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SWTPC announces first dual 
minifloppy kit under $1,000 

Now SWTPC offers complete best -buy computer system with $995 
dual minifloppy, $500 video terminal/ monitor, $395 4K computer. 
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$995 MF -68 Dual Minifloppy 
You need dual drives to get full benefits 
from a minifloppy. So we waited to offer a 
floppy until we could give you a dependa- 
ble dual system at the right price. 

The MF -68 is a complete top -quality 
minifloppy for your SWTPC Computer. The 
kit has controller, chassis, cover, power 
supply, cables, assembly instructions, two 
highly reliable Shugart drives, and a 
diskette with the Floppy Disk Operating 
System (FDOS) and disk BASIC. (A floppy 
is no better than its operating system, and 
the MF -68 has one of the best available.) 
An optional $850 MF -6X kit expands the 
system to four drives. 

$500 Terminal /Monitor 
The CT -64 terminal kit offers these 
premium features: 64- character lines, 
upper /lower case letters, switchable con- 
trol character printing, word highlighting, 
full cursor control, 110 -1200 Baud serial 
interface, and many others. Separately 
the CT -64 is $325, the 12 MHz CT -VM 
monitor $175. 

Enclosed Is: 
$1 990 for the full system shown above 
(MF -68 Minifloppy, CT -64 Terminal with 
CT -VM Monitor). 
$995 for the Dual Minifloppy 
$325 for the CT -64 Terminal 
$175 for the CT -VM Monitor 
$395 for the 4K 6800 Computer 

$250 for the PR -40 Line Printer 
$79.50 for AC -30 Cassette Interface 
Additional 4K memory boards at $100 
Additional 8K memory boards at $250 
Or BAC # Exp. Date 

Or MC # Exp. Date 
Name Address 
City State Zip 
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$395 4K 6800 Computer 
The SWTPC 6800 comes complete with 
4K memory, serial interface, power supply, 
chassis, famous Motorola MIKBUG'"' 
mini -operating system in read -only 
memory (ROM), and the most complete 
documentation with any computer kit. Our 
growing software library includes 4K and 
8K BASIC (cassettes $4.95 and $9.95; 
paper tape $10.00 and $20.00). Extra 
memory, $100/4K or $250/8K. 
Other SWTPC peripherals include 
$250 PR -40 Alphanumeric Line Printer 
(40 characters /line, 5 x 7 dot matrix, 
75 line /minute speed, compatible with 
our 6800 computer and MITS /IMSAI); 
$79.50 AC -30 Cassette Interface System 
(writes /reads Kansas City standard tapes, 
controls two recorders, usable with other 
computers); and other peripherals now 
and to come. 

MTN Southwest Technical 
Products Corp. 

219 W. Rhapsody. San Antonio, Texas 78216 
London: Southwest Technical Products Co . Ltd. 
Tokyo: Southwest Technical Products Corp. /Japan 
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To make 
your computer 
more useful- 

a wide choice of 
memory, I/O, CPU 

Your computer's usefulness de- 
pends on the capability of its CPU, 
memories, and I/O interfaces, right? 

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

CPU 
Z -80 MICROPROCESSOR CARD. 

The most advanced µP card avail- 
able. Forms the heart of our Z -1 

and Z -2 systems. Also a direct re- 
placement for Altair / IMSAI CPUs. 
Has 4 -MHz clock rate and the power 
of the Z -80 µP chip. Kit (Model ZPU- 
K): $295. Assembled (Model ZPU- 
W): $395. 

MEMORIES 
16K RAM. The fastest available. 

Also has bank -select feature. Kit 
(Model 16KZ -K): $495. Assembled 
(Model 16KZ -W): $795. 

4K RAM. Bank -select allows ex- 
pansion to 8 banks of 64K bytes 
each. Kit (Model 4KZ -K): $195. As- 
sembled (Model 4KZ -W): $295. 

THE BYTESAVER - an 8K capa- 
city PROM card with integral pro- 

grammer. Uses high -speed 2708 eras- 
able PROMs. A must for all com- 
puters. Will load 8K BASIC into RAM 
in less than a second. Kit (Model 
BSK -0): $145. Assembled (Model 
BSW -0): $245. 

16K CAPACITY PROM CARD. Ca- 
pacity for up to 16K of high -speed 
2708 erasable PROM. Kit (Model 
16KPR -K): $145. Assembled (Model 
16KPR -W): $245. 

I/O INTERFACES 
FAST 7- CHANNEL DIGITAL - 

ANALOG I /O. Extremely useful 
board with 7 A/D channels and 7 

D/A channels. Also one 8 -bit par- 
allel I/O channel. Kit (Model D + 
7A -K): $145. Assembled (Model D 
+ 7A -W): $245. 

TV DAZZLER. Color graphics in- 
terface. Lets you use color TV as full - 
color graphics terminal. Kit (Model 
CGI -K): $215. Assembled (Model 
CGI -W): $350. 

DIGITAL INTERFACE (OUR NEW 
TU -ART). Interfaces with teletype, 
CRT terminals, line printers, etc. Has 
not one but two serial I/O ports and 
two 8 -bit parallel I/O ports as well 
as 10 on -board interval timers. Kit 

Cromemco 

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

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

PROFESSIONAL QUALITY 
You get first -class quality with 

Cromemco. 
Here are actual quotes from ar- 

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

Everyone agrees. Cromemco is 
tops. 

STORES /MAIL 
So count on Cromemco. Look 

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

We wish you pleasure and suc- 
cess with your computer. 

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

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

Circle 102 on inquiry card. 
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Meet the most powerful 
µC system available for dedicated work. 

Yet it's only $595: 
Here's the muscle you've been telling us you wanted: 

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

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

The industry's fastest µP board (Cromemco's highly 
regarded 4 MHz, 250 -nanosecond cycle time board). 
The power and convenience of the well -known Z -80 
µP. 
A power supply you won't believe ( +8V @ 30A, 
+18V and -18V @ 15A - ample power for addi- 
tional peripherals such as floppy disk drives). 
A full -length shielded motherboard with 21 card slots. 
Power -on -jump circuitry to begin automatic program 
execution when power is turned on. 
S -100 bus. 
Standard rack -mount style construction. 
All -metal chassis and dust case. 
110- or 220 -volt operation. 

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

economical dedicated computer for systems work. Notice 
that the front panel is entirely free of controls or switches 
of any kind. That makes the Z -2 vir- 
tually tamper -proof. No accidental 
program changes or surprise mem- 
ory erasures. 

FASTEST, MOST 
POWERFUL µC 

Cromemco's microcom- 
puters are the fastest and 
most powerful available. 
They use the Z -80 mi- 
croprocessor which is 

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

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

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

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

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

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

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

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

Z-2 
Cluipiaciflíprc'nL 
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In This 

BATE 
One of the most exciting aspects of 

experimentation with computers is 

using the computer to make objects 
move. Distilling this excitement to its 

simplest form, Leon Sweer, Thomas 
Dwyer and Margot Critchficld at the 

University of Pittsburgh's Project Solo 
have designed a "one -dimensional 
plotter" which is used as the output 
display for the familiar Lunar Lander 
simulation game. Read Controlling 
Small DC Motors with Analog Signals. 

The small computer field is expand- 
ing fast. Growing with it is a need for 
more microprocessor oriented courses 

in our universities. In his article, A 
Microprocessor Course, Mark E Fohl 
explains how he helped initiate a 

microprocessor course at Franklin 
University in Columbus OH and details 
some of the difficulties instructors 
might expect to run into. 

Read Joe Weisbecker's COSMAC 
VIP, the RCA Fun Machine, a per- 

sonal description of his new COSMAC 
VIP kit. This article contains some 

background information on one man's 

design philosophy and its result in 

a new product from RCA. 

The lead article of our special sec- 

tion on APL (A Programming Lan- 
guage) was written, appropriately, by 
the man who developed it at IBM 
during the early 1960s: Dr Kenneth E 

Iverson. In Understanding APL Dr 
Iverson analyzes some basic APL op- 

erators through a series of questions 

designed to test your powers of induc- 
tion. The article concludes with some 

challenging APL "thought experi- 

ments" for your decoding pleasure. 

An excellent way to become more 

familiar with APL is to read David D 

Keefe's Here's APL in Action! David 

has written an APL version of the pop- 

ular Lunar Lander game along with a 

detailed description of the entire pro- 
gram to help the reader decipher those 

high information density APL 
statements. 

Have you ever wanted to own a 

truly powerful computer? APL may be 

an answer to this quest for an ulti- 
mate language when it is added to 
an otherwise mundane computer. Mike 
Wimble's An APL Interpreter for 
Microcomputers can help you imple- 

ment APL if you have a flair for do it 
yourself software. With a little effort 
you can use any of the popular pro- 
cessors to produce your own APL 
interpreter from Mike's design. 

Have you always wanted to have an 

elegant looking computer art program 
for graphic display, but didn't want to 
spend the time required to program it? 

Try Serendipitous Circles! Authors 
Galway and Anderson have discovered 

a simple algorithm to create beautiful 
and unusual moving patterns in no 

time at all. 

The ability to handle and manip- 
ulate text is a very useful function. It 
allows programs to be changed very 
quickly without having to manipulate 
large amounts of data (and it is cer- 

tainly better than an IBM correcting 
Selectric typewriter for writing and 

manipulating text). In his article, 
Editorializing with Your Computer, 
Gary McGath describes some of the 
properties of simple text editing 
programs. 

What makes APL such a heavily 
discussed topic among small system 
enthusiasts? How does it differ from 
BASIC, and why should you use it 
at all? Allen Atwood discusses all of 
these topics and more in Why People 
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Get Hooked on APL. Find out what 
you've been missing by programming 
in BASIC. 

Often it is necessary to determine 
the data that is present on a particular 
port or set of lines of a computer for 
purposes such as debugging. The usual 

indicator bit pattern consisting of indi- 
vidual lamps can be very confusing and 

lead to errors if read quickly. R R 

Burns offers a solution to this prob- 

lem. In his article, An 8 Digit Hexa- 

decimal Readout, he describes a 

test rig that can monitor 32 lines in 

groups of four bits. 

In this issue, Ralph Tenny describes 

some of the tricks (some call them 
kluges) which can be done with pulse 

waveform edges, Schmitt triggers, 

resistors and capacitors. Turn to Look 
What You Can Do ... with an Edge as 

a Cue to understand some of the 
design practices you may occasionally 
find in a processor. 

In two earlier articles in BYTE 
W Douglas Maurer described an algo- 
rithm for processing algebraic expres- 
sions when implementing compilers or 
interpreters. In his latest contribution 
to BYTE's ongoing flow of tutorials on 
computer science problems and 
techniques, Dr Maurer presents an 

ingenious extension of the Bauer - 

Samelson algorithm which will enable 
the do- it- yourself compiler writer to 
create efficient object code for expres- 
sions involving logical operators and 

comparisons of operands. 

Many people use their computers as 

number crunchers and want quick, ac- 

curate algorithms for determining 
some fairly involved mathematical 
functions. Typical examples are trigo- 
nometric functions, hyperbolic func- 
tions and exponentiation. In his article, 
Simple Algorithms for Calculating 
Elementary Functions, John Rhein - 
stein details several algorithms to 
calculate these functions quickly. 

How do you get rid of bugs? Set 
out a few traps using techniques out- 
lined in John M Schulein's article on A 
Trapping Technique for the 8080. 



Editorial 
Comments on 

the Acquisition 

of Knowledge 

By Carl Helmers 

I am sometimes asked by persons new to 
the field, "What is the best way to approach 
the problem of learning enough about com- 
puters and their intricacies to allow the neo- 
phyte to accomplish useful tasks ?" Some 
thoughts on this subject, with an aside on 
simplicity and system design, provide the 
theme for this essay on the philosophy of 
personal computing usage and experimen- 
tation. My point of departure for this 
thought journey is an old but useful prin- 
cle adapted to a modern context. 

The Principle of Simplicity 
There is a famous rule of thumb which 

is well -known to philosophers, logicians, 
mathematicians and natural scientists, which 
might be called the "Principle of Simpli- 
city." The familiar name for this principle 
is the rule of "Occam's Razor" after a 

medieval logician (William of Occam) who 
has become identified with the concept. 
Paraphrased from the typical undergraduate 

Continued on page 66 

Articles Policy 
BYTC is continually seeking quality manuscripts 

written by individuals who are applying personal systems, 
or who have knowledge which will prove useful to our 
readers. Manuscripts should have double spaced type- 
written texts with wide margins. Numbering sequences 
should be maintained separately for figures, tables, photos 
and listings. Figures and table; should be provided on 
separate sheets of paper. Photos of technical subjects 
should be taken with uniform lighting, sharp focus and 
should be supplied in the form of clear glossy black 
and while or color prints (if you do not have access to 
quality photography, items to be photographed can be 
shipped to us in many cases). Computer listings should be 
supplied using the darkest ribbons possible on new (not 
recycled) blank white computer forms or bond paper. 
Where possible, we would like authors to supply a short 
statement about their background and experience. 

Articles which are accepted are typically acknow 
ledged with o binder check 4 to 8 weeks after receipt. 
Honorariums for articles are based upon the technical 
quality and suitability for BYTE's readership and are 
t,7sicully $25 to 350 per typeset magarine page. IVr 
recommend that authors record their naine and address 
information redundantly on materials submitted, and that 
u return envelope with postage be supplied in the event 
the omit I is nor ,n. spied. 
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If you've been looking for S -100 bus 16K module 
expansion ... look no further. Solid State Music is 
delivering, today, through more than 75 computer 
stores, coast to coast. 
Delivery is just one of the benefits you'll get from Solid 
State Music. The New MB -7 16K static board is packed 
with features that give you total system versatility and 
expansion at a price you can afford. 

Low power -( +8V @ .55A, + 16V @ .08A, 16V @ 
.03A typical). 
High speed- 32 --4K x 1 200ns static RAMs. 

Fully buffered -All data output, input and address lines 
are fully buffered. 
Automatic unprotect and memory protect -Memory 
protects in 4K block segments and memory automatically 
unprotects at power -on. 
Memory disable -ROM monitor can initialize system at 
power -up or reset (SOL compatible). 
Expansion beyond 64K -Low power features and a 
board -inhibit line allows expansion beyond normal 
64K capacities. 
Quality construction -includes low profile TI sockets 
and gold edge connectors. 

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

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

XA I 
State Music 

2102A Walsh Avenue 
Santa Clara, CA 95050 
(408) 246-2707 

WE'RE THE BLUE BOARDS! 
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One Sol 20 
equals three 
computers. 

`ro, do real work with any computer, big or small, it takes 
a complete system. That's one of the nice things about the 
Sol -20. It was built from the ground -up as the heart of three 
fixed price computer systems with all the peripheral gear and 
software included to get you up and on the air. 

Sol System I costs just Sí64) in kit form or S2129 fully 
burned in and tested. Here\ what you get: a Sol -20 with the 
SOLOS personality nu dule for ~Mined alone cunrputer power; 
an 8192 word nwnu,ry. a 12" 1 V /video moniti,r; a cassette 
recorder witlr BASIC software tape and all necessary cables. 

Sol System Il has the same equipment plus a larger 



Helios 
II 

r.. 

capacity 16,384 word memory. It sells for $1883 in kit form; 52283 fully assembled. 
For even more demanding tasks, Sol System III features Sol -20 /SOLOS, a 32,768 word 

memory, the video monitor, Helios II Disk Memory System and DISK BASIC Diskette. Price. 
$4750 in kit form, $5450 fully assembled and tested. 

And remember, though we call these small or personal computer systems, they have more 
power per dollar than anything ever 
offered. They provide performance com- 
parable with mini -computer systems priced 
thousands of dollars more. 

The Small Computer 
Catalog for the rest of the real 
computer system story. 

Visit your local computer store for 
a copy of our fully illustrated 22 page cata- 
log. Or you may write or call us if more 
convenient. Please address Processor 
Technology. Box B. 62001 Ifollis Street. 
1.mervville. CA 9460 8. (4151652-8080. 52 -8080. 

I lie Jowl Ix;miiy of St I ('c,mpurcr Symons is 

nui i{iantikiriciccp.AIcu,kirnicicrevc;cltiutiinc¡,1 I, :n ,. 
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See Sol here... 
ALABAMA 
ICP, Computerland 
1550 Montgomery Hwy 
Birmingham, AL 35226 
1205) 979-0707 

ARIZONA 
Byte Shop Tempe 
813 N. Scottsdale Rd. 
Tempe, AZ 85281 
1602) 894-1129 

Byte Shop Phoenix 
12654 N. 28th Dr. 
Phoenix, AZ 85029 
(6021 942 -7300 

Byte Shop Tucson 
2612 E. Broadway 
Tucson, AZ 85716 
16021327 -4579 

CALIFORNIA 
The Byte Shop 
1514 University Ave. 
Berkeley, CA 94703 
1415) 845-6366 

Byte Shop Computer Store 
6041 Greenback Lane 
Citrus Heights. CA 95610 
1916) 961 -2983 

Computer Center 
1913 Harbor Blvd. 
Costa Mesa, CA 92627 
1714) 646-0221 

Data Consultants, Inc. 
2350 W. Shaw, Suite 114 

Fresno. CA 93711 
(209) 431 -6461 

Bits 'N Bytes 
679 S. State College Blvd. 
Fullerton. CA 92631 
1714) 879-8386 

The Byte Shop 
16508 Hawthorne Blvd. 
Lawndale, CA 90260 
12131371 -2421 

The Byte Shop 
1(63 El Camino Real 
Mountain View, CA 94040 
1415) 969 -5464 

Digital Deli 
80 W. El Camino Real 
Mountain View, CA 94(4(1 
1415)961 -2828 

The Computer Mart 
624 West Katella #10 
Orange, CA 92667 
(714) 633-1222 

The Byte Shop 
2227 El Camino Real 
Palo Alto, CA 94306 
(415) 327-8080 

Byte Shop 
496 South Lake Ave. 
Pasadena, CA 91101 
(213) 684-3311 

The Computer Store 
of San Francisco 
1093 Mission Street 
San Francisco. CA 94103 
1415) 431 -0640 

Byte Shop 
321 Pacific Ave. 
San Francisco, CA 94111 

1415) 421 -8686 

The Byte Shop 
2626 Union Avenue 
San Jose, CA 95124 
(408) 377-4685 

The Computer Room 
124H Blossom Hill Rd. 
San Jose. CA 95123 
14081226 -8383 

The Byte Shop 
509 Francisco Blvd. 
San Rafael, CA 94901 
(415) 457-9311 

The Byte Shop 
3400 El Camino Real 
Santa Clara. CA 95051 
(408) 249 -4221 

Recreational Computer 
Centers 
1324 South Mary Ave. 
Sunnyvale, CA 94087 
(408) 735 -748() 

Byte Shop of Tarzana 
18424 Ventura Blvd. 
Tarzana, CA 91356 
1213) 343-3919 

The Byte Shop 
2989 North Main St. 
Walnut Creek, CA 94596 
(4151933 -6252 

Byte Shop 
143(X) Beach Blvd. 
Westminster, CA 92683 
1714) 894-9131 

COLORADO 
Byte Shop 
204030th St. 
Boulder, CO 80301 
1303) 449-6233 

FLORIDA 
Sunny Computer Stores 
University Shopping 
Center 
1238A S. Dixie Hwy. 
Coral Gables, FL 33146 
(305)661-6042 

Delta Electronics 
2000 U.S. Hwy. 441 East 
Leesburg, FL 32748 
(904) 357-4244 

Byte Shop of Miami 
7825 Bird Road 
Miami. FL 33155 
(305) 264-2983 

Microcomputer 
Systems Inc. 
144 So. Dale Mabry Hwy. 
Tampa, FL 33609 
(813) 879 -43(11 

GEORGIA 
Atlanta Computer Mart 
5091 -B Buford Hwy. 
Atlanta, GA 30340 
14(4) 455 -()647 

ILLINOIS 
The Numbers Racket 
6231 /2South Wright St. 
Champaign, IL 61820 
1217) 352-5435 

itty bitty machine co. 
1316 Chicago Ave. 
Evanston, IL 60201 
(312) 328-6800 

Reeves Communications 
1550 W. Court St. 
Kankakee. IL 60901 
1815) 937-4516 

itty bitty machine co. 
42 West Roosevelt 
Lombard, IL 60148 
(312) 620-5808 

INDIANA 
The Data Domain 
406 So. College Ave. 
Bloomington, IN 47401 
(812) 334-3607 

The Byte Shop 
5947 East 82nd St. 
Indianapolis. IN 46250 
(317) 842 -2983 

The Data Domain 
7027 N. Michigan Rd. 
Indianapolis, IN 46268 
1317) 251-3139 

The Data Domain 
219 West Columbia 
West Lafayette. IN 47905 
1317)743.3951 

KENTUCKY 
The Data Domain 
3028 Hunsinger Lane 
Louisville, KY 40220 
(5021456 -5242 

MICHIGAN 
The Computer Store 
of Ann Arbor 
310 East Washington 
Ann Arbor, MI 481(4 
(313) 995-7616 

Computer Mart 
or Royal Oak 
1800 W. 14 Mile Rd. 
Royal Oak, MI 48073 
(313) 576 -0900 

Genral Computer Store 
2011 Livernois 
Troy, MI 48084 
(313) 362-0022 

NEW JERSEY 
Hoboken Computer Works 
No. 20 Hudson Place 
Hoboken, NJ 07030 
(201) 420-1644 

The Computer Mart 
of New Jersey 
501 Route 27 
Iselin, NJ 08830 
(201)283 -0600 

NEW YORK 
The Computer Mart 
of Long Island 
2072 Front Street 
East Meadow, L.1., 
NY 11554 
(516) 794-0510 

Synchro Sound 
Enterprises 
193 -25 Jamaica Ave. 
Hollis, NY 11423 
(212) 359-1489 

The Computer Shoppe 
444 Middle Country Rd. 
Middle Island, NY 11953 
(516) 732-3086 

Audio Design Electronics 
487 Broadway, Ste. 512 
New York, NY 10013 
(212) 226-2038 

The Computer Mart 
of New York 
118 Madison Ave. 
New York, NY 10001 
(212) 686 -7923 

The Computer Corner 
200 Hamilton Ave. 
White Plains, NY 10601 
(914)949 -3282 

OHIO 
Cyhershop 
1451 S. Hamilton Rd. 
Columbus, OH 43227 
1614) 239-8081 

OKLAHOMA 
High Technology 
1020 West Wilshire Blvd. 
Oklahoma City, OK 73116 
1405) 842 -2021 

OREGON 
Byte Shop Computer Store 
3482 S.W. 
Cedar Hills Blvd. 
Beaverton, OR 97005 
(503) 644-2686 

The Real Oregon 
Computer Co. 
205 West 10th Ave. 
Eugene, OR 97401 
(503) 484-1040 

Byte Shop Computer Store 
2033 S.W. 4th Ave. 
Portland, OR 97201 
(503) 223 -3496 

RHODE ISLAND 
Computer Power, Inc. 
M24 Airport Mall 
1800 Post Rd. 
Warwick, 8102886 
(401) 738 -4477 

SOUTH CAROLINA 
Byte Shop 
2018 Green Street 
Columbia, SC 29205 
(803) 771 -7824 

TENNESSEE 

Microproducts & Systems 
2307 E. Center St. 
Kingsport, TN 37664 
(615) 245-8081 

TEXAS 
Byte Shop 
3211 Fondren 
Houston, TX 77063 
(713) 977-0664 
Computertex 
2300 Richmond Ave. 
Houston, TX 77098 
(713) 526-3456 

Interactive Computers 
76461 /2 Dashwood Rd. 
Houston, TX 77036 
(713) 772-5257 

The Micro Store 
634 So. Central 
Expressway 
Richardson, TX 75080 
(214) 231 -1096 

VIRGINIA 
The Computer Systems 
Store 
1984 Chain Bridge Rd. 
McLean, VA 22101 
(301) 460 -3634 

Media Reactions Inc. 
11303 South Shore Dr. 
Reston, VA 22090 
(703) 471 -9330 

WASHINGTON 
Byte Shop Computer Store 
14701 N. E. 20th Ave. 
Bellevue, WA 98007 
1206) 746-0651 

The Retail Computer Store 
410 N.E.72nd 
Seattle, WA 98115 
(206) 524-4101 

WISCONSIN 
The Milwaukee 
Computer Store 
6916 W. North Ave. 
Milwaukee, WI 53213 
(414) 259 -9140 

CANADA 
Trintronics 
160 Elgin St. 
Place Bell Canada 
Ottawa, Ontario K2P 2C4 
(613) 236-7767 

First Canadian Computer 
Store, Ltd. 
44 Eglinton Ave. West 
Toronto, Ontario M4R 1Al 
(416)482 -8080 

The Computer Place 
186 Queen St. West 
Toronto, Ontario M5V 1Z1 
(416) 598-0262 

Pacific Computer Store 
4509 -11 Rupert St. 
Vancouver, B.C. V5R 214 
(604) 438-3282 

Etvs°rology 
Circle 104 on inquiry card. 



OPTIMIZING KEYBOARDS? 

Dear Mr. Ndmets: 
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With the ability to redefine keystrokes 
at will, it is possible to do considerable 
experimentation with keyboard meaning 
just within the confines of u standard 
key layout. The PCD keyboard seen in 
Popular Science April 1977 and sketched 
in your letter represents experimentation 
with physical placement, a different 
order of problem. 

HIRED GIRL AND THE MOWBOT 

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

There is a robot lawnmower. It is 

called "Mowbot," and has been written 

}o11+3 

up in magazines such as Scientific Amer- 
ican and Esquire. It is a self -propelled 
mower that covers the area to be mowed 
in a random walk. Out -of- bounds areas 
are marked by a current carrying wire 
buried just below the surface of the 
ground; the Mowbot senses the magnetic 
field around the wire and "bounces" 
off the boundary in a random direction. 
If it contacts an object, it stops. Besides 
not requiring an operator, one claimed 
advantage is that the random path 
covered by the machine eliminates un- 
desirable mowing patterns. The time 
required to cover a given arca in a 
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random path is surprisingly not much 
greater than the time required using a 

regular path (nonrandom path). This 
gadget has been marketed for some 
time. A similar idea could be used for a 

home vacuum cleaner, although making 
it small enough to sweep under the 
furniture would be a lough mechanical 
problem. Those who were devotees of 
B grade TV as children will recall a 

"Science Fiction Theater" story that 
featured a mysterious couple from the 
future who used such a gadget in their 
home. Of course, Dan Davis has already 
invented it. (See Heinlein, R A, The 
Door into Summer, Signet Books, New 
York). I bought it when paperbacks were 
still 50 cents. In the book, "Hired Girl" 
was first marketed in 1970; however, 
not in this universe. 

William R Hamblen 
946 Evans Rd 

Nashville TN 37204 

MORE INFORMATION ON MOWBOT 

Enclosed is a data sheet for the 
Mowbot automatic lawnmower which 
distribute in the Cincinnati OH area. 
This lawnmower has been around for at 

least seven years and costs considerably 
less than the $1500 quoted in the letter 
from lames Ward found on page 59 of 
April 1977 BYTE. 

The lawnmower is completely auto- 
matic and will cut around trees, per- 
manent obstacles and patios with no 
problem. The secret to the Mowbot's 
performance is in a buried 14 gauge 
copper wire which is placed around the 
perimeter of your yard about 1 to 2 

inches below the surface. The signal 
generator which comes with the Mow - 
bot generates a high frequency current 
which the Mowbot will detect and turn 
away from. The Mowbot's pattern is 

completely random which gives your 
lawn a finished manicured look. And 
meanwhile, you are off watching TV, 
playing golf or working on your robot 
to clean your house (a chore the 
Mowbol will not presently perform). 

I thought you might be interested in 
this "robot" lawnmower. If I can be of 
any more assistance, please let me know. 

Kim Pollock 
11824 Fairsprings Ct 
Cincinnati OH 45246 

The Mowbol is manufactured by 
Kistler Products, 9 Hacket Dr, Tono- 
wanda NY 14150. A factory represen- 
tative in phone conversation said that a 

limited number are available from stock 
for $775. The company also markets a 

swimming pool cleaner which works on 
a similar principle. 

SMALL COMPUTERS 

While skimming EDN magazine this 
morning I found an item that brought to 
mind your April 1977 editorial con- 
cerning Arthur Clarke's Minisec. Pages 

43 to 46 of the April 20 1977 issue of 
EDN have an article on a microproces- 



sor based calibration aid used by the US 
Navy. Of particular interest is the means 
of operator interface. Under control of 
a PACE processor, an 80 by 256 dot 
matrix plasma display panel displays 
various control legends and prompting 
messages as well as graphics, like XY 
plots. A 16 by 4 infrared sensor -detector 
array "looks through" the display panel 
to detect the presence of an operator's 
finger on any of 64 spots on the panel. 

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

How about the pocket computer? 
Well, not yet, but today we could build 
a personal computer about as large as a 

portable cassette tape recorder. Texas 
Instruments now supplies samples of 
a 92 K magnetic bubble memory (com- 
plete with all magnetics) in an over- 
sized 14 pin DIP. That's 11.5 K bytes 
on one chip with nonvolatility, too! 

Put together a processor, the panel 
display /sensor arrray, a bubble memory 
package or two, and a NICAD battery 
pack, perhaps even a cassette drive, and 
you have a truly portable personal com- 
puter 300 years ahead of its time. 

D Lamkins 
D B L Electronics 

Canton MA 02021 

SURPRISE! 

Dear Carl /Karl, 
Yes, it's a small universe . .. and I'm 

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

Although the January issue is the 
latest to arrive here by balsa -wood raft, 
my ever -loving editor at Ballantine 
Books, Judy -Lynn del Rey, has airmailed 
me your editorial on Imperial Earth, 
which I read with great interest. I was 
well aware of the total impossibility of 
imagining 23rd century technology, and 

am glad that my "Minisec" isn't already 
listed in next reason's models. Incident- 
ally, the new Casio CQ -1 does contain a 

clock /calendar of the type I suggested! 
However, the COMSOLE is already 

upon us! Earlier this month I watched 
the British Post Office engineers demons- 
trate their VIEWDATA system at the 
Venice EUROCON 77 (see enclosed 
leaflet). When fully developed, it will 
do essentially everything I described in 
Chapter 24. 

Concerning alphanumeric keyboards 
for a hand -sized device, I agree that you 
wouldn't use them for extended key - 
stroking. But you'll need them to make 
brief entries for such purposes as direc- 
tory and dictionary information (vide 
the problem of the wristwatch telephone 
directory, which I mentioned in my 
speech at the MIT telephone centennial 
-you'll find it in the upcoming The 
View From Serendip). 

When I was in Boston last year I was 
fascinated by the video displays in 
Marvin Minsky's lab, and am determined 
to take one back to Sri Lanka with me 
on my next visit in October... if I am 
able to make a choice from your embar- 
rassing selection of riches. (ECD's Micro - 
mind seems the one that best fills the 
bill, as all I really want to do is to make 
pretty pictures and impress the neigh- 
bors.) 

Arthur C Clarke 
Colombo SRI LANKA 

BUG REPORT: AMSAT MONITOR 

I just wanted to call your attention 
to a program bug in the AMS80 monitor 
you published in September of 1976, 
page 108. The punch routine will not 
punch out high memory correctly if 
the ending address is over FFEFH. 
The program, as it stands, requires that 
the lower limit +16 be greater than the 

upper limit at the end of the program to 
start its last record (03BB DAC303 
JC PN1). Changing this instruction to 
JM PN1 solves this problem. 

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

Panorama City CA 91402 

BUG REPORT ON 
"FLIGHTS OF FANCY ..." 

In the March 1977 issue I found an 
old friend about whom I'd like to make 
a few comments. I am referring to 
"Flights of Fancy with the Enterprise." 
This version of Star Trek is a modified 
version (aren't they all) of STTR1, the 
Star Trek game provided by Hewlett - 
Packard for their 2000F series time- 
sharing systems. Further, it was a sub- 
mitted program, so who knows where it 
came from originally. I ran across it in 
their program library listings soon after 
I had discovered computers and pro- 
gramming in high school. Being an 
optimistic beginner I decided that I 

would modify it to run on our 2000E 
series system which did not support 
formatted output nor have a workspace 
large enough to hold the entire program. 

After some work I succeeded in split- 
ting it into three pieces which could 
chain (call into execution) to each other, 
and which communicated through a 

common block which was undisturbed 
by the chaining process. As a side ef- 
fect of this work I discovered some of 
the bugs in the original version, one of 
which is still present in the listing 
which appears in the March issue. 

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

SWTP 6800 OWNERS -WE HAVE A CASSETTE I/O FOR YOU! 

The CIS -30+ allows you to record and playback data using an 

ordinary cassette recorder at 30, 60 or 120 Bytes /Sec.! No Hassle! 

Your terminal connects to the CIS -30+ which plugs into either the 
Control (MP -C) or Serial (MP -S) Interface of your SWTP 6800 
Computer. The CIS -30+ uses the self clocking 'Kansas City' /Biphase 
Standard. The CIS -30+ is the FASTEST, MOST RELIABLE CAS- 
SETTE I/O you can buy for your SWTP 6800 Computer. 

PerCom has a Cassette I/O for your computer! 
Call or Write for complete specifications 

Rif IER MINAS TARE 

300 LOCAL AU10 

600 ¡ .\ 
1100 ONE ON 

PERCOM 

Kit - $69.95* 
Assembled - $89.95* 

(manual included) 
A plus 5% f /shipping 

P[FRII3M 
PerCom Data Co. 

P.O. Box 40598 Garland, Texas 75042 1214) 276 -1968 

PerCom - 'peripherals for personal computing' 

BAMKAMEAICAl1O 0 
TEXAS RESIDENTS ADD 5' SALES TAX 
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POWER. 

IMSAI Introduces the Megabyte Micro: 
The Megabyte Memory 
Until today, the largest memory you could 
fit and address in a single microcomputer 
CPU was 65K. 

Now, IMSAI presents an incredible 
memory system for micros 16 times more 
powerful than yesterday's best. 

Imagine, a full megabyte of power from 
sixteen 65K RAM boards. 

And, to control all this, the IMSAI 
Intelligent Memory Manager (IMM), the 
super control board. 

You can write protect blocks through- 
out the full megabyte.Or, map in 16K blocks. 

Plus, preset 16 mapping configurations 
with protect for high speed transfer or rapid 
change. 

All interrupts are fully vectored, and 
there's an interrupt if an attempt is made to 
write into protected memory. 

There's even a real "time of day" clock. 

65K, 32K and 16K RAM 
Boards 
Until today, the most memory you could 
plug into a single slot was 16K. 

Now, IMSAI presents memory boards 
in astonishing multiples of sixteen: 65K, 
32K and 16K low power, dynamic RAM 
Boards. They can be used in any S- WO bus 
computer individually or in combination 
to form conventional systems up to 65K 
bytes. 

Every board is fast. With "hidden 
refresh" and no "wait state" 

The Complete Megabyte 
Microcomputer System 
The IMSAI Megabyte Micro'M is only part 
of the story. The full system can include 
dual floppy disks, terminals, plotters, 
printers and tape cassettes. 

IMSAI also offers the finest high level 
and peripheral software available. Paper 
tape and Tape Cassette I/O and super Disk 
Operating Systems. Plus, BASIC and Disk 
BASIC with more high level languages 
coming. 

Until today, the microcomputer's 
potential was just something you talked 
about. 

Now, you can put it to work. Powerfully. 
Circle 106 on inquiry card. 

GENTLEMEN: 
I'm power hungry! 

Send 65K RAM Board Kit $2599 Assembled 53899 
Send 32K RAM Board Kit $749 Assembled 51099 
Send I6K RAM Board Kit S449 Assembled 5679 

Send IMM ROM Control Kit 5299 El Assembled $399 
Send IMM FROM Control Kit 5499 Assembled 5699 
Send full catalog $ 1.00 

Check /MO enclosed. Amt S 

Charge my: BAC M /C 

it Exp. Date' 

Sig. 

Send name of my nearest IMSAI dealer 

Name 

Company 

Address 

City 

State /zip 

UVLJ 

Title 

q. 

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



problem really exists, start in quadrant 
1, 1 sector 1, 1 and move in direction 
3 with a warp factor of 1 (Q1 = 1, 
Q2 = 1,S1 = 1,S2 =1, W1 =1,C1 =3). 
You will find that you end up in quad- 
rant -1, 1 sector 8, 1 and the next time 
an array is indexed with the quadrant 
coordinates you will have a problem. 

Exactly what one should do isn't 
clear: you can either type a nasty er- 

ror message and stop the ship at the edge 

of the galaxy, or you can make the 
galaxy "circular" so that the ship comes 
back in on the other side. In my original 
correction I modified the move section 
to actually move the ship from one 

AN APL BIGOT SPEAKS 

DEAR EDITOR; 

YOU MAY CONCLUDE FROM THIS LETTER THAT I AM AN APL BIGOT. YOU, 
OF COURSE, ARE CORRECT. I AM TYPING THIS LETTER ON MY SELECTRIC 
II USING MY APL ELEMENT (987). I PRESENTLY DO NOT HAVE MY OWN 
PERSONAL COMPUTER SYSTEM BUT AM LOOKING FORWARD TO THE DAY WHEN 
I CANBEGIN THAT PROJECT. I USE (OR MISUSE) APL ALMOST DAILY IN 
MY WORK AND OCCASIONALLY HAVE AN IBM 5100 AT MY DISPOSAL FOR A 
WEEKEND. I AM OVERJOYED TO SEE THE MOMENTUM THAT APL IS START- 
ING TO PICK UP HERE IN THE UNITED STATES. CANADA AND EUROPE 
ARE WAY AHEAD OF US IN ACCEPTING APL AS THE CONCISE PRODUCTIVE 
LANGUAGE THAT IT IS. 

I READ WITH INTEREST THE ARTICLE ON APL IN THE NOVEMBER $YTg BY 
MR. ARNOLD. THE ARTICLE WAS A GOOD INTRODUCTION TO APL. THE 
DEFINITION OF THE PRIMITIVES WAS INCOMPLETE AND THE REPRESENT- 
ATION OF THE PRIMITIVES WAS CRUDE AT BEST. I WILL TYPE THE 
COMPLETE CHARACTER SET WITH OVER- STRIKES AT THE BOTTOM OF MY 
LETTER SO THE READERS CAN SEE IT IN ALL ITS BEAUTY. ON MR. 
ARNOLDS MICRO- PROCESSOR APL SPECIFICATIONS MY COMMENT IS '..BACK 
TO THE DRAWING BOARD.' A MICRO -PROCESSOR IS NOT A 360/370 SO 
WHY ADOPT THEIR FORMAT. ALSO USING 4 BYTES TO REPRESENT A 
CHARACTER IS RIDICULOUS. I HAVE READ OF AN APL IMPLEMENTATION 
DONE IN EUROPE ON A 16 -BIT 16K MACHINE THAT USED THE COMPLETE 
APL LANGUAGE. THEY HAD DISKS ATTACHED TO THE MACHINE. I THINK 
THE ANSWER IS TO USE A COMBINATION OF FLOPPY DISK AND PROM /ROM 
TO PROVIDE THE INTERPRETER. THE IBM 5100 MANAGES TO PUT THE 
FULL APL LANGUAGE IN 16K. ISN'T THERE A SIMILAR APPROACH FOR 
MICRO? (LET ME EXPLAIN THAT MY USE OF PROM /ROM IS NOT BASED 
ON ANY KNOWLEDGE OF WHAT THEY REALLY ARE OR MEAN. I'VE JUST 
READ THE TERMS AND HAVE A VAGUE IDEA ABOUT THEM. I AM MORE 
SOFTWARE ORIENTED. I DON'T HAVE ANY HARDWARE KNOWLEDGE. ..HELP!!) 

IN THE FEBRUARY ISSUE OF BITE I SAW SEVERAL LETTERS ASKING ABOUT 
FINDING AN APL ROM. AGAIN, I MAY BE WAY OVER MY HEAD, BUT SEEMS 
TO ME THAT THE IBM 5100 MUST HAVE A ROM OR SOMETHING FOR CHARACTER 
GENERATION. CAN THAT BE INTERFACED WITH EXISTING SYSTEMS TO 
GET THE DESIRED RESULT? 

FINALLY, THE BYTg STAFF SHOULD BE HUNG FROM THE NEAREST YARDARM. 
YOU ACCEPTED AN ARTICLE FROM DR. KENNETH B. WELLES WHICH CONTAINED 
A PICTURE OF A HOME -BREW MODIFIED SELECTRIC TYPEWRITER AND NOT A 
WORD ON THE CONVERSION. I HAVE READ MANY LETTERS IN @yTE BEGGING 
FOR INSTRUCTIONS ON HOW TO MAKE THE CONVERSION. IF You ACCEPT 
ANOTHER ARTICLE FROM DR. WELLES WITHOUT A COMPLETE DETAILED 
DESCRIPTION OF THE SELECTRIC CONVERSION PROCESS, 1 WILL PERSONALLY 
COMMIT BATTERY UPON YOUR PERSON. 

I ENJOY YOUR PUBLICATION AND AM THE PROUD OWNER OF ALMOST A 
COMPLETE SET OF BYTE. SOMEHOW I HAVE MISPLACED ISSUE 2 IN THE 
PROCESS OF MOVING FROM CALIFORNIA TO ILLINOIS. KEEP UP THE 
GOOD WORK! 

SCEREL 
/ 

GARY . LUTHER 
RR 1 

ROCHESTER, IL 62563 

PS: HERE IS THAT BEAUTIFUL CHARACTER SET I PROMISED. 

?wep-t t io+-. al L_oA^'O e®POvOGJ\/e 
1234567890+x QWERTYUIOP+ ASDFGHJKL[.I ZXCVBNM,./ ,tirR:1'4NhZ 

Information on Selectric conversions 
is coming; have patience. Don Fylstra's 
article on the /O Selectrics is u first step, 
for the electronics of his interface is the 
same as that required for a converted 
manual machine. The mechanical details 

of the interface are discussed in one 
article presently being edited and a 

second article promised (but not yet in 
our office). Both of these future articles 
are written by people who have success- 
fully accomplished working systems. 
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sector to the next, across as many 
quadrants as necessary to complete the 
move. This single stepping allowed me to 
catch the ship in the act of trying to 
leave the galaxy and to stop it at the 
edge with a warning about navigation 
out of the galaxy being prohibited. 
These changes or those to implement 
any other reasonable solution are not 
difficult but do require careful thought. 

In hand tracing my example above 
you will find a bug new to this version: 
the array C (which is used in course 
calculations) is not completely defined. 
In lines 170 and 180, only 11 of the 18 
elements are initialized. What the other 
seven have in them when they are first 
used (presuming your system will let you 
evaluate expressions with undefined 
variables in them) is anyone's guess and 
will most certainly not be what you 
want. The other seven values should be 
defined in say line 185 as follows: 

185 C11, 2) = C[2, 21 = C[6, 11 

= C[7, 11 = C[8, li = C[8, 21 

= C[9,11 =1 

I don't wish to sound like I'm putting 
Mr Price's work down; overall, this ver- 
sion looks quite reasonable. I do have 
two suggestions (both are things that 
were in the original but are not in this 
version) which I feel make the game 
more enjoyable. 

1. The short range scans should be 
completely optional as they take 
a long time to type on a Teletype 
and are often not needed. 

2. The player should be told what 
quadrant and sector they are in 
after each ship movement. It 
seems to me that this game would 
be very difficult to play since you 
don't know where you started 
nor where you are in the galaxy. 
How do you know where to look 
for the rest of the Klingons 
without wandering around aim- 
lessly hoping to find them? (Not 
knowing where you've been 
makes it hard to know where you 
haven't been.) This lack of infor- 
mation also makes the "flight out 
of the galaxy" bug worse; if you 
don't know where you are it's eas- 

ier to go too far the wrong way. 

I also seem to remember that there is 

a problem in the library computer sec- 
tion, but I don't remember exactly what 
or where it is. Perhaps it has been cor- 
rected in this version. If it comes back 
to me I'll let you know. 

jws:unix 

John Stafford 
4231 Casa de Machado 

La Mesa CA 92041 

HOMEBREW? 

First of all, as a newcomer to BYTE, 
I must say you have a very good set up, 
but after reading awhile I must call 

Continued on page 136 
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IS YOUR DOLLAR BUYING 
AS MUCH POWER & FLEXIBILITY 

AS TDL'S XITAN SYSTEMS PROVIDE? 

OUR CUSTOMERS SAY 
THINGS LIKE THIS 

ABOUT TDL PRODUCTS: 

TA N 
alpha 1 

)(ITAN 
alpha 2 

.. the best CPU huard I've put together ... excellent parts._.. 
worked right off without trouble shouting." /RC 

Cambridge, Mass. 

"Great product." KMM 
Bella Vista, Ark. 

... high quality components, good engineering & complete 
documentation... up and running without any problems." WP 

Seattle, Wash. 

"Excellent." Col. DWW 
Santa Maria, CAI. 

"Very impressed with superb quality." SK -L 

Boston, Mass. 

When we combined our highly praised ZPU board and our System Monitor Board, we 
defined the standard for the industry; we integrated more power and flexibility in two slots of 
Our nurtherboard than most other systems can muster using five or more boards. When we 
put this setup into our rugged aluminum case we created the first XITAN system, the alpha 1. 

By adding a CRT terminal and or teleprinter you will have a complete computer system. 
KIT: $769 ASSEMBLED & TESTED: $1039 

By adding a Z16 memory module and our PACKAGE A software to the alpha 1 we created a 

second XITAN system, the alpha 2. Thus, a complete and extremely powerful micro- computer 
system emerges well worthy of you who are operating at the most sophisticated levels. The 
XITAN alpha 2 provides you with 18K of RAM, 2K of ROM, 2 serial TO ports, 1 parallel I O 
port, our 1200 baud audio cassette interface as well as our extraordinarily powerful software 
package which includes 8K Basic, the Text Output Proéessor, the Zapple Text Editor and the 
Relocating Macro -Assembler. Add your own IrO device and GO ...with the most powerful 
and flexible micro -computer package ever offered. 

KIT: $1369 ASSEMBLED & TESTED: $1749 

IF YOU ARE A BEGINNER, YOU WON'T EASILY OUTGROW THE XITAN SYSTEM. 
IF YOU ARE AN ADVANCED USER, YOU WILL DISCOVER XITAN IS EXACTLY WHAT YOU NEED. 

CnrIt' IOon nutuuy caret. 

';'Write for descriptive brochure on the XITAN alpha series TECHNICAL 
and system software. When you ask at your dealer, say "ZY -TAN." DESIGN 

LABS ORDERING INFORMATION: Send check, money order or BankAmericard, Master Charge 
current number and expiration date. Shipping is usually made via UPS or UPS Blue Label. 
Specify other arrangements if you wish. Prepaid orders are shipped postpaid. 

Circle 107 on inquiry card. 
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You've just run out of excuses 
for not owning a personal computer. 

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

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

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

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

built -in speaker. 
But Apple II is more 

than an advanced, infinitely 
flexible game machine. Use 

it to teach your children 
arithmetic, or spelling 
for instance. Apple II 
makes learning fun. 
Apple II can also 

manage household finances, 
chart the stock market or 

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

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

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

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

Apple II is designed to grow 
with you as your skill and experience 
with computers grows. It is the state 
of the art in personal computing today, 
and compatible upgrades and peri- 
pherals will keep Apple II in the fore- 
front for years to come. 

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

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

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

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

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

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

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

modes -all Software -selectable: 
Text -40 characters /line, 24 lines 
upper case. 
Color graphics -40h x 48v, 15 colors 
High -resolution graphics -280h x 
192v; black, white, violet, green 
(12K RAM minimum required) 
Both graphics modes can be selected 
to include 4 lines of text at the bottom 
of the display area. 
Completely transparent memory 
access. All color generation done 
digitally. 

Memory: up to 48K bytes on -board 
RAM (4K supplied) 

Uses either 4K or new 16K dynamic 
memory chips 
Up to 12K ROM (8K supplied) 

Software 
Fast extended integer BASIC in ROM 
with color graphics commands 
Extensive monitor in ROM 

I/O 
1500 bps cassette interface 
8 -slot motherboard 
Apple game I/O connector 
ASCII keyboard port 
Speaker 
Composite 
video 
output 

Apple II is also 
available in board -only 
form for the do- it- yourself hobbyist. Has 
all of the features of the Apple II system, 
but does not include case, keyboard, 
power supply or game paddles. $598. 

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

apple computer Inc 
Circle 108 on inquiry card. 



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

Apple II Price List. 
RAM 
Complement 

Apple II 
System 

Calif. Residents 
Add 

Apple II 
Board -only 

Calif. Residents 
Add 

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

8K 1,398.00 90.87 698.00 45.37 

12K 1,498.00 97.37 798.00 51.87 

16K 1,698.00 110.37 978.00 63.57 

20K 1,778.00 115.57 1,078.00 70.07 

24K 1,878.00 122.07 1,178.00 76.57 

32K 2,158.00 140.27 1,458.00 94.77 

36K 2,258.00 146.77 1,558.00 101.27 

48K 2,638.00 171.47 1,938.00 125.97 

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

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

Prices and specifications subject to change without notice. 

apple computer Inc.- 
1.1.1. 20863 Stevens Creek Blvd., B3 -C 

Cupertino, California 95014 
(408) 996 -1010 

Order Form 
Please send me an Apple II System 

Board Only 
with K bytes of RAM (4K minimum) at $ 

California Residents add 6.5% tax 
Total $ 

Name 

Address 
City 

State Zip 

Phone 
Shipping Address (if different) 

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

Please charge to my 
BankAmericard 

VISA 

Master Charge 

Card Number 

Expiration Date 

Signature 

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

Circle 108 on inquiry card. 



An APL Update 

E H Anthony 
Zoology Department 
University of Guelph 
Guelph, Ontario N1G 2UV1 

CANADA 

You and your contributor, Mark Arnold, 
are to be congratulated for introducing your 
readers to APL. Nevertheless, the article in 
your November 1976 issue may benefit from 
updating with respect to current usage of 
some fundamental terminology, especially 
for those who may have encountered APL 
for the first time in your journal. 

Arnold lists functions such as + - X 

"f "t. but calls them operators. They are 
functions. Then, when he gets to operators, 
such as / and . , Arnold calls them corn - 
posite operators. They are simply operators. 
Is this not merely nit picking? No, it is not. 
Is this distinction in terms really important? 
Yes, it is. To say otherwise is to overlook 
much that is significant in the evolution of 
APL. 

I believe the corrections proposed here 
align with the grain of APL in a significant 
manner. Computer languages scarcely bear 
close comparison with APL for the simple 
reason that it is more than just a computer 
language. First and foremost it is a teaching 
language. Teaching is the role for which it 
was born. Requiring a language to be useful 
in teaching apparently invokes a different 
and better set of constraints than merely 
requiring that it enable us to operate a digi- 
tal computer. In general, it may be said that 
what is good for teaching is good for all as- 

pects of society. Certainly computer science 
is not immune to this thesis. 

An obvious requirement of a teaching 
language is consistency in notation and ter- 
minology. The lack of such consistency has 

been a common source of difficulty for 
those learning traditional mathematics. Com- 
mon functions like plus and minus have 
frequently been referred to as operators, 
while less common ones like sine and cosine 

Technical 
forum 

have been called functions in the same text. 
This distinction in terminology tends to 
divert attention from the basic activity they 
have in common, namely accepting an (non- 
functional) argument (or arguments) and re- 
turning a result. Using terminology that 
relates them to the same class of activity 
emphasizes the underlying unity. The term 
function seems admirably suited to that 
usage, although the choice is obviously 
arbitrary. 

Operators perform a higher level of ma- 
nipulation in APL. They are characterized 
by the fact that they take a function as one 
or both of their arguments. (Their introduc- 
tion necessitates a hierarchy in the order of 
execution, such that operators are executed 
prior to functions.) The differences between 
function and operator in APL may be illus- 
trated with reference to the symbol / , 

which serves dual roles. If we say 1 0 1 

1 0/1 2 3 4 5 , we are using the symbol 
as a compression function. It then has a 

Boolean vector as left argument and an ordi- 
nary numeric vector as a right argument and 
returns 1 3 4 as a result. Note that neither 
argument is a function; the only function in 
the expression is compression, represented 
by J. If, on the other hand, we say +11 2 3 
4 5, we are using / as the reduction oper- 
ator. It takes as its left argument a primitive 
scalar dyadic function, ie: a function whose 
three properties are indigenous to APL 
(present on the keyboard of an APL ter- 
minal), that it is defined initially for scalars 
(single numbers), and that it accepts two 
arguments. In this specific instance, the left 
argument of reduction is the plus function. 
Plus reduction is summation and the oper- 
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Leon Sweer 
Thomas Dwyer 
Margot Critchfield 
Project Solo 
University of Pittsburgh 
Pittsburgh PA 15260 

Photo 1: A detail of the actual model, in operation in the authors' Project 
Solo laboratory at the University of Pittsburgh. The program used to drive 
the output device is a relatively conventional BASIC version of lunar lander, 
with modifications to use the analog inputs and outputs diagrammed in figure 
1. Input comes from a "throttle" stick which is a lever mounted on a poten- 
tiometer read by an analog to digital input conversion channel. Outputs 
from several digital to analog conversion channels drive display meters (see 
figure 1), as well as the voltage set point of the motor drive electronics 
described here. In the authors' system, these analog conversion functions are 
provided by a Cromemco conversion module which plugs into an Altair 
(S -100) bus backplane of the computer which runs BASIC for the lunar 
lander simulation. 

Controlling Small DC Motors 

with Analog Signals 

(Or, the Key to Making a Realistic Lunar Lander Simulation Display) 

Microcomputers are starting to show up 
in an unexpected variety of places: en- 
gineering labs, businesses, factories, golf 
courses, radio stations, the home, and most 
recently, the classrooms of adventuresome 
teachers. 

One consequence of this growth has been 

a rapid expansion in what might be called 
"blue sky" thinking about how computers 
might be used. Amateurs aren't afraid to 
fantasize a bit, knowing that's where half 
the fun lies. Even when these ideas are too 
ambitious for immediate implementation, 
they often suggest simpler partial projects 
that will eventually fit in as components of 
a bigger system. For example, getting 
simple black and white graphics to work 
on CRT monitors could be the prelude to 
running a more ambitious sound and color 
"spectacular" under computer control. 

Our experience at Soloworks in applying 
computers to education indicates that 
working at this imaginative level helps 
foster the natural ability of people to learn 
through creative explorations. This in turn 
suggests that the more flexible the tech- 
nology, the better the learning. Computers 
hold special promise because of the way 
they can be "transformed" with software. 
Their main limitation has been at the inter- 
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face level. For example, it has not been easy 

to find hardware for controlling "things" 
(as opposed to symbols on a terminal). 

An important first step in solving this 
problem has been the appearance of analog 
to digital and digital to analog interface 
boards (eg: the Cromemco D +7A). On the 
input side, continuous joystick control now 
becomes easy. But what about output? In 
particular, it now makes sense to ask if a 

computer can be used for control of con- 
tinuous DC motors. We'll also want to ask if 
computers can move things according to 
algorithms that specify position. The answer 
is yes, provided that (a) we can find a way to 
amplify the analog output so it can drive a 

motor, and (b) we can create a feedback 
path that lets the motor know if it has run 
long (or fast) enough to accomplish the task 
at hand. 

This article describes one simple approach 
to solving these two problems. In order to 
make the ideas involved easier to follow, 
they are presented in terms of a specific 
project, namely building a one -dimensional 
dynamic plotter for use with a "lunar 
lander" style game. However, with a little 
imagination, many other applications of 
these ideas should be possible, including the 
control bf several motors. 
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Figure 1: A pictorial diagram of how the one -dimensional plotter fits into the implementation 
of a planetary landing simulator. The motor drive circuits (2) use feedback to set the altitude of 
the model ship based on the current set point command Xc issued by a digital to analog con- 
version output of the computer. The computer (1) implements a mathematical model of the 
spaceship's flight based on analog to digital conversion of a throttle signal input, with analog 
output of the ship's altitude as voltage Xc. 

The One -Dimensional Plotter 

A plotter is an electro- mechanical in- 
strument for displaying the position or 
motion of some object, usually as a func- 
tion of time. It can be used for such things 
as showing the flight path of an airplane or 
the trajectory of a rocket. To display the 
position of an airplane it would be nec- 
essary to have a three -dimensional display 
or a three -dimensional plotter (x, y and z, 

where z is altitude). To show the flight path 
of a plane flying at constant altitude only.a 
two -dimensional plotter would be needed. 
The graph produced would have one axis 
corresponding to the north -south compo- 
nent of motion, while the other axis would 
represent the east -west component. 

While most general plotting work is done 
in two dimensions with the mechanism 
dragging a pen to create a picture on paper, 
a one -dimensional plotter also has applica- 
tions. For example, a one- dimensional 
plotter could be used to show the vertical 
descent phase of a spaceship making a 

simulated landing on a moon or planet. A 
small scale model of the spaceship could be 

raised and lowered a number of feet with 

respect to a landing surface (the planet's 
surface) by a motor -driven derrick -like 
arrangement. The result would be a dynamic 
plotter that allowed the "pilot" to practice 
landings in one -dimension, up -down (see 

figure 1). Later, other components of 
motion (dimensions) could be added by 
using a fancier mechanical setup. 

Authors' note: The next few paragraphs can 
be read over rapidly by those who are not fa- 
miliar with calculus. 

In this design, the information displayed, 
either graphically or dynamically by a plot- 
ter, is the position of the spaceship or other 
object of interest. The plotter must be told 
the initial position, and any changes in 
position as part of the mathematical model 
of a spaceship landing. Sometimes this 
change information is not known directly, 
and must be calculated from other informa- 
tion, such as velocity. For the spaceship 
problem, the change in position (called 
displacement or ¿X) can be calculated from 
velocity by integrating the velocity with 
respect to time AX = f v dt. For a constant 
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veto'ity, the displacement X is the velocity 
multiplied by time, X = vT. It both the 
\(I(ILity and displacement ate not known, 
the\ may be calculated from the acLeler,l- 
lion of the spaceship (which is proportional 
to Rocket thrust). If a = acceleration, 

V = Ì j a III lasurnting velocity slat I, 
Hlt as lelo) 

and therefore, 

Ax=fp(f1adt) dt. 

I hest mathematical integrations can he per - 
torn ed with analog circuits, or with a digital 
computer using numerical integration meth- 
ods. 

(nce the displacement of the ship is de- 

rived from the acceleration or velocity (using 
either kind of computer), it can he used III 
supply the input to the one -dimensional 
altitude plotter. The job of the plotter k to 
move the model ship to a position equal to 
its initial position plus the displacement. 
Let's call this correct position Xc, and think 
of it as an input signal to the plotter. XL, the 
correct position input, is where the ship 
should be, according to the equations of 
motion, in one -dimensional space. If a 

digital computer is being used, then Xc will 
have to be generated with one digital to 
analog output port, using the current state 
of its programmed model of the ship's 
behavior. Figures 1 and 2 show how these 
ideI, all fit together. 

If we call the actual position of the model 
ship X,1, this may differ at times from the 
calculated position Xc. This error is repre- 
sented by an enrol signal which expresses the 
tlitterence between the calculated position 
of the ship (Xe) and the actual position of 
the model (Xa). 
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e =0 if Xc -Xa =O 

c >0 if Xc -Xa>0 
c<() if Xc -Xa<0 

In other words, e is zero when there is no 
error (Xc =Xa), positive when Xc>Xa, and 
negative when Xc<Xa. 

I he error signal e tells the motor which 
direction to turn in order to move the 
model ship to the correct position. If e is 

positive the motor in our diagram of figure 
1 must turn one way to raise the model 
until the actual position becomes equal to 
the correct position. If e is negative the 
motor must turn the opposite way to lower 
the model to the correct position. If e =0 
then the correct position equals the actual 
position of the model and the motor does 
not turn. The magnitude of e can also be 

used to determine the speed of the motor. 
How does the motor driver know the 

actual position (Xa) of the model? When 
the motor moves the model, the motor also 
moves a wiper on a "feedback" potentio- 
meter. -I he voltage at this wiper will be 

proportional to the altitude of the model 
and may range anywhere from -6.5 V to 
+6.5 V in this design. The potentiometer 
feeds back an electronic signal to the "sum- 
ming" circuit (circuit E in figure 3, IC1) 
indicating the actual position of the model. 
If the ship is at maximum altitude, the 
wiper is near the top of the potentiometer, 
and the voltage is about 6.5 V. If the ship is 

at minims m altitude, the wiper is near the 
bottom of the potentiometer and the voltage 
is about 6.5 V. The mechanical arrange- 
ment (see figure 4) must be set up to ensure 
this relationship. 

In summary, the correct position (Xc) is 

compared by the Z circuit which tells the 
motor driver if Xc is greater than ( >), less 



wire wrapping center 
ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

BATTERY WIRE -WRAPPING TOOL MODEL BW -630 

$34.95* 

STRIP /WRAP /UNWRAP TOOL MODEL WSU -30 

$5.95* 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

WIRE DISPENSER MODEL 

WD-30-B 

4 
THE DISPENSER WHICH 

(UTS AND STRIPS 

THE WIRE 

$3.45* 

DIP IC INSERTION TOOL WITH PIN STRAIGHTENER 

MODEL INS -1416 
ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE 

BY 

OK MACHINE & TOOL CORPORATION 

ANOTHER UNIQUE PRODUCT 

DESIGNED, MANUFACTURED 

AND MARKETED WORLDWIDE WIIA TES NEXT 
BY 

OK MACHINE & TOOL CORPORATION i 
MINIMUM ORDER $25.00, SHIPPING CHARGE 1.00 N.Y. CITY AND STATE RESIDENTS ADD TAX 

OK MACHINE & TOOL CORPORATION 
3455 Conner St , Bronx, N Y 10475 11(212) 994 -6600 MI Telex 125091 



Figure 3: Details of the motor drive servo circuit. This basic circuit can be used (with appropriate choices of gearing and mechan- 
ical arrangement at the feedback pots) to control a large number of mechanisms which depend upon DC motors to set position. 
The feedback from the position measuring potentiometer Xa is compared with the set point Xc by amplifier ¡Cl. The error 
signal resulting (if lmye enough) directly drives the motor after inversion by lC4 when the set point Xc is far away from the 
actual position Xa. As the set point is approached, the direct error signal becomes nearly zero, so the amplified error signals for 
small positive or negative displacements (IC2 and lC3) become the dominant ternis in the summation at the input of IC5, 
until finally Xa matches Xc within limits set by the small error threshold potentiometers. This complexity of the circuit is 

required by the fact that the DC motors require a certain min /nun? drive voltage in order for any motion to occur. 
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than (<), or equal to (_) X. The motor 
driver, in turn, tells the motor to go one 
way, or the opposite way, or not to turn, 
by a +, - , or 0 voltage. The motor then 
moves the model ship towards a more 
correct position, if necessary, while infor- 
ming the Z circuit of the new position. 
When the actual position equals the cor- 
rect position, the error signal becomes 
equal to 0 and the motor stops. Any further 
change in the input signal (correct position 
signal, Xc) will cause further movement of 
the model in the same way. 

l he remainder of this article describes 
how to build the sector in figure I labeled 
motor drive circuits, and how these 

circuits interface to t e other components. 
This corresponds to the elements to the 
right of the dotted line in figure 2. 

Circuit Description 

Figure 3 shows the motor driver circuit, 
and figure 4 shows the feedback potentio- 
meter and how it is connected to the motor. 
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VERSIONS 

R24 
27K 

'NVERTING UNITY 
LAIN POWER OPAMP 

V 

TO DC MOTOR, FIGURE 4 

The output of the potentiometer is the 
position feedback. The job of the circuit of 
figure 3 is to attempt to make the position 
feedback voltage equal to the position com- 
mand voltage by moving the motor until the 
difference between the two is zero. This is 

accomplished as follows. 
ICI is connected as a difference amplifier 

so that its output is equal to approximately 
4 *e, where e = (position command Xc) - 
(position feedback Xa). This difference is 

fed through R I5 to the summing amplifier 
IC4 so that its magnitude is one component 
of the final motor voltage. Thus, the larger 
the difference, the larger the voltage, and the 
faster the motor turns. In actual practice, as 

this difference approaches 0, it would not be 

enough to drive a 12 VDC motor. Here is 

where comparators IC2 and IC3 come in. 
They are constantly looking to see if the 
difference voltage, a portion of which 
appears across R6, is larger than some small 
positive voltage (set by R13), or smaller than 
some small negative voltage (set by R1 4). If 
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Figure 4: A pictorial schematic of the mechanical arrangement used for the lunar lander model. A main shaft is connected 
directly to the motor and has a spool of thread used to suspend the model. The direction of the motor controls whether the 
module rises or falls relative to the ground surface of the planet model as the shaft rotates. The main shaft has a spur gear which 
drives a large gear to achieve a gear reduction which maps complete physical travel of the model lander into the motion of the 
pot's wiper through its complete range. 
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-\\ 
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one of these conditions is satisfied, the com- 
parator output becomes 12 V, and a portion 
of that output (usually around 2 V, and 
determined by R17 and R19) drives the 
motor into its operating range. The actual 
values of these potentiometers will depend 
upon the particular motor you use, and 
upon your actual physical configuration. 

ICS is a high power operational amplifier 
capable of delivering up to one amp of cur- 
rent at up to 12 V. It is also used as a 

summing amplifier to bring together the 
voltage commands from the other circuits. 

Parts Substitution and Adjustment 

None of the parts are extremely critical, 
and substitutions can be made. Almost any 
operational amplifier that accepts +12 V 
can be used (eg: 741C), and it is not nec- 
essary to use the LM306 comparators. 
LM311s, for instance, will do. A substitute 
for the power operational amplifier can also 
be used, but be sure that whatever you use 

is provided with a good heat sink. 
When the entire configuration is set up, 
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GEAR REDUCTION. 
PICK RATIO SO THAT FULL TRAVEL OF 
POT SHAFT TAKES PLACE WHILE LUNAR 
MODULE TRAVERSES ITS FULL RANGE 
OF ALTITUDE 

be sure that the feedback pot turns less 

than once when the model moves through 
its entire range. If it turns more, increase the 
radius of the take up spool or change the 
drive ratio of the motor pot gears. The wiper 
should be almost midway in the pot (0 V) 
when the model is halfway up in distance. 

Apply power and short the position 
command line to ground. The model should 
position itself somewhere in the middle of 
its range. If it oscillates, adjust the potentio- 
meters to set the response range of the 
lander (R13, R14) and the magnitude of the 
threshold motor voltage (R17, R19). Ex- 
perimenting with different motors and 

gearing setups should give you an idea of 
what type of performance to expect. Basi- 

cally, you want the motor to move at a rapid 
rate if the difference between the Xc and Xa 
is more than about 2 V, and then to slow 
down as Xc -Xa approaches zero. 

Use a power supply to apply different 
position command voltages to see if the 
model "seeks" correctly. Don't apply more 
than about 6.5 V. If you do, the system will 
try to move the model so that the position 
feedback is more than 6.5 V, and this is 

impossible. Result: the model goes crazy. 
Once all of the above is working, you're 

ready to connect it to an integrating com- 
puter. The two choices here are a special 
purpose analog computer, or a general pur- 
pose digital computer with a digital to 
analog output board. A discussion of what is 

involved in using a digital computer for this 
purpose can be found in chapter 10 of the 
book An Amateur's Guide to Personal 
Computing (by Margot Critchfield and 
Thomas Dwyer, Addison -Wesley Company, 
Reading MA, 1977). 



4 USERS ON 1 MICRO ?! 

That's right! The TSC Multi - 
User System brings you the 
capability you've been ask- 
ing for! Four simultaneous 
users, all running BASIC, 
all independent, and all on 
the same Micro! 
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You thought it couldn't be 
done, but TSC has done it! 

The basic system sells for 
less than $130 and is avail- 
able now. Write for com- 
plete details or visit your 
dealer. 
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Presently, the system is 
available only for the SWTPC 
6800. It includes a 4 -user 
version of TSC's Micro BA- 
SIC Plus. Also available are 
8K tape and disc -based 
BASICs. 
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*Also be sure to check out 
the complete line of TSC 
software, including Text 
Editors, Word Processing 
Systems, Assemblers, Utili- 
ties, Diagnostics, Interpret- 
ers, Games, and more! 
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Photo 1: Packaging technology at Franklin. Although it looks a little shaky it still works. 

A Microprocessor Course 

In August 1975 Franklin University made 
a commitment to offer a program in micro- 
processors. I would like to describe what has 

happened since then, both in terms of 
Franklin's goals in offering the course and 
of my experience in developing and teaching 
the course. 

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

I am currently a software design engineer 
at North Electric Company, located near 
Columbus. Prior to this, I worked at a gov- 
ernment division of RCA doing mostly 
design automation work. One of my projects 
there was coordinating the design automa- 
tion efforts for the design and production of 
a 3 chip CMOS microprocessor. While at 
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Mark E Fohl 
3567 Karikal Dr 
Westerville OH 43081 

North, I taught math part -time at a small 
school about 40 miles north of Columbus. I 

wanted to teach closer to home, so I blan- 
keted the schools in Columbus with a letter 
asking for a teaching position in math, pro- 
gramming or electronics. Dean Sidney Kelly 
of Franklin responded that there were no 
such positions open there, but that Franklin 
was considering offering a course in micro- 
processors. Following an afternoon interview, 
we both thought it was worth a try. 

Franklin decided that its microprocessor 
course would offer thorough coverage of the 
fundamental concepts of microprocessors 
along with in -depth experience on one par- 
ticular system. It was also decided that the 
course would start with the basics with 
respect to available prerequisites, and con- 
tinue with hands on experience in a laboratory 
environment. These goals suggested that the 
course occupy two trimesters, and that it 
actually be a 2 course sequence. Each course 
would have four class hours per week for 15 
weeks, and each course would be worth 
three semester credits. Furthermore, the 
sequence would be divided equally between 
lecture and laboratory, with almost all lec- 
ture in the beginning, gradually changing to 
almost all lab in the end. The course pre- 
requisites were listed as a familiarity with 
digital logic and the binary number system. 
These prerequisites could be met with 
Franklin's series of electronics courses, and 
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with a course entitled "Computer Calcula- 
tions." The sequence would be offered not 
only to full -time students at Franklin, but 
also to anyone in the community who, for 
either industrial or personal reasons, wanted 
a solid background in microprocessors. Stu- 
dents would need no previous experience 
with microprocessors, and the sequence 
would be offered as an attractive alternative 
to a 3 day seminar. 

With the philosophies and preliminaries 
taken care of, implementation of the 
sequence remained. By this time it was late 
August, and the sequence was scheduled to 
begin the following January. Being the 
instructor, I was responsible for putting the 
entire package together. Two tasks presented 
themselves: the first was to adopt a course 
outline and prepare corresponding lectures, 
and the second was to equip the laboratory. 

The first task was relatively easy. The 
obvious strategy was to start from the abso- 
lute basics and work upward. Accordingly, 
the course would begin with a review of 
binary numbers and binary operations. A re- 
view of digital logic elements, both gates and 
flip flops, would be next, followed by devel- 
opment of a generalized arithmetic and logic 
unit. The arithmetic and logic unit would 
proceed to a generalized microprocessor unit, 
followed by a discussion of a particular 
microprocessor. Course development could 
not proceed until specific laboratory equip- 
ment was selected. 

One of the problems at this point was 

selection of a suitable textbook. No general 
textbooks on microprocessors were available 
at the time. I chose Blakeslee's Digital Design 
with Standard MSI and LSI because a few of 
its chapters covered microprocessors and 
microcomputer system elements. In retro- 
spect, the text was not very good for the 
sequence because of its constant emphasis 
on hardware design considerations. 

While preparing the lectures, I began the 
process of acquiring laboratory equipment. 
At the time, the two manufacturers who 
seemed to be far ahead of the pack were 

Intel and Motorola. I thought that these two 
would be in the best position to donate 
equipment, considering their stable positions 
in the marketplace and their competitiveness. 
Accordingly, I contacted local representa- 
tives from both Intel and Motorola. I asked 
each for any help they could provide, and I 

reminded each that I was talking to the 
other. 

The Intel representative stated flatly that 
there was nothing he could do personally, 
but he advised me of a university donation 
program. I wrote to Intel in California 
requesting more information and an applica- 
tion form. The material came shortly there- 

28 

after, and it turned out that each application 
was good for up to four kits, each containing 
an 8080 chip, 256 words of programmable 
memory, 1 K of blank erasable read only 
memory, and four 8212 data latch chips. I 

made a copy of the application and gave it 
to another instructor at Franklin. We sent in 
our applications sometime in September; in 
mid -November, we received eight kits in the 
mail. Each kit contained the chips plus one 
programmer reference card. 

The Motorola representative said he 

didn't know exactly what to do, but he was 

sure there was something. After much corre- 
spondence (among him, me, Austin and 
Phoenix), he said Motorola would provide 
five Microcomputer Evaluation Kits, without 
read only memories, if the University would 
purchase four kits. Each of these kits con- 
tained an M6800, 128 words of program- 
mable memory, two PIAs, one ACIA, a 

printed circuit board, 1 K of read only mem- 
ory containing the MIKBUG debugging pro- 
gram, assembly instructions, a reference 
manual, and an applications manual. This 
offer came in early December. 

It appeared that the cash values of Intel's 
and Motorola's donations were about equal. 
Intel's equipment was already in, and I had 

to decide how to proceed. Whereas Intel's 
donation represented more raw computing 
power, Motorola's contribution was a better 
package, which included a tested system 
design, software and a Teletype interface. 
Considering that I would have to do the 
system design for the Intel package, and con- 
sidering that I was up to my ears already, I 

opted for the Motorola deal. 
The time came now to spend some 

money. Class was scheduled to start in about 
four weeks, but we wouldn't be using the lab 

equipment until about the seventh or eighth 
week. The dean was reluctant at first to 
spend any money, but at this point there 
was no alternative. Besides, the tuition from 
the students already enrolled in the course 
was enough to cover both my salary and the 
lab equipment. The dean gave his blessing, 
and we proceeded from there. I contacted 
the Motorola representative and informed 
him of our decision; then I called the local 
distributor and ordered the equipment. I 

expected the equipment to be ready in 

about two to three weeks, about the same 
time as the beginning of the winter trimester. 

The equipment I ordered from the 
distributor included all the discrete circuitry 
specified in the assembly instructions. There 
were still two glaring omissions from the 
microcomputer system: the power supply 
and the IO device. In addition, there was the 

Continued on page 90 
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Photo 1: The COSMAC VIP system demonstrating its graphics abilities. The kit version of this product includes the board alone; 
the user must supply a standard video monitor (or modified TV) and inexpensive tape recorder. 

COSMAC VIP, the RCA Fun Machine 

Joseph A Weisbecker 
1220 Wayne Av 
Erlton, Cherry Hill NJ 08002 

Most beginners think of computers only 
in terms of solving equations or processing 
data in English language format. Ask some- 
one with limited exposure to computers 
about their use in homes and they invariably 
mention kitchen recipe files, meal planning, 
income tax preparation or checkbook 
balancing. I don't think any of these applica- 
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Lions has really caught on so far. This view 
of computers as super calculators or data 
processors is apparently shared by many 
people currently involved in the home 
computer movement. This orientation keeps 
prices higher than necessary for the majority 
of potential hobby users who could have just 
as much fun with much less sophisticated 
machines. 

The COSMAC VIP was created to pro- 
vide a viable alternative to expensive hobby 
computers. It was not designed to compete 



with existing systems, but rather to maxi- 
mize the number of people who can afford 
to own their own high technology graphics 
and games fun machine. 

In this article I'll give you some back- 
ground information, outline my design 
philosophy, and describe the COSMAC VIP 
system. You can then decide whether this 
article represents a blatant sales pitch or an 
honest explanation of a relatively low cost 
approach to small personal computers. 
Home or business users who want extensive 
data processing capability should stop read- 
ing now. You will be better off with one of 
the more expensive BASIC language oriented 
systems. Those who are beginners or are 
interested in computers for fun at absolute 
minimum cost should continue reading. 

First some background. About five years 
ago I developed a system called FRED. This 
was the prototype for a low cost micro- 
computer aimed at video games, hobby and 
school use. (FRED was described in the 
August 1974 issue of the IEEE Computer 
magazine.) COSMAC VIP evolved from this 
FRED system. My family and friends have 
been using this type of system for almost 
five years and we've only scratched the sur- 
face of applications for it. In fact, my $2000 
personal BASIC system seems dull by 
comparison and is gathering dust. The 
development of the 1 card COSMAC VIP 
system is due primarily to a desire to share 
fun I've been having with as many others as 

possible. RCA deserves a lot of credit for 
supporting the development and making the 
system available for home and school use. 

Design Philosophy 

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

Let's examine some cost factors. While 
memory and logic costs continue to de- 
crease, a 2 K byte programmable memory 
will always be cheaper than a 16 K byte 
one. To many designers, lower memory 
costs mean that they can design more 
memory into a system at the same price. 
To me it means that I can design lower cost 
computers using about the same amount I've 
always used. When the current crop of 
$1000 computers drops to $500, a COSMAC 
VIP type computer might drop to $150. The 
lower the cost, the more people can own 
their own computers. 

The drastic price reduction for a central 
processing unit caused by the development 
of single chip microprocessors has not been 
matched by equivalent cost reductions for 
conventional computer input and output 
devices. The lowest cost home computers 
can only be achieved if the need for special- 
ized IO devices is minimized. I don't think 
it is fair to ask the limited budget, unsophis- 
ticated beginner to spend several hundred 
dollars on a system which uses a $10 central 
processor but requires an additional expen- 
diture of $1000 for a terminal and enough 
memory to make it useful. The COSMAC 
VIP minimizes IO device cost by relying 
only on a video monitor, audio cassette 
recorder and 16 position key pad. CMOS 
circuits reduce power supply costs, and a 

minimum number of integrated circuits 
permit the entire computer, including 
keyboard, to be packaged on one inexpen- 
sive printed circuit board. 

As I sec it, four major obstacles must be 

overcome before everyone can own their 
own computers. The first obstacle involves 
justifying a relatively high priced piece of 
equipment which is often useful to only one 
family member. COSMAC VIP was designed 
for relatively low cost and includes 20 video 
game listings that can be immediately loaded 
and played by the whole family. This goes 
a long way toward eliminating the first 
obstacle. 

The second obstacle is the complexity of 
conventional computer operating and pro- 
gramming procedures. I can't understand 
how a beginner can be expected to cope 
with complex operating systems. COSMAC 
VIP programs are initiated with a single 
RUN switch. Any memory byte can be 
examined or modified using the built -in 
hexadecimal keyboard. Loading programs 
is easy. Just enter the starting address fol- 
lowed by the byte sequence to be stored. 
No extra key depressions are required 
between bytes. Memory addresses and stored 
bytes are displayed on the TV screen in 
hexadecimal format. Tapping a single key 
steps through memory letting the user 
examine stored bytes without modifying 
them. 

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

A third obstacle in the path of home 
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A. PROVIDED WITH COSMAC VIP 

SOFTWARE +5VDC 512 BYTE COSMAC 2048 
POWER ROM MICRO- BYTE 

20 VIDEO SUPPLY OPERATING PROCESSOR USER 
GAMES (COMPLETE) SYSTEM COP 1802 PROGRAMMABLE 

MEMORY 
LANGUAGE 

TEST PROGRAMS 

MANUALS 

HEX KEYBOARD 

TONE 
CIRCUIT 

(TONE OUTPUT) 

AUDIO 
CASSETTE 
READ /WRITE 
INTERFACE 

(MIKE - EAR) 

GRAPHIC 
VIDEO 
DISPLAY 
INTERFACE 

(VIDEO OUTPUT) 

OPTIONAL 
2048 
BYTE 
USER 

PROGRAMMABLE 
MEMORY 

OPTIONAL 
8-BIT 
PARALLEL 
I-0 PORT 

B. ON -CARD OPTIONS 

CHEAP SPEAKER 
OR EARPHONE 
FOR TONES 

00 
111111 O O 0 

CASSETTE RECORDER VIDEO MONITOR 

C. SUPPLIED BY USER 

Figure 1: Block diagram depicting the essentials of a fully functioning COSMAC microprocessor. The system 
provides the user with everything needed to start programming except a video monitor and a cassette recorder. 

computer purchase is the ability to program 
the computer. Suppose you buy an expen- 
sive system and then discover that you either 
can't or don't enjoy programming it. 
COSMAC VIP provides enough ready to use 
programs to justify the price even if you 
never write a program. It also provides a 

simple interpretive user language that many 
have found just as easy to learn as BASIC. 
This new language requires much less mem- 
ory and is oriented toward simple graphics. 

The fourth obstacle preventing many 
potential home users from getting started is 

the fear of buying an expensive computer 
and watching it become obsolete within 
several months. I feel that use of state of the 
art integrated circuits for COSMAC VIP 
helps minimize this problem, as does the 
relatively low cost of the system. 

Hardware 

Figure 1 shows a block diagram of the 
COSMAC VIP system. It shows exactly what 
is provided in the price and what the user 
has to provide. What you don't get is a video 
monitor, inexpensive speaker, standard 
audio cassette recorder and expensive 
cabinet. What you do get is everything else 
needed to immediately load and run 20 
video games and write and debug your own 
graphic, game or educational programs. 
This includes all the memory you need and 
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an easy to use numerically oriented lan- 
guage. You also have the ability to use 
COSMAC machine code. 

All system timing is derived from a 

crystal clock so there are no adjustments 
required. A single tone can be generated 
by programs. This tone can be used in games 
or sounded when a key is pressed. The 
hexadecimal keyboard is a reliable touch pad 
type, and is fully debounced by read only 
memory software. 

The audio cassette interface was designed 
to allow saving programs on tape. You load 
a program into memory from the hexa- 
decimal keyboard and then record the 
contents on an audio cassette. You can then 
load the program from the audio cassette 
any time you want to use it again. The 
cassette data transfer rate is about 100 bytes 
per second. You must manually start and 
stop the cassette recorder, unless you add 
your own start and stop relays. The relia- 
bility of any audio cassette data system may 
not be suitable for commercial work. Audio 
cassettes are however the best means of 
saving programs available for the hobby 
computer user working on a limited budget. 
With proper care in use they have proven 
themselves to be quite adequate. In the 
COSMAC VIP tape system, each byte on 

Continued on page 94 
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ORDER FORM [Write in each box the quantity of each part required] 
KIT ASSEMBLED KIT ASSEMBLED KIT ASSEMBLED 

1 

r 

4KROM I I 

8KSC -2 

68KSC 
8KSC 
ASSEMBLY AND OPERATING MANUAL $4.00 

J 

wwC 
88 EXT 
68E XT-S r 

r 68EXT-L 
68WWC 
BBUC 

NAME 

ADDRESS 

CITY STATE ZIP 

PLEASE PRINT OR TYPE 

SEND CHECK MONEY ORDER COD'S ACCEPTED CREDIT CARDS 

SEALS ELECTRONICS, INC 
P.O. BOX 11651 
KNOXVILLE, TN 37919 
MOST ORDERS SHIPPED WITHIN 10 WORKING DAYS 

1 1 1 1 II I I II LL L1 1 1 1 1 1 

=.: I I IL1J 
l I Ì Ì l l 1 Ì 1 1 l iÏÏI l I ?; l 1 l 1 l II I l 

1 

68 KSC 
STATIC 

MEMORY 

CARD 

[Static Memory Card for SWTPC 68001 

8192 Words of Static Memory Kit 
Access Time: 500 nsec (250 nsec on request) Price 

Memory Chip 91 L02 APC or 2102AL -4 $269.00 
Battery Standby 
Address Selected 8 ea. SPST Dip Switch 
Low Power Assembled 
All Lines Buffered Price 
All IC's with Sockets $369.00 
Solder Mask on both sides of PC Board 

OTHER SEALS ELECTRONICS PARTS AVAILABLE 
Item No. Description Kit Price Assembled Price 
4KROM 4K Read Only Memory Card $119.00 $179.00 
8KSC -2 8K Static Memory Card 250 nsec 295.00 395.00 
8KSC 8K Static Memory Card 500 nsec 269.00 369.00 
88 WWC Wire Wrap Card 37.50 47.50 
88 EXT 88 Extender Card 29.00 38.00 
68 EXT -S Extender Card ISmall) 19.00 25.00 
68 EXT -L Extender Card (Large) 29.00 39.00 
68 WWC Wire Wrap Card M . 35.00 45.00 
BBUC Battery Back -Up Card 55.00 68.00 
4K BASIC 4KROM with 14 EProms containing Seals Basic 8080 and the Seals 

4K8080 Basic instruction manual (integer math only available at 
this time) Phone for more information List Price 535 
INTRODUTORY PRICE OFFER 323.00 

ORDER DELIVERY: FROM STOCK TO 10 DAYS 

Circle 112 on inquiry card. 
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Our American 
Econom1C System 
1S 'good' i bad. .a., 

We asked thousands of your fellow citizens this 
question. You should know how your answer 
compares with theirs. 

Not too surprising, most people have gripes.. 
Inflation. Unemployment. Taxes. These are among 
the concerns that topped the list. 

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

The question is: how do we overcome the bad 
without destroying the good? 

Obviously, the more we all know 
about our system and how it works, the 
better we can decide what to preserve, 
what to change. 

That's why we are offering a booklet 
that explains the American Economic 
System. It is easy to read, interesting -and 
free. Mail the coupon for your copy today. 

Every American ought to know what 
it says. 

i 

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

Booklets, P.O. Box 1887, New York, N.Y. 10001 
Please send me a free copy of the booklet 
about our economic system. 

_ I would also like a copy of the survey 
highlights. 

Name 
Company 
Address 
City State Zip 

Note: Booklets in quantity, posters and other materials 
are available for use by companies, clubs, etc. For in- 
formation, write: The Advertising Council, 825 Third 
Avenue, e, New York, New York 10022 

4.\ A public service message of The Advertising Council 

Title 

& U.S. Department of Commerce 1 presented by this Magazine. 

Circle 109 on inquiry card. 

Did you know? In the last 100 years, Amenca's output of 
goods and services per person has grown 700% The 
number of people below the 'low income" level has fallen 
almost 16 million since 1960, despite a larger population 

About 8 million people were unemployed in 1975 

A. 1 



Meet the First Family in floppies. 

The roots of our floppy family 

1149M Multipurpose 
Cabinet assembly. 

Rack or table mounted. 

Dual head 

ROM 
Neso.o'm 

a.M. 
Memory 

RAM Con1051 
500. 

1.555 

1143M controller LSI technology 1K buffer 

50 pin LSI interface 

New 143M disk drive. Two-sided recording. 
Single /double density. LSI Multifunction. 

CalComp's got it all together for you. A total 
floppy family. Any way you want it...single products 
or the total package. In every case you get true 
multifunction, LSI technology, high MTBF and low 
MTTR reliability, compatibility and multiple 
interfaces. 

And that's not all. Field- prorcu double density 
-now one or two-sided. And our new 11.43M 
controller along with three host adaptors. 

With CalComp its all there. Choice. Flexibility. 
Everything you need for all or part of a total 
memory subsystem. Plus CalComp's worldwide 
service to support our family. We've delivered 
50,000 drives -why not add your application 
requirements to our growing family. 

Just call us or use the coupon. We'd like to tell 
you more about our family. 

LSI -11 
RS -232 -C 

S -100 BUS 

Our host adaptors 

r i 
California Computer Products, Inc. FREE II 
2411 West La Palma Avenue 
Anaheim, California 92801 
1714) 821 -20U 

Please send me your free Floppy Family information kit. 

I am interested My needs are immediate 

I Name I 

Company Title I 

Address l'hone I 

City State Zip I 

I 0000000 I L-----------J 



Understanding APL 

A Note to Those Unfamiliar with APL 

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

Dr Kenneth E Iverson 
APL Design Group 
IBM 
1700 Market St 
Philadelphia PA 19103 

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

Adin Falkoff, in his review of APL con- 
ferences to be published in Computer Re- 

views (as of this writing), indicates the 
"widely ranging subject matter" covered in 
APL papers by listing dozens of applications, 
covering such areas as word processing, 
convex geometry and database systems, to 
name a few. Because of this potential 
breadth, it is necessary, in a short paper, to 
focus more narrowly on some one aspect of 
APL. 

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

computer. 
True experimentation must be carried out 

on a real physical device. Readers who have 
the use of APL computers or terminals may 
find them useful for verification of the 
questions posed later in the article. For 
other readers we will try to approximate this 
experience by showing certain experiments 
together with the results they produce. The 
reader may then study the results of these 
experiments in the same way he or she 

would study the results of his or her own 
experiments on a real computer. 

However, unlike the experimenter at a 

real APL computer, the reader cannot then 
decide what experiment to try next in order 

36 

to settle the questions raised in his or her 

mind by the last experiment, but can only 
use the experiments next presented by the 
author. Although each experiment may have 

been chosen to answer questions raised by 

its predecessors, it may miss many of the 
questions raised in the minds of particular 
readers. However, this difficulty can also be 

overcome to a large degree by the use of 
"thought experiments," discussed later in 

this article. 
To fully appreciate and enjoy the experi- 

mental approach used here, one should make 
the most of each experiment by not reading 
any result until every clue has been used to 
puzzle out what the result should be. For 
example, one would try to reason out and 

state the definition of the function I from 
the following experiments: 

3r5 513 
5 

4r7 5 r3 
7 3 

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

P 12t8 

before reading it, since the relation of the 
symbols L and L alone suggests that L de- 

notes the minimum function. 
One final comment on the reading of this 

paper: although it is clear that this magazine 
enjoys the patronage of many young readers, 
I have, in the interests of clarity and 
precision, chosen to use words which may be 

unfamiliar to some readers. If you happen to 
fall into this class, then this is as good a time 
as any to acquire the important habit of 
reading with a good dictionary at your 
el bow. 

Systematic Experimentation 

Simple functions yield to experiments 
with randomly chosen arguments, as hap- 
pened in the case of the maximum function. 
Even there, however, the arguments were 
chosen with more care than might appear. 
For example, if only the two on the left 
(315 and 417) had been given, one might 



32K. One Card. One low price. 
Only from the Digital Group. 

No on only one fully static card, the Digital Group has 
squeezed in a whopping 32K of memory. Which, with a little 
quick addition, means a full 64K architecture now requires 
only 2 boards instead of 8. That's a 4 -to -1 space reduction 
...and leaves one extra memory slot on the Digital Group's 
standard motherboard still available for future products. 

All this and one low price, too. 
It just may be the best news of all. Our full static, assembled 
and tested 32K memory board is only $995. Now that's worth 
remembering. It's substantially less than our equivalent as- 
sembled 8K board prices. (Please note: We're initially offer- 
ing this 32K board assembled only, but kit versions will soon 
be available, too -at even lower prices.) 

Here's what you get. 

Specifications: 
32K on single card 
Speed- 450ns. All of our current CPUs will operate at 
full -rated speed. 
Decoding -Lower or upper 32K bank 
Power - +5V only Cu 4A 
Card size -12" x 5" (excluding connector fingers) 

Features: 
May be intermixed on Digital Group systems with our 
8K memory cards 

All data and address lines are buffered 
Fully static memories -EMM 4801 (450ns) or equiva- 
lent 

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

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

CTI; agrgl group 
P.O. Box 6528 
Denver, Colorado 80206 (303) 777 -7133 

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

Name 

Address 

City /State /Zip 

: Remember me? I'm already on your mailing list, but I need the 
memory spec sheet desperately. 

Circle 114 on inquiry card. 



have concluded that the result of the func- 
tion was simply the value of its right 
argument, but the third case (513) ruled out 
this possibility. 

Experimentation with a systematic set of 
arguments usually gives a clearer picture of 
the function. For example, we might use a 

fixed left argument and a set of successive 
integers for the right argument, as in 311 and 
312, and so on. This can be donc most 
conveniently by giving a list of arguments as 

follows: 

1 . . 4 s 6 

3 6 9 12 15 18 21 
3.1 2 3 4 5 6 7 

4 5 6 7 8 9 10 
311 2 9 5 6 7 

3 3 3 4 5 6 7 
3i1 7 3 4 5 6 7 

1 1 1 0 0 0 0 
3o1 2 3 9 5 6 7 

1 1 1 0 1 1 1 

The behavior of the two new functions ( and are probably clear from the last 
two experiments. However, the experiment: 

i 1 1 . 1 6 7 

U 1 

might leave one in doubt, wishing to see 

cases with different left arguments such as 4, 
5, etc. In general, one might wish to see a 

whole table of values for a systematic set of 
left arguments. This will be explored in the 
section on tables. 

Names 

It is clearly convenient to give a name to 
any number or list or table of numbers that 
is used repeatedly. For example, we could 
give the name S to the list 1 234567 as 

follows: 

We could then write the preceding experi- 
ments more simply as 3xS and 3 +S and 31S, 
etc. Thus: 

This use of names corresponds to the notion 
of variables in algebra. 

Tables 

In the experiment: 
4 > 

4 9 12 16 2C 28 

38 

it is clear that the multiplication applies to 
the left argument 4 together with each 
element of the right argument. In the 
experiments: 

545 
2 4 6 8 10 12 14 

S.S 
1 4 9 16 25 36 49 

it is clear that the functions apply to each of 
the corresponding pairs of elements of the 
left and right arguments. 

In order to make an addition table for the 
integers from 1 to 7, it would be necessary 
to add each element of the left argument to 
every element of the right argument. This 
will be indicated by placing the symbols for 
null (o) and dot (.) before the plus sign as 

follows: 
So 

2 3 4 5 6 7 8 

3 4 5 6 7 8 9 

4 5 6 7 8 9 10 
5 6 7 8 9 10 11 
6 7 8 9 10 11 12 
7 8 9 10 11 12 13 
9 9 10 11 1? 13 14 

Tables for times (x), maximum (0), and 
less than (<) can be produced similarly: 

s... 
1 7 3 4 5 6 7 1 7 3 4 5 6 7 0 1 1 1 1 1 1 

2 4 6 B 10 17 14 2 2 3 4 5 6 7 0 1 1 1 1 1 

3 6 9 17 15 18 21 3 3 3 4 5 6 7 0 0 1 1 1 1 

4 8 12 16 70 24 28 4 4 4 4 S 6 0 0 0 1 1 1 

5 10 15 70 25 30 35 5 5 5 5 5 - ' 0 0 0 1 1 

6 17 18 29 30 36 42 6 6 6 6 S . 0 0 0 0 1 

7 14 71 79 , 42 49 0 0 0 0 0 

The patterns of numbers (such as the 
diagonals of twos, threes, etc, in the addition 
table, and the L- shaped patterns in the 
maximum table) are often surprising even if 
one is already familiar with the particular 
function, and it is entertaining to predict 
patterns before actually producing the table. 

Tables are also useful in determining the 
definition of an unknown function. To 
illustrate this we will return to the function I 

for which we have already seen the case: 

311 2 3 4 1 6 

1 2 0 1 2 0 1 

The following table should suffice to iden- 
tify the function for most readers: 

s.. 0000000 
1 o 1 o 1 o 1 

1 2 0 1 2 0 1 

1 2 3 0 1 2 3 

1 2 3 4 0 1 2 

1 2 3 4 5 0 1 

1 2 3 4 5 6 0 

Some Tools 

The functions introduced by the fol- 
lowing experiments are not only interesting 
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SCELBI does it again! Here, for the first time, 
are all the tools you need to get the most 
out of your '8080'. About the only thing 
missing is the '8080' itself. Just look at what's 
in this total package ... 
'8080' Octal Code Card and /or '8080' 
Hexadecimal Code Card, instant slide rule 
aids for programming or debugging '8080' 
software. Contains all standard mnemonics, 
with corresponding codes for either octal or 
hexadecimal modes. Easy- reading instructions 
are color coded to indicate which flags are 
affected during instruction execution. Front of 
card features quick, logical reference formats, 
while back displays ASCII code chart for 
all 128 characters, plus '8080' status words 
and register pair codes. 

The '8080' Programmer's Pocket Guide is a 
compact 3 x 4'/2" ever -ready, instant reference 
for either Code Card, that explains the 
instruction set in detail, giving both octal and 
hexadecimal codes. 

32 137 cLir 
112 140 302 065 002 JNZ MRREDç 

) 

AG ON 
E BFR PNTR 

no ('.R? 
SPECIAL MONEY SAVING INTRODUCTORY OFFER! 
Each of these "must" programming tools sells 
individually for only $2.95. If you order today, you can 
own any two for only $5.50 ... or all three for only 
$7.95! You need these low cost, highly productive tools. 
So, order today, and save, Save, SAVE! Clip this 
handy mail order coupon and mail it today! 

Scelb( Computer Consulting, Inc. 
P.O. Box 133 B PP STN 
Milford, CT 08460 

Please rush items checked below (Write quantities of each In O ) 

oOctal Code Card(s) O Hexademical Code Card(s) 

The '8080' Programmer's Pocket Gulde(s) 
I enclose $2.95 for Item indicated above. 
I enclose $5.50 for 2 Items Indicated above. 
I enclose $7.95 for 3 Items Indicated above. 

LIMIT: 3 items per customer for this money -saving Introductory 
Offer. 

Name 

Address 

City State Zip 

"LAG 
,AG 
) VAL 
4T FL 

RT 

PASS' 
, a 

IF NOT. SET PNTR TO CON 
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in themselves, but prove very useful in 

further experiments: 

+13 2 7 5 t3 .03 2 7 5 

17 

3+2+7+5 
2 3 

t4 
5 7 2 1,5 

17 2 3 4 5 4 3 2 1 

/3 2 7 5 
503 1 0 1 0 1/15 

210 3 3 3 3 3 1 3 5 

1/3 2 7 5 
452 0 1 0 1 0 /t5 

7 2 2 2 2 2 4 

T.(14).-t4 OT +/T 

o -1 -2 -3 0 1 2 3 6 2 2 6 

1 0 1 2 1 0 1 2 +/mî 

2 1 0 1 -2 -1 0 1 5 2 2 6 

3 2 1 0 -3 -2 1 0 r/T 
o 1 2 3 

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

These functions can be used in many 
interesting ways to bring out the properties 
of other functions. For example, the relation 
between addition and multiplication and the 
relation between multiplication and power 
can be brought out by considering the 
following expressions for various values of N 
and M: 

12 

,: 

+171 

Thought Experiments 

Thus far we have considered only experi- 
ments performed with the aid of a computer 
or, what amounts to the same thing, with 
the aid of printed results prepared in ad- 
vance by a computer. However, if the rules 
governing the notation are simple and 
uniform (as they are in APL), then one can 
perform interesting and revealing thought 
experiments by simply applying the rules. 
For example, the following expressions can 

be seen to be equivalent by performing 
thought experiments for various chosen 
values of N: 

1-/tN 

+ /SIN 
(( + 11N) +( + /'iN))+2 
( + /(CIN) +¢íN))02 
(+ /((4(N +1)))o2 
(Nx(N +1))O2 

In particular, the last expression is a neat 
way of evaluating the first. For example, if 
N is 100, then +/ IN is the sum of the first 
100 integers, and is equal to (100x101) 1 2, 
or 5050. 

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

(2= + 100= (iN) =.ItN) /tN * 

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

The second concerns comparisons of two 
tables M and T. The expression MST yields a 
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table of the same size containing ones and 
zeros, with ones only where M and T 
disagree. Therefore + /M #T gives counts of 
the disagreements in each row, and + / + /M *T 
gives a single total count. Hence the latter 
expression yields zero only if M and T are 

identical. 
The expression + / + /M* M therefore 

yields zero only if M agrees with its trans- 
pose M obtained by "flipping M about its 
diagonal to interchange the rows with the 
columns." Evaluate the expression 
+ / + /MOM for values of M produced as 

function tables for various functions such as: 

id -S .+S M. So .xS M-S.. -S M.-S. .5S 

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

Ideas for experiments in a variety of 
fields are available in existing publications. 
Among the references cited at the end of 
this article, Iverson (references 2 and 3) 

presents further definitions of APL func- 
tions, Blaauw (4) presents a 1 page APL defi- 
nition of the Intel 8080 instruction set, the 
exercises in Iverson (5 and 6) and in Orth (7) 
present topics in mathematics at various 
levels, Spence (8) treats electric circuits, and 
Iverson (9) treats a variety of topics which 
include geometry and computer science. 
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IF YOU'RE NOT DESIGNING 
WITH ACSC PROTO-BOARD LOOK 

ATALLYOU'RE MISSING. 
Utility - Models are available 
with or without built -in regulated 
power supplies (fixed or 
adjustable). 

Economy - Eliminate heat and 
mechanical damage to expensive 
parts. Save money by re -using 
components. 

Versatility -Use with virtually all 
types of parts, including resistors. 
capacitors, transistors. DIP's. 
TO -5's, LED's, transformers, 
relays, pots, etc. Most plug in 
directly, in seconds. 

Durability -All Proto -Board 
models are carefully constructed 
of premium materials, designed 
and tested for long, trouble -free 
service. 

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

Visibility -All parts 
are instantly and easily 
visible, for quick circuit 
analysis and diagramming. 

Accessibility -All parts are 
instantly and easily accessible, for 
quick signal tracing, circuit 
modifications, etc. 

Variety -A wide variety of 
models are available with 
capacities ranging from 630 to 
3060 solderless tie -points (6 to 32 
14 -pin DIP's), to fit every technical 
and budget requirement. 

Speed -Assemble. 
test and modify circuits 
as fast as you can push 
in or pull out a lead. 
Save hours on every 
project. 

Adaptability -Use in design, 
packaging, inspection. OC, etc. 
Works with most types of circuits, 
in many, many applications. 

Flexibility -Use independently, 
or in conjunction with other 
accessories. such as scopes, 
counters, CSC Proto -Clip' 
connectors, Design Mate' test 
equipment, etc. One Proto -Board 
unit can serve a thousand 
applications. 

CONTINENTAL SPECIALTIES CORPORATION =0= 
44 K,siut,ll Street liux 1942. New Haven. CT 06509 

2U3 -624 3103 TWX 710 465-1227 
1'1, it C,,:c-T 351 Calit,nnr, SI . San Francisco, CA 94104 

415.421-8812 TM 910- 3727992 

© 1976 Continental Specialties Corp. 
Prices and specifications subject to change without notice. 

Whatever type of 
electronic circuits you 

work with, you can do 
more in less time with 

CSC's solderless Proto- 
Board systems. As fast and 

easy as pushing in or pulling out 
a lead, you can design, test and 

modify circuits at will. Com- 
ponents plug into rugged 5 -point 

terminals, and jumpers, where 
needed, are lengths of #22 AWG 

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

your way to assembling a new circuit. 
For more information, see your CSC 

dealer, or write for our catalog and 
distributor list. 

CSC PROTO -BOARD SOLDERLESS BREADBOARDS 

NO. OF 

MODEL SOLDERLESS IC CAPACITY MANUFACTURER'S 
NUMBER TIE-POINTS (14 -PIN DIP'S) SUGG LIST 

OTHER 
FEATURES 

PB-6 630 6 815.95 Kit -10- minute assembly 

PB-100 760 10 19.95 Kit -with larger capacity 

PB-101 940 10 29.95 8 distribution buses, 
higher capacity 

PB-102 1240 12 39.95 Large capacity. moderate 
price 

PB-103 2250 24 59.95 Even larger capacity: only 
2.7e per tie-point 

PB-104 3060 32 79.95 Largest capacity; lowest 
price per tie -point 

PB-203 2250 24 75.00 Built -in 1%-regulated 
5V. to low-ripple power 
supply 

PB-203A 2250 24 120.00 As above plus separate'hamp 
+15V and -15V internally 
adjustable regulated power 
supplies 
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The Complete 
Challenger System 

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

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

This fully -assembled system includes: 

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

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

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

characters at 2400 baud (other terminal options are available). 
And all interconnecting cables! 

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

cluding OSI's powerful Disk Operating System with variable 
length sectors. 6502 DISK BASED RESIDENT ASSEMBLER/ 
EDITOR! A totally interactive Assembler /Editor which as- 
sembles up to 600 lines a minute and is completely compatible 
with MOS Technology's Cross Assembler format. This program 
also contains a powerful disk -based line editor with commands 
for general text editing. OSI'S EXTENDED MONITOR: A power- 
ful machine language debugging and utilities package including 
a Disassembler which is format compatible with the Assembler! 
OSI 6502 8K BASIC FOR DISK BY MICROSOFT: This powerful 
BASIC has all the features of Altair" 8K BASIC for the 8080 
plus higher speed and disk storage. And it comes complete 
with a BASIC program library. 

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

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

OHIO 

( Anwisamaip.: 

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

RAM and 16K of I/O and ROM. There are over 13 accessory 
boards including A /D, D /A, parallel and serial I /O, cassette 
interfaces, a dual drive floppy, a video graphics display, several 
RAM and PROM boards, and multiple -processor configurations. 

APPLICATIONS: 
The Challenger system is complete, fully assembled and 

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

PRICES: 
Challenger System, complete as stated above with terminal 

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

and baud rate $209900 
IMPORTANT NOTE: 
One of the most important features of the Challenger System 

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

For more free information and the address of the OSI 
Computer Dealer or representative in your area, write to: 
OSI; Dept. S; Hiram, Ohio 44234 or enclose $1.00 for the full 
OSI catalog which contains kits from $134 and fully assembled 
computers from $439. 

SCIENTIFIC 
Dept. S, Hiram, Ohio 44234 



Announcing a Computer 
that thinks in BASIC 
for only $298. 

Ohio Scientific's new Model 500 computer has full mini -computer 
BASIC in ROM and a minimum of 4K RAM for user programs. 
BASIC is always there when the computer is turned on. 
Make your terminal intelligent! 
If your company or school has remote computer terminals, con- 
sider the Model 500 -1. It fits in the communications line between 
the terminal and modem or system. When the 500 -1 is off, the 
terminal talks to the modem. When it is on, the terminal talks to 
the Model 500. Use the Model 500 for short and medium sized 
programs in BASIC. Use its immediate mode as an ultra -powerful 
scientific calculator! 
Computers for Students 
Couple a Model 500 to a low cost purchased or leased terminal 
such as the popular ASR -33 teletype for student instruction. The 
Model 500's BASIC is a perfect instructional language for stu- 
dents. Since the computer's machine code is also accessible, 
the Model 500 can challenge the advanced student with other 
optional software such as our interactive Assembler /Editor. 
Personal Computing 
The Model 500 has eliminated all of the grief of the first genera- 
tion personal computers. This computer comes fully assembled, 
tested, and guaranteed. 
Most importantly, it is easy to use since the BASIC is always 
there. 
Flexibility and Expandability 
The Model 500 uses Ohio Scientific's standard 48 line bus so 
that it is fully compatible with our Model 400 kits and Challengerim 
product lines. Any of thirteen accessory boards including RAM, 
PROM, parallel, serial, A/D, D /A, cassette, and video graphics can 
be added as well as peripherals including floppy disks, line 
printers, color graphics, and more. 

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

The 8K BASIC features: full floating point math including 
transcendental functions, N dimension arrays, multiple letter 

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

The Model 500 board requires +5 volts at 2 amps, -9 volts at 
500ma, an external reset switch, and an ASCII serial terminal for 
operation. 
Model 500 -1 $429.00 
Fully enclosed 500 board with power supply, reset switch, and 
two 25 pin EIA standard terminal connectors for loop through 
operation. The 500 -1 is 12" x 15" x 4 ". 

Model 500-8 $629.00 
This unit is a 500 board in an eight slot Challengerlm case allow- 
ing seven slots for expansion. The unit has a heavy -duty UL 
recognized power supply and is 15" x 17" x 10 ". 

ORDER FORM 

Order directly from: 
Ohio Scientific; Hiram, Ohio 44234 

This introductory offer expires August 31, 1977. Please allow up to 60 days 
for delivery. 

PRINT OR TYPE CLEARLY. 

Name 

Shipping Address 

City State Zip 

Payment by: BAC (VISA)_ MC Money Order_ 
Credit Card Account # Expires 

Interbank # (Master Charge) 

Model 500 Boards @ $298.00 

Model 500.1 Computer @ $429 00 

Model 500.8 Computer @ $629.00 

Additional 4K RAM Memories 
for 5008 @ $149.00 

4% Sales Tax (Applies to 
Ohio Residents only) 

TOTALCHARGED OR ENCLOSED 

Ali orders shipped insured UPS unless otherwise requested. 

OHIO SCIENTIFIC 
Hiram, Ohio 44234 

Circle 117 on inquiry card. 



Listing 1: An APL Lunar Lander program. The program consists of the main 

program function FLY, plus an optional initialization program LEM and u set 

of sub functions called from FLY. All input and output operations are con- 
tained in the sub functions so that the operator can more easily experiment 
with different output formats. The program has been written for u hypotheti- 
cal APL interpreter designed for use in microcomputers, and as such uses u 

subset of the standard APL operators. Note the compact nature of the pro- 
gram (an APL hallmark), and the fact that line numbers used in program 
functions can be repeated in sub functions. 

FLY 
[1) L550:SBZB3pT3STT.0 
[2] E3p10 
[3] FF3 
[4] DA3,04,DS 
[5] VV6,V4,V5 
[6] L640:TFI(((I 1+(V.V)- 2,DC) +0.5)+1 +V)t1+C 
[71 CXSCALE 
[81 PTSTAT 
[9) T- -í.'T',(0.01 >F) /'F' 
[10) »(0.01 >F) /L830 
[11] SETVALUE 
[121 TMTr1+( IT)LFTF 
[13] 2.Z.M <I8 
[14] B(M1.IB).<8 
[15] 8((IB)l(0r£ -.\ 3 +2 +8T)+T)x4B 
[16] (0.01sP- 01F- T + /IB) /L1530 
[17] ' OUT OF FUEL 
[18] L1530:(v/(0 E1,2= Z)/L1780 
(191 (240) /r0)(3 10 p'V£RTICAL 

E WILL BLOW IN '7.13 3 p 3 0 'E), 3 7 p' BURNS.' 
(20) EE -Zx0 
[21] L830:DD +(V'T).(T4T "G.B) +2 
[22] V1' +T4G.B 
(231 BB40.01 <F 
[24] (0.001 <1 +D) /L640 
[251 ENDGAME 
[26] 0 
[27] L1780:' BANG!' 

TRANS VERS£HORIZONTAL'),(3 

[1] 
[21 
[3] 
[41 

[s] 
[6] 

[7] 

21 p' ENGIN 

CXSCALE;DSI ;DS2;PLOT 
+(100051 +0) /0 
-(100s1 +D) /L1 
' PREPARE FOR IMPACT' 
11351+01/L1 
' FASTEN RETAINING STRAPS' 

Ll:DS1. 1 +(0 20 100 500 2500 <I1+1+D)/ 4 20 100 500 2500 
DS2. 1+(0 20 100 500 2500 <1 -1+0)/ 4 20 100 500 2500 

(81 'SCALE:X= '.('DS2)..,Y =',PDS1 
[9] PLOT121p0 
[10] PLOTf.5.1141111.6 
[11] PLOT[55.t11111p5 
[12] PLOT[ 60- (11 +(5(lID[1]tDS1)x'D[1]) +((5LL 10(21.OS2)<D[2])]1 
[13) PLOT[60]2.PLOT[60) 
[14] m 11 11 pm' t0®.I-00'[PLOT1 

(1] 
[2] 
[3] 
(4] 
[5] 
[6] 

V 

PTSTAT 
'AT TIME T ,(0T3T3.T),' SEC. STATS ARE AS FOLLOWS:' 

VERTICAL TRANVERSE HORIZONTAL' 
'DISTANCE..9 +(18 2 'D),' METERS' 
'VELOCITY'.94(19 2 'V),'MTRS /SEC.' 
'FUEL... ',(2'F),' BURN UNITS' 
'COMPUTED TIME TO IMPACT AT PRESENT RATE... ',(2'TFxD[0]> 
0.001),' SECONDS.' 

(LOAD LEM 
SAVED 18.18.40 01/03/77 
THIS IS THE LUNAR LANDER PROGRAM 
TYPE -LEM TO ENTER A NEW SET OF SPACE AND VEHICLE. CONDITIONS 
TYPE "FLY- TO USE THE PRESTORED SET OR TO RETRY THE SET YOU ENTERED IN 

LEM 
[1] 'THIS IS A LUNAR LANDING PROGRAM' 
[2] 'ENTER INITIAL ALTITUDE IN METERS...' 
[3] A3.0 
[4] 'ENTER INITIAL VERTICAL VELOCITY (DOWN IS MINUS(...' 
[5] V6 -0 
[6] 'ENTER TRANSVERSE DISTANCE (Y1...' 
[7] 04 «0 
(8) 'ENTER Y VELOCITY...' 
[9] V4.-0 

[101 'ENTER HORIZONTAL (XI DISTANCE...' 
[111 05-0 
[12] 'ENTER X VELOCITY...' 
[131 V5.0 
(14) 'ENTER MAXIMUM BURN RATE...' 
[15] M0 
[16] 'ENTER FUEL CAPACITY...' 
[17] F3.0 
[18] 'ENTER PLANETARY FORCES (GRAVITY, Y AND X CORIOLIS COMPONENTS)' 
[19] G 3p0,0,0,0 
(20] 'ENTER MINIMUM. SPECIFIABLE TIME DELTA...' 
[21] MT.O 
[22] 'ENTER NANE OF YOUR SNIP...' 
[23) NO 
[24] 
[25] 
[26] 'CONTROL TO ',U,'... COMMENCE LANDING' 
[27] FLY 

V 

-LEM-. 
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Here's APL 

David D Keefe 
144A Spring St 
Tillson NY 12486 

About the Game 

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

The APL System 

This APL Lunar Lander program has been 
written using a significant subset of the full APL 
operator set (such as APLSV implemented on the 
IBM 5100), and is eventually intended for use on 
a small system APL interpreter. In general, the 
functions use no array operations or vector sub - 
scripting (indexing). However, for illustration pur- 
poses specific examples of array reduction and 
vector indexing are included. In these cases the 
text describes alternate procedures with examples 
to show why it is advantageous to keep this higher 
level of capability. The operator subset used is 

based on a proposal contained in Mark Arnold's 
article "What is APL ?" (November 1976 BYTE, 
page 20), which has been expanded slightly to 
include the execute and vector rotation operators. 

About the Author: Dave 
Keefe describes himself as 

an incredibly lazy pro- 
grammer. He is convinced 
that APL lets him write, 
test and bring up a new 
application in less time, 
less effort and with less 

symbols than any other 
major language. He wrote 
this article over the holi- 
day season in the hope 
that the game format 
would make a good vehicle 
for showing how APL can 
be applied. The game pro- 
gram took a couple of 
evenings at an APL 
machine's terminal. The 
rest of the article took 
considerably longer. 



in Action! 

to use vector operations within the force 
equations, resulting in a simplified program 
structure. Vector operations also allow the 
game to be easily expanded: For example, 
the user can now specify Coriolis force 
elements, seen as an effect on the horizontal 
and transverse velocities as a result of the 
rotation of the target planet. These forces 
are applied as a part of the same equation 
which applies the gravitational force. 

The Program 

The APL LEM program consists of a main 
program function (FLY), an optional initial- 
ization function (LEM), and a set of sub - 
functions which are called from within FLY. 
In general, the input and output operations 
associated with LEM have been put into 
separate functions. This permits experimen- 
tation with variations of the IO formats with- 
out affecting the main processing program 
which calls these functions. The accom- 
panying write -up describes each of the state- 
ments in the FLY program and the general 
operations performed in the other functions. 
It is intended as a tutorial to be read in con- 
junction with the function listings, which 
continue on the next two pages. 

Listing 1, continued: 

SET VALUE 
[1] 'T' SET 'ENTER TIME INTERVAL - 
[21 'Bf0]' SET ' VERTICAL (Z) BURN? ' 

[3] '8111' SET ' TRANSVERSE (Y) BURN? ' 

[4] '812]' SET ' HORIZONTAL (X) BURN? ' 

[11 
:21 
:3] 
[4] 
[5] 
[6] 
(71 
[e] 
[9] 

[1] 
[2l 
[3] 
[4] 
[5] 

v 

A SET MSG;V 
»(1=1'S',A)/0 
p-MSG 
V-(pMSG)+L9 
»(v/V='»')/5S 
i/1,'-FIX V' 

»0 
SS:!'S, A ,-1' 

iA,'.0. 
.0 

V 

Z-FIX D 
D[14Z/1pZ.D=',']-' ' 

Z.(Ds0 ')/D 
D-14.Z,'O' 
Z-(O4pZ)/((-De'.0123456789')/'-'),Z-(Z,'.0123456789')/0 

v 

ENDGAME 
[1] Dr0]-0 
[2] CXSCALE 
[3] PTSTAT 
[4] »4/3x1V)/SUCC 
[5] (8 6 p' OH- OH ...SHUCKS...SORRY...AAAAARGHWH OOPS ..pf ? >,!!!AIEEEEEEGDHELPUS')f 

Ifs/ 1 2 4 4Z- 3 <IV.0 ;] 
[6] ' 

[7] AT ',(04T3160),' MIN., 
18] ALL RADIO CONTACT WITH 
[9] AT LAST REPORT SHE WAS 

ATE' 
[10] OF ',(2w'/[0]).' METERS /SEC., WITH A GROUND SPEED OF '.(2.B -(+ /8x8- 1 +!'.G) 

0.5).' METERS /SEC.' 
[11] HER LAST REPORTED POSITION WAS ',(2,(4/D.D- 14D).0.5),' METERS FROM THE TARG 

ET LANDING SITE.' 
[12] SHE IS PRESUMED TO HAVE ',((30V[0]) /'CRASHED ',(3 <B) /' AND '),((3 <B) /'FLIP 

',(2460IT3),' SEC. INTO THE LANDING PROCEDURE' 
THE ',N,' WAS LOST.' 
,((0.01 >F) /'OUT OF FUEL AND '),'DESCENDING AT THE R 

PED OVER '),'UPON IMPACT.' 
[13] »0 
[14] SUCC:' THE ',N.' HAS LANDED! 

[15] »(A /4,IB- 0./Bx8- 1,D).0.5) /GRT 
[16] »(4 /20,I11) /O11 
[17] »(6/100,18) /FAIR 
[18] -(4 /500,18) /POOR 
[19] 'OF COURSE YOU ARE HOPELESSLY LOST IN THE WILDERNESS.' 
[20] .0 
[21] FAIR:'TOO BAD THAT YOU ARE BALANCED ON THE EDGE OF A CREVASSE... YOU WERE ',1 

7 2 vB),'METERS CFF TARGET' 
[22] »0 
[23] OK:'YOU ARE ALMOST READY TO SOLO WITH TPAT PERFORMANCE!' 
124] .0 
[25] GRT:'YOU QUALIFY FOR SENIOR PILOT WITH THAT ONE!' 
[26] »0 
[27] POOR:'UNFORTUNATELY YOU ARE IN THE MIDDLE OF A RATHER DEEP RIVER 

WORSE YET, YOU ARE 3 METERS UPSTREAM OF A 1000 METER WATERFALL!' 
[28] »0 

V 

Listing 2: An explanation of the Lunar Lander program shown in listing 1. 

Author Keefe provides detailed comments about the program, a virtual 
necessity when programming or reviewing programs in APL, because of its 
conciseness. In the case of the subfunction CKSCA LE, an alternate program 
is described which avoids the use of vector and array indices. 

FUNCTION LAME: FLY 

THIS FUNCTION IS THE PRINCIPAL CALCULATION AND NOGIC 
PROCESS IN THE LINAP. LANDER (ALIAS - THE MAIN LINE). BRANCH 
POINTS WITHIN FLY ARE LABELLED -L.- WHERE x x IS THE LINE 
NUMBER IN THE FASIC VERSION OF LEM WHICH IS MOST COMPARABLE 
TO THE PROCESSING WHICH OCCURS AT THIS STATEMENT. THE 
FOLLOWING SECTION PROVIDES A LINE BY LINE DESCRIPTION OF 
THE PROCESSING WHICH IS PERFCR.'.'ED IN FLY: 

LINE NOI DESCRIPTION 

1 THIS LANE SHOWS HOW A SINGLE. APL STATEMENT CAN BE USED TC 
SPECIFY MULTIPLE VARIABLES FOR POTR VECTORS AND 
SCALARS. THIS STATEMENT SETS ALL OF THE 
VARIABLES NAMED TO ZERO. SB, Z, AND B ARE 3 

ELEMENT VECTORS; T3, ST, AND T ARE SCALARS. 

2 E IS A VECTOR WHICH SHOWS THE NUMBER OF BURNS LEFT FOR A 
DAMAGED ENGINE. IF ANY ELEMENT OF E EVER REACHES 
ZERO THE ENGINE WILL EXPLODE. 

3 F IS TEE REMAINING FUEL. IT IS INITIALIZED TO THE VALUE 
INPUT IU THE LEM. ROUTINE. 

4 D IS THE DISTANCE VECTOR CONTAINING THE ALTITUDE, 
TRANSVERSE AND HORIZONTAL DISTANCE FROM THE 
TARGET LANDING AREA. NOTE HOW CATENATION IS USED 
TO FORM THE VECTOR FROM THE THREE SCALARS WHICH 
WERE ENTERED IN LEM . 

5 Y IS THE VELOCITY VECTOR MADE UP OF THE VERTICAL, 
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TRANSVERSE AND HORIZONTAL VELOCITIES BEING 
APPLIED TO THE LANDER. 

6 L640 - THE START OF THE MAIN PROCESSING, LOOP. TF IS THE 
CALCULATED TIME UNTIL IMPACT ASSUMING THE 
VERTICAL ENGINE IS SHUT DOWN. THIS IS SIMPLY A 

SOLUTION FOR THE POSITIVE REAL ROOT OF THE 
OUADRATIC EQUATION [O =D.(V.TF).(. 5'G)xTF2]. 

7 THE CXSCALE FUNCTION PRINTS THE GRID SHOWING LEM LOCATION 
VERSUS THE TARGET AS THE LEN APPROACHES 
TOUCHDOWN. 

8 THE PTSTAT FUNCTION PRINTS THE CURRENT FLIGHT STATISTICS. 

9 AND 10 PROVIDE A SHORTCUT FOR THE CASE WHERE THE LEM HAS 
RUN OUT OF FUEL. STATEMENT 9 FORCES THE TIME TO 
THE FULL TIME -TO- IMPACT AND 10 THEN BRANCHES 
DIRECTLY TO THE MAIN CALCULATION SEGMENT. 
THESE STATEMENTS COULD HAVE BEEN COMBINED INTO A 

SINGLE COMPOUND STATEMENT. FOR EXAMPLE, 
' IFT, Op'T- ,'T'.(FT.0.01 >F) /'F') /L830 HOWEVER THE 
CATENATION FT,OpT.... IS ARTIFICIAL AND NOT 
CONSIDERED GOOD FORM IN APL. 

11 THE SETVALUE FUNCTION READS IN NEW VALUES FOR THE TIME 
INTERVAL AND BURN RATE (T AND B). 

12 THE RESULTANT VALUE OF T WILL BE EQUAL OR GREATER THAN 
THE MINIMUM ALLOWED TIME (MT) AND NO GREATER THAN 
THE NEAPEST WHOLE SECOND GREATER THAN THE 
ZERO -BURN TIRE TO IMPACT (TE). 



Listing 2, continued: 

13 A REAL EXAMPLE OF THE POWER OF APL. NOTE NOW THE RESULTS 
OF THE LOGICAL OPERATION M <IB (MAXIMUM BURN RATE 
LESS THAN THE ABSOLUTE VALUE OF THE BURN VECTOR 
ELEMENTS) ARE USED TO INCREMENT THE Z VECTOR 
WHICH INDICATES ENGINE DAMAGE. IF ANY ONE OF THE 
BURN ELEMENTS EXCEEDS M. THE CORRESPONDING 
ELEMENT IN 2 IS INCREMENTED. 

14 THE RESULTANT B IS LIMITED TO THE MAXIMUM BURN RATE. THE 
OPERATION = =B REPLACES THE SIGN ON EACH ELEMENT 
OF B WHICH WAS REMOVED BY THE ABSOLUTE VALUE OR 
MAGNITUDE OPERATION. 

15 THE BURN VALUES (B) ARE LIMITED BY THE AVAILABLE FUEL 
AND FUEL PRIORITY GOES TO THE VERTICAL ENGINE 
BEFORE TRANSVERSE, BEFORE HORIZONTAL. NOTE THE 
USE OF THE PLUS SCAN OPERATOR ( + \). IF B =1 2 3, 

THEN +\-3$2+B WOULD BE * \0 1 2 OR 0 1 3. IF PLUS 
SCAN IS NOT IMPLEMENTED LINE 15 MUST BE EXPANDED 
TO 3 LINES WITH SEPARATE FUEL TESTS FOR EACH 
ELEMENT OF B. 

16 THE NEW FUEL VALUE IS CALCULATED AND THEN TESTED, A 

BRANCH TO L1530 OCCURS IF MORE THAN 9 THOUSANDTHS 
OF A BURN UNIT REMAIN. 

17 PRINTS THE OUT OF FUEL WARNING 

18 L1530 CONTAINS A POWERFUL TEST USED TO DETERMINE IF ANY 
ENGINE HAS BEEN ABUSED. TWO LOGICAL VECTORS (0 =E 
AND 2 =2) ARE CATENATED AND THE RESULT IS TESTED 
VIA OR REDUCTION (v /). IF ANY OF THE ELEMENTS IN 
THE RESULTANT VECTOR IS SET TO 1, THE BRANCH TO 
L1780 OCCURS (BANG). 

19 SHOWS APL ARRAY CAPABILITY AS THE LOGICAL VECTOR Z0 IS 
USED TO SELECT ROWS OF A CHARACTER ARRAY WHICH 
CONTAINS A MESSAGE. IF THE MICRO -APL SYSTEM 
DOESN'T SUPPORT ARRAY OPERATION, USE ONE OF THE 
NON -ARRAY ALTERNATIVES SHOWN BELOW. 

[19] (Os1f2) /'V£RTICAL'.(ENG -' ENGINE WILL BLOW IN ') 

,(vlfE),BN -' BURNS' 
[19.1] (0 *1 +1 +2) /'TRANS VERSE',ENG,(1 +1+E),BN 
[19.2] (019Z)/'HORIZONTAL' ,ENG,( 1+E),BN 

IF VECTOR SUBSCRIPTING IS ALLOWED A CONVENIENT 
ALTERNATIVE IS 

[19] 0 BURN 'VERTICAL' 
[19.1] 1 BURN 'TRANSVERSE' 
[19.2] 2 BURN 'HORIZONTAL' 

WHERE BURN IS THE FUNCTION... 
OA BURN MSG 

[1] Z[A] /MSG,' ENGINE WILL BLOW IN ',(vE[A]),' BURNS'O 

20 LIKE LINE 13 USES THE LOGICAL VECTOR RESULT IN AN 
ARITHMETIC OPERATION -TO DECREMENT THE REMAINING 
BURN COUNT. 

21 L860 - THE REAL WORK OF THE FLY FUNCTION! THIS STATEMENT 
CALCULATES THE NEW DISTANCE VECTOR 

22 FORMS THE NEW VELOCITY VECTOR 

23 ZEROS THE BURN VECTOR IF THE FUEL IS EXHAUSTED. 

24 BRANCHES BACK TO L640 IF THE LEM IS MORE THAN A 

MILLIMETER ABOVE THE SURFACE. 

25 THE ENDGAME FUNCTION PRINTS YOUR REPORT CARD. 

FUNCTION NAME: CKSCALE 

THIS FUNCTION DISPLAYS A GRID SNOWING THE LEM POSITION 
( +SYMBOL) RELATIVE TO THE TARGET LANDING AREA. THE 
GRID APPEARS AS SOON AS THE ALTITUDE IS 1000 METERS OR 

LESS. WARNING MESSAGES APPEAR AT 100 METERS ALTITUDE 
AND AN EXPANDED WARNING APPEARS AT 10 METERS. TRY 
LINES 6 AND 7 IN BASIC! THE HORIZONTAL AND TRANSVERSE 
SCALES OF THE GRID ARE AUTOMATICALLY ADJUSTED AS THE 
LEM GETS CLOSER TO THE TARGET. THE LEM IS SUPERIMPOSED 
ON THE TARGET IMAGE IF YOU FLY IT WITHIN 4 METERS. 
THIS FUNCTION USES VECTOR OPERATIONS ONLY EXCEPT FOR 
LINE 14 WHICH PRINTS THE GRID AS A CHARACTER ARRAY. 
LINE 14 COULD BE REPLACED WITH A LOOP TO PRINT EACH 
ROW OF THE GRID. THE ROTATE OPERATORS (m) CAN BE 
ELIMINATED BY CHANGING A COUPLE OF SIGNS IN LINE 12. 

THIS WHOLE ROUTINE IS MORE STRAIGHTFORWARD IF ARRAY 
INDEXING IS ALLOWED. EG - NERE ARE LINES 9 -14 IN APLSV 
NOTATION AS USED IN THE IBM 5100: 

[91 PLOT -11 11p0 
[10] PLOT[;5] -6 
[11] PLOT[5;] -5 
[12] PLOT[ 5-( SLLID[ 1]+ DS11= D[1] :5 *(SLLID[2]+DS2)D[2]J -1 
(13] PLO'T)5 :5)- PLOT15 :5].2 

(14] ' +0® *1- OO'[PLOT19 

AN ALTERNATIVE ROUTINE WHICH USES A LOOP AND AVOIDS 
BOTH VECTOR AND ARRAY INDICES IS: 

[9] L-S-(SLLIDI+DS1)==D1-1f1+D 
[10] R-5*(5L1.ID2+DS2)==D2-1+D 
[11] I-0 
[12]LOOP:-(I=LI/SET 
[13] -(I=5)/R5A 
[14] 11f 6f'-' 
[15] +NXT 
[16]R5A:11p(5p'I'),'O' 
[17] +NXT 
[18]SET:(I=5)/RSB 
[19] (RfSC),'+',(R+1)+SC-11+ 6+'-' 
[20] -NXT 
[21]RSB:(R+SC),(1f((R=51/'®').'+'),(R+1)+SC-11p(5p'l'1,'0' 
[22)NXT:-(10zI-I*1)/LOOPO 

FUNCTION NAME: PTSTAT 

THIS FUNCTION PRINTS OUT THE CURRENT FLIGHT 
STATISTICS. 

FUNCTION NAME: LEM 

THIS FUNCTION IS USED TO INPUT THE INITIAL PARAMETERS 
TO THE WORKSPACE. NOTE THAT MORE VARIABLES ARE 
REQUESTED IN THIS VERSION OF LEM THAN IN THE BASIC 
VERSION. THE ADDED VARIABLES LET YOU MAKE THE GAME 
MORE CHALLENGING BY SPECIFYING THE MINIMUM BURN TIME 
AND ALSO IMPOSING CORIOLIS FORCES ASSOCIATED WITH THE 
ROTATIONOF THE PLANET IN ADDITION TO THE GRAVITY 
FORCE. 

FUNCTION NAME: SET VALUE 

THIS FUNCTION IS USED TO INPUT NEW TIME AND BURN 
VALUES TO THE FLY PROGRAM. SETVALUE USES THE SET 
FUNCTION TO READ AND CHECK EACH VALUE. SET IN TURN 
USES THE FIX FUNCTION TO TRANSLATE THE CHARACTER INPUT 
INTO A VALID NUMERIC VALUE. IF KO VALUE IS ENTERED IN 
RESPONSE TO TEE REQUEST FOR INPUT. THE PREVIOUSLY 
ENTERED VALUE WILL BE USED. SET ALSO SCANS FOR A 
IN THE INPUT CHARACTER STRING. THIS CHARACTER IS USED 
TO SHUT DOWN THE ENGINE FOR THE DURATION OF THE 
FLIGHT. THE APPROPRIATE BURN VALUE WILL BE SET TO ZERO 
AND NO FURTHER INPUT VALUES WILL BE REQUESTED FOR THIS 
ENGINE. 

FUNCTION NAME: ENDGAME 

THIS FUNCTION PRINTS THE GOOD /BAG NEWS ONCE THE LEM 
HAS REACHED THE SURFACE. NOTE THAT A COMMON MESSAGE IS 
USED FOR ALL CRASH REPORTS WITH LOGICAL OPERATIONS 
USED TO CONTROL INCLUSION OF VARIOUS DISASTERS. 

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

FLY 
AT TIME T = 0 SEC. STATS ARE AS FOLLOWS: 

VERTICAL TRAN VERSE 
DISTANCE 3000.00 2300.00 
VELOCITY -100.00 580.00 
FUEL... 1500.00 BURN UNITS 

COMPUTED TIME TO IMPACT AT PRESENT 
ENTER TIME INTERVAL- 14.5 

HORIZONTAL VERTICAL (Z) BURN? 1.2 
2000.00 METERS TRANSVERSE (Y) BURN? 0 

5.00MTRS /SEC. HORIZONTAL (X) BURN? 1 

COMPUTED TIME TO IMPACT AT PRESENT RATE... 26.49 SECONDS. SCALE:X =20,Y =4 
ENTER TIME INTERVAL- 10 

VERTICAL (2) BURN? 1 

TRANSVERSE (Y) BURN? 61 
HORIZONTAL (X) BURN? 11 - 

11111011111 AT TIME T = 10 SEC. STATS ARE AS FOLLOWS: 
VERTICAL TRANVERSE 

DISTANCE 1900.00 -450.00 
VELOCITY 120.00 30.00 
FUEL... 770.00 BURN UNITS 

HORIZONTAL 
1500.00 METERS 
105.00MTRS /SEC. 
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Listing 3, continued: 

AT TIME T = 24.5 SEC. STATS ARE AS FOLLOWS: 
VERTICAL TRANVERSE HORIZONTAL 

DISTANCE 181.03 15.00 82.63 METERS 
VELOCITY - 117.10 30.00 - 90.50MTRS /SFC. 
FUEL... 738.10 BURN UNITS 
COMPUTED TIME TO IMPACT AT PRESENT RATE... 1.54 SECONDS. 
ENTER TIME INTERVAL- 1 

VERTICAL (Z) BURN? 0 

TRANSVERSE (Y) BURN? 30 
HORIZONTAL (X) BURN? 70 

PREPARE FOR IMPACT 
SCALE:X=20,Y=0 

IIIII](I111 

AT TIME T = 25.5 SEC. STATS ARE AS FOLLOWS: 
VERTICAL TRANVERSE HORIZONTAL 

DISTANCE 63.43 .00 _27.13 METERS 
VELOCITY 118.10 .00 20.50MTRS /SEC. 
FUEL... 638.10 BURN UNITS 
COMPUTED TIME TO IMPACT AT PRESENT RATE... .54 SECONDS. 
ENTER TIME INTERVAL - 

VERTICAL (Z) BURN? 117 
TRANSVERSE (Y) BURN? » 
HORIZONTAL (X) BURN? 3 

PREPARE FOR IMPACT 
FASTEN RETAINING STRAPS 

SCALE:X=4 Y.0 

1111101 +III 

AT TIME T = 26.5 SEC. STATS ARE AS FOLLOWS: 

VERTICAL TRANVERSE HORIZONTAL 
DISTANCE _3.33 .00 8.13 METERS 
VELOCITY 2.10 .00 - 17.50MTRS /SEC. 
FUEL... 518.10 BURN UNITS 
COMPUTED TIME TO IMPACT AT PRESENT RATE... 1.23 SECONDS. 
ENTER TIME INTERVAL- 1 

VERTICAL (Z) BURN? 1 

HORIZONTAL (X) BURN? 17.5 

PREPARE FOR IMPACT 
FASTEN RETAINING STRAPS 

SCALE:X =4 Y =0 

IIIIIMIIIII 

AT TIME T = 27.5 SEC. STATS ARE AS FOLLOWS: 
VERTICAL TRANVERSE 

DISTANCE _1.23 .00 
VELOCITY 2.10 .00 
FUEL... 499.60 BURN UNITS 
COMPUTED TIME TO IMPACT AT PRESENT RATE... .52 SECONDS. 

HORIZONTAL 
.63 METERS 
.00MTRS /SEC. 

ENTER TIME INTERVAL- 1 

VERTICAL (Z) BURY? 1 

HORIZONTAL (X) BURN? » 

PREPARE POR IMPACT 
FASTEN RETAINING STRAPS 

SCA LE:X =4 Y.0 

Illllßlllll 

AT TIME T = 28.5 SEC. STATS ARE AS FOLLOWS: 
VERTICAL TRANVERSE 

DISTANCE .00 .00 
VELOCITY 2.10 .00 
FUEL... 498.60 BURN UNITS 
COMPUTED TIME TO IMPACT AT PRESENT RATE... 

THE HAL LUJAH HAS LANDED! 

YOU QUALIFY FOR SENIOR PILOT WITH THAT ONE! 

HORIZONTAL 
-.63 METERS 

. 00MTRS /."E.'. 

.00 SECONDS. 

Business Firmware Announced! 
f Soon To Be Unveiled 

Includes over 
$25,000.00 of busi- 
ness programs free 
and that's only part 
of what we're giving 
away. We built our 
reputation providing 
quality software at 
affordable prices. 
Now we are going to 
do the same with 
Firmware. 

Dealer Inquiries Invited. 

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

Software and Hardware that work. 

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

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

600K Byte Disk, Disk Extended Basic and applications Software on 
diskettes complete with full documentation (includes General Ledger, Pay- 
roll, Word Processing, Medical A /R, A /P, Engineering, Statistics, more) 
plus a lease purchase plan and field service in most areas. Hard to believe! 
For less than $300 you could lease your very own, nothing else to purchase. 
Foreign packages available last of '77. 

Complete System (fully assembled) $8999.00' 
Additional 600K disks optional. 

Compare at $30,000 for other micros or $70,000 for mini's 
'Add $60 for UPS shipping and handling No Purchase Orders - include 50% deposit with all COD orders. 

RESEARCH 
1712 -B Farmington Court 

Crofton, MD 21114 
(301) 721 -1148 
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SYNCHRO-SOUND Enterprises 
Your Small Computer Department Store 

One -stop shopping for 
Hardware and Software 

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

NBA' LEAR 
ADM 3A RRMINAL 

Full addressable cursor. 
Character Generation- 5 x 7 dot matrix. 
Display Format- Standard: 1920 
characters, displayed in 24 lines of 80 
characters per line. 
Character Set- Standard: 64 ASCII 
characters, displayed as upper case, plus 
punctuation and control. 
Communications Rates- 75 to 19,200 
baud (switch selectable). 
Computer Interfaces- EIA standard 
RS232C and 20mA current -loop (switch 
selectable). 
Data Entry- New data enters on bottom 
line of screen; line feed causes upward 
scrolling of entire display with top -of- 
page overflow. Automatic new line 
switch selectable, end -of -line audible 
tone. 

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

IMSAI 8080 MICROCOMPUTER 

_ . 

IMSAI 8080 

-i-1^ I ' . _ . 

- -- 

tttG. , 
Powerful Easy to use Low cost 

With 22 Slot Mother Board ... $619.95 
With Z -80 CPU 849.95 

OKIDATA Model 110 Line Printer 

r 

110 CPS 
dot matrix 

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

SPECIAL BUYS 

HAZELTINE Modular One Video 
Terminal $1639.00 

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

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

Controller 599.00 
OKIDATA Model 22 Printer 2095.00 
OM N ITEC 401C 300 Baud Modem 300.00 
2708 EPROMS 29.95 
OAE Papertape Reader 69.95 

SOL 20 In Stock For Immediate Delivery 



NEW 
COMMERCIAL QUALITY KEYBOARD 

The Model SS -1 Communications Terminal 
is a non -contact capacitive keyboard with a 

guaranteed life of over 100,000,000 opera- 
tions. 

MOSILSI Encoder with high reliability 
low power consumption. 
Key Roll Over which eliminates operator 
error and increases thruput. 
Hysteresis for tease proof operation. 
Solid State performance at mechanical 
switch prices. 
Tactile Feedback at the operate point. 
ASR -33 Array with four mode encoding. 

Keyboard Kit $99.95 
Enclosure (with numeric 

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

(with pad) 229.95 

132 column printing 30 CPS 
Full keyboard Tractor Feed 

$1769.95 

SOFTWARE 
Attention ALTAIR DISK Owners 

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

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

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

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

SYNCHRO -SOUND Enterprises 
The Computer People 

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

Hours 9 -4 daily Visit our new showroom ... 
and Saturday working units on display 
Dept. B BankAmericard Master Charge 

Please send me further information on: (list items) 

I . 

Price List '1 

Name 

Address 

City State Zip 

Circle 118 on inquiry card. 



An APL 

Interpreter for 

Microcomputers: 

Part 1 

Michael Wimble 
6026 Underwood Av SW 

Cedar Rapids IA 52404 

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

The format of this article will be 

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

Table of Contents 

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

Part 1: The Scanner 

Statement scanner tables 

Results of a hypothetical program containing a user -defined function 

Statement scanner overall flowchart 

Scanner subroutine flowcharts 

Part 2: The Statement Interpreter - Expression Evaluation 

Interpretation of variables 

Interpretation of constants 

Interpreter flowcharts 

Part 3: The Statement Interpreter - Mathematical Processing 

Recognition of operators 

Interpretation of operators 

Interpreter flowcharts 

I 

I 

September 1977 
BYTE 

October 1977 
BYTE 
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The Great APL Interpreter Contest 

As an incentive to those experimenters 
who would like to try writing their own APL 
interpreters based on this series of articles, 
BYTE announces the Great APL Interpreter 
Contest. We will award prizes for APL inter- 
preters (suitable for publication with royal- 
ties to authors) based on Mike's flowcharts 
(or independent of them if you prefer). 

Contestants are free to write their inter- 
preters for any microprocessor they choose. 
Entries will, however, be judged on their 
suitability for use on small systems with a 
minimum of 16 K bytes of memory, as well 
as on programming elegance and efficient 
use of space. All of these factors should 
therefore be kept in mind. 

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

Introduction 

Under the sponsorship of the National 
Science Foundation, Bernard J Robinet 
produced an NTIS report entitled, "Archi- 
tectural Design of a Directly- Executed APL 
Processor ". Although at a detail level the 
paper is fraught with logical and typo- 
graphical errors, it presents an excellent 
and complete plan for implementing an 

APL interpreter via software, firmware or 
hardware. This article is a description of 
just such an interpeter. The program was 

originally written in the PL /I language but 
is presently being enhanced and translated 
for execution on a TMS 9900 micropro- 
cessor. No attempt will be made herein to 
describe APL, and the information is aimed 
at the experienced programmer who can use 

flowcharts and diagrams as a starting point. 
Emphasis is placed on architecture, rather 
than on actual code so that, while the more 
experienced programmer should have 
enough information to program his or her 
own interpreter, even the neophyte can still 
learn many of the techniques of interpreter 
design. 

The APL interpreter is organized as two 
separate subprograms which are executed 
sequentially. The first subprogram is the 
scanner, the second is the intepreter. The 
scanner accepts all program input, trans- 
lating the program into a series of syllables 
and pointers, until the end of an immediate 
mode statement is found. The interpreter 
gains control to execute an immediate mode 
statement, using the information built by 
the scanner, and returns control to the 

February 28 1978. Entries must be in the 
form of a publication quality manuscript 
which describes the implementation of the 
interpreter and which includes a listing of 
source code and object code. Contestants 
should also submit machine readable source 
and object code in the form of paper tape or 
cassette. 

The winners (if any) will receive $1000 
plus normal author payments, should the 
entry be chosen for publication in book 
form or as an article in BYTE. We reserve 
the right to choose more than one winner 
under the same terms. 

judging will be done by the editors of 
this magazine. Those seriously interested in 
entering this contest should call Carl 
Helmers or Chris Morgan at BYTE, 
(603)924 -7217. May the midnight oil burn 
prosperously for all. 

scanner upon completion. We begin our 
discussion by looking at some of the tables 
common to both subprograms. After this 
discussion one should have a general under- 
standing of the working of the interpreter 
and we can begin a detailed description of 
the actual program. 

Table 1: A sample APL statement, plus a breakdown of the statement into 
"tokens. " This program inputs a list of numbers and prints their average. 

The token is the basic semantic element of a program. just as a program 
consists of one or more statements, a statement consists of one or more 
tokens. (In the literature, the term token is sometimes equated with "sym- 
bol" or `atom." This can lead to some confusion because the term "atom" 
has a somewhat different meaning when used by LISP programmers.) Even 

though tokens can be further broken down into elements called characters, 
the interpreter spends very little time dealing with individual characters 
compared with the time spent in manipulating tokens. 

/ Characters 

APL Statement 

E( + /XX) +p,XX< 

p 

XX 
F 

Token 

quad 

left arrow 

left parenthesis 

plus operator 

reduction operator 

variable name 

right parenthesis 

divide operator 

rho operator 
ravel operator 

variable name 

left arrow 

quad 

6 

dV 
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Table 2: Set of noun -adjective combinations (syllables) used by the inter- 
preter. One of the main functions of the scanner is to extract the tokens from 
each statement, left to right, and to store them in a table as a noun -adjective 
combination. Surprisingly few nouns (only nine) are needed to construct a 

powerful interpreter. The table of noun - adjective pairs built by the scanner 

is labelled SP, and each entry consists of two elements: C is the noun and P 

is the associated adjective. Three of the adjectives are labelled "variable num- 
ber. " This number is actually a pointer to the symbol table VTAB which is 

indexed by VAR. Each entry in VTAB has three elements: V7, V2 and V3. 

V1 is the character representation of the symbol. V2 is a pointer to another 
table, FTAB (see table 5), but V2 is used to distinguish between global 
variables and formal parameters of the same name. V3 is also a pointer to 
another table, D (see tables 4a and 4b), and is set by the statement inter- 
preter as memory is assigned to hold a value for the variable. V3, then, is 

either the address, or a pointer to the address, of the value of the variable. 

NOUN 

NUMBER NOUN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

FORMAL RESULT 
FORMAL ARGUMENT 
GLOBAL VARIABLE 
MONADIC OPERATOR 
REDUCTION OPERATOR 
DYADIC OPERATOR 
SPECIAL OPERATOR 
CONSTANT 
STATEMENT END 

ASSOCIATED ADJECTIVE 

VARIABLE NUMBER 
VARIABLE NUMBER 
VARIABLE NUMBER 
OPERATOR NUMBER 
OPERATOR NUMBER 
OPERATOR NUMBER 
CHARACTER 
ADDRESS OF CONSTANT 
STATEMENT NUMBER 

Table 4a: Format of entry 
in table D for a vector or 
a matrix. When a constant 
is encountered in a state- 
ment, the actual value is 

stored in this table, and 
the appropriate adjective 
in table SP points to the 
address of the constant in 
this table. Constants, values 

assigned to variables, and 
intermediate results of 
computations are stored in 
this table. Each entry in 
the table is a variable 
length string consisting of 
several elements. 

TABLE D INDEXED BY DA 

ELEMENT CONTENTS 
1 

2 

3 

4 

N+2 
N+3 

N+2+x/pENTRY 

1 

TABLE SP INDEXED BY I 

Table 3: Representation of 
the tokens of the A PL state- 
ment 04( + /XX)= p,XX -o 
in table SP (see table 1). 

After a program has been 
stored left to right in 
table SP by the scanner, 
the interpreter will execute 
the statements from right 
to left. Obviously more 
information is needed for 
statement execution than 
is contained in this table. 

ENTRY Ç P TOKEN 
1 7 11 QUAD 0 
2 7 3 LEFT ARROW F 
3 7 6 LEFT PARENTHESIS ( 

4 5 1 REDUCTION BY + +/ 

5 3 1 GLOBAL VARIABLE XX XX 
6 7 7 RIGHT PARENTHESIS ) 

7 6 4 DYADIC OPERATOR 
8 4 7 MONADIC OPERATOR p p 

9 4 8 MONADIC OPERATOR , 

10 3 1 GLOBAL VARIABLE XX XX 
11 7 3 LEFT ARROW t 
12 7 11 QUAD 

TOTAL LENGTH OF ENTRY 
NUMBER OF DIMENSIONS FOR ENTRY 
LENGTH OF DIMENSION 1 (SIZE OF 
LENGTH OF DIMENSION 2 (SIZE OF 
LENGTH OF DIMENSION N (SIZE OF 

(RANK OF ENTRY OR ppENTRY) 
FIRST DIMENSION OR pENTRY[1]) 
SECOND DIMENSION OR pENTRY[2]) 
LAST DIMENSION OF pENTRY[ppENTRY]) 

VALUE OF ELEMENTS STORED 
IN ROW MAJOR ORDER 
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TABLE D INDEXED BY DA Table 4b: Format of entry 
in table D for a scalar. 

ELEMENT 
1 

2 

3 

CONTENTS 
CONSTANT 3 

CONSTANT 0 

VALUE OF SCALAR 

(LENGTH OF ENTRY) 
(NUMBER OF DIMENSIONS FOR ENTRY) 

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

TABLE FTAB INDEXED BY F 

ELEMENT USE 
F1 CHARACTER REPRESENTATION OF FUNCTION NAME 
F2 "ARITY" OF FUNCTION. EQUALS 0 FOR NILADIC, 1 FOR MONADIC, 

AND 2 FOR DYADIC. 
F3 "EXPLICIT RESULT" FLAG. BINARY 0 FOR NO EXPLICIT RESULT, 

BINARY 1 FOR EXPLICIT RESULT. 
174 CHARACTER REPRESENTATION OF VARIABLE NAME OF EXPLICIT RESULT. 
F5 CHARACTER REPRESENTATION OF VARIABLE NAME OF LEFT ARGUMENT 

FOR DYADIC FUNCTION. 
F6 CHARACTER REPRESENTATION OF VARIABLE NAME OF RIGHT ARGUMENT 

FOR DYADIC FUNCTION, OR ARGUMENT FOR MONADIC FUNCTION. 
F7 POINTER INTO TABLE VFUNC. 

Note: "ARITY" is a mathematical term denoting the number of arguments in a function. 

ENTRY VALUE 

1 NUMBER OF STATEMENTS IN FUNCTION 1. 

2 POSITION OF RIGHTMOST SYLLABLE IN TABLE 'SP' OF 

STATEMENT 1 IN FUNCTION 1. 

3 POSITION OF RIGHTMOST SYLLABLE IN TABLE 'SP' OF 

STATEMENT 2 IN FUNCTION 1. 

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

STATEMENT N IN FUNCTION 1. 

N +2 NUMBER OF STATEMENTS IN FUNCTION 2. 

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

STATEMENT 1 IN FUNCTION 2. 

Table 6: Organization of 
table VFUNC. VFUNC, 
indexed by VAL, holds 
the address pointers to the 
individual statements in a 
function. The sample pro- 
gram and comments in 
listing 1 should help to 
clarify the use of VFUNC. 
Two more tables are dis- 
cussed in parts 2 and 3 of 
this series of articles. 
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TABLE 7A 

MOPTAB 
M1 M2 

1 -I- 2 

2 - 3 

3 x 4 

4 1 5 

5 * 6 

6 1 21 

7 p 22 

8, 23 

Tables 7a, 7b, 7c and 7d: 
These tables complete the 
set of APL tokens used by 
this APL interpreter. The 
tables are scanned by sub- 
routine OTHERS when a 

token is encountered 
which has not already 
been recognized by sub- 
routines IDEN or NOM - 
BRE. 

TABLE 7B 

DOPTAB 
D1 D2 

TABLE 7C 

REDTAB 
R1 R2 

TABLE 7D 

CHARTAB 
Cl 

1 + 52 1 +/ 2 1 

2 - 53 2 -/ 3 2 -+ 

3 x 54 3 x/ 4 3 <- 

4 55 4 1/ 5 4 1R 

5 * 56 5 */ 6 5 

6 t 87 6 =/ 21 6 ( 

7 p 88 7 x/ 22 7) 
8, 89 8 </ 23 8 E 

9 = 71 9 <_/ 24 9 ] 
10 x 72 10 ?/ 25 10 

11 < 73 11 > / 26 11 

12 ` 74 12 A/ 27 12 SPACE 
13 >_ 75 13 v/ 28 

14 > 76 14 17 29 

15 A 77 15 L/ 30 

16 v 78 16 e/ 31 

Listing 1: Results of a hypothetical program containing a user -defined function. This exercise 
demonstrates the interrelationships of tables 1 through 7. The program consists of a definition 
for a function AVG with a monadic argument Y and an explicit result X. Following the func- 
tion definition is an immediate mode call of the function. 

The scanner begins by inserting a statement end noun type in table SP, position 1, and pro- 
ceeds to scan the first statement. When the function header is recognized, an entry is made in 
table FTAB as shown and scanning continues with the second statement. Again a statement end 
noun is inserted into table SP, position 2, but this time it is known that this should be state- 
ment number 1 of the function, so the adjective has a value of 1. Positions 3 thru 14 are the 
noun -adjective description of the second program statement and are similar to table 3, the 
differences being due mainly to the fact that the variables are no longer global but rather are 
formal arguments and formal results. Program statement 3 produces no entry in table SP but 
merely signals the end of a function definition. Table SP, positions 15 thru 19, contains the 
noun -adjective description of the immediate statement. Note how position 19 indicates a con- 
stant whose value is stored in table D beginning at position 1. Also note how the element 
vector is stored in D and relate this to the description in table 4a. 

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

PROGRAM: 

VXF- AVGY 
[1] X F (+/Y) : P , Y <- 

[2] V 

AVG 37-25 

TABLE SP INDEXED BY I 
I = 20 

Note: Colored arrows indicate 
pointer destinations 

TABLE VTAB INDEXED BY VAR 

VAR = 4 

C P V1 V2 V3 

1 9 0 1 X 1 0 

2 9 1 2 Y 1 0 

3 1 1X 3 AVG O 0 

4 7 <- E- 

5 7 ( ( 

6 5 1 +/ TABLE FTAB INDEXED BY F 
7 2 2LY F= 2 

8 7 ) ) F1 F2 F3 F4 F5 F6 
9 6 4 1 AVG 1 TRUE X Y 

10 4 7 p 

11 4 8 , 

12 2 ( 2) Y,. TABLE VFUNC INDEXED BY VAL 

13 7 F VAL = 3 

14 7 - 1 1 

15 9 0 

16 7 

17 7 E- F 

18 3 v Á TABLE D INDEXED BY DA 

19 6 1 3 7 2 5 DA = 8 

1 7 

2 1 

3 4 

4 3 

5 7 

6 2 
7 5 

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

Having now discussed the major tables used by the interpreter and shown the general direc- 
tion or goal of the scanner we can now discuss the statement scanner in greater detail. The 
scanner is a relatively easy function to program, and with the detailed discussion and flowcharts 
which follow one should be able to implement a scanner for any of the popular small 
computers. 
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The Statement Scanner 

The main function of this module is to 
build the various tables required by the 

statement interpreter. There are two types 
of statements and two modes of scanning to 
be handled by this module. The first state- 

ment type is the function header which 

defines the form of a function and which 
also causes the scanner to enter the func- 
tion definition mode. The second type of 
statement is any statement other than a 

function header. This type of statement 
can occur when the scanner is in either 
immediate or function definition mode. 

Upon startup, the scanner is in im- 
mediate mode. When a del character (0 ) 

is encounted in immediate mode, the scan- 
ner switches to function definition mode 
and the characters immediately following 
the del, on the same line, form the function 
header. After the function header come the 
statements forming the function body. When 
another del character is found while in func- 
tion definition mode, the scanner returns to 

w Z ,n cr_Y 002 zaa 
l7 w J - J m 

w 
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immediate mode. When a statement is 

finally scanned in immediate mode, control 
is transferred to the statement interpreter to 
execute the statement, using any previously 
defined functions as necessary. Following 
execution of the immediate statement, con- 
trol is again returned to the statement scan- 
ner and the process repeats. When a line of 
input code is read, it is stored in a character 
vector called S, indexed by J. Each element 
in S is one character long; the last character 
for each line must be a carriage return. Thus 
the expression S(J) refers to the Jth char- 
acter of the input string. Similarly the 
expression S(J) = CR is a test for the Jth 
character being a carriage return (CR). 
After some initialization, then, block IP 
loads vector S with the next statement and 
sets index J to 1. 

Subroutine SKIPSP (see figure 2) is next 
invoked to skip over any leading spaces. If 
the next character is a carriage return, then 
the line was all blank and is ignored. Other- 
wise a check is made for a del character, 
which causes switching between the two 
scanning modes as mentioned above. If 
FLAG is true, the scanner is in function 
mode and a del will return the scanner to 
immediate mode. If FLAG is false, the 
scanner is in immediate mode and a del will 
put the scanner into function definition 
mode, and processing will proceed at the 
box labelled FUNC which scans the function 
header. If no del character is found, scanning 
proceeds as normal. The next step is to call 
subroutine IDEN (figure 3) which is in- 
voked to determine if the next token is an 

identifier. If not, scanning will resume at 
block NOMBRE (see figure 4). When an 

identifier is found, it must be encoded and 
entered into the appropriate tables. The 
identifier can be one of four things: a 

global variable, a formal argument, a formal 
result, or a label. If FLAG is false (im- 
mediate mode), then the identifier can be 

neither a formal argument nor formal re- 

sult. If FLAG is true (function definition 
mode), a quick test will determine the type 
of identifier: if the identifier is equal to 
element F4 in table FTAB, the identifier 
is a formal result of the current function. 
Similarly, the identifier being equal to 
elements F5 or F6 in table FTAB means 
the identifier is a formal argument of the 
current function. 

One must check two things to test if an 
identifier is a label: if the character imme- 
diately after the identifier is a colon (ie: 
S(J) = ':') and no other semantic informa- 
tion has yet been scanned for this statement 
(ie: SP(I- 1).0 =9), then a label has been 
found. In any case, the identifier must be 

put into the symbol table, if not already 
there, and the appropriate noun -adjective 
combination must be entered in table SP. 
Finally, if a label was found, the value link 
(V3) for the symbol table entry is made to 
point at a scalar in table D. The value of the 
scalar is equal to the statement numbers 
where the label is found. 

If the next token is not an identifier, 
scanning continues at the block labelled 
NOMBRE, as mentioned previously. Fig- 
ure 4 shows the scanning process for num- 
bers in the source program. Subroutine 
NUMBER is invoked to extract a number 
(see figure 5). If the next token is not a 

number, scanning proceeds at block 
OTHERS, described next; otherwise the 
number is stacked in a temporary vector, 
TVAL. The stacking process continues as 

long as numbers separated by spaces are 
found. Finally, the noun -adjective pair 
for a number is entered into table SP, and 
the appropriate scalar or vector is created in 
table D. 

OTHERS, shown in figure 6, handles the 
scanning for tokens not previously recog- 
nized. Tables 7a, 7b, 7c and 7d aid in this 
processing. A call to subroutine LOOKUP 
appears several times with the accompanying 
parentheses containing three arguments. 
Subroutine LOOKUP will scan the table 
named in the second argument for an oc- 
currence of the first argument: if found, the 
third argument points to the relative posi- 
tion of the match; otherwise, the third 
argument is set to zero. 

The next step, then, is to check if the 
next character is in the table of monadic 
operators. If S(J) is not a monadic operator, 
a further test is performed to determine if it 
is a dyadic operator, carriage return, or valid 
special character. Figure 6 illustrates the 
handling for each case. If a monadic opera- 
tor is found, a further test is made to deter- 
mine if it is part of a reduction character 
pair. Again, figure 6 shows the testing and 
handling of each case. The handling of a 

carriage return will be discussed in the last 
paragraph of this section. 

Returning to the beginning of the discus- 
sion of the statement scanner, you will recall 
that function headers require a special scan. 
Figures 1, 7a, 7b, 7c, 8 and 9 detail this 
processing, which is actually quite simple, 
although at first glance it may appear to be 
lengthy. The tokens after the del character 
(del indicates the beginning of a function 
header) are examined to determine the type 
of function, its name, its arguments and its 
result. There may of course be zero, one or 
two arguments (corresponding to a niladic, 
monadic and dyadic function respectively), 
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and one or no explicit result. After these 
pieces of information have been extracted, 
they are used to build an entry in the table 
FTAB, one entry for each function. The 
symbol table VTAB is updated to reflect 
the occurrence of any formal parameters. 

There comes a point, finally, when a 

carriage return is found and the scanner 
is in immediate mode. This occurrence 
causes the statement scanner to end and 
the statement interpreter to begin. All 
the tables described in the first part of this 

article are now complete, and the variable 
I points to the first syllable to be inter- 
preted. Next month we will begin to de- 

scribe the statement interpreter. You should, 
however, at this point be able to take any 
APL program and produce a valid set of en- 

coded tables using the flowcharts shown. 
Do not be intimidated by the number of 
flowcharts used, since the actual amount of 
code required for implementation is not too 
lengthy when using any of the more power- 
ful microprocessors. 

Figure 1: Subroutine 
FUNC. This routine is 
called whenever the scan- 
ner encounters a del func- 
tion, which signifies that 
the following statement 
contains a function header. 
The function header con- 
tains the syntactic form 
and the name of a user 
defined function (see 

listing 1). The purpose of 
FUNC is to perform the 
scanning operation for this 
special case. 

FUNC 

FLAGfTRUE 
,Jr,J+I 

CALL 
SKIPSP 

IDEN 

CALL 
'DEN (02,B) 

FALSE 

(ERROR 6) 

( ERROR 5 ) 
UNRECOGNIZABLE 
FUNCTION NAME 

W.-FALSE 

UNRECOGNIZABLE FUNCTION TO 
RIGHT OF EXPLICIT RESULT 

CALL 
IDEN (03,B) 

CALL 
SKIPSP 

CALL 
IDEN (04,B) 

CALL 
SKIPSP 

NI LAD 

( ERROR 8 ) 

INVALID RIGHT 
ARGUMENT NAME 

MONAD ) 

( ERROR 9 ) 
INVALID RIGHT 
ARGUMENT NAME 
OF DYADIC FUNC- 
TION HEADER 
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Figure 2: Subroutine 
SKIPSP. This routine is 

used to skip over leading 
blanks. 

Call SKIPSP 

Result: Global variable J is incremented 
until SIJ) is a nonblank character. 

C 
IDEN 1 

SKIPSP 

IGNORE 
LEADING 
BLANKS 

NO 

JJ+I 

YES 

CONCATENATE 
S (J) TO O 

NO 

B.-FALSE 

Need Hard Copy? 

TRY OUR SOFT PRICES 
SSP -40 $575 
Contains its own micro processor for easy connection to 
your RS232 serial port or TTY current loop 

MP -40 $425 
Interlaces to your micro computer parallel output port for 
ASCII data Transfer 

KP -40 KIT $179 
Contains mechanism. PC board. all components. 
transformer and complete assembly instructions for 
parallel data transfer 

All of our 40 series printers use the same reliable 5x 7 impact dot matrix mechanism with 
up to 40 columns per line on ordinary paper with a print speed of 75 lines minute 

SEND FOR FREE LITERATURE 

Box 22101 % , Salt Lake City, Utah 84122 
(801)566 -0201 

Circle 119 on inquiry card. 

B.-TRUE 

( RETURN) 

Figure 3: Subroutine 
IDEN. This subroutine is 

invoked to determine if 
the next token is an 
identifier. If not, scanning 
resumes at block NOMBRE 
(see figure 4). If a variable 
is found as the next token, 
B will be true and Q will 
contain the character repre- 
sentation of the variable. 

Call IDEN (Q, B) 

Result: If a variable is found as the next 
token, B will be true and Q will 
contain the character representation 
of the variable. 

If the next token is not a variable, 
B will be false. 
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CNOMBRE 

NUMBER 

CALL 
NUMBER 
(VALUE, B) 

K0 

T VAL (K).-VALUE K K+I 

NO 

( OTHERS 

NUMBER 

CALL 
NUMBER 
(VALUE, B) 

SP(1) CfB 
SP(1).PfDA 
If l+I 

D (DA).1-K+3 
D(DA+I).6-I 
D(DA+2)4-K 
D A.4- DA+ 3 

DMA).- 3 

D(DA+i) 4.-0 
DA DA+2 

Z .--- 0 

DIDA) .- TVAL(Z) 
DA.- DA+i 
Z-Z+I 

IP 

YES 

Figure 4: Subroutine NOMBRE. This sub- 
routine is called when the next token 
scanned is not an identifier. It calls sub- 
routine NUMBER (see figure 5) to deter- 
mine if the token is a number. If not, a 

further call is made to subroutine OTHERS 
(see figure 6) to scan for tokens not pre- 
viously recognized. The noun -adjective pair 
for a number is entered into table SP 
(table 3) and the appropriate scalar or 
vector is created in table D (see tables 4a 
and 4b). 

THE BMA 8100 COMPUTER/ CONTROLLER 
An exceptional price on an applications oriented 6503 based micro -processor system 

featuring: 
1K bytes RAM locations (512 bytes supplied) 
1K bytes ROM (256 byte monitor included) 
2 - 8 bit input ports 
2 - 8 bit output ports (1 latched, 1 buffered) 
24 key touch operated keypad (used by monitor 
to allow entry 8 execution of user programs 
also user definable. ) 

2 - latched seven segment displays (used by 
monitor to display memory location ê contents 
easily user programmed) 

Optional cassette interface ($22. 50) fits 
entirely on the processor board. 

THE IDEAL LOW COST SOLUTION TO IMPLEMENTING ALL 

THOSE WILD COMPUTER BASED CONTROL SYSTEMS 

YOU'VE BEEN DREAMING OF! 

l'. \LA software currently available or under 
development includes: Music synthesizer 
interface: I lome applications package including: 
multi -zone fire /burglar alarm, real time clock, 
energy saving heat /air conditioning control, 
computer generated l '': Model roal road 
controller and more 

8700 COMPUTER CONTROLLER KIT $149.95 
(requires 5v. (u 1. 2A. : 12v. (tr 150 ma. ) 

Shipped direct from PAIA (add $3. 00 postage) 

ELECTRONICS DEPT. 7-B 1020 W. Wilshire Blvd. Oklahoma City. OK 73116 Also available at FULL -LINE Computer stores. 

Circle 120 on inquiry card. 60 



( NUMBER ) 

SKIPSP 

CALL 
SKIPSP 

SIGN.- I 

COUNT .-O 
VALUE .-0 

NO 

YES 

BFALSE 

( RETURN ) 

SIGN .- -I Jr J al 

NO 

VALUE.4-S(J) 

ERROR I 

INVALID CHARACTER 
FOLLOWING MINUS SIGN 

Call Number (VALUE, B) 

Result: If a numeric constant is found as the 
next token, B will be true and VALUE 
will contain the value of the constant. 

If the next token is not a numeric 
constant, B will be false. 

YES 

NO 

COUNT. -- COUNT + I 

J-.J +I 

VALUE.- l0 * VALUE 
+S(J) 

NO 

YES 

YES 

VALUE VALUE 
+S(J )/10} -COUNT 
COUNT.-COUNT + I 

J J +I 

(ERROR 2 ) 
DIGITS MUST FOLLOW THE 
DECIMAL POINT IN A 
NUMERICAL CONSTANT 

VALUE.-VALUE *SIGN 

( RETURN 

Figure 5: Subroutine NUMBER. This subroutine tests the token being 
scanned to determine whether it is a number or not. if a numerical constant 
is found, B will be true and VALUE will contain the value of the constant. 
If the next token is not a number, B will be false. 

Practical Microcomputer Programming: The Intel 8080 
Here is a comprehensive source of programming 

information for the present or prospective user of the 8080 
microcomputer, an architecture which appears in the MITS 
Altair, 8800, Processor Technology SOL, IMSAI 8080, 
Polymorphics POLY -88, and other popular microcomputer 
system products. 

After several preliminary chapters, the authors get down to 
practical details with topics such as moving data, binary 
arithmetic operations, multiplication and division, use of the 
stack pointer, subroutines, arrays and tables, conversions, 
decimal arithmetic, various 10 options, real time clocks and 
interrupt driven processes, and debugging techniques. Most 
examples are given in symbolic assembly form, with 
occasional listings of assembled code using a Computer 
Automation software development system. 

This 306 page hardcover book is well worth its $21.95 
price and should be in every 8080 or Z -80 user's library. 

by W J Weller, A V Shatzel, and H Y Nice 

Send $21.95 plus 50 
cents postage to: 

master charge 

BANKAMERICARI1 

OWE 

BITS, Inc. 
70 Main St. 
Peterborough NH 03458 

Master Charge and 

BankAmericard Welcome 

For convenience, use the coupons on pages 
146 and 148. 
All orders must be prepaid 
Price shown is subject to change without notice. 
In unusual cases, processing may exceed 30 days. 
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( OTHERS 

(S(J), DOPTAB,Z) 

(S(J),CHARTAB,Z) 

SP(I).C7 
SP(I).PfS(J) IfI+I 
J+5-J+I 

NOTE: THE SYMBOL "II" INDICATES CONCATENATION. 

Figure 6: Subroutine OTHERS. This subroutine is used to identify those 

tokens (listed in tables 7a, 7b, 7c and 7d) not already identified by sub- 
routines IDEN or NOMBRE. 

YES 

NO 

CARRET 

SP(I).Cf6 
SP( I).PfZ 
IfI+I JfJ+I 

(ERROR 4 ) 
INVALID 
CHARACTER 
ENCOUNTERED 

0-S(J)IIS(J+l) 

I I SPECTAB= 

fl;C) 
L i 

NO 

IP 

SP(I1.Cf4 
SP(I).PfZ IrI+I JJ+I 
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NILAD 

TRUE 

FALSE 

002 

0 .-01 

LOOKUP 

(0, FTAB. FI, 2) 

YES 

NO 

FfF+I 
FTAB(F) F4fQ 
FTAB(F) FSfQ 
F TAB (F).F6.=' 
FTAB(F) FI-0 
FTAB(F) . F2-0 
FTAB(F) F3*-W 

FALSE 

TRUE 

( ERROR 5 ) 
FUNCTION 
PREVIOUSLY 
DEFINED 

FTAB(F). F4r01 

EOL 

Figure 7a: Subroutine 
NI LAD. This subroutine 
performs the scanning 
function for a niladic 
function header. A niladic 
function is one which 
takes no arguments. 

MONAD 

FALSE 
O .- 01 

002 

FF+I 
FTAB(F). F4fW 
FTAB(F). FS(§). 
FTAB(F). FI 0 
FTAB(F). F2.0- I 

FTAB(F) . F34-W 

TRUE 

FTAB(F). F6.-03 

ERROR 5) 
FUNCTION 
PREVIOUSLY 
DEFINED 

FTABIFI.F44-01 
FTAB(F). F6.-03 

( EOL 

Figure 7b: Subroutine 
MONAD. This subroutine 
scans monadic function 
headers. A monadic func- 
tion is one which takes 
one argument. 



(O,FTAB. FI, Z) 

FrF+I 
FTAB(F).F4-Q. 
FTAB(I).FI 4-0 
FTAB(F). F24-2 
FTAB(F). F34--W 

T RUE 

FTAB(F F54-01 
FTAB(F).F6403 

( ERROR 5 

FUNCTION 
PREVIOUSLY 
DEFINED 

FTABIF) F44-01 
FTAB (F). F54-02 
FTAB (F). F64-04 

C EOL 

Figure 7c: Subroutine 
DYAD. This subroutine J 
scans dyadic function 
headers. A dyadic function 
is one which takes two 
arguments. 

C EOL 

SP(I) C4-9 
SP(1).P4-O 
14-1+I 
FTAB(F ). F7fVAL 
LENG4-VAL 
VFUNC(LENG)t0 
VAL.,- VAL +I 

Figure 8: Subroutine EOL. 
This routine performs the 
common processing needed 
for function headers. See 

section entitled "The State- 
ment Scanner." 

CALL FN_VAR_ADD(FTAB(F). F4, F) 

CALL FN VAR_ADD(FTAB(F). F5, F) 

CALL FN_VAR_ADD(FTAB(F).F6, F) 

CCARRET 

SP(I).C4-9 
SP( 1).P4-STMT 
I4-I+I 

CIPGET 
1 

Figure 9: Subroutine FN_ 
VA R_A DD. This routine 
aids subroutine EOL by 
adding user defined formal 
parameter names to the 
symbol table. 

CN VAR_ADD/ 

VAR -VAR + I 

VTAB( VAR). VITO 
VTAB(VAR). V2.-F 

( RETURN 

FALSE 

VFUNC(VAL)4-L-2 
VAL 4- VAL +I 
VFUNC(LENG)4-VFUNC(LENG)+I 

CIP_GET 
J 
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Figure 10: Subroutine 
CA RRET. This routine 
scans carriage returns. 



GLOSSARY 

Array: A group of numbers or characters which 
can be subscripted and treated as a single object. 
APL arrays can be vectors or matrices. 
Compiler: A program which translates a high level 
language source program into machine language 
object code. APL, like any language, may be com- 
piled but is usually executed interpretively. 
Composite Operator: An APL operator which 
operates on all the elements of an array. 
Dyadic: Taking two operands. Used to describe 
certain APL functions or operators. 
Execute Mode: The APL mode in which a line of 
APL code entered by the user is immediately exe- 
cuted by the computer (also called immediate 
mode). Compare Function Defintion Mode. 
Function Definition Mode: The APL mode in 
which functions are created. 
Function Header: A line of APL consisting of a del 
operator ( V 1 followed by a function name and 
information about the number of arguments the 
function takes and whether or not it returns a 

result. 
Global Variable: A variable which is available to 
any calculation or any function in the workspace. 
Interpreter: A program which takes a source listing 
from a high level language (like APL) and executes 
it sequentially (usually line by line). 
Local Variable: A variable which is available only 
during the execution of the function in which it is 

defined. For example, in the function header 

VP-R Q;I;J 
I and J would be local variables. 
Monadic: Taking one argument. Used to describe 
certain APL functions or operators. 
Niladic: Taking no arguments. Used to describe 
certain APL functions or operators. 
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COMPLETE 
FLOPPY DISK SYSTEM 

FOR YOUR ALTAIR /IMSAI 
$699 

That's right, complete. 
The North Star MICRO -DISK SYSTEMTM uses the Shugart 

minifloppyTM disk drive. The controller is an S -100 com- 
patible PC board with on -board PROM for bootstrap load. It 
can control up to three drives, either with or without 
interrupts. No DMA is required. 

No system is complete without software: we provide the 
PROM bootstrap, a file- oriented disk operating system (2k 
bytes), and our powerful extended BASIC with sequential 
and random disk file accessing (10k bytes). 

Each 5" diameter diskette has 90k data byte capacity. 
BASIC loads in less than 2 seconds. The drive itself can be 
mounted inside your computer, and use your existing power 
supply (.9 amp at 5V and 1.6 amp at 12V max). Or, if you 
prefer, we offer a power supply ($39) and enclosure ($39). 

Sound unbelievable? See the North Star MICRO -DISK 
SYSTEM at your local computer store. For a high -performance 
BASIC computing system, all you need is an 8080 or Z80 
computer, 16k of memory, a terminal, and the North Star 
MICRO -DISK SYSTEM. For additional performance, obtain 
up to a factor of ten increase in BASIC execution speed by 
also ordering the North Star hardware Floating Point Board 
(FPB -A). Use of the FPB -A also saves about 1k of memory by 
eliminating software arithmetic routines. 

Included: North Star controller kit (highest quality PC 
board and components, sockets for all IC's, and power regula- 
tion for one drive), SA -400 drive (assembled and tested), 
cabling and connectors, 2 diskettes (one containing file DOS 
and BASIC), complete hardware and software documentation, 
and U.S. shipping. 

MICRO -DISK SYSTEM $699 
(ASSEMBLED) $799 

ADDITIONAL DRIVES $425 ea. 

DISKETTES $4.50 ea. 
FPB -A $359 

(ASSEMBLED) $499 

To place order, send 
check, money order or 
BA or MC card #with exp. 
date and signature. Uncer- 
tified checks require 6 
weeks processing. Calif. 
residents add sales tax. 

NORTH STAR COMPUTERS, INC. 
2465 Fourth Street 
Berkeley, CA 94710 
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is coming! 
The 8 -bit computer that's easier and more 
convenient to use. Featuring an intelligent 
front panel with octal data entry and control, 
9 -digit octal readout and a built -in ROM moni- 
tor with bootstrap for one -button program 
loading and storing. And a fully buffered bus 
and mother board with plenty of slots for 
memory and I/O interfaces. With complete 
system software included! 

Continued from page 5 

philosophy course, the elements of this 
principle are: 

Given multiple, equivalent logical for- 
mulations of an argument, that argu- 
ment is best which is both complete 
and of the simplest structure. 

Complete means that the argument 
takes into account all the necessary 
details of the point being made. 

Simplest structure means that the 
argument in some sense is the most 
compact or easiest to understand. 

The whole point of this principle is that in 
order to reduce the complexity of long and 
involved logical constructions, one should 
choose paths of explanation which are direct 
and concise rather than long and convoluted. 
However, the principle says nothing about 
the need for complicated logical structures 
to describe complicated concepts. It merely 
says that for a given level of complexity 
the simplest argument, which accounts for 
all features of the point being made, is the 
best argument to adopt. 
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Simplicity and Personal Computing 

The design of systems and the program- 
ming of computers are activities, like many 

human activities, which benefit from the 

application of this principle. If I take the 

liberty of reformulating the principle of 
simplicity from an engineering or pro- 
gramming point of view, it might read: 

That system (program) is best which 
accomplishes its goals with minimum 
complexity. 

This application of an old principle to a 

modern context is a desirable design goal for 
the personal computer, or its attendant pro- 
gramming. But understanding and utilization 
of such constructs can only be simplified 
within the limits of the function which is the 
goal of the design. A complex structure is a 

complex structure, and ceases to be itself 
when pieces are removed by a simplification 
which compromises the goals and functions 
of the structure. Within any given definition 
of the functions or goals of a computing 
system or program, the principle of sim- 
plicity is most applicable; but if the overall 
goal is not simple, the available alternatives 

is coming! 
A 16 -bit mini -computer with the power and 
versatility for any application! Features wired 
and tested LSI central processing unit, and 
complete system software. 
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is coming! 
The greatest value 
in a complete video 
terminal kit avail- 
able. With full 
ASCII keyboard, 
bright 12 " CRT 
display, all 
standard serial 
I/O interfaces, 
110 -9600 select- 
able baud rate. 

UN COP tp.lNt .m it' cet /tout estoc 
te (tq.l UNIT N 
I/IA MN 1/MUT C7 

/Ut INC VN NUM 
SGT. MIN. .N 
0,411 Ntl NtKTNtI 
i/ M NM. /{-171. 
/Cllult.i. WM/TIC t 
ICl/,II/ LIMN CM 
P K( 'l..l.tT Purl M. 
Cr N MO .tn MV / 

for approaching this goal will necessarily 
reflect this lack of simplicity. 

However, all is not lost. One of the 
greatest contributions of the past half cen- 

tury of systems engineering is what might be 

called a principle of local simplicity within a 

larger (ie: system wide or "global ") struc- 
ture. The goal is still complex, but the 
details are locally simple. This principle is 

inherited by today's personal computing 
designs, as well as much of modern tech- 
nology from aerospace control systems to 
robotic manufacturing and process control. 

The practical application of the concept 
of keeping designs and structures as simple 
as possible, consistent with accomplishment 
of complex goals, is seen in the idea of 
modularity as implemented in both hard- 
ware and software. It is nearly impossible 
to keep track of a myriad of details about a 

large and complicated system. But, if the 
design is approached from a modular and 
hierarchical point of view, the principle of 
simplicity is much more easily and usefully 
applied on a local basis and reflected in the 
entire system's conception. Local simplicity 
is used by the designer to minimize com- 
plication by choosing and evaluating the 
best alternatives at each level (or point 
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of view) within the new system. It can 
be used when acquiring knowledge 
about a new area by the technique of slicing 
up a complicated subject into manageable 
units. We see the success of this method as 
design discipline in numerous ways, ranging 
from the modular low level hardware func- 
tion boxes called integrated circuits, to the 
design of finished product personal systems, 
to the modular design of systems software, 
to the applications software an intelligent 
user designs modularly with an eye towards 
the problems of managing complexity. 

Applying the Principle of Simplicity: A 
Caution 

The owner of the personal computing 
system can use this principle of simplicity 
in numerous ways. However, it is not 
possible to accomplish positive goals with 
a personal computer by ignoring com- 
plexity and demanding some form of 
"absolute" simplicity which amounts to 
a lack of awareness of the subject matter. 

The computer as a servant to mankind 
cannot be used to its fullest potential 
without active thought on the part of 
an interactive user. A "brain amplifier" 
is less than maximally useful without 

I is comin 
The paper tape 
reader /punch with 
reliable, trouble - 
free mass storage 
capability. Uses 
standard 1" roll or 
fan -fold 8 -level 
paper tape, and 
features totally 
independent op- 
eration of punch 
and reader, plus 
a copy mode for 
fast, easy tape 
duplication. 



brain activities (thoughts) to "amplify." 
With an understanding of the idea that 
most complex problems can be organized 

and presented by applying the principal 
of simplicity locally, a knowledge of the 

organization and design of systems and 

their use can grow and flourish in each 

active user's understanding of the tech- 

nology. 
I consider it very important to emphasize 

the point that the user of a computer is an 

active participant in the technology, that 
knowledge of the technology and its 
potential is essential to its full utilization by 
individuals. When we publish an article on 
some subject, it helps in this endeavor by 
providing a local and specific focus on that 
subject within the global knowledge of com- 
puter science. This is a sort of modulari- 
zation of some aspect of the technology, 
with various pointers and references to the 
more general context of computer science 
practices as necessary. But each such ele- 
ment assumes an active and intelligent reader 
not willing to turn off input activities at the 
scanning of the end mark ( ) for an article. 
There is no simple shortcut to knowledge 
and understanding; we can only provide 
aids and pointers to help mark the path. 

dorm 
1 software! 

Both the H8 and H11 computers 
include BASIC, assembler, editor 
and debug programs at no extra 
cost! Applications programs are 
also available at nominal cost. 
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support! 
A users group with newsletters, a 

complete software library with access 
to all programs developed. 
And programmed 
instruction courses 
in BASIC and 
assembly 
language to help 
you learn 
programming 
fast and easy. 

Practical Philosophy for the Neophyte 

The osmosis theory of education, coupled 
with a bit of inspiration from the principle 
of simplicity, is perhaps the best method of 
approaching the unknowns of personal corn - 
puting systems on the part of the beginner. 
The osmosis theory may be described as a 

form of directed Brownian motion (in 
analogy to a well -known physical pheno- 
menon of random motion). It is a directed 
activity in the sense that there is a particular 
goal used to judge the relevance of sources 
of information. It is a random activity in 
the sense that prior to acquiring an under- 
standing of the field, there is no hard and 
fast criterion upon which to judge the order 
and timing of materials to be read and intel- 
lectually digested. In its simplest form, it is 

to simply plunge into the literature of a field 
and read every scrap of information which is 

related to the desired goal of understanding 
the subject. As new points are encountered 
with this approach, they are integrated into 
a personal internal structure of knowledge. 
The strategy is eminently successful when it 
covers all levels of detail about a subject 
through various readings, coupled with re- 
flection and a bit of feedback which helps 



eliminate the randomness in the direction 
of future readings. 

In one respect, I write about this osmosis 
method of acquiring knowledge (and its re- 
lationship to the principle of simplicity) 
with some authority; I know that the 
method is practical because I've personally 
applied it to gain my present understanding 
of computer science, such as it is. 

This process of acquiring knowledge 
about a field is prone to an apt computer 
science analogy: imagine that the person 
acquiring the knowledge is analogous to a 

compiler program, that the source text of 
the compilation is the literature of the 
field, and that the object text out of the 

compiler is an internal understanding of 
the field. The analogy is illuminating with 
respect to the problems compilers often 
have with parsing and detecting subtle 
semantic nuances of a source language, or 
the problems of forward references to 
undefined elements of a program, which 
are analogous to gaps in the knowledge of 
a person embarking upon a detailed study 
of a field. 

Learning About Mental Amplifiers 

I think it can be safely asserted that the 

and 

service 
Òumentation 

The H8 and H11 computers and peripherals 
have been developed by the world's largest 
manufacturer of electronic kits, with hard- 
ware assembly and operation manuals plus 
software documentation that sets new stand- 

ards for accuracy, clarity 
and precision. And a 

network of service 
support locations 

to provide qualified 
technical help, fast 
parts replacement 

and service 
by trained 

technicians. 

Watch for the NEW 
Heathkir 

low cost personal 
computer systems 
in the next issue! 

(See them at PC -77. Atlantic City, New Jers st 28jd 29 

IMffahey're the ones u 

" 

e 
been waiting for! Lf 

HATHKIT' COMPUTER 
SYSTEMS 
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Circle 123 on inquiry card. 

raison d'etre for computing is to amplify 
one's mental powers by automating various 
processes which can benefit from the effort. 
There is, of course, the intoxication with 
technology's details, which affects us all, 

and a certain degree of speculation on the 

experimenter's part as to whether an ulti- 
mately useful result will ensue when enough 
hardware and software development has 

been accumulated. But the pot of gold 
which attracts a lot of such speculations in 

the present era is the idea that computers 
can become amplifiers for mental functions. 
When both the mental and physical func- 
tions are modeled and automated, the 

result is a robot, hence one of the reasons 

for the dual fascination with robots and 

computers. 
Mental powers and mental operations 

are far from simple. The range of activities 
to which I can turn my conscious attention 
is wide and varied; the same applies to every 

reader. In dealing with a complex subject, 
mental operations and their assistance 

through automation, the principle of 
simplicity is by no means to be forgotten, 
for it gives a criterion for judgment and 

discrimination among numerous alterna- 
tives at all levels. 



D John Anderson 
Dept of Zoology NJ -15 
Univ of Washington 
Seattle WA 98195 

William F Galway 
2246 Windsor St 
Salt Lake City UT 84106 

Serendipitous Circles 

In this article we describe a simple algo- 
rithm which produces beautiful computer 
art. The algorithm was written to draw 
circles, but when we tried to draw large 
circles, we saw strange complex patterns. 
The screen was filled with wildly oscillating 
jelly bean shapes which would periodically 
explode in a beautiful sparkling flash and 
collapse back into new jelly beans. Experi- 
menting with different diameters, we discov- 
ered many new dynamic patterns. 

The Magical Algorithm 

The algorithm that produced these seren- 
dipitous circles is remarkably simple. A 
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Photo 1: The basic ellipse 
created with the algorithm 
in figure 1 and with the 
origin centered. There is 

no evidence of "display 
wrap around" or arithme- 
tic overflow here. 

flowchart is shown in figure 1. This algo- 
rithm can be implemented on the smallest of 
home computers in a short time, and is 

guaranteed to impress everybody with pretty 
pictures while providing an interesting math- 
ematical puzzle. An example of an assembly 
language listing for the Motorola 6800 is 

shown in listing 1. 

Implementing this algorithm on a com- 
puter which has graphics capabilities is very 
easy. However, if you are one of the many 
unfortunate people with no graphics capabil- 



CHOOSE AN INITIAL 
X VALUE AND 
Y VALUE 

DISPLAY THE POINT 

(X,Y) 

Y 
XNEW =X- 

YNE =Y+XNEW 
2 

x.' xNEw 

YNEW 

J 

Figure 1: The magical circle drawing algo- 
rithm. This straightforward procedure results 
in some surprisingly sophisticated displays 
when euch coordinate pair is calculated and 
displayed on ci graphics peripheral device. 
The algorithm solves a difference equation 
which has as its solution an ellipse. The 
nonelliptical patterns arise from overflows in 
the computer's registers during the calcula- 
tions, and from lack of precision due to the 
finite site of computer words. 

ities, we suggest the following possible solu- 
tion: Borrow your friend's oscilloscope (the 
one you used to get your computer 
working). This oscilloscope should be able to 
draw a point on its screen, given an X 
deflecting voltage and a Y deflecting voltage. 
Now all you do is connect a digital to analog 
converter (DAC) to each of two parallel 
outputs from your computer, and you'll 
have the X and Y voltages necessary to drive 
the oscilloscope. This is how the 6800 
program in the listing works. 

The reason this program produces its 
beautiful patterns is quite well understood. 
The algorithm solves a difference equation 
which has as its solution an ellipse. The 
continuous analog of this equation is a 

differential equation which has as its solu- 
tion a circle. The complicated nonelliptical 
patterns come from overflows and lack of 
precision due to the finite size of a computer 

Listing 1.. The serendipitous circle algorithm as written for the 6800 micro- 
processor. This program uses 16 bit arithmetic. The photos shown in this 
article illustrate circles generated with 24 bit arithmetic, although the results 
for both methods are quite similar. Different precision arithmetics can be 
used to generate slightly different results. 

00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
00020 
00021 
00022 
00023 
00024 
00025 
00026 
00027 
00029 
00031 3808 
00032 3B0D 
00033 3B0D 
00034 380F 
00035 3B11 
00036 
00037 
00038 
00039 
00040 
00041 
00042 3804 
00043 3805 
00044 3806 
000^c 2000 

00048 2000 CE 3B0D 
00049 
00050 
00051 

NAM CIRCLE 
OPT M 

soloic cXolc>Ik*HloloK********soc*** oic* *K*k**oK>bK*** 

*CIRCLE DRAWING PROGRAM 
*WRITTEN BY WILLIAM F. GALWAY 
* 30- DEC -76 
*THE ALGORITHM USED IS AS FOLLOWS: 
* 

*LOOP: DISPLAY A POINT AT CURRENT (X,Y) 
* X <- X -Y /2 
* Y <- Y +X /2 
* GOTO LOOP 
* 
* * * ***** * ** Mac*` k *** * * **** * * * * * ****** **** ******* 
* 

*SIXTEEN BIT ARITHMETIC IS USED ALTHO ONLY 
*EIGHT BITS ARE DISPLAYED. 
**Mc****Mc****Mc**************Mc 
* 

*SOME GOOD STARTING VALUES FOR (X.Y) ARE: 
* (7F00.0000) 
* (7F00.8100) 
* (7D00.7D00) 
* (7CF3.7CF3) 
* 
*********************MnK******* 
*DEFINE SOME SYMBOLS 
WKO EQU $3808 WORK REGISTERS. USEFUL FOR 
WK1 EQU WK0+2 GETTING NUMBERS FROM 
XHI EQU WK1 WORK REG'S USED FOR X.Y 
WK2 EQU WKI +2 

WK3 EQU WK2 +2 
******** * * * * * * * * * * * * * * * * * * * * * *** * * * * * ** 
*DEFINE ADDRESSES FOR 
*DIGITAL TO ANALOG CONVERTERS 
*THE FOLLOWING THREE REGISTERS ARE 
*UNIQUE TO THIS SYSTEM. 
********* * * * * * * * * * * * * * * * * * * * * * * * * * * * * ** 
DACCSR EQU $3804 USED FOR SETTING UP DAC'S 
DACX EQU DACCSR +1 DAC FOR. X VOLTAGE 
DACY EQU DACX+I DAC FOR Y VOLTAGE 

ORG $2000 

START LDX *XHI 

*THE FOLLOWING TWO INST 
*UNIQUE TO THIS SYSTEM. 
*TO MAKE THE DAC'S WORK 

00052 2003 86 30 LDA A *$30 
00053 2005 87 3804 STA A DACCSR 
00054 2008 A6 00 LOOP LDA A 0.X 
00055 200A E6 02 
00056 200C 87 3805 
00057 200F F7 3806 
00058 2012 E6 03 
00059 2014 A6 02 
00060 2016 47 
00061 2017 56 
00062 2018 40 
00063 2019 50 
00064 201A 82 00 
00065 201C EB 01 
00066 201E A9 00 
00067 2020 E7 01 
00068 2022 A7 00 
00069 2024 47 
00070 2025 56 
00071 2026 E8 03 
00072 2028 A9 02 
00073 202A E7 03 
00074 202C A7 02 
00075 202E 20 D8 
00077 
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LDA B 2.X 
STA A DACX 
STA B DACY 
LDA B 3.X 
LDA A 2. X 
ASR A 

ROR B 

NEG A 

NEG B 

SBC A *0 
ADD B 1. X 
ADC A 0.X 
STA B 1, X 
STA A 0.X 
ASR A 

ROR B 

ADD B 3.X 
ADC A 2.X 
STA B 3.X 
STA A 2. X 
BRA LOOP 
END 

POINT TO HI ORDER X 
RUCTIONS ARE 
AND ARE NECESSARY 
IN THE DESIRED MANNER. 

SET UP DAC CSR 
TO SHOW DATA NOT ADDRESS 
GET HI ORDER X 
GET HI ORDER Y 
DISPLAY A POINT AT (X.Y) 

B GETS LO Y 
A GETS HIY 
GET Y/2 

DO A 16 BIT NEGATE 
NEGATE LO ORDER 
PROPAGATE CARRY 
GET X +( -Y /2) LO ORDER 
THEN HI ORDER 
STORE LO X 
STORE HI X 
GET X/2 HI ORDER 
LO ORDER 
ADD LO Y 
ADD HI Y WITH CARRY 
SAVE LO Y 
SAVE HI Y 
LOOP TO DISPLAY SOME MOREII 



The screen was filled with wildly oscillating jelly 

bean shapes which would periodically explode in a 

beautiful sparkling flash and collapse back into 
new jelly beans. 

Photo 2: Effects created 
by overflows and lack of 
precision of finite com- 
puter words. The initial 
point (X, Y) for this photo 
was chosen to be slightly 
further from the origin 
than the initial (X, Y) used 
for photo 1. 

word. For example, overflow occurs when 
your computer adds two positive numbers 
and gets a negative number. Lack of preci- 
sion occurs when your computer divides 5 

by 2 and gets 2 as the result. 

Variations on the Algorithm 

There are several different ways that the 
program in figure 1 can be varied. Some of 
these are described below. 

Initial X and Y 

The choice of a starting point deter- 
mines the pattern the program draws. 
Points close to the origin draw ellipses; 
larger values can produce more interesting 
patterns. Photo 2 was produced by using 
slightly larger starting values than for 
photo 1. The best way to understand this 

effect is to experiment with different 
values of X and Y yourself. 

Display Wrap Around 

Most display devices have less than 16 

bits of resolution, typically ten or fewer 
bits are used. If X and Y are represented 
as 16 bit integers, which ten bits should 
be displayed? The logical solution is to 
display only the most significant bits. 
Different interesting results can be ob- 
tained by displaying successively less sig- 

nificant 10 bit slices from a 16 bit value 
of X and Y. Choosing a 10 bit slice that 
excludes some high order bits produces 
an effect called wrap around. The effect 
is the same as magnifying the original 
picture and then folding it over on itself 
to fit the display screen. Photo 3 was pro- 
duced from the same initial point as 

photo 2; but photo 2 displays the ten 
most significant bits, while photo 3 dis- 

plays the ten bits just below the most 
significant bit. Photo 4 was produced 
by displaying an even less significant 
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ELLIPSE 

ORIGIN (0,0) 

J 

ORIGIN (0,0) 

1/4 OF THE ELLIPSE 

Figure 2a: One of two 
preferred locations for the 
origin of your coordinate 
system display. Here the 
origin is placed in the 
middle of the display to 
produce an ellipse cen- 
tered about the origin. See 

photo 1. 

Figure 2b: In this case the 
origin has been placed in 
the corner, splitting the 
ellipse up into four quar- 
ters. This is culled "display 
wrap around." 

Photo 3: This photo shows the effect of dis- 

playing the ten bits just below the most 
significant bit for both X and Y. Note the 
radical change in appearance. 
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Photo 4: Once again the display changes significantly, this time by choosing 
an even less significant group of ten bits for display. The technique of using 
only certain groups of bits is analogous to magnifying the original picture and 
then folding it over on itself to fit the display screen. 

group of ten bits and using a different 
starting point. 

Position of Origin 

Figure 2 shows two choices of place- 
ment for the origin. Choosing the origin 
in the center of the display, as in figure 
2a, results in the ellipse drawn in the 

About the Authors 

William F Galway is employed by the University of Utah working with 
computer -aided instruction using computer graphics. It has been known 
by many people that the algorithm described in this article will draw ellipses 
and circles. While working with a computer music research group at the 
University, Mr. Galway noticed the curious behavior of the algorithm when 
large diameters were used. 

D John Anderson is a graduate student at the University of Washington 
in the Department of Zoology working on difference equation models 
of population growth. In the past, he was employed at the University of Utah 
where he worked with minicomputers in physics and chemistry. 
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center of the display. However, if the 
origin is placed in the corner as shown in 

figure 2b, then one quarter of the ellipse 
is drawn around each corner. Choosing 
the origin in the center corresponds to 
using a signed digital to analog conver- 
sion and choosing the origin in the 
corner corresponds to an unsigned con- 
version. Patterns that are not very inter- 
esting with one origin may be very 
interesting with the other origin. 

Speed of Display 

The speed of displaying points, ie: the 
number of points per second, is an 

important factor in the appearance of a 

pattern. You can put a loop in your 
program to introduce a delay and experi- 
ment with this effect. 

Generalizing the Equation 

Still more patterns can be produced by 
using the more general equation: 

XNEW:=X - aY 

YNEW: =Y + bXNEW 



The photographs in this article used a =b =%z. 

We have tried values other than %z with 
interesting results, but have never used dif- 
ferent values for a and b. 

Precision of Arithmetic 

Most of the programs we have written to 
draw our patterns have used 16 bit arith- 
metic. The program used for the pictures in 
this article used 24 bits (double precision on 
a PDP -8 computer). It is possible that using 
fewer bits will not produce such interesting 
results. 

Other Algorithms 

Another algorithm you might try is 

shown in figure 3. Without much trouble it 
can be shown that this is a difference 
equation analog of a differential equation 
that draws parabolas. This particular algor- 
ithm can produce interesting and compli- 
cated musical sounds if the output of the Y 
DAC is amplified and played through a 

speaker. 
It is easy enough to try new forms of 

these or other difference equations. It has 

been our experience that these algorithms 
often produce new visual and audio effects 
that will astound you. 

CHOOSE AN INITIAL 
X VALUE AND 
Y VALUE 

DISPLAY THE POINT 

(X,Y) 

XNEW °X+I 

YNEW:° Y+XNEW 

x:xNEw 

Y:° "NEW 

This algorithm can pro- 
duce interesting and com- 
plicated musical sounds if 

the output of the Y digital 
to analog converter is 

amplified and played 
through a speaker. 

Figure 3: A serendipitous 
algorithm based on a pa- 
rabola. (This can be more 
easily seen by manually 
executing the algorithm 
and plotting a few points 
for X and Y.) The pa- 
rabola is the solution to 
a difference equation 
which forms the basis of 
the algorithm. 
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COME TO PC '77 .. 
Atlantic City, New Jersey 

August 27 and 28, 197 
1 

PC '77 offers you the most complete show of its kind ever held. Proven in 
'76 and acclaimed in '77 by all the major professional publications as the 
coming event of the year, this show is a `must'. Make plans now to at- 
tend. Here are some of the scheduled events: 

PRE -CONVENTION PROFESSIONAL SEMINARS 
August 22 -26 Technical Design Labs and Trenton State College Z80 Seminars at near- 
by Trenton State College. 
Five software and four hardware seminars. 
August 25, 26, 28 SYBEX Seminars at the Shelburne Hotel. Three intensive 
seminars: Introduction to Microprocessors, Programming Microprocessors, 
Microprocessors Applications. 
August 24, 25, 26 TYCHON INC. Microcomputer Interfacing Workshop at the 
Shelburne Hotel. 
August 26, 27 Osborne Associates Microprocessors - Where they came from and 
where they are going, an analysis of all products on the market today. At the 
Shelburne Hotel. 

MORE NEW PRODUCTS THAN EVER! 
All the products you've been reading about in the ads will be on display at PC '77. Many companies 
will be showing exciting new products. HEATH COMPANY will display exclusively, for the first time, 
their complete computer line. SOLID S'T'ATE MUSIC. POLYMORPHIC SYSTEMS. THE 
DIGI'T'AL GROUP. THOMAS INSTRUMENTATION, MOS TECHNOLOGY. 'T'ECHNICAL 
DESIGN LABS, SOUTHWEST TECHNICAL PRODUCTS, CROMEMCO. E L IN- 
STRUMENTS, THE INTERPRING GROUP, KENT -MOORE INSTRUMENTS, PERSCI INC, 
GEORGE RISK INDUSTRIES, MID WEST SCIENTIFIC, OSBORNE AND ASSOCIATES, EX- 
PANDOR, QUAY CORP, MATRIX PUBLISHERS, CAMELOT PUBLISHING CO, HAYDEN 
BOOK CO, GAW ELECTRONICS, ENCLOSURE DYNAMICS AND SOROC TERMINALS will 
all be showing new products. Plan to attend! 

OUTSTANDING COMPUTER HOBBYIST OF THE YEAR AWARD 
This is an annual award presented to a person who has given outstanding 
service to others in the personal computing field with no commercial mo- 
tives. Nominations are currently being accepted from individuals and clubs. 

For an interesting evening of family entertainment, plan to ottend the 
Ice Copades which are in town the week of PC '77. 

LET'S KEEP THE PERSONAL IN PERSONAL COMPUTING! 
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on the biggest personal 
computing show 
of the year! 
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ENIAC by Dr. John Mauchly, the co- inventor of ENIAC 
PROGRAMMING ENIAC by Mrs. John Mauchly 
SAM 76 by Claude Kagan of Western Electric Co., an interactive symbol system manipulations 
system which grows with the user. 
TELECOMMUNICATIONS FROM THE TERMINAL USER'S VIEWPOINT by David L. 
Peters of Vadic Corp. 
INTRODUCING THE HEATHKIT COMPUTER PRODUCTS by Lou Frenzel of Heath 
Company 
HOW MICROPROCESSORS ARE DESIGNED by Will Mathes of MOS Technology 
THE FUTURE OF MICROS IN MEDICINE by Dick Moberg. Dept. of Neurosurgery, Jef- 
ferson Medical College. Philadelphia 
THE HUMAN FACTOR by Andrew Singer of ROM Magazine 
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of Mini Computer Suppliers. Inc. 
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MUSIC FOR THE HOBBYIST, HARDWARE AND SOFTWARE by Malcolm Wright of 
Solid State Music 
HAM RADIO APPLICATIONS by Dr. Robert Suding of the Digital Group 
HANDICAPPED SYMPOSIUM by Dr. Robert Suding of the Digital Group 
HOME MANAGEMENT SYSTEMS by Dr. Robert Suding of the Digital Group 
FLOPPY DISK by Herbert G. Waite of PerSci Inc. 
INTERFACING A HOME SELECTRIC by Charles Yates of Amateur Computer Group of 
New Jersey 
MOVING UP TO AMATEUR RADIO by Chod Harris of the American Radio Relay League 
OPERATING THROUGH AMATEUR SATELLITES OSCAR 6 AND 7 by Gary Tater 
W3HUC of AMSAT 
THE PHASE III MICROPROCESSOR CONTROLLED AMATEUR SATELLITE by Tom 
Clarke WA3LND and Jan King W3GEY of AMSAT 
MICROPROCESSOR APPLICATIONS FOR RADIO AMATEURS by Kasser G3ZCZ of 
AMSAT 
WHAT PEOPLE ARE NOT GOING TO DO WITH HOBBY COMPUTERS by Stephen 
Gray of Creative Computing 
APPLICATIONS OF MICROCOMPUTERS: THE Ml TH AND THE REALIT' by David 
Ahl of Creative Computing 
INTRODUCTION TO COMPUTERS THROUGH THE BASIC LANGUAGE by Eri Golem - 
bo of Computer Mart of New Jersey 
DYNAMIC DEBUGGING SYSTEM FOR THE 8080 CODE by Lan, Stein and David 
Benevy of Computer Mart of New Jersey 
MICROPROCESSORS FOR THE HOBBY MARKET TODAY AND TOMORROW by Dr. 
Adam Osborne of Osborne and Associates 
GETTING STARTED WITH MICROCOMPUTER SOFTWARE b Dr. Christopher 
Titus, author of the Bugbooks 
COMPUTERS AND MUSIC by Carl Reimers of BYTE Magazine 
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TECHNICAL DESIGN LABS AND TRENTON STATE COLL EGE August 22 through 26 l'R(IGIIAIIIMING IN BASIC FOR THE uC UB NEIL An introduction to the Basic language. From beginning to writing ap lirati,at pro. 
grams. Emphasis on TDL's NV und l 2K Basie for the 7.81). Includes intro hl 'l'UI.L 
FORTRAN. 
1SS1':MRI.1 LAN( ;( [AGE l'RO;RAIMING FOR THE 7.811 /8118, An intrNduelinn to assembly language programming. First avers 811511 instrurtions and 

then branches into the extra instructions available for the Z -Nth. Includh> intro to 
TDL's Z110 Monitor and Macro- Assembler and also no ers applications in interfacing 
and control. 
ADVANCED A\SEM111.1 LANGUAGE l'N /N:HA71.tII \Y: Foit THE /. -e,. For someone who knows the 811811. Cvers added Z. -811 instructions and bow to get the 
most out of them. Emphasis on use of TDL's Macro- Assembler. Application to digital 
logic replacement and process control. FORTRAN I1' 
An introduction to the FOR'T'RAN language, From beginning to writing of application 
programs. Emphasis on 'l'DL's ANSI standard FORTRAN IV for the Z -80. 
ItOi i) PROCESSING WITH A TEXT EDITOR AND FORMATTED Introduction to the use of the 'Text Editor and Text Output Pr Bean r for achieving 
basic word processing capabilities. Emphasis on TUL's Text Editors and 'Feu t 

Familiarization with system requirements. INTRODUCTION yon 
TIUN T(1II /IBBI C(MI'l'TLNC. A survey rotos dealing in an exploration of the Robb) computing field ami defining 

the basics needed to be understood in order to get staved. UIGITAI. I:OGI(: C1HCl'l'IS 
Instruction in digital logic circuits .oering the 74011 T17, and the ( :I.t(IS series. Coles. registers. counters, memory. combinatorial logic. etc. HIM e TO SET t i1' A COMM 
Guest lector 

TER STORE 
es from owner /operators of computer stores and micro-ont- patter manufacturers. How to become a dealer. How to gel u franchise. How to operate a business. How to net up u senire (twilit) ... and more. KIT Itt fII.IIING LAIT 

Instruction and guidance on kit building. Bring your kits! SPECIAL: Anyone taking deliver- on a TUL product during the course fount be 
ordered in advanceI will receive this workshop FREE. For information and reservations contact: Z -H, Seminars, Offices of Contin- uing Education, 'Trenton State College. Trenton. NJ (18625. 
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BORNE ASSOCIATES, SYBEX AND TYCHON SEMINARS ARE ALL HELD IN THE SHE BURNE HOTEL, ATLANTIC CITY, NEW JERSEY. TECHNICAL DESIGN LABS AND TRENTOJ STATE COLLEGE SEMINARS ARE HELD AT NEARBY TRENTON STATE COLLEGE, TRENTON, NEW JERSEY. 
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