


Someday all terminals will be smart ..... •. 

+ 128 Functions-software controlled 

+ 7 x 12 matrix, upper/lower case letters 
+ 50 to 38,400 baud-selectable 

+ 82 x 16 or 92 x 22 format-plus graphics 

+ Printer output port 

+"CHERRY" keyboard 

CT-82 Intelligent Terminal, assembled and tested . . ... .. $795.00 ppd in Cont. U.S. 

SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 
SAN ANTONIO, TEXAS 78216 

C i rc le  350 on i n q u i ry card. 



Latched 

Outputs 

4 MHz 

Crystal Clock 

OnCard ---. 
Voltage 

Regulation 

8KROM 

Capacity 

lKRAM 

RS-232 or 

for System 

Expand ability 

Programmable 

Baud Rate 
UARTwith 

mpletely Buffered 
Bus Interface 

The single card computer 
with the features 

that help you in real life 
COMPLETE COMPUTER 

In this advanced card you get a pro
fessional quality computer that meets 
today's engineering needs. And it's one 
that's complete. It lets you be up and 
running fast. All you need is a power 
supply and your ROM software. 

The computer itself is super. Fast 
4 MHz operation. Capacity for 8K bytes 
of ROM (uses 2716 PROMs which can 
be programmed by our new 32K BYTE
SAVER® PROM card). There's also 1 K of 
on-board static RAM. Further, you get 
straightforward interfacing through an 
RS-232 serial interface with ultra-fast 
speed of up to 76,800 baud - software 
programmable. 

Other features include 24 bits of bi
directional parallel 1/0 and five on
board programmable timers. 

Add to that vectored interrupts. 

Circle 80 on inquiry card. 

ENORMOUS EXPANDABILITY 
Besides all these features the Cro

memco single card computer gives you 
enormous expandability if you ever need 
it. And it's easy to expand. First, you 
can expand with the new Cromemco 
32K BYTESAVER PROM card mentioned 
above. Then there's Cromemco's broad 
line of S100-bus-compatible memory 
and l/0 interface cards. Cards with fea
tures such as relay interface, analog 
interface, graphics interface, opto
isolator input, and AID and D/ A con
version. RAM and ROM cards, too. �I 

Card Cage 32K BYTESAVER PROM card 

Cromemeo 
i n c o r p o r a t e d  

S pecialists in computers and peripherals 

EASY TO USE 
Another convenience that makes the 

Model SCC computer easy to use is our 
Z-80 monitor and 3K Control BASIC (in 
two ROMs). With this optional software 
you're ready to go. The monitor gives 
you 12 commands. The BASIC, with 36 
commands/functions, will directly ac
cess 1/0 ports and memory locations
and call machine language subroutines. 

Finally, to simplify things to the ulti
mate, we even have convenient card 
cages. Rugged card cages. They hold 
cards firmly. No jiggling out of sockets. 

AVAILABLE NOW/LOW PRICE 
The Cromemco Model SCC is avail

able now at a low price of only $450 
factory assembled ($395 kit). 

So act today. Get this high-capability 
computer working for you right away. 

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 • (415) 964-!400 
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About the Cover 

This month 's cover by artis t  Ken 
Lodd ing emphasizes the personal com
puting potential of the OSCAR 
amateur radio sate l l i tes descr ibed in  
J oe Kasser's artic le  on page 48. When 
Ken i sn 't doing technology-related art 
work, he he lps design and implement 
experimental systems for Digital 
Equipment Corp in Merrimack NH. 

In This ��II 
One of the basic bu i ld ing b locks of 

any computer chess p laying program is  
the exchange evaluator. Authors Dan 
and Kathe Spracklen describe the 
exchange evaluator used in their 
Sargon program in An Exchange 
Evaluator for Computer Chess. 

page 76 

Taylor series expansions are not 
necessari ly the best polynom ial ap
proximations for many funct ions. 
Fred R Ruckdeschel describes several 
min imax and rational polynom ial 
approximations for some common 
functi ons in Functional Approxi
mations. A method for creating poly
nomial approx imations for m icro
computers us ing mathematical tables 
and large system statistical routines 
is also d i scussed. page 34 

One method of connecting com
puters i n to a communications net
work i s  by VHF  rad io stations. To 
ease some of the physical d ifficu l ties 
encoun tered with this arrangement, a 
sate l l i te can be introduced into the 
system, and then, as J oe Kasser says, 
The Sky's the Lim i t  for personal 
computer users. page 48 

One theme of this i ssue is VHF 
communication among computers to  
produce a network. There are other 
types of networks which are avai l able 
to computer users. One of these u ses 
a D istr ibuted Network, which i s  de
scribed by Glen R Horton. page 62 

Ciarcia's Circu i t  Cel l ar turns to 
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melodrama th i s  month as Steve and 
L loyd are confronted by a mysteri
ous stranger. A l l  ends happ i ly, how
ever, with the aid of a computer 
control led stepper motor driven infra
red and vis ib le l igh t scanner. Read I've 
Got You in My Scanner! page 76 

One of the more fasc inating u ses 
of a computer, teach ing courses, i s  
frequently known as computer assisted 
instruction. George A Gerhol d de
scribes one group of people that is 
actively involved in imp lementing 
Computer Assisted Instruction on a 
Microcomputer. page 90 

As part of the never ending s truggle 
for truth, beauty and the u l t imate i n  
h i gh level l anguages, Dav id  Wi l son 
prov ides readers with a Languages 
Forum proposal, Def in ing a Language: 
PL/B, a combination of some of the 
features of a h igh level l anguage l i ke 
BASIC with access to assembly lan
guage deta i l s  when necessary. page 7 00 

Contro l l i ng a physical system is 
a natural for the microprocessor: 
parameters can often be changed 
in a matter of seconds in software 
without any mechanical changes to 
the system. A s imple airflow control 
system is described in  Garnet L 
Hi l l 's art ic le, A Classroom Demon
stration: Contro l l ing a System with 
a Microcomputer. page 7 72 

The VHF commun ication network 
already in existence provides a read i l y  
available communication network for 
the computer experimenter. R E Brun
inga describes one system which i s  u p  

ALLOCATE 

DEALLOCATE 

CURRENT PROCESSOR 

NUMBER' 0012 
(TO PROCESSORS I 

page 62 

and runn ing in h i s  artic le  A Mult iuser 
Data Network. page 7 20 

A home compu ter system can be 
used for commun ication among many 
people .  This  month Ward Christensen 
and Randy Suess describe their imp le
mentation of a Hobbyist Computer
ized Bul let in Board. page 7 50 

For people who are just being in tro
duced to the world of micropro
cessors, the first steps can seem con
fusi ng. For a descri p tion of one device 
which can aid the i n troduction read 
W N Hubin 's review of the Heath 
Microprocessor Tra in ing System. 

page 7 58 

·Craig Anderton 's s imple circu i t  
descr ibed i n  A Cassette I nterface 
Switch ing  Box for the TRS-80 shows 
you how to operate the cassette re
corder manual l y  and mon i tor tapes 
whi l e  they are being  read in withou t  
having t o  unp l u g  any cables. page 760 

This  mon th we cont inue the series 
Creating a Chess Player by Peter W 
Frey and Larry R Atkin with the first 
half of Chess 0.5, a program written in  
Pascal by Larry Atk in, who is co
author with Dav i d  Slate of the worl d 
championsh ip  computer chess pro
gram, Chess 4.6. page 762 

In th is i ssue, Kin-Man Chung and 
Herbert Yuen conclude their series of 
artic les on A "Tiny" Pascal Comp i l er 
with a d iscussion of a p-code (pseudo
code) to 8080 code conversion pro
gram and the needed run time routines. 

page 782 
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By Carl Helmers 

Editors. This is a word of multiple de
finitions. One definition is implicit in the job 
description of myself and my associates at 
BYTE. Another definition is that applied to 
a class of utility programs which every 
BYTE reader's computer system has in some 
form or another. It is this latter definition 
which provides the subject for this editorial. 

What is often ignored is the fact that 
editor programs make an excellent form of 
software project, less complex than an 
interpreter or a compiler, but of sufficient 
magnitude to be interesting and educational. 
The problems and characteristics of editors 
are analogous to those of compilers and 
interpreters, especially when viewed as tools 
of software development. Just as compilers 
beget better compilers, editors can be used 
to edit better editors. 

On the Virtues of Writing Editors 

6 November 1978 © BYTE Publications Inc 

Software projects are some of the most 
exciting avocational applications of personal 
computers, applications which emphasize 
computing as an art form and means of 
expression of personal tastes. This editorial 
on the philosophy of software projects in 
general and text editing in particular was 
inspired by recent completion of a text 
editor begun as a spare time project in March 
of this year. Five months and many evening 
and weekend hours later it is now mid 
August and the editor program is working 
sufficiently well to serve as the primary 
monitor program and software tool of my 
homebrew computer system. 

Why Write an Editor Program? 

There are alternatives to do-it-yourself. 
In the usual case of purchasing a commercial 
system from a computer store, an editor 
program is built into the systems software 
of the computer. The present day tech
nology of self-contained desktop computers 
with read only memory systems software 
(BASIC interpreters) invariably includes 
primitive line oriented editors built into the 
computer. 

On computers which have assemblers plus 
high level language facilities like Pascal, C, 
FORTRAN or COBOL or brand X, one or 
more forms of more useful text editing pro
grams may be available in order to prepare 
source language tiles. This is the configu
ration found in the typical $3000+ personal 
microcomputer or $1 0,000+ commerical 
minicomputer system. 

Even hardware homebrewers do not 
necessarily have to start completely from 
scratch with editor software. Often a micro
processor chosen for a homebrew system has 
a software package which can be purchased 
from one of a number of software vendors. 
And in the newer processor designs like the 
Motorola 6809, complete dynamic relocat
ability of code allows systems software to be 
sold in address space position independent 
read only memory chip sets which home
brewers can expect to have access to over 
the next few years. 

But to do-it-yourself is one of the princi
ple reasons why people get involved in 
intricate avocational pursuits. Why does the 
amateur wine maker inject yeast into juice 
and wait for the results when Napa Valley 
and its industries exist? Why does the ama
teur pilot learn to fly when professional 
transportation options are available from 
the largest airline to the smallest air taxi 
service? Why make your own astronomical 
telescope when there exists such a perfec
tion as Questar? And similarly in computers, 
why make your own text editor, compiler 
or computer when so many options exist 
in the marketplace? On a practical or short 
term basis there is no visible advantage to 
engaging in such pursuits. But on a long
term scale of personal development, ac
tively applying one's mind and energy is 
always rewarding. 

What Was Needed? 

With this spirit and a secondary purpose 
of improved systems software in mind, I 
proceeded to think about writing an editor 
program. What is required in a personal 
computer system to engage in a project of 
this complexity? The requirements are 
essentially identical to the requirements for 
programming any arbitrary application of 
the personal computer, from electronic 
music systems to sophisticated information 
storage and retrieval systems: tools. Soft
ware tools are needed in order to create 
more software, and software tools pre
suppose a certain hardware basis. 

The hardware components needed for a 
useful system are available right now from a 

Continued on page 68 



New from North star 
Double Density Performance at 
Single Density Prices 

Specifications: 
S-100 compatible. MFM 
encoding, 35 tracks with ten 
512-byte sectors per track. 
179,200 bytes on double 
density SA-400 and North Star 
BASIC, DOS, and Monitor 
included. 

For further Information, write 
for full color catalog or contact 
your local computer store. 

The new HORIZON computer and 
Micro Disk System now record in dou
ble density! That means each new 
Shugart SA-400 minifloppy disk drive 
accesses 180K bytes of on-line infor
mation. All double density HORIZON 
computers and Micro Disk Systems 
have a redesigned controller which 
allows the use of quadruple capacity 
disk drives as they become available in 
early 1979. A three-drive North Star 
System with quadruple capacity disk 
drives will access over a megabyte of 
on-line information. But, best of all 
there's no price increase for double 
density models. 

North Star BASIC and DOS have been 
upgraded to accommodate the in
creased capacity and yet run existing 
programs with little or no change. The 
new disk system also supports single 

• 
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Circle 285 on inquiry card. 

density, so existing single density disk
ettes can still be used. Single density 
SA-400 drives previously purchased 
with North Star systems can also be 
used. 

Pricing 

HORIZON with one double density 
SA-400 minifloppy (180K bytes), 16K 
RAM, Z80A processor and serial 1/0 
port: $1599 kit, $1899 assembled. 

MICRO DISK SYSTEM with one double 
density SA-400 minifloppy, controller 
board and power regulation: $699 kit, 
$799 assembled. (Cabinet and power 
supply $39 extra each.) 

NoRTH STAR * CoMPUTERS 
2547 Ninth Street 
Berkeley, California 94710 
(415) 549-0858 
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Sol: 
The small computer 
that won't 
fence you in. 

A lot of semantic nonsense is to use the best fully supported 
being tossed around by some of the disk operating system on the market 
makers of so-called "personal" today, PTDOS, which we also 
computers. To hear them tell it, an designed. We designed them to use 
investment of a few hundred our Helios II mass memory. And 
dollars will give you a computer to for Sol small computer systems we 
run your small business, do a designed new and adapted existing 
great amount of financial planning, software to give you the choice of 
analyze a host of data in the the best on the market today. 
engineering or scientific lab and 
when day is done play games 
by the hour. 

Well, the games part is true. 
The rest of the claims should be 
taken with a grain of salt. All of 
the personal computers will help 
you learn about computers and 
how they work in general and the 
kinds of things they can do for 
you. Only a few have the capacity 
to grow and handle meaningful 
work in a very real sense. And they 
don't come for peanuts. 

Remember, there's no 
free lunch. 

So before you buy any personal 
computer, consider Sol� the small 
computer. Consider it because it 
costs more at the start so in the 
end it costs less. Consider it because 
it can grow with the complexity 
of the tasks you ask it to perform 
and grow with your ability to 
use it. No, it's not cheap. But it's 
not a delusion either. 

From the very beginning, Sol 
small computer systems were 
designed to be at the very top of the 
microcomputer spectrum. We 
designed them so you wouldn't have 
to add costly extras to do many 
jobs. We designed them so you could 
add quality peripherals and more 
memory to take care of more 
complex tasks. We designed them 

Circle 305 on inquiry card. 

Build computer power 
with our software. 

No system is complete without 
· software, and at Processor 
Technology we have tailored a 
group of high level languages, 
and assembler and other packages 
to suit the wide capabilities of 
our hardware. 

Take a look at our exclusive 
Extended BASIC as an example. In 
cassette form, this BASIC features 
string and advanced file handling, 
special screen commands, timed 
input, complete matrix, logarithmic 
and trigonometric functions, 
8 digit precision and square root. 
The language handles serial 
access files, provides tape rewind 
and offers cursor control for 
graphics capability. 

The disk version has all the 
number crunching talents of the 
cassette BASIC plus instant 
access to data and programs on 
floppy disks. It includes 
random as well as sequential files 
and a unique ability to update 
sequential data in place. 

Processor Technology FORTRAN 
is similar to FORTRAN IV and 
has a full set of extensions designed 
for the "stand alone" computer 
environment. Thousands of special 
application programs available 
through books and periodicals have 

already been written in this well 
established language. 

Processor Technology PILOT is 
an excellent language for teachers. 
It is a string-oriented language 
designed expressly for interactive 
applications such as programmed 
instruction, drill and testing. 

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

It's the small computer system 
to do 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. 

Sol Systems are sold and serviced 
by an outstanding group of 
conveniently located computer 
stores throughout the United 
States and Canada. They are also 
available in Australia, Europe, 
the United Kingdom, Central 
America, South America, Japan 
and Singapore. 

For more information contact 
your nearest dealer listed on 
the following page. Or write Depart
ment B, Processor Technology 
Corporation, 7100 Johnson 
Industrial Drive, Pleasanton, CA 
94566. Phone (415) 829-2600. 

In sum, all small computers 
are not created equal 
and Sol users know it to their 
everlasting satisfaction. 

Processor Technology 
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See Sol® 
at all these 
fine computer 
centers 
AL: Birmingham: ICP Computerland. 
(205) 979-0707. CA: Berkeley: The Byte Shop, 
(415) 845-6366. Citrus Heights: Byte Shop, 
(916) 961-2983. Costa Mesa: Orange County 
Computer Center, (714) 646-0221. Hayward: 
Computerland of Hayward, (415) 538-8080. 
Lawndale: The Byte Shop. (213) 371-2421 
Modesto: Computer Magic, (209) 527-5156. 
Mountain View: Digital Deli. (415) 961-2670. 
San Francisco: Computer Center. Inc .. (415) 
387-2513. San Rafael: The Byte Shop, (415) 
457-9311. Walnut Creek: The Byte Shop. (415) 
933-6252. CO: Boulder: Byte Shop, (303) 
444-6550. Denver: Byte Shop, (303) 399-8995. 
CT: Bethel: Technology Systems. (203) 
748-6856. FL: Ft. Lauderdale: Byte Shop of Ft. 
Lauderdale, (305) 561-2983. Miami: Byte Shop 
of Miami. (305) 264-2983. Tampa: Microcomputer 
Systems, Inc .. (813) 879-4301. IL: Lombard: 
Midwest Microcomputer. (312) 495-9889. lA: 

Davenport: Computer Store of Davenport. (319) 
386-3330. KY: Louisville: Martronix Associates. 
(502) 459-0500. MD: Towson: Computers Etc .. 
(301) 296-0520. MN: Minneapolis: Computer 
Depot. (612) 927-5601. MO: Florissant: 
Computer Country, (314) 921-4434. NH: Nashua: 
Computerland of Nashua, (603) 889-5238. 
NJ: Cherry Hill: Computer Emporium. (609) 
667-7555. Iselin: Computer Mart of New 
Jersey, (201) 283-0600. NY: Endwell: The 
Computer Tree. (607) 748-1223. New York: 
Computer Mart of New York. (212) 686-7923. 
While Plains: The Computer Corner, (914) 
949-3282. NC: Raleigh: Roms 'N' Rams. (919) 
781-0003. OH: Akron: The Basic Computer 
Shop, (216) 867-0808. Columbus: Byte Shop. 
(614) 486-7761. Dayton: Computer Mart of 
Dayton. (513) 296-1248. OR: Beaverton: Byte 
Shop Computer Store. (503) 644-2686. 
Portland: Byte Shop Computer Store. (503) 
223-3496. Salem: Computer Pathways. 
(503) 399-0534. PA: King of Prussia: Computer 
Mart of Pennsylvania. (215) 265-2580. Rl: 

Warwick: Computer Power, Inc .. (401) 738-4477. 
SC: Columbia: Byte Shop, (803) 771-7824. 
TN: Kingsport: Microproducts & Systems. (615) 
245-8081. TX: Arlington: Computer Port. 
(817) 469-1502. Arlington: Micro Store. (817) 
461-6081. Houston: Interactive Computers. 
(713) 772-5257. Houston: Interactive Computers, 
( 713) 486-0291. Lubbock: Neighborhood 
Computer Store. (806) 797-1468. Richardson: 
Micro Store. (214) 231-1096. UT: Salt Lake 
City: Horne Computer Store. (801) 484-6502. 
WA: Bellevue: Byte Shop Computer Store. 
(206) 746-0651. Seattle: Byte Shop of Seattle. 
(206) 622-7196. WI: Madison: The Madison 
Computer Store. (608) 255-5552. Milwaukee: The 
Milwaukee Computer Store. (414) 445-4280. 
DC: Washington: Georgetown Computer 
Emporium. (202) 337-6545. CANADA: London. 
Ontario: Computer C�rcuit Ltd .. 737 Richmond 
St .. (519) 672-9370. Toronto: Computer Mart Ltd .. 
1543 Bayview St .. (416) 464-9708. Vancouver: 
Basic Computer Group Ltd., 1548 West 8th 
Ave .. (604) 736-7474. ARGENTINA: Buenos 
Aires: Basis Sistemas Digitales. Colornbres 
849-1-A, 93-1988 or 57-7177. AUSTRALIA: 

Sydney: Automation Statham Pty. Ltd .. 47 
Birch St .. (02) 709.4144. Carnegie: Sontron 
Instruments. 17 Arawatta St.. (03) 569.7867. 
BELGIUM: Bruxelles: S.P.R.L. Finncontact. 
Square Larousse. 5. 2/345-98-95. COLUMBIA: 

Bogota: Video National. Diagonal No. 5-62.32 
66 35-36-37. DENMARK: Copenhagen: Peter 
W. Holm Trading ApS. Sank! Annae Gade 34. 
Christianshavn. (01) 54 34 66. GREECE: Athens: 
Attikos.lnc., 41 Char. TricoupiTJ. 145.3604091. 
JAPAN: Tokyo: Japan Personal Computers. Ltd .. 
Yamamoto Bldg. No. 11-18. (03) 375-5078.5079. 
MEXICO: Mexico City: lndustrias Digitales. S.A. 
de C.V .. Plateros 7-116. (905) 524-5132. 
PHILIPPINES: San Juan: Integrated Computer 
Systems, Inc .. LIMKETKAI Bldg .. Suite 118. 
Ortigas Ave .. Metro Manila, 3113. 78-40-71.72. 
SWEDEN: Stockholm: Wernor Elektronik. 

Torsvagen 61. Box 72. (0) 8 717-62-88. UNITED 

KINGDOM: Huntingdon. England: Co mart. Ltd., 
24A Market Square. St. Neots. Cambridgeshire. 
(0480) 74356. VENEZUELA: Caracas: 
Componentes Y Circuitos Electronicos TTLCA 
C. A .. Av. Fco. de Miranda. Los Ruices. 
Apartado 3223, 355591. 

SCHEMA TIC ENCOUNTER 

had a c l ose encounter of the th ird 
kind w h i l e  try i ng to read and understdnd 
the sch e m atics to a Teletype ASR33 - it 
was just awful. The engi neers had their 
hands on it for some time when it was 
decided to change it over to a 20 m A  
loop,  and I was the victim e l ected t o  do 
it. 

Do any BYTE readers know it there 
is a book that explai ns the AS R 3 
Teletype schematics in u nderstandable 
te rms? I know it too k many years to 
make the sim ple hard to understand, but 
maybe someone out there said that 
e n ough is e nough to this  madness. 

Yes, I final ly  got the show on the 
road, but for awh i l e  I was th i n ki ng: why 
me? 

Craig Mueller 
·1 0130 Sepulveda Blvd 

Mission Hi l ls  CA 9'1345 

INTERPRETER INFORMATION 

WANTE. D 

I have j u st finished reading Osborne 
and Associates' 8080A/8085 A sembly 
Languuge Programming book. Now I 
w ant to find something that shows how 

a B A S I C  interpreter is p u t  together in 
assembly language. All the software 

su p p l ied here does not even attempt to 
explain in anything but vague twm. 

The question is, where can I tine! 
l i terature l ike this! I would l i ke some
thin g that wou ld dCtual ly  run drid >omc

thing not theoretical. I hope you can 
h e l p. 

Hugh Shedd 
:f#J 34 ·19 Portland Av S 
Minneapolis MN 55407 

Contact Dr. Dobb's j ournal of Ldl is
thenics & Ort h odontia for information 
on what they hu�e published in the past 
with respect to BASIC interpreters. 
Their address is POB E, Menlo Purk 
CA 94025. 

PRAISE FOR BITS 

do not write l etters to editors often 
but this  is  one p leasant exception. About 
a week ago m y  daughter ordered a book 
for my birthday from Bl I'S. The birth
day was only a wee k off and she asked 
for fast service. Not o nly did the book 
arrive exactly one week from the date 
that she sent her letter, but it was also 
wrapped i n  birthday paper with a bow. 
It arrived the day before my birthday. 
Both m y  daughter and I were q uite 
delighted at such a personal touch. I 
believe that the name of the per>on 

Continued on page 141 
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56 GREAT LOCATIONS 

ComputerLand® 
NOW OPEN: 

ALABAMA 
Huntsville (205) 539-1200 

CALIFORNIA 
Dublin (415) 828-8090 
El Cerrito (415) 233-5010 
Hayward (415) 538-8080 
Los Altos (415) 941-8154 
Los Angeles (2 1 3) 776-8080 
Mis.sion Viejo (714) 770-0131 
San Bernardino (714) 886-6838 
San Diego (714) 560-9912 
San Francisco (415) 546-1592 
San Jose (408) 253-8080 
San Mateo (415) 572-8080 
Santa Rosa (707) 528·1775 
Thousand Oaks (805) 495-3554 
Lawndale (213) 371-7144 
Tustin (714) 544·0542 
Walnut Creek (415) 935-8502 

COLORADO 
Colorado Springs Call Directory Assistance 
Denver (303) 7594685 

CONNECTICUT 
Fairfield (203) 374-2227 

DELAWARE 
Newark (302) 738-9656 

FLORIDA 
Boca Raton Call Directory Assistance F-t. Lauderdale Call Directory Assistance 

GEORGIA 
Atlanta (404) 953-0406 

HAWAII 
Honolulu Call Directory Assistance 

ILLINOIS 
Arlington Heights (31:.1) 255-8488 
Downers Grove (312) 560.0193 
Niles (312) 967-1714 
Oak Lawn (312) 422-8080 
Peoria Call Directory Assistance 

INDIANA 
I n d i anap ol is Call Directory Assistance 

KENTUCKY 
Louisville (502) 425-8308 

MARYLAND 
Rockville (301) 948-7676 

MICHIGAN 
Grand Rapids (616) 942-2931 
Southfiel d (313) 356-8111 

MINNESOTA 
Bloomington (612) 884-1474 

NEW HAMPSHIRE 
Nashua (603) 889-5238 

NEW JERSEY 
Cherry Hill (609) 795-5900 
Bergen County (20 1) 845-9303 
Morr istown (201) 5394077 

NE:W YORK 
Buffalo (716) 836-6511 
Ithaca (607) 2774888 

NO. CAROLINA 
Charlotte (704) 536-8500 

OHIO 
Cleveland (216) 461-1200 

OREGON 
Portland (503) 620-8170 

PENNSYLVANIA 
Harrisburg (717) 736-1116 

TEXAS 
Austin (512) 452-5701 
Dallas Call Directory Assistance Houston (713) 977.0909 

WASHINGTON 
Bellevue (206) 746-2070 
Federal Way (206) 838-9363 
Tacoma (206) 581.0388 

WASHINGTON, D.C. Call Directory Assistance 
WISCONSIN 

Madison (608) 273-:.1020 
IN i'ERNATIONAL 

Sydney, NSW Australia 29-3753 
Wir.nipg, Canada Call Directory Assistance 

Circle 75 on inquiry card. 



Yll BIY 
CIIPITER 

If the truth is that you wont a 
computer ... then we want to be your 
computer store. 

We're Computerlond, the #1 
computer store chain in the U.S. What's 
meaningful about that fact is, that 
Computerlond has been chosen by more 
people as having what they've been 
looking for. And, since you're looking, let 
us tell you what you'll find, when you visit 
a Computerlond store. 

You'll find a product line that's 
continually evaluated to provide you with 
the widest and best selection in quality, 
brand nome microcomputers anywhere. 
You'll find on enthusiastic and 
knowledgeable staff able to interpret all 
the equipment specifications, in terms of 
how they apply to you, and in a way 
you'll understand. You'll find demonstration 
areas where you con get a firsthand 
experience of running a computer yourself. 

CIIPUTEIS 
FIR IUSIIIESS 

You'll find educational materials to give 
you a total insight into the world of 
microcomputers. 

You'll find a fully equipped service 
department to provide whatever assistance 
is required to keep your computer running 
in top-notch condition. You'll find computer 
user's clubs to join, where you con shore 
ideas with people as enthusiastic as 
yourself. And, with each new visit, you'll 
find excitement-from the people you deal 
with , the equipment they offer, and from 
your own ever-growing personal 
involvement. 

Enough about us. How about what 
computers do. To attempt to describe all 
the things your computer might do, would 
be to describe your imagination. So 
instead, we'll briefly list some of the many 
things for which small computers ore 
already being used. 

In business, the advent of the 
versatile and compact microcomputer has 
put the benefits of computing with in reach 
of small companies. With systems starting 
at less than $6000, the businessman con 

CIIPUTERS 
FIR THE HOlE 

I 
computerize things like accounting, 
inventory control, record keeping, word 
processing and more. T he net result is the 
reduction of administrative overhead and 
the improvement of efficiency which allows 
the business to be managed more 
effectively. 

In the home, a computer con be used 
for personal budgeting, tracking the stock 
market, evaluating investment opportunities, 
controlling heating to conserve energy, 
running security alarm systems, automating 
the garden's watering, storing recipes, 
designing challenging games, tutoring the 
children ... and the list goes on. 

In industry, the basic applications ore 
in engineering development, process 
control, and scientific and analytical work. 
Users of microcomputers in industry 
hove found them to be reliable, cost
effective. tools which provide computing 
capability to many who would otherwise 
hove to wait for Hme on a big computer, 
or work with no computer at all. 

And now we come to you, which leads 
us right bock to where we started: If you 
want a computer, then we want to be 
your computer store. 

Whether you wont a computer for the 
home, business or industry, come to 
Computerlond first. We'll make it easy for 
you to own your first computer. Because, 
simply put, we really wont your business. 
When you come right down to it, that's 
what makes us #1. 

ComputerLand® 
WE KNOW SMALL COMPUTERS 

14400 Catalina St., San Leandro, CA 94577 (415) 895-9363 • Franchise Opportunities Available 
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Why Apple 
st selline pe 

the worldS 
nal computer. 

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, '� · 
helping teach computer skills. There WWhich personal computer will be are Apples in the office, where they're 

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 all 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 hundreds 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 leading 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 

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

.... ,..,._.,. & hi-resolution 
graphics, too. 
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 
array 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, with PEEK, POKE 
and CALL commands. 

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

programmed software from the Apple 
Software Bank- Basic 
F4lance, 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 
the added dimension of sound to your 
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 
proven contpUter. 

Apple peripherals 
are smart peripherals. 

Watch the far right column of this ad 
each month for the latest in our grow
ing family of peripherals. 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 . 
N o  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-

Apple is a state-of-the-art single 
boa.Fd 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 diagnostics sim
plify troubleshooting . In fact, on our 
assembly line, we use Apples to 

�'---.!���--��- tino, CA 
... 95014. 

test new Apples. 

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

* *In California, call 408/996-1010. 

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-I just rewrote them using 
Apple's mini-assembler and got them 

to run a hundred times faster. 

New from Apple. 
Val uable new series of software 
packages for investors 

Now private investors can generate 
their own stock market reports and per
form critical investment analysis instantly 
with Apple II.  Just log your Apple I I  
computer on t o  Dow Jones' central data 
bank with powerful Apple software: the 
Dow Jones Series. The first two of these 

highly practical programs 
are available now. 

� With Apple's Stock ��=· Quote Reporter 
program, a local tele

phone call 
links you to 
Dow Jones' 
continuously 
updated 

stock quotes for 
more than 

6000 com
panies listed 

on six major U.S. 
exchanges. Current 

activity for stocks in 
the investors portfolio is delivered 
automatically: ask/open, bid/close, high, 
low and last prices, and volume traded. 

Our Portfolio Evaluator enables 
you to analyze current value of your 
portfolio, and short- and long-term gain/ 
loss for each stock-or for your entire 
portfolio. 

Cost of Apple's Dow Jones service 
is a one time contract fee of $25, which 
includes the Stock Quote Reporter pro
gram. An additional $3 charge is made 
for the first three minutes of any transac
tion and 50� per minute thereafter. 

To take advantage of Apple's new 
financial services, Apple I I  users need 
only a communications card, a modem 
and an ordinary telephone. This equip
ment, the Dow Jones Series, and a broad 
selection of other Apple software are 
now in stock at your local Apple dealer. 

Circle 1 5  on inquiry 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. 

� 





DYNABYTE COMPUTERS 
ARE ALL BUSINESS INSIDE AND OUT. 

When we designed our new small 
business computers, we meant busi
ness . 

As basic as that seems, it is unique . 
Just about every other microcomputer 
being sold as a small business system 
today was originally designed as a kit 
for hobbyists . 

Every design decision was m�de 
with quality and reliability in mind . The 
result is dependable performance and a 
solid appearance for business, profes
sional and scientific applicatinns .  

FIRST SMALL SYSTEM WITH BIG SYSTEM STORAGE 
Many applications handle large 

quantities of information , so the DBR/2 
uses two quad density 5 - inch d i sk 
drives with our exclusive Dual Density 
Disk Controller for up to 1 .2 megabytes 
of formatted storage . Tha t ' s  more 
capacity than two single density 8-inch 
drives . 

If you need more storage , our 
DB8/4 has two 8-inch drives with up to 
2 megabytes capacity, more than any 
other dual floppy disk system on the 
market . 

OUR SOFTWARE IS BIG ON BUSINESS 
Dynabyte helps you get down to 

business immediately. The DB8/2 is the 
first microcomputer to offer enough 
storage capacity on 5 - inch drives to 
fully utilize CP/M,*  the most widely 
accepted disk operating system . We 
also supply and support BASTC, FOR-
. CP/M is a trndrmark nf Di{!ital Re-search. 

- -

TRAN and COBOL programming lan
guages . Our applications packages in
clude general ledger. accounts receiv
able, word processing and many other 
CP/M compatible programs.  

Reliability is a big consideration in 
buying a business computer, so we built 
it in . Om edge connectors meet military 
specifications, the toughest electronics 
manufacturing standard . Our regulated 
power snpply is designed to meet U .  L.  
standards,  which means the entire sys
tem nms cool and dependable. And our 
cast aluminum enclosures are mgged as 
well as attractive. 

AND THE BICiCiEST THING OF ALL 
Customer support . Our support 

starts at the factory with testing and 
bum-in programs that assure the entire 
integrated system is reliable prior to 
shipmPnt. Our completely modular de
sign allows continuing support in the 
field . We maint::tin a bonded inventory 
of all sub-system modules which means 
we can del iver repl acement sub
a%emblies overnight nearly anywhere 
in the continental U . S .  

Dyn(lbyte built i n  little things, too. 
l i ke a fu l l y -popul ated 1 2 - s lot 
backplane . switched AC outlets for ac
cessories ,  an option for European 
power, quiet whisper fans with long-l ife 
metal constmction , l ighted indicator 
switches for Power On and Hal t ,  a 
shielded enclosure to protect disk drives 
from electro-mechanical interference , 
and a fully enclosed power sup!Jiy for 

operator safety . 
Since we didn't  cut comers in de

sign , the price/performance ratios of 
our systems make good business sense. 

THE INSIDE FACTS 
The DB8/2 Computer System in

cludes two 5-inch disk drives either 
single or double sided for up to 1 . 2 
megabytes of mass storage; a 4MHz 
Z-80 process ing module with one 
para l l e l  and two seria l  port s ,  an 
EPROM programmer and up to 4k 
ROM; 32k of RAM, a 1 2-slot ful ly
popul ated backplane; our exclusive 
Dual Densi ty Disk Control ler, and 
CP/M . 

The DB8/1 Computer includes a 
4MHz Z-80 processor with one parallel 
and two serial I/0 ports , an EPROM 
programmer and up to 4k of ROM; 32k 
RAM, and a 1 2-slot ful ly-populated 
backplane. 

The DB8/4 Disk System, designed 
to be the mass storage companion to the 
DB8/1 , includes two 8-inch floppy disk 
drives in either single or double sided 
configuration for up to 2 megabytes of 
mass storage , our Dual Density Disk 
Controller, and CP/M. 

All three units wil l  be available in 
rack mount models. 

For a descriptive brochure and 
price list, call or write Dynabyte , 1005 
Elwell Court, Palo A lto , CA 94303 . 
Phone (415) 965-1010. 

Or better yet, see your local dealer. 

DIIIIIIBII1•E 

YOU CAN DEPEND ON IT. 
i rcle 1 1 0 on i nquiry card . BYTE November 1978 1 5  



An Exchange Evaluator 

for Computer Chess 
Dan and Kathe Spracklen 

10832 Macouba PI 
San Diego CA 921 24 

White 

Count 

Pawns 

Knights 

Bishops 

Rooks 

Queen 

King 

Bit 7 6 5 4 3 2 1 

Three main tasks are basic to computer 
chess: generation of moves, evaluation of 
positions and selection between alternatives. 
Of these three, the central determining factor 
in the strength of the program relative to the 
capacity of the host mach ine is the evalua
tion segment. The reason for this i s  that 
any program must come to grips with the 
task of move generation, and various tech
niques of "pruning" decision trees are by 
now widely known. Furthermore, the smal ler 
and slower the host machine, the more 
importance must be assigned to the evalua
tion faci l ity. If a search can be carried to a 
great depth of ply, inaccuracies can general ly 
be corrected long before the machine has 
been committed to a costly l ine of play. 
(A ply is a move by one player, ie: half of 
a complete move involving both players.) 
On the other hand, if processing l imitations 

Black 

Byte Byte 

8 

2 9 

3 1 0  

4 1 1  

5 1 2  

6 1 3  

7 1 4  

0 Bit 7 6 5 4 3 2 1 0 

Table 7 :  Format of the attacker's array, a 7 4 byte array divided into two sec
tions, seven bytes for White and seven bytes for Black. The first byte of each 
section contains the number of attackers (or defenders) in the array. The 
other six bytes contain the values of the pieces participating in the attack un
der analysis. Since no more than four bits are required per piece, two pieces 
are stored per byte and the array has a fixed format. The routine that fills the 
array assigns the first attacker of a given type to the low order four bits of the 
byte. A subsequent attacker of the same type is added by shifting up the low 
order four bits and inserting the new attacker. 
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prevent a critical exchange from being 
examined to its conclusion, then not just 
accuracy but clai rvoyance is demanded. Thus 
an attack evaluator assumes tremendous 
importance in a microcomputer chess pro
gram, much more so than in a large scale 
mach ine. But the l imitations placed on the 
programmer of an 8 bit mach ine make it 
correspondingly more difficult to ach ieve 
this type of predictive power. The ab i l ity 
of Sargon (a chess playing program we 
wrote in Z-80 assembler language) to accu
rately forecast the outcome of an exchange 
has been the greatest single factor in its 
success. 

Some Tactical Considerations 

First, consider the capabi l ities desired 
of the routine. Assume that the computer 
is faced with evaluating the board position 
in figure 1 .  Black possesses a dangerous 
passed pawn that White has blockaded with 
a Knight. Wh ite is p i l ing up attackers on the 
pawn and presently assaults it with King, 
Queen, and from beh ind the Queen, a 
Bishop: a total of three attackers. Black 
defends with Queen, Rook, and Knight; 
but the Black Knight is pinned against the 
Black King by White's Bishop, so Black 
real ly only has two usable defenders. Does 
this mean the pawn is lost? No, consider the 
order in which the exchange would occur. 
The King cannot l egal ly capture first and the 
Bishop is beh ind the Queen, so the Queen 
must be the first taker. When Black responds 
with Rook takes Queen, Black has gained 
considerable material and is under no ob l i ga
tion to go any further with the exchange. 
To summarize the subtleties involved, the 
program must recognize transparent attacks 
through its own pieces which move in the 
same direction. It must recognize pins (and 
partial pins such as a Rook pinned along 
a rank or fi l e) .  It must understand the 
relative values of attacking and defending 
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pieces, and, final ly, it must realize that the 
exchange may be terminated at any point 
by either side. Pins are a whole topic in 
themselves, and Sargon's pinned piece 
routines will not be discussed in any detail .  
Instead, we shal l concentrate on the exchange 
routine i tself, wh ich weighs the relative 
merits of the battles engaged on the board. 

The Data Structures 

The basic data structure used by the ex
change evaluator is the attackers array. It is 
a 1 4  byte area divided into two sections, 
seven bytes for White and seven for Bl ack. 
The first byte of each section contains the 
number of attackers (or defenders) con
tained in the array. The other six bytes in 
each section store the piece values of the 
pieces participating in the attack. Since no 
more than four bits are required, two pieces 
are stored per byte, and the array has a fixed 
format. Table 1 i l lustrates the arrangement 
within a section. The routine which fi l ls the 
array assigns the first attacker of a given 
type to the low order four bits of the byte. 
A subsequent attacker of the same type is 
added by sh ifting up the low order four bits 
and inserting the new attacker in its place. 
The instruction used to implement this is 
the rotate left digit (RLD) {see figure 2) . 
I f  a piece attacks from beh ind the Queen, 
such as the Bishop in figure 1 ,  it is placed 
in the h igh order four bits of the Queen 
byte. From that position it wi l l  not come 
into play in the attack unti l after the Queen 
has captured. It is possible for two Rooks 
to attack through the Queen. I n  this situa
tion one Rook is stored behind the Queen 
and the other in the King byte, pushing h im 
up behind the Rook if he is involved in the 
attack. (By the rul es of chess, the King can
not capture unless all defenders are ex
hausted, so he is properly placed behind the 
Rook.) 

A note about overflows: the tab le is nec
essari ly  l im ited in size and is adequate for 
al l the pieces original ly on the board. I f  
pawn promotions result in multiple pieces 
and a tab l e  overflow occurs, the excess 
pieces are ignored in evaluating the exchange. 

An Overview of the Exchange Evaluator 

The exchange evaluator {XCHNG) oper
ates on a prefi l led attacker's array. The 
array itself is filled by the attack save 
(ATKSAV) routine as attackers are dis
covered by the attacker's routine (ATTACK) . 
The l atter two routines are important, and 
recent changes to them have resulted in a 
significant improvement in the performance 
of Sargon, but they are not discussed in th is 

article. The attacker's array describes a 
specific battle over a given occupied square. 
The player who occupies the square is the 
defender and the player with the opposite 
color is the attacker. The attacker's section 
is examined for the lowest valued attacker. 
That piece is compared in value to the piece 
on the occupied square. If the attacker is 
lower in value than the defended piece, we 
know at once that we can win material by 
capturing that piece. We don 't yet know 
how much, because the piece may have been 
totally undefended, or it may be that our 
lower value piece will be captured in return. 
For example if our Bishop attacks an enemy 
Rook, we can be sure at least of "winning 
the exchange" {a phrase chess buffs use to 
describe trading a Rool< for a minor piece, 
ie: for a Bishop or Knight). But to find out 
whether the whole Rook is ours for free or if 
we must give up our Bishop in return, we 
must toggle the attacker/defender roles, 
since our Bishop now occupies the square, 
and run through the analysis again. Of 
course back when the Bishop was retrieved 
from the attacker's array, it was also re
moved, the attack count decremented, and 
its position fi l l ed with zeroes. 

The evaluation is not so obvious when 
the attacker is of h igher value than the piece 
on the occupied square. In this case there are 
only two situations in which you would 
want to capture. One occurs when the at
tacked piece is total ly undefended, and the 

A C C U M U L ATOR 

( R E G ISTER A l 

M E M ORY 

LOCAT I O N  

Figure 7: Sample board 
position. White 's Bishop is 
indirectly attacking the 
pawn, so the value of the 
Bishop is stored in the 
high order four bits of the 
Queen byte (which is 
directly attacking the 
pawn) in the attacker's 
array. See table 7 .  

Figure 2: The Rotating 
Left Digit (RLD) instruc
tion, used to add attackers 
to the attacker's array. 
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Figure 3: Summary of the 
flow of exchange evalu
ation. If the attacker is of 
the same value as the piece 
under potential attack, 
material cannot be lost by 
swapping, and the piece 
may in fact be taken for 
free. To determine the 
potential for winning 
material, assume the cap
ture takes place, switch 
(or "toggle") the roles of 
defender and attacker and 
run through the analysis 
again. 

F E T C H  ATTA C K E R  
A N D  COMPARE 
TO P I E C E  

C H E C K  VAL U E  
OF 
D E F E N DE R  

N O  C H A L K U P  
P O I N T S  G A I N E D  
A N D  TOGGLE 

RE 

The use of computers for industrial automation is sky
rocketing, and engineers are needed to design them. If you're 
stalled in your present position, we have the opportunities to 
cha l lenge you . If you are a degreed engineer with hardware or 
software design experience, call or write Dick Con klin, (216 ) 
943-5500. 

Babcock & Wilcox 
Bailey Controls Company 

29801 Eu<!lid Ave. 
Wickliffe, Ohio 44092 

An Equal Opportunity Employer M/F 
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other occurs when the attacked piece is 
defended by a piece of the same or h igher 
value, and we can back up the attack with 
yet another attacker. Suppose, for example, 
our Queen attacks an enemy pawn . If the 
pawn is completely  ungu arded, we can, of 
course, take it for free. We m igh t also want 
to take it if it is defended by the opponent's 
Queen and we can recapture with, say, a 
B ishop which attacks from beh ind our 
Queen. But any time the attacked piece is 
defended by a p iece of lower value than 
the attacker, we can terminate the exchange 
right there, sin ce it wou l d  not be to the 
advantage of the attacker to continue. For 
example, if our Queen attacked a pawn that 
was defended by an enemy pawn, we 
wou ldn 't  consider making the capture. 

If the attacker i s  of the same value as the 
piece on the occupied square, we know we 
can 't lose material by swapping, and the 
p iece might be ours for free. So to fin d  out 
what we stand to gain ,  we assume the cap
ture takes p lace, switch (or "toggle") the 
attacker/defender roles, and run through the 
analysis again (see the summary in figure 3) .  

Quantizing the  Evaluation 

We now have a general p lan for the flow 
of the evaluator. What is needed is a means 
of quantizing the results and coming up 
with a points total, the exchange residue, 
wh ich accurately describes that particu lar 
battle. The exchange residue i s  zero at the 
onset of the analysis and wi l l  be adjusted 
up or down as the evaluation proceeds. At 
each iteration the number of points at 
stake is the value of the piece which cur
rently occup ies the square in question. I f  
the analysis cal l s  for a capture on the first 
iteration, the points at stake are added to 
the exchange residue. Thus the exchange 
residue wi l l  contain the number of points 
lost by the i n itial defender (or, conversely, 
won by the in i tial attacker) . We wi l l  main
tain this frame of reference throughout the 
evaluation. If the analysis requ ires that 
attacker/defender roles be toggled, and a 
capture occurs on the second iteration, 
the points at stake wou ld be subtracted 
from the exchange residue. Suppose we 
again have a situation where our B ishop 
attacks an enemy Rook .  The points at stake 
are the assumed value of the Rook; and 
let's suppose we value the Rook at five 
points. We know the analysis wi l l  cal l 
for B ishop takes Rook, so at that time 
the five points for the Rook will be added 
to the i n itia l ly  zero exchange residue. Then 
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BL A CK Attacker's Array: 

Count 

Pawns 

Knights 

B ishops 

Rooks 

Queen 

King 

3 2 

1 pt 

3 pts 3 pts 

3 pts 

9 pts 

White Black 

Points Attacker's Defender's Exchange 

WHITE 
( SA R GO N ) 
White to play. 

Val ues used are based on the sca le : 

Onset 

First 
Iteration 

Second 
Iteration 

Th ird 
Iteration 

Fourth 
Iteration 

At Stake 

-

3 
(Black 
Knight) 

3 
(White 
Knight) 

1 
(B lack 
Pawn) 

3 
(White 
Knight) 

Value 

-

3 
(White 
Knight) 

1 
(B lack 
Pawn) 

3 
(White 
Knight) 

9 
(Black 
Queen) 

Value 

-

1 
(B lack 
Pawn) 

3 
(Wh ite 
Kn ight) 

9 
( Black 
Queen) 

3 
(White 
B ishop) 

Residue 

0 

3 

0 

1 

No Change* 

1 

Black 
Defends 

White 
Defends 

Black 
Defends 

White 
Defends 

Queen 
Rook 
Bishop 
Knight 
Pawn 

9 points 
5 points 
3 points 
3 points 
1 point *Black wil l not continue at the cost of his Queen. 

Figure 4: Analysis of a typical chess battle, in this case at the K4 square, ta
ken from the game of Keres versus Najdorf, International Tournament at 
Margate, 1939. The as.sociated chart shows how the points at stake, attacker's 
value, defender's value and exchange residue are altered at each successive 
iteration. 
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the attacker/defender roles are toggled, 
and if our B ishop, worth say three points, 
is recaptured, those three points wou ld  be 
subtracted from the exchange residue leaving 
a current residue of two points. If  the battle 
continues, on the th ird iteration the points 
are again  added, and on the fourth sub
tracted, etc. Figu re 4 gives a typical battle 
and the associated chart shows how the 
points at stake, attacker's value, defender's 
value and exchange residue are al tered at 
each successive i teration. 

A note on the bounds of the exchange 
residue is pertinent here. The exchange res
idue wi l l  always be a positive number. This 
is clearly so, s ince for it to go negative the 
attacker woul d  have to engage in  an u nsound 
exchange, such as  the Queen capturing a 
pawn defended by another pawn as· in a pre
vious example. Such an exchange wou ld be 
a · b lunder. We wi l l  assume that th is won 't  
occur on the part of our opponent, and we 
wi l l e l im inate it from our moves. The ex
change residue wi l l  also have as a maximum 

the number of points at stake in it ial ly, 
s ince the defender w i l l  not make a move that 
wi l l  cost more than has al ready been lost. 
Thus, 0 � exchange residue � value of 
attacked piece. 

Programmi ng the Evaluator 

Great care is n ecessary in coding the 
routine, s ince it must be executed once for 
every attacked piece on the board. If we 
assume that an average of five pieces wi l l  
b e  under attack a t  a time, this means the 
routine w i l l  be executed five. times for every 
board evaluated. S ince typ ical ly  5,000 to 
1 2,000 board positions wi l l  be evaluated 
by the most recent vers ion of Sargon using 
a 4 ply search, th is means the exchange 
evaluator may be executed up to 60,000 
times i n  determ in ing  a single move. So ail 
i nefficiency i n  execution time as s l igh t  as 
need lessiy push ing and popping four registers 
wou l d  be magn ified to a total cost of three 
seconds (assum ing a 2 MHz c lock) in the 
time required to p rocess a s ingle move. For 
this reason chess programmers must qu ickly 
become fam i l iar with the relative execution 
times of their machine's i nstructions. If the 
exchange evaluator seems obscure, the 
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Table 2: Map of the re
gisters used by the ex
change evaluator. 

Table 3: Map of the BC, 
DE, and H L registers used 
by the attacker/defender 
routines. 

A F  

B C  

D E  

H L  
I X  
I Y  

A F '  

BC' 

DE' 

H L' 

BC 

DE 

H L  

Program Status 
(Various Uses) Flags .. 

Defender Attacker 
Count ,, Count 

Attacker Section Address 

Defender Section Address 

I ndex to Value Array 

Program Status 
Defender Flags 

Attacked Flag to 
Piece Value Defender Side 

Exchange 
Residue 

Attacker 
Value 

Attacker I Defender 
Count Count 

Defender Section Address 

Attacker Section Address 

b lame l ies in  just such considerations. 
S ince nearly every register in the Z-80 

processor is uti l ized in the routine, a map 
is p rovided for reference in  the discussion 
(see table 2 ) .  Although Sargon i s  coded in 
Z-80 assembler l anguage using TDL mne
mon ics, no prior knowledge of the specific 
instructions is assumed.  However, it  is 
assumed that the reader is fami l iar with 
some microprocessor assembly language. 
Two routines are described :  XCH NG, which 
performs the actual evaluation, and 
N EXT AD, wh ich searches the attacker's 
array for the next attacker or defender. 

Using the Exchange Residue 

The exchange evaluator h as completed its 
work once it has returned the outcome of 
the battle. But the evaluation segment is by 
no means complete. I n formation gleaned 
by analyzing attacks , must be blended with 
data concern ing piece mobi l ity, develop
ment, total material and any other heuristics 
included in the program. The total p icture is 
the respons ib i l i ty of a routine cal led 
PO I NTS, which is not d iscussed here. But it 
is  usefu l to see how POI NTS makes use of 
the i nformation returned by XCHNG. 

The exchange eval uator must be cal led 
to exam ine every potential battle on the 

Label Op Code Operand Commentary 

Listing 7 :  The Sargon ex-
change evaluator, written 
in Z-80 assembler language 
with TDL mnemonics. 

N ote: A documented source 
listing of the entire Sargon , program is available for $ 1 5  
from Dan and Kathe Sprack
len, 1 0832 Macouba PI, San 
Diego CA 921 24. 
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XeHNG: 

xes :  

LDA 

LXI 
LXI 

BIT 
JRZ 
XeHG 

MOV 
LDAX 
MOV 

EXX 

MVI 

MVI 
LIXD 
MOV 

P 1  

H,WAeT 
D ,BAeT 

7 ,A 
xes 

B,M 
D 
e,A 

e,o 

E,O 
T3 
B,PVALUE(X) 

Fetch the attacked piece into register A. 
The piece includes a color flag in bit 7 
(0 for White , 1 for Black) and the piece 
type in bits 2-0. 
Load into the HL and DE register pairs. 
The beginning addresses of the White and 
Black sections of the attackers array. 
Test the color flag bit of the piece and 
skip the XeHG if the piece is White. 
Otherwise swap the contents of the HL and 
DE registers. The result is to produce a 
pointer to the defender's section of the 
attackers array in the HL register pair and 
a pointer to the attacker's section in the 
DE pair. 
Fetches the byte pointed to by the HL pair 
into the B register. Fetches the byte pointed 
to by the DE pair into the A register, then 
moves it into the e register. Since the first 
byte if each section of the attacker's array is 
the count (see table 1 ) ,  we now have the 
total number of defenders in register B and 
attackers in e, 
Swap registers Be , DE, and HL for registers 
Be',  D E ' ,  and HL', ready to initialize the 
rest of the data used by the exchange 
evaluator. 
Register e contains a flag which tells when 
the attacker/defender roles have been 
toggled. Each time the roles are reversed, 
register e is incremented. Then by examining 
bit 0 of e, we can tell which side is being 
examined. A value of 0 indicates the at
tacker 's side is under consideration, and a 
value of 1 the defender's side. 
Initialize the exchange residue. 
T3 is an index by piece type into an array, 
called PV AL UE, which contains the point 
value (the worth) of each type of piece. 
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A So\ \d State Keyboard as Modern as Your Computer 
Solid state electronics has moved the computer quickly from the business world into personal uses. 
Meanwhile, computer keyboards have hardly moved at all .  

Now TASA introduces a keyboard as modern as your computer. Don't confuse it with ordinary flex switches. It 
is fully solid state and self-contained, ready to plug in and use. Sjnce it has no mechanical moving parts, it 
responds quickly to your touch. And it provides full ASCII coding ih TASA's exclusive color-keyed layout that 
makes it easier to say what you want to say to your computer. 

This is the TASA Micro Proximity Keyboard, and it sells for only $49.95. Despite the price, CMOS/LSI 
integrated circuits make it totally reliable inside. With the sensors behind a shield of polycar-bonate -the most 
rugged plastic ever developed-it is also durable and reliable outside. 

The TASA Keyboard contains all the features you would expect in a professional keyboard-shift, shift lock, 
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The TASA Keyboard 
Features: 

D 51 Keys, with entire 128 posi
tion ASCII code output. 

D All keys identified as to Un
shift, Shift and Control outputs. 

D Full 8-bit ASCII output with 
selectable positive or nega
tive parity. 

0 Single power supply, 12.5 -
20V unregulated. 

0 Output TTL, DTL and CMOS
compatible. 

D . Full solid state design with no 
moving parts. 

0 Standard P C  edge connect
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CALL 

RZ 
XC lO:  MOV 

CALL 

JRZ 

EXAF 

MOV 
CMP 
JRNC 

EXAF 

XClS :  CMP 
RC 

CALL 
RZ 
MOV 

CALL 
JRNZ 

XC 18 :  EXAF 

MOV 
XC19: BIT 

JRZ 
NEG 

XC20: ADD 
MOV 

EXAF 
RZ 
MOV 
JMP 

NEXTAD: INR 
EXX 

MOV 
MOV 
MOV 
XCHG 

XRA 
CMP 
JRZ 
OCR 

NXS :  INX 
CMP 
JRZ 
RRD 

DCX 

NX6: EXX 

RET 

NEXT AD 

L,A 
NEXT AD 

XC1 8  

A,B 
L 
XC 19 

L 

NEXT AD 

L ,A 

NEXT AD 
XC l S  

A,B 
o,c 
XC20 

E 
E,A 

B ,L 
XC lO 

c 

A,B 
B ,C 
C,A 

B 
NX6 
B 

H 
M 
NXS 

H 

The index is loaded into the IX index 
register and then the· value of the piece un
der attack is loaded into the B register. So 
register B contains the number of points at 
stake in this attack. 
Getting the value of the next attacker in 
register A.  NEXTAD also sets the zero flag 
if there are no more attackers. 
Return if no more attackers. 
Save the attackers value in the L register. 
Getting the value of the next defender in 
register A, and setting the zero flag if no 
more defenders. 
If no defender, the piece is lost. Go chalk up 
points gained. 
Save the defender by swapping AF and AF' 
registers. 
Move the value of the attacked piece into 
the A register to then compare its value to 
that of the attacker. Branch to XC19 if the 
value of the attacker is not greater than the 
value of the piece, to chalk up points gained 
and toggle. 
To reach this point, the attacker must be 
worth more than the piece under attack. So 
it is necessary to consider the value of the 
defender. This instruction swaps A and A' 
again to restore the value. 
Compare the value of the defender to the 
attacker. If the defender is worth less, return. 
It will not be to the attacker's advantage to 
continue the exchange. 
Otherwise get the value of the next attacker. 
Return if none. If the defender is worth the 
same or more than the attacker, the ex
change should continue, provided there is 
another attacker available to recapture. Save 
the new attacker's value in the L register. 
Then find out if there are any more de· 
fenders to contend with. If so, jump back to 
XClS and repeat the process. 
The exchange is terminated. There are no 
more defenders. The zero flag is set, so save 
it by swapping AF and AF' .  
Get the value of the attacked piece. 
Test for attacker's or defender's side. 
Skip if on the attacker's side. Otherwise 
negate the value of the attacked piece. (On 
successive iterations the value is alternately 
added and subtracted.) 
Add the previous exchange residue to the 
new points won or lost and store the result 
as the new exchange residue. 
Restore the last defender and the zero flag. 
Return if there are no more defenders. 
The last attacker becomes the new defender. 
Move his value into the B register and return 
to XC lO for another iteration. 
Increment side flag. 
Swap registers BC, DE, HL for BC' ,  DE', 
HL ' , getting the set that contains the at
tacker and defender counts. 
Swap attacker and defender counts. 

Swap attacker's array .pointers. The register 
map is now as in table 3. 
Zero the A register and compare it to the 
attacker count. Go return if there are 
none. 
Otherwise decrement the count, since one 
will be removed from the array. 
Check the next byte of the attacker's array, 
looking for an attacker. 
If not in this byte, go check the next. 
Otherwise rotate the attacker into the A 
register. The rotate right digit (RRD) is the 
reverse of the rotate left digit illustrated 
in figure 2. 
Decrement HL to back up the pointer. With 
two attackers stored per byte, the routine 
will return to the same byte to look for the 
next one. 
Swap registers BC, DE, HL and BC', DE' 
and HL' back again. 
Return. 
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Figure 5: Potential problem arising from the 
author's evaluation scheme: White 's Knight 
is attacking the Black King and Rook, for 
which White gains 3/4 of the Ro.ok 's value. 
The Knight is doomed to be captured by 
Black 's Queen, but subtracting the Knight's 
value from this number still gives White an 
illusion of material gain. The authors 
avoided this problem by having the program 
check to see if the piece that has just moved 
is subject to capture. 

The Quiet Printer Telpar's 48-Column PS-48E . u .  8350.00* 
KEY FEATURES INCLUDE:  

• Microprocessor controlled 
• Versatile interface (no added charge) 

Serial: RS-232C, 20 mil loop, or TTL 
Parallel: TTL interactive 

• Upper/lower case, 96 ASCII characters 
• Throughput rate - 24 characters per second 
• Signalling rates 

Serial mode: 1 1 0  or 300 Baud 
Parallel mode: up to 960 cps 

board for a given position. I n  some of the 
attacks, the side wh ich h as completed a 
move wi l l  have lost points. I n  others the 
side about to move wi l l  be in danger of 
losing material. As battles are evaluated one 
by one, the h ighest points lost for the side 
having moved is  maintained. This value 
represents the amount of m aterial th is 
side stands to lose, and it is subtracted 
d i rectly from the material score. Two scores . 
are maintai ned for the side about to move: 
the h ighest points lost, and the second 
h ighest points lost. Both values are saved, 
because it is assumed that th is side wi l l  
always use i ts move to rescue its h ighest 
val ue piece. Then on ly 3/4 of the value is 
deducted for the l oss of the second highest 
piece, s ince deducting the entire value 
wou ld  make attacks look as good as cap
tures (see the text box for an example  of 
this procedure) . Bonus points are given to 
each side for additional battles won, but th is 
is sti l l  experimental and may not be needed . 

One problem that arose with this eval
uation scheme was the Knight's tendency 
to engage in useless forks. In figure 5 we see 
White 's Knight  attacking the enemy King 
and Rook, for wh ich White gains 3/4 of 
the Rook's value. The Knight is of course 
doomed to be captured by the Queen and 

.. -.... 

• Automatic carriage return and l ine feed 
• Thermal printing, no ribbons or ink * I n  quantit ies of 1 00 

S ing le  quantity . . . . .  
$350 . 00 
$450 . 00 
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For more information contact Telpar, (21 4) 233-6631 ,  
4 1 32 Bi l ly Mitchell Road, Box 796, Addison, Texas 75001 . 
Telex: 73-7561 (Teleserve) DAL. 
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COSMAC V I P, the com p letely 
assem bled, ready-to-operate RCA 
Video I nterface Processor, opens up a 
whole new world of com puter excitement. New 
chal lenges in g raph ics, games and control 
functions. Yet it 's j ust $249.00. 

Easy to buy. And easy to prog ram,  thanks to 
its u n i q ue, easy-to-use i nterpretive lang uage. 
You get a com plete how-to book i n c l u d i n g  
prog rams for 2 0  games: fu n ,  chal lenging,  and 
ready to load and record on you r  cassette. 

Simple but powerful. 
B u i lt aro u n d  an RCA COSMAC m i cropro

cessor, the V I P  is a complete com puter system 
that can g row with yo u .  It h as 2K of RAM, ex
pandable on-board to 4K. Plus a ROM mon ito r, 
audio tone output to a b u i lt-i n speaker, power 
supply, and 8-bit  i n p ut and output po rts for 
contro l of relays, sensors, or other peripherals.  

Circle 322 on inquiry card. 

games. 

Soon RCA wi I I  offer 
options for color g raph ics 

d 256 tone so und generation . 
o ptional  auxi l iary keyboard 

an excit ing world of two-player 

Take the first step now. 
Check you r l ocal com puter sto re or elec

tron ics d istr ibutor for the V I P. Or contact RCA 
VI P Market ing ,  New Hol land Aven ue, Lancaster, 
PA 1 7604. Phone (71 7) 291 -5848. 
"Suggested retail price. Does not include video monitor or cassette recorder. 

The fun way 
into computers. RCII 
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Table 4: Second order at
tacks. This type of attack, 
including pinned pieces, 
overworked pieces, dis
covered attacks, and so on, 
is not considered in the 
exchange evaluator de
scribed in this article. 
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BL A CK 

WHITE 
( SA R G ON ) 

Making an Immediate Capture More 
Attractive Than an Attack 

In the diagram, the program (White) has 
two attractive moves: capture the Bishop, 
or move the Knight so that it simultaneously 
attacks the Black Rook and the second 
Bishop. The program assumes that in the 
latter case Black will protect the Rook (the 
more valuable of the two pieces) by moving 
it away. The decision then reduces to one of 
capturing the first Bishop or simply attacking 
the second Bishop. In order to insure that 
the capture takes place, the program assigns 
3/4 the normal value to the second Bishop 
so that the capture looks more attractive. 
The drawback to this technique is that it 
precludes the possibility of intentionally 
avoiding an immediate capture for strategic 
purposes; this would require a much more 
complicated program, of course. 

Group Type 

-----W1 -> 81 W2 
------... W1 -> W2 W3 

Discovered W1 �82 Attacks 

--------W1 -> W2 81 
W1 � W2 
W 1 -::w:;-.:: W3 

Transparencies 

W1 � 82 
W1 � 81 

can never carry out its threat, but sub
tracting the Knight 's value sti l l  gives White 
an i l l us ion of material gain. Sargon avoids 
this problem by checking to see if the piece 
that has just moved is subject to capture. 
If so, we assume that the side about to move 
can escape both attacks. The attack with 
the h ighest points lost is ignored completely 
and the attack with the second highest 
points lost is moved up in its place. 

Current Limitations and Future 
Developments 

The problem of the· Knight fork as just 
discussed is only one of a whole set of diffi
cul ties. Pinned pieces, the overworked piece, 
d iscovered attacks and other motifs can al l 
occur dynamical ly during play of a board 
position, but are d ifficu l t  to evaluate stati
cally. Attacks of this nature are second order 
attacks and are not considered in the ex
change evaluator we described. There are 
eight poss ib le second order attacks (see 
tab le 4} . The first group are the d iscovered 
attacks and the second group are the trans
parent attacks. I f  al l  of the second order 
attacks could be taken into account, the 
evaluation would be much improved. Cur
rently work is being done to accomplish this. 
U l timately, of course, the entire board 
should be considered as a single complex 
battle. How close to th is ideal can static 
evaluation progress? At what point does 
static evaluation begin to take more time 
than the look-ahead itself? Where wi l l  com
promises in the eval uation be least harmfu l ?  
Cu rrently in the field of computer chess 
there is a tendency to downplay the impor
tance of look-ahead in future developments. 
Has look-ahead reached a dead end? Wi l l  it 
be replaced by a Sargon- l ike exchange 
analysis? These are open questions.• 

Description 

W1 attacks 8 1 .  I f  81 moves, W1 defends W2. 
W1 defends W2. If W2 moves, W1 defends W3. 
W1 attacks 8 1 .  I f  81 moves, W1 attacks 82. 
( P I N )  

W1 defends W2. I f  W2 moves, W1 attacks 81 . 
W1 attacks 81 . 81 attacks W2. W1 defends W2 through 8 1 .  
W 1  defends W2. W2 defends W3. W 1  defends W3 through W2. 
W1 attacks 8 1 .  81 defends 82. W1 attacks 82 through 8 1 . ( P I N )  

W1 defends W2. W2 attacks 81 . W1 attacks 8 1  through W2. 



North Star Systems 
Go To Work 

More and more, you see the N orth Star 
HORIZON computer at work: in busi
ness, research, and education. Its h igh 
performance qual ifies the HORIZON 
for demanding profess ional  applica
t ions.  Over 1 0 ,000 users during the 
past two years have proven that North 
S t a r  h a r d w a re h a s  t h e  re l i a b i l i ty 
for day- i n ,  day-out com put ing .  The 
HORIZON is now a serious candidate 
for any small  system installation. 

SOFTWARE IS THE KEY 
TO HORIZON MATU RITY 
N orth Star BASI C  and DOS have been 
u s ed to develop h u n d reds of com
m e rc i a l  program packages.  These 
packages esta b l i s h  that N orth Star 
software has the com pleteness and 
conve n i ence necessary for serious 
program development. Because of the 
many i n dependent ve ndors offe ring 
software using North Star BAS IC and 
DOS, the HORIZON owner now has 
the widest selection of software in the 
m i croco m p u ter i n d u s t r y !  S oftware 
available i ncludes: word processing, 
g e n e ral  ledger ,  accou nts p ayable/ 
rece ivable ,  m a i l i n g  l i st process i n g ,  
i nve ntory a n d  i n come t a x  prepar
at ion.  Program development systems 
s u c h  as a s s e m b l e r s ,  d e b u g g e rs ,  
editors,  P I LOT and F O RT RA N  are 
also available. 

EXPAND YO U R  HORIZON 
The basic H O R I Z O N  comp uter i n
c l u d es a Z80 m i croprocessor,  1 6K 

bytes of RAM memory, an 1/0 interface 
and one Shugart minifloppy disk drive . 
The HORIZON can be expanded to 60K 

bytes or more of RAM , three disk 
drives, and three 1/0 inter

faces. Performance 
can be enhanced by 
the addit ion of the 
North Star hardware 
float ing point board. 
Also, S - 1  00 bus pro
d u c t s  f r o m  o t h e r  
man ufacturers may 
be used to expand 
the HORIZON.  

For more i nforma
t i o n ,  c o nt act y o u r  
local computer store. 

NoRTH * STAR 
CoMPUTERS 
2547 N i nth Street 
Berkeley, Cal ifornia 947 1 0  
(41 5) 549-0858 
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Cansidaring a Micraconaputer? 
Be Sure to Check Out the Product Offerings of the World's Largest 
Ful l  Line Microcomputer Company. 
All Ohio Scientific machines come with microcomput ing's fastest ful l 
feature BASIC-in-ROM or on-Disk for instaht use. 

Challenger I Series 
Economical computer systems that talk in  BASIC. 
Ideal for hobbyists, students, education and the home. 

Minimum 
Configuration 

Base 
Price 

Superboard I I - World 's f i rst complete system on a board 4K RAM $ 279 
including keyboard, video display, audio 
cassette, BASIC-in-ROM and up to 8K RAM 

Chal lenger I P - Fully packaged Superboard I I  with 
power supply 

Challenger IP Disk - Complete mini-floppy system 
expandable to 32K RAM 

Challenger l iP Series 
U ltra high performance BUS oriented microcomputers for 
personal, educational, research and small business use. 

C2-4P - The professional portable 
C2-8P - The world's most expandable personal machine 

for business or research applications 
C2-4P Disk - The ultimate portable 
C2-8P Single Disk - Ideal for education, advanced 

personal users, etc. 
C2-8P Dual Disk - Most cost effective small  

business system 

Challenger II Serial  Interface Series 
Same g reat features as Challenger l i P  Series for those who 
have serial terminals: small business, education, industry. 

C2-0-Great starter for users with a terminal 
C2-1 - Great t imeshare user accessory; cuts costs 

by running simple BASIC programs locally 
C2-8 S - H ighly expandable serial machine, can 

add disks, etc. 

4K RAM 

1 6K RAM 

4K RAM 
4 K RAM 

1 6K RAM 
1 6K RAM 

32K RAM 

4K RAM 
4K RAM 

4K RAM 

Chal lenger I l l  The Ultimate in Small Computers 
The unique three processor system for demanding business, 
education, research and industrial development applications. 

$ 349 

$ 1 1 90 

$ 598 
$ 799 

$1 464 
$1 738 

$2597 

$ 298 
$ 498 

$ 545 

C3-S 1 - World's most popular 8" floppy based 32K RAM $3590 
microcomputer dual floppys 

C3-0EM - Single package high volume user version 32K RAM $3590 
of C3-S1 dual floppys 

C3-A - Rack mounted multi-user business system 48K RAM $5090 
d i rectly expandabe to C3-B dual floppys 

C3-B - 74 mi l l ion byte Winchester disk based system. 48K RAM $1 1 ,090 
World's most powerful mic rocomputer dual floppys 

O H IO SCI ENTI F IC also offers you the broadest l ine of expansion 
accessories and the largest selection of affordable software ! 

Compare the closest Ohio Scientific Model to any other unit you are con
sidering. Compare the performance, real expansion abil ity, software and 
price, and you will see why we have become the world's largest full line 
microcomputer company. 

I 'm i nterested in OSI Computers. Send me i nformation on: 
D Personal Com puters D Small  Business Com puters 
D Educational Systems D Industrial Development Systems 
D I 'm enclosing $1 .00 for your 64-page small computer buyer's gu ide. 

Ohio residents add 4% tax. 

Name 

Address 

City 

State ________ .Zip ___ _ 

Phone ------------
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DHID BIIEIITIFII 
1333 S. Chi l l icothe Road 

Aurora, Ohio 44202 
(216) 562-3101 
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lhe Age of Affordable Personal . Computing Has Finally Arrived . 
. Ohio Scientif ic has made a major breakthrough in small com

puter ·technology which d ramatically reduces the cost of per
sonal computers. By use of custom LSI m icro ci rcuits, we have 
managed to put a complete u ltra high performance computer 
and all necessary interfaces, including the keyboard and power 
supply, on a s ingle pr inted c i rcu i t  board. This new computer 
actually has more features and higher performance than some 
home or personal computers that are sel l ing today for up to 
$2000. It is more powerful than computer systems which cost 
over $20,000 in the early 1 970's .  

This new machine can entertain you r  whole family with spec
tacular video games and cartoons, made possible by its u ltra 
high resolution graph ics and super fast BASIC. I t  can help you 
with your personal finances and budget planning, made possible 
by its decimal arithmetic abil ity and cassette data storage capa
bil ities. I t  can assist you in school or industry as an ultra powerful 
scientific calculator, made possible by its advanced scientific 

math functions and bu i l t - in " i mmediate" mode which al lows 
complex problem solving without prog ramming ! This computer 
can actually entertain you r chi ldren while it educates them in 
topics ranging from naming the Presidents of the U n ited States 
to tutoring tr igonometry a l l  possible by its fast extended BASIC, 
g raphics and data storage abi l i ty. 

The machine can be economical ly expanded to assist in your 
business, remotely control you r  home, communicate with other 
computers and perform many other tasks via the broadest l ine of 
expansion accessories in the microcomputer i ndustry. 

Th is machine is super easy to use because it commun icates 
naturally in BASIC, an English-l ike programming language. So 
you can easily instruct it or program it to do whatever you want, 
but you don 't have to. You don ' t  because it comes with a com
plete software l ibrary on cassette including programs for each 
app l i cat ion stated above.  O h i o  Sc ien t i f i c  a lso offers you 
hundreds of inexpensive programs on ready-to-run cassettes. 
Program it yourself or j ust enjoy it; the choice is you rs. 

Ohio Scientific offers you this remarkable new computer two ways. 

Challenger 1 P $349 
Fully packaged with power 
supply. Just plug in a 
video monitor or TV 
through an RF con
verter to be up and 
running. 

Superboard I I  $279 
For electroni.c buffs. Ful ly 
assembled and tested. Re
qui res + 5V. at 3 Amps 
and a video monitor or TV 
with RF converter to be up 
and running.  

Standard Features-------------, 

• Uses 1he u l t ra powerful 6502 microprocessor 
• 8K Microsoft BASIC-in-ROM 

Ful l  feature BASIC runs faster than currently available 
personal computers and all 8080-based business com
puters. 

• 4K static RA M on board expandable to 8K 
• Full  53-key keyboard with upper/lower case and user 

programmability 
• Kansas City standard audio cassette interface for high 

reliability 
• Full  machine code monitor and 1/0 ut i l ities in ROM 
• Direct access video display has 1 K of dedicated memory 

(besides 4K user memory}, features upper case. lower 
case, graphics and gaming characters for an effective 
screen resolution of up to 256 by 256 points.  Normal TV's 
with overscan display about 24 rows of 24 characters; 
without overscan up to 30 X 30 characters. 

Extras · 
• Available expander board features 24K static RAM (addi

tional}, dual min i-floppy interface. port adapter for printer 
and modem and a n  OSI 48 l ine expansion interface. 

• Assembler/editor and extended machine code monitor 
available. 

I n terested in a bigger system? Oh io  Sc ient i f ic  offers 1 5  
other models o f  m i crocom puter  systems rang ing  from 
single board units to 74 mi l l ion byte hard d isk systems. 
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,...ORDER FORM - - - - - - - - - - - - - - - - 

Order d i rect or fro m  you r  local  O h i o  Scient i f ic  dealer  . 

0 I ' m  interested. Send me information on you r :  

0 Personal Computers Cl Business Systems 

0 Send me a Superboard II $279 enclosed 

0 Send me a Chal lenger 1 P $349 enclosed 

0 I nc lude 4 more K of RAM (BK Tota l )  $69 more enclosed 

Name 

Address 

City __________ State ______ Zip ___ _ 

Payment by BAC (VISA) __ Master Cha rge _ Money Order 

Credit Card Account #-----------------

Expires ____ I nterbank #(Master Charge) 
Ohto Restdenls add 4 %  Sales Tax 

TOTAL CHARGED OR E N C LOSE D 
Al l  orders shipped i n s u red U PS u n less othe rwise requested. FOB Aurora. OH L - - - - - - - - - - - - - - - - - - - - J 

A merica's Largest F u l l  L ine  M icroco m puter Company 
1333 S. Chi l l icothe Road • Aurora, Ohio 44202 (216) 562-3101 
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The 
C3-SI 
by Ohio Scientific 

Possibly the world's 
mast papular 

floppy disk based 
microcomputer. 

-
• 

-
• 

Since its introduction in August, 1 977, the Challenger l l l�h:a�s·········· 
gained tremendous acceptance in small business, educational 
and industrial development applications. Thousands of C3-S1 's 
have been delivered and today hundreds of C3-S1 demonstrator 
un its are set up at computer retailers around tne country. 

Why has the Challenger I l l  become so successful in the fiercely 
competitive microcomputer industry? Here are just a few of 
the possible reasons. 

• The Challenger I l l  is the fastest microcomputer in BASIC 
(see " BASIC Timing Comparisons, " Kilobaud, October, 1 977, 
where Ohio Scient ific out benchmarks all competitors). 

II The Chal lenger I l l  is the  only computer system with a 
6502A, 6800 and Z-80 offering the programmer al l  popular 
micros for maximum versati l i ty. 

• The C3 is backed by the largest base of systems level 
software for any microcomputer system including: 

For the 6502A: 
Microsoft 6 and 9 Digit BASIC 
Assembler Editor 
Word Processor 
OS-65D Development DOS 

I 

OS-65U End User DOS with Extended BASIC 
For Floppys 
Winchester Hard Disks 
Multi-users (Level 2) 
Distributed Processing (Level 3) 

For the 6800: 
Floppy DOS 
Assembler Editor 

For the Z-80: 
Floppy DOS 
Microsoft D isk Extended BASIC 
Microsoft FORTRAN 
Microsoft COBOL 
Macro Assembler and Editor 
And Much More 

• The C3 supports OS-65 U ,  the  u l t ra h igh  performance 
"vi rtual data memory" DOS for floppys and hard disks which 
makes complex f i le structures l ike multi-key I SAM easy to use. 

• The C3 is backed by a large l ibrary of applications programs 
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and can make use of t h e  t remendous amount  of BAS IC 
programs offered by  independent suppl iers and publ ishers 
because it uses Microsoft BASIC, the standard of the industry. 
Comple te  t u r n key a n d  c u s tom b u s i ness  packages a r e  
available for the C 3  from most OHIO SCIE NTIF IC DEALERS. 

• The C3 electronics and software are available in alternate 
mechanical configurations for special applications including 
the C3-0EM for volume users and the C3 letter series (C3-A, 
C3-B) which are optimized for use with hard disks. 

• C3 systems are always del ivered ready to use with 32K 
static RAM, dual floppys for 500K bytes of on-l ine storage and 
an RS-232 port strappable from 75 to 1 9,200 baud al l  standard 
in the min imum configuration. 

• C3 systems offer the greatest expansion capability i n  the 
m i c rocom puter  i n dust ry .  The  C3 ser ies s u pports O H I O  
SCIENTI FIC'S ful l  l ine of over 40 expansion accessories. The 
maximum configuration is 768K bytes RAM , fou r 74 mi l l ion 
byte Winchester hard disks (CD-7 4), 16 commun ications ports, 
real t ime clock, l i ne  printer,  Word Processing pr inter and 
numerous control interfaces. 

• C3 systems have phenomenal performance-to-cost ratios. 
The C3-S1 base price with 32K RAM, dual floppys, RS-232 port 
complete with 8K BASIC and DOS is under $3600 and expan
sion accessories are comparably priced. For example, the 
CD-7 4, 7 4 mi l l ion byte Winchester disk complete with interface 
and OS-65U operating system at about $6000. 

The C3 series is quite possibly so successful because it offers 
the highest hardware performance, best software support, 
most versat i l ity and g reatest expandabi l ity in the m i c ro
computer systems market at nearly the lowest price in the 
industry. 

For more information, contact your local OHIO SCI ENTIF IC 
DEALER or the factory at (21 6) 562-3101 . 

1 333 S. C h i l l i cothe Road • Aurora, Ohio 44202 
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The C3-B 
by Ohio Scientific 

The world's mast powerful micraannputer system is far mare affordable than you may think: 
STAN DARD FEATU R ES: 

• 74 million byte Winchester tech
nology disk drive yields mainframe 
c l a s s  f i l e  a c c e s s  s p e e d s  a n d  
capacity. 

• High level  data f i le  s o f t wa re 
makes high performance file struc
tures l ike multikey I SAM easy to 
use. 

• Tr i p l e  p ro c e s s o r  C P U  w i t h  
6502A, 6800 and Z-80 gives the p ro
grammer the best of all worlds in 
performance and versatility. 

• The inc l uded 6502 A  based ex
tended disk BASIC by Microsoft 
o u t - b e nc h m a r k s  e v e r y  m i c ro 
available, including 4 M Hz Z-80 and 
LSI- 1 1 with extended arithmetic. 

• 48K of high reliability static RAM 
is standard. 

• High density 8" floppys p rovide 
p rogram and data mobility f rom 
machine to machine. 

• Completely integrated mechani
c a l  s y s tem with U L- recognized 
power sup p lies;  continuous duty 
cycl e  cooling; modular const ruc
t i o n  a n d  r a c k  s l i d e  m o u n t e d  
subassemblies. 

• Based on a 16 slot Bus-oriented 
architecture with only 7 slots used 
in the base machine. 

• D i r e c t l y  e x p a n d a b l e  t o  3 0 0  
megabytes o f  disk, 768K o f  RAM in 
1 6  partitions ,  1 6  communication 
p o r t s ,  p l u s  c o n s o l e  a n d  t h r e e  
p rinters. 

• C3-B's have been in p roduction 
s i n c e  F e b rua r y ,  1 9 7 8 ,  a n d  a re 
available now on very reasonable 
delivery schedules. 

The C3-B was designed by Ohio 
Scientific a s  the state of a rt in 

Circle 290 o n  inquiry card. 

smal l busine s s  com puting. The 
system places its power where it's 
n e e d e d  i n  the s m a l l  b u s i n e s s  
environment; in the data files. The 
C3- B's advanced Winchester tech
nology disk, coupled with its smart 
c o n t rol l e r  a n d  d e d i c a t e d  h i g h  
s peed memory channel ,  gives the 
C3- B data fi le  performance com
parable with today's most powerful 
maxi-computers. 

Yet, the C3-B costs onl y  slightly 
more than many floppy only com
puters but offers at l east a thou
sand times performance im p rove
ment over such machines (50 times 
storage capacity multip l ied by 20 
times access s peed 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 C D-74 big disk and 
directly transfer p rograms and files 
f rom f lo p p y  to big disk with NO 
modifications. 

That's upward expandability !  
* Rack a s  shown above complete 

w i t h  7 4  m e g a b y t e  d i s k ,  d u a l  
floppys, 4 8 K  o f  static RAM, OS-65U 
o pe rating system and one CRT ter
minal under $13,000. 

Multiple terminal s ystems with 
p rinters and ap plications software 
are p riced in the mid-20's.  

1333 S.  Chillicothe Road • Aurora, Ohio 44202 
(216) 562·3101 
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Many BAS IC in terpreters p resent ly in u se 
have l im i ted function calculation capab i l i ty .  
A lmost a l l  i n terpreters l arger than 4 K bytes 
have bu i l t- in rou tines for determ in ing square 
roots, l ogarithms and exponentia ls, as wel l  
a s  some trigonometric functions l i ke s ine 
and cos ine. Several in terpreters a lso p rovide 
inve rse trigonometric fu nctions via the 
arctangent  fu nction . 

However, many m in icomputer and m icro
compu ter systems do not have such software. 
A l so, some of the newer m icroprocessors 
p resent ly do not have much support soft
ware. I have recent ly been developing soft
ware for use w ith the North Star M icro-Disk 
system;  spec ifical l y ,  working with North 
Star BAS IC, version 6, rel ease 2. The North 
S tar software contains s ine and cosine func
tions but  no i nverse trigonometric rou tines. 
This d efic iency led to a cu rsory investigation 
of series approximations wh ich very qu ick ly  
showed that Taylor series expansions are 
not genera l l y  opt imum for computer use. 

Taylor Series Expansion 

In general, any real , conti nuous fu nction 
f(x) having defi ned der ivatives may be ex
pressed as a polynomial expansion abou t a 
reference po int  x0 with the longhand 
representation : 

f(x) = f(x0 )  + f(l ) (x0)  (x-x0 ) + 

f(2 )  (x0 )  (x-x0 ) 2  /2 ! + . . .  

( 1 a) 

Observe that f(n) (x0)  is defined to be the 
nth order derivative of f(x) eval uated at 
x equal to x0 . The shorthand equ ival ent of 
equation (1 a) i s :  

or :  

f (x)  = L f(n) (x0)  (x-x0) n/n ! 
n=O 

f(x) = l im fn (x) ( 1  b) 

where : 

0! = 1 

n 
fn (x) = L f(m ) (x0 ) (x-x0)m /m !  

m=O 

Equation ( 1  b) is in a form wh ich is con
venient in terms of BAS IC ' s  FOR-N EXT 
loop eval uation, wh ich may accoun t  for i ts 
popu l ar i ty w i th computer  p rogrammers. 

Many p rogrammers who are faced w ith 
approx imating a function use a Taylor series 
expansion a long with a convergence test 
such as : 

Presumab ly when the d ifference between 
the approximation us ing n terms and that 
us ing n- 1 terms is l ess than E, the accu racy 
of fn (x) in approx imat ing f(x) is better 
than E. This assumption can be  grossly in 
error depend ing on the function being 
eval uated . S lowly converging ser ies often 
present problems in th is  respect. 

The reasons for not i nd iscrim i nately 
us ing equations ( 1 ) or (2 )  may be demon
strated by cons ider ing the s ine and arctan
gent functions. The Tay lor series expansion 
around the zero reference point (known 
as the Maclaur in series) for the sine func
tion i s :  

or :  

s i n (x )  = x - x3/3 !  + x5 /5 ! - . . .  (3a) 

s in (x) = L (-l ) n x (2n+l ) j(2n+1 ) ! . 
n=O (3b) 

If we apply equation (2) as the test for 
accuracy, we have 

x (2n+ l ) 
(2n+1 ) !  < e . (4) 

I f  X is one rad ian (approximately sr ) and 
the requ i red accuracy is 1 o-8 ,  then equa
t ion (4) i nd icates that seven terms are re
qu i red in the series for the specified ac
curacy . The test for residual may be done 
more correctly in pr inc ip l e  by noting that 
the series is un i form ly  convergent, having 
terms a l ternat ing i n  s ign . Thus the abso lute 
error of the approx imation is l ess than the 
absolu te val ue of the l ast  term inc luded. 



Therefore we again conclude that seven 
terms are needed for 1 o-8 accuracy i n  
approx imately calcu lating th e s ine o f  one 
rad ian . I n  the case of al ternating series 
having terms which monoton ical ly decrease 
in absolute value, equation (2) is appl i cable. 

If, i nstead, we are i n terested i n  the sine 
of -1 , the accuracy test wou l d  aga in  cal l 
for seven terms. However, th is  t ime, because 
the signs of the terms do not alternate, a 
ratio  test wou ld have to be appl ied to cor
rectly exam ine the residual ,  y ie ld ing the 
same resu lt  for the requ ired number of 
terms. I n  general, if the series is rapid ly 
converging, equation (2) i s  an adequate 
test for accuracy. 

So far we have assumed that the com
puter i s  perfect in terms of rou ndoff error. 
I n  some eight decimal p lace accuracy inter
preters and compi lers, the computer rou nds 
off to the eighth decimal p l ace by consis
tently rounding down or up. Qu ite often 
the d i rection is down, si nce th is  corresponds 
to simple truncation. In those cases the en
su ing error in calculat ing n terms in a series 
expansion is on the order of ± (n/2) X 1 o- 8 .  
( I f  the software i s  soph isticate.d enough to 
round to the nearest value, the error be
comes vn X 1 0- 8 for eight b its.)  For the 
sine expansion exam ple given above, the 
expected tru ncated series accuracy of 1 o-8 

wou ld  be reduced to approx imately  1 o- 7 

because of roundoff error. I t  is shown in  
the next section that a d ifferent  series ex
pansion for sine can be used wh ich contai ns 
only five terms and which gives an error of 
less than 1 o-8 before rou ndoff, along with 
a general ly better answer when roundoff i s  
considered. 

So far the observation is that the error 
test, equation (2), leads to a correct estimate 
for the requ i red number of terms in the case 
of the Taylor series approx imation for sine. 
There is an approximation in  which on ly 
five terms are sufficient, which i s  described 
later. These are not very exc it ing conclu
sions, largely becau se the Tay lor series 
expansion for s ine in  the first quadrant is 
very rap idly convergent and thu s qu ite 
adequate. Another im portant fu nction, 
arctangent, is not nearly as qu ick ly conver
gent in some regions of its l im ited conver
gence interva l .  The Maclaurin series expan
si on for arctangent is 

x3 xs x 7 
arctan(x) = x - 3  +5 -7 + 

= L (- l ) n x(2n+ l ) j (2n+l ) 

n=O 

(-l <x,;;;; l ) . ( 5 )  
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This expansion h as d iffi cu l ty converging 
near x equal  to positive or negative one. 
When x equals negative one the series 
d iverges, a l though a fi n i te answer (n/4) 
exists, whereas at x equal to one the series 
converges very slowly to n/4, or 45°. Only 
the region between 0° and 45° (0 and 
n/4 rad ians) need be used for the expansion, 
s ince trigonometric identi ties exist for ex
tending the inversion to other regions (eg: 
arctan (x) = n/2 - arctan ( 1 /x) for x )' 0). 
The techn ique  of range reduction for im· 
proving accuracy w i l l  be considered in a late r  
section. 

Consider the use of equat ion (5)  near 
an x value of one. Using equ ation (2) to 
determ ine the number of terms requ i red 
for 1 0-8 accuracy, we get a val ue  of 5X 1 0  7 
for n. App ly ing the a lternating sign conver
gence test a l so l eads to an n value  of 5X 1 o7 . 
I n  either case, th is series expansion for 
arctangent  is unusable. Even if the computer 
were fast enough so that the approximation 

. cou ld  be calcu lated in an acceptab le length 
of t ime, the ensu ing roundoff error would be 
proh ib it ive. I t  i s  shown in the next section 
that there exist other series expansions 
wh ich are better than (in terms of relative 
error) 4X 1 o-8 and wh ich have only eight 
terms. The series presented are operable 
e ither over the range 1 � I x I (note the 
equal i ty sign) or over the range 0 � x < 00• 

We observe that the e rror test, equation 
( 2) ,  wou l d  fai l  d ismal ly  for the Tay lor series 
arctangent expansion near an x value  of neg
ative one. The test wou ld  agai n pred ict that 
on the o rder of 5 X 1 o- 7 terms wou ld be re
qu i red for 1 0- 8 accuracy, whi le in actua l i ty 
the se ries d iverged. I n  this case the Tay lor 
ser ies expansion is not rap id ly  converging, 
thus  lead ing to a fai l u re in equation (2). I n  
general, equation (2) i s  p ractical on ly if: 

• The series has decreasing a lternating 
sign terms. 

• The series has decreasing terms in 
wh ich the abso lute value of the ratio 
of  neighboring terms is greater than 
1 0  for all pai rs of terms past the 
term ination po int. That is, if: 

f(x) = L en x n ,  
n=O 

then beyond the term ination point i t  
is requ i red that: 

c x n+l 
n+ l  

c 
n > 1 0. 

Observe that this l atter restriction is val id 

on ly for Maclaur in series expansions. For 
Taylor series expansions, repl ace x with 
(x-x0 ) .  Observe that smal l  values of (x-x0 ) 
are very conducive to rapid convergence, but  
are not suffic ient. 

Approximate Series Expansions 

Taylor series expansions h ave m any n ice 
properties. However, one of their l ess de
s irable properties is that th ey are not the op
t imal expansions for a given argument  i n ter
val when a tru ncated series i s  to be used . 
Th is  may be easi ly seen by a s imp le  example .  

Cons ider the s ingle term approx imation 
to s in (x) over the i n terval 0 � x � n/2 (see 
figures 1 and 2 ) .  Al though the accuracy of 
approximating the val u e  of s in (x) with x is 
good for smal l val u es of x, it l eads to an 
error of 0.57 at n/2. I f  i nstead we wish to 
m in im ize the max imum abso l u te error over 

1 . 3  

1 . 1  
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Figure 7: Single term approximations to 
sin(x) over the range 0 � x � n/2. f7 (x) is 
the truncated MacLaurin series expansion; 
f2 (x) is the single term fit minimizing the 
maximum error. 
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Figure 2:  Graph of the errors due to single 
term approximations for the sine function. 
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Software for the Percom LFD-400 
Disk Operating and Fi le Management Systems 
I N DEX'" : The most advanced D isk O perating an d File 
Management System available for the 6800. I Nterrupt 
Driven EXecutive operating system features file-and
dev i c e - i n depende nt,  q ue u e - b u ffered c haracter 
stream 1/0. Linked-File disk arc hitectu re, with auto
matic file creation and allocation for ASC I I  and binary 
files, supports sequential and semi-random access 
disk files. Mult i level file name directory includes 
name, extension, version , protection, and date. Re
quires 8K RAM at $AOOO. Diskette includes numer-
ous utilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $99.95 
M I N I DOS-PLUSX: An easy to u se DOS for the small 
computing system. Supports u p  to 31 named f i les. 
Available on ROM or diskette complete with source 
l isting.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $39.95 
Basic  Interpreters and Compilers 
SUPER BAS IC:  a 1 0 K  extended d isk BASIC interpre
ter for the 6800.  Faster than SWTP BASIC, 9-digit 
acc uracy, program CHAINing,  BASE 0 subscript ing,  
improved error report ing ,  disk data files, and print 
column alignment. P rogram and data files may be 
p repared using one of the Text Ed itors described 
below . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.95 
BAS IC BANDAI D '" : Turn SWTP 8K BASIC into a re
spectable random access data file disk BASI C .  I n
cludes many speed im provements and program 
CHAINing . When ordering, specify version (2 .0 ,  2 . 2 ,  
o r  2 .3) .  Complete with list ing . . . . . . . . . . . . . . . .  $1 7 .95 
STRUBAL'" : A STRUctured BAsic Lang uage Com
piler for the serious professional programmer. I n
cludes elements of BASIC, PL/ M ,  and assembly lan
guage. Features 1 0 -digit float ing point, stri ngs, scien
tif ic functions,  and 2-di mensional arrays. Req u i res 
1 6K RAM memory and L I N K I NG LOADE R  (see below). 
Complete with R U N-T I M E  and FLOAT I NG POINT 
packages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $99.95 
Text Editors 
E D IT68: Hemenway Associates powerful disk-based 
text ed itor. May be used to create programs and data 
files. I n  addition to SEARCH,  C HANGE, DELETE, and 
MOVE functions,  ED IT68 s u p ports MACROs whic h 
perform complex repetitive editing fu nctions effi
c iently. Runs in on ly 6K RAM.  " Spooli ng" permits text 
files much larger than the available RAM memory to be 
c reated and edited . . . . . . . . . . . . . . . . . . . . . . . .  $29.95 
TOUCH U P '" : If you already have the TSC Text Editor, 
TOU C H U P  will convert it into a d isk-based text editor. 
ROLL function permits text files much larger than the 
available RAM memory to be created and edited. 
TO UCHUP is supplied on d i skette complete with 
source list ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 7.95 
ASSEMBLERS 
PERCOM 6800 SYMBOLIC ASSE M B LER:  Req uires 
only 8K of RAM memory to assemble programs with 
200 labels. More convenient to use than most as
semblers; assembly options may be s pec ified at time 
of assembly . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $29.95 
Complete listing of above assem bler . . . . . . . .  $29.95 
MACRO-RELOCATING ASSEMBLER: This Hemen
way Associates assembler is for the program ming 
professional. Generates relocatable and li nkable ob
ject code. MACRO faci l ity permits nested macro 
calls. Permits conditional assembly. Req u ires 1 6K 
RAM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $49.95 
L I N K I N G  LOAD ER for STR U BAL an d the above as-
sembler . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  $19.95 
Business App l ications 
GEN ERAL LEDGER SYSTEM . . . . . . . . . . . . .  $1 99.95 
FULL-FU NCTION MAILING LIST . . . . . . . . . .  $ 99.95 

Write or call for our complete software catalog. 
PERCOM DATA C O M PANY, I NC .  

Dept BP • 31 8 Barnes • Garland T X  75042 
(214) 272-3421 

Circle 301 on inquiry card. 

PERCOM's TAssembled and Tested 
FLOPPY DISK SYSTEM 

the [1[?@}::J�@@ 

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

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

is double checked by PerCom before shipment. 
@ The drive power supply-ful ly  assembled and tested. 
E) LFD-400 Controller/Interface - plugs into the SS-50 bUE• • 

accommodates three 2708 EPROMs · ful ly assembled and tested. 
0 M I N I DOS '" - th e  remarkable LFD-400 disk operating system on 

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

0 Attractive metal enclosure. 
0 I nterconnecting cable-ful ly assembled and tested. 
f) Two diskettes - one blank, the other contain ing numerous 

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

0 70-page instruction manual-includes operating instructions, 
schematics, service procedures, and the complete listing of 
M I N I DOS'" . 

® Technical Memo updates - h elpful hints which supplement the 
manual instructions. @) 90-day limited warranty. 

Minifloppy is a trademark of Shugart Associates. 

M I N I  DOS is a trademark of PERCOM Data Company, I nc. 

The LF0-400 is readily expanded to either two or three drives. 
Write for details. Send for our free brochure for more informa
tion 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 VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow three 
extra weeks if payment is by personal check. The LFD-400 Floppy Disk System is available 
immediately. Allow three weeks for testing and transportation. Texas residents add 5% 
sales tax 

�EfHlUM ,.�..._-. � PERCOM DATA COMPANY, INC. .......... 
Dept B 318 BARNES • GARLAND, TX. 75042 

(214) 272-3421 

PERCOM'" 'peripherals for personal computing' 
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Term MacLaurin Coefficients 

+ 1 .00000000 
0.1.6666667 

+ 0.00083333333 
0.000 19841 27Q.6 + 2.755732 X 1 0  

B 2 .5052109 X 1 0:1 0 + 1 .6059045 X 1 0 

Optimal Coefficients 

+ 1 .00000000 
0.4 1 1 23328 

+ 0.050732026 
0.00297541 1 6  

+ 0.000096437832 

Table 7 :  Coefficients for the MacLaurin and optimal series expansions for 
sin(x). The optimized in terval is -rr/2 < x < rr/2. In this interval, the optimal 
(relative error) series is accurate to better than 5 X 7 o- 9 when more accurate 
coefficients are used. 

Term 

that i n terva l ,  then approx imating s in (x) by 
0.73x is better. The maximum abso lute error 
is in th is case l ess than 0 . 1 5 ,  with two error 
maxima.  

I f  our cr iterion i s  to m in im ize the relative 
error (percent deviation ) ,  the Maclaur in  
series s ing le term truncation l eads to 57 per
cent error at rr/2, whi le the previous m in i
m ized (re lative to maximum abso lute error) 
approx imation is off by less than 27 percent, 
with the m ax imum relative error occu rr ing 
at zero. The maximum relative error can be 
further  reduced to about 22 percent by 
us ing 0.78x as the approx imation for si n (x) . 
The maximum relative errors i n  th is case 
occur at x val ues of 0 and rr/2. This series i s  
considered to be the  minimax or optimal 
series expansion for s in (x) over the range 
-rr/2 ,;;:; x ,;;:; rr/2, given that one term is 
a l lowed. 

The above example i l l ustrates the fact 
that e ither by the cr iterion of abso lute error 
or the cr iterion of rel ative error, the trun
cated Maclaurin ser ies for the s ine function 
is not optimal for approx imation . A l so ob
serve that the coeffic ient (0. 73 for absolute 
error or 0.78 for rel ative error) i n  the op
timal approx imation is dependent on the 
i nterval chosen .  The more the in terval is re
stricted to that region surrounding zero, the 
c loser the coeffic ient is to un i ty .  I n  general , 
the more the i n terval is restricted to the 
region immed i ately su rround ing the Tay lor 

Maclaurin Coefficients 

+ 1 .00000000 
0.33333333 

+ 0.20000000 
0 . 142857 1 

+ 0 .1 1 1 1 1 1 1 1  
0 .090909090 

+ 0.07692308 
0.066666667 

Optimal Coefficients 

+ 0.99999933 
0 .33329856 + 0.1 9946536 
0.1 3908534 

+ 0.096420044 
0.055909886 

+ 0.02 1861 229 
0.0040540580 

Table 2: Coefficients for the MacLaurin and optimal series expansions for the 
arctangent. A ccuracy (relative error) is better than 4 X J0-8. The interval of 
convergence for the MacLaurin series is -7 < x < 7. The interval of conver
gence for the optimal series is -7  < x < 7 .  
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series expansion point, the more the co
effic ients i n  the optima l  series approximate 
those of the Taylor  series expans ion.  This 
is because the h i ghest convergence rate 
occurs near the expansion poin t, and it i s  
h ard to do better than that. 

Continu ing w i th the sine examp le, table 1 
shows the series coeffic ients that wou l d  be 
used in the Maclaurin and optimal series ex
pansions to give a d es i red  accuracy (ex
c lud ing roundoff) of approx imately 1 o-8 . 
Observe that because the relative e rror 
is the criterion, the fi rst coeffic ient in the 
opt imal series i s  the same (to e igh t places) 
as that in the M aclaur in series. This is re
qu i red because for very smal l  x, s in (x) i s  
approximately equa l  to  x .  Note, however, 
that a l l  the other  coeffic ients are drastical ly 
d ifferent, though the signs of the coeffi
c ients are preserved . The sign preservation 
is expected from a cons ideration of the 
derivatives. 

A correspond ing series expansion compar
i son for the arctangent is shown i n  table 2. 
Observe that about 1 07 terms are requ i red i n  
the Maclaur in  series for x equal to  1 to  give 
the same order of accu racy as the optimal 
series evaluated at that point. The situation 
for the Maclaur in series i s  even worse in the 
v ic in i ty of negative one. 

It is i n teresting to note that i n  the series 
expansion comparison shown in tab le  2 
the signs of the coeffic ients are conserved, 
and the coeffic ients themse lves bear some 
semb lance to one another up to the fifth 
term. After that the coeffic i en ts look qu ite 
d ifferent. 

Variations 

The optimal series coeffic ien ts given in 
tab l e  2 for the arctangent approx imation 
were stipu lated to be optimal over the in
terval -1 < x < 1 .  Th is  restricts us to the 
angu l ar range of ±45 .  about o ·  (±rr/4 radians 
around 0 rad i ans) . A tr igonometric identity 
was given earl ier  wh ich a l lowed continuation 
through 90° (rr/2 radians) . However, this 
extra range changing step is not necessary, 
s ince another  series expansion ex ists which is 
optim ized over the i n terval 0 ,;;:; x ,;;:; 00• 

However, i t  does not h ave a s imple xn de
pendence: 

7 ( 11 ( 2n+l ) 
arctan (x) = rr/4 + L Cn :�l · 

n=O (6) 

This series i s  i n teresting in that i t  uses the 
same coeffic ien ts as given in tab l e  2, and a l so 
gives the same order of relative accuracy. To 
execute th i s  series on a computer one need 
on ly defi ne x to be (x-1 )/ (x+1 ) and proceed 
as before. 



Powerful Software 
with Extended Documentation offered by 

PRS-
THE PROGRAM OF THE MONTH CORPORATION 
UNVEILS COMPREHENSIVE CONCEPT 
IN SOFTWARE PRESENTATION 

UNIQUE DOCUMENTATION 

Unique documentation gives you clear, complete and in
structive text in a graphically appealing manual. This doc
umentation doesn't only provide step by step "how to" but 
also is geared to help you to understand hardware-software 
interactions, and to promote further applications. 

POWERFUL CODE 

Whether it be for games, applications (home and business), 
or sophisticated programming tools and monitors, P RS 
permeates the design of its unique code with "human 
engineering:' And ybu'll appreciate the delicate balance 
between machine-human dialogue and resident program
space in memory. 

BEAUTIFUL CASSETTE-FOLDER 

PRS packages your manual and cassette in an elegant and 
durable gold-stamped folder. 

AN ARRAY OF PROGRAMS 
ARE AT YOUR FINGERTIPS 

PRS presently offers two S-100 compatible program 
packages: "MICROFILE," a DATA FILE MANAGEMENT 

program, and "DDS II," the famous DYNAMIC DEBUG
GING SYSTEM. Also, an Extensive Function Plotter (A2FP) is available for the Apple II. New programs will be 
released at regular intervals. 

YOU'LL DISCOVER EXTENSIVE 
PROGRAM CAPABILITIES 

With "M ICRO F I L E;' a new DATA F I LE M ANAGE
M ENT program, you can :  
• Manage any list o f  items 
• Edit information already on file 
• Sort items alphanumerically upwards or downwards 
• Search by primary andjor secondary keys (labels) 
• List and print selected or all items 
• Total sums of columns 
• Justify right or left margins of each column 
• Save and retrieve data with mass storage media 

PROGRAM APPLICATION 
EXPANDS YOUR COMPUTER USAGE 

For example, "M ICRO F I L E" manages: Home inventory · 
Listing of musical tapes • Calendar of activities • Vacation 
itineraries • Checks by categories • Home-upkeep tickler 
files • Family historical dates • Health records. 

PRS SUPPORTS YOUR MAJOR BRANDS 

APP L E, SOL, SORCERER, TRS-80, and other sys-
tems wiih Z-80, 8080 and 6502 processors. 

VISIT YOUR NEAREST DEALER TODAY 
Let him demonstrate the excellence 

of PRS programs. 

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

Or write for the name of a dealer 
in your area to: 

P RS-T H E  PROG R A M  OF T H E  MONTH 
CORPO R ATION 

257 Central Park West, New York, N. Y. 10024 
Circle 309 on i nq u i ry card. 

I 
I 

• 

I 
I 
I 

New Product Releases From 
PRS THE PROGRAM OF THE MONTH CORPORATION 
257 CENT R A L  PA RK W EST 
N EW YORK, N . Y.  1 0024 

Gentlemen: 

O Please place my name on your priority mailing list to receive your 
descriptive advance releases off all new programs developed by - PRS
at regular intervals. 

O Please send me a list of dealers in  my area. 

Corporatio '-------------------

Address, ___________________ _ 

City _________ ,State ____ �iP---:--::-c--:----c-
REFER ENcE: �BK 

L - - - - - - - - - - - - - - - - -- - - - - - �  
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(a) (b) 
Form: Form: 

4 6 
1 + I: 'Y (2n+ 1 ) 1 0x = 1 + L: x n  Log 1 0  X c c "2 n n 

n=O n= 1 

Coefficients: 
where 'Y (X-Jloli!X+VTcil 

c, 1 . 1 51 28759 
Coefficients: c2 0 .6628431 5  

co 0.868591 72 
c3 0 .25360332 

c, 0.28933552 
c4 0 .075467547 

c2 0 .1 7752207 
cs 0 .0 1 3420940 

c3 0.094376476 
cs 0 .005654902 

c4 0.1 9 1 33771 

Table 3: Several minimax polynomial expansions. Table 3a is for the case of 
the base 7 0 logarithm function. This expansion is applicable over the range 
7 < x < 70  with a relative error of better than 7 .5  X 7 0- 7. Table 3b is the 
inverse of the base 7 0 logarithm function. The applicable range is 0 < x < 7 
with a relative error of better than 7 .5 X 70- 7. Table 3c is the expansion for 
the negative powers of e. This expansion is applicable over the range 
0 < x < oo with a relative accuracy of better than 3 X 7 o- 7. 

Form: 

+ A1 x2 + A x4 + A3 x6 

cos(x)  = 
2 

+ 8 x2 + 8 x4 + 83 x6 
1 2 

Coefficients: 

A1 - 0.47059579 

A2 0 .027388290 

A3 - 0 .00037234227 

8 1 0 .0294042 1 2  

82 0 .00042372881 

83 0 .000003235543 

Table 4: Rational polynomial approximation for cosine which is applicable 
over the range -7  < x < 7 .  The maximum relative error over this range is 
better than 70-8. 

erf ( x )  1 - erfc ( x )  

+ 

Table 5: An  asymptotic series approximation to the error function. Range 
and accuracy are dependent on the smallest term in the series (before it di

. verges) . The series is truncated at the smallest term, which represents the 
error. Including more terms increases the error. 

40 November 1978 © BYTE Publications Inc 

(c) 
Form: 

' [t,  ·r·, 
- X c e n 

Coefficients: 

co 1 .00000000 

c, 0.24999868 

c2 0 .03 1 257583 

c3 0 .00259 137 1 2  

c4 0 .000 1 7 1 5620 

cs 0 .0000054302 

cs 0.0000006906 

Hasting's book Approximations for 
Digital Computers (see references) p resents 
several such optimal expansions, th ree of 
which are presen ted i n  table 3 .  Some a l te r
ations have been made to put th is  i n for
mation i n to a form read i ly  usable with 
typical m icrocompute r  software. 

Polynomial expansions are not the only 
forms usefu l for fu nction approx imations. 
Another im portant  type i s  the rational 
polynom ial . Table 4 shows a rational poly
nomial approx imation · for cos (x ) . The 
rational polynom ial approx imation to the 
cosi ne is sl igh tly more accurate than the 
m in imax approximation given earl ier for the 
sine. However, the argument range of this 
cos ine approximation is inconven ient ly 
restri cted . In cases such as th is it i s  the 
user's cho ice as to which approx imation to 
app ly .  

There i s  a c l ass of series expansions in 
wh ich an improved approx imat ion i s  not in 
su red by inc lud ing more terms.  Th i s  c lass 
of series approximations is ca l led asymptotic. 
An examp le  of such a series is shown in table 
5 for the e rror fu nct ion. The reason th is 
ser ies approximation has problems when too 
many terms are inc luded may be seen by 
exam in ing the ratio of a general pair of 
terms :  

R 
2n-l (7) 

I t  is apparent  that one can a lways go out 
far enough i n  the ser ies expansion to find 
a va lue of n such that R i s  greater than 1 .  
I t  is a lso poss ib l e  that i f  we define a suffi-



The perfect digital plotter 
for · the personal 

computing enthusiast 
Small in  size, big in  performance ... 
and priced at only $1085 * 

H I  P L¢T ™ i s  a d i g i t a l  p l ot t e r  d e s i g ned for 
t h e  perso n a l  c o m p u t e r  m a r ket . I n e x p e n s ive 
to own and s i m p l e  to o perate,  i t  st i l l  i n co r 
p o rates t h e  same q u a l i t y  c o m p o n e n t s ,  
t ec h n o l o g y  a n d  s k i l l f u l  workm a n s h i p  fo u n d 
i n  H o u st o n  I n stru m e n t ' s  l a rg e r  p l otters used 
t h ro u g h o u t  i n d u s t ry .  

N o t  a k i t ,  t h e  H I  P L¢T ™ i s  asse m b l e d  a n d  
ready to u s e ,  w i t h  b o t h  a R S-232C a ri d  a 
p a ra l l e l  i n te rface b u i l t  i n  for  c re at i n g  g raph i c  
o u t p ut f r o m  yo u r  sys t e m .  
• U.S. Domestic Price Only 

• D i s p l ays d a t a  i n  easy-t o-read g ra p h i c a l  
format 

• Both ser ia l  and p a ra l l e l  i n p u t s  b u i l t - i n  
• Uses st a n d a rd 8 112 " x 1 1 " paper  
• P l ot t i n g  s p eed u p  t o  2.4 i p s  
• Reso l u t i o n  o f  b o t h  0 . 0 1  a n d  0.005 i n c h  
• B a u d  rate a n d  s t e p  s i ze e as i l y  c h an g e d  

haustan l 
I nstru ment I? I V I S I D N  O F  BAUSCH & LOMB (j) 

ONE HOUSTON SQUARE 
(512) 837-2820 

AUSTIN, TEXAS 78753 
TWX 910-874--2022 

For rush l i terature requests or local sales office i nformation only,  persons outside Texas c a l l  tol l free 1 -800-531 -5205 
Circle 1 73 on inquiry card . BYTE November 1978 41 



n = 0, 1 , 2  . . .  

0 . 1 541 1 6  + 1 .893872 X 
Yo = 

1 + 1 .04 7988 X 

Table 6: Iterative technique for determining the square root of x. The ac
cepted range is from zero to infinity. The Yo term is an approximation for 
the starting value over the interval 7/16 .,;;; x .,;;; 7 .  The Yo relative error is 
better than 0.025. 

n = 0, 1 , 2  . . .  

Table 7: Iteration technique for determining the cubic root of x over the 
range zero to infinity. The Yo term is the same as that used for the square 
root. 

cient ly smal l  error l im it, E, for use in the 
accuracy test, equation (2), the computer  
may never f ind  a cond it ion satisfy ing that 
relation .  I n  such a situation the computer 
may cont inue the calculation of terms unt i l  
an overflow occurs. A way to avoid th i s  
p roblem i s  to  a l so test whether or not  the 
m i n imum term (smal lest in absolute value } 
has been passed, and if so, stop the calcu la
tion on that term . The accuracy of the thus 
truncated ser ies i s  approximated by the 
value of that l ast term . 

Quite often the series or rational poly
nomial approx imation approach may be su r
passed in accu racy and poss ib ly speed by an 
i terative techn ique .  In fact, such i terative 
techn iques can often also be put in a form i n  

m = 2, 3 ,  4 . .  . 
n = 0, 1 ,  2, 3 . .  . 

Table 8: Iteration technique for determining the mth root of x. In this case, 
x is allowed to vary from zero to infinity. The convergence of this formula is 
quadratic. 

Define : ao (1 +x2 )-1/2 

bo 1 
1 Iterate: an+1 2 (an + bn ) 

bn+ 1 v'an+ 1 + b  n 

Convergence Test : compare an and bn (they approach one another) 
X 

Fina l Calculation : a rctan(x) = .J ( 2) a b 1 +x n n 

Table 9: Gauss iteration technique for approximating the arctangent func
tion. This formula has been modified from a formula in the book Numer i 
ca l  Methods That Work (see references) to improve the accuracy in the final 
calculation. The variable an has been replaced by the expression .JCJ;JJ;. 
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which roundoff error h as a m i n im al impact 
on fina l  accu racy.  

Tab les 6 and 7 show i terative approxi
mations to f(x )=y'x and f(x ) = 3.JX. These 
forms were derived from the Newton 
method for fi nd ing the zeroes of functions 
(see reference 2) .  The relations h ave been 
a lgebraical ly  wri tten such that the previous 
approximation in the i teration is improved 
upon by the subtraction of a correction term 
(which may be e ither positive or negative} . 
Convergence is genera l l y  very good and can 
be s ign ificantly improved upon by us ing a 
predictor for the correction, though the 
price paid is a more comp l icated rou tine. 
The reader i s  referred to standard texts on 
numerical methods for descriptions of pre
d ictor-corrector techn iques. 

Table 8 gives a general i terative formu la  
for determin i ng  the mth root of any non
negative real number .  A l though it is poten
t ia l l y  more accurate than us ing the l ogarithm
anti logari thm approx imation rou tines, it 
suffers from speed l im i tations for l arge 
values of m ,  s ince many mu l ti p l ications 
may be requ i red (what wou ld  one do with 
x l /1 37 ? ) .  

As  a final but  very important example  of 
an i terative approxi m ation to a com mon 
function , arctangent, see tab l e  9. This tech
n ique is due to Gauss and is a sure way to 
obtain accuracy l im i ted on ly by the number 
of d ig its carried by your software ; there is 
no cumu l ative roundoff error. Note that 
implementation of th i s  method requ i res 
the use of a square root function, wh ich we 
can have as another  subrou tine. A l though 
the author has no l i terature i nformation re
gard ing  the convergence of th is iteration, 
the form looks fast i n  convergence but 
s low i n  calculat ion. 

For example ,  l i st ing 1 shows samp le  ru ns 
for x = 0.1 , 1 ,  1 00 and 1 030 . I t  seems that 
only 1 2  i te rations max imum are requ i red 
to atta in a rel ative accuracy of 1 0-7 . 
However, the execu tion t ime for the BAS IC  
program shown ru ns between 3 (x  = 0 . 1 ) and 
4 (x = 1 o30) seconds, which is not very 
fast. Use of the optimal series, shown 
in table 2, cuts the execution time down to 
90 ms with the same l eve l  of accuracy. 
However, a numerical overflow occurs 
when X = 1 o30 .  The conc l u sion is that for 
1 0-7 rel ative accuracy, the optimal series 
approximation is p referred over the i ter
ation techn ique s ince it is about 40 times 
faster in execution .  There is probably some 
h idden physical l aw which states that the 
e legance versus execution t ime product is 
a constant. 

Some of the approx imations we have 
d i scussed are not appl icab l e  over the entire 
poss ib le  range of arguments. The approx-



First, 
you could play 
SCELBI 's  
GALAXY 
on your 8008 . . .  

Then, 
you could play 
SCELBI's 
GALAXY 
on your 6800 . . .  

Now, �ou can play 
SCELBI's 
new and 
improved 
GALAXY on your 
8080 
Capta i n  you r own stars h i p  on 
i ntergal l acti c j o u rneys. It 's an 
ever-chan g i n g  adventure with 
batt les,  refu e l i n g  problems, 
weaponry ,  warp factors - and 
more! 

You can e l ect a d i s p l ay format 
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" 
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p l ayed on a 32-cha racter per l i ne 
device.  I t 's g reat fo r TV type
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p l ay o pt ion for  TTY and f u l l  width 
CRTs. 

Here's your chance to m atch wits 
agai nst the l o g i c  of your 8080. 
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n u m b e r  of al ien s h i ps .  But don't 
run out of t ime, out of fue l ,  out of 
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q uad rants s u b d ivided i nto 64 
sectors.  It 's g reat f u n  that goes 
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m u l t i d i mensional  com puter 
game. List ing uses manufac
turer 's recommended m ne
monics.  Manual  i n c l udes assem
b led source l i st ing in hexadeci
mal notatio n .  Octal d u m p  also 
provided.  Resi des in j ust 4 K  of 
memory.  Manual  i n c l udes f low 
c h a rts, i l l ustrat ions and l ots 
more.  I t 's  easy to use and it 
m akes sense! 

Get your copy today! SCELB/'s 
8080 GALAXY Game. Only $9.95 
for manual of source and object 
code listings. See it at your 
favorite computer I electronics 
dealer. Or order direct from SCELBI. 

ftScelbi Publications ;it P.O. Box 1 33 PP STN 
M ilford, CT 06460 
(203) 874-1573 

a division of Scelbi  Computer Consul t ing ,  Inc. 

Mail order: Optional punched tape of object 
code i n  hexadecimal format, $5 addit ional .  
A l l  prices shown for North American cus
tomers. Master Charge. V ISA. Postal and Ban k 
Money Orders preferred. Personal checks 
delay shipping up to 4 weeks. Pri c i n g  and 
avai lab i l i ty subject to change without notice. 

IMPORTANT: I n c l ude 75¢ postage/ handl i n g  
to r e a c h  b o o k  del ivered b y  U.S.  Mai l  Book 
Rate or  $ 2  for each book shipped First 
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BYTE November 1978 43 



44 November 1978 © BYTE Publications Inc 

i m ations requ ir ing range reduction are : 

Function 

s in (x) 
log1 0 (x) 
w>< 

Range 

(-rr /2<,x<,rr /2) 
(1 <,x<,1 0) 
(O<,x<,1 ) 

Tab l e  1 0  out l i nes techniques that m ight be 
used i n  reducing the range to that requ i red 
by the approximation . 

Conclus ions 

Several approximation methods have 
been presented for use in software systems 
lacking particu lar function subroutines. 
These methods may be imp lemented in 
either mach ine language or in a h igher level 
language . I t  is l i ke ly  that the majority of 
readers w i l l  use the resu lt ing subroutines in a 
BAS IC  interpreter un l ess they have an as
semb ler  with macroinstructions for mu l ti 
p l i cation and d iv i s ion ,  or someth ing equiv
a lent {such as floati ng point mu lt ip l ication 
and d ivis ion hardware) . 

The particu lar approximations given 
above can be used to evaluate many other 
functions by us ing identi ty or recu rsion re l a
tions. I n  cases where such relations do not 
ex ist, i t  may be possib le to use statistical 
software packages on l arger computers to 
find adequate functional approx imations for 
use in microcomputers. For examp le, one 
might take a polynomial having coeffic ients 
to be determined and regress the coeffic ients 
against handbook tab les represent ing the 
desi red function . With some ingenu ity in  
transform ing variables, such as: 

N 

f(x) = L a yn (x) n=O n 
y(x)= 

x - 1  
X +  1 

I t  may be possib l e  to obtai n ve1·y accurate 
expansions having  only a few terms. For 
examp le, if the function to be approximated 
goes to i nfin i ty at x = 0 and to zero at 
x = a,  a transformation one m ight try is 
y (x) = (x - a)/x .  Those el ectrical engineers 
fam i l iar with pole analysis wou ld probably 
be somewhat at ease with form ing such ex
pressions. However, these same peop le 
wou ld probably have I ittle experience with 
the avai l ab le  statistics routines. 

The general conclusion i s  that relatively 
fast executing expansions exist for fu nc
tional approx imations. They tend not to be 
truncated Tay lor seri es, but rather special 
(and sometimes i ngen ious) forms whose co
effic ients depend on the number of terms 

to be used as well as the argument i n terval 
desired. The m in imax polynom ials and 
rational polynomia ls  are powerfu l examples 
of such approximations, and shou l d  be 
considered for u se on smal l systems. E l egant 
iteration routines may also be very powerfu l ,  
but  there a re  s i tu ations,  such as  the nth root 
i terative techn ique (see table 8 ) ,  and the 

1 0  REM •••ARCTAN (X) V IA  GAUSS•**  
20 D I M  A(20) ,B (20) 
30 INPUT X 
40 A( 1  )=1 /SQRT( 1+X•X)  
50 8 ( 1  )=1 
60 N=O 
70 E=.0000001 
80 N=N+1 
90 A(N+1 )=(A(N )+B (N ) )/2 
1 00 B(N+1 )=SQRT(A(N+1 ) •B (N ) )  
1 1 0 T=X•A(1  ) /SQRT(A(N+1 l • B (N+1 ) )  
1 20 PR INT N "  " T  
1 30 D=(A(N+1 )-B(N+1 ) ) /B (N+1 ) 
1 40 I F  ABS(D)>E  THEN GOTO 80 

?.1 
1 9 .9689307E-02 
2 9.9673813E-02 
3 9 .9669946E-02 
4 9.9668978E-02 
5 9 .9668736E-02 
6 9.9668677E-02 
7 9.9668662E-02 
8 9 .9668659E-02 

?1 
1 .79627295 
2 .78796829 
3 .786031 87 
4 .78555605 
5 .7854376 
6 .78540801 
7 .78540062 
8 .78539879 
9 .78539831 
10  .7853981 7  
1 1  .78539813  

?1 00 
1 1 .6692059 
2 1 .5821 13  
3 1 .5658381 
4 1 .5620399 
5 1 .561 1 064 
6 1 .560874 
7 1 .560816 
8 1 .5608014  
9 1 .5607978 
1 0 1 .5607969 
1 1  1 .5607967 
1 2  1 .5607966 

?1 E30 
1 1 .681 7928 
2 1 .592546 
3 1 .5759366 
4 1 .5720637 
5 1 .571 1 1 21 
6 1 .5708751 
7 1 .57081 59 
8 1 .57080 12  
9 1 .5707975 
10  1 .5707966 
1 1  1 .5707963 
1 2  1 .5707962 

Listing 7 :  The arctangent approximation 
shown in table 9 implemented in BASIC. 
Four sample runs are shown. 
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sin (x)  (- n/2 < x < n/2) 

• Reduce range to fi rst fou r  quadrants : 
y = x - ( I N T  ( x /27T) X 27T) 

(Note: It is assumed that the i nteger function returns next lower integer 
for positive and negative numbers . )  

• If ( XI ;;. n/2, then y = y - n and desired result is (- sin (y) ) :  otherwise the 
desired result is s in (y ) .  

( 1 <;;; x .,. 1 0) 

• Find range reduction factor (characteristic of logarithm ) :  Divide (or 
multiply) by 1 0, I t imes until result is in range. 

• Reduce range: 
v. = x/1 0 1 

• Desi red resu l t i s : 
l og1 0  (x) = I +  log1 0  (y ) 

Note : I may be negative. 

• Determ ine power of 1 0 :  
I =  I NT (x) 

• Reduce range : 
y = x - 1 

• Result 

Table 70: Range reduction methods for the approximations we have consid
ered so far. 
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Gauss techn ique (see table 9) ,  in which the 
approach has intrinsical ly greater accuracy, 
but the execution time  of the subroutine 
i s  proh ib i tive. 

Function approx imation i s  a creative 
art; I hope readers w i l l  try some of the 
techniques described here i n .• 
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COmPUTER SOFTWARE 
For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 

We have been In business forover nlne years building a reputa
tion for providing a quality product at nominal prices - NOT 
what the traffic will bear. Our software Is: 

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

• Tutorial - as each program is self prompting and leads you 
through the program (most have very detailed instructions 
contained right in their source code). 

• Comprehensive - as an example our PSD program not only 
computes Power Spectral Densities but also Includes FFT's, 
Inverse-transforms, Windowing, Sliding Windows, simulta
neous F FT's variable data sizes, etc. and as a last word our 
software Is: 

• Readable - as all of our programs are reproduced full size 
tor ease In reading. 

• VIrtually Machine Independent - these programs ore wrtt
ten In a subset of Dartmouth Basic but are not oriented for any 
one particular system. Just In case your Basic might not use 
one of our functions we have Included an appendix In Vol
ume V which gives conversion algortthms for 19 different 
Basic's; that's right, just look It up and make the substttutlon for 
your particular version. If you would l ike to convert your 
favorite program Into Fortran or APL or any other language, 
the appendix In Volume II will define the statements and their 
parameters as used in our programs. 

Over 85% of our programs In the first five volumes will execute In 
most 8K Basic's with 16K of free user RAM. If you only have 4K 
Basic, because of Its lack of string functions only about 60% of 
our programs In Volumes I through V would be useable, how
ever they should execute in only 8K of user RAM. 
For those that have specific needs, we can tailor any of our 
programs for you or we can write one to fit your specific needs. 

Vol. I Vol. I I  Vol. I l l  Vol. IV Voi. V Vol. VI 
Business & Gomes & Binomial Beam 
Personal Pictures Ch�Sq. Con� 
Bookkeeping 

Animals Four 
coen Finer 

Programs Conftdence 1 Fn 
Astronaut Conftdence 2 Integration 1 

Bond Bagel Correlations Integration 2 
Building Blo Cycle Curve Intensity 
Compound Cannons Dlnerences Lola 
Cyclic Checkers Dual Plot Macro 
Declslon 1 Craps Exp-Dislr1 Max. Min. 
Decision 2 �ghl Least Squares Navald 
Depreciation Paired OpHcal 
Emclent Judy Plot Planet 
Flow Line Up Plotpts PSD 
Installment Pony Polynomial Fn Rand 1 
Interest RouleHe R�resslon Rand 2 
Investments Sky Olver St 1 Solve 
Mo�goge Tonk Stol 2 �re T�on 
OpHmlze Teach Me T-Dislr1biJion rs 
Order 

Pictures Unpaired Track 
Pe� Tree A Newman Va�once1 T�angle 
Rote Va�ance 2 Va�able 
Relum 1 J.F.K. 

Relum 2 Linus XV Vector 

Schedule 1 Ms. Sonia APPENDIX A 
Nixon 
Noel Noel 
Nude 
Peace 
Policeman 
Santa's Sleigh 
Snoopy 
VIrgin 

Vol. 1 - $24.95 Vol. II - $24.95 Val. Ill - $39.95 
Advanced Business 

Bookkeeping Malh/En�lnee�ng 
Gomes �=wat��Det. Pictures 

AVAILABLE AT MOST COMPUTER STORES 

Blllln�nventory 
lnve ants 
Payroll 

Mastel' Charge and Bank Amertcard accepted. 

Billing 
Inventory 
Payroll 
Risk 
Schedule 2 ����ng 

swnch 

\.1:)1. IV - $9.95 
General Purpose 

Bingo Andy Cap Ledger Maintains Company accounls and generates 
Bonds Baseball nnanclal repolts. Includes routtnes for. Py�. In'< 
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Enterprise Conftd10 Vol. VII Football Desc�p 
Funds1 DH!er Chess Designed to challenge lhe average �aye� 
Funds 2 Engine tal�y comprehensive. Great run for al . oilers a 
Go-Moku Fou�er unique opportunity for beginners In need of an 
Jack Horse opponent. 
Lite Integers 
Loans Logic Medbll For Doctors and Dent1sts alike. a complete 

Mazes Playboy patient billing system which also permns lhe 
Poker �mes maintaining of a patient history record. 

Popul Probal Wordprocesslng for lawyers. publishers. w�rs. 
Profits Quad roc 

Wdproc 
etc. �. store. and change from rough dra11 

Qublc Red Baron to nnal copy In a va�ety of formals. 
Roles Regression 2 

UHII!y Disk uHIIty program wnh memory tesflng. Retire Road Runner 
Sovlngs Roulet1e 
SBA Sonia 
nc-Tac-Toe Stat 10 Stat11 Steel 

Tap 
Vary 
Xmas 

APPENDIX B 

\.1:)1. V- $9.95 
Expe�menter's Program 

Vol. VIII 
1040-Tox Taxpayers retum. ne<nlzed deducHons or 

standard 

Balance Reconciles bank statements 

Checkbook Balances your checkbook 

lnst1 0 78 Computes real cost on bank ftnonced nems; 
cars. boats. etc. 

Deprec 2 Computes depreciation. 4 methods, any Hme 
pe�od 

APPENDIX C - FAVORITE PROGRAM CONVERSIONS 

\.1:)1. VI - $49.95 \.1:)1. VII - $39.95 I.\:) I. VIII - $19.95 
MlnH.edger Professional Homeowner's 

Programs Programs 

Add $1.50 per volume handling. all domesHc shipments sent U.P.S. except APO 
and P.O. Box which go pare� post. Foreign orders odd $8.00/volume for air 
shipment and make payable In U.S. dollars only 

Our Software Is copyrighted and may not be reproduced or sold. 

SCIENTIFIC RESEARCH 
P.O. Box 490099-B 

Phone orders caii S00-327-6543 
Key Biscayne, FL 33149 

Information - (305) 361-1153 
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The Sky's the Limit 
Use Ham Radio Bands for lntercomputer Communication 
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{b) 
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Figure 7 :  Difficulties in radio communications. Figure 7a shows that if there 
is a hill between two local stations, it is not possible for them to communi
cate by means of VHF. If a repeater station is positioned at the top of the hill 
as in figure 7 b, communication becomes possible. 
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Original painting by Mike Smithwick 

Joe Kasser 
1 1 532 Stewart Ln  
Silver Spring MD 20904 

I ntroduction 

This article outl ines how i n tercomputer 
commun ication networks can be set u p  
us ing exist ing amateu r  radioteletypewriter 
(RTTY ) networks, without  requ i ring the 
computer user to have an amateur rad io 
l i cense. Using modified radio message 
hand l i ng  codes, a commun ications lan
gu age i s  developed that a l lows message 
forward ing, fi l e  transfers for batch 
processing, and in teractive use of a central 
computer. In a l l  cases compatib i l i ty has 
been establ ished between s imple systems 
and comp lex ones such that the network 
can be accessed by term ina ls as wel l as 
computers. F inal l y ,  the network concept 
is merged with space age technology to out
l i ne  how a worldwide personal computing 
commun ications network can be establ ished 
with m i n imal  message rou ting i n formation 
req u i rements, using the AMSAT Phase I I  
and Phase I l l  amateur radio commun ica
tions sate l l i tes. 

Wh i l e  d iscussing intercomputer commun i
cations, let  us consider that wh ich exists 
now and that wh ich is soon going to exist. 
The commun ications system shou ld be set 
up so that one can use the network with a 
m in imum investment  in equ ipment. As the 
system becomes more soph ist icated, so wil l 
the system capab i l ity. 

Amateur Communications Network 

The cl osest th ing to computer communi-



cations i n  the hobby area is amateur rad io
te letypewriter commun ications. Hams have 
been us ing rad iotele typewriters for many 
years and have developed equ i pmen t and 
techn iques that are of i n te rest to the com
puter experimenter. Radiote letypewriters 
are used by amateu rs in two d ifferen t ways : 

• Long d istance contacts v ia  shortwave . 
• Local area contacts on very h i gh 

frequencies (VH F) .  

Shortwave commun ication paths are af
fected by many th ings inc lud ing p ropagation 
cond itions and in terference from atmospher ic 
or man-made s igna ls  (cal led noise) . V H F  
commun ications paths are, for a l l  p ractical 
purposes, u naffected by propagation con
d itions and can be made immune to no ise. 

In the Un i ted S tates much of the V H F  
rad ioteletypewriter operation i s  b y  means of 
repeaters. V H F  commun ication paths are 
re latively short range because the signals are 
usual ly  l im i ted to l i n e  of sight paths. Thus, 
two rad io amateu rs wou l d  find it d ifficu l t  to 
communicate if there were a h i l l  be tween 
them, as shown in figure 1 a. If a relay or 
repeater were p laced at the top of the h i l l  
as shown i n  figure 1 b ,  the two stations cou ld 
commun icate. Users of the V H F  portion of 
the rad io spectrum have long recogn ized the 
advantages of such repeaters. Most ci ties 
now abound with rad io towers re laying 
pol ice, fi re, tax icab and amateu r s ignals . 

A typical c i tywide amateu r RTTY re
peater commun ications system is dep icted 
in figure 2. Notice the s im i l ar ity to a cen
tra l ized computer network. Many amateu r 
stations operate with autostart. They leave 
the i r  equ ipment operating all day to pr int  
any messages that  turn up  on the frequency.  
Others have stunt boxes or sel ected signal 
decoders that a l low only messages addressed 
to a particu lar station to be pr in ted. St i l l  
o thers are in te rfac ing m ic rocomputers to 
the i r  rad io stations and us ing the computer  
to  perform sel ective ca l l  decod ing and stor
age of commonly transmitted messages or 
descrip tions of the i r  stations (co l l oqu i al ly 
known as b rag tapes). 

The V H F  repeater system can thus be 
cons idered a commun ications network 
wherein any amateur station can or ig inate or 
receive messages with on ly  a m i n imum 
amount  of  equ i pment .  However, t h e  ama
teu rs can on ly commun i cate if  both are 
operating (on l i ne )  at the same t ime. If one 
is not present, messages can be received on ly  
if the  equ ipment i s  in  the  autostart mode. 
Even then,  the orig inator cannot know that 
the message was received because the re
ceiving station m ight have been switched off 

Program faster , 
debug easier now 

F lowchartr ixr� a un ique  f lowchart  d eve lopment  tool  from St i r l ing/Bekdorf, 
saves you t i me, space, and money, no  matter what language you work with .  
Whether  you program profess iona l ly o r  j ust for  fun .  The  78F2 F lowchartrixr"' 
helps your  thoughts move in logical  steps, and l ets you retrace log i c  easily 
when debugging. 

When you use "top-down" programming  m ethods, you can use the 78F2 
to lay out your  o r iginal logic concept b locks. Then by fo l l owing the  p lan 
you lay out in words at th e concept stage, you can wr i te  a f inely detai led 
flowchart qu i te  smoothly. T h en i t 's  easy to wr i te  actual cod e based on the  
flowchart. 

54% more logic cells than other flowchart forms, so you get far more 
of your program on  each page. Each F lowchartr ix  has a full 77 logic cells, 
not j ust 50. This not only saves paper, but also makes your f in ished flow
charts easier to u n derstand. By see ing up  to 27 extra steps of  your program 
on each page, you comprehend program f low more c l early. That's important 
whi le  writ ing the  f lowchart ,  more impo rtant when you w ri te  actual code. 
I t 's  also extremely h elpfu l  when you d eb ug, and ind ispensable when you come 
back months o r  years  later  to mod ify your  o r ig ina l  work.  78F2 's  high er ma
trix count makes you r f lowcharts qu icke r  to d eb ug b ecause the re  are fewer 
pages to search for errors .  Fewer pages also save you money and storage 
space. 

Unique matrix can show your loops AS loops. The F lowchartr ix 7 x I I  
matrix gives you p l enty of room to wr i te  l oops la id  out  as sort of a squared 
circ le .  Th is  makes loops and subrout ines easier to recognize, b ecause the i r  
form is read i ly apparent at a g lance. S i nce  t h ey're eas ier  to f ind,  and may 
even be  completed on a s ing le  page, t h ey're also s impler  to debug or mod ify. 

Every matrix cell has a specific label to help you track branch points. 
Now it's far easier to follow your program from page to page, po int to po int .  
When you write program documentation, hav ing a separate reference point  
for each cel l  makes your program much easier to d escr ibe c l early. 

With Flowchartrix, you don' t need a shape template to draw remarkably 
regular logic symbols. Gu ides for the m o st-used logic symbols are r ight in 
each matrix cel l .  T h ey he lp  you draw most standard f lowchart symbols en
t i rely free-hand .  Th is  saves a l l  t h e  t i m e  you 'd  otherwise spend hunting a 
shape template and posit ion ing it to d raw every symbo l .  You r  train of th
ought need no longer be i n terrupted by template ted ium.  W i th  78F2,  your 
penci l  can fly as fast as you can write, w ithout  interrupt ion.  W h en a f lash 
of i nsight str ikes, now you can k eep your  pen on  paper, f lowing rap id ly from 
one  step to the  next without a b r eak.  

78F2 is surface-engineered to take both pen and penci l  without blotching. 
The tough 22: base stock is the same b r i l l i an t  wh i te  opaq u e  mater ia l  used 
i n  our  78CI  Combination Coding/CRT Layout forms. Pure enough to use 
with magnetic ink scanners, heavy enough to withstand vigorous erasure, 
every Flowchartr ix gives you crisp, sharp, characters and symbols. I t  takes 
ink wi thout  spreading,  and accepts soft penci l  l ead w ith good contrast. 

Order your supply today. Ask your  local  computer  store for St i r l ing/ 
Bekdorr"'78F2 F lowchartrixm To enjoy the wor ld 's  most advanc ed program 
developm ent aids most, use  the entire St i r l ing/Bekdo rf system: 78F2 Flow
chartr ix ( for  concept p lann ing and f lowchart ing), 78CI Combinat ion Coding/ 
CRT Layout forms ( for cod ing and d i splay p lann ing  i n  BASIC,  OPUS, and 
other l i ne-number  languages), and 78P4 Pr int -Out D esign Sh eets (to d esign 
report pr i ntouts for easy coding). Our programming tools work together 
as a complete system to save t ime and reduce errors du ring every stage of  
program development, from concept to complet ion .  Try th em for  yourself 
today. I f  your store is  out-of-stock, use the  coupon b elow to get you rself 
a supply on the way now. 
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Y ESI P lease rush t h e  programming a i d s  ind icated b elow: 

78F2 Flowchartrix'M 0 lwo 50-shl  pads. $7.90 + $2.85 shpg 
0 ten 50-sh l pads. $34.35 + $6.45 shpg. 

78Cl Coding/CRT Combination 0 lwo 50-sht . pads $6.35 + $ 1 .95 shpg. 0 ten 50-shl pads $26.85 + $3.35 shpg. 

78P4 Print Out Designer 
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B------------ 0 USER 
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Figure 2: A city-wide radioteletypewriter VHF repeater link. Note that each 
of the users is an amateur radio station. 

R A DI O  A M AT E U R S  

at the  t ime the message was sent. The occu
pancy of these repeaters at the present t ime 
is low, so al l u se rs can timeshare them easi ly .  
When two stations are in  commun ication, 
the others may e ither  stand by or join in and 
have a mu l tistation contact. 

As radio amateurs recogn ize the capab i l i
ties of the m icrocomputer, they are instal l 
ing them in their stations to take care of 
autostart and answer back so that messages 
can be received and even acknowledged in  
real t ime .  However, th i s  i s  on ly va l i d  for 
those equi pped with a computer. What 
about those who only have a s imple ter
m inal ? How can they obtain the same ad
vantages of commun ications capabi l i ty? 

The computer experimen ters among the 
amateurs have come up with a solut ion. 
They are connecting one computer as a 

0 0 0 0 0 0 0 0 I I I I I I I I I I I I 1 I I I 
L - --� - - --L--- � - - - � - - - - L ---�- --� 

I R A DIO L I N K  

I 

COMPUT E R I STS 

Figure 3: Radio amateur and computer experimenter city-wide communica
tion network. This type of network allows the computer user to have access 
to the radio network without having to obtain a radio license. 
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message store and forward relay. Th is com
puter cont inuous ly mon i tors the repeater, 
and may or may not be located at the 
repeater s i te. When accessed by a user it 
may be used to store a message addressed to 
any other user  for l ater retrieval. Anyone 
can come on the a i r  (on l i n e) and talk to 
the computer. Thus anybody equ ipped with 
a term inal compatib l e  with the system can 
use the central computer to send and re
tr ieve messages. One can even u se the com
puter in an i n teractive mode if the network 
is set up to a l low it. Those who own their 
own computers can use the network to ex
change software in  mach ine readab le form as 
wel l  as a message re lay.  A typical sequence 
of operation in the message mode wou ld 
consist of one station coming  on the air and 
cal l i ng his or her party . I f  no reply is re
ceived the message cou l d  be stored in the 
central computer. Later when the party 
comes on l i ne ,  he or she can ask the com
puter if there are messages waiti ng, and if so, 
to retrieve them . 

Computer experimen ters in general do 
not have amateu r rad io l icenses, p robably 
don't want to make the effort to obtain 
them , and don't  th ink that they need them. 
What good is a V H F  repeater to them ? 

Computerists ' Access to Repeaters 

In the Un ited S tates, the regu l ations gov
ern ing amateu r rad io al low th i rd party traf
fic. This  means that amateurs are a l lowed to 
relay certain k inds of messages for nonama
teurs. Amateu rs h ave connected the i r  radio 
sets to the telephone l in e  and are able to re
l ay te lephone cal l s  across the continent. 
They h ave also connected the V H F  repeater 
to the te lephone network, and are ab le to 
make te lephone cal l s  from cars by the use of 
tone signal in  g. Some repeaters have reverse 
cal l - in capabi l ity by which the nonamateu r  
can d ia l  t he  repeater and  the  telephone wi l l  
r ing over the a i r. An  amateur can then an
swer the cal l and c.ontrol the conversation. 

I f  the centra l  computer i n  the VHF re
peater network is a l so connected to the te le
phone l i ne, any experimenter cou ld cal l the 
computer  and e ither store or retrieve a mes
sage. The whole network is sudden ly ex
panded to inc lude the computer experi
menters, as shown in  figure 3. They can now 
access the cen tral computer over the te l e
phone l ine and operate it in much the same 
manner as the amateur  wou ld over the air. 
The nonamateur wou ld  not, h owever, be 
ab le  to in iti ate transmiss ions over the air .  
Messages wou ld  have to be stored for l ater 
pick up over the a i r  by radio amateurs or 
p i ck up over the tel ephone l ine by other 
nonamateu rs. In th is way, with no petitions 
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to the FCC, both computer enthusiasts and 
rad io amateurs wou ld  have access to the 
computer. Amateurs would be iden tified by 
their cal l  signs whi le computer experimenters 
wou ld be identified by their computer c lub 
in i tia ls and membersh ip numbers. Ex isting 
rad io amateur VHF  rad ioteletypewriter 
repeater networks cou ld easi ly become com
puter  commun ication networks. 

Communi cation Language 

Table 7: Extracts from 
the proposed Q code mod
ifications for a network 
communications language. 
The original Q code refer
ence was the FCC Study 
Gu ide and Refe rence Ma
terial for Commerc i al Ra
dio Operator Examina
t ions, Revis ion May 1 5  
1 955.  

Having  more than one computer on the 
network in troduces protocol probl ems. How 
does the network ensu re that only the de
si red computer i s  on l i ne?  How do messages 
get sent and stored? How does one user gain 
access to another's computer? These pro
b l ems requ i re so lut ions before a usable sys
tem is put  on the air .  A communications 
language must be used to perform these 
functions. Luck i ly ,  su ch a language does not 
have to be invented because one exi sts in 
rud imentary form. 

Years ago, when rad io commun ications 
were by mean s of Morse code, a commun i
cations code was developed to al low com-

Code 

ORA 

OR L 

ORM 

ORO 

ORR 

ORS 

ORT 
ORU 

ORV 
ORX 
ORY 

OSG 
OSK 
QSL 
OSM oso 
OSP 
OTA 
OTC 
OTH 
OTR 
OTX 
OUA 
OUC 

OBM 
ODB 

Q IC 
QJG 

QNO 

Question 

What is you r identification or cal l 
sign? 
Are you busy? 

Shal l I speed up to . . . .  
bauds? 
Are you equipped for automatic 
operation? 
Shal l I s low down to . . . .  
bauds? 

Have you any messages for me? 

Are you ready? 
Will you wait? 
What is my turn? 

Can you operate ful l duplex? 
Wil l you confi rm? 

Cancel message to . . . .  

What is your address? 
What is the correct time? 

Send me all new messages. 
Who did the last message I sent go 
to? 
Send me the message from . . . . 

May I ca l l . . .  d i rect? 
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Answer or Advice 

My call sign is . . . .  

Yes, I am in  use 
by . . . .  
Your transmissions 
are being interfered 
with. 
Yes. 

Yes. 

Yes. 

Signing off ( log off ) .  
Yes, messages are 
from . . . .  
Yes. 
Yes. 
Your turn is number 

Send . . . .  messages. 
Yes. 
Confirmed. 
Repeat last message. 
Message for . . .  . 
Relay via . . .  . 
Cancelled 
The message is . . . . 
My address is . . .  . 
It is . . . .  UTC. 
Log on. 

It went to . . . .  

The message to . . . .  
is forwarded. 
Yes. 
Revert to message 
mode ( log off inter
active mode l .  
Negative response 
or action .  

mon l y  used conventions in  station manage
ment and message relaying to be sen t speed i ly  
and efficient ly. This  commu n ications code i s  
known as  the Q code. I t  comprises a large 
number of three l etter groups each beginn ing 
with the l etter Q. By the use of this code, 
rad io te l egraph operators speak ing d ifferent 
languages can commun icate and pass traffic. 
Rad io amateurs adopted some of the lan
guage and mod ified it to su i t  the i r  needs. 
There i s  no reason why computer  experi
men ters could not do the same. 

Extracts from the code and the proposed 
mod ifications for i n tercomputer network 
use are presented in tab l e  1 .  By the use of 
such a code, amateurs with Baudot terminals 
can use the code by typing the 3 1etter group. 
Others with ASC I I  termi na ls  and computers 
can type ASC I I  control characters, have the 
computer trans late them to the 3 l etter 
group, and then transmit  them .  I n  this way 
the network can use Baudot even though 
ASCI I may eventual l y  be l i censed. 

Examples of the use of the Q code in  the 
network fol low. When send ing a message to 
be stored in the central computer relay : 

WR3ABU :QTC: G8BTB :QRV: DE  
G3ZCZ 

which means :  

Attention repeater whose cal l  sign i s  
WR3A BU, I have a message for 
G8 BTB. Are you ready? F rom th is 
station G3ZCZ. 

The computer  wou ld  rep ly :  

G3ZCZ :QRV:  DE WR3ABU 

which means :  

Yes, G3ZCZ, I am ready, from the 
repeater WR3ABU.  

The  computer  is now ready to  receive and 
store the message. G3ZCZ wou ld  then send 
the message in  the fo l lowing format : 

WR3ABU : QSP :  G8BTB :QSO : [text 
of message] :QSL :  DE  G3ZCZ 

which mean s :  

WR3ABU please re lay the fol l owing 
message to G8BTB. The message fol 
lows [ text of message ) ,  please con
firm reception from G3ZCZ. 

G3ZCZ wou ld  then confi rm and the message 
wou ld  be stored in the computer. 



When sign ing on the network, anyone can 
ask if messages are awai ting them in  the fol
lowing way : 

W R3ABU :QRU :  D E  G 8BTB 

which means :  

WR3ABU,  do you  h ave any  messages 
for me,  th is is G8BTB ask ing. 

The computer wou ld then rep l y :  

G8BTB :QRU :  D E  G3ZCZ, FOWN, 
ON8 1 K  DE  WR3ABU 

which means :  

G8 BTB, there are messages from 
G3ZCZ, FOWN and ON8 1 K  for you. 

Messages cou ld  be retrieved from the 
compu ter in  the fo l lowing format: 

WR3AB U :QBM : DE  G3ZCZ :QRV :  
DE G8BTB 

wh ich means :  

OK WR3ABU,  send me the message 
from G3ZCZ, I am ready. 

The computer wou ld then respond :  

G3BTB :QSO: D E  G3ZCZ {text of 
message] :QSL:  DE  W R3ABU 

which means :  

G8BTB, the message from G3ZCZ i s  
[text of message ] ,  pl ease confirm re
ception, from WR3ABU. 

G8BTB wou ld then confi rm reception of the 
message with the fo l lowing transmission : 

WR3AB U :QS L :  DE G 8BTB 

The computer cou ld then de lete the message 
from the storage area. 

A lmost any radio amateur  cou ld read the 
exchange and understand what i s  tak ing 
p lace. This language can be used by anyone, 
however s imp le  the system be ing used is. 

Another advantage of the Q code is that 
most amateurs wi l l  have to learn relatively 
few of the words. As long as the computer  . 
expe rimenter is l earn ing a language, it does 
not matter wh ich one is l earned . Us ing 
words of fixed length, boun ded by col ons, 
wi th the letter Q as the fi rst character wi l l  
simp l ify the software requ ired to p rocess the 

From the people who brought you KIMSI -

Mr. Interface TM does it again with ... BETS I The PET* to S-100 bus 

Interface/Motherboard 

Expand your PET as easily as S-1 00 users ! 
• Plugs directly into any PET, no cable fabrication or additional connectors required. 
• Compatible with virtually all S-100 boards (including memory and 1/0 types) . 
• Does not slow the CPU or alter PET's operation in any way. 
• Does not interfere with PET's IEEE or parallel user ports. 
• Interface draws only 100ma at 8V. 

And Betsi includes: 
• On-board Dynamic Memory Controller for the S.D. Sales "Expando-ram" high density/low 

power memory board (expand PET's memory to the limit on a single S-100 card)! 

• On-board sockets and decoding circuitry for 8K of PROM (add future PET firmware without 
purchasing an S-100 PROM card). 

Now available from stock at a price that can' t be beat (even just for memory expansion)! 

BETS! Interface/Motherboard - Kit $ 1 19, Assembled $165 

Expandoram 24K memory board - Kit $364, Assembled $414 
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• PET Is a Commodore product 

Circle 1 40 on inquiry card. 
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Coburg Box 8066; Coburg, OR 9740 1 
(503) 485-8575 
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Figure 4: A distributed 
wide area network. This 
type of network would 
have a specified sequence 
of links. For a message to 
go from a station in 
network A to a station in 
network G, there would 
have to be a path for 
the message to follow 
through other stations in 
the network. 
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i nstructions. Since the choice of signals to be 
exchanged between the computer  and the 
stations us ing the network is arbi trary, i t  
may a s  wel l  be i n  human ly  readable form to 
a l low people us ing terminals wi thout com
puters to use the network. 

I f  i t  becomes legal to use ASC I I  over the 
air, i t  w i l l  be up to the repeater groups to 
decide if they want to change from Baudot 
to ASC I I .  The decision may depend on how 
many users h ave Baudot mach ines. Both 
modes cou l d  be used with conven tiona! 
tones for Baudot and Kansas City or Bel l 
1 03 standard tones for ASCI I .  

S o  far we have seen that local level net
works can be set up  us ing a computer l i n ked 
to a V H F  repeater  and the te lephone net
work, to give a wide area coverage. S ince the 
range of ind ivid ual in terests is wide and d if
feren t, i t  shou l d  be poss ib le  to set u p  such 
systems us ing the tal ent avai lab le in the 
group. Thus, at the local level ,  rad io ama
teu rs and computer peop l e  can merge their 
tal ents and put  together a system usefu l to 
both. 

The actual modu lation techn iques used in 
the l inks  has not been addressed as yet. Be l l  
1 03 compatib l e  tones can be used for the 
telephone l in es. Any legal method can be 
u sed for the rad io l i nk . The network can 
make i ts own decision about which tech
n ique  to use ,  depending on how much hard
ware and software they wan t each user to 
assemble  when us ing the network. S ince 
there are many d ifferen t types of micro
computers in the real world ,  d ifferent sta
tions wi l l  need d ifferent software at the 
mach ine language level .  A h igh l evel com
mun ications l anguage that can be under
stood by humans as well as compu ters 

wi l l  make the l i n k  comprehens ib le to any 
user no matter how sim ple or  sophisticated 
the avai lable equ ipment. 

Network Links 

Once networks are estab l i shed ther e wi l l  
be a des i re to  expand the coverage and  ser
v ices of each by l i n k ing them together. Con
ventional techn iques can be used to l in k  
networks in which each l ocal network estab
l ishes a gateway to another network .  I f  
enough locals l i n k  together they can form a 
l arge network of the type shown in figure 4.  
I t  wou ld then be techn ical l y  possib le  to 
send a message from a station in  network 
A to a station in network G. Note that the 
figu re does not d i fferentiate between rad io 
and telephone l i n ks. 

Operationa l ly ,  the routing of the message 
poses many problems. How is the message 
to be routed ? I f  a fixed route is always used 
(A to C to E to F to G) what happens if the 
E node i s  inoperab l e? Shou ld  the message be 
bounced around at random, eventual l y  get
ting to G,  which wou ld  then send a cancel 
command to the network to del ete that 
message because it h as arrived at i ts destina
tion node? What other  techn iq ues wou ld be 
su i table for use in a personal network wh ich 
may or may not be 1 00% rel iab le in terms of 
long d i stance l i nks? The p rofessionals have 
been deal i ng  with s im i l a r  p rob lems for years. 

Here again amateur  rad io h as the poten tial 
to p rovide a s imp le  sol ution to the prob lems 
of in ternetwork commun ications by making 
use of modern technology. J ust as the deve l 
op ing  nations a re  bypassing  comp lex terres
trial microwave I i nks and employing sate l l ites 
i n  long-range commun ication l i n ks, amateu r 
rad io can p rovide the capab i l i ty for computer 
enth usiasts to do the same th ing. Cu rrently 
u nder construction and p lanned for launch 
in late 1 979 is the first AMSAT Phase I l l  ra
d io amateur commun ication satel l i te, shown 
in photo 1 .  This sate l l i te wi l l  be put  i n to 
a h igh a lt itude e l l i p tical o rb i t  and wi l l  p rovide 
commun ication capab i l i ty over  the en tire 
northern hem isphere for u p  to 1 6  hours per 
day with the same degree of re l i ab i l i ty as a 
conven tional V H F  rad iote letypewriter re
peater .  A message from Wash ington DC 
cou l d  be sent to London England by means 
of the fol l owi ng Q code :  

WR3ABU :QSP :  G8BTB  :QSP :  
GB3LO :QSO: [text of  message} 
:QSL :  DE  G3ZCZ/W3 

The on ly d i fference between this message 
and the transmission given earl ier is the 
addit ion of QSP G B3 LO wh ich means, " Re-
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Photo by Dick Daniels, cou rtesy of AMSAT. 
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Figure 5: A distributed wide area network using a satellite. This approach 
would solve many of the message transmission problems. For a message to 
go from a station in network A to a station in network G it would have to 
travel only through the satellite and then be relayed to the other station. 
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Photo 7 :  jan King (right) and Karl Meinzer 
(left) with model of the AMSA T Phase Ill 
satellite. The satellite has a mass model l?ick 
motor installed in the structure. jan is the 
project manager, and Karl designed the 
satellite, which is controlled by an RCA 
COSMAC microprocessor. He also designed 
IPS, a high level machine-independent 
language for use with the satellite. 

l ay the message via gateway station in  Lon· 
don ."  The cal l s ign of the gateway station is 
G B3 LO. 

J u st as a long-d istance te lephone user 
must know the area code when p lacing a 
cal l ,  the network user must  know the cal l  
sign for t he  gateway station of  the person 
being cal led .  With a sate l l i te in the l i nk, the 
network s imp l i fies to the type shown in 
figure 5. Th is configuration has a stri k ing 
resemb lance to a local network. Each local 
network can be accessed by any other local 
network,  j u st as any user can be accessed 
by any other user in the local network.  I f  
a gateway i s  off l ine, due  e i ther to equ ip
ment  problems or being ou t of range, 
the orig inating  gateway can store the mes
sage for l ater transm ission when  commun i
cations are reestabl ished. The sate l l i te net
work wou l d  be used s im i l ar ly to the l ocal 
network. 

S i nce the satel l i te network wi l l  be l i ghtly 



N EW FREE CATA LOG OF 
Ready to load Cassettes for 

PET 2 00 1 Com puter* 
Available now from NAIL** 
Ready for immed iate shipment. 
Dozens and dozens of  interesting programs 
are now available from NAIL (National 
Artificial Intell igence Laboratory) .  The first 
programs are games and graphics. U n l ike 
most other sources of  game programs, 
NAIL has created game programs that don't 
just tel l  you what's happening; they SHO W 
you right on the screen with vivid graphics 
in motion. 
For example, NAIL program G-1 , SLOT 
M A C H I NE; randomly selects cherries, 
lemons, plums, oranges, etc. from program 
memory and then displays three on the 
screen. You select the number of free plays, 
and on each turn you can bet from one to 
nine plays. The machine displays at all t imes 
what you have bet; if  you have won ,  how 
much, and how many free plays you have 

left. To "pul l  the lever" on the machine, you 
need o n ly h it return,  and the o ld  characters 
are erased from the screen, and three new 
ones appear, one by one, "as the wheels 
stop spinning". 
Whether you have a 4 K  or  an 8K mach ine, 
this program wi l l  run on it. Many NAIL 
games wil l  run in 4K machines. The new free 
cata log lists dozens of games just l i ke this 
one with their descriptions, and price. Be 
sure to send in your name and address on a 
postcard or use the coupon at the bottom of 
the page for a free catalog by return mai l 
no obligatio n .  If you want to order the SLOT 
MAC H I N E  program, send $2.00 with your 
name and adress and NAIL wi l l  send you by 
return mail the SLOT MAC H I N E  game 
cassette and the new free cata log. You do 
not have to buy anything to receive the 
cata log. If  you want to order the SLOT 
M A C H I N E  program at t he s pec i a l  
introductory price of $2 . you may d o  so. 
NAIL programs are reasonably priced . They 
will enable you to get so much more 
enjoyment from your PET, whether in 
machine language or  BASIC,  you may 
d iscover some th ings in the NAIL programs 
you didn't know before. If  you're really 
good, we may be interested in purchasing 
programs from you for d istribution to N A I L  

Circl e 268 on inquiry card. 

customers. (see below - Do you write 
programs? ) .  

What is your time worth? 
How long would it take you to enter a 
program with 300 lines of code, and then 
debug it? Even if you fig ure your time is 
worth only the minimum wage, you can 
order most NAIL programs for less than 
your time would be worth to enter the same 
program from a printed listing. NAIL 
cassettes each contain just  one program. 
No searching through a half dozen others to 
f ind what you want. J ust s l ip it in your PET 
and within seconds your program is loaded 
and ready to run. 

Know what you are buying. 
The NAIL catalog gives lengthy and 
complete descriptions of programs offered, 
i n c l u d i ng actual unretouched off-the
screen photographs of the program in 
action. You wi l l  know just what you are 
buying. 
You wi l l  also know just what the program 
does, how it works, and thus be able to 
decide if  you want to order it. No more 
having to order four or five programs on a 
si ngle cassette in order to get just the one 
you want. 

Do you write programs? 
N A I L  i s  i n te r e sted in p u rchasi n g  
s o p h ist icate d ,  we l l  struct u re d ,  a n d  
completely debugged programs. 

A l t h o u g h  t here are already CHESS, 
CH ECKERS, BACKGAMMON and other 
simi lar program in  the NAIL inventory, NAIL 
wi l l  buy programs of the same games 
provided they are substantial im provements 
over t he ones already in inventory. 
Adversary programs are played against 
each other. Programs may be in either 
BASIC or machine language. 

" " NAIL is a trademark of National Artificial 
I ntel l igence Laboratory 
Copyright 1 978 NAIL 

Machine Language programming? 
Then you m ight consider the NAIL SYS 
7 1 7 1  machine language monitor for PET. It 
is written in machine language and comes 
ready to use with complete written 
instructions. Written in machine language, 
it uses only 5 pages of RAM ( 1 ,283 Bytes) 
leaving 5884 bytes free for programming. 
Enables you to load and save in both 
machine language and in BASIC.  Also 
a l lows you to append one BASI C  program 
to another. 

Once loaded , the SYS 7 1 7 1  machine 
language monitor stays in  the machine in 
protected h igh memory until  you turn off the 
power. You can skip back and forth to and 
from BASI C  to the mon itor. 
Displays contents of all memory, includ ing 
ROMS. Do not confuse this monitor with 
destructable non-versati le types offered by 
others. 

This is  the only monitor currently available 
which provides for coresidence of  BASIC 
and machine language programs and the 
capability of  saving either on cassette or a 
combination of both. The ultimate in 
versati l ity! 
Cassette of monitor, instructions, and 
l icense for your personal use on your 
machine for 50 years. $29.71 . 
Send coupon below now for your copy of 
the new free N A I L  catalog of cassette 
programs for PET. !(coupon is m issing,  
send name and address on postcard to 
NAIL,  Box F ,  Mobi le ,  AI .  36601 and request 
catalog #8B. 

The descriptions of  the programs are 
extensive and usua l ly have sample pictures 
taken right off the PET screen.  This is 
important so that you know just what you 
are getting when you order. 

" P ET is a trademark of Commodore 
Busi ness Machines 
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I AT 1 64 I 
1 NAIL,  Box F, Mobile, AI.  36601 I 1 Please send me the items checked: 1 
I __ New free NAIL cata log , without ob ligation.  I I __ Sample Slot Machine cassette - I enclose $2. I 
I ( l imit  1 per order) 11 1 __ I write programs in _BASIC, _machine language, and may be interested in 

1 your distribution of them. 1 
I __ SYS 7 1 7 1  Machine Language Monitor (for 8K PET) - I enclose $29.71 I 
I I 
I Name I � (please print) I 1 Address I 
I . I 
1 City State ___ Z1p 1 � - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ·  
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(a) 
GATEWAY 
L I N K  

(b) GATEWAY 
L I N K  
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Figure 6: Two types of 
gateways that could be 
used. Figure 6a shows a 
generalized gateway that 
contains a central message 
storage computer that dis
tributes messages to all of 
the users in the local 
group. A distributed gate
way, figure 6b, would have 
the communication link 
enter through one of the 
users in the network. 

(a) 

(b) 

U S E R  C USER 8 

loaded at first, it can be started us ing con
ventional rad iotel etypewriter techn iques. 
Add itional channels can be added u sing d if
feren t modu lation techn iques for the ad
vanced gateways as use increases. This w i l l  
a l l ow people with both types of  equipment 
to have access to the system . 

Gateway Requ i rements 

There is no need for the cen tral message 
storage computer in the local network to 
also act as the gateway to the satel l i te net-

Figure 7: Propagation considerations. When two radio stations 
are communicating via shortwave propagation by bouncing 
signals off the ionosphere, it may be difficult to tell exactly 
which station you are communicating with since the iono-
sphere is a dynamic medium. Introducing a satellite as in figure 
7b will alleviate this difficulty by not using the ionosphere for 
propagation. 
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work .  F igure 6 shows two network config
u rations. I n  figure 6a the central rel ay com
puter is the gateway, and in figure 6b user 
A i s  the gateway. F igure 6b can be con
s idered an example of d i st r ibuted p rocessing  
with in the  network. I n  th is  case, the  central 
rel ay forwards a l l  messages w i th d estinations 
outs ide the loca l  network to user A when 
user A comes on l i ne .  Th us, if user A does 
not own a compute r  but  h as the equ ipment 
to commun icate v ia  the sate l l i te ,  messages 
can sti l l  be sent to the sate l l i te .  S im i l arly, if 
u ser  A does h ave a computer, i t  c an come on 
l i ne, get the messages for forward ing, then 
go off l i ne and commun icate with the sate l 
l i te . When the sate l l i te moves out of range, 
the computer  can come back on l i ne with 
rep l i es. U ser  A can d efine  th is mode because 
he or she m ay not be w i l l i n g  to donate the 
computer  to the network fu l l  t ime .  

Why the Satel l ite? 

It was stated earl i e r  that radio amateu rs 
can commun icate worldwide us ing radiotele
typewriters by means of shortwave. Why not 
choose a shortwave frequency that is standard 
for a l l  gateways and do without  the satel l ite 
complete ly?  Rad io  amateurs do operate i n  
autostart mode on  shortwave but  these con
ventional shortwave commun ication paths 
possess m any undesirable character istics 
when compared with a sate l l i te l i nk .  The 
professional s have long recogn ized th i s  and 
are switch ing over from conventional short
wave commun ications to sate l l i te commun i
cations as qu ick ly as possib le .  

Let us cons ider some of these p roblems. 
The ionosphere that reflects shortwave sig
na ls  back to earth is a dynamic refl ecting 
med i um .  I ts p roperties change from m inute 
to m inute, are d i fferen t during the day and 
night, and are affected by solar activ ity . 
Solar flares on the sun may enhance or de
tract from the refl ecting properties of the 
ionosphere at any particu lar  frequency, 
sometimes e l im inat ing them enti re ly .  Thus 
the situation shown in figure 7a i s  typical 
of the cond i tions under  which radio ama
teurs operate. S tations A and B are in con
tact with each other .  S tation C can also 
hear A but cannot hear B becau se those sig
na ls are sk ipp ing over station C. 

During the contact between A and B con
d i tions may change so that B becomes ab le 
to hear C but  unable to hear A. S tation D, 
who cannot hear A, B or C, may begin to 
transmit and (as condit ions change ) i n ter
fere with A, B or C. Alternate ly, C may not 
know that B i s  transmitt ing and may cal l A, 
thus causing i nterference to B's signals as 
received by A. S ince one can' t receive on 
one 's own frequency d u ring  transmissions, 



one can ' t  determine  if any in terference is 
p resent on the frequency. One cou l d  not 
determ i ne i ts effect at the other station 's  
s ite even i f  one cou ld  mon itor the trans
mission. 

U sers of shortwave rad iote letypewritcr 
au tostart recogn ize the problems assoc iated 
with that mode of operation.  The effects of 
p ropagation can be compensated to some 
extent by using relatively complex termina l  
un i ts. At present there is no opt ion but  to 
put up  with the id iosyncrasies of the ion
osphere. However, the use of sate l l ites for 
commun ications l i nks  can change a l l  that. 
The sate l l i te relay is depicted in figure 7b.  
Us ing frequencies that pass th rough the 
ionosphe re with l i tt le or no refl ection, a l l  
stations can transm i t  signals u p  to  and re
ceive s ignals from the sate l l i te .  A sate l l i te 
transponder works in a s im i l ar manner to a 
terrestrial VHF  repeater. S ignals received by 
the satel l i te on one frequency (up l i n k )  are 
amp l i fied on board and retransmitted to 
the ground on a second  frequency (down
l in k) .  S ince the up l i n k  and down l i nk  are at 
d i fferen t frequenc ies, i t  is possi b l e  to l i sten 
to your own signal s coming back from the 
sate l l i te .  Thus, if any one channel  is bu sy, a l l  
users can hea r  the  s igna ls  and  w i l l  know that 
they should wai t u n ti l  the frequency is c l ear 
before in it iat ing a transmiss ion.  S i nce ever·y-

ATTACH GROUND-STRAP PLACE INSERTER OVER I.C. 
(i) 

body can hear everybody e l se, the commun i
cation sate l l i te provides wide area coverage 
nearly equal i n  performance to the l ocal 
VHF  repeater as far as the u ser i s  concerned . 

V iab i l ity of Sate l l ite L ink 

Imp l ementing an amateur  computer 
commun ications network by means of a 
satel l ite poses far fewer operational p rob
lems than implementing the network by 
means of conventional terrestr ial rel ays. ·Thus it may be desirable - but i s  it v iab le?  

The Rad io Amateur Sate l l i te Corporation 
(AMSAT) i s  currentl y  bu i l d ing two sate l l i tes 
capable of meeting the space segment  re
qu i rements fo r the network .  AMSAT has a 
proven record in th e construction  and d ay
to-day management of Orb it i ng  Sate l l i tes 
Carry ing Amateur Rad io (OSCAR) .  The 
first amateur bu i l t  sate l l i te was constructed 
by Project OSCAR in  Cal ifo rn ia  and 
l aunched in 1 96 1 . OSCA R I I ,  I l l  and I V  
fo l lowed over· the years. These sate l l i tes 
were short-l ived exper imental spacecraft 
th at proved that amateurs had the capab i l 
i ty  to bu i ld  and commun icate through 
space sate l l i tes. 

AMSAT, founded in 1 969 , arranged the 
l aunch of OSCAR V, bu i l t  by a group of 
amateu r·s at Me l bourne Un ivers ity rn 
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Figure 8: Coast to coast communication. A s  the Phase I I  satellite orbits, it 
is in a position to relay messages between the East Coast and the West Coast. 
Communication is possible only when the satellite is passing through the win
dow (overlap occurs two or three times a day). 
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Austral ia .  This was the first amateur 
bu i l t  sate l l i te that could be commanded 
from the ground . AMSA T used that 
capab i l i ty to turn a beacon off dur ing the 
week  and on dur ing weekends so that the 
majority of rad io amateurs who were at 
home on weekends would be able to re· 
ceive its s ignals .  AMSA T subsequently con· 
structed and obta ined lau nches for the 
AMSAT OSCAR V I ,  V I I  and V I I I  space
craft. These sate l l ites were long l i fe com
mun ications relay spacecraft, and contai ned 
equ ipment bu i l t  by amateurs in Germany, 
Canada,  Austral ia, J apan and the US.  AMSA T 
OSCA R V I ,  launched i n  1 972, had a d esign 
l i fet ime of one year but operated success
fu l l y  for a lmost five years unt i l  its batteries 
fai l ed . AMSAT OSCAR V I I ,  launched in 
1 974  with 3 year design l ife, is st i l l  going 
strong. AMSAT OSCA R V I I I ,  launched as 
a rep l acement for th e AMSAT OSCAR V I  
spacecraft, was p u t  into orbit in  March 1 978 .  

These sate l l ites, although rel atively d if
ficu l t  to use, p rovid e rel iable communica
t ions l i n ks to rad io amateurs separated by 
ground d istances of  up to 2400 km ( 1 500 
m i l es) . The satel l i tes travel in low orbits 
and hence are only within range of any one 
part icu lar ground stat ion for at most 25 
m inutes at one t ime, up to six t imes a day. 
Being in low o rb its, they travel relat ive ly  
fast ; consequent ly signals relayed th rough 
them are subject to Doppler sh ifts. How-

ever, these sate l l i tes have shown the prowess 
of the rad io amateur .  

AMSAT is  a wor ldwide o rganizat ion with 
members i n  ove r  80 countr ies .  The i r  satel
l i tes are used da i ly  for educat ional demon
strat ions of the space sci ences in schools 
a l l  over the worl d .  Free app l i cations l i ter· 
atu re and ideas are avai lab le  for the ask ing 
from the American Rad io  Relay League. 
These educational aspects were the pr ime 
reasons for NASA agree ing to provide 
lau nch p l aces for them as secondary pay
loads. The European Space  Agency ( ESA) 
has agreed to provide a l aunch for the 
first AMSAT PHASE I l l  spacecraft in late 
1 979 .  Thus, s ince AMSAT has a proven 
record and a launch date for the first 
PHASE I l l  sate l l i te, a satel l i te based 
amateur computer commun ications net
work is v iab le .  

Us ing the Sate l l i tes 

Al though the first Phase I l l  spacecraft 
w i l l  not be l aunched unt i l  December 1 979, 
AMSAT OSCAR V I I  and V I I I  are up  there 
and usab le .  I t  was these sate l l i tes that d rew, 
and are st i l l  d rawing, rad io  amateurs into 
personal computing. The o rb i ts of these 
sate l l i tes, un l i k e  that d esigned for the 
PHASE I l l  sate l l i te, are such that the space
c raft pass from hor izon to hor izon in less 
than 25 m inutes. Amateu rs soon found that 
communicat ing via these Phase I I  sate l l i tes 
requ i red one hand to po int  the antennas, 
one to tune the rece iver, one to tune the 
transmi tter, another to hold the Morse 
code key or microphone and yet another  
to  log the  contact. Un l i ke the  octopus, 
rad io amateurs have on ly one pai r of 
appendages and have therefore turned to 
computers for he lp .  Computer p rograms 
have been developed that track the sate l l i tes, 
point antennas and calcu late and compen
sate for Dopp ler  sh ifts. AMSAT ground 
command stat ions have been us ing m icro
processors ever si nce the days  of the 8008. 
The Phase I l l  spacecraft is i tsel f contro l led 
by a COSM AC microprocessor. 

AM SAT now has an ongo i ng project for 
i ts members to bu i l d  a low cost S-1 00 bus 
8080 o r  Z-80 computer. AMSAT members 
have deve l oped S-1 00 based hardware to 
i nterface antenna control l e rs to the com
puter, h igh power debugging software, and 
even a h igh level l anguage cal led I PS .  Thus 
any sate l l i te user who is a lso i nterested in 
personal computers could set up a gateway 
for the local VH F rad ioteletypewriter re
peater to use the Phase I I  sate l l i tes for re
l ay ing messages. The gateway wou ld store 
messages unt i l  the sate l l i te came i nto range 
and then forward them to the destination 



gateways. F igure 8 depicts how such a mes
sage might be transferred from the East 
Coast to the West Coast of the Un i ted  States 
as a Phase I I  satel l i te passes over. However 
th i s  techn ique i s  on ly  practical for exper i 
mentat ion and re lay i ng short messages. 

Us ing Phase I l l  Sate l l ites 

The AMSAT Phase I l l  sate l l i te wi l l be 
p laced in  an e l l i p tical orb it  with its apogee 
(h ighest po int) in the north ern hem isphere. 
Stud ies by AMSAT have determ ined that 
th is orbit wou l d  prov ide opt imal service to 
the worl d 's radi o  amateu rs, most of whom 
l ive in the northern hem isphere. The sate l 
l i te ,  whose orbit is s ketched i n  figure 9 ,  wi l l  
be avai l ab le for periods of between eight and 
1 1  hours twice da i ly .  Once the sate l l i te  gets 
reasonably above the horizon, there w i l l  be  
m in imal Dopp ler  effects, and po int ing an
tennas wi l l  not be a prob lem because · the 
apparent rate of travel w i l l  be s low. AMSAT 
wi l l  p rovide s imp le  track i ng software that 
wi l l  enable anyone to po int  an antenna at 
the sate l l i te .  Th i s  i nformation  may even be 
provided over  the sate l l i te .  The sate l l i te w i l l  
be usable by  any one  station for periods of 
between 1 6  and 22 hours each day .  Th i s  wi l l  
al l ow commun ication l i n ks t o  be set u p  
between any gateway i n  the northern 
hemisphere and any other one. 

Summary 

Th is  art ic le has d iscussed several new con
cepts i n  personal comput ing .  It has outl i ned 
how amateur rad io  can eas i ly  prov ide area 
wide commun icat ions networks by connect
ing message storage computers to both the 
telephone l i n e  and the amateur  radio V H F  
repeater. Th is  a l lows computer exper i 
menters access to  the network w i thout  an 
amateur rad io l icense. The AMSAT OSCAR 
amateu r  rad io commun icat ion  sate l l i tes can 
prov ide the com puter enth usiast with an 
operat iona l ly sim ple worldw ide  personal 
comput i ng network .• 
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Figure 9: Typical orbit of the Phase Ill 
satellite. The greater the altitude of the 
spacecraft, the more ground it sees and thus 
the greater the communications range. The 
Phase II orbit at 7440 km allows communi
cation ranges of up to 2400 !?m. The Phase 
Iff orbit, with a much higher altitude, will 
provide communications over the entire 
northern hemisphere and much of the 
southern hemisphere. 
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Distributed Network 
This  artic le  describes a study in loose ly  

coupled d istributed networking conducted 
as part of my graduate degree plan at the 
University of Houston at Clear Lake City 
TX. During the past two years, development 
work has been focused on imp lementing a 
modu l ar microcomputer system used i n  the 
c lassroom as a teaching too l .  The study uses 
the basic arch i tecture as the foundation for 
the formu l ation of the network. 

Primary Modules 

There are basical l y  two modules needed 
to form a network of this type. F i rst, a 
module is needed to effect communication 
between the processors which are part of 
the local network. This modu le  is termed 
a "protocol modu le . "  A protocol module 
is essent ia l ly a b lock of 1 6  memory locations 
regarded as programmable memory by one 
processor and as read on ly memory by the 
rest of the processors in the local network.  
The p rotocol modules for each of the other 
p rocessors i n  the local network function 
independent ly of the other protocol mod
u l es. Therefore, concurrent r·eads of system 
information are poss ib le .  

Second,  a module for sharing resources 
is needed . This module is termed the "sh ared 
s lot arrangement, " an in terface to the basic 
m icrocomputers in  the local network.  The 
shared slot arrangement is essential l y  a bus 
switch capable of logging and retu rn ing 
statu s and control informat ion .  The hard 
ware of the sh ared s lot arrangement, based 
on cu rrent control information, either 
"makes" or "breaks" a d igital signal path 
between one of the local process ing e lements 
and a shared s lot with its attached interface .  
Each shared s lot arrangement is capab le of 
contro l l i ng  four  shared s lots that are inde
pendent of one another. Software routines 
which form part of an integr·ated operating 
system control the shared slots th rough the 
shared slot arrangements. 

Examp le  

As an  example ,  figure 1 shows th ree 
p rocessors loose ly  coup led by us ing shared 
s lot arrangements and protoco l modu les. 
The user at processor 2 wou ld  l i ke to read a 
fi l e  from the d isk un i t  which is dedicated 
to processor 1 .  The user at processor 1 

wou l d  l i ke to pri n t  the contents of a file to 
the l ine pr inte r  on p rocessor 3. The shared 
8 K byte memory block is cu rrently con
trol led by processor 2. The fol lowing oper
ations descri be a sequence to effect such 
transfers of i nformation .  

The execu tive software commun icating  
with user  2 generates a d i sk  access protocol .  
The  d i sk  access pro tocol contains a l l  o f  the 
information necessary to retrieve the desig
nated f i le .  Processor 1 i s  then i n terrupted 
by processor 2. Processor 1 recognizes the 
i n te rrup t  request and p rotocol communi
cat ion as a d i sk access protocol .  Processor 2 
then passes the shared s lot with the 8 K 
memory block to processor 1 .  Processor 1 
reads the designated fi le from the d i sk un i t  
i n to the  8 K memory block. Then processor 
1 passes the shared sl ot  wi th the 8 K 
memory b lock  back to processor 2. Pro
cessor 2 may then use the fi l e 's contents as 
desired by user 2. 

User  1 has requested a shared slot with 
an 8 K memory b lock wh ich is to be used to 
transfer a fi le  to the l i ne pr inter .  Si nce 
processor 2 has fin ished with the shared slot 
and its attached 8 K memory b lock,  it passes 
the slot over to p rocessor 1 .  User 1 then 
reads the requested fi l e  into the 8 K memory 
b lock .  The protocol for pr int ing the fi le  is 
i n i tiated (p rocessor 1 interrup ts p rocessor 3 ) .  
Processor 3 recognizes the  i n te rrupt request 
and the l i ne pr inte r  access protocol .  Pro
cessor 1 then passes the shared slot  and the 
8 K memory block over to processor 3. 
Processor 3 reads the contents of the mem
ory and p rints them to the l ine printer. 

Even though the descript ion i s  ted ious 
and long, the actual transfers of i nformation 
are qu ick and relatively easy . I t  is important 
to note that the software is d i stributed 
among the th ree processors in the local net
work. The software is therefore broken in to 
d ist inct  modules best su i ted to their host 
processors and current  configurations. Th is  
keeps the software overhead per  processor 
smal l  in relation to the user buffer areas and 
u ser su pport programs. 

Shared Slot Arrangement Hardware 

The shared slot arrangement is used to 
extend the bus  of an exist ing m icrocomputer. 
The actual switching mechanism is under the 
control of smal l  software su broutines d is-



S H A R E D  SLOT A R R A N G E M E NT 

Figure 7 :  Loosely coupled network using protocol and shared slot modules. 

tributed throughout the local network .  An  
8 l ine to  1 l in e  mu l t ip l exer i s  u sed to  con
struct the actual switch ing  mechanism. 
Three l i nes, which descri be the current pro
cessor number, determ ine  which of the 
switches i s  to be made or broken .  When a 
connection is broken, the shared s lot is said 
to be deal located .  The status l i nes then 
reflect th is condit ion .  When a shared s lot 
connection is made, i t  i s  a l located and the 
status wi l l  again reflect the change i n  the 
cond i tion of the shared slots. The last 
ava i l able status can be read by any pro
cessor in the l ocal network at any t ime. This  

also holds true for the current p rocessor 
number (see figure 2 ) .  
Protocol Modu l e  Hardware 

F igure 3 shows how the p rotocol modu les 
are contro l led by the receiv ing p rocessors i n  
t he  local network. Processor 1 i s  t he  origi
nating processor in this examp le .  I t  has 1 6  
programmable memory locations wh ich i t  
uses to  commun icate with the other  p ro
cessors of the system.  The other  p rocessors 
in the system each have a p rotocol modu le  
capable of read ing one of those 1 6  memory 
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Figure 2: The existing processor bus can be extended by adding a shared slot arrangement. 
The actual switching mechanism is software controlled. 
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Figure 3: Protocol modules are controlled by the receiving processors within the local network. 

locations. However the other processors 
( receiving processors) are unable to write 
to these memory l ocations. Therefore these 
memory locations look l ike read only mem
ory to each of the rece iving processors. 

Since each receiv ing processor has a 
protocol modu l e  u nique to each of the other 
processors, i t  may read another processor's 
p rotocol independent of the other pro
cessor's reads. The receiv ing processor has a 
mu l t i l evel inte rrup t  i n terface that deter
m ines the number of the processor generat
ing the i n terrupt. It is from th is interpreta
tion that the receiv ing processor determines 
wh ich protocol to read . A protocol module 
then decodes the byte specification (from 
the receiving p rocessor) to determine which 
memory location (from the originating 
processor's commun ication area) i s  to be 
transferred to the receiving processor. 

By mu l tip lexing the memory in this 
fash ion,  a considerable saving in  actual 
wi re connections i s  possi b le .  Instead of 

ru nn ing 1 28 l i nes between al l p rocessors 
(this is one way ) , on ly 1 6  l i nes are run .  
These 16  l i nes carry al l t he  i nformation 
necessary to specify a p rotocol memory 
location exactly and a l so to transmit i nter
rupt request s ignals from the originating 
processor to the receiv ing processor. 

Summary 

A loosel y  coup l ed d istributed network of 
m icrocomputers was formed using protocol 
and sh ared slot hardware modules. System 
information i s  passed in  bu rsts of read opera
tions by the receiv ing p rocessors. Software 
at the receiving p rocessor determ i nes the 
appropriate action to take in each instance. 
The software routines a l so update the shared 
s lot arrangement status and contro l  signals 
and thus a l low any of the attached resources 
to be shared . By jo in ing m u l tip l e  copies of 
the basic modules ,  expansion of this frame
work i s  easi ly  accomp l i shed .• 
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Checkbook Balancer 

Rod Hallen 
Road Runner Ranch 

POB 73 
Tombstone AZ 85638 

1 00 PR I NT "CH ECKBOOK BALANCER" 
105 R EM "BY ROD HALLEN - TOMBSTONE,  AR IZONA-1 7 DEC 1 977" 
1 1 0  PR INT 
120 INPUT "STATEM ENT BALANCE $", A 
1 30 INPUT "CH ECKBOO K BALANCE $", B 
1 40 PR INT "CH ECKS NOT CLEAR ED $" ; 
1 50 INPUT C, 
1 60 LET T=T+C 
1 70 I F  c>o THEN GOTO 1 50 
1 80 PR I NT "DEPOSITS NOT R ECORDED $" ; 
1 90 INPUT D ,  
200 LET U=U+D 
21 0 I F  D>O THEN GOTO 190 
220 LET E=(A-T)+U 
230 LET F=B-E 
240 PR I NT 
250 PR I NT 
260 PR I NT"- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - "  
270 PR I NT "CH ECKS NOT CLEAR ED - TOTA L $" ; T  
280 PR I NT 
290 PR I NT "DEPOSITS NOT R ECORDED - TOTA L $"; U 
300 PR I NT 
31 0 PR I NT "ACTUAL BALANCE $"; E 
320 PR I NT 
330 I F  F>O THEN PR INT "CH ECKBOOK OVER BY $"; F 
340 I F  F=O THEN PR INT "CHECKBOOK BA LANCES" 
350 I F F < o  THEN PR INT "CHECKBOOK UNDER BY $"; ABS (F )  
360 PR I NT" - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " 
370 END 

Listing 1 :  Checkbook balancing program written in Processor Technology 
BASIC 5. 

C P / M™ 
LOW-COST 
M I C R O C O M P UTER 
SO FTWAR E 

C P / M™ OPERATING SYSTEM: 
• I ncludes Editor, Assembler, Debugger a n d  Uti l ities. 
• For 8080, Z80, or I ntel M OS. 
• For IBM-compatible floppy discs. 
• $1 DO-Diskette and Documentation. 
• $25-Documentation (Set of 6 manuals) only. 
MAC™ MACRO ASSEMBLER: 
• Compatible with new I ntel macro standard. 
• Complete guide to macro appl ications. 
• $90-Diskette and Manual.  
S I D™ SYMBOLIC DEBUGGER: 
• Symbolic memory reference. 
• Built-in assembler I disassembler. 
• $75-Diskette and Ma nual. 
TEX™ TEXT FORMATTER: 
• Powerful text formatting capabil ities. 
• Text prepared using CP/M Editor. 
• $75 Diskette and Manual .  

([(] lJ�[j�TI1l RESEI1RCH 
P.O. Box 5 7 9  • Pacific Grove, California 93950 

(408J 649-3896 
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balance my checkbook each m onth by 
adding together the statement balance and 
any deposits which are made after the state
ment date. I then su btract from this the 
total of al l checks which h ave been written 
but n ot cleared by the statement date. The 
answer shou l d  agree with the balance shown 
in my checkbook. 

The p rogram in l isti ng 1 i s  my checkbook 
balancer written i n  Processor Technology's 
BAS IC 5 for my SOL system. It fol lows the 
formula:  

Statement Balance + Deposits Not 
Recorded - Checks Not Cleared = 

Actual Balance. 

L i nes 1 20 to 2 1 0  input the necessary infor
mation,  l i nes 220 and 230 compute the an
swers, and l i nes 240 to 360 pri nt the results. 
Lines 1 50 to 1 70 ask for "checks not cleared" 
one at a t ime and keep a ru nn ing total .  
When you have entered al l of the checks, 
type 0 and program control w i l l  move to 
l i ne  1 80. L i nes 1 90 to 21 0 work in  the 
same way. Entering a 0 after al l deposits 
not recorded have been entered causes 
program execution to move to l i ne  220. 

A quick scan through l isting 1 wi l l  
reveal that the printed resul ts are the total 
amount of checks not c leared, the total 
amount of deposits not recorded, the 
current balance and the status of your 
checkbook balance. This last value is ind i
cated as either over or under balanced 
and by how much. If the answer is over 
or under, you have the task of find i ng 
out why. One th ing  to remem ber; if you 
haven't been balancing your checkbook 
every month, you may have been carrying 
a bad balance for some time without know
ing it. If the d ifference is not too large, 
the best method may be to e nter the actual 
balance in your checkbook and run the 
program each month from now on. 

The task that the checkbook balancing 
program performs u sed to take me ten m in
utes with a penci l  and pocket calculator. 
Consider ing that it now takes about three 
m i nutes and is only requ ired once a month, 
not m uch t ime has been saved. H owever, 
as more and more of my chores are com
puterized, the amount of time freed for 
other uses increases rap idly.  

fA variation of this program will be required 
for those who use "negotiable order of with
drawal" checking accounts which pay about 
5 percent per annum interest . . . .  CH/• 



See I t  A l l at Once ! 

( w i t h  a Screensp l i tte r  

Tex t  E d i t i ng a nd 

M u l t i ple P rocess 

D i sp l a y  System 

from M i c ro D i ve rs i ons ) 

S - 1 00 Buss 

V I SA 

unretouched photo 1 3" or larger slow phosphor monitor recommended 

• 40 l i nes , 86 characters/ l i n e 

UPPER/ l ower case f u l l  ASC I I  

with spec i a l  sy m bo l s 

• Onboa rd i nt e l l i gence : 

1 K byte fast subscreen 

contro l ,  pos i t i o n i ng a n d  t ext 

forma t t i n g  s o ftware 

$ 295 K i t master charge 
• Custom r e p rog ram m ab l e  

character ge nerator $ 395 Assemb l ed 

$ 1 5 O w ner's G u i d e  on l y  

M icro D i v ersi o n s ,  I nc .  

8455 - D T y c o  R o a d  

V i enna , V i rg i n i a  221 80 
I 703 J 827 - 0888 

Circle 225 on inquiry card . 

f o r  u nusua l a p p l i ca t i o ns 

• 1 4 0  pa ge Own e r 's Gu i d e  

coveri ng h a rdware,  software,  

system i ntegrat i on 

• Ava i l a b l e  f rom sto c k  
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ADM·3A $ Z§§OO* 
IN KIT FORM and Handling 

• 80 CHARACTERS/LI N E  
• 24 LI N ES/SCREEN 
• ADDRESSABLE CURSUR 
• 9, 10,  or 1 1  BIT WORDS 

• 75-19,200 BAUD 
• FULL & HALF DUPLEX 
• ODD/EVEN/NO PARITY 
• RS232 I NTERFACE OR 

20 rna CURRENT LOOP 
GET COMPLETE DETAILS WITH A DIRECT CALL: 

�·A c�PTt�l�;��;·;��: 
equipment brokers 

\ 930 N .  BEL T U N E  • I RV I N G ,  TEXAS 75061 .;J 
.._ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
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Conti nued from page 6 

number of vendors, at pr ices in the $2000 to 
$5000 range. This  hardware basis for soft· 
ware tool s i nc l udes a p rocessor, as much 
memory above about 1 6  K bytes as possi ble, 
a term inal device, and e lectronical ly  
addressable mass storage on floppy d isk or  
i t s  equivalent. (Two d rives are much much 
preferable to one, so copies can be made; I 
have only one drive and feel the l ac k  every 
time I have to transfer to a new d i sk. )  A 
pr in ter, such as my obsolete Model 33 Tele
type, is usefu l whenever final l i sti ngs or 
working maps of the source code are needed. 
I n  my case, the p rocessor and peripherals 
were designed and i ntegrated personal ly, but 
numerous commercial hardware products 
are essential l y  identical in fu nction and 
probably l ess expensive if you value time 
spent. 

Readers in te rested in doing s imi lar 
projects with nonhomebrew equ i pment  
wi l l  u ndou bted ly have an  easier t ime  of  i t, 
s ince chances are that a good operating 
system and assemb ler, BAS IC  i n terpreter 
or Pascal comp i l e r  wou l d  be avai lable for 
use in  c reating the programs. I was stu ck  
with my crude earl i e r  version ed itor, a 
k luge hand assembled operating system, 
and a very good macroassembler  (but sti l l  
a n  assembler  with al l t h e  defects of assembly  
l anguage) .  Peop le u s i ng  BAS IC  can probably 
create assemblers, tex t  ed i tors, or inter
preters far easier than I cou l d  wi th my 
system such as it was : wi tness the Tiny 
Pascal p roject of Herbert Yuen and Kin-Man 
Chung  in th is  BYTE, several text editors 
and assemblers I know about, and my friend 
Dan Fyl stra's 6 502 assembler i n  BAS IC  
which i s  marketed for the PET by  Personal 
Software. 

But never m ind  the lack of the u l timate 
in tools. Part of the reason for dec id ing to 
work on a tex t  ed i tor was that in add ition 
to explor ing the software design aspects, 
I wou l d  in effect be us ing the previous 
tools to bootstrap a better set of tool s .  
(Ah, you may note, there was a pragmatic 
and short-term resu l t  of the project; l i ke 
many activ i ties with long-term good effects, 
there are short-term good effects here, too. ) 

I n  my  earl i e r  ed i tor, wri tten in 1 976, the 
emphasis was on s imp l ic i ty and getting an 
ed i tor wri tten in  m in imal t ime subject to 
the constra ints of not having an edi tor. As 
a resu l t, I took coding shortcu ts wh i ch are 
fu nctional l y  correct but not particu larly 
fast. Thus al l operations were on an incre
mental character by character basis. For 
example, inse rtions in very long fi les take 
incredib ly  long amoun ts of time per char· 
acter s ince the enti re fi l e  must be shifted . 



16K STANDARD RAM-. $285 
KIT - 450 nsec. Ideal for SOL 20, IMSAI 8080, etc. 

For 4 Mhz. systems-order our board with 250 
nsec. memory chips-priced at $320. For either 

• DIP Switch Addressing 

• All Inputs Buffered 

• Fully Static TMS 4044 

board-full factory assembly, burn-in, testing, 1 -
year warranty o n  both parts and labor-add $25. 

• First Quality Components 

• Off-the-Shelf A vailability 

• Full Year Guarantee 

Circle our Reader Service Card Number for free Catalog 
Contains a complete description of our products 

including the recently announced 1 6K PLUS premium 
RAM which is ideal for Cromemco systems (see 

Texas Instruments 

TMS 4044 -

450 nsec. - Quantity 64 
Factory Prime memory chips, guaranteed good. 

1 -31 chips 
32-63 chips 
64-over 

250 nsec. 

$8 
7 
6 

450 nsec. 

$7 
6 
5 

For orders under $50 - add $2 handling. 

Circle 3 1 8  on inquiry card. 

October ads). Also contains parts, 8K RAM versions, 
schematics, specifications, full warranty statements, 
previews of new products such as our 8086 CPU board. 

Guarantee: Kits - All parts guaranteed for one year. 
Factory assembled units for USA customers - Both parts and 
labor guaranteed for one year; ten day return privilege. Factory 
assembled units for foreign customers - parts guaranteed for 
one year; no return privilege. 

Direct 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 before shipment. Shipped 
prepaid with cross-country orders sent by air. Shipping -
normally within 48 hours. Washington residents add 5.4% tax. 
Our 1 6K STANDARD and Premium 1 6K PLUS board are also 
available through most computer stores. 

/t eattle Computer Products, lnc. � 1 1 1 4  Industry Drive, Seattle, WA. 981 88 
(206) 255-0750 
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Articles Policy 

BYTE is cont/nuol/y seeking quo/ity 
manuscripts written by Individuals who 
are applying personal computer systems, 
designing such systems, or who have 
knowledge which will prove useful to 
our readers. For a more formal de
scription of procedures and require
ments, potential authors should send o 
large (9 by 12 inch, 30.5 by 22.8 em), 
self-addressed envelope, with 28 cents 
US postage affixed, to B YTE A uthor's 
Guide, 70 Main St, Peterborough NH 
03458. 

Articles which ore occepted ore 
purchased with o rote of up to $50 per 
magazine page, based on technical 
quality and suitability for B YTE's 
readership. Each month, the authors 
of the two leading articles In the reader 
poll (B YTE's Ongoing Monitor Box or 
"BOMB") ore presented with bonus 
checks of $ 100 and $50. Unsolicited 
materials should be occomponled by full 
nome and address, as well as return 
postage.• 

The new ed i tor program was the last soft
ware project whi ch I wou l d  implement wh i l e  
hav ing  to put up  wi th the o lder  ed i tor's 
fau l ts. 

Designing and I m plementing the Program 

I have a number of biases in the design of 
ed i tor  programs, b iases which refl ect the 
hardware I h ave and my ph i losoph ies of 
i n teraction. This i s  one of the reasons for 
engaging i n  a do-i t-you rse l f  design. 

For example, I am personal ly devoted 
to that school of text ed i ting wh ich uses a 
m in imum of keystroking, where s ingle keys 
for the most part are used to i nvoke al l 
commands.  I am also commi tted to avoi d ing 
my own stup id  errors wh ich can be d is
astrous if the wrong single key is pressed. So, 
I oriented the ed i tor design to s ingle key
stroke i nputs which have three general 
c l asses of potential d isaster if i nadvertently 
invoked. 

There are benign functions which can 
always be execu ted by mi stake withou t 
hu rting the fi I e. These are commands I i ke 
print or go to the next line or back up the 
character pointer or go to the beginning of 
the file. I n  each case, the command merely 
man ipu lates fi l e  pointers without many 
side effects. These commands are executed 
by single keystrokes. 

A second class of functions are what 
migh t  be cal l ed real ly serious because of 
the effects they may have on the fi l e .  I n  
th is c lass are found thi ngs l i ke insert text 
at the current character location, replace 
text at the current character location or 
execute the macrostring. To protect the 
fi l e  from inadvertent use, these commands 
requ i re use of the control or shift key on 
my terminal to generate various ASC I I  
control characters. The control key must 
be pressed at the same time as some other 
key, so a 2 key and 2 finger combination is 

requ i red, typical ly  with the l eft hand on the 
control or sh ift key and the r igh t hand 
p i cki ng the particu lar command key. 

And final ly ,  there is a whole c lass of 
potentia l ly  d isastrous comm ands l i ke write 
the file to disk, read the file from disk, 
assemble a program, load a program, jump 
to an arbitrary address and so on. These 
commands are typ ical l y  invoked by a shift 
or control character so that two keys must 
be pressed as in the p revious c lass. Then, to 
prov ide fu rther  protection, a message is 
d i sp l ayed on the term inal requesting con
fi rmation with an arbitrary character. An 
escape character can be input  if  the oper
ation i s  to be aborted before the text buffer 
is actua l ly  or potential l y  zapped. 

Another examp le  of a personal bias is 
that the ed i tor wou l d  have to have pro
vis ions for search and change operations, 
execution of macro s tr ings of ed itor com
mands, and the ab i l i ty to move b loc ks of 
text around from one p l ace  to another in  
the fi l e .  Not al l ed i tors (espec ia l ly  not the 
typical BAS IC i n terprete r 's ed i tor) have th is  
sort of capabi l i ty. Most separately avai lable 
programs wh i ch go under  the name of 
tex t  ed i tor have these capabi I i ties. 

There i s  a myriad of much more deta i led 
choices i nvolved i n  the design of a program 
for text ed i ting, for examp l e :  how to al lo
cate memory, how to decode commands, 
internal coding conventions, p rovis ion for 
expansion i n to a fu l l  operating system 
monitor with i n  the framework of an ed i tor. 
The edu cational resu l ts of the ed i tor writing 
process are : a specific personal i nvolvement 
with complex questions, the necessity of 
making the choi ces involved in the design 
with in  the framework of these questions, 
and a broader understand ing of computing. 
So, if  you want an answer to the question : 
"What educational and pragmatic project 
can I do with my computer? ", my answer 
wou l d  be, "write an ed itor. "• 

THE PS-80 KEYBOARD: fully professional. Full 1 28 ASCII upper PP-OM co rtridge in a side slot. 
& lower case characters with 79 keys including 1/0: serial P-S232 300/ 1 200 baud port. full 
a 1 6  key numeric pad. parallel port. dual cassette recorder port 
CPU: Z-80 Processor at 300/ 1 200 baud. 
GRAPHICS: 64 pre-defined g raphic EXPANSI ON: up to 321� P-AM on board 1/0 
chars. and 64 user defined chars. to S- 1 00 extension box for 
alternately all 1 28 graphic chars. additional memory and any 
may be user defined. r-esolution ather S-1 00 peripheral boards. 
240 x 5 1 2 paints, cursor control. PRICE: $895 (does not include 
and 64 chars. by 30 lines. CP-T or cassette.) 
MEMORY: 4K byte power-on monitor. 81� 8K P-AM $895.00 available soon 
byte user P-AM. and 8k byte PP-OM external 1 6K P-AM $ 1 1 50.00 includes a di rect 
cartridge with Microsoft [}ASIC standard. Cartridges allow hool�-up to your T.V. available now. 
you to change operating systems & languages without any 32K P-AM $ 1 395.00 available now. 
modification to the standard hardware by simply inserting a EDUCATIONAL AND CLUB DISCOUNTS AVAILABLE 

See us at booth 203 at the West Coast Computer Faire. PERSONAL CONSULTANT AND DEALER I NQUIRIES I NVITED 

For complete information write to: PERSONAL SYSTEMS CONSULTING P.O. Gox 20286 El Cajon. California 9202 1 

Photography by James & Linda Neufeld 
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e won't mislead you any longer. Solid 
State Music-the name is misleading 
because we're so much more than 
just music synthesizer boards. We offer 
the widest line of S-100 boards in the 
industry Memory boards for RAM, 
ROM, and EPROM. Video interface 

and l/0 boards, extender and mother boards, pro
totyping and vector jump boards, a new CPU board, 
and, of course, music boards. So we're changing our 
name to SSM.* 

You've been enjoying the pleasures of our company 
for over four years now. Few competitors can say as 
much. In fact, Solid State Music was building quality 
boards when the first S-100 bus left the Altair® station. 

As SSM,* we will continue to offer boards that pro-

I II 
vide quality, flexibil ity, and good design. Boards that 
represent value. Not the least expensive. Not the most 
expensive. Simply the best combination of price and 
quality available. That's SSM.* 

Solid State Music has been known for service. Fast 
delivery, ready customer support, and a strong prod
uct warranty Our name is changing. Our tradition of 
service is not. Orders still shipped from stock. A one 
year warranty on assembled and tested boards, 90 
days on kits. And our people are sti l l  on hand, stil l glad 
to answer your questions. 

Check out the Blue Boards of Happiness when you're 
after Solid State Music quality, rel iability, and flexibility, 
backed by the friendly support of the oldest S-100 
board manufacturer in the marketplace. If you liked us 
as Solid State Music, you' ll love us as SSM.* 

21 1 6  Walsh Avenue 
Santa Clara. CA 95050 
(408) 246-2707 

*We used to be Solid State Music. We still make the blue boards. 
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You can rely on SCELBI publications. Because 
Computer info that is fun and exciting. 
Written and il lustrated with YOU, the computer 

N Ewl "Learn Micro-Computers." Quickly, easily 
• and enjoyably. For the beginner just 

getting started in microcomputers. 

H e re are a l l  t h e  fundamentals b e h i n d  the operat i o n  of v i rtual ly  all m i c ro
com pute rs. Eve ryth i n g the beg i n n e r  needs in o n e  handy package.  Contains 
the p o p u l a r  book Understand in g  Microcomputers. Written in s i m p l e  E n g l i s h .  
C l ear. C o n c i se. Accepted a s  the stand a rd fo r the neop hyte,  you m ust own 
this 300-page no-nonsense, easy- read i n g  text. I n c l u d es s i m p l e-to-use 
g l ossary of key m i c rocomputer wo rds. C o m p a n i o n  cassette h e l ps you get 
r i g ht i nto it .  Ch apter-by-ch apte r ta l k i n g  syn opsis .  Key rev i ew q u est i o n s .  
Refe rences to p a g e  n u m be rs fo r f u rth e r  rev i ew. Yo u ' l l  g a i n  extra knowledge 
needed fo r read i n g and u n d e rstan d i n g  com puter m ag az i nes,  m a n ufact u rer 's  
l i te ratu re and to feel  "at home" a ro u n d  c o m p uters. A g reat new idea 
deve l o p ed by the com puter experts at S C E L B I .  G et Yo u rs Now!  At yo u r  
favo rite c o m p uter/e lectro n i c s  d e a l e r. O r  o rd e r  d i rect. Learn M i c ro- Computers, 
o n ly $1 4.95. Paperback edit ion of book a l o n e :  $9.95. H a rdcover 
e d i t i o n  a l o n e :  $1 4.95. S h i p p i n g  / hand l i n g ext ra�· (Ava i l a b l e  after  December 1 )  



. they make sense! They're easy to read and understand. 
For the neophyte. The pro. The advanced wizard. Everyone. 
hobbyist in mind. 
SCELBI's Software Gourmet 
Guides and Cookbooks for 

'� '8080" and "6800" 
Now you can cook up mouth
water ing  p ro g rams. Del ectable 
"how to" facts i nc lude "8080" or  
"6800" i nstruction sets. How to 
manipu late stacks. Flow charts. 
Source l ist ings. General pu rpose 
rout ines fo r mu lt ip le  p rec is ion 
operat ion .  P rogramming t ime de lays 
for real t i me.  And much,  m uch 
more. Inc l udes f loat ing  po in t  a rith
metic rout ines. Specify "8080" o r  
"6800" .  Get you r  copy today! 
They ' re at you r  favorite com puter/ 
electro n ics dea le r. O r, ord e r 'll+feGt. 
8080 Paperbac k :  $1 0.95. Vinyl : 
$1 2.95. Hardcover :  $1 4.95. 6800 , 
Paperback on ly :  $1 0.95. 
Sh ipp ing/ hand l i n g  extra.*  

I! "TUE IIY i 
i COMPUT£R ... I PLlAU!" I 

I I 
NEW! The ZBO Instruction Handbook 

now avai lable! 

Steve Ciarcia's Your  compl ete gu ide  to the 
powerfu l  Z80 i nstruct ion  

hilarious new 
set. Th is  handy, com-

computer novel, pact reference p ro-
"Take my computer v ides a c lear ex-
. . .  please!" p lanat ion .  I t 's  an  

An u p roar iously fun ny fu l l  l ength ever ready i n stant 
book about Steve's true-to-l ife reference that can 
misadventu res and his computer's be carr ied i n  your ;::::::��Jj 
i nab i l ity to cooperate. Read h is pocket. Exp la ins �r;���;r 
off-the-wal l attempt to beat the the i nstruct ion set 
Ja i-Aia i  system. O r  how he attempts in met icu l ous 
a stock market k i l l i n g  but  logs deta i l .  I nd ustry 
wrong i nfo i nto h is  broker's standard m nemon ics 
computer. What happens when are used t h roughout. Mach i n e  
Steve sets u p  a computerized codes a re p resented i n  both octal 
speed trap? And page after bel ly and hexadecimal format. A con-
laug h i ng page of nonsense, jo l l ies ven ient  i ndex l i sts a l l  i nstruct ions 
and even i l l ustrat ions to br ing the al phabet ical ly  a long with mach ine  
sto ries to l i fe. 1 28 pages. Hard codes and t im ing  i nformat ion .  
cover. You 've got to get  you rs now! Don't  wait .  I t 's  avai l ab le  at 

See it at you r  favorite computer/ computer and electro n ics retai l  
e l ectro n ics dealer. O r, o rder  d i rect. out l ets or d i rect from SCELBI .  
$5.95. Sh ipp ing/ hand l i ng  extra. * O n l y  $4.95. Sh ipp i ng/ hand l i n g  extra . *  

Looking for holiday gift ideas? Give someone the world 
of computers! Make i t  a SCELBI publication. They 

make excellent Christmas gifts. There's one just 
right for that special someone on your l ist. 

.. Scelbi Publications a P.O.  Box 1 33 PP STN,  M i l ford,  CT 06460 
(a d iv is ion  of Sce lb i  Computer Consu l t ing ,  I nc.)  
(203) 874-1 573 

· Prices shown for North American c u stomers. Master Charge. 
VISA. Pos t a l  and Bank Money Orders preferred . Personal 
checks delay shipping up t o  4 weeks . Pr icing and avai l abi l i t y  
subject t o  change w i t hout n o t i ce. I M P O RTANT! I n clude 75< 
pos t ag e/hand l i ng for each book del ivered by U.S. M a i l  Book 
Rate or $2 for each book s h i pped F i r s t  Class or via UPS. 



TIM O UT 
Christopher Strangio 

CAM I Research 
43 Bailey Rd 

Watertown MA 021 72 

Su broutine "T I MOUTN " is used to intro
duce a t ime de lay in the execution of a m ain  
program . The  program, written in 8080 
assembly l anguage, i s  shown as fol lows: 

T I MOUTN : PUSH B 1 0  
M V I  B ,  #x 5 
OCR A 5 

LOOP: C P I O 5 
CNZ T I MOUTN 1 0* 
OCR B 5 
JNZ LOOP 1 0  
I N A  A 5 
POP B 1 0  
R ET 1 0  

Assume that this many total machine states are re
quired for each instruction. Note that the cal l  
instruction marked * has been arbitrarily assigned 
a fixed time of 10 to s impl ify the calculation. 

Two numerical values are needed by 
T I MOUTN to define the delay period. The 
fi rst val ue, X, i s  l oaded with an MVI (move 
immediate) i nstruction inside the sub-

routine ;  the second value, Y, i s  passed to 
the su broutine in the accumu lator. 

To cal l T I MO UTN, the fol l owing general 
p rocedure is u sed :  

P U S H  A 
MVI A, #Y 
CALL TIMOUTN 
POP A 

Questions 

(a) What i s  the total time  delay (calcu
l ated in  mach ine  states) obtai ned 
from T I MOUTN if :  

1 )  X =  1 and y = 1 
2) X =  2 and Y = 1 
3 )  X =  1 and Y = 2  
4) X =  2 and Y = 2  

(b )  Wh ich i nstructions determine the 
basic period of delay in T I MOUTN? 
What i s  the per iod of the bas ic timing 
l oop? 

(c)  It  is interesting to note that i f  X =  Y 
= hexadec imal OF,  the t ime delay 
p rovided by T IMOUTN wou l d  be 
approximate ly  476,000 years (assum
ing the processor c lock period is 1 ps 
per state ) !  Under these conditions, 
what is the m ax imum number of 
bytes by which the stac k wou l d  grow 
duri ng the execution of T I MOUTN? 
( I f  X = Y = hexadecimal F F, the 
total t ime de lay wou l d  be far l onger 
than the known age of the un iverse, 
about 4 b i l l i on years ! )  

( d )  The per iod o f  the basic l oop, found 
in  part (c) ,  can be l abe led Q. In terms 
of X, Y, and Q, wri te a s imp le  alge
braic equation that approximate
ly descri bes the total de lay of 
T I MOUTN. The answers to th is 
puzzle are found on page 1 3 8. But 
don 't go there just yet; try puzzl ing 
out the answers fi rst. • 

COnTEST ! 
entry form : 

r---------------------, 
I Attached Is my application tor the Controller J 
1 Board. I I I I I � Name __ _ __ • -·-- _ J I I J Street -- -- - ----- I I I J City __ _ _  Stato __ Zip __ __ __ J 
�----------------------� 

MULLEN Computer Products 
BOX 62 1 4, HAYWARD, CA 94545 
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Since we redesigned the Relay/Opto-lsolator Control Board 
and brought its price down to $88, we've heard about lots of 
applications. Robots. Solar energy. Model railroads. Disco 
lights. Time lapse photography. Even an automatic cat feeder. 

But we want more applications to include in our continuing 
series of applications notes, and this is where you come ln. 

In case you haven't seen our Controller Board, It Includes 8 
reed relays that respond to an 8 bit word; additionally, 8 opto· 
Isolators accept signals from the outside world for hand· 
shaking or further control purposes. In essence, you have a 
switching system with all the Intelligence of a computer at 
your command. 

So, let your Imagination run wild, then tell us your Idea for 
an application . . .  you just might win a free way to Implement 
that idea. 

Contest Rules: For lurlher lnlormatron on Mullen Computer Products, vlslt your local 
computer store or wrll& us. All ontrles must be postmal1t:ed no later than midnight, Dec. 
15, 1978, and become properly of Mullen Computer Producls. Enter as often as you wish. 
Duplicate prlzos awarded In case ol tie. Please print your name clearly on the enlry. Try to 
keep descriptions shari, but II you get carried away describing some fantastic scheme wo'fl understand. Good luck, and we look lorward to hearing from you. 

Circle 267 on i nquiry card. 



Technical Systems Consultants, Inc. 

Text Editing System 

The must complete and versat i l e  editor 
avai lable for the 6800 and 8080 micro. 
The system i s  l ine and content oriented 
for speed and effic iency and features 
such commands as block move and copy, 
append and overlay, as well as stri ng 
manipulators. The 6800 version requ i res 
5K begin n i ng at 0 hex, the 8080 needs 
6K start ing at 1 000 hex. Both should 
have additional f i le space as requ i red . 

SL68-24 

SL68-24C 
SL68-24P 
SL68-24D 
SL68-24F 

6800 Text Editing 
System 
w/cassete 
w/paper tape 
w/mini flex disc 
wlflex disc 

SLS0-10 8080 Text Editing 
System 

SL80-1 0P w/paper tape 
SL80-1 0F w/ CP/M disc 

Space Voyage 

SL68-5C w/cassette 
SL68-5P w/paper tape 
SL80-9P w/paper tape 

6800 Disassembler 

SL68-27C w/cassette 
SL68-27P w/paper tape 

Micro BASIC Plus for 6800 

$23.50 
$30.45 
$31 .50 
$31.50 
$50.00 

$28.50 
$37.50 
$40.00 

$1 8.95 
$1 9.00 
$1 9.00 

$1 5.95 
$1 3.00 

SL68-19C w/cassette $22.90 
SL68-19P w/paper tape $21.95 

6800 Floating Point Package 

SL-68-4 Floating Point 
Package $6.50 

SL68-4P w/paper tape $9.50 ae����E�:.���e� 
Specialists in Software & Hardware for Industry & the Hobbyist 

Circle 370 on inqui ry card. 

TSC, Technical Systems Consultants, i s  
the software company f o r  a l l  t h e  newest, 
most innovative ideas in  computer 
software. TSC builds a variety of pro
g rams, packages and games so you can 
get down to busi ness or  just some fu n .  

Text Processing System 

As a complement to the Editor, the 
Processor supports over 50 commands 
for left, right or  center justificat ion,  t it l i n g ,  
pag ing a n d  general text output formatt ing .  
A loop command is  avai lable for  repeated 
formatting jobs such as form letters. Also 
i ncluded are capabi l it ies for macro 
defi n it ion to bui ld special formatt ing 
commands. The program requ i res about 
8K of RAM and previously edited text. 

SL68-29 
SL68-29C 
SL68-29P 
SL68·290 
SL68-29F 

SL80-1 1 
SL80-1 1 P  
SL80-1 1 F  

Relocator 

6800 Text Processor 
w/cassette 
w/paper tape 
w/mini flex disc 
w/flex disc 

8080 Text Processor 
w/paper tape 
wl CP/M disc 

$32.00 
$38.95 
$40.00 
$40.00 
$75.00 

$32.00 
$41 .00 
$50.00 

This self- prompting,  easy to use program 
relocates object code in RAM or from 
tape. Complete i n structions i nc luded for 
making the TSC Editor and Assembler 
or  Ed itor and Text Processor co-resident. 
(As sold they res ide in the same area.) 
J ust over 1 K i n  length.  

SL68-28 6800 Relocator 
SL68-28C w/cassette 

SL8D-13 
SL80-13P 

$ 8.00 
$14.95 

The M nemonic Assembler 

The ideal add it ion to the Text Edit ing 
System, tog ether they form a complete 
p rog ram development center. The 
Asse m b l e r  i s  one of the most versati le 
avai lable and al lows for easy adaptation 
to most systems. The Assembler  is many 
times faster than - other resident assem
blers. Req u i res aproximately 5.5K p l u s  
f i le  and sym bo l  t a b l e  space. 

SL68-26 6800 Mnemonic 
Assembler $23.50 

SL68-26C w/cassette $30.45 
SL68·26P w/paper tape $31 .50 
SL68-26D w/mini flex disc $31 .50 
SL68-26F wlflex disc $50.00 

SL80-1 2  8080 Mnemonic 
Assembler $25.00 

SL80- 1 2 P  w/paper tape $34.00 
SL80-12F w/ CP/ M disc $40.00 

All prog rams inc lude complete source 
l i st ing .  Cassettes are i n  the Kansas City 
standard format. 

All orders should inc lude check or money 
o rder .  Add 3% for postage and for orders 
u nder $ 1 0 ,  p l ease add $1  for  hand l ing.  
Send 25¢ for  a complete software 
catalog.  
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Steve C iarcia 
POB 582 

Photo 7 :  A stepper motor controlled scanning sensor capable of detecting 
both infrared and visible light. A photo detector is mounted at the focal point 
of an inexpensive parabolic solar cigarette lighter. The computer controlled 
unit is capable of following a moving flashlight, detecting headlights in a 
driveway, and many other applications. 

I've Got You in · My Scanner! 

A Computer Controlled Stepper Motor Light Scanner 

pu ter herm i t. " L loyd, if I could figure a way 
to pu t  i n  a moat w i th a l l igators, I 'd do i t, "  I 
said ,  tongue in cheek .  

Such was the  tone of ou r  conversation 
for the next few hou rs. Whenever L loyd ven
tured i n to the Connecticu t wi lderness (as he 
cal led i t) he  wou ld  stop by and v is it  me.  
Because of Lloyd 's practical knowledge of 
computer  related su bjects I often used h im 
as  a sound ing board for artic le  i deas. H i s  
d ip lomatic responses sometimes d i sgu ised 
h i s  opin ions so tactfu l ly ,  though ,  that I 
wasn't always sure what he  real ly thought. 

Glastonbury CT 06033 

"Boy, s i tt ing here is real ly relaxing, i sn 't  
i t, L loyd? " I l eaned back i n  the recl iner and 
looked out  of my l iv ing room window at the 
dense brest no fu rther than 30 feet from 
where we sat. The s l id ing glass doors were 
open and occasional ly some furry l i tt le  
animals cou ld  be seen darting in and out  
th rough the u nderbrush feverishly search ing 
for d inner. The setting midsummer sun 
created an orange and yel low background 
for the beau tifu l  scene. I wondered why I 
had ever waited for five years before moving 
out of the city. Al l that noise and conges
t ion. This  was so peacefu l .  Before we  knew i t  t he  sun had set and 

we were enveloped in darkness. The moon
l igh t cast a si l ve ry glow across the tops of 
the trees bu t  hard ly  penetrated to the under
brush . But  the moon l ight was of smal l con
sequence to us. Even with the additional d im 
l i gh t  escap ing from the next room there was 
bare ly  enough i l l um ination to d i scrim inate 
facial expressions, but  there was suffic ient 
backl i gh ting for the l i tt le .n ight creatu res to 
observe us. Having l ived in my new house 
for two month s  I had final ly  become accus
tomed to the nocturnal sounds and no 
longer  experienced heart fai l u re whenever I 
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" I t 's very n ice up here, Steve. I especial ly 
l i ke the big driveway. You have lots of room 
to park cars. When are you go ing to chop 
down al l  these trees and put in a lawn l i ke 
everybody e l se? " 

Al though I was not actual ly far enough 
removed from such su burban beatitudes to 
scoff with impun i ty ,  I p iped back, "Bah ! We 
moved out here to get away from the rest of 
the world .  The last th ing I want to do is be 
reminded of civ i l i zation , whether that means 
peop le  or grass ." The a lte rnative I much pre
ferred was to turn into a leaf shrouded com-





I saw a form way off in 
the darkness. I t  was 

defi n i te ly an erect biped 
moving through the 

trees . . . .  
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detected a pair of eyebal l s  peering at me 
from between the tree l imbs. I t  was, after 
al l ,  the domain of the owl and deer and I 
was the i ntruder. 

I was l ess sure of the effect on Lloyd . 
Far away from the accustomed roar of j ets 
at J F K  and the traffic jams on the Long 
I s land Expressway, he was suddenly very 
qu iet, almost subdued, as he stared out the 
wi ndow into the darkness. Suddenly h i s  eyes 
became focused on someth ing in the d i s
tance and, gr ipp ing the arms of the chair 
tightly enough to leave an impression, he 
craned h i s  neck to get a closer look.  Some
th ing had obviously attracted his interest. 

"I saw someth ing ! " he said .  
" I t's probably some possum checking us 

out or some other smal l animal after the 
d inner scraps I put outside . "  

"No ,  i t 's no animal . At  least no smal l one. 
I thought  I saw a l i ght too. How many pos
sums glow in the dark? "  

"Don 't b e  an alarmist. There's noth ing to 
worry about." 

"Look, there it i s  again, Steve ! I th i n k  
someone's out there . "  

I ,  too, saw a form way off in  the  dark
ness. It was defi n ite ly an erect b iped moving 
between the trees and making considerab le  
noise as  it wen t. 

We jumped from our chairs and crouched 
together looking out th rough the screen. The 
same thought came to both of us :  " I s  it 
Bigfoot? ! "  

"Wai t a minute ,"  I said in  a hushed tone. 
"Th is  i s  Connecticut. That's absurd ! How 
can i t  be Bigfoot? Besides, since when does 
B igfoot carry a flash l ight? " 

The bright beam of a flash l ight shot from 
the stranger's hand. The d im l i ght revealed a 
large man i n  coveral l s  d ragging a heavy sack 
and carry ing someth ing over h i s  shoulder.  

"He must have a gun ! "  Lloyd gulped, and 
we both d ropped to floor level .  "Quick ! Cal l 
the pol i ce o r  someth ing !  Better yet turn on 
the outside fl ood l i ghts. Maybe it wi l l  scare 
h im  away ."  

" Look, Lloyd, if you want to become a 
movi ng target wal k ing across the room to 
the l ight switch go righ t  ahead . "  

"How come your burglar alarm hasn't 
turned the l i gh ts on?"  

I though t  about the alarm system for a 
moment and then answered, " I 've got sen
sors al l over the driveway and the road lead
ing to the house. I d idn 't put them out in  
the woods because it 's more l i ke ly that 
someone wou l d  come down the road rather  
than h ike  th rough the woods." 

"How come nobody told him that? " 
"Look ,  i t ' l l  p ick h im up anyway if he 

comes with in  50 feet of the house." 
Before L loyd cou ld reply, th e man in the 

woods stopped i n  a c lear area. The object 
s lung over his shoulder wasn 't a gun, but a 
shovel .  He started to dig. 

"Steve, do  you th ink  he 's burying a body?" 
I gathered u p  what courage I coul d  

and decided to g o  o u t  a n d  confront the 
perpetrator before m y  front y ard l ooked l i ke 
the aftermath of Dun k i rk. "Come on, let's 
fin d  out  what he 's doing." 

As we approached, the man ignored our 
presence and kept d igging. Occasional ly he 
poi nted h i s  flash l ight in to the hole ,  then 
dumped the contents of  the shovel i n to the 
sack. Was there buried treasure on my 
property ? 

"Excuse me, s ir? Excu se me? " I said 
softly but with reso lve . When I did not re
ceive a response I stepped c lose r  and re
peated a l ittle l ouder,  "Excuse me, si r? ! "  

"Shhhh ,  Sonny !  D a  y a  wanna scare al l 
these cri tters away? I t 's hard enough mak
ing a l iv ing these days without  everyone 
getting  in to the act. Th is here is my mound, 
Sonny ! "  

Mound? Sonny? I l i stened to h is  vo ice 
c losely now and examined h i s  features as 
best as I cou ld  in the moonl igh t. H is accent 
was defin i te ly Maine - deep woods Maine, 
and I put h is age conservatively at 70. He 
seemed harm less enough , but I sti l l  had some 
unanswered questions. 

"S i r, do  you m ind  tel l i ng me what you 're 
d iggi ng? " 

He swung the shovel  u p  over h is shou l der 
and turned toward me. His face was weather
beaten and aged ,  yet  there was a youthfu l  
gl i n t  i n  h i s  eyes. The gravi ty of the situation 
evaporated as he answered, "Worms." 

"You 're d iggi ng what?" Lloyd ch imed in .  
"Worms, " he  answered again .  "Th is hea 

mound," he po inted at the area where he  
was d igging, " is one  of the best n igh t crawler 
mounds in the county .  Youst to be a farm 
around here, few yease back. This  was the 
compost heap. Worms l ove it, ya know." He 
chuckled as he exp la ined the worm breed ing 
business to us c i ty s l ickers. " I been d iggin '  
around here off a n  on for 30 yease. Then 
someone came along and put  a h ouse on it ." 
He pointed a boney finger at my place. 

"I had no i dea . . .  , " I said, somewhat 
em barrassed. 

"No matter . . .  them 's sti l l  my worms! I 
got ten spots j u st l i ke th i s  one and I 'm trans
p lan ti n '  my worms. You know what a n ight 
crawler l ike th is  i s  worth around h ere, 
Sonny? " He reached in to the ho le  and sud
denly I had a handfu l  of worms he ld  in my 
face .  I took great care to take shal low 
breaths l est I acc idental ly gasp and inhale 
one of the squ i rmers. 

"No sir. I don't  fish . "  
"We l l ,  they 're worth p lenty .  And I got to 



dig a lot of them dur in  summa cause there 
ain 't no worms in  winta, Sonny." 

H i s  logic was irrefutable. He obviously 
earned his l iv ing at this. I fe lt  a bit sad for 
the old codger. His  d igging real ly wasn 't an 
inconvenience as long as he only too k  the 
worms and left the d irt. I didn 't know 
enough about night crawlers to know the 
best time of night for harvest but I was sure 
we could work someth ing  out. I he ld my 
hand out to h is and said, "You don't have 
to transplant your worms. What's a few -
worms between friends?"  

A Modification to the Alarm System 

At the conclusion of th is  episode 
cou ldn 't he lp  but be concerned about the 
detection logic of the sophi sticated alarm I 
had i nstal led . There were sensors across 
critical points in the driveway and the road 
lead ing to the house that cou l d  detect the 
presence of a car or person .  But, because of 
the l i ke l ihood of false triggering by wi ld  
animals, I hesitated to p lace s imi lar detectors 
in the woods surrounding the house. I had 
thought the woods were impassable, but I 
guess I was wrong. The common denomina
tor for anyone try ing to make it through 
those woods at n igh t  is the necessity of a 
l ight. I t  shou l d  seem easy in principle to 
just p lace a l ight activated switch out there 
and activate the sequence when it detects 
some l ight source. Unfortunately, since the 
sensitivity wou ld  have to be relatively h igh, 
it wou ld no doubt be accidental ly triggered 
from l ightn ing  bolts and wayward fi refl ies. 
Complex integration and delay logic could 
be incorporated which wou ld e l iminate 
many false alarms but l ight level is sti l l  the 
only detection q uantity .  

Since a l ight source such a s  a flash l ight o r  
motor veh ic le wou ld have to move to ap
proach the house, motion is another neces
sary parameter to consider. M ost motion 
detection systems  are passive beams whose 
sequenti al interruption triggers an appro
priate response to a time and d istance 
algori thm .  Such a system of infrared or 
visible l ight beams, sufficient to protect 
four or five acres of property, wou ld  be 
prohibitively expensive if i t  incorporated a 
laser l ight source, and probably cou ldn 't 
work rel iably without one.  

If  we accept the premise that anyone 
coming through the woods on my property 
would need a flashl ight or l antern,  etc, then 
to detect the presence of an intruder re
quires a combination of l ight level and 
motion . 

There are a number of methods that 
achieve the desi red resu lt.  The most straight
forward is to u se a televis ion camera, d igitize 

THE BLUE BOARD 
OF HAPPiNESS 

It's the new 8080 
CPU board from SSM. 

It's blue. And it's loaded. 
(That's why it's happy. ) 

Loaded with so many features. 
Just odd on 1/0 board and 

you've got a computer. 

Loaded starts with 256 bytes of on-board RAM. 

Add 2K of optional on-board 2708 EPROMs. 
Then odd a power-on/reset jump circuit, and the 
availability of MWRITE. allowing use without a 
front panel. 

And then there's a parallel input port with 
status. And enough DIP switching to make you 
dizzy. DIP controlled addressing of PROM in 2K 
blocks-of vector jump in 2K increments-of 
RAM in 256 byte increments-of input port for 
addresses 0 to 31 in decimal. 

Like all SSM boards, the S-100 compatible 
CB-1 includes gold-plated edge connectors and 
Tl low-profile sockets. And SSM support and war
ranty. Yet, even as loaded as our CB-1 is, the 
price won't leave you breathless. Only $1 44.95. 
And on introductory offer at only $1 29.95 
makes it even happier. (Offer expires Novem
ber 30, 1 978. ) 
Available at over 1 00 retail locations, or direct 
from SSM. 

Video and teletype monitor programs ore 
available on EPROM for only $34.95 with the 
purchase of any SSM kit. 

SSM manufactures a full line of S-100 boards. 
How full? Too full for this ad. Just check the ad 
across the page. 

2 1 1 6  Walsh Avenue 
Santo Claro, CA 95050 
(408) 246 2707 

•we used to be Solid State Music. We stil l  make the blue boards. 
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Circuit Cellar experimental setup showing the parabolic scanner as it detects a candle. 
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the image, and after adj usting for ambient 
l ight changes, compare i t  to a previous d igi
tized image . Many of the most soph isticated 
alarm systems i ncorporate th is feature. Whi le  
i t  i s  not beyond the capabi l i ty of the more 
than modest home computer, it wou ld be 
expensive in th i s  appl ication .  

If You 're Try ing to Detect Motion 
Move the Detector 

Detecting motion with a l igh t level sensor 
requ i res that a quanti ty of them be p laced 
th roughout the detection area. As the sou rce 
moves, the relative l ight l evels reach ing a l l  
the sensors can be p lugged i n to an equation 
and the location of the source computed .  
Track ing an  object i s  s imp ly  a case of repeat
ing th is snapshot techn ique a number of 
times. Unfortunate ly ,  the concept i s  about 

the only part that's s imp le .  
An al te rnative approach i s  to po int  a 

l i ght sensor at a sou rce and then move the 
sensor to a new location .  If eventual ly the 
sou rce is agai n detected i n  th i s  new posi tion 
the source must have motion ! This of course 
presumes that there aren ' t  so many sources 
that placement of the sensor inadvertently 
co incides with a stat ionary source. Small but 
d i screte steps of sensor di splacement wi l l  
i ncrease the resol u tion of th is  method.  

Bui ld a Light Sensitive Scanning System 

I wish to back off a bit at th i s  poin t  and 
expla in that th is design is not merely a 
motion detection system. That is one of i ts 
numerous appl ications and ,  as previously 
stated ,  it i s  the idea that prompted i ts devel
opment. The design is a s imple, yet effective, 
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We Start With A Price 
That's Hard To Beat. 

But We Don't Stop There. 

Central Data Corporation has combined the benefits 
of new technology and high-volume company sa les 
to bring you a RAM board with more features and 
product options for less money. 

Lower Prices 
More Memory Capability 
To begin with, we've reduced the price of our 1 6K 
RAM board by $40 to $249. At $425-a price 
reduction of $50-our 32K board costs less, too. 
Plus, we now offer a ful l  48K memory board for 
$599. These boards are expandable to 64K at a 
price of $ 1 85 per 1 6K package. Or you can start 
right out with a ful l 64K board for $775. 

Improved Board Design 
We've also added i mprovements to the board design 
at no extra cost to you. 

• Deselectable in 2K increments. Our deselect 
feature enables you to switch off any 2K to avoid 
overlap with your existing memory. 

• Fully socketed memory. This feature enables 
you to expand the memory board yourself. 

• Plug selectable addressing. Now you can 
re-address without soldering 

Other Standard Features 
• Power-saving dynamic board with on-board 

invisible refresh 
• One-year guarantee on parts and labor 
•S- 1  00 and Z-80 compatible 

Specifications 
Storage Capacity 
Addressing 
Max. Input Load 
Output Buffering 

Access Time 
Cycle Time 
Wait States Generated 
Maxi mum DMA Rate 

Circle 45 on inquiry card . 

1 6K, 32K, 48K, or 64K 

1 6K boundaries 
One LS TTL load 
On all  data l ines 
450ns 
480ns 
None 
1 Mhz 

Power Consumption 
+ 1 6 1 50ma 

300m a 
20m a 

+ 8 
- 1 6 

Other Products From Central Data 

Central Data also offers, fu l ly-assembled and in kits, 
a range of other computer products including 
(pictured above) our 2650 microprocessor, software 
packages, TV/Monitor, ASCII keyboard, and (not 
pictured) floppy d isk system ,  to name j ust a few. 

For More Information 
To Place an Order 
We welcome any questions you have about our RAM 
boards or other products. To place an order, or for 
more information contact: 

Central Data 
Corporation 

P.O. Box 2484, Station A 
Champaign, I L  6 1 820 
Ph. (2 1 7) 359-80 1 0  

Place orders prepaid or COD. Del ivery i s  stock to 30 
days with shipping and hand l ing prepaid in Con-

. tinental Un ited States. Please include phone as wel l  
a s  name a n d  address. 
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PA R A B O L I C  
R E F L E CTOR 0--- �A N D  S E N S O R  

I N PU T  
S I G N A L 
CON D I T IO N E R * 

B B I T  
A N A LO G  TO 
D I G ITAL 
C O N V E RT E R * 

1-----�\.l PA R A LL E L  1------.tl I N PUT PORT 

C O M P U T E R  
A N D  
B A S I C  PROGRAM J1 

S T E P P E R  
MOTOR 

S T E P P E R  
MOTOR 
CONTROLLER 

�------------------------� PA R A L L E L  ��------------------------� O U T P U T  PORT 

. * s E E  F I G U R E  2 

Figure 7 :  Block diagram of closed loop optical scanning system. The three main sections are the optics, consisting of a parabolic 
reflector and visible and infrared detector, the signal conditioner and input interface, and the stepper motor. 

Photo 2: The parabolic reflector, used to gather light for detection by the 
photo detector. 

Photo 3: Closeup of the photo detector glued to the pronged holder. 
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l igh t sens1 t 1ve scann ing  system.  A sort of 
passive radar (rad io  detect ing and ranging 
system ) if you w i l l .  I t  i ncorporates a sensi
tive v i s ib le  and infrared l igh t d etector that 
is h ighly d i rectional . I n  add i t ion, it h as the 
ab i l i ty to accurate ly  posit ion i tse l f  on a 
rotational ax i s  and sweep a wide area, much 
l i ke a radar. 

F igure 1 i s  a b lock d iagram of  the device. 
The scann i ng system consists of th ree pr ime 
components :  optics, inc luding sensor and 
reflector ;  s igna l  cond it ioner and i npu t  in ter
face; and fi nal l y ,  for closed l oop control , a 
mtational posit ion ing mechanism consisting 
of a 7 .5° reso l u tion stepper motor. The com
p leted un i t  a l lows the computer  to position 
i ts sensor i n  a known d i rection, read an ana
log val ue of the l igh t level in  that d i rection, 
and move to another point or track a mov
ing  source (more on th i s  l ater) . 

The pr ime cons iderat ion i n  any l ight de
tection system i s  the opti cs. To take fu l l  
advantage o f  any position ing mechan ics, the 
l i ght sensor must be h igh ly  d i rectiona l .  Th is 
is usual ly done with a ser ies of lenses, the 
whole affa ir  resemb l ing  a te lescope. This 
techn ique i s  qu i te expensive and heavy . 
I n stead of lenses, a h igh ly po l i shed parabol i c  
refl ector can  be used to  concentrate the 
l i ght. One such dev ice ideal for th is  appl i ca
t ion is an i nexpensive parabo l i c  m i rror sold 
by Rad io Shack for u nder $2 as a solar 
c igarette l i ghter .  The un i t, shown in photo 1 ,  
has a fork t ipped h inged prong wh ich ex
tends from the cen ter to ho ld  the cigarette. 
AI ready designed to be at the focal point of 
the m i rror, it serves as the perfect moun ti ng 
bracket for the photo sensor. A G E L 1 4F2 
i n frared photo Dar l i ngton inserted i nto a 
phenol ic  sleeve is glued to the cigarette 
ho lder at the focal po int  as in photos 2 and 
3. The lens  of the photo sensor shou ld  face 
the reflector. 

Whi le  the photo detector is infrared by 
design , it i s  h igh ly  sensit ive to v is ib le l ight 
as wel l .  By choosing the infrared un it, a de-



electronic components 

Regulated Power Supply 
* Uses LM 309K 
* Heat sink provided 
* P.C. board construction 
* Provides a solid 1 amp @ 5V 
* Includes components, hardware 

and instructions 
* Size: 3-1/2" x 5" x 2" high 

JE200 5v lamp 

Digital Stopwatch Kit 
ff r -�----·�- -·-··"···- -

� · · 
........ _,.. "'"'' 

' -' - ., '"" 

PDCI\EI 
Hi:CTfifiWC 
STOPWHli:n 

�----1 ;; 

* Use l ntersil 7205 Chip 
* Plated thru double-sided 

P.C. Board 
* L E D  d isplay (red) 
* Times to 59 min. 59.59 sec. with 

auto reset 
* Uuartz crystal controlled 
* Three stopwatches in one: 

single event, split (cummulative) 
and taylor (sequential timing) 

* Uses 3 penlite batteries 
* Size: 4.5" x 2.1 5" x .90" 

Function Generator Kit 
* Provides 3 basic waveforms: 

sine, triangle & square wave 
* F requency range from 1 Hz to 

l OOK Hz 
* Output amplitude from 0-volts 

to over 6 volts (peak to peak) 
* Uses a 1 2 V  supply or a ± 6V 

split supply 
* I ncludes chip, P.C. board, com

ponents and instructions. 

4-Digit Clock Kit 

* Bright .357" ht. red display 
* Sequential flashing colon 
* 12 or 24 hour operation 
* Extruded aluminum case (black) 
* Pressure switches for hours, minutes and hold functions 
* Includes all components, case and wall transformer 
* Size : 3-1/4" X 1 -3/4" X 1 - 1 /4" 

JE900 $39.95 JE730 $14.95 
6-Digit Clock Kit · Jumbo 6- Digit Clock Kit 

�A �- "' "-"'> �"'"' 
• • t f, } I ( D a  C B  ,; 
L l 
�'!! f �- - �-,-- • - , ... "<$'. : 

* Bright .300 ht. common cathode display 
* Uses MM53 1 4  clock chip 
* Switches for h ours, minutes and h old functions 
* H ours easily viewable to 20 feet 
* Simulated walnut case 
* 1 1 5  VAC operation 
* 12 or 24 hour operation 
* I ncludes all components, case and wall transformer 
* Size : 6-3/4" X 3-1/8" X 1 -3/4" 

?''- ' ' -- - ' "'-,,-.,..1 
� 1 ' · , ,-, a B � 
� I • I 1_1 } � � '-� _- - . -"'" �- -

* F our .630" ht. and two .300" ht. common anode d isplays 
* Uses MM53 1 4  clock chip 
* Switches for hours, minutes and hold functions 
* H ours easily viewable to 30 feet 
*Simulated walnut case 
* 1 1 5  VAC operation 
* 12 or 24 hour operation 
* Includes all components, case and wall transformer 
* Size: 6-3/4" X 3-1 /8" X 1 -3/4" 

JE701 $19.95 JE747 

AVAILABLE AT YOUR LOCAL J�m;ee:! DEALER TODAY ! !  
For Dealer I nformation, write or  phone J IM-PAK� 1 021 Howard Avenue, San Carlos, California 94070 Ph. (41 5) 592-8097 
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Figure 2: Optical signal 
+ 5V 

GE L 1 4 F 2  
conditioner and analog to P H OTO S E N SOR 

digital converter that con- -CDJ_ IO K  2 N 2907 b7 
vert light input into a + 

b 6  
proportional digital out- R l * 

put. The analog to digital I M .{l  b 5  i - - -i 
8 B IT S U C C E S S I V E PA R A LL E L  converter shown was I A PPR O X I M AT I O N  b 4  O U T P U T  

described in "Talk to I A N A L O G  TO D I G I TA L  TO I I b 3  
Me: Add a Voice to Your � -- -� C O N V E R T E R  COM PUTER 

I O K  - - -
b2 Computer for $35, " by 

Steve Ciarcia, june 7978 b l  

BYTE, page 742. b O  

*Rais ing t h e  value o f  this resistor wi l l  increase sensitivity. Lowering i t  wil l reduce sensitivity (range o f  resistor val ues i s  4 . 7  k to 3 . 3 MD ) .  

tection system can be designed that uti I izes 
the best of both spectra. 

The output of the photo sensor is essen
t ia l ly a current proportional to the l ight 
h itting it .  The s ignal condit ioner section of 
figure 2 converts th is  to an analog voltage 
leve l .  The sensitivity of · the photo detecto r 
is governed by resistor R 1 ;  changing this 
res istance value wil l  affect both sensitivity 
and dynamic range. For the computer to 
read this voltage it must be converted to a 
d ig ita l  quant ity .  Wh i l e  in theory any method, 
such as vo l tage to frequency, or vo l tage to 
pu l se width , etc, cou ld have been used, I 'm 

1 00 REM I NFRARED SENSOR TEST PROGRAM 
1 1 0 REM 
120 REM 
1 30 REM THIS PROGRAM CAUSES A SOUND SOURCE ATTACHED 
1 4 0  REM TO LSB OF PORT 16 TO -BEEP- W I TH A PERIOD PROPORT IONAL 
1 50 REM TO THE AMOUNT OF L I GHT SEEN B Y  THE L I GHT SENSOR 
160 REM REV . 1 . 1  S . C I ARCIA 
1 7 0 I�EM 
1 80 OUT 1 6 , 0  

1 9 0  X " I NF' ( 1 6 )  

200 I F  X < 2 3 0  THEN GOSUB 220 

2 1 0  GOTO 1 90 

2 2 0  OUT 1 6 , 2�55 

230 FOR T=O TO X t5 

2 4 0  N E X T  T 

250 O U T  1 6 , 0  

260 RE TURN 

Listing 7 :  Program written in Micro Com 8 K Zapple BASIC that reads the 
light level from the analog to digital converter and converts it to a propor
tional pulse width on output port 7 6 (in my particular system configuration). 

C O N T R O L  
0 - 0 F F  
I - O N  

2 20 
+ 

2 2 0  

6 IOO.{l 

Power connections: +5 V:  pin 14  
Gnd: p i n  7 

+ 5 V  

100 

Figure 3: Sound source circuit (use with optical scanner test program above). 
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a purist . The output of th e signal condi 
t ioner is fed to an 8 b i t  successive approxi
mation analog to d igita l  converter. The 
detai ls  of th is  d esign were out l ined in the 
j u ne 1 978 Ciarci a 's Circu i t  Cel l ar in an 
artic le ent i tled "Tal k to Me ! "  {page 1 42) .  
Two sl ight mod ifications were made to the 
c i rcu i t  for th is  appl ication. The sample rate 
was reduced by p lac ing a 0.01 pF capacitor 
in paral l e l  w i th the 1 50 pF component 
al ready between pins 1 and 6 of IC1 , and the 
offset potentiometer was readjusted to 
al l ow fu l l  sca l e  u n ipo lar  operation ( ie :  0 V 
input  woul d  give hexadec imal 00 output and 
+5 V i nput  wou l d  give hexadecimal FF  
ou tpu t) . 

The para l l e l  output of the analog to d igi
tal converter i s  attached to an 8 bit para l le l  
i nput port. E ither an assemb ly  l anguage or a 
BAS IC  program can be u sed to read and d i s
p lay th i s  quantity by query ing the input 
port { i nput port 1 6  in  my examp les) . 

Exercis ing the device with a BAS IC pro
gram is relatively stra ightforward . List ing 1 
is a program written in M icro Com 8 K 
Zapple BASIC wh ich reads the l ight level 
from the analog to d igital converter and con
verts it to a proport ional pu l se width on 
ou tput port 1 6. I f  a Sonalert o r  the circuit 
of figure 3 is attached to the l east sign ificant 
bit of port 1 6 , i t  w i l l  beep. The beep rate 
w i l l  change as the reflector is pointed toward 
variou s  l ight intensit ies. Pr int ing out the 
analog to d igital conversion value wi l l  give 
an accu rate account of the sensitivity and 
dynamic range. 

Add a Stepper Motor for Position ing 

Now that we have an effective l ight sen
sor, we must add rotational mechanics to 
provide sweep. The s imp lest method for ro
tat ing th is  re l atively l ightweight reflector is 
to mount it d i rectly on the shaft of a stepper 
motor. 

An inexpensive stepper motor is avai lab le 



Radio Shack's personal computer �ystem? 
This ad just might make you a bel iever. 

You can't beat 
the 4K system at 

$599 

. . .  or the step-up 
1 6K system at 

$899 

. . .  or the fast 
4K/printer system at 

$1 1 98 

. . .  or the Level-l I 
1 6K/printer/disk 

system at 

$2385 

TRS-80 "Breakthru" 
• TRS-80 microcomputer 
• 1 2" video d i splay 
• Professional keyboard 
• Power supply 
• Cassette tape recorder 
• 4K RAM ,  Level-l BASIC 
• 232-page manual  
• 2 game cassettes 

TRS-80 "Sweet 1 6" 
• Above, except 

i n c l udes 1 6K RAM 

TRS-80 " Educator" 
• Above, except 

inc l udes 4K RAM and 
screen p ri nter 

TRS-80 "Professional" 
• Above, except 

i n c l udes 1 6K RAM ,  
d isk d rive, expansion 
interface, and 
Level-11 BASIC 

So how are you gonna beat the system that 
does this much for this l ittle? No way! 

. . .  The amazing new 
32K/Level-l l/2-disk/ 

l ine printer system at 

$3874 

TRS-80 "Business" 
• Above, except 

inc l udes 32K RAM , 
l i n e  printer, 
and two d isk d rives 

Get detai ls  and order now at Radio Shack stores and dealers in  the USA. Canada, UK, Austral ia, Belgium, Holland, France, Japan. 
Write Radio Shack, Division of Tandy Corporation, Dept C-098, 1400 One Tandy Center, Fort Worth, Texas 76102. Ask for Catalog TRS-80. 

1tad1e lhaeK The biggest name in little computers-
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Photo 4: North American Philips stepper motor, Model K82944-M7, and the 
SAA 7 027 controller circuit used to drive it. Cost for the two pieces is less 
than $20. 

COM P U TE R  
{ b O  

O U T P U T  b l  
PORT 1 6  

b 2  

. I  

p 

* N O R T H  A M E R I C A N  P H I L I P S  
S T E P P E R  MOTOR CONTROLLER 

100.0. 

1 4  

+ 1 2 V 

100.0. 

Q 4 I I  

9 
Q 3  

Q 2  8 

Q l  6 

STEPPER 
MOTOR * *  

Y E LD R E D  

G R Y  1 3  3 ' 1  B L K  

Y E L  l 2  2 ' 1  R E D  

G R Y  I I  I '  I B L K  

I I 
* * NORTH A M E R I CA N  P H I L I PS 

K 8 2 944 · M I  7 112• PER STEP 
1 2 V D C  STEPPER MOTOR 

Figure 4: Connecting the stepper motor to the integrated circuit controller. 

1 0 0  REM T H I S  PROGRAM DRIVES THE STEPPER MOTOR I N  A BACK AND FORTH MOTION 
1 1 0  OUT 1 6 o 1  ! OUT 1 6 o 25 5  ! REM PRESET STEPPER CONTROLLER 
1 20 REM 
1 30 REM 
1 4 0 REM GO 25 STEPS CLOCKW ISE 
1 50 FOR D=O TO 2 4  

1 60 REM B I T  2 I S  SET H I GH A N D  B I T  0 I S  TOGGLED TO GO CLOCKWISE 
1 7 0  OUT 1 6 o 5  
1 8 0  GOSUB 3 9 0  

1 90 OUT 1 6 o 4  

2 0 0  NEXT D 
2 1 0  REM 
220 REM RETURN SCAN DELAY 

2 3 0  FOR S 1 =0 T O  1 0  

2 4 0  GOSUB 3 9 0  

250 NEXT S 1  
260 OUT 1 6 o 1  : ou r  1 6 . 25 5  

2 7 0  REM G O 25 STEPS COUNTERCLOCKWISE 
280 FOR D=O TO 2 � 
2 9 0  REM B I TS 1 AND 2 ARE HELD H I GH AND B I T  0 IS TOGGLED TO 
300 REM GO COUNTERCLOCKW ISE 
3 1 0  OUT 1 6 , ?  
:l 2 0  GOSUB 3 9 0  
330 OUT 1 6 o 6  

3 4 0  NEX T  D 
3 5 0  GOTO  1 1 0  

360 I�E M 
3 7 0  REM IN BETWEEN STEP DELAY T I MER 
380 REM D E L A Y  T I ME SET B Y  VALUE OF T1 
3 9 0  FOf< T = O  TO 5 
4 0 0  NEXT T 
4 1 0  R E T UF(N 

Listing 2: A BASIC program that drives the stepper motor and demonstrates 
the sweep action. It initializes the stepper motor, drives 25 steps clockwise, 
waits a short period, and then returns to its initial position. 
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from North Amer ican Ph i l i ps. This  un i t  
(shown in  photo 4) i s  rel a tively smal l ,  and a 
single integrated circu i t  contro l l e r  i s  a l l  that 
is needed to interface it to a computer .  The 
part icu lar un i t  in th i s  article \ s a 1 2  VDC 
7 .5° stepper motor. Th is  means that there 
are 48 steps per revo l u tion, and, if one were 
trying to scan a 1 80° fi e ld  of view, the 
stepper should osci l l ate between 24 clock· 
wise and counterc lockwise steps .  Th is  would 
give the impression of "sweep ."  

The  e lectronics of the  stepper are out
l i ned in figure 4. Three b i ts  of a para l l e l  
output port are  necessary to contro l  the 
d i rection and speed of the motor .  The three 
signals are S, R and T, for set, rotation and 
trigger. When first engaging the motor it 
should be set to a known cond ition by puis· 
ing the set input  low wh i l e  keeping the 
tr igger i nput  h igh .  Once in it ia l ized, the d i rec
tio n of rotation must be chosen. This  is done 
by sett ing the R input  low if c lockwise rota
tion is desi red and h igh for counte rclock
wise rotation. An actual step i s  i n i tiated by 
s imu l taneously making a 0 to 1 logic tran
s i tion on tr igger input  T. By repeated ly  tog
gl i ng th is  b i t, continuous motion wi l l  resul t. 
The steppe r  motor i n  th i s  article is capable 
of 200 steps per second .  

' 

A BAS IC program which d rives the 
stepper motor and d emonst rates the sweep 
action is outl i ned in l i st ing 2. l t  i nitial izes 
the stepper, d rives 25 steps  clockwise, waits 
a short period, and then returns to its in itial 
posit ion .  

Making a Scann ing System 

To produce a c losed l oop contro l l ed 
scann ing system, the refl ector and photo 
sensor are attached to the stepper motor 
shaft by any conven ient means. I g lued the 
reflector to a sl eeve which attached to the 
shaft of the motor. The concept of closed 
loop contro l  comes from the abi l i ty of this 
unit to position i tse lf, take a l ight reading, 
and perfo rm some further action as a resu l t .  
This  cou ld be to step to a new location or 
to stop and remain stationary on  any source 
above a certain l ight leve l .  

L ist ing 3 i s  the  BAS IC  p rogram of such 
an exercise r  which seeks out and points at a 
l ight source. As the  parabo l i c  reflector steps 
through its sweep, i t  checks the read ing of 
the analog to d igital converter and com pares 
it to a set point .  If the set point i s  exceeded, 
the program w i l l  stop stepp ing and point at 
this source. Should the l ight be ext ingu ished 
or obstructed , the sweep resumes u nt i l  it 
finds another source of suffic ient i ntensity. 

This i s  a rather rud imentary program but 
i t  incorporates al l the basic structure to 
which enhancements such as motion detec-



$ 279 -
- 16 K 

of static S- 1 00 memory 
Our Econoram IV'm " u nkit" comes with 

sockets and bypass caps pre-soldered into place 
for easy assembly. Plugs into any S-1 00 buss 
machine. Features under 2000 mA current, 
complete buffering, fully static operation, and 
our enviable reputation for reliability under all 
operati ng conditions. 

Assembled and tested, $314; qual ified under the CSC program*,  $414. 

$ 445 - 24 K -

of static S- 1 00 memory 
Econoram Vll'm is an "unkit" that has sockets 

and bypass caps pre-soldered into place. This 
full feature memory is configured as two 4K and 
two BK blocks for maximum flexibility, boasts 
current consumption under 2000 mA, and 
fallows our design policy of fully static opera
tion with complete buffering. 

Assembled and tested, $485; qual ified under the CSC program*,  $605. 

• (Certified Systems Components OOords are assembled, tested, serial numbered, burned in for 200 hours, and 
guaron1eed to run at 4 MHz over the full temp range. We exchange board if failure occurs within 1 year of invoice 
date.) 

$ 135 -
- 8 K  

of static S- 1 00 memory 
Econoram ll'm is our biggest selling kit to date, 

thanks to the cast-effectiveness it brings to the 
S-1 00 buss. Features low current consumption, 
high speed, full buffering, and the same perfor
mance that has made Ecanoram one of the best 
sel l ing peripherals in the business. 

Assembled: $155. Quantity kit price: 3/$375. 

All OF THE ABOVE ARE AVAILABLE FROM STOCK. Coming soon: 32K boards for the 5·100 
bun, the lntei/Natlonai B0/10 and 80/20, and the Digital Group . . .  plus a dual UART 5·100 1/0 board 
and our new family of 5· 1 00  Econorams. Watch this space, or inquire obout price ond ovoilobility. 

ACTIVE 
TERMINATOR 

$29.50 (kit) 

ATTENTION 
• • • • • • • • • • • • • • • • • • • • • • • • • •  

RADIO SHACK 
TRS-80 AND HEATH 
H8 OWNERS: 

••• • • • • • • • • • • • • • • • • • • • • • • •  

MEMORY PRICES ARE 
COMING DOWN ! !  

Our TRS·BO Conversion Kit chip set Is 
now only $159 (3 kits for $450). It not only 
upgrades your mainframe from 4K to 1 6K, but 
can also populate the memory expansion 
module with extra memory. Works with APPLE 
computers too. We include full instructions for 
the TRS-80 conversion, and bock up our parts 
with o 1 year warranty. 

Heath H8 owners ore recognizing that our 
12K Econaram vrm, designed specifically for 
the H8 buss, offers a superior memory value at 
$235. Now you con buy two of our 12K 
boards on special for $399 (price goad 
through cover month of this magazine). These 
are "unkits" with sockets and bypass cops pre
soldered in place. Need we soy more? 

MOTHERBOARDS 

1 1  slots, with active terminotion circuitry, heavy 
power I ground traces, and all edge connectors: $90 
in "unkit" form (edge connectors ore pre:soldered 
in place, making assembly a cinch). Need more 
slots? Our 18 slot motherboard "unkit" includes oil 
the obove olong with 18 edge connectors for $12�. 

MULLEN RELAY/ 
OPTO-ISOLATOR CONTROL 
BOARD SBB (k;,) 

8 reed relays respond to on 8 bit word (relays con also 
drive Mullen 500 Watt AC control modules for power ap
plications); 8 opto-isolators receive outside world signals 
for handshaking or further control purposes. Applications 
include audio, time lapse photography, robots; one user 
even devised on automatic cot feeder. At our new low 
price, you can afford to let your imagination run wild. 

From Mullen Computer Products. We now carry the im
proved version that includes a built-in "kluge board" area 
in addition to the integral logic probe and ingenious edge 
connector. Greatly simplifies servicing and testing 
when it comes to extender boards. it would be hard to im
prove on this unit in terms of either price or ease of use. 

Active termination draws much less power than 
passive termination, and minimizes the glitches, 
noise problems, crosstalk, ringing, and other 
gremlins that can occur with unterminated busses. 
Plugs into any S-1 00 computer. Many have copied 
our technique; few con match our low price. TERMS: Cal res. add tax. Add 5% !>hipping, ex

cess refunded. COO orders OK w1th streeT address for 
UPS. Visa® /MasTercharge® orders coli our 24-hr. 
order desk at (415) 562·0636. Thank you for your 
business. · 

®.ffi@ID®OO BILL GODBOUT ELECTRONICS BOX 2355, OAKLAND AIRPORT, CA 94614 
Circle 1 50 on inqu i ry card. BYTE November 1978 87 



T H I S  P R O G R A M  S I M U L A T E S  A C L O S E D  L O O P  - R A D A R -

I T  S C A N S  B A C K  A N D  F O R T H  25 STEPS I N  EAC H D I RE C T I ON 

LOOK I N G  F O R  A P R E S E T  L I GHT L E V E L  E i fHER PRODUCFD B Y  

OR R E F L E C T E D  F R O M  S O M E  O B J E C T  I N  I T S  S C A N  P A T H  

1 0 0  R E M  
1 1 0 R E M  

1 2 0  REM 

1 3 0  REM 

140 REM 

1 5 0  REM 

1 6 0  R E M  

1 70 !�EM 

1 8 0  OUT 

1 90 FOR 

200 OUT 

2 1 0  REM 

IT W I L L  S T OF' S C A N N I N G  AND I�E M A I N G  P O I N TI NG A T  r�NY S U C H  

O B J E C T  I T  F I NDS . I F  THE O B J E C T  MOVE S , THE S C ANNER W l l .L F rn_ LOW 

Listing 3: A BASIC program that causes the 
scanner system to seek out and point to a 
light source. The scanner tracks the light 
source as it moves. If the light source is 
extinguished or obstructed, the sweep 
resumes until another source of sufficient 
intensity is found. 

1 6 o l  : O UT 1 6 o 255 : RE M  P R E S E T  STEPPER CONTROLLER 

[l•oO T O  24 

1 6 · 5  
T A K E  O N E  CLOC K W I SE S T E P  

220 G O S U B  :•;:iO 
230 OUT 1 6 o 4  

2 4 0  G O S U B  4 8 0  : R E M  READ SENSOR 

250 N E X T  [I 
260 REM 
2 7 0  REM R E T URN SCAN D E L A Y  

280 F'O R S 1 •'0 TO 1 0  

290 G O S U B  �;50 

3 0 0  NEXT S 1  

3 1 0  REM 

320 !';:EM 
330 OUT 1 6 o l  : O UT 1 6 o 2 5 5  : R E M  P R E S E T  S T E P P E R  C O N T R O L L E R  

3 4 0  F O R  D=O T O  2 4  

350 O U T  1 6 o 7  

360 REM T A K E  ONE COUNTERCLOCKW I S E  STEP 

3 7 0  G O S U B  5 5 0  

380 O U T  1 6 o 6  

390 G O S U B  4 8 0  : RE M  READ SENSOR 

4 0 0  NEXT [I 
4 1 0  FOR [laO TO 2 5  
4 2 0  N E X T  D 

4 3 0  GOTO 1 8 0  

4 4 0  REM -RADAR- S E NSOR READ ROUT I N E  

4 5 0  R E M  A / D  I NPUT I S  A T T AC H E D  T O  I NP U T  P O R T  1 6  

t ion and track ing can b e  added . I t  w i l l ,  as 
now written ,  fo l low a flash l ight  as some
one  wal ks across a room .  I t  is l eft as an exer
cise for the reader to d rop a net over the 
perpetrator. 

4 6 0  REM L O W  L I G H T  L E V E L  I S  A V A L U E  OF 255 AND H I G H  I N TENS I TY 

4 7 0  REM I S  AN I N P U T  VALUE OF 0 

There are a few other l i tt le things you can 
try after you 've bu i l t  this gadget .  The sketch 
on page 80 shows the portion of my base
ment  ( the "Ci rcu i t  Cel l ar")  immediate ly 
adjacent to the computer  system. After 
modify i ng  the BAS IC program of l i s ti ng  3 
to pr int  out a number on a scal e of 1 to 9 (a 
period i s  0) i n dicati ng relat ive i n tens i ty, and 
turn ing on a l ight and l igh t ing a candle, I 
i n i ti ated a s ingle scan across the room . List
i ng  4 is a pri n tout of that scan. The sensi
tiv i ty of the device had to be set very h igh to 
p ick u p  the cand l e, and the resu l t  was rather  
i n teresting. The scan al lowed the computer 
to "see" aroun d  the room in front of i t. 
There is an i n tense l i ght  sou rce to the right 
and a rather low l evel one to the left. By 

4 8 0  X = I NP I 1 6 1  : RE M  READ A/D CONVERTER 

4 9 0  L = 1 0  : RE M  P R E S E T  L E V E L  S E T  , , , , T H I S  WOULD BE A BRIGHT L I GHT 

500 I F  X<l THEN GOTO 480 

5 1 0  R ETURN 

520 REM 

530 REM 

5 4 0  R E M  D E L A Y  T I MER TO COMF�ETE M E C H A N I CA L  M O T I ON BEFORE READ I N G  SENSOR 

550 FOR T=O T O  2 5  

560 NEXT T 
570 RETURN 

P ET A P P L E 

PLA Y CHESS WITH 
MICROCHESS is the c u l mi nation of two years of chessplaying 
program development by Peter Jennings, author of the famous 1 K 
byte chess program for the K I M- 1 . M I CR O C H ESS 2.0 for 8K PETs 
and 1 6K APPLEs, in 6502 machi n e  language, offers S levels of p l ay 
to suit  everyone from the beg i nner learning chess to the serious 
player. It examines positions as many as 6 moves ahead, and 
inclu des a chess clock for tourn ament play. M IC R O C H ESS 1 . 5  for 
B R I D G E  CHALLENGER by George Duisman for 8K PETs, Level I I  
1 6K TRS-80s, and 1 6K APPLEs: Y o u  and the d u m my play 4 person 
Contract Bridge against the computer. The program wi l l  deal hands 
at random or accordi n g  to your criterion for h igh card points. You 
can review tricks, swap si des or replay h ands when the cards are 
known. No longer do you need 4 people to p l ay!  . . . . . . . .  $14.95 

O RDERS: Check, money order or VISA/Master Charge accepted; 
programs and cassettes guaranteed. If you have questions, please 
call us at 617-783-0694. If  you know what you want and have your 
VISA/MC card ready, you can DIAL TOLL FREE 1-800-325-6400 

YOUR COMPUTER! 
4K TRS-80s, in Z-80 machi n e  language, offers 3 1evels of play (both 
Level l and Level II versions are i n c l u ded and can be loaded on any 
TRS-80 without T B U G ) .  M I CR O C H ESS checks every move for 
legal ity and d isplays the cu rrent position on a grap h i c  chessboard. 
You can play White or  Black,  set up and play from special board 
positions, or even watch t h e  com puter p l ay against itself !  Available 
now at  a special introductory price of only . . . . . . . . . . . . . . $1 9.95 

STIMULATING SIMULATIONS by Dr. C.W. Engel for 8K PETs,  4K 
Level I and II TRS-80s, and APPLEs with Applesoft I I :  Ten original  
s imu lation games such as Forest Fire, Lost Treasure, Gone Fishing 
and D iamond Thief ,  progressing from elementary to q u it e  complex 
with most su itable for schoolc h i l d ren. I n cl udes a 64 page book 
giving flowcharts, listings and suggested modifications . . . $14.95 
(24 hours, 7 days; in Missouri, dial 1-800-342-6600). Or you can 
mail your order to the address below. Personal Software'" products 
are now A VAILABLE NATIONWIDE FROM COMPUTER S TORES. 
Look for the Personal Software'" display in your local store! 

P . O .  B ox 1 36-8 1 1  Personal SoftwareTM Cambridge,  M A  021 38 
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incorporating gain  selection (changing the 
1 MD resistor in the s ignal condi t ioner) 
under program control the compute r  cou l d  
reduce the gain selectively t o  dete rm ine the 
origin of each light. 

One further experiment entai l ed taki ng 
numerous sweeps and combin ing them to 
form a d ig itized computer p ictu re .  F i rst the 
program was changed back to a thresho ld 
detector again .  As it scanned the 25 steps i t  
wou ld pr in t  out an aster isk ( * )  for anyth ing 
that exceeded this th reshold and a period ( . ) 
otherwise. A protractor was attached to the 
arm of the tr ipod so that the angle of the 
reflector cou ld  be adjusted by a known in
c rement each t ime the computer  stopped 
between scans. The resu lt was as i l l u strated 
in l ist i ng 5. The ten scans form a computer's 
eye p icture of the wal l .  Again, because of 
the d ynamic range d ifferences between the 
cand le  and the l ight, the incandescent bu lb  
appears much larger than i t  actual ly i s .  

Co nc lus ion 

Here's a s imp le  device that can detect 
and t rack infrared and v is ib le l ight sources. 
See what you can do with it .  I don 't want to 
leave anyone with the impression that I 'm 
waiti ng for a burg lar  with a m i l l ion  cand l e
power flashlight to come tr ipp ing through 
the woods. Th is i s  but one sensor in  a larger 
system, and the infrared capab i l it ies, which 
I neglected to discuss in detai l ,  are i ts pri
mary appl ication .  Start ing in  J anuary, I ' l l  
expla in compute r  alarm systems. 

There have been numerous artic les on 
l ight  seeking robots. With th i s  detector it i s  
qu ite possib le  that the mechanics and soft
ware cou ld  be reduced considerab ly .  I 've 

. . . . . . . . . .  1 . . .  1 6 9 7 3 1  . . . .  

Listing 4: A single scan of the room containing the light bulb and candle. 
A modification of the program in listing 3 to print numbers on a scale of 
7 to 9 (a period is 0) indicating relative intensity. 

* 

* . 
* * 
* * * 

* * * 
* 

Listing 5: Ten sweeps of the room. The relatively large size of the light used 
in the experiment accounts for the large number of asterisks at the right. 

often thought about bu i ld ing a robot, but  
my mechan ical talent i s  nonexistent. When  I 
can bu i ld one with a screwdriver and a so l 
der ing iron on ly ,  I ' I I  write about i t .  (My 
thanks to  Lloyd Kish in sky for graph ics ideas 
used in th is  art ic le . ) 

If you have any comments o r  ideas, 
p lease don 't hesitate to write and inc lude 
a stamped , self-add ressed envelope. Much 
to my surprise, I 've actual l y  been ab l e  to 
keep up  with correspondence. Some people 
have wri tten to ask whether I s it  up  n ights 
th in king of crazy i n troductions for my  
articles. You may no t  bel ieve th is, b u t  every
th ing has some bas is in fact. I 've met some 
rea l ly strange characters. Why create fiction 
when the truth i s  often so much more 
h i l ariou s !  

Next month : a hexadecimal -octal d isp lay.• 

EXORciser Users: We've got your memory. 

$495** · 
The 1 6K Static RAM for your M680o EXORciser* 

Circle 327 on i nqui ry card. 

The RANK 68MX1 6 features: 
• 1 6384 bytes of fully static MOS memory in 4K 

byte arrays. 
• TMS 4044 memory chips with 450ns maximum 

access time .. 
• Plug-in compatible with Motorola's EXORciser*, 

Micromodules* and D-2 Kit. 
• Switch selectable write protect for each 4K array. 
• Jumper selectable base memory address for 

each 4K array. 
• Fully buffered bus interface. 
• Sin!iJie t 5V supply. 
• Available in 8K version - same board with 8K of 

memory chips - $345. . • Not a kit-fully-assembled, burned-in and tested. 
• Full six month parts and labor warranty. 
• Shipment: Stock to 30 days. 

RANK PERIPHERALS OF CANADA LTD. 
PO Box 7, Victoria Station, Montreal, P.O. H3Z 2V4 
(51 4) 364-0432 
'*Trademarks of Motorola Inc. .. Single quantity price in US funds. 
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Computer Assisted Instruction 

on a Microcomputer 

Melvin Davidson 
Director, Computer Center 
George A Gerhold 
Professor of Chemistry 
Larry Kheriaty 
Systems Programmer 
Western Washington University 
Bellingham WA 98225 

Computer  assisted instruction (CA l )  
cou l d  a l ter  the del ivery of education pro
found ly .  This h as been known for years, bu t 
not much has happened in response, partly 
because of expensive hardware, and partl y 
because of lack of qual i ty courseware. 
Al though m i n icomputer based CA l systems 
need not be expensive on a per term inal  
hour basis, the i n i tia l  capital investment for 
a smal l  number of termi nals is too h igh for 
most school systems. (Our campus system 
costs 30 cents per hour per terminal amor
tized over 24 ports for five years at 200 
hours per month exclus ive of term inal s . )  
Remote term ina ls  are not attractive because 
of proh ib i tive l i ne costs. Thus the fiel d 
is open for m ic roprocessor based systems. 
They are inexpens ive to operate; the i n i tia l  
i nvestment i s  reasonable ;  th ere are no l i ne 
costs; and i nd iv idual systems can be tail ored 
for particu lar appl ications. The difficu l ty 
with m icroprocessor based systems l ies i n  
the second area, the l ack  of qual i ty cou rse
ware. 

Production of qual i ty cou rseware is a 
demand ing tas k which requ i res experienced 
teachers as au thors, ex tensive testing with a 
variety of students, and repeated ed it ing on 
the basis of th is testing. Potential authors are 
usual l y  not compu ter afic ionados, so pro
gramming in appropriate h igh level lan
guages must be poss ib le .  Testing requ i res 
el aborate record keep ing and fi l e  sorting  
capab i l i ties, and the  col lec tion of resu l ts 
from mu l ti p l e  term inals . Therefor·e, the 
system requ i rements for the devel opment 
of qual i ty cou rseware imp ly  use of .a mul ti
term ina l ,. large memory system (one beyond 

Table 7 :  Original design objectives for the CA I system. 

• Turn key system with n o  front panel switches other than a power switc h .  
• Central operating system and bootstrap loader module should b e  i n  read only 

memory for cold starts. 
• Hardware components shou ld  be ava i lable off-the-shelf,  assembled. 
• System shou ld  be disk or iented with only the immediately required l i nes of the 

course loaded i n to main memory at any one time. 
• Video terminal with 24 l i n es contai n i ng 80 characters, the fu l l  ASCI I upper and 

lower case character set, and cursor controls.  
• I mplement as large a subset of PI LOT and BAS I C  as poss ib le .  
• Total cost of hardware exclusive of video terminal should be less than $2500. 

90 November 1978 © BYTE Publications Inc 

the capabi l i t ies of p resen t  m ic roprocessors ) .  
Therefore we dec ided to develop a micro
processor based system wh ich cou l d  be used 
to del iver · CA l cou rseware which was 
written, tested and ed i ted  on ou r cam pus 
term ina l  system.  In th i s  way we can combine 
l ow del ivery cost with qua l i ty cou rseware. 

Our  CA l mach i n e  consists of a micro
processor, a floppy d i sk  and a v ideo ter
m i nal . Our deve lopmental system uses a 
Sou thwest Techn ical Pmducts 6800 com
pu ter, a Midwest Scientific I n struments 
FD-8 fl oppy d i sk system or a PerCom m in i
floppy d i sk  system and an Ann Arbor Design 
I l l  vi deo term i nal . We h ave completed a 
PASCA L vers ion, are working on a Z-80 
and m u l ti u se r  6 800 version , and are con
temp lat ing a 6 502 vers ion. Also, since 
Decem ber 1 9 77, we h ave been ru nn ing test 
programs on the SwTPC 6 800 system.  

We have experience with a variety of  CAl  
languages inc lud ing I BM Cou rsewri ter, a 
variation of Cou rsewriter ca l led CW3-WPL, 
and· more recent ly with P I LOT. Our fee l ing  
i s  that a P I LOT/BAS IC  composite i s  cu rrent
ly the optimal l anguage for CA l .  The PI LOT 
language is easy to l earn, fl ex i bl e, and 
comparative ly easy to i mp lement on any 
computer system. A P I LOT/BASIC semi
comp i l e r  forms the bas i s  of our Western 
Term inal System (WTS) campus timesharing 
service ru nn ing  �n l n terdata 32 bit m in i 
compu ters with Telefi l e  80 megabyte d isk 
u n i ts .  

Our i n i tia l  m icrocomputer  hardware and 
software design objectives are summarized 
in table 1 .  We set the fi rst th ree objectives 
to m in imize the l evel of expertise requ i red 
both to assemb l e  and to use the sys tem, 
because th is i n tended to be a production 
system, not just a hobby system. Of course, 
if an instructor can assemble  hardware from 
kits, that w i l l  be an extra saving. We set the 
fou rth th rough s ixth objectives to al low 
del ivery of courses of the s ize and so ph isti
cation of the CA l cou rses cu rren tl y  in use at 
Western . The price is the l owest poss i ble 
consistent  with cri ter ia of qual i ty hardware 
and cou rseware. 

We even tua l ly  relaxed ou r price restric
tion sl igh tly and selected a Sou thwest 



Supe1ram™ 
16K STATIC FOR $299 

I ntroducing SuperRamTII 16K static memory, the 
one that's leaping tal l  price barriers at a single 
bound. I t  saves you about $1 00 on the usual cost of a 
big 16K memory for your  S-100 system. 

SuperRam™ 1 6K is the latest in cost-efficient 
memory designs by George Morrow, designer of 
the best-sel l ing ECONORAM* memories. 

SuperRam™ 16K is configu red as four  indepen
dent 4K blocks, each separ ateiy add• es!lable and 
write-protectable. Designed to meet the proposed 
I EEE Standard for the S-100 bus (see IEEE Computer, 
5/78), al l  signals are ful ly buffered-including 
add ress and data l ines. And Morrow's design uses 
just 11 ch ips to keep the board uncrowded and 
trouble-free. 

SuperRam™ 16K comes as an easi ly assembled kit, 
with solder mask and parts legend. 

Circle 255 on inqu i ry card. 

Ask for the SuperRam™ 16K memory kit at your 
local computer shop. Or if  u navailable local ly, cal l  
your  BankAmericardNisa or Master Charge order 
to 415-524-5317, 10-4 Pacific Time. Or send check 
or money order to Th i nker Toys™, 1 201 10th St., 
Berkeley, CA 94710. Add $3 for handl ing; Cal . res. 
add tax. 

*ECONORAM is a trademark of Godbout Electronics 
A product of Morrow's M icro-Stuff for 

UJrllu�nufu®rr 
��W�m 1 201 1 oth street J..1 \w r:YJ � Berkeley, CA 94710 

BYTE November 1978 91 



Four I nstructions that Comprise the Central Core of P I LOT: 

T: Type the fol l owing text.  
A: Accept an edited answer and assign i t  as the va lue of the fol lowing strin g  or 

nu mber var iable.  
M: 
J :  

Match the answer with t h e  fol l owing one o r  more acceptable patterns. 
Jump to the designated i nstructi on .  

Additional P I  LOT I nstructions: 

R :  Remark o r  comment. 
U: Use a subroutine at the designated labe l .  
E :  
C :  

End the subroutine and return t o  t h e  place o f  cal l .  
Ca lcu late using the fol l owing BAS I C  statement.  

Local Additions to P I LOT: 

Continue the previous T:  statement.  
PR : A new problem or course frame. 
X I :  E xecute the fol lowi ng character stri ng as a P I  LOT statement. 
SJ : Jump to a new segment, preserving sym bols but c learing labels .  

Table 2: The instruction 
set that is being used in 
this implementation of 
PILOT can be divided into 
three basic parts. There are 
four instructions that can 
be considered as the basic 
core of the language. The 
second part contains in
structions that are not 
essential to the operation 
of the language but make 
it easier to use. The third 
section contains instruc
tions that we have added 
for our own use. 

Table 3: Conditional labels 
that can be added to 
statements to affect the 
order of execution. 
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Techn ical Products SwTPC 6800 interfaced 
to a M idwest Scientific I n stru ments FD-8 
fl oppy dis k system. The 24 l i ne by 80 char
acter requ i rement rules out home tel evis ion 
term inal k its at present, though we are 
confident that this wi l l  change now that 
both Vamp and Pic kles & Trout have home 
te levis ion m od ification k its ava i lable .  
I n terested users shou ld be able to acqu i re 
a l l  the h ardware, inc lud ing the video system, 
for under $3000 off-the-shelf by the time 
ou r i n i tia l development project is complete. 

The Language 

The P I LOT i nstruction set that we are 
us ing is su mmarized in table 2. The values of 
ar ithmetic and ch aracter string variables 
can be inc luded in  the text of a T : command 
if pr·eceded by a # or a $, respectively, (T: 
#X3 ,  T:  $ B) .  Th is feature can be used, for 
example ,  to send special characters to a 
term ina l  for graph ics effects. One l i ne of 
input is accepted by an A :  i n struction, 
mu l tip le  spaces are compressed to single 
spaces, au tomatic upper and lower case 
ed iti ng is performed as specified, and the 
response optional ly may be saved in a str ing 
or· numerical variable .  The l ast response 
accepted can be compared with a specified 
pattern string which may inc lude the special 
characters * to match one character, % to 
signify space or end, & to match mu l tip le  
characters, and ! to match one string or  

Label 

y 
N 
E 
c 
0 - 9  

Conditions for Execution 
The last match was successfu l .  
T h e  last match was not successf u l .  
A n  error flag was tu rned o n .  
The last relational conditioner 
was true. 
The last A: instruction has been 
repetitive ly  executed the desig
nated number of times. 

another. The resu l t  of the match i s  an i n ter
na l ly  kept  yes or no. 

Any command can be made conditional 
by adding the l abel s  i n  table 3 between the 
command code and the colon fol l owing i t. 
In add iti on ,  executi on of any i nstruction is 
made condi tional by encl osi n g  a BAS IC  
l ogical expression, cal l ed  a rel ati onal con
d i ti oner, in parentheses between the com
mand and i ts fol l owing co lon .  The command 
wi l l  be execu ted on ly  if the  comparison i s  
true :  

T(X < 3 ) :  

Any i nstruction can be l abe led by an asteris k 
fol lowed by from one to s ix characters: 

* LABl  T :  

The desti nation of the  J :  command is  a l abel 
( J : l abe l ) ; a l i ne n umbe r  ( J : number) ;  the 
l ast accept (J : @A) ;  the next match ( J : @M) ; 
or the next problem frame ( J : @P). 

There are th ree statement modifiers H ,  J 
and S. An H modifier can be added to a T 
command (TH : )  to su ppress the automatic 
new l i ne  sequence (l i ne feed and carriage 
retu rn) at the end of an output l i ne. The 
match jump code MJ : is used to auto
matical l y  ju mp to the next M :  i nstruction if 
no match i s  foun d, and the match code MS : 
fol l owed by a pattern al l ows m inor  spel l ing 
errors of one wrong character or an i nverted 
pai r  of characters. 

There are some l im i tations on the BAS I C  
statements which can b e  inc luded directly i n  
a C :  i nstruction, bu t because one of the legal 
statements is the CAL L  statement, the C :  
instruction im beds the enti re extended 
BAS IC l anguage into PI LOT. However, 
only five BAS IC  i nstructions are essen tial 
for execu tion of programs ( I N P UT, PR INT, 
DIM,  LET, I F  . . .  THEN) .  The other BAS IC  
commands make p rogramming easier, bu t 
are not essential . We h ave chosen to make a 
major sav ing i n  the microprocessor memory 
and system complex i ty by l im it ing the 
BAS I C  to those five i nstructions. Extended 
BAS IC  programs wi l l  be wri tten and tested 
on the campus termina l  system and then 
mach ine trans Ia ted in to the five essential 
instructions. These five wi l l  be translated 
into P I LOT as fol l ows: 

BASIC 

I N PUT 
PR INT 
I F  . . .  THEN 
LET 
DIM 

Micro?! LOT 

A: 
T: 
(rel ational cond itioner) 
C: LET 
C :  DIM 

Thus the on ly two BAS IC  instructions which 



A COMPLETELY REFURBISHED "SELECTRIC" 
ASCII TERMINAL FOR THE SMALL BUSINESSMAN 

OR SERIOUS HOBBYIST. 

The AJ 841 1/0 Terminal. 
Now with RS 232 interface. 
Now available from dealers. 

Demand for our AJ 841 1 /0 
computer terminal has been 
g reat. And now that we've fi nal ly 
added RS 232 interface, it wi l l  
get even g reater. So whi le you 
can sti l l  order it d i rect from us,  
now you can also buy it from 
dealers around the country. 

The AJ 841 features : 
• Choice of Serial RS 232 or 

paral lel interface 
• Off-l ine use as typewriter 
• Documentation included 

• ASC I I  code 
• 14 .9 cps printout 

• 30-day warranty - parts and 
labor 

• High qual ity Selectric printing • Mail order shi pments to AJ 
office or d i rect to you .  • Rel iable,  heavy- duty Selectric 

mechanism • EBCD keyboard . 

Warranty and service 
avai lable from your local AJ dealer 

or from AJ offices i n :  

Atlanta/Boston/Chicago/Cincinnati/ 
Cleveland/Columbus/Dal las/ 

Detroit/H ackensack/Houston/ 
Los Angeles/New York/Phi ladel phia/ 

San Jose/Washington ,  D . C .  

F u l l  warranty i nformation 
avai lable on req uest. 

Order with coupon-or from 
your local AJ dealer 

For location of you r  nearest AJ dealer 
cal l  toll-free: 800/538-9721 . 
(Calif .  residents cal l  408/263-8520) 
� ANDERSON � .JACOBSON 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - -- · 

HOW TO ORDER DIRECT FROM AJ 
1 .  Make cashier's check or money order 

payable to Anderson Jacobson, Inc. and 
mail to: 

Anderson Jacobson, Inc. 
PERSONAL COMPUTER TERMINAL 
521 Charcot Avenue 
San Jose, CA 951 3 1  

2 .  You will b e  notified when your unit i s  
ready for shipment. Allow six to eight 
weeks for delivery. 

3. Shipments d irect to you require a collect 
freight charge (FOB San Jose) plus $25 
for a special shipping carton; no tax 
necessary outside California. Shipments 
to nearest AJ office include freight in the 
$35 handling charge and require 
applicable sales tax at pick-up location. 

4. For warranty or repair service, return 
unit to local dealer or to designated AJ 
service location. 

Available only in U.S. 

Circle 1 0  on inqu i ry card. 

CLIP AN D MAIL WITH O R D E R  

Select interface: D R S  232 @$1 1 95 or D Parallel @ $ 1 095 

D Ship direct to me (freight collect, FOB San Jose, plus $25 carton, and California sales tax 
if applicable) 

D Ship to AJ office (applicable sales tax plus $35 shipping/handling) 

Number of units $ --------
Sales tax $ --------

$35 shipping/handling or $25 carton $ --------
TOTAL $ --------

NAME --------------------------
ADDRESS ------------------------
CITY 

PHONE ( 

--------- STATE ----- ZIP  ____ _ 

BYTE November 1978 93 



wi l l  be legal when inc luded d i rectly after the 
C:  wi l l  be 

LET variable = expression and 
D I M  

I n  ou r fi rst version of the system we have 
inc lu ded floating point scalers, arrays of one 
and two d imensions, and vary ing length 
strings. The usual BAS IC  arithmetic and 
l ogical operators +,- , * ,/, EQ,NE ,L T,GT, LE, 
GE,AND, OR and NOT are provided as wel l  
a s  the bu i l t- in fu nctions A BS, I NT,RND 
CHR,ASC,F IX  and  SGN . I n  add i tion we 
su pport the stri ng  operations of ! ! (con
catenation) ,  M I D  (midd le), LEN ( l ength ), 

Table 4: Optional automatic features that 
may be added at the head of the program. 

Label 

u 
L 
s 
E 

G 
w 

Function 

Translate all input to upper case. 
Translate all input to l ower case. 
Remove all spaces from input.  
Enable automatic use on any 
input beginning with @.  
Enable  the G OTO command .  
E rase t h e  label table. 

Retro-GraphicsTM 
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XLA ( transl ate) and I NS ( instri ng). Sub
rou tine cal l s  in BAS IC  wi l l  not  be supported 
in  the  microcompu ter vers ion of  the soft
ware, but the equ iva lent can be obtained 
by copying the su brou ti nes in  the appro
priate p l aces dur ing mach i ne transl ation. 

I n  a l ate r vers ion we wi l l  add the expo
nentiation ** operator, a comp lete range of 
bu i l t- i n- sci entific fu nctions, string arrays 
and fi l e  hand l ing wi th : 

F l :  d i sk  address, string  variab le 
FO: d isk address, stri ng  variable 

for moving the va lue  of a stri ng  variable in 
from or out to a fi l e  at the given address. 
The segment  j ump  wi l l  be repl aced with an 
instruction to c l ear the l abel table, and a 
dis k j ump instruction wi l l  be i ncluded for 
mu l tip l e  d is kette cou rses. Programs begi n 
wi th a header contain ing  the opti onal 
au tomatic featu res in  tabl e 4. Additional 
headers can be imbedded with i n  the course. 

Concl usion 

In summary the m icroprocessor based 
CAl system wi l l  execute all i nstructions 
inc luded in  P I  LOT on our multi terminal 
campus system.  Most p rograms wri tten in 
ex �ended BAS I C  wi l l  execute on the system 
after mach i ne  transl ation .  Exceptions requ ir
ing author reprogramming  inc lude matrix 
operations, ON GOSUB,  ON ERROR, 
OPEN,  CLOSE,  D E F, READ, RESTORE, 
DATA, CHA I N .  The early version of the 
system requ i res 9 K bytes of memory , 
incl u d ing a fl oating  po int arithmetic pac kage 
from Techn ical Systems Consul tants. I n  
add i tion we must prov ide workspace. We 
expect to fit the early version of the com
p lete system into 1 6  K bytes of memory 
and the l ater version shou l d  fit i n to a 20 K 
byte system .  

Obvious ly i t  i s  poss ib le  to  write cou rse
ware i n  whatever l anguage is ava i lab le and 
to u se that cou rseware without extensive 
testing. But un tested m ateria l  i n  an inappro
priate l anguage ten ds to be second rate. 
The object of ou r p roject h as been to 
provide access to h igh qua l ity, tested, 
existing courseware at l ow cost to those 
who wou l d  otherwise h ave to pay tel ephone 
and compu ter costs at a network center. 
For that reason we h ave not provided for 
convenient course authoring or ed iting 
on the m icrocomputer system .  

Because an  effort to  estab l ish a national 
standard for P I LOT is  u nderway, we suggest 
that programmers u ndertak ing  implemen
tations of PI LOT con tact the au thors for 
the most recen t  documentati ons . •  



Introducing 
the first user-oriented 

software. 
You r  busi ness system is worthl ess unt i l  you 

learn to use the software. That used to take weeks. 
Autoscri be™ and Bookkeeper™ software by 

M icroS ource are d ifferent. Here, at last, are 
packages you can use the f i rst day. Because 
they're created for you ,  the user. 

Autbscr ibe is the new low-cost word pro
cessor software for N o rth Star-based systems. 
A powerful busi ness system that lets yo u 
control paper work. Less than $ 8000 for 
the complete system with h ardware, soft
ware and documentat ion.  

Bookkeeper is for accou ntants. For 
half the price of comparable packages, 
a f i rm can perform-and control
virtual ly all c l ient write-up functions. 
On a North-Star system , under  $ 7500. 

Here's what happens before 
M icroSource i ntroduces any soft
ware: We work with the author to 

turn his software i nto your software. Documen
tation is developed that conti n ues the user 

phi losophy. 
Then ,  after f ield test ing ,  we d istri bute to lead ing 

computer stores through M icroAge� the nation's 
largest i ndependent m icroco mp uter d i str ibutor. 

H ow about support? We bel ieve yo u ' re 
buying a p iece of the future ,  a system that 

should becom e  m ore val uable with t ime.  
So u pdates are released reg u larly. E n
hancements, enabl ing  the software to 
ut i l ize other hardware, are developed. 

And we maintai n  com m u n icat ions.  
T h is isn 't j ust an idea. I t  is now. 

Autoscr ibe and B ookkeeper are 
at you r d ealer now. Stop i n  and 

see for you rself. Once you 
see M i croSo u  rce software 
in actio n ,  you 're convi nced. 

Dealer i n q u i ries 
i nvited . 

MICRO SOUACE ™ 
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In order to gain optimum coverage of 
your organization 's computer confer
ences, seminars, workshops, courses, e tc, 
notice should reach our office at least 
three months in advance of the date of 
the event. Entries should be sent to: 
Event Queue, B YTE Publications, 70 
Main S t, Peterborough NH 03458. Each 
month we publish the current contents 
of the queue for the mon th of the cover 
date and the two follo wing calendar 
months. Thus a given event may appear 
as many as three times in this section if 

it is sent to us far enough in advance. 

November 3-5, Third West Coast C om
puter Faire, Los Angeles Convention 
Center. This is a conference and expo
sition on personal computers for home,  
business and industry. For more details 
about this computer faire, write for a 
free copy of the S i l icon Gulch Gazette. 
Contact Com pu ter F ai re ,  POB 1 5 79 ,  
Palo Alto CA 94302, (4 1 5 )  8 5 1 -7075. 

November 5-8, Computer Appl ications 
in Medical Care, Washington DC. This 
I E E E  sponsored sym posium on com
puter appl ications in medical care is 
designed to inform ph ysicians and health 
care p rofessionals about cu rrent and 
potential applications of computer tech
nology to patient care; and to identify 
areas of future research and development 
that need to be addressed .  Contact 
Abund 0 Wist, Ph D ,  general chairman, 
Med ical College of Virginia, (804) 
77 0-495 7 .  

N ovember 6-8, Asi lomar Conference o n  
Circuits, Systems and Computers, 
Asilomar Hotel and Conference 
Grounds, Pacific Grove CA. This con
fe rence, sponsored by the I E E E  Com
puter Society , wi l l  delve into areas such 
as circuit theory and design, communi
cation and control syste ms, compute r  
systems, computer aided design, etc. 
Contact Donald E Kirk, E lectrical 
Engineering Dept, Naval Postgraduate 
School ,  Monterey CA 9 3940. 

N ovember 7-9, M ini/M icro Computer 
Conference and Exposition, Astrohal l ,  
Dallas T X .  The conference portion of 
this show wil l  feature approximately 28 
sessions covering · both appl ication and 
design topics. The exposition wil l  feature 
hundreds of p roduct d isplays. Contact 
Mini/Micro Com puter  Conference and 
Exposition ,  5528 E La Pal ma Av, Su ite 
1 ,  Anaheim CA 92807,  ( 7 1 4) 528-2400. 
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November 1 1 -1 2,  Col orado Computer 
Coral, Denve r Merchandise Mart, Denver 
CO. Contact Denver Amateur  Com puter 
Society, 1 2805 W Stanford Av, Morrison 
co 80465.  

N ovem ber 1 3-1 5 ,  Data Processing Oper
ations Management, Chicago I L. This 
three day seminar wil l  emphasize the 
management ski l l  and techniques appli
cable to the data processing operations 
function. Contact Phi l l ip M Nowlen,  
d i rector, Center for  Conti nuing Edu
cation, The U niversity of Chicago, 
1 307 E 60th St, Chicago IL 60637. 

November 1 3-16,  COMPSAC, The 
Palmer House, Chicago I L. The I E E E  
Com puter Society 's second international 
computer software and appl ication con
ference. This conference will bring to
gether computer practitioners, users and 
researchers to share their ideas, experi
ences and req u i rements for appl ications 
software , management tech niq ues, and 
software development support, inc lud ing 
automated techniq ues. Contact Wallace 
A Depp, executive director, Processor 
and Computer Software System Divi
sion, Bell Laboratories, Napervil le I L 
60540, ( 3 1 2 )  690-21 1 1 . 

N ovember 1 3-1 7 ,  A dvanced I nteractive 
Computer  Graphics, UCLA. This course 
is designed to broaden the perspective of 
scientists, engineers and com puter pro
fessionals who al ready comprehend 
basic i nteractive computer graphics con
cepts. The course wi l l  contain the latest 
concepts and properties in both current 
and next generation hardware and 
software. Contact UCLA Extension, 
POB 24901 , Dept K, Los A ngeles CA 
90024. 

November 1 5-1 7, Software Qual ity 
Assurance Workshop: Functional and 
Performance Issues, San Diego H i l ton 
Hote l ,  San Diego CA. Sponsored by the 
ACM S J Gmetrics and S J Gsoft groups, 
this workshop is concerned with cu rrent 
experiences and new developments in 
software quality assurance. Papers wil l  
be presented on all aspects of qual ity 
assu rance. Contact J oAnn Lockett, The 
Rand Corp, 1 700 Main St, Santa Monica 
CA 90406. 

November 1 9-22, The 1 1 th Annual 
M icroprogram ming Workshop, Asilomar 
Conference Ground,  Pacific Grove C A .  
This  workshop wi l l  provide a forum for 
the d iscussion and comparison of design 
techn iques for firmware and for the 

See the 
BrighterWriterTM 

at 
these stores. 

Arizona 

Byte Shop. Tempe. AZ 
Byte Shop. 'TUcson .  AZ 
California 

Jade Computer Products. 
Hawthorne. CA 

Byte Shop. Lawndale. CA 
Computer Center. San Diego, CA 
Byte Shop. San Jose. CA 
Byte Shop. San RafaeL CA 
Computer Store. Santa Monica. CA 
Connecticut 

The Computer Store. Windsor Locks. CT 
Colorado 

Computer Technology. Denver. CO 
Hawaii 

Microcomputer System. Honolulu. HI 
Illinois 

Illinois Microcomputers. Naperville. IL 
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Memory Bank. Davenport. l A  
Kansas 

Computer Systems Design. Wichi to. KS 
Louisiana 

Microcomputers of New Orleans. LA 
Massachusetts 

CPU Shop. Charlestown, M A  
Computer Mart. Waltham. M A  
Michigan 

Newman Computer Exchange, 
Ann Arbor. Ml 

United Microsystems Corporation. 
Ann Arbor. Ml 

Hobby E lectronics. Flint. MI 
Computer Mart. Royal Oak. MI 
Nebraska 

Omaha Computer Store. Omaha. NE 
New Hampshire 

Computer Mart. Nashua. N H  
New Jersey 

Computer Mart. Iselin. NJ 
New York 

Mini- Micro Mart. Syracuse. NY 
Ohio 

Cybershop Microcomputer Systems. 
Columbus. OH 

Dayton Computer Mart. Dayton. OH 
21st Century Shop 

Cincinnali. OH 
Oregon 

Real Oregon Compuler Company. 
Eugene. O R  

Computer Pathways Unllmited. 
Salem. OR 

Texas 

Micro M i ke's. Amarillo. TX 
lnteraclive Computers. 

Houston. TX 
Byte Shop. Richardson. TX 
Virginia 

Com pulers Plus. Alexandria. VA 
The Com puler Place. Roanoke. VA 
Washington, D.C. 
Georgelown Computers. 

Washmglon. DC 

Computerland 
al mosl slores 

Integral Data Systems, Inc. 
14 Tech Ci rcle, Natick, MA 01 760 

(6 1 7) 237-76 10  



Pay a litUe bit more 
and get a printer that's 

brighter than your computer. 
The BrighterWriter�M 

When a few dollars more buys 
you a first-class impact printer. 
why settle for a toy? The Brighter
Writer gives you quality to start 
with. And versatility that stays 
even if you outgrow your 
present personal computer. 

Built smart like the big ones. 
The Brighter Writer's a smart 

printer. There's a microcomputer 
inside. It outwits even the bigger. 
higher-priced printers. So you 
get versatility to do all kinds of . 
printing. And power to grow on. 

i!lliliimmii,HIIIilllll1l Prints fat, skinny, 

tall, small.* 
=�===��-.. . 

abcdef 
This printer can 

be as creative 
·:::::�: as your imagl\ l""S cihCi.:k::f ination. Stretch 

out your char-
acters. Squeeze them close. 
Make them high. Low. 
Bold. Banner. You name it. · · 

Plugs into your computer. 
No matter what personal 

computer you own or plan to 
buy; the Brighter Writer plugs in. 
Simply and quickly Hundreds 
of Brighter Writers are working in 
Apple, TRS-80, Heathkit S- 100 
and many other personal 
computer systems right now. 

Pictures and fancy IL. ............... ,,,_wr,. 
symbols.* 

··::::�: :::::::: ��:>· ,,. · The Brighter Writer 
draws out your ere- :�·��: ... �... {)' 

·it···· 
ativity You can print :::i� .::=::=· .ii�f.���ti:: drawings, graphs, 
diagrams, bold symbols, or just 
about any graphic you can 
imagine. 

Picture your page as thou
sands of dots. The BrighterWriter 
can fill in the dots. plot them con
tiguously; stack them, or scatter 
them. And its special set of gra-

phic characters .. ·. ..,._ : F� a 1·5 D· simplifies the 

r-· r·· n r� process. 

····· ... ..... ·... Prints any char-

E:� ::::: F ·f· acter a typewriter 
can. Faster . . .  

The Brighter Writer can print 
plain and simple. With 7x7 dot 
matrix clarity You get all the let
ters. numbers. and standard 

symbols of a ..A"!!IIml�-. regular 

typewriter. At up 
to 165 characters/sec. 

Ordinary paper. 
Fancy or plain, the Brighter

Writer prints on ordinary paper. 
Better yet it prints on many 
shapes of paper. Single sheets. 
Roll. Fanfold. 

Want more copies? The 
Brighter Writer prints multiple 
copies without extra adjustments. 

Four easy buttons. 
Operating the Brighter Writer 

couldn't be simpler. Up-front con
trols are easy to get to. A power 

·sor 1 18 ol these ad var ,roges req um= extru ·Co�t option� 
Circle 1 7 7  on i n q u i ry card . 

button to turn it on. A test button to 
self-test your printer. A paper feed 
button to advance the sheets or 
forms. A line feed button to 
advance the paper a line at 

a time . 

·�:�:i. '�:;;;i= .:!�! .. =�:;;;i= Prints 
any-which- way. 

The Brighter Writer comes in 
two models. The IP-225, at $949. 
gives you a Brighter Writer with 
tractor-feed drive for precision 
forms control. This one can 
handle everything from labels to 
BW' paper widths. 

It has eight form lengths and 
gives you all the features of our 
IP- 1 25. 

Lots ot goodies.  
There's more. Choose all kinds 

of options tor your Brighter Writer. 
Up to 132 characters per line, var
iable character densities, larger 
butters. special graphics pack
ages, interface cables. and more . 

Give us a call or write. Integral 
Data Systems, 14 Tech Circle. 
Natick. MA Ol 760, ( 6 1 7) 237-7610. 

Better yet see the Brighter
Writer at the store nearest you. � I ntegral Datd Systems, Inc.  
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� alpha ��m1cro 
See the exciting 16-bit world of Alpha 
Micro at your local Alpha Micro dealer. 

ALABAMA 
HUNTSVILLE 
Compulerlan<J 
(205) 539·1200 

CONNECTICUT NEBRASKA WASHINGTON 
BELLEVUE 
Byte Shop of 
12061 746-0651 
SPOKANE 
MlCrosystems. 
Incorporated 
[509) 747-4135 

HAMDEN OMAHA 
JRV Comouler S1ore Byle Shop ol 
(2031 281-1453 (402) 339-7350 

FLORIDA 
CORAL GABLES 
Sunny Compu!er 

Omaha 
Comoulcr SIOIO 
(402) 592-3590 

ALASKA 
ANCI�ORAGE 
Dala Com 
Systems. Inc 
(907)344-4536 

S!orcs. Inc NEVADA 
(305)661·6042 LAS VEGAS WISCONSIN 

ARIZONA 
PHOENIX 
Byte Snooof 
(602) 265-0065 
TEMPE 
BvteShooof 
(602) 967-1421 
TUCSON 

FORT LAUDERDALE Comouler Syslcms MILWAUKEE 
Byte Shoo ol lor Busll'less. Inc The Milwaukoe 
(3051 561·2983 (702) 873-7400 Comou1er Store 
HIALEAH RENO (414) 259-9140 
Motronb. Byte Shop of 

WYOMING 
JACKSON 

Computers. Inc. (702) 826-6060 

Byle Shoo of 
( 602) 327·4579 

CALIFORNIA 
BERKELEY 
ByteShooot 
{415) 845-6366 
CARSON 
Shaw Brothers 
(213) 770·3688 
COSTA. MESA 
Orange COtJnty 
Computer Center 
{714) 640-0221 
FRESNO 
Etectnc Bra•n 
(209) 227-8479 
GLENDALE 
Beaumarc 
(2131 244·9348 
LA JOLLA 
Tech·MOII 
( 714) 459·2797 
LAWNDALE 
Byte Shopot 
1213} 371·2421 
MANHATIAN 
BEACH 

(305) 885-4700 
MIAMI 
ByteShoool 
(305) 264-2983 

HAWAII 
HONOLULU 
Pan P�crllc 
Computer 
Company 
(808) 737-5857 
Small Computer 
Systems 
(808) 732·5246 

IDAHO 
BOISE 
CapitotO!Iice 
Machmes. lnc. 
Computer Division 
(2081 342·8585 

ILLINOIS 
CHAMPAIGN 
Champaign 
Computer Co. 
(217) 586-4131 
CICERO 
Digital Research 
(312) 856-3353 
EVANSTON 

De Marco·Shatz lily B<Uy 

Computer Systems Machine Co 

1213) 545-4539 (312) 328-8800 

MISSION VIEJO SCHAUMBURG 

Computer Land 
(7141 770-013\ 
ORANGE 
Computer Mart 
(714) 633·1222 
OXNARD 

Data Domain ol 
(312) 397-8700 

INDIANA 
BLOOMINGTON 
DataDomarn 
(812) 334·3607 
INDIANAPOLIS 
OataDomarn 
{317) 251·3139 
Computers 
Unlim<tCd 
(317) 849·6505 

IOWA 
WATERLOO 
The Computer 
Center 
(319) 232·9504 

APR Systems 
(805)485·5488 
Prooata Systems 
{805) 483·1168 
PALO ALTO 
Byte Shopot 
[4151 327-8080 
PASADENA 
By1eShopot 
(213)604-3311 
SAN DIEGO 
Computer Center 
(714) 292·5302 
Computerland ol KANSAS 

San Drego OVERLAND PARK 

(714) 560·9912 Personal Computer 

SAN LUIS OBISPO Center. Inc 

Byte Shopol (9t3) 649·5942 

(805) 543-9310 
SAN RAFAEL 
Byte Shoool 
(415) 457-9311 
Computor 
Alternatoves 
(415) 459·1366 
SANTA ANA 
Advanced 
Microcomputer 
PrOducts 
[714) 558-8813 
SANTA BARBARA 
Byte Shopot 
(805) 966·2638 
SANTA MONICA 

KENTUCKY 
LOUISVILLE 
Memory 
System Co. 
(502) 895·4269 

MARYLAND 
ROCKVILLE 
Computer Workshop 
(301) 468-0455 

MASSACHUSETIS 
WALTHAM 
Computer Mart 
of Boston 
(617) 899-4540 

Mrssion Control MICHIGAN 
(213) 829·5137 ANN ARBOR 
The Computer Store Com outer Store or 
1213) 451-0713 

(313J 995-76t6 
SHERMAN OAKS ROYAL OAK 
Peoole's Computer Mart ol ���f��� Co (313) 576·0900 

Tech Mart MINNESOTA 
(213) 344·0153 MANKATO 
VAN NUYS North Kato Supply 
Compuler (507) 825-5475 
Components MINNEAPOLIS 
(2131 344-0153 Computer Depot 
WESTMINSTER (612) 927·5001 
Byte ShoD ot MOOREHEAD 
(714) 894-9131 P. S  Inc 

COLORADO 
BOULDER 
ByteSnoool 
(303) 444-8550 
DENVER 
Byte Shopot 
(303) 399-8995 
Computer Hut 
(PrimeRatlnt) 
(303)573-4895 
Miti Mini 
Computer Co. 
ENGLEWOOD 
Mrli Miol 
Computer Co. 
(303) 770-5005 

(218) 233-6682 

MISSOURI 
PARKVILLE 
Computer 
Workshop 
(8t6) 741·5055 

MONTANA 
BILLINGS 
Big Sky Byte Shop 
(406) 252·2299 

NEW JERSEY 
ISELIN 
Compulcr Martol 
(201) 283-0600 

NEW YORK 
NEW YORK 
Computer Marlol 
(212) 686·7923 

Teton Data Systems 
(307) 733-6313 

ARGENTINA 
BUENAS AIRES 
Marketon S.A 

AUSTRALIA 
GORDON 
Trudara Pacrhc 

NORTH CAROLINA 490·6706 
BOONE WEST PERTH 
Alpha D�gital Australian Computer 
Systems Prooucts 

!7041 264·7946 (09) 322-6497 

NEWELL ALIC::O SPRINGS 

Digrtal Dynamrcs Microcomouter 

(704) 374-1527 Systems 

OHIO 
CINCINNATI 
Software Systems 
Consulting Inc 
(513) 745·3111 
CLEVELAND 
ByteShopol 
(216) 333-3261 
COLUMBUS 
Midwestern Digrtal 
Electronics 
(614) 294-2991 

OREGON 
BEAVERTON 
Byte Shop of 
(503) 644-2686 
EUGENE 
Real Oregon 
Computer Co 
{503) 484·1040 
PORTLAND 
Byte Shopol 
[5031 223-3496 

Allce Sorings. NT 
NORTH 
FREMANTLE 
James McLarty ' """ 
35·4677 
NORTH SYDNEY 
Klngsway 
Compute� 
929·9901 

BELGIUM 
BRUSSELS 
Computer 
Resources 
(02) 538-9093 

CANADA 
TORONTO 
The Computer 
Place 
(416) 598-0262 
QUEBEC 
Trols-Rivieres 
Selin Inc. 
819 373-2367 

PENNSYLVANIA VANCOUVER 
BURGETISTOWN Byte Shop ol 
Business Computer (604) 736·7221 
Concepts Pacihc Com outer 
(412) 729·3510 Store. Ud. 
FRAZER (604) 438·3282 
Personal Computer Qurlt Computer 
Corporation Systems 
1215) 647-6460 {604)684·5082 
HUNTINGDON WINNEPEG 
VALLEY Micro-Byte Ltd. 
MarketlineSystems {204) 947·8289 
{215) 947-6670 

TENNESSEE 
KNOXVILLE 
Byte Shops 
of Tennessee 
(615) 564·0365 

TEXAS 
FORT WORTH 
Tandy Computers 
(817) 335·7190 
HOUSTON 
Computercrall.lnc 
(713) 977·0664 
Compulertex 
(713) 526-6934 
EtectroOtc 
Specially Co. 
1713) 665·0471 
LUBBOCK 
Computer Mart of 
West Texas 
(806) 765·1134 
RICHARDSON 
Tho Micro Store 
(214) 231·1096 

UTAH 
SALT LAKE CITY 
ByteShopol (8011 355·1041 
Data World 
[801)943-0033 

VIRGINIA 
ALEXANDRIA 
The Comouter 
Hardware Store. 
Incorporated 
(703) 548-8085 
SPRINGFIELD 
The Computer 
WO<kshoo of North 
Virg1nla. toe 
(703) 321·9047 
VIRGINIA BEACH 
Horne Computer 
Center. Inc_ 
(804) 340·1971 

ENGLAND 
LONDON 
Computer 
Applications 
Research 
(01) 373·4834 
SALFORD 
MANCHESTER 
Computer Oesrgn 
Systems 

FRANCE 
PARIS 
ComouLer Boutique 
310-095-047 
Eu1o Computer 
Shoo Paris 

GERMANY 
HOLSTEIN 
Orgilromc 
Compulersystems 

"03 
73-93/4103 68·69 
MUNICH 
OatamegKG 
(089) 460-4993 

HOLLAND 
Romca 
Telex 50463 

HONG KONG 
CAUSEWAY BAY 
Tettcc 
5-783-669 

JAPAN 
TOKYO 
NohonTermmal 
Computer 
TokyO t70 

SPAIN 
BARCELONA 
lnlotccnos 
(000)235·7110 

SWEDEN 
BROMMA 
Mentor. AB 

SWITZERLAND 
ZURICH 
Comlcro. A.G 
(OIJ 242-2603 

VENEZUELA 
CARACAS 
E. D.C MEGA. C.A. 
33-79·90 
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supporting hardware. I nformal inter
action between groups working in 
s imi lar research and application environ
ments wil l h igh l ight the topical session . 
For m ore information contact Dr A l ice 
G Parker, Micro- 1 1 program chairman , 
Dept Electrical Engi neering, Carnegie
Mellon Un iversity, Pittsbu rgh PA 1 5 2 1 3 ,  
(41 2 )  578-24 72.  

N ovem ber 2 7-29, European Commu ni
ties S ymposium on Computer A ided 
Design of Digital E lectronic Circu its and 
Systems, Hotel H i l ton, Brussels B E L
G I UM. The aim of the sym posiu m  is to 
disseminate the results of the Computer 
A ided Design Electronics Study under
taken by the Eu ropean com mun i ties and 
further to present an assessm ent of th e 
state of the art of tech n iques, p roblem 
areas and poss ib i l i ties of fu rther develop
ments in  the field of compu te r  aided 
design of d igital electronics. Contact 
Keness Belgi um Congress S A ,  Rue de 
l ' l nd ustrie 1 7 , 1 040 Brussels B E L G I U M ,  
(02) 2 3 0  0 9  5 3 .  

N ovember 27-December 1 ,  Micro Pro
gramming Workshop, Lafayette I N .  This 
5 day hands-on advanced programming 
workshop is for individuals i n terested in 
devel oping sk i l l s  req uired to plan , 
prepare, test and docu ment 6800/6 801  
m icroprocessor appl ications software. 
·contact J eri lyn Wi l l iams, Wintek  Corp, 
902 N 9th St,  Lafayette IN 47904. 

N ovem ber 28-30, 9 th Annual Canadian 
Com puter Show, I n ternational Cen tre , 
Toronto CANADA.  Products d isplayed 
at this show wil l  include: computer and 
data processing equipment,  supp l ies and 
services , including minicomp ute rs, peri
pheral hardware and software, keypunch 
services, consulting and con tract pro
gram ming and tim.esharing. Contact 
i nd ustrial Trade Shows of Canada, 36 
Bu tterick Rd, Tor-onto Ontario M8W 
328 ,  (4 1 6 )  252-779 1 .. 

December 3-5, 9th North A merican 
Computer Chess Championship,  She r
aton Park Hotel, Washington · DC. The 
1 9 78 annual meeting of the Association 
for Com puting Machi nery will be the 
site of this chess championsh ip .  This  w i l l  
be  a 4 round Sw iss sty le  tou rnament  
w i th  participants restricted to com
puters. Two rounds will be played on 
Decem ber 3 (1 PM and 7 : 30 PM) .  one on 
Monday ( 7 : 3 0 PM) and the last round on 
Tuesday ( 7 : 3 0  PM).  Dead l ine for en tries 
is October 20. Contact Prof M M New
born, School of Co mputer Science, 
McGil l  Un iversity, Mon treal Quebec 
H3A 2 K6 CANADA.  

Decem ber 4 -6 ,  1 978 A nnual Conference 
of the A •.�ociation for Computing 
Machinery, Sheraton Park H ote l ,  
Washington DC. Contact Dr Richard 
Austi ng, Dept of Com puter Science, 
U niversity of Maryland, College Park 
MD 20742, (301 ) 454-2004. 

Decem ber 4-6, M in icomi':Jlers and Dis
tributed Processing, Atlanta G A .  This 

3 day sem inar w i l l  examine the uses, 
econom ics, programming and im plemen
tation of m i n icomputers. Contact Ph i l i p  
M Kowlen, d i rector, Cente r  for  Con
tinu ing Education,  The U niversity of 
Chicago, 1 3 07 E 6 0th S t, Ch icago I L 
60637." 

Dece m be r  6-8, Data P rocessing Oper
ations Management,  Wash ington DC. For 
details, see November  1 3- 1 5 ,  Ch icago. 

December 1 2- 1 4 ,  M idcon/78, Dallas 
Convention Cen ter, H igh Technology 
electronics show and convention .  Con
tact E lectronic Conventions I nc, El 
Segu ndo CA, (800) 421 -68 1 6  ( to l l  free) .  

December 1 3 , Computer N etworking 
S y mposi u m .  S ponsored by the I E E E  
Compute r  S ociety 's Techn ical Com
m ittee on Com puter Communications 
and the I nstitute for Com puter Sciences 
and Technol ogy of the N ational Bureau 
of Standards. This  sym posium wi l l  h igh
light papers of practical and research 
experiences concerning both computer 
and com m unication networks. Contact 
Dr George Cowan , Com pute r  S ciences 
Corp, 6565 A rl i ngton Blvd,  Fa l l s  Church 
VA 22046.  

December 1 3-1 5 ,  D istributed Mini
compute r  N etworks, Execu tive Tower 
I n n ,  Denver CO. Th is sem inar wi l l  
address the m 1n 1com pu ter from the 
v iewpoint of the distr ibuted network 
user. The structu re and management of a 
large data base and software p roblems 
w i th the trade-offs of languages u ti l ized, 
hardware types, input and output 
options, device con trol lers, system 
fai l u re and recovery, sample appl ication 
case stud ies and the econom ics of min i
computer appl ications wi l l  be covered 
in depth . Contact The I nstitute for 
Professional Education, S u ite 60 1 ,  1 901  
N Fort  Myer Dr,  A rl i ngton VA 22209, 
(703) 527-8700. 

j anuary 1 5-1 7 ,  M i n icom puters and Dis
tr ibuted Processing, San Francisco. �'"vr 
details, see Dece m ber 4-6, Atlanta. 

j anuary 1 7-1 9 ,  Distributed Minicom
puter Networks, Ramada I nn ,  Arl i ngton 
VA. For details, see December 1 3-1 5 ,  
Denver. 

j anuary 24-2 7,  I nternational Microcom
puters/M i nicomputers M icroprocessors 
'79/J apan , H aru m i  Exhi bition Center, 
Tokyo. Contact ISCM,  222 W Adams St, 
Chicago J L  60606,  ( 3 1 2 )  263-4866. 

j anuary 3 0-February 1 ,  Commun ication 
N etworks Conference and Exposition, 
Sheraton Park Hote l ,  Washington DC. 
Designed to bring together communi 
cation network use rs, consu l tants, ven
dors and regulatory officials so that 
issues can be d iscussed and analyzed. 
It is particu larly aimed at execu tives 
and managers who purchase communi
cation products and services. Con tact 
The Conference Company, 60 Austin St,  
Newton M A  021 60.• 



Can you upgrade to 16-bits 
on a tight budget? 

Let me introduce you to the 16-bit 
world of Alpha Micro. Consider all the 
advantages of upgrading your present 
8-bit system with the first fully integrated 
concept of hardware and software. A 
concept that provides all the features of 
a 16-bit minicomputer, yet retains all the 
flexibility, peripheral option·s, and low 
cost of S-100 bus systems. 

Now you can have much of the sophis
tication that was previously restricted to 
only the mini's . . .  Multi-User, Multi-Tasking, 
Time-Sharing, Memory Management. 
Disk-File Management. and yes, Periph
eral Independence. 

Come on, Join Alpha Micro's 16-bit 
world . .  .You can do it on an 8-bit budget. 
Five subsystems let you expand your 8-bit 

Circle 4 on inqu i ry card. 

Of course! 
system capability as your needs, and your 
budget, allow: 

AM-100 16-bit CPU.Two board S-100 
bus compatible microprocessor set, com
plete with software - a year and a half 
field proven reliability. 

AM-200 Floppy Disk Controller. 
S-100 bus compatible supports PerSci 
277 and Wangco 87 disk drives. 

AM-300 Six Port Serial 1/0. S-100 
bus compatible provides six fully pro
grammable RS-232 ports. 

AM-400 Hard Disk Subsystem. S-100 
bus compatible interface and CALCOMP 
Trident series drives (25, 50, 80, 200 and 
300 megabyte configurations) .  

AM-500 Hard Disk Subsystem. S-100 
bus compatible formatter-controller and 

CDC Hawk 10 megabyte hard disk drive. 
All Alpha Micro systems are fully soft

ware supported including the new com
pletely integrated, minicomputer class 
accounting system which consists of sev
eral hundred programs. 

For more information see your local 
Alpha Micro dealer or write or call. 

� alpha ��m1cro 
17881 Sky Park North 
Irvine, California 92714 
(714) 957-1404 
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David L Wilson 
Engineering Computing Lab 
8554 Engineering Bldg 
University of Wisconsin 
Madison WI 53706 

About the Author 

David Wilson works for 
the University of Wis
consin as a systems en
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Defining a 

Language: 

The person  who writes a software package 
for microprocessors is faced with a d ifficu lt 
cho ice . If the package is written in BASIC,  
it wi l l use a lot of memory and execute 
s lowly. Certa in operations, such as "sh ift" 
and "exclus ive or ," wh ich the microprocessor 
can do eas i ly ,  are not avai l ab le  in the stand 
ard BASIC language. On the other hand , 
if the package is written in assembly language, 
it w i l l  not be  po rtab le .  Four separate versions 
m ight be  needed fo r the 8080 , Z-80,  6800 
and 6502. 

This art ic le gives an in itial proposal for 
the m idd l e  level language PL/B .  As in assem
b ly  language, the programmer is given access 
to those operations that microprocessors 
can do eas i ly .  PL/B programs wi l l  be compi l ed 
into mach ine language; they wi l l  not be 
interpreted as in BAS IC.  PL/B is not an easy 
language; it is almost as d ifficult tp write a 
program in PL/B as it is to write it in o ne of 
the assemb ly languages. On the other hand , 
PL/B programs w i l l  be portab le .  

The first part of this d iscussion describes 
the PL/B language. I t  is written for the 
experienced assembly language programmer. 
The second part, written for the person· who 
has previously im plemented an assembler 
or BAS I C  in terpreter, deals with how the 
PL/B language cou ld be  implemented . The 
PL/B language is designed to be easy to co m
pi le : a PL/B compi ler  should fit i nto an 8 K 
byte computer. 

Reg isters 

Tab l e  1 g ives the names of the registers 
in PL/B and the correspond ing registers to 
be  used on  the 6800, 8080, Z-80 and 6502. 

The apostrophe in front of the register 
name d istinguishes the register from a 
symbo l name. 

On the 8080, if indexing with an offset 
is used , H L  is loaded with the offset, and DE 
is added to HL.  I f  indexing without an 
offset is used , DE  is just transferred to HL.  
In  e ither case, H L  is then used fo r the mem
o ry reference .  

PL/8 
On the 6502, registers 'X and ' L  wi l l  

occupy four bytes in  page zero o f  memory. 
When indexing is used , the 6502 register 
X wi l l  be loaded with the offset, and the 
ind irect indexed add ressing mode wi l l  be 
used . The 6502 register Y wi l l  be permanently 
loaded with a zero , and wi l l  be used for 
index ing without an offset . 

Symbol Names 

Symbo ls  start with a letter which is fo l
lowed by l etters and d igits. The symbol may 
contain internal b lanks  (wh ich are ignored) 
and may be any l ength .  I n  PL/B a l l  b lank, 
carr iage return and l ine feed characters are 
ignored . 

The symbols in the PL/B language are of 
three d ist inct types : 

1 .  name for data storage area 
2 .  name fo1· a proced ure (subroutine) 
3 .  name for a constant (parameter) 

The name fo r a constant is used when some 
parameter wi l l  have the same constant value  
for any one compi lat ion of  the  PL/B pro
gram, but may be changed for another 
compi lat ion .  

Constants 

Octal numbers are preceded by the back 
arrow or its equ ivalent. The maximum 
octal number al lowed is +-377 ,  except in 
ar ithmetic statements us ing the 'L or 'X 
register when the max imum i s +-- 1 77777 .  

Hexadecimal numbers are preceded by $ .  

The number o f  d igits i n  the hexadecimal 
number must be a mu l t ip le  of two . In data 
area in i t ia l i zat ion of "declarat ives ," a hexa
decimal number may be as long as d esi red ; 
in ari thmetic statements us ing the 'L or 'X 
register, i t  must have fou r d igits; for the 'A 
register it must have two dig its. 

Binary constants are preceded by %. The 
number of d igits in the b i nary number must 
be a mu l tip l e  of eight. In declaratives, the 
number may be any length ; when using the 



'L or 'X register, it must have 1 6  d ig its ;  for 
the 'A register, it must have eigh t  d igits. 

Decimal numbers have no prefix .  I n  
declaratives, the al lowab le range i s  -1 28 to 
255 .  Of course the numbers -1 and 255 ,  fo r 
example, are rea l ly  the same bit pattern.  
The only d ifference i s  whether the number 
is seen as being signed o r  unsigned . I n  an 
arithmetic statement, the a l lowab le range 
(see tab le 2)  depends on the register being 
used . 

In an ar ith metic statement us ing 'L, an 
al phanumeric constant is the two ASC I I 
characters immediate ly fol lowing a ". For 
the 'A register, i t  is the fi rst character 
fol l owing a ". In declaratives, the constant 
i s  the string of characters su rrounded by "s. 
I f  a " is to appear with in the string, it m ust  
be  doubled. That i s ,  " " with i n  such a string 
wou l d  resu l t  in just one " being stored i n  
memory. I n  a lphanumeric constants, blan ks, 
carriage retu rns and l i ne  feeds are not 
ignored. 

One other co nstant is the add ress corres
pond ing to a symbo l .  This is ind icated by 
preceding the symbo l with @. Th is  type of 
constant may be u sed on ly  with the registers 
'L or ' X .  An address constant  m ay be offset 
by using the form : 

@ symbol # constant 

Fo r examp le :  

@ TABLE #1 0  

would g ive the add ress of the byte ten bytes 
past TABLE .  

Declaratives 

The form of a declarative which w i l l  assign 
some memory space fo r a symbo l and give 
the in it ia l val ues for that byte or bytes i s :  

symbol , value l ist ; 

The ; is used to end a l l  statements in PL/B.  
The value  l i st is composed of one or  more 
constants, separated by co mmas. The 
symbol is assigned the add ress of the first 
byte fi l l ed from the va lue l ist . For example : 

SYM BOL TABLE , "  " ,$0000 ; 

wou ld set u p  three bytes contain i ng a b l ank  
and two b inary zeroes. SYMBOL TABLE  
would be  assigned t he  address o f  t he  first 
byte. 

The EQU (eq uivalence) operation of 
many assemblers is done as fo l lows : 

symbo l ,= symbol ; 

or if an offset is used : 

Register Type PL/B 6800 8080 Z-80 6502 

8 bit register 'A A A A A 
16 bit register 'L M BC BC M 
index register ·x X DE IX M 
carry bit ·c c CY CY c 

Table 7 :  Registers used by PL/8 and in the more popular microprocessors. 

Register 

'A 
' L  
'X 
·c 

Range 

1 28 to 255 
-32768 to 65535 

0 to 65535 
0 to 1 

Table 2: Summary of allowable 
ranges for registers used in PL/8. 
Register 'A contains eight bits. 
Registers 'L and 'X contain 7 6 
bits. 'C is used as a flag. 

Symbol 

s,ymbol #constant 
tt"constant 
#'X 

Direct Reference 

to get an offset 
absolute address 
via index register, 
no offset 

# 'X #constant via index register 
with offset Table 3: Various ways to address 

memory locations. 

symbol ,= symbol # constant ; 

or if the symbol corresponds to an abso lu te 
address : 

symbo l  =# constant ; 

or if the symbol is the name for a constant 
parameter : 

symbol ,= constant ; 

For example : 

END OF TAB LE, = TAB L E # 1 0 ;  

wi l l  ass ign the  symbo l END O F  TAB L E  the  
address of  the  byte which is ten  bytes past 
TABLE .  

The ORG (origin )  operat ion of many 
assemblers i s  done as fo l lows: 

# constant ; 

( Remember that the constant may be the 
address of a symbol with an offset .) 

To reserve a b lock of memory without 
giving any in it ia l  values, the form i s :  

symbol ,+  constant ; 

For examp le :  

TAB LE ,+ 1 00 ; 

wou ld set aside 1 00 bytes for TABLE .  The 
bytes would al l be in it ia l ized to b i nary 
zeroes. 

Declaratives w i l l  come at the beg inn ing of 
the program before the first procedure or 
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Our MacroFloppyTM 
goes twice the distance. 
For $695. Introducing the M icropolis MacroFioppy"' :1041 and : 1042 disk drive sub

systems. For the S-100/ 8080/Z-80 bus. Packing 100% more capacity into a 
SX- inch floppy disk than anyone else. 143K bytes. to be exact. For as little 
as $695. 

The Macro Floppy 1041 comes with the Micropolis Mod I floppy packaged 
inside a protective enclosure (without power supplyl. And i ncludes an S-100 
controller. Interconnect cable. M icropolis BASIC User's Manua l .  A diskette con
taining Micropolis BASIC, and a compatible DOS with assembler and editor. 
The 1041 is even designed to be used either on your desk top, or to be inte
grated right i nto vour S-100 chassis. 

Circle 235 on i nq u iry card. 

Table 4: Summary of all 
operations performed by 
PL/8. 
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The MacroFioppy:1042 comes with everything the 1041 has, and more. 
Such as d.c .  regulators. its own l i ne voltage power supply, and, to top it off. 
a striking cover. Making it look right at home just about anywhere 

Both MacroFioppy systems are fu l ly assembled, tested, burned-in, and 
tested again For zero start-u p  pain. a nd long term rel iabi l ity. They're also 
backed up by our famous M icropolis factory warranty. 

And both systems are priced just right $695 for the MacroFioppy:1041 
and $ 795 for the MacroFioppy 1042 

You rea l ly couldn't ask for anything more. 
At Micropolis, we have more bytes in store for you 
For a descriptive brochure, in the U . S .  ca l l  or write M icropolis 

Corporation. 7959 Deering Avenue, Canoga Park, Cal ifornia 91304. Phone 
( 213) 703-1121. 

Or better vet see your loca l dealer. 

l oad 
store 

+ add 
- su btract 
& and 
\ o r  t exclusive o r  

+& a d d  with carry 
-& s ubtract with carry 
.+ decimal add 
- decimal su btract 

( rotate left 
) rotate right 
<< shift left 
>> shift r ight 
.@ push 
=@ pul l  t t complement 

negate 

between procedures. No symbo l ,  other than 
a procedure name, may be used before it is 
defi ned in a declarat ive .  Also, a memory 
byte or pair of bytes is normal ly referenced 
by giving the correspond ing symbo l .  How
ever, there are other ways to reference a 
memory location as shown in tab le 2. The 
complete l i st i s  summarized in  tab le  3. 

Arithmetic Statements 

The fo r·m of an arithmetic statement is : 

arena-of-act io n operatio n-l i st ; 

The "arena of action" is a register name or 
memory reference. A l l  the operatio ns in the 
operatio n l i st wi l l  take p lace i n  that register 
or memory locatio n .  The operations are 
summarized in table 4. Any operatio n in the 

MICROPOLJS™ 
More bytes i n  store for you .  

first co l umn m ust b e  fo l lowed b y  a memory 
reference or a constant .  Operations in the 
second co l umn  must not be fo l lowed by a 
memory reference or a constant .  If a constant 
is used , the PL/B com pi ler  wi l l  produce an 
instructio n with an im med iate operand .  
A special check is made for the operations 
+ 1 and -1 .  For these, PL/B w i l l  produce 
i ncrement and d ecrement instructions. For 
exampl e :  

' A  +1  . W H E R E  ( .WH E N .@; 

wi l l  i ncrement the previous contents of the 
accumulato r, sto re the resu lt at WHERE, 
rotate the accumulato r and carry bit left, 
store that resu lt at WHEN ,  and also push 
it onto the stack . 

Not a l l  operatio ns w i l l  be permitted for 
a l l  poss ib le arenas of action. For example, 
if the arena of act ion i s  a memory locatio n ,  
one  may not add to i t  the contents of 
another memory location .  That is : 

PLACE + I NC R ;  

wou ld not be  al lowed, but :  

'A =PLACE + I N C R  .PLAC E ;  

would b e  a l lowed . 
The shifts are logical shifts. They are 

equ iva lent to sett ing 'C = 0 ;  and then rotat-



MetaFloppy™ goes 
The Micropolis Meta Floppy"' gives you more than four t imes the capacity of 
anyone else's 5X-inch floppy Because it uses 77 tracks instead of the usual 3 5 .  

The field-proven MetaFioppy, with thousands o f  units del ivered, comes 
in a complete family of models. And, like our MacroFioppy"' family of disk 
drives. MetaFioppy is designed for the S-100/8080/Z-80 bus. 

For maximum capacitY, choose our new MetaFioppy:1054 system Which 
actually provides you with more than a mi l l ion bytes of reliable on-l ine stor
age. For less money than you'd believe possible 

·beyond. 
The MetaFioppy:1054 comes complete with four drives in dual config

uration. A control ler. Power supply Chassis. Enclosure. All cabl ing A new BASIC 
software package. And a DOS with assembler and editor. There's even a bui lt
in Autoload ROM to el iminate tiresome button pushing. 

If that's more storage than you need right now, try our 
MetaFioppy:1053, with 630,000 bytes on-l ine. Or our Meta
Fioppy:1043, with 315.000 bytes on-line. Either wav. you can 
expand to over a mi l l ion bytes on-l ine in easy stages. when you 
need to. Or want to. 

· 

In other words, if your appl ication keeps growing, we've got 
you covered. With Meta Floppy 

The system that goes beyond the floppy 
For a descriptive brochure. in  the US call or write Micropolis 

Corporation, 7959 Deering Avenue. Canoga Park, Ca l ifornia 91304. 
Phone ( 21 3 l  703-1121. 

Or better vet see your local dealer. 

MICRO POLIS™ 
More bytes i n  store for you .  

ing. On the 6502, the right rotate is done by 
a subroutine. 

PL/B does not use labels and GO TO 
commands. It does req u ire st ructu red pro
gram ming,  which is a su per ior method for 
organ izing a program in order  to make it 
easier to debug and easier for others to 
understand . Three stru ctures are used in  
PL/B : procedures, if-else-end if, and loop
end loop. 

Procedures 

The form of a proced u re (subro utine) is : 

PROCEDURE  name [ 

executable statements 

The first (main)  p rocedure is un named . 
When the bottom of a named procedu re is 
reached , contro l returns to the procedure 
that ca l l ed i t .  When the bottom of the main 
procedure is reached , contro l retu rns to the 
system monitor. The f ina l  procedure of a 
program is fo l lowed by an extra ) to mark 
the end of the program .  

A proced ure is cal l ed by : 

! PROCED URE name ; 

or, if the proced ure is at an abso l u te add ress : 

! # constant ; 

or, if the proced ure add ress is in ' L : 

! #' L ;  

Th is last possib i l i ty is implemented by  storing 
the contents of ' L  into an upcoming j S R  
inst ruction .  I f  the program i s  to b e  stored i n  
read on ly  memory, the contents of ' L  are 
stored in a j M P instruction in programmable 
memory, and then a J S R is  done to that J M P. 

An argument l i st may fo l low the proce
du t·e name. The l i st may conta in on ly  con
stants, but remember that the address of a 
symbol is a constant (therefore, cal l  by 
.add ress is possib le ) . The form of the argu
ment l ist is identical to that of an in it ia l  
value l i st in a declarative. The constants 
are placed in memory d i rect ly  fo l lowing the 
J S R  to the procedure .  For example ,  a 
possib l e  cal l cou ld  be : 

! M U LTI PLY, @TI M ES ;  

l f-e l se-endif Structure 

The form of this structure i s  e ither : 

logical-expression ? 
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!= 
> 
< 
>= 
<= 

equal 
not equal 
greater than 
less than 
greater than o r  equal  
l ess than or  equal 

Table 5: Relational tests 
used by if-else-endif state
ments. 

1 04 November 1978 © BYTE Publications Inc 

or :  

statements done 
if expression true 

I 

logical-expression ? 

statements done 
if expression true 

statements done 
if expression false 

The si mplest form of a logical express ion 
i s  a logical relation : 

arena-of-action operation-list test 

The operation list may be empty. The test 
is a relat ion fo l lowed by a memory reference 
or constant. PLIB wi l l  generate a compare 
u n less the constant zero is used and some 
previous operation wou ld  have set the 
cond ition register. The poss ib le relations are 
summarized in tab le 5 .  

A logical expressio n may also b e  made up  
o f  several logical relations connected by && 
or �. I f  a logical relation i s  fol lowed by &&, 
and if the relation is false, control imme
d iate ly passes to statements which are to 
be done if the logical expression is fal se or  
to the  end of the structure if there are no 
such statements. If it is true, the next logical 
relation is tested . Fo'r exampl e :  

'A  =N >0 && 'A  =M +1 .M <O ? 
'A = I -1 . 1 ; / 

If N is greater than zero, then M wi l l  be 
i ncremented , and the resu lt checked . If 
that resu lt i s  negat ive, I wil l be decremented . 
If that result is zero or positive, I wi l l  not 
be decremented . On the other hand, if N 
is zero or negat ive, not on ly wi l l  I not be 
decremented , but  M wi l l  not be incremented 
either. 

I f  a logical relatio n is fo l lowed by \\, and 
if the relatio n is true, contro l  immed iately 
passes to the statements which have to be 
done if the logical expression is true. I f  i t  
is fa lse, the next logical relation is tested .  
For example : 

'A =N >O \\ 'A =M +1 .M <O ? 
'A = I -1 . 1 ;  I 

If N is zero or negative, then M wi l l  be incre-

.. 

rnented and the resu lt tested .  If that resu lt 
is negat ive, I w i l l  be decremented . If that 
resu lt is zero or posit i ve, I w i l l  not be decre
mented . On the other hand , if N is positive, 
I wi l l  be decremented , but M w i l l  not be 
i ncremented . 

Loop-end loop Structure 

The form of th i s  structure i s :  

statements within the loop 

When the co mputer reaches the bottom of 
the loop,  it w i l l  start again at the top. The 
loop is ex ited by using the ! ;  statement within 
an if-end if structure. For examp le, the 
fo l lowing wi l l  execute a loop ten t imes, 
using location I to save the cou nt. 

'A = 1 0  . 1 ;  

[ 

statements in loop 

'A =I  -1 . I  == 0 ? ! ; I ] 

The ! ; may also be used to exit a procedure 
earl y .  Mu lt ip le  exclamatio n points may be 
used , i n  which case that many loops ( possib ly  
i nc lud ing the proced ure itself) w i l l  be ex ited . 
I n  the exam pie above, the test to exit the 
loop was put at the end of the loop. Th is is 
not req u ired . The test may be at the start of 
the loo p o r  even in  the m idd l e  of the loop. 
One loop may contain several cond itional 
exi t  i nstructions. 

All programm ing needs documentation so 
i t  can be understood. Comment l i nes start 
with an * and finish with a ; l i ke any other 
statement. 

I n pu t/Output 

I n put devices wi l l  be assigned to letters 
of the al phabet . They w i l l  be referred to by 
an * fo l lowed by the l etter. The standard 
input device w i l l  be * I ;  the standard l ist 
output device wi l l be *L ;  the standard 
device for object program output w i l l  be *0. 
A program to echo input wou ld  be : 

[ [ 'A =*l _ * L ; ] ] ]  

The M U LT IPLY procedu re i n  l i sting 1 
is an example of the use of the PLIB  language. 
It leaves in 'L the product of 'A and the byte 
pointed to by the argument fo l lowing the 
M U LTIPLY cal l .  



Our competitors hated 
the KIM-1 * at $245! 

No wonder;  the K I M -1 m i c roco m p uter was l ess m oney fo r m ore 
featu res than other m i c roco m p u te r  b oards.  

But K.IM.-1 users loved us. Up u n t i l  th is wee k ,  fo r o n l y  $ 245 , 
you cou l d  own a com p l etely asse m b l ed m i c roco m p u te r  board with 
1 K RAM , 2K ROM , cassette a n d  ser ia l  i n terfaces, 1 5  1 /0 l i n es, 
2 i nterval t i mers and a six d ig it  L E D  d is p l ay. With MOS Tec h n ol ogy 's 
c o m p re h ensive 6502 m p u  i n struction set. And the best documen
tat ion in  the b us i n ess. 

And now the 
KIM system is the 
most expandable 
at any price. A motherb oard ( K I M -4 ) ,  m e m ory expans ion b oard 

( K I M -3 8 ) ,  e d i tor/asse m b l e r  ( K I M -5 ) ,  p rototy p i ng 
board ( K I M -6 ) .  A l l  avai l a b l e  n o w .  

J u st about the o n l y  p ro b l e m  potent ia l  
K I M -1 u se rs e n c o u n te red was the 

fact th at the K I M -1 was i n  short 
su p p l y :  d e m a n d  kept grow i ng faster 

than o u r  e x p an d i ng p rod u c t i o n .  
B u t  not  a n y  m o re . 

Will they hate KIM-1 even more at $17995? 
That's r igh t :  $ 1 79 .9 5 .  For the sa m e ,  su perb 
m i c rocom p u te r. And avai l a b l e  now. F u rther 
evidence of the power and a b i l i ty of Com m o
d o re ' s  sem i cond u ctor and com p u te r  d i v is ions.  
A synergism of M OS Tec h n o l ogy 's l eadersh i p  
i n  t h e  d esign a n d  deve l o p m e n t  o f  m p us,  RAMs 
and ROMs together  w i th Com m odore 's k n ow
how in mass p rod uct ion and m ass market ing. 

Here 's h o w  the l i n e-up l oo ks n o w :  

Rockwel l  Synertek RCA V IP  Commodore 
AIM 65 V IM MOS KIM-1  
$375 $269 $245 SJ7995 
We wonder what our competitors 

are saying now! 
* K I M  is a registered trade mark of C o m m od ore Bus. Mach.,  I n c. 

C i rcle 4 7 on i nq u i ry card. 

r---------------�-------
o ves . . . l want K I M -1 s @ $ 1 79.95 now . *  

0 I 'm enclosing my check in  the amt. of $ ___ _ 

0 Pl ease charge this to my cred i t  card : 

0 Master Charge ·0 B a n k A m e ricard/V I S A  

0 A m erican Exp ress 

My Card No.  E x p i res __ _ 

Name (pr int )---------------

Add ress _______________ _ 

City ________ State __ Zip ___ _ 

*Calif. residents add 6% sales tax (Santa Clara County - 60%). 
0 Please send me i n formation on the K I M  Expansion Mod u l es. 

0 Please supply m e  with the name of your nearest dealer. 

Commodore/MOS • 901 Cal ifornia Ave. • CA 94304 
Dealer inquiries invited (4 7 5) 326-4000 
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MULT I P L ICAND ,+ 2; 
MULT I P L I ER ,+ 1 ;  
PRODUCT ,+ 2 ;  

MU LTI P LY [ 
'A .MULT I P L I CAN D#1 ; 
* GET RETURN ADDRESS FROM STACK, COPY TO 'X ; 
* ADD 2, PUT R ESULT BACK ON STACK FOR R ETURN; 
'L =@ . 'X +2 .@ ;  
* LOAD ADDRESS PO I NTED TO BY 'X I NTO 'X ;  
'X =#'X ;  
* GET AND TEST MULTI P L I E R ;  
* I F MULTI P L I E R  N<O, R EVERSE S IGN OF BOTH ; 
* MULTI P L I ER  AN D MULT I P L ICAND; 
'A =#'X .MULT I P L I ER < 0 ?  

'A =0 -MULTI P L I ER  .MU LT I P L I ER ;  
'A  =0  -MULT I P L I CAND#1 .MUL T I PL ICAND#1 ; I 

* CONVERT MULT I PL I CAND TO 1 6  B IT NUMBER ;  
'A =MULTI PL ICAND#1 < 0 ?  'A =- 1 ; : 'A =0; I 
'A .MULT I PL I CAND ;  
' L  =0 .PRODUCT; 
* GO THROUGH LOOP FOR EACH B IT IN MULTI PL I ER ;  
* I F LAST B IT OF MULTI P L I ER ON ;  
* ADD MULT I PL I CAND TO PRODUCT;· 
* THEN DOUBLE MULT I P L I CAND, AND SH I FT; 
* MU LTI PL I ER  R I GHT ONE B IT ; 
[ 'A =MULTI P L I ER == 0 ?  ! ;  I 

'A >> .MULT I PL I ER ;  
'C ==  1 ? 

' L  =PRODUCT +MU LT I P L I CAND .PRODUCT; I 
' L  =MULT I PL ICAN D +MU LTI PL I CAND .MULTI PL ICAND; ] 

'L = PRODUCT; ] 

Listing 7 :  An example multiplication program in PL/8. This 
program leaves the product of 'A and the contents of the 
address pointed to by 'X in 'L .  

Don't wait 'till it's too late . . .  
Order small quantity 
Continuous Tax Forms 

At last . . .  
Continuous Tax Forms are now available in small 
quantities, as. few as 50 . 

Available forms include: 
• 3-8 part W-2 
• 1099 
• 1040 

• 1087 
• 941 

oc �;,: '"S:;:,4"C� 
18350 Blackhawk St . , Northridge, CA 91326 · 

Phone: (213) 368-5891 

1 06 November 1978 © BYTE Public-ations Inc Circle 8 on inquiry card. 

Conditional Compi lation 

If al l the logical relations with in the 
logical expression of an if-e l se-endif structure 
consist of a symbo l ic  name for a constant 
being compared to another constant, then 
the resu l t  of the l ogical expression wi l l  be 
determ ined by the PL/B  compi l er during 
compi lation. If it turns out that some state
ments cannot be executed , because the logi
cal expression wi l l  e ither always be true or 
a lways be fal se, then no code w i l l  be gener
ated for those statements .  Normal ly ,  the 
if-el se-end i f  structure is perm itted only 
within a procedu re .  However, cond i tional 
comp i lation may be used in the declaratives. 
The condit ional comp i l at ion feature cou ld 
be used, for example ,  to produce d ifferent 
versions of a program accord i ng to how 
much memory is avai lab le .  

In order to keep the PL/B compi ler smal l ,  
cond i tional compi lation and symbol ic names 
for constants cou ld be hand led by a separate 
precompi ler program analogous to a macro
assemb ler's macrogeneration pass. The pre
comp i ler wou l d  el im inate the cond i tional 
compi lation ifs along with any sk ipped code 
and su bstitute the corresponding constant 
for any symbol ic name of a constant. 

This completes the specificat ion of the 
PL/B  language i tself. The rest of this article 
considers imp l ementation problems . 

Symbol Tab l e  

The  symbol tab le wi l l in i tial ly be :  

SYMBOL TABLE ,"  ",$0000; 

N EXT wi l l  poi n t  to the next avai lable spot: 

NEXT, @SYM BOL TABLE#3 ;  

Every character i n  the symbol table  w i l l  be 
fol lowed by an address. Whi le  looking for a 
symbol ,  the compi l er fi rst checks to see if 
the cu rrent character matches the character 
in the symbol tab le. If it does not, the associ
ated address w i l l  tel l the compi l er where to 
look next for a match . I f  that address is zero, 
then this is a new symbol ,  and the rest of its 
l etters must be stored starting at the p lace 
pointed to be N EXT. I f  i t  does match the 
character from the symbol tab le, then the 
compi ler moves u p  three bytes, and tries to 
match the next character of the symbol 
starting at this point . The compi ler w i l l  u se a 
b inary zero for end-of-symbol character. 
Once the end -of-symbol character i s  matched, 
then the defi n i tion of the symbo l  can be 
found  by moving up th ree bytes. A symbol 
defi nit ion takes three bytes :  one byte tel l s  
what k ind of symbol  i t  i s ;  the other two give 
the symbo l ' s  address. 

The fo l lowing rout ine i s  used to get a 



Everything yau ever wanted in a video 
(Automatic scrolling, cursor, erase functions, etc . )  

And less. (Stand -alone -requires no processor. ) 

r 
l 

VIB - 1 000. Shown actual size. 

NPC's NEW VIB SERIES. FROM Sll995 
Don't let the low price foo l you . These o re not kits .  They a re f u l l y  assembled and 
tested boa rds .  NPC's custom CRT Processor Chip is  the secret beh ind the enti re 
fa m i l y. A l l  perform character entry and cu rso r control funct ions automatica l l y. 
They execute a l l  normal cu rsor commands as wel l  as more sophist icated functions 
such as erase page, erase to end of l i ne, etc.  Text automatica l l y  scro l l s  when 
cursor reaches bottom of page. Display format is  f i xed at 16 l i nes of 64 
characters for opti mum eff ic iency. 

VIB- 1 000 A l l  standard features descr i bed a bove . $ 1 29 . 95 
VIB-2000 Al l  features of the VIB- 1 000 plus FOREGROUND AND BACKGROUND 

video modes, SCREEN PROTECT and READY / BUSY handshake. $ 1 59 . 95 
VI B-3000 A l l  features of the VIB-2000 plus SCREEN READ capa b i l i ty. $ 1 69 . 95 
VIB-20005 Ser i a l  i n te rface (RS-232C) vers ion of the VIB-2000. $ 1 89 . 95 

Where Pricing is as 
Important as Technology 

Nucleonic 
Products 
Company 

6660 Variel Avenue 
Canoga Park, Cali forma 91303 · (213) 88 7- 1010 
Telex 69-8481 

·
TWX 910-494 - 1 954 

If your local computer store 
does not have NPC's new VIB 
series yet, contact the distributor 
nearest you to order direct. 

DEALER INQUIRIES INVITED 

Circle 287 on i nquiry card. 

STE P SYSTEMS, I N C .  
48 1 5  West 77th Avenue 
Minneapol i s ,  MN 55435 

(6 1 2) 8 3 1 -3644 

A Division of DuMont Electronics Corporation 

NATIONAL ELECTRO SALES 
1 2063 W Jefferson Blvd. 

Culver  C ity, CA 90230 
(2 1 3) 3 9 1 -6294 
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SEARCH [ 
'X = @SYMBOL TABLE; 
[ ( 'A == #'X ? ! ;/ 

'A .@; 
' L =#'X#1 == 0 ?  

' L  =NEXT .#'X#1 . 'X; 
'A =@; 
[ 'A .#'X; 

'L =0 .#'X#1 ; 
#'X == O ? ! ; /  
'X+1 +1 +1 ; 
!GET CHARACTER; 
'A < "1 \\ 'A > "Z \\ 'A > "9 && 

'A < "A ? 'A .@ =0;/ I 
'A =0 .#'X#3 .#'X#4 .#'X#5; 
' L  ='X +6 .NEXT; 
! ! ;/ 

'X ='L ; 
'A =@; I 

'A == O ? I ; /  
!GET CHARACTER; 
'A < " 1 \\ 'A > "Z \\ 'A > "9 && 'A < "A ? 

'A .@ =0;/ I 
'X+1 + 1+ 1 ; 
'A =@; I 

Listing 2: This is a search routine which 
tries to match a given symbol against those 
contained in the symbol table. When the 
routine is finished, 'X contains the address 
of the symbol definition and 'A contains the 
character following the symbol. 

character from the input. I t  is not used when 
constructi ng an alphanumeric constant. 

GET CHARACTER [ 
[ 'A =* I != " && 'A != 

+-- 1 2  && 'A != +-- 1 5  ? 
! ; I ] 

'A > +-- 1 3  7 ? 'A - +-- 40; I ] 
The routine in l i sti ng 2 searches for a match 
for a given symbol .  When the routine is 
entered, the first letter of the symbol is 
al ready in 'A. When the routine exits, 'X 
points to the symbol defin ition (al l zeroes 
for a new symbol ) ,  and 'A has the special 
character that foUows the symbol . 

Forward References 

Un l i ke an assembler, PL/B wi l l  be a 1 pass 
comp i l er. Thus  at times it w i l l  have to back
track and i nsert addresses in  code al ready 
generated. Th is  i s  done by generating an 
entire ly separate I ine for the loader in order 
to stuff the one or two bytes into the address 
area of an i n struction. 

Consider first a forward reference to a 
procedu re. The type byte in the symbol defi 
nition for the procedu re wi l l  not only reveal 
that this is a procedure, but that it sti l l  i s  not 
defined. I n  th is case, the so-cal led address 
actual l y  poi nts to a l ist of p laces where the 
address must be inserted when its value  i s  
known. Each cel l  of th is l i st wi l l  be five bytes 
long, of wh ich only four are used. This type 
of cel l w i l l  a l so be used to keep a status stack 
for the if-e l se-end if and loop-end loop struc-

tures current ly in  use. The cel l  w i l l  contain 
two addresses : the first two bytes w i l l  con
tai n the address of the next cel l on the l i st 
(or zero at the end of the l ist) , and the next 
two bytes w i l l  contain the add ress where the 
procedure's address shou l d  be p laced when 
the program is  l oaded . 

Let LOC be the current p rogram counter, 
FREE  be the poi nter to a l i st of free cel l s  
(th is l ist is i n i tial ly empty ) ,  and  l e t  'X point 
to the symbol defi n i tion  for the undefined 
procedure. The rout ine of l i sti ng  3 w i l l  add 
the forward reference to the symbo l 's for
ward reference I ist. 

The rout ine in l i st ing 4 fi l l s  in the address 
when it is known .  Let LOC contain the 
address of the procedure and let 'X point to 
the first ce l l  of the address insertion l ist. 
OBJ ECT CODE is a rout ine that produces 
object code. The byte wh ich goes out i s  
placed into 'A  and  the  address where i t  goes 
when loaded is p l aced i n to 'X. 

It i s  necessary to keep a status stack of 
structures in use. For this stack ( last i n  first 
out, L l  FO l ist, not the hardware stack) a l l  
five bytes of  a ce l l  wi l l  be used. The fifth cel l  
marks the " type" of the cel l .  The poss ib i l i t ies 
are summarized in tab le  6. Thus, there wi l l  
be two stack entries for every loop ,  and one 
entry for each if currently active. 

When an if is comp i l ed ,  t he  code for the ? 
wi l l  be a branch if true to the code fo l lowing 
the ? , and then a J M P instruction to make 
the poss ib ly b ig j ump  over the code when 
the condition i s  fal se .  The code for a && 
wou ld  be set up to b ranch to this J MP in
struction if the preceding condition is false. 
The code for � and && do set up local for
ward references, wh ich can be handled i n  a 
manner sim i l ar to the method given above. 
Of course, these addresses are relative and 
on ly use eight b its. 

AutomicaUy I ndented Listing 

A separate PL/B l i st ing program shou ld 
be provided which w i l l  prov ide an automati
cal l y  indented l isti ng. Structured programs 
are much easier to read if they are properly 
indented . In an automatica l ly  indented 
l i sting, the l i st i ng program removes any 
i ndenting the user may have done (it skips 
lead ing b lanks) and indents the l isti ng  
accord ing to the  structure present i n  the 
user's program .  For each level the l ist ing 
program should produce two characters at 
the start of the l i ne :  a vertical bar and a 
b lank .  Remember, if a l i ne starts w i th a : , it 
reduces the " l evel "  by one for that l i ne only. 
I f  a vertical bar i s  not avai l ab le  a s lash or 
exclamation poi nt might be used. The resu lt  
i s  a co l umn of vertical bars stretching between 
the top and bottom of a structure. If the 



programmer has made some mistake i n  struc
tu res, (s)he may easi ly  spot it from such a 
l isting. A l l  · tra i l i ng comments shou ld be 
started at the same col u mn, if possible. 

Each l ine of the l i sti ng shou l d  be preceded 
by four characters giving the location counter 
and a b lank .  If the l i ne starts with a # (an 
ORG command) , the location pr inted shou l d  
be  the one given in  that l ine. I f  a , =  opera
tion is used (an EQU operation ) , the resu l ti ng  
val ue for the  symbol shou l d  be given .• 

TEMP ,+ 2; 
TEMP2 ,+ 2; 
FREE , $0000; 
LOC ,+ 2; 

FORWARD [ 
'X .TEMP; 
' L  =#'X#1 .TEMP2 ;  
!GET CELL; 
' L  =LOC .#'X#2 =TEMP2 . #'X; 
'X . ' L  =TEMP; 
' L .#'X#1 ; I 

GET CELL [ 
'X =FREE == 0 ?  

'X = NEXT; 
' L  = NEXT +5 .N EXT; 
'L = #'X . FREE ;  I I 

Listing 3: Routine to add 
forward references to a 
symbol 's forward reference 
list. 

"Address" F ield 
Type Contents 

Address of the start of a 
loop. 

2 Lin k  to address i nsertion 
list -for loop end. Used for 
! ; instructions. 

3 Place to put address for : 
or I (else-endif ) .  

4 Place to put address for I 
( : al ready found ) .  

Table 6:  Various address field types. 

CHAIN [ 
[ 'X .TEMP == 0 ?  ! ;  I 

'X =#'X#2; 
'A = LOC; 
!OBJECT CODE; 
'X+1 ; 
'A = LOC#1 ; 
!OBJ ECT CODE; 
'X =TEMP; 
! FREE  CE LL; I I 

FREE  CELL f 
' L  = #'X .TEMP2 =FR EE  .#X; 
'X . FREE  =TEMP2; I 

Listing 4: This routine 
takes the forward reference 
list generated by listing 3 
and fills it in when the 
address is known. 

Practical Microcomputer Programming 

PRACT ICAL M ICROCOMPUTER PRO
GRAMM ING :  THE M6800 by W J Weller. 

This second volume of the Practical 
Microcomputer Programming series ad
dresses· the problems of applications pro
gramming at assembly level for the M6800. 
In 1 6  chapters and more than 1 00 formal 

PRACTICAL M I CROCOMPUTER PROGRAMM ING :  THE INTEL 8080 by W J Wel ler, 
A V Shatzel, and H Y N ice. 

Here is a comprehensive source of programming i nformation for the present or 
prospective user of the 8080 microcomputer, inc lud ing movi ng data, bi nary arith
metic operations, multipl ication and division , use of the stack pointer, subrouti nes , 
arrays and tables, convers ions, decimal arithmetic, various I 0 options, real time clocks 
and interrupt driven processes, and debugging techn iques. 

This 306 page hardcover book is wel l  worth its $21 .95 price and should be in every 
8080 or Z-80 user's l ibrary. 
r - - - - --------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Name ______________________________ __ 

Address _____________________________ _ 

City _________________ State ______ Zip ____ _ 

POB 428 

PRACTICAL 
MICROCOMPUTER 
PROGRAMM I � G :  

25 Route 1 01 West 
Peterborough NH 03458 

0 Check enclosed 

THE INTEL 8080 @ $21 .95 $ ____ _ 

THE M6800 @ $21 .95 $ ____ _ 

Postage $. 75 ea. $ _____ _ 

Postage outside USA $ 1 .00 $ _____ _ 

Total $ _____ _ 

examples, the fundamental techniques of j ( Bgi assembly level programming are applied to . _ _ _ _  _j 0 Bi l l  MC #-------,f-----T-----r----- Exp . Date ____ _ 

the solution of specific problems with the t N "•[ 6800. Nowhere theoretica l ,  it is a thorough .. . 0 Bi l l  BA # -------,f-------,t----T---- Exp. Date ____ _ 

and detai led methods text for the begi nn ing � and intermediate application programmer � Signature ________________________ _ 
using the 6800. Hardback. $21 .95. _) '---------�-----------�· -------�o�-m_a��:�t����t_h�s!��!�v_o�-w:_s�����v���u�!��=�n���----
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Making a l ist ? 
O R  O O B B 'S J O U R N A L  O F  C O M -
PUT E R  CALIST H E N I CS A N D  O RT H O 
O O N ITA, vo lume I edited by J i m  C 
Warren. 
0 This is a col lection of everything 
from the f irst year of J im Warren's 
outstanding journal . 359 pp. $ 13 .00 (no 
photo ) .  

Y O U R  H O M E  C O M P UTE R by  James 
White. 
O A clearly written nontechn ical de· 
scription of personal computers that 
required no prior knowledge of com
puters or electronics. Yours for $6.00. 

G ETT I N G  I N V O LV E D  WITH Y O U R  
OWN C O M P UT E R  b y  Lesl i e  So l omon  
and Stanley Viet. 
0 Whether your interest in business 
applications, word processing, education, 
security, computerized video games, 
computer art and music. Robots, or 
amateur radio, this book will get you 
started and keep you on the right track . 
2 16 pp . $5.95. 

UP YO U R  OWN O R G A N IZAT I O N !  by 
Donald M D ible. 
0 A great handbook on how to start 
and finance a new business, this is the 
most comprehensive reference we've 
seen on the subject. 372 pp. Avai lable 
for $14 .95 in hardcover. 

H OW TO PR O F IT F R O M  Y O U R  
PE R S O N A L  C O M P U T E R  by Ted G 
Lewis. 
0 If you have wanted to use your 
personal computer i n  a profitable 
manner, and you feel you need some 
help plann ing programming techniques 
for common business applications, this 
book is for you. 1 9 1  pp. $7.95. 

BAS I C  AND T H E  P E R S O N A L  C O M 
PUTE R b y  Thomas A D wyer a n d  Margot 
Critchfield. 
0 After givi ng an in-depth course i n  
BAS IC , the book discusses microcom
puter hardware, graphics, word pro
cessi ng, sorting, simu lation and data 
structures. Easy to read and i nformative. 
438 pp. $1 2.95 (no photo ) .  

T V  TYPEW R IT E R  CO O K B O O K  b y  Don  
Lancaster. 
0 A complete guide to low cost tele
vision display of alphanumeric data, 
several chapters of which were published 
ahead of the book in early issues of 
BYTE magazine . $9 .95. 

T H E  CH EAP V I D E O CO O K B O O K  by 
D on Lancaster. 
0 This latest in Don Lancaster's series 
of hardware books continues where 
the TV Typewriter Cookbook leaves 
off. New, i nexpensive video display 
circuits (and the software to drive 
them) are described. 256 pp. $5.95 (no 
photo) .  

1 1  0 BYTE November 1978 

Check here 
for new 
ideas 

AP L AN I N TE RACT I V E  A PP R O A C H  
Second Edit ion,  R evised by G i l man and 
R ose. 
0 Here's an excel lent way to i ntroduce 
yourself to the APL language. G i lman 
and Rose have extensively updated their 
popular book to inc lude the latest infor
mation about APL and the various forms 
now in use. $1 1 .95. 

SA R A G O N  by Dan and Kate Spracklen. 
0 Written about the West Coast Com
puter Faire chess champ, "Saragon," 
which is a program in Z-80, this book is 
avai lable for the first time in October 
1 978. $1 4.95 (ho photo ) .  

T H E  W I R E D  S O C I ETY b y  James 
M artin .  
0 This is a fascinating and not-to 
distant account of what the fu tu re might 
be l i ke, changed by the new telecom
munications technolo .Prefaci ng his 
discussions wit h is·torical as wel l as con
temporary ref�rences, Martin lures the 
reader i nto an impending technical 
revolut ion , which wi l l  change corpor
ati ons, change government, and changes 
the l ives of everybody. $1 2.95 hardcover 
(no photo) .  

M I C R O P R O CESSO R I NTE R FAC I N G  
T E CH N I QU ES ( E x panded 2 n d  edit ion) 
by Austin Lesea and R odnay Zaks. 
0 Now avai lable in this newly revised 
edition featuri ng : new material on 
"useful c ircuits,"an en larged floppy disk 
section with new double density con
trollers, updates on LS I control lers-and 
much more. I nc luding basic concepts 
and techn iques, this book is a very com
prehensive handbook on interfacing. 
4 1 6  pp. $9.95. 

M I C R O P R O C ESSO RS :  F R O M  C H I PS 
TO SYST E M S  by R o dnay Za ks. 
0 A complete and detailed i ntroduction 
to microprocessors and m icrocomputer 
systems. $9.95. 

BAS I C  BAS I C, 2nd E D IT I O N  by James 
S Coan.  
0 I f you're not a l ready fami l iar with 
BAS IC ,  this book is one of the best ways 
to learn about th is popular computer 
language. BAS I C  (which stands for Be· 
gin ner's Al l -Purpose Symbolic I nstruc
tion Code) is easy to learn and easy to 
apply to many problems. $8.95. 

ADVAN C E D  BAS I C  by James S C oan. 
0 This is the companion volume to 
James Coan's Basic BASIC. In th is book 
you' l l  learn about some of the more 
advanced techniques for programming 
in BAS I C, i ncluding string manipulation, 
the use of files, plotting on a termina l , 
s imu lation and games, advanced mathe· 
matical applications and more. $7 .95. 

C H ESS A N D  C O M PUTERS by D avid 
Levy. 
0 This 1 45-page paperbound book is 
loaded with chess games played by 
computers. The games are computer 
versus computer and computer versus 
human. $8.95. 

CH ESS S K I L L  IN MAN AN 
M A C H  IN E edited by Peter W Frey. 
0 This is a most fascinating book, con
cern ing itself with the when , how, and 
why of computer chess. $14 .80 hard· 
cover. 

S C I E NTI F I C  A N D  E N G I N E E R I N G  
P R O B L E M  S O LV I N G  WITH TH E COM
PUTE R by Wi l l i am Ra lph Bennett Jr. 
0 Besides teaching BAS IC (which i t 
does admirably ) ,  this l ive ly, lucid book 
presen ts a wealth of imagi native and 
unusual applications programs taken 
from many discipl ines. I n  its diversity 
and elegant style, it ran ks with Donald 
Knuth's works as a mi lestone i n  the art 
of computing. Hardcover, $1 9.95. 



GAM ES, T R I C KS A N D  PUZZLES  F O R  
A H A N D  CA L C U LATO R b y  Wal lace 
Judd. 0 Got a friend who won 't have any
thi ng to do with calculators? You just 
might woo h im or her i nto the electronic 
age with some of the tricks i n  this book. 
Capers, games and astounding calcula
t ions are here to dazz le. They've even 
pul led a calcu lator apart to show you 
what the i nsides look l i ke !  A neat book 
for anyone suffering from technophobia 
or plain boredom. 91 pp. $4.00. 
F U N D AM ENTA LS OF R E C O R D K E E P
I N G  A N D  F I NA N C E  F O R  T H E  S M A L L  
B US I N ESS b y  R o bert C R agan, CPA, 
and Jack Zwick, Ph . D .  
0 Once you have your organ ization 
or business up and runn ing, records 
must be kept. 1 96 pp. Only $ 1 0.00 in 
hardcover. 

T H E  A R T  O F  COMPUT E R  P R O 
G R AM M I N G  by D onald E Knuth.  

Praised by many critics as the best 
books in their fiel d .  These books are 
part of a projected seven volume omni
bus su rvey of computer science now 
bei ng completed by Donald E Knuth . 
0 Volume I, Fundamental Algorithms, 
634 pp. $21 .95 hardcover. 
0 Volume I I ,  Seminumerical Algo
rithms, 624 pp. $21 .95 hardcover. 
0 Volume I l l ,  Search ing and Sorting, 
722 pp; $21 .95 hardcover. 

F U N D A M ENTA LS A N D  APP L I CA
T I O NS O F  D I G I TA L LO G I C  C I R
C U ITS, 2nd editio n  by So l  Libes. 
0 You ' l l find everything from the basic 
theory, to various circu i t designs, to the 
most recent applications, i nc luding the 
circuitry of calculators, digital voltme
ters, frequency counters, and computers. 
200 pp. $7.95. 

SMA L L  C OM PUTE R SYSTEMS H A N D 
B O O K  b y  So l  Li bes. 
0 This is an introductory text for those 
with a minimal knowledge of electronics 
who are i nterested in microcomputers as 
a hobby. The author explains microcom
puter concepts from number systems 
and logic circuits to programming lan
guages and applications with the empha
sis on practical knowledge. 1 97 pp. 
$8.45. 

TH E L ITT LE B O O K  O F  BAS I C  STY L E  
b y  J o h n  M Nevison. 
0 This book teaches you how to write 
clear, wel l -planned programs you can 
read. 1 51 pp. $5.95 (no photo ) .  

S O M E  C O M M O N  BAS I C  P R O G RAMS 
by  Lon Poo l e  and M ary Borchers. 
0 At last, a si ngle source for a l l those 
hard to find mathematics programs ! A l l  
the programs are written in a restricted 
BAS IC  suitable for most microcomputer 
BAS I C  packages, and have been tested 
and debugged by the authors. $8.50. 

S O C I A L  E F F E CTS O F  C O M P UTE R 
USE A N D  M IS U S E  by J Mack Adams & 
D o u glas H H aden. 
0 Most of us have come to accept the 
presents of computers in our l ives. Thei r 
effect on society as a whole is worthy of 
carefu l !  consideration .  This book su rveys 
the evol u tion of 'computers, their appli
cat ion, and the socia l , economic and 
phi losophical impl ications of their in 
creasing use . 326 pp. $ 1 0.00. 

P R O G R AM M I N G  A M I C R O C O M PU
T E R :  6502 by Caxton C F oster. 
0 This i nformal , wel l -written book may 
be just what you need to enter the world 
of microcomputers. Foster uses the 6502 
microprocessor (used in the K IM-1 , the 
PET, and the Apple m icrocomputer 
systems) as a basis for discuss ing the 
techniques of writi ng programs. 23 1 pp. 
$9.95. 

T O P- D OWN ST R U CTU R E D  P R O
G RA M M I N G  T E C H N I Q U ES by Clement 
L M c G owan & J o h n  R Kel ly.  
0 What is structured programming? The 
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l ively, wel l -written book. 288 pp. $1 5.95 
hardcover. 

6800 ASS E M B LY LA N G UA G E  P R O 
G R AM M I N G  b y  Lance A Leventhal.  
0 From Osborne & Associates we have 
another in their series of microcomputer 
books. Lance A Leventhal discusses as
sembly language programming for com
puters using the 6800 microprocessor. 
The 6800 in struction set is presented in 
depth with chapters on assemblers, sim
ple programs, code convers ion, tables 
and l ists, subroutines, input/output, 
interrupts, program design and docu
mentation , and sample projects. $8.50. 

A C C O U NTS PAYA B L E  A N D  AC
CO U NTS R E C E IVAB L E  by Lon Poo le  
and Mary B orchers. 
0 This is a set of 21 programs which 
constitute an i nvoice-lin ked accounts 
payable and a low-vol ume i nvoice ac
counts receivable system for small busi
nesses. It is the third in Osborne & Asso
ciates' series of BAS I C  busi ness programs 
and wi l l be complemented by the soon 
to be publ ished General Ledger. 3 1 8  pp. 
$1 5.00. 
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A Classroom Demonstration 

Controlling a System with a Microcomputer 

1 1 2  November 1978 !c) BYTE Publicatiom Inc 

Garnet L Hill at the fl ick of a b utton rather than th rough 
Physics Dept ted ious rewir ing. 
Emporia State University 
Emporia KS 66801 Setting  U p  the Experiment  

M icroprocessors are large scale integrated 
circu its that consist of a central process ing 
u nit and a contro l section ,  with provisions 
for handl ing para l le l  b inary data in com
mun ication with various types of memory 
and per ipheral devices. The use of such a 
smal l computer is fast becoming an every
day phenomenon . The ubiqu itous nature 
of smal l  computers implemented with 
microprocessors makes it imperative that the 
complete course in  the physical sciences 
cover these tools of control in some way . 
The purpose of this article is to point out 
a fair ly simple appl ication which i l l ustrates 
how m icroprocessor control systems can be 
demonstrated to students in teaching labora
tories of engineering and physical sciences. 
The example can be used as a classroom 
demonstration or laboratory experiment 
su itab le  for advanced h igh school or co l l ege 
l evels depending u pon the degree of deta i l  
provided by the teacher. 

The object of this experiment is to 
i l l u strate how a computer program, runn ing 
in a s imp le  microprocessor, can be used as 
a control e lement for a system. The micro
processor and its program form a sort of 
compl icated " b lack box" rece iving in puts 
from sensors and calcu lating an output 
presented to an actuator: I n  the 1 960s, 
before the existence of microprocessor 
technology , su ch b lack boxes were often 
constructed out of smal ler integrated circu its 
and programmed by wiring the pins .  Earl ier 
than the 1 960s, many of the fu nctions now 
commonplace in  d igital el ectron ics were 
s imp ly proh ib itively expensive or impossib le 
to achieve. The advent of the programmable 
processor, however, brought a fl ex ib i l ity of 
fu nction not possib le with such "hard
wired" logic : changing a program, the 
"software" of the appl ication ,  can be done 

Th is experiment ut i l i zes a typical educa
tional m icroprocessor system ,  the E&L 
I nstruments " Dyna-M icro"  com puter which 
contains an 8080A processor made by the 
I ntel Corporation .  The experiment imple
ments a s imp le control system designed to 
keep the rate of flow of an ai rstream set at 
a value  as measu red by three s imple b inary 
switch sensors. A stock sol i d  state relay 
part with m icroprocessor compatib le TTL 
i nput and 1 20 V at 3 A AC power ratings 
is used to turn on and turn off the fan 
motor, with a program i nterpreting the 
state of the wind sensors and decid ing what 
the motor should be doing.  

F igure 1 shows the des ign of the experi
ment at a global level . Three wind vanes are 
placed in front of the fan and displaced 
latera l ly  to avo id b locking the wind from the 
fan .  Due to the mix ing of the fan 's air 
stream with the "st i l l "  air of the rest of the 
room, the wind pressure is greatest near the 
fan, and l east furthest away from the fan .  
Thus  sensor A experiences the  greatest 
d i splacement and sensor C experiences the 
least d isp lacement for a given average speed 
of the w ind .  Each vane i s  a b i nary sensor :  
if the wind speed i s  above a certain level , 
the switch of the sensor is closed ; if the wind 
is below that l evel , the sensor switch is open . 
Three bits of d igital information are read by 
the 8080 ' s  computer program using an 
" I N "  instruction for the appropriate port. 

The design of the wind vane sensor e le
ments is s imple, as shown in figure 2. The 
base of the sensor is a block of wood .  The 
d imensions are chosen so that the block can 
be clamped at the edge of the laboratory 
tab le  with the proper spacings as shown in  
figure 1 .  The d imensions of figure 1 are 
based on the author's experiences, but 
experi mentatio n with the relative spacing 
of the sensors and fan can prove fruitfu l 
in demonstrations . Each sensor is a single 
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Figure 7 :  A micropro
cessor based control sys
tem. The goal of the 
experiment is to keep a 
constant rate of air flow 
from the fan shown at the 
left. Three binary switch 
sensors monitor the air 
flow. A microprocessor 
examines the state of the 
sensors and controls the 
fan by means of a solid 
state relay. 

FRONT EDGE O F  L A B  B E N C H  

pole single th row switch which is sensit ive 
to the air p ressu re felt by the movab le  ele
ment of the switch , an a luminu m vane. 

The fixed contact of the switch i s  a 
s imple p iece of #1 2 copper wire ,  wh ich is 
sharpened to a point at one end,  bent into 
an " L "  shape,  soldered to a stranded wire 
for connection to the computer circu it ,  
and i nserted i n to a hole dr i l led in  the 
wooden mounting b lock .  When the " L "  
i s  inserted in  the mounting b lock,  the 
point contact should face "u pwind"  toward 
the fan when the mounting block is clamped 
into its posit ion in figure 1 .  

The wind sensi tive moving contact of 
the switch has two parts. One part is a sup-

I--- A L U M I N U M  VA N E  
( l m m  T H I C K ) 

I---- STAT I O N A R Y  CONTA C T  ( P O I N TE D) 
( M A K E  FROM -11' 1 2  C O P P E R  W I R E )  

����=r==-llr2:�.-� CONTACT CON NECTION 

W I R E S  S O L D E R E D  TO 

# 1 2  C O P P E R  F R A M E  
A N D  PO I N T  C O N TA C T S  

Figure 2: Detailed view of one of the three binary air flow sensors (typical 
for three). 
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SENSORS MOUNTED 
ON B O A R D S  

"c"  C L A M P S  

port frame, a lso made out  of #1 2 copper 
wire, bent i nto a much l arger " L "  shape 
than was used for the fixed contact. As with 
the fixed contact, th i s  su pport frame has an 
interconnection wire so l dered to i t  before 
it is inserted into the wooden base of the 
switch . The second part of the wind sensi
t ive contact is an a l um inum vane measur
i ng 3 em wide by 1 5 em long inc lud ing a 
suspension hook bent in i ts end .  The vane 
was fabricated from scrap sh eet a luminum 
of about 1 mm thickness. When i t  hangs 
without any wind pressure, the equ i l ibr ium 
position of the vane shou ld be about 1 /2 em 
away from the point contact. The mount
i ng holes for the frame and point contact 
should be chosen with th i s  in m ind ,  al though 
some adjustment i s  poss ib le  by bending the 
frame or point contact after assembly . 

With this switch design, when the air 
from the fan p roduces a sufficient force, 
it d isp l aces the bottom of the vane causing 
it to touch the wire point as shown by the 
dotted l i ne  in figure 2. Th is closes the 
switch . The th ree switches are used to define 
th ree b inary input bits by wir ing them to 
the c i rcu it  of figu re 4 (wh ich wi l l  be dis
cussed in more d etai l later) . 

With th is exper imen t's physical design, 
how can we obtain the desi red behavior of 
an a i r  fl ow sufficien t to deflect swi tch A 
i n to a c losed pos ition, but insuffic ient to 
deflect swi tch C i n to a cl osed pos i tion,  with 
switch B "hun ting" a stable state? Basical ly ,  
th is is ach ieved by turn ing the motor of the 
fan on and off based on the sensed condi
tions of a l l  th ree swi tches. Let's consider 
each swi tch in turn : 

F i rst, if swi tch A is open we defin i te ly 
do not h ave enough ai r fl ow, s ince we wan t 



TARBELL SOFTWARE 
Extensive tl lnexpensive. 

TARBELL CASSETTE or DISK BASIC 
only S36.00 

Most features of AL TAl  R * Extended BAS I C  are i nc lud
ed PL US these added featu res : 

• Assignment of 1 /0 
• Alphanumeric l i ne labels  are al lowed 
• Read and write str ing data 
• U n l i m ited length of vari able  names and str ings 
• Proced ures with i ndependent variables 
• N u m ber system 1 0  d igits B C D  i nteger or  fl oati ng point 

I ncl uded are commands un ique to Tarbe l l  B AS I C  wh ich 
provide capabi l ities to : 

• Ch ain to another program • Assign a physical  device to 

CP/M Disk Operating System 
The 1 /0 section of this software has been modified 

to operate with the TA R B E L L  Floppy D isk I nterface i n  
24K bytes of memory. F ive commands permit l i sting o f  
d i rectory , typing contents of an ASC I I  fi l e ,  renami ng 
a fi le ,  eras ing a f i l e  from d isk,  and saving memory on 
d isk.  Fourteen programs are i ncl uded wh ich are i nvo ked 
l i ke commands. S ix  source f i l es are i ncl uded for transfer
ring between T A R B E L L  Cassette and d isk ,  cold-start 
l oading,  Basic 1 /0 system with d rivers, and reformatting 
crashed d iskettes. Documentation incl udes a l i st ing of 
B I OS and i nstructions to patch C B I OS for your system. 
Price is $1 00 on CP/M d iskette with docu mentati on.  
(CP/M i s  a product of D igital R esearch } .  

CP/M 1.4 Update Package 
A TA R B E L L  Update Package for those now using 

CP/M 1 .3 i s  now ava i l a b l e  on d iskette. The Update 
Package adds new commands and the ab i l ity to access 
four d isk d ri ves,  as we l l  as 2 new C P/M manuals ,  TAR
B E L L  CP/M User's G u ide and a new B I OS l i st ing.  
Price : $50.00. 

SPOOLER 
This  8080 program w i l l  save many hours of computing 

t ime.  It  i ntercepts al l  output to the l i st d evice,  spools the 
output to a h igh-speed d isk f i le,  and di rects the spooled 
data to a l ow-speed pr inter dur ing  u nused cycle t ime wh i l e  
t h e  C P U  waits for transfer o f  data t o  and from t h e  consol e .  
System through put is  greatly i ncreased w i t h  t h e  a i d  of 
SPOO L E R .  Output is  never lost due to i nsuffic ient memory 
al location. F u l l y  compati b l e  with the C P/M f i l e  system, 
SPOO LE R perm its para l l e l process ing  without hardware 
i nterrupt, and with m i n i mal i m pact on other processes. 
Price : $70.00 (Copyright KLH Syste m s . }  

a logical device • D r o p  an 1 /0 c h a n n e l  previously assign

ed • Cause programs to be appended onto programs a l 
ready in memory • Cal l  a proced ure a n d  pass var iables on 
the  l i st • Cause i nterprete r to  enter edit  mode us ing  1 5  
s ingle characte r edit commands.  

Tarbe l l  B AS I C  occupies 21 K of R A M .  
Tarbe l l  BAS I C  on cassette - $36 
Tarbe l l  BAS I C  on CP/M Disk - $36 
Tarbel l  BAS I C  Source on paper - $25 
Tarbel l  BAS I C  Source on CP/M D i sk - $25 

BASJC ... E Compiler 
Designed to work with C P/M Disk  Ope rati ng System 

this  software req u i res a total of 20K bytes of memory. 
I nc luded are 26 compi l e r  error messages and 23 run-time 
error messages. Disk f i l es may be read , w ritten or  up
dated by us ing both sequentia l  and random access. I n 
c l uded are b locked and u n b l ocked fi l es. Pr ice for com
pi ler and ru n-ti me mon itor on d i skette i s  $1 0.00. Manual 
i s  ava i l a b l e  separate ly for $5.00. ( P u b l i c  domain soft
ware by Gordon E. Eu banks,  Jr . } .  

CBASIC Programming System 
Upward compati b l e  from B AS I C- E ,  C B AS I C  is  s i m i 

lar  b u t  expanded t o  inc lude several busi ness oriented 
fac i l it ies,  a l l owing decimal  computati ons to 1 4  d igits of 
precis ion,  data formatting and P R I NT U S I N G  state
ments. Statements a l l ow access to d isk f i l es and d isk 
file mai ntenance. Strings of ch aracters may be read from 
the conso le  to permit correct i n put l i n e  format to be 
checked before read ing data. Genera l  programming fea
tu res inc lude var iable names up to 31 characters, option
al l ine numbe rs,  dynamic debugging tracers, and optional 
data output to p ri nter. C B AS I C  on d iskette and manual  
priced at $1 00. (Copyright Software Systems. }  

EMPL ... an 8080 APL 
Especi a l l y  su ited to educational appl icati ons,  E M P L  

i s  a n  adaptat ion of A P L ,  us ing the ASC I I  character set. 
Only one-d i mension arrays are a l l owed. Th is  8K version 
occu pies th e fi rst 5376 bytes of memory and ope rates in 
two modes. The Execution Mode perm its al l  instructions 
to be executed i m med iate l y .  The Defi nit ion Mode per
m its the user to enter functi ons.  E M P L  on Tarbe l l  Cas
sette with manual  is  $1 5. (Copyright  1 977 E r i k  M ue l l e r } .  

• A L TA!R is a trademark/tradename of Pertec Computer Corp. 
* *CP/M is a trademarkltradename of Digital R esearch 
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( 2 1 3) 538-425 1 . ( 2 1 3) 538-2254 
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NOPS OR I O m S  
D E L AY LOOP 

OUTPUT A S E T  
P U L S E  F R O M  
C H A N N E L # 3  
T O  T U R N  
FA N O N  

S T A R T  

N O P S  OR I O m S  
D E L A Y  LOOP 

N O P S  OR IOmS 
D E L A Y  LOOP 

I N P U T  SWITCH 
DATA FROM 
CHA N N E L # 2  

N O P S  O R  I O m S  
D E L A Y  LOOP 

OUTPUT A RE
SET PULSE 
FROM C H . # I  
T O  T U R N  
FAN O F F  

Figure 3: Flowchart of the air flow experiment. 
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swi tch A to be he ld cl osed all the time. Thus 
the motor must be forced on uncond ition
al ly if switch A is open. 

But if switch A is closed, then we may 
have enough air flow al ready, but we migh t  
in  fact have too much a i r  flow. I f  switch C 
is then tested and found to be closed, we 
know that the air flow is too much, and 
m ust uncond itional l y  turn off the fan 
motor. 

If both switch A and switch C have nor
mal "�teady state" conditions of being 
closed and open respectively, th en switch 
B i s  u sed to d irectly contro l the state of the 
fan motor. If switch B is open then its vane 
i s  not deflected enough, so the fan motor 
is turned on ;  if  switch B is closed, then its 
vane is deflect enough so the motor is tu rned 
off. The inertia of the fan b lades smooths 
out the sudden jerks of power to the motor, 
so that the effect of control exerted by 
switch B is to keep its vane just at the point 
of touch ing the contact. 

This logic is shown in flowchart form as 
figure 3. The fi neness of the control of the 
wind speed (and switch B 's vane position ) 
can be set by the amount of delay "wi red " 
into the software of the flowchart. This 

flowchart imp lements a "dynamic" equ i l ib 
r i um s ituation through active control. The 
behavior of the system under d ifferent 
amounts of t ime de lay is wel l  worth inves
tigating in the tutorial l aboratory. How does 
the i nertia of the fan b lades (and consequent 
sl uggish response to commands) affect the 
stab i l ity of the system ?  How does the 
amount of the de lay in the control flowchart 
affect the stab i l i ty of the system? I s  it 
poss ib le  to use sensor A or sensor C alone 
to control the loop? Many, i f  not al l ,  the 
experiments to be performed on this system 
can be imp lemented s imp ly  by changing the 
program runn i ng in the microprocessor. 
This ease of change (for a new program need 
on ly be typed in to the entry keys of the 
processor) i s  one of the main reasons why 
inexpensive computers are now being 
widely used to control such systems. 

A Look at the Detai l s  

The components used in  the fan control 
system are shown in figu re 4; they were 
breadboarded on the S K-1 0 socket of the 
Dyna-M icro 8080 based m icrocomputer. 
The 1 20 V AC fan was turned on or off by 
the Ham l i n  optical l y  isolated sol id  state 
relay. A l l  th ree sensor switches were wired 
with "pu l l  u p "  resistors to +5 V. When the 
switch i s  closed , 0 V or a logic zero is i nput 
to a p in of I C2, the 8095 th ree state buffer, 
and when the switch is open, 5 V or a logic 
one i s  i nput to pin 2 .  The data from the 
8095 buffer, IC2, is i nput to the accumu la
tor via b i ts Do, D1 , and D2 on the d ata bus 
of the computer when a negative 1 .3)3  JlS 
device sel ect pu l se strobes p in  1 5  on the 
8095 ch ip .  This  pu l se occurs as a resu l t  of 
address ing 10 port 2 with an I N  i n struction 
in the program.  The 741 54, IC 1 , serves as 
a 4 to 1 6  l i ne decoder which directs device
coded contro l  s ignals to the 8095 buffer or 
the 7476 fl i p  flop ch i p, depending on which 
8080 port was selected. A set pu lse i s  
app l ied to the 7476 fl i p  f lop,  IC3, to turn 
the fan on .  The fl i p  flop serves as a memory 
to keep the fan on unti l  the next bit control 
signal is passed to it .  The fan is turned off 
by a negative-go ing pu lse appl ied to the 
c lear input of the 7476. The IN and OUT 
signals com ing from the 8080A microproc
essor are connected to the 7408 AN D 
gate, I C6,  and form a negative logic OR 
gate for the 741 54 by DeMorgan 's theorem : 
A & 8 = A +  B, A or B = A.·& B .  

The 8080A mi croprocessor is capab le 



An INF ! DISK SYSTEM 
gives you a lo t less 
than you expected: 

Less Cost 
The DISCOMEM Controller board costs u s  less to 
manufacture. So your complete INFO 2000 Disk 
System costs you less - at least $400 less than com
perable disk systems. 

Less Hardware 
Only three S-1 00 boards are needed to create a com
plete, high-performance disk-based microcomputer 
system-the DISCOMEM Controller Board, a 32K 
memory board, and any 8080, 8085 or Z80 CPU 
board. You don't need extra interface or EPROM• 
boards since DISCOMEM contains 2 serial ports, 3 
parallel ports and provision for 7K of EPROM and 1 K  
of RAM. 

Less Time 
The INFO 2000 Disk Sys
tem is incredibly fast ! Using 
the PerSci Drives with voice 
coil positioning, disk seek 
times are up to 8 times fast
er than with other drives. 
A full disk-to-disk copy and 
verification takes well under 
a minute. Formatting and 
verifying a new diskette 
takes less than half a min
ute. Reloading CP/M* from 
diskette takes a fraction of a 
second. 

Less Spa 
The system is remarkably 
compact, requiring only 
1/2 to 1/3 the space taken 
by other 2-drive disk sys
tems. 

Less Hassle 
The INFO 2000 Disk System eliminates the " I/0 configura
tion blues" by incorporating all necessary interface ports. A 
CP/M Loader and all I/0 drivers are contained in EPROM so 
there is no need for special software customization. Just 
plug the system into your S-100 microcomputer and begin 
immediate operation using the CP/M disk operating system. 
The INFO 2000 Disk System is supported by the most exten
sive library of software available, including 3 different BASICs, 
2 ANSI FORTRAN IVs, several assemblers, text editors, de
bugging tools, utilities and numerous applications packages. 

Less 
Errors 
This disk system uses full 
size 8" diskettes and stan
dard IBM 3740 recording 
format. So you're assured 
superior protection against 
errors, and full inter
chanageability with other 
CP/M-based systems. 

It all adds up to more capability for your money. 
The complete INFO 2000 Disk System comes completely assembled and tested. It includes dual 
diskette drives, the DISCOMEM Controller, power supply, cabinet, cables and the CP/M disk 
operating system- -everything you need for immediate plug-in-and-go operation with your 
microcomputer. This means less time, hassle, hardware, space, errors and less money than for 
comparable equipment. Now, isn't that a lot less than you'd expected in a dual disk system? 

INFO 2000 Disk Systems are also available for Digital Group and Heath H8 microcomputers. 
Dealer inquiries welcomed. 

*CP/M is a registered trademark of Digital Research. 
Circle 1 76 on inquiry card. 

INFI !III CORPORATION 
20620South Leapwood Avenue 

Carson. California 90746 
(213) 532-1702 
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Figure 4: Control circuitry for the air flow experiment. 

0300 CD BF DO NEXT I 

0 3 0 3  CD BF 00 

0306 DB 0 2  

0 3 0 8  O F  

0 3 09 DA 16 0 3  

030C OF 

030D OF 

030E D2 1E 0 3  

0 3 1 1  0 7  

0 3 1 2  07 

0 3 1 3  D2 1E 0 3  

0 3 1 6  D 3  0 3  ONFAN 

0 3 1 8  C D  BF DO 

0 3 1 B  C 3  0 0  0 3  

0 3 l E  D 3  0 1  OFF AN 

0 3 2 0  C D  BF 00 

0 3 2 3  C 3  00 0 3  

of hand l ing  much more complex control 
systems than the example given here. In th is 
control experiment, as in many s imple 
laboratory tasks, control of a s ingle b it 
(the fan motor state} is a l l  that is necessary. 

Fan Control Program 

The program for contro l l i ng  the fan 
consists of on ly the 38  bytes of machine 
language instruction which are given in 
l isting 1 .  

I f  the fan can produce enough wind, the 
dynam ic equ i l i b rium cond ition described 

CALL DELAY CALL SUBROUTINE DELAY IN KEX 

CALL DELAY FOR 20 MS DELAY. 

IN 2 INPUT SWITCH DATA ON CHANNEL 2 .  

RRC ROTATE ACCUMULATOR RIGHT ONE BIT; 

TEST FOR A SWITCH DATA , LSB - MSB 

AND CF . 

JC ONFAN CONDITIONAL JUMP TO ONFAN IF CF= 1 .  

RRC ROTATE ACCUMULATOR RIGHT TWO BITS 

RRC TO TEST S\HTCH B DATA . 

JNC OFF AN CONDITIONAL JUMP TO OFFAN IF CF=O . 

RLC ROTATE ACCUMULATOR LEFT TWO BITS 

RLC TO CHECK SWITCH B DATA . 

JNC OFF AN COND ITIONAL JUMP TO OFFAN IF CF= O .  

OUT 3 INPUT TO TURN FAN ON . 

CALL DELAY CALL SUBROUTINE DELAY IN KEX 

FOR 10 MS DELAY . 

JMP NEXT I UNCONDITIONAL JUMP TO INPUT NEXT 

SWITCH DATA . 

OUT OUTPUT TO RESET OR TURN FAN OFF . 

CALL DELAY CALL SUBROUTINE DELAY IN KEX 

FOR 10 MS DELAY 

JMP NEXT I UNCOND ITIONAL JUMP TO INPUT NEXT 

SWITCH DATA . 

Listing 7 :  An 8080A assembly language program for controlling the fan 
circuit in figure 4 (see also figure 7 ) . 
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I 

Number Type +5V Gnd 

I C 1  74 1 54 24 1 2  
I C2 8095 1 6  8 
I C3 7476 5 1 3  
I C4 7404 1 4  7 
I C5 (see schematic) 
I C6 7408 1 4  7 

I C 5  
HAMLIN SOLID 

I C 4  STATE REL.AY 

7404 

a 2 3 I \ FAN 1 ( M 

� 2 M O TOR 

rh 

1 2 0 VAC 

earl ier is soon establ ished after execution of 
the program begins. When the I N  instruction 
(hexadecimal add ress 0308) i s  executed, 
the processor reads e igh t b its (Do, D 1 , 
D2 . . . D7) in to th e accumu lator from port 
2. I n  th is app l ication, on ly  three b its of data 
( Do, D1 , and D2) are input (one b it from 
each switch, as shown in the schematic 
d iagram) . I f  switch A is closed and switch 
C i s open, bit 2 (D1 ) is tested ; then the fan 
is either turned on with the OUT instruction 
at hexadecimal add ress 03 1 6  if the midd le 
switch (B )  is open, or the fan is turned 
off with the OUT instruction at add ress 
03 1  E if th is switch (B ) . is closed. A jump 
( J  M P}  back  to the  beginn ing  of the  program 
after each of these O UT i nstructions com
p letes the loop. Any or al l of the four  
1 0  ms de lay loops may be removed if desired 
by placing three NOP i nstructions (hexa
decimal 00) in place of the CALL (hexa
decimal CD BF 00) i nstructions. (The 
1 0  ms de lay loop is a su broutine bu i l t  into 
the Dyna-M icro Designer.} 

M uch can be done with s imi lar s imple 
demonstrations of active contro l us ing 
m icroprocessor based computers and suit
able inexpensive sensors l i ke  those used in  
th is experiment. I hope that th is simp le 
control system experiment wi l l  serve to 
inspire teachers of science and engineering 
subjects, provid ing them with some practical 
examples to i l l ustrate how computers can 
be used as too ls in the laboratory.• 



Boards • • . or  Com plete Systems 
The best price and delivery is from MiniMicroMart! ! !  

CROMEMCO MODEL 3703 
LI N E  PRI NTER 

1 80 cps bi-directional OUR 

��� $2545 LIST $2995 

CROMEMCO MODEL 31 00 
CRT TERMI NAL 

OUR 
����� $1 350 List $ 1 595 

CRO MEMCO SYSTEM 2 (order as 02-5502-0l List $3990 . $3390 
CRQMEMCO DISK SOFTWARE - BASIC,  Fortran, Assembler,  
Cobol.  Word Processing System, Data Base Management, a l l  com plete 
with CMOS disk operating system, List $95 each . . . . . . . . . . . . . . . . .  $80 ea . 
Z-2 Computer System, Kit for rack �T�E mounting, Z-80 processor, 21 slots, 

power supply, front cover panel 
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Assembled and Tested, incl . fan and 
al l  edge connectors List $995 !order as 
02-5401 -0l List $995 . . . . . . . . . . . . . . 845 

Z-2D Disk Computer System, Kit 
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SYSTEM 3 
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Features 4 M H z  CPU, 32K o f  RAM, dual PerSci 
floppy disk drive (and provision for instal l ing two 
additional drives), RS232C lnterfase, Printer Interface; 
assem bled and tested. ready to use. !Order as 
02-5503-0l 

M E M ORY BOARDS 
North Star RAM-1 6-A 1 6K Dynamic RAM 

Board, Kit, !order 01 -321 6-0) List $399 . 329 
Assembled/Tested (01 -421 6-0) $459 . . .  379 

Morrow 1 6K Static Board . 450ns 
Kit, (order 08-321 6-0) List $299 . . . . . . . 264 

Dynabyte New MSC1 625 . 250ns 
!no write protect) Order 03-421 6-3 . . . 359 

Dynabyte 1 625 1 6K Static RAM Module, 
250ns !order 03-42 1 6-0) List $555 . . . . .  444 

Dynabyte 3225 32K Static RAM Module 
250ns !order 03-4232-0l List $995 . . . . . 796 

All Dynabyte assembled and tested, guaranteed 
one year. 

M IC ROPOLIS 
1 041 Macro Floppy® in enclosure 

(order as 04-7701 -0) List $695 . $625* 
1 042 MacroFioppy® wlcase and 

AC power supply (04-7702-0) $795 . . .  709 
1 053 Dual MetaFioppy® !order 

as 04-7705-0l List $ 1 895 . . . .  1 695 
• power source and regulator board required. 

TELETYPE 33, 35, 43 
Bargains on used Teletype 33's and 
35's. M ost m odels of new Teletype 
43's avai lable for immediate shipment. 

I MSAI 
Check with M in i  M icro Mart for your 
I M SAI needs - most popular items 
now in stock at special savi ngs. 

FOR SHIPP ING,  add $2 for boards, $5 for floppy 
disk systems. $ 1 0  for Horizons. $ 1 5  for Cro
memco Z-2 and Z-2D kits. Assembled Cromem
co systems are shipped freight collect. 
All prices are based on cash purchases. Higher prices apply to 
credit card and institutional purchase orders. Minimum deposit 
25% on COD orders. All prices subject to change without 
notice. 

BYTE November 1978 1 1 9  



A Multiuser Data Network 

Communicating . Over VH F Radio 

Robert E Bruninga 
907 Ninovan Rd 
Vienna VA 22180 

One of the more exasperating aspects of 
getting started in m icrocomputing i s  the cost 
of su itable 10 devices. There is a rather large 
group of amateurs who al ready have ter
mina l s  up and runn ing; however, they have 
no m icrocomputer to p lay with. Ou r l ocal 
computer c l ub  was such a group, having 
formed from a group of radio amateurs 
al ready connected via a V H F  radio informal 
te l etypewriter network. The avai l abi l i ty of 
these inexpensive su rp lus Baudot code 
telety pewri ters has been frequently espoused 
in the l i teratu re, and articles covering ASCI I 
to Baudot conversion are p lentifu l .  

Whi le  our  c l u b  matured, a nd  with inter
est in m icrocomputing mushroom ing at the 

F R E Q U E N C Y  A 

\7 

same time, the idea to design a m icro
computer into the network was a natu ral 

. step. It was soon apparent that develop ing 
hardware and software to prov ide a l l  of the 
desired fu nctions was imposs ib le for any 
gainfu l l y  employed ind iv idua l .  To spread out 
the effort and to get as much participation 
as poss ib le ,  i t  was decided to first bring up 
the m icrocomputer with a s imp le monitor 
system to enable anyone on the net to have 
fu l l  access to memory, and to he lp  in  writ ing 
software for any desired rou tines or pet pro
jects. It is th is  m icroprocessor system which 
i s  to be descr ibed herein .  But first we wi l l  
give a description of the te l etypewriter net 
and of the usual operat ing practices govern-

F R E Q U E N C Y  B 

\7 
R E M O T E  R E P E AT E R  

Figure 7 :  The use of a remote transceiver 
at an advantageous centrally located site 
greatly increases operational range of a net
work of users at VHF frequencies. 
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ing the parti ci pation of  microcomputers. 

Repeater Teletypewriter Network 

The · use of a remote transceiver or re
peater, central ly located at the h ighest 
e levation possib le, i s  the key to network 
coverage of a large area. The repeater relays 
signals omnid i rectiona l ly  from any trans
m i tting station to al l rece iv ing locations, as 
shown in figu re 1 .  I n  add i tion to improving 
the range, it assu res rel iab i l i ty of coverage to 
al l  u sers in  the net since each station need 
only transmit  a powerfu l enough signal to 
be clear at the repeater, and be able to 
receive the outpu t  of the repeater w i thou t  
error. Depend ing on terrain ,  re l iable cover
age of such a repeater is from 20 to 75 m i l es 
(32 to 1 20 km ) in rad ius. 

The repeater operation is fu l l y  au tomatic 
and a lmost transparent to the u ser. The 
presence of a signal on the repeater's receiv-

O U T P U T  
C O N T R O L  

J f """AuXICiAR v - 1 r--1 D U P L E X  
T R AN S M I T TE R  L J£.U LL_Q_!,IP L E� J 

T R A N S M I T T E R  

- - - - - - -

R E C E I V E R  

-

� I 
I 
I 
I 
I 
I 
I 

- - - - - - - - - _ j  

ing frequency turns on the repeater trans
m i tter to relay the signal s with the advan tage 
of i ts h igh power and advantageous location. 
I f  no one is transm itting with in five seconds 
of the last signal, the repeater transm i tter 
w i l l  tu rn off. 

Teletypewriter signals are transmitted 
us ing audio frequency sh ift keying (A FS K ) 
with 2 1 25 Hz ind icating a mark and 2295 Hz 
ind icating space. S ince tel etypewri ter traffic · 
is i nnately hard copy and is usua l ly not of a 
real time natu re, many network u sers have 
the i r  station s configu red for fu l l y  auto
matic unattended reception. Th i s  featu re, 
cal led autostart, i s  simp ly a tone detector 
wh ich latches a re l ay on receipt of a con
t inuous  mark tone and tu rns on the tel e
typewriter equ ipment. U su al p ractice re
qu i res from three to five seconds of mark 
tone to activate the au tostart; i t  w i l l  then 
remain on for up to 30 seconds after · th e  
last tones are hea1·d . 

Figure 2: Having the micro
computer at the repeater 
site has the advantage of 
full duplex operation if 
user stations overcome the 
complexity of full duplex 
operation at their own 
stations. 

Figure 3: Having the micro
computer at a user station 
requires half duplex oper
ation, but allows network 
expansion to include multi
processors at any user 
station without conflict. 
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Circle 374 on inqui ry card . 

TERMINALS FROM TRANSNET 

PURCHASE 
1 2-24 MONTH FULL OWNERSHIP PLAN . 

36 MONTH LEASE PLAN 

PURCHASE PER MONTH 

DESCRIPTION PRICE 1 2  MOS 24 MOS 36 MOS 

D ECwriter II  . . . . . . . . . .  $1 ,495 $ 1 45 $ 75 $ 52 
DECwriter I l l  . . . . . . . . . . 2,695 257 1 37 95 
DECprinter I . . . . . . . . . . 1,  795 1 72 92 63 
VT52 DECscope . . . . . . 1 ,695 1 62 85 59 
VT1 00 DEC scope . . . . . 1 ,695 1 62 85 59 
VT55 DECgraphic CRT 2,395 229 1 22 84 

ADM 3A CRT . . . . . . . . .  875 84 45 30 
HAZEL TINE 1 400 CRT . 845 81 43 30 
HAZELTINE 1 500 C RT . 1 , 1 95 1 1 5  61 42 
Tl 745 Portable . . . . . . . 1 , 875 1 75 94 65 
Tl 765 B u bble Mem . . . .  2,995 285 1 52 99 
Tl 8 1 0  RO Printer . . . . .  1 , 895 1 81 97 66 
Tl 820 KSR Term inal . .  2,395 229 1 22 84 
Data Products 2230 . . .  7,900 725 395 275 
QUME, Ltr. Qual. KSR . 3 ,195 306 1 63 1 1 2  
QUME, Ltr. Qual. R O  . .  2,795 268 1 43 98 
DATAMATE Mini  floppy 1 ,750 1 67 89 61 

FULL OWNERSHIP AFTER 1 2  OR 24 MONTHS 

1 0% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACO USTIC COU PLE RS • MODEMS • THERMAL PAPER 

R IBBONS • I NT E R FACE MODULES • FLOPPY DISK UN ITS 

PROMPT DE LIVERY • E FFICI ENT SERVICE 

1 RANSNt:r CoRPORA TIO''' 
2005 RO UTE 22,  U N I O N ,  N . J .  07083 

20 1 - 688- 7800 

I N CO M E  
TAX 

PRO G RA M S 
FO R T R S -80™ 

F O R  I N D I V I D U A L S :  
1 040A 4 K  
1 040 4 K  

B U S I N ESS & P R O F E S S I O N AL:  
F u l l  syste m s  w i t h  l i n e  pr inter  

7.95 
1 4 .95 

o u t p u t  start at . . . . . . . . . . . . . . . . . . 1 89.95 

F R E E  3-PAG E CATA LOG 
A N D D E SC R I PT I O N  

C O N T RACT S E R V I C ES ASSOC IATES 
1 846 W. B roadway A n a h e i m ,  CA 92804 

1 22 November 1978 © BYTE Publications Inc Circle 78 on i nquiry card. 

With the au tostart c i rcu i try in m ind, a 
usual network transm ission is as fol l ows: 

• Station i dentifies by voice or by 
key ing  the tones in Morse code. 

• Station transmi ts five seconds of 
mark tone. 

• S tation transm i ts message or text. 
• Station identifies again. 
• Station tu rns off transmitter. 

The FCC requ i res Morse or voice identifi· 
cation at the begi nn ing and end of each 
operating time period and at l east every 
ten m inu tes. Short transm issions in a con· 
versation need not be iden tified although i n  
group 9peration i t  i s  a lmost a necess i ty 
because one teletypewriter signal is ind is· 
ti ngu ishable from another. 

I nterfaci ng to the Network 

If the network spoke ASC I I  (on ly Baudot 
code at 60 or 1 00 words per m inute is 
a l lowed by the FCC on the amateu r bands) 
i t  wou l d  appear to be a s imp le  task to take 
an avai lable m icroprocessor system and 
connect it d irectly via a modem to a trans· 
ceiver, and be up and ru nn ing. I deal ly the 
m icrocomputer wou l d  be connected at the 
repeater si te, mon i tor ing al l signals in the 
net and respond ing when asked by trans
m i tt ing appropriately on the repeater out· 
pu t  as shown i n  figu re 2. Th i s  was the 
original concept and optimum configu ration 
from a techn ical standpo int. However, i t  
was logistical ly impractical because of  the 
remote location of the repeater and the 
natu ral tendency of a project l i ke th is to 
be never comp lete ly  fin i shed. A l so, as 
m icroprocessors become more and more 
of a common fixtu re about the house, we 
fel t  that a central ly  located computer 
serv ing the whole network alone wou ld 
be an obsolete idea i n  the near futu re. 

For th is reason, the m icrocomputer began 
to evolve as ju s t  another station on the net, 
transm i tt ing and receiv ing in a half duplex 
mode as shown i n  figu re 3 .  A t  presen t it is 
the only m icrocomputer that can be re
motely accessed and contro l led by a l l  u sers 
on the net, al though there are a few other 
m icrocompu ters being u sed by stations for 
the i r  own local functions. Th is type of 
operation al l ows the network to grow into 
a fu l l y  coord in ated common data network 
as more and more users in terface the ir  
m icrocompu ters into the system and pro
vide for remote access in whatever fash ion 
the ir  particu lar software packages a l low. 

The m icrocomputer mon itors al l sign als 
on the repeater and responds whenever i ts 
cal l s ign i s  recognized. To i solate the m icro
computer from the identity of the owner 



or operator, a convention of p l acing a 
s lant bar (/) pr ior to the cal l sign has been 
institu ted to iden tify the m icrocomputer. 
In this manner, users in the network may 
commun icate with the operator or tal k 
abou t h im u sing h is cal l sign withou t  acci
dental ly  in itiating a response. 

Remote operation of the m icrocomputer 
i s  very s imple .  To gain access from any 
station on the network, just transm i t  the 
microcomputer 's cal l sign, WD4 1WG/WB-
4APR (these are the combined cal l signs of 
the computer c lub  and the station at wh ich 
the m icrocompu ter i s  connected} and wait 
for the computer's response. A flowchart 
of the standby and ready states i s  shown in 
figure 4.  Once the microcompu ter  recogn izes 
i ts cal l  sign, it comes up with five seconds 
of mark tone and. transmi ts a prompt (-} .  
After the prompt i t  goes in to the receive 
mode and wa its for a val id command se
quence. After each command sequence is 
executed, the m icrocomputer  retu rn s with 
the prompt sequence and waits for more 
commands. If the sign off command, N NNN,  
is executed, the m icrocomputer becomes 
inactive, respond ing to n oth ing unti l i t  
again recogn izes i ts cal l s ign . 

The mon i tor is designed to interpret the 
input commands on a ch aracter-by-character 
basis as shown in the flowchart of figure 4 .  
I n  th is way, commands are not l im i ted i n  
length o r  structu re as they wou ld b e  i f  the 
processor did not begin i n terp retation or 
execution un ti l  an ent ire command and 
al l parameters had been entered into the 
buffer. Once the single letter command has 
been i n terpreted , the software can he lp  in 
the formatti ng of the remain ing command 
parameters by p rov id ing spaces, l ine  feeds or 
add i tional prom pting as necessary. A space 
is used as the de l im iter of command param
eters, and a carriage return wi l l  abort the 
command if requ i red . The j ud ic ious u se of 
carriage returns is due to the l arge number of 
low budget h obbyists on autos tart who must 
buy thei r  own paper. 

After each command is  executed , control 
returns to the mon itor entry point where . the 
transm itter i s  tu rned off and the m icro
computer waits for the next command 
input. Al l  inval id command characters are 
ignored. Origina l ly ,  on ly a val id command 
character was requ i red to in itiate execu tion, 
but th is  was p rone to occasional errors. The 
program was ch anged to requ ire a /$ se
quence (the Baudot equ ivalent of the ASC I I  
escape character}, a s ingle command char
acter, and then a space before the command 
is recogn ized . Fai l u re to provide al l  fou r  
conditions causes a retu rn to the wait 
state for the proper escape sequence. The 
escape character i s  just one of 1 5  add itional 

Circle 77 on inquiry card. 

PET WORD PROCESSOR 

This program perm its composing and pr i nti ng letters, 
f lyers, advertisements, man uscripts, etc . ,  using the 
COMMODO R E  P ET and a pr inter. 
Script d i rectives inc l ude l i ne lengt h ,  left marg i n , cen
tering,  and sk ip .  Ed i t  commands a l l ow the user to 
insert l i nes, delete l i nes, move l i nes and paragraphs, 
change stri ngs, save onto cassette, l oad f rom cassette, 
move up ,  move down,  p r i n t  and type. 
The CmC Word Processor Program add resses an R S-232 pri n ter through a CmC p ri n ter adapter. 
The CmC Word Processor p rogra m  is  ava i lab le  for $29.50. Add $ 1 .00 for postage and hand l i ng per order. 

Order direct or contact your local computer store. 

� I l�ll 
• 

CONN ECTICUT microCOMPUTE R 

150 POCONO ROAD 

BROOKFIEL D, CONNECTICUT 06804 
{203) 775-9659 

.� 
A Message 

to our  S u bscri bers 
From time to time we make 

the BYTE su bscriber l ist 

avai lable to other companies 

wh o wish to send our 

i nform ation of i n terest to 

them in  the ma i l .  Used are 

our su bscri bers' names and 

addresses only (no other 

su bscri bers promotional i nformati on we m ay have is 

material about their produ cts. ever given ) .  

We ta ke great care to screen 

these companies, choosing 

only those who are reputa ble, 

and whose products, services, 

or information we feel wou ld  

be of interest to  you. D i rect 

mail  is an efficient med ium 

for presenting the latest 

personal computer goods and  

services to our  subscri bers. 

Many BYTE su bscribers 

ap preciate th is  control led 

use of our mai l ing l ist, and 

look forward to f ind ing 

Whi le  we bel ieve the 

distri bution of this 

information is of benefit to 

ou r su bscri bers, we f irmly 

respect the wishes of any 

su bscr iber who does not want 

to receive such prom otional 

l iterature. Shou ld  you wish to 

restrict the use of your name, 

si mply send your  request to 

BYTE Publ ications I nc, Attn: 

Ci rcu l ation D epartment, 

70 Main  St, Peterborough N H  

03458. Thank you.  

=- =--- . -
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Figure 4: Flowchart of the 
system monitor showing 
the standby and ready 
states. 
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, - - - - - - , 

I I 
READY r - - --(!)  

I I L _ _ _ _ _ _  ...J 

r - - - - - - -, 
I I S  C H A R A C T E R  I 
I S T R I N G  I-/ W B 4 A P R  I RECOG N I Z E D  I L _ _ _ _ _ _  _j 

STA N D B Y  

B I N C H  

I N P U T  
C H A R A C T E R  

characters wh ich are defined in a doub le 
sh ift case. 

The structu re of the character input 
(B I NCH) and character output (BOUCH ) 
su brou tines a l lows simu l taneous ou tpu t in 
both ASC I I and Baudot of any character 
avai l ab le  at the Baudot or ASC I I  input. The 
structure of B I NCH and BOUCH is shown 
in  figure 5 .  Because a l l  rou tines written for 
the network system u se these two su b
rou tines for i nput  and ou tput, the remote 
user at the Baudot port has the same soft
ware relationship to the computer as the 
l ocal programmer except that the outpu t 
may be d isabled. 

Control Routines 

The mon i tor commands are re l atively 
straigh tforward except for the requ i remen t 
that the m icrocomputer operate in a half 
dup lex mode. The su brou tine responsib le 
for coord inating the m icrocompu ter response 
in the half dup lex mode is PLEX (figu re 5 ) .  
PLEX tu rns the transm itter and trans
m i ssion tones on and waits the delay time 
found  in  location ECHO before retu rn ing to 

Y E S  

S E N D  C A R R I A G E  
R E T U R N ,  L I N E  
F E E D  A N D  
P R O M P T  

B I N C H  

I N PU T  
C H A R A C T E R  

the cal l i ng routine. PLEX is  cal led by every 
mon i tor rou tine wh ich generates output 
back to the remote u ser. The delay i n  ECHO 
is  rough ly  in ten ths of a second ;  u su al l y ,  a 
val ue of 50 is u sed to a l low re l iab le  transm it 
and receive switch ing. The val ue 0 1  imp l ies 
immed iate response, and the dup lex trans
m i tter l ine is therefore tu rned on as wel l .  
ECHO can be changed by the mon i tor com
mand  E, al lowing the u ser to tai lor the 
response to a particu lar hardware configu 
ration. To al l ow the u ser to regain control 
when an error occurs, the transm i t  l ine 
d rives a timer that cuts off the transmitter 
after two m inu tes. A second timer wi l l  
hardware reset the m icroprocessor if a space 
tone of greater than two seconds is received .  

Command 

The monitor commands in tab le 1 are 
designed to p rovide as much assistance to 
the mach ine language p rogrammer as pos
s ib le  wh i le  al so recogn iz ing the special needs 
of the u sers on the network .  The basic 



What's Your R. I. ?* 
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learn Abou 
I NT R O D U CT I O N  TO A RTI F I C I A L  I NT E L L I G E N C E  b y  Ph i l ip  C 
Jackson Jr. 
0 This book su rveys the field beg inn ing with Turing's test, the mathe
matical description of phenomena, f inite state machi nes and l imits to 
computational abi l ity, fol lowed by chapters on problem solving, game 
playi ng, pattern perception, theorem provi ng, semantic in formation 
processi ng, paral lel processi ng , evolutionary systems, robots, and a 
look at the futu re of the field . This thoughtful and unusual book wil l 
make a useful addit ion to your l i brary. A 50-page bibl i ography is in
cluded. 453 pp. $1 8.50 hardcover (no photo ) .  

A R TI F I C I A L  I NTE L L I G E N C E  b y  Patrick Henry Winsto n. 
0 This book is designed for use in a course on artificia l intel l igence, 
but should prove invaluable to the newcomer to the topic, as well as 
being useful to the experienced as a reference text. Part One is set up 
to be used as an i ntroduction to the key ideas of the subject, i ncluding 
the basics of elementary representation , symbolic constra int exploi
tation, search , and contro l .  In addition , understanding natural language, 
representing common sense meaning, computer vis ion, and expert 
problem solving are covered. Part Two covers the programming lan
guage LISP, its organization and uses. Profusely i l lustrated. Only 
$10 .00 hardcover. 444 pp. 

ADAPT I V E  I N F O R M AT I O N  P R O C ESSI N G .  AN I NT R O D U CTO RY 
SU RVEY by Jeffrey R Sampson. 
0 Even the most complex of today's computers is dwarfed by the ca
pabi l ities of its designer's bra in .  Im itation of the capabi l ities and adap
tive nature of biological i nformation processing systems has long been a 
goal of computer designers. Jeffrey R Sampson presents an introduc
tory survey of this field. F rom the fundamentals of information and in · 
formation processing entities, he examines the richness of biological in 
formation processing and goes on to cover the appl ication of computers 
to artificial intel l igence . H is is a view which unifies the diverse aspects 
of the subject of artificial intel l igence, emphasiz ing adaptive behavior. 
21 4 pp. $1 4.80 hardcover. 

CO M P U T E R  M O D E LS O F  T H O U G HT A N D  LA N G U A G E  edited by 
R oger C Schank & Kenneth Mark Co lby.  
0 Part of the current work i n  AI i nvolves the mode l ing of human 
mental processes i n  computer programs. Here is a col lection of articles, 
which deal with natural language models , models of belief systems, and 
models of memory and cognition . Requ i red reading for AI enthusiasts. 
450 pp. $23. 50 hardcover. 

Robols on Your Ooorslep 
!A ..... . � 1""Uo1�1 

HOW TO B U I L D  A C O M P UTE R-CONT R O L L E D  R O BOT by Tod 
Loofbou rrow. 
0 This book combines the dream of robotics-to create an intel l igence 
other than human-with the rea l i ty, by providing both hands-on experi
ence with robotics and an appl ication of a microprocessor. It detai ls 
the step-by-step di rections for bui ld ing a robot, named "Mike," con
trol led by a K IM-1 microprocessor, with the complete control programs 
clearly written out . 1 32 pp. $7 .95 . 

R O B OTS O N  Y O U R  D 00 RSTEP by N els Win kl ess and I ben  Browning. 
0 "This book wil l amaze y ou ,  frighten you, nauseate you, excite 
you . . .  i t will probably make you th in k  about things you have never 
contemplated before," states the introduction to this clever and wel l 
written account of robots : past, present, and future. I nte l l igence, 
artificial i nte l l igence, brain structure and simulation, and characteristics 
of robots are only a few of the areas explored. 1 79 pp. $6 .95. 

B U I LD Y O U R  OWN W O R K I N G  R O BOT by D avi d L He iserman. 
0 This book wil l introduce you to the problems of making a robot 
mobile device cal led Buster I l l ,  using pre-microprocessor TTL inte
grated circuits for a l l  logic functi ons . It is a must book for background 
reading, but much of the logic can be extremely simpl ified using 
today's microprocessor technology . Use this book as a fi rst look at 
these problems from which you can bui ld further and more elaborate 
solutions. $5.95. 

T H E  T H I N K I N G  C O M P UTE R :  M I N D  I N S I D E  MATT E R  by i3ertram 
Rap hael .  
0 With a minimum of techn ical jargon ,  this book discusses the capa
bi l i ties of modern digital computers and how they are being used i n 
contemporary A I  research . I t discusses the progress of A I ,  t he goals, 
and the variety of current approaches to making the computer more 
i nte l l igent. $6.95. 

C O M P U T E R  POWE R A N D  H U MAN R EAS O N  by J oseph Weizenbau m .  
D I f  you're presently a programmer by trade or sk i l l ,  you' l l see a phi lo
sophy of computer use and abuse propounded. If you're a novice, the 
tutorial and explanatory chapters of this book serve as an excel lent 
and eminently readable background source. This i ncl udes an out
standi ng, low level explanation of what an algorithm is, and how 
computers execute effective algorithms. $5.95. 

For y o u r  c o n v e n i e n c e  in ordering, p l ease use t h i s  page plus t h e  

order form o n  page 1 1 1 .  Y o u  m a y  p h otocopy this page. BITS·inc Books to e rose t he 1mposs1ble 
POB 428. 25 Route 101 West, Peterborough NH, 03458 

D I A L  Y O U R  C H A R G E  CA R D  O R D E RS T O L L  F R E E  
(800) 258-54 77. 

*Artificial In telligence Quotient 
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Table 7 :  Table of commands used by the computer on the communi
cations network. All addresses are given in hexadecimal notation. 

A x x x x  s tring 

B x x x x  y y y y  

c x x x x  

D xxxx YYYY 

E XX 

F x x x x  y y y y  s tring 

G x x x x  

H x x x x  
x x x x  hh hh . . . . 

J XX 

K 

L xxxx yyyy 

M XXXX yyyy zzzz 

N N N N  
0 
p x x x x  y y y y  zzzz 

Q string 

R XXXX 

S string 

T XXXX YYYY ZZZZ 

u 
V s tring 

W XXXX string 

X 

y 
Z XXXX YYYY H H  

Stores a n  ASC I I  character string at location XXXX 
beg inn ing and ending with quotes. 

Calcu late branch i nstruction offset from address 
XXXX to address YYYY. 

Sends character str ing at address XXXX in Morse 
code. 

Display hexadecimal bytes from address XXXX to 
YYYY. I f  E command is odd, display 16 bytes per 
l ine, 3 2  bytes per l i ne if even. 

Set echo delay to X.X seconds (approximate). 

Find string by searching from address XXXX to 
YYYY. Reply with starting and ending address. 

Go to address XXXX and begin execution of a sub
routine. 

Convert hexadec imal value XXXX to decimal . 

Input hexadecimal bytes sequential ly beginn ing at 
address XXXX and ending with a carriage return. 

Jump to additional monitor commands. 

Reserved. 

List by instruction in 1 ,  2 or 3 byte format all code 
between addresses XXXX and YYYY. 

Move al l bytes between addresses XXXX and YYYY 
to contiguous memory starting at ZZZZ. 

Sign off procedure. 

Return to AM I monitor. 

Punch a hexadecimal tape i n  M IKBUG format located 
from XXXX to YYYY with offset ZZZZ. 

Quest search through all memory for first occurrence 
of string. Back up and print starting address of first 
quotation mark, then print al l fol l owing characters 
unti l a second quotation mark is found. 

Read character stri ng at address XXXX. 

Save. I n  message storage area, store s tring at next 
ava i lable address and update pointer to point to 
next available address. Print pointer value. 

Tape. Load hexadecimal tape into memory between 
addresses XXXX and YYYY with offset ZZZZ. 

Reserved. 

Void fi rst string encountered which contains s tring. 
All characters between l im it ing quotes are el iminated 
including quotes. All memory from ending quote to 
pointer is moved up to location of the beginning 
quote. Pointer is updated and printed. 

Wedge. I nsert s tring at location XXXX. Push memory 
from XXXX to pointer down and update and print 
pointer . 

Transm it (Xmt) prompt. 

Reserved. 

F i l l  memory space from address XXXX to YYYY 
with hexadecimal value H H .  
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monitor commands for mach ine l anguage 
programming are the D I SPLAY, GO, IN 
PUT, L I ST, PUNCH and TAPE com mands. 
Additional a ids for programming  are the 
ASC I I  STR I NG, B RANCH, F IND ,  MOVE, 
READ, WEDGE and Z E RO commands. 
The moni tor fu nctions related d i rectly to 
network appl ications are the CW, ECHO, 
NNNN and XMT commands. The special 
str ing man ipu l ation commands SAVE, 
QU EST and VO I D  can be used wi th cal\ 
signs as key words to form a message store 
and retrieval system for network operation ; 
or l i ne  numbers may be u sed as key words, 
and tex t  ed it ing is possib le .  I n  text edit ing 
mode c,orrectioris, i nsertions and deletions 
are performed u si ng  ASC I I STR I NG, F I ND, 
READ and WEDG E commands. 

The system descr i bed thu s  far is fu l ly 
operational in an u nattended mode. I t  has 
been more or l ess con t inuous ly avai lab le 
d u ring the even ing hou rs from abou t 1 800 
to 2300 hou rs l ocal t ime since December 23 
1 977 (except for occasional v i s i ts by "Mr 
Murphy") . During th is t ime the  original 
mon i tor has not been a l te red ,  so users wou l d  
not be confused b y  frequent  system changes. 
However, several changes are be ing con
sidered to improve system re l iab i l i ty in the 
p resence of noise and u ser typograph ical 
errors, to expand mon i tor command func
tions and to u pgrade p rotocols in antic ipa
t ion of other computers on the network .  

. 
The changes under consideration are : 

• Prov ide prompt ing at sign on to al low 
u n i nformed u sers to request operating 
instructions. 

• Prov ide a carrier present  input  l i ne  to 
al low the m icrocomputer to test for 
a clear channel prior to transm i ssion. 

• Rebu i ld restart c i rcu i try for more 
rel iab i l ity. 

• Change all string man ipu l ations to use 
quotes for de l im i ters. Cu rren tly, figu re 
sh ift H is used, wh ich causes some 
Baudot machines to stop.  

• Add add i t ional monitor commands 
to al l ow unaddressed message storage 
and retrieval by cal l  signs alone. 

• Add l ine del ete code recognit ion into 
Baudot i nput  rou tine to a l low escape 
to command mode at any time. 

• Consider buffering a l l  input commands 
to a l low for more fl ex ib i l i ty and 
rel iab i l i ty by using l i ne  and character 
de lete codes. 

• Restructure B I NCH and BOUCH rou
tines for complete tran sparency. A l l  
ASC I I  codes needed for BAS IC  wi l l  
have one-to-one mapping i n to Baudot 
characters by u sing the figu res slash 
sh ift al phabet. The u sua l  ASCI I con-
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The E l e c t r i c  Pe n c i l  I I  i s  a C h a r a c t e r  O r i e n t e d  
W o r d  P r o c e s s i n g S y s t e m . T h i s  m e a n s  t h a t  t e x t  i s  

e n t e r e d a s  a s t r i ng o f  c o n t i n u o u s  c h a r a c t e r s a n d  
i s  m a n i p u l a t e d  a s  s u c h . T h i s  a l l o w s  t h e  u s e r  

e n o r m o u s  f r e e d o m a n d e a s e  i n  t h e m o v e m e nt a n d  
h a n d l i n g o f  t e x t .  S i n c e  l i n e e n d i n g s  a r e  n e v e r  

d e l i n e a t e d ,  a n y  n u m b e r o f  c h a r a c t e r s ,  w o r d s ,  
l i n e s  o r  p a r a g r a p h s m a y  b e  i n s e r t e d  o r  d e l e t e d 
a n y w h e r e  i n  t h e  t e x t . T h e  e n t i r e t y  of t h e t e x t  
s h i f t s  a n d  o p e n s  u p  o r  c l o s e s  a s  n e e d e d  i n  f u l l  
v i e w o f  t he u s e r .  T h e  t y p i n g o f  c a r r i a g e  r e t u r n s  
a s  w e l l  a s  w o r d  h y p h e n a t i o n i s  n o t  r e q u i r e d  
s i n c e  l i n e s  o f  t e x t  a r e f o r m a t t e d  a u t om a t i c a l l y .  

A s  t e x t  i s  t y p e d  i n  a n d  t h e  e n d  o f  a s c r e e n  
l i n e i s  r e a c h e d ,  a p a r t i a l l y c om p l e t e d w o r d  i s  

s h i f t e d  t o  t h e  b e g i n n i n g o f  t h e  f o l l o w i n g l i n e .  
W h e n e v e r  t e x t  i s  i n s e r t e d  o r  d e l e t e d ,  e x i s t i n g 

t e x t  i s  p u s h e d d o w n  o r  p u l l e d  u p  i n  a w r a p  
a r o u n d f a s h i on .  E v e r y t h i ng a p p e a r s  o n  t h e  v i d e o  
d i s p l a y  s c r e e n  a s  i t  o c c u r s  w h i c h e l i m i n a t e s  a n y  
g u e s s w o r k .  T e x t  m a y  b e  r e v i e w e d  a t  w i l l  b y  
v a r i a b l e  s p e e d  s c r o l l i n g b o t h  i n  t h e  f o r w a r d a n d  
r e v e r s e d i r e c t i o n s .  B y  u s i ng t h e s e a r c h o r  t h e  
s e a r c h  a n d  r e p l a c e  f u n c t i o n ,  a n y  s t r i n g o f  
c h a r a c t e r s m a y  b e  l o c a t ed a n d / o r  r e p l a c e d  w i t h 
a n y  o t h e r  s t r i n g o f  c h a r a c t e r s  a s  d e s i r e d . 

W h e n  t e x t  i s  p r i n t e d ,  T h e  E l e c t r i c  P e n c i l  I I  a u t o m a t i c a l l y  i n s e r t s  c a r r i a g e  r e t u r n s  w h e r e  t h e y  

a r e  n e e d e d .  N u m e r o u s  c o m b i n a t i o n s  o f  l i ne l e n g t h ,  p a g e  l e n g t h ,  L i n e s p a c i ng a nd p a g e  s p a c i ng a l l o w  
f o r  a n y  f o r m  t o  be h a n d l e d . C h a r a c t e r  s p a c i n g ,  B O L D  F A C E ,  m u l t i c o l u m n  a s  w e l l  a s  b i d i r e c t i o n a l 
p r i n t i ng a r e  i n c l u d e d  i n  t h e D i a b l o v e r s i o n s . R i g h t j u s t i f i c a t i on g i v e s  r i g h t - h a nd m a r g i n s t h a t  a r e 
e v e n . P a g e s  m a y  be n u m b e r e d  a s  w e l l  a s  t i t l e d . T h i s  e n t i r e p a g e  ( e x c e p t i n g t h e  l a r g e  t i t l e s  a n d  
l og o )  w a s  p r i n t e d b y  t h e  D i a b l o  v e r s i o n o f  T h e  E l e c t r i c  Penc i l  I I  i n  o n e  p a s s .  

Now on CP/M 
T h e  E l e c t r i c  Penc i l  I I  

i s  a l s o c o m p a t i b l e  w i t h  

I m s a i  ' s  I M D O S .  H E L l O S  

v e r s i o n s  S S H  a n d  D S H  a r e  
n o w  re a d y .  T h e  N E C  p r i n t 

p a c k a g e  i s  n o w  a v a i l a b l e . 
A u t i l i t y p r o g r a m  t h a t  
c o n v e r t s  P E N C I L  t o  C P / M  
t o  PEN C I L  f i l e s  i s  r e a d y .  

" C ON V E R T "  i s  o n l y  $35 . 00 .  

N E W  F E A T U R E S : * C P / M ,  I M D O S  a n d  H E L l O S  C o m p a t i b l e * S u p p o r t s  
F ou r  D i s k  D r i v e s * D y n a m i c  P r i n t F o r m a t t i n g * D I A B L O  a s  w e l l  a s  N E C  
p r i n t e r  p a c k a g e s  * M u l t i c o l u m n  P r i n t i n g * P r i n t V a l u e  C h a i n i n g * 
P a g e - a t - a - t i m e S c r o l l i n g * N e w  B i d i r e c t i o n a l M u l t i s p e e d  S c r o l l i n g 

C o n t r o l s  * N e w  S u b s y s t e m  w i t h  P r i n t V a l u e S c o r e b o a r d  * A u t o m a t i c  W o r d  
a n d  R e c o r d  N u m b e r T a l l y * C a s s e t t e  b a c k u p  f o r  a d d i t i o n a l  s t o r a g e  * F u l l  
M a r g i n  C o n t r o l  * E n d - o f - P a g e  C o n t r o l  * N o n - P r i n t i n g T e x t  C o mm e n t i n g * 

L i n e  a n d  P a r a g r a p h  I n d e n t a t i o n * C e n t e r i n g * U n d e r l i n i n g * B O L D  F A C E  * 

W I D E S C R E E N V I D E 0 I I 

A v a i L a b l e t o  I m s a i  V I O  v i d e o  u s e r s  f o r  a h u g e  8 0 x 24 c h a r a c t e r  s c r e e n . 
T h e s e v e r s i o n s  p u t  a l m o s t  t w i c e  a s  m a n y  c h a r a c t e r s  on t h e  s c r e e n  ! !  ! 

HAVE WE GOT A VERSION FOR YOU ? 
T h e  E l e c t r i c  P e n c i l  I I  o p e r a t e s  w i t h  a n y  8 0 8 0 / Z 8 0  b a s e d  m i c r o c o m p u t e r  t h a t  s u p p o r t s  a C P / M  d i s k  

s y s t e m a n d  u s e s  a I m s a i  V I O ,  P r o c e s s o r  T e c h n o l og y  V D M - 1 , P o l ym o r p h i c  V T I ,  S o l i d  S t a t e  M u s i c  V B - 1 B 
o r  a n y  s i m i l a r  m e m o r y  m a p p e d  v i d e o  i n t e r f a c e . R E X  v e r s i o n s  n o w  a v a i l a b l e . S p e c i f y w h e n  u s i n g C P / M  

t h a t  h a s  b e e n  m o d i f i e d f o r  M i c r o p o l i s  o r  N o r t h  S t a r  d i s k s y s t e m s  a s  f o l l o w s :  F o r  N o r t h  S t a r  a d d  
s u f f i x  A t o  v e r s i o n n u m b e r ,  f o r  M i c r o p o l i s  a d d  s u f f i x  B t o  v e r s i o n n u m b e r ,  e . g .  S S - I I A ,  D V - I I B .  

V e r s  

S S - I I  

S P- I I  

S V - I I  

S R - I I  

S I - l l  
D S - I I  

D P - I I  

DV - I l  
D R - I I  
D I - I I  
N S - I I  
N P- I I  

N V - I I  

N R - I l  
N I - I l  
S S H  
D S H  

V i d e o  

S O L  
V T I  

V D M  
R E X  
V I O  
S O L  

V T I  
V D M  
R E X  
V I O  
S O L  
V T I  

V D M  
R E X  
V l O  
S O L  
S O L  

P r i n t e r  

T T Y  o r  s i m i l a r  

T T Y  o r  s i m i l a r  
T T Y  o r  s i m i l a r  
T T Y  o r  s i m i l a r  
T T Y  o r  s i m i l a r  
D i a b l o 1 6 1 0 / 2 0  

D i a b l o 1 6 1 .0 / 2 0  

D i a b l o  1 6 1 0 / 2 0  
D i a b l o 1 6 1 0 / 2 0  
D i a b l o  1 6 1 0 / 2 0  
N E C  S p i n w r i t e r  
N E C  S p i n w r i t e r  
N E C  S p i n w r i t e r  
N E C  S p i n w r i t E<r 
N E C  S p i n w r i t e r  
H e l i o s / T T Y  
H e l i o s / D i a b l o  

P r i c e 

$225 . 
$225 . 
$225 . 
$25 0 .  
$ 2 5 0 .  
$27 5 . 
$275 . 
$27 5 . 
$300 . 
$3 0 0 .  
$275 . 
$27 5 . 
$27 5 . 
$300 . 
$300 . 
$25 0 . 
$300. 

U P G R A D I N G  P O L I C Y :  A n y  v e r s i o n o f  
T h e  E l e c t r i c  P e n c i l  m a y  b e  u p g r a d e d  
a t  a n y  t i m e b y  s i m p l y r e t u r n i ng t h e  
o r i g i n a l d i s k  o r  c a s s e t t e  a n d t h e  
p r i c e  d i f f e r e n c e  b e t w e e n  v e r s i o n s  
p l u s  $ 1 5 . 0 0 t o  M S S . A c c e p t  o n l y  
o r i g i n a l  m e d i a  a t  t i m e o f  p u r c h a s e . 

m 
ss 

M I C HA E L  S H R A Y E R  S O F TW A R E ,  I N C .  

1 2 53 V i s t a  S u p e r ba D r i ve 
G l e n d a l e ,  C A  91 205 

( 2 1 3 )  956-1 593 

E l e c t r i c  Penc i l  I i s  s t i l l  a v a i l a b l e  for non C P / M  u s e r s :  

V e r s  V i d e o  P r i n t e r  

s s  S O L  T T Y  o r  s i m i L a r  
S P  V T I  T T Y  o r  s i m i l a r  
s v  V D M  T T Y  o r  s i m i l a r  
S S N  S O L  T T Y  o r  s i m i l a r  
S PN V T I  T T Y  o r  s i m i l a r  

S V N  V D M  T T Y  o r  s i m i l a r  
D S  S O L  D i a b l o 1 6 1 0 / 2 0 
D P  V T I  D i a b l o 1 6 1 0 / 2 0 

D V  V D M  D i a b l o  1 6 1 0 / 2 0  
D S N  S O L  D i a b l o  1 6 1 0 / 2 0 
D P N  V T I  D i a b l o  1 6 1 0 / 2 0  
D V N  V D M  D i a b l o  1 6 1 0 / 2 0  

C a s s e t t e  

C U T S  
T a r b e l l  
T a r b e l l  

C U T S  
T a r b e l l  
T a r b e l l 

C U T S  
T a r b e l l  
T a r b e l l  

C U T S  
T a r b e l l  
T a r b e l l  

D i s k  D r i v e 

N o r t h  S t a r  
N o r t h  S t a r  
N o r t h  S t a r  

N o r t h  S t a r  
N o r t h  S t a r  
N o r t h S t a r  

P r i c e 

$1 0 0 .  
$1 00 .  
$ 1 0 0 .  
$1 25 . 
$1 25 . 
$1 25 . 
$ 1 50 . 
$ 1 5 0 .  
$ 1 5 0 .  
$ 1 7 5 .  
$ 1 7 5 .  
$1 7 5 .  

Demand a demo from your dealer ! 
Circle 3 1 9  on inqu i ry card. BYTE November 1978 1 27 



Figure 5: The character 
input and character output 
subroutines are BINCf-1 
and BOUCH PLEX con
trols half duplex operation. 

Figure 6: Protocol for 
transactions over the net
work. 

D E S T I N A T I O N  
PRE A M BL E  C A L L  

S I G N  

R E T U R N  

B O U C H  

O U T P U T  
C H A R A C T E R  

trol characters wi l l  be avai lable to 
al low term inal control, escape se
quences and other control functions. 

ASC I I  Considerations 

The most importan t change wh ich is 
for·eseen is the add i tion of an ASCI I inpu t/ 
ou tpu t  port and modem at 300 bps to 
the system when ASC I I  transm ission i s  
final l y  perm i tted  by the  FCC Al though 
Baudot operation wi l l  continue, the evo
l u tion of compu ter-to-computer operation 
wi l l  be greatly s impl ified. It is anticipated 
that a l l  network tele typewrite r· transm issions 
wi l l  remain at 60 words per m inute Baudot 
due to the avai lab i l i ty of the inexpensive 
term inals . Therefore the 2 1 25 Hz mark and 
2295 Hz space tones wi l l  sti l l  be reserved for 
Baudot use. A l l  ASC I I  transmission wi l l  be 
at the commercia l modem frequency pair of 
1 270 Hz mark and 1 070 Hz space. The 
Baudot and ASCI I transmissions wi l l  not 
in terfere with one another due to the 
separation in frequencies. 

Due to the capture effect on FM trans
missions in which the stronger of two 
signal s at the receiver wi l l  cap ture the 
detector and the weaker station wi l l  not 
be heard, sim u l taneous tr·ansm ission by 
two separate stations (one in ASC I I  and 
one in Baudot) is not possib le . To overcome 
th is  d i fficu l ty ,  a secondary rece iver w i l l  be 
p l aced at the repeater wh ich has its audio 
output in paral le l  with the original receiver· 
in  dr iv ing the transmitte r. Th is secondary 

O R I G I N ATOR CO N T R OL S E R I A L  C A L L  
S I G N  F I E L D  N U M B E R  
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NO 

receiver wi l l  al low simu l taneous access to 
any two system u sers. 

Because all stations w i l l  be mon itoring 
the repeater ou tpu t  channe l ,  s imu l taneou s 
ASC I I  and Baudot transactions can take 
p lace between separate and independent 
u sers. S i nce the m icrocomputer  operating 
system al ready commun icates th rough both 
i ts ASC I I  and Baudot ports at d ifferen t 
rates simu l taneous ly ,  upgrad ing the system 
for ASCI I is a simp le  matter. A second 
modem at the 1 070/1 270 Hz frequency 
pair is in terfaced in paral le l with the local 
term inal .  W i th the present structu re of 
rou tines B I NCH and BOUCH, au tomatic 
translation between ASC I I  and Baudot 
wil l be accomp l i shed .  The on l y  change 
to the mon i tor wi l l  be to al low remote 
access to the Baudot d i sable l i ne  so that fu l l  
speed ASC I I  can be u sed when a Baudot 
u ser is not i n  the system . Add i tional ly ,  
var ious p rocedu ral su b r·ou tines wi l l  be made 
avai lab le to handle compu ter-to-com pu ter 
protocols. 

Protocol 

The fi rst protocol problem to consider 
i s  the separation of messages d i rected to a 
computer from messages d i rected to other 
users or to the operator. I n  this case a l l  
computers shou ld a l low a hand-holding 
mode in  which the remote user can tal k 
d i rectly to the operator or to other stations 
on th e net even wh i le  the computer may be 
expecting some input 

S T R I N G  C H E C K S U M  



Ken Tunnah is one of many innovators bringing 
the micro revolution to the small business. As 
a programmer, he knows computers and their 
languages. As a businessman, he knows business 
and its languages. And when Mr. Tunnah decided 
to micro-computerize the accounting function at 
Colloid-A-il:on, he turned to S tructured Systems 
software. 

Says Mr. Tunnah: "The program is designed from 
a CPA standpoint, for m ultiple corporations, which we 
have. It is flexible and gives me the ability to change 
reporting by profit cen ters easily. It is up and runn ing 
qu ickly, and it just keeps on running. I think it's the best 
uusiness software available. " 

The best software available .  That's what 
Structured Systems G roup set out to create . 

Structured Systems offers three sophisticated 
accounting systems. Our General Ledger software is 
big enough for multi-client write-up by the CPA, 
or multi-corporate reporting for the business, but 
small enough for the micro budget. The very 
comprehensive Accounts Receivable a nd Accounts 
Payable packages will operate independently, or 
they will coordinate with the General Ledger. 

Our systems record transactions easily and 
correctly, and provide a n  audit trail from source 
document to financial statements. And they will 
maintain monthly and year- to-date information in 

C i rc le  351 on inqu i ry card. 

"My Structured 
Systems business 
softw-are has paid 
for itself in labor 
hours saved alone." 
Mr. Ken Tunnah, Colloid-A-Tron Inc . ,  Buffalo, New York 

dollars and in percentages.  And they are reliable. 
The three systems interact with the user to set up 

parameters such as format a nd headings, account 
titles and numbering, automatic billing or reminder 
notices, credit limits, sales reports, a check register, 
and much more . 

The software is designed to run on an 8080 or 
Z-80 CPU with 48K of memory, dual disks 
with CP/M®, printer, keyboard, and CRT. To 
make it all work for you, we have provided the most 
extensive documentation and support in the industry. 

We provide the capability to computerize complex 
accounting functions on relatively inexpensive micro
computer equipment.  Ken Tunnah has told us what 
that means: "''ve bucked some trends . I looked around, 
and decided that with the right  software, I could get a 
micro to ou tperform a $45,000 mini.  I 'm sa tisfied. It's 
simple economics . "  

We can refer you to a growing number of 
sophisticated retailers experienced in S tructured 
Systems Group business systems. Or we can work 
directly with you. We' d  be happy to provide you 
with more information on our product line, which 
includes QSORT (a sort/ merge progra m), C BASIC 
(a business BASIC), NAD (a mailing and addressing 
system), and our General Ledge1� Accounts 
Receivable, and Accounts Payable packages.  
00CP/M is  a rt.'gist�red trademcHk oi Digital Rese.1rch 

St•uctu1czd Sy1tczm1 G1oup 
5208 Claremont Avenue 
Oakland, CA 94618 
Call us at (415) 547-1567. Or write. 
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The exc lamation po int  has been suggested 
as a command  indicating that the fol lowing 
l i ne is to be ignored. Al l  characters fol
lowing the exc lamation point are ignored 
unti l  a carriage return is encountered . I n  
the case of the system just described , the 
operator whose keyboard is essential ly in 
para l le l with the remote user can make 
comments in  retu rn, again without d i s
tu rbing the compu ter. 

Once the m icrocompu ter is signed on at 
present, it uses the commu nication channel 
as a p rivate l ine assum ing a l l  commands 
are d i rected exc l usively to i t. Because other 
computers are in terfaced to the net, th is 
point of v iew w i l l  have to be mod ified to 
al l ow many p rocessors to share the channel 
and respond only to commands addressed 
specifical l y  Lo them. 

The FCC-assigned cal l letters of al l 
users on the net are considered to be a 
convenient add ressing string for ju st th is 
pu rpose. Cal l l etters consist of from fou r  to 
six a lphanumeric ch aracters. Using the 
cal l signs, a poss ib le protocol for al l trans
actions m ight be as shown in figure 6. A l l  
system messages wou ld consist of  a pre
amble, the cal l sign of the destination 
station,  the cal l sign of the originati ng 
station, a control fi e ld,  a serial number, the 

'l ' (;A;CI .tC GITAL] .IL 

8 ��5 
8 K  STATIC RAM 

ASSEMBLED 

REL IABIL ITY QUALITY DEPENDABI L ITY 
s - 100 

ADDRESS ING  

PROTECT 
BUFFER ING  

LOW POWER 
WAI T  STATES 

QUAL I TY  
GUARANTEE  
D EL IVERY  

P HANTO M  
T EST ING 

ON· BOARD SWITCH WRII E PAOTECTS/UNPROTt:CTS ALL &< 
OR EACH 4K BLOCK CAN BE PROTECTED VIA rq()"fi rANEl 
ALL 5·100 BUS LINES ARE FULLY !3UFFEfi.ED 
ONE LS·Tll LOAD PER UNE 

2 1 L02 RAMS · THE 8i•\nS lYriCALLY REQUIRES 1.5 O:.Mi • 
AT 8 VOLTS - 4 ON-BOARD 5 VOLT REGUL.ATOAS 

0. I. OR 2 ';\';,f( �lATE$ MAY & .:,a.ec,rEO 

VIA A PlUGGABLE JUMPER 

THE BOARD IS GLASS EPOXY WITH ::RJ< SCR!;EN LEC.ENO FUU. SOlDER MASKS ON BOTH SIDES. FI.OW SOLDERirlG: GOI..O CONTAClS 

IF NOT SATISFiED RETURN THE UNDAMAGED OI<M� ',', :TIIIN 
10 DAYS ron FtJLL REnJNO - ALSO 9C DA':' L!M:TE.:; ',\'(J;n;..NTY 

SIOCK ro 30 OA'fS · CALL BElWEEN 8.:)) AND 6 00 TO RESERVE 
YOUR SKRS OR FOR MORE :NFOMMAT10N 

MEMORY DISABLE IS IMPLEMENTED VIA PHANlGM (PI/. 01 

COMPLETE TESTING NOT ONL V OF AU. MeMORY CELLS BUT ALSO 

OF All SUPPORT CIACUilAV AND OPTIONS 

SPECIAL INTRODUCTORY 450 ns 250 n s  

$149� $189� 
PRICE 
ASSEMBLED I TESTED 

CALIFORNIA RESIDENTS ADD 6% fAX 

( 7 1 4 )  992 - 5540 

2555 E. CHAPMAN AVE . 

SUITE 604 

F U llERTON,  CA 92631 
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message or data string itse l f  and a chec ksum. 
The control fie ld cou l d  iden tify the 

length and natu re of the string ;  whether 
b inary, hexadec imal or ASC I I  characters 
were in the message; whether a checksum 
was generated or necessary ; and other data 
necessary to tel l  the rece iving station how 
to hand le the particu lar string. The preamble 
wou ld be an app ropriate series of ch aracters 
to activate and in i t ia l ize al l monitoring 
stations. A suggested p reamble has been a 
carriage retu rn , l i ne  feed, five nu l l  ch aracters 
and a I ine delete code. Optional cal l signs and 
other characters cou l d  p recede the l ine 
del e te code, because i ts main function is 
to estab l ish the channel and prepare the 
m icrocomputer to recognize a l l  fol l owing 
characters. 

As more and more m icrocom puters join 
the net, another conven ient featu re wou ld  
be the capab i l i ty of  po l l ing the net to 
identify which stations are in a ready status. 
This p roblem of pol l i ng, a complex one due 
to the dynamic natu re of the net, has a 
wide range of solu tions depend ing on the 
parti cu lar structu re assumed for the net. 
I t  i s  i n troduced here as a topic for fu rther 
study. 

One possib i l i ty of prov id ing the pol l ing 
capabi l i ty is th rough th e assignment of 
some central respon sib i l ity for al l trans
actions on the net. Once a sign ificant degree 
of soph i stication is attained, it m ight be 
desirable to assign one m icrocompu ter at 
any one time to be a control station. The 
compu ter wou l d  be respon sib le for main
tain ing an u p-to-date status of al l  systems 
on the net and a d i rectory of all avai lable 
p rograms and data. Al l  a user wou l d  have 
to do is query the control station to get 
a comp lete p ictu re of the presen t  net con
figuration. The function of the control 
station can be passed along from one station 
to another as new stations log on and other 
stations log off. The status data wou ld  be 
coded very efficiently for speed of transfer 
from one station to another. 

I t  has not been the in ten tion of th is 
artic le to make fi rm proposals on network 
protocol or operating procedu res, because 
so l i ttle experience is avai lab le to date on the 
nature or expectations for a computer 
experimenter's network. Rather, it i s  hoped 
that sharing the l i ttle experience we have 
gained in  interfacing the compu ter to an 
existing rad io-tel etypewriter network may 
be of use in fu rther d i scu ssions of th is  goal. 

We are at the b i rth of someth ing great 
and dynam ic .  Writ ing th is artic le has been 
d ifficu l t  due to the d ai ly  increase of ideas 
and the confl icting desire to imp lement each 
idea as it occu rs. We inv ite others to share 
the i r  s imi lar  experiences and conjectu res.• 
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The Classic Game of Chess 
Will Never Be the Same 

BORIS is the world's most advanced portable chess computer. Match 
him against any other computer in h i s  class, and he defeats them al l . 
For the mi l l ions who play chess, p lus those who want to learn the 
game, BORIS provides the chal lenge and flex ib i l i ty that unti l now were 
found only in expensive laboratory computers. Li ke h is big brothers, 
BORIS even tal ks to his opponents, with messages programmed i nto his 
almost-human bra in . 
BORIS was created to be the perfect chess opponent; always ready at a 
moment's notice, with a game and strategy that's unpredictable. If your 
chess skil ls are wasting away because you can't find an opponent, 
BORIS wil l be a chal lenging adversary, and there's never a fear of being 
embarrassed if you make a careless blunder. BOR IS plays black or 
white; he'l l even play h imself. Set him to play at a beginner's level, or 
let him loose, and he'll play a game that will keep the attention of a 
Master. 
BOR I S  is unmatched as a chess teacher. I t's easy to find scores of books 
for beginners, but it's never as easy to find someone with the time and 
patience to teach a novice. BOR IS knows every rule and move of the 
game, and has all the patience in the world . Even if you've never played 
the game before, you can learn from BOR IS in less than an hour . I f  
you're h is student and unsure of you r next move, s imply ask BOR IS to 
suggest the best one. When BOR IS backs you i nto a corner, just change 
places with h im, and see how he battles his way out of his own trap . 
You can alter h i s level of play at any time to match your advancement. 
BOR I S  keeps you honest py displaying " I lLEGAL MOVE," if you 
attempt one. He concedes defeat with "CONGRATU LATIONS," if 
you're good enough to beat h im , even "STALEMATE," if you play him 
to a draw. His vocabulary includes a variety of ph rases which wil l add 
flavor to your game. He can certa in ly unnerve you at any time with a 
comment l i ke, " I  EXPECTED THAT" or " IS TH IS A TRAP?" 

This could be the most intrigu ing, innovative conversation piece you've 
ever seen. It is composed of two concave m irrors; the top m i rror 
contains a small opening i n  the middle of it. A smal l object placed at 
the bottom of the lower dish appears above the opening of the top 
mirror total ly reconstructed in fu l l 3-0. M IRAGE i s a breakthrough in 
three-dimensional real imagery. I t  uses ambient light and can be viewed 
from any di rection .  The mi rror coating (5 / 1 ,000,000th of an inch thick) 
is identical to that used to surface the 200-inch telescope at California's 
Mt. Palomar Observatory. M I RAGE combines a rt, i l lus ion, science, and 
fun .  Each true-to-life vision is actua l ly a scientific phenomenon. 
Manufacturing tolerances are critica l ;  the resulti ng imagery is al ive with 
depth, surpass ing holograph s  in clarity and resolution. Yet it's so simple 
it can fool anyone. $24.95 plus $ 1 .50 insu red UPS shipping 
and handl ing. 

Ful l 3- Dimensional I l lusion 

BORIS is programmed for all classic chess moves: cast l ing, en passant, 
queening, etc . ;  plus, he solves all mate in two problems. Also, BOR I S  is 
programmed for random play, so you' l l never get the same game twice. 
BORIS comes in a hand-crafted, sol id walnut case, 1 0" x 3%" x 6%11, 
with chess pieces and folding chess board. You can use your own board 
and pieces if you prefer. 
Whether you 're an experienced player, a beg inner, or you need a special 
gift for a chess buff, BOR IS is def in itely for you. When you sit down to 
chal lenge BOR IS , be prepared for the game of your life. You' l l quickly 
see for yourself why BOR I S  IS K I NG .  $299.95 plus $4.00 for 
insured UPS shipping and handl ing . I nc ludes a 90-day 
l im ited warranty. 

IF YOU A RE NOT TO TA L L Y SA TISFIED WI TH M I RAGE OR BOR IS, RETURN WI THIN 
15 DA YS FOR A FULL REFUND. 

F o r  y o u r  conven ience in orde r i n g, p l ease use th is page p l u s  the order form on page 1 1 1 . 
Y o u  m a y  ph otocopy t h i s  page. 

BITS inc 
D I A L  Y O U R  C H A R G E  CA R D  O R D E R S TO L L  F R E E  (800)-258-5477. 

POB 428, 25 Route 101 West, Peterborough NH. 03458 OR I 
BYTE November 1978 1 3 1  
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Etudes for Programmers 
by Charles Wetherell 
Prentice-Hall, Englewood Cliffs Nj 7977 
200 pages paperback 
$ 72.95 

My dictionary defines an etude as a com
position for the practice of techniques (from 
the F rench etude, mean ing study ) . In Etudes 
for Programmers, Mr Wethere l l  dwe l l s  on 
the craft of programming. A craftsman, in 
the gu i l ds of Renaissance Europe, spent 

many years doing menial tasks, mastering 
one facet at a time. Mastery of computer  
science is a lso a l ong process. "The d ifficu l ty 
with teach ing programm ing, " the author 
states, "is that i t  cannot be taught. " He 
continues, "the difficu l ty with learn ing 
programming i s  that i t  is so much work ." 

Today, programmer i s  a generic term 
which appl ies to practitioners of widely 
different  s ki l ls . Many  of us l earn p iecemeal, 
work ing with code someone gives us to write 
or comp lete. Thus, a "gu id ing  hand" to 
round out our train ing is lack ing. I t  i s  
I i ke try ing to cut down a giant redwood 
with a coping saw. 

This splend id  new book is  i nten ded to a id  
moderat!ely competent programmers in  be
com ing master craftspeople. I stress the 
moderate ly competent, for these are not 
beginners' problems. 

The text is designed for a graduate course 
in computer science. There are 27 projects 
offering exercises in a l l  aspects of ou r craft. 
Automatic text formatting, puzzles and 
mazes, and cryptanalysis are just some of the 
offerings. Fou r of the projects, su i tab le for a 
compi ler  cou rse, deal with such topics as 
loaders and large computer  s imu lators. Each 
tas k i s  given a suggested manpower l evel , 
such as five weeks for one person or three 
weeks for two people. A l though no parti
cu lar language i s  u sed, suggestions are given 
in each assignment. The variety of app l i 
cations wi l l  show the reader the power and 
the poverty of each language u sed. Thus 
students can broaden their fami l iarity with 
several l anguages. 

Etudes for Programmers improves one 's 
sk i l l s  by developing good techniques. The 
problems are interesting and chal l enging. 
As the i r  accumu lated computer lore in
creases, readers develop a greater abi l i ty to 
write and document clear concise code. I 
feel this book wi l l  he lp any programmer 
of some experience to attain a more pro
fessional l evel of competency. 

Each chapter has references to aid in  the 
further pursu it  of a given topic, and there i s  
a handy i ndex. To pick a few n i ts, I fee l  the 
price is a b it  steep for a paperback, al though 
these days a textbook under  $ 20 is a buy. 
Al so, many programmers don 't have the 
different com pi lers that may be avai lable 
at a col lege, so a few of the assignments 
may not su it  everyone. Yet the scope of 
the book is so broad that everyone can learn 
from i t. Once a given project i s  fi n ished, 
be it a game or a means of home book
keeping, the programmer has a usefu l game 
or tool to be u sed in the future. 

Noel K Julkowski 
1 8755 Van B uren St 

Salinas CA 93906• 



Program Sty le,  Design, Efficiency, 
Debugging, and Testing 
by D Van Tassel 
Prentice-Hal/ Inc 
Englewood Cliffs Nj 0 7632 
256 pages 
$ 73.50 

There is a l ot in th i s  book for the com
puter hobbyist. The first chapter  is abou t 
program sty le .  Program sty le  can be usefu l  
even i n  BAS IC. For example, FO R loops can 
be indented three spaces to aid in reading 
the program. Al so, REMARKS can be u sed 
to ind icate what the variables stand for and 
how the algori thm being  used operates. This 
is especia l ly  he lpfu l in BAS IC  because 
BAS IC uses on ly short variable names. 

Chapter 3 discusses program effic iency .  
Th is  i s  especial l y  important to smal l  com
puter users. Both storage effic iency and t ime 
efficiency are d i scussed. The auth or points 
out that the selection of the problem algo
rithm is the most important factor for an 
efficient program . One of the suggestions 
that wi l l  help BAS IC  users is optim i zation 
of program loops. Accord ing to Van Tassel ,  
typ ical programs spend 50 percent of  thei r 
time in 5 percent of the code. This 5 percent 
often consists of nested l oops. Thus, to 
make a program more effic ient, i n ner l oops 
must be optim i zed .  The book l i sts numerous 
methods of code opti m ization.  

The debugging chapter provides a weal th 
of h ints on how to find  program errors. For 
example, the fi rst th ing  the user needs is a 
printou t of the program. Too often people 
try to debug a program without a cu rrent 
l isting. I f  the l i sti ng i s  not enough to find  
the error, the ru le  i s :  d iv ide and  conquer. 
Start putting pr int statements in the pro
gram to trace the l ogic and calcu lations. 

I t  u sual l y  does l ittle good to work for 
long periods of time wi th the program l ist ing 
because the hobby i st often traces the pro
gram logic wi th how i t  should work in m ind  
instead of  how i t  actual l y  is working. The 
added debugging print statements wil l help 
you l ocate the program errors. The book 
ind icates how and where to p lace debugging 
statements and discusses common errors. 

In the last chapter the author points 
out that programs are often just debugged 

Circle 265 on inquiry card. 

Why Pay More? 
Why pay for more printer than you need? O u r  
series 4 0  printers offer more featu res for less 
bucks than any other commercia l  qua l ity printer 
on the market tod ay. A complete stand-alone 40 
co lumn impact dot matrix p rinter  with a 64 
character ASC I I  set. Includes power supp ly, 
casework and interface e lectron ics. S ingle 
quantity price for the paral lel ASC I I  interface 
model is $425. Ser ia l  RS232/cu rrent loop 
interface models start at $575. O EM d i scounts 
avai lable. 

For more infor
mation write to: 

MPI 2099 West 
2200 South, Salt 
Lake City, Utah 
841 1 9  or call (80 1 )  
973-6053. 

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 MORE! ( J Send instruction manual for the TVT -6 Kit : 
: ( ) SEND FREE CATALOG 

with full operational details. $1 enclosed. 

Name:------------::: BUA � Addres s :  __________ _ 

: ELECTRONICS, INC. City: State: Zip: -

�. �-���· . .  1. 1.-.s:. ����.�:�����.���.����·: .�������� .�1!!: . ��. ?���.� . .  
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and not tested. Sample tests and h in ts on 
testing  are provided. 

The book has many exercises and pro
gramming problems which are not only 
for BAS IC  users. Examples are given in  
a variety of  programm ing l anguages. Most 
of the . techn iques mentioned are good in  
any l anguage. Program Style, Design, Effi
ciency, Debugging, and Testing wi l l  be a 
usefu l addi tion to your programming 
I i brary. F Sokolowski 

956 Scott 
Montebel lo CA 90640• 

(M icrocomputer) Problem Solving Using 
PASCAL 
by Kenneth L Bowles 
Springer- Verlag, New York 7977 
563 pages 
$9. 80 

(Microcomputer) Problem Solving Using 
PASCA L :  the title sou nds l i ke  a wish ,  but 
i t  is fact. Prof Bowles of the Un iversity of 
Cal ifornia at San Diego (UCSD) has a 
fu l l  Pascal (with extensions for graph ics, 
character string manipu lation and d i rect 
access fi les) runn ing on interactive single 
user microcomputer systems such as: Digital 
Equ ipment LS I - 1 1 s , Z i log Z-80s, and 8080 
based machines. Soon he expects to have 
Motoro la 6800 and MOS Techno logy 6502 
Pascal systems as wel l .  Almost al l  of the 
software for these systems is wri tten i n  
machine independent Pascal. 

The text is an i n tegral part of a revolu
tionary environment for computing educa
tion. As Bowles says, "Pascal is cl earl y 
the best language now in widespread use for 
teach ing . . .  stru ctured programming at the 
in troductory l evel . "  By using Pascal, 

Bowles is able to introduce algorithm 
deve lopment and problem sol ving as com
ponents of top down,  stepwise design. 
P rocedures are in troduced righ t from the 
start. F low of control is p resented in  terms 
of modern p rogramm ing princip l es (se
quence, selection and iteration ) .  Recu rsion 
is p resented as an obvious extension of the 
procedu re mechanism. Data structures are 
exp l ained fu l ly and c learly. 

The use of graph ics and text p rocessing 
programming _ examp les keeps the text 
from becoming bogged down in numerical 
methods. At UCSD, stu dents from the arts, 
human ities and business d iscip l i nes are able 
to do ju st as wel l writ ing p rograms for 
nonnumeric appl ications as are more mathe
matica l ly  soph isticated stud ents. 

I n  add i tion to th e compi l er, interpreter 
and ed itor software, the UCSD system in
cludes a comp lete computer a ided and 
managed in stru ction s-y stem. The system's 
l essons paral l e l  the text and permit easy 
management of very large introductory 
cl asses. The system is s imple and comp lete 
in and of itself and cou l d  a lso be u sed 
effectively by h igh school s and commun ity 
co l leges to provide l ow cost interactive 
student computing. 

Kenneth Bowles has revo lut ionized the 
teach ing of in troductory computing at 
UCSD. The pu bl ication of h i s  book and the 
release of UCSD Pascal wi l l  perm it others 
to fol low h i s  l ead. 

Richard J Cichelli 
Software Consulting Services 

901 Whittier Dr  
Al lentown PA 18103 

P A Easton 
Dept of Mathematics, Lehigh University 

Bethlehem PA 18001 • 
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PET PRINTER ADAPTER 
GET HARD COPY FROM YOUR 
COMMODORE PET USING A 
STANDARD RS-232 ADAPTER 

1 2008 1 200C 

The C m C  ADA 1 200 d rives an RS-232 pri nter from the PET 
I E E E-488 bus. Now, the PET 
owner can obta in  hard copy I isti ngs and can type letters, 
manuscri pts, ma i l ing labels,  
tables of data, pictu res, in
voices, graphs,  checks, needle
point patterns, etc. , using an RS-232 standard pri nte r or 
term ina l .  

Hextext 

$98.50 A D A  1 2008 
$ 169 .00 ADA 1 200C 
With case, power supply 
and RS-232 connector 

Assembled and tested 

Order d i rect or contact your local computer store. 
Add $3 .00 for postage and handl ing per order. 

CONNECTICUT microCOM P U T E R  
150 POCONO R D .  B R OOKFIELD. C T  06804 
(203) 775-9659 

There once was a l i tt le (1 ) - - - · As he fl ew (2) ___ to (3)  ---- , he 

Thomas J Dunsheath 
2828 Knol lwood Ln 
G lenview J L  60025 

encountered an (4) - - - , who was goi ng to smash his (5) -----· Cal l i ng  
to h i s  friends for (6) ---, he  zoomed i n  on the (7) ---, and made contact 
(8) _ times. "Good (9) _ _ _  - ," cried h is friends, "now you are an ( 1  0) __ 

( 1 ) 1 0 1 1 1 1 1 01 1 1 0 B i nary 
(2) 377 Octal 
(3 )  1 1 1 1 1 1 1 01 1 1 01 10 1  B i nary 
(4) 1 75 Decimal 
(5) 700638 Decimal 
(6) 2589 Decimal 
(7) 257 Octal 
(8) 0 10 1  B inary 
(9) 1 1 0 1 1 1 1 01 1 1 01 1 0 1  B i nary 
( 10 )  53 1 6  Octal 

Circle 400 on inqu i ry card . 

This story is basica l ly a learning tool that 
teaches the user how to convert numbers from 
one number base to another. I f  the b inary, 
octal and decimal cl ues given for each b lank 
are translated into the i r hexadecimal equiv
alents, the entire story will become readable. 
I n  some cases i n it ia l zeros wi l l be requ i red to 
understand the word. See page 8B hexadecimal 

for the solution. 
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Transmission of Digital Data Over Twisted Pair Lines 

Edward Beebe 
3341 N E  1 3th Av 

Pompano Beach FL 33064 

Having owned a Digital G roup system for 
a lmost three years, I have come across many 
problems i n  interfacing peripheral equip
ment in  the home environment. One of the 
biggest problems is i nduced noi se i n  l ong 
lengths of  cable connecting printers and 
terminals p laced in d ifferent rooms. This 
shou l d  become an increas ing problem with 
the many people p l ac ing systems in smal l 
busi ness environments. Even though smal l 
businesses wi l l  not be plagued with the 
vacuu m  cleaner adding bits to the pr inter, 

the long run to the stock room terminal 
can produce u nexpected resu l ts .  

The first cure I recommend is  to use 
an RS-232 i n terface. The RS-232  works 
wel l  when several l i nes of handshak ing 
are requ i red and the cab le i s  ru n less than 
200 feet (60 meters ) . The l arge vol tage 
swing and "negative " true l ogic reduces 
noise sp i kes very wel l .  

A n  a lternative approach to the problem 
is differential transm ission of the data. I n  
th is  system, two wi res are u sed for each 
d i rection of data fl ow (fou r  wi res wou l d  be 
used wi th a terminal , two coming and two 
goi ng) . When a l ogic 1 is sent to the peri
pheral device, one l i ne wi l l  be h igh and the 
other w i l l  be l ow as shown in  figure 1 .  When 
a logic 0 i s  sent to the device, the states of 

M I C R O  MAI L HAS WHAT YO U R  SYSTE M  N E E DS 

S O R O C  1 0- 120 $ 79 5  T . l .  8 1 0  $ 1 695 TE LETYPE 43 $ 999 D I ABLO 1 620/3 S 2999 
• 24 l i n e  x 80 characters • 1 50 characters/second • 30 characters/second • 45 characters/second 
• Upper/lower case • Adjustable forms tractor • 1 32 character l ine • Letter qua lity 
• N u meric keypad • 5 x 7 dot matrix • Upper/lower case • N u meric keypad 

A l l  term i n als inc lude E I A  RS232 i nterfa ce.  

AVA I LABLE F O R  

I M M E D IATE D E LIVERY --------------------------
WRITE OR CALL 

FOR F R E E  CATALOGUE 

P . O .  BOX 3297 • S A N T A  A N A .  CA 92703 • ( 7 1 4 ) 73 1 - 4338 
Send certified check (personal o r  company checks require two weeks t o  clear) including handling • and 6 %  t a x .  if a California resident 

· Handling· Less than $750. add 3%: $750 to $ 1 999. add 2%: over $ 1 999. add 1%. 
Everything shipped freight collect in factory cartons with manufacturer's warranty. 
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the two l i nes switch (h igh going  low and vice 
versa) . 

The two i n tegrated c i rcu i ts used as l i ne  
drivers and receivers are the Texas I nstru
ments 751 83 and 751 82. Mount ing one of 
each on a pri n ted c i rcu i t  card at both ends 
of a 4 wire twisted pair w i l l  g ive you com
mun ications wi th a termi nal up to 1 000 feet 
(300 meters ) away. 

Figu re 1 is self-explanatory . The two 
capacitors in the receiver are opti onal . The 

O U T P U T  
F R O M  
C O M P U T E R  

+ 5 V  

._----'-114 vc c 
1 3  D 
1 2  c 

n B 

1 0  
A 

T W I S T E D  PA I R  

G N D  
7 

7 5 1 8 3  

0.002 pF  capacitor between Rr and the 
i nverted i nput  may be used for DC i solation 
of the l i ne term inating  resistor. The va lue 
of th is capaci tor wi l l  vary with the data rate. 
The 1 00 p F capacitor between the response 
time constant pin and ground  is u sed to 
control the response time. 

More information on this and related 
techn iques can be found  in the Texas 
I nstruments data handbook on memory 
and peri pheral i n terfacing.• 

+ 5 V  

1 4  
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13 I N V E R T E D  
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T O  
D E V I C E  

l i OO p F  

NEW SOFTWARE 
AVAILABLE 

LIFEBOAT ASSOCIATES is now offering the 

following software for use on the 

MICRO POLIS and NORTH STAR floppy disk 
systems and HORIZON computer. 

All of the software listed requires the 
use of CP/M to operate. In addition, the 

Xitan packages have been designed to run 

with a Z-80 based CPU. 

For your con I enience, most of LIFEBOAT 
ASSOCIATES software is available on 
8-inch diskettes (IBM soft-sectored format) . I 

CP/M'" FDOS ilnd Utilities 
Microsoft FORTRAN·80 
Microsoft COBOL·80 
Microsofl Disk Extended BAS I C  
Xitan SUPER BASIC 
Xitan DISK BASIC 
Xitan Z·TEL Text Editor 
Xitan Text Output Processor 
Xitan Macro ASSEMBLER 
Xitan Z· BUG 
Xitan LIN KER 
Xitan Package A3 (as keyed above) 
Xitiln Packilge A3+ (as keyed above) 
CBASIC Compiler/Interpreter BASIC 
MAC Macro Assembler 
SID Symbolic Instruction Debugger 
TEX Text Formatter 
General Ledger 
Accounts Receivable 
NAD Name & Address Processor 
QSORT Disk Fi le  Sort/Merge Util ity 

Figure 7. 

(A3) 
(A3+) 
(A3. A3+) 
(A3. A3+) 
(A3. A3+) 
(A3+) 
(A3+) 

From $ 1 45 

$400 

$625 

$300 

$99 

$ 1 59 

$69 

N/A 
$69 

$89 

$69 

$249 

$409 

$95 

$ 1 00 

$85 

$85 

$995 

$750 

$79 

$95 

LIFEBOAT A�SOCIATES software packages 
are available from computer stores 
nationwide, dr you can order direct. 

LIFEBOAT ASSOCIATES 
1 64 W. 83rd Street 

New York. N.Y. 10024 
(2 1 2) 580-0082 
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Solution to Machine Language Puzzler (see page 74) :  

T I M O UT1 : PUSH Bo Save the main program value of B .  
M V I  B 1 , #X Load B with X, one of the loop constants. 

The most importan t featu re of th i s  sub
routine is that it is recu rsive :  that is, it cal l s  
i tself. Recu rsive programs can be  d ifficu l t  
to fol l ow un l ess one  remembers to  p l ace 
each su broutine  call in a unique e nv ironment 
different from a l l  other  su broutine cal l s .  
Th is means that each cal l of T I MOUT 
shou l d  be though t  of as beginn ing  a different 
su brou tine i n  a d ifferent location of 
memory, even though the instructions are 
shared. For example, consider the com
mented vers ion of T I MOUT in l isting 1 .  
Here, two different p rograms are shown to 
i l l ustrate the situation when one recursive 
cal l is made. As an abstract model of the 
program 's overa l l  operation, consider the 
node and branch diagram of figure 1 ,  drawn 
for the case X =3 and Y = 2. The value  i n  A 
identifies the cu rrent level of program 
execu tion ;  node 1 is the shal l owest level, 
wh i l e  node 2 is the deepest. The value  in B 
identifies the cu rrent branch being executed 
at the level specified by A. Whi le A is never 
pushed onto the stack on a new subroutine 
cal l ,  B always is pushed when a new level 
is entered (that is, when a recursive cal l is 
made ) .  The cu rrent value  of B is deere-

OCR A A was loaded in the main program and is the second 
delay constant Y .  

LOOP 1 : CP I  0 ; I s  A = 0 7  
CNZ T I MO UT2 ; If not, call T I M O UT 2 ·  

T I MO UT2 : PUSH B,  ; Save B from T I MOUT1 ; 
M V I  B 2 .  #X ; Reset B to its in itial value. 
OCR A ; Decrement A again (A is not reset in this new pro-

gram environment ) .  
LOOP 2 :  CP I  0 ; Is A =  07 

CNZ T I MO UT3 ; If not, ca l l T I MOUT3 . 
OCR B2 ; Decrement the T I M O UT 2 value of B.  
JNZ LOOP2 ; Decrement B more if it is not 0 .  
I N A  A ; Restore A to the value it held in the previous sub-

routine (TI MOUT 1 ) by adding 1 .  
POP B, ; Restore B to the value it held i n  the previous sub-

routine (TI  MOUT 1 ) .  
R ET ; Return to the i nstruction after "CNZ T l  MOUT 2 "  

i n  T I MOUT1 . 
OCR s, ; Decrement the T I M O UT1 value of B .  
JNZ  LOO P1 ; I f  B 1  is not zero, go back to LOO P1 and repeat 

everyth ing , i ncluding the cal l to T I MOUT 2 .  
I N A  A ; I ncrement A to its original value of Y (2 in this 

example) . 
POP Bo ; Restore the main program value of B .  
R ET ; Return to the main program . 

Listing 7 :  The T!MOUT routine considered as two separate programs to em
phasize the different program environment of each call. Assume A =2 in this 
example, which is the Y value loaded into A in the main program. The use 
of subscripts distinguishes between the successive values of register 8 and 
labels of T!MOUT and LOOP. The actual assembly language program would 
not appear with subscripts, of course. 

INTRODUCTION TO PERSONAL AND BUSINESS COMPUTING PROGRAMMING MICROCOMPUTERS:6502 
By Rodney Zoks, 250 pp, ref C200 56.95 By Rodney Zoks, 250 pp, ref C202. 59.95 

NfW. For the beginner. How to use and purch<Dse a system, from 
the microcomputer box to the peripherals. Why. Business require
ments. How to foil. Programming. Which BASIC? NOW ALSO AVAILABLE ON CASSETTES • 3 hrs, ref 510 51 4.95 

NfW. How to program microprocessors, with 6502 examples: 
arithmetic, inpul-oulput. peripherals. Interrupts. An educational 
text requiring no prior programming knowledge, yet useful to 
those wonting to learn about specific programming techniques. 
Applicable to PET, KIM, VIM, APPLE. 

MICROPROCESSOR INTERFACING TECHNIQUES MICROPROCESSORS: from chlpl to 1yatem1 
By Rodney Zoks, 416 pp, ref C201 59.95 By Austin Leseo and Rodney Zoks, 4 1 6  pp, ref C207, 

USfD WORLDWIDE AS UNIVERSITY TfXT. A comprehensive, yet 
detailed and clear introduction to all aspects of microprocessors. 
How they work. The ROM, RAM, PIO, UART. How to interconnect. 
System development. 

TO ORDER 
•BY PHONE:  call (4 1 5)848-8233 8 8ankAmericard/Mastercharge accepted SYBEX •SH IPPING : no charge when payment 

included . 
ADD : $ 1 . 50/book for fast shipping. 

· 

eTAX : in California, add sales tax . 

•OV E RSEAS: 2020 Mllvla St. 
SYB EX-EUROPE,3 1 3  rue Lecourbe, Berlleley, 
7 501 5 · PAR IS, France Tel : ( 1 )8282502 Calli 94704 

NAME _________ POSITION ___ _ 

COM PA NY 

ADDRESS ___________________________ , 
CITY STATE/Z I P  __________ _ 

0 C201 O C207 OC200 O C202 OOTH E R  ___ _ 

0 Payment enclosed 0 Bil l  company 0 Bi l l  me 
ADD $ 1 . 50/BOOK FOR FAST SHIPPING 

0 charge my 0 Visa 0 Master charge 

0 Number Exp date -------------
Signature 0 Send catalog. 

0 FREE CATALOG/ O R D E R  FORM 0 

59.95 
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mented in dependentl y of previous values 
of B. 

The most common m istake in analyzing 
T I MO UT i s  to retu rn, fol l owi ng R ET, to 
the beginn ing of the previous cal l to 
T I MOUT rather than retu rn ing  to the 
instruction fol l owing the CNZ at that _l eve l .  

Answers: 

Answers to Hextext from 
page 1 35. 

( 1 ) B E E  
(2)  O F F  
(3 ) F E ED 
(4) O A F  
( 5 )  A B O D E  
( 6 )  A I D  
( 7 )  O A F  
(8 )  5 
(9) D E E D  
( 1 0 )  A C E  

A completel y  d i fferent way of v iewing 
the operation of T I M O UT is to th i n k  of 
decrementing a Y digit n umber, modu l o  
X. I n  th is  case, the cu rrent value o f  A 
(originally loaded with Y) specifies the 
d igit being decremented and the current 
value of B represents the present  valu e  
of that dig it. The stac k reaches i ts max imum 
depth a lmost instan tly and ho lds an  image 
of the entire Y d igi t  number. 

(a) X y Delay 

1 1 7 5 states 
2 1 1 05 states 
1 2 1 50 states 
2 2 3 1  5 states 

Figure 7 .  / ' NODE I L E VEL 

(b ) The basic de lay period i s  determined 
by: 

/ 
, NODE 2 L E VEL 

/ 

CPI  0 
C N Z  T I MOUT 
OCR B 
J N Z  LOOP 

It l asts 30 states. 

(c ) The stac k wou l d  grow to 58 bytes 
deep. 

(d ) The delay i s  approx imate ly Q(XY ) . •  

111ec;1 
;)llllttllll��···�···= 

Now you can have a 
3.5 Megabyte Storage System 

using low cost Tape and Disk ! 
M ECA p rovides you with a choice of tape, or d isk, or both.  Each can be used as a sta nd-a lone 

system, or  together as a F U L L Y  IN TEG RA TED S YS TEM, provid i n g  you up to 3. 5 Megabytes of 
on I ine storage for your S- 1 00 bus computer. 

CAPACITY • D E L  TA- 1 Data Transfer Rate is 
25,600 Bytes per Second.  

• A LPHA- 1  Tape System stores over H A R DWAR E  
750K Bytes o n  each side o f  a C-90 
cassette. 

• D E L  T A - 1  Disk  System uses 
D O U B L E D E N S I TY which 
stores up to 2 0 0 K  Bytes on  
a 5 % "  M i n i -F l oppy . 

SP E E D  

• A LPHA-1 h igh speed searches 1 00 
i nches per secon d .  

• D E L  T A- 1 worst case search is 1 .5 
seconds. 

• A LP H A- 1  Data Transfer R ate i s  781  
Bytes per  Secon d .  

Circ l e  220 on i nqu i ry card. 

• Compati ble with a l l  popu lar S-1 00 
Bus M icrocomputers. 

• Replaces RO M/P ROM Monitors. 
• I ndependent motion contro l ,  read/ 

write e lectronics. 
• A LPHA- 1 provides u n ique audio 

track u nder com puter control .  

SO FTWA R E  
• Operating System handles variable 

length named fi les, is R andom Access, 
Updates, Packs and Copies with a 
s ingle command. I ncl udes Ed itor, 
Assem bler and Debugger. 

• M icrosoft BAS I C  ava i l ab l e  in 8 K ,  
Extended and D i s k  Extended 
B AS I C .  

• CP/M ava i lable for the  D E LTA- 1 . 

SYSTEM I N C L U D ES :  
Each d rive with its own e l ectronics, 
contro l ler, power supply,  cabl ing,  case, 
manual  and software on cassette or 
5%" d isk.  Wood panels on A LP H A- 1  
are optional .  

For com p l ete informatio n ,  phone o r  
write : IIICC;I 

7026 O.W.S. R oad, Yucca Valley, CA 92284 
(714) 365-7686 
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· �lYlE's flits 
Department of M issing A uthors: 

An article entitled " Procedures for 
Large N u m bers," written by  M ichael 
P F inerty , whose last known address 
was 2626 E 4th, Tu cson AZ 85 7 1 6, 
is presently in a state of suspended 
an imation i n  our files. The article was 

1l '.' ' •  .. · h l ! l l  
.. 1 : 1�8 • • '· ... "" .. '· lJ Q 

t 
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produced, author's proofs sent out, and 
the envel ope, shown below, docu ments 
the post office's attempts to get the mail  
through. Thus we'd l i ke to request that 
Michael Finerty contact us with h is  
present address.• 

a 
Free of Our "Policy" 

CA�L TOLL FREE 
800 323·0254 

Circle 1 on inqu i ry card. 

Change of Address 

In the August 1 97 8  BYTE we carried 
an ann ouncement of a new RF video 
adapter l ine, p roduced  by AVA E lec
tronics Corp (see What's New, page 1 77 ) .  
I m mediately after p u bl ication j ason 
Van Hol lander of that firm contacted 
us with a new address. Y au m ay now 
reach AVA Electronics Corp at 4000 
Bridge, Drexel Hi l l  PA 1 9026. Fortu
nately we were able to change the 
address in our files early enou gh that 
those readers who m ade use of our 
inquiry card should experience no 
delays.• 

Levy Sweats, Wins Bet 

Com puter People turned their atten
tion toward Toronto d u ring the last 
weeks of August and early September 
th is year. The Canadian National Exhi
bition was the setting f�r the consum
mation of a 1 0  year contest. 

The contest too k  the form of a chess 
match.  One player was a human,  David 
Levy , a chessplayer rated as an I nter
national Master. The opponent was a 
com puter program, Chess 4. 7, wh ich 
was written by David S late and Larry 
Atkin of Northwestern U niversity (see 
"Creating a Chessplayer," page 1 62 in 
th is issue ) .  

I n  1 968,  Levy made a wager with 
several artificial i ntel l igence researchers. 
The terms of the wager were that by 
A ugust 1 9 78 no  compute r  would be 
able to defeat Levy in chess com petition 
under  tournament conditions. After 
several revisions, the amount of money 
atstake stoOd at £12so. - . - -

The
. 
fi rst gam e  was p layed on Augu

-
st 

26 1 978 .  The computer surprised Levy 
after ten moves with a 1 2  move combi
nation. Levy had to struggle against 
great disadvantage for 30 moves. The 
game ended in a draw; th is was the first 
tim e  a computer had d one  so wel l  
against a t o p  human player. 

The second and th ird games were 
won by Levy , who cleverly took advan
tage of the com puter's weaknesses. In 
the fourth game, both players sprang 
surprises. Levy played an unusual 
opening that led to a tactical sort of 
position in which the computer plays 
well. The compute r  obtained an advan
tage, and Levy resigned after 56 moves. 
This  game represents the present h igh 
water m ark of com puter chess. 

Levy easi l y  won the fifth game, end
ing the match with a score of 3Y, to 1 Y,, 
and therefore winn ing the bet. We have 
not heard the end  of th is tale ,  however. 
David Levy has renewed his bet for five 
m ore years. He expects steady pro
gress in  com puter chess, and has a 
particular interest in programs run on 
small  com puters. He stated ,  "This is the 
beginning of a 1 0  year boo m ,  and 
many advances wi l l  be made both in 
microprocessor chess and general com
puter chess." 

Future BYTEs wi l l  report in  greater 
detail on th is match and on other events 
in  th is fascinating fie ld .• 



Computers for Kydes 

The San J uan U nified S ch ool District 
(Carmichael CA) has just received a grant 
cal led Kyde Tyme to develop compute r  
assisted instruction software for m icro
com puters. The pu bl ic is encou raged to 
develop and submit teach ing programs. 

Project priorities . inc lude all basic 
skills ( language, reading and math) and 
support to all other curricu l u m  areas 
(science, learning games, etc). Grade 
levels range from preschool th rough h igh 
school. Currently, subm issions for in
clusion and pub l ication should be 
written in BAS J C  and on  hard copy, 
including a sample run of the program . 
The source code is needed to evaluate 
and test the program. After eval uation, 
suggested revisions wil l  be discussed 
with the author, if needed. Programs 
will not be pu blished without the 
author's expressed permission. 

The Kyde Tyme project will provide  
teaching p rograms to  the  public a t  
reprod uction cost. Contact Ted  Perry , 
project m anager, 233 1  St M arks Way, 
room 1 7 , Sacramento CA 95 825 , ( 9 1 6 )  
482-4306.• 

Papers on Computing i n  the H umanities 

The Fourth I n te rnational Conference 
on Computing in the H u m ani ties has 
issued a call for papers. The conference 
will be held at Dartmouth College in 
Hanover N H  on August 1 9  thru 22 1 9 79.  
Papers may be on any topic involving 
com puting in the humanities. Languages 
of the conference will be E nglish, Ger
man and French. 

Abstracts of 5 00 to 1 000 words 
should be submitted by December 1 .  
Acceptances wil l  be annou nced b y  A pri l  
1 .  For further information contact 
Stephen V F Waite, Kiewit Com pu
tation Center, Dartmouth College, H an
over NH 03755.• 

A P uzzling Switch 

One of the m ore i n teresting methods 
of interchanging the contents of two 
memory l ocations involves the use of 
the Boolean exclusive OR function. For  
example :  suppose we have two memory 
locations labeled X and Y and we wish 
to transpose the contents of the two 
locations. The fol lowing series of instruc
tions wil l  perform the operations: 

X =  XEllY 
Y = XEllY 
X =  XEllY .  

A s  a n  exam ple :  suppose l ocation X con
tains hexadecimal 37 and l ocation Y 
contains hexadecimal AC. The n :  

Operation Location X L ocation y 
3 7  A C  

X =  XEllY 9 B  A C  
Y = XEllY 9 B  3 7  
X =  XEllY AC 37 

Trying to determine the logic behind th is 
is a good test of your knowledge of 
Boolean algebra . . . .  RGAC• 

Continued from page 10 

responsible is  Ron. Would you please 
convey my personal thank you to h im.  

Theron Wierenga 
POB 2007 

H ol land M I 49423 

BI TS Inc is a separate company from 

B YTE Publications Inc, but we are 
friends with Floyd, Ron, jeremy, and 
the rest of the people at BITS, and your 

thanks have been conveyed . . . .  CM 

MAN USC R I PT E DITING PARADISE  

In  your  editorial " Don't Ignore the 
High End . . .  or My Search for Manu
script Editing Paradise" (March 1 97 8  
B Y T E ,  page 6 )  y o u  specified some 
features that you'd l ike to see in a 
" manuscript  ed iting paradise ." One 
feature y ou listed as unavailable was a 
video display that could convey an 
en tire page of information in a single 
frame. You added that you might be 
able to accomplish this goal by using 
two 24 by 80 displays. There is a sim pier 
way. 

For about s ix months now, I 've been 
using a VT-4800 video display board 
made by Video Terminal Tech nology. 
The basic display is 48 l ines of 80 char
acters each . A l l  ASCI I graphics are 

D 
Anywhere 
want it. 

Pa naVise ti lts, turns, rotates. 
One q u ick t u rn of the control 
knob and you securely position 
your work exactly where you 
want it. Holds firmly but gently 
the most delicate electro n i c  
parts a n d  P .  C. boards. 

Whether you ' re i nto bui ld ing 
home electronics, tro u ble 
shooting, or professional  serv
i c i ng . . .  you ' l l  wonder how 
you got a long without this mod
estly priced 'extra hand. '  

Model  3 9 6  Wide O p e n i n g  PanaVise 
shown . An ingenious variety of other 
interchangeable bases, hold ers and 
accessories also avai lable .  See your 
electronics d i stributor, o r  write 
for FREE brochure. 

supported ,  inc luding upper  and l ower 
case. I 'm using the board as part of a 
timesharing terminal,  wi th the display 
on a surplus video monitor. On my 1 2  
inch screen,  the display is  q ui te dense 
but stil l  entirely legible. 

To use the board in  m y  appl ication 
I had to add only a keyboard, monitor, 
and modem;  al l  other electronics were 
inc luded on the VT-4800. The 4800 
a lso seems to support a large n u m ber  of 
other features (paral lel  1 0, inverse video, 
d i rect cursor addressing, etc) that m ight 
be handy in your  appl ication although 
they are not supported by my host 
syste m .  

I understand t h e  board cu rrently 
costs about $ 5 00; I was lucky enough 
to p u rchase mine for $ 3 5 0  when it was 
sti l l  in the planning stages. If you 'd  l ike 
to look i n to the VT-4800 further, you 
m ay wish to cal l Ralph  Butler  at  Video 
Terminal Technology - (408) 255-3001 . 
I don ' t  have their cu rrent address. 

Roger S ward 
1 334 7 Pastel Ln 

M ountain View CA 94040 

TOO M A N Y  E X P E RTS? 

feel it is going to be a long time 
before B A S I C  is d ispl aced as a hobby 
comp uter language. J ust con trast the 
readabi l i ty of  the BAS I C  program l i sti ng  

IDI.rii\ r.\ n li\\� ...... ® ��VEil: Dept. CEl 
5224 Chakemco St. , South Gate, CA 90280 

Ci rcle 299 on inqu i ry card. November 1978 © BYTE Publications Inc 141 



Circle 33 on inquiry card. 

We've got an exciting ground floor 

opportunity for you to participate in 

the incredibly fast-growing 

retail personal computer business. 

We're Byte Industries, lncorporated,lM 

and we're offering individual 

Byte ShopTM franchises, nationwide. 

Here's v.our chance to share 

in the expanding retail personal 

computer business! 

AS A BYTE S H O P  YOU G ET: 

• The national ly recognized Byte S hop 
trademark. 

• A broad, full-line inventory of 
smal l-business and personal computer 
products. 

• N ational and regional advertising 
support. 

• Comprehensive technical and business 
management training , and on-going 
advisory services. 

• Aid in local site selection, and 
professional ly designed store interiors. 

• Exclusive, protected territories. 

To qual ify, you should h ave an interest 
in computers, and a desire and abil ity 
to operate your own business. Retail 
experience and a sales background at 
management level is a plus.  A theoreti
cal or working knowledge of computer 
technology is helpful. Investment is 
roughly $1 00,000 with an initial equity 
contribution of at least $40,000. 

If you've got what it takes, then you're 
ready for your own Byte Shop!" 
Write or call  Dave Pava, o u r  franchise 
development manager now. 

408·739·8000 
• Byle�gQ����GVc���TM r - - - - - - - - - - ,  

Yes, I ' m  i n terested i n  a Byte Shop"' I Franchise. Please send me your Franchise I 
I nformation packet today. I 
N a m e  

I 
I Address I 
I City ___________ I 
1 State _____ Zip ______ 1 
I Phone ___________ I Byte I n d u stries, I ncorporated 

1 930 West Maude I S u n nyvale, CA 94086 L(4�> .:!9!!o� _ _ _ _ _  ,!!·,J 
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4 on page 1 73 with the Pascal p rogram 
l i sting 5 on page 1 74 in  "Pascal versus 
BAS IC :  An  Exercise," (August 1 9 78 
B YTE, page 1 68) .  I th ink that convert
ib i l ity is a myth. Look at what has 
hap pened to FORTRAN,  locked i n to 
old ideas, old methods, and o ld  equ ip
m en t, BAS IC shou ld  grow and change 
un ti l  i t  spawns a new langu age. Like all 
fields, com puting  has too many experts. 

M i lo Ketchum 
58 Wil lowbrook Rd 

Storrs CT 06268 

You 've raised an interesting point 
about readability. True, for a short pro
gram it seems easier to read the BASIC 
version, but then you are used to reading 
BASIC listings. A lso, try to add modifi
cations to a section of the BASIC version 
withou t affecting any o ther sec tion of 
the program. This is easy in a modular 
language such as Pascal . . . . RGAC 

R E A D E R  Cs PASCA L A LTE R N AT I V E  

As a firm advocate of good program
ming s tyle, I was happy to see the 
August 1 978 BYTE give Pascal the atten
tion and support that it deserves. How
ever, I th i nk  that someth ing should be 
done to correct the im pression conveyed 
by  that issue that Pascal is the sole ex
isting alternative for microcompu ter 
users who wan t  to program in a decen t 
langu age. 

An other altern ative is C, developed 
at the Bell Laboratories. Pascal and C 
are d ifferent in several im portant re
spects, but they hold this in com m o n :  
they are both s imple ,  el egant, a n d  flex· 
i bl e  languages that encou rage the writing 
of clear and concise programs. 

Program mers should real ize the i r  
good fortune in  having m ore than one 
state-of-the-art language to ch oose from.  
As a case i n  point, Charles Forsyth and 
Randall Howard, the authors of the 
article, "Compilation and Pascal on the 
New M icroprocessors," (August 1 978 
B YT E ,  page 50)  state (page 6 1 )  th at 

. .  , . we have found the C language 
a pleasant and effective language 
for developing programs, but it 
does not, of course, follow that 
everyone would. 

In truth, Pascal is s imp ly  not  an 
option for most home compute rists at 
this particular point of m icrocomputer  
evo l u tion. My reading of Pascal News 
i nd icates th at cu rrent  Pascal im plemen ta
tions requ i re hard ware not exist ing to
day in m ost  home systems. Specifical ly ,  
they req u i re floppy disks and  " big" 
chu n ks of mem ory. Microcom puter u sers 
who desire to program in a state-of-the· 
art language on min imal hard ware sys
tems shou l d  know about the cu rren t 
avai labi l i ty of Tiny C. 

Tiny C is an interpreter for a stripped 
down version of C, designed specifical l y  
for the microcom puter environment. I t  
runs i n  th e same "smal l "  environ
ments as does BAS I C. A l l  i nd ications 

so far. point to i ts being a th orough ly  
profess ional an d rel iable product. I t  i s  
inexpens ive. I t  comes with a program 
p reparation system which inc ludes an 
ed itor. I ts users' manual i s  superb ly 
inform ative, complete and read able. 

I h ope that BYTE wil l  soon give C 
and Tiny C the atten tion they deserve. 
In the meantime, readers who wish to 
gain the flavor of C should consu l t  
The C Programming Language, by 
Kernighan and Ritchie {Prentice-Hal l ,  
Englewood Cl iffs N ] ,  1 978) .  A n d  
readers who w a n t  information about 
Tiny C should contact 

Tiny C Associates 
POB 269 
Holmde l  N J 0 7733 .  

Frank N ussbau m 
Dept of Math Sciences 

Loyola U niversity of Chicago 
6525 N Sheridan Rd 

C hicago I L  60626 

STO R E D  P RO G RAMS:  A REPLY 

Keith Reid-Green, i n  h i s  "Short 
H istory of Computing" ( J u ly 1 978  
B Y T E ,  page 84 )  states correctly that 
j ohn  von Neumann suggested pu tting 
programs in to the memory of the 
E N IAC com puter. However, the im pl i 
cation that previous programs were al l  
hard-wired is  not true. 

· 

In fact, there was a series of six 
models of Bell Laboratories Relay 
computers, the first of which ( 1 939) 
antedated the E N I AC by seven years 
and the Mark I by five. All bu t one of 
the series used readi ly  changeable pro
grams in  punched tapes - none were 
hard-wired .  

Mode l  I I  of  the Be l l  Series was a 
smal l  com puter designed primarily for 
dig ital fil tering and for subtabulation of 
a m ass of data. A d ozen or two programs 
were written and pu nched in  tape for i t. 
Changing a program took about 20 
seconds. Most of the programs were 
cycl ic· and,  therefore, were pasted i n to 
l oop form.  

Later models (but  st i l l  an tedating the  
EN l AC and Mark I )  had more capabi l i ty 
and more soph isticated p rograms. Thus 
Model V (circa 1 945-46 ) had n umerous 
program "positions," any one of which 
could be cal led up by the com puter with 
a jump instruction in  the main program. 
Such ju mps  were control led by a " logic 
com puter" which m ade decisions on the 
basis of manipu lations of Boolean alge
braic variables. 

George R Stibitz 
Prof Emeritus Physio logy 

Dept of Physiology 
Dartmouth Med ical School 

Hanover NH 03755 

Dr Stibitz, a research mathematician 
and pioneer in the development of the 
relay compu ter at Bell Labs in the 7 930s 
and 7940s, was the recent recipient of 
the IEEE's Emanuel R Piore award "for 
pioneering contributions to the develop-



ment of computers, utilizing binary and 
floating point arithmetic, memory in

dexing, operation from a remote con
sole, and program controlled compu
tations. " 

T H E  2650 B ECOMES M O R E  
AVA I LA B L E  

I read with in terest M r  F renze l ' s  
arti c l e  "How to Choose a Mic rop ro
cessor," in  j u l y  1 9 7 8  BYTE,  page 1 24 .  
P ar ti cu l ar ly gratifying was h is mention 
of the Signetics 2650 as a processor with 
an un usua l ly  powerful instruction set 
and m i n i com puter l ike  arch itectu re. 
However, i ts status as an i tem of l i m i ted 
ava i l abi l ity to the ex per imenter i s  
changing rapid l y .  

A s  M r  F renzel 's  arti c l e  was going to 
press, S igneti cs was p repar ing i n i ti a l  ad· 
vertis ing for the I nstructor sotm desk
top com pute r, which uses the  2 6 5 0  as 
its cen tral process ing e lement .  T h is p rod
uct, a com p lete h ardware and software 
package, i s  parti cu larly we l l-su i ted to the  
stu dent and  h obbyist .  Thus ,  i t  is no  
longer t rue  that ex perimenters who wish 
to use the 2650 in a personal  co m put ing  
system must deve lop  the i r  h ard ware and 
software from scratch .  

J E Do l l  
Signetics Corp 

POB 9052 
8 1 1 E Arques  Av 

Su nnyvale CA 94086 

ROU N D I NG OUT 
SOME CALCU LATIONS 

Your artic l es i n  the August 1 97 8  
BYTE are  great! I am a Pascal fan a l 
read y, and a UCSD Pascal fan  on top of  
that. I 've never  written a p rogram with  
Pascal ,  b u t  i t  looks l i ke a fu lfil l m ent  of  
a w ish- l ist of u sefu l d ata and con trol 
stru ctu res. I 've wri tten programs i n  
FORT R A N ,  BAS IC ,  COBO L ,  A P L ,  
PDP-1 1 assem bler  a n d  I NT E RCO M-S OD,  
an  "assem b le r"  for a Bend ix G-1 5 com
puter .  I t  has featu res and effic ienc ies 
I 've long wan ted in a h i gh l evel l angu age. 
I h ave h eard of Pascal befo re, but  never 
paid i t  much attent ion .  Now that I see 
that i t  has a chance of becom ing  m u c h  
more avai lab le ,  a n d  after learn i ng  abou t 
the langu age and i ts m eth od of i m p le
m en tation, I 'm ready to h e l p  p u l l  th e 
bandwagon ,  not just  hop  on .  H av ing  
wri tten in teractive bus i ness p rograms i n  
BAS I C  a n d  F O RT RA N ,  I also apprec iate 
the extensions i m p l e m ented by UCSD,  
a s  d escribed i n  th e art ic le "Pascal versus 
COBO L "  o n  page 1 2 2 .  

I enjoyed th e arti cles on anti q u e  
"com puters" ( "Ph i l adel ph i a 's 1 7 9 Year 
Old Andro id ,"  page 90, and "Anti que  
Mechanical Com p u ters ,  Part 2 , "  page 
96, A ugust 1 97 8  BYTE ) as well as those 
on Pascal . I th i n k  that the est im ates of 
storage capaci ty in  the "Antique  
Mechanical Com p u ters, Part 2 "  art ic le 
are i n  error. As an example ,  I wi l l  d i sc uss  
the ca lcu lations done on pages 1 04 and 
1 05 .  

T h e  author m akes a te l l ing  rem ark :  

"A poi n t  wh ich  i s  obscu re to m e  is that 
the l e tter form ing cams are al l eged to op
e rate on a polar coord i nate syste m . "  
H is ca lcu l ations are t h e n  based on XY 
coord inates .  This  ana lys is  wou l d  be 
correct if the m ach ine  produced a dot 
m atrix p ic tu re with the accuracy and 
p recis ion esti m ated . However, this is not 
the m echanism the mach ine uses. 

I wi l l  assu m e  that each l etter i s  com
posed of a ser ies of moves, and that each 
m ove i s  described by a d istance and a di
rect ion to be m oved from the p revious 
position of the pen. Polar coord i nates 
wou ld  work l i ke this, or  in a s im i l ar 
man ner .  With polar coord inates, a point  
i s  d efined on a p l ane  by giv ing a d istance 
( rad ius ) and d i rection rel ative to the 
origi n ,  or ( 0 ,0) point on a Cartesian 
(X Y ) p l ane .  

The  actu al m ethod u sed by the rna
ch ine  and prec ise i n form ation theory 
m ay n ot be represented by what fol l ows, 
but I be l ieve my ca l cu l ations will more 
c losely app roxim ate the actual storage 
capac i ty of the mach ine than those i n  
th e arti c le .  T h e  th ree cams that define 
each l e tter wil l  be assumed to specify the 
he ight  or pressure of the pen, and the 
d istance and angle made for each of a 
sequence of moves. The  fol lowing tab l e  
gives the information content needed 
to atta in  the p recision fou nd i n  the re
su l ts of the m ach ine : 

Number 
Parameter of Bits Range of Values 

Height and 
pen pressure 

D istance 

Angle 

Total bits 
per move 
x moves 
per letter 

Total bits 
per letter 

x number 
of letters 

2 Up; l ight , me-
dium, or heavy 
pressu re. 

6 0 . 1  mm to 6 
mm, in 0 . 1  m m  
steps (60 dis-
crete val ues ) .  

7 3° to 360° in  
3 °  steps ( 1 20 
discrete va lues) . 

1 5  

1 2  ( A  reasonable 
guess, based on 
the y ) . 

1 80 This is different 
from the au-
thor's estimate 

52 by a factor of 
80. 

9360 = Total number 
of bits to en
code the entire 
alphabet . 

T h e  esti m ate of m in imum d istance, 
d i fferent from the author's ,  i s  based on 
the assu m ption that a s ingl e  move w i l l  
t end  to  be fair ly straight d u e  to  some 
mechan ica l  damp ing wh i l e  drawi ng a l i ne 
between two po ints. Any of the param
eters m igh t vary by one or  two b i ts 
from the given estim ates , but  I be l ieve 
them to be fai r ly cl ose given th e assu m p
tions used.  

One other factor to take i n to accou n t  
is t h e  "n oise " i ntroduced i n  translati ng 
cam shape to pen m ovem ent. The cams 
wou l d  need tw ice as m any b i ts of storage 

Real-time 
interrupts 
add · 

• 1mmense power 
to your computer. 

With a real- time calendar/clock 
your computer can extend its influence 
into the future - take action at any 
pre-programmed date and time. 

Imagine the possibilities! Program 
a daily printout of appointments. Pro
gram house temperature to rise at 6 a.m 
every morning. Program games in  
which fast reaction time wins. Turn lights 
on a:1d off to simulate occupancy of 
an empty house. In  your business, print 
time and date on all computer output 
hard copy or video display Make your 
computer a frequency counter or time
interval meter The possibilities are 
endless - especially if you use our l ntrol 
control system to send commands 
over existing wiring 

We have superb calendar/clocks 
for Apple Il and S- 1 00 computers. The 
Apple Il clock keeps time for over 2 
years in 1 ms increments. Programming 
is simple because of the on-board ROM 

The 100,000 Day Clock for S - 1 00 
bus computers keeps time in 1 00 f-LSec 
increments. Programming is easy with 
most BASICs - especially our lntrol 
BASIC 

Both clocks feature crystal controlled 
accuracy and on-board battery back
up. Very simple to interface Easy to set 
And provided with interrupts that do 
not derail ongoing computer action 
when the clock commands action. 

Calendar/clock for Apple Il is $199 
assembled and tested For the S- 100 
clock $219 assembled and tested See 
them both at your local computer shop 

Mountain Hardware Inc, 5523 Scotts 
Valley Drive, Scotts Val ley, CA 95066 
Phone (408) 438-4734 

I 
Mountain Hardware 
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now 
SOHT 

with 
CP/Jtl* 

IN CUSTOMER USE FOR 
OVER ONE YEAR 

F u l l  f i le  sort for variable length records, 
arb it ra ry length key(s). Ascending or 
descending order. 

Single-key 
Multi-key 

Runs on 1 6K or l a rger system. Uses a l l  
ava i lab le memory. 

FILE I N DEX 
Produce cross- index of f i le  names 
sorted a l pha betica l ly  a c ross all d iskettes 
in a col lection .  

Manuals O n ly : $5 . 

NEW! 
The I NTEGRATED F I NANC IAL 
SYSTEM :  G/.L, A/R ,  PAYROLL, 
A/P, I NVENTORY Manuals $ 1 0  
each. Programs $500 each. 

To order or  for more informat ion. write 

2fi0 ShP.r idan AvP.nuP. 
Pa l o  A l t o .  CA �430fi 

1 41 S I 324-RRSO 

Please provide your  CP/M Serial # 

California purchasers add Sales Tax 
Pre-paid o n ly. Immediate delivery. 

Dealer inquiries invited 

*CP/M is a trademark of Digital Research 

1 44 BYTE November 1978 C i rc l e 3 28 on i nqu i ry card.  

i f  the m echanism's n oise obscu red ha lf  
of their  precisi o n .  

T h e  m ach i n e  d i scussed obviously had 
other " m e m o ry "  as well  as the m em ory 
that stored the shape of the l e tters. F o r  
i nstan ce,  the m echanism that d e te rm i n ed 
the seque nce of l etters wou l d  h av e  a 
capacity equal to abo u t  six b i ts (enou gh 
to store 5 2  c h oices) ti m es the n u m be r  of 
l e tters. 

Sigurd A n d ersen 
48 Prospect Av 

N ewark DE 1 971 1 

ON B U SES AN D L A N G U AG ES 

I have two q u estions for y o u r  rea
ders: why Pascal? Pascal and BAS I C  
were both written for e d u cati on a n d  
b o t h  need extensions to be of u s e  i n  
se rious ( l arge) progra m m i n g  exper im e n ts 
and p roduction.  What we need is a 
language that s i m p l ifies stru ctured pro
gram m i ng l i ke A L G O L ,  that is c o m ·  
plete l i ke P L/ 1  and w h i c h  compi les  l i ke 
H P-BAS I C  d u ri n g  e d i ting to a com pact 
code for fu rth e r  com pi lation or i n ter
pretation.  It  should be adapte d  to sys
te ms from . batch via disk operati n g  
system ( DOS) t o  real ti m e .  I n  short :  
i t  needs everyth i n g  f o r  everybody on 
a m i crocom puter,  not a patch work of 
l anguages that were never i n te n d e d  for 
amate u r  use. M y  next q u estion is abou t 
a l l  those · buses that o u r  poor c h ips  are 
strugg l i n g  with. Why d o n ' t  we ( th e  
users, not the m a n u factu rers) define a 
bus for a l l  processors' It can be d o n e !  
The Dutch H o bby Computer  C l u b  
( page 1 4 8 i n  t h i s  issue ) i s  currently u si n g  
one.  

B J Besse l i n g  
Tol straat 401 

Amsterdam H O L L A N D  

just to reiterate, Pascal h as a lo t o f  
interest going for i t  based on availability 
of implementations-and enthusiasm on 
the part of those who are into the lan
guage as a means of expression. We find 
m achines from the microprocessor up 
through the Cray- 7 using it as a systems 
programming tool, and with ex temions 
of the sort UCS O has been imple
men ting, it works as well for m any 
applications areas. 

M O R E  P I X E LS P E R  P I X E ?  

Conce rning "Convert Y o u r  T V  S e t  to 
a Video Moni tor" ( M ay 1 9 7 8  B Y T E ,  
page 2 2 ) ,  D a n  Fylstra stated t h a t  u s i n g  a 
Pixe-Verter ra d i o  frequency ( R F )  u n i t  
w i t h  a v ideo board , o n e  w o u l d  only b e  
a b l e  t o  ge nerate usable l i n e  l e n gths 
of 32 characters. 

T h at m ay be the case when usi n g  a 
black a n d  w h i te te levisi o n .  I ,  h oweve r ,  
have been using a Pixe-Verter, P rocessor 
Techn ology VDM board, and a 1 5  i n c h  
S o n y  KV 1 5 1  0 color s e t  w i t h  exce l l e n t 
results. I am able to use this configu 
ration for 64 c h aracter l i n es very eas i l y .  
The q ua l i ty of the d isplay is n o t  a s  h igh 
as ava i lable o n  a d i rect connection of t h e  

If you choose I M SAI  . . .  
The best price and del ivery 
is from Min iM icroMart ! ! !  

IMSAI VDP 80/1 000 v i rtua l ly unl i m
ited RAM and d isk storage expansion. The u lti
mate in a complete computer system i n a s ingle 
box: 32K of R A M ,  one megabyte of floppy disk 
storage, uti l izin g the famous PerSci  drives, 1 2"  
CRT with 24x80 field, intell igent keyboard. Com
plete software: R O M  m o ni tor, CP/ M operating 
system, - ready to use. 
Order as 2 1 -5580-0 I List $6995) 

Cash Price $5895 

I M SAI has recently i ntroduced the V D P-80's 
" l ittle" brother" - a s imi lar  system with a 9" 
CRT and using m i n ifloppies instead of the 8" 
PerSci. Three d ifferent disk drive systems 
allow you a choice of d isk storage capacity to 
meet your data needs and pocketbook. 

VDP-40 1 80 k i lobaud disk storage 
Order as 2 1 -5540-0 ! List $44951 

Cash Price $3795 
VDP-42 400 k i lobaud disk storage 
Order as 2 1 -5542-0 I List $46951 

Low Cash Price $3990 
VDP-44 780 k ilobaud d isk storage 
Order as 2 1 -5544-0 I List $49951 

Cash Price $4245 

TH E N EW PCS-40 SERIES 
New I M SAI systems: complete 32K of RAM and 
dual mi n ifloppy, serial and parallel I/O. 

PCS-40 1 80 k i lobaud disk storage 
Order 2 1 -5440-0 I List $26951 . .  $2289 
PCS-42 400 k i lobaud disk storage 
Order as 2 1 -5442-0 !List $2995) . 
PCS-44 780 k i lobaud disk storage 
Order 2 1 -5444-0 I List $3695) . 

$2545 

$31 39 
All above assembled/tested - ready to use 

I M SAI 8080 ( PCS 80/1  0) 
with 22-slot motherboard, 28-amp power 
sup ply, a n d  its famous front panel is the 
sa me dependable system but now its 
called the PCS 80/ 1 0. I deal for lab use. 
K i t, order 2 1 -531 0-0 I List $699) 

S pecial Low Cash Price $559 

I M SAI BOARDS 
RAM I l l  32K RAM, Assembled 
Order as 2 1 -4232-0 I List $895) . $71 5 
BASIC VIO The leading memory-mapped video 
i n terface. Options to expand . K it,  order as 
21 -3501 -0 ! List $ 1 90) . $ 1 70 
Assembled, order 2 1 -450 1 -0 I List $335) . $299 
VIO-C Complete version of above, 24x80, 
upper/lower case, incl .  R O M  mon itor 
Kit,  order 2 1 -3504-0 ! List $325) . . $285 
Assembled. order 2 1 -4504-0) I List $465) . $395 
SI0-2-1 Serial i/O, K i t  
Order 2 1 -3440-0 I List $ 1 25) . $ 1 1  0 
PI0/6-3 Parallel I/O, Kit 
Order 2 1 -3441 -0 ! List $ 1 39) $ 1 25 
M IO Mu ltip le 1/0, Kit 
Order 2 1 -3442-0 ! List $ 1 95) . $ 1 69 
Alf prices are based on cash purchases. Higher prices apply 

to credit card and institutional purchase orders. Minimum 

deposit 25% on COD orders. Above prices subject to change 

without notice. 

S H I P P I N G ,  HAN D L I N G  & I N S U RANCE VDP-40 
and 80 series shi pped freight collect. Add $2 for 
boards; all other items, add $ 1 0 . 

WRI TE FOR FREE CA TALOG 
M i n i M icroMart, I nc .  

1 6 1 8  James St., Syracuse, N Y  1 3203 
(31 5) 422-4467 

C i rcle 250 on inqu i ry card. 



TRS-80 OWNERS, 
HAVE WE GOT SOFTWARE 
ON CASSETTES FOR YOU ! 
AAR D V A R K/CAPT U R E-hunt the A NT/ 

capture an enemy _ . .  (B-1 ) _ . .  $1 3 .95 
STARTR E K-advanced version, with 

conversation . . . . .  (B-21 . . .  $ 1 4 .95 
R O U L ETTE/O N E  A R M  BAN D I T-casino 

games, graphics . . .  (B-3)  . . .  $ 1 3 .95 
PATTE R N S/P I N BA L L-graphic demon

stration games . . . . .  (B-4) . . .  $1 1 .95 
A N N U I T I ES-schedules, values, payments 

& i n terest . . . . . . . . .  (B-5) . . .  $1 0.95 
SPACESH I P/CAN NON-venus lander/ 

fight the enemy . . . .  (B-6) . . .  $ 1 2.95 
DIC E/HYPE R BAG E LS-play craps/guess 

the secret # . . . .  (B-7) . . .  $ 1 4 .95 
I C H I NG/B I O R H YTH MS-predict the 

future either way . . .  (B-Bl . . .  $ 1 3 .95 
POKER-play draw poker in graphics, 

casino rules . . . . . .  (B-9) . . .  $1 0.95 
COM BJ..JST I O N/GROWTH- hydrocarbon 

combustion/patterns (B-1 0) . . .  $ 1 6.95 
RALL Y-4 different cars & 5 different 

tracks . . . . . . . .  (B-1 1 )  . . .  $1 2.95 
N I M/H E X APAWN-play n im/heuristic 

game, graphics . . . .  (B- 1 2) . . .  $1 9.95 
E L E C  PAK 1 -complete filter design, 

passive/active . . . . .  (B-1 3 )  . . .  $20.00 
E L E C  PAK 2-attenuators, pads for 

perfect matching . . .  (B- 1 4 ) . . .  $20.00 
E LEC PAK 3-all the standard formulae 

you need . . . . . .  (B- 1 5) . . .  $30.00 
MATH PAK 1 -trig & inverse trig 

functions & logs . . .  (B- 1 6 )  . . .  $20.00 
MATH PAK 2-primes. factorials, roots 

& powers . . . . . .  (B- 1 7)  . . .  $20.00 
MATH PAK 3-hyberbolic & inverse 

hyperbolic tunc . . .  (B- 1 B) . . .  $20.00 
MATH PAK 4-gamma and bessel 

functions . . . . .  (B- 1 9 )  . . .  $25.00 
MATH PAK 5-cu rve fitting-l in/exp/pwr/ 

and l og . . . . . . .  (B-20) . . .  $30.00 
MATH PAK 6-metric/english & english/ 

metric conv . . . .  (B-21 ) . . .  $20.00 
STAT PAK 1 -means, moments, kurtosis 

and skewness . . . . .  (B-22) . . .  $20.00 
ECON PAK ! -estimating building costs 

. . . . . . . . . . . .  (B-23) . . .  $25.00 
TIC-TAC-TOE-try to beat the 

computer! ' !  . . . . . .  (B-24) . . .  $1 0.95 
PYRAMI D-buried treasure in  cheap's 

pyramid . . . . . .  (B-25) . .  _ $1 9.95 
MATH T E AC H E R -math drills for the 

4 functions . . . . .  (B-26) . . .  $25.00 
C H E C K E R S-play an exciting game 

against the TRS . .  (B-27) . . .  $ 1 9 .95 
RACE-drive your car against incredible 

odds . . . . . . . . . .  (B-2B) . . .  $ 1 2.95 
HORSES-bet on your favorite out of 

6 horses . . . . . .  (B-29) . . .  $ 1 2 .95 

WE A LSO P RO D U C E  CUSTOM S O F T 

W A R E  F O R  B U S I N ESS O R  A N Y  

S C I E N T I F I C  APP L I CA T I O N .  WE W I L L  

B E  P LE A S E D  T O  S E N D  A . Q U O ·  

TAT I O N  A F T E R E V A L U A T I N G  

Y O U R  R E Q U ES T !  P L E AS E  I N D I C A T E  

W H E T H E R  Y O U  A R E  US I N G  A 

TRS-80 L E V E L  O N E  OR TWO, A N D  

T H E  A M O U N T  O F  R A M  I N  Y O U R  

SYST E M  . . . . . . . . . . . . . . . . . . . . . . .  . 

NAME . . . . . . . . . . . . . . . - . .  - . . . .  - · .  

A D D R ESS . - . . . . . . - . • . . . . .  - - - . - . .  

CITY . . . . . . . . . . . . .  _ .  _ _  . . . . .  _ . . .  . 

STATE . . . . . . . . . Z I P  . . . . . . . . . . .  . 
' ' add $1 for POSTA G E  A N D  H A N D
L I N G ,  N . Y .  R ES. A D D  tax. 

TAYLOR, P.O. BOX 1 180, 
PLATTSBURGH, NY 1 2901 

Ci rcle 364 on inquiry card. 

video board and a video monitor, but the 
display is very usable. 

Using a color set may seem l i ke over
k i l l ,  but I, l ike many people, have a 
color set available and no black and 
white set. Of course color  sets are 
m uch more l i kely to be "non-portable," 
but the smaller color sets may save one 
from the hazards of playing with a tele
vision set's in nards. 

W Czyzy nski 
1 6 1 8  Home Av 

Berwyn I L  60402 

A BACUS Q U E RY 

I n  reference to the al leged Ch inese 
abacus shown in " A  Short History of 
Computing,"  by Rei d-G re e n ,  ( J u l y  1 9 78 
B Y T E ,  page 84), l h ave been i n for m e d  
by suppose d l y  rel i a b l e  sources that a n  
"abacus" with five beads b e l o w  and two 
beads above the bar is real ly a J apan ese 
de vice called a soroban , and that a gen u
i n e  C h i n ese abacus h as fou r and one 
beads, respectively. 

My references show tha t the abacus 
h as the 4/1 configu rati on.  The device 
I own,  which I th ough t was an abacus, 
has a 5/2 configuration ; bu t i t  is  c lear ly 
m arked " J apan " and soroban i n  smal l  
p r i n t  on the s i d e ,  confi rm in g  what  I 
had been to ld abo u t  the 5 /2 "abacus." 

Do any of B Y T E 's readers know if 
both types were i n  use in both coun tries 
and whether  th e re are any oth e r  
configu rations? 

Wil l iam B Adams 
POB 3468 3 

Bethesda M D  20034 

ON OTH E R  H A R D WA RE WAYS 
TO M U LTIPLY 

I just fi n ished read i n g  the arti c l e  
" H ow i o  M u l ti p l y  i n  a Wet C l i m ate : D e 
s i g n  Detai ls" (May 1 97 8  BYTE , page 
1 04) by J ac k  B ryan t and Manor S w asdee.  
I thought the article was great. H o wever 
t h e  authors made m en tion of only one 
c h i p  from T R W ( t h e  M PY-1 6 A J -M ) .  

There is o n e  o th e r  8 b i t  by 8 b i t  
mu l t i p l y  i n tegrated ci rcu it c h i p  (see 
" W h a ts N e w" Dece m be r  1 9 7 7  B Y T E ,  
page 2 1  0) .  I t  uses less power t h a n  the 
one t h e  authors B ryant  and S wasdee 
use , and is faster. Also there are tran
sistor-transistor logic (TT L )  4 bit by 4 
bit  m ultipl ication in tegrated circuits 
(the 74284 and the 74285 ) .  The two 
circuits must be used together. They wil l  
do 4 bit by 4 bit m u ltip l ication in under 
50 ns. I am c u r rent ly u sing a pair  to d o  
bin ary coded d e c i m al ( BC D )  m u l ti p l i 
cations. I wou l d  l i ke to see m ore of th i s  
h ardware type of article i n  BYTE.  

FTB3 Al lan W Bathe 
W-2 Division 

USS Canopus ( AS-34) 
FPO New York 09501 

But authors Bryant and S wasdee 
actually used the chip they concentrate 
on . . . .  CH • · 

MAXIMIZE 
YOUR MICRO! 8080/Z80 System Software 

Purchasing a microcomputer system, even at 
today's low prices, is a significant investment. 
And to utilize that investment to its full extent 
requires a solid base in system software. Don't 
just accept what comes with your hardware . _ . 
there's a better alternative! 

OPUS/ONE: Business-oriented, block-struc
tured high-level language. Includes such 
capabilities as extended arithmetic precision 
(up to 55 digits), multi-character variable 
names, and easy to use string operations. 
Includes a built-in DOS with random access 
files. 
OPUS/ONE . . . . . . . . . . . . . . . . . . . . . . $99.00 
OPUS/TWO: Extends the capabilities of 
OPUS/ONE with such features as error trap
ping, machine code and OPUS subroutine 
calls, overlays, and more disc file commands. 
OPUS/TWO . . . . . . . . . . . . . . . . . . . .  $195.00 
FORTE: An OPUS run-only system monitor, 
perfect for end-user installations. Runs all 
OPUS Language programs. 
FORTE . . . . . . . . . . . . . . . . . . . . . . . . . . $60.00 
S.O.S.: (Single-user Operating System) A full
function DOS which includes OPUS/THREE, 
a text editor (TEXTED), an assembler 
(ASSEMBL), and a package of useful system 
utility programs. 
S.O.S . . . . . . . . . . . . .  _ . .  _ . . . . . . . . . . $385.00 
TEMPOS: The ultimate microcomputer 
system software package. A multi-user/multi
tasking OOS which will handle up to 7 
interrupt -driven terminals simultaneously, in a 
true time-sharing environment. Includes 
OPUS/THREE, TEXTED, ASSEMBL, and 
many utility programs. 
TEMPOS . . . . . . . . . . . . . . . . . . . . . . . $785.00 
All packages are upward-compatible. That is, 
programs and data developed under 
OPUS/ONE may be run at any higher level, up 
to and including TEMPOS. 

Standard device drivers are available for many 
common peripherals; all packages include 
System Generation capability, allowing the 
user to interactively add drivers for any 1/0 
device, including disc drives. 

Like to know more? Circle the inquiry number 
below or contact your dealer for your free 
copy of our system software brochure! For 
complete information, order your user's 
manual now, and we'll apply the price toward 
purchase of the software. Please add $1.50 per 
manual (set) for shipping/handling within the 
U.S. (Master Charge and VISA accepted). 
OPUS User's Manual . . . _ . . . . . . . . . . $12.50 
S.O.S. s

·
et (inc. OPUS Manual) . . . . .  $20.00 

TEMPOS Set (incl. OPUS Manual) . . $20.00 
Dealer & O.E.M. inquiries invited. 

ADMINISTRA.TIVE DO SYSTEMS DElDINC. DO 
1642 S. Parker Road, S u ite 300 

Denver, Colorado 80231 
(303) 755-9694 
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Sweets for K I M  S p u rned 

Dan F y l stra's usefu l l o w  calorie text 
editor and asse m bler for K I M-1 , 
" S W E ETS for K I M ,  a Low Calorie Text 
E d i tor," Febru ary 1 9 7 8  B Y T E ,  page 6 2 ,  
contains a b u g  on page 6 8  w h i c h  l i m its 
the size of programs to be h a n d l e d .  The 
asse m bler  code at a d d ress hexadecimal  
1 79 6  should read ES [ S BC E N D A D + 1 ] 
and si m i l arly at a d d ress hexadecimal  
1 7 9 C  s h o u l d  read E S [ S BC E N  D A D ] .  

E rnst S c h u macher 
Dept of C h e m i stry 
U n iversity of Bern 

C H -3000 Bern 9, Fre iestrasse 3 
S W I TZ E R L A N D •  

A M i nor M o d e  

I very m u ch enjoyed B i l l  Stru ve's 
article concerning c o m p u te rs and m u s i c ,  
"A $ 1 9  M usic I n terface (and S o m e  
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M usic Theory for Com p u ter N u ts ) "  i n  
the Decembe r  1 9 7 7  B YT E ,  page 4 8 .  I t  
was well ·written and very e x p l a natory . 
However, there is one smal l e rror I wish 
to cal l  to your attentio n :  table 2 o n  page 
5 6  contains the wrong solfeggio syl la
b les .  T h e  sy l lables to w h i c h  I a m  refer
ring are mi, Ia, and ti. They should be 
me, le, a n d  te because they are i n  the 
m i n o r  mode of the A scal e .  Keep u p  the 
good wor k !  

Scott Clay baugh 
R D  #t ,  Box 1 36 B  

East Berl in  P A  1 73 1 6 • 

I rresistible Capacitor 

A small bug appeared i n  figu re 5 of 
" H ow to Get You r Tarbe l l  Going," by 
Larry Weinste i n  ( J u l y  1 9 7 8  B Y T E ,  page 
1 64 ) :  capaci tor C 1 6  was i n c o rrectly 
d rawn as a resistor. The 0.0022 f.lF value 
is correct, h owever.• 

C i rc le  1 32 o n  inquiry card. 

U n ivac Had It F i rst 

W F Steagall Sr,  System Deve l o p m e n t  
C o r p ,  2 5 0 0  Colorado, San ta M o n ica C A ,  
h a s  i nformed u s  t h a t  t h e  figure 8 caption 
on page 92 of the A u gust 1 9 7 8  B YT E  
( " A  S hort H istory of C o m p uting" b y  
Keith S Reid-Gre e n )  is i n  error, and that 
the U n ivac I featured s i m u l taneous i n p u t  
a n d  o u t p u t  ( 1 0 )  and processing as early 
as 1 95 1 . • 

Translation Error 

I n  " B Y T E 's B u gs "  F ebruary 1 9 78 
B Y T E ,  page 9 3 ,  j o h n  D L e as i a  writes 
to point out an error o n  the pse u do
ran d om n u m ber generator, first p u b
l ished in the N ovem ber 1 9 7 7  B Y T E .  
Howeve r ,  t h e  origi n al object code as 
su p p l i e d  by Daniel  G rieser, was total l y  
correct. I n d e e d ,  if  t h e  corrections 
suggested by I o h n  D Leasi a are i m 
p l e m e n t e d ,  one w i l l  create the very 
bug he is try i n g  to erad i cate. 

The confusion m u st arise ove r the 
difference i n  a rc h i tectu re between the 
6800 and 6500 type m a c h i nes, the 
former possessing two accu m u l ators 
w h i l e  the l atter h as o n l y  one. T h e  
origi nal , as written f o r  the 6800, m a kes 
use of both a cc u m u lators and is,  as 
stated i n  the arti c l e ,  a d i rect i m p l e m en
tation of the identi ty 1 3  X N = N X 2 3 

+ N X 2 2 + N .  If, h owever, we were 
u n a ware of the d u a l  accu m u lators being 
use d ,  and assu med a l l  the m ath to be 
going on i n  one acc u m u l ator (so m e h o w ) ,  
then t h e  e q u ation that appears t o  b e  
i m p l e m e n te d  is :  [ N  X 4 )  + N ]  X 2 + N 
= 1 1  N .  If,  as suggested by J o h n  D Leasia, 
the op codes at 0005 and 0006 are i n ter
c h anged , th e e q u ation that i s  �ctual ly  
i m p l e m en ted i s :  N + 2 N  + 2 X N 
( w h i c h  agai n equals  1 1  N and,  as j oh n  
p o i n ts o u t ,  this does n o t  generate al l  
possible n u m bers a n d  repeats after o n l y  
1 2 8 n u m bers ) .  

When using a 6500 type m a c h i n e  
with i ts s i n gle accu m u l ator,  one m u s t  
a d o p t  a sl igh tly diffe re n t  ap p roach. The 
program s u p p l ie d  by john for h is K I M - 1  
wou l d ,  I be l ieve , r u n  pe rfec tly ;  i t  is i n  
fact using the ident ity :  

1 3 X N  = [ ( N X 2 ) + N ] X 4 + N  
= 3 N  X 4 + N .  

A good poi n t  t o  rem e m ber i s  that, 
to try ach ieving a sem i l i teral translation 
of asse mbled object code from one 
m a c h i n e  to anoth e r ,  i s  not that easy, 
especial ly w h e n  the exact m ode of 
action of one of th e i n str�ction sets 
i nvolved is l i ke ly to be u n k n own. 

J C B urch e l l  
24  Worri n R d  

S henfi e l d ,  Essex E N G L A N D  
C M 1 5 8 D E •  

Pascal a Wrong N u m ber? 

D u e  to a transcri ption error i n  a tele
phone n u m ber,  l i sting w h e re U C S D  
Pascal m ay b e  ordere d ,  a s l i g h t  rewiring 



of the UCSD telephone system had to be 
temporarily performed to i n tercept al l  
phone cal ls.  The correct telephone 

number for the UCSD Pascal project is 
( 7 14 )  452-4526. Ken Bowles tel l s  us 
that the incorrect n u m be r  pu bl ished i n  
August 1 9 78 BYTE, page 1 32 ,  w i l l  b e  
discontinued a s  soon a s  possi ble.• 

A Looming Bug 

j u ly 1 97 8  BYTE 's articles on the 
history of data p rocessing and com p u ters 
added a wel come d imension to your  
journal. However, I have one  q u estion. 
According to D r  j ames M Will iams in 
"Antique Mechanical Computers, Part 1 :  
Early Au tomata" (on page 5 7 ) :  

I n  7 74 7, h e  [ Vaucanson]  devised the 

system of punched cards that con trolled 

the looms in the jacquard tapestry 
factory. 

According to Keith S Reid-Green in 
"A Short H istory of Computing" (on 
page 89 ) :  

A lthough jacquard is commonly 

though t to have orginated the use of 

cards, it was actually done first by 
Falcon in 7 728. Falcon 's cards, which 
were connected together like a roll of 
postage stamps, were used by jacquard 
to con trol the first fully automatic 
loom in France . . . .  

Would you care to com ment? 

M s  Kemp Vicik 
7752 Chalmette Dr  

Hazelwood MO 63042 

Keith S Reid-Green Repl ies 

The following quote is taken from A 
History of Technology, volume I V, 
Singer Ho/myard et a/, editors, Oxford 
University Press, 7 958. It should help 

to explain matters: 

Prior to the 1 9th Century an auto· 
matic loom requ i red conside rable 
manual assistance. I n  the most advanced 
models of the early 1 700s, woven 
patterns were control led by  a cy l indrical 
perforated paper roll .  I n  1 728,  Falcon 
replaced the paper rol l with connected 
punched cards and a mechanism to read 
them.  In 1 745,  Vaucanson transferred 
the mechanism from the side of the 
loom to an overhead position and added 
a perforated cylinder rotated directly 
from the loom . j acqu ard , i n  1 80 1 , is 
credited with m echanizing out  of exis· 
tence the job of draw-boy and thus ful ly 
automating the loom. A paten t  to re· 
place the draw-boy with a m achine was 
issued before J acquard was born - i n  
1 687  t o  j oseph Mason a n d  a later o n e  i n  
1 779 t o  Wi l l iam Ch.eape. 

jacquard may get the credit because 
"Cheape Looms" probably didn 't sell. 
For more details, · see A H istory of 
Technology. 

Keith S Reid-Green 
Director, Software System Development 

Educational Testing Service 
Princeton NJ 08540• 

Write and run machine language programs at home, d isplay video 
graphics on your TV set and destgn microprocessor circuits-the 
very first night-even if you've never used a computer before ! 

ELF II featuring RCA COSMAC 
microproce��: COMPUTER $9995 

As luturod 
in POPULAR 

Stop re<lding 
E L F  I I  and our new Coun�· by Tom Pit! man. you can 
master computers in no time at a l l !  E L F  I I  demonstrates all 91 
commands an RCA 1802 can executt" and the Short Cuurst• 
quickly teaches you how to u"e each of the IR02's capabilities. 

E L F  I I '" video output let" you di"play an alphanumeric 
readout or graphics on any TV c;;crt"en or vidt"o monitor plus 
enjoy the latest video games. including an ex< . .' i t ing new 
target/missile gun game that was specifically developed for 
ELF I I .  

But that's not all.  Once you've mastered computrr funda· 
mcntals. E L F  I I  can give you POWER with add-ons that are 
among the most advanced found anywhere. No wonder I EEE 
chapters plus hundreds of universities and major corporations 
have c.hosen the ELF II to introduce their students and per· 
sonnel to microprocessor computing! 

Learn The Skill That May Soon Be Far 
More Important Than Your College Degree! 

The ability to use a computer may soon he more important to 
your earning power than a college degree. Without a k now\· 
edge of computers. you are always at the mercy of others when 
it comes to solving highly complex husine,.s, engineering, in· 
dust rial and scientific problems. People who understand com· 
pulers can command MO�EY and to get in on the action, you 
must learn computers. Otherwise you'll be left behind. 

ELF Il ls The F·A·S·T Way To Learn 
Computer Fundamentals! 

Regardless of how minimal your computer background is now. 
you can Jearn to program a computer in almost no time at all. 
That's because Netronics has developed a special Short 
Course on Microprocessor Ami Computt•r PmgramminJ.! in 
non-technical language that leads you through every one of the 
RCA COSMAC 1802"s capabilities so you"ll  understand 
el'ervtlring ELF II can do . . . and huw tv gt'f ELF /l tv do it! 

Ail 91 commands that an 1802 cHn execute are explained to 
you, step-by-step. The. texl-, written for Netronics by Tom 
Pittman, is  a tremendous adV"ltnCe over every other program· 
ming book in print. 

Keyed specifically to the ELF I I ,  it"s loaded with ··hands 
on'' illustrations. When you're finished, ELF II and the 1802 
will no longer hold any mysteries to you. 

as FORTRAN and BASIC must be tran�lated into machine 
languttge hefore n computer can understand them. With E L F  
I I  y o u  build a solid foundation in computers s o  you'll really 
know what you're doing. no matter how complicated things 
get. 

Video output also makes ELF II unique among computers 
"'elling for such a low price. Attached to your TV set. E L F  I I  
becomes a fabulous home entertainment center. I t 's capable of 
providing endless hours of fun for both r�dults and childre.n of 
all ages! E L F  I I  c�m create graphics. alphanumeric di<spl<lys 
and fantastic video games. 

No additionnl hardware is required to connect ELF 1 1  to 
your TV's video input . If you prefer to connect ELF II to your 
antenn<.� terminals instead . simply use a low cost R F modulator 
(to order one. see coupon below). 

E L F  I rs 5·card expansion bu<!- (connectors not inchtdedl 
allows you to expand E L F  I I  as your needs for power grows. If 
you're an engineer or hobbies! . you can al'io usc ELF II as :l 
counter, alarm. lock. tht>rmost:ll. timer or telephone di:Jier. or 
for countless other applic:.J.Iions. 

ELF II Explodes Into A Giant! 
Thanks to ongoing work by RCA and Netronics. ELF I I  
add·ons are among the most advanced anywhere. Plug i n  the 
GIANT BOA Rif--t and you can record and play back progr�1ms, 
edit and debug programs. communicate with remote devices 
and make things happen in the outside world. Add Kluge Board 
to get E L F  I I  to solve special problems such as opemting a 
more complex alarm system or controlling il printing pre"s. 
Add 4k RAM board and you can write longer programs, store 
more information and solve more sophi�ticated problems. 

Expanded, ELF II is perfect for engineering. business. 
industrial. scientific and personal finance applications. No 
other small computer anywhere near ELF I f 's low price is 
backed by such an extensive research and development pro· 
gram. 

The ELF-8UG.l3' Monitor is an extremely recent break· 
through that lets you debug programs with lightening speed 
hecause the key to debugging is to know what's inside the 
registers of the microprocessor and. instead of single stepping 
through your program. the ELF·BUG''O(J Monitor, utilizing 
break points. Jets you display the entire contents of the regis· 
ters on your TV screen at any point in your program. You find 
out immediately what's going on and can make any necessary 
changes. Programming is further simplified by displaying 24 
byte.s of R A M  with full address. blinking cursor and auto 
scrolling. A must for serious programmers! 

Netronics will  soon be introducing the ELF I I  Color 
Graphics & Music System-more breakthroughs that E L F  I I  
owners wil l  be the first t o  enjoy� 

Now BASIC Makes Programming ELF II Even Easier! 
Like all computers, ELF II understands only "machine 
language ., -the language computers use to talk to each other. 
But, to make life easier for you, we've developed an ELF II 
Tiny B:-\.SIC. I t  talks to ELF II in machine language for you so 
thJ.t you C�lO program ELF II with 'iimple words that can be 
typed out on a keyboard such as P R I N T, RUN and LOAD. 

I n  fact ,  not only will you be able to usc a person;1l computer 
creatively, you'll also be able to read magnzinc" such as 
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��;e �?.� BYTE . . .  I N T E R FA C E  A G E  . . .  P O P U L A R  E L EC ·  
TRONICS and PERSONAL COMPUTING and under- than .. big name•· computers that cost a lot more money. 
stnnd the articles. With E L F  I I ,  you learn to write and run your own program". 

If you work with large computers. ELF II and our shurt You ' re nc\·er reduced to being a mere keypunch operator. 
Coune will help you to understand what makes them tick. working blindly with someone else's predcveloped software. 

No matter what your specialty is. owning a computer which 
A Dynamite Package For Just $99.95! you really know how to use �� sure to make you a leader. E L F  

With E L F  I I ,  you learn to u s e  machine language-the fund a· II is the fastest w�y there is to get into computers. Order from 
mental language of all computers. Higher level languages such the coupon below! r-- - - - - - - - - - - SEND TODAY! - - ·- - - - - - - - - � 
I NOW AVAILABLE FOR ELF II- 0 Delu xe mew I cnbinet for .� S C I  I Netronics R&D Ltd . •  Dept. 0000 

0 Tom Pittman·s Short Course On Mi· Keyboard, $19.9S plus $�.50 p&h. 333 Litchfield Road. Phone 
cr,proussor & Computu Programm- 0 E L F  I I  Tiny BASI C on cassette New Milford. CT 06776 (�03) 354·9375 
ing teaches you just about everything t a pe . C o m m a n d s  i n c l ude S AV E .  

Yes ! I want to run programs a t  home and there is to know about ELF II or any LOA D . .= .  ' . 7 • ( ). �6variables A·Z ,  have enclosed: O $99.95 plus S3 posta�e RCA 180� computer. Written in non· I .ET. I F/T H E N .  I N PUT. P R I NT. 
technical  language, il"s a learning G O TO , G O SIJ B .  RETURN , E N D .  & handling for RCA COSMAC ELF II k t, 
breakthrough for engineers and laymen R EM ,  C L E A R .  L I ST, R U N ,  PLOT, 0 $4 . 95 lor power supply (requited ) ,  
alike. $S.OO postpaid! P E E K .  P O K E .  Comes ful ly  docu- 0 $5 1or RCA 1802 User's Manual, 0 $5 

0 Deluxe metal cabinet with plexiglas mcntcd and includes alphanumeric lor Short Course on Microprocessor & 
dust cover for ELF 1 1 .  $29.95 plu"' ge nerator requtred to d 1 s p l a y  a l ·  ComputerProgramming. 
$2 . 50 p&h. phanumcric ch:tractcrs dir.c�tly on your 0 I want mine wired and tested with 
0 E L F  1 1  connects to the video input TV screen wuhou.t add1t1onal hard· power supp ly, RCA 1802 User's Manual 
of your TV <et. If you prefer to use ware, .'\l<tJ play' l lck-tack·I<Je �Ius a and Short Coune lnctuded lotjust$149.95 

your 1 1ntenna terminals,  order R F draw1ng game .that .nscs ELJ· II s hex plus $3 p&hl 
Modulator, $8.95 postpaid. heyboard as a JOYStick. 4k memory re· 0 I am also enclosing payment (including 
o GIANT BOARD"' kit with cas<ette qUI red . $14.95 po<tp•ud. postage & handling) lor tile items checked 
110. RS 232-CfTTY 110. 8-bit p 110, 0 Tom Pillman"< Short Course on Tiny at the left. 
decoders for 14 separate 1/0 instruc· BASIC for E L F  I I ,  $5 postpaid. Total Enclosed (Conn.  res. a d d  tax) 
tions and a system monitor/editor. 0 Expansion Power Supply (required S 0 Check here if 
$39.9S plus $2 p&h. when adding 4k R A M) . $34.95 plus $2 you are enclosing Money Order or Cashier's 
0 Kluge ( Prototype) Board accepts up p&h. Check to expedite shipment. 
to 36 t Cs. $17.00 plus $1  p&h. 0 EI.F-BUG'• Delux. System Monitor USE YOUR 0 VISA 0 Master Charge 
0 4k Statir RAM kit. Addressable to on cas"ette tape. Allows displaying the (Interbank #  __ -- - -l 
any 4k page to 64k. $89.95 plu s $� p&h. content." o� all registers on your TV .at Account # 
0 Gold plated 86-pin connedors (one any pomt 10 your program .. Also diS- Signature Exp. Date __ 
required for each plug-in board). $S.70 play< 24 byte< of memory woth full ad · PHONE ORDERS ACCEPTED (203) 354·9375 1 postpaid. �rc,.sc'i, hl tnkmg cursor �nd auto scroll-
0 Professional ASCII KeybOard kit mg. 1 A muc;;t for t�e 'enous program· Print I with 128 ASC I I  upper/lower c;�se set, mer . . $14.95 post patd. Name 
96 printable characters. onboard re�;u- C�mmg Soon: A- 0. D·A Converter. Address I lator. parity. logic selection and chotec Ltght �en, Contro.llcr Board. Color 

Ct"ty I of 4 h<mdshaking signals to mate with G raphtc s  & M u sH.' S y s t e m  . . .  and 
almost a n y  computer. $64.95 plus $2 ml)rf.'! State Zip 

L..,E.� 
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Circle 32 on i nq u i ry card. 

The Independen t Newsle tter 
of Heath Co. Computers 

The i ndependence of Buss i s  a c ru c i a l  factor i n  
i ts s i g n i f i ca nc e  to u s ers ( a n d  pros pec t i ve u s e r s ) 
of Heath Co . comp u t e r s . I n forma t i o n on . new prod
ucts i s  presen ted to Buss readers a s  i t  l ea k s  out 
of Benton H a r bo r ,  not he l d  back to s u i t  the p l a n s  
of t h e  ma n u fa c t u rer . T h i s  h a s  been t r u e  from i t s 
f i r s t  i s sue , wh i c h d i rec ted a tten t i on to the 8080 
and L S I - 1 1 mo n t h s  before a ny advert i s i n g a p pea red 
on the H8 a n d  H l l .  Buss fe a tu res cand i d  a c c o u n t s  
of owners ' ex per� ences wi th thei r computers - - th i s  
i s  far more v a l u a b l e  than a n  a r t i c l e b a s ed o n  the 

o p i n i on s  of a s i n g l e rev i ewe r .  I t  s ha re s  news o f  
compa t i b l e h a rdware & s oftwa re from o ther vendors 
a s  we l l  a s  rev i ews of boo k s  tha t c a n  he l p  you g e t  
the most out o f  your c ompu ter sys tem . 

Every i s s u e  of Buss t r a ve l s by f i r s t  c l a s s  m a i l 
( ou t s i de North Amer i ca i t  goes by a i r  for o n l y  $2 
extra ) .  Your 1 2 - i s s u e  s u b s c r i pt i on c a n  be on i ts 
way to you w i th i n  a wee k .  Y o u  h a v e  the c h o i ce of 
s t a rt i ng e i t h e r  w i t h t h e  l a tes t i s s u e  or w i t h  a l l  
a va i l a b l e ba c k  i s s u e s . Send $7 . 50 to Buss , 3 2 5 - B  
Pennsyl va n i a  Ave . S E , Wa s h i n g ton , DC 20003 . 

1 48 

M I TS M i n ifl o p p y  D i sk U sers G r o u p  

The formation of a users gro u p  for 
the owners of the M I TS m i nif loppy disk 
system h as been a n n o u nced . T h e  gro u p  
i s  non profi t  and w i l l  a c t  a s  a c learing 
house for software for t h e  n e w  m in i
flo p p y .  Those i n terested should se n d  a 
self-add ressed stam ped enve lope to A A A  
C o m p u te r  Services, POB 2 7 4 2 ,  A p p l e ton 
W I  5 4 9 1 1 .  

Cromemco U sers P o o l  

T h e  Cro m e m co U s e r ,  Syste ms and 
Software Pool  ( C UssP) has been formed 
for u sers of Cromemco systems and 
boards. I ts pu rpose is the ex change of 
h ardware an d software operating notes, 
bugs a n d  their  "cures," prod u c t  eval u a
tions and user wri tten software. T h ree 
i n i tial  newsletters are p l a n n e d ,  each h igh
ligh ting a d i ffe ren t piece of Crome m co 

software : 1 6  K B A S I C ,  asse mbler  and 
F O R T R A N .  Any user i n p u t  i s  welco m e .  
The m e m bersh i p  fee i n c l u d i n g  t h e  t h re e  
in i t ial  n e wsle tters is $ 1 0 . F o r  m ore i n 
fo rmation,  user i n p u t, o r  m e m be rsh i p  
write to David Dameron,  4 0 2  E O ' K eefe 
S t ,  A p t  2 7 ,  E Palo A l to CA 94303.  

The N e w  E ngland C o m puter S ociety 

The New England Com p u te r  Society 
(N ECS) meets the first Wed nesday of 
each m o n th for the p u rpose of ex
changing com puter h o bbyist i n for
m ation.  N ECS i s  the largest c l u b  in the 
area with 1 70 paid m e m be rs. W i t h i n  
the c l u b  there are P ET ,  T RS-80, M 6 8 0 0  
and 6 5 0 2  u s e r  groups. They a r e  also 
foste r i ng a PC Net i n terest gro u p  w i th a 
p lanned b u l l e ti n  board syste m .  M e m ber
s h i p  d ues are $6 per year which i n c l u d e  
a newsle tter. The meeti ngs start a t  
7 P M  and are h e l d  at t h e  M i tre Corp 
cafe teria, Route 6 ,  east of Route 3 ,  
Bedford M A .  For additional i nfor
m ation,  write to the New E ngland 
C o m p u te r  Society, P O B  1 9 8 ,  Bedford 
M A  0 1 7 3 0 .  

Attent ion S i ngapore Readers 

There is a move to set up a S i ngapore 
M i c rocom p u ter Society which wou l d  
i n c l u d e  home and h o bby com pute r  users 
as we l l  as professional system designers. 

P C E E L E C T R O N I C S  
S - 1 0 0  K I T S  

1 6/4 + 1 E P R O M/R A M  B O A R D  K I T  

B K  S T A T I C  R A M  K I T 

I I  S L O T  M O T H E R B O A R D w i t h  s oc k e ts 
4 8 K D Y N A M I C  R A M  K I T 

V E R S A F L O P P Y  D I S K C O N T R O L L E R  

A l l  k i t s a r e c o m p l e t e  w i t h  

s o c k e t s  a n d  d o c u m e n t a t i o n .  
p r i c e s  s u b j ect t o  c h a n g e  
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$ 1 3 0 °0 

$ a ooo 
$ 6 3 1 ° 0 

$ 1 5 5  °0  

I f  y o u  l ive i n  S i n ga p o re a n d  are i n ter
ested in this society , you should  ge t in 
to uch w i th Bernard Tan, Physics Dept, 
U n iversity of S i ngapore, Bu kit  T i m ah 
R d ,  S I N G A PO R E  1 0. 

New C l u b  S u p ports the RCA 1 802 
COSMAC 

Owners of Elf, S u pe r  E If,  E l f  I I ,  
COSM AC V I P ,  COS M A C  Deve l o p m e n t  
Syste m  or H o m e brew 1 8 02 w i l l  f ind 
m a n y  progra ms, a p p l i cations and experi· 
m e n ts for their  m i c rocom p u ters i n  each 
issue of Questdata. This p u b l ication w i l l  
d i scuss t h e  RCA i n struction se t and h o w  
t o  b u i l d  i n te resting p rograms for graph
ics, con tro l ,  games and busin ess pur
poses. Coverage w i l l  be given to T i n y  
B A S I C ,  E l f  expansion poss i b i l i ties ( m em
ory, cassette i n p u t/ou tput, e tc ) ,  l igh t 
pens, reader q u estions and m usic  pro
grams. To o btain t h i s  m o n th l y  pub
l i cati o n ,  send $ 1 2  to Questdota, POB 
4430,  S a n ta C l ara C A  95054.  

Dutch a n d  Belgian H ob by 
C o m puter C l u b  

T h i s  past su m mer R o b  Bron c kers 
from the D u tch Hobby C o m p u te r  C l u b  
stopped b y  t h e  B Y T E  offices t o  give u s  
i n form ation about this E u ropean c l u b. I t  
is a rath er large c l u b  with eigh t c h a p ters 
i n  T h e  N e therlands and two i n  Belg ium 

T h ere i s  m u c h  m o re, i n c l u d i n g  
c o m p l e t e  s y s t e m s ;  f o r  m o r e  
i n fo r m a t i o n,  w r i te f o r  o u r  f l y e r .  

P C  E E l e c t r o n i c s  4 7 8 2  Dewey D r i v e  
F a i r  O a k s  C a .  9 5 6 2 8  

· m a s t e r  c h a rge · 5  o-ro f o r  s h i p p i n g ,  
e x c e s s  r e f u n d e d  

. v i s a  
- c a l i f  re s i d e n t s  

· p hone o r d e r s  a d d  6 '7o s a l e s  1 9 16 1 96 6 -2208 t a x  

· C O D  r e q u i re s  . a l l  p rod u c t s  
S O  o-ro De p o s i t  g u a r a n teed 

C i rcle 288 o n  i n q u i ry card. 



Circle 353 on i n quiry card.  

A Practical Introduction to 
PASCAL 
Byi.R. Wilson and A.M.Addymon 
1978. approx. l45p. paper $7.90 
ISBN 0-387-91136-7 

· Simple problems introducing control constructs, 
expressions, and the use of procedures 

· A discussion of the concept of data type, fallowed 
by a complete description of the data structure 
facilities of PASCAL 

· An analysis of more advanced procedures and 
dynamic data structures, and 

· Over sixty programs. 

and Functions. Data Types. An Advanced Data Type 
-The Sequential File. Elementary Structured Types 
1 ,  2, 3 and 4: Set, Array, Record and Variant. 
Advanced Uses of Procedures and Functions. 
Dynamic Data Structures. 

Price subject to change without notice. 

Suitable far beginners and experienced program
mers who wish to learn the complete PASCAL 
language, this concise introduction includes 
· Syntax diagrams and complete examples illustrat· 

Contents 
Introduction. The Form of a Program and Basic 
Calculations. Basic Control Constructs. Variables, 
Constants and Expressions. An Introduction to 
Input and Output. An Introduction to Procedures 

Springer-Verlag New York Inc. 
175 Fifth Avenue, New York, NY 10010 ing each feature of the language 

- an approx i mate m e m be rs h i p  of 1 000. 
The c l u b  offers a hard ware service and 
has a software l i brary . T h e  m e m be rs h i p  
dues  are H F L  1 5= ( 1 5  D u tc h  F l o r i n )  
i n c l u d i ng t h e  n e wsle tter, HCCN, w h i c h  i s  
p u b l ished every t w o  m on ths. For m ore 
i n form ation about this c l u b ,  y o u  can 
contact Rob B ro n c kers at D e l fse kade 
1 2 , Leidsc h e n dam , N ET H E R L A N DS 
0 3 0-7 1 3 5 6 8. 

Blackhawk B i t  B u rn ers C o m p u te r  C l u b  

Rockford I L i s  t h e  l ocation o f  this  
new c lub w h i c h  m eets at 7 : 1 5  P M  
on t h e  second Wedn esday of every 
m o n th . They have ove r 40 m e m bers and 
are anxious to i n crease that n u m be r .  
Mem bersh i p  i s $ 1 2  a y e a r  w h i c h  i n c l udes  
a newsletter. I n terested i n d iv iduals  
should write to Fran k D D ougherty, 3 2 5  
Beacon D r, Belv idere I L 6 1 008, o r  cal l 
( 8 1  5) 5 44-5206 after 7 P M .  

New Tandy C o m puter U sers G ro u p  

T h e  N ational  Capitol  C h a p te r  of the 
Tandy Com p u te r  Users G ro u p  h as been 
fo rmed. G e n eral m e m be rs h i p  meetings 
are h e l d  on the l ast Wedn esday of each 
month.  The gro u p  is open to any and 
a l l  i n terested persons. For m o re detai l s  
on gro u p  activities, write to Rod Wright,  
8 2 05 Ch ivalry R d ,  A n n a n d a l e  VA 
22003,  ( 7 0 3 )  5 6 0-5 854.  

N orth Star U sers Group Rel eases 
Program L i brary 

The N orth S tar Users G ro u p  has re
leased more than 3 00 programs on 2 0  
diskettes w h i ch a r e  avai l able f o r  a smal l 
copying charge p l u s  the price of a n e w  
disk.  T h e  d i sks a r e  designed t o  r u n  i n  
m i croco m p u ter systems t h a t  u t i l ize t h e  
North Star DOS a n d  North S tar BAS I C, 
a h igh level i n terpreter. 

The l i brary i n c l u d es business and 
fi n ance programs, mai l ing l i st programs, 
math programs, program m i n g  u t i l i ties, 
a P i l o t  i n te rpreter, a Palo A l to Tiny 
B A S I C  i n terpreter and a large n u m be r  
of games. F u rther information c a n  be 
obtained by se n d i n g  a self·add ressed 
stamped envelope to J Dvorak, N S U G  
Program library Distributor, 7 0 4  Solano 
Av, A l bany CA 94706.  

San . Fernando Val ley K I M - 1  Users Club 

The San Fernando Val ley K I M - 1  
Users C l u b  is off a n d  runn i n g. T h e  first 
meeti ng was a great success and they are 
try ing to attract as many new m e m bers 
as possi b le .  The general purpose of the 
c l u b  i s  to foster informal co m m u n i cation. 
among fel l o w  K I M-1 users. Meetings 
w i l l  be o n  the seco nd Wed nesday of each 
m o n t h .  For more i nformation con tact 
j i m Z u ber, 20224 Coh asset, n u m be r  1 6 , 
Canoga Park CA 9 1 306.  

Washi ngton DC A mate u r  
C o m puter Society 

T h rough the m o n th l y  n ewsle tter, 
] WA CS, we are k e p t  posted o n  the c u r· 
ren t  h a p p e n i n gs of the Wash i ngton D C  
A m ate u r  C o m p u te r  Society. T h i s  i n 
formative newsle tter is avai lable to 
Society m e m bers; n o n m e m bers m ay 
su bscri be to the j o u rn al at the rate o f  
$ 6  per  y e ar. The c l u b  i s  i n terested i n  
exchanging newsletters with other  or· 
gan izations to further the i n te rc h ange 
of h obby ist i nfo rmation.  If you l ive i n  
the Wash i n gton area and are i n terested 
i n  beco m i ng a m e m ber,  se n d  a self
addressed stamped envelope to Washi ng
ton A m ate u r  C o m p u ter Society ,  4 2 0 1  
M assac h u setts Av,  Wash ingto n  DC 2 0 0 1 6 
for meeting d e tai l s. 

Tu lsa C o m p u te r  Society 

T h e  Tu lsa Com puter Society is an 
active co m p u te r  c l u b  that meets on the 
last  T uesday of every m o n th at 7 : 3 0  
P

.
M . T h e  m eeting pl ace i s  the Tulsa  

Vocational-Tec h n i cal School se m i nar 
room at 3420 E M e m orial D r. M e m 
bersh i p  i n  TCS is $ 6  an n u a l l y ,  w h i c h  
i n c l udes a o n e  y e ar's su bscription t o  
i t s  newsle tter, The 1/0 Port. Corresp ond
e n ce should  be se n t  to T h e  Tu lsa Com
p u te r  Society,  P O B  1 1 3 3 ,  T u l sa O K  
7 4 1  0 1 .• 

c�;; New and Unusual SOUNDS _ 0 X g � 
for your Computer $149.95� 

.- . ·.- · . :..: ·· . .. 1{1 " .... 

. .  .J�'1:. . � <Jl 
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The Microsounder is an S-100 compatible sound general- c "' 
ing card that can be programmed in BASIC or assembly 0 :g "' "' 
language. Three to five lines of code generates such sounds • '"C !'l U "  
as: organ music, sirens, phasers, shotguns, explosions, trains, �.£ ii 
bird calls, helicoJters, race cars, airplanes, machine guns, <1) - � 
barking dogs, an many thousands more. Only a few minutes � =  Ol <:<: <I) � :3 of time is needed to patch the sound code into existing 52 �  '8 X 
prfhams. � � C.. Q. .& "' 

he Microsounder is assembled and tested, and comes Cl: ><  J: 
complete with sample code, two game programs, and two �i� N o1l 
utility programs for creating almost any sound. � 
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Hobbyist 
Computerized 
Bulletin Board 

Bul letin board systems 
cou ld  become nodes in a 
communication network. 

. 
Note : 

This project was a 
collaboration of Ward 
Christensen and Randy 
Suess. Each had a par
ticular part to uphold. 
The first part of this 
article describing the 
purpose of the bulletin 
board is written by 
Ward. The · part de
scribing the hardware 
details is written by 
Randy . . . .  RGAC 
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Ward Christensen 
688 E 1 54th St #3D 

Dolton I L 60419 

Randy Suess 
1 930 Bradley 

Ch icago IL 60613 

The Computer· ized Hobby ist Bu l let in 
Board System i s  a personal computer based 
system for message commun ication among 
experimenters. People with term ina ls  or 
computers equ ipped witl i  modems cal l in to 
leave and retrieve messages. It was conceived, 
designed, bu i l t, p rogrammed, tested, and 
instal led in a 30 day per iod (J anuary 1 6  
1 978 to February 1 6  1 978) by the two of 
us. In an effort to generate material for our 
computer c lu b's newsle tter, I first though t 
of the idea and d i scussed i t  with Randy on 
j anuary 1 6 1 978. 

We la id out  the hardware requ i rements :  
an 8080 processor with 24  K bytes of  mem
ory, s i ngle floppy d i sk, modem i n terface, 
and some sort of local keyboard and d i s
p l ay .  Randy scoured the compu ter stores 
and purchased a mother board and two 4 K 
byte memory boards at a reasonable price. 
I tal ked with L loyd Sm i th and Bi l l  Bassett, 
who operate DMA I nc, a manufacturer of 
floppy d i sk dr ive systems based on the 
Tarbel l control ler and the l nnovex (now 
l nnotron ics) floppy d isk dr ive. DMA offered 
to donate 40 percen t  of the cost of a con-

-- :;;;--

trol ler  and floppy d is k  d rive to the p roject. 
I purchased the floppy d i sk  d rive, control ler 
and CP/M l i cense, and l oaned 24 K bytes of 
memory to the project, pend ing  rece ipt  of 
1 6  K bytes offered by DMA. Randy donated 
h is D C Hayes modem board, PolyMorph ics 
VTI ,  SwTPC keyboard, power supply,  
chassi s, I MSA I 8080 processor card and 
Vector memory board. 

We started with the monitor for the sys
tem , but found  that it was d i ffi cu l t  to make 
the VTI keyboard port work because the 
VTI keyboard data bus shares the bus 
carry ing the characters be ing d i sp l ayed. 
To solve th i s, Randy bought  a Processor 
Technology 3 P+S board and interfaced the 
keyboard to it. Th i s  a lso a l lowed us to have 
a sense swi tch port us ing the 3 P+S. S ince th is  
board has a ser ia l  port, Randy l ater decided 
to add a Tel etype to the system for l og
g ing i ncoming data. This completed the 
configuration .  

Programming 

I n  the first week of the project, I wrote 
a mock-up of the software us ing M ITS 8 K 
BAS IC. The i n pu t/output ( 10) drivers 
cou ld  be switched to my modem under 
sense swi tch con trol ,  so I h ad peop l e  cal l 
i n  and cr it ique the system. Many good 
suggestions were made. 

By now Randy h ad the computer far 
enough along to need some programmi ng, 
so a mon itor was put i n to read on ly mem
ory. S i nce the system was to run under 
CP/M, a Teletype compatib l e  scro l l  rout ine 
was also put i n to the read on ly memory for 
both the mon i tor's and CP/M 's use. Addi
t ions were made l ater to support the 3 P+S 
board for keyboard i nput. 

After the BAS IC mock-up of the system 
was close to what we wanted, programm i ng 
started on the assembler vers ion of the 
software. 

Assembler  l anguage was chosen over 
BAS IC  for the imp lementation language 
because of size and speed effic iency, and to 
ma inta in control over such functions as 
controi-K to term inate (k i l l )  the cu rrent 
function and retu rn to the main menu.  
The program now consi sts of the p ieces of 
assembler source, shown in tab le 1 ,  which 
are comb ined to produce the f ina l  assembler 
source program. 

In add i tion to th is app l i cation program, 
a mod i fied BAS IC  10 system (B IOS) for 
CP/M had to be written. We wanted the 
system to be able to be started from a 
"cold boot" bootstrap program and come 
up runn ing the bu l l et in  board program, 
not CP/M . Th i s  wou ld make the system 
more crash resistant  s i nce the r ing ing of 



the phone wou ld  activate i t  and the person 
cal l i ng in wou ld  not be able to gain access 
to CP/M itself. I studied the functions of 
the CP/M conso le command p rocessor and 
mod ified the cold start routine to be able 
to load in a program and branch to it . This 
was done selective ly under con trol of the 
sense switches. I f  we wanted to load CP/M 
instead, we ju st set the  remote mode sense 
switch off. 

About 30 days after the project was con
ceived, it went  on the air v ia a new tele
phone l ine Randy had i nstal led in  his base
men t. It was used for a week by our friends 
and was then announced at the February 
meeting of CACHE,  the Ch icago Area 
Computer Hobby ist's Exchange. A po l l  
was taken to see how many peop le  cou l d  
cal l .  We  expected perhaps five or ten, but  
25  hands were raised ! 

Dur ing the weeks that fol lowed the 
CACHE meeting, many peop le  tried the 
system. We i nformed Denn i s  (D C) Hayes 
and PCN ET of i t, and they both tried it . 
Most people were able to commun icate 
wi th the system. Those who cou l dn 't had 
ei ther bad telephone l i nes or modems that 
put out weak signals, wh ich the system 
seems qu i te in toleran t of. Peop le  who left 
messages say ing they had some information 
of interest and those who said they needed 
information d iscovered that other peop l e  
using the system contacted them. We  were 
p l eased to find the system work ing th is way, 
because that was one of i ts purposes. 

Getti ng good feedback about the opera
tion of the system is importan t to us. That 
is why the goodbye function a l lows you to 
leave comments. Many people cuntr ibuted 
good suggestions wh ich were soon imp le
mPnted. For example, a new version of the 
software was being put up on the system 
every few days to send nu l l s after carriage 
returns and l i ne  feeds for the many people 
cal l i ng in using Texas I n struments S i len t 
700 termi nals. 

We wil l  continue to improve the system, 
al though we cons ider the p roject to be 
close to completion. We m ight add date 
and t ime, or if we get ambi tious, a second 
telephone l i ne ,  but we are qu ite satisfied 
with the system as i t  exists now. We wou ld  
l i ke to see other exper imenters or  c lubs  
implement such a system. 

These bu l l et in board systems cou l d  then 
become nodes in a commun ication net
work of automated message and program 
,witchi ng. 

Hardware Detai ls 

My objective for the hardware of the 
bul letin board system was to get the most 

Name 

CEOO 

CE l O  

CE20 

CE30 

CE40 
CE50 

CE80 

CE90 

CE99 

Fun tion 

Mainline routine : sign on, 
menu, etc. 
Goodbye function, com
ments function. 
Message summary retrieval 
function. 
Message entry (input, edit, 
save). 
Message retrieval. 
System functions (erasing 
messages, etc). 
Disk subroutines (read, 
write, extend, etc). 
Nondisk subroutines (mo
dem 10, etc). 
Constants and work area. 

Table 7 :  Assembler routines used in the bulletin board program. 

functions at the least cost. To this end I 
started with my I MSAI  8080 processor card ,  
having replaced i t  with a Cromemco Z-80 i n  
my  personal system. I found a n  o l d  Vector· 
mother board for free and two reasonably 
priced 4 K byte memory JOards at a com
puter store. I also bough t a PolyMorph ics 
video term inal i nterface (VT I )  card . 

We burned a monitor for a memory board 
to support the video term inal interface. Add
ing an SwTPC l· eyboard comrleted the local 
console for the ystem. 

We arc now runn ing an 8 K Vector 
Graphic memory board and two 8 K byte 
boards designed by Forrest Duston (a l ocal 
hobbyist and design engineer), which were 
donated by Lloyd Smith and B i l l  Bassett of 
DMA Inc. 

A floppy d isk was neces�ary for stor ing 
the messages, so Ward bough t a Tarbel l con
tro l l e r  board and l n novex d rive from DMA, 
who graciously offered i t  at 40 percent off. 

I put these components in to a chassis and 
home-bu i l t  card cage and started testing the 
system. I found some incompatib i l i t ies in 
the hardware, such as between the new VTI 
and the memory board (pressing reset wou l d  
no t  give control to the monitor in  read on ly  
mernory) . Switching to an  o lde r  design v ideo 
term inal in terface solved the prob lem.  

1 then found prob lems with the key
boa. d. The shar- ing of the in terface's on 
board bus between the d isp lay data and key 
board status data caused the d i sp lay to break 
up badly. Putt ing a delay loop in the soft
ware d idn ' t  he lp ,  because the nonlatched 
data wou ld easi ly be m i ssed . I solved th i s  by 
purchas i ng a P toccssor Technology 3 P+S 
board for the keyboard i nput  port. Th i s  
turned out to be very usefu l ,  first to a l low a 
sense switch inpu t port, and later to d rive a 
logging Teletype tor a l l  incoming messages. 

I had also pu r-chased a D C  Hayes modem 
board to be used for exchanging fi les  and 

My objective was to get 
the most functions at the 
least cost. 

November 1 978 © BYTE Public.uions Inc 1 5 1  
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P. E.T. TM PRODUCTS 
SOFTWARE/ACCESSORIES/HARDWARE 

Memory Expanslon/1·31.743 Bytes Free!·NEECO now has internal memory 
Expansion Boards Available for your PET! 16K.  24K and 32K Memory 
Configurations. Call or write NEECO and ask for our •free• Software and 
Hardware Directory. Power up to 32K Bytes! Call NEECO for more info. 

Software·NEECO has too many programs to list them all here! Call or 
write and ask for our •free• Directory! • · software Authors!·NEECO 
offers 25% Royalties on Pet programs with nationwide distribution ! ··Call 
NEECO for additional information on our 25% Royalty Program. 

PET & Peripherals·NEECO offers fast (off the shelf?) delivery schedules 
for the Pet Computer and Peripheral 2020 Printer. NEECO also offers 
excellent personal & Warranty service! ! !  Interested in a Pet? Call and 
request our P.E. T. Info Pak. Feel free to call and ask questions. 

I F  YOU OWN A PET YOU SHOULD BE ON OUR PET PRODUCT LIST 

N E ECO IS AN AUTHORIZED PET SALES & SERVICE DEALERSHIP! 

OUR PRODUCTS DIRECTORY WILL GIVE YOU DESCRIPTIONS AND 
PRICES FOR MANY OF OUR PET PRODUCTS! " BUSIN ESS & GAME 
SOFTWARE" INTERNAL MEMORY EXPANSION " TYPEWRITER KEYBOARD 
• taM SELECTRIC/PET WOAD PROCESSING SYSTEM (JAN · 1 979) " 
· PET DUST COVE A " MUSIC BOX TU N E  GEN ERATO A " LEARN I N G  & 
TUTORIAL PACKAGES FOR PET " SEAVICEIDIAGNOSTIC PACKAGES" 
CALL NEECO AND WE WILL SEND YOU OUR FREE DIRECTORY ! ! !  

NEECO Dust Cover· Protect your Pet! Cover your Pet's delicate circuitry 
and keyboard from dust that can. over time. cause intermittent chip 
failures! Heavy. clear Plastic Oust Cover shows off your Pet while 
protecting i t  from dust. spills. and those inevitable ·unwanted Sticky 
fingers"' Manufactured to last as long as your Petl··only $17.95 

VISA OR MC Phone orders Accepted··(4% Surcharge on Hardware) 

tal eG.Atll �a m. ''AuthOflltd PET s .. ,� & StrYICt 
. "G uaranteed Delivery" 

' 248 Bndge Street Area Code ( 4 1 3 )  Schedules f o r  a l l  of  our  
PET Customers. Cal l  

Springfield . MA . 0 1 1 03 739-9626 f o r  o u r  PET Pac kage. 

Apple  Owners ! We 've G ot Software ! 

Trans-Data Corporation is l ately offering Software 
Commercial , Educational, Scientific and Entertain
ment Appl ications inclu ded. 

APA09 . . . . . . . . . .  LABEL PR INT . . . . . . . . . . . .  $ 10 .00 
AD I06 . . . . . . . . . .  MAl L ING LIST SYSTEM . . . .  $50.00 
ADI02 . . . . . . . . . .  F I L E  USE TUTOR IAL . . . . . .  $ 1 5.00 
APA04 . . . . . . . . . .  F I NANCES . . . . . . . . . . . . . . .  $1 5.00 
APA07 . . . . . . . . . .  CHECK BOOK . . . . . . . . . . . .  $20.00 
AEJ05 . . . . . . . . . .  SUPER MATH . . . . . . . . . . . .  $ 1 8.00 
AE I08 . . . . . . . . . .  METR IC CONVERSION . . . . $20.00 
AEE06 . . . . . . . . . .  MEMORY A I DE . . . . . . . . . .  $18 .00 
AG I 1 6  . . . . . . . . . .  HORSE RACE . . . . . . . . . . . .  $ 18 .00 
AGI03 . . . . . . . . . .  KEYBOARD ORGAN . . . . . . .  $1 8.00 

For floppy d i sk add $8.00. Add $2.00 for sh ipping 
and hand l i ng. F lorida residence add 4% tax. 

Check, Money Orders, or Credit Cards Accepted 

* 
1 6 1  Almeria Ave. 

Dept B-1 1 8  
Coral Gables, F lorida 33 1 34 

Phone (305) 576-7666 * 
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programs with other CP/M users, but  de
cided to use it in this system because of its 
ab i l i ty to select the transmiss ion rate ( 1 1 0 or 
300) and to answer the phone. Hooking th is 
through a data access arrangement (DAA) to 
the phone l ine comp leted the standard hard 
ware of  the system. 

Ward needed some way for the system to 
recover from poss ib le  software and hardware 
crashes, so I bu i l t  a s imple i nterface between 
the modem board and the hard reset of the 
system so that, every time the telephone 
rang, the system wou ld do a cold boot to 
CP/M . A 555 timer was added to the reset 
c ircu itry so that after the fi rst ring, subse
quent rings wou ld not interfere with the 
CP/M booting process. I d id not use the r ing 
detect feature of the Bel l d ata access arrange
ment, because the modem board 's setup was 
easier to control and detect under software. 
After some prel im inary problems with the 
modem board (Dennis Hayes was more than 
hel pfu l in resolv ing these) and the Tarbel l  
control ler, the hardware has been function
ing as expected . 

To prolong the motor l i fe and m in im ize 
power consumption, I i nstal led a sol id  state 
relay that turns the d rive motor on when the 
tel ephone rings. The 555 then provides 30 
seconds during which ring detect i s  d isabled 
to prevent su bsequent r ings from interrupt
ing the booti ng, a l lowing CP/M to come in 
and answer the phone. The Tarbel l control 
ler board i s  designed to boot CP/M when the 
system is reset, so th is  hardware, with Ward 's 
software, gets the system going. 

That's how the hardware now stands, 
except that I sold the Teletype and am going 
to use an SwTPC PR-40 for the logging 
device. The system has now been operating 
very successfu l l y  s ince m id February 1 978. 

Programming Detai ls 

The fol l owing information is suppl ied for 
those who want the deta i l s  of the structure 
of the files on the system, what mod ifica
tions were made to CP/M to support the sys
tem,  or the design of the bu l letin board pro
gram itself. 

F i l e  Structure 

CP/M is  capab le of storing 240 K bytes of 
information on a d iskette. The d i rectory is 
capab le of keeping track of up to 64 fi l es. I 
wou ld l i ke to keep about 200 to 300 active 
messages on the system. This means that 
each message cannot have i ts own d i rectory 
entry. I decided to group messages in q uanti
ties of ten per d i rectory entry. Thus fi le
name M ESSAGE.OOX contains messages 1 
thru 9, M ESSAGE.01 X contai ns messages 
1 0  thru 1 9, etc. Assum ing the number of 



active messages to be about one half the 
h ighest message number imp l ies that there 
wi l l  be five messages per fi le. If there are 40 
active fi l es (such as messages from 1 to 400) , 
then there wi l l  be approximately 200 mes
sages. If each message averages eight l i nes of 
50 characters, this is 400 bytes. The total 
d isk space for the messages themselves wi l l  
be 80,000 bytes. Thus 200 messages can 
easily be he ld .  The d i rectory keeps itse lf 
clean : when the last message i n  a group of 
ten is erased, the fi l e  i tself i s  automatica l ly 
erased from the d i rectory. 

There are a lso message summary fi l es. 
They contain the fol lowing fie lds  for each 
message : 

Message number. 
Number of l i nes. 
Date entered. 
From {author) 
To {rec ip ient) 
Subject. 
Password (must be supp l ied to erase 
the message) .  

The summary f i les are grouped l i ke 
the message fi les, but by 1 OOs. Thus, sum
maries 001 th ru 099 are i n  a fi le cal led 
"SUMMARY.OXX", etc. Th is keeps the 
message erase fu nction s imp le :  i t  can read 
the entire fi l e  i nto memory, de lete the sum
mary, and rewrite the entire fi le .  

There are a number of text fi les on the 
d isk. They are used when predefined i nfor· 
mation i s  to be given, such as the welcome 
message. There are two types of fi les : 
straight text fi les, and question fi les. 

Question fi les are u sed in such functions 
as Help, i n  which the user i s  asked a ques
tion, "Want he lp  with summary function ? "  
for example, a nd  i s  then a l lowed to answer 
Y or N. If Y is  typed, the text associated 
with the question is typed . If N is typed, the 
text of the message i s  sk ipped. Tab le 2 con
tains the text and question fi les used by the 
system, as wel l  as other files not p reviously 
mentioned. 

CP/M Mod ifications 

When an unmod ified CP/M system I S  I n i 
tial ly loaded, contro l transfers to the  "cold 
boot" entry in  the BAS IC  10 system (B IOS) . 
I ts fu nction is to : 

• Bu i ld the requ i red j umps in low mem
ory to CP/M.  

• Transfer control to the  console com
mand processor. 

• Reset the d isk,  log in d rive A, and 
begi n commun icating with the conso le .  

Si nce we don't want CP/M to get control 
when the system answers the phone, a modi-

fication was made to the cold start routine 
so that the sense switches were examined to 
determine if the remote switch was on . I f  
not, contro l proceeded to normal CP/M 
operation. However, if the remote switch 
was on, the system performed the reset d isk 
system and log in  d ri ve A functions norma l l y  
done by the  console command p rocessor. 
The normal CP/M functions of OPEN and 
READ are performed to load the bu l let in 
board program into memory. N ote that al l 
of this happens before the te lephone is an
swered, so that if the program can't  be 
found,  or has an error load ing, a cal l  i s  not 
wasted. When the program is  loaded, control 
transfers to it, the te lephone is answered , 
the information transfer rate is determ ined, 
and commun ication begins. 

Bu l l et in Board Program 

The functio ns of the program are : 

• Answer the te lephone. 
• Determine the information transm is

sion rate. 
• Process the user's requests. 
• Hang up the telephone. 

Feedback on the operation · 
of the system is important. 

Table 2: Descriptive files to aid users of the bulletin board system. 

WELCOME : This file is typed when you first connect to the system. It welcomes you, 
and tells of the various control characters that can be used to control the system. 

BULLETIN : This file may or may not exist. If it exists, it is typed after the welcome 
file. It contains bulletins such as changes in the operation of the system, club meeting 
announcements, etc. 

LOG : When you first get on the system, it asks you for your first and last name. They 
are written to this file to give us a log of who uses the system. Also, if you are a first . 
time user, the system asks where you are calling from, and logs this information after 
your name. 

FIRSTIME: This file is a question file, and it is interpreted if you reply Y to the ques
tion asking if this is your first time on the system. It prompts the new user about what 
can be done. 

HELP : This is a question file. It is quite lengthy, going through the various system 
functions and, at each one, asking if you want help. 

ENTINTRO : When you ask to enter a message into the system, you are asked if you 
would like to review the steps used to enter a message. If you say Y, the system types 
this file. 

ENTRHELP : After you have entered your message, you have several options: aborting, 
editing, saving, or help. This file is the question file which is interpreted if you ask for 
help. 

NEXT : This file contains the next message number to be entered into the system. It is 
incremented by one every time a message is saved. 

COMMENTS: When you leave the system via the G (Goodbye) function, the system 
asks if you would like to leave any comments. If you say yes, it writes the lines you type 
into the comments file. This provides a technique much easier than message entry, so 
we will get feedback on the use of the system. 

PASSWORD : Certain system functions are of such a nature that only the system oper
ators (as opposed to users) may execute them. For example: erasing a message whose 
password is not known, exiting into CP/M for file maintenance, determining disk status, 
etc. This file contains the password which must be entered to get into this operator 
mode. It is a disk file, rather than being built into the program, to facilitate changes 
when the need arises. 
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T E RM I NA L  N E E D  N U L L S ?  T Y P E  C T L - N  WH I L E TH I S  T Y P E S : 

* * *  W E L COME TO C B B S / CH I CAGO * * *  
* * *  WA R D  A N D  RAN DY ' S  C OMPUTE R I Z E D  B U L L E T I N  B OA R D  S Y ST E M  * * *  

- - - - - > C O N T R O L  CHARACT E RS A C C E P T E D  B Y  T H I S  S Y S T E M : 

D E L / RU BOUT 
C T L - C  
C T L - K  
C T L - N  
C T L - R  
C T L - S  
C T L - U  

E RAS ES LAST C HA R .  T Y P E D  ( AN D  E C HOS I T )  
CAN C E L  C U R R E N T  P R I N T I N G 
' K I L L S ' C U R R E N T  F U N C T I ON ,  R E T URN S T O  M E N U  
S E N D  5 N U L L S  A F T E R  C R / L F  
R E T Y P E S  C U RR E N T  I N P U T  L I N E ( A F T E R  D E L )  
STOP/ START OUT PUT ( FO R  V I D E O  T E RM I NA L )  
E RAS E C U R R E N T  I N P U T  L I N E 

- - - - - - - - - - - - - - - - - - - - - - B U L L E T I N  - - - - - - - - - - - - - - - - - - - - - -
PROB L EMS W I T H TH E S Y ST E M ? ?  

HARDWAR E :  RANDY ( S U E S S ) ,  ( 3 1 2 )  9 3 5 - 3 3 5 6  
S O F TWAR E :  WAR D  ( CH R I S T E N S E N ) .  ( 3 1 2 )  8 4 9 - 6 2 7 9  
- - - - - - - - - - - - - - - - - - - - - - B U L L E T I N  - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - B U L L ET I N  - - - - - - - - - - - - - - - - -
- - - >  A L L  US E RS : B E  FAM I L I A R W I TH M E S SAG E S  3 ,  6 ,  AN D · 6 0  

N 0 T E 
- - - - - >  AS O F  4 / 8 / 7 8 ,  M E S S AG E S  PA C K E D  A N D  R E N UM B E R E D  < - - - - -
- - - - - - - - - - - - - - - - - - - - - - B U L L E T I N  - - - - - - - - - - - - - - - - - - - - - -

Listing 7 :  Output o f  the bulletin board system when a user first logs onto the 

system. The welcome message is printed out followed by the important con

trol characters. A ny bulletin of general interest is also shown at this time. 

Bulletins can only be put on the system by the system operators. Individual 

users may not access this function. 

carr iage retu rn b e i n g  seen, the  system pr i nts 

a message, han gs u p  th e te lephone,  and 
j u m ps to the m o n i tor .  

The tec h n i q ue fo r estab l i s h i n g  communi -

Recovery from software 
and hardware crashes was 

needed. 
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The system answers the telephone by an 

output i n struct ion to the D C  Hayes modem 

boat·d . I t  then has two subrout ines, ca l l ed 

S ET 1 1 0 and S ET300, which set the trans

m i ssion rate. I n i t i a l l y ,  the progt·am gets con

tro l ,  cal l s  S ET 1 1 0, which p icks u p  the tele

phone,  sends ou t the answet· tone, and 
sel ects the 1 1 0 bps transmissinn rate w i th 

two stop b i ts and no par ity.  

The program then monitors the modem 
status for about 1 5  seco nds to determ i ne 

when a connect ion w i th another modem has 
been made. I f  no connection is made, a mes

sage is p r i n ted to the local console,  the tele

phone is  h u n g  up, and control is transferred 

to the m on itor .  N ote that the rn o n i tot· doe> 

not take part in the b u l l et i n  board system 
except to s u p p l y  the scro l l  m u t i n e  for the 
v ideo term i n al i n terface. The ring d etect and 
system startup is al l d o ne through hard wat·e, 
for re l i a b i l i ty .  T h u s  the system is  able to 
experience an u nexpected power ou tage and 
sti l l  operate the next t ime the te lephone 
ri ngs. 

If a connection i s  estab l i shed ,  the system, 
at 1 1 0  b ps, waits for a character from the 
l i ne .  If this ch aracter i s  not an ASC I I  car
r iage retu r n ,  i t  swi tches to 300 bps and tr ies 

aga i n .  I t  tr ies each speed , a l ternate l y ,  ten 

t i m es. If  th is tech n i q u e  does not resu lt  in a 

cat ions with  the  sy stem is to : 

• Dia l  the te lephone .  
• Wait  for the  an swer tone. 

• Put  the modem o n  the te lephone l i ne .  

• P t·ess retu rn  repeate d l y  u n t i l  the sys

tem res�'onds .  

When the d ata connect ion  i s  estab l ished, 
the system ty pes a carriage return and l i ne
feed to i n d icate that it i s  co n n ected . I t  
then sends the conte n ts o f  the d i sk f i le  
W E LCO M E  to the ca l le : , fol l o wed b y  any 
b u l le t ins  that  may be of i n terest. T h i s  o u t

p u t  sequence is shown i n  l i st ing  1 .  Next,  i t  

asks for your first and l ast name, and l ogs 

them to d i sk.  It asks i f  you are a fi rst t ime 
user,  and if  so,  asks  where you are  from ,  logs 

th is to the d isk ,  then g ives you an i n troduc
tion to the system.  

The system a lso keeps trac k of h ow m a n y  
peopl e  have used the system. Th i s  number is 
ou tp u t  at  s ign o n .  Mostly,  i t  is just for 
i n terest, bu t he lps to see i f  anyone has used 
the system s ince you last  d i d .  

T h e  fol lowing  prompt asks w h a t  you 
want to do : 

FUNCTION: B,C,D,E,G,H,K,N,P,R,S,W,X, (OR 
> IF NOT KNOWN) >  

I f  y o u  do n o t  k n o w  o r  remember w h a t  the 
l etters stand for, you type ?, in which case 
the system rep l ies :  



FUNCTIONS SUPPORTED: 

B=PRINT BULLETIN 
C=CASE SWITCH (UPPER/LOWER) 
D=DUPLEX SWITCH (ECHO/NO ECHO) 
E=ENTER MSG INTO SYSTEM 
G=GOODBYE (LEAVE SYSTEM) 
H=HELP WITH FUNCTIONS 
K=KILL (ERASE) A MESSAGE 

N=NULLS : SET 0 TO 9 AS REQUIRED 
P=PROMPT SWITCH (BELL ON/OFF) 
R=RETRIEVE MSG 
S=SUMMARIZE MSGS 
W=TYPE WELCOME 
X=EXPERT USER 

Detai ls of these functions are given below. 

B=PRINT BU LLET I N  

I f  you are us ing a printing term inal , you 
can s imp ly look back to see what the bu l le
tin said when you first connected to the 
system. I f, however, you are using a video 
term inal , you may want to review what the 
bu l letin said .  The B function does this. 

C=CASE SWITCH ( U PPER/LOWER) 

Most terminals are capab le of hand l ing 
any ASC I I  character that comes to them, 
whether it is lower or upper case, typ ical ly 
translati ng lower case to upper case if neces
sary. However, there are exceptions, notably 
the Heath H9 term inal ,  which d isp lays gar
bage when sent lower case characters. For 
this reason,  the system defau l ts to upper 
case only, u nt i l  you use the C command to 
switch to lower and upper case mode. U sing 
the command agai n wi l l  switch back to 
upper case on ly mode. 

D=DUPLEX SWITCH (ECHO/NO ECHO) 

Ful l dup lex and half dup lex refer to the 
ab i l ity for a medium (such as the telephone 
l ine) to have data going in both d i rections 
simu ltaneously (fu l l  duplex) or only in  one 
d irection, (half duplex) at a time. These 
terms have now taken on d ifferent meani ngs 
when referring to a computer term ina l .  Fu l l  
duplex refers to a term inal which sends a 
character from its keyboard, th en echos 
what comes back from the phone l i ne. Half 
duplex refers to a term inal which echos its 
ch aracters local ly .  Thus, the D function is 
used to determ ine whether the system echos 
characters back to you. 

I f  you are us ing a Teletype, for example, 
wh ich pri n ts every character you type, you 
wi l l  use the D command to go to ha lf 
duplex mode so you do not see every 
character twice (one from the Teletype, the 
other from the phone l i ne ) . Th is  does sacri
fice some integrity, however, because you do 
not see the characters echoed back to you 
to verify that what you typed wen t in 
correct ly .  
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PET™ 
DOCUMENTATION 

NOW! 
T I S  

-i 

..., m -i "' 0 � 
..., m -i "' 0 � 
..., m -i "' 0 

WORKBOOKS FOR THE COMMODORE PET 2001 � 
Getting Started with Your PET WB-1 $4.00 .; 
Covers the fundamentals of PET BASIC: calculator � 
�;:,e������i�n.";,��:�a�8��o�����oa;!e0����!·tt:.

ata � 
PET String and Array Handling WB-2 $3.95 • 

Covers string and substring search, concatenation, � 
replacement and manipulation. -t "' 
PET Graphics WB-3 $4.95 � 
Covers use of cursor control and special graphics • 
symbols to draw plots. histograms. and sketches. "tt 
PET Cassette 1/0 WB-4 $4.95 � 
Covers OPEN. CLOSE. string and numeric data files. � 
Miscellaneous PET Features WB-5 $3.95 � 
Covers the clock, random number generator, upper 
and lowercase alphabetic characters. saving memory 
space. etc. 
Add $1 .50 for shipping and handling. 

TIS 
P.O. Box 921 
Los Alamos, NM 87544 

..., m -i "' 0 � 
. 
..., m -i 
"' 
0 

Money back guarantee � . 
..., m -i 

Pet is a t rade mark of C o m modore Busi ness Machi nes � � w • 
"o PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 • PET 2001 

PROG RAMS FOR KIDS 
Educational and fun. Developed b y  educational designers. 
Teach essential skills in an exciting new way. 

PRESCHOOL 10 BUILDER-Helps 3-to-6-year-olds develop 
vital intellectual skills needed to do wel l  in school .  
7 programs + Guide TRS-80 Levels I & I I ,  PET, Apple I I  

MEMORY BUILDER: CONCENTRATION-Educational 
games to help children 6 and up i mprove memory. 
3 games + Guide Apple I I  & PET 

STORY BUILDER/WORD MASTER---9ames that teach 
grammar and vocabulary to children 9 and up. 
4 games + Gu ide TRS-80 Level l I ,  PET, Apple I I  

GRAPH BUILDER-teaches children 1 0  and u p  to read 
graphs. Includes games. 
1 1  programs + Guide TRS-80 Levels I & I I  

Each title $9.50 plus $1.00 shipping 
VISA & Master Charge accepted (include number, exp. date, 
MC include digits above name) 

Department 80 
Program Design, Inc., 1 1  I dar Court, G reenwich, Conn. 06830 
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E=ENTER MSG INTO SYSTEM 

You must know: the date ; who the mes
sage i s  addressed to (up to 20 characters) ; 
and the su bject of the message {up to 30 
characters) . You wi l l  be asked if you want 
to be ab le to erase the message ; if you reply 
Y, you may elect to protect it with a 4 char
acter password , or to use no password. We 
recommend not us ing passwords so that it 
wi l l  be easier for the recipient to erase the 
message when he or she has read it. A lso, 
you wi l l  be asked if  you wan t to review the 
steps used in entering a message. This is use
fu l the first few times you enter a message, 
but typical ly  is not u sed after that. 

G=GOODBYE (LEAVE SYSTEM) 

When you use the G fu nction, the system 
asks if you want to leave ahy comments. I f  
you say Y ,  you wi l l  b e  able to type in  com
ments, wh ich are written to d isk at the end 
of the COMM ENTS fi le .  Typical ly we fi nd 
suggestions for system improvement, or con
gratu lations, or requests to erase messages 
whose passwords have been forgotten, or 
any other information which the user 
wanted to send to the operators, but d id n't 
want to leave as a message. 

·LSI-1 1 TIME 

It's TIME you brought your LSI- 1 1  up to DATE. TIME and 
DATE, two important parameters in the computer world, are 
available to your LSI- 1 1  on one DUAL SIZE BOARD. When 
requested, the TCU-500 will present you with the date (month 
and day) , time (hour and minutes) , and seconds. Turn your 
computer off and forget about the time - your battery sup

·"p'orted TCU-500 won't, not for 3 months anyway. The correct 
date and time will be there when you power up . 

The TCU-500 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- 1 1  or 
PDP- 1 1  system. We'd also like to tell you about the others. So 
contact Digital Pathways if you're into - 1 1's.  We are too. 

156 November 1978 © BYTE Publications Inc Circle 89 on i nquiry card. 

H=HELP WITH FUNCT IONS 

The H function asks a series of questions 
such as, "Do you want he lp  with the E 
(enter) function? "  For any question which 
you answer Y to, you wi l l  be given some de
tai l ed information. 

K=K I LL (ERASE)  A MESSAGE 

The letter K (for k i l l )  rather than E (for 
erase) was chosen because E was al ready 
used for enter. I n  order to keep d isk ut i l i za
tion down, th is  command al lows users to 
erase their own messages. The system asks 
for the password, and i f  correct, the message 
and its summary are removed . If users do 
not e lect to be ab le  to k i l l  their own mes
sages, a special system password NONE is 
put in  the fi le .  Then on ly the system opera
tors who have entered another  password wi l l  
be  ab le to k i l l  it. 

N=N U LLS: SET 0 TO 9 AS REQU I RED 

Some term inals (notably  the Texas I nstru
ments S i l ent 700 series) requ i re nu l l s  to be 
sent at the beginn ing of each l i ne  to a l low 
the carr iage t ime to return .  This command 
sets the nu l l s  to any val ue (0 to 9) necessary. 
Note that use of controi-N any time the sys
tem is  typing someth ing  to you wi l l  set the 
nu l l s  to 5. Thus us ing controi-N will allow 
the welcome and bu l l et in messages to be 
pri nted properl y u nti l  the N ( nu l l )  command 
can be used . 

P=PROMPT BELL 

The P command a l lows the p rompting 
bel l  (normal l y  sounded every t ime the sys
tem wants input) to be turned off or back 
on . It operates as a toggle and sets the bel l 
response i n to whatever mode i s  not cu rrent. 

R=RETRI EVE MESSAGE 

To retrieve a message, you must know 
the message number, which is typ ical ly 
found through the use of the S (summary) 
command. 

S=SUMMARIZE MESSAGES 

The S command prints a 2 l i ne summary 
of each message from a starting message 
number. Controi-C cancels the print ing of a 
particular summary, going on to the next. 
Controi-K k i l l s  the print ing enti re ly, return
ing to the function menu.  

The summary function asks you for a 
starting message number. I t  then types the 
summaries for all active messages from that 
number on, stopp ing when there are no 
more. I f  you want to scan the summaries for 
a particular value, you can do so on the fol -



lowing fie lds: date, from,  to, or subject. Any 
character string can be searched for. For  
example, to retrieve a l l  summaries which 
contain CACHE  (our local computer c lub )  
i n  the subject, type :  

S ;nnn,t=CACHE 

which wi l l  scan the summary fi le, starting at 
message nnn, looking for the character string 
CACHE.  A l l  field s which can be scanned are 
stored in upper case only,  and all scan re
quests are translated to upper case. 

You can a lso use this summary scan to 
see if there are any messages to you. For 
example : 

S ;nnn, t=ward 

checks if I have any messages. Other typical 
scans are : 

s=pcnet 
s=sale 
f=oper 

(any messages relating to PCNET).  
(find things for sale) . 
(messages from system operators) . 

W=TYPE  WELCOM E  

Si nce the welcome message gives a l i st of 
a l l  contro l  characters which can be used, 
you m ight want to review it to check them 
again .  The W command w i l l  retype the wel
come message. 

X=EXPERT USER 

Th i s  comm an d  specifies the expert user 
mode to the computer. Al l p rompt messages 
are shortened and, in general, the system 
is much more p leasant to u se by the fre
quent user. 

Accessing the System 

If you wou ld  l i ke to try out the system, 
al l  you need i s  a 1 1 0  or 300 bps ASC I I  ter
mi nal and a modem, such as the type used 
to communicate with a timeshari ng  system. 
Dial the system at ( 3 1 2) 528-71 41 . When 
you hear the answer tone, connect you r 
modem, and p ress return several t imes u nt i l  
the system determines you r  transmiss ion 
rate. I f  you have a reasonably good tele
phone l i ne, and a moderate ly strong modem 
signal , you should be ab le  to communicate 
with the system. We find that if the cond i
tions are margi nal, commun ications are pos
s ib le, but such functions as controi-C and 
control-S do not necessari l y  work. Feel free 
to hang up and try several t imes if you have 
problems. 

R E F E R ENCES 

DMA Inc is located at 530 Pierce Av, Dyer I N  
4631 1 .  

CAC H E  is at PO B 52, South Hol land I L  60473.• 
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modem I 'mo • dam I [ modulator 
+ demodulator ] n - s : a device for transmission of digital information via an analog channel such as a telephone circuit. 

• Completely compat ible wi th  your S- 1  00 microcompu ter 
• Designed for use on the d ial  telephone or TWX 

networks ,  or 2-wire dedicated l i nes, meets a l l  
FCC regu l at ions when used w i t h  a CBT couple r .  

• Al l  digi tal m odulat ion a n d  demodu lat ion with o n  
board cyrstal c l oc k  a n d  prec is ion f i l ter  mean that 
NO A DJUSTM E N TS AR E R EQU I R E D  

• Bell  1 03 standard f requencies 
• Au tomated d i al (pulsed)  and answer 
• Orig inate and answer m ode 
• 1 10 or 300 BPS speed sel ec t  
• Character length, stop b i t .  a n d  pari ty 
• 90 day warranty and f u l l  documen tat ion 

ASSEMBLED & T ES TE D - $ 299.00 

D.C.  Hayes As soc i a t e s ,  I n c .  
1 6 P E R I M ETER P A R K  D R .  S U I T E  1 0 1  

P .O.  BOX 9884 A T L A N T A .  G E O R G I A .  303 1 9  (404)  4 55-7663 

HAVING T ROUBLE LEA R N I N G  BAS I C? 

STEP BY STEP is an interactive computer course in BASIC 
that's easy even for beginners. Program Design has de
veloped a logical, structured approach that really works. At the 
end of STEP BY STEP, you'll be writing programs using all 
important BASIC commands. 

AVAILABLE FOR TRS-80 LEVELS I & II, PET, AND APPLE II 

STEP BY STEP: 
• presents material in small steps 
• provides guided programming practice in each lesson 
• tests your progress after each lesson 
• teaches actual program writing, not just terms 
• is suitable for anyone from junior high up, regardless of 

math background 

1 0  lessons with quizzes, plus final test 3 cassettes 
80 page Workbook $29.95 plus $ 1 .00 shipping 

VISA & Master Charge accepted (include number, exp. date, 
MC include digits above name) 

Department 400 
Program Design, Inc., 1 1  ldar Court, Greenwich, Conn. 06830 
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W N Hubin 
719 Cuyahoga St 
Kent OH 44240 

158 November 1978 © BYTE Publications Inc 

Heath Microprocessor Training System 

How does a stranger gain entrance to the 
Val hal l a  of microprocessing? Who wi l l  pro
vide b i ts of knowledge that logical l y  string  
i n to byte capab i l i ty?  Here in l ies the  s i ren 
song sung by the new Heath 6800 based 
ET-3400 Trainer and the accompanying 
EE-3401 Microprocessor Course. 

Heath a imed in my di rection when they 
designed this trai ner. It wi l l  appeal to any
one who has been enticed by micropro
cessors bu t has not yet bought one, a person 
who probabl y has done some h igh l evel 
computer programming, and one who has a 
working knowledge of digital c ircu its . 
Persons al ready caugh t in  the web of pro
gramming are well known for their suscepti
bi l i ty to m icroprocessors, al though such a 
background is neither assu med nor necessary 
for this cou rse. I happen to be a professional 
p roponent of the joys to be found in num
ber cru nch ing. Some bac kground in  digi tal 

el ectronics i s  needed (though several labora
tory timer projects p roved qu i te adequate 
in my case ) . 

My order went  out a few days after the 
M icroprocessor Course and Trainer first 
appeared in  the Heath k i t  catalog. The pack
age arrived about 1 2  days l ater. The com
bination of course and tra iner goes for $270. 
Don 't even th i n k  of pu rchas ing the 6800 
trainer without the course un l ess you 
a l ready can program in mach ine language. 

There were a few c lues that betrayed 
th is  as the first shi pment. Some typos 
appeared in the text, which otherwise had 
the clear i l l ustrations and clear assem bl y 
instructions that are p roperly associated 
with Heath products. Also, the holes in 
the pri n ted c i rcu i t  board were too smal l 
for the suppl ied key swi tches and had to be 
dri l l ed larger ;  shortly afterwards Heath 
wrote to confi rm the problem and the solu
tion. Also, a memo inc lu ded with the parts 
in dicated that a few unneeded parts had 
been i nc lu ded. Compare th is with the 
known fact that Heath normal ly  expects a 
Heath ki ti te to show vis ib le joy upon dis
covery of just a spare #8 l ockwasher in his 
bag of goodies. F ina l ly, the trainer refused 
to bl i n k  i ts "CPU UP" message to me after 
the assembly was comp leted. Now Heath 
provi des a very complete troub leshooting  
procedu re which uses the  on board LEOs to 
check for continu i ty and shorts . This 
qu ick ly showed up  several m i nor assem bly 
errors. The final problem was an address 
l i ne  that wasn 't continuous  (th i s  i l l  was 
cured with a jumper wire) . One week and 
abou t 3 . 5  days of work had elapsed. 
Another 1 00 p lus  hours of study were to 
pass over the dam before the course was 
fin ished. 

The m icroprocessor cou rse consists of: 

• 469 pages of theory in a programmed 
learn ing format. 

• 255 pages of concurrent experiments 
us ing the trai ner. 

• Two au dio cassettes that go wi th a 
colorfu l l y  cartooned 230 p age refer
ence chart. 

• 1 30 pages of manufactu rers ' p roduct 
i nformation sheets. 



The theory is d iv ided i n to sections de
voted to: 

• Number systems and codes. 
• Microprocessor basics. 
• Computer arithmetic. 
• I n troduction to p rogramm ing. 
• The processor. 
• I n terfacing. 

It i s  a comprehensive and wel l  i n tegrated 
course of stu dy. The exp lanati ons are c lear 
and the text is repl ete with examples. The 
experiments were div ided i n to one group of 
programming experiments in mach ine code 
using the hexadec imal keyboard (no 
assem bler) and another grou p of i n terfacing 
experiments. The audio and chart com bin
ation is a brai n tension rel iever that is cal led 
on periodical l y  to prov ide i nformation on 
the organizati on of the cou rse, various uses 
for and appl ications of microprocessors in 
industry , an overv iew of programming  con
cepts and l anguages, a discussion of the 
various types of sem iconductor memory 
devices, a breakdown of the steps i nvolved 
in  the design of a microprocessor based 
device, and a comparison of current micro
processors. 

By the time the programming part i s  
fin ished, the whole instruction set of the 
6800 processor has been covered along with 
the provision for considerable p ractice i n  
mach ine language p rogramming. This i s  not 
to say that great programming  p rofic i ency 
was achieved from just fin ish i ng  the cou rse. 
No matter  how c lever ly I thought I had 
wri tten a program (and  they a l l  ran ) ,  the 
official version always proved to be much 
more crafti l y  construc ted. The programming 
experiments inc lude mu l tip le  p recision and 
binary coded decimal ari thmetic. 

The i n terfacing section p roved to be the 
most excit ing for me. The theory and 
practice of i n terfacing  wi th memory and 
displays comp ri se the ear ly  top ics. Software 
key debouncing and d isp lay mu l ti p lex ing 
are inc lu ded. The i n terrup t  capabi l i ty of 
the p rocessor i s  demonstrated by l ead ing 
up  to a l i ne  frequency triggered digital 
c lock. The peripheral i n terface adapter 
{P lA) i s  d iscussed and then u sed to p lay 
tunes, to matrix decode a second keyboard, 
and to demonstrate paral l e l  to serial con
version. A digi tal to analog converter is used 
to program various vol tage waveforms and 
final l y  to simu l ate a d igi tal vol tmeter wi th a 
comparator c i rcu i t. This last  experiment  i s  
the on ly one that requ i res additional equ ip
ment: a vol tmeter and (optional l y )  an 
osc i l l oscope to v iew the pretty vol tage 
waveforms. A l l  the experiments worked as 
adverti sed. 

As a professional educator, th is cou rse 
proved to be somewhat threaten i ng. The 
material is so wel l  presented that a teacher 
doesn 't appear to be necessary. Yet real 
l earn ing su rely must d raw brain pain ,  and 
some persons wi l l  a lways need a structu red 
course with schedu led exams to force them 
to stu dy, so perhaps my job is safe for a 
few years yet. 

M inor Criticisms 

The discussions after the experiments 
were very complete, but I wou l d  have l i ked  
more advance information before wiri n g  a 
ci rcu i t  on the breadboard. The in tegrated 
ci rcu i ts bei ng used shou l d  be labeled with 
their fu nction {such as 3 - IN  NAND) as wel l  
as thei r  TTL number. A good i ndex wou l d  
make the material much more u sefu l for 
later reference. 

In sum,  Heath has developed an appeal i ng  
and  cost effective entree in to the worl d of 
microprocessing. They have dev ised a system 
that is su i table for e i ther se l f- i nstruction o r  
ind iv idual ized class instruction. The  tra iner 
lends i tself to cont inued breadboard ing of 
new ideas and to conti nued p ractice in  
mach ine language programming.• 

N EW S O F TW A R E  F O R  

Y O U R  C O M P U TA LK E R !  

S O FTW A R E  PA C KA G E  I I  
available n ow 

CT E D I T  
C S E D I T  
C T E S T  
PLAY D ATA 
M E M V O I C E  
K E Y P LA Y  
P I A N O  

A n e vv  p a ra m eter ed itor 
Ed ito r for C S R 1  i n p u t  
CT- 1 H a rd vv a re d i a g n ostic 
To hear the d ata f i l e s  
A voca l m e m o ry d u m p e r  
S u b r .  t o  play letters / d ig its 
A s i m p l e  m u s i c a l  keyboard 

8080 Assembly Language 
* * * Sources included * * * 

C P M  8" , N orth Sta r ,  M icro polis , 

Ta rbe l l ,  C UTS , M ITS A C R ,  

paper tape 

o n  a n y  of the a b o v e  m e d ia $30 . 00 
c a l i f .  re s .  a d d  6 %  s a l e s  tax 

C O M P U TA L K E R  C O N S U LT A N TS 

1 730 2 1 st Street, AB 

Sa nta M o n ica , C A  90404 

( 2 1 3 )  392-5230 
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A Cassette Interface Switching Box for the TRS-80 

F R O M  T R S - 8 0  ;};JZ 

P I  
( P L U G S  I N TO R E COR D E R  
" R E M O T E " J AC K ) 

o---yl P 2  
( P L U G S  I N TO R E C O R D E R  
" E A R P H O N E " J A C K )  

S D.  S P E A K E R 
S P K R  I 

Figure 7 :  Cassette interface switching box for the TRS-80. The circuit en
ables the user to manually control the cassette recorder without having to 
unplug the recorder 's remote jack, and allows audio monitoring of the tape 
while it is being loaded into the computer. 

Craig Anderton 
c/o BYTE 
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Recent ly ,  I had the chance to borrow a 
Radio Shack  TRS-80 for the pu rpose of 
getting  started in the art of wri t ing pro
grams. The aspect of i ts operation that 
p l eased me the most was the incred ib ly easy 
start up ,  wh ich involved locati ng a wal l 
socket and open i ng the manual. I n  add i tion, 
I l i ked having a cassette recorder and i n ter
face incl uded in the TRS-80 pac kage, 
making it easy to store programs on cassette. 

After work ing with the un i t  for a whi le, I 
noticed that I was saving programs with in
creas ing frequency. Being new at the game, 
I wou l d  often develop a program to a certain 
point and then make a save. When, on 
su bsequent passes, I wrote in  some kind of 
garbage that crashed the program, or made 
some other grievous error, I always had the 
cassette as a poin t  of reference for analyzing 
what went  wrong and why. 

Unfortunate ly ,  the cassette interface sys
tem has a few mechanical pecu l iari ties that 
detract from the overal l usefu lness of the 
system. Th is  artic le is about remedying these 
particu lar problems with a s imple,  very 
i nexpensive and easy to use switching box 
that inserts between the recorder i tself and 
the combined computer/keyboard un i t. This 
box requ ires no modifications of any kind to 
the T RS-80, so you can keep your warranty 
i n tact too. 

Let's iden tify the p roblems. Problem 
number 1 i s  that the recorder is contro l led 
at a l l  t imes by the compu ter . . .  and the 

computer cannot tel l it to do thi ngs l i ke 
rewind ,  fast forward, etc. As a resu l t, a 
means of manual control over the tape 
recorder is a necessity. Retu rning to manual 
control wi th the stock TRS-80 requ i res 
physical l y  removing a p lug which comes 
from the computer and mates with the re
corder's "remote jac k . "  I 've never been 
much of an optimist regarding the rel iabi l i ty 
of tiny jac ks and p lugs ;  the repeated p lug
ging  and u np lugging  is not on ly time con
suming and awkward, but it cou l d  l ead to 
eventual rel iabi l i ty p roblems. 

Problem number 2 :  there is no simple 
prov1s1on for audio mon i toring of the 
cassette. Perhaps this doesn 't seem l i ke 
much of a problem-after a l l ,  the cassette 
is designed to tal k  to the computer, not to 
us. However, the audio monitori ng  is very 
he lpfu l .  (We ' l l  expl ore th is  more towards 
the end of the artic le . )  Mon i toring with the 
TRS-80 i nvolves u np lugging another p lug 
which comes from the computer and p lugs 
in to the recorder's earphone jac k. Then you 
can l isten to the cassette over the recorder's 
i n ternal speaker. Th i s  means that you cannot 
monitor a tape whi le  i t  i s  being loaded i nto 
the compu ter. 

F igu re 1 shows an econom ical sol u tion to 
both problems. The cord from the keyboard 
that wou l d  norma l ly  feed the remote jac k of 
the recorder p lugs into j 1 ;  P1 p lugs into the 
recorder's remote jack. With 51 in pos ition 
A, the TRS-80 controls tape motion. I n  
posi tion B,  the recorder i s  manual l y  con
trol led .  

I n  order to mon i tor, the cord from the 
keyboard that normal ly  goes i nto the ear
phone jac k  on the recorder p lugs i n to ) 2 ;  
P 2  p lugs i n to the recorder 's earphone jack. 
52 e i ther connects or disconnects a smal l ,  
8 ohm transistor radio speaker from the l i ne, 
with isolation from the l ine provided by a 
270 ohm resistor. The added l oading seems 
to have no effect on operation at al l .  

I constructed the ci rcu i t  i n  a smal l metal 
box, tried to keep the l eads reasonab ly 
short, and have u sed i t  for many hours with 
no problems. Fol l owi ng is an example of 
how to record a good cassette us ing th is  box. 

Start with the cassette recorder u nder 
computer contro l .  Before doing a save, 
however, I recommend i dentifyi ng  the 
program by voice on the tape. The T RS-80 
recorder has a ru bber dummy p lug  inserted 
into the m icrophone jack. Temporari l y  
unp lug  this dummy and p l u g  i n  a regular 

j 



cassette m icrophone. Push "p lay "  and 
"record " :  the tape won 't start s ince the 
computer hasn 't said anyth ing; however, fl i p  
the switch to manual control, and the tape 
wil l  run. Speak you r i n troduction, i e :  "Th is  
is the fi rst take of computer  graphics pro
gram number 5: It uses approx imate l y  2 K 
bytes of memory . "  After record ing this, fl i p  
the switch back to  computer control, return 
the microphone jac k to i ts origi nal state, and 
type the u su al CSAVE i nto the compu ter. 

As the save process occurs, you wi l l  hear 
audio information being transferred to the 
cassette th rough the mon itor spea ker  i f  52 
is set to monitor. I t 's i nteresting  to compare 
what you hear goin g  in with what you get 
out on p layback. For examp le, you w i l l  find  
out  about the qual i ty of  your cassette, and 
whether or not you 're having dropou t or 
recording problems. 

Radio Shack  recommends a second save 
for safety 's sake on comp lex programs ;  a 
third save i sn 't a bad i dea e i ther. After the 
compu ter has finished sav ing the program, 
the video d isp lay signals wi th READY and 
the tape motor shuts off. P lug the m icro
phone back i n ;  fl i p  51 back to manual  
(without changing the record/p l ay buttons; 
they are sti l l  depressed ) ,  and again, record 
an identificati on, such as, "Thi s  i s  take 2 of 
computer graphics p rogram number  5. " Save 
again as descri bed above. 

When i t's time to l oad the p rogram back 
into the computer to see if al l went wel l ,  
you ' l l  f ind  it 's easy to f ind  the  righ t spot 
on the tape. J ust fl i p  to manual control ,  
switch i n  the mon i tor, and juggle between 
rewind  and p l ay u ntil you fi nd  the beginn ing  
of  the tape p rogram. You shou l d  hear the 
unam biguous voice i dentification, fol lowed 
by the sou nd of data being  transferred. The 
TRS-80 does print a cou ple  of flash ing 
asteri sks to let you know the p rogram i s  
l oadi ng, bu t  the extra audio feedbac k i s  
very reassuring. 

There are a coup le  of final notes. Due to 
the 270 ohm isolation resistor, yo,u don 't 
get much vol ume  out of the speaker. You 
cou l d  l ower the resistance, bu t that m igh t 
also reduce the l evel of the signal going  to 
the computer. A better option, if you need a 
loud signal , is to use a smal l aud io  amp 
integrated c ircu it  ( l i ke the LM380) .  Un less 
you p l ay with your computer in a very noisy 
envi ronment, you · p robab ly won 't have 
any compla ints about the n ice unobtrusive 
level you get with a 270 ohm series resistor. 

I hope that if you have a Rad io  Shac k  
computer, you wi l l  try this c i rcu it. I t  can 
save a lot of time, avoid the p lugging and 
unp lugging b lues, and l essen the number of 
human errors, al l for on ly a few hou rs of 
work .•  
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FLOPPY DISKETTES 
TOP Q UALITY V E R BATIM™ DISKETTES 

AT S P ECIAL P R ICES * 
Our Special 

List Usual Price 
Item Code Description Price Price/ea. Each* 
VB-FOOI 8" SoN-sectors IBM Formal $8.50 $5.50 $5.00 
VB-FD32 8" 32 sectors hard-sectored 

lor Shugard. Teklronics. etc. $8.50 $5.50 $5.00 
VB-MD01 5" Soli-sectored IBM 

compatible $5.95 $4.50 $4.00 
VB- M D 1 0  5" 1 0  sectors hard-sectored 

lor North Star $5. 95 $4.50 $4 .00 
VB- M D t 6  1 6  sectored lor Micropolis $5.95 $4.50 $4.00 

*To qualify for these special prices: 

1. Payment must accompany mail order or call with credit 
c a rd . 
No C.O.D.  

2. Refer to  th is  ad by:  magazine title, issue month, and 
page number. 

Special 
Box 
of 10* 
$47. 

$47. 

$37. 

$37. 
$37. 

Prices are F . O . B .  our warehouse. Add $ 1 . 50 shipping & handling per each 1 0  (or 
less) diskettes N . Y .  state residents add appropriate sales tax . 

Call ( 3 1 5 )  637-6208 or 

Send order to: 

P.O. Box 71 • Fayetteville, New York 1 3066 

A PROFESSIONAL COMPUTER 
TERMINAL FOR THE HOBBIEST 
SINGER 

7 1 00/7 1 02 
New & Reconditioned 

Terminals with 
ASCII Code 

FEATURES: 
7 1 00 

$650. to $1295. 

• ASCII CODED without tape punch or reader 
• 1 10 to 150 BAUD ( 1 1  to 1 5  CPS adjustable) 
• Word Processing Quality • RS232 Serial or 

Current loop Interface • Nationwide Service 
• Warranty • O ff line use as Typewriter 

• (Option) Special Interfaces available for Hobby 
Computers (state which when ordering) 

7 1 02 

• Same features as 7100 plus tape punch & reader 

TERMS:  
C.O.D. and 

Cashier's Check 

Shipping and 
Handling $35 .00 ea. 

Ci rcle 1 51 on inqu i ry card. 

COMPUTER CORPORATION 
H&K COMPANY 

1 5  East 3 1 St Street 
Kansas CitY. Missouri 6 4 1 08 

(816) 561 -1 776 
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Listing 7 (opposite): The first half of Chess 0. 5, written in Pascal. The second half of the pro
gram will be presented in part 3 (December 7978 BYTE) of this series. The portion of the 
program presented here covers initialization of the program, variable declaration, manipulation 
of the "bit boards" (used to represent positions on the chessboard), user print routines and 
move generation. The second half of the listing will include procedures for evaluation of ter
minal positions, the look-ahead procedure, and user commands. 

Creating 

a Chess Player Part 2: 

Chess 0.5 
Part 7 of this series ("Creating a Chess Player, " October 7978 BYTE, 

page 7 82) was an essay on human and computer skili. This month and 
next we present Chess 0.5, a program written in Pascal by Larry A tkin, 
who is coauthor with David Slate of the world championship computer 
chess program Chess 4.6. The program is readily adaptable to per
sonal computers having Pascal systems such as the UCSD Pascal project 
software. Part 4 of the series will conclude with some thoughts about 
computer chess strategy. 

Peter W Frey 
Dept of Psychology 
Northwestern University 
Evanston l l  60201 

larry R Atkin 
Health I nformation Services 
542 Michigan Av 
Evanston l l  60202 

Note : The Pascal subset 
described in "A 'Tiny ' 
Pascal Compiler" (page 
7 82) is not compatible 
with the more sophis
ticated Pascal used 
here . . . .  CM 
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We have attempted to incorporate several 
features which make the search process more 
effic ient and others which increase the 
u ser's options. Both of these enhancements 
are important. The first set of featu res 
( incremental updating, iterative search ing, 
staged 

'
move generation,  etc ) were described 

in general te rms in  part 1 .  These features 
reduce computation to the point where a 
move can be selected in a reasonab le amount 
of time even with a fu l l -width search .  The 
second set of features (special control and 
print  commands, accepting chess moves in 
standard notation ) not only add to the 
p leasu re of u sing the program, but also make 
the debugging process much easier. The price 
for these enhancements is a longer, more 
com pi icated program . We hope the length 
of our l isting wi l l  not d i scourage the reader 
from becom ing actively involved . 

Pascal was developed to provide a logical 
and systematic h igher level language which 

cou ld produce reasonably efficient machine 
code for exist ing hardware. Computer pro
grams can be conceptu al i zed in terms of 
two essentia l parts, descriptions of data and 
descriptions of actions which are to be per
formed on the data. Pascal requ ires that 
every variab le occurri ng in the program be 
introduced by a declaration statement which 
associates an identifier  and a data type 
with th at variab le .  The data type defines the 
set of values which may be assumed by the 
variab le .  S ince a chess p rogram involves a 
l arge number of variab l es, our  program 
begins with a long l i st of declaration 
statements. 

A constant defin ition introduces an iden
tifier as a synonym for a constant. This is 
very usefu l since the val ue of the constant as 
stated in  the declaration l i st can be changed 
at some late r date , and th is change wi l l  then 
be reflected throughout the program in 
every p lace where the constant is used . I n  
the ch ess program, the values o f  some of 
the constants depend on the characteristics 
of the user 's hardware. For example,  the 
values of ZK (maximum search depth ) and 
ZW (move stack l im i t) wi l l  reflect the amount 
of memory wh ich is avai lab le on you r sys
tem .  On personal computers, ZX wi l l  gen
eral l y  be set at 7 if you have an 8 bit proc
essor and at 1 5  if you have a 1 6  b i t  p roces
sor. Note a lso that the value of PZX8 
depends on the value of ZX. To imp lement 
th is p rogram on a given computer, it is 
necessary to insert at the beginn ing of the 
program the appropriate values for these 
constants. 

For the sake of cl arity ,  specific data types 
are declared for a number of d i fferent chess 
concepts and for certa in u sefu l indices. The 
program also takes advantage of the d ifferent 
properties represented in Pascal 's data 
structu res :  the set, array and record . It is 
u n l i ke ly that anyone wi l l immed iately 
memorize the names of a l l  the variables. 
Therefore it is usefu l to have them l i sted 
at the beginn ing  where they can easi ly be 
found for l ater reference. 

There is a comment statement accom
panying al most every instruction in the 
program. Al though these b t· ief statements 



PROGRl" CHESS C I NP U T , OUTPUT I ;  

L A BEL 

1 .  
z .  
9 :  

CON ST 

aa t : z a = to ; 
AC •a•; . Z C  
A D  • Zl : :  Z D  
AJ 0; ZJ 
A �  0 :  1 �  
AJ(H Z  = -2 ; 
l J( P l  : 1 7 ; 

, ... , 
:; • 2 1 ; 
7 3 :  
1 6 ;  

A L  : 0 ;  Z L  : 1 1 9 ;  
A Z L  = - 1 1 9 :  Z A L :: 1 1 9 :  

A N  1 ;  Z N  = 30 ; 
AS 0 :  ZS = 63 : 
AT - 1 :  ZT ::: 6 3 :  

A I/  • 32 76 7 ; ZV = • 3 2 76 7 :  
A W  1 ;  l W  5 &  C ;  
A X  O ;  1 X  3 1 ; 
& Y  o :  z y  1 :  

LPP :a Z O ;  
P Z X &  = 1 6 7 7 7 2 1 6 ;  

S Y N C F  
SYNCL 
S YNHF 
S YN H L  

T YPE 

1 :  
3 6 ;  
3 7 :  
it 7 :  

I '  S I HDLE T Y P E S  ' I  

1 •  I N I T I AL I Z E  F O R  A NEW GA"E • 1  
c •  E X E C U T E  M AC H I NES MOVE • 1  
1 •  END O F  PROGRAM • 1  

f • C HARA C TERS I S  I WORD • t  

1 •  C H A R A C T ER L I " I T S  • 1  
1 •  D I R E C T I ON L IM I TS 01  
1 •  CHARACTERS I H  A S U I N G  • 1  

I • S E A R C H  D E P T H  L IM I T S  0 1  
c • u:-2 • • 

(. ll(t1 . ,  
I •  L A R G E  BOARD VECT OR L l t' I T S  • 1  
1 •  L A R G E  BOARD D IFFERENCES 

L I H I T S • 1 
I •  M E S S A GE L IH I TS • 1  

1 •  BOARD VECTOR L IHI T S  • 1  

I • B O A R D  VECTOR L I H I T S  A NO 
ANOTHER VALUE • 1  

C •  E V A L U A T I ON L l " I T S  • 1 
1 •  HOVE S T AC IC:  L I H I TS • 1 
f • SUBS E T S O F  S Q U A R E S  • 1  
f • IRRA Y O F  SU B S E T S  T O  FCRH I. S E T  

O F  A l l  S Q U A R E S  O N  BOA RD • I 
t •  L I N E S  PER P A G E  • 1  

c •  z - u x- 7 1  • 1  

1 •  F IRS T  C A P TURE S Y N T A X  •1 

t• LAST CAPTURE S Y JrrtT A X  • 1  

t •  F I RS T HOVE S YN T A X  • 1  

t •  \. A S T  HOVE S Y N T A X  • 1  

T l  A A  • •  Z A ;  ( •  I N D E X  TO WO�OS O F  C I-I A P  • 1  

T B  BOOL E A N ; t •  TRUE OR F AL S E  • 1  
T C  C • U IOI ;  t •  S I N G L E  CI-I A R A C TE R S  • )  
T O  I O  • •  Z O ;  t •  D I RE C T I ONS • 1  

H I ;) 1 ,  32 ,B 3, B lot ,  S l ,  S2 , S J ,  Sl.t , N 1  , ,.. 2 , ,.. 3 , N I.t , H 5  , H 6 , N 7  , N 8  J :  

T F  
T G  
T H  

( F l , FZ , F J , F &. , F S , F 6 , F 7 , F8 J ;  
( Pf'} , P P , P N , P B I ; 
l i-t O , H l  , H Z ,  H J ,  H '- ,  H'5 t H 6 , H7 ) ; 

1• HUM BE R OF O t R E C T I OJrrtS •1 

1 •  F I L E S  • 1  

C •  PROI'I OT I ON P I E C E S  • )  
1 •  TP EE S E A�CH t100!:S • J  

T I  
T J  

T <  

I N T E G E R :  C • HUKBERS • )  
A J  • •  Z J :  f • I N D E X T O  S T R I N GS • I 

AI( • •  Z K : ( •  PLY I N D E X  • 1 
T L  
T H  • 
TN • 
T P  

A L  • •  Z L :  t •  L AR GE U O X 1 2 1  BOARD • J 

I L I T E , OARIC , NO N E J ; t• S I D E S  • 1  
A N  . .  Z N ;  c •  I N D E X  T O  ME S S A GE S  • I  

l l P ,  L R ,  l Jrrt, L B ,  L O , L I( ,  OP, OR , O N ,  D B ,  D Q  , Q I( ,  " T t  1 

T Q C L S , L L , D S , Ol l I 
T R  U U , A: 2 , R l , A:C. , R.5 , Rt., R 7 , RI I  I 
T S  • a s • • z s ;  
TT a A T  • •  Z T ;  
T U  z C E P , E R , E H , E B , EQ , EI(l t 
T V  A V  • •  z v I 
Tw s aw • •  z w ;  

T w • a w  • •  z w :  
T Y  z A Y  • •  Z Y ;  
T Z  R E A L ;  

1 •  S E T S  • 1  

S C  S E T  q F  A C  • •  z q  

SF SET OF T F ;  
sa sET o• T a l  
SR. SET OF T R ;  
S X  S E T  O F  T X :  

f • R ECORD S • I 

RB • RECORD 
R B T I'I  1 T H ; 
R B T S  I T T ;  
R B T  I I T I ;  
R 8 SQ I S O ;  
C A S E  I N T E G E R  OF 

1 °  P I E C E S !  L I G H T  PAWN, L I,HT 
R:OOtC, • • •  , DARK IC I N G ,  E M P T Y  
SClUUE •1 

I • QUADRANTS •1 
c •  RANKS • 1  

I • SQUARES 0 1  

1 •  SQUARES, lNO ANOTHER VALUE 0 1  
C •  T Y PE S I  Plwtt , ROOK, 

ICING •1 

t• EVALUATIONS • 1  

1 °  "DVES INOEX 0 1  

I • SOME SQUARES • 1  

C •  NU"B ER O f'  T x • s  IN A BOARD • t  

c •  FlOAT IN G  POINT NUHBE�S • )  

C • S E T  OF CHARACTERS • I 
C • S E T  Of F il E S  • J  

I • SET O F  CAST LING TYPES • I 
t• S E T  O F  RANICS • )  

1 • · S E T  O f  SDHE SQUARES • 1  

t •  BOARDS • )  
C • S I D E  T O  HOVE • 1  

t •  E N P A S S A N T  SQU ARE • )  

C • HOVE HUHBER • )  
t • C A S T L E  FLAGS • 1  

0 1  f R B I S  I Ut�Av  [ l S I  OF T P I ; I *  I ND E X ED BY SQUIRE • 1  
1 1  I R B I R F 1 A IO R A Y  [ T P , T F J  O F T P I ; t •  INDE X E D  BY R A N K A N D  F IL E •1 

E NO l  

R A  P A C K E D  A R R A Y  ( T A J  OF T C ;  
R C  ARRAY ( T S I  OF T P :  
RN PAC ICED A R R A Y  ( T N J  OF T C :  
R J  P I C K E D  A�RAY ( T J ) O F  T C ;  

R D  PAC�ED REC ORD 

ROPC I T B :  
R OS L I T B ;  
ROICQ 1 T B ;  
R ON B  I T B ;  
RORJ( I T B :  
E ND ; 

R IC  ::: RE CORD 
C A S E  I NT E GE R  OF 

O t  f RIC T B I S E T  OF O . .  lt 7 J ; 
1 1 f R IC T Z t  T l ) ; 

E N D ;  

I *  W O R D S  OF CHA R A CT E q:s • 1  

I • BOARD VECTORS • 1  

1 •  M E S S A GE S  • J  
t •  S T R I NG S  • 1  

I • S Y N T A X  DESCRIPTOR FOR 
S INGLE SQUARE • t  

t •  P I E C E  • 1  

f • I • J 
C • I( OR a • J 

C • R, N ,  OR B • I 
c •  R A N K  • 1  

c •  I(LUDGE T O  F I N O  NE X T  B I T  • 1  

c •  B I T S  • J  
t •  F L O A T I N G  PO I N T  NU"BER • )  

RH : P A C � E D  RECDRC 
R"FR 1 T S ;  
R H T O  1 T S :  
R"CP T P; 
RHCA TS( 
R"AC I T81 
R"CH TB; 
RH"T T B ;  
R " I l  I T B ; 
R HSU t T B ; 
C A S E  RHPR 1 TB Of 

F A L SE I I 
C A S E  RHDD 1 T B Of 

fALSE ! IRHEP 1 T B I I 
T R U E  I IRHQS I T B I I 

I I  
TRUE 1 I RHPP 1 T G I I 

E N O l  

RS : RECORD 
C A SE . INTEGER OF 

0-t I R S S S 1  ARRAY ( T Y I  OF S X J ; 
1 1  I R S T I I  A R R A Y  ( T Y J  OF T t l ; 

E N D :  

RX = A R R A Y  ( T S J  O F  R S ;  

R Y  ::: P A C K E D  RECORD 
RYLS R O ;  
RYCH I T C ;  
R YRS I R O �  
E N D ; 

RE ARRAY ( T W I  OF T V ;  
R F  : ARRAY ( T W J  O F  R H ;  

VAR 

c •  O A T &  BASE • J  

BOARD � B :  
N80RD ARRAY 
A TIC: FR. 1 ARRAY 
A T K T O  ARRAY 
A L A T I(  A R R A Y  
TPL OC 1 ARRAY 
T HL OC 1 ARRAY 
HOVES I A R R A Y  
V A L UE 1 ARRAY 
ALLOC I ARRAY 
BS TKV I ARRAY 
B S T V L  1 ARRA Y 
C S T A T 1 ARRAY 
ENPAS I ARRAY 
G E HPN 1 ARRAY 
G EN TO 1 ARRAY 
G E N F R  I ARR:A Y 
"'BVAL 1 ARRAY 
H V S E l  ARRAY 
I H O E X  ARRAY 
K I L L R  1 ARRAY 
l INOX ARRAY 
SRCHH ARRAY 
GOING 1 T I ;  
L S T t1V 1 RH;  
HlXPS 
HBL T E  
HBPWH I 
H B T O T  
N OD E S  

r v :  
T V  I 
ARRAY 
TV I 
T i l  

JNTK 1 T q  
J H T IC  1 T IC ;  
J H T "  I T H ; 
JNTW 1 T W 1  

t •  L E T S  • 1  

T I :  
T t ;  
T I  1 
n :  

I T S !  Of T P  
! T S I  O F  RS 
I T S  I Of R S  
I T H I · OF R S  
( T P J  Of RS 
I T H I OF RS 
I T W I  OF RH 
( T W J  Of TV 
I T K I Of RS 
( T K  I OF TW 
(A Kf'l2 • •  ZtCP 1 O F  T V ; 
I T� I Of RS 
I T O Of RS 
I T O )  Of RS 
I T K I  Of RS 
I T K I  OF RS 
I T q  Of TV 
I T K I  Of T l  
( H  • •  Z K P 1 1 O f  T N :  
[ T K J  O F  R H ;  
I T K J  O F  T W ;  
I T K J  O F  T H ;  

I T H I  O f  T i l  

F KP S H D  
f � S ANQ 
F M A X" T  
FHOOEL 
FPAOCR 
FPBLOK 
FPC ON� 
F P F L N X  
fRDUBL 
F R K 7TH 
FTRADE 
F T RDSL 
F TRPOK 
F TRPWN 
F WI( l NG 
FWHAJ" 
F WH IN" 
F M P A WN 
FMROOK 
WINDOW 

ARRAY I T F I  OF T i l  
T l ;  
T I :  
T i l  
T I ;  
T I ; 
T I ;  
T I I 
T I :  
T I :  
T I 1 
T i l  
T I :  
T l ;  
T I ; 
T i l 

c• SW I T CHE S • l  
SWEC 1 T B :  
SWPA 1 T B ;  
SWPS 1 T B ;  
SWRE I T B ; 
SWSU I TB ; 
S W T R  1 T B ;  

t •  COHHA NO PROC E S S I NG O'I T I  * )  
I C A R D  I �J 
I L I N E  I RJ 
JHT J T J 
JNT J T J 

c •  HOVE S • 1  
C • FROM SQUARE • I 
t •  TO S QU A�E • t  
t •  C A P T U R E D  P I E C E  • 1  

l • CAPTURE • I 
1 °  Af FE C T S CASTLE STATUS • 1  

1 •  CHECK • t  

t •  "ATE • t  
c •  I L L E G A L  • t  
1 •  SEARCHED •t 

1• PRO"OTION •t 

I • CASTLE •J 

I • ENPASSANT •t 

1• QUEEN S I D E  0 1  

1 •  B I T  BOARDS • J 

c •  ARRAY O F  S E T S  • t  

C • ARRAY O F  INTEGERS • 1  

c •  A T T A C IC  HAPS • 1  

t •  KOVE S Y N T A X  D E S C R I P T O R  • 1 
t •  l E F T S I DE D E S C R I PTOR •t 

I • HOVE OR CAPTURE • J 

C • R I GH T SIDE DESCRIPTOR • t  

C • ARRAY O F'  VALUES • I 
t •  ARRAY OF H O V E S  • )  

c •  T H E  BOARD • 1  
c •  L O O K - A H E A D  BOARD • 1  

c •  A T T A C ICS FROH A SQU ARE • t  

t •  A T T A C IC S  T O  A SQUARE • 1  

C •  A T T A C tC S  B Y  E A C H  C OLOR • 1  

t •  LOCA T I ONS O f  P I EC E  B Y  T Y P E  • 1 
c •  L OC A T IONS O F  P I ECE BY COL OR • 1  

c •  HOVES • 1  
t •  V A L U E S  • J  

C •  A l l  P IECES • t  
t •  BE S T HOVE S O  F AR • J  

I • VALUE O F  B E S T  HOVE • 1  
C • C AS T L IN G  SQUARES • 1  
t •  E N P A S S A N T  SQUARES • 1  

t •  PAWN O R I G IN A T I O N  SQUARES • 1  

c •  HOVE DEST INA T ION SQUARES • J  
c •  HOVE ORIG INA T I ON SQUARES • 1  

t •  H A T E R I A L  BALANCE VALUES • 1  
f • COUNT HOVES S E L E C T E D  BY P l Y  • 1  
C • CU R R E N T  HOVE FOR P L Y  • 1  

t •  •C I L L E A  HOVES BY PLY • 1  

1 •  l A S T  HOVE F O R  P L Y  • J  
c •  SEARCH HODES • )  

t •  NUH B E R  O f  H O V E S  T O  E X EC U T E  • 1 
t• P RE V I OU S  HOVE • J  

I • H U  I HU" POS IT IDNAL SCORE • 1  

1 •  " A T E R I A L  BAL A NCE L I T E  EDGE 0 1  
c •  NU"BER O f  PAWNS I Y  SlOE  • t  

1 °  TOT A L H A T E R I A L  O N  NBORO 0 1  

I • NUHBER O F  HODES SEARCHED 0 1  

c •  P l Y  I N OEX • 1  

c •  I TE R A T I ON  • 1  
C • S I DE T O  "OV£ • t  

I • H O V E S  STACK POINTER 0 1  

1 °  � I N G  P A WN S H I E LD CRE D I T  0 1  

1 °  K ING I N  SANCTUARY CREDIT 0 1  
1 °  HU IH UM H A T E R I A L  SCORE • 1  

c •  NODE L l" I T  F OR SEARCH • 1  
c •  P AWN ADVANCE CREDI T  B Y  F I LE • 1  

I *  P A W N  BLOCICED PENALTY • t  

1 •  PAWN CONNECTED CREDIT 0 1  

t •  P A W N  P H A L A N X  CREDIT • I 
c •  DOUBLED ROOK CRE D I T  0 1  

1 °  ROO� O N  S E V E N T H  CRED I T  0 1  
t •  TRIDE-OOMN BONUS F A C T OR  • J  

1 •  T R A D E • D O W N  T U N I NG fACTOR 0 1  
C •  PAWN TRADE-DOWN R E L A W A T ION • 1  
I •  PAWN TRADE-DOWN F ACT OR • 1  

t •  I(I NG E V ALUAT I ON W E I G H T  • 1  

I • HAJDR P I E CE H D B I ( I T Y  W E I G H T  0 1  
1 •  H I NO A:  P I E CE 1108 1 L I T Y  WE'I GHT • 1  

c • PAWN E V AL U A T I ON WE I G HT • t  

t •  ROO K  E V AL U A T I O N  WEIGHT • 1  
1 •  S i l E  OF ALPH A - BE T A  W I NDOW • 1  

t • E C H O  I NPUT • I 
c• P A G I N G  • 1  

c •  PRINT P R E L I M I NARY SCORES • 1  
c •  R E P L Y  W I T H  H O V E  • 1  
t •  PRINT S T A T I S T ICS SUHHARY • 1  

1 •  T R A C E  TREE S EARCH 0 1  

1 •  INPUT CARD I H A G E  • )  
t •  CURRENT COHHA NO • 1  
t •  CURRENT I N P U T  LINE POS I T I ON • t  

C •  CURRENT COHHANO P O S I T ION • t  
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Listing 7, continued: 

C •  TRA NSLA T I O N  T A B L E S  • )  

X S P 8  1 ARRAY ( T P J  OF T B ; 
X F P E  1 ARRAY ( T P J  OF T E �  
X L L O  I A R: � A Y  C A ZL • • Z I. l l  OF T O �  

X L P E  I ARRAY ( T P J  O F  T E :  
X R F S  1 ARRAY { l f )  OF R S :  
XRRS ARRAY [ TR 1 OF RS; 
XNFS ARRAY ( T F J  OF RS; 
XNRS I ARRAY l T R J  OF RS; 
XRSS 1 ARRAY C T S J  Of RS; 
XRQ" I ARRAY I TQJ OF R": 
XSQS 1 ARRAY ( T Q J  OF RS ; 
X S S X  I ARRAY ( T S J  OF s x ;  

:USC I A R R A Y  C T B I  O F  T C ;  
X TE O  1 A R R A Y  C T E J  OF T O ;  

X TGC I A R R A Y  I T G J  OF T C :  
X T G H P 1  A R R A Y  ( T G .  T H J  OF T P t  

X T L S  A R R A Y  I T L I  OF TT : 
X T " A  A R R A Y  ( T " J  OF RA I 
X T "Q ARRAY I aJ OF T Q :  
X T " V  ARRAY ( T " J  OF T V :  
X T PC 1 ARRAY ( T P J  OF T C I  
X T P.H 1 U U U Y  ( T P J  OF T N ;  
x r P u  A R R A Y  l T P J  OF T u ;  
X T P V  ARRAY [ T P [  O F  TV ! 
X T Q A  t ARRAY l T Q J  OF RA ; 
X T Q S  I ARIUY ( T Q )  OF T S ;  
X T R F S 1  ARRAY ( T R , T F J  O F  T S ;  
X T S F  1 ARRAY ( TS I OF TF ; 
X T S L  A R R A Y  I T S J  OF TL : 
X T S R  ARRAY ( l S I  O F  TR; 
X T S X  1 ARJUY C TS J  O F  T X ;  

X T S Y  1 ARRAY [ T S J  OF T Y ;  

XTUC I ARRAY I TU I  OF T C :  
lt T U H P 1  ARRAY ( TU , T H J  OF T P ;  

XRQSOI ARRAY ( T Q J  OF RS : 

XRQS A I  ARRAY C T Q J  OF RS: · 

EOGE I ARRAY I TE I OF RS : 
CORNRI R S ;  
NUL H V 1  R H ;  
O T H E R  I ARRAY ( Tt 1 1  OF T H :  
SYN T X I  ARR.A Y ( SYNCF • •  SYNHL J O F  � y ; 

FUNCT I ON H AX I A , B I T I I a T I ;  

B E G I N  
I F  .& > 8 THEN 

HA X I: A 
E L S E  

H A X  1 :  8 ;  
E ND ;  ( •  H A X  • )  

F UN C T I ON H IN U , B I T I I  t T I ;  

B E G I N  
IF .& < T H E N  

H I N  1 :  A 
E L S E  

H I N  I•  a ;  
E N O f  c •  H I N  • )  

F UN C T I ON S I GN U , B I T I )  I T U  

B E G I N  
S I G N  1 2 T�UNC f B I A BS f 8 ) )  • A BS U J ; 

E ND &  C• S I G N  • )  

PROCE DURE SORT I T  
I VAR A I R E :  

V A R  

V A R.  8 a R. F ; 
C l  T W I ; 

l N T B  I 7 9 ;  
I N T M  I T M ;  
INT I 1 T i l  
I N T V  I TV.: 
INRH I A: H ;  

BEGIN 
FOR I N T W  1 2 A M+ Z  T O  C DO 
B E G I N  

I N T I  1 = I N T M - 1 :  
I NT V  I =  U I NT W J ;  
IN�H I =  B ( I NT W J ;  
I NTB 1 :  T R U E :  
W H I L E  I I N T I  > & W I  &NO I N T B  00 

IF I NT V  < A ( l fiiT I I  THEN 
BEGIN 

U IN T I + 1 J  I= A f iH T I J ;  
8 [ 1 NT I + ! )  1 :  8( 1 NT I J ;  
I N T I  1 :  It H l  - U 

ENO 
ELSE 
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I • HOVE MESSAGE * l  

t •  TRUE FOR S W E E P  PIECES • t  

c •  F IRST D IREC T I ON • t  

t •  D I R E C T I ON F O R  LARGE BOARD 
SQUARE D I FF E RENCES • I 

f +  L A S T  D I RECT I ON * l  
t •  B I T  BOARD FOR F IL E S  • l  

( +  B I T  BOARD F O R  RANI(S • l 

f+ COHP B I T  BOA RD FOR. F I LES * I  
· 1 ° CO"P B I T  BOARO FOR RAN�S 0 1  

I • B I T  BOARD F O R  l X I  I N C  E X  • I 
1 ° "OVE S  FOR C A S T L E  TYPES • 1  

1 ° B I T  BOARO FOR CASTLE TYPES • 1  

t •  S E T  E LE " E NT FOR l X I  I N D E X  • 1  

( • CHARACTERS FOR BOOLEANS • 1  

I • O I R E C T I ON NU"!ER T O  1 0 X 1 Z  
S Q U A R E  DIFFERENCE • I 

f+ CHARACTERS FOR PA:OHOTION • 1  

I • P I E C E  FOR PRO"O T I ON T YPE 
ANO COL OR • 1  

t • a x e  I ND E X  F O R  1 0 X 1 Z  I NO E X  • J  

t • WORDS FOR COLCRS • )  

1 • C A S T L E  TYPES FOR SlOE • 1  

t • SCORE FACTOR FOR SlOE • 1  

t •  CHARACTERS F O R  PI ECES • 1  

t • S l O E S  FOR P I E C E S  • 1  

c • TYPE FOR P I E C E  • 1  

1 • V A L U E S  O F  P I E C E S  * I  
t • MOROS F O R  C A S T L E S  • 1  

I • T O  SQUARES FOR C A S T L E  T Y P ES • 1  

c • a x a  I N D E X  F O R  RANI( A N D  F I LE + )  

t • F IL E S  F �  SQUARES • 1  

t •  1 0 X 1 Z  I N D E X  FOR a x e  I NO E X  • t  

f • A:ANICS F OA:  SQUARES • l 

t •  E L E " E N T  NU"BER F O R  l X I  
I N D E X  • l 

1 • ARRAY SUBSCR I P T  I N T O  B I T  BOARO 
FOR l X I  INOE X • 1  

c • CHARACTER F O R  T Y P E  • J  
f • P I E C E  F OR  T Y P E  AND S I D E  • I 

I • UNOCCUPIED SQUARES FOR 
CASTL l N G  • t  

I • UNAT T AC � E  0 SQUARES FOR 
C A S T L ING •1 

t • E O G E S  IN VARICUS DIRECT I ONS •1 

f + I( ING SANC TU A R Y  • )  

t • HULL H O V E  • J  
I • OTHER C O L �  • 1  

f + H O Y E  SYNTAX T A BL E  • J  

1 •  L A R G E R  OF T W O  NUMBERS • t  

I *  SMAL L E R  OF T W O  NUHBEA:S * I  

( • S ICN OF B A P P L I E D  TO 
ABSOLUTE V A L U E  OF A • 1  

t •  SORT P R E L I M I N A R Y  SCORES • 1  

I • ARRAY O F  SCOUS • 1 
C •  ARRAY OF tt<I 'I E S  • 1  

( • NU"BER OF E N T R I E S  • 1  

C •  LOOP E X I T  F L A G  • 1  

f +  OUTER L OO P  INDEX • J  

1 •  INNER LOOP I N O E X  • 1  

C •  HOLD SCORE • 1  

I • HOLD HOVE • 1  

I N T B  t :  F A L S E  
U IH T I + 1 1 1 :  I N T V  
8 ( 1 NT I + 1 1  1 :  I N I( H  

E N O :  
E N D ;  1 •  S O � T I T  + )  

PROCEDURE AHORS 

I VA R  C I RS ;  
I,  B t A:S I ;  

VAR 
INTY 1 T Y .;  

B E G I N  
FOR I N T Y  1 :  IY TO ZY 00 

C• I N T E R SE C T ION OF T WO B I T  
BOARDS • I 

C •  R E S U L T  + )  

c •  OPERANDS • 1  

C • B I T  BOARD WORD I N D E X  • 1  

C . RSSS I I HT Y I  I >  A , RS S S I I NTY I • B , R S S S I I NT Y J ;  
E NQ ;  1 •  ANORS • 1  

PROCEDURE CLRRS 

t Y & R  c u ts: 
A 1 TS) ; 

B E G I N  

t •  R E M O V E  SQUARE F R O "  B I T  
BOARO • 1  

t •  B I T  BOARD • J  

c •  SQUARE T O  R.EMOYE • 1  

C . RS S S ! X T S Y ( A J J  I •  C . RS S S ( X T SY I A I J  • X S S X ( A J I  
E H O ;  t •  CLRRS • 1  

PROCEDURE CPYRS 
f V A R  C 1 R S ;  

U R.S l ;  

VAR 
IHTY 1 T Y ;  

B E G I N  
FOR IHTY t z  A Y  T O  Z Y  D O  

C . RS S S l i H T Y J  a :  A . RSSS ( I NTY J ;  
£ H O t  t •  CPYRS • 1  

PROCE DURE I ORRS 
I VA R  C I R S ;  

& ,  B t RS I ; 

VAR 
! NT Y  1 TY ; 

B E G I N  
FOR I H T Y  1 :  I Y  T O  Z Y  00 

( • COPY OF A B I T  BOARO • 1  

( •  RESULT • J  

C •  OPERAND • 1  

c •  B I T  BOARD WORD I N D E X  •1 

1• U N I ON OF TWO BIT BOARDS • 1  

I • R E S U L T  • I 
( • OPERANDS • 1  

( +  B I T  BOARD W O R D  I N D E X  * I  

C . R.SS S l i N T Y l 1 :  A . RSSS l l HTY I + B o R. S S S l l N T Y ) ;  
E NO ;  t •  IORRS • 1  

P ROCEDURE NEWRS 
f V AR A I R.$ 1 ; 

VAR 
IHTY I T Y ;  

BEGIN 
F OR I H T Y  I= A Y  T O  ZY DO 

l . R.S S S l i N T Y I  1 :  ( 1 ;  
E ND ;  ( •  NEWR.S • t  

PROCEDURE NOTRS 
I VA R.  C t RS; 

A t  R S I ; 

VAR 
l N T Y  1 TY I 

B E G I N  
FOR INTY 1 •  A Y  T O  Z Y  00 

f+ C L E A R  B I T  BOARD • J  

t •  B I T  BOARD T O  C L E A R  • 1  

t •  B I T  B O A RD N O R D  I N D E X  • 1  

f • C O H P L E H E N T  OF l B 1 T BOARD • I 
t• A:ESUL T * I  
f • OPERAND • I 

f • B I T  BOARD WORD I N D E X  * I  

C . RSSSI I NT Y I  I •  I A X  • •  Z X J •A , RSSSI I N T Y J I  
E NO ;  c •  NOTRS • 1  

FUNCTION N X T T S  
I VA A:  A I RS ;  

VAR B a TS 

1 a re ;  

LABEL 
1 1 1  

V AR 
I H T X  1 T X ; 
INTY 1 T Y ;  
X I Rl( ; 

B E G I N  
FOR lHTY 1 2  Z Y  O O W H T O  I Y  0 0  

I F  A . R S T t (  I N T Y  I < >  0 T H E N  
B E G I N  

I •• • B E G I N  C D C  bQ 0 D D E P E N D A N T  CODE • I 

t •  NEXT ELEMENT IN B I T  SOARD • 1  

I • B I T  BOARO T O  LOCA TE F IRST 
SQUARE, ANO THEN REMOVE • I 

1 •  SQUARE NU"BER OF F I RS T  SQUARE 
IN B I T  BOARO • 1  

I • TRUE IFF ANY SQUARES WERE S E T  
I N I T I AL L Y  • 1  

c •  RETURN • )  

( • B I T  BOARO B I T  INC E X  • I 
f • B I T  BOARD WORD INDEX •1 

f • KLUDGE NORD • I 

t• LOOP THRU B I T  BOARD MORO S * I  

( ••• F O L L O W I NG CODE REQUIRES THE " E X P O •  FUNC T I O N  T O  RE TURN 
1 • •• THE EXPONENT FFtOH A F LO A T I N G  PO I N T  NU"BER. I T  ALSO ISSU11ES 
, ... THAT F L O A T ING FOINT NU"BERS H AVE ��� BIT C O E F FI C I E NT S  R I G H T •  
1 ••• JUST I F I E D  IN A NORD, A N D  T H A T  S E T S  ARE R I G HT-JUS T I F IED IN 
, . . .  A WORD. * I  
c •  x . RK T Z  t :  l . RS T I ( I N T Y J ;  I *  F L O A T  WORD • 1  

1 •  8 t ::  E XPO I X . RIC T Z J  + I H T Y  • f l X + 1 l ;  
c •  t •  C O N V E R T  T O  SQUARE HUHBER + J  



may not in it ia l ly be very mean ingfu l ,  we 
expect them to be he l pfu l  when the user 
becomes fam i l iar with the p rogram. Because 
Pascal requ ires that a l l  p rocedu res and func
tions be defined in  the serial l i st ing before 
they are cal led by another  portion of the 
program, the procedu res and functions 
wh ich are first defined tend to be pr imitives. 
The main part of the program is concen
trated at the end of the l isting. 

The most important part of the variab le 
declaration l ist in terms of understand ing the 
program is the portion which specifies the 
global data base. Th is inc ludes the current 
board (BOARD, a record ) and a number of 
important arrays. The look-ahead board 
(N BORD ) i s  an array l i sting th e . p iece 
occupying each square. The attacks emanat
ing from each square are represented by 
ATKFR, an array wh ich l ists an 8 by 8 b i t  
board for each of the  64 squares. The 
attacks to each square are represented by 
a simi lar array, ATKTO. The comb ined 
attacks for each side are represented by a 2 
item array of 8 by 8 b i t  boards Gal led 
ALATK. 

The location of al l p ieces by type is 
represented by an array of 1 2 8 by 8 b i t  
boards, TPLOC. The  location of  al l p ieces 
by color i s  represen ted by an array of two 
8 by 8 b i t  boards, TM LOC. The moves are 
stored in an array (MOVES ) of records. 
Each record (RM ) contains information 
about the from square, to square; whethe r  
a capture is involved and  the  type of  p iece 
captured, whether the move affects castle 
status, involves check or mate, i nvolves a 
p iece promotion, and whether the move 
has been searched yet. Add itional arrays 
provide information on castl ing sq uares, 
en passant squares, th e location of all p ieces, 
the location of pawns, etc. To be successfu l ,  
a chess p rogram must organize the d ata base 
in a logical manner and be ab le to manipu
late it efficiently .  

For reasons o f  efficiency, the program 
often stores the same i nformation if} two or 
more d i fferent ways. Because of th is, it is 
necessary to be able to transl ate from one 
form to the other .  These activ it ies are han
dled by special arrays. For examp le ,  the 
XTPC array a l l ows one to u se a p i ece desig
nator (LP, LQ, LK, DQ, etc ) as an index and 
retu rns the corresponding character (1 thru 
6 for B lack  pieces and A th ru F for Wh ite 
p ieces) which i s  u sed when a board represen
tation is p ri n ted on th e termina l .  

There are several general pu rpose rou tines 
which are needed by the p rogram.  Two func
t ions, M I N  and MAX, provide the smal l e r  
or larger of two numbers upon request. A 
th i rd fu nction, S IGN ,  app l ies the sign of 
one number to the absol u te val ue of another 

Circle 46 on inqu i ry card. 

64K BYTES ON SINGLE CARD 
S-1 00 BUS COMPATIBLE MEMORY 

$695 
The CI-S 1 00 64K x 8 Dyna mic Memory Module 
plugs di rectly into the IMSAI, M ITS, TLD, SOL, a nd 
most other S-1 00 Bus M icrocomputers. Using 
state of the art 200 ns 1 6K dynamic RAM chips, 
the CI-S1 00 al lows maxi mum processor throug h
put with the use of h idden on board refresh. No 
wait states are required even with the Z80 at 
4MHz. 

Addressabi l ity is switch selectable in  4K incre
ments to 64K. 

Power consumption is less than 6 watts. 

Price is $695 assembled, tested and burned-in.  

Fu l l  year warranty. 

Chrislin Industries, Inc. 
Computer Products Division 

31352 Via Colinas • Westlake Village, CA 91361 • 21 3-991-2254 

From EMM - the industry's largest suppl ier 
of 4K static RAMs - a 21 1 4  w ith a year and 
a half  of del ivery behind it .  Not a new part. 
Just a new pin-out of a proven part. 1 K x 4 
organization. SV only. Standard 1 8-pin DIP.  
I t  draws only 300 mw, has all the speed you 
need for microprocessor appl ications. 

emm sEMI� INC. 
A division of Electronic Memories & Magnetics Corporation 

3883 North 28th Avenue, Phoenix, Arizona 85017 (602) 263-0202 
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Listing 7, continued: 

t •  X . �K T B  1 -s  X . RK T B  • [ 4t 7  U 
1 •  A . �S T I I ! N T Y I o :  TRUNC C X . RK T Z I :  
t •  N X T T S  1 :  T R U E ;  
c •  GOTO 1 1 ;  
1 •• •  E N D  CDC 6 0 0 0  DEPENDANT CODE • ). 

C • • •  B E G I N  MACHINE I NDEPENDENT CODE • t  
FOR t N T )(  I •  Z X  OOWNTO A X  00 

IF ! NT K  IN A . BS S [ ! N T Y I T H E N  
B E G I N  

I •  R E M O V E  H O S T  S I GNI F ! C U T  B I T  • 1  
1 •  ! N T E G E � I Z E  • 1  
c •  RETURN A BI T SET • 1  
C •  RETURN • )  

1 •  LOOP THROUGH B IT S  I N  WORO OF 
S E T  • )  

B I •  I N TX + I NT Y• C Z X + 1 J ;  c •  RETURN SQUARE NUMBER • J  
A . RS SS ! I N T Y J o = A . RSSS[ I N T Y J  • I I NTX I I 

N X T T S  1 =  T R U E ; 
GOTO 1 1 ;  

E N D :  
c •• •  END MAC H I N E  I N D E P E N D E N T  C O D E  • J  

E N D ;  
N X T T S  1 = F A L S E ;  

1 1 1  c •  RETURN • )  
E ND ;  1 •  N X T T S  • 1  

FUNCTION CNTRS 

U I A. S J  I TS ;  

VAR 
INTY I T v ;  
! N T S  T S ;  
lKRS R.S ; 
I N T S  I T S ;  

BEGIN 
INTS I= O ;  

c •• •  BEGIN rU.CH INE INOEF>ENDENT COO£ • J  
CPYRSUMR.S , A J ; 
W H I L E  N X T T S I !HRS . I H T S I  DO 

I NTS I= 1 N T S+ 1 ;  
I • • •  END M A C H I NE INDEPENDENT CODE • 1  

f • • •  B E G I N  CDC 6 C:  0 0  DEPENDENT CODE • I 
f •• •  FOLLOWING CODE REQUIRES THE • tARO • 

t • • •  COUNT T H E  "E"BERS IN A SET . • t  
( •FOR I N T Y  I =  A Y  T O  Z Y  00 
1• I NTS 1 :::: I N T S  + CARD U . RS SSl I NT Y U ;  
t •• •  END CDC D E PE N D E N T  COO£ • )  

CNTRS 1 :::: I N T S ;  
END ; c• CNTRS • t  

PROCEDURE S E T RS 

I VA R  C t R S ;  
A I  T S t ; 

BEGIN 

I • REMOVE B I T  FROH WORO 01 
c • RETURN A B I T  S E T  • 1  
c •  RETURN • )  

I • E L S E  RETURN N C  B I T S  SET • I 

( ° COUNT HEHIIERS OF A B I T  
BOARD • 1  

I 0 B I T  BOARD TO COUNT 0 1  

f •  B I T  BOARD WORD I N D E X  • t  
1 •  TE"PORARY • 1  
1 •  SCRA TCH • 1  
C •  SCRA T C H  • )  

1 •  COUNT SQUARES • t  

FUHC T IO� T O  

I • RETURN S U M  • 1  

I • I N S E R T  SQUARE I N T O  B I T  
BOARO • J  

( •  B I T  BOARD • t  
c •  SQUARE T O  INSERT • t  

C . RS S S t X T S Y t A I I  I =  C . RS S S t XTS Y t A I I  + X S SX t A J ;  
E N D ;  1 •  SETR:S • t  

PROCEDURE S F T R S  
C VAR A I R S ;  

B 1  RS; 
C I TE l ;  

VAR 
INRS 1 RS ; 
I N T S  I T S ;  
I N T  Y' 1 T Y ;  

BEGIN 

t • •• B E G I N  HACHINE' INDEPENDENT CODE •1 

C • S!1I F T  BIT BOARD • )  
c •  RESULT • t  
c •  SOURCE • 1  
c •  D I R E C T I ON • t  

1 •  SCRA T C H  • 1  
I •  SCRA T C H  • 1  
t •  B I T  BOARD WORD INDEX • t  

N E W RS I A t :  C •  C L E A R  N E W  B I T  BOARD • t  
W H I L E  N X T T S I B , I NT S )  DO 

IF X T LS ( X T S L [ I NT S J + X T EO ( C J J  ,. 0 T H E N  
C •  S H I F ]  E A C H  B I T  • 1  

S E T RS I A , X T L S l  X T S L t i N T S  J +X T E D t C J  I ) ;  
f ••• END H A C H I N E  I N D EPENDENT CODE • t  
I • • •  BEGIN CDC 6 0  0 0 DEPENDENT CODE • I 
( • • •  FOLLOWING CODE ASSUHES THAT HUL T I P L ICA T I O N  DR D I V I S ION 
1 •• •  BY A CON S T A N T  POWER OF 2 I S  DONE W I T H  A S H I F T  INSTRUC T ION. 0 1  
C •CASE C OF 
C •s1 r B E G I N  
c •  FOR: I N T Y  ' "  A Y  T O  Z Y  D O  c •  S H I F T  ONE P L A C E  • 1  
f • B E G I N  
« •  B . RSSS [ ! NT Y I I •  B . RS SS ! I N T Y J  • EOGE I S1 1 . RSSS I I N T Y I 1  
C •  A . RS T I C I N T Y I  I •  B . RS T U IN T Y J  D I Y  Z '  
C • END ; 
C • E N D :  
f • S 2 1  B E G I N  
C • FOR I N T Y  I •  AY TO Z Y 0 0  f •  S H I F T  WORDS • 1  
f • B E G I N  
1 •  B . RSSS I ! N T Y I I •  B . RSSS I I N T Y I • E OG E ! S 2 l o RS S S [ l NT Y J I  
c •  INRS . R S SS l i NTY J I •  B . RS S S I  I N T Y J  • r zx - 7  • •  Z X J ;  
t •  A . RS SS I I N T Y I  , ,.,  B . R.S 'SS I I N T Y I ... I Z X - 7  • •  Z X J t  
t •  A . RS Tl t i N T Y J  1 ::1  l . RS T I ( I N T Y J  • Z 56 
I • END ; 
c •  FOR I N T Y  • =  A Y + 1  TO Z Y  0 0  1 •  C A R R Y  BETMEEN WORDS • 1  
c •  A . P S T i t l NT Y J  I =  A . R S T I ( IN T Y I + I N R S . RST·U I NT Y - 1 1  D I Y  P Z X I I  
« � E•o: 
I • S 3 1  B E G I N  
( •  F O R  I N T Y  1 -=:  AY T O  Z Y  00 1• SHIFT ONE P L A C E  • J  
t •  BEGIN 
1 •  A . RS SS I I N T Y I  o =  B . RS S S !  ! N T Y I  • EOGE [ SJ J . RSSS [ l HTY J :  

c •  A . R: S T I I I N T Y J  1 ::1  A . R: S T I I  I N T Y l • z ;  
C • E N D ;  
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I "  ENO l 
BEGIN I •S'- I 

I • FOR I N T Y  1 :::: AY TO Z Y 0 0  1 •  S H I F T  WORDS • )  
I • BEGIN 
I • 
I •  
, . 

B . RSSSI ! N T  V I  I= B . RS S S I  ! N T Y I • E DG E ! Sio i . RSSS I ! NT Y J ;· 
INRS . R. S SS ( INT Y I  I =  B . R S SS ( I N T Y I  • ( A X  • •  A X + 7 1 ; 
A . A S T I I I N T Y I I =  B o RS T I I ! N TY I O I V  Z 5 & ;  

I • E N D :  
I •  FOR I N T Y  1 = A Y  T O  Z Y • 1  0 0  C • CARRY B E T WE E N  WORDS • )  
I • 
I •  

A . RS T i l  l h T Y J 1 :  A . A:S T I I  IN T Y I  + INRS . A:S T U I NT Y + 1 J  • P Z X S ;  
E N D :  

c • 8 1 1  B E G I N  
1 •  SFTRS C IN RS , B , S U : 
c •  S F T A:S C A , I N RS , S Z t : 
c •  E trm ;  
I • B Z I  B E G I N  
c •  SFTR.S C INRS , e , sz t ; 
C •  SFTRS U , I NRS , S3 1 ; 
C • E N Q ;  
I •B 3 1  BE G I N  
C •  S F T RS I IN A:S , e , s : H ; 
c •  SFTRS U ,  I N RS , S-. t ; 
f • E N D ;  
I •B't l B E G I N  
1 •  SF TRS UNR S , B , Sit t :  
1 •  S F T RS U . I N RS , S U ; 
I • E N 0 1  
C •N1t BE G I N  
c •  S F TR S U N R.s , a , eu ; 
c •  SFTR.S U . I N R S , S 2 1 ; 
c •  EtotO: 
C • N Z I  B E G I N  
I •  
I "  

I "  
c •H 3 t  
( •  
I • 
( 0  
f •NU 
I •  
I •  
( .  
I •H5 1 
I • 
I •  
I • 
( •H & I  
I •  
I •  
I • 
I •N71 
( .  
I • 
I • 
c •Ne , 
I "  
I • 

S F T RS I I NRS , B , B Z J ; 
S F T RS C A , H I RS , S Z ) ; 

ENO l 
B E G I N  

S F T R S  f I N R. S ,  8 ,  B Z ) ; 
SFTRS U ,  ! N R S , S l l l 

E NO l 
BEGIN 

SFTA:Sf iNR.S , B , B:H ; 

SFTRS U ,  I N RS , Sl l l 
ENOl 
B E G I N  

S F T RS I INRS , B , B : U ' 
S F T RS U , I NR S , Sa. l  l 

[ N O (  
BE G I N  

SFTRS C INRS , B , Sit ) ; 
S F T.A:S C A , I N R S , S &e J ; 

E H O :  
B E G I N  

SFTA:S C INRS , B , Bit t ; 
S F T JtS C A , I N R S , S l l  t 

END; 
B E G I N  

S F T RS t iNRS , B , B U ; 
S F T RS U ,  INRS , S l l ; 

c •  o m ;  
·C • E N D ;  
f • • •  END C D C  6 0 0 0  DEPENDENT C O D E  • 1  

E N D ;  c •  S F T R S  • t  

F U N C T I O N  I N A: S T B  
U t R S ;  

8 1  T S I I T B ;  

B E G I N  
I N R S T B  r :  X S S X C B I  

E N D ;  1 •  I N A: S T B  • J  

F UN C T I ON HULRS 
C A I  RSI 
I T B :  

V AA 
I N T Y  T Y ;  
! N T B  T B I  

B E G I N  
I N T B  t ::  TRUE ; 

A . R SS S l X T S Y t B J  I ;  

FOR I N T Y  1 ::  A Y  TO Z Y'  DO 

c• SQUARE I N  B I T  BOARD BOOLEAN • J  
c •  B I T  BOARD • t  
1 •  SQUARE I N  QUE S T I O"' • 1  

c •  NULL B I T  BOARD • 1  
C •  B I T  BOARD T O  CHECIC • t  
C • TRUE I F  B I T  BOARD E"PTY • I 

c• B I T  BOARD MORO I N D E X  * l  
I • TE"PORIRY V A L UE • l  

I NTB ' "  I N T B  A N D  I A . RS T U IN T Y' I  O l ;  

NUL litS I : I NT B ;  
E ND :  c •  HULR.S • t  

F UNCT ION HUL"VB 
U r A." I  

I T B ;  
BEGIN 

W I T H  A 00 

END ; c• NUl"VB * l  

PROCEDURE I N I C O N ;  

VAR 
INTO TO: 
I N T E  T E :  
INTF T f l  
!NT I T I ;  
I N T L  T L ;  
I N T Q  T Q ;  
I N T R  T R ;  
l N T T  T T ;  
I N T X  T X ; 
I N T Y  T Y ;  
! " T  I T I ;  
! HA S  �S I 

( •  HULL "DYE BOOLEAN • )  
t •  "DYE T O  T E S T  • )  
( •  TRUE I F  NULL "OYE • l  

( •  I N I T I A L I Z E  GLOBAl CONSTA N T S  • )  

C •  D I RE C T I ON I N D E X  • t  
C •  D I R E C T I O N  • l  
t •  F ILE I N D E X  • 1  
c •  S C R A T C H  • )  
c •  LAA:GE BOARD I ND E X  • 1  
( •  CASTLE TYPE I ND E X  • )  
1 •  RINK INDEX • )  
1 •  SQUARE I N D E X  • )  
f • S E T  ELE"ENT I NDEX • l 
f • B I T  BOARD MOR.O I N D E X  • l  
C •  SCRA T CH • )  
( •  S C R A T C H  • )  

• 



number. A general purpose sort routine, 
SORTIT, is also provided . 

Manipulating the Bit Boards 

There are a number of pr im itive opera
tions wh ich involve the manipu l ation of 
information represented in bit board form. 
A b it board is one or more computer words 
wh ich have a bit set in specific l ocations to 
represent the occu rrence or nonoccurrence 
of a particu l ar event. For examp le  eight 
8 bit words can be used to rep resent the 
eight rows of a chessboard . Each b i t  corres
ponds to one square . To represent the l oca
tion of a l l  Wh ite pawns, a bit i s  set ( i e :  1 )  
in the proper locations and a l l  other loca
tions remain clear ( ie : 0) . This method for 
representing and m an ipu lati ng information is 
very usefu l in chess p rogramming. For th is 
reason, the first actions defined by our 
chess p rogram are a set of procedures and 
functions for m an ipu lating b it board s. 

The actions represented are : 

( 1 ) the intersection of two bit boards 
(AN DRS) ; 

(2) the u nion of two bit boards 
( IORRS) ; 

(3 ) the complement of a bit board 
(NOTRS ) ;  

(4) sett ing a b i t  i n  a b i t  board (SET RS) ;  
(5) removing a bit from a bit board 

(CLRRS) ; 
(6) counting  the number of bits that are 

set on a bit board (CNTRS ) ;  
( 7 )  m aking a copy o f  a b i t  board 

(CPYRS) ; 
(8) setting a l l  bits to 0 (N EWRS) ;  
(9 )  sh ifting  a l l  b its i n  a particu l ar d i rec

tion (S FTRS ) ;  
( 1  0) determin ing whether a particu l ar bit 

is set ( I N RSTB) ;  
(1 1 ) determ in ing whether a b it  board i s  

empty, ie :  h as no b its set ( N U LRS) ; and 
( 1 2) find ing and reporting integer value 

for a l ocation where a bit is set (NX1TS) .  

Since these routines are u sed  repeated ly 
by the program, you can decrease the 
move calcu l ation time qu ite a bit by imple
menting these prim itives in assemb ly  lan
guage. You wi l l  note that the function 
NXTTS is written in two ways :  m ach ine 
independent code, and code wh ich is com
patib le on ly with the Control Data 6000 
series machines. There are a number of 
p laces in the . program where execution t ime 
can be enhanced by su bstitu ting  machine 
dependent · code wh ich takes advantage of 
one or more special featu res of the h ard
ware you are using. I t  wou ld  be he lpfu l ,  
also, i f  fu nctions in Pascal cou l d  retu rn an 

array or record in stead of j u st a single 
value .  There are many p laces in the pro
gram where th is type of function wou ld be 
more logical and more efficient than using a 
procedure ( ie :  su broutine) . I f  one were to 
consider the best of a l l  poss ib le worlds, 
it wou ld be especial ly n ice if the bit map 
manipu lations could be compi led in l i ne_ 
With the Pascal arrangement, many of the 
procedure cal l s  take as much time as the 
execution of the p rocedu re. 

I n itial Steps 

It is a lso necessary at the begi nn ing of the 
p rogram to provide values for the variables 
which define the chess environment, such as 
piece characteri sti cs. For examp le ,  a Wh ite 
pawn is represented as LP for some pu rposes 
and as the letter A for other pu rposes. I t  
lias the color L ITE ,  i s  not a sweep piece, 
and moves only in certain d i rections. It is 
necessary to in itial ize the translation tab les ,  
the constant and vari able 8 by 8 b i t  boards, 
and a number of other tab les. The th ree 
routines which are cal led to do this when the 
program is first activated are I N I SYN ,  
I N I XTP and I N I CON.  A fou rth p rocedu re 
( I N ITAL) is cal led by the main program 
to get ready for a new game .  It w i l l  be cal l ed 

Having Reservations About Yo:r · 

HUNT N:a OR� ! 
Smo /� Stgnal Broadcast i n g  presents the 

SG-1 SOURCE GENERATOR 
Program for d isasse m bl y  o f  object code i nto sou rce code 

fo r d i rect editing and re-assembly.  

• Output d i rected to tape or  d isk  with e ith e r  SWTPCo's 
co-res ident assem bler  format, or Smoke Signal  B road-
casti ng's Text Edit ing System format.  

· 

• Reports number of bytes i n  source code f i l e ,  n u m be r  
o f  external l a bels, n u m be r  of l ocal l a be l s, and n u m be r  
o f  variables f o r  computing mem ory space necessary 
to assembly sou rce c od e  generated. 

� O n l y  $24 .95 ( on cassette) ,  $30.95 (on d iskette) 

.� We're the "CHIEF" in 6800 products software 

SMOIE SlfiriAt �ROJJ)�A.StJINGr 
6304 Y ucca/Ho l l ywood,  C A  90028/ (2 1 3 ) 462-5652  
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Listing 1, continued: 

PROCEDURE I N I S Y N  

U t RA I ;  

B E G I N  
M I T H  S Y N T X (  I N T I  I 00 
B E G I N  

M I T H  R Y L S  00 
BEolN 

ROPC I •  TRUE ; 
ROSL I •  A I  U + O  I 
ROKQ I •  A ! U + 1 )  
RONB I •  A C  A &  t2 J 
�OR� I •  A [ U + 3 J  

ENO l 
RYCH 1 :  & ( l l t l.t J ;  
M I T H  RYRS 0 0  
BEG I N  

ROPC t :  A [  .l l t 5 J 
ROSL I =  U AA • 6 1  
Ratca • =  A c & a • 7 1  
RONB I =  A ( AA • & I  
R.ORIC 1 : l ( A , h 9 J  

E N D ; 
E N D ;  
I N T I  t =  I N T l t l ; 

E N D ; C • I N I S Y N  • I 

- - � 
- -� 

1 •  I N I T I A L I ZE H O V E  S Y N T A X  
T A B L E  E N T R Y  • 1  

1 4  H O V E  S Y NT A X  • J  

PROCEDURE I N ! X T P  I "  I N I T I A L I Z E  P I E C E  T R A N SL A T ION 

C A T P ;  
B TC ; 
c • n n  
o r u :  
E T B I 

T A B L E S  • 1  

1 •  P I E C E  T O  8 E  TRANSLAT E D  • 1  

c •  D I S P L A Y  E QU I V A L E N T  • 1  
c •  C OLOR O F  P I E C E  • 1  

c •  T Y P E  O F  P I E C E  • 1  
1 4  TRUE I F  S M E E P  P I E C E  • 1  

F I T E ;  
G I T E ;  
H , r v q  

I •  F I RST D IREC T I ON OF "OVE"ENT 4 1  

C • L A S T  D I REC T I O N  Of HOVEMENT • I 

( • V A L U E  Of P I E C E  • I 
B E G I N  

X TPC [ A I 
XTP"I A I  
XSPBI A J  

I •  
I =  
I =  

B ; 
c :  
E l  

X F PE I A  I 
XLPE I A J  
XTPUI A I  
X T P V ( l )  t = H ;  

I •  F ; 
I •  G l  
I =  o :  

I F  I C l>  "T T H E N  
XTUHPC O , C I  1 z· a ;  

E N D ;  C •  I N I X T P  • 1  

B E G I N  c •  I N I C O N  • 1  

c • •  I N I T I A L I Z E  P I E C E  CHARACTE R I S T IC S  • 1  

I N I  X T P  C LP, • a •  , L I TE , E P  , F A L S E  , 8 1 ,  B Z  t i • & 't  I 
I N I  X T P  I LR, •a• tl I T E ,  E R: ,  T R U E  , S l ,  S it ,  5• & It )  
I N I X TP I L N ,  •c• , L I T E  , EN , F A L S E  , N 1 ,  N S ,  l • & �t )  
I N I  X T P  I L B ,  •o• ,L I T E , E B ,  TRUE , B 1 ,  B it ,  ]• 6 1t l  
! H I  X T P  I L O ,  .. E .. , L I T E  , E Q ,  T R U E  , 8 1 , S it ,  g• & lt l  

I N I X T P C LK ,  "" F ""  , L I T E  1 E te: , F A L S E , 8 1 ,  Sit , U ; 
I Nl XTP C OP ,  •t• , O AR:'< , E P ,  F A L S E ,  B l ,  B it ,  - 1 •  61t J 
t Ni XTP ( OR ,  ""Z"" , O AR '< ,  E R: ,  TRUE , S l ,  S It ,  · S • & �t  J 

I N I  XTP I O N ,  "300 ,Q ARK , E N ,  F A L S E  , N l ,  N8 , ... 3• 6 1t l 

I N !  X T P  I DB, "It"" ,o ARK , E B ,  TRUE , B t ,  B it ,  • 3 • & 1t ) 

I N I  XTP I OQ, ··s• , Q AR.K , E Q ,  TRUE t 8 1 t  S it ,  - 9• &l.t J 

I HI X TP I OK, .. & .. , O AR: K ,  E tC: ,  F A L S E ,  B 1 ,  S it ,  0 I ; 
I N I  XTP f H T ,  ..... .. ,NONE , [ P , F  A L S E  ,B2 , 9 1 ,  0 I :  
X T GHPt PO, L I T E I  I = L Q  X TGHP( tt Q ,  DARK ) I =  
X T G HPl P R. , L I T E  I I =  L R X T GHP( PR, DARK J I =  
X T G H P [ PN , L IT E  I I =  L N  X T GHP( P N , OARK J I =  
X T G HPl P8 1 L I T E J  I =  L B  X TGHPt P B ,  DARK 1 I =  

X T UC I E � I  1 :  -�- :  
XTUC I E Q I  I =  -g- : 
X T UC ! ER J  I =  •R• ; 
X T UC I E N I  I =  "N•• : 
X T U C (  EB I I =  · s· ;  
X T UC I E P I  I =  • p • ;  

( .. I N I T I A L I Z E  O T H E R  CONS T A NT S  • I  

X T B C I  F U S E  I I =  .. _ .. ; 
X T B C I  TRUE I I =  ... .. .  
OTHER! L I T E J I = OAitK ; X T HV [ L I T E  I I •  1 :  
OTHER! OAR� I I =  L I T E ;  X T H'I l  DARK 1 I =  - 1 :  
O T H E R! NONE I I =  

X T HA l L I T E J  1 :  .. 
X T H A ( O A R K I  I =  • 
X T HA ( NONE J r � " 

N O N E ;  

W H I T E  
B L A C �  

NO ONE • ; 

X T QA I L S I I •  • MH I T E  K I NG • ;  

XTQAI L L J I •  •wH I T E  LON!;•; 
X T QA I OS I I• •aLACK K I NG• ; 
XTQAl OL J I z •at ACK LON�·; 

oa 
OR 
ON 
D B  

X TGC( P Q 1  
X T GC I P R J  
X T G C[ P H  I 
X TG C l P B J  

I •  ·a-
I =  "R" 
I= "N-
I =  "B" 

l .. I N I T I A L I Z E  1 0 X 1Z T O  &XI AND lXI TO 1D X 12 TRANSL A T I O N  T A B L ES • 1  

FOR: I N T L  1 :z A L  T O  Z L  00 
X TL S f l NT L I  r : .. 1 ;  

l H T L  1 =  2 1 ; 

I N T T  •= · U  
f O R:  I N T R:  I :  R 1  T O  R S  DO 
B E G I N  

F O R  I NT f  r :z  F 1  T O  F S  DO 
B E G I N  

I N T T  I Z  I HT T • 1 i  
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( •  

1 •  

1 -• 

I • 

I • 

( •  

1 •  

L O O P  THROUGH L ARGE BOARD 0 1  
PRE S E T  ARRAY T O  OFF BOARD • J 

I ND E X  OF F I R S T  SQUARE ON LARGE 
BOARD • I 
I N D E X  O F  F I R S T  SQUARE ON SHALL 
BOARD • J 

L OO P  THROUGH RANKS . ,  
LOOP THROUI>H F IL E S  • I 

A D V A N CE S H A L L  BOARD I NO E X  " I  

X T R: F S (  I NT R ,  I N T F  I I =  I N T T ; 

X T L S I  IN TL I 1 2  I N T T ;  

X T SL I I N T T J  I =  INT L :  

X TSRt t NT T I  I =  I N T R ;  
X T S F (  I NT T  I 1 = I N T F  I 
INTL I= I N T L t l ; 

E N D ;  
H U L  I •  I N T L • 2 1  

E N O :  

! •  S E T  " A T R I X  T O  V E C T O R  
TRAN S LA T I ON  • 1  

1 •  S E T  L A RGE B O A R O  TRANS LAT I ON 
T A B L E  M I T H  S M A L L  BOARO 
INDEX • J  

1 •  SET S " A L L  BOARD T R A N S LAT I ON 
T A B L E  M I T H  L ARiit BOARD 
INDEX • J 

I • S E T  RANK OF SQUARE • J 

1 •  S E T  F IL E  Of SQUARE • J  

1 •  ADVANCE L A R: G E  BOARD I ND E X  • )  

1 •  A D V A N C E  L A R I> E  BOARD I ND E X  TO 
SKIP BORDER • 1  

t •• I NI T I A L I Z E  S X 8  T O  B I T  BOARD TABL E S  • J  

I N T T  1 •  - 1 ;  
fOR I N T Y  t z  A Y  T O  Z Y  DO 
BEl> IN 

FOR I N T X  1• AX TO Z X  DO 
B E G I N  

I N T T  I •  I N T T • 1 ;  
X T S X (  I N T T  I 1 ::  H H X ;  
X T S YI I H T T J I =  I N T y ;  
XSSX I I N T T I l z  I IH T X J :  
NEWRS 1 X R S S !  I N T T  I I  I 
XRS S I I N T T J . RSSSI I NT Y I  I= l i H T X J :  

E N D :  
ENO ; 

1 • • I N I T I A L I Z E  C O N S T ANT B I T  B O A R D S  • )  

FOR I N T R  1 : R 1  T O  RS 00 
NEMRS I X RRSI INT R J  I I 

FOR I N T F  1 :  F1 TO f3 00 
NEWRS f XRFS ( I NT F I J ; 

FOR I N T �  I: R1 TO R& 00 
FOR I NT F  I =  F1 T O  F S  00 
B E G I N  

S E T  R S  I X R R: S l  I N T  R: J ,  X T Rf S (  I N T R ,  I N T F  J J ;  

S E T RS l XR F S I I N T F  I ,  X T R F S ( ! N T R , I N T F  I l l  
E N D ;  

F O R  I N T F  1 a F 1  TO F S  D O  
NOTRS f X N F S t  I N T F  I t  X R F S (  I N T F )  I ;  

FOR INTR I =  R 1  T O  Rl 00 
NOTRS I X NRS [ INTR I ,  XRRS[ I NT R I I I 

C .. I N I T I A L I Z E  E D G E S  • 1  

CPYRS l E DG E !  S 1 1 ,  XRF S l  F 1  I I :  
CPYRS l EOGE I SZ J , XRRSI RI I I ;  
CPYRS I E OG E ! S3 1 , XRF S [ FI I I I 
CPYR:S f E O G E I S it J , XRRS l R: 1 1 1 ;  
IORRS l E DG E ! 81 1 ,  E OH l  S 1 1 o EOiiEI SZ I I  I 
IORRS l ED G E [  82 I ,  EOI>EI S Z J ,  E D G E !  S3 I I ;  
IORRS l E D G E  I 83 1 ,  E D G E  I 53 1 ,  E OI>E l  S �  I I  I 
IORRS l E DGE I B' l ,  E D G E  l S � l  , EDGE! S1 I I ;  
IORRS l EDGE I Nl l o  E D G E (  B1 J ,  XRRSI R7 I I ;  
IORRS l EDGE! N2 I ,  E D GE I B Z I ,  XRRSI R7 1 1 ;  
I DRRS l E D G E  ( N 3  J .  E D G E !  BZ l o  X�FS( F 7 1 1 ;  
I ORRS l E D G E  I N �  I ,  E D G E !  8 3 1 , XRFSI F 7  I I ;  
IORRS l E DG E !  N5 1 ,  E D G E !  8 3 1 ,  XRRSI RZ I I I  
IORRS l E D G E !  N6 1 o  E O G E ! B� I ,  XRRSI RZ I I ;  
tORRS C E DCEI H7 J ,  E D G E ( B' d ,  XRfSt f 2 1 1 ;  
I ORRS l E DGE I N I  J . E OG E  1 8 1  I ,  X R F S (  F Z  I I T  

t • •  I N I T I A L I Z E CORNER HASK • 1  

t O R R S  C I N R S ,  XRRS I I:U 1 ,  X R R. S l  R: Z J  l ;  
tORRS C I N R S ,  I NRS , XRRS I R 7  I l ;  
I ORRS f I NR S ,  I N R S ,  XRRS ( R 8  J I ;  
l ORRS I C ORNR, XRF S l Fl I ,  XRF S I FZ I I  ; 
I ORRS CCORNR, CORNR: , XRFSt f 7 I I  ; 
tORRS C C ORNR., CORNR, XRfSI f 8 J I ; 
ANORS C C OR N R , C O R N R ,  I N R S ) ; 

t • • I N I T I A L I Z E  D I ,. E C T I O N  T A B L E  • J  

X TE D t N1 1 t =  1 9 ;  X T E D ( H2 ) 1 :  Z 1  
X TE O l NI I I =  I I X T E O l Bl l l =  9 : X T E O l SZ I 1 =  1 0 : X T E O I BZ I 1 =  1 1  X TE O I N3 1 1 =  1 2 :  

X T E O I S1 J I =  - 1 :  X T E O ( S 3 J I =  1 
X TE O I N7 l t : - 1 Z : X T E D I B1t i 1 : - 1 1 ; X T E D I S1t l t : • 1 0 : X T E DI B3 1 1 :  -9 X T E·O ( Nit l l :  .. e ;  

X T f: O ( N 6 ) 1 :: - Z l :  X T E O I N5 J I ::  .. tg 
C .. I N I T I AL I Z E SQUARE D IF F E RE N CE T O  D I REC T ION T A BL E  • 1  

F OR I N T I  r:: A l l  T O  l&L DO 
X L L O I I NT I I  t =  Q ;  

FOR I N T E  t ::  B 1  TO S t.  oa 
B E G I N  

I NT O  t :  IC T E O I  I N T E l ;  
FbR: I " T I  1 =  1 T O  7 00 

X L L O ( I H T I • I NT O J t ='  I N T O ;  
E N D ; 
FOR I N T E  I =  N1 TO N8 00 

X L L O I  X TE D !  I NT E  I I I= X TE O ( I N T E  I I  

t • •  I N I T I A L I Z E  C A S T L I N G  T R A NS L A T I O N  T AB L E S  • J  

I ORRS I X SQSI L S  1 ,  XRSSI XT�FSI R l o  F l l  I ,  XRSSI X T RF S I  R1 , F5 1  I l l  
I ORRS I X SQ S I  L L  I ,  X R S S I  XTRFSI � 1 ,  F l  I I ,  X R S S I  XTRFS ! R l ,  F51 1 1 1  
IORRS I XS Q S I  OS I ,  X R S S I  X T R F S I  ltl, F l  I 1 0  X R S S  I XTRFS I Rl , F 5 1 1 1 1  
IORRS I X SQSI OL I ,  XRSSI XTRFSI R l o F 1  I 1 o  X RS S I  X T RFS I � I , F 5 1  I I I 
IORRS I X RQSOI l S l ,  X R S S I  XTRFSI R1 o F6 1 1 ,  X R S S I  X T RF S I  R1 o F71 I l l  
I ORRS I XRQSOI L L  I ,  X R S S I  X T R F S I  R1 o H I  I ,  X R S S I  X T RF S I  R l o  F3 1 1  I I 
IORRS I XRQS A (  LS l o  X R S S (  X T R F S I  R1 o  F5 I l o  XRQSO! LS l i T  
IORRS I XRQSU L l l o  X R S S I  XTRFSI R1 o  F 5  I l o  X R Q S O I  Ll l l l  
IORRS I XRQSOI L L  l o  X R S S I  X T R F S I  R1 o F Z  I I ,  XRQSOI L L  I l l  

IORRS I XRQSOI OS I ,  X R S S I  X T R F S I  Rl o F 6  I I , XRSSI X U F S I  U , F 7 J I I T  
IORRS I X RQSOI O L I  , X R S S l  XTRFSI Rl , F �  I I ,  X R S S I  X T R F S  I R l o f3 1 1 1 1  



more than once if the user wishes to p l ay 
more than one game .  

During the  deve lopment of the p rogram, 
i t  is necessary to determine  whether the 
indiv idual procedu res are fu nction ing p rop
erly .  To do this, i t  i s  he l pfu l  to have a few 
pr imitive pri nt routines which can provide 
information about the internal work ings in 
a form which is u nderstandable to the pro
grammer. These same routines are a l so cal led 
by the main i nput/output ( 10) rout ine 
(READER) which appears l ater in  the 
program. 

One of these routines (P R I MOV ) prints 
an internal representation of the mach ine 's 
move. Another pri n ts an 8 by 8 array 
representing the board (P R I NTB ) . Th is 
consists of numbers for B lack ' s  p ieces 
(B lack pawn = 1 ;  B lack King = 6) and letters 
for Wh ite 's p ieces (White pawn = A; Wh ite 
King = F) with empty squares represented 
by a -. The P R I N B B  routine prints an 
8 by 8 array representi ng  a b i t  board . I n  
this case a n  asterisk (* ) stands for a square 
where a b it  is set and a m inus  sign (-) 
stands for . a square where a b i t  has not 
been set. An attack map is pri nted by 
PR I NAM and th is  consists of 64 (one for 
each square ) 8 by 8 b i t  maps in which an 
* stands for a b i t  which is set and a - stands 
for a clear b i t . 

Other u sefu l pr int  routines inc lude one 
wh ich permi ts a user contro l l ed pause d u ring 
pr int ing (PAUSER) and one which informs 
the programmer of the status of particu l ar 
control switches (P R ISWI ) . Because of 
Pascal 's serial requ i rement ( i e :  every p roce
dure must be defined before i t  can be cal l ed 
by another p rocedu re ) , these routines appear 
early in  the program so that they can be 
used to test the p rocedu res and fu nctions 
wh ich fol low. 

In part 1 we mentioned incremental up
dating as an important featu re of an effi
cient chess program. I t  is necessary to 
apply an evaluation fu nction to the terminal 
nodes of the look-ahead tree. These eval ua
tions, if they are at a l l  soph isticated ,  requ ire 
a substantial amount of detai led information 
about the posi t ion. A l though i t  is possib l e  
to calcu late th is information separatel y  for 
each evaluation , th is is not a very effic ient 
p rocedure, because adjacent nodes are 
almost identical . Most of the information 
wh ich wou ld be calcu l ated each time wou ld  
be redundant. A more efficient al ternative 
is to "update" and "downdate" the relevant 
data base incremental ly  as th e program 
moves about in the look-ahead tree. This 
capab i l ity requ ires qu ite a b i t  .. of special 
programming.  

Several pr im itive routines are very u sefu l  
for this . I f  the move involves a capture, i t  

Ci rcle 82 on inqu i ry card. 

NO FRILLS! NO GIMMICKS! JUST GREAT 

D I S C O U N T S  
MAIL ORDER ONLY 

HAZELTINE 
1 400 . . . . . . . . . . . . . $ 699.00. 

1 500 . 995.00 

Mod 1 . . . . . . . . . . . 1495.00 

CENTRONICS 
779 . . . . . . . . . . . . .  . 
779 tractor . . . . . . .  . 
700 tractor . 
761 KSR tractor . 
703 tractor . 

NORTHSTAR 
Horizon I assembled . 

kit . .  
Horizon I I  assembled . 

kit . 

895.00 

950.00 

1 095.00 

1 595.00 

2195.00 

1 629.00 

1 339.00 

1999.00 

1 599.00 

Disk System . . . 589.00 

TELETYPE 
Mod 43 . 

IMS 

1 095.00 

1 6K Static Memory . 350.00 

DIGITAL SYSTEMS 
Computer . . . . . . . . . .  $4345.00 

Double Density 
Dual Drive . . . . . . 2433.00 

I MSAI 
VDP 80/ 1 000 . . . . . . .  $5895.00 

VDP 40 . . 3895.00 

VDP 42 . . 3995.00 

VDP 44 . 4250.00 

1 6K Memory assem. . . 399.00 

PCS 80/ 1 5  . . . . . . . 679.00 

15% off on all other 
IMSAI products 

CROM EMCO 
System Il l $1 000 off . . 4990.00 

ADDS 

1 0 %  off on all other 
Cromemco products 

Regent 1 00 . . . . . . . 1 095.00 

Most items in stock for immediate delivery. Factory-fresh, sealed cartons. 

DATA DISCOUNT CENTER P.o. Box 1 oo 
135-53 Northern Blvd., Flushing, New York 11354, 212/465-6609 

N.Y.S. residents add appropriate Sales Tax. Shipping FOB N.Y. 
BankAmericard, Master Charge add 3%. COD orders require 25% deposit. 

Smok Signa l  Broadcast i n g  presents the 

SMA!l.T SUG 
A Cure For Mikbugitus 

1 024 byte mon itor program for use with 

MOTO R O LA 6800 m icroprocessor 

• The only mon itor rea l l y  M l  KBUG com pati ble.  
• Designed to replace the M I KBUG ROM used i n  many 

systems i nc luding the SWTPCo's 6800 m i c rocom puter.  
• TRAC E  feature a l l ows user  to s i ngl e step th rou gh a 

program, exam i ni n g  the registers if desired. 
• M I KBUG entry l ocations m a i nta i n ed,  i n c l u d i n g  m ost 

rel atively obscu re ones. 
• Qu ick program debugging when the T R AC E  i s  used 

with B R EA K PO I N T. 
I nstruction Manual  and Complete Source Listing . . . . $1 9.50 

S M A R T B U G  on 2708 i nc l u d i n g  l isti ng . . . . . . .  $39.95 �SMA RTBUG on 27 1 6  i nc l u d i n g  l isting . . . . . . .  $49.95 � We're the "CHIEF" in 6800 products software 

SMOKE SIGrl!t BBO!DtASTifK* 
6304 Y ucca/H o l l y wood,  CA 90028/(2 1 3 ) 462·5652 
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Listing 7, continued: 

I ORRS I XR Q S A I  OS I ,  X R S S  I X T R F S  I R8 , f5 I I •  U Q S O I  OS I I 1 
IDRRS I XRQS A I  QL J ,  X R S S I  X T RF S I  R8 , f 5 J J ,  X R Q S O I  Dl l l ;  • 
l O RRS t lC R Q S O (  OL J ,  X R S S (  X T R F S (  R S ,  F Z J I ,  X R Q S O ( Ol J I 1 

f OR I N T Q  I • l S T O  O L  DO 
W I T H  O Q H I I NT Q I  D O  
B E G I N  

RHCP I •  "' '-
RHCA I • F A L S E ;  
RJU.C I • T RU E :  
RHCH I •  F A L S E ; 
RHHT I :  F A L S E ;  
R N I L  I •  F A L S E ;  
RNSU I :  F A L S E ;  
RKPR I •  F AL S E ;  
RHOO I •  T R U E :  

E N D !  

X R D H I L S I , RH F R  I : X T R F S I R 1 , F 5 1  
XRQ I1 ( l l i . R 11 F R  I :  X T R F S I  R l  , F 5 J  
XRQI1 ( 0 S J . RH F R  I :  )t' f R F 5 [ � & , F 5 1  
XRQI11 O l  I . IU1 F R  I =  X f R F S I R & 1 F 5 J  

XRQHI L S I . R HQS I : F A l S E ; 
XRQHI L L I . RHQS I :  T R U E ;  
X R D H I  OS J ,  RHQS I •  f A L S E ; 
X R Q N I  Ol l ,  R H Q S  I •  TRUE : 

X T H Q I L ! T E  I I •  L S ;  
X T H Q I O U K I  I •  a s ;  
X T Q S I L S I  I •  X T R F S ( R 1 1 F 8 1  
X T Q S I L L I  I •  X T R F S I R1 , F 1 1  
X T Q S I OS I I • X T R F S ( R & , F & J  
X T Q S I  OL J I •  X T R F S [ R & , F l J 

c u  I N I T I A L I Z E  N U L L  HOVE • )  

W I T H  NUL N Y 0 0  
BEG I N  

R H F R  I •  A S ;  
R H T O  I •  A S :  
RNCP I •  PH ; 
RHCA I •  F A L S E ; 
RH&C T R U E ;  
RHCH I :  F A L SE : 
RHHT I :  F A L S E : 
R H I L  I :  F A L S E : 
RHSU I :  F A L SE : 
RHPR I •  T RU E ;  
RHPP I =  P B ;  

E N D ;  

X RQ I1 1 L S I . RI'IT O  I Z  X T R:F S (I U , F 7 1  
X RQ I1 ( l l i . JU1 T O  I Z  X T RF S I R 1 , F ) J  
X R Q M I D S J . RH T O  t z  X TR F S I R & , F 7 J  
X RQ I1 ( 0 L J . RH T O  I Z  X T RF S I R & , F J J  

( • •  I N I T l l l l Z E  C O t': I1 & HO PROCES S I N G V A l U A BL E S  • )  

J H T J  p :  Z J ;  
I C & R O I Z J J  a = - ;  .. ; 
l l l NE I Z J I  1 =  • : · :  

C . .  I N [ T l A L I Z E  M O V E S  S Y N T A X  T A B L E  • J  

I N T I P S Y NC F ;  
I N I S Y N ( ": • P  " ) ; 
i N I S YN C _. • P /  1 .. ) ; 
I N I S Y N  ... I 1 • P  "" I ; 
I N I S Y N I ""  • PI R 00) ; 
I N I S Y N I "" I  R • p  .. , ; 
I N I S Y N C ..  • P I  R l "" J : 
I N I S Y N I  .. I R 1 • P  " ) ; 
l N l S Y N C ""  • Pl iC A.  " I ; 
l N I S Y N I  .. I K R  • P  "" J ;  
I N I S Y N I ""  • P/ K R l " l ; 
1 N I S Y N I "" I K R 1 • P  "" ) ; 
I N I S Y N I ""I 1 • P1 1 "" ) ; 
I N I S Y N C  .. I R • P I  R " I ; 
I N I S Y N C  .. I 1 • P 1 R · 1· : 
I N I S Y N t •l R • P I  1 "" 1 ; 
l N l S Y N I ""/ R 1 • P I  1 • 1 ; 
I N I S Y N I "" / 1 • P1 Rl .. J ;  
I N I S Y N I .. I R 1 • P I R "" I ; 
I N I S Y N I  .. I R • P t  Rl .. J ;  
I N I S Y N I " I K R  • Pt 1 "" ) ; 
l N I S Y N I "" I 1 • P 1 K R  " ) ; 
I N I S Y N I  .. I K R  • P I R " J ; 
I N I S Y N C  .. / R • Pt k: R  " I ; 
l N I S Y N f "" / 1 • PI K R 1  .. J ;  
I N I S Y N I "" / I( I U • P I  1 " 1 ; 
I N I S Y N I  .. R • P /II :: R l "" J ; 
I N I S Y N ( "" I I( R. l • P I  R " J ; 
I N I S Y N I " /  R l • P t  R 1 • 1 : 
I N I S Y N ( " / I( R.  •PI R 1 " J ; 
I N I S "t N I " /  R l • P/ IC R  " I ; 
I N I S Y N ( "" / I( R  • P / K R  .. , ; 
I N I S Y N I "" / IC R 1 • P I  R l " l ; 
I N I S Y N I "" I  R l • P I I( R :, " I ; 
l N I S Y N I "" I I( R 1 • P t K R  " I : 
I N I S Y N C "" I K R  • PI K R 1 " J ; 
I N I  S Y N  I "" I I( R 1 • P I K R 1 "" 1 : 

I N I  S Y N C ""  
I N I S Y N C  .. 
I H I  S Y N C  "I 1 -
I N I S Y t H "" I R -
I N l S Y N C "" I 1 -
I N I S Y N I " / R -
I N I S Y N C " / R 1 -
1 N I S Y N I "I K R  -
I N I S Y N I ""I R 1 -
I N I S Y N C " / K R  -
I H I S Y N I "" / tC R. 1 •  

R l "" l ; 
K R 1 " 1 ; 

R l " J ; 
R l " l : 

K R l "" l ; 
K R. l "" l ; 

R l " l : 
Rl .. l :  

K R 1 "'" )  ; 
K R 1 " 1 ; 
IC R l " J ; 

1 • •  I N I T I A L I Z E  L E T S  • J  

F K P S H O  t •  1 0  I 
F IC S AHQ I • 1 5 0 ; 
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'" "' X"T •• 2 5 6 ;  
FNODEL I • 1 1 1  
FPAOCA.( f 1 1  l :z  O ;  

F P A D CR I F Z I  I • o ;  
F P A D C R ( f :S J  t • 5 t  
F P A D C R l F it l  I • 1 0 1  
FPAOCA.l f 5 1  I �  1 5 ;  
F P A O C R (  F b I  I • 5 1  
FPAOCRl F 7 1  I •  o ;  
F P A O C R ( F I J  I • o ;  
FPBLOK t • ZG ; 
FPCONN Ia 5 ;  
f P F L N X  to& 1 2 ;  
F"ROUBL t •  60 ; 
F R K 7 T H  t a  1 2 0 : 
F T RA O E  I = l b :  
F T R.DSL t • 5 1 5 6 ;  
F T RPOI( t •  Z :  
F T RPWN t a & ;  
F WK lNG I •  5 0 ; 
F W H A J H  I •  1 ;  
F W H l N H  I :  z o o :  
F WPAWN I • 1 . 0 :  
F"WROOK I •  z :  
W I NDOW I •  3 0 :  

1 • •  I N I T I A L I Z E  S W I T C H E S  • )  

S W E C  . .  TR.UE ; 
S W P A  I =  T R U E ; 
S W P S  I •  F A L S E :  
S W R E  I '  T R U E ; 
swsu I =  F A L S E : 
S W T R  I :  F A L S E : 

C • •  I N I T I A L I Z E  HA I N  LOOP C O N T R O L  V A R I A BL E S  • J 

GO I NG t 2  0 ;  

E N O ;  c •  l H I C ON • J  

PROCEDURE I N I T A L C V A R A t  RBI ; 

VAR 
l N T F"· t T F" ;  
I N T  R t T R :  

B E G I N  
W I T H A 0 0  
B E G  I H  

R B T "  t • L I T E ;  
R B T S  I =  - 1 :  
R B T  I I t  0 ;  
RBSQ t .:  ( L S , L L , D S , O L J ;  
f O R  I N T F"  t :  F l  T O  F &  0 0  
B E G I N  

R8I RF" [ R 2 , 1 N T F J  1 ::: L P ;  
F O R  I N T R  t ::: R J  T O  R 6  D O  

R B I RF l l H T R . I N T F I  1 :  H T :  
R B I RF ( R 7 , I H T F" I  t = O P ;  

E HO :  
R B I R F (  R. 1  , F 1 1  t = L R :  

R B I RF U H , F Z I  I :  u n  
R B I RF" l R 1 , F J I  I •  L B :  
R B I R F  t r u  , F" '- I I :  L C ;  
R B I R F" I  f U , F S I  I :  L K  i 
R B I RF (I H , F 6 1  I :  L B ; 
R B I R F ( R 1 , F 7 1  I :  L N ;  
R B l RF I Ri , F & I  I :  u n  
R B I R F I R 8 , F 1 1  I :  O R :  
R B I R F (1!8 , F Z  I I •  O N ;  
R B I RF I R & , F" J I  I :  o B :  
R B I R F I  R & , F '- I I =  o a :  
R B I R F ( R 4 , F 5 1 O K ;  
R B I R F I R & , F 6 J  o B :  
R B I RF [ R & , F" 7 1  I :  O N ;  
R B I R F ( I\ & , F & I  O R :  

H O VH S  1 = .. E N T £ f;  HOVE C R  T Y P E  G O .  
W R I T E L N U 1 0V11S J ; 

t •  I N I T I A L I Z E F O R  A NEW GA"E • )  

t •  F I L E  I N D E X  • t  
c •  RANK I N D E X  • 1  

, .  S I D E  T O  H O V E  . , 
( •  NO E N P A S S A N T  S Q U A R E  • J 
c •  G A H E  H A S  NO T S T AR T E D  • 1  
, .  A L L  C A S T L ING HOVE S LEGAL ., 
( . L O O P  T H RO U G H  A L L  F IL E S  • 1  

( . S E T  L I G H T  P A W N S  ON BOARD • J  
( . L O O P  T HRU H I DOLE OF BOARD • J  
( . S E T  H I O D L E  O F  B O A R D  E H P T Y  •)  
( •  S E T  D A R K  P A W N S  O N  BOARD . , 

( . S E T  R E M A I ND E R  O F  P I E C E S  O N  
B O A R D  • I 

L S T H V  t =  NULH V j  C •  I N I T I A L I Z E  P R E V I O US J10VE • )  
1"1< 0 :  

E N D i  1 •  I N I T A L  • 1  

P RO C E D UR E  P A U 5 E R ;  ( •  P A U S E  F OR C A R R I A G E  R E TURN • J  

B E G I N  
I F  S W P A  T H E N  
B E G  I N  

W R I T E L N I "  P A U S I N G " I : 
� E A O L N ;  

E N D :  
E ND ;  1 •  P AU S E R  • 1  

P R O C E D U R £  P � I H O V I A t f;. H J ; ( •  P R I N T  A H O V E  • 1  
B E G I N  

W I T H  A 0 0  
B E G  I N  

W R I T E I ""  FROM "" , � HF" R t 2 , '" T O  ··_, R H T 0 t 2 1 :  
I F"  NUU1V 8 1.l l T H E N  

W R I T E ( " ,  "'U L L  H O VE " I  
E L S E  
B E G ! "  

I F  R H C A  T H E N  
W !;. I T E I .. , C A P T U R E  - , x TPC f RI1CP J , - ,  .. , 

E L S E  
W R I T E C "" ,  S I 11 P L E , "" I : 

IF NOT RHAC T H E N  
W R I T E C ""  N O  .. J ;  

w R I H c  .. A c s ·· • : 
IF R H C H  T HE N  



is necessary to change the material balance 
fu nction . The actual scori ng itse lf  is hand led 
by M BEVAL. This routine is cal led either 
by MBCAPT or M BTPAC when a piece is 
lost (update } or gained (downdate ) ; or by 
MBPROM or MBMORP when a pawn is 
promoted (update} ; or when a newly p ro
moted pawn is  demoted (downdate } . There 
are other changes wh ich are requ i red in the 
data base for both capture and noncaptu re 
moves. The new squares wh ich are attacked 
by the p iece need to be added to the attack 
maps (ATKF R, ATKTO, A LATK) . Th is  is 
done by ADDA TK. The new square for the 
p iece is added to the data base by ADDLOC. 
The attacks of s l id ing p ieces which are 
b locked by the newly moved p iece are 
recomputed by CUT ATK. The attacks of 
s l id ing p ieces which are unb locked by 
vacati ng the former square are recomputed 
by PRPATK. The attacks which emanated 
from the p iece on its former sq uare are 
deleted by DELATK. These pnm1t1ve 
rou tines are cal led by LOSE IT  when a cap
tu re i s  involved or by MOVE IT otherwise. 
I f  the move affects cast l ing status, the 
necessary data base changes are made by 
PROACA and PROACS. If a pawn promo
tion is i nvolved , PROMOT makes the neces
sary adjustments. 

Move Generation 

A major part of any chess p rogram is  the 
move generation modu le .  Because of the 
complexity of th e game, many p rograms 
s imply ignore some of the more u nusual 
moves, such as Queenside castl i ng, en pas
sant pawn captu res, or promotion of a pawn 
to a piece other than a Queen ( i e :  underpro
motion } . Th is  arrangement wi l l  suffice to 
p lay legal chess, but it may be costly if one 
of the omitted move types is h igh ly  desirable 
i n  a specific game s ituation. I n  addition, an 
incomplete move generation fac i l i ty p revents 
the mach ine from check ing  the legal ity of 
its opponent's moves. 

Rather than being satisfied with an 
approx imate so lution, we have heeded the 
old maxim, " I f  a job is worth doing, i t  is 
worth doing wel l , " and have i m plemented 
a move generator which permi ts the pro
gram to p l ay � cc;-;,p lete 6amc r)f l cga! 
chess. As you can see from the l i st ing, th is 
requ ires extensive programming .  

The first step in move generation is to 
create the data base for the important 
features of the ex isti ng board configu ration .  
Th is is done  by CREATE. Once a move has 
been se lected, it is necessary to change the 
data base . This is done by U PDATE which 

Text continued on page 181 

Circle 1 20 on inqu i ry card. 

1 0 SLOT TABLE TOP I MI CROCOMPUTERS 

TT-8080 . . .  K I T  $440 

SYSTEM WITH 1 6K & 1/0 
TT-80 80-S. K I T $ 1 050 I CARD CAGE & 

MOTHER BOARD I ECT-1 00 . . .  K I T  $ 1 00 

CCMB-1 0 . . .  K I T  $75 

WITH CONN ECTORS 

& G U I DES 

ECT- 1 00-F . . .  KIT $200 

CCMB-1 0-F . . .  KIT $ 1 25 

CPU'S, MEI\I10RY 

MOTHER BOARDS 

PROTOTYP1NG BOARDS 

EXTENDER CARDS 

POWER SUPPLIES 

SHI PP I NG EXTRA 

DEALER I NQUI R I ES I N VITED 

FACTORY ADDRESS: MAI L I NG ADDRESS: 

763 RAMSEY AVE NUE P. 0. BOX 6 

HI LLSI DE, N. J. 07205 UNION, N. J.  07083 

I 
I 
I 
I 
I 

L - - ..;1=0;.. - - .I 

are ? 

Smok-e'!SI-gnal Broadcast i n g  presents the 

SA- l SUPER ASSEMBLER 
Uses Motorola Standard Mnemonics 

for 6800 Microprocessor 

• I nput sou rce c od e  from f i l e  on S m o ke Signal  B road
casting's B F D -68 disk system . 

• Disk capabi l ity a l l ows assem bly of sou rce code l a rger 
than avai l able memory .  

• Outputs object code t o  d i s k  f i l e .  
• Assem bly l istings i nc l u de a l p habetized and tabul ated 

sym bol table. 
• Compl ete sou rce l i st ing i nc l u ded. 

Only $29.00 (on  d iskette) .• We're the "CHIEF" in 6800 products software 

SMOIE, SI(fJriAt IBJBJJADtASTINGr 
6304 Y ucca/H o l l ywood,  C A  90028/ ( 2 1 3 ) 462·5652 
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Listing 7, continued: 

W R I T E c • ,  CHECK• I I 
IF R H H T  T H E N  

MRI T E c • ,  HAT E• ) ; 
I F  RH I L  T H E N  

W R I T E c • ,  I L L EG A L • !  I 
IF RHSU THEN 

W R I T E c • ,  S E ARCHE0• 1 1  
C A S E  RHPR O F  
F A L S £ 1  ( •  N O T  PROMO T I ON • t  

C A S E  R M D  O F  
F A LSE I f •  NOT C I. S T L E  • J  

I F  RHEP T H E N  
W R I T E  c • ,  ENPASSANJ• J ;  

TRUE I c• C AS T L E  • )  

B E G I N  
W R I T E c • ,  C A S T L E  • 1 : 
IF R"QS T H E N  

W RI T E C . L ONG- 1 
E L S E  

W R I T E  I .. S HOR J • J ; 
E N D ;  

E N D ; 
T RU E I  ( •  PR0t1CT ION • 1  

B E G I N  
M R I T E C " ,  PROMOTE T O  "" l ;  
CASE RHPP OF 
PQa WR I T E  I ... Q U E E N "" J ; 
P R I  W R I T E  C""ROQK•J ; 
P B t  WR I T E  c • e t SHQP• t ; 
P N I  W R I T E  I • Kf' oi l G H J • ) ; 
E N D ;  

E N O l  
E N D ;  

E N D ;  
END : 
N R I T E L N I "" . " I ; 

E ND ;  1 •  P R I 110 V  • J  

PROCEDURE PRIN T 8 U 1 RC I ; 

VAR 
INT R I T R ;  
I N T F  I T F ;  

BEGIN 

( • PRINT A B O A R D  • 1  

1 •  RANK I N D E X  • 1  

1 •  F IL E  I N D E X  • 1  

W A: I T E L N ;  I •  W R I T E  A B L & N I(  L I N E  • 1  
FOR I N T R  a z  A: S  O O W N T O  R l  D O  1 •  LOOP DOWN T H ROUGH IUNIC:S • )  
B E G I N  

W R I T E  c •  .. , OR O C I H T A: I + 1 1 1 , "  •t ;  1 •  O U T P U T  RANK l A BEl • )  
F O R  I N T F  1 :  F 1  T O  F a  0 0  c •  LOOP ACROSS THROUGH F IL E S  • J  

W R I T E  I X T PC I A C K T RF S l l N T A: , I N T f' l l l l ; 

W R I T E L N ;  
E N D :  
W R I T E L "l  ( .. N R� B Q K B N R  .. J ;  

E N D ;  ( •  PR I N T S  • I 

PROCEDURE P R ! N B B I A I F.S t ; 

VAR 
t N T  R 1 T R ;  
I N T F'  1 T F ;  

B E G I N  
W R I T E L N ; 
fOR I N T R  1 ::  Rft O O W N T O  R1 00 
B E G I N  

c •  O U T P U T  CONT E N T S  O F  S Q U A R E  • t  
( •  W R I T E  O U T  A R A NK • t  

( •  W R I T E  O U T  B O T T O M  L A B E L  • 1  

( •  P R I N T  A B I T  BOARD • )  

C •  RANK INDE X • l  
C •  F I L E  INDE X • 1  

c •  W R I T E  OUT A B L A N tC  L I N E  • J  

1 •  LOOP DOWN T H R OUGH RANKS • I 
W R I T E  , . ..  , OR O t i N T R H 1 1 1 , • "" I : c •  O U T P U T  RANtC l A BEL • 1  

f O R  I N T F  1 z:  F' l  T O  F ft  00 1• LOOP ACROSS T H ROUGH F IL E S  • J  

WRI T E  I X T BC l l N R S T B U , X T RF S I I N T A: , I N T F J I J J ;  , 

WJH T E L N :  
E N D (  
WRI T E L N  C "  W RNBQKBNR."" ) ; 

E ND ;  c •  P R I N B B  • 1  

P R O C E D URE P R I N A M C A I � X ) ; 

V A R  
I N T R ,  J N T R  1 T R ;  
U H F ,  J tr H F  1 T F ; 

B E G I N  
W R I T E L "f ;  
F O R  I N T R  I ::  R ft  O O W N T O  Q.1 00 
B E G I N  

F O R  J N T R  I ::  R ft  D O W N  T O  R 1  D O  
B E G  I "'' 

F O R  I N T F  t;: Fl T O  F ft. 0 0  
BEG I N  

W R I T E  1 • • 1 :  
F O R  J N T F  t = F l  T O  F ft  00 
B E G I N  

c •  O U T P U T  CONT E N T S  O F  S Q U A R E  • 1  

t •  W R. I T E  OUT A RANIC • J  

c •  W R I T E  O U T  B O T T O H  L A B E L  • J  

( • RANI( I N D I C E S  • )  

C •  F IL E  I N D I C E S  • J  

W R I T E  I X T B C I  I N R S  T B  C . U  X T R F  S l  I N T R ,  ! N T F  I I ,  X T R F S ( J N T R ,  J N T F'  I I I I  ; 
t: N O ;  
W R I T E  I - " I ; 

E N O :  
W R I  T E L N ;  

E � a :  
W R I T E L N :  
I F  l ti T R  I N  t R .o. , � J . R S , R 7 J  T H E N  P A U S E R ; 

E tiO : 
E "''O :  t • P R I N A M  • 1  

PROCEDURE P R I S W I I A a f< A ; B t T B l ; 

BEGIN 
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t• P P. I N T  A S W I T C H  • J  

M R i f E t "  "" , A ( A A J , A [ A A + l ) J ; 
IF B THEN 

W R I T E U H "  ON"" J 
E L S E  

W R I T E L N t "  O F F " ) ; 
E N D ;  t •  P R I S W I  • 1  

PROCEDURE H B E V A L ;  c •  EVALUAT E IIATERUL UlANCE 0 1  

V A R  
!NT l 1 T l ;  1 °  COUNT PAWNS O F  WINNING S I DE 0 1  

B E G I N 
IF H B L T E  <,. D T H E N  

I F  H B L  T E  ,. 0 T H E N  
! N T !  I =  HBP W N I L I T E I  

E L SE 
I N T I  t = H B P W N I  DARK I 

E L S E  
I N T I  I �<  0 ;  

H B V A L I J N T I( l  I =  S I G N C H I N C H I N C F HA X H T , l B S I HB L T E J  l 
+ F T R lOE• A B S  I H B L  T E l  • I F T R O S L • H B T O T  I • c .. • I N T  I +F'TRPOK ) 
O I V  l .. • t N T I + F TRPWNJ D I Y  2 6 2 1  .... , 1 6 3 2 0 1 , H B L  T E J ;  

E ND ;  t •  H B E V A L  • )  

PROCEDURE H B C A P T  c .  E VA L U A T E  H A T E R I A L  

B E G I N  
H B T O T  t = H B T O T  - l B S I X T P V ( A J ) ; 
IF X T P U (  A I  = EP T H E N  

HBPWPi( X T Pt1 1 A I J  t = P18PM N I X T P t1 1 l J J  -

( . 

c .  

1 1  

C A P T U R E  • J 
P I E C E  C l P l U � E O  . ,  

T O T A L  H A T  E R I A L  O N  

.& F T E �  

BOARa • I 

c .  R E H O Y E  PAWN IF NECE S S ARY ., 
P1BL T E  1 = H B L T E  - X T P Y I A J ;  
HBE VAL : 

E N D ;  C • H B C l P T  • 1  

PROCEDURE H B T P A C  

c .  L I T E  A D V A N T A G E  . ,  
c •  E V A L U A T E  H A T E R I A L  . , 

( • R: E P1 0 Y E  C A P T U R E  F R: O H  
H A T E R U L  B A L A N C E  D A T A .  T H I S  

U I T P J : 
I S  T H E  I N V E R S E  OF H B C A P T  • 1  

r •  P I E C E  UNCAP T U R E O  • 1  

B E G I N 
P1 B T O T  1: H B T O T  • A 8 S C X T P V 1 A l l i  
I F  X T PU ( l l  = EP T H E N  

H B P W N ( JC T P t1 ( .l J J  t :  HBPWN ( X T PH [ l J J  + 1 ;  
P1BL T E  �:=: P1 8 L T E  • X T P Y ( A J ;  

E NO ;  r •  H B T P l C  • I 

P ROCE OURE HBPROH 

B E G I N  

1 •  E V A L U A T E  H A T E R I AL BAL ANCE 
CHANGE DUE TO PAWN 
PROH O T I OH • J  

t •  P I E C E  T O  P R O H O T E  T O  • J  

P1 B T O T  I =  M B T O T  t -. e s t x T P Y ( A J - X T P Y ( X T U ,.P ( EP , X T P H ( A ) ) ) I ;  
C •  T O T A L  H A T E R I A L  ON BOARD • t  

HBPWNI JC T P H I A I I r =  HBPWN I X T P H l l J J  • 1 ; t • C O U N T  P A WNS • 1  
t1 B L T E  t =  H B L T E  • X T P Y ( A J · X T PY ( X T UH P ( E P , X T P H ( l J J J ;  
"BE V A L ;  C •  E V A L U A T E  RE S U L T  • 1  

E ND ;  t •  HBPROH • 1  

C • R E M O V E  P A WN  PROHO T I ON 
FROH M A T E R I A L  B A L A NC E  
T H I S  I S  THE I N VE R S E  

O A T  A .  

OF MBPROM • 1  
I U T P l : c• P I E C E  PRDIID T E O  T O  0 1  

B E G I N  
H B T O T  I =  H B T O T  - l B S C X T P Y ( A I - X T P V I  X T U M P (  E P ,  X T P H (  A l l  J J ;  
HBPWH( IC T P Ht A I I  I • HBPWH ( X T P H ( A ) )  • 1 t  
HBL'I'E h H OL T E - C X T P Y I A I · X T P Y l X TUHPI E P , X TP H t l J J I ) ;  

E ND ;  C •  HOHORP • 1  

PROCEDURE A O O A T K  c •  ADD A T T AC K S  O F  P I E C E  T O  D A T A  

U I T S J ; 

V A R  
! N T B  I T B ; 
I N T O  T O ;  
I N T E  T E ;  
I N H t  I TH I 
! N T P  I T P ;  
I N T T  I T T :  

BEGIN 
I H T P  t :  NBOR O U J ;  
l N T "  t =  X T P,. [ l NT P J ; 
FOR I N T E  I= X FP E ( I N T P I  TO X L P E t i N T P J  
B E G I N  

I NT T  t :  A ;  
I N T O  t =  X S P B I  I N T P I ;  
INTO t =  X f E O l i N T E I :  
R E P E l  T 

I N T T  1 ;:  X T L S I X T S L I I N T T J  + I llt T O I ;  
I F  I N T T  ,. =  0 T H E N  
BEG I N  

S E T R: S  l l  H C F R I  A I ,  I N T T  J ;  
S E T R S i l T K T O I  I N T T I  , U ; 
S E T R S  l l l A T t( (  ! N T H  I ,  IN T T l ; 
IF ti BOR.Ol ! N T T J  < ,.  H T  THEN 

ltiTB t= F A L S E ; 

c •  

c •  
c •  
c .  
c .  
( .  
( . 

c .  

c .  
D O  

( . 
c .  
c .  

c .  

B A S E  . , 
S Q U A R E  OF P I E C E  T O  A D D  
A T T A C K  • J  

LOOP CONTROL BOOLEAN •t 
CURRENT D I R E C T ION OF F S E T  . , 
CURR E N T  D I R E C T I O N  I N D E X  • I 
C O L O R  .OF CURRENT P I E C E  • l 
C U R R E N T  P IE C E  . ' 
RUNN I NG SQUARE • 1  

P I E C E  O F  INT E R E S T  . ,  
C O L O R  . ) 

I N I T I A L I Z E  R U N N I N G  S Q U A R E  . ' 
T R U E  I F  S W E E P  P I E C E  . , 
O F F S E T  . , 

S T E P  IN P RO P E R  D I RE C T ION . ,  



Circle 289 on i nqu iry card . 

RECYC LE(D) 
COM PUTERS 

B U Y  � S E L L  � SWA P  
Hardware & Software 

N E W  PRODUCT ANNOUNCEMENTS 

Mai led tst Class every 3 Weeks 
1 yr. ( 18 issues) � $ 3 .75 

ON LIN E  ut7 re<:ydc vlcd compu!ef\ � 
D.lUr W rn l r .  lJuultshrr 

2 4 6 9 5  Santa Cruz Hwy . • Los Gatos, CA 95030 

THE BEST WAY iO DETERMINE IF ON
_

LINE CAN BE OF VALUE TO YOU IS TO TRY A . 

·······································; ! ESSENTIAL ! ; Good Software is Essential for an Efficient Business. ; 
• Now, the finest in software at a price you can afford. • • We are definitely the affordables! • : PROGRAMS CURRENTLY AVAILABLE: : ; INVENTORY PROGRAM PACKAGE ; ; • Inventory Addition ; 
• • Upd�e • • • Search • : • Analysis (Current month) ; ; • Analysis (Year to date) ; 
• • Vendor File • • Also generates 7 additional user reports and much, much more. • ; - Cost $175.00 - ; : MAILING LIST PROGRAM ; 
• * Print formating in 80 or 1 32 columns. • : - Cost $20.00 - : • The above programs are designed to run under the following: • . l . • *CP/M in CBASIC also IMSAI I MDOS • ; * CP/M in BASIC E in Debbi (Source code included) : 
e ICOM FDOS- 1 1 1  e : 8" Oisk IBM 3740 Format. : : EXTENSIVE CONTRACTORS ESTIMATING PROGRAM : • Literature available upon receipt of your letterhead • • • • Currently U n der Development: • ; • Billing ; 
• • Payroll • : • General ledger : : Specializing in custom software for the AM-1 00* • : 
• Datalacs System Inc. Easiern Division • ; 2440 W. Catalpa, Chicago, I l l .  60625 ; e •CP/M is a Trademark of Digital Resaarch Corp. e • .. AM-100 is a Trademark of Alpha Microsystems. • 
• • ................... . .................... 
Circle 81 on inquiry card . 

A r t - b y - C o m p u t e r t m  i s  here I 

F i I e I F i l e  3 

B l ack-on-wh i t e ,  9 3/4H by 1 2  3/4W r eproduc t i ons 
of compu t e r  gener a t e d  des i gns . See Jan 78 By t e  
o r  phone o r  wr i t e f o r  a br ochur e .  
Se t of 1 2 :  $20 . 00 ;  s i ng l es $2 . 00 each . M i n i mum 
or der : 2 pr i n t s .  O r ders l ess t hen $ 1 0 . 00 and 
a l I orders f r om ou t s i de con t i ne n t a l  U . S .  add 
$2 . 00 pos t age and hand l i ng .  Paymen t mus t be 
i n  U . S .  do l I ar s . Ca l i fo r n i a  r es i den t s  add 6% 

sa l es t ax .  Send check or money or der t o : 

Le l and C .  Sheppar d 
PO Box 6005 1 , Dep t . B 
Sunnyv a l e , Ca l i fo r n i a  94086 . 

A l so ava i I ab l e  a t  se l e c t ed r e t a i I o u t l e t s .  

© LCS,  1 97 8 . 

Smok-e-tSr nal  Broadcasti ng presents the 

SG-1 SCUrtCE GENErtATCrt 
Program for d isassembly of object code into source code 

for d i rect editing and re-assembly.  

• Output d i rected to tape or  disk with either SWTPCo's 
co-res ident assem bler  form at, or  Smoke Signal B road
casti ng's Text Edit ing System format. 

• R eports n u m be r  of bytes in sou rce c ode f i l e ,  num be r  
of external l abels,  n u m be r  of l ocal l abels, a n d  n u m be r  
o f  variabl es f o r  computing mem ory space necessary 
to assembly sou rce code generated . 

� O n l y  $24.95 ( on cassette ) ,  $30.95 (on d iskette) 

.� We're the "CHIEF" in 6800 products software 

SMOIE Sir�riA:Jb JIOJ.D�ASTI:N{Jr 
6304 Y u cca/H o l l ywood,  C A  90028/ (2 1 3 )  462-5652 
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Listing 1, continued: 

END 
ELSE 

INTB I= F A L S E :  
U N T I L  N O T  I H T B ; 

E N D ;  
E ND ;  c •  A O O A T K  • J  

PROCEDURE AOOLOC 
U I T S ;  

8 1  T P J ; 

B E G I N  
CLRRS I T PLOC ( N T J , A I I 
S E T R S I T PLOCI B J , l l  I 
S E T R S  I T NLOCI X T P N I  B J J , U ; 
S E T R S U L L OC ( JNT K J , l l l  
NBORD l A J  I •  e ;  

E N D ;  1 •  AOOLOC • I 

PROCEDURE C L S T l T I  

B E G I N  
W I T H  B O A R O  0 0  
B E G I N  

RBTH I •  L I T E ;  
RBTS 1 •  - 1 ;  
RBSQ I =  I I I 

E N D ;  
E N D ;  c •  C L S T A T  • 1  

PROCEDURE C U T A T K  
C A I T S J ;  

VAR 
I NRS 1 RS; 
IHTS 1 T S ; 
INRS I RS I 
I N T O  1 T O ;  
I N T H  I T H ; 
I N T L  T L ;  
I N T T  T T l  

B E G I N  
CPYRS UNR S , A T K T O ( A J ) ; 
W H I L E  N X T T S UNR S , I N T S J  0 0  

I F  XSPBI NBOROI I N T S  I I  T H E N  
B E G I N  

I N T O  1 :.  X L L D( X T SU A I - X T SL I I N TS J J ;  

I H T H  1 11:  X T P H ( NBOROt I H T S J J ;  
I N T L  1 a  X T S U A I • I N T O ; 
I N T T  I =  X T L S I I N T L J ;  

W H I L E  I N T T  � A T  00 
B E G I N  

C LRRS l A  TKFR t I H T S  I t  I N T  T I ; 
CLRRS U T K T O I  H I T T  I ,  l N T S J ; 

1 •  ADD P I E C E  TO D A T A  BASE • 1  
c •  S Q U A R E  W I TH N E W  P I E C E  O N  I T  • 1  
C • N E W  P I E C E  T O  ADO • 1  

I • BI T BOA ItO 0 �  EIIPTY SQUARES • 1  
1 •  B I T  BOAitO 0� All SAN£ P I E C E  0 1  
1 •  B I T  BOAIUI 0 �  All S A il[  C Ol. �  • 1  
I • B I T  B O Aitll 0 �  All P I E C E S  • 1  
I 0 S E T  N [ W  P I E C E  011 BOlitO • 1 

1 •  C L E A R  P OS I T I O N  S T ATUS • 1  

t •  W H I T E  T O  t«JV£ • 1  
1 •  NO ENPASSANT • 1  
I "  NO C A S T L ING L E GAL • 1  

c •  CUT A T TACKS THROUGH SQUARE • )  
C • SQUARE • t  

1 •  A T T AC K I NG P I E C E S  • t  
c •  A T T A C IC I NG P I E C E  SQUARE • t  
C •  SCRA T C H  • 1  
C •  S T E P  S I ZE • J  
1 •  A T T AC K I N G  P I E C E  S I D E  •1 
1• N O  L O N G E R  A T T A C� E O  S Q U A R E  •1 
C •  N O  L O N G E R  A T T A C K E D  S Q U A R E  •1 

1• All P I E CE S  A T T A C�ING S Q U A R E  •1 

I •  I F  S W E E P  P I E C E  •1 

1 •  S T E P  S I ZE O N  1 0  X 1 2  B O A R D  • )  
c •  S I D E  O F  A T T A C K I N G  P I E CE • 1  
C •  F I R S T  SQUARE BEYOND P I E C E  • t  
1 •  F I R S T  SQUARE B E Y O N D  P IE C E  O N  

& X &  BOARD • )  
C • W H I L E  O N  BOARD • 1  

C •  C L E A R  A T T AC K  H A P  • 1  

lNORS C I H R  S ,  A T K  T O t  I N T  T I ,  T H L  OCt I N T H  I I ;  

END ; 

IF NULRS C I H R S J  T H E N  
CLRRS U L A H C ( I N T H J . I N T T I ; 

IF NBOROI I N T I  I • NT THEN 
BEGIN 

INTL I = I N T L • I H T O ; 
l H T T  I= X T L S I  IH T L J ; 

END 
ELSE 

INTT 1= A T ;  
E N D ;  

E N D ;  c •  C U T A T K  • 1  

PROCEDURE D E L A T <  
l l t T S I I 

VAR 
I HRS 1 RS ; 

IHRS 1 R S ;  
I N T S  1 TS ; 

B E G I N  
C P Y R S  I I  NRS , A TKF R l  A l l I 
NENRS ll T K F R I A I I  : 
I N T H  t s  X T PH l NBORD I A I  J ;  
W H I L E  N X T T S f i MR S , I NT S J  D O  

B E G I N  
C L R R S  l l  T K T O (  I N T S  lo  A I  I 

t •  O T H E R  A T T AC K S  ON SQUARE B Y  
S A H E  S I DE . • J  

t •  I F  N O  A T T AC K S  B Y  T HA T  S I O i;:  • 1  
1 •  C l E A R  A T T AC � S  B Y  S I D E  • 1  

C • S T E P  B E Y OND SQUARE • 1  

1 •  S T OP S C A N  • J  

1 •  D E L E T E  A T TAC�S FROM SQUARE 0 1  
1 •  SQUARE T O  RE"OVE P I E C E  • 1  

1 •  SQUARES A T U C U O  B Y  P I E C E  O N  
SQUARE • 1  

C •  SCRATCH • J  
1 •  SQUARE A T UCUO B Y  P I EC E  ON 

SQUARE • 1  
I •  SlOE O f  P I E C E  O N  SQUARE • 1  

1 •  SQUARES A T T A CUO B Y  P IE C E  
O N  SQUARE • 1  

c •  C L £ A R  ATTACKS FROH SQUARE • 1  
1 •  S I DE O F  P I E C E  ON SQUARE • 1  
1 •  L OOP THROUGH A l l  A T TAC�S BY 

P I E C E  " I  
1 •  C L E A R  A T T AC �  T O  O T HE R  

SQUARE • 1  
ANORS f I11RS , A T K T O I  I N T S  I ,  THLOC( I NTH I I ; 

IF NULRS C I H R S I  T H E N  
CUtRSt A L A T K I I NT H I  , I N T S ) ; 

CLRRS C TPLOC ( N B O R O (  A l l t  A J  ; 
CL RRS t T HLOCl IN HI J ,  A I ;  
CLRRS U L L O C I  J N T K  I ,  , u ;  
S E T R S f T P L O C ( H T  J , A ) ; 
NBORD I A I  I =  H T ;  

E N O l  
END ; 1• D E L A T K  • 1  
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1 •  OT H E R  A T T A C � S  BY Sl"E S l O E  • 1  

c •  C L E A R  A T T AC K S  B Y  S I DE • 1  
C • C L E A R P I ECE • I 
t • C L E A R  P I ECE FROH S I DE • 1  
I •  C L E A R  P I E CE FROH A L L  P I E C E S • 1  
1 •  S E T  E H P T Y  • )  

PROCEDURE PRPA T �  

C A r T S ) ; 

VAR 
INRS 1 RS ; 
I N T S  I T S ;  
I N T O  I T O ;  
I H T P1  1 T H ;  
I N T L  I T L ;  
I N T T  I T T ;  

B E G I N  
C P Y R S  f i NRS , A T K T O I  A I I ;  
N H I L E  � X T T S I I NRS , I N T S I  0 0  

I F  X S P B [  N B O R O I  ! H I S  I I  T H E N  
B E G I N  

I N T O  I =  X L L D ( X T SL ( A J - X T SL ( I N T S J ) ;  

I N T P1  I =  X T P H [ N B O R D ( I N T S J J ;  
I N T L  I =  X T S L ( A I • H H D ; 
I N T T  I s  X T L S I  I N T L I ;  

W H I L E  I N T T  � u  D 00 
BEGIN 

S E T R S  U T K f R I  I N T S J , I N T T I ; 
S E T R S U T � TO [ I N T T J , I N T S I ; 
S E T RS U L A T K l  I N T H I , IN T T l ; 
If NBOROI I H T T  I • HT T H E N  
BEGIN 

I N T L  I •  I N T L • I N T O ;  • 
I H T T  I S  X T L S l iH T L J ;  

E N D  
E L S E  

I N T T  IS  - 1 ;  
E N D ;  

E N D ;  
E ND ;  t •  P R P A T IC  • 1  

BEGIN 
WITH A 00 
B E G I N  

A O O L O C  C R H F flt  , N B O R O  ( RHTO I )  ; 

AOOA T K C RHF R I ; 
C U T A  TK C R HFR I ; 
O E L A T K I RH T O I ;  

AOOLOC I � H T O  , R HC F  I ;  
AOOA T K I R HT O l ; 
N B T P A C I NBOROI R" T O I I  I 

END ; 
E ND ;  1 •  G A I N I T  • 1  

P R OCEDURE L O S E I T  
I A I RH I ; 

B E G I N  
W I T H  A 0 0  
B E G I N  

H B C A P T  C N BOROI R. H T O J  J ;  
O E L A T K I R HT O J ; 

OEL A T K C RHF R I ; 

AOOA T K C R. M T O I ; 
END ; 

E ND ;  t • L O S E I T  • 1  

P ROCE OURE NOVE I T  
l l 1 RN I I 

BEGIN 
N I T H  A 0 0  
B E G I N  

A D O L O C  I RHTO , N B O R O I  R H F R.  I I ;  
C U T A T K C R H T O J ; 

AOO A T K I R HT O J ; 
E N O l  

E HO ;  c •  110 V E I T  • J  

PROCEDURE RTR� I T  
U I RH I ; 

BEGIN 
WITH A 0 0  
B E G I N  

AOOLOC I RNFR, � B O R O !  R " T O  I l l  

CUTA T K C RHF R I ;  

PR.P A T K C R H T O I ; 

A OOA T K C RHFR ) ; . 

E N D ;  
E N D :  1 •  R. T R K I T  • t  

1 •  PROP A G A T E  A T T ACKS T H R OUGI-i 
SQUARE • J  

t •  S Q U A R E  • J  

t •  A T T A C K I NG P I E CES • 1  
1 •  A T T l C K I NG P I E C E  S Q U A R E  • 1  
c •  S T E P  S I ZE • 1  
1 •  A T T AC I( I N G  P I E C E  S I DE • 1  
t •  N E W  A T T AC K E D  SQUARE • 1  
1 •  H E M  A T T A C K E D  SQUARE • )  

1 •  A l l  P I E C E S  A T T A C K I NG SQUARE • 1  

c •  I F  S W E E P  P I E C E  • 1  

t •  S T E P  S I ZE ON 1 0  X 12 BOARD • )  
c •  S I D E  Of A T T A C K ING P I E CE • 1  
1 °  F I R S T  SQUARE BEYOND P I E C E  • 1  
1 •  � IR S T  SQUARE BEYOND P IE C E  ON 

ue eouo • 1 
1 •  WHI L E  ON BOARD 0 1  

C •  S E T  A T TACK H A P  • 1  

c •  S E T  A T T ACKS B Y  S l O E  • J  

1 •  S T E P  B E YOND SQUARE • 1  

I •  S T O P  SCAN • 1  

C • UNPROCESS C A P T U� E  H O V E  • I 
C • C A P T U RE HOVE • I 

1 •  PUT P I E C E  O N  O R I G I N A L  
S Q U A R E  • 1  

c •  S T O P  A T TACKS A T  T H I S  SQUARE • 1  
I • R E M O V E  T H E H  FROM 

D E S T I N A T I ON SQUARE • J  
1 •  REPL A C E  C A P T U R E D  P I E C E  • 1  

c •  UPDA T E  SCORE • 1  

C • PROC E S S  CAPTURE H O V E  • 1  
C • C AP T U R E  HOVE • I 

c •  UPDA T E  SCORE • 1  
C •  D EL E T E  A T T A C IC S  O f  CAPTUR E D  

P I E C E  • I 
I • ADO P I E C E  TO DES T I NA l iO N  

SQUARE •1 
1°  D E L E T E  A T TA C � S  OF "OVING 

PIECE • J 
c •  PROP A G A T E  A T T ACKS THROUGH 

FRO" SQUARE • I 

( •  ADO A T T A C K S  OF H O V I N G  P I E CE • 1  

C •  PROCESS ORD I N A R Y  H O V E  • 1  
I •  O RD I NA R Y  "OVE • 1  

1 •  AOO P I E C E  T O  N E W  SQUARE • 1  
1 •  CUT A T T AC � S  T H ROU�H NEW 

SQUARE 0 1  
1 °  D E L E T E  A T T A C � S  FRO" OLD 

SQUARE • J  
t •  PROP A G A T E  A T T AC�S THROUGH OLO 

SQUARE • 1  
c •  ADO A T T ACKS F A O H  JIIE W  SQUAI:tE • 1  

1 •  UNPROCESS ORDINARY NOVE • 1  
C • T H E  "OVE T O  R E T R A C T  • 1  

1 •  PUT P I EC E  O H  O R I G I N A L  
SQUARE • t  

c •  C U T  A T T ACKS T HR OU G H  O R I G I N A L  
S Q U A R E  • 1  

( •  D E l E T E  A T T A C K S  FROH 
D E S T I N A T I ON SQUARE • 1  

C •  PROP A G A T E  A T T ACKS THROUGH 
D E S T I N A T I ON  SQUARE • t  

c •  A D O  A T TACKS F Jl O H  OR I G IN A L  
SQUARE • )  



Circle 324 on inquiry card . 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

ATTENTION SWTPC DISC SYSTEM USERS 
All Ed Smith's M6800 SOFTWARE TOOLS 

are now available in mm1-F L E X  format a s  well a s  Smoke Signal Broadcasting format. See 
July BYTE for diskette med1a prices. Disc users specify SSB OR SWTPCO. 

M6800 R E LOCAT I N G  ASSEM B L E R  AND L I N K I N G  LOADER software for rapid program 
development and debugg1 ng. Some of 1 1 s  features are R E LOCATABLE CODE -F U L L  
ALPHAB E T I Z E D  CROSS R E F E R E N CE LIST I N G - BOT H G LOBAL A N D  LOCAL 
LABELS- LIST I NG OF E X ECUTION T I M E- R E LAT I V E  BRANCH TARGET ADDR ESS· 
ES-8 CHARACTER LABE LS-CORES I DENT E D ITOR - E N G L I S H  ERROR MESSAGES
SO COLUMN LISTING USING PR-40-etc. 

M68AS . . cassette . .$50.00 
M68AS-O . .  minifloppy . . . . . . .  $55.95 

M6800 R E LOCATABLE DISASS E M B L E R  AND S E G M E N T E D  SOURCE T E X T  G E N ·  
ERA TOR . T h 1 s  software tool enables you to modify a n d  adapt those large si.zed object pro- e 
grams and re-assemble them on your system without requir ing enormous memory. This 
program wtll produce segmented source text files with all the external l i n kage information 
required for re-assembly usmg the above Relocating Assembler. 

M68RS . .  cassette . . . . . . . $35.00 
M68RS-O . .  minifloppy . . . . . . . . . . . . . .  $40.95 

M68ASPK Above two programs on single d1skette . . . . .  $85.00 
The above two programs are furnished in relocatable formatted code w1th instruction 
manuals and commented assembly listings. The loader is also supplied in standard M I KBUG 
format on casselle or as a binary f i le  on disc to initial ly load the l i n king loader at any de
wed address. 

The l ink1ng loader 1s also available .n EPROM on two 2708's for $45.00. Specify desired 
address and version, i .e . cassette, F LE X  or SSB. 

tHt+ T -H-ll-U-� 
F I RMWARE from Ed Smith's SOFTWARE WORKS 

A 2k Monitor Disassembler-Trace Debugging Tool in EPROM. Use as stand-alone monitOr or 
as an adjunct to your Smartbug or Swtbug. Requires ACIA as contro l port. Provides all the 
monitor commands 1231 you could ever ask for. plus the convenience of a mnemonic dis
assembler and single stepping disassembler - trace display. Interactive use of singhi or dual 
breakpoint with trace pickup at breakpoint. plus many new monitor functions and sub
routines, makes this a super tool you will love to work with. Uses location $F800 to 
S F F F F . Furn ished on two 2708's or one 2716. Includes Manual and commented assemt>'y 
IIHmg. Specify ACIA location and present monitor in order to keep SAOOO RAM com-
patibility. SMITHBUG ON 2708's . ,  . . . . . . .  $60.00 

SMITHBUG ON 2716 . . . . . . . . . . $70.00 

e Get under Ed Smith's Software A U G  !Relocating assembler Users Group).  All A U G  mem· 
• t>ers w1ll have use of a buildtng software support library in relocatable format. Upcoming 

• 1tems are a F loating Po1nt package and a Trig package. 

• Order direct by check. Specify system configuratiOn if other than SwTPCo. California 

• residents add 6% sales tax. 

: Ed Smith's SDfTWf\AE WDA�S • 
P.O. Box 339, Redondo Beach , CA 90277,  (213)  373-3350 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

N eed l nte._lligence i n  you r  · 

488 .1 nstru mentation System ? ? ? 

<- S - J. O O  I E E E - 4S�> 
Get it w ith yo u r  favo rite S-1 00 c o m p uter 

and the P&T-488 I nterface Boa rd . 

The P&T-488 I nt erface Board g ives you r  S-1  00 computer 
the abi l ity to be a ta lker, l istener o r  control ler  on the I EEE-488 
instru m entation bus. Easy to u se software h elps you 
i ntegrate t h e  P&T-488 i n t o  you r  syste m-all  you do i s  pass a 
message string to t h e  provided su broutines a n d  t h e y  take 
care of t h e  detai ls.  N OW AVAI LAB L E :  Software to access 
the 488 bus d i rect ly from North Sta r Basic and M BASI C .  

P&T-488 (ass e m b l e d  & tested) $325 

PICKLES & TROUT P.O. BOX 1206, GOLETA, CA 93017 ,  (805) 967-9563 

Ci rcle 3 1 3  on inquiry  card. 

C i rc l e  3 on i nq u i ry card . 

SOF T WARE 
P. 0.  BOX 2528 • ORANGE, CA . 92669 

( 714) 774- 1270 
BASIC SOl- 1\Vi\Rio 

NOR I l l S  I i\R I RS-80 i\PPLL 

NUR TH S I ;\f< HJ\ � J C  on d i\ f..l' l l l' ,  rc.td� lu run.  Nurth StJr l i.Jturi.tl I ,  I ut tu iJI I t , 

f uturi.tl I l l  (Rl'll-.t�l· ·l) tl'.tLhl'' North �IJr B.t:.ic, Wurl1 Procc"in�. i\Cl h. P •• yJhlc, 

;\eel� .  Rccl·iv.1bk, P.tyrnll, Ll·ncr.tl LcU�l-r, McUic.ti /PI I I I .  Aclh. , RcL Bi l l in�. 

l rwcntwy, �.dl'' An.tly-.i�. Cornputl'f Lhc��- MJilin� L.t�l�. Pcr,ormcl Sy!\l crn, 
�11\NY MORL AVA I L ,\ B L L .  I AUI I N D I V I DU;\L � Y S I  1.�1 ! 3 5 .00 

I O I ALLY I N T L GRA I L D SY� H M  (A/R . A / P ,  G L N .  L L D G L R ,  P A Y ,  LL I I L R 

G L N L  RA 1 OR. B U�. � I  A l iS r iC�) in  B inder Complete Doc. S 1 50.00 

Chl·dbuuf.. H.d . ,  l3uU�l'l PI.Hml'r, Gull l l.ml1iLJppcl, G.trlll' L>hf.., X- KA I LO Story 
Genm tor . MORL ;\V ,\ I L ;\BLI. . 1 . .\CH I N D IVIDUAL SY > ! I .M 125 .00 

IQ I I:� I .  M L MOR Y lJi.,�n'"l i c , Pef\. I in,tllCl', Bu,. St.ttl,tiC'>. (rypto l:ncodcr. 

Sign M.t �l·r . Menu l'l.tnm·r S 1 50.00 EACH 

S I N G L L  ur DUAL DR lVI:, 8K f" rcc Memory Required. 

TRS-80 on c.t�sctlc (Lrvcl I ) . Numcruu� G.tmcs, l:.x..tmplcs, S T A RT R I:. K, WUM-
PUS. MORl only 13.95 EACH 

BASIC T U 'I OR I A I. ( Ll·.trn B.t�i..: Prug1.muning) S9.95 
S T OCK M A R K le I ;\N;\L YSIS 19.95 
MANY MORl. 

APPU: un C.t�'c l ll' .  i\ttny {.;Jrnc�. [ x.unplc�. WO R LOPOWE R , STA R T R I: K , 
BOWLING. BINGO 15.95 EACH 

BASIC 1 U T O R I A L  (LeJrOt Ba>ic) 19.95 
STOCK M A R K E- l AN ALYS I S 19.95 

BUDG E !  PLAN 15.95 

APPLl D!>K B US I N ioSS SYS I L MS,  A/R, A/P. etc. ONLY 1 35.00 PER SYSTEM 

Order by Phone ( 7 1 4 )  774 · 1 270, UPS COD, or Mail  Order T od.ty. 

Ovt.•r 1000 Sy\lcm' Sold, OrUcr Nuw . 

SOl- TWA Rl BOOKS SAME PRICE FOR ALL SYSTEMS 

�·· 
Having Reservations About You 

HUNT ·e MORt ! 
Smo e Signal  Broadcasti n g  presents the 

TD -1 TRACE/DISASSEMBLER 
Prov ides i n teractive trac ing  and d i sassembly for 

6800 program debugging.  

• T R AC E  a l l ows p rog ram mer to control  execution of 
p rogram u nder  test for exam ination of p rocessor's 
i nternal registers and mem ory on instruction-by
i nstruction basis .  

• 
D I SASS E M B L Y conve rts m ach ine  code to easy to 
read m ne m o n ics. 

• Hex code for the opcode and p rogram counter dis 
p l ayed in  add it ion to m nemonic .  when instruction 
is I isted .  

• Contents of  any register o r  any memory l ocation 
may be ch anged at any t ime.  

� O n l y  $ 1 9.95 (on cassette ) ,  $25.90 (on d iskette ) 

.� We're the "CHIEF" in 6800 products software 

SMOKE SiflriiAL BJIUJADtASTlNtfr 
G304 Y u cca/H o l l y wood,  C A  90028/ ( 2 1 3 ) 462- 5652 

C i rcle 320 on inqu i ry card . BYTE November 1978 1 75 



Listing 1, continued: 

PROCEDURE P A W N I T 
( I. I RP1 1 ; 

B E G I N  
W I T H  & 00 
B E G I N  

( •  UNP ROP10 T E  A P A WN • 1  
( •  PROHOT I ON P1 0 V E  • 1  

H 8 P1 0R: P C HBORO( RH T O J ) ; 1 •  UPDA T E  SCORE • 1  
NBOR Q ( I'{ H T O J  1 =  X T U P1 P I E P 1 X T P H I NBOR01 R t"'T O J 1 1 ;  

E N O l  
E ND ;  C •  P A W N I T  • 1  

P ROCEDURE PROACA 

C A l  T S  I I 

V A R  
I N R S  1 R S ;  
IP1RS I R S ;  

B E G I N  

c •  PROC E S S  C A S T L E  S T A TU S  
C H A N G E S  • 1  

C • S Q U A R E  • 1  

C • S CR A T C H  • 1  
t •  S C RA T C H  • l  

C L R R S I C S T A T l J NT K J , A t ; 1 •  C L E A R  T H I S  S Q U A R E  • 1  
AN DRS C lNRS , C S TA T (  .JNTK J ,  XRRSI XTSR I A I I l l  

1 •  CASTLE B I TS FOR T H I S  SIDE • 1  
I F  NOT INRST B I I NR S , XTRFSI X T S R I A J , F 5 1 1 THEN 

1• I F  K I NG HOVE • 1  
AN D RS I CSTA T I .J N T K  I , C S T A  T I .JNT K I , XNRSI XTSRI A I I I I  . 

1 •  CLEAR ALL C A S T L E  HOVE$ FOR 
S I D E  • 1  

A N D RS U 1'1A S , I NRS , XRFS l Fi J I ;  t •  tC ING ROOK SQUARE • 1  
ANORS UNRS , I NRS , XRFS ( f1 J J ;  1 •  QUEEN ROOt( SQUARE • 1  
IORRS I I NRS , I NRS . I HRSI I 1 •  BOT H ROOK SQUARES • 1  
I F  NUL RS C I NRSI T H E N  1 •  IF B O T H  ROOKS GONE • 1  

AHORS I C S T A T I  J N T K  I , C S T  A l l  J N T IC  J ,  XHRS l X T S R U  J I I ;  
E N D ;  t •  P R D A C A  • 1  

PROCEDURE PROA C S  

B E G I N  
W I T H  A 00 
B E G I N  

I f  I N R S T B I C S T A T I JNT IC I 1 R P1FRI T H E N  
PROACA I RP1 FR I ; 

IF IHR S T B I C S T A T l JNHC J , RP1 T OI T H E N  
PROACA I R P1 T O I ;  

END ; 
E N D �  t •  P R. O & C S  • I 

PROCEDURE PA:OHOT 
U I RI1 1 ; 

B E G I N 
W I T H  A 0 0  
B E G I N  

11BPA:OP1 C X T GHP( RHPP • J NH IJ ) ;  
NBOA:O [ �H F R )  1 :  X T GH P ( A: H P P , J ,.. T 11 J ;  

END I 
E ND ;  c •  P RO HOT • I 

PROCEDURE C R E A T E ;  

VAR 
lNA:S 1 RS; 
I N T H  I TH; 
l H T P  T P �  
I N T Q  T Q ;  
I N T S  I l S I  

B E G I N  
W I T H  B O A R D  00 
B E G I N  

J N T K  I :  A I( ;  
J N T P1  I =  R B T H ;  

NODES I =  0 ;  

L l N D X (  J N T IC  I I =  J N T W ; 
SA:.CHH ( JN T K ) 1 :  HO ; 

f O R  l H T S  t :  AS TO ZS DO 
B E G I N  

NEWRS U T K F A: l  I N T S J  I ;  
NEWRS t l  T K  T O I  I NTS I I  I 
NBOA: D l i N T S I  I % HT ; 

E N O l  

NEWA:S U . L L O C ( JN T K ) ) ; 

f O R  I N T P  1 z  LP TO HT 00 
NEWRS C fPLOC ( I  N T P  1 I ;  

F O R  I N T H  I =  L I T E  T O  HONE DO 
B E G I N  

NEWRS I T H L OC I  ! N T H  I I  I 
NEWRS f AL A T K (  I N T H  I J ;  

E N D ;  

H B T O T  1 :  O ;  

H BPNN ( L I T E J 1 :  t ;  
11BPNNl O A R K I 1 =  O ;  
H B L T E  1 :& 0 1  
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1• PROC E S S  HOVE$ A F F E C T I NG  C A S T L E  
S T A T U S  • 1  

I • H O V E  W I T H  RHAC • 1  

I • F A:OH SQUARE • 1  

t •  T O  S Q U A R E  • 1  

t •  PROC E S S  PRO H O T I ON • 1  
t •  PJ(OHO T I ON H O V E  • 1  

C • UPO& T E SCORE • I 

1 •  C R E A T E  G L OB A L  O A T &  BASE • 1  

t •  S CR A T C H  B I T  BOARD • 1  
C • C O L O R  INDEX • I 
C • P I E C E  INDEX • I 
c •  C A S T L E  TYPE I ND E X  • 1  
t •  S Q U A R E  INDE X • 1  

t •  I N I T I A L I Z E  H O V E S  S T A C K  
P O I N T E R  • 1  

t •  P L Y  I N D E X  • 1  
( •  S I D E  T O  HOVE • 1  

1 •  I N I T I A L I Z E  T O T AL NODES • 1  

c •  H O V E S  ARRAY L I H I T  • 1  
c •  S E AR C H  HOOE • 1  

t •  C L E A R  A T T AC K S  FROI1 • t  
t •  C L E A R  A T T AC K S  T O  • 1  
t •  C L E A R  L OO K A H E A O  B O ARD • J  

t •  C L E A R  A L L  P I E C E  LOCAT IONS • 1  

t •  C L E A R  PI E C E  L O C A T I O N S  • 1  

t •  C L E A R  C OL O R  L O CA T I O NS • 1  
C • C L E A R  C O L O R  A T T  A C IC S  • 1  

F O R  I N T S  I = A S  T O  Z S  0 0  
I F  R B I S  I I N T S  I c >  H T  T H E N  
B E G I N  

A O OL O C I I N T S , RB I S I  I N T S  I I  I 
H B T P A C ! RB I S I I NT S I I  I 

ENO 
E L S E  

S E T R S I T P L O C ! H T I , ! N T S I :  

11 B E V A L ;  

C P Y R S  C l N R S ,  A L L O t (  JN T I(  1 I ;  
W H I L E  N X T T S C I NR S . I NT S I  DO 

A O D A T K C I N T S J ; 

t •  E V'Il L U A T E  H A T E R U L  • 1  

f • C O P Y  B I T  B O A R D  O. F  A L L  
P I E C E S  • 1  

t •  A D O  A T T AC K S  O F  A L L  P I EC E S  • 1  

N E WR S I C S T A T [ J H T K J I ;  t •  I N l T l A L i l E C A S T L I NG S QU A R E S  • 1  
F O R  I N T Q  1 :  L S  T O  O L  0 0  

I F  I N T O  I N  R B S O  T HE N  
t O R R S  I C S T  A l [  J N T IC  I,  C S T  A T  ( J N T I(  I ,  X S Q S [  I N T O  J I ; 

NEWRS C EHPA S l J H T K J I ;  
I F  R B T S  • =  0 T H E N  

S E T R S  t E N P A S  I J H T K ) ,  R B T S  I ; 

( •  l N l T I & L l l E  E H P A S S A H T  S Q U A RE • J  

C P 'f'RS ( GENPN ( J N T  K J ,  T P L O C l  X T U H P (  E P ,  J N  f f1 )  f )  ; 
NOTRS I G E N T O [ J NT K I . T f1 L OC [ J NT H I I ; 
N O T RS C I N R S ,  G E N P H l  J N T K  J I :  
AHORS I G E H F R t  J N T K  I ,  THL O C (  JNT H ) ,  INRS I ; 

E N D ;  
E HQ ;  t •  CRE A T E  • 1  

eROCEOURE ONOATE 

VAR 

I N T S  l S I  

! N T  R T R I  
INTF I l F I  

RKFR I TS ; 
R K I O  1 l S I  

B E G I N  

1 °  OOMNOATE D A T A  BASE TO 8 A C K  
OUT A H O V E  • 1  

f • THE HOVE TO RETRACT • 1  

t •  SC'tATCH • J  
I •  ROOK RANK FOR C A S T L I N G  • 1  
1 •  ROOK F IL E  FOR C A S T L I N G  • 1  

1 •  ROOK FR� SQUARE • 1  
I • ROOK T O  SQUARE 0 1  

W I T H  A 00 
B E G I N  

C A SE ORO C R "C& I • It + ORO C RI1AC t • z  t O�O I �HPR.I OF 
C • OROI NARY HOVE • )  D I 

1 1 
R T R I( l T  I U ;  

1 •  P A WN H O V E  AND P�OH O T E  • 1  
B E G I N  

P A W N  IT t A l ; 
R. T RK I T C A I ; 

END I 
Zl C • " I S C E L L A N E OU S  A C S  • 1  

I F  RHOO T H E N  
B E G I N  t •  C A S T L E  • 1  

I F  RHOS T H E N  
I N T F  I =  F l  

E L S E  
I N T F  I=  F e ; 

l N T R  1 =  X T SR l RH F R J ;  
A: I( F R  1 :  X T R F S (  I N T � , l H T F ) ;  
R I( T O  t =  C Rt1 f R + R I1 T O I  D I Y  Z ;  
A DOL 0C I R K F R ,  NBORO( RK T O  J I ; 
O E L A T K ! R K T O I  1 
PRPA T K ! R K T O I  I 
A O O A T K  I R K  FR. I ;  
R T R. K l T U I ; 

E N O  
E L S E  c •  N O T  C A S T L E  • 1  

R T R K I T C & I ; 

c •  ROOK ON QUE E N  ROOK F I LE • 1  

C • ROOIC O N  I( lNG ROOK F I l E  • I 
t •  ROOI( F I L E  • 1  
t • ROOIC F R O H  S Q U A R E  • I 
C • ROOK TO S Q U A R E  • I 
f • R E P L A C E  ROOK • I 

t •  R E T R A C T  K I N G  HOVE • 1  

3 a :  ( •  NULL HOVE • )  
C. I C •  C A P T U R E  • I 

I F  RHEP T H E N  
B E G I N  C • C A P T URE E N P A S S A N T  • 1  

l H T S  1 =  X T R F S ( X TS R. l R HF R J , X T S F l RHT O J J :  
AODL OC C I N T S ,  � H C P I  1 
CUT A T K I I N T S I  I 
A O O A T K t l H T S I ; 
R T R. K l T C A l ; t •  R E T R A C T  PAWN 110VE • t  
H B T P AC I HBOROl l H T S J ) ;  c •  A D O  P I ECE T O  SCORE • 1  

E N O  
E L S E  t •  C A P T URE N O T  E N P A S S A HT • 1  

G A l N l T I A I ; 
5 1  C •  C A P T U R E  A N D  PR.OHOTE • 1  

B E G I N  
P & N N IT I A I ;  t •  UNPRO ... O T E  • J  
G A I N  I T  C A l ; t •  UNC A P T U R E  • 1  

END I 
6 1  C • C A P T URE & C S  • J  

G A I N I T U J ;  C •  U N C A P T U R E  • 1  
7 1  c •  C A P T U � E  R OOIC A C S ,  P R O H O T E  • 1  

E NO ;  

B E G I N  
PAWN I T  C A l �  
G A I N I T U J ; 

E N D ;  

J N T M  t z  L I N OX ( J NT IC J ; 

J N T I(  1 :  J N T K- 1 ;  

1 •  RESET HOVE GENERATION 
POINTER 0 1  

J N T H  t = OTHER ( JNT"' J ;  
E N O l  

C�  BACIC U P  PLY I N D E X  • 1  
1 •  S N I T C H  SIDE T O  H O V E  • )  

E ND :  t •  CH O A T E  • 1  

F UN C T ION UPD A T E  
C Y A R  A I  R H I  

I T B ;  

V A R  
INR.S 1 RS 
IHRS I R S  
I N T S  I T S  
I N T F  1 T F  

c •  U PD A T E  D A T A  B A S E  F O R  & H O VE • 1  
C • T H E  HOVE • 1  
c •  RETURNS T RUE I F  HOVE I S 

L E G A L  • J 

t •  S C R A T C H  • t  
c •  S C R A T C H  • 1  
1 •  SCR.A T C H  • I 
t •  ROOK F I L E  F O R  C A S T L I N G  • t  
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Listing 7, continued: 

l NT R: I T R: ;  
R K T O  I T S ; 

R K F R  1 T S ;  

c •  ROQI( RANK F O R  C A S T L I N G  • l  
f •  ROQI( D E ST I N A T I ON SQUARE • )  
t •  ROOIC O R I G I N  S Q U A R E  • t  

B E G I N  
� l T H  A 0 0  
B E G I N  

J N T I(  1 3  JN T IC + l ;  

N E MR S f E � PA S I J N T K J ) ; 

1 • A D V A N C E  P L Y  I N D E X  • )  
c • C L E A R  E N P A S S A N T  B I T  BQARO • 1  
c •  I N I T I A L I ZE C A S T L E  S T A TUS • )  
1 •  I N I T I A L I ZE A L L  L O C A T I ONS • t  
c •  I N I T I AL I Z E  M A T E R I A L  SCORE • t  

C P Y RS I C S T  A T  I J N T K  J , C S T A T l JHTII:: • 1 1 l ; 
C P Y RS U L L O C  I J N T IC  I ,  ALL CC I JNT K - 1  J ) :  
t' B YAL [ J N T K J  1 :  H B Y I L ( J H T IC - l l i  

L I NO X I JN T IC )  1 :  J N T W i c •  t1 0 V E S  ARRAY L i t1 I T • t  
• O R 0 1 Rt1 P R J  OF C A S E  ORO I RHCA I • Lt • 0RD I RI1AC J • Z  

0 1  C •  O '! O I N A P 'I'  110YE • 1  
I F  R H E P  T H E N  
B E G I N  t •  P A W N  H O V E  Z S P ACE S • )  

S F T R S I I N � S , XRSS t RPHQ J , S l l ;  
S F T R S I  I M R S ,  XRS S I RH T O J , S J I ; 
I ORRS I I N R S , I NRS , l H RS I ; 1 •  S Q U A R E S  NE K T  TO D E S T I NA T I ON • 1  
A N D R S C  I N R S ,  I N R S ,  T PL O C (  IC TUHP 1 E P , O T H E R  1 JH T H  I I  I l ;  

1 •  I N T E R S E C T  W I T H  E N E 11 Y P A W N S  • 1  
I F  toj O T  N U L R S I I N R S I  T H E N  

S E TR S I E NP A S ( J N T tC ) ,  f i U H O + Rt1 F R I  D I Y  2 1 ; 
c •  S E T  [ N P A S S A N T  SQUARE 4 1  

11 0 YE I T f A J ;  ( •  H O V E  P A WN • t  ( NO 
E L S E  

HO YE IT U J i f • H O V E  P I EC E  • J 
1 1  1 •  H O V E  AND PROH OT E • 1  

B E G I N  
PROHOT I A I ; t •  PRC H O T E  P A W N  • 1  
HOVE I T I A I ; c• MOVE PROMOT E D  P I E C E  • t  

E NO :  
Z I t • M I SC E L L AN E O U S  A C S  • 1  

B E G I N  
I F  R H O O  T H E N  
B E G I N  ( •  C A S T L E  • »  

I F  RHQS T HEN 
I N T F  •• F 1  1 •  ROOK ON Q U E E N  ROOK F I L E  • 1  

E L S E  

I NT F" I a  F" 8 l  c •  ROOK O N  K ING R O O K  F I L E  • t  
! N T R  I =  X T S R I RH F R I : 1° ROOK ON K IN G S  RANK • 1  
RKF"R I =  ICT R F S ( I NTR , I N TF J ; f •  ROOK ORIGIN S Q U A R E  • 1  
RK TO I =  I R H F R + R H T O J  O ! V  2 ; 1 ° ROOK D E S T I N A T I O N  SQUARE • 1  

A N  D R S  I C S T  A H J NT K J ,  C S T  A T l  J N T K  J ,  XNRS ( INT RJ I ; 
1 •  D I S A L L OW F U R T H E R  C AS T LI N G 

BY T H I S S l O E  • 1  
AOOL OC C R K T Q , NBORO( RK F" R J J :  t •  PU T ROOK ON N E W  S Q U A R E  • t  
lDDA T IC: C RK T O I ; 1 •  A D O  I T S  A T T A C K S  • 1  
D E L A H C I RtC F R I ; 1 •  D E L E T E  FROK O R I G I N A L  SQUARE • 1  
H O VE I T U I ; 1 •  HOVE K IN G  • 1  

E N D  
E L S E  t •  toiOT C A S T L E  • t  
B E G I N  

P R O A C S  U l :  
H O VE I T f A I ; 

E N D :  
END ; 

1 4  PROC E S S  C A S T L E  S T ATUS 11 0 0 S  • J  
t •  HOVE T O  O R  F ROI1 K I NG O R  �001( 

SQUARE • 1  

3 1 ;  I '  N U L L  H O V E  ' I  
._ 1  t • C A P T U R E  • 1  

I F  R H E P  T H E N  
BE G I N  I • C AP T URE E NPA S S A N T  4 1  

t N T S  1 ::  X T R F S O : T S R ( I iH1F R J , lC T S F (I H1 T O I  J ;  

11BCioPT I NBOKOl I N T S  I I i 
O E L A T K  I I f.I T S I ; 

P R P l  TK I I ti T S ) ; 

.H O V E  IT U q 
E N D  

( • C A P T U R E D  P A W N  S Q U A R E  ' I  
c •  UPD A T E  SCORE • t  
t •  D E L E T E  C l P T U R E O  PAWN 

A l T A C K S  • 1  
t •  PROP A G A T E  A T T AC KS T H R C\J G I'(  

P A W N  • l 

1 •  H O V E  C A P T UR I N G  P A W N  • t  

E L S E  t •  C A P T U R E  N O T  E N P A SS A NT • 1  
L O SE t r U . I i 1 •  PROC E S S  C AP T U RE • 1  

5 1  f • C A P T  UR:E A N D  P R OMOTE • l 

B E G  I N  
PROP10T I A I  ; 
L O S E I T U l ; 

[NO � 
6 1 c • C A P T URE A C S  • t  

BEG I N 
PROACS I A) : 
L OSE I T f U ;  

E N D :  

t •  P RO M O T E  P A W N  • 1  
I • PROC E S S  C A P T U R E  W IT H  P R: O P1 0 T E O  

PIECE •t  

C •  P RO C E S S  C A S T L E  ST A T U S  1'1 0 0 S 4 1  

C • PROCE S S  ROOIC C A P T URE • 1  

7 1  ( •  C lo P T UR E.  P Q O IC  A C S ,  P Q: Q H O T E  • )  

E N D ;  

BEG I N  
PROMOT I A I : 
PROACS I .& I ; 
L O S E I T C .l l : 

E ND ! 

t •  I N I T I AL I ZE H O VE G E N ERA T I ON • 1  

I • PROHOT E P AWN • I 
t •  C H A N G E  C AS T L E  S T A T U S  4 1  
1 •  PRO C E S S  ROOK C A P T URE • 1  

J N T H  1 :  O T H ER f JN T H J ;  t •  S N I T C H  S I DE T O  H O V E  4 )  
C P Y R S  f G E N P N t  J N T K  I ,  T PL OC I  X T U H P (  EP , J H T H I  J I ;  
N O T RS I G � N T O [  J N T K  l ,  T HL O C (  J N T H J  I ; 
H O T RS I I N R S ,  G E N P N [  J N T IC  J I ;  
AHORS I G E N f R (  J N T K  I ,  T HL O C (  JNT M J ,  I N R S I  I 

c •  D E T E R M I N E  IF HOV E L E A V E S  K I N G  IN CHECK, OR HOVE S 
K I NG I N T O  C H E C K  • 1  

ANDRS l l N R S ,  T P L OC t X T UI'I P  ( E K ,  JN T H  I I ,  A L A T K l  O T H E R  ( JNTH I I l ; 

R HCH p: NOT N U L R S I I NRS I ; 
ANORS I I N R S ,  T P L O C I  XT UHP [ E K , OT HE RI J N T H  I I J ,  A L A  T IC (  J NT H I I ;  
RHil 1 -=  N O T  NUL R S I IN;{S J ;  
U P D A T E  1 :  HOT R H I L ;  
I F  N O T  R H I L  T H E N  C •  COUNT L EGAL HOVES •t  

HVSE l l JN T K• 1 } l '�'  H V S E L ( JN T IC • 1 1  + 1 ;  

c •  I N I T I A L I ZE � O VE S E A RC H I N G  • 1  
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NODES 1 :: NOOE S • 1 i 
E N D ;  

[NO ; C •  U P D A T E  4 1  

PROCEDURE GENONE 
U t T T ;  

B 1 l S I ; 

VAR 
l NRS 1 R S ;  

B E G I N  
W I T H  H O V E S (  J N T W  I DO 
B E G I N  

RHF R t :  A :  
R H T O  1 :  B ; 
R H C P  t= N B O R D (  8 J ;  
RHCl I ::  I NBOROt 8 1  c ,.  H T ) ; 
t ORRS I I N R S ,  X R S S (  A J ,  lC R S S I  8 1 1 ; 
ANORS I I N R S ,  ! N R S ,  C S T  AH J N T I(  I I ;  

RHAC NOT N U L � S .f i NRS I ;  
RHCH 1 :  F A L S E ; 
R H H T  I :  F lL SE ; 
R " IL F A L SE :  

R H S U  1 ::  F A L S E ; 
RHPR 1 =  F A L SE ! 
RHOO I =  F A L SE : 
R11EP 1 :  F A L S E ;  

E H O ;  
VALU E I J N T _. J  1 :  Q ;  
I F  J N T W  < Z W  T H E N  

J NT W  I Z  JNT W+ 1 : 
E N D ;  1 4  GENONE • I 

PROCEDURE PWNPRO i 

VAR 
I N T G  I T G ;  

B E G I N  
HOVE$( JNTW·l l .  R 11 P R  I •  TRUE I 
HO VE S I J NT W· 1 J . RH P P  I •  P Q :  
FOR l N T G  t •  P R:  T O  P B  00 
B E G I N  

11 0 VE S I JN T W J  I•  1'1 0 YE S l J N T W•1 J ;  
H OVES I JN TW J . R H P P  I • I NT G ( 
JN TW I Z  JNT W+ 1 ; 

E N D ;  
E N D ;  C •  PWNPRO • 1  

PROCEDURE GENPWN 
C U R S ;  

B l  �S J ;  

VAR 
I NR S ,  IHA.S 1 R S ;  
I NT S  I T S ;  

B E G I N  
I F  J N T H  :: L I T E  T H E N  
B E G I N  

S F !�S U NRS , A, SZ I ;  
A NOA.S I I NR.S , T P L O C I  HT I ,  I to� A: S I ; 
C P Y R S  l l H RS , lN R S I i 
A N��S I I NR.S , B , I N R S I ; 

W H I L E  N K T T S I I NR S : t N T S I  0 0  
B E G I N  

( • C OUNT NODES S E ARCHE D 0 1  

1 •  S T A C K  O N E  G E N E R A T E D  H O V E  0 1  
I • FROH SQUARE • .  
t •  T O  SQUA�E • t  

t •  S C R A T C H  • 1  

I • FROH SQUARE • I 
c •  T O  S Q U A R E  • 1  

t •  C A P T U RE D P I E C E  • 1  
1 4  C A P T UR E  • I 

c •  A F F E C T S  C A S T L E  S T A T U S  • t  
c •  C H E CJC • 1  
c •  H A T E  4 1  
I •  I L L E G A L  4 l  

C • S E A R C H E D  • 1  
c •  P R O H O T l O N  • 1  
1 4  C A S 'r l E  4 )  
C •  E N P A S S A N T  4 1  

1 •  C L E A R  V AL U E  • 1  

c •  A D V A N C E  MOVES S T A C K  P O I N T E R  4 1  

( • GEN E R A l  E A L L  PROM O T I O N 
H O V E S  • t  

1 •  PROM O T I ON T Y P E  4 1  

( • SET PROMOTION • 1  
1 •  PROHOTE T O  QUEEN F I RS T  0 1  
t •  GENE R A T E  OTHER PRO"OTIONS • J  

c •  C O P Y  L AS T  "DYE • 1  
( • C H A N H  PROIIO T E  T O  P lECE • l 
1 •  A D V A N C E  "DYE INDE X • 1  

t •  G E N E R A T E  PAWN HO V E S  • 1  
c •  PAWNS T O  "OVE • 1  
1 •  V A L I D  D E ST I NA T I O N  SQUARES • 1  

c •  S C R A T C H  4 1  
c •  D E S T I N A T I ON S Q U A R E  • J  

t •  WH I T E P A W N S  • )  
l • A D V A N C E  ONE RANK • l 
1 4  O N L Y  TO E " P T  't SQU ARES ' I  
t •  S A V E  F O R  2 SQUARE 110VES • I 
t •  ON L Y V A L I D  D E S T IN A T I O N  

S Q U A R E S  * I  

GENOME I X T L S (  X T S L I  I N T S J - lC T E D l  S Z  1 1 ,  I NT S  I ;  

I F  I N T S  J> =  X TR F S ( A.& , F" 1 ) T H E N  
.. PWNPR.O: 

E ND :  
ANDRS C I N R S ,  I 11 RS , X R R S I  R: 3  I I ;  
S F T RS I I NR S , INRS , S Z I  i 
ANOA.S I I NR.S , I N R S , T P L OC I HT I I :  
ANORS I I NRS , I N R S , B I ; 

W H I L E  N J( J TS I I N R S , I N T S I  00 
B E G I N  

1 •  G E N E R A T E  S I HP L E  P A W N  H O V E S  • 1  

1 •  PROCESS PROI10TION • )  

I •  T A K E  O N L Y  P A WNS O N  T H lA.O • 
f • A D V A N C E  ONE KO RE RAN.: 4 1  
I • O N L Y  T O  EHPT Y SQUARES • 1  
c •  O N L Y  V A l l O  D E S TI NA T I ON 

SQUA R E S  • I 

GENONE I lC TL S C  K T S L (  I N T S  ) • 2• X TE 0 1  SZ J I ,  I N T S I : 
c •  G E N E R A T E  DOU B L E  P A W N  HOVES • 1  

H O V E S ( JN T W· 1 J . RH E P  I =  T RUE ; c •  F L A G  AS T WO S Q U A R E S  ·· 1  
E N D :  

S F TRS I I NRS , A , B1 1 ; c• TRY C A P TURES TO T H E  L EFT • 1  
! ORRS f l H R S .  T H L O C I  O T HE R  I JN T H  l l • £ N P A S  I J N !  k l l : 

ANORS I I H R S , IHRS , B I  i 
ANOR S I  I N R S ,  I N R: S , I H R S l : 
W H IL E  N X T T S t i N RS , I N T S I D O  
B E G I N  

1 •  O P P O N E N T  P I E C E S  t E P  SQU A R E  • 1  
1 •  V A L l O  D E S T I N A T I O N  SQUARES • 1  
c •  C A P T U RE MOYE S T O  L E F T  • 1  

GENONE I X T L S l  X T  S U  I N T S I - X T E O  I 8 1 1 I ,  I N T S I ; 
c •  G E N E R A T E  C A P T URE M O V E  • 1  

11 0 V E S l JN T W- 1 J . RI1 C A  I =  T RU E ;  1 •  F L A G  C A PT UR E  • 1  
HOVES I JN T W- 1 l . R11 E P  I =  I NRS T B I E NP A S I J N T IC J , IN T S I :  

I f  110V ES ( JN T W- 1 J . RHE P T H E N  
HOV[ S ( J N T W · l J . A.H C P  1 ::  D P :  

l F  I N T S  > ::  X T R:F S IJ U , F l l T H E N  
PWNPRO; 

[ N O ;  

C • f L A G E N P A S S A N T  C A P T U R E  • I 
c •  S E T  C A P T U R E D  P I E C E  T Y P£  • 1  

( • P R O C E S S  PROHOT ION • 1 

S f T RS I I N RS , A , BZ t ;  c •  TRY C A P TURES T O  T H E  R IGHT • 1  
l ORRS I I HRS , T H L O C I  O T H E R  I J N TH J J ,  E NPA S ( .JNTK I l ;  
ANORS I I HRS , I H R S , B I  t 
ANORS I I NRS , IHR S , I H R. S I ; 
W H I L E  N X T T S I I HRS , I NT S I  0 0  
B E G I N  

C • OPPONEN T  PIECES + E P  S Q U A R E  • 1 
c •  V A L I D  O ESfiNA T I ON SQUARES • 1  
c •  C A P T U R E  110VES T O  L E f T  • 1  

GENONE I X T L S (  lC T  S U  I N T S J - X T E O l  B Z  1 1 , 1 N T S I  l 
I • G E N E R l l E  C A P T UR.E K O V E  4 1  
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Listing 7, continued: 

HOV E S ( J NT W• l ) . RH C A  • = T RU E ;  c •  FLAG C A P T U R E  • J  
HOVES.( J N T W• 1 1 . Rt1 E P  1 =  I NR S T B C E NPA S l JN T K J , t N T S l ;  

I F  HOV E S ( JN T W - 1 1 . RH E P  T H E N  
H O V E S I  J N T W • l  I.  R J1 C P  I • O P ;  

I F  I N T S  ,. =  X H \F S t R S , F 1 J  T HE N  
PWNPRO ; 

E N O l  
E N D  
E L S E  
B E G  I N  

S F T RS C I N RS , A , S ft l ; 
A N O R S  C I N RS , T P L OC [ HT J ,  I N R S I ;  
C P Y R S t l H R S ,  I N R S I ; 
A NORS ( l N R S ,  8, I N R S  I ;  

W H I L E  N X T T S C I N R S , I N T S l  0 0  
B E G I N  

C • F L A G  'ENPASSANT CAPTURE • 1  

I • S E T  C A P TURED P I E C E  T YPE • 1  

C •  B L A C K  PAWNS • J  
C • ADVANCE ONE RANK • I 
C • ONLY T O  E H P T  Y SQUARES • I 
C • S A V E  FOR 2 SQUARE HOVES • 1  
C • O N L Y  V A L I D  D E S T I N A T I O N 

S Q U A R E S  • )  

GENONE C X T L S (  X T  S L (  I N T S  J • X T E O (  S �  l J ,  I N T S I ; 

IF l N T S  <= X T � F S f Rl , F S I  T H E N  
P W N P R O ;  

E N O ;  
A N O RS f l NRS , I H R S , X R R S (  R � J  I ;  
S f l RS C H -tR S , I N R S , S it l ; 
ANORS C I N R S ,  l N R S , T P L O C (  HT I I ;  
ANORS C I N R S ,  l N R S ,  8 I ; 

W H I L E  N X T T S C I N R S , I N T S I  D O  
B E G I N  

c •  G E N E R A T E  S I H P L E  P A W N  HO Y E S  • 1  

t •  P R OC E S S  PRO H O T I O N  • 1  

t •  T A K E  ONLY P A W N S  O N  T.,_ IR.O • 1  
t •  A D V A N C E  O N E  H O R E  R A N I(  • )  
t •  O N L Y  T O  E HP T Y  S Q U A R E S  • 1  
t •  O N L Y  V A L I D  D E S T I N A T I O N  

S Q UA R E S  • I 

GENONE C X T L S t  X T S L t  I H T S J · Z • K T E D ( S &. J J . I N T S J ; 
c •  G E N E R A T E  DOUBLE P A W N  H O V E S  • 1  

HO V E S t J H T W- 1 J . R. H E P  I =  T RU E ;  c •  F L A G  A S  TWO S QU A R E S  • J  
E N D ;  

S F T R S U N R S , A , B l » ; t •  T R Y  C A P TURES TO T H E  L E F T  • 1  
I ORRS C I P1 R S , T H L OC ( O T HE R  ( J N T P1 ) ) ,  ENPA S t JNT I( J I ; 

A H O RS f i H R S ,  I H P S , B I ; 
AN DRS f I N R S , I N R S , U 1 R S I  ; 
W H I L E  N X T T S U N RS . I N T S I  D O  
B E G I N  

C • O P P O N E N T  P I E C E S  t E P  SQUARE • I 
t •  V A L I D  D E S T I N A T I O N  SQUARES • 1  
t •  C A P T UR E  H O V E S  T O  L E F T  • 1  

GEHONE ( )(  T L S t  X T  S L  ( I N T S  J • X T  E D t 8 3  J J ,  I N T S  J ; 
C •  G E N E R A T E  P A W N  C A P T UR E  H O V E  • 1  

H O V E S ( J N T W- 1 J . RHCA I =  TRUE ; C •  F L A G  C A P T UR E  • 1  
HO V E S t J N T W- l ) . RH E P  • = I N R S T B I E NP A S t JH T k ) , I N T S I ; 

IF H O V E S ( JN T W - 1 l . RP1 E P  T H E N  
P10V E S t J N T W - 1 ) . R.H C P  1 :11 L P ; ·  

I F  H I T S < =  X T R F S ( Rl , F & J  T H E N  
PWNPR.O; 

E N D ;  

( • F L A G  E N P A SS A H T  C A P T U R E  • I 

c •  S E T  C A P T U R E D  P I E C E  T Y PE • 1  

t •  PROCESS PROHOTION • 1  

S F TA:S f i N RS , A , BCt l ; c • TRY C A P TURES TO T H E  R IGHT • 1  
I O �RS I I H � S ,  T"LOC ! OT H E R !  JNTH I I ,  ENPAS I JNT� I l l  
A NO RS U P1 R S , I H R S , B J ; 
ANDRS C I N R S  , I N R S , I HRS J ; 
W H I L E  N X TT S I I NR S , I N T S l  00 
B E G I N  

c •  OPPONENT PI E CE S t E P  SQUARE • J  

1 •  V A l l O  D E S T I NA T ION SQUA�ES • 1  
t • C A P T U � E  "OVES TO L E F T  • 1  

GENDNE I X T L S !  X T  S L  I I N T S  1 - X T  E O  I B '  I I ,  I NTS l  I 
C •  G E N E R A T E  PAWN CAPTURE P10YE • )  

HOVES t JN T W· l i . RH C A  I =  T R U E ; c •  FLAG CAPTURE • 1  
H O V E S ( J N T W- 1 J . �" E P  I = I HRS T B I E NP A S ( JN T K ) , I NT S l ; 

IF HOV E S I JN T W - l i . �N E P  THEN 
P10VES ( J NT W• 1 ) . RP1CP I• L P ;  

IF I N T S  < :  X T RF S t Rl , F 8 J  T HE N  
PWNPRQ; 

E N D  I 
E N D ;  

E N D ; c• GENPMN • 1  

PROCEDURE G E N F S L  

V A R  
I NR S  1 R S ;  
I H R S  1 R S ;  
I PR S  I �S ; 
I N T S  1 T S ;  
I H T S  1 T S ;  

B E G I N  
A N O R S  C I NR S ,  A ,  G E N F R (  J N T IC  ) I ; 
N O T R S ( I HRS , A I  t 
A N D R S  I G E N F R C  J N T I(  I , G E N F R t  J N T I( J , I H R. S I ;  
ANORS I I P 't S ,  A ,  G E N P N ( J N T K  I I i 
A N D R S  C G E NPNt J NT IC  J ,  G E N P N (  J N T K  1 , I H RS I ;  

C • F L A G  ENPASSANT CAPTURE • I 
1• S E T  C A P T URED P I EC E  T Y PE • 1  

c •  PROC E S S  PROHO T I ON • 1  

t •  G E N E R A T E  ALL H O V E S  FROH 
A S E T  OF SQU A R E S  • •  

t •  OR. I G I N  S E T  O F  S Q U A R E S  • t  

c •  OUT E R  L OO P  B I T  BOARD • 1  
C •  INNER L OOP B I T  BOARD • t  
c •  PAWH O R I G IN B I T  BOARD • 1  
t •  O U T E R  LOOP SQUARE NUMeER • 1  
t •  I N N E R  L OO P  S Q U AR E  NUHeER • 1  

t •  O N L Y  V A L I D  F R O H  SQUARES • 1  

t •  R E H O V E  O R I G I N  S Q U A R E S  • 1  
t •  V A L I D  P A W N  F R O H  S QUARES • 1  
c •  R E H O V E  P A W N S  • )  

W H I L E  N X T T S I I NR S , I N T S I  0 0  c•  L OO P  T H R O U G H  O R I G I N S  • 1  
B E G I N  

A N  D R S  I I H R S ,  A T K F R t  I N T S  J , G E N T O t  J N T IC  I I ;  

W H I L E  N IC T T S C I H R S . I H T S I  00 
G E � O N E  C I N T S ,  I � T S I ; 

E N D ;  
GENPWN f [ P R S , G E N T O ( J NT K I I  � 

E ND ; t •  G E T F S L  • 1  

PROCEDURE G E N T S L  

U 1 R S I ; 

VAR 
l NR S  1 R S ;  
I H R S  I R S ;  
I P R S  I R S i  
H I T S  1 T S ;  
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t •  GET UNPRO C E S S E D  D E S T I NA T I O N 
S Q U A R E S  • 1  

1 •  L O O P  T H R O U G H  D E S T I N A T IONS • 1. 
c •  G E N E R A T E  H O V E  • 1  

I •  G E N E R A T E  PA W N  H O V E S  • 1  

t •  G E N E R A T E  ALL H O V E S  T O  A 
S E T  OF S Q U A R E S  • 1  

C •  T A R G E T  S E T  O F  S Q U A R E S  • )  

c •  O U T E R  LOOP B I T  BOARD • 1  
c •  I N N E R  L OOP B I T  BOARD • t  

I • PAW� B I T  BO A R D  • l 
c •  O U T E R  L OO P  SQUARE NUHBER • 1  

B E G I N  
AHDRS C I NR S , A , GE � T O I JN T I( l l ;  ( •  O N L Y  V A L I D  T O  SQUARES • 1  
N O T RS I I H RS o A l ; 
ANORS C G E N T O (  J N T IC  1 , GE N T O ( J� T IC J , I H RS J ; t •  REHO V E  D E S T I N A T I O N  S Q U A R E S  • 1  
C P Y R S ( I PRS , I H R S I ; c •  S A V E  F O R  P A W N  HOYES • 1  

W H I L E  N X T T S I I NR S , I N T S I  0 0  1 •  L O O P  THROUGH D E S T I N A T IONS • 1  
B E G I N  

A N O R. S  C I H R S ,  A l l(  T O (  I N T S  I , G ENF R.t J N T I(  J I ;  
W H I L E  N X T T S C I H R S . I H T S I  D O  

G E N ONE I I H T S , I N T S I ; 
E N D ; 
GENPWN C G E N P N (  JN T I( l , I P R S I ; 

E N D ;  c •  G E N T S L  • 1  

P RO C E D U R E  G C: N C A P  i 

V A R  
[ NR S  1 R S ; 

B E G I N  

t •  G E T  P I EC E S  O F  S I D E  T O  M O V E  • 1  
1 •  L OO P  THROUGH O R I G I N S  • 1  
c •  G E N E R A T E  HO V E  • 1  

( •  G E N E R A T E  P A W N  H O V E S  • J  

C •  G E N E R A T E  C A P T U RE H O V E S  • 1  

1 •  D E S T I N A T I ON S Q U A R E S  • 1  

I ORRS f i  NR S ,  E N P A S  ( J NT I( ) ,  T H L OC (  O T H E R t  J N T P1  I )  I ; 
G E N T S L  f I N R S I ; I • G E N E R A T E  HO V E S  TO 

END ; C• G E N C A P  • 1  

PROCEDURE G E N C A S ;  

VAR 
I N T Q  T Q ;  
I N R S  R S ;  
I H R S  I RS ; 

B E G I N  

E N E H Y  S Q U A R E S  • 1  

( •  G E N E R A T E  CA S T L E  HOYES • 1  

t •  C A S T L E  T Y PE I N D E X  • 1  
c •  OCCU P I E D  SQU A R E S  T E S T  • 1  
I • A T T  A C K E O  S Q U A R E S  T E S T  • 1  

F O R  I N T Q  1 r  X T H Q ( J N T H J  T O  SUCC I X T H Q ( J N T H ) I  D O  
I F  I N RS T B I C S T A H J N T K J , X T Q S I I N T Q I I T H E N  

1 •  I F C A S T L I NG I S  L E G A L  • 1  
B E G I N  

A NDRS I I NRS , X R O S Q (  I N T Q J  , A L L OC t J N T IC J I ; 
c •  C H E C K  O C CU P I E D  S Q U A R E S  • I 

ANDRS f IHRS , X R Q S A (  I NT I) J ,  AL AT )( (  0 T H E R t  J k T H J J I  ; 
I • C H E C K  A T T  A C I( E O  S Q U A R E S  • I 

I F  NULRS C I N R S I  A N J  NULRS C I 11 R S I  T H E N  

B E G ! "  
H O V E S ( J N T W J  I = X R. QI't { ! N T Q J ; 
V A L U E ( J N T W ) J ;  G :  
J N T W  I ;  J N T W + l i  

E N D ;  
END : 

E N O ;  c •  G E N C A S  • 1  

PROCEDURE G E NA L L ;  

B E G I N  
G E N F S L  I A L L O C  [ JNT I( )  I ;  
G E N C A S t  

E N D ; C• G E N A L L  • 1  

P R OCEDURE L S T H O V ;  

VAR 
I N T W  1 T W ;  

B E G I N  
CREA T E ;  
GENALL ; 
FOR l N T W  I =  A W• l  TO J N T W - 1  00 
B E G I N  

I F  U P D A T E  I H O V E S l  I N T W J  I T H E N :  
O N O A T E I MO V E S I I N T W J I  i 

E N D ; 
E ND :  1 •  L S T H O V  • t  

PROCEDURE T H E H O V  
( A  1 R H I  i 

VAR 
I N T B  1 T B ;  
I N R S  I R S i  
I N T Q  I T Q ;  
I N T S  1 T S ;  

B E G I N  
L S T  11 V  I =  A ;  
I N T B  f ;  UPOA T E U I ;  
W I T H  BOARD . D O  

BE G I N  
R B T H  I ;  J N T M i  
CPYRS C I NR S , ENP A S t J N T IC I  I ;  
I F  N X T T S I I NRS , I N T S I  T H E N  

R B T S  1 = I N T S  
E L S E  

R B T S  I =  A T ;  
l f  J N T H  = DARK T H E N  

1 •  I F  C A S T L I NG I S  L E G A L  A N D  
P OS S I B L E  • 1  

t •  G E N E R A T E  CAS T L I N G  H O V E  • 1  

( •  G E N E � A T E  A L L  L EG A L  H O VE S  • 1  

t •  G E N E R A T E  S I " P L E  " O V E S  • 1  
c •  G E N E RA T E  CAS T LE " O V E S  • 1  

t •  L IS T  L E G A L  P L AY E R S  HOVES • 1  

I • "D YE S I N D E X  • 1  

c •  C R E A T E  D A T A  B A S E  • 1  
c •  G E N E R A T E  ALL H O V E S  • 1  

c •  S E T  I L L EGAL F L A G  • 1  

c •  H A K E  THE t1 0 V E  F O R  R E A L  • 1  
C •  T H E  H O V E  TO H A K E  • 1  

C •  S C R A T C H  • 1  
C •  S C R A T C H  • 1  
1 •  C A S T L E  T Y PE I N D E X  • 1  
t •  S C R A T C H  • 1  

t •  S A V E  A S  P JtE V I OUS HOVE • 1  
C •  UPDA T E .  T H E  D A T A  BASE • 1  
t •  A N D  C O P Y  A l l  T H E  R E L E VA N T  D A T A  

B A C K  D O W N  • I 

t •  S I D E  TO P10VE • 1  

t •  F I N D  E N P A S S A N T  S Q U A R E  • 1  

R B T I  1 r  R B T I • l ; t •  ADVANCE HOVE NUHBER • )  
F O R  I N T Q  I =  L S  T O  Dl D O  

I F  I N R S T B I C S T A T t JN T IC J , X TQ S ( l N T Q J I  T H E N  
RBSQ I =  R B S Q t ( I N T Q J  c •  C A S T L E  L E G A L  • 1  

E L S E  
RRSQ I =  R B S Q - [ I N T Q J ;  t •  C A S T L E  NOT L E G AL • 1  

F OR I NT S  J :;  A S  T O  Z S  D O  

E N D ;  
R B I S t i N T S I I =  N B O RD I I N T S i i c •  C O P Y  P O S I T I ON • 1  

E N D ;  t •  T H E H O V  • 1  



Text continued from page 1 7 1  

makes use  of  the  routines wh ich were j u st 
described (eg: ADDATK, CUTATK, 
ADDLOC, CLSTAT, PRPATK, D E LATK, 
MOVE IT, LOSE IT) . The move is p l aced on 
the move stack by G ENON E .  Special rou
tines ex ist for generating moves wh ich i nvolve 
the promotion of a pawn (PWN PRO) and 
for generat ing the standard pawn moves 
(GENPWN) .  When a move is tried and 
produces an a-{3 cutoff, the program backs 
down the look-ahead tree and begins  to 
explore moves at a d i fferent node. Several 
p rocedu res are emp loyed to downdate the 
data base . These inc lude the main routines 
RTRK IT and DNDATE,  which are essen
tial l y  the complement of MOVE IT  and 
UPDATE.  Two other procedu res are al so 
needed , one to unp romote a pawn (PAWN IT) 
and one to resu rrect a captu red p iece 
(GA IN IT) . This  set of routines permits the 
program to move about the look-ahead tree 
and incrementa l ly update or downdate the 
data base . 

The executive routines which are respon
sible for move generation are G E N  FSL,  
wh ich generates a l l  legal moves from a set 
of squares, and G ENTS L, which generates 
al l legal moves to a set of squares. The 
rationale for hav ing two routines i s  that we 
wish to generate the moves in stages. For 
example, captu res shou ld be searched fi rst 
at each node ( ie :  the captu re heur istic) . 
To do this, we ident ify the square locations 
of the opponent's pieces, and then cal l 
GENTSL to generate a l l  captu r ing moves. 
These moves are searched before any other 
moves are generated . If one of these pro
duces a cut-off the rest of the moves need 
not be generated at al l .  A th i rd executive 
routine (GENCAS) generates all castl ing 
moves. These moves are generated after 
the captu res if cast l ing is sti l l  legal . 

A fourth executive routine for move 
generation is G ENALL .  This p rocedure 
generates al l legal moves and is u sed by the 
program to check the legal i ty of th e oppo
nent's move. It i s  cal led by LSTMOV which 
makes a l ist of a l l  the l egal moves and each 
of these are compared with the opponent's 
move by YRMOVE (presented l ater) . I f  
the  opponent 's move is not  on the  I ist, the 
mach ine pr ints " i l l egal move . "  If the oppo
nent's move is compat ib le with more than 
one of the moves on the l i st (eg : P-R3 
cou ld be either P-QR3 or P-KR3) ,  the 
mach ine prints the message, "amb iguous 
move." When the mach ine has completed 
its own move se lection or has determined 
that the opponent's move i s  l egal and not 
amb iguous, the move is actual l y  made by 
THEMOV.• 

Our Model 60 is called ' 'The 
Blue Box' ' by thousands of 
users. This compact u nit 
P.acks the most testing capabil
Ity per dollar. Pinpoints the 
source of trouble between the 
Modem and Terminal. Pro
vides access to all 25 l ines of 
the EIA RS 232 interface. Has 
1 2  monitoring LED's plus two 

Circle 1 84 on inqu i ry card . 

voltage-sensing LED's.  24 
miniature switches allow iso
lated testing and observation 
of all signals. Mini-j umpers 
incl uded for cross-patching 
and signal monitoring .  Sturdy 1 0 oz. unit has hard plastic 
case, is battery powered, reg
ular or  rechargeable.  Im
mediate delivery. 

Ill INTERNATIONAL 
DATA 
SCIENCES, INC. 

7 Wellington Rd . ,  Lincoln. R . I .  02865 • Tel: (401 ) 333-6200 • TWX: (710)384-1 9 1 1  
Export: E MEC, Box 1 285, Hallandale, Florida 33009 

Smoke S!gna Broadcast i n g  presents the N EW 

TP-1 TEXT PROCESSING SYSTEM 
for document preparation - form l etters - footnote handl ing 

• The most powe rfu l text form atter avai l a b le .  
• Over 50 commands for easy paging,  m a rgin sett ing  

and spacing .  
• A formatt ing  l anguage that a l l ows the creation of  

macros i nc l u d i n g  var iab les .  
• Page n u m ber ing (Arabic or R om a n  numera l s ) .  
• Com pl ete page s i z e  contro l .  
• Condit ional  formatti ng  contro l .  

q S • E xact tit le p lac ing .  1r. 3q · 
• Contiguous space a n d  text control .  or.\i :ll 

•• We're the "CHIEF" in 6800 products software 
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In part 1 of this series (Septem ber 1 978 
BYTE, page 58) we defined a Pascal su bset 
l anguage in terms of syntax d iagrams. The 
p-mach i ne and its i nstruction set and a 
p-code interpreter were also described. I n  
part 2 (October 1 978 BYTE, page 34} we 
presented the design and imp lementation of 
the p-compi ler .  The su bject matter for this 
part is the translation of p-codes to exe
cutable 8080 mach ine codes. We wi l l  also 
discuss the imp lementation of run time 
support routines and code optim ization. 

Compi ler- I nterpreter Systems 

To understand why we need a p-code to 
8080 translator, we shou ld first take a brief 
look at the d ifferent structures of compi l er
i nterpreter systems. The most widely used 
structu re for m icrocomputers is the inter
preter. Since interpreters are wri tten in the 
target computer's assembly language, their 
memory size is smal l .  They are self-con
tained in the sense that they include- an edi
tor for creating source programs and run 
t ime rou ti nes to do al l computations. Mem
ory storage for source programs is also 
smal l .  The on ly d isadvantage is speed. Exe
cution time for a typical BASIC program is 
estimated to be about 300 to 1 000 times 
the execution t ime of the same program 
written in assembly language. I nterpreters 
may spend more than 70 percent of their 
time scann ing source symbols character by 
character, parsing the syntax and check ing 
errors. No matter how many times a pro
gram statement is executed, the parsi ng p ro
cedure is repeated every time. 

This p roblem can be read i ly solved by 
separating the parsing and execution steps. 
Before execution, the sou rce p rogram is 
comp i l ed and intermediate code is gener-

ated. Thus scann ing  and pars ing are done 
only once for each p rogram statement. This 
is the so-ca l l ed compiler-interpreter scheme 
used in some BAS IC  comp i lers. Execution of 
the intermediate codes is by interpretation. 
The gain  in speed over a pu re i n terpreter is 
a factor of approx imately  2 to 1 0. However, 
the gain in speed is paid for by extra mem
ory storage needed for intermediate codes. 

The compile-go and compile-link-go ap
p roaches are commonly used for many h igh 
l evel l angu age comp i lers in mainframe com
puter systems. These compi l ers generate re
locatable  b inary codes. The compi le-l i n k-go 
approach has the advantage of l in king to
gether d ifferent modu l es of p rograms that 
are comp i l ed separately, such as those in a 
subroutine l i b rary. This is done by a l i n king 
loader. However, due to l im i ted system re
sources l i ke memory and periphera l  devices 
in microcompute rs, these two structures are 
rare ly used. Further, s ince Pascal is designed 
for fast compi lation, l i nkage of p rogram 
modules may be done at the source lan
guage l eve l .  

Among those four  structu res just men
tioned, the comp i ler-interpreter seems to be 
most appropriate, for imp lementation on 
m icrocomputers. However, execution speed 
is sti l l  s low because intermediate codes are 
i n terpreted rather than executed d i rectly by 
the computer. An obvious solution to this 
p rob l em is to translate the intermed iate 
codes i nto executable machine codes. Thus, 
each intermediate code is decoded once by 
a program which we cal l a translator. The 
translated mach i ne code can be expected to 
run about two to five times faster than in
terpreted intermediate codes. Therefore, 
the overal l gain in speed, compared with a 
pure interpreter, is a factor of approx i
mate ly  1 0  to 50. (Pre l im inary test runs in 



The u lt i mate book 
about m i c rocomp ute rs. 
Written by experts 
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featur ing The Basics 
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bookshelf  i s  i ncomp lete without t h i s  pr ice less edit ion.  

Yo u  can't buy information 
organ ized l i ke this any
where.  T h i s  i s  the book 

that everyone who is i nto m i c ro
computers needs for reference, 
for ideas, for c l ues to p rob lem 
solving.  It  is  a tru ly authorita
tive text, featur ing easy-to-read, 
easy-to-understand art ic les by 
more than 50 recogn ized p ro
fessional  authors, who know and 
love m icrocom puters from the 
g round u p. Log ical  and com
plete, it featu res many g los
saries, and is i l l u m i nated with 
profuse i l l u strat ions and photo
g raphs. 

The Scelbi/BYTE Primer is 
d iv ided into fou r  log ical  sec
t ions, that take you from point 
"0" throug h  b u i l d i ng and p ro
gramm i ng you r  own computer . . .  
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How to control per ipherals.  
Transm ission of information to 
and from computers. Magnetic 
reco rd ing devices for b u l k  stor
age. Analog to d ig ital conver
sion.  How a computer can tal k. 
Other  1 / 0  techniques. And more. 

Order your copy today ! 
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How to program a micro
computer. P rog ra m m i ng tor the 
beg i n n e r. Assem b l ing p rog rams 
by hand.  Mon itor ing p rog rams. 
N um b e r  convers ions. Game of 
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BYTE. T h i s  is your assu rance of 
exce l lence th roughout th is  MUST 
text. O rder  you r  copy today! And, 
get one for a fr iend ! 
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our system show that Pascal p rograms ru n 
about 1 5  times faster than the same pro
gram written in BASI C.) We cal l th is struc
tu re compile-translate-go. 

The five comp i ler-interpreter structures 
we d iscussed above are summarized in table 
1 .  The compi l e-go and compi le-translate-go 
are rather s imi lar in structure. Compi le-go 
actual ly combines the p rocess of compi l ing 
and generati ng execu table codes into one 
step. The bi nary codes are generated by 
straightforward a lgorithms without optimi
zation, because code optimization wou l d  re
qu ire more complex p rogram logic and make 
the compi ler  even l arger. Separating compi la
tion and translation into two steps signifi
cantly reduces the size of the compi ler . 
Local optim ization techniques can also be 
app l ied during  translation. Code optimiza
tion wi l l  be d iscussed l ater. Since p-codes are 
designed to be machine independent to 
make the compi ler portab le, the translator 
is responsible for produci ng efficient codes 
for a target computer. 

Designing  the Run Time Routines 

Table 7 :  Summary of dif
ferent structures of com
piler-interpreter systems. 

Run time routines form an essential 
part of a l l  compi l er- interpreter systems i n  
microcomputers. Large computers can do 
fixed point, fl oating point  and dec imal 
arithmetic with 32 bit or l arger word sizes 
in s ingl e  instructions. Many microcomputers, 
on the other hand, can do only basic integer 
arithmetic with 8 bit words (bytes) . There
fore, mu lt ip le instructions are needed to im
p l ement 1 6  bit operations l i ke mu l tip ly, 
d ivide, subtract, logical operations and 
mu lt ib it sh ifts. The run time routines, some
times referred to as run time support pack
age, are a col l ection of subroutines written 
in assembly l anguage that can be cal led by 
an interpreter or any p rogram to perform 

Structure Example 

interpreter BAS I C, APL 
interpreter 

compi ler- BAS I C-E, 
interpreter Pascal 

compi ler 

compi le-go WATF IV ,PL/C 
compiler 

compile- l ink-go FORTRAN IV, 
P L/ 1 ,  COBO L 
compi ler 

compi le-translate-go Pascal 
compiler 
(by authors) 
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Step Input System software 

1 source interpreter 
program (execution) 

1 source compiler 
program 

2 intermedi- in terpreter 
ate code (execution) 

1 source compi ler 
program 

1 source compiler 
program 

2 binary l inking loader 
code 

1 source compiler 
program 

2 p-code translator 

various arith metic and l ogical operations. 
Usual ly they inc lude sub routines for 1 0  con
version between ASC I I and b inary data. 

The design of run time routines for our 
compi ler system i s  based on  three princip les :  

• Fast implementation and clarity : A 
straightforward approach is fo l lowed 
so that the overal l  package can be de
bugged and tested qu ick ly and modi
fied easi ly .  

• Speed : The best k nown algorithms 
are used for computer arithmetic to 
ach ieve fastest execution speed pos
s ib le. However, tr icks such as self
modifying code are not used . 

• Memory storage : The package is ex
pected to be fair ly compact. S ince 
p-codes are trans lated mostly into sub
routine cal l s, the number of instruc
tions to set up arguments to be passed 
to the subroutine should also be 
m inimal .  

As described in part 1, the p-mach ine has 
a data stack and fou r  registers: stack pointer 
T, base register B, . p rogram counter P, in
struction register I .  S ince the translator takes 
care of the p rogram coun ter and p-code in 
structions are not needed after translation, 
a l l  we need are the stack pointer and base 
register. I n  the cu rrent version of our run 
time routines, contiguous memory storage 
is used to represent the data stack .  For the 
sake of p rogram c larity and easy debugging, 
the 8080 machine stack is not used, al
though using it for dual purposes as a data 
stack and temporary storage for normal p ro
gram logic is possib le and p robably more 
efficient. 

F igu re 1 shows the structural d ifferences 
between the p-mach ine stack wh ich we im
p lement and the 8080 machine stack .  S ince 

Output Remarks 

Most popular fa� m icrocomputers. 
Advantage: conserves memory space. 
D isadvantage: very slow execution 
speed. 

intermediate The interpreter may overlay the 
code compi ler to save memory space. 

Advantage: faster execution speed. 

executable Only used in large computers. 
code D isadvantage: size is too big for 

microcomputers. 
binary W idely used in large computers. 
code Advantage: fast execution speed. 
executable D isadvantage: requ ires more system 
code resources. 
p·code Advantage: size of compiler i s 

reduced, fast execution speed, 
executable increased portabi l ity, easy 
8080 code implementation. 



integer data is stored as pairs of 8 b i t  bytes 
(character strings are stored as single d imen
sional arrays, two bytes to each element and 
only the low order byte is  used ; see descrip
tions in part 1 ) , each load i nstruction incre
ments the stack pointer by 2. The order of 
the byte pair is arranged as h igh- low because 
it i s  more convenient to use than low-h igh . 
The stack pointer always points to the low 
order byte of the 16 b it  integer, which is  on 
top of the stack. 

Register pair D,E is dedicated for use as 
the stack pointer, whi le registers H and L 
are main ly  used for 1 6  b it  operations such as 
DAD, LHLD, SHLD  and PCH L. When 
needed, register pairs D,E and H,L can be 
easi l y  exchanged using the XCHG instruc
tion . Since the base address remains u n
changed within a procedure b lock, a 2 byte 
fixed memory l ocation (with symbol ic name · 
BB) is used to represen t  the base register. 
The LHLD and SHLD instructions are used 
to retrieve and update the base address 
value. A summary of register assignments for 
implementation of the p-machi ne is shown 
in table 2. 

Codi ng the Run Time Routines 

Most of the subroutines are easi ly u nder
standable: The routines for l oad, store, cal l 
and load constant are coded by d i rect trans
l ation from the interpreter p rogram to 8080 
assemb ly  l anguage, keeping i n  m ind  that 
each stack element (one data i tem) occupies 
two bytes. The routi nes for arithmetic and 
logical operations and 10 conversions re
qu i re more programm ing effort. I n  general, 
single operand functions such as negate, 
logical not and i ncrement are performed one 
byte at a time i n  register A .  Double operand 
operations such as add, divide and l ogical or 
are performed with register pairs H ,L  and 
B,C. The entire ru ntime package occupies 
about 1 K bytes of memory. The fol l owing 
are remarks on cod ing some of the not-so
trivial subroutines. 

PUSH and POP :  for most double operand 
functions, su broutine POP is cal l ed first 
to get the two operands from the stack 
(memory) and put i n  register pairs H ,L (first 
operand) and B ,C (second operand) . After 
the operations, subroutine  PUSH is cal l ed to 
put the resul t  from H,L back  onto the stack. 

Add and subtract: si nce DAD (dou ble 
precision add) is the only 8080 instruction 
for doub le  operand 1 6  bit operation, sub
traction is  done by adding the 2 's  comple
ment of the second operand to the first. A 
message wi l l  be issued if overflow occurs and 
execution continues withou t any corrective 
action . The condition for overflow is  de
tected by the ru l e :  

M E M ORY 
LOCAT I O N  

X + n 

X + I 

X 

n ..... TOP OF STAC K 

• 
• 
• 
• 
• 

I 

0 

P-MACH INE STACK 

M E MO R Y  
LOCATION 

y 

Y - 1 

Y - n  

0 

I 

• 
• 
• 
• .. 
n -T O P  OF STACK 

8080 MACH I N E  STACK 

PUS H :  I NCR E M E N T S  STACK POI N T E R  P U S H :  DECRE M E N T S  STACK P O l  N T E R  

Figure 7 .  Differences between p-machine and 8080 stacks. This figure shows 
n+ 7 entries on each of the stacks. 

P-machine 8080 run t ime routines 

PC P: program counter 
T: stack pointer D,E register pair 
8 :  base register memory location 88 ( 1 6  bits) 
I :  instruction register 
data stack memory storage 

Tqb/e 2: Register and storage assignment for runtime routines. 

if [ sign (arg. 1 ) Ell sign(arg.2) Ell carry 
EB sign (resu l t) ] = 1 ,  then overflow; 
otherwise noth ing. 

MULT1 6 :  16 bit signed mu l tip l ication is  
done in two stages usi ng an 8 b i t  mu l tip l ica
tion routi ne. F i rst, mu lt ip ly the second 
operand by the h igh order byte of the first 
operand ;  the resu l t  is in register pai r H ,L .  
Second, continue the  mu lt ipl ication ( left 
shift and doub le  add) with the low order 
byte of the first operand ;  the resu l t  is i n  
register pair H ,L .  This method is  very effi
cient. I n  comparison, conventional 1 6  b i t  
mu ltipl ication routines requ ire more PUSH,  
POP and  XCHG instructions because there 
are not enough registers to shift two 1 6  b it  
WQrds and also update a loop counter. Over
flows are ignored, as this is the usual practice 
for integer mu l tip l ication. 

DIV16 :  1 6  bit signed division is  one of 
the most difficu l t  routines to imp lement. 
First the signs of both operands are saved on 
a stack and are then converted to positive in 
tegers (actual ly  the  divisor i s  m ade negative 
in 2's complement because subtraction is 
done with a double add i nstruction) .  The 
d ivisor is also checked for zero value, and if 
so, a D I V I DE CHECK message is issued and 
the routine returns. Division is carried out as 
a sequence of subtraction and shifts. At  the 
end, the signs of the quotient and remainder 
are corrected according to the original s igns 
of the operands. The same routine is  also 
used for calculation of the MOD function . 
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Hexadecimal 
Op code P-code 

00 LIT O,n 

01 OPR 0,0 

OPR O,n 

02 LOD v,d 

a) v=O 

b) v>O 

c) v=255 

1 2  LODX v,d 

a) v=O 

b) v>O 

03 STO v,d 

a) v=O 

b) v>O 

c) v=255 

1 3  STOX v,d 

a) v=O 

b) v>O 

Relational operations : are done by com
paring the h igh order and then the low order 
bytes of the operands. For testing less than, 
less than or equal , greater than, greater than 
or equal conditions, a common subroutine 
for testing l ess than i s  used. Register pair 
B,C is  used as a flag to indicate whether the 
opposite of less than and equal to i s  wanted. 

SHL and SHR: the logical left shift and 
right shift routines are symmetric in the 
sense that a negative argument (second op
erand) for the number of b i ts to be shifted 
wi l l  cause one routine to jump to the other, 
resu l ting in sh ifts in reverse d i rection. 

I N N U M :  the conversion subroutine for · 
input i ntegers a l lows lead ing zeros and 
b lanks and may optional ly  be preceded by 
a p lus or minus s ign (+ or -) .  I t  a lso checks 
for the absolute magnitud& of the integer, 
which must be l ess than 32,768. 

OUT N U M :  conversion of bi nary integers 
to ASC I I is done by repeated d ivision by 1 0. 

Hexadecimal 
8080 Mnemonic Commentary Op code 

LX I B,n 04 
CALL LIT 

JMP POO; procedure return 
routine 

CA LL Pn ; one of the 21 
arithmetic/logical 
routi nes 

LX I B,2d 
CALL LOD 

05 
LX I B ,2d 
MV I  A,v 
CALL LOD 1  06 

CALL  LODA; l oad absolute address 07 

LXI B,2d 
CALL  LODX 

LX I B,2d 
MVI A,v 
CALL  LODX1 08 

LX I B ,2d 
CA LL STO 

LX I B,2d 
MV I  A,v 
CALL ST01 

CALL STOA; store abso lute address 

The 1 6  b i t  d iv ide routine is uti l ized. 

P-code Translation 
I n  general, p-codes are translated to sub

routine cal l instructions which j ump to the 
appropriate entry points in the run time rou
tines. Output from the transl ator is an 8080 
mach i ne language program containing 
mostly subroutine cal l instructions. Some p
codes, such as l oad and store, requ i re addi
tional instructions to set up · the arguments 
to be passed. Address offsets are always 
p laced i n  register pair B,C and the static 
level d i fference is p laced in register A. The 
j ump instruction in p-code simp ly becomes 
a J MP i nstruction in 8080 with the correct 
address determi ned by the trans lator. The 
p-code add resses in CAL and J PC instruc
tions are s imi l arly taken care of by the trans
lator. The complete l ist of 8080 code cor
responding to each p-code is shown i n  
tabie 3 .  

P-code 8080 Mnemonic Commentary 

CAL v,a 

a) v=O CA LL CAL 
JMP X 

b) v>O MV I  A,v 
CALL CAL1 
JMP X 

c) v=255 CALL  CA LA; machine language 
subroutine i nterface 

I NT O,n LX I H ,2n 
CA LL INT 

JMP O,a JMP X 

JPC O,a LDAX D; get conditional code 
DCX D 
DCX D; decrement stack 
RAR pointer test condi-
JNC X tional code 

JPC 1 ,a (same as JPC O,a 
except JC x) 

CSP O,n CALL SYSn ; one of the 6 con-
(n=0 . . .  5) version routines 

for n=8 : (output a string) 

LIT O,c 1 MV I C,n; # of char. 
LIT O,c2 CALL SYS8 

DB  c1 DB  c2 
L I T  O,cn L IT O,n 
CSP 0,8 DB  en 

Table 3: P-code to 8080 translation. LIT, LOS, STOXJ, /NT, LODA, etc, 
LX I  B,2d are used as symbolic entry points in the runtime routines. There are 22 CALL STOX · 

routines for the OPR instructions: POO, POl, . . .  , P27 .  There are seven stan-
LX I B,2d dard routines for /0 conversion: S YSO, S YSJ, . . .  , S YSS and S YS8. The 
MV I  A,v variable x is used as the memory address /n the translated 8080 code corre-CALL STOX1 

sponding to p-code address a in a call and jump instruction. 
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The 2 Pass Translator 

The structure of the trans lator is sim i l ar 
to that of the interpreter. Both p rograms 
read p-codes from memory and decode 
them. The i n terpreter cal ls a simu l ator to 
execute the p-codes. The translator writes 
translated 8080 code in memory. The major 
difference between them is that the trans
l ator needs three additional tables to keep 
track of p-code and 8080 addresses. S i nce 
al l p-code addresses are relative to the start
ing  p-code of the program, the program is 
relocatable. The memory address corre
sponding to p-code address for any back
ward and forward referenced j umps can be 
calcu lated eas i ly because all p -codes are four 
bytes l ong. The number of 8080 i nstruc
tions generated per p-code i s  also not con
stant as shown in table 3. Therefore, i t  is 
necessary to bui ld a table of 8080 addresses 
corresponding to p-code addresses to be 
used in jump and cal l i nstructions. How
ever, it is not p ractical to bu i l d  a tab l e  of 
8080 addresses for every p-code because i t  
wi l l  take too much memory storage for l arge 
programs. Only the addresses of those p
codes that are being referenced need be 
entered into the table .  

P-code to 8080 machine code translation 
is done in two passes. During the first pass, 
p-code addresses in CAL, J M P  and J PC in
structions are entered i n to a tab le .  The 
tab le is sorted after the comp letion of the 
first pass. Actual translation is carried out 
i n  the second pass. P-codes are fetched one 
by one from memory and decoded .  The ad
d ress of each p-code i s  checked with those 
in the address table. I f  it indicates that the 
cu rrent p-code is being referenced, the cu r
rent 8080 address is entered to the corre
sponding 8080 address table. Then 8080 
machine codes are p roduced according  to 
the translation ru les shown in table 3 .  

For  CAL, J M P and J PC instructions, the  
p-code add ress in the  i nstruction i s  looked 
up in the address tabl e  using a b inary search .  
I f  the corresponding 8080 address. has a l 
ready been entered, i t  is outpu t i n  the trans
l ated code ;  otherwise i t  is a forward refer
enced address. When the l atter case occurs, i t  
is necessary to record the current 8080 ad
d ress in a forward reference tab le .  Then, in 
stead of the 8080 address (wh ich is not yet 
known) ,  i ts posi tion in the tab le  is output i n  
the transl ated code. A t  the  end of the sec
ond pass the forward referenced addresses 
are fixed up by the fol lowing p rocedu re :  

a )  Get the 8080 address from the for
ward reference tab le  (cal l it P) . 

b) Get the table entry (cal l it J )  at ad
d ress P in the translated p rogram. 

c) Get the updated 8080 address (cal l it 
A) at tabl e  entry J .  

Circle 3 1 6  on inquiry card. 

CATCH TH E 
S-1 00, I N C. B U S  

LIST 
PRICE 

SPECIAL 
CASH 
PRICE 

Hazetine 1 500 Assembled 

Sanyo 9" Video M o n itor 

Sa nyo 1 5" Video M o n itor 

Centronics 779 printer 

1 ,225°0 1 ,040°0 
22000 1 65°0 
3 1 000 235°0 

1 ,275°0 1 ,075°0 
w/ tractors 

Discus I 995°0 85000 
Digita l Systems Dua l  d rive, 

dual  density 2,745°0 2,45000 
I M C  keyborad assembled 

and tested 
Dual  box for 5 inch min i  d rives 

Verbatim 5 inch d iskettes 

lmsai 8080 Kit 

1 6995 
6900 

450 
699°0 

Subject to Available Quantities. 
Prices Quoted Include Cash Discounts. 

Shipping & Insura nce Extra . 
Bus . . .  5 - � 0 0 ,  • n L .  

Add ress . . .  7 White Place 
Clark, N .J .  07066 

I nterface . . .  201 -382- 1 3 1 8  

1 45°0 
5900 

380 
56995 

300 BAUD 

TELETYPE 
MODEL 43 

1 03/1 1 3  COMPATIBLE 
ACOUSTIC/HAROWIRE VERSIONS 
ORIGINATE/ANSWER VERSIONS 

10 OR 30 CHAR/SEC 
1 32 COLUMNS 
UPPER/LOWER CASE 

U.S. Robolics now combines lhe price/performance leader in 300 Baud Modems 
wilh lhe price/performance leader in hardcopy lerminals lo bring you leleprinler 
capabil ily al incredible package prices. 

USR-3 1 0  Originale Acouslic Coupler + Telelype Model 43 KSR = $1 1 95 
USR-330 Originale/Aulo-Answer FCC Cerlified Modem 
+ Telelype Mode l 43 KSR = $ 1 365 
USR-320 Aula-Answer FCC Cerlified Modem + Telelype Model 43 RO = $ 1 2 1 5  

Sland alone modems and lelelype available, 
Telelype 43 KSR wilh RS232C . 
USR-31 0 Originale Acouslic Coupler 

lOper aies wilh any slandard lelephonel . 

. . . . .  s 1095 

. . . . . . . . . . . . . . . .  $ 1 39 

Oirecl 1 Telco1 
Connecl OAA 

Slyle Slyle 
USR-330 Originale/Aulo-Answer Modem . $324 $ 1 8 5  
USR-320 Aulo-Answer Modem. . $299 $ 1 60 
I 'F.C.C. Cerlified Package. Conneclion 10 phone lines via slandard exlension phone 
jack.) 
I'Conneclion lo phone lines via CBS- 1 001 F OAA which can be  leased from phone 
company for approximalely $5.00/mo. plus inslallalion fee.) 

lnlerfaces for sland alone modems, 
USR-3 1  0 - RS232C only 
USR-320 and USR-330 - RS232C and 20 ma. 
(Specify with order. If both interfaces are required, add S 10 to unit price.) 

All products include a 90 day warraniy and optional annual maintenanCe package. Add 1 1f, 
shipping and handling in the continental U.S. 
Illinois residents add 5'1. Sales Tax. 

U.S. ROBOTIC S ,  INC.  
2440 N .  lincoln/Chicago. l l  6 0 6 1 4/ (3 1 2 ) 528-9045 
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F I R S T  PASS 

I N I T I A L I Z E : P R O M P T  
U S E R  F O R  A D DRESSES 
O F  P-CODE, BOBO, STACK 
SET PC: = 0 ;  W :  • 0 ;  

�;C�D�• �A�I 
_.... --t OR J M P  

....... I O R J PC I 

W: • W+ I 
T ( W ) : • A D D R E SS I N  
C A L  OR J M P  O R  
J P C I N S T R U C T I O N  

L _ _ _ _  ....J 

1 8 8  November 1 9 7 8  © BYTE Publications Inc 

SECOND PASS 

T I WO + I ) :  • 6 5 5 3 5  
I N I T I A L I ZE A RRAY D 
TO Z E RO S  
SET P C :  • 0 ;  K : •  I ;  
U : • T ( I ) ;  W : • l ; 

GET N E X T  P-CODE 
K:  • K + I ;  R O :  • 0 ;  
V :  • 0 ; 

D ( W) : • P ;  
W : • W+ I ;  RO:  • I 
U : • T ( WJ ;  

YES 

Y E S  

F I X  U P  

P : •  E ( N ) ;  
J : = V A L U E  O F  1 6  B I T  
W O R D  A T  M E M O R Y  
LOC A T I O N  P 

Figure 2: A simplified flowchart of th£! translator. A O, A 7, . . . A 8  are pro
gram segments for generating 8080 code for the p-code with peephole optimi
zation as illustrated by the rules in table 4. Refer to table 5 for a description 
of the variables. 



d ) Write the correct address A back to 
memory location P. 

Figure 2 i s  a s imp l i fied flowchart of the 
translator. The part for code generation i s  
not shown, but i t  can be eas i ly  u nderstood 
by referring to tables 3 and 4. Table lookup 
is done by bi nary search through the sorted 
table. The tab le  e lements are entered sequen
tia l ly  during the first pass. A s imp le  bubble 
sort algorithm is  used to sort the tab l e. This 
method works f ine for smal l  Pascal p ro
grams. For larger p rograms, and thu s  more 
referenced addresses, the bubb le sort algo
rithm is too s low because the number of 
comparisons i s  of order n2 for n elements .  A 
binary tree sortin g  algorithm with order 
n log n wi l l  be used for our next version of 
the transl ator. 

The various entry poin ts in the runt ime 
routines are i ni tia l ized in the transl ator as 
a series of str ing constants. These hexadeci
mal addresses are converted to i n tegers and 
p laced i n  arrays so they can be accessed 
very eas i ly later on. 

When execution begins, the p rogram 
prompts the u ser for starti ng addresses of 
the p-code p rogram, the output 8080 code, 
and starting and ending addresses of the 
data stack. The fol lowi ng three instruc-

tions are generated to i n i tial ize the data 
stack and pointer: 

LXI H,STK1 start ing add ress of d ata 
stack. 

LXI D,STK2 2 's comp lement of stack 
end i ng add ress. 

CALL #1 AOO runtime routine ( i n i ti al i
zation ) 

The p rogram then begins its first pass. 
The number of add ress references and actual 
number of referenced addresses are d i s
p l ayed at the end of the first pass. Dur ing 
the second pass, cross references of p-code 
and 8080 addresses, which may be usefu l  for 
future references, are l i sted in hexadec imal 
form. At the end of the translation, sizes of 
the p-code program and 8080 code are 
d isp layed. 

Code .Optim ization 

Code optimization i s  a techn ique em
p loyed by most compi l ers to improve the 
object code produced . Many sophi sticated 
code optimization techniques are known 
today but are outside the scope of th is  
artic le .  We shal l describe on ly one form of 
l ocal optimization techn ique wh ich i s  be
ing u sed in  our project. Local optim ization 

Table 4: Summary of peephole optimization. The goal is to reduce the size of the object program. The optimized code is more 
efficient than the unoptimized 8080 code. For the redundant store fix, the load instruction cannot be referenced elsewhere in 
the program. 

Source of optim ization Example P-code 

Redundant jump beginn ing of a procedure n :  JMP O,n+1 
instructions without i nner procedure 
Redundant loads J : =J+5 ; A [J] : =X ;  STO v,d 
and stores . LOD v,d 

Repeated load of A [J ]  :=A [J ] +Y; LOD v,d 
the same variable LOD v,d 
I NT instruction procedure call without I NT 0,0 
with small constant parameter 

procedure call I NT O,n 

( -3 .; n .; 2) 

Load negative 8 : - -20; L IT O,n 
constants 

OPR 0, 1 
Add and subtract array subscripts L IT O,n 
small constants A [J+2] : = 
(n .; 3) 8 [K-1 ] := OPR 0,2 

L := L+1 ; 
L IT O,n 

OPR 0,3 
Load zeros P :=O ; L IT 0,0 

*Must be an unreferenced p-code 

8080 code 

JMP X 

(as usua l )  
(as usua l )  

( a s usual ) 
(as usual ) 
LX I H ,#OOOO 
CALL  I NT 
LX I H,2n 
CA LL  I NT 

LX I 8,n 
CAL L  L IT 
CAL L  P01 
LX I 8,n 
CALL  L IT 
CALL  P02 

LX I  8,n 
CAL L  L IT 
CAL L  P03 
LX I 8,#0000 
CA L L  L I T  

Optimized 8080 code 

no code generated 

(as usua l )  
I NX  D ;  increment stack 
I NX  D ; pointer 
( as usua l )  
CALL P2 1 ; copy 
no code gene rated 

I NX D } (repeat n times) 
I NX  D n > O 

DCX D } (repeat n times) 
DCX D n < O  
LXI 8,-n 
CALL  L IT 

CALL  P 1 9; increment 
( repeat n times) 

CA LL P20; decrement 
( repeat n times) 

XRA A 
I NX  D 
STAX D 
I NX  D 
STAX D 
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Circle 73 on inquiry card. 

The GENERAL, designed for 
business and professional use by 
Xitan, places a self-contained 
microcomputer system into the 
hands of a small businessman 
at an affordable price . It 's 
flexible . reliable and expandable. 

Because anyone can learn to use it qu ickly, the 
cost-efficient and its typewriter-type keyboard is "abuse 
protected" so it rarely needs service. It boasts high-speed 
accuracy, and a 25-line 80 character flicker free video display 
provides optimum readability. Over 150 pages of typed data can 
be stored in  2 diskettes for rapid access. You r  business routine: 
general ledger, accounts payable and receivable, payroll and other 
record-keeping functions can be brought on l ine!  

If you want to get your business on l ine .  cal l  The 
Microcomputer People® at Computer Mart of New Jersey or 
Computer Mart of Pennsylvania. See Xitan's GENERAL and satisfy 
yourself that our  service capability is superb . We won't sell what 

keep running ! 

· � we cannot $9.� 
'IIK:J///ffi.�WIII/1;,'1/1///;1/!I!II 

Computer Mart of New Jersey 

��;-R;:i� � �ri':���-:�uo,ssi�;u;o;;;��g0o
6oo 

Com pute r Mart of Pennsylvania 
The Microcomputer 550 OeKalb Pike, King ol Prussia, PA 19406 • 21 5-265-2580 People . ., Tue.'Thur. 1 1 :00-9:00 • Fri . & Sat. 1 0:00-6:00 1 7  
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is done with i n  a straigh t l ine b lock  of 
code with no jumps into or out of the mid
dle of the b lock .  Peephole optim ization is 
one form of local optim ization wh ich ex
amines on ly smal l p ieces of object code. 

S i nce most code optim ization tech
n iques are d i fficu l t  to bu i l d  in a sy ntax 
d i rected code generation algorithm ,  peep
hole optim ization i s  particu larly u seful in 
improving the intermediate code. Each im
p rovement may l ead to opportu n ities for 
further improvements. The technique can 
be appl ied repeated ly to get max imum op
tim ization. In our translator, peephole op
tim ization is appl ied on ly once during the 
second pass. 

The goal of optimization is to min im ize 
the size of the translated 8080 code and to 
increase execution speed without sacrific ing 
a lot of t ime duri ng  translation. The peep
hole technique is qu ite s imple .  It examines 
on ly a s ingle code or two consecu tive codes. 
Some redundant p-codes are obvious and 
can be eas i ly recognized. For example, the 
J M P  instruction generated at the beginn ing  
of a procedu re block wh ich  does not con
tain inner blocks is redundant. S im i larly, the 
p-code I NT 0,0 ( i ncrement stack pointer) 
generated after a procedure cal l with no 
arguments can be e l im inated. The biggest 
benefit  comes from optim izing redundant 
load and store instructions, because they are 
relative ly slow in the current i mplementa
tion. For example, a LOD instruction im
med iate ly fol lowing a STO instruction of 

. the same variable can be rep laced by an 
increment stack poi nter i nstruction, be
cause the variab l e  is sti l l  on the stack .  How
ever, if the LOD instruction has a l abel, 
ie: is being referenced somewhere in the 
p rogram, we cannot be sure that the STO 
instruction is always execu ted immediately  
before the  LOD instruction. 

Other sources of peephole optimization 
are the replacement of specific operations 
by more efficient instructions. Add ition and 
su btraction of smal l  constants ( l ess than 4) 
occu r frequently  in array subscripts and loop 
counters. They can be replaced by repeated 
i ncrement or decrement instructions. Some 
p-codes are translated i n to i n  l ine 8080 code 
instead of a cal l to ru ntime routines. Table 
4 is a summary of peephole optim ization 
u sed in the translator. Note that the opti
m ized code always takes less memory space 
than the u noptim ized code. 

An Example 

The various modules of the comp i ler sys
tem have been described. Now let us look at 
a comp lete program example .  Listing 1 
shows the compi lation, translation and exe-



cution of a sample Pascal program. The pro
gram is stored in a d i sk fi l e  with fi le  name 
T4. I t  is a sorti ng program that uses a b inary 
tree algori thm .  As mentioned before, it i s  
more efficient than a bubb le sort algorithm .  
The two subroutines i n  th i s  program wi l l  
be used in our next version of the translator 
(written in Pasca l ) .  The main program begi ns 
by asking the user to input  an integer K (K  
must be  l ess than 1 1  0 )  for the number of  
items to  be  sorted. I t  then reads the K+1 
bytes of data starti ng from hexadecimal 
memory location 1 AOO {the  location where 
runtime routines are stored ) .  The data 
items are read one at a time and procedure 
ENTER is cal l ed to bu i ld  a b inary tree with 
these items. Procedu re T RA V is then cal led 
to traverse the tree recursively i n  the " left 
subtree .. root .. right subtree" fashion and the 
data with sorted order is p laced in array S .  
Final ly, array S is printed. 

The p-comp i l er generates 1 45 p-codes (0 
to 1 44) for this program. Afterwards, i t  u ses 
a CHAIN statement {North Star BASIC) to 
load the translator program from disk, and 
overlays the comp i l er. The transl.ator begins 
by ask ing the user to input memory ad
dresses of ru ntime routines, p-code pro
gram, output 8080 code and data stack. At 
the end of the first pass, 20 address refer
ences are recorded. After sorting, it is found  
that there are on ly  1 5  actual l abels .  Ou tpu t 
from the second pass of the translator is a 
cross-reference of p-code program counter 
and memory addresses of the corresponding 
translated 8080 code. The leftmost col 
umn is the p-code program counter. Hexa
decimal memory addresses are pr inted i n  
groups of  15  per l i ne. With the exception 
of the first one, on ly the two low order 
hexadecimal d igi ts are pri nted. At the end 
of the second pass, 1 1  forward references 
are recorded. A total of 766 bytes of 8080 
code are generated. Compared to the size 
of the p-code program, the translated code 
is 1 .32 times l arger. This ratio usual ly  
ranges between 1 .05 and 1 .35,  depend ing on 
program structure and the types of state
ments used . 

After translation is comp l eted, control is 
transferred to the d i sk operation system 
(DOS). The ru ntime rou tines are l oaded 
from the disk fi le, PAS . L I B, to h exadecimal 
memory location 1 AOO. Then execution 
may begin by typing a j Pxxxx command 
(jump to xxxx) , where xxxx is the starti ng 
hexadecimal memory address of the trans
lated code. I n  l isting 1 ,  two separate ru ns 
are shown : the first one sorts eigh t  numbers 
(K + 1 with K = 7) and the second sorts 2 1  
numbers. The u ser may get back to BAS IC  
by  typing J P2A04, where 2A04 i s  the entry . 
point  of BAS IC. (The command !CHR$ ( 1 29) 

T$ table of p-code address labels 
D$ table of 8080 address corresponding to address labels in array T$ 
E table of forward references 
W - count of address references 
WO count of actual labels 
G count of forward references 
K p-code instruction counter 
X memory location of current p-code 
P 8080 program counter of the translated code 
F current op code 
V =1 means indexed load or store 
R O  = 1  means current p-code i s  being referenced 
U program counter of the next referenced p-code 

Table 5: Table of important variables and arrays in the translator program 
shown in flowchart form in figure 2. 

P -C O DES S T A R T S  AT 0 0 0 0  
WANT C O D E  P R I N T E O?N 

0 ? H 4  
0 I P G M  - - S O R T I N G  B Y  B I N A R Y  T R E E  
0 U A R  J , .I , K , t< , N E W , l tH E G E F: ;  
1 T , L , R , S , AR R A Y C l l 0 J  O F  I N T � G E R ; 
l 

l 

1 
2 

5 
5 
9 

P R O C  E N T E R <  N ) ;  

V A R  J '  I H T E G E F: ;  
B EG I N  J ' = B ;  

R E P E A T  
I F  t« = H J J  T H E N  

I F  L [ J J < > B T H E N  J ' = L C J J  

E L S E BEG I N  L [ J J , = N E W ; J = B E N D  
E L S E  I F  R C J J ( ) (l T H E N  J , = R C J l  

1 7  

24 
32 

39 

43 

48 
5 1  

E L S E  B E G I N  R C J J , = N � W ; J , � 0 E N D  

U NT I L  J " B ;  
T C NE W J , = N ; N E W , = N E W + l 

E N D ;  

5 1  PROC T R AUC J l ;  C T R A V E R S E  T H E  T R E E  

5 1  B E G  I t< I F  U J J () (l  T H E N  T R A 'JC U .I J  ) ,; 

6 2  S C K J , = H .I J ; K , = K + l ;  

7 0  I F  R C J J C > 0 T H E N  T R A U C R C J J ) 

79 E N D ;  
8 0  
B 0  B E G I N  C MA I N l  
B 0  T C B J , =255 ; NE W , = 0 ;  
86 R E AD< Kl l; W R I T E <  1 3 ,  l(l l ;  
92 F O R  I ' = B T O  K D O  B E G I N  
9 9  U I J , = (J ; R [ ! J , = (1 ; E tH E R C M E M ( I + :n A 0 0 J ) 

1 1 6  K ' = B ;  T R A U C 0 ) ;  
12 1 F O R  I , = ll T O  K - 1  D O  W R I T E < ' ' .. S C I J # L  

lA(1 W R I T E C 1 3 , 1 0 l 
144 END . 

I N T E R P R E T < ! ) , OR T R A N S L A T E C T ) ? T  

I t t  P - C O O E  T O  8 0 8 0  T R A N S LA T I O N t t t  
AODR C H E X l O F  P A S  L I B ,  1 A 0 B  

A D D R  C H E X l OF P - C O D E , 0 0 B 0  
A O D R  C H E X l  OF O U T P U T  8 0 8 0  P G M  0 S (l 0  
S T A C K  S T A R t  A D O R  C H E X l , 5 B 0 (l  
S T A C K  E N D  AODR C H E X l , 7 F F F  

2 9  R E F E RENCES 
15 ACTUAL L A B E L S  

(1 (1 8 0 9  BC (1 ( 1 2  1 7  l D  

1 5  a 8 5 8  5 E  6 6  6 C  6 F  7 �  ' -· 

3 0  0880 B 6 B E  C 4  C 7  c o  
4 5  8 9 0 8  1 3  1 B  2 1  l E  2 6  
6 0  EI 9 5 A  6 2  6 4  6(: 72 ?A 

7 5  E! 9 B 2  B S  C 0  C 8  C:A (:[I 
90 0 A 0 1  (1 7 O A  OF 1 5  1 8  

1 9 5  BA S el  5 6  5(: 5F 6,2 6 8  
1 2 0  0 A 9 4  96 9 8  A 1  A 7  AD 

135 8 A D S  [18 D E  E 4  E 7  E 9  
1 1  F O RW A R D  R E F E R E I4 C E S  

P - C O D E . 1 4 5  I H S T R U C T I OI<S 
8 BB0 . 766 B Y T E S  
P - C O O E , 8(l80 = 1 . 3 2 0 6 8 9 7  
* E N D  T R ANSLAT I O N t 
BYE 
tLF P A S . L I B  1 A 0 0  
U P 0 8 0 0  
? 7  

2 9  3 4  3 4  35 43 
�: JP0800 
? 20 

4 3  2 3 5  2 4 2  

2 3  29 3 1  

7D 8 �· B A  

[1 5 D O  E 2 

29 29 2 F  
8 2  S A  91'1 

03 D 8  D E  
1 E 2 4  27 
6 A  7 0  ? 3  

A A  A D  83 
EF F2 F S 

34 3 8  4 1  
90 93 99 

E8 E E  F 3  

3 5  3 0  4 2  
8 [1  9 5  9 8  

E 4  E 9 E F  
2 E  3 4  3 9  79 7C ?E 
86 8 0  C 3  
F 8  F E  

Listing 7 :  Compilation 
and translation of a 
sample Pascal program. 
A t  the end of the trans
lation, the ratio of p
code to 8080 code is 
determined for refer
ence purposes. 

E IW .; 

4 9  4 E  � 1  
A 1  A 6  A9 

F 6  F O  0 5  
4 5  4 C  5 2  

A 3  A 8  A B  
F 2  F 8  F E  

3 F  4 5  4 A  
8 3  89 SE 

C6 cc 02 

9 1 5 2 5  29 29 3 '' 3 3  3 4  3 4  3 5  3 5  4 1'1  4 3  4 j  1 1 2  1 1 3 2 0 1  2 3 5  2 4 2  2 4 4  
* J P 2 A 0 4  
R E A D 'r 
! CH R $ ( 1 2 9 ) 
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is an immediate BAS IC  statement used to 
tu rn off the pr inter.) 

Summary 

Compi l ers for h igh l evel l anguages are 
l arge, nontrivial programs. Their imp lemen
tation usual ly  requ i res a significant amount  
of computer system resources and  human 
effort. Al thoLJgh our avai lable system re
sources were l imited, both in hardware and 
software, we managed to fin ish the boot
strap compi ler with i n  a relatively short 
time period. The reason is obvious :  The 
Pascal subset we implemented is smal l .  We 
fol lowed the same approach professionals 
use for imp lementing portable Pascal com
pi lers on mainframe compu ters. Syntax dia
grams, wh ich define the subset language, are 
used to construct the syntax di rected, top
down parser of the compi ler. The generation 
of p-code is also syntax di rected. P-code is 
relocatable and portable, and its interpreter 
can be eas i ly implemented on most micro
computers. 

There are several features that are unique 
to our compi ler project. Fi rst, the bootstrap 
compi ler was written i n  BAS IC  (North Star 
di sk BAS IC) .  A lthough BAS IC  is not an ap
propriate language for compi ler writing, i t  is 

BYTE Li sti ng Se,rvice 
offers the 

"Ti ny" Pasca l Compi le r  
The p-code to 8080 conversion program (written in North Star BASIC), 

the 8080 runtime routines, and a reprint of the 3 part article "A 'Tiny ' Pascal 
Compiler" are available from the B YTE Listing Service for $3 postage paid. 
Please use the coupon below and order B YT£ Listing #LS 7 00. 
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the on ly h igh level language avai lab le in ou r 
system. I ts abi l i ty to perform recursive func
tion cal l s  proved essentia l in s imp l ify ing the 
imp lementation of the compi l er. Second ly ,  
instead of writing a p-code interpreter in  
assembly language, a p-code to 8080 ma
chine code translator was written i n  BAS IC .  
The  translated code can be  expected to  ru n 
more than twice as fast as interpreting p
codes. A p-code interpreter with debug fac i l 
i ties was also written ( in  Pascal) . I t  can be 
used to debug p-code p rograms. Third ly, 
minor extensions to the subset language 
were imp lemented. Absolute address ing of 
memory locations and machine language in
terface are desirable features for microcom
puter systems. The avai lab i l ity of hexadeci
mal constants and 10 conversions provides 
much user convenience. 

Presently, the bootstrap compi ler is very 
s low. I t  compi l es at the rate of about eight 
l i nes per minute for a very dense Pascal pro
gram (using North Star BAS I C  with a 2 M Hz 
8080 p rocessor) .  With some refinement in 
the compi ler and ru ntime routines, the 
Pascal version of the compi ler can be ex
pected to run 25 times faster, or approxi
mately 200 l i nes per minute. 

Completion of the bootstrap compi ler i s  
on ly a mi lestone in our compi ler project. 
There are many tasks sti l l  to be done. 
Logical ly  the next step i s  to write the trans
lator and then the p-comp i l er in the Pascal 
su bset and compi le  them using the BAS IC  
version of  the compi ler . Since the com
pi ler source and p-codes are big, there 
may be a mi nor problem i n  memory man
agement. It may be necessary to write the 
p-codes onto disk to save memory. After 
these two programs have been debugged, any 
further development can be done in Pascal 
without the BAS IC  interpreter. I t  wou l d  be 
qu ite interesting to have the compi ler ( in  
object code) compi le i tself ( in source code) 
and use the output object code to compi le 
itself again .  After each compi lation, the ob
ject code cou l d  be compared with the p revi
ous one to p rovide a means of verification. 

More . Pascal featu res or extensions can 
be imp lemented one step at a time. They 
may inc lude character type and pointer type 
variables, disk 1 0  capabi l i ties, floating  point 
arithmetic, mu ltidimensional arrays and 
bu i l t- in fu nctions. I t  is also necessary to im
prove the error d iagnosis and recovery 
scheme of the compi l er. Further develop
ment shou ld  be aimed at u ser convenience. 
A dynamic debugging package that can d is
p lay and a lter the values of variables as 
specified by name at ru n time wou l d  be 
desirable. U l timately, we hope to see a 
Pascal system that is as convenient and easy 
to use as an interactive BAS I C  system.• 
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Printer I n terfaces for SOL Computer 

Two new printer  interfaces for the 
SO L com puter have been annou n ced by 
Processor Technology Corp, 7 1 00 
j ohnson I ndustrial Dr, Pleasanton CA 
94566. 

The SOL H ytype I mounts i nside 
any Diablo Series 1 200 pr inter, connec
ting i t  d i rectly to the back of the SOL.  
Simi larly, the  SOL H y ty pe I I  pr inter 
interfaoe works with the Diablo Series 
1 300 pri nter. The installation package 
includes a ful ly asse m bled,  tested and 

New M odem 
Provides Cost Effective 
Network Control 

The 2400 DCM, Diagnostic Con
trol led Mode m ,  provides control of a 
com munications network. The d iagnos
tics are contained within the master and 
remote site modems and provide  a 
secondary channel with command mode 
procedures. Test and control · of the 
remote site modems are performed over 
this secondary channel without in te r
ference to mainstream transmission. 

Standard features i nc lude large scale 
integration logic, bu i l t-in test pattern 

. generator and detector, E I A  standard 
RS-232 interface, and on line compati· 
b i l i-ty with Bell system 201 B and 201 C 
data sets. 

The 2400 DCM l ines of modems 
range i n  price from $ 800 to $ 1 600. Con
tact Penri l  Corp, 5520 Ran dolph Rd, 
Rockvi l le  MD 2085 2.  • 

Circle 583 on inquiry card. 

bu rned in printed circuit board , software, 
all cab l es, and mou nting hardware. The 
pr inter can be restored to i ts original 
condition if requ i red . 1 

H y type dr iver software is inclu ded on 
a C UTS format cassette a long with a 
sou rce l isting. The driver software may 
be mod ified to suit a particular appl ica· 
t ion. 

The price for both the Hytype I and 
H y type I I  is $ 1 50.• 

Circle 580 on inquiry card. 

New Modem Assem bly H ouses 
Two Com Data Series 330 Modems 

The 3 3 0-2 R-O modem assembly 
houses two Com Data Series 330 modems 
and provides display of fou r  control 
functions and two data functions. The 
assem bly m ay be used to house two 300 
b ps m odems, one ·300 and one 1 200 b ps 
mode m ,  two 1 200 b ps m od ems, or one 
1 200 bps modem with reverse chan nel . 
The  300 Series modems are Bel l  1 1 3 B  
o r  2 0 2  com pati ble and are avai lable for 
leased l ine  or auto answer appl ications. 
S i nce the assembly i s  compati b le  with 
the 3 3 0  rac k  mount  series, i ts use at 
the· terminal end permits m axi m u m  in· 
terchangeabi l i ty of modems at both 
ends of the communications l ink .  The 
3 3 0-2 R-0 is priced at $ 1 5 0. The 330 
S eries modem p rices range from $ 1 50 to  
$225 .  Contact ComD ata Corp, 8 1 1 5  N 
M onticel lo  Av, S ko kie I L  60076.• 

Circle 582 on inquiry card. 

S peech Recognit ion S ystem 

The S R/8 is a m icroprocessor speech 
recognit ion system that identifies up to 
1 6  spoken words or p h rases and which 
can be interfaced to any com pu ter 
system. The S R/8 is trained for indi
vidual speakers and vocabu laries by 
hearing each of the vocabulary words or 
phrases several t imes.  F rom this trai ning 
data, the S R/8 computes a p rototy pe 
pattern descri b ing each voiced input.  
These prototy pe patterns are then u sed 
to identify new spoken inpu ts via a 
decision process. 

The system also has the capab i l ity 
to reject voice inputs that · are not 
acoustica l ly  close to the prototy pe 
patterns derived during training, such 
as com m ands not in  the vocabu lary set 
or extraneous noises. 

The system is availab le  for $550  or  as j 
a self-contai ned,  stand alone system 
w ith power su pp ly  and control pane!' 
for $975 .  Con tact Phonics Inc ,  POB 
62275,  S unnyvale CA 94087.•  

Circle 581 o n  inquiry card. 
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New AC Power Cond itioner 

The new Voltector Series 5 A C  
power cond i tioner protects microcom pu
ters and other sensitive e lectronic equ ip
ment from power l i ne noise a nd high 

New E ROM-Erasing U ltrav io let Lamp 

The i n trod u ction of  a new erasable 
read only memory erasing u ltraviolet 
lamp has been announ ced by  Spec
tronics Corp , 956 Brush Hollow Rd ,  
Westbury N Y  1 1 590 .  Designated th e 
Spectrol i ne  PE -24T, the un i t  wi l l  erase 

Self-Contained Power Desoldering System 
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energy transients, saving the cost of a 
ded icated l ine .  The Series 5 provides 
both common and . transverse mode pro
tection against R F ( radio frequency)  
noise and against the destructive su rges, 
sp ikes and transients that enter a bu i ld 
ing on  the primary power l i ne  servic ing 
it.  

The conditioner is equ ipped w ith a 
green pi lot l ight to ind icate ready.  I t  
l im its up  to 2500 V spikes to safe l evels 
and provides atten uation of frequencies 
above the l i ne frequency. The Series 5 is 
i nternal ly fused and rated for 5 ,  1 0, 1 5  
and 2 0  A at 1 20 V from 5 0  to 400 Hz.  

Prices are : $ 1 69 5 A 0.6 kVA,  $ 1 95 
1 0  A 1 .2 kVA,  $248 1 5  A 1 .8 kVA,  and 
$327 20 A 2.4 kVA. Units are covered 
by a 5 year warranty . Contact Pi lgr im 
E lectric Company,  29 Cain Dr,  P la i n 
view N Y  1 1 803 .•  

Circle 614 on inquiry card. 

up to n ine integrated circu its in  1 2  
m i nu tes. The double tube constructio n 
and specular reflector provide broad , 
inte nse and u n iform u l traviolet dis
tr ibution. 

Safety features include two high 
i n tensity u l traviolet tu bes fu l l y  shie lded 
within an anodized a luminum housi ng, 
and a safety interlock to prevent the 
u nit from operat i ng when the tray is 
not ful l y inse rted. 

A conductive foam pad holds the 
in tegrated circu its in  place du ring ex
posure and prevents electrostatic bu i ld 
up  wh i l e  protecti ng the  integrated 
circu its from possible static change. A 
60 m inute t imer is i nclu ded for auto
matic shu toff of the un i t .•  

Circle 6 1 5  o n  inquiry card. 

Conductive Foam Protects 
Static Sensitive Components 

Electrically cond uctive foam for 
packaging in tegrated c ircu i ts ,  hybrid 
c ircu its ,  CMOS, m icroprocessor ch i ps 
and other static sensitive devices has 
been introduced by Charleswater Prod
ucts I nc, 3 Wal nut  Park,  Well esley M A  
021 8 1 .  

The foam is an electrica l ly  conduc
t ive packaging m aterial that protects 
devices affected by both physical shock 
and static d ischarge. Available i n  low 
density for cushioning and in  high 
density fo r inserting leads d irectly ,  the 
foam is unaffected by relative h u m id ity. 
This condu ctive foam is avai lable in 
thick nesses from 0 . 1 25 to 2 .25 inches 
(0 .32 to 5 . 72  em) in 25 by  75 inch 
sheets (63 .5 by  1 90 em) .  Prices start at 
$ 1 8 .50  per, sheet. L iterature and sam ples 
are avai lab le on request.• 

Circle 616 on i nquiry card. 

The new Pacenter . series of equip
m ent has been annou nced b y  Pace I nc , 
9329 Fraser S t ,  S i lver Spri ng M D  2091 0. 
The Model PC-20 D-Sodr S ystem is  the 
first eq u i p ment to be m arketed in  this 
series. 

The PC-20 is a l ightweight, self
contained power desolderi ng system. 
I ncorporat ing  Pace's "whisper quiet" 
m i n i pu m p, the u nder 7Y, pound ( 3 .4 kg) 
system p rovides low cost operation with 
h igh performance. 

The PC-20 features Pace's Sodr-X
Tractor handp iece with "Th erm o Drive" 
heat contro l .  The power sou rce p rovides 
a var iab le  A C  output for t ip  tem pera
tu re contro l ;  vacuum su pp ly  w ith q u ick 
con nect vacuum output ;  d u al fi l tration 
system inc lud ing p lug-in filter; auxi l iary 
grou nd lug; and foot pedal control led 
operation. A hot cubby is provided for 
holding the handp iece and an assort
m ent of Pace Su per Tips is fu rnished 
with each system .• 

Circle 61 7 on inquiry card. 
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THE BEST FOR BOTH WORLDS 

Factory prime electronic equipment for both the 
discerning hobbyist and the professional 

--- ----
• ,•• .. 

The New 
Hobby World 
Catalog 
Your source for factory prime. professional 
qual ity equ i pment. Computers. add-on boards; 
IC's, sockets. resistors, supplies,  tools. test 
equipment. books. and more. Shop your buy l ist 
at Hobby World.  You' l l  f ind what you want. and at 
a sol id savings. 

This month's specials. 
16K MEMORY ADD·ON FOR APPLE 
OR TRS.SO 
Hobby World price is only $128.00 (specify when 
ordering) 

NEW FROM SSM. THE CB-1 8080 CPU BOARD AT A 
HOBBY WORLD SUPER SPECIAL. (See SSM ad for specs) 
It's Loaded . It's Blue. IT'S ONLY $119.95 

THE NEW ELENCO 3112 DIGIT SOLID 
STATE MULTIMETER 
The ultimate in performance: measures resistance to 
.01  ohms. voltage to 1 00 micro-volts. current to one 
micro-amp. Assembled and tested, with 2-Year 
warranty. Lists at $99.95. Hobby World: $74.95 

WAHL ISO· TIP CORDLESS SOLDERING IRON 
Includes ni-cad batteries and wal l  plug transformer. 
Lists at $19.95, but Hobby World has it for $14.95! 

$-100 WIRE WRAP BOARD 
Over 3600 holes. for super versatil ity. Provisions for 4 
regulators. Double-sided, plate-through . All S-1 00 pins 
labelled for number and signa l .  The PT- 1 .  Hobby World 
Price: Only $30.00 

Hobby World TELEPHONE ORDERS 
19355 Business Center Drive 116 Inside Calif: 213 886·9200 

Northridge. CA 91324 Outside Calif: 800 423-5387 

Order by mail .  Just write. Or order by phone. Toll  free outside 
California. 

SEND ME A CATALOG! 

Name 
Address 
City State 
Satisfaction 100% Guaranteed 

':ffllt'JJt!H·' • 
Circle 1 70 on inqu i ry card. 

Hobby World Carries TAB Books! Affordable books for 
the hobbyist. Hobby World helps out with a 1 0% 
discount. (Order by number, and don't forget the 1 0% 
discount) 

Computer Circu its and How LIST PRICE 
They Work #538 $5.95 

Beg in ner's Guide to 
Computer Logic #548 $5.95 

Computer Technicia n 's 
Handbook #554 $9.95 

Bui ld Your Own Working 
Robot #84 1 $5.95 

Programming 
Microprocessors #985 $6.95 

Begi nner's Guide to 
Computer Programming #574 $9.95 

Digita l E lectron ics : 
Pr inciples and Practice #585 $5.95 

Microprocessor/Micro-
programming Handbook #785 $6.95 

Computer Programming 
Handbook #752 $9.95 

SEND ME THE FOLLOWING SPECIALS! 

Item Quantity Price 

Postage/Handling $ 1 .50 

California Residents add 6% Sales Tax 
Charge My MC 11 ' VISA 

Signature ______________ _ 

Expiration ______________ _ 

... 
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S hielded Motherboard Compatible with S-1 00 Com puter Systems 

Compatible with the S ·1 00 computer 
systems, the A rtec sh ie lded motherboard 
is made of 0 . 1 25 inch (0 .32 e m )  F R4 

glass epoxy. The board is designed to 
e l iminate bus noise caused by un wanted 
coupl ing between adjacent l ines on the 
motherboard in  S-1 00 computer sys
tems. The use of substantial ground 
traces between adjacent bus l ines on th is  

· board e l iminates l ine to l ine  cou pl ing. 
The motherboard comes i n  a 1 6  s lot 
configu ratio.n,  fits any standard chassis 
and req u ires no soldering. Price for the 
motherboard is $ 1 90 assem bled and 
tested and $ 1 50 in kit form. For more 
i nformation contact Artec, 605 Old 
Cou nty Rd , San Carlos CA 94070.• 

Circle 637 on inquiry card. 

Microcomputer Training and Development System 

.· 

-, 

• • 

The T DS-M68 m icrocomputer  train
ing and deve lopment system offers the 
personal com puter enthusiast an 
integrated system compl ete with m icro
computer, self-teaching lab manual,  text
book and experi m enter 's lab package. 
This com plete and self-contained system 
b ri ngs together all the i ngredients needed 
for 'a hands-on train ing course aimed at 

M icrocom puter Program ming Home 
Study Course 

lL 
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those who need to develop working 
capabil ity with microcomputers. 

The system uses the M6800 m icro
com puter and features 2 K bytes of 
m emory (expandable to 8 K bytes by 
sim ply ad ding the memory integrated 
c i rc u its) , a lab man ual that guides the 
user step by step through the learning 
process, a lab PiJ.Ckage that incl udes 
computer devices ( L E Ds,  relays, small 
motors, etc) that are inte rfaced to and 
control led by the compu ter, plus a prac
tical , appl ications oriented textbook 
covering programming, interfac ing and 
appl ication concepts. An instructor's 
guide and overhead transparencies are 
also available .  

S ix  'general pu rpose 10 ports, u ti l
izi ng the SwTPC bus  configu ration,  
accept a l ine of interface boards that 
includes paral lel  <Jnd serial 10 ports, 
cassette· interface, interru pt timer, 
calcu lator module ,  erasable read on ly  
mem ory program mer, etc. 

All items are avai lable separately or 
as a total package. A descr iptive bro
chure is avai lable from Technical Devices 
Ltd , 1 1 3 8 Main St, Winnipeg, Manitoba 
CANADA R2W 3 F 3 . •  

Circle 638 o n  inquiry card. 

A home study course in m icrocom
puter program m ing for begin ners is avail
able from Logical Services I nc ,  1 080H 
E Duane Av, Su nnyvale CA 94086.  The 
Modu-Learn cou rse presents systematic 
software design techniques and struc
tured program ming in ten instructional 
lessons com plete with problems, sol u 
tions, and practical exam ples i n  8080 
and 8050 assem bly language. Back
ground material on microcomputer ar
chitectu re, hardware and software trade
offs and useful reference tables are in
clu ded i n  th is  book of over 500 pages. I t  
is conveniently bound i n  a notebook for 
easy reference. 

The price is $49.9 5 . •  
Circle 639 o n  inquirY card. 

S D S  M odular Solder and Desolder 
System 

The S D5 mod ular solder  and de
solder system consists of a 1 pound 
(0 .45 kg)  spool .of h erm etical l y  sealed 
M I L  spec solder with a DS desolder 
wick d ispenser �ool snapped into th e 
core of the spool. The S D5 is a s imple ,  
practical sol u tion to the problem of 
alternating between soldering imd de
solderi ng. The un i t  is completely refi l l 
ab le .  

The design of the rem ovab l e  D5 
d esoldering tool a l lows i t  to retreat or 

· snap in or  out  of the sol d er spool for the 
convenience of the user. The tool has a 
2Y, inch (6 .3  em)  heat resistant Teflon 
probe perm itti ng p inpoint wick appl ica
tion even in d ensel y packed electronics. 

All components of the S D5 system 
are avai lable packaged for sale separately 
as well as com plete u nits. Solder is pro
vided in  1 6 ,  1 8  and 21 gauge in  the 
fol lowing alloy s :  63/37  (eutectic ) . 60/ 
40, 50/5 0 and 40/60 . The wick is  avail
able in  two gauges, 0 .06 inch and 0.1 0 
inch (0.1 5 and 0 .25  em)  to cover all 
d esol dering req u irem ents. 

For more information contact Chem
tronics I nc, Solder Produ cts Division, 
45 Hoffman Av, Hauppauge N Y  1 1 787 .• 

Circle 640 on inquiry card. 

N ew Wire Wrap Panel and Card Catalog 

This 28 page brochure covers E E CO's 
newest pin in  board type A LA w i re wrap 
panels, cards,, d rawers and frames. Prod
ucts are docu mented  with photos, de
scriptions, specifications, outline draw· 
ings and prices. 

Write E ECO, 1 44 1  Chestnut  Av, 
Santa Ana C A  92701  for this broch ure.• 

Circle 64 1  on inquiry card. 
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A THE DISCONTINUED �O=f C::�ic KITS 
ARE STILL AVAILABLE 

WHILE SUPPLY LASTS' . 
MICROPROCESSORS 
F8 16.95 
Z80 20.00 
Z80A 25.00 
CDP1802CD 1 7.95 
2650 19.95 
AM2901 20.00 
6502 1 1 .95 
6800 16.95 
6802 25·.00 
8008-1 12.95 
8035 20.00 
8035-8 21 .00 
8080>< 10.00 
8085 23.00 
TMS9900TL 49.95 
BOBOA SUPPORT DEVICES 
821 2  2.90 821 4  4.65 821 6 2.75 
8224 4.30 
8224·4 9.95 
8226 2.75 
8228 6.40 8238 6.40 
8243 8.00 
8251 7.50 
8253 20.00 
8255 6.45 
8257 20.00 
8259 20.00 
8275 75.00 
8279 18.50 
USRT 
52350 10.95 
UARTS 
AY5-1 013A 5.25 
AY5-1 014A 8.25 
T R 1 6028 5.25 
TMS60 1 1  5.95 
IM6402 9.00 
I M6403 9.00 
6800 PRODUCT 
6810? 4.00 
682 1 ?  6.60 
6828? 1 1 .25 
6834? 16.95 
6850? 8.65 
6852P 1 1 .00 
:S60P 9.25 

6862P 1 2.00 
687 1 ?  28.75 
5875? 8.75 
0880? 2.50 
68810? 6.00 
KIM 

6102 8.00 
6502 1 1 .95 
6520 1 0.00 
6522 9.25 
6530 1 5.95 
6530·002 1 5.95 
6530·003 1 5.95 
6530-004 15.95 
6530·005 1 5.95 
6532 1 7.95 
CHARACTER G E N ERATORS 

2513 Upper (·1 2±.5) 6.75 
2513 Lower 1·1 2 ±.51 6.75 
2513 Upper (5voltl 9.75 
2513 Lower (5 volt) 10.95 
MCM6571 Up Scan 10.95 
MCM6571A Down Scan 10.95 
PROM'S 
1 702A 5.00 
2708 8.95 
2716(5+12)TI 25.00 
m����� I N T L  38.00 

23.40 
DYNAMIC RAMS 
4 1 6 0 /4 1 1 6  ; 6.00 
2104 4.00 
21 078-4 3.95 
TMS4027 4.00 
MM5270 4.50 
MM5280 3.60 
STATIC RAMS 1-24 25-99 
21 L02 1 .50 1 .20 
21 L02 1 .75 1 .50 
2 1 0 1 · 1  2.95 2.60 
21 1 1 - 1  3.25 3.00 
21 1 2·1 2.95 2.65 
2 1 1 4 L  9.50 8.00 
2 1 1 4 L  1 0.50 9.00 
TMS4044 8.95 8.00 
TMS4044 9.95 8.75 
4200A 10.95 9.25 
FLOPPY DISC CONTROLLER 
1 77 1 801 39.95 
1 781 69.95 
KEYBOARD CHI PS 
AYS-2376 1 3.75 
AY5-3600 1 3.75 
MM5740 1 8.00 
MM5743 1 8.00 

Circle 1 95 on inquiry card. 

EXPA N D 0-32 KIT 
Uses 41 1 5  (8Kx 1 )  
Dynamic RAM's, can be 
expanded in 8K increments 
up to 32K. 

8K 
1 6 K  
24K 
32K 

$179.00 
$255.00 
$325.00 
$400.00 tiappk! 11 computar 

One of the  best "Total  Package" 
home and bus i ness compu ters on 
the market. " Basic" i n  R O M ,  
Co lor  Graph ics, F loat ing Po i n t  
Basic Package, etc. 

1 6 K  vers ion o n l y  $1 ,095.00 

41 1 6  ( 1 6 K  x 1, 300ns) 
M E M O R Y  EXPA NSI O N  KIT 
Dyna mic RAM chip can be used for expanding APPLE I I  or T R S·S O .  I nstructions incl. 

8 for $98.00 

EPROM B O A R D  KITS 
RAM'N' R O M  
(1 6 K a l) y  EPROM) 
M R-8 (1  K R A M ,  uses 
2 7 0 8 )  

M R-1 6 (I K RAM, uses 
2 7 1 6 )  

EPM-1 (uses up to 4 K of I 7 0 2 )  

JG S /1 6  (uses 2 7 0 8  or 
2 H 6 )  

$ 1 1 7.00 
$99.50 
$99.50 
$59.95 
$59.95' 

EXPA N D 0-64 KIT 
Uses 41 1 6  ( 1 6Kx1 ) 

JADE 8080A 
with fu l l documentation 
Kit $1 00.00 
Assm. & Tested $ 1 49.95 
Bare Board $30.00 

JADE Z80 
with provisions for O N BOA R D  
2 7 0 8  and POW E R  O N  J U M P  
Kit 

� 
Assm. & Tested 

Kit 
� 

Assm. & Tested 
Bare Board 

$1 35.00 
$1 85.00 

$ 1 49.95 
$1 99.95 

$35.00 
Dynamic RAM's, can be M D-690a CPU B O A R D  
expanded in 1 6K i ncrements S-1 0 0  Compatible 6 8 0 0  MPU 
up to 64K. 1 K X 8 RAM, PROM 
16K $260_00 ex pandable to 1 0  K. 

32K $579.00 1--------$-1 9_9_·9_5_-1 48K $757.00 
64K $925.00 

JA D E  PAR A L L E L/SE R I A L  
I NT E R FA C E  

S-1 0 0  compatible, 2 seria l 1/0 ports, 1 para l lel 1/0. 
Kit JG·P/S $1 24.95 
Ass. & Tested 
JG·P/SA $ 1 79.95 
Bare Board with manual $30.00 

F L OPPY DISK I N T E R F A C E  
JADE F LOPPY D I S K  (Tarbell  board) 
Kit $1 75.00 Assm. & Tested $250.00 
S.D. Computer Products " Versa Floppy" 
Kit $1 59.95 Assm. & Tested $1 89.95 

MOTH E R  BOAR DS, 
S-1 00 STY L E  
9 ·Slot " Little Mother" 
Kit $85.00 
Assm. & Tested $99.00 
Bare Board $35.00 
1 3-Siot with front panel si'ot 
Kit $95.00 
Assm. & Tested $ 1 1 0.00 
Bare Board $40.00 
2 2 -Siot 

TlJ-· 
Convert your T.v. set i nto a Video Monitor 
Kit $8.95 

JA D E  V I D EO I NT E R FA C E  
S-1 o o  Compatible serial I nterface with Sockets Incl uded. 
Kit $ 1 1 7.95 Assm. & Tested $1 59.95 
�a;;u�1oard with $35_00 

SA 400 $295.00 
Single-density 5 1/•",  3 5 track drive. 
SA801 R $495.00 

THE PIGGY IS COMING! ....._
A_s_sm_._&_. T-e-st-ed

-
-$-1 4_9_.o_o_-t 

� 
Single-sided 8 "  floppy disc drive. 
DM 2700-S $750.00 
I ncludes SAB O l  R disk drive, G O L D  PLATED . 1 0 "  x 1 0 "  x 1 6 "  cabinet, 

S-1 00 E D G E C O N N ECTORS power supply, data cable, fan, • Soldertail $3.25 each I-..:A;;;.;;;C..:I.:.;i n.:;;e;..f;.:i.:;;lt.;;,er:.;,· ..... ���---11 
Wire Wr1�r $30·00 $4.50 each STATI C  RAM B O A R D S  

1 0  for $40.00 J A D E  8 K  
Kit JGS K ( 4  5 0  ns) $1 25.95 

�.AL * *E Assm. & Tested 
JGS KA ( 2 5 0 ns) $1 39.75 
Kit J G S K (2 5 0 ns) $149.75 
Assm. & Tested Com puter Products  

490 1 W. ROS ECRANS AVE N U E  
Department "B" 
HAWT HO R N E, CA L I F .  90250 

� � 
Cards 
Welcome 

Cash, Checks, Money Orders, and Credit Cards 
accepted. Add freight charge of $2.50 for orders 
under 1 0- lbs. Add 6% sales tax on a l l  parts 
del ivered in California. Discounts avai lable at 
OEM quantities. 

WR ITE FOR OUR FREE  CATALOG ! 

JGS KA ( 2 5 0 ns) $ 1 69.75 
Bare Board without $ parts 25.00 
1 6 K  -Uses 21 1 4's ( lo power) 
Assm & Tested · 
RAM 1 6  ( 2 5 0 ns) $375.00 
Assm. & Tested 
1 6 B  (4 5 0 ns) $325.00 
Mem-2 Kit (2 5 0  ns) $285.00 
1 6 K  Static with memory 
management 
Assem.& Tested RAM 65 (2 5 0 ns) $390.00 
Assm. & Tested RAM 6 5 B (4 50 ns) $350.00 
Seals 32K 
Assm. & Tested 
J G 3 2  ( 2 5 0 ns) $795.00 
Assm. & Tested 
JG 3 2 B  (4 5 0 ns) $725.00 
Kit JG3 2 K (2 50 ns) $575.00 
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P E R I P H E RALS 

New Color Graphics  Data Term i nal  

This  s'tandard graphic data term inal , 
designated 8001 G, is an ad dition to the 
I ntecolor 8001 product series. The stan-

Complete Dumb Terminal on an 
S - 1 00 Board 

The Naked Termi nal is an S - 1 0lJ 
modu l e  that fu nctions wi th a key board 
and video monitor. It contains a micro
processor with m emory, software d ri vers 
and in ternal bus  and· d isplays 80 ch arac· 
ters by 24 l i nes, us ing both upper and 
lower case characters i n  a 5 by 7 font. 
I t  features half d u p lex, fu l l  d u p lex and 
a block mode which al lows edit ing be
fore transmission. Ed i ting  is aided by 
an add ressab le  cu rsor. S witch se lectab l e  
features i nc lude  black on white or wh ite 
on black, b l i n k ing or non b l i n king u nder
l i ne  cursor, ·and variab le  bps rates. Soft
ware is not req u i red.  

The term ina l  can be configu red by  
a dual-i n - l i ne package switch to  d rop 
i n to an exist ing system, replacing the 
serial i nput  and output  ( 1 0) card and 
stand alone termi nal w ithout making 
any ch anges to software. 

The Naked Termi nal is com pletel y 
assembled,  socketed,  tested and bu rned 
in,  and carries a fu l l  year guarantee. For 
more information about  this term inal, 
write to Dynabyte I nc, 4020 Fabian, 
Palo A I  to CA 94303 .•  

Circle 573 o n  inquiry card. 
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dard features of the term i nal are: com
pl ete graphic software, selection of eight 
foregrounq and background colors ,  1 9  
inch color video tube, selectab le  b ps rate 
to 9600, RS·232C connection, 48 ' l i nes 
and 80  characters per l ine, page rol l ,  in 
sert and delete - character or l i ne, and 
64 ISA special characters. The graph ic 
software al lows the user to p lot bar 
graphs in  both horizontal and vertical 
d i rections, plot poi nts, l ines and vectors 
by specify ing the coord inates in  a matrix 
of 1 60 by 1 9 2. Each graphic mode is 
specified by codes that can be in i tiated 
by keyboard or host com puter through 
RS-232C. The 8001 G is p riced at $2750 
i n  quantities of  one  to  24 or $ 1 925 on a 
cash basis or in large q uantities. For fur
ther information contact I nte l l igent Sys
tems  Corp , 5965 Peac.h tree Corners 
E, Norcross GA 3007 1 .• 

Circle 571  on inquiry card. 

Voice I n put For A pp le  II Com puter 

A new voice data input u n it for the 
Apple I I computer has been annou n ced 
by Heu ristics I nc, 900 N San A n tonio 
Rd, Los Altos CA 94022. Known as 
Speechlab Model 20A, it features a 
32 word vocabu l ary , fast real t ime 
response and the capabi l ity of m u l tip le  
train ing sam ples for h igh accuracy. 

The un i t compl ies wi th App le  I I  
computer "smart" peripheral conven
tions and interfaces d i rect ly with user 
written BAS I C  p rograms. The program 
is contained on an on board p rogram-

Autom atic A nswer and D ial Modem 
for LS I-1 1 

A n  automatic answer and d ial, low 
speed modem for the D ig ital Equ ipment  
Corp ( D EC )  LS I - 1 1 ,  LS I - 1 1 /2 ,  and 
PDP-1 1 /03 com p u te r  fam i l ies i s  avai lable 
from Nortek I n c, 243 2  N W  j oh nson , 
Portland O R  9721 0. The complete 
syste m ,  contai ned on  a d ual width 
board, p rovi des  computer' controi led 
answering and o rigi nation of data 
com mun ication fun ctions when used in  
con junction w i th  a T E LCO CBS type 
DAA u ni t. Software· se lectable trans
m ission rates inc lude 1 1 0, 1 34.5,  3 00, 
and 600 bps. N u m be r  of

.
data b its and 

parity are also software selectable, 
enabl ing  use w i th most avai lab le data 
com m u nications terminals .  Emu lati ng 
a DEC D LV-1 1 E  serial i nterface, the 
modem i s  software transparent  to the 
TR- 1 1 V3 and TS X operating systems 
when used i n  automatic answer mode.  

The basic un i t  i nc ludes i n terconnect
ing cable for the DAA,  software for an 
automatic d ia l ing device handler,  and is 
priced at $650 .  Add i tional software is 
avai lable for i nte l l igent terminal use.• 

Circle 5 7 2  on i n q u i r y  card. 

mabie read on ly  m emory wh ich is 
automatical ly  executed by the A pp l e  I I  
monitor program when speech input  is 
desired . 

A h igh fid e l i ty m ic rophone and a 
user manual w ith six demonstration 
p rograms ( inc l ud i ng Masterm ind ,  black
jack and Shooting Stars) wri tten i n  
A p p l e  BAS IC  are i n c l u d e d .  T h e  price i s  
$ 1 89 a n d  t h e  u n i t  c a n  be obtained from 
Heu ristics, 900 N San A ntonio Rd, 
Los A l tos CA 9402 2 .•  

Circle 574 on inquirY card. 



r I ntroducing 
the s im ple 

TRS-80 U p-g rade 
Fast, easy, guaranteed 
expansion to 1 6K 
at less than half the 
price of Radio Shack. 

Ithaca Audio makes 
it simple 

No false starts and f i nd i ng you need 

some l itt le item or special tool .  O u r 'Kit 
contains all  the parts : 8 prime dynamic 

RAMs and a com p lete set of preprogrammed 
j u m pers. No matter which model you have 
(even if yo u l ater pu rchase Level I I  software) , 

you ' re covered. 

Complete Instructions 
Our easy-to-fol l ow d i rections cut i nstal-: 

lation t ime to j ust m i n u tes. You can do it 
yourself-with no solderi n g !  All  you need is 
a household screwd river. 

1 00°/o Guarantee 
, L i ke our  kit ,  s i m p le :  if a part ever fa i ls ,  we 

replace if, FR EE.  

0 
'0 ::0 < 
"' 
0 "' 
� / 

- __ _ / 

Available now, only $140 
O rder from you r  favo rite retai l er. I f  by 

chance he h asn't stocked them yet we' l l  s h i p  
h i m  y o u r  Kit r ight away. 

For tec h n ical assistance cal l or write to: ITHACA AUDIO 
Phone: 607/273-3271 
P.O. Box 91 I thaca, New York 14850 

Available off-the-shelf at these fine computer dealers. 

AL: Huntsville: Computerland, 3020 University Drive, N.W., (205) 539-1 200. CA: Berkeley: Byte Shop, 1514 University Ave., (415) 845-6366. Marina DelRay: Base 2. 1 3480 Beach Ave., 
(213) 822-4499. Mt. View: Digital Deli, 80 W. El Camino, (415) 961-2670. DE: Newark: Computerland of Delaware, Astra Shopping Center, Kirkwood Highway, (303) 738-9656. FL: 

Tampa: Microcomputer Systems, 144 South Dale Mabry, (813) 879-4301. IL: Niles: Computerland, 951 1 North Milwaukee Ave., (312) 967-1714. Oak Lawn: Computerland, 1 0935 

South Cicero Ave., (312) 422-8080. KS: Overland Park: Personal Computer Center, 381 9West 95th St., (913) 649-5942. Wichita: Computer Systems Design, 906 North Main St., (316) 

265- 1 1 20. KY: Louisville: Computerland, 813-B Lyndon Lane, (502) 425-8308. MA: Cambridge: Computer Shop, 288 Norfolk St., (617) 661-2670. MD: Rockville: Computerland, 

16065 Frederick Rd., (301)  948-7676. Ml: Royal Oak: Computer Mart, 1800W. 14 Mile Rd., (313) 576-0900. NJ: Budd Lake: Computer Label New Jersey, 141 Route 46, (201) 691-1984 

Clark: S-100, 7 W_hite Place, (201) 382-131 B. Iselin: Computer Mart of New Jersey, 501 Route 27, (201 ) 283-0600. Succasunna: Computer Hut, 15  Route 10, (201) 584-4977. NY: Buffalo: 
Computerland, 1 61 2  Niagara Falls Blvd., (716) 836-651 1 .  Dewitt: Computer Enterprises, 3470 Erie Blvd. E . .  (315) 637-6208. Ithaca: Computerland of Ithaca, 225 Elmira Road, (607) 277-
4888. New York City: Computer Mart of NY, 1 1 8  Madison Ave., (212) 686-7923. Johnson City: Micro World, NYPENN Trade Center, RM 217, 435 Main Street, (607) 798-9800 OH: 
Cincinnati: Digital Design, 7694 Camargo Rd., (513) 561 -6733. Dayton: Computer Solutions, 1 932 Brown St., (513) 223-2348. OK: Oklahoma City: Micronics, 2834 N.W.,39th St., 

(405) 942-8152. TX: Austin: Computerland, Shoal Creek Plaza, 3300 Anderson Lane, (512) 452-5701 . Houston: Houston Computer Mart, B029 Gulf Freeway, (713) 649-4188. UT: 

Orem: Johnson Computer Electronics, 699 N. 1060 W., (801) 224-5361. VA: Alexandria: Computers Plus, 678 So. Pickett St., (703) 751-5656. Arlington: Arlington Electronics 

Wholesalers, 3636 Lee Highway, (703) 524-2412. VT: Essex Junction: Computer Mart of Vermont, 159 Pearl St., (802) 879-1683. CANADA: Ontario: Mississaugua: Arisia 

Microsystems, 1 455 Gregwood Rd., (416) 274-6033. Toronto: Computer Mart Ltd. 1 543 Bayview Ave., (416) 484-9708. WEST GERMANY: Munich: A.B. C. Computer Shop, Schelling

strasse 33, BOOO Munchen 40, Microcomputer Shop, Toelzerstr. 8, D-815 Holzkirchen. ISRAEL: Haifa: Microcomputer Eng. Ltd., Haifa 31-070. 
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M EMORY 

801 0 Bus Com patib le 64 K Byte 
Progra m mable M emory 
Board Saves S pace 

This space saving 64 K byte program
mable  memory board has been in tro
d uced by GS I S ystems, 223 Crescent St, 
Waltham MA 021 54.  The GS I  Systems 
1 0046 64 K byte program mable m em ory 
board is a d i rect replacement  for fou r  

External Memory Expands P E T  2001 

The P E M-8K external m em ory stand 
alone un i t  suppl ies an addi tional 8 K 
by tes of external program m able  mem ory · 
compatibl-e with either th e 4 K byte o r  
the 8 K byte version o f  the PET 2001 
computer series. Connect ion to the 
computer's existi ng memory is m ad e  
through a 3 foot i n terface cable and 
an edge connector plug that m ates with 
the P ET's m emory expansion connector. 
A self-contai ned, fused and regulated 
power supp ly  fu rnishes all necessary 
operating vol tages. Power is controlled 
by a rear m ou n ted switch. 

The PEM-8K is  housed in  a wood
grained fi n ished cabinet th at comple
ments the P ET's appearance. As an in
troductory bonus, a 1 0  K byte software 
pac kage wi l l  be suppl ied that all ows th e 
P ET to perform financial and investment  
calcu lations, hyp�rbol ic trigonom etric 
fu nctions, factorials and m ore. The 
P EM-8 K is priced at $279  assem bled, 
tested and ready for use. A special 
m odel w i red for use with 200 VAC 
power is avai lable' on requ est. For 
more i nformation wr ite to I n ternational 
Technical Systems I nc,  POB 264, Wood
bridge VA 221 94.• 

Circle 64 9  on inquiry card. 
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I ntel or  National Sem iconductor SBC 
80 1 0  1 6  K byte program mable memory 
boards and ·frees space for boards with 
other flinctions. Provid ing a 475 ns access 
t ime and a 650 ns refresh, the 1 0046 is 
compatible with a standard SBC 801 0 
backplane. Two serial 10 ports capable 
of provid ing RS232C or current loop 
interface may be i ncorporated to permit 
the board to Co mm unicate with various 
pe riph erals, terminals and modems. 

The board provides al l  of the necessary 
logic and electronics to perform access
i ng, reading, writing, transparent refresh, 
t ime out refresh , and d i rect mem ory 
access. I ts logic resolves confl icts be
tween refresh and normal or d i rect mem
ory access operations so that both cannot 
occur sim ultaneously. The 1 0046 can be 
driven by any I ntel · or N ational Semi
conductor 80 1 0  processor board ; 64 K 
byte add ress starts at 0000, page select
able. Voltages requ ired are ±5  VDC and 
±1 2 V DC. I t  can also be strapped for 
1 6  K byte operation. 

The system sells for $ 1  795;  the 1 6  K 
byte version sells for $495 .•  

CirCle 64 8  o n  inquiry card. 

64 K Bytes Memory for the H eath kit/ 
Digital H 1 1  Com puter 

The C l  1 1 03 memory mod ule is de
signed specifical ly for the Heathkit  H1 1 
computer and the PDP 1 1 /03 m icrocom
puters. The new memory features easy 
ex pansion from 8 K bytes to 32 K bytes 
by s imply i n terchanging the 4027 4 K by 
1 bits dynamic memory devices with 
the i r  ' 1 6 K byte equ ivalen ts ,  with no  fur
ther modification to the board. A vai l 
able in  8 ,  1 6 , 24 o r  32 K byte versi?ns, 

Software Co ntro l l ed\ 

D isplay Formats 

The Datacube V R-1 06 video pro
grammab l e  memory board p rovides 80 
by 24, 80  by 1 2, 40 by  24 or 40 by 1 2 
character d isp lay formats u nder  software 
control. The d isplay consists of 1 28 
u p per case, lower case and G reek char
acters in a 7 by 7 or 7 by 9 font. A bi
polar program mable read on ly  memory 
character generator can be used for 
reverse video, under l ine,  half in te nsity, 
b l i nk ing or g raphics block. 

Com patib le  with I n te l  M ult ibus S BC 
series compute rs, the V R-1 06 appears as 
memory and ·occupies 2048 locations i n  
b inary add ressed models  a n d  4096 in  
XY addressed m odels .  A base add ress 
for the board is program med on a 5 posi
tion d ual-in-l ine switch.  An 8 bit i nput  
port accommodates an  opt ional "key
board, and two vid.eo output  ports are 
provi ded :  d i rect d riv·e and composite 
video. 

The Datacube V R-1 06 video pro
gram mable m emory board is p riced from 
$ 540. Ad d itional information is avai lable 
from Datac ube/S M K- 1 ,  670 Main St, 

. PO B 405 , Read ing M A  01 867 .•  
Circl.e 650 o n  inquiry card. 

the un i t  p lugs d irectly i nto the Heath 
k i t/Digital H l 1 ,  LSI - 1 1 ,  PDP 1 1 /03 o r  
LS I -1 1 /2 .  

T h e  C l  1 1 03 i s  avai lable with e ither 
on board d istri bu ted refresh or external 
refresh control l ogic. Data access time is 
350  ns and cycle t ime is 525 ns. On 
board m emory select is avai lable in 2 K 
byte increments u p  to 1 28 K words of 
memory.  Power consu m p tion is u n der 
7 w. 

S ingle qu antity price is $390  for 8 K 
by 1 6  b i ts and $ 9 95 for 32 K by 1 6  bits. 
For fu rther i nformation  contact Chrislin 
I ndustries Inc, 3 1 3 1 2  Via Col inas # 1 02,  
Westlake V i l l age CA 9 1 361  . •  

Circle 651 o n  inquiry card. 
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Post Off ice BC)x - 3097 B : • Torrance , C a l iforn ia 9 0 5 0 3  

- . . · . · · . 

This is a one time purchase of 
NEW Surplus keyboards, re
cently aquired from the Tele
communications Division of the 
Singer Corporation. 
The keyboard features 1 28 
ASCII characters in a 63 key 
format, MOS encoder circuitry 1 1N1 1  key rollover, lighted shift 
lock. control. escape and re
pete functions. 
Sloped pannel and positive feel 
switches, m akes this profes
sional quality keyboard an ex
cellent buy at only $64,95. 
L imited Quantities. 

Each assembly consists ol 16 hermo
��

��
.
-� •• w)-c�liC�I(�:J�d cally seelod reed switches ond TIL u' 

shot"debounceclrcullry. 
Reliable low friction acetal rosin 
plungers are credited lor the smooth 
operation and long Hie of this premium 
keyboard. 
Requires single + 5 volt supply. 

Walnut-grained decorator clock features large .7" LEO display which Is 
driven by the new Nallon9J MM5385 alarm clock chip. Preset 24-hour alarm 
function allows you to awaken at the same lime each morning without 
resetting. Upon reachlr>g the wake-up time, the clock's toudspeaker emits 
a gentle tone. Touch the snooze button and doze off for an additional 9 
minutes ol sleep. Clock also functions u a ten-minute elapse !ltnef. 
"Alarm Set" Indicator, AM·PM display. 

FROM ATARI 

Certified Digital 

CASSETTES 
Won•! drop 1 BI T !  

• 
DISKETTES •s.so . 

BinchSoft <IBMl II 
8 inch 32 sector 
Mini Soft sec. 
Mini 10 sector 
Mini 16 sector 

M E M O R Y 
D Y N A M I C  1 -7 
4 1 1 5  ilKxl I I .  9 5  
4 1 1 6  16Kxl 1 3 .  9 5  

( �ple ll & TRSBO) 
4 1 6 4  641"-Xl • 

B - 3 2  32+ 
1 1 .  50 * 
1 3 . 00 1 2. 25 

• 

• As you may be aware, publishers 
require advertisers to submit their 
ad copy 60 to 90 days prior to 11press11 • 
date. That much lead time in a volatile 
such as memory circuits, makes it extremely 
to project future cost and availability. 
To obtain the best pricing on memory we have made 
volume commitments to our suppliers, which in turn 
affords us the opportunity to sell these circuits at the 
most competit ive prices. Please contact us if you 
if you have a demand for volume state of the art mem
ory products. 

S TA T I C  
2 1 L02 450nS. 
2 1 L02 250nS. 

1 - 3 1  3 2 - 9 9  1 0 0 - 5 C  -999 
I .  49 I .  1 9  I .  0 5  . 9 5  
I .  6 9  I.  49 I. 45 

IK+ 
. 89 

2 1 14 1Kx4 450 6 .  9 5  6. 5 0  
2 1 14 1 Kx 4  300 8. 95 B,  50 

6:  25 
B.  00 

6.00 5.  7 5  
• 

4044 4Kx1 450 B ,  95 
4044 .4Kxl 250 9 ,  95 
4045 1Kx4 4 5 0  B .  95 
4045 1K•4 250 9.  9 5  
5 2 5 7  "low pow. 7. 95 

8. 50 
9. 50 
B. 50 
9.  5 0  
7 .  5 0  

B .  0 0  
9 .  0 0  
B .  00 
9 .  00 
7 .  05 

• 
6. 75 6. 45 

SPEC I A L  C I R C U I T S  

24. 9 5  
9 ,  9 5  

22.  50 
• 

49. 95 

AY5 - ! 0!3A UART 4. 95 
Floppy Disc Controllers 

WD 1 7 7 1  single D. 39, 95 
WD 1 7 B  1 Double D 65,  00 
WD 1 7 9 1  D/D 3740 * 

E P R O M S  1 - 1 5  1 6 - 6 3  64+ 

! 7 0 2 A  2K 4 .  9 5  4 ,  50 4 .  00 
2708 BK 9 .  95 9 .  5 0  9 .  0 0  
2 7 1 6  1 6 K  1 9 .  9 5  
2 5 3 2  3 2 K  

COLOR T E L E V I S I O N  
R.F. M ODU LATOR 

.)0'���4.s0 
t,�•1• 

This lovstlck tuture l0t1r tOOK potentio
mete,., th-111 VJ'Y rnlst.,'lce propottionat to 
the engle ol the etlek. Perl&et trv tolovialon 
gamn. Quad atereo and radio conlrolllld 
alrcr1!t. 

Potter & Brumfield 
REED RELAY 
5volt coi�pulls3.5v . 

o•g•1a� (:asseUe []r•ue 
. COMPUTER CONTROLED 

This precision 1/0 assembly features 
remote software controlled search 
capabilities. Two independent capstan 
drive motors allow the computer to 
control direction and speed of the 
transport. 
The assembly consists of a Raymond 
cassette transport, chassis, mother
board and three edge cards: read/write, 
capstan drive & control card. 
Current replacement valued at over 
$700.00. Schematics and complete 
documentation included. USED, but in 
excellent condition. 

���,.. .. Pace Wire Wrap Kits 
precut & stnpped 

u, to so too "'S.98 
2N2222A .ZO .18 .16 .15 

2N3055 .69 .65 .59 .55 

MJ3055 .79 .75 .69.65 : 
2N377Z 1�9 U9 1.l9 1�9 12v.ct. 175mA. 

KIT No.1 •s�s 
900 Assorted Len,ths 

KIT No.2 •19�s 
2800 Assorted Len&thl . 

Z50' Bulk Wire 

2N3904 -15 .11 .09 .07 I-....:;TA:.:;A::;N:.:;S:;::F�O::;A:.:;M:::.:;EA:.:...-+..::::.:.:.::.:::.:::7::::.=:.;::.--! 
2N3906 .15 .1 1 .09 .07 

D i o d e s  
10 2 5  100 

1N4002 IOOv.:iiiO&.OS 
1N4005 600Y . •  10.08.Q7 

1N4148 si1n•l .07 .05.04 

your choice 
10 50 tOO tk $.98 S.88 .81 .73 .66 

SPDT Miniature Toggies 
7101 C&K ON -NONE· ON 
7107 jbt ON·OFF(mnt.ON) 

-''"'::-�:-'":- 1 ����e�K JBOTN_- <_m_om_e�pg�) 

wire Wrap 
ea. 25 so ----
37< 36 35 

38 37 36 

99 93 85 

Rotuy 3P-4-Pos. 
Rotary 3P- 6-Pos. 
Push 8 (N.OJ $..39ea. 4151 

low profile 
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Wbat's NewP P E R I P H E RALS 

64 C haracter by  1 6  L ines  Video Disp lay Board 

Requir ing +8 VDC at 1 .2 A, the 
F lashwri ter  generates a video d isplay of 
1 024 ch aracters arranged as 1 6  l i n es of 
64 characters each and uses a 7 by  9 dot 
matrix to p rod uce a h igh q ual ity, h igh 

resolut ion  d isplay image. The board also 
has an 8 bit parallel port w ith latched 
strobe that m ay be used as a keyboard 
port . 

I n  addit ion to al phanumer ic d isplays, 
the F lashw riter can generate character· 
by-character, reversed video, red uced 
intensity, b l ock and l ine graphics .  I t  
contains its own screen refresh m emory 
and is designed to operate with 4 M Hz 
p rocessor c lock rates. 

The F lash w riter is fu l ly  com patib le 
w ith most S-1 00 bus m icrocomputers. 
I ts video output conforms to RS- 1  70 
requ irements and is avai lable as com
posite video or separate video and sync .  

I t  is p r iced at  $ 1 95 for  the kit  o r  
$235  assem bled and  tested . For more 
informat ion, contact Vector  Graphic  
I nc ,  790 Ham pshire Rd,  Westlake 
Vi l lage CA 9 1 36 1 .• 

Circle 529 on inqui ry card. 

Memory Board with 2 7 1 6  Programmable  Read On ly  Memory Programmer 

Cromemco 's 32 K byte Bytesaver 
card provides an on board 2 7 1 6  pro
gramm able read only mem ory pro
gram mer .  I nform ation can be stored 
permane ntl y by a s im ple, one tim e  
w rite of the desi red d ata into a n  erased 
p rogram mab le read on ly  m emory w ith 
the on board program m er tu rned on.  
The  card also p rovides a fu ll 32 K byte 
c.apacity of nonvolati le storage for 
read on ly memory i n tensive appl ications. 

RS-2 32 Pri nter Adapter for the 
Com modore P ET 
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The 32 K byte Bytesaver holds 
up  to 16 of the I n tel 27 1 6  m emories 
or equ ivalent.. Sw itches are p rovided to : 
protect a.nd unprotect program m able 
read only memo ries ind ivid ua l l y  or in  
grou ps for programm ing; shadow read 
only memory socket pairs, thus a l lowing 
external programmable m emory to over
lap portions of read only memory ad
dress space , sel ect card address , and 
control the Bank-Select and d irect m em 
ory access i n p u t  and output features. 

The 32 K byte Bytesaver is designed 
for use with the S-1 00 bus and is

· 
com

pati ble with Cromemco's System Two 
and System Three computers. 

The card is avai lable in kit form for 
$ 1 95 and assem bled and tested for 
$295 .  Contact Cromemco I nc,  280 
Bernardo Av, Mou n tain View CA 
94040.• 

Circle 530 on inquiry card. 

A l ine  of peripheral adapters for the 
Com modore PET has been annou nced 
by Connect icut  microCom pu ter, ·1 50  
Pocono Rd , Brookfield CT 06804. The 
Pet ADA pte r  Model  1 200 dr ives an 
RS-232 printer  from the  PET I E E E-488 
bus .  Tl;e PET ADA 1 200 al lows the 
PET owner to obtain hard copy .p rogram 
l ist ings and to type letters, manuscr ipts, 
ma i l i ng labels, tables of data, etc, us ing 
a stand ard RS-232 pr inter.  

The P ET ADA Model 1 200 i s  avai l
able assembled and tested w ithout 
power su pply,  case or  RS-232 connector 
for $98 .50 or com plete for $ 1 69.  Add 
$5 for shipping and handl i ng. S pecify 
d ata tra nsmission rate when order ing 
( 300 bps is suppl ied u nless otherw ise 
req uested ) .•  

Circle 53 1 o n  inquiry card. 

N ew Non impact I n k  j et Pr inter 

Cal led Quietype, th is non im pact i nk  
j e t  p rin ter  p r i nts 1 80 characters per sec
ond and is well su i ted for desktop oper
ation in offices, l i b raries, h osp ita ls  and 
oth er  env i ronments wh ere m i n imum 
noise leve ls  a r e  d esirable. 

Qu ietype operates b id i rect ional ly,  
e m ploying a motion m i n i mizat ion algo
ri thm to m ax im ize th rough p ut. It pr ints 
80 charaeters per l ine  as standard for
m at, us ing a 96 character ASC I I  set, and 
can also swi tch to 1 3 2 characters per 
l ine  in  com pressed form at. 

The i n k  del ivery system uses a p res
surized disposable i n k  cartridge that 
su ppl ies  ink to the pr int h ead th rough a 
flex ib l e  tube. A s imp le  p ressure regu la
tor in the head controls replenishment  
of the  i n k  supp ly .  

The Quietype has been designed for 
video h ardcopy, m m 1compute r  and 
mic rocom putor  outputs, and m essage 
switch ing appl ications. Pr inting is done 
on a se lf-con tai ned rol l  of c lass I I  Tele
type p aper. 

The s i ngle un i t  p rice for the pri n ter  
with an RS-232 i n terface i s  $ 2495.  Dis
posable i n k  cartridges capable of p r in ting  
s ix  m i l l ion  characters ( about  3000 pages) 
are priced at  $ 1 7 .50 e ach . Contact 
S i lonics I nc, 525 Oak mead Pky, POB 
9025,  Sun nyvale CA 94086. •· 

Circle 532 on inquiry card. 

Serial  10 for A pp le  I I  

A serial 1 0  board. for the A pple I I  
has been annou nced b y  Electronic 
Systems, POB 9641 , San j ose CA · 

95 1 5 7 .  The board comes with soft
ware for BAS IC  10 p rograms and m on
itor to Teletype or other serial device 
and a p rogram for us ing the A pple I I  
for a video te rmina l .  The  board has 
switch selectab le  parity, . num ber of. 
stop b its and j umper selectab le  add ress. 
Data rate goes to 30  k bps. The RS-232 
1 0  is ava i lable as an assem bled and 
tested unit for $ 62 ,  a kit  with parts for 
$42 or ci rcu it board for $ 1 5 .  Fu l l  
documentation and software are 
inc luded.  For i nformation about addi
tional k i ts, contact the com pany . •  

Circle 533 on inquiry card. 
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H ewlett-Packard Annou nces New Line of Calculators 

A fam ily of five new hand he ld cal
cu lators designed for scien tific and 
financial appl ications has been intro
d uced by the Hewlett-Packard Com
pa�y. The five calcul ators, col lective ly  
entit led Series E,  inc lude the  H P-3 1 E, 
H P-3. 2 E  and H P-3 3 E  scientific models 

S-1 0 0  Cardframe Construction Kit 

A starter set for the constru ction of 
an S-1 0 0  cardframe and power supp ly  
has been  announ ced by O bjective 
Design I nc ,  POB 20325 , Tall ahassee 
F L  3 2304. The kit al l ows the beginner 

Vector Graphic Z-80 Processor Board 
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and the HP-3 7 E  and H P-3 8 E  business 
models. These cal culators replace m u ch 
of the com pany's present low end  hand 
held calculator product l ine. 

New features include a diagnostic 
error code system whereby the operator 
is informed of the error through a code 
num ber. There are as man y  .as n ine  such 
numbers (depending on the mode l ) ,  
each representing a particular type of 
operating or programming m istake. Each 
calculator automatical ly  inserts com mas 
in displayed num bers as they are needed. 
A low battery ind icator l ight on the d is
play warns the operator that the bat
teries are low in time to recharge. 

Each Series E calculatort comes with 
a new modular docu mentation system.  
There is an  introductory m an ual that 
provides a basic outl ine of the capa
bi l i ties common to all models in the 
family. 

Each calcu lator is priced consider
ably less than its predecessor. The prices 
range from $60 to $ 1 20. Contact I n
qu i ries Manager, Hewlett-Packard Com
pany, 1 507  Page Mi l l  Rd, Palo A lto CA 
94304.• 

Circle 534 on inquiry card. 1 

or advanced com pu terist to construct 
a qu ality, - d u rable cardframe w i th room 
for 22 cards. The kit contains front and 
rear panels specially prepunched for 
maximum versati l i ty,  sup port bars, 
structu ral bars, motherboard su pports, 
a set of ten card guides, chassis plate 
and a ± 16 V at 2 A power supp ly. 
Panels inc lude cutouts for switches, 
power cords, connectors and moth er
board extensions. No motherboard or 
fan is provided, although the cardframe 
wil l accept most popular versions of the 
S-1 00 motherboard. The frame is d e
signed to allow the addition of a front  
panel , cover and bottom plate ; these 
items are not suppl ied . 

The cardframe kit is avai lable with 
power supply for $ 1 54.50 and without 
power for $89.50 plus 5% .US and 
Canadian ship ping. I nd ividual frame 
parts are avai lable.• 

Circle 5 3 5  on inquiry card. 

This new Z-80 p rocessor board is 
offe red assem bled or in  kit form. The 
board offers fu l ly  b locked design with 
on board wait state select, and is j u m pe r  
selectable for operation a t  2 M H z  o r  
4 M H z .  T h e  board wil l  operate stan
dard 8080 software without  modifica· 
tion. All Z-80 l i nes are fu l ly  buffered. 

It is available for $ 1 7  5 as a k it  or 
$ 2 1 5  assem bled. Technical data cover
ing the Z-8 0 processor board and other 
p roducts may be obtained from Vector 
Graphic Inc, 790 H am pshire Rd, West
lake Vil lage CA 9 1 361 . •  

Circle 536 o n  inquir'y card . 

LM-2 Self-Powered Logic M onitor 

The LM-2 is a self-powered version of 
Conti nental S pecialties' earl ier L M-1 
logic monitor. A rotary switch selects 
the proper threshold fo r monitoring 
logic levels i n  RTL/DT L ,  TTL/HTL and 
CMOS circuits.  The bu i l t- in power 
su pp ly  prevents u nd u e  circu i t  loading 
by  th e logic m onitor itself. A separate 
cable for CMOS c i rcu i ts uses the vol tage 
of the circuit u nder test to determ ine the 
logic threshold leve l .  I t  operates to a 
m axim u m  useful input  frequency of 
30 kHz (at 5 0% of duty cycle ) .  The 
LM-2, com plete w ith bui l t-i n 1 1 7 VAC, 
5 0/60 Hz power su pp ly , is priced at 
$ 1 29 .95.  A 220 VAC, 5 0/60 Hz model 
is available at 1 0% m ore. For add itional 
inform ation co ntact Conti nental Special
ties Corp, 70 Fu l to n  Ter, N ew Haven CT 
06509.• 

Circle 5 3 7  on inquiry card. 

Kit I ntroduces Students to Computers 

A 7 piece Com pu ter Project Kit 
(CPK)  for students in  el ementary or sec
ond ary school and ad u l ts has been intro
d uced by  Edu-Pac Publ ishing Com pany, 
POB 27 1 0 1 -B K ,  Min neapolis MN 5 5427 .  

Designed as a m otivational device 
for career education, th is k it  p rovides 
the stu dents with not on ly  a brief chron
ological h istory of the com puter and 
answers to a l ist of m ost frequently 
asked questions, but  also provides al 
hands on approach for entering data 
u sing actual data input  d evices. 

The Computer Project Kit can be 
used as part of a mathematics or  science 
course, as an introductory un it to a 
computer cou rse or as a u nit in itself. 

I nc luded in  this color coded kit is a 
card decoder, pfepu nched with alpha
n um eric characters; a m ark sense card on  
which the  student  can  code  h is  or her  
name and  add ress; a pr inted Teletype 
tape decoder sheet; and actual sam ples 
of m agnetic and prepunched Tel etype 
8 level tapes. 

The kits cost 20¢ each in m in imum 
quantities of  50 (sh ipping charges are 
added and b i l l ed ) .  A si ngle preview copy 
is available for 5 0¢.• 

Circle 5 3 8  on inquiry card. 
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APPLE I I  SERIAL 1/0 

INTERFACE * 
Part no. 2 
Baud rate is continuously adjustable 
from 0 to 30,000 • Plugs into any periph
eral connector • Low current drain. RS-
232 input and output • On board switch 
selectable 5 to 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 for using an Apple II for a video or an intelli
gent terminal. Also can output in correspondence code 
to interface with some selectrics. Board only - $15.00; 
with parts - $42.00; assembled and tested - $62.00. 

MODEM * 
Part no. 1 09 
• Type 1 03 • Full or half 
duplex • Works up to 300 
baud • Originate or Ans
wer • No coils, only low 
cost components • TTL 
input and output-serial • 
Connect 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 
• Board supplies a regulated +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 $1 2.50; with 
parts excluding transformers $42.50 

Part no. 1 1 1  
• Play and record Kansas 
City · Standard tapes • 
Converts a low cost tape 
recorder to a digital re
corder • Works up to 1 200 
baud • Digital in and out 
are TTL-serial • Output of 
board connects to mic. in 
of recorder • Earphone of 
recorder connects to input on board • No coils • 
Requires +5 volts. low power drain • Board $7.60; 
with pa.rts $27.50 

Part no. 106 
• Stand alone TVT 
• 32 char /line, 16 
lines, modifications 
for 64 char /line in
cluded • Parallel 
ASCII (TIL) input • 
Video output • 1 K 
on board memory • 
Output for compu
ter controlled cur
ser • Auto scroll • 
Non-destructive curser • Curser inputs: up, down. left. 
right, home. EOL, EOS • Scroll up, down • Requires +5 
volts at 1 .5 amps, and -12 volts at 30 rnA • All 7400, TIL 
chips • Char. gen. 251 3 • Upper case only • Board only · 
$39.00; with parts $1 45.00 

TIDMA * 

Part no. 1 1 2  
• Tape Interface Direct Memory Access • Record 
and play programs without bootstrap loader (no 
prom) has FSK encoder/decoder for direct con
nections to low cost recorder at 1 200 baud rate, 
and direct connections for inputs and outputs to a 
digital recorder at any baud ra,te. • S-1 00 bus com
patible • Board only $35.00; with parts $110 .00 

UART & BAUD RATE 
GENERATOR* 
Part no. 101 
• Converts serial to parallel 
and parallel to serial • Low 
cost on board baud rate 
generator • Baud rates: 1 1 0, 
1 50. 300, 600, 1200, and 
2400 • Low power drain +5 
volts and -12 votts required 
• TIL compatible • All characters contain a start bit, 5 to 
8 data bits, 1 or 2 stop bits. and either odd or even parity. 
• All connections go to a 44 pin gold plated edge connec
tor • Board only $12.00; with parts $35.00 with connector 
add $3.00 

ELECTI\ONIC SYSTEMS Dept. B, 

Part no. 300 
• 8K Altair bus memory • 
Uses 2102 Static memory chips • Mem-
ory protect • Gold contacts • Wait states • On 
board regulator • S-1 00 bus compatible • Vector 
input option • TRI state buffered • Board only 
$22.50; with parts $1 60.00 

RF MODULATOR * 

Part no. 1 07 
• 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 this 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 • Boa�d $7.60; with parts $1 3.50 

RS 232/TTY * 

INTERFACE 

Part no. 600 
• Converts RS-232 to 20mA 
current loop. arid 20niA current 
loop to RS-232 • Two separate 
circuits • Requires +12 and -1 2 
volts • Board only $4.50, with 
parts $7.00 

RS 232/TTL* 

INTERFACE 

Part no. 232 
• Converts TTL to RS-232, 
and converts RS-232 to 
TTL • Two separate circuits 
• Requires -1 2 and +12 volts 
• All connections go to a 10 pin gold plated edge 
connector • Board only $4.50; with parts $7.00 
with connector add $2.00 

P.O. Box 21638, San Jose, CA. USA 95151 
Mention part number and description. For parts kits add "A" to part number. In USA. shipping paid for 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. California residents add 6.5% 
for tax. Outside USA add 10% for air mail postage, no C.O.D.'s. Checks and money orders must be payable in US dollars. Parts kits include sockets for all 
ICs. components, and circuit board. Documentation is included with all products. All items are in stock, and will be shipped the day order is received via 
first class mail. Prices are in US dollars. No open accounts. To eliminate 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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Compute r  Related Additions to 
Buckeye Stamp i ng Case L ine 

The B uckeye Stamping Com pany , 
555  Marion Rd,  Co lumbus  OH 43207, 
has annou nced an expansion of its in ·  
strument  case l ine  by offering cases with 
keyboard hold ers and video d isplay 
canop ies . 

These computer related addit ions, 
fabricated of extruded al u m i n u m ,  are 
offered in standard 1 7  inch (43 em)  
w idths. The new cases a re  now offered 
w ith b lue  or black vi ny l  tops w ith 
m atching feature stripes or with teak· 
wood viny l  as an opt ion.  

Cases se l l  i n  a p rice. range of $ 1  00 
to $ 2 1 5  complete.• 

Ci rcle 652 on inquiry card . 

Floppy Disk Preservers 

Protect your flexible disks from mag· 
netic degradation, erasure, or physical 
damage. Th_is i tem wil l  also protect 9 
inch ( 22.86 em)  diameter tape reels. The 
case is designed for storage, sh ipment  
and hand carrying. A wide choice of 
models and capacities are also avai lable 
for standard reels, disks, disk packs and 
standarf cassettes. For further i nforma
tion con tact Magnetic Shie ld Division,  
740 N Thomas D r, Bensenvi l le  I L  60 1 06 
and request their TP-5 catalog.• 

Circle 653 on inquiry card. 

New Catalog from PAl  A E lectronics I nc  

P A I A  Electronics' newest 24  page 
catalog l ists dozens of kits for the m usi· 
cian or .experimenter. Featu red in  the 
catalog are the m ost recent additions to 
the PA I A  l i ne :  d igi tal computer con
trol led e lectronic m usic synthesizers , 
orchestral string synth esizer, low cost 
video d isplay modu le  and si ngle board 
compu ter. The G nome microsy n the
sizer and a wide variety of special effects 
devices are also shown.  The catalog is 
avai lable w i thou t charge by  writing: 
PA lA Electron ics I n c ,  1 020 W Wilshire 
Blvd, O kl ahoma City OK 7 3 1 1 6.• 

Circle 654 on i n q u i r y  card. 

3M I ntroduces Com patib l e  Data 
Cartridge with 50% Greater Capacity 

f. n  extra length (450 feet of tape) 
data cartridge that provides 5 0% m ore 
data capacity for users of the S cotch 
brand DC 300A data cartridge is now 
avai lable from 3 M  Com pany's D ata Prod· 
ucts Mincom D ivision ,  Dept 89, 3 M  
Company, P O B  3 3600, S t  Paul M N  
5 5 1 33 .  T h e  S cotch brand DC 300X L 
cartridge is suitable for backup of disk 
d ata systems and in  appl ications where 
extensive logging is i nvolved. It can be 
used in  appl ications which have been us· 
ing the DC 300A data cartridge. The 
basic price for the DC 300XL is $ 23.• 

Circle 655 on inquiry card. 

ATWOOD ENTERPRISES 
KITS I 

I 
I 

$ 79.95 4K RAM Available assembled and tested $89.95. I 
- - - - - - - - - - - - - - - - - - -- -- - - - - - - - - � 

$ 1 29.95 4K PROM Bipolar 51 2 x 8 Proms 93448/6341' .  J 
-S1 49.95 -8K-EPROM- Needs on�K spa:271:----- I ------------------------------, 
$ 59.95 DIGITAL 1/0 8 parallel ports plus 1 6  i nterrupts. I 

- - - - -- --- � - - - - � - -- - ------ - - - --� 
�

-

99.95_A N ALOG_! N_��pu�bi�10�icr��ds. J 

CONTROL 
I F  YO U A R E  GO I N G TO 
CONT R O L A N YT H I N G :  
SO L I D STATE R E LAYS 
CONSO LE D I S P LAY BA N KS 
CONSO LE SWITCH B A N KS 
O R  ANYT H I N G  E LS E -
I F  YO U HAVE A COM P UTE R 
O R  N OT, YO U N E E D  O U R  
N EW 1 /0 B O A R DS. 

• 40 l ine discreet LED display board 
• 40 l ine discreet switch board 
• 40 l i ne new data board 
• Differential driver board 

·• Differential receiver board $ 49.95 PROM PROGRAMMI NG can8������ 3 . 1 -------- - ---------- - ------------, • Opto isolator driver board 
· 

$ 30.00 MOTHER BOARD . 
8 sl

��;���d
c
�8�d

e
e
c
s�
ors 

I 
• Opto isolator receiver board 

-- - ---- - ------ - - -- - --------- - -�----------- - --
MOTH ER BOARD FREE 

W I T H  P U R C HAS E  O F  

4 RAM BOA R D  K I TS 
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MAKE CHECK OR MONEY ORDER PAYABLE TO: 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Discounts available at OEM quantities. For orders less than $25 total, add $1 .25 
for shipping. Cal iforn ia residents add 6% sales tax. Estimated shipping time 2 
days ARO with money order. For checks a l low 7 days for check to clear. 

Circle 25 on inquiry card. 
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. A "Smart" VIDEO BOARD· 0c<f. The EW-2001 KIT At A "Dumb" Price' � . . 

\� A VIDEO BOARD + A MEMORY BOARD + AN I/0 BOARD - ALL IN ONE! 

• STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR I.C. $ 1 99 95 
• NUMBER OF I.C.s  REDUCED BY 50% FOR HIGHER RELIABILITY • MASTER PIECE • 

OF ENGINEERING • FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 

SPECIAL FEATURES : • Programmable no.  of scan lines OPTIONS :  
• S-1 00 bus compatible 

• Parallel keyboard port 

• Underline blinking cursor 

• Cursor controls : up,  down, left, 
right, home,  carriage return 

Sockets . . . . . . . . . . . . . . $ 1 0 .00 

2K Static Memory 
• On board 4K screen memory 

(optional)* relocatable to main 
computer memory 

(with Sockets) . . . . . . $45.00 

• Composite video 
*Min. 2K required for operation of this board. 

4K Static Memory 
(with Sockets) . . . . . . $90.00 

• Text editing capabilities (soft
ware optional) 

DISPLAY FEATURES : Complete unit, assembled 
and tested with 

• Scrolling : up and down through 
• 1 28 displayable ASCII charact

ers (upper and lower case alpha
numeric, controls) 

4K Memory . . . . . . . $33 5 .00 
video memory 

• Blinking characters • 64 or 32 characters per line 
Gum per selectable) 

Basic software on ROM . $20.00 

Text editor on ROM . . . . $75.00 
• Reversed video 

• Provision for on board ROM • 32 or 1 6 lines 
Uumper selectable) 

DEALER 
• CRT and video controls fully 

programmable (European TV) • Screen capacity 2048 or 5 1 2 
• Character generation : 

7 x 1 1  dot matrix 

INQUIRIES WELCOMED 

8080 SUPPORT 
$3 .00 so so� CPU ASCII KEYBOARD KIT $74.00 

• • •  0 • •  0 • •  0 

. . . . . . . . . . 7.95 

0 • •  0 .  0 • • • •  3 .50 

• • • • • 0 • • • •  5 .95 

• 0 • • • •  0 • • •  7.95 

• • •  0 0 • •  0 0 0 8.50 

$7.75 

RAM-2114 
1Kx4 450ns 

$8.00 

• • ! ' • � • • -
- - � . ' 

. ' � � ' . 

GROUNDED 
A.C. CORDS 

WIRE WRAP WIRE 
KYNAR 28 AWG 
$2.95/ 100 Feet 

Blue, Red, White 

Computer Grade 
Capacitors 

5000 mfd 60VDC 
$ 1 .50 

Additional Improvements: Double Size Return Key 

Control Characters Molderd on Key Caps 

• Power: +5V 275mA OPTIONS: 
• Upp�r and Lower Case 
• Full ASCII Set 

EDGE CONNECTOR WIRE WRAP PINS • 7 or 8 Bits Parallel Data 
44 Pin $ 1 .25 - 72 Pin $ 1 .75 - 1 00 Pin (S- 1 00) $5 .45 • Optional Serial Output 

MISC. IC's CMOS LINEAR Transistors • Selectable Positve or 
& Diodes Negative Strobe, and DM8 8 1 0  3/$1  4011 6/$1 .00 !.C.'s Strobe Pulse Width DM82 1 0  $2 ea. 4022 2/$ 1 .70 LM3 20K-5 99 2N3906 7/$1 

N8TI5 $ 1  ea. · 2N4400 9[$ 1  • 2 Key Roll-Over 4023 4/$1 .00 LM320-12 .99 2N4403 9/1 9024 2/$ 1 .50 40 1 5 /$ 1  00 1 2N2222A 4/$1 • 3 User DEfineable Keys 93L08 $ 1 .50 ea. 7 . LM709N 1 1  $ 1  1N4003 1 2/$1 
93L09 2/$ 1 .50 LM7 1 0H 6/$1  1N4005 10/$ 1 • P.C. Board Size : 
93L24 $ 1  ea. LM7 1 1 H  6 /$ 1  1N4148 14/$1 1 7-3/1 6" x 5" 

• Metal Enclosure Painted 
Blue and White 

• 1 8  Pin Edge Con. 
• LC. Sockets 
• Serial Output Provision 

$ 4.00 

(Shift Register) $ 2 .00 
• Upper Case Lock Switch for 

Capital Letters and Nos. $ 2.00 
Assembled (on Sockets) 
and Tested $90.00 

LM74 1 M  7/$ 1  SCR 400V �--------------------------------------------
4A, T0220 $ · 80 APPLE II IJO BOARD KIT 

SHIPPING: Keyboard and Video Board : $3 .50;  o ni L H S  1 2 5 

____ California residents add 6% sales tax ----

ELECTRONICS WAREHOUSE Inc. 
1 603 AVIATION B LVD. 

REDONDO BEACH ,  CA. 90278 -
TEL (21 3) 376-8005 ' 

WR ITE FOR FREE CATALOG 

Plugs Into Slot of Apple II Mother Board 

1 8  Bit Parallel Output Port 
(Expandable to 3 Ports) 

1 Input Port 
1 5mA Output Current Sink 

or Source 
Can be used for peripheral 

equipment such as printers, 
floppy discs, cassettes, 
paper tapes, etc. 

1 free software listing for 
SWTP PR40 or IBM selectric 

PRICE: 
1 Input and 1 Output 

Port for $49.00 
1 Input and 3 Output 

Ports for $64.00 
Dealer Inquiries Invited 
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SYSTEMS 

Four Disk M icrosystem I ntroduced by  P rocessor Technology 

The New M D-690,'an S-1 0 0  Compatib le  6800 

The M D-690 is an S-1 00 com patible 
processor board featu r ing the Motorola 
6800 processor. This processor uses the 
M C6802 which combines the instruction 
set of the 6800 with internal p rogram
mable memor¥ and crystal controlled 
clock. 

The board comes complete with 
Monbug, a 1 K byte monitor program 
which is software com patib le  with the 
standard Motorola M I KB U G  monitor, 
although it is designed to interface with 

M icrocom puter Trainer 

The m icrocom puter trainer, Model 
MCT-1 , is a microcom p u ter useful in 
the design of m icroprocessor systems. 
It is i n tended to highlight various activi-
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most ultrafast memory mapped video 
and graphics cards. 

The processor card also features 
interru pt d riven keyboard i nput for fast 
1 0  and an on card 2400 b ps Manchester 
cassette interface. There are 1 K bytes of 
user avai lable program mable memory on 
the card .and provision for a second 
expanded monitor. A 2 M H z  option is 
also avai lable. 

The price for the S-1  00 bus MC6802 
processor card, complete with the 2400 
bps cassette interface, 1 K byte monitor 
and 1 1 52  bytes of program m able 
memory, is $ 1 9 8 in kit form . The pro
cessor is also avai lable in a co mplete sys
tem ,  the M DS-2, which inc ludes a case, 
power supply'  motherboard, video 
graphics card and custom keyboard, 
priced at $ 5 79 in kit form and $ 79 8  
assem bled. An extensive l i ne o f  software 
which mates the video graphics capabi
l ity of the M D-690 processor is also 
avai lable. Contact M DS,  POB 3605 1 , 
Los A ngeles CA 90036.• 

Circle 540 on inquiry card. 

ties of the microprocessor whi le exe
cuting programs. The m icrocomputer 
trainer provides the required support 
to learn software, debugging, com p u ting  
concepts, peripheral interfacing through 
the sequence of events associated i n  
program execution. This h ands-on 
experience reinforces the basic concepts 
of hardware and software tradeoff. 

The un i t  comes fu l ly  documented  
with i l lustrative user-oriented software 
l ibrary. I t  costs $720 from Al l ied Corl\· 
puters, .B-58, Ashok Nagar, Madras-600 
083 I N D I A .• 

Circle 541 on inquiry card. 

This in tegrated small  com puter sys
tem with four ful l-size floppy disks on 
l ine has been in troduced by Processor 
Technology Corp, 7 1 00 j oh nson I ndus
trial 

"
o r, Pleasanton CA 94566. The new 

system , S ol S ystem IV, i nc ludes the 
company's Sol-20 m ainframe with 
50,1 76 8 b i t  words of program m able 
mem ory, a Hel ios I I  Model 4 d isk mem
ory system, PTDOS disk operating 
system , Extended Disk  BAS IC ,  a video 
mon itor and com plete docu mentation. 
Total m ass storage capabi l ity on four 
formatted d isks is 1 .5 m il l ion bytes. 

The PT DOS disk o perati ng system 
offers com plex ed i tors, assem bler, de
vice-i ndependent files and random in
dexed files. The video disp lay can be 
add ressed randomly to any p osition on 
the screen. Extended BAS IC  inclu des 
stri ng and advanced fi l e  functions, 
timed input, com p lete m atrix algebra, 
base 1 0  and rational logarithms, trig
onometric fu nctions, exponential num
bers and 8 digit precision. 

In addition to Extended BAS IC ,  D isk 
FORTRAN and Disk P I LOT are avai l
able as options. The price for the Sol 
System IV, fu l ly  assem bled and tested, 
is $ 7995.• 

Circle 539 o n  inquiry card. 

Attention Designers: 
A 6800 in a Box 

This ready to u se m icrocomputer fea
tu res th e 6800 m icroprocessor an.d is 
based on M otorola's M E K6800D2 evalu
ation kit. The Rank 6 8/01 i s  housed in a 
m etal cabinet and 'provides 256 bytes of 
user programm able memory and 1 K 
bytes of read only memory containing 
M otorola's ) B UG m on itor program · 
which perm its the user to examine and 
alter memory locations; save and load 
programs to and from cassette tape; ex
amine processor registers; insert and re
m ove breakpoints and step one i nstruc
tion at a t ime. The 68/01 comes com
p lete with 6 ch aracter h exadeci mal dis
p lay and keyboard, cassette interface 
and three user manuals. Th.e computer 
board h as sockets for 256 bytes of extra 
programm able memory, two 2708 eras
able read only m em ory parts and buf
fers. Rank also offers the u nit  with an 
in c i rcu i t  emu lator feature for testing · 

and debugging other 6800 circuits, called 
the 68-01 E .  P rices are $ 3 5 9  for the 
6 8/01 and $ 7 1 5  for the 6 8/0 1 E from 
Ran k Peripherals of Canada, 4998 Blvd 
de Maisonneuve W ,  Su i te 1 020,  Montreal 
PQ CA N A DA H 3 Z  1 N2 .• 

Circle 542 on inquiry card. 
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DIODES/ZEN ERS SOCKETS/BR I DG ES T RANSI STORS, LEOS, etc. 
1 N9 1 4  1 00v 1 0mA .05 8-pin pcb .20 ww .35 2N2222 NPN (2N2222 Plastic . 1 0) . 1 5 
1 N4no5 600v 1 A  .08 1 4-pin pcb .20 ww .40 2N2907 PNP . 1 5  

2N3906 PNP (Plastic - Unmarked) . 1 0  1 N4007 1 000v 1 A  . 1 5  1 6-pin pc;b .20 ww .40 2N3904 NPN (Plastic - Unmarked) . 1 0  
1 N41 48 75v 1 0mA .05 1 8-pin pcb .25 ww .75 2N3054 NPN .35 
1 N4733 5. 1 v  1 W Zener .25 22-pin pcb .35 ww .95 2N3055 NPN 1 5A 60v .50 
1 N753A 6.2v 500 mW Zener .25 24-pin pcb .35 ww .95 T 1 P 1 25 PNP Darlington .95 

LED Green, Red, Clear, Yellow . 1 5  1 N758A 1 0v " 

1 N759A 1 2v " 

1 N 5243 1 3v " 

1 N 5244B i 4v " 

1 N5245B 1 5v .. 

C MOS 
4000 . 1 5 7400 
4001 . 1 5  7401 
4002 .20 7402 
4004 3.95 7403 
4006 .95 7404 
4007 .20 7405 
4008 .75 7406 
4009 .35 7407 
401 0  .35 7408 
401 1 .20 7409 
401 2 .20 741 0  
401 3  .40 74 1 1  
401 4 .75 741 2 
401 5 .75 741 3  
401 6  .35 741 4  
401 7 .75 741 6  
401 8 .75 741 7 
401 9  .35 7420 
4020 .85 7426 
4021 .75 7427 
4022 .75 7430 
4023 .20 7432 
4024 .75 7437 
4025 .20 7438 
4026 1 .95 7440 
4027 .35 7441 
4028 .75 7442 
4030 .35 7443 
4033 1 .50 7444 
4034 2.45 7445 
4035 .75 7446 
4040 .75 7447 
4041 . .69 7448 
4042 .65 7450 
4043 .50 7451 
4044 .65 7453 
4046 1 .25 7454 
4049 .45 7460 
4050 .45 7470 
4066 .55 7472 

4069/74C04 .25 
4071 .25 
4081 .30 
4082 .30 

MC 1 4409 1 4.50 
MC 1 441 9 4.85 

451 1 .95 
74C1 51 1 .90 

9000 SER I ES 
9301 .85 95HOJ 1 . 1 0  
9309 .35 9601 .20 
9322 .65 9602 .45 ' 

MICRO'S, RAMS, CPU'S, 
E-PROMS 

7481 88 3.00 8214 8.95 
1 702A 4.50 8224 3.25 
MM5314 3.00 8228 6.00 
MM53 1 6  3.50 8251 8.50 
21 02-1 1.45 8255 8.50. 
21 02L-1 1 .75 8T1 3 1.50 
2 1 1 4  9.50 8T23 1 .50 
TR 1 602B 3.95 8T24 2.00 
TMS 4044· 9.95 8T97 1 .00 

21078-4 4.95 
6080 8.95 2708 9.50 
821 2  2.95 Z80 P I O  8.50 

Circle 1 80 on inq u i ry card. 

.25 28-pin pcb .45 ww 1 .25 D.L.747 7 seg 5/8" High com-anode 1 .95 

.25 40-pin pcb .50 ww · 1 .25 MAN72 7 seg com-anode ( R ed) 1 .25 

.25 Molex pins .01 To-3 Sockets .25 
MAN361 0 7 seg com-anode (Orange) 1 .25 

.25 MAN82A 7 seg com-anode (Yel low) 1 .25 

.25 2 Amp Bridge 1 00-prv .95 MAN74A 7 seg com-cathode ( R ed) 1 .50 
FND359 7 seg com-cathode ( R ed) 1 .25 

25 Amp Bridge 200-prv 1 .95 

- T T L -
. 1 0  7473 .25 741 76 .85 74H72 .35 . 7451 33 .40 
. 1 5  7474 .30 741 80 .55 74H 1 01 .75 7451 40 .55 
. 1 5  7475 .35 741 81 2.25 74H 1 03 .55 745 1 51  .30 
. 1 5  7476 .40 741 82 .75 74H 1 06 .95 7451 53 .35 
. 1 0  7480 .55 74 1 90 1 .25 745 1 57 .75 
.25 7481 .75 74 1 9 1  .95 74LOO .25 745 1 58 .30 
.25 7483 .75 74 1 92 .75 74L02 .20 7451 94 1 .05 
.55 7485 .55 74 1 93 .85 74L03 .25 745257 (81 23) 1 .05 
. 1 5  7486 .25 74 1 94 .95 74 L04 .30 
. 1 5 7489 1 .05 74 1 95 .95 74 L 1 0  .20 74 LSOO .20 
. 1 5  7490 .45 74 1 96 .95 74L20 .35 74LS01 .20 
.25 7491 .70 74 1 97 .95 74L30 .45 74 LS02 .20 
.25 7492 .45 741 98 1 .45 74L47 1 .95 74 LS04 .20 
.25 7493 .35 74221 1 .00 74L51 .45 74 LS05 .25 
.75 7494 .75 74367 .75 74L55 .65 74 LS08 .25 
.25 7495 .60 74L72 .45 74LS09 .25 
.40 7496 .80 751 08A .35 74L73 .40 74 LS 1 0  .25 
. 1 5  741 00 1 . 1 5  75491 .50 74L74 .45 74LS1 1 .25 
.25 741 07 .25 75492 .50 74L75 .55 74 LS20 .20 
.25 741 21 .35 74L93 · .55 74LS21 .25 
. 1 5  741 22 .55 74 L1 23 .85 74 LS22 .25 
.20 741 23 .35 74HOO . 1 5  74 LS32 .25 
.20 741 25 .45 74H01 .20 74SOO .35 74 LS37 .25 
.20 741 26 .35 74H04 ,20 74S02 .35 74 LS38 .35 
.20 741 32 .75 74H05 .20 74503 .25 74LS40 .30 

. 1 . 1 5  741 41 .90 174H08 .35 74S04 .25 74 LS42 .65 
.45 741 50 .85 74H 1 0  .35 74S05 .35 74 LS51 .35 
.45 741 51 .65 74H 1 1  .25 74S08 .35 74 LS74 .35 
.45 741 53 .75 74H 1 5  .45 74S1 0  .35 74 LS86 .35 
.65 741 54 .95 74H20 .25 74S 1 1  .35 74 LS90 .55 
.70 I 741 56 .70 74H21 .25 74S20 .25 74LS93 .55 
.70 741 57 .65 74H22 .40 74S40 .20 74LS1 07 .40 
.50 741 61 .55 74H30 .20 74550 .20 74 LS 1 23 1 .00 
.25 741 63 .85 74H40 .25 74S51 .25 74LS 1 5 1  .75 
.25 74 1 64 .60 74H50 .25 74S64 . 1 5  74LS1 53 .75 
.20 741 65 1 ,. 1 0  74H51 .25 74574 .35 74 LS 1 57 .75 . 
.25 74 1 66 1 .25 74H52 . 1 5 745 1 1 2  .60 74LS 1 64 1 .00 
.40 741 75 .80 74H53J .25 745 1 1 4  .65 74LS1 93 .95 
.45 74H55 .20 74 LS367 .75 
.40 74 LS368 .65 

MCT2 .95 L I N EARS, R E G U LATO RS, etc. 
8038 3.95 LM320T5 1 .65 LM340 K 1 5  1 .25 LM723 .40 
LM201 .75 LM320T1 2 1 .65 LM340 K 1 8  1 .25 LM725N 2.50 
LM301 .45 LM320T 1 5  1 .65 LM340K24 1 .25 LM739 1 .50 
LM308 (Mini )  .95 LM324N 1 .25 78L05 .75 LM741 (8-1 4) .25 
LM309H .65 LM339 .75 78L1 2 .75 LM747 1 . 1 0  
LM309K (340K-5)85 7805 (340T5) .95 78L 1 5  .75 LM 1 3b7 ' 1 .25 
LM31 0  .85 LM340T1 2  .95 78M05 .75 LM 1 458 .65 
LM31 1 D (Mini  I .75 LM340T 1 5 .95 LM373 2.95 LM3900 .50 
LM3 1 8  (Mini )  1 .75 LM340T 1 8  .95 LM380 (8-14  PIN) .95 LM,75451 .65 
LM320K5(790511 .65 LM340T24 .95 LM709 (8, 14  PI N) .25 N E555 .35 
LM320K 1 2  1 .65 LM340K 1 2  1 .25 LM7 1 1 .45 N E556 .85 

N E565 .95 

INTEGRATED C IRCU ITS UNL IM ITED N E 566 1 .25 
N E567 .95 

7889 Clairemont Mesa Bou levard, San D iego, California 921 1 1  
(714) 278-4394 (Calif. Res.) SPEC I A L  

DI SCOUNTS 
Al l  orders shipped prepaid No minimum Total Order Deduct 
Open accounts invited COD orders accepted $35 - $99 1 0% 

Discounts available at O EM Quantities California Residents add 6% Sales Tax $ 1 00 - $300 1 5% 

AII I C's Prime/Guaranteed. A l l  orders sh ipped same day received. $301 - $1 000 20% 

24 Hour Toll Free Phone 1-800- 854-221 1  American Express I BankAmericard I Visa I MasterCharge 
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co•ooo 
C04001 
C04002 
CD4006 
C04007 
C04009 
COiOIO 
C0401 1 
C04012 
C04013 
C0-1014 
C04015 
C0..:016 
CO�OI7 
C04018 
C04019 
C041l21l 
C0�021 
C0402Z 
C04023 
CD4�:� 
C04025 
C04026 
C04027 

78MG I.MJOOH 
t.M301CH/H 
LMJ02H 
LMJ<l4H 
'"""" 
LN307CNIH 
LMJ08CHIH 
LM3D9H 

LM309K 
LM310CH 
LM31 1H,tl 
LM312H 
LMJ11K 
LM31BCH/H 
LMJ19H 
lMl20K-5 
LMJ20K-5.2 
LM320K-12 
LM320K·15 
LM320K-18 
LM320K·24 
LM320T-5 
LM320T-5.2 
LM320T-8 
LM320T-12 
LM320T·15 
LM320T·18 
LM320T-2-4 
LM323K·S 
LM324N 
LM339N 
LM340K·5 
LM340K·6 
LM340K-8 
LM340K-12 
LM3401HS 
LM340K-18 
LMJ.40K·24 

.23 

.23 
23 

1 19 
2; 

... ., 

.23 
25 
39 

139 
1. 19 

49 
1 19 

99 " 
1 1 9  
1 39 
1, 19 

23 
79 
23 

2 25 69 

1.75 
... 
.35 
.75 

1 .00 
.60 
.35 

1 .00 
1.10 
1 .25 
1.15 
.90 

2.00 
6.50 
1 .50 
1 .30 
1 .35 
1.35 
1.35 
1.35 
1 .35 
1.35 
1 .25 
1.25 
1 .25 
1 .25 
1.25 
1 .25 
1.25 
5.95 
1 .80 .99 
1.35 
1.35 
1 35 1.35 

C/MOS 
C04028 . 89 
C04029 1 19 
C04030 " 
C04035 ".99 
C04040 1 19 
C04()41 1.25 
C04042 99 
C040-13 .89 
C04044 .89 
C04�6 1 79 
C04047 2.50 
C04048 1 .35 
C04049 ., co.;oso ·'' 
C£).4051 1 19 
C04053 1 19 
C04056 2.95 
C04059 9.95 
C04060 1.49 
C0�066 .79 
C1>1068 39 
C04069 .45 

74COO 
74C85 3.95 
74C90 3.00 
74C93 2.00 
74C95 2.00 
74C107 1 .25 
74CI51 2.90 
74C1S4 3.00 
74CI57 2.15 
74C160 3.25 
74C161 3. 25 

L INEAR 
LM340T-6 1.25 
LM340T-8 1.25 
LM340T-12 1.25 
LM340T·15 1 .25 
LM340T-18 1 .25 
LM340l·24 1 .25 
LMJSON 1.00 
LMl51CN .65 
LM370N 1.15 
u.t373N 3.25 
LM377H 4.00 
LM38<lN 1.25 
LM380CN .99 
LM381N 1.79 
LM38211 1 .79 
NESOI N 8.00 
NE510A 6.00 
NE529A 4.95 
NESJIH/V 3.95 
NE536T 6.00 
NE540l 6.00 
NE544N 4.95 
IIES50N 1 .30 
IIE555V .39 
NE556N .99 
NE5608 5.00 
NE561B 5.00 
NE562B 5.00 
NE565Nnt 1 .25 
NE566CN 1 .75 
NE567VJH .99 
NE570N 10.50 
LM70JCN/H .45 
LM709NIH .29 
LM710N .79 
LM71 1N 
LM723NIH 
LM733N 
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C04071 .23 
C04072 .49 
C04076 1.39 
C04081 . 23 
CD4082 23 
CD4093 99 
CD409B 2 49 
MC14409 14 95 
MC14410 14.95 
MC!441 1 14 .95 
MCU419 4.95 
MCU433 1 9 95 
MC14506 75 
�C14507 .99 
I.IC14562 14.50 
MC14� 3 50 
CD4508 3 95 
CD4510 1 39 
CD4511 1 29 C04515 2 95 
C0•1518 1 29 
C04520 1 29 
C04566 2 25 

LM741CNIH .35 
LM74H4N .39 
lM747HIH .79 . 
LM748NJtt .39 
LM1303N .90 
LM\30411 1 . 19 
LM\30511 1 .40 
LM1307N .85 
LM131!»4 2.95 
LM1351N 1.65 
LM1414N 1 75 
LM1458CNJH .59 
MCI488N 1.95 
MCI489N 1.95 
LMH96N .95 
LMIS56V 1.15 
MC1741SCP 3.00 
LM2901N 2.95 
LM3053N 1. 50 
LM3065N . 69 
LM3900N(J-401) .49 
LM3905N .89 
LM3909N 1.25 
MC5556V .59 
LM75'25N .90 
LM7534N .75 
80388 4.95 
lM75450N .50 
75451Cil .39 
75452CN .39 
75453CN .39 
75454CN .39 
75491CN .79 
75492CN .89 
75494CN .89 
RC4136 1.25 
RC4151 5.95 
RC4194 5.95 

TYP£ POLARITY MAN 1 Common Anode·red 
MAN 2 5 J11 7 Dol MalrtJC-red 
MAN 3 Common Cathode-red MAN 4 CoiMion CathOde-reG 
MAN 52 Common Anode .green MAN 72 Common Anode-red 
MAN 74 Common Cat/lod!-red MAN 82 Common AnoGe-yenow 
MAH 84 Common Cathode-yellow MAN 3620 Common Anode-orange 
MAN 3630 Common Anode-orange : 1 
MAN 3640 Common Cathode-orange 
MAN 4610 Common Anode·OBIIQt! MAN 4640 Common Ca!hode·o��e 
MAN 4710 Common Anode-red : I 
MAN 473D Common Anode-red MAN 47-40 Common CalhoOt-red MAN 4810 Convnon 

PRICE TYPf POLARITY 
2.95 ldAN 6730 Common Anode-red : 1 US MAN 6740 Common CalhGOe·red·O.O. 

.25 -MAN 6750 Common Calhode·red : I 
1.95 MAN 676D CommDn Anode-red 
1.25 MAN 6780 Commoo CathO<Ie·red 

.99 OL701 Common Anode-red : 1 
1 .25 DL704 Comr.:�n Cilhode·red 

.99 Dl707 Common Anode·Jed 

.99 Ol741 Common Mode·reO 

.99 DL746 Common Anode·red : 1 
.99 Ol747 Common Anode·red .99 OL749 Common CithO<Ie-red � I 
.99 OL750 Common Cithode·red 
.99 OL338 Common Cathode-red 
.99 f/1070 Common C:alhode 
.99 FND359 CommonAnOde .99 fNDSOJ Common Cathode (FNOSOO) .99 FN0507 Common Anode !fHD510) 

HI Pft/Cf 
.560 .99 .560 .99 
.560 .99 
.560 .99 .550 .99 
.300 .99 
.300 .99 
.300 .99 .600 1 .25 
.630 1.49 
.600 1.49 .630 1.49 
.600 1.49 .110 .35 
.250 . 69 .350 .75 .500 .99 
.500 .99 

MAN 6610 r�m�:oo� �=:�;;£�:O 
MAN 6630 MAN 6640 

.99 5082-7730 Common Anode·red 

.99 HOSP-3400Common Anode red 

.99 AOSP·3403 Common Galhode red 

.300 1.30 

.800 2.10 .800 2.10 

.600 19.95 

.600 19.95 .600 1 5.00 .600 22.50 

MAN 6650 
MAH 6660 
MAN 6680 
MAN 6710 

8 pln lP 
1 4 pin LP  
1 6  pin LP 
18 pin LP 
20 pln lP 

.15 

.1 8  

.20 .21 
.30 

.99 5082·7300 . JC 7 Sgl. Oigll·RHOP 

.99 5082-7302 4 x 7 Sgl. OigiHHDP .99 5082-7304 Overrange ct\aracUn l !: 1) 

.99 5062·7340 4 x 7 �J. Oiglt·Hwdecimal 

1-24 

- 22 pin LP S .37 
24 pin LP .38 
28 pin LP .45 
36 pin LP .60 

SOLOERTAIL STANDARD (TIN) "' pin LP .63 

.36 

.31 

... 

.59 

.62 

14 pin ST $.27 .25 ·" - - 28pinST S .i9 .90 .81 
36 pin ST 1.39 1.26 1 .15 

1B pln ST .30 .27 .25 
18 pin ST .35 .32 .30 4tlpln ST 1 .59 1.45 1.30 

2 4 p ln ST ... . 45 .42 SOLDERTAIL STANDARD (GOLD) 
24 pin SG S .70 .63 .57 S pin  SG S.30 .27 ·" - - 28plnSG 1.10 1.00 .BO 

14 pln SG 
16 pin SG 
18 pin SG 

ASST. 1 

ASST. 2 
ASST. 3 
ASST. 4 

.35 .32 .29 .38 .35 .32 
.52 .• 7 .43 

IO OHM 
S ea. 'li QUM 

68 OtlM 
s u. 180 011M 

J70 011M 
s u. ' " 

] Jl\ 
5 n. 8 711 

"' 
S u. "' 

1!)01\ 

S u. '""' 

WIRE WRAP SOCKETS 
(GOLD) LEVEL # 3 -

ll OHM 15 0HM 18 0HM 
:JJ OttM 39 011111 ..li OHM 
82 tJHM IOO OtiM 1700HM 

210 0HM li00HM JJ(J OHM 
560 0HM 680 0111.1 11?0 OtlM 
1 >l<  1 "  7 :.-'K 
' "' � ill "' 
"'' I?K 1 )1( 
?:K JJK "' "' 82< 1()01< 

'""" 22"" liOII. 
4i0K ,.,, """ 

" " '  1 8"' 

36 pln SG 1 .75 1 ... 1 .28 
40plnSG 1 .75 

I� OHM 
J!lO OtiM 

;> ;to, 
b ill\ "'" 
�iii 

1"" "" 
870K 

2 7M 

1.59 1 .45 

PER ASST. 

114 WAn 5·. SD PCS. 

114 wAn s• .• 50 PCS. 

""' WAn 5"• 50 PCS. 

1J4 wAn s•• SO PCS. 

114 WAn s·. SO PCS. 

114 wAn 5•• 50 PCS. 

114 WAn 5�. SOPCS. 
$9.95 ea.  

E L E CTRON I C S  

PHONE 
O R D ERS 

WEL COME (415) 592·8097 
MAIL ORDER ELECTRONICS - WORLDWIDE 

1021 HOWARD AVENUE. SAN CARLOS. CA 94070 

Advertised Prices Good Thru November 

TYPE VOLTS W 
111746 3.3 400m 
1 N75H\ 5. 1 400m 
1N752 5 6  400m 
111753 li 2 400"n 
111754 6 8  400m 
W959 8.2 400m 
IN965B 15 400m 
1115232 5 6  500"n 
1N�J.I 6 2 SOOm 
1N5235 6.8 500m 
1/15236 7.5 500m 
1N4Sli 25 -'Om 
1N458 150 7m 
IN4854 180 !Cm 
1N4001 50 PIV 1 AMP 
IN4001 100 PIV I AMP 
1N4003 200 PIV I AMP 
1114004 400 PIV 1 AMP 

.1• 1 00 
4 1 .00 
4 1 00  
4 1 .00 
4 1 00  
4 1 00  
4 1 00  

28 
28 
28 
28 

6 1 00  
6 1 00  
5 1 00  

12 I 00 
12'1.00 12 1 .00 12 1 00  

R �s�ogP�=�� 1 ·9 10·99 100 
l O p! 
2'2 pl 
47 p1 

lOOp! 
220 pi 
470pl 

OS 04 OJ CKll,..F OS 04 .03 0047�-'F OS 04 03 .DI,...f 
.05 .04 03 .024-of 05 ()4 03 047,,F OS 04 035 !,_.F 12 

1w 
1w 
1w 
1w 
1W 

TOO VOLT MYLAR FILM CAPACITORS 

'" 05 05 09 
00\mt 12 . 10 .07 .022ml .13 I I 
0022 0047ml 

.Oiml 

. I I JSV 
. 15135V 
.2l/35V 
33t35V 
41/JSV 
68135V 

1.013511 

17 10 07 .047ml 21 1 1  
12 10 .07 l m t  '17 23 
12 . 10 .07 .22m: .33 .27 +ZO% DIPPED TAHTALUMS (SOLID) CAPACITORS .28 .23 . 17 1 5135V 30 26 
28 23 17 2.2125V .31 27 
2a 73 . 17 3.3nsv 31 21 
28 .23 17 4.7t25V .32 28 

.28 .23 17 6 8t25V .36 31 

.28 23 17 10125V .CO .35 
28 .23 . 1 7  15/25V 63 50 

MJHIATURE ALUMIHUM ELECTROLmC CAPACITORS 
Axial Lud Radial lull 

PRICE 
\0•1 00  
1011 00  
10 1 00  61 00  
151 1 00 
12- 1 .00 
201 1 .00 

28 
28 
28 
28 
28 
28 

1 60 
1.70 l iO 
1 80  
3 00  

08 
13 
11 
22 

21 
22 

.22 

.23 
25 

.29 
40 

.47/SOV . 15 13 . 10 .471"25V 15 13 . 10 
1 .0/SOV . 16 . 14 II .47i5fN . 16 . 14 . . I I  
3 3/SOV . 14 12 09 1 0!16V IS . 13 10 
4. 7125V . IS . ll \0 1 .0125V . 16 14 . 1 1 

1012SV . 15 . 13 . 10 ! .OISOV 16 . 14 I I  
IO!SOV 1 5  .14 . 1 2  011 liV . 15 . 13 10 
22125V . 17 IS . 12 UI25V .15 . 13 10 'l2150V .24 .20 .18 4.1!50V 16 14 11  
47125V . 19 . 1 7  . 15 10/ISV . 1 4  12 09 
47/SIJV .25 21 19 10125\' ,15 13 10 

10012SV 24 .20 . 18 10150V . 16 14 . 12 
100/SOV .35 30 28 47/5fN .24 .21 . 19 
220125V .32 28 .'25 !00116V . 19 15 
220/SOV .45 .41 38 10012SV .24 20 
47012SV .33 29 .27 IOOlSOV .35 30 

1000/16V .55 . 50 .45 220116V .23 . 17 
2700116V .70 .li2 .55 470125V . 1 

Circle 200 on inquiry card. 



ELPAC 
POWER 

SUPPUES 

1115·125/210·2110 VIC, 47-440 Hz Input: 
Une Regulation �0.1% 
Load Regulation �0.1%no-load to rated-load 
Outpllt Ripple and Noise �0.1%p·p,dc to 10 MHz 
lnpllt/Olltput Isolation 100 megohm de, 900 Vac 
Short Circuit Current 35% rated current 

PART NO. RATINGS 
WAnS VOLTS AMJ'11 

SOLV15-5" 15 5 3 
SOLV15-12" 18 12 1 . 5 
SOLV30-5 30 5 6 
SOLV30-12 48 12 4 
OVP1 oV!r voltage protection for SOLVJ0-5,·12 
'SOt..Vt5·5, 12 1ncludes OVP installed 

SUP 'R' MOD I I  
UHF Channel 33 TV Interface Unit Kit 

'!-Wide Band B/W or Color System 
'1- Converts TV lo Video Display for 
home computers, CCTV camera, 
Apple II, works with Cromeco Daz· 
zler. SOL-20, IRS-80, Challenger, 
elc. 

'1- MOO II is preluned lo Channel 33 
(UHF). 

COP 1802 
P8085 
8080A 
8212 
8214 
8216 
8224 
8228 
8251 
8253 
8255 
8257 

CPU St9.95 
CPU 19.95 
CPU 9.95 
8-Bit Input/Output 3.25 
Priority Interrupt Control 5.95 
Bi-Directional Bus Driver 3.49 
crOck Generator/Driver 3.95 
System ControiJer/BusOriver 5.95 
Prog. Comm. Interface 7.95 
Prog. Interval Timer 14.95 
Prog. Periph. Interface 9.95 
Prog. DMA Control 19.95 

RAM'S 
256 x 1  Static 
1024 x 1 Dynamic 
256 x 4  Static 
1024 x 1 Static 
4096 x 1 Dynvnic 
256 x 4  Static 
256 x 4  Static 
1024 x 4 Static 45Dns 
1024 x 4 S!a!it 450ns Low Power 
1024 x 4 Stalit 30Ckls 
1024 x 4 Staflc 300ns Low Power 
16 x 4  Static 

> 4  Static 
x ! Static 

Z80(780C) CPU S19.95 
Z80A(708-t)CPU 24.95 
2650 MPU 26.50 
MC6800 MPU 14.95 
MC6810API 128 x 8 Static Ram 5.95 
MC6821 Periph.lnterlace Adapter(682.0)7.49 
MC6830LB 1024 x B Bit ROM(68A30) 14.95 
MC6850 Asychronous Comm Adapter 7.95 
MC6852 Syn. Serial Data Adapter 9.95 
MC6880 {MC8T26) Quad Tri State 

Bus Trans. 2.25 
MC6802 MPU w/Ciock & Ram 24.95 

PROMS 
1702A 2048 x t  Famous $ 5.95 
5203 2048 x 1  Famous 14.95 
82523 32 x 8  Open C 3.95 
825115 4096 x 1  Bipolar 19.95 
825123 32 x 8  • Tristate 3.95 
745287 1024 x t  Static 2.95 
TMS25:i2 '" EPROM 99.95 
2708 " EPROM 10.95 
2716 U 16X EPROM 29.95 
2716 1ntei i2516 T.I l 16K EPROM �9.95 
6301-1 1024 x t  Tri·State BipoLar 3.49 
6330·1 256 x t  Open C Bipolar 2.95 

SHIFT REGISTERS 
MM5016H 500!512 Bit Dynamic 
2504T 1024 Dynamic 
2518 Hu32 Bi! Sta!ic 
2522 Dual 132 8it Static 
2524 512 '0ynamic 
2525 1024 Oynamic 
2527 Oual 256 Bit Static 
2528 Ouai250 Sta!ic 
2529 Dual 2408it Static 
2532 Quad SO Bit Static 
2533 tON Static 
3341 Fifo 
74LS570 4 x 4 Register 

UART'S 
'1- �������,.C�,'

xial cable and anlenna �!2!!..-.2!!��!!-====-.:;;�m::���T,;:��r---...:....!..:� 

Part No. 
OB25P-4-P 
OB25P-4-S 
DB25S-4-S 

DJ14-1 
OJ16-1 
OJ24-1 
OJ14-1-14 
OJ16-t-16 
OJ24-1-16 

DB 25 Series Cables 
Cable Length Connectors Price 

4 Ft. 2-0P25P $15.95 ea. 
· 4 fl. 1 -0P25P/1-25S $16.95 ea. 
4 fl. 2-0P25S $17.95 ea. 

Dipped Jumpers Plugs 
1 ft. 1 -14 Pin $1.59 ea. 
1 ft. t -16 Pin 1.79 ea. 
1 ft. 1 -24 Pin 2. 79 ea. 
1 ft. 2-14 Pin 2.79 ea. 
1 ft. 2-16 Pin 3.19 ea. 
1 ft. 2-24 Pin 4.95 ea. 

fw Clltom Clbl11 I Jumpers, SH JAMECO 1879 

· .. ·::::::::::� .. 1/1 6 VECTOR BOARD 
•;,·,·.·:. D, l" Hale Spaeing 

Par1 Hn. 

PHf:HOLIC 6-'P·� 062XKXP 
169P·� 062XXXP 

EPOXY 64P44 062WE 
GLASS 84P44 062WE 

169P44 062WE 
t69P84 0G2WE 

EPOXY GLASS 169P4� 062WEC1 

P·Pa!ltrn 

l w 
4.50 6.50 
4.50 1 7.00 
4.50 6.50 
4.50 8.50 
4.50 1 7.00 
8.50 17.00 
4.50 11.00 . 

Pritt 
1·9 10 up 

1.12 1 .54 
3.69 3. 32 
2.07 1 .86 2.56 2.31 ' "  4.53 
9.23 8.26 
6.80 6.12 

CONNECTORS 
25 Pin·D Subminiature 

U d d I KEYBOARDS I Hexadecimal Key Pad 
63-Key nenco e 

Unencoded 

' . - -� 
This is a 63-key. terminal keyboard newly 

$2.95 manufactured by a large computer manufac-
3.50 turer. It is unencoded with SPST keys, unal-J-���:.!..--���:.::.;�::!!!::..:...:::.;�-':.;·;.:75:.....j tached to any kind of PC board. A very solid 

molded plastic 13 x 4" base suits most applica
tion. IN STOCK $29.95/each 

19-key pad includes 1 - 10 keys, 
ABCDEF and 2 optional keys and a 
shift key. $10.95/each 

Circle 200 on in'quiry card . 

. · 

Spec Sheets - 25t $5.00 Minimum Order - U.S. Funds Only 
California Residents - Add 6% Sales Tax 1 979 A Catalog Available-send 41� stamp l·;��Jameco 

" "\g1g r��o;:?. rA· • ·'I "V-v • "'•'""'• of JAroO:S I:U:CTIIONIC'l ., Colol••" 
E L E CT R O N I C S  

PHONE 
ORD E RS 

WELCOME (415) 592-8097 
MAIL ORDER ELECTRONICS - WORLDWIDE 

1 021 HOWARD AVENUE, SAN CARLOS, CA 94070 
Advertised Prices Good Thru November 

Tht Pennywtllstle 1 [1J  Is capable ot recording data to and from audio tape withoul critical spffil requirements tor the recorder and il is able to communicate diredty with 
another modem and terminal lor telepllGne "hamming" and communications. In 
addition, itis lretolcriticat adiustmentsandisbuiltwith non·precision , readityavailable 
parts. 
OIII Ttlnsmlulnn Methnd • . . • . Frequency·Shih Keymg,' lull-duplex jha!!·duplex 

selectable). 
Mulmum 0111 R1te . • • • . . • . • •  300 Baud. 
D111 Form11 • . • . • • . • . • . .  , • • • •  Asynchronous Seri.JJ (retum to mantltvtl r�Quired 

be�n e�ch clu.racter). 
Rtulwe Dllnnel frequtnclu . •  2025 Hz lor s�ce: 2225 Hz lor marie. 
Tr1nsmll Chnntl frtqutnclu .. Switch seledable: Low (normal) .. 1070 space. 

1270 ma111: HI� • 025 space. 2225 ma111. 
Renlve Slnsltlvlty • . • • • • • . • .  -46dbm accnusticalty coupleil. 
Trtnsmll Level . • . • • • • • . . • . •  , . - 1 5  dbm nominal. Adjustable 11om -6 dbm 

to -20dbm. 
Reulve FrequencyToleranu • . •  Frequency rete1ence autnmatically adjusts to 

alk:lwlor ope�tion between 1800Hz �nd2400Hz. 
Dfallal 0111 lnttr11u • • . . • • . • .  EtA RS-232C or 20 mA current loop (rtctiver Is 

nptoi�Jateil and non-palar). 
. • • . • • . • • •  t20 VAC, single phase. tO Wans. 

• . . . . .  All components mount nn a single s· by g· 
drcuit board. All comPOnents included. 

OscillnscoJ)I! \O 

two hands free for 
working 

• Clamps on edge of bench, table 
or work bench 

• Position board on angle or flat 
position for soldering or clipping 

• Sturdy, aluminum construction 
for hobbyist, manufacturer or 

• Auto Polarity 
• Low Power 
• Single IG Unit 

$49.00 
$17.50 

Kit • �a�:�:.-g�s�l�:i
ght Common 

• Uses MM5314 Clock Chip 
• Push Button Switches for 
Hours, Minutes & Hold. 

• Easily Viewable to 20 Feel 
• Simulated Walnut Case 

6'>1" X 3 'I•" X 1 ,.. : g
5
o��� 2g��

a
�g�mal 

• Includes all Components & 

T2L 5V 0.5A Supply 
This is standard TTL power supply using the well 
known LM309K regulator IC to provide a solid 0.5 
AMP ol current at 5 volts. We try to make things easy 

����o
0� �t

c�e����di
1�� ���X���o

,Jro�n��d in one 

= $ = PROTO BOARDS 
co.•...,••• •••c•••u co.•CM•.,o• 

PBtOO - 4 .5" X 6" 
PB101 - 5.8" X 4.5" 
PB102 - 7" X 4. 5" 
PB103 - 9" X 6" 
PB104 - 9.5 .. x 8" 
PB203 .- 9.75 X 6'h X 2¥· •••••••• , PB203A - 9. 75 X 6'h X 2¥• 124. 
(rnc.ludes pawer supply] 

14 PIN 
16 PIN

. 

24 PIN 
40 PIN 
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of I NTE REST to D ESIGN E RS 

Rack Asse m bly for Big P rototy"pes 

The Mupac Mixer is  a modular 
p ackaging system th at i n tegrates a variety 
of panel sizes, IC densities and user 
selectable vol tages i n to one rack assem
bly. Logic can be subdivided into mu l ti -

80 Column D ot Matrix Printer Mechanism 

Featu r ing a 1 00,000,000 character 
dot head , this 80 col u m n  Model 3 1 1 0  
dot m atrix pr inter  mechanism is being 
i ntroduced by E pson A m erica I nc ,  
2 3844 Hawthorne Blvd,  Torrance CA 
90505 . 

The Model 3 1 1 0  pr i nts 1 50 charac-

pie size functions. Three independent 
backpl anes permit th e modular separation 
of analog and. digital grou nds and vol tage 
supply requ i rements for opti m u m  noise 
i m m u nity. Mu lti layer panel construction 
al lows high frequen cy appl ications. The 
system can accommodate panels with 32 
to 1 92 ICs ranging i n  size from 4.5 i nch 
by 6.0 inch to 8.0 inch by 1 4.9 inch.  
For maxi m u m  flexib i l i ty ,  blan k ,  copper
c lad , cable and wire wrap panels can be 
mixed. Mupac panels contain from 1 08 
to 5 40 10 pins to prevent  restrictions 
and pin l imitations. The system ranges i n  
price from $400 t o  $5 00 for rack 
assembl ies and from $ 1 00 to $500 for 
panels. Contact Mu pac Corp, 646 
S u m me r  St, Brockton MA 02402. • 

Circle 575 on inquiry card. 

ters per second,  w ith a 5 by 7 dot m atrix 
character and 1 /1 0  i nch col u m n  spacing 
tailored for the small busi ness and home 
computer m arkets. 

DC power used for the m agnet, solen
oid and detector a l lows O E Ms to save 
manufactu ring cost . by  purchas ing the 
standard E pson m echanism for use with 
systems that wi l l  ru n on US or  foreign 
l ine  currents. The u n.it req u i res a 24 V ,  
30 t o  42  V, and 5 V DC power supp ly  
p lus case, control board and i n terface 
e lectronics. 

The Model 3 1 1 0  is 3 .74 i nches ( 9 .5 
em)  high, 1 3 . 1 9 inches (33 .5 em) wide · 
and 7 .28  inches ( 1 8.5 em)  deep and the 
weight is 6.6 pounds (3  kg). 

The Model 3 1 1 0  sells for less than 
$250 i n  quantities of 5 00. A 40 col u m n  
version o f  this mechanism, designated 
Model 5 1 2 , sells for $ 1 55 in  quantities 
of 500.• 

Circle 576 on inquiry card. 

Planar Cable Connectors for M i crocomputer Systems 

Two ·series of p lanar (r ibbon)  cable 
connectors h ave been announced by 
Spectra-Strip ,  7 1 00 Lampson Av, 
Garden G rove CA 92642. The first of 
the p lanar cable connectors are the 804 
Series I DC Dl P /socket connectors with 
fixed insu lation-d isplac ing contacts. 
They are avai lable for m ass termi nation 
to p lan ar cables on .050 i nch centers and 
accept 28  stranded and 28  and 30 sol id 
A WG conductors. The I DC D l  P /socket 
is a one-piece construction connector 
which features a fixed .0 1 3 inch I DC 

2 1 2  November 1978 © BYTE Publica1ions Inc 

contact with a d ual beam configuration . 
The 804 Series I DC/D I P  socket con
nectors are avai lable with 1 4, 1 6 , 2 1  and 
24 position versions. 

The second of the planar cable 
con nectors · are the 805 Series I DC 
Dl  P/p lug connectors which i nsert i nto. 
integrated c ircu it sockets and provide 
planar cable interconnection to pr inted 
circu it boards. The male D I P/pl ugs pro
vide preinstalled insulation-d isplacing 
contacts for easy mass termination to 
p lanar cables on .050 inch centers and 

Dual End Stackable 
Alphanumeric l E D  Displays 

The l E E-Hercules M odels 1 784/ 
85 R .54 i nch dua l ,  al phan u m eric L E D  
d isplays w ith c o m m o n  cathpde a n d  righ t 
hand d ec imal point have been annou nced 
by I ndustrial E lectron ic  Eng ineers I nc ,  
7740 Lemona Av, Van N u ys CA 9 1 405. 

These m odels consist of two .54 inch 
high, red 1 4  segment characters com
b i ned in a com pact package which can 

. d isplay al phabetic and n u m eric charac
ters p lus  some sym bols.  The end stack
able feature al lows designers variable 
d isplay lengths in accordance w ith their 
needs. Com posed of gal l i um ,  arsenic and 
phosphorous (GaAsP) em itti ng m aterial , 
these solid state d isplays h ave a typical 
600 m icrocandle  per segment  l u m inous 
i ntensity at 20 m A  at 1 .6 V F. The 1 8  
horizontal double  dual-i n-l ine  package 
p ins  on 0 . 1  i nch spacing are set up for 
m ult ip lex drive for m axi m u m  pinout 
economy. 

Models 1 784/85 R i nstal l in i ntegral, 
m u l tidigit arrays with IE E-Atlas dis
p lay m ount ing hardware. I n  500 piece 
q u antit ies, the price is $4.50 each. For 
additional i nform ation ,  req u est catalog 
H E-1 .• 

Circle 5 7 7  on inquiry card. 

Motorola Offers 1 024 by 4 Bit Static 
Programmable Memory 

The MCM2 1 1 4, a 1 024 by 4 bit static 
programmable memory req u i res no 
clocks, no timing strobes, nor refresh ing 
because of fu l ly  static operation. Data 
out and data in are of the same polarity 
and no ad dress set up t ime is  requ i red. 
Four speed ranges are avai lab le :  200 ns, 
250 n s, 3 00 ns and 450 ns,  and two 
power versions, the MCM 2 1 1 4  at 550 mW 
and the MCM21  L 1 4, at 385 m W  ( m axi
m u m ) ,  both us ing a single 5 V supply with 
± tolerance. Two i ndustry stan dard 1 8  
p i n  packages are ava i lab le ,  plastic (P 
suffix) and l id -seal ceram ic (L suffix).  
The MCM2 1 1 P-45 (450 ns part in  plas
tic) is priced at $ 1 2.25 in quan tities 
of 1 00 to 999.  Contact Motorola I nc, 
I n tegrated Circu it  Division, Techn ical 
Com m u nications, 3501  Ed B lueste in 
Blvd,  Austin TX 7872 1 .• 

Circle 5 7 8  on inquiry card. 

offers assembly  i n  seconds without 
prestripping the cable. The contact.s 
accept 28 stranded and 2 8  and 30 solid 
AWG conductors. 

The 804 Series con nectors are priced 
i n  a quanti ty of 1 000 pieces at $.09 per 
contact and the 805 Series connectors 
are pr iced in a q u ant ity of 1 000 pieces 
at $ .06 per contact. • 

Circle 579 on inquiry card. 



,. I  

EVERYTH I NG 
YOU N EED TO LE.ARN TO PROGRAM THE Z80® 

WITHOUT WASTING YOU R  8080 KNOWLEDGE 

lndudins ")un:r listinl:t .. or 
�·onvt..-r')QiinnRI a.\">CIIlhll'r und ckhugging IIHmiiiH 

W.J. WELLER 

THE TEXTBOOK . . .  
1 8  chapters of  so l i d ,  accu rate 
program m i ng i n fo rmat io n ,  on such 
topics as: 
• Single and m u l t i l ength arithmetic  
• Array a�d ta� le  han d l i n g and searc h i n g  

• N um ber base conversion 

• Float i n g  point arith metic  
• Program med i n put/output 
• . Deci mal arith met ic including m u lt i pl y  

and d iv ide 
• Stack pointer usage and subrout i n es 

• Debugging techn i q ues 
• I nterrupt modes and service 

• I nterru pt driven i n put/output 

TH E ASSEMBLY PROGRAM . . . (easily worth $ 1 00 . 00 by itself) 
The fu l l  source l istings of a combi ned ed itor/assembler wh ich supports the l ang uage used. Th is  
lang uage uses 8080 m nemonics for 8080 compati ble i n struct ions and clear, log ical extensions 
of the 8080 m nemon ics fo·r 480 only instructions. The assem bler is  resi dent in  less than 10K 
RAM and wi l l  fu n ct ion with any_ set of peri pheral s  which transmit  on a character by character 
basis, e.g. ,  paper tape. 

A FULL DEBUGGING MONITOR . . . 
N ot a s imple ROM mon itor. Contai n s  fac i l it ies 
for breakpoint ing, modif i cat ion of pseudo 
reg isters and much more .. 

AND BY TH E WAY . . .  
When the cou pon in  the book is  fi l led out 
and ret u rn ed,  the object programs of the 
ed itor/assembler and debug are sh ipped 

__ FREE __ 

DIAL CHARGE CARD O R D E RS TOLL F R E E  (800) 258-5477 

�.-------------- - ---------BITS. POB 428 , 25 R oute 101  West 
1nc Peterborough. NH 03458 

Practical Microcomputer Programm ing: The Z80 

$29.95 plus $. 75 postage and handl ing 

0 Check it = ------

0 My card it =-----------

E xpi res : _______ _ 

Name _____________ _ 

Address----..,----------

Citv-------State ____ Zip __ 

Signature _____________ _ 
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Circle 3 1 4  on i nquiry card . 

ROND.URE COMPANY 2522 BUTLER ST. 
DALLAS, TEXAS 75235 

214-630-4621 tine cDrnputer f[][]J1fl 
ASCI I  S E LECTR IC 

SPECIAL SALE . P r i n ter Mechanism : Heavy 

DATEL S E L ECTR I C  ( I BM Selectric Mechanism ) 

$B75_00. ���� input/output, Series 

Used Working 
and Cl.ean 

Weight :  1 2 0  l bs. Dimen
sions: 29"Hx35"Wx33"D. 
Print Speed: ( 14.8 charac· 
ters per second) 
Platen : 15" wide, pin feed 
or form feed device option
a l  ( 1 3 2 print positions). 

Specifications: 
e S ize: 2 1 "Wx 2 1 "Dx8"H. 
e Power I n put 1 1 5 Volt 

H z  
e l  nferface: R S 2 3 2  
• Weight: 54 l bs. (Shipping 

weight 65 lbs.) 
• 1 S "  Carriage 
e 1 5 CPS 

TESTED WITH 
N EW 
ASC I I  

E LECTRO N I CS 
Factory 
Reconditioned 

Parallel output only-15 
characters per second ac
cepts 7 bit ASC I I  parallel 
w/strobe & prints on Selec
tric. The unit still works as 
a typewriter i n  off-l ine 
mode. 

'••••••••••• • C orrespondence code· 
• H a l f  Du plex 

$1 075.00 
ASC I I  Selectric with ASC I I  parallel electronics. 
I m mediate Delivery-S h i pped from inventory. 

"As I s" Complete 
Working 
Reconditioned 

• 1 3 2  Print Positions, 10 
Pitch $395.00 

$495.00 
$695.00 Used $395 

NOVAT I O N  DC 3 1 02A 

Used 
working 

T l  990/4 
S i ngle Board 16 B i t  M icro 

C omputer 

N E W  $ 2 5 0.00 

S H U G A R T  
M I N I -FLOPPY D R I V E  

U S E D  M O D E M S  & CO U P L E R S  
N OVATI O N  TC 102 (Acoustic) $ 4 5. 0 0  
A J  233 (Acoustic) • . . . . . . . • • . • . . . • . • .  $ 2 5. 0 0  
C F  3 1 8  ( H a r d  W i r e )  • . . . . . . . . . . . . . . . .  $ 2 5. 00 

N E W  P R I C E  

$ 3 25.00 ea. FLAT PACK ACOUST I CA L  
$ 1 5 0 . 00 

M odel SA-400 
M OD E M  P I CK-UP 

Useable with most modem 
c h i ps/kits RS 232 C o n nection 

300, Baud Used - $ 1 7. 5 0  (w/prints) 

O R DE R I NG I N FO R MATI O N :  S H I PP I N G  I N FO R M AT I O N :  
W e  s h i p  t h e  s a m e  day w e  receive a certified check o r  money order. 
Texas residents add 5% sales tax. Please call I f  you have a question. 
Write for our CATALOG of m any parts, ter m i nals,  pri nters, etc. 

Modems: $ 2 .00 eac h ;  2 fqr $4.00 U PS .  
Large I tems & P a r t s :  S pecify F r e i g h t  or A i r  F r e i g h t  Col lect 
Foreign Orders: Add appropriate freight o r  postage. 

A l l  items subject to ava i l a b i l ity. Y o u r  money returned if we are out 
o f  stock. 

we now take M aster C harge and V isa . orders, S pecify f u l l  n u m ber, 
bank num ber a n d. expiration date. 

I BM® Selectric-Based 

1 /0 Writers 

$249.95 
CLEANED 

& 
C H E C K E D  

OUT  

$1 99.95 
AS I S  

Excel lent Hobby Printers 

•Series 72/7 3 1  
• Heavy Duty 

•8%" P l aten 

•Al l  Solenoids 

• B C D  Code 

These ter m i na l s  are from a large 
a i r l i n e  reservation system. They a re 
heavy d uty a nd were under  cont i n uous 

Selectric Control ler 

The 3S-01 is  a complete contro l l e r  for 
the I B M Model 731 1 /0 typewriter 
fo r both i n put and output operations. 
With this contro l ler  the 731 becomes a 
versat i l e  ASC I I  pri nter with the world 
fa mous Selectric ·qua l ity and an al pha
n u mer ic  ASC I I -encoded keyboard with 
the wonderful Se lectric fee l .  An 
ei ghtbit para l l e l  i n put/output port 
( b i d i rectional  or separate) is a l l  that is 
necessary to add the K I NG of the 
hardcopy term i nals  to your system. 
Serial  R S-232C is a lso ava i lab le  fo r 
connecti on to a serial  commun ications 
port or IJ10dem. 

Powe r supply req u i rements are 5 V D C  
a t  . 7 5 A  a n d  48V DC a t  1 A f o r  t h e  basic 
para l l e l  contro l ler .  Add it ional  power 
needed for the serial  unit  is ± 1 2V D C. 

P R I C E  $249.95 
ASS E M B L E D  BOA R D  

Complete Terminal  Unit 

T h i s  u nit consists of: 

1 .  A cleaned, checkout, repai nted 
used sel ectric. This unit has been 
converted for upper & l ower case 
with new ball  conta i n i n g  a l l  
BAS I C  cha racters . 

2. Se lectr ic contro l l e r  u n it a l l owing 
both i n put and output 

3. Power supply ( used) 
4. Te rmina l  table ( new) 
5. Assembled and tested .  Read y  to 

plug in and go. 
6. ASC I I  to computer 
7 .  Crated for s h i pping by m otor 

freight ( co l lect) 

P R I C E  $775.00 FOB TU LSA 
DEALE R INQU I RY INVITED 

Have 1 0 H P 267 1 B card readers left at 
$299.95 each F O B  Tulsa.  

maintenance. The u n its have been . Surplus power supply for above $30.00 Cas h i e r  Check or Money Order.  
i n  storage. We make every effort to • • • • • • • • • • • • • • Persona l  check a l low 3 weeks.  U n its 
ensure that a l l  esse ntial  parts are Print on ly i nterface unit  $59_95 

sh i pped col lect. Pr ice Net F O B  Tulsa. 
i ncl uded. Most work when p l ugged Board and i nstructions o n l y  
i n .  N o  warranties a r e  g i v e n  or i m p l ied.  

·suPER SALE 
214 BYTE November 1978 

3 S Sales, I nc. 
P. 0. Box 45944 
Tu lsa, OK 741 45 
1 -9 1 8-622- 1058 

Circle 356 on i nquiry card. 
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LOGIC PIOIIS 

MODIL LP·2 DIGITAL PULSIIt 
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Minimum D•tKtab .. PuiM: 5U ns. Maalmum Input Signal 
(FnqUHtey) l 10 �l l l z. PuiH D•tector (LED): lllgh speed trnln 
or slnele event. PuiM Memol')': Pulse or Ienl transition detected 
and etored. 

EcontJm.Y vcrslfJn c1r :\Ioflel LP- 1 . Sarer l imn a voltmc·tc·r. :'\fore: Hccuratc th· 1 a s<·•mc. lt1put I m pedance: :UJo,ooo tJhms . Minimum D•tec .. o�bl• Puln: :1011 ns. Mazlmum Input Signal (Fre
qu•ney): 1.5 :'\l t l z. Pul1e Detector (LED): l l lgh speed lralu ''r .!lingle cvenr. PuJ•• M•mory: Xcme. 
Cs'c Mod•l LP-2 Logie ProtM-XCl Each . $24-95 

MODIL LP·3 

High sp('ecl logic Jlrolle. Cuptur£>!-1 puffK')( ns !ihort M 10 ns. Input 
lmpedanc:•: 500,1 100 ohms. Minimum D•tec:tabl• Puls•l IU  ns. 
Mall.lmum Input Signal (Fr.quenc:y): 5U :".I I I z. Pulse DetKtor 
(LED): l l lgh R!>ee<l tro.ln or Klngle event. PuiH M•mory: Pui!W.' or 
level transition lletN'ted and stored. 

Tlw ult lmatl' In SJK'I:tl an•l eaSI.: •• r "l"'ratltlli. Slrr•tll,\' •·•�um·t·t dip 
ll•ads Ill posit Jvt: :IIIII 111!1.\'!11 Jvc JIUWC·r, tln!ll I IHII'IJ I J l '- l 's T1roiJC' lu a 
dn:ull nude:; automat !I: polarity Sl.:usur dc:tl'c·ts l'ln·ull 's hla..:h ur lnw 
l'flrHI I I I•m. l )e:prcs.'i Till: pushllu l t un and t rla..:a..:c·r au "IIPII.'il l t· pnlarll y 
pulSI.: lulu T he: •·ln·ult .  Fast t rouhll'shout lna..: ludud .. s lrlje·t·ttna..: 
sl�-tnals at kc:y polut� Ill TTl .. I J T I . .  ( ':'\lf ):-i or ollfl'r P"Piilar 
f•lrt•ults. 'f'l'.'il wit 1J :-;\n).(lt! I lUlSI: or IIIII llli iSI'.'i IK'r S('f'llllfl via ]IUIII-111 
I]Ual l'lllllroJ push-IJU I I HII;  Jmll!l!l  SI'II'I'IS sill!.: II' Sh11l 11r l'llltliiiU!IIIS 
m•Hh·.'i. 1.1-:IJ i lul h:ator monit ors otu·ral\111-t J1lltdl's hy II:L.o;hlua..: nlll'l' f•1r slmtlc: J•U lsl' or f•onthtwmsl .v f11r a puiS!' train. C 'omplt·tl'l)' 
auT•Hnatle, Jll:m:ll-s17.t� lalt ' lklrl pul."': 1.\'l'llPrat•,r fur atL,\' rarull .\' 11f � ::��::1: !t::trs:���·�-; .• �dtf!'��e�·�1i�11t ;• \�; A�0�:���Y =..������-

-
�;,•;s::;�. 

a(t1D 
Indicator: Flaslte•:-; f11r shu..:l•: pul."'l:: slays I ll for put..;(: traltt. 

CIC Model LP-1 Legle Probe--Xet Each . .  . .  $44.95 CSC Model LP-J Logic: Probe--Xct Euch . . . . . . . . . $89-95 CSC Model DP-1 Digital Pulser . . :-.:e:t 1-:;11'11 . . . . . . .  $74.9 5  

PIOTO-IOAID® UNITS 

All the speed and convenience ot QT Sockets aocl Bus Strips In 
both tits and preassembled units. AS.<iemble, test and modify 
circuits literally as tast as you can think. 

PROTO·IOARD 6 KIT 
Contains one prea..C�.Sembled. QT-478 socket, two preassembled 
QT-478 bus strips, four- 5-way binding posts, metal ground/ 
baae plate, non-marring teet and all hardware. Ten minute 
assembly time. Size: 5• I. x 4"' w. x 1.4 .. h. Weight: 7 ozs. esc MOdel P8-5 Kit-Complete. List Price . . . . . . . . . . .  S 1 5,95 

PROTO-BOARD 1 00 KIT 
Contains two prea.ssembled QT-35S sockets, one preassembled 
QT-358 bWJ strip, two 5-way binding posts, non-metallic base 
plate, non-marring feet and all hardware. Ten minute assembly 
time. Slz.e: 4.s• w. x 6"" 1. x 1.4" h. Weight: 7.5 ozs. esc Model PB-100 Kit-Complete. List Price . . . . . . . . S 1 8-96 

PROTO-BOARD 1 0 1  

Fully assembled breadboard contains two Q T  -358 sockets and 
four QT-358 bus strips mounted on metal ground/base plate 
with non-marring teet. Excellent tor audio and �;mall digital 

�C:�
e
:��.-���i�� �:.:d�:d�����ie::���!

: 
irl�:�·s_lMS' 

. 
$22.95' 

PROTO-BOARD 102 

Fully Q.SSembled breadboard contains two QT-478 sockets, three 
QT-4.7B bus strips and one QT-358 hus strip on a metal ground, 
base plate with non-marring reet. Excellent tor lntermertlatt· 

PROTO-BOARD· 1 03 

Fully assembled breadboard contains three QT-598 sockets, tour 
QT-59B and one QT-478 bus strips, tour 5-way binding posts 
on a metal ground;base plate with non-marring teet. Build calcu
lators, Interfaces, networks, etc. Size: !)" I. x 6"' w. x 1.4" h. Weight: 
��c1�·odel PB-103 Breadboard-Complete. J.lst Price. � 

$44.95 
PROTO-BOARD 1 04 

Fully assembled breadboard contains four QT-598 socket.c;, seven 
������b�� �,';fg���dn;��ina5;rii�: r��

d
�
n
�,fla"�P�. :nc0����� 

complex display, etc. Size: 9.8 .. I . x s· w. x 1.4" h. Weig h�,�� 
eSC Model PB-10. BT .. dboard-('omptete. List Price� 

PROTO-IOARD 203 
$54'95 

Fully assembled breadboard contains built-In, short-proof, fused, 6 VDC at 1 amp, regulated power supply, In addition to three 
QT-598 sockets, four QT-598 bu.s strips, one QT-478 bus strip 
:�����
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eSC Model PB-203 Breadboard-Complete. List Price . S 7 6-0 0 

PROTO-BOARD 203A 

Provides all the features ot Proto-Board 203 with additional + 15 and - 1 5  VDC at 0.5 amp power supplies with Internally 
adJustable output voltages. Size: Same as PB-203. Weight: 5.5 
lbs. 

$1 24.95 

Each kit contains 350 wires cut 
to 14 different lengths from 0.1" 
to 5.0' 

Each wire is stripped and the 
leads are bent 90° for easy in
sertion. 

Wire length is classified by 
color coding. 

All wire is solid tinned 22 
gauge with PVC insulation. 

The wireS come packed in ·a 
convenient plastic box. ��:b

ta
,!,==��:�::� ;;r��d

x
���_:·c�!-�lwe:�� �����tc:� � 

$26.95 
esc Model PB-2034 Breadboard-Complete. 
List Price. . . . . . . . . . . . . . . . . .  ·. ·� JK1 923351. . .  . . . .  $10.00 

LOGIC MONITOR 1 0. .t 1 Trace signal'! through all types or digital circuits. Unit clips 11\'er I g I a any n i P  Jc; up to 16 pins. Ench or It<� 16 contacts connect.-; to a 
single-bit le\'CI detector that drives a hlgh-lnten�it}', numbered 
LED readout nctlvated when the applied voltage exceeds u nxed 2 V threhold. Logic "1" turns LED on: logic "0" keeps LED orr. � 
:nSOr�:��5��ke
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�".��_::��r�h�����·v 
t
����l��������- . ��:�':: �ro�J,�,:r�\\�::�: . · · · : I •. Input Voltage Range: 4-15 \' max. u.cros."i any two or more ln)luts. 

Curnnt Drain: 20U m:\ nt 10 \'. Size: t .. I. x 2" w. x 1 .75" tl. when r.·· 
open. Weight : 3 ozs. 1 CSC �od•l LM-1 Leglc: M!»nltor-Completc. $59 95 "•\ .- ; .,.u.u, U;�:c1�o.:.i-icili .:i . . . . . .  ' . . . . ! �-a':t �·· ' i l'rnvhlcs grenter \'Cr:mtllltr nne! !lrt'rlslnn In tL�tlng oil types uf � • 

• 
diltltnl rlrcult�. The hillY J..•olah•cl IXlWt•r s\llllll)' nnd sctcrt:t lllc 
trlgltl'r tltrL'Shnlcl Jet :rnu tnatrll the prccl;;;t• charartNI�tlc . .; or till' 
loatc fnmlly unclt•r te'lt, au·rndtlln� more arrurate mt•nsltrt'llll'llt�. 
The cnnnct-tor, cl\�p!:tY uult l'l lll� U\'l'r nny 1.>1 1 '  It: 1111 to ttl llln.�. , 
The J)()Wer suppl�· moclulc C'ontaln:-� the prcrh.lnn rl'fl'rL·ne•t• p�myr l 
����::��c�::����t���t�t.����::.�,{�· ���.W��·;��-,�����ia�!n���������\1�e·�

1
:::���� cir� � .,� 

ICO.II to rlrr.u\t .rrouwl. Fur ( ':\1<1:0:. dn·ultrr. till' ret! C'IIIJ I� C'Uil- "" $ � '-
nee'tl'd to circuit puslti\'C or \'n·. '!'Itt• t'IIV muduil' Is tht•n rllppt•tl ... " 
O\'Cr tht.• ll: nud the J.ED d l:•ill:tr ln1itantly gin•.<� tlw high• 1itat<•s Stab1 11t�: :t:: ;i ppm nt :!5'" C. T•mper•tur• St•bl llty: Hrttt•r t han of nil ph!�: L!9le '!'.hr��olds: <:�IC !�· il l' ,\ t�f C'lrctllt \'cc; 1 1 '1'1 .. 0.:! ppm '"l', 11 � 51 1° ( ' . ) f a x .  Aging: I U JIJinl yl'ar. Dllplay: Eight I��i lr�'.:.i.;!y� •

3:? ��1jj} ·�t ',::;0!� 1 ���ir�:�r}\;11��i!=:�� ... �1�!�:� ll.fl� LED ellg! t:-�._ L .. d-Zero Blanking·: · '?�'C'�mal point appC'ar� 
4• 1. x 2• w. x l .i54 d. witt'll 1qa�n: l'owt•r :'\lmll tlc, o· w. x 5.1\:�� cl. bt•!wl'<'ll 61\t and , t h  cl\�11 whrn Input t xr11 cb I :'\ [ l i z. Overflow. 
x �· 11. max. Total Weight: :!II m.s. Power Required : 117 \' .H ·. WI! h slgn:t lri nwr UU.!J9\I,U99 I I z. most shcnlllc·:tnt (lrfl hantll tllglt 
51lJI111 1 1 z  •. I U  \\'; nlso a\'allahtt· rur :!:.!11 \'..\(', 511 611 l l z  a t  .•:Jiglttly t\a1iiH'"'· alluwlnr.: n•;ul tn�es In t':-.:<•css 1 1r 11111 :\ 1 1 1 7. .  Display Update: 
hlght•r 11rh'c. V6 st•c•. plus 1 :K'('. g:I I C  t lnw. Low B111ttery Indicator: \\'ltl'n bal l <'rr 
CSC Mod•l LM-2 Logic Monllor- l ' n m J)It•tl•. sUJIPIY rnl l:1 ht•low G.fl \'D('. :tll t l lt:tl!:o� 1\;t."'lt :tl I l i z. Power 
J.bt l'rkt• . . . . . . $ 1 29-95 Required: lntl•rn:ll, ti ".-\.-\" l'l•lls : t'XIl'rnal, l i t\ or :!:.?11 \'Al' 

. l'han:wr Pllmln:llor. auto dgan•tl<' llghtPr aclaptt•r or i.�- 111 \'I)(' 
MAX- 1 00 POITAILI FREQUENCY COUNTER e•xt••rnal suppl � · . Battery Charging: 1:.! 1-l ltr�. Size: 1.75- h. X 
:'\lAX-IIIII Is n Jmrtahl<', high llr<'c·l�lon frt•quc•nc·r c·ount<'r tha t  sets 5. 1i:\" w. x i.i5" el. Weight: 1.<'!'1!'1 than 1 .5  1\J:-�: wll.lt b:tlll'rlrs. 
new stanclnrcls In pt•rfnrmaru·t• atul valut• . In a c•omJttlCf , port a hie CSC Model MAX-100 Frequency Counter . :"'\t•! l·.arlt . $1 34.95 

<':t!iC'. It gives you tunltnuuu� rt•acllng:o; from :!It l i z  to a guar:tnlcl'll 
11111 :'\I l i z. with X-!llg\1 al'l'llr:tC'.\'. Fast n•atiiii\CS wil lt '.4-s<"r. upclate MAX .. 100 ACCESSORIES 

nncl 1-ser. sam plinK rate•. Pre<" 1st• rc•adlnli(s. tll't·ln•d from ll rryst n l- Modei 100-CLA· - ) l ohlh· l'll:tnwr l'limlnaT •Ir. :'\"t•t J.:al'lt . s e•ont rol lcd time bast• with :.1. ppm 
.
nc•ruracT. l l l�lt-. ..;,•n:.ll lvl ly rend- Model lOO-CAl 1 111 \' .·\ (  · c•Jtan;::t•r l'l lmlnalnr. :'\t•t Ea. lngl'i !rum JollgnnH as low as .m m\ . wit It tl lnclt· o\'l'rloacl protection Model lOO-CAl :.!:.!U , • •  \( • t'lt:trlo!t'r l'llmlnal nr. :'\"PI Ea . .  up to :2110 \' JIC'aks. Input sl<.(nals o\·<'r !Uti :\ I l i z  automatical ly Modei 100-IPC l ntmt t•ahlt• wi lh l'l lp h'ad . ..:. :'\"t•t I·::tl'lt . .  ll:tl-ih the most sl'(nl tlc·ant e l l'.!lt . :tnt! t n  lncllc·alc• lnw-hat t rry rondl- Model lOO-LLC l .m\··l�t1is t ap-urr . . · t lon nne! £>xtt•nd h;ttt<•ry life·. t ltc <'ntln• t l l:-:ptar tl :t!'lh<'S at I k l l z .  Model 1oO-MWA :'\ l l ttl-\\'hlp att l<'ttlta . . 

SPECIFICATIONS 

Fnqu•ncy R•nge: :.W l i z· to 1 1 10 :'\I l l /.  �uarant('t•tl ; ! T il :'1- l l l z  
l rJilC'al. Gate Tim•: I ser. Resolution: I l ! z. Ac-;:urac:y: :o: I rount 
+ ttmr ll:t.-w error. Input Impedance: I nwgohm shuntrl l  by 56 
pF. Coupling: .H ·. Sine Wav• S•nsltlwlty: au m\· R:'\1::> at 511 :'\11 I z. 

Modei 10D-CC -

3 . 9 5  
9 . 9 5  
9.95 
5.95 

1 4.95 
3.9 5  
9.95 

NEW VOLKSMETERS! 
With LCD Display..:.. Excellent 

Readability in Direct Sunlight! 

FEATURES 
e Measure9 DC volts. AC,volts. 

ohms and cuuent. 
e Automatic polarity, dectmal 

and overload 1ndicauon. 

e No zero adJuStment and no full 

scale ohms adjuSt 

e Large LCD d1sp1ay for easy 

•ead1ng w1thout 1nterpolat10n. 

e Stze: 1 .9" H a 2 . T' W  x4.0" D. 

e ParJS and labor guaranteed for 

one year 

SPF:Clf'I('ATIONS 

T11t Stand Opt•on. add 

leather Case 

3AA NiCad·Bath.& Charger 1.3.50 20.00 12.00 
Srandard AA-s1ze ba11enes prov1de up to 20 hours of ope•ation 
Rechargeable N1Cad batteries and charge• un11 ava1lable as ophonal eQu1pmen1 •eauenes not 1ncluded. 

Internal Tim• a ... Fnquenc:y: :.1.5795-15 :'\1 1 1 7.  rrr:o�t :tl nsdll:tlnr. 
Purchase any of the PRIORITY ELECTRONICS © , LM series Meters and 

· 3 3 ,� buy the LEA THER CASE 

rerm��2S� . �� �?2�1�Y {��� s��
�
:�?.;?.nls��. ?.�s � Mim· 

. 

, � . 
· for 1 c 

mum order $10.00. Orders tess than $75.00 1nclude 1{J% shipp1ng and handl1ng : excess refunded . Just 1n case 
. . . please include your phone no. "Sorry, no over the counter sales" cooo 111Ru NovEMBER 1978 

Send tor our latest brochure. phone orders welcome (213)  893-8202 OEM and lnstitultonal inquiries invited. 

Ci rcle 306 on i nqu i ry card . BYTE November 1978 2 1 5  

� I  

I ... 

• 



• 

SOFTWA RE 

E d ucational Programs f,)r P ET, T RS-80 
and App le  I I  

Educational programs for the P ET ,  
TRS-80 and Apple  I I  computers are now 
avai lable from Program Design I nc, 1 1  
ldar Ct, Greenwich CT 06830.  Each 
course comes w i th programs on cassette 
tapes, workbook or guide and other 
m aterials necessary for .effective learniQg. 
Cu rrently avai lable cou rses inc lude:  

• IQ  B uilder: This series of three 
courses (analogies, n u m be r  series 
and vocabu lary bu i l der) develops 
the skil ls needed to succeed on 
aptitu de tests. Programs can be 
pu rchased and used separately or  
together. Analogies is p riced at 
$9.50, n u m be r  sedes is  $ 9 .50, and 
vocabulary bui lder is $ 1 2.50. 

• Step by  step :  This is a course in  
the BAS IC  p rogramming lan
guage. Structured lessons and 
gu i ded p ractice sessions are pre
sen ted on the com p u te r  and in 
the workbook. Step by  step is 
priced at $29.95.  

• Preschool I Q  bui lder :  This  course 
he lps 3 to 5 year olds develop 
inte l lectual ski l ls essential for 
learning to read. This program is 
priced at $ 1 0.50. • 

Circle 584 on inquiry card. 

Microprocessor Cross Asse m bler  
Available for P DP-1 1 or LS I-I I 

Five m ic roprocessor cross assem blers 
for use on D EC's P D P-1 1 m inicomp u te rs 
and LS I -1 1 m icroprocessors have been 
announced by Automated Logic Corp, 
2675 Cum berland Pky, Su i te 1 1 5 ,  
Atlanta GA 3 03 3 9. The MicroSeries 
cross assem blers can be used for any 
of the fol lowing p rocessors: I ntel 4040, 
8080, 8085,  8748,  8048 , 804 1 , 8035 
and 802 1 . 

The M icroSeries runs in 1 2  K words 
of memory and enables a program to be 
developed using the PDP-1 1 with the 
RT-1 1 operation system .  A companion 
program enables the ou tpu t from the 
cross assem bler to · be shipped directly 
to burn the p rogrammable read only 
memories. 

The M icroSeries price is $ 250 and is 
distributed on floppy disks. • 

Circle 585 on inquiry card. 
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New P DP-8 X8 Cross Assembler S eries 

Four new microprocessor cross assem
blers have been added to Sierra Digital 
Systems' X8 cross assembler series for 
the Digital Equipment Corporation PD P-8 
min icomputer. The X8 series cross 
assemblers now cover the Z-80, 1 802, 
SC/MP and 8048 m icroprocessors in 
add ition to the previous 6502, 6800, 
8080, F8 an¢ 2650 versions . . By using 
an X8 series cross assem bler, assembly 
language programs are converted into 
object code or put  into program m able 
read only memory. The assem blers run 
in  8 K words of memory under the 
OS/8 operating system ,  and are w ritten 
in  PD P-8 assembly language. Pseudo
operations and runt ime options provide 
for con ditional asse mbly and l i sting con
tro l .  Generated object code may be 
output in ' the m icroprocessor's standard 
loader format, or  B N P F  for read only 
memory program ming with commercial 
stand alone programmers. Each cross 
assembler is . priced at $400 and d istri b
u ted in  PDP-8 binary format on paper 
tape, D ECtape, or D EC floppy diskette. 
Sou rce files are also avai lable for an addi
tional $250. Con tact S ie rra Digital 
Systems, 1 3905 Ranche ros Dr, Reno N V  
895 1 1 .• 

Circle 586 on inquiry card. 

Disk Based Software Develop ment Tools 

A fu l l  complement of Z-80/8080/ 
8085 disk based software developme n t  
tools oriented towards the CP/M opera
ting system is now avai lable from TSA 
Software, 5 N Salem Rd, Ridgefield 
CT 06877.  Syste m  deve lopment tools 
include a relocatable l i nk ing  macro
assembler with l in king load er, c ross
reference generator and fu l l  l i brary of 
modules. I n cl uded with the assemb ler  
is a symbol ic  de bugger a l lowing user  
defined sy mbols. Higher l evel language 
support is p rovided by in terface with 
Micro-Soft FO RT RAN.  

For advanced systems, TSA/OS is an  
upward compatible CP/M- I ike operating 
system providing video screen contro l ,  
au tomatic l i b rary search, an extended 
batch mode with tu rnkey system capa
bi l i ty ,  as well as an advanced config
u ration scheme. 

TSA Software has avai lable a se t of 
appl i cations packages. The TSA Data
base System uses a mixtur·e of assemb ly 
code an d FO RT RAN. The system uses 
table driven screen and record formats 
and has a m in icompile r to optimize 
record search capab i l i ty .  The TSA Word 
Processor uses a n ormal terminal to p ro
vide natu ral text editi ng with advanced 
fo rmatt ing features, inc luding p ropor
tional pr inting. Fu l l  use of disk files is 
provided as )Ve i l  as file merging for 
mai l ing l ist and si mi lar  uses. Package 
prices are $ 1 00 and up .•  

Circle 587 on inquiry card. 

Learn to Pro-gram a Microcomputer 
in Machine Language 

Programming a Microcomputer: 

6502 b
.y Caxton C Foster teaches you 

how to program a m icrocom puter in · 

machine language. A l th ough designed 
especial ly  for the 6502 m icrop rocessor 
u sed in the K I M-1 , P E T  and Apple  
m icrocom puter systems, the basic prin
c ip les covered apply to all compu ters, 
large or smal l .  The 234 page book, 
wh ich assumes no previous knowledge 
of compu ters, is pu bl ished by Add ison
Wesley Pu b l i sh ing  Company I nc, 
Read ing MA 0 1 867 .•  

Circle 58� on inqu'iry card. 

Foreign Language Vocabu lary Programs 
Avai lab le  in  BAS IC 

Foreign Language Vocabu lary is a 
bi d i rectional program for the ins truction, 
practice and testin g  of language vocab
u lary ski l ls. Languages offe red include 
F rench , Span ish, I ta l ian an d German. 

Program features inc lude separate 
m odes for vocabu l ary instruction ,  prac
tice d ri l ls  and testing, selectable by  the 
use r at any ti m e  during  program opera
tion. The user m ay · also alternate lan
guage d i rection ( Engl ish to F rench or 
F rench to E nglish ) to improve compre
hension. The Educator option permits 
the creation of fi les for the storage of 
student iden tification ,  test responses an d 
test scores, for use in a classroom 
si tuation . 

Foreign Language Vocab ulary is  
written in BAS I C. Each vol u me incl udes 
an annotated program l ist ing and pro
gram flowchart to assure ease of use r 
load ing  and understanding. S ingle  state
ment l ines are used to avoid confusiorJ 
and to permi t  ease of user m od ification. 

Each vol u me of Foreign Language 
Vocab ulary is p riced at $5 wi th the 
Educator option costing an additional 
$ 3 .  All four vol u mes are $ 1 7 .50 or 
$27.50 with the Educator option. For 
fu rther information ,  con tact Musgrove 
Engineering, 954 7 K ind letree Dr,  
Ho uston TX 77040.• 

Circle 589 on inquify card. 
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Rechargeable batteries and charger 
eluded 
Measures DC Volts, AC Volts, Ohms 
Current 
Automatic polarity, decimal and 
lndlcsllon 

• Rechargeable batteries and charger 
• Measures DC Volts, AC Volts, Ohms 

Current 
• Automatic polarity, decimal and 

Indication 
• No zero ldjuatment and no tull-acale 

odjuat 
Battory-opemjld - Nlc.d battortea; alao 
line operation. 
lArge LED dlaplay for eeay reading 
lnterpolotlon 
81zr. 1.a"'H x2.T'Wx 4"0 
Patte & labor gu.ltltMd 1 veer ntt 1t.ad option • • • • • • • • • • . • • . • • • • • • • • • • • . . •  t • l.Mther cae . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Purchase any of the LM series 
Meters and buy the LEA THER CASE 

• l'.lt ll'ldueln ll 
"""'""" .... 
lartklt +$. + U. 

-IZ !lnn .w:I IMU·  
Ll-�� .. 

for TC 
8803 

o WoMQSIOII!bo<MI. COIII· pcll'lt!II POtlwlti*J �uw.tfl,.,...,...� lat  

MOTHER 
IIOAIID Rllt $100 IUS MICRo
COMPUTERS 

�--·· 
• GIOtQCIII'I'gllullwd-l������q 

CIIPP'If,lllli* pii .... . OJI!Wiftt
..,PIOinllriiUIJI 

• $0tdlfii\IS.II-..tfll'*lllf1101'd0wt01'1 
�cirD,111111Dnood�$lle!'l 
QI'Wifl. 

· �nts i i �'MII1 IOO CO!IIItl•{2 
I'OWSjOII . I�C*IIIIfl ...a! .�r.,. IP«JJ'9. 
VldOrpaot--M&I·Z. orrno.rni•IO riQI!I
Udrlplus-�ID,..... r!IG!bl:r oo.O 
lor aparts.GI, : =��i:E�:.:::�,VI"Price: 

• 
�:�·�:::�::: Wil·Sf�m�

l
� $29 • 50 

• F�I .. IWSAIIIOeOIIIIC�U� booard. 

1116 Jli:lot BOARD 

.042 dia holes on 
0.1 spacing for IC's 

PRICE 
SIZE 1 - 9 10 -. 19  

4.5x6.5" S 1 .49 1 . 3 4  
4.5KIT $3.51 3.1 6 

With �MgMOI• Btft�l ' CJIIiV« U111t 
• 15 megahertz bandwidth. 
• External and Internal trigger. PROBE 1¢ 
• Time bue - .1 mlcroaec. to 0.5 Sec/dlv • 21 PROBE 1¢ with the 

Mtllngs . .!.3%. e purchue ot SCOPE • Battery Of line operation. l•nd the MENTION 
: �c:.��:!nc<�its. this MAGAZINE 
• .Vortiao! Gal n - .OIIO�VId, . · I 2 Mtiii'IO I J. l  .... 
• Vlewtng •M 1.1 " • 1.XI". 
0 C... aiH :tr'H • IU"W x t.�"O, l poulldl. : �.:t=.-�::s·- $.17· · ..-��--- $45. 
• MS-216 Dual Trace Version of MS-15 

1100-WWO 50/100Cont. .l2!i clrf 
3 l.EV(L WIRE WRAP 025"' tq pc»tl 
01'1 250 ac-eed rows. GOLD�'-' 

1-4 1-t 10-24 
f4.00 13.71 U.IO 

1100-SfQ 501100 Coni 125 wa 
DIP SOLDER TAIL on lSO �PaC-<1 
,_.. l��t VECTOR 1nd MA$1 
mcMh•rboe<tt. GOlD �ltd 
,:. li-t 10-:14 

14.00 tl75 13.150 

RUI ·l !101100 Cool 12!1 enJ 
PIERCED SOLDER EYELET 11ola. 
GOLD 
17.36 

Other Popular Edge Connectors 
A$44·3 22/.W Corot l!il!l etraWIRE 
WRAP 1111a GOlO 
f4.71 

1 J;;.fjff,;; Plugboards 

M•crocomputer/processor 
plugboard. use w1th 5·100 bus. Com· 
plete with heal sink & hardware. 5.3" 11. 

Ill 
3682 9.6" X 4.5" 

$10.97 
3682-2 6.5" X 4.5" 

3 LEVEL 
GOLD WI R E  WRAP 
SOCKETS 

Sockets purchased in multiples of 50 per type may be 

1 -24 25-49 50-99 1 00-249 250-999 8 pin• .41 .38 .35 .31 .27 
14 pin• .39 .38 .36 .32 .29 16 pin• .43 .42 .39 .35 .32 
1 8  pin .63 .58 .54 20 pin .80 .75 .70 22 pin• .90 .85 .80 
24 pin .90 .84 .78 28 pin 1 . 10 1 .00 .90 40 pin 1 .50 1 .40 1 .30 

• For Auto, Homt, Office 
• Small In alze"(2x2¥u:Yl) 
• Push button lor aeconda reiNH lor date. • Clockl mount anywhere wllh ellhtf 3M ()outll• 

1lo.d !apt� Of VELCRO, Included. 
• 2 MODELS AVAILABLE: 

LCD-101, ponable mo6el run• on Mll-cont-'ned 
baUer'" lor bell If INn 1 ,... 
LCD-102, rul'll, on 12 YoU Syllem end II beck· 
1\Qhled. 

• LC0-IO I OI' LC0.102 
your �  . •  

$10.90 
3677-2 6.5" X 4.5" 

.47 .42 .63 .58 .70 .61 
.68 .63 .84 .76 1 .20 1 .04 

.36 .53 .57 
.58 .71 
.89 

10" " 11. 1 /16" 
1-4 

119.95 
5-9 

117.95 
8801-1 

10-24 
115.96 

Same as 8800V ucept plain: tess power 
buses & heat sink. 

1-4 5·9 10·24 

$9.81 
Hi·Oensily Dual-In-Line 
Plugboard lor Wire Wrap 
with Power & Grd. Bus 
Epoxy Glass 1116" 44 
pin con. spaced . 1 56 

$9 .74 

� SPECIAL �14CS2 100 lor '14" 1!..: : · : 16CS2 100 lor '16" � 14pln CS2 1 0 fOJ'2 .. � 1 8 Din CS2  l for 12"1 

Th•u low co3t DIP tocket3 wlfl acctJpt 
both standard width plugs and ehlpa. 
For uae wtth chlpa, 1h• aodulta ollw • 10w 
prolll• height or onty .125" .t)ow tM board. 
Thne aockata are Wid atackabt•. 

24 PIN DIP PLUGS 
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CAN A D I A N S  

Anno u nc i n g 

H A M I LT O N  LOG I C  

S Y ST E M S 

Specia l i z i n g  in l o g i c  

dev i c e s , m i c ro p r o c e s so r s , 

m e m o r y s ,  T T L .  C m os . 
e t c . 

Send f o r  y o u r  c a t a l o g u e  

Box 7 

STO N E Y  C R E E K  

L B G 3 X 7  

R A D I O  SHACK 
COMPUT E R  OWN E RS 

TQU-80 
MONTH LY N EWS L ETTER 

BUSIN ESS e PERSONAL F I NANCE 
PRACTICAL APPLICATIONS 

GAMB L I NG • GAMES 
LATEST TRS-80 DEVE LOPMENTS 

SOFTWARE EXCHANGE • MARKET PLACE 
QUESTIONS AND ANSWERS 

PROGRAM P R I NTOUTS 
. . .  AND MORE 

MAJOR PROGRAMS PUBLISHED MONTHLY • IN-
COME T A X  PROG,RAM - LONG A N O  SHORT FORMS 
• INVENTORY CONTROL • EXTENSIVE MAILING 
LIST ANO F I L E PROGRAM e PAYROLL • STOCK 
SELECTION e PICKING WINNING HORSES • RE-
NUMBER PROGRAM LINES • CHESS • CHECKERS • 
FINANCIAL APPLICATIONS PACKAGE • PERSONAL 
FINANCE PACKAGE e GRAPHICS • STATISTICS • 
MATHEMATICS e EDUCATION . .  AND MORE 

$24 Per YNr-S.,ple l�ue $4 
VISA-Mast.rch•rg�� 

MATH EMATICAL APPLICAT I O NS SERV ICE  
B o x  149 R B  

N EW C ITY, NY 1 0956 
(914)  425-1 535 

(Send for our FREE Software Cataloa) 
' 

Circle 21'7 oA inquify card. 

TECHNICAL WRITER needed 

to prepare SOFTWARE DOCU

MENTA TION We also have an 

openi ng for an Administrative 

Assistant. Wou ld prefer someone 

i n  the N Y C  area. P lease app ly 

i m mediately (Part-time free

lance position also available) to: 

PRS The Program Of The Month 
Corporation 

257 Central Park West 
New York, NY 1 0024 

212- 787-1526 

Circle 309 on ing'Uiry card. 

D 

Dynatnlo RAM Breakthroueh 
I GK Bits For $ 1 5.95. 

The beat c......,.ent prCea rid t::.tt• then you cen �t to 
be!At lor quia .,. hme: 
MC4116L-20 PRIME MOTOROLA DYNAMIC R A M  liB p;n, 
2[)()rw I'JCCe••· 375ne cycle li�, 70C, c......,.,;c .-ct� 
geld pin., llAiy �teed) SI5.9S p��r chip. T,_. plug 
directly into your TRS-80 or APPLE computer. O.t• 
..._., irch • .ded with y011 or"-'. For rT'O'W, ,,_, lXI ...Wt• 
cell for QUif"'lily pricing. 

S- 100 64K M E M O R Y  BOARD K I T  llor 18K Ia II.K ol 
ltt::love chi,_) � .. end ell c�• ectiPI "*"'CJrY 
chi,. SI'l5. 

' 

S-100 CONNECTORS, 1.- In oocollonl ccnlllan, -
with wire wrap wir•) 3 lltVItl wire wrep, ,,._. Sp.c:lng. 
S2.9S ra. 10 fOf 127.00. SO fot S7S.Ot. 
C A R D  GUIDES 1Mrd lbul •"'Y nco) wHh � 
I.JO • p•lr. 
Minimum orO. S'O.OO. Mnl� end Vi• �ed. 
For �•tier-. end cterge O"'ddre (no COO) elM PNII Ap., 
or Davi d Lcui• at (817) c•c-33!Kl. 

R..-rit ttt- The Memory Coop 
144 MIT Branch 

Cambrldee MA 02139 
0... 1• 1..., ....,.HiclM1 1 1 1 1V • ' ''- • '.c'r..,lu -ul,l-.c. II"IC" 

• • 0.5.1 • 
• • • • OHIO SCIENTIFIC • • • * COMPUTERS* • • • SALES & SERVICE • • Business/Home/Hobby • • Hardware & Software • • • - SEEO.S.I. NOW! -
• • METRO DUREA & MARYLAND • The Math Box,lnc. • :( (301)277-6828 
• CENTRAL VIRGINIA AREA • H/B Computers,lnc. • • <804 )295-1975 • • 

A SPECIAL COLOR MODULATOR FOR APPLE II USERS!! 

UHF Version. Operates aline cl\annel U, Elimlnltn ••nn•! 

Opentu abou lhe switchln& harmonica of 1t11 ctmlllurtr, 
ttlereby yieldinc a cluner, w�rm·free picrure. Tunable 
ner 1 minimum ot C channels, lnterfacu directly wilt! 
tt1t Apple li n we l l u most olhtr mlcru. Comes wlltl 
Yideo cable and RF output stub coupltt. Tw•·tontd cowl 
type decorator cabinet. Slu: 5.5cm 1 t.5cm 1 1 1 .5 cm, 
Power: +SV. Current appros. 1 ma, Self-powered wlttl C 

ptnetll banerlu , Operating lite in ncus ., I GOO hours 
or nur llttlf·lifl of blnerlu. Esctllent stability, Prtclse 
frequency adJustment. No uumbl)' required except fer 
Installation of bltttriu�ltd. MODEL Mvx:soo. 

AVAILABLE FROM YOUR LOCAL COMPUTER OULU 
or direct frtm lTV RESEARCH, COST includin& shlppln& 
any when In USA and Canlfa- $35.GO. 

"PIXE-PLEXER" An IC type Yldto.ft·RF madulator 
includu FM uund sub-canltr, color subcarrler and 
separate R·Y and B-Y Inputs, Duicned a"und "" 
UHIU chip, l dulplrl drum wlftl tull lfatl ahutl. 
Madel PX P·CI!GO, lit form, $24.!50 postp1id. 

• SOL - A New Dawn is Here! 

• coMMODORE PET & KIM 
• NORTHSTAR HORIZON 

• IMSAI VDP-80 
• Memories & 1/0 Boards 

• Computer Book Service 
• Magnetic Tapes & Disks 

• Full Line of Magazines 
• Brain Games & Puzzles 

• workshops & Club Information 

Visit THE COMPUTER CO.RNER for 
all your computer needs. Stop in and 
browse - you'll like our personal service . 

THE COMPUTER CORNER 
White Pi•lns Mall - Upper Lewl 

200 Hamilton Avenue 
White Plains, New York 10601 

Tel: (914) WHY - DATA 

WE SHIP FROM STOCK 

TE LETYPE M O D E L  43 
Only $985 

with RS232 . • • • . • . . • . . • • • • . .  $ 1 , 085 
I NTERTU BE:  

Smart CRT for intelligent shoppers. 
Call or write for special /ow price. 

H O LI DAY SALE 
O N  HAZELTINE TERMINALS 

1 500 Kit . . . . . . . . . . . . . . . . . . . . .  $885 
1 500 Assembled . . . •  

-
• . • . • . . . • .  $995 

To order: $10 shipping. 24 hr. shipping upon 
receipt of certified check or money order. Personal 
checks: allow 10 days. Credit cards: Add 4%. N.Y. 
residents add tax. 

' 

- We Also Export -
We have no reader inquiry number. 

Please call or write. 

OWENS ASSOC IATES 147 NORWOOD AVENUE 
STATEN ISLAND. N.Y. 10304 

Day, weekend, evening calls welcome. 
(212) 448-6283 (212) 448-6298 
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lncrediD/el Out True Precutwtie is CIJe(Jper tiJ(Jn cutting your own/ 
Fast • Reliable • Economical 

• No more c utting & stri p p i n g  by hand 
• Good, c lean , u n iform strip 
• C h eaper than u s i n g  b u l k  w i re 

PRECUT WIRE B U LK WIRE 
100 pcs o f 3" at $.82 = 3 1/4¢/ft. 5 0  f t .  rol l  a t  $ 1 .99 = 4¢/ft. 
100 pes o f 6" at $1 .06 = 2¢/11. 1 00 ft. roll at $2.95 = 3¢/11. 
Wire Kit #1 at $6.95 = 2 1/3¢/fl. 

/ ...... # 30 Kynar stripped 1 "  on each end. Lengths are overall 
Colors: Red,Biue,Green,Yellow,Biack,Orange,White 
Wire packaged in plastic bags. Add 25¢/length for tubes. 

_!QQ. 500 __!!!QQ_ 5000 
21h i n. .78 2.40 4.30/K 3.89/K 
3 i n. .82 2.60 4.7 1 /K 4.22/K 
3'11 in. .86 2 .80 5 . 1 2/K 4.55/K 
4 i n. .90 3.00 5.52/K 4.88/K 

4'h in. .94 3.21 5. 93/K 5.21 /K 
5 in. .98 3.42 6.34/K 5.52/K 
Slh in. 1 .02 3.65 6. 75/K . 5.86/K 
6 i n. 1 .06 3.85 7 . 1 6/K 6. 1 9/K 

6% in . 1 . 1 5  4.05 7.57/K 6.52/K 
7 in . 1 .20 4.25 7.98/K 6.85/K 
7'h in . 1 .25 4.45 8.39/K 7. 1 8/K 
8 in. 1 .29 4".65 8.80/K 7.53/K 

8'h in . 1 .32 4.85 9.21/K 7.84/K 
9 in. 1 .36 5.05 9.62/K 8. 1 7/K 
9'h in.  1 .40 5.25 10.03/K 8.50/K 
10 in. 1 .45 5.51 10.44/K 8.83/K 

Addl. in .  . 10 .41 .82/K .66/K _,I 

WIRE KITS 

#1 $6.95 #2 $1 9.95 
(2.2 ¢/ft.) (1 .9 ¢/ft.) 

250 3" 1 00 4112" 250 21/2' 250 5" 

Catalog avai lable on .request. 

WIRE WRAP TOOLS 
----

I t's like 00 
gett ing i t  fo r $28--
H O BBY WRAP 
Model BW 630 with 

W I R E  K IT# 1 fREE ($6.95 Val ue) 

Batteries & C harger 

$ 34.95 
WSU 30 Hand W rap - U n wrap Str ip Tool  
WSU 30 M ,  for M od ified W rap 

$ 1 1 .00 
6 .25 
7 .25 
2 .95 BT 30 Extra B it 

2 . 2" X 6.5" 

SK 1 0  $1 6.50 
SO LDER LESS 

BREADBOARDS 
INCLUDING 
Over 1 0 0  pteces of precut wire 
tn assorted lengths - FREE!  

I NTER C O N N E C T  CABLES
"'' 

R i bbon cable connectors for connecting 
boards to front panels, or board to board. 

SINGLE ENDED DOUBLE ENDED 

14 ptn 16 pu) _?�� l'!. P.. t!:!.___!§_ p!.Q _� 
6 .. 1 24 1 3<1 2 05 2 24 2.45 3 37 

1 2'' 1 33 1 44 2 24 2 33 2 55 3.92 
2·1'' 1 52 1 65 2 63 2 52 2 76 4 31 
-18'' 1 91 2 06 3 40 2.91 3 1 7 5.08 

WIRE WRAP SOCKETS 
1-9 10-24 

Bpin ' .35 .33 
14 pin · .35 .33 
1 6 pin · .37 .35 
1 8 pin • .60 .55 
20pin .84 .78 

25·99 

.31 

.31 

.33 

.45 
.71  

1 00·249 � �  
.29 .25 .23 
.29 .28 .27 
.31 .30 .29 
.43 .40 .37 
.63 .59 .54 

250 3'12'' 1 00 5" 500 3" 1 00 5'12'' ~ 22pin ' .90 .85 .82 .78 . 70 .60 

500 3 112" 250 6" 1 00 4" 1 00 6" 24 pin .91  .84 .78 .68 .64 .59 
25 pin strip 1 .25 1 .05 .95 .80 .70 .65 

500 4" 1 00 6112" 
250 4 '/2' 1 00 7" 

28pin .95 .89 .84 .80 .76 .74 
40pln 1 .50 1.40 1 .30 1 .20 1 .05 .90 

Gold 3-Level Closed Entry Design 
1-250 ft. R o l l  End & Side Stackable All prices include gold 

#3 $23.95 #4 $42.95 
(1 .7 ¢/ft.) (1 .5 ¢/ft.) 

500 2'12'' 500 4%" 1 000 2V2" 1 000 
500 3" 500 5" 1 000 3" 1 000 
500 3 112" 500 5%" 1 000 3'12' ' 1 000 
500 4" 500 6" 1 000 4" 1 000 

C hoose One C � l o r  or Assortment 

4 112" 

5" 
5 V2" 

6" 

EDGE CAR D 
CONN ECTO R 

SALE ! 

1 35 E. Chestn u t  St.  #5 M o n rovia, CA 9 1 0 1 6  (21 3) 357-5005 

2-Level Sockets Available 

44 Pin  Solder Tai l  
100 P in  Solder Tail 
1 00 Pin Wire Wrap 

$1 .75 $ 1 5./ 10 
$3.50 $30./1 0  
$3.50 $30./1 0  

A L L  connectors include Gold. 

� 

1 00 pin connectors are on IMSA I .  spacing. 

OR D E R ING INFORMATION 

Orders under $25 and COD's. add S2 
• All others. shipped Ppd in U.S. via UPS 
• For Blue Label (A�r) or 1st Class. add $1 
• We accept Visa & Mastercharge 
• Most orders shipped same day 

Dealer I nqu iries I nvited 

BYTE November 1978 2 1 9  
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SYSTEMS 

Fully I ntegrated Computing System in  a Single Circuit 

The VPD-40 is a fu l l y  integrated 
system featu ring an 8085 processor, 
32 K bytes or 64 K bytes of p rogram
mable m emory, twin min i floppies, a 
video display,  p rogram mable keyboard, 
motherboard and serial and paral lel 
1 0  ports in a fl ip top cabinet. Supporting 
software inc ludes a disk operati ng  
syste m ,  text editor, extended and com-

. m ercial BAS IC ,  relocatable assembler, 
l in kage editor, debugging p rogram , 
floppy d isk  system d iagnostic p rogram 

M icroprocessor Business Computing System 

The A bacus 1 is a comple te h ard ware 
and software package designed to h and le  
�asic accounting for  smal l  businesses. 
It inc ludes a Z-80 processor, dual N orth 
Star flop py d isk  syste m ,  video d isp lay ,  
keyboard a n d  printer ,  p lus  software. 

Functions performed by the Abacus 
include general ledger accou n ting, 

accou n ts receivable, accounts p ayable,  
inventory, payrol l ,  mai l ing l ists, data 
entry, sorting and fi le  m anagement .  A 
character orien ted  word processing sys
tem is avai lable as an option. 

The unit features an i n te ractive, 
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and A N S I  level two FORT RA N  I V. 
Expansion capabi l ity is avail able with 

the V DP-40 optional dou ble densi ty 
disk control l er. Up to two mi n ifl oppy 
d rives and fou r fl oppy d rives can be 
sup ported. Si nce the · VDP-40 can 
sup port two optional d isk controllers, 
total d isk expansion capacity approaches 
five megabytes. 

The 24 line by 80 ch aracter video 
display features i nsert and delete, 
user-program mable character set, p ro
tec ted fie lds ,  inverse video and a 1 4  
MHz  bandwidth. 

Text can be inserted or deleted by 
character or l ine.  Protected fie lds help 
the user safegu ard material being 
en tered, or al ready entered, frpm being 
altered when in certai n modes,  such 
as i n�ert or  edit. Variable format al lows 
creation of large ch aracters for viewing 
at long d i stances. 

The VDP-40 is priced u nder  $4500 
and is avai l able from IMSAI Manufac· 
turing Corp, 1 4860 Wicks Blvd,  San 
Leandro CA 945 77.•  

Circle 590 o n  inquiry card. 

double entry book keeping system in  
wh ich receivables decrease book inven
tory,  pay abies increase book inventory , 
and general ledger accounts are u pdated 
automatically with extensive and val id  
accounting controls. 50 programs are 
included in the BAS IC software package, 
with 1 20 pages of docu mentation. 

Prices for the Abacus 1 start at 
$5995.  For fu rther information con tact 
Com pute r  Prod ucts of America, 633 W 
Katella Av, O range CA 9266 7 . •  

Circle 592 o n  inquiry card. 

.· 

Single Board Computer from Omnibyte 

This  new single board com puter 
contains a p rocessor, m em ory and 10 on 
a single 4 .5 by 6.5 inch ( 1 1 .4 by 1 6.5 em)  
card. The Model O B8001 also incl udes 
serial com mun ications interface m eeting 
both the 20 mA current loop and 
RS·232C standards. The m icrocom puter 
us ing the 6800 p rocessor can be  used to 
im plement a wide variety of stand alone 
control lers .  The processor module is 
avail ab le  without chassis as a stand alone 
com put ing system with standard card 
edge con necto rs. 

I nc lu ded on the  board are : the 
MC6800 processor, a 1 M Hz crystal 
contro l led cloc k ,  1 K bytes of p rogram
mable m emory,  sockets for 2 K or 4 K 
of read on ly  m emory,  serial interface 
with sel ectable data transm ission rate, 
an M C68 2 1  per ipheral interface adapter 
( P I A )  that p rovides tw o bytes of pro
gram mable b in ary 10 along with fou r  
program mab i e  control bits, fu l ly buf
fered ad d ress, d ata and control l ines for 
off board expansion, full d ecod ing for 
eight pages of off board 1 0  add ressing 
and a separate 1 28 bytes of program
mab le  m emory to be u sed for scratchpad 
memory.  Th is card is com pat ib le  with 
the O m nibyte fam il y of  m emory and 1 0  
cards. For fu rther inform ation contact 
Om nibyte Corp, 27 1 1 B Cu rtiss St, 
Dow ners G rove I L  605 1 5 .• 

Circle 591 on inquiry card. 

Attention Readers, and 
Vendors . . .  

Where Do" New Product Items 
Come Fro m ?  

The information printed in the 
ne w products pages of 8 YTE is 
obtained from "ne w  product" er 
"press release " copy sent by the 

promoters of new products. If in 
our judgmen t the neat new whiz
bang gizmo or _ save the world 
software package is of interest 
to the personal computing experi
menters and homebrewers who 
read B YTE, _ we print 'the infor
mation in some form. We openly 
solicit such information from 
manufacturers and suppliers to 
this marke tplace. The information 
is prin ted m ore or less as a first in 
first out queue, subject to oc
casional priority modifications. 
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VISI B LE . 
OR 

I N F RA RED 

USED FOR CHARACTER 
R ECOG N ITION FOR 
COM PUTERS WITH 

EXTERNAL C I RCU ITS 

MAY BE USED I N  
A VACUU M ,  

U N D ER WATER, 
H I G H  ALTITU DE 

IN MAG N ETIC ENVI RON M ENT 
B ECAUSE TH ERE IS NO 

H IG H  VOLTAG E OR 
MAG N ETIC DEFLECTION 

MINATURE SOLID STATE 

202 VI DEO CAM E RA KIT 
FEATU RING A . . .  1 00 x 1 00 BIT SELF SCA N N I N G  C HARGED COUPLED DEVICE 

THIS U N IQUE UPDATED CAM ERA KIT 
FEATURES TH E FAI RCH I LD CCD 202C I MAG E SENSOR 

A D VA N TA G ES FEA TURES 
• IN THE FUTU RE 

W E  W I LL S U P P LY A 
COMPUTER VIDEO I NT E R FACE CARD 

• All clock voltages operate at 6V 
reg u i ring no adj ustments 

• H igher videp output s ignal 
• We supply the power board, so only 

a 5V 1 Amp power sou rce is needed 
• The c i rcuitry has been s impl if ied for 

easier assembly 
• Two level TTL output is suppl ied for 

interfaci ng 

• Sensitive to infra red 
as wel l as visible l i ght 

• May be used for lA survei l lance 
with an lA l ight  source 

• Excel lent for standard 
survei l lance work, because 
of l ight weight  and smal l  size 

• All components mounted on 
paral le l  3 3/4

11 x 6 V2 11 single 
sided boards 

• Total weight under 1 lb. 

$349°° KIT We supply a l l  semiconductors, boards, data sheets, 
d iag rams, resistors and capac itors, and 8 M M  lens. 

Sorry we do not supply the case, batteries and 5V supp ly. 
Add $75.00 to .assem ble and test 
Add $2.00 Postage and Hand l i n g  

UNIVERSAL 4Kx8 MEMORY BOARD KIT 
$69.95 

32-2102-1 fully bu ffered, 16 address l i nes, on 
board decoding for any 4 of 64 pages, standard 

pin buss, may be used with F-8 & Kl M 

EXPANDABLE FS CPU BOARD K I T  
$99.00 

featuring Faubug PSU . l K-ot stauc ram, RS 232 
in lerface, documentation, 64 BYTE 

. 18 4019 -

.18 4020 -

.95 4021 -
.18 4022 -
.37 4023 -
.37 4024 -
. 18 4025 •. 
. 18 4027 -
.29 4028 -

- .75 4029 -
- .75 4030 -
- .29 4035 -
- .90 4042 -

$95.00 
CCO 202C 100x100 Imago Sensor . . . . .  $ 1 45.00 

. • . . . . • • . •  $4.00 
This board is a 1 / 1 6 "singlo sided pBpor epoxy 
bbnrd, 4X"lC6W' D R I L L E D  and ETCHED which 
will hold up to 21 single 14 pin IC's or 8, 1 6 or LSI 
DIP IC's with busses for power supply con noctor. · 

FP 1 00 PHOTO TRANS . . . . . . . .  S . 50 
RED, Y E LLOW, GREEN or AMBER 

LARGE LEO's .2" . . . 6/Sl.OO 
Tl L-1 1 8 OPTO·ISOLATOR . . . . . . . $ .75 
MOLEX P I N S  . . . . . . . . . . .  100/$1 .00 

1 00(}/$8.00 

1 WATT ZENEAS: 3.3. 4.7. 5.6. 9. 1 .10. 
12,  15. l B. or 22V .. 6/$1.00 

MC6860 MODEM CHIP $9.95 
MCM 6571 A 7 x 9 character gen $1 0. 75 

Silicon Power Rectifiers 

SPECIALS 
2N6233-NPN SWITCHING POWER $ 1 .95 
MR F-8004 a CB RF Transistor NPN S · 7 5  
2N3772 N P N  S t  T0-3 . .  $ 1 .00 
2 N 1 546 PNP G E  T0-3 . . . . . . .  S .75 
2N4!J08 PNP s, T O J . . . S 1 .00 
2N6056 NPN St T0- 3 O:u l tn� 1 ton S I . 70 
2NS086 PNP St T_D-9 2  . . . 4 15 1 .00 

2N31 3 7  NPN Si  R F , . . . $ . 5 5  

2N39 1 9  NPN St T0-3 R F  . . . S 1 .50 
2N1420NPN Si T0 5 . . . . . . . . .  3/S 1 .00 
2N3767 NPN 5, T0-66 . . . . S . 70 
2N2222 NPN St T 0- 1 8 . . . SIS 1 .00 
2N3055 NPN St T 0-3 . .  S .50 · 
2N3904 NPN St T0 -92 6/$ 1 .00 
2N3906 PNP St T0 -92 . 6/$ 1.00 
2N5296 NPN St T0-220 . . S . 50 

PNP St T0 -220. . . . .  S . 55 

TIL IC SERIES 7445_ .ss 
7400- . 1 3  7446- .68 
7401- .13 7447- .58 
7402- . 1 3  7448- .68 
7403- . 1 3  7450- . 1 5  
7404- ' 1 5  7472- .25 
7405- .13 7473- .28 
7406- .16 7474- .28 
7407- .20 7475- .45 
7408- . 18 7476- .30 
7409- .1 8  7480- .31 
7410- . 13 7483- .65 
741 1 - . 1 8  7485- .87 
7412- .1 3  7486- .28 
7413- .36 7489- 1.25 
7414- .60 7490- .42 
74 16- .22 7491- .58 
7417- .25 7492- .43 
7420- .13 7493- .43 
7425- .25 7494- .67 
7426- .22 7495- .65 
7427- .1 9  7496- .65 
7430- .1 3  74107- .28 
7432- .22 74121 - .29 
7437- .2 1  74122- .38 
7438+ .21 74123- .45 
7440- .1 3  741 25- .40 
7441 - .70· 741 26- .40 
7442- .37 74150- .94 

1 .oo· 

74151- .61 
74153- .61 
74154- .94 
�::;t ·-:� 
74161- .55 
74163- .55 
74164- .85 
74165- .95 
741 70- 1 .68 
74173- 1.20 

74174- .95 
74175- .85 
74176- .75 
74177- .75 
74180- .65 
74181- 1.90 
74190- 1.00 
74191- 1.00 
74192- .79 
74193- . 79 
74194- .so 
7.11 195- .50 
741 96- .86 
74279- .55 
74367.- .50 
75325- 1 .50 
75491 - .so 
75492- .50 

HLSOO - 1V 
7•LS.01 - 19 

HLSOJ - .19 
HLSOol • ,, 
7•LSO$ - .21 

JOLSOB - 71 

�:�� : -� mm : � 
HLSIS - )1 
74LS20 • 11 
HLS21 - .�1 
HLS12 - .21 
7•1.5:1'6 - 7!) 
HL52J • ?S 
HL$28 - .)6 
74LSlO - 21 mr� : �= 
HL�II • ,, 
J4LSA1 • 60 
HLSH - .73 
70LSS1 - 25 
JCLSs.-1 - .25 
7U.S1J - -� 
H�SJ• - :J.t 
J•LSJS - S.O 
HLS76 • .JS 
7tLS8S • .  75 
JOLS86 - .lS 
UL590 - .!>0 ;:��� : :: .. 
ICL$1051 • .JS 
JOL!.117 - .JS 
?C�SI I l  - .l� 
1C�S11C - .JS 
7CLS1n - 45 
70LS176 - .• 5 

H�SIJ2 - ·" 
HLSI:Ia - ·" 
J(L$139 - " 
H�SI!>I - " 
HLSISJ - " 
74LSI�� • ·" 
HL$1� - .62 
7CLSIS7 - / S9 ;m:E : · ;: 
14lS16l · 79 
JCL$168 - .80 
HL511i9 • 80 
JCL$170 - 1 •11 �:��:�! : -�� 
1•LS17S - 7!1 
74L$181 - 2.00 
7•LS190 - 118 
J•U191 - 68 
Hl$19) - 88 �:��::� : : 
HLSiifi - 7� 

7•LSI97 - 1� 
TOLS)21 - 1 .00 
7CLS�7 - 68 
HLS1Sa 68 
7•L5:1'6!> - 25 
JOLS279 - .SO 
14LS290 - .GO 
TOLS:>93 - !.8 
14L$.l6$ - cg 
HLUU - •9 
14LSJ67 - 4<) 
7CL$l&e • •9 
,.U-37$ - 60 ;:�� : 1 �: 
70�5670 - 7 00  

. 1 7  .24 P l N  .35 

.20 28 PIN .4 0  

. 2 2  40 PI N  .60 

·" .30 
·" 

LM 3 1 1  .75 

LM 3 1 8  - 1 .20 
LM 324 - .70 LM339 - 1 . 1 0  

L M  JSB - .70 LM370 - 1 , 1 5 LM377 - 1.60 
LM JBO -· .95 
L M 3 8 1  - 1 .25 

LM 382 - 1 .:?5 LM 387 1.25 
LM537 - 2.� 

LM S53 - 2.50 

LM 555 - .39 

LM 556 - ... 
NES40L - 2.25 

560 - 2.00 ,., - ... ... - 1.10 

,., - I 10, 703 - .90 
1]3H ·" 
592H " 709 - .25 

7>0 - ·" 741Co1 v - " 
'" .50 

LM 1]10 - 2.50 
.. ,. - ·" 
1458 - 50 
3900 - ..• 
BOJBCC - 3.90 ,., - 1 95 

LF356H - 1.20 
R EGULATORS TRIACS SCR'S 

FNO 359 C.C . .  4" $ .50 309K 
723 

S .95 340K- 1 2, 1 5  M I N I  PAV 1 A · l O A  25A 1 .5A 6A 35A 
FCS 8024 · 4 digit DL-704 C.A . .  3" $ ./5 
C. C. 8" display $5. 95 D L  7 4 7  C. A . .  6" $ 1 . :0 5 
FND 503 C. C . . 5" $ .85 FNO 803 C.C . . 8" $ 1 . 95 
FND 510 C A 5" $ 8 5  F N D  810 C A 8" $ 1  9 5  

LM 376 . . .  
3:2QT- 1 2 ,  1 5  

S .50 o r  24V . . . . .  S .95 
S .60 340T-5. 6. 8, 1 2  

M T A  1 0 6  SPOT 
MTA 206 OPOT 

.95 

1 . 70 

$ 1,85 

• oo 
200 

.40 . 70 1 .30 .40 .50 1 .20 

1 5 , 1 8  or 24VS .95 MTA 206 P-OPDT CENTER O F F  
MSD 206 P DPOT C E N T E R  O F F  

. 70 1 . 1 0 1 . 75 .60 . 70 1 .60 
24V $1 25 78 400 1 10 1 60 2 60 , 00 1 20 2 20 

Tetms. FOB CamMdge. Moss S•nd 250 fo• ou' '""'•• '"'"""• t�, SQLJD STATE SALES WE SHIP OVER 95%
. 

Send Check or MoneyOrder. Tranmlors and Rectifiers p O BOX 74 B OF OUR ORDERS THE Include Postoge,,Minlmum 145 H ampshire St Cambndge, Mass 
• • DAY WE RECEIVE THEM Otda r SS.OO. COO S $20.00 · SOMERV I L LE. MASS 02143 TEL. (6171 547·7053 

. ..... 
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M icro Module  Performs Four Functions 

The Wintek Counter/Timer module is 
capable of performing as a frequ ency 
cou n ter, event cou n ter and free running 
t imer, or  doing period measurement. 
App l ications inc lude remote data logging 
automatic freq uency adjustment, auto
matic crystal frequencies up to 3 0  M Hz, 
periods from T 1 5 to 224 seconds, and 
elapsed time to 1 00 days, a l l  with an 
accuracy of 0.00 1 %. A utomatic battery 
backu p is an option. The module is 
avai lable on a 44 pin 4Y:. by 6Y:. inch 
( 1 1 .43  by 1 6.5 1  em) printed c ircui t  
board for $ 1 49. F o r  fu rther  information 
contact Wintek  Corp, 902 N 9th S t, 
Lafayette I N  47904.• 

Circle 543 on inquiry card. 

!t.tOOVOC 
100 \IA mu""""' 
C_,. •al\19', 
� .... •ilol1191. 
Ou!pul cuntnt 

Voi� R...,.. O I !JO \IOC 
c ... ,.,, � ..... ,, .. ,, ...... 
A4111111Mnl1 Oulput•oltlft 
fhtult!IOII lu>t ... cl lO.Od " 
ProtKIIOn Cunonthmrltd 

Adfll$!1bltCIIntnl hmtl• F�tmtftl SethOft 
"" IOf murmumcrrturl 
�DIKiiOft Vohlft 11 6 VA( Ctn!or i!Pptd 

Phon l.,.p "'dtc;llnOUI• 

Cuuolll 2 �  A "''" 
PrOIKhOII Ouoi Crtcllrt Brtthfl 

""' '"''"'.,_" GG-8!1 "'"'""' 
VOC 

O IOO ioi A .., d O l OO M A r  ..... o 
lrntt!>d lot<I C I' MUIUift B• tvntnl 

PRICE: $69.95 deliv.red. 
Send ch.ck or money order. 
au.ntities limited. 

O. I SO V O C m.-��n C· 
o..coovoc ..._,"a· 

Flllly protK!td, lll rtn,. 
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__II SOFTWA R E  II__ • M A D E  I N  G E R MA N Y . 
Upset about home-brew appli
cational software? Try the system 
house 

dedata edv 

Hatzfelder Str. 35, D -5600 Wupper
tal-2, W-G ermany 

I N  BASIC 
We have the fastest, most re l iable, 
unique and high performance 

TEXT PROCESSOR 

Comes now on North Star Disk. 
Soon on CP/M . 

English manual for U.S. $50. {In
cludes shipping and handling. ) 

-made by dedata edv-
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Circle 83 oti inqu i �y ca.rd.,. 

• 

1 6  K Byte Ful ly Static Memory B oard 

This 1 6  K byte fu l ly  static S-1 00 
memory board u ti l izes a 4 K byte ful ly 
static memory i n tegrated circuit  (TMS-
4044 ) .  Al l  signals to MOS devices are 
buffered by l ow power TTL to preven t  
damage b y  static electricity and to 
m 1mmize capacitive loading on · the 
bus. Low profile sockets are provided 
for al l  i n tegrated circuits. 2 M H z  
operation is standard a n d  4 M H z  is 
optional at a slightly h igher price. 

The 1 6  K byte fu l ly  static memory 
board is $350 i n  k it  form and can be 
obtained by contacting Electronic Con
trol Technology, 763 Ramsey Av, 
H i l lside N J 07205 .• 

Circle 54 4  on inquiry card. 

Oes•vned To Make The Opet�t•on 01 Vour Penon1t Computer Enier And More Fun 
THE TRS.U rou GRAPHICS WORKSHEET 

S...OPO<UQOIIC'Io, l•v •mt)!Hntnllhon ol ll'-ohoc:t•n mad'""'' 
-mbl¥ 1.-nll'-'89' Of '" holl1t1 uulorii•O<'I ol l .. ,, II 8acoc: 
I oed of 25 .,_U, . IJ.IS 
4 P«ffoi 1S"-U . I&.K 

THE TRS .. O GRAPHICS WORKSHEET 

T� dH11one to �:ont•nul !lw •mol-llloOn ol Ull SET 
...c! RESET COMI'TIMich .,, '"SOlid to OfO.O. 
'1 '*'' of 25 -'-" 11.15 
4 pedJ Ol '15 ihHII • • .... 

THE LINE MIUER 

Rule• llop � vou IV� P109"1tm1' L•N lol10¥oong mlde 
UIY wolh tlw loM MonOt<. - Sttof 1- h9 1o l·h6 1oo . . .  •t 

OUR VARIAILE MINDER 1!1'1 TM H111�iftt Dtrll lllilltll 
5M II I 0'11\CI !hi ... ttltboltl'f' Of t1t 961 w•olobltt It\ lt"'l 
II . • .-.d !htu l'f'Pf nattnmtnll. Allowl lull •mpitmtn
llltOn olup lo 38"8 1orlon9PI'fl(:•ltodpt09tmnwn. 
1 p«:� ol :75 u-u . U.l5 
1e«tsot JSthfttt. M.15 

UD OUR SEU:CTIOIIII OF IIIIOTE PADS 

ICIIP !him hendy 10 101 do,.... th.ow ICJUI of the moment 
11\ou91'1U PK�Ifl of 6 ptodt IJOO lhtt\1. til .......... Utili 

Sl.l5 

YOUR CHOICE OF TITLES BELOW. DON'T WRIT£ IT OFF 
Ill Bubblt Bllbult, 111 But L•ntt. 131 0..-Qv Notn. 141 

TRS·BO Q...,.,, Don't 8"'001 To Anvon.. I!N FloDP'f' COPY. 
181 Plddld Sm. 111 IJf'd'll O•t�·uA>On. 181 hnd'f' St'f' 
"Don'! Mth ASCII 01 S.ll " 

P E R SO N A L  T I M E  O R G A N I Z E R  

bsrn1i.1l [or S.de;mcn, IJoclors, L.IW· 
ycrs, Bu�inc��men or .1ny hu"y pl'r3on 

S.1vc hundreds or hours e.tch yc·.tr 

O P E R ATIONS 

Input Tasks and Appointments in any order 
Delete Completed Tasks 
Sort and printout by priority, location, person, 
and/or date. 

Complete with instructions 
North Star Disk . . . .  $40 

Potter's Programs 
2 2 4 4 4  Lakeland 
St. Clair Shores MI 4 8 0 8 1  
Tel : (3 1 3  ) 5 73  : 8  0 0 0 

24 l ine x 80 char 

1 ooo· . . .  1 2  x so . . .  $495 
1 2 00* . . . 24 X 8Q . . .  650 

• HIGH QUAliTY FACTORY -REFURBISHED / VIDEO TERMINAlS 
ALSO AVAILABLE : ' 2000, 3000 

.... 

'• 
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Circle 376 on inquiry card. 

· ���� ......................................................... . POWER OP AMP 
2SOmA output current copabi lity .  Operates an as 
low as 3V. Input parameters are programmable for 
system optimizing. Electronic shut down al lows ' 
output to float. Packaged in 8 pin mini-dip. 

G()IJ) .125" X .25()" ZBO CPU 
Famous single chip u processor with all  tho power 
of tho 8080A plus 80 additional operations. Single 
+5V supply and single phase clock. Directly in
terfaces with standard static and dynamic RAMS. LM1 3080N • • . . • . • • • . . • • • • • • • • • • . . • • •  S1 .94 

Specs and applications . . . . . .  .60 

1 6 K  DYNAMIC RAM 
Replace your 4K dynamics for memory expansion. 
Super buy on this exact replacement for the 41 1 6 .  
uPD416 (200nS) • • • • • • • • • • • • • • •  $20, 8/$144.00 
uPD41 6 (300nS) • . • • • • • • . • • • • • •  SIB, 8/$ 1 28.00 

21 L02-4 (450nS) 
Special buy from major producer allows super 
pricing on these brand new prime memories I 

_ MM21 02AN-4L • . • • • • • • • • • • •  $1 .44, 64/$73.60 

CHARACTERISTICS 
ELECTRICAL Clln'MI� .. , .... ,, lflwUIO'IIt.-Nal.n \_.....,., ' 
Canl.1 .. -...... 
·-· 
Dllr!M nr \lo"•llMNIII ��·MSI ISIUIIWI c..-r•--rt�• lrN• MECHA.'IiKAl FOR .U62"11 .5�rnml BL\I>E �nwn ... rC>f ..... �f::;:.�IN.n:. t 
'ltlllll*l•ll fur(t, 

2GC I,__ IIWI 
(0.!16�..,._,.... INI'I I 

ZBO CPU • . . • • • •. • • • • • • • • • • • • • • • • • . . • • • .  $20 
ZBOA CPU • • • • • • • • • • • • • • • • • • • • • • • • • • • •  $28 

Specs • . • • • . • • • • • •  :, • • • • • • • •  Sl 
ZBOCTC 
Programmab le four channel device' that provices 
cOunting and liming functions for the ZBO CPU . 
ZBOCTC • • • . • • • • • • • . • . • • . • • • • • • • • • . • •  $1 1 . 00 
ZBOACTC • . • • • • • . • • • • • • • • • • • . . • . • • • • •  $16.00 

Specs • . • . . • • • • • • • • • • . • . • • •  $1 

ZBO PI O 

6502 u Procossor • • • • • • • • • • • • • • . • • • • . • • •  SI0.95 ' EDGEBOARD � CONNECTORS 
Parallel interface canlraller is a two port ITL com
patible interface with the CPU. 
ZBOPI O • . • • • • • • • . • • • • • • • • . • • . • • • • • • • •  $11 .00 
ZBOAPIO • • • • • • • • • • • • • • • • . • • • • • • . • • • • •  $16.00 CONN�TION DIAGAAMI 

TO·J itACIU.QE 
�TOP YIEWI 

T.XDI lnstfumenh, world leoder In rMtullyrglc:ol 
technology, l1 lnh'oduclng lh' new Improved H43 
e...,._ and ni-TEK h I"'>Ud to affo< It fa< tt.o 
fif1t tlrN to our cusforMfl, The H43 �h 
lflo boot """'" In tt.o lnduotry an tt.h papular 

""'""'- ">''•· 

Specs • • • . • • • • • • . • . • • . . • • • • . • • •  $1 

25 Pin Data Connectors 
DBC-25P (male) • . • • • • • • • • . • • •  $2 . 1 9, 1 0/1 9.80 
DBC-25S ( Female) • • • •  , • • • • • • • •  $3 . 1 9, 1 0/30. 50  
DB-51 226 • •  Hood • . • • • . • • • • • • . • • • • . • • • • •  $ 1 .39 
D2041 8 • • • • •  Scrowlock assembly • • • • • • . • • • •  $1 . 1 9  

Pin grid l 1  detlgned to. f1 t  molt of the s-100 bUI 
madlinn tudl ca ltNal,  Vector, Cromemeo. 
Will nat fot Altair mather b«.do . 

Heavy I)Gid Inlay gl- you up to oovon 11- tt.o 
gold In the cirtlcol ca�hx:t oreo at reduced COlt. 
T .1. hao tt.o IW!nalagy and ni-TEK hao T .1.  

PRECISION VOLTAGE REFERENCE. 
AD584 is a precisian monol ithic IC which has pro
grammable outputs of I OV, 7 .5V, 5V and 2.5V @ 
.3% maximum error I Full -55 to +1 50° operation. 

AD584JH • • • • • •  (in 8 pin T0-5 con) • • . • • •  $6 .95 

Saldor toll H435121-� $3,59 10/$32.00 
Wlro wrap H-1351 1 1 -� $3.59 10/$32.00 

Ouantlty prlel� available Spec sheets . . . . . . . . . . . . . . . . . . .  .60 

91ippinJ •nd HMdling 
U.S. _,d CANADA ADD 5" 
om ... countri• •dd 15" 

ln1Ur8� 1-·,. not rtllpCMltib'e tor I 
lunimurltd �reel� • 50 I 

--------- • ----- ----, 
B' 'C"C'Klr A N  E'NT'£' n n n TC' 'C"C' 

T 
All Prime Quality - New Parts Only 

n Ei. .1 • fir I\..l�n� Satisfaction Guaranteed 
EDGE CARD CONNECTORS: GOLD PLATED. 
BODY: Non brittle, solvent resistant, high temp, G .E . Valox. The finest you can buy. 

ALTAIR S-100: Cont./Ctrs . .  1 25" Row Spacing, . 1 40" I CONTACTS: Bifurcated Phos./Bronze; Gold/Nickel. 

50/100 Dip Sold. $3.95 ea. 5 pes. $3.75 ea. 1 50/100 Sold. Eye. 

" 

6.95 ea. 

" 

5 pes. 6.50 ea. 

IMSAI S·100: Cont./CtrS . .  1 25 Row Spacing, .>150 
50/100 Dip Sold. $4.20 ea. 5 pes. $3_gs ea. 150/100 W/Wrap 3 3.75 ea. S pes. 3.50 ea. 
IMSAI CARD GUIDES- 0 . 1 g  ea. 5 pes. 0 . 1 6  ea. ICROMEMCO S-100: Cont./Ctrs . .  1 25" Row Spacing, .250" 
50/100 Dip Sold. $6.50 ea. 5 pes. 
(Or short W/Wrap) 1
.1 oo" Contact Ctrs., .1:o�'

H
R

E
o: �::�n

:�TORS AVAILABLE 

22/44 Dip Sold. $2.30 ea. 5 pes. 
25/50 Sold. Eye. 2.gs ea. 5 pes. 140/80 Sold. Eye. 4 .80 ea. 5 pes. 
43/86 Dip Sold. 4.90 ea. 5 pes. 
43/86 Sold. Eye. 4.90 ea. 5 pes. 1 .156" Contact Ctn .. . 140" Row Spacins. 
6/- Sgle. Row (PET) $1 .00 ea. 5 pes. 
22/44 Sold. Eye. IKIMI 1 .90 ea. 5 pes. 122/44 Dip Sold. ( K I M )  1 .90 ea. 5 pes. 
43/86 Oip Sold. 4.90 ea. 5 pes. 

'' , 1.156 Contact Ctrs., .200 Row Spacing. 
1 5/30 W/Wrap 3 $1 .05 ea. 
22/44 W/Wrap 3 2.30 ea. 
36/72 Sold. Eye. 3.45 ea. 136/72 W/Wrap 3 3.85 ea. 
43/86 W/Wrap 3 5.50 ea. 

POLARIZING KEYS FOR ALL OF THE ABOVE: 

5 pes. 
5 pes. 
5 pi:s. 
5 pes. 
5 pes, 

1 to 49 pes. $0. 1 0  ea. 50 pcs./Up $0.08 ea. I Specify: IN Contact or BETWEEN Contact: 

� I 1 2124 Pin .1 56" Cont./Ctrs . .  200" Row Spacing. 
T I N  PLATED CONTACTS. 

I DE A L  FOR PET INTER FACE & PARALLEL USER PORT. 

$6.00 ea. 

$2. 1 0  ea. 
2.75 ··-
4.50 ea. 
4.70 ea. 
4.70 ··-

$0.90 ea. 
1 .80 ··-
1 .80 ea. 
4.70 ea. 

$0.95 ea. 
2 . 1 0  ea. 
3.30 ea. 
3.70 ea. 
·s.oo ea. 

· - - - - -
2

-
5

_
$ ___ _ 

Circle 30 on inquiry card. 

·.-----------------------------�· SUBMINIATURE CONNECTORS: (DB 25 SE R I ES, RS 232.1 
DB 25P Male Plug $2.50 ea. 5 pes. $2.20 ea I DB 25S Female Socket 3 .60 ea. 5 pes. 3.40 ea: 
DB 5 1 2 1 2-1 Grey Hood 1 .20 ea. 5 pes. 1 .1 0  ea. 
DB 51 226-1 A Black Hood 1 .30 ea. S pes. 1 .20 ea . 
D 204 1 8-2 Hardware Set 0. 75 ea. 5 pes. 0. 70 ea.l 

SAVE: BUY A SET: ( 1  D�25P, 1 DB25S, Any Hood.) 
1 Set: $6.35 ea. 5 sets: $6. 1 5  ea. 

NOT E :  For Hardware, (D20418-2l Add $.65/Set. 

WHISPER FANS - I Excellent for c9mputer cabine,f cooling. This is the most quiet fan you wil l  find. Only 
measures 4 3/4 square by 1 %  deep. U. L. Listed. I $21 .00 ea. 5 pes. $19.00 ea. 

I .  C. SOCKETS. GOLD. I .  C. SOCKETS. 
WIRE WRAP 3 TURN. Dip Solder. Tin. I 14 pin $0.36 ea. 14 pin $0. 1 5  ea. 
16 pin 0.38 ea. 1 6 pin  0. 1 7 ea. 

2708 EPROMS PRIME 
$1 4.00 ea. 

8080 PRIME 
$9.00 ea. I 

WRITE FOR LARGER QUANTITY DISCOUNTS. DEALER INQUIRIES ARE I WEL COME. 

WE A RE CONNECTOR lEDGE CARD! SPECIALISTS. IF YOU DO NOT SEE 
WHA T YOU NEED IN THIS ADVER TISEMENT, PLEASE WRITE US. WE WILL I REPL Y. _ 

TERMS.' Minimum Order $10.00: Add $1.25 for handling and shipping. All orde,. 
O'ler $25. 00in USA and Canada: WE PA Y THE SHIPPING. I NOTE: CA residents please add 6% sales rax. 

NO C.O.D. SHIPMENTS OR ORDERS A CCEPTED. 

MAIL ORDERS TO:Beckian Enterprises I P. O. Box 3089 1 Simi Valley, CA 93063 ...1 
- - - - - - - - -
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WC.at's NewP P E R I P H E RALS 

RS-232 Serial I nterface for Anderson j acobson 841 10 ASC I I  Term inal 

Anderson j acobson has annou nced 
an RS-2 3 2  serial in terface for their 
A J 84 1  10 termi nal. This option includes 
such features as selectable data trans

. mission rates of 1 1 0  to 1 200 bps ;  an 

S BC Compatible Cassette I nterface 

This new digital interface board, 
which is com pati ble with I n te l 's S BC 80 
com p u ter line, is being offe red by 

896 character receive and prin t buffer 
and _ X-on/X-off control characters to 
and from the com puter. 

The A J841  1 0  is also available with a 
parallel interface which can be con
nected to any S-1 00 bus m icrocomputer. 
Based on the I B M  745 heavy d uty 
terminal mechanism and electronics by 
Anderson j acobson, the 1 0  can be used 
on line to a computer or off line as a 
typewriter. Both parallel and serial 
u ints are avai lable with a �;hoice of 
EBCD or correspondence keyboards. 

The A j 841 1 0  is priced at $ 995 .  
For further i nformation contact Ander
son j acobson Inc, 5 2 1  Charcot Av, 
San j ose CA 951 3 1 .• 

Circle 6 1 8  on inquiry card. 

l nterdyne Company, 1 4  761 Cal i fa St, 
Van N uys CA 9 1 41 1 .  The interface 
board, Model 1 B 41 00, p lugs d irectly 
into the S BC chassis and has 10 connec
tors for two lnterdyne IC 2500 series 
cassette drives. Driver software is pro
vided in read only mem ory which p lugs 
d i rectly into the S BC 80 board. The 
driver software does the data block 
formatting, error detection, and reads 

· from and ·writes to memory' at 9600 bps. 
Only this card and a cassette d rive 

are needed to add storage capacity of 
]1, M bytes per cassette, a data transfer 
rate of 1 K bytes per second and fast 
me mory access. 

The I B 4 1 00 board costs $250 in 
cluding driver read on ly  memory.• 

Circle 6 1 9  on inquiry card. 

H igh S peed Programmable Character Generator Board for Z-80 

The Programmab le  Character Gen
erator (PCG) is a high speed version of 
O bjective Design 's dense graphics add
on board for S - 1  00 systems. This S -1 00 
card can be ·used with the Processor Tech 
VDM or SO L, PolyMorphic Systems 
VTI,  Solid S tate Music video board and 

224 November 1978© BYTE Publicotions Inc 

other video boards using the Motorola 
fami ly of 9 by 7 m atrix generators. The 
card is· made operational by removing 
the character generator read only mem
ory from the video board and plugging i t  
into a socket on the  PCG,  the  runn ing  a 
24 pin connector from th.e PCG to the 

Prototy ping Board 

This  new general purpose p rototyp
ing circu it  board perm its construction 
of custom interface circu its for Heath 
H 1 1 m icrocompute rs and Digital Equip
ment Corp LS I -1 1 ,  P D P-8 and P D P-1 1 
minicom puters. 

Form , size and con nector com patib le  
with the D EC Double Height, Extendetl
Length module , the Mo(lel 4607 Plug
bard is 8 .43  by 5 . 1 87  by 0 .062 inches 
(2 1 .41 by 1 3.1 7 by 0.06 em) .  It has 
etched contacts spaced to fit the dual 
36 pin connectors used i n  DEC and 
Heath computers. Con tact terminations 
are labeled with D E C  nomenclature. 

To a l low u nrestricted com ponent 
p lacement, the 4607 P lugbord is bare 
w ith an array of 0.042 i nch (0 . 1 1 em)  
d iameter holes on 0 . 1  inch (0 .25 em)  
centers. Dual- in- l ine package sockets 
or d iscrete com ponents m ay be placed 
anywhere on the board. Row and 
col u m n  m arkings are etched into edge 
stri ps to insure permanent m arking.  

I n  q uantities of one to four, the 
4607 Plugbord is p riced at $ 1 5 .95  
each ; $ 1 4 .36 in  quantities from fiv·e 
to n ine;  and $ 1 2.76 in q u antities over 
1 0. For further information, please 
contact Vector E lectronic Com pany 
Inc, 1 2460 Gladstone Av,  Sy lmar CA 
91 342.• 

Circle 620 on inquiry card. 

empty CG R socket on the video boarq. 
With the PCG in place, the user can cre
ate ind ividual characters, store them in 
on board program mable mem ory and 
access the characters d irectl y from the 
key board. Each character can be created 
on a maxi m u m  8 by 1 6  m atrix w ith a 
resultant screen density . as great as 5 1 2  

· by 256.  S ince characters can b e  stored i n  
e ither t h e  P C G  programmable memory 
or regu lar system memory accessib le  
from the bus ,  any num ber of characters 
can be d isp layed u nder software control 
with a max imum of 1 28 different char
acters (e ither ASC I I  or program med) 
on screen at. any one time. 

The PCG is  $ 1 65.95 as a kit and 
$ 2 1 5 .95  assembled .  For further infor
mation,  contact Objective Design I nc, 
POB 20325 , Tallahassee FL 3 23 04.• 

Circle 621 on i nquiry card. 
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� ctJ:a'crrn BOARDS 

MB·1 MK-8 Computer RAM (not S-100), 4KX8, uses 
2102 type RAMs, PCBD only . . . . . .. . . . . $22.00 
MB-3 1 702A EROM Board, 4KX8, S-100 switchable 
address and wait cycles, kit less PROMS . .. . . . . . $58.00 
MB-4 Basic 4KX8 ram, uses 2 1 02 type rams S-100 
buss. PC board . . . . . . . . . . .  . . . .. . . . . . . .. . . . ... . . . . .. . . . . .  $25.95 
MB-8A Basic 8KX8 ram uses 21 02 type rams, S-1 00 
buss. KIT 450 NSEC .. ...... .... $125. PCBD .. ..... ......... $24.95 

MB-7 1 6KX8, Static RAM uses uP4 1 0  Protection, 
fully buffered. KIT . . . . . . . . . . . . . . . .. . $299.95 
MB-BA 2708 EROM Board, S-100, 8KX8 or 16KX8 
kit without PROMS . . . .. .. . . . . . . . ... . . . . . . ...... .  $75.00 
MB-9 4KX8 RAM/PROM Board uses 21 1 2  RAMS or 
82S129 PROM kit .without RAMs or  PROMs ... . $72.00 
10·2 S-100 8 bit parallel 1/0 port, �' of boards is for 
kludging. Kit . . . . . . .. . . . .  $46.00 PCBD . . . .. . . . . . .. $25.95 
10-4 Two serial 1/0 ports with full handshaking 
20/60 ma current loop: Two parallel 1/0 ports. 
Kit . . . . . . . . .. . . . . . . $ 1 30. PCBD . . . . . . . $25.95 
VB-18 64 x 16 video board. upper lower case Greek, 
composite and parallel video with software. S-1 00. 
Kit . ....... ..... . $1 25.00 PCBD . . . . . . . . . . . . . . .  $25.95 
Affair Compatible Mother Board. 1 1  x 1 1 '12 x 1/a ... 
Board only . . . .  $40.00. With 15 connectors . . . $94.95 
Extended Board full size. Board only . . . . . . . . . . . . . $ 8.95 
With connector . .. . . . . . .. . . . . . . . . .. ... . .. . . . . . . . . . .. . . . . $1 2.95 

5P-1 Synthesizer Board S-100 
PCBD .................... $39.95 K IT ..... .... .................. $1 35.95 

82523 $1 .50 PRIME DEVICES 
825123 1 .50 
82S1 26 1 .95 80BOA $ 9.95 
82S129 1 .95 8212 3.25 
82S130 3.00 8214 6.50 
825131 3.00 8216 3.75 
MMI6330 1 .50 8224 3.49 
4N26 .75 8228 6.50 
4N27 .75 8251 9.95 
4N28 .75 8255 9.95 
LM323 2.95 21 L 14 (450 NSEC) 7.25 
4 1 1 6  ( apple ram i 16.00 21 L 14 (250 NSEC) 7.99 

(wmc};nc. WAM ECO I NC .  

MEM-1 8KX8 fully buffered. S-1 00. uses 2 1 02 type 
rams. PCBD . . . . . . . . . . . . . . . . .. . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . $24.95 
QM-12 MOTHER BOARD, 12 slot, terminaied, S-100 
Doard onty . . . ... . .... ... . . . . . . . . . . . . .. . . . . . ... . . . . . .... . . . ... $34.95 
CPU-1 8080A Processor board S-100 with 8 level 
vector interrupt PCBD . . . . . .  . . .  . .  . . . . . .. . . .  $25.95 
RTC-1 Realtime clock board. Two independent in-
terrupts. Software programmable. PCBD .. $25.95 
EPM·1 1 702A 4K Eprom card PCBD .$25.95 
EPM-2 2708/ 2716 1 6K/32K 
EPROM CARD PCBD . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . .. . . . . $24.95 
QM-9 MOTHER BOARD. Short Version of QM-12. 
9 Slots PCBD . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . .  $27.95 
MEM-2 16K x 8 Fully Buffered 
2 1 1 4  Board PCBD 
21 02AL-2 Prime 2SO NSEC . 
21 02AL-4 Prime 450 NSEC 
2708 Prime (National) 
2501B $1 .50 
2502B 1 .50 
2504 1 .50 
2507V 1 .50 
2510A 1 .50 
251 7V 1 .50 
2518B 1 .50 
251 9B 1 .50 
2521 1 .50 
2522 1 .50 
2525 1 .50 
2527 1 .50 
2532V 1 .50 
2529 2.75 
2533V 1 .95 

1 488N 
1489N 
MC4044 
8038 
5320 
5554 
5555 
5556 
5055 
531 2  
MH0025 
MH0026 
MH0028 
5262 
2101  

. . . . $25.95 
$1 .70 

. . . $1_.30 
$8.95 
$1 .50 

1 . 25 
2.25 
3.90 
5.95 
1 .90 
2.50 
2.50 
1 .25 
4.00 
1 .50 
1 .75 
1 .90 

.50 
3.50 

UYAJO�@� 
41 9 Portofino Drive 

San Carlos, California 9407.0 
Please send lor IC. Xrstor 
and Computer parts list 

* Tl Sockets 1 cent per pin.  All low profile solder tail 8 pin - 40 pin. 

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) $1 1 9,00, 3/99.00, 1 0+189.00 

USED SYL VANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 Y.:ith f u l l  128 char. ASC I I  UC+LC 

font with all control characters displayed. 
300-19,200 baud RS232, 2nd font addressable 
from keyboard in you-program-it 2708 for 
APL, Graphics sets, etc. Plug in monitor 

Circle 229 on inquiry card. 

KITS' 
MIKOS . PARTS ASSORTMENT 

WITH WAMECO AND CYBERCOM PCBDS 

NEW LOW PRICE on 1 6K BOARDS 

MEM-2 with M I KOS #? 1 6K ram 
with L21 1 4  450 NSEC . . . . . . $249.95 

MEM-2 with M I KOS # 1 3  1 6K r a m  
with L21 1 4  2 5 0  N S E C  . . . . . .  $279.95 
MEM-1 with M IKOS # 1  450 NSEC BK 
RAM . . . . . . . . . . . . . . . . . . . . . . . . . .  $1 25.00 
CPU-1 with M I KOS #2 BOBOA CPU . . . .  89.95 
MEM-1 with M I KOS #3 250 NSEC BK 
RAM . . . . . . . . . . . . . . . . . . . . .  1 55.00 
QM-12 with M I KOS #4 1 3  slot mother 
�� . . . . . . . . . . . . . . . . . . . .  �� 
RTC-1 with M I KOS #5 real time clock 60.95 
VB-18 with M I KOS #6 video board less 
molex connectors . . . . . . . . . . . . 89.95 

EMP-1 with M IKOS # 1 0  4K 1 702 less 
EPROMS . . . . . . . . . . . . . . . . . . . . . . . . . . 49.95 
EPM-2 with M I KOS #1 1 1 6-32K EPROMS 
less EPROMS . . . . . . . . . . . . . . . . . . . . . 49.95 
QM-9 with M IKOS # 1 2  9 slot mother 
board . . . . . . . . . . . . . . . 67.95 

M I KOS PARTS ASSORTMENTS ARE ALL FAC
TORY PRIME PARTS. KITS INC

.
LU DE ALL 

PARTS LISTED AS REQUIRED FOR THE 
COMPLETE KIT LESS PARTS LISTED. ALL 
SOCKETS INCLUDED. 

V I S A  or MASTERCHARGE. Send account number. 
interbank number. ell:piralion date and sign your 
order. Approx. postage will be added. Check or mo
ney order with order will be sent post pald in U.S. 
If you are not a regular customer. please use 
charge. cashier"s check or postal money order, 
Otherwise there will be a two-week delay for checks 
to clear. Calif. residents add 6% tax. Money back 
30 day guarantee. We cannot accept returned IC's 
that have been soldered to. Prices subject to 
change without notice. $10 minimum order. $1.50 
service charge on orders less than $10.00. 

* Hard and Soft Sectoring 
* Single and Dual Density 
*Double side configuration 
as a retrofit at any time. 
*JJ0/220 V, 50/60Hz 
*Pin for pin compatable with 
Shugart 800,801,850,851 Working: $69.95 

Cold Chassis, 251bs. 
With P39 (Green) 
Tube 1 09 1/0 connector, 1 1  DV AC and you are ready, 

I NC L U DES: 'The Case', Cherry Kbd. A used 
monitor, ESAT 200A, all options except 
vector addressable cursor and modem. 
Bul letproof design and construction, 

MEMOREX F I V E-FI FTY 

(50 pin edge connector) 
1 /$499, 2/475, 5/450, 
1 0/425, 25/399, 1 00/375 

Double Sided Retrofit$300 

Normally $675.00 What you always 
wanted your ADM3 to be: 

SYSTEM"A" $649,00 1 uJOZ>:I:I:I.I�u 

LATEST REVISION : ESAT 2008 (B I LI NGUAL) 
Stand A lone Single Board Communicating Terminal  
80X24 Standard Format 

Split Speed 1 1 0 to 1 9,200 Baud 
Two Fonts, 1 28 Char. ea. i n  2708 E P R O M  
Full  'Feature Cursor, Page Xmit., Scrolling 
5V@3A, 8" X 1 4" B oard. Requires only  a 
keyboard and almost any monitor for the 
best terminal for the money anywhere! 
Suppl ied with U& L C  ASC I I  in one font. 

$329.00 
32 K, S-1 00 Universal Static Store. Accepts 2 1 1 4  R A Ms or 

70 ns, 3625 PR OMs paging up to 8 Mby. Board only with manual "T he Case" Beautiful and sturdy and paging software $69.00. 32 Kby R A M  450 ns $679.00, 25D ns 
anodized aluminum case in  deep black designed to contain the $789.00. We have software application notes for m u lti-task multi-
ESAT 200A, and with a bezel cut out for the Cherry 'Pro' keyboard. user applications ut i l iz ing feature. 
(installed as shown above). Choose deep brown, light yell ow, or crim- 1-,--.....;;;;:..:_;;,:;;.:;.;,;;,;;,;.;,;;,;,;,;;,��.;,;,;:.:;,;;;::;;.;.::,;;,;;,;;,=�-----------f 
son to accent or color code your installation. The only choice for Ship11.ing arxl Handling: Surface: $0.40/tb. Air: $0;75/lb., 1 .00 minimum 
hard-use institutional and educational applications, $69.00, 1 0/ 59.00 Cal. Tax: 6.5% lnsurance: .$0.50 per $1 00.00 

Circle 1 1 5  on inquiry card . BYTE November 1978 225 
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P U B L I CAT I ONS 

Put a Personal Computer to Work for You! 

Computer S e lection and Operation 
Pub l icati on 

Management  I n form ation Corpora
tion's new publ ication How Small 

Businesses Use Computers is a 40 page 
collection of cases. In each study,  th e 
reasons that small b usinesses decide to 
i m plement co mputers, and the opera
tion of the i r  instal lations are investi
gated. 

The report, accord ing to the com
pany , de lves i n to the factors that infl u 
ence a company t o  acq u i re a computer 
sy ste m ,  ran gin g  from high labor costs or 
inab i l i ty to use service b u reaus to in
creased efficiency. The management  
of each com pany 's syste m i s  stressed ,  
i nc lud ing  supervision ,  advanced trai n 
ing of  operators and  the  main tenance 
program. 

This comp lete set is being offe red for 
$ 1 5. Con tact M I C, 1 40 Barclay Cen ter ,  
Cherry H i l l  N J 04034. • 

Circle 561 on inquiry card. 

Component Catalog 

E l ectronic components, hardware, 
wire, test equ i pment and tools are l isted 
with prices in a newly released,8 8  page 
catalog (#5 1 8 ) froni Mouser E lectron ics, 
1 1 5 1 1  Woodside Av, Lakeside CA 

226 November 1978 © BYTE Publications Inc 

The profitable uses of personal 
compu ters are detailed in  this 1 91 page 
book published by Hayden Book Com
pany I nc, 50 Essex St, Rochel le Park 
N J  07662. S imply  written,  i n  an enter-

, tai ning style, How to Profit From Your 
Personal Computer by T G Lewis, is of 
interest to the small business owner or 
professional who is now overwhelmed 
with paperwork and desires a si mpler  
system. I t  describes the uses of personal 
computers in  common business appl ica
tions, such as accounting, handl ing pay
rol ls, managing inven tory and sorting 
mail l ists. It will help you in  selecting 
equ i pment, analyzing a problem for a 
business appl ication, hobby or ed uca
tiona.l experiment and translating p rob
lem solutions into real computer systems. 

It teaches how to configure a system 
to fit the needs of an appl ication and to 
i m plement that system using program
mi ng tech niques developed by the 
author. Programs in BASIC and b l ue
pr ints of eacJ.l program are inc luded.  The 
book uses terms, notations and tech
n iques co mmonly used by programmers. 

Ho w to Profit From Your Personal 
Computer wil l  give you a better under
stand ing of the fundamentals of data 
processing inc luding file structu res, pro
gramming structures and some knowledge 
of computer hardware structures. I t  is 
priced at $7 .95.• 

Circle 56 0  on inquiry card. 

A New Reference for Smal l  
Computer Users 

The Computer Data Directory an
nou nces the first edition of i ts compre
hensive catalog for small comp u ter 
users. You can ch oose products and 
services from several hund red computer 
related fi rms. 

Inc luded in this d i rectory are b rand 
n ame manufactu rers of systems, periph 
erals, and accessories. In  software, com
panies handl ing languages, business appl i 
cations ,  household control,  games and 
custom program ming services are l isted. 
I n formation is included on where to find 
books, magazines, newsletters, home' 
study cou rses, data banks, tools and 
re pair services. Com puter stores and 
clubs are indexed geographical ly.  The 
d i rectory is available at $ 4.98,  postage 
inc lu.ded,  from The Compu ter Data 
Directory, PO B 598, Cleveland O H  
441 07.• 

Ci rcle 562 on inquiry card. 

92040. This catalog contains over 8000 
i tems inc luding expanded l ines of 
LEDs, semiconductors, swi tches an d 
keyboards.• 

Circle 563 on inquiry card. 

Exact E lectronics I n stru ment Catalog 

A new free 66 page 1 9 78  instrument 
catalog has j ust been released by Exact 
E lectronics I nc ,  POB 1 60 ,  H i l lsboro 
OR 9 7 1 2 3 .  The catalog contains detai led 
specifications for each fu nction genera
tor, waveform generator and frequency 
sy n thesizer in the ir  produc t  l ine .  A q uick 
select short form and com parison chart 
p lus a representative roster make i t  a 
desirable addit ion to any instrument 
catalog l ibrary .• 

Circle 558 on inquiry card. 

/C Master L i sts I n tegrated Circuits 

The /C Master I ists over 25,000 
standard i n tegrated c ircu i t  p rodu c ts and 
ove r 45,000 alternates. The 2200 page 
IC Master offers a problem and solu tion 
approach to i n tegrated c i rcu i t  selection. 
The 1 978  ed i tion also i nc ludes a new 
sec tion on m icroprocessor development 
systems. The pr ice  is $55 ,  inc lud ing 
quarterly updates. To order  the /C 
Master, con tact U n i ted Tech nical Pub
l ications, 1 33 3  Lawrence Expy, S uite 
420, San ta Cl ara CA 9505 1 .• 

Circle 559 on inquiry card. 
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IT WILL TELL YOU WHERE TO GO -
C PU-1,. 80180A CPU BOARD WITH 

8 LEVEL VECTOR INTERRUPT. 

$ 3 0. B A R E  $1 8 5 . K I T  
$ 2 20. A S S E M B LE D  A N D  TESTE D 

DEALER INQUIRIES INVITED UN IVERSITY DISCOUNTS AVAILABLE 

;wmc� TM WAMECO INC. 

Jnc. 3107 LANEVIEW DRIVE SAN JOSE CA. 95132 

Circle 388 on inquiry card .  

IF O U R  Q U I E T  M O T H E RTM 
WAS J U S T  T O O  M U C H  F O R  Y O U  

T R Y  O U R  L I T T L E  M O T H E R  1M 
O N  F O R  S I Z E  

LITTLE MOTHERrM 9 SLOT MOTHERBOARD 
* PASSWE TERM INATION FOR ALL LINES 

* ONLY a:s" LONG 

* KLUGE AREA WITH REGULATED VOLTAGES 

AVAILABLE 

DEALER INQUIRIES INVITED . UNIVERSITY D ISCOUNTS AVAILABLE 

WAMECO INC . · 
3107 LANEVIEW DRIVE SAN JOSE CA 95132 

I 

COMMERCIAL GRADE EQUIPMENT - HOBBYIST PRICES ! ! 
r /�--------- ----- �· · I 

I SELECTRIC 1/0 TERMI NALS (by GTE/I nformation Systems) .  Both ASC I I  
& I B M code versions with microcomputer interface software & hardware (RS-
232 connector.) Cassette drive models permit up to 2400 baud data transfer 
rate as well as off-lire data storage, sue as memory typewriter, & use as data 
entry device for office personnel fami l iar  with Selectric Typewriters but not 
computers. Wide-carriage, i nterchangeable. type spheres; optional built-in 
mcidem. Al l  units cleaned, adj usted & warranted. 

Model 5541 . . . . . . . . . . . • $695.00 
Model 5550 (corres, code, bu ilt- in cassette drive) . $1 1 95.00 
Model 5560 (ASC I I  code, built-in cassette drive) . $1 295.00 

IBM SELECTR IC 725 TYPEWR ITER · 1 10 w/solenoids switches & magnet 
driver PCB (from GTE/IS terminal) plus instructions for 8080 printer/driver 
·in terface. 

a) Typewriter mecha nism complete, cleaned & adjusted $3\]5.00 
b) Case from terminal & power supply (+24V, ±1 2V, +5V @ 5A) 75.00 
c)  a & b plus complete interface to mCPU 8-bit parallel port 

and 8080 language printer-driver/ASC I I  translation program $600.00 
I IBM SELECT R I C  ACCESSO R I ES:  

a) Pin-feed Platens ( 13 1 /8" pin-to-pin )  for 1 5" carriage typewriters (new) $50 
b) APL Type Spheres ( EBCD No. 988, Corres. �ode No. 987) . new $20 
c) 1/0 Conversion Kit for 1 3" or 1 5" Office Selectric I or I I :  $200.00 

I D IG I TA L CASSETTE D R I V E  (from GTE/IS Terminal ) :  1 800 baud, 6'.'/sec; 
AC motor; fwd/rewnd circuitry plus tape head, no read/write e lectronics $25. 

I FORMS TRACTORS, Moore Variable width "Form A·liner"for pr int terminals:  
a) Model 565P for 1 5" Carriage IBM Selectrics (new) : $50.00 
b) Model K81 for OUM E or D I A B LO Hytype I or II printers (new):  $90.00 

I DAISY-WHEEL 1/0 T E R M I NALS by Gen Com Systems (30 day warranty) 

Model 300: F u l l  ASC I I  keyboard, 3 0  cps, Hywpe I printer, RS-232 $1 600 

Model 3.QOO: Same a_s above w/O U M E  printer, 45 cps-$2 1 00, 55 cps·$2200 

I MODEMS: Bell  1 03 & 202 styles by V A D I C  Corp. . . 
Bell 1 03: 0-300 baud, full-duplex, asynchronous ser�al data transfer; mcludes 

auto answer circu itry ; 3,000 mile range. 
VA DIC PCB (Send, Receive, Control) w/interface instructions 

VAD I C  PCB w/power supply, case, L E D's, E I A  connectors 
$89.95 

$ 1 49.95 

Bel l 202: 0-1 200 baud, half-duplex, w/reverse channel transmission.  

VAD I C  PCB w/Reverse channel,  manual DAA style $1 49.95 

VADIC PCB w/power supply . case, L E D's.  E I A  connectors $21 9.95 

I I NTER DATA 8·BIT M I N ICOMPUTER (Model One) , incl udes fu l l  front panel, 

4K core memory ( 1 6 K  addressabl e) .  built- in teletype port, 4 DMA channels, 

software. Optional serial 1 /0 card, tape drive controller & software for Ampex 

TMX; FORTRAN w/floating poi nt math. $300.00 
I AMPEX MOD E L  TMX TAPE D R IVES: Ideal for microcomputerist who 

wants backup mass storage or access to I BM·type systems via standardized 
2400 series %'' mag tape. Specs: 9· track, NRZ1 standard, 8DO B P I ,  1 2" /sec., 
1 200 ft. reels ( 1 1  megabyte capacity.) Drive is l i ke new & comes with 8·bit 
CPU controller diagram (requires on ly  1 1  1 /C's) & MCPU interface instructions. 
Prices: Drive & Documentation $750.00 

Control ler & cable for MCPU, assembled & tested . . . $200.00 
Hi.,;peed search option : controller moves drive at 72"/sec . $ 50.00 
Software listing to read std I B M  tapes, translate to ASC · I I  . $ 50.00 

1 POWER SUPPLI ES for Disk Drive, mCPU, tested under load shown : 
-No. 51 9 (w/fan & AC cord ) :  +5V reg., ±1 2V reg., +24V, @5A (1 0 lb.) $39.95 
-LAMBDA No. LMEE5 w/OV protect: +5V reR @25A (35 lb. )  $59.95 

.-------------------------�--��-- * --��--�--------------------------Cal l  or write f o r  details, quantity prices, catalog. 1 5  day PACI F I C  O F F I C E  SYSTEMS, I N C. Ful l  documentation i ncluded P LUS interface instruction 
return privilege P LUS 90 day no charge replacement of where indicated. Al l  equipment is  shipped insured FOB 
defective parts. All orders shi pped from stock. No back 2600 El Camino Rea l ,  Suite 502 Palo Alto with in  1 4  days after check clears or CO 
orders, no substitutions. M/C & V I SA accepted. Palo Alto, Calif. 94306 order is received. Prices may change without notice. 

(41 5) 321 -3866 

Circle 296 on inquiry card . BYTE Novembe; 1978 227 
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S U R P L U S  E L E C T R O N I CS 

ASC I I  
� 

-
p-;� ' "":.- -�--

ASCI I  

IBM SELECTRIC @ 
BASED 1/0 TERMINAL 

WITH ASCII  CONVERSION 
INSTALLED $645.00 

• Tape Drives • Cable 
• Cassette Drives • Wire 
• Power Supplies 12V1 5A, 1 2V25A, 
5V35A Others, • Displays 
e Cabinets e XFMRS e Heat 
Sinks • Printers • Components 

Many other items 
Write for free catalog 
WORLDWIDE ELECT. I Nc; 
130

.
NORTHEASTERN BLVD. 

NASHUA, N.H. 03060 
Phone orders accepted using VISA 
or MC. Toll Free 1·800-258-1 036 
In N.H. 603-889·7661 

. C i rcle 395 on_ i nq u i ry card. 

5·100 11 Slot a others 

Card Cage 
For 8300 Motherboard 

• Post Paid • 
USA 

Complete with Edge Guides 
And Hardware 

Dealer Discount Club Refund 

P.O. Box 954 
Racine Wisconson 53405 • 

Circle 202 on inquiry card. 

"C 

\AV-= li tf) lli% 
illi SALE PRICE 

JMSAJ 8080 W/22 SLOTS $75r $649 
16K APPL E II $ 1 195 $1050 
SHUGGA RT MODEL 800 $650 $595 

SIMILAR DISCOUNTS ON: 
IMSAI 4K, 16K. 32K RAM, MID tore. 
POL YMORPHICS VIDEO 
DYNABYTE 16K (ASM) RAM 
HAZEL TINE 1400. 1500, 1510 
NOVATION ACOUSTIC COUPL ERS 
IpS BK (ASMI RAM 
PROCESSOR APPL/CA TIONS DMA FLOPPY 

DISC CONTROLLER (ASM) 
TA RBELL FLOPPY DISC CONTROLLER 
TARBELL CASSETTE INTERFACE 
SHUGAR T  GSI MODEL I 10 
PICKLES AND TROUT MOD FOR HITACHI TV 
ALL SWTP PRODUCTS 
APPLE II 
MODEL 43 TELEPR/N.TER (OCTOBER) 
ADM 3A TERMINAL 
SOROC 10120 TERMINAL 
TELETYPE MODEL 40300 LNP 
CENTRONICS PRINTER 
REPAIRS IN-HOUSE A T  LOW COST 
CUSTOM SOFTWA RE & FIRMWARE 

THE COf:lPUTEA STOP 
16919A Hawthorne Blvd 
Lawndale CA 90260 1 1 :30 10 6:00 Tue-Sat 
(2131 371-4010 Closed Sunday/Monday 

Circle 76 on inquiry card. 

\1£,.; 

.. 

PET SCHEMA TICS 
Another Fint From "PET-SHACK". 

For only $24.95 you get: 

24" x 30" schemotic of the CPU bo11d, plus oversized 
schematics of the Video Monitor end Tape RKordar, plus 
complete Parts layout-all Accurately and Painstakingly 
drawn to the Minutest datoil. 

PET ROM ROUTINES 
Another Braokthrough From "PET -SHACK". 

Completa A""mbly listings of oil 7 R OMs, plus idanti· 
fied subroutine entry points; Video Monitor, Keyboard 
Routine, Tapo RKord ond Ploybock Routine, Real Time 
Clock, etc. 

To entice you we• are also including our own Machine 
language Monitor prognom for your PET using the key
board and video display. All this for only $19.95, SA TISFA CTION GUARANTEED. 
You can have the Monitor program on cassette for only 
$9.95 extra. 

· 

Send check, money 'order, or Master Charge or VISA 
number and expiration dattto: 

PET -SHACK Software· House 
Marketing and Research Co. 
P. 0. Box 966 
Mishaw(\ka, IN  46544 

Circle 304 on inquiry card . 

LOW LOW COST 
.:-> \00 Bl � �IIL'HO f 0\tl'l I �.H I l l.\\ 1 t l Hit�.� I 

POWER SUPPLY KITS 
�i����i!S::T�l;l���t!l�-��f�ix1:P/.�I�rs tncludcd 

KIT A: $57.50 :au;��J��:�av��g:,;����: 
Includes TRANSFORMER T2 {25A, size 3/�" (I) x 4YI" (w) x 
3Yo" (h)). CAPACITOR C1 ( 100,000 UF. 15V). BRIOGE RECTI
FIERS: Dt (30A. 50V) & � (4A. 50V), FUSE HOLDER, 
BARRIER STRIP, ALUMINUM PLATE (13" (If x 5" (w) x 3116" 
(t)J, 3X CAPACrrORS (6,000 UF, 45 Vf, 4X RESISTORS ond 
All Necessary Mounting Parts. 

KIT B: $47.50 4 Unregulated Voltages Available 
+8.5V/ 15A, -8.5V/2A, :t.17V/2A 

All Parts are same as in KIT A, EXCEPT: CAPACITOR C1 
(52.000 UF, 15V) and TRANSFORMER Tt I15A. Size 3'1>" (I) x 
4" (w) x 2 13/16" (h)). 

You May Buy [fransformers Alone: 
T2 (25A) & T1 (15A) at $22.50 and $17.50 respectively. 
SHIPPING CHARGES: $4.75 per TRANSFORMER. 
FOR EACH KIT: $5.00 in California. $7.00 for aU other States. 

California Residents add 6% sales Ia){.. 
Master Charge & BankAmericard. OEM Available 

SUNNY INTERNATIONAL 
Mail Order Store 
P I )  Hox l:!!lli 'i21:i E. \lmulr.t Bh rL 
( t H I .tll�t· l ' \ 1111-� 1 11 Parmnuunl, C\. fJOi23 
1:.! J:J) .):UJ.:I7:l:.! 1\lun,-S,It., !J um -U pm 

Circle 354 on inquiry card. 

T T Y 's ,  C R T 's, M o d e m 's ,  
m i n i - m icroco m p u te rs 

wh ateve r  t h e  n e e d ,  
r e l y  o n  u s !  

TE R M I NA L  SYSTEMS I N C  
1 1 300 Harland Street 

N Hollywood, CA 91605 
( 21 3) 769-6772 
(714)  738-4444 
(415) 573-7723 
(800) 423-2449 

C i rc le  377 on inquiry card. 

A L L  N E W !  
Mini Discs $3.70 ea. in boxes of 1 0  
North Star Check Balancing Pro
gram • . . . . . . . . . . . . • . . .  $50.00 
Two·tier walnut formica enclosure 
for S. A. 400 Shugart • . . . .  $39.95 

A R c D. 

Horizon - 2 
Centronic 779 
Hazeltine 1 500 
Hazeltine 1400 

A, B & C· $4,1 50 A, B & D: $3,852 
We also stock l msai, Seals, Okidata, 
ADM-3A, Xitan and Cromemco. 
Mail order only. 

· 

• Floppy Kit 
SA 801 floppy (8j & disk cont. 
kit (S-1 00) . . . . . . . . . . . . . . . . . . . . . . .  $599 

• Add On Floppy Drives 
SA 80011 (8j floppy . . . . . . . . . . . . . . $469 
SA 400 mini floppy . . . . . . . . . . . . . . . $285 

• Centronics 779 printer . . . . . . . . . . . . $999 
• Miscellaneous 

CP/M Operating S'ystem/Manuals . . . $89 
8" Memorex Diskettes 

(IBM comp.) . . . . . . . . . . . . . . . . . . . .  $3.50 
8" Verbatim Diskettes 

(IBM comp) . . . . . . . . . . . . . . • . . . . . .  $3.99 
4" Diskettes . . . . . . . . . . . . . . . . . . . . . $3.39 
1 6k RAM chips . . . . . . . . . . . . .  .' • . . .  $9.75 
Pwr Supply cabinet (mini floppy) . . .  $79 
Pwr Supply cabinet (floppy) . . . . . . •  $225 

tfiVCQ1.1��'!.\'�,�J.b���OGY 
2080 South Grand, Grand Centre, Santa Ana, CA 92705 

Circle '12 on inquiry card. 
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P.O.  Box 4430X Santa Clara, C A  95054 
Same day shipment. First l ine 
parts only.  Factory tested . 
Guaranteed money back. Qual
ity IC's and other components 
at factory prices. 

will call only: (408) 988·1640 

INTEGRATED CIRCUITS 

mam 
7400N 
7402N 
7404N 
7409N 
7410N 
7414N 
7420N 
7422N 
7430N 
7442N 
7445N 
7447N 
7448N 
7450N 
7474N 
7475N 
7485N 
7489N •� .... �� ...... � .... ���...................................... 74�N 
7492N 
7493N 

OUEST Cosmac Super Elf Computer $1 06. 95 !li!j� Compare features before you decide to buy any memory select, monitor select and single step. 74121N 

other computer. There is no other computer on Large, on board displays provide output and op- �:m: 
the market today that has all the desirable bene- tiona! high and low address. There is a 44 pin �!::i: fits of the Super Elf for so little money. The Super standard connector for PC cards and a 50 pin '"51" 

Elf is a small single board computer that does connector for the Quest Super Expansion Board. �m:: 
many big things. It is an excellent computer for Power supply and sockets for all IC's are in- ;::;�� training and for learning programming with its eluded in the price plus a detailed 90page instruc- 74163N 

machine language and yet rt is easily expanded tion manual. �m� 
with additional memory, Tiny Ba�lc, Ascii Many schools and universities are using the ::1�� 
Keyboards, VIdeo character generation, etc. Super Elf as a course of study. OEM's use it for ml':: The Super Ell includes a ROM monjtor for pro- training and research and development. l:lll� gram loading, editing and execution with SING.LE Remember, other computers only offer Super Elf 74366N 

STEP lor program debugging . Which IS not 10- features at additional cost or not at all. Compare 
""'" 

eluded 10 others at the same_pnce. With SINGLE before you buy. Super Elf Kit $106.95, High �:�.m STEP you �an see the microprocessor chip address option 58.95, Low address option 74LS02N 

operat10g With the unique Quest address and $9.95. Custom Hardwood Cabinet with drilled l:t�: data bus displays before, during and aHer and labelled front panel $24.95. NICad Batt.ery �m:1 executing 10struct10ns. Also, CPU mode �nd 10- Backup Kit 54_95. All kits and options also come 74LS1JN 

struetion cycle are shown on several LEO 1nd1ca- completely assembled and tested. �m�: 
tor lamps. 

. Questdata, a 12 page monthly software publica- mm: 
An RCA 1861 Video graphics chip allo�s you to lion for 1 802 computer users is available by sub- m�Jl� connect to your own TV with an IOexpenslve VIdeo scription for $12.00 per year. m�;::: modulator to do graphics and games. There IS a 74LS75N 

speaker system included for writing your own Tiny Basic for ANY 1 802 System m��: 
music or using many music programs already 74LS95N 

written. The speaker amplifier may also be used Cassette $10.00. On ROM Monitor $38.00. �mm: 
to drive relays for control purposes. Super Elf owners, 30% off. Object code If sting or �mill: 
A 24 key HEX keyboard includes 16 HEX keys paper tape with manual $5.50. mm'i: 
plus load, reset, run, Input, memory protect, 

Original ELF Kit Board $14.95. m�il,� 
Super Expansion Board with 
This is truly an astounding value! This board has 
been designed to allow you to decide how you 
want it optioned. The Super Expansion Board 
comes with 4K al low power RAM fully address
able anywhere in 64K with buitt-in memory pro
tect and a cassette interface. Provisions have 
been made for all other options on the same 
board and it frts neatly into the hardwood cabinet 
alongside the Super Ell. The board includes slots 
for up to 6K of EPROM (2708, 2758, 2716 or T1 
2716) and is fully socketed ($12.00 value). 
EPROM can be used for the monitor and Tiny 
Basic or other purposes. , 
A IK Super ROM Monitor $19.95 is available as 
an on board option in 2Z08 EPROM which has 
been preprogrammed with a program loader/ 
editor and error checking multi file cassette 
read/wrtte software, (relocatible cassette file) 
another exclusive from Quest. It includes register 
save and readout, video graphics driver with 
blinking cursor and block move capability. The 
Super Monitor is written with subroutines allow
ing users to take advantage of monitor functions 

Cassette Interface $89.95 
simply by calling them up. Improvements and 
revisions are easily done with the monitor. lfyou 
have the Super Expansion Board and Super 
Monitor the monitor is up and running at the push 
of a button. 
Other on board options include Parallel Input 
and Output Ports with full handshake. They 
allow easy connection of an ASCII keyboard to the 
input port. RS 232 and 20 rna Current Loop for 
teletype or other device are on board and if you 
need more memory there are two S-100 slots for 
static RAM or video boards. A Godbout 8K RAM 
board is available for $127.95. Parallel i/O Ports 
$9.85, RS 232 $4.50, m 20 rna 1/F $1.95, 
S-100 $4.50. A 50 pin connector set with ribbon 
cable is available at $12.50 for easy connection 
between the Super Ell and the Super Expansion 
Board. 
The Power Supply for the Super Expansion Board 
is a 5 amp supply with + 8v ± 18v + 1 2v - Sv. 
Regulated vottages are + 5v & + 12v $29.95. 
Deluxe version includes the case at $39.95. 

74l.S162N 
74LS163N 
74lS174N 
HLSI!ION 
7.tLS221 N 
74LS25BN 
74LS367N 

UN EAR 
CA3045 
CA30<6 
CA3081 CA30B2 
CA3089 

5 
5 
" 
15 
5 

LM320H 
LM320T·12 
lU320T-15 
LM324N 
LMJJ9N 
l�K-5 
LM34liK-8 
LM340K·12 
LMJ�OK-15 
lMJ.tDK-24 
l�DT-5 
lM.HOT-8 
LM340T·12 
LM340T·I5 

l/A34DT·18 
.17 LM340T-24 
.17 lMJ43H 
.1 9  LM370 
.23 LMJn 
.17 LM379 
.63 LMJBON 
.17 LM381 

1.39 LMJ8l 
.20 LM703H 
.50 LM70911 
.69 LM723HIN 
.60 LM733N 
.69 LM741CH 
. 1 7  LM741N 
.29 LM747H!N 
.'19 LM748N 
.88 lM1303N 

2.00 LM1304 
.43 LM13DS 
.43 LM1307 
.43 LM1310 
.69 LM1458 
.90 LM1800 
.29 LM1812 
.34 LM1889 
.59 LM2111 
.39 LM2!102 
.69 LMJ900N 
.95 lMJ905 
.69 lM3909N 

1 .00 MC1458V 
.69 NE540l 
.87 NE5SON 
.87 NESSSV 
.87 NESS6A 
.98 NE565A 
.90 NES66V 

1.15 NE567V 
.81 NE570B 
. 85 NE5718 

1.55 7BL05 
1.65 78LOB .66 79l05 

.66 78M05 

.66 75108 
75491CH 
7SA92CN 

.25 7S494CN 

1 . 10 
1.10 
4.50 
1.15 
4.50 
5.00 
1.00 
1.60 
1 .60 

.40 

.28 

.50 

.67 
.35 
.25 
.62 
.35 
.82 

1 . 1 0  
1 .27 
2.00 :us 

.47 
1.75 
7.50 
3.00 
1.75 
1.50 

.60 
1.75 

.61 

.50 
2.89 

.65 

.43 

.79 
1.00 
1.50 
1 .20 
5.00 
5.00 

.60 

.60 

.70 
.85 

1.75 
.50 
.55 
.89 

C04511 
C04515 
C04516 
COC518 
C04520 
CD4527 
C04528 
C04553 
Cll4566 
C04583 
CD4585 
C040192 
74COO 
74C04 
74Cl0 
74C\4 74C20 
74CJO 
74C48 ' 
74C74 
74C76 
7<C90 
74C93 
74C154 
74C160 
74C175 
74C192 
14C221 
74C905 74C906 
74C914 
74C922 
74C923 
74C925 
74C926 
74C927 

INTtRFACE 
8095 8096 
8097 
8098 
8T09 
STIO 
BT\3 
8T20 
8T23 
8T24 
8125 
8T26 

.94 
2.52 
1 .10 
1.02 
1 .02 
1.51 

.79 
5.75 
2.25 
4.50 
1 . 10 
3.00 

.28 

.33 

.28 
2. 10 

.28 

.28 
1.95 

.75 
1.40 
1 .15 
1.40 
3,00 
I .U 
1.35 
1.65 
2.00 
3.00 

.75 
1.95 
5.50 
5.50 
6.95 
8.95 
.... 

.25 

.25 

.25 

.25 
.25 
.40 

A t:o D CONYERTtll 8T28 

.85 

.65 

.... 

.85 
1.25 
4.50 
3.00 
5.50 
3. 10 
3.50 
3.20 
1.69 
2.75 
1.69 
1.69 

.00 

.25 

.25 
·" 
.25 
.39 
.30 
.35 
·" 
.51 
.51 

1.89 
.35 
.35 
.35 
.72 
.35 
.67 
.67 
.67 
.91 
.91 
.95 

1.06 
1.95 

.67 

.89 

.00 

.67 
1.80 
1.90 
2.95 

.35 

.87 

.35 

.89 
1 . 15 

.95 

.00 
2.92 
1.35 
1 .2()-
6.95 
1.35 
1.35 
1 .60 
1 .60 
1.50 
1 .60 
1 . 15 
1 .55 
1 . 10 
1 . 1 0  
1 . 1 0  
1 . 10 
1.10 
1.10 
1.10 
1 . 10 
1.10 

80388 -4.50 8T97 
8700CJ 13.95 8T98 

\Cl7103 
ICI..7107 

CMOI 
CO:H001 hir . 
C04000 
CD4001 
"""'" 
CD4006 
CD4007 
""""' 
C04009 
CD4010 
C04011 
C04012 
CD401l 
CD4014 
C04015 
C04016 
C04017 
C04018 
C04019 
C0<020 
C04021 
C04022 
CD.W23 
CD4024 
C�25 
C04026 
CD4027 
C04028 
"'"'"' 
C04030 
C04035 
CD4040 
CD4042 
C04043 
C04044 Cll40<6 
C04049 
C04050 
C04051 
C04060 
C04066 
CD4066 
C04069 
CD4070 
C04071 
C04072 
CD4073 
C04075 
C04076 
CD4078 
CD4081 
C04082 
C04115 
CD4490 
CD4501 
C0<508 
CD4510 

22.00 
13.95 
9.95 
1.40 
9.50 

14.25 

MOSIIIEMORY FW1 
2101·1 3.95 
2102·1 .95 
2102Al·4 1.60 
21 F02 1.25 
2104A-4 4..95 
21078 4.95 

. 50 2111-1  3.75 

.16 2112·2 3.95 
.21 2114 8.50 
.21 4116 17.95 

1.10 25138 6.30 
.21 21l02-1 1 .49 
.21 MMS262 .�0 
.39 MMS280 3.00 
.39 MM5320 9.95 
.21 MM5330 5.94 
.21 P04110·3 4. 00 
.36 P041 1 0-4 5.00 .86 P510\l 13.95 . 16 4200A - 9.95 
.36 82525 2.90 
.94 9 1 l02A 1.75 
.94 HOOI65-5 6.95 
.21 MM57100 4.50 

1.02 GIAY38501H 9.95 
1.02 MCM6571A 9.95 
.86 9388 3.50 
.21 4100 10.00 
.75 418 1 6.00 
.21 

1.51 
.36 
.79 

1.02 
.21 

1.02 
<.02 

.71 

.63 

.63 
1 .67 

.36 

.36 
1.13 
1.42 

.71 

.40 

.40 

.40 

.21 

.2 1  

.21 

.21 
1.75 

.40 

.21  

.21  

.47 
5.50 
1.00 
4.25 
1 .02 

CLOCKS 
MM5309 
f.IM5311 
MM!I312 
MM5313 
MM53U 
MM5315 
MM5316 
MMS318 
MM5369 
MMS841 
MM5865 
CT7001 
CT7002 
CT7010 
CT70 1 5  
MMSJ75AAJN 

3.00 
3.60 
4.80 
3.60 
3.90 
4.00 
5.00 
3.60 
2.10 

14.45 
7.95 
5.80 
8.95 
8.65 
7.25 
3.90 
4.00 

16.50 
7.50 

15.95 
4.95 
3.75 3.75 
2.50 

MICRDPROCUSDR 6800 17.50 6802 24.95 8l80A with dltl 8.95 
8085 27.00 
ZIIO 29.95 

Auto Clock Kit $15 _ 95 
DC clock with 4-.50" displays. Uses National 
MA-1 012 module with alarm option. Includes 
light dimmer, ctystal timebase PC boards. Fully 
regulated, camp. instructs. Add $3.95 for beau-

Digital Temperature Meter Kit 
Indoor and outdoor. Sw�ches back and forth. 
Beautiful. 50" LED readouts. Nothing like it 
available. Needs no additional parts for com
plete, full operation. Will measure - 100' to 
+200'F, tenths of a degree, air or liquid. 

Sinclair 31fz Digit Mullimeter 
Batt./AC oper. 1 mV and . 1  NA resolution. Resis
tance to 20 meg. 1% accuracy. Small, portable, 

tiful dark Best value 

60 Hz Crystal Time Base Kit $4.40 
Converts digttal clocks from AC line frequency to 
crystal time base. Outstanding accuracy. Ktt in
cludes: PC board, MM5369, ctystal, resistors, 
capacitoiS and trimmer. 

Very accurate. $39.95 
Beautiful hardwood case w/bezel $11.75 

Kit $23.95 
CT7015 direct drive chip displays date and 
time on .6" LEOS with AM-PM indicator. 
Alarm/doze feature includes buzzer. Compiete 
with all parts, power supply and instructions, 
less case 

I I assem. in case. 1 yr. guarantee. Best 
! 

1978 1C Master Manual $30.00. Com
plete IC data selector, 2175 pg. Master refer
ence guide. Over 42,000 cross references. 
Free update service through 1978. Domestic 
postage $3 '50 Foreign $6 00 

8212 
8214 
8216 
8224 
8228 8251 
8253 
8255 
8257 
8259 
COP1802CO 
CDPIB\l20 
COP\861 
6820 6850 6502 

2.90 
8.00 
2.90 
2.90 
5.35 
8.50 

10.00 
9.25 

19.50 
19.50 
19.95 
25.00 
12.95 

9.95 
12.95 
12.50 

IC SOCKETS 
Solder nn Low Pronle 
PIN \ UP PIN \UP 

8 . 15 22 .30 
14 .1 8  24 .35 
16 .20 28 .42 
18 .27 36 .58 20 .29 40 .57 l lrwll '*• wr�:� o;kl. 14pla .25 16 pil .27 2 11ytl 14 pin 'IIW .� 

WIRE WRAP LEVtl 3 
PIN PIN 
1 4  .25 24 .86 
16 .27 28 1.00 
\8 .57 40 1.23 

Ave. 

a.OCK MODULES Complelt alarm docb 
ready to ho<lk up 'lriltl ttandl)ml• ind 
switches. Very ctiiTI�ct with .50" and 
.84' digh. 
KA1002A, C • E .50' 102P3 Trndonnf 
IIIA1DIDA, C or E  .u· 
IDZP2 Tranl'orm1r 
Bpeclal trallJI'orm•endstx 

h'ltdleswheapm:llwd 
•/mlllblle 

KA1003«r raHal• .3"' 
or•tU IIIor. dllpl•r 

RESISTORS 'H watt 5% 

.... 
U5 

1U5 2.25 

us 

15.t5 

10perlype .OJ IOOO pertype ,0\2 
2S per ty;>e .cr2S 350plett pa.Ck 

t00 perrype .OI5 5perlype 6.7S 
KEYBOARDS 56 kty ASCII keyboard kf1 $62.50 �1e�����board kf1 �:� 
fuDy�mrri11«1 65.00 Enclosure l4.95 

lfDS 
RtdT018 .15 
Green, Oranoe. Yellow T018 .20 
Jumbo Red .20 
Green, Orange, Yelow Jumbo .25 
Clll)llle lED llo11111111 Cllpt 81$1.25 
(specif'tfld, lmb«, green, yellow, clt!•J 

COMTIMEKTAL ut:CW11ES II atoct ��O:�":J:1
n
b���� 'e;,n�� 

OK WIRE WRAP TOOL$ ltl ltatk 
Portablt llallmll• S\1.00 UAAT/AFO 

AYS·I0\3 
AY5•1014 
3341 

S.SO 
OUirfAL TltERIIOMffiR S4UD 7.50 g�.l_:��.G���!�br';r:he�tt;:: 

6.95 :::: .2• accuruy. Camp. Assy. In 

PROM 
1702A 
N82523 
N825123 
N825126 
NB25129 
N82S131 
N825136 
N82S137 
2708 
0Ma577 
8223 
2716T1 
2716 1n1e\ 

3.95 
2.95 

. 3.50 
3.75 
3.75 
3.75 
8.75 
8.75 

12.50 
2.00 
2.90 

22.50 
48.00 

wmp.act case. 

COMPUTt.II BDAAD liT'S 
BKRAM 8Gard Ki1 
41< EPROM Kll 
1/0 Board kit 

$134.95 114.95 
44.50 
12.50 t25.00 

OMS 74.50 
395.00 

S665.00 
415.00 

SPEaA.I.. PRODUCTS 
MMS855 StapWillth Timer 9.00 r.,����� Mom. Pushbutlon 7:� 

a\YSTALS ' ""' 
2 MIU !:� &!::· s��185-5 &:�g 
4 ""' 
5 MHz 

IO MHt 
18 MHt 
20MIU 
32 MHt 
32768 M.Hz 
1.8432MHz 
3.579SMHt 
2.0100MHl 
2.0971S2MHz 

CONMECTDRS 

4.25 
4.25 
4.25 
3.00 
3.00 
3.90 
4.00 
4.50 
1 .20 
1.95 
4.50 
4.50 
4.S<l 
4.50 
4.50 
4.50 
4.50 
4.25 
4.50 
4.50 

44 pin edge 2.00 
tOO pln edge 4.50 
100 pln e«:e WW 5.25 

KEYIOARD EMCODERS 
AYS-2376 .$12.50 
AYS·30011 13.50 
74C922 5.50 
7iC92J 5.50 
HD0\65-5 8.95 

IC Tn! CIIpJ 
1 

Rad .55 Black .55 
" 

.41 

.47 

Xeyer 8043 14.50 
camp. w/spec./Sock. 

Pltltronln 100A loglc 
Alalyur ltl SZZ4.00 Ma��� S229.00 
Mode\ 150 811S 

Grabber Kit 
TRIJISFOflMERI 

$369.00 

6VJOOma 3.25 
1 2 Vol 300 ma translarmer 1.25 
1 2.6VCT 600 ma 3.75 
12V250 ma wall pl119 2.95 
12V CT 250 m1 wal plug 3.50 
24V CT 400 ma 3.95 
IQV 1.2 amp WI� plug 4.85 
18V6 amp 12.95 
DISPlAY lfDI 
MAHI CA .270 2.90 
MAN3 CC . 125 .39 
MAN72174 CA/CA .300 1 .00 
DL704 CC .300 1.25 Dl707/Dl707R CA .300 1 .00 
otn7ma CAJCC .soo 1 .00 
OL74Tn50 CAfCC .BOO 1.95 

nl311 Hex 

cc .600 1 .95 
CC .357 .70 

CCICA .500 1.35 
CCICA .500 .90 
CCJCA .800 2.20 .60 .80 

1 .75 
1.75 
1.00 

.00 

.39 
9.50 

TRANSISTORS 
2NZ222A 
2H3904 
2113906 
2K3055 

.1 8  COMPUTER GRADE CAPS 
,18 1600 mid 200V 4.50 :�; � mid *� l� 

51100 40V 3.00 6100 4DV 3.00 
6100 sov 3.00 
noo sov 2.so 
8000 ssv 2.50 
9-100 65V 3.00 

10000 20V 2.50 
12000 30V 3.50 
35000 2SV 5.00 S50GO 25V 5.00 82000 1SV 6.00 

160000 IOV 6.00 

Kit $26.95 
Full six digit battery operated. 2-5 volts. 
3.2768 MHz ctystal accuracy. Times to 59 

59 sec . ,  99 1/100 sec. Times std. ,  split 
I 7205 chip, all components minus 

I 

S-100 IIUIIIIjiUII"I 
8K Static Kit 

16K Static RAM Kit 
24K Static RAM Kit 
32K Dynamic RAM Kit 
64K Dynamic RAM Kit 

OE9P 1 . 50 
OE9S 1 .95 
OA15P 2. 10 
DA15S 3.10  

$127.00 
265.00 
423.00 
449.00 
945.00 
$89.00 8K/16K Eprom Kit (less PROMS) 

Video Interface Kit $139.00 
Extender Board $8.99 �otherboard $39. 

TERMS: $5.00 min . order U.S. Funds. Calif residents add 6% tax. FREE: Send for your copy of our NEW 1 978 
BankAmericard and Master Charge accepted. QUEST CATALOG. Include 28� stamp. 
Shipping charges will be added on charge cards. 

Circl e 3 1 1 on inquiry card. 

. . 
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CONSU LTANTS : Let us get together and run a 
fu l l  page color ad with individual addresses and 
divide the cost. Write Micro Logic Corp, POB 1 74, 
Hackensack NJ 07602. 

FOR SALE : I B M  024 card punch, with full alpha· 
numeric keyboard, in good condition, fully 
operational and with all  documentation for main
tenance, lube, parts and schematic. Can be used 
to keypunch cards, or readi ly  modified for micro
processor card read and punch. A W Walker, 1 9 1 4  
Ridgewood O r ,  San Oiego C A  921 39, ( 7 1 4 )  
479·9074 . 

O N E  M I CRO, ONE USE R ? : Why not support 
several users on your microprocessor with a 
multitasking operating system. This system 
is designed for the Motorola 6800, operates 
in conjunction wit� an interrupt timer device 
(for example, SwTPC MP-T) and maintains a time 
of  day clock. Send $5 for complete documenta· 
tion and source code to start timesharing on your 

. system. Ed Joyce, 4603 Lyceum, San Antonio 
TX 78229. 

FOR SA LE :  2102 low power programmable 
memory, Fairchild 450, $1 each. B K, S·100, 
bare board for above ICs, $20. 7805, $0. 75. 
Erasable programmable memory 2708 National 
450 ns, $10. David Karpol, 1 8-20 Jordan Ad, 
Fa irlawn NJ 07410, (201 1 546·9268 days, 
791 ·2044 evenings. 

PET OWNERS' CLUB: Now, a great new idea in 
clubs! Join and you wil l  receive Program, a 
cassette, each month. You LOAD - nothing to 
type - and it gives you articles, applications, 
and information right on your screen. What's 
more, the reverse side will contain three to five 
games (or more) and programs useful and fun for 
your sweet P ET. Membership is $27 a year. I f  
you wish t o  join, write t o  Richard Mansfield, 
POB 461 , Phi l ipsburg PA 1 6866. 

FOR SA L E : Processor Tech VDM·1 , $ 1 50 .  M ITS 
88·P I O ,  $90. ASCII  keyboard in  walnut case, wired 
and set up for 88- P I O ,  $50. All  the above in  use 
and working. Webber Hat i, 1 6967 Blanche PI ,  
Granada Hi l l s  CA 9 1 344, (2131  363·2004. 

FOR SA LE : Eight Motorola 4 K programmable 
chips from TRS-80. Tested O K ,  but never used. 
Make offer by contacting Jerry Dawson , 7 1 0  King 
St, Medford ·oR 97501 , (503) 779·7697. 

FOR SA LE: TA S·80 Basic I or I I :  Data Base 
Manager, $20; I nventory , $20, Stock and Bank 
Account $ 1 5; Lunar, Gunner, Slot and craps 
$13. Poi Pow, 96 Dothan St, Arl ington MA 021 74. 

FOR SALE: M E K680002 Sys.tem working with 
SwTPC video · terminal I l l  with 69 key .Hall-effect 
keyboard. Includes 24 21 02s, two extra 681 0 
programmable memories, huge 6800 applications 
manual, data manuals, software manual plus power 
supply kit. My cost $565. Will sell for $295 or 
best offer !  C Jackson, 1 7 1 5  Dogwood Dr, Rock 
Hill SC 29730, (803) 366-2309. 

NEW UNCLASSIFIED POLICY 
Readers who ha11e equipment, softwartl or othtu itfmt 

to buy, sell or swap should stmd in • clur/y typed notice 
to rhaf l!ffect. To be considered for public•tion, •n •th•r
tiU!ment must M cll!arly noncommerci•l. ty;Hd doubl• 
sp��eed on pl•in 'Nhir. p��fMr, contain 15 words or lest, and 
include complete nlH71e •nd 11ddrt1ss inform•tion. 

These notices are frH of char{/11 11r1d will be printed one 
time only on a space 111111ilable !»sis. Notices can IN ac
�p �d from individuals or bona fide compur.r users clubs 
only. We can Mf/8911 in no correspond1nce on these and 
your confirmlltion of pl«ement is apfJI!ar•nce in •n istUI of 
BYTE. 

PleastJ nottt that it may tllke th�e or four months for •n 
8d to appear in the magazine. • 

November 1978 © BYTE Publications Inc 

FOR SALE : Apple II 1 6  K system only three 
months old and in perfect condition. This is a 
complete system. Includes high resolution graphics 
subroutines, radio frequency modulator, and 
a cassette recorder/player for input/output 
( 1 0 1 .  User manuals are also supplied. Entire 
system for ·$800. Dana E Ebersole, 441 Burchett 
Jt 1 1 0, Glendale CA 91 203, (21 3) 244·0796. 

FOR SALE : TAS·80 level 1 tapes and program 
l ists. Star Trek (runs on 12 K), list $7, tape 
$ 1 0. Lunar Lander (runs on 4 K), list $3, 
tape $6. Biorythm (runs on 4 Kl, f ist $5, 
tape $9. J A Menzies, 7 1 06 Colgate Dr, 
Alexandria VA 22307. 

PET OWNERS: Here's a very realistic craps pro
gram which won't bore you or friends. I t's highly 
interactive and features animated dice. pass or 
don't pass option, lower case l i terals, statistical 
analysis of game with a vertical bar graph and 
much more. For instance, dice land in random 
positions, and there's plenty of information re
garding rules, size of bank roll and amount of 
bet. This is a 265 line program using over 5 K 
bytes. It is  on tape, ready to load and go. Send 
only $7.50 · to Richard Liebert, POB 268, 
Scarborough STA NY 1 05 1 0 .  

FOR SA L E :  Heath kit Computer System H8 
computer, H8·1 memory board (4 K), H8·3 chip 
set (4 Kl, H8-5 serial input/output and cassette 
interface (one or two recorders), H8·2 parallel 
interface, ECP·3801 cassette recorder, H9 video 
terminal. Assembled and working, asking $1 500. 
Thomas C Smith, 506 1 9th Ln. Vero Beach F L 
32960, (305) 5694622 after 6 PM. 

FOR SA L'E:  OSI  450 erasable read only memory 
blaster memory board (still bare ) ,  with documenta
tion includes 6820 PIA and two 6834 erasable read 
only memories. Al l  parts new and unused, $60 
Ray Vogt, Box 240A, RO 1 ,  Port Matilda PA 
1 6870. 

WANTED: SOL/Processor Technology keyboard, 
with numerical pad. Roger Wallace, 36 Las Vegas 
Ad, Orinda CA 94563, (4 1 51 254· 1 248. 

PROM PROGRAMMING : From Binary or I n tel  
paper, tape: 1 702A ($4), 2708 ($8) .  From hex· 
adecimal or octal listing: 1 702A ($51, 2708 ( $ 1 6 ) .  
Y o u  supply the programmable memory. Quantity 
discounts on multiple copies. 48 hour turnaround. 
David Corbin 1 1 704 Ibsen Dr, Rockville MD 
20852, (301 ) 881·7571 after 6 PM. 

FOR SALE: MITS 16 K static memory, disk con· 
troller board. Best Offer. F Peck, 19201 NE 18 Av, 
N Miami F L 331 79, (3051 935·26 1 3 .  

FOR S A L E :  Radio Shack TRS·80 Microprocessor 
with 16 K memory, Level 1 BASIC, monitor, 
cassette, payroll program. First $800 takes it  and 
I pay the freight. Wilbur C Booth, POB 1 1 51 , 
Cordova 'A K  99574, (907) 424·3 1 40. 

FOR SA L E :  Tarbell Electronics cassette interface. 
All cables, in sockets, ready to go, $1 20. Morrows 
Wunderbuss mother board. Includes ten edge 
connectors, assembled, $ 1 20. Four SwTPC 4 K 
memory boards, in sockets and burned in, $ 1 00  
each. Chip Kroll, 4 1 36 Tennyson, Houston T X  
77005, ( 7 1 3 ) 667.031 8. 

FOR SALE: 1 28 of each of the foliowing items 
were recently purchased at a ham festival. Due to 
incompatibility with my home processor, they are 
available at my cost, to whomever can use them: 
AM 9016, 16 K dynamic programmable memory, 
$22.50; and AM 9050, 4 K dynam ic programmable 
memory, $4.50. You can purchase all or part of 
128 set. Documentation is available. A Shay. POB 
4 1 3, Westmont I L 60559. 

FOR SALE : F8 based chess game., with six lewis 
of difficultY. Solves mate in two problems._ $1QO or 
best offer. Clete Jackson, 1 71 5  Dogwood o,, 
Rock Hill SC 29730, (B03) 366·2309. 

F O R  SALE: Radio Shack TAS·80. Six mnnths 
old with approximately $80 worth of software. 
I haven't enough time to learn to use it praperly. 
$450. George Raniolo, 1 2 1 2  At 25A, Stonybrook 
NY 1 1 790, (516) 751·01 0 1 .  

COSMAC E L F  I I :  power supply, video modulator, 
1 802 users manual, all Popular Elecrronics articles. 
Built  and working fine, $95 and shipped prepaid. 
F rank Dacey, 32B B arbara Or, Pt Pleasant NJ 
(20 1 1  8994302. 

F O R  SALE : K I M·1 with 4K on board program· 
mabie memory neatly packaged in briefcase with 
custom power supply. Has breadboard area and 
convenient input/output connectors. Full docu· 
mentation. Sand SASE for photos. First cuhiers 
check or money order for $200 takes it . A Kruse, 
6221 Woodlow Dr, Wichita KS 67220. 

FOR SA L E :  Biorythm program, FORTRAN 
source code , well·tested. Send $1 to cover copy 
and mailing costs to Jack Walsh, 4 Eaton St. 
Wakefield MA 01 880. 

FOR SALE : Assembled and tested ELF I I  wi th 
four 86 pin wire wrap edge card connectors, full 
documentat ion ; giant board assembled and teste�; 
kluge board for ELF I I ;  1 .5 A power supply; radoo 
frequency modulator and 1 852 i nput/output 
port. Total value $250 new. Make an offer on 
whole or part. Also heavy dutY Honeywell power 
supply 10 A at 5 V, 3 A at 16 V, 3 A at -16 V, 
and 4 A at 28 V. Alan Burnes, c/o ICSR, M IU, 
Fairfield l A  52556. 

F O R  SALE :  File access software for North Star 
Disk. By calling routines within this package, a 
program is given multiple file input/output et 
the byte level. • Entry points allow a file to !>e 
opened, closed, read, written. created or released. 
Requires less than 1 K in addition to disk operating 
system. Send $10 for commented source listing to 
Bob Burlingame, 3314 N Whitman, Tacoma WA 
98406. 

FOR SALE: HP-67 and Heath sh ortwave receiver. 
H P-67 plus all original accessories· and more pro
grams (physics solutions books, satellite tracking, 
antenna pointing program and more), second 
battery pack and security cradle. All for $350. 
Receiver: 0.5 to 31 M Hz, A M /SSB/CW. Excellent 
sensitivity. selectivity, construction (June 1978) 
and excellent . price: $70. Gary Altman, 1 525 
Linden Dr, Madison WI 53706, (608) 836·3400 
or 262·3035. 

FOR SALE: Assembled and tested M ITS Altair 
680b kit. All Chips socketed . May bo interfaced 
to RS232. $250 plus shipping. John Rheinstein, 
10 Gould Ad, Lexington MA 021 73. 

FOR SALE: TDL Z·80 processor (S·100 Bus Z·BO 
Card) assembled and tested. TDL Z 1 6  memory 
board with 8 K memory installed also assembled 
end tested. TDL software: 2 K Zapple monitor, 
9 K macro-assembler, 3 K text editor, 8 K B,tt.Sic. 
Software includes paper tape in relocetable format 
and a l l manuals. $500 for all the above. ZPU board 
only and software, $325. Charlie Shields, POB 8Q9, 
Carrabel le F L  32322, (904) 697·21 90. 
T A S·80 SORT: in BASIC I, needs 4 K minimum 
Sorts recs in  memory in 1 or 2 numeric fields in 
ascending or descending sequence. Output to tape 
or video. Can be subroutine. $10 on tape .with 
documentation. Software, POB 61 53,  Syracuse 
NY 1 3217.  

FOR SALE : SwTPC 6BOO computer systems, 8 K 
memory, serial control interface, parallel interface, 
CT -64 terminal. SO Sales cassette interface. Pixie· 
Verter. All assembled, up and running, compfe_te 
with documentation. Also, bare 4 K memo� 
board, bare MP·A2 processory board. Rick Drapala, 
2701 Av A, Yuma AZ 85364, (602) 726.0896 
after 4 PM MST. 

FOR SALE: TI·Programmer, with case end po-r 
supply . Almost new, under warrantee. In original 
carton, $30. John Burns, 25th floor, 350 P.erk Av, 
New York 1 0022. 
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CLUB PROGRAM E XC H A N G E : Lincoln School 
Computer Club wil l exchange PET Computer pro
grams. Send SASE for information and return 
postage with any cassette. Thanks. Lincoln Com
puter Club, Lincoln School, 750 E Yosemite Av, 
Manteca CA 95336. 

FOR SALE : Sphere 6800-based microprocessor 
board including 4 K programm�ble memory. and 
1 K read only memory with the PDS ut i l i ty rou· 
tines. monitor, editor, re-editor and assembler. 
Also an excellent power supply rated + 1 2  V, 
-1 2  V.  +5 V ,  -5 V and ground. Also a video dis
play interface board which st i l l  has a few bugs.  1 
haven't the technical knowhow to get the system 
running so I am selling. F i rst check for $300 takes 
it, inquiries welcome. Nathan Engle, AR 2 POB 
466A, New Albany IN 471 50, (81 2) 923-8066. 

FOR SALE : Univac type 0769 incremental printer 
30 characters per second, 1 32 colu m n .  63 charac· 
ters. New unit  stil l  in Univac packing carton. With 
optional drive electronics (original cost $ 1 800+1.  
Also includes optional case, enclosure (h inged top),  
and stands. Does not include 6 V, - 1 2  V, 24 V 1 A 
power supplies or system controller, but incl udes 
schematic;s and interface manual . Plus three cases 
of paper l$1 00+ alone) .  All for $575 plus freight . 
David Krivoshik, 18 Newcomb PI , E l i zabeth NJ 
07202. 

FOR SALE : Peripheral Vision F loppy disk drive, 
interface card, cable, documentation and diskette. · 
In good working condition. Includes operating sys
tem on floppy. Everyth ing needed to work. $500 
or best offer. Wil l  also trade for

' 
working TTY 

terminal or equivalent. Pierre duPont, Patterns, 
Rockland DE 1 9732. 

FOR SALE : RCA Cosmac vip video computer 
with games and graphics. Professionally built and 
in perfect condition . Unit  interfaces d i rectly to 
video monitor. Also stores programs on cassette 
tape. Ori ginal ly $275, wi l l  sel l  for $1 75 and ship 
anywhere free. Richard Parry. 38 W 255 Deerpath 
Ad, Batavia I L  605 1 0 ,  ( 3 1 2 )  879-8987. 

FOR SALE : BOBOA system; Morrow's processor 
and cassette 10 boards, VDM-1 .  2-4 K program
mable memory boards, ASC I I  keyboard and octal 
keypad, 20 A supply, attractive cabinets. Tiny 
Basic up and running with programs on tapes, three 
extra 1 00 pin connectors, Processor Technology 
BASIC 5 and TREK  80 tapes. F u l l  documentation. 
Cost over $850 - will  sell best offer over $600. 
M Chepko, 1 1 9 Belleville Ct. Thief River Fls MN 
56701 . 

FDA SALE OR TRADE : Quantity of 66 American 
Microsystems AMS-7280 4 K by 1 dynamic pro
grammable memory ch ips, prime. Equivalent to 
2 1 078, TMS4060, etc. All 66 i n  carriers for $ 1 9 5  
or w i l l  trade for 2 4  TMS4044 or exact equivalent. 
Watson A Gabriel Jr, 5936 Timberwood T A L, 
Kernersv il le NC 27284, 19 1 9) 993-3 1 1 0. 

FOR SALE : TRS-80 software. Four fu l l -length 
simulations for 4 K level I mach ine : includes Pio
neer, Survival, Capital ists and Space Voyage. All 4 
for $ 1 0 .  Also, basebal l ,  footbal l ,  hockey, Lander. 
all with graphics. Seven in all for 58, or get all 1 1  
for $ 1 5. For programs, a n  updated l ist  or free
lance programming, write Michael T F l anagan, 1 30 
Holly,  R iveredge OH 441 35. 

WANTED : Used min icomputer system; TRS-80, 
Apple 2. PET, I MSA I ,  etc. Also hard or soft copy 
terminal. M i ke Gleicher, 1 1  Leslie .Ct, Springfield 
NJ 07081 . 

CHEAP MEMORY : Low power 4 K static full 
speed tested and reliable $75. G Mitchell, POB 
35, Chula Vista CA 920 1 2. 

WANTED : X-Y Recorder. Offer combinations 
of the following in trade : SBE Keycom 1 000 
Scanning 40 channel CB, Pace 80 1 5  and 8008 CBs, 
Dynaco PAT-4 stereo preamplifier. A R-XA turn · 
table, Palomar TX- 1 00 linearm amplifier, etc. 
Write Pete, POB 399, Sunnymead CA 92388. 

B YTE N U M B E R  1 : I have one September' 1 975 
BYTE (issue number 1 ). Th e  magazine is st i l l  in  
i ts  original wrapper a nd is in mint  condition. F i rst 
certified check for $50 takes i t !  Call to confirm 
that i t  hasn't been sold yet. Mitch Weirich, 8 Bruce 
CIA, Randolph MA 02368, ( 6 1 7) 963-5578. 

FOR SALE : Secret Word program for 4 K PET. 
Many hours of entertainment trying to guess one 
of 200 5 letter words. Can be played alone or with 
other participant. Features include selection of 
secret word by computer at random, scoring by 
number of tries, cumulative scoring, ability to list 
guess words and hits and misses, also abil ity to 
d isclose secret word at any point in the guessing. 
Also other inter�sting features. On �ssette, ready 
to load and run, $8.50. Henry E Nass, 68 East 56th 
St, New York NY 1 0022. 

F O R  SALE OR SWAP: Voltage Monitor for single 
phase computer power supply . Monitors under and 
over voltage, detects h igh speed transients - 2 ms 
spike response. Has clock, audible alarm, warning 
l ight and 32 day chart recorder. Warns of ou t of 
tolerance conditions.  Airoyal model 1 1 72 1 .  Wil l  
accept ham radio equipment i n  trade. Ed Hayden, 
16 Decatur Av, Annapolis MD 2 1 403, (30 1 )  

261 -2679. 
. 

F O R  SA LE : Assembled H9 video terminal, $450. 
I went to hard copy so you can save. Includes 
shipping and manuals. Send cashier's check or 
money order to Steve Vickery POB 1 548, Panama 
City, F l  324 0 1 .  

F O R  SA LE : Heath H 8 ,  H9, 1 6  K memory, assem· 
bled, up and running, tape recorder, all documenta
tion. $ 1 200. David Marcus, 430 Wolf Hill Ad, Dix 
Hi l ls  N Y  11 746, ( 5 1 6 )  427·1 926. 

F R E E  PET COMPUTER PROGRAMS : Will trade 
original versions of Space War or Graphic Gomoku 
(9 by 9 tic· tac-toe) for your software creations of 
comparable size.  Send programs on cassette for 
exchange, or send SASE for current l ist of pro
grams. Please indicate serial number of PET used. 
Bennett Meyer, POB 575, White Plains NY 1 0602. 

MOTOROLA D2 USERS : A new manual of experi
ments on 6800 Microcomputers contain ing 83 
interesting assembly language problems. Step by 
step approach to learn to use the 6800 instruc
tions. digital input/output, interrupts and many 
programming techniques. $5. Send check to K K 
Rao, Department of Physics, Western Michigan 
University. Kalamazoo M l  49008. 

F O R  SALE : Heath H-8, H-9. 1 6  K, cassette, and 
Benton Harbor BASIC.  Up and running. $1 250. 
Also ten new 8 inch disks, $25. A Thornburg 
R R  2.  Thompsonville IL 62890, (618) 627-2 1 66. 

PET OWN E R S : I have 18 game programs for the 
PET computer. I will  trade one for one for other 
PET programs. Those wishing to trade should send 
their cassette with programs to Kurt Huebner, 
1 266 Valle Vista, F ullerton CA 9263 1 .  

FO,R SA LE : Apple I I  Software cassette: author 
title index program for books, records, tapes, 
super fast machine language, sort, 16 K blackjack, 
graphic, paddle input, sound, rules, autoplay by 
computer. $ 1 0  each includes documentation. Both 
for $ 1 5. George W Lee, 1 8803 S Christina Av, 
Cerritos CA 9070 1 .  

TRS-80 OWNERS:  Original software including 
business system for Amway Distr ibutors. Level I 
ond I I  versions available. All wi l l  run in 4 K mem
ory . Also have moving sign board machine language 
program. Write for information Allan E Sitter, 
8 Driftwood C I A ,  Groton CT 06340. 

FOR S A LE : O E Cwriter I I ,  E I A  interface. caps 
lock, used two years moderately, on DEC service 
contract but never needed a call. $975 or best 
offer, you pay shipping. David Lewis, 1 1 08 N 
Aurora St.  I thaca NY 14850, 1607) 274-3 1 07 
weekdays, 2 73-9144 h ome. 

STAMP COLLECTORS: TRS-80 owners who are 
also serious stamp collectors and are i n terested in 
exchanging ideas and software for philatelic 
applications are urged to contact me immediately. 
Collectors with other systems are also welcome 
to write or call i f  they are i n terested. Jeff Purser, 
25 Newtown Ad, Danbury CT 068 1 0, (203) 
744-7631 . 

FOR SALE : Reference/maintenance manual, logic 
charts, and operator's manual for ltel Model 852 
automatic typewriter and accompanying Selectric 
manual. $ 1 5. S K Otto, 1 50 Old Country Ad, 
Mineola NY 1 1 501 .  

TRS-80 PROGRAM M I N G  CONTEST : Win $500. 
Send SASE to TRS-80 Programming Contests-A, 
POB 621 , Fenton MO 63026 . 

APPLE- I I  SO F TWAR E : Available to swap. Send a 
l ist a·f your programs and SASE for my liSt (over 
1 00 programs). Most in color graphics. Ed Avelar, 
2850 Jennifer Dr, Castro Vol ley CA 94546, 14 1 51 
538_-24 3 1  any day, 6 PM to 1 1  PM. 

DESPE RATE : College student must sell at tre
mendous loss to pay for tuit ion : Tychon Assem· 
bier, IMSAI  8080 with 22 slots, etc, 8 K static 
memory with write protect 8 K static memory 
without write protect, key board with interface 
and enclosure, Northstar Disk drive microsystem, 
Polymorphic 64 character/l ine display with 
graphics (new parts - never tested), manuals, etc. 
Must sell : $ 1 1 50. Wi l l  se l l  separately. John Fox, 
=1 05, 1 1 1 0 W Stoughton, Urbana I L 61 801 ( 2 1 7 1  
384-4474. 

FOR S A L E : Hewlett-Packard 97 programmable, 
printing calculator. $475, with box of thermal 
paper rolls, new magnetic cards, and al l  other 
standard accessories. Clean appearance and in 
excellent operating condition - a great buy! L S 
Reich, 3 Wessman Dr,  W Orange NJ 07052, (201) 
736-2843. 

. 

FOR SA L E :  H EATH H-8 system. 24 K memory, 
video terminal, GE cassette recorder, interface card 
and a l l  cables. All completely assembled and 
working. Software includes Extended BAS I C, edi· 
tor, assembler, debugger, panel mon i tor (read only 
memory ) ,  plus games package and more. $1 800 
plus shipping. Walt Sul ly ,  18 Palmer Ad,  Kendall 
Park NJ 08824, (20 1 )  490·2976. 

FOR S A L E : Hewlett-Packard 140A Scope, 1 402-A 
Dual trace amplifier, 1 4 2 1 A  time base and delay 
generator. One set full documentation. Excellent 
condition. Original cost over $2000. Wil l  sell for 
around $600. J E Terry, 8 1 8  Briarwood Lake, 
St Louis MO 63367, (800) 325-4325, ext 225, 
8 AM to 5 PM daily . 

TRS-80 ASS E M B L E R  USER S :  Z·BO d isassembler 
available. Displays the contents of your memory 
as symbolic ins tructions with operands and ASCI I 
code, where relevant. Zilog mnemonics used 
throughout. Also shows memory addresses and 
con-tents in  hexadecimal. ReQuires Level· l BAS I C  
with 1 6  K a n d  assembler, or Level- 1 1  BASIC. 
(Specify wh ich you have.) Execution tape and 
instructions, $20. �or information only send 
SASE . Hubert Howe, 14 Lexington Ad, New City 
NY 1 0956. 

TRS-80 USERS : I have business programs for a l l  
levels of TRS·80s. You describe your  application 
and I will  give you an estimated cost within 48 
hours. I nclude SASE with your requirements and 
TRS-80 configuration. Also,  I have game programs. 
Sandy Sigal. 6851 Mammoth Av, Van Nuys CA 
91 405. 

FOR S A L E :  Three sets of 1 6  K memory for 
TRS-80 Radio Shack computer system. 1 00 
percent good. $ 1 75 each. Larry Stanley, At 5, Box 
1 3 1 B , Circleville OH 4 3 1 1 3 ,  ( 6 1 4 )  474- 1 74 1 .  

C O L L E G E  I NSTRUCTOR: Needs standard payroll 
and general ledger programs i n  COBOL or BASI_C; 
l i mited compensation.  POB 355. Newtown PA 
1 8940. 

WANTE D : 8008 software, Scelbi computer soft· 
ware manuals for the 8008, assembler program, 
editor program, monitor routines, S C E B A L  high 
level language, bpotstrap loader and Galaxie .  
L W Harrison, 4905 Hollyridge Dr, Raleigh NC 
27612. 

WAN T E D : Drawing and pin out data to i n terface 
microcomputer to Programatic Fiexiwriter. Wi l l  
pay for data. B i l l  Fujitsubo, 1 506 Sandcastle Dr,  
Corona del  Mar CA 92625, 

STU D E N T  N E E DS H E LP: I am a student i n  
desparate need of both information a n d  part 
sources for the fOllowing: image recognition 
and a 32 X 3 2  solid state MOS photodiode array, 
respectively. I f  there is  a Cyclops camera for sale 
out there - contact me as I require one. Darcy 
Roberts, 660 Laurier Blvd, Brockville Ontario, 
CANADA K6V 5X8. 
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·ro get further information on the products advertised In B YTE, fill out the reader service cord with your nome orrd address. Then circle the 

appropriate numbers for the advertisers you select from the Jist. Add a 15 cent stomp to the cord, then drop it In the moil. Not only do y ou 
gain information, but our advertisers are encouraged to use the marketplace provided by B YTE. This helps us bring you a bigger BYTE. 

Inquiry N o. Page No. I nquiry No. Page No. 

2 Administrative Systems I nc 1 4 5  1 57 Hamilton Logic Sys 2 1 8  

1 Advanced Access Group 140 1 58 D C  Hayes 1 57 

3 AJA Software 1 75 1 70 Hobby World 1 95 

4 Alpha Micro Sys 98, 99 1 73 . Houston I nstruments 41  

8 Alpha Supply 1 06  1 74 Idea Assemblers ·222 

9 American Terminals 222 1 76 Info 2000 1 1 7  

1 0  Anderson Jacobson 93 1 77 I ntegral Data Systems 96, 97 

1 4  Apple Computer 1 2  1 79 I ntegrand 1 90  

1 5  Apple Computer 1 3  1 80 Integrated Circuits Unltd 209 
. Art-by-Computer 1 73 1 84 International Data Sciences 1 8 1  

22 ATV Research 21 8 · 1 90 Ithaca Audio 1 99 

25 Atwood E n terprises 206 1 93 J & E Electronics 222 

27 Bailey Controls 1 8  1 9 5  Jade Company 197 

30 Beckian Enterprises 223 200 Jameco Electronics 2 1 0, 21 1 
BITS 1 09, 1 1 0, 1 1 1 , 1 25, 1 3 1 , 2 1 3  201 Jim-Pak 83 

28 Bootstrap Enterprises 1 49 202 M W Keith Co 228 

3 2  Buss 1 4 8  
. Lifeboat Associates 1 37 

. BYTE Back Issues 1 79 2 1 3  The Math Box 21 8 

. BYTE Subscribers 1 23 21 7 Mathematical Application Services 21 8 

. BYTE WATS Line 1 79 220 . Meca 1 39 

33 Byte Industries 1 42 221 Memory Coop 21 8 

39 California Digital 201 225 Micro Diversions 67 

41 Capital Equipment Brokers 68 222 Micro Mail 1 36 
45 Central Data 8 1  223 �icromation Inc 21 
46 Chrislin Industries 1 65 235 Micropolis 102 
4 7  Commodore Busi ness Machines 1 05 236 Micropolis 1 03 
48 CompuMax 1 77 224 MicroPro l'nternational 45 
53 Computalker 1 59 226 Micro Source 95 
65 Computer Corner 2 1 8  2 29  Mikos 225 
70 Computer Enterprises 1 0'1 250 Mini Micro Mart 1 1 9, 144 
74 Computer Interface Technology 228 255 Morrow{Thinker Toys 1 9 , 91  
75 Computerland 10,  1 1 , 61 260 Mountain Hardware 1 43 
73 Computer Mart of NJ & PA 1 90 265 mpi 1 33 
76 The Computer Stop 228 267 Mullen Computer Boards 74 
72 Computer T-Shirts 228 268 N A I L  57 
77 CT Microcomputer 1 23 ,  1 3 5  280 Netronics Research 14 7 
78 Contract Services Associates 1 22 281 New England Electronics 1 52 
80 Cromemco 1 ,  2 285 North Star 7, 29 
82 Data Discount Center 1 69 286 Northwest Microcomputer Sys 77 
81 Datafacs 1 73 287 Nucleonic Products 1 07 
a:i dedata edv 222 290 Ohio Scientific Instruments 30, 3 1 ,  32, 33 
87 Digiac Corp 222 291 O K  Machine & Tool 59 
89 Digital Pathways 1 56 293 Oliver Advanced Engineering 68 
95 Digital Research (CA) 66 289 On Line 1 73 

100 Digital Research (TX ) 203 292 Osborne & Associates 1 1 3  
1 02 Digital Re.search & Eng 94 . Owens Associates 21 8 

. 1 1 0  Dynabyte 1 4 ,  1 5  294 Pacific Digital 1 30 
1 1 5  Electrolabs 225 296 Pacific Office Systems 227 
1 20 Electronic Control Technology 1 7 1 297 Page Digital 2 1 9  
1 25 Electronic Sys 205 298 PAIA Electronics 1 33 
1 30 Electronics Warehouse 207 299 PanaVise 1 4 1  
1 3 2  E MM/CMP 1 46 288 PCE Electronics 148 
1 34 E M M  Semi Inc 1 65 301 Per Com Data 37 
1 40 Forethought Products 53 302 Personal Software 88 
1 50 Godbout 87 303 Personal Systems Consulting 70 
1 53 Graham Dorian Enterprises C l l l  304 Pet Shack Software House 228 
1 5 1  H & K Computer Components 1 6 1  3 1 3  Pickles & Trout 1 75 

llUMil-
llYTE's U"ElJi"E MlJ"itlJP lllJX 

Article No. 

2 

3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
1 2  
13 
14 

ARTICLE 

The Spracklens: An  Exchange Evaluator for C'?mputer Chess 
R uckdesche l :  Functional Approximations 
Kasser: The Sky's the Limit 
Horton: Distributed Network 
Ciarcia: I've Got You in My Scanner! 
Gerhold :  Computer Assisted lnstructiol'l'on a Microcomputer 
Wilson: Defining a Language: PL/B 
H il l :  A Classroom Demonstration 
Bruninga: A Multiuser Data Network 
Christensen-Suess: Hobbyist Computerized Bulletin Board 
H ubin: Heath Microprocessor Training System 
Anderton: A Cassette l l'!terface Switch ing Box for the TRS-80 
Frey-Atkin: Creating a Chess Playj!r, Part 2 
Chung-Yuen: A "Tiny" Pasc111 Compiler, Part 3 
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90 

1 00 
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1 50 
1 58 
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I nquiry No. Page No. 

323 Potter's Programs 222 
306 Priority I 2 1 5, 2 1 7  
305 Processor Technology 8 ,  9 ,  1 0  

• Program Design Inc 1 55, 1 57 
308 Programmer Software Exchange 1 77 
309 PRS 39, 2 1 8  
3 1 1 ' Ouest Electronics 229 

• Radio Shack 85 
327 Rank Peripherals 89 
322 RCA 27 
314 Rondure Co 2 1 4  
328 Rothenberg Information Sys 1 44 
3 1 6  S-100 187 

• Scelbi 43, 65,  72,  73 
• Scelbi/BYTE Primer 1 83 
• Scientific Research 35, 47, 1 32 

3 1 8  Seattle Computer Products 69 
3 1 9  Michael Shrayer Software 1 27 
3 1 2  Shugart CIV 
3 1  7 Sigm\iics Corp 23 
324 E d  Smith's Software Works 1 75 
320 Smoke Signal Broadcasting 1 67, 1 69, 

1 7 1 ,  1 73,  1 75, 1 77, 1 79 ,  1 8 1  
326 SoftSide 1 77 
321 Software-SO 1 79 
335 SSM 7 1 ,  79 
340 Solid State Sales 221 
343 Sorce 5 
350 Southwest Technical Products Corp C I J  
353 Springer-Verlag 1 4 9  
352 Stirling Bekdorf 49 
351 Structured Systems Group 1 29 
354 Sunny International 228 
357 Sybex I nc 1 38 
355 Synchro Sound 51 
359 Tales Systems Inc 46 
358 Tano 55 
360 Tarbell Electronics 1 1 5  
363 TASA 24 , 25 
364 Taylor & Associates 1 4 5  
370 Technical Systems Consultants 7 5  
372 Telpar I nc 26 
377 Terminal Systems 228 
356 3 S Sales 2 1 4  
3 7 3  Tara Systems Ltd 228 
382 Total Information Services 1 55 
3 78 Trans-Data 1 52 
374 TransNet Corp 1 22 
376 Tri Tek 223 
383 US Robotics 1 87 
387 VR Data Corp 2 1 8  
388 Wameco 227 
395 Worldwide Electronics 228 
400 Xitex 1 34, 1 35 

•correspond directly witb company. 

Fingers Do Walking on August BOM B 

I ' 

I r 

Steve Ciarcia has won the $ 1 00 BOMB 
fi rst prize again with h i s  artic le "Let You r 
F ingers Do the Tal k ing :  Add a Noncontact 
Touch Scanner to Your Video Display, " 
page 1 56 .  Second prize of $50 goes to Chip  
Weems for "Design ing Structu red Pro-

. grams, " page 1 43 .  The articles p l aced 1 .9 
and 1 .4 standard deviations above the 'mean, 
respectively. In th i rd · p l ace was "Pascal 
versus BAS IC :  An Exerc ise, " page 1 68, 
fol l owed by "Pasca l :  A Structu ral ly Strong 
Language, " page 78. 

To cast votes for you r favorite articles, 
use the convenient BOM B  card on the 
opposite page .• 
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For fastest serv ice transfe r m ai l er  l abe l  from w1·appe 1· 

to coupon provided at the 1· igh t .  Req uests can not be 

hon ored u n less z ip code is g ive n . Th is  card va l id  for 
90 days o n l y .  

N OTE- I f l abe l i s  m i ss i ng  o r  defaced f i l l  o u t  coupon carefu l ly 
- P L E ASE PR I N T  -th i s  is on ly  way to get requested materi a l 
to you . 

Name 

(Title) 

READER 
SERVICE 

N ovember 1 978 
4 1 8 8 

(Company) --------------------------------------------

Addre� ----------------------------------------------

City _____________________ State _______ Zi p __________ __ 

1 21 41 61 81 1 0 1 1 2 1  1 4 1  1 6 1  1 8 1 201 2 2 1  2 4 1  261  28 1 30 1 3 2 1  341 3 6 1  3 8 1  401  4 2 1  44 1 461 4 8 1  501 521  54 1 561 581  6 0 1  6 2 1  64 1 

2 22 42 62 82 1 0 2 1 2 2 1 4 2 1 6 2  1 82 202 2 2 2  242 262 282 302 322 342 362 3 8 2  402 42 2 442 462 482 502 522 542 562 582 602 622 642 

3 23 43 63 83 1 03 1 23 1 43 1 6 3 1 83 203 2 23 243 263 283 303 3 23 343 363 383 403 423 443 463 483 503 523 543 563 583 603 623 643 

4 24 44 64 84 1 04 1 24 1 44 1 64 1 84 204 224 244 264 284 304 324 344 364 384 404 424 444 464 484 504 524 544 564 584 604 624 644 

5 25 45 65 85 1 05 1 25 1 4 5 1 6 5 1 85 205 2 2 5  245 265 285 305 3 2 5  345 365 385 405 4 2 5  445 465 485 505 525 545 565 585 605 625 645 

6 26 46 66 86 1 06 1 26 1 46 1 66 1 86 206 226 246 266 286 306 3 26 346 366 386 406 426 446 466 486 506 526 546 566 586 606 626 646 

7 27 47 67 87 1 0 7 1 2 7 1 4 7  1 6 7 1 87 207 2 2 7  24 7 267 287 307 3 2 7  347 367 3 8 7  407 4 2 7 447 467 487 507 527 54 7 567 587 607 627 647 

B 28 48 68 88 1 08 1 28 1 48 1 68 1 88 208 228 248 268 288 308 328 348 368 388 408 428 448 468 488 508 528 548 568 588 608 628 648 

9 29 49 69 89 1 09 1 29 1 49 1 69 1 89 209 229 249 269 289 309 329 349 369 3 89 409 429 449 469 489 509 529 549 569 589 609 629 649 

1 0  30 50 70 90 1 1 0  1 3 0 1 50 1 70 1 90 2 1 0  230 250 270 290 3 1 0  330 3 50 3 7 0  390 4 1 0  430 4 50 4 70 490 5 1 0  53 0 550 570 590 6 1 0  630 650 

1 1  3 1  51 71 9 1  1 1 1  1 3 1 1 5 1 1 7 1 1 9 1 2 1 1 2 3 1  2 5 1  27 1 291 3 1 1 3 3 1  3 5 1  3 7 1  3 9 1 4 1 1 4 3 1 4 5 1  4 7 1  4 9 1  5 1 1 53 1
.
5 5 1  5 7 1  591 6 1 1 631 651 

1 2 3 2  52 72 9 2 1 1 2 1 3 2 1 52 1 7 2 1 92 2 1 2 2 3 2  252 272 292 3 1 2  332 352 3 7 2  392 4 1 2  432 452 472 492 5 1 2  532 552 5 72 592 6 1 2 632 652 

1 3  33 53 73 93 1 1 3 1 33 1 53 1 73 1 93 2 1 3  233 253 273 293 3 1 3  333 3 53 3 73 393 4 1 3  433 4 53 4 73 493 5 1 3  533 553 573 593 6 1 3  633 653 

1 4  34 54 74 94 1 1 4 1 34 1 54 1 74 1 94 2 1 4  234 2 54 274 294 314 334 3 54 3 74 3 94 4 1 4 434 4 54 474 494 5 1 4  534 554 5 74 594 614 634 654 

1 5  3 5  55 7 5  9 5 1 1 5 1 3 5 1 55 1 7 5 1 95 2 1 5 235 255 275 295 3 1 5  335 355 3 7 5  395 4 1 5  43 5  4 55 475 495 5 1 5 53 5 555 575 595 6 1 5 635 655 

16 36 56 76 96 1 1 6 1 3 6 1 56 1 76 1 96 2 1 6  236 2 56 276 296 3 1 6  336 3 56 3 7 6  396 4 1 6  43 6 4 56 476 496 5 1 6  536 556 576 596 6 1 6  636 656 

17 3 7  5 7  7 7  9 7 1 1 7 1 3 7 1 57 1 7 7 1 97 2 1 7 2 3 7  257 2 7 7  297 3 1 7  3 3 7  357 3 7 7  3 9 7  4 1 7  43 7  5 5 7  5J7 497 5 1 7 537 5 5 7  5 7 7  597 6 1 7 637 657 

1 8  38 58 78 98 1 1 8 1 3 8 1 58 1 7 8 1 98 2 1 8 238 258 278 298 3 1 8  338 3 58 3 7 8  398 4 1 8  43 8  4 58 4 7 8  498 5 1 8  53 8 558 578 59 8 6 1 8 638 658 
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Name ____________________________________________ __ 
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State ________ Zip _____ _ Cou ntry 

0 1 year 
0 2 years 
0 3 years 

USA 

0 $ 1 5 

0 $ 2 7  

0 $39 

Canada 
Mexico 

0 $ 1 7 . 50 

0 $32 .00 

0 $46 .50 

0 $25 E u rope ( a i r  f re i ght )  payment enc losed 
0 $25 E l sewhere ( su rface mai l ) payment  enc losed 

(A i r  mai l rates ava i lable u pon request) 

Please remit in US funds- Thank you. 

0 Chec k  e nc l osed (Bonus: one EXTRA issue 
- receive 1 3  i ssues for the price of 1 2 ) 

0 � 0 B i l l  me ( N orth Americ a on l y) 

Card N o.------------------------------------------

Ex p i ration date--------------------------------------

Four  d ig i ts above name - Master Charge on l y ----------------

Signa ture-------------------------- Date -----------

Please al low eight weeks for processing. Thank you 
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Our programs wil l  let you realize the full potential  of your hardware . 
We developed these p ro g rams because we needed them • Period ic  newsletters which inc lude  u sers ' i deas and 

in our busi nesses , and , try as we m ight ,  could not purchase information exchange , p lus t ips to owners on  further increas-
them . They ' re on- l ine  now,  working fo r us  and others aro u n d  ing  benefits o f  t h e  package th roug h  u pdated operational  flexi-
the country .  b i l ity . . . . . . 

As users o u rselves we know the p rob lems from your • Avai lab i l ity of  software tech mc1ans to p rovide im-
perspective - n ot just as  a man ufacturer of  software . The  med iate answers to  q uesti o n s ,  via phone  or  mai l .  
b u g s  ?re ou� and they' re rea�y now t o  go t o  work he lp ing  make • Customer rewrites and adaptations avai lab le  on  re-
your l ife eas1 er ,  keepmg you 1n better control of your  business . q u est, at added cost.  

Our  fi rst four p ro g ram packages are:  • Apartment CBASIC-2 free 
Management • Cash Register • Inventory • Payrol l  It takes the  world ' s  most powerfu l  commercial basic to  
Here's a typical  p rogram run our  programs and we de liver it to you free . 

To g ive you an idea of the thoro u g h ness of these p ro- Each of our p ro g ram packages co ntains a disk with 
g rams,  here 's a s u mmary of what the i nventory package does CBASI C-2 Comp i l e r ,  CBAS I C-2  Run Command  and you r  
for you . G ives a detai led l isti n g  of items i n  i nvento ry and G raham-Dorian software prog rams in I NT and BAS fi le  form . 
itemizes all goods sold from inventory, i n cl ud ing  which sales You also receive User's Manuals  and Hard Copy Sou rce Li st-
person sold what ,  when it so ld  and for how m uch . . .  recaps on  i n g .  At  a p ri ce wh ich  pays for itself !  
one sheet this same inventory activity i nformatio n  . . .  i nvesti- CBASI C-2 was deve loped and written by Software Sys-
gates and changes any informat ion in inventory ,  on request . . .  te rn s ,  the people  who wrote CBASI C ,  and i nc ludes many 
pri nts l ist of items to be  re-ordered . . . p rovides p rofit analysis powerful enhancements ::' AI I  systems are compatib le  with any 
comparing sales personne l  and/or  various  p roducts . And it Z-80 or 8080 CP/M®l syste m .  They are d el iverabl e  in standard 
can be i nter-con nected with our  cash register package as wel l ,  eig ht- inch d isk - either doub le  o r  s i ng le  density - or m i n i-
for total p ro g ram manag ement.  floppy d isk .  

Ea�h of  o u r  i n itial p ro g rams is  conceive d ,  p roven and . G ive u s  a �al l  o r  f i l l  out the �e�der Service Card i n  �h is  
offered w1th th is same exact ing tho ro u g h ness and attention  to 1ssue .  We prom1se a response w1th 1 n  24 h o u rs of  rece1pt . 
detai l .  iPI That 's the ki n d  of i nformat ion service we expect, 
We stay with you after the sale G � and know you d o  too .  

W ' · th' f h 1 h 1 d � ·caASIC·2 may be purchased separately 
e re I n  IS Or t e Ong  aU an O U r  SUpport �· from Gral>am·Dorian Software Systems tor $89.95. 

program is ded icated to that objective . Reg istered 
p rogram owners receive: E G raham-Dorian Software Systems 

Circle 1 53 on i nquiry card. 

A Division of G raham-Dorian Enterprises 
Master Charge and Via cards accepted 21 1 N. Broadway I Wichita, Ks.  67202 / (3 1 6) 265-8633 
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" I  own a fast-g rowin g  busi ness a n d  before I 
bought my computer system I put in a lot of l ate 
hours keeping u p  with my accounting a nd 
i nventory con trol . Now the computer does my 

n u m ber crunch i n g  q u i c kly, so I have t ime after 
hours to h ave som e  fun with the system. My son 
and I started out playing Sta r Trek on the system, 
and now we ' re learn ing to play chess . 

"When I was shopping a rou nd for my system, 
the g uys in  the computer  stores demonstrated a l l  
t h e  u n ique featu res o f  t h e  m i n ifloppy. I 've got to 
admit  that at fi rst I d idn't  rea l ly understa nd a l l  the 
technical  d eta i ls .  But now that I use the system 
every day, I real ly appreci ate the m i n iflo ppy's fast 
random a ccess and data tra nsfer. I l i ke the 
re l i a b i l ity, too . 

' ' I ' m  g l a d  I went with S hugart d rives. Look, 
when you l ay out you r own money for a system ,  
you want d e pendable performance a nd g ood 
value.  Do what I d i d .  Ask for the system with the 

m i n if lo ppy. " 

If it isn't Shugart, 
it isn't minifloppy. 
�®Shugart Associates 
435 Oakmead Parkway. Sunnyvale, California 94086 

For a list of manufacturers featuring Shugart's minifloppy in their systems, circl.� reader response number. 
TM minifloppy i s  a registered trademark of Shugart Associates 

Circle 3 1 2 on inquiry card. 
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