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Modol Z-2 
Model Z-20 

One or lwo disks 
System Two 

Dual d isk 
Up 10 512K of RAM / ROM Up lo 5 12K or RAM/ROM 

Up 10 184K or d isk 
Up lo 5 12K or RAM / ROM 

Up lo 184K of d isk 

Fill your computer needs 
with the industry's 

1nostprofessional1nicrocomputers 

#1 IN RELIABILITY 
When you choose Cromemco you 

get not only the industry 's finest 
microcomputers but also the indus
try 's widest microcomputer selec
tion . 

What 's more, you get a computer 
from the manufacturer that compu
ter dealers rate # 1 in product re
liabi l ity.· 

Your range of choice includes 
our advanced System Three with 
up to four 8 11 disk drives. Or choose 
from the System Two and Z-20 with 
5" drives. Then for ROM-based work 
there's the Z2. Each of these com
puters further offers up to V2 mega
byte of RAM (or ROM) . 

We say these are the industry 's 
most professional microcomputers 
because they have outstanding fea
tures like these : 
• Z-80A microprocessor - oper

ates at 250 nano second cycle 
time - nearly twice the speed of 
most others. 

"Rated in The 1977 Computer Store 
Survey by Image Resources , Westlake 
Village, CA. 

Up to 512 kilobytes of RAM and 
1 megabyte of disk storage 

- - --

~ 
- -

G - ..:. ..... . ·" ... -· . . . ..... 
Sy11om Three 

Two 10 fow· disks 
Up lo 5t2K or RAM / ROM 
Up to 1 mogabylo of di sk 

~ 

~ -

• 21 card slots to allow for un
paralleled system expansion us
ing industry-standard S-100 
cards. 

• S-1 00 bus - don't overlook how 
important this is. It has the in
dustry 's widest support and Cro
memco has professionally imple
mented it in a fully-shielded 
design. 

Incorporated 
Specialists In computers and periphera ls 

• Cromemco card support of more 
than a dozen circuit cards for 
process control, business sys
tems, and data acquisition in
cluding cards for A-0 and D-A 
conversion, for interfacing daisy
wheel or dot-matrix printers, even 
a card for programming PROMs. 

• The industry 's most professional 
software support, including FOR
TRAN IV, 16K Disk-Extended 
BASIC, Z-80 Macro Assembler, 
Cromemco Multi-User Operating 
System -and more coming. 

• Rugged , professional all - metal 
construction for rack (or bench 
or floor cabinet) mounting. Cab
inets available. 

FOR TODAY AND TOMORROW 
Cromemco computers will meet 

your needs now and in the future 
because of their unquestioned tech 
n ica I leadersh ip, professionalism 
and enormous expandability. 

See them today at your dealer. 
There 's no substitute for getting 

the best. 

see next r\. 
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In This E'111 
What are readers' experiences with 

building actual robotic mechanisms? 
Stephen A Allen and Anthony J 
Rossetti's commentary On Building 
a Light-Seeking Robot Mechanism 
describes their work in this area on 
an undergraduate engineering project. 
An on board computer helps their 
robot decide what action to take when 
avoiding obstacles between it and a 
light source. 

page 24 

Until now microprocessor users had 
the choice of using either an 8 bit or a 
16 bit processor. With the advent of 
the 6809, Z-8000 and 8086, we now 
have available a hybrid machine with 
both 8 and 16 bit capabilities. Th is 
may have an effect on how language 
are written on the processors . Charles 
H Forsyth and Randall J Howard take 
a look at this in Compilation and 
Pascal on the New Microprocessors. 

page 50 

Do you need to perform extensive 
mathematical calculations, bu t fret 
over the time needed to write, debug 
and use floating point operations and 

4 Au11111 1978 © BYTE Public.lions Inc 

transcendental functions? The new 
National Semiconductor MM57109 
processor will help you with this 
problem. Turn to The Number 
Crunching Processor by Peter Nelson 
for details on how to interface an 
MM57109 with an 8080 system, and 
a review of this unique processor. 

page 64 

Pascal is the fastest growing new 
computer language. Few languages 
have the support from the typical 
university computer science depart
ment that Pascal has. To find out more 
about this fascinating language read 
Steven R Alpert's article, Pascal, 
a Structurally Strong Language. 

page 78 

A 179 year old android that can 
draw pictu res and write poeuy? It 
may sound I ike science fiction, but 
The Franklin lnstitute's Charles F 
Penniman reveals al I in Philadelphia's 
179 Year Old Android. page 90 

This month we continue Dr James 
Williams' 3 part ser ies on Antique 
Mechanical Computers with Part 2: 
18th and 19th Century Mechanical 
Marvels. Read about jacquet-Droz's 
incredible writing and draw in g auto
maton that contain s the equivalent 
of three quarters of a million bits of 
read on ly memory and can draw in
tricate pictures and transcribe poetry. 

page 96 

Using a structured language such as 
Pascal helps the programmer easi ly 
organize the logic of a program. Often, 
it is not necessary to wr·ite a logic dia
gram for the program. To this end, 
Dav id Mundie compares a we ll wr itten 
Pascal program to a Warn ier-Orr logic 
diagram in his article In Praise of 
Pascal. page 110 

Business applications for personal 
computers are more and more in evi
dence these days. Pascal lends itself 
well to business applications with the 
addition of some special features 
described by Ken Bowles in Pascal 
versus COBOL. page 122 

One of the newest developments in 
software is structured programming. 
Many features of the technique have 
been described, but often the actual 
procedure for constructing a struc
tured program is not mentioned. 
Chip Weems describes the steps in
volved in Designing a Structured 
Program. 

page 743 

Light pens are one way to imp rove 
the user-computer interface, but 
there's an even more direct way: a 
noncontact scanning digitizer. Simply 
touch the screen of your video display 
to enter information ! Steve Ciarci a 
shows you how in Let Your Fingers 
Do the Talking: Add a Noncontact 
Touch Scanner to Your Video Display. 

page 756 

If you like to gamble, but don't 
want to wait for legalized gambling in 
your state, try JACPOT. Author 
Edwin Hastings has written a straight
forward BASIC simulation of a slot 
machine. Now you can gamble (for 
fun only, of course) to your heart's 
content without depleting your bank 
account. You can lose everything 
and then turn around and lose it again! 

page 766 

Pascal is an exciting language that 
can help you program more effi
ciently. It was developed in 1969 
as an extension of the ALGOL fami ly 
of languages. Author Allan Schwartz 
compares Pascal to BASIC, a language 
fam iliar to many BYTE readers, in 
Pascal versus BASIC: An Exercise. 

page 768 



Identical lwins ... almost. 

This one prints. 
$395. 

This one prints & plots. 
$795. 

In 1977, AXIOM pioneered low-cost 
electrosensitive line printing . setting an 
example which others have been quick 
to follow. 

However. we bel ieve that once you 
are the market leader. you should stay 
out 1n front. So we're proud to announce 
the birth of two exceptional new 
products, the EX-801 MicroPrinter 
and the EX-820 MicroPlotter which set 
new standards for versatile low-cost 
hardcopy. 

These babies are beautifu l. housed in 
sleek molded cases designed by the 
award-winning lnova design group. But 
beauty is more than skin deep. Each 
unit is packed with unique featu res . Like 
serial RS232C/20mA and parallel ASCII 
inputs as standard . Reverse printing . 
Oversized input buffers. Expandable 
character sets . User program memory 
for real "intelligence '. ' 

Twins , yes , identical. not quite . ... 

Meet the MicroPrinter 
Here's the answer to a micro (or mini) 

computer's fondest dreams. Designed 
around the Intel 8048 microprocessor, 
the EX-801 MicroPrinter operates to 
160 cps (that's 14 times laster than a 
TTY), and gives you the choice of 3 

Circle 18 on inqu iry card . 

intermixable character sizes to provide 
80, 40 or 20 columns on 5-inch wide 
electrosensitive paper, making this 
printer ideal for CRT hardcopy, data 
logging, remote message printing, 
program listing , record keeping . . . In 
fact. any application needing fast . 
low-cost copy. 

Introducing the MkroPlotter 
Our EX-820 MicroPlotter does 

everything the EX-801 does - plus it 
plots . Under software control, you have 
unlimited flexibil ity to mix alphanumeric 
ASCII and graphics on any line. Just 
define the size of each graphic field, 
and choose from 3 pre-programmed 
dot resolutions up to 128 dots per inch . 
Once the fields have been defined. the 
EX-820 automatical ly forma ts graphic 
and alphanumeric printouts to 
your specs . 

Complete stand-atones 
The EX-801 and EX-820 are both 

complete stand-alone units, including 
molded case . power supply, parallel 
ASCI I and Serial RS232C/20mA 
interfaces, character generator. low 
paper detector. be ll , bui lt-i n self tester 
and paper rol l holder. Not to mention 
a whole range of fan tastic low-cost 

options like 2K character buffer. 256 
character set and user PROM memory. 

Any questions??? 
OEM discounts? The above prices 

are single quantity end-user. If you're 
an OEM they sound even better. 
Distributors? Everywhere in the USA 
and in 18 overseas countries . Service? 
Just ca ll one of our 20 nationwide 
service centers. Maintenance? Minimal. 
The printhead is self-adjust ing and 
there are no inky ribbons to change . 
MTBF? 11.6 million lines . Need we 
say more? 

Whether you need sophisticated 
g raphics or simple printout , AXI OM 
sti ll has the lowest cost. highest 
performance pri nters in the field - so 
we're sti ll the market leaders. Phone or 
write today for the whole story on our 
almost identical twins. 

AXIOM CORPORATION 

5932 San Fernando Rd .. Glendale , CA 91202 
(213) 245-9244 • TWX: 910-497-2283 
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El1itD~ial 

By Carl Helmers 

Based on a computer 
graphic suggestion by 
students Joel McCormack 
and Owen Hampton at 
UCSD, we arranged with 
Russell Myers for this 
statement of an extreme 
opinion about Pascal . ... 

"UCSD Pascal" 

6 Augujf 1918 V BYTE Publiutiom Inc 

A Vision of an Industry 

In mid-March of th is year, I finished a 
trip to the West Coast by having a day long 
meeti ng with Ken Bowles and his associates 
at the University of Cal iforn ia, San Diego. 
The purpose of this meeting was to ex plore 
some of the possibilities which arise from 
the standardization of ex tens ions to Nik laus 
Wirth's language Pascal, and the equally 
important implications of the technology of 
intermedi ate languages such as the optim ized 
form of "P-code" developed al UCSD. 

I came to thi s mee tin g with a background 
of familiarity with the reasons for encour
aging highly structured languages such as 
Pascal. Before start ing BYTE, I had been 
involved with the NASA HAL/S language 
deve loped by my employer of the lime, 
In termetr ics Inc of Cambridge MA. I lived 
and breathed consider, Lions of softw re 
reliability, ease of program design and the 
conceptual economy of a detai led program 
represen tation which doubles as the docu
mentation of the algorithm. My persona l 
experiences were with the context of the 
need Lo "man rate" lhe flight oftware of a 

contemporary spaceship through the use of 
high rel iability software tools and techniques. 
These points are made elegantly in a number 
of books and papers which have been 
published on the subject to date. 

What came out of this meet in g with Ken 
Bowles is a vision of an important synthesis 
of machine independent software representa· 
tions, the technology of pr in ling machine 
readab le software on paper, and the distribu
tion of software in the form of convention
all y printed and bound publications. It is a 
vision of what the software publishing 
business could look like over the course of 
the next few years. 

Out of th is vision of a machine independ
ent software publ ishing indu stry comes a 
serendip itous ju st ification for sup port of 
Ken Bowles' efforts to estab lish a "band
wagon" effect of support fo r the Pascal 
language and machine indepen dent software 
systems. The purpose of this essay is to 
discuss the present dimensions of the soft
ware publishing problem, the technology 
which ex ists for prepar ing and print ing 
mach in e read able representations, and the 
vis ion of machine independent software 
publ ishing which Ke n Bowles and I saw 
inherent in the Pascal P-code technology as 
we discussed it that day. 

Publi shing Software 

As the users of th e personal comp uter 
expand in number, the means of distrib ution 
of softwar·e become critical to those who 
wou ld distribute such software. In personal 
computing we are faced with a kind of 
problem which is completely new in the 
computer industries : the number of machines 
installed is becoming incredib ly large by 
standards of the past 20 years, and the pr ice 
paid per uniL insta ll ation is becoming incred
ib ly smal l. The computers which are a 
po ten Lia I market for soft ware are in the 
initia l stages of becoming a mass market: too 
large a market for the custom craftsmanship 
of the tradition al software vendor. To be 
convenient for the customers programs must 
be distrib uted with a machine read able copy 
wh ich elimi nates the need for hand key-

Continued on page 133 
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eanswer1sa 
It's the serious 

solution to the 
small ~omputer 
question. 

Sol Systems are the key to effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, the problem solving 
capability f high level languages and the operatio nal simplic ity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to d 
a complete job without adding a load of costly extras . ln fact. 
when you compare the ·'everything included" price of 
a quality, field proven Sol System with anything else on the 
market, y u ll be happily surprised to find out h w littl 
the extra performance and convenience c sts. 

For example, complete Sol Systems with 16,384 bytes 
of RAM memory start at less than $2500~ Expanded systems 
with 49,152 bytes of RAM memory, 1.5 million bytes of 
on-l ine disk memory, disk operating sy te rn and Extended 
Disk BA 1 c st less than 58000~ Both systems are fully 
assembled, burned-in , tested and ready to go. 

Sol Compatibi lity 
Sol Systems feature the S-100 bus for pin-to-pin 

compat ibi lity with a wide variety of add-on devices such as 
voice input and computer graphics. Standard Sol 
parallel and serial interfaces will drive most standard printers, 
modems and other peripherals. 

A word about languages 
No system is complete without software, and at Processor 

Tech n 1 gy we have tajlored a group of high level languages, 
an assembler and other packages to uit the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, th is BASI C features string and advanced 

•u .S . prices o nly. 



fi le handling, special screen commands, tim d input, complete 
matrix , logarithmic and trigonometric functions, exponen
tial numb r , 8 digit precision and quare root. T he language 
handles serial access fil es, prov ides tape rewind and 
offers cur or control for graphics capability. 

The disk version has al l the number c runc hi ng talents 
of t11e cassette BASIC pl us instant access to data and programs 
on floppy disks. It includes random as well as sequential 
fi les and a unique abi lity to update sequential data in place. 

Pro essor Technology FORTRA is simj lar to FORT RAN JV 
and has a full set of extensions des igned for the ·'stand alone" 
c mputer environment. T hou ·ands of spe iaJ appl i ation 
programs available through bo ks and period icals have air ady 
been written in this well established language. 

Processor Ti chn I gy PILOT i an excel! nt languag 
for teachers. It is a string-oriented language des igned ex pressly 
for interactive applications such as programmed instruct ion, 
drill and testing. 

No wonder we call it the serious solution 
to the small computer question. 

It's the small computer sy tem to d the general ledger and 

the payroll. Solve engineering and scientific problems. 
Use it for word processing. Program it for computer aided 
instruction. Use it anywhere you want versatile 
computer power! 

Sold and serviced only by the best dealers. 
I System are sold and serviced by an outstand ing group 

of conveniently loca ted computer stores throughout the 
United States and Canada. T hey are also availabl in Australia 

urope, the United Kingdom, Central America, South 
Am rica, Japan and Singapore. 

Form re inf rmati n contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Ti chnology Corp ration, 7100 .J ohnson Indu trial Drive, 
Pleasanton, CA 94566. Phone (415) 829-2600. 

Ci rcle 305 on inquiry card . 
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Your 
Sol dealer 
has it. 
AL: Birmingham: ICP. Computerland. 1550- D 
Montgomery Hwy .. (205)979-0707. AZ: Tempe: 
Byte Shop, 1425 w. 12th Pl. . (602)894-1t29: 
Phoenix: Byte Shop. 12654 N. 28th. (602) 
942-7300:Tucson: Byte Shop. 26t2 E. Broadway, 
(6021327-4579. CA: Berkeley: Byte Shop, 
1514 University, (4 t5)845-6366: Costa Mesa: 
Compuler Cenler. t9t3 Harbor. (7t4) 
646-0221: Hayward: Byte Shop, 1122 "' B" St .. 
(415)537-2983: Hayward: Computerland of 
Hayward. 22634 Footh ill Blvd., (415)538-8080, 
Lawndale: Byte Shop. 16508 Hawthorne, 
(213)371-2421. Mt. View: Byte Shop, t063 El 
Camino. (4t5)969-5464; Mt . Vi ew: Digital 
Del i, BOW El Camino, (415)961-2670: Orange: 
Computer Mart . 633-B W. Katella . (71 4) 
633-1222: Pasadena: Byte Shop, 496 S. Lake, 
(2t 3)684-33t 1: Sacramento: Micro-Computer 
Application Systems. 2322 Capitol. (916) 
443-4944: San Francisco: Byte Shop, 321 Pacific. 
1415)421-8686: San Jose: Byte Shop. 2626 
Union. (408)377-4685; San Rafae l: Byte Shop, 
509 Francisco. (415)457-931 t : Tanana: Byte 
Shop, 18424 Ventura, (213)343-3919: Walnut 
Creek: Byte Shop, 2989 N. Main. (415)933-6252. 
CO: Boulder: Byte Shop, 3101 Walnut . 
1303)449-6233; Denver : Byte Shop. E. 1st Ave. & 
University, (304)399-8995. FL: Ft . Lauderdale: 
Byte Shop. 1044 E. Oakland Pk., (305)561-2983: 
Miami : Byte Shop. 7825 Bird. (305)264-2983; 
Tampa: Microcomputer Systems. 144 So. Dale 
Mabry, (8t 3)879-4301. GA: Atlanta: Computer 
Mart . 5091-B Buford. (404)455-0647. IL: 
Champaign- Compu1er Co .. 318 N. Neil. (217) 
359-5883, Numbers Racket . 623Y:. S. Wright . 
(217)352-5435; Evanston: illy billy machine co. 
1322 Chicago. (312)328-6800: Schaumburg: 
Data Domain, 1612 E. Algonquin, (312) 397-8700. 
IN: Bloomington: Data Domain, 406 S. College. 
(812)334-3607; Ind ianapol is: Data Domain. 7027 
N. Mich igan. (317)251-3139. IA: Davenport: 
Computer Store, 4128 Brady. (319)386-3330. 
KS: Overland Park: Personal Computer Cent er. 
3819 W. 95th St. . (913)649-5942. MA: Boston: 
Computer Warehouse Store. 584 Commonwealth, 
1617)261 -2700. MO: Towson: Computer Etc .. 
13A Allegheny, (301)296-0520. Ml: Ann Arbor: 
Computer Store, 310 E Washington, (313) 
995· 7616; East Lansing: General Computer Store. 
t 310 Michigan. (517)351-3260; Troy: General 
Computer Store, 73 W. Long Lake Rd., (313) 
689-8321 . MN: Minneapolis: Computer 
Depot.3515W. 70lh.(612l927-5601 . NJ: Cherry 
Hi l l: Computer Emporium. 2438 Route 38, 
(609)667-7555: Hoboken: Computer Works. 20 
Hudson Pl , 1201 )420-1644; lselin: Computer 
Mart, 501 Rt. 27, (20t )283-0600 NY: Endwell : 
The Computer Tree. 409 Hooper Rd .. ( 607) 
748-1223: New York: Computer Mart. 1 t8 Madison, 
(212)686-7923; White Plains: Computer 
Corner, 200 Hamilton, (914)949-3282. NC: 
Raleigh: ROMS "N" RAMs. Crabtree Valley 
Mall. (919)781-0003. OH: Columbus: Byte Shop. 
2432 Chester. (614)486-7761 ; Dayton: 
Computer Mart. 2665 S. Dixie. (513)296-1248. 
OR: Beaverton : Byte Shop, 3482 SW Cedar 
Hilts. (503)644-2686: Eugene: Real Oregon 
Computer Co .. 205 W. 10lh. (503)484- 1040: 
Portland: Byte Shop, 2033 SW 4th Ave .. (503) 
223-3496 Al: Warwick. Computer Power, 
M24 Airport Mall. 1800 Post Rd .. 1401 )738-4477 
SC: Columbia: Byte Shop, 2018 Green. 
(803)771 -7824 . TN: Kingsport : Microproducts 
& Systems. 2307 E. Center. (615)245-8081. 
TX: Arlington: Computer Port . 926 N. Collins. 
1817)469-1502: Arl ing ton: Micro Store, 
312 W Randol Mill Rd . (817)461 -6081 : Houston: 
Interactive Computers. 76461h Dashwood. 
1713)772-5257, Lubbock: Neighborhood 
Computer Store. 4902-34th St., 1806)797-1468; 
Richardson: Micro Store, 634 So. Central 
Expwy .. (214)231-1096. VA: McLean: Computer 
Systems Store, t984 Chain Bridge, 1703) 
821-8333: Virg inia Beach. Home Computer 
Center. 2927 Va. Beach Blvd .. (804)340-1977. 
WA: Bel levue: Byte Shop, t470t NE 20lh , 
1206)746-0651 : Seatt le: Retail Computer Store. 
410 NE 72nd. 1206)524-4101 . WI : Madison: 
Computer Store. 1863 Monroe. (608)255-5552, 
Milwaukee: Computer Store. 69 t6 W. North. 
1414 )259-9140. D.C.: Georgetown Computer 
Store, 3286 M St. NW, (202)362-2127. 
CANADA; Toronto, Ont : Computer Mart , t543 
Bayview. (416) 484-9708: First Canadian 
Computer Store. 44 Eglinton Ave. W , (416! 
482-8080; Vancouver, 8 .C. : Basic Computer 
Group. 1438 W. 8th. (604)736-7474: Pacif ic 
Computer Store. 4509 Rupen . (604)438-3282. 
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H I DD E N GOL D IN T HE Tl -59? 

In regard to " h idden gold" in the 
Tl-59 (Webb Si mmons' letter-interview, 

March 1978 BYTE, page 133) the on l y 

things I ' ve come across af t er extens ive 
investigatio n arc t11 e fol lowing : 

1. Accordi ng to th e manu al, the 

"decrement and skip on ze ro" instruc 

tion only refe re nces memories 00 to 09 
(ie: the instruction may o n ly be fol 
lowed by a single digi t for the memory 

reference). In fact, any available memory 
can be u sed, except for 40, whict1 hap

pens to be the num erical cod e for an 

indirect memory referen ce. You have to 

use the editing functions or some other 

trick to jam the 2 digit number in, bu t 
this isn't too muc h troub le; in the in 
direct mode, memory 40 may also be 

used, and t l1ere's no jammi ng problem at 

al l . 
2. Tl1is one is hardly t1iddcn, but 

apparen tl y (judging by the T l programs 

that came with t ile ca l culator) T l 's 
designers didn 't know abou t it: to make 

the d isplay flash withou t alteri ng any
thing else ( i ncl udi ng the contents of the 

displ ay), the sequence " 2 nd operat io n 

99" does very nicely: ac tu ally , "2nd 

opera ti on any thi ng larger than 39." 

)a mes G O wen 
95 1 Dryde n R d 

I t haca N Y 14850 

TE XT EDI T ING 

sympat11i ze and agree with your 

essay o n the need for sophisiticated text 
edi t ing (March 1978 BYTE, page 6). 

I am a fu ll·t ime writer who spends a 

great deal of time at my cor recting 
Selectric 11 and who would apprecia te 
technology which would eliminate cross

ing ou l and ret y ping m y man u sc ripts as 
I unsc rambl e t he words that first poured 
OUl. 

At some po int, I send t l1ese st1eets to 
a t y pist , an d th ey come back finished. 
That, t oo, could be eliminated by a text 

editor control l ing a fa nc y typewriter. 
But I need even more the abili1y to 

write and edit. on a video screen, then 
call for a final pr intout of the texc on a 
hands off basis . 

I cou ld buy il text editor, bu t I want 
further compu ter capability to keep 
track of my poten tial outlets Lo ease the 
process of writing query letters, to 
store and son random ideas for later 
prin tout as fair l y co l1 es ive o u tlines, and 

to store many standard paragraphs for 
compilation i nto lette rs and replies to 
advert isements. 

Please keep me informed of your 

p rogress in your quest for quali t y ed i t ing 
at an affordabl e p rice. 

Rob ert A M osk o wi tz 
403 W Sch o ol H o u se Ln 

Ph i ladelphia PA 19144 

A PO I N T OF I N TEREST ... 

Wh i le wa i ting for somebody to bui ld 

a system cheap and inte l ligent enough 
for me I read your paper wi th great 

i nterest. Amusingly, BYTE is the only 
English magaz ine I have see n which tu rn s 

the text on the side of the cover upside 

down. 

M ats Li ljedah l 
K alen der v 31 

4 1 5 11SWEDEN 

And, you will notice, srarting with 
the January 7978 BYTE, we did a 
180 • flip of the binding edge notation. 
Consistency was 11iewed as a 11irwe 
within the context or one year's worth 
or BYTE after we discovered the orien · 
talion or the binding text in the January 
797 7 issue! .. . CH 

OMA A N D V I DEO : ARTIC LES 

NEEDED 

How about running a review o r an 

article on direct memory access (OMA) 
in m icrop rocessors? We video hacks 
wo u ld I ike to read how to sort ou I 

ma nu fac turers ' specs, how 10 work 

arou nd t heir des ign "lemons," and how 
to make m ul tichannel DMA work 
effectively towards fa ncy pictures. 

Dr W R L evi c k 
Dept of Physiology 

John Curtin School o f M edica l R esearch 
POB 334 

Canberra City AUSTRA LI A (AC T 2601) 

A MORE I N E X PENS I V E DIR ECT 
VIDEO CONVERSI ON ? 

read with in te res t the artic le by 
Dan Fylst ra abou t converting a TV set 
into a mon i tor (May 1978 BYTE , page 
22). With al l due respect to the author, 

Contin ued on p age 120 



You've decided you want a microcomputer 
DP ce nter-but what 10buy? A component 
system ? A compu ter box here. a C RT box 
there, a keyboard box. a floppy disk box ... 
A so ca lled inexpensive $695 system '? No 
disk: no way 10 acid enough memory ... and 
if you could. it's not inexpensive an)•more: 
and you still wi nd up with a collec1ion or 
boxes. 

The IMSA I VDP-40 i ' a full y integra ted 
Video Data Processing sy tern and comes 
equipped wit h your choice or 32 K or 64K 
RAM on our own advanced RAM Ill boa rd. 
In one cabinet. the VDP-40 combines a 
profes iona l keyboa rd . hea vy-duty power 

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

supnl y, twin mini -tlop-
nics, a 111u l1i-slo11cd mother
board . 9-inch CRT. plus RAM al a 
new price/performance never before 
achieved. 
S~· s l em Ex pansion'! Ex tra slo1s in our 
S-100 bus motherboard and our new power 
supnly allow almost unlimited expansion. 
\Ired rnorl' di~k l'Wansion? A eom roller 
01 1ion or the VDP-40 allows expan sion 10 
greater than 4.SM B)'les. 
Acid a line printer. an IBM compatible tape 
dr ive. a modem: all arc ava ilable, with the 
imerraces and so f't ware to make i 1 work for 
you. 

IMSAI EUROPE 
Europa Terrassen 
8 Rue Jean Engling 
Domrneldange. Luxembourg 
43-67 -46 Telex: 1428 

price/performance means every 
home or business can now afford a 

complete DP center. Check us ou1. IMSA I 
has what you want and what you need. Visit 
you r dealer or write us directly. 
Fcu1urcs subjcc1 10 ch;1ngc wi! hout noun· 

The Standard of Excellence 
In Microcomputer Systems 

Price/Performance no one else has put together. 
Circle 175 on in quiry card . BYTE Ausun 1978 11 



Olav Naess 
Welhavensgt 65 
Bergen NORWAY 

John C McCallum 

Dept of Computer Science 
Yark University 

4700 Keale St 
Downsview , Ontario 
CANADA M3J 1 P3 
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A Letter Exchange: Extending S-100 Bus? 

When john McCallum in the March 1978 
BYTE (page 148) discussed the possibi lities 
of gettin g a 16 bit data bus on the S-100, 
there was one alternative he didn 't mention: 
why not use the input and output 8 bit 
buses as a single ·16 bit bid irec tional bus? As 
far as I can see, the problem will be cards 
which enable their outpu t buffers when the 
processor does the same. Are there reall y 
cards which do that? Do they talk when 
they are to ld to listen? 

That a 16 bit processor can only ex
change a by te at a time with old 10 cards 
is less im portant. Old memory ca rds wil l be 
more tricky to use, as they will require some 
buffer r·ewi rin g. If the new 16 bit processors 
get 16 bit wide memory cards, they should 
thrive well on the S-100. 

I suggest an improvement for the S-100: 
one of its lines should be rese rved for use as 
a bidirectional bu s for analog signals. When 
ever digital data is read through an inpu t 
port, an analog to digital converter samples 
the analog bus, and when data is sent to an 

ou tp ut port, a D/A converter puts its output 
voltage on the analog bus. 

Finally, it is awkwar·d to connect s- ·100 
cards to the environment when the\/ need 
ex tern al connectors, switches, indicators, 
potentiometers, etc. The cabinet canno t 
eas ily have panel s equipped with suc h 
comm unication points which the pMtiCL1 lar 
combin ation of cards inside needs. A solu 
tion to this problem is common ly used with 
laboratory electronic systems: Each plu g-in 
card has a long, narrow plate mounted per
pend icularl y along the card edge that is 
opposite to the edge connector. Together 
these plates for the communication po in ts 
wi ll constitute a relevantly composed front 
panel; and the mess of costly connec tors 
and cabl es inside is replaced by short, fixe d 
wire connections. Ol d S-100 cards can be 
used with such a system, even if the plates 
cannot be moun ted on th ese card s. (A stil l 
better· but more rad ica l soluti on is the 
hinged frame system I described in the 
April 1977 Digital Design.)• 

And Some Notes by John C Mccallum 

I was inte res ted in Olav Naess' comments 
about ex pan ding the Altai r (S-100) bus to 
include a 16 bit data bus . Mr Naess' notes 
brought to mind some or the disc ussions at 
the S-100 bus fo rum at Atlantic City last 
year. 

The suggestion to use the in pu t and 
output 8 bit buses as a single 16 bi t bi 
direc tional bus has three drawbacks: 

(1) It assumes that proper da ta transfer 
signals are used by all memory 
boards. Un fo rtunately tha t 's no t so. 
I don 't have any of the bad boards 
myse lf. But others at the for um 
men ti oned the problem. 

(2) A big problem i Processor Tech
nology 's idea that one should wire 
data in and data ou t lines as a bi
directional bu . This simplifies board 
des ign - but makes a 16 bit bidirec
tional bus im possible when used with 
most Processor Technology boards 
or systems. 

(3) Rewiring all the old memory boards 
to accommodate 16 bit words is a 
problem. I have enough difficulty 
getting standard boards in the righ t 
memory area ! 

About the comment on reserving one 
S-100 bus I ine for an anal og signal - it 
sounds nice. Bu t unfortunately there is so 
much noise on the bus that it would be 
useless. Most of the people at the for-u m did 
not rea lize th e extent of the noise on the 
bu s - so it is useful to po int it out again. 

On the topic of packagi ng of the S-100 
system, I feel there is something needed . 
Perhaps a device Ii kc a CA MAC frame 
system would be good . This is similar to 
what Mr Naess suggests. I think the hi nged 
frame might be tricky, an d I can remember 
100 whi te wires to connec t up sections of a 
mother board! I th ink th e most important 
S-100 bus consideration is gett ing common 
acceptance of the extended add ress ing line . 
With 64 K memory boards corning down in 
price, and the new Inte l 8086 processor· 
addressing 1 M byte, the lines are needed. 
TDL seemed to have the simplest structu r·c, 
so I vo te for Al6, 17, 18, ·19 as the highest 
priority. 

Beyond th e 1 M byte range, I think that 
we most like ly need a whole new bus to sup
port future processor chips (multi-mega
byte, 32 bit data bus). The S-100 bus wi ll 
proba bl y be going strong fo r another 5 years 
anyway. • 
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Wily Apple I Is the worldS 
st selline pe Onal computer. 

satisfaction a personal computer can 
bring, today and in the future. 

tS colors & hi-resolution 
-~~ graphics, too. 

owners on top of what's new. 
Apple is so powerful and easy to use 

that you'll find dozens of applications. 
There are Apples in major universities, 

''4f helping teach computer skills. There 
WWhich personal computer will be are Apples in the office, where they'r 

most enjoyable and rewarding for you? being programmed to control inven
Since we delivered our first Apple® II tories, chart stocks and balance the 
in April, 1977, more people have chosen books. And there are Apples at home, 
our computer than aU other personal where they can help manage the family 
computers combined. Here are the budget, control your home's environ-
reasons Apple has become such an ment, teach arithmetic and foreign 
overwhelming favorite. languages and, of course enable you 

Apple is a fully tested and assembled to create hundr ds of sound and 
mainframe computer. You won't need action video games. 
to spend weeks and months in assembly. When you buy an Apple II you're 
Just take an Apple home, plug it in, investing in the I ading edge of tech-
hook up your color TV* and any cassette nology. Apple was the first computer 
tape deck-and the fun begins. to come with BASIC in ROM, for 

To ensure that the fun never stops, example. And the first computer with 
and to keep Apple working hard, we've up to 48K bytes RAM on one board, 
spent the last year expanding the Apple using advanced, high density 16K 
system. There are new peripherals, devices. We're working to keep Apple 
new software, and the Apple II Basic the most up-to-date personal computer 
Programming Manual. And wait till money can buy. Apple II delivers the 
you see the Apple magazine to keep features you need to enjoy the real 
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Don't settle for a black and 
white display! Connect your 
Apple to a color TV and 
BASIC gives you instant 
command of three display 
modes: Text, 40h x 48v 
Color-graphics in 15 colors, 
and a 280h x 192v High 

Resolution 
an-ay that 
lets you plot 
graphs and 
compose 
3-D images. 
Apple gives 

you the added 
capability of combining 

text and graphics, too. 

Back to basics, and 
assembly language too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 
and 6502 assembly language. That's 
maximum programming flexibility. And, 
to preserve user's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy-to-use, universal language 
instantly available. BASIC gives you 
graphic commands: COLOR=, VLIN, 
HLIN, PLOT and SCRN. And direct 
memory access, witl1 PEEK, POKE 
and CALL commands. 

Software: Ours and yours. 
There's a growing selection of pre

programmed software from the Apple 
Software Bank - Basic 
Finance, Checkbook, High 
Resolution Graphics and 
more. Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 



by other Apple owners. Our Software 
Bank is your link to Apple owners all 
over the world. 

Alive with 
the sound 
of music. 

Apple's ex
clusive built-in 
speaker delivers 
~a~~ilim~~nclwundro~ur 
programs. Sound to compose electronic 
music. Sound to liven up games and 
educational programs. Sound, so that 
any program can "talk" back to you. 
That's an example of Apple's "people 
compatible" design. Another is its light, 
durable injection- molded case, so you 
can take Apple with you. And the 
professional quality, typewriter-style 
keyboard has n-key rollover, for fast, 
error-free operator interaction. 

Apple is the 
prowen computer. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of this ad 
each month for the latest in our grow
ing family of pe1ipherals. We call them 
"intelligent interfaces:' They're smart 
peripherals, so you can plug them in 
and run them from BASIC without 
having to develop custom software. 
No other personal computer comes 
close to Apple's expandability. In addi
tion to the built-in video interface, cas
sette 1/0,and four AID inputs with two 
continuously variable game paddles, 
Apple has eight peripheral slots, three 
TTL inputs and four TTL outputs. Plus 
a powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals. 

Available now. 
Apple is in stock and ready for 

delivery at a store near you. Call us for 
the dealer nearest you. Or, for more 
details and a copy of our "Consumer's 
Guide to Personal Computers," call 

800/538-9696** 
or write Apple 
Computer, Inc., 
10260 Bandley 

Drive, Cuper
tino, CA 

Apple is a state-of-the-art single 
board computer, with advanced LSI 
design to keep component count to a 
minimum. That makes it more reliable. 
If glitches do occur, the fully socketed 
board and built-in iliagnostics sim
plify troubleshooting. In fact, on our 
assembly line, we use Apples to 

...,. _ ______ ......... 95014. 

test new Apples. 

• Apple II plugs into any standard TV using 
an inexpensive modulator (not included). 

•• Jn California, call 408/9'J6-1010. 

applcz computar® 

Programming is a snap! 
I'm halfway through Apple's BASIC 

manual and already I've programmed 
~ my own space wars game. 

Those math programs I wrote 
last week-/ just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 

New from Apple. 
Introducing Disk II" : 
instant access to your files. 

Our newest peripheral is Di k II , a 
high-density 51/.i" floppy disk drive for 
fast, lowcost data retrieval. It 's perfect 
for storing large bodies of data such as 
household finances, address files and in -
ventories; you can find any record in just 
half a second. No more searching through 

stacks of cassettes; with 
a few keystrokes, your 
svstem will load, store 
and run any file by 
name. 

Disk II consists of 
an intelligent inter-
face card, a power

ful Disk Operat · 
ing System 

(DOS), and 
one or two 

mini floppy d1ives. Your 
Apple will handle up to seven 
inter face cards and fourteen drives , 
for control of n arly 1.6 megabytes of 
data, with no expansion chassis. The com
bination of ROM-based bootstrap loader 
and an operating system in RAM provides 
complete disk handling capability, includ
ing these special features: 
• Soft sectored • Random or sequential 
fi le access • Program chaining capability 
• Universal DOS command processor 
works with existing languages and monitor 
• Full disk capability in systems with as 
little as 16K RAM • Storage capacity: 
113 kilobytes/diskette. 

See Disk II now at your Apple dealer. 
Sold complete with controller and DOS at 
$495.1 

Peripherals in stock 
Hobby Board (A2B0001X). Parallel Printer 
Interface (A2B0002X), Communication In
terface (A2B0003X), Disk II (A2M0004X). 
Coming soon 
High speed Serial Interface, Printer II. 
Printer IIA. Monitor II , Modem HA. 

I Price subject to change withou t notice. 

Circ le 15 on inqu iry card . 

Apple's smart peripherals make 
expansion easy. Just plug 'em in and 

they're ready to run. I've already 
added two disks, a printer and the 

communications card. 

~ 



About the Cover 
by Carl Helmers It is rare when one can indul ge in one's 

prejudices with relat ive im pun ity, poking 
a bit of good hum ored fun to make a po in t. 
The des ign of the cover, en ti tied "Pascal 's 
Tri angle" provided just such an opportun ity. 
The cover was executed by Robert Tinney, 
but the prejudices are all mine and were 
give n to him as a fair ly detailed scri pt. The 
point is that Pascal is he re, it is consistent 
with use by small computers, such as many 
reade rs own, and it is ava ilable in the fo rm 
of the UCSD softwa re sys tem at quite a 
nominal charge above the cost of th e hard-

16 Auguu 1978 © BYTE Public;uions Inc 

ware req ui red. While today it requires a com
pute r at the high end of the persona l com
pu ter ra nge of prici ng, the uti lity of the 
la nguage an d advances in both magnetic 
media and read on ly memory technology 
should lower the price of the minimum 
hardware requirements considerably over 
the course of the next year or two. With that 
point, we presen t "Pascal's Triangle." 

The primary all egory of the cover is of 
course the inversion of the " Bermuda 
Tr iangle" myth's the me to show smooth 
waters. The tri angle is an unbounded tri-



Now there are al least 
102K more reasons lo 
buy the Heathkit Ha 
Personal Computer-

The WHl7 floppy! 

Be sure to fill out 
postcard to order 

your FREE catalog. 
II card is missing, 

wri te Heath Company, 
Dept. 334-440, 

Benton Harbor, 
Michigan 49022 . 

CP-152 
Circ le 160 on inquiry ca rd . 

llKJffY.;J~'tQur Ra 
computer 
system. 
Programs 
dreloaded 
in seconds 
instead 
of minutes 
so you're 

Dl•k Ort ... un11 up and 
running fast; you can store literally 
hundreds of programs on a single disk 
so you have lots of storage space and 
immediate access to all your programs; 
you can update files instantly and 
efficiently to save time. The WH17 is far 
more versatile and reliable than 
paper tape or cassette storage systems. 
It truly makes the HS a "total capability" 
computer system! 

Storage media for the WH17 is the stan
dard hard-sectored 40-track diskette. 
Measuring just 5.25" in diameter, each 
disk offers access to better than 102K 
bytes of available program and 
data storage area. The drive system 
used in the WH17 is the famous 
WANGCO model 82, a performance. 
proven drive providing accurate high
speed data a ccess. Specifications of 
this drive include a conservative 30 mS 
track-seek time and typical random 
sector access times of less than 250 
mS. Compare. These figures are con
siderably better than you'll find for 
most equivalent competitive drives. 
A diskette containing all operating 
systems software for the WH17 is sold 
separately for $100. This softwme 
includes the Heath Disk Operatin9 
System (HDOS) with ltaiml~cU,-.-..... ="'·• 

nostic forlloiPYel'~ 
op • 
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angular array of buoys numbered with the 
binomial ex pansion coefficients. These co
efficients are "Pascal's Triangle" as any high 
school algebra student will have learned. 
Pascal's Triangle on the cover is of course 
embedded in a matrix of the waters of the 
FORT RAN Ocean of computer languages, 
named after the pioneering widely used 
high level language FORTRAN, and its 
descendents FORTRAN 11 , FORTRAN IV, 
WATFOR, WATFIV and even the mildly 
reformed RATFOR. 

A prominent island graces the bottom of 
the picture, the Isle of BAL with its rocky 
and desolate su rface. Note the great JCL 
barrier reef which surroun ds the Isle of Bal 
and borders the Straights of COBOL along 
the bottom edge of the picture. These 
dangerous and u ns true tu red reefs have su nk 
more than one ship on the ir treacherous 
shoals, includi ng the good ship SS OS of all 
encompassi ng (360 degree) fa me. (Much 
commercial traffic is seen in the sea lanes of 
the Straights of COBOL.) 

In the lower right part of the picture 
where the Straights of COBOL meet the 
main body of the FORTRAN Ocean, we sec 
a curious fog bank (imagining a view from 
the deck of a ship in the waters). It is said 
that this fog bank is always present, hid ing 
the exotic and mysterious jungles of LISP. 
Whil e unseen by normal mortals, our gods' 
eye view of the picture shows the bri lliant 
tropical algorithms, the fab ulous nodes 
growi ng on trees Ii ke in some Eldorado 
of programming. But who can see br ill ia nce 
through a fog bank? 

Travelling upward (in the picture) 
through heavy seas we come to the pinnacle, 
a snow wh ite isla nd rising like an ivory tower 
out of the surrounding shark infested waters. 
Here we find the fan tastic kingdom of small 
talk, where great and magica l things happen. 
But alas, just as the impenetrable fog bank 
around the jungles of LISP hide it from ou r· 
view, the craggy aloofness of the kingdom 
of small talk keeps it out of the mainstream 
of things. 

Turning our attention to the lower left 
part of the pictu re, we see the famous 
Float ing Point separating the FORT RAN 
Ocean mai nstream from the interac tive 
and weed fi ll ed Sea of BAS IC. 

To all the relative disorder and chaos of 
the waters of the FORTRAN Ocean and 
its adjaccn t coastal features, the smooth, 
ca lm infini ty of Pascal 's Triangle provides a 
brilliant contrast. We note vessels ranging 
from the commercial freighters to pleasure 
boats to the rafts of hobbyists to the 
mil ita ry figh ting ships heading for the ca lm 
waters of Pascal's Triangle. 

To complete the mythology, we find 
within Pascal's Triangle numerous examples 

of sh ips en joy ing the smooth sail ing and 
untroubled waters . 

Is this an adequate picture? Computer 
languages are like ph ilosophies in many re
spects, which is to say that the r·easons for 
an enth usiasm are often hard to attribute to 
anythi ng oth er than aesthetic grounds. 
But as in phi losophies and r-eli gions, co r1 -
vers ions do occur from time to time. 
Very often in today's microcomputer world, 
we find the case of the enginee r- or- systems 
programmer who has been us ing an as
sembler (if anything at all) as the first and 
on ly software development tool. Such a 
person will often discover BAS IC, FOR
TRAN, APL, COBOL (yes, even peop le 
with engi neering backgrounds sometimes 
see COBOL as a first high level language) 
or language X. When language X is di s
covered, the advantages of the high level 
language technique often become confused 
with the specific example- and th e enthu
si asm which comes with the power·ful elixir 
or automated programming aids turns that 
person in to an X language convert with an 
almos t r·e ligious fervor. 

As the new convert proceeds Lo use the 
language, he or she also di scovers its in
adequacies in detail errors. And the X lan
guage devotee starts inventing this or that 
perfect ex tension, a new super-se t of X, 
which is endowed with even better pro
perties. This par-ticul ar inven tiveness syn
drnme is most pronounced in compi ler 
implementors since th ey are in a position 
to "do something about" the older language 
by ad hoc imp lementing personally meaning
ful exte nsions when putting a new compi ler 
up. 

What has resul ted, viewing rrom the big 
picture, is a range of languages, each re flect
ing the context of the group of imple
mentors who are responsibl e fo r· its creation. 
Pascal in this global context must be viewed 
as bu t another step in that natura l sequence 
of human events. 

I personally like Pascal as a method of 
expressing program s, because or a num bcr· 
of arguments supported by my own prior 
experience using languages including macro
assemblers, BASIC, FORTRAN, PL/I, 
HAL/S, JOV IAL, XPL and a bit of PL/M. 

As a potential user, tr·y a few programs, 
see if you li ke the sty le of cxpr·cssion in
volved, and if the price is right, that may be 
the system for you. If you Ii ke the argL1-
mcnts presented for Pascal in this issue and 
by examp les in issues to come, by al I means 
exp ress you r interest to manufacturers. Thi s 
issue is a consc ious attempt to communicate 
some of the fl avor of Pascal with a sp irit of 
fun and an understanding that even Pascal 
may not be the be all and encl all of com
puter languages.• 

Circle 7 on inquiry card. -
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WE'RE ALTOS COMPUTER SYSTEMS. Our SUN-SERIES ACS8000 business/scientific 
computer creates a new standard in quality and reliability in high technology computers. 
lllGH TECHNOLOGY The ACS8000 is a single board, BUILT-IN RELIABILITY The ACS8000 is a true single 
Z80® * disk-based computer. It utilizes the ultra-reliable board computer. This makes it inherently reliable and main-
Shugart family of 8 inch, IBM compatible, disk drives. A tainable. The board and the two Shugart drives are easily ac-
choice of drives is available: single or double density , single or cessible and can be removed in less tha.n five minutes. All elec-
double sided. Select the disk capacity you need, when you tronics are socketed for quick replacement. Altos provides 
need it : ~M. JM , 2M , or 4M bytes. The ACS8000 features complete diagnostic utility software for drives and memory. 
the ultimate in high technology hardware: a fast 4 MHz Z80 
CPU , 64 kilobytes of l6K dynamic RAM, 1 kilobyte of2708 
EPROM, an AMD 9511 floating point processor, a Western 
Digital floppy disk controller, a Z80 direct memory access, 
Z80 Parallel and Serial 1/ 0 (two serial RS232 ports, 1 parallel 
port), and a Z80 CTC Programmable Counter/Timer (real time 
clock). In essence, the best in integrated circuit technology . 

(ALTO/ ] 

QUALITY SOFTWARE Unlimited versatility. The ACS 
8000 supports the widely accepted CP/M® ** disk operating 
system and FOUR high level languages: BASIC, COBOL, 
PASCAL and FORTRAN IV . All available NOW. 

PRICE $3,840. Standard ACS8000 system with 32 Kb RAM 
and 1/z Mb disk. FPP, DMA and software optional. Dealer/OEM 
discounts available. Delivery: 3 weeks ARO. 

•Z80 is a lrnd c.: nmrk of Zi log. Inc . 
.. CPI M i~ n 1radc:nmrk ot Dii::itn l Resea rch. Inc. 

COMPUTER SYSTEMS 23788 WALSH AVENUE • SANTA CLARA. CA 95050. (408) 244-5766 
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M.C.S. Corp. 
Pelham Mall 
Pelham, AL 35124 
(205) 663-1267 

A A 
Scientific Business lnsl r" s 
500 w. 27th 
Anchorage, AK 99503 
(907) 277-2650 

CA<. I 
Expans ion Techn iques 
2534 Ganesha 
Alladena, CA 91001 
1213) 794-0476 

Shuey Alrcrafl 
1009 E. Vermont 
Anaheim, CA 92605 
1714) 991 ·3940 

Olson Elec tronics 
11332 East South 
Cerritos, CA 90701 
(21 3) 860-0060 

Adventures in Compu ting 
8756 Warner 
Founta in Valley. CA 92706 
(714) 846·6388 

Olson Electronics 
4642 West Century 
Inglewood, CA 90304 
1213) 674-5740 

Olson Electron ics 
Kearny Mesa, 4840 Convoy 
San Diego. CA 92 11 1 
(714) 292·1100 

Systems Engineering 
900 3rd Street 
San Franc isco , CA 94107 
1415) 777-3150 

Olson Elec tronics 
2125 El Camino Real 
Sanla Clara, CA 95051 
(406) 246·4686 

co O') 

Total Dala Syslems 
125 Fairway Lane 
Fort Coll ins, CD 80521 
(303) 491 -5692 

Trlcomp/Comput er Counlry 
7115 N . Federal 
Westminster. CO 60030 
(3031 421). 77 4 3 

OEL llE 

Delaware Microsystems 
92 Eas1 Main fl 
Newark, DE 19711 
(302) 738-3700 (afler 7 PM) 

LO I 

Olson Electronics 
5833 Ponce de Leon 
Coral Gables, FL 33146 
1305) 66&3327 

Olson Electron ics 
1644 N. E. Second 
Miam i, FL 33132 
(305) 374-4121 

Calculator Place 
12 Soulh Orange 
Sarasota , FL 33577 
(813) 366-7 449 

Olson Electronics 
6901 22nd Avenue. N. 
Tyrone Square Mall 
St. Petersburg, FL 33710 
(813) 345-9119 

Olson Electronics 
1215 South Dale Mabry 
Tampa, FL 33609 
(813) 253-3129 

G 
Electron ic In formation 
120 Heatherwood 
Athens, GA 30601 
(404) 353-2858 

Secom Systems 
5241 ·F New Peach Tree 
Chamblee, GA 3034 1 
1404) 455-0672 

20 BYTE .\ugun 1978 

Olson Electronics 
2571 N. Decatur 
Decatur, GA 30033 
1404) 378-4201 

h Alt 

Small Computer Syslems 
3140 Wa l lalae 
Honolulu, HI 96816 
1806) 732-5246 

I\. I 

American Microprocessors 
1100 E. Broadway 
Allon, IL 62002 
(618) 465- 4489 

Tech·Tronics 
714 S. Unlversll y 
Carbondale, IL 62901 
(618) 549-8495 

Adonis Compu l lng 
2855 W. Nelson 
Chicago, IL 60618 
(312) 463-084 7 

El ectronic Systems 
611 N. Wells 
Ch icago, IL 60610 
(312) 944-6565 

Olson Electronics 
4101 N. Milwaukee 
Chicago. IL 60641 
(312) 545- 7336 

Dison Electronics 
1734 Ogden 
Downers Grove, IL 60515 
(312) 852-9650 

A & H Assoc iates. Lid 
2530 Crawford 
Evanston, IL 60602 
(312) 328-2800 

No-Name 
2701 Grand 
Galesburg , IL 61401 
(309) 343-6135 

CompuTermina I Systems, Inc. 
11 32 Wa ukegan 
Glenview, IL 60025 
(3121 724.3590 

Tek-Aids Industr ies 
1711 Chestnul 
Glenview, IL 60025 
(312) 724 -2620 

American Microprocessors 
6934 N. Univer si ty 
Peoria, IL 61614 
(309) 692-5852 

American Microprocessors 
20 N. Mii waukee 
Pra irieview, IL 60069 
(31 2) 634-0076 

Wysocki El ecl ric 
3080 Soulh Blvd . 
Rockford , IL 611 09 
(815) 874-4846 

Data Domain 
1612 E. Algonqu in 
Schaumburg , IL 60 195 
1312) 397-8700 

I !MA A 

Data Domain 
406 S. Co llege 
Blooming lon. IN 46401 
(812) 334-3607 

American Mic roprocessors 
146 N. Broad 
Grlflilh, IN 463 t9 
(219) 924-7901 

American Microprocessors 
3602 Easl Washlnglon 
Ind ianapolis, IN 46201 
(31 7) 359-7445 

Dala Domain 
7027 N. Mich igan 
Ind ianapolis, IN 46268 
(31 7) 251·3139 

Olson Electroni cs 
5353 N. Keystone 
Indianapolis, IN 46220 
(31 7) 253· 1584 

Oala Domain 
10 N . Third 
LaFayelle. IN 47902 
131 7) 423-2548 

Compul er Management 
610 Monroe 
LaPort e, IN 46350 
(21 9) 362-5812 

American Microprocessors 
2655 Irving 
Portage, IN 46368 
(219) 760·2278 

10 
Microbus 
1910 Ml. Vernon. S. E. 
Cedar Rarids. IA 52 403 
(31 9) 364-5075 

American Microprocessors 
102 E. 4th 
Waterloo , IA 50703 
(319) 296·2255 

Ill.A 

Barney & Associates 
425 N. Broadway 
Pillsburg , KS 66762 
(316) 231 · 1970 

Tec hnlgraphics 
591 1 Claredon 
Wichila, KS 67220 
(3 16) 744 -2443 

I( HT1 y 

Ol son Elec lronics 
117 Soulhland 
Lex lnglon. KY 40503 
(606) 278·94 13 

Dala Domain 
3028 Hunsinger 
Louisville, KY 40220 
(502) 456·5242 

Olson Eleciromcs 
41 37 Shelbyville 
Louisville, KY 40207 
(502) 893-2562 

• " l 
The Malhbox 
4431 Leh igh 
College Park, M 0 207 40 
1301 1 277-6828 

Sysl ems Engineering 
1749 Rockville Pike f307 
Rockvi lle, MD 20842 
(301 )468-1822 

A (;.. FTT 

Compuler Shop-Alrcom 
288 Norfolk 
Cambridge. MA 02139 
161 7) 66 1·2670 

Bradshaw En1erp1lses 
18 Harborvlew 
Hingham. MA 02043 
(617) 749·6844 

,. I 

The Abacus 
Roule 1, Box 193 
Ni les Road 
Berrien Springs. Ml 49103 
(616) 429·3034 

Mlcr0Compu1 er Wor ld 
313 Michigan N. E. 

~;~~~ 5~~g~n· Ml 49503 

Concept Engineering 
3706 Malibu 
Lansing, Ml 48910 
(51 7) 394·0585 

Olson Elecl ronlcs 
29121 OeOuindre 
Madison Hei8hls . Ml 
(3 13) 546·019 

Grea l Lakes Pholo 
5001 Easlman 
Mid land, Ml 48640 
(5 17) 631 -5461 

Ml ME OT 

48071 

Custom Compu1er Syslems 
1823 Lowry 
Minneapo lis, MN 554 11 
(612) 588-3944 

h1a 

Micro Business Sales 
4345 Lyndale N. 
Minneapolis, MN 55412 
(6 12) 871-9230 

Ronald D. Frisch 
3034 Marine Circ le 
Sll llwa lcr. MN 55082 
(6 12) 439-82 12 

15&11' I 

Jack Fisher Sales 
100 Mam 
Michigan Cily. MS 38647 
1601) 224·6470 

Mf!iSOU 1 
Four State Microcomputer 
402 Wall 
Jop lon, MO 64801 
1417\ 782-1285 

Norman Electronics 
402Wall 
Jop lin , MO 64801 
(4 17) 724-0368 

lmpacl Syslems 
Decker Bui lding 
6 13 W. 3rd 
P.O. Box 478 
Lee's Summil , MD 66463 
1816) 524-5919 

The Compuler Bil 
1320 S. Glenslone 
Sprlng l ield , MO 65804 
(4 17) 683·2709 

Fulureworld 
1909 Seven Pines 
SI. Louis, MO 63 141 
(314) 434 ·112 1 

Saue1 Computer Sys1ems 
1750 Soulh Brenlwood 
Sul lo 60 1 
SI. Louis, MO 63144 
(3 14) 962-0382 

MO NA 

Llnco 
PD Box 2418 
Cul Bank, MT 59427 
(406) 336-3117 

N PUI A 
Omaha Computer S1ore 
4540 Soulh 841h 
Omaha, NB 68127 
(402) 592-3590 

"' Compu1er Power 
235 Nulley 
Nutley, NJ 07 110 
(20 1) 667-5502 

Computer Corner 
240 Wanaque 
Pomp lon, NJ 07442 
120 1) 835-7080 

Associated Consu1tan1 s 
33 Ogden 
Easl W1 l l1slon , NY 11596 
1516) 746-1079 

Compu lcr Marl ol N Y 
116 Madison 
New York, NY 10016 
1212) 666-7923 

Ylngco 
Two World Trade Genier 
Penthouse 1071h F1001 
New Yotk, NY 10048 
12121 775-9000 

Brag Mlc,ocomputers 
19 Cambridge 
Roches1e1 . NY 14607 
(716) 442-5861 

Microcompu ter Workshop 
234 Tennyson Terrace 
W1lllam sv1 lle, NY 14221 
17 t6) 632-8270 

01110 
Olson Elecironlcs 
69 Wcsl Stal e 
Akron. OH 44308 
1216) 762·0301 

• Cll 

Olson Electron ics 
1994 Brlllarn 
Akron , OH 44310 
(216) 633-4336 

Olson Electronics 
3265 W Markel 
Akron. DH 44313 
(216) 864 -3407 

Lucas Office Equrpmenl 
& Service 

869 E. Franklin 
Cen1ervl1le. OH 45459 
151 Ji 433-8484 

Olson Electronics 
2020 Euclid 
Cleveland. OH 441 15 
(216) 621-6387 

Olson Eleclronlcs 
6813 Pearl 
Cleveland. OH 44130 
(216) 845-2424 

Olson Elecironics 
6153 May field 
Cleveland , OH 44124 
121 6) 449-2690 

Olson Electronics 
21850 Center Ridge 
Cleveland . OH 44116 
(216) 331 -4600 

Byle Shop 
2432 Chester 
Columbus. OH 43221 
(614) 486-776 "1 

Olson Elecironics 
1975 Henderson 
Columbus. OH 43220 
(614) 451 ·3245 

Johnson Compuler 
123 W Washlng1on 
Medina. OH 44256 
(216\ 725·4560 

Olson Electronics 
7401 Ma1ke1 
Southern Pa rk Mall 
Youngstown. OH 44512 
(2 16) 758-3828 

0 l A 

~1a0u3;~0~7g1neer1ng 
Cl inion. OK 73601 

Accoun1ing Syslems 
2709 Orlando 
OklahOma Cl l y, OK 73120 
14051751-1537 

Gauger Engoneerrng 
3824 S. 791h East 
Tulsa. OK 74145 
(D 18) 627-1064 

0 f.& O 

Fial Compuler 
11013 S. E. 52nd 
Milwaukie. OR 97222 
(503) 654-95 7 4 

N SYLVA t 

Olson Etec1ronrcs 
59 18 Penn 
P1llsburgh , PA 15206 
(4 12) 362·1333 

Olson Electronics 
3405 Saw Mill Run 
Pittsburgh, PA 15227 
(412) 881 -0702 

Olson Elec tronics 
4778 McKnighl 
Pitlsburgh , PA 15237 
(4 12) 366· 7298 

Abacus Data Sys1cms 
Route 8 
Reno, PA 16343 
(814) 677-6502 

TE 
Computer Power of Memphis 
3065 James 
Memphis. TN 38128 
(901) 386-9905 

Sman Machine Man 
5151 Hlllson 
Nashville. TN 372 11 
!615) 833-9773 

CompulerPowerolOakRidge 
800 Oak Rid ge Turnpike 
Oak Ridge, TN 38730 
(615) 482-9031 

OUTHO OT 
Exe Engineering 
804 E. Lewis 
Verm illion. SO 57069 
(605) 624-6411 

Tf 
Mr. Compuler 
744 FM 1960 W., Suile E 
Houston, TX 77090 
(7 13) 444-7419 

UlAH 
Home Compuler Slore 
2343 Eas l 3300 Soulh 
Sall Lake Cily, UT 84109 
(801) 484-6502 

VIII I IA 
HIB Compu l ers 
217 E. Main 
Charlotlesville, VA 22 101 
1804) 295-1975 

Microsysl ems, Inc. 
5320 William son 
Roanoke. VA 24012 
(703) 563·0693 

A I NGTOfll 
Ye Olde Compuler Shoppe 
1301 George Was hington 
Richland. WA 99352 
(509) 946-3330 

SIN 
M1cr0Comp 
785 S. Mam 
Fond du Lac , WI 54935 
(414)922·2515 

Madison Computer S1ore 
t863 Monroe 
Madison. WI 53711 
(608) 255-5552 

Milwaukee Magnel ic Media 
1750 Wes I Silver Spring 
Milwaukee. WI 53209 
(414) 228-8930 

tndianhead Comput er 
Box 178 Rou te 4 
Rice Lake. WI 54868 
1715\ 234-4323 

Olson Electronics 
3125 Sou th 1081h 
Wes! Allis, WI 53227 
1414) 541 -1406 

y I 

Conirol Technology 
204 Crazy H orse Lane 
Gillelle. WY 82716 
(307) 682·0300 

CANA 

~::'xe~~O Computing Ltd. 

Sl ation P 
Toronto. On1ario 
Canada M5S 2F7 
(416) 425-9200 

Robo·Tromcs 
509 161h N. W. 
Calgary. Albe rl a 
Canada T2M OJ6 
(403) 282-9468 

EU 
Pan Atlantic Computer 

System GmbH 
61 Armsl adt 
Franktur lerstrasse 78 
West Germany 

l'UEflllO C 

Puerlo Rrco Key Punch 
P.O Box 2036 
Halo Rey. Pueno Rico 00919 
(809) 751-4042 

ounu e c 
S A VE 
P.O. Box 701 
Cuenca. Ecuador 
830-770 
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If you are interested in an ultra high per· 
formance personal computer which can be 
fully expanded to a mainframe class micro· 
computer system, consider the C2-8P. 

Features: 
Minimally equipped with BK BASIC·in-ROM , 4K RAM, 

machine code monitor, video display interface, cassette 
interface and keyboard with upper and lower c ase 
characters . (Vid eo mon itor and cassette recorder optiona l 
extras.) 

The fastest fu ll feature BASIC in the microcomputer 
industry. 

Boasts the most sophisticated video display in per· 
sonal computing w ith 32 rows by 64 columns of upper 
case, lower case, graphics and gaming elements for an ef
fective screen resol ution of 256 by 512 elements. 

The CPU's direct screen access , coupled with its ultra 
fas t BASIC and high resolution , makes the C2-8P capab le 
of spectacular video anima tion directly in BASIC. 
• Fully assembled and test ed: 8 s lot mainframe clas s 
microcomputer, six open slots for expansion . Supports 
Ohio Sc ientlfic's ultra low cost dynamic RAM boards or 
ultra high reliability static RAMs. 

The C2-8P can support more in-case expansion than its 
four nearest competi tors combi ned . 

The C2-8P is the only BASIC-in-ROM computer that can 
be directly exp anded today to a co mplet e business 
system with line prin ter and 8 " floppy disk drives. 

It Is the only personal class com puter that can be 
eKpanded to support a Hard Disk' (CD-74) 

The C2-8P Is the fastest in BAS IC, has the most sophisti · 
cated video display and is the most internally expandable 
personal computer. Therefore , i t should be the highest 
priced? 

Wrong : The C2·8P is priced considerably be low several 
models advertised in th is magazine. The C2-8P is just one 
of several mode ls of persona l computers by Ohi o 
Scientific, the company that f i rst of fe red fu l l fea t ure 
BASIC-in-ROM personal com put ers. 

For more information, contact your local Oh io Sc ien ti fi c 
dealer or the factory at (216) 562-3101 . 

1333 S. Chillicothe Road• Aurora, Ohio 44202 
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TheC3-B 
by Ohio Scientific 

The world's most powerful 
microcomputer system 
is far more affordable 

than you may think: 

STANDARD FEATURES: 

74 million byte Winchester tech
nology disk drive yields mainframe 
class file access speeds and 
capacity. 

High level data file software 
makes high performance file struc
tures like multikey ISAM easy to 
use. 

Triple processor CPU with 
6502A, 6800 and Z-80 gives the pro
grammer the best of all worlds in 
performance and versatility . 

Switchable and programmable 
CPU clocks at 1, 2 and 4 MHz yield 
maximum performance from each 
microprocessor. 



The included 6502A based ex
tended disk BASIC by Microsoft 
out-benchmarks eve ry micro 
availab le, including 4 MHz Z-80 and 
LS l-11 with extended arithmetic. 

48K of high re l iabi l ity stat ic RAM 
is standard. 

• High density 8" floppys provide 
program and data mo bi I ity from 
machine to machine. 

• Completely integrated mechani
ca l system with UL-recognized 
power supplies; continuous duty 
cycle cooling; modu lar construc 
tion and rack slide mou n ted 
subassemblies. 

Based on a 16 slot Bus-oriented 
architecture w ith only 7 s lots used 
in the base machine. 

Directly expandable t o 300 
megabytes of di sk, 768K of RAM in 
16 partit ions, 16 co mmuni cation 
por t s, plus conso le a nd three 
prin te rs. 

C3-B 's have been in production 
since Febr uary, 1978, and are 
ava i lable now on ve ry reaso nable 
de l ive ry sched ul es. 

The C3- B was designed by Ohio 
Scientific as the state of a rt in 
s mall business comput in g. The 
system places Its power where it 's 

needed i n the small business 
environment; in the data files . The 
C3-B's advanced Winchester tech
nology disk, coupled with its smart 
controller and dedicated high 
speed memory channel , gives the 
C3-B data file performance com
parable with today 's most powerful 
maxi -computers . 

The system can easily expand 
upward from single user to multi
user operation. Optiona l hardware 
and software include a real time 
clock and a 16 termina l (plus con
sole) real time operating system. 
Multiple term ina l programs such as 
multi-station order entry can be 
programmed directly in BASIC. The 
system is super fast because multi
t er min a I 110 can be handled 
simultaneously with disk 1/0 due to 
the smart disk controller! 

By simply add ing memory in the 
alternate partitions, the system can 
be expanded to full multi-tasking , 
multi -programming operation. The 
multi-terminal hardware supports 
both asynchronous and synchron
ous protocols in conjunction with 
terminals and smaller computers 
such as Ohio Scientif ic 's BASIC
in -ROM and floppy disk based 
systems at transfer rates up to 
SOOK bits per second. 

• The C3-B costs only sl ightly 
more than many floppy only com
puters but offers at least a thou
sa nd times performance improve
ment over such mach in es (50 times 
storage capacity multiplied by 20 
times access speed improvement). 

But what if your business client 
cannot justify starting with a C3-B? 
Then start with Ohio Scientific 's in
expensive C3-S1 floppy disk based 
system running OS-65U. When he is 
ready , add the CD-74 big disk and 
directly transfer programs and files 
from floppy to big disk with NO 
modifications. 

That's upward expandability! 

* Rack as shown on right com
p lete with 74 megabyte disk, dual 
floppys , 48K of static RAM , OS-65U 
operating system and one CRT ter
minal under $13,000. 

Multiple terminal systems with 
printers and applications software 
are priced in the mid-20's. 

1333 S. Chilli co the Road • Aurora , Ohio 44202 
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On Building a Light-Seeking 
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Robot Mechanism 

The idea of the Tee Todd ler was born 
during the summer of 1976. We, as two 
undergraduate engineeri ng students at Rice 
University in Houston, wanted to design a 
system us ing as much applicab le electr ical 
engineer ing as poss ib le which could act on 
its wn intelligence and which could also 
learn from its mistakes. We wanted to incor
porate state of the ar t electronics and 
actually develop a piece of work ing hard 
ware. As a three credit hou r course for two 
semesters we designed and bui lt a smal l 
"robot" car, the Tee Toddler. 

The car is designed to track toward a 
sh ining li ght. It accomp lishes thi with the 
help of l wo processors: an on board Z-80 
microprocessor which communicates with 
PDP-11 minicomputer over a two way digital 
radio lin k. The source light the Tee Todd ler 
searches for can be anywhere on lhe horizon. 
This light is detected by a rotating eye which 
scans a 360 degree view five times per 
second (sec photo 1 ). There is al o an ultra
soni c sonar sys tem capable of scanning 
simultaneously to the left and right of 

center to detec L objects in the car's forward 
path (sec photo 2). It can give ranges of up 
to five feet with 9 in ch accu racy. The car 
has three forward and reverse speeds, five 
steering positions and a turning radius of five 
feet. Other standard eq uipm en t includes a 
fr nt con tact sensing bumper to detect ob
jects wh ich the sonar missed; a so urce light 
monitor to determine if the car is a t its 
desti nation; a source light verifier to indicate 
whether the car has gone behind something 
which blocks the ource light ; whitewall 
tires and pos itive trac tion rear end . Most 
power requirements were met by regu lating 
a ·12 V rechargeab le battery. The Tee 
Toddler is a closed loop system. IL con
stantly updates its knowledge of where 
the light is and what obstac les are in the 
way: thus operating as a self-sufficient r·ca l 
time system. Great flexibility inherent in the 
two processor system allows for develop
ment of the car's intelligence. The program
mer has lots of freedom in deciding how the 
car shou ld dea l with differing situations. 
This freedom in configuring the system be· 
tween the computers and a moving object 
is the true beauty of th e Tee Toddler. The 
duties of each processor are different. The 
on board Z-80 handles the car's reflex 
maneuvers; the PDP-11 makes both rea l time 
navigational decisions and can also generate 
a better path for the car to take on a second 
trip over the same obstac le course toward 
the light. The norma l mode of operation is 
set up with the PDP-11 in control of the car 
via Lh c rad io. The Z-80 is operated in an 

Photo I: The primary sensor of Tee Toddler 
is this photoelectric horizon scanner. The 
"eye" mounted on a Plexiglas standard and 
metal bracket scans a 360° field. The flat 
mirror rotates at five revolutions per second 
deflecting light into the phototransisror eye 
through a 45° angle. The position of the 
l7litro1 1~ re~u1 veu u110 one of 16 (JJ1ijlllor 
states by a slotted disk which passes through 
an optocoupler. 
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Figure 7: The source light intensity monitor circuit is used to test proximity of 
the car to the goal of a shining light. The end of the car's mission is indicated 
when the fight intensity in a 7 20' forward viewing range exceeds a threshold set 
by the resistor R 7. 
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interrupt mode. It stands by and records 
all course changes the car makes each time 
an obstacle is detected by sonar and also 
records each nav iga tional correction made 
enroute to the lighl. In the case of collision 
or loss of th e light, the Z-80 takes over 
control and remedies the situation before it 
returns control of the car Lo the PDP-11. AL 
the end of the trip to the light the Z-80 
dumps all the course change vectors it has 
recorded (stee ring se t t ing and distance 
traveled} to the PDP-1 1 ove r the radi o 
channel. The PDP-1 1 then determin es a 
better path for the car to take ove r the same 
course on a second run . 

Sensors : the Bumpers 

The bumper is needed on ly in case an 
object is encountered in front of the ca r 
which is too narrow to be seen by Lh e 
sonar. The bumper has two microswitchcs 
beh ind it, one on each side. It pivots in the 

Photo 2: Tee Toddler's sonar system tran -
ducers are illustrated in thi front vie1v. The 
bloc!? object in the center of the picture is 
the sonar transmitter which emits periodic 
pulses of sound al 40 kHz. The two cup-like 
objects with red interiors (equally spaced to 

the left and right of the center of the picture 
toward the lop) ore the receiving micro
phones. The sonar drive electronics of this 
system resolves four distance states on each 
receiving microphone with a maximum range 
of about five feet and on accuracy of about 
nine inches. 

center so th;i t a contact on only one side 
wi ll depress only one switch ; however if the 
collision is head-o n, both switches wi ll be 
depressed. Two bits, one for each switch, are 
sen t Lo the Z-80 compuLer". 

Sensors : Source Light Intensity Moni tor 

The ource light is the car' s destination. 
The inLensity monitor· co nsists of three 
phototra nsis tors which sense the intensity 
of lighL un til the car is close enough to the 
source lighL (a foot) to stop; miss ion accom
plished (see figure 1) . An angle of 120 de
grees is monitored, so the car must make 

JI 
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R2 
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R3 
100 TTL 

TO 
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1500 
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Photo 3: A view of the Tee Toddler car from the rear with the differential 
and drive motor visible. (The batte1y and rear deck have been removed for 
purposes of this photograph.) 
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Figure 2: The direction of the light source relative to the forward direction of 
travel is measured by one of 7 6 angular states. The disk on which the main 
horizon scanning sensor's mirror is mounted has 76 slots which are sensed 
by an optocoupler which drives a counter. The counter is reset once per 
revolution of the disk by a separate sensor, so the angular states numbered 0 
through 7 5 are sensed. When the photosensor detects the targel light, 1he 
current state of the scanning angle is latched and can be read by the Z-80 
mobile computer for transmission to the PDP-1 7 base computer. 
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its final approach moving in a fo rward 
direction. 

Sensors : 
Rotating Eye and 
Source Light Verifier 

The rotating eye scans a plane about 18 
inches above the grou nd looking for a light 
source. Photo l shows the physical arrange
ment. It automatical ly adjusts its sensitivity 
for ambient light, much like the hum an eye. 
The response of its electronics is such that 
it can detect a penlight at 30 feet in a dark 
room. In a normal ly lighted room it is se lf
adjusting and can discriminate between two 
lights if one is about three times as bright as 
the other. 

As the disk rotates clockwise, the 16 slots 
in its edge pass through an opt ica l switch 
and are counted by a 4 bit counte r on the 
main deck. At the instant the light is spotted 
during the disk's rotation, the count is 
loaded in to a 4 bit latch to be read by the 
computer. For example, if the light is 
spotted straight ahead, the count is eight. 
Figure 2 shows the logica l definitions of 
the 16 possible directions (a missing slot 
corresponds to the state when the mirror is 
aimed to the rear; the counter is reset to 
zero in th is condition). Thus any erroneous 
coun ts caused by ambiguous li ght sources 
or reflections are wiped out each lime the 
disk begins a 360 degree scan . Once a num
ber is loaded into the latch it stays there 
until the light is spotted again and a new 
number is loaded. This reloading usual ly 
occurs once for each t ime the disk goes 
arou nd . But if the light source suddenly 
becomes blocked by some object, the latch 
continues to hold the last number loaded 
even tho ugh there is no light being seen. To 
remedy thi s problem, a source light ve ri fica 
tion circuit is part of the electronics. This 
circuit sends a logica l 0 to the Z-80 as long 
as the light is actually still be ing spotted and 
a logical 1 when it is not. 

Steering Control 

The steering system has five possible posi
tions numbered arbi trarily 2, 3, 4, 5 and 6. 
2 is fa r left and 6 is fa r right. Th e command 
from the computer {PDP-11 or Z-80) has 
3 bits to specify these states. Th e number is 
converted to an analog voltage using a cur
rent sourced resistor ladder. The DC vo ltage 
enables a pulse width modulator which con
tro ls the two steering servos. Th e servos act 
in oppos ite directions on opposite ends of 
the front ax le to turn the whee ls. The pulse 
is sent at 67 Hz. See figure 3 for a block 
cl iagram of the steerin g control section. If 
the pulse is 1 ms long, the se rvos stay where 



The North Star 16K RAM board is a star performer 
in our HORIZON computer. Just as important, it is the 
ideal memory for most other S-100 bus systems. No other 
RAM board can surpass the speed, reliability, and quality 
features of the North Star 16K RAM at any price. 

SPEED - The North Star 16K RAM is the fastest S-100 
bus memory board available. No wait states are required , 
even with a ZBO at 4MHz. And , of course, this outstand
ing 16K RAM will operate with both 8080 and Z80 proc
essors at 2MHz. Industry standard 200ns dynamic RAM 
chips are used. Invisible on-board refresh circu itry allows 
the processor to run at full speed . 

RELIABILITY - The North Star 16K RAM is designed to 
match the same high standards as our MICRO DISK 
SYSTEM and HORIZON computer. For example, all ad
dress and data signals are fully buffered. A parity check 
option is available with the 16K RAM for applications re
quiring immediate hardware error detection. If a memory 

NoRTH STAR 

error occurs, a status flip/flop is se t and an interrupt can 
inform the processor. Or, if preferred, an error status 
light w i ll go on. 

FEATURES - The North Star 16K RAM offers many de
sirab le features . Addressability is swi tch-selectable to 
start at any 8K boundary. The board can perform bank 
switching for special softwa re applications, such as ti me
sharing. A lso, bank switching can be used to expand the 
amount of RAM beyond 64K bytes. Power consumption 
is m inimal - the maximum power requirements are: 
.6A @ BV; .4A @ +·16V, and .1A @ - 16V. 

PRICES - $399 k it. $459 assemb led, tested and burned
in . Parity opt ion: $39 Kit. $59 assemb led, tested and 
burned-in. 

Write for free colo r catalog or visit your local computer 
store. 

COMPUTERS 
2547 Ninth Street· Berkeley, Californ ia 94710 • (415) 549-0858 
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Photo 4: An overaf! view of the Tee Toddler talm1 from the side. Radio 
antennas and three levels of electronics on board are visible. The dri11e po111er 
source, a GeLi rechargeable batte1y, is at the right, with the front of the 
vehicle towards the left in this photograph. 
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Figure 3: Steering system bloc!? diagram. Three bits from the Z-80 are de
coded by a ITL decoder which implements a simple weighted resistor digital 
to analog com1erter. The output of the converter is filtered to pre11ent sudden 
changes and, in tum, sets the pulse width seen by the two servos. The servos 
are Heathkit radio control de11ices which have a 5 pound thrust and a 7. 5 
second full range response time. 
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they are; if it is longer or· shorter, they move 
the whee ls left or righ t. The servos are 
Heathkit radio control modules with five 
pounds of thrust. The change in pulse width 
seen by the servos is electronically filtered 
since the command from the computers can 
change from fa r left to far ri gh L instan
taneously while the servos take about 
1.5 seconds to pul l the wheels from full 
left to full right. 

Motor Contro l 

The motor speeds are given by the num
ber·s 0, 1, 2 and 3 which are decoded to stop, 
slow, medium and fast. There is also a for
ward and reverse bit, thus making a total of 
7 motor states controlled by three binary 
digits. The motor control pulse width cir
cuit works the same as the steering control 
circuit, except that the pulse change is not 
filtered. The motor· is a 0 to 13 VDC "pan
cake" motor with a built-in 25:1 gear r·c
duction. The rear ax le differential gear 
ratio is 1 :1. The motor's speed is control led 
by th e pulse width of the 12 V 700 Hz 
pulses being sent to it by the con trol circuit. 
Forwa rd and reverse directions are con
trolled by a re lay. The motor draws a 
current of about 1/2 A when the car is 
cru ising at 1 mph (1.6 kmph). Since the 
motor is a highly reactive load to the sharp 
edges of the contro l pu lses, the motor is 
optically isol ated to eliminate interference 
with the logic circuit of the on boar d Z-80 
system. Power amp lification to drive the 
motor is accompl ished after the isolator. 

Sonar System 

The sensing of objects in the car-'s path 
was originally in tended to be done with light. 
This is difficult since objects with different 
textures at the same d istance from the car 
would reflect different amoun ts of light. 
Pu lsed infrared did not have th e necessary 
intensity, and rada r· was ruled ou t because 
it would detect only metal objects. The 
existence of the ational LMl 812 sonar· 
integrated circuit was probab ly the majo r· 
factor enabling use of th is sensor system. 
With this system the car is able to distinguish 
between obstac les to its left or r·ight and can 
navigate between obstacles spaced on ly 
sl ightly fa nhe r apart than the car's width. 

The sonar unit on the car transmi ts a 
1 ms pu lse al 40 kH z every 10 ms from a 
transducer mounted in the ce nter· of the 
car's front end (see photo 2). The echo is 
received separately on the right an d left by 
two receiving transducers . Since there is 
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really only one sonar transceiver, the receiv
ing transducers are multiplexed with field 
effect transisto rs to the receiver for three 
cycles of transmit and receive each . The 
count of the elapsed time between transmit 
and receive for each cycle is also multi
plexed into the left or right outpu t latch 
to be ready by one of the computers. A 
block diagram or the sonar system is shown 
in fi gu re 4. 

Since sound in air travels at about one 

Sonar Ranging Terms: Derived Quan t i ties to Be 
Found 

O = Angle of objec t relative to forward d i rec-
tion . 

T 0 =Time of transit out to object I equivalent 
to a distance I . T 0 is one side of both left 
and right path tr iangl es. 

Note '. Using the law of cosines , and the two mea
surements, the algebra gives two equations !left 
and right signal path tr iangles! which can be 
solved exactly for two unknowns (T 

0 
and angle 8 }. 

Sonar Ranging Terms : Measured Quantities 

B = Half the total dis tance between the two 
receivers . Th is forms one side of the 
triangles used with the law of cos ines. 

R = Measured transit time, transmitter to 
object to r igh t receiver . R = T 0 + TR 

L = Measured transit time. transm i uer to 
object to left receiver . L = T 

0 
+ T L 

Sonar Ranging Terms: Miscellaneous 
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foot per ms and a pulse is transmitted each 
ten ms, the maximum range is about five 
feet, which proves quite adequate . If no sonar 
echo is received, then the output latches are 
automaticall y loaded with the count 7, the 
maximum range possible. This is decoded by 
the computers as no object and thus no path 
correction is made. The sensitivity of the 
receiver is adj ustable with a trimpot on the 
main deck, thus allowing different distance 
resolu tions. 

FQRWARO 
DI RE CTION 

90 - 0 = Included angle used in law of cos ines 
appl ied to left tr iangle. 

\ ~-'---- B ------<----- 8 ~---..., 

90+0 = Included angle used in law of cosines 
app lied to ri gh t triangle . 

TL = Time of transi t back from object to left 
receiver I equivalen t to a distance I . TL is 
one side of left signal path triangle . 

= Time of transit back from object to r ight 
receiver (equivalent to a distance I . TR is 
one side of right signal path t riangle. 
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Figure 4: Bloc!? diagram of the Tee Toddler's sonar 
system. The heart of the sonar system is the National 
Semiconductor LM 7 87 2 Sonar Transceiver Circuit, 
which generates the sound pulse, detects a returning 
sound pulse and thus controls a count measured in a 4 
bit range counter. Given the two measurements of 
distance R and L, the known base line B, the relation
ships R = T0 + TR and L = T0 + TL it is possible to 
apply the plane trigonometty law of cosines (a2 == b2 
+ c2 - 2bc COS (A)) to calculate the distance to the 
object T 0 and the angle (} . 
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Now you don't have to be a programmer to use 
'our Computer I At last there's a reliable, professional source of useful and entertaining programs for 

e your personal compulet The G/2 Program library from GRT unlocks the full power 
of your personal compulet Without any programming knowledge on your part. 

The G/2 Program library consists of applications programs pre-recorded on cassette tapes. A detailed manual with each 
cassette provides complete instructions. And G/2 programs contain prompting instructions. So they're easy lo use every step of the 
way. Just load the tape and G/2 puts your computer lo work. 

The first three G/2 program tapes are available now: For exciting family games, get Beat the House. You'll find Blackjack, 
Craps, Roulette and Slot Machine programs, with truly random chances and realistic, casino-like payoffs. 

Interested in your health? You'll want Oinic. Biorhythms, Dieting and Longevity programs give you new perspectives in health 
and happiness, along with some pleasant guidelines to follow. 

Need a better handle on your money? Buy Dollars & Sense. 
Checkbook is a comprehensive program to balance your account and 
keep within your budget, while Best Choice is a novel way to make 
decisions based on the facts you know and the relative importance of 
each. Use it for everything from choosing a new car to selecting 
your next stereo. 

Soon, every dealer that handles personal computers will stock the 
G/2 Program Llbrary. For the G/2 dealer nearest you, call us toll-free at 
800/538-1770. (In California, 800/662-9810.) And if your favorite 
computer dealer doesn't yet offer G/2, have him call the same number. 

Soon you'll see G/2 program tapes in many other fields of interesL 
The G/2 Program Llbrary is now available for use with SOL, SWTPC, 
Exidy, TRS-80 and Apple personal computers. Just select the package 
marked for the computer you own. 

Start building your G/2 Program Llbrary now. And put the full 

power of your computer THE REASON • 
to work for you. YOU BOUGHT • 

YOUR COMPUTER. 
TM 

A product o l GRT Corpora11on 
C-Onsumer Computer Group 
1286 North Lawrence Stal ion Road 
Sunnyvale, California 94086 
(408) 734-2910 
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Figure 5: Bloc/? diagram of the Tee Toddler 
computer systems. The PDP-11 is a large 
system 1vhich is immobile ; it communicates 
with the mobile Z-80 in the Tee Toddler car 
using FM data links at separate frequencies. 
The FM transmitters and receivers convert 
binary data into a series of transmitted 
frequency encoded modulations and 11ice 
versa. 
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This type of sonar system is really a 
minimal one. Dopp ler shift detection cou Id 
also be accornp lishecl fai rl y easily to allow 
de termination of speed of a moving obstacle. 
Echo amp litude analysis wo uld also be worth 
investigating incc it wo uld help solve the 
problem of echo frame over lap; such ovel'lap 
exists when an echo from the previous 
soundi ng ret urns late, after bou nci ng off a 
far away object, resulting in two cchos for 
the cun·ent frame . The strongest of the two 
(or more) echos shou ld be taken as the true 
one. The Tee Todd ler's system tr iggers a 
9 ms oneshot on the firs t echo thereby 
ignor·ing all secondary echos. 

Radio Data Link s 

An encoder tl'ansforms paral lel bits into 
seria l tones to be tran mi teed over a fre · 
quency modulated channel. One channe l 
is fro m the Tee Todd ler ca r to the PDP-11 
computer· at 96 MHz . The other chan nel is 
from th e PDP-1 1 computer to the car at 
450 MHz. The seria l data encoder and 
transmit ter at the PDP-11 base station arc 
essential I y id en ti cal to the car's versions 
except for the number of bits per· word of 
data. A two-tone modula tio n system is 
used. This means that each binary state is 
encoded into one of two differe nt frequen· 
cies for transmission. At the modu lator a 
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logical 1 is re presented by a 2500 Hz signal 
and a logica l 0 is represented by a 1900 Hz 
signal. 

The rece iver and data decoder accepts the 
tring of audio tones from the FM receiver, 

decodes them into ls and Os using phase 
locked loops and converts back to a parallel 
data format. While our prototype did not 
use standard circu itry, a standa rd asynchro· 
nous serial commu nications discip line such 
as that provided by a UART or ACIA would 
work we ll in th is application. 

Power Sources 

The power for most ci rcuits is derived 
from a 12 V 4.5 Amp-Hour Ge Li cel l recharge· 
able battery. The battery was dri lled and 
tapped at 8 V to power a 5 V regulator for 
the TTL circuits and for the Z-80 micro· 
computer . The steed ng servos requ i 1·ed 
the ir own set of four pen light batteries (also 
rechargeab le). and the 1702 read only mem· 
ory hold ing the Z-80 program required a 
separated - 9 V supply , de r·ived from three 
parallel transistor radio batteries. This power 
supply system is capable of runni ng the car 
for several hou rs before any r·echarging is 
necessary. 

Computer Control 

As has been mentioned, the car is con-



trol led by two separate computers. The com
munication paths between the computers 
and the car are shown in the system diagram 
of figure 5. In actuali ty, on ly one of the 
computers can comm uni cate with the car at 
a time. Th is is the case for several reasons. 
First, there are only three control inputs to 
the car to make it opera te. These are the 
speed, direction and steering controls. Since 
these inputs can originate at either com
puter, a multip lexing scheme had to be used. 
Second, only the PDP-11 actually makes 
dec isions based on sensor information 
from the car. The Z-80's contro l of the car's 
movements is more like a reflex action, in 
that it performs a canned routi ne when 
invoked by the car's sensors. Last, the func
tions are separated to facil itate the transition 
to a total on board contro l system, since the 
PDP-11 can be replaced easily by another on 
board microcomputer. 

The mot ivation behind this configuration 
is based on several crite ri a. Since part of the 
system was going to be stand ing alone, some 
of the major considerations were power 
consumption, various power supply req uire · 
ments and ease of operation. With all these 
cons id ered, it was decided that a Z-80 with 
its single 5 V power supply requirement and 
single phase clock was a logical candidate. 
The 16 bit PDP-11 was used because it could 
do com putat ion s at a greater speed than the 
8 bit Z·80 . 

The on board microprocessor has several 
functions associated with the control of th e 
car. One function is to supervise al l data and 
control chan nels to and from the car. In 
other words, it has the responsibili ty of 
deciding whether the PDP -1 1 or the Z-80 is 
going to control th e movements of the car 
and which of the two computers is going to 
rece ive the information from the car's sensors. 
The routing of these different channels of 
information is accomplished by the use of 
data se lecto rs. The Z-80 controls the data 
se lectors such th at the informat ion is routed 
to the correct device at the cor rect time. 
Information corning in to th e car to control 
its movements comes from either the 
PDP ·l l or the microprocessor. It comes 
from the PDP- 11, over the radio link, if the 
car's sensors indicate one of th e following 
conditions: 

• The car has reached the source ligh t. 
• An object has been detected by the 

sonar system on either the left or the 
right. 

• The car has spotted the source li ght. 

Th e PDP-11 then analyzes th ese condi· 
tions according to the hierarchy of irnpor· 
tance, as is shown in the decis ion tree of 
algorithm 1, and then commun icates to the 

START 

CONTINUE 
PRESE NT 
COURSE 

YES 

YES 

YES 

STOP CAR, 
RECEIVE 
MOVEMENT 
VECTORS 
FROM Z-80 

ADJUST CAR 
PA TH 
ACCO ROI NGL Y 

Algorithm I : The buse computer's executive program in outline form. This 
decision tree is executed in the PDP-7 7 each time a car sensor word is received. 
If any of the £ests results in an affirmative answer, the program executes a 
routine designed for that specific state. Each routine takes into account 
past information of where the light was spotted. The sonar detection routines 
also take into account any objects which have recently been passed. These 
things are considered so that the car proceeds in the direction of the light 
and does not collide with any objects while moving fn reverse. There is no 
specific way to stop the system except by interrupting the PDP-7 7 and issuing 
a control word to the car to stop it. 

car the appro pri ate movement corrections 
to make. Control information to the car 
originates from the Z-80 when one of the 
followi ng car sensor conditions arises: 

• Con tac t with an object has been 
indica ted on either the left or right 
side by the front bumper. 

• The car has los t sight of the source 
light. 

The microcom puter controls the movements 
of the car if ei th er cond ition is met and then 
gives contro l back to th e PDP -11 when it 
has finished it s corresponding task. 

Another function of the on board micro· 
computer is to sLOre al l movement vectors 
associated with the car 's path . These vectors 
indicate the steeri ng angle, the direct ion of 
travel and the length of travel of the car. 
Therefore, when the car changes direc tion o r 
steering angle, a vector is stored in memory 
which correlates to how far the car traveled 
at the prev ious setting. Thus, when the 
task or rinding th e light is accomplished, 
the on board memory contains al l the 
different moves the car made to reac h 
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NO 

START 

I NITIALIZE 
DATA AND 
CONTROL 
PATHS 

DUMP 
TRANSMIT 
MOVEMENT 
VECTOR 

BACK UP, 
YE S THEN FORWARD >---------< PAST OBJEC T ,___ ___ ., 

>-"'YE"'S'----------i ~~~~ ~6RWARD 1------1~ 

YES 

YES 

PAST OBJEC T 

STORE 
MOVEMENT 
VECTOR 

BACK UP 
UNTIL SEE 
LIGHT THEN 
FORWARD 

Algorithm 2: The mobile computer's executive program, in outline form . In 
the initialization procedure the Z-80 sets up the memory areas, resets the 
wheel rotation counter and sets the data selectors for the PDP-7 7 to control 
the car and the car sensor status word to be transmitted to the PDP-7 7. The 
processor then awaits an interrupt. When the Z-80 is interrupted, the tests are 
executed in this order. After each routine is completed, control is returned to 
the PDP-7 7. 
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the light. With this information the car 
has a new path calculated for it by the min i
computer. Th is path al lows the car to dr ive 
to the light from the same starting position 
without the use of any of its sensors and 
without having to maneuver arou nd a si ngle 
object, since it already knows where they 
are located. In a very loose sense then, the 
system has learned about its environment 
and used this knowledge to improve its pro
ficiency at the task of finding the sou rce 
light, much like a mouse in a maze. 

The last major fu nction of the micro
computer is to pass the movement vectors 
to the PDP -11 once the car has reached 
its destinat ion. This is accomplished by 
hav ing the minicomputer issue a "dum p" 
command signal over the rad io to the Z-80. 
Using a handshake system, the Z-80 sends 

the movement vectors to the PDP-11 one 
at a time. The decision hierarchy of the Z-80 
program is shown in algorithm 2. 

PDP-1 1 Base 

The PDP-11 min icomputer is the actual 
brain of the system . It has the ability to 
decide where to move the car in order to 
approach the light and yet avoid objects on 
the way. Inputs to the PDP-11 come from 
either the car's sensors or the microcomputer 
memory . If the inputs are from the car they 
indicate the current status of the sonar left 
and sonar right sensors , the 360 degree 
rotating eye and the source li ght in tensity 
monitor. These are processed according 
to the following hie rarchy . First the source 
light intensity monitor signal is checked to 
determine if the car has reached its destina
tion . This indicator is checked first because 
it will indicate if the total task has been 
accomplished. If this condition is true, 
the PDP -1 1 computer sends a message to the 
car telling it to stop and telling the Z-80 to 
start un loading its memory of movement 
vectors. The handshake system used is initi
ated by the car inform ing the PDP-11 base 
computer that the car has reached the light. 
The minicomputer then informs the micro
computer to start unl oading the memory, 
at which time the minicomputer checks 
each incom ing vector to determine if it is 
the last. If not, the PDP-11 asks for another 
vector to be transferred . Th is continues 
until all vectors are transferred . 

Second, the sonar sensor inputs are 
examined to see if any objects are be ing 
detected. If an object is detected, then a 
specia l routine analyzes the situation accord
ing to which side the object is detected 
and how far away it is. If the object is far 
enough away for the car to maneuver around 
it without having to back up, then the PDP-11 
commands the car to steer to the left or 
right, whichever is appropriate, to avoid the 
object wh ich is in the way . If the object is 
detected by both sensors, then the side 
which detects it as being closer overrides 
the other. In the event that the distance 
measurements are equal , the computer 
arb itrarily chooses the right side as having a 
higher priority. Obstacles detected at a 
range too close for the car to maneuver 
around whi le proceed ing forward cause 
the car to back up. An obstacle detected 
at a very close range on the righ t causes the 
car to back up. However, the steering 
position for this movement depends on 
whether the car was steering to the left, 
right or center. If the car was proceeding to 

the right, then it must know, from a previous 
sensor reading, that the source light is to the 
right. If this is the case, the car backs up 
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Figure 6: This diagram illustrates paths the car can ma/:1e when confronted 
with typical situations. Assume the car is moving straight and forward and 
detects the light In either the number 2 or 4 position . The PDP-/ I has control 
and moves the steering to the right and backs up for a certain distance. If the 
light was spotted In position 4 the car proceeds along path A with the steering 
set back to the center. But if the light was spotted at position 2 the car mo11es 
along path B with the steering set to the left. If the light had been spotted at 
position 7, almost directly behind the car, the maneuver would also have been 
along puth 8 . However, since it would not be able to approach the light at a 
very straight angle, it would have to back up again and set the steering for a 
more direct path. 
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with the steering set to the le ft. After backing 
up for a certain amount of time, the car 
changes the steering to the right and pro
ceeds forward. This causes the car to maneu 
ver around the obstac le and also sets it on a 
better path to the source I igh t. In effec t, the 
car has used past knowledge Lo eva lu ate the 
present situation. If the steer ing had been to 
the left originally , then th e comp uter would 
set the steeri ng to the right. The car· then 
proceeds in reverse fo r· a given amount of 
ti me and then changes its steer ing position 
to the left and proceeds forward for an 
additiona l period of time. Th is action makes 
the car maneuver around the object and 
along a better path. An origina l steering 
position in the center again causes the right 
side to override th e left. Although all these 
contro ls and decisions are handled by the 

m1n 1com pute r1 the results do incorporate 
the use of the on board microcomputer. 
The microcomputer is used to store all 
movement vec tors pertaining to all direc
tion or steering changes. Th is is accomplished 
by having the PDP -1 1 computer issue a 
course change signal to the Z-80 at the 
same time it issues the new control word 
to the car. The Z-80 on board compLiter 
th en stores the prev ious movement vector 
in memory, then returns control to the 
min icom puter. 

The third sensor readings used by the 
PD P-11 are the va lues from the rotating 
eye. These sensors indicate where the 
light is located with respect to the current 
position of the car as shown in figure 2. 
Basical ly, the wor ld, as the car sees it, has 
been divided into 16 windows, each allow ing 
a different view of the horizon . A number 
has been assigned to each separate slice, thus 
giving an easy identifica tion and recogn ition 
scheme for evaluating the position of the 
source light. For example, the semicircle in 
front of the car has nine windows associated 
with it, four to the left, four to the right, 
and one for the center . Thus, since strai ght 
ahead has been declared as having a value of 
8, then the far left becomes 4 and the far 
right becomes 12. Therefore, by exa minin g 
the va lu e, the computer can tell where the 
source li ght is and then adjust th e path to 
proceed in that direction. If the ligh t is 
spotted in the forward sem icircle between 
values 5 and 11, the course adjustments are 
quite straightforward. The steering is merely 
pos itioned so as to point the car in the 
direction of the light. 

However, if the I ight is spotted in the 
aft semicirc le or to the extreme sides, a 
d ifferent approach must be taken . Instead 
of havi ng the car do a comp lete 180 degree 
turn, we decided to have the car perform 
several bac kward and forward movements. 
By doi ng this we reduced th e possibi lity 
of con tac ting ob jects by reduc ing th e space 
needed to perform the maneuvers. For 
examp le, if the light is detected in th e num
ber 1 through 4 windows, the computer 
bac ks the car up with the steeri ng set to th e 
right. The distance it bac ks up depends on 
wh ich window the light was spotted in. For 
example, if it was spotted at positi on 4, the 
ex treme left, then the car would back up 
far enough so that when it stopped it would 
be facing direct ly toward the light and could 
then proceed in a straightfo r·w rd direc tion 
(path A in figure 6) . If, however , the light 
had been spotted more to th e rear, the car 
would back up a bi t further and then have 
the steering set to the left posit ion and pro
ceed forwa rd . The exact opposi te action 
would have taken place had th e I igh t been 
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spotted on th e opposite side. Once aga in the 
on board computer wou ld have bee n inter
rupted to store all cou r·se ch anges assoc iated 
with the maneuvers. The prob lem of runn ing 
into objects whi le proceed ing in reverse is 
actual ly of minim al concern due to this 
method of reaching the I igh t when it is 
spotted in the rear. If there had been an 
object there it presumab ly would have been 
detected and the path adjusted accord ingly. 
However, this adjustmen t would not have 
been made without taking into account 
where the light was being spotted. Since 
this is the case, it is not possib le for th e car 
to be turn ing left or right in a forward direc
tion if the light is actually beh ind the car. 
If, however, the light has not been spotted 
yet, then it is feasible that the car can ru n 
into something in its r·everse move, since no 
attempt is being made to look back in to the 
movement vector memor·y to determ ine if 
an object has just been maneuvered aro und. 

Th e final function of th e min ic omputer is 
to stop the car once it has reached the 
source ligh t. Th is is accom pli shed by detect
ing the source light in tensity monitor bit as 
it changes to the active state. Once this 
occurs the minicomputer stops the car and 
at the same time initiates the handshake 
operation with the on board computer to 
start the transfe r of the movement vectors. 
The minicomputer stores these vectors as 
they come over the radio until all have been 
passed. The last vector is actually a null 
vector, or all zero, which indicates all vectors 
are transferred. The minicomputer now 
does one of two th in gs. It can au tom a ti-

Figure 7: This diagram illustrates two dif
ferent situations of the car having contact on 
the right with an obstacle. The obstacle 
size is exaggerated for the sake of illustra
tion. The diagram on the left depicts the car 
steering to the left toward the light when 
it strikes the object. The Z-80 takes control 
and adjusts the steering to the right and 
backs the car up a certain distance. The 
steering is then set to the center position and 
the car proceeds forward. On the right, the 
car is proceeding to the right toward the 
light. Here the Z-80 sets the steering to the 
left, backs the car up then adjusts the 
steering to the cemer and proceeds forward. 
In each instance the car maneuvers around 
the obstacle and on a path toward the light. 

cally plot out a new course for th e car 
to take, or it can displ ay the vectors graph 
ically on a screen . With the la tter method 
the user is able to see all the moves and 
reca lculate a new path himself based on his 
visual perception of the path taken. The 
automat ic method is simply a sequent ial 
analysis of the vectors by the computer. 
If the car makes a mcve in reverse the com
puter assume;; that either an object was 
detected or the light was spotted beh ind 
the car. In either case the computer adjusts 
a move previous to this occurrence, thu s 
allowing the car to antic ipate the upcom ing 
situation and act in accordance with the 
situation . By adjusting these movements 
prior to detecting the need to reverse direc
tion the com puter has el imina ted this need 
altogether and has thus "curved out" the 
path, mak ing broad sweeping turns as 
opposed to jerky forward and backward 
movements. 
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Microcompute r Functions 

The on board Z-80 computer provides the 
reflexes and signal control for the whole 
system. In the event that the car hits a thin 
ob ject which is not detected by the sonar, 
a reflex action is invoked, much li ke a human 
response to a given stimulu s. The var·ious 
reflex actions th is computer controls are: 
loss of sigh t of the light and touch stimulus 
from either sides of the bumper. To in it iate 
a microcomputer routine for either the 
reflex actions or the control fu nctions, one 
of the following interrupt in puts must 
become active: 

• A signal from the fronr bumper. 
• A signal ind icating loss of the source 

light. 
• A cou r·se change_ 
• A req uest to dump the movement 

vectors. 

All these signals are ORd together, thus 
enabl ing any one of them to initiate an inter
rupt. When the Z-80 is interrupted it inte rro
gates an external buffer to determine which 
condition caused the interrupt. The program 
(see algorithm 2) then checks each bit, one 
at a time , to determine wh ich one is active . 
If more than one is active, it only processes 
the first one checked which is active. If none 
of th e lines is active, then the program 
defaul ts to the dump li ne being active. Upon 
determin ing which stimu lus is active the pro
gram executes a specific routine for that 
part icu lar interrupt. 

Th e bumper righ t and bumper left routines 
are essentially the same except for the steer
ing pos itions be ing .reversed . If contact is 
detected with the right side of the bumpe r, 
the Z-80 receives an interrupt and the car 
automatically backs up. Figure 7 illustrates 
the bumper reflex. The direction in which it 
backs up depends on the direction it was 
trave lling when it collided with the ob ject. 
If the steer ing was set to the right, then 
it must have previously detected the source 
light to the right (see right ill ustration in 
figure 7) . Then, in order to mainta in th is 
general direction, the car backs up with the 
steering set to the left. After backing up for 
a certa in time the car sets the steering to the 
right and proceeds forward past the object 
and toward the light. Although this setting 
is not a direct heading toward the light it is 
in the general d irection and it has avoided 
the object. 

If the direction of travel was to the left, 
(left illu stration, figure 7) then the car backs 
up with the steering to the right and then 
proceeds forward with the steering set to 
the center. Al l steering actions would simp ly 
be reversed for a contact on the left. There-
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Figure 8: This diagram illustrates the Z-80 
reflex for the case in which the car has lost 
sight o f the light at position A. The Z-80 
instructs the car to do a re verse Sturn. First 
it adjusts the steering to begin the turn and 
travel to position 8. Then it adjusts the 
steering to have a center of curvature to the 
left and continues reverse travel to position 
C. At the end of the path, the steering 
is again set to the appropriate position for a 
course towards the light and the car resumes 
forward travel without its goal being obscured 
by the obstacle. 

fore it is easy to see that all the reactions to 
the stimu li are preprogrammed and always 
net the same resu lt, thus they exh ibit a 
reflex action . 

The other reflex action is quite similar 
(see fig ure 8). If the car is trave lli ng in any 
direction and loses sight of the sou rce light, 
then apparent ly what has happened is that 
an objec t has come between the car and the 
light, thus obsc uring the car's "vision" as at 
posit ion A in figure 8. Although the car 
knows the object is there, it cannot detect 
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it exac t loca ti on. What the ca r docs then is 
back up w i th the steeri ng in the same 
posit ion, then after a certain time it changes 
the teering Lo the oppo ite si de an d con
ti nues LO back up. It continues back ing for 
anoth er period of ri me ,111d th en sets the 
steering to the ccn tcr and proceeds fmwarcl. 
Th i procc:du re causes the c;ir to move Lo a 
new position where it ca n agai n sec the 
source l ight. Th i aga in exh ibi ts a certai n 
refle x action con tro lled by the Z-80. 

Si nce these reflex rou tines involve many 
adju stment to the car's path , i t i necessary 
to record all of th ese separate movemen ts. 
Therefore, at the encl of each segmented 
move th e rout ines call on the course change 
rou tine Lo record th e curre nt wheel ro tation 
cou nt , direction of trave l ,ind th e steeri ng 
po it ion. Th is course change rout ine can be 
cal led on from either the Z-80 through 
another routi ne or di rect ly from the PDP-11. 
The routi ne re,1ds a buffer regis ter wh ich 
co ntai n~ the current num bl'r of wheel rota 
ti ons at this panicu lar steer ing and direc t ion 
position . Once th is vec tor i stored in mem 
ory, the routine resets the wheel counter to 
zero in order for i t to count the correct 
number o f revolut ions at th e nex t steeri ng 
and cl ir·ection setting. T he las t funct ion of 
the Z-80 is to transfer all the movement 
vecLOrs from the on board memory to th e 
PDP-11 . As has been discu sect, the Z-80 
responds Lo a request from the PDP -11 by 
ending the vec tors on a las t in first out 

basi , one at a t ime in correspondence with 
the h andsh ~ke ystem. Once ;rl l vec tors are 
passed the Z-80 rei nitializes the car and 
passes con trol to the minicompu ter . 

After any of these routines l1 as been proc
essed th e Z-80 returns con trol of th e ca r to 
the PDP - I I. 

Co mpu ter Design Spec ifi cs 

The 111 icrocompu tcr designed for th is 
robo t ic appl ic,ll ion is equipped wi th on ly 
the bare essentiJls. T he tot ,tl sy tern con
sists of 256 by tes of program mable read 
only memory, ·1 K byte of vola tile pro 
grammable memory, three bid irecrional 10 
pons, one Z-80 m icroprocessor and one 8 
bit line driver. The read only memory is a 
1702 UV erascab le pan which contains the 
progr·am. The programmable memory is 
made up of eigh t 2102 parts. The 10 ch ip is 
an In tel 8255 and was chosen because of 
the number of ports avai lable. 

When designing a dedicated ystem l ike 

th is, one must keep in mind th at th e proba
bili ty o f it work ing the first time is very 
near ly ze ro. Therefore, care must be taken 
to make the system as easy to debug as 
possibl e. Th is system was designed with this 
in mind and th us several add i t ional funct ions 
were inc lu ded in the design . A reset switch 
is instal led on the com puter board to aid in 
checking different funct ions of the system 
under the same circumstances. A single seep 
swi tch is also located on the boar-d . By using 
th is, one can step th rough th e program and 
exami ne different signals to determ ine th eir 
validi t y. The l ine dr iver was installed specifi
ca ll y to allow th e examination of th e data 
lines. Included in the design are prov isions 
for the ad diti on of 1702 memory chips up 
to a tota l of 1 K bytes of program memory. 
Since the system was of a pro totype nature 
it was bu ii t on a perforated board and was 
w ire wrapped . Care was also taken in the use 
of the PDP-11 . Before th e fi nal application 
program was written severa l simpl e tes t 
progra ms were wri tten wh ich checked out 
the two way radio links and th e responses of 
the car to commands. With the test programs 
it was possible to enter command s at a te rm i
nal and control the actio ns of the car in a 
remote control fashion as wel l as to receive a 
conti nuous read out of the curren t status o f 
the car 's se nsors which are used by the mini 
computer . Th is proved to be one of th e 
inva luabl e debugging aids of the overa ll 
system. 

Concluding Comments 

Pro jects involved with robotics are a logi 
ca l extension of microcomputer techno logy. 
T he possibi l i t ies of bu il ding such dedicated 
"a rti f ici al ly inte ll igent" machines are alm os t 
l imitless. I t is not un reasonable ro think that 
personal computer ex per imenters cou Id bu i ld 
a robotic mach ine at home. However, a little 
forethough t is worth a lot of time and effort 
in the end. Th ink about what the m achine 
is going to do, and what is necessary to 

accompl ish th is. Bu ild th e system in modul es 
which are easy to interface to each other and 
also easy ro debug and repair . The capabil ities 
of the machine are onl y bounded by the 
imagination of the designer. Perhaps the 
ult imate goal of a robotic machine is to have 
i t perform its design ated task cons istentl y. 

We th ink th at T ee T odd ler has proved 
an adequate fulfillment of that goal in the 
limited context of a l ight seek ing mobile 
dev ice. • 



Memory Makes the Computer, 
Central Data Makes the Memory 

Memory is an important part of a computer 

system . So don't even think of settling for a 

poor quality RAM board. Central Data offers 

carefully engineered l 6K, 24K and 3 2K RAM 

boards to suit your needs. We take our RAM 

boards seriously, so should you. 

Reliability. Each one of our boards comes com

pletely assembled, tested and burned in. No 

fiddling with an infinite number of parts from a 

kit or costly investment in equipment to test 

your board. Each one of our boards is backed by 

a one year warranty to insure your satisfaction . 

Expandability. We offer a 16K RAM board 

with capacity to 32K. You can purchase a l 6K 

board and expand later or buy a full 32K . 

Performance. Unlike ome dynamic memory 

boards, ours uses an invisible refresh that inserts 

refresh cycles between your computer's normal 

memory access cycles. This eliminates loss in 

performance of your computer with lengthy 
refresh cycles. 

Power. Our board uses les than one-half the 

power of a static RAM. 

Price. You can buy a l 6K RAM board, com

pletely ready to use, for only $ 289. A full 32K 

RAM board is avai lable for $475, or you can 

add on later for only $200 . 

When you buy our memory board , you 'II 

be buying the best equipment at the best price. 

Order yours today by mail or phone. 
r-------------------------
1 Please send me the fo llowin g : Na me: I Central 

data 
I D 16K RAM board ( ~ 289 ) Address I 
I 

0 32K RAM board ($4 75) C it y I 
0 additional informa tion Sta te__ I 

I 1 enclose $ Zi p __ I 
I lll . res idents add ales lax. I 
~~a~~P .0 .~:..:.484.~a~ Champaign .~6~2~ __________ J 

Circl e 45 on inqui ry card . 

P.O. Box 2484, Sta . A 
Champaign, 1161820 
(217) 359-8010 
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SYNCHRO·SOUND 
ENTERPRISES, INC. 

One-stop shopping 
for Hardware and Software 

Everything you need in small computer systems with special emphasis 
on TERMINALS! Look at these units ... compare price, quality, delivery, 

service . . . and you'll see why you don't have to look anyplace else! 

LEAR SIEGLER ADM 3A TERMINAL 

~R~ .~~ ... $759.95 
~~~~~led . . 854.95 
~~~~~ ~·a·s·e· . . .. 6 9.00 

ADDS REGENT 100 
VIDEO DISPLAY 

TERMINAL 
Display Format-80 characters per line by 24 
lines. 25th line reserved for term inal status. Re
verse video, underline, half and zero intensity 
and blinking are all standard features. 

1 ' ' 
$1325.00 

I 1 I 

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

OKIDATA MODEL 110 
LINE PRINTER 
• 110 CPS dot matrix 

Friction $1199 OO 
Feed ... • 
Tractor 1349 OO 
Feed .. . . . • 
RS 232C 
Serial 260 OO 
Interface . . . • 
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TELETYPE MODEL 43 PRINTER 

• 132 Characters per line 

• 110 or 300 Baud switch selectable 

• Ful I keyboard 

•RS 232C Serial Interface standard 

• 132 column printing 
• 10-30 CPS 
• Full keyboard 
• Tractor feed 

Ci rcle 356 on inquiry card. 



SYNCHRO·SOUND 
ENTERPRISES, INC. 

CENTRONICS 
703 SERIAL 
PRINTER 

~} 

- ~ - - - -·-

CENTRONICS 761 PRINTER 
• 300 Baud serial transmission 
• Bidirectional and incremental printing 
• RS232, CCITT-V24, or 

current loop interface 
•Baud selection (110/150/300) 

KSR with Keyboard .. .. . .. $2025.00 
• Low i - Receive only version 

cost ~··. _ 1_ 895.00 of ownership \ _ 
• Bidirectional logic seeking printing 
• Microprocessor electronics $ 2805 OO I~: ::::::::::-
• Excellent print quality • .:Ii 

IMSAI 8080 MICROCOMPUTER 
• Powerful • Low cost • Easy to use 

HAZEL TINE 1500 
VIDEO TERMINAL 
• Reverse video 
• 24 x 80 display 
• Programmable 

brightness levels 
• RS232 and 

current loop 
and much more 

With 22 Slot 
Mother Board 

$649.95 
PCS-80/15 Kit 

699.00 

Assembled . . . . $1149.00 /Ki t. .. 

HAZEL TINE MODULAR 1 
INTELLIGENT TERMINAL 
• 1920 character display 
• 8 different video levels 
• Full editing capability 
• Removable keyboard 

and much more 

Assembled . . . . 

$1659.00 

We carry a full line of the following: TDL, 
Centronics, Seals, Hazeltine, Micropolis, Vista, 
Hayden, IMSAI, Cromemco, Digital Systems, 
Compucolor, lcom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vision . 
Same day delivery and shipping on most 
i tems. Full modern repair facilities on 
premises for complete servicing of 
everything we sell . 

Ci rc le 3 56 on inqu i ry card. 

• Fully IBM 3740 media 
and format compatible 

FLOPPY DISK 
SYSTEM 

• Full formatter 
and controller Digital Systems 
built-in Dual Drive System 

·----~~~ $2475.00 
Dual Density 

Version 

2745.00 

SPECIAL BUYS 
Vista V80 Floppy Disk System ..... .. . . . . $619.95 
Cromemco Z-2 Kit . . . . . . . . . . . . . . . . . . . . 565.25 
Compucolor 8001 Color Computer . . . ... 2595.00 
IMS 16K Static Memory . .. . ..... .. .. . .. 525.00 
North Star Microfloppy Disk Kit . . .. . . . . . 599.00 
North Star Horizon 1 Kit . . . . . .. . . . . . . . . 1499.00 

f North Star Horizon 2 Kit . .. .... .. .. ... . 1899.00 
Javelin 9" Video Monitor . ... . . .. . . . . . . . 159.95 
Livermore Modem Model 76 .. . . . .. .. . .. 299.00 
Micropolis Model 1053MOD 2 ... . . . ... 1799.00 
IMSAI AP44·44 Col. Printer Kit . . . . . . . . 299 .00 
TDi. Xi tan Alpha 1 Assembled . . . . . . . 939.95 

SYNCHRO.SOUND ENTERPRISES. INC 
The Computer People 
193·25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468· 7067 TWX: 710-582-5886 
Hours 9-4 daily Visit our new showroom 
and Saturday Working units on display 
Dept . BBB BankAmericard •Master Charge 
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PERCOM~ TAs.an..a.. ... Tastad 

FLOPPY DISK SYSTEM 
the [1[?@)oc4J@@ 

The LFD-400 is ready to plu~ in and run 
the moment you receive it. 

Nothing else to buy! Not even extra memory! 
YOU GET: 
0 The popular Shugart SA 400 minifloppy '" drive. Drive alignment 

is double checked by PerCom before shipment. 
8 The drive power supply- fully assembled and tested. 
E) LFD-400 Controller/Interface- plugs into the SS-50 bus· 

accommodates three 2708 EPROMs ·fully assembled and tested . 
O MINIDOS'" -the remarkable LFD-400 disk operating system on 

a 2708 EPAOM • plugs into the LFD-400 Controller card • no 
extra memory required· no "booting" needed . 

f:) Attractive metal enclosure. 
0 Interconnecting cable- fully assembled and tested. 
f) Two diskettes-one blank, the other containing numerous 

software routines including patches for SWTP 8K BASIC and the 
TSC Editor/Assembler. 

0 70-page instruction manual-includes operating Instructions , 
schematics, service procedures, and the complete listing of 
MINIDOS '" . 

® Technical Memo updates-helpful hints which supplement the 
manual instructions. 

@ 90-day limited warranty. 
Mlnilloppy os a trademark ol Shugan Assocla1es. 

MINIOOS is a 1rademark ol PERCOM Dara Company. Inc 

The LFD-400 is readily expanded to either two or three drives . 
Write for details. Send for our free brochure for more inlorma· 
lion about the LFD-400 Floppy Disk System and LFD-400 
software. 

To save you money, the LFD-400 Floppy Disk System Is available 
only from PerCom. Because of the special pricing, group and 
dealer discounts are not available. 

MC and VtSAwelcome. COO orders require 30% deposil plus 5% handling charge. Allow lhree 
extra weeks ii payment is by personal check. Tho LF0-400 Floppy Disk System is avai lable 
immediately. Allow three weeks tor testing and l ransportalion. Texas residents add 5% 
sales tax. 

( '1Efi(l()M l TM 

PERCOM DATA COMPANY, INC. 
Dept B 318 BARNES •GARLAND, TX. 75042 

(214) 272-3421 

PERCOM"' 'peripherals for personal computing' 

4-6 Augou 1978 el BYTE Publiu 1ion!I Inc Ci rcle 301 on inquiry card. 

A Homebrew 

Pascal Compiler 

Herbert Stein 
Sterzingerstrasse 18 
8200 Rosenheim 
Germany 

Using Pascal as a language for systems 
progra mm ing at Fachhochsch ule Mu nchen, 
rny interest in Pascal grew to th e po in t where 
I decided to wr i te a compi ler fo r myself. Be
gun last October, the yntax ana lysis stage, 
which was built up with recursive procedures, 
was written in two weeks. Du r ing the next 
few weeks I tes ted th e p1·ogram on a Cyber 
175, having troubles wi th the original imple
men ted Pasca l com piler at firs t. On the 15th 
of Novem ber I received the firs t errnr free 
lis t ing, but had to stop test ing possible errors 
because some lectures and a compu ter graph
ics program had higher priori t ies. 1 n the 
meanti me, I worked out some of the next 
steps in theory. 

Duri ng further expansion (which means 
space al loca tion, code generat ion and file 
hand lin g), there are some potential difficu l
ties: 

• The MicroPascal comp iler has to pro
duce an op ti mized code, which all ows 
real t ime applications and systems pro
grams written in a h igh level language. 

• The com piler needs features l ike gar
bage collec t ion and dy namic space al
loca tion for recursive subroutines or 
va riable type dec larations to keep the 
amoun t of rnnti me storage as sma ll as 
poss ibl e. 

• No existing moni tor is ab le to run a 
language like Pasca l efficiently. (The 
TDL system monitor board presented 
in the April 1978 BYTE seems to be 
headed in this direc t ion.) So I wil l have 
to wr ite a new operating system or 
transform an exist ing one to al low su
perv isor ca lls, 10 interrupts, process 
hand l ing and hardware interfaces for 
Te letype, video display and mathe
matical functions. 



• The proce sor, which ha to ru n the 
produced object code, should have bit 
instructions (like the Z-80), r· han 
dling set typ es . Th e Cyber 175 uses a 
60 bit word for set types, which per
mits up to 59 elem en ts in Boolean sets. 
The 8 b it words o f microprocessors, 
which di low set of up to eigh t ele
ments, aren't suffi cient for a c mpiler 
implementation. (I have had tr oub les 
dur in g testing of the program on th e 
Cyber 175 because I used a sci ly pe 
with 60 element· . I took a long time 
to disco er· my m istake a ter co unting 
the se t clements.) 

• Should th e compil er· writer· allow a 
GOTO in a langu age or not7 I f so, the 
use r is able to leave a number of pro
gram bl ocks without be in g concerned 
about m i sin g management routines, 
which are activa ted automa ticall y at 
nom1al bloc k ends. 
I f the GOTO isn 't all owed, th e pro
gramm er· has to write struclllrecl pro
gra ms, using spec ial instructions l ih.e 
repeat . . until or while .. . do, and 
could n 't leave begin . . end blocks 
arbitra1·i l y. Each block is closed with
out additi onal progra m managcmcn t 
for control ling unpred ictab le (at com
pile tim e) GOTO statements in ob ject 
co de. 

• The las t prob lem is that I lon 't own .i 
m icro proccsso 1· sys tem , bu L in tend to 
buy a smal l Z-80 sys tem thi month or 
ne>. t. Being familiar wi th in~Lruction 

sets and perat ing ystcms of large ma
chines, l ike Interda ta, or larger ones , 
like the IBM 370, I have Ii i ti c ex peri
ence with microprocessor sys tem s. 
Some lime will pa unt i l I c,1n build 
up and cx pdnd th e m icroproccsso r LO 

be ab le to run cros -comp iled Z-80 
object code. 

Working as cl cross-compil er 0 11 th e Cybe1· 
175, my compiler· will u"rn slate it~cl f Lo a 
loadab le fo 1·m for a microprocessor sys tem. 
I f po sib le, I want to deign another y ntax 
ana lyzing stage. T he compiler wou ld pick up 
routi ne and expec ted sequence symbols 
from a table, which would con tai n th e syn
tax descript ion , depend ing on scan ned inpu t 
ymbol . Th is techni que would make errnr 

1·ec0ve ry mu ch easier, becJuse set types for 
sequence ymbols would 11 0 I nger be 
needed. 

I hope to f ind people l ike Stephen P 
Sm ith, who are i11te1·es ted in an impl ementa
ti on o f a Pa cal comp iler for 111iuop1·ucessors 
and who will in fmm each o ther personal ly 
or th rough BYTE ' Languages Forum, b -
cause it seems impossible f r ind i idu als to 
tackle such prn ject. • 

XB1 Extender Board 
Board Only $9.00 
With Connector 513.50 

MB4 4K Static RAM (low power) 
Kit 5129.95 

~ 
r--

MB6A BK St•tlc RAM (low power) 
Kii $165.00 

MB3 2K/4K EPROM (1702A) 
Kit less PROM'a $65.00 
2K-$105.00l4K-$14S.OO 

:i:..,. 5 ; ~ 

t. ' , I ,> "' 1- .,. 

ri .. ,,., . 
. Lil• • - • 

: I ~ 8 8 8 8 8 8 8 8 8 8 8 i 

R 

MT1 15 slot Mother Boa rd 

~~~ig~~~~~~105.00 

VB1B Video Board 
Kit $149.95 

1/02 Interlace Boord 
Kit SSS.DO 

MB7 16K Slallc RAM (low power) 
Kit 5449.00 

Wi ·,., th blue bo rds! 

Compare the Cybercorn blue boards with any others on the market 
today. You'll find exceptional quality plus prompt delivery and 
significant cost savings. All Cybercom kits are guaranteed 90 days 
tor parts and labor. 

Contact your local computer hobbyist store or write for details. 

Solid State Music 
2116 Walsh Avenue , Santa Clara. CA 95050 
Telephone (408) 246-2707 
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Wfire looking 
for an 

endangered 
species. 

We re looking for the 
rare bird who doesn't have his 
or her head in the sand. 
We re looking for a few free 
spirits to help us build Sol 
small computer systems in one 
of America's loveliest areas, 
the Amador Valley, about 30 
minutes southeast of 
San Francisco. 

Only three years old, 
Processor Technology Corpor
ation is a pioneer in the 
microcomputer business. We 
build the best small 
computer systems there are 
and will continue to do so. 
Our plan calls for new and 
even better systems. 

We need a few really 
good people to help us meet 
the plan. We're building 
a tight-knit group of original 
thinkers who can help us 
develop new hardware and soft
ware and bring these products 
to market. Our thinkers better 
be doers, too. Our doers have 
complete project responsibility 
from definition to pilot 
production. 

We have, of course, most 
of the usual benefits. We're 
working on the unusual. Even 
more important than the 
benefits is the opportunity for 

you to be you and to see the 
tangible result of your effort . 

The future of computing 
is personal computing, and we 
hope it 's your future , too. 

Right now we have 
openings for: 

Engineers for 
Design, Proiect 
Leadership, and 
Product Test 

Technicians for 
R & D, Marketing 
Support, and 
Production 

Senior Technical 
Writer/Editor 

For immediate and 
confidential consideration 
stop by, phone or send 
your resume to our Personnel 
Department. We interview 
and receive calls between 1 and 
5 PM daily. 

Processor Technology 
Processor Technology Corporation 

7100 Johnson Industrial Drive 
Pleasanton, CA 94566. (415) 829-2600. 
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Conducted by Laura Hanson 

The Alli ance OH M icrocompu !e r Clu b 

The A lliance M icrocompu te r Club is 
a recent ly formed organization loca ted 
in All iance O H. According to Gary S 
Fix, presidcn1, th e group's goa ls are 
" to provide individua ls in the All iance 
area with !he opportun it y to share 
interes ts and exper iences in ~ xp l o r ing 

microcomputers as a hobby, career, 
social ac tiv ity or curiosi ty." Mee tings 
arc held on the firs t T ucsd;1y of each 
month at 7 PM. For further informa tion 
about th is new cl ub, co nt ac t Gary at 
3885 Norwood Av, Al li ance OH '1·1601, 
or call him at (216) 823 -8996. 

SC/MP and SC/MP -11 Users Group 

Tom Bohon of Omaha B has in-
formed us of a SC/MP and SC/M P-11 
Users Group which has been fo rmed. 
Members may take adva nt age of a 
l ibrary of bo th sof tware and hJrdwa rc 
in formac ion available on a cos t basis. 
In addit ion , a bib liography of SC/MP 
art icles, advenising, programming hi nts , 
etc, is avai lable to members for the 
reproduct ion cos t. The construc tion 
of a homebrew sys tem based on the 
SC/MP- 11 is also in t l1e p lan ning. 

No dues or fees arc involved. How· 
ever, in order to receive the month ly 
newsletter, se nd a se l f-addressed stamped 
enve lope to Tom Bohon, 2215·A Walker 
Dr , Omahd N B 68123 . 

North Orange County Computer Clu b 

According to Gary 5 Dickinson, tl1e 
North Orange Computer Club is alive 
and well in Southern Ca li fornia. The 
correct mai ling address is POB 3603, 
Orange CA 92655 and the phone num · 
bcr is (7 14) 998·8080. 

KIM -1 Users Group 

Anyone inercstcd in forming a KIM-1 
Users Group in the San Ferna ndo Val ley 
are a of Ca lifornia should write Ji m 
Zuber, 20224 Cohasse t #t 6, Ca noga 
Park CA 91306,orca ll (213) 34 1-1610. 

COSMAC-1802 Users Group 

We have been not i fied by Patrick 
Kelly tha t a CO SMAC- 1802 Users Group 
is being formed for 1he purpose of 
correspo nding, exc hanging software and 
ideas and possib ly publish ing a news
le tter. Membersh ip is free and inclivi d uals 

Continued on page 142 



BUYlllG HARDWARE 

Pros 

Pnoro collftesy or Computerto nd 01 San Fro ncisco 

Con1puftrland, •he DP DeparC!llleld &eore. 
HazeU~ne A INablo on~. 

Time was. buying hardware meant dealing factory 
direct . Then came the distributor. or factory indirect. The 
phone/ mail o rder ad reads. "15% off." 15% off what? Delive ry 
schedule maybe. After sales service perhaps. The only real 
savings just might be the Toll Free number in the ad. 

Now there's an a lternative. Introducing Computerland. a 
national network of DP equipment stores. with outle ts across 
the nation. This means you. and the DP director. programmer. 
general manager or purchasing agent can lake a quick ride 
across town. try out working equipment in a user environment, 
make product comparisons. then drive off with the hardware of 
your choice . And. still be back in time for the afternoon coffee 
break. 

Below Is a sampling of the quality business info rmation 
products. from more than 60 manufacturers of micro and mini
computer systems and periphera ls. available for you to try out. 
buy o r lease and take home today from Computerland. 

Compute1Land™ 
11!;1\QO Coll~l · n~ Stree 1. San Leandro. CA 94577 M 15l 895 93G3 

Franchise opportunities available. 

A1,.Jl.6.U .• '1. m ~'*''""~'"a "'w"IH" 1()-IW F,nt:il• ir•1 GeOACIA 

JO:itJ1,Jn.-111t, O• , ·:w s ... e,, ... ,.,"·- 1 u &6 oaJa f..,u, ,. ' "' !.o&AQs,aJ N1lC:atKtP•r\.w'h 
. . .... : • • • 11r :iu~~}g 11\lO •1ll(011.c!y s, ... , 13 1 ~ ¥91\W:: •O V 1l~ty ~aMt Sm,. 11u 40.. 9SJ 0406 

San D•l"QO 114 56099 11 W•l"<l l C•tf'~ .rltS9l5 6S01 
I LLU~O I S 

( ALU 0f1N I A 
11 1''""'Q<'llS11tt1 &8AQ L• Cot,..~ Blvd !.c E~11 'l;wci no.o 

HAZELTINE 1500 

O 24 X 80 Display (upper / lower 
case) D High legibility 7 X 10 dot 
matrix D Teletypewriter fo rmat for 

a lphanumerics plus numeric pad D Switch-selectable upper I 
lower case D R S -232/ C 20 ma.c urrent loop interface 

D Switch-reversible video. 

DIABLO 1620·3 

0 HyType daisy wheel character p rinter 
D Full keyboard with numeric pad 

D Microprocessor contro lled D R S -232 / C interface 
D 45 CPS D Tractor feed D Internal power supply 

© Copyt1ghl Compulorlond 1Q7S 
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Compilation and Pascal 

on the New Microprocessors 
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Char les H Fo rsy th and Randall J Howard 
Computer Communications Networks Group 
Universi ty of Waterloo 
Waterloo, Ontario 
CANADA N2L 3G1 

We arc co nce rned wi th the use o r high 
level l.1ngudges, dncl in particular P;:i-.c,tl , on 
mic rocomputer system . We arc mo t 
inte rested in the u c o f such l;mgudgcs fo 1· 
\vhat i> termed , on l,irger computers ;te rns, 
ws tem.' proyrummin~J. This includes writ ing 
code LO d rive fl oppy cl is l.. s , in terpre ters fo r 
APL 01· BASIC , or ,tl l th ose bit s of code Lh ,1 t 
people h.ive until now wr itten in asse mbler , 
and which in so me wa 111,1 !..e their rn icro
cornpu ter systems frie nd ly. 

Mic rocompu ter use rs show a gene ral ly 
hi gh level uf oph i> Lica tion , >O it might be 
, urpr isi ng at fir t tha t so mu ch of their cod e 
is st il l written in asse mb ler. The aclv,1 nt.igcs 
o f writing in a high leve l l<1 ngu,1ge h,1vc been 
often ck cr ibed in co mput ing liter.it ure: 
program; c,1n be m,1cl e more pon,1bl c: they 
exhibit better stru cture; ;111d they .ire e,1-.icr 
to writ e ;:i nd debug. In <1 cldition, it is much 
cdsier to let J compiler worry .1bu ut the 
efficiency of the object code: and defic ien
cies of the ob jec t mach ine <1re hidden . With 
the 8 hi t microco mput ers lil-.c the Inte l 8080 
.ind loto ro la 6800, we lec l th dt the re is 
little cho ice but to wr ite in <1ssemb ler (or 
in terpreter), since the fac iliti es provided by 
the ir order codes arc si mply in ;ufficicnt to 
supp rt mos t high level langu..igcs. 

Co mpilation may be inappropr i,11 c for 
8 bit mi crocomput ers, but it is the most 
.ittrac ti vc altcrna1 ive for the hybrid 8 and 
16 bit microcomputers (such t1s the Motorola 
6809). cspcci, lly with respec t to elimina tin g 
mo t <1sse mbl y code on these machi nes. We 
,!lso fee l that Pase.i i h.i f,1ci liti e th.it enJble 
.i comp ile r to gener,Jle better code fo r such 
machine th an mi ght be expec ted from 
compiler for other Ia n •uages. 

Je n en .incl Wirt h provid e Lh e cldini tion 

of and tutorial introduction Lo Pascal in the 
Pascal User Manual and Report. Aho and 
U 11 mdn 's book, Principles of Compiler 
Construction, provides an exce llent descrip
tion of the clements of a compiler. 

Options 

Tiny BASIC, Tiny C, APL , and FOCAL 
are impleme nted on microcomp uters with 
interp ret ive code . l111e 1·prctation has a num
ber o r ildvantagcs. Since the int erpretive 
l<1 nguage is highly specia li zed, it can be made 
compac t. ew macro operaliom can be 
.idcled eas il y as time and exper ience dictate. 
Array and structure ..idd 1·e sing and th e block 
copying associa ted with array and strnctu re 
.issignment may be made pa rti cu larly cheap . 
When in tcrpreting array indexing , run time 
checks o the index values agains t the array 
bo unds ;ne possible (a lthough often left out) 
t1 t little cx ll'a cost. This is trnc of other kinds 
of debuggi ng faci lit ies as we ll, uch a val ue 
trJces 01· stack t1«1cebad Bo th compiler 
,111d interpre ter <1re easy to write, especi.i lly 
if the interpre ted code imple ments a stac k 
ma hine. Interpretation's main disadvantage 
i-. th<ll it is slow. 

n alternati ve to interp1·ctation th at 
.dl evia tcs thi s latter problem of speed some
what is threaded code, which has been 
dcscr ib cl as "i nterpre tive code which needs 
no intcrp rete1"' (sec 1·e fcrences 2 and 3) . 
Rath er th <1 n having a sequence of codes and 
.i n interpreter which reads them, ca lli ng o ut 
to the routine imple men ting each o peratio n, 
threaded code si mpl y contdins the seque nce 
of machine addresses of the 1·ou1ines to proc
ess each o peratio n. These routi nes, much 
like the code segments ca lled by th e in ter-
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type 

1·ar 

begin 

end 

index = 0 .. 10: 
twicelndex = 0 .. 20: 
1msig11ed = 0 .. 32767: 
short = -128 .. 127: 
short U 11signed = 0 .. 255: 
thing = record 

e11d: 

field I. 0..7. 
fie ld2. 0 .. 31 

packedThing = packed record 
field I: 0 .. 7: 
field2: 0 .. 31 : 

end: 

a. b: array [index] of integer: 
i.): index: 
k: t wicelndex: 

T he listings i n th is 
article were prepared by 
arrangement w i th Walter 
Banks of the Un iversity o f 
Water loo. 

s: set of !R E.4 Dl' . BLO CKED. R UNN ING. SWA PI N . SW A PO U T!: 

a/i/ := bf)/: !the dreaded array-indexing example! 

k : = i+j: !subranges arc use ful ! 

s :=/READY. BLOCK ED. R UNN ING/:lset operations ! 
s : = s - /REA DY. R UNN ING/: 
.s : = s +/SWAP/NJ: 
s : = s * /SWA PIN . BLOCK ED/. 

Listing I : Pascal program fragment for array indexing. 

tsx 
Ida A,j(X) 
Ida B,J+/(X) 
asl B 
rol A 
add B, b+l(X} 
adc A. b(X} 
Sta A, temp 
sta B, temp+ 1 
ldx temp 
Ida A. O(X) 
Ida B. l(X} 
psh A 
psh B 
tSX 
Ida A. i(X) 
Ida B. i+l(X} 
as l B 
rol A 
add B. a+l(X) 
adc A. a(X) 
Sia A. temp 
sta B, temp+ I 
ldx temp 
pul B 
pul A 
Sia A. O(X) 
Sia B. l(X) 

Total code: 52 bytes 

/Enable indexing off sp 
/ Fetch address of j relative .. 
/ to sp into (A ,B) register pair 
/ Sh ift (A 8} pair left by !. . 
/yieldi ng integer offset 
/ Add in 16-bit array 
/ po inter i to (A,B) pa ir 
/ Transfer (A.B) pair to X reg .. 
/ .. not re-entran t 

/ Finally, fetch bLi] into .. 
/(A, B} pair .. 
/a nd push onto stack 

/ Following code is repeat of .. 
/above for getting address of.. 
/a rray element a[i] 

/ X now points at a[i] 
/ Pop bUJ from stack .. 
/i nt o (A,B) pair. . 
/a nd store in a[i] 

Listing 2: Motorola 6800 assembly code for the first 
line of the Pascal fragment shown in listing l . 
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prctcr to implement the pseudo-mach ine, 
provide the run lime support for lhe threade I 
code. Rather than re tu rn to an inte1·prctcr 
after it has done its work, lhough, a 1·o utinc 
simp ly jumps (ind irect ly) to th e next such 
ro ut ine in the code now. Argumellls dl'C 

pc1sscd lo these ro utines in vari oL1) ways -
for example, by placing val ues 01· ad dresses 
bet ween the code pointer . 

The th ird apprnach to language imple
me nta t io n is th at trad it ion ally adopted o n 
larger machines: real code gen eration. This 
approach provides the fastest program 
execution at the possible expense of space 
used by the ob ject code . On almos t any 
machine, th e high leve l construc ts of flow o f 
control an d logical expressions as well as 
calls to the intrinsic buil1-in fun ctions can be 
directly implemented as branch or jump 
inst ructions with 1·elativcly li ttl e ex penditure 
o f speed or time. However, for many o f the 
exist ing microco mputers, code generation 
fo r even the si mp le t o f the fu nclamcnt ,il 
high level language constructs proves eff cc
t ivcly impo sible. Such cons tructs inc lude 
mo t common arithmet ic o peratio ns, an·ay 
Jnd str uctu re accessing, and automatic 
)to rage manipulation . Part icularly difficult 
o n so me machines arc multiply, divide , 
modu lus Jnd sll'ing o pe1«Hion . Therefore it 
i imporlanl to determine what prnpen ies uf 
a particular machine make it suitable for real 
code genera ti on. 

8 Bit Microcomputers 

A detailed slUdy of th e common 8 bit 
computers avai lable today (cg: Motoro la 
6800, Intel 8080) qui ck ly reveal that such 
mac hin es ill"e not conducive to 1·ea l code 
generatio n by compi lers fOI" hi gh leve l 
languages such as Pasca l. 

On uch machines, compilat io ns of even 
the sim plest a1·i thmeti c or pointer exp1·essio ns 
lead to a ve ry high object to so urce code 
ratio, if such co nstructs can be compiled .tl 

all. List ing 2 gives an examp le of code whi ch 
might be compi led for a Motornla 6800 to 
implemen t the Pascal assig nme111 st<1 tement : 
afi/ :=bfj/,- in listing 1. The assump ti on here 
is that au to ma t ic arrays arc implemen ted JS 

poi nte1·s on the stack to areas of storage 
resid ing elsewh ere. In addition, we have 
assumed th at th e compiler keep track of the 
stack offsets fo r its auto matic va1·iablc s 
relative to the movin g stack pointer; we are 
using the notati on j to represent the stack 
off ct of val'i;:ible j. In ad diti o n to this code 
segment , th e prnceclurc preamb le must set 
up the pointers lo th e ;i rrays a and b (stored 
a t off ets o and b respectively) , to point a t 
the integer befo re lh e beginning of the array. 
Thus, fo r examp le, a/7 / will then be iden ti-
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Let 
r : = I x. Y. S. lJ I 
a := I A. B. DI 
x : = memory reference 
c : = constant value 

x long relative. short rel ative. direct 
•x long & short relative indirect 
$x immed iate byte 
•sx extended 
••$x extended indirect 
c(r) ±4. ±7. ± 15 bit indexing 
•ct r ) ± 7 and ± 15 bit indirect indexing 
I r!+ Auto Increment by I or 2 
-I r / Aut o Decrement by 1 or 2 
• rr J+ Ind irect Auto Increment by 2 
• -t r / Ind irect Auto Decrement by 2 
a(r ) Accumulator Indexi ng 
•a(r / Ind irect Accu mulator Index ing 

Table 7: A summaty of the Motorola 
MC6809 addressing modes. 

fied with the beginni ng of the tor,1ge 
associa ted wi th the ar rc1y ,1. 

Beyond the c1cLU.tl code :.hown here, 
however, the most irnport.1n t in:.ight to he 
gained fr 111 .ill of thi> i> the sheer hulk uf 
code th<1t >UCh .i >imp le comtruct would 
generate (<1 nd it i> not even ree nt r.1111 .1t th .i t ). 
I m.igine how l.1rge the ubject code >i 1.e 
would be for even ;i re.1 >o n ~1b l y hon P.1sc.tl 
program. 

Imp lementing th rc.1dcd code i> somewh,1t 
difficu lt on these 111c1chi nes bec.tu>e they 
requi re 16 bit memory poin ter>, Jn efficien t 
rnech<1ni>111 for indirl'c t .idd re>>ing , .i nd >Ullle 
method of incrementing >Udl .1 pnin ter to 
the next 16 bi t pointer. /\t leJ:. t unc of the 
above cri teriJ i> >O tro uhlc .,1Jn1c un both the 
Motorol.i 6800 .ind the Int el 8080 that the 
thrc.1ded code becomes unwieldy. T hus, fur 
these machi ne , one h.is lit t lc cho ice but to 
interpret or write in ,1·sc111hlcr. Thi> >uggc_t> 
th.11 the in terpre ters th enbclve., must be 
implemented i11 .1,semhl y l.1ngu.1gc. 

The .ibuve d iscussion i> .in ,ittcrnpt to 
c1na lyze tl1e rl'c1>ons why progr.im> wri tten 
for 8 bit 111icruco 111puter> h,1vc tr.tditic nally 
been inte rpreted ur writt en in .t>>emb ly o r 
111<1ch ine code, r.Ithc r th.in being cumpill!d 
into " true" code rrom .I high level l.1nguage. 

16 Bit Microcomputers 

Previuusly, the on ly ,tlte rn .11ive to the 
8 bit .1rchitec ture w,is th .It of the 16 bit 
mi crocomputer. Ex<:1111plcs o r Sl!Ch m;ichinc, 
include the Tl -990 /4 .ind the DEC LS I- I I. 
While the co ll idcr.ible co>t of the e pruc
e urs tend LO 111<1kc them i111 pr.1c ti cJ I fo r 
lllJny CO lll pUtl'I cxpcrim<::ntcrs, ,111d fur 
th O'>C ;1ppl icat ion., in which ma ny pruccssor> 

;ire required, it is instructive to conside1· 
wh;it prnpen ies set these machines apart 
from thei r 8 bit counterparts with respec t Lo 
code generation. In fc1ct, it Cd ll be shown 
thd t, given a mach ine of sufficient sophisti
cation, it sho uld be possib le fo r a co mpi ler 
to do JS good a job a an assembler program
mer vis-a-vis machine resource utilization . 

There arc two main virtues of these 16 bit 
mJch in es. In the fir-s t place, these machines 
h.i ve comp lete 16 bit instructio n repertoire 
including h,u-dwar-c multip lication, division, 
and long shifts. As wel l, the 16 b it prncessors 
te nd to have ,1 good complement of adclres· 
sing modes such .is indexing, stack opc1·a
t ions, automa tic increment ;i nd decrement 
of poin te1·s, and so on. (Here, .is elsewhere in 
thi s article, the descrip tive terms may seem 
fuzzy. Good complement docs no t admi t of 
,1 precise me,llling. With real rn.1chines, one 
U>u.tll y loses clever .iddrcs>ing modes , for
plcnt y of general purpose reg isters, and one 
mu t b,tl J ncc the benefi ts somehow. The 
rin.il judgme nt will usuall y be tha t o f the 
pc1·son writing the compiler.) With the c 
.it tributes, it is a fairly straigh t forw;ml t;1sk 
to cons truct ;i co mp ile r for d hi gh leve l 
l,1ngu;ige such .is Pa sca l. 

8 and 16 Bi 1 Hybrids 

The current trend in 8 bit microprocessor 
technology is towards cl hybrid co mbin at ion 
8 and 16 bit machine. Essentia lly, these 
processo1·s Me capab le of 16 bit operations 
while retJini ng 8 bit da ta paths throughout 
the processo1· architec ture. A prime example 
of such a hybrid is the Motorola 6809, 
whic h is due for forma l product release later 
thi s yea r. T.1blc 1 gives a summary of th e 
b;isic addressing capabi lities o f the Mo toro lJ 
6809, expressed in a hypothct ic,d assemble r 
syn tax which removes from the user the 
burden of understand ing all of the details of 
the actual hMdware addressing mode s. 

Wha t Jclv;1 n tage> do these machine~ have 
over their pure 8 bit prcclece >so1·s? In p.1rtic
ul .11·, these machine now have al least one 
accu mulator for performing Jddition, sub
trt1ction, shifting and compari on opcr:1 tiuns 
on 16 bit cl.1ta. A second feature or th ese 
111.1chines i> the 16 bit memory pointer, 
whic h , combi ned with the ab ility to auto
lll ill ic ,dl y in ere men t dlld clccrernen t such 
pointe rs, provides a ve 1·y genera l memory 
Jcccs ing c<1 p,1bility . In <1dd it ion, common 
hi gh level l.1nguagc features such as stack 
fr.1111 c; and display pointers become qui te 
c:isy with the gene ra l index and stack 
rcgi>ters of the M6809. It is ap parent that 
the Motorolc1 6809 is particularly wcll
endowcd wi th add ressing modes which 
tend to faci litate code gener,t tion for high 
leve l la nguages. 
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Lis ling 3: Motorola 
MC6809 assembly code 
f'or array indexing program 
fragment . 

U stinq 4: DEC PDP-11 
ussembly code for array 
indexing example. 
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Consider again the array a ignmen t 
which the 6800 handled s·o dis mally . Th e 
Motorol, 6809 code for the s;1me construct 
is given in lis tin g 3. {No te that the syntax of 
our asse mb ler code is intended Lo be more or 
less consi tent amongst the exa mp les, and 
not necessaril y th at of the manu fac turer 's 
<1ssemble r. It is in fac t th e sy ntax used by 
our UNIX as cmb lers for th ese machines.) 
Code for the PDP-1 1/45, con idered to be a 
good inst ruc tion se t given in lis ting 4, is 
includ ed for comparison. 

It is ra ther precipi tous to dedu ce much 
from thi s one examp le, alt hough ar ray 
ind exi ng does exerc ise many o f the addressin g 
mode of a machine, .md such assignment 
statements can provide a check on th e 
regis ter usage of a compi ler. How a partic
ular architecture fa res with more genera l 
Mithmetic expressions and funct ion and 
procedure cal l, save, and return sequences 
wou ld provide further basis of compariso n. 
Indeed, other examples that we have tr ied 
sugges t th at the resul ts of th is compari~on 
MC typica l. 

Special Advantages of Pascal 

We Fee l th c1 t the u c o f Pasca l and <1 
co mpeten t com pi ler can lead to be t ter 
code in many cases on hyb rid 8 and 16 bit 
machi nes than can be achieved with many 
o ther languages. Obviously, the bes t results 
will require that Pasc;i l be prope rl y used -
tha t subrange be us d where possible, fo r 
example - and th.i t these be decla red to be 

/ ·x· poin ts to top of stack (d ispla y) 
Ida D. i(Xl I i 
as \ B 
rol A I • 2 
add D. $a-2 / +offset of ·a· 
lea Y. D(Xl / +stack top 
Id a D.j(X) / j 
asl B 
rol A I •2 
add D. $b-2 / +offset of 'b' 
Ida D. D(X) / + stack top 
sta D. (Yl I a[ il := bLil 

Total code : 20 byte 

/ r5 poi nts to the " top" of the 
/ stack frame 
mov j (r5) .r0 /j 
as \ rO / •2 
add rS.rO / + displa y pointer 
mov i(rS).rl / i 
asl rl / "2 
add rS.r I / + display pointer 
mov b-2(r0).a-2(r I) / a[i] : = bLi ]; 

Total code: 22 bytes 

a small as pos ib le. A Pasca l program ca n 
con tain a g1·ea t dea l of informat ion th at 
all ow> eve n a straigh tfonvdl'cl compi ler t 
ge nerate code wh ich makes good use o f the 
ava ilable 1·egistc1·s. The Pasca l dec lara tions of 
li sting 1 provide il lumat ion for the foll owing 
discussion, and the code given is for Lhe 
Mo torola 6809. Reme mber th at th e intent i> 
not to clesui be an impl ementat ion of P<1sc al. 

The declarat ion o f scalar· ,111d sub1·a11 gc 
types essential ly allows the clcclar,nion of 
small integer> and makes know n th e dct.iiled 
charac te1·isti cs of var iables o f such types to 
th e compil er. Var iab les may thus be com
ple tely bounded, and the compi ler can 
comp ute upper and lower bound s on the 
va lu e of an expression. 

111 our examp le, variables of type short 
or short Unsigned may be I oaclcd in to the 
8 bit accumulato1·s of the 6809, and bo th 
registers may be used imultancously. A 
variable may be recognized as 1111siy11ed if 
the1·c are no negative values in the >ubr,111gc 
to which it bel ongs. In th e a signment s t<1 1c
ment /? := i +j: the variables i, <1ncl i, arc both 
in the 1·angc 0 th ru 10. The rcsulL is thu s in 
th e range 0 thrn 20, and <i n 8 bi t acc umu lator 
may again be used to compute thi s result. 
(A ll of th is is part icul ar ly useful if <1rray 
indexing i also invol ved.) 

The Pasca l set type may be regarded as 
provid ing a readable way to do "bit twid 
d li ng. " A set is typically implemented as a 
sequence of bi ts, one for each clement or the 
base type of the set. The varit1b le s might 
then be a byte in which the low or der bit 
correspond s Lo the clement READY , the 
next to BLOCKED, and so on. The cquence 
of assignments might then be compiled as in 
listing 5. 

Pasca l, of course, provides pointers, 
record structures and ar rays. 

The use of pointers is str ic tl y con trolled: 
arbi trary arithme tic operation> on pointe1·s 
are not allowed. About the only things that 
may be clone with a po in tcr· variab le ar·e: 
in direc t addressing, ass ign in g anothe r po inter 
to it, r passi ng it to a proced ure or fun cti on. 
Thi s structu 1·ec1 USC or poi ntcr·s and ind exi ng 
resu lt in a very sty lized use of po in ters in 
the comp iler's in tern al rc prcscn tation. Th is 
in turn allows the compi ler to de tec t the 
pl aces where double index ing may be used 
to advantage rather easily, on machines li ke 
the 6809 wh ich have thi s rea tu re. 

Indexing of an array of records does 
requ ire mult iplication of the index by the 
width , in bytes, of the recmd. Often, thi 
may be accompl ished by a sh ift. Of cour c, 
thi s cann ot J lways be cl one, >ince records 
need not be a power· of 2 in leng th , tho ugh 
a compi ler could arrange to 1·ound the size 
of a record up to an approp riate bound ;i1·y if 
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/ X is di splay pointer 
/ equ ates are in octa l 
R EA DY "' 0 1 
BLOCK ED"' 02 
R U NING "' 04 
SWA PI N "' 0 10 
SWA POUT "'020 
Ida A. $READY+ BLOCKED + RUNN ING / immediate load 
sta A. s( X) 

I 
Id a A, s(X) 
and a A. $! [R EADY + RUNN ING] / complement 
sta A, s( X) 

I 
Ida A. s(X) 
ora A. $SWAP IN 
Sta A. s( X) 

I 
Ida A. s(X) 
and a A, $[SWAP ! + BLOCKED] 
sta A. s(X) 

List inq 5: Set assignment code for the /1101oro/a MC680Y processor. 

Lines 

the dilTercnce were s111, ill. In ,my event, 
provided the size of the record is no more 
tha n eigh t bits (.is .in un>igncd quantit y), the 
code fo1· the rnultiplic<1tiun could reasonab ly 
be included in line. 

We W(llldcrcd how orte11 divisio n or mult i
plication is used in the UNIX system (,111 
ope rati ng system deve loped a l Be ll Labs), 
and wro te a sim ple commanu file which 
would compil e eJc h of the source progr;ims 
or the system and scan the resul ting a Sem
ble r fo r m u/ an cl d i11 ins truc1 ions . The 
number of mu ltipli ca tions was of interest in 
ligh t or the above disc u sion ; the number or 
livi siom w,1s ol lccted . 1~ well, si nce thc>e 

would h.ive to be interpreted by subrnutine 
on the 6809, ,ind we w.in tcd lo know how 
m,1ny occurred in c1·i tic,il code . The rcsu It> 
.ire sh own in l<tble 2. 

Onl y one of the divide imtructions ocCLll'> 
in a routine L11.it might be 1·egJrcled as signi
l'ican t, with respec t to i11crc,1>ing syste m 
overhead, were J >ubrnu tinc ca ll ed to do thc 
divide piecemea l; and tha t division was 
perf rmcd dl .I low pr iority leve l. 3 1 o r the 
divide imt1uctiom in the device driver 1ou
tines wc1·c in tli~k driver~. whi ch hdCl lo 

compute u·acJ-. ,111d cy linder o l rse ts. The 

Number o f Number o f 
Sec tion of C Code Mu l tiplicat ions Divisions 

UN I X Kernel 6 ,013 4 9 
Device Drivers 8,640 62 4 1 

Tah/e 2: A search through a purlicu/ur operalinq ~yste111 to determine !Ire 
11umher or multipliwtiom and di11i5io11' used. I hi, 1va1 done IV determine 
hO\\' important /he speed or a !11U//ip/ica/iOll and dfi 'i.'iO!I routine \\'OU/d /)e to 
u lyphul program. 
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mu lti plications in all cases were of small 
,1111ounts; it eerns th<tt (most likely by 
accident ) record su uctures used in the 
kerne l happened to be a power of 2 in leng th . 
It would have bee n more instruct ive, perhaps, 
to examine user programs, but in that CdSC it 
would have been more difficult to sepc1r,1Le 
multiplications writ ten cxplici tly from those 
created implicit ly by dlT.ty in dexing. 

A Pa~cal programmer may dcclMc partic
ul,ir record or arra y type as pocked, which 
i~ ,1 hint lo the com piler that the prngrdm
mcr would prefe r clement of the given type 
to occu py as litt le space as possible eve n if 
there is a cost in increased code to access 
them. Th is leaves the unit of packing to the 
compiler. For exam ple, the types thing and 
pacl?edTh ing (sec listing I ) descr ibe packed 
.incl unp<1cked reco rds wit h similar fields (to 
Pascal, these reco rd ty pes arc no t compa tible 
in ,111y w,1y ). In ;:i thing, bo th field I and 
field2 wi ll likely be by te>, but if .i comp iler 
implemen ts the no tion pacl<ed completely, 
then in a pac!?edThing, fie ld ! will likely 
occu py three bits, an d field2 five bi ts, ie: 
they would share the same byte of storJge. 
Packing o f reco rds on microcomputers is 
often much easier than on the large r proc
essors, because microproccsso1-s do no t h,ivc 
the ,1lignmcn1 prob lems th at pl<1gue compi ler 
writers on those m;ichincs. 

Fina ll y, a in ma ny other lc1nguages, the 
orcle1· of eval u ~11 i on of expressions is left to 
the implementor, but since side e ffec ts ;ire 
1101 ,1llowed, no leg,il Pasc,tl progr<1111 c~111 

po;sibly be harmed by this. This has two 
rcidted C f'fccts: in arithmetic expressions, 
the com pil er mc1y cva lu<1 lc the opera nds in 
the order tha t leads Lo the least ,1111ou n1 of 
code, <1ncl in Boolean exp ressions the left
hnnd side of the logica l opera tms and and or 
need not be eval uated if the expre~sions on 
the righ t determines the ll'Uth value or the 
ent ire expression. Faste r or small er code wi ll 
u u.illy re>u lt ir a compiler takes <1dvan t<1ge 
() r these properties. 

P;isca l : Problems ? 

We ree l th at there ,ire .i nu mber of a1·e,1s 
where Pascal is like ly Lo 1·equi1·c expe nsive 
mech anism , and which would be inappro· 
p1·i,lle For ,1 sy terns progra mming environ
ment. One solu tio n might be to implement 
.i subset of the IJnguagc, leaving these hard 
le,tLUres aside , but in mos t cases, since the 
expensive mechanisms are on ly invoked if 
the programmer a;ks for them, it hould 
be sufficient LO have the comp il er .ivoid 
including the assoc iated run Lime proced ures 
when they are no t req ue Led. (Thi i wonh 
me ntioning, if only beCJL1sc th is rul is often 
no t fo llowed.} We sha ll fi rst me nt ion those 



JS ~ I 
] r· nu, ,. f1"1Jivt 

> 'f nu U; ., 1J Yf11 II · 

COMPUTER JStiF~~R 1<,.,,, ,,,., Ii, 

• Versatile - as 
operation . 

• 

• Comprehensive a 
compu tes Power S e ' 
lnverse-iransforms, 
FFT's va riable data 

. -~ . .., ,,-? ? J - • <:ls 
Businessmen, Engioeers, Hobbyists, Doctors, Lawyers, Men and Wo!)l~n - --- ... . ~ ..... '/~ 

Vol. I 
r 

Business & p;,. 
sonal Bookkeep· 

ing Programs 

Bond 

........ -

.. _ ...... ..... .. .......... - _ .... .. ........ 
___ .... 

Vo l. II 
Binomial 
Ctii-Sq. 
Co

1
off 

Co nl idef' e l 
Conf1de'nco i J 
Correlations 
Curvo 
Oifforonces 
Dual Plot 
Exp·Distri 
Least Squares 
Paired 
Plot 
Plotpts 
Polynomial Fi l 
R·o.gression 
S1a1 1 

Beam 
Conv. 
Filler 
Fit 
l')tegralion 1 
fntegral ion 2 
Intensity 
Lo la 
Macro 
Max. Min. 
Navoid 
Optical 
Planet 
PSD 
Rand 1 
Rand 2 

Vol . Ill 
Bill ing 
lnven 1ory 
Payroll 
Risk 
Schedule 2 
Shippmg 

J~•o_c l}.s 
Sw1fo)l L 

·--Solve 
sPtier& .. Tc1an 
Ste..-s ~ ·- -
Track 

Vol. IV 
Bingo 
Bonds 
Sull 
Enterprise 
Football 
Funds 1 
Funds 2 
Go·Moku 

4.Jac k , 
Ul e' V C 
loans 
Mazes 
Poker 
Popul 
Profits 
Cubic 
Rates 
Re lire 

Vol. V 
Andy Cap 
Base bell 
Compare 
Confld 10 
Oescrip 
Differ 
Engine 
Fourier 
Horse 

f te_ge:rs 

p~.s;e~y c; 
Primes 
Probal 

Ouadrac 

/ 

Red Bmron 
Regression 2 
Road Aunncr 

Savings Aouleue 
_ SBA Sant a 

-;,c,, ~c-Toe Stal IO 

--- .S<at 11 
51 0~ 1 -_ 
Top 
Vary 
Xm .'.ls 

f APP ENDIX B 

-- -

'I,?-, . • 0 

rppons. 

040 •Oo 

59 



construcb which arc expensive, but which 
appear onl y by prngram mcr req uest . 

The semantics of Pa c;il 's li"le variab les, 
an d the inp ut/o utput (10) system in ge neral 
Lenci Lo 1·e fl ec t charac tc1·is t.i cs of a batch 
environment, with a rl.!str ic ted ch<tracte r set. 
The bas ic JO procedures ctrc bad ly des igned 
ror an in te rac tive term in al. The read .llld 
1vrite procedu re~ dre f<tirly expe nsive Lo 
imp le ment, since th ey ctrc ex treme ly gc nerd l 
an d <111 encompassi ng. 

On m.1ch ines li ke Lh c 6809 which lack a 
cliviclc ins truction of Jn )' so rt (let alone a 
16 bit one), div ision will be clone by ca ll ing a 
run ti me suppo n routine . Onl y i r the prn
gra mmer exp lici tly writes e ithe1· a divid e, or 
moclulus opcr. t. ion, will the call be gr nc1·· 
dlecl. F/ odling point numbe rs will be inter
preted, a> usua l. 

Pascal ,tll ows procedu res <1 nc/ Juncti ons to 
be c/ cfin ecl in sid e othc1· procedu res and ru nc
ti ons. This 1·equirc~ ei th er a displ ay, which 
111U >l be Cop ied , QI' d syste m 0 J' po in lei·) by 
which a ro utine may accc s the var i<1b les 
owned by rout ine> in a11 ou ter scope. (The 
la tter is the mos t li kely choice.) 

Str ings, Mrays, records and large e ts (if 
implemented) m<1y <1 1/ be as signee! 01· passed 
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as parameters Lo rou Lines. These opc1·ations 
req ui re block copies, but onl y if the opera· 
tions appear in the source prngram. Copy ing 
of ac tu al parameters may be avo ided, or 
course , by declar ing the matching fo1·mal 
parameters as var parameters . 

The re mai ning poin ts conce rn some phi lo· 
sophi ca l conce rn s abou t Pasca l ,lfld its 
implementation. (inp ut and out put might 
al o be conside red in th is class.) 

Phi losophy 

It ha been observed th at much of !he 
checking done at ru n Lime in o ther lan guage 
may be clone at compile Lime in Pascal. Th is 
is not al ways so, and run time checks arc 
1·equi red on ass ignmen ts of a variab le rrom a 
la1·gcr subr<rn ge Lo a vari able in a small c1· 
sub1·ange of a given type, 01· on simi lar use 
in array in dex ing, and po inters 111L1Sl always 
be checked to ensure tha t they arc not nil. 
It migh! be argued th at run time checks 
might not be clone at all. It is beuer to 
arrange ror them to be turned on and off, .i s 
requ ired, in different sec tions of code. 

Th e Pascal Report (see references) docs 
not put boundaries on the m1mbcr of ele
ments in the base type of a set type, but it 
does ay that an implementor will likely 
choose the wo rd length of a given computer 
as that lim it. Otherwise, routines arc 1·cq uircd 
Lo perform va ri ous Boolean opera tio n on 
large bit strin gs. Unfortun ately, a gi-ca t many 
Pascal programs in ex istence, most notably 
those fo r the CDC 6600, assume th <11 it i> 
possible Lo de/care or use a set of char, as in: 

if c in J "a'.. 'z'j then 
{ c is a /euer } 

where c is decla red as a char. The CDC 
Pasca l comp iler res tricts the number of 
clement s in the base type o r a SC I LO about 
the num ber of bits in a word (58). but the 
CDC character set is sma ll enough th at it 
(nea rly) fits with in a set. On a microcom· 
put e1· with the ASC II chai-;ic ter se t even 16 
bits is clea rly in sufficient , and la rger sets 
may need to be implcmcn ted. 

There is no method provided to ini tial itc 
variables in the ir declaratio n. Thi s is o r 
consequence when one wishes Lo crea te a 
table with va lues that remain cons tant 
througho ut the life of the p1·ogram (cg : a 
tra nslation table). The only way to do this in 
standard Pasca l is Lo write a sequence o f 
as ignrnent statements. This will typically 
1·esult in seve ral bytes of code rm e<1ch 
assignment, as well as forcing two cop ies of 
each data valu e in the table. On a large 
mach ine li ke the CDC 6600, th is may be of 



lilllr consequence, but on a microcomputer 
with lit tle co re, this is a dist inct disadvantage . 
Of cour·se, various implementations of Pascal 
have provided a means to do this so rt of 
thing efficien tl y, but this resu lts in a porta
bility problem because each implementor 
tend s to have sli ghtly different ru les abou t 
where and how these init ial iza ti ons may be 
accomplished. 

Conclusions 

For languages like Pasca l, compilation is 
the preferred method of implementation on 
hybr id 8 and 16 bit microprocessors. The 
object code size on these machines for 
common co nstructs in th ese languages seems 
to cornp<1re quite favorab ly with that for 
larger· proce sors like the PDP-11 or the 
Honeywel l 66/60. We illustra ted this with .i 

very simple array ope r·a ti on; the r·eacler can 
try o ther· upCl"ations. 

When choosi ng a programmin g language, 
one typically considers not o nly the case or 
difficulty of implementation and the effi
ciency of the compiled code, but stylist ic 
qualities as we ll. For example, we have 
fo und the C language a pleasant and effect ive 
language for develo ping programs, but it 
docs not, of co urse, fo ll ow that everyone 
else would. The same holds true fo r Pascal. 
We merely note th at the Pasca l is interesting, 
in th at Pa~cal programs may be so wri LL en as 
to al low a rn mpil cr to com pile code which 
makes efficien t use of 8 bit accumulators on 
mach ines that have them, and that amongst 
the o th er major high level languages th is is 
an unusua l propeny (PL/I is a likely cxcep-

tion) . Whatever the language used, we hope 
to sec the day when on microco mputer 
sys tems, JS on UNI X, the use of assemb ly 
language for J program of any size is greeted 
with surprise, hock, clcpairs, dismay and 
ou tright hosti lity. • 

REFERENCES 

1 . Jensen, K and Wirth. N, Pascal User Manual 
and Report, Spr'inger ·Verlag, New York 1975 . 

2 . Bel l, JR, " Threaded Code." CACM, volume 
16, number 6, June 1973 , pages 370 thru 
372 . 

3 . Dewer, RB K, " Indirect Threaded Code," 
CACM. vo lume 18, number 6. June 1975, 
pages 330 thru 33 1 . 

4. Aho. AV. and Ullman , JD, Principles of Com · 
pi/er Construction. Addison-Wesley, Don 
Mills, Ontar i o 1977 . 

5 . 990 Computer Family Systems Handbook. 
manual number 945250 ·9701, Texas Inst ru· 
ments, Aus ti n T X 1976 . 

6 . LS/I I PDP! I /03 Processor Handbook , Digital 
Equipment Corp, Maynard MA 1975. 

7 . M6800 Microprocessor Programming Manual. 
Moto ro la Semico nductor Products, Phoenix 
AZ 1975 . 

8. Kernighan. BW. and Ri tchie, OM, The C Pro
programming Language, Prent ice-Hall , Engle 
wood Cliffs f\IJ 1978. 

9 . T hompson, KL, and R itchie , OM, " T he UNIX 
T im e-Sharing System," CACM, volu m e 17, 
number 7, July 1974, pages 365 th ru 3 75 . 

10. Honeywell 66/60 Macro Assemblv Program. 
Honeywell lnformmion Systems. Phoenix AZ 

1972 . 
11 . Wiles. et al , "Compat1bd1ty Cures Growing 

Pains of Microcompu ter Family," Electronics, 

2 Feb ruary 1978 . 
12 . M6809 Advanced Microprocessor, Motorola, 

Austin T X . 

i""""""'"'"'i'~f 1~·1t;"'p;~;;·;;;1·~;""P~;;1biiiti;·;····· .... ; 
§ M icrocomputer Handbook by Charles J Sipp l defines the T op -down Structu red Programm ing T ech n iques. What is § 
9 present state of computer technology very well, con · structured programming? Clement L McGowan and § 
5 centrating on both hardware and software. Luc id and John R Kelly answer this question in their lively, § 
§ complete glossaries are combined with a variety of well -written book, Top-down Struct ured Program- § 
§ illustrations . Topics covered include : microcom- m ing T echn iques. D iscover the three basic types § 
§ puters- where they are, what they are do ing, and of flowcharts and how to optimize t hem. One § 
§ what is next ; kits ; distributed intelligence ; and section dea ls w i th the best ways to manage pro- § 
§ why the new systems are easier to use. The grams being written by a team of programmers. § 
§ book was writt en by a computer industry lee- An important feature of this book is its univer- § 
§ turer and consultant and is highly recom - salit y : practically any program in any language § 
§ mended for the intelligent lay person as well as can be improved by usi ng the ideas described § 
§ for professi ona ls and exper imenters . The glos- in it. 288 pp . $15.95 hardcover . § 
§ saries alone are worth the price of the book- i§ 
§ don 't miss this one! This hardcover reference is For convenience in ordering, please use the order 5 
§ only $19 .95. form on page 83, writing in the books you want. § 
~ m11~ .... The Microcomputer Bookstore CALL YOUR BANK CAR D ORDERS ~ 
ii Kl ~ 25 Route 101 West , Pet erborough NH 03458 TOLL FREE 1-800-258-5477. § 
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LEARNri~ 
PROGRAM 
~• H :1u•t :••~•Pl T'J'E its 
A nd at an a ffordab le pr ic e. The 
Madu- Learn "' home stud y course 
from Logica l Serv ices. 
Now you can learn microcomputer 
programmi ng in ten comprehensibl e 
lessons. Al home. In you r own time. At 
your own pace . 
You learn to solve complex problems 
by break ing them down into eas ily 
programmed modu les. Prepared by 
prolessional design engineers. the 
Madu-Learn™ cou rse presents sys
tematic softwa re des ign techn iques. 
structured prog ram design, and prac
t ica l examples from rea l 8080A 
micro-computer applications. All in a 
modu lar- sequence of 10 lessons 
more than 500 pages . bound into one 
pract ical notebook for easy rele rence. 
You get d ive rse examples, problems, 
and solutions. Wi th thorough back
ground material on micro-computer 
architectu re. hardware/software trade
ofis. and useful refe rence tab les. Al l 
fo r only $49.95. 
For $49.95 you learn design tec h
niques that make software work for 
you . Madu-Learn™ starts w i th the 
bas ics . Our p rob lem-so lut ion ap
proach enables you to "grad uate" as 
a programmer. 
Circ le the reader servi ce number be
low to receive our free desc ript ive 
b rochure and course out line. 

Use your Master Charge o r VISA 
ca rd to order today. Call Pa t a t ( 408) 
245-8855 . 

Circle 215 on inquiry card . 

P.O. Box 60968 
Sunnyvale. CA 94088 
408-245-8855 

LOGICAL 
SERVICES INCORPORATED 
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The Pr ice Is Wrong 

St i ll Further Thoughts 

On Pa!le 122 of th e June 1978 
BYTE th ere appeared a Language Forum 
i1crn called " A n A PL Interp reter: 

In 1he book rev ie w of Th e l: lem enrs 
of l ' rogrammi11g Sry lc, which ap peare d 
in M ay 1978 BYTE , page 16 1, 1he price 
of 1hc book shou ld have bee n $5.95, 
110 1 $2.65 . T hanks go 10 P J Plauge r 
lor no1 i fy i 11 ~ us o f th is error. ~ 

Furt her T hough ts." In paragraph 2 T om 
Brightm an rem arks t li at 111 os 1 re duc tion s 
arc monadic. David Eise nstein con 
tacted us to state 1hat m os t reduc tions 
arc dyad ic and research in10 several A PL 
books verified thi s. 

T ra nsposition Bug 

We apol ogill' for any inco nveni ence to 
rcacle1s ' in1crn.1I in 1c1 prc1crs t.1 uscd b y 
1hc sli ght dev iati on in scann ing between 
pag" · 164 .md 165 in Ili c Ju ne 1978 
issue. The tw o col um n or tc., I on page 
165 were in.1d vcn cn1 ly reversed . T ran s· 
pos it ion o l 1hcsc 1wo co lumn wil l 
rt·s1urc ti ll' currcn ynt .1ct ic orch.:r of th e 
1cx 1 (sec bel ow ). • 

I feel that th e pro blem he re is one ol 
int erprcl ation. I f a red uc ti on lunc t ion, 
such as +/, is consiclcrc d to be one 
operat ion , 1hcn 1hc operatio n i s 111 011· 
acli c. The one operand is to the ri)! l11 ul 
the l unct iun and is usuall y a vec tor. 

Ho we ve r, the red uc1ion l un ct ion is 
usual ly defined to be 01111• th e lef t slash 
sy m bo l. This means tha t th e re due 1ion 
Junc tion is tl yacl ic. T he ri ghth ,intl 
operand woulcl usually be an array aml 
the lcf tl1ancl ope rand wou ld be so me 
opcrd tor such as + or x. T his is the for m 
1hat tex ts see m 10 use . . . RGAC • 

Whl' Fl , J c I J.:. IJ W l 1ilt1Hh'1I h\ .• [ li:.11 I' 
ih-1n k•d 111 1hl· ( . 1111tol Chl'l I. S c-L \l1a11 •• 1 

1utup 1 .. niJtk 111 INI I 1Jli1L' .11 it.1 .111 ,\ ~h·m 

1i.1 r.1nil"\t'h .U l' U) l(IJlllL'd lht• 'l l l'"l'n I .. 

t lt-.11 L·LI Jlld lhl' lUl ~ 11 I\ rn11\·l'd lo lhi:' up1w1 
h'h ·h.md c11 rm·1 

s~\ \ l'n'i C IL·.11 I\ !lt'\t.:nl· d 111 lw ,llll'"\W~ 
In .,., ....... 111~ c 1 J<t, ~\ Mid 1h;·n ( 11•.11 ' "' J\Uhl 
.1uitfrn l.1I \hl ' It I\, hu'l.l.L"'l'I, ou.1"un.1lh 
h,1111.h hJ 111· .ahk to rnm11.d1ft" Ila· l! l"lhr l' 

rn11i.: r.1n1 

Ck..i r ~uc-c-n .i m.l ll u1m· Cu nor 

WhL•(I 1111 1,. U11· Cll'.tt l'\ I\ l'ltl· ~~(·c.J. lht• 

nr11i::r.1m 11,.1mp' lu f. l. L \R l h1\ 11 1·.u~ th1· 
~ rn·n Jnd J\.'h11Jh lhL' Luno1 In 1h~· upp,·1 
ld1 h.111d \OI nt'I M t'tlll i l\ .. LJllH 1.1.111d~ .Ill' 

11n1h.mt!t't.l 

l torn,• l Ul \Ur 

Whc11 ,1 C l"W. l,'X I \ dt' IC\.ICLI Ill the 
C1in t111I C.ht.'( '1-l'< ll•lll. !ht· rrj1i:: r.1m 1Ur11f' \ 
11 1 tl11me. v. t11th 1c-1u rn' 1ht• llH\l,)r tu thr 
LIPl"l' f kh ·h.1mJ ,ornr, bu t dun nut .d teu 
t h t• ,LU'cn lu11lt•nh 11r 1hr nwmu1, '!l l .11tn 

~111c.1 .. 

[ \r .111r 

Wht•n the 1."'IU 1H' t.. c-~ ~ ESU I' prt'!l"l-t.' tl , 1t 
"ck1L"l.. lt'<l h ~ the Cun1 r11I Cht•, t.. \ L"L 111ln .mtl 

J 1umri I"\ m.id t' lo h l"\Jd1·, 111ul mt·mo1' 
.1dd1t'H \.1 5 wlil'tf' Hi.c· p111i,:.r.1ro H'll'nt'' 

1n\1rut t1on~ l1J 1 l'\ •I h um () 1-tr\P H hcc 
Pw~1 .1n1 FunL t 1o n .1 n.d Usd 

Adi lf C' '!l\ ing ... nd &-1r rmiry Rtt.1u 1rrmrn cs 

ltl II\ p rt' Wlll J)\f'rnbl'" G H: ,\ PH H.'\ll!C\ 

1n ht> \ .1dci.:i m .1I lllL"ffiU rl l1 1CJ l 1un' 000 lhtu 
3FH .i niJ 1 ~ U c\ l ~ned \IJ dm eo .- VOM ·I 
.11.hJre\u• d .LI h e , ,1 ck om.il CCUO VOM· I 
\ \J IU\ pon ~to rr,c:I \nulli ng) i, .1ddr t'\\C'd 
J t hnJdecm1~ I CS 

In Jc.l t.h 1ion . ''~ 1 1-.. by tt mc-nlll" · Sl'C l u l \ 

.1rc \l' I Hide Int 1hi: S TORF. .-ntl REC ALL 

A lrvtx.1J rd mriuh ~1.11m 1Murrn.l tiun lu 
10 pon 00 M.ll J p1 e,c:n1 - hit (l ~t1) .1nd 

1.J.\1,1 10 10 Poll 01. • 

A JOO CIP S Cll lH' ll • o t G R A PH ,,,_ /(•fl.11u 
C•t'r' AVTE o• Co11e-1 '°"m•n w11h .. CUT E.Fl 
11e11llt!1 ' ' .au•ol 1t:rln to• S!:t lc;;i1to. or monnv 0 1de-rl 
t r~ Ul'll"B .'\ufl•CJ V1u1Jil St!1vct'1, UN8 , 
Frt1h1,,c1D ri NB CA~A.OA EJB SA:J 

( __ E_N_O~) 

0800 

ocoo 

•Ooo 
1400 

:111118 1 

( START ) 
Co 

11 1hr prni.:r • .nl i~ ui !he 1.<C' rl l\. JI .... -111{" moJC" I 
11 1t-tcn .-dd\ thc- \0.1lul· 80 Ill the J! Cumul.:llm 

.inti d t•pu\lh th l' JC\u11 lu d. inlv J F7 lht) 

h .1, tlw d fc(t u l .11tc ul .t lcl~· hud•ng lh iU 
luco1 1111n w11h ho.J tkCrnldl 00 ur 80 every 

11ml' th 1} 1uutmc" c nh.·r C'd , Thu), uni." \lr v l.. r 

ul lht· ,1f'lr>rt1DriJlt' l.. e y {CTR LJOI DUl.'t ~· uu 
1n lht• Vl•r t ic.11 \\1ri1 r m ode, .ind .1nu t.hi:"r 

\l h l l. t• l J l. l' ' v u u CJU I ur lh.11 m ode O pc r..i · 
lion th l•n 1um p' b.k.t.. tu ST1\ T!N tn lhe 
Drt ... ('I 

Cur JOI (On/OH) 

lh1\ upc;1.1 11 un wort..\ c ' .tc tly UH' \.lm~ .i \ 
VC"tHc.11 Wrnc bv .1hc rn.i lC"ly loi1 Uin1t hr u · 
dec1mJ1 toc Jt1on 31 li "" llh ht, .Jdcc1m.;tl 00 
or 80 

tu 1 ~or Wri 1t· / Oon '1 Wr il r 

lur\\11 w1 llC" i'dun '1 w11 1c wuf~ H'\.&e t ly lt ~c 

Vt·1t1l .tl \\ 11l l", Jhcrn.1 lrl)• lu.i d 1n1: IOC .J llOn 
hl' '\ Jtle\.ml Jl 3F6 w11h heudcc1 mll 0001 ISO 

No l S1urt· 

When .a CTR L/ \\1 .1m.l J number fr om 1 lo 
6 .11 c dl!' lt Ctl'd (u·t Cun11ul Cht< ~ S«t1o n ), 
l hC' NC\ \ IO r(' ruu1ine I~ Cn!Cr('d , Th i~ 

ruutm l.' 1\ Jt. lu .a Uv un i., " ~l'ft r" \ ul cump.;tf l· 
~vn\ 1n the Co n trol Chcc t.. Scc 11un wh tch 
comp.H t the inpu t c.h .Ha< ttr w11 h 'loC 1t t ul 
ASCII hrudcc 1mJI v.aluc\ Fu1 r \ ilmplt , 
aft r1 Cf RU W ilnd .i numeral 1 Jtr ctHe rtd 

fr ~1m lh c ~c vbua rd , th e d .1 1.1 inpu1 lo t h e 
con, pu1 rr i\ h c .-. il dtc1m.&I 31. In th i\ n .v J 

CPI JI H'l \trn ct 1on wuold IOU tc 1he pr og1.1m 
tu 1 n \l r ur:. tiun~ th JI wou ld lo ad Ud.IU \ word 
hc \. adC'C1m,1l memory loca tio n J FS with 
h t'\ ,1dcc1m,d 00, J nd when 3F8 1~ ch t<ck td 
b' tht.' nu.I STO RE o ptr J1ion, 1t would 
Mme p.1~e 1 in the fi r ~ I memory 5otc t o r . 
En teri ng .:a 3 wo uld be dt1tc 1td b ) J C PI 33, 
wh ich would lu Jd J FS w11 ~ ht'). <ldt'C1m.l l 02 
~nd ~ 1 up 1ht nr), t STORE o ot r.i11 1on for 

~--~ l' 

w• ~ld« •m .. 
E" i:t Addreu 

Pl11•0rie 

1-t•a.Oto:•""lil 
loc1t1on ol [nd 
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'000 '10 1201 

Tab'-" J. 5n I K byr" 
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POiVER PAPER SELECT PAPER 
EMPTV f" ECO 
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Finally, the macro maker of computer 
printers has gone micro. With a high-speed, 
desk-top, non-impact print\!r complete with 
parallel interface (Model Pl) that's perfect for 
the home, hobby and small business user~ 
complete 80-column printer for less than~ 

The new Centronics microprinter is 
big on performance. It prints clean, clear dot 
matrix characters at a rate of 150 lines per 
minute. Yet it's quiet, compact, comes fully 
warranted and is backed by Centronics' 
worldwide service. It's even available in a 
serial interface version (Model SI) for 
remote applications. 

Of course, buying your small systems 
printer from the industry's leading producer 
of printers is simply a better buy. You get the 
security, support and systems flexibility only 
Centronics can bring. Plus the targeted tech
nology that brings out the best in any computer. 

So when you think small printers, think 
big. Think Centronics. For more information, 
just clip and mail the coupon below. 

,-----------------, 
Centronics Data Computer Corp. I 
Hudson, NH03051 I 

Gentlemen: Tell me more about your new 
microprinters. 

Company ____________ _ _ 

Address -------------~ 

State _ _ _ _ _ __ Zip _ _ _ _ __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Phone I L _______________ BS~~ 

C:EnTRDnlC:S®PRlnTERS 
Simply Better 
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Peter Nelson 
68 Seaver St 
Wellesley MA 02181 

I 1 /D I 

I 2 I 0 2 
2 

I 3103 
3 

4 
14 /04 

5 
! 5 I ADR 

SY NC 
6 

osc 7 

8 
ISE L 

9 
HOLD 

10 
R / W 

II 
POR 

RO Y 
12 

13 
ERROR 

F 2 
14 

TOP VIEW 

The Number Crunching 

Processor 

2B 

Na tional Semiconduc tor Corpor;ition's 
MM57 I 09 m icroprocessor· is designed speci
fical ly fo r· numeric processing. C1l lccl " The 
Number Cr·uncher" in thrir advert ising, the 
MM 57 I 09 has an in str uc t ion se t that in
clude noating cleci Ill JI Mi thmc tic' I og.rr-i th
rni c and tr igonometr ic fu nct ions .i ncl o ther 
sophi sticJ tecl fea tures. A lthough i t c;in be 
u eel as J tand alone device with r-cacl 

VSS -+ 5V 

VDD -+ -4V 

CLOCK 2 
CLOCKS DA I GEN 

3 
INTERNAL 

2 7 
DA2 

"'8'} SYNC 4 

2 6 
DA 3 

only and programmab le memory , or as the 
"b r·ain " o f ,1 srn ,1 rt ins trn mcnt, most hobby
ists w ill probabl y want to use i t as J 
periphera l processor where i t wi l l . ave bo th 
money and memory . pace. 

T he MM57109 r·equir·cs a 9 V power 
suppl y wh ich can be configLffed <1s +5 V and 
- 4 V for easier TIL in terface. I t also re
qu ires a single pha c 5 V clock of abou t a 

HOL D 

ROY 

CONTROL 
BR 

SIGNALS ISEL 

R /W 

DAS 

25 MICROPROGRAM 
Fl 

DA4 PDR -+ I NITIALIZATION FLAGS STORAGE ROM F2 
24 ERROR 16 1JC 

23 iiR 
x 

22 -
DAS y }"'"} """ 21 z M A N TISS A 
VD D CONTROL RE GI STER 

I 6 /JC T 
20 

004 
LOGI C F ILE 

I 5 /AOR M M EMORY 

19 [ 4 /04 003 
I 3 103 DAI{ LEAST) 

18 DIG IT 0 02 DA2 12 /02 ADDRESS 
17 

DOI l 1 /D I COUNTER 0A3 

16 Fl 
OA4 (MOST I 

15 vss 001 ( L EAST ) 

ARI T HMETIC DIGIT 002 
UNIT DATA 

003 
4 BI T DI GIT DA TA OUT 

004 (MO ST! 

Figure I : Pin assigments for the dual in line podwgcd MM5 70 1 and a (unct Iona/ bloc!? diagram o( the processor. Reproduced 
courtesy of National Semiconduelor Corpora / ion. 
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400 kHz frequency. This is in tern al ly 
divided down to a 100 kHz SYNC signal 
which forms the basic time period of th e 
processor. Nationa l cal ls this 10 µs period a 
rni crocyc le. All instruction times are ex
pressed in microcycles. 

A pinout and block d iagram are shown in 
figure I. The MM 57109 receives instructions 
and data vi a input lines 11 thru 16- Timing of 
an instruction or data fetch operation is 
shown in figure 2. Note that the RDY 
ou tput goes high to signa l th at input is 
rcqu ired. I 1 thru I 5 may change only when 
the ROY line i high. Processi ng begins when 
it returns to a logic "O, " 8 m icrocycles later. 
The MM57109 can be halted when the RDY 
line is high by applying a logic "l" to the 
HOLD input before or at the rising edge of 
RDY. I f HOLD goes high after RDY does, 
the processor will not stop until the next 
RDY pulse. Stoppi ng the processor can 
allow more time for an ex ternal device to 
prepare data or· an instruction. The 
MM57109 cannot be ha l ted during execu
tion of an instruction. For 2 word opera
t ions, the RD Y li ne wi l l go high twice, once 
fo r· eac h fetch. The ISEL output is used 
during uch operations lo indicate when the 
processor is expecting an instruct ion; it wi l l 
go low when data is expected. This is useful 
if the data and instructions are coming from 
two different sou rces. 

D0 1 thru D04 are used to ou tpu t data 
during an OUT operation. The number of 
dig i ts and format depend on parameters set 
by software, especial ly the SM DC and 
TOGM instructio ns. The RW output is 
strobed low, once for· each digit. No te in 
figure 3 that the MM57109 issues a seco nd 
RDY pulse dur·ing the OUT operation. This 
is for external memory con trol and can be 
ignored if the processor is being used as a 
microco mputer peripheral. 

The digit add ress l ines, DA ·1 thru DA 4, 
and the digit address strobe, DAS, are used 
to provide address in formation when the 
MM57109 is configured as a stand alone 
processor with its own memory. Typically, 
the digi t address Ii nes wou Id provide the 
lower four bi ts of address wi th the upper 
four bits corn ing from an ex terna l read only 
memory. 

Reference Source : 

The source of the information used to design this circuit for the 
MM57709 Is the National Semiconductor publication, MM57109 
MOS/LSI Number Orien ted Microprocessor, copyright 7977 by Nation
al Semiconductor Corporation, published in March 7977. The publi
cation number of this 24 page booklet is IM-B50M37. National Semi
conductor Corporation Is located at 2900 Semiconductor Dr, Santa 
Clara CA 95057, and the MM57709 is available from electronics distri
butors who handle National Semiconductor's product line. 

INSTRUCTION 
IS EXECUTED 

RDY 

o---------1 

o --------t---1i-----~ 

o--------'""'~------J...;;;:;:.~~:c:L----~ 
LDATA MAY CHANGE. __J 

NEW OPCODE MAY BE INTRODUCED 

HOLD 

Figure 2: Instruction fetch and hold timing diagram. The RDY line goes high 
when the data is ready. If the HOLD line is also high RD Y will remain high. 
When the HOLD line goes lo w, the RD Y line will follo w and the instruction 
will be executed. Adapted from figure 8c on page 70 of National Semicon
ductor Corporation's documentation, IM-850M37 (March 79 77}. 

ROY FOR 
tSECOND ROY PULSE (' ~~~Jc~~oN 

RDY 

0 

11-16 
~ =XOUT" CODE)>--------'D:..:O::_:N_'Tc....:oC::::.AR::_:E:__ ____ __,c 

DOl-006 
0---------.....J.. __ ___J '---J '---J 

RW u u u 0 

Figure 3: Timing diagram of an OUT instruction. The second RD Y pulse can 
be ignored if the processor is being used as a peripheral to a computer. 
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Table 7: The 70 command 
instruction set for the 
MM571 09. The commands 
are broken into seven 
different classes: digit 
entry, data moves, math 
functions, clearing opera
tions, branch functions, 
10 and mode control. 
Reproduced courtesy of 
National Semiconductor 
Corporation. 
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The POR input is used to reset the 
processor after power is first ap pl ied. Fol
lowing a 2 microcycle, or greater, positive 
pulse on this line, the MM57109 wi ll issue 
three RDY signals. The first two should be 
ignored; processing begins fol lo wi ng the 
thi rd one. 

and BR respo nds to a jump or branch 
operation with a pulse to "O." 

Instruction Set 

Tab le details the MMS7109's 70 

The remaining outputs are al l control led 
by software. F 1 and F2 may be set or pulsed 
by the SF or PF ins truct ions. The ERROR 
line indicates an il lega l operation or overflow 

instructions. Th is number is achieved with 
only a 6 bit word through the use of the 
INV instructio n, octal 40, which gives 
dou ble service to some of the other op 
codes. The instructio n set provides a com
plete set of sc ientific calculator operations in 

CLASS SUBCLASS 

Digit 
Entry 

Move 

MNEMONIC• 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
DP 
EE 
cs 

Pl 
EN 

NOP 

HALT 

ROLL 

POP 

XEY 

XEM 

MS 

MR 

LSH 

ASH 

OCTAL OP 
CODE 

00 
01 
02 
03 
04 
06 
06 
07 
10 
11 
12 
13 
14 

15 
41 

77 

17 

43 

56 

60 

33 

34 

35 

36 

37 

FULL NAME 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Decimal Point 
En ter Exponent 
Oiange Sign 

Constant rr 
Enter 

No Operation 

Halt 

Roll 

Pop 

X exchange Y 

X exchange M 

Memory Store 

Memory Reca ll 

Left Shift Xm 

Right Shih Xm 

DESCRIPTION 

Mantissa or exponent digits. On first d igit (d ) 
the following occurs : Z -+ T 

y ..... z 
X-+Y 
d .... x 

See description of number. entry on page 11. 

Digits that follow will be mantissa fraction. 
Digits that follow will be exponent. 
Oiange sign of exponent or mantissa. 
Xm = X mantissa 
Xe = X exponent 
CS causes - Xm ...,. Xm or - Xe - Xe depending 
on whether or not an EE instruction was 
execu ted after last number entry initiation. 
3. 1415927 ..,. X. stack not push ed. 
Terminates digit entry and pushes the stack. 
The argument entered will be in X an d Y. 

Z-+ T 
Y -+ Z 
X -+ y 

Do noth ing instruct ion that will terminate digit 
entry . 
External hardware detects HALT op code and 
generates HOLD = 1. Processor waits for HOLD 
• 0 before contin uing. HALT acts as a NOP and 
may be inserted between digit entry instructions 
since it does not term inate dlgi1 ent ry . 
Roll Stack . 

Pop Stack . 
v-x 
z- v 
T -+ Z 
O-T 

EMChange X and Y. 
X·-. Y 

Exchange X with memory. 
x- M 

Store X in Memory . 
X - M 

Recall Memory into X. 
M-X 

X mantissa is left shifted while leaving decimal 
point in same position . Former most sign ificant 
d igit is saved in link d igit . Leas t significant digit 
is zero. 
X mantissa is right shifted while leavi ng decimal 
point in same p05ition. Link digi1 , which is 
normally zero except after a left shift, Is sh ifted 
into the most significant digit. Lea51 significant 
digit is lost. 



an easy to use keyboard en try fo rm at. Th e 
processor uses reverse Polish notation, RPN , 
which is th e same system used on the 
Hewlett-Packa rd cal cul ato rs. Th is meth od 
c<1 n obv iate the need for pare nth eses in 
many cases. 

ou tpu t wi ll pulse low if the cond ition being 
tes ted is tr ue. 

There is a co mplete ct o f conditio nal 
b1·anch tes t operat ions th at may be quite 
usefu l if a pmgrarnm able calculator or higher 
level lan gu<1ge is being i rnp lcrn cn ted . The BR 

Among th e numero us dig it en try and 10 
operation arc th ree different way to input 
digit : AIN, IN and "d igit a instruct ion" 
number entry, octa l 00- ·1 ·1. This latter meth
od is mos t sim ilar to ca lculator number 
entry and is the inp ut system assu med fo r 
the in terface in this art ic le. 

Th e MM 571 09 offe rs two co nventional 

CLASS SUBCLASS MNEMONIC• 

Math F (X,YI + 

F (X,Ml 

F IX) Math 

FIX) Trig 

Clear 

Branch Test 

x 
I 
YX 
\NV+' 

INV 
INVx 
!NV/" 
1/ X 

SORT 
so 
lOX 
EX 
LN 
LOG 
S IN 

cos 
TAN 
INVSIN• 
1Nv cos· 
\NV TAN" 
DTR 
RTD 
MCLR 

ECLR 
JMP' 

TJC' 

TEAR' 

TX • o· 

TXF• 

TX LTo• 

OCTAL OP 
CODE 

71 

72 
73 
74 
70 
40, 71 

40. 72 
40. 73 
40. 74 
67 

64 
63 
62 
61 
65 
66 
44 

45 
46 
40.44 
40. 45 
40. 46 
55 
54 
57 

53 
25 

20 

24 

21 

23 

22 

FULL NAME 

Plus 

Mi nus 
Times 
Divide 
y 10 x 
Memo ry Plus 

Memory Minus 
Memory Times 
Memory Divide 
One Divided by X 

Square Root 
Square 
Ten lo X 
E lO X 
Natural log of X 
Base 10 log of X 
Sine X 

Cosine X 
Ta ngen t X 
Inverse sine X 
Inverse cosine X 
Inverse tan X 
Degrees lo radians 
Radia ns to degrees 
Master Clear 

Error flag clear 
J ump 

Ten jump 
condition 

Ten error 

Ten X n O 

Ten IX!< 1 

TestX<O 

DESCRIPTION 

Add X lo Y. X + Y - X. On+, - , x, I and YX 
instructions. stack is popped as fo llows : 

z- v 
T -> Z 
0 -> T 

Former X, Y are lost. 
Subtract X from Y. Y - X - X 
Multiply X times Y. Y x X - X 
Divide X into Y. Y + X - X 
Raise Y to X power. yX - X 
Add X to memory . M + X - M 
On \NV +, -. x and I instructions. X, Y, z. 
and T are unchanged . 
Subtract X from memory . M - X - M 
Mult iply X times me mory . M x X M 
Divide X into memory . M + X -• M 
1 + X-> X. On all F IXI ma th inst ructions Y, Z, 
T and Mare unchanged and previous X is lost . 
..JX- x 
x2 - x 
ioX X 
e X x 
In X -· X 
log x - X 
S IN(XI- X. On al l F(XI trig functions, Y, Z. T, 
and M arc unchanged and the previous X is lost. 
COS(X) X 
TAN(X) -> X 
SIN- 1(XI - X 
cos- 11x1- x 
TAN- l (X) - X 
Convert X from degrees to rad ians. 
Convert X from radians to degrees. 
Clear all internal registers and memory ; initialize 
110 control signals. MDC = 8, MODE = floating 
po in t. (See initialization.) 
0 Error flag 
Uncondi tional branch to address spe cified by 
second Instruc tion word. On all branch lnst ruc· 
tions, second word contains branch address 10 
be lo aded into ex ternal PC. 
Branch to address spoci fied by second instruc· 
tion word if JC (15) is true 1= 1). Otherwise, 
skip over second word. 
Branch to address specified by secon d instruc· 
t ion word if error flag Is true (• 1 ). Otherwise, 
skip over second word. Mav be used fo r 
detec ting specific errors as opposed to using the 
automatic error recovery scheme dealt with In 
the section on Error Control. 
Branch to address specified by second lnstruc· 
tion word if X g 0. Otherwise. skip over •econd 
word . 
Branch to address specified by •econd instruc· 
tl on word if IXI < 1. Otherwise, skip over 
second word . (i .e. branch if X is a fraction.) 
Branch to address specified by second lnstruc· 
tion word if X < 0. Otherwise. skip over second 
word . 
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microprocessor operations, HALT and NO P, 
but with a difference. HALT, by itse lf, only 
acts as a NOP ; it docs not stop the machi ne. 
It is designed to be de tec ted with ex terna l 
hardware that will ge nerate a HOLD signa l 
to halt the proces or. 

rithmic functi ons tak e th e greatest time. As 
a bench mark, th e floating point addition 
time is 2200 microcycles, or 22 ms. However 
the floa ting point add t ime migh t no t make 
a very reliable benchmark since it vari es over 
a wide range (22 ms, typical, to 66 ms, worst 
case) depend ing on the numbers invo lved. The number of mic rocyclcs req uired to 

execu te an instru ction may vary fro m a few 
hu ndred to many thousa nd s as shown in 
tab le 2. Speaki ng general ly, the complex 
operat ions such as tr igonometri c and loga-

Figure 4 shows how easy it is to interface 
th e MM 57'109 to your sys tem. Most of the 
req uired pins are TIL compati ble. Th e POR 
and HOLD inputs, however, must have a 

CLASS SUBCLASS MNEMON IC• 
OCTAL OP 

FULL NAM E DESCRIPTION 
COD E 

Branch Count IBNZ 31 Increment memory M + 1 - M. If M ~ 0, sk ip second instruction 
and branch if word. Otherwise, branch to address specified 
M -1- 0 by second instruction word. 

DBNZ 32 Decrement M - 1 -+ M. If M = 0, skip second instruction 
memory and word . Otherwise. branch to address specified 
branch if M "'- O by second instruction word. 

1/0 Multi-digit IN" 27 Multidigit The processor supplies a 4·bi t digi t address 
input 10 X (DA4-D~ accompanied by a digit address 

strobe (DAS) for each digit to be input. The 
high order address for the number to be input 
would typically come from the second instrUC· 
tion word . The digit is input on D4- 01 . us ing 
ISEL = 0 to select d igit data instead of in· 
structions. The number of digits to be input 
depends on the calculation mode (scientific 
notation or float ing point) and the mantissa 
digit count (See Data Formats and Instruction 
Timing). Data to be input is stored in X and the 
stack is pushed IX - Y -+ Z-+ T) . At the con · 
clusion of the input, DA4 - DA 1 • 0. 

OUT' 26 Mult id igit output Addressing and number of d igits is identical to 
from X IN instruction . Each time a new digit address is 

supplied, the processor places the digit to be 
output on D04- D0 1 and pulses the RtW line 
ac tive low. At the conclusion of output, 004-
D01 = 0 and OA4-DA 1 = 0. 

1/0 Single·digit AIN 16 Asynchronous A sin gle digit is read Into the processor on D4 -
Input D 1. ISE L = 0 is used by external hardware to 

selec t the digit instead of instruction. It will not 
read the digit until AO'R = 0 (!SE l = 0 se lects 
ADR instead of 15) , ind icatin g data valid. F2 is 
pulsed active low to acknowl edge data just read. 

1/0 Flags SF1 47 Set Flag 1 Set F 1 high, i.e. F 1 = 1. 
PF1 50 Pulse Flag 1 F1 is pulsed act ive high . If Fl is already high, 

th is results in it being set low. 
SF2 51 Set Flag 2 Set F2 high, i.e. F2 u 1. 
PF2 52 Pulse Flag 2 F2 is pul sed active high . If F2 is already high, 

Pul se RtW 1 
this resu lts in!.!. being set low. 

PRW1 75 Generates R/W active low pulse which may be 
used as a strobe or to clock extra instruction 
bits into a flip·flop or register. 

PRW2 76 Pulse RtW 2 Identical to PRW1 instruct ion . Advantage may 
be taken of the fact that the last 2 bits of the 
PRW1 op code are 10 and the last 2 bits of the 
PRW2 op code are 0 1. Either of th ese bits can be 
clocked into a flip.flop using the RtW pu lse. 

Mode TOGM 42 Toggle Mode Ch ange mode from floating point to scientific 
Cont rol notation or vice-versa. depending on present 

mode . The mode affects only the IN and OUT 
instructlons. Internal calcu lations are always in 
B·digit scientific notat ion. 

SMDc· 30 Set Mantissa Mantissa digit count is set to the contents of the 
Digit Count second instruction word (= 1 to 81 . 

INV 40 Inverse Mode Set inverse mode for tr ig or memory function 
Instruction that will immediately follow. Inverse 
mode is for next instruction only . 



MODEL CC-8 
$185.00 (4800 Baud) 

9600 BAUD CASSETTE RECORDER 

An ASYNCHRONOUS NR2 type Recorder with remote motor start/stop. Error rate 
108 at 4800 BAUD. Can be used from 110 to 9600 BAUD into a UART - 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 
manual or through TTL or RS232 signals. 

Tape speeds are 1.6" I 3.0" and 6 .0" per second. 110 vol t , 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. Manual control except for motor start/stop. 6800, 
8080 or 280 software for file or record searching available on request with order. Used by 
major computer manufac turers, Bell Telephone and U.S. Government for program reloading 
and field servicing. 

$195.00 (9600 Baud and 220V /50 Hz) AVAILABILITY - Off the shelf. 

PROVIDES MONITOR AND TAPE SOFTWARE in ROM. TERMINAL and TAPE PORTS 
on SAME BOARD. CONTROLS ONE or TWO TAPE UNITS (CC-8 or 3M3B). 

This is a complete 8080, 8085, or 280 system controller. It provides the terminal l/O 
(RS232, 20 mA or TTL) and the data cartridge l/O, plus the motor controlling parallel I/O 
latches. Two kilobytes of on board ROM provide turn on and go control of your Altair or 
IMSAI. 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 file name and the recorder and software do ti!e rest. Can be used in the 
BiSync (IBM). BiPhase (Phase encoded) or NR2 modes with suitable recorders , interfaces 
and software. 

This is Revision 8 of this controller. This version features 2708 type EPROM's so that 
you can wri te your own software or relocate it as desired. One 2708 preprogrammed is 
supplied with the board . A socket is available for the second ROM al lowing up to a full 2K 
of monitor programs. 

Fits all SlOO bus computers using 8080 or Z80 MPU's. Requires 2 MHz clock from bus. 
Cannot be used with audio casse ttes with out an interface. Cassette or cartridge inputs are 
TTL or RS232 level. 

AVAILABILITY - Off the shelf. 

2SIO (R) CONTROLLER 
$190.00, Tested & Assmb. 

PROVIDES MONITOR AND TAPE SOFTWARE in EPROM . EXPANDS MIKBUG with lK 
of ADDITIONAL ROM PROGRAM 

This is a complete tape controller for the SWTP 6800 system. Has 3K of EPROM space 
for your own programs. A l K ROM (2708) is provided with all tape and monitor functions . 
The ROM program is identical to our extensive 8080 ROM program. 

1-ias one ACIA for one or two tape drives , one UART for an additional Serial por t and a 
4 bit parallel port for motor control. Will control one or two CC-8 or 3W.3B drives with the 
software provided. Can be used with other tape drives controllable with 4 TTL bits if 
appropriate software changes are made. 

Extra serial port is provided for your use with a second terminal or printer (RS232, TTL 
or 20 ma) . 

6800 CONTROUER for SWTP 
$190.00, Tested & Assmb. 

The ROM program supplements the M!Kbug program and is entered automatically on 
reset . SWTbug compatible ROM is also available. 

AV AlLABlLITY - Off the shelf. 

2 80 BOARD for SWTP COMPUTER 

Now you can use the 8080/Z80 software programs in your SWTP 6800 machine. Re
places your MPU board with a ZSO and ROM so that you are up and running with your 
present SWTP memory and MPS card. I KROM on board replaces MIKBUG. 

AVAILABILITY - Off the shelf. 

For U.P.S. delivery, add $3 .00 . Overseas and air shipm ents charges collect, N.J . Residents add 5% Sales Tax . WRI TE or CALL for further 
informa ti on . Phone Orde rs on M;;s te r Charge and BankAmericard acce p1ed . 

,._.atiunal Multiplex Cur-pur-atiun 
3474 Rand Avenue, South Plainfield NJ 07080 Box 288 Phone (201) 561-3600 TWX 710.997.9530 
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EXECUTION EXECUTION EXECUTION EXECUTION 
IN STRUCTION TIME TIME INS TR UCTIO N TIME T IME 

M NE MONIC lMICROC YCLE SI IMICROCYCLESI MNEMONIC (MICAOCVC LE SI (MICROCYC LES) 

IAVERAGEI !WORST-CASE (A VER AG E! lWORST·CASE 
VAL UES! VALUES! 

0-9 238 OUT 563 

OP 152 IN 395 

EE 151 SF! 163 

cs 166 PF ! 185 

Pl 13 12 SF2 163 

HA.LT 134 PF2 185 

AIN 284 PRWl 130 

TJC 208 PAW2 130 

TX • O 278 SIN 56200 95900 

TXLTO 197 cos 56200 95900 

TXF 277 TAN 3~000 97600 

TEAR 19 1 IN VS IN 54000 93900 

JMP 186 INV COS 54000 93900 

IBNZ 2314 INV TAN 30200 92900 

DBNZ 2314 L 2•Bll0 92000 

SMDC 163 LOG 30700 92600 

XEM 812 EX 30800 93900 

MS 839 IOX 17400 96500 

MA 1385 . - 2700 6600 

LSH 168 INV• , INV 1700 5000 
ASH 173 IM >, M- 1 

INV 166 ' 3200 22700 

EN 552 INV., (MXI 2700 2 1400 

TOGM 157 I 7800 22300 

ROL L 905 INV l l M/ I 7300 21100 

EC LA 163 1/X ·•500 22800 

POP 448 YX 55400 95500 

MCLA 734 SORT 7000 30200 

XEY 652 so 3000 21900 

NOP 122 OTR. RTO 9600 • 1700 

Table 2: Execution limes for command set. The execution time is mea ured 
in microcycles which are defined as being 7 0 µs long. Reproduced courtesy of 
Nalional Semiconduclor Corporation. 

DA4 -DA1 

0 
1 
2 
3 
4 

MDC+ 3 

DA4 - DA1 

2 
3 
4 
5 

MDC + 3 

IN/ OU T Instruct ions la) Mode • Scie nt ific Nota tion 

IN : D4 

OUT : D04 

D3 

D03 

D2 

D02 

Most significant exponent digit 
Leas t signiticant exponent digit 
Sm 0 0 

D1 

001 

Sc 

Most significant manti ssa d1gtt (Decimal point follows this d191t) 

Least significant mantissa digit 

IN (OUT ln11tuc tions lb) Mode "" Floatlng Po int 

DP POS 

11 
10 

12 - MDC 

I N : D4 

OUT : D04 

D3 

D03 

D2 

D02 

Sm 0 0 
DP POS 
Most significan t Mantissa Digit= 0 -9 

Least signif icant Mantissa Digi l = 0 - 9 

D1 

D01 

0 

Table 3: Th e data format for floating point and scientific notation inpu/ and 
output. MDC stands for mantissa digit count which is se t by the SMDC 
instruction. I t is initially set to 8. Sm is the sign of the mantissa; it is 0 for 
positive and 7 for negative numbers. Se is the sign of the exponent which is 
set to 0, for positive, in the floating point mode. DP POS is the decimal point 
position Indicator which is a value in the range from 7 7 to 7 2-MDC, which 
indicates a digit, as given by the DP POS column in the table. The decimal 
point is located to the right of this digit. 
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voltage swi ng fro m - 4 V to +5 V . Fortu
natel y, this is easily achieved w ith an LM339 
co mparator which makes a fi ne TT L to MOS 
level shi fter and is wide ly ava ilable. T he BR 
and RW l ines arc th e only req uired outpu ts 
tha t canno t drive TTL directly . CMOS in
verters and flip flops am used to latch pu I ses 
from the c lines anyway, but in this case 
they also prnvide buffering. 

T he 2 .2 k pul l down resistors to Voo 
from th e ERRO R, ROY and DO l ines 
assume the use of a bipolar (TTL) inpu t 
po1·t. I f your input port lines use high 
impedance MOS receivers, then these re
si tors should be repl aced by 15 k resistors 
to grnund, OV . 

I t is worth mentioning th at in this circuit 
there a1·e a number of outputs of the 
MM57 109 that are co mpl ete ly unused. This 
is because the MM57109 is a very versatile 
device that can be configured in several 
diffe1·ent ways. In thi ap pl icat ion the com
puter performs many of the fu nct ions of the 
unused pins. 

The simple program detailed in l is t ing 1 is 
designed to allow you to beco me fami l iar 
w ith the MM57109 by giving it one instru c
t ion at a t ime and single stepp ing its opera
tion. A number of usefu l subroutines are 
included that may be applied to larger 
applications prngrams. After eac h co lon 
prompt charac ter is displayed you are ex
pected to supp ly a two digit octa l number 
corresponding to the instru ct ion you w ish to 
execute. I f it is a 2 word instruction, th e 
second word is entered after the next co lon. 
Whenever the OUT instruction, octa l 26, is 
used, the computer goes to a ro utine that 
reads the data into a buffer and then dumps 
it to the d isp lay "as is ." This way, the effect 
that differen t instructions have on the dis
play format shown in table 3 can be seen. 
Before requesting an instruction, the com · 
puter poll s the ERROR and BR lines and 
outputs an "E" or "B," respectively, if these 
lines are act ive. Once th e ERRO R li ne is set 
i t must be cleared with the ECL R instruc
ti on, bu t the BR line is reset automatical ly 
by the prngram. 

When the program is first entered at 0200 
it in itializes the processor by ou tpu tt ing a 
POR pul se and ignor ing the first two ROY 
pul ses before ha lting on the thi rd. Halt ing 
for instruction inpu t is done by bringing the 
HOLD line high . When an instruction is first 
moved to the output port, the HOLD line is 
left high. I t is brough t dow n on a separate 
command so that the data on I 1 thru I 5 is 
fully stab le before HOLD starts to change. 
The co mpu ter senses when it is time for a 
new instruction by monitoring the ROY li ne 



the electric p~~~,!! llTM 
'Ille Electric Penc i l I I is a Character Oriented 

Word Processing System . This means that text is 
entered as a st r ing of cont i nuous characters and 
is manipulated as such . This allows the user 
enormous freedom and ease in the movement and 
handling of tex t . Since li ne endings are never 
de li neated , any number of characters , words, 
lines or paragraphs may be inserted or del eted 
anywhere in t he tex t . The e ntirety of the text 
shifts and opens up or c l oses as needed in ful l 
view of the user. The typing of carriage returns 
as well as word hyphenation is not required 
since lines of t ext are format t ed automatically . 

As text is typed in a nd the end of a screen 
line is reached , a pa r tially completed word is 
shifted to the beg i nning of the fo l lowing line . 
Whenever text i s inserted or deleted , e xisting 
te xt is pushed down or pulled up in a wrap 
around fashion. Everything appea r s on the video 
display screen as it occu r s which el imi nates any 
guesswork . Text may be reviewed at wil l by 
variable speed scrolli ng both i n the fo r ward and 
reverse directions . By using the search or the 
search and rep l ace functio n, any string of 
characters may be located and/ or replaced wi t h 
any othe r string of characters as des i r ed . 

When text is pri nted , The Electric Pencil II automatically inse r ts carriage returns where they 
are needed. Nume r ous combinations of line length, page length , line spacing and page spac ing allow 
for any form to be ha ndled . Character spac i ng , BOLD FACE, multicol umn as we l l as bidirectional 
printing are included in t he Diablo versions . Right justification gives right-hand marg i ns that are 
even . Pages may be numbered as well as titled . This entire page (excepting the l a r ge t it l es a nd 
logo) was printed by the Diablo version of The El ectr i c Pencil II in one pass . 

NowonCP/M 
You ' ve probably see n 

The Electric Pencil in 
action by now. It's the 
most powerful 8080/Z 80 
character oriented word 
processor on the market 
today . Michael Shrayer is 
now proud to present the 
new Electric Pencil II . 

N E W FEA T !JR E S: !! ! CP/M Compatible !! ! Di sk Opera ti ng System 
Suppor t s Four Disk Drives ! !! Simple File Management ! ! ! Quick and Easy 
Disk Storage and Retrieval ! ! ! Dynamic Print Formatting !! ! Multicolumn 
Printing!!! Print Value Chai ni ng!!! Page- at- a- time Scrolli ng!!! New 
Bidirectional Multispe ed Scrolling Controls ! ! ! New Subsystem with 
Print Value Scoreboard !! ! Automatic Word and Record Numbe r Tally!! ! 
Cassette Bac kup Capability ! !! Fu ll Margin Control !! ! End - of - Page 
Control ! ! ! Non-Printing Text Commenting !! ! Line a nd Paragraph 
Indentation !! ! Centering !!! Underlining !! ! BOLD FACE!! ! 

WI DE SC RE EN V I DEO!! 
Available to Imsai VIO video users for a huge 80x24 character sc r een !! 

HAVE WE GOT A VERSION FOR YOU ? 
The Electric Pencil II operates with any 8080/Z80 based microcompute r that supports a CP/M disk 
system and uses a Imsai VIO , Processor Technology VDM-1 , Polymorphic VTI , Solid State Music VB- lB , 
Vec tor Graphic Flashwriter or any similar memory mapped video interface . Specify when using CP/ M 
that has been modified for Micropolis or North Star d i sk systems as follows : For North Star add 
suffix A to vers i on number , for Micropolis add suffix B to version number , e .g . SS- IIA , DV- IIB . 

Vers . Video Pr i n t e r Price 

SS-II SOL TTY or simila r $225. 
SP- II VTI TTY or similar $225. 
SV- II VDM TI'Y or similar $225. 
SI-II VIO TI'Y or similar $250. 
DS-II SOL Diablo 1610/ 20 $275 . 
DP-II VTI Diablo 1610/ 20 $275. 
DV-II VDM Diablo 1610/20 $275 . 
DI - II vro Di ablo 1610/ 20 $300. 

coming 
attractions 

Sort & Merge Ut ility!!! 

The NEC printer package ! ! ! 

The HELIOS El ectr i c Penc il !! ! 

Penc il to CP/M f ile conversion ! ! ! 

CP/M to Pencil f ile conversion ! !! 

m MICHA EL SHRAYER SOFT WARE 
1 253 Vista Superba Drive 

SS Glendale, CA 912 0 5 
(213) 956-1593 

The Elec t r ic Penc il I i s s t ill available for non CP/M 

Vers. Video 

SS SOL 
SP VTI 
sv VDM 
SSN SOL 
SPN VTI 
SVN VDM 
OS SOL 
DP VT! 
DV VDM 
DSN SOL 
DPN VTI 
DVN VDM 

Pri nter 

TTY or similar 
TrY or similar 
TTY or similar 
TI'Y or similar 
TTY or similar 
TTY or similar 
Diablo 1610/20 
Diablo 1610/20 
oiablo 1610/20 
Diablo 1610/20 
oiablo 1610/20 
Diablo 1610/ 20 

Cassette 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

CUTS 
Tarbell 
Tarbell 

Disk Drive 

North Star 
North St ar 
Noi:th Star 

North St ar 
North Star 
North Star 

users: 

Price 

$100. 
$100. 
$100. 
$125 . 
$125. 
$125. 
$150. 
$150 . 
$150 . 
$175. 
$175. 
$175. 

Demand a demo from your dealer! 
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9 ~14 
2 v 

POWER TABLE LM339 

NUMBER TYPE +5V GNO -4V I I ~13 IC I 74C04 14 7 
IC2 C04013 14 7 +5V ....!.2. v IC3 L M339 3 12 

' IC4 MM57109 15 21 
I C5 LM340T-5.0 

4 .7K 

~ 

I.SK 

7 
MSB 

fj 7 9 II 
6 HOLD POR 24 
5 16 

4 5 
!5 OUT PUT 

PORT 3 4 14 

2 3 
13 

I 2 
12 

0 
I (I 

L SB 

ICID 
IC4 

STROBE Lr MM571 09 

12 
ROY 

''~ IC2A R 4 
I IC IF 

1
o s
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Figure 4: Schematic diagram for interfacing the processor to a computer. The STROBE signal con be any software controlled 
output pulse with a width varying from 200 ns to 50 µs. The rise and foll times ore noncritical. All unused inputs in the circuit 
should be grounded to prevent floating voltage problems. All resistors are 0. 25 W unless otherwise specified. All resistances ore 
measured in ohms. 
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~GLD BILlllLI~ 

BASIC FLOPPY DISK SYSTEM 
• RANDOM ACCESS FILES 
• 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 DISK 

• MERGING FILES REQUIRES NO EXTRA DISK SPACE 
• NO WAITING FOR THE DISK TO RE-PACK 

• LONGER DISK LIFE-MORE EVEN DISK WEAR 

We delivered our fi rst mini-floppy disk system a year and a half ago - 6 months ahead of any other 
6800 based mini system. Since that time, it has earned the reputation of being the most reliable mini-d isk 
system avai lable. 

This system comes completely assembled with a disk contro ller that is plug compatible with the SWTPC 
6800. In fact all our products use the 6800 standard SS-50 (Smoke Signzl 50) bus used by SWTPC. The 
cabinet and power supply are capable of handl ing up to 3 Shugart Mini-Floppy Drives. One drive is included 
in the price of the BFD-68 and others may be added easi ly at any t ime. Or you may save money by order
ing the dual-drive BFD-68-2 or triple drive BFD-68-3 (pictured) . Price: BFD-68 $795, BFD-68-2 $1139, 
BFD-68-3 $1479, SA-400 Drive $355. 

A bootstrap PROM is included on the controller board to initiate the Disk Operating System. Thu s, you 
can be up and running from a cold start in just a few seconds. 

SUPER SOFTWARE 
Th e BFD-68 includes our new expanded disk operating system and disk fi le handling BASIC interpreter. 

In addition, the BF D-68 is supported by the most complete microcomputer software available today. This 
includes an excellent editor and text processor, several assemblers and a BASIC compiler. 

Send for FREE NEW Computer Products Catalog 

{II SMOJU!: SHirl!t lmBOlDC!STIH 
6304 Yucca/Hollywood, CA 90028/(213) 462-5652 
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Listing 7: An 8080 fam iliarization program 
for the MM57709 which allows the user to 
execute single commands and observe the 
results. The program will output a prompt
ing colon after which the operator can 
input the command to be observed in its 
octal format. 

with the inp ut port. If you have a pare 
interrupt, however, yo u can connect it to 
the RDY line to free the computer fro m the 
task of pol ling the in put port while the 
MM 57109 is executing an instruct ion. 

DIGOUT is monitored by th e compu ter 
when processing the MM57109 's OUT in
struction. It goes high to signify the presence 
of a d igit on D01 thru D04 and must be 
reset by the computer after the digit is read 
in. Whe n reading in d igits, the computer will 
also monitor the RDY li ne to tel l wh en the 
instru ction is completed. 

It should be noted that th is program was 
written fo r my personal 8080 system and 
uses memory mapped 10 , ie : my 10 ports 
are addressed as memory loca tions. If you 
have a sys tem which uses the 8080 10 ports, 
you wi ll want to ubst itute IN and OU T 
in s tru ct ion s fo r LD A and STA, 
respectively. • 

The KIM to S-100 bus 
Interface/Motherboard 

• Combines the power of the 6502 with the fl eldbility of 
the S-100 bus 

• Attaches to any unmodi fi ed KIM 
• Complete interface logic and fully buffered motherboard 

in one unit 
• On-board regulation of power for KIM 
• Eight slots of S- 100 compatibility for additional RAM. 

Video and 1/0 bo<irds. PROM Programmers. Speech 
processors . 

•Includes all parts. sockets for !Cs. one 100 pin connector . 
and full Assembly/Operating documentation 

•Kit $125, Assembled $165 
•All units shipped from stock 

FORETHOUGHT PRODUCTS 

-

P.O. Box 386-F 11111!!!9. 
Coburg, OR 97401 ~ 
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ISOFTVARE LISTINO ,OR 
I VR I TTllf P"Oll AW 8080 
0800 3E B, 

""57109 MICROPROCESSOR DRIVERIDENO~STRATOR 

0808 J2 01 so 
020' og o• 
0201 OD LOOP 
0109 Ce 01 02 
020B 19 
OIOC J2 01 flO 
oaor CD e, 02 
oe12 CD fl' 02 
0215 P6 •O YEXT 
oe11 32 01 flO 
021A CD fl' 02 
ORID J A 01 80 NEXT+ 
oa20 11 
0221 11 
0122 11 
oeeJ J2 o• flO 
0226 .. 7 
0221 De e' oe 
oe2A 3E 4e 
022c CD 10 01 
012' 18 ERROR1 
0230 11 
0231 D2 J9 02 
0134 JI: 45 
02J6 CD 10 01 
02J9 JE JA ,ETCH 
02JB CD 10 01 
02Jr; co 91 oe 
oe41 co AS 02 
024• n: 16 
08"6 CA •C oe 

BY P •JtL50N 
MVI A,BP' 
STA I/Oil 
"VI c,04 
DCRC 
.Jilt LOOP 
MOV A,.C 
STA 11011 
CALL lfXTRDY 
CALL llXTRDY 
ORI 40 
STA I/Oil 
CALL !OCTRDY 
LOA 11011 
RAL 
RAL 
RAL 

JSE~ POA•l,KOLD•O 
! INSTRUCTION • MOP 
ISKORT TINING VALUE 
ITO TIM! POR 
I PULSE 
ICLR A 
JSET KOLD1 POR•O 
IVAI T l'OR RDY PULSE 
J WA IT P"OR RDY Pl/LSI 
ISET HOLD•I SO 51109 
ISTOPS ON NEXT RDY 
!RETURNS VITK 57109 
J READ BR• ERROR 

18R TO CARRY 

HALTED 

STA 11014 ICLR ,, ,, 'S WITH STROBf: 
HOV B.A ITEMP STORE ACC 
JNC ERROR1 llf lfO BRANCH 
HVI A ... 2 IASCll B 
CALL OUTCHR ICHARACTER DISPLAY 
NOV A•B IRETRIEVE ACC 
RAL IER!IOR TO CARRY 
JNC ,ETCH I IN NO ERROR 
HVI A,45 JASCll E 
CALL OUTCHR ICHARACTER DISPLAY 
MVI A•3A JASCll I 
CALL OUTCHR !CHARACTER DISPLAY 
CALL OCTIN IGIT INSTRUCTION CODE 
CALL INSTRCTIGIVE '7109 OPCODE 
CPI 16 JOUT CODE 
JZ OUT IVAS IT All OUT OP 

0149 CJ 15 02 JKP NEXT JI' NOT, NEXT INSTRUCTION 

I OUT READS IN CORRECT I 0, DIGITS, STOPPINO BY SENSINO RDY AND 
ITHEN DUMPS BU,n:R TO DISPLAY IN HEX/BCD 
oeoc 21 OC OJ OUT LXI H JTOP or BUfF°tR LOCATION 
oe•' JA 01 80 NOTYET LOA llOll Jon INPUT 
oes2 17 RAL I ROTATE 
025J 17 RAL J DI GOUT INTO CARRY 
0254 02 ., 02 JNC NOTYET J DI GOUT•O? 
0257 ., NXTDIO RAR !RESTOR E DIGIT 
0258 If RAR JLOCATION IN ACC· 
0259 17 HOV M1A JPUT IN BUF,ER 
025A 20 OCR L J OCR POINTER 
0258 J2 O• 80 STA 110 .. IRESET DIOOUT ,,,. 
025! JE 40 "VI A,,40 JNOW THAT llE ARE OASt OU T' S 2ND 
0 260 Je 01 STA I/Oil J RDY 1 SET KOLO• I TO STOP AT END or 
026J JA 01 80 AOAIN LOA I/Oil I GET INPUT 
0266 I 7 RAL IROTATE ROY INTO CARRY 
0267 DA 71 oe JC DI SPLAY I JF" DONE1 60 TO DI SPLAY 
026A 11 RAL I ROTATE DI GOUT l~TO CARRY 
0268 D2 6J 02 JWC AGAIN IMO DIGIT READY1 
026E CJ 51 oe JMP ISTORE DIGIT.GET NEXT OHE 
0271 Jr; oc DISPLAY NVI A10C ICALCULAU DIBIT 
027J 95 SUBL ICOUNT<OC POINTER VALUE> 
027• 4f LISTl~G NOV C.A ISTORE COUNT IN REGISTER C 
0215 21 oc OJ LXI H I BUffER LOCATION 
0278 7E HOV A.Of I GET IST DI OIT 
0279 [6 Of ANI Of lGET LOWER 4 BI TS 
027B n: OA CPI OA 
0270 DA 82 oe JC "0·9• I DON, T CHANQE , , 0-9 
0280 C6 07 ADI 07 ICONVERT A-f 
0282 C6 JO "0-9" ADI JO !CONVERT ALL TO ASCII 
0284 CD 10 0 1 CALL OUTCHR !DISPLAY CHARACTER 
0287 2 D OCR L I DJ:CR PO INTER 
0288 OD OCR C ID!CR COUNT 
0289 c e 78 oe JNZ HORE IDHORE DIG IT S TO DISPLAY 
028C CJ ID oe JHP ~EXT• 100 N!XT INSTRUCTION 

INXTRDY VAITS P"OR A POSITIVE TRAHSITION ON TH E ROY LINE AND THEii 
I RETURNS 

~::: ~~ OJ 
80 llXTRDY LOA 11011 IO!T INPUT 

RAL JliOTATE ROY INTO CARRY 
0293 DA e, oe JC HXTRDY 
0296 3A 01 80 NOTRDY LDA 11011 IGET INPUT 
0299 I 7 RAL I ROTATE ROY INTO CARRY 
029A DB RC llY CARRY IS Hffllf,RETURN 
089B C3 96 02 Jl<P NOTRDY IOTH!RVISE TRY AGAIN 

JOCTIN R!CEIV!S 2 DIOITS <IT ASSUMES NUMERIC INPUT> AND CONVERTS 
ITO A 6 BIT VALUE IN ACC kEPRES!NTIHG A B OCTAL DIGIT INSTRUCTION 
I COD! P"OR TH! 51109• AH INTERRUPT DRIVEN KEYBOARD IS ASSUHED.BUT 
ITHI J BYTE P"ORNAT <El,HLT,NOP) LltAVES ROOK l'OR A CALL INSTRUCTION 
ITO TH! USER'S INPUT SUBROUTINE If THIS IS NOT THE CASE 
019! '8 El J 0£T 
029' 16 HLT I BYTE 
020A 00 HOP llNPUT 
02AI !6 07 AHi 07 INASK P"OR L0111tR 3 BITS 
OIAJ 11 RAL I NOVI 
02A4 11 RAL IDI GIT uP 3 
ORAS l 7 RAL J POSITIONS 
0846 41 MOV 9,A ITEXP STOR~ ACC 
08A7 '8 El I GET 
oue 76 HLT I BYTI 
OQA9 00 NOP I INPUT 
O&AA E6 01 ANI 07 INASK P"OR LOVER 3 BITS 
ORAC BO ORAB ICOMBIHE DIGITS 
02AD C9 RET J< R!TURN> 

llNSTRCT PUTS INSTRUCTION 
llT THEM SETS HOLD TOO• 
ORAK P6 40 IHSTRCT ORI 
02Bo JR 01 so STA 
028J !6 3, ANI 
0285 J2 01 80 STA 
0288 C9 RET 

COD! OH 11 TO 16 llHILE LEAVING HOLD Hl<IH• 

IHOL0-1 WITH OPCODE 
!OUTPUT IT 
IMXB•I 0, HOLD• 0 
!OUTPUT IT 
I <RETURN> 

OUT 



A COMPLETELY REFURBISHED "SELECTRIC" 
ASCII TERMINAL FOR THE SMALL BUSINESSMAN 

OR SERIOUS HOBBYIST. 

The AJ 8411/0 Terminal. 
Now with RS 232 interface. 
Now available from dealers. 

Demand for our AJ 841 1/0 
computer terminal has been 
great. And now that we 've finally 
added RS 232 interface. it will 
get even greater. So while you 
can still order it direct from us, 
now you can also buy it from 
dealers around the country. But 
act now. Our special 
introductory price of 
$995 will soon 
be raised. 

HOW TO ORDER DIRECT 
FROM THE FACTORY 

1. Make cashier's check or money order 
payable to Anderson Jacobson, Inc. and 
mall to: 

Anderson Jacobson, Inc. 
PERSONAL COMPUTER TERMINAL 
521 Charcot Avenue 
San Jose, CA 95131 

2. You will be notified when your unit is 
ready for shipment. Allow six to eight 
weeks for delivery. 

3. Shipments direct to you will involve a 
collect freight charge (FOB San Jose) in 
addition to the $35 handling charge. 
Shipments to nearest AJ office include 
freight in the $35 handling charge. 

4. For warranty or repair service, return 
unit to local dealer or to designated AJ 
service location. 

Avallable only In U.S. 

Circle 10 on inqu iry card . 

The AJ 841 features: 
• Choice of Serial RS 232 or 

parallel interface 
• Off-line use as typewriter 
• Documentation included 

• ASCII code • 30-day warranty - parts and 
labor • 14.9 cps printout 

• High quality Selectric printing 
• Reliable, heavyduty 

• Mail order shipments to AJ 
office or direct to you . 

Selectric mechanism 
Warranty and service 

available from your local AJ dealer -
or from AJ offices in: 

Atlanta/Boston/Chicago/Cincinnati/ 
Cleveland/Columbus/Dallas/ 

Detroit/Hackensack/Houston/ 
Los Angeles/New York/Philadelphia/ 

San Jose/Washington , D.C. 

Full warranty information 
available on request . 

Order with coupon-or from 
your local AJ dealer 
For location of your nearest AJ dealer 

call toll-free : 800/538-9721 
(Calif. residents call 408/263-8520) . 

~ANDERSON 
~.JACOBSON 

-----------------------------------
CLIP AND MAIL WITH ORDER 

Select interface : D RS 232 or 0 Parallel 
Select keyboard : 0 ESCO or 0 Correspondence 

D Ship direc t to me (freight collect. FOB San Jose) 
D Ship to AJ office (freight incl. in handling charge) 

Number of units at $995 each $ --------
Sales tax at delivery location $ -------

Shipping and handling $35 each 
(excluding San Jose) $ --------

TOTAL $ --------

ADDRESS - -----------------------

CITY _____ _______ STATE _____ ZIP ____ _ 

PHONE( 
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.. erersonal 
o"'\G\N~\.. c Computing TM 

··-t\-\E 

PERSONAL COMPUTING COLLEGE 
Has the industry's leading speakers 
participating 

Dr. John W. Mauchly, Co -inventor of ENIAC. 
Robert W. Bemer. The fathe r of ASCI I 

Dr. Adam Osborne. Author. of Osborne & Associates 
Robert S. Jones. Pub li sher & Editor- in-chief. INTERFACE AGE MAGAZINE 

Carl Warren. Senior Editor. INTERFACE AGE MAGAZINE 

Walter Banks, Author. University of Waterloo 
Dr. Chr istopher A. Titus, Author of the BUGBOOKS 
Carl T. Helmers, Jr .• Editor-in-ch ief. BYTE MAGAZINE 
Christopher P. Morgan. Senior Editor. BYTE MAGAZINE 

Blaise W. Liffick. Senior Ed itor. BYTE MAGAZINE 

Or. Roberl Suding. of The Digital Group 

Chod Harris, of the America! Radio Relay League 
David H. Ahl. Pub lisher. CREATIVE COMPUTING MAGAZINE 

Merl Miller. Author. Publisher dihthum Press / Matrix 
Bill Langenes. Assoc iate Editor. CO MPUTER RETAILIN G 

Jim Warren, West Coas t Computer Faire 
Sol Libes. Pres iden t. Amateur Computer Group of New Jersey 
Richard Moberg, Pres ident. Philadelphia Area Computer Society 
Richard A. Kuzmack. President. Chesapeake M1croco111puter Club 

Rodnay Zaks. Author. Pub lisher. SY BEX Inc. 

Howard A. Chamberlin. Jr. (Hal). Author. Inventor. Micro Technology Unli111i ted 

Larry Steckler. Edi tor. Rad io-El ectron ics Magazine 
Tod Loofbourrow, Studen t and Author for Interface Age Magaz111e 
and Hayden Book Co. 

many-many more. 
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78 
80 hours of free seminars 
on subjects such as: 
• Building your ow n robot 
• Personal comput ing applica t ions 

fo r the home 
• The microcomputer controlled 

sola r energy home 
• Business app lications 
• Educational uses 
• Understanding softw ea r 
• Ham radio applicat ions 
• Designi ng your own 

microcomputer system 
• Every thing you w an ted to know 

about floppies 
• Softw ea r copyw rit ing and 

trademarks 

SPECIAL at our show: 
• The unveiling of a new. 

complete. easy -to- lea rn high 
level language for m icro 
computers . 

• A complete series of seminars 
aimed at the small busi ness 
man presented by the 
INTERFACE A GE speaking team . 

• Computer music . 

Ci rc le 302 on i nqui ry card. 



THE 1st FULL DAY INDUSTRY TRADE SHOW AUG. 24th 

LARGEST SHOW EVER HELD! 
300 BOOTHS 
Open Only To: 
EXHIBITORS 

DEALERS - RETAILERS 
INDUSTRY REPRESENTATIVES 

EXHIBITOR GUESTS 

•A Full Day To See Your Suppliers, Dealers, Distributors 
•New Products and New Manufacturers 
•Plus Three Additional Days 
•Aug. 25th-27th, Personal Computing Show 

PRE REGISTRATION INCLUDES: 

e Distinctive Badge for Admission to Aug. 24th Trade Show 
e Special Seminars and Meetings 
eAdmission to Personal Computing Show Aug. 25th-27th 
e Hotel and Philadelphia Information Package 
e Newsletter See our ad on page 151 . 

---------------------------------
I D Send _ Oealer-Retailer 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Reg istrations at S 15.00 each 

D Send Exhibitor Information 

Amount Enclosed S ___ _ 

Please include your business card 
or Letterhead. 

COMPANY NAME __________ _ ___ ___ _ 

NAME ____________________ _ 

STREET _ ___________________ _ 

CITY ___________ STATE ____ ZIP __ _ 

PHONE ____________________ _ 

Send To: 

PERSONAL COMPUTING Inc. 
Rt. 1 Box 242 • Mays Landing. N. J. 08330 • 609- 653- 1188 BYTE 

~---------------------------------~ Circle 302 on inquiry card . BYTE Augu<1 1978 77 



Stephen R Al pert 

Worcester Polytechnic Institute 

Worcester MA 01609 

PASCAL forces the user 
to think logically and 
plan out the program. 

Most PASCAL users con
sider programs better if 
they have fewer labels. 
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PASCAL 
A Structurally Strong Language 

People should be ab le LO corn munic,1 tc 
their ideas to a computer in" l;1nguJge th Jt 
peopl e understand ; no t si mpl y in a langu.igc 
they know. Addi tion;i ll y, if the compu tc r 
can be made to undc rstJnd the -,a mc languJge 
casil y, all the rn orc reason to consi der it 
u c. Such a language is PAS AL. This la n
guage, perhJps more than :rn y oth r com
mon langu<1ge , i the ca ics t to undcrst<1ncl 
and more importan tly, ;il lows ,1 Lr,1igh t
fo rwarcl pr·cscntation of mos t algo rithms _ 
Although many la nguages al o make this 
clai m, few have the overwhel ming and 
energe t ic support from collegia te comp uter 
science departments_ Let's consider some 
of th e language fea tures of PASCAL. 

Th is language i equ ipped with a prec ise 
syntact ical desc ription that defi nes both 
how programs may be constructed an d 
how PASCA L comp ilers should func tion. 
There is a requi red fo rm for programs, 
statements within progra ms, and data 
opera ted upon by programs. At first gl,1ncc, 
a naive u er may rebel at this <1pparent lac k 
of freedom : {eg: BAS IC all ows a di mension 
sta tement virtual ly .inywhcrc in ,1 program). 
One soon le, rn s that this structu re adm its 
very general programs ,111d in no way li mits 
th e programmer in cxcrci ing his t:ilcnt s. On 
th e contrar·y, it forces the user to th ink 
logica lly and plan ou1 the program. 

A program wr itten in PASCA L may 
utili ze th e free for m<1t form f programs tlML 
is conducive to structured programming_ 
Un like line or·icntcd ourcc language , 
PASCAL al lows cxtr:1 sp<1ccs, tab'> and ca r
riage contro ls to be inse rted anyw here with· 
out significa nce except in the middle o f 
identifie rs or char·ac ter st ring'>. Com rn erns 
may be in cn cd whereve r >pJccs rn .iy be 
inserted and arc de li mited by ' '( * ___ *)" _ 
A progra m is made up of two pdl'ts, ~1 

head ing and a block . The he,i di ng contains 
the name or the program and lis ts its p.i ram
eters. The parameters Me orncwhat im
plementa tion dependent but normally 

specify Lhe name of File po in ters fro m 
which the default inpu t is rece ived and 10 

which output is sent. A typica l headi ng is 

program parser (input. output) 

A bl oc k consi t of six se pJr·a tc cgments or 
sections of a program. Al l but th e last pan 
arc opti ona l. Th ese ar-e: 

• Labe l dec lara tion section 
• Cons tant decla rat ion section 
• Type dec laration sec tion 
• Var iabl e declaration sec ti on 
• Proced ur·e and fu ncti on clcclar-a tion 

section 
• Statement section 

Labe ls in PASCAL identify statemen ts 
to which control may be transferred. Labels 
arc numer ic; more specifically, unsigned 
in tegc r·s. No t every stateme nt requ ires a 
label. In fact, most PASCAL users cons ide r 
progr·ams better if they have fewer labels. 
At first glance, these dec larations mi gh t 
seem a nuisance, but they force the user 
to think about the entire program before 
sitting down at a termi nal. 

Th e constant dec larations all ow a user to 
create syno nyms for constants used in the 
progra m. Thus 

const p i=3 .141592; 
e=2.71828 18 ; 

defines the constants "pi" and "c " for use 
throughout the program . Cl early, it no 
longe r is necessary to type 3.141592 in the 
several pl aces req uired by a program. Ad di 
ti onally, one may name charac te r· str in gs 
as well 

cons! tit le= 'mat rix inversi on program v0 1 ': 

The type decl aration section al lows crea tion 
of use r defined nam ed data types . This 
wil l be discussed in some deta il later. PASCAL 
ha four predefined data types: integer, real, 
Boolean, and character. Most versions of 
B SIC uppo rt the first three types and 



ARTEC CRAFTSMANSHIP HAS CREATED 

The First 
Truly Silent 

Motherboard 
Noise in your bus lines means errors 
in your programs. The Artec shielded 
Motherboard totally eliminates noise. 

At 4MHz, the Ar tec shielded 
Motherboard is free from spurious 
noise. No ringing in your bus lines. 
No errors in your programs. 

Th is Motherboard offers you 
engineering and craftsmanship 
never before available in the small 
computer fie ld. Outslanding as 
either a replacement for your 
present Motherboard or as the 
heart of a new system. Con
sider these features: 

$190 (ASSEMBLED} . 

Five years of experience in every card 
For five years. Arlee has worked hard to de

velop a complete line of custom, prototype and 
off-the-shelf printed circu it boards. And in five 
years of tough industrial use, Artec boards have 
proven themselves among the most rel iab le 
boards available anywhere. 

NEW! DEC® and Heath Compatible LSI 
Boards 

The new Ar tee WWi i lets you adapt or add 
onto your DEC LSl-1 i or Heathkit LSI mini-
computer. Can accom
modate 14 and i6 pin 
DIPs plus all necessary 
passive components. 

FULL CARO $75 
(10 45· x 8 4") 

HALF CARD $35 
(5 .225" x B 4") 

Ci rc le 20 on inquiry card. 

® Trademark of Oigilal Equipment Cor poration 

Order today! 
Put an Artec board to work for you . Use your 

Mas tercharge or Visa . Or just send along a 
money order. We can accept only U.S. currency. 
Please include $3 handl ing on all orders . Califor
nia res idents add 6% sales tax . 

--------------------------------------, 
Please send me: (include quantity) : 

Shielded 
Motherboard 

FullWW11 
Card 

D I've enclosed a money order for$ 

D Mastercharge D Vi sa -~~-
(number) 

Name _ 

Address 

City ___ State _ Zip 

_ HalfWWll 
Card 

CaJil. Res. add 6'% sales tax. Encl. S3 handfing. 10% dlscounr for studeflls and ! 
computer club members. (Please enclose name of club or school) I 

--------------------------------------' 

ARTE:C E:LE:CTRONIC~, INC. 
Artec Electronics, Inc. • 605 Old County Rd .• San Carlos, CA 94070 

(415) 592-2740 
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Arrays may be multi
dimensional and include 

arrays of arrays. 

Items of different types 
may be aggregated into a 
single entity that can be 

stored as one logical 
unit. 

80 Aoli!UU 1978 © BYTE Public.uiQns Inc 

strings. Data of ty pe character is very con
venient in a mic roprocesso r environment 
since a byte is the basic unit of memory. 

Th e variable declaration sec tion requ ires 
the naming of all identi fiers th at wi ll be used 
as variables within this block. FORTRAN, 
BASIC, AP L, and LISP do not ad here to this 
convention. Again PASCAL forces the user 
to think about what he wants to say before 
he says it. A sample variab le decl aration 
section might be 

var x,y : integer; 
cost : real ; 
flag : boolean ; 

PASCAL 's design allows the user to com bine 
the utility of type decl arati ons and var iabl e 
declarations into data forms that would 
sh ame BASIC and FORTRAN . We have 
already seen PASCAL 's predefined sca lar 
variable types above. These are actually 
known as simple types. 

An other simp le ty pe is the subrange type. 
Often a va riab le in a program may be ex
pected to take on values only from a subrange 
of a simple type, say integers. For examp le 

var asiz: 1 .. 100; 

meaning "asiz" will be an integer whose 
values shou ld lie between 1 and 100. Note 
that the compiler might choose to store 
"asiz" as a by te rather than a word if it was 
efficient enough to do so. Alternatively, if 
several variables are of the same ra nge, a 
type statement cou ld have been used 

type lsiz=1..100 ; 
var asiz, bsiz, f1 : lsiz ; 

Another simpl e type is the sym bol ic 
scalar type . This feature permits iden ti fie rs 
to be used in place of a sequence of integers, 
greatly enhancing the readabi lity of the 
program. Suppose a program needed to 
represent the months of the year as a vari 
able associated with some billi ng informa
tion. The ap proac h in BASIC wou ld be to 
use the sequence 1, 2, .. . , 12. PASCAL 
could use the sub range type 1 .. 12 or better 

type 
mon ths = (jan, feb, mar, apr, may, jun, 

jul, aug, sep, oct, nov, dee) ; 
var billmon th,duemon th : months 

In the statement section of a program , 
"bil lmonth" may be ass igned one of the 
symbolic scalars from "months" or tested to 
see how its value compares with "due
month." There are several functions avai l
able that operate on symbol ic scalars, fo r 
example, ord(billmon th) would yield a 
number between 0 and 11 ind icati ng the 
position of that month in the list "months." 

Simple types are part of a more general 
data description called a type. Types include 

pointers which are used when dynamic data 
storage is referenced, fi le pointers which are 
used to reference secondary data storage, 
and arrays which are used with vector data 
storage. An example of an array declara
tion is 

var cost : array [months] of real ; 

Notice that this array will be ind exed, or 
subscrip ted, by "months." In general, 
arrays may be indexed by any simple types, 
may be multidimension al, and may be of 
any type, including arrays of arrays. 

Two add itional types set PASCAL in a 
class by itself; these notions allow powerful 
algo rithm descriptions. The set type al lows 
user manipu lation of sets. Consid er 

var special : set of months ; 

The union, intersection, and set difference 
ope rators as well as relational operators may 
be appl ied to se ts. A variable of scalar 
type may be tested fOI' membership in a set 
of th e same scalar type, for example 

if bill month in special then . .. 

The last type is the record type. I terns of 
different types may be aggregated into a 
single entity th at can be stored as one logical 
unit, for examp le as one element of an 
array . 

type 

var 

customer = record 
name:a rray ( 1 .. 20) of char; 
ba l ,bal30 : real ; 
datedue :daterec 

end; 
daterec record 

day : 1..31 ; 
mo: months ; 
year : integer 

end ; 

database : array [ 1 .. 100] of customer; 

To reference fields of a record, the record 
name fo llowed by a period, followed by the 
field name is used. Hence the over 30 day 
balance of customer 12 is "database [ 12]. 
bal30" and the day of the due date o f the 
current bill of customer 27 is "database [ 27-]. 
datedue .day." The full impact of record 
types cannot be explained in th is short 
article; they mu st be used to be appreciated. 
One advantage of records is th at items may 
be logically grouped together rather than 
stored in parallel arrays . 

Procedure an d functi on definit ions would 
follow next in a program. They may be 
recursive and permit parame ter passi ng in a 
style somewhat simtlar to ALGOL. Because 
of the position in a progr·am of these decl ara· 
tions, procedures and functions may 
reference global ly any variables or types 
defined in the main program. The body of a 
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procedure or function is iden tical to the 
body of a program; hence, procedures may 
be defined within procedures, and so on . 
Any variables defined within procedures or 
functions are considered local to the pro
cedure and are unique to each invocation of 
the procedure. The samp le program in 
listi ng 1 has several examples. 

The statement portion of a program is 
ca ll ed a "compound." A compound is a 
sequence of the key word begin, any num· 
ber of statements separated by se mi colons, 

Listing 7: The Po/fsh "compiler" listing. Notice that PASCAL does not con
strict the format of the program line. Indentation allows the program blocks 
to be easily separated from each other and makes the program easier to read. 

PROGRAM PARSEI INP UT , OUTPUT >, 
<•P ROGRAM PARSES SI MPLE ARITHMETIC EMPRESSIONS 

INTO THEIR RESPECTIVE POLI SH CODE IT DOE S 
THE PROPER TYPE CO NVER SIONS NECE SS AR Y FOR 
REAL AND INTEGER EXPRE SSI ONS ACCORDI NG TO 
THE FORTRAN CONVENTION 

REAL A-H. 0 - Z 
INTEGER : I - N 

VARIAB LE S ARE ONE LETTER LO NG• l 
LABEL 99 ; <+FOR ERROR RESTART• ) 
CONST 

DONTCARE= ' ? '; (•MAR KER S FOR CODE GEliERATO R* ) 
MAXPC c1 00; <• MA XIMUM COD E SPACE• > 

TYPE 
CODESPACE=1 . MA XPC; ( •ADDRESS SPACE.,. > 
ATTRc <NONE. INT. REA ) ; <•ATTRIBUTES OF OPCODES AND EXPRESSION$ <'• 
LEXTY =<RDDOP, MULOP . LPAREN, RPAREN. IDENT . EOL >. 

<•THESE LEXEMES FOR INPUT ASSUME A NON-HOS TILE USER+ > 
INSTRUCTION=RECORD 

VAR 

OPC : CHAR; <•OPCODE• ) 
I TYPE · ATTR, C •OPCODE TYPE"' ) 
ADR . CHAR <•NAME OF IDENT• l 

END; 

CODE : ARRAYCCODESPACEJ DF INSTRUCTION ; <• WHERE CODE GOES•> 
PC CODESPACE ; <• PC OF CURRENT INSTRUCTION• > 
GRTTR : ATTR; <•GLOBAL TYPE OF EXPR ESSIONS+ > 
CH CHAR; <•CURRENT INPUT CHARAC TER + > 
CHTYPE : ATT~ <•CURRENT CHARACTER ATTRIBUTE IF IDEN T• > 
LE X. LEXTY; <•L EXEME OF CU RRENT INPUT+ > 
BFR · PACKED ARRAYC1 .. B0J OF CHAR , <•INPUT BUFFER• > 
BP : INTEGER; <•CHARACTER BUFFER PO INTER• > 

PROCEDURE SC AN ; <•PROCESS NE XT IN PUT CHARAC TE R•> 
BEGIN 

REPEAT 
BP : =BP+1 ; 
CH : =BFR (BP l 

UNTIL CHI ' ,. ; 
<•WORRY ABOUT END OF LINE• > 
IF ORDCCH) 2 0 

THEN LEX: • EOL 
ELSE 

IF CH IN C' A' . ' Z ' l 
THEN 

BEGIN 
LEX : ~IDENT I 
IF CH IN c•r • .. ' N' l 

THEN CHTYPE : =INT 
ELSE CHTYPE : =REA 

END 
ELSE 

CASE CH OF 
' ( ': LEX : =LPAREN; 
'> ': LEX : =RPAREN; 
' + ',•-• : LE X: aADDOP; 
'+'. '/' : LE X: •MULOP 

END 
END (+OF SCAN+ ) ; 

PROCEDURE ERROR; 
BEGIN 

WRITELN(' ' : BP+1 , ' f ERROR ' >1 <•COMPENSATE FOR USER PROMPH > 
GOTO 99 

END <+OF ERROR+ ); 
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and the keyword end. The program ends 
with a period. Each of the statements with
in a compound may be one of a variety of 
differ·ent kinds of statements. Assignments, 
like 

database I i+k] .bal : =total 

are the most common statements. PASCAL 
supports a large number of control state· 
men ts which give the language its structure. 

PASCAL has a looping control similar 
to that of standard BASIC but the step or 
increment may be only +1 or - 1. The for 
statement causes a single statement, which 
could be quite complex, to be executed 
some number , including zero, times. For 
examp le 

for ind. =1 to 100 do 
begin 

due: =1.006•database( ind ] .bal ; 
database[indl .bal :=O.O; 
sum :=s um+due; 
database [ ind I .bal 30 : = 

1.006 • database [ind ] .bal30+due 
end 

Thi s segment shifts the balance 30 days, 
adds some interest charge and accumul ates 
a sum of the recently aged balances. If in 
a for statement, the increment were Lo be 
- 1, then the keyword downto would r·e
place the keyword to . 

PASCAL supports both simple cond i· 
t ional and full cond itional statements; that 
is 

if < condition > then < statement> 
and 

if < condition > then < statement> 
else < statement> 

Any "dang! ing else, an else which follows a 
sequence of " if ... then if .. . then ... , " 
is pai red with the innermost if. 

When working with records, partial ad· 
dressing can be done by using the "with " 
statement. This al lows the fields of a record 
to be r·eferenced as variables. The prev ious 
example then becomes 

for ind := l to 100 do 
withdatabase l ind] do 

begin 
due:= 1.006 ' bal ; 
bal : =0.0; 
sum:=sum+due; 
bal30: =1.006 * bal30+due 

end 

Three additional control statements are 
the while, repeat, and case statements. The 
while statement allows a given statement 
to be executed as long as some Boolean 
expression is true (the con di ti on is tested 
first) . 

while <condition> do <statement> 

The repeat statement al lows one or more 
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Plug-in-and-run performance takes the uncertainty out of 
owning a computer. That's the kind of computer products 
Dynabyte builds. 

Confidence in your computer is increased because you know 
that Dyna byte S-100 boards are factory assembled by trained 
technicians. burned in for 72 hours at elevated temperatures and 
continuously tested for three days. 

That was true of the industry's first assembled and tested 16k 
dynamic RAM from Dynabyte, and it continues with all the other 
products from Dynabyte. 

Once you plug Dynabyte boards in their careful design, 
factory prime components and quality construction keep them 
running. Dynabyte backs them with a one year warranty-the 
longest in the industry. 

lncompatability is coming to an end. Dynabyte's 16k and 32k 
static RAMs come with access times of either 250ns for Z-80A 
processors or 450ns for 8080 and 8085 chips. You can use the 
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Circ le 1 10 on inquiry ca rd . 

32k FuUy Static RAM. 250ns or 450ns: 4k 
boundary addressing; no OMA restrictions: run 
Schmitt trigger buffering; no wait states; 
complete S-100 compatibility: conservative 
thermal design includes eight regulators and 
heat sinks. 250ns. 5995. 450n s. 5925. 

t6k FuUy Static RAM. 250ns or 450ns: bank 
select is provided and is compatible with most 
popu lar schemes for m emory expansion beyond 
64k including Alpha Micro and Cromemco 
systems: 4k block addressing along 4k 
boundaries; write protect with ala rm for each 4k 
block; run Schmitt trigger buffering. 250ns. 5555. 
450ns. $ 525. 

16k static RAMs with Alpha Micro or Cromemco bank switching 
memory expansion techniques. 

Computer users are so confident of Dynabyte's 16k dynamic 
RAM they have made it the most widely used S-100 dynamic 
memory in the world. 

If you intend to become a proficient data processor but 
instead are unhappily debugging your system, or want to avoid a 
lot of debugging, then Dynabyte will be a great choice. 

As you spend less time monkeying with hardware and more 
time computing , you'll become more confident of your abilities 
and proud of your accomplishments. Isn 't that what owning a 
computer is all about? 

Tell your computer retailer with confidence that you want 
Dynabyte boards-the plug-in-and-run performers. 

I 005 Elwell Court, 

Palo Alto, CA 94303. D!lllilB!l11E 
(415) 965-IOlO. •1 • 

t6k Dynamic RAM. The industry's most 
popular S-100 dynamic RAM. Sell-contained 
refresh logic is transparent to the 8080 processor 
and never generates a WAIT state. 1 MHi direct 
memory access. J6k addressing. The Original 
Great Memory by Dynabyte, 5399. 

Naked Terminal. 80 character x 24 line = 

1920 character display capacity. Not just a video 
interlace but a lull terminal; plug into a 
mainframe with keyboard and monitor and save ' 
Upper and lower case: black/ white or 
white/ black; block mode editing; addressable 
c urse~ half and full duplex: no software support 
required; addressable status and 1/0 ports. 5350. 
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Listing 1, continued: 

PROCEDURE GENCODE< F : CHAR. I · ATTR; A: CHA RJ ; 
BEGIN PC. =PC+1; 

IF PC>MAXPC 
THEN BEGIN WRITELN C' OVERFLOW ' ) ; ERROR EN~ 

WITH CODEtPC J DO <•INDEX INSTRUCTION+ ) 
BEGIN OPC =F ; ITVPE =I . ADR . =A END 

END <•OF GENCODE+ ), 
PROCEDURE LI STCODE . 

VAR LPC . CODESPACE . 
BEGIN 

FOR LPC . =1 TO PC DO 
WITH COD E[LPCJ DO BEGIN <•INDE X INSTRUCTION+) 

CASE OPC OF 
' + ' · WRITE C' AD D' >• 

WRITE < · sus · ), 
' @ ' >IRITE <' NE G' l; 
' • ' WRITE <' MUL ',, 
'/' WRITE C' DIV ' )1 
' F ' WRITE < ' FLOAT ') , 
' P ' · WRITE (' PUSH'l END . 

IF OPC• ' F ' 
THEil 

BEGHl 
IF ITVPE=INT THEN WRITE <' ! ' l ELSE WRI TE <' R'l 

END ; 
IF OPC= ' P ' THEN WRI TELN !CHR <11B l . ADR > EL SE 

END <• OF WITH AND FOR+l 
END <•OF LISTCODE• ); 

WP. IT ELN 

PROCEDURE FI XUP I AX CODESPACE . 
LOP CHAR. 
LATTI< AT TR) , 

<•PC OF FI X LOCATION OF OPERAND 1• • 
<• CURRENT OP ER ATO R• ) 

VAP. TPC 
BEGIN 

CODESPACE1 

IF GATTR •LATTR 
TH Eil 

BEGIN 

<• ATTRIBUTE OF OPER AN D 2• ) 

<• TYPE S DON ' T AGREE• l 

IF GATTR=IN T ( +FLOAT OPERAN D 2• > 
THEN BEGIN GENCD DE <"F ', NO NE , DO NTCARE l. GATTR : =P. EA END 
ELSE <•HAYE TO FLOAT OPERAN D l . MOYE CODE UP• ) 

BEGIN 

WHILE LEX=ADOOP DO 
BEGIN 

AXPC =PC+1 ; <,.SAVE ADDR OF NEXT INSTRUCTION,. ) 
SCAN; TERM; 
FIXUP <AXPC. LOP, LATTR ' 

END 
ENO <•O F EXPR• ) , 

BEGIN C•OF MAIN PROGRAM+ ) 
WHI LE TRUE DO <•INFINI TE LOOP+ ) 

BEGIN 
9';> REPEAT 

EN D 

WRITE <'))') ; •: •PROMPT LISER>« l 
BP · =0 ; <•GET I llPUT Li l·IE+ ) 
WHILE NOT EOLN DO 

BEGIN 
BP =BP+l ; READ <BFRCBPJ ) 

END; 
REAOLN <•RESE T EOL INDICATOR• ) 

UN TIL BP•l; <"'G ET A NON- EMPT'~ Ll llE ,• ) 
BFR[BP J · =CHR C0 J, • • ( NULL ) FOR EOL• > 
PC : =0, BP : =0 : c .. SCA N FROr1 THE BEGINNI NG• ) 
SCAN ; 
EXPR ; <•DOES ALL THE WOR K• > 
IF LE X=EOL THE N LISTCODE EL SE ERROR 

END 

statements LO be execu ted until a condition 
becomes true (the condition is tested last). 

repeat < statement> { ; 
< statement> } until < condition > 

The brackets den ote a po rtion that may 
occ ur zero or more ti mes ; for examp le 

IF P C=M AXPC THEN BEGIN WRITE LN C' OVERFLO W' J, EP.P.OR END . 
FOR TPC · =PC DOWNTO RX DO CODE[TPC+1J . =CODECTPCJ; 
PC : =PC+1 , <• TOOK ANOTHER WORD~ ) 

ind: =O; 
repeat; 

ind:=ind+1 
CODE[AXJ . OPC • ' F ' ! •FLOAT OPERAND 1•• 

EtlD 
EtlO . 

GE NC ODE CLOP . GATTR. DO NT CAP.E > <•GENERATE OPERA TI ON• • 
END <•OF FIXUP• \1 

PROCEDURE EXPR. <• HE RE I S ALL THE WORK• ) 
'1AR 

LOP CHAR ; <•CURRE NT ADDOP• ' 
LATTR ATTR; <.-ATTRIBUTE OF OP El<AND 2 ·~ > 

AXPC CODESPACE; <•WHERE FLOAT OF OPERAN D 1 GOES. IF NEEDE D• > 
PP.DC EDURE TERrl , 

'JAR 
LOP CHAR ; C *CURREtH MULOP* ) 
LA TTP. oATTR; <•ATTRIBUTE OF OPERA ND 2• > 
AXPC 0COD ES PACE 1 <• WHERE FLOAT OF OP ER AND 1 GOE~ IF NEE DED* > 

PROCEDURE FACTOR ; 
BEGIN 

IF LE X=IDENT <•IDENTIFIER• > 
THEN 

BEGIN 
GATTR · =C HT '(PE 1 
GEN CODE <' P ', GATTR.CHJ, 
SC AN 

EN D 
ELSE 

IF LEX 2 LPAREN 
THEN 

BEGIN 
SCAN; EXPR; 
IF LEX•RPAREN THEN SCAN ELSE ERR OR 

END 
ELSE ERROR <•JUNK INPUT• ) 

END <•OF FACTOR•> ; _ 
BEGIN <•OF TERM•> 

FACTOR; 
WHILE LE X=MULOP DO 

BEGIN 
LATTR : •GATTR; LOP · =C H; 
AXPC : • PC+l1 (•SAYE ADDR OF NEXT INSTRUCTION• > 
SCAN; FACTOR; 
FI XUP <AXPC .LOP, LATTR l 

END 
END ( •OF TERM•>; 

BEGIN <•OF EXPR• > 
IF LE X•ADDOP <•LEADING SIGN• > 

THEN 
BEGIN 

LOP : =CH; SCAN; TERM; 
IF LOP= ' - ' TH EN GEN CODE C' @' ,GATTR,DONTCARE > 

ENO 
EL SE TERM; 
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until (database[ind] .ba l> l00.0) or 
(i nd=100) 

Thi s will fi nd the first customer whose 
balance is greater than $100, if one ex ists. 

The case statement consists of an ex
press ion, known as the se lector , and a list 
of statements, each labe lled by one or more 
cons tan ts of th e type of th e sel ector. The 
statements whose constant is equal to the 
current value of the se lecto r is executed. 
Some versions of PASCAL ad mi t subranges 
for la bels and an else or otherwise clause 
within a case stateme nt. 

case database[ ind) .datedue.mo of 
jan , feb ,may : < statement 1 > ; 
mar,j un,ju l: < statement 2 > ; 
oct,dec: < sta temen t 3 > 

end 

Statement 1 will be execu ted if the due 
month is Jan uary, February, or May, and so 
on. Noti ce th at no stateme nt is execu ted 
if the month is April, August, September, 
or Novembe r. Of course, the nes tin g of such 
contro l sta tements is perm issible and allows 
much more comp lex control structu r·es to 
be impl emented. 

The reset and rewrite statements initi alize 
input and outpu t channels, respectively. 
Some ve rsions of PASCAL do not require 
these for the defau lt ch annels in put and 
output. The 10 commands are desi gned at 
two leve ls. To move prim itive dJ ta to and 
from 10 devices or files use the commands 
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Technical Systems 
Consultants, Inc. 
Box 2574 
W. Lafayette. Indiana 47906 

~or;...;;;.;;;.;;;..;;;.;;;.;;.....==----7 317-423-5465 
Specialists in Software & Hardware for Industry & the Hobbyist 

Circle 3 70 o n inquiry card. 

- - -~ 

To Order: Include 3°1o postage, S 1.00 
handling on orders under SI 0.00, and 
Indiana residents add 4°1o sales tax. 
Check your dealer' 

TSC Monthly Feature: 
8080 Mnemonic Assembler 

This is the most complete res ident non macro 
ssem le r available tor the 8080 and lhe com

plete source listing is included1 The assembler is 
fully Inlel compal1b ie excepl to r logical expression 
o pera to rs Al l standard pseudo-ops or supported 
plus fealures such as paging. titlng. spacing. 
l isting suppressio n. soried symbol table. Intel 
fo rmat lope generation. hex or oc al ou tput. 
dec im I line numbers. au to field forma tting . hex. 
d cimal. oc tal or binary constan ts. and more 
5.5K o f RAM 1s required beginning at 1000 hex. 
pl us source and symbol table space An objecl 
code paper tape in Intel ASCII to rmat is available. 

SLB0-12 8080 Mnemonic Assembler 
SL80-12P Assembler with paper tape 

$25.00 
$34.00 
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EXPR 

TERM 

TERM 

TE RM 

FA CTOR 

FACTOR 

FACTOR 

----~------ VAR I A 8 L £ >----------------

EXPR 

Figure 7: Syntax diagrams for generation of 11alid expressions. The diagrom 
"expr " is entered from the left and calls term. Term calls "factor" 11 ·hich may 
call expr, etc. This model assumes that the only operations are addition, 
subtraction, multiplication and division. 

An expression is an op
tional sign, a term, fol

l owed by any number of 
addition or subtraction 

opera tors and terms. 
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pu t or get respect ively. To in pu t or outpu t 
an entire line or ct or d;i ta we use read, 
reacl ln , write , and wr iteln wh ich ;u·c sim il M 
to FORTRAN 10 commands. Formatt in g is 
done within the co111111Jnds themselves. The 
read command will on ly input the ncccssMy 
information {even if it mu st rc<HI sc era l 
lines) whi le read ln additi onally discards 
the remainder of the current in pu L lin e. The 
outpu t commands, wr ite ;i nd writeln , 
operate in an ana logous fJ hion for ou tput. 

/\ significant example is now in orde1-. 
Consider the prob lem of compil ing an 
arithmetic cx prcs~io n. To gre,ttly si mpl ify 
the proble m, <1ssurne JI! v<1r i,1bles ,ire une 
letter in length, n<i co 11 s t<1nt~ wi ll c1ppc,1r, 
and the on ly opcrdLOrs wi ll be +, , *, ,111cl 

/. To make the problem in teresting, assume 
thJt v;1riablcs leLLcred a- h and o z Jrc 
of type real .ind th e rc\l arc of type integer. 
This i the s,1111e ,15 the implic it types for 
FORTRAN. The progr;:im will prnduce 
code for c1 "st<1ck 111<1 chi n ." fhc1 t i , the 
opera tors MC applied only to operands 
already on the st.i k .i nd the re ulL will 
replace the operands on the st.ick. One Lask 
is the recognit io n o r correct expressions. 

Thi ma be done by several methods in
cluding precedence tab les, L LR(l ) parsers, 
and recursive descent. The latter wil l be used 
since il is the technique employed with in 
mos t P1'.\ SCA L com pilers. Recursive descent 
comp ilation utilizes a se t of recursive prnce
du1·es to recognize its input, with no back
track ing. To under Land th e algorithm, 
consider the se rie of " yn lax diagrams" 
in figure I. 

To gene1«1te ,1 valid exp res ion, fo r cx
dlllple, one enters Lhc diagram from the left , 
se lects an drhitrary path through th e clia
g1·a111, ,md exi ts to the 1·ight. Any box en· 
countered i to be tre;:ited like a subrou t ine 
or proceclu1·e call. A ci rcle or box with 
rnu nded edges is to be the curren t input 
item. An ex pression is thus an op ti ona l 
sign, a term, followed by any numbe1· (in· 
elud ing zero) of addi tion or subtraction 
operators ;111cl terms. Sim il arly, o ne can 
ddine a term . These defini tions bu ild in 
the normal precedence of operators and 
correctly handle a unary minus. Notice that 
<ex pr> will ca ll < tenn>, <te rm> will 
c,111 < Lictor> and maybe <fac tor> will 
ca ll <ex pr> again. This would occur when· 
ever paren theses we1·e encoun tered. 

A seco nd task to accomplish is to prn per
ly handle the necessary type convers ion of 
intem1ecliate resul ts. Many textbooks refer 
to this prob lem when discussing syntax 
di rected uansl ati on bu t fe w il lu stra te 
"re;il'' solutions. As an example {using the 
above assu mptions) conside r 

J +K " X 

It is no t known that this expression must 
have a real va lue unt il th e X is seen . The 
rec u1·sive desce nt phase, ind ependent of 
type conversion 111igh t translate thi s to 

PUSH J 
PUSH K 
PUSH X 
M U L 
ADD 

for its equivale nt Polish Notation: J K X * +. 
However, what is real ly req ui red is 

PUSH! J 
FLOAT (co nve r t the top of th e stack) 
PUSH! K 
FLOAT 
PUSHR X 
MU LR 
ADDR 

where th e ope1·arors have ei ther "R" or " I" 
suffixed lo indicate a real 01· integer opera · 
tor, respective ly. The suffix for th e PUSH 
in truc tion is known as soo n as th e variab le 
name is seen. The types for the arithmetic 
operato rs and the insertion of the FLOAT 
instructions must be added so mewhat after 
both operands have been seen; in othc1· 



The PerSci generation of 
Diskette Mass Storage Systems 

Smarter, Faster, Smaller. 
A new generation of advances in diskette 

drive technology comes together in PerSci Mass 
Storage Systems, the first diskette subsystems 
to provide large storage capacity, intelligence 
and high speed in as little as 4W' of space. 

Two Times The Capacity ... 
New PerSci developments in large disk voice 

coil technology reduced to 
floppy disk applications 
make possible data 
densities as high as 
)t2 Mbyte per 
diskette side- up 
to 2 Mbytes in a two 
drive system. When 
IBM data format com
patibility is required, 
PerSci Systems 
will store )t2 Mbyte 
per drive. 

Microprocessor 
Intelligence ... 
PerSci's highly intelli-

gent microprocessor 
based controllers, either 
single or double density 
versions, i 'lei ude the 
PerSci File Management 
Firmware. Under controller 
direction, the PerSci Mass 
Storage Systems are capable 
of performing many functions 
normal ly requiring CPU time 
and memory, including format
ting, editing, reinitializing, auto
matic file and full diskette copy. 

Ci rcle 266 on inqui ry card . 

7 Times The Speed ... 
The unique voice coil positioning system of 

PerSci diskette drives allows PerSci systems to 
access data as much as 7 times faster than com

petitive systems. A random average seek is 
only 33 ms, as fast as many large disk systems. 

In Half The Space. 
PerSci Systems, one or two 

drive models, ca n be configured 
for mounting in a 19" rack or 
for table top operation. When 

maximum capacity in mini-
mum space is called for, PerSci 

offers the "Slimline" system, 
only 4W' wide. A single or 

double density controller can 
be mounted in the standard 

system chassis or in the host. 
Interfaces to major micro

computers are available and 
an RS232 serial interface is 
optional. 

Get all the most recent 
engineering advances 
in one smarter, faster, 

smaller system at com
petitive prices from 
PerSci, Inc., 12210 
Nebraska Avenue, 

W Los Angeles, Calif. 
90025. (213) 820-3764. 

Peripherals a 
Generation Ahead. 
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>> A+S 
PUSHR A 
F'U S HR 8 
ADDP. 
))A,' I 
PUS HR A 
PUSH I I 
FLOAT 
DIVR 
)) l /J 

PUSH! I 
PUSH! J 
l)!Vl 
)) J+K~X 

PUSH I J 
FLOAT 
PUS H I K 
FLOAT 
PUSHR )( 

MULR 
ADDR 
>>C I~J- CX+M ))/( P+r~ ) 

PUSH I I 
PUSH I 
MULI 
FLOAT 
PUSHR )( 

PUSH I M 
FLOAT 
ADDR 
SUBR 
PUSHR p 
PUSH I N 

FLOAT 
ADDR 
OIVR 
>>A +B:.ot< 

1" ERP.OR 
))A+ <B+I 

1" ERROR 
))!)+8 

1" ERROR 
>> ZI 

1" ERR OR 

Listing 2: Sample program execulion. After au/pulling u prumpl th e pro
gram waits for an expression to be inpu/. II then lists off of /he instructions 
that would be generated for a compiler code. 
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words, a fixup must be done. As one al ter
native, Lhis may be accom pl i hcd by gener
aLing code in memory and keeping Lr<1ck of 
the type atlribu tc of each operand a1HJ Llw 
addresses of wh ere the las t i 11 sHu ction for 
tha t operand was sLored. If a type conver
sion is req u ired on the first operand (of a 
binary operator·), all code beyond th e saved 
address is imply moved up one loca t ion and 
a FLOAT ins truction is inserted . I f d type 
conversion is required for th e seco nd 
operand , a FLOAT instruction is added as 
the last instruction in th e eval uation of the 
second operand. /In this paragraph and re
maining text of the article, words in upper 
case refer to l isting 7 ... RGAC/ 

The program in listing ·1 is a solut ion to 
the expression evaluat ion prob lem. I L is a 
direct implementation of the m ethods 
suggested. The main portion of the prng1·a 111 
is tr ivia l ; it asks for a li ne or input, cal ls 
procedure EX PR to parse th e l ine, l isLs the 
ou tpu t if there is no error, and 1·epca l s the 
proce s. 

The type statements arc important and 
quite varied. See Lh at the constant MAXPC 
defines the maximum address space and is 
used in the declaration of the -subr·ange 

Lype CODESPACE. The va ri able' A TrR 
and LEXTY arc sy mbo lic sct1IJ1" tYI c and 
INSTRUCTION is a re cord type. 

The variable CODE is an a1-r;:iy of in m 1c
tions. Th is is w here Lhe "compiled" code 
wi l l reside. The type attribute of the second 
operand of an operat ion is stored in GATTR 
w h ich is global to ,di the prngram\ 

proccdu res. 
The procedure SCAN picks up the 

next cht1rt1c ter(s), igno1·i11g sp ,1ces <i nd 
determines the correct token and type if 
i t is ,i variable. Note the use of the case 
state ment and the sequential nes ted 

cond itionals. 
The procedure ERROR outpul s c1 linc 

with ,111 upward point ing .irrow to inclicd!e 
where th e error occu1Tecl . 

The procedures GENCODE .in l L IST
CODE are responsib le fo1· encoding 1hc 
instructi on> into th e code dJT.iy and decod
ing the code ar r,1y for ou tput respect ive ly. 
The with statements simp l ify both the 
PASCAL t1nd comp iled co les. 

Any d iscrepancy in Lypc~ of operands 
is resolved by FIXUP wh ich i n ~crts Lh c code 
for the operator· it IL In a fu ll co111pile1, 
F IXUP would al o worry about trings and 
oLher data types .111d i<;sue the appropria te 
e1-ror mes age when needed . 

EXPR docs 111ost o f the wort-., together 
with the proced ures TERM and FACTOR. 
They funct ion exac t ly ,1s described <1bove. 

hey are qu ite si mpl e in c1p pear;111ce but 
functio n correctly a the sample runs il lu ~ 

trate. T he symbol ic sc. ilar A DDOP .incl 
MULOP arc <'1 u i te useful in th i design. 

When proper ly segmen ted, .iny prug1 .1111 

should be imi larl y constructed and .is e,1 y 
to read or mod ify. A lot may be gained from 
us ing a top down design. Given the t ime, 
anyone could stretch this program into ,, 
full co mp iler wh ose output wc1s a si mi l,1r 

Polish code, and ,tlLcrna Livcl encode thi> 
program into th eir f.ivm i te .issembly l.111-
gudge. A l l the harti work h.1s real ly been 
done in expressing Lhc algor ithm LO so lve 
the problem. 

I heart ily recommend that anyo ne 
seriously intcre Led in P SCAL in partic 
u lar .incl good prog1·arn rn ing sty le i 11 gcncrc1I 
obtain the Lwo book · l i>tecl in the 
bib I iography .• 
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Consistency-or a Lack Thereof . 
Notes by C Helmers 

In this is1Uc readers will no te a lac/1 
o( COn\i\ tellC)' in !he /y pography of 
•'orious ariilles 011 Pascal. One fairly 
o /; viou ~ example o( 1hi> is 1/1e u.\e of all 
upper wse and Ille uw• of normal English 
copiwl it (J(ion of 1ile name of 1he 1011 -
guage. Siner l'ascal is deri11ed from a 
prupn 110111 e, 1he proper 1101a1ion is 
lo1vcr wse wilh i11i1ial cap italiLa lio11 . 
r or 11u111cs which are acronyms. lil~e 

l-DRTll 11N. COBOL . PL/ I , elc, the 
upper cose 1101a1io11 i< oppropriare. While 
11 •1• s/r01'e for consis tency wi1ilin a gio1e11 
article , 111 lea</ one arricle used upper 
rnse 110101ion for /h e 11ame Pascal. 
1howi11c1 the ex lrcme inert ia of 1radi1ion
alism al a poinl when ii was 100 late 10 
make /he changes to final copy . 

Th e sno11d area ol qt1es1iona/Jle 
/yf'Oyraphy is a bit more nebulous and 
li:H su/Jjeo 10 edi10rial fia t 1vhe11 
"c mnera ready ·· 1y pc is receivi:d from 
<JU//lor,; 1'1e H)"/I! Of represenlalinn Of 
l'mwl program lis 1i11gs. The ideal s1y le 
is of course Illa/ u .1ed by Niillaus Wirlh 
in Ii i hook i\lgori 1i1111 s+ Oa1 a 1r ut1urcs= 
l' rogr~ms, published by Pre111ice-l-/all in 

79 76. This s1y le uses bold fa ce typ e in 
lower case for represe111a1ion of th e 
Pascal language keywords. I t 11 ses ital ics 
for the represen1ation or specific variable 
names, procedure names and literal 
11al11es 1vhich ore part of 1/Je 1uo9rom. In 
or1ic les by Gllthors Ken Bowles (page 
122) , Charle l~orsy/h and R11ndoll 
/-10 11 ·ard (page 50), Chip Jlii: ems (page 
1·13), and A llan Sclnvar/7 (pagP 168) !his 
11ota1ion \VOS used. /Jut in 11vo or 1hese 
cases, the Gll/hors supplied camera ready 
ty pese t copy along wi1h the arlicles in· 
110/o ,ed, in order 10 minimize potential 
errors due 10 l<eys irolling. Since LIVO of 
lhese were 1y pese I 01 BYTE. and th e 
o ther /IVO were 1y pese1 ll'ifh differe111 
lype specifications on differen I 
mac/tines , there is naturally a differenl 
aes1he1ic flavor 10 ril e lisrings in these 
articles. J1 close 11aria111 or this form is 
seen in !he lis1in9s of Dwid /l'lundie 's 
anicle (poge I IO} 1vhne bold race typ e 
t111d norlllal ty pe are mixed in the 
lis1inq. 

There is ye r ano1her l'ariation on the 
graphics 11 <ed to represent Pascal pro
qroms. provided by 1he lisri11gs accom -

• • 

ponying Stephen A lper/'s arr icle (page 
78). Here, 1he cam era ready listing was 
supplied by the au1hor as printed on on 
upper case line printer, so i?eywords are 
indistinguishable from program details 
on /he basis of 1ypography alone. 

Wha1 can we conclude about this 
inconsistency? Our goal 01 BYTE from 
now on will be 10 asymptocically 
approach the 110£0 /ion of Pascal pro· 
grams in the bold face and i10/ic f orm 
whenever we do the aclllal typeselling 
of a listing. The ilolic and 1he bold face 
ty pography provides an excel/en/ con · 
trast to n ormal rype when elemenrs of a 
program are mentioned wit/tin 1ex1. But 
when a manuscript comes with a usable 
cumera ready listing of a Pascal program, 
such de/Oils of aesthetics must ra/1e 
second place to th e goal of minimizing 
errors of 1ranscrip1io11 : it is for better lo 
use a camera ready image derived from 
a machine produced listing than to i?ey 
in a program manually in order to creo le 
u typese t form of the /isling. Lilw pro
gramming, execution of a magazine 
production tasl1 once a month is rrouglit 
wi1h myriad details .. . CH 

-----------------------THERMAL PRINTER 
MANUFACTURED BY TEXAS INSTRUMENTS 

• 12 character/ line 
• 5 x 7 dot matrix 
• Alpha numeric capability 
• Weighs 6 ounces 
• Measures 23!." x 3%" x 2 '.4" 
• llses 2 '.4 inch thermal paper 

$39.95 

BOOTSTRAP ENTERPRISES INC. 

I ·~ • 

I 111 , .- : 

• 
J 

The Tl59 calculator magnetic card 
reader is now available from Bootstrap 
as a stand alone product. The entire 
assembly, as pictured above, includes: 
housing, motor. read/write head, cables 
and on/off switch. Measuring 2%" x%" x 
1 \4 " and weighing less than two ounces 
this unit can be used in portable and 
stationary data storage applications. 

$79.95 
100 Central Expressway • Suite 500 •Richardson. TX 75080 

Circle 37 on i nquiry card. 
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Philadelphia's 

All figures and photos courtesy of The Fran kl in 
Institute, Philadelphia PA 19103. 

179 Year Old Android 

Photo 1: The 1 79 year old Mail/ardet writing and drawing automaton 011 dis
play at The Fran!?/ in lnstitllte in Philadelphia. 
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Charles F Penniman 
The Franklin Institute 

Philadelphia PA 19103 

Cuckoo clocks, computers and do lls with 
ro lli ng eyes somehow fascinate us all. The 
fascinat ion seems to stem from our delight 
that people can make contraptions which do 
th ings by contr ivance tha t are usually done 
by living men and beasts. But whatever the 
reason for it, we find animated statues in an
cient China and in the temples of classical 
Greece . In Europe, the clockmakers of the 
Renaissance often adorned the ir works with 
marve lous moving figures. The famo us tower 
clocks of Berne and Messi na and the remark
ab le clock in the Cathedral at Strasbourg are 
just a few exam ples. 

For us who live toward the beginning of 
the Electronic Age, it is hard to imagi ne the 
excitement tha t existed in the ear ly years of 
mechanism . The au tomaton at the Franklin 
Institute that writes poems and draws pic
tures dates from those times. In the same 
way that they made mac hines to perform 
marve lous and delightful things, we program 
com pute rs and buil d mic roprocessors to per
form even more amazing feats . It is much 
the same phenomenon. 

The Frank I in I nsti tute's mechanical lady 
dressed in green is one of the most impo r
tant of the small number of an droids that 
have ever been bu ilt with the ab il ity to write 
and draw. The first mach ine with such capa
bilities was built around 1750 by Fr·iedr ich 
von Knauss working in Germany , but it 
was from Pierre Jaquet-Droz, Jean-Frederic 



Leschot, and a success ion of th eir collabo
r·ators that the most elegant machines came. 
In 1774 they produced their first writing 
doll in Neuchatel , Switzerland. The machine 
now atThe Franklin Institute in Ph iladelphia 
was built about 1805 in London by Henr i 
Mai llardet, an assoc iate of Leschot and 
Jaquet-Droz. His automaton is part icularly 
distinguished by its unu sual ly la rge memor·y 
and excel I en t movements. 

The Ma il larde t machine weighs about 250 
pounds ("113.4 kg) and consists of a figu r·e 
kneeling at a writing desk mounted ato p an 
ornate stand containing the program and 
driving mechanism. In fo rmation for the 
dol l's movements is communicated up 
through the body of the figure by an in
credibly intricate combination of levers, 
rods, pulleys and cams. 

The heart of the wri ting and drawing 
operation is actually a mechanical "r·ead 
only memory" in the form of an array of 
disk cams rotating on a common shaft to 
dr·ive the r·ight hand of th e figure. Th e earns 
ar-e driven by a spring motor located at one 
end of the base that is coordi nated with a 
second motor located at the othe r end of the 
base. Th is motor is used to slide the stack of 
operating cams transverse ly on their· shaft 
in to the proper posit ion to produce the 
desir·ed r·eadout. The informatio n contained 
in th e undulations of the selected set of earn 
surfaces is picked up by th ree cam followers 
linked to the doll's hand to produce the re· 
quired right and left, up and down, and ver·· 
tical motions . There are seven programmed 
designs fro m which to choose: two poems in 
French, one in English , and three graceful 
pictures. Two designs req uire four sets of 
thr·ee cams each; the remaini ng designs are 
each on three sets of cams. This adds up to a 
total of 96 operating cams to govern the mo
tions of the right hand of the figure. Addi
tional, and far simpler, cams move the left 
hand, head and eyes. 

The machi ne is marvelousl y comp lex, but 
perhaps the greatest marvel is that it can still 
func tion after neady 175 years. Apparently 
very litt le wear- has taken pl ace. The detai ls 
of the drawings are stil l remarkab ly sharp 
and the writing quite legib le. Th e complex 
of linkages between the rotating cams and 
the motions of the hand stil l operate with no 
detectable play or slop in the bearings: a 
cons id erable ach ievement fo r engineering 
and technology. How this was ac hieved is 
largely a matter of con jecture today, but the 
automaton was built in an age in which trade 
secrets were kept closely within the circle of 
one's apprentices and family. It would be in
teresting, for instan ce,· to know exact ly how 
the machine was programmed. One can 
speculate that the profiles of the cams were 

Figure I : One of lhe incredible drawings executed by Maillardet's writing and 
drawing automaton in approximately five minutes. The automaton is cur
rently on display al The Franl?/in Institute. 

Photo 2: Right arm of the automaton, undraped. Modern ballpoint pen is not 
historically correct, but is effective. 
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laid out after· th e do ll was constructed by 
mov ing its hand over a mas ter drawing and 
tracing the corresponding motio ns of the 
three cam fo llowers on sim ultaneously ro
tating disks of br·ass which wen~ then cut and 
fi led to their proper shapes. Yet, this is on ly 
a guess. The only thing that we know for 
certain in this regard is th at the profiling of 
the cams had to be done with the gr·eatest 
care and prec isi on si nee there is up to a te n
fold magnification of any poss ib le error clu e 
to the mul tiplying effect of th e linkage be-

Photo 3: Rear vie1v of the automuton. Cam motion is carried through th e 
body of the doll and across the shoulders to th e right arm by a system of rods, 
levers one! shafts. 

----·-
Photo 4: Drive m echanism located below the tabletop. The spring driven mo
tor for the operating cams is at right. The X, Y and Z cams with the three fol
lo1vers are in th e center. To the left is the program selection dri11e motor. 
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tween the cam followers and the writin g 
instrument in the doll's hand. 

Some of the elabo rate and del icate mech
anisms that Mai lla rdet made were sold to the 
wealthy. Occasi onall y they were comis
sioned as state gifts . In fact, the only other 
doll with the abil ity to write that can be at
tr·ibuted direct ly to Henri Mail lardet was 
made for King George 111 to give to the 
Emperor of China du ri ng a period when the 
English were attempting to establish favor
able trade relations with that country. That 
machi ne was programmed to wri te, in 
Chinese, flatter ing messages to the Emperor. 
It made the trip to China successfu ll y and is 
re ported to be al ive and well in a museum in 
Pek in g. However, most of the au tomata that 
were bu il t, inc lu ding the one at The Frankl in 
Institute, went into show business and toured 
all over Eu rope. Surviving adve rtisements at
test to th eir popu larity . Through newspaper 
clipp ings, the progress of the Philadelph ia 
machine can be traced fro m France to Ru ss ia 
and throughout England until 1850. It is 
possib le, but not altogether certa in, that it 
was pu rchased at about that time by the 
great American showman, P T Barnum, for 
his Ame rican Museum . By some process, 
now unclea r, it came to be owned by a 
Phi ladelphi an, john Penn Broc k, whose 
gr·andchildren donated it to The Frank lin 
I nsti tu te . Perhaps il was the fire that de
stroyed the museum Barn um set up in 
Philadelphi a that damaged the mach ine , 
but it was ind eed a charred mass of wreck
age when it was deliver·ed to The Frank lin 
Ins titute in November of 1928 . Although 
Maillar-det had his au tomaton origi nal ly fit 
ted out as a little boy in court dress, by the 
time it came to The Institute , the costume 
had been changed to th at of a French so ldier. 
At The Institute, the machine was stored in 
one place and then in another until a staff 
machin ist, Cha rl es Roberts, became inter
ested in try ing to repair it. He was tremen
dously proud of his success in do ing so as, 
indeed, he should have been . New clothes 
were made, bul this time the doll was put 
into a dress instead of a boy 's suit. The res
toration of the original motion of d ipping a 
pen (or perhaps it was a brush) into an ink· 
we ll turned out to be impossible. Roberts 
substituted a stylograph pen wh ich has since 
been replaced by a totally unhistorical , but 
much more convenient , ballpoint pen. And, 
of cou rse , it was necessary to make a nu m
ber of new parts , but the on ly significant 
alterations made were to the writing ins tru 
me nt and to the sex of the do ll. 

Tradition in the Brock fam il y had it that 
the automaton had been built by Maelzel , a 
considerable showman, the inventor of a 
melronome, and the bu il der of a number o f 
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_ _ Microcomputer Problem Solving Using 
PASCAL by Kenneth L Bowles . This book is 
designed both for introductory courses in 
computer problem solving at the freshman and 
sophomore college level. and for individual 
self-study . Graphics is st ressed in this version 
of the book, in many cases borrowing from 
the "Turtle Graphics" approach originated 
by Seymour Papert of MIT. A complete sin
gle-user software sys tem based on PASCAL 
has been developed at the University of Cali 
fornia at San Diego, where the author is a 
professor in the Department of Applied Physics 
and Information Science. This system em
bodies extensions to the standard PASCAL 
which include the necessary functions and 
procedures for handling graphics and strings . 
563 pp . $9.80. 

__ An Introduction to Programming and 
Problem Solving With PASCAL by G M 
Schneider, S Weingart, and D Perlman . This 
book has three major goals: 

(1) To in troduce all aspec ts of the pro
gramming and problem solving process, 
including problem spec i fication and 
organization , algorithms, codi ng, de
bugging. testin g, documentation. and 
main tena nee. 
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12) To teach good programming sty le and 
how to produce a high qual i ty fini shed 
product . This is brought out in numer
ous sty le examples th roughout the text . 

Speaking of 
(3) To teach the syntax of the PASCAL pro 

gramming language . 
PASCAL is used as a vehicl e to teach variou s as
pects of programming techniques . $ 12.95 . PASCAL • • 
__ PASCAL User Manual and Report (Second Edi t ion) by K Jensen 
and N Wirth consists of two parts : the User Manual and the Revised Re
port. The Manual is directed to those who have some familiarity with 
compute r programming and who wish to get acquainted with the PAS
CAL language. It is mainly tutorial and includes m any helpful examples 
to demonstrate the various features of the language. The Report is a 
concise refere nce for both programmers and implementors. It defines 
Standard PASCAL. which constitutes a commo n base be tween various 
implemen tations of the language. $6 .90. 

__ Programming in PASCAL by Peter Grogono. This book is an ex 
cellent introduct ion to one of the fastest growing programming lan 
guages . The text is arranged as a tutor ial containing both examples and 
exercises to increase reader proficiency in PASCAL. Besides secti ons on 
procedures and fil es, there is a chapter on dynamic data struc tures such 
as trees and linked li sts . These concepts are put to use in an example 
bus serv ice simulation . Other examples range from the Tower of Hanoi 
problem to ci rcumscr ibing a circle about a t riangl e. Programming in 
PASCAL is sure to hold the reader 's interest . 359 pp. $9.95. 

_ _ The Design of Well-structured and 
Correct Programs by S Alag ic and M A Arbib. 
Th is book represents ten years of research in 
top-down program design and verification of 
program correctness, and demonstrates how 
these techniques can be used in day-to-day 
programming with PASCAL. An explanation 
of control and data structures and many 
examples of programs and proof development 
are provided. As a programmi ng text, this book 
contains an introduction to the language. 
provides algo rithms which operate on sop his
t icated data structures, and offers the full 
axiomatic definition of PASCAL in terms of 
proof rules . To use this boo k, no part icu lar 
mathematical background is necessary beyond 
the basic idea of a mathematical proof, al 
though an introductory course in programming 
is required . 292 pp. $12.80. 

• 
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Photo 5: Center follower 
at rest on the bar on which 
it slides as the cam deck is 
positioned laterally. The 
undulations of the cams 
are also 11isible. 

autom ata. In hi s memoi r·s, P T Barnum 
reco r·ds the purch ase of seve r·a l automata 
from him. But af ter be ing repaired, the au
tomaton herse lf ser th in gs r·igh t when her· 
memory was read out. Fol I owing the last 

Figure 2: An example of the written output of Maillardet 's writing and draw
ing automaton. The French poem Is freely translated as: "A child by ladles 
adored,// am throughout all lands,/ln good fa 11or with women,/A nd also their 
husbands." Below the poem in French is the inscription " Written by Malflar
det 's Automaton." 
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line of her last poem, the han d cont inued 
to write in its clear but quaint style: "Ecrit 
par L Automate de Maillardet, ·· mea ning 
"Written by Maillardet's Automaton." With 
th is clue , locked for nearly 90 yea r·s in the 
memory of the machine, it was possible to 
sear·ch out an d determine its proper or·igin. 

The one English poem that she knows 
how to write (see page 102) is as fo ll ows: 

Unerring is my hand, tho' small. 
May I not add with truth: 
I do my best to please you all; 
Encourage , then, my youth. 

Certain ly her hand cannot be as unerr ing as 
it was in 1805. It would be inter·esting to 
have a sample of her writing from that time 
to make a comparison. But she still does her 
best to please and amaze us. • 

You May Have Seen Her in Action ... 

In an excellent WGBH NOV A presenta
tion on "Artificia l In tel ligence" aired on 
public tele11ision stations in March 19 78, The 
Franl?l!n Institute automaton by 1Y/aillardet 
may ha11e been seen in action by many 
readers. (Also seen In action were robots 
NEWT and Shakey of contemporary 11lntage. 
The program also featured inter11fews with 
science fiction writer Arthur C Clarke, and 
a number of artificial /ntell!gence researchers 
regarding the prospects for the near and far 
future of smart machine technology.) 



Get Down to Business 
How to Profit From 

your Personal 
Computer 

by Ted G Lewis 

_ II you want to use your personal com · 
purer in a profitable manner, and you need 
some help plann ing programm ing techniques 
th is book is for you. It contains suggestions 
for accounting, payroll handling, inventory 
management, and sorting mai li ng lists . Many 
terms and notations are exp lained . Sample 
programs in BASIC, the use of blueprints 
to design program structure. and a full 
glossary of terms are a few of th is book's 
special features . 191 pp . $7.95 . 

Payroll With Cost 
Accounting in BASIC 

by Lon Poole 
and 

Mary Borchers 

_This book includes program l istings with 
remarks. descriptions, discussion of the 
principles of each program. file layouts. 
and a complete user 's manual w i t h step·by · 
step instructions, flowcharts and samp le 
reports w i th CRT disp lays . All 35 programs 
are wr itten in the widely used computer 
language BASIC, and work together to pro· 
duce a payroll. right down to the print ing 
of paychecks and mainta ining of employee 
records. $12.50. 

. ........ 
-·-·--l~ltl 

Charging for 
Computer Services 

by D Bernard , 
JC Emery , 

R L Nolan, and 
R H Scott 

_This book is written for managers w ho 
must deal w i th serv ice charges. T his book 
provides the manager with p rinc ip les and 
guide li nes for a better understandi ng of the 
charge problem . The book provides genera l 
design pri nc iples along with speci f ic sug · 
ges tions to dea l with spec i fic problem areas . 
Charging for Computer Services is a neces
sary book for the manager making decisions 
in this vi tal area . 120 pp . $10.00. hardcover . 

Up your OWN 
Organization I 

by Donald M Dible 

_A great handbook on how to start and 
finance a new business, this is the most 
comprehensive reference we've seen on the 
subject. For the programmer·consultant or 
the basement homebrewer·turned·entrepre
neur, this is your book . It is recommended 
in the Bank of Amer ica Small Business 
Reporter and Changing Times magazines . 
372 pp . Ava i lable for $14.95 in hardcover. 

BASIC with Business 
Applications 

by R ichard W Lott 

_This book focuses on the BASIC lan
guage and its appl ication to specific business 
problems. The boo k is d ivided into two 
sections . Parr one introduces t he BASIC 
language and the concept of logical flow· 
charting. Part two presents problems and 
possible solutions. Topics include: interest 
rat e calculation, break-even analysis, loan 
rates, and depreciation. Exercises at the end 
of each chapter give a greater understanding 
of BASIC by actua l programming. $10.50 . 

WRIT/1"1, 
AT WOHi.': 
f)IJ.1. DON'T1·. 
and 
/IOll"TO., Writing at Work : Do's 

Don't's, and How Ta's 

by Ernst Jacobi 

_ This is not a grammar or usage text. The 
goal of th is informative book is "to turn 
writers into communi ca tors. " Addressed to 
the educated busi ness or profess ional person 
who can write adequately, this guide is full 
o f practica l advice that w i ll help you make 
your writing enjoyable, effective , and sue · 
cessful. 198 pp. $7.95 . 

Fundamentals of 
Recordkeeping and 

Finance for the Small 
Business 

by Robert C Ragan, 
CPA , 

and Jack Zwick, Ph.D 

-Once you have your organization or 
business up and runn ing, records must be 
kept . What should I keep, and how do I 
record them? This book on fundamentals 
will give you a helpful start . Secti on one 
deals w ith main taini ng records, protecting 
assets, and providing a basis for planning . 
Section two provides a starting point for 
owner·managers wanting to sharpen their fi 
nancial management skills. 196 pp . $10.00. 

Financial Analysis 
and Business 

Decisions on the 
Pocket Calculator 

by Jon M Smi th 

_Th is book is designed to aid the exper i· 
menter in performing applied analysis. It 
gives a var iety of numerical tech niques . 
approx ima tio ns, tables, graphs, and f low· 
charts fo r ca l cu lat ions. All methods have 
been optimized for the pocket calculator. 
T opics include : calculati ng present and fu· 
ture values. consumer finances, real es tate 
calcu lat ions, busi ness statistics, and systems 
anal y sis . 317 pp . $14 .95 hardcover. 

A Dictionary of 
Microcomputing 

by Phi lip E Burton 

_ In the opinion of BYTE 's editor, Carl 
Helmers, " This is one of the best designed 
and executed dict ionar ies of computer 
related term s yet seen on the market. It is 
of particular rel evance to those individuals 
who want a good general refere nce to 
numerous technical terms, broadly covering 
hardware and software f ields as currently 
practiced ." $12.50 in hardcover. 

For your convenience in o rdering, p lease use th is page p lus the order fo rm on page 93 . You may 
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Antique 

Mechanical Computers 

Part2: 

18th and 19th Century Mechanical Marvels 

Dr James M Williams 
58 Trumbu ll St 
New Haven CT 06510 

In the last quarter of the 
18th century first a few, 

then a flood of automata 
began to appear. 
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In " Pa1·t 1: Early Automata," page 48, 
Ju ly ·197g BYTE, we Lraccd the dcvclor
ment of antique mcch;rnical compu ters up Lo 
Lhe midd le of the ·18th ce ntury, and de
sc ribed such devices as Vauci1nson 's mechan
ica l clue k. Now we con tinue with a dis
cussion of Lal king, writing and mu sic pl;iying 
automaLa of the 18t h an d 19th centu 1·ies. 
(The discussion is noL meant to be an 
exhaustive one, of course, si nce that would 
be beyond the scope of this series .) 

Later Automata 

Vaucanson's crcaLions blazed acrnss the 
scene in Europe 240 years ago, casting new 
ligh t inLo hitherto dark pl i1ccs by showing 
what the clcclicatcd mec hanician could 
ac hieve. But, even after Vil uc,inson, th e way 
was diff icu lt. 38 years pas eel bcfOl'c <1 

second flute playing machine w,s cc n, a 
seated pair o f rustics bui lt by Duchamps in 
·1776 and said Lo be capable of playing ·13 
tunes. 109 years ;iftcr Vauc;inson m;idc the 
origina l mechanica l cluck, a mcchanician 
named Rechstcinc1-, who had rcstor·ccl tha t 
original cluck. produced ;me! displayed a 
duck of hi s own. RechsLcincr's cluck was the 
product of Lhrcc year of work. IL ap peared 
in '1847 ;i nd was the IJsL aulom;i ton ani mal 
of note. 

In the last quarter of the 18th century, 
first a few, then nearly .i flood of auto
mata began to appear, JS cl oc kma kc rs 
began Lo reali ze not only tlw possibilities or 
their era I l but al o the splendid pi-ices Lhei1· 
premier work might command. The more 
standai-d <rntomala sl1t:h as o rn amented 
clock , from snuffbox size to prodigies 

bigger than steamer tru nk s, wiLh processions 
of moving allegorical figures, spirals, pin 
wheels, and waterfa ll s, ch imes, be lls, 
dulcimers, whistles, organs, an d birdcalls, 
continued to be made and sold. Every 
tilled person had a score of them and men 
of substance could own seve1·a l. The clock· 
maker of amb it ion knew where his chal lenge 
lay. There were mysteries to be created in 
mach inery, and money and fa me to be 
had. Mcchanicians began to devote them 
selves to dup licating the physical action of 
parts of the human body. They chose part
behavior because or the immense difficu lty 
of fabr icating a mechanism that cou ld 
im itate even one of the coord inated acts 
hum ans orchestrate into the continuous 
chain of actions; namely, beh avior. 

IL is wo rth noting that in adu lts the 
d iscre te units of purposeful act io n which 
eem so integra ted and effortless to most of 

us arc anythi ng but smooth and coordinated 
in ea rl y ch ildhood. Most people can recall 
th eir clumsiness and exasperatio n in learning 
to tic their shoes or button their ga rm ents. 
The most intense concentrat ion , nd dedi
cated repeti ti on is requ ired to cause these 
action pattern to et in our central com
puting mechanism (see "Th e Brains of 
Men and Machines," parts 1, 2, 3 and 4, 
February thru April 1978 BYTE), but 
once the sett ing (ic: learning) takes place 
over time, it becomes possib le fo r us to 
execute one of these unit actions at will, 
devo id o r effort and concentra tion . (The 
mechanism and locus of the setti ng is 
ob cure: so is othe1· memory storage. 
Lately, the ce rebellar comp lex is viewed 
as the best can didate for unitary motor· 



Figure 7: A qua tint etching of the Automaton Exhibition held at Gothic Hall in London in 7 836. Various automata 
are shown; the one at the far right is evidently j acquet-Droz's writing and drawing automaton now in the collec tion 
of the Franl?!in Institute in Philadelphia (see "Philadelphia '.s 7 72 Year Old Android " by Charles F Penniman, page 
90 in · this issue). The figure is shown dressed as a boy, but women's clothes were substituted when the unit was 
rebuilt in 7936 at the Institute. Exhibitions like this were relatively common in the 19th centwy . Engraving cour
tesy Charles F Penniman. 

actions.) We can ti c shoelaces behind our 
backs, a thing we never prac ti ced or lea rn ed. 
Even cx tl'cme situation , like tyin g shoelaces 
while wea1·i ng mi ttens or hanging by the 
knees from a trapeze, do not begi n Lo st rain 
the capac ities of ou r· interior compu ti ng 
mecha ni sm. Th e required ac ti ons have been 
"fmzcn" in to om brains . Not onl y arc they 
re frac tory to d isarrangeme nt (they endu re 
as long as we live) but they arc also fl exibl e 
enough to permit our adapting th em to 
nove l ci1n 1msta nce . We all possess within 
us many th ousands of such unita1·y chunks 
of lea rned behavior, now fu ll y automati ze d 
and playa ble on com mand . 

This is the part-behavior, smooth, conti n
uous and automat ic, that was bei ng im itated 
by mechanicians. It requires substantial 
storage of prngrarn to dup licate. Fi-om our 
vantage point program storage is the most 
imponant featLll'e these machines possessed. 
Consequently, many very beauti fu l mech
ani sms (the display pi eces of Car l Faberge, 
je weler to the lm pe1·ia l Ru ss ian Court ; 
a wide ra nge of novelties such as sooth
sayers, mag1c1ans an d other conju rers, 
acrobats and rnpewalkers, ag il e harlequins 
and jugglc1·s, au tomatic confec tioners and 
wine stewards, and a greil t many more di s
pl ay mec hanisms) are no t mentioned he1·e 
because they had li ttle stored programming. 

Walking and Running Mac hines 

Early walki ng and running automata 
were represe nted on ly by dol ls and toy s. 
They we re essenti all y tr ivial, programmed 
devices for they always very ingeniously 
ar ra nged an apparent walki ng ac ti on (only 
a simp le re pell uvc mo ti on ). The walk 
lacked di rec tional it y, nor was there pro
vision for wa lking on o th er than smooth 
surfaces. It would be difficu lt to design a 
machi ne to walk in the sa me sense tha t 
people do: that is, the weight of the tru nk is 
for a moment supported by one leg alone 
whil e the other leg is being d rawn fo rward 
for a nex t step. Walk ing is in fac t organ ized 
fa lli ng, wit h the mo bil e ext remi ty brought 
forward just in ti me Lo foresta ll disas ter. 
When y u stop Lo re cal I th at eve ry known 
mechanica l man tC LU all y ro ll s on whee ls, 
and th at at least three wh ee ls arc always 
emp loyed Lo defi ne th e plane, you ga in a 
new respec t for hum an locomo tion and a 
val uable perspec tive on th e limitatio ns of 
mechani sms that undertake Lo imitate it. 

Spea king Machines 

As far as I can discover, no programmable 
device ut tering words , m th ei r approx ima
t ions, wa ever know n bcfme th e la te 

How ca n one describe 
machines so marvelously 
devised and tutored in 
their casks that they rival 
the actions of human 
beings? 
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19th century {or even in later periods up to 
the time of Be ll Labs' Vodor of 1939 
World's Fair fame, which required an oper· 
ator). Stil l, some remarkab le dev ices appear 
to have existed. Leaving aside the brazen 
talking heads that dot Greek and Byzantine 
mytho logy (they were without a doubt 
all hoaxes), we learn that the Abbe' Mical 
in 1774 was said to have exhibited two talk
ing heads which he late r destroyed . In 1779 
Kratzenstein won a prize offered by the 
Russi an Imperia l Academy of Sci ence for 
a device that co ul d pronounce distinguish
able vowels. This device was made from 
a set of five special ly shaped pipes. Baron 
Wolfgang Kempelen , creator of the Grear 
Chess Automaton , worked for many years 
on ta lking devices, and one was said by 
Goethe to be " .. . able to say some childish 
words very nicely." The machine was a 
kind of bell ows, soundbox , artificial tongue 
and mouth contrivance th at the Baron 
manipu lated unde r cover of a cloth; it now 
resides in a museum in Munich. Farber 
invented a machine which apparently spoke 
well eno ugh to induce PT Barnum to pur
chase it for exhibition, in 1873. The device 
was operated by a keyboard. 

IL is a very curious thing that investiga
tion of artific ial speaking dev ices was so 
neglected by gifted mechanic ians , for speech 
is the unique achievement of man. Moreove r-, 
th e ear is so adaptable and forgiving of 
fa ults in the spoken word tha t virtually any 
ki nd of squawk might pass fo r a sen tence. 
The mechanical problems would have been 
very great, but not insuperab le. 

Writi ng Machines 

Between 1753 and 1760 Friedrich von 
Knaus of Darms tadt devised and co n
st ru cted fo ur different machines th at wrote 
block letters or curs ive scri pt according to 
programming using a qui ll pen and ink with 
programmed pauses to dip the pen. One 
machine produ ced three texts from three 
pens, while the last machine could inscribe 
up to ·107 letters o f preset text from its 
stored progra m or write individual letters 
one at a time from dictation under co ntrol 
of the operator. It may accurately be de
scribed as the first typewriter o r script
writer. The mechanism ap pears to have been 
a cl uster of shaped cams on which rode an 
array of cam followers, each one direct ing 
movements of the pen to form a letter. 
Tex t composition was managed by a drum 
that bore many rows of hole in to which 
stud s could be placed to activa te the 
requi red cam. Thus tex t was easily al tered 
by changing the pat tern of studs. The tablet, 



A Bit of the BASIC 
---Computer Resource Book-Algebra by 
Thomas A Dwyer and Margot Cr itchf ield is 
an exciting new way to I earn about algebra 
and the interesting things you can do with it 
using a computer . The book uses the BASIC 
language, and flowcharts are used through· 
out to show the structure of programs . 
There are 60 applications programs inclu · 
ding st raight line graphs. polynomial equa
tions. a space probe navigator, temperature 
profiles. computer generated animation. the 
ul t ramatic root finder. random number 
generation and many more. Although i t 
is particularly suitable for students, just 
about everyo ne will find some intriguing 
and easy to use applications in this enter
tain ing book . $4 .80 . 

' 
... 

---Introduction to Computer Program · 
ming by Rudd A Crawford Jr and David H 
Copp. Here is an excellent way to learn 
about the general aspects of computer pro· 
gramming. Introduction to Computer Pro· 
gramming makes use of a hypothetical com· 
puter model and set of asse mbly language 
instructions des igned to help the beginner 
see what goes on in computer programs. 
The emphasis throughout is on general 
principl es; such concepts as loops, decisions. 
flowcharts and 10 rout ines are cove red in 
detai l . The book also provides many ex· 
ample problems and prompts the reader by 
posing several quiz questions. Anyone who 
masters its co ntents will have a soli d faun · 
dat ion for the study of practical assembly 
and high level languages . It is especially 
recommended for students, but just about 
everyone new to the subject shou ld prof it 
from it. $4.35. 

---Basic BASIC by James S Coan . If 
you ' re not already familiar with BASIC, 
James Coan 's Basic BASIC is one of the 
best ways to learn about this popular 
computer language . BASIC (which stands 
fo r Beginne r' s A l l-purpose Symbo lic Instruc
t ion Code) is easy to learn and easy to apply 
to many problems. Basic BASIC gives you 
step-by-step inst ructions for using a te r
minal, writing programs, using loops and 
lists, solving mathematical problems, under
standing m atrices and more. The book con· 
tains a wea l th of illustrat ions and example 
programs, and is suitable for begi nners at 
many d i fferent levels. It makes a fine refer
ence for the exper ienced programmer, too. 
$7.95 . 

advance.~ ... 

- - - Advanced BASIC by James S Coan . 
Advanced BASIC is the companion volume 
ro James Coan 's Basic BASIC. In th is book 
you 'l l learn about some of the more ad
vanced techniques fo r programming in 
BAS IC. including string m anipulation. the 
use of fil es. plo tting on a terminal, simula· 
t ion and games, advanced mathematical 
applicat ions and more. Many useful algor
ithms are covered, including some c lever 
sorting techniques designed to reduce 
program execution ti me. A s with Basic 
BASIC, there are m any i llustrative example 
programs included. BASIC doesn't have to 
be basic with Advanced BASIC! $6.95. 

---A Guided Tour of Computer Pro· 
gramming in BASIC by Thomas A Dwyer 
and Michael S Kaufman . Colorful graphics 
abound in this lively introduction to the 
BASIC language. The authors have tried 
to present a rigorous, yet entertaining 
approach to the subject. Written for the 
novice. A Guided Tour begins with a 
section on how to recognize a computer. 
followed by some tips on working at a 
terminal . By the end of the book readers 
are writing their own programs and solving 
elementary problems in finance and busi · 
ness. The emphasis throughout is on lear
ning by doing . Anyone interested in com· 
puter programming should benefit from 
A Guided Tour of Computer Programming 
in BASIC. $4.80 . 

"klk'JA ft,op 
tJ'~M'V'"~ 

••.m 
l it~·:··· ··-

• ' I '1"' . . ,.., . 
·: .- ' IP· ~~ 

- --Some Common BASIC Programs by 
Lon Poole and Mary Borchers. published by 
Adam Osborne and Associates. A t last, a 
sing le so urce for all t hose hard to find 
mathematics programs! Some Common 
BASIC Programs combines a diversity of 
practica l algorithms in one book : matrix 
mult iplication . regression analysis, principal 
on a loan. integration by Simpson's rule, 
roots of equations, operations on two vec 
tors, chi ·square test, check writer. geometric 
mean and variation. coordinate conversion 
and a function plotting algorithm . T hese 
are just some of the many programs in
cluded . For only $7 .50 you can buy the 
kind of programs previous ly available only 
as part of software math package systems 
for large scale computers . All the programs 
are written in a res tricted BASIC suitable 
for most microcomputer BASIC packages, 
and have been tested and debugged by the 
authors. $8.50. 

lllTSW DIAL YOUR BANK CARD ORDERS ON OUR TOLL-FREE HOT LINE : 1-800-258-5477. 

The Microcomputer Bookstore 
25 Route 101 West 
Peterborough, NH 03458 

0 My check enclosed : 
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Prices subject to change without notice. 
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16K RAM 

Fully Static TMS 4044 

250 nsec. chips-$425 
Z-BOA 4 Mhz. Fast-This fully assembled and tested 

16K board was designed to operate without wait states 
in a 4 Mhz. Z-SOA system allowing over-generous time 
for CPU board buffers. 

450 nsec. chips-$375 
For 2 Mhz. Systems-Same circuit as above but 

priced lower because of less expensive memory chips. 
It is fully assembled, burned-in , tested and guaranteed. 

BK Versions Also Available 
Both boards available fully assembled with sockets 

for all 32 MOS chips but supplied with only SK of chips. 
SK-250 nsec.-$265. 4K chip set- $95. SK-450 
nsec.-$235. 4K chip set-$85. 

Fully Static Is Best - Both boards use the 
state-of-the-art Texas Instruments TMS 4044 which 
requires no complicated and critical clocks or refresh. 
The fully static memory chip allows a straight-forward, 
"clean" design for the board ensuring DMA compatibili 
ty. They use a single 8 volt power supply at 1.8 amps 
nominal. 

Fully S-100 Bus Compatible-Each 4K addressable 
to any 4K slot and separately protected by DIP switches. 

Commercial Quality Components-First quality 
factory parts, fully socketed , buffered, board masked on 
both sides, silk-screened, gold contacts, bus bars for 
lower noise. 

Guaranteed: USA customers - parts and labor 
guaranteed for one full year. You may return undam
aged board within ten days for full refund (factory orders 
only - dealer return policy may vary). Foreign 
customers-parts only guaranteed ; no return privilege. 

Check your local computer store first 
Factory Orders - You may phone for VISA, MC, 

COD orders. ($3 handling charge for COD orders only) 
Purchase orders accepted from recognized institutions. 
Personal checks OK but must clear prior to shipment. 
Shipped prepaid with cross-country orders sent by air. 
Shipping - normally 48-72 hours. Washington resi 
dents add 5.4% tax. Spec. sheet, schematic, warranty 
statement sent upon request. 

/t eattle Computer Products, Inc. ~ 1114 Industry Drive. Seattle, WA. 98188 
(206) 255-0750 
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beari ng paper, moved one step after inscrip
t ion of each letter. Knaus described his 
machines in a 1780 book, Selbstschreibene 
Maschine. His machi ne number 4 was shown 
al the Paris Expositi on of 1937 . IL now 
resid es in the Vi enna Techn ical Museum. 

The Automata of Jacquet-Droz and Lesc hot 

Ho w can one descri be machines so mar
velously devised and "tutored" (i e: pro
grammed) in their tasks that they rival the 
actions of human bei ngs proficient in the 
;ir t the machine imitates 7 One can compar·e 
them Lo hum ans and the analogy is intrigu
ing, bu t humans are born wi th the nccessi ty 
to lea rn many advanced action patterns and 
th e automata were ab le to per form several 
advanced ac tion patterns directly after 
constru ction. And hum ans age <i nd die 
whil e the machi nes arc two cenwr ics old 
and act as well a the day th ey were et 
in place. They are see mingl y na wl css, age
less, potent and wise. And i f you co mpare 
them to spirits you wi ll be very near ly r·ight, 
for they are shaped to resemb le other
wmlcll y crea tures : cherubs 01· angels. I f the 
compactness, beauty and im plicity of their 
mechanism wi th its nearly per fect fu nc t ion
ing leads you to compare them to fine 
wa tches, you will be very nearly r ight aga in , 
fo1· thei r bui ld ers were first of all horologists. 
They were the fam ily of Jacquet-Droz (two 
bi-other and a so n) and Lcscho t, th eir 
master mechan ician. 

Long invo lved in making elaborate time
pieces in Geneva, Jacquet-Droz th e you nger 
may we ll have been influenced by wor·d o f 
Knaus' wri ti ng automaton . Th e W1·i ter, 
Draftsman and Mu ician he designed tlnd 
constructed, were placed on disp lay simul
taneo usly in 1774, and th ey have cha rm ed 
every person who has sern th em. They a1·c 
on disp lay in the Museu m of Auto mata, in 
Neuchate l, 30 mil es ea t of Gen eva in 
western Swi tzerla nd. Consider the fact: 
here arc devices ·een and adm i1·ed today, as 
well as by the cou rts of Lou is XV , Louis 
XV I, George 111 , Napoleon and eve n by 
Fra nk lin and Jefferson. 

The Wri ter wri tes a preset text of 40 
letters ;incl spaces in about the same time 
and wi th quit e a bi t more ski l l th an it 
might be wri tten by an 8 year o ld child . 
The D1·artsman draws a ser ie o f stored 
pictures, .111y one you choose, abou t as wel l 
as a gifted ch ild or 12 years might do, 
wh il e the Musician plays f ive melodi cs on 
her harmonium , as a musica l chi ld of 10 
years migh t do. They have bee n perform ing 
th ese fea ts For 204 years. 



TMS 9900 
16BIT 

MICROCOMPUTER 

SS-16 

,,_,. T E CHNlCO 1··· . -

THE FULL POWER OF THE 16-BIT TMS 9900 MICROPROCESSOR IS NOW AVAILABLE WITH THE UNIQUE COMBINA
TION OF RELIABLE HARDWARD AND FAST. EASY TO USE SOFTWARE IN THE TECHNICO SS-16. WITH MINICOMPUTER 
PERFORMANCE THE TECHNICO 16-BIT MICROCOMPUTERS ARE AVAILABLE FROM THE SINGLE BOARD SUPER 
STARTER SYSTEM AT UNDER $400 TO THE FULL SS-16 WITH UP TO 65K BYTES OF MEMORY, MINI-FLOPPY OR 
FULL FLOPPY DISKS, A 4800 BAUD DIGITAL CASSETTE, 64 COLOR VIDEO BOARD OPTION, RS232 AND 20 
MA CURRENT LOOP ALL COMBINED WITH ONE OF THE INDUSTRY'S FASTEST BASICS AND A FULL ASSEMBLER, EDITOR, 
LINKING LOADER PACKAGE. SYSTEMS ARE AVAILABLE COMPLETELY ASSEMBLED AND TESTED OR IN UNASSEMBLED 
TEC -KIT™ FORM. EXPLICIT MANUAL INCLUDED OR AVAILABLE SEPARATELY AT $35. TO LEARN MORE. .. JUSTTEAR OFF A 
PIECE OF THIS AD AND RETURN TO TECHNICO OR CALL OUR HOTLINE 1-8001638-2893 OR YOUR LOCAL DEALER. 

EUROPEAN MODELS AVAILABLE THROUGH TECHNICO INTERNATIONAL 
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Photo !: Four successive es drawn by the Mai//ardet machine, showing the 
consistency of the mechanical drive system as well as the variations in letter 
width that were possible using a quill pen. 

Photo 2: Enlargement of 
fetter y drawn by the 
Mai/lardet writing and 
drawing automaton. Each 
subdivision of the grid is 
7 mm. 

The Writer 

The Writer is 28 inches (71 cm ) tall. 
Carved of wood and painted, this automaton 
produces "an unusual im pression of life" 
similar to top quality wax figu 1·es. He is 
clothed in a flowing robe and is seated on 
a Louis XV stoo l at a mahogany desk. His 
right hand, poised an inch above the desk 
and writing tablet, holds a short tube in 
which a quill pen is fixed. Wh en the mecha
nism is activated the Writer raises his hand, 
swings it lateral ly , dips his pen into the 
inkwell fixed to the right margin of the 
desk, shakes the hand twice to clea1· the 
pen of excess ink and pauses. Another 
touch on th e mec hanism and he begins to 
write, for min g letters with slow, patient 
care. 

After each letter, the pad of pape1· moves 
to the left by an amoun t sufficient to leave 
space fo r the next letter, but more for a 
wide letter or a capital than for is and Is 
and fs. He can write 40 diffcrnnt letters 
on two or three lines, and there is prn-

Figure 2: An example of the writing created by Maillardet's writing and 
drawing automaton using a ballpoint pen. "Unerring is my hand tho' small/ 
May I not add with truth/I do my best to please you all/Encourage then my 
Youth." Courtesy Frank/in Institute. (For a more complete discussion of this 
automaton, see "Philadelphia's 7 79 Year Old Android" on page 90.} 
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gramming for severa l pen dips . Most re
markab le is th e provision for the unit to 
vary the pressure of the pen so that the 
letters produced are weighted, formed of 
thick and th in strokes. 

Except for the few levers controlling 
movements of the paper tablet, al I of the 
automaton 's mechanism is contained in the 
torso, accessible from the back. There are 
two parts of the mechanism, and they 
interact with each other. The first is a cluster 
of letterforming cams on a common shaft, 
the cam follower of which rides on a car
riage that slides on rails so it can cover the 
length of the cluster to settle on the rim 
of the desired cam. There are actually 
three cam fo llowers and three cams provided 
for each letter. Two govern movements of 
the right arm and the third regu lates pen 
pressure fo r varying the stroke width . 

Th e second portion of the mechanism is 
the text selector, a disk 4 inches (10 cm) 
in diameter at the bottom of the cam cluster 
shaft. The rim of the text selector disk is 
divid ed into 40 sectors, or an angular wedge 
of 9° per sector . The sectors are not fixed, 
bu t rather slide radially when one of their 
40 screws is turned. In this way the radius 
of the disk can be varied sector by sector, 
giving the appearance of a snaggle toothed 
gear. Each sector in turn regulates the posi
tion of the cam follower carriage (with 
its three cam followers) according to where 
that sector is set. Thus the text selector disk 
selects which set of three cams will be em
ployed 1 and the letter those three cams 
co ntro l is the letter the right arm inscribes. 
Changing the text is as easy as turning 40 
screws to just the right position. The zero 
radius (baseline} position of the text disk 
appears to control the pen dipping mecha
nism, so you can set up as many pen dips 
as you wish at the loss of a letter or space 
for each one. 

Control is handed back and forth be
tween the text selector disk and the letter 
formi ng cam cluster. Either one or th e 
other operates at a given moment, but 
the text disk is stationary almost al l the 
time (moving in ju mps) whereas the cam 
cluster that for ms the letters is moving 
most of the time (halting only to permit 
th e text selector to turn to its next position 
and choose the next letter} . An intriguing 
poin t, for 1774, is th at the surfaces of 
g1·catest wear (the three cam fol lower 
bearing points) are apparently jewelled 
with ruby so that the high pressures (prob
ably a 40: 1 lever ratio, or more) wi ll cause 
minimal wear and disto rt ion of the letter 
shapes over time. All this mach inery is 
said to be quite se nsitive to temperature 
changes. 
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The Microcomputer Book.tore 
26 Route 101 West, Peterborough NH 03468 

Best Sellers 
- Getting Involved With Your Own Computer by Leslie Solomon and Stanley Veit answers the 
questions: "What can small computers do7 Which is best for my purposes?" Whether your interest 
is business applications, word processing, education, security , etc., this lucid text will bring you In 
touch with an exciting new world destined to affect us al I. $5.95. 

-The Thinking Computer : M ind Inside Matter by Bertram Raphael. Artificial intelligence, or Al, 
is the branch of co mpu ter science concerned with making computers "smarter." It is a growing, 
vital field that is, unfortunately , the subject of much popular misunderstanding. This book is a 
lucid introduction to Al that does much to overcome this misunderstanding. With a minimum of 
technical jargon, it discusses the capabilities of modern digital computers and how they are being 
used in contemporary Al research. It discusses the progress of Al, the goals, and the variety of 
current approaches to making t he computer more intelligent. $6.95. 

_ The First Book of KIM edited by Jim Butterfield, Stan Ockers, and Eric Rehnke. Attention 
KIM users! Here is the book you've been waiting for. In it you'll find a beginner's guide t o the 
MOS Technology KIM -1 m icrocomputer as we l l as an assortment of games including Card Dealer, 
Chess Clock, Horse Race , Lunar Lander and Music Box . Also featured are diagnostic and utility 
programs for testing both the computer and external eq uipment (such as cassette recorders), and 
chapters on expanding memory and controlling analog devices. 176 pp . $8.95. 

_Periodical Guide for Computerists, January -December 1977, by E. Berg Publications. This is a 
comprehensive index of all t he articl es, book reviews, editorials, letters, record reviews, and mis
cellaneous small inserts and notes from the top 25 magazines in the field . Several thousand articles 
are grouped into over 60 subject ca tegories that are listed alphabetical ly for easy reference. At the 
back is an author index, incl uding the major areas of their expertise. An indispensable guide for 
anyone in the fields of personal computing, amateur radio, and electronics. 72 pp . $5 .00 . 

-Scientific and Engineering Problem Solving With The Computer by William Ralph Bennett Jr is 
one of the most exciting books we've seen in years. Besides teaching BASIC, this lively, lucid book 
presents a wealth of imaginative and unusual applications programs taken from many discipl ines (A 
sample exercise: "Using the algorithm in t he text w ith the pair-correlat ion matrix from Hamlet, 
compute the most probable d iagram path which starts with the letter T"). The exercises run the 
gamut from random processes to the dynamics of motion, from entropy in language to the Water
gate problem . You'll discove r BASIC applications in lasers and in the Fou r ier series and the law 
(!) . In i ts diversity and elegant style, it ranks with Donald Knuth 's works as a milestone in the art 
of computing. Hardcover $19.95. 

_ Computer Power and Human Reason by Joseph Weizenbaum. This book is one which should be 
purchased or read for several reasons. I f you're presently a programmer by trade or skill, you ' ll see 
a philosophy of computer use and abuse propounded. It's genuinely interesting, and defin i tely 
provocative if you reference t he storm of letters, counter letters and counter counter letters which 
th is book produced in the Association for Computing Machinery's SIGART newsletters during 
1976. If you ' re a novice to the field, t he tutor ial and exp lanatory chapters of thi s book, which are 
aimed at the layperson. wi ll serve as an excell ent background sou rce which is also eminently read 
able. This includes an excellent and low level explanation of what an algorithm is, and how com
puters go about executing effective algorithms. $5.95. 

Praised by many cr i tics as the best books in their field, The Art of Computer Programming, 
Volumes I, II and 111 , are part of a projected seven volume omnibus survey of computer science 
now being comp leted by Donald E Knuth. 
_Volume I, Fundamental Algorithms, begins with a thorough discussion of the mathematics used 
in computer programm ing, followed by a treatment of information structures. stacks, arrays, 
l inked lists, dynamic storage allocation, and trees. 634 pp . $21.95. 
- Volume II, Seminumerical Algorithms, is concerned with random numbers, statistical tests, 
random sequences, as wel l as arit hmet ic (float ing point and multiple precision), polynomials, and 
rational a;i1hmet ic. 624 pp . $21.95. 
_Volume 111 deals with Searching and Sorting, and as the name impl ies, the emphasis is on alga· 
rithms for sort ing, including combinatorial properties of permutations, interna l sortin g, opt imum 
sorting , and exte rnal so rting . Also included is a sect ion on sequentia l searching, hashing, digita l 
searching, and more. 722 pp. $21 .95. 

A hypothetical assembly language ca lled MIX was developed by the author to illustrate pro
gramming examples throughout the se ries . MIX is easily convert ible to other assembly languages. 

Professor Knuth writes with style and wit. Th is classic work belongs on the reference shelf of 
everyone seriously interested in computer science. 
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Photo 3: The 1\ilaillardel writing and drawing aulomaton sans clothes. The 
body of the figure is made from strips of brass and wire,· the glass floor 
r eveals the mechanism. 11 modern pen is shown in the automaton 5 hand. 
Courtesy Fran/din Institute. 

Th e mac hin e is about 30 
inches high and represents 

a child kneeling before 
a desk with pen in hand . 

It is ca pable of tran
scr ibing poetry and 

drawi ng intricate figures . 
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A point whi ch is obscure to me is that 
the letter for ming cams are all eged to 
openne on a polar coordi nate system . 
Suppose the letters are formed on X-Y 
.coordinates. Photo 2 is a greatly magn ified 
letter su perim posed on a grid of 1 mm 
li nes. Now yo u can apprec iate the del icacy 
of th e mechan ism, fo r it is clea r tha t a 
devi ation or ±0.25 mm at any poi nt wil l 
make a very different loo king letter. {Inci
dentally, d ;i 40 :1 lever rati o, a 0.25 mm 
movement at the pen is equivalent to 
0 .00625 mm on 1he cam face. ) Clearly, the 
lellc rs as inscr ibed on pa per arc we ll within 
th is dev iation (see photo 1 and figure 2). 

Look how the es from several differe nt 
words are exact dup licates: Probabl y the 
deviation is within about a tenth of that 
figure (ie: ±0.025 mm). 

The mechanism is analog, of course, but 
if it were digital ized , the scale applied (reso
lution) has got to be less than 0.025 mm per· 
bit, or in a le tter of 8 mm hei ght and 4.5 
rnm width : 

8 
0.025 

4.5 

320 bits for height 

0 _025 = 180 bits width 

A grid of 320 by 180 equals 57,600 points , 
which wou ld be the upper margin of the 
error. The lim it is plus and minus this, so 
each letter may be digital ized with 57,600/ 
(2x2) = 14,400 poi nts. Bu t that is the 
amou nt for each letter, and we have 26 of 
them, which is 14,400 x 26 = 374,400. 
Adding upper case le tters, the proper figure 
is 14,400 x 52 = 748,8 00 bi ts to digitalize 
the entire alph abet within the limi ts o f error 
the machine consistently displays. You 
may wish to adj ust the figures slightly be
cause not all letters are the size of the y, 
an d hence do not requi re as mu ch storage of 
information (see photo 2). However, many 
letters fa ll bel ow the lin e, and the capitals 
are large r than al l the lower case, so it evens 
out. We have not taken account of the 
st roke shaping bi ts, wh ich might r·equire 4 to 
6 more increments of infonnation. Alto
ge ther, the machine's "read o nl y memory" 
has over three quarters of a million 1 bit 
bytes stored within it! 

The Draftsman was constructed to r·e
se mble th e Wri ter, and works in pr·act i
ca\I y the same manner except th at the 
ta bl et of paper is fixed, and the arm holds 
a pencil instead of a pen. The device moves 
under guidance of a earn cl uster and dr·aws 
designs in segments with pauses whil e th e 
mechanism shifts from one cam pair· to 
th e next. Du ri ng th ese pauses the Drafts· 
man blo ws a puff of air from his Ii ps to 
disperse the graphite debr is. I would est i· 
mate that there might be 20 or more earn 
pairs for each of the fo ur designs (th ere 
are no depth cams) on a slip of paper- abou t 
2 by 3 inches (5 by 7 .5- cm). The designs 
were simp lified reproductions of po pu la r· 
etch ings of the age: cup ids in chari ots being 
hau led by butterflies, etc; and the head of 
Louis XV. The littl e Draftsman ap peai-s 
to have el icited a good dea l more excite men t 
than the Writer, but he was actua ll y easier 
to construct, si nce the builders profited 
from thei r earlier experie nce with the 
Writer and simplified the mechanism . 



Assume that the Dra ftsman's paper is 
50 by 75 mm , that any po int on it could 
play a part in the des ign, and that it was 
necessary to prov ide a mechanism that 
cou ld discr- im ina te between lines as close 
toge ther as 0. 5 mm (ie: to a tole rance of 
± 0.25 mm ). You end up wi th a grid of 
50/0.25 by 75/0 .25 = 200 x 300 = 60,000 
points that may be encoded. These were 
parcelled out among 20 "read only mem
ory" cams. The total in formatio n co n
ta in ed in the machine wou ld be 60 K bits 
by 4 designs = 240 K bi ts. The to tal in
formatio n storage was much less because the 
eye can acce pt more line dev ia ti on in a 
drawing than in the fo rmation of a le tter. 

The Music ian is the t riumph of au tomata 
that cou nterfeit life. She is 42 inches 
(1.07 m) high, seated at her insuument wi th 
<l pleasant ex press ion on her fa ce. Her 
clothing is rich sat in brocade in the elabo rate 
sty le of the period, an d her coiffure is 
im pressive. Sh e consecutively plays five 
pieci::s on he r ins t rument, a cur ious dev ice 
ra th er like a harmonium but cal led by some 
accounts a flu te-orga n, sugges ti ng tun ed 
pi pes instead of metal reeds. The key board 
consists of two arcs of keys, ·12 on a side. It 
is doub le arc shaped because the music ian's 
arms pivo t at the elbows {concealed by lace 
sleeves on her gown) enabling her to cover 
al l 12 keys with five fin gers. The music, or 
mos t of it, was composed by Jacquet-Droz 
the younge r, a musician who studi ed com
pos ition with Marchal. 

She actuall y fi ngers th e keys th<ll produ ce 
the music! The mechanism to accompl ish 
th is fe t consis ts of a co nnection fo r each 
digit, and some extremely clever devices 
must be employed to enable the arms to 
swive l whil e mai ntaining conti nui ty fo r the 
dig it co ntroll ing mechanism. I leave you to 

contem pl ate the del icacy of the arrange
ments of mechanism that trigger each finger 
in the tiny hands, but kee p in mind that this 
mac hine is a workhor e; th is musician has 
been play ing music for 200 yea rs. 

Her programmed movements M C s tJl
tlingl y life like in the accou nts. All the 
Jacquet- Droz and Leschot automata tu r 11 

their heads and move their eyes, bu l th is 
automa ton also raises her head to look at 
the audience, drops he r gaze, takes a de.:;p 
breath , and starts to play. She turns her 
head as she pl ays and, swayi ng from side to 
side as arti sts wi ll do, brea thes all the wh ile. 
At the end of a piece she looks up and seems 
to smil e, then shyly lowers her ga ..:e, drops 
her head, and curtsies . 

Other Musicia ns 

In 1784 Mail lardet, who was in business 

with Jacquet-Dr·oz (fils) in London, in tro
duced a new and improved vers ion or a lady 
mu sic ian. Sh e played a sol't or pi<1 no, per
haps actu ally a harpsichord, and it is known 
th at she had 17 or 18 melodics in her 
program min g. She was lost in 1833 when 
se nt to St Peter·sburg toge the r with o th er 
auto mata. 

The Dulcimer Pl ayer of Roen tgen and 
Ki ntzing firs t appeared in '1780, and was 
sa id by the magic ian Robert -Houdin (who 
r·epaircd her in '1866) to have been de
signed to rese mble Mar·ie An to inettc and 
emu la te her skil l with the string dulci mer. 
This fig ure is famo u for her beau ty, and 
much pr·aise has been l,1 vis hed on her musical 
sk ill, for the instrnme nt is clear ly a difficult 
one to play (and is ha rdly known in th is 
country) . The mechanism is a cluster o r 
cams mounted be low the fig ure, concealed 
by her guwn . 

j N Maelzcl, mcch ani cian to th e Austrian 
court and later the pro pr·ictor of the Chess 
Automato n, personally designed and had 
bu il L a li fe -size Au tom, ton Trumpeter, 
which he ex hibi ted beginn ing in 1808 . It 
was destroyed in a fire, about 30 years 
late r-. AL least two o ther trurnpeter·s have 
ex isted. Wh <tL re marka ble mechanism they 
mu st have co nta in ed, especia lly in view of 

Don Lancaster's ingenius design provides software 
controllable options including: 

• Scrolling • Full performance cursor 
•Over 2K on-screen characters with only 

3MHz bandwidth 
• Variety of line/character formats including 

16/32, 16/64 .... even 32/64 
• User selectable line lengths 

'. TELL ME MOREi I l Send instruct ion mrutua l for the TVT- G Kit : 

: ( ) S J·:ND FREE CATALOG 
with full operational clct:tils. $1 enclosed, 

Namo: - - ---- - ---- - -

:::BUA --- Add 1·css: ___________ _ 

; ELECTRONICS. INC. Ci ty : ----- Stale: ___ Zip:_ 

~ DEPT. 8 - B, 1020 W. WILSHIRE BLVD .. OKLAHOMA CITY. OK 73116 
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Note: 

A complete biblio-
graphy for th is part of 
"Antique Mechanical Com
puters" will appear with 
" Part 3 : Human and 
Machine Action and the 
Torres Chess Automaton" 
in September 1978 BYTE. 
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the praise thei r performances evoked. None 
survives. 

Maelzel invented and disp layed, beginning 
in 1804, th e Panh armonicon, a compound 
musical mechanism which pmduced the 
sounds of fl utes, trumpets, d1·ums, cymbals 
and tri angle , and plucked suings, a menage 
th en called Turkish music and much favored 
by the publi c. This machin e was fo ll owed 
by his 01·chestri on, imitaling th e sound of 
th e military band (which had become popu
lar during th e Fre nch Revolution ). An 
improved Panh ann onico n, with clai-inets, 
vio lins , and vio las added, was so well re
ceived th at Maelze l comm issioned music 
fro m Dussek, Pl eyel, Weigl, and even 
Beethoven, whose "Wellington's Vi cto1·y," 
opus 91, empl oying the Automaton Trum 
peter as well as the orches tra, had its pre· 
miere on December 8 1813, in Vie nn a. 
These dev ices wei-e Lh e fim of the pro 
grammab le multipl e instru men t rmchin es 
so popu lar 75 yeai-s late r. 

A Combination Automaton by Maillardet 

It was known that Mai I lardet, constant 
collaborator with th e Jacqu et-Droz and 
Leschot organization, had const1·ucted a 
writing and drawin g automaton about 1811, 
which was exhib ited in London in 18.15, 
and was owned by severa l person s u nti I 
1833 when it was sent to St Pete1·sburg 
where it disappeared. 

Long ago a resident of Phi ladelph ia men
tioned to a staff member of the Frank lin 
Institute th at hi s family owned an auto
maton that dre w pictu res and wrote poems. 
He supposed it to be Maelzel's work . Wh en 
the owner's house was des trnyed by fire, 
reduci ng th e automaton to a "mass of 
cams and wh ee ls," th e museum acquired 
it, but it took immense patie nce and ca re 
on the part of the muse um 1·es to1·e r, Charles 
Roberts, to make th e machine comp letely 
whole. In the 1·estoration prncess the sex of 
the automaton was changed. When the ti me 
came to sample the mach ine's program, it 
was fou nd to be Mai ll ard et 's missing auto
ma ton (see photo 3 in this artic le and 
Charles Penniman 's article, "Phi ladelphia's 
172 Year Old Android " in this issu e, page 
90) . 

The mach ine is about 30 in ches (76 cm) 
high, and represe nts a ch ild (originally a 
little boy , as alluded to in one ve1·se, and in 
an 1812 encyclopedia article) kneeling 
before a desk and ho ld ing, since resto rat ion, 
not a brush but a pen. Th e mechanism is 
in the base and consists of a co mmon shaft 
ho lding about 60 cams, each one 6 inch es 

(15 cm} in diameter. Th e whole is dr iven by 
a pair of powerful spr ing motors. Three 
tr ipl ets of cams are devoted to each of the 
seven productions of the autom ato n, exce pt 
that the depth cams a1·e minimall y em
ployed. The follower arms, one for each 
dimension of the drawing, are jewelled 
and move from pair to pair of earn in the 
course of one machi ne cycle (one d1·awing) . 
The automaton executes its seven produc
tio ns rapidly, completing one in 7 to 8 
minutes. This would ap pear to ex plain 
Maillardet's need to skeletonize th e 60 
progra mm ing cams: they turn rather swiftly 
(about 3 mm of linear mot ion per second) 
and at changeover they must be brought 
qui ckl y to a hal t, then acce lera ted to work
ing speed again. Sto ring all in for mation on 
three pairs of large earns per production 
wo uld have made grinding the cam faces 
much easier, and would have minimized the 
effects of wear co mpared to a small cam. 
Shi fting to a new program is done by simply 
sl iding the common shaft laterally to se t 
up a new triplet of earns. 

Maillardet evidently too k it as hi s task to 
produce a machine th at worked on its pro· 
ductions rapi dly and casually, perhaps 
in th e manner of a person inspired. The 
sketches are marked more by fluency of 
li ne than by precis ion, but they are very 
sophisti ca ted, as a glance at th e sh ip sketch 
wi ll show (see page 91 ). The poetry is inter
esting and is done more in the mann er of a 
design with scriptwriting than writing in 
scr ipt (see fi gure 2) . 

In terms of brute force memor·y storage, 
if each of th e points 1 mm apan on an 89 by 
120 mm paper is to be stored, 10,680 points 
would be required. But d iscrimi nating be
tween po ints with an error of no more th an 
1 mm requires ± 0.5 mm prec ision, res ult· 
ing in 42,720 points that must be stored on 
the three tripl ets of cams. But this is the 
amount of point storage required for one 
productio n. There are seven of them, so the 
total storage capacity wi thin the mach in e is 
42,720 x 7 = 299,040 points (w ith ±0.5 mm 
preci sion). This figure , the digita l equivalent 
of the analog storage, begins to make the 
impressive fores t of cams seem rnoi-e useful. 

All of the above speaks about the infor
mation capacity (in terms of a grid of 
points) necessary to encode the designs and 
script that our automata can produ ce by 
ana log means. The great majority of those 
digital data would not be employed in a 
di splay, just as an automaton will no t in
scribe marks on, say, more than 2 percent 
o f the area of paper available to it. There is 
a lot of wasted (unused) space in any charac-
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te r gener-ator. For exam ple, most of the 
billions of micrngrai ns of silve r halide in a 
sheet of emulsio n are not actually developed 
and play no part in a photographic nega ti ve. 

11 COMPUTE YOUR 
SAVINGS" 

LIST 
PRICE 

S.D. Sales 64K Memory Kit 999°0 

S.D. Sales Versafloppy 
Disk Kit 149°0 

Vista Mini Floppy -
Assembled 74900 

IMSAI 8080 Kit 69900 

IMSAI 8080 Kit with S.D. Sales 
Expandoram 32K Kit with 
BK of Chips 85000 

Ask About Our Prices on 

OUR 
CASH 
PRICE 

79900 

12495 

62495 

56995 

64495 

The same is true of sta ndard char·acter 
ge nerator read on ly memories where th e 
5 by 7 matrix with its 35 poin ts is the 
abso lu te min imum matrix you can employ 
and still prod uce recognizab le, if not particu 
la rl y legibl e, al phanumerics. Even so, 50 
percent of these bare min im um 35 po ints 
are not utilized for any given character, 
hence there is 50 percent waste. Pre mium 
character genera tor read only memories arc 
set up to use a great many more po in ts, and 
their displays are stil l man ifestly coarse in 
stru cture ("crude " would not be too strong 
a word, when you know th ere is someth ing 
much bette r). 

Here we are sim ply making visible the 
differe nce between analog and digital modes 
of stori ng informat ion. The analog mode is 
obviously more economical, fo r there are 
nowhere near 750,000 jiggles in 20 ca ms. 

North Star, Vector Graphic, Cromemco, 
Solid State Music, TDL, Mullen. 
Quanti ties Limited . Shipping and Insurance Extra . 

Prices Quoted Include Cash Discounts. 

Bus ... . 5-~[][], •nr::. Next month, we 'l l conclud e with a fin al 
example in this series about antique auto
mata, the chess playing robot of Torre 
(circa 1911) and some phil osophi ca l com
ments on auto mata.• 

Address ... 7 White Place 
Clark, N.J. 07066 

Interface ... 201 -382-1318 

BASIC is BASIC is ••• 
And BASIC does what it should. But if you 're ready to s tep up 
from Beginner's All-purpose Symbolic Instruction Code, look 
at OPUS , the high-level 8080/ 280 language from A.S.L ... roots 
in BASIC, but designed for business applications. OPUS gives 
you the capabilities you need, like ex tended precision , string 
handling, and easy formatting. OPUS/ TWO takes up where 
OPUS/ ONE leaves off, allowing subroutines, overlays, and 
extended disc file management. 

But we didn't stop there. OPUS programs and da ta are 
directly upward-compatible, all the way up through TEMPOS, 
A.S.I. 's multi-user, multi-tasking operating system. 

Ask your dealer , or contact A.S .I. We'd like to te ll you more. 

OPUS/ ONE . . . . . . . . . . $99.00 OPUS/ TWO .... ..... . $195.00 
s.o.s . ........ . ....... $385.00 TEMPOS ..... . .. .. . .. $785.00 

CJD 
fJDD 
[J[J 

ADMINISTRATIVE SYSTEMS, INC. 
1642 S. Parker Road, Suite 300 
Denver, Colorado 80231 (303) 755-9694 

Circle 4 on inquiry card. 

ORDER A MANUAL NOW and we'll apply the price 
toward your software purchase. 

OPUS User's Manual ... . .. . .. . ...... . .... ... $12.50 
S.O .S. Manual Set (includes OPUS Manual) ... . . $20.00 
TEMPOS Manual Set (includes OPUS Manual) .. $20.00 

MASTER CHARGE and VISA accepted. 

Add $1.50 per manual (set) for shipping/handling in U .S. 
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EXCITING 
That's the word that sums up the dynamic small computer show in New 
York that was established last year at the Coliseum. The lecture areas were 
filled by interested people, the exhibits were great, the attendance was the 
highest of any small computer show in the country. 

The big point is that everyone who came went away happy. Accountants, 
hobbyists, lawyers, doctors, brokers, retailers, business people, program
mers, research scientists and just plain homeowners. 

The second big point is that we're doing it again . This time, bigger and 

better. Top seminars, top exhibits. r----------., 
Small computers from $500 up, 
software and kits . I NAME I 

Save time. ~I ADDRE SS (please pri nt) I 
Get your tickets ~~t~d me ti ckets in advancesf~:ePe rson al & BusT~~ss Sma ll I 

in advance by mail. I Computer Show. Sept. t 5- t7, 1978, 1n the New York Coli seum. I 

• 

PERSONAL & BUSINESS 
SMAU. COMPUTER SHOW 
78 East 56th Street, New York, N. Y. 10022 

108 HYl E Augu11 1978 

I 
(Check One) One Day ($5) _ Two Days ($9)_ Three Days ($13) _ 

1 Sen d check or money o rder (U.S dollars) payable to 

I 
Personal & Bus iness Sma ll Compu ter Show to 78 E 56th SL. I 
i'~ (:'.'." i'OI k ;,,J Y 1(JQ2;> ·------------Circ le 267 on inqu iry card. 



IN NEW YORK! FREE SEMINARS 
Personal & Business Small Computer Show offers the following: 

INTRODUCTORY 

ln1roouc11on lo Small Business Systems 
ln1erlac1n 10 lhe Real WorlcJ 
lnt roduc11on 10 BASIC 
HardwarelSol1warelSys1 ms Tu1011al 

SOFTWARE 

Dal a Bases & F 1le Handlrng 
ln1roduc11on 10 CPIM 
1n1roduC1Jon 10 PASCAL 
ln1roduc11on 10 APL 
SBS A New Daia Base Manager Languag and Opera11ng Sys1em - d Sollwa r 

Break1hrough Iha! Gives M1nicompu1e1 Pow er 10 a M1cro- lor Bus1ne's 
Appl1cat1ons. lrom Compu1er M111 ol New Jersey 

SMALL BUSINESS APPLICATIONS 

Text Eo111 ng/Word Processing 
Genera , ledger/Ace n1 s Receivable & Payable 
Ma1l1ng L1 s1s 

RECREATIONAL APPLICATIONS 

Robo11cs 
Mus re 
Compu1er Ganics 
All Graphics An1 mci11011 

HOUSEHOLD APPL/CATIONS 

Budge! Managernen1 
l11ves1men1 Ana1ys1. 

PROFESSIONAL APPL/CATIONS 

EDUCATIONAL APPLICATIONS 

Li9111 Pen Graphic s 
S1mu1~1 1ons (1dl111t1t.J 

All se minars run aboul 50 mins. and are scheduled 1w1ce Writ e tor daily and homlv schedules . spec ial tl o1el 1a 1e s. c1c Lec 1ure s su b1ec t to change . 

IN NEW YORK! AVAILABLE TUTORIALS 
IEEE COMPUTER SOCIETY 

Tutorials are offe red by the IEE E Computer Socie ty in conjunc t ion with For furth er inf o rmatio n o n the techn ica l background requ ired , the c on · 
the sho w. Each tutoria l cosls as follow s : members , $45 ; non-members . tent o r th e tutorials , or the IEEE, write to Dr . Danie l R. McGtynn. 71 N . 
$50 , and students , $35 . Moge r Ave. , Mt. Ki sco. N.Y . 10549 

5 TUTORIALS BY SYBEX 

M1crocompu1er Selec11oll - Sep1 16 
lnlro 10 Microprocessors - Sept 15 
Pro rarnm1ng M1croprocessors - Sep1 16 
Designing a Micro Sys1em-Sep1 16 

· 1n1 erlac ng Techn1ques - Sep1 17 

·Prerequisite-Intro lo Microprocessors 

Al 1 Sy t .. h..!' ...:: tu tor 1cl I ~ run 101 llH 1:~ r1our !:l Cos1 is 29 ~ c en uo to Seµl 
i13~ ech. .. 11 c.ll ;he cJoor /\II a1~ grven 111 Inc C,011seurn St1ow IH .. kt:11 s nt•eded lor 

n1ry l" lease use coupon lor advance llc '-el 

(For reg1 lratron and more de1a1ls w111 e 10 Sybex 2020 M1lv1a Be rkeley CA 
t. 704) TEL 141 !>i848·8233 

GENERAL ATTENDANCE INFORMATION 

The s how wi ll occupy th e lourth i loor of the Ntiw York Coliseum located 
al 59lh St. & Columbus Circ le . There is a parking garage i n the building 
and th e s ite is served by many subway l in es and buses . 

Vis itors from ou t of town may obtain special hotel rates from our head 
quarters hote l , the Barb izon Plaza , just two blocks from the show . 
Sing les $44 , doubles $52 . Identify yourself as attend ing the show and 

re <ju., ~ t th o~c rates . 

Ad mission 10 the show at the door is $5 .00 pe r day , per person . Discount 
tickets for groups of ten or more avai lab le in advance on ly by mail al $4 
per person per day . Enclose check or money o rder lor all ticket orders 
payable to Personal & Business Small Computer Show . For further inlor
mation ca ll (212) 753-4920 . 

PERSONAL & BUSINESS SMALL COMPUTER SHOW SHOW HOURS 

18 EAST :>o 1 HS I REET 
NEW YORK, NY 10022 

1'11-..n 'r'urk C:ui1~~u1n 
Sept. 15-17, 1978 

.JI.. 1,.... -

Sep! 16- IUa rn 108µ m 
Sep1 17-noon10 7 p rn 
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David A Mundie 

1046 Oakhurst Cir 

Charlottesville VA 22903 
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In Praise of PASCAL 

As has been poi nted out in these page 
before, person al computing will never 
achi eve its fu ll potentia l as long as ou1-
state of the art machines are hobbled down 
with a language as far from state of the art 
as BASIC is. Som e have argued For designing 
a specia l high level language for mic ro· 
processo rs, but I personally rail Lo see why 
we don't just implement PASCA L an d be 
do ne with it. I would like to look b1-iefly 
a t the language itself and try lo explain why 
it seems the logical choice Lo me. 

I am an app lications programmer with no 
theoretical interest in compu ting whdtso· 
eve r. Wh al I like about PASCAL is not the 
theory of its design, though th at seems 
sound enough, bu t rather the fact that it 
lets me form ul ate my problems in my own 
terms. In PASCAL more than in any other 
language I know, I can remain on the ab· 
strac t, algorithmic leve l where, as a human 
bei ng, I function best. Because of th is 
pragmatic bias, much of what follows will 
be an informal discussion appea ling to the 
reader's intu itions rather than a tech nica l 
demonstratio n_ I hall use BAS IC for com· 
paralive purposes, since il is the tyrant in 
the field. 

I fi nd PASCAL easy to use because it 
allows me to define new data ty pes which 
express my data mean ing ru lly. It prnvides 
control struc tures with which I can express 
what I want done to my data clearly and 
naturally. PASCA L all ows and encourages 
me Lo formulate my think ing in a structured 
way. Let us exami ne these three aspects of 
PASCAL in reverse order. 

Program Structure 

PASCAL is a resol ute ly structured 
language. A PASCAL program is structured 
into blocks_ Each block bears a heading 
which gives it a name and specifics its 
parameters. Roughly speaking, a block 
consists of a definition part , in which 
cons Lan ts, Ly pes, varidb les, an d su brou tines 
are defined, and an action part, whic h con
ta ins the algorithm of the block. This 
rigorous sep aration of data defi ni tion , nd 

algorithm ex press ion is partly respons ibl e, 
it seems to me, for the greater legib ility of 
PASCAL compared to ALGO L. 

Su brouti nes are th emselves block slruc
tmed and may thus be nested within one 
another. This all ows the decl ar·ation of 
"local" variables an d subprograms, meaning 
th at storage may be all ocated crficien tl y; 
ycl it is easy to guard agains t unwan ted side 
effects. 

Wh at does al l thi s mean fo 1 the practicing 
programmer7 The answer may perh aps best 
be see n in the light of a claim r-ecently re
peated by David Higgins in th e October 
1977 BYTE ("Structu red Program Design," 
page 146). Higgins prese nts the now well 
estab lished arguments in favor of structured 
programm in g, bu t goes on to con tend th at 
once a program is designed in a structured 
way, using for exam ple Warnicr-Off dia· 
grams, "it does not matter what program· 
ming language you code it in." This assertion 
seems pretty improbable on the face of it, 
and if true it wou ld be a powerful argument 
agai nst PASCAL. I think that a rapid ex· 
amination of two test cases will show it to 
be quite un justified. 

Let us take our test cases from the "bug" 
program wh ic h Higgins uses as his own 
example. Higgins would have us break the 
program down into three parts, as expressed 
in the fo ll owin g Warnier·Orr diagram: 

bug program games 11,g) 
{ 

begin program 

end program 

Nothin g in the BAS IC listing which accom
panies the articl e even remotely suggests 
th is overal l algorithm. Look at what we 
might have in an equivalent PASCAL 
progra m_ 

program bug; 
begin 

begin program : 
games; 
endprog ram 

end. 

Need I point out that to all intents and pur
poses the PASCAL program is the Warnier
Orr d iagram, with only a few notational 
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SAVE THE WHALE 
The world's best computer may be inside a Sperm Whale's head. 
The Sperm Whale has the largest brain of any creature that has ever existed 

on our planet . The brain of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters . 
More than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the International Whaling Commission . 

There are two mounta in peaks 
of evolution on planet earth : 
on the la nd , homo sapiens
human beings: in the sea, 
cetaceans- whales . dolphins. 
and porpoises. 
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Spring into Season 
with a BYTE T-shirt 

Circle 38 on inqu iry card. 
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At last! No more wardrobe crises! BYTE T-shirts are here! 
Now you have the perfect garb for computer club meetings, 
Altair Conventions, playing Shooting Stars and computer 
chess. (A pair of trousers from your own closet is suggested 
as an addition to the BYTE T-shirt. BITS can't do every
th ing for you.) 

BYTE T-shirts are of top quality 100 % cotton or cotton
polyester. The original design, by artist Judy Lee Rehling, is 
silk-screened in red on white shirts with blue trim on collars 
and sleeves, or on blue heather sh irts. 

~----------------------
BITS. Inc . Dial charge card orders to l l free 1-800-258-54 77 . • 70 Main St . 
Peterborough NH 03458 

Please send m e: _ extra large 

_ large 

_ medium 

_small 

Tota l enclosed$, ____ _ 

_ blue heather 

_ white with blue trim 

and red letters 

T- shirts @ SS.SO eac h 
(i11c/11des postage an d 
l1a11dli11g). 

Bi ll MesterCharge No . _______ _ Exp. Date ___ _ 

Bi ll BenkAmericard No. _______ _ Exp. Date ___ _ 

Name ____________________ _ 

Address ____________________ _ 

City _ _________ _., tate _____ -<-iP·----

Signature ___________________ _ 

In unusual cases. processing may exceed 3 0 days. 
Prices shown are subject to change without notice. 
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BEGIN TURN 

ROLL " 1" 
I0.11 

0 

ROLL - "2 " 
10, 11 

0 

ROLL "J " 
10.11 

TURN 

0 

RO LL - " 4 " 
10,11 

0 

ROLL "5" 
10 .11 

0 

ROLL "6" 
10 , l l 

differences such as the re placeme nt of the 
brace by the sy mbols begin an d end? Are we 
real ly asked to believe that th is one Lo one 
correspondence between the prnblem ,in d 
the prngram does nothing Lo simpl ify Lhe 
programming task? On th e contrary, it 
si mplifies malte1·s enormou sly. 

Considera Lions of space prcven L me from 
giving the 1·ival BASIC and PASCAL versions 
in full. Another stri king exam pl e is pre
sented in fi gu 1·e 1 and lis tings 1 and 2, 
which show the Warnier-Or r diag1·a 111 for th e 
"turn " subp rogram, Higg ins' coding of th e 
su bprogram in BAS IC, and the PASCAL 

{ ROLL THE OI E {""' "" "" "" , "" { SKIP 10.11 

0 
PLAYER ALREADY HAS A SOOY { GIVE PLAYER A BODY 

10.11 

{""'' { SKIP 
10,11 

{""" 0 10. 11 

0 HAS NECK { GIVE PLAYER A NE(;K 

HAS BODY 
{ SKIP 10 .11 

f '""" { SKIP 10,11 

{"""' 0 10. 11 

0 
HAS HEAD { G I VE Pl_AY A A HEAD 

HAS NECK 
{ SKIP 10 .11 

{ '""""' { SKIP I0.11 

{""'" 0 10.11 
2 ANTENNA 

{ GIVE PLAY EH AN AN TENNA 

0 10.11 

HAS HEAD 
{ SKIP 10 , 11 

f "'" { SKIP 10.11 

{"''°' 0 10.11 

{ GIVE PLAYER A TA IL 

0 
HAS TAIL 

HASBOOY 
{ SKIP 10, 11 f "'"" { SKIP 10,11 

{"'"" HA~ LEGS 

10 .11 

0 { GIVE PLAYER I LEG 
10. 1 t 

HAS BODY 
{ SKIP 10 ,1 1 

Figure I: Wamier-Orr diagram for subprogram "tum" of /he bug program. 
This is clear, bu! note how much bul/?ier ii is than the P!lSCAL program in 
listing 2. The Wamier-Orr diagram won 't even run on a computer. 
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equiva lent. Hi ggins calls hi s BAS IC coding 
"simple and straightforward." Tastes di ffe r 
but th at is a phrase I would have reserved 
for the PASCAL version. Hi ggi ns has had to 
fake trul y strucll/red prog1·am ming in a 
language which fights his efforts cve1y step 
of the way, and the 1·esu lts are tortured 
and confusi ng. In contrast, th e PASCAL 
coding is, once dgain, " neal"ly perrect 
re fl ec ti on of the Warnier-Orr diagram, so 
much so, in fac t, that most PASCAL users 
will probab ly fe el, as I do, that the diagrams 
a1·e a useless in termediary step, less clear 
and bulkier than the prog1·am itself. The 
intent of the PASCAL program segment is 
so transpa rent th at in my opinion it cou ld 
alm ost be un derstood by a comple te pro
gram ming novice. 

Before leaving the topic of program struc
ture, we should perhaps remark th at PASCAL 
subprograms (procedures and functions) 
bear names, not numbers, vir lll ally elimina
ti ng the need for the commen ts which 
pepper any we ll documented BASIC listing. 
Furthermore, because PASCA L subp rograms 
can have parame ters, th e prngrammcr is 
encouraged Lo use a ingl e subprog1·am for 
a single task. Hi ggins has wr itten separate 
subprograms for each body part, whereas 
for a PASCAL user it is virtually impossible 
lo resist the tem ptat ion of pas ing the 
a1Tays body, neck, head, etc, to a si ngle 
procedure "give" as paramete rs. 

Algorithm Expression 

Program stru cllire alone does not exp lain 
the rela ti ve clar ity of the PASCAL listing 
in listing 2. We may also use that Ii ting to 
il lust rate the tools which PASCAL p1·ovides 
fo r express ing algorithms. 

Logical operators : PASCAL prov ides the 
logica l operators (and, or, and not) which 
are so painfu lly lacki ng in BASI C and with
out which expressing an algori thm is so 
clumsy. The use of th e operator and in th e 
turn subp rogram is a good exam pl e; or the 
reader may want to ex press " if (x= l ) or 
((y>2)and(z=3)} then ... " in 8.1\S IC. 

Cond itional statements: PASCAL 's if 
structu re groups stateme nts with the condi
tions fo r their execution. The if sta tement is 
of the form : 

if<ex pression > 
then< statement 1 > 
else< statement_2 > 

The ex pression is evaluated as being either 
true or fa \ c. If it is true sta tement _ I is 
performed ; otherwise statemen t 2 i per
for med. Suppose the ex press ion i ·: X= I. 
In Engli sh the if statemen t translates to: 

if X equals the n pcrfo rn1 state-
ment_ l; else perform statement_ 2. 



PASCA L offers a ver·y fl exible case state
men t which is remote ly related to th e com 
puted GOTO statement to be found in some 
BASICs. It is much more powerful because, 
among other things, selec to r· va lues need 
not be conliguou , and ac ti ons arc grouped 
with the conditions for their execution. 
A good example of the case state men t 's 
clarity is to be fo und in the procedure 
"turn," where th e act ion taken depends 
on the va lue of ro ll . 

Repetitive statements : BAS IC provide 
onl y one repetitive contro l strncturc: the 
FOR statement. But there are in nu111er,1b lc 
si tu at ions where we do not know ahead of 
time how many times a given actio n is to 
be repeated. In such cases BAS IC users have 
two choices. One is to et up a dummy 
FOR statement with a jump out of it when 
a certa in co ndit io n is met: whence th e 
ub iqu itous "FO R I= I TO 9999" ~tatcm nts 
in BASIC programming. This is bad because 
it se riously disguises the intention of the 
algorithm. One's natural expecta tion i fm 
such a loop to be executed 9999 times, but 
that is not the case. The other o lu tion i 
for the programmer to fake an appropriate 
control structure with GOTOs or cond i
ti ona l jumps. That is what Higg in s has clone 
in h is program to express the fact that the 
computer and the human take turns until 
the game is over: 

210 REM TURNS ( l ,T) 
220 L ET EGAM = 0 
230 GOSUB 390 
240 I F EGAM = 0 THEN 230 
250 REM END GAME 
260 GOSUB 11 50 

This is no doubt the best one can do in 
BASIC, but just consider how much more 
elegant the PASCA L version i : 

repeat turn s unti l endofgarne 

This is typical of the way in which 
PASCAL' s contro l structures make al
gor ithm expression a source of joy rather 
than a con to ni on ist exercise. In c1dc.Jition tu 

the repeat statement, PASCAL offer ,1 
while Lalerncnt for the ca e when an ac ti on 
is to be repea ted as long as a conditi on i 
true. 

Data Definition 

Now th at we have seen how much easier 
it is LO express what one wants clone to data 
in PASCAL than in BAS IC, let us turn to 
the wond erful data ty pes which PASCAL 
ma kes available for manipulation. Data types 
are the programmer's buffer between his 
abstract formulation of an algor i Lh m and the 
messy rea lm of bit level detai ls where tha t 
algo r·ithm wi ll eventual ly be executed. 
PASCAL makes defining new types a trivial 

Las k_ Once J ni;w c.J atJ type is defined, it 
is in effect indistingu ishable from a pre
defined type and may be used in any way a 
predefined type mc1y be. We leave BASIC 
beh inc.J dt th i poi n t, since Llldt la nguage 
ha no facili ti c for creJting new type . 

Th e bug progr.im wa too si mple to 
provide ex <1111p le of d<1td strncturing, so 
we sh ,11 1 have LO tu rn elsewhere. Bei ng a 
birdw,1 tcher, I shal l r plc1cc the u·aditional 
··c1iri . 1m.1s cc1rd lis t" ex,i mpl c by a bird data 
bank. I cc111 do no more th<1n ski m the su r-
face, so I JSk the reader's indulgence i r so me 
of th e li stings arc not fully exp lai ned. I 
am not trying o tc<1c h PAS AL, but mere ly 
Lo >park in tui tions. 

PASCAL disLi ngu i~ h e:. between simple 
.111d struc tured type>. Let us exa mine e,1ch 
in turn. 

Simple types: These arc the basic build
ing bl oc k> of which any structured type, 
no m,mer how complex , is ult imate ly com
posed. In .idd i t io n to in tcgcr, rea l, and 

h<1ra tcr type,, PASCAL offers two addi 
ti onal simple types which as far as I'm con
ce rned come close to ex hc1u>ti ng th e simple 
types needed in d gc ncr,tl purpose language. 
The first is the defi ned ,calc1r type, and is 
defined by ,im ply li,ting th e values which 
a vari<1ble of the new type may Lake on_ 

490 REM TURN SUBROUTIN E 
500 REM PL/\ Y = I ;PLAYERS TURN PLA Y= 2;COMPUTERS TURN 
510 REM ROLL DI E 
520 LET ROLL = FlX@((( RN D(0))*6.0))+ I 
530 PRINT···ROLL IS A ·'.ROLL 
540 I F ROLL = l THEN IF BODY(PLAY) " l THEN GOSUB 690 ELSE ;ELSE ; 
550 IF ROLL = I THEN 650 
560 I F ROLL = 2 THEN IF BODY(PLAY) = l THEN IF NECK(PLAY) = l THEN GOSUB 760 
570 IF ROLL=2 THEN 650 
580 I F ROLL=3THEN IF BODY(PL AY)= I THEN IF NECK(PLAYJ= J 

THEN IF HE AD( PLAY) = l THEN GOSUB 820 
590 IF ROLL=3 THEN 650 
600 IF ROLL = 4 THEN IF HEAD(PLAY)= l THEN IF ANTE(PLAY) " 2 

THEN GOSUB 880 
610 I F ROLL=4 THEN 650 
620 I F RO LL = 5 THEN I F BODY(PL/\ Y )= l THEN IF TAIL(P L AY) " I THEN GOSUB 940 
630 I F ROLL=5 THEN 650 
64 0 I F ROLL = 6 THEN IF BODY(PLAY)= l THEN IF LEGS(PLAY) ~6 T HEN GOSUB 1000 
650 LET /\ =3 
660 RETURN 

Listing 7: BASIC listing fo r Wamier-Orr diagram in figure 7. This is the best 
one can do in BASIC, but is still a far c1y fro m the clarity of the PASCAL 
listing. 

procedure turn; 
begin rol l:= trund randorn(1)"6)+1; wr iteln( ' ro ll is a',rolll; 

case rol I of 
1 : if(body [p layer! * 1 }then givelbod yl; 
2 : if lbody[p layer) =1 )and (neck[player) ,C 1) then give(neck); 
3 : i f(neck lplayer) = 1 la nd (head [p layer) ;t 1) then g ive (l1ead); 
4 : i f(head[p layerJ = 1 la nd (ante[player] ¢ 2 ) then give(antel; 
5 : if (body[player ) = 11and (tai l [p layerl ,,q) then give l ta il ); 
6 : if (body [player) = 1 )a nd (legs [ p layer) ¢ 6) th en give (l egs) 

end 
end; 

Listing 2: The PASCAL listinq equi11alent to listing I. No te the clear affinity 
bet 1veen the listing and the Warnier-Orr diagram. Notice that arrays are in
dexed u-,ing square brocl<e ts. 
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Suppose I need a data ty pe for Lhe va rio us 
habitats in which a bird may appea r. In 
PASCAL I write: 

type h = (ocean, r ivers. f ie lds.subu rbs, forests, 
mountains ) 

A variab le of type h may take on any of 
the va lu es lis ted. This means th at whil e 
programming I may continue to thin k in 
te rm s of habitats, and am not forced to 
descend from th at abstract level and th ink 
in integers, as I would have to do in BAS IC. 
This also makes fo r vi rtuall y self-explanato1-y 
programs. Com pare " IF HABITAT=3 
THEN .. . " with the much more transparen t 
" if habitat=fields th en . . . . " 

The second simple data Lype is th e 
Boolean, and is ext remely useful in pro
gramming since one is con ta ntly contro l
ling program flow with Boo lean exp ressions. 
Boolean variables take on the va lues true 
an d fa lse. Languages without such variab les 
must make do wi th in tege rs, wh ich mu ddles 
things si nce one's natu ral expectation is fo r 
intege rs to count omeLh ing. The PASCA L 
user may simp ly write " if good then ... " , 
which is Lhc way we thin k; Lh e BAS IC 
progra mmer mu st write "IF GOOD = 1 
THEN .. . ", which is ali en to Lh e way we 
th ink . 

A large part of PASCAL 's elegance comes 

NORTH STAR BASIC PROGRAMS 
HUNDREDS SOLD, EACH SYSTEM COMPLETE 0 D ISKETIE 
READY TO RUN. WORD PROCESS ING, NORTH STAR TUTO· 
RIAL I, NORTH STAR T UTO RIAL 11 (TEACHES NORTH STAR 
BASIC). ACCOUNTS PAY ABL E, ACCOUNTS RE CEI VAB LE, 
PAYROLL, GENERAL LEDGER, MED ICA L·PROF ESSIONAL, 
BI L LI NG, SA[ES WITH SALES ANA LYSIS AND GROSS PRO· 
FIT, INVENTORY, HISTOGRAM GE NE RATOR, COMPUT ER 
CHESS, MAILING LAB ELS. $35 .00 each . 

SOFTWA RE LOCATER (LOCAT E, IND EX.FREE SOFTWARE). 
CHECKBOOK BALANCING. BOWLING-GOLF HAND ICAPPER, 
CO i COL LECTIO INVE TOR Y, IMPORTANT DOCUMENT 
LOCATER, BUDGET PLANN ER, GAME DISK. S25.00 each. 

IQ TESTER, COMPUTER MEMORY DI AGNOST IC PERSONA L 
FINA CE, BUS INESS FINANCE, BIORHYTH M GENE RATOR , 
DIET PLANN ER, CRYTOGRAPHIC ENCOD ER, MATH TUTOR, 
ASO Rf UT ILITY. $15 .00 each. 

EQUIPMENT REQUIRED, SINGLE DRI VE, BK FREE MEMORY, 
PRINTER OPTIONA L. 

TRS ·80 LEV EL I & II (ON CASSETTE) STOC K MA RKET ANA LYSIS, 
GRAPHICS, TREND LINE ANALYS IS, BUS INESS APPLICATIO S. S15 .00. 

BLANK DISKETTES SJ .80 (UNDE R TEN ORDERED, AD D S2.00 FOR 
SHIPP! G; OVER TEN SHIPPED POSTPAID ). 

CPM COMPATIBLE BASIC PROGRAM LISTINGS A LSO A VAILABL E. 

114 Auguu 1978 ® BYTE Publlca1.ion~ lnc 

SOFTWARE 
DEPT . 11 P. 0 . BOX 2528 
ORANGE , CA 92669 

Circle 6 on inquiry card . 

from the fac t th at in most contexts these 
simple or scala 1· ty pes may be used indi f
fere ntly. Thus for examp le the Lype h as 
defined above cou ld be used as the index 
va ri able in a for statement: 

for habitat:= ocean to mountai ns do 

or in a case statement, or as th e index type 
of an an·ay: 

if foundin [f ie lds} then 

Furthermore, functions may return any 
scala r type: we have al ready seen th e func
t ion " endofgame" wh ich re turn a Boo lean 
va lue. 

Structured types : In add ition Lo the 
simple types, PASCAL offers fi ve differen t 
st ructur ing methods : ar rays, records, se ts, 
fil es, and poin ters. Th ese d ifferent meth ods 
may be comb ined in virtually limi tless 
ways. On e may have fil es of Mrays, pointers 
to record s, arrays of sets, po inte rs Lo fi le s 
o f arrays of reco rd s, and so on. This ex t reme 
fl ex ibility of data structuri ng method is 
one of PASCAL 's most exci ting fea tures. 
The type array should be fa mil ia r, bul let 
us look briefly at the other fo ur st i-u ctu red 
types. 

Sets : E.:tch bi 1·d in my hypotheti cal d:na 
bank has associa ted with it a set of habi tats 
in which the bird may be foun d. Having 
defined the type h as above, al l I need to do 
Lo set up a variab le habitats which wil l be a 
set of di ffe rent habitats is to write : 

var habi tats: set of h 

Wh en constructi ng the en try for the robin, 
I will write: 

habitats := [ fields,suburbs ] 

thu s ass igning Lo the robin the set of habita Ls 
con tai n ing th e Lwo elements field s an d 
suburbs. When go ing on a trip to the moun 
tains, I can test whether mountains arc in a 
given bird 's sel of habitats by the following 
simple test : 

if mountains in habi tats then 

Imag ine trying to do this in BASIC. PASCA L 
prnvides a variety of set operators which 
allow set manipul ation in all its general ity. 

Records: Let us im agine th at each entry 
in my data bank will con ta in the bird's 
name, its length , an d a set of habitats where 
it may be fou nd . The entry ca nno t be an 
array, since components of arrays must all 
be of the same Ly pe. The approp ria te data 
type is the reco1·d, defined in PASCAL as 
fol lows : 

type bird= record 
name; string; 
length : real; 
hab itats: set of h 

end 
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This is a simpl e an d logica l wily of grouping 
data of differen t types into a mcc1n ingrLd 
whole. Given var iables robin ,llld re dbreas t 
o f type bi rd, J simpl e as ignrncnt Sl dtcmenL 
wi l l se t one cq u..t l tu the othe r: 

rob in := redbreast 

To Les t whether .t robin is more than 20 cm 
long, we would h.tve : 

if rob in .length > 20 then 

and so on. These are silllp lc examples, bu t 
th ey suffice to il lusl rJLC the flexib il it y o r 
the record ty pe. 

F il es : Now let u> suppo c Lh<t t I hc1ve 
600 cnuics of ty pe bird in my datd bank, 
and want to mJ ke a Ii L or .i ll the birds 
whose length is greater th Jn 20 Gill . I t i> 
poi ntless and w..i teful tu keep ,1\I 600 
record s in memory fu r such d task; al I I 
rea l ly need i> to store them in mas storage 
and read them in one at a t ime. In PASCAL 
wh at I du is dec lare d f i le of record s as 
fol lows : 

var fb : file of bi rd 

Now, suppos ing the f ile to h ave been wri tten , 
al I I need to perform the L..tsk is : 

resetlfb ) ; 
repeat if fb I .length > 20 

then wr i tel n( fbi .n am e) ; ge t ( fb ) 
until eof( fb) 

Rese t po>i ti o ns the fi le ,1 t i t> beg inning; ge t 
adva nce it Ulle record; rb1' is the bu ffe r 
variab le con t,i in ing the cu rrent record ; and 
the writel n stJtemen t prints the bird's name. 
Th e Boole<1n fun ction co f te>l> \01 the end 
of the f ile. 

Pointers : Fin ~.tlly , le t LI> >uppo>e tha t I 
w ish to update the da t,1 bdnk by dele ting J 

b ird . I t is of course possi ble tu do th is by 
storing ,tll the records in ,l/1 .i rr.1 y, bu t thi s 
is clumsy and inef icien t , >ince all the 
reco r·ds fo l low ing th e deleted reco r·d wou ld 
have Lo be sh ifted one po> ition. Lis t proc
essi ng provid es a much beu cr >o lut iun. ·1 he 
r..:co r·ds arc l in ked togethc1 in to .i li>t by 
insert ing a poin ter field " nex t" in to eJch 
record. Each record w il l then " po in t" to 
the reco rd followi ng i t in the l ist. Delet ing 

Figure 2: A !inl~ed Ii I of records or 1y pe 
"bird " with addilion of /he poinler field 
'·next." Deleting the 1hird record i> v simple 
m i i t....r (J ,· , /Jw1y11u1 ,; p u 111ic1 11clu' " ·' sil u 1'. ·.: 
by the dolled line. 

a record becomes Lhc simple matter of 
changing <1 single po inte r· valu e as il lustrat d 
in figure 2. Given th e pointer "cu rrent " 
pointing l o the item just befor-e the one Lo 
be deleted, th e fo llowing si mp le >tate 11 1ent 
wi l I do the u ick: 

curren t I .next : • current I .nex t i .next 

1-\dd in ' a new r·ccord is onl y sl ight ly more 
c.:o rnp Ii c.i ted. 

Let me repeat Lhat these simp le ex.irnp!es 
are no t meant to do more Lh ,111 provide a 
bri ef gl impse of the mar·vels of PASCAL's 
>t ru ctured type-,. For full ex pl an,niom 
the reader is refer-red to the tex ts in the 
bib\ iograph y. 

Conclusion 

R.ip id though i t h,1s been, I hope th.IL th i ~ 

su rvey o f PASCAL w ill h 1vc brought ouL 
so me of the fea tu res which rn ake i t v<ts t ly 
superior to BASIC. BAS IC o ffers an ab
>o lu tcly minimal se t of fe<1tures dlld expec ts 
you either to devise lll <lkeshill sol uti ons or 
to des ign .i new version o f the language 
w hen they arc inadequate. No wond er· the re 
ar-c so many diffe r·ent versio ns of BASIC. 
PASCAL offers a so mewhat w ider -,election 
of fc,1 turcs, but avoid-, the pitfa ll of tryi ng 10 

includ e every fcatur..: known lO hurn ,111ity. 
PASC A L is d simple <1 nd stream I incd 
language: the PA SCAL Rep ort defi nin g 
the l.ingut1ge is a mere 32 p.igcs lo ng. Yet 
P ASCAL's designers seem Lo have chose n 
just th ose fca tur·cs which the use r· need to 
expc1 nd the language when the need dl'i>CS, 
o that it i d ge nuin ely generdl-p urposc 

l.t nguJge sui ted to d wide var iety of prnb
lem>. IL is thi s combi11J ti on of >imp lici ty 
,incl power which seems Lo me to m.ike 
PASCAL the natural choice fo r· c1 st,t11 c\,1rd 
rniCl'op rncessor lar1 guJgc. 11 
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In the Languages Forum of the Ap ri l 
1978 BYT E, page 150, we read Stephen 
Smith 's report on his homebrew compile r 
project. Ac tua lly, he is deve loping the Pasca l 
subset compi ler on a mainframe computer at 
a university and planning to tra nsfe r il to a 
microcomputer. He said he had a minor 
prnblem with code generat ion (using 6502 
machine code). We think his pro ject might 
pi-ogress more smoothly if he uses another 
approach - that of generati ng assembly code 
for a hypothetica l stack mach in e. Th is is 
the same method professionals use for 
implementing portable Pascal comp ilers on 
big computers. 

Our own homebrew compi ler project was 
deve loped in house on a microcom puter 
that uses an 8080 processor and has a North 
Star disk system. We began in mid December 
of 1977. Our motivation came from the fact 
that the North Star disk BAS IC, although 
very good for ge neral programm ing pur
po cs, was not fast enough for system so ft
ware development and some graphic games. 
For instance, our 8080 assem bler, wri tten in 
BAS IC, takes 1 to 3 secon ds to assemble 
one single assembly instruction. Assembling 
a 500 line program takes about one ha ir 
hour. From var ious sources of in for mation 
we know that Pascal is one of the eas iest 
languages to implement. It also has many 
ni ce features that are desirable in a high level 
language. 

The Pasca l su bse L is smal I, otherwise it 
would be very diffic ult to develop usin g a 
BAS IC in te rpreter. Al l va riabl es in the 
sub ct arc 16 bit intcgi..:rs. Arr ys arc ~i n g l c 

dimensional. Character strings are declared 

A Proposed 

Pascal Compiler 

A Note About the Tiny Pasca l Projec t. .. 

As this special issue went to press, we had just received the f irst two 
par ts of a 3 par t series of articles on a Tiny Pascal comp iler by Herbert 
Yuen and Kin-Man Chung. Watch future B YTEs for th is excellent "do 
it yourself" project for the software experimen ter . .. CH 

as arrays and each cha r·acter takes one array 
element; although wasting space, th is is easy 
to implement. Procedures and functions may 
be rec urs ive. Var iables and constan ·s, 
except arrays, can be passed a argu111e1. s 
to procedures and functions. Language state
ments inc lude dccla r·at ion, assignment , 
BEGIN-END, IF-THEN-E LSE, WHILE-DO, 
REPEAT-UNT IL, FOR-TO/DOWNT0-00, 
CASE-OF-E LSE . The subset is big enough 
Lo pr·ovidc useful features. The Pascal 
compile r· can be wr·itten in the subset with
out much d ifficulty. 

Th e actua l codi ng of the comp ile r (i n 
BAS IC) began in January 1978. The com
piler ge nerates P-code for a hypothet ical 
stack mach ine, the ame one described in 
Wirth 's book, Algori thm +Data tructure = 
Program s. (P-code i the intermed iate code 
generated by the Pascal compi ler. It is the 
machine la nguage of a hypothetica l Pasca l 
or·i tcnted compute r. Use of P-code makes 
th e Pasca l language portab le since only a 
P-code inte rprete r· needs to be wri tten fo r a 
particular processo r. Thi s saves the user 
from writ ing the entire compi ler for each 
indiv idua l mach ine.) Several instrnctions and 
in put/output (10) capabili ties have been 
added. At the same time, an interpre ter was 
also wr itten (in BAS IC) to execute and 
debug the P-code. It helps to verify the 
co rTcctne s of the codes ge nerated by the 
comp il er. In late January, after most parts 
of the two programs had been debugged, 
we began to design a run t im e support 
package in 8080 asscm bly la nguage and also 
" tra nsldlo r- that trans late> P-codc tu 8080 
mach ine code. With the debug package an d Continued on page 155 
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August 7-9, Know ing and Understandi ng 
Computer Graphics , Toronto CANADA. 
This 3 day intensive sem inar will cover 
all aspec ts of co111 puter graphi cs, de111on
stra ting how effectively and economic
al ly they may be incorporated into tlic 
bu siness co mmunity. Contac t Robe rt 
San20, Frost & Su ll ivan Inc, 106 Ful to n 
St, New York NY 100 38, (2 12) 
233- 1080. 

August 7-9 , Project Management for 
Co mputer Systems, Houston TX . This 3 
da y se111inar will illustrate techniques for 
planning, implementi ng, instJlling and 
controlling projects. Spec ific examples 
and case studies wi ll be d iscusse d. This 
seminar is intended for compute r proj
ec t managers, data processi ng 111Jnagcrs, 
VPs of admin istrat ion, financ ial man
age rs ,1 nd others in volved in EDP sys tems 
development and implementation. Co n
tact the Uni ve rsity of Chicago, Center 
for Continuing Edu c~ tion, 1307 E 60th 
St , Chicago IL 60637. 

Augu st 7-9, Third Jerusalem Conference 
on Informatio n, Jerusalem ISRAEL. 
The confere nce will cover a broad range 

11 8 August 1978 © BYTE Publiciriom Inc 

or top ics on computing applica tions, 
scie nce and technology. Primary empha
sis wil l be on the role of comp uters in 
tl1c transfer of tcclrnology between large 
and small countries. Contact Robert W 
Rec tor, executive director, AF IPS, 210 
Summit Av, Montvale NJ 07645, (201) 
391-98 10. 

August 7-9, Laser Beam Information 
Systems, Minneapolis MN. This sem
inar wi ll cover the growing app lica
tion or laser technology in image and 
data manipulation in the form of scan 
ning, transmission, reproduction and 
con tro l. The pr inc ip les and practice of 
laser beam in forma tion systems will be 
covered In preparation for direct appli
CJtion to such fields as facsimile, com 
puter memory Jnd dis play, target 
ide ntifica tion, reco nnaissance, pho to
com posi tion and image manipulation. 
Contact Phi lip M Now len, program 
cliJirrn an, director, Center for Con
tinuing Education, the University of 
Chicago, 1307 E 60 th St, Ch icago IL 
6063 7. 

August 8-10, Management Informat ion 
Systems, Lehigh Uni vers it y, Bethlehem 
Pf\. The maio r obiecti ves of this sem inar 
arc to prepare a user manager lo bette r 
unders tan d .ind commu nicate with data 
processing spec ialists during tlie feas ib il
ity study, de sign, conversion, implemen
tation and evaluation of an information 

Circle 132 on inquiry card . 

system and to equip th e manager with 
sufficient data processing knowledge to 
identify poten tial areas for compu teriza
tion and /or to improve ex is ti ng systems. 
Contact Fai th Newhall, Administrative 
Assis tant, Industrial Engin eer ing Depart
me nt , Packard Lab # 19, Lehigh Univer
si ty, Beth lehem PA 18015, (215) 691· 
7000 ex t 385. 

August 7-11 , Coding and Informat io n 
Theory , University of Toronto CAN
ADA. This course will prese nt the funda
menta ls of rep rese ntat ion , storage and 
transmission o f data. Protection agains t 
storage and transmission errors using 
erro r detection and error correcting 
(in clu d ing Hamming) codes will be de
ve loped. Effi cie ncy enhancement 
through informa tion compress in g codes , 
pred ict ive run encoding and Markov 
chain s (p robabilis ti c fin ite state ma
chines) wil l be disc ussed . Contact Short 
Co urse Program Office, 6266 Boelter 
Ha ll, UCLA Extension, Los Angeles CA 
90024, (213) 825-3344 or 825-1295. 

August 15-17, In-ho use Development of 
Data Pro cess ing Do cumentation and Pro
cedures Manua ls, Lehigh Universi ty, 
Bethlehem PA . This workshop sem inar 
is designed for DP personnel of com 
puter cen ters who wish to revise or 
deve lop a DP documen tation and pro· 
cedures manual. The seminar will al low 
the individual participants to interac t 
with the lec ture rs and other participants 
about th ei r specific problem areas. Some 
of the program topics will include docu
mentat ion principles and practice, DP 
documentation and procedures manual, 
definition of procedures, the systems 
development process. Contact Faith 
Newhall , adm inistrat ive assistant, 
In dustri al Engineering Department, 
Packard Lab #19, Lehigh University, 
Bethlehem PA 18015, (215) 691 -7000 
ex t 385. 

August 21-25, Digital Filters, UCLA. 
T his course will provide a practical intro
duction to the subject of digital filters. 
Topics will include the frequency ap· 
proach , Fourier series and integrals, non· 
recursive fi lter des ign, theory of recursive 
filter des ign, disc rete Fourier transforms, 
fast Fou rier transfo rm Implementati on, 
estimation of power spec tra and non· 
li near phenomena due to quantizing 
signals. This course wil l be of interest to 
those who use linea r com binations of 
da ta. The emph asis is on its basic nature 
and practicabi li1 y. Contac1 Nonie 
Watanabe , Short Courses, 6266 Boel ter 
Hall, UCLA Ex tension, Los Angeles CA 
90024. 

August 21-26, Three Short Courses for 
Engineers, Computer Scientists and Indi
viduals Interested in the Areas of Micro
computers and Dig ital Electronics, 
Trenton State Col lege , Trenton NJ. The 
co urses arc: assembly language program
ming and inte rfaci ng for the 8080/8085/ 
Z-80 microprocessor, programming in 
BASIC for th e mi crocom puter owner, 
and microcomputer digital logic circuits . 
Each of the co urses will cover app rox i-



mately the same grou nd as a normal 1 
semester college course and will be pre· 
sented in th e form o f an in tensi ve, fully 
documented lecture co upled wi th labo· 
ratory sessio ns. Contact T he Divi sion 
of Cont inuing and Adu l t Educat ion, 
T re nton State Co llege, Trento n N J, 
08625' (609) 771-2255 . 

August 21-Septembcr 2 , Courses on 
M icrocomputer Interfaci ng and An alog 
Signa l Conditioning , V irginia Polytech 
nic Institute and State Un ive rsity . The 
objective of these programs is to provide 
an educational experience for scient ists, 
engineers, teache rs , managers or tech· 
nic ians in th e areas of microcomputer 
data acquisition, instrumenta tion , and 
measu reme nt sy stems ranging from the 
analog sensor through th e analog data 
cha nn els to the microcompute r. Th e 
courses provide a com bine d lecture and 
labo ratory ex perience. Co ntinuing edu · 
ca t ion units are provided for each 
course. Con tact Dr Li nda Leffel, Ce nter 
for Continuing Education, Vi rgi nia Poly · 
tcc hni c I nst i tute and State University, 
Blacksburg VA 24061, (303) 951·5241. 

August 24-27 , PC '78, Philadelphia 
Civ ic Center, Philadelphia PA . The 
first day of PC '7 8 (August 24 ) will 
be an industry trade show whi ch is 
open to dealers, the industr \• and ex
hibitors' guests. Fo r the rcma 1n1ng 
three d ys th e ful l Personal Comput ing 
Show an d Personal Comput ing College 
will be ru nning. Over 80 hours of free 
seminars are planned . Contact Joh n H 
Dil ks 111 , Rt 1, POB 242 {Warf Rd ), 
Mays L and ing N) 08330. 

August 29 -31, Data Processing Opera
tions Ma nagement , cw York NY. This 
seminar will offer the sen io r da ta proc
essing professional an opportu nity to 
gather the latest management skills. The 
curri cu lu m is des igned toward pract ical, 
applied data processi ng managemen t 
tech ni ques . Contact Philip M owlen , 
program chairman, director, Ce n ter for 
Continuing Educat ion, Universit y of 
Chicago, 1307 E 60 th St, Ch icago IL 
60637. 

September 6-8, COMPCON F,1 11 '78 , 
Cap i tol Hil t on Hotel, Washington DC. 
Sponsored by the IE EE Computer 
Societ y, th is con fe rence wi ll cover 
computers and commu nica ti ons, inte r · 
faces and in terac ti ons. Such topics as 
microp rocessors in comm unications, 
multiple com puter sys tems, adva nces in 
commun icat ions technology and man y 
others will be di scussed at this confer· 
ence. Contact Kenne th H Cranda ll Jr, 
COMPCON Fall '7 8, POB 639, Sil· 
ver Spring 1 D 2090 I. 

Septem ber 11 -15, Coding and Info rma
tion Theory , Georgia Inst itute of Tech· 
nology. See August 7- 11 , University of 
Toronto, for information . 

September 12-14, WESCON/78 Sh ow 
and Convent ion , Los Ange les Con ven 
t io n Center and Los Ange les Bon ave n· 
ture Hotel. Contact Electron ic Con ve n· 

t ions Inc, 999 N Sepul veda Bl vd, El 
Segu ndo CA 90245, (2 1 3) 7 7 2·2 965. 

September 18-22, Digital Filters, Georgia 
Inst i tute o f Techno logy. See August 
21-25, UC LA, fo r informat ion. 

September 29-0 ctober 1, Internationa l 
Microcom puter Exposition, Dallas Con · 
vent ion Center, Dallas TX. T hi s exposi· 
tion will be direc ted tow ard all levels of 
techno logy from the pro fessional engin· 
eer to the beginning com pu ter hobbyist. 
In addition to th e semi nars, a pane l of 
experts will be avai labl e to answer 
questions . Con tac t Bever l y T an ne r at 
(214) 271 -9311. 

October 4 -6, Knowing and Understand
ing Computer Graph ics, San Franc isco 
CA . See A ugust 7-9, Toron to. 

October 5-8 , M id west Personal Comput 
ing Show , Appare l Center's Expocenter, 
Chicago I L. More th an 200 d isp lays fca· 
turing the fu ll spectrum of the lates t 
pe rsonal co mputing deve lopm ents arc 
expected to be presented by manufac· 
turers and di st ribu tors. A comprehe nsive 
program of seminars, forums and pr, c· 
t ica l app li ca tion cl inics will paralle l lhc 
four days of exh ibi ts. Co nlact Midwest 
Personal Com pu t ing Exposition, ISCM, 
222 W Adams St, Chicago I L 60606, 
( 3 12) 263 -4866 . 

Octo ber 16-19, Informat ion Manage
ment Exposi t ion and Conference , 
McCorm ic k Place , Chicago I L. The 
theme, stra tegic plan ning in the infor· 
mation age, was se lected to convey the 
need for a cor porate strategy for the 
ga th eri ng , storage, retrieval , dissemina· 
tion an d management 's use of in forma· 
tion. Co m pu ter eq uipment to be demon· 
strated w il l include large, medi um and 
small systems, mini and micro systems, 
small business sys tems , termina ls, per iph · 
era ls , data communi ca tion sys tems, data 
collection and prepara tion handl ing sys· 
terns, m agnetic med ia and accessories. 
Contact Clapp & Poli ak Inc , 245 Park 
Av, New Yo rk NY 10017 . 

Oc tober 24-26 , Projec t Management for 
Computer Systems, New Yo rk NY . See 
August 7-9, Houston, for informat ion. 

October 30-November 1, Seco nd Annual 
Data Entry Management Associ ation 
Co nference , Sheraton Harbor Island 
Hote l, Sa n Diego CA . The confe renc e 
th eme is data en t ry tod ay and tomorrow 
and w ill conce n trate on th e human side 
of data entry an d d istr ibuted data entry. 
There will be a f ull chedu le of se min ars, 
panel discussions , and workshops inc lud
ing hands-on workshops wi th var ious 
ve ndors' equip ment. Contact Marilyn 
Bodck, DEMA, 16E Weave rs H ill, Green· 
wi ch CT 06830. • 

BOLD IT! 
Anywhere you 
want it. c---- ---

Pana Vise t i lts, turns, rot ates. 
On e quic k turn of t he con trol 
knob and you securely position 
your work exactly where you 
want i t. Holds f i rmly but gently 
t he most delicate electronic 
parts and P. C. boa rds. 

Wheth er you' re into bui lding 
home electron ics, troub le 
shooting, or professional serv
icing ... you 'll wonder how 
you got alon g withou t this m od · 
estly p r iced 'extra hand.' 

Model 396 Wide Opening PanaV1se \ 
shown . An ingeni ous variety of other 
Inte rcha ngeab le bases. ho lders and 
accessories also avai lab le See your 
electronics distributo r, or wri te 
for FREE broch ure ' 

~\la;E ~ept . CEl -------· 

5224 Cha kemco St .• So uth Gate , CA 90280 
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E:CPAN O YOUR ltlM SYSTC M 

INTEGRAL DATA 
IP-125 "'--. 
IMPACT -..,q 
PRINTER 

!>•"1Jl"f>D1t• IS ''""I' r.·••""'·' ' 
~ ',, ..... , .. .... . ... "~ 

"• . .. ~ . ... .. . <+ .. ' ' 
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THE PET 
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MATROX VIDEO 
RAMS S-100 
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'·'·' ... .. ...... , ... .. 

l'l lM I UlLU::-Oll lff $23.50 

TELETYPE 
MODEL 43 

TELEPR INTER 

LEAR -SIEGLER 

ADM-3 
VIDEO TERMINAL 
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Continued from page 10 

I sec no need fo r a $20+ ki t (eg: Pickles 
and Trout T VM -04 men tioned in rhe 
article) when a S.20 resistor will do. I 
converted my Philco 9 ind 1 black and 
whi te TV set by prov id ing a jack at the 
base of ril e first video amp lifi er tran· 
sis te r and by increasing the val ue of th e 
emitter resistor o f that stage by 100 
ohms to preven t overloading from Ill\' 
KIM/T VT-6 interface . The re u lr ing 
pic tu re is exce ll en t. 

Cass R Lewa rt 
12 Georjean Dr 

Holmde l NJ 07733 

1 t is o 111011er of hm,ing o product 
m arketed IVith coherent srep by Slep 
instructions ior a specific producr. While 
your met/Jud 110 doubt worl1s, you 
probably have the benefit of personal 
experience which gives you rhe con
fidenc e to proceed. , . CH 

TRS-80 INTERFACES WANTED 

I wou ld like to rece ive informa tion 
and schema tics on i n te r fac i n~ a Texas 
Ins t ruments 59 ca lculator dnd PC- I OOA 
printer to a Rad io Shack TRS -80 or 
in format ion on wl1ere I ca n ob tai n a 
board for th is use. 

I would apprec iate hearing from any 
of your reade rs who have tlone thi or 
may know someone who has. Any he lp 
wi l l be apprecia ted. 

I am Jlso interested in a S-100 bus 
adap tor 101 rhc TRS-80. 

T om Swale nberg 
54 1 Barn ett Rd 

Colum bus OH 43 213 

A SOF T WA RE EXCHAN G E ? 

At Coloma (Ml) High School we have 
.1 comruter ce nter. In our cen ter we h,tvc 
eight di f rercnl microcompu ter systems 
plu s J 3M Mod el 5500 tes t scorer. These 
sys tems use four d i fferen t BAS ICs as 
wel l dS a number of different way s of 
sto ri ng programs. The BAS ICs we use 
.tfC: 

I. l'o lyMorph ic exte nded ver ion 
A OO 

2. IM SA I CPM sys tem BAS IC·E vcr· 
sion 1.33 

3. A l tai r 8 K BAS IC vers ion 4 
4. North St;ir Bl\S IC 

Th e sto rage systems we use arc: 

I. Po ly 88 Byte Base cassette 
record ing sys tem 

2. IMSA I dual floppy disk system 
w ic h CPM 

3. Tarbell cassc u c recording system 
4. North Star minifloppy disk sysrem 
5. Standard paper tape 

We fee l that i t is necess,iry to se t ur a 
softwa re l ibrary between >ehoo ls usi ng 
microcompu 1er equipment. This would 
give schools a chJncc to exchange pro
grams dlld ideas, and to help other 



sc hools just getting tarted by se ndi ng 
th em already worki ng programs such as 
g.1mes, memory tes ts, and other materia l. 
\Ve (;Jll provide programs to an y o ther 
sc l1oo ls in an y of the above form ats and 
would be willi ng to act as a center to 
rublish all ava il able co mputer programs 
for schoo ls, providi ng o th er sc hool sys
tems .i re willing to share in th is idea and 
tr<1d c programs. An y in te res ted exper i
m en1c rs who have programs 10 share 
w i t l1 schools are wel com e. 

T err i L eamer 
Coloma Co111p u 1er Center 

Co loma H igh School 
Co loma M I 49038 

PET BUG? 

Recent PE T compu ters have inclu ded 
a cornmen1 shee t st at ing tha1 Ric hard 
Duda's O t he ll o pro~ram i n Oc tober 
1977 BY T E, page 60 , can n o1 be run 
because of excess ive su brout i ne nesting. 
Thi s is absu rd ; th e p rogram does not 
con t ai n any subrou tin e nest i ng. I 1 does 
no t wo rk as wr i tte n because PET BAS IC 
docs not all ow branches o u t of FOR 
loops. This p robably app lies to o ther 
versions of Microsoft BA SIC as wel l. 
On 1he PET it appears to be acce pt able 
to sho rten a FO R by setti ng th e in de x 
to i t s termin al va l ue. A l an y ra te the 
following f ixes work on my PET an d 
should work for other com puters (such 
as Apple 11 , Rad io Shack T RS-80 Leve l 
II , etc) which use Microsoft B AS IC. 

01820 J• O 
0 1825 FOR J9• 1TO 8 
01830 IF CSIJ91 • XS THEN J• J9 · J9 • 8 
01840 NE XT J9 
01850 IF J• O GOTO 1720 

02620 F 1 • 0 
0263 0 FOR 11 • - 1TO1 
02640 FOR J l • - 1TO1 
026 50 IF A!l+11 .J+Jl} • T 2 TH EN F1 • 1 Jl • I : 11 • 1 
02660 NEXT Jl 
026 70NEXT 11 
02680 RETURN 
Oelete 02690 1h ru 02720 

Th is is an exce llent program dnd the 
grap hi cs can be easi ly enhan ced to show 
off the PET's capa bi li ti es in t hi s area. 
A Go board w ith th e p ieces at t he i n ter 
sec ti o ns of the l i ne s is eas ier to use and 
more approp ri ate to the ga me th an a 
checker type boar d. It does re quire an 
8 K mach ine as wri tten, bu t p robabl y 
could be compressed. 

Some of PE T's bu gs the new owner 
shou ld watc h out for arc th at expres
sions of the form I F N OT X m ay no t 
eva luaic prope rl y, and execu 1i ng a DIM 
in the m iddle of a program m ay clea r al l 
varia bl es to zero. These are rea l disasters 
in connection w ith the PCC ve rsion o f 
LIFE, lor i nstance . 

I nc idcn t l y , my PET , del ivere d April 
5, i s #13 ,54 1. It was de l i vered less th an 
three weeks after I ma i led 1he order, ha s 
worked flawless ly from th e st art and is a 
superb mach in e for the p ri ce. Do cu
mentat io n re m ain s less than adc q u,1 te, 
so novices beware. 

M i ke Hughes 
POB 393 

Rapid C ity SD 57709 

Wr ite and run machine language programs at home. display video gra phics 
on your TV set and design microprocessor circuits-the very first 
night-even if you 've never used a computer before' 

ELF 11 featuring 

RCACOSMAC 
microprocessor/mini· 

Elf 11 
by HETROHICS 
as lea lured In 
POPUUR ElECIRONICS 
shown with ~p11onal ~ k 
Memory Soaids. GIAljJ 
SOARO '" . Kl u1• 
Board and 
ASCII 
Kerboard 

computer 
sgggs Set "'hands on"' eaperlence wltll a computer lor just 

S99.95. Then, on e~ you 'te mntered computor 
fundamentals. upand ELF II wltll low cost add-ons and 
you 'n 1ot Jn utn nced personJI computer powerful 
enoup lo soln business. lnduslrlaf or sci en llflc 
problems. 

Learning Breakthrough! 
A Short Course On 

Microprocessor And 
Computer Programming 

Written tor anyone ! MlnlmJI b.ack1round needed! 

Us ing adva nced compulers is now as easy as do11ing a 
cat with an au loma!Jc t1ansm1ss1on We w1U leach )'(IU. sttp 
by step, 1ns1ruct1on by ms1ruct1on. how to use an RCA 
COSMAC computer 

Not ooly does cur shOtt course explain. ca :>ulers. 11 
helps anyone wule and run programs and solve complu 
problems iequmng a compute1 l(no~ ing how a computer 
wo1 ~s can help ~u 

(!) Spol silualions where a compuler can aSStsl you 1n 
business. industry, pets.anal applicatt0ns. elc. (2) Select tht 
most ec onomical com pute1 (01 m1c1oprocessorl and ielattd 
hardware lot your speci l1c netds. (3) Wrile and run lhe 
programs You need. and (' l Keep you• compu1er c.osls down 

This cours.e was wri11en fo1 ELF II users but i(s a 
blockbuster for every RCA COSMAC user or owne1 r 

Slop 1eadmg aboul computers and gel )1lUI tnnds on one U f II 1s an oulstandini;: 11ame1 
101 anyone who needs to us.ea computer 10 ma 11 m11t h1s o1 her pe1sonal ettecliveness Sul ClF II 
isn't 1ust a uamer bpanded. 1t becomes lhe hean of a powerlul tilmpuler ~~lem 

For $99.95 \Ou Crt All T his -
t o othei small personal computer offers video out pu1 and [tr ll's e~pan s 1on capab1hr4es 

tm anywhe1e near '99 9S [ lF II can crea te graphics on you1 rv sc1een and play elec 1ronlc 
,.------------------, games! 11 pays fo1 1lsell over and over agam m lhe fun 11 provides !or your whole lamll) 

SPECIFICATIONS 
ELF II fea1urc' anu RCA COS 1AC cos r 'IQS S-h 11 
micrnproccswr adc1rcs'.'l.3blc 10 M k b) 1es wuh D 1A. 
in1errup1 , 16 re(tistc::r,;., AL U. 25(-i bycc RAM , ful l he :\ 
lie yboan.I. 1w1> Jig11 he:\ ou1put display . .S slo1 plug ·m 
cApansion bus (less conncc1urs l. .s tab le Cr)' Slal clock 
fo r 11m 111g pu rpn):e:i. an<l a douhl c ·s1dcd . 
pl:uc<l·th rough PC Ooan.I plus RC A 1861 \•idea I(' to 
d1spla) au) scgmcnl of rnC111(lr)' on il \•1deo nmn11 or or 
T V ~c rr.::cn 

EXPANSION OPTIONS 
• Et.F 11 G IAN"I: UOA RU"1 w11h r ~~ sscul' 110, 
RS .D~ · C f TTY J FO. 8 · h11 P 110, Jc:codcrs fo r 14 
separa te 110 1ns1r uc..·1101is .t1nJ a !i.) 'tcm 
mo n11 or lc<liH11 Tum~ ELI: II into 1hc hcar1 of a 
(ull · s11.c s~s1cm wuh nlJS!;1\' C rornpulmg power ' 
S39 95 kn 
• 4k S I.it.lie RA 1. At.h.lrt:" s.snb lc 1oany 4k page 10 64k . 
Uses low power ~ 102·s Chip sdec i c 1rcu11 al h.)w~ 
original 2j6 b y l c :§. lo be used Fully buffered 
Onboaul 5 vo l1 regu loi 1or SEl9 .95 k1 1 
• Prolol~pr (Kluge } lkund acccp1s up ICI J6 I C ·~ 
including 40 , 24 . 2.2. HL 16. 14 pin Space availab li; 
for onboard rcgul awr !. 11 lXl 
• Gold phUed S6~pin ronnt'CIOr. } .) . 70 
• ELF II Full ASCII Ke)bo•rd . Upper on~ IC> wcr 
ca:i.e S.6-1 95 ._ ii 
• ~ amp Expunsion Power Su ppl~. Powe r~ th.: 
enti re ELF II tl\'ot rcq u1n:d un i .: ~) add ing J~ RA~l 
board :; 1 S3-I Q,5 .._ ., 

All rif thr ubm r l'C lm11r,f1 p fj•J; rhrrf'lf\ 1nw 
ELP 1r., ,•,,.pwuw11 h11.J·. 

ELF II TINY BASIC 
Cor11111uruc=1tc: with ELI· II in 8AS1C 1 ELF II Tim 
BASI C 1sco111p11l1blc w11h ei ther ASCI I keyboard rmd 
rv sc reen or ~11:u 11..liu<l 1clc1ypc / v1dco 1crm1n:il 
u1 il i1.1 nt: RS ~32·C or .20 mil TTY intc 1fm; c 
Command~ im: lu<li" SAV E and LOA D for storing 
prugr.m1~ on Sl anclard ca.ssc1 1cs , a plo1 command 10 
di.splay gr.aphii: tnfomrn1 ion and s~cial cornnrnnds 
for con1rotl111g ELF II I JO devices l6 · b11 imcgcr 
ari[hmcUC', .:: , 11.. - , f 1. :!6 ~· 3:ri11bles A·Z Oiher 
commands 1n(' ludc LET, JFfTHEN. l PUT. PRI NT, 
GOTO.GOS B . R ETU ~ . END. REM.Cl.EAR. 
LIST, RU, . PLOT. PEEK . POKE Come; " '" h 
m111mcn~r1ce <locu111c n1arion and c:tCcc llcm use r \ 
manual thill alltHN) even beginners 10 u~c ELF II '°' 
soph1s11c3 tc:J appl1c.o.11ons ( .H,, n1cmnf) rcq uir<'J 1 
~ 1 ~ 95 oncasscn~ l;.if'!C 
C1:m1injl.Sotm .. . ll·A . A ·DConvc rtcr • Conl rollcr 
Boatd • C3Drncl • l.1gh1 Pen ( Let s yo u wricc C.H Jrjw 
1111\lhWR lm ll TV sere-e n lm.:igirie h01•,.m g .1 '" m;ig1c 
wand .. thar wrncs li ke =i t:r..1ytm 1l 

Circl e 280 on inquiry ca rd . 

En2lneers and hobb1ests can use Elf II m m1c1oprnc.essm-ba sed c1rcu11s as a counter. ala rm. 
lock, thermostat , llmer, lelephone dtaler. elc lhe poss1b1hl1es are endless• 

T he l::LF II l::~ plodtS ln lo A Giant : 
Once yDu·ve maslered compuler lundamen fdls. ELF II can give you POW£ Rt Plu1 1n the 

Gl~Nl SOARO'" and you can record and play back you r pro1rams. ed it and debug p101rams. 
communtcale wil h remote de-Jtees and make things happen 1n the rea l world Add Kluge Burd to 
solYe specific prnblems such asoperatmg a more compla alarm syslemor contmllm g a 1Hint1ng 
press U memory units lel you write longer programs and solve eyen more soptii sl1ca ted 
busmess. lnduslnal , sc1en11hc and personal fmance problems 

Add ELF 11 ·nm UASIC And Kl•\lx:tard~ 
lo ma ~e H f II easier to use. weve developeJ Hf II finy BasJC II leis )'OU proira m Elf II 

w11h simple ·~ord s you can type oul on a ke~board such as PR INl RUN and LOAO Elf II 1esl)(lnds 
bv d1splaym2 answers on your punter. video mon11or 01 rv sc1een 

\\'rit e And Run Programs T he \'t'" Firs1 1':igh1! 
lhe Elf II k11 includes all componenls and evel)1hing you need to write and 1un yll'ur own 

prog1ams plus the new Pme Gra ph ics chip th al lels you display any 256 bY1e segment of memory 
on a v1d~ monitor or TV screen No wonder HF II 1s now being used as a 1rame1 1n many htgh 
schDols and universihes 

Easy instructions get you slarted rtght away. even 11 you've ne'ltl use-d a computer before 
lhe newlv eipanded Elf II Manual covers assemblt. teslmg. prog1amming. video 11raph1cs and 
games 

ELF II can be assembled 1n a sing le evenmg and you'll s1111 have lime 10 run programs 
mc liJdmg iames. video graphics. etc befo1e going lo bed! 

r:---- SENDTODAY! ----:i 
NETRONICS R&O LTD., Dept. BY-6 (203) 354-9375 
333 Litchfield Road, New Milford. CT 06776 
o YES! I want to run programs •t home•nd have enclosed· o 199.95 plus 13 

p&h lor RC• COSllAC ELF 11 kil o 14 95 lot power supply, r«1u11ed for Elf 11 kil 
0 I I 00 101 RCA t801 User ·, Manual 

D '4.9) lor Short Course on Microprocessor & Computer Pro11amm1ng. 
D Elf II connects lo lhe Y1d eo input ot your TV sel . 11 you prele110 c.onnec.I EU II ta )<Im 

antenna lerminals 1nstud. enclose ,8.9S lor RF Mo~dulat or . . 
n 139 !5 plus $1 p&h lor Elf GIAHl BOARD'" 111 . , -
_ 4k Sta lie RAM k11 . $89.95 ea plus 13 p& h ~ . 
0 m .00 plus $t p&h tor Protot,pe (Ktu1e) l!oard . ·. 
O $34 95 plus 11 p&h l0< llpanS100 Power Supply krl · 
_ Gol~ pla led 86- pin connectors at 15.70 ea . · 
a 164 95 plus 11 p&h for ASCII Keyboard Iii . · . 
o l t4.95 fo1 Elf II Tony BASIC camlle 
D I wan! my ELF It wired and rested w1tn lhe powei lransformer, RCA 1802 Use(s 

Manual and Shon Course on M1croproceuor & Computer P1011ammmg for $149.95 
plu' 13 p&h 

lotal enclosed (Conn res add la.1) , ____ O Chet-k here d you an~ ericlo~ 1ns 
Money Order or Cashiers Check to eiped ile shipment 

NAME -------------------~ 
ADDRESS ____ _ _____________ _ _ 

...!'::!..- - - • OlAl ER INOUIRIE~ ~N-Vl-IE_O ___________ --..... -
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With a few important extension , Pasca l 
can be an extremely powerful too l for writ
ing interact ive business app li cation programs 
on rn icrocom pu ters and 1111n1compu te rs. 
Pascal provides data structuring facilities 
generally superior to those of COBO L, and 
its co ntro l constructs al low a system atic 
and modu lar approach to program design 
that reduces deve lopment effort and im
proves re l iabil i ty compared with BAS IC o r 
FO RTR AN . The extensio ns needed make 
it easy to wri te in teractive programs, use 
random access (floppy) disk files, hand le 
business arithmetic, and recover from e1-ro 1· 
situations. 

A Case Study 

In thi ar t icle we wi l l i l lu trate the use of 
Pascal for a program appl ication one m ight 
f ind, with variatio ns, in many small busi
nesses. More ge nera l descripti ons of the 
language are contained elsewhere in BYTE 
and in many publ ished in troducto ry text
books. 

The business we have in mind keeps 
records of information about transactio ns 
wi th its customers, and also reco rds co n
taining descriptive information <1bout the 
peopl e wi th whom it dea ls. Th e descriptive 
records might app ly to cl ien t of a l;1w firm, 
pa t ients of a medical or dent,d cl inic, up
pliers of a hardware srore with a large and 
diverse stock, houses curren tl y lis ted by a 
real es tate firm, users of h<1rdware and soft
ware products hand led by a computer store, 
and so on. The transact ion records woul d 
de cribe or·der · for good to be s Id , de
liveries, invoices sent, payments, req ue t s 
fo r information, promotiona l literature ent, 
customer proper ty sent ou t fo r repairs, 

medical tests ordered, etc. Typical ly each 
record in the file of descr ipt ive reco r·d s 
would correspond to many tr·a nsact ion 
records. Depend ing upon circumstances, 
the transaction records might be stored in
te rm ingled w ith the descriptive records (just 
as in t he shoe boxes that some small busi
nesses now use) or in a separate disk fi le. 
They might be stored on the same floppy 
disk if the fi les are small, o r they migh t be 
sto red on different disks. In any eve nt, we 
assume that the num ber o f items in the de
scr iptive file is so large th at manual proc
essing of the transactions information rep re
sents a significant cost to the business for 
record keepi ng. We also assume that the 
business is small enough that it cannot 
afford to have its own ful l time data proc
essing department. 

We now consider how Pasca l programs 
written for a small comp uter might help in 
the operations of a hypothetical smal l busi
ness, the Zyx Gizmo Sto1·e . With many com
peti ng 111anufactu re 1·s produci ng gizmos, i t 
is necessary for Zyx to keep track of many 
differen t sizes, shapes, quali t ies and spec ial
ized forms of gizmos. Moreover, the buyer 
can start w ith a basic model, later addi ng 
mod ules to ob ta in a larger and more sophis
t ica ted gizmo. G izmos req uire pe1·iodic 
mainte nance and co1-rective repai rs. Zyx 
stocks some replacement parts which are 
insta lled in customer·'s gizmos by the Zy x 
repair department or sold to users who do 
their ow n repair wor·k. Some replacement 
parts are too expensive to stock locally, and 
Zyx must o rder them from regiona l distribu
tors when needed. Gizmos are comp licated 
eno ugh to use that many users 1·equire text
book or short training co urses to under
stand how to u e them. Zyx se ll s the text
books and runs periodic training seminars 
for which users pay a small fee. Both the 
training and repair probl ems are made com
plex by the rate at wh ich the technology of 
manufacturing gizmo is adva ncing, as new 
models are introd uced by the manu factLll"er 
each year. Wh ile the similari ty of the gizmo 
to the microcom puter is easily recognized 



by many readers, the gizmo model could 
apply equally wel l to technology based de
vices being sold in many fie lds today . 

We can assume that Zyx is large enough 
to employ several sa lespeople, repair people, 
and at least one ful l time administrative 
assistant in addition to the owner of the 
company. In general, when a situation arises 
requiring communication with a customer, 
any one of these people may have occasion 
to refer to the filed records on previous 
transact ions involving that customer. If the 
customer telephones to request advice about 
an apparently malfunctioning gizmo, the 
respond ing Zyx employee usually needs 
information about the make, model, size 
and other detai ls describing the customer 's 
gizmo. If a customer asks Zyx to order an 
additional module from a national distribu
tor, he or she may call Zyx to inquire about 
the fate of the order before del ivery is ac
tually com pleted. If a manufacturer of 
modules for gizmos in trod uces a new line 
of devices, Zyx may wish to ave on promo
t ion costs by contacti ng only customers 
known to be usi ng gizmos com patible with 
that manufacturer 's devices. For these and 
many other reasons, designated employees 
of Zyx should have ready access to records 
on the customer 's deal ings with the firm. 
These r·ecords make it possib le for Zyx to 

render a personalized service that probably 
is the main reason why customers come 
to th e Zyx store for the ir gizmos rather 
than to a nat ional or regional distribution 
company. 

Of course now that low cost microcom 
puters have become moderate ly powerful, 
it is possible, in princip le, for Zyx to main
tain i ts descriptive and transaction reco rd s 
on customers in a floppy disk or sma ll hard 
disk system. Ideal ly, the cost of adding a 
microcomputer to a small bu si ness operation 
is on ly a fraction of the value received, both 
in labor costs and in improved customer 
re lations. Moreover, the company cou ld 
use the microcomputer for maintaining its 
account ing records, send ing bi lls, keeping 
track of inven tory and so on. We say ideally 
because the effort to wri te a suite of pro
grams to access and maintain the necessary 
fi les can be quite substantial if the program 
ming is done in BASIC or FORTRAN (or 
assembly language) . Using Pascal the effort 
should be very much less than the eq uivalent 
effort using BASIC or FORTRAN. 

Since COBOL is becoming availabl e 
on microcomputers, some co mments on 
COBO L versus Pasca l are appropr iate. Here 
the princ ipal issue has more to do with the 
operat ing system, within which bu iness pro
grams written in the language will run, than 
with the language comparison. G iven reaso n· 

Enjoy an easy way 
lo program faster, 
with fewer errors 

Save time, save money, have more fu n when you write programs in BASIC 
on our new combina tion Program Coding/CRT Layout Sheets. We engineered 
this new programming aid speci fically to help people like yourself with pro· 
grams in BASIC for personal and smal l business computers. 

If you 're using another coding form now, you' ll rea lly enjoy the improve· 
ments we've designed for you into 78Cl. If you use legal pads or the backs 
of old envelopes to write your BASIC programs, our new form will give you 
a taste of the ease professional programmers enjoy. Our formal coding sheet 
helps keep your thinki ng linear, and makes it easier to remember details 
like spacing and punctuation. 

8 Unique advantages 
1. Gives you 2 form uses for the price of one. When display layout and 

line fo lding points aren't critical, use 78Cl 's ful l 28 line x 80 column grid 
area for regular program sleps. Then for in teract ive or instructional sec tions. 
to plan display layouts simply keep your characters within the appropriate 
CRT indicator lines, and you ' ll automatically know where eve ry character 
will show on your CRT screen. 

2. Gives you 4 extra coding lines on every sheet. Full 28 line x 80 col· 
umn coding capaci ty saves you 14 sheets out of every 100. compared to 
24- lin e forms. 86 sheets ho ld more program steps than 100 sheets of any 
24- line form, yet we offer full -size 6mm x 3mm grid blocks to give you com· 
fortab le writing room and visual space between lines. 

3. Works with your CRT display, no matter what brand you own. Equipped 
for both 16 line x 64 column and 24 line x 80 co lumn display formats, 78CI 
is compatible with your video terminal. 

4. Surface-engineered to lake both pen & pencil without blotching. Spe· 
cial paper base is pure enough fo r critical magnetic ink character readers, 
although you ' ll probably never use ii that way. We use it to give you crisp, 
sharp characters whether you write with pencil or plastic-tip pens. Specific 
pen and pencil suggestions lor best resu lts are inside each package. 

5. Eye-comfortable soft blue grid. All grid rulings, tints, and division 
rules are reprodu ced in a shade of blue easy on your eyes, even aft er hours 
of continuous programming. 

6. Bright white sheet makes your characters easy to read. Heavy 22-
pound br illianl white opaque paper gives your writing contrast, makes it easy 
to read. 

7. 81h x 11 size saves you money ... fits standard binders, folders, & 
files. We designed 78CI to serve pro lessio nal programmers, hobbyists, and 
small business people economically. We engineered it to not on ly save time 
and reduce bugs, but also to fit standard binding and storage supplies. You 
can store it in common 3-ring notebooks, file it in regular "letter size" fil es, 
bind it in standard school-supply report covers. 

8. Your choice of looseleaf style or 50-sheet pads. Both are 3-hole punch· 
ed . Snap looseleaf style she~ts into a 3-r ing binder, begin writing, and auto· 
matical ly you'll keep your whole program together in proper order. Or if 
you pr efer, use our 50-sheet pads and rip off each page as you complete 
it, for later fi ling. The choice is yours. 

Try a pack today 
Ask your local computer store for a package of Stirling/Bekdor f 78CI 

today. If they don' t have ii yel, use the coupon below to get yourse lf a 
trial supply right now. 

r------------------------------, 
YES. Rush me the quantity of 78CI BASIC Coding/CRT Layout Sheets 

I have indicated below: 
LOOSf'lf'ar Pads 

0 100 - 16.05 + Sl.50 shpg O lwo 50·sh l pads 16 35 + SI 50 shpg 
0 5ll0 • 11< 10 + 1185 sh pg O ten 50-shl pads 116 85 + 1185 sh pg 

OEnclosed is my check for$ ___ __ _ 
0Chargeto: D MasterCharge;DVisa Card fi------ - --

Signature ____ _ ______________ _ 

Dealer inquiries welcome 
Name _____________________ _ 

Address _ ___________________ _ 

City-------- State------ Zip ____ _ 

Stirling/Bekdoil , 
I 4407 Porkwood D Son Antonio, TX 78218 o (512) 824-5643 I 

~~-----------------------------J 
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r··················• 
; YOUR : 
: S-lOOBUS I 
: NEEDS ; 
I I 

: FILLED! : 
1 * Main Frames ... Disk Systems 1 
; * Memory Boards * Interface Boards : 

I Credit Cash I 
I Ga.rd Diacount I 

Price Price 
I Dyn.abyte 880na l 6KRAM (aaam.) 
I Dyn.abyte Baked Terminal (aaam.) . 
I Cromamco 880na l 6K RAM Kit .. 

s 520. • 800. I 
s 32e • 318. I 

Cromamco Bytesaver Kit .. .. ... . 
s 464. • 448. I 
$ 136. • 131. 

I Cromamco Z-8 Computer Kit .. .... . s 557 • 838. I 
I Oromemco Z.8D Computer Kit .... . 

I 
DIBAIPOS-80/18Kit ............. . 

$1399. n348. I 
s 731. • 703. I 

DIBAI 8080 Kit with 88-alot M.B . . $ 593. • 870. 
I Dl8AI VI0-0 Kit . ... .. .. . " .. . " .. s 297. • 28a. I 

Trace l 6K Static :RAM 
I (aaam.on3&Kboard.) .... . . ... ... $ 529. 
I Trace 38K Static RAM (aaam.) . . . . . S 883 

I 
• 809. I 
• 849. 

I North star Micro Diak System 
Kit . ..... . .......... . .... . ... .. . . 

I North star MDS second drive Kit .. 
I North star Horison l computer Kit 

North star Horison Second Drive .. 
I North star Horison l (aaa.m.) . ... . 

$ 623. 
$ 395. 
$1497. 
$ 395 
$ 1777. 

I 8" J'loppy Diakettes 

I 
(IBM aoft-aectored.) . . . . . . . . . . . . . $ 6 . 

B" Floppy Diakettea 
I (North star format) .. .. . . ..... . . 
I TDL ZPlJ (aaam.) . .. . . .. .. .... .... . 

TDL D-38 RAK (aaam.) ...... .. ... . 

$ 4.50 
$ 183. 
$ 769. 

• 899. 
• 380. 
Sl439. 
• 380. 
Sl709. 

• 8.80 

• 4 .80 
• 176. 
• 739. 

I TDL Software Pack.84le A 
I (withlBKBABIO) 

For North star Diak . . . . . . . . . . . . . $ 228. S 819. 
I On Paper Tape . . . . . . . . . . .. . . .. . . . $ 186. S l 79. 
I 0n Tarbell oaaaette . . . . . . . . . .. . . . $ iee. s 161. 

I 
Lear Siegler ADM-3A Kit ....... ... write or call for prices 
Seala IJJ.ectronica 8K 280ns RAM 

I caaam.) . . . . . . . . . . . . . . . .. . . . . . . . . . $ 187. s 180. 
I George 1U.ak Mod.el 786.ABO II 

Keyboard (aaam.) . . . . . . . . . . . . . . . $ 71. 
I Metal O&binet for Model 786 . . . . . . . $ 28. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I s 88. I 

• 87. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Shlppl.ng charges: SJO per CPU on larger unJ LB: SL50 per kJt S2.00 min pe r' 
order 
Delivery is stock to 30 days on most It.ems. Shlpment is Lrrune<llat.e for· pay· 
ment by cashier's check. money order o r charge card Allow 3 weeks for 
personal checks to clear NY StaLB residents add approp. sales ta.X Avnr l· 
abUlty. prices and specs may change without notice. 

Write or Call 

~TM 
P.O. Box 71 

Fayetteville, N .Y. 13066 
Phone (316) 637-6208 Today! 

I Operating Hours: 
M-W l 0 -8 E.8 .T . 

I Th-F 10-9 E.S.T . 
Cloned. Sat. & Bun. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~------------------· 
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able opera t ing system support of the lan
guage, no one versed in Pascal wo ul d con
sid er backing up to COBOL. COBOL 's 
principal at trac tion in the bu si ness comput
ing communi ty has been that it is the most 
stand ardi zed of all the widely used lan
guages. COBOL provides fac il it ies fo r storing 
di ssi mila r types of inform ation mingled to
gether in transac ti on records in tended to be 
stored in off line media like disks and 
magnet ic tape. Pascal too has very powe rful 
fac il ities fo r stor ing com plex data records, 
and its fac iliti es for bui ldin g complex pro
grams are far superio r to those of COBO L. 

Rega rd ing the operat ing system su ppo rt, 
we' ll assum e in the rest of th is artic le that 
the use r's Pascal program i develo ped unde r, 
and runs within, th e UCSD (Un ivers ity of 
Califo rn ia at San Diego) Pascal Software 
System (see " UCSD Pasca l: A Mac hine In de
pendent Sys tem," May 1978 BYTE, page 
46). Th is sys tem provides what amou nt to 
language extensi ons to Pascal which fac ili
tate the use of Pascal in writing in te rac tive 
business programs. Some of these exte nsions 
wi ll be menti oned at poin ts in the discussion 
where they are u eel in our example. The 
accep ted infor mal standard for the Pasca l 
language , as descri bed by N ik la us Wi rth in 
his re vi sed report on Pasca l (Pascal User 
Manual and Report , K Jensen and N Winh , 
Spri nger Ver lag, New York/Heide lberg, 
1975) , lacks defi nit ion of several fac il ities 
that are rea lly essen t ia l if the la ngu age is to 
be co nveni ent fo r wri t ing business programs . 
On the other hand, Pascal provides an ex
tremely high leve l from wh ich these facilities 
ca n be added. 

Transaction Records 

In Pa ca l, the progra mmer i req uired to 
declare wha t type of in fo rmation wil l be 
stored under the identifie r of each var iable. 
Readers of BYTE shoul d be familiar with 
the concept o f type as it refers to an integer 
(whole number), rea l (fl oating po int num
ber), or string (of characte rs) item sto r·ed in 
the progra m 's memory. Readers may also be 
fa miliar with the concept of an arny con
taining a coll ec tion of ite ms all of the same 
type. In effect, an array is a comp osite type 
associa ti ng one ide ntifier with a collection 
of many similar data items, ie: al l integers 
or all reals, etc. Pascal all ows one to declare 
one 's own composite type containin g a 
col lection of ite ms of dissi milar types. List
ing 1 gives a conc rete example that migh L 

appl y to the records of the Zyx compa ny. 
In Pascal, any type declarations one 

wishes to make must dppear 111 the main 
program or in <1 block ( ·ubro uti ne) before 
any variable ident ifiers re decl ared fo ll ow
ing the reserved word va r. In the examp le 



,1 bove, r·epresent ing part of a block, the var
i<1b lc identifier inrec i to be used for tempo
rary worki ng storage of a customer record 
read in from an external device uch as disk . 
outrec is to be u ed to co llect severa l data 
items together before wri t ing out to the ex
ternal device. Both variab les arc declared to 
be laid out in memory accordi ng to the type 
declarat ion for customer. In other words, 
th e dccli!l"ation of customer descr ibe the 
var-io us f ields of infonnation that w il l be 
fo und in any r·ecord of that type, whether 
cur-rent ly stored in main memo ry or o n an 
external medi um . 

T he f irs t fiel d w i thin a record of type 
customer is a name consisti ng of up to 30 
characters. The name is of l ype, string, 
wh ich is a UCSD extensi on o f the standard 
Pd sca l co ncept o f a packed array of charac
ter . . Th e type string i re<1lly ju t a predc
cldl'cd reco rd type with in ~ t c1 nd,ird Pascal. In 
,1ddit ion to the pac ked Mray of charac ters, 
th e recor-d also contai ns ,, si ngle by te field 
representi ng the number of characters cur· 
rcnt ly contai n ing useful stri ng information. 
In UCS D Pasca l , a variab le of type string 
with no reference Lo the max imum length 
(l ike the /30/ in the name field) will be 
given .i defau lt maxim um length o f 80 char
ac ter s. Char,c ter·s are ASC II and are sy no ny
mous with the co ncept of 8 bit bytes. 

T he identifier chargesunpaid is an ex
tended pr·ecision integer rep resen ted inter
n<1l ly as a 32 b it bi nary number and l im ited 
to storing numbers with up to eight decimal 
di gits of precision. Associ ated with charges
unpaid is a scale factor or two decimal digits, 
designed to represent doll ,1rs and cen t . Both 
the extended prec is ion co ncept and th e deci-
111 ,1 1 sc,il ing fac to r· are UCSD exte nsions to 
~t .ind ard Pascal inLendecl particularly for 
bu siness u c. Wh ere 11 0 precisio n or sca l ing 
f.tc to r is mentioned in the type por-t ion of 
an integer dec laration (a wi th the f ield 
areacode, prefix and extension), the system 
,issum cs that th e progr.immer w.i n t the 
~ t.1nd ard in teger precision o n the mach ine 
bei ng used . On most mi crocomputer this 
wi ll be 16 bits , equivalent Lo about 4.5 
dccirn,il digi ts. 

telephone is the ide11tificr o f J f iel d 
with in the customer record l.iyout , where 
telephone is i tself zi reco rd co nt ,1 in ing three 
f ields, each of wh ich is <111 integer. Depend· 
ing upo n the purpose one m ight have in 
mind for the data on telep ho ne number, i t 
might be bette r· to rcpre ·en t the telepho ne 
number fie ld as a str·i ng o f ten characte rs. 
We have used th is rcpr·csc rllat ion mo tl y d 

.in i ll ust ra t ion of the langu;igc facili t ies. 
oddres i , lso the identifier of a field 

which is i tself a record conta ini ng three 
f iel ds_ Both telephone <1ncl address arc sa id 
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type customer = 

var 

record 
name: string[30] ; 
ch<Jrgesunpaid: inreger[B: 2] ; 
telephone: 

record 
areacode: integer; 
prefix: integer; 
extension: integer 

end; 
address: 

record 
street: string[40] ; 
citvsrare: string [40] ; 
zip: integer{5] 

end 
end {customer}; 

x,y: real; 
i : integer; 
inrec, outrec: customer; 

Listing 7: User declared composite type declaration in 
Pascal. In Pascal, the programmer is required to declare 
what type of information will be stored under the identifier 
of each variable. Examples of standard predeclared types 
include integer and real. Pascal allows one to declare one's 
own composite type containing a collection of items of 
dissimilar types. In this example, the type "customer " has 
been created, consisting of a record of the variables name, 
chargesunpaid, telephone and address. String is a prede
clared composite type provided by UCSD s Pascal system. 
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to be "nested" inside the record of type 
customer. Pascal would allow us to nest 
record type fie lds within either telephone 
or address i f we wished to do so, and those 
reco1·d fields could in tu rn co ntai n othe r 
records . In th is respect Pascal and COBOL 
are sim ilar, though the Pascal facilities for 
record declarations are ge nerally more flexi
ble. As in COBOL, one can decl are that a 
particular transaction record may be used 
with severa l distinct fie ld layouts, allowing 
a fi le to contain records with several differ
ent formats. 

In Pascal, one refers to a com pl ete reco rd 
by its ident ifier alone. We could t ra nsfer the 
entire content of inrec to outrec using the 
sta tement : 

outrec : = inrec 

No concept similar to COBOL's MOVE 
CO RRESPONDING statement is avail able to 
al low the transfer of simi larly named fields 
between records declared to be laid out 
differently. 

I f we wish to re fer to a sing le fi eld of a 
Pasca l reco rd, it is necessary to name both 
th e record identifier and th e field identi fier. 
Thus we migh t assign a val ue to the name 
field of outrec as follows: 

outrec. name := 'John Q. Publ ic' 
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In the situation of complex record types 
with many nested records, one can often 
simplify the extra writing needed to refer 
to al l the nested record identifiers by using 
the Pascal with statement. 

In te rac tive Input and Output 

Input and output ( 10) is the area of 
gr·cate t importance in business applications 
wh ere the standard Pasca l de fin it ion lacks a 
few essent ial featmes. Standard Pascal input 
and output do provide an ori entation sim i
lar to some impl ementat ions of COBOL in 
that a fi le (an 10 device) has an associated 
buffer· var iable of the same type as that of 
the fil e itse lf. In the next ection we' ll 
consider files assoc iated with record types . 

Published d iscuss ions of input and output 
in Standard Pascal are genera lly lim ited to 
handling files of type char, meaning that 
in put and outp ut are assumed to consist of 
a str·eam of characters. Th e standard identi
fier text is a convenient way to declare a 
file identifier as in: 

fid: text,· 

which is eq ui va lent to: 

fid: file of char,-

The standard Pascal read and write state-

ment provide automatic formatting of 
externa l character strings represen ting inte
ger or floating point num bers in to and fro m 
their corresponding internal integer and real 
representations. 

Wh ile the concept of type text is useful 
when work ing with magnetic tape devices or 
with card inp ut and li ne pri nter 0L1tput, it 
has proven diff icult to use with interact ive 
dev ices. The UCS D Pascal system is ex
tended fo r this purpose. The pr inci pal prob
lem with type text for interactive files is the 
standa rd Pasca l definitio n of the read state
ment. read(fid,x) is eq uiva len t to: 

x: fid t ; 
get (fid} 

in which the con tent of the buffer va riable 
is first assigned to the variable x, fol lowing 
which a new charac ter is loaded into the 
file 's buffer variab le from the external de
vice. This is inconvenient when one wo uld 
like to place a prompti ng message on a video 
d isplay screen, usi ng a simp le write state
ment, fo ll owing which the program should 
wait fo r input demanded by a read state
ment. The standard mechan ism impl ies that 
the sy tern looks ahead for a charac ter to be 
loaded into the buffer variable. This is a 
great idea for tape files, but not at al l con
ven ien t for interac tive devices. UCSD Pasca l 
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extends this concept by assoc1a t1ng type 
interactive with interac tive device . Type 
interacth1e i· the same as type text except 
that the buffer variable is loaded from th e 
extern al devi ce before t he va lue in the buffe r 
va ria bl e is moved to the program va riab le. 
In more explici t terms: 

var fid: interac tive; 

get(fid); 
x: = fid t 

where the las1 two li nes rep rescn tread(fid,x). 
UCSD Pasca l extend the ide.i or l ype 

text and interac ti11e by ;illowi ng a ~ tr i ng 

to be hand led with minimum fu>>. On 
read(fid,strg) (or just read(strg), when re· 
ferri ng to the stc1nd ard sys tem fi le input}, 
one types chctracters a t a video displ.iy key
board with each charac ter appea ring im· 
mediately on th e screen. If a characte r is 
mistyped it can be erased from the sc ree n 
and the inp ut buffe r by pressing the back· 
pace key . Ir o ne w<1 nts Lo erase the ent ire 

inp ut buffer for a clea n start (wi th all typ ed 
charac ters wiped o ff th e screen). one presses 
the delete 01 rubout key. The re<1d operation 
is term inc1 tcd when return i pres ed, where
upon o ne can determine the number of 

characters actually input into the var iable 
strg by usi ng the built-in string function 
length{strg). On output, the write statement 
determi nes how m ny character to send 
from a stri ng vari able using the length field 
a sociated with that vari ab le. For· example, 

write(' Hello Th ere'}; 

and 

strg :=' Hell o There '; 

write(strg); 

wou ld bo th prnduce the same 2 word mes
>age o n the output device. As in Standard 
Pc1scal, the width of the fie ld of char-acters 
sent from the write statement ca n be co n
trolled as follows: 

write(strg: width) 

Disk Inpu t and Output 

One of the main reasons for usi ng a disk 
fi le is to allow rapid random access to any 
selec ted reco rd in the file . Access to a floppy 
disk record takes roughly 0.25 seco nds, 
whereas acce to a record o n a tape cassette 
o r· ca rtr idge can take many eco nds or more 

MICROCOMPUTER 
DIGITAL ELECTRONICS 
SHORT COURSE \/\/EEK 

Trenton State 
College 

Aug. 21-25, 1978 

Assembly Language Programming and Interfacing for the 8080, 8085, 
and the 280 Microprocessor /$350 

Instructor: Dr. Allen Katz, Chairperson of the Engineering Technology Department of 
Trenton State College 

Programming in Basic for the Microcomputer Owner /$300 

Instructor: Dr. Edward Conjura, Associate Chairperson of the Mathematical Sciences 
Department of Trenton State College 

Microcomputer Digital Logic Circuits /$300 

Instructor: Dr . Alois Ri edere r, Coordi nator of the Electronics Engineering 
Technology Program at Trenton State College 

College credit can be arranged. On-campus housing and meals are 
available. For information, contact: Division of Conti nuing and 
Adult Education, Trenton State Coll ege, Hillwood Lakes, P.O. 
Box 940, Trenton, New Jersey 08626. 

Telephone: (609)-771·2255 

128 Aujilu51 1978 © BYTE Public.it ion:s Inc Circle 379 on inquiry card. 



than a minute. In teractive busi ness process
ing usual ly requires files to be maintained 
on an ex ternal med ium like disk or tape be
cause the mai n memory of a microco mputer 
or min icomputer is usually not large enough 
to co ntai n a com pl ete file at one tim e. Ran
dom access is almost mand atory in most 
cases to avoid long waiti ng t imes fo r the 
peop le using the computer . 

For exam pl e, the Zyx company migh t 
h;i ve a database of customer records in a file 
fcust declared as fo l lows: 

fcust: file of customer; 

within the var iab le declar<i t ions of a Pasca l 
program. When a customer arrive to ask for 
information, a Zyx staff member wants im
mediate access to th e record associa ted w it h 
th at custo mer in the di sk f ile. Standard 
Pasca l prov ides no way to reach the cus
tomer's reco rd w ithout sequen tially reading 
many other records: usual ly starti ng at the 
begin ning of the f ile. UCSD Pasca l al lows 
one to pos ition the record number poi nter 
of the fi le using the bu il t- in see k statement , 
for example: 

seek(fcust, recnumber) 

Following execution of this statement, the 
standard procedure ca ll get(fcust) would load 

the se lected reco r·d numbered recnumber 
in to the buffer var-iab le of the fcust file . 
Con tents of the buffer co uld then be altered 
di rect ly or moved to other va r iab les in the 
program. get causes the reco rd number 
po in ter assoc iated w ith the fi le to be ad
v, need to the next record in sequence. If 
you want to cha nge the con tents of the 
bu ffer var iable and then retu rn the changed 
con tents to the disk record numbered 
recnumber using pul(fcust), you would f irst 
have to ca ll see!? agai n. Th e get and put pro
cedu res of Standard Pasca l are designed w ith 
seque nti al tape fi les in mind, and they ca n 
also be used for· seq uenti , I reading of disk 
fi les. Use of the see!? procedure as described 
al lows r·andom access to di sk fi les wi th min i
mum alte rati on oJ the standa rd language. 

Several aspec ts o f di sk fi le handling are 
ve ry importan t for simplifyi ng the task of 
the business app lica ti on programmer, though 
not spec ifi ed as part of the Pasca l language. 
For exampl e, standard floppy disk media are 
usually part it ioned into sectors of 128 bytes 
each. In some operat ing systems, such as the 
Digital Equipment RT"I 1 operating system, 
a file is made to appear as part i tioned into 
physica l record s of S-12 by tes cal led blocks 
( UCSD Pascal syste m uses th is convenrio n). 
Typica l I y, the reco rd layout a programmer 
wants to use {such as customer in our ex -
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ample} does not result in a neat fit with the 
sector or block size demanded by the oper
ating system. Th is means that a logica l rec
ord associated with a record type declaration 
in Pascal may occas ion all y be spl it between 
two phys ica l records on the disk. The oper
at ing system should allow the Pasca l pro
grammer to get a record from the disk or 
put a record lo the disk without concern fo r 
th is compl ication. The system should main
tain a directory of disk files so that the pro
grammer need not be concerned with the 
actual loca ti on of a fi le on the disk, but only 
with the number of a logical record co unt ing 
from the beginn ing of the file. 

The programmer of a business applica
tions program package needs to have a 
simple way to cause a program to cal l for 
changes in the library of dis k fi les ma in
tained by the program . For example, an 
obsolete copy of a master file might be re
moved from the directory, or its directory 
name changed. The UCSD Pascal system pro
vides these and other facilities to make disk 
file handl ing as pai nless as poss ible on a 
small machine. 

Keeping Track of Categories of Data 

One of the common problems in business 
programm ing is identifying people or things 
with certain groupings or categories in order 
to simpl ify the hand ling of da ta on those 
people or things. For example, the Zyx co m
pany might want to characterize some cus
tomers as primar ily oriented to gizmos made 

type 

var 

manuf =(able, baker, charlie, davis, edwards, jones, smith, none); 
cusromer = 

record 
name: string[30}: 
chargesunpaid: in teger[B: 2} ; 
equipment: set of manuf: 
telephone: 

record 
areacode: integer; 
prefix : integer: 
extension: integer 

end; 
address: 

record 
street: string[40} ; 
citystate: string[40}: 
zip: integer{5} 

end 
end {customer}: 

x,v: real; 
i: integer; 
supplier: manuf; 
inrec, outrec: customer: 

Listing 2: An expansion of the Pascal code in listing 7 illustrating the use of 
sets. The type manuf has been added, which can be associated with a variable 
allowed to assume only the values enumerated in the declaration. For ex
ample, the new variable supplier, of type manuf, may take on the value of 
any o f the items in the manuf list such as able or davis, but no others outside 
the type. 
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by certain manufacturers, such as the Able, 
Baker, Charlie , Davis, Edwards, Jones and 
Smith companies. Within the produc t lines 
of th ese companies, Zyx might also want to 

have ready access to a record showing which 
selection of all the possib le gizmo modules 
a custome1· might have. Th us, when a cus
tomer makes an inquiry o r a manufacturer 
brings out a new type of module, Zyx staff 
members could reduce the effort in knowing 
how to deal with the customer. For ex
am ple , a printed promotional brochure 
might be sent only to the customers asso
ciated with an ap propriate combination of 
categories. 

In virtually any programm ing la nguage, 
this prob lem can genera lly be solved by stor
ing desc ripti ve strings as additional fields of 
the customer record. However, the strings 
can take up far more space than one would 
li ke (particularly on a minifloppy disk!}, and 
they are awkward to use when you are sim
ply searching through a file for records cor
responding to a particular combination of 
categories. For example, we might want to 
search the file to identify all customers who 
own gizmos made by the Ab le , Jones and 
Smith companies who also have a particular 
type of add-on module . (If you are havi ng 
trouble relat ing to gizmos, how about 5-100 
bus microcomputers with a minimum of 
16 K bytes of memory ?) 

To solve the space problems in storing 
categories informatio n, a standard techn ique 
in traditional programm ing languages in
vo lves deciding on a set of codes to represent 
the various categories. In our simp le exam
ple enumerating the gizmo manufacturers, 
we might store a single letter representing 
each manufacturer, such as A for Able, B for 
Baker, and so on. But how do we store th e 
inform atio n that a particular customer is 
associated with two or more of these codes? 
Without a complex index ing mechan ism, a 
random acce s disk fil e virtually requires 
that all logica l records be of th e same size. 
Do we provide an array for storing these 
codes? How long does the array need to be 
to acco unt for all possi ble combinations of 
codes fo r our customers? Are we willing to 
put up with inaccurate data on a few cus
tomer in order to save large amount of file 
space for the grea t majority of customers? 
How do we write a sea rch program to go 
through the file quickly to find all the cus
tomers associated with a specific comb ina
tion of categories? The reader might well 
pause at th is poi nt to consider how to ac
co mp lish these tasks with his or her favorite 
progra mming language. 

The Pasca l facil ities for handling sets are 
designed to make program solutions for 
problems Ii ke these as pai nless as possib le. 



For exampl e, we might expand the decl ara
tio ns given ear lier as shown in listi ng 2. 

We have added the decla ratio n of a new 
type manuf which can be associated with a 
variable al lowed to assu me only the values 
enumerated in the declarat ion. Fo r examp le, 
the new variab le supplier is al lowed to be 
assigned the va lu e able, or Jones, from th e 
lis t of enumerated ident ifiers. 

Also declared as a new field o f the 
customer record type is equipment, a set of 
members selec ted fro m the type manu f. 
If a custo mer of Zyx owned gizmos made 
by Baker, Edward and Sm ith companies, 
the fo llowing assig nment stateme nt might 
appear in a si mp le program: 

outrec. equip := f baker, edwards, smith f 
where th e quantit y in brac kets o n the right 
ide is a se t constant sta ting that items are 

present fro m th e three manufac turers no ted . 
For an interactive business file ma intenance 
progra m, the record of a new customer 
showing no associa tion with a manu fact urer 
would most like ly be ini tia lized usi ng an 
empty se t constant : 

ou tree. equip := f / 
Then, when the customer acqu ired his or her 
fi rst gizmo, we might fi nd a statement such 
as: 

outrec.equip := outrec.equip + / edwards / 

which would fo rm the un io n of the old value 
of the equip se t with a new se t constant 
value . In o ther words, equip wou ld now 
have a notation indicat ing the presence of 
edwards in add it io n to what was prev iously 
noted in equip . We could conti nue adding 
no tations of othe r gizmo acquisit ions when 
appropriate. In fact th i process is like ly to 
assign a va lue Lo a si mple variab le o f the set 
type assoc iated with manuf; then that var i
able would be used elsewhere in the program 
to augment the noted membership of equip. 

Pasca l' facili t ies for hand ling sets are 
advantageous in many way . A set is gener
al ly stored in memory as an array of binary 
bi ts wh ic h are made accessible in a special 
way. In UCSD Pasca l, a set is stored as a 
Lring of bytes, each byte containing up to 

8 bits to ind ica te whether a correspo nd ing 
val ue is present in the set. Only the number 
of bytes needed to hold the declared number 
of se t members need be stored. If, as is 
usual, one needs severa l dozen members in 
a set fo r· a business applica t io n, the space 
occu pied is very litt le more than the m ini 
mum needed . UCSD Pasca l al lows a se t to 
have as many as 4080 members. 

Once the val ue of a se t fi eld o f a record 
has been assigned, it is r-eadi ly poss ib le to 
te t whether a cu tomer reco rd is associa ted 

with a desired combination of members. For 
example, to dete rm ine whether a customer 
is noted as owning gizmos made by Baker , 
Edwards or Jones com pan ie , we cou Id use 
an if tatement such as : 

if (outrec. equip * f balwr,edwards,jones / ) <> f / 
then 

begin . . . end; 

Here the expression wi th in parentheses 
(o n th e left of "<>") iso lates the members 
of equip fall ing in the group Baker, Edward s 
and Jones. T he pa rent hesized ex pressio n is 
said to be the inte rsec t ion of the val ue in the 
equip field in outrec and the se t co nstant 
within quare brackets . Th e co mpariso n ind i
cated by <> then asks whether the result of 
the intersection o peration has left any mem
bers by ask ing whether the resu lt is an emp
ty se t. I f not, the n at leas t one of the three 
member·s must be present , and the com 
pound st<1 tement (b egin ... end) fo llowing 
then is exec uted. 

The alternative Lo th i tes t for se t mem 
bersh ip wou ld usually be a complex se
qL1ence of IF tes ts in the tr·aditional lan
guages. Th e set co mbining and testing 
operations ca n be implemented effic ien tly 
by the Pasca I system. Thu s they al lo w a 
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The U CSD Pascal sys · 
tem was descri bed in th e 
May 1978 B Y TE , page 46 . 
In terested readers can re· 
ce i ve a copy o f t he soft 
ware fo r a $200 subscri p 
t ion fee, w h ich includes 
the software manual. Th e 
manua l alone is avai lab le 
for $ 15 postpa id . Order 
from : Inst i t u te fo r Infor
mati on Systems, UCSD , 
mai lcode C-0 21, La Jol la 
CA 9 2093 , (7 14) 452-
4256 . Checks shoul d be 
m ade pay able to the 
Regen ts of t he Un ivers i ty 
of Cal i f orn ia. 

Manufacturers Known to 
Carry UCSD Pascal at Press 
Time 

Terak Corpora t ion 
144 25 N Sco ttsdale Rd 
Suite 100 
Scot tsdale AZ 8 5260 

Northwest M ic ro Systems 
121 E Eleven th A v 
Euge ne OR 974 01 

A ltos Com pu ter Sys t ems 
23 788 Walsh Av 
Santa Clara CA 950 50 

Prices on al I t hese sys
tems are in t he $5000 t o 
$8000 ra nge fo r the to tal 
pac kage pu rchased new by 
indi vidual s at retai l. Fo r 
t h is one ge ts a high level 
language system for per
sonal use which is o f ten 
ta r superi or to the ru n -o f 
the-mi ll tradi t i onal t ime· 
shared min icom puter or 
maxicomputer . Rumo r 
{but no con f irm ation y et) 
has i t tha t UCSD Pascal 
w i l l sho rtly be available 
o n the Hea th ki t H-11 and 
other h igh end personal 
computi ng system s. 
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program to be written 11101·e si mply .md 
occupy les sp<1ce . They also make Lh e oper
at io ns undertake n by the prng ram more 
obvious Lo anyo ne versed in Pasca l, th us 
maki ng a co mp lex program more easily 
mai nLai nable and bug fr ee. 

Th ere 's a Lot More 

It is not possible to presc n 1 .i <.:o mp1·chcn
sive vi ew o f how one uses a lr1 nguage fo 1· 
co mpl ex business progra mmi ng within a 
short art icle . For examp le, we have no l de
scribed the use of Pa ca l submnge var iab les, 
wh ich allow a programme1· Lo stole tha t a 
va ri abl e is perm itt ed to co nl ai n only ce rt ai n 
dec lared va lues. If an il tlemp l is made to 

assign to th e variable a value OLll >icl c the d e
cla red range, the program either termi nates 
abno rmally o r (i f Pascal is cx lcnd cd in d 

simple w.iy) Lhe progra mm er 1m1y provide,, 
recove1y bloc!? in whic h co riective measure 
may be take n. Data val ida t io n is o ne of the 
most commo n prob lems in bL1 iness dt1 ta 
process ing. At UCSD , we fee l that Lhe add i
t io n of a si mple recovery block mechanism 
is essenti al to all ow rcclL1 ctio n in prog1·a m 
complexi ty fo r hand ling th e m;111 y excep
tio nal circum . L<1n ces that show up in busi
ness data, wi tho ut LJ nneccss.iry inte rrupti o n 
of processi ng. 

A Note on Pasca l Ex tensions 

Though Pasca l docs seem Lo require a fe w 
ex tensions Lo make bu iness <1 ppl ic;:itio n pro
gra mm ing u·ul y practic,11, the l,111guagc pro 
vides an ex tremel y powerful base fro m 
which LO work. One o f th e sll'engths of 
Pasca l, acco rd ing Lo Lhe in tentions of its 
desig ner, is Lhdl it offe rs all thi s power in a 
remarkably si mple and .elf-con:.iste nL for m. 
The neces>,t ry ex lensiom c.111 he made i 11 
ways th;i t ge nera lly reta in this consistency 
so a to be 1·cl.1tively obvin u> lo Jhe program
mer. We feel Lhd t Pasca l is by L1r the bc~ t 

l,111guagc avai ldh le fo r <1d;1pt,1L io 11 to i11 1e 1-
<1c tive busi nes'> process ing on sm<1l l 111;1c hi11 es. 
We woul d be h.1p py Lo send furt her inform a
t io n about how we use the l,1 ngu;ige fo r 
busi nes 01· rc, tl t ime appli ca Lion '> LO ,111yo nc 
who \vr i Les to us. 

The que tions of whet her standard 
Pasca l shoul d be cx tcn cl ccl , and how, are 
curre ntly being deba ted in lcnse ly in th e 
internat ional Pa ca l Use1·s Group. Eac h 
special inte res t commun ity or Pa cal user 
has its own lis L of ex tensions considered 
essent ial to make the language .1 prac tica l 
LOOI fOI' deve lopi ng softwai-e prnducts in th a t 
commu nit y. Even the ques1ion of what 
ex tensions ;ire esse ntial is being deba ted, 
since it is poss ibl e Lo use th e ft1cil i tics of Lh e 

standard Pasca l language to crea te a libr·ary 
of routines lo handl e the use r 's spec ial 
problems in mos t cases. In ge neral, an imple
mentor shou ld consider extendin g the 
language onl y in cases where the result will 
be simpl er ;i ncl more relia ble or ef fici ent 
programs. 

Th is arti cle discusses ex tensions th at the 
au1h or feels arc essentia l fo r business app li 
cations. Other comm unities wi th ve ry strong 
inLeres ts in Pasca l work wi1h rea l Lim e appli
ca ti ons, deve lopment of system software 
uch as operaLing systems and compile1·s, 

in teractive sys tems such as comp ute1· assis ted 
in sLru ction, sci en ti fie compu ta Lions, and so 
on. Of course these comm un itic do ove rl ap 
subs tantially. If the essen tial ex tensions 
needed by ;i ll these communi ti es we1·e added 
Lo Lhe standard Pasca l langu, ge, the simpli 
city and self-co nsi te ncy th at ma ke the 
language so important would pro bably be 
destroyed. Thc rcfme, it is ve ry un like ly that 
an eventual form al standa rd fo r the Pasca l 
l;mguage wil l include any bu t the mo t 
widely needed cx Lension curren tly unde r 
discus ion. 

This si tuJLion leaves many Pascal advo
cates very much worried that there wil l be 
no effect ive standards for the extended 
language fea tures nee ded by the specia l 
in1e1·est co111mun1 ues. There hos been 
di scussion within the Pascal Use rs Grou p 
about th e poss ib il ity o f encou ragin g deve lop
me nt o f common inte res t superse ts of the 
language fo r special ized uses . Ideally . lan
guage standardizat ion is o process wh ic h 
shoul d proceed slowly giving a tLcnLion Lo 
1he ideas of all ex pert who wi h to be 
heard . In practi ce, the use of Pasca l is 
grnwing so fast thro ughout the computer 
indu try that close coordi nation of the 
ex te nsions made by many im plementors 
has become vi rtu ally imposs ible. We al 
UCSD have se t omselves th e limi ted goa l 
of see king coordina t ion and coope1·a tio11 
on Pascal extensions for sys tem program
ming (inc luding those for bu incss and rea l 
tim e ap plica tions) among a num ber of 
indus tri al firms that seem mos t active in use 
of the language, part icularly as rega rd smal l 
compu ters. For re;isons assoc ia ted with Lhci1· 
own pro prietary interests , these firms wi ll 
gene rally be able to cooperate on onl y some 
of the mos t widely used language ex tensions 
within thei r · peci,tl interes t commu nities . A 
Pascal la nguage ex tensions worksho p was 
held at UCSD in Ju ly of 1hi s year primarily 
to help bring about this coord ination. We 
in ten d Lo continue working as close ly as 
poss ible wiLh th e in terna tional Pasca l Users 
Group , and to take guidance fr om the PUG 
le;i dership on ex tension issues wheneve r 
pr;icLical. • 
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stroking of programs or object code for 
programs. The trad iti ona l manu al and job 
shop meth ods of production of copies of 
software for distribution are no t appropriate 
wh en we think of a mass market of 10,000 
Lo 100,000 copies {or more?) o f a progra m· 
distributed vi a retailers and mail order 
houses with a re tai l pri ce of {for example) 
$9 .95. 

The Software Distribution Model 

Given an ident ifi ab le se t of computers 
with suffi cien tly si mila r charac teristics, soft
ware can be marketed and dist ributed to 
mu I tip le users. 

The "sufficiently similar" character is t ics 
which make a progr·am marketable to mul
tiple users include the fo rma l representation 
of th e oftware, and the machine readable 
medium in which the software is del ivered. 
The machine readable re presen tation of a 
program product is always accompanied on 
delive ry by ex tens ive printed doc umentation. 
At a minimum this documentation describes 
how to use the product ; in the optimal case 
it includ es details of the actua l algor ithms 
empl oyed. To summarize , the key points of 
a delivered product are: 

• Formal representation. 
• Machine readable med ium . 
• Documentation. 

I 'II be making evaluat ions and commen ts 
lar-gely on the subject of formal representa
tion from the po int of view of the new mass 
market for software wh ich is develop ing in 
the personal computing fi el d. 

Forma l Representation 

The fo rmal representatio n of programs to 
be d is tri buted by a software ve ndor is one of 
th e key choices which ha s to be made. At 
one extreme, th e vendor could provid e 
extremely machine dependent an d configu
ration depe ndent low level code for a 
pdrticular com puter system product . At the 
o ther ex treme, th e vendor of software might 
prov id e a large ly machine independent 
formal represe ntation in a high level language 
shared by a number of compu te rs . At an 
inte rm edia te point between these ex tremes, 
especial ly in an era of mass production of a 
small number of processor arch itectures as 
microcomputer systems, we find the possi
b i I ity of delivering configuration independ ent 
but machine dependent relocatab le repre
sentations of low level code for a particul ar 
microprocessor instruct ion set. 

For that class of software products 
supplied by the original man ufact urer of a 

particu la r computer system, there is no 
problem providing compati ble software at 
whatever leve l of representatio n is chosen . 
The manu factu rer of a system after all 
controls the detai I choices with respect to 
processor hard ware, syste m confi guration 
and systems software. Since all the details 
are decided by the part icular design, it is 
even prac tical to marke t software in the 
for m of a memory image at th e lowest 
level (possib ly in read o nl y memory parts). 
Since the cho ice of processor is well defined, 
the manu fact urer can also provide modul es 
of software represented as relocatable 
machine code, along with a suitable loader 
progra m which is par t of his systems soft
ware. Sin ce the detailed choice of high level 
language processors is well defined, the 
manufacturer can also provid e applications 
and sys tems prngrams rep resented in his or 
her high leve l language. The manufac turer 
of comp uter systems products a t most must 
deal with a smal I intege r number of pro
cessors and high level languages. 

We find thi s model of software del ivery 
by the manufacturer of a system throughout 
the computer indus try to date. Every main
frame and min icomputer comes with low 
level represen tations of systems softwar·e and 
(eventual ly, if not at introduction ) with user 
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Tremendous Savings 
on Refurbished AJ 
Couplers/Modems 
Your chance to buy the best from the world leader in 
data communication . We have a variety of couplers 
and modems-formerly on lease to our customers 
- fully refurbished at our factory. This is a rare 
opportunity for you to have the same models used 
by the largest companies in the world. 

• Some models under $100! 
• Direct from AJ factory 
• 30-day parts/ labor warranty 
• Nationwide AJ service network 
• Fast delivery 
• Variety of models - up to 1200 baud 
• Lim ited quantities 
Act now. First come, first served. Write Anderson 
Jacobson, Inc ., 521 Charcot Ave., San Jose, 
CA 95131. 

OR CALL (408) 263-8520 

l':IANDERSON 
~JACOBSON 
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ADM·3A $ !§§00
' ! 

IN KIT FORM and Handllng I 
• 80 CHARACTERS/LINE • 75·1 9,200 BAUD I 
• 24 LINES/SCREEN • FULL & HALF DUPLEX 
• ADDRESSABLE CURSUR • ODD/EVEN/NO PAR ITY I 
• 9, 10, or 11 BIT WORDS • RS232 INTERFACE OR I 

20 ma CURRENT LOOP I 
CET COMPLETE DETAILS WITH A DIRECT CALL: 

~VA c~prt;;1n~:;,~ ! 
equipment brokers I 

\ 930 N. BELTLINE • IRVING, TEXAS 75061 I 
, _______________ , 

LSl-11 TIME 

It's TIME you brought your LSI · 11 up to DATE. TIME and 
DATE, two important parameters In the computer world, are 
available to your LSl-11 on one DUAL SIZE BOARD. When 
requested , the TCU-50D will present you with the date (month 
and day), time (hour and m inutes), and seconds. Turn your 
computer off and forget about the time - your battery sup
ported TCU-50D won 't, not for 3 months anyway . The correct 
date and time will be there w hen you power up . 

The TCU-50D is shipped preset to your local time, but can be set 
to any time you want by a simple software routine . 

AT $295 
YOU CAN'T AFFORD TO IGNORE TIME 

Time is only one way we can help you upgrade your LSI- I I or 
PDP-11 system . W e'd also like to tell you about the others. So 
contact Digital Pathways if you're Into -1 l's. We are too. 

DIGIT fll PATHWAY~ INC 
4151 Middlefield Road • Pa lo Al10 . 

Cal iforn ia 94306 • Telephone (415) 493-5544 
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libra ries of high level and low level p rograms 
applicable with the particu lar systems. At 
the lowest end of the perso nal compute r 
spectrum of fu nctions we fi nd a similar case: 
the major programmable calculator manu
facturers with their independe nt incompat
ible systems provide users with libraries of 
magnetic cards or read only memories 
expressed in a form consistent with the 
part icu lar mach ines . 

But a characteristic of ma nufacturers of 
computers is already evident again in the 
personal computer world, just as it previously 
ex isted in the world of minicomputers and 
larger computers: wha tever the resources of 
the manufacturer, there is no way it can 
cover all the myriad applications possible for 
its compu ter. To draw an analogy from 
music, we hard ly expect a piano or organ 
company to supply sheet music {"software") 
with the mus ical instrument wh ich is suit
ab le fo r every user 's tastes. The mus ic "user" 
purchases scores accordi ng to personal likes . 
A personal computer provides an analogous 
opportunity to exercise tastes in software 
character ist ics . Even for the traditional high 
priced computer, customi zatio n through 
software is for the most part inde pendent of 
the manu fac turer once the basic operating 
sys tem and software tools have been defined . 

In soft ware, the past has seen a la rge 
numb er of custom software vendors grow 
large in the niches of large scale computing 
and minicomputer tech nology. As the 
number of people us ing personal computer 
sys tems increases due to the low price of 
these systems, independent software pub
li shing seems to be one of the most promising 
ways to ass ure a weal th of options to the 
user, provided that the d iffi culties of the N
represe ntat ion problem can be overcome . 

The N-Representat ion Problem 

For the mome nt, let 's ignore all reference 
to the pro blem of machi ne readable data 
compatib ility and simply look at the user's 
po int of view with res pect to software. The 
use r has purchased computer X for use in 
personal or professional contex ts. When he 
or she has made the commitment to the sys
tem, our user can in general expect to be 
able to conveniently load programs created 
on o ther X systems from the same manu
fac turer. But what if he or she wa nts to load 
a program created by a neighbor on com 
puter Y from another manu fact urer? Or if 
the user wants to load a program from an 
independent so ftware vendor? The variety of 
representations available in the traditional 
world of computers as we ll as the personal 
computer world is large - even withi n the 
framework of nom ina ll y mach ine indepen
dent high level languages. 

Co nfi ning oursel ves just to machine 



dependent microcomputer assemb ly lan
guages, the re is a wid e cho ice of arc hi tec
tures. At prese nt we find the 8080, Z-80, 
6502 and 6800 domi nate personal compute r 
architectures. Over the nex t two to th ree 
years we wi ll find added to this li st the 
9900, 8086, Z-8000 and 6809. If the user of 
a per·sonal computer sees a neat applicatio n 
system which only comes re presented in 
8080 code when he has a 6800, that user 
is effectively unable to run it without a 
recoding effo rt. (Bu t even confini ng our
selves to assemb ly languages of the same 
machine design, there is ofte n incompati
bility. One vendor of Z-80 software prov ided 
an assembler using a hybrid extension of 
8080 mnemonics, while others use Zilog 
Z-80 mnemonics . So the same processor has 
at least two low level languages avai lable.) 

Turn ing to high leve l languages, the 
machine ind ependence of software becomes 
much greater. But cu rrent practices in the 
personal computing ind ustry are far from 
machine independent. There is a de facto 
standard BAS IC interpreter in existence, 
availab le on most 6502 and 8080 or Z-80 
systems. This standard high level language 
is that defined by the Microsoft company. 
Extensions and changes of detail accompany 
each imp le mentat ion, especially when a 
given computer has spec ial ized graphics 
capabilities not ava ilable on all the othe r 
computers. With the Microsoft design, the 
major portions of an extended BAS IC are 
identical over a large se t of machines . 

But Microsoft BASIC is not the only 
inter·preter in existence. A very prominent 
BASIC in terms of the num ber of users 
em ployi ng it as represented in the unso lic ited 
ar ticles rece ived at BYTE is the North Star 
BASIC in terpreter. This interpreter is widely 
used on 8080 and Z-80 systems beca use of 
the wide availability of the small floppy disk 
systems manufactured by that firm: buying 
a North Star disk peripheral for an S-100 bus 
system gets th e user a limited ope rating sys
tem and the North Star BASIC. The North 
Sta r BAS IC in terpreter and the Microsoft 
interpr·e ter are inconsistent in a number of 
fundamenta l ways in areas of str ing handl ing 
and array d imensions. And these are but the 
two most prominent inter preters as seen 
fro m my point of view as ed itor of BYTE. I 
could almost comment tha t manufacturers 
lake any random form ul ation of a language 
vague ly resembl ing BASIC as originally 
impl emented at Dartmouth, and call it 
BAS IC for marketing reasons. (The tempta
tion to add or de lete "features" in a language 
is of course not confi ned to BAS IC alone .) 

From the poin t of view of a software 
publisher, the economies of sca le obtainable 
from a mass market wi ll only be obta ined if 
we use a common rep resentation fo r applica-
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systems, inc. 

Boards ®® Something 
If your system needs to know 
what time it is, our Cl.2400 is 
the board for you. The present 
time in hours, minutes, and sec· 
onds is always available for input, 
and is contin uously updated by 
the highly accurate 60 Hz power 
line frequency. Need periodic in· 
terrups? The CL2400 can do 
that, too, at any of 6 rates. Reference manual with BASIC and 
assembly language software examples Included. 

PC3200 

If your system needs on/off con• 
trol of lights, motors, appli· 
ances, etc., our PC3200 System 
components are for you. Con· 
trol boards allow one 1/0 port to 
control 32 (PC3232) or 16 
(PC3216) external Power Con· 
trol Units, such as the PC3202 
which controls 1/W VAC loads to 
400 Watts. Optically lsolated,low 
voltage, current-limited control 
lines are standard in this growing 
product line. 

Power Control System 
PCJ232 $299/Kll $360/ A.ssm. 
PCJ216 $189/Kll $240/A.ssm. 
PC3203 $39.50/Kl! $ 52/A.ssm. 

P.O. Box 516 
La Canada, CA 91011 

(213) 790-7957 
(formerly comptek) 

~a-c-iW:. 8~'115 

)DIGITAL} .IL 
8K STATIC RAM 

ASSEMBLED 

RELIABILITY 
QUALITY 
DEPENDABILITY 

ON·BOARO SWllCH WAn. PROTl;CTSN~T'ECTS AU 8K 
on EACH 4K 04.0CK CAN ee PROTECTED VIA FRONT PAHB.. 

AU 5 •100 DUS LINES ARE FUUY DUFFERED 
ONE LS·nt. lOo\O PER UNE 

2 ll0'2 RAMS • THE l!KRS TYPICAU Y REOUlRES 1.5 AMPS 
AT B VOl.TS · "' QN.90.t.AO ~ VOlT RE~TOOS 

0, l . 00 2 W"'1 STATES MAY BE SELECTED 
\l'l" A PLUGGA£1.E .A.JMPER 

THE OOARO IS GlASS EPOXY WfTH SIU< SCREEN LEGEND, 

S-100 

ADDRESSING 
PROTECT 
BUFFERING 
LOW POWER 
WAI T STATES 
QUALITY 
GUARANTEE 
DELIVERY 
PHANTOM 
TESTING 

AJU. SOt.OER t.'-'SKS ON BOTH SU.S. fl.OW SOlDUllNG. GOU> CONTACTS 

SPECIAL 
(7 14 ) 992 · 5540 

IF NOT SATISFIED R8\JRN Tt~E LNOAMAG.EO 8KAS WITKN 
10 OAVS FOR F\Jll REFUNO · ALSO 90 DAY l lMrTED WA.Aru.NTY 

SlOCK tO lO DAYS · CAU. ~<t 8.30 I.NO 600 TO RESER\IE 
YOUR' 8l<RS QA FOO MORE llNFQf1MATION 

COMP\.ETE "fESTVfG NOT ON\.. y Of Ail MEMORY crus BJT ALSO 
OF AU. SUPPC:>A'T CIAC\.ITRY ANO OPTlOHS 

INTROOUC TORY 
PRICE 
ASSEMBLED / TEST EC 

450 ns 250 n1 

$ 149~ $189~ 
CALIFORNIA RESIDENTS AOD G~ TAX 

2555 E. CHAPMAN AVE . 
SUITE 604 
FU LL ERTON, CA 92631 
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tions and systems programs which can be 
correctly executed by any low level architec
ture avai lable in the marketpl ace. With a 
large number of mutual ly incompatible soft
ware systems, th is is not the case. It is my 
contention that the N-re presentation prob
lem can be so lved once by use of appropr iate 
intermediate language representat ion and 
efficient in terprete rs for part icular micro
processors. Then the key part of an applica
tion or systems progra m product is the high 
level language documen tation, the equivalent 
lower leve l intermed iate language o bj ect 
code, and the use r doc umentation: all of 
course independent of the fina l machine 
upon which the software will run. The only 
machi ne dependent part which needs to be 
published is the intermed iate language 
interpreter fo r a given machine and system 
configuration. Th is mach ine dependent part 
needs only o ne definition and one publ ica
tion version. 

Given an interpreter defi nition, the 
standard high leve l language, and the sta nd
ard intermediate language represen tation of 
programs, the user can be assu red that once 
the object code is in place in his mac hi ne, 
the program will run with the same charac
teristics as described in the documentatio n 
for a 1·ad ica ll y d ifferent machine. (Hardware 
differences du e to favora ble num ber repre
sentations wi ll make di ffere nces in precision 
and accumulated numeric error effects of 
course.) 

Ruling Out BASIC 

To the software publisher, a cho ice of a 
high leve l language and in termediate re pre
senta tio n for executable code presen ts a 
moderate problem. The widely used BASIC 

interpreters co uld be used for a perfec t ly 
fu nct io nal 1·e presentation for the code of 
many programs. But such interpre te rs suffer 
fro m many inherent disadvantages: 

• Lack of uni form re presentation . 
• Slowness of execution. 
• Archaic nature of BASIC. 
• Lack of a co mpact machine independ

ent co mpil ed form . 

I've already comm ented on the lack of 
uniformity in the various BAS IC imp leme n
tations. The slowness of execut ion is inherent 
in this type of in ter preter. In ext reme cases 
an active seai-ch thro ugh memory fo r a labe l 
op code is used to find targets of subrou tine 
ca l Is or unconditional transfers. At best 
there is a level of semantic in te1·pretation 
necessary to convert a co nd ensed version of 
the sou rce code into executed code. Many 
applications and systems programs can not 
to lerate the lack of speed inh erent in such 
inte rp rete rs. Bu t BASIC ca n be compiled 
instead of inlerprered , so this arg ument 
alone is far from sufficien t to rule out 
BASIC. 

More important, a language Ii ke BAS IC 
as presentl y implemented refl ects an ea l'ii ei
state in the evolution of com pu te!' languages, 
circa the early 1960s, with innum erable 
ad hoc patches and fixups to add "features." 
Throu gh the 1960s and early 1970s advances 
were made in the concept of what a 
compu te r language- should be in order to 
be convenie nt to use and conduci ve to 

erro r free thinking and prngramming_ (For 
just one contrast, cons ider· this: whe r-e the 
BAS IC programmer is req uired to go al most 
to the machine language level of assigni ng 
numbers to locations in a program, good 
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contemporary high level languages such as 
Pasca l and its relatives allow the programmer 
Lo use meaningful names based on the appli
cation bein g programmed.) 

Final ly, BASIC as implemented in most 
cases suffers from the lack of a compact 
externally avai lab le mach ine independent 
version of the compiled form of a program. 
This i an important requireme nt for the 
software publisher, since executab le code 
must always be su pp lied in some machine 
readab le representation, and compactness of 
rep resentation is importa nt if the incorwen
ience of re lative ly slow input techniques is 
not to discourage the user. 

For th e reasons ju st summarized, BAS IC 
is not the ult imate form in whi ch programs 
are best published . But if BASIC is not the 
personal computing representation which 
m1n1m1zes the N-representat ion problem, 
then what is a better ch oice? 

Enter Pascal 

My own perso nal in terest in Pascal came 
abou t for reasons which I summarized in the 
December 1977 BYTE, page 6, in an essay 
enti tl ed "Is Pascal the Next BASIC7" In 
this issue several excellen t ar ticles including 
th ose by Ken Bowles, Chip Weems and Al lan 
Schwartz provide furth er rationale by way 
of tutorial argument and examp le. 

Thi~ persona l viewpo int with r·espect to 
Pascal is that of a user of a personal com
puter system who wants to cunvenienlly and 
quickly implement appl ications and systems 
software projects ranging from the sub lime 
to the ridicul ous. In the sublime ca tegory, I 
include systems software as an art form in 
itse lf. I also inc lude wri ting systems so ftware 
for my pet projects in mu ical applications 
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of computers, soph ist icated games, and 
some expe r·irnents in the exploration of 
artificial in telligence concepts . In the 
rid icu lous category, I include such mundane 
tasks as trivia l games, income tax calcula
tions, personal mailing lists of frien ds and 
relat ions, etc. The point about Pascal to be 
made here is that it is a language wet I ada pted 
to the utility of co mputing, whatever your 
personal definition of uti lity is . In t he ra nge 
of applicat ions I expect that the Pasca l 
approach to structured, sc i f-documcn ting, 
mach ine independent code wil l suffice with 
only an extremely rare necessity to resort to 
ad hoc kl uges in the name of time QI" memory 
space efficiency. 

Frnm genera l 1·e<1di ng I knew that a Pasca l 
compi ler was ava il ab le and eas il y transfe rable 
to new machines through the use of the 
technique of "P-code" in termediate language 
repr·esentations. This avai labi lity throughout 
the academ ic wor ld was one of the reaso ns 
for the sp r·ead of Pasca l, for it is one th ing to 
extem porize abou t th e virtues of a represen
tation and another th ing to be able to 
actual ly write and exa mine th e properties of 
code in th at representat ion. Since the 
origi nal Pascal compilers from Jensen and 
Wirth ct al in Zurich were written in Pascal, 
produc ing a P-code in termediate language 
output fi le, the task of making th e compi ler 
ru n on a tota ll y new machine architecture 
was reduced to a re latively simple task of 
wr·iting an emulator for the hypothetica l 
" P-machine" which executes "P-code" as its 
mac hine language. 

What I d id not know at the time of my 
ea rlier co mments in th ese pages is the ex tent 
to which Lhat P-codc tec hnology had already 
been app li ed to sma ll computer systems, in 
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Introducing G/2 Extended 
Basic for Processor Tech
nology's SOL computer 
series. The best Basic you 
can buy. 

Developed by Micro
soft ~M the industry leader in 
microprocessor languages, 
and fully debugged and 
field-proved, this IS.SK pro
gram offers such outstanding 
features as string arrays, 
I &digit accuracy, fully 
descriptive error messages, 
automatic line numbering 
and renumbering in selected 
increments, long variable 
names, trace function for 
easy debugging, and many 
other superior capabilities. 

G/2 Extended Basic can 
read tapes written in PT s 5K 
and Extended Basic. This 
allows you to use all your pre
viously developed programs. 

Available now on cassette 
tape with full documentation. 
At your dealer, or write for 
information. 

THEREASON a YOUBOUGHT _. 
'IOURCOMPUTER. ii. 

[~)' GRT Corporation 
Consumer Computer Group 

1286 N. Lawrence Station Road 
Sunnyvale, Calif omia 94086 

( 408) 734-2910 
Circle 149 on inquiry card . 

particu lar thro ugh the wo1·k of the peop le at 
the Un iversity of California at San Diego 
(UCSD). The UCSD Pascal project has 
created a nearly machine independent low 
cost operating system which includes Pasca l 
as the princ ipal high leve l language, all the 
usu al disk fil ing system features, support of 
high resolution bit map graphics inc ludin g 
use r definab le font storage for the character 
set, an advanced cursor oriented text edi tor, 
and interactive compilation and edit in g 
features. All the systems software in this 
package is written in Pasca l with the ex · 
ception of the P-code interpreter and asso· 
ciated detail hooks to the hardwai-e. 

The hardware dependent core has already 
been implemented and is readi ly available 
for LS I· 11, 8080, Z-80 and 8085 processor·s. 
(The cost is on ly $200 for individual orders, 
with UCSD quoting a $10 royalty per copy 
to man ufacturers distributing systems in the 
highest vo lumes.) At th is writing, in the 
smal I compute r arena, three sys terns are 
availa ble which come with UCSD Pascal 
as a key feature: an LSl -11 system packaged 
by Terak Corp and heavily used at UCSD, 
an 8085 processor in a elega nt wood finish 
package with dual floppy drives man u
factured by Northwest Microcomputer 
Systems, and a compact Z-80 system with 
dual floppy disks manufactured by Altos 
Compu te r Systems. Ind ividual users who 
have 8080 floppy disk sys tems with the 
CP/M operating system and enough main 
memory get a floppy disk to bootstrap 
UCSD Pasca l. 

A Serendipi tous Result 

The nature of the imp le menta tion of 
Pascal compi lers, and the UCSD Pascal in 
particular, leads to an importan t byproduct: 
by simply us ing the UCSD Pasca l compiler· 
as the mode of expression of app lications 
programs to be published, it is possible to 
prov ide a compact, machine independent 
representation of programs which great ly 
simplifies the N-represen tation problem for 
the independent software dist ribution house. 
The intent of discussing this serendipitous 
result in print at all is to show the way in 
which such independent software houses can 
indeed solve one of the thornier issues and 
provide their customers with programs 
which are com piled once yet will run on any 
one of a number of personal computer 
systems. 

What do we have which already exists in 
a form which can be readily adapted to a 
number of small computers? We have the 
work at UCS D which has produced P-code 
interpreter based systems for LSl-11 and the 
fam ily of microprocessors inspired by the 
8080 (8080, 8085, Z-80). By the end of the 



summer of 1978, indications are that UCSD 
wi ll also have bootstrapped the Pascal 
compiler to run on 6502 and 6800 architec
tures . Taking this P-code interpreter as the 
input, it is not that difficu lt to conceive of a 
self-contained software system which will 
run in a 16 K byte or larger personal com
puter system and will contain the necessary 
interactive user interfaces to load and r·un a 
program expressed in the P-code intermediate 
form as output from the Pascal compiler, 
but without the necessity of having the full 
UCSD system available locally to support 
local compilations. 

As a means of demonstrating th is con
cept, a student at UCSD wi ll spend some 
time th is summer creating and characterizing 
a system based on the UCSD P-code inter
preter software for two different machines. 
This stand alone system will run in the 
typical current memory sizes of 16 K to 
24 K fo und in personal computers. The goal 
is to demonstrate a system wh ich can r·ead in 
a P-code object file (possibly in bar code or 
audio format), then execute the object file . 
Issues Lo be addressed are tho e of designing 
the detai ls of the progr·am so that its ma chine 
dependent parts can be relocated easily , and 
so that in itia l patches for input/output (10) 
convent ions can be created without excess ive 
menta l effo rt. The machi ne independent 
part of this stand alone operating system wil l 
be written in Pascal. 

In pr i nc i pie, expandi ng this work to a 
greater number of processors, it is possible 
to create a set of Pascal P-code machine 
emulators wh ich can be published once and 
only once for each common machine archi 
tecture and personal computer manufac
turer's co nfigur·ation, so that this "virtual 
machine" can be used by a whole family of 
independent software vendors as ;1 targe t 
machine for their wares, rather th an rrq 11i ri ng 
each software vendor to solve the N-m, chi ne 
problem separate ly. By inexpensively pub
lishing the code of the P-machine emu lators, 
we hope to help kind le both an interest in 
Pascal as a source language and a chain 
reaction of simplification in the software 
conventions which must be add ressed by 
independent software vendors. Only time 
wi ll te ll whether or not we accomplish this 
goal. 

A Solution to the N-Machine Problem 

Given the existence of such inexpensive 
standard emulators for the P-machine which 
executes P-code, a number of beautiful 
effects become evide nt for the distribution 
of application and systems software among a 
large number of users. 

First, si nce P-code is conducive to use of 
Pascal as a source language, there wil l be 

Introducing G/2 Standard 
Basic for the SWTPC com
puter series. It'll load faster 
and do more than you ever 
thought possible. 

Developed by Micro
soft~M the industry leader 
in microprocessor languages, 
and proved for more than 3 
years in MITS applications, 
G/2 Standard Basic is now 
available for the first time 
for use with Southwest Tech
nical Products Corporation's 
6800 hardware. 

Four to eight times faster 
than the basic you're now 
using, this interpreter offers 
string arrays, extensive string 
functions, Peek, Poke, Wait 
and Continue, direct execu
tion of statements in the 
calculator mode, 10 nested 
machine language sub
routines, multidimensional 
arrays and much more. And 
it uses only 7K of memory. 

Available now on cassette 
tape with full documentation. 
At your dealer, or write for 
information. 

THE REASON a 
YOUBOUGHT • 

'IOUR COMPUTER. " " 
f6~!J' GRT Corporation 

Consumer Computer Group 
1286 N. Lawrence Station Road 

Sunnyvale, California 94086 
( 408) 734-2910 
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a trend towai-d use of Pascal to express 
algo rithms - a res ult which is laudab le on 
the abstract and practi ca l ground s of Pasca l's 
beauty as a elf-document ing and str uct ured 
representation of progra ms. (We already see 
this trend with respect to BYT E arti cles 
presently queued for publicati on in the near 
future.) 

Second, the N-machine pro bl em of distri
bution is solved by the device of usin g the 
P-mac hine e mul ator for eac h of N-machines 
as the only machine-specific progr·am, and 
widely publishing the emulators at as low a 
cost as possible. 

Third , the P-codc object code form is a 
seman tically compact representat ion which 
in fac t min imi zes th e number of bits neces
sary to communicate a progr·am to the 
system wh ich the end use r· employ . (Ye t it 
maps directly in to the so ur·ce code ex pressed 
in Pascal as pan of th e documen tation ol- thc 
program product in place of flowcharts or 
other dev ices .) Th is considera ti on is i mpor
tant lo the relatively slow 10 dev ices such as 
FM subcarr ier broadcas ts of program , 
printed bar code copy of programs, audio 
channel record ing of programs, phone 
networ-k tra nsmission of prngrams, or sili con 
real esta te of read only memory parts (as 
ins pired by Texas Instruments' SR -59 
"So lid State Software" and hin ted al by 
every other semico nductor manufaclUrer 
interested in dist r·i buting co mputers ,it retail) . 

Why Not Publish Machine Readable Source 
Cod e Instead of an Interm edia te Language 
Representation ? 

The intention of this arg um ent is to 

provide a way for compiled code to be 
distr ibuted for use with systems which have 
diverse microprocessor arch itectures and 
detail implemen tatio ns. A key to publishing 
software inexpensively is the requir·ement 
that every detai l co py of the software pub
lis hed be iden tical. Furt her, a ce rtain defini
t ion of th e "lowest common denominator" 
of the set of systems is r·equi r·ed. 

One way of pub lish ing which is guaranteed 
to be amenable to a wide variety of deta il 
repr·esenta lions is to publis h the machine 
readable source code of software . But the 
sheer vol ume of th e code for a wel l docu 
mented source li st ing argues for a way 
wh ich is more eco nomical of th e user's time 
and energy. By publishin g the machine rea d
able but mac hi ne independe nt intermediate 
la nguage object code comp il ed from a 
printed so LJl'Ce lis ting (a lso pan of a product), 
th e executab le represen tation ca n be loaded 
into Lhe mac hi ne much mor-e quickly; fo r· 
program represen tations in read only memory 
which are mass prod uced, an inte rmediate 
code r·epre entat ion i also favorable beca use 
of compac tness rela tive to so urce code. 

To summarize, the in termediate language 
approach provides the benefits of machine 
independence coup led with the com pactness 
of represe ntat io n in her·enl in the usually 
machine dependent objec t code for a part ic
uiar architectu re. (The negat ive side of usi ng 
a machin e independen t r·epresenlation is o f 
course the Lime overhead of th e required 
low leve l interpre ter. But for a wel l done 
intermediate la nguage in terprete r-, we would 
expect thi s penal ty could ap proach a mere 
2: I versus a typ ical 20: 1 or worse pena lty 
for-dire ct in terp relatio n of th e sou r·cc code.) • 

M9900 CPU-16 BIT MINI for the S-100 BUS with PASCAL 
The M9900 CPU brings the most powerfu l sing le
chip processor available today -the Tl TMS9900-
to the S-100 bus and supports it with powerful 
software _ Included with the CPU board are Disc 
Operat ing System, BASIC, Assembl er, L in k ing 
Loader, Text Editor, and Interactive Debug. The 
powerful Pascal com pi ler is only $150 more. 

Move up to a 16 bit machine and the power of 
Pascal without losing the economy and selection 
of the S-100 bus - move up to the M9900 CPU. 

Kit $550 Assembled $700 
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Some Notes Abou t Pascal. .. 

As this issue was being prepared, a 
number o f interesting bits of in fo rmation 
became available: 

• Ken Bowles reports that one associate 
of the UCSD Pascal project is usiny the 
rnicrocompu Lcr based Pascal which !he 
project has created in order to write a 
P-code op/imizer in Pascal. The 
writing of an optimizer program is no/ 
in itself particularly noteworthy, bu t 
!he foci tho/ this optimizer is being 
written for Pascal compiler output or a 
Cray- 7 computer shows ample evidence 
of the relative machine independence 
of Pascal techniques. /-Jere we find the 
LSl-7 7 based Tero!? machines at UCSD 
(typically a fully loaded LS I- I 7 with 
l<eyboard, bi! map graphics.. one 
floppy drive) being used to write, 
debug and check out programs for one 
of the world 's larges t and fastest com 
puters, the Cray- 7. (/-low fos1? Fast 
enough so that light speed propagation 
limits in the wires become a nontri11ial 
consideration in the physical design of 
the machine.) Ye t the Cray-I uses a 
dialect of Pascal for systems proyrom
ming, and e11en has a FORTNA N 
compiler which uses P-code as its inter
mediate language. 

• We note that even the US Defense 
Department lil?es Pascal as a replace
ment for such monstrosities as 
JO VI/\ L. Two contrac ts for /L1rther 
language design efforts on the "Steel
man" phase of the search for a 
"DOD-7" language definition have jus/ 
been announced, with Intermetrics Inc 
and /-/oneywell-Bull being finolisl s in a 
language design competition based on 
preliminwy proposals. Much or the 
content of !his language definition is 
expec 1ed 10 be inspired by Pascal, even 
if it is not a proper superse1 or the 
language. 

• From the industrial side, Texas lns1ru
men1s Inc has a version or Pascal 
which is supported for the 990 series 
of minicompu1ers

1 
where "supporled ' · 

means that it is available for use with 
their dis!? sys tems, marketing people 
are pushing it at seminars for 990 
system users, and a comprehensi11e 
m anual describing the sys tem is 
available. The 990 series of minicom
pu/ers of course includes !he micro
computer version of the processor, 

which is the TMS-9900, and is one of 
the logical choices for a serious home
brewer or designer of a custom micro
computer system which must use a fair 
amount of complicated soft ware. The 
990 version o f Pascal is probably a 
little too expensive for the individual 
lo purchase, but it represents a very 
good in vestm ent for a commercial user. 

• Finally, os we went to press with this 
issue in mid-1\1/ay, a s tandards confer
ence, called by Ken Bowles, was 
scheduled for mid-} uly at San Diego. 
!\ 11e11dance was expec1ed from the 
1vorldwide Pascal community, as well 
as re pre en ta lives of major industrial 
concems, with the in/en/ of defining a 
set of "standard" ex tensions to the 
Pascal language of !he Jensen-Wirth 
re1 or/. We expec t to have some 
comments in a future issue about the 
major pain ls covered in that standards 
con ference. (Of course, the reason for 
standards must be properly under
stood: a language standard provides a 
re ference so that any implementer can 
flag users about how his particular 
system deviates from the standard. 
This philosophy is seen throughout 
computer technology in areas as 
di verse as character sets for terminals 
and FOl?TRAN I V compilers which 
use the !\ NS! standard model. A Pascal 
standards consensus already exists in 
the Jensen-Wirth report published by 
Springer- Verlag, and the purpose of 
tl1e conference is lo de fin e an exten
sions set that covers the superset of 
lhe original language necess01y to 
enhance lhe practicality o( the lan
guage in real world silllations.) 

Pascal is one o f the most exciting devel
opments wit/J respect lo personal computing 
we have seen in recen I years. The small 
computer is finally gett ing to a point where 
the professionally oriented individual can 
afford (a t 1/ie price of a typical new auto
m obile) a computer with some of the most 
advanced so ftware development character
istics possible in today's computers. just as 
a cranl~ s/art er can get Ill e engine going on 
an automobile, BASIC and assembly lan
guage can indeed be used to program com
puters. But if one really wants to use an 
automobile conveniently, an ignition switch 
and efec tric starter are now considered 
essential. The moral of this Ii/lie simile is 
thal Pascal is the e!ec tric starter of the 
computer world. • 
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Save 20o/o on all Dynabyte 

Save 15% on all 
IMSAI and Cromemco 

Save at least 15°/o on all 
TDL and North Star 

Contact us for savings on 
Micropolis 

NORTH STAR 
HORIZONS 

ABSOLUTELY BEST PRICES 
AND BEST DELIVERIES 

Horizon 1 K11, List $1599 
Assembled and tes1ed. L1s1 S 1899 

$ 1349 
1599 

Ho ro zon-2 lwith 2 drives! Kil, List S 1999 
Assembled and tested. L1s1 $2349 

1699 
1939 

TDL XIT AN ALPHAS 
- LIMITED TIME SPECIALS -

X1tan Alpha 1, Lis t $993 . 
Xitan Alpha 1-5. List Sl 172 
Xiian Alpha 2. List S1601 . 
Xi tan Alpha 3. List $154 1 
Xnan Alpha 4, List $1970 . 
Xi1an Alpha 5. Li st $204 1 . 
Xnan Alpha 5-Plu s. List S24 10 

$ 839.95 
964 .95 

1309.95 
1278.95 
1599.95 
1703.95 
2017.95 

MiniMicroMart 
ALPHA 1.95 SPECIAL 
Similar to TDL X itan A lpha 2, Ki t . $798 

TDL Z16K STATIC 
MEMORY BOARD 

Assembl ed and Tested 
Originally $695 

OUR PRICE: $339 
We a/so stock TARBELL , MORROW, 
SD SALES, XITEX, and others ! 

- SEND FOR FREE CATALOG -

MiniMicroMart, Inc. 
1618 James Street 

Syracuse, New York 13203 
Phone : (315) 422-4467 
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Continued from page 48 

inte rested in becom ing members shou ld 
wr ite to Pa1rick a1 POB 7 16 2, Los 
An ge les CA 90022. 

Association of Sma ll Computer Users 

An asso iat ion ol users and potential 
users of small com puters has been 
formed to provide "a new so urce of 
un biased , user orien ted info rm ati on" on 
th e minicompu 1cr J1HI microcompu ter 
m ar ~ c t through ,w;ii lable publications. 
T he member hip fee is $25 pe r year, 
which includ es ,1 1•car 's subsc rip1ion 10 
the assoc ia1ion's bimon thl y newsletl er , 
/11 terac1ive Co111pu ri11g, a year's su b
scr ipt ion 10 Mi11ico111pu rer News, il lld 

two feat ure reports from Datapro 
Research Co rp, 11 II 11 bout Small Business 
Compurer and User Rurings of Mi11i
com p u1ers and Small Busin ess Com 
pu1ers. In addi ti on , members wi l l be 
eli gible fo r red uced rates on selec ted 
pub I ica tions. Adel it ional in forma tion 
ca n be ob 1aincd by wr it ing to 1hc 
Associa tio n of SmJ ll Compu ter Users, 
75 Manhallan Dr, Bou lder CO 80303 . 

G2c3 Computer Group 

c2c 3 hJs been formed in Mob il e 
AL by a ~ r oup of pe rso nal co mputer 
users. They mee1 the fi rst Wed nesday 

Cartoon by Manuel D Juan 

/ 

I 

y' 

/ I J 

of every odd numbered month. An yone 
in the Gulf Coasi area is invited ro join . 
Present membc rs l1 ip ra nges from novi ces 
to cs tab I ish eel professionals, ensuring 
a wide variety of subjects for discussion. 
Members of1cn bring thei r computers 
to these meetings for demonstra1 ions 
and present at ions on their bu ilding 
tech niques. For i he locat ion o f the 
nex t meeting ancl add i1ion al in for
ma tion , cal l (205) 478- 1777 . 

6800 Users Group 

A 6800 Users Group has been formed 
for the Dal las and Forth Worth TX ,irea . 
It meets on th e third Tlrnrsday of eac h 
month at 7 PM at 1220 Majesty, Dallas 
T X. All parties interes ted in attend ing 
arc co rdial ly invited to do so. Varied 
top ics of interest to users of the 6800 
sys1ems along with tu to rials in assem bly 
programming arc discussed . 

A lso of interest to users o f 6800 
sys 1ems is th e group's "Ask the Chips " 
fea ture, where any questions or com
ments con cerni ng th e 6800 arc presented 
and disc ussed dur ing 1hc meetings. 
Worldwide use rs may correspond at the 
address listed below; th e group wi ll make 
every auempt to respond with solutions. 

For furthe r in forma tion contact 
Ch arles A Mat<, 41 14 Avonda le, Sui te 
2, Dal las TX 752 19, or phone evenin gs 
(214) 522-7 130.• 

~ ...,____ 

¥~ 



Designing Structured Programs 

Structured program ming is an attempt to modernize software develop
ment and to reduce the side effects th at divert so much programmer 
time from actua l programming. The use of structured languages like 
Pascal promotes good programming techniques. 

Ch ip Weems 
Dept of Computer Science 
Oregon State Un ive rsi ty 
Corvalli s OR 97331 

Jn the early days of the computer ind us
try, the most ex pensive part of own ing a 
computer was the machine itself. Of al l the 
components in such a machine, the memo ry 
bank was the most cost ly because of the 
number of parts it contained . Early comp u
ter memories were thus small: 16 K bytes 
was consi dered large and 64 K bytes could 
only be fou nd in supercompute rs. All of 
thi meant th at programs had to take advan
tage of what litt le space was available. 

On the other hand, programs had Lo be 
written to ru n as quickly as poss ible in 
order to make the most efficie nt use of the 
large computers. Of cour e these two goals 
almost always conu-adic ted each other , 
which led to the concept of the speed 
versus space tradeoff. Prngrammers were 
prized for the abi lity to wr·ite tricky, effi
cient code which took advantage of special 
idiosyncrasies in the machine. Supercoders 
we re in vogue. 

Fo rtu nate ly, hardware evolved and be
came less expensive. Large mem ories and 
high speed became common features of most 
systems . Sudden ly people discovered that 
speed and space were no longer important.. 
In fact the roles had reversed and ha r·dware 
had become the least ex pensive part of 
owning a co mputer. 

The costliest part of own ing a computer 
today is programm ing it. With the advent 
of less ex pensive hardware, the emphas is 
has shifted from speed vers us space to a new 
tradeoff: programmer cos t vers us machi ne 
cost. The new goal is to make the most 
efficien t use of a programmer's time, an d 

progr·a m efficien cy has become less impor
tant - it's easier to add mo re hardware. 

There are som e important observations 
tha t shou ld be made concern in g modern 
programming. First, the majority of the cost 
invo lved with a particul ar program centers 
on maintenance and revision rathe r than 
initial development. For example, an ave rage 
program may take three working months to 
write but can have a lifetime of up to te n 
ye ars or· more, during which dozens of 
changes may be needed. These can easil y 
add up to several yeJr"s of labor. 

It is also inter·csting to note that the 
largest portion of the time spent in rev ising a 
prngram is tied up in analysis of the ex isting 
code by the r·e vising programmer. Th is is the 
tim e needed for the programmer to break 
into a piece of code. 

Even in the development phase, the largest 
po rt ion of time is not u ually spent on 
designing or· codi ng, bu t on debugging. 
The actual programm ing takes up ve ry little 
of a programmer's time in comparison to all 
o f these other program side effects. 

Un fortu nately, al though hardware has 
evo lved rapid ly, software techniq ues have 
not fo llowed suit to the same degree, since 
th e fast high level languages were intro
duced. Witness that two of the mo> t popular 
languages in use today, FORTRAN and 
COBOL, are relics of the late 1950s. 

St ruc tu red programming is an at tempt 
to modernize software development and to 
red uce the side effects th at divert so much 
programmer time from actual programmin g. 
The main thr ust of structured programming 
is to shift the emphasis of the development 
phase to careful des ign in order to reduce 
debugging time and increa>e program organ
izatio n. In ad d it io n, special coding tech
niques make programs easier to rev ise . The 
use of st ructured languages, such as Pasca l, 
makes programs more re li ab le by permitting 
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~WATS line in our 

Peterborou gh, New 

Hampshire office. 

If you wou ld 

BYTE's New 

Toll-free 
Subscriber 
W.A.T.S. Line 

( 800) 258-5485 
We thank you and look 

forward to serving y ou. 

IMMEDIATE DELIVERY 

No computer know -how needed! Uses extended " BASIC" . Self· 
conta ined with its own 9" video display, bu ilt· in keyboard , and 
digitally controlled casselle recorder . Complete with 14K opera!· 
ing system and BK memory built -in (expandable 10 32Kl. 

APPLE II 
In stock from $970 

Apple II is a completely contained computer sySlem, with BASIC 
in ROM, full ASC 11 keyboard in a li11htweigh1 molded carry ing 
case. Expandable 10 4BK . 

Apple II, the personal computer with color! 
IMSAI VOP BO ···desk top business system with 32K, II dual den· 

sity floppy disk and CRT. List · $7,000 
Limited time only $5,295 

PERIPHERALS 
For PET 

PET 2020 Impact Printer · $595 

32K Memory Expansion . $595 

Serial Interfaces from $169 

PERIPHERALS 
For APPLE 

Expandor Printer · $425 

Centron ics 799 
Pr inter ·$995 

Apple II Disk · $495 

Plus hundreds of software programs too numerous to list! 

THE COMPUTER FACTORY 
790 Madison Ave. (cor. 67th St.) 

New York, NY 10021 
Open 10-6 pm Tuesday - Saturday 

212-PET-2001 
212-249-1666 
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compilers LO build more se lf-checks into the 
programs they generate. 

This sounds like salvation to companies 
which have to hire expensive programmers 
and analysts, but what docs this extra effmt 
do fo r the personal computer enthusiast? 
Consider that the develop ment or the 
personal comput ing in dustry has pai-allelcd 
that of the entire computer industry, but in 
mini ature . Early personal computers were 
smal l and speed vers us space was the most 
impo rtant factor. As costs came clown, 
however, larger memories and h ighe r· peeds 
in processors became common . Programming 
is a spare time operation for many personal 
computer ex perimenters; structured pro· 
grammi ng can help to optimize the prn
gram mer's use of thi s valuable commodity. 
The di ffic ulty comes in changing old habits 
and using self-d iscip line. 

Th ere is an anomaly pr·esen t in the per
sonal computin g industry : fourt h genera
ti on ha rdware is the 1·ule 1·ather· than the 
exception, but experimenters are stil l using 
software, such as BASIC and li ne oriented 
ecl i tors, wh ich is based o n 15 yea r· old designs 
le fl over from the second generation of com
puter hardware. 

We have a chance to learn from the 
mistakes of the main line computer industry, 
where people have been digging their way out 
of the second genera ti on for several years. 
We have a fresh, new chance to do things 
co rrec tly. 

Structured Techniques 

Structured programming is a co ll ec tion 
of cod ing an d des ign techni ques th at guide 
programmer efforts in to the production of 
organized, we ll formed, reliable programs. 
Un fortunate ly, this miracle can onl y come 
to pass if the tech ni ques ar·e used pr·operly. 

Stru ctured tec hn iques a1·e often referred 
to as being top-clown in na tur·c. Th is classi
fication is really misleading since, in actual 
practice, both top-cl own and bottom-up 
methods arc used. Top -clown techniques 
refer to methods which begin with the 
overall problem to be programmed and , 
through successive steps, break it down into 
smaller , more workable subproblems. 
Bottom-up met hods ta ke the opposite 
app roach by starti ng at the detail level 
and concatenati ng small un i ts to form 
larger un its, repeating the process unti l the 
solution for the enti re probl em is formed. 
This is the build ing block ap proach. 

Program development is broken into two 
ph ases by structured techn iques: design and 
implementation. During the design phase, 
which is the emphasized portion, the 
methods used are prim ari ly top-clown in 



nature . The implemcn lation phase, however, 
uses mostly the bottom -up approach. 

An aly sis of any prob lem is most logica ll y 
done in a top-down manner. No one would 
try to solve a wo r·d prob lem in algebra by 
taking a group of mathematical sy mbols 
and trying to fit them toge ther in the hope 
tha t an appropriate fo rm ula wi ll ap pea r-. 
Su ch a formu la would pro bably so lve only 
a few special cases or, if it were general, 
would probab ly contain several ext raneous 
terms. Eve n so, this is exac tly wh at happens 
wh en peop le write progra ms in a bottom-up 
style, star t ing out by wr itin g code and nol 
co nsideri ng the overall design unLil laLer. 

Our firs t rul e in structured progr·ammin g 
thus is: sit down at the begi nn ing and ana lyze 
the problem in a top-down manner . Br·ca k 
iL down into small er portion s so that the 
overall organi zation remains clear ly visib le. 

This is th e gu id ing phi losophy of the 
en tire design process, Lhc end result of wh ich 
is a properly coded program. The major 
techniques used here are stepwise re fine
men Land stepwise decomposi tion. IL shou ld 
also be noted th at this process is no t pu re ly 
top-down in actual use . The ex perienced 
progra mmer knows wh at is possibl e and 
what is not. Such a programmer emp loys a 
form of look-ahead alo ng with the top-cl own 
techniques in order to avoid impossibl e 
designs. Possib le cod ing schemes are con
stant ly being cons idered whi le the design 
is unde r deve lopm ent. Pro perly used, this 
technique can be a valuable eval uation tool 
and can gr·eat ly speed up the des ign process. 
Th e important poin t is that such a pro
gramm er should not ge t so involved in 
cod in g th at the top -down app roach is com
plete ly abandoned. 

Imp le menta ti on is best done through 
bottom-up techniq ues. Goin g back to the 
algebra prob lem, we can see that, once we 
have a well written form ula, it \vo uld be 
illogical to try to plug in all of the numb ers 
and do all the com putations at once. Th e 
best approach is to start with si ngle co m
puta tions, verifying each one, and b uil d on 
them until a sol ut ion is ob tain ed . 

On ce the design is comple ted, the in de
pendent, bottom level program modu les arc 
implemented and tes ted firs t. Higher leve l 
routines arc built using these sub ro u ti nes 
unt il the prngram is eventually construc ted 
and the fi nal verificati on takes place. 

Surpri si ngly, carefu l des ign and imp le
mentat ion in th is fo rm docs no t take consid 
erably more time than program developm ent 
using th e older approaches . Some rest rain t 
on the part of the programmer is needed , 
but once the results are seen, it's hard to 
im agine why anyone would want to con
tinue usi ng the old , unorgan ized me thods. 
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CP/M™ 
LOW-COST 
MICROCOMPUTER 
SOFTWARE 

CP/M™ OPERATING SYSTEM: 
• Includes Editor, Assembler , Debugger and Utilities. 
• For 8080, 280. or Intel MOS. 
• For IBM-compatible floppy discs. 
• $100-0iskette and Documentation. 
• $25-0ocumentation (Set of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• Compatible with new Intel macro standard. 
• Complete guide to macro applications. 
• $90-0iskette and Manual. 
SID™ SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Bu ilt-in assembler/disassembler. 
• $75-0iskette and Manual. 
TEX™ TEXT FORMATTER: 
• Powerful text formatting capab ilities. 
• Text prepared using CP/M Editor. 
• $75 Diskette and Manual. 

([IJ IJ~lJ~TRl RESERRCH 
P.O. Box 579 •Pacific Grove, California 93950 

(408) 649-3896 

We speak your 
language 
And we're giving you what you want. 
•a comprehensive product line. Hardware, assembled or 
kits, and software from major manufacturers . Plus books and 
current li terature . Financing available. 
• a trained, enthusiastic staff. We'll help you choose or 
design the system that's right for you. No high pressure here. 
• service when you need it. We won't sell you something 
we can't keep running .~ 

.-.-.-

fl/P'~ • a brand new facility 
) in Pennsylvania. 

· · ( We'll be able to 
serve our South Jersey
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We 've 
en larged our showroom 
in lselin. Now there are 
more displays you can 

_ try ou t. There's more 
room to stock the 
products you need . 

The Microcomputer People .:!!! 

Computer Mart of New Jersey 
Computer Mart of Pennsylvania 
New Jersey Store 
501 Route27 
lselin . NJ 08830 
201-283·0600 
Tue.-Sar. 10:00·6:00 
Tue. & Thur. ti/ 9:00 

Pennsylvania Store 
550 DeKalb Pike 
King of Prussia , PA 19406 
215·265-2580 
Tue .-Thur. 11:00-9:00 
Fri. & Sat. 10:00-6:00 

(our only localions) 
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Now that we have a feeling for what 
structured programm ing is, let's take a close 
look at some o f the techniqu es mentioned 
ear l ier. 

Stepwise refinement is a top-down 
approach to program syn tax. The concept 
of refinemen t refe rs to the language used to 
descr ibe the so lution be ing programmed. We 
start with some very general statements 
about what the program or routine is sup
posed to do, th en work down through 
several levels of specification using more 
detailed lan guage at each new level as shown 
in f igure 1. 

The end resu l t of refi nement is a coded 
version of the program or mod ule. In order 
to app ly refinem en t, it is necessary to have 
previously spec ified (at least in part) how 
the prngram is to be broken down func
t ional ly . Another tec hn ique, called stepwise 
decomposition, is responsible for deter
mining how the program is split up. I t will 
be examined later in th is article. In genernl, 
refi nemen t takes place simultaneously with 
decomposi t ion, but is usual ly one or two 
steps behind with regard to level. 

Complete ly di fferent from the end resu lt 
is th e goal of stepw ise refinement, which is 
to reduce the complex i ty of program devel
opment by organiz in g it into a sequence of 
manageable steps through the establishment 
of stable levels of complexity du ring the 
design . Once each new plateau of com 
plexity is reached , work can begin on 
developing the next plateau. Th is is simi lar 
to the way a mountain climber scales a peak: 
a se ri es of base cam ps mu st be es tab I ish ed, 
each one provid ing a jumping off point for 
the nex t day 's climb and, in the even t of 
failure, a safe haven to return to for th e 
nigh t. No one would consider cli mb ing 
Everes t in one unbroke n effort. The1·e's 
simply too much mountai n there to do it al l 
at once . 

Amazingly enough , man y programm ers 
stil l attack mountain ous programs with a 
single effort approach. But there 's simply 

GOAL 

SPECIFICA TION 

PSEUOOCODE 

CODE 

Figure 7: Stepwise refinement of problem . 
We begin with the high level goal statement, 
which contains few details. As we step do wn 
through each lo wer level, more details are 
added until, at the fourth level, we have a 
coded program or module. 



too much information in a large program; 
the human mind can't absor b it al l at once. 
Eve n though the resulting program may rnn , 
its own author probably couldn' t expla in the 
whol e thing and certain ly wou ld not be able 
to guarantee it to be error free. 

How many levels are needed in the devel
opment of a program? Th is depends on the 
size and comp lexi ty of the program, bu t in 
ge neral a min im um of fo ur levels is required. 
These leve ls are the goal, specification , 
pseudocode and code levels. 

When you decide to wri te a progr·arr1, the 
first thi ng you should do is write down the 
goa l you have in mind for that progra m. If 
you can't wr·ite th e goal in words , you prob
ably don ' t have a clear enough pictu re of 
what you want to do in order to write a 
program. 

Once yo u've written the goa l, step back 
and take an ob jec tive view. Is it too broad, 
too grandiose, too narrow, too simp le? 
Writing, "This program wil l be used to bal
ance my checkbook," is one thing, but, 
"A program to keep track of cash flow 
through the entire househo ld, " is a com
pletely different matter. The first cou ld be 
written for a programmable ca lcu lator, the 
second involves estab lish in g a compl ete da ta 
base system. 

A great deal of frustra tion and d isa p
poin tment could be saved just by writing out 
the goal and exami ning it. For a roulette 
game, a well written goal might read as 
follows. 

"This program wil l simulate the game of 
ro ul ette as pl ayed by Monte Car lo rules. It 
wil l permit up to five pl aye rs to bet a t one 
time and will use a free form inp ut scheme 
to simpl ify the betting process." 

In the first sentence, the main goa l has 
been specified and some secondary points 
have been put down. Note that the goal is 
not too spec ific, si nce the deta ils are sup
posed to be held off unti l the specificat ion 
level. As stated, th is program is reasonab ly 
difficu lt, but not impossible. 

After a satisfactory goal is set, then 
comes the specifica tion, which is broken 
inro three parts : input, outpu t, and st r·ategy. 
Most good programmers have at least once 
made a statement someth ing like, " If you've 
got a complete desc riptio n of what comes 
into and what goes ou t of a program, the 
rest is just addi ng what ru ns in betwee n." 

Wr it ing a program is , regrettabl y, not that 
; impl e, but it would be muc h more di ff icult 
to write it without knowledge of just how 
the input data wil l look or what the output 
is supposed to be. The specification leve l 
provides this and permits us to jo t down 
some rough ideas about how the process ing 
will take place. Tab le 1 is one possib le 

exam ple for the ro ul ette progra m. 
Obviously, this is not a compl ete descrip

tion of the 10, but it is reaso nably good. If 
we wcr·e actua lly writing thi s program, th e 
specificatio n would be more detai led and 
severa l exam pl es would be incl uded. Simi lar 
item s that ca 11 appear in the JO description 
are card layout forms, disk file form a ts, 
reco r·d descript ions and so on. If th is were a 
subrouti ne, our· 10 specificatio ns would also 
describe the parameters passed to and from 
the ca llin g rout ine. 

Th e strategy is important here, since this 
is really the second leve l of the process 
refi nement. Note that there are 110 system or 
language depende nt statements in the 
stra tegy. We should be ab le to ta ke any task 
from the specification leve l of a program 
desc ript ion and implemen t it 011 any system 
(with enough re so u r·ces) without havi 11g to 
change the way we have written it. 

Once again, step back and exam ine what 
has been done. Is the stra tegy too detai led, 
is there enough detai l, is it dependent 0 11 

specia l system or language featu r·es, is it Loo 
complex? The last item is im portant: if the 
answer· is yes, the problem has not been 
properly decomposed. We must go back to 
the deco mposit ion and r·eexamine how we 

Input: 
lni ti al nu m be r of players : integer between one and five i ncl usive . 
Pl aver names : st r i ng truncated at 15 characte rs. 
Yes/no answers: strings truncated to one character . 
Bets: str ing up to 72 characters long of form : integer number bet value on bet 

keywords. All ex traneous words and symbols are ignored. Instead of a bet , the 
specia l keywords quic and pass may be inpu t. 
Bet keywords: numbers separa t ed by commas. 

Output : 

12H. 12M, 12 L (dozens) 
12A, 12B, 12C (columns) 
low. high (halts) 
odd, even 
red. b lack 

Number of p layers question. 
Players name requests. 
Instructions needed question . 
Instructions . 
Bet reques ts. 
Results and winnings statements. 
Bet error messages. 
Goodbye message. 

Strategy : 
After the startup sequence, go into a loop to inpu t t he bets. Process each bet by 
scanning t rirough t li e string looking for quit, pass, or digi t. Set the qui t or pass 
flags if ei th er is found and go get the next bet. I f a digit. continue picking up digits 
and converting to decimal until on is seen, then scan for keywords. Once the com · 
p lete bet is processed, check for val idity . Eithe r accept the bet o r print an error 
message. Select the random winning number, determ ine who won or lost and print 
the results. check ing qui t and pass flags for specia l action . Restar t input loop i f any 
pl avers remain, else stop. 

Table 7: This is the rough sketch of the roulette game which will be used to 
de11elop the program. The rough sl?etch should define what the li1put and 
output of the program are going to be and the general workings of the pro 
gram . I t should be 11e1y general and gi ve an overall view of the project. 

Auguu 1978 © BYTE Public;t l ions Inc 147 



have d iv id ed Lhe processing. (Better Lo back
t rack at this tage than aftc1· we have gone 
fu rther and found Lh e prnblerns Lo be 
unmanageable .) 

In the next phase of refi nemen t we t ry to 

get even more specific. On large prog1"1ms, 
which may need more than fo m I vcls, Lhc 
extra leve ls may <1ppcar at Lhis poin t. Any 
program Lhat requ ires multiple pseudocode 
levels has probab ly been improper ly decom· 
posed. A we ll formed prog1·Mn se ldom needs 

Begin program. 
A sk how m any p layers. 
For as many players as there are, 

Get each pl ayer's name. 
Ask if i nstructions are needed . 
If yes , outpu t the instruc tio ns. 
While there are sti ll any players le ft, 

For as many players as th ere are, 
Rep eat until a va lid be t is obtained : 

Get the player's bet. 
Scan th e bet. 
Check bet lor va li dity. 

Determine 1he winning number. 
For as many pl ay ers as t here are, 

I f player q u it , proce ss the q uit. 
I f pl ay er passed, process the pass . 
If p layer bet, 

End program . 

Determine w heth er pl ayer won or lost. 
Process th is accordingly. 

Listing 7: Pseudocode for roulette program. This le11el of design is used to 
roughly determine what the program should be doing. It should not con
cern itself with the low level aspects of the program. 

begin (•program•) 
askhowmany (players); 
for player : = 1 to ('as many· 1 players I *as there are') do 

getname ( ( *of") player, ('into' I playerlist) ; 
ask if (yes) ( *i nstructions are needed' I; 
if yes then printinsrruc tions: 
playersleft : = true; 
while ('there are still any' I playersleft do 

begin ( 'betting') 
for player : = 1 to (•as many•) players (' are there are' I do 

repeat 
getbet ( ('of· I player, (· in ·) playerlist) ; 
scan bet ( (·of •) player, (' i n •) playerlist); 
check be r ( ( 'of') player, ( •i n •) player/is t, 

('to see i f•) valid) ; 
until valid (*bet is obtained') : 

determine (winningnumber); 
for player : = 1 to (•·as many•) players ( 'as there are•) do 

begin (·process ing resu I ts· ) 
if quit ( ('by•) player, I 'of') playerlist) 

then processqui t ( ( · by· I player. I 'of· 1 playerlisr, 
(•updating•) players, ( ' and') playersleft); 

if pass ( (•by•) player, (•o f 'I playerlist) 
then processpass (( *by' I player, I 'of") player/is!) ; 

if bet (("by•) player, (*of') playerlist) 
then processbe r ((•by' I player, ("o f•) playerlist, 

("using•) winningnumber) 
end ( *processi ng results'·) 

end ( ' bett i ng * I 
end . ('prog ram•) 

Note : The delim i ters ( 'and' ) are used in th is listi ng to indicate comments. A l though 
the Pascal defined symbols are { and } , most output devices do not have these symbols 
available. Therefore the pa rentheses and aste risks are subs t i tuted. 

Listing 2: Pascal program for the roulette game. This is the main program 
which calls many other subprograms to perform the lo w level logic. Notice 
the similarity between this program and the pseudocode of !isling l . 
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more th an the usu al four levels of refi ne
m ent. A t th i leve l we may add so me system 
dependent fc<1 tures b ut we sh ulcl still try Lo 
<1vo id language dependencies. Our pscudo 
codc de cri ptio n should th us u e a wide 
range o f const ruct s freely, since we ca n al
ways break these down into whatever co n
st ruc t s our chosen language actuall y ha . 
Using a wide va r iety of po werful const ructs 
perm its us to think and design more freel y, 
free of th e worries of particular langu..tgc 
forms. 

Many peopl e use a form of A LGOL to 
wr ite their pseudocode, because the bloch. 
tructure of ALGOL lends itself nicely to 

st ru cLUred pse udocod ing. A t t ime , th i> 
A LGO L type language looks more like d 

version of Pasca l, especial ly if the prog1·am
mer i ,1ccustomed to Pasca l. But the dif
ferences are minor because the two lan
guage Me simila r and a good pseudocoder 
tries to el imina te language dependencies 
anyway . 

Th e pseud ocode for o ur roulclle g;11nc 
looks something l ike Ii t ing I . Th is i still 
at a fair ly high level, but is much closer to 
being a program than the stra tegy was. Th e 
pseudocode shown u ses indentation Lo indi · 
cate blocks rillher than begin .ind end pJirs 
as in P;:iscal. Th is provide a graphical repre
sentation of the structure of the program. 
Wh en in dented properly, good pseudocode 
can be used in place of fl owchar ts , and is 
often more easily under tood. 

A good rule to follow \Vhen vniting 
pseudocode is to make i t under tandable to 
alm ost anyone, including nonp rngrammers. 
I f you can convince someone th at they 're 
going to run a rou lette tab le for people bet
ting vi;:i Teletype, Lh ey wi ll probably have no 
d ifficulty in understanding the ro ul ette pro
gram pseudocodc. Thi s is c1n important tc~l. 

I f another person can sLJccessfu ll y intcrp1·c t 
your pseuclococle and, using it, p lay the part 
of the computer without ru nning into pro
bl ems (bugs), then it is well written. 

Wh en th e pseudocode for a mod ul e is 
comp leted, it is a relatively simple m atter to 
flesh it out by ad ding the r ight wo1·ds Jnd 
proper punctua tion for whatever ldngudgc is 
being used . 

Converting our pseudocode Lo Pascal, fur 
exam pl e, wou ld proclLJce som ethin g like 
listing 2. 

This is indeed a high level Pascal prog1·am. 
It tak es advan tage of the ways in which 
Pascal permits proced ures, functions, 
Boo leans and comments to be L1Secl, in order 
to produce actua l code th at is noL much 
lower than pseudocode. Mos t of the wod-. 
done in th is program is by prncedures and 
funct ions defined else,vhere. T hi is d sign of 
good decom position . 



A main program shou ld very seldom have 
to exceed more than one or two pages in 
length. If it does, it is probably too complex, 
and more of its operations should be con
so lidated into subroutines. Breaki ng pro
grams up into manageable pieces is the idea 
behind stepwise decomposition . As I men
tio ned ear lier, decom posi tion is the other 
half of the design phase. Now that we 've 
concluded our development of stepwise 
refinement, let's take a closer look at 
decom position. 

Decomposition 

Stepwise decompos itio n is a top-down 
approach to program semantics. Using 
decomposition, we examine the meaning of 
a program segment to dete rmine its function 
with regard to the whole program . Our pur
pose in doi ng this is to determine the com
plexity of the functio n in order to see if it 
should be further decomposed. Decompo
sition refers to the break ing up of program 
functions to reduce their com pl exity and 
increase manageability. 

The end result of stepwise decomposition 
is that all program functions wil l be red uced 
to a set of simple, iso lated subroutines as 
shown in figure 2. Like refinemen t, how
ever-, the goal of decomposit ion is to provide 
a seq uence of levels, like mounta ineering 
base camps, wh ich reduce the design process 
from a single, gia nt leap to a series of sho rt, 
easy steps. Unlike refi nement , there is no 
usual number of leve ls requ ired to fully de
compose a program. The si ze and comp lex
ity al one determ ine how many levels of 
breakdown will be needed for a program, be 
it two or 20. The reason for this is apparent 
if we note that refinement fol lows a few 
steps behind decomposition. With refine
ment we have the advantage that we wi ll 

LEVEL I 

LEVEL 2 

LE VEl ~ 

L EV EL 4 

L EVE L 5 

Figure 2: Stepwise decomposition of prob
lem. We begin with the entire problem, 
breaking it into smaller subproblems. This 
process is repeated through as many le11els as 
needed, until we are satisfied that all of the 
resulting modules are as independent and 
primiti11e as necess01y. Note that not e11ery 
module has to be decomposed to the same 
depth. 
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Figure 3: St rongly connected modules. The 
brood communication palhs defeat the 
pwpose of separating functions into 
modules. In addition, this permits errors 
caused by program changes to propagate 
throughout the ent ire program. 

always be working on simple, decom
posed prng1·am modules whic h should never· 
exceed a cei-ta in level of co mplexi ty. Deco m
pos ition, on the other ha nd , is used ror 
brea king new trai ls ancl is applied to p1·ob
lems with an arbitrary range or compl ex ity. 

Si nce th ere arc no rixecl deco mpositio n 
leve ls, we must have so me rules that specify 
und er what co nd itions a new level should be 
created. Because programming is not an 
exact science, our rnl es are not li ke laws that 
must be obeyed, but are rather heuristics 01· 
rules of thu mb which gu ide us as we WOl'k 

through a design. 
Before we can set up th ese rnl cs of 

thumb , we must co nsider two importa nt 
cha1·ac teris tics of prngram modu les on which 
they will be based . The first is th e con nec
tivity of a modu le an d the second is its func
ti onal relationship. 

Con nec tiv ity refe1·s to the number of 
channels of communi catio n between a 
mod ule and the rest of the program. A 
mod ule wh ich has many links to o th er parts 
of the program is sa id to have high connec
tivity, wh ile one with fe w I inks has a low 
deg1·ee of connec tivity. 

Th e leve l of in ternal functio nal relat io n
shi p is a cl scription of how th e processes in 
a mo du le 1·e la te to each other. These proc 
esses are sa id to be highl y re lated if th ey are 
all involved in providin g the overa ll func tion 
of the modul e. A group of processes wh ich 
do not contribute to the module 's fu nction 
is said to have a low func ti ona l relat ionsh ip 
with regard to the modul e. The overa ll level 
of re lationship throughout the module is 
called its cohesiveness. 

Now that the terms and definit io n have 
been set fort h, let 's take a closer look at 
these two characteristics and see how they 
relate to structured programming. 

Programs whose modules are connected 
by large numbers of communications paths 
are obviously more complex than those wi th 
only a small number of intermodul e links. 
Modul es wh ic h dep end heav il y on other 
modu les, as in fig ure 3, are d ifficult to wor k 
with because understanding them also 
1·equires a comp lete understanding of al l the 
modules upo n wh ich they depend or which 
depend upon th em. This can develop into a 
chai n reaction, requ iring the programmer to 
design the entire program at the detai l level 
often an imposs ib le task. 

Another negat ive re sul t o f high connec
tiv ity is that a change in any mod ule can 
ca u e effects which ripple throughout the 
enti1·e program. The numerous, broad com
munication channels do noth ing to rest rict 
the pro paga tion of errors from one module 
to anot her. Si nce the goa l o f structured pro
gramming is to reduce complexity and 
errors, our design effo rts should strive to 
reduce the number of intermodul e connec
t ions, as in figure 4. 

Modules are usually of two sorts : sub
ro ut ines (proced ures and functions ), or 
blocks of code within a program. They ca n 
commun icate thro ugh shared var iables, com
mon data areas, form al paramete rs, and even 
by fl ow of contro l. {Shared var iables and 
common data areas produce strongly con
nected progra ms as in figure 5. ) Th e in 
fo rmat ion communicated via these paths 
can be divided into two types: that wh ic h 
affects data, and that which affects flow of 

Figure 4: Weakly connected modules. 
Narrow lines of communication enhance 
the bloc!? box qualities of modules. They 
also serve to isolate the effects of errors to 
small sections of the program. 



Figure 5: The effect of common or shared 
data. Each module is strongly connected to 
every other module which has access to the 
data, to the point that there is ve1y little 
isolation. Any action by any module can 
thus have serious effects on the rest of the 
modules. No te the similarity to strongly 
connected modules. 

con trol. The paths themselves can be of two 
forms : those which co nnec t to a modul e, 
and those which co nnect to somet hing ins ide 
a module . The various means of commu ni ca· 
tion are il lustrated in figure 6. 

The le vel of connectivity for a path is 
determ ined by the complexity of the in for 
ma ti on communicated, the typ e of info rma· 
ti on, and the type of path. Con nectivity 
would be almost impossib le to eva luate , 
qu antitative ly, but , qualitat ive ly, we can 
see that some types of connec tion are 
worse or better than other·s. 

To be specific, simple connections arc 
better than com pl ex ones, paths which talk 
to modules are better than those which 
talk direct ly to internal processes, and 
communications that affect data are pref
erab le to those which affec t flow of con
t ro l. By far the wo rst fo rm of co nnection 
is that in which one module modifies the 
internal code of another, since this re
quires that the modifying mod ul e "know" 
how the subject mod ule works at the mach ine 
leve l. Th us, any programming changes done 
to the subject would also requ ire cha nges 
to the modifier . 

Externally connected paths are rated 
higher than interna lly connected ones, since 
at all times the entire module should be able 
to supervise any communications. Internal 
connection bypasses this and makes it im
possib le for the modul e to be sure of its 
in te rn al status at any time . Communications 
that affec t the flow of contro l req ui re that 
the sending modu le have some kno wledge 

of how the rcccrvr ng modu le works. Thus, 
pure data commu nicatio ns are prefe ra ble . 

In addition, data can be further divided 
into two types : broad scope and narrow 
scope data. Broad scope inc ludes such things 
as globa l var iab les, common data areas, and 
shared da ta, as r·epresen ted by fi gure 5. 
Na rrow scope data is charac terized by for mal 
parameters passing between subroutines, 
which prodL1ce less complex connections 
ince these are very specific. In con tras t, 

a change made to one of th e brnad scope 
fo rms can affec t all modu les connec ted to 
it, possib ly without their knowing th at th is 
has occur red . Broad scope data also adds 
the problem of de term inin g which mod ule 
is permitted to modify the common data. 
Is unanim ous consent by all conn ected 
modules re quir·ed, or do we run our pro
gram under a democracy? For these and 
other r·easons, broad scope data can be 
prob le matical. 

Let's summari ze what our most desirab le 
co nfiguration wo ul d be. All modu les would 
commu nicate by pass ing minimal amo unts 
of simp le data th rough we ll defined forma l 

60 

o O 

6c 

6e 

Figure 6: Types of communication. Figure 
(a) shows simple ex temal connection, which 
is the most desirable. In (b) we hove simple 
internal connection. Figure (c) is complex 
communication. With (d} we see communi
cation in which one module modifies the 
internal worl?ings o f another. Lastly, figure 
(e) shows the worst type of communication: 
a complex combination of all the other 
forms. 
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par<1 meters ; in oth er words, minim;:il con
nectivity. Obviously this req ui res thd l the 
modu les be broken cl o wn so th,1t ach 
provides one imp le, dedi ca ted func ti on. 
Now we're re<1cly for J fu rther look al 
cohesivene) . 

Th e re la tionship s, whi ch processes in te1·
ndl to c1 mod ul e can have wi th respect Lo 
th e module and wi th e.ich other, h<1ve been 
broken clown in to six classes. These Mc 
listed in order of weakest relationship to 
s trongcs l. 

• Coi ncidental. 
• Logic,tl . 
• Tcmpurd l (or time-wise) . 
• Co111 munic<1t ion,1I. 
• Sequcnti,11. 
• Funct. ion,tl. 

We cJn sec from our cl i scu~sion of co n
nect ivi ty lllJL it is hi ghly cle~irc1ble to com
pose mod ules such th cl l ,di o f the internal 
proces cs .ire directly rcl,1 tcd tu the spcci fie 
fun ction of the mo lulc. Such procc)ses arc 
functionc1l ly 1·el.itcd, .ts illu st rated in 
fig me 7. 

M 

Ml 

M4 
M2 M3 

M5 

Figure 7: Classes of relot ions. The strongest 
form of cohesiveness is the functional re
lation 1vherein eve1y process is integrally 
im1ol ved in providing the overall function 
of the module. 

Wit h regMd tu cuhesivenes , then, the 
higher the leve l the be tter. We should <1ttcmp t 
to design modu les such thJt their in terna l 
processes ,1re <LS st rongly re lc1tcd a possib le. 
Now let's ex<1 rnirn:: the we;ike r cl,1sscs of 
re lationships. 

Coin cicle m ally re lJ ted processes, shown 
in figure 8, are L0 Lc1lly unre lated except for 
the I.tel th at they reside in the s.i me mod ule. 
This is the weakest form of rel.it ion, <1 11d Jny 
modu le co mpo)ed in this wJy shoul d be 
broken ap.t n into sep;i1·a te processes. 

Logica ll y related processe~. sho wn in 
figLire 9, have no rea l rel,1Lio n LO each 
other except th<1 t they pe rform simi lM func
ti ons ,111 d th us gel gro uped toge ther to form 
d modu le. Once c1gJi n, thi s should be broken 
down into smaller modul es. 

Processes wh ich arc Le mpo1·a ll y re lated, 

Figure 8: Classes of relations. Coincidental 
relation is shown here, in 1-vhich separa te 
processes are unrelated except that they 
reside in the same module. 

G B B 
G 

Figure 9: Classes of relations. Shown here is 
logical relation, in which processes are 
grouped toge ther because they ha11e similar 
functions. 

Figure 7 0: Classes of relations. In a temporal 
(time) relation the similar processes can 
execute in any order, effecti vely in parallel. 

as in figu1·e 10, are alm ost identi ca l to 
those which arc logica ll y rela ted excep t th at, 
in add iti on, they can a ll be executed al one 
time. A comm on ex ample is the initializa
tion ro utin e fo und in many programs. Much 
of wl1d l is consid ered to be initi aliza tion 
by many peop le coul d actu all y be clone 
mu ch later in the prng1·a111 and could be 
dis tributed among the modu le s. 

Prnce sses rela ted by communication arc 
those which have been grnupecl in Lo a sin gle 
modu le because th ey share data in some 
w;iy, as seen in figure ·11. Thi~ is a stronger 



re lati onship, bu t cons iderat ion should still 
be give n to breaking up such a module. A 
common so lu tion to this problem is a master 
module which hold the data and for mally 
passes it to each of the submodules as 
needed. 

Figure 7 7: Classes of relations. Processes 
can communicate with each other directly or 
through common data in a communication 
relation. 

Sequentially related processes, figure 12, 
are those which execu te in sequence, each 
one creating da ta to be used by the next. 
Obviously such a module can be spli t apa rt 
and the resu lt ing submodules called in 
se quence with the data passed as param
eters . This ha the added advantage or 
making these elementai-y processes directly 
accessible to the rest of the program. 

Figure 7 2: Classes of relations. 11 sequential 
relation wherein the first process generates 
data required for input by the second, and 
so on. 

We can agai n summarize what our idea l 
module will look like. 11 will be minimally 
con nec ted to the rest of the program and 
will have a high degree of internal cohesive
ness. Th is means that each of our mod ul es 
should perform one specific functio n and 
should not contain any extraneous proc
esses. In addi tion, they should communicate 
so lely via si mple , well defined, narrow 
interfaces - prefe1·ab ly by pass in g forma l 
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parameters. Th e result is a program com
posed of plug- in modu les th at ac t like black 
boxes. Such a program is relatively easy 
to change, because each function has been 
carefull y isol ated. Mod ification then becomes 
primarily a matter of modu le pluggin g, an d 
the effects of any new bugs will be con
fined to a re latively small portion of the 
program. Recall that easy progra m modi fi
cation and the reduction of side effects 
were two of th e major tasks we were 
trying to accompl ish thro ugh strucLUred 
programming. 

Finally, we can lis t those decom position 
he uristics wh ich we re mentioned earlier 
and many of wh ich shoul d be apparent 
by now. 

One good techniq ue for determining 
whether a module is suffic ie ntly cohesive 
is to wr ite a sentence describing its purpose. 
If the sentence has to be a corn pound 
sentence, the modu le is probably doing 
more than one th ing. Us ually th is will 
be obvious just by look ing at the sentence. 
Incidentally, thi s can become the goa l sta te
ment for use in the refinement process. 

Carefully examine modu les wh ich result 
in fewer than five or more than 100 source 
statements of code. Th i often ind icates 
improper decompos ition. 

Avoid init ial ization modu les wherever 
possib le. These reduce the bl ack box qua Ii ties 
of many module . 

PRO JE CT I LE 
H EIG HT 

6 7 

SI NE 
FUNCTION 

3 

PU 
DATA 

4 

T IM E TO 
MAXIM U M 
HE I G H T 

Figure 7 3: A module structure chart (or a simple program which calculates 
the greatest height reached by a projectile and the time it tal?es to geL there. 

Input Output 

1. ... . ·- -- . . Initial ve locity. angle 

2. Initial velocity, angle Maximum height 

3. Maximum he ight, time to maximum height . - .. . .. - - -

4 . Initial ve locity, angle T ime to m ax im um heigh t 

5. Initial veloci ty or si ne of angle Squa re of inpu t 

6. Angle Sin e of input 

7. Angle Sine of input 
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Examine yo ur design for duplicate 
functio ns. After elim in ati ng these, if any 
duplicate code remains, it is probably 
needed. 

Watch out for modu les wh ich are ca ll ed 
by or which ca ll a large number of other 
mod ules. Th is ofte n indicates some problem 
in the decom posi tion. 

Modules that perform similar fu nct ions 
probably co ntain duplicate subfunctions. 
If these common funclions can be isolate d, 
the differences can often be inco r· porated 
into the calling routines. 

Don ' t hesitate to over-decom pose a 
modu le. It will be easy to recombine func
tions later, but it may req uire a major re
wr ite if fur ther decomposition is found to 
be necessary after the design has proceeded. 

There is one area in which structured 
programming truly shines: documenta tion. 
If we've do ne our design properly, there 
isn't any need for additional documenta tion. 

This may sound a bit outland ish, but 
cons ider what our refin ements have really 
produced. The goal statement makes a very 
fine program abstract; the speci ficatio n leve l 
provides us with a complete technical 
description, and properly indented pseudo
code can take the place of the program 
flowc hart. By appropriately incl ud ing parts 
of the pseudocode in the code, as in the 
r·oulette example, we end up with a we ll
comrnen ted program. Little else is needed 
except a chart of the modules and their 
connections, as in fig ure 13, but this we 
would have to do anyway in order to aid our 
decomposition . Once we've inished th e 
design, we've also finished the documenta 
tion and we have a runni ng program. 

Strnctured programm in g is a collection 
of techniq ues that help us organi ze pro
gram development by reducing it to a ser ies 
of manageable steps. Th e end r·esult is a well 
formed , documented program which is easy 
to unde r·stand and to maintain. In today's 
busy world, the time and effort th at can 
be saved by practicing struc tu red tech
niques is of immeasur·able value. • 
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sim ulato r in th e system (see Ki n-M an 's 
art icle "An 8080 Simu lator " in th e October 
1977 BYT E, page 70 ), we did not have 
muc h troub le debugging the run time 
routines. Du ring March most of our time was 
spent in refin ing all the routines: revising 
some featu res and ex tensions in the com
pi ler, adding local optim ization capabilities 
in the transla to r and im prov ing th e e ffi 
ciency of the run time routines. The run 
ti me routines, which perfo rm all 16 bi t 
integer arithm etic and logical operation and 
10 convers ions, take only 1 K bytes of 
memory_ 

Th e First step in th e boo tstrapping pro
cess was to wri te the in ter·preter in Pascal 
sin ce it is the slowest bu t shortest program. 
It was coded by straightforward translation 
fro m the BASIC version . Debu gging was 
smooth and the entire program was up an d 
running within a week. Compared to the 
BASI C version, the Pascal vers ion runs abou t 
15 times Faster ; slightl y better than we 
ex pec ted. Ou r nex t step will be writi ng th e 
translator and compil er in the Pascal subse t. 
After that, fur ther development can be done 
in Pascal without the BASI C interp reter . 

For th ree months, each of us have been 
spending about 10 to 15 hours a wee k on 
th is projec t. The first version (i n BASIC) o f 
the compiler and upp ort ing so ftware were 
completed with an es timated e ffort. of two 
worki ng months. Considering such a short 
tim e period an d a functioning compiler, 
we believe we arc ap proac hi ng the ta k 
from the right di rec ti on. We hope that ou r 
project wil l at tract the a ttent ion of many 
readers o that we ca n share our interes t 
and ex perience in Pasca l with them. • 

L anguage r orum is a 
feaWrC' ll'hich is intended as 1.1/1 

in reractil'<' dialug abou t til e 
dcs ig11 a11d implcm en1orio11 o f 
languuyes fo r p ersonal com· 
pu 1i11g. Statemellts and 
opin ions submiu ed ro this 
f 0 /'11117 C<lll be on Olly 5ll bjec I 
relevan t to i ts p u rpose o f 
fost<> r i ng discussion and com 
munication am ong B \/Tic 
readers on the su b jec t of fall · 
guages. We us// 1/101 all corres
f)Olldenrs supply their f u ll 
names and addresses ro be 
pri111ed with their commen· 
taries. 
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: why lhe lasl rnrn~~ is lhe besl rnrn~~: 
• It has t he latest news for users 
• (and prospecti ve users) of Heath 
, Co. computer products . It i sn ' t 
, company- control l ed--BUSS can get 

new product i nformati on and tid 
' bits about items be i ng devel oped 
• before t he offici al announcement 
• by Heath Co. But BUSS does more 
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Let Your Fingers Do the Talking 

Add a Noncontact Touch Scanner 

Steve C iarcia 
Box 582 
Glastonbury CT 06033 
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to Your Video Display 

"Thanks for coming, S tcve. I'm glad we 
were fina lly able to schedul e this mee ting. 
Th is pro blem we have is driving us crazy." 
Fred scurried over to me in the wa iting room 
and shoo k my hand . 

" Let 's get you signed in at guard head
quarte rs and then I'll introduce you to Ted ." 

Th is was the first time Fred and I had 
ever met. But hi s look of re lief to ld me he 
thought I was some ki nd of engineering whiz 
kid . I picked up my briefcase and we walked 
co the gua1·d 's des k. The place was th e pro to
cype fo r a blu e chip company wait ing room. 
Decked out with num erous perfectly 
blended chairs and sofas, it gave the imp res
sion of slick tastefulness, and above all 
money . Current issues of various news and 
bus iness magazi nes were arranged nea tly on 
the high ly polished end ta bles. I imagined 
somewhere with in the inner depths of th e 
company wa ll s a heavy walnut grained office 
door with a brushed brass pl ate reading 
"Customer Coord ina tor for Waiting Room 
Imp ressions." 

MY " li fe in a bi g company" fa ntas ies were 
in terrupted as I signed my name to the guest 
card. Signing my name and titl e was the leas t 
signifi cant th ing they had me do. There were 
questions of cit izenshi p, social security 
num ber and sex, statemen ts th at I 1·epre
sented an equ al opportun ity employer , and a 
list of subvers ive organizations to which 1 
mi ght belong. Th e urge to check them all 
and watch the bells an d wh istles go off was 
cu rta il ed by my basic market ing ins ti ncts. 

I passed th e card, which ult im ate ly re
vea led more in formation than even my wi fe 
knew about me, co the guard. He frow ned 
and scrut in ized the card careful ly . The delay 

was agoni zing as he examined every detailed 
answer. 

" I 'I I have to inspect that briefcase, 
bu ddy," he said . 

Surely I'm no buddy of you1·s, sir, 
thought to myself. I full y expected the 
frown I usually receive when my b1·iefcase is 
inspec ted at ai rports. The inspectors th umb 
through the piles o f paperwork and , upon 
discovery of an iss ue of BYTE , qu ick ly 
cover up this unusual ly citi ed magaz in e and 
gul p an embarrased " Next!" Much to my 
surprise the guard seemed unin terested . 

"OK, here's your visitor's badge. Remem
ber, you have to be escor ted at all times," he 
said, and whisked me away with a sweep of 
h is hand . 

Fred appeared relieved . l was now on the 
in si de and hoped I cou ld help al leviate hi s 
urgent prob lem. 

"OK , Fred, what 's your problem and how 
can my company help you?" This was a 
basic marketing question fo r· our type of 
bu siness whic h spec ia lizes in technical so lu 
tions through custom electronics - which 
really means providing engi nee1·i ng con
sul ting to companies who have become em
broil ed in polit ical debate over the latest 
in -house technical fiasco. 

"We'll get to Ted's office in a few seconds 
and I' ll let him explain . Basical ly we need a 
bl ack box. " 

Before 1 could get the functional requ ire
ments from Fred, we arrived at Ted's office. 
Bei ng in troduced to Ted as "director of 
marketing '' elicited a certain degree of re 
spec t, because in his company th is was a 
vice-presidential position . Ted mot ioned me 
to a seat at his mahogany conference cable 



near the wi nd ow overlook ing the company 
golf cour e. After as k ing how we wanted our 
coffee, he stated in a very businesslike man
ner, " I pr·esume Fi-ed has fi ll ed you in on th e 
prnblem'" 

F r·ed jumped in before I could answer, 
" I 'm sorry, T ed, I haven't had a chance to." 

Ted stood up, rota ted his body 90 de
grees and pointed to the video displ ay ter
minal in the corner. "That' my prob lem ! Or 
rather the com puter types downstairs who 
progr·am itl" 

I looked at the disp lay. I t was a standard 
gr·aph ics term in al similar to those avai lable 
from cvcral manufacturers. 

Ted conti nued, " Programmer·s prngram 
com pu ters for other programm ers1 They 
never· think of the user. I drag th at terminal 
to board meetings so we can rev iew market
ing figur·es , and I spend hal f my t ime enter·
ing 8 digit passwords , h itti ng escape and con
t rn l keys to se lec t op t ions, an d answering 
end less quantities of mind less interrogat ion. " 
T ed was get tin g a littl e hot under the co llar. 
"Time is money in those mee tings and here 
in my office. I don't wa nt to spend al l day 
play ing true confessor with a compu ter! I t 
func t ion is to display informat ion and th at 's 
al l the in teract ion I want." 

Ted's problem was not unusual. Where a 
program requi res th at th e next entry be a 
co ntrol R, one had better type a control R. 
In higher level sy terns operators need al l 
ki nd s of cross reference manual s to commu
nic ate in the different languages. 

" Look," Ted lllrned on the di spl ay and 
Lyped the log-on password and termin al 
ident i f icatio n. Various opt ions were dis
played. " Th is is wh at I mean. I f I want one 
of th ese opti ons, I have to type a 5 digit 
code, wait to give a particular file number 
and th en some o ther code." 

As di-plays flashed on the screen I 
couldn't help but offe r the obvious ques
t.ion, "Ted, why can't you r programmers 
just ch ange th e software to al low single o r 2 
d igit entry?" 

"That would be fi ne if the software 
weren 't already wri t ten. We're talking about 
mil lions of dol lar·s worth o f sortwMe and I 'rn 
u~ing on ly a smal l port ion within a large 
operat ing system . I wan t to be able to 
choose what I want sim pl y." 

Ted needed a "bl ack box" an d he knew 
exactl y what he wanted. 

" I wanl someth ing to rep lace thi s key
board for the lim ited specific application of 
menu se lectio n and disp lay. Put a log-on 
bullon on il. Wh en I press log-on it wil l send 
whatever in formation is necessary . Th e user 
should know onl y that he or she ha to log 
into the system - that 's al l. Next, give me a 
key tha1 wil l send the nece ary message to 
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get into the menu programs I use and then I 
can select the options by number. You send 
any other messages that are necessa1·y." 

Ted was not discussing the usual black 
box. He was promoting the idea of in te ll i
ge nt rathe r th an dogmat ic communication 
with the computer. A perso n at this level 
in the corporate structure could not be 
ex pec ted to main tain th e code word and 
sy n tax I ib rary of the average program me1· 
downstairs. Wh at he wanted was onl y log· 
ical. I left the meeting with the fee ling th at 
here was a man who also rea lized it was time 
to fight rather than conform. 

Perhaps if computers were programm ed 
less for in teraction with computer perip her
als and more with the hum an operator in 
mind , peopl e would be less afra id of them. 
Ted's application was specific and 1·epetit ive 
but he was st ill burdened with th e general 
system protoco l. In a company that prob· 
ably had a thousan d programme1·s generating 
software , his cry to change everything to 
al low sim ple input and output (10) fo 1· his 
application would be fighti ng an uphill 
bat tle . He knew this and also rea li zed that it 
was easier to change iL at his end. 

We wo ul d make Ted's black box for him 
and it wou ld solve his immediate problem, 
but what of the future7 

Do your computer input devices limi t 
you? Many pe rsonal computer systems have 
this prob lem. 

Consider a sim ple program to teach your 
child mathematics. Such a prog1·am in its 
least complicated for m might invo lve a mul
tiple choice and p1· intout something like th is: 

4 x 8 = 28, 30, 31 , 32, or 35 
The right answe r is ? 

Most BASICs would req uire typing 32 and a 
ca1-riage re turn . Don't forget the carriage re· 
ru m! Remember, you have to confo nn to 
the in put protocol of th e BAS IC. 

Now, before I ex plain what I'm driv ing 
at, let me give ano ther example. Say you 
wa nt to use yo ur system for a home manage· 
ment application, such as putti ng together 
a shopping lis t. You coul d li st ou t th e fol
lowing on the sc reen : 

1. M il k 6 . Peanut bu tter 
2. Butter 7. Dog b iscuits 
3 . Margarine 8 . Cheese 
4 . Eggs 9 . Coffee 
5 . Rice 10. Tomatoes 

cont ro l P for next page 

Obviously, the number and a carr iage 1·e turn 
could be entered to choose the items th at 
wou ld be ultimately listed out as a shop ping 
list. A few pages along in th e listings, 
though , the entry data wil l get more com
plex str ictly from the sheer vo lum e of pos
sibl e cho ices. Most homemakers wou ld tire 



of the comp lexity of such a system even 
tho ugh the concept of just choosi ng items 
fro m a list sounds simpl e. 

The solu tion is to watch the way our 
young mathematics studen t might react 
when we disp lay the ex pressi on 4 X 8 on 
th e scree n. The natura l response is to point 
to the answer! 

The hom emaker would apprec iate usi ng a 
system that commu nica tes in straightfor
ward terms. Displ ay a list of groceries and let 
th e user point to the desired items. 

A New Data Input Device 

Ho w do you point to a particular se lec
tion on a video display generated me nu ? Th e 
computer needs to know how to interpret 
your response regardless of the input device . 
The ASCII key board is strictly an in put code 
to the com puter. There are unique codes for 
each switch on th e key board . The com puter 
doesn 't kno w the loca tion of the particu lar 
key that pr ints an R or a Q. It recognizes 
only a 7 bit code for these letters. If you 
don't have a key board on your compu ter, 
but want to check out some software th at 
needs very little typed entry , you could use 
seve n toggle switches. It woul d be very slow, 
but th e computer wouldn 't care. All it's con
cerned about is that you present the code it 
wants. 

The same goes fo r any device attached 
lO a compu ter . Th e most obvious way to 
poi nt to a video dis play screen and have the 
computer un derstand it is to use a li ght pen . 
Such units have been described before in 
BYTE so I won't go into too much detail 
here (sec the references at the end of th e 
ar ticl e) . All a ligh t pen interface does is pre
sent to th e com pu ter, usually in the same 
mann er as a keyboa rd inpu t, a code re pre
sentin g a position on the video d isplay 
screen. Th is code has to be translated by 
the program from a pos it ion into an action. 
More on this later". 

But, why use a light pen? This aga in 
makes the opera tor con form more than 
necessa ry. 

Fingers Cam e Before Light Pens ! 

Though not capab le of the same pos i
tional resolu tion as the ligh t pen, it is pos
sible to des ign an interface th at allo ws a non
contact data input. Ph oto I is a pictur·e of 
the prototype designed to il lu strate such a 
technique. It is an infrared scannin g system 
that se rves as a low resol ution noncontact 
digitizer. In th is pal'ticular case it is mounted 
on the front of a video displ ay to approx i· 
ma te the function of a ligh t pen, but it could 
just as easily be laid over a typed sheet of 

Photo la : Noncontact scanning digitizer in action with a BASIC program. 

Photo lb: Rear view of the video monitor showing circuitry mounted on two 
printed circuit boards on either side of the picture fram e. 

Photo 2: Display showing locations of the 256 points of the array. 
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Figure 7: Block diagram of the noncon tacl scanning d igi tizer. Two rows of 7 6 pairs of LEDs and photo transistors are placed 
opposi te each other in front of a video display. When the user breaks the infrared light beams with a f inger or other ob,iect, a 
signal is sent to the computer giving the coor dinates of the point in question. 
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paper in whic h position coord in ates could be 
translated into usable re lationsh ips. I refer to 
it as a to uch panel or touch scan ner fm lack 
of a berter word. 

Build Your Own Touch Panel 

The to uch panel is an elaborate infrai-ed 
scanner. There a1·e 32 pa irs of infra1·ed li ght 
emitti ng d iode (LED) transmitte1·s and re
ceivers mou nted arnund the perimete1· of the 
screen. There are 16 on the X (or hor izontal) 
axis an d 16 on the Y ( 01· ve1·tica l) axis. The 
reso lu tion of suc h a device is therefme 16 by 
16, and there are 256 indiv idual poi nts . 
Photo 2 show th i gr id system. 

Figure ·1 is th e block d iagram of the sys
tem , and figu 1·e 2 shows the detai led sche
mat ics of Lhe system. The noncontac t digi
ti zer is basical ly a hardwa re stepping circuit 
that turns on each u·ansmitter/receivcr pair 
sequentially and chec k to see if anything 
(like a finger 01· a penc il) is block ing the 
beam. The tra nsm i ttcrs and rcceivc1·s arc on 
oppo ite sides of the board, as il lu strated in 
figure 3 . The lower left corner is posit ion 
(0,0) in a Cartesian coord in ate system. The 
upper right is locat ion ('IS, 15). 

The hai-dware fas t turns on th e pair Do 
and Oo and then sequences down the lin e 

along the hor izontal (X) ax is to Di 5 and 
0 15. Only one pair is energized at any one 
time. If any of the beams with in these 16 
pairs is obstructed, the 4 bit binary code fo r 
that location is loaded into IC9. Th e scan 
continues in the Y direct ion in a simi lar 
manne r and the 4 bit Y pos ition is loaded 
in to I Cl 0. If the ha rdware senses that some
th ing is obstruct ing an X and Y beam within 
one scan around the perimeter, it sets a data 
ready flag and stops the scanner. 

The data prese nted to the compu ter is an 
8 bi t wo rd represe nti ng a 4 bit X coordinate 
and a 4 bit Y coo rdinate. These li nes are 
impl y tied to a para llel input pon, in the 

same manner as all the other dev ices I de
sign. The data ready bit can be read either 
as a single bit input on another pon, 01· as 
a control li ne on a more in te lli gent in ter
face . When the program senses that the 
da ta ready is high, it reads the scanne1· data 
and momentarily pu lses the ready 1·eset line 
low to tart the scan cycle again. 

Use a Picture Frame 

The heart of the system is th e LEDs and 
photo transistors shown in photo 3. The de
vice on the left is a Genera l El ectric LED 56 
and the pho todarl ington detector used with 
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Figure 2a: LED driver and optical receiver circuitry for the noncontact digitizer. Each lransmitter/receiver pair (consisting of an 
LED and phototransistor) is activated sequentially via lines A, 8 and C. DO and QO ore turned on first, and the sequence con
tinues do wn the horizontal axis to D 7 5 and Ql 5. If any of the beams is bro/?en, the 4 bit binary code for that location is loaded 
into /C9 (see figure 2b). The scan continues in the Y direction and lhe 4 bit Y position is loaded into /Cl 0. Any obstruction 
causes the data ready flag to be set and the scanner to be ha fted. 
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1. All capacitors are 25 V ceramics unl ess otherwise speci f ied. 
2. All res istors are Y. W 5 percen t un less otherw ise specified. 
3 . m denotes signal ground . 
4. I Cs 16 thru 19 are CMOS devices and should be ha ndled carefu l ly. 
5 . Additional LEDs on prototype unit are fo r testin g purposes o nly . 
6 . 00 th ru 031 : GE LED56 infrared emitter. 

DO th ru D3 1: GE L14F 2photodarli ngton infrared detector . 

IC T ype +5 v God 

1 7400 14 7 
2 7493 5 10 
3 7474 14 7 
4 7404 14 7 
5 741 55 16 8 
6 741 23 16 8 
7 LM3 11 8 1 
8 7408 14 7 
9 7475 5 12 

10 7475 5 12 
11 7400 14 7 
12 7445 16 8 
13 7445 16 8 
14 7445 16 8 
15 7445 16 8 
16 CD4051 16 8 
17 CD4051 16 8 
18 CD4051 16 8 
19 CD4051 16 8 
20 74 121 14 7 

Table l: Po wer wiring table for the noncontact digitizer. 
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Figure 2c: Address decoder and photo transistor signal conditioning circuitry for the noncontact digitizer. IC2 is a counter driven 
by the oscillator at upper left. When a phototransistor is acti11ated1 the S IG line goes high, activating line NL, which stores the 
4 bit address of the interrupted beam (see figure 2b). The scanner is finally halted via the CTR L line. The computer then reads 
the coordinates and reactivates the scanner. 
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Figure 2d: Optional audio data ready signal circuit1 which causes an audible beep on a speal?er 
whenever a pair of beams is obstructed and sets the data ready signal. 

An indus1rial grade alpha· 
numeric termina l , incor· 
porating touch panel input, 
is be ing manu factured . Fo r 
information contact : 

General D igital Corp 
700 Burnside Av 
East Hartford CT 06108 
(203) 289-7 391 
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Photo 3: GE LED56 light emitting diode (left) and GE L1 4F2 photodarlington infrared detector used to transmit 
and receive infrared light, respectively, for use in the noncontact scanning digitizer. 

it is th e L1 4 FZ. These uni ts have bu ilt- in 
glass len es and are very sensit ive. A much 
less ex pensive thou gh equ ally cap;ibl e opto· 
electr ic pair is the Hl 7B l shown on the 1ight 
in pho to 3. Because it has no lens, it requires 

Photo 4a: Mounting the photodarlington detec tor . 
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consi derably more shielding from ambi ent 
light, but it will work if properly ali gned. I 
have checked th e operation of both dev ices 
and recommend the lensed type if you 
intend to use the touch scanner in high 
ambi en t light environments. Th e prototype 
descr ibed here used LED 56s and L1 4 Fs. 

The fra me tha t holds all the electronics is 
a $4 di scou nt store wooden pictu re frame. 
Ha lf inc h (1.27 cm) wooden strips gl ued 
aroun d the edges hold the ph ototransistors 
and LEDs in even ly spaced, recesse d, Yi inch 
(0.63 cm) holes. This tech nique is shown in 
photos 4a and 4b. 

Th e ent ire assembly is attached to the 
picture frame and can be secured to the 
front of a video d isplay . The display in these 
photos is a 12 inch (30. 76 cm) surplu s Ph ase 
4 mon ito r. 

On e furt her addition to the hardware to 
aid users of the scanne r is audio feedb ack to 

confir m that a posit ion coordinate ha been 
elected . The da ta ready strobe triggers a 0 ."I 

second beep on a small spea ker. 

Calibration and Testing 

There is vi rtua ll y no thing LO calib rate or 
test on thi s uni t. The only adjustment is the 



031 031 
030 030 
029 029 
028 0 28 
027 02 7 
026 026 

LEGEND 025 025 
Notes for figure 3 02 4 024 

• L EO PO SITIO N 023 023 
1. Scan is seq uen tial from 022 022 

DO thru D31 . 0 PHOTOTR AN SISTOR 
021 POSI TIO N 021 

2 Only one LED is on at 020 02 0 
any one time. 0 9 019 

3 . Scan rate is approxi · LIGHT PATH 
0 18 018 

mately four samples per 
(X, Y) X Y COOR DI NATE O• 7 

(15, 01 
017 

second . EACH POSITION 016 016 
4. T otal detectable points IS GIVEN A S A 

= 256. 4 BIT BINARY CODE 

sensitivity control on th e phototransis tor 
amplifier. D ir-ect sunli gh t 01· incande cent 
li ghts will cause atu1·at ion of the inpu t and 
di ab le the scanner·. T he only other im por
tan t consideration is mechan ica l alignm ent : 
the LED and phototransistor consti tu t ing 
each pair must be exact ly oppos i te and in 
direc t alignment. 

Figure 3: LED and phototransistor placement for the 16 by 
16 Cart esian coordinate 11011con tact digitizer. 

Th e pro gram in listing 1 is a simp le 
BASIC program to exercise the scan ner an d 
provide the oper·ator with an indicat ion of 
its operat ion al integr ity. I t is \Witten in 
Micro Com 8 K Zapple BASIC. The decimal 
coordinates of X and Y will be outpu t as 
your finger is moved across the scanned area . 
Th is is the only m u tine th at ha to be added 
to any BAS IC program to exercise the scan
ner. I f set up a a subroutine by changin g 
l ine 210 to a RETU RN sta tement, the rou
tine will tu rn th e scan ner on when ca l led and 
r·eturn to th e main program with a va lue in 
variable D represent ing the coord inates to 
which you poi nted . Th e main program then 
responds appropria tely. 

Obviously the scanner would be rn o1·e 
efficien tly dr iven by a machine language pm· 
gram, but I fee l most users wil l be inte rested 
in util izing this dev ice with a high level lan
guage. The relatively slow scan 1·a te al lows 
co nsiderab le leeway. 

Nex t month I 'l l pursue the software (i n 
BASIC) necessary to dr ive thi s scanner effec· 
t ively . The majo r· emph asis w ill be the use of 
men us and key board ubst itut ions.• 

REFERENCES 

1. Loo mis, Sumner S, " Let There Be L igh t Pens," 
January 1976 BYTE, page 26 . 

2. Webster and Y oung , " Add a $3 Light Pen to 
Your V ideo Displ ay ," Feb ruary 1978 BYTE, 
page 52 . 

100 REM • 'RESET DATA READY BIT TO START SCANNER " 
110 OUT 16,0 :OUT 16,255 :REM T HIS IS A 10 MS EC STR O BE 
120 REM• •TEST DA T A REA DY BIT'* 
130 T=INPl2) :REM READ INPUT POR T 2 
140 T =T AND 1 :REM MASK ALL BUT LSB 
150 IFT <> 1 THENGOT0 130 
160 R EM·· READ DAT A '' 
170 D= I NP( 161 :REM SCANNER IS ATTAC H ED TO PORT 16 
180 X = ID AND 240)/ 16 :REM MASK AN D SHIFT T O OBTA IN 4 BIT X 
190 Y =D AND 15 :RE M MASK TO OBTAI N 4 B IT Y 
200 PRINT"X=":X,"Y=";Y 
210 GOTO 110 

Lisli11g 7: Program 111ritten in 8 K Zapp le BA S IC to exercise the scanner. 

Ph oto 4b: Mou11ti11g th e LEDs. 
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JACPOT Edwin E Hastings 
18 Churchill Rd 
Marblehead MA 01945 

Listing 7: The JACPOT game, written in BASIC. [We detect a sma ll amount 
of bias in the symbols for a winning comb inat ion, whic h can of course be re
defined arbitrari ly to suit the user's fancy . .. CH I 

Many states are now worki ng to legalize 
gambli ng, but why wait for the bureaucratic 
process when you can start a casi no on your 
own computer (for fun of course ) with the 
J ACPOT program. j ACPOT is a simulation 
of a slot machine written in BAS IC, with 
bets limited only by the co nstraints of your 
machine. You can lose all your money ;i nd 
then lose it ;iga in ! 

~hiCr·or l O- HnY -77 MU BASlC/RT - 1 1 V0 .1-01 

10 REM COP YR I GMT 1977 DY EDtJ IN E . HnST J nos 
:io RnN r•OM1 LC 
~~o r ·raN r • f'LEn SE CNTER THE AMOUNT OF HONEY . 
•o rR!Nr . YOU W I ~! TO PLAY WITH ., 
!:iO H JPU T Z 
60 Ir Z . O !HEN 80 
'JO GO TO 90 
UO 1 ~1HNT • 
90 PR JNT 

F" L E /\5 £ ENl ER A POSIT I VE NIJMREF\' . • \ GO ro 5 0 

100 PRI NT • OU YOU WnNT I NS TRUCT I ONS <Y - N)•j 
J JO LET M=Cl llll(5Y5( 4 )) 
1:!0 IF li'f. "N ' THEN .HO\ IF l'\'1. -~ · y • TYEN 100 
lJO (·f~lNT 

l·I O F'RlNT 
l ~iO f'RIUT 
160 F'R INT 
170 PRHIT 
JOO r'R INI 
190 PR INT 
:!00 F'RlNT 
.""10 r·Rilll 
:220 f· f\INT 
~30 PRINT 
~40 F·R JNT 
:":iO F' f\JNT 
260 f "RINl 
:!70 F'RlNl 
~so f'RI NT 
2?0 F' ll!NJ 
.300 F'Rl NT 
.HO f.'fUNT 
J20 PRINT 
330 F'R lN l 
3.,0 r·r..:tNT 
3:.10 PRHH 
3~0 PRINT 

OAtil•l T---A SIMULl\TEn SLOr Ml\CJIHJE • 
PLf1Y UNTIL YOU OR f HE BANK nRE [tf\QI,£ " 
IHNNING COMBINl\T lONS ARE l\S FOLLOWS .• 

BOBO 6080 11?'1 PAYS ::? ! 1 • 
8060 IBM Pf'\YS 2 : 1 . 
BOBO BOBO IBM PAYS . ". 
8060 6060 0000 Pl\YS 4: J . 
6800 6BOO 6800 PAYS a : 1 • 
6~0~ 6502 6 ... 0 :'.! PAYS 16 ! 1 ' 
Z - 80 Z - 80 Z-00 PAYS :~::? : 1 • 
Cl\R D CARfl CflRfl Pl\YS 64 : I • 
Tllf·E TAr' E J'APE PAYS 120 : 1 . 
OISK [•ISK Ul St< P1'1YS 256 : 1 . 
IBM TBM 1"M SUPRI SE ' 
DEC OEC OEC Tl\~ ES lT l\LL ' 

l.JH EN (\ OUESTJON Hnl~h IS r .. rdNr£u . ~£SF'ONit Wl I H Tr-1 ~ · 

NUMDEF\' OF ~E:PE:A'fE: l 1 PL AYS YOll UI SH TO MAKE • 4 

A COMl'"lth AND TH£ srzr OF YOUf< BET . f F YnlJ WJ 5 H ' 
ro ST Or BEFORE YOU or<El\K TliE Dl\MK . OR YllU GC BROKE. -
INPUT A ·o . o· WHEN YOUR BETS ARE AShED FOR .-

\ PRINT 
..370 LET Bl lt-H (1 . B5*Z> \ L E'.T Pl =Z 
JBO LET ci - o \ LET C2=0 
J90 IF C2 ti THEN 510 
400 IF Dl - o rHEN 1480 
410 GO TO 480 
4 20 PR tN r YOUr\ nl!:f'S F'L£:ASE "; \ CNPUT Cl , c 4 
•30 F'RH/T 
·HO IF C I - 0 fllE'.N IF t.:4 =0 THEN 1670 
4~0 I F C4 0 rHCN 4~0 

·lCiO LCT C::! - 0 
•1 /0 GO TO !> 10 
•130 PRINI • THE [U'INf1 1T Hl"IS ... -cn · . you llAVE 'Jo "Pl 
490 F'fdNl 
~t0 () GU TO 420 
~10 LET Pl =Pl-C 4 \ LE T ~l = ~J +C ~ 
~ :~O LCT C:?-C2 f 1 
530 GOSUll 7 '1 0 
::.Ho LEr n1 ..- x:.! 
~::iO GOSUO 71\ Q 
:160 LE T l"\2 -X:.! 
:i70 GOSUB 7 40 
~80 LET n3 =- X:! 
~.90 IF 1\ 1 9 rHEN 600 \ 
600 IF A~ <> 1i' fl.IEN 6 .1 0 \ 
6 10 I F 03 V I HEN 6:!0 \ 
6:!0 Ir (t'\ 1 *A2> ·.>BI HIEN 
530 LCT n:?- n3 \ LET Al =A2 

LET 
LET 
LET 
640 

~ 40 t r (\1 n2 fHEN 660 
l1'.JO GO 10 t 180 

A1 =A2 
A 2 = 1"11 

A3= A2 

.~60 IF f"\:! ::::; f'IJ fHEN 720 \ IF 1"11 • 2 THCN 6BO 
670 GO ro 1 180 
680 JF A:l :-s J r! IEN 1 100 
690 LLT U1 ~ ~1 - (2*C 4 > \ L ET Pl =P 11 C2*C 4 ) 
700 PRlNf " WIN ~· ; 2*C4 
l .J O GO ro 390 
/~O If-. f'\ t : J 11-IEN l l BO 
no GO TO .l 3 '70 
/40 LEr X:! '0 
l:JO LCT X 1 JN T < lOOOO•RNO( 1 > > 
760 IF Xl 7~70 THEN 750 
170 IF Xl /~ 14 THEN 870 
JBO lf Xl 7 41 2 THEN BBO 
190 IF X 1 7:'40 fH(tl 990 
000 IF XL 6968 fl-IEN 900 
U l O IF Xl 6~66 THEN 910 
o~o JF Xl / 5894 THEN 920 
OJO Ir Xl 4818 THEN 930 
840 IF' XI JO'l6 THEN 9·W 
o~o 1r Xl ; J40 THEN 950 
060 GO TO 960 
870 LET X:? X~ t- 1 
eao L(T X::? ~ X2 ·11 
890 LET X::!-=X:?+l 
900 LET x~~ x::!+I 
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'710 LLI X:!=X::? +l 
920 LI;. r x2~x:? H 
930 LC r x2-o:-X:! fl 
9 40 LL r X:-!wX~i I 
•1so u ;:r x~ - x2+ 1 
1760 LC r x2- x~ H 
?70 IF x~ 10 THEN 990 
?00 r·1n1H "DEC • ; \ l'\ET Ul<N 
990 I I X~ ,9 THEN JOIO 
tOOO l"fHN I "18M • ; \ RE'. TUR N 
JOJO I r x::-9 THEN 1030 
10:0 f'l\JNf " DISK • ; \ RETU f\N 
10.30 
10'10 
10~0 

L060 
J 0 7 0 
J OBO 
109 0 
11 00 
11J0 
1 1~0 

1130 
1140 
l l~O 
l lbO 

1r X::?· 7 THEN 
r ·R J t-JT 'TAP[ 
.Jr X-0 b l"llH f 
f ·h: lNT · t.:r.1w 
.er X~<S Tl·U.:N 
l 'f,' JNt · z-ao 
Jr X~! -.1 TltEN 

1·1(J NT '6~0'..! 

J I ;.:.:. 3 TJILN 
1·r1 I NT "6800 

I ~ x~-~ mui 
•··rnn1 ·eoao 
JI x~ l fHUI 
1'!\ INr ·wANG 

1 I 7 0 l\ t l lJl\N 
l 100 t[ I !'l 'l-0 

10~0 

RE . Jl~N 
107·:-
• ; RF fd i<N 

c;.c,.·o ., \ t1l:.lllf\ N 

1110 
\ f\'£TURN 

1130 
\ RETUr~N 

1 1~0 

11 /0 

I !YO 11 1\ J ;:; tO rllEN .1:!60 \ Jr fl:! JO Ttl[N l:!60 \ IF AJ:: lO TllCN t2..'.0 
!~On rr I'd l THEtl J.:!lO \ LE f A4 --" f'\4t1 
l~lO Jr :'\:!)1 THE::N J :-?:::o \ LET i"H ('Htl 
! ~:'0 11 ,,:!. I THLN I :'iO \ LCT f\ '1 -(\t; ! I 
1:!30 rr 1'1'1 0 TH[N J:!VO 
1240 r H1n1 
I ;·~o GU rn 1 JOO 
1~60 1 ·R t1~1 ·w1N · ·1o*C4* UlfH DEC" 
1~' 7() 1 11 [il =D l - (JO!t: C'1) 'L(T r· 1 ,... r 1 1<10:t:C 4 ) 
I 280 Li U I 0 J 380 
1 ::!90 11- fH t Tll[N J J:.!O 
1:500 I f r Vl r~ll· C.:*C •'l) 'LC T r t Pl - (:!*C'l) 
1310 PRrtH •zlLCll YUU LUSL "° ' :.'1.t:4 \ GO TO l SBO 
J J:!O rr n4 :? THFN lJ~O 

1330 I F r lll =U1H4*C4) \ LET rt f'l - ( 4*C'1) 
I ~ ·1 0 r ·rn IJ f • DOUL,LL .:J L CH-YOU LOSC .. . <i•C 1 GO TO 1 ~80 
13~0 Lrr ~1 = ~1~(8*C1) \ LEI Pl Pl-<S*C 4 > 
13110 f' RllH • f f\ll 'LI:. 41LCH-YOU LOSE t. ' B C4 \ GC TO lSSO 
13:10 I r I X•t :! 
1300 1- m : X3 - ::? TO 10 
I :'iCJO LI I X4 "'-X 4*: 
J •100 11 t\ J - X3 THEN 11-0 
1 •ll o r1nc1 xJ 
l•i :"O ! r r'\ l 10 THEN 1'1(,,0 \ Jr n1 9 TlfLN '1 .!.0 
1430 LI 1 l-H-= B t-<X•i'tC•1) \ L[l f 1 r'lt<X4.tt.'.t\) 
1'1<'1 0 f 'R H H •w tu f.'X41'C4 
14'50 no 10 tsso 
J ei oo 1 1 1 r-1 - 1 u:2 
J 4 70 I T lrl 0 
1 '100 l'R l NI 
1 ~90 f 'R IHl rna<J:;i); ' J n c 1,ro 1· ;cHR,{ 7) i CHR•C7) 
t:.:tOO P h:JN l • YOU Df\01,C lllE £•f'\Nt\ . YOU NO W HAVE i • f't ", • 
l ::i l O r- rn~H • ru: f'ISE LEnVE OUJETLY· 
J::i:?o oo ro t 630 
1~30 L C r l~-= INT( ~/~tl ) 
IS40 L rt r1~P11z~ \ L£f ~ 1 = 01 - Z~ 

1550 r·NtHI · 1r ·s Hn~tc OUHUS TlHE o YOU WI N · z~ · OOLLnRs .· 
tS60 PRIHl ·coMr·L fMCUIS OF DECI · ; cHf\1"17) 
l~7() FOR 1\:..:. 1 TO 4 ' f'r.:INl \ NE XT I\ 
l SBO ff 01 ..,w o THCN I 490 
l:.J90 rr Pl ,::::; Q THCN '6 :~o 
1600 GO TO 390 
t6 to r ·1n NI 
16 ~0 I f\lNJ • YOU'RE ALL (IQNEtNO Cf\( llJ I ALLO WE[1, • 
1630 FnR f(~:-q TO II \ I 'r1:1Ni \ NEXT I\~ 

161\0 Pf.:HH " LIO YOU Wf'INT TO PLnY AGAIN< Y - N> ·; 
1650 I CT Yt.-ctmt.<SYS( 4 )) 
1660 lF Y'f:= ' Y · TllEN 310' I r Y't. ,) " N ' r HEN 1650 
1670 OHl 



Listing 2: A sample run of /ACPOT. 

~IAC f'OT JO- MAY-77 MU DASIC/RT- t J vo1 - 0 1 

PLEASE ENTER THE "110UNT OF MONEY 
YOU WISH TO PL ti Y lJJ rH .1' 1000 

CAPE 
aoao 
8000 
1'.>502 
CARO 
C AR~ 
8080 
8080 
rAf'E 
6SO~ 

6800 
650:? 
6800 
l-80 
z- ao 
.!1SO:? 
650:' 
flEC 
TAPE 

00 YOU WANf INS TRUCT IONS<Y-N>Y 
Ff'IN[l! T--- A S IMULAT D SLOi MACHI NE 
PLA Y UNTI L YOU OR f HE BANI\ ARE f.1ROl\C: 
u J NtHNG COM Bl NA T IONS ARE: ns FOLL DUS . 

8080 8080 ????' f'AYS 2 : 1 
8080 IBM ??'>!" F'AYS 2 : i 
8080 BOBO IBM PAYS 1 : 1 
8080 8080 8080 PAY S 4: J 
6800 6800 6800 PAYS B :i 
6502 6502 650:! PAYS 16 ! J 
Z-BO Z-80 Z-80 PAY S 32 : 1 
CAl'W ctir..:o CA~ JI PA YS 6 4 : 1 
TAPE TAPE TAPE PnYS 120 : 1 
orsK Dl S h DI Sh PAYS :?::iO ! l 
CB M rB M rBH SUPRISE; 
flEC DEC [•EC TAKES IT HLL 

WH[N fl OUE Sl ION Mn r..:1.;: IS PRINTE [1. RESF'ONfl UITH Tl-IE 
NUMOER OF f<EPEATEO F'LAYS YOU WISH TO MAKC. 
f\ COHMA 1AN[1 T HE S IZE OF YOUR DET . IF YOU WI SH 
lO STOP £-cEFORE YOU llr\Ef'lh THE BMI/\, DR YOU GO Dl\Ol,E • 
I NPUl A • 0 , 0' WHEN YOUR BE'.T S 1:'IRE ASf\ED FOr\. 

Tl~E Bf'\NDTT HAS '$ 18 4 9 , you llAVE " 1000 

'fOIJr\ BETS PLE.'ASE 7 JO, 10 

6'.:lO:! Wl\NG 
8080 l - BO WIN • 20 
650~ BOUO 
6800 6000 
8080 SORO 
3080 8000 
CAR [1 650:! 
BOSO 6800 WIN ., 20 
8080 6800 
Z- 80 TAPE 

rnc MND!T 11ns • 1909 , you HAVE • 940 

YOUR VETS PLEASE? 10 , 20 

6600 l1BOO WIN ~ 160 
6800 6800 
DOBO Tt1f'E 
OOllO BOBO 
0080 650~ 

BOSO 8080 
6:JO:? oBOO 
6~0:? CA Rh \J I N it. ~00 WITH VEC 
0080 Z-80 

1 llE Bruin r T Hf\S .. 1669 'YOU H1~\VE .. 1J eo 

Ylllff• ['I[ r U l'Ll! f'I SE'.'•' 10 , 100 

z - ao TArE noso 
BOUO 6600 Z-A() 
650~ 6502 LIOBO 
80 110 i,.J fl Nti hU(>O l.lOUBL( L 11. CH- YIJU LOSE 1" •l OO 
BOBO SORO 0000 WIN 1 400 
soao ttsoo t.5o::? 
Cnfi: t1 /150~ fJOSO 
6~0:-1 L.J C! NG I l1H IJOUBLE ZILCli - YOU l. OSE 1- '1 00 

YO ll'RE fi ll DONt . NU Ch·E'. tl!T ALLOWED. 

DO YOU WAN r ro PLAY nnnJ NCY N)Y 

WAN G 
90A() 
oouo 
TOP[ 
800() 
li EC 
6800 
BOBO 
eono 
0000 
TAPE 

WANG 
CA l'° lJ 
8060 
z-oo 
CAr\'11 
BOUO 
8 08 0 
aouo 
BOBO 
650c 

LJl-lFN ti UUE~rt UN Mt'lRt\ TS f"r~INTCf1 ,r\ESF'ONl• UITH THf 
NUH[~Er~ Ot h""E:F'Ef'ITElt PLf'IY;, YOU WJ SH TU MAl\ I: , 
f'I COMMthANLr rm:. SJ ZE OF YOUR [![I . ] f YOU w [Sit 
10 STlJP rtE:FOrff YOll OHF.Af\ H IE Of'INl\ . Or< YOU GO BROf\E1 
l NP'UT l'i ' O, O' WH CN YOUR f1ETS Ar<C ASl\E l• f"Of< . 

rt tE FrA NllJ r HAS 'I. 18 4 9 , YOU HAVE s 1000 

YOUR t:E f!J P L£f'ISE::? 11 , 5 

6800 6::J O:.:! ZILCll - YOU LOSE • 10 
UOBO 1l080 WIN ., 20 
6 502 8()80 
ocao WANG 
1l080 6800 WIN 1() 
BOOO UOBO WIN so WITH nEC 
8080 aooo 
woo M:c wrn ., 50 Wl'l' lf {1EC 
BOBO WAN O 
6:::.o~ Cf.\R [1 
8080 0080 

nu: DMHIJ T 11AS • 170 4 . vou HAVE • 1065 

YULII• nus rLEf'ISE? 10, 10 

6800 JhM ZILCH- YOU LOSE • '.!O 
6800 8080 
oouo taM WIN t ·> 0 
noeo t.000 
0080 6800 
1.r.00 IBM 
BOIJO noao WIN ,, ~ o 
0080 61300 wrN :?O 
AOBO nooo WlN 40 
BOAO 0080 

nu: fll'iND J'f HAS ~ l 7 6ii . you HAVE • l OB!i 

YnuR nErS r LEASE• o .o 

BOBO SOSO 8080 WIN 1.. RO REMrY 

The ma in object of j AC POT is to play 
unti l you or the hou se go broke. The win
ning combin ations p;; y off in ratios of from 
2: 1 to 256: 1 and more. In more than 1600 
bets my payoff ratio has var ied from 2: 1 to 
64:1 . 

In )ACPOT there are different ways to 
win and lose. The firs t way to win is to hit 
a winning combi nat ion. The second is Lo hit 
a DEC in a combi natio n. DEC pays off 10: 1. 

Table l : A list of the major variables used in 
j A CPOT and their functions. 

Variable Function 

8 1 
C1 
C4 
Pl 
Xl 
X2 
z 

T he house's m oney. 
The number of bets . 
The size of t he bets. 
T he player's money (du r ing the game). 
Determines the combinat io ns. 
Prints the combi nations. 
T he p layer's m oney (start o f game). 

Th e way ro lose money is to hit a ZILCH, 
wh ich causes you to lose up to 8 :1. 

The progra m (see list ing 1) was writ ten 
on a Dig ital Equipment Corporati on PDP-11, 
but can be eas ily modified for mos t BAS IC 
interprete rs. In lines ·1 rn and 1650, the 
statement LET . .. =CHR$(SYS(4)) gives an 
automat ic carriage return after the variable is 
inpulled; this line can be replaced with an 
INPUT stateme nt. Lines 870 to 960 look 
r·epellt1ve but they serve to dete rmine 
the co mb inations. The backs lashes in some 
lines are used lo separate two or more lines. 
They are replaced by colons in some BAS IC 
packages. In Ii nes 1490 and 1560 the CH R$ 
(7) is used to ri ng the bel I. The RAN
DOM IZE statement in li ne 20 is used to 
activate the random nu mber generator. In 
some BAS ICs only the RND in line 750 
is needed. 

I hope that you have a good time ru nning 
th is progr-a m. If you have any questions or 
comme nts about this program, please write 
to me. • 
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Pascal versus BASIC: 

An Exercise 

Allan M Schwartz 

114-2 N imitz Dr 

West Lafayette IN 47906 

About the Author 

Introduction 

Pa ca l is one or the newes1 high level 
languages on the personal compu ti ng ce ne. 
Pascal has been acce pted d L many unive1·si
lies fo r sevc1·a l ye<t r _ It is being used mme 
and more in inclus1 ry ou tsid e o l ed uc.i ti< n, 
and has ju t recen tl y been in trnduced in 
micrncompu ters. Wh y is the1·e so much 
enth usiasm about P;1sca l? 

Pascal is a ge neral purpose langu,1ge , the 
product of the lo ng evo lu1i o11 of co mput er· 
languages. It has ;i simple but eleg,1111 synt,1x 
and has been implem enLC cl in bo t.h la1·ge 
systems (CDC 6000, I BM 360 and 370, 
Burrnughs 6 700, c tc) and 111 icrocompu te1·s 
(LSl -11 , 8080 , 8085 <1 ncl Z-80) . 

Historica l Background 

j ust as computer hai-cl wa1·e has bee n 
co ntin uou ly evol vi ng cl u1·ing the pas1 25 
years, so too have co mputer so ftware 
requ irements. Origina lly , comp uters were 
employed to wOi' k on mathematicill tasks 
such as solving b<1llistics pro blems, or gen
erati ng rabies of logar ithms. Later· it beca me 
economi ca lly feas ible to use co 111 pute1·s for 
data processing or wo rking wi th vo lumin o us 
amounts o f data such as census da1a or ban k 
statements. Recentl y we have seen co m
pu ters partici pate in variou customi zed, 
dedicated app lica t ions like the co ntro l o f 

Allan Schwartz is curren tly study ing computer science at Purdue 
University and researching the applications of microcomputers to 
programming methodology. Previously, Mr Schwartz worked for 
Nie/sen Engineering and Research Inc at NASA Ames Research Center 
as a systems programmer. He owns an MC6800 based microcomputer 
system and is developing a Pascal ?-machine emulator for the 6800 
microprocessor. 
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t1·affic lights, 111 icrow C1vc ove ns and ;1u1 0-
mob ilc ignitio ns. 

We have ecn a vMiety o f applic .1 1ion. 
,111d la nguage requirements lead 10 an evo lu
tio n o f computer languages . " Progra mming" 
origi nal ly cnt il il cd the t 1«111slal ion 0 I' i mpl e 
,tl go rithms into machine code Jncl b it hy bit 
load ing of the co mpu ter's memory vi.t the 
r1·ont p;mel. Ldtcr, JSSe mb ly languages WC l'C 

used , fo llo wed by eq uation or rom1uld tra n -
lators such as FO RTR A . When it wJs dis
covered that comput ing invo lved mo 1ly 
comp uting dec isio ns and 1·epe1it io n, the lan
guage ALGOL (A LGOrit hmic Langu ;ige ) was 
des igned to ex press a lgorithms more clcal'l y 
and convenicnl ly. The need ro r a language to 
structure and re prcsen1 all o f th e dat .i and 

il cs in busincs data proces ing appl ica tio ns 
was fill ed by COBO L. Today we have 
Pascal, wh ich has fl exibl e data rc prcse nta· 
Lions, suffi cient rlo w o r cont ro l sta tements 
to represe nt algor ithms, and a clea r, simple 
syn tax making it a fa vorite f'o 1· a va rie ty 
of applica tio ns. Pascal is the 1·esul t or severa l 
evol utionary steps in the his tory of com
puter languages . 

Wh y is Pascal so appeal ing7 First , it i an 
ex press ive lang uage. I l has severa l co nt rnl 
stru ctures that make the codin g of algo
rithms very natural. Seco nd, Pasca l has 
fl ex ibl e data rep resentat ion. 

Expression of Algorithms in Pa sca l 

Figure 1 presents an algor ithm to com· 
pu te th e greatest common divisor (GC D) 
of X and Y. The greates t common div iso r 
o f the in tegers X and Y is th e larges t intege r 
th at wi ll divide evenl y in to both X and Y. 
No te th a t three asse rtions are tatecl in the 
fl owchart. The first, a necessary p1·c
condi t ion, states tha t X and Y must be 
positive integers. The seco nd is a loo p 
invariant uch that, when control passes 
throug h that path in the no wchan , the 
GC D(X, Y) is equa l to the GCD(A , B). Th e 



th ird, a post cond itio n, stales that A is equ al 
Lo B, which is eq ual Lo the resu lt, th e 
GCD(X, Y). 

If we ca n prn vc th e c thn~e po in Ls arc 
true, then the algmithm is co ri-cc t - th at is, 
it wi ll compute the greatest co mmo n d ivi so r 
of X and Y. The loo p i11 var i<1n cc is easi ly 
proved , bccau e ii B is grea ter than A, the 
GCD(A,B) eq uals GCD(A, B- A) (a more 
rigoro us proof is posed as an exerci>e in 
Wirth \ book ( cc bib I iogr,1 ph y)) . Th ' po t 
co ndi t ion i> cd o Cd'>Y to prove, bccctuse th e 
pa th to thi s exit is taken onl y wh en A 
equab B, and Lh cn the GCD(A, A) ce rt ,1i nly 
cqu,11 A. 

We arc now rcassL1rcd th at if the preco n
d iti on is tru e, th e algor ithm will comput e 
th e des ired 1·csul t. Now, how cl o we code 
th is ,1l gorit h111 in to ou r favorite programmi ng 
language' Befo re we answer that ques t io n, 
let ' look ;1 t the c lements of the flo wchart. 
Th e flo wchart in fig ure 1, and indeed any 
computab le algo1·ith m, is made up o l three 
elerncn ts : sequence, select ion ;111cl repel it ion. 
Sequences a1·e re presen ted in the flowchart 
by recta ngular boxes such as: 

No le tha t th is flo wchart elemen t h,15 one 
cnll-y (th e arro w go ing in ) c1 nd one ex it. 1111 
BYTE 's we o( flowcharts, a top 10 /Jo u om 
f/0 1.11 of control is assum ed 1vitl! arrows used 
for exceptions; in this article we ma!?e a 
sty listic exception, using ex tra arro ws to 
emphasize flow .. . CH] 

The second fl owchan element is se lec
tio n. Select io n is 1·eprescnted by: 

(AN Y F LOWCH AR T 
ELE M ENT) 

(AN Y F LOWCH A RT 
ELE ME N T) 

A se lec tion fl owchart clem ent requires , t 
lea t lwo or three boxes; ho wever, it always 
has o ne ent ry and one ex it. 

GCD 

,----- - - --, 
--- ~ X , Y tW I L ______ __, 

r-------...., 
~----------<-+---< GCD( • . i l'oGCOl o , b l ' L _______ J 

~--- ---, 

---< GC D{ X,Y):;A::B1 
L_ ______ _J 

EX I T 

Figure 7: An algorithm to a/cu/a te the greatest common divisor (GCD) o /' 
two integers. (The greatest common divisor of two intege1:s is the larges t 
integer that 1vi/I divide evenly into the lwo integers.) 

The third llowc hdrt clement i re pe tit ion. 
It i reprc>e ntl' cl hy: 

FALS E 

(ANY FLO WCH AR T 
EL EM E N T) 

Th is for m of repc t1 L1011 is ca ll ed a "whi le 
loop, " because whil e the decision is t rue, 
th e clemen t is repea ted. gain , thi s element 
has one enll" y and o ne exit. 

The c Flowchart cleme nts have been 
tra nslated d irectly in to Pascal sla lements 
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ROLL 

[ )(If 

(see listing 1 ). Note that the sequence 
element : 

A+- X 
s - v 

is lrans laled into lh e two Pasca l assignm ent . 

a:= x,· b := y 

Now some o f the sy nlax deta il s o f Pasca l 
become ev id en t. The ass ignm en t operator 
is : =, which is d ifferen t Fr-om lhc FOR 
TRAN or BASI C " - " in Lh al Lh c : = o pcr-

PO I N , ..._ 5 
OOOS +- 6 t~ 

C 4 LL 
W IN 

ER ROR 
ROUTINE 

Figure 2: Flowchart for a portion of the dice game "craps. " The fh1e IF tests 
can be implemented in Pascal with one case statement. 

Metavariabl es 

Bracketed symbols such as ("< statement >") all call metalin
guistic variables (or melavariables) or syntactic units. They represent a 
class of possible language elements. They are nonterminal symbols; that 
is, the symbol "<statement >"itself will not appear in a Pascal pro
gram. It represents a set of legal symbols that can appear in its place 
in the program. Nonterminal symbols are bracketed by "< " and "> " 
and are printed in italics to distinguish them from terminal symbols 
such as for := if do. Terminal symbols are usually printed in heavy 
type if the symbol is a language key word, and appear exactly as they 
would In the Pascal program. 
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ator in Pasca l is u cd for ass ignment onl y, 
whil e the = in BASIC and FO RTR AN is 
used as both the assignment opera to r and 
the eq uals sign. Statements are separated 
by semico lons, and any number of state· 
menls may be ty ped on o ne line. If the 
above sequence were a subelemenl of a 
select io n elemen t, it would be bracketed 
by begin and end keywords. For example: 

if (x > O) and (y > O) then 
begi n a := x; b : = y 
end 

An y number of clements combin ed in lo o ne 
seq uence ele men t by begin and end brack ets 
fo rm s a compound statement. 

The select io n fl owchart clemen t is tra ns
l, tecl into the Pascal if statemen t : 

ifa> b then a : = a -/J 
else b := b- a 

And the repet ition flowcha rt element is 
transla ted into the Pascal while stateme nt: 

whil e a<> b do <statement> 

The cxpres ion <statement > is czdlcd a 
me/c111ariable. For an ex planation, sec the 
accompany ing tex t box. Not ice, though , 
that the metavariable <statement > in the 
grea test cornrnon divisor while clause is an if 
statement. 

The real power in Pasca l's algo rithm descr ip
ti ve capab ility li es in thi s sort of nesting. 
For exampl e, any element can occur as a 
subelement of the while or if statemen L. 

These arc ca lled structured statemen ts, 
and they can be nested to any depth . 

Loo k aga in at the grea test common 
divisor (GCD) fun ction in li sting 1. Note 
that the routine consists of a head ing and 
a variab le dec larat io n statemen t follo wed 
by one compound statemen t, b racketed 
by begin and end. Fu nct ions and prnce-



dures in Pa cal can be thought of as named 
statements with local variab les. They always 
have one cn tr·y and one ex it, and the refore, 
a cal l is flowcharted as a cquence clemen t 
such as: 

z-Gco (x,v) OR CALL 
INITIALIZE 

Pascal has a second select io n statement 
called the case statement. This statement 
is a concise representation of the specia l 
case of nested if statemen ts. An example 
of this is the "craps first roll" algorithm 
used to implement the dice game called 
craps. A pair of dice can obviously have 
only one summed va lu e from 2 to 12 on any 
given throw, making this an idea l use for th e 
case statemen t (see figure 2) . The five nested 
decisions can be represented with the fol low
ing Pascal case statement: 

s : = die l + die 2; 
cases of 

2, 3, 72 : 
craps; 

4, 70 : 
begin point: = s; odds:= 2/1 
end,· 

5, 9: 
begin point := s; odds : = 3/2 
end; 

6, 8: 
begin point : = s; odds : = 6/5 
end; 

7, 7 7 : win 
end {of case statement } 

Of course, this could be represented using if 
statements; however, the case statement is 
much more concise and clear. When the 
decis ions in a group of nested if statements 
are mutu ally exclusive, that is, if any one 
being true impli es that the rest are fa lse, 
th en a case statement is probably the ap
propriate representation. 

Pasca l allows two other forms of repeti
tion: the repeat statement and the for 
statement. The repea t statement: 

repeat 
<any statement > 

until <condilion> 

is represented by: 

( A~Y FLO WCHART 
ELEMENT) 

FAL S [ 

Repe tit ion can J lways be expressed as 
either repeat sta tement or while sta tements. 
However, one fo rm usual ly sounds better. 
For exam pie: 

repeat shoo/ craps 
until brol~e or out of lime 

is equivalent to 
shoot crups; 
while not bro!?e 
and nor out of time 
do shoot craps 

The for statement : 

for <var>:= 
< inil 110!> to < final 110!> 
<uny statem ent > 

is represen tcd by: 

(VAR) +- (INIT VAL) 

TRUE 

(ANY FLOWCHART 
ELE MENT) 

INCREMENT (VAR) 
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No tice thdt .1ga in tncrc is n nc en tr y and one 
ex it ror th is l'lowch,ll"l cle ment. 

Another cleme nt we might sec in a rlow
chan is ,111 .1 1·rnw coming ou t ol .i ·ubc lc
ment, perh<ips to ,\ different p.igc o r the 

function gcd(x,v: in reger): integer; 
var a,b: integer; I x.v > 0 } 
b eg on 

a := x ; b := v: 
whil e a <..;· b do J GCD(X, YI = GCD IA.Bl } 

if a>b th en a : = a- b 

gcd :=a 
end 

else /) := r-a; 
GCD(X ,Y) = A = B } 

Listing I : Pascal (un ction to rnlculole the greatest common divisor o( two 
inlegers. 

100 LET A =X 
110 LE TB=Y 
120 IF A=B THEN 190 
130 REM . .. GCDIX ,Y) = GCDIA.B) 
140 IFA> BTHEN170 
150 L ET 8 =8 -A 
160 GOT0180 
170 LET A=A - B 
180 GOT0120 
190 RE M . . . GCDIX .Y) = A = B 
200 R ETUR\l 

Listing 2: BASIC subroutine to compute the greutesl comrnon dii1isor vr 
two int egers. 

INTEGER FUNCT ION GCDIX,YI 
INTEGER A ,B,X .Y 
A =X 
B=Y 

120 IF (A. E0. 8 ) GO TO 190 
C . GCD(X,Y) = GCDIA,81 

c 

IF (A.G T.Bl GO TO 170 
B = 8 - A 
GO TO 180 

170 A = A - B 
180 CONT INUE 

GO TO 120 

C .. . GCD(X,Yl = A = B 
190 RE TUR N 

END 

Lisling 3: FORTRAN fun ctio n lo compute !he greol est common divisor of 
t wo integers. 

Pascal's Namesake 

Blaise Pascal (7623-7662), one of the foremost famous French 
mathematicians, developed the Pascal theorem of projec /it1e geom
etry at the age of 7 6. One year later he started developing a calculat
ing machine. He completed the first opera ling model in 7 642 and 
built 50 more during the next ten years. In 7 654 he produced two 
papers establishing the foundations of integral calculus and of prob
ability theory . 
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ffo wch.irt. This ex it fro m the n f'l11al flo w 
o r execution is the only use o f the Pascal 
goto statemen t. Ind eed, ve ry rc w Pasca l 
procedure need goto slatcrnenls lo ex 
press th e algorithm. Goto stateme nts can 
fog the o therwi se cle;n logic of a routine. 

A fin al clement Lh Jt might be found in 
flo wcharts is an as crtion and cornrnentMy 
uch as: 

The Pasca l grea test common divisor (GCD) 
runc tio n ha all or the c clements in an 
app ro priate place in the sou rce code. Pasca l 
all ows com ments, de lim ited with braces, 

{ and } , lo be free ly inserted any-
where a b lank ca n be inserted . 

We can concl ude th at for c.ic h Pasca l 
language sta tement there is , corresponding 
rl owchai- t clemen t, and vi ce versa. Therefore , 
one co uld eas il y fl o wchart any algol'ilhm 
ju st from its Pascal listing. Co mpare the 
Pa cal progra m in listing 1 to th e FO RTR N 
J nd BAS IC programs in lis tin gs 2 and 3. 
They arc fund amentall y id entica l, but all 
o r Lhe statement numbers and GOTOs in 
th e FORTRAN and BASIC versio ns obscme 
the log ic. You might maintain th at, for o 
si mple an example, th ere is no advan tage r·or 
Pasca l. One cou ld flowchart the grea te t. 

comm on cliv i or (GC D) algorithm just fro m 
th e BAS IC Ii ti ng. or course yo u could, but 
how ;ibout flowc harting th at 1200 line 
FORT RAN headache yo u wrnte a year ago 
th at has returned to haun t you? 

Data Representation in Pasca l 

Pas cal has several fle xible forn1s of data 
representation. A va ri able can be defined as 
a cala r (s in gle va lue) or a structu1·cd type. 
The different scala r types are : rea l, intege r, 
charac ter, Boolean, and user defi ned or 
enu merated . The structured types inc lude 
an·ays, 1·ecords, sets and fil es_ 

Users can define their own scala r types by 
enumeration. Fo r example, in a traffic 
control program , the re migh t be a variabl e 
called signalcolor which has a value o f 
ye llow, green or red. 01-, in a microwave 
o ven program, there mi ght be a variable 
called temp which represen ts the cooking 
level specified. These co ncepts are rep re
sented by the fo ll owi ng Pasca l decl ara tions : 



type color= (red, yello w,green); 
cooldng level = (warm,de frost,simmer, 

roast, reheat, 
maxpowe1); 

var signalcolor: color,· 
temp: cool?ingle vel,· 

In thi s exa mple the type decla rat ion de cribe 
the user defined type and the var dccl<1 ra
tion specifies v;iriable names and their 
associ;:ned type . 

Another innovat ion in Pasca l is the ability 
to specify a subrange of a scalar type. For 
example , if the va riab le count is to be an 
integer between 1 and "10, the declaration 
would be: 

var count : 7 . . 7 o,· 
To furthe r dem onstrate these fe atures, a 

BAS IC program that would benefit from 
Pascal data representation is next explored. 

Mastermind Codebreaker Example 

The Mastermind codebreaker algo rithm 
have chosen for th is exercise was presented 
by WL Milligan in the October 1977 BYTE, 
pages 168 thru 171. His BASIC versio n is 
reproduced in listing 4. A Pascal translatio n 
is presented here in list ing 5. Let u compare 
the two. 

The first 15 lines of th e Pascal ve rsion 
correspond to lines 10 to 45 in the BASIC 
ver ion. These arc the type cleclarat i ns and 
th e global vari able declarations. These globa l 
var iab les can be referenced from with in any 
proced ure. The type dec la rat ions define new 
variable types such as: 

type colors = 

row 
eval 

(colorless, red, blue, 
brown, green, yello w, 
orange, space); 
array /7 . .4/ of colors; 
record 

black, white: 0 . .4 
encl; 

This means that a var iable of type colors has 
a value equal to one of these enumerated 
items. A var iable of type row is an array of 
fo ur colors. The type eval rep resents .i code
maker's respo nse to a guessed row. What 
docs this represent in the game 7 Th is 1·e
sponse is the number of exact color and 
po it ion match es {black key pegs) ancl th e 
number of out o f pos it ion colo1· matches 
(white key pegs). The cocl emaker respond 
with between 0 and 4 bl ack and white key 
pegs . The type eval in the Pasca l ve1·sio n 
accLll"ately models this: a record comisting 

10 REM HA STER HrNn · co~E~R AKER " 
~OREM CO DE O IN Rl- 11 0~ SIC 
30 RANDOMIZE 
4 0 OIH Rt. <9 13) • 5(9 .t ) 
4 5 DIM A ~ (6) , ~t.CJ) , C t. (3) r 0 , C3) 

~0 REM INI T!ALIZAllON 
110 FOR J~ O TO 6 
70 f;'£A[I A t (J) 
80 NEXT .J 
90 DATA "REn ·.· BL uE·· ' GREEN "r' YELLOU " ·' ~LAC K ' • " UHI TE ' •' SPACE ' 

100 LET LO•O 
1 10 LET L 1 '=' 0 
1~0 LET L~=O 
130 LET I J =- 0 
140 PRINT ' MASTER MIN~ CODEFREA~ER ' 
145 F'R HH ' PLEASE PE F·ATIENT. SO HET IH ES I TAKE A FEW HINUT E S ON MY HO VE ' 
150 PRINT ' LJHJ Ct-4 UEr~S I ON ( 1 OR :::!'> ' ; 
160 lNF'Ul V 
I 70 LET V• V·>S 
180 REM ASS[O N CO LORS AT RANDOM FOR ROW l 
t90 FOR .; .. o TO 3 
~00 LET Rt <O • J}=-''H tNT (V«RNflC J) l l 
:: to NE XT J 
:?:?O REH ST1, r1T Ml'I JN F'Lt'l Y OF GAME HERE 
~JO REH I I S THE RO W COUNT ER 
:; 40 FOR I =O TO 9 
~ 4 5 f •f;• I Nl 
250 f •RtNI 'H Y MOVE FOR ROW ' Hl ' IS ' 
:-?60 f ·RJNT k l- ( I , Q) . f{ t.( J' I) . R'J<T . :' ),ran .J ) 

~70 PRINT " HOU 11Mf{ r1 L"-CJ\ PEGS ' ; 
~ao INPUT 5 (1,Q) 
~ 9 0 IF 5( t . Q) 4 THEN 320 
~00 PRINT " THAN~S FO~ THF GAME ' 
305 PRINT 
310 GO rn A70 
320 t F S < I • 0 > 3 H •EN 360 
]30 LE l 5 ( I , I> • O\RE M I F 3 [•LACh S THEN 0 UH !TES 
3 4 0 GO TO 390 
360 F"F<l Nl ' HOU MANY UH l ff PrGS • ; 
:.i?O IN~·ur s (f d) 
.100 !\'EM IJE NEFLAT E HYF'D THE S I 5 
:'90 FOR IOc LO TO U- 1 
.100 FOf.' r 1DL1 TO v- 1 
4\ 0 FOR J ~~L~ TO V- 1 
~ 2 0 ~OR I J =L 3 TO V- 1 
430 LE T ~t. (0 ) ~ Ai C T 0) 

44 0 LET (1" ( 1 )::;A'So( I l > 
" :JO I.El [ 1t <:1l=A t .f I :!°) 
·~60 L T (l t. ( 3 )= t!it. t rJ > 
4 70 REM f.HEf.f\ ~I l l'.IHJ S FROM F IRST r n CU RF.: E'.NT F'OJ;: CONS [ STENCY 
090 FO~ ~ ~o TO I 
~oo ~o~ J~ o ro 3 
5 10 LET Ct< . l> = R"-(R • . I • 
s~o U··· Eli- L l )=[1t(.I) 

'130 NfXT .J 
~40 RE M US F ROLJ fV/'ll W'1 rmJ Sll ft ROU1 INF JD r:HFr. I\ CON5IST F'NC '1 Ot 
~i50 Fi:E'.H 1-IYNJlHF.'!HS ri GntN1;1 EACll F.:OIJ 
~;~s L~ f N=O\ t.El M ~ o 

'560 GOS ltfi 9 1 0 
570 ~ M ll-t F'f'.:t\ Oh tiG li:Ef MENl OF n 1 ti r l\ h UH i rr r nuN T 
~ i90 I F' N S <r..; , 0) 11-I FN 7()0 
~ ~90 I~ M S<f,,· , I) rnFN '"0 
M10 rJ~ X T 
0 In F\'f t'I l"IAl\F SUf~F rt-ff'IT 1-fYPl/1 Hf :; Is r..:nu l 101:'. SN1 [ll lf-'l tt:r.Tf' i; o w l 
11~0 LET / - 0 
o ~ o roF•: .J- O rn ~ 

h ·l O rF Fi,· -S. Cc) , J ) f•'loC .• I Tll fM .660 
1-i~;o l F' t l •• t 1 
/..60 NF XI .I 
670 TF ? • 4 H~ F.N 700 
690 r,o ro B~o 
'/00 rJ XI l t 
7 \ 0 NE ..< 1 I ;' 
7::'.0 NE:XT 1 1 
730 Nf Xl r D 
7 <1 0 f'R lll r ' I J-tt.V/ h:r jj[lffh liN J Hlr. ~;sF IN 11~ Jlil N" ltm • 
-,~O f·J\ [ j I • C Otrl f1 11 111 HfH.'F r1 i''llrf liN f- f;. f,,(Jr ' 1 • 

760 rrn rn 070 
770 I FT I 0 1 0 
700 I FT I I - I l 
7 90 I f r I :• l :-' 
AOO l f T l , _ I 3 .f I 
OJO REN r 1(1 NOT h'.f-r. l·W r:t'I. rt IMtNATFI• f·QS'il ~ I LTT lfS 
l~~n REM nss t n N NFXr ~O U 

A30 f'O R J: O TO J 
13 •1 0 [ £1 f..: t ( J;lo ,J) J11.C J) 

H11!:;. NEXl I 
0$(\ n fXI I 
BA() P'hl nt 'I Al'1 'l flJ MFEI• - Yn41 I.Jiil ' 
f l70 FR INr · ~IUIHf~ GA ME • ; 
HBO J~JF11r l~ 'i 

R90 1 F k 1i ' Y • 1 llf"r ~ I ~O 
r100 S TnF 
9 10 REH c;u tjf--dllll LNI· r-n l i..~1'11 l ltlTF: F\ f !=if•ON'IF 
'-':"O RF M r·n1 1r~r ~ l tH ... 5 f'lhST 
'1'1; 0 Fnt. l l 0 TLJ J 
9 -1 0 tF l'' 'lo( , 11 > f41·f .1 1 > TtffrJ lflt>O 
r1::;0 I Fl N tH I 
96 0 NFX T l I 
~no R'F"M N(JU C()UN I Ul f l 1 ES 
9 8 0 FOR J l ~O J U A 
990 FOR ~~-o Tn 1 
1000 IF . I t .~ J :'.' IFH N J OH() 
10 1 0 IF C 'I ( Jt }-o l-f•S.C II) TH E:U 1080 
1 o:io r F" r: , ( -'=-' 1 = f1'd J:l) 11KN 1 000 
I 030 If' r. ~C J 1 > l~ 'i ( .1 2 > r HE N 1 000 
I 0 •1 0 1.f r M 1'1.+ I 
10SO LEl [i\. (J:') ::: • :( • \ fi;fM [•UMHY ur.-oNO Ufilt .F 
1070 GO TO 10 0 
l 080 N XI J:..' 
I 0 90 N f ;l T ll 
1 100 r,:i:rur.-N 
t 11 0 SlOF· 
::'.000 E !1 

Lisi Ing 4: Codebreal~er 

portion of IV Lloyd 1'v/illi
gan s Mastermind gam e 
wrill en in BASIC. The 
program appeared origin
ally in the October 7977 
BYTE, pages 169 and I 70 
(see page 7 76 of this issue 
for a description of 
Mastermind). Compare 
this with the Pascal version 
in listing 5. 
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Listing 5: Pascal version of the Mastermind BASIC program in listing 4. 

11rogram 111111 .!(i11 1w f.(l11/1111 / /: 

label s;11; 

t.YPC 1·rifn 1·:-o = ( n ;/urlf•s ..... t'l' d . /;/111. 10'0 11·11. !/ i'l '1'11. y ••llt1rr, ur11u~w. ·" fitw1 ·}. 

row array [I .. 41 of1 ·11/urs: 
1·1·11/ rel'ord 

/1lt1rk. ll'h ifr: fl . . ~ 

e nd : 

\'ar· 1·1·11'1111f i1111s: ar·ray \ / .. tu l of r1 ·1,/; 

1·1un:: array { / .. tn J of r111r : 

11111111 ·: array \ rnlurs l of pa!'kNI array 11 - _1;J uf 1·h111· 
1·,, /111 ·: array I 11 . _-; I of 1'111,,rs; 
n ·.frow: ,-,,,,.,. { F ir s t h .1 · pothe~ i ~ l' ht•rkccl ) 
/11 s l: ruw: { Last hy poth esi~ formed ) 
n ·1· .... 1t111 : I .. .!: ma.l'rolnr: ur1111 !/I ' .. s 1111t 'f',' 

1: I . . !l ; .1: I . . -~ : 1'11: 1·ht1 r: 

pn>l't•clurc• ;,,,·1i11 li: t1l i1111 : 
\'ar r : nil11rs: i: I .. . ~ : 

lwgin 
1111 1111 ·)n·d l := 'HED 
11•11111 ·l li/11,. I := 'BLL E 
1111 1111 ·1/•n111·11I := 'B HOWN 
for 1· := 1·11 l11rfrss lo s1111r ·1· fin 

rnl11 d11rtf( ,.! I := r·: 
for i := I to ~ du 

1·1 ·dn>111 ;J := n ·tl ; 
/n:-: f := n ·r/ n ,,r: 

1111 1111fon ···11I := 'C:l{Ef:N ': 
'""''"I ,111-//1111 · I := ' YE I.LOW' : 
11111111 ·)11rn11rw l := 'O l{A~c;1·:·: 

111111" ·1-' I""'' ' I := ' SI' A(' E 

11 .,-itd111' MASTERMI ND CODE llREAKER'l: 
writ.-/111' l'LF.ASE BE PA TIEN T. SOMETIMES I TA l\E A PEW' ): 
,,.,-;1.-1111 ' MI NUT ES ON MY MO\'F. . WllICH VEHSJON ( I or 2)'''1: 
r1 ·flrlf1 ·,·r:.-/11u): 
mu .n·ulu r := 1·ulod ,.,.,.siuu +:i I: 
{ Assi)!'n colors at random fo r row I ) 
for i := I to !, du 

m11·-'I Li l := m/,,d lr11 111'(("" ,.-'i11 11 +:;J•n1111/"'11 ((J.fJ) +J.11/ I 
end Of In itialization Ro utine ) : 

pro eccl u re f'l1,.l'knn1s is ln w ·11 ( h ,11111il /, ,....,is. 11r1 ·1·i u11 ..... n11r: 1·m 1 ·: 

var 1·: 1·1·n/J : 
lahel /11!!1!; 
var ,i i .).!: I . . !, : 
begin 

( Cou nt b lacks fir ·t 
1·. li/11r k := 11: 

for j t := I to !, do 
if l1111w t/ll'sislJ I J = 111-,.ri1111 sr11 11 1jJ I the11 

1·.hl11r'k := r·. l>l11 1'k + I : 
{ Now cou nt whites ) 
t'. ll"hi/1 · := fJ: 
for j I := I to 1, do 

h e gin 
~ for j ! := I to 4 do 

if (jJ-J j!) and 

/(!!/I!: 

end 

lh!IJlll//11•sis[jJ J "pn·1·io,, sroll'[j/ 1J and 
(/1ypoth1'.'i-'li:!] 'f /Jl'l'l'i 1111s1·1111ij!]J and 
lh!11101/11·si,,i)I] = l'"""'"'"·''""'ij-'V then 
begin 

end: 

r•. ll'h i l f' := t'. ll'hit" + J: 
( Dummy wrong value } 
Jlf1•rio11.-:ro11iJ.! J :;: r·o/11rfrss: 
goto 111!/I! { Ex it J 2 loop 

end ( O f Check Consi s tancy Proced ure 
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of two components, black and white, each 
an integer between 0 and 4. 

The variable version represents the ver
sion number, either 1 or 2. The 10 possi ble 
rows of code pegs in the game are recorded 
in the Pasca l structure declared as : 

var rows: array fl .. 70/ of row; 

No te that the ca reful se lectio n of data 
representation makes the program much 
more clear and concise . The abi lity to deal 
with structures as a whole ins tead of just 
their elemen ts tends to tighten up the logic 
of th e program. For exa mple , the BAS IC 
lines : 

820 REM ASS IGN NEXT ROW 
830 FOR J=O TO 3 
840 LET R$(1+1,J)=D $(J) 
845 NEXT J 

arc functionally equ ivalen t to the Pascal 
assignment : 

rows/i+l/ := hy p l ass ign nextrowi 

Also, the BASIC lin es: 

610 REM MAKE SURE TH AT 
HYPOTHESIS ROW DO ESN 'T 
DUPLICATE ROW 1 

620 LET Z=O 
630 FOR J=O TO 3 
640 IF R$(0 ,J) <>DS(J ) THEN 660 
650 LET Z=Z+l 
660 NEXT J 
670 IF Z=4 THEN 700 
690 GO TO 820 

are function ally equ iva lent to the Pascal 
statement: 

if hy p <> ro ws{ l /then goto 820 

Mr Mill igan's BAS IC version is wel l 
written and well structu red. It contain s th ree 
key ro utine s: ini t ialization (li nes 50 to 210 ); 
generate hypothes is {l ines 380 to 845); and 
eva luate response {lines 910 to 1100). How
ever , due Lo the inex pressiveness of BAS IC, 
it takes carefu l study, even of thi s well · 
written BASIC program, to recognize its 
structure_ On th e other hand, look ing at th e 
Pascal version of the sa me algo rithm, the 
ex pressiveness of the language shows the 
structure at a glance_ Si mi larly, the use of 
meani ngful var iab le names and Pasca l record 
structu res makes the data representat ion 
readable. Table 1 descr ibes whi ch va riab les 
in th e Pasca l versio n are used in the same 



context as var·iables in rhe BAS IC ve rsion. 
As carefu l as you are when coding BASIC, 

bugs , re bound to creep in. Fo r examp le, in 
the BAS IC version (lis ti ng 4), lines 610 
thru 690 are unnecessary. Additionally, 
there is no path thro ugh lines 770 to 810. 
Coding errors rare ly creep into Pasca l 
programs because the compil er enforces 
vari able dec lara tion s and type agreement. 
For example , evaluations/5 / := rows/Sf is 
illegal because they are no t type-co mp atible. 
Also c := brown-red is illegal because arith
me ti c is undefined for our user defi ned 
colors type. And, version:= 3 is ill egal 
because the value 3 is outs ide the lega l range 
ror version . 

Other Pasca l Attributes 

We have looked at some or th e note
worthy feat ures in Pascal. There are also the 
powerful feature of block srructured scope 
of names, recursion and dynamic allocation 
of storage. Pascal is known as a very " afe" 
language because it op tionally has extensive 
compile and run time type checking in cluding 
type compatability, subrange bound s and 
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ru net ion 1 ~ j1 · 11iJ1y1 iutlu · . ..:1 .... ·: Nriri/1 ·1111 : 

lahl' I s:11: 
\'ar I I . ; .'. i. i'.1 .~ : ,.,,f.,, ._ ... : 

1· · 11 , .• •1, 

ht111: ,., , ,,.,. 

' .,.,,JI : '·1 ·al: 
1·i0Ji/1 ', /11111/1 fl II, 

lit' gi n 
1'11 1/,J, := ,,.,, , ... 
fol' / I l11sll l I lo m11 .1·1·11l u1 · tlu 
for· i ... 1 lu .... 1J ... 1 I to 11111 ,1·nd1u· do 
fur· 1.1' l11 .... 1j .,' I to ,,,,, ,,·1·11/111 · do 
rur· I~ lu . ...- 11 ~ I tu 1110 .n·ulul' do 

hl'gin 
(,, ,,,. , := 1',.,/,·011 ',0 

ln11•l i I := i I : /t !11•l -'I := i.' : /t!lf>l -il := i.(,' h!llJI!, I 
: C'ht•t·k a ll ro\\' s so far for t«1ns i s tarw~· 
,. ·= ,, 
l't' l>l' <ll 

,. = ,. + I . 

:= d: 

1·/,, ·1·kn111 .... 1. ... /t11tt '!tlh !/ /l . 1'11wsl 1·J .t ·1·11IJJ: 

until '' ""''' = ,.,., , /,111/ iw1xl 1·1J or ( 1· = ii: 
if 1·1·11// = 1·1· 11 /11 11l i 1111 s.l 1·l thl•n 

( M akl' su n· that hy potfwsis d<lt'sn't dup licatt• r<l\\' I · 
if it hasn 't lhl'n " ' '' ha\'l• a viah\ c hypothesi s i 

i f Ii !/}' = , . .,,,._,I JI llwn goto s.•u: 
( Otlwrw ist'. kct•p searl'h in)! .... NE XT i-1. i:l.i<!.i l 

l' nd : 
1·i11/d1 · = Ji r/ s,.: { No ,·ialill' hypotht•sis ll'ft ) 
.~.!II: j f 1·1111./,. lht•n 

he)!in I Po not n·clw('k l' iim inated poss ib ilit ies 
lu st .= Ir !//! .' 

rmrxl 1+ 1 I := 111111 I Assi1rn nt•xt rO\\' \ 
(•nd 

l' iw lwgi n 
wril1/11( ' I HAVE RF.ACllED A IMPASSE. 'J: 
w1·ir1 ·l11 (' l'O 1. 0 YO HAVE MADE AN ERROR?') 

1•nrl : 
/11>'111hy1111!/11 """' := ,.;,,1,i,. ( Ih •turn w ith function valul' 

l'nt l j Of Form !l ~·pothl'sis l' ro('l'durl' \ : 

hcgin 
n ·1wat 

' '"' i1rl 1::1 ·: I Start main play of game hc' rC' 
for 1 := I to !I do 

hl'gi n 
11 ·1· ir1·/11 : ,,.,.;,,/' MY MOVE FOH HOW'. i: 2.' is'): 
for J := I to !, do 

wri/1· (111111111 r111rxl i.jll: S ): ll'l'it,./ 11 : 
,,.,.; r, ·111 !' llOW M A Y BLA CK PF.<;S"'); 
n ·11d (t'>' t1l ,wl i1 111 xl i ].b/111·k): 
if ,., ·,,l1111t i1111 xl il. lil"'·k = !, th e n 

he gin 
,,.,. ;,,.i,, ('THAN KS FOR THE GA ME'): goto x/u 

end : 
if 1'<·11/11oli1111sl i l.11/11,.k = .f th en 

,.,.,,/ ""' iri usl i J. wh ifr := u 
e lsl' hegin 

l' nrl : 

,,. ,. ;11'111 (' HOW MANY WHITE PEGS'!'): 
n ·11tl (1., ·11 /11 11!i1111sl i ]. ll'hi!1•} 

if not f11n11h111111!h1 ·sis the n goto X(fJ 
end ; 

11.,-i11·/11 {' I AM STUMPED - - YOU WIN ~ '): 
s/11: r epeat 

ll'ritl'ir1 ('ANOTHER GAME•'); r1·11rl (t'!r) 

until (1'11 = 'Y'J o r (1 ·lr =' ') 
until .-h = ' ' 

end I Of Main Pro)!ram \ 
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array index bounds. Pascal has many uthe r 
clald reprc>entations nol illustra ted here, 
suc l1 <1s sequentia l files, arrays, pointers and 
~els. I can't begin to explain al l of these 
fc;nu1·c hc1·e, but you don't have LO uncler-
t<mcl al l of them before you write your first 

Pa>c,il prngram. 
The main se lling feature of Pasca l i that 

proper I deve loped programs arc extremely 
c:1sy to debug. Once you get a clean co mpil e, 
1hc progr,1111 usually runs ' Why ? Becau e the 
algori thms ;i re expressed clearly and natural
ly. The range of al l control variab les are well 
specified and can be enforced at run time. 
Th e data type all agree and arc appropriate 
to the prnb lem . The program is readable -
da ta types mean what they say - and it is 
the refore mainta inable. Pasca l encou rages 
1hc methoclic;il and sys tematic developmelll 
of ,1lgorithms, an important structu red 
progr.irnming method. 

I hope this su1·vey of Pasca l ha whet your 
Jppe tite for the language. If so, read more 
<1bou t Pa scal in this issue, then pick up any 
of 1hc books in the bib liography and dive in ! 

BASIC V ersio n 

Lines 220 to 270 
and 850 to 900 

I 
DIM RSl9,3l 
RS 
DIM S(9,1) 

Lines 50 to 210 

J 
DIM A$(6) 

v 

Lines 380 to 845 

10, 11 ,12,13 
LO,L 1,L2,L3 
v 
D IM A$(6) 
DI M DS(31 
R 
J 
N ,M 

Lines 910 to 1100 

J1 ,J2 
D IM CSl3l 
DIM 8$( 3) 
N,M 

Pascal V ersion 

program mm2 

i: 1 .. 9; i : 1 .. 4 
rows: array [I .. 10] of row 
ch: cha r 
evaluarions: array [1 . . 10] of eval 

procedure iniria/iza rion 

i: I .. 4; c: colors 
name: array [colors/ of string 
color: array [0 . . 1] of colors 
version: 1 .. 2 

procedure formhypothesis 

i 1,i2,i3,i4: colors 
redraw, last : ro w 
maxcolor: orange . . space 

hyp: row 
r: 0 .. 9 

evall: eval 

procedure Cileckconsisrencv 

i1J2: 1 . . 4 
/Jypothesis : row 
p revio usrow: row 
e: eval Pascal is a ric h and fertile language that 

cmph<1 izes the expression of algorithms and 
cl.i t<1 rcp1·c e nt ~!l i o n natura ll y and clearly. 
When wil l your microcomputer speak 
P.1,c.il ?• 

Table I: A comparison of !he 11oriables used in the two versions of the Master
mind game (see listings -i ond 5). 
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What Is Mastermind? 

One of the most in teresting con
ventional (ie : noncomputer) games on 
the market is " Mas termi nd, " distri 
buted by lnv icta Plastics, Suite 940, 
200 5th Av, New York NY 10010, and 
avai lable in many loca l stores. Master
mind involves deductive logic, hypo
thes is testing and probabilistic infer
ence. In Mastermind, the pl ayers take 
turns as "codemaker" and "code
breaker." The codemaker sets up a 
concealed row of four colored pegs 
from a set of Red, Blue, BRown, 
Green, Yellow and Orange pegs. It is 
acceptab le to use the same color or 
colors more than once. In version 2, a 
more advanced game, empty Spaces 
are also permitted. 

To chal lenge the computer program 
you are the codcmaker. Write down a 
code. A row or four colors invokes the 
codebreaker computer program. It wi ll 
take up to ten tri es {rows) to discover 

the secre t arrangement of colors in the 
concealed row. After printing each 
guess, the program will prompt you 
for the number of black and white key 
pegs. 

The number of black pegs corres
ponds to the number of correct colors 
in correct positions. An important rule 
is that no position in the try is 
counted more than once. 

When evaluati ng the program 's try 
it is necessary to count black and 
white pegs carefully. If you make a 
mistake counting the number of exact 
or inexact cor·respondences, the pro
gram may exhaust all possible arrange
ments without finding a possible valid 
try . In this event the message: 

I HAVE REACHED AN IMPASSE. 
COULD YOU HAVE MADE AN ERROR? 

is printed. 

(Adapted from W Lloyd Milligan's article, "Mastermind, " October 7977 BYTE, page 768.) 



New Power Supply Dedicated co Minifloppy Format 

A new mu ltiple output power supply , 
the CP-249, is, according to the manu 
fac turer, the first power supply to be 
dedicated 10 the 5.25 inch floppy disk 
format. 

The CP-2 49 provides dual outputs of 
S Val 0.7 A and 12 Vat 1.lA steady 
st a te , with 1.7 A peak. The 5 V output 
includes ovcrvol tagc protect ion. Sta n
dud featu res incl ude 115 /230 VAC 
± 10% AC inpu 1 ca pabi lities ±0.05 % 

New Tandy Computers 1978 Catalog 

line and load regulation , and fu ll pro
tection against short circuit and over
load . Max imum ripple is 3.0 mV peak 
to peak , while tr ansient respo nse is 
30 µs for a 50% load change . Operating 
temperature is rated at 0°C to +50° C at 
fu ll rati ngs, derated to 40% at 70°C. 

Single quan tit y pricing is $39 .95. The 
unit is available from Power-One In c, 
Power One Dr, Camarillo CA 9301 O. • 

Circle 611 on inquiry c&rd. 

A microcomputer mail order catalog 
has just been issued by Tandy Com
puters, Dept R7 , POB 2932, Fo rt Worth 
TX 76 101 . The 52 page, 4 color catalog 
details a full line of popu lar brand micro
computers and accessories, software 
packages, parts and lite ratu re currently 
in stock. Kits and fully assembled micro
.computer systems listed in the catalog 
range in price from several hun dred 
dollars to more than $20,000. Among 
the national ly known brands carried by 
Tandy Computers are Radio Shack's 
TRS-80, the IMSAI 8080, Vector 1 and 
l+, Xitan, Equinox 100, and Poly
Morphic System 8813 . Copies of the 
new cata log are ava ilable by telephoning 
toll free (800) 433-1679 or by writing 
the company. • 

Circle 613 on inQuirv cord . 

LS-100 Series Designed for Electronic 
Troubleshooting 

The LS -100 series digita l signature 
analysis product family provides the 
foundation for· LS I and microprocessor 
elec tronic troubleshooting and repair. 

Verification of correct digital pat
terns provides go and no-go testing as 
well as diagnostlcs. The series provides 
for rapid identification of bad compo
nents, printed circ uit boards and entire 
syst~ms. Options include remote LED 
signatu re display, 32 lin e multiplexer, 
logic probes, enhanced software package 
and stand a lone test ability. 

The LS-100 expandable series is 
avai lable in 5-100, LSl-1 1, or EXORciser 
bus compa t ible plug ins, ready lo go . 
Pri ces start at $295 . Contact Phoeni x 
Digital Corp, POB 11628, Phoenix AZ 
85017.• 

Circle 612 on inquiry card . 

A VA Introduces New RF Video Adapter 
Line 

A VA Electronics announces the in
troduction of their new RF (radio 
frequency) Video Adapter line. It 
features over 40 adapters and accessories 
suitable for home and professional 
video applications. The adapters cover 
phono, BNC, UHF a nd F connectors. 
The free # 478 cacalog shee t describes 
these products in detail and is available 
from A VA Electronics Corp, 242 Pem
bro ke Av, Lansdown PA 19050.• 

Cin:le 614 an Inquiry card . 
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SOFTWARE 

File Management System for Floppy 
Disk Microcomputers 

KSAM80 is a file management system 
designed specifica lly for floppy disk 
microcomputer systems. It was originally 
developed under Zilog's Z-80 OS 2.0 but 
can be implemented In many existi ng 
microcomputer operation systems. 

KSAM80 was developed for ap plica-

A New Macroassembly Language 
for 8080 and 8085 Mic roprocessors 

SMAL/80 is a compi led , structured, 
macroassembly language for 8080 and 
8085 microp rocessors that requires only 
7 K by tes of memory. SMAL/80 state
ments are written in a symbolic no tation 
resembling PASCAL a nd PL/M that sim
plifies th e writing of assembly language 
programs. It incorporates the basic struc
tured programming constru cts, the do
end, if·then-else, and loop-repeat, which 
may be com bined with and/or nested 
within each other withou t lim it to form 
highly complex statements. 

The package inclu des a 2 K byte 
macropreprocessor written in SMAL/80. 

Business Software 
In North Star BASIC 

Available now is a series o f three 
bus iness software packages In North 
Star BASIC. Fea tu res of Micro-Base 
Inventory are said to Include mu lti pl e 
key ISAM (indexed sequential access 
method) disk structu rin g; in qui ry keys 
by ca talogue number, manufacturer, or 
item description; mu lt iple sel ling price 
cap ability for each item ; formatted 
screen handl ing; full retail or cost 
extension reporting of items on hand 
or on ord e r or sold . Th e second module. 
Micro-Base Accounts Payab le, is de· 
scribed as a fu ll y fea tu red data base 
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lions such as invento ry control, reserva
tion systems, lib rary systems, accou nts 
receivable and bill of mater ials process· 
Ing. Random storage and re t rieva l o f rec· 
ords Is based on the co ntents of a user 
defined data fie ld within the record 
wh ich Is called the key. The key must 
be un iq ue for each record and can be 
any stri ng up to 255 characters long. 

KSAM80 also supports sequenti al 
access of records starting at any poin t 
wi thi n a file, random access by partial 
key and random access by rela tive rec· 
o rd number. Sequential and random 
access commands can be in termixed 
freely. 

Space is automatically allocated to 
the file when records are added a nd re
claimed when records are deleted so tha t 
fi les are sel f-reo rganizing a nd any num· 
ber of files can be processed sim ultan
eously provided that su fficient buffer 
sto rage is ava ilable . 

A number of util ity programs a re 
ava ilable as part of the KSAM80 pack· 
age. For addit ional information write to 
EMS, 3645 Grand Av, Suite 304, Oak
land CA 94610. • 

Circlj! S32 on inquiry card. 

The macrop reprocessor permits condi
tio nal expans ion of s ta tements, and un
li m ited nest ing of macros . 

Also included In the SMA L/80 pack
age is a translator program tha t all ows 
one to convert any 8080 or 808 5 pro· 
gram wrinen in standard Intel m nem onics 
into SMA L/80 withou t the cons tru cts. 

SMAL/80 is being offered initially in 
CP/M and Isis I disk forma ts; the price, 
including documenta tio n , is $75. This 
softw are is ava il ab le from Chromod 
Associates, POB 3169, Gra nd Central 
Station NY 100 17.• 

Circle 535 on 1nQu1ry card. 

managemen t system, with real time 
inquiry fo r fi le in formation . Features of 
this system are multiple key !SAM dis k 
structuring, inqu iry keys by vendor num · 
ber, ve ndor name, vo ucher number; 
forma tted screen handling; paid vo ucher 
histo ry fi le; bank account reconciliation 
assistance; cash requirements forecas tin g. 
Micro-Base Accounii ng sys tem is sa id to 
Include payro ll, ti me and material bi lli ng, 
purchase orde ri ng, accou nts receivable , 
acco unts paya bl e, inve nto ry hand li ng, 
and ge neral ledger and fi nanc ial report· 
ing. The price for these systems is $450 
per module from Compu te rtex, POB 
66907 , Hous ton TX 77006. • 

Circle 537 on ingu1rv cerd. 

Character Oriented Processing System 
for the Z-80 or 8080 Printer 

The Electric Pencil II is a charac ter or
iented processing syste m. Text is entered 
as a continuous st ring of charac ters and 
is manipulated as such, allowing the user 
free dom and ease Jn th e movement and 
handling o f text. 

Fea t ures of th e Electric Pe ncil II In · 
el ude CP/M compatibility, disk operating 
system which supports two disk d rives, 
file management , disk storage and ret rie
val, print formatting multi column pri nt
ing, print value chain ing, page at a time 
scrol li ng, bidirectional mult ispeed scroll· 
ing co nt ro ls, subsystem with print va lue 
scoreboard, automatic word and record 
number ta lly e nd of page control. 

Ha rdware m ust include a micro· 
computer using th e 8080 or Z-80 micro· 
compute r, printer , video display (VDM-
1, VII or SOL) CP/M supported disk 
system or North Star minifl op py d isk or 
cassette interface (Tarbell or SOL). 

The Electric Pencil 11 is avai lab le on 
CP/M. The price for the standard pr in ter 
version is $225 and the Diablo printer 
version is $275. For further information, 
contact Michael Shraycr So ftwa re , 390 1 
Los Feliz Bl vd, Los Angeles CA 90027.• 

Circt& 536 oo inQ uirv cord . 

Super Startrek 

Super Start rek requires a terminal 
equivalent to the Soroc IQl 20 or the 
ADM·l (with screen protect, screen clear 
and cursor control ) with 48 K bytes of 
memory. 

A sector map, stat us display and ga
lactic map are placed on the screen in 
protected areas. It includes star bases, 
the USS Enterprise, the Faire Queen, 
Klin gons, comm and Klin gons and cloaked 
Romulans. 

Exam pies of operational comma nds 
are WAR (warp: sets warp facto r for 
moves), MOV (move: direction and dis · 
tance), IMP (impulse engines: allow one 
sec to r moves). and ABA (aba ndon ship 
to Faire Queen). 

Super Startrek is written in Nort h 
Star BASIC with complete, comprc · 
hensivc playing inst ructions. The price 
is $51 and the software is available from 
Aaron Associates , POB 1 720A, Gard en 
Grove CA 92640.• 

Circle 533 on inqoir v catd . 

APL Colloquit1m Series 

Think In c, a company which de· 
veiops and markets AP L application 
packages, is offering a mon th ly collo
quium se ries on APL topics. Topics 
such as "A Proposed Standard for the 
Inte rchange of APL Workspaces" and 
" T he Use of APL for Systems Work " 
have bee n discussed in previous series. 
Think Inc plan s to continue the co llo
quium se ries u nt il the sum mer. For 
furth er information co ntact Brooke 
Tompki ns, Think Inc , 310 E 46th St, 
New York NY 10017. • 

Citcle 534 on inquiry ca rd. 



::? PLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION IS OUR GUARANTEE YOUR COMPLETE SATISFACTION 

8 ~ Huge Discounts! 

: ~--: :~~ HOB~!::;'!~~~~~~~~"-~!~;~J~~NICS 
S-100 P.C. Boards 
SK RAM 
SOSO CPU 
12-Slot Mother 

Board 
ITHACA AUDIO SlOO P.C. Boards 

SK RAM 
Z-80 CPU 28.00 
270S/2716 EPROM 

Boards (New) 28.00 
W/W Prototype 

Board (New) 
SOLID STATE MUSIC S-100 Kits & 

Bare Boards 
MB6A8K Kit 
STATIC RAM Bare Board 
MB7 16K STATIC RAM 

Kit 435.00 
Bare Board 25.95 

MB8 8K/16 K EPROM 
USES 2708's 

The Basic WorkDook S 5.!50 
Programming Proverbs 6.95 

(Continued) 
8080 Machine Languages 

Programming 
Robots At Your Doorstep 

KITS 
SOLID STATE MUSIC 
VBlB VIDEO INTERFACE 

Kit 
Bare Board 25.95 

RF Modulator TV-1 Converts Video 
Output to RF For TV antenna 
terminals, complete Kit S.95 

NEW FROM CYBERCOM DIV OF SSM 
MB8A-270S 16K EPROM with 

Vector Jump Kit 85.00 
OB-1 Vector Jump & Prototype 

Kit 49.00 
Board 25.95 

104 2+2 1/0 Kit 139.95 
SYNTHESIZER SB-1 MUSIC 

Kit with 
Software 

MT·l 

6.96 
6.95 

15-Slot Mother 
Board 39.95 

XB-1 EXTENDER BOARD 
Bare Board 8.99 

SSM 8080 MONITOR VI 
Kit Less EPROMs 75.95 Discovering BASIC 6.85 

COBOL with St:tle 6.95 
Advanced BASIC 7.95 

ON 2·270S 47.00 
ON 8-1702A 47.00 BEGINNERS BOOKS 

74L$00 TTL 

74LSOO 
74L S02 
74LS04 
74LS08 
74LS10 
74L S14 
74LS20 
74LS21 
74LS22 
74L $30 
74LS32 
74LS37 
74LU8 
74L S42 
74Ll47 
74LS48 
74LS73 
74L~74 
74L"$75 
74L S76 
74LS86 
74LS90 
74L S92 
74 LS93 
74LS109 
74LS 112 
74L S 113 
74L S 114 
74LS125 
74LS126 
74LS 132 

.21 

.21 

.24 

.21 

.2 1 

.85 
-23 
• 23 
23 

.23 

.JO 

.31 

.31 

.60 
• 75 
.72 
.35 
.35 
.53 
.37 
.36 
.52 
.52 
.52 
36 

.36 

.36 
36 

.46 

.46 

.75 

74LS138 .70 
74LS139 .70 
74LSl51 .65 
74LSl53 .66 
74LS154 LOO 
74LSl57 .62 
74LS160 .82 
74LS161 .82 
74LS162 .82 
74 LS163 .82 
74LS164 .98 
74L S174 .75 
74LS175 .79 
74LS190 .90 
74LSl91 .90 
74LSl 92 .90 
74L S196 .80 
74LS197 .80 
74LS221 1.06 
74LS257 .71 
74LS258 .70 
74LS266 .26 
74LS283 .72 
74LS365 .55 
74LS366 .55 
74L$367 .55 
74LS368 .55 
74LS386 .39 
81L S95 .77 
81LS96 .77 
81L S97 .77 
81LS98 .77 

Charse My 

0 M.C . 
0 BAC (VISA) 

Standard Dictionary of Computers 
& Information Processing 16.95 

g:::;: ~::~l~: :i}~ ~~~IB'ters l~ :~~ 
Minicomputers 13.95 
Microprocessors 10.95 
Digital Experiments 8.95 
Digital Signal Analysis 19.95 

~{~it~~-giu~:e~~f'lg'J¥..o ·ects ~:~~ 
400 Ideas !or tesign. Vo~ume 2 13.75 
Analysis and Des ign of 

Digital Circuits and 
Computer Systems 

Telephone Accessories 
You Can Build 

Basic Electronic Switching for 

Ba~~~e8~~~=rstii~"p~~ny 

Beginning BASIC 

H°G";'~.~~~~~~(;~l:f~nners 
Basic BASIC 
Int roduction to BASIC 
Home Computers: 210 Questions 

and Answers 
Volume 2 : Software 

Microcomputer Dictionary 
and Guide 

Microprocessor Bas ics 
Home Computers : 210 Questions 

and Answers 
Volume l : Hardware 

Understanding Integrated 
Circuits 

Semiconductor Circuit Elements 
Fundamentals and Applications 

of Digital Logic Circuits 

\New) 25 Pin-D Sub 
miniature Solder Tail 

Male 3.00 

s 

Female 3.50 
CMOS 

6820 
6850 
8212 
8214 
8216 
8224 
8228 
8226 
8238 

100 PIN EDGE CONNECTOR. 
lmsai spacing 3 .50 (New) 

1702A 3.75 
3 .75 2708 11.50 
3 .50 2716TI 22.50 
6.25 21 l02 450ns 1.25 
3.8!5 21L02 250ns 1.60 
7.95 2114 8.50 

MICP.OPP.OCE5SOR 

,~:I: ~::~ 
. 6800 16.50 

. 

5716 W. Manchester Ave. 
Suite 1*5 

4001 
4002 
4006 
4007 
4008 
4009 
4010 
4011 
401 2 
401 3 
4014 
401 5 
4016 
4017 
4018 
4019 
4020 
402 1 
4022 
4023 
4024 

. I 

. 16 
99 

.16 
79 

.37 

.37 

.16 

.16 

.29 
,74 
.74 
.29 
.79 
. 79 
.23 
.84 
.89 
.89 
.16 
.67 

4025 
4028 
4030 
4035 
4040 
4049 
4050 
4051 
4052 
4053 
4066 
4071 
•081 
4082 
4507 
4510 

6.95 

19.95 
10.95 

7.95 

4 .95 
6.9!5 

7.95 

. 16 

.74 

.22 

.98 

.99 

.34 

. 34 
.89 

1.15 
89 
.59 
.19 
.23 
.23 
.39 

1.05 

7400 
7"'1 
7"'2 

7"'' 7""4 
7"'S 
7"'6 

7"'' 74()8 ,.,,. 
1410 
7411 
74l 2 
7•ll 
7414 
7416 
7417 
7•20 
742] 
742~ 
74?6 
742, 
>•JO 
7432 
101 
74135 
1439 , . .., , .. , , .. , , .. , 
1 ... 
74.4S , ... 
140 , ... 
'""' , .. ~l , ... ,. .. 
7460 , .. ,0 
7·'72 
7.473 
7.04 
747~ 
7476 

'""" , .. , 

.II 

" IJ 
. IJ .. 
IJ .. 
2J 

" " IJ ..• 
" 20 •• ... 
22 

" 2' .. 
22 

" IJ 
.23 
21 
21 
"15 
ll 
70 

'" .. 
. .. •• 02 .. 
60 
IJ 
IJ 
ll 
ll 

" 26 

" 21 
.27 .. ,. 
31 •• 

NEW 
1978 

, .. , ,.., 
7485 , ..... , ... .... ,.,,,. 
7,.92 
7'o9) ,. .. 
7 • 95 .... 
7•U07 
74 1W 
7 4121 
74 122 
'4 12J 
7.4132 
7414 1 ,. .... , 
7•l!r0 
74151 
7 .. 15:!: 
741~ 
7 41 ~7 

UUil 
7416:1 
741 16' 
7411 6S 
74170 
74173 
7.4174 
74 17" 
74176 
74177 
7.4180 
74.H'll 
74190 
741 91 
7.4\92 
74193 
7.410S 
74221 
742Si 
7 436S 
74366 
74367 ,., .. 

Los Angeles. CA 90045 

0 Send your complete catalog. I 
qu ickly. I 
0 Please send me the follow ing 
Items I have listed below: IC MASTER 

TELEPHONE ORDERS : 
Call (213) 641-4200 Qty. Stock No. 

hp. D•l•~· - -------

Price 
• Over 40,000 

IC's listed . 
• Over 2,000 

pages. 

• Updated every 
90 days. 

Sli;---------------- Retail Value 

$55.00 
Your Price 

Name'-------------------~ 

Add res."'--------------------

Postage/Handling Sl.50 

Satisfaction 100%Guaranteed 

California Residents Add 6% 
Sales Tax 

$39.99 

Check catalogue for more 
listings on linears, voltage 
regulators, resistor books, 
IC sockets and more. 

0 
c 
:0 

Cl 
c 
)> 

:0 
)> 



Circle 25 on inqu iry card. 

ATWOOD ENTERPRISES 
KITS I 

I 

$ 79.95 4K RAM Available assembled and tested $89.95. I 
DID YOU 

KNOW •• • 
-------------------------------! BIG SALE 

-~1_29.95 _ 4K _PROM_~pol~512_'.'._~rom~3448/63~---J 1 each board : 

$149.95 SK EPROM Needs only4Kspace2716. I 
------------------------------, 

$ 59.95 DIGITAL·l/0 8parallel portsplus 16interrupts. I 
------------------------------~ 
!__99.95 _ ANALOG _ _!_ N _ _:2~~~8~~100micro~conds. J 

Digital 1/0 
Eprom programming 

BK Eprom Board (without 2716's) 

REGULAR PRICE 
$139.85 

AUGUST ONLY $ 49.95 PROM PROGRAMMING ca:~~~~~~3 . I 
$-1-29-95- SERI AL- I /0--;-:i~~;-full~oft~r~;;troll~ .-, $100.00 

• To 500 baud. I Extra iero insertion force sockets $5.00 
------------------------------~--------------
MOTH ER BOARD 

8 SLOT 44 PIN BUS 
50 Pin Edge Connector 

MAKE CHECK OR MONEY ORDER PAYABLE TO: 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Mother Board $20 .00 ea 
Connectors 2.50 ea 
Card gu ides for above $10 .00 per set. 

Discounts available at OEM quantities . For orders less than $25 total, add $1 .25 
for shipping. California residents add 6% sales tax. Est imated shipping t ime 2 
days ARO with money order. For checks allow 7 days for check to clear. 

Beckian Enterprises All Prime Quality - New Parts Only - Satisfaction Guaranteed 

EVGE CARO CONNECTORS: GOLV PLATED . 25 PIN OB TYPE SUBldTN IATURE CONNECTORS . 
BODY : Non b r1t1 le , ,01ven1 res ist1n1 . high tempera ture G. E. Ve lox . The finest e lec· CAN NON : Gold Plooed . Tho Best You Con Buy . 
u ical prooertirs available. CONTACTS: Bifurcated Phosphor Bronze. Gold over 

OB25P Male Plug $2.60 •• . 5 pcs , $2.25 ... 
N1cktl. 

OB 25S Fema le Socke1 $3 .70 ••. 5 pcs. $3 .45 .. . 

ALTAJR TYPE : Con1ac1 Ctn .. i 25: Row Spacing, .140 
OB 51 212·1 Hood. !Grey ) $ 1.00 ea. 5 pcs. $0.95 • • . 
OB 51 226·1A Hood . !Black) $1.1 0 ea . 5pes. $1.00 ... 

50/ 100 Dip Solder $4 .00 ea . 5 PCS . $3 .80 ea . 0 20418·2 Ha rdware Set $0.80 •• . 5 J)CS . $0.75 ... 

I,llSAI TYPE: Contac1 C1rs . , l 25: Row Spacing, .250 SAVE : BUY A COMPLETE SET. --
50 /100 Dip Solder $4 .25 •• . 5 PCS . $4 .00 ... Comple1e Set includes: 1 pc. 082SP : 1 pc . 08255 : 
501100 Wire Wrnp (t Turn} 54.25 •• . 5 pcs . $4 .00 ... 1 pc. Hood of your choice Grev or Black . 

IMSAI Card Guides 
13 Turn l 

. 25 per pair 10 IMSAI Prices 1 Set $6 .50 ea. 5 Sets $6.25 eo . 

No1e Also good for CROMEMCO Note · For 0 20418·2 Hardware Set , add S0 .75 e•. 

OTHER CONNECTORS AVAILABLE 2708 - PRIME 808 0A - PRHIE 

• 100" Con.tact Ct:u, : . 140" Row Spac..i.11~ . 
1450 nSI $9 .40 ea . 

$14 .00 ••. 
15130 Sol der Eyele1 $2.30 • • . 5 pcs . $ 2.10 . .. 

1. c. SOCKETS: VI P SOLVER 22/44 Dip Solder $ 2.75 •• . 5 pe<. $2.40 ... 
22/44 Wire Wrap 13 Turnl $2 .50 ••. 5 l'.)CS . $2.20 ... Low Protile. 
40/80 W1r! Wrap 13 Tut nl $4 .00 ea . 5pe<. $3.70 ea. 14 p\n . & 16 p;n . $0.16 • • · 

Note : (ti.Vie. Wll<lp Spac.i.11g .u., • 200" (flow Spac.i.119 I HEAT SHRINK TUBING --
. 15 6" Co11t11ct Ctlt6: . 140" Ro1v Spaw1~ . t1e" Shrinks 101/16" 1.0 . $0.35 per 11 . 

18/36 Dip Sotder $2.25 •• . 5 pcs. $2.00 ... CABLE TIES 
22/44 Dip Solder $2.50 •• . 5 pcs . $2.25 . .. 3y," and 5~" $0.03 ea . 
15130 Wire Wrnp (3 Turn) s 2.oo •• · 5 pcs. Sl.80 ... 
. 156" C'oi i tac.-t C't.M : . 200" Row Spa.c.i.ng . WRITE FOR LARGER QUANTITY VISCOUNTS 

'DEA.L"l'RS Wt[~cmt 
22144 Wirt WriiiP 13 Turns) S2.80 •• · s pcs. $2.50 •• . 
36172 Wire Wrap 13 Turns) $4 .00 •• . 5 pcs. $3 .80 ea. llINHIWI ORVER: $10.00: Add $1. 00 ~Olt 15/30 DFP Sold.er Sl.90 ea . 5 PCS . 5 1.65 ea. 
18136 Dip Solder S l.95 oa . 5 pcs . $1.70 •.. i,/U.pp.i.ng . 01t.d'2JLI> OVelt $25 . 00, we. pa.If 
36 172 Dip Solder $4 .00 •• . 5 pcs. $3 .6 5 . .. .t/ze ii/U.pp.i..119. Citl<.6 . Ru.i..de.1it6 add 6% 
43 /86 O;p Solder 168001 S4.90 ea . 5 pcs . $4 .75 ... Tax. . NO C.O .V. SH I P~ I ENTS . 
WE ARE YOUR CONNECTOR SPECIALISTS . 
IF YOU VO NOT SEE THE CONNECTOR HERE THAT Otzde:t F1torn: Beckian Enterprises YOU NEED , PLEASE WRITE US . IN MOST CIRCUAISTANCES , 
WE CAN SUPPLY IT TO YOU. P .0. Box 3089 Simi, Calif. 93063 

180 Aul!Ull 1978 '5) BYTE Publiut iom Inc Circle 30 on inqu iry card. 



FOR ALL 
21 L02 (350ns) 
Stat ic Rams 
120@ $1.00 ea. 

MICROPROCESSOR'S 
Fl 16 .9'5 
Z&O 12 .00 
l:I OA n .oo 
COPl 102CO l"i . 95 
1&50 ] C,9'!i 
AM29DI n .'il:i 
ftS02 tt .; s 
000 11-'il~ 
6102 2S .OO 
1001·1 9.95 
IGH 22' .00 
IOIOA 11.'!IS 
IOU 11 .00 
TMS9"JOOH .. 7S .OO 

SOllOA SUPPOR T OEVICES 
Ill 2 l .SO 
121 4 •. 00 
nu ),Ho 
U H J.S D ., ....... ,_in 
UHi L'SIS .,,. 1.95 
U J I I.SO 
IHI t .'U 
aa1 21.'U 
USS 21.'H 
8757 2 l.9 S 
HS9 Zl.95 

MISC. 

NITJO 
N.IT2Ei 
NllT95 
NIT9S. 
NIT9 7 
NS.HI 
ll L..S 'S 
ll LS9 7 
1411 
1419 
D.HOS 
Dl107A 
OHDIA 
OJ2t I 
8l(l2 
8J242 
Ol.245 
CJ404 
Pl401A 
POOlA 
MMS3 20 
MMSJ69 
TMS5SOI 
OMllJO 
CMllll 
OMUJl 
OMIJIJS 
0MUl1 
MK50240 

EXCEPT 
6502 
Microprocessor 
5 @ S 11 .o o ea. 

TU-~ 
Conv C! rl TV . se1 to J.H 

2-10 Video M o nitor. 
l.H 
1.15 KIT .......... .. $8.95 
I.JS 
1.35 
2.00 
2.0 0 
l.1S 

JADE 8080A KIT J.15 
4 .00 $100.00 KIT 4 .SS 

14 .20 
BARE BOA RO $30.00 10 .00 

9 . 75 
I D. I S 
s .~o 
6 .7 5 

12 .00 
S.20 MEMO RY PLUS 
1.SO 
1.90 for l< IM - 1 

24 .95 SK RAM l21L021 2.90 
2.1 5 SK EPROM 2.so 

ASSEM BLED & TESTED 2 . SO 
l.H 

S245.00 :zo.oo 

CALL TOLL FREE 800-421-5809 
Z- SOA 
Microprocessor 
5 @ $25 .0 0 ea. 

8212 
8 Bit 1/0 Port 
25 @l $:l.oo ea . 
74 LS368 
Hex Inverter 
100 6l .7G<t 

4116 (200ns) 
16K Dyn. Ram 
8 @ $24.00 ea. 

$135.00 EA. ,,.,H,, 
$149.95 EA. ••MH/O 

BARE BOARD $35.00 

WRITE & READ 

EPROM 

1702A · 2708 · 2716 · 5204 · 6834 

*Plugs d irectly Into your AL TAI R, 
IMSAI computer. 

*Includes mai n m odule board and 
external EPROM socket un it. 

*The EPROM socket unit is connected 
JADE VIDEO to the computer through a 2 5 pi n 

KIT connector. 
INTERFACE •Programming Is accomplished by the 

FEATURES $99.95 .]~~~~~~' in the program to be written 
S-1 oo Bus compatib le on the EPROM In to your processor 
3 2 or 6 4 Characters per li ne· 16 lines and let the computer do t he rest. 
Graphics (1 28 x 48 mat r ix) v use socket unit to read EPROM's 
Parallel /4 compositive v ideo contents into your computer. 
On board low -power memory KIT $210.00 

I U15 1!1.00 MK502SO 15 .0D 
UH HI.OD 

FLOPPY OISC CONTROL LE R .!Ill~---------------.. Powerfu l software In cluded for cursor, home, EOL, Scroll Graphics/Character ASSEMBLED 375.00 
KIM- 1 Upper case, lower case and Greek. ..-liliiiliiiiiliiiiliiiiiiilll--llliiiiliiiili __ .. 111 1 9 B.9S 

171 l e-01 Sl.!JS 

KEYBOARO CHIPS 
AV~-ll J& I J.1S 
AVS - J60D ll . l'S 

PRO M'S 
IJD2A • .DO 
?1Cl41 1\ .00 
110& 11 .00 
2716 J0 .00 
11l6 Intl )1 .00 
?'!111 1' .60 
Ol&Ol • . 5"0 
03'0.. I L OO 
S20JAQ S.00 
S?D4iAG 1. SO 
UH IJ.SO 
UH ·! l• .9S 
12SllB t .OD 
US1?90 t .25 
122J e l . '5.o 

6800 SUPPO RT 
UJOP • .H 
UOIOP • .oo 
UZDP 1.SO 
U21P J. 'SO 
UZIP ll.U 
UHP 16 ."IS 
USCI P "l . lS 
US1P l l.7S 
fiUOJ'I 10 .00 
U6 H ' 14 .SO 
U11P H .00 
UISP 1 . 1!1 
UIOP 2.s o 

ZBO SUPPOR1 OEVICES 
llll I LCJS 
1112 11 .IJ S 

CH ARACTER GENERATORS 
Hll 6 . 15 
25 i J S.,. u ppe r • . 15 
2S IJ S\I IOWCU 10 .95 
HU. 10 .,5 
MCM6S ll 10 .95 
M.CM6511 A 10.9 5 
MCMfiSH I J .2S 
MC.M~SH l l .25 

WAVEFORM GENERATOR 
1 011! l.SO 
MCo10 24 2 .lS 
SU 1.50 

DYNAMIC RAMS 
• lfi0/41 lfi J'l .00 
1 101 l.00 
;11 O• 4 .00 
1101B • .15 
21078 ... J."5 
TM SAO 50 • .oo 
TMSA 060 " .~a 
TM5-1 0 10 ·2 J, .00 
40 9& .. . oo 
• 116 / 4'1& 0 12 .00 
MMSHO • .SO 
MC""650!. 5 .00 
USRT 

S1JSO ICl . f S 

UAR T'S 
AVS · IO l lA 5 .15 
A VS·IOl ol A 1.a 
TRL U1B 5.25 
TM'S&Ol I ~ .CJS 
IMU02 10 . 10 
1MU0 3 10 . u 

STATIC RAMS 

1-16 17-63 
6~ 

21L.D1 I .SO 1 .1 .. I.II 
21 L02 1m1 1.fiD l.H LH 
21 L.D2 1.75 l.6D l.SD 
•1 00 IO . JS 10 ,00 9 .2'5 
lHHA LOO ... ... 
21 0 1 · I 2.H 2.1!1 2 .60 
2102' 1.2!. I.IS l.00 
2111 · 1 J . '9S l.SO 3.15 
2 1l2·1 ) .95 2.10 2 .6"1 
2' 1 U · l 11.00 10.DO '9 .2'!. 
21 :!SL. I I .HI "1.00 1 . lCI 
210 l1 .SO 
l lUH z. ~o 2 . H 2 .00 
lHHi l .9S l.10 l.H 
J JO 1 l .9S l . 70 l . a 
TMS-4 0U "1 .9''5 9 .0 0 1 .H 
HOOA 1 2.U 
TMT4J04S I I .DD 10 .00 '9 .H 
!d OI I .JO 1.4'0 7.H 
ltCllJ l . 2S J .0 5 ? . I!! 
1U9 2.H 2 .10 l.90 
14 5 201 .. . so ... oo l.7-S 
Pl!Ol ol . ~O L •O 2.10 
~HS l 1.00 1• .00 
P'I I 5.6 11.00 J 1 .00 
BSIJ IJ I.Bl L. 7S 1.60 
ll l UBPC l.B 1.H LJO 

.. __ liAlisslieiiiMilBiiiLl.EOliig,i.lrlieslirmEiol.is1i2~4jl5j· o~o--•t-B•l•a•c•k•-o•'•' ·•w•h•i•te_&_W_h•i t•e•-o• n•·•b•la• c• k• ---.. S-1 00 Power Supply with Ca bi net 

MODEM JADE PARALLEL/SERIAL 
80-IOJA Seria l 1/ 0 and F SK modem INTERFACE KIT 
for profess ional and hobby commun i-
cations. $124.95 KIT 
•completely compatible with you r • S-I 00 
IMSAI, A L TAIR, SOL, or other S-100 * 2 serial Interfaces with RS232 Inter · 
microcomputers. interfaces or J Kansas City cassette 
•Designed for use on the dial phone In ter fa ce. 
or TWX networks, or 2 ·wire dedicated • s erial Interfaces are crysta l controlled 
l ines, meets all FCC regu lations when • Selectable baud rates. 

Power supply +Bv at 18 amps 
±. 16v at 2 amps 

Has connec10r for Power output 
MODEL UPS=600 size 5"H x8"Wx6Y, " 

PRICE $149.95 

E-PROM BOARDS 
used with a CBT coup ler. • cassette works up to 12 00 baud . 
* All d igita l modulation and demodu· • I para l lel port . MR -8 (BK uses 27081 KIT 
lat ion with on board crystal clock and .. ---------------... w i th 1 K RAM 

$99.50 

precision filter mean that NO ADJUST MR -16T (1 6K uses 2716) KIT $99.50 
MENTS ARE REQU I RED. STATIC RAM BOARDS R M 

=~~1i~~~t~~a~?:1%f~1';~~l~~~sanswer ASSEMBLED & TESTED MM -16 ~i~~ lu~es ~7081 
:p{bg~~~~~n~p1sn~~;:d~~~~1 ~~m 8 125ons) $ 169.95 RAMIN/ROM (16K uses 

$99.00 

•complete self test capability Ram BB 1450 ns l $ 139.95 any E-PROM) KIT $117.00 
*Character length, stop bit, and parity JG -8/16 (uses 2708 or 
*90 day warranty and fu l l documen- 250ns KIT M em- 1 $169.95 27161 
tation . 450ns KIT M em-1 $125.00 BARE BOARD 

KIT $59.95 
$30.00 

PRICES: Bare Board $25.00 

Bare Board & Manual $49.95 6800 Adapter for 
S-100 sys tem for 

Assemb led (48hr burn) $279.95 M em -1 only KIT 

JG-DGA Kit $159.95 16K U ses 2114L 

$12.95 

ell Ram 16 (250ns) $ 375.00 
full AS Ram 16B (450ns) $325.00 

PROFESSIONAL KEYBOARDS 32 K 

•Ful l 128 Character ASCII JG -32K (250rl s) $875.00 
• T ri- Mode MOS Encod ing 
• MOS DT L TTL Compatable Output JG-32KB (450ns) $ 775.00 

: r:v~·1"ae.{'d Rp~/~ev~trobe MODEL 450ns KIT $675.00 
•Shift and Alpha Lock 756 DYNAMIC RAM BOARD 
• Selectable parity (5 6 keys) 
• Positive or Negative Log ic. by S . D. Computer Products 

On board refresh rs provided w rth no 
PRICING IN FORMATION wait states or cycle stealing required . 

Model 756 (a ssembled) $59.95 +8VDC 400MA DC. +18VDC 400MA 

~~~:: ~~~ ~n(~~~ure f ~;:§~ and · 18VDC 30MA DC . 
Model 71 o Numer ic Pad $9 .9 5 EXPANDABLE 32K (uses 4 11 51 200ns 
Model 756 MF Mtg.Frame $8 .9 5 BK Kit $151 .00 24K Kit $367.00 

.. M_O·T·H·E·R-B·O·A-R·D··s-- ·s·-1·0·0-s·T·Y·L·E .. 16K K i t $259.00 32K Kit $425.00 
EXPANDABLE 64K (uses4 11 61200ns 

EXPANDABLE E-PROM - S.D .Sales 

16K or 32K EPROM $49.95 w i thout 
EPROM 

Allows you 10 use either 2708's for 
16K of Eprom or 27 16's for 32K of 
EPROM. 

FLOPPY DISC INTERFACE 

JA DE Floppy Disc (Tarbell Board ) 
K I T $175.00 ea. 

S.D. Sal es V ersa Floppy K i t 
$149.00 ea. 

MODEL 801R Shugart with 
Disc Cabinet 

Inc ludes Cabinet, Disc. Drive, Power 
Supply, Cable, Fan & Data Cable. 
Has AC li ne filter . 
Cabinet size 10" H x lO" W x 16"D 
MODEL DM 2700-S $835.00 ea. 13 slot with fro nt pane l slo t 16K Kit $28 1.00 48K Kit $757.00 

BARE BOARD $35.00 32K Kit $519.00 64K Kit $995.00 ._._ ... ____ ,...,.....,.....,..... ____ __ 

~~TS l o t $~~~: ~~ .. -----------... J"..A..X>~ 
Assembled & Tested 16K STATIC BOARD Computer Produ c rs 

.. _______________ ... w i th m emory managemen1 can be used RETAIL STORE HOURS Mo ,,do, F,, tt
3

v 9- 7 

CONNECTORS with Alpha M icro or Cro m enco Sc01w d.11· ~- 5 
Systems. 0 15counu avar l ;i btl;' .:i1 OEM uuan11 tu!\ A D D Sl.50 

und@ r 10 Il l\ 10 1 sh 1ppm~ c.11t f o r n 1;) 1cs 1den 15 .1ctd 

6<\i. ~aws 1a11: . DB-25P $2.25 DB-25S $3.25 RAM 65(250ns) S350.00 
COVER $1 .50 .. R_A_M_6_5B_(4_5_0_n_s_) ____ s_39_o_._o_o __ NEW CATALOG NOW AVAILABLE 

44 Pin · PC & EYE $1.95 COMPUTER MAINFRAME 
44 Pin - WW $2.50 Includes : $295.00 
86 Pin· (6800 ) PC $5.00 Power Supply +Bv at 18amps 
86 Pin· (COSMAC ELF ) PC $5.00 + 16v at 2 amps 
100 Pi n . (Altair) PC $4.50 Mother Board · 12 slots w i th 
100 Pin . (lm s~i ) WW $ 4.25 connec tors Assembled & T ested 

•=~..;.;..;--'==.;.:_;;..;....;..;.... ___ -'"..-..=-t1Has Wh isper Quite Fan & AC line t i t ler 
100 Pin · (IMSAI) PC $3.25 Cabi net size 7"H x 19"W x 22" D 

Circ le 195 on inquiry card. 
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•Hot Chauls or Transformer sets 
• 64-80 characters per llne 
• BY·PIHfll tuner & l.F. 
•Normal viewing unaffected 
•Safe-Easy Installation 

ACVM HI-Resolution $24.95 ppd 

RFVM Ch2·6 Modulator $9.95 ppd 

vAw-Nc.---so£2-931s 
Los Angeles, Calif. 90029 

MICRD-V£RT£R 
I SPECllL COLOR WiOD UL &TOft fOft APPL( II UHftS!! 

UHF Y1n1t• . Qpitfl"' Ont uaanel , •. llh•hlllU Wtffltl l 

Optnto lb•H "' ' 1w lrc11111c 11 11111Hiu et"" u 1111u1ttr , 
"''""' 7it l11hn1 . clt Htr, Wlf!!t-hlt • lct\lft , TUHlll• 
uu 1 ml11i•nn1 1t • ch111ula. Mltrt• cu dlttcttr •lf'tl 

""' ,,,1. II" •• II " l'llUt '"'" l'llcru . Ctnlll 'fil l " 
YldU Cail• lfli ", our,111 •NII ct11,11t. T• •·lfflil CIWI 
"'' 1tecorttt1C1bln11, Siu : &.5C1t11l.15cm1 11 .fl cm. 

Puer: +~'V. Cm11u ''""' I 1111, Stlf·••""'• •lltl • 
•11t1ll 11i1n1rtu . O"Jllill l utt iit nuu tf 1000 !town 
" Hlf lMIHih tf Untrlu . Entll1111 slallo lflty , Precht 
tr••Mtncy .. ju111Mnt. •• uu•.it tt•u lrti ttc••I ftr 
i111tall1llH ti •.nt.r lu~l t ll . MOOC L lllVX·500. 

AVAi LA ill FROM TOU" LOCAL COMPUTl!ft OlALUI, 
"'41nct """ ATY ftUlAROH . con 1nc tvll h1 c stllntn& 
.. , .,"'. , .. USA Hi 0111111- su.ot. 

" Plll · PUIUI" An IQ tr111 Yld1t-1t· Rr mldul ltor 
l1e h1it1 fM 1111nll nllo·urr ltr , ttlN 1111:1cur le1 11111 
.. ,.,, .. R-Y aall l ·Y lowu . oulp• ll 1ttvall ffat 
LM-1111 dll,. A •ulotrl 11t1111 •I" Ml Utl a11urs . 

MUt l PX P~HI. •It ,.,., Sl&.H '"''' ' ' · 
" Pl!f·VUITf."" Tllt 11i1Jna1 t t11J111tr tldtt-tt·"F 

l1flrl1tt • ••111t . !Cit fen11 : Sl .50 '"' ' I PXV· H 

!•- ltff(ljf. wWRITI TODAY, Dil l 4G-91·1lJI . -•• 

BIT BASEMENT 
BARGAINS 

SOROC 1Ql20 [assbled] . . . $869.95 
LEAUDM · 3A lassbled] .. . $859. 95 
lEARAOM-lA[assbled] .. $1199 .95 
16K RAM BOARD [assbled] .$495 .00 

2 50nS 180 day warranty 
CENTRONICS 779 ...... $1139. 95 
MICROPOllS 1042 Mod I . . $779.00 

BIT BASEMENT 
P.D. Box l719 

Sanla Monica. CA 90406 

- (213) 322-9070 Cl: 
all Uems shipped FOB lactory 

CANADIANS 

HAMILTON LOGIC 

SYSTEMS 

Specializing in logic 

devices, microproce5sors , 

memorys , TTL . Cmos . 
etc . 

for your catalogue 

7 

CREEK 

L8G 3X7 

Circle 153 on inquiry card . 

At last a real world fully address· 
able SS-50 control interface . Con· 
trol robots , appliances, organs , solar 
devices , etc. Applications limited 
only by your imagination . Easy to 
use with machine language as well 
as basic . Fully buffered board 
plugs directly onto mother board 
and responds to any address de· 
fined by user . 8 fast relays latch 
data while 8 op to·isolators allow 
handshaking capacity . 

Kit $98.00 
Assembled and tested $125.00 

Visa & Master Charge 
Shipped pre-paid 

TRANSITION 
ENTERPRISES INC 

' ATTENTION MOTOROLA 
MEK680002 USERS 

4 Slot Card Rack 
Designed Spelcifically for the 
MEK, MMS68104 MEMORY 

BOARD, EXORclser, and 
Mlcromodule Boards. 

Kit $64.95 
Assembled $79.95 

Check, Money Order, VISA or MC 
add $2.00 shipping, PA. residents 

add 6% sales tax. 

DEALER INQUIRY WELCOME 

MINI Soft Sector s3 90 Ea. In 10 Sector boxes 
16 Sector • of 10 

STANDARD s41 o~~it!~ 
Soft or Hard Sector • of 10 

Cp/M 1 4 for Northstar Sl 45 
• Disk & Hor izon 

PLASTIC BOX ~W J1~3k~~~~ s3 
HAZEL TINE CRT 1500 ~~~~esl 000 

Complete 1•2•3 Computer $5145 
System: Hazeltlr.e 1500, 
Horlzon-2, Centron lc 779 

S-100 Kits 
at Discount Prices 

· II 1lot mother boord wit h 1ocket1 

and OClive terminator $8000 

• 16 K EPROM board for 2708'1 $4800 

· 8 K lla llc ram $125 00 

Ther1'1 much more, l nclud ln ~ 

complete 1y1t1m1; und tor our 

flyer . 

PCE ELECTRONICS 
4782 DEWEY DRIVE 

FAIR OAKS, CA. 95628 

• Mui., Cl'lart 1 • Add ~ 'Ii. IOf s l'llp,Hng, 

• Y l10 11t1n ttfvnded , 

• P,,on1 ord H1 • Ca lif. ' U ld111tt odd 

flt&) 966-7033 &'I. IO IU IU . 

• Ho COD 

Also Av11lable 

USR·llO Onttni li: / Aufo An,.wer Modfrn 
USR 320 Aulo·An1• t1 Ch.1y Modem 

[I FCC Cu1111tG Paclltt ConntellOll 10 11hone 
\ IMW:lald f! • ltns1C1n ol'lon! 1Jct I 

l2 Conneclion lo ohone l1n11 ina CBS ·IOO JF DAA 111 h1c.h un bf!' 
Sf.std hocn Phont comp.in~ loc IQPl'O l S~ 00/ mo plui 111\ll~ltOn 
lttl 
INTERFACES ' 
• USR JIO - RS1JZC oolr 
• USR 310 •nd USR·llO - RS132C ••• 20mA 

IS0«it7 w11t1 o.1M• II bo tl'i .ntt1facrs a1e riequ11td •dd SIO ro 
uM puce) 

All UMllS FEATURE : 
• O·lOO &ud O.t• R•to 
• Sland Akltlt! UM 
• H.all/f ufl Ouptu 
• 9Q 0.y W&11i1nly 

• full7 Asnmbltd .anti 
fesieci 

• 01:mon1l AMu1I 
Miiinltn.atM'.t Covtraae 

Puns 1ndudt it\1pp1n1 ind l\.aftdlina .,, COtll•l\!11111 US llhnCHs 
Rtstdffll$ •6d 5\ J.llH 111 



IT WILL TELL YOU WHERE TO GO -

CPU-1™8080A CPU BOARD WITH 
8 LEVEL VECTOR INTERRUPT. 

$30. BARE $185. KIT 

$220. ASSEMBLED AND TESTED 

DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 

! 1i ™ WAMECO INC. w mt:'.Jnc. 3107 LANEVIEW DRIVE SAN JOSE CA. 9513Z 

Edur.ational Grade VIDEOTAPE Special: Y2x2400' 20 boxes/$125.00 

The "Pro" fully encoded ASCII Keyboard by Cherry. Auto RE
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in 'The Case', Below) S119.00, 3199.00, 10+189.00 

USED SYLVANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 w i th lull 128 char. ASC II UC+LC 
You Fix: $24.95 fon t w i th all control characters displayed. 
Working: $69.95 300-19,200 baud RS232. 2nd font addressable 

from keyboard in you-program-it 2708 for 
Cold Chassis, 251bs. APL, Graphics sets, etc. Plug in monitor 

1/0 connector, 110VAC and you are ready . 
oNCLUDES: 'The Case', Cherry Kbd. A used 

Circle 387 on inquiry card . 

2708/2716 EPROM 
MEMORY BOARD 

* S-100 BUS 

* 1-32 KBYTES USING EITHER 2708 OR 2716 EPROMS 

* HIGH/LOW LIMIT ADDRESS RANGE SELECTION 

* MEMORY BANK SELECT OPTION 

* SOL™COMPATIBLE MEMORY DISABLE 

* SELECTABLE WAIT STATES 

* FULLY BUFFERED INPUTS AND OUTPUTS 

* DOUBLE SOLDER MASK 

* SILK SCREENED PARTS LAYOUT 

* COMPLETE DOCUMENTATION 

$30. BARE 

$100. KIT (LESS EPROMS) 

TESTED AND ASSEMBLED $130. 
(LESS EPROMS) 

DEALER INQUIRIES INVITED UNIVERSITY DISCOUNTS AVAILABLE 

~@;nt:. WAMECO ,INC. 3107 LANEVIEW DRIVE SAN JOSE CA 95 132 
TN 

THE FANTASTIC! 

MEMOREX FIVE-FIFTY 

....... 
• Hard and Soft Secrorlng 
•Single and Dual Density 
• Double side configuration 
as a retrofit at any time, 
•j 101220 V, 50/60/lz 
*Pin for pin comparable wit/I 
Shugart 800,801,850,851 
(50 pin edge connec tor) 
$536, 2/499, 51475, 101449 
25/425, 1001405 
Double Sided R etro[ir $299 

monitor, ESAT 200A, all options except ~------------------------1 
vector addressab le cursor and modem. 
Bu lletproof design and construction. 
Normall y $675.00 What you always 
wanted your ADM3 to be: 

SVSTEM"A" $649.00 10IS599.00 

MINID ISJ(ETTES (5.25') 1-9 10-24 25+ 
10, 16 or Soft Sector S4. 79 4.65 4.45 

STANDARD (8') DISKElTES 
Hard or Soft Sector $5.99 5.33 4. 79 

CASSETTES 
R-300 Certified Phillips Type $5.25 4.99 4.35 

1-150 Certified for audio decks $4.60 4.30 3. 90 
('Kansas Cit ' & SWTP formats) 

SU A PLUS .\lu/[ill l )'P<" fa ••.< S 7. 95, l .umbda Power Supplies 
5V/71J. l -Sl ·l 5. 00. JS. 1·589.00, 16. 1-./9.00, J2 V/7. 3A -S69.00. 

"The Case" Beaut iful and sturdy CasSt'lf('S and D1~krttl..'s A vai/ab/L·-
anod ized aluminum case in deep b lack designed to contain the OUR CATA' ·OGUE Contains /Cs. T./. Socke ts ( J cen t/pin. 1/ you 
ESAT 200A, and with a bezel cut ou t for the Cherry ' Pro ' ke yboard. "' a.sk Aduic.· 011d "''"" more. f l is , .,, .. 
(install ed as shown above) Choose deep brown, light yellow, or crim- 1----------"'------ ----'-----1 
son to accent or color code your insta llation. The only choice for lJiipn.ing an:I Handling: Surface: $0.40/lb. Air: $0;75/lb., 1.0D m inimum 
hard-use inst itu t ional and educational appl ications. $69.00, 1 OI 59.00 Gal.lax: 6.5% Insurance: $0.50 per $100,00 

Circle 115 on inquiry card . BYTE Augu<l 1978 183 



SYSTEMS 

User Programmable Intelligent Terminal System 

Floppy Disk Microcomputer Supported by Custom Software 

An integrated microcomputer fro m 
Britain incorporates flo ppy disk drives 
and software. The Rair Black Box dua l 
disk drives accept 5\4 inch ( 13.3 cm), 
single sided, reversible, soft sectored 

floppy disks, each with a ca pacity of 
8 1.92 K bytes. Each disk has 40 tr acks 
with 16 sectors per track . Transfe r rate 
is 125 ,000 bps; latency is 100 ms; and 
access Lime is 40 ms t rack Lo track. 

The microp rocessor ha ndl es up to 
80 inst ruc tions; cycle time is 1 .28 µs. 
The unit is housed in a se lf-con ta ined 
desktop cabi net. 

The progra mmable memory contai ns 
65.536 K by tes . Softw are in cludes a disk 
operati ng system, an extended BASIC 
in ter preter, a re locatab le FORTRAN 
compiler, and a COBOL compi ler. Oth er 
fea tures inc lud e dual serial 10 ports and 
an 8 slot mother board for system 
expansion . 

For further informati o n co ntac t 
Rair, 30·32 Nea l St, Londo n WC2H 9PS 
ENG LAND.• 

C1tcle 544 on 1n~u1rv card. 

Two New F8 Products for the Personal Computer User 

The introdu ction of two new F8 
products for the personal computer user 
and design e ngineer has been announced 
by Comptronics, 19824 Ventura Blvd, 
Wood land Hills CA 91364. 

The F·8Sl00 is a p rocessor board 
compat ible with the S· I 00 bus. Th e unit 
provides sockets for 2 K bytes of eras · 
ab le read only memory monitor, two 
PIO sockets and connections for six JO 
ports. The board has 64 bytes of ~cratch 
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pad program mablc m emery and a full y 
buffered data bus. The Model F-8Sl 00 
sells for $239 as a kit or $275 asse mbled. 

The seco nd prod uc t is an F8 micro
comp uter, Model KD80, with keyboard 
and 6 digit d ispl ay. T he uni! provides 
audio inter face and speaker compatible 
with th e onboard KO-BUG (3856) music 
routine, 2 K by tes of random access 
memory expandable through an 5·100 
co nnec tor , and 1 K bytes of erasable 

F ull y user programmable , t he Mini 
Disk Terminal (MDT) 400 is an intelll· 
gent termin al system which ca n be used 
for a variety of distributed data proc
essing app li ca t ions incl ud ing data en try, 
test processing and data communica
tions. The MDT-4 00 features: mini· 
diskette; 8 b it microprocessor and 
communications Interface; high resolu· 
tion video disp lay with 16 line by 80 
word format, scrollable through 2560 
character buffer ; 122 key solid state key-

. board with 18 user defined keys and 
loadab le formats; integral minidisk with 
87 K byte capacity in IBM soft sector 
format; low a nd medium speed character 
pri nters for hardcopy output; asyn · 
chronous and binary synchronous corn · 
munications interfaces for line speeds up 
to 9600 bps; program development sys· 
terns supporting assembler and high level 
language an d text processing applications 
package. 

Representative prices Inc lude: Model 
401 with 8 K by tes programmable mem
ory, integral mlnifloppy, video and key· 
board is priced at $4275; Model 402 
with 15 K bytes programmable memory, 
integra l rnlnifloppy , video and keyboard 
is priced at $4500; Model MDT-441 low 
speed, 60 cps, matrix printer ls priced at 
$2495. For further information, write to 
Compugraphic, 80 Industria l Way , Wil· 
mington MA 01887.• 

Circle 543 on inQu iry card . 

Low Cost , Do It Yourself Computer 

A new do it yourself computer 
called SKIP 11 has 1 K bytes of program· 
mable memory , LED display of both 
address and data, hexadecimal keyboard, 
screen printed front panel, printed cir
cu it board and National Sem ic onductor 's 
SC/MP comp u ter chip. It can be built for 
less than $ 100 . This Includes detailed in
structions, system checkout guide and 
troubleshooting manual. A programming 
guide illustrates all of the 46 instructions 
with simple programs which explain 
what the computer is doing at each stop. 
It is sa id to be ideal for the beginner. 
Contact NBL , POB 1564, Richardson 
TX 75080.• 

read only memory with four additional 
2708 sockets. Model KDBO sells for 
$375 as a kit and $425 assem bled.• 

Circle 546 oo 1nquirv card . 



CAlifORNiA INdUSTRiAl 
Post Office Box 3097 B • Torrance, California 90503 

Hazeltine 1400 
cost effective 

CRT TERMINAL 

i~s9 .1 • • V 1 sh ipph, , 

The ll :1zehine HOO Vfdlo Displ ay Terminal i1:1 desi(!nt'!d to 
op tl mb:.c- inlt:rnctlve r~Al -t imc oper.ationti. The intedac~ ls 
capabl e o f eit her loc::al or r~mou= connection lhrQJ gh ttn ELA 
RS2:i2-C inlerface at bnud r ates lhat a._re switch selcctnbl e 
up to 96 00 b<iud. 

ScotcH Certified Digital 

CASSETTES 
O" 4 HD 

Won•I drop 1 BIT! 
'550 

Ii 
CALIFORNIA 
INDUSTRIAL 

is u 
Authoriud 
Duler of 

Scolct· Brnd 
Dita Produt h 

.)O'f-STICk •4:0 
lo• 

. s10.oo 
11\11 j0y9UC.\ ltalurt!o\11 IOOt< l)Ol•l\lio 
,..,, .. , 11\ll nry '"~UtoteptOCl'OfllOfWI to 
~ MIC'- OI 1""' ll •O J>...-1 IOI iti.o.~·
;•"-'. quad l.lft90 ll'Cl llUIO (OflllOilltod 
... c.11tl 

D<:fmllcly tht' Ucsl small system kcybo;ud that 
we h ri.v e St?P.n . M axi -Switch h~s incorpo1·.1tcc.J 
all th tmportanl keyboard fcatur..:s at a rcp~on 
a blc price. Full 120 ASCII functions , 1'N'• kf'y 
r ollove r, automat ic r ep et1 ts . use r designated 
s pecial fun ction lceys . escape , con1rol & lots 
of olhe rs. Dot o shcN upon requ est. 

COLOR• GRAPHICS• SOUNO 

51024 
Ml1. ~u 1. 
Rehll .. 

'1195 

,.,. .It ..,, I ... MEMOlY 
"" '" ""' "' 1·UDO '" - I .. 
1411)~ " ''" 1'9 1702> ... 1.(10') •• ... , '·"' 74110 l lt ""' "' "'"" 

,,,. [Ug•1a~ CasseUe Dr•ue 
COMPUTER CONTROLED 74115 "' - "' 

lb1ZJ '" 74110 ,,. .,., 
"' '"' '" 741ll "' '"" 
,,, 2101·1 ll'J 

W2? " .... " 
21Ut1 119 

UIZl •• .... " 250flS l~t 
74125. " 

..,, I .. 
Ul2S " CPU'• CLOCK'• wn .. 
7Ul1 .. 
741;)& .. 
14141 .. 
7'14S> " U!H ,.. 
14141 '" 14150 "' 141~1 " UISJ .. 
Uls.1 .. 
UI~ .. 
741S6 ,,. 
u m .. 
74155 '" 7060 I" 
74 16-1 " 141&2 ... 
14163 " 74l&a "' """ "' 150.• 5' 1Ufl1 ... ... 7070 , .. "'"" " lllCN .. 74113. "' """ 1'9 ""' .. 7417-t "' """ 12'1 J70H ... 74 1'1~ " "'" ... JllH ... 14115 " JOIH .. JTlN 

.2S 14111 .. 3'.l'TCN .J9 ,... 
" 1·WO .. "'" ... JllN 
.2S ""' .. -· ... "'" .2S CMOS """ , .. """' ~ 

:m< .. .,,,,. 
... I ,. 310H "' 

.,.,.,., ,. .,., 
" 310CH "' NE565H 

.JO - .... 311 H .. Hf!i66.Jf 

.J.> "'' .2S ~llH ... -· "' - ... '"" :.i; "''" ,, .... .. "'" m• ,,., .... .. :mew I .. 71GH ,. "" 
,. 319CH 12'1 71Hi .. "" 
,. __ ,l 

711H ... "" .. l2UIC-U mH ... "" I .. ""' .. "" '·" l:i'OJ-$ '"" ,,, "" .. lllH 

"' 
.,,, 

"' l20l-12 n>• 

" 
.... t.H -r ,,,. .. "'" llt 7-'1H .. """ "' 7.&1H ... '"" ... "'" " :m 1.2S 748.H 

"' " H!Oll 

"'" "' :MlllC-1't 1458 ..,. .2S UART 

"" .. 
"" 1.2> AYS · lO llA 

""' '" )llJT-5 - .. 3'{J T.t2 '4.98 ..,, •• 
SPECIAL 

GENERAL INSTRUMENT ASCII l<eyboanl Er<;ode< 
A Y 53ro:l Pri~ bu, hOuse madl.ed only $4.95 

Transistors 

This precision 110 assembly features 
remote sollware controlled search 
capabi lities. Two Independent capstan 
drive motors allow the computer lo 
control dlrcclion and speed of lhe 
transport . 
The assembly consists of a Raymond 
cassetre transport , chassis, mother· 
llOard and three edge cards: read/write, 
capslan drive & control card. 
Current replacement valued at over 
S700.00. Schema tics and complete 
documentation Included. USED, but In 
excellen t condllion. 

Power Ada pt er RELAYS 
SPOT MIN IATURE 

10 25 100 
'1.19.,, s11s 10• .n 

u . 10 50 100 

2N2222A .20 .18 .16 .15 
2N3055 . 69 .65 .S9 .SS 

MJ3055 .79 .75 .69 .65 
2N3772 I~• 1~9l)t In 
2M3904 .15 .ll .09 .07 
2N3906 . IS .I I .09 .07 l--------+-==.::..:===::::...-1 

Diodes 
10 25 100 

tN4002 100• .. 08 06.05 
IN4005 600,, .10.08.07 
IN4141 • linal .07 .DS.04 

u . 10 50 

80,000 / 10• . 3'5 3.49 2,5 
4500 / 50..Slft Ill tJ• 
1000/ 15• S,55 49 .45 

7101 C&M ON · NONE· ON 
1107 ibt ON · Off<mnt.OJO 
7101 CK O'Hmomer1.t. ON I 
Rocker JBT -- DPDT 
Rolar , Jp .. 4 -Po•. 
Rohry JP · 6 · Po1. 
Pu sh B <N.OJ S..lha. 4/ S' 11111 

.1 dl1c 
.01 disc 

s.12 .09 
.06 .OS 

wlu wrap low pram~ 
u . 25 so ... l5 50 

17• 16 IS 

37< 36 35 18 17 16 
38 37 36 19 18 17 

99 93 85 3& 35 34 

169 I" 13' 63 60 58 

KYNAR:m 



Binary Synchronous or Synchronous 
Data Link Control Chip 

A synchronous receiver and trans
mitter chip that can hand le either 
binary synchronous (BiSync) or syn
chronous data link control (SDLC) 
protocols in microcomputer systems 
is available from NEC Microcomputers 
Inc, Five Militia Dr, Lex ington MA 
02173 . This uP0379 is an N channel 
MOS device that is packaged in a 42 pin 
ceramic dual in line package. The part 
operates at 800 K bps. The uPD379 can 

Auto Answer Modem 

The US R·320 is a hardwire, asyn
chronous, auto answer modem that op
erates in half and full duplex modes at 
data rates of up to 300 bps. The design 
uses integrated circuits, crysta l co n
trolled digital receiver and transmitter 
freq uencies, and comp uter designed ac· 
tlve filters. The unit comes with power 
supply and is housed in the desktop case 
shown. Connection to voice grade te le· 
phone lines is via a sta nd ard CBS· 1001 F 
Data Access Arrangement (DAA). The 
USR-320 is available with an EIA 
RS232C interface, a 20 mA current loop 
interface or both . The US R-330 with 
RS232C interface is priced at $185; 
with 20 mA current loop interface $185; 
and with RS232C and 20 mA current 
loop in terfaces $195. Contact US 
Robotics Inc, POB 5502 , Chicago IL 
60680. • 

Circle 628 on inQuuv ca,d. 

Attention Surplus PDP-8 Owners 

An LED conversio n kit for the 
PDP·8/E and PDP-8/L minicomputers 
is now availabl e from Scientific Test 
Systems, POB 741, Wallingford CT 
06492 . The kits are avai labl e to enab le 
replacement of standard incandescent 
lamps used in the PDP-8/E and POP-8/L 
with light emitting diod es, to el imin ate 
the problem of burned out bulbs. The 
kits are complete with a set of direct 
replacement LEDs and instructions for 
modification of the fro nt panel control 
board circuitry. The conversion kit 
for the POP-8/E is priced at $39 .95 and 
$69.95 for the PDP-8/L conversion kit.• 

Circle 629 on inquiry card. 
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operate in full or half duplex mode, is 
directly TTL• cornpatible, has three state 
data outputs, has a programmable syn· 
chronous word (characte r), contains de· 
tcction and rejection of nag, abort and 
id le patterns, has zero inse rtion and re· 
jection, and an indication of overrun and 
underrun errors. The operation mode, 
data rate and synchronous character of 
th e uPD379 can be changed through the 
use of external control. The uPD3 79 is 
priced at $ 16 in quantities over 100.• 

Circle 627 on 1nQu•rv card . 

Factory Tested 
Used Modems to Cut Data 
Communication Costs 

The avai lability of used ICC modems 
at prices significa ntly lower than new 
has been announced by the Special Offer 
Division of Racal-Milgo Inc, 8600 NW 
41st St, Miami FL 33166 . According to 
the company, these moderns have been 
factory tested, and are covered by the 
same warranty as new equipment. This 
includes one year for purchased units , 
and for the fu ll term of units under 
lease. The used equipment available 
inc lu des both medium and high speed 
modems, operating at data rates of 2000 
bps, 2400 bps, 3600 bps, 4800 bps, 
7200 bps, 9600 bps and 19.2 K bps. 
Current information on used modems 
and related equipment is availab le from 
the company. • 

Cm;;le 630 on 1nouuv card. 

New Model 88-Modem 

The Model 88-Modem provides corn· 
munications over either the switched 
tel ephone network o r private li nes at any 
software selec ted bps rates betwee n 66 
and 600 bps. The modem is ful ly com 
patible with Bell System type 1 03A 
modems and provides either half or full 
duplex operation . It is S· 100 bus com
patible and includes a serial 10 port and 
an originate or answer mode modern on 
one board. Features implemented in 
hardware include pu lse code dialing in 
originate mode, automatic break and dis
connect, and dia l tone detection. The 
modem includes an 8 pole transmit and 
8 pole receiver filter, self-test electronics, 
dial tone detection, filter as we ll as error 
detection electronics Inc luding parity, 
overrun, etc. The dial tone detection cir· 
cuit allows the dial tone to be positively 
identified prior to auto diali ng of origi
nate calls . Extens ive software is included 
with the 88-Modem inclu ding patches 
for MITS BASIC and North Star DOS 
ve rsion 3. T he modem is avai lab le in kit 
or assembled form from International 
Data Systems Inc, 400 N Washington St, 
Suite 200, Fa ll s Church VA 22046. • 

Circle 632·on Inquiry card. 

Choice of Speeds In 
New Acoustic Coupler 

The Model AC-312 Acoustic Coupler 
from Digicom Data Products Inc, 1440 
Koll Cir, Suite 108, San Jose CA 95112, 
offers interchangeable high and low 
speed capability, fie ld convertible from 
300 bps to 1200 bps, using CMOS elec
tronics . The unit accomplishes terminal 
to computer communication over dial 
telephone lines. It is Bell 202 half duplex 
compatible when configured for 1200 
bps operation, or Bell 103 compa tible a t 
300 bps configuration. The two in one 

• concept permits users the flexibi lity of 
using the same desk sty led e nclosure for 
either 300 or 1200 bps operation by 
field-installing the relevant coupler elec
tronic board. Model AC-312 also has 
Western Elec tric compat ible 5 bps re· 
verse channel capability. The AC-312 
single unit is $495 (1200 bps). Model 
AC-312 (300 bps) is $245. The Bell com· 
patible 202 electron ic board for field 
upgrading to 1200 bps is $3 70. The 103 
series 300 bps board replacement is 
$150.• 

Circl! 631 on inq uiry ca rd . 
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* YOUR BEST BUY IN WIRE WRAP SUPPLIES * PRECUT WIRE 
WHY BUY WIRE ON ROLLS' 

PRECUT • STRIPPED WIRE IS: 

• Faal - No mortt culhng & st ripping by h1nd 
A•ll•bM • Gooo. clean, unifo1m strip 
Economic.I - C' ' eeper lhan using bu lk wue 

Precut Wire Bulk Wh• 
10011<1 ol :r •Is 82 . ,.,,,.,n. !ioO It 1014 • 1 SI " . • m. 
100 pc1 ol 6 " • I I Oil • 2'11 / ft. 100 II 1011 at 'gs ' )I.I " . 
W 11•1(1tl 1ts.6f!:i J 11)f/ n. 

• :>O l<'(l'llfll••PPl'<l l " ~ H.Cl'l•l'ICS L•ngtr\llJ. O\o'lf l ll 
C o1or1 A.o Bl11e Greltft Yellow,B!tcll ,01al'ge.Wl•11e 
W11• ~~eO 1n t;>IH hC ~· Add 2~11..,9 tt1 IOr tut>91 

'"' ... 1000 .l!!2!l. 
1'~ 11'1 .. ;;;; ;)ii;'K 3..,. 
3 '" 

., '60 • 1 11f( " 72HC 
) , In .. 100 !I 12JI( . "'" "' 3 00 S).2.' I( ..... 
A't 1n .. '" 

,,,,. S? 11K 

' ~ .. ,,, .,., . )S2ifC 

!! ' "' "'' 
,., 61Y IC ..... 

• .. '06 36> 1 161111 6 Ul11( 

e. ·,. '" "' • O> 'SUP< 6S2rfC 
1 ,, ,,. '" 

,..,. fi6Sll( 

1 ·~ '" "' ... lllflC """ • ~ • 29 ... ,..,,. 1Slll( .. ,, "' ... 91 11~ ,.., . 
• .. ,,. 

'°' 96211( 8 1111( .. ., .... ''° "' tOOllK ...... 
10 ' " ... ... tO U / K ..,,. 

Ad d i 1ncf'IH •O .,,. .., . 
WIRE KITS 

2:,,0 r IOC t '" 
250 1·.,- 100 ~-

ICI) , - 100 5"" 

=2 $19.95 

:?~ , • .,~ 1SO ' ,- '~ r 
soo l"" m ~ 100 a ,
!OJ J •,- 100 ~·, 100 7 
~ I 4'~ II Rgii 8 u1 -

ChOON 01'4 COCOf 
OI' lrtl.anmen1 

New Cosmac Super "ELF" 
RCA CMOS expandabl• to 64K microcomputer 
w/HEX keypad Input and video ou1pu111lr graphlcs. 
Just 1urn on and start loading your program using 
the resident monitor on ROM. Pushbutton selec· 
U1ln ot all tour CPU modes. LEO Indicators ol 
current CPU mode and four CPU slates . Single 
s1ep op. lor program debug. Bui lt in pwr. supply, 

SOLDER LESS 
BREADBOARDS 
SK 10 $16.50 

2.2" x 6.5'' WIRE WRAP SOCKETS 

INCLUDING: 
O"e' 100 pieces of precut wue 
1n assorted lengUis - tree• 
Choose 1 color Red . Slack , 8tuc. 
'Yellow. Green. While. O range 
Ot Assortmenl • 

8 p1n 
14 pin 
16 p in 
18 pin 
20 01n 
'17p1n 

24 p in 
'25 p in strtP 

28 p in 
40 0 1n 

!:! ~ 25-99 ~ 250.999 ~ 

.35 .33 .31 .29 .25 .23 

.35 33 31 .29 .28 .27 

.37 .35 .33 .31 .30 .29 

.60 .55 .•5 .•3 ,40 37 

.8" 78 .71 .63 .59 .!'>4 

.90 .85 .82 .78 .70 .60 

.91 .8" .78 .611 .6• 59 
1.25 I OS 95 .BO .70 .65 

.95 .89 .a. .BO .76 74 
1.50 1.40 1.30 1.20 1,05 90 

Gold 3· L•vtl Cloud Entrv Oufgn. 

INTERCONNECT CABLES •Ena & Sid• S1ack1bte . All pnce• include Gotd . 
~1t1t10n c..t1•t1 cori.r ec1or• !o r conn.c11ng bo• n,. let 

t1on1 " " "•I• o' DO•rd 10 lb011C) 2 Lavel Soc:k1u Also A111i l1ble. 

SINGLE £NOEO OOUB LE E•~orn .. " 
,, 

" .. '" "" 
,., 

•r >J3 ... ' " ,.. ,., '., '63 .•. ,., 
""' l •O 

L • ~" UI 2!" '1 4 ~ 

'" "' 331 

'" "' "' '" ,,. '" "' "' '°" 
EDGE CARD 

CONNECTOR 

SALE! 

Solder T11I 
Solde1 Tatl 
Wut Wrap 

$1.75 
3.50 
3.50 

All connec1on includl! Gold . 

$15110 
SJ0/10 
$30/ 10 

WIRE WRAP TOOLS 

$34.95 
With Free Wire Kit 1 
($6 .95 Value) 
H060Y WRAP 
Mooo1aw 630 

6a1ter1e.s. & Cne rger 
WSU :.lO Hand W1ap·Un wrap Sltip Tool 
WSU JOM 101 Moc1f100 Wrap 

BT 30 E•lta 8 11 

256 Bytes ot RAM . audio amp. & spkr . Detailed 
assy . man. w/PC board & all parts fully socketed . 
Comp. Kil $106.95. High address display option 
8.95; Low address display oplion 9.95; Cuslom 
hardwood cab.; drilled lron1 panel 19.75: Nicad 
Baneoy Backup Kil w/all parts 4.95: Fully wired & 
tesled In cabinet 151 .70: 1802 sottwara club . 
10- 12 pg . monthly publication 12.0D per yr . 

PAGE DIGITAL 
ELECTRONICS 

Ordering lnlorm•llon: 
• Ordt!lr~ under $25 end COD't, 1dd $2 

Sll.00 
6 .2> 
l.2~ 

2.95 

All o lhers, sh1pptt<J PIXI In U.S. v i• UPS 
For Blue Label [A ir) 01 Ut Class , aOd $1 

• We accei;it V1'a & Maste reh1rge 
Most orde11 shtpped same day 

Dealer Inquiries Invited 

Same day ahlpmenl. First line 
parts only. Factory tested. 
Guaranleed money back. 
Oualily IC 's and olher 
components al factory prices. 

INTEGRATED CIRCUITS 

MICl\OP'flDCllllOR 2716TI 2250 
6!00 19 50 1csocms 
9'l60Awitlld.111 .... Soleltt Thi low PTilfllt 25135 ZllO 2995 PIN I UP PUi IUP 21L02·1 1211 791J I IS 2• 35 MM5262 12" 800 " II 28 42 MM5280 11218 290 16 21l 36 58 MM5320 122• 290 " 27 C4 61 MMil30 ,,,. 535 22 .:w P0.1!0·3 825 1 9.25 
1253 ,0.00 

lJ...,..1 .. h11tr.t0- ool11 PD4110-4 

11255 9.25 
I ~ pin 2$ 11 .,,:1121 PS IOI 

COPl302CD I~ 95 
'1 \tY•I U pit _.. 11 •200A 

COP.1802'0 25 00 •ms 
COP1tl61 12 lJS COMHlCTORI gllO?A 

6810 9.95 ••llinldge 2 00 H0016S.S 
6850 •2 95 100 pln eit11t •so MMS71Cl0 

100 pln •dot WW 5.25 Gt4Yl!)m.1 6S02 1'SO MCM6571A 
l"AOlll 

llllOSJMUIORY RAM 9368 
1102.a. 395 
N02S23 2.95 2101· 1 3.9S llITTRF-ACE 
N8"2S12l 3!>0 2102· 1 1.18 8125 
N82Sl26 375 2102M-.4 ' 60 61'26 
N.(125 129 J .H 21F02 185 ma 
N82Sl31 375 2104A-4 495 8T97 
K82'S 136 • 75 21078 .... 8T98 
NSlS\31 175 2111·1 ... 8095 
2708 12 50 2'112·2 395 8096 
a.um 2.90 211 4 • so 81l97 
am 2 '° <1 116 24 95 8098 

135 E. Chestnut Street 5 
Monrovia, California 91016 

Phone (213) 357-5005 

ELECTRONICS 
CRYSlAU 

I Mtl! HO 2.0100 MHl: UilS 

2 ""' 
<50 2.097152 ""' • 50 

6 :w < Mtl! '15 2 ' 576 Mttl <SO ... 
5 " "' 

·4.2S 3 2161!1 MHJ <.50 
C4 IOMHl 05 5.0688 Mlit < SO 

3 00 18MHz '"" S UIS Mk.! '50 
9.95 21lMHr 390 5.71 4-3 MH1 '50 
5 9' 32 Mtl! 3 90 6.1536 Mtl! <SO 
'00 31768"' 4.00 u .J1a1a MHl '1s 
5.00 1.8-432 MHH.50 18.<1 3? MHz •.50 

13.95 J _S79SM.H.r 120 22. 11&<1 MHz •so 
12 95 10 Hi Crytlll 1lm11111 IHI st.40 
2 90 ~~:~~:::r:~~ ':~!" l ll 

SA1 ,7S 
175 Slt.n 
6 95 

tOMPll'ln IOA.1'0 IJTS <SO 

rn SK RAM 60&rd K~ $ 13~ % 
4X EPROM Kill 11«1 9S 

3 50 VO 80111~ Kit '450 
U!cnoer BtUrCI wlC:OMDeetar 11!>0 
VllSeo ltUt/Uc:e bOlrd kll 12SOO 

J.10 16K LPAOM OOMCI "'10 PROMS 1-LSO 
1.69 161< SIDie: RAM bOlrd kit moo 
2.75 fllortb ltuflo"yOlaklll 1665.00 
1,69 AGOlllCWW Onn Kil <41SOO 
1.69 

P1r11ro.lcc IOOA Lott: .6S 
65 Anafyt•&:ll S1tl.OO 
65 MoGtl 10 Trigger Ueuinau 101 S2'29 00 

.65 MCHld 15'0 Bui 0Dbtltt $369 00 

Aulo Clock Kit $15.95 
DC clock wllh 4· .50" displays . Uses H1tlonal 
MA·1012 module wllh alarm opllon . Includes 
light dimmer, cryslal lim•base PC boards . 
Fully re gulated . comp. lnslruC1s. Add $3.95 
101 beaulilul dark gray case . Best Yalu• any· 
where. 

Video Modulator Kit $8.95 
Convert your TV set Into a high qual it)I' monllor 
without affecting normal usage . Complt!lte ktl 
with lull instructions. 

RCA CosmacVIP Kit $275.00 
Video computer with oamas and graphics. 

4K Ell Expansion Board Kil wilh Cassette l/F $79. 95 '78 IC Updale Master Manual 
1978 IC Update Masler Manual Sl0.00 
Complm IC dala seloclor 2175 pg . Master rel
uence guide. o~er 412.000 cross raferences. 
F1ee updal• '"'ice lhrough 1978. Oomeslic 
postage $3 .50. Foreign $6.00. final 1977 
,,..,,., closoout 11a.oo 

Sinclair 3¥2 Digit Mulllmeter uua 
Ban. oper. 1mV and .INA ruolu tlon . Aes ls· 
t•nu 10 20 m•g. 1% •ccuracy. Small, portable, 
comple1ely assem. In ease. 1 yr. guarantee. 

AYailable on board 1lptions: 1K super ROM monitor $19.95 . Pa1allel 110 pon $7. 95. RS232 1/F $3.511. 
TTY 20 ma l/f Sl .95. S· 100 Memooy l/F $4.50. 

Tiny Basic tor ANY 1802 System 
Cassene $10.00 s , 
on ROM Monllor $l8.00 uper Elf owners take 30 Yoof1. 

Object code listing or 
paper tapo with manual $6.50 

PROM Eraser 
Ultraviolet assembled $49 95 

TERMS S5 00 min order US Funds Calif residents add 6'• la• BankArnericard and Masler Charge accepled Stupp1ng charges wdl be added on cha rge cards 
FREE Send for your copy cl our NEW 1978 QUEST CATALOG Include 28~ stamp 
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APPLE II SERIAL 1/0 
INTERFACE* 

Part no. 2 
Baud rate 1s continuously adjustable 
lrom 0 10 30 ,000 • Plugs into any periph
era l connector • Low current drain. RS -
232 on put and output • On board switch 
selectable 5 10 8 data bits. 1 or 2 stop 
bits. and parity or no parity either odd or 
even • Jumper selectable address • 
SOFTWARE • Input and Output routine 
from monitor or BASIC to teletype or other serial printer. 
• Program lor using an Apple II for a video or an Intelli
gent terminal. Also can output in correspondence code 
to interlace with some selectrics. Board only- $15.00; 
with parts - $42.00; assembled and tested - $62.00. 

MODEM* 
Part no. 109 
• Type 103 • Full or half 
duplex • Works up to 300 
baud • Originate or Ans
wer • No coils, only low 
cost components • TIL 
input and output-serial • 
Connec1 8 ohm speaker 
and crystal mic. directly to board • Uses XR FSK 
demodulator • Requires +5 volts • Board $7.60: 
with parts $27.50 

DC pOWER SUPPLY* 
Part no. 6085 I • Board supplies a regu lated +5 volts 
at 3 amps .. +12, -12, and -5 volts at 
1 amp. • Power required is 8 volts AC ·-
at 3 amps., and 24 volts AC C.T. at 1.5 - · 
amps. • Board only $12.50: with 
parts exclud ing transformers $42 .50 

TAPE INTERFACE* 
Parl no. 111 
• Play and record Kansas 
City Standard tapes • 
Converts a low cost tape 
recorder to a digital re 
corder •Works up to 1200 
baud • Digital in and out 
are TIL-serial •Output of 
board connec ts to mic. in 
of recorder • Earphone of 
recorder connects to input on board • No coils • 
Requ ires +5 volts, low power drain • Board $7.60; 
with parts $27.50 

Part no. 106 
• Stand alone TVT 
• 32 char/ line, 16 
lines, modific a1lons 
for 64 char/line in
cluded • Parallel 
ASCII (TIL) input • 
Video ou tput • 1 K 
on board memory • 
Oulpul for compu
ter con trolled cur· 
ser • Auto scroll • 
Non-destruclive curser • Curser inputs: up, down, left. 
right, home, EOL. EOS • Scroll up, down • Requires +5 
volls al 1.5 amps, and -12 volts al 30 mA •All 7400, TIL 
chips • Char. gen. 2513 • Upper case only • Board only 
$39.00; with parts $ t 45.00 

TIDMA * 

Part no. 112 
• Tape Interface Direct Memory Access • Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con
nections le low cost recorder at 1200 baud rate. 
and direct connections for inputs and outputs to a 
digital recorder at any baud rate. • S-100 bus com
patible • Board only $35.00: with parts $110.00 

UART & BAUD RATE 
GENERATOR* 
Part no. 101 
• Converts serial 10 parallel 
and parallel to serial • Low 
cost on board baud rate 
generator • Baud rates: 110. 
150, 300, 600, 1200. and 
2400 • Low poweo drain +5 
volts and -12 veils required 
• TIL compatible •All characters contain a start bit, 5 to 
8 data bits. I or 2 slop bits, and either odd or even parity. 
• All connections go to a 44 pin gold plated edge connec· 
tor• Board only $12.00: with parJs $35.00 with connector 
add $3.00 

ELECTRONIC SYSTEMS Dept. B, 

Part no. 300 
• SK Altair bus memory • 
Uses 2102 Static memory chips • Mem-
ory protect • Gold contacts • Walt sta tes • On 
board regulator • S-100 bus compatible• Vector 
input option • TRI state buffered • Board only 
$22.50: with parts $160.00 

RF MODULATOR* 

Part no. 107 
• Converts video to AM modu
lated RF, Channels 2 or 3. So 
powerful almost no tuning is re
quired. On board regulated 
power supply makes lhis ex
tremely stable. Rated very 
highly in Doctor Dobbs' Journal. Recommended 
by Apple. • Power required is 12 volts AC C.T. , or 
+5 volts DC • Board $7.60; with parts $13.50 

Rs·2a2mv* 
INTERFACE 

Part no. 600 
• Converts RS-232 to 20mA 
current loop, and 20mA current 
loop to RS-232 • Two separate 
circuits • Requ ires+ 12 and -12 
volts • Board only $4.50, with 
parts $7.00 

RS 232/TIL* 
INTERFACE 

Part no. 232 
• Converts TIL to RS-232 , 
and converts RS-232 to 
TIL •Two separate circuits 
•Requires -12 and +12 volts 

t"·- '"' =--

• All connections go to a 10 pin gold plated edge 
connector • Board only $4 .50; with parls $7.00 
with connector add $2.00 

P.O. Box 21638, San Jose, CA. USA 95157 

Menlion pan number and description. For parts kits add ··A" to parl number. In USA, shipping paid lor orders accompanied by check, money order. or 
Master Charge. BankAmericard. or VISA number. expiration date and signature. Shipping charges added to C.O.D. orders. Calilornla residents add 6.5% 
tor tax. Outside USA add 10% for air mail postage, no C.0 .0 .°s. Checks and money orders must be payable in US dollars. Parts kits include sockets lor all 
ICs. components. and circuit bOard. Documentation is Included wilh all products. All items are in stock. and will be shipped lhe day order is received via 
first class mail. Prices are in US dollars. No open accounts. To elimina te tariff in Canada boxes are marked "Computer Parts." Dealer inquiries invited. 
24 Hour Order Line: ( 408) 226-4064 * Circuits designed by John Bell 
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Glitch Grabber Reduces Noise, Glitches, Jitter on S-100 Bus 

A board interconnection device that 
reduces noise, glitches and jitter on the 

SERVICE!!! 
TIRl:iD OF 'WAITING 1 MONTHS! 

Natiolal 
Digital 

Diagnostics. .. CAN HEU/I! 

y.,.,, •qvlplfltnt" onllwrlly o~ la ....,, 
homt wllhbt .! "-J'• of In ..m.J. 

SPECIALISTS IN SERVICING OF : 

All 5·100 8w1 Micro p,oc..on • P.,ipheola. Til Cir· 
autl. "Hom. Brew Ptojec1:1'". othtr Mk 'o Pt~on. 

~ 
NDD-380 5-100 Computer $325 

Wt NII compYttr equip,,,.nl hom m1lor manuf.cturen 
at'" ' low.1 pr ic.s in ~ .'V .C. 

We 1.i.o ... , pr9111 lout.1v owMd microcomputtn and peri · 
ph1r1h 11 '4.IP9' lewr p ncet. 

'lt1 .,, OPEN 7 DAYS A WEEK fO' l'.t\t convtl"l ~tna of 
tht hobbo;ht and 11n11ll bcuinn1nHn. 

MON·FAI 5pm-7pm, SAT tOtm ·S.m. SUN 10.ft'l ·2pm 

NATIONAL DIGITAL DIAGNOSTICS 
80 5th AVENUE , RM. 1206 

NEW YORK , N.Y. 10011 
12121929·1694 

AMERICAN DIGITAL 
DEVELOPMENT, INC. 
2483 Devon Avenue 
Etk Grove Village, Illinois 60007 
(312) 860-2980 

S- 100 microcomputer bus has been 
announced by Extensys Corp , 380 
Bernardo Av, Mountain View CA 94040. 
Called th e Extensys Glitch Grabber, 
the board helps to clean signals on the 
S-100 bus. The device provides glitch
free signals by applyi ng analog tech
niques from transmission line analysis. 
It plugs into any open slo t on the S-100 
bus and features a proprietary self-regu
lat ing transistor network tha t cont rols 
voltages. T he electronics are activated 
only when the gli tch is there, to min i
mize any effects on S-100 bus signals. 
The price is $ 79 .SO. • 

Circ le 54 7 on inquiry card . 

Circle 74 on Inquiry card. 

PROGRAMMERS 

Ground floor opportunities ex ist fo r 
self-starters. System Software design 
for a 64 bit main frame computer 
based on the architec ture for the 
80's. Current openings exist in : 

• Language Translation 

• Operating System 

• System Verification * Call Mr. Jan Grondstra co llec t at 
(603) 882-1580 or, i f you prefe r, 
send your resume to his attention at 

Functional Automation , Inc. 
118 Northeastern Blvd. 

Nashua, NH 03060 

FUNCTIONAL 
AUTOMATION 

Circle 142 on l11quhy card. 

Attent ion Chess Nuts 

The MACC-1 is a new compa nion to 
the Chess Challenger and is designed for 
advanced players. The un it will never 
play the same game tw ice and wi ll not 
allow illegal moves includ ing accidental 
moving In to check. It does allow castling 
and pawn captu re en passant. The pro
gramming concentrates heavily on im
proved end o f game tactics and will not 
miss checkmate situations. Multiple 
levels of difficu lty can be se lected or 
changed at any time throughout the 
game. Chess problems may be set up 
quickly by tell ing the computer what 
pieces shou ld be positioned, where they 
are to be placed, and the game starts 
from there. Any previous Chess Challen
ger may be upgraded to the MACC-1. 
This new unit is priced at $250. Co ntac t 
Fidelity Electronics Ltd , 5245 Diversey 
Av, Chicago IL 60639. • 

Circle 548 on inquiry card . 

Cl-1103 - 8K words to 321< words In a 
sing le option slot. Plugs directly Into LSI 
11, LSI 11/2, H11 & POP 1103. Address
able In 2K Increments up to 128K. BK x 18 
$390.00. 32K x 16 $995.00 qty. one. 

Cl-6800 - 16KB to 64KB on a single 
board. Plugs directly into Motorola's 
EXOAclsor and compatible with the eval
uation modules. Addressable in 4K In
crements up to 64K. 16KB $390.00. 
64KB $995.00. 

Cl-8080 - 16KB to 64KB on a single 
board. Plugs directly into Intel's MOS 
800 and SBC 80/10. Addressable in 2K 
increments up to 64K. 16KB $390.00. 
64KB $995.00. 

T .. led ond burned-In. Fu ll year worranly 

Chris/in Industries, Inc. 
Compuler Producis Olvlslon 

31312 Via Col l nos • Weslloke Village, CA 913t!1 

Have Hard Copy on your system a1 1 h is 
amazing low price with all 1hese features : 

• 150 lines p tJr minurt1 rega1dless of /;n~ 
ltngrh 

• 80 charactofl per l ine 
• 96 charactet ser - uppf!r and lowor 

case 
• H igh reliability - only 4 moving parts 
• Ligh t~ eight - 10 lbI, d~sk ·top size 

Mo~I Pl - por1ll1I lnt1rf1co, TTL - $339 
Model SI - .. rlol RS232C, to 9600 b1ud 
- $469 
NJ Resident< add 5% tax . 
Send monev order or certified check to : 
Kal in Associates 
65 Riverview Terrace 
Belle Mead, NJ 08502 12011874-4070 



~" A "Smart" VIDEO BOARD 
~.,"\;,~c The EW-2001 KIT At A "Dumb" Pricel 
~ A VIDEO BOARD + A MEMORY BOARD + AN 1/0 BOARD - ALL IN ONE! 

•STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR l.C. $199 95 
• NUMBER OF l.C.s REDUCED BY 50% FOR HIGHER RELIABILITY • MASTER PIECE • . 
OF ENGINEERING • FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 

SPECIAL FEATURES: 
• S-100 bus compatible 
• Parallel keyboard port 
• On board 4K screen memory 

(optional)* re lotatab le to main 
computer memory 

• Text editing capabilities (soft
ware optional) 

• Scrolling: up and down through 
video memory 

• Blinking characters 
• Reversed video 
• Provision for on board ROM 

• Programmable no. of scan lines 
• Underline blinking cursor 
• Cursor controls: up down, left, 

right , home, carriage return 
• Composite video 
•M in. 2K required for opera tion of this board. 

DISPLAY FEATURES: 
• 128 displayable ASCII charact

ers (upper and lower case alpha
numeric, controls) 

• 64 or 32 characters per line 
Uumper selectab le) 

• 32 or 16 lines 
Uumper selectable) 

OPTIONS: 
Sockets . . . . . . . . . . . . . . $ 10.00 
2K Static Memory 

(with Sockets) . . . . . . $45.00 
4K Static Memory 

(with Sockets) . . . . . . $90.00 
Complete unit, assembled 

and tested with 
4K Memory . . . . . . . $335.00 

Basic software on ROM . $20.00 
Text ed itor on ROM . . . . $75.00 

• CRT and video controls fully 
programmable (European TV) • Screen capacity 2048 or 5 l 2 

• Character generation: 
7 x 11 dot matrix 

DEALER 
INQUIRIES WELCOMED 

8080 SUPPORT 
8212 .. .. ... .. . $3.00 

82 14 . . ....... . 7.95 

82 16 ....... . .. 3.SO 

8228 .......... S.9S 

82Sl ..... . .. .. 7.9S 

8SSS ... . . . . ... 8.SO 

I /4W RESISTOR 
10 Ohm - I.Sm 

5 l.7S/!OO 
of one value 

I Pole l 0 Pos. MINIATURE 
Slide Switch 

DPDT 
ROTARY 
SWITCH 

3 for$! .00 

l Pole 8 Pos. 
TOS Min iature 
Rotary Switch 

3 for $1.00 

$. J s; J0/$1.00 

Push Button 
Momentary 

Switch 
3 for $1.00 

CPU 

$7.7S 

RAM-2114 
I Kx4 4SOns 

$8.00 

RIBBON CABLE 
32 Conductor 

26 AWG - $.60/Foot 

HEXADECIMAL 
LABEL KEYBOARD 

- Matrix coded output 
- Interfaces with 74C922 

for binary code 
- Zero bounce 
- Est. life : JOO million 
- Rem ove back to stick on 

SHIPPING: Keyboard and Video Board : $3.50; others: $1.25 
____ Calllornia residents add 6% sales tax----

ELEC1RQ NI CS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

~ REDONDO BEACH, CA. 90278 .(.~II 
Jiiiil" TEL. (213) 376-8005 ~ 

WAITE FOR FREE CATALOG 
Minimum Order : $ I 0 

Circle 130 on inquiry card . 

ASCII 3rd GENERATION 

KEYBOARD KIT 
*ONLY 

$68.00 

• TTL Logic Circuits 
• Power : +SY 27SmA 
• Upper and Lower Case 
• Full ASCJJ Set (Alpha 

Numeric, Symbols, 
Control) 

• 7 or 8 Bits Parallel Data 
• Optional Serial Ou tput 
• Selectable Positive or 

Negative Strobe , and 
Strobe Pulse Width 

• 'N' Key Roll-Over 
• Fully Debounced· 
• Carriage Return Key 
• Repeat Function Key 
• Shift Lock, 2 Shift Keys 
• 4 User Defineable Keys 
• P.C. Board Size : 

17-3/16" x 5" 

OPTIONS : 

• Me ta l Enclosure 
Painted IBM Blue 
and White) 

• 18 Pin Edge Con. 
• I.C. Sockets 
• Serial Output (Shift 

Register) 
• Upper Case Lock 

Switch for Capital 
Letters and 
Numbers 

$25.00 
$2.00 
$4.00 

$2.00 

$2.00 

IUT INCLUDES: Keyboard, 
P.C. Board, all required com
ponents & assembly manual. 

NOTE: If you have this 63 
Key Teletype Keyboard you 
can buy the Kit without it 
for only $44.95. 
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PERIPHERALS 

DMA Interface for LSl -11 and 
LSl-11/2 

This general purpose OMA interface 
card is now available from Computer 

ASCII Keyboard in Kit or Assembled 

The Model 756 ASCII keyboard 
provides en coding for all 128 ASCII 
characters and control functions. Uti · 
lizing KSM Series keyswitches and low 
power MOS encoder circuitry, Model 
756 is designed to bridge the gap be-

Video Terminal Board for Intel 
and National Computers 

The Datacubc VT 103 Video Ter· 
minal Board interfaces direc tl y to the 
system bus of the In tel SBC 80 Series 
and National BLC 80 Series. The board 
provides a 96 character ASCII subset 

192 ,\urun 1978<1>BYTE Publlntlorn Inc 

Technology, 6043 Lawton Av, Oakland 
CA 94618. The ca rd features the follow· 
ing: dual height card (8 .5 by 5 inch es 
or 22 by 13 cm); bootstrap facility pro· 
vided for the user's programmab le read 
only memory; ease of interfacing to the 
user 's device by means of a buffered bi· 
directional data bus; allows direct pro· 
grammed 10 with five 16 bit read and 
write registers in the user's device; 
handles byte or word transfers at rates 
up to 400 K transfers per second; 
handles ex tended addressing up to 128 K 
words; burst mode capability ; useful 
with floppy or hard disk contro ll ers, line 
printers, interprocessor communication, 
data acquisition and many other high 
pe rform ance applications. Priced at $495 
from Computer Technology.• 

Circle 684 on lnriuu v card. 

tween stripped dow n basic keyboards 
and custom models. Accessor ies in c lude 
a numer ic pad, custom cab les and 
co nnec tors. The ne w 702 e nclosure 
features all steel construction and is 
supplied in a wrinkle fi nish to match 
modern hardware design . The interface 
allows user se le ct ion of parity , positive 
or negative logic data and strobe out
puts, alpha lock operat ion and both 
DC level and pulse strobe signals. A 
latching shift lock key is included and 
all outputs are TTL DTL MOS com 
pati bl e. The 756 ca rr ies a 90 day war
ranty. Th e price for the Mode l 756 kit 
is $64.95. The assembled an d tes ted 
model retai ls for $75.95. The matchi ng 
enclosure, Model 702, is $29.95. Contact 
George Risk Indust rie s Inc, GR I Pl aza , 
Kimball NB 69145. • 

Circle 585 on mQu 1rv card. 

in seve n by nine font in a 64 character 
by 16 line for mat as a video signal to 
drive an externa l monitor. The board is 
add ressed as an 10 device and the devi ce 
code programming is sw itch selec table. 
Th e unit provid es direct cursor add ress
ing and 11 other cursor control func· 
tions. The Datacube VT 103 has an 
input port for an optional ex terna l 
keyboard . Use of the keyboard can re· 
place a Teletype or other terminals in 
many applications. Inp uts for a s trobe 
and seven data lines are provided at a 
26 pin PC edge connector along with 
a +5 and - 12 V from the system bus for 
keyboard power. The composi te video 
ca n drive a 75 ohm coax ia l cable wi th 
a 1.4 V peak to peak signal an d meets 
RS420 standard s. The board se lls for 
$275 in lo ts of 100 and can be obtained 
from Datac ube/SMK·l, 670 Mai n St , 
Reading MA 01867.• 

Circle 586 on inquiry card. 

Complete Monolithic 10 Bit Analog 
to Digital Converter 

This comple te, l 0 bit monolithic 
analog to digital converter combines 
linear and digital circuitry on a single 
integrated circuit chip. The AD571 
is produced using the Integrated· 
inject ion logic (12 L) technique whi ch 
all ows ve ry high circu it de nsities to be 
fab ri ca ted on a single chip. The AD57 1 
is also the first monolithic ana log to 
digital converter to be laser wafer 
trimm ed. The converter uses the suc
cessive approx i ma ti on technique and 
includes a DAC , voltage reference, clock, 
compa ra tor, success ive app roximation 
register an d output buffer on a l 20 by 
150 mi l (30 mm by 38 mm) chip . The 
device executes a comple te conve rsion 
to 10 bit accuracy ±1/2 lsb in 25 µs 
over the specif ied temperature range . 
The AD571 is availab le in three versions . 
For fu ll y guaran teed 10 b it performance 
at 25' the least expens ive is the J 
version . The K version provid es 10 bit 
accuracy over the commerical temper· 
a tu re range o f 0 tli.ru 70 • C. If you need 
a -55 to +125 ·c temperature ra nge, the 
S version is your choice. AD571 is 
priced in 1 OOs at $24, $35 and $60 for 
the J. K and S respectively. Contact 
Analog Devices Semiconductor , 829 
Woburn St , Wilmington MA 01887. • 

Circle 587 on 1nqu1ry card , 

Where Do New Product Items 
Come From? 

The information printed in the 
new P[O ducts ppges of 8 YTE Is 
obtained from "new product" or 
"press release" copy sent by the 
promoters of new products. If in 
our judgment tlie neat new whiz
bang glzmo or save the world 
software package Is of Interest 
to the personal computing experi
menters and homebrewers who 
read BYTE, we print the fnforma· 
tion In some form. We openly 
solicit such Information from 
manufacturers and supp/lers to 
this marketplace. The information 
Is printed more or less as a first In 
first out queue, subject to oc
casional priority modifications. 



DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS. LEDS. etc. 
1N914 100v 10mA .05 8·pin pcb .20 WW .35 2N2222 NPN (2N2222 Plastic . 101 .15 
1N4n05 600v IA .08 14-pin pcb .20 WW .40 2N2907 PNP .15 

1 N4007 1000v 1A .15 16-pin pcb .20 .40 
2N3906 PNP (Plastic - Unmarked! .10 

WW 2N3904 NPN (Plastic · Unmarked) .10 
1N4148 75v 10mA .05 18-pin pcb .25 WW .75 2N3054 NPN .35 
1N4733 5. 1v 1 W Zener .25 22-pin pcb .35 WW .95 2N3055 NPN :f.A 60v .50 

1N753A 6.2v 500 mW Zener .25 24 -pin pcb .35 WW .95 T1P125 PNP erl ington .35 

1N758A 10v .. .25 28-pin pcb .45 1.25 
LEO Green, Red, Clear, Yellow .15 

WW O.L.747 7 seg 5/8" High com-anode 1.95 
1N759A 12v " .25 40-pin pcb .50 WW 1.25 MAN72 7 seg com-anode I Red) 1. 25 
1N5243 13v " .25 Molex pins .01 To-3 Sockets .25 

MAN3610 ? seg com-anode (Orange) 1.25 

1 N5244B 14v .. .25 MAN82A 7 seg com-anode (Yellow) 1.25 

1 N5245B 15v " .25 2 Amp Br idge 100-prv .95 MAN74A 7 seg com-cathode !Red) 1.50 
FN0359 7 seg com-cathode I Red) 1.25 

25 Amp Bridge 200-prv 1.95 

CMOS - T T L -
4000 .1 5 7400 .10 7473 .25 74176 .85 74H72 .35 745133 .40 
4001 .1 5 7401 .15 7474 .30 74180 .55 74H101 .75 745140 .55 
4002 .20 7402 .15 7475 .35 74181 2.25 74H103 .55 745151 .30 
4004 3.95 7403 .15 7476 .40 74182 .75 74H106 .95 745153 .35 
4006 .95 7404 .10 7480 .55 74190 1.25 745157 .75 
4007 .20 7405 .25 7481 .75 74191 .95 74LOO .25 745158 .30 
4008 .75 7406 .25 7483 .75 74192 .75 74L02 .20 745194 . 1.05 
4009 .35 7407 .55 7485 .55 74193 .85 74L03 .25 745257 181 231 1.05 
4010 .35 7408 .15 7486 .25 74194 .95 74L04 .30 
4011 .20 7409 .15 7489 1.05 74195 _95 74L10 .20 74LSOO .20 
4012 .20 7410 .15 7490 .45 74196 .95 74L20 .35 74LS01 .20 
4013 .40 7411 .25 7491 .70 74197 _95 74L30 .45 74LS02 .20 
4014 _75 7412 .25 7492 .45 74198 1.45 74L47 1.95 74LS04 .20 
4015 .75 7413 .25 7493 .35 74221 1.00 74L51 .45 74LS05 .25 
4016 .35 7414 .75 7494 .75 74367 .75 74L55 .65 74LS08 .25 
4017 .75 7416 .25 7495 .60 74L72 .45 74LS09 .25 
4018 .75 7417 .40 7496 .80 75108A .35 74L73 .40 74LS10 .25 
4019 .35 7420 .15 74100 1.15 75491 .50 74L74 .45 74LS11 .25 
4020 .85 7426 .25 74107 .25 75492 .50 74L75 .55 74LS20 .20 
4021 .75 7427 .25 74121 .35 74L93 .55 74LS21 .25 
4022 .75 7430 .15 74122 .55 74L123 .85 74LS22 .25 
4023 .20 7432 .20 74123 .35 74HOO .15 74LS32 .25 
4024 .75 7437 .20 74125 .45 74H01 .20 74500 .35 74LS37 .25 

4025 .20 7438 .20 74126 .35 74H04 .20 74$02 .35 74LS38 .35 
4026 1.95 7440 .20 74132 .75 74H05 .20 74503 .25 74LS40 .30 
4027 .35 7441 1. 15 74141 .90 74H08 .35 74504 .25 74LS42 .65 
4028 .75 7442 .45 74150 .85 74H10 .35 74505 .35 74LS51 .35 
4030 .35 7443 .45 74151 .65 74 H11 .25 74508 .35 74LS74 .35 
4033 1.50 7444 .45 74153 .75 74H15 .45 74510 .35 74LS86 .35 
4034 2.45 7445 .65 74154 .95 74H20 .25 74511 .35 74LS90 .55 
4035 .75 7446 .70 74156 .70 74H21 .25 74520 .25 74LS93 .55 
4040 .75 7447 .70 74157 .65 74H22 .40 74540 .20 74LS107 .40 
4041 .69 7448 .50 74161 .55 74H30 .20 74550 .20 74LS123 1.00 
4042 .65 7450 .25 74163 .85 74H40 .25 74$51 .25 74LS151 .75 
4043 .50 7451 .25 74164 .60 74H50 .25 74564 .15 74LS153 _75 

4044 .65 7453 .20 74165 1.10 74H51 .25 74$74 .35 74LS157 .75 
4046 1.25 7454 .25 74166 1.25 74H52 .15 74$112 .60 74LS164 1.00 
4049 .45 7460 .40 74175 .80 74H53J .25 745114 .65 74LS193 .95 
4050 .45 7470 .45 74H55 .20 74LS367 .75 
4066 .55 7472 .40 74LS368 .65 

4069/74 C04 .25 
4071 .25 MCT2 .95 LIN EARS, REGULATORS, etc. 
4081 .30 8038 3.95 LM320T5 1.65 LM340K15 1 .25 LM723 .40 
4082 .30 LM201 .75 LM320T12 1.65 LM340K18 1.25 LM725N 2.50 

MC 14409 14.50 LM301 .45 LM320T15 1.65 LM340K24 1.25 LM 739 1.50 

MC 14419 4.85 LM308 (Mini) .95 LM324N 1.25 78L05 .75 LM74118 -1 41 .25 
4511 .95 LM309H .65 LM339 .75 78L 12 .75 LM747 1.10 
74C151 1.90 LM309K (340K·S l85 7805 (340T5 ) .95 78L15 .75 LM1307 1.25 

LM310 .85 LM340T12 .95 78M05 .75 LM145B .65 
9000 SER I ES LM311 D (Mini) .75 LM340T15 .95 LM373 2.95 LM3900 .50 

9301 .85 95H03 1.10 LM318 (Min i) 1.75 LM340T18 .95 LM380t8·14 PI N) .95 LM75451 .65 

9309 .35 9601 .20 LM320K5t790511 .65 LM340T24 .95 LM709(8,14 PIN).25 NE555 .35 

9322 .65 9602 .45 LM320K12 1.65 LM340K12 1.25 LM711 .45 NE556 .85 

M ICRO'S, RAMS, CPU'S, 
NE565 .95 

INTEGRATED CIRCUITS UNLIMITED 
NE566 1.25 

E-PROMS NE567 .95 
74S188 3.00 8214 8.95 
1702A 4.50 8224 3.25 
MM5314 3.00 8228 6.00 7889 Clairemont Mesa Boulevard, San Diego, California 9211.1 
MM5316 3.50 8251 8.50 (714) 278-4394 (Calif. Res.) SPECIAL 
2102·1 1.45 8255 10.50 DISCOUNTS 
2102L·1 1.75 8T13 1.50 A ll orders sh ipped prepaid No minimum Total Order Deduct 
2114 9.50 8T23 1.50 Open accounts invited COD orders accepted $35. $99 10% 
TR16026 3.95 8T24 2.00 
TMS 4044· 9.95 8T97 1.00 Discounts available at OEM Quantit ies Californ ia Residents add 6% Sales Tax $100 - $300 15% 

21076·4 4.95 All IC's Prime/ Guaranteed . All orders shipped sa me day received. 
$301 . $1000 20% 

8080 8.95 2708 9.50 24 Hour Toll Free Phone 1-800-854-2211 American Express I BankAmericard I Visa I MasterCharge 
8212 2.95 Z80 PIO 8.50 

Circle 160 on inquiry card. BYTE Au1011 1978 193 



ELPAC 
POWER 

SUPPLIES 

1~·125/l10-2SO Voe, 41-«a Ht,...., 
UDO 1l<911l11... •0.1% 
L°'d R111Qull1ion ::0. l%no-loid to ta1ecl~ 
Ou~ A~p~ •nd Noj" •0.1"'P·p,dc10 10 MHl 
lnpll1/0utput lsolltlon 100 m11Qohm de. 900 Vic 
Short Charil Current 35% rated Clrrtn l 

PART NO. RATINGS 
w1m VOLTI AMI'S 

SOLV15·5' 15 S 3 
SOLV15·12 ' 15 12 1.5 
SOLl'J-0·5 30 ! 6 
SOLl'J-0·12 30 12 3 ' 
OVPI OV!l f YOft.lge protodlOn lor SOLV30·S.·12 
'SOlV1:5·S, 12 lnc:l\111111 OYP lnsUlled 

- _,..,-s;-i .CRYSTALS . ~·-
- <."~~ THiii FlllQUINCIU ONLY ~ -

!!!!!!..!!Q, FREQUENCY CASE ~ 
CY 1A 1.000MHI HCl3 5.95 
CY1 64 1.6432MH1 HC33 5.95 
CY2A 2. OOOMHz HCJ3 5 95 
CY2.01 2 010MHz HCJ3 1.95 
CY2 .50 2.SOOMHz HC33 4.95 
CYJ.21 3.276aMHz HCJ3 4.95 
CYJ.57 3.579545MHI HC33 4.95 
CYJA 4.000MHz HC18 4.95 
CY4 .91 4.916MHz HC18 4.95 
CY7A 5.000MHz HC18 4.95 
CY5.18 5 185MH1 HCIB 4.95 
CY6.14 6 144MHz HC18 4.95 
CY6.40 6.400MH1 HC18 4 95 
CY6.55 6.5536MHz HC18 4.95 
CY l 2A 10.000MHz HC18 4.95 
CYl4A 14.31818MHz HC1B 4.95 
CY19A 18.000MHz HC18 4.95 
CY18 .43 18.432MH1 HC1 8 4.95 
CY22A 20.000MHz HCIB 4.95 
CYJOI 32 OOOMHz H 18 4.95 

TRIMMERS 
10MM 1IU1 lrlmm1rs -.394" Dia. 

Pan No. 1·9 10·24 25-49 100+ 
TR·11('1lvo).35 .30 .25 20 

TRIM POTS 
Single-Turn 1 /2 Watt 
Square - Top Ad)ull - 3/8" Size 
Pl~ Ho. 1-9 10·24 2&41 llO·H 

63P(value) .99 .89 .80 • 70 

. 15· Turn • 3/4 Watt 
.......... Rect.ngular Sid• Adjust 3/4" x 1/4" Size 

~ Part No. 1-9 10-24 25-49 50·99 
43P(vilue) 1.35 1.25 1.20 1.15 

Ru;isUl!c:e YIUl· 50. 100. soo. 111; . 2JC. Sll;, HM,lOI<, * · 100.,moit,SOOIC, 1 mtg 

···· ··· ... ..... 1/16 VECTOR BOARD 
".\•:::_ g 1' at. I• S,1u119 
~ , .. ,, .. ''''"''" l w 

r11u 
,.. 10'41 

MICRO PR 

, Analyzes any type ol d1gr1a1 sys1em 
, Checks dal.a rates ln excess of 8 

• ~~nu~~e ~~~~~ {i~ .s~~~~ . OTL . All. • Some apphca1'°ns a1e 
Scnonky and MOS tamihes - Troubleshooting m1ctop1ocessor 

• Displays 16 log1c stales up 10 8 <hg11s wtdt add1ess. ins11uchon. ~nd data llow 
• See ones and z.eros displayed on you1 - Examine eontents ol ROMS 

CAT 1 h d 11 - T1acmo o~raltan ol con1ro11og1c 
• TestS. ~~:u1f: u~:, ~~:1 0~::111no cond111ons - Checkmo coun1er and stJ1lt 
• Euy lo assemble- comes with step-by..step coosuuction 1eg1ster opera1.an 

manual wtildl lndOOes eo pages on logic .,,.;,-ztr operation. - Mo011011no 110 sequences 
- Ve11ly1ng proper system opuattons 

(Mod•! 100A Manuol • $4.95) during 1es11no 

• n - -

~ --Model 2800 
$99.95 

• Chot r!016Prcl«tt0 
• l n1gt1 tCO a.wu., 
• &n11'farAC0PtfJlon 
• A1o11oltta•no 
• ' '"• lVAOl oftlll 1t~ 

• O,tr ..... 1NO'"O 
• IOIJlfOll'Olll "'IPf'flOtfl(:I 

• DC .t.cturx-, 1° .1\'0"(lol 

flartoH: 0C ~ • O· IQCl:IV 
AC V'c1u;1 O·IOOOV 
l1rq Atsooaw: ~.Q)Hl 
OCIAC Cblfa'l'I O·llln'IA 
RIMllllCt O· IOmt9011111 
Sit•• • · ~~~ . r 
Acct11ort11: 

AC Adapter BC·ZI SI.DO 
R1cb111t1blo 

Btttlltn BMt 20.00 
Ctnytng Ctn LC·21 7.llO 

ACCEUORIES FOR MAX 100: 

-·· caarww--1111iinafrom a r1M111rr MNlt ltD - a.A P .15 

turo.ute11111111or 
wul10YAC Molltlt•- Wlt.ts 

e ncredlbla 

"Pennywhfstle 

l11t i.09K fl100ot1~ • 11111tPdl ... lgl'ltll'~ Dll'1 
w!C)n~,,,t1o.itllf\tooll'IQIOQ(IJ""W!, 

nL 0Tl Alt CMl)S 11411,..t" tt1t DO • l l • 
"ff()\ Ml Ollft•ll ll"Klff Oii C'!l 1Plt ("1(1,111 \llldr< 
'tll Ot h lllQ A KMll 10r'flAITl..lo tfus.n' 111""'1 
1C.I00111110l!ICl>ulr......,llllltfll)llOwil'IQ'IU!-r'!ia, 

PHlNOUC 

EPOn 
GWS 

54PU06lWP 
169i'U oean:' ..... ,..... ... . ., ... ... ... 

... 
""' .... 

1n 1 W 
J6t ll2 

1--------------....L------------~ =~=~~"i,::,011~~~·,;"'~7 $9. 95 Per Kit 
MP.U 062WI 
1611P-4C ~t ,..,,...,.,,.. 
169P•C 062'WECI '~"' ... 

,., 
11 .00 

""' H.IXI 

l .01 1.116 
15' UI 
S.D' Ul 
9 23 1..28 • 
uo 1.12 

CONNECTORS 
25 Ptn-D Submlnlature 

This Is a 63-key. terminal keyboard newly 
OB25P(u plclured) PLUG SJ.25 manufactured by a large computer manufac-
DB25S SOCKET 4.95 turer. It Is unencoded with SPST keys . unat· 

t--'D'-'8;=.51.,2"'26=-·1.:.... ___ ..::eovo=r'-'r.=;or'"'D'"'B.:;25=-P~or..::S~-''"'· 7"'5-l taclled to any kJnd of PC board . A very solid 

MOLEX CONNECTOR PINS molde<fplastic 1 3x4" ba~sults mostappllt3· 
lion. IN STOCK $29.95/aach 

19-koy pad Includes 1-10 keys. 
ABCDEF and 2 optional keys and a 
snih key. $10.95/each 

~M-530-1 

INSTRUMENT/ 
LOCK CASE 

lnftdion moklC'!I Wiit. 
Com~Nw411lrtdbonl. 
•tn·:c~ir:1""1S" . 

3.49 
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Sl .95/1 00 pins 
(l'M*n1.1m order) 

$16.00/1000 pins 

Spec Shnb - 26' $6.00 Minimum Order - U.S. Fund1 Only 
Collfomlo R1sident1 - Add 6" Salos Tu 111BA Ca1tla1AYllltblo- S.nd35,sttmp 

Jameco 
ELECTRONICS 
· -·,~~ltll•C--

PHONE 
ORDERS 

WELCOME 
(415) 592-8097 

MAIL ORDER ELECTRONICS - WORLDWIDE 
1021 HOWARD AVENUE, SAN CARLOS, CA 94070 

AdHrtl11d Prlcet Good Thn1 August 

ltUtll0..11\tCA MO'S~~or~umat;lf 

... ,.kill orinted circuit Uoard 

T'L 5V 1A Supply 
' '""' • uw~a nL "°"" l.l(lllly ir1na UN .. tt ~" 
L~111V1Ji11.0rlCIC0<11)'pQ 1 ~1wPC111 c;urr"1J 1 1::i 
odl' Wtrl'f' lo~ llln;tUSJIOf,.O...Cl.-P~ 
f'tt,._lfl"'Q\'lllll!lf4cl lftall lPICt.IQt 11KlllCll'l"lflittwtt.,. Art 

·~ °"' JE225 $9.95 Par Kit 

PROTO BOARDS 

P8100 . 4.5" ' 6" 

14 PIN 
16 PIN 
24 PIN 
40 PIN 

s 19.95 

$4 .50 
4.75 
8.50 

13.75 

Circle 200 on inquiry card. 



Circle 200 on inqu iry card . 

SCA ANO FW BRIDGE RECTIFIERS 
C160 l!iA@ ~.00',1 SC%'tU8J~1 51 IJS 
CJaM l S.1. (!. 6l'l'<I stJi. 1 % 
2rm2& 16.1. @lOO't ~ ~ 
t.t1)A; ~ t ll' ~ 'hV tw l!;i,IOGf 'UC I 9S 
MDA 990 } 1 ?;. fl :;'(()', rw ilRllOGE A.[C I ~ 

~, ,. 
"00 
1)100 

• '00 
" 00 
"00 

1 :; 
1;; 
1:s 

" 00 l'., "., "., 
"00 
"00 
" 00 
"00 
"00 
"00 
I• 00 

"' "00 

TRANSISTORS 
"''IY.SS S9 
".IJUiS'i l lJO 
~··L!J~ ) ' 00 
"0198 ~ I 00 
P'(]"6i 1 1 00 
t"fl~f.! J I OD 
P•1}!hi .1 100 
1~)6lBA !>100 
i.tPSl701 ~ 1 00 
J"4fil~ Sl()J 
\!PSJjli-' s 1 Oil 
: 1m05 !i•OO 
M~SJ ~G!. S 1 00 
~~ SIOO 
\U'S] ill6 SIOO 
l HJjQi SI 00 
7~1: 11 s 1 00 
l._mu s 
?Nl:1~ 1 00 
:'Hlll;' 1~ 
1"Cl9ll 100 
7SJ9,)J I I Cl] 

BYTE Auau•I 1978 

.. .. 
"« 
"00 
1100 
Sii)) 

" ., 
"00 
"00 

"" "00 
" 00 
"00 
"DC 
" DC 

""' " DC 
l • OO 
" 00 

' '" l•OO 
l• OO 
1•00 

''"' 

•• 
" " " 
" " " 1) 

21 ,. .. 
10 

" ,, 
11 

" " ,, 
" .. 
10 

" ,, 
" " " " ,. 
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2400BAUD! 
or 

300 BAUD KCS CASSETIE INTERFACE 
Read and Write Interface Board 

• Works with MIK BUG or SWT BUG 
• Loads SK Basic in< 1 min. 
• Plugs Into the 6800 1/0 Bus 

Assembled , T8$ted , & Documented 

Super Low Price: $59.95 ppd. 
Del Ivory stock to 4 wook1. To order , call or wtll o lodny. 

Wo woleomo Maaterch•rge , Vlaa, Checks, ar C.O.D.'1 

Personal Computing Co. 
3321 Towerwood Dr. Dallas. Ta. 75234 (21 4) 620· 2776 

-
Circle 268 on inquiry card . 

c,ooY\\4 MEGABYTE 
TAPE RECORDER! 

QUAD 5 CHANNEL 1/4" TAPE 
TRANSPORT, ONE FURNISHED 

!<! o:- LOGIC FOR AUTO SELECT, REWIND, E DT, 

"'1'i0 .RE~~ ~2EJ';~~P~A~J-WDT~i2g:-;,:~~C~ 11e" 

\
. '. 
··:. 

HIGH 19° WIDE 20' DEEP, WT 85L8S. FREIGHT COL 
USED-GOOD COND - LIMITED QTY. DATA BOOK $10.U 

.0 25 SQUARE PIN PUSH-ON TERMINALS, 
FOR JUMPERS - PATCH-POWER- PLUG REPAIR , ETC., 
HARD TO FIND I 10/S0.50 100/$ 4.50 
PC LEAD CAPACITORS 20/$1.00 
70PF NISOO IOOVOLT 5 % DISC } 
120PF IOOVOLT 5% DISC 6 PAX 
.0 1 MFO 200VOLT TUBULAR CERAMIC 

: gg;~;g 1~~0v"o~'; g11~g $5.00 
.006BMFD IOOVOLT SQ. DIPPED POLY 
.OI MFO 50VOLT 5'1'o POLY TUBULAR, L ONG LE ADS, 

10/$1.00 100/l7.50 

r.-r-- Bl-PIN BASE T- 13/4 12V40MA 
'-l.._j- INCANOESENT 10/ $1 .00 I0 0.1$9.00 

CORE MATRIX STRIPPED FROM COMPUT 
ERS -8 PLANES-NO DRIVERS - NO DATA
AS IS - NO RETU RN. 256+ BYTE S $19.95, IK BYTE S 
$2 7. 95. 4K+ BYTES $ 39.95. 2 ONLY 1620 ASS'Y 
GOOD COND EACH $125.00 
CARO GUI DE 8 FRAME- 15PR -5 l/2H 51/4W l2 112L; OR 
15 SOCKETS ELCO NO. 7008-035-163· 002 ON RAILS, 
YOU STRJP-CHOICE $9.95 EACH. OTHER SURPLUS
SENO $1.00 FOR LIST OR CALL 817-625-2961, MC, 
SAC, VIZA ACCEPTED. $10.00 MINIMUM ORDER 

J 6 E ELECTRONICS SALES 
P 0 SOX 4504, FT. WORTH, TEX, 76106 

Circle 193 on inquiry card. 

THE TDL SOFTWARE IS 
AVAILABL E ON 

NORTH STAR DISKETTE 

• THL MOST POWLA:r Ul SO rTWA IH IN M IC RO
COMPUl[R 

• ON MOS 1 POP ULAR ~ .. r LOPP V DISK( TT£. 
DRIV[ 

TOL FORTRAN - SIMILAR TOWATFIV 

TCU. ll K BA.SIC - SU, £ R BASIC 

TOL l ·TEL - rOWERF Ul TEXT EDITOR 

TOL TOP - TEX1 ounut PROCESSOR 
TOL l ASM - MAC. RO,ASSEM8l..ER FOR Z.&O 

• ALL Wt rH DISK 8ASEO INPU T{OUTPU l , 
DYNAMIC fllE. ALLOCATION WOR KS ON 
"r'QUR NORfH 5. lAR OA.IVf OR H0 Rl l0N 
WIT H AB!JOLUTELV NO HAROWo\RE. MODI · 
f lCAllON 

Circle 171 on inquiry card. 

• • . • 1 • 

Send for FREE catalog .. 
l~N'l'El,lm Dept.B 
Ward·Whldden House/The Hiii 
Portsmouth, NH 03801 USA 

Circle 133 on inquiry card. 

SURPLUS ELECTRONICS 

ASCII ASCII 

IBM SELECTRIC @ 
BASED 1/0 TERMINAL 

WITH ASCII CONVERSION 
INSTALLED $695.00 

• Tape Drives • Cab le 
• Caoseue Drives • Wire 
• Power Supplies 12V15A, 12V25A, 
5V35A Otho,., • Displays 
• Cabinets e X FMRS • Heat 
Sinks • f>rin tors • Componen rs 
Many other Items 
Wr ite for free catalog 
WORLOWIOE ELECT. INC. 
10 FLAGSTONE DRIVE 
HUDSON, N.H. 03051 
Phone orders accepted using VISA 
or MC. Toll Free 1-800.258-1036 
In N.H. 603-885-3705 

Circle 395 on inquiry card . 

Surplus Conversational Data 
Communicative Terminal 

GTE NOVAR 5-41 

FEATURES: 
• Correspo ndence Codo 

• 13.45 Cha,acters per second printou1 
• RS232 lnterlaco 

• Oocumen101io n lnc1u dod 
• 30 day w arranty 
• High qu~lity pflnling 

• Reliable heevv duly selectdc mechanism 
• C8n bo used 8S a typcwtller 

w ith minor modlflcatiOM 
• tnspectod bv fecio ty 1ralned 1echnicien 
• (us•di 8595.00 

WRITE: 
PHARMASSIST 

1810 W. Euless Blvd. 
Euless, Tei1ua 76039 
call: (817} 469-2480 

Circle 312 on inquiry card . 

RADIO SHACK AND 
COMMODORE USERS 

~································ 
Low Cost Software on Compatible 
Cassette Tapes for your TRS-SO 
and PET Computers. 

- Games 
- Investment/Small Business 
- Educational/Scientific 
- Kitchen Programs 

INTRODUCTORY GRAPHIC GAME 
SPECIAL- Star Trek (SK) , Football 
(SK), Lunar Lander, Wumpus, Bio
rhythms and Acey Ducey on 2 Cas· 
Sette Tapes. A $25 value for $20.00. 

SEND FOR FREE CATALOG 
Software royalty plans also available. 

~···················· 
~PPARAT, INCORPORATED 

P.O. Box 10324 
Denver, CO 80210 

Circle 11 on inquj ,.Y card. 

FORT LAUDERDALE AREA 

COMPUTER AGE 
MICROCOMPUTERS & PERIPHERALS 
for HOME, SCHOOL & BUSINESSES 

We specialize in computer systems and 
provide a full range of compute r 
services. Appl ications software 

for busi ness including word 
processing , payroll and 

accounts receivable . 
More to come . 

DEALERS FOR 
Apple Computers E xtensys 
M icromation Soroc 
Hazeltine Centronics 
DEC North Star 
Problem Solvers and Others 
Cromemco 

999 Sou th Sta te Road 7 (441) 
Plantation, Florida 3331 7 

3D5-791 -808D 

Circle 62 on inquiry card. 

10-20% DISCOUNT 
.ON TOP COMPUTER LINES 

S'T:•R TER KIT SPECIALS 
Polymorphic 88 Syt11m 2 Kit 
IMSAI 1·8080/22 Slo1+4K RAM K•ll 

SYSTEM SPECMLS 
Poly88 Svstrm 2 Kit+-Poly ustmblt d t6KRAM 

U ST OUR .~ 

$ 135 S SIS 
s 838 $ 60-0 

and Poly auam bled Kcvbotrd SJ 4SS $ ! I JS 
IMSAI 1·8080/22 Slot+4K RAM<l6K RAM• 

VIO- C• MI O (All IMSAI k;n l $1 807 $1'70 
Polymorphic 8813 compl tlt 1 Oi1k SyHtm SJ2SO S26SQ 

IAbov11u1mbl11d) AddlrioNI Ori"'t S 590 S SOS 
Appl• II ISK (auombltdl $1195 $101 0 

SYSTEM UPGRA DES A NO EXPANSIONS 
Polymorphic 8813 Disk Upg'fde S14SO $1200 
No11h Stor Dok Upg'1dl - KIT s 711 $ 680 

IMDS· A+PS+CA81 Autm bltd S 881 S Jllll 
Sanyo 9" Moni1or $150, t5 " $230. SORO C 10 $ 120 - S 8•5 

GENERA l DISCOUNT POI.ICY 
IMSAI 10·1S'll. Polymorph;c 1511, Apple II 10-20!\ , 
Cromemco 1°". E111n1y1 up1ndibl1 Mvnorits 20% 

Mail Ordl!n Welco me - Op1n by Appoinlmtn l Only 

A-A-A-A COMPUTER HOW'S - Euab/W.~d J97a 
14 77 81uing1on Su i11 17. Los Angelu, CA 90025 

Call 213<117-8478 

Sponso1 of Poly 88 Uwn' Group - Membtrship SS 



Circle 308 on inquiry card . 

RONDURE COMPANY 
2522 BUTLER ST. tile computer DALLAS, TEXAS 75235 

214-630-462 1 raam 
ASCII SELECTRIC 

SPECIAL SALE Printer Mechanism : Heavy 
$SJ5.00 ~~:f. Input/output, Se rles 

DATEL SELECTRIC (IBM Selectric Mechanism) 

Specif icat i ons : 
We ight : 120 lbs. Dimen
si ons : 2g"Hx35"Wx33"D. 
Pr int Speed : (14 .8 charac-

•S ize: 2l"Wx21"Dx B"H . 
•Power Input 115 Volt 

Hz 
•I nferface : RS232 
•Weight : 54 lbs. (Sh ipp ing ters per second) 

TESTED WITH 
NEW 
ASCII 

ELECTRONICS 

Platen : 15" wide, p i n feed 
or form feed device option
al (132 pr int positions) . 

weight 65 lbs.) 
• 15" Carriage 
e 15 CPS 

Parallel output only - 15 
characters per second ac-

•Correspondence code 
•Half Duplex Will••••••••••• • 132 Print Pos i t ions, 10 cepts 7 b i t ASCII parallel 

w/strobe & prints on Selec
tric. The unit still works as 

Pitch 

A SCII Selectric with ASCII p arallel e lectronics. 
Immediate Del ivery-Sh ipped from Inventory. 

a typewriter In off-line 
mode. Used $395 

NOVATION DC3102A 

Tl 990/4 
used 
work ing 

Single Board 16 Bit Micro 
Computer 

NEW $250.00 

$150.00 
USED MODEMS & COUPLERS 
NOVATION TC102 (Acoustic) $45.00 
AJ 233 (Acoustic) ... ..... ... ..... .. . $25.00 

R5232 Connection 
300 Baud 

CF 318 (Hard Wire) .. .. .. .. .. .... .. . $25.00 

ORDER ING INFORMATION: 
We ship the same day we rece ive a certified check or money order . 
Texas res iden ts add 5% sales tax . Please call If you have a question. 
Write for our CATALOG of many parts , terminals, printers, etc. 
All Items subject to availability . Your money returned If we are out 
o r stock. 

F. Reichert Sales 
1110 E. GARVEY AVE. 
W. COVINA, CA 91790 

• 120 MIHIMUM ORl)ER 
• fl!EE UPS OELl'ltRY ON 

U.S ORDERS ONLY · OR BY 
SlJllfACE MAIL If SPEClflED 

•MONEY BM:K GUARANTEE 
(MOS & LED DEVICES EXCLUOEO) 

• UNDER 6 HOUR PROCESSING ON 
MONEY ORDERS & CASlllERS 
CHECKS. 

• SORR\'1 NO COD'S, 
PO'S. OR CREDIT CARDS 

• Coll.IF. RES. ADO 6\ 
S.\LES TAX 

• C.\NADA. PUERTO RICO 
' U.S POSSESSIONS ADO 
U.S. SJ.SO. All OTHERS 
ADO U.S. I I .OD 

• U.S. flJNOS ONLY' 

THE s.ioo BUS DIAGNOSTIC BOARD 

CENTURION IV 
A LEGION OF DIAGNOSTIC TOOLS ON ONE BOARD/ 

•EXTENDER BOARD • PULSE DETECTOR 
• LOGIC PROBE • CURRENT SHUNT 
•CONVERTIBLE INTO BACKPLANE. 
• ON BOARD CONNECTORS FOR SCOPE. DVM. voM: GENERATORS, ElC. 
•ON BOARD 5 WAY CONNECTORS AND RF CONNECTORS. 
•OVER 160 WIRE-WRAP POINTS FOR TOTAL AND COMPLETE FLEXIBILITY 

>N WIRE WRAPPING ANY 1/0 CONNECTOR AND All LOGIC PROBE 
INPUTS INTO ANY AND All JOO BUS LINES, WHICH MEANS YOU 
CAN MONITOR AND MEASURE ANY PARAMETER ON ANY ONE OF THE 
I 00 BUS LINES, OR LOGIC LEVEL PROBE ANY FIITT BUS LINES 
SIMULTANEOUSLY. THE ONLY TOOL OF ITS KIND. A MUST FOR ANY 
SERIOUS SERVICE EFFORT. 

Kit $11900 Assembled $14900 

S.100 3211 STATIC MEMORY BOARD 
WllH THIS BOAl!O YOU C.\N BEGIN Wiiii IUSl 3K Of MEM ORY AHO ADO ON 
~TER IT CAH 8E AS SI MPLE AS INSERllNG MORE MEMORY CHIPS. 

FEATURES 
r ru LLY STATIC - US.\8LE WtlH All OMA DEVICES 
2 BUffEREO WllH NOISE SUPPRESSED INPUTS. 
J POPU~TED IN IK INCREMENTS (EM:H IK C.\N er ACCESSED INDll'IOUALLY). 
• INCLU DES A RELl.IBLE SINGLE SOURCE + S VOLi REGULATOR 
5 PROM COMPATIBLE IHE BOAl!O MONIT OR CAii BE EXCHAHCEO (PIN BY PIN WITHOUT 

BOARD MDOlflC.\TION) WITH A BIPOLAR PROM PllOCR.\MMEO 10 YOUR SPEClflC.\llONS. 
6 CREAlfS NO WAI T Sl.\fES. 
I PRICES QUOTED ARC FOii lDOnS 200mW MEMORIES. 
- ASSEMBLED UNtTS AAE FULt. Y TESTED AND BURNED IN. 
- If.ITS ANO BAAE 80AR0 COME WITH FULL ASSEMBLY ANO CHECl<OUT INSTRUCTIONS. 

KIT 
ASSEMBLED 

8K 16K 24K 32K BARE 
$27000 $44000 $580 00 $69500 BOARD 
$296 00 $46500 $6)200 $74000 $38 00 

Circle 207 on inqui ry card . 

SHUGART 
MINI -FLOPPY DRIVE 

NEW PRICE 

$325.00 ea. FLAT PACK ACOUSTICAL 

Model SA-400 
MODEM PICK·UP 

Useable with most modem 
ch ips/ki ts 
Used - Sl 7.50 (w/ prlnts} 

SHIPPING INFORMATION : 
Modems: S2 .00 each; 2 for $4.00 UPS. 
Large Items & Parts : Specify Freight or A i r Freight Cpllect 
F oreign Orders: Add appropriate fre ight or postage. 
we now take Master Charge and Visa or ders, Specify full number, 
bank number and expiration date. 

MAXI SWITCH KEYBOARDS 
UNENCOOEO·MOUNTEO ON G·IO GLASS 

EPOXY BOARDS-A BLACK MElAL FRAME 
KEEPS KEY SWITCHES SECURELY IN PLACE. 

NO. I 

-~l flCl MAIH Jl.CY80AAD 
- 10 ollJXllLARf ' CURSOR 

CONTliOl KEYS 
-11 l!£Y NUMERIC PNJ 
-•K or 1 AUXILLARr 

POWER ' CONTliOl. 
ROCKER ARM SWllCHES. 
ONE or THU• UGHTS l.P. 

$3995 

NO. 2 

-Sl Ill) KfYBOAAO 
-I ollJllllAJll POWER/ 
CONTROi OPOI llOCllLR 
NIM SWACll 

$2995 

BEIGE MEl.ll FR.\ME 
roR NO. 2 

$995 

ASCII KEYBOARDS 
FULLY ASSEMBLED 
FULLY FUNCTIONAL 

-MAIN KEYBOARD SECllON OF 
58 KEYS 

- H£X PAO OF 15 KEYS 
- 16 MORE PERIPHERAL KEYS 
~Cll ENCODED 

NO. 1 • WITH ON BOARD UV PROM 

$9995 

W.W. SOCKET CONNECTOR 
FOR NO I KEYBOARD 

$295 

SOCKET CONNECTOR 
FOR NO. 2 KEYBO.\RD 

$295 

NO. 2 • IOENTICAL TO THE ONE ABOVE, 
BUT WITHOUT ON BOARD UV PROM 

WANT PEACE OF MIND? IN 
CRITICAL APPL/CATIONS 
USE 8/POLARSll 

82510 
82SJJ 

BIPOLAR RAMS 
102411 
1024xl 

BIPOl.AR 

$4.95 
$4.95 

PllOGRAMMABLI LOGIC ARRAYS 
8251 00 SI 1.95 
825101 ST 1.95 

BIPOLAR PllOMS 
8223 256 (32 I 8) S2.65 
82523 256 (32 I 8) Sl.40 
825126 1024 (256 I 4) $4.95 
93427 256 1 4 TRISTATE S4.95 
825131 2048 (5 12 I 4) $6.95 
6306-1 2K TRISTATE SS.45 
3604 4096 (512 I 8) SI 1.95 

ULTRA LOW POWER 
256 , 4 • BIT STATIC CMOS 11.\M 

5101L·3 650nS 30mW 
OAT.\ RfTEl+llON 

CURRENT $995 0.1 uA AT 2 VOLTS 

$7995 

S.100 EXTENDER BOARD 
WITH CONNECTOR 

A MUST for trouble· 
shooting your Computer boards $17 95 

S.100 EXPAllDABLI MOTJIER BOARD 
• I SI.DI EJ:PMOA1lC 111.U l'lME 
•QUlfl-QIOUNO l'lME OECllUPLES "1.l SIGll "l LIMES 
• R!UUl.C GOLD CONTllCT CON~CCTOR!' 

C()MPlfTE 
$6600 ASS(MBl[O $8900 llll 

S-100 WIRE WRAP HI-REL GOLD 

100 PIN POST Wiii£ 

l 
WRAP 

2 LEVEL SOCKET 
EDGE CARO 10/ 78c POST 
CONNECTOR 1001$6.50 

10111.20 COLO CONTM:TS 4 LEVEL 100119 90 

$425 I0/98c 10001119" 
100/$7.40 W f ... ICC He 

SUMMER SPECIALS/ LOW PllOFILE·SDLDERTAIL 
l.C. SOCKETS. OTHER SllES IN PREYlOUS AD. 

GOlO INL.410 '" 24 PIN llSl .09 5/S0.39 
28 PIN 1/$1.19 1110.99 
40 PIN 4111.19 4110.99 

PRICES AND .\V.\IUBILITY SUBJECT TO CHANGE 
Wl lltOUT NOTICE. 
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PE RIPHERALS 

Give Sight to Your 6800 Computer System 

Dual Printer from Addmaster 

.. 
". 

Acoustic Coupler Aids Clarity 

A new acousti c coupler (modem), 
designed to enhance clarity and accuracy 
of telephone li ne data transmission to 
and from com puter terminals, has been 
in troduced by Information Produ cts 

198 i\ulJUll 1978 © BYTE Publie>tions Inc 

This dual p rinte r p rints three li nes 
per seco nd and has 11 character loca· 
tions per column with a dual capacity 
of 6 Lo 10 col umns, up to 22 columns 
as a single. A la rge li brary of characters 
is avai lable. 

Among the fea tures are a small 
print mechanism, self-inki ng ribbon, 
variab le paper space control. A tape 
rewind (o ne or both sides) is avai lable. 

The Addmaster dual printer operates 
with a 117 VAC 1.3 A drive motor. 
Other vol tages are available. Quantity 
prices sta rt at $66. For further infor· 
mation contact Addmaster Corp, 
416 J unipero Serra Dr, San Gabrie l 
CA 91776. • 

Circle 616 on inqui ry card. 

Division of Omron Electronics Inc , 
432 Toyama Dr, Sunn yvale CA 94086. 
The se ries 8300 Data Modems are 
designed for aco ustic and hardware 
operation via the swi tched te lep hone 
network or private line insta llation. 

Acoustically coupled with a Western 
Electric 500 handset or equivalent, the 
8300 modems offer a conven ient 
method of data transmissio n. 

The 20 mA current loop Interface 
(plug com patib le with a DECwriter 
LA36) and a separate 25 pin RS-232C 
EIA con nector may be operated simul· 
taneously . The series is available as 
originate·only or originate·and·answer 
sw itch se lectable for 300 bps operation. 
The modem is priced at $275 for single 
uni LS.• 

Circ le 617 on inquiry card. 

The Digisecto r (DS-68) functions in 
conjunction with an inexpensive tele· 
vision camera to present the computer 
with a high reso lution digitized picture 
of the scene in view of the camera lens. 
The Digisector requires one 10 slot in 
the SwTPC 6800 computer (or equiva· 
le nt) and accepts either interlaced 
(NTSC) or noninterlaced (industrial) 
sync pulses from the video source. 
It features 256 by 256 picture el ement 
resolution, with up to 64 levels of grey 
scale. Data conversion times vary with 
resolution requirements but can be 
as low as 3 µs per picture element. 

Applications include precision 
security systems, moving target indica· 
tors, computer portraiture, and fast to 
slow scan conversion for ham rad lo 
operators. With clever software, the 
Digisector can read paper tape, punched 
cards, strip charts, bar codes and musical 
scores. 

The Dig isector comes fully assem· 
bled, tested and burned in. The DS-68 is 
priced at $169.95. Software for com· 
puter portraiture and slow scan tele· 
vision is incl uded. For further informa· 
tion, contact Micro Works , POB 1110, 
De l Mar CA 92014.• 

Circle 615 on inquiry c .• ud. 

10 Processing Unit 

A general purpose 10 processing 
board, the A PU100, which provides a 
high performance to the standard 
S-100 bus has been announced by 
Extensys Corporation. Designated the 
Extensys Asynchronous Processing Unit , 
the APU 100 includes an on board 8080 
processor. The unit operates asynchro· 
nously with the ce ntral processing unit 
of the computer system and transfe rs 
information by use of direct memory 
access . 

The APUlOO uses the system cloc k 
on the bus to provide Inte rn al tim ing 
so that all system processors are synchro· 
nized. The unit has 8192 bytes of 
programmable memory storage operating 
at 300 ns access time and 1024 bytes of 
2708 type erasable read only memory 
storage in addition to its dedicated 8080 
processor. 

Using the APUl 00 frees up 8 K bytes 
of system memory by moving 10 rou· 
tines to the APU I 00, allowing more 
memory for application programs. Sys· 
tern perform ance Is improved with the 
opportunity to buffer up information 
using direct access memory . Slow speed 
10 devices can be serviced at their 
rated speeds while system operation 
continues at normal speed. 

When used with Extensys' MM· 16 
Memory Manager, the APU 100 per· 
forms in a high speed direct access 
memory mode, transferring greater 
chunks of data at ful l memory speeds. 

Contact Extensys Corp, 380 Bernar
do Av, Mountain View CA 94040, for 
additional information. • 

Citcle 618 on inqulry card . 



Circ le 296 o n inquiry card . 

FEATURES : • Availat.Jle 1n EBC01c or IBM corrr.spondc ncC' code 1o1 t'fs1ons w1lh 
ASCII translatlon and 1/0 d r iver prog ram in 8080 asscmlJI\• language • Mi cro
computer hardware mterfnce rs 10 w1rf! EIA AS232 conn\!C tor cable 11~:1wccn 
terminal a ncl standard set1 al 110 card such as Processor T~ch JP 1 5 • luc ludfls 
compll?te documenlil t •on · Opera1or a nd St! rv1cc Manuals, schc r1rn11 cs . 1111 u rf m;1· 
rnstructions fo r microcom uter and software li s ti ng o f 110 clrHn!'f mid ASC II 
cranslanon program • Op11onal Built- in 103 or 202 Modem avJ1l.:i lJl c • Typt•w11w1 
can Uc serviced by .my I BM iechn 1c1Jn (so lcno1ds. sw1 1chus und w•rn.!. t1avc l >~1: n 
onachet.I to 1hc bouom o f the 1vpcwru1?1 w 11 hour phys1c<1I al1<•1a11o n 1•1 1lw 
facto ry mech,mmn I 

1/ 0 TYPEWRITER ONLY SPECIAL : 
MODEL 725 IBM Selec t ric includes kcybo r1rd p ickup swi1chos. out·pu1 solenoids. 
nnd nrn9n c- t d1ive r PCB to coordinate inpu t/out put signals. Requ ires +24V ond +5 V. 
MECHAN ISM ONLY, cleaned and adjusted . . .S325 
CASE m1d POWER SUPP LY. . . . . ........ ....... . S 75 

1/0 SELECTR IC CONVERSION KIT : 
Couvw t your off 1co S!.!lt!'c t11 c to on lfO typcwnwr . Incl udes kev boor d pickup 
"S.w1 1c l1 1lS , ou1 ·pu 1 sol~no1ds . oncJ maHrlCI d1 1vcr PCB. Attaches co 1ypewn1c r. 
no drd l111u nccc'isoiry . Ro tlu 1rcs. +24V .1 r1d .. SV. Complete documenca1ro n and 
ir l!>llU(: hons 1ncJudod . . S1 50 

MODE LS AND PR ICES: 
MODE L 5541 (IBM 2741 ·Typc Selectric Tcrmonnl . 
MODEL 5550 (w/built · in cassette drivo for 
offlin o d ata storage or u iC as memor y typewriter . 
MODEL 5560 (ASCII code w/cassette drivel 

lS PR ICE SPECIAL: 

.s 695 

. 51495 

.S1495 JUST ARRIVED: 
LAMBDA REGU LATED POWER SUPPLY +S VDC @ 30 amp . .. ...... $75 

Model 5541 , 5550, 5560 Select ric Terminals iWildal>lt.• AS IS lor ~~. the prn.: • ~"i. li Sll!d 
obo\le Herc's an opport u n ity !or the rlo·it·vouts,..tl h ohhv1s1 to .Jcqu 111• hn1h 
quality hatdwcl re- d1 rock-bottom IHIC ••s. Typ1cul co11d111on o r Ul ll 1~ IYlll!Wrii°t!I 
need clean ing ond ;td jus1m9 but not o vc1haul ; t•lt.-c 1ron1c!!i ::Ht coinplr,rn liu1 1H:•:<I 
trouble shoo11n9 . POS ma1 nta1m u cornpletc stock o f tes1ed pa1 cs ,,, rca .. 011a1Jt • 
prices for rop.Ji rs Documcnta t t0n inc lud ed Sil rn~ as the wo'Hr:J1\l~d t t! rn1111i'.11 !i, 
excep1 no 1oicroco1npute r mt~rla:::e so ftware 

call Or wrl 1c for dc1.ails, Quanlity discounts. 
and our CATALOG. Sec the July 1978 
BYTE for a !isl of 01her produ c1s and prices 
(Inc luding rnpe drives. power svpplle5, 
p.Jper cape readers. modems. video 
mon itors. ptnfeed platens. ASC 11 
t..'f•COded keyboards. c1c_]. 

AH order' s ~hipped fr rm1 stock . No back orders, 
no subs. tltullons . All equipmen t is shi pped 
tnsurcd FOB Palo A lto within 14 days ahr.r 
ch eck c lears or COD o rder is rece ived. M/C & 
VISA ac:cepted . 

~ C8raccrn BOARDS 

MB·1 MK·8 Computer RAM (no1 S· 100) . 4KX8, uses 
2102 lype RAMs. PCBD only ...... . .... ........ . $22.00 

MB-3 1702A EROM Board, 4KX8. S- 100 swi lchable 
address and wai t cycles. kit less PROMS .... .. $58.00 

MB·4 Basic 4KX8 ram. uses 2102 lype rams S-100 
buss. PC board .......... ....... .. ... ............ . .... $24.95 

MB·6A Basic 8KX8 ram uses 21 02 type rams, S-100 
bu ss. KIT 450 NSEC ............ S125 . PCBD ................ $24 .95 

MB-7 16KXS, Static RAM uses .,P410 Protection. 
fully bullered. KIT ..... ............ S3 75.00 
MB-BA 2708 EROM Board, S- 100, SKX6 or 16KXS 
ki t withoul PROMS ...... ..... .... ......... . . .. .. .. . $75.00 

MB·9 4KX8 RAM/PROM Board uses 2112 RAMS or 
62S 129 PROM ki l wlthoul RAMs or PRO Ms .... $72.00 

10·2 S·100 8 bi t parallel 1/0 por1. ~~ al boards' is for 
kludging. Kil ........... $46.00 PCBD.. . ..... $24.95 
10·4 Two serial 1/ 0 ports wllh full handshaking 
20160 ma current loop: Two paralle l 1/0 ports. 
Ki l ......... ... $130. PCBD $24 .95 
VB -1 B 64 x 16 video board, upper lower case Greek, 
compos ite and parallel video with so ltware, S-100. 
Kit ............. S 125.00 PCBD ............ S24.95 
Altair Compalible Molher Board. 11 x 11 'h x Yo". 
Board only . $40.00. Wilh 15 connectors .... $90.00 
Ex1ended Board fu ll size. Board only .. . ... $ 9.00 
With connecto r ..... .. ... .... ..... .. .. .. . .. S 13.00 

SP-1 Syn1hesl ze r Board S-100 
PC8D ........... ....... S39.95 KIT ........................... S135.95 

62523 
625123 
62S126 
825129 
825 130 
62S13 1 
MMl6330 
4N26 
4N27 
ON28 
LM323 

Sl.50 
1.50 
1.95 
1.95 
3.00 
3.00 
1.50 
.75 
.75 
.75 

2.95 

PRIME DEVICES 

8080A 
8212 
82 14 
6216 
8224 
8228 
8251 
8255 
21L 14 

Circ le 24 7 o n inquiry card . 

$11 .50 
3.75 
6.50 
3.95 
4.00 
6.95 
9.95 
9.95 
a.so 

PACIFIC OFF ICE SYSTEMS. INC. 
2600 El Camino Real, Sui t e 502 

Pa lo A lto, Calif 94306 
(415) 321 -3866 

( WmC'/;nc. WAMECO INC. 
MEM-1 8KX6 fully butlered, S· 100, uses 2102 lype 
rams. PCBO ... .. . ......... ... _, $24.95 
Mother Board 12 slol, 1ermina1ed, S· 100. board 
only ...... ... ... .... ................. ... . ... ... . ....... $30.95 
CPU -1 8080A Processor board S·IOO wilh 8 level 
vector inlerrupt PCBD ................ ...... $24.95 
RTC -1 Reallime clock boa1d . Two independent in· 
lerrupts. Soflware programmable. PCBO $23.95 
EPM·1 1702A 4K Eprom card PCBO .. $24.95 

EPM-2 2708/2716 16K/32K 
EPROM CARD PCBD .. .......... ..... .... ....... ............ $24.95 

SHORT MOTHER BOARD Short Version of OM-1A 
B Slots PCBD .... ..... .... ...... .... .. ........... .. .. ...... .. S27.95 
2102Al-2 Pr ime 250 NSEC . ... .. . $1.70 
2102AL-4 Prime 450 NSEC •.. $1 .30 
2708 Prime (No11onal) ... ... . $ $9.95 
1702A-6. AMO Prime .. .... ....... .. ... .. S3.50 
1702A lniel Not Prime (2USI . .. ~2.00 
2501 B $1 .50 1468N S 1.50 
25028 1.50 1489N 1.25 
2504 ·1.SO MC4044 2.25 
2507V 1.50 8038 3.90 
2510A 1.50 5320 5.95 
2517V 1.50 5554 1.90 
25188 1 .50 5555 2.50 
2S 196 1.50 5556 2.50 
2521 1 .50 5055 1 .25 
2522 1.50 5312 4.00 
2525 1.50 MH0025 1 .SO 
2527 I.SO MH0026 1.75 
2532V 1,50 MH002B 1.90 
2529 2. 75 5262 .50 
2533V 1.95 2101 3.50 

419 Portoflno Drive 
San Carlos, California 94070 

Please send for IC. X1s1or 
and Compurer parts list. 

90 day w<lr ramv again s. 1 defec ts in maicnal 
01 workmanship on all used equ ipmen t. Full 
documen ut1ton includes PLUS interface insuuc· 
1iono;: where Indicated. Availability subject co 
prior sai l: . Pnccs may change wnhou1 ri or icc. 

INTRODUCTORY OFFER. Good for the month ol this issue. 

WAMECO 
16K STATIC 2114 ROM BOARD 

PCBD .............................. : ............ $23.95 

PCBD & MIKOS PARTS ASSORTMENT 
# 7. All parts, including sockets 
and prime 2114L.. ... ..... ......... ... $275.95 
Assembled , Test and 
Burn in by PROK0 .... .......... .. .... $335.95 

Kit s based on Wamco & Cybercom Boards wi1h Mll<os 
parls assortment . 

8080 CPU KIT S 69.95 Assembled , S 135.95 
REAL TIME CLOCK KIT S 65.95 Assembled S 99.95 
VIDEO KIT .. s 89.95 Assembled $1 35.95 
BK 450 NSEC. (MEM· 1) KIT. $125.00 Assembled S145.95 
BK 250 NSEC. (MEM· I ) KIT $155.00 Assembled SlB0.95 

LIMITED QUANTITY 

BK STATIC ADM. 450 NSEC. BUFFERED. ASSEMBLED. 
TE STED AND BURNED IN. PARTS MAY BE UNMARKED. 
ALLOW 3 WEEK~ St 25.95 

VISA or MASTERCHAAGE Send accoun t number. expira · 
1lon date & s ign you r order Approx . postage will b e added. 
Check o r money o rde1 wi th o rder will be sent post paid In 
U .S . II you arc not a regular c usto mer, please u so charge. 
cashie r' s chock o r poslal money o rder, ot herwl~c lhere will 
be a 1wo-weck de lay for checks to clear. Calll . residents 
add 6% l ax. Money back 30 day guarantee. We cannol 
acccpl returned IC's that have been soldered 10. Pr ices 
subject to c hange wilhou1 nolice. $1 0 minimum order. 
$1.00 service charge on ord ers less than $10. 
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PERIPHERALS 

The Terrapin Inc Turtle ... 

Here arc some more derails abou L the 
new Terrapin Tu rtle , man ufacture d by 
Terrapin In c, 33 Edinborou gh St , 6th 

Single Board Microperipherals 
from Burr-Brown 

The MP810 and MP810-NS arc two 
new mic roperipheral boards from Burr
Brown designed to acce pt up to 24 
digital inputs. Th e board s are elec 
trically and mechanically compatib le 
with the Intel SBC-80, lntcllec MOS 
and Natio nal BLC-80 microco mpu ters 
and operate from the ir +5 voe supplies. 
They arc programmed as mem ory loca 
tions and, with each input using one 
memo ry bit , any read comma nd may 
be em plo yed. When th e board is read, 
logic 0 rep rese nts an open co ntact; 
log ic 1, a closed contact. Each read 

200 Augun 1978 <!) BYTE Publi<>llon> Inc 

Floor, Boston MA 02111. The infor
mation is conde nsed into th e form of a 
photograph of the new peripheral which 

co mm and Inputs th e status of eight 
cl1an ncls. 

Th e M P8 ·10, with an on board power 
supply, opera tes wi1h dry relay co ntac ts 
and the MP8 l 0-NS, wilh voltage inputs, 
opera tes with wet re lay con tacts. Each 
group of eight inputs is isolated fro rn 
other input groups and from com
put~r bu s to 600 VOC . isola tion 
between inputs of the MP 810-NS is 
300 voe. 

In pu t impeda nce is 15 k oh ms and 
input delay is 25 µ s maxim um open to 
closed; I 00 µs maximum closed Lo ope n. 
Minimum voltage needed to detec t logic 
I is 17 V; logic 0 , 4 V. For con tact 
closure se nse, maxlmum closed imped
ance is 6 k ohrns; the m inimum open 
impedance is 80 k ohms. M'aximum 
voltage that ca n be app lied across the 
MP810 input is 120 VAC RMS, or 
60 VOC; across the MP810-NS in puts, 
168 VAC RM S, o r 84 VOC. In 1 Lo 9 
quan titi es the MPB 10 is priced at $355, 
th e MP81 0-N S ill $295. For furth er 
info rmation contact Burr-Brown, Inter
national Airport Ind us tri al Pa rk , Tu cson 
AZ 85734. • 

Circle SJO en i n~u ir v card . 

accompanies th is first for mal press 
re lease from the new company. Without 
bending the truth (too much). it could 
be claim ed tha t this peripheral (exc lud
ing the com pute r req uired to dr ive it 
through a cable} is the wo rl d's least 
expensive commerci ally sold mobile 
general purpose robot if we exc lude 
ce rtai n dedicated office or hospital 
delivery robots (at tens of thousands of 
dollars) and prototype R2 0 2-likc forms 
see n in a pen (see page 16 of Jul y 1978 
BYTE) at the West Coast Computer 
Faire 

0

but neve r seen on the ma rket to 
date in the advertising or literar urc 
which passes this desk. Th e Terrap in 
Turtle, a small elec troni c robot con · 
trollable by microp rocessor, can "wa lk" 
(roll}, touch (wi th its 3 1/2 inch radius 
hemispherical dome}. and draw (lower· 
ing its pen attachment} , as programmed. 
It has lights for eyes and a speaker Lo 
em it sounds. The Turtl e requires a 
para llel interface: one compatible with 
an S-100 bus is ava ilable as an accessory. 
Each Turtle com es with 10 feet of cable 
and may be purchased either as a kit or 
fully asse mbled. Each kit comes with a 
tested , 20 page instruction man ua l. 

The Turt le may be used to map 
rooms, so lve mazes, teach si mple geo
metry or programming concep ts, as wel l 
as many other tasks. The T urtle is 5 
inches high, c rawl s at 6 feet per second 
and is extre mely versa tile due LO its 
touch sensors. Brochures arc ava il able. 
The ki t costs $300; the assemb led 
Turtle is $500 ; and the interface cos ts 
$40. • 

CHcle 529 on 1nQu1ry card. 

In telligent Low Cost Term inal 

The ZMS-50 is an intel ligent te rm inal 
gea red for a wide va ri ety of data entry 
and tex t editing applica tions. It is a 
microcomputer based keyboard and 
video display unit controlled by 
Ze ntec provided programs execut-
ing out of read only memory. The 
terminal consists of a general pu rposc 
keyboard, 25 line by 80 character video 
display, 4 K or optional 16 K bytes of 
system programmable mem ory, and an 
asynchronous or sy nchronous RS-232C 
interface supported by a telecommunica
t ions firmware package. An optional 
simplex (output on ly) RS-23 2C interface 
to a local printer is also available. Priced 
under $2000 from Zentec Corp, 2400 
Walsh Av, Santa Ciara CA 95050.• 



SlOO ·WWG 50t 100Cont 125c1rs 
3 LEVEL WIRE WRAP 025·· SQ PoSIS 
on 250 sp.1ccd rows GOLD pla le<t 

1·4 5 .9 10-24 
S4 .00 $3 .7 5 $ 3 .50 

Sl OO· STG &0/ 100 Con1 125 cus 
DIP SOLDER TAIL on 250 spaced 
rows fot VECTOR and !MASI 
motherboards GOLD platt.>d 

1 -4 5 .9 10-24 
S4 .00 • 3 .75 SJ .SO 

RG81G 50t 100Com. 125cll5 DIP 
SOLDER TAilon 140spacedrO'INslor 
ALTAIR molhcrboards_ GOlD pla tod 
•5 .00 

5100-WWN 501 100Con1. 125ctts 
3 LEVEL WIRE WRAP 025"" so PoSIS 
on 250 spaced rows NASGLO 11tl · 
nickel pM1 1od 

1 ·4 5 .9 10-24 
SJ.50 SJ .25 $ 3 .00 

S100·STN 501100 Cont 125 cus 
DIP SOLDER TAIL on 250 sDaced 
rows for VECTOR and IMASI 
molherboards NASGLO 11n·n1ckel 
plo1ed 

1·4 5 .9 10 ·24 
SJ .50 SJ .25 SJ .00 

R681 · 3 501100 Cont. 125 CHS 
PIERCEO SOLDER EYELET tools 
GOLD 
• 7 .35 

Other Popular Edge Connectors 

. .. ,"" .. 1' / 

~-c...o.oi· ""' "° ,, • U 
- 11:-.w-..,.._ 

MOlK(K iu;t;:;::J: 
IQ.Wlf<lll ~Ul 
8803 fl 

. ~~}.Et .. ~~~;~: .. D 
• G•t t.:itooi•ur..,, .. ... 1 ... 111.\ 

( _ _.,....~fAC{l)I( ...... 

... o+o1 ... lo.oil 
• W :-00•11• .__._, _ "«• 1"' 

fl.t-U't .. .,• 1o- 11: 1<;11'<' ... ~ 
(~t;,q • 

• U....".""1ll•l'C.«CllA •• 1~u•:,.111I 
,,.,.. l ~)U , .... ,•-,.)r lJI!...... -, 

~·U~;lt> ..... ~1 .., 1 ~·-·!~•Ko 
~'"'11'•1 "'f'U''"'K- II \11".a_., .......... tlWl'I 
... f•Pl°1"" 

: ~;~:=:~F-:::~::,~~:.-.h .t Price : 
Hil l'\1t"' • llft:it'" li'C11\ ,,_..IO't 

$29.50 

Epo•y Glua 
64P44 
84P44 
169P44 
169P84 

1116 #flat BOARD 
.042 d ia holes on 

0.1 spacing for IC's 
PRICE 

SIZE 1 • 9 10 • 1 9 
4 5,5 5 ·· s 1.49 1 3. 
4 5x 1 7 53 51 3 16 

4.5x6 5" 
4 5,9 5·· 
., 5•17' 
8 5•17" 

SI 70 I 53 
•2 10 1 89 
$4 30 3 87 
'765 689 

LIQUID CRYSTAL DIGITAL 

• Small 1ns11e 12•2 \o') • \ot l 
• Puth OUl!on t or •econd1 rel• •H lc>r da le 
• C:IO<.•t f!'ICXll\I .,.....,. ,, .,._ ••I" • ll t'I ... ) M 0011DI• 

l>Otod t"l>9 or VELCRO •11otti.d.c 
• l M00(LS AV.\ 1L A8LE 

lCO 101 po'1aai. ~+ ruti t O" M ll<O-.l .. "4oel 
tl.l ll .. •HIO• ~\lef ll\9" a Je • 

8BOOV 
un•ftJs.a' h' i-rocom::iu1~• or.xe~!>Ol 

t)lu9Mi!ttl U)t' W'11M $ 100 CIUS Corn 
01 t1e with neat sin• t hUClwilre ~ l • 
10 • l ! lb 

1·4 
119 95 

•·9 
Sl1 95 

8801-1 
Same as 8800\' e•cepl :ii.a1n less QO'llitr 
Oti$eS & tit.II $t'1 • 

•.• S-9 10-2• 

Jse1 .1 6 5·· 14 5·· 
S9 .B1 

H1 ·Dens11y OtJa l·ln·Ltne 
Plu:9boa•a fOT Wirt Wt.JP 
wnh Power & GrCI Bus 
Epo.y Gl•ss 1115·· •4 
pin con spaced 156 

t::LL t -'1\(H! l.i:Li.I/ P18o 
W•.ci• •"'•1.1l.alld• M• O" m ~.,. OO'tl t ~ • •l"lwO 

!2~l!~~!,~~ " ' 0,":':1' 

$24.50 

lk"""!ii : ·~7";.i 
NOPAl SIA11'f'lfo!G' 
HO "'Rl cun1HQ ' 
S"'OOLl'(OW1flt • 
' l ~•~-• p.fUl' lll't!.._Q"""'llllOollt O \).?l""lf fe1'1 
,.. r!ltl'f •' IO~ .O. J\jl • .. ;<'~lll C .. •t l'll(lf "'l'I( 
t•i.,lar..., • "-'t • '°"11W1 t'f i,t"..,tll Dllll 
.......... a.•"!1 1 ' I ., .. h"fl~fl~p 
..... ,. :1u- .. .. .... _ ... ..... _ ..... ___ _ ....... .. ....... ... -

Sltl ·N·WRAJI 
WIRE 
HO a Q iliQ[ IHSLn .... Tf D 
WIRE. 100" $POOLS 

R 644 ·G 22 144 Com 156 ct rs, 
PIERCED SOLDER EYELES ta•ls 
GOLD pllueu 

1 ·4 5 .9 10-24 
$3 .00 $2 .76 S2 .50 

• ••• :.~~.:K~~~LEN OAR f ' 

LCD tOJ 1u11• Of\ 11 \loll 1Y t !_,,. al'C It Dok• 
hglll.O 

• ~~~.~COlW $34 .95 .. .. (!!-~!!!!!!!!!!l!!!!llliii 
$2.00 

·:/2.C'B . . 8" LEO ALARM CLOCK 

11 nr LEO l\111m Cloe • uses Jt;, 
0•011 8 LtO D1sp1.,1~ .,.,m O.IMPM 
1ndtC.l!OfS .ano colons ()1rec.1 orrve 
PIN 10 PIPI 1ntel!.1ct 'l\•'n al991A 
1 C Jusl .100 sw•lcnu AC S1.1:m11 
Al,11m OtSO'.ly ano I c Ofllr 

$7.95 or 2/$15.00 

Price Breakthrough I $17 50 

-

MA1003 

CAR CLOCK 
Bright Green Fluorescent 01sp1ay Crys· 
1a1 T 1me Base Assemo1eci . 1us1 add 
sw11cnes ilnd 12 voe 

R644 ·3 22144 Con1. 156 c1rs W IRE 
WRAP 1a i1s GOLD 
04 .71 

SPECIAL 
7'~....,..~":! 14cs2100 for '14" 
- : : 16CS2 100 for '16" 
li .ii 1<1 pin CS2 10 fOf •20• 

11 ~n CS2 a for 1i-• 

r11au low cost OIP 1oc•eu wlll 1ccepr 
bOth s landatd wid th plugs .ind chip• . 
Fo1 "" .. 11,, ,,,1;ia, 11'1• to<-k•lt 0 11., • •ow 
proht• he>Ol'l.I ot Vftlf 1~" •bo'f• IM ~ 
Tl'le ... .oc.k•I• ., • ...,4 tlac:Ql>le 

'i ,;,i PRIORITY ONE ELECTRONICS © 

.I + 1~m? 1v1! .. ~c~ce,;.~, ~o~v~~.~~~~~· s ~.2,~.~~?,~~;;.; .S~. ~.~~~g ~ 
- mum urctr SIO 00 Q1 ae rs less l t\an s.r:i. 00 intlu.'.le 10% snipping a11a 1iJno:1r.9 ekcess re lunoeo Jusl 1n ~1se ~ 

24 PIN DIP PLU GS 

WITH COVERS 

~ 
otease 111c1uoe your onone no "Sorry, no over the counter sales " Price..!, 1~~~j~1c~~~i~:.nnge 



PERIPHERALS 

Dot Matrix Printer Line Offered by 
Motorola 

Motorola Microsystems, POB 208 12, 
Phoenix AZ 85036, has announ ced a 
new line of fou r dot matrix printers. The 
line printers offer a full range of fea· 
tures, including 80 and ·132 column for· 
mats; 60, 120 an.d 180 characters per 
secon d (cps); bidirec tional and logic 
seeking p rint heads . All four pri nters are 

Universal 10 Board 

This JO board, ca lled a un iversal 10 
board by the co mpany, has space for a 
40 pin wire wrap socket into which you 
can plug any of Motorola's 40 or 24 pin 
interface integrated c ircuits; the data 
and control lines are co nnected to the 
app rop ria te edge connector pins. All 
other bu s co nnections arc brought 
out to a 16 pin socke t pad. A +5 V 
regulator and all Molex co nnec tors arc 
provided; regu lated +5 V and ground 
are bussed among the locations for up to 
35 14 pin integra ted circuits. The price 
is $24 .9 5 completely assembled and 
tested. Contact The Micro Works, 
POB 1110, Del Mar CA 92014 .• 

Ci rcle 542 on inquiry card_ 
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equipped with an Interface 10 module 
and an interconnect ion cable assembly 
that adapt them lo the various Motorola 
microcomputer development systems, 
including the EXORciser and the EXOR · 
term 100 and 200. These interface 
accessories permit the printers to be 
used with th e compa ny' s line of Micro· 
modules (microcomputer board systems 
and subsystems). Model 779 ls a printer 
capable of pr inting from 80 to 132 
co lumns of 5 by 7 dot matrix al ra tes 
of from 21 to 90 lines per minute at 
60 cps. 

The Model 78 1 is a n 80 column 
character printer which features bidi· 
rection al logi c seeki ng movement of th e 
print head enabling throughpu t of up 
to 120 li nes per minute. Th e Model 702 
is also equipped with a bidirectional 
logic see king print h cad with a head 
speed of 120 cps. Th is model has 132 
character print columns and is capable 
of throughput of from 45 to 185 lines 
per minute (lpm). The Model 703 
features a head speed of 180 cps and 
provides throughpu t rates of from 70 
to 280 lpm. All models except the 
779 have tractor feed with a paper out 
sensor and use standard compu ter 
paper, from one to six parts. Model 
779 has pinch ro ll feed and uses stand· 
ard Teletype roll paper. Prices are 
$1495 for the Model 779; $2095 for 
Model 78 1; $2500 for Model 702; 
and $ 3125 for Model 703. • 

Circle 5:l8 on 1nqu1rv cafd , 

Multifont Printing Capability Added to 
Diab lo Matrix Priritcrs 

The Model 24610·03 library card 1 in 
co njunct ion with th e Diablo Model 2300 
matrix printer, permits users to mix u p 
to nine type fonts while printing a si ngle 
document. 

The card, which inserts Into the 
pri nted ci rcui t card cage of the printer, 
ca n be programmed by Diablo to add up 
to fo ur different ty pe and specia l symbol 
fonts 10 the standard font with each 
printer. In addition , the Model 2300 
offers an optio~Jll plug·in read only 
memory which contains four additional 
foreign language or special fonts . 

Each of the eight additional fonts 
available through implementation of the 
lib rary card and th e read only memory 
recognizes the hill 128 character ASCII 
set and can print up to 96 of those char· 
acters. 

Product Update 

In the June 1978 BYTE (page 178) we 
published a What' s New? item describing 
che PET 100, an S· 100 bus adapter 
for the Commodore PET computer. The 
manufacturer, HUH Electronic Music 
Productions, has notified us that the 

Serial Minifloppy Buffered Terminal 

This intelligent buffered data Lcrmi· 
nal, Model I OS 3901, is offered by Inter· 
dyn e Company, 14761 Califa St, Van 
Nuys CA 91411. It uses a 5!1.i inch Indus
t ry stand ard diskette drive a nd is RS · 
232C compatible. Average access time is 
0.6 seconds. It has a data buffer holding 
up to 128 characters and is capable of 
being ed ited, a block rewrite ca pability 
and it allows insertion of blocks or en ti re 
paragraphs into prev iously written text. 
An automatic high speed block search 
and ve rify are included as well as charac· 
ter pattern search under operator control 
or prerecorded instruc t ions. The I OS 
3901 is co ntrolled by 30 ASC II com· 
mands and outputs 13 English messages. 

Other features incl ude storage of 143 
K bytes per diskette, switch selectab le 
asynchronous transmission rates from 
110 to 19,200 bps, ASCII text as well as 
transparent b inary modes a nd auto error 
check and retry. 

All this is contained in a stand al one 
desktop unit for con nect ion to printers, 
videos, modem s, computers and ot her 
termi nals . By addi ng the I OS 3901 Lo a 
keyboard and display, users have an in
te lligent system with store and forward 
ca pability for program pre para tion and 
loadi ng, data entry and storage, text 
editing and off line print ing. 

The I OS 3901 is priced at $2050.• 
Circle 539 on inquiry CO Jd . 

Any combination of the e ight addi· 
tional fon ts and the standard Diablo 
matrix fo nt can be selected by tl1e user 
under program control and can be mixed 
while printing. Among the standard 
fonts from which the user can select are 
German, Norsk , Scandia, Heb rew, 
French , French Canadian, and APL Ian· 
guages a nd symbols, in add ition to high 
reso lutio n ASCII and A PL. 

The cost of I he Model 2461 0-03 
libraby card in OEM quantities starts at 
$120. For further informatio n, contact 
Diablo Systems Inc, 24500 In dustrial 
Blvd , Hayward CA 94545. • 

Circle 540 on inciu1rv card. 

name has been changed to S·lOO MPA. 
The product has been upgraded so that 
it meets the p roposed IEEE specifi · 
cations fo r the S-100 bus and it now can 
be a stand alone processor. The com· 
pany's new add ress is 1429 Maple St, 
San Mateo CA 94402. • 

Circle 541 on inouity card . 



POLY 
PAKS 

POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE 
FOR THE .ELECTRONIC MAIL-ORDER HOBBYIST! 

POLY PAKS SPECIAL 

BUY $15 Take l()'Y() 
WORTH DISCOUNT 

BUY $100 Take ~~ff'() 
WORTH DISCOUNT 

FROM THIS AD ONL y 

MICROPROCESSORS! 
MEMORIES! SUPPORT! 

°"'9r by Cat. No. US459 and type 

D~A ~:r.tp'U 
OMC- 1111 Cl'V -----
O IOIOA 181tC~U.2uuc __ _ 

8~ ~:: ,-01'"'1"b"°'t1c~a"AM=-::::::= 
O llOJ lK-MkltAM __ _ 
0 2102-Ll tKa l~werftAM __ 
0 2111 25& a' It.tic ltAM __ 
0 21U 25& a 4 It.tic RAM __ 
O l70V. 1MaalPaOM __ _ 0 270I IK IPltOM ____ _ 

OMKA200Pll •K Dp RAM, JSO M.-c _ g::m= :.o&; .. ":: .. ___ _ 

g :::~~ ~: ~=-~---
g::~~ ~~!"',"~~-~----_-_-_-_ 
O UU a alt VO P.,, ----
D UH ... Dlroct .... Drift< __ 
0 11224 a.c.111. a .. ____ _ 
g:re ~=~~Int __ _ 
0 12.H P" ...... t.twfe<:• ---

TTL'S OSll74U 

D Ta,,..7•- ?•14 gm:: 
M7.._ ~ 0 IN74IO 

OSN740l .14 OSN74'l 
DM!l40J •14 0 1117491 
CS•l"°' .H OSN7'U 

g:=~= ::: o aN74ts 
D SM1410 .t• Bt:~::o 
O INl•tt .. II DSM74l07 
0 1117413 At O IN74109 
g::~:~~ ~: O SN7UU 
O SN7420 .II D SN7'12l 
O IN7421 ..21 O SN74113 

°'"'4" .... 8m:m 
O SN7t2a . tt DSN741'5 

s i=~~ ~: O SN741Sl 
D SN14S7 ..24 0 SN74153 
DSN7U.a ..2.4 O SN74lM 
O tM7'40 .19 g::~:t.~ 
go :s~~1;;! ::: g::~:~3 
o sfiT"7 .tS O SNTUM 
O SNJ44t ::: g::~:~:: 
8~:~:~ :t: 8::~:H: 
g:=~= ::: g::~:g~ 
g ==~m :n g::~:~i: 
8 ::~:~ 1: 0 IN7.U90 
OIN7•7• .:IS O IN7•192 
D IN1471 .31 gm:::: g::m: i: O SN741t7 

*********LI NEARS******* 

C•t. Mo. U5001 Ktt SU.00 
C•t. IC&. a1soo2 W\r-M .... 95 

Outc: atanda.rd 7 bit ASCII: intufaoeswlth mottdata1y1Uima. e UHa MOS Encoder ROM! 

:h~t ~ ~~T.b~:"r:i~~~~~~'!f.\'~~r1~r~~~ : LJ-:!».Ti:_•yt.!:~?'·• 1 

~~l~~n~. ~:d~:;:i~n0~tlont 1~~ t ~lf:::~b! :!f'~l;~iu: •. Encodea.J. 28 ASCII Char•ct•ra 
EalC1J.11lvri W!lt ruture .. . 7 L~• dlip,ay tl"ic ASCII r.OOc. lnterbcea '#tth ALTAIR, 
Compliet.r kit. nothlna f:IH to b\Q'! Siu: 13 .. x Ci \fl .11 1114 ~ . 3 lhe.. IMSAI, •nd morel ....................................................................... 

**Low Power IC:s'** 
Or*r 81 Cat. Mo. al3M7 6 TJpe Ho. 

~'"-SCIO .·~ i g mm~ ::: ~- .·~ g ~= ~ 
0 7.ouo:I .29 0 74l.S13t .H IJ CD4001 ..25 0 CD402S ..25 
0 74U04 .29 0 74LS1Sl •9 D CD4002 ..25 O CD4017 At 
0 74UOa ..29 IJ 74l.S153 .n D CD400tl l..20 O CD402& l.10 
0 7"-110 29 0 74LSU5 1.2! 0 CD4007 .2.S 0 C04029 l.20 
IJ 741.Sll .3C 0 74U110 ..119 IJ C- 1.20 0 C04030 .AS 
0 741.SU .59 0 74l.Sl.. .H 0 CD400t .59 D C040J2 .75 
0 741.SH .H IJ 741.Sli:I .99 0 CD4010 .59 IJ Cl>4035 IAO 
IJ 74U20 ..29 D 74Ula3 .99 0 C040U ..25 0 CD4040 lAO 
0 74U2t .3C 0 74LSIU 1..25 0 C04012 ..21 O CIWO'l .911 
O 741..S22 .Je 0 741.SIQ l..21 0 C040l3 A5 1J CIW0'2 .n 

§!~ ~ § ~iiiH ;~, Uem :~ U5 ~ 
0 74UJll .l9 O 74l.Sl9"2 1.50 0 C040ll 1..20 O CD4053 ..U 
o 74LM2 .n a 741-Sltl 1.2!!1i a c04011 .lS o c04066 .90 
a 1 ...... 1 ·" o 7"4U1ts 1 . .2s a co+D2o 1.25 a co.on .2S 
IJ 74l.S74 Al 0 74U1M l..25 [) CIMCQI l..21 O CD4072 .39 
IJ 741.SIO ..U D 74Ull7 l..25 0 CD4022 l~ O CD4077 ."9 

g~~ ::: g~~~ ::: ~======::=::=::!:==========::::::: 
g ~mm ~= g ~:ts12~ 1\ SIUCON POWER 
.VfillJ!..,.....Jl!L~ .... i!h STUD RECTIFIERS: 

OnHr ti, est. Mo. Ampe,.s• and vart.aip. 

POLY PAKS "CHIPS" AWAY 
IC AND CRYSTAL PRJCE51 

Ot'Olr by CaL NI). eMG&a •nd T!rlM No. 

T~ Ouc:rlpUon hi• 

8~n-=.1 :~=· "::rs D AYS-9100 T• .... ••Dllilllr ___ 12.'95 
O AYS..9200 R•~i!f:bDltiMt'--- 9 .95 

g :,~SlO ~~D~!t,~~K --- :::: 
0 KR2.J7•131 •CD IM"4-r ROM ___ G.85 
a Kll2J7•ST ASCH tncodtr Ront -- 14.95 
0 1 lCIODC 450MHJ rr .. nler - -- l'-95 
09$M900C JSOMH.1 PT9.c..., - -- G.11 
OMCl.WlO Touch Ton CW. ---- 9.95 
OMK2002P ChairClM.(Um2:91J) __ 3.H 
07207A/nol Fr~Counlar,...,. ___ 24.ts 

8~:::: ~1tt1frm'!::'.°~M- 1r.: 
O J.S7tMH1 Tlme.IY.MCry1lel --- l .tS 
a l .OOMH.t Touc:htOH Cmtal - -- L95 

8~J~:,tb ~~oc_•tW.~T~.~ t~: 
O aC4115 Dual Sl(,oll T"cklno VII_ 1.85 
0 TVIDOOO HIP Pow., 723 Volt R•I - .59 

COMPUTER GRAPHICS 2 ,., 58. 

"JOYSDCK" o 84.50 
0 Fow 10011( pot&!' WL 10 OL 
• ChnMti haft•• •nd knobl CaL No. 11'3IOSA 

12 AMP 50 AMP l-50 AMP 
PIV 1• 117171 ( ~117271 ( .. 16H) a !O t .29 S .75 ...._,s 

o 100 .36 l.lO 6.50 
c 200 AS 1.3$ 7.SO 
a 400 .81 1.75 L50 
a 600 . 79 2..2S 10.50 
D S00 .II() :US 11.50 

DIP SWITCHES 
C•l· No. SwltchH Sel• • • 0 &I 3869 2 S .77 • 

§ es 1e.a11 3 .ea w..: 
IS302l 4 .D'S 
"3971 8 l •. 29 

IC SOCKETS 
nklw .. fl7C ... 

• Low profll•, Hid« tlll. 
Cat. No. 

c ISlUJ 
c 111301 
a &11309 
Cl 113311 
0 15526!5 
01152"1 
O lllU8 
O llJU7 
0 813802 

DHc.rfDUon 

u~m..'l:,"'lt> 
l8plndlt> 
ll plndlp 
1' pan·wi,.. Wrep• 
HpW.Wl,..Wrap• 
2• pin MSI 
21 pin M51 
40plnLSI 
·Cold P1•t9d 

hie 
• • 17 

.19 

..21 

..25 
.29 
.35 
.59 ... .... 

FUU BRIDGE RECTIFIERS: 
WAVE 2 AMP I AllP lO AMP 2.1 AMP 
PIY ( .. U:W.1 (•111456) (•111447) (1111173) 

0 50 I .59 1.U Sl.05 Sl..20 
0 100 .6S ·" l . lS 1.25 
o 200 .U l .l9 1.?9 LM 
o 400 .81 lAO 1.79 2.95 
o aoo .H 1A9 l .IS 195 
o aoo l .19 a.t5 us 4.ts 
c 1000 1.25 2.2.S 150 L.50 

Orer by Cat. Ha. A"'"nr- aad Volt .. • 

• l Amp Jach votta1e! 
2 Amp• tobU 

Ca~ No. Sitt 
D 853995 +S .5 $16.U 
o es.3996 +s .12 11.u 
0 1.53999 +12 ·12 ..... 
015'003 +15 ·15 19.U 

•••••••••••••••••••••••••••• 
• COMPUTER ~1da,ooo ~o sli'S : 
: GRADE a 13.000 40 2..2s • 

•CAPACITORS; lt=: ~~ rn • 
: Order br Cat. Ho.. g ~t= ~~ t: : 
• 11511.2 and val.ae! 0 ".000 30 3.95 • 

•••••••••••••••••••••••••••• 
DISCRETE LED'S 

Onler ln mYltiplH ~~~'tls 
of & of Heft b'IN! 0 811944 

1 0 1u11ao .34" h ~ :m:; 
D MEDIUM .24"' ~ ::iI~ 
O MICRO .21" a 111941 

(T0· 18) D H1140 

6 for $1.!9 
Description llmbr to 
Jwmbo Red MVSO.Sl 
Jumbo Y.-Ow XC556Y 
Jumbo Gre.n XCS56C 
MecUum Red XC22 
Medium Ctffn XC22G 
Mkn> Rod XC209 
Mkro Y.alo• XC209Y 
Mkra CrHn XC290C 

................................... 
t "RED" LED READOUTS! I t ••lo• .. :ZO~ e"h 

I 
C•t. No. Sbo DHcrlptlon !hie 

0 111890 .127" MAN-3"' 5 ror $l.OO 
D Hl503 .19 MAN .. • 2 10< $1.19 
o 811273 .2.1 MAJl-P $1.00 
o H30t3 .33 MAN·72 oquol" l.lt a 8&3181 .33 MAN·74 equ.1·· ls.1• ~ 
a 113512 .35 FNDlH.. $1.00 ~ 
o &12Mt .5 FNDSOO• Sl.50 .. 
D 112950 .5 FND507• Sl.50 l a ll34a3 .5 7274>t.l.a•• $2.50 

·D 112.4a5 .5 727•Du•I• $2.50 
i;:i a1nsa .& 1•1· SL.95 
•common Anoca. °Common Cathode 

*******•·························· 
GIANT SALE! MICRO·MINI C•t. No. CCMtlKb s.-. 

roGCLE SWITCHBS,01540n spor 11..2 
• 3A. l25YAC CCMttacb or bett..- a essoas SPOT· 1.3 
• Complet•wfthmounttn1 1hardwanl •center off 

RIBBON CABLE 
AT THIN PRJCE5 

• Ultr•ftat! • 28 AWGl 
• SMl1-e color1 lnde1edJ 

Cood. hie 
o 20 ltt. Sl .M 
c 2fi att. Sl.M 
0 J.4 5 tt. Sl.91 
a •o •ft. si.M 

Order b' Cat. No. 113.139 and conducton 

SPECTRA· TWIST • Twtoled ..... o1 brlshtty 
RIBBON colorM c•bl•I UAWG 
CABLE D C•t. No. ... ..., 4.1 ....... 1 It. Sl.H 
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WE SHIP FROM STOCK 

TELETYPE MODEL 43 
Only $985 

300 baud, full ASCII character set, 132 
column width, 30 cps, quiet, light-weight, 
dependable. With RS 232 .. ..... . $1085 

TECH NICO 9900 16 BI T COMPU TER KIT ... . . . . $299 
RCA VIP KIT , . , ...... , .. , , , . , .. , . $230 
EX· 150 ELECTRONICS EXPERI MENT KIT . . • . S66 
HAZELTINE 1500 .. . . . $1045 
HAZEL TINE 1500 KIT .. $895 
HAZELTINE 1510 . . ... . .. .. $1166 

To 0td~1: Check, money order, major credir cards . 
$4 shipping. NYC residen1s add 8% tax. 

We ha\le no reader inquiry number. 
Please write or phone. 

OWENS ASSOCIATES, DEPT. B-A 
147 NORWOOD AVENUE 

STATEN ISLAND, NEW YORK 10304 

Day, Evening , Weekend Calls Welcome! 

1212) 448-6283 (2121 448-6298 

IS YOUR COMPUTER 
DULL? 

Is he hung up in the same old 
loop? 
Is he sorting and searching his 
ll fe away? 
Turn him on to computer 
humor! 
Bring out his hidden talents 
with a sophisticated selection 

of BAUDY JOKES AND 
BYTING WIT! 

Let your computer comic de
light your friends with a dazz
ling display of wit and whimsy! 
Your computer will have the 
last laugh! 
Shift $5.95 into our register for: 
LAF-TRAK 1 (on cassette) 

Micro-Madness 
P. 0 . Box 2250 

Pasadena, Ca. 91105 
Specify computer or interface 
type and memory size. 

'·' 

. 

•\ 

1 

' 

1!11 ........................... . 
Circle 223 on inquiry card. 

..... -++--+!- IT'S A GREAT BIG COMPUTER WORLO 
-+I- But You Only Need != 
++-THE COMPUTER CORNER-++-........ -..... 
++-..... ..... ..... ..... ..... ..... 
-+1-
-+I-
-+1-..... ..... 
-..+-
-+I-

•SOL - A New Dawn is Here! 
•COMMODORE PET & KIM 

•NORTHSTAR HORIZON 
• IMSAI VDP·BO 

•Memories & 1/0 Boards 

• Computer Book Service 
• Magnetic Tapes & Disks 

•Full Line of Magazines 
• Brain Games & Puzz les 

• Works.hops & Club Information 

Visit THE COMPUTER CORNER for 
all your computer needs. Stop in and 
brows;a - you ' ll !Ike our perSonal 5ervlce. 

THE COMPUTER CORNER 
Wh 1.e Pl11fn1 M.11 - U~r L• .. •• I 

200 Hamlllon A\iltl'lut 
Whh.t PltlnJ, Ntw York 10601 

T • I: (9 14) WH Y · DATA 

Ample Perking 

..... 
-t-1-

.Jli<' 

"11 
1 0-6 Dallv & Saturdtv 

10.S ThLlr&(by 

Ci rcle 65 011 inqu iry card, 

Apple II 
Computers 

available at 

Computer Components 
of Orange County 
Available Now 
Bob Bl1hop•1 Speech Synthesizer 
Program for APPLE II 

• • • only s19.95 
no special hardware needed 

• Send for our 
Software list. 

• Sign up for free 
Apple II workshops. 

6791 Westminster Ave. 
Westminster, CA 92683 

714-898-8330 
Circle 64 on inquiry cerd. 

KIM KOMPUTER HEADQUARTERS 
• Send fo r l1tt l(IM K111tOG . 

PA L COMPUTERS USI NO 6502 SYSTEM I 
e OROER OUA PAL TECHNICAL MANUAL 1$7.25 
P011p11111I wtuch IL1ll.,. dn c: ribn 1'-• l(IM Bui 1nC1 1nd1vi · 
dt.ial Bo..rd\ in th.1 PAL i'r'lltn'I . 

INDUSTRIAL QUALI TY 
MICROPROC ESSOR CARD KITS 
An •SV onlv, mt 4 ,5,. 6 . ~. 22144 r<!gt ccnn . 

• 4 I( ~AM SJ9.95 • 2 K PROM S 79.95 
• Mochetboolfd S39.95 • 4 K PRO M S! 79.95 
• C.• rd C..~ S?0.00 • 0101 1.at IJO $ 59.95 
• Kevboatd / Oiipta .,. '89.9& • CaneH• lnt., tan S 37.9 5 
• 6802 f6 502 CPU 80AR0 S99 .9'S 
lSHOWN BE LOWI 

• 8AAE 90AAOS. ENCLOSURE S. FIRMWARE . ETC. 
SEND SJ .70 FOR T ECl-INICAL MANUAL llNFOA · 
MA Tl ON ON ALL A90VE I NOUSTAIAl BOARDS) 

Si l VE R SP UR 
Electronic CGmmuniutions Co. 

• {1141627-9366 
• VISA 
• Me"e1c:hargi1 P, O. Bok JB5, Cti lna. CA 11 710 

ar V11i1 R!'Ull S1rne : 
135~2 Ctn11 1I AVC1nu11 

• Cehl Ru1denn A dd 
6% S..1'1 Tea 

Circle 317 on inqui ry card . 

SALE SAL E SAU SAL-£ SALE SALE 
• •SyPPL!ES • •SXSTP1S •• W~J"WAflE • •f ERtn<ERIU.S • • 

1•· FLEX l Bkt: DISKS 
~MU !BM 374G'1, $132 , Stu.1q.ar1 , PnSct 390 

hnec , Cillcomp (Ml"ld ror u1.aJ04) 
!1311102 32 ' "H.ard ~11.H .. , Al1..J1, Shw;1u 1. 

P•rtK Pu Sd Calcomp & rno1• 
514" Ft.CXllU,F. DISKS 

S4 2~0 Si l"li;1• {O 11 S.C-101 
s.42~1 T•n (10) Steio r 
~ 2~3 Sni:•un { 16 l S.c101 

TELffiPt MODEL 43 
4l2(1AAA K•yboud, P-in Fod. 'M'L 
43 lOAAA R~iw only , Pin f«d. TTL 
TP4 30035 Mod• I <I l RlbbcJn 

l.90 

'" 3.75-

3" 
S I000.00 
s ~00.00 

I !125. 
PP4l AO! Modtl 43 P.t!>!t pln cu frk ~M S 12 '5-
SBCSIOOO BUSINESS sysr£M 1 mK'tocornpu tt t S2K 
2 dhk dn .... , , ~drta IUMIMI, prinltr, 
c-.abin.11/d.ulr. 1 DOS, B.A.SIC1 SOf"TWAR E 16000 00 
IECCIOOO EDUCltTOR S YSTEM rnlc:rocomplltU 
321< , dJP driw. "'dto l trmlntl. 11ri n.111 
~• blt11f' !JdH"- DOS BASIC SOFJWAR E J5600 00 
S & OCOMPUTER TECHNOL.OOY 24 HOUA.517 DAYS 
p 0 8aJI 1283 
ALBANY. NY 12201 

Circle 309 011 Inquiry card: 

. 

NEW SURPLUS PRINTER 
· Okid1t1 - CP 110 - Frietion Feed 

Un·Used, in O.E.M. Faetory C1rton1. 
• 5x 7 Impact Do t M atrix 
• 80 Char/L ine 
• 64 Char ASCII~ 
• I \ 0 Char/Sec . ·-- ~ 
• 66 Lones/M on. A! 
• Accepts 8 '/.i' ~ r 

Roll paper -,, ;g JU 
Includes - Power Supply, Buil1 in Selltes!, 
Parallel Interface, Line Buffer and Cables . 
Housed in a three piece plastic cabinet with 
all control elec1ronics . Aelail for over $1.100 

Our Price : 1 ea. $650 to up $600 ea. 
Operat ing Manual Included . 
Service Manual $20 Supplies Lim ired 

Shi pped Fre1 9h1 Co lleci. Send Check o r M .O. 
Sorry No Warranty Available at 1hese Prices 

INTERNATIONAi- ELECTRONICS 
EQUIPMENT CORP. 

P.O. Box 522542 . M iami , Flo rida 33152 

Ci rcle 172 on inqui r'i( card. 

PET SCHEMA TICS 
Another Fint From "PET-SHACK ... 

For only $34.95 you gtl : 

24 " x JO" M:htm11ic of 1h1 CPU boord. plus ov1ni11d 
1<hem11ic1 of tht Vldoo Moni 1or ond T1p1 Recorder. plu1 
compl1t1 P1r11 layout-111 Accurately and P1irut1kingly 
cft1wn 10 th1 Minutest det1il. 

PET ROM ROUTlllES 
Ano1hor BrHkthrou~ From "PET-SHACK ... 

Complt11 Aslombly Listings of tll 7 ROM1, plu1 idtnli
fi t d subroutine entry points; Vidlo Monitor, Ktyboard 
Routin1, T1p1 R1c. ord and Pl1yb1tk Rou1 in1, R11I Timt 
Clock, m. 
To tntict you 14'1 u t also inc luding our own Mtchint 
L1ngu191 Monitor program for your PET u1ing th1 kt"Y · 
boord 1.nd vidoo di1pl1y. All th il for only $19.95 • 

. ~ TISF.·ICTION CUAR;INTEED. 
You can h1V 111 lht Monitor progrmm on cauattt for only 
$9.95 Htra. 

Send c.h Kk, mon1y order, or Mau r Ch•rv• ar VISA 
number i nd u pi r1tio.n da tt to: 

PET-SHACK Software House 
Marketing and Research Co. 
P. 0 . Box 966 
Mishawaka, IN 46544 

Circle 289 on inquiry card. 

TASSO 

rvM~~ml!af!~~ 
RECIPES (programs) on CASSETTE 
TAPES . for you r hungry TRS 80 - w•lh 
101s of graphics' ! 
All programs written 10 run on your TRS 
BO-Level I (4k or more RAM ). 
Free COOKBOOK (ca1alog ) of c asseltes 
wilh olher recipes (program s) rncludod. 

CASSETTE 8010 : U .F .O . Ba11 fe • 
Checkbook • Draw Poker • Pile High • 
Poker Dice • Snoopy (graphic ). 

CASSETTE 8020: M onthly Minder • Slot 
Machine • Cart Throw • Venus Touch· 
down • Number Guess • Tic Tac Toe 

S 9.50 per caeaette. 518.00 for both . 
Sana Cllec lt or Money On:Jer to 

THE COMPUTER PANTRY 
2224 -C Old M iddlefield Way 
Mounlain Vie w. CA 94043 

(415) 964 -41 75 
~he Panlry pays oosiage ar(J 1a1." PrcmOI Oo11ver~ 

Circle 77 on inquiry cerd. 



IBM® Selectric-Based 
1/0 Wrllen 

$249.95 
WORKING & 

CLEANED 

Excellent Bobby Prinlen 

Series 72/731 
Heavy Duty 
8 V2" Platten 

All Solenoids 
Original Documentation 
While Supply Lasts 

Circle 353 on inquiry card . 

SUPER SALE 
These terminals are from a large airline reservation 
system. They are heavy duty and were under continuous 
maintenance . The units have been in storage . We make 
every effort to ensure that all essential parts are included . 
Most work when plugged in . No warranties are given or 
implied . 
Conversion Kits . 
1. Conversion instructons , P C board for printer only using soft
ware approach $59 . 95 
2. 1/0 kit makes the unit into a conversational terminal. Instruc
tions, P C board, components for a parallel or RS232 interface. 
Will work wit h any IBM terminal $249 . 95 
3. Completely converted unit and assembled interlace for 1/0 us-
ing kit $999 . 95 

Card reader by HP with RS232 interlace $299 .95 
Pri ntec line printers, parallel interface $1500 .00 
Honeywell 516 & 316 mini' s. make offer. Cables. used 11 
conductor , 100 It with connectors $9 .99 
Electronic parts and circuit boards 1 /4 lb bag $4 .99 

Check, Money Order, Cash . Personal checks require 3 
weeks to clear. No COD 's. Units shipped UPS or PP 
collect. Prices Net FOB Tulsa 

SUPER SURPLUS SALES 
P.O. BOX 45944 TULSA . OK 74145 1-918-622-1058 
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DESCRIPTION 

TtM Ml(.5102 u 1 monolithic 1nte9tated c1rcu11 
f1brc1ted u11ng tP\c compltmentarv ·1ymn1~1rv MOS 
~CMOSl procns. Usin9.,,, int•pensi~ 3.579S4S MH1 
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78P0.5SC . .... . . ....... ... ..... .. .. .. ................. . Sl2.95 
Specs............. . ....... ... .. .. ... .. ........ . ....... . 60 
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MUST SE LL : Heath kit H ·B & H·9 Terminal . 
assembled and operati o nal . H·S: 16 K program· 
mable memory, serial ·can ette 10, cables , case & 
power suppty . H·9 : 12 x 80 charac ten. full cursor 
cont rol . etc . Includes all s. oltware and manua ls . 
Sell 109ether or consider separately . S 1400. ship 
ping pa id In US. Charles W Wood , 215 N CarS well , 
Wh i1eman AFB MO 6 5305. !B161 563 ·5094 
nights or weekends. 

WANTEO : Printer. CRT term inal, and d igit al 
cenette recorder . Printer should nave upper and 
lower ca••. ASCII code. RS·232 interface. 1ype· 
writer qualitv output 'Such as Diablo, IBM. Oume 
lno dot matrix) , w i th or without keyboard ; CRT 
Terminal whh 80 chnracter line w idth. b lock mode 
transmit , upper and lower case, RS·232 ; d igital 
casseue recorde r capable of work ~ng with printer 
o r CRT terminal. Please ind icate p n ce, operat ing 
features, and condition . Norman N Axelrod , 
445 E 86th S1 , New Yor k NY 10028. 

FOR SALE : New Al1air 8800b compu ter. Includes 
16 K x 8 m emory , audio casse ue record interface. 
se rial 2SIO wi1h 1 port . ASCII keyboard. Pac kage 
II assembler. editor, debug and 8 K BASIC 
soltware bY MITS. manuals. Ready to run. $1200 
co mplete. Tl 743RO 30 CPS pr in1er. SlOOO . 
K• n Crandall , 14151 692·6693 . 

FOR SAJ... E. Friden Flexowriter w i 1h a11ached 8 
level tape punch and tape reade r. The F le xowrirnr 
and punch bo1h have independent code and bi nary 
modes . The Flexowrl ter has a row of control 
swl rches which include single step read, regener · 
atlon. dele te and stop codes . The shift key shifts 
to a speci al charac ter set which 'includes square 
roa r, delta, rub out and others , Th e Fl exowri t er 
has eight resettable rabs and is in good w ork ing 
condition . The schemat ics, modif ication shee u . 
specifi cat ion sheets , code cha rt and me1a1 tab le 
a re a ll incl uded . $200 or bes t o ffe r plu s shipping. 
Will irode. Anthony Masterson . 3812 Stra tford , 
Callas TX 75205. 

FOR SA LE· 16 K M6BOO sy<1em of SwTPC boards 
and A C30 casse n e in1 e rface and surplus keyboard. 
Includes Microwar e 16 task ROM, ACIA and PIA , 
editor . DSSemble r , a K BASIC and full docu men· 
1 a 1 ~on . Excel lent appearan ce and working o rder . 
Will sacrif ice f o r S600 an d deliver 1n New England. 
Robe ri Boyd, Woodlawn Av , Kenne bun kp on ME 
04046 . 

WANTE D Coml)le te documentation for VIA · 
TRON . Computer Tape Recorder !Model 5002 
9 1rac kL Mu st incl ude schema tics and pans lis1 lor 
uni1 and model 129000·00 power supply . R M 
Shec 1man . 14606 Larchmere Blvd. Shaker Hu 
OH 441 20. 

FOR SALE : Ohio Scient i f ic OSI 430B Super 10 
board, fu llv popu la1ed : A to D. D 10 A . Mu l tiplex . 
cassene inte rface (1 200 baud KC) se rial 10 para llel 
10 e tc. Brand new . all ICi in sockets . Cosr S399 
new, se ll (or $ 275 . Joe Ruby , 6057 Bec k Av. N 
Holly wood CA 91 606 , 12 131985·1519. 

NElfl UNCLA SJ Fl ED POLICY 

RHddn who hH•• fi/uiPm•nt. soltw•ra or arhu lr•ms 
to bt.111, oll or sw.p 1hOCJlt11•nd fn • clHrly tvJJ•d notlc• 
ro th•r •"KL To be consldtlt.c/ for publfc•rion. •n •""•,.. 
rlum•nr mu.r be clutfy noncomm1n:i•f. CyJHd daub/• 
~d on pf,ln whit• p"'''· conr..in 50 word1 or 1. u. •nd 
inclucH compl•r• nMn• lf'ld lldd,.11 lnformulon. 

Tht1U1 notic·u •r• ftH qi ch•r~ •nd wr"ll bf orlnr•d OM 
1im11 or?/>" on • &p«• •~•il1bJ1 OMit... Nork.fl e•n 0. « 
cwpmd from ind1ti'idu•I' or borta f l t» comout., u1•n cluO. 
Ol'lly. Wt ~•n •nil'~ in r1a cotnrpond•nr:.• on 1h•1• •nd 
)'OUt confi rm1r i'ot1 ol PIK•m11nt is apfM•r•nc. in •n i1.11111 of 
BYTE. 

Plaau ""'' t.har I r m.ty td~ lh fY• or lour montll1 for .n 
Id ro •ppHt"' rht m•~1n1. • 
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FOR SALE: Motorola 6800 based d·2 MPU ki1 
comp le te in unopened pac kage. Inc lu des key board 
and display, monitor p rogram, 37 8 bytes pro· 
grammable memory , seria l and pa ra lle l 10 ports . 
Every thi ng you need excep t 1he 5 V 2 A power 
supplv to ge 1 storied in MPUs. Sell for Sl 70 . ki 1 
lis ts for S2J5. Sieve Kav. 51 Tidewoier Ln, Willing· 
bor NJ 0B04 6, l6091 877·1345. 

SACRIF ICE : 8 K BOBOA sy11em si x parallel 10 
pom (add 1wo chips for three more PIOs and 
seriall. 3 K PROM board -!w /o 27081. 2-4 K 450 
ns low powe r stat ic programmable memory, TVT-3 
terminal wi th cursor control , UART brd. 2 K pro
grammable memory board , Hell effect ASCII 
keyboard , HITS audio casseue interface. All 
boards new. unused , soc kets for chips , most boards 
assembled . 5 A supply, edge connectors and card 
guides lex tre included) , ca'ie, documentati on. 
Bonus 2·60 chip ground plene w; rt wrap proto 
boa rds with 96 gold pla ted wire wrap sockeu . 
Secrifice ot fraction of cost $675 l sen1 UPS). 
Wr i te for information, David Krlvoshik, 18 
Newcomb. El izebeth NJ 07202. 

FOR SAL E. lomec disk dr ive with si ngle remov· 
able 1 M byte p latter , with PO'-"ler supply , rack and 
manu al. Also : CDC 300 lines per m inu te drum 
prin ter wirh manual. No in terfaces available . 
Machines sold as is, neither have been u sed for 
over 3 years . Asking S1 .000 each . Chuck Gahan, 
12781 Tay lor St. Garden Grove CA 92645. 

WANTED: Boards for 800B computer and manual 
for Merk 8 . I hope to f ind someone who never 
finished · a Merk 8 or MOD 8 and will sell cheaply . 
Larry Bates . PCB 664 , US 25, Skyland NC 28776. 

FOR SALE: Model 400 M6BOO processor !OSI) 
with all documentation . buss holds 8 boards, 4 K 
memory board (3 K on board). and video board. 
All for $150 or beS1 o!fer. Tony Preston , 15151 
Ripple Dr. Linden Ml 48451. 

FOR SALE : Tarbell casseue inlerface board. 
Assembl ed, checked at factory . with manual. 
For price of ki t on ly S 120. E Toule. 2993 
Yorkwav. Balt imore MD 2 1222. 

FOR SALE : MITS Dua l Disk System, BBOOA wi1h 
heavy duty po......er supply , dual d isk dr ive. 40 K 
Seals memorv , ADM· l CRT, Okidata printer. 
2SIO board . PROM board. disk boot loader on 
PROM. ACR board. Best offer. J R Morrow, 
6501 Harding Rd, E21, Nashvi lle TN 37205, 
(6151 329·1B44 days, (6151352·0599 evenings. 

FOR SALE : Tele1ypes, ASA33s, one brand new 
in box with manuals, located in Silicon Valley, 
one used only 25 hours, loca!ed in Boston , $500 
each or rnasonable offer . If inrerested in either 
one , send poucard to Ralph Gudi!l , PCB 61266. 
Sunnyvale CA 940B8. 

FOR SALE : Centron ics 101A with lower case 
option . parallel input , switch or softwore for 
double width characters . Includes stand and paper 
tray . $1200, vou pay freight . Digital Group 8 K 
memory boards 400 ns low power. Two at S200 
each. I pay shipping. D L Ear le . 729 Milam Bldg, 
San Antonio TX 78205, (512) 222-0077 or (5121 
690-0499 . 

FOR SALE: Heath H9 V ideo Terminal. New and 
completely assembled, $500. Jim Ketcham, 57F 
Sherwood Forest, Wappingers Falls NY 12590, 
l9 141B3 1·1709 ovenings. 

FOA SAL E: One fu lly assem bled and func11oning 
TDL ZPU Z-80 processor card , S250. Includes 
opera ung man ual and l K moni tor . One fu lly 
assem bled Seals ba 11 erv bac ku p card with baueries . 
5 120. Contac t Jame< S1 an lev . .::S05. 4045 L ink · 
wood . Houston TX 77025. 0' ca ll 17131 792-4727 . 

WE NEED HELPI High school hos a Sol SyS1em II 
with 32 K and a video tape camera ond cassette . 
We would li ke to interface rhe two in order 10 
produce d igirized computer portraits . Send infer · 
mation or suggeHions 10 Sill Games , Fran klin HS, 
S1ock1on CA 95205. 

FOR SALE : RCA COSMAC VIP. D&teribed in 
August 1977 BYTE, page 30. Orlginol cost $275 
In kit form . Will sell lor $200 complete In running 
order. Albert G Shelor, 683 SW 71h S1, Boco Raton 
FL 33432, (3051 395-5633 . 

FOR SALE : BYTE volumo 1, #1 to · d•te, for 
beu ofter. Good condit ion . Will pack Hcurelv 
and •hip insured. Also, complete Vi11ron System 
21 wi1h manuals . Includes 9 inch B&W end 19 
Inch color video dispfay. robot prinru, two 
canette decks. all in good work ing order. G•orge 
Weiss. 4625 N Kedzie Av, Ch icago f L 60625, 
(3121 58B·1885. 

FOR SALE: Diablo SYst•ms Model 31 disk drivo 
with Interdata controller. Disk drive is 100 percent 
o,>erat ionel. contrOlllS'r needs some work . full 
documentation tupplied for both drivo and con · 
troller. Best offer over $1200. Tom Olten, 655 
South Feiroeks Ave, Apt H206, Sunnyvale CA 
94086, l40BI 737-9353 . 

FOR SALE: Technical Oesign Labo Xitan Alpha 2 
compu1er . Complete with ZPU, Z-16 06 K sutic 
low power programmoblo memory), SMB (Syl!em 
monitor In ROM, 1200 bl>• c1ssette 10. two 
••rial 10 ports, one porallel 10 port), mother 
board (eight slots. currently using t~reel, power 
supply, card reek, fan, cas1. Assamblod, totted. 
fully operationol with B K BAS IC. assembler. 
1&xt editor and text output processor supplied 
on cassette. $1400 buys all, Including Pioneer 
CT 4141 cassette deck. An e.cellent starter 
system . J Crowley, 2931 OuHn Ln, Phi ladelphia 
PA 19129, (215) 842-1617 . 

FOR SALE: Assembled sol id state music video 
display and graphics board $125. ($25 under kit 
prlcell Extender card with connector $9. Six 1lot 
mother board lean be connocted to other board 
for expansion) wi th 4 connector. $25. Good for 
smell expandable synem. Send SASE to Gary 
Camp, 15B Pago Pogo, Pomona CA 91768. 

FOR SALE: TELETYPE Model 33 ASR , wi1h 
pedeual and GE ocoustlc coupler auembly. Com· 
plete $400. Full set monuels available. Pona-com 
Model PCBl 10, standard ASCII complete . with 
internal ocouuic coupler and manual cos1 $900, 
selling for $400. Ron Newland, 206 S Highwood 
Av, Glen Rock NJ 07452, (201) 444 ·6B72. 

FOR SA LE : Sylvanh i lls DFT·2 flat bed plo11er 
with power supply, 17 by 22 inch drawing orea , 
mounted on drafling table, could be shipped 
unmounted. Also a Matri:I< video S -100 bus board 
ALT 256·2, high density grephics with a software 
package for characrer genera(ion . All i tems almost 
new. Laddie Chapman, 5715 K lump Av, N 
Hollywood CA 91601 . 12131985·5715. 

FOR SALE : TRS·BO M icroprocessor w i th tepe uni t 
and AF modulator for use with any TV. Brand 
new, still under fac tory warraniy . Only $499 plu'S 
shipping. Reason for s.a le : moving up 10 more 
powerful system. Wri te R Lufkin . Srnr At 1, POB 
4, Charlouesvil le VA 22901 . 

MEDICAL SOFTWARE FOR MICROPRO · 
CESSOAS: Now available. petum t history , health 
ri sk pro fil e , d iffe rent ial diagnosls ganerntors, 
cli nica l labora tory d a ta analysis. symptom. d isease 
and drug c'O'U ·i ndexing, bibllography ·teference 
ret rieval and other:s . Wri te R Luf km , Star RI l . 
PCB 4, Charlouesvi lle VA 22901 . 

HE LP : I couldn ' t 1esi51 1he price so I bough1 it . 

Model- 140 Eldorado computer . BK core . Se lectric 
typewriter. Desk console. Three magner ic tape 
cassette drives . Progr~ms and compilers. Includes 
a whole busi ness account ing tmckage . I need to 
fin d schematics in ca'ie it break'i . G K lh hau . 7142 
Tours. Houston TX 77036. 

FOR SA LE: 2 01g i1al Group 8 K mem orv board< . 
Uses 2102· 1 ch ips. Professiona l ly assembled and 
running perfec1ly for three mon 1hs , S200 each . 
L Langrehr, 2069 N Humbold1 Blvd , Chicago IL 
60647, or call (312) 262 .1600 X491 . 



VISIBLE 
OR 

INFRA RED 

USED FOR CHARACTER 
RECOGNITION FOR 
COMPUTERS WITH 

EXTERNAL CIRCUITS 

MAY BE USED IN 
A VACUUM, 

UNDER WATER, 
HIGH ALTITUDE 

IN MAGNETIC ENVIRONMENT 
BECAUSE THERE IS NO 

HIGH VOLTAGE OR 
MAGNETIC DEFLECTION 

MINATURE SOLID STATE 

202 VIDEO CAMERA KIT 
FEATURING A .. 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCD 202C IMAGE SENSOR 

ADVANTAGES 
• IN THE FUTURE 

WE WILL SUPPLY A 
COMPUTER VIDEO INTERFACE CARD 

• All clock voltages operate at 6V 
reguirlng no adjustments 

• Higher video output signal 
• We supply the power board, so only 

a 5V 1 Amp power source is needed 
• The circuitry has been simplified for 

easier assembly 
• Two level TTL output is supplied for 

interfacing 

FEATURES 
• Sensitive to Infra red 

as well as visible light 
• May be used for IA surveillance 

with an IA light source 
• Excellent for standard 

surveillance work, because 
of light weight and sinall size 

• All components mounted on 
parallel 33,4" x 6V2 " slngle 
sided boards 

• Total weight under 1 lb. 

:>UHt"LUS CENTRONICS PRINTERS $34900 KIT 
101 $1, 150 
306 $900 

Add $75.00 to assemble and test 
Add $2.00 Postage and Handling 

We supply all semiconductors, 
boards, data sheets, diagrams, 
resisto r$ and capscilo". and 
8MM1 ens. 
Sorry we do not supply the 
ca-se, baneries and SV supply. 

UNIVERSA L 4Kx8 MEMORY BOARD KIT 
$69.95 

32·2102-1 rullv bullt!rHI, 16 &dd1ru hncts. on 
bo.ard decoding 101 anv 4 ol 64 Pl~. u andard 
ill~ pln bun,""""' bet uted whh F·8 & K I M 

EXPANDABLE FB CPU BOARD KIT 
S99.00 

IHHJHnlJ f.111bu11 PSU I IC.c t na uc 11m , AS 2J2 
1n1e1 IOC:t:" . Uoc.uml'!nt11u)ll . 64 BYTE lf'Q•• .t r 

C/MOS (DIODE CLAMPED! 

4001 - 11 401G - ,. • 021 - ..37 405J - 110 .,,., _ ,, 4011 - "' --.IC 401~ - l.li ,,.. _ 9'!> 40 18 .. "' •0'9 - ... .__ .70 
•OOl - 11 4010 - " 40JO- JJ 4011 - ·" •oot - :n •020 - 90 

..,. _ ,, 4010 - ·" 40'0 - :JI 40:11 - "' 40<1 - .65 •:Sii - 1.00 
.0)1 - 11 40)1 · 00 4().tlft ~ 1.35 1• Ct0 .n 
4017 - 111 4D'1 - 10 001 - 1.50 l 4CISJ " .. on - .~ '1)7• - ·" 

..,., _ ,.. 
4015 - l• 40:1! - II ..,,, _ 

.34 

l'JOS.IK IE"'0M 1 .. 50 "-• I •• _ .......... _.. I 1115 
:3!5°2:2' STATIC IHIFT RU .................... I 1.99 
l0.13 CHAA.t.CTfA OEN ··--··-- ---.. I 6 .1& 
4!& 13 tlliX :J'l 81T SA ... - ... ·-·-··-··- I 1 . XI 
11 (}1 1 1<150fi ol ·"···--··-·---·--·- I .!Iii 
JI LO;J· I l.&f5.0t1t l ...... - .... ··-···----·- I l , 11So 
MM!)170-41\'.XI OVN ........... ., ....... _ .... , I :J.,_.t.& 
U, I( <1 0081" ,.,.,.,~ ........ u. , • .,_ .. , . .. . u.,. .. , I l ,91!!o 
:1101 · 1·11.t • • llT ... T IC ....... .,........ .. .... t 1 ,4 1 
JI 1 I 1·1!5t • 4 ST.t.T IC ................. .. ... . I l . ' I 
11,1•1•101 • 4 STAT IC ...... "......... .. .... f J.11 
11 1<1 .0; $TA11CAA ... r •~I SI~ 
_,I0/1 ! 0llt o : OVN.t.UIC AAM ·-·· t • .Je. 
'"''~I..~ ··--·--·--- ' J..9!) 
LUCM .. <11( •lllOM · ·----... --·-··-~·-- I • .9& 
l'SJ:ll ... - -··· - - .. ····---···· .. ~·~-- ' 1.9 1!1 
AY·5' 10l:ll U AA.T ·-·-- - . .. .. . _........... .. S ' ·II 
UOJC Tl 1.. liO.,.l'lli l STA.Gf 

llNA AV 1 l l T A.JO CON\'liRTER $1 3.~0 
tCllOA - ···---- ·····-·- ···-··-···....... t g ,t O 

AP OOAA OS USE.O FOR 
SO\..Ot:AL.ESS 8AEAOQOAR0tNC 

26"L. - a·"~~f;\I_~E .~.~.1.~.~ ....... $12.60 
2 12R - POWER DOAAQ .... ... ...... S 2. 50 

u~eL - ~~~!X1~~iEs ~.'.~.: ..... .... $10.00 
209R - POWER 8 0 AA 0 . . .. ......... S 7 . 25 

IC TEST CL IP$ 
TC · l • - 1• .so TC• l f>- 14 . 7 ~ 

CTS 20G·8 fl •gh1 ,.,0~ 1 11on dip l.W•I Gh •• • • s 1.60 
C fS.20$.'I lou1 roo11 11or- drc ,,..,,,h~~ .• •• St.45 

LI G HJ O.Cll V iC.H O SC~ 1. 

ro1s. 2oovtA s1 . 10 

SIL. ICON SOLA R CELLS 
21-S." d••m•t•1 .4V Al SOO m • $4,00 

FNO 359C.C .. 4 .. S .50 LED READOUTS 
FCS 8014 4 4'1q11 0L·704 C.A •• 3" $ . 75 
CC. e ·• cMr:i l•V $ 9-.95 DI. 147 C.A .. 6" Sl.25 
FNO 503 c.c .S" s as FNO 800 c.c .S" Jl 95 
FNO 61D C A S" S OS F N O 801 CA 8" $ 1 95 

PRINTED CIRCUIT BOARD 
4 I 2"•8'1 :7" SINGLE SIDED EPOXV 
BOARD 1 16 " th" '- un"l t.11 1"1 1 
S.60 u . 5/$2 .60 

2N J820P FET 
2N 5AS7 N FET 
2N2646 UJT 
ER 900 TRIGGER DIODES 
1N"6028 PROG UJT 

s •s 
s •s 
s .•s 

4 S I 00 
6S 

: . 

TRANSISTOR SPECIALS 
2N62lJ·NPN SWITCHING POWER S 1.05 
MRF-8004 a CB RF Tranduor NPN S l .50 
2Nl1n NPN S1 TO J $ 1,00 
2N 1&46 PNP GE TQ.J . _ • .. . . • S . 75 
2N4!)()8 PNP S• T 0 3 S I 00 
2N6056 NPN So T 0 J D.11 hn11io n 5 I 70 
2NS086 PNP S• TO 92 4JS I 00 
,N3137 NPN 51 RF , , , ••• , • , • S ,85 

2NJ919 NPN S1 TO J R F S 1 50 
2N1420 NPN Sl TO 6 •.• , • . • .• 3/$ 1.00 

MINIATURE MULT I-TUAN TRIM POTS ~~~~~~ ~:~ ~: ig :~: SI~ I ~ 
~k-~ ~~: ~~·~~~·~/~~.;~~;c~ogrs2.oo 2N3GSS NPN 5, 10·3 s .GO 

•;> .. N. 2NJ90~ NPN 5, TO 92 5/S I 00 
CHARGED COUPLE DEVICES 2NJ906 PNP S.i T0 ·92 S1S I 00 

CCO 321 AH2·6l2 oudlo 11nalog S.R. .• •• H5.00 2N152'96 NPN 51 T0·'2'0 S SO 
cco 20 1c 100• 100 lm•g• S•n•O I • • .•. 195.00 2NG I09 PNP S1 To .no s SS 
cco 202C 100JI 100 lm•v- S•l'IOI •••• SU5.00 l.~f.(,j~~NSS/~. ~ .... . .... : 11'ss 11 0000 
V ER I PAX PC BOARD . •• , ••• •..•• • S4 .00 I--==-----------.-..-;;..;.-._ ... 
::!~d~04•~~-~~~· 6'~~~~Eg• .:!c,d-:Tt~PE-C, ::i~~ TTL IC SERIES 
w lll f'IO ld uP to 21 llnGS• 1• pin IC' • or 8 , 1& or LSI 
DI P IC '• w ith bUUH f or POW•r wpply c.on r1ec1ot. 

FP 100 Pt10l 0 TA1,NS S 60 
RED. YE LLOW, GREEN 0' AMBER 

LARGE LED's .2" 61$1.00 
TIL·118 OPTO-ISOLATOR ... . . S .75 
MOLEX PINS • 100/$1.00 

1000/$8.00 
10 WATT ZENEAS J.9. • .7, 5.6. 8 .2 . 

18.22 , 100,150 or 200V . u . S ,60 
1 WATI ZENERS; J .3. 0. 5.6. 9 . 1.10. 

12 . 15. 18. ot 22V 7/$1.00 
MC6860 MODEM CHIP • • • $9,95 
MCM6571A7x9ch1uac1erg~n ... $10.75 

Slllcon Power Rectif iers 
PA V l A JA 1'A o;oA 1?5A 24QA 

100 06 14 30 80 370 500 
200 .07 '° JS 1 1~ 14 ."~ u 5D 
•OO 09 25 so L4Q 6:.!j HO 
600 " .JO 70 I 80 ~ 50 l2.5o 
800 15 .JS 90 2.JO 10 .50 1§.50 

1000 '° .4S I 10 , 75 ,, so 20.00 
$ A 1024 ·• N 1024 • l•O• •n•too • Uuclo;•t 
D• lo.-d• " ..t1 1t1 1•oln•1. S18.9S 

IN 4148 l lN\)14 1 15 ."SI :')(} 

RS232 OB "25P mille S 2'.95 
CONNECTORS 08 25$ h:1m.1I• .. $3.50 

REGULATORS 
J09K • . , .• $ .95 J.40K -12,IS 
723 .. , , . . $ .60 01 24V . •... S .95 
LIY 3 76 ••.. S .60 J40T·5. 6 , 8 , 12 
320K· 6 , I 15, 18 or 24V S 9!! 

ctl511 . S l.00 78MG .. $1.35 
320T·5 1 79 MG S 1 JS 

7'°'3- . 13 740 - .65 
7401 - . 1l 1.ua- .ae 
no1- .13 74'7 - .ea 
140J - .u 744&- .ee 
7•0rl - . t5 7•50- .15 
1aos- . ll 14n- .25 
1•0&- . us 70l- .1a 
7407- .20 141•- .28 
1'408- , 18 1'•1&- .d 
740Q- ,18 708- .30 
7410- ,13 7480- .31 
7411 - , 18 7483 - .ea 
,.. 12- .13 7•15- ·" 
7'13- .34 7'88- .18 
74 U- .eo 7490- .0 
7416- .2l 7401 - .&a 
Hn- .21 1•1n- .4J 
7420-- .13 7493- .43 
741&- .25 14'4- Jn 
1''21- .22 7495- .85 
1421- . HI 7498- .&& 
7430- .1l 7'107 - .28 
7432- .22 74121 - .19 
1431- .21 1•122 - .38 
743.S· .21 74123 - .41 
7•40- .13 ?41 2&- .• O 
1441- .10 · 74129- .•O 
7'42- .31' 74160 - .94 

DATA CASSETTES 

74151- .61 
74153- ,61 
741&4- .IM 
1411515- .68 
7'157- .55 
74Hl1 - .S!!o 
7•113 - .55 
741 64 - .es 
74115- .9~ 
74170- l.a8 
74113 - 1.20 
741 74- .as 
?41'75- .es 
74!'8- .1S 
?4117- . JS 
l4180- .615 
74181 - 1.90 
74190- 1.00 
74 191- 1.00 
74192- .19 
1'4193- .1'9 
7411a-'- .80 
7632S- 1,50 
741H- ee 
74270- H 
74l87- 015 
7&481 - so 
7549"?- Ji,Q 

s .95 

44 Pin Solder Tell . t66'" Connector $1 .96 

MM S387AA newdoc=k ch ip whkh will dlrec1lv 
dnve Leo·, 1 '2/ 24 hn., 1 1LJ~lv & al•rm SS.95 

NO. 30 WIRE WRAP WIRE SINGLE 
STRANO 100' $1.40 

AL. CO MINIATURE TOGC. LE SWITCJ1E$ 
MT A 106 SPOT S . 95 
MTAJ060POT • S 1,70 

~~~ ;: :·g;~~ g:z~~; ~=: S U IS 

22UF J5V 51$ 1,00 
41Uf JSV 51$1 .00 
68UF J5V S 5 1 00 
IUf 3SV S. S 1.00 
i2 UF 70VS S1 00 
J JUf J5V .t i$ 1 00 
4.1UF 15V 5/$1.00 

'"9DCI JO 
rtl.t(I) 11 
rtU.CU ,, 
r4t.SM u 

~~ - ~ 
UUli :t 

= : ~ .....,. - » 
14U.U • l\ 
HIUI • .>J 
14Ul0 11 
Ul.&.U .. .JI 

~ ; ~ 
JtLlM - 1\ 
uun . ,. 
141..U • • Jt 
H Llti • .. 
1 .. uM • 14 
l-o~ · •O) 
M~ 

14LAO -
kLlU • &!lo 
hl»> . » 
HU10f • .Jt 
H~tH1 • Ho 
1.f.Ul11 · " 
Hl..lllt . _. 
Ht..111' - Q 
ltl.t111 - •• 

AMPS 
s 7.80 
$ 15.70 

. $78.6 

6 euF JSV 111$ 1.00 
IOUF 10V S .25 
22UF 25V S 40 
15Uf 35V J/$ 1.00 
JOU F 6V 5/$1 .00 
.;JUF 20V $ .35 

68 UF 15V $ .50 

LM 101 . tti 
u.1.>01 n•1 n 
lMl01 - :>O 
LMlOll - 1~ 
U.tJll - .1& 
L).ll 18 -1 .'10 
L.MJl'i - il'S 
LM l 1 • - ,70 
u.tiU9 - UO 
u.o~ - . 10 
UO*H'O - 1.IS 
L.Ml7l - 1.60 
U.ll.:I - .ts 
1..Ml11 - I.JS 
1.Mll? - I 1to 
U.U)1 -1150 
L.M!iS.l -2.llO 
LMtiS& - .:l'a 
L.MS!.e - H 
Hl!MOL - 7. 2':$ 
!oeO - l.00 
SA!Jo "It .Sl6 

~ ::i~~ 
JOJ - .90 
10'il - ~ 
710 - .l~ 
U1 Co-!J - 1'!J 
1H ,80 
u.A 1)10 -1.50 
106 - H 
.. ~ - !JoO 
C."3041 - 1, 
HOO .•O 
IOllCC - :11.110 
Ji!1 - 1.tS 
LFJ~H - 1..20 

PAV I A IOA "25A t .SA GA 3SA 

100 40 70 1 JO .40 50 , 10 
70 1.10 1 75 GO 70 1 

400 110 160 260 100 I 10 2' "20 
I e , I ~· t ... I 

Tormo FOBCtmbo1dgo, Mon s""'''" ,.,. .,.,,,., ,,10" '"1,,..,,.1 ,~,SOLID STATE SALES WESHIPDVER9S% 
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To ge l further information on the produ cts ad~t!fllstd In 8 Y TE, fill oul rhe reader St f\l/Ct card with your name and address. Tlttn cite/~ tht 
appropriate numb~rs for rht odverrisers you stltc r from rht list. Addo 13 ctn r s tamp ro the card, then drop it in the mall. Not only do y ou 
gain Informa tion, but our advertisers ore encov roged to use the marketplace p rovided by BYTE. This helps us bring y ou a bi'ggu BYTE. 

Inquiry No. Page No. Inquiry No. Page No. 

AAA Chicago Computer Center 155 110 Dynabyte 83 . A·A·A·A Computer How's 196 115 Electrolabs 183 
4 Admi nistrative Systems 107 120 Electronic Control Technology 158 
6 AJA Software 114 125 Electronic Systems 189 
7 ALTOS Computer Systems 19 130 Electronics Warehouse 191 
8 American Digital Development 190 132 EMM/CMP 118 
9 Anderson Jacobson 133 136 EMM/Semi Inc 158 

10 Anderson Jacobson 75 133 Entelek 196 
12 AP Products 126 140 Forethought Products 74 
11 Apparat Inc 196 142 Functional Automation 190 
14 Apple Computer 14 148 GRT Corporation 31 
15 Apple Computer 15 149 GRT Corporation 138. 139 
• Art-by-Computer 153 153 Hamilton Logic Systems 182 

20 Artec Electronics 79 156 Hazeltine Corp 34, 35 
17 A TV Research 182 160 Heath Company 1 7 
25 Atwood Enterprises 180 170 Hobby World 179 
18 Axiom 5 171 Home Computer Centre 196 
19 Base 11 57 172 IEE Corporation 204 
30 Beckian Enterprises 180 175 IMSAI 11 
31 Bit Basement 182 178 I nnotronics 157 
29 BITS 61 179 Integrand 131 
32 EllTS 93 180 Integrated Circu its Unl im ited 193 
33 BITS 95 183 International Data Sciences 157 
34 BITS 99 185 International Data Systems 98 
35 BITS 103 193 J & E Electronics 196 
38 BITS 111 195 Jade Company 181 
37 Bootstrap Enterprises 89 200 Jameco Electronics 194, 195 
36 Buss 155 20 1 Jim-Pak Clll 

* BYTE Back Issues 145 203 Kalin Associates 190 
* BYTE Bound Volumes 29 207 LMN Electronics 197 

• * BYTE Wats L ine 144 215 Logica l Services 62 
39 California Industrial 185 217 Manchester Equ ipment 182 
40 Canada Systems 135 219 Marinchip Systems 140 
43 Capitol Equipment Brokers 134 223 Micro-Madness 204 
45 Central Data 43 240 Microware 13 7 
50 Centronics 63 247 Mikos 199 
51 Chrislin Industries 190 250 Mini Micro Mart 142 
62 Computer Age 196 265 mpi 149 
64 Computer Components 204 273 National D igital Diagnostic 190 
65 Computer Corner 204 275 National Multiplex 69 
70 Computer Enterprises 124 280 Netronics 121 
71 Computer Factory 144 283 Newman Computer Exchange 120 
75 Computerland 49 285 North Star Computer 27, CIV 
74 Computer Mart of MA 190 286 Northwest Microcomputing Sys 7 
76 Computer Mart of NJ 146 287 Northwest Microcomputing Sys 127 
76 Computer Mart of PA 146 290 Ohio Scientific Instrument 20-23 
77 Computer Pantry 204 291 Oliver Advanced Engineeri ng 125 
79 Contract Services Associates 145 293 Osborne & Associates 81 
80 Cromsmco 1, 2 . Owens Associates 204 
91 Digital Pathways 134 294 Pacific Digital 135 
95 Digital Research (CA) 146 296 Pacific Office Systems 199 

100 Digital Research (TX) 187 297 Page Digital 188 

Article No. ARTICLE PAGE 

Allen-Rossetti : On Buifding a Light-Seeking Robot Mechanism 24 
2 Forsyth-Howard: Compilation and Pascal on Microprocessors 50 
3 Nelson: Microprocessor Update: The Number Crunching Processor 64 
4 Alpert : Pascal: A Structurally Strong Language 78 
5 Penniman: Philadelphia's 179 Year Old Android 90 
6 Williams: Antique Mechanical Computers, Part 2 96 
7 Mundie: In Praise of Pascal 110 
8 Bowles: Pascal versus COBOL 122 
9 Weems: Designing Structured Programs 143 

10 Ciarcia: Let Your Fingers Do the Talking 156 
11 Hastings: JACPOT 166 
12 Schwartz: Pascal versus BASIC 168 

208 Auguu 1978 © BYTE Public.u iom Inc 

Inquiry No. Page No. 

298 PAIA Electronics 105 
292 PanaVise 119 
288 PCE Electronics 182 
299 Pen tech Inc 182 
301 PerCom Data 46 
266 PerSci 87 
267 Pers & Small Business Cmptr Show 108, 109 
268 Personal Computing Co 196 
302 Personal Computing '78 76, 77 
289 Pet Shack Software House 204 
312 Pharmassist 196 
303 Poly Paks 203 
304 Priority I 201 
305 Processor Technology 8, 9 , 10, 48 
306 PRS Corp 55 
307 Guest Electronics 188 
308 Rondure Co 197 
311 S-1 00 107 
310 Scelbi 39 
322 Scelbi/BYTE Primer 115 

* Scientific Research 37, 59 
309 S & D Computer Technology 204 
313 Seattle Computer Products 100 
316 Michael Shrayer Software 71 
317 Silver Spur 204 
320 Smoke Signal Broadcasting 73 
330 Software Records 153 
335 Solid State Music 47 
340 Solid State Sales 207 
350 Southwest Technical Products Cl I 
354 Stirling Bekdorf 123 
351 Structured Systems Group 13 
353 Super Surplus Sales 205 
356 Synchro Sound 44, 45 
360 Tarbell Electronics 51 
370 Technical Systems Consultants 85 
372 Technico 101 
371 Teletek 53 
377 Transition Enterprises 182 
376 TransNet Corp 60 
379 Trenton State College 128 
381 Tri·Tek 205 
383 Ul tra Violet Products 125 
386 US Robotics 182 
384 V ideo Spectrum Industries 129 
378 Vamp 182 
387 Wameco 183 
143 Whales 111 
393 Wintek 149 
395 Worldwide Electronics 196 
400 Xitex 136 

*Correspond direc tly with company. 

BOMB's Vacation 

The Bomb Analysis for May 1978 BYTE 
found Mark Gottlieb's " Hidden Line Sub
routines for Three-Dimensional Plotting," 
page 49, receiving the highest score, with 
Larry Weinstein's "A Programmable Char
acter Generator, Part 1: Hardware," page 79, 
receiving second place. Since our pocket 
calcul ator's batteries had run down and the 
charger got misplaced, we' ll omit the statis
tical analysis this month . .. CH• 



im-pal< 
One-Stop 

Cotnponent Center 
electronic compone.nts 

ALABAMA 
Moblfe 
ALASKA 
Anchoragl' 
ARIZONA 
Flags ca ff 
Founrnin H iJls 
Tempe 

AUTHORIZED DEALERS 

Sierra Vis rn 
Yvma 
CALIFORNIA 
Bellflower 
Berketev 
Brea 
Cypress 
El Mon re 
Fonton a 
FulJl1rron 
Glendale 
Lake Tahoe, South 
LancaHtu 
Long Beach 
Mission Vrejo 
Modesro 
Monceiey 
Ocea"srde 
Palmdale 
Palo A l to 
Pasadena 
Ri verside 
Socromen ro 
Sacramenro 
Sacramonto 
San Bernardino 

San C.Jr/os 
San Orego 
Son Orogo 
S1Jn Fernando 
Sa11 F roncisco 
San Francisco 
San Jose 
SaJJ Luis Obispo 
San Rafaof 
Sanrn Barbara 
Snnra Crul 
Santi' Maria 
San ta Monica 
Sunnvv.ale 
Torrance 
VafJejo 
Van N uvs 
Ventur.:1 
Walnut Creek 
Wnsrmi11srer 
Whi m cr 
COLORADO 
AL1rora 
Swamboa1 Springs 
CONNECTICUT 
Bridgepo rt 
FLORI DA 
Fr. L auderd;,le 
Gainesville 
Lakeland 
OrJando 
Tampa 
Tampa 
GEORGIA 
Arlan rCJ 
HAWA II 

Honololu 
IDAHO 
ldano Faus 
ILLINOIS 
Carbondala 
Evansron 
Ev.ansco11 
Grani1e Ci ry 
Gro11(}JiJ11d 
Mounr Prospec r 
Niles 
Oak Purl< 
Rockford 
ScJiaumburg 
IN DIANA 
Easr Cl1i r;ago 
Hammor1d 
IOWA 
CJinrnn 
Dilvenpor1 
Jndrano!a 
KA NSAS 
Kansas Ci 1v 

L.:1/ayerte Radio Elt!cuonics 

€1ecrron ics Corp. of Alask.l 

Ji m's Audiu & Stereo Repotir 
P & C Communi ca1ioru 

Compuwrworfd Inc. 
8 & S Elecrronics 
Yuma t=lcc rronics 

farl 's Hobbv Shop 
Al L asher Eloctromcs 

Century Electronics 
SCR Eloctronics 
K imbaN & Stark 

Fon tana Elec cronics 
Orvuc Ctecrromcs Inc. 

EagJc Efecrronics 
Ca/Pin(} CJecrronrcs 

Consumer CJec rronics 
Sco tt Radio Supply Inc. 
Towor Clectronics Corp. 

Comput~r M agic 
Zacki r 

Elec tronic Cen wr 
RrJdio Shack A. S. C. Palmdale 

Zack Electronics 
Do w Radio Jnc. 

Compu ter Center 
Heath kir Elec rronic Center 

The Radio Ploco 
Zacki1 

Jnfand Computer 
& E'Jectronics 

J & H Our/tu Srorc 
Radio Shack A. S. C. Mira Mesa 

Radio· Trooics Inc. 
San Fernando fJectronrcs 

Zack Electronics 
Zenirtr Distributing Corp_ 

Ouament Electronics 
Mid-Suue Elec rromc Supply 

Elcc rronics P lus 
Lombard Efoctronics 

San ra Cruz Electronics 
Caps Elec rronics 
Mi ssion Con crol 

Swinv viJ/e Elec rron ics 
SE Electronics 

Zackir 
Thrilry Electro nics Supply 
Lombard's Elec rran ics Jn c. 
Bvte Shop of Walnu t Creek 

JK Electronics 
D & S Efecrronics 

Com Co Elcc cronics 
Norm's TV & Elecrron ics 

Sndgeport CompurtH 

Compu1ers Fur You 
Lo(oy€Ute Radio 

L akeland Spec1al1v Electronics 
Alra11 Compu 1er Cen rer 

AMF €lee rronics 
M 1crocom1Jurer Svs 1ems 

Arla1w1 Compuwr Marr 

Oelcoms Haw<Jri 
Jn wgr;w .. •rl Circu il Suppfv 

Audiorro o ics 

L .afayerre Radio 
Juy Bslty Machine Co. 

Tri -Srnrn Elecuonic Corp, 
Com11ucer Svs tt•ms Ct..•n rer 

Mover EltJccronics 
Tri·S caw Elecrro111c Corp. 

Compucet' Land 
SpecuoniC!i Mc. 

l mper 1<JI Compuwr Svstl•ms 
Da1t1 Oama111 

Aero Elecrronic!i Corf). 
Ouan rum Compurnr Works 

Bri dge Elec. Compurer Canter 
Computer Store of DrJvenJ)orr 

Elf~crromx L1m11t!d 

Electronic Surplv:s Sales 

KANSAS IContinuodl 
Manl1t11tan Commrmi'c.:nions Spec1/Jl lles L rri. 
Wiclt i ra A m,-iww Rildio Equiµmenc Comp:wv 
KENTUCKY 
Lt•x1ngcon 
LOU IS IANA 
8 rJ too R ouyr~ 
MARYLAND 
BaftirttOrl! 

BaJtrntort• 
L a Vale 
Rockv1Jlt• 
S1Jve' Spring 
Towsoir 

RJdto·EffJClrOnrt..· Equ1pme11r Co. 

Davis Elcc rromcs Suppfv Co. 

Compu1er Wot'kshop 
of Baftimom 

E v11rv 1hing F:lcctrooic 
J & M Eil•ctronics 

Compu tl!r Worksh op 
Campurers Etc. 

B .1v1J11svilil.' Eloctrooic loc. 
Towson 
MASSACHUSETTS 
Medford 

Compurers E re. 

Tufts Eleccronrcs 
Elccrronics SuppJv Ccn rer 

Com1>utcr Marr Inc. 
RM £Jec1ron ics Inc. 

Norch Adams 
Waltham 
Worceswr 
M ICHIGAN 
Ann Arbor 
Flinr 
Grand R11p1ds 
Lans1119 
M1. CJemens 

M INNESOTA 
Dufurft 
Eagiln 
Hopkrns 
MISSOURI 

A1rw~1y E'lecrronic Commc1nr'carions 
Hobbv Electronic Ccn rtH 
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--- HOF;iZON 

Look To The North Star HORIZON Computer. 
HO RIZON™- a complete, high-performanc microprocessor 
system with integrated floppy disk memory. HORIZON is 
;1ttractive, profes ionally ngineered. and id al for busi ness, 
edu ational and persona l applicaticns. 

To begin programming in extended BAS IC. merely acid a Clff 
or hard-copy terminal. HOR IZON-1 incl udes a Z80A proc<-'ssor; 
'161 l<AM, minifloppy™ disk and 12-slot S-'100 motherboard 
wi th serial t •rminal interia ·e - all sta ndard -'quip1m~ nt. 

WHAT ABOUT PERFORMANCE? 
Th Z80A process r operates at 4MHZ - double the power ol 
the 8080. And our 16K RAM board lets the ZBOA execute at 
full speed. HOR IZON can load or save a 'IOI< byte disk program 
in le.s than 2 se onds. Each diskette can store 90!< bytes. 

AND SOFTWARE, TOO 
HOl<IZON includes the No1th Star Disk Gp 'rating v ·tem and 
iu ll ext nded BA IC on diskette rea y at power- in_ Our BASIC 
now in widespread US<:' . has evervthing desired in a IJAS IC. in 
cl uding sequential and random disk files, formatted output. a 
powerfu l line editor, str ings. ma hine languag · LL and more . 

EXPAND YOU R HORIZON 
Also ava il ab le - Hardware iloa ting point boa rd (FPB) ; addi
ti onal ·161< memory boards wi th parity option . Adel a second 
disk drive and y u hJvc l-IORIZON-2. Econom ical . erial and 
parallel 1/0 ports mav be instal led on the motherboard. Many 
wide ly avai lab le S-100 bus peripheral boards can be added to 
HORIZON, 

QUALITY AT THE RIGHT PRICE 
HORIZO processor board , l~A 1\I\ , FPB and M ICRO DISK SYS
TEM c<in be bought separate ly for either Z80 or 8080 S-100 bus 
syste1 ns-

HORIZON-·1 $1599 kit ; $1899 assembled. 
HOR IZON-2 $1999 kit; $2349 as embled. 

'16K RA 1-$399 kit : $--1 59 assembled; Pa rity option $39 kit: 559 
assembled. FPB $259 kit ; $359 a semble L Z80 board $199 kit ; 
$259 <1sscmbled . Prices subject to change. HOR IZO 1 offered 
in choic of wo d or blue metal cover at no extra charge. 

V\lrile for free color ccitalogue or visit you r local cornr11ter store_ 

NORTH STAR * COM PUTERS 
2547 Ninth Street · Berkeley, Cal i forn ia 94710 · (415) 549-0858 
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