and 

Co-Resident Editor/Assembler. These patches allow the SAVE 
and LOAD commands to work with the disc or the cassette at 
your option. 

SUPER EDITOR: Smoke Signal Broadcasting now has its 
own editor. It is a content oriented editor with string search 
a.nd block !11ove capability. Changes may be made by referring 
either to line number or string content or a combination of 
references . Naturally, it is designed for file transfers to and 
from the BFD-68. Price: SE-1 $29 on diskette. 
ALL OUR PRODUCTS EXCEPT THE PS·l ARE COMPLETELY ASSEMBLED. 

SUPER ASSEMBLER: Inputs source code from file on the 
BFD-68 disc system and outputs object code to disc f ile. As· 
sembly listings include alphabetized and tabulated symbo l 
table. Price: SA·l $29 on diskette. 

Complete source listing included for both editor and assem
bler. Order both for $53 and save $5 . 

SMARTBUG -A CURE FOR MIKBUGITIS: A super smart 
Motorola·Mikbug replacement that preserves almost all Mik· 
bug entry locations so your present programs will run without 
modification . Uses ACIA instead of PIA and incl udes many 
additional features including a software single-step trace com 
mand. A SMARTBUG listing is included and object code is 
provided on a 2708 free with each P-38 series board pur
chased . Source listing available separately for $19.50. 

NEED A FULL SIZE FLOPPY? Our P-38-FF is a plug-in inter· 
face card to the ICOM Frugal Floppy™. It includes all the fea· 
tu res of the P-38- 1 plus one 2708 EPROM containing the ICOM 
bootstrap software. Just plug the P-38-FF into your SWTPC 
6800 and your ICOM into the P-38-FF and you're ready to 
use the Frugal Floppy and ICOM's 6800 software package. 
Price $299. 

Our P-38 is an SK EPROM board containing room for 8 
2708's. Or, you may use it to hold up to 7 2708's plus your 
Motorola Mikbug or Minibug II ROM. The P-38 addressing is 
switch selectable to any 8K location. Price $179. 

The P-38-1 contains all the features of the P-38 plus an inter
face to the Oliver Paper Tape Reader and our EPROM Pro· 
gram mer. Price $229. 

The PS· l Power Supply Kit provides plus and minus 16 volts 
requ ! r~d !or the P-38 series boards. Also, it allows a wiring 
mod1f1cat1on to be made to the 8 volt supply that will increase 
its output by one volt. Price $24.95. 

Our M-16-A is a 16K single power supply STATIC RAM mem· 
ory system . The M-16-A is fully buffered and requires only half 
the power of a similar size system using low-power 2102's. 
With the M·16·A, you can expand your system to 48K and still 
have room left for one of our EPROM boards. The M-16-A is 
switch selectable to any 4K starting address and hardware 
write protect is Included. Quick delivery. Price $595. 

BANKAMERICARD, VISA AND MASTER CHARGE WELCOME. 

Circle 142 o n inqui ry card. 
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The Best ol BYTE, Volume• 
The volume we have all been waiting for! The answer to those unavai lable early issues of 
BYTE. Best of BYTE, edited by Carl Helmers Jr and David Ahl. This 384 page book is 
packed with a majority of material from the first 12 issues. Included are 146 pages 
devoted to "Hardware" and how-to articles ranging from TV displays to joysticks to 
cassette interfaces, along with a section devoted to kit building which describes seven 
major kits. "Software and Applications" is the other side of the coin : on-line debuggers 
to games to a complete small business accounting system is included in this 125 page 
section. A section on "Theory" examines the how and why behind the circuits and 
programs. "Opinion" closes the book with a look ahead, as to where this new hobby is 
heading. It is now available through BITS Inc for only $11.95 and 50 cents postage. 

Name 

Address 

Cit 	 State Zi 

$ _ ____Price of Book 

The Best of BYTE, Volume 1 

• 
Postage, 50cents$ _ ____ _ 

Total $ _ ____ _ 

D Cheek enclosed 
Send now to: 

D Bill MC# _ ____ _ _ ___ _ Exp. Date - ------
BYTE Interface Technical Services, Inc. 

-·I 0 Bill BA# ___ ___ _____ Exp. Date ---- --- 70 Main St I- · 
Peterborough NH 03458 	 nature -· Si 

PAPERBYTES Design and Implementation of a 
Tiny Assembler 6800 - Microprocessor Self Assembler 

Originally described in the April and May 1977 BYTE, PAPERBYTES is now offering 
Jack Emmerichs' Tiny Assembler 6800. This book contains the complete Tiny Assem 
bler source listing plus object code in cross assembly format (space restrictions prevented 
printing of this material in BYTE). A bar code version of Tiny Assembler is included for 
convenience, as well as reprints of Jack's two art icles and additional user manual mate 
rials. Tiny Assembler will run on any mach ine with Ml KBUG and 4K of memory start ing 
at address 0000, and is an excellent tool for the inte ractive development of functional 
blocks for a large structured program. Add it to your 6800 system and you'll have a 
valuable programming aid which can free you from the drudgery of machine language. 
The best part is the price : only $7 . Order yours today\ 

1---------------------------, 
I Name 	 I 

I 
~~ 	 I 

Cit 	 State Zi 

PAPER BYTES Price of Book $ 
Tiny Assembler 6800 

Postage, 35 cents$ 

Total $ 

D Check enclosed 
I D Bill MC# 	 Exp. Date - D Bill BA# Exp. Date 

iiii 
§nature 

In unusual cases. processing may exceed 30 days. No. 700 
All orders must be prepaid. You may photocopy this page if you wish to leave your BYTE intact. 

IPlruHull 
$7 

Tiny Assembler 6800 

Design and Implementation 
of a Microprocessor Self Assembler 

by Jack Emmerichs 

Send today to : 

BYTE Interface Technical Services, Inc. 

70 Main St 
Peterborough NH 03458 

Dealer inqui ries inv ited 
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benefit from the cours~. The course will co I reductions bring computers wi1hin 
med e\•ery Tue da\ ro111 6 LO 8 PM, the re.1d1of1hc a\eragc person. Co111a 1 
from September 27 through October 18, \V,1l1 cr Mi1ehcll Jr, IVRC Smith Publ ishEYTE's Eiis a nd it cos1 $20. For further in formatio n ing Company, 1760 Peachtree Rd NW, 

e1t i11g Back to BASIC 

If al first yo u don't succeed, try 
rcen1er ing your program! Thal was the 
ordc 1 of lhc day a t Americ,1's firs l large 
scale col legia te BAS IC contest held at 
Taylor University, Upland IN, on Apr il 
23 1977 . Taylor hosted teams from 
almosl 50 midwcstern colleges during a 
four hoUJ s1ruggle to solve five problems 
usi ng Taylor' DEC 11/40 timesharing 
system. Taylor's Lea rn came in firs with 
DcPauw Un iversity, Greencast le IN , a 
close seco nd . 

i\ddi1ional compc lilions arc planned 
for nc. 1 spring throughout the country, 
all 10 be hos1ed b y Taylor. Inte rcs ted 
w.11ns should cont,1ct Professor R Waldo 
Rolh, Chairman of the Computer 
Science Depanment, T ay lo r Universi IY, 
Upland IN 46989 .• 

Trenton Compu1er Festival 

On 1he last weekend in April the 
Second Trenton Compulcr Festiva l was 
helcl al Trenton Slate College in Trenton 
N J. The fes tiva l consisted o f approxi
mate ly 30 exhibi1ors, a large flea marke1, 
and ~ large number of techni cal talks 
which covered such varied subjects as 
robots, compu ter music, games and 
app li ca 1lons. 

Several door prizes were given away; 
among these was a lifetime subscription 
to BYTE. The exuberant winner of this 
pri1c was Mel Ric hman · . Phil adelphia 
PI\, Mel has homebreweo a 6502-based 
microprocessor on OS I boards. One of 
Me l's uses for his system is Morse Code 
transmissio n. The sys tem is ca pable of 
se nding Morse Code al four di fferen l 
speeds while displ ayi ng the charac ters 
being sent on a video screen. • 

An Intensive Shon Co urse on Pe rso nal 
Compu ters a nd Microcomput er-Based 
Business Sys tems 

The Evening Division and Deparl 
men1 of Ma1hematics and Computer 
Science of St joh n's University, Jamaica 
NY, has announced a series of intensive 
shon courses on low cost personal 
computing. Each course Is designed to 
provide an u nder la nding a nd a wel l 
rounded body of information on suc
cessfu l implementation and use of 
small compu ter sys tems. It reviews the 
state o the a rt in curre nt microcom
puter technology including both hard
ware and software design dS well a 
numerous applications of perso n al com· 
puling in ed uca t io n , recreatio n , business , 
e tc. No computer expertise is required. 
Any indi vidua l who has a common sense 
unders tandi ng of comp uters can ac tivel y 

contact Dea n Patrick Basilice, Eveni n g 
Division, St John 's Uni versity , J maic,1 

y 11439.• 

Attent ion Compu ter StOl'c Owners 

WR Smith Pu b lishi ng omp;my will 
begin a new tabloid business paper lo be 
kno wn as Computer Rc111i/i11g. A com
plcle pro101ype was mai led to pro
spect ive subsc ribers in April 1977, with 
the first ,1ct ual iss ue scheduled for iu ly. 

The publical ion w ill redch re tai l 
s tores sel ling microcomputers to indi· 
vidua ls for personal use and for u e in 
small business. Some 300 suc h s1orcs 
ex ist to da y. This number is expected 10 
rap idl y e ca late as mini.11urization .tn d 

A1l<1n1a GA 30357. • 

A New Toront o tore 

J\ retail mkrocompu1er siorc, Com· 
pu1cr ivli1n, hJs opened at 15-13 8d\•vicw 
Av, Toronto, 0111ario CANADA IVI I K 
4K4. The store will feature comp ul crs 
for business and personal usl'. Systems 
will be ava ilable in assembled a nd ki1 
form including spare pans and peripheral 
device . The sto ic will be stocked wi1h 
tools and bool.. s, <1nd demo 'ystcms will 
be up and r·unning. Compu1cr Man will 
provide e ngineer, and hobbyists the 
oppo r1uni1y of pulling lhcir ow n 
sys1c111s 1ogc1hc1 <1nd will also offer in
ex pensive computing for small business. • 

$699 builds 
Equinox 100™ 

129 Circle 150 on inqui ry card. 



Processing Logical Expressions 


(Or, how an ingenious ex tension of the Bauer-Sa melson Algorithm allows us 
to compi le efficient code fo r expressions involving "and," "or," "not" and 
relations among operands .) 

W Douglas Maurer 
University Library Rm 634 

George Washington University 

Washington DC 20052 

Editor's Note: The first 
two articles by Dr Maurer 
appeared in 8 YTE's Feb
ruary and March 19 76 
issues. This article repre
sents an extension of con
cepts presented In those 
arttcles, which are avail
able in reprint form in the 
book Best of BYTE, 
Volume 1. 

In a previous two pan art icle, " Process ing 
Algebra ic Ex press ions," we presented th e 
Bauer-Samelson algorith m and ap plied it to 
expressions invo lving the ai-ithmct ic opera
tors and puentheses. Here we shall extend 
these ideas furt her and show how code can 
be ge nerated in cases where rel ational oper
ators ("greater than," "greater than or 
equal," and so on) and logica l opera tors 
("and," "or," " not" and so on) may be 
present. 

Consider an IF statement (as in 
FORTRAN) such as: 

IF (A·B .NE . C*D) GO TO 87 

If we are com pil ing code for statements, the 
code we want lo compile in thi s case, 
assuming we have a single register machine, 
would be : 

1. Load A. 
2. Subtract B. 
3. Store in TEMP. 
4. Load C. 
5. Multiply by D. 
6. Compare with TEM P. 
7. On inequa lity, go to st<itcment 87. 

These last two step are ubjec t to a 
ce rtain amou nt of variation depend ing on 
details of the computer· invo lved . On 
machines with a condition code register 
(e.g., an 8080 or 6800), the steps wil I be as 
above. The comparison wil l set th e condition 
code reg ister, and the specific refe rence to 
the relation (.N E. in this case) that we are 
in terested in is made only in step 7. On 

machines without a cond ition code register , 
but with a set of skip instruction , step 6 
will be "skip the next instructio n if lhc given 
regis ter and TEM P arc equal" and step 7 will 
be simply "jump to statement 87." IF there 
are no skip instrucli ns of this kind, then 
step 6 will be "sub tract TEMP" and step 7 
will be "i f nonzero, jump Lo statement 87. ' 
In any case, we ca n represent hese two step 
by a si ngle function, "if unequal to TEMP, 
go to statement 87." This function will 
always require L wo steps, as long as there can 
on ly be one address in each instruction, 
because we have to make reference to two 
add resses here, namely the address of TEMP 
and the add ress of statement 87. 

Let us now consider the ex pres ion: 

A- B .NE . C*D 

as a logi cal expression. Th is means that it 
may include operators (such as .NE.) in 
addition to the standard arith metic opera
tor . fl also means th at it has the value 
"true" (if A- B is unequal Lo C*D) or "false" 
(otherwise). We wo ul d like to process this 
log ical express ion accord ing to lhe BaUCI'· 
Samelson algorithm in order to generate 
code Ii kc that shown above. In the rem ain· 
der of th is article we will show hO\ to do 
this. 

What Prece clence for Relational Operators? 

Let us firs t consider precedence f opera
tors. Recall th t in typical algebra ic expres
sion processing, multiplica tion is clcrincd as 
having a higher prcccclcncc th n add ition . 
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This means that in an expression such as: 

W*X+Y*Z 

we perform the multiplications first (W*X 
and Y*Z) before adding together the result . 
Because logical operations are defined a 
comparisons of va lues (e .g., the resu lts of 
ari thmeLic operations) we must eva luate our 
arithmeLic expressions first. Thus, it shou ld 
be clear that any arithmetic operator (+,- ,*, 
/) has higher precedence than any relational 
operator (.EQ., .NE., and so on). Thus in our 
expression: 

A- B .NE. C*D 

we have to perform the subtraction (A- B) 
and the multiplication (C*D) before co m
paring the resu lts to see whether they are 
unequal. 

There wi ll never be any need to compare 
one relational operator wit h another with 
respect Lo precedence, and we can assume 
chat all six re lational operators (.EQ., 
.NE., .GT., .GE., .LT. and .LE.) have the 
same precedence. This allows us to start 
the process of generating code for our 
example expression. We recall that, in the 
Bauer-Samelson algorithm, we have two 
stacks, one for opera nd s and one for opera
tors (see figure 1). The process in this case 
proceeds as follows: 

1. The A goes on the operand stack. 
2. The minus sign goes on the operator 

stack . 
3. The B goes on the operand stack. 
4. Now we come to the .NE. which we 

cannot put on the operator stack because, as 
we mentioned before, the minu s sig n ha 
higher precedence. Therefore, we must take 
the minus sign off the operator stack; take 
its operands, A and B, off the operand stack; 
perform the operation, which in this case 
means generating the code for " load A" and 
"subtract B"; and put the res ul t back on the 
operand stack. In this case the result is 
simply the name of the register where the 
answer (A- B) was left. Let us call this 
register AC. 

5. Now we can pul .NE. on the operator 
tack, since the operator stack is empty. 

6. The C goes on the operand stack. 
7. The * goes on the operator stack, 

si nce it has higher precede nce than the .NE. 
ope1·ator. 

8. The D goes on the operand stack. 
9. Now we come to the end of the 

expression. First we must treat the * opera
tor (at the top of the operator stack). We 
take it off the operator stack; take its two 
operands (C and D) off the operand stack; 
and perform the operation, which in this 
case means generating the code for "I ad C" 

VARIABLE OPERATOR 

0 IIx .. *" 

0::c 
2 • • 0 

I
<( <(
a: 0:: 
1.1.J 1.1.J 
Q.. Q.. 

0 0 

Figure 7: A simple diagram of the stack data constructs of the Bauer
Samelson algorithm. To/? e on equation and analyze it from left to right 
putting variables or constants in the operand stack and operators in the 
operator stocl<. With each additional item added to the stacks, the previous 
one is shifted down. Special attention must be paid to the operator stac/? 
because the operators must be staclwd in descending precedence order. If an 
operator or lower precedence than the previous one is loaded into the 
operator stacl<, it will be saved, while the higher precedence operator and its 
corresponding operands ore processed out o{ the stack. The newly computed 
value will be put into the operand stack, and the lower precedence operator 
will now be loaded into the operator stack The process then continues on. 
When the end of the expression is reached, a cleanup process of unstaclu'ng 
operators and operands continues until both stacl<s are empty. This algorithm 
can be used in a compiler to generate machine code, or in an interpreter to 
control actual evaluations ofexpressions. 

and "mu lLiply by D." In doing this , we will 
note (if we have a sin gle register co mpute r) 
that the register AC will be overwritten. 
Thcrnfore, we will have to generate "store in 
TEMP" and pul TEMP on the opera nd tack 
where AC wa . Finally , we put the re ult 
back on the operand tack. Thi time the 
result is the regi ster where C*D is kept. Let 
us as umc LhaL t11 i is <1gain AC (al though the 
method would wo1·k just as easily ir it were 
some other rcgi ter); then this is put back on 
the operand stack . 

10. Fi nally, we come to the .NE. opera
to1·. Its two opc1·ands arc AC and TEMP. 
Since we arc o nly prncess ing the express ion 
A· B . NE . C*D, and not the whole statemcm 
in which it is contai ned, we don't kno w 
where to jump yet (in this case it is to 
statement number 87). Let u , therefore, 
generate code which will jump Lo a label 
cal led TRUE if the condition is satisfied, and 
to a label ca ll ed FALSE if it is not. L.iter 0 11 , 

131 



Figure 2a: Th e basic bloc/~ 
diagram that will be used 
to represent the different 
logical operators; "alpha" 
and ' 'be ta" represent 
generated code whereby 
either a true or false state 
is possible, depending on 
whether or not the con
dition in question is satis
fied. Arrows in this dia
gram indicate branches 
which might be tal?en. 

Figure 2b: Generating 
code for "alpha or beta. " 
If the first state is not true 
then the second state must 
be checked: 

Alpha Beta 

False or True -
False or False -
True or True' -
True or False • -

•State need not be checked . 

ALPHA 

--+----.. TRUE 

--+---•FALSE 

BETA 

---+---• TRUE 

--+---FALSE 

ALPHA 

--

BETA 

TRUE 

Result I FALSE) 
Branch 

TRUE 
FALSE 
TRUE 
TRUE TRUE 

FALSE 

the e can be paLchcd up: TRUE can be 
changed to statement number 87, and 
FALSE ca n be changed to be the next 
statement after the IF sta tement. So, in this 
case, depending on the computer we arc 
doi ng this o n, we wou ld gcncrntc: 

"compare with TEMP; if unequa l, go 
to TRUE; go to FALSE" 
or "if eq ual Lo TEM P, skip th e nex t 
instruction; go to TRUE; go to 
FALSE" 
or "subtract TEMP; if nonzero, go Lo 
TRUE; go to ALSE." 

We notice immediately that, no matter 
which of the c options we take, the last 
in truction we ge nerate i "go to FALSE ," 
and this is unnece ary, because FALSE 
corresponds to the next instruction fo ll ow
ing Lhe IF statement. In this case the final 
"go to FALSE" can simply be thrown away; 
however, in a more comp lex case we might 
actually need the "go to FALSE." So for the 
momen t, let' assume that it is always 
generated. 

Logical Operators 

We now pass L a consideration of the 
logical operators "and," "or," and so on . 
Just as before, we start by considering 

que Lions of precedence. Suppose we have a 
statement such as: 

IF {A- 8 .GT. C*D .OR. E/F .LT. G+H) 
GO TO 87 

1t is now clear that we have three levels of 
precedence. That is : 

I . First we perform the arith metic opera
tions: A- B, C*D, E/F, and G+H . 

2. Then we look at the relational opera
tors (.GT. and .LT. in this ca e) and form 
the expressions A- B .GT. C*D an d E/F .LT. 
G+H. 

3. Finall y, we look al the logical opera
tor (.OR.). 

From this it should be clear Lhat, just a 
arith metic operators have higher precedence 
than relational ones, relationa l operators 
have higher precedence than logical ones. 
Suppose that we have more L11an one logical 
opc1·a tor . Fo1· example, suppose we have a 
state ment: 

IF (A. LT.B .OR . C.EQ.D .AND. E.GT.F) 
GO TO 84 

Do we consider the .AND. fil'Sl? Or do we 
look at the opNators from left lO right, 
which would mean con iclcring the .OR. 
first? The answer lo Lhis question is not t1 

natura l resu lt of the way we define logica l 
operations in the same way th at it is for the 
ari Lh me tic opera ti on such as + or *. In 
algebra and arithmet ic, when we look at 
W*X+Y*Z, we know that by the ordinary 
rul es of algebra the multiplications a1·c per
formed first. But, there are no "ordin ary 
rule of algebra" for logical express ions. The 
only clue we have is that "or" and "and" 
are often called logica l sum and logical pro
duct, respectively, and arc sometimes even 
denoted by + and * in mathematical logic. 
This would suggest that the "and," or the 
logical product, be performed fir t; in fact, 
this is the rule that is general ly adopted. The 
logica l operator "not," when it is all owed, 
has higher precedence than "and" and "or," 
while "implies," when it is allowed, gen
erally has lower precedence. 

In order to sec how to ge ne1·atc object 
code when "or" is present, let us loo k at fig
ures 2a and b. In accordance with what we 
have just discussed, the code we are trying 
to generate for an expression of the for m 
"alpha or beta" wi ll h;:ive vMiou jump~ LO 

TRUE an d FALSE. We do not ca re how 
many jumps there arc, and in a complex case 
there may be quite a few of these. We 
assume, however, that we have already 
generated code for "alpha" ancl also code f r 
"beta," and that at this point we only wi h 
to take care of the "or" operator. The code 
for "alpha" comes first, follo wed by the 
code for "beta"; and the code for "alph a" 
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will have its own jump to TR UE and 
FALSE, as wi ll the code for "beta." This 
means that there arc four possibi lities: 

1. 	A jump to TRUE from "alpha." If 
"alpha" 	is true, then clearly "alpha or beta" 

true. So this can remain a jum p to TRU -. 
2. A jump Lo FA LSE from "alpha. " If 

"alpha" is false , we sti ll have to check 
"beta." So this is changed in to a jump to the 
star t of the coding for "beta." 

3. A jump to TRUE from "beta ." If 
"beta" is true, then again " lpha or beta" is 
true, so this can rema in a jump to TR UE. 

4. A jump to FALSE from "beta." We 
don't check "beta" unless "a lpha" is fa lse, 
and we now know that both "alpha" and 
"beta" are false, so that "a lpha or beta" is 
al o false . So this ca n remain a jump to 
FALSE. 

From th is we can sec that the only jump. 
we have to change (i.e., pa tch) arc jumps to 
FALSE from "alpha." Each one of these 
must be changed from a jum p Lo FALSE 
Lo a jump Lo the start of the coding fo r 
"beta" (see figure 2b). We have shown o nl y 
one jump in the figure; but, if there is more 
than one such jump, all of them must be 
cha nged . 

Now let us look at "and" (sec figure 3). 
The setup is exactly the same as before; we 
still have four possibi lities; but the rul es arc 
a bit different. Taking the four possibililic 
one by one, we consider : 

I. A jump Lo TR LE from "alpha." If 
"alpha" is true, we sti ll have to check 
"beta." So this is cha nged into a jump Lo the 
start of the coding for "beta." 

2. A ju mp to FA LSE from "a lpha." If 
"a lpha" is fa lse, then "a lpha and beta" is 
false. So Lhi can remain a jump to FA LS E. 

3. A jLJmp to TRUE from "beta." By th is 
time we know that "alpha" is trne, and if 
"beta" is al o true, then "a lpha and beta" i 
true. So this can remain a jump to TRUE. 

4. A jump to FALSE from "beta." If 
"beta" is false, then aga in "alpha and beta" 
is false, so this remains a ju mp to FALSE. 

Thus, it is only the jumps to TRUE from 
"a lpha" (rather than the ju mps Lo FALSE) 
which have to be changed to go to th e start 
of the coding for "beta," as in figure 3. 

In all case of this kind, the coding for 
"beta" will immc liatc ly follow the coding 
for "alpha." If A is the start of "alpha" and 
B is the start of "beta," we only need Lo 
look through from A to B-1 in order Lo fi nd 
jumps to FALSE (or, respectively, jumps to 
TRUE) that have to be changed to be jumps 
to B. The start of each section of generated 
code for an exp ression is what goes on the 
operand stack to represent that expression. 

(TR UE) 

ALPHA 

FALS E 

r- 
I 

I 
 TRUE 
I 
I 

BETA I•I 

I 

I 

I 

L-

Figure 3: Generating code 
for "alpha and beta." With 
the "and " logical opera/or, 
both states must always be 
checked. If either state is 
false, the condition isn 'I 
satisfied and llws the end 
state is false. 

Cond ition 

Alpha Beta 
Result 
Branch 

True 
False 
True 
Fa lse 

and 
and 
and 
and 

True 
True' 
False 
False 

TRUE 
FALSE 
FA LSE 
FALSE 

· s1ate need not be checked . 

FALSE 

TRUE 
1J.RtrEI 
FALSE 

ALPHA "NOT" A L PHA 

FALSE 
~) 
TRUE 

SUBEXPRESS ION -  --------  SUB EXPRESS ION-- -------- 
TRUE TRUE 

If c 

t 
I 

FALSE 

If (NOT C ) 

FALSE 

I 

(LAST STEPS TO BE GENERATED) 


A variable CREL (current 1·cl ation) is kept a t 
al l times lo ind icate the start or the sect ion 
of code generated ror the CUITCn l relation 
(e.g., A.L T.B). When we fin i h genera ting 
code for a re lat ion, CREL goes on the oper
and stack, and the current position in Lhc 
ge nerated ode, plu one, become the new 
va lue of CREL. Al the beginn in g, CREL is 
initialized Lo indicate the start of all gen
erated code. 

Let. LI now look at "not alpha" (cc 
figu re 4). This seems easy: Al l Lhc jumps Lo 
T RUE become jumps Lo FALSE, and vice 
vcr a. There is one cxcc1 Li n, however. For 
any logica l express ion or subexpression, the 
generated code will end with something of 
the forn1 "if C then go to TR UE; go Lo 
FALSE," wh ich we shall abbreviate as "if C 
then DEC IDE ." This is clear ly tr ue of the 
code for relations, and i L remains true when 
blocks "alpha" and "beta" ar-c combined by 
means of "and" 0 1· "or," bccau c "beta" wil l 
not be p·1tchcd up. Wh en we use "not," 
however, it wou ld seem that " if C th en go to 

Figure 4: Another logical 
operator is the "not 
alpha." It can be thought 
of as the inverse of an 
alpha, true is false and 
false is true. There is also a 
modification on the sub
expression as explained in 
the text. 
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ALPHA 

FALSE - I- --
FALSE 

DECIDE I f c (_o.wrof") 

TRUE 

TRUE - 1--

TRUE 

FALSE BETA 

TRUETRU E 

FALSE 

DECIDE 
DEC IDE 

TR UE; go to FA LSE" would be changed to 
read " if C then go to FA LSE; go to TRUE." 
Ins tead, we wi ll cha nge it to rea ct " if (not C) 
Lhen go to TRUE; go to FA LSE" (or "if 
(not C) then DEC IDE"), so tha t the above 
mentioned property of genera ted code will 
be preserved. All other jumps to TR UE arc 
changed to FA LSE, and vice ve rsa, when we 
produce "not alpha" from ",tlpha." 

This property of generated code- namely, 
the fact that it always ends with "if C, then 
DEC ID E"- may be used to "optimize out" 
the last generated instru ction for any sub
expression. In generat ing code f'or "a lpha or 
be ta," the last "go to FALSE" in the sub
express ion of "alpha" must be changed to 
"go to the start of beta"; but this is the very 
next instruction, so that "go to FA LSE" 
may simp ly be thrown away. Thus " if C 
then DEC IDE" is changed, in this case, to 
" if C then go to TR UE" (see figure 5). In 
generat ing code for "alpha and beta," we 
can think of " if C th en DEC ID E" in the 
subexpression of "alpha" as if it were " if 
(not C} then go to FA LSE; go to TRUE." 
This time "go to T RUE" must be patched so 
that it goes to the very next instruction, and 
it may li kewise be thrown away. Therefore, 
"if C then D CIDE" may be changed in this 
case to "if (not C) then go to FA LSE." 

l . Load A . 
2. Compare with B. 
3. I I less than B, DEC I DE. 
4. Load C. 
5. Add D. 
6. Compare w i th E. 
7. I f unequal to E, DECI DE. 
8 . Load G. 
9. M ultiply by H. 

10. Compare with F. 
11. I f greater t han or equal to F, D ECIDE . 
12. Continue with next instruction. 

ALPHA 

I I C 

BETA 

Figure 5: Optimized code 
for "alpha or beta." The 
subexpression "if C then 
go to TRUE; go to 
FALSE" can be simplified 
to "if C then DECIDE"; 
decide whether the code 
satisfies the siluation in 
question or not. But, i f the 
first state of lhe "or" 
operator isn 't satisfied, 
then "go to FALSE" in 
the subexpression must be 
changed to "go to beta" 
which is the next step in 
the procedure. In the opti
mized fo rm, the "go to 
FALSE" has been deleted 
and the subexpression has 
been simplified to "if C 
then go to TR UE." 

Figure 6: The steps in
volved in evaluating the 
FORTl?AN expression: 

I F (A .L T. B . OR. 
C+D. EQ . E .AND. 
. NOT. F.GT.G ·;H) GO 
T087 

as compiled using the 
Bauer-Same/son algorithm. 

We ill us trate al l these not ions by genera
ting code fo r: 

IF (A. LT.B .OR. C+ D.EQ.E .AND ..NOT. 
F.GT.G* H) GO TO 87 

The generated code is given in fig ure 6; it i 
generated as fol lows: 

1. CREL is initia lized Lo indicate tep I. 
2. A goes on the operand stack . 

3.. LT. goes on the operator stack. 

4. B goes on the operand stack. 
5..OR. has lower precedence than .LT., 

so we can not put .O R. on the operator stack 
yet . We remove .LT. from the opc1·ator 
stack, and we remove its two operands, A 
and B, from the operand stack. We generate 
code for A.LT.B, namely "Load A; comp;ire 
with B; if less than B, DECIDE," and put the 
result back on Lhe operand stack. Th is result 
is the current value of C REL, namely "step 
·1," and CREL is reset to "step 4" since 
three steps have been generated so far. 

6. Now we can pu l .O R. on the operato1· 
stack, since tha t stack is empty. 

7. C goes on Lh e operand stack. 
8. + goes on the ope1·a tor stack, si nce it 

has higher p1·ecedence than the .O R. 
operator. 

9. D goes 0 11 the operand stack. 
·10. We cannot pu l .EQ. on the ope1·a tor 

stack, because it has lower precedence than 
+. We take + off lhe operaro1· slack, and its 
two ope1·a nds, C and D, off the operand 
stack. We generate code for C+D, namely 
" load C; acid D," Jnd put the result, AC, 
back on the operand stack. 

11. Now we can put .EQ. on the opera
tor stac k beca use it has higher precedence 
th an .OR., which is at the top of thaL stack. 

12. E goes on the operand stack. 
13. We can not put .AND. on the opera

tor stack, because .EQ. has higher p1·e 
cedence . So we take .EQ. off the operator 
stack, and its arguments, namely AC ,111d E, 
o rr the operand st;tck. The code we generate 
to compare AC with E is imply "comparn 
with E; if equal to E, D CIDE. '' CREL, 
name ly "step 4," goes 0 11 the operand stack, 
and since we have generated fou 1· teps since 
then, the next step would be number 8· o 
"step 8" becomes the new value of CREL. 

14. Now we can pul .AND . on the 
opera t01· stack, becau e its preceden ce is 
higher than that of the .0 R. ope1·a tor. 

15..NOT. goes on the operator . rnck, 
si nce .AN D. has lower precedence. 

I6. F goes on the ope1·and tack. 
17..GT. goes on the ope1·ator stac k, 

since .NOT. has lower p1·ecedc ncc . 
18. G goe on the operand stack. 
19. * goes on th e operator stack, since 

.GT. has lower precedence. The opera tor 

134 



stack now contains: .O R. (at the bottom); 
.AN D., .NOT., .GT., and *. 

20. H goes on the operand stack, which 
now conta ins "step 1," "step 4," F, G and 
H. We arc now at the end of the expression. 

21. First we treat the *. We take it off 
the operator stack; we take its two operands, 
G and H, off the opera nd stack; we generate 
code for G*H, namely "load G; multiply by 
H"; and we put the result, namely AC, back 
on the operand stack. 

22. Now we trca l the .GT. opera tor. Its 
two operands are F and AC, not AC and F. 
The result is the same as if .LT. were the 
operator and AC and F were the operands. 
{If Fis greater than AC, then AC is lcs than 
F, not less than or equal.) We generate 
"compare with F; if less than F, DEC ID E" 
and put CREL, name ly "step 8," on the 
operand stack. As before, we have generated 
four new steps, so that "step 12" becomes 
the new value of CRE L. Nole that we have 
now genera ted all the steps of the co mpi led 
code shown in figu re 6. The operand stack 
now contains " tep 1," "step 4," and "step 
8." 

23. The next operator to be trea ted is 
the .NOT. operator. Its operand is "step 8," 
and "step 12" is the current value of CREL. 
This means that steps 8 through ·11 have to 
be checked. In these steps, there are no 
jumps LO TR UE or to FALSE (if there were, 
then TRUE would be changed to FALSE in 
these steps, and vice versa), but there is a 
reference to DEC IDE in step 1 ·1. This step 
therefore become "if greater than or equal 
to F, DECIDE" and "s tep 8" remain on the 
operand stac k. 

24. Now we u·cat the .AND. opera tor . Its 
two operands arc "step 4" (al pha) and "s tep 
8" (beta), which means that we have to 
check from step 4 to step 7. Again there are 
no jumps to T RUE or FALSE . (A jump to 
T RUE wou ld have to be changed, here, to a 
jump to step 8.) But there is a reference to 
DEC IDE in step 7, which is changed to "i f 
uneq ual to E, go to FALSE," and "step 4" 
goes back on the operand stack, sin ce this is 
the beginning of the code for "alpha and 
bet;1." 

25. The las t operator to be treated is the 
.OR. operator. Its two operands arc "step I" 
(a lpha) and "step 4" (beta}, which means 
that we have to check from re p I through 
step 3. If there were any jumps to FALSE in 
this range, they w uld have to be changed t 
"jump to step 4" (see .figure 5) . But, just as 
before, there are none of these; there is only 
the reference to DECIDE in step 3, and, 
agai n by figure 4, this is changed to " if less 
lhan B, go to TRUE." 

26. Finally, we reacJ the "GO TO 87," so 
th.i t TRUE becomes statement nu mber 87. 

Comments on Notation 
In this article, the logical and relational 

operators are shown using a FORTRAN IV 
convention, as follows. They are used to 
define conditions with relational operations, 
then combine them with logical operations. 
Logical Operators : A new condition is eval
uated using other conditions X and Y. 

.NOT. X L ogica l in ve rse o f 
condition X. 

X .I-IND. Y Logical product of results 
of conditions X and Y 
(X/\Y). 

X. OR. Y Logical sum of conditions 
X and Y {X V Y). 

Relational Operators: A condition is eval
uated using operands which can be com
pared, such as integers (or other representa
tions ofnumbers), strings, etc. 

A .GT. 8 True ifA is greater than 8. 
A .GE.8 True if A is greater than or 

equal to 8. 
A.LT.8 True if A i less than 8. 
A .LE. B True if A is /es than or 

equal to B. 
A.EQ. B True if A is equal to 8. 
A.NE. B True if A is not equal to B. 

Note that the meaning of the comparisons 
depends upon the type ofdata involved, and 
that compiled code for each /?ind of test 
must reflect the comparison of identical 
types of data. Thu , A and 8 should both be 
integers in a simple compiler or interpreter 
(such as Tiny BASIC}, and both should be of 
consistent integer or floating point (REAL) 
type in a FORTRAN compiler or inter
preter, etc. The meaning of string com
parisons for 11a/ue (other than equality) can 
be defined. 

There arc now Lwo jumps to TRUE (in tcp 
3 ,ind I I), and these musL be changed Lo 
ref er Lo t<1 tcrncn t nu mbcr 87; Lhcrc is one 
jump to FALSE (in Lcp 7), and this must be 
changed to refer to Lhe next Lcp aft er the 
gcneraLcd code, namely step 12. Thi com
pletes the pr >cc s of genera ting code for this 
sta tcmcnt. 

As a fin,11 note, we may consider the 
"implic " op rator of ymbolic logic. The 
construction "a lpha implic beta" is equi v
alen t LO "(noL cilpha) or b ta." Thu " im 
pl ic " may be put on the p raL r stack, ju t 
like any of our ot her opcra Lors. It is trcaLcd 
in the amc way .1s "or" ( cc figures 2 and 
5), except that FALSE and TRUE ctre 
inLcrchangecJ in "alpha" jusL beforehand (sec 
figu re 4) .• 
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Interface any Selectric I/O Writer 
to S-100 computers with a TYPE
AWAY Selectric I/O Writer lnler
face.TYPEAWAY is compa tiblewilh 
any model 731 or 735 110 Writer, 
including versions with correspon
dence or BCD coding, 24 or 48 volt 
solonoids, and common anode or 
common ca thode diodes. TYPE
AWAY is a complete package of 
everything needed to interface any 
model 731 or 735 I/O writer to an 
S-100 computer, including; 
* S-lOO compatible PCboardwilh 

solonoid drivers, input ports, 
and PROM memory. 

* Complete cables and connectors 
* Power supply for 24 or 48 volt 

systems. 
Optional word processing software 
is also available. 

Add professional, economical hard 
copy to your S-100 system with an 
IBM Selectric 110 Writer and a 
TYPEAWAY interface. 

Prices 
Kit . .. ... ... . . . . ...... . $225 

Assembled. . . . . . . . . . . . . 325 
Documentation. . . . . . . . . 25 

Ca ll Loll-free anytime lo 
place credit ca rd orders: 

800/648 5311 

MICROMATION INCORPORATED 
524 UNION STREET 
SAN F RANCISCO , CA. 94133 
415/398-0289 
Circle 143 on inqu iry card . 

Continued from page 12 

anention to a few m isco nceptions. 
Refe rri ng to Prof lsaacso n's a rtic le 
in February 1977 BYTE, I'l l agree that 
the ti me of pe rsona l compu ting is 
coming, bu t it hasn 'L got here quite 
ye t ! 

She may thi nk that $1000 is cheap, 
and it is to some, but not for the vast 
majority of stud en ts and others. This 
is my main sticking point: too many 
writers assume one has $ 1000 to $2000 
to blow on a system . Surprise! A lot of 
people don't! Professor Isaacso n may 
th in k $1000 is no thing, bu t to me it is! 
Pardon me if I am old fashioned, but 
I like to get the mos t for my money! 

I'd like to sec more artic les like the 
one o n calculator in terface, and Suding's 
art icle o n TV typewriters. Bu t why limit 
thi s to perip herals? Why no l a homcbrew 
computer th a t can be expanded and use 
BAS IC? There arc plenty of guys like me 
who enjoy "rolli ng your ow n." Not to 
me nt ion, it 's cheaper! 

Edgar N Co he n 
3228 Smith A v 

Ba lt im ore MD 21208 

Homebrewinq is definitely a learning 
experience, b/JI hardly recommended as 
an economic alternative. Th e cost of 
individual ports may look small, but any 
realistic compu ter uses a very large m11n
ber of the little bugs and inordinate 
amounts of time getti11g i t up and run
ning. The reasons for homebrewinq are 
most lil1e/y psychic: the intimate /mow/
edge and the chance to "do it right" by 
some arco11e standards of sys/em design 
only known to the builder of the syslem. 

MICROCOMPU T ER 

CORR ESPOND ENC E COURSES 


NEEDED . .. 


I am try ing LO locate a formal course 
or instruct io n in microcomputer Lechnol· 
ogy. I have considerab le exper ience in 
lh ird genera tion com puter systems 
(main tenance, operations an d program
m ing at all levels) . I a lso have worked 
with programmable ca lculators a grea t 
dea l. Now my goal for both persona l and 
profess io nal interests seems to lie within 
the micro/mini compu ter range. 

Unfortuna tely, my fi nancial reso urces 
a rc somewha t limi ted, and the course or 
study m ust be limited Lo spare time with 
no res t ric tions o n move me nt . The an· 
swer wo uld be a correspondence co urse, 
preferrab ly VA approved. 

If possib le, I would like a course 
with kit co ns truction as part of the 
cu rricul um. Not only wo uld I then 
benefit by pract ica l app li'ca t ion of the 
kno wledge being taugh t, but would 
re tain the system for co nt in ued tra in
ing and sa t isfaction , in addi t ion Lo 
possibly being able Lo have some of the 
costs bo rne by th governmen t. This 
would make it possible for me Lo con
t in ue my ed ucation in a man ner that is 
cu rren tl y beyon d my means. 
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If you know of such cours , or 
might be influential in organi1.i ng such a 
course, the n I would ap prec ia te your 
help and influence. 

Do na ld R Darden 
519 Co rday St , Lo t 3 

Pensaco la FL 3250 3 

Per/tops publishing your /c/ler will 
hai1e the influence you seeh. 

LAMENTS 

lame n t your loss or linkage on the 
8008 update in April 1977 BYT . The 
laborious data de pendent search was 
eventually successful. Th us forced to 
acknowledge the anecdotal nature of 
this issue caused my corrclillor to 
flas h Readers ' Digest in re d lclters. 
Back Lo basics and I 'll continue lo sing 
yo ur praise. 

Fra nk Eva ns 
Co rva ll is OR 97330 

BE WARE OF P UNS 

Will iam Stock, in his leller ("What's 
New? ", Apri l 1977 BYTE) , mentioned 
the sloppy disk, which was first in tro
duced by our company in late 1976, as 
tho ugh he had never heard of it, not to 
me nti on ou r company. The unfo rt una te 
fac t that m any o thers arc in the same 
position prompted this lct.Lcr (which 
I am trying to key in slowly, as I know 
ma ny "compuniks" are used lo 110 
baud and therefore cannot read very 
fast) . 

MNewmon ics is currently based in 
Lawrence KS. The company made its 
start by ma rke ting a small micropro· 
cessor, introduced soon after t l1c popular 
3000 seri es came out. By coincidence, 
ou r mode l is the MN 1500, ,1 1 bi t (nol 
bi t slice, but t ruly 1 b it) machine w it h 
two powerful instructions: 0 = NOP; 
1 HALT/CRASH. Although the 
act ua l fa brical ion is proprie lary, I ca n 
say that it is a combina1ion of th e 
p-typc and n· type bipol ar (PPP, NNN) 
TT L components noled in Will ia m' 
letter. The device is capa ble ol uch 
ex tremely fast opera1ion th a t we have 
developed a special doveta iled clock for 
it, which all ows four slates per cycle. 
I won't divulge its secre t , but i t uses 
an in-ho use NLL (noise locked loop) _ 

We, Loo, have a WOM (write o nl y 
memory). in 19 and 23 pi n D IP forma ts. 
These arc nicely comp lemen ted by our 
64 K*l sta tic RNMs (read never memo
ries). though some enterprising soul will 
proba bl y soon discover that the same 
th ing ca n be done with a 74011. Next, 
we have a RAM wh ich covers several 
speed and power ranges. As we arc a 
small company, we couldn't afford to 
sup port three chips differing only in 
speed, so we pu t the high, medium and 
low speed devices all in one package, 
and control them with a n automa ti c gear 
shift, an Industry firs t 1 The latest cheap, 



excuse me, ch ip, wh ich we developed 
loca ll y was o u r M K* N RMM (read 
maybe memory). Also, my (barely) 
capable V P, Mr John C Nun ley, has 
recenlly closed a dea l maki ng us t he 
sole supplier of a new th in-film Lech nol
ogy memory device . At o ne poi nt , he 
was so worr ied abouL Lhc deal tha l we 
have dubbed Lh e ulLra th in fil m 
(10** - 8 cm) chip t he ANGST- ROM. 

We arc curren tl y t ryi ng to gel o ur 
corner o n the market with Lhc product 
Wi ll iam mentioned, somet hing we feel 
is a break thro ugh for the m icrocomp ut er 
industry: the sloppy diske t te. In pass ing, 
o ur proto type was made from a sq uare 
piece of coated mylJr ho used in a cir
cular shcJth, which when placed in our 
drive sat motionless. Rather tha n the 
motor turning the diskette a nd a small 
r! ywheel, t he en t ire d rive bega n rotat· 
ing with a negaLive f req uency (ano th er 
application of our dove tailed clock). 
The mangled test rack and the p laster 
patch in t he wa ll arc testimony to the 
fact tha t the id ea was indeed a 
break thro ugh! 

Also , we have in the wo r ks a device 
which was suggested to us by o ne of 
our company ins ul tants, Mr Craig Paul. 
The new device wi ll be a yet smal ler 
version of the increasingly popu lar 
diskettes. As we inte nd it to be used 
with the upco mi ng " baby" (pico) 
processors , we have tent atively na m ed 
it the "Bassine tt e Drive." 

Glen E Monagha n 
President 

MNcwmo n ics 
GEM/pd p- 15 Lawrence KS 66044 

MORE COMMENTS ON 

AUDIO T APE PROBLEMS 


Havi ng read your re pl y to the letter 
by Warre n Bel l in the April 1977 issue 
I feel the problem shou ld be c la rifi ed so 
that computer peop le o ut t here do n 't 
start teari ng into their casse tte reco rders 
needlessly. As I in terpre t Mr Bell's 
problem, i1 is unrela ted to t he phase of 
the tape recorder outp ut , and reversi ng 
the output jack leads as you "suggest 
won't he lp. T he cassette reco rd er inter· 
face 1've bu il t which is o n a 10 card in· 
side my SWTPC 6800 is similar to the 
AC30 that Mr Bel l ment ion ed. T he 
incompatabi li ty he experie nced sou nds 
like the problem I had wi th a p rototype 
of my board. The S WTPC AC30 has 
24 00 Hz as the freq uency that is re· 
corded whe n there is no da ta com ing ou t 
of the seria l 10. I suspect that his in ter· 
race res ts a t th e lower frequency of 
1200 Hz. My first board ha d t he same 
problem. I cou ld record and play my 
own tapes bu t it took several hours to 
find o u t why I cou ld no t read the 
BAS IC I bough t from S WT PC. As 
Mr Be ll observed, yo u m ust invert the 
data before it is mo dul ated to invert 
1he frequency. My interface does n 't 
care if I invert the casse t te ou tp u t since 
it is freq ue ncy dependent, no t ph ase 
dependent. 

I mig h t add m y objec t ion to the 
Kansas C ity int erface usi ng the u pper 
fre q uency as the rest ing poin t. As the 
cassette starts up o n u nmodulated 
2400 Ht. it must pa s thro ugh the lower 
frequency to get up speed. I wou ld have 
tho ught t he lower frequency would be 
used so the interface wo u ld no t p ut ou t 
a b urst of garbJgc data eac h Lime it 
starts up . My software mus t ignore any 
data for about a second as t he casse t lt! 
ge ts up speed. 

Leo Taylor 
18 Ridge Ct W, Ap t C21 

West Haven CT 065 1 6 

Th e plwsc im1crsicm fix, ir 11eed£'d, 
is done with putch cords, not i11sidi: 
recorders! 

ANOTHER COMMENT O N DEFININ G 
THE BYTE 

No t only docs the quotation from 
Do nald E Kn uth pub li shed in the Let· 
ters co lumn of Apri l 1977 BYTE no t 
address the ques tio n of t l1 c or igin of 
the wo rd "byte," it is not even int ended 
to be a general definition. Professor 
Kn uth was describing tl1c basic un it of 
in formation on a pa rticu lar computer, 
the M IX 1009. The passage quoted is 
take n from Knu th's The ! Ir/ or Com· 
pu ter l'rogrummlng, Vo lu me I. There 
Knuth describe the 111yll1ical MIX 
computer, the machi ne language of 
which is used to illus t rate the algo· 
ri thms in the book: 

MIX has a peculiar property in 
that it is both binary and decimal 
at the same time. Th e programmer 
doesn ·1 acwally /wow whether he is 
programming a machine with base 
2 or base 70 arithmrtic. This is dune 
so that algorithm:; wri11e11 in M IX 
can be used 011 ci//1er type o{ ma· 
chine with lit tle change; and so that 
M IX con be easily simulated 011 

either type or machine. 

An algorithm in M IX should work 
properly regurdless or how big (/ 
byte is. 

For those who rn;iy be look ing for 
a general defi n it ion or "by te" I pro· 
pose the fo llowing: A byte is t he sma l· 
les t directly addressab le area of a com· 
pu ter's storage; if t he smallest such area 
is t he same size as th e acc um ulator (or a 
ge nera l register) then it is more prope rl y 
ca ll ed a word. 

Thus, an IBM 360 has an 8 bi t byte 
size (sma llest add ressable storage loca
t ion) a nd a 32 bit word (size of a general 
register). Operating under the above 
defin itio n , each storage loca tion of a n 
8 b it mic rocom puter wo ul d more pro· 
per ly be called a word tha n ii by te. 

Bob Bro wn 
Ch ief o f Comput er System s 

Med ica l Asso cia t ion o f Georgia 
938 Peachtree S t NE 
At lanta GA 30309 • 
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c 
 72460 Gladstone Avenue 
0 Sy/mar, CA 97342...... If unallailable lo cally, factor y order . Add 

$2.00 shipping and handling charge. 
California res idents 

add 6% sales tax. 
4 910 76 
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• 8080A MPU • 24 lines of 
• 1K Monitor/ Debug Parallel 1/ 0 (8255) 

Software in • Hardware " fron t 
2708 EPROM or panel'' on board 
2-3624 PROMs • Optional 

• On board space Accessories : 
for : 4K ROM ·- CRTTerminal 

(2708). 2K RAM _,.:::!!:!;=::!~~==~=~=. 
(2102A-4) 

Board , BASIC in 

T EPROM, Audio 
Cassette Interface. 

• TTY Current Loop or 7K RAM Expansion Board/ 

Parker Rolls into Microprocessor Games Market 

A New Computer Package from 
Polymorphi c Systems 

The POLY 88 System Sixteen com
pu1er sys tem has been announced by 
Pol ymorphic Systems, 460 Ward Dr, 

Santa Barbara CA 93 111. Th e unit is 
a 16 K system featuri ng a high speed 
video display and alphanumer ic key
board. Casse lle tapes arc used for 
permanent program storage; a verify 
fea ture is included to insure correct 
loa ding of programs. A BAS IC package 
is included which features formatti ng 
options and str ing manipu lat ion. A pro· 
gram lib rary is available Lo POLY 88 
users. The price for the sys tem as shown 
is $2250, assembled . • 

Circle 604 on mQu1ry card. 

Make the HAL Connection 


RS-232C serial 1/ 0 (8251) EPP0M Programmer, Power Supply . 
MCEM-8080 from$375 (2-3624 ROM/ 1K RAM) orS445;.:; shown (2708 EPROM/2K RAM) 

and solve your lab or OEM computer problems 
1. Connect to the 24 lines of Parallel 1/ 0 puter system elements are incorporated in 

and ASCII or Baudot Serial 1/ 0 . this ful ly assembled, tested single-board 
2. Connect to processor bus to add ml!m- computer. Some unexpected features of 

ory expansion board / EPROM program- the HAL MCEM-8080 are: hardware " front 
mer, 1/ 0 devices, or our unique CRT panel" which allows setting a breakpoint 
Terminal Board. and manual control of the computer; 1K 

3. Connect to our power supply or use ROM Monitor/ Debug Software (with user 
your own. ca llable, lntel®compatible 1/ 0 routines) 

Lab users and OEM's alike will find solu- which greatly simplif ies program develop
t ions to their computer problems with the ment; Parallel and Serial l / Oon the board ; 
MCEM -8080 computer. All .essential com- and very reasonable prices. 

Cal I or write for further information on the HAL Connection . 
You'll be glad you did ! 

HAL COMMUNICATIONS CORP. 
Box 3658 807 E. Green Street, Urbana, Ill. 61801 
Telephone (217) 367-7373 

Board game fans take note! Parker 
Brothers has 'announced a micropro · 
ccssor-based board game cal led CODE 
NAME: SECTOR , a submari ne pursuit 
game in which players compe te with 
one another and with the computer as 
it moves an invisible submarine through 
4800 possible posit ions under Lhe sea. 
Parker Brothers expects th at the price 
or th is new product will probab ly be in 
the $30 to $45 range at department 
stores and other retai l outlets this sum · 
mer and fall. Signific, ntly, there is no 
video screen involved wi th the game: 
a ca lculator-like module is used for both 
input and output, and apparently the 
entire ga me algorithm is buil t into read 
only memory parts with occasional 
inputs from playe rs, through sw itches. 
For new players of the game, a un ique 
" teach" mode is designed to give instruc
tion regarding rules and op ration. For 
more information, write Parker Brothers, 
Salem MA 01970. • 

Circle 605 on mqurry cord. 

A New Servocontrolled Cassette 
Transport 

A new, patented, servodrlven digital 
cassette recorder has been annou nced 
by Memodyne Corporation, 385 El lio t 
St , Newton Upper alls MA 02164 . 
The Model 764 co nsists of a !<1pe Lrans· 
port attached to a card cage whic h con· 
rai ns the scrvocont ro l elect ro nics plus 
a read-whi le-write electronics card. Data 
can be recorded at up to 32 K by tes per 
seco nd , and the transport search speed 
(forward or reverse) is 100 inches 
(254 cm) per second. (Thus 300 fool 
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cassette has a maximum access time of 
36 seconds. Al 1600 flux changes per 
Inch a standard cassette holds about 
5 mil lion bits , or about 1/2 mi llion 
bytes. High qual i ty certified digital 
cassettes shou ld be used with this type 
or data density .) Start-stop settling time 
is 200 ms. The Model 764 is priced a t 
under $500 in OEM quantities . Single 
un it 1> rices were not listed on the data 
sheet we received. Contact Memodyne 
for more information.• 

Circle 606 on 1nqu1ry card. 

An APL -Compatib le DECwri ter 

A Successor to the Te letype Model 33 

Teletype Corporation, 5555 Tou h y 
Av, S kokic IL 60076, has an nounced a 

for $325. The price incl udes power sup 
ply, keyboard, serial interface, beeper, 
assembly instruc t ions, chassis and cover. 
The optiona l CT- VM video monitor, 
sold assemb led, requ ires the CT- 64's 
power u pply a nd sells for $175 . Con
tact Southwes t Tec hni cal Products Cor
poration , 219 W Rhapsod y, San Antonio 
TX 78216. • 

Circle 609 on inquiry eard. 

new under $1000 Mode l 43 matrix 
tele printe r offering 30 character per 
second throughput, uppe r or lower case 
print ing, a nd 132 column form at cap
abi li ty on 11 inch wide fanfol d paper. 
It features a 9 wire im pact printhead 
mechanism. MOS tech nology is used 
throughout. The desk top terminal, 
which weighs approximate ly 3 0 pounds, 
is designed to be portable. Quiet opera
lio n makes it sui table for a variety of 
office environments. The 43 teleprinter 
is designed for in terac tive timesharing, 
da ta inquiry and res ponse applicat ions, 
and is in terchangable with the Teletype 
Model 33 termi nal. It is availa bl e with an 
E IA or 20 mA current loop interface and 
is desig ned for use o n the swi tched net-

Dig ital Eq ui pme nt Corpora ti on has 
announced a new 1200 bps ke y board 
term inal ca ll ed the LS l 20 DECwriter 111, 
des igned for in teractive commu nica tion 
wi th , computer or as a u nit in a data , 
or message, communication network . 
Features of the DECwriler Ill inc lude 
an 180 c p print ra te, a 1 K character 
buffer EIA in terface, an automati c 
"'paper out" switch, last character 
visi bil ity and se lf- test capa bili ty. The 
new termin al is compatible with fu ll 
dup lex a nd ha lf dup lex protocols . 
Op tion al features include an APL 
alternate character se t , a compressed 
fo n L and a 300 brs aco usti c coupler. 

l'ri cc is $2270 in quantities of 100, 
with de li veries lo begin this summer. 
Contact Digita l Equipment Corporation , 
Digital Compone nts Div ision, 1 Iron Way, 
Marlborougl1 MA 01752. • 

A New Terminal Kit from SwTPC 

The Southwest Technical Produc ts 
Corpo ratio n CT-64 Termina l Sys tem kit, 
J iang with the optional CT-VM video 
monitor, form a complet e stand a lon e 
termina l system compa tibl e with a 
va ri ety of modems and ASCI I computer 
systems. The kit fc ;nurcs 16 lines of 32 
or 6 cl1Mactcr per line, scrol li ng or 
page mode ope r,1tion, upper and lo wer 
case c h, rac te rs, reversed charJe te r p rin1 
ini:, co111rol ch .1rac 1er printing, c urso r 
co11 1ru l Jnd co111 ple 1e con1ro l character 
decoding. 

T he unit i avai l,1bk as kit only 

Nothing fancy. 
.Just more hard core in formation. 
Fewer ads and a lot more articles 

for every level of experience . 

Computer Notes. 

Publ ished in Albuquerque by MITS, 
Inc., the A ltair"·' people . 

computer ~-= 

U 
noees OUiJu~ B 8 

2450AlamoS.E 
Albuquerque. New Mexico 87106 

se send me a 1 year subscription to Computer Notes. 
00 per year in U S $20.00 per year overseas 

NAME 

ADDRESS :_ 
____ ZIP _C ITY . STATE : 

COMPANY/ ORGANIZATION 

0 
O 

Check Enclosed 
Master Charge MC or SAC/ Visa #----

0 BankAmericard / V isa Signature 

Circle 146 on inquiry card. 
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work and poi n t-to-point priva te line 
facilities. The terminal includes operator 
controls for 10 or 30 charac te rs per 
second, ha lf or ful l d up lex operation, 
parity checking and prin ter test. T he 
termi nal is com p rised of five major 
pluggable compone nts and features built
in se lf-diagnos tics for troubleshooti ng. 
For further information call Tom Race 
(312) 982·3"134.• 

A sample of Te letype Model 43 listings : 

Teletype Co r poratio n 
5555 Touhy Avenue 
Skokie, Ill. 60076 

Cucle 610 on 1n~uiry card. 

Circular Reasoning 

HEXADAISYTM is a new device 
which calcul ates the offset for relative 
addressi ng as used by the 6800, Z-80, 
6502, SC/MP and F-8 m icroprocessors, 
adds and subtracts hexadecimal numbers, 
calculates 2's complements and con
verts decimal to hexadeci mal numbers 
and back. All resu lts within the range of 
0 to 255 (decimal) ca n be read directly, 
while larger numbers a re calculated two 

Vector Announces New Enclosures 

VECTOR-PAK, a new line of en
c losures from Vector Electronic Com
pany Inc, 12460 Gladstone Av, Sy lmar 
CA 91342, is designed to house labora
tory equipmen t , Instruments, develop
ment systems and computers. Int c rn al 
structures such as optiona l card guides , 
brackets and straps permit installation of 
cards, modules and electronic com
ponent . The units arc ava ilable in 
17 sizes and ten colors. They arc de· 
signed for the experimenter with a 
custom person al compu ter system, who 
wants a professional looking enclosure. 
Prices range from $65 to $95 without 
in ternal strucrures. Prices with the in· 
ternal structures ra nge from $125 Lo 
$185. Custom unit prices on request. 
Delivery is stock lo four weeks. • 

Circle 613 on Inquiry card . 

hexadecimal digits at a Lime. The device 
is made frorn plastic in t he form of a 
circular "slide rule" with waterproof 
printing. Avai la bl e for $3.95 postpaid, 
with instructions, from E & L Pfeiffer 
Computer Products, Box 2624, Sepulveda 
CA 91343, or from loca l computer 
stores. • 

Circle 612 on Inquiry card . 

A New Microcomputer 
Hi gh Leve l Lang uage 
Compiler 

PennMicro announces the develop · 
ment of a tru e, code emitting compiler 
for Intel microcomputer systems : the 
SLAM compiler. SLAM (Symbolic Lan
guage Adapted for Microcomputers) is 
a h igh level languag which uses signed 
16 bit decimal integers and simple 
English- like statements to program micro· 
computers without any need to learn 
assembly or mach in e language. SLAM is 
said to feature a variety of conditio nal 
and sub routine commands, plus signed 
decimal numbers, simplified print com · 
mands, sym boli c variables, and English
like program statements. 

The compi ler is source code com
patible with the previously announced 
SLAM interpre ter. This concept allows 
programs Lo be created, modified an d 
debugged using th e interactive nature 
of the inte rpreter, then tra nslated into 
hexadecimal 8080 object code in Intel 
standard format when the user's pro· 
gram des ign has stabilized. The corn· 
pi ler provi des for pa rameter linkage 
conformi ng lo In tel conve ntions, absolute 
memo ry pointe:·s a nd machine language 
sub routi ne calls. SLAM occupies less 
than 8 K of RAM. Versions are availa ble 
for the lnte ll ec 8/Mod 80, MDS-800, or 
SBC80 systems. The compiler and inter
preter arc ava ilable on paper tape in 
Intel standard hexadec imal formal. In 
instruction man uals are sup1 lied with 
each. Price for either product is $99; 
both are avai labl e as a package for 
$175. Delivery is s tock to two weeks. 
Customers shou ld specify MDS, 
ln tellec 8, or SBC system-type, and 
availab le user programmab le memory 
(RAM) size. 

For more inform at ion, contact Penn
Micro, POB 5073, Lancaster PA 17604.• 

Circle 61 d on inquiry card . 

the Cl-812 
The Only S-100 Interface 
You May Ever Need 
On one card, you get dependable "KC· 
standard"/bi phase encoded cassette inter· 
fac ing at 30, 60, 120, or 240 bytes per 
sec~nd, and full-duplex RS-232 data ex
change at 300- to 9600-baud. Kit includ· . . . ' mg instruction manual, only $89.95 *. 

*Assembled and tested, 
$119.95. Add 5% fo r 
shipping . Texas resi

['1EfUllJM ] 

MULTIPLE DATA RATE INTERFACING FOR YOUR CASSETTE AND RS-232 TERMINAL 

_ .. . ·--- ... · 
., 

PE ACOM DATA COMPANY, INC. dents add 5% sa les tax . PerCom 'peripherals for personal computing'
4011 WJNDSOR • GARLAND. TEXAS 75042 

(214) 276-1968 BAC/MC available. 
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Building a better computer 

wasn't easy. But we did it. 


Introducing the MSI 6800 Computer System 

When we set out to build the new MS! 6800 Com
puter System, we knew we had our work cut out for 
us. It had to be at least as good as the now famous 
MSJ FD-8 Floppy Disk Memory System which is also 
pictured below. So, the first thing we did was analyze 
all the problems and drawbacks we had encountered 
with other 6800 systems, and then put our engineers 
to work on solutions. The objective: Build a better 
computer. 

We started with power 
supply. We had big ideas, so 
we used a hefty 18 amp pow
er supp ly. You can run full 
memory and several peripher
als without the worry of run
ning out of juice. We also put 
it in the front of the cabinet 
so it's out of the way. 

The next step was the 
CPU Board. A separate baud 
rate generator with strap
pable clock outputs allows 
any combination of baud 
rates up to 9600. A separate 
strappable system clock is 
available and allows CPU 
speeds of up to 2 MHz. The 
new MS! monitor is MIK
BUG software compatible, so 
you will never have a prob
1em with programs. Addi
tional PROM sockets are 
available for your own spe
cial routines and to expand 
the monitor. The CPU also 
contains a single step capa
bility for debugging software. 

When we got to the Mother Board, we really 
made progress. It has 14 slots to give you plenty of 
room to expand your system to full memory capabil
ity, and is compatible with SS-50 bus architecture. 
Heavy duty bus lines are low impedance, low noise, 
and provide trouble-free operation. 

With all this power and potential, the interface 
had to be something special. So instead of an inter
face address in the middle of memory, we put it at the 
top . .. which gives you a full 56K of continuous 
memory. Interfaces are strappable so they may be 
placed at any address. An interface adapter board is 
compatible with all existing SS-50 circuit boards and 
interface cards. All MS! interface cards communicate 
with the rear panel via a short ribbon cable which ter
minates with a DB-25 connector. All baud rate selec
tion and other strappable options are brought to the 
connector so they may be automatically selected by 
whatever plug is inserted into the appropriate inter
face connector. Straps may also be installed on the 
circuit board. 

To complete the system, we used an MS! 8K 
Memory Board which employs low power 2102 RAM 
memory chips and is configured to allow battery 
back-up power capability. A DIP switch unit allows 
quick selection of a starting address of the board at 
any 8K increment of memory. 

If you're one of those people who understands 
the technical stuff, by now you'll agree the MSI 6800 
is a better computer. If you're one who does not un

derstand it yet, you'll be more 
interested in what the system 
can do . . . play games, con
duct research and educa
tional projects, control lab 
instruments, business appli
cations, or just about any
thing else you might dream 
up that a microcomputer can 
do. The point is . . . the MSI 
6800 will do it better. 

The MSI 6800 Computer 
System is available in either 
kit form or wired and tested. 
Either way, you get a cabinet, 
power supply, CPU board, 
Mother board, Interface 
board, Memory board, docu
mentation, instructions, sche
matics, and a programming 
manual. Everything you need. 

There is more to say 
about the MS! 6800 than 
space permits. We suggest 
you send for more informa
tion which includes our free 
catalog of microcomputer 
products. 

Building a better computer was not easy. Secom· 
ing the number one seller will be. 

See the MSI 6800 Computer System at Personal 
Computing '77 -Atlantic City. 

220 West Cedar • Olathe, Kansas 66061 
913/764-3273 • TWX 910 749 6403 (MSJ OLAT) 

DDDDODODDDDDDDDDDODOODDD 
0 Midwest Scientific Instruments 
D 220 W. Cedar, Olathe, Kansas 66061 
D 
D NAME 
D ADDRESS 
D 

CITYD ___________ ZfP ____STATED 
D 

Ci rcle 14 7 on inquiry card. 
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Simple Algorithms for 

Calculating Elementary Functions 

John Rheinstein 

10 Gould Rd 
Lexington MA 02173 

Several years ago, shortly after obtaining 
START an HP-35 calculator, I became interested in 

the algorithm utilized by Hewlett-Packard to 

no 

x • 0 
0 

y • 1 
0 

I • o 

Ai = A\+1 +a: j 

I • i + 1 

lon(A ) : ...lL 
0 y 

STOP 

no Xi+1 • >< ; + 6JYI 

yl+ t • Yi  6jXi 

calculate the sine and cos ine functions . 
Upon looking through the literature I found 
that the simple elegant algorithm em ployed 
is based upon the CORD IC technique devel
oped by Voider. The basic algorithm was 
first described by Henry Briggs in 1624 in 
Arithmetica Logarithmica. This algorithm, 
wh ich does not seem to be widely known, 
should be easi ly implemented in a mi cro
computer. Further·, a simpl e variation of the 
algorithm, described by Walther in "A Uni
fied Algorithm for Elementary Functions" 
(see bibliography), allows the calculacion of 
hyperbolic functio ns and, more interes t
ingly, the exponentia l function. Invert in g 
the procedure allows the ca lculation of the 
inverse trigonometric and hyperbolic fu nc
tions and the logarithm. These algor ithms 
ar-e ge nera lizations of the well known add 
and shift algorithm used for multip lication. 

Trigonometric Funct ions 

The flowchart for calcul ating th e tangent 
of an angle is given in figure 1 . The algo
rith m may be car·ried out in any radix, R, 
genera ll y the decimal (R = 10) or the binary 
(R = 2). Th e radix should be chosen so that 
the multiplication indica ted in the iterative 
calcu lation of Xi+l and Yi+l may be per
fo rmed by shi ft operations only. Thus no 
multiplication or division is req ui red unt il 
the fina l step of the algo rithm is reach ed. 
The calculation may be in eith er degrees 
or rad ians, as long as either one i used 
consistently. ai an d lii should be pres tored 
in memory and called as a look up table. It is 
no t requi red that the calculation be per
for med in th e first circle (0° ~ ~ 360°);A0 
however, this is gener·a lly to be prefer red. 

Figure 7: Flowcharted algorithm for calculating the tangent of A. It is prefer Ca re must be exercised i f the final va lu e of 
able that the value of A be in the first circle, 0 • ~ "360 •. Y is very close to zero ( 0 is close to 90° 
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or 270°) since division by a very small num 
ber, or zero, is apt Lo blow up. A separate 
test for this condi tion shou ld be includ ed. 
Max ind icates the number of ite rations 
through the major loop and should be at 
leas t one large r than the accuracy desired . 
For example, if an accuracy of about one 
part in R-5 is desired, then Max should be 
about 6. 

The fin al value of X obtained after exit
ing the major loop is proportional to the sine 
of A0 , and the final value of Y is propor
tion al to the cosi ne of A0 , the pro per signs 
being maintained. Thus having obtained th e 
tangent of A0 , the sine and cosine may be 
obtained. 

(sgnX){tan(A 0 )) 
sin(A0 ) = 

J 1 + tan2(A 0 ) 

sin(A 0 ) 


cos(A0 ) = tan (A ) 

0 

where sgnX is the algebraic sign of X. 

Hyperbolic Functions 

A strikingly simi lar algor ithm may be 
used to calcul ate the hyperbol ic tangent of a 
number. For most of us this docs not seem 
Lo be a very usefu l function, an d the need 
fo r ca lcu lating it may not be clear. Having 
tanh(A 0 ) we can calculate sinh(A0 ) and 
cosh(A 0 ). 

tanh(A 0 ) 
si nh(A 0 ) 

cosh(A0 ) 

Having the capability Lo calcul ate the hyper
bolic si ne and cosine is something that most 
of us could get along without. 

Th e nex t step provides the exponenti al 
function, whi ch is often of interes t. 

exp( 0 ) = sinh(A 0 ) + cosh(A0 ) 

Usi ng the idc mi Lies 

si nh( - x) = - sinh(x) 
cosh( - x) cosh(x) 

we also obtain 

cxp( - A0 ) = - sinh(A 0 ) + cosh(A0 ) . 

START 

no 

x • 0 
0 

y • 1 
0 

j • , 

6i • R - j 

o
1 

• 1anh-
1

16 j) 

Ai+ 1 • A i  etl 

Al • Ai+ I +oj 
i • I + I 

no x 1+ 1 • x i+ 6 iY i 

Y,+ \ • Yi t liJXi 

STOP 

Figure 2 : Flowchart for calcu lating the hyperbolic tangent of A. The value or 
A should be between 0 and 5 because the hyperbolic tangent rapidly ap
proaches unity for 11olues greater than 5. 

Th e hyperbolic tangent approac hes unity 
ra pidl y for arguments greate r th an abou t 5, 
causing a loss of accuracy in the algorithm. 
Thus it is best to pre cale A0 to the rang 
0 .;;;; A0 .;;;; 1. For pre caling, the following 
identity m, y be used . 

exp(Qloge( R) + D) = R0exp(D). 

Powers to any base may now be calcul ated. 
Selling D Lo Lero above gives 

exp (Ql oge (R)) = RO 
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START 

v • 1 
0 

z = 0 
0 

I • O 

aj • arctan(6i) 

xi+ 1 • xi - &ivi 

no 

x; • xH1 +6 1v1 
I • I+ 1 

STOP 

from which we can obtain, fo r example 

100 exp(2.302585 l 0) 
20 exp(0.693147180). 

Figure 2 shows the flowchart for calculating 
the hyperbolic tangent. Again aj and Oj 
should be prestored in memory and ca ll ed 
by means of a look up table. It is re lative ly 
easy to combine these two algorithms into 
one. This saves some memory, but at the 
ex pense of control instructions. For this 
algorithm we again find that the multiplica
tions carr ied out within the loop may be 
performed by shift operations only. 

The Inverse Functions 

Having implemented these two algorithms 

no Vi+l = v1+6J XI 
2i+1 • zi +oj 

Figure 3. Flo wchart for 
calculating the arctangent 
of X. For this algorithm to 
work accurately, X should 
be a positive number. 

144 

utili zing tab le look up procedures for the 
as and os, the inverse tangent and inverse 
hyperbolic tangent can easily be calculated 
with the same look up tables. Flowcharts 
are shown in figures 3 and 4. The arcsine 
and arccosine as well as the inverse hyper· 
bolic sine and cosine may also be easi ly 
obtained. Another func tion of more general 
in terest, the logar ithm, is obtained from the 
inve rse hyperbo lic tangent (tanh - 1) by 
making use of the identity 

loge (x) = 
12 tanh x - 1(- 

1 
) . 

x+ 

The logarithm to any base, b, may be 
obtai ned 

START 

no 

y = 1 
0 

zo • 0 

I • 1 

61 • R-1 

°i • tanh
1

16 j) 

x i+ l • x i  6iv t 

X; • X;+i +6jVI 
I • I+ 1 

no Vl+I • v1 6j Xi 

Zl+l • z1 +a1 

Figure 4: Flowcharted al
gorithm for calculating the 
inverse hyperbolic tangent 

STOP 	 of X. The value of X must 
be between 0 and 7. 



Listing 7: A BASIC program for determining the tangent or arctangent ofan 
angle. The program was written using the flowcharts of figures 1 and 3. The 
sample run gives a demonstration of the accuracy attained with these algor
ithms. 

When calcu laling logarithms, prescaling 
should be car ried out so that only the man
tissa is ca lcu lated. 

Given the arctangent, the arcsi ne and 
arccosine may be calcul ated from 

x 
arcsin(x) = arctan \Ji _x2 ) 

2 

arccos(x ) = arctan (J1 - x )


x 

If the argu ment of the arccosine is nega
tive, 180° should be added to the res ul t 
obtained from the above equation . 

Given the inverse hyperbolic tangent, or 
logarithm, the inverse hyperbolic sine and 
cosine may be found. 

sinh - 1(x) = loge (x + ~2) 

cosh- 1(x) = loge (x +vfx2 - 1)) 

Basic Program 

A listing of a BASIC program which uses 
th ese algorithms to calculate the tange nt and 
arctangent is shown in listing 1 to indicate 
the manner in which these algorithms 
can be used . The program was written in 
Maxi BASIC for the Digita l Group Z-80 
system but it should run on almost any 
BASIC with only minor modifications, if 
any. This program operates in radix 10 
(R = 10). I also tested a version 11 radix 2 
(R = 2) cha nging only statements 10 and 20 
and the DATA statements. 

This program will operate well in BAS IC 
as listed, but the real power of the algo 
rithms can best be obtained if a mach ine 
language version is utilized. The multiplica
tion indicated in statements 220, 230, 380 
and 400 consume much of the' time. In a 
machine la nguage version these may be 
rep laced by shift operations which take con
siderab ly less time. 

Comments 

These algorithms could easily be used to 
augment the set of available funct ions 
written in BASIC as subroutines or they 
cou ld be added as machine language sub
routines for high speed operation . The accur
acy can be made quite high. For the sample 
program seven significant digits wil l be ob
tained. 

I do not know whether Hewlett-Packard 
uses algorithms similar to these for al l of 
the functions described. Wa lther reports that 
Hewlett-Packard did construct a hardware 
floating point processor of a generalized 
version of these algorithms, and reports 
excel lent performance. • 

5 
6 

10 
20 
30 
35 
40 
45 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 
430 
440 
450 
460 
4 70 
480 
999 

REM•* PROGRAM TO CALCULATE TAN OR ARCTAN OF 
REM AN ANGLE (IN DEGREES) 

LETR = 10 
LET M = 8 
FOR J = 0 TO M 
REM•• D(J) = DELT A SUBJ 
LET D(J) = Rt( - J) 
REM "" A 1 (J) = ALPHA SUBJ 
READA1(J) 
NEXT J 
PRINT "DO YOU WANT TAN (ENTER 1) OR ARCTAN (ENTER O)"; 
INPUT B 
IF B = 1THEN120 
IF B = 0 THEN 300 
GOTO 70 
PRINT " INPUT A(O) "; 
INPUT A 
LET W = A 
LETX = O 
LETY = 1 
FOR J = OTO M 
LETA = A -- A1(J) 
IF A < O THEN 250 
LET X1 = X 
LET Y1 = Y 
LETY = Y1 - D(J)"X1 
LET X = X1 + D(J) "Y1 
GOTO 180 
LET A = A +A 1(J) 
NEXT J 
LET T = X/Y 
PRI NT "TAN(";W;") = ";T 
GOTO 70 
PR INT "I NPUT X(O) > O"; 
INPUTX 
LET W = X 
LET Y = 1 
LET Z = 0 
FOR J = 0 TO M 
LET X1 = X 
LET Y1 = Y 
LET X = X1 - D(J) *Y 1 
IF X < 0 THEN 430 
LETY = Y1 + D(J)* X1 
LET Z = Z + A1(J) 
GOTO 360 
LET X = X1 
NEXT J 
PRINT "ARCTAN(";W;") = ";Z 
GOTO 70 
DATA 45, 5 .7105931 , 5.729387E-1, 5.729576E-2, 5.7295779E-3 
DATA 5 .729578E-4, 5 .729578E-5, 5 .729578E·6 , 5.729578E-7 
END 

Sample Runs : 

DO YOU WANT TAN (ENTER 1) OR AR CTAN (ENTER 0)? 1 
INPUT A(O)? 26.3 
TAN (26.3) = .49423074 
DO YOU WANT TAN (ENTER1) OR ARCTAN (ENTER 0)? 0 
INPUT X(O) > O? .49423074 
TAN ( .49423074 ) = 26.300001 
ARCTAN (.49423074) = 26.300001 

1. 	 Jack E Voider, "The CORDIC Trigonometric 

Computing Technique," IRE Transactions on 

Electronic Computers, September 1959, page 

330. 

2. 	 J S Walther, "A Unified Algorithm for Ele

mentary Functions," Proceeding, Spring Joint 

Computer Conference, 1971 , page 379. 
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--Problems for Computer Solution by 
Steve Rogowski. Teacher Edition. A collec· 
tion of mathematical problems designed 
t o stim ulate thought and encou rage research 
by students towards the goal of a fi nal 
sol ution. The subjects range from arithmetic 
through calculus and on to problems that 
have yet to be resolved. A n analy sis of each 
problem provides ideas on logical approa
ches to a solution, and a sample program 
demonstrates one possib le final soluti on. 
$9.95. 

--Chem istry with a Computer by Paul A 
Cauchon. People are always looking for 
details of app lications for the computer. It 
is one thing to say "gee whiz wou ldn't it be 
nice if. .." but such t houghts are but the 
st imu lus to action . One resu lt of a "gee 
whiz" idea is a series of educati onal and 
tutorial BASIC programs for use by teachers 
of chemistry, invented by Paul A Cauchon 
and published by Educomp Corporat ion . 
This book contains a collection of tutoria l, 
simulation and problem generation pro· 
grams which can be emp loyed to advantage 
by teachers in high schools or colleges 
wherever a BASIC facility is avai lable. If 
you ' re a chem istry professor or teacher by 
trade, or just a hobbyist interested in 
chemistry, this book will prove to be an 
invaluable tutorial aid . $9.95. 

Take a Byte 


of APL 


---APL-An Interactive Approach Second 
Edition, Revised, by Gi lman and Rose. 
Here's an excellent way to introduce your· 
se l f to the APL language . APL is rapid ly 
becoming one of the most popu lar high level 
languages in the computer fie ld because of 
its clarity and conciseness. Gilman and Rose 
have extensive ly updated their popular book 
to include the latest information about 
the language and the various forms of it 
which are now in use . Since the examples 
are all carefully spel led out , APL-An Inter
active Approach is particularly recommen
ded for those who do not have access to an 
APL terminal. Answers to all prob lems 
are included. $11 .9 5. 

--- The Underground Buying Guide, by 
Dennis A King . Here at last is a sou rce book 
for all those hard to find suppliers! It's 
designed especially for computer hobbyists, 
experimenters, hams and CB'ers, and can 
tel l you where to buy items like con· 
nectars, discrete components. electronic 
music supplies. instrumentation, analog to 
digital and digital to analog converters, and 
sy nthesizers. The Iis t goes on to include 
Teletypes. speakers, microcomp u·ter soft· 
ware, cassette units, floppy disks and many 
other items. It will be an inval uable addition 
t o your reference library. $5.95. 

..
! 

~ rec · =·= 

; K[J"~Rl'.NCT l:lOOf..' 

--- PCC'S Reference Book of Personal and 
Home Computing. Ever try to find the 
addresses of some manufacturers of, say, 
tape cassette or floppy disk interfaces 
for micros? Frustrating, isn't it? Well PCC 
has done something about it. This book lis ts 
hundreds of companies and sto res se ll ing 
hardware, software, and services. Survey 
articles on software, hardware, kits, appl i· 
cations and the future for the experienced 
and the not-so-experienced user of micros. 
A lso included in this edi tion are biblio
graphies for further reference, book reviews, 
and an index of the articles from the major 
hobbyist magazines. $4 .95 . 

Check Payment method : 
__My chec k is enclosed

Send to : 
--Bil l my MC No. _ ___________ Exp . date----Bits, Inc. 

70 Main Street - -Bill my SAC No. Exp. date -----
Peterborough NH 03458 

$ ____Total for all books checked 

$___ddress Postage, 50 cents per book for___ books 

City State Zip Code Grand Total S--

Si nature 
Prices shown are subject to change without notice. 
Al l orders must be prepaid . 

You may photocopy this page if you w ish to leave you r BYTE intact. In unusual cases. processing may exceed 30 day5, 

--------------------------------------------- -- -------------------------------------~ 
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Unofficia l Cosmac Users' Newsletter 

We recently obtained firm evidence of a 
group of strange beings in a remote corner 
of New York State. Their latest com muni
que read very much like this : 

There exist small groups of computer 
buffs who are not interested In buying 
a complete "off the shelf" computer 
system, or even a !?it. These strange 
people would rather take a single micro
processor chip, swdy it, play with it and 
caress the documentation unlil they 
have learned about possible hardware 
options. These misfits in the world of 
printed circuit boards then dig out their 
wire wrap tools (which they use so that 
their wiring errors ure only semiperma
nent) and hwe the audacity to build 
their first systems for less than the price 
of a good wpe recorder. True, these 
systems are very limited, but they grow 
easily us cash and ideas become available, 
until they rillct! any of the ready-made 
systems at a fraction of the cost. 

One such group of people, who 
huppen to huve chosen the RCA CDP 
7802 as the basic building bloc/? for 
their systems, exists in Western New 
Yo1k 

Their interest in this chip was l~indled 
by the Pop ul ar Elec trnnic article 
on the Cosmac Elf. They have udded 
hexudecimaf keyboards, control systems, 
el-cheapo 6 digit displays and expunded 
memory to the tiny Elf. Some of these 
systems are capable of timing an egg, 
displuying the lime ofday, playing games 
and other vi/ally important things. 

All fellers containing worthwhile, 
worfwble hardware or soft ware ideas for 
the CDP I 802, and a stamped self
addressed envelope will entitle their 
authors to receive a free copy of the 
Unofficial Cosmac Users Newsleucr. 

Future editions of this dubious tec/111i
cal publication may or may not be avail
able, depending on response. 

Terry Wolfe, Cosmac Newsletter 
3812 Orchard St 

Walworth NY 14568. 

Th e West Virginia Computer Society . .. 

. . . is off to a very r st start. Thei r first 

Constant voltage power supplies 
by Parasitic Engineering. 

Give your Altair, IMSAI low as 90 volts or as high 
or cus tom system the as l40 volts . 12-amp kit 
power it needs to keep des igned for Altair 8800
your progra m s up a nd (A), $90 postpaid. Uni
running through brown- versa] 20-amp kit, $200 
outs and power nuctua pos tpaid. (Cal. res. add 
li ons. The famous tax). Q 
P arasi ti c Enginc 1·in g Th ker 
Constant Voltage Power Ill 

uppl _ie, c~e li ve r full out- T.OYS"" 
put w1lh lmc voltages as .JJ 

1210 10th t ., 8<.! rkclcy, CA 947 10 
Sec i i al your loca l co mputer shop. 

Or place Bl\C/ MC orders to 800-648-53 1l. 
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--------------------------------------------------

r-------------------~-----------
1 What's Cooking? 
I1 

... The Lancaster Series! 

.1 ~---

~··TTL•...
II : II II .. I 

'l -  cookbook 
~·-·----·....~ ..·--··-·
~·--·--·,

~ 

.,,.• 
: 

CMOS 

----------------~ 
_ _TV Typewriter c ookbook by Don I 
Lancaster. A complete guide to low cost I 
television display of alphanumeric data , 
several chapters of which were published 
ahead of the book in early issues of BYTE 
magazine. $9.95. 

_____Active Filter Cookbook by Don Lan
caster. The chief chef of electronics Cook
books concocts another gourmet appetizer. 
Run to this book when you need to find a 
st arting point for the design of a filter for 
use in an electronic application. $14.95• 

__The TTL Cookbook by Don Lancas
ter. Start here with Don's tutorial explana
t ions of what makes TTL logic design tick. 
335 pages, $8.95. 

__CM OS Cookbook. Don Lancaster has 
taken his highly successful TTL Cookbook 
formula and done it again. This bigger than 
ever (414 pages!) book tells you how to use 
CMOS, the exciting new power logic fami ly. 
$9.95. 

__practical Solid-St ate Circuit Design by 
Jerome E Oleksy. A self study course in the 

_Modern Operational Circuit Design by design of semiconductor circuits from the 
John L Smith. An absolutely essential intro simple transistor to the complex operational 
duction to the use and application of amplifier. $5.95. 
operational amplifier systems. The book 
contains both theoretical background infor
mation and practical circuit suggestions 
which can be used to advantage by the 
experimenter. $23.25 (hardbound). _fundamentals and Applications of 

Digital Logic Circuits by Sol Libes. An 
invaluable tutorial background volume on 
digital logic, arithmetic, I 0 concepts and 
interfacing to analog devices ; written by one 

__Linear IC Principl es, Experiments. and of the founders of the Amateu r Computer 
Projects by Edward M Noll. From basic Group of NJ. This book acquaints the 
principles to complicated systems, from reader with much of the terminology and 
simple amplifier experiments to applications background concepts of dig ital hardware. 
in radio, TV and control systems, this book $6.95. 
can improve your knowledge of the way 
circuitry of the analog world really works. 
$8.95. 

Send to: Check Payment method : 


__My check is enclosed 


BITS, Inc. 
 __Bi ll my MC No. ___ __________Exp. date _______ 
70 Main Street __Bill my BAC No. Exp. date ______ 
Peterborough NH 03458 • 

Total for all books checked $____Name 
Postage 50 cents per book for ___ books $____ 

Address $___ 

City State Zip Code 

Signature 

Grand Total 

Prices shown are subject to change without notice. 
All orders must be prepaid. 

l You may photocopy this page if you wish to leave your BYTE i.ntact. Jn unusual cases. processing may exceed 30 days. 
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meeting drew nearly 70 hobby ists. A news
lette r is al ready off the press just a few 
weeks after their initial get together . 

New cl ubs natural ly need active imagina
tive people to for m a strong nuc leus. So, 
West Vi rginians, here's a chance to get in 
on the ground floor of what could wel l 
be a successfu l venture. Computer or iented 
ham and CB people are more than welcome. 
Bil l England is the man to co ntact at 167 
Iroq uois Tri, On a WV 25545, (304) 736
9794. 

Southern New England Computer Society 

SNECS is a well -establish ed group serving 
Connecticut and Western Massachusetts. 
Meeting places vary but th e Hartford area is 
most often chosen . For more informat ion 
write Southern New Engl and Computer 
Society, 267 Willow St, New Haven CT 
06511, or cal l (203) 562-4739. 

The Eastern Iowa Computer Club 

Hobbyists may contact Samuel E Dil lon, 
1125 Washington Dr, Marion OH 52302, 
for information regarding the Eastern Iowa 
Computer Club. 

Amateur Computer Group of NJ 

ACGN J continues to grow steadily in 
membership and abil ity to provide club 
services. Group purchase opportunities, 
workshops and a co nsistently improving 
newsletter are among this cl ub's accomplish
ments. In cluded in the May issue of the 
ACGN} News are a series on "Selectric 
Interfacing" by Charles Yates, a "6800 
Disassembler" test program by T D Fa rns
worth, a "6800 Memory Test Program" 
by Brian Loofbourrow and an article on 
" In terfacing a Papertape Reader to the 
SwTPC 6800" by Michael P Burton. Write 
Amateur Computer Group of NJ, UCTI , 
1776 Raritan Rd, Scotch Plains NJ 07076 . 

Ventura County Computer Society 

Write POB 525, Port Hueneme CA 
93041, for info rmation about the Ventura 
Coun ty Computer Society. 

KIM Users ' Notes - A Change of Address 

Eric Reh nke, Pub li sher of KIM Users' 
Note has changed his addre s from 425 
Meadow Ln, Seven Hil ls OH 44131 to 

1330 Summ itt Bl vd, Broadview OH 44147. 

Japan Microcomputer Club 

RAMS' Memory Puges printed a letter 
from Koji Yada, a member of the japan 
Microcom pu te r Club. Mr Yada says that th e 

PRAMMER 
by XYBEK 

An extraordinary 2k memory board 
for your Altair-bussed computer 

* On .board 1702A PROM programmer

* 256 bytes of RAM p lu s space for 1792 bytes of read · 
only memory (sev en 1 7 0 2A E P ROMs)

* Supplied with one 1702A, pre-programmed with 
sta nd .a lone programn,ing software - no sense 
switches are used 

* Supplied with programmi n g power supp ly 

* PAAMMER's own on-board c lock makes it compatib le 
with almost any Altair-bussed sy stem . 

* A II read and write seq u en ces ar e generated v ia an 
board mic ro -programmed state machine . thus 
e l imlnating a ll one·shots. 

* Complete 1 7 0 2A programming In 18 seconds 

* I n cludes complete listings for PRAMSYS, an eleven· 
function deve lopmen t system . 

COMPLETE KIT : .. .. . . .. ...... . . $209 
Assembled and tested : .. ............. $289 

Immediate (oll-the·shelf) del ivery 
Ca l iforn ia residen t s please add sa l es tax . 

COD, Master Charge. Ban kAmericard a n d Visa accepted. 

P.O . Bo 4925 • Stanford. CA 94305 
Tclt!phone : (408) 296-8 188 

"We may have the surplus 
electronics 

With Schematics 
$250.00 

you need!" 

Terminal/ Keyboard 

•CRT Tenninals •Peripherals 
•Assemblies •Components 
Tape Drives SS00.00 	 Keyboards $40.00 to $60.00 

(ASCII Encoded! 

Equipment Cabinet. $45.00 to $60.00 
119" With Fan) 

Send for a free catalog or call 
Bill Blaney, toll free 800 258-1036 

in NH 603·885-3705 

Come to our showroom 

10 Flagstone Drive, Hudson, New Hampsh ire 03051 
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Washington D.C.'s 
Newest Computer Store 

Intelligent 
Business 

Machines, Inc. 

Cromemco, IMSA I , 

TDL, Administrator I, 


SEALS, DIP Ch ips, etc. 


Come see us at 


938 Ellsworth Dr. 

Silver Spring, MD 20910 
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NOW HEAR THIS!! 

ALPHA DIGITAL SYSTEMS 


S~: l.l.S l~I S ;\I KI TS AN D TOTAL IN· 
n ; r; n.1n :u SYSTEMS ASS ~; ~!Bl.ED . 
l ll El"KEll ·OllT. ANO WAllllANTED AT KIT 
1·n1n:s 

Al.l'llA I 

SPEC11\I . I> l: SYSTEM DEA L 1mcludes1 
• i:\ISj\ I BOKO f ompulcr 
• 22 Slol ~! ot her lhl. with Conn 
• 16 KHAM 
• !IO K l> lsk i wllh <"u nlrollerl 
• St:leclric lypc..H1h•r Cwlth Controtlert 
• UOS·BASIC Softwa re 

A. cmhlcc.t System Total S:t'J9j 

1Lc~s SC'lt-ctncl $2495 


!-\clc<.: t :1ny kt l ur )Mcm of klls frorn lht: 1~1 SA I 
11nce hsl. nrder from u~ a nd recch·e lttl' 

nssrmhled unit for 1hc :rnme prke I f you dnn' I 
hil \'Cit rmce li st. dro11us a line nnd we will ~end 
ynu one T._.rms C:ish wilh Order · P rices in· 
cludr frf'1ghl ( NC R«Jden1s Add 4•. Saltt T.11 1 

llnw c ~rn Al.Pit DIGIT1\ I.. SYSTEMS do all 
thJ s'l llS :mnple ALPll1\ DIG ITA i. WANTS TO 
llf: \" Oll ll ('llMP UTEH COMPANY 

ALPHA DIGITAL SYSTEMSADS RT. 4 BOX 171A 
BOONE. N.C. 28607 
(704) 264 -7946 
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• computer • 
• depot inc~ .M. • 

3515 W. 70th Street 
Min neapol is MN 55435 

612-338-2695 

• Upper Midwest • 

Headquarters


• for • 

e PROCESSOR TECHNOLOG Y. IMSA l , • 

• POLYMORPH IC SYSTEMS, D IGITAL • 

• GROUP, WAVE MATE , CROMEMCO , e 


VECTOR GRAPHICS. TDL , SEALS, 

e TARBEL L . M I CRO D ES IGNS, • 

e NORTH STA R. NATION AL SEMI · • 

• CONDUCTOR , FA IRCHILD SEM I· e 
e CONDUCTOR . MOSTEK , E & L • 

INSTRUMENTS . SAMS. TAB, • 
e HAYDEN. WILEY. MC-GRAW HILL 

• Catalog Free c40 • 
• ........ .. ...... ......... .. .... .... • 
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CANADIANS! 
Eliminale the Customs Hassles. 
Save Money and get Canadian 
Warranties on IMSAI and S-100 
compatible products. 

IMSAI 8080 KIT $ 838.00 
ASS. $1 163.00 

(Can. Duty & Fed. Tax Included). 

AUTHORIZED DEALER 


Send $1 .00 for complete IMSAI 

Catalog . 

We will develop complele applica 

tion systems. 

Contact us for further information. 


Rotundra ~ 
Cybernetics - 
Box 1448, Calgary, Alta. T2P 2H9 

Phone (403) 283-8076 
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DETROIT'S 

FIRST AND FINEST 

SUMMER SPECIALS 

Decwriter II - $l 70o.oo 


Lear Siegler ADM JA - $829.0 0 


FULL BUSINESS PACKAGES AVAILABLE 


ALL MAJOR BRANDS 


Call for Low est Quotes 

(313) 576-0900 
Monday lhru Salurday: 10 :30 to 7 :30 

1BOO W. 14 M ile • Royal Oak, Ml 48073 

Circle 161 on inquiry card. 

...+- IT"S A GREAT BIG COMPUTER WORLD :::: 
But You Only Need .._ 

++-THE COMPUTER CORNER-
-++- •SOL - A New Dawn Is Here ! _,,...... 
+;.-- • 1MSAI 8080 
+;.-- • POLY - 88 

•TDL Z·80 
• Memories & 1/0 Boards 

• Computer Book Setvice 
• Magnetic Tapes & Disks 

• Full Li ne of Magazines 

....+- • Brai n Game.s & Puzzles 

...._... • Work.shops & Club lnformalion 


~ Visit THE COMPUTER CORNER for 

all your computer needs. Stop In and 


...,.._ brow~e - you 'll like our personal se rvice. 

THE COMPUTER CORNER+I- Whitt Plalns MilU - U ppet Lh1I 

200 H11mlh cm Avenv1 
White Plnlni, Ntw Yor k 10001 

Tel : 1g 14) WHV · DATA -M
_..r- Atnpl1 P01 lun9 ~ 
,,r<_ 10'6 0 ;11\y & Sanmb y ~ 

~,n,t*t:r"'r• ·*•*'' 
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SOFTWARE 
DEBUGG ED 


AEADY·TO-RVN 


~pecial Program 
Packages 

Flo11da••~;M1~!'1 1 1$1995SP 8080 IX. I • • '\. $.»llf>t h • 

EACH CASSETTE CONTAI NS SIX PROGRAMS 

IPLE A.SE S PECIF Y BYTE BI PHASE TAA BELL I 


LISTI NG OF PROGAA• S 

INCLUDED WITH CASSETTE 

COMPLET E SOURCE LISTINGS 
OF PROGRAMS............ $ 3.95 & up 

D ian~ Pl'ogl'ammingCassettes 

Designed Espec i a l!~ Fol' 


micl'O Computel'S 

$Z.OO each 


Send For Catalog Of Our Programs. Sl .00 

micl'IC - D~te 
5870 MIAMI LAKES DRIVE EAST 

MIAMI LAKES. FL 33014 
{305) 822-6010 
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Today's Most 
Complete 
Electronic 
Assembly 
Tools Catalog 
FREE from Contact East! 
• 	 Over 5000 hand tools listed 

in 160 pages. 
• Off-the-shelf delivery. 
• Pricing shown for all items. 
• Easy to order by phone or 

mail- MASTER CHARGE 
accepted. 

• Circle reader service card 
for your FREE catalog. 
contact east, inc. 

7 Cypress Drive,Burlington. MA 01803 
61 7-272-5051 
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club ha grown to a member hip of over 
1000 since its formation last Fall. They 
would be glad o establi sh a newsletter ex
change. Anyone speak Japanese? Write Koji 
Yada, Manager, Computer Center, Electro 
technical Laboratory , Tanashi Branch, 5-4-1 
Mukodi-Machi, Tanashi·Shi, Tokyo JAPAN. 

Charlotte Computer Society 

The Ch arlotte Computer Society meets 
on th e third Wednesday in Room 200, 
Benny Hall, at the University of NC at 
Charlotte . No address or phone number 
was given. 

The Computer Ne twork of Kansas City 

Th ose hobbyists looking for club activity 
in the Kansas City area should get in touch 
with the Computer Network of Kansas City , 
968 Kansas Av, Kansas City KN 66105. 

Rochester Y - RAMS 

There's something refreshing about 
1'vlemo1y Pages, the publication of the 
Rochester Area Microcomputer Society. It's 
not a large or· impressive newsletter by most 
standards, but the articles tend to be clear 
and intriguing. Hats off to a small club 
that does its work well. One new series 
that holds some promise is " How Not to 
Build a Microcomputer System" by Peter 
Helmers, a BYTE contributor. Here's a 
chance to cash in on an expert's mistakes. 
The series started recently and shou ld run 
for some lime. The address is RAMS , POB 
D, Rochester NY 14609. 

Permian Basin Group in Texas 

The Permian Basin Computer Group in 
lhe Midland and Odessa area of Texas is still 
meeting once a month. The Mid land Group 
meets the second Monday or each month at 
7:30 PM in the Student Union Building on 
the Mid land Coll ge campus. he Odes a 
Group meets th e second Saturday or eac h 
month at 1 PM in the Electronic Tech
nology Building, Room 203, on the Odessa 
College campu . For additional information 
write John Rabenaldt, POB 3912, Ode a 
TX 79760, or phone {915) 332-9151, 9 AM 
lo 5 PM Monday thru Frid a or (9 15} 
697-4607, after 6 PM. 

Are You Looking for a Way to Give Your 
Club Greater Visibility? 

just send a letter to Peter Travisano, 
BYTE Publications Inc, Peterborough NH 
03458. If you put out a newsletter, send 
that along, too, or put us on your regular 
mailing lis t. • 

M6800 

HARDWARE/SOFTWARE 

• 	 REA LTIME OPERATING SYSTEM 
RT/ 68 i mask-programmed on a 6830 ROM 1hat replaces the 

Mikbug· ROM in you r SWTPC 6800, Mo1orola Eva luation 
Module, etc. II is a powerful real time, muhiprogramming 
opera ting system with many versatile system functions. RT/ 68 • 
CJn suppon up to 16 concurrent programs at 8 priorit y levels. 

MICROWARE has improved the Mikbug • func1ions, added 
four more (Dump, Exec, Svs, Bkpl) and made tape load and 
punch program-usable. RT/ 68 is software and hardware com
patible with Mikbug •anrl Hipport ACIA or PIA 1ype interfaces. 
RT/ 68MX ... .. . . . .. .. .. ... . ......• . •.••.•. . •.•..•. . .. 55.00 

• 	ANA LOG INTE RFACE SUBSYSTEM 
Consists of a PIA connected to a high speed, high accurancy 8 

bit ditiital-to-analog convener . Also included is a bu fer and 
precision comparator to Implement a analog-to-digital con
verter using one of several software 1echniques lis1ed in 1he 
manual. Applications include sensor input/ ou1pu1. audio 
syn1hesis, vec1or graphic displays, etc. Circuit board is plug
compa 1ible wi1h th e SWTPC 6800 1/ 0 buss. 
AS1-K (COMPLETE Ktn . . . . • . • . . . . . • . . • . . . . • . . . . • • . • . 87.50 
AS1 (ASSEMBLED and TESTED) . •.• . .• . . ........ . .. . .. 115.00 

• 	 SE RIAL 1/ 0 INTERFACE 
An RS-232 1vpe serial i n1erface card wi1h fu ll modem control 

capabilities (RtS, CTS, DCD). May also be used for in1erface with 
audio casseue sys1ems. Plug compa1ible wi1h SWTPC 6800 
110 buss. 
SC1-K (COMPLETE Kin... . • . . . . . . . . • . • . . . . • . • • . . .. • . 35.00 
SC1 (ASSEMBLED and TESTED) . . . . . . . . • . . . . . . . . . . . . . . 50.00 

THE MICROWARE CORPORATION 
l~O. BOX 954 Des Moines, Iowa 50304 

Write o r use reader serv ice ca rd for free brochure . 
Phone Orders (515) 279-9856 U.S . Orders Postpaid . 
BankAmerica rd and Mastercha rge give all info on card . 
M ikbug• is a trademark of Motorola, Inc. 

Boards DO s·omething 
CL2400 

Real Time Clock 

S98-Kit S135- Assembled 

If your system needs to know what time it is , our CL2400 is 
the board for you . The prese nt time in hours. minu tes , and 
seconds is always avai lable for input , and is continuous ly 
updated by the highly accu rate 60 Hz power line freq uency. 
Need periodic interrupts? The CL2400 can do that, too . al any 
of 6 rates . Reference manual with BASIC and assembly 
language software examples included . 

PC3200 
Power Contro l System 

PC3232 $299-Kil SJ60- A·ssm. 
PC3216 S189- Kit S240- Assm . 
PC3202 $39. 50--Kit $52- Assm . 

If your system needs on / off control of lights , motors , 
appliances . etc ., our PC3200 System components are tor 
you . Control boards allow one 1/0 port to control 32 (PC3232) 
or 16 (PC32 16) external Power Control Units . such as the 
PC3202 which controls 120 VAC loads to 400 Watts. Optically 
isolated . low vo ltage. current-l imited control lines are 
standard in this growing product line. 

P.O. Box 516 
systems, inc. La Canada , CA 91011 

(formerly comptek) (213) 790-7957 

canada____ 
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The Great 

International 

Math On Keys 

Book 
From Texas Instruments 

Do you need a numerical algorithm fo r calculating exchange 
rates in a hotel on a foreig n trip? Or figuring those 
mysterious "points" when facing t he sanctimonious charisma 
of a banker at mortgage arrangement time? This book is a 
compendium of simple explanations and step by step 
procedures for accomplishing numerical solutio ns to 
nu merous commonly encoun tered situations in da il y life . 
Each entry is characterized by a statement of the problem, 
including the elements of theory required, and the keystrokes 
needed to solve the problem on a n a lgebraic entry calculator. 
This is an invaluable sourcebook of information for the 
person who is inclined t o mani pu late numbe rs. $4.95. plus 50 
cents postage. 

Master Charge and 
Send now to: BankAmericard Welcome. 
BITS, Inc. 

For convenience , use 70 Main Street 
the coupon on page 

Peterborough N H 03458 
146 o r 148, writing in 

Please allow six weeks for delivery. th is boo k's t itle . 

';fPUT~To~
~a oo o ~ 
D O O D 0 

Mall Order Computer Store 

IMSAI 8080 kit with 22 slots (limited quantity) . .. . . $ 599 .00 
IMSAI 4k RAM . . . . . . .. . . . . .. . . .... . ....... 129.00 
IMSAI 16k RAM . . . . . ... . .......... . ... . ... . 419 .00 
IMSAI 32k RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . 699.00 
IMSAI 64k RAM .. . .. ..... . ... ... ......... . . 2,459 .00 

When Ordered With Kit 

TERMS Shipping charges - S 1 0 . pe< CPU or 1'Vge uni ts , S 1 50 per lu t, S2 
m1nlmllll per order 

Provided siock Is avai lable, we ship 1mmed1ately tor payment by cashiers check or 
moneyordet . 
Allow 3 weeks tor personal checks 10 clear 
Nevada residents. please add appropria.te lax 

PRI CES SUBJECT TO CHANGE WITHOUT NOTICE 

PLEASE. NO PHONE ORDERS ACCEPTED 

Phone: 	(702) 734-1104 
Write : 	 Metatec Corporation 

3453 Industrial Road 
Las Vegas, NV 89109 

What's 

N~wP 


Altair (S-100) Bus 

Interface New Products 

I f one 1hi11g is fairly ob11ious, it is 
that che Alcoir 8800 bus, sometimes 
referred lo in advertisements us the 
5-100 bus, is de facto a standard among 
many of the produc ts we've seen to da te 
In this industry of personal computing 
systems. This p oint was mode quite dro
mo ticol/y when we went through !he 
new products file for this month and 
found 12 different releases about various 
products which interface to che Alcair 
bus: The products range widely in pur
pose and intent, but we've grouped them 
cogether since they address a common 
backplane definition. • 

Speech Synthesizer 

Co mpu talker Consul tants (D Lloyd 
Rice e t al) have sent this picture of the 
Mo del CT-1 Speech Sy nthes izer, a $395 
assem bled and tested modu le for the 
Altair (S· l OO) bus. The Model CT-I is 
designed to optimize th e trade-off 
between low data rate speech and direct · 
ly digi tized speech. Low data rate speech 
relies o n canned defi nit io ns for the 
sound of each phoneme, which pro duces 
mechanical soun ding speech. Digitized 
speech, while remai ni ng fai th fu l 10 the 
origina l sound, req uires 10 K to 20 K 
bytes per secon d of storage and is in nex· 
ible to phonetic mani pula t ion. 

Wi th the Computa lker Mode I CT-1 , 
the so un ds are defi ned in real t ime 
under software control. Parame ters 
which represen 1 the phonetic struc ture 
of h uman speech are transmitted LO the 
CT-1 a t a ra te of 500 to 900 bytes per 
second, de pendi ng on the data com· 
pression techniques used. This allows the 
prod uct ion of highly intelligible and 
q ui te natural sound ing speech ou tput. 
Speaker ch arac te ris t ics and language or 
d ialect var iations are retained in the 
o u tp ut. 

The Computa lker Model CT·I can 
also be ope rated in a low darn rate 
mode us ing phoneme defi nitions con· 
tai ncd in the CSR 1 Syn thesis-by-Ruic 
software package, which is availab le for 
$35. The Compu talker speech sy nthesis 
sys tem , used in this way, h as the 
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advantage tha t the software driver 
ca n easily be modified ro keep th 
naturalness an d intelligibility of the 
speech output up to date with the con· 
st antly evolving state of the art of rule 
governed speech. 

T he Model CT·l is a factory assem· 
bled and tested board, 5 1/4 by I 0 
inches , which occupies a single card slot. 
It requi res a block of 16 output loca· 
tions, one by te (8 bits) each, relocatable 
to any hexadecima l boundary via an on
board selector switch. Powe r re qu ire
ments are +8 V unregulated {or +5 V 
regulated) at 170 mA typical, 250 mA 
maxim um, and :t 16 V unregu lated (or 
· 12 V regulated) at 85 mA typical. 
Del ivery is from stock Lo 45 days. 
Com puta lkcr Consu ltants is located at 
POB 195 1, Santa Monica CA 90406. • 

Circle 616 on inQuirv catd. 

Vocal I11put to your Computer 

A new system compatible with all 
Allai r (S ·100) bus computers to provide 
vo ice input and control, and rep lacing 
keyboards in many instances, has been 
announced by Heuristics, a Los Altos CA 
speech research firm. Known as Specch
LabTM , the system is ava il able in se · 
lected com puter stores and directly from 
the manufacturer for $249 in k it form or 
$229 assembled and tested. 

Speech Lab d igi tizes and extracts data 
from peech waveforms and app li es 
pallern ma tching tec hn iques In order to 

Your Mail Order Computer Shop... 

IMSAI 8080klt with 22 slots (limi ted quanti ty) . .... . $645.00 
TDLZ-80 ZPU (the one with full software avai lable now) 242.00 
Edge Connectors and gu ides for IMSAI each .. ...... . 4.25 
Edge Connectors and gu ides forl MSAI 10 for . . . . . . . 40.00 
Vector Graphic Bk RAM kit with 500 ns ch ips . . .... 225.00 
Seals 8k RAM kit with 250 ns chi ps . . . . .. . . . . . .. . . . . 260.00 
North Star com plete Micro-Disk System kit . . • . . . . . . 599.00 

WE TAKE 
MASTER CHARGE OR BANKAM ERiCARD 

For phone and mall orders... 
(Add 4 % of TOTAL ORDER for servicecharge) -! AIOI AM UUC.UD,,,,.. 

TERMS: Shopping cMrges  $10. per CPU or large unlls, $1 .50 per kit , 
S2. minimum per order. 

Provided stock is available, we will ship Immediately lor payment by 
cashiers check or money order. 
Allow 3 weeks lor personal checks 10 clear. New York Slate res idents 
add appropriate sales lax. 

PRICES SUBJECTTO CHANGE WITHOUT NOTICE. 

Forthe best prices available on: 
IMSAI TDL • NORTHSTAR • POLYMORPHIC 

TARBELL • SEALSELECTRONICS 

CALL: (315)637-6208 
WRITE: P.O. Box 71 •Fayetteville, N.Y. 13066 

STATE OF THE ART 
BOTH FORMS 

There are two forms of the "state of the art ." One form is the 
personal growth attained by most professionals who rea lize they 
must stay in step, inte ll ectually, with new concepts and new 
tech inques. Too often, a tragedy occurs when the professional 
neglects the second form, his career development. The fata l mis· 
take occurs when work ing in an environment that provides a 
continuous paral lel to industry but neglects to provide the pro· 
fessional growth that is necessary to insure career development 
and avoid potent ial future frustrat ions. To insu late yourself 
against this happenstance, check w ith ou r professional staff . 
They will advise you on your career development as it relates to 
your technica l developmen t. 

Our areas of specia l ization are : 

Software Development 
Computer Graph ics 
Data Base 
Computer Design 
Simulation and Model ing 
Telecommunications 
Hardware/Software Interface 

For further information either call or send resume to : 

PERRI -WH ITE ASSOC IA TES 
50 FRANK LI N STREET 
BOSTON, MASS. 02110 PERRI -WHITE & ASSOCIATES, INC. 

5373 W. ALABAMA PLACE 
HOUSTON, TEXAS 77056 
(713).961 -5500 

(6 17) 423-1900 
ROBERT MARLOWE 

FRANK COLLINS 

Management Consultants 
Specializ ing in Data Processing/Systems Engineeri ng 

A ll Replies Held In Strictest Confidence 
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Why Wait? 

The Tarbell Cassette Interface 
• 	 Plugs directly into your IMSAI or ALTAIR* . 
• 	 Fastest transfer rate: 187 (standard) to 540 

bytes/second 
• 	 Extremely Reliable - Phase encoded (self· 

clocking) 
• 	 4 Extra Status Lines, 4 Extra Control Lines 

• 	 37-page manual included 

• 	 Device Code Selectable by DIP-switch 
• 	Capable of Generating Kansas City tapes 

also 

• 	 No modification required on audio casset~e 
recorder 

• 	 Complete kit $120, Assembled $175, Manual 
$4 

TARBELL ELECTRONICS 
20620 S. Leapwood Ave., Sui te P, Carson, Ca. 90746 

(213) 538·4251 
California residents please add 6% sales tax 

•ALTAIA Is a trademark/tradename !>' MITS, INC. 

21 START·AT·HOME 
COMPUTER BUSINESSES 

in the shoestring, start-at-home 
computer business hand book 

CONSULT"ING • PROGRAl'll'tlHG e sOfHIARE PACKAGES e co11 
FREELANCE llR ITING e SEH INAR S e TAPE/OISC CLEANIN G 
FI ELD SERV I CE e SYSTEMS HOUSES e LEAS I NG 9S UPPL I E S 
PUBLISH I NG e TI ME BROKERS e HARDWARE 0 I STR I BUTORS 
SALES AGE NC I ES • HEADHUNT I NG e TE MPO RARY SERV I CES 
USED CDMPUTERS • FINDER'S FEES e SCRAP COMPONENTS 
COMPUTER PRODUCTS AND SERVIC ES FOR THE HOME 

Plus - - hundreds of ideas on 
moon ligh ting, going fu ll -time, 
Image bul lding, revenue bul Id Ing, 
bidding , contracts, marketlng, 
professionalism, a nd much more. 
No career planning tool li ke it 
ever pub I ished. Order now and If 
you 1 re not completely satl~fied, 
send it back with in 30 days for 
a fu ll and immedia te refund. 

e 8 ~ X I I r i n g bound e I I 3 pp . e S I 2 . 0 0 

DATASEARCH . SUITE108730 WAU KEGANROAO 

DEERFIELD, llllNOIS ~0151nco1e1ota1ed 

Rush copies of "T he Shoestring Start-At-Home 
Computer Business Handbook to me right away 

NAME /COHPANY~~~~~~~--------~
AOORESS~~~~~~~~~~~~~~~~~~~ 

CITY/STATE/Z I P"="""-==~,....,...,.-,,...,,..,...,...,...,..=-==-.,...,,.,~,...,,..,.,...,...,,...,,...,,.... 
[] CHECK ENC L OSED[JBANKAHERICARD[JMASTERCHARGE 

# 
~~---------------~ 
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recognize vocal input. Applica1 ions in· 
elude computer input , games, rcsearcl1 
and voca l contro l. 

In addition to Altair b us computer>, 
Speech Lab can be used with any com· 
puter by usi ng a separate power supp ly 
and co nnector. 

In cl ud ed in the price is a complete 
hardware and software system, a 275 
page labora tor11 manual, 95 page hard· 
ware manual, high fidelity microphone, 
and three programs on paper tape. T he 
lab manual includes 35 graded experi · 
ments with over 100 tables and grap hs. 

T he recognition o f spoken inputs 
requires 64 bytes of sto rage per wo1CI 
and a vocabu lary of up to 64 words in 
memory. Other features inclu de real 
time response, 95% recognition accur· 
acy, automa ti c ha rdware sclf-1cs1 apa· 
bility, and C-MOS design for lo~ power 
diss ipat ion . 

Software incl udes the Speech· 
BasicTM BAS IC programm ing language, 
assemb ly language speech recognition 
program , SpeechBasic plot , correlation, 
recogni tion, advanced recognit ion and 
hard ware self-rest programs. 

For more information wri1e to 
He uristics Inc, 900 N San Antor1io Rd, 
Los Altos CA 94022. • 

Ci rcle 617 on inqui ry ~ard . 

A Modu lar Graphics Subsystem 

Ma rrox Eleclronic Systems, located 
a l POB 56, Ahuntsic Station, Montreal, 
Quebec CANADA H3L 3N5, h as cnl 
along some information on what hJs 
come to be ca lled the ALT-256**2 
Graph ics System in thei r produc t lin e 
of disp lay devices. The AL T·256**2, 
to whi ch we al luded in a previous new 
product story (see Nove mbe1 1976 
BYTE , page 60) is designed tu plug 
directly into any Altair (S-100) bus com· 
palible computer such as the IMSAI 
shown in the press release photo. Tl1c 
board in terfaces to the host computer 
as a set o f four peripheral ports. Two of 
the ports are used for s toring the ' Jncl 
Y coordi nates al <1 pot, and a 1hi rd port 
is used simply LO turn the dot on or olf; 
a fourth port is ded icated to clearing 
or preselting the whole screen. fl con· 
tains its own 65 ,536 bit refres h memory 
so that no address space in the host com· 
putcr is u cd up for disp l,1y pu rpo;,cs . 
This is an importan 1consideration, s ince 
multiple copies of this 256 by 256 grid 
disp lay can be plugged into the same 
computer and jumpered to use commo n 
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synchronization so tha t a co lor effect 
with 256 by 256 resolution and seven 
colors ca n be ac hieved by d riving a com
mercial RGB monito r ( red-green-blue 
guns on separa te inputs with commo n 
synch). The board is not a kit, and is 
pri ced at $395 FOB Montreal , with de
livery two to fo ur weeks after receipt 
of orders. European readers wil l also 
appreciate tl1e fact that the ALT-256** 2 
is also avai l ab le in a standard version 
using the Eu ropea n televis ion tim ing 
defi nitions.• 

Circle 618 on inqu iry card . 

Instrumentat ion and Test with the 
Perso nal Computer Bus 

International Data Systems has 
announced an inst rum entat ion module 
for the Altair (S -100) bus which all ows 
the user to make measurements o f fre 
quency and per iod, formerly done with 
" dumb" uncomputerized measu ring 
eq uipment. The product is the 88-UFC, 

9 decade universal frequency counter 
module. The design all ows so ftwa re 
selec tion or all functions and has cap
abilities sa id to have been previously 
available only on counters costi ng several 
t imes its $179 price. T he 88-U FC has 
provision for fo ur signal source s which 
ca n be selected unde r software control. 
Th ree of the inputs have general p urpose 
analog or digital signal conditioni ng, and 
the fourth accepts TTL signals fo r use in 
debugging logic sys tems. One o f the 
ge nera l purpose inputs inclu des a d ivide 
by ten prcscalar which ex tends i ts input 
range typical ly above 600 MHz, and the 
other two gene ral purpose inputs can 
count signals ranging t yp icall y up to 
65 M H z. With one of these boards and 
the software provided, the use r ca n in 
princip le perform nearly all the fre
quency and time per iod measurements 
encoun tered in the typica l electronics o r 
scienti fic laboratory (ro say noth ing of 
the dma tcu r radio station or electronics 
repair shop). The crysta l controlled Lime 
base o n the board ca n be se lec ted In soft· 
ware lO provide co un t periods from 
100 ns Lo I second , wi th half cyc le or 
ful l cydc counts. The bo ard is sai d Lo 
al low measu remen t or a 600 MHz 
signa l 's frequency wi th ± 1 Hz resol ution , 
or two parts in I o9. 

Sottw are included with Lhe unit 
provides totali zing or accumulation o f 
even t coun ts, measu re ment o f the pe riod 
o f a sign al, measu rement of frequency, 
computat ion of freq uency rat ios 

Cont inued on page 162 

.....~~ . 1' • l' ,' 
~ .. ' , i,.r ' , . , 

,,..• ... ' - t'~ 

That's right, if we don't sell a bunch of our 
BASIC SOFTWARE VOLUME 1 albums 
quick, we'll get fired! Included are lots 'n' lots 
of your favorite Basic programs such as 
LUNAR LANDER and BLASTOFF!, plus new 
ones like MAILING LIST, FOURIER FIT and 
AMPLE ANNIE. Plays through your Tarbell, 
Kansas City or Altair cassette interface (we 
coded all three ways). Or make cassette 
copies. Only 6 bucks. Don't be a dummy, or
der today! Satisfaction guaranteed or money 
back . 

to: SOFTWARE RECORDS 
PO BOX 8401-B 
UNIVERSAL CITY, CA 91508 

BK TMS 2716 
2708 

16K EPROM/RAM 
VERSHILITY • Individual Addressing • Shadow allernates ROMwith RAM • External 
RAM disable • Optional tK on·boa rd RAM • S 100 compatible • Power·on jump or 
boorstiap capability • All sockets included 

MR 8 KIT . . . For 2708 . . 99.50 

MR 16 T KIT . . FOR TMS 2716 . . . . .... 99.50 


EPROM !shown) not included 


FIRMWARE• 2K Monitor/Utility • Supports Tarbell casselle. paper tape • Now 
ava ilable for SIO. MIO. 3P 1 S. SIO 2 

MM 2K ....... (two 2708 type EPROMS) . . . . . . . 89.50 
MM 2 T . . . . . . (one TMS 27 16 EPAOM) . . . 84.50 

EPROMS • Prime. full specification • programming available 

2708 type .. 1024 x 8 . . . . 35.00 
TMS 2716 . . . 2048 x 8 . . . . . • • • . . 65.00 

MICRODESIGN 

6187 Havasu Circle. Buena Park CA 9062 1 • (714) 523-6060 
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FINALLY. 

A State-of-the-Art 
'Ibol For I.earning
SoftwareDesign. 
And at an affordable price. The 
Madu-Learn"" home study course 
from Logical Services. 
Now you can learn microcomputer 
programming in ten comprehensib le 
lessons. At home. In your own time. At 
your own pace. 
You learn to solve complex problems 
by breaking them down into easily 
programmed modu les. Prepared by 
professional design engineers, the 
Madu-Learnr.. course presents sys
tematic software design techniques, 
structured program design, and prac
1ical examples from real 8080A 
micro-computer applications. Al l in a 
modular sequence of 10 lessons ... 
more than 500 pages, bound into one 
practical notebook for easy reference. 
You get diverse examples, problems, 
and solutions. With thorough back
ground material on micro-computer 
architecture, hardware/software trade
offs, and useful reference tables. All 
for only $49.95. 
F?r $49.95 you learn design tech
niques that make software work for 
you. Madu-Learn™ starts with the 
basics. Our problem-solution ap
proach enables you to "graduate" as 
a programmer. 
See Modu-Learnr" at your local com
puter store or order now using the 
coupon below. 

111111111111111111111111111111111111 
: Please send the Modu-Learn"' course for : 
: me lo examine .Enclosed is $49.95 (p lus : 
: $2.00 postage and handling) or my : 
: ~asterchargelBankamericard autho riza-: 
: hon. :. . 

: Name: .:. 
: Address: :. : 
: City: Slate: : 

: card# :. : 
: Expiration date: : 

: Signature:______ _____: . .... ..- .. 
. ...• .. •. ...
•• .. ...
•.. : 
: 711 Stierlin Road : 
: Mountain View. CA 94043 : 
: (4 15) 965-8365 : 

LOi31CAt 

SERVICES INCOR.PORATED 

EYTE'sEits 

A Personal Computing Electro nic News 
Service: the "Net" Worth of Space Age 
Journallsm 

We rece nt ly received a copy of the 
Washington Amateur Computer Soci· 
ety's Journot which contains news about 
the society, product reviews and specu la· 
rive articles. In short, a very good ex 
ample of the son of journalism coming 
out of the loca l computer clubs. 

What makes th is particu lar issue so 
specia l, though, is that it is availab le via 
computer link to anyone possessing a 
computer terminal and telephone cou
pler! Members and nonmembers alike 
can dial (202) 635 -5730 (for a 300 bps 
line) or (202) 635-5710 (for a 11 O bps 
line) and start receiving the latest scoop 
from the Washington DC area . 

The Journal is written and edited each 
month on a DECsystem · 10 at the Ca
tholic University of America; it is avail
ab le as a "free access" text file (ie: no 
password or account number is neces · 
sary). 

The procedure used to obtain the 
journa l Is simple . After calling either of 
the two numbers listed above, the 
DECsys tem wi ll respond with its answer 
tone. Activate your modem and type 
"Control C.' ' The computer shou ld echo 
an up-arrow followed by "C." (I It does 
not , repeat the procedure several times. 
If you stil l have no luck , the c omputer is 
probably down.) Next, type " I" follow
ed by a carriage return . The system will 
reply wi th the fo llowing response (there 
may be some sligh t variations in this re
sponse): "CAT HOLIC U. 507820 
19 :39:01 TTY60 SYSTEM 95," fo llow
ed by a period on the next line to Indi
cate that you are conversing with the 
timesharing monitor and th at it is wait
ing for your instructions. To gel the 
journal, type "HELP WACS" and a car· 
riagc re turn. The computer wi ll then 
type out the journal text. The jo urnal is 
set up to fit in a format of 60 characters 
to the line and 66 lines pe r page. If you 
are going to read the text on a video dis
play unit , it is a good idea co tape the 
telephone o u tpur for later reference. To 
stop the output at any time, cype "Con
trol O." 

t t should be mentioned that the jour
nal is rather lengthy (16 pages for the 
April issue). The question of lon g dis· 
tance phone charges for this type of se r· 
vice Is not a trivial one. The following 
excerpts are taken from a letter sent ro 
us by the directors of the c lub in which 
they discuss this and other points: 

We belie ve that this is th e first 
such electronic "moil se1vice" or 
journal. You will nol be working 
with a recording but rather will be 

running a program on th e time
sharing system that moves infor
mation stored on o disk file to a 
serial communications pore. We 
would not be able lo shore this 
new adventure In communications 
with y ou if it were not for the 
kind assistance of the computer 
center of the Catholic University 
of America. Since this service uses 
computer time, which slows the 
computer down slightly and ties 
up a communications port, we ask 
that you use it only during non
business hours : late at night or 
weekends would be ideal. 

Our journal is also available in 
printed form• ... We hope that 
this w/11 be the first of many sucl1 
computer hobbyist communica
tion nets, and that the age of elec
tronic moil and news journals will 
not be for off. We understand that 
long distance telephone rotes will 
make our service rather expensive 
for th e individual, le I's soy, in 
California. But perhaps that is 
where hobbyist clubs con show 
their worth and make use of un
used business WA TS /Ines late at 
night or on weekends,, .. / Elec
tronic journals} ore just the kind 
of Justification for th e adoption 
of ASCII as a legal transmission 
code on the amateur airwaves that 
the FCC will recognize. We com
puter hobbyists need access to 
quick, efficient and up to dote 
communications media to enable 
us to grow and exchange ideas. 

Why can 't we hove access to 
radio communications in the code 
that is a notional standard not 
only for our hobby but also for 
A NS!? Computer hobbyists unite! 
Petition the FCC to a/lo w us to 
communicate in our "native 
tongue. " Meanwhile, find those 
follow WA TS lines and make 
them serve our hobby. 

Robert Jones , director 
Thomas Crone, assistant director 

Ri chard Bo nanno, ed itor 
Will iam Stewart, assistant editor 

Washi ngton Amateur Compu~er Society 
4201 Massachusetts Av #'168 

Washi ngton DC 20016 • 

Pushover stacks are characteristic 
features of incompetent waiters. • 

Wh at is a strip of leather used to hold 
integrated circuits into the sockets of a 
voice ana lysis system? 

l!UOl(l d lO 'r/ • 
Circle 145 on inquiry card. 156 



Attention KIM-1 and other 6502 
system users. If you are ti red of 
waiting for slow-slow program loads, 
we have the soluti on. A cassette 
write /read program that requ i res no 
addit ional interface hardware! Just 
two single-bit 1/0 ports! 213 bytes 
per second fast! Sel f-c locking w ith 
checksum and check read. Uses 
moderately priced recorders and 
cheap cassettes. $25.00 check or 
money order covers program and use 
ins truct ions. Other copyrighted 6502 
software avai lable. Write for particu 
lars . (California res idents i nclude 6% 
sales tax .) 

INNOVAT IVE SOFTWARE, INC. 

3107 Casa Bonita Dr. 


Bonita, CA 92002 


Circle 149 on inquiry card . 


COMPLETE MICRO 

BUSINESS SYSTEMS 


A / R, Mailing Labe ls, G/ L, Pay

roll, A/P, etc. 

plus 
Lear Sieg ler $ 749.95 

ADM-3A kit 
IMSAI 8080 ki t $ 599.95 
Centronics Business $1520.00 

Printer {1 32 columns) 

l•IM?i#J 
DISC/3 COMPANY 

1840 LI NCOLN BLVD. 


SANTA MONICA, CA LIF. 90404 

(213) 451-8911 


Circle 176 on inquiry card. 

KIM-I USERS 
Are you in need ol peripheral 
support to get the job done? 

HERE ARE SOME OF THE THINGS 

YOU 'VE BEEN WAITING FOAi 


270412708 EPROM PROGRAMMER 5275 
2K ROM BOARD with 2 1702A roms S105 
BK ROM BOARD with 2 2708 roms Sl 55 
2K RAM BOARD with t 6 2102·1 rams Sl 05 
4K RAM BOARD with 32 2102·1 rams S165 
BK RAM BOARD with 64 2102-1 rams 5275 
ONE PASS ASSEMBLER BOARD for KIM·l 5245 
64 Char ASCII TV INTERFACE BOARD $255 
8 Ill RELAY OUTPUT BOARD 120v, 4001'1 $195 
MOTHERBOARD 6 card KIM· l to S·l OO bus $95 
MOTHERBOARD 6 card KIM· I to EXORCZR bus 595 
MOTHERBOARD 6 card KIM·l to KI M· l 5105 
EXPANDER CABLE to couple motherboards $45 
KEYBOARD (63key)/ EDITOR /ASSEMBLER 

wnh SK RAM anti TV INTE RFACE $895 
All units fully membled 

·Pa. Res. iHld 6% Sales Tax 

HYBRID TEC HNOLO GIES 
P.O. BOX 163 

BURNHAM, PA 17009 

OealC'r lnqu1ry Welcome 

Circle 179 on inquiry card . 

• ~ .t !t !t '1 ir!ir '1 !II '1 , ! 
Rodon• ai 11 ~1111 • ! ! ! ir! ! ! ! 

'-'-"" -....u.a._ 

<ii .~ :~: w .. rN t.7t ~ ~ ·~ ':°! 'f. 

P-ARA LLEL 1/0, POWER SUPPLY,
256 BYTE RAM , 16 OP CODES, 
TIL {Open Col) COMPATIBLE, 
CABI NET. 

Rodent 
COMPUTER KIT . ... .. .. $129.00 
4K ROM/RAM kit (Less ROM) 

3K RAM . .. . ....... .. . $99.00 
KITS IN STOCK 

KIT HOUSE 
161 GARY WAY 
NSL, UTA H 84054 

Circle 174 on inquiry card. 

COMPUTER MART 


OF 

NEW HAMPSHIRE 


DEALERS FOR 

TDL ICOM IMSAI 

DIGITAL GROUP 

SOFTWARE INCLUDES : 
BK BASIC EXT. BASIC 

TEXT EDITOR DISK BASIC 


WORD PROCESSOR 

MACRO-ASSEMBLER 


J70 MAIN STREET NASHUA 
(603) 883-2386 

Circle 177 on inquiry card. 

firaeco 
H~· l 

THE ULTIMATE IN: . 

~ '1 i~n~ 1n'! !l!~~!n~ 

!lrecision ruachined tape gu ide 
lnterface direc tly to a 'rn or ~Mll 
'!ri·statc buffer output 
illl handshake logic · 'l'T~ compata ble 
'Pull thru tape · !leads !Jyo~IJIJ!J cps 
lnterface thru a 14 pin IC plug , ••ov•o'°' 

!Jlfj· J .. u ....uo & 11u10 tJa.oo· 
~ !:!\•) "LUIOo  l" fl&flt1 S 11 ....; r &O ....Tl:ll ~ .s ..so· 

M ICROCOl'l\f' PO llO'IC 11,1 

WE SPECllLIZE IN MICROCOMPUTER SVSTEMS FOR 
HOBBV · BUSSIHESS • EDUCAflOH 

WE ARE EXC l USIYE OSI DEALE RS . • • 

·• • WE 00 A BETTER JOB . 
• l'llT' · HILL SYS f(_ lill S • ,.[IOl"nUl."'LS '\,0 1",.'r' 01$1< $ • 111CCI !.50111CS 

• OUilTAt ClOC .... "1rs- Vtt:l lQ t t ll.111.llol A ~ '!i ~001'1.S· llll.CiA l1H t.S · 

Ci rcle 157 on inquiry card. 

What you can clo w ith a 4K RAM that 

can be posi1ioned anywhere In memory 

by program commands . 

We have some Ideas you may nol have 

thought of. Write and ask abOut our new 

4K P L (program locatable) RAM care! tor 

the 5100 bus. 

The 4K PLRAM comes fu lly assemblecl , 

tested and burned In for onty 

U.S. PRICE tNCANAOA 

$179. $199. 
Sorry - Blame Pierre 
Ont . Residents 
Aclcl7% PST. 

~ol.MJo~a industries ltd. 
P.O. llox 421 Simcoe. Ontorlo, C1nld1 N3Y 4l5 

Circle 175 on inqu iry card. 

mlCAQ - BIJTE 
llnESE TS 

11 

~Ao;A~mm1n; 
T~~E 
C~SSETTE 

Designed Espec i cl l~ Fo l" 
micl"O Computel"S 

3Q minutes ',.,.......... ''"' 
HIGH FAEQUE nc':l 

SUllE Stn:ITI E 
LOW no1n 

$~.QQ ecch 
mic l"o-D~te 

5870 MIAM r LAKES DRIVE EAST 
MIAMI LAKES. FL 330 14 t30SJ 822·6010 

Circle 169 on inquiry card. 

FOR YOUR ALTAIR 

OR OTHER S-100 BUS 


ron°lo off 
u~10 

NEW FACTORY 
WIRED & TESTED BOARDS & 

SPECIAL COMPUTERS (mfg. by MITS) 

• 12 BIT AID • BK PROM BOAROS 
(W/W.0. PROMS)

• 2SIO & OTHERS 
• CPU • 2708 PROMS 

• Al SO NEW GE
• 4K STATIC RAM TERMINET 30s 
• 24 INPUT MUX (110 or 300 BAUO) 

CALL DIC K REEV ES 
(314) 569-1506 

Circle 181 on inquiry card. 



se t at once ince the trap locatio n wil l be 
printed ou t each time the trap routine i 
executed. The trap ro ut in e is activated 
{called) whenever the 8080 proce soi· en
coun ters an RST 7 instructio n. The RST 7 
in trucl ion assu mes there is a trap hand ler 
ro utine beginning at hexadecimal locat ion 
0038 in memmy, so ir the trap ro ut ine doc 
not start at th is location th en a JM P TR AP 
in truction must be present instead. If your 
PROM memory starts at location 0000 then 
you can fix the trap rou ti ne (or jump 
instruction and trap ro uti ne) into PROM and 
you are ready Lo go. If your PROM is in high 
memory, then you can fix the trap roluine 
in high memory and you will have Lo 
remember to load the jump to tra p i nstruc
tion (three bytes) into locations hexadec im, I 
0038 thru 003A each time you initialize 
your system. An al ternate way to gel into 
the trap routine would be to use a sta ndard 
three byte call instruction. (H erc no jump 
instruct ion would be required.) I decided to 
use the single byte cal l (RST) main ly for 
convenienc<:: (one byte Lo change instead or 
three) and also because my PROM is in low 
memory. 

The ou tpu t of my trap routine is two 
li nes of listing on a television display as 
show n below: 

TRAP AT :xxxx: 
Axxxx: Bxxxx: Dxxxx: Hxxxx :Sxxxx: 

jAJtl lsjcj io)E I [HJ LI isPI 
fl ags 

John M Schulein 
1186 Arlington La 
San Jose CA 95129 

A Trapping Technique 


for the 8080 


Debugging 8080 Software ? 
How About a Trap Routin e? 

If you have got your 8080 system up an I 
running and you are sta rt ing to wr ite some 
programs for your system then the trap 
ro utine discussed in th is arti cle may be just 
what you need to a ist you in debugging 
your own software or other oftware you 
have keyed in or re located. This trap ro utine 
is in PROM in my system and ha been 
inva luable 111 loca ting bugs in various 
programs. 

This trap r utine i a program tha t i 
wr·itten as a subroutine and is designed so 
that when it is ca lled it wi ll do th 
fo ll owing: 

1. 	 Immediately save the machine slate. 
2. 	 Print out the machine stat on a 

tel evi ion di play. 
3. 	Wail for a keyboa rd in put so th at the 

programmer can decide whether to 
exa mine or mod ify memory or to 
restore the machine state and resume 
execution of the program tha t cal led 
the trap ro utine. 

A typi ca l way to use thi s trap routi ne is 
to change one or more instruction in critica l 
areas of the program bei ng deb ugged to the 
8080's RST 7 instruction (F - hexad ecimal). 
Note that this implies that your problem pro 
gram i in programmable memory and tha t if a 
mul tibyte instruction is changed, the RST 7 
instruction is placed in the first byte of the 
multibyte instruct ion. Several traps can be 
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Line Label Op Op erand Commentary 

1 TRAP PUSH PSW 
2 PUSH B Save registers for final return to 

l 
}3 PUSH D the program be ing debugged. 

4 PUSH H 
5 PUSH H 
6 PUSH PSW Put corrected SP onto stack and 
7 LX I H, OOO EH restore H L. Save and res tore 
8 DAD SP flags . 
9 POP PSW 

10 XTHL 
11 PUSH H 
12 PUSH D 

Save registers for display . }13 PUSH B 
14 PUSH PSW 
15 LX I H, Trap Message } Display "TRAP AT"16 CALL PAST 
17 LXI H,0013H 
18 DAD SP 
19 MOV D,M l Calculate trap location, result in 20 DCX H 

f HL.21 MOV E,M 
22 DCX D 
23 XCHG 

24 CALLPTADR 	 Display trap location as four 
hexadecimal digits . 25 CALL CRLF 

26 MVI D.''A" 
27 CALL PR REG 
28 MVI D,"B" 
29 CALLPRREG 
30 MVI D," D" Display flags, registers, and SP. 
31 CALLPRREG 
32 MVI D,"H" 
33 CALL PRREG 
34 MVI D,"S" 
35 CALLPRREG 

36 CALL ROTTY Wait for keyboard input (ESC 

37 CALL CALF forces jump 10 monitor) . 

38 
39 
40 
41 

42 

POP H 
POP D 
POP B 
POP PSW 

RET 

} Restore mach ine state . 

Return to p rogram being 
debugged. 

Listing 7: Symbolic assembly language listing of the 
trap routine used by the author in his 8080 system. De
tailed comments by line number are made in the text 
of the article. Note that in the author's system, a hard

43 
44 
45 
46 
47 
48 

PR REG 

TRAP· 

CALL PANT 
POP H 
XTHL 
CALL PTADR1 
RET 
'TRAP AT'\7' 

} Subroutine to POP a trap register 
through the top of the stack and 
then print the result . 

ware vector to · the monitor occurs if an ESC key is 
pressed on his terminal keyboard instead ofsome other 
character when the program is looking for input at line 
36. The system routine re ferenced by this program are 

MESS summarized in table 7. 

Th e first line shows the memory location of auLomatical ly pu heel onLo the stack. The 
the RST 7 instruction that invoked the trap first four push instructions in the trap 
routine and the second line disp lays the rout ine (Ii ting I, line 1 thru 4) ave Lhe 
machine state (accumulator, flags, the regis A,B,C,D,E,H and L registers and Lhe flags in 
ters 8,C,D,E,H and L, and the stack pointer) the stack. This machine tate information 
at the completion of the last program wil l be used at Lhe very end of the trap 
instruction executed before the trap calling routine to restore the machine stale just 
instrnction (RST 7) was encountered. before the trap routine return in truction 

The trap routine is shown in listing 1 and (line 42 of li sting 1) is executed. The fift h 
the auxi liary subrouti nes used by the trap push instruction (line 5) is u eel Lo provide a 
routine are described in table 1. Listi ngs of pace in th e stack for Lhe value of Lhe stack 
these auxiliary subroutines are not provided pointer when the trap ro utine was ca lled. 
ince most monitor program wi ll already This va lu e is calcu lated by adding OOOE 

have these routines and they most likely are hexadecimal to the curre nt stack pointer 
peculiar to individual systems since they deal va lue at line 7 of the trap routine . The DAD 
directly with 10 devices . The stack data SP instruction (t ine 8) does th is add ition and 
generated by the trap routine is shown in the desired initial stack pointer value ends 
figure 1 and will help in understanding the up in HL after the DAD SP in truction is 
operation of the trap ro utine. executed. Note that the DAD SP instruction 

When the trap subroutine is ca ll ed by a affects the carry flag, and thus the PUSH 
RST 7 instruction, the program cou nter is PSW and POP PSW instructions at lines 6 
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Table 7: Summary of Aux
iliary Subroutines. This 
table lists the symbolic 
name referenced in listing 
7 and the corresponding 
functions of several moni
tor routines required. No 
listings of these routines 
are provided since the de
tailed code will va1y from 
system lo system. 

and 9 are requ ired to preserve the flag byte. 
Th e XTHL instruction at line 10 ex

changes the most recent two stack bytes 
with the contents of HL. Thus after the exe
cution of line 10, the initial val ue of the 
stack pointer is on the bottom of the stack 
(8080 stack grows downward) and th e con
tents of HL have been restored to the ir ini
tial values (the va lu es they had when the 
trap routine was cal led). The next fo ur push 
instructions (l ines 11 thru 14) save the 
machine state a second time for the pri nting 
operation. 

Lines 15 and 16 print the ASC II charac
ter string "T RAP AT" in preparation for the 
printing of the memo ry add ress that ge n
erated the trap. This informat ion is highly 
desirable since several traps may have been 
set into the program being debugged and it is 
nice to know which trap was encou ntered 
each time the trap routine is executed. The 
trap subroutine return address (pushed onto 
the stack when the trap subroutine was 
called) is the key to determining the trap 
location. In order to access th is information, 
line 17 and 18 cause the HL register pair to 
point higher up in the stack to the most 
signi ficant byte of the return address. The 
return address is put into the DE register 
'pair by the instruct ions at lines 19, 20 and 
21. Note that the value of the DE register 
pair is decremented by one. (line 22) in order 
to reflect precisely the location of the RST 7 
trap generating instruction. This is due to 
the fact that the return address pushed onto 
the stack by the RST 7 instru ction is the 
next memory address after the RST 7 
instruction. Th e XCHG instruction at line 23 
exchanges the register pairs DE and HL 
which puts the trap location in to HL so that 
the PTADR subroutine called at line 24 will 
print the trap location. (PTADR prints out 
the contents of HL as four hexadecimal 
digits surrounded by colons.) A CR LF sub
routine called at line 25 moves the output 
di sp lay device to the beginning of the next 
line. 

Symbol Function 

PRST Display (as on a printe r) a string of ASCI I characters in memory starting 
at the location pointed to by H L . The string is terminated by a zero byte. 

PTADR Display (prin t) HL as four hexadecimal digits surrounded by colons. 

PTAOR1 Display (print) HL as four hexadecimal digits surrounded by colons . 

CRLF Sends a carriage retu rn and a l ine feed (or equivalent) to the output device. 

ROTTY Reads an ASCI I character from the keyboard. Any character other than 
ESC returns the processor to the calling program with the ASCII character 
in the A and D registers. An ESC character sends the processor to the 
monitor routine. 

PRNT Display (print) the ASCII character in the D register . 

Now things get a little tr icky, but we are 
almost through so don't give up yet. The 
next ten lines of program (lines 26 thru 35) 
result in the prin ting out of the machine 
state in the form of five groups of characters 
on the di splay us ing the PRREG subroutine 
(lines 43 thru 47). Each group of characters 
consists of a single identifying alphabetic 
character, four hexadecimal digits, and a 
colon. Thus the printout of the machine 
state line takes 30 characters and just fits on 
a 32 character line. 

Each execution of the PRREG subroutine 
results in the fo llowing operations. First the 
ASC II character in he D register is printed 
out on the display by the PRNT subroutine. 
Next the return add1·ess for the PRR EG 
su broutine is popped off the stack into the 
HL register pair by the POP H in stl"Uctio n at 
line 44. This brings to the bottom of the 
stack one of the two byte values to be 
printed that was placed on the stack by the 
instructions at Iines 10 thru 14. Now the 
PR REG subroutine re turn address is restored 
to the stack (two bytes up from its original 
position) and the two byte va lue at the 
bottom of the stack that is to be pt"inted is 
put into HL by the XTHL instruction at line 
45. (That XTHL instruction sure is nice!) 
Finally the four hexadecimal digit value now 
in HL is printed out on the display by 
subrout ine PTADRl (cal led at line 46). Each 
execution of the PRREG subroutine causes 
the stack to be reduced by two bytes and 
after the execution of the last PRREG call 
in struction (I ine 35) the stack has been 
reduced to the upper hair of that shown in 
fig ure 1. 

After the entire machine state line ha 
been pr·inted out, the trap routine waits fo r· a 
keyboard input in the ROTTY subroutin e 
(called at line 36). This gives the person 
debugging a program a chance to digest the 
trap information before proceeding. Any 
character other than ESC wi ll return the 
processor to the trap routine and then to the 
program being debugged. An ESC wi ll cause 
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________ 

the processor to re turn to the mo nito r 
program where the operato r can examine 
and mod ify memory if necessary. If the 
character ty ped was no t an ESC, a CRL F is 
ge nerated and then the machine state is 
popped off the stack by th e fo ur pop 
in structions at lin e 38 thru 41. After 

used to get back 
to th e program 
being debugged 

{ 15-8BITS 
-
BITS 
7-0 

SP 

restoring the machi ne state, the processor 
wil l now return to th e program co ntai ning 
the trap (the program bei ng debugged) and 
resu me execution. Note th at you can o nly 
use th is technique if the program being 
debugged has the trap calli ng instru ct ions 
(RST 7) located in program locations that 
or iginally contained NOPs. Most of the time 
I use the ESC monitor ex it so th at I can 

used to restore 
t he machine stat 

restore the original instruction and move the 
RST 7 trap calling instru ctio n to a ne w 
location. Then another executio n of the 
problem progra m can be init iated. This 
process will continue until the source of a 
prob lem is determi ned an d then the progra m 
can be modified to (hopefully) correc t the 
problem. 

This trap rout in e (or a sim ilar one) should 
make debugg ing much easier as it prod uces a 
pri ntout of the entire machine state at a 
known point in a program. Good lu ck in 

used to p ri nt 
out the 
machine state 

< 

A 

F 

B 

c 
D 

E 

H 

L 

B IT S 
15-8

BiTS/ SP 

7-0 

H 

L 

D 

E 

B 

c 
A 

F 

fin ding and removing those bugs! • 

Return address 
for the calling 
RS T 7 inst ruction . 

PUSH A@ l ine 1 

PUSH B @ li ne 2 

PUSH D @ li ne 3 

PUSH H@ li ne 4 

Corrected stack 
pointe r 

PUSH H@ line 1 1 

PUSH D @ l ine 12 

PUSH B @ line 13 

PUSH A @ line 14 

Figure 1: Slack Frame 
Used by TRAP. This dia
gram show the a/location 
of' data in the 8080 's stacl? 
when TRAP routine is 
executing line 75 of listing 
7. Actual content 11a1y 
during the cour e of 
TRAP, and thi particular 
frame represent the maxi
mum stack utilization 
(ignoring the supporting 
subroutine return address) 
during the routine. When 
TRAP routine returns, lhe 
state of the processor 
including the sloe/~ pointer 
is completely restored. 

COMPUTER 
WAREH0 USE 
ST0 RE• 

SPECIAL DISCOUNTS! 
ON KITS & ASSEMBLED UNITS
SA~E UP TO 1M Off Kil PAICC WHEH A USED PERIPHERAL 
IS PURCHAS£0 Al THE St.Mt 11Mt (!200 HA XIMUMJ 

PERIPIJ(RAllS) OVER $900 - 20% Off KIT PRICE ....P · l·Pl. · l ·Sl OY.ER• $ 51i1 l0 · f· K · P ·IC.C.ER IERA 11i2ii 0•-lllill•il• 0f ·IT · R ..PERIPIJERAL S OVE~ S95 - 5 %% OFF KIT PRICE_ 

BUILD YOUR OWN TERMINAU 

HOT AUGUST SPECIAL I $494.7 5 
GRE EN PHOSPHOR PACKAGE PRICE 
VIDEO MONITOR+ INCLUDES SHIPPING 

SWTPC CT64 TERMINAL KI T $510 
16x64 CllAR. , 2 PAGE 11 ITH SCROLL! llG, 6x9 OR I r.1t1AL 
MATRIX, SERIAL INTERFACE, KEYBOARD, FULL 
COllTROL CHARACTER OFCOnJ NG, POWER SUPPL y. PRICE 

DEPT B •P.O . BOX 69 •KENMORE STATION• BOSTON , MA• 02215 • 6 17 -261 - 2700...____________• 

LEAR S I EGLER ADM- 3AKITS 

IMSAI 8080 M ICROKITS 

IKI< ROH CONTROL KIT LOii POWER OYNAHIC HEt10RY 
EXPANS ION TO I HEC. 65K RAH CARO. •• .. •.. SJ899 
KIT ................. 5299 )2K RAH BOARD .... KIT S 749 

ASSEHBLED . ••...•.••. 399 ASSEHBLEO 1099 

i 6K RAH BOARD . • .. Kl T 499 

608DA KIT 22 SLOT .... 751 ASSEHBLEO 679 

4K HEP10RY KIT ........ 139 PROK 4·512 KIT ..... .. . 165 

PIC-8 PR IOR ITY ltlT ... 125 UCRl- 1 KIT ... .. ....... 59 

SER IAL 1/0KIT ....... 125 CABLE A KIT........... 18 

VtK tl/G 100 Piii co1mECTORS, HEAVY OUTY ......... SJ.00 


S W T PC 6800 ••••••• •.• ••••••• $395 

• 512 BYTES OF ROH • SERIAL tNTERFACE 
• RS23Z OR 20 mA • 4K RAH 
MPA ....... 145 HPB ..... ~ 40 11l'Cb ,HPSb ,MP Lb , EACH 9. 50 
HP( ....... 40 HPO ..... 35 4KBA ......... ,. .. .... 5.00 
HPE ..... 14.95 HPF . • .. 37.50 CT6 1.... .... ....... .. 99 

PH ....... 65 HPH•.... JS AC)O AUDIO INTERFCE 79.50 
HPP .. ...42.SO HPL. .... JS CTP ................. 15.50. 
11l'S ....... 35 HPAb ... 14.50 CTS ............... ,,39,95 
MPHb .... 14. 5n CONllECTOR SETS 
4~ MEMORY .... ..... .. Sl OO -HPU/MEHORY .........2.50 


-INTERFACE .......... z .00 
CT 64 TERHlllAL KIT, , 325 PP40 PRINTER · · • · · · • · 250 

SHDKE SIGNAL BROADCAST tNG 16K RAH ............ , S595 


GREEN P H OSPHOR 

VIDEO MONITOR 
$150 + S25 SHIPP ltlC 

16 J.tlz Bl\NDWIOTH, STANDARD RASTER 
SCAif , 24 LINES X 80 CHARACTERS, ONE 0 

i :jijj§li)fofj ICOM MICROFLOPPIES 
PLUG CO/IPAT IBLE FOR s100 BUS ... ro2411 ...... $ 1095 
SlllCLE DRIVE ................... F02402 ........ 649 
ICOH FLOPPIES : 
FFJ6-1 FRUGAL ................... .. .... , . .. 1195 
FFJ6-2 DUAL FRUGAL. ................ .. , • .. . 1895 
360- 58 BU ILT; INTERFACE 8080 ... • . ..• , , , • , . 300 
S17 1 PO~ER SUPPLY................. .. . 250 
FOJ60-2·S DUAL SYSTEM .................. ... )000 
F03]1 I DESK TOP SINGLE FLOPPY SYSTEM ...•.. 2350 
;o371z DESK TOP DUAL ...................... 1.650 

K IM - I 6502 ........ 5245 INTERC E PT JR PDP8 ~t: 
Klfl-2 4K ............ 179 FROM lllTERSIL, tllC.A CHI · 
klH· l BK ............ 2B9 IZK RAH............. 145 
IWIUALS PACKAGE .•.• 19. 95 ROHIPROH BOARD., .... 711. 65 
'TARBELL AUDIO CASSETTE (YOU ADD HEHORY CHIPS) 
'KI T.. . .............. lZO SERIAL 1/0...... . ... 61.50 
- - ------ AUDIO \'ISUA L BOARD.. 125 

161 

ALL an ASR33 is 
and MORE $875 

+ 165 lb SH IPPING 
OLIVEITI TE318 - RS232 INTERFACE, 10 CPS, 
BUILT-IN PAPER TAPE . ELECTRIC TYPEllRITER 
KEYBOARD W/ AOOITIONAL 10 KEY NUMERI C PAO, 
YOUR CHOICE SPROCKET OR FRICTIOll FEED. 

$895 ~ 70 lb S~lll~P~Pl~NG~ili~~~ 
IBM 2741 COMPATIBLE - "SE LECTRIC BASED" PORTABLE 

COllVFRSATIONAL .DATA TERMINAL, PRINTS UP TO 15 CPS . 


48 PAGE CATALOG FEATURES 
SYSTEM BUILDERS EQUIPMENT 

THE OtlLY ONE ~F ITS KINO ! ! •FULL OEiAILS ON OUR 
COMPLETE LI/IE OF KITS A 10 UlllTS , REVIEWS OF OVER 
150 BOOKS, LISTS OF NEW ANO SURPLUS PARTS Alla $1 
"ALL ABOUT HOBBY MICROCOMPUTE RS"-- AN INTRODUC
TION TO PERSONAL COMPUTI:IG . 


TO ORDER EQUIPMENT 
I.ENCLOSE CHECK FOR FULL PR ICE PLUS SHIPPlllG CHARGES 

(KITS - ADD SS IF UN DER S!OO; S!O IF OVER ) 
VISA (BANKl\MERICARD) g MASTER CHARGE ACCErHO 
srno CARO ' · EXP IRAT ION DATE . INTERBANK. 

2. CLEARLY I OENTI FY SH IPP II G AOOR[SS 
.J. DES CR IBE ITEM BY l«JDEL llUllBER 

Circle 182 on inqu iry card. 



Continued from page 155 

between inputs, data storage and sub
sequent ret rieval, ASCII binary and BCD 
conversion of outputs, and a general 
purpose in telligent counter program 
al lowing user interaction and func tion 
selection. 

In ternational Data Systems Inc is 
located at 400 N Washington St, Sui te 
200, Falls Church VA 22046. The kit 
form of the 88-UFC is avai lab le for 
$179. • 

Circle 620 on inquiry ca<d. 

A High Resolution Text Display with 
Considerable F lexib ility 

Lorne Trottier, marketing manager 
for Matrox Electronic Systems, POB 56, 
Ahuntsic Station, Montreal, Quebec 
CANADA H3L 3N5, has sent us some 
information on a product which will be 
of great interest lo users of many Altair, 

IMSAI, Poly 88 and other computers 
which l1ave the Altair bus structure. 
This new product is the Model ALT
2480 text disp lay, which produces a high 
resolution display of 80 character li nes, 
24 lines per screen. The character 
generator has several user selectable 
options lncluding a reduced bandwidth 
mode with two pages of 40 character 
lines, 24 lines per page; 5 by 7 or 7 by 
9 dot matrix character generators, 
upper or lower case letters, selectable 
reverse video or blinking, adj ustable 
page boundary loca tions in address 
space, and either European or American 
standard television composite video 
outputs. By plugging it into an Altair or 
similar computer and running a coax ial 
cable to an appropria te video input, 
one can achleve a word processing out
put device with a ll the necessary feat ures 
for text manipulation. In order to take 
advantage of the high resolutio n 80 by 
24 cha racter mode of operation, this 
display will require use of a relatively 
high bandwidth video monitor ; it is not 
recom mended for use with an RF con
verter and standard television set. Th is 
product is available in assembled form 
only, and is priced at $295, FOB 
Montreal CANADA. Delivery is quoted 
at two to four weeks after receipt of 
order. • 

Circle 621 on inquiry card . 

Two N·ew Memory Boards 
Advanced Microcomputer Products 

has announced two new memory cards 
which plug into an Altair (5·100) bus. 
These are the Logos I 8 K static low 
power memory board ( photo 1) and the 

Photo 7. 

-
Photo 2. 

Model 801 C 8 K memory board (photo 
2). The Logos I board featu res switch 
selection of address space al loca tions at 
any 1 K boundary in memory address 
space, and has write protection options 
(1 8 K block, 2 4 K blocks, ... 32 256 

Place BAC/ MC orders toll -free to 800-648-5311. 

Or see it 111 your local computer shop. 


Circle 183 on inqu iry card. 162 

K-rations foryourcomputer 

K-Ration™8Kx8 memory with 

SynchroFreshr... 
$188 assembled and warranted. 

Now you can load your Altair, IMSAI, Equinox 
100 or other S-100 buss computer with 8K x 8 
memory boards for ju t 188 apiece ... and that's 
assembled, tested and warranted for repair or 
replacement for 1 full year. It's possible because 
Monow's Micro-Stuff has developed Synchro
Fresh™, the first and only memory refreshing 
system that weaves it elf invisibly into the 
natural timing of the S-100 buss . And that makes 
t.he K-Ration™ 8Kx8 memory refreshingly re
liable and helps keep the cost down. Just .;. 188 
assembled with 1 year warranty, kit just $159 
(Cal. res. add tax). Postpaid from TbinkerToys'". 

K-Ration™ 4K:x8 MEMORY is now the lowest
cost 4K memory available for S-100 buss per
sonal computers. A complete memory board kit, 
just $109 (Cal. Res. add tax). Postpaid from 
ThinkerToys'". Product of Morrow's Micro-Stuff 

Th~nker
'T'!Qi'US om 1201 lQth St. 
i, • ·z Berkeley, CA 94710 



ELECTRONIC TOUCH ORGAN KIT 
Fantast ic new design uses CMOS l.C. and a to 
tal of 39 semi -conductors to give a touch con · 
trol keyboard, all the e lectronic parts in one PC 
Board . T h is organ Is easy to build , vet has fea 
tu res llke a f u ll tvvo -oc t ave range tou c h key 
board , variable tremol o ; two vo ices ; bu ilt-in l.C. 
ampllfler with vol ume contro l , comp lete with 
speaker and a specially designed plexi -g lass 
case. 

COND ENSER TYPE 
Touch on Touch Qfl 

use 74 73 l.C. 
and 12 V rela y 

$5.50 each 

oATTEm i:- s NOT 1NcLuo ii=: o * Ideal kit for beginner or gift for children S2Cl.50ea. 

SLIMLINE • 
6 Func~~sLw~~~~n~~!ory

8 Digits LEO display . I 
'" One full year guara n tee · .' : 

Speci al Price Only · 
$8.50Ea. ~ 

BA'T'TBA r ES. NOT IN CLUDED 

CALCULATOR 
with STOPWATCH 

•6 Functions with% and mbmory 
8 D igits big green d isplay 

• Bull t ·in X'tal contro lled stop 
watch count to 1/ 10 of e seco nd . 

Special Price O nly -$16.50 Ea. 
B ATTl!:R 1 11C: $ NOT INCLUO ll" O 

Same•• the E-Z c l ips 
With 20" Long Leads 

In B lack end Red Co lors 
$1 .75 Per Pair 

12V DC REED RELAY SPOT 
DAT RON/ES D IV . 

PART 0 . LH30·029 
Sl .25 ea 

Multi-Color LED Indicator 
Red - Green Colors in one LEO 

with Plastic Housing 
99• Ea . 

Voltage 2V 20 MA per LEO 

TIMER KIT 

ldoal for use as an al orm 
1.ml1. Higfl ou1pu1 u~ 10 5 
wan a1 12V DC sup1-l ly . 
Can be used with horn 
tyoc speaker. 

$14.00 each 

COLOR ORGAN KIT 
011 rOIH 1n low votrngo (9 V 
2 4 V DC ) Can control uu to 
100 low volta ge Ugh1 hulblii 
L19h1 bulbs c h<1n90 cotor s 10 
lhf: 'onos of music , Connoc t 
10 1he sncolor. cr outpu1 of tho 

,.. c ~:n: o ,.. ,,., M u'5 1c 
COLOR UN"IT 

omµU flui . 
$10 .50 per k i t 

Don't move! LIGHT CONTROL 

c 

SWITCH KIT 
Can cOnlrO I TV, radio . l\9h 1s 

• or can bo used w ith the Police 
Si r~n Ki t to lorm a bu rglar 
a la r m syUl'lm . 

$4.5 0 each 

~ TOGGLE SWITCH 
.;fl!!lf- Hal 1-s ize of submini toggle switch 
~ rated 3 amp 125V AC contact 

1- 9 10 - 99 
.... MS -24 32P SPST 0 .90 0 .8 0 

~#-> MS·2 44 SPOT 1.00 0 .90 
MS -245 OPOT 1.20 1 .10 

LARG C QUANTJTV AVA I LADLI!" FOR OllM 

s29so 
AATUllU1 

TV Games 
~ 
~ 

• 4 Game:i - Tenn11, Hochv , R1cQue1 Hnndball and Single 
H1ndb1ll 

• A uto coun ter d1Jipl11y on th~ 'creen. 

SW AUDIO AMP KIT 
Un 2 LM 380 wlth Volume Control 

Powor SulJplv 6 -18V OC 

.... 111 •s.oo••. 
WIRE 

WRAPPING 
TOOL 

$33.50 

!M ic Included) 
$4.50 each 

Sub-Mini Size 
Condenser Microphone 

$2.50 each 
FE T Tr.ansistor Bu llHn 

SIGMA 78REI, 120C RELAY 
400 /l COI L SPOT 

S l.30 ea. or 10 for Sl0.00 
ALL BR AND NEW U NITS 

Do 
Computer Grade Capacitors 

1GOO MfO IOCl•a.. 
lOOO MFD J~ " 
MOO MfD l .7!i •a.. 

10000 M,O l .H•a.. 
GCOO MFO 11V DC • OCI u 

15!1iGCI MJCI 15.VOC: •tS u 

CLOCK KIT 

-

MOST POPULAR 
MMS314 KIT 

i 
WITH<>. NEW CASE !! 

Features 12124 Hour Display 
50160 HZ lnpur 6 0191is R eadout 

K it tncl udes . Grev Color Plast ic Case 
MM531 4 Cloc k Ch ;p PC Boards and Trans 
former, 6 Green Color 0 . 3 " T vbe Readou ts. 
All other rans1stor D rive rs and o t her Com 
pon e nts. 

Special Only $14.95 ea. 

5 00 UA 
VU METER 
Spec ia l Price 
2 for $ 1 .99 

QUARTZ CRYSTALS 

·n I MHZ $4 .95 
2 MHZ $5. 25 
4 MHZ $5 .2 5 
10 MHZ SS.26 

3 .579 MH Z 51 .25 
Color TV Tvno 

.; t ()(J•I• •· ·~rs T S.·. r•....,, o .. 1t •• , .. c.• t• 
a, ,,,, o .... ..., s1 !lo .... 

U t IJollll' ~.I ... T $,v1 ! "'•' 0" A 01,. 
Hi t••n11 q,.1 11 'S~ GO.,,, 

PUSH-BUTTON SWITCH 

Co lo1: Rea, White, Blue, 
.:Orecn, Bia.ck . 4/$1 .00 

N/C IOSl'! 31$0 
~ Ava~IJDIO S Oc. e~ . 

FEA JUHES S.mpl• 1m.t.1ll,u1 111 !a .-.u"'· 
A ulf.,t\1 ! •1:.111 11 tu•t'I\ un •"•""" .1•1111 ,, 11Jt0..1.,I 

;\f j llJ'IJIJlt• •'"'' V t "'" [ • 1•"•11f•11 •'• •I l ll"f· Ill 

.,,,,,,.,., '·'' ••1t •u \".." ,. , ,, '' "'', v• ' "''' Nu'"'"' 

' 

N /O pen Contac t 

1--------------t t..At4C.(" Q'T Y AVAU., AO l,,.lt.

SO UA PANEL METER .........___________________,.. OUlo 1P11h1...ttu01•· uo<lv•t• P• O l •·Ct"'" ol htt~ I ' . • ..,.....,.............. SOllO STATE ELECTRONIC BUZZER 

POWER SUPPLY KIT 
O·lSV O . C. REGULATED 

Uses UA723 and ZN30 55 Powe• 
TR o utpu1 c an be :id)ustod from 
0 ·3 5V , 2 AMP, Cornplotc wilh PC 
boatd end all electronic Pill f"tS . 

OU POW Ill !IU fill"l.\I $9.50 each 

t .i n•Jlt"f~. ,, .. 1. , , •r•u lh•• ,, , .. ,_ ,, ,,, , , c..n11111 

''" ''"·l• t 111.1l1"il l•i. ••11! .v11 1m 1 .,, l!•l l • (.;.,on 

1 1~ 1 ''" 1 ... 1111·1l 11fl , \llhU• •' •l"''""'I \ 1• ... . N1'Q 

ONLY S to . oo PER K IT 

I "'!••• •., .. 1.d !•-•" fl IQ 
h,d • ... , I· • ,..,,. ... , "''I ~ U ol 

......... . ...... ' ··•11.1., ., .....,1 
t .. .. ·•I~· 

,,,, .. -: . . ·' . Onlv SJ.80 •"• 

~ \.,•111S·1~ 1 .3,i ·· , 34-• 
~'@~ -_;)' S 111 1f1ly ~O lli19(1 I !ii\/ I '1V 

lde~I l a• AUrm 
'" To n r. l11d i1:.1lor 

$1.50 Heh ar 2/$2..50 

Bulll In X'TAL controlled 
time base. Protected against 
automot ive volt transients. 
Automatic: brightness con 
tro l with 0 .3" green color 
di-sp lay. Display t u rno ff 
with ignition "OFF' '. 

Circle 184 on inquiry card. 



by1e blocks), low 1.4 A power consump
1ion and provision on the board o r 
battery backup. Logos I is available as a 
kit for $248 ($31per1 K block installed) 
and $298 in assembled form ($37 .25 per 
1 K block ins talled) . The Model 801C 
is a stalic memory board which can be 
placed at any 4 K boundary in memory 
address space, and trades a slight ly lower 
price off against the lack of memory 

protect and batlery backup features of 
the Logos I. The Model 801 C is avai lable 
in asse mbled form only, priced at $198 
if 21 L02-I pans are used , a nd $207.95 if 
91 L02APC parts are specified for the 
memory array. Advanced Micro
computer Produ cts is located at POB 
17329, Irvine CA 92713. • 

Circle 622 on inquiry card. 

A Frequency Meter Plug-In 

8 K Combined EROM and Volatile 
Memory Card 

Mountain Hardware, Box 1133, Ben 
Lomond CA 95005, has introduced !his 
PROROM board for use in computers 
which use !he 100 pin Altair backp lane 
design. The purpose of this board is 10 
enable the user to store custom soft· 
ware in a region o f 7 .5 K bytes (7680 
bytes decimal) of UV erasable read on ly 
memory parts. The board uses an even 
8 K of memory address space, with the 
extra 0.5 K devoted to volatile pro

grammable memory. The EROM parts 
employed in this design arc AM\-S-6834 
which can store 512 bytes per package 
in fif teen 24 pin packages. Also included 
in the design is a programming circuit 
which enables the user lo write into the 
EROM regions. There are DIP switches 
for selecting the 8 K address range for 
the board, as well as write protect logic 
to protect against accidental writing into 
the E ROM parts. The standard $164 kit 
price incl udes 256 bytes of volatile 
memory, one S-6834 E ROM prepro
grammed with an 8080 system monitor 
program, and comp le te documentation. 

Where would tl1is product prove most 
useful? Anyone considering asse mbly of 
a ge neral purpose or dedicated app lica
tio n system with Al tair compatib le peri· 
pherals shou ld find this card a usefu l 
component: its built-in volatile memory 
can provide the 8080's subroutine link· 
age stack, as well as a small amou n t of 
scratch pad storage for the applicat ion 
program; the 7.5 K bytes of read only 

The AIM-I 005 is a novel Altair 
(S-100) bus interface which is an adapta
tion of a previousl y available industrial 
module to an Altair compatible 100 pin 
bus connector as seen in this picture. 
The A IM· 1005 is primarily in tended for 
use as a receiver of signals from trans· 
ducers which generate frequency analogs 
of physical parameters for transmission 
to the compu ter over twisted pair wires. 
The precision of the measurement is 
16 bits, and the company also provides 
the AIM-1000 transducer interface and a 
multiplexor for multichannel systems. 
This product was demonst rated to us 
on an Altair 8800a by Barry Hilton, its 
designer. He is also the proprietor of 
Automated Industrial Measurements Inc, 
POB 125, Wayland MA 01778. • 

C1rcle 624 on 1nquity card . 

memory capacity, when ful ly stuffed 
with EROM parts is sufficient for a 
q uite sophisticated set of dedicated 

Continued on page 168 

WE PAY POSTAGE! 

D.R.C. ELECTRONICS 
P. 0 . Box 401247. Garland. Texas 75040 (214) 271 -2 461 

If your computer uses the S-100 buss; D.R.C. is a name you 
will want to know. Send us your name. 

ROTARY SWITCH 
Instrument grade. 6 Pole. 3 
Position. Centralab. 

S.99 each 

1 AMP RECTIFIERS 
House Numbered . Factory 
marked units. All meet 200 
PIV minimum. Many up to 
1,000 PIV ! Full Leads. 

30 FOR $1 

2708 1KX8 
EPROMS 

2708 
Prime new units from a major U.S. mfg . 
650 N. S. access time. Equivalent to four 
1702A 's in one package I 

GOINGINTO $15 75
BUSINESS SALE! • each 

OPCOA LED READOUT 
SLA-1 Common· Anode. .3 3 In. character 
size . The original high efficiency LED display. 
S.75 each 4 FOR $2.50 

DISC CAPACITORS 
.1MFD16 V. P.C. Leads 

Most Popular Value! 
P.C. Leads. By Sprague. 

20 FOR SI 

TANTALUM CAPACITOR 
I MFD. 35 V. Kemet. Axial 

Lead. Best Value. 
10 FOR SI 

TERMS: ORDERS UNDER $15 ADD S.75. NO C.O.D. WE ACCEPT VISA AND MASTER 
CHARGE CARDS. MONEY BACK GUARANTEE ON ALL ITEMS. 

ELECTRONICS P. 0. BOX 401247 •GARLAND, TEXAS 75040 • t214) 271-2461 

Circ le 185 on inquiry card. 164 



~TIONS FOR SAi .E: 
OUR KITS SOLVE YOUR PROBLEMS. 

PROBLEM: As you add more .cards on to your buss, funny things start to happen ... data scrambles, bi ts drop, 
and programs crash for mysterious reasons. 

SOLUTION: ACTIVE TERMINATOR BOARD ($29.50) 
Plug into any 5·100 slot to tighten up your machine by providing proper loading for TTL lines. Active 
terminat ions draw far less power than passive types , and provide superior data handling compared to 
unterminated l ines. 

PROBLEM: You have outgrown your CPU board, and are getting ti red of talki ng to your 8080 In machine 
language. 

SOLUTION: 4K ECONOROM II™ SOFTWARE BOARD ($265) 
Our latest model offers improved listings that make this board even more flexible ... contains editor, 
assembler, and monitor routines for your 8080, implemented in eraseable ROM. Very low power opera· 
tions, 5·100 compatible. Also available unprogrammed for storing custom programs and routines. 

,.. 

PROBLEM: You have no idea which RAM card to choose out of the many available. 

SOLUTION: BK ECONORAM II™ ($169) 
Everything you want , from low power, to speed (zips along at 450 ns), to reliable technology (static 
RAMs with low power Schottky support), to convenience features (dip switch block selectors, ability to 
configure as 2 separate 4K blocks, and tri·state outputs that mate with the S-100 buss or bi-directional 
busses). In our years of experience selling RAM cards, we've learned how to do it right ... and how to 
do it inexpensively. 

,.. 

PROBLEM: You need a simple, compact, regulated supply that won't blow up your com puter if somethi ng goes 
wrong. 

SOLUTION: SMALL SYSTEM POWER SUPPLY ($45) 
Delivers SV at 4A with crowbar overvoltage protection, and ± 12V at Y2 A per side. Also features an ad· 
j u stable bias supply and compact design. 

,.. 

PROBLEM: You want to add more peri pheral cards to an already overpopulated machine . .. or start a stand 
alone system. 

SOLUTION: 10 SLOT MOTHERBOARD ($89) 
or 18 SLOT MOTHERBOARD ($124) 
Not just another S-100 motherboard-includes all edge connectors, as well as our act ive termination 
circuitry and extra·wide supply l ine traces (go ahead . . . fill all the slots, you won't get additional pro· 
blems with additional cards). Starting a system? Start here. 

,.. 

~ 11 p I I I~ 

TERMS: Allow up 10 5% shipp ing, excess refunded. Cal res add tax. 
BankAmerlcard• and Masterchard© orders, call ou r 24·nour order desk al 
(415) 582·0836. Include street address for UPS. 

Circle 186 on Inqui ry card. 



-'-!"" oi 1CRYSTALS ~'-
- .:_~\ lHESE rnEOUEKCIES CHU ~ 
Par\• Fr1qu1ncy C111IStyl1 Prrcr 
C',. 1.000 MHr HCll U 5595 
CVY. 2 000 IAHz HCll U 15.95 
@il1 2010 MHL ttt3J1u S1 §sl 
CV3A ~ 000 MHz H<:18iU S-4 95 
CV!A I 000 MHz Hell U 54 95 
CVliA 10000MH! HC•BU S.:95 
cn:.A 1.: J1a.1a ot H1 HC1su ~ 95 
cvig'i 18 000 MH! HC18U s.c 95 
CY11A 211 000 MHz H<:l3'U I' 9) 
CVJDB 32 000 MH1 HC 1 B U S.: 95 

XR·~.~~:.~:11 S29 .95 Special XR-Z206KA ,~!~.~19 . 95 
CUICRAIOR.S EXAR :l!R · 55~P s iq 

;ii;R~ $.140 Xi:!.:J2Df' IS!» 
XII. 2106CP " 49 JC R · ~!IJCP' I H 
l~U701CP l 15 MI S«t..WIDJUS kR·2'SW'.:P ) jll) 

~•i.t'i11{.P S6 1U •P.·~2.l!V l2!t 
SflNO llCi:ODlAS •A nl6 ~ 'HAU lOCW.CD LOO.PS 

XA: 1JIOCI' S3 jlD llA 1'68 J 85 >JI. 210 !i 10 
XR -lllDfP lXI 11R -u&1 !>IJG tAns &£4 
XR ·180lP J ~ k.l\UPl9 4 llO ~s&itl' 1'1~ 
XR-~1 ~9!1 Xll.-r.'Q!. S:>O ».R-S67tt 1t'CI 

CONNECTORS 
PRINTED CIRCUIT EDGE -CARD 

156 Spacing·Tin·Oouble Read-D ul 
Bilu1caled ContoclS - AIS 054 ID 070 p c. Caids 

15130 PINS (Solde1 Eyelel) S1 .95 
18136 PINS (Solde1 Eyele l) S2.49 
22144 PINS (Solde1 Eyele1) S2 .95 
501100 ( 100 Spacing) PINS (Solde1Eyelel) S6.95 

25 PIN-0 SUBMINATURE 

MICROPROCESSOR COMPONENTS CD limeband 
8080A CPU Sl9 95 
8212 6 811 lnpul/Ou1pul • 95 
8214 Pr1011ty lnte11up1 Cont1ol 15 95 
8216 B1·Direc11ona1 Bus 011ve1 6 95 
8224 Clock Gene1-ato1 1011ve1 10.95 
COPl802 with use1 manual 39 95 

t"''.,., ~~=-r &.."':It ·;, 
ao~:. s~"" ;r:! 19~!i 

""' ! 1111 MPU "'"'sR·s 

'''" 10:.: o,"•" 13"' 
2!i1f •fi •?:: · 
W9 ..t • .: i>!ll i ;111)2.: ~ 1 7 0-.TW!I' 

1"-2S 11'11lD",11""' '~ 
l!i21 0111 ?~b I! j '" 
-~~ 0;.11 ~·.;-11.1 ' t:i32 ~.i:: !. ~!~ 
,41ll •01. li'J' ""' 

,., 
JJ.:t ll!r 
·.:~!'O 1;.,;i;...: 

U&RI S 
:.. 't-1G'l ;o.B11<d ,.., 

..... , 
2S1Jl?l.01 CNr Gt1t ttr:Jff g9 5911!t 
2$1)1301 •1 Chi! Gt'fl Kl • UUW '" 25115 Ch.II Otn 109S 

6226 Sys1e111 Conuorier • Bos Duvet St0.95 
MC6800l 8 B•I MPU 35 00 
MC6820l Penph lnleitace Adaple, 15 00 
MC66I01\PI 128 x 8 S1a11c RAM 6 00 
MC6830l8 1024 x 8 611 ROM 18.00 
Z80 CPU 49 95 ...., 

""":'· '!; • ·• S I .:9 

"'" ~·.. , ... 
,·I). ti}1lof S•.f' '"' 710i !i211t) ~ ·1 ::>-t11~- "'' l' " ·~ · l VJtr .., 
-~~ "~! I -~o! •• ::i'J!, l.;9!1 

C. " I ........ ...,, 690 
~S·i I ':~ 
-1 ! 1,I 1••.:. · "' 

.i421 
~If'.'.. h1•tijtUl..., I '«I n1r..1m.c. 

.-RQM:i: .... ' s ... 
II~ 

" ""' .:....~'. r· • ~ 'IK 
·~~I ' ' -.r.i '9\ 

'"'' }~ .J fi4.I 3 i;~ 
1110ii ,, 

h1'S~ '' '"llCfJ' 2~~1GJ011 ""' Wll "' ~~tllf8tpOl.tl ,., 
""' ' 

,,. 111 S111~ &,l!Olir '., 

.....__. . ....... __, -••C ,,._, 

Digital Alarm Clocks 

C·SOl · l''"C.n 
csone ai~c.u 

S16.95 

• ti ii.on 

• Oo.'l'IWIM 
• 100".SOl!ttSb~ 

• l ••llt~LH!O.·~ 

I "'i~ 
. AP.! i1.1 1nO<Jtg• 

• Src:Oll:!~ °"iiuv"' lfll;dl 

• i>r. ,. ,, l .l~Urt •rtf? ~ .~. 

• On, ~w lllC:OI')' -. ,111~r1~ •S19 .95 

DIGITAL AUTO INSTRUMENT 
SEVEN DIFFERENT INSTRUMENTS ! 

MEET$ OR UCEl5DS ORlG!NAL AUTOMO TIVE SPECS 

ANH :rD('Cll'y whch or.i• al N .5(!v91'11 moal!'llJ 1'JU • ·oY!t

"''""'° ordtrll'r!l · ~J• do no1 &I~"°""""' 
E~h rnooo.i rnwt o. COUIJll!t 5~.111.trMo 

IACHOMETEA 4 S•EEOOMETER· 
1 0 9900 RPM 0-99 MPH 

2WATEATEMP 
100-250" F 

5 ~:;. ~,ESSURE 

6 ~~!": 
rCM3111 ""' SPECIAL REQUESTED ITEMS 

FUEL LEVOL 
J Pe-fai,... 

7 ~~!RF~~~~~AV-J-l~OCH 5169} ,,,, 100 Low f utl lnd<.llJOt 
M~I P "'' "''"' "' 125115 "'"" 1 • 9~ 
MC4016P jfU161 l lO ct"515 ... ..., ,., il6ll l 9S BRIGHT YELLOW OR ANGE 

MC!.tDlll. t 99S i ·· I Fn OISPLA'l' f 
l01 10 l011 1 ~~001ici Kll~e:ar.e Cltll0.111t#ld ,,~cornpon.rnt1 - a:itr'1(1M1f°" 

;~9100 t 7~~s :~~'°::::2,v:1titGGRO KIT : $4g_gs 

t. USll JlO "'"'"' 
,,. MK!:ial~O lllO 

MCU~., .. ,. MCM ~II ""' 11CIJO 199S 
~0$f '" l.! CM6~7J liSO DSOll:IWl '" CIU070 ., MCNS!i<!i• 11 lO lll lCs 10!<1 

OB25P 
OB25S 

PLUG 
SOC KET 

rC'.11211) 1 $0 

S3 .25 ._...;._,;;__~~...;.~~..;,.~~..:...~---------~~---.:.....-HllO;,_'~;:_~~-'~~;:_......"""~-"-•.oo~~~·~-~-~~...-M~"-..,,....~~A~S-S_E_M_B_L_E_o_:~S-5_9._9-15 
S4 . 95 

MCl4-00 1J11S fA(:l.U\9 IHS ;c1.tnos ,, .. 
MiCl ·UlO 1.i 95 ICM1045 .... us iCl.11101 ,,. 

ilm 31/z Dl~IT DVM Kl 

~-· This 0·2 voe OS. par «nl dljllll1ll YQllmtltt IUIUll!S !#le Molot o&a 311 dlQJI 
OVM chip st:1 II l'IJS ii " LEO drsj)IJy and Dpefllts lrom " Single • 5V 
DC \lll"tt StJIJPly Thf' umt rs JHO'YidcO ooniplete Wllh an 1ni&etion molded Dia.de 
ptil'1ic case complele MtPI BezeC An oPllOliat l)OWf'• suppfy rS wWb111 
iNtuchhls lnto1flf!samecue.asuae0·2VDVMatlowtnO 111 YACopmttan 

A. 0-2V DVM with Case S49.95 
B. 5V Power Supply $14 .95 

Elchln~ I© P'<flin I 
32 x A·l--PC E1tt1M.l1t11Ml<i.1 S29.95 ea . 

AUOW I rolPARATRONICS WElolCS DEUVERY 

Featured on February's Front Cover of Popular Electronics 

Logic 
Analyzer Kit 

• AnillYl.e-S any lype ol d1g1tal system 
• Checks dala •ates 1n excess ot 8 m1lhon 

wa1ds pe J second 
o Tiouble ShDOI TIL. CMOS. OTL . RTL 

Schollky and MOS lam1hes 
• Displays 16 logic slates up to 8d1g1ts wide 
• See ones and ze1os displayed on yom 

CAT . octal 01 he>:adectmal to1mat 
• Tests cncU1ls under acUJaJ operatmo 

MODEL 
lOOA 

$189.00/Kit 

• 811or-A 6091 llO oisca.i~ 
• Ttnn la S! ~lftlrtu S9 !19 wcondi 
. ~t.onrrolltd fwn1811t 
• lrwtt SJopw.,.., ... One 
rmn Srii;'t ht!"ll - sa.1 & la,iOt' 

• SI.rt~ 5 .t2 H ~ 9CI (.111 CIUftlte~I 
. lbesJ Pen*C:CU\ 

Kit - $39.95 
Assembled - $49 .95 
H"vy Ouly Cony Caso SS .95 

Slop Walch Chip Only 172051 $19 .95 

' AUTOTEL  an l1J<l 1t1 1e alarm ~11 
ln<lfnhnQ IHUen11al mglna tlo11m111a 
An .1ud10le s1gn;at (70 dtr ouls1ng~ •m · 
mt<11J11ely r0 Jtwo11ms .a ma11trnc 11 on or 
r~ulure . Tlltre rs"° sounct <1u1tn11 ncumal 
01m.111 on Fulu res CMO S c:l rcu•H V 
2\'t" x 2h.. :i ' • " cast Comple!e ktl 
will! iill comi:ronenlS . Jriardwue an<! 
wtenallQflllorScitCU!lboulit 

27 X A-1- £1<neaCwQ.1111Kit 

p~f,g2board s tAMnck11 ~ ~  on1y ai111 watt r 
J ---6~:C4~XIJl~Epo.iyQlm 

S 9.95 ea . 1-------------------------------1 SPECIAL $6 .95/Kll 

P Pl.'lltt• · •~ PC hbMClKl'O 156 

8800V -- l.Wlt1.'f!1s.al MictOCOO\Jl•lt!fiPtoauOf 
pluQb<lull  ffKt,'i'Gil$$ - t~l e 
wilt! M.aU.111~ .n11ru1un11no /UJON.Mll 
$ l13 It U> X l.'16 «JOPet d.14 

......... 
1/16 VECTOR BOARD 

.,_....·.·:. " Hole S,.1a11g ,..,,•.,,,ti 
P... tl NO l w 

f>lt • " E.-~.t:l)5il),;f "' H<l 
1EttP.:.: o;i~o'' ''° •itlO 

f J'O)Y fl,.lPUQ61 ')• .... 
C{ ,.S5 ill.W.:! (l(il Bl> 

1£,l}PUNJI '"' .... 
111%1..:06 ~ '"' """ H'(m·i:.1~ss 1611J'U~1C I 

,,. 
' no 

COPl'(A CUIO 

S 6.95 ea. 

S19.95 ea . 

.... 
1-U• 

1.-1 '" 169 J.!? 

70 ... 
/';(i :JI 

tl! ;. ~ ' 
•IJ Ii~ 
b&D ,,, 

- _.HEAT SINK~_,,. u 
205 ·CB fl~ CQilDo"' 1w11 ..,, , w lk. • fJ)t';11 , ,_ 1Q., S .25 

2§11 ·.l~ J..,, . .,.,.-"" '.._.$.o<.-1 I0 ..~1r~n 10111&AP~11·,1 S. .Z5 

$1.60 

HEXADECIMAL ENCODER 19-KEY PAD 
0 

o ABCOEf 
• R lurn Key 
• Oo11onal lrl'.ey 1Per10d) 
• - 1\ e"f 

S10. 95 each 

. . . 
- . . . ~ - . . 

.· . . ... ~--.:... S19.95 
Jt0Dli5o 11i LIN£ 10 fOUA Bii flitllAUll. 1. ('JIQlf\D UICOOCA U g~ 

TOOLS 
A97MS - D1agon.a1 Cuuc1 • 4•· senu· llush cul 
A1 IOMS- Ch.11n Nose Pilers . 41/t '' klno 
T-6 - Wm~ Stnpper - 111610 1'26 gilu ge 
556 - Wl1e Stripper • 110 10 120 gau e 
CS·S - Cuner ~Crimpet Tool · 81'1" Jong 
N1pp11n g Toot - Cuts. Tnms or NoU:hes Metal 

up to t-189iuge 
Nibbling Tool Replacemen1 Puncn 

S8.50ea 
7 50 ea 
3 75 •• 
2.50 ea 
B 50 ea 

695 .. 
375ea 

PE MAC EL" P·29 PLUS Elecintal Tape · All Wea thc1 
. l.owl&tr6611 . euo.~ 

1·!11 Rl)]lt 171 u.c:~ 10•up Roll• U .9$1111 nill pulq1 

BUGBOOK • 
Contin uing Educallon Series 

BUGBOOK I & II ·B3SIC conceplsof m l ODOC-OYel 90 
experlmenis $17 .00/so l 

BUGBOOK Ila • lnuoduces UART - •ecommended 
!or RnY ernhus13SI S5.001book 

8UGBOOK Ill · uplores 8080 chip  1n1roduces 
Mark BO .t1c1ocompu1e1 S15.001book 

555 TIMER APPLICATIONS SOURCEBOOK WITH 
EXPERIMENTS - OYef 100 des1Qn 1edlmq11•s $6.95/book 

CMOS ·M·OESIGNERS PRIMER AND HANDBOOK 

QUARTZ DIGITAL AUTO CLOCK 
OR ELAPSED TIMER ! 

E11p11d Timer: tin, MJn1 nd Sec1 
12 a, l4 /'11 tapultr 
Slmpt1 Rani - Start P1.1Urt11.rtar1 
Con.trol 
CoimO'lile ~I t!KMltl ITIGUll lJftQ tlr.ft.\1:1 
c.tw.anotlltom.;iotrfttli l'Ol'M!t;itbllO 
~ Tw...rH MM!>JUcri..~ Uroe " LED I 
Ata.it1CYCtetttt1an • ann ~"' vn.M 
~ftffy~ 17VOll tlOft•OOiH OPCUJCill 

Ot.'l'-SIONS 1•1 • ..t , ~ 
t2 G• 1: HOU"! l.lcml 

Kit S29.95 
Assembled : S39.95 

a comptcte CMOS msuucoon manual S6. 00 CASE ONLY l1 ndut1es l'lil•Gware, moir1111na tirKktt ;and bueo $6.50 
r--, ,.-,,oo-,-~,-••-yo~,,-~,~.-,,1-.-•• -.k-, -,w-01-,h-1-,9-9-5,-. 

SPECIAL • 542 .95 

CONTINENTAL SPECIALTIES 
PROTO BOARD 6 

$15.95 
(6 • long X 4" widet 

1021 ·A HOWARO AVE .. SAN CARLOS , CA. 94070 
PHONE ORDERS WELCOME - (415) 592-8097 

• All 4dYertlsed Mees Oood Thni ~u;u11 

JE700 CLOCK 

S9.95 Per Kil 



SN1 tQOI' ,. 
7400NTTLW 

SN74St.\ 25 
SN7.&Q1.N " S.lfl.&GOfr " S:."11.. 154H 1m 
SN7otOlH 21 SNW'ON " SNWSSN' .. 
SN7ilOON " SPm12 " SN1•1sm ..s.w..., 

" SN'7.&7JN 31 SN141S7H .. 
SNU OS.'f ,. SIC1-1:7Uf J2 SH7-4160N "' SN1406ff " Si tlN 7SH' 50 SH70•1N .. 

7"447 N .. SNW6Pi .J2 SH7-41'3N .. 
SHl"'N " Shlto!JH sm Stm1M '" s.N1-41;t91t " SiN1•&CH 50 SN7410~ 1.10 
$H1.. 10N " SW492N' ... S.~7.06611 "' SNWIN 30 SN14$l.'ll "' $N141G1H S50 
~11-tlV~ " SNI"'" " SH1A17rlil 110 
SN1o3H •I SN7-4116N' ,. 

SNU11?H us
SNH14 "' SN14S8H l .SO SN74113H 1.50 
SN741 (iN ,. SH7..89U "' s1mmN "' SN1411H "' SN1•90ht •• SN7•17Slf .. 
.SNN20~ 21 SH10IN ,, SH7.a116N .. 
s.N7"2H " SN1.1'12H ., SN7-C177N .. 
SN142W ., SNU~ •• stm1aw .. 
S.'f1.UlN ,, 5H70•N ,. Slf1_.lllN ,,, 
SN7A25.'i .. SN7•UN 1' SN7o11321f " SN1A~"I 29 ~7496N " SN1.&1M'll "' SNH2'1H 31 SHU~1H •m SN7 41 15"i 2. 20 
Sff7•~ ,, !i;N7CIOON "'' SN74186!1 IS.DO 
SN74JO'f " SN7<1107N " SN141 17'1 •m
SN14 3W " S..'117.f,121N " Sff741UH '" SNU31H 21 SN741ttH " SH741!iCN 119 
SH7"38N' " SN1411lN 50 SNW911f "' SN1..~9fr " SH7.&1 2!1 .. SH74192N " S;'fl440t• IS SN1..11:1'6N .. $Nl41 9llf . I?
Sl.U41N' " SN7.&1 32PI IO'l SN10~\f ,,,
SH7.U2 N " SH7.&1J6U " SH1·'11J5N " SN~·H)N " SN1.&141N "' SN7.tl96: 1.25
SH7«4Pl " $Hl4U2H •m SN7Cli7M ,,
SH7.U.!iN 15 SN1•1-0 N 150 SN1419'!1 I 7S
SNWISiH ·" Sll1044H '"' SN74199'1' "'SNTU 7fll " SH1.t l4 SN llS Siii• '" SN?U& 79 Stf7..I U?N' Ill SN742'1'9 ... 
SN1 •SON ,. SN7ot!.&IN lCO Sl4142S1N ,,.
s.N7451N ·" SN7.&1!JO.'i HIO SN742&tll 6.00 
SN14SJN ,, SN1.t1SIH ,. 

SH74?11SN • .m 
$97• ... ·" SH74153N " SN14:\67Jf 7S 

MANY OlliERS AVAllABLE ON REOUEST 
~ 01scoWd lcr 100 CQmblned 7'400"s 

'°""" 2l CMOS ;4C(l.aPl " Cll@I 2S """° " HC111ft " """"" " """" '" i.&l7(1 N ... 
"'""" "" ""°'' 2·1!1 14ClUN " CQ.1001 1! C0404? 10) HC.2N ,,, 
""""' " CD'l).I~ 150 UC1'3Pl 150 

"""" " CO*! ISi 7•C7• "' ""'" 
,, 0:0...1 '" 7..t.C90N >m 

"""" "' 00-..i Ill 7-'C-tiU 700 
t:IWJ1l :; """"' " ;~c1om "' C04016 " C04051 ,.. 74C l!i1 UO 
CO~OH Ill CDAQSJ '" 74G•St •m 
'°4Cl1'1! lS co.... ,,. 

7~1S1 '" ttl•021' "' """"' 115 1:CtlSO "' a.o" '" ""'" .. 7.&CU11 ,,. 
CDJD2'J " C04071 " 74C163 Jm 

"""'' 150 C0JOll1 •l 14Cl$.I 
) " r:ozo.is " C04!1111 250 7~Cl7l ,..co.,,. 

"" Ctl4S111 750 74C l9J '" "'40'1 .. MC14!i66 "" 7.ttl~ "' CD.&DU "' 14COOH " "°'°" 4 50 

"'"'"' '" 1.aco:m " M.C IJO Hi .. 
~' 

., 
LINEAR LM1 35 1N '"LM301H " Ul14UN "' LM301Ct< "' 71t.1 G 171 l.MU58C " '""''" 71 t.MJ1ill't llS L.M1.-fl&N .. 

""""" •m LMJ1JN '" LMtlSSJ 1" 
lM l0.111 " tJ.!317N ' 00 u.t2'111rt Ill> 
IMJll7£N ll LMJ!Oll 1.39 """'I" '·"'lMJD'1< 100 U,OJIGC)I '" LJ,'106!lr " LMlOi!ICPI 100 LMJIUH 11' ...._ .. 
Lt.1 303tt 110 LMlft28 "' LMJ...., 61)..._ ., N~~ I K '"' lMl90'l 1.25 

"' 11B10A. "" UI-""" I" 
1..MlllH '° NWlH l 00 MC,5,5S!\I '00 
lt.tlllff '° tlE OO '"' LM 1~5N .. 
LM:l18Cll 150 NB40L • .m lM7S3~N 1.2' 
l.Ml1'9N 130 """'" 

,. 
"""' "' l..M.JXIK·S "' tlESS!iV " lM75450 ••LMJ20K S2 '" utsew •m 7!i.t51 CM "t.MmK·12 135 NE.$6 1& "" 75''2<H " lr.tl1Cl.K-1!i l l5 HE561il sm 7S4~CN .)9 

lM3XIT -5 "' .NESMH 1.:15 1~~CN "t..MllGT ·S 2' "' NE56!1 N "' 7~9'1CN 1' 
LM.li'CIT-1 "' Nf~ I 1' 1Wl2CU .19 
LM l2'CIJ.l.2' "' IE161H I... 

,,._ .. 
LMJJ(JT ·IS "' NE567V t.50 ACAU~W 

LMJl<tl ·te "' LM703CN ., CA1t113 ?.IS 
LMJ:tll l -:1.& "' LM"'9H .. """" 2.$6 

""""" us """"" " CAlOlS ,_.. 
u.<l2<N l!O 1.M1HJI ,. C,\lQ)g 1.3' ,.,... l >D l..M 711N' " CA)l)06 130 
LMJolOt:·S '" LM 123H " c,,,... ' " """"'~ I" LM72'3H .. """" 3" 
IM:llO< .. ... LM 13JI 1 00 """"' " LM).lOk-12 I" LMll~ 1m CA3091 200 
l M:J...t CIK·l.5 1 '5 lP.17"1CH " 

,..,.., 2 00 
L'il3"0t: ·ll!I '" LM741t.H .lS <AlOll 100 
~o.; .z~ 19' l Mf41·14N " ""* IS 
UIJ4Ql -5 ,,. LMWH. ,. 

"""" )75 
LMJ40T·6 1 7\ LM1"1,.... ,. CAlO'll 10'11 
LMl-401 ·8 175 LMUi!H ~· 0010:2 ,,. 
l.MJ401•n "' LM1'&11 39 Cl.3123 "' LM:JAOf·t~ "' LM1 3o:JH 91> CA3130 '·"LMJ.tOT ·ll "' LM1 3Q.I-. Ill CAJUD l7S 
l.M3W1 ·2'• "' LM! lOS.-lf I .. """"' 1.15 
L.Y,J.SO N 100 LM 131)7N " RC<I .. '·"LM lS1Cff .. LM1llllff '" RCAHi15 '" 1.tlSIJO ~ 74LSOO TTL ::l~~~ 1.9' 

i•LSLI' "' 7.tlSOO " 7..LSI• ., 14lSISJ 1!9 
mSIJ.I '' 1.ttS1') !'! 7.aLS157 "'Ul.SO~ ;i ·'•lS16 •• / .i tSl6' "' l •LSOI " 1.&lS&l 1;s l~LS163 '" 74lSIO " 

,......, 
"' f•lSlfl.4 '" UlS13 (' 1'1.SM " 1.aL.S1~ 1.9' 

UlS!A ,;) ,'.iLS90 "' ; .atsi11 ,.. 
JUS2D " ~4L$9~ '" : .il$1i)O "' UL.S26 "' 7.alS!IJ '" 1•lS1', '" 1U$21 ,. i-'LSIJ!I "' : 4tS19~ '",. J.HS'9tl '" ;'.aL$191 '"74LSJD " r.iL5HU " UlS\94 1!9 
74l SJ1 ,. UL.Sit» " HlS,i!i 189 
1•Ls.t0 ,. 7.&LS1 12 " l<ILS2~' 175 
14LS!i1 >l 1"'1.S1l2 I 1' ULS260 " 1•1.S!i~ ,. 1•L.S1J6 " 1.t l.S211 ,. 
tnsn ., msua 119 "..llS6"1D "' CLOCK CHIPS 
MJ,IS30'l lliDtu ~ . llCDOut:i111s Au~ PIH ""MM~)l l l!otlogn SC00llfl)lll• 1?0f2°-'HOUI '" MM1312 •D . flCO 0....puu 1 PPS 0111~1 '" M~14 fi DQ;il 170ll 2"' tiout 50l)l l50H1 .,, 
MM5311§ 4 Cltigtl , AWm, I PPS 0~1 "' MM 5311 VIGro Cloc:ll ChQ , J.af UM! W111! tMM.58-11 . 5g !M1 '" tl7"'1 !i.OiQ11t.Jt.rdltAll11'111(Cl?CHt.lur "' DATA HANDBOOKS,... Po"' 0~ 1 & DincJ •Dt•on c;'ll 54 DOH 4DO ICS $2.9S 
CMOS p.., Ou t &o D••Grlpt•on or 4000 Sci• 1•1 ICS $2"95 
L.intillr P•l'I Ou1 ~ FuAClldnill D111c11p1fo r'I S2.9 5 

AlL. THREE HANDBOOKSS6.95 

lMll l'.:CN 

r•LS7B 

T211 111ttlru1lt1 
uo 

119.95 

flmeband"6yRI/ROI/to 
-Watches 

Men·s & Ladies 
• Solid State 
• Displays hour , minute, 

second, month & day 
TC.4'1 Wllll1 w/llr•• S29.t5 
lCHO Ytllow triltnfl S34.t5 

LCD
• Snap-out ba ttery 

replacement U.DIES LED 

Tlll V.lllt• wlbnulat Szt.95 
T2'l1 'f'clio. w1'1rau111 S34.t5 

UD 

• Free set of replacement 
ba tteries 

• Choose LEO or LCD 
styles 

• One year fac tory 
warranty 

TJU Willia W/llnp 
TJ10 'f' ellowwJSU1p 

S3U! 
$39.91 

30 

eve 

WIRE WRAP CENTER 
HOBBY-WRAP TOOL·BW-6

• Bane!)' Opeoate<l ISize Ci 
• Weighs ONLY 11 Ounces 
• Wra?S 30 AWG Wire QD[O 

S1ana"a OIP Sockets 1.ozs inch) 
Complere with bwlHn b11 and sle

1 
•;;;"',;;;" ,;;"';,.;";;,;" :""".:;;;"';;,;..;;, 

1:-..,=,.--,.,.,,.,--,.------· 
WIRE -WRAP KIT - WK -2-W ___ .•----. 

WRAP • STA fP • UNWRAP ~~~ ·~ 
Toollo1JOAWGWl1e _P. \1 
Roll ol 50 fl White or Blue 30 AWG Wire ', ~ l\ 
50 pcs. •aoh r ". 2" , r & , •• i.noths  \ ' 
pre -strippe<l wl1e. \ 

$11.95 \ 

WIRE WRAP TOOL WSU -30 
- WRAP • STRIP • UNWRAP · 

WIRE WRAP WIRE - 30 AWG 
25h . mln. S1.25 SOh. Sl.95 tOOtt. $2.95 1000tt. S15
SPECIFY COLOR - White· Yellow · Rea · Green - BIOJe 

Plastic Push Button Switch 
• 18 AWG Solid Wirt • 5" Lana 
' .511 twldo] l .IO (hlghl 1\.27 lllrnd 
' I AMP @ ,.Voll • 1 AMP @ .10 Voll 

1-9 IO·Up 
J-188·1 Push On·Pllsh 011 .S9 49 
J· t88'2 ll<rm~~ Opon 59 .49 
J-188·3 Noimilly Clo$ed 59 .49 

DIP SWITCHES 
SPST Slldo Action 

1206--1 ( ePin d!o) 4 swi tch ooit 
;206·7 (1• ~n drp) 1 switch unit 
1206-8 (16 l)in dip) 6 s w1l<:h 1111i11 S2 .2S 

TV GAME CHIP SET - $14. 95 
Includes AY ·3·8500-t chip and 2.010 mhz crys tal 
II purchased separately would cosl S18 .95. 

ZENEAS - DIDOES - RECTIFIERS 
TYP( V01.TS w flftlCf ntE "ou:s \Iii 
IH746 3 l 400nWn 4/1 00 iN'«IOS 600 PIY I AMP 
IN751A S I 40l'.lrn 4[1 00 lmoDO &OD PIY I AMP 
llfnl 51 4Dn •nDO H~olll07 1IXIJPN1.liMfl 
IN1Sl & ? 4DDm 40 00 ll0600 .!ID 2'CIOo'rl 
IN754 3.8 c.mi... 411.00 INAU& 1~ ICtl'I 
I N~ -8.2 "'otlm 11 / 100 IN'41S4 35 11)11 
IH965B IS 400m <I l l 00 JN.a JOS 15 ZSm 
1ffS232 5' i W'll 21 INU34 5.Et hr 
1N 5234 l!i 2 5rDm 28 IN~7l5 l!o .2 1• 
1NSll!i Ga SOCkil 28 1!«738 IUI 
1NS23i 7.5 5COn 21 1N4731 1.2' lw 
IH•S& ~ 40rn 611.lll \N0-42 11 1.. 
lM.&Y l!iD 7m ~I LOO Uf41.i• IS lw 
1 N4~ 130 1('m 6.'1 ,00 llfl1a3 !iO PW JUMP' 
1H.001 !DPw I AMP l ~I 00 lHllM Hl0Pl'I' 35 /tJAP 
1N.&002 ICIOPN I AMP 1211. 0Q 1Nlll5 l!Offl' 35MIP' 
\Notoo:J NO P1V I ,\MP 12/1 00 lNI 116 200 Pl\I 35 M&P' 
IN•OO. «XI PIV I !WP lt/1 .0D 1N1 IMI 400 Pl'I' l~ AMP 

SCA ANO FW BRIDGE RECTIFIERS 
CJ60 
C38M 
2N232.ft 
MD,li.MQ-1 
MD/1990.J 

.........,.... 
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Continued from page 164 

applications or systems programs. If 
more scratch memory were needed, any 
one of a number of Altair compat ible 
4 K, 8 K or 16 K memory cards could 
be used with the resident nonvolatile 
EROM capacity of this card. • 

Circle 625 on 1nqu11v card. 

A Noteworthy New Board 

Mary P Rczanow , production 
manager of Stillman Research Systems, 
POB 14036, Phoenix AZ 85063, sent 
alo ng information on the new SRS-320 
Generator Board. This music peripheral 

Do You Have Some Data to 
Communicate? 

D C Hayes, lo cated at POB 9884, 
Altanta GA 30319, has introduced this 
Model 80-103A Data Comm un ications 
Adapter for the Altair (S-100) bus. The 
product is fully programmable and 
implements automated dialing or answer· 

And Now, an I EEE -488 Standard Bus 
Interface 

Pickles & Trout have announced this 
new pe ri pheral interface for the Altair 
(S · 100) bus which allows any one of th e 
many computers which have copied the 
Altai r design to talk to instruments and 

is used to crea te four distinct channels of 
output for an Altair compatible com· 
puter, with each channel consisting of ·a 
wel l tempered musical pitch t iming 
signal set by a 4 bit note code and a 4 bit 
octave code. In the minimal music 
system represented by this board, the 
outputs of the four channels are summed 
as square waves and can be used to play 
four part polyphonic music [with a 
timbre most appropriate for baroque 
organ music]. The board comes with a 
complete manual, including two 8080 
programs and hexadecimal music texts 
for " Joy" by J S Bach (one part only) 
and "Dona Nobis Paccm," composer 
unknow n (polyphon ic). Th e two sample 
texts and the two differen t driver pro· 
grams arc in te nded for use on minimal 
systems. The compa ny is designing a 
seco nd module in this series, which will 
be called a Modifier Board a nd will take 
the pitch outputs of the Generator 
Board and process them in a manner 
similar to a conventiona l music syn· 
thcsizer but with computer control 
of parameters. • 

Ctrcle 626 on in((uiry ca,d. 

ing, 110 and 300 bits per second data 
rates with charac ter format and parity 
error detection, uses the sta ndard US 
telecommunica ti ons modem frequ encies , 
and is fully compatible with the Bell 
System when attached via a DAA device. 
The unit features crystal co ntrol and a ll 
digita l modulat ion and demodu lation, so 
there are no adjustments to be made. 
Users seriously interested in networki ng 
of personal comp ute rs will wa nt to con· 
sider this product, which is ava ilable in 
severa l forms : fully assembled and tested 
at a re tai l price of $279.95, as a bare 
board (sans electronic components) with 
manua l for $49 .95, a nd as the manual 
alone for $7.50. Dealer inquir ies are 
invi ted as well. • 

Circle 630 on inquiry card. 

peripherals whi ch use the Hewlett· 
Packard Interface Bus, no w supported 
by the lns ti lute of Electrical and 
Electronic Engineers (IEEE) as IEEE 
standard 488 . While the 488 s tandard 
was origin al ly inte nded for laboratory 
instrumentation, its ge nerality makes it 
quite useful In person al computer 
sys tems. A number of commercial and 
in dust rial peripherals are already on the 
market which use this comm un ications 
discipline. 

Six of the eigh t ports on the Pickl es 
& Trout BDPIO board (B i-Directional 
Parallel Inp ut and Output) are on the 
bi-direc tional IEEE 488 bus which 
in cludes six in 1errup t lines and an 
uncommitted li ne for power or other 
user selected functio ns. This bus allows a 
small number of lin es {25) to service 
devices which require several ports, 
such as the Digital Gro up cassette co n 
troller. The six porls require only o ne 

168 

Attention Altair Bus Experimeters •. • 

Herc is an interesting new product 
which · allows the experimenter, or 
systems consultant, to complete ly s tart 
from scratch in the selection of Altair 
(S·l 00) bus compatible peripherals and 
system componen ts . This new produc1, 
called The Mainframe, is the physical 
starting point for such a system with its 
essential physical and electrical char· 
acteristics. The Mainframe includes a 
heavy duty vented a lu minum cabi net 
finished in blue co lo r, a 12 slo t Altair 
compatible mother board (with 100 pin 
connectors inserted, soldered and 
checked out), a front panel which 
includes an indicating AC switch and a 
reset switch, a unique power supply 
which inc ludes a constant voltage trans· 
former for brownout protection, better 
than 100 db isolation of the DC supply 
voltages from AC line transients, and a 
capacity of 17 A at 8 V and 2 A at +16 
and -16 V. A muffin fan rated at 11 5 
cubic feet (3.26 cubic meters) per 
minute air flow is mounted in the 
cabinet. Al l wiring of the k it version is 
p rec ut and prelugged for ease of 
assembly. 

No price was given in the press 
release information we received, so 
potential users should contact CMC 
Marketing Corporation at 7231 Fond ren 
Rd , Houston TX 77036. Specify either 
Model MCS·112K o r MCS· 112A for the 
kit or assembled versions, respectively . 

This product will prove useful 10 
people who want to selec t a processor 
board from manufacturer X, a systems 
software read on ly memory and terminal 
in te rface board from manufacturer Y, 
main volatile memory boards from 
manufactu rer Z, and whiz-bang peri· 
pheral board from manufac.turcr Q. 
The result can be a completely custom 
selection of boards.• 

Circle 628 on inquiry card . 

cable assembly and use a single 25 pin D 
style connector. An external junction 
box also availab le from P & T i used to 
decode addresses on the 488 bus at the 
periphe ra l, and provide additional signal 
buffering for sys tems with long cables. 
For more information on this interesting 
peripherals interface line, contact Pickles 
& Trout at POB 2270, Goleta CA 
93018 .• 

Circle 629 on inquiry cnrd . 



Fl RE-SMOKE-J NTRU DER ALARM 

12 volt DC operation. large 5 inch bell, one unit, all the works under 
the bell. Nice for camper, boat, homes. $25 

VIATRON CASSETTE DECKS 

The computer cassette deck alone $35 Set of 2 boards read/write 
amp & serve control boards for this deck $40.00 

PORTABLE FIRE ALARM 

Operates on 3 internal AA cells (not furnished) On temp rise of 

approx 150 Sonalert type alarm sounds off . Push to test switch 


· makes nice sounding code practice oscillator $6 .00 


SPECTRA FLAT TWIST 
50 conductor, 28 gauge, 7 strands/ 
conductor made by Spectra. Two con 
ductors are paired & twisted and the flat 
ribbon made up of 25 pairs to give total 
of 50 conductor. May be peeled off in 
pairs if desired . Made twisted to cut down 
on "cross talk ." Ideal for sandwichin!J PC 
boards allowing flexibility and work ing 
on both sides of the boards. Cost ori g· 
inally $13.00/ft 
SP-324-A $1 .00/ft . 10 ft /$9 .00 

SP-234-A $1 .00 ft 50 cond. 10 ft/$9.00 
SP-234-8 .90 ft 32 cond. 10 ft /$8.00 

WIRE WRAP WIRE 
TEFZEL blue #30 Reg. price 
$13 .28/100 ft. Our price 100 ft $2 .00; 
500 ft $7 .50. 

MULTI COLORED SPECTRA WIR E 
Footage 1O' 50' 100' 

8 Cond. #24 $2.50 9 .00 15.00 
12 22 3.00 11 .00 18.00 
14 22 3.50 13.00 21 .00 
24 #24 5.00 20.00 30.00 
29 22 7.50 28.00 45.00 

Great savings as these are about 1 /4 
book prices. Al I fresh & new. 

TOUCllTONE ENCODER CHJP CIJARACTER GEN ERATOR CllJP 
Compatible wi t h Bell system, no crysta l required . Ideal Memory is 512x5 produces 64 five by seven ASCII 
for repeaters & w/specs. $6.00 charac ters. New ma ter ial w/data $6.00 

Please add shipping cost on ab ove. M in im um order $ 70 

FREE CA TA LOG SP-9 NOW READY 
P.O. Box 62, E. Lynn, Massachusetts 01904 

169Circle 188 on inquiry card . 
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FOR SALE: One Central Data 2650 board with 
8 K of static programmable memory, power supply 
and cabinet. Has connectors for the keyboard, 
vldeo moni tor and tape recorder, and is totally 
assembled and tested ; best offer over $850. Also 
have a switch console for the 2650 board. Has 
nddress, data and control bus switches as well ns 
hardware breakpoint and single step. $250 . 
J Roloff, 2214 Brookshire Dr. Champaign I L 
61820. 

USER"S GROUP: For 2650-based microprocessor 
as fearnred in April 1977 Radio E1ectro1lics. 
G Frank Humiston, 506 Wayne Av, El Cajon CA 
92021 . 

FOR SALE : Hewlett -Packard HP-55 scientific 
programmable calcu1;:nor with all original acces
sories, plus a security cradle , exira recharger, and 
reserve power pack ! less battery). Asking $225. 
Frank Scavo, 1811 Court St, Syracuse NY 13208. 

FOR SALE: Five new Phi-Deck uni ts. $100 each, 
$25 with order. balance COD. Aon Riley, POB 
4310, Flint Ml 48S04. 

FOR SALE : One IMSAI 8080 microcomputer with 
6 slot mother board, 4 K RAM. and IMS MIO 
mul1iple 10 boal'd with cassette Interface . Also one 
cable for one 10 port. All assembled and work ing . 
Postpaid $965. Michael C Bechard, 1 Walnut St, 
Box 242, Champlain NY 12919. 

FOR SALE : Burroughs Accou111ing System. Con· 
sim of E6090 processor. E6000 console, A4004 
ledger reader. A594 card reader, A988 line printe r. 
Magnet wire #29 to #:ls. S2 lb; #36 to #lo. S2.50 
lb; -';>1 1 to -';>14. $3 lb, SASE tor reply . Douglas 
Craton, 5625 Balfrev Dr. W Palm Beach FL 33406. 
1305) 686 -1106 after 6 :00 PM. 

WANTED : Looking tor PDP-8 m/e modul es, 
positive 10. Teletype , Data Br'eak, 8 K memorv, 
and RK 8 con t roller. Who can help? Wolf L 
Carstens. D-2359 Hasenmoor, W GERMANY. 

WANTED : All air 8800, 8800a . or 8800b. new or 
used. kit or assembled. in working crdef'. a t a good 
pdce. I also need one copy each of BYTE issues 
1 thru 11 . Call evenings 1201) 652·2875 or write 
D Rubin, 47 Dale Av, Wyckoff NJ 074Bl . 

FOR SALE : HP-6S fully programmable calculator 
with all occessories, like new. wi1h two Math Pac'S, 
Nav Pac 1 and Stat Pac 1, Standard Pac, blank 
magnetic cards, complete HP-65 User's library 
catalog, $325. Jack Sullivan, 17 Pelham Rd 
Hudson NH 03051 , 1603) 883-8514 evenings . 

FOR SALE : SWTPC CT·1024 convened to 64 
characters, computer cursor, 5Creen read, power 
supply, working perfectly, best o ffer over $250. 
MARK-8 : output port, CPU board, address latch, 
display board, input multiplex, 1 K memory with 
out chips, C8008·1. documentation, populated 
boards, best o lf er over S 120 . Will wait two weeks, 
return all o thers . I pay postage . Cashiers check, 
money order, postal money order only. M au 
Perdue, 4015 N 20th Ad, Arllng1on VA 22207, 
17031 527-8979 . 

Readers who have equipment, software or other 
Items t o buy, sell or swap should send in D clearly 
typed notice to that effect. To be consi dered for 
publication, an advertisement should bs clearly 
noncommercial, ryped double spaced on plain 
white paper, and Include comp/ere name and 
address in formation. These notices are free o f 
charge and will be printed one time only on a space 
available. basis. Insertions should be limited to 100 
words or less. Notices can be accepted from 
indlvidua/s or bona fide compurqr usars cl ubs only. 
We can engage In no correspondence on thes.e and 
your confirmation of placement Is spp oarnnce in 
on issue of 8 YTE. 

Please note that it may rake throe or four 
monrh.s fo r an ad to appear in the magazine. • 

FOR SALE : Two complete CDC. RPC-4000 com
puters, eac h includes CDC paper tape reader. 
Friden papef tape punch , Royal McBee console 
iypewri ter 8000 , 32 bit drum memory . These are 
second generation computers. with discrete lran· 
sis tors, etc . Both are ru nn ing. Wtth the above goes: 
one Friden adding m ach ine with paper tape punch ; 
one Friden Flexowri te r, an extra Friden punch, 
a Soroban high speed punch. and several other 
peripherals partially scavenged tor parts . Each com· 
pute r was $80,000 when new . Will se ll the works 
for S2 .500 including a compiler. some utili1y pro· 
grnms and some applicat ion program5. Walter E 
Page. 3960 S Marginal Rd , Cleveland OH 44114 . 

FOR SALE : Viatron System 21, complete wi th 
CPU power supply, keyboard, CAT monitor. and 
two tape drives, $475. Also Friden 10 cps paper 
tape reader-punch with 80 column card reader 
attached, 595. Michael Toft, 69 Westbury St. 
Thousand Oaks CA 91360 , 1805) 497 -7141 . 

WAN TED: DECtape read write head in usable con
di tion preferably with cable and Amphenol con· 
nec1or intact . Also CMS/I card reader with manuals 
and engineering drawing if possible. Ouorn price 
on any or all as well as other PDP-8/ 1 peripherals. 
memory, parts you may wish to put into our 
kindly " old hor.;e" pasture . FREE : copy of Mark-8 
Construction Booklet for 10 by 12 inch. SASE. 
Bro Felix Ncunendorfer, Calegio San Antonio 
Abad,POB 729, Humatao PR 00661 . 

FOR SALE : Typagraph Terminal la modi fied 
Model 33 Tele type). Good condition . Full p lotting 
capabil ity . Wi ll make beautiful curves. Can make 
1/50 inch incremental moves in anv di rect ion. Also 
has paper tape punch and reader. Two electronic 
modules included. Sohware available . S995 . Call 
Nancy Daedone (408) 279·2737. 

FOR SA LE: Brand new MITS 8B-S4K synchronous 
dynarnic memories, ptofessionally built by 
elec t ronic company, Sl 30 each . Call days. Marco 
Lan>• 1617) 244-3216. 

WANTED : Schematic or lechnical assistance on 
interfacing a Friden FleKowriter !Model SPSI 
to an IMSAI BOBO. Wou ld like to be able to use 1he 
Friden in both local or remote mode. The IMSAI 
has both se, ial and parallel ports. Write John Gill, 
RT 5 Bo>< 370, Blountvi lle TN 37617. 

FOR SALE : Portable TV, modified lor TVT use 
$55; MITS 1 K static as:sembled, best offer ; 4 K 
static S95; MITS 4 K static Sl25. HP lin• printer 
11 col umns , digits only. needs interfacing S40 
Charles Zalenski, PDB 92, Johnson Ci ty NY 13790. 

FOR SALE OR TRADE : One SIO IMSA I board. 
two por-ts . New. never used, assem bl ed as a kit 
tested hy IMSAI . One Carterfone data modem , hall 
full and power, RS~232; some par(s need replace · 
men 1 but in good condit ion. Make an offer. Garry 
Baratt a, POB 335, Eveleth MN S5734 , or call 12181 
741 ·6838 af ter 7:00 CST. 

FOR SALE: Altai r 680b, assembled and running 
great. Best offer over 5300. Alan Dahlbom, 
16 Forest St, CambridRe MA, (6 17) 492-0676, 
evenings. 

FOR SALE: Friden Model TM20K7 14 kevboard
prin1er with TM20K 15 con1rollcr and schema tics . 
SJOO, you pay shipping. Also copies of schematics 
for above controller availab le for $6 ro cover 
copying and firs t class shipping. Tim Ahre ns, 2200 
Sorre l Tree Ct, Aus11n TX 78744 . 

FOR SALE : IMSAI 8080, 8 K IMSAI memory , 22 
slot mo ther boatd, IMSA I audio cassette board, 
Processor Tech JP+S interface, Oliver Audio En· 
gineering OP·SOA papef tape reader, pl us much 
miscellaneous software, p lugs, sockets, etc. All in 
like new condi 11on, 5899. Ken Schweim, 1709 
Marv Ln, N Mankato MN 56001 . 1507) 388·S734 . 

FOR SALE : Percom data casse tte in terface Cl-810 
In box with cable and connector, ready to p lug 
into il parallel 10 POrl, $50. Larry Belmontes Jr , 
1762 Yale St, Corpus Christ i TX 784 16. 

FOR SALE : OP-80 paper tape reader. brand new 
and working, used only three times; regularly $80, 
a.king SSS. Larry Belmontes Jr, 1762 Yale St , 
Corpus Christi TX 78416. 
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WANTED; Firs t len lssues of B:YTE_ K C Naiier . 
POB 355, Nederland TX 77627 . 

TELETYPE: Western Union Model 101 Baudot 
Tele printer. Going to college , no room lor 
machine, good condition. Sell for 560 or trad~ 
for 7?7 David J Lilla. 6401 Van Wert Rd Rt 3, 
Cedar Falls IA 50613.1319) 266-7633. 

SWAP OR SE LL: Have first 16 issues of BYTE, 
li ke new . Desire Grid Dip Mn1er, ham radio equip· 
ment, or 77? Silly Travis, 4054 Sawielle Blvd, 
Los Angeles CA 90066. 

WANTED: Microperso nal computing ma1e . I've 
gotten so wrapped up with microprocessors that 
my love life is suffering. II there's an in teresting 
female out there with simi lar imen?sts, let's get 
synergist ic. I fly, so a reasonable dis tance is no 
problem. Martin Edwards. P08 6244, Torrnnce CA 
90504 or answering service telephone 12131 
874-2200 . 

WANTED : Burned out ICs, any size . Al so burned 
out CPUs In 40 dip package . Indicate price desired. 
Is lhere a computer club for 1802 users? If so, 
tell me how I can join. Jeff Foster. POB 603. 
Bellflower CA 90706. 

FOR SALE : ASA 33 TTY with auto reader. auto 
punch, prin1 blind features, pans. maintenance, 
lube manuals and diagrams, good condition $700. 
A W Walker, 6000 N 27th St , Arllngron VA 
22207. 1703) 533-9336 . 

FOR SA LE: IBM 024 Card Punch, wi th alpha· 
numeric keyboard, good condition with docu· 
mentation $275. IBM 056 Card Veri lier, with 
alphanumeric keyboard, documen1at ion, good 
condition S 125. Use for original intended purpose 
or modify readily for microprocessor card 10 . Will 
not ship. A W Walker, 6000 N 27th St , Arlington 
VA 22207, 1703) 533-9336 . 

FOR SA L E: 63 key ASCII encoded keyboard, 
100% working and built . S50. Oliver Audio 
Engineering OP-BOA paper rnpe readl!r assembled 
and working, $75. Memory Translator, digi1al 
FSK modern (see April 1975 Populor Elecrron,csl 
S75. Call 16171 963-5578 Monday thru Friday 
after 3PM. 

WANTED : Issues 1 thru 16 of BYTE in good 
condition. Best offer under $75. Brian Branson . 
P08 911, Loma Linda CA 92354, (7 141 796· 
1128. 

FOR SALE OR SWAP: Texas Instruments SR-52 
with PC-100. Outfi1 Includes all standard acce5· 
sories, EE1 program library, PPX-52 membership, 
and spare battery pack. As a comp lete ou t fit only, 
wfll sell for $340 or swap wi th cash for HP-67. 
David Lamkins, 502·12 Sherman S1, Canton MA 
02021, (617) 828-7480 or 2S3·2460 most days 
and eve nings . 

FOR SALE: Complete Viatron System 2 1 with 
communlcations adaptor (misslng UARTI : 'ncludes 
all darn and aboul six Viatapes, S375. PdntinQ 
robot and in terface to Via t ron, S175. IBM 
Selectric Model 72 typewriter. $300. Wii i take 
S730 fo r all or make offer . All in perfect operat ing 
condition : you ship. Keith Teague WBSFMJ, POB 
6S. Alma AA 72921, (5011 632-2532 after 6 PM. 

ATTENTION HAMS: I have vintage OST and CO 
magazines. 1962 10 1966. and I wl11 swap ten for 
one BYTE issues #1. 2. 3, 8, 9, 14 . Dan Las ley. 
336S Steve #14. Memphis TN 38 111, 1901) 
744-4866. 

FOR SALE; Issues 2, 3, 4, 5 of BYTE : two MITS 
4 K programmable memory boards 01ssemblcd and 
in excellen1 condition ; one 5 V. 25 A Wan less 
regulated power supply ; one Heath IMPScope. Will 
accept best offer on each item . David Milhouse, 
2823 Grifla Av, Columbus IN 47201 . 

SELL OR TRADE: PDP-8 4 K minicomputer with 
TTY inte d ace $750 . Will sell with Teletype for 
51 SOO. Data Mark 300 1 pm printer wi th PDP-8 
inter-face and spa re memory module $900. 
PDP-BIE Teletype interlace $200. Ampex TM-11
291 9 track 150 ips tape drive S600. Wayne 
Simpson, 3330 W 64th Pl, Tulsa OK 74132, 
(918) 446-040 1. 



-- ------
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,___________________ 

:World's Lowest 
I 
I IC Prices 
I 

MEMORIES

I Rams 

I 745200 2.95 
2102 1.40 * 
2102-1 1.60 * 

I Proms 
82S23/S123 1.95 *I 82S129 3.25 
Others 

I TMS 3409 2.00 
MM 5013 1.50 

I NS 5260 1.50 
NS 8619 2.00 
MH 0026H 3.25 

I 
I TTL 

I 
I 
I 
I 

7400 .12 * 
7402 .14 
7403 .14 * 
7404 .16 * 
7407 .20 
7410 .12 * 
7416 .25 
7420 .12:j: 
7427 .25 

I 
7437 .20 
7438 .20 * 

I 
7440 .12 * 
7441 .65 * 
7445 .60 

* SPECIAL PRICES * 


7447 .65* 
7450 .14 
7451 .14 * 
7473 .28 
7474 .28 
7475 .40 
7480 .35 * 
7483 .68 
7486 .28 
7490 .45 
7493 .44 * 
7495 .49 
74107 .29 
74109 .30 
74116 1.50 
74123 .45 * 
74 141 .80 :1: 
74145 .65 * 
74150 .60 * 
74151 .60 
74152 .90 
74155 .60 
74157 .60 
74160 .75 
74161 .60 :1: 
74163 .75 * 
74165 

SCHOTTKY 

74S01 .25 
74S02 .25 

74173 1.25 74S37 .40 
74174 .75 74S38 .60 
74175 .75 * 74S85 2.00 
74177 .70 74$113 .80 
74180 .65 * 74$138 1.50 
74181 1.50 74S139 1.50 
74191 .85 74$140 .50 
74192 .70* 745151 2.00 
74193 .70 * 74S153 2.50 
74194 .85 745172 4.50 
74195 
74198 

.68 
1.25 

74$1 74 
74S17S 

2.05 

2.05 * 
9602 .50 * 74$181 2.95 
9300 .75 74$197 2.20 
9312 .70 74S257 1.50 

LINEARS 

DM8820130 1.75 
NE536T 2.75 
NE555V .43 
NE556A .90 
1456V .75 
1458V .52 
566V 1.25 
567V 1.35 
540L 2.00 

HIGH SPEED 

74HOO .20 
74H01 .20 
74H04 .20 
74H10 .20 
74H11 .20 
74H40 .20 
74H51 .20 
74H52 .20 
74H74 .40 
74H103 .50 
74H106 .so 
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4073 .16 

4001 .16 

CMOS 
4075 .16 I 
4516 .85 

4006 .90 
4002 .16 

4528 .75 I 
4007 .16 
4008 .70 LOW POWER 
4011 .16 * SCHOTTKY 
4012 .16 * 74LSOO .23 * 
4013 74LS02.30 * .23 * 
4015 .80 7 4LS08 .23 * 
4016 74LS10.35 * .23 * 
4019 .70 74LS27 .25 * 
4020 .90 74LS73 .45 
4021 .95 74LS75 .65 
4023 .16 * 74LS151 .75 * 
4025 .20 * 74LS153 .75 * 
4027 .40 74LS157 .75 * 
4028 .60 74LS161 1.00 * 
4030 .35 74LS163 1.50 
4040 .95 74LS164 1.50 
4042 .60 74LS174 1.00 * 
4043 .75 74LS175 1.50 
4044 .70 74LS193 1.50 
4049 .35* 74LS221 1.25 * 

74L$251 1.504050 .35 * 
4066 .65 74L$253 1.50 
4068 .35 74LS257 1.25 * 
4071 .16 74LS258 1.25 * 

Order Minimum S 10 00 Add$ I 00 sh1pp111g and hand/mg c11a1ge per orde1 Calrlorma res1den1s add 6 .5% 
sales lax All orders shipped Ftrsl Class w1rhm 24 hours 

Order the famous Ias is 6 volume Programmed Learn ing Course .. Microcomputer Design is a Snap.. for 
599.50 and rece ive a special $10.00 credit on any group o f 1c·s. 

Satisfaction 100% guaranteed . C 0 .0 . Orders : Phone (day or nigh!) 408/354 -1448 

PO BOX 25428ElTRON .ISunnyvale, CA 940871 
I .80 Free catalog-Just send us your name and address 

~ ctf::acrrn BOARDS 

MB-1 MK-8 Computer RAM , (nol S-100), 4KX8, uses 2102 
type RAMs. PCBD only . . . . . . . . . . . . . . . .. , ... . $22 
MB-3 1702A EROM Board, 4KX8, S-100, switchable ad
d ress and wail cycles . kit less PROMS , , . .........$65 

MB-4 Basic 4KX8 ram. uses 2102 type rams, may be ex
panded to 8KX8 with piggybacking, S-100 buss. PC 
board . . . . . , . . . . . , .... , , ....... , ........... . $30 

MB-6 Basic 8KX8 ram uses 2102 type rams, memory pro
tecl in 256 to SK switchable S-100 buss. PCBD .....$35 
MB-8 2708 EROM board . S-100, 8KX8or 16KX8kit wilhoul 
PROMS .. . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . , .$85 
10-2 S-100. 8 bil parallel llOport. o/.i of board Is for kludging 
Kit. . , . $55 PCBD , . . . . . . . . . . . .. . . .. . . . , .. . .$30 
VB-1 64X 16 video board, upper lower case Greek, com
posite and parallel video with software, S-100. 
Kil ..... $189 .00 PCBD .......................$35 

SP-1 Music synthesizer board, S-100. computer controller 
wave lorms. 9 oc1aves, 1V rms 1'2% distortion, includes 
soltware ki l . . ...... , . . . . . . . . . . . . . . . . . . . . . .$250 

Altair Compatible Molher Board . 11 x t1V2 x Va". 
Board only ... $45 With 15 conneclors ..........$105 

Ex1ender Board fu ll size . Board only .... , ...... , , .. . $9 
W11h connector ... . .. ,., ......$13.50 
Solid state music Cybercom boards are high quahty glass 
board with gold linger conJacls. All boards are check for 
shorJs. Klis only have solder mask. 90 day guarantee on 
Cybercom kils. 

Special 8080A processor & support chip set kit includes 
one of each: all parts prime 9080A (8080A): 8228: 8212: 
8216: 8251 . 82 14: 8224: 8225 . Special . . . . . .$75.00 

Special 2101AL-4 1K x 1 ram \13 less power than 21L02 
type rams. with power down, prime lrom NEC. Ea . 2.00, 32 
ea. 1 .80, 64 ea. 1. 70; 128 ea. 1.60: 256 ea. 1.50: 512 ea . 
1.45. 
9080A AMO 8080A (Prime) 
8212/74S412 Prime 
8214 Prime 
8216 Pri me 
8224 Prime 
8228 Prime 
8251 Prime 
8255 Prime 
1702A-6 AMO 4702A Prime 
TMS·6011 UART Prime 
25 13 Char Gen Upper Prime 
2513 Char Gen Lower Prime 
1702A Intel Nol Prime 

8T10 
8T1 3 
8T16 
8T20 
8T24 
8T26 
8T34 
8T37 
8T38 
8T80 

2.00 
2.50 
2.00 
2.00 
2.50 
2.75 
2.50 
2.50 
2.50 
2.50 

8T97 2.00 
8T110 2.00 
5309 8.00 
5312 4.00 
5313 4.00 
5320 5.95 
5554 1.90 
5556 2.50 
5055 1.60 
MC4044 2.25 

80L97 
81L22 
82L23 
85L51 
85L52 
85L63 
86L70 
86L75 
86Lg9 
88Ll2 

419 Portofino Drive 
San Carlos, California 94070 

Please send for IC, Xis /or 
and Computer parts list. 

25.00 
4.00 
8.30 
4.95 
5.00 
8.90 

14.50 
14 .50 
8.00 
6.95 

t1 .00 
11 .00 
8.00 

1.50 
1.50 
1.90 
2.50 
2.50 
1.25 
1.50 
1.90 
3.50 

.80 

74LOO .25 
74L01 .25 
74L02 .25 
74L03 .25 
74L04 .30 
74L05 .40 
74L06 .30 
74L08 .40 
74L09 .40 
74L10 .30 
74L20 .35 
74L26 .40 
74L30 .40 
74L32 .45 
74L42 1.50 
74L51 .35 
74L54 .45 
74L55 .35 
74L71 .30 
74L73 .55 
74L74 .55 
74L75 1.20 
74L78 .90 
74L85 1.40 
74L86 .75 
74 L89 3.50 
74L90 1.50 
74 L91 1.50 
74L93 1.70 
74L95 1.70 
74L98 2.80 
74L 123 1.50 
74L164 2.50 
74L 165 2.50 
74ug2 1.25 
74L1g3 1.20 
MH0026 2.95 
MC1488 1.50 

74LSOO .40 
74LS01 .SO 
74LS02 .40 
74LS03 .40 
74LS04 .45 
74LS05 .45 
74LS08 .40 
74 LS10 .40 
74LS12 .55 
74LS20 .40 
74LS22 .45 
74LS27 .45 
74LS30 .40 
74LS37 .60 
74LS38 .60 
74LS42 1.50 
74LS51 .40 
74LSS4 .45 
74LS55 .40 
74LS73 .65 
74LS74 .65 
74LS76 .65 
74LS151 1.55 
74LS174 2.20 
74LS175 1.95 
74LS192 2.85 
2501 B 1.25 
2502B 3.00 
2507V 1.25 
2510A 2.00 
2517V 1.25 
25198 2.80 
25328 2.80 
2533V 2.80 
DM8131 2.50 
N8263 3.50 
MC1489 1.50 
DM8837 1.50 

1101 1.25 
1103 1.25 
2101 4.50 
2111-1 3.75 
21 12 4.50 
2602 t .60 
4002-1 7.50 
4002-2 7.50 
MM5262 1.00 
7489 2.00 
74200 4,gs 
74C89 3.00 
82S06 2.00 
82S07 2.00 
82S17 2.00 
8223 2.50 
82S23 3.00 
82S123 3.00 
82S1 26 3.50 
82S129 3.50 
82S130 3.95 
82S131 3.95 
IM5600 2.50 
IM5610 2.50 
IM5603 3.00 
IM5604 3.50 
IM5623 3.00 
IM5624 3.50 
MMl6330 2.50 
OM8573 4.50 
DM8574 5.50 
DM8575 4.50 
DM8576 4.50 
DM8577 3.50 
DM8578 4.00 
2.4576 MHZ 
XTAL 7.20 

Waneco Boards 
MM-1 8KXB fully buffered, S- 100, uses 2102 type rams. 
PCBD . . . . . .. .. , .. . . . . . . . . . . , . . . . ......$30 
Mother Board t2 slot, terminated, S-100, board only$40 

Check or money order only II you are not a regular cuslOmer and your 
order Is large please send either a cashier's check or a pos1almoney 
order, olhe1W1se !here will be a delay ol lwo weeks lor the check 10 
clear All •terns posl paid 1n lhe U.S. Cahl restden1s add 6% lax 
Money back 30 day guaranlee We canno1 accept returned IC's Iha! 
have been soldered to. Pnces subjecl 10 change wilhoul nolrce . $10 
minimum order 
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ARTEC Introduces 


TheBK·liK ExpandableMemoryThatGrows WithYour System 

Now, for the first time , you can have a 
reliable true static memory that will grow 
with your system. Start with the board and 
SK memory. Then add on one, two or three 
SK increments of memory up to 32K. 250 ns 
access time. The Arlee 32K Expandable 
Memory allows you plenty of room for 
memory and all necessary support hardware. 

For five years Arlee craftsmanship and 
reliabi lity has been proven in tough industrial 
use. Now, you loo can enjoy breadboards 
and memories that will work time after time. 
Boards like the GP 100 and the wire wrap 
WW-100. Send for an Artec Board, your 
order will be sent the same day as received. 

Board & BK of memory- $290.00 
8K add on klts-$255.00 ea. 
Full 32K board- $1,055.00 

GP-100- $20.00 
Maximum design 
versatility along 
with standard ad
dress decoding and 
buffering for 
S-100 systems. 
Room for 32 un
committed 16 pin 
IC's, 5 bus buffer & 
decoding chips, 1 
DIP address select 
switch, a 5 volt reg
ulator and more. 
High quality FR4 
epoxy. All holes plated 
through. Reflowed sol
d er circuitry. 

WW-100-$20.00 
A wire wrap breadboard, 
similar to the GP 100. Al
lows wirewrap of all 
sizes of sockets in any 
combination . An extra 
regu lator position for 
multiple vo ltage applica
tions. Contact finger 
pads arranged for easy 
pin insertion. 

TO ORDER: Use your Mastercharge or 
BankAmericard. Or just send along a money 
order. Your order will get same day service. 

FOR MORE INFORMATION: For more 
information about these or any of Arlee 's 
complete line of circuit boards or for either 
industrial or personal use, please call or 
write. A catalogue will gladly be sent. 

Please send me: 
0 32K 0 GP-100 D WW-100 
D I've enclosed a money order. 
Bill my 0 Mastercharge 

D BankAmericard No. ____ 

Address ------------

Cily _____ state ___ z;p --- : 

10% disoounl Jor sludents & compuler club members. 

ARTE:C E:LE:CTRONIC), INC. 

605 Old County Rd. • San Carlos, CA 94070 • (415) 592-2740 
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INTRODUCTORY MEMORY OFFER 

NEW 2708 •2495

1Kx8 UVPRIME 
PROM

QUALITY 
21L02 350nS STATIC RAM $1.95 

FACTORY SECONDS 2102 STATIC RAM $1.25 

Programming 
Service 
Available 

8 FOR $14.00 

8 FOR $ 9.00 

-7400TTL SERIES 74LS SERIES 

7400 .16 7491 .75 74L500 .39 
7401 .16 7492 .so 74L502 .39 
7402 .21 7493 . 50 74L503 .39 
7403 . 16 7494 .80 74L504 .45 
7404 . 18 7495 .75 74 L505 .45 
7405 .24 7496 .90 74L508 .39 
7406 .20 74100 1.00 74L510 .39 
7407 .29 74107 .40 74LS13 . 79 
7408 . 25 74109 .90 74L514 2.19 
7409 .25 74121 .40 74L520 .39 
7410 .18 74122 .so 74LS26 .49 
7411 .30 741 23 .70 74L527 .45 
7413 .45 7412 5 .60 74L528 .49 
7414 . 70 74126 .60 74L530 .39 
7416 .35 74132 1.00 74L532 .45 
7417 .35 74141 1.15 74L540 .49 
7420 . 20 74145 1.15 74L551 .39 
7423 .37 74147 2.35 74L555 .39 
7426 .30 74148 2.00 74L573 .65 
7427 .35 74150 1.00 74 L574 .65 
7430 .25 74151 .8 0 74L575 . 79 
7432 .30 74153 .90 74L576 .65 
7437 .27 74154 1.00 74L583 1.75 
7438 .2 7 74155 1.00 74L585 1.75 
7440 .20 74156 1.00 74 L586 .65 
7441 .8 5 74157 1.00 74L590 1.25 
7442 .60 74160 1.25 74L592 1.25 
7443 . 75 74161 1.00 74LS93 1.25 
7444 . 75 74162 1.50 74L595 1.25 
7445 .75 74163 1.00 74L596 1.89 
7446 .80 74164 1.10 74LS107 .65 
7447 . 70 74165 1.10 74L5109 .65 
7448 .80 74166 1.25 74LS112 .65 
7450 .25 74170 2.1 0 74L5132 1.25 
7451 .25 74173 1.50 74LS136 .65 
7453 .25 74174 1.95 74L5138 .65 
7454 .20 74175 . 95 74L5139 1.25 
7460 .20 74176 .90 74L5151 1.25 
7470 .45 74177 .90 74L5153 1.25 
7472 .40 74179 .90 74L5157 1.25 
7473 . 35 74180 .90 74L5162 l.75 
7474 .35 74181 2.50 74L5163 1.25 
7475 .50 74182 .95 74L5164 1. 75 
7476 .30 74184 1.95 74L5175 1.25 
7480 .50 74185 2.20 74LS181 3.69 
7483 . 70 74190 1.15 74L5290 1. 75 
74 8 5 .90 74191 1.25 74L5191 l. 75 
7486 .40 74192 .90 74LS192 1.65 
7489 2.00 74193 .90 74L5193 1. 75 
7490 .45 74194 1.25 74L5194 1. 75 

74195 . 75 74L5195 1. 75 
74LS257 1.25 
74L5260 .55 
74L5279 .79 
74L5367 l.15 

74L SERIES LI NEARS 

74LOO .25 301CN .35 
74L04 .30 308CN 1.00 
74 L06 .30 318CN 1.19 
74L08 .40 320T-5 1.50 
74L09 .40 320T·5.2 1.50 
74Ll0 .30 320T·8 1.50 
74L20 .35 320T·l2 1.50 
74L26 .40 320T·l5 1.50 
74L30 .40 320T-18 1.50 
74L42 1.50 320T-24 1.50 
74L75 1.20 323K·5 7.9 5 
74L78 .90 324N 1.50 
74L86 . 75 339N 1.10 
74L90 1.50 340T·5 1.50 
74L91 1.50 340T-6 1.50 
74L93 1. 70 340T-8 1.50 
74L95 1.70 340T·12 1.50 
74L98 2 .80 340T·l5 1.50 
74L123 1.50 340T-18 1.50 
74Ll64 2.50 340T-24 1.50 

566CN 1.65 
567V 1.55 

COMPUTER POWER SUPPLY 
+5V at 1.2 AMP, ±1 2V at .25 AMP 

tgss 

l.C. SOCKETS (SCAN BE) 
14 PIN SOLDERTAIL .22 
16 PIN SOLDERTAIL .24 
14 PIN W I REW RAP .45 
16 PIN WI REW RAP .49 
24 P IN W I REW RAP .69 

BATTERY CHARGERS 
•&506V and 9V 

S100 BUS DESCRIPTION 
DETAILED WRITE-UP •195

OF ALL S100 SIGNALS 

Minimum Order $10.00. California residents add 6 % sales cax. Add $1.00 shipping and handling charge per order. 

For immediate shipment, send cashier's check or monev order. 100% SA T/SFACT/ON GUARANTEED *****
**** 

OR BY MAILORDER BY PHONE: (213) 888-5079 

P.O. BOX 264QUAN TRONICS CHATSWORTH, CA. 91311 

MANY OTHER PARTS AVAILABLE - JUST CALL OR WRITE FOR FREE CATALOG 

Ci rcle 191 on inqu iry card. 



S.D. SALES CO. P.O. BOX 2881·0 - B DALLAS, TEXAS 75228 

Z-80 CPU KIT 
For lmsai-Altair 

$149. kit 

Z-80 Chip &Manual $49.95 

From the same peop le who brought you the $89.95 4K RAM Kit. We were not the 
first to introduce an lmsai/Altair compatible Z-80 card, but we do feel that ours has 
the best design and qua li ty at the lowest price! 
The advanced features of the Z-80 such as an expanded set of 158 inst ruct ions, 8080A 
software compatibility , and operation from a si ngle 5VDC supply, are a ll well known. 
What makes our card different is the extra care we took in the hardware design. The 
CPU card will always stop on an M 1 state. We also generate TRUE SYNC on card, 
to insure that the rest of your system functions properly. Dynamic memory relresh 
and NMI are brough t out for your use. Believe it or not, not all of our competitors 
have gone to the extra trouble o f doing this. 
As always this kit includes a ll parts, a ll sockets, and complete instructions for ease of 
assembly. Because of our past experience with our 4K kit we suggest that you order 
early. All orders will be shipped on a strict first come basis . Dealers inqu iries welcome 
on this item. Kit inc ludes Zilog Manual and all parts . Kit shipped with 2 MHZ crystals . 

Z- 80 MANUAL -$7.50 SEPARATELY 

THE WHOLE 4K LOW POWER RAM BOARD KIT 
WORKS lmsai and Altair 8080 plug in compatible. Uses low power static 21 L02-1 500 ns. RAM 'S. ·Fully buffered, dras· 

tica lly reduced power consumption, on board regulated, all sockets and parts included . Premium quality plat ed 
through PC Board. For 250 ns RAM's add $10.00 $89.95 

NEWEST KIT FROM S.D. SALES! HOME KIT 
MUSICAL HORN $19.95~to 

Stand;nd Tunes Available : 
Plays any tune from Mozan to led Zeplin DIXIE - EYES OF TEXAS -ON WISCONSIN 
Musical Horn Kit for Car, Boat or Home 

YANKEE DOODLE DANDY - NOTRE DAME .Change tunes in seconds CAR/BOAT KIT 
FIGHT SONG - PINK PANTHER - AGG IE WAR Complete Solid Stale electronics 

SONG - ANCHORS AWAY - NEVER ON SUNDAYStandard or cuuom tunes available at $6.95 each 
BR IDGE OVER RIVER OUI - CANOY MAN(you supply us whh the sheet music - we supply 

Home Kit tnc:ludts spnker which oper•tes from your door bell. When door bellelectronics for your favorite tunes .) 
Ona song supplied wi th original order 

$34.95 Is pushed you r favotilt tun• is plavftt . Cu/Boat Kit ODES NOT Include 91~ e.i.k1r . 
US11 st<tnd1rd Sohm PM sp.aker. Allow 4 w..ks delivery on both kits. 

J.ilxiJ.l,d QU4JtliJJ(/ SIX DIGIT ALARM CLOCK KIT 
We made a fantastic kit even better. Redesigned to take advantage of the latest advances in l.C. clock technology. 
Features : Litron ix Dual Y," displays. Mostek 50250 super clock chip, single l.C. segment driver, SCR digit drivers. 
Greatly simplified construction . More reliable and easier to bui ld. Kit includes all necessary parts (except case) . 
For P.C.Board add $3.00; AC XFMR add $1.50. Do not confuse with Non-Alarm kits sold by our competition! 
El iminate the hassle - avoid the 53141 NEW! WITH JUMBO LED READOUTS! 

$9.95 kit 

1000 M F D 
Fiiter Collot. 


A ilotld 35 WV DC UO· 

tl9h1 )l)"le wllh PC 

to.ads. MQ5l POOUlillr VIII• 

ue for hobbyists , 

4/$1.00 

POWER P.C. LEADRESISTOR SLIDE SWITCH RESISTOR DIODESAuortment ASSORTMENT 
Our beu soller. lnc.: luctu 150HM fN4148/1 N914\IW 5% & 10% PCminia ture anct 51.Jnouct 
dus. 'Ingle and multl · 100/$2.00 25W l111ds. A good mix of 

1N4002· 1A 
IOOPIV 

Dosl11on unla. All new. values! Spec:la ll BY 
CLAROSTAT 

12/$1.00 75¢ ea. 200/$2. 40/$1. 

AMD-l702A 
flfl.l/e dadiJllJ.f 7~ 

FACTORY PR IME UNITS! BRAN D NEW! 
1.5 Micro-Seconds Access Time. 

10/$40. $4.95 ea. 
UP YOUR COMPUTER! 

21L02-1 
And so is powerl Not only are our RAM 'S fasw than a speeding 
bullet but they are now very low power. We are pleased to offer 
prime new 21L02·1 Low Power and Super Fast RAM's . Allows 
you IO STA ETCH your power supply farther and at the same 
time keep the wait ligh t off I 

500 ns 8/$12.95
250 ns 8/$15.95 

IC's from XEROX 

7400 - 9c 7430 - 9c 7493 - 26c 1402 A Shift Regulator - SOc
7402 - 9c 7440 - 9c 74121 - 22c MH0025CN - SSc
7404 - 9c 7437 -10c 74123 - 32c 
7406 - 11 c 7438 - lOc 74151 - 9c IC's REMOV ED FROM 
7407 - 11c 7451 - 9c 74155 - 22c PC BOARDS
7410 - 9c 7474 - 16c 74193 - 35c ALL TESTED ; 
7416 - 13c 7475 - 24c 8233 - 35c FULL SPEC. 
7420 - 9c 7486 - 16c Intel - 1302 - 45c 

$12.9 5 S. '"/J . Sak4 &.da4we! $12.9 5 
MOS 6 DIGIT UP/DOWN COUNTER 

40 PIN DI P. Everything you ever wanted in a counter chip. Features : Direct LE D sement 
drive, single power supp ly (12 VDC TYPE.), six decades up/down, pre·loadable counte r, 
separate pre-loadable compare register with compare out-put, BCD and seven segment out· 
puts, in terna l scan oscillator, CMOS compatible, leading zero blanking. 1 MHZ. count input 
frequency. 

3 .579545 TERMS: 
MHZ Time 

Base Crystal MONEY BACK 

$1.25 GUARANT EE I 


28 PI N IC 


Sp~.( 

No COD's. Texas Resi· 
Sockets dents add 5% Sales Tax. 39 MFD 
3/$1.00 Add 5% of order for pos· 16V Mallory 

11,000 MFD Electrolytic tage & handling. Orders 
50WVDC 15/$1 .00 under $10. add 75c. For

Computer Grade eign orders : U.S. Funds 
Cap. $3.00 Only! 

Call in your BANKAMERICARD 
or MASTER CHARGE order in on 
our Continenta l Un ited States Toll 
Free Wans Line : 

1- 800- 527- 3460 
Texas Residents Call Co llect: 

214/ 271- 0022 

Jui1 received a 90cd 
mi xed lot of Natlonel 
T0·92 plastlc: 1ransis · 
tors. PNP & NPN, even 
11 few F ET's. 40-50% 

_yield . Unteued Ant . 

500/$3. 

DISC CAP 

ASSORTMEN T 


P.C. Lt11ds. Al hum 
10 dlHorvnt v.nlues . 
lnc:ludtt .001 , .m, .OS 
p lu • c1her 1taridord 
value-s. 

60/$1.00 

VERY LIMITED QUANTITY/ 

Cheap DC Supply 
Actually an AC adap· 
tor lor calculaton. $2 ea 
9VOC no load. 6VDC • • 

@200ma. 4VOC @ 


375ma. 


S. D. SALES CO. 

P.O. BOX 28810 - B 


DALLAS, TEXAS 75228 


Orders over $15. - Choose $1. FREE MERCHANDISE! 
Circle 192 on inqu iry card. 

http:60/$1.00
http:15/$1.00
http:8/$15.95
http:8/$12.95
http:12/$1.00
http:100/$2.00


NEW COMPUTER INTERFACE BOARD KIT 

Our new computer kit allows you to interface 
serial TTL to RS 232 and RS 232 to TTL. There 
are four of these supplied with the kit, so you 

constantly connecting and disconnecting your 
terminals. 

can run up to four devices on one TTL or four $4900 
separate TTL to RS 232 devices. 

Typical use: You can use your computer 
ports to run an RS 232 printer, video terminal 
and two other RS 232 devices at once, without 

Example: Out store to printer  Voltage 
requirement + 5V and ± 5V or ± 12 V depend· 
Ing on your RS 232 device. 

We supply - board, connectors, documen
tation and components. Sorry, we do not supply 
case or power supply. 

GENERAL PURPOSE COMPUTER POWER SUPPLY KIT 

This power supply kit features a high frequency torroid transformer with switching 
transistors in order to save space and weight. 115V 60 cycle primary. The outputs 
with local regulators are 5V to 10A, in one amp Increments, - 5V at 1A, ± 12V at 1A 
regulators supplied 6 340T5 supplied . 

UNIVERSAL 4K 
MEMORY BOARD KIT$7458 

FB EVALUATION BOARD KIT 
W ITHE XPANSION CAPABILITIES 

Th is memory board may be used with the 
F8 and with minor modifications may be used 
with KIM-1µp. 

322102-1 static RAM's, 16 address lines, 
8 data lines in, 8 data lines out, all buffered. On· 
board decoding for any 4 of 64 pages, standard 
44 pin, .156" buss. 

;,t70ij i:IK EPA OM $24,95 
'l~:!:t'S-Al l CSlllF T REG $ 1 !JS 
'~ 1 3CllARA.C TER GEN S 995 
' Sl0HC X3781fSR S 3!>0 
2I02 1 lll2'1 EH RAM S 1.29
!.mm,, D"t' NA M IC AMI s 4.75 
MMS:Z02A UY PROM S G !)5 
MM!ii203 UV PROM S 6 95 
1707A UV PJ,m, S 4 .95 
5 :1M ·4f l•ROM SIO 95 
AV 5-- 1013 UABT S 6.9S 

HN IAlURE vlU l TI TURN TR IM PO TS 
• 100, 500. 1K,2K,SK, 10K.2SK.50K.100K, 

200K,500K 1Mi"IJ. S.75 e3Ch.. ... 3/$2.00 
MGLf 1TuhN riHM POTsS1m111111u6C>u1ni' 
30 10 ll'f'4C J'16' io.5 18"',d 1 / '1 "; 50. 100, 

~~a,~~r~~/~,~~~a slA:;o ea 
3 

' 
54 

· 
00 

TO 18, ?00V If\ S 1.75 

TRANSISTOR SPECIALS 
7NJ585 NPN S• ro 66 s 95 
2N377:! NPN S 1TO 3 S 1 60 
:-q.:56/. PNP G (' S 7~ 
2N' •1~ l•NP S1 TO J S I 00 
:i"NGoSG NPN St TO J 0.111m1r1o n S l 70 
'N5000 PNP S1 T0·9' <l /S 1 00 
;H.,,4898 PNP TO 66 . , S .GO 
:>NdOI! 11NP G • ro ~. &IS 1.00 
:>N39 19 NPN 51 TO l Rf S 1.50 
MPSA n NP ~J S1 TO 9;1 . J !S I 00 
2NJ7GTNl'NS1106G S 70 
2N1227 NPN s.T0-18 s.r s I 00 
:lN3055 NPN St ro :I . s .70 
2NJ904 NPN St TO 9? 5/S 1.00 
:?NJ90li PNP ... I ro 9, 5 1$ ' 00 
"N 5iq6 f'iJ PN s, fO nu . s 50 
:>NCi•O'l PNIJ St fO ''° S 55 
?N36JB PNP St TO ~' 5/S 1 00 
'} I G51 J NPN TO 92 S• 3/S 1 00 

C/MOS (DIODE CLAMPED) 
MC'i'O 22 <1016 40 4029 1 10 
N C 193 I ~ 40'7 l OS 4030 '2 

001 :!' 4018 1.00 •1033 - I 50 
400:1 22 '1019 25 40J5 - I 10 
4006 I 20 4020 1 0~ 4042 -......l§_ 
4007 22 402? 9S 4046 - 2 .25 
4009 47 402J 22 4049 •JO 
4010 - 47 402·1 75 4o50 ·tO 
401 I 22 tl0:25 12 405fl 1 50 
40 12 22 1t02:G I 25 '1066 80 
4013 - ·10 4027 40 -10., 1 .27 
0

4 0)'!~ 'J$-. ·i02'8 BE 407G I 05 

I '1 M:E! l l !Jl1 I 15 1 0C 

f.~t:. H O VllC A l. I l~.11T .S~"JITC:tl SI 50 

LED READOUTS 
FND J'S9 c.c. 4 " s 50 HP 1740·.i · c.c. 
F ND70C C, , 4 " S 55 MAN·7·.Y"C.A. 
FND 503 C.C. . s·· S .85 NS 33·3 dig. lht>J.V 
FND 510 CA $'' S .8!) DL 74 7 A .G•· 

2NJ820P ET S 45 
2N 511 57 N FET $ 45 
2N~646 S .45 
EA 900 TR IGGER OIOOCS 4/ SI 00 
2N G078 PROG UJT S GS 
8 PIN DIP SOCK£1 S $ 24 
111 PIN DI P SOCKETS S 25 
16 PIN DIP SOCKETS S 28 
18 PIN DIP SOCKETS $ JO 
24 PIN DIP SOCKET S 4Q_ 
28 PIN D IP SOCKETS .••••••• $ ,50 
110 PIN DIP SOCKETS . . S .60 

V E RI PAX PC BOARD 
Tlus ho.:ml ·~ .1 1/16'' s11,gh1 ,,ded n,-.per !:PO.'ll't' 
hoard, 4·,;.·· ,.,a·-,·· DRILLED ltnd ET CHED 
whu:h will holti up 10 21 single 14 Pill IC's 
or 8 , 16, or LSI OIP IC'• w11 h husM;is for 
powl!1 rnpply conf\l!'i:t;ir Sol OD 
MV 569 1 Vl:LLOJY.G AE E:.N 

BIPOLAR L EO S .90 
FP 100PH010TRM..:S ....... S 50 
RED, YEL LOW, GREEN or AMBEA 

LARGE LED"s • • • • • . . 61$1.00 
I L·S IMCT -21 . ........•.... S .75 
MOLEX PINS ••..•••••. , 100/5 1.00 

HlOO/SS .00 
10WATT ZENEAS 3.9. 4 .7 . 5.6 , 8 .2. 

12, 15, 18,22,100, ISOor 200V . ~a . S .60 
1 WATT ZENERS4 .7, S.6, 10, 12. 15 

18 01 l2V , . , . . . . . . . ~a. S .25 
MC6860 MODEM CHIP . • . . • • • $9.95 

V IA lA 
1Q4fOO- 14 
200 01-·::i0-
400 09 ·2s 
GOO 11 .•3JJ~ 
BOO 15 .JS_ 

1000 10- 45 i 10 

I 15 
Ll\O 

1 .ao 
- 2 .-30 

2 1S 

125A 
j 70 
4.2S 
6.so 
ii.so 

10 .50 
1,,50 

SI LICON SOLAR CELLS 
2%" diamete r 

.4V at 500ma. $4.00/ .2V at 200 m1l1S2.00 . . . 
309K ••.... S .95 
723 • • . . . • s .50 
LM 376 ••.. S .60 
320K·5 0 1 15V $1 .40 
320T-5 . 12. 15 

Or 24 V .. S .85 

340K·5, 12, 15 
01 24 V. ••••s .es 

J 40T·S. 6 . 8. 12 
15,18 or 2 4VS1.10 

78 MG .. .. .Sl.35 
79 MG ..•. .Sl.35. 

k fantastic bargain for only 
with the following features: 
• 20 ma or RS 232 interface 
• 64K addressing range 
• Program control t imers 
• 1K of on-board static 

memory 
• Built In clock generator 

NATIONAL MOS DEVICES 
r-.1M 1402 l I& 
MM1403 I "/f, 
MM 140-4 I '5 
MMS013 2 SO 
MMSOIG 250 
MM50 17 2 70 
Mti.15055 2.75 
'i11M505G 2 ,5 

7.COO .,. 
7401  14 
7402 . 14 
7403 . 14 
141M  . 18 
7405 18 
7406 .25 
7407 .25 
7408 . 18 
7409 . 17 
7410  .,. 
741 , _ .20 
7412 .20 
7413 .39 
7414 ,63 
7416 .25 
741 7 25 
7420 ' 14 
74 25 .25 
.,426- .22 
7427 .25 
7430 ... 
7432 .25 
7437  .2 1 
7438 .2 1 
7440 . 14 
744 1 .70 
7442 .40 

TIL IC SERIES 
7445 - . 15 74150 . 90 
.,411 6  .65 74 15 1 .60 
7447 .65 741 53 .60 
7448 ,65 7t1Hi4 .95 
7450 . 15 /415.5 .70 
74"12- .29 74157 .58 
7473 .29 14161 .85 
7414  .29 74 163 .80 
7475 .45 741 6.4 .95 
7416 .30 74165 .95 
7'180 ,35 74173 1.20 
7483 62 74174 .9S 
7485 87 7417S .82 
7486 .30 74176 .75 
7489 1.85 74177 - . 75 
7490 .42 74 180 .65 
/491  58 7418 1 1.90 
7492 .4 3 74190 1.00 
7493 .45 741 91  1.00 
7494 - .10 74192 .BJ 
7495 .65 74193 .83 
7496 .65 74 194 - .85 

74107 .28 74195 .52 
74 12 1 - .JJ 1'1257 1. 25 
711123 .65 14219 .87 
7itt 25 .40 75:.J?d I 75 
1-1126 .40 7549 1 G!> 
74132 .67 751'1!1? 65 

M I Nll\TUAE DIP S\'.,. llCUES 
ClS :>06'1 rou1 SPST sw 11c ltt!'I. 

111 o nr n•un1d1n "a~lca• .,e S 1 IS 

CTS 106 8 E1CJh l SPS1 'w11dr "' on .1 lfj 
11111 OIP p.,"lf,;i..11,c Sl gs, 

$9900 
• 64 Byte reg ister 
• Built-in priority interrupts 
• Documentation 
• Uses Fairbug PSU 

600 120 175 400 

sANReN Auo10 POWER AMPs 
S1IO IO Ci lO WATIS . S 7 95 
St 1020 G 20 WhTTS SIS 95 
S11050 GSO WATTS . . . $27.9G 
CCO I It) LIN € AH 2~ XI 81T SELF 
SCANNl".(i CHA ACED COUJ'l lO 
OEVICE $6500 

CCO 201 IO'J • H)() CHArl G E 
COUPLED DEV ICE S9 , 

Sen1125t 1(11 our c;.ua log re.i 1ur1110 
Tr.onn\10'' urllll A~..:11l1 C1S 

145 Ham shfrll St Camtm ck ~ ~\.1s°' . 

74LS 
SERIES 

74LS 
· SERIES 

LINEAR 
~IRCUITS 

74 lSOO - 2 J ~3 9J LM JQ.9 OS 

~!t:! - -~ !: ~! ~~ = I;~ *~ : J . ~~ 
741. SDe .73 / 4LS160  1 02 LM ll9 .9S 
74LSt0 .2l 74LS 161 I 02 LM 3'24 - ,05 
741.Sl.!. _11 741.5162  1.02 LM 339 . 10 
74LSIJ .:... . ~ 74 LS l63 - I 02 LM 310 1. 15 
14LS:20 - .2l 7"4LS1G$ - LIO ILM 377 - 2: ~ 
141.$21 - .2l i:t~ :~i - : · ~ t~ ~ 1.25 

~:t~~~ = J~ 141..$ 114  1 05 LM382 : ~~ 
~=t~g -~ ~:t~~~~ = ~ ~ ~· ~~~ 7,50 

~:t~~~ - :~~ ~:t~ : ~~ : ~ :~ t~ ;~ ::; 
14 1.574 49 Ml.5193  1.7!:> 
7,41.SOO .: 95 74LS19~ - l.25 ~=-1..20 
14LS42 .ae, ~:~:g~ : ~~ ~ -~ :~ 
;:t~~~ = :~ N l.S75 7  l .35 56/ 1.50 

74LS76 - ...o ~~t~~~ - 1 ~ · ~~ :~ 
~:~~ng ·:g MLSlSS  .66 1 1() ,35 

7m'93 .BS ~:t~~~~ - :: ~.i~ C 0 1 V' · ~~ 
'7" 1.SI09 .50 711 LS36B - GG • 747  65 
NLS 112 llJ Jo4 LS:JgQ - 2.10 1.t;HJ IO i .&O 

;:~~~ :~ :t LI NEAR- 14S6 es 
74LS 13' 8702 CIRCUITS ~~~6 · ~ 
741.5 138 , - •  CA 3047 95 
/"LS139 72 l.M 1U1 -,5 1900 _ .Cl !) 

~~~ : :~ I . ~ i~~~~l14~d· 8Q38CC 3.90 

Circle 193 on inquiry card . 



To get futher information on the products advertised in BYTE, fill out the reader 
service card with your name and address. Then circle the appropriate numbers for the 
advertisers you select from this list. Add a 9 cent stamp to the card, then drop it in the 
mail. Not only do you gain information, but our advertisers are encouraged to use the 
marketplace provided by BYTE. This helps us bring you a bigger BYTE. 

Reader Reader Reader 
Service Page Service Page Service Page 
Number Number Number Number Number Number 

197 Alpha Digital 150 PerCom Data 10. 140 132 Heuristics 103 
108 Apple Computer 14, 15, 16 179 Hybrid 157 124 Peripheral Vision 83 
195 ARTEC 172 106 IMSAI 11 168 Perri White 153 
121 BITS Inc 61 , 75, 105, 128, 146, 148, 152 Personal Computing EXPO 98·1 01136 lnfotech 111 
141 BPI 119 149 Innovative Sottware 157 Polymorphic Systems 27 . BYTE Index 112 154 Intelligent Business Machines 150 104 Processor Technology 6, 7, 8 

California Computer Products 35 194 135 International Data Systems 116 191 Quantronics 173 
164 Canada Systems (Comptek) 151 126 Ithaca Audio BB 181 Reeves 157 
160 Charles Floto 150 187 James 166, 167 125 RHS Marketing 87 
156 Computer Comer 150 131 Kent-Moore 97 158 Rotunda Cybernetics 150 
155 Computer Depot 150 174 Kit House 157 115 Scelbi 39 
159 Computer Enterprises 153 145 Logical Services 156 Scientific Research 23, 47 
161 Computer Mart 150 188 Meshna 169 192 SD Sales 174 
177 Computer Mart of NH 157 169 Micro BYTE 150, 157 112 Seals 33 
128 Computerland 11 B 172 Micro Design 155 181 Sherwood Medical 157 
148 Computer Store 152 157 Microcomp 157 142 Smoke Signal Broadcasting 127 
182 Computer Warehouse 161 143 Micromation 136 171 Software Records 1 55 

162 Contact East 150 
 163 Microware 151 103 Solid State Music 5 

116 Continental Specialties 41 
 127 Mlcrotech 91 193 Solid State Sales 175 


Crealive Computing 117 
 147 Midwest Scientilic Inst 141 101 Southwest Tech Cll 
102 Cromemco 1, 2 190 Mikos 171 118 Synchro-Sound Enterprises 48, 49 
170 Data Search 154 111 MlniTerm 29 100 Tarbell Electronics 154 
114 Digital Group 37 146 MITS CIV, 139 107 Technical Design Labs 13 

176 Disc 3, 157 
 183 Morrow 162 110 Technical Systems Consultants 25 
185 DRC 164 119 mpl 59 113 Technico 107 
105 ECO Clll 130 Mullen 97 183 Thinker Toys 147, 162 
139 Economy Company 113 129 National Multiplex 95 139 Tripke I 13 
138 Edityper 113 122 North Star Computers 65 144 Vector Electronic 137 
151 Electronic Control Technology 147 117 Ohio Scientific 42, 43 134 Vector Graphic 105 

189 Eltron 171 
 196 OK Tool 21 , 85 153 Worldwide Electronics 149 

175 EMA 157 
 120 PAIA 60 152 Xybek 149 

137 Extensys 93 
 150 Parasitic 129 140 Ximedia 69 
164 Formula International 163 

. 
PC 77, 76, 77, 76, 79, 80 

166 Godbout 165 
HAL Communications 138 •Reader service inquiries not solicited. Correspond directly with company. 

123 Heath 66 , 67, 66, 69 

EUME-
E\'TE's U"~ui"~ Mu'1ituP Eux 

Defused 

This month, there is no BOMB anal ysis 
for May BYTE. The BOMB got defused 
by the late de! ivery of the May 1977 isssue 
due to the stri ke at our printer. As a result, 
we are holding the analysis un t i l next month 
when a double BOMB will report the results 
of May and June reader response together. • 

On BOMB Card, 
Article No. ARTICLE PAGE 

1 Sweer-Dwyer·Critchf ield: Controlling Small DC Motors 18 
2 Fohl : A Microprocessor Course 26 
3 Weisbecker: COSMAC VIP, the RCA Fun Machine 30 
4 Iverson : Understanding APL 36 
5 Keefe: Here's APL in Action! 44 
6 Wimble : An APL Interpreter for Microcomputers, Part 1 50 
7 Galway-Anderson : Serendipitous Circles 70 
8 McGath : Editorializi ng with your Computer 81 
9 Atwood: Why People Get Hooked on APL 108 

10 Burns: An 8 Digi t Hexadecimal Readout 114 
11 Tenny : Look What You Can Do...With an Edge as a Cue 120 
12 Maurer: Processing Logical Expressions 130 
13 Rheinstein : Simple Algorithms for Calculating Elementary Functions 142 
14 Schulein : A Trapping Technique for the 8080 158 

176 



Mlcromlnd ls an Incredibly flexible, 
complete and expandable, hardware/ 
software, general purpose computer 
system. You won't outgrow It 

Hardware Includes an 80 key, software
deflnable keyboard, 1/0 Interface board, 
6500A-series microprocessor (powerful 
enough for advanced computing), a high
detail graphics and character display 
processor, power supply, enclosure 
and connections for up to 4 tape recorders 
plus lV or monitor. An interconnect bus 

powerful assembler, a debugger, a file 
system, graphic routines, and peripheral 
handlers. We also include dynamic graphic 
games: Animated Spacewar and Life. 

ECD's standard Micromind µ.M-65 
supplies 8K bytes of memory. Additional 

permits 15 additional microprocessors, 
parallel processing and vastly increased 
computing power. 

System software-including ECD's own 
notsoBASIC high level language, on 
advanced error-correcting tape cassettes 
- provides a word processing editor, a r-----------------------1 

I Name I 
I II Address -----------------~ I 
: City/ State ___________ Zip _____ I 

I
I 0 Fantastic! Check enclosed : 5987.54. Shipping paid byECD I 
I 0 BankAmerica rd 0 Master Charge Mass.Residentadd5:t SalesTax I 
I II # ---- - - ---Expiration Date _ ___ _ 

I
I Signature I 

32K byte expansion 11oardS 
option give Mlcromlrtd expatJ 
to 64 Megab~s. Utilizing S>-Wil1~ 
controlled l/OC:hannels,MlcromliiCI 
advanced encoding techniques load dat.a 
from ordinary tape recorders at 3200 
bits per second. 

Micromind comes to you ready-to-use, 
factory assembled and fully tested. Among 
m icrocomputers, it has the largest memory 
capacity and the fastest storage. You're 
looking at the work of the finest display 
processor on the market You won't find a 
m icrocomputer with a more powerful CPU. 

You won't find a computer with a 
more flexible keyboard. You won't 

find anything to 
touch it at 

$987.54. 

So, quit the kluge scene and key into 
Micromind. You' ll be a main frame per
former, with all the comforts of home. 
We're not fooling .. . this!§ the cat'sµ.! 

ECD CORP. 
196 Broadway, Cambridge, Mass. 02139 
(617) 661 -4400 

ECl> 

IL D Send me your brochure. b I 
Ci rcle 105 on inquiry card . -----------------------J 

Actual unretouched photographs. 
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