


READY tor BUSINESS 

We've got it all together-the cost effectiveness and reliability of our 6800 computer system 
with a high capacity 1.2 megabyte floppy disk system ... PLUS-an outstanding new DOS 
and file management system. 

1 MEGABYTE DISK SYSTEM type controller and double sided disks give the 
DMAF 1 introduces a new level of capability to system speed of data transfer unobtainable with 
small computer systems. This disk system fea­ smaller drives. 

tures two standard size floppy disk drives using 


OPERATING SYSTEM the new double sided disk and two heads per 
To compliment this outstanding hardware wedrive. Usable storage space of over 600 kilobytes 
are supplying equally superior software. Theper drive, giving a total of over 1.0 megabyte of 
disk operating system and file management sys­storage on line at all times. Ideal for small busi­
tem is called FLEX. It is one of the most flex­ness applications, or for personal "super" sys­

tems. 	 ible and complete DOS's available for small sys­
tems, but just as important; it is easy to use. 
No one can match the variety of compatible 

OMA CONTROLLER peripherals offered by Southwest Technical 
The controller occupies one main memory slot Products for the SS-50 bus and the 6800 com­
in an SS-50 bus and uses the Motorola MC-6844 puter system. Now more than ever there is no 
OMA controller. The combination of a OMA reason to settle for less. 

DMAF 1 Disk System (assembled) ......................................$2,095.00 


DMAF1 Disk System (kit) ............................................$2,000.00 


68/2 Computer with 40K of memory (assembled) . : .......................$1, 195.00 


SOUTHWEST TECHNICAL PRODUCTS CORPORATION 

219 W. RHAPSODY 

SAN ANTON 10, TEXAS 78216 

Ci rcl e 350 o n inquiry ca rd . 
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Mode1Z-2D System Two 
Model Z-2 One or two disks Oual disk 

Up to 512K of RAM/ROM Up to 512K ol RAM/ROM Up lo 512K of RAM/ROM 
Up IC 184K of disk Up to 1B4K or disk 

Fill your computer needs 

with the industry's 


most professional microcomputers 


#1 IN RELIABILITY 
When you choose Cromemco you 

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

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

Your range of choice includes 
our advanced System Three with 
up to four 8" disk drives. Or choose 
from the System Two and Z-20 with 
511 drives. Then for ROM-based work 
there's the Z2. Each of these com­
puters further offers up to 1/2 mega­
byte of RAM (or ROM). 

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

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

*Rated In The 1977 Computer Store 
Survey by Image Resources, Westlake 
Vil lage, CA. 

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

Syotem Three 

Two to four disks 


Up lo 512K of RAM /ROM 

Up lo I megabi1e ol disk 


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

• 	 S-100 bus- don't overlook how 
important this is. It has the in­
dustry's widest support and Cro­
memco has professionally imple­
mented -it in a fully-shielded 
design. 

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

• 	 The industry's most professional 
software support, including FOR­
TRAN IV, 1SK Disk-Extended 
BASIC, Z-80 Macro Assembler, 
Cromemco Multi-User Operating 
System - and more coming. 

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

FOR TODAY AND TOMORROW 
Cromemco computers will meet 

your needs now and in the future 
because of their unquestioned tech­
nical leadership , professionalism 
and enormous expandability. 

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

the best. 

see next f\ 
pagel./
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Special ists in computers and peripherals 
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SEE YOUR LOCAL DEALER 
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About the Cover: 

Robert Tinney 's cover painting this 
month was inspired by the article, A 
Theatrical Lighting Graphics Package 
by William Hemsath, James Seawright, 
Emmanuel Ghent and Mimi Garrard. 
While Cyrano soliloquizes, the tech­
nical director in the wings keeps track 
of the lights with the aid of an in­
genious graphics system. For more 
information see page 153. 

In This E'-111 
Last month, Larry Weinstein de­

scribed the hardware for a program­
mable character generator. This month, 
read A Programmable Character Gen­
erator Part 2: Software and find out 
how to program your own special 
characters for APL programming, 
music graphics, and so on. page 14 

Many computer experimenters buy 
surplus integrated circuits and have the 
sometimes tedious job of testing them 
to see if they work. Mark Thorson 
offers an elegant way around this 
problem with A Programmable IC 
Tester. For relatively little expense, 
readers can now construct a black 
box that will put virtually any TTL 
integrated circuit through its paces 
quickly and accurately. page 28 

Since the introduction of the com­
puter over 30 years ago, we have been 
forced to use difficult, archaic, near 
alien languages in order to communi­
cate our wishes to the machine. The 
development of a system which under­
stands the human language has been 
slow in coming. Now, Harry Tennant 
takes the naturally "speaking" machine 
out of the realm of science fiction 
and places it right in the lap of the 
home experimenter. But don't you 
need a huge machine to do that sort 
of thing, you protest? Read Natural 
Language Processing and Small 
Systems and discover the answer for 
yourself. page 38 

June 1978 © BYTE Publiution1 h1c 
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Speech recognition is a key com­
ponent of any software and hardware 
design for interesting systems ranging 
from mobile robots to the interactive 
and responsive house. To provide some 
background information on the com­
plexities of the subject, Bill Georgiou 
has written an article entitled Give an 
Ear to Your Computer. page 56 

© 
u ...... , .,.~ 
111 •t"O'"°"' •o• 
, ...... ~lf l 
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Craig A Pearce reviews two pro­
grammable calculators from Hewlett­
Packard in The HP-67 and HP-97: 
Hewlett-Packard's Personal Computers 
and describes Pinball Wizard , a simula­
tion game he wrote to show off the 
two units. page 112 

Dr William H Norton discusses the 
potential impact of using microcom­
puters on computer curricula In 
Notes on Teaching with Microcom­
puters. His own experiences using the 
KIM-1 microprocessor for one of his 
own courses at Marycrest College, 
Davenport IA, illustrate their practi­
cality, ease of use, and positive effect. 
Just as hand calculators revolutionized 
many types of instruction, so too will 
micros eventually be used to enhance 
computer education. page 138 

If you would like your computer to 
compose music for you, read Tom 
O'Haver's More Music for the 6502. 
There you will find a simple way to 
use the complicated sounding tech­
nique of first order stochastic control 
to create your own software sonatas 
and Fl FO fugues. page 140 
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page 742 

Would you like to try your hand at 
speech synthesis on your computer? 
Steve Ciarcia shows you how to make 
use of your programmable memory to 
store and play back digitized speech in 
Talk to Me! Add a Voice to Your 
Computer for $35. page 742 

An unusual and creative use of 
microcomputers and video displays is 
described in A Theatrical Lighting 
Graphics Package by William Hemsath, 
James Seawright, Emmanuel Ghen t 
and Mimi Garrard. The authors' sys­
tem consists of a simple modification 
to a Processor Technology VDM-1 
video display enabling it to simultane­
ously display five graphs of theatre 
lighting intensity versus time. page 153 

In part 2 of GRAPH: A System for 
Television Graphics authors John Web­
ster and John Young complete their 
discussion of a package for use with 
videotape studio equipment in edu­
cational audio visual contexts. 

page 158 

Does your computer have high 
fiedelity? We don't mean to imply that 
it lacks character if it doesn't, but 
as Tom O'Haver shows in his article 
on Audio Processing with a Micro­
computer it is possible to use the 
capabilities of a personal computer 
to do some interesting real time audio 
processing tasks such as reverberation, 
phlanging and "fuzz." page 166 

The fixed disk may soon become a 
fixture in personal computing, and the 
ability to store 30 megabytes of 
memory on line will have a major 
effect on the way we look at software. 
Read A Look at Shugart's New Fixed 
Disk Drive by Senior Editor Chris 
Morgan. page 174 
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Memory: 


By Car l Helmers 

Articles Policy 

BYTE i-s continu.i ll y seeking quality 
m.an uscripa wtinen by ind ivl du•ls who 
.are app lylng pusonil e-o mputu syucms, 
designing <;uch systems, o r who have 
knowledge which wil l proYc usefu l to 
our readers. For ..l more forma l descrip· 
tion or procedures .and rcqui reme nlS, 
potcn1ial .authors should send a scH· 
addresse d, st iilmpcd envelope to BYTE 
A uthors' Guide, 70 Miill in Si, Peter· 
borough NH 03458 . 

Articles which iilre iillccepted ue 
purchased whh ill nu: of up to S50 per 
magazine paxc, based on techniciilll 
quality and -suilabili1y for BYTE"s 
rea dership. Each monlh, the auttlors 
or the two lt:il ding .ariic te:s in lhC' teadcl 
poll (SYTE"s Ongoing Moni1or Box or 
"'BOMB"} are presented wi1h bonus 
checks Of S 100 iilnd SSO. Un'ioolic:i ted 
rna ter i ~ls should be .:t.ccomp;rnie:d by full 
name and addre5'5, as we n .a~ return 
postage_• 

The Growth 

of a Resource 

Once upon a time, I had a telep hone con ­

versat ion with a gentleman whose name I 

can not reca ll. This gentleman was an ardent 

experimenter, both personally and profes­

sionally, an d was working on the develop­


44 GREAT LOCATIONS 

ComputerlandlM 

NOW OPEN : 

ALABAMA 
Huntsville 

CALIFORN IA 
Dublin 
El Cerrito 
Hayward 
Los Angeles 
Mission Viejo 
Mountain View 
San Diego 
San Francisco 
San Jose 
San Mateo 
Santa Rosa 
Thousand Oaks 
Lawndale 
Tustin 
Walnut Creek 

COLORADO 

(205) 539-1200 


(415) 828-8090 

(415) 233-5010 

(415) 538-8080 

(213) 776-8080 

(714) 770-0131 


Call Directory Ass istance 

(714) 560-9912 

(415) 546-1592 


Call Directory Assistance 

1415) 5 72-8080 


Call Directory Assistance 

(805) 495-3554 

(213) 371 -7144 
(714) 544-0542 

(415) 935-6502 


ment of a personal microprocessor system . 
He knew electronics inside and out, under­
stood the principles of integrated ci rcuits, 
could predict whether or not a given wire 
would have to be analyzed as a transmission 
li ne or coul d be treated simply as an inter­
co nnection, and knew how to calcu late 
worst case conditions in a circuit. He was 
getting into microprocessors with the intent 
of learning enough about comp uting to 
enable him to in corpo rate them into his 
designs. I must have talked to him shor tly 
after he had begun his project, but certainly 
before it had been com pleted to the state 
of a "working" processor. Given th is bac k­
ground, he was able to come up with the 
statement, " Nobody will ever need more 
than 1 K bytes of memory fo r the personal 
computer. To use any more would indicate 
a lack of efficiency in the design." 

I don't believe tha t this gentleman stil l 
ho lds this opin ion, espec ially if he has pro­
ceeded into the world of programming and 
using a computer. 

Then a little bit later in my experiences, 
I was having a conversatio n with a friend of 
over a decade's acqua intance concerning 
various topics of small computer design and 
utilization. Now th is friend of mine has had 
a quite thoro ugh background not in engi ­
neering, but in systems software, and is qu ite 
famii ia r with the process of al locating mem­
ory on a large system in lumps of 100 K 
bytes or more if the occasion ar ises. He's 
late ly been enamored of the concept of 
interrretive la nguages with dynamic symbol 

Continued on page 120 
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Rated [G]

The Best Game in Town. And if your system breaks down. 

Welcome lo Computer l and . 

An incredib le adventure into 

the world of personal 

computers. A one-of-a-kind 

shopping experience. 


Each Computerland store 

presents everything you ever 

wanted to know about 

computers. And then some. 


Take our Game Room. for 

starters. You'l l find excitement 

for the whole family in our 

endless variety of c hallenging 

computer games. You can batt le the Klingons In an 

out-of-this-world game of Star Trek. Crea te an elec­

tronic work o f art with a computer contro lled N . Test 

your ski ll in a game of computerized hangman. 


You can even plot your b iorhythm. 


But we're more than just fun a nd games. 

Each ComputerLand store otters a 

knowledgeable and person­

able staff of professiona ls 


to serve you . 
Plus the g reatest avail ­

able selection of micro components. Whe ther ifs a da ta 
processing system for your business o r a computer control led 
sprinkle r system fo r your home. you' ll find whatever you need 
a t ComputerLond . 

Read on. 

Genuine Service. 

We won t to supply 
you w ith lhe one 
system that' s right . 
Rother than a com ­
p le te system that isn' I . 
Or a limited system 
that Is. 

That's w hy, a t Com­
puterLa nd . you deal 
with rea l p rofessionals 
who ore a lso real 
people . People who 
speak you r language 

.. in addition to BASIC . COBOL or FORTRAN . 

People. in short. who ca n offer bot h the novice a nd 
the old hand the same expert guidance in selecting 
the opt imum system he or she need s. 

Yet . assist ing In the purchase is on ly the beginning of 

our in-store service department 
wi ll get you back up and 
running . 

Right now! 

Great Selection. 

Your fi rst stop at Computerland 
may we ll be your lo st stop. 

Computerland offers the finest 
quality and 

largest selec­
t ion of all the 

major b rand names. 
Like Apple Computer. 

Cromemco. DEC. Dloblo. 
Hazeltine. ICOM. IMSAI. Lear Siegler. 

No tional Sem iconductor. No rth Star. Texas 
Instruments. Vector Graphics and more. 

Plus a complete inventory o f tools. books and accesso ries. 

Wha t's more. at ComputerLand, we deal in product . Not 
p romises. Our inventory is o n o ur ow n shelves. Rathe r than the 
manufacturer's. So you con toke delive ry o n tomorrow' s com­
ponents loday. 

Whic h means. 
simply pu t. thatat 
ComputerLand . you 
get exactly what 
you want. 

Exac tly when yo u 
wan t it . 

Be Our Guest. 

Beg in with the 
g rand tour of our 
exhibit areas. "Test­
d rive" a ny of our 
individua l systems. 

Then te ll us your needs. We' ll sit·down and ta lk about the system 
tha t's right"for you . It's as easy os that at Computerl and . 

The g rea t computer store . RATED G. 

Call or write for the address ol the Computerland store nearest you. 
Franchise opportunities available . 

ComputerLond 's service. If the kit you bought req uires a 
little more do-it-yourself than you yourself can do. we 
provide assembly assistance . Computetland'" 
If that comp lex program proves to be just that. we p rovide 
programming assistance. 14400 Cata lina Street, San Leandro, CA 94577 (415) 895-9363 
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It's the serious 

solution to the 
small~omputer
question. 

Sol Systems are the key lo effective, economical 
small computer power. Sol Systems give you the force of a 
powerful general purpose computer, lhe problem solving 
capability of high level languages and the operational simplicity 
of everyday office equipment. 

From the ground up, Sol Systems were designed to do 
a complete job without adding a load of costly exlras. In fact , 
when you compare the "everything included" price of 
a quality, field proven Sol System with anything else on th 
market, you'll be happily surprised to fi nd out how Jill ie 
the extra performance and convenience costs. 

For example, complete Sol Systems with 16,384 bytes 

of RAM memory start at less than $2500'." Expanded systems 

with 49,152 bytes of RAM memory, LS million bytes of 

on-line disk memory, disk operating system and Extended 

Disk BAS IC cost less than $8000~ Both systems are fully 

assembled, burned-in, tested and ready to go. 


Sol Compatibility 
Sol Systems feature the S- JOO bus for pin-to-pin 

compatibility with a wide variety of add-on devices such as 
voice input and computer graphics. Standard Sol 
paral lel and seria l interfaces wi ll drive most standard printers. 
modems and other peripherals. 

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

Tech no logy we have tailored a group of high level languages, 
an assembler and other packages to suil the wide capabilities 
of our hardware. 

Take a look at our exclusive Extended BASIC as an example. 
In cassette form, this BAS IC feat ures string and advanced 

•u .S. prices o nly. 
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file handling, special screen conunands, timed input , complete 
matrix. logarithmic and trigonometric functions. exponen­
tial numbers. 8 digit precision and square root. T he lanouage 
handles serial access files provides tape rewind and 
offers cursor control for graphics capability. 

The disk version has all the number crunching talents 
of the casseue BAS I plus in tant access t data and programs 
on floppy disks. ll includes random as well as sequential 
fi les and a unique abi lity to update sequential data in place. 

Processor Technology FORT RAN is similar to fORT RAN 1 v 
and has a full set of ex tensions designed for the ..stand alone'' 
computer environment. Thousands of special applica tion 
programs available through books and periodica ls have already 
been wriuen in this w II establi ·heel language. 

Processor Technology PILOT is an excellent language 
for teachers. I t is a string-oriented language designed expressly 
for interactive applications such as programmed instructi n. 
drill and testing. 

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

I t's the small computer system to do the general ledger and 

the payroll. Solve engineering and scientific problems. 

Use ii for word processing. Program it for computer aided 

instructi n. Use it anywhere you want versati le 

computer power! 


Sold and serviced only by the best dealers. 
Sol Systems are sold and serviced by an outstanding group 

of conveniently located computer stores throughout the 
United States and Canada. They are also available in Australia. 
Europe. the nited Kingdom, Central America, South 
America, Japan and Singapore. 

For more information contact your nearest dealer listed on 
the following page. Or write Department B, Processor 
Techn logy Corporation, 7100 Johnson Industrial Drive. 
Pleasanton. CA 94566. Phone (415) 829-2600. 
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See Sol at all these fine 

computer centers. 
ALABAMA 
Birmingham . . ICP-Computerland 

(205)97g-0707 

CALIFORNIA 
Costa Mesa . . . . . . .. Orange County 


Computer Center (714) 646-0221 


Hayward ...... . .. ..... . .. The Byte Shop 
(415) 537-2983 


Hayward ....... . ... . ... Computerland of 

Hayward (415) 538-8080 


Lawndale .. . . . .... . .. ....The Byte Shop 
(213) 371-2421 


Modesto ... ... . .. .. . ... Computer Magic 
(209) 527-5156 


Mountain View . . . . ..... Digital Deli 
(415) 961-2670 


San Rafael . . . ... .... The Byte Shop 
(415) 457-9311 


Tarzana . . ... . ... . .. Byte Shop of Tarzana 
(213) 343-3919 


Walnut Creek ........ ..... The Byte Shop 

(415) 933-6252 


COLORADO 
Boulder ... ...... . The Byte Shop 

(303) 444-6550 


Denver ... . The Byte Shop 
(303) 399-8995 


FLORIDA 
Ft. Lauderdale . . . . . Byte Shop of 


Ft. Lauderdale (305) 561-2983 


Miami . . . ..... .. . Byte Shop of Miami 
(305) 264-2g93 

Tampa . .... Microcomputer 

Systems Inc. (813) 879-4301 


GEORGIA 
Atlanta ..... . .At lanta Computer Mart 

(404) 455-0647 


ILLINOIS 
Schaumburg . ..........The Data Domain 


(312) 397-8700 


IOWA 
Davenport . ... . The Computer Store 


of Davenport (319) 386-3330 


MARYLAND 
Towson ....... . . Computers. Etc. 


(301 ) 296-0520 


MICHIGAN 
Ann Arbor . . . . .. The Computer Store of 


Ann Arbor (313) 995- 7616 


MINNESOTA 
Minneapolis ... . Computer Depot 

(612) 927-5601 


NEVADA 
Reno ..... . . . Byte Shop of Reno 

(702) 826-8080 


NEW JERSEY 
Cherry Hill . . . Computer Emporium 

(609) 667-7555 


lselin .. . . . . ... . The Computer Mart of 

New Jersey {201 ) 283-0600 


NEW YORK 
Endwell ...... .• . . .... The Computer Tree 

(607) 748-1223 


New York . . The Computer Mart of 

New York (212) 686-7923 


Wh ite Plains . . . The Computer 

Corner [914) 949-3282 


NORTH CAROLINA 
Raleigh __ _ROMs 'N' RAMs 

(919) 781 -0003 


OHIO 
Akron .. . ..... . Basic Computer Shop 

(216) 867-0808 


Columbus .. _. . .. ...... . .. The Byte Shop 

(614 ) 486-7761 


Dayton .. .... Computer Mart of 

Dayton (513) 296-1248 


OREGON 
Beaverton .......... Byte Shop Compuler 


Store (503) 644-2486 


Eugene . . . . .... The Real Oregon 

Computer Co. (503) 484-1040 


Portland . . Byte Shop Computer 

Store (503) 223-3496 


RHODE ISLAND 
Warwick .... . Computer Power. Inc. 

(401 ) 738-4477 


SOUTH CAROLINA 
Columbia . .The Byte Shop 

(803) 771-7824 


TENNESSEE 
Kingsport . . ..... .. . .. .. . Microproducts & 


Systems (615) 245-8081 


TEXAS 
Arlington .. . _. _....... . Computer Port 


(817) 469-1502 


Houston ........... Interactive Computers 

(713) 772-5257 


Lubbock . .. . .. . . Neighborhood Computer 

Store (806) 797-1468 


VIRGINIA 
Mclean .... . The Computer Systems 


Store (703) 821-8333 


WASHINGTON 
Bellevue ... .. . . Byte Shop Computer 


Store (206) 746-0651 


WISCONSIN 
Madison . . . _. _. The Madison Computer 


Store (608) 255-5552 


Milwaukee . . ..... . .. .. ...The Milwaukee 

Computer Store (414) 259-9140 


WASHINGTON, D.C. 
Washington. D.C . ........... . Georgetown 


Computer Store (202) 362-2127 


CANADA 

London. Ontario ... ........ The Computer 

Circuit Ltd. (519) 672-9370 


Toronto. Ontario _ _. Computer 

Mart ltd. (41 6) 484-9708 


Vancouver. B.C. . _. _ .. Basic Computer 

Group ltd. (604) 736-7474 


Vancouver. B.C .. _____ ... Pacific Computer 

Store (604) 438-3282 


AUSTRALIA 
Victoria ............. Sontron Instruments 


(03) 569.7867 

PHILIPPINES 
San Juan. Metro Manila .... .. .. Integrated 

Computer Systems, Inc. 

JAPAN 
Tokyo ... . .. Moon base Shinj uku 

(03) 375-5078.5079 

Processor 
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THE IMPORTANCE OF COLOR 

GRAPHICS 


T he ed itorial abou t the importance 
o f co lor grap hics (Oc tober 1977 BYT E} 
touche d on som e issues that go much 
deeper than most peop le suspect. The 
story about the professional who asked , 

Photo 1. 

Phoco 2. 

" Why would any one ever wan t a per· 
sonal com puter ?" has several variati ons 
that further i ll ustrate the misunder· 
standings that can ari se. Fo r ex ample, 
there is the l istener to a compu1er based 
music sys tem who asks , " Isn ' t that j ust 
a fancy new ki nd of record playe r?" 
Aside from obvi ous acoustic differences 
(our system plays real organ pipes- tal k 
about h i fi!), the answer is, " Yes, if al l 
you do is listen. " But tha t 's no t the 
purpose o f the sys tem at all - i t 's mean t 
to be manipula ted , to be used by crca· 
rive exper imenters, that is, by artists. 

A good exam ple of the consequence 
of this creative viewpoint is the work o f 
a high school ph ysics teache r (Mike 

Continued on page 98 

PERCOM~TASl8lllblad ...Tested 

FLOPPY DISK SYSTEM 
the ~~@Jo~@@ 

The LFD-400 is ready to plug in and run 

the moment you receive it. 


Nothing else to buy! Not even extra memory! 

YOU GET: 
0 The popular Shugart SA 400 minifloppy '" drive. Drive alignment 

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

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

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

9 Attractive metal enclosure. 
O Interconnecting cable - fu lly assembled and tested. 
O Two diskettes-one blank, the other containing numerous 

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

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

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

@ 90-day limited warranty. 
M1n1floppy 1s a lrademark ol Shugart Assoc1aies 

MINIOOS is a 1rademark of PERCOM Data Company, Inc 

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

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

MC and VISA welcome. COD orders require 30% deposit plus 5% handling charge. Allow lhree 
extra weeks if paymenl is by personal check. The LFD-40-0 Floppy Disk System is available 
immedialely. Allow lhree weeks for tesling and l ransportation. Texas resldenls add 5% 
sales tax . 

,.---------, TM 

~EfilJClM 
PERCOM DATA COMPANY, INC. 

Dept B 318 BARNES•_9ARLAND, TX. 75042 
(214) 272-3421 


PERCOM™ 'peripherals for personal computing' 
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WhYApple :s the worldS 
est selling ,_.p~ sonal computer. 

W ich personal comput•e•r •wil 
11 
' Iii! b~e~r~_.,,. 

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

15 colors & hi-resolution 
graphics, too. 

Don't settle fo r a black and whi te 
display ! Connect your Apple to 

a color TV and BASIC 
gives you in stant 

command of 
three display 

modes: Text, 
40h x 48v Color­

graphics in 15 colors, 
and a 280h x 192v Hjgh 

Resolution array that lets 
you plot graphs and com­

pose 3-D images. Apple gives 
you the added capabili ty of 

combining text and graphics, too. 

Back to basics.and 
assembly~ too. 

Apple speaks three languages: fast 
integer BASIC, floating point BASIC 
for scientific and financial applications, 

most enjoyable and rewarding for you? 
Since we delivered our first Apple® II 
in April, 1977, more people have chosen 
our computer U1an all other personal 
computers combined. Here are the 
reasons Apple has become such an 
ovenvhelming favorite. 

Apple is a fully tested and assembl d 
mainframe computer. You won't need 
to spend weeks and months in assembly. 
Just take an Appl home, plug it in, 
hook up your color TV* and any cassette 
Lape deck- and the fun begins. 

To ensure iliat ilie fun never stops, 
and to keep Apple wor king hard, we've 
spent the last year expanding lhe Apple 
system. There are new peripherals, 
new software, and a 16-chapter Own r 's 
Manual on "How to Program in BASIC:' 
There's even a free Appl magazine 
to keep owners on top of what's new. 

Apple is so powerful and easy to u e 
that you'll find dozens of applications. 

12 llYTE )unc 1978 

There are Apples in major univ rs1t1 s, 
h !ping teach compu ter skills. There 
are Apples in the office, wh re they're 
being programmed to control inven­
tories, chart stocks and balanc Lhe 
books. And there are Apples at home , 
where th y can help manage Lhe family 
budgel, control your home's environ-
m nt, t ach arilhm tic and for ign 
languages and, of course, enable you 
to r at hundreds of sound and 
action video games. 

When you buy an Appl Il you're 
investing in the l acling edge of 
technology. Appl was the firs t com­
puter to come wilh BASIC in ROM, 
for example. And th first computer 
with up to 48K bytes RAM on one 
board, using advanced, high density 
16K devi es. We'r working to keep 
Apple the most up-lo-date personal 
computer money can buy. Apple II 
delivers the features you need to 

and 6502 assembly language. That's 
maxin1urn programming flexibility. And, 
to preserve user 's space, both integer 
BASIC and monitor are permanently 
stored in 8K bytes of ROM, so you 
have an easy to use , universal language 
instantly available. BASIC gives you 
grapruc commands: COLOR= , VLIN, 
HUN, PLOT and SCRN. And direct 
memory access , witl1 PEEK, POKE 
and CALL commands. 

Software: 
Ours andyours. 

There's a growing selection of pre­
progran1med software from the Apple 
Software Bank - Basic 
Finance, Checkbook, High 
R olution Graphics and 
more . Now there's a User 
Section in our bank, to make 
it easy for you to obtain 
programs developed 



~ my own Star Wars game. ~ 

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

Allvewltb 
the sound 
ofnn1& 

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

Apple ls the 
pr'Oftllcomputer. 

Apple is a state-of-the-art single 
board computer, with advanced LSI 800/538-9696 
design to keep component count to a or write Apple 
minimum. That makes it more reliable. Computer, Inc., 
If glitches do occur, the fully socketed 10260 Bandley 
board and built-in diagnostics siin­ Drive, Cupertino, 
plify troubleshooting. In fact, on our CA 95014. 
assembly line, we use Apples to .i...ir----------1,.... 
test new Apples. 

apple! computczr 

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

manual and already I've programmed 

Apple peripherals 
are smart peripherals. 

Watch the far right column of 
this ad each month for the latest in our 
growing family of peripherals. We cal.I 
them "inte lligent in terfaces." They're 
smart peripherals, so you can plug 
them in and run them from BASIC 
without having to develop custom soft­
ware . No other personal computer 
comes close to Apple's expandability. 
In addition to the built-in video inter­
face, cassette 1/0, two AID game pad­
dles, and two more AID inputs, Apple 
has eight peripheral slots, three TTL 
inputs and four TTL outputs . Plus a 
powerful, state-of-the-art switching 
power supply that can drive all your 
Apple peripherals, including two disks. 

Available now. 
Apple is in stock and ready for 

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

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

to run a hundred times faster. 

New from Apple. 

Introducing the Apple 

Communication Interface 


Apples of the world unite! Now 
yo u can, with our new intelligent com­
munkation interface card. Just plug 
it in and it turns your Apple into an 
in telligent terminal that can go on line 

with other tem1inals, 
time-sharing 
com puter and, 
especiall y, with 
other Apple . 
You can even 
play Tele-Pong. 
Everything you 
need is on on 
small card. 
With a modem, 

it enables your 
Apple to com muni­


cate by phone at 110/300 baud RS232 

full duplex 1/0. The card is fully as ­
s mbled and tested and has al l re­

quir d software in on board ROM. 

It's controlled by simple BASIC com­

mands. And it's available from stock. 


Peripherals in stock 
Hobby Board, Parallel Printer Inter­

face, Communication Interface. 


Coming soon 
High spe d setial printer interface, 

General purpose erial interface , 

Printer II, Printer IIA, Disk IT, 

Monitor II . 


*Apple II plugs into any srn ndard TV using 
an ine xpe nsive modulator (not included). 

Ci rc le 15 on inqu iry card. 

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

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

communications card. 



A Programmable 

Character Generator 

Part 2: Software 

Larry We instei n ti on : to key in reverse video, in the Processor 
Objective Design Inc Technology VDM-1 , for example . The 
POB 20325 remaining seven bits are used to select from 
Tallahassee F L 3 2304 the 128 possible ASCII characters. These 

·128 characters arc shown in figure 1. The 
programm able character generator al lows the 

In part 1 last mon th (page 79), we saw 
use r to substi tute , for some or all of these,

that a programmable memory could be charac ters created by the user (see figure 
sub stituted fo r the ch arac ter ge nera to r read 2 ). In each case the 7 bit code is used as
on ly memory in a video di spl ay to create and an address in the char·acter memory . 
use specia l character se ts fo r spec ial compu ter Programmable character generator cir­
applicat io ns. With a small amount o f addi­ cuitry se lects th e character data according 
t ional so ftware overhead, it is also poss ibl e to in fo rm ation present in the code itself 
to contro l high r·esolution screen graphics . and the operation mode. There are five 
The techniques fo r usi ng the programmabl e su ch modes: fi xed normal, fixed graphics, 
character genera tor <1rc cicta ilcd this month, comm and, programmed, and automatic 
and exa mples are presented . (part 1 of this article gave detai ls on the 

selection process). In fixed norm al, the 
Modes of Operation programmabl e memory is never accessed . 

Eac h chara cter to be po rtrayed by a For the fi xed graphics, command , and 
typical video display generator is represented programmed modes, there is a simple con­
by an 8 bit binary code, labeled BO Lo B7. nection between the character code and the 
B7 often is not used fo r character selection , programmable memory locations used to 
but rath er serves a spec ial hardware func- dcscri be the characters. 

Figure 7: The ASCII character set. The seven bits of the A SCII code indicate which of the 728 
possible characters will be generated. The data used for producing these characters is usually 
stored in a character generator read only memory. 
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THIS rLOPPY IS 

NO fAIRY TALE. 


t can be. confusing to choose the right floppy disk 
system for your micro. All those fanciful yarns of 
capabilities, specs, and del ivery. Some would put 

Uncle Remus or Scheherazade to shame. 
Meet EXP-our no-nonsense, down-to-earth, full­

sized floppy system . Check its benefit list. Then make 
inquiries with a technical advisor or your friendly 
computer shop before making a buying decision. Our 
Macro EXP Disk System offers you: 

P 'ce fo t. 

Here's a complete dual-drive floppy with full-sized 8" diskettes 
for under $2,000. No high-priced options: great standard 
features. Why not pay a little more now for a lot late r? 

2. 
Get a fully assembled, tested floppy system in four weeks or 
less - not in several months, maybe. 

EXP Memorex drives are the only ones you can conven 10 
double-headed later (cost: $300 each). Our optional double­
density controller (also $300) doubles the disk's density. In­
crease your original dual-drive system's capacity to over two 
megabytes! 

.u at bed h ility. 
Our super-reliable Memorex EXP drives carry a six-m nth 
warranty. No other competitor can make that statement. 

o Yo r Eyes in Software. 
Our floppy's disk controller features IBM 3740 compatibility 
and CP/ M• formatting (the industry standard). Choose be­
tween BASIC and FORTRAN, or complete business appli­
cation and word processing packages. 

6. bulou Flexibility. 
Our floppy gets along with everybody. Optional 1/0 drivers 
for the SOL let you get started now with an industry standard 
floppy disk system. 

EXP's no kit. It's assembled, tested and raring to go to work. 
A serial 1/0 port on our controller makes it a snap to bring 
the system up. No patching or fussing. Just hit the button. 

8 Comfy Compatibility. 
All EXP's a re fully compatible wi th S-100 bus systems wi1h 
a t least 16K of memory. 

Never fear. EXP's here-with the whole floppy for under 
S2K. Don't be timid or "mini-minded'.' Get the best now- for 
today and tomorrow. We'll take care of the technical stuff. 
You do the rest. For detai ls, contact your nearest dealer or 
query us direct. 

P.S. Be sure to ask about "Z-Plus "-our sensational new 
complller system that includes a Z-80 processor with 32K of 
me11101:v. serial /10 ports and EXP series drives-wit/1 prices 
startinR below $4.000. 

• CP/ M is a trademark of Digital Research. Inc. 

W here there's always 
more in store. 

ti11im¥t>iiM1i1[•'1• 

524 UN ION STREET 


SAN FRANCISCO. CA. 94133 
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HIGH 4 LOW 4 
BITS BITS 
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BLOCKS 
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HARDWARE 
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CHARACTER 
GENERATOR 

PROGRAMMABLE 
CHARACTER 
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MEMORY 

CHARACTER 
BLOCK 

Vl 
UJ 
>­
>­
CD 

.,,

li--+-+-+-+-+++­

1-- B BITS--! 

Figure 2: Decoding the code byte. The highest order bit of the 8 bit code Is used for control 
hardware functions (such as re verse video). The remaining seven bits select character blocks in 
the character generator read only memory, the programmable character generator, or both 
(depending on what mode of operation is being used). Each data block consists of 76 bytes 
with eight bits. The 7sand Os are converted to screen dots and spaces by the hardware. 

The programmable memory is divided 
into 128 blocks of 16 bytes each, proceed­
ing from low to high memory address. 
The seven code bits, from hexadecimal 
00 to 7 F, locate the block of 16 bytes 
used to describe the character. This is ex­
pressed by the simple formula for the ad­
dress in memory of the first byte of a 
character block: 

Address= Base address+ [16 X code] 

where " base address" is the lowest address 
of the programmable character generator 
memory, and "code" is interpreted as a 
number. 

Each byte represents one row of the 
screen dots that form the character. Row 0 
is the first byte (lowest address) in the 
block, and row 15 is the last byte (highest 
address). We are tempted at this point to say 
that row 0 appears at the top of a char­
acter space on the screen and row 15 at the 
bottom. But this is not always true, due to 
some hardware tricks in the various video 
display devices. For instance, in the Proc­
essor Technology VDM -1, row 15 is on the 
top, fo llowed by row 0 an d the other rows 
in order to 12. Since row 15 is always blank 
when generated by the character generator, 
this is not normally apparent. With program­
mable character generator characters, 
though, it will have an effect and must be 
dealt with in the hardware or software. 
We will assume, for now, that the rows are 
projected in numerical order. 

The division of the programmable char­
acter generator's memory is slightly altered 

for the automatic mode (see figure 3}. In 
this mode the 128 codes are split between 
the character generator and the program­
mable memory, with 64 characters being 
generated from each. The character gen­
erator produces all of those characters in 
what is normally known as the "upper case 
set ." The remaining characters come from 
the programmable memory. 

It is unfortunate that the split does not 

64 
Sp 

C EC 

-r-
512 
BYTES 
j__ 

CONTROL 
CHARACTER 
CODES 

Upp 

CA ER 
~ _sE_ 

5ET 

LOWER 
CASE 

EXISTING 
CHARACTER 
GENERATOR 

}-{ 

f 
H I 

1--AR_AL_ 
AC 

TE 
RS 

} 

PROGRAMMABLE 
CHARACTER 
GENERATOR 

Figure 3: Automatic mode. In this mode, 
the upper case characters come from the 
existing character generator while the con­
trol character and lower case codes auto­
matically reference 64 special characters in 
the programmable character generator mem­
ory. This is probably the most convenient 
mode of operation for many applications, 
since the normal upper case character set is 
available along with the special graphics 
characters. 
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LookToThe North Star HORIZON Computer. 

HORIZON™- a complete, high-performance microprocessor 
system with integrated floppy disk memory. HORIZON is 
attractive, professionally engineered, and ideal for business, 
educational and personal applicaticns. 

To hegin programming in extended BASIC, merely add a CRT 
or ha rd-copy terminal. HORIZON-1 includes a ZBOA processor. 
16K RAM. minifloppy™disk and 12-slot S-100 motherboard 
wi th seri al terminal interface - all standard equipment. 

WHAT ABOUT PERFORMANCE? 
The Z80A processor operates at 4MHZ - double the power of 
the 8080. And our 16K RAM board lets the Z80A execute at 
fu ll speed. HORIZON can load or ave a 10K byte disk program 
in less than 2 seconds. Each diskette can store 90K bytes. 

AND SOFTWARE, TOO 
HORIZON inc ludes the North Star Disk Operating System and 
Iull extended BASIC on diskette ready at power-on. Our BASIC. 
now in widespread use. has everything desired in a BASIC. in­
cluding sequential and random di k files, formatted output, a 
powerful line editor. strings, machine language CALL and more. 

EXPAND YOUR HORIZON 
Also available - Hardware floating point board (FPS ); addi­
tional 16K memory boards with parity option . Add a second 
disk drive and you have HORIZON-2. Economical seria l and 
parallel 1/0 ports may be installed on the motherboard . Many 
widely avai lable S-100 bus periphera l boards can be added to 
HORIZON. 

QUALITY AT THE RIGHT PRICE 
HORIZON processor board, RAM. FPB and MICRO DISK SYS­
TEM can be bought separately for either Z80 or 8080 S-100 bus 
systems. 

HORIZON-1 $1 599 kit; $1899assembled. 
HOR IZON-2 $1999 kit; $2349 assembled. 

16K RAM - $399 kit; $459 assembled ; Parity option $39 kit ; $59 
assembled. FPB $259 kit; $359 assembled. ZBO board $199 kit; 
$259 assembled Prices suhject to change. HORIZON offered 
in choice of wood or blue meta l cover at no extra charge. 

Write for free co lor catalogue or visit your local computer store. 

NORTH STAR COMPUTERS 

254 7 Ninth Street • Berkeley, California 94 710 • ( 415) 549-0858 
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99 

99 
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DATA 
D8 
IC 

2 A 
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08 
08 
0 8 

DATA 
08 
0 8 
3E 

49 
49 
49 

2A 
IC 

FF 

Figure 4: Some arbitrary special characlers. The 7 6 bytes !hat form a charac­
ler are projected onto a 76 by 8 grid, each bit corresponding to one space. 
The programmer can choose any comb/nation of 7sand Os to create f illed and 
empty spaces, respecth1e/y. 

Lake pl ace in the center of the code num ­
bers, as can be seen from the ASC II chart 
in figure 1. In order lo ncaliy sepa ra te the 
programmable memory into special char­
acte r and general purpose groups, the codes 
normal ly located in the top 5'12 locations 
ca n be moved to th e second 5'12 spaces. 
In thi s case the low add ress 1 K of memory 
is devoted to special characters an d the 
upper 1 K is free for system u e. Automatic 
mode is probab ly the most convenient, 

Pho/a 7: An APL charac­since the norma l character set used by most 

ter set generated by the software is ava il ab le, , long with 64 special 

programmable character characte rs. 

generator. 
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Creating the Characters 

The 16 bytes which form a character are 
chosen in a straigh tforward manner. The 
bytes arc projected onto a simple 16 by 8 
grid, whe re each bit equals one space . The 
spaces arc roughly equ ivalent to do t spaces 
on the screen. The programmer constructs 
characters from filled spaces in the grid . 
When converted to data bytes, the fi ll ed 
spaces are 1 s and the empty spaces arc Os 
(see figure 4) . 

In many cases, the circuitry in th e video 
di splay device all ows o nl y a subset of the 
16 rows to ap pear. Also, the eighth bit in 
each row is often left unused , altho ugh this 
can generally be "cor rected" by an altera­
tion. It is no t necessary to dig through 
video display device schemati cs to learn 
wh ich rows and col umns are proj ected. A 
study o f character gene r·ator characters on 
the screen plu s some tria l and error work 
with the programmable character generator 
wil l quickly reveal character limits. 

The ho rizo nta l to vertica l ratio of sc ree n 
dot size is not 1 :1 in most cases. Fo r· this 
reaso n, a grid composed of square spaces 
wil I not accurately portray the charac ters. 
The ratio of verti ca l to ho rizontal screen 
dot size can be calculated by: 

Size= (V dots/H dots)(4/3) 

where 4/3 is the standard screen aspect ratio 
and V and H dots are the num ber of dots 
across the screen vertically and horizontally, 
respectively. For example, if each character 
is drawn on a 12 by 8 grid with a video 
display of 16 rows by 64 characters pe r row, 
one has: 

= (16)(12) (±) V/ H size 
(64)(8) 3 

( ~~~)(~) 

8 
15 

:::::: 1 
2 

The grid sho uld then be drawn wi th the 
verti cal dimensio n of each space twice as 
large as the hori zonta l one. 

Character Set Examples 

There has been a great deal of inte r·est 
late ly in APL fo r microcomputers. The two 
great stumbling blocks have been writing 
the interpreter and disp layi ng th e unique 
APL characte r set. With the programmable 
characte r generator, prod ucing the special 
characte r set is a tr ivi al tas k (see photo 1). 

Several of the characters are plo tted here 





with a simple gr id . The automat ic mode is 
used for the entire alphabet si nce the upper 
case character set is st il l needed. Pl acemen t 
in th e programmable character generator's 
memory determines the keyboa rd code (and 
therefore, which keys) the characters will 
match with , so using the SH IFT and CTRL 
keys wi th the upper case se t will cause 
special characters Lo be disp layed. The user 
can eas il y add labels to a key se t to produ ce 
a full APL terminal (minu s all o f the pro­
gramming, of course). 

Photo 2: A special music alphabet created in the graphics mode. 

Photo 3: Timing diagram created in the automatic mode of the programmable 
character genera tor. 
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From this example, it shou ld be obvious 
that any ch aracter set that wi ll fit on the 
9 by 7 (or larger, to 16 by 8) matri x used 
by the character generator can be generated. 
Also, multiple character sets can be stored 
in memory and swapped in as needed . In 
cases wh ere more than 128 different char­
acters are required, bu t al l characters do not 
have to appear on the screen at one time, it 
is possible to dyn amical ly create them. In 
this instance, a subset, possi bly with only 
one element, of the set is swapped as 
required . 

Graphics 

The ability to create character sets 
impl ies some graphics capabil ities. The 
simplest form of graphics will use an unusual 
character set, but still be hand led as an 
alph abet. A good example is a set of musical 
notes (see photo 2) . Each character is a 
single note, projected on the musical staff. 
The software overhead to create such a 
picture is very smal l, taking up less than 
half of the programmab le characte r gen­
erato r memory. Using a high resolution 
point by point graphic display, th e amount 
of time and software overhead requ ired to 
generate such a picture might be much 
larger. 

At the next level of graphics, the hard­
ware restrictions on the video display device 
begin to tighten. The ideal display is one in 
which there are no forced blank sections 
between the characters. This will enable us 
to build pictures from individual character 
elements. The next example is a timing 
diagram (see photo 3). In this case it is one 
for the 8080. The video display device used 
forces a single blank dot co lumn between 
characters, which goes almost unnoticed . 
The diagram uses very few characte rs, but 
repeats them many times. Those who are 
applications oriented should note that stor­
ing this picture, or any picture constructed 
from thi s character set, requires only 1 K 
by tes for the screen memory and less than 
256 bytes for the characters. Even a system 
with lim ited mass storage could hold all of 
the 8080 ti ming diagrams and information 
on the signals. 

The bar graph pi ctu re in photo 4 is 
simi lar. However, its hardware restriction 
is mainly in the vertical direction. In this 
case it is best to eliminate the blanks be­
tween rows of characters as much as pos· 
sible. Finally in the logic set (photo 5) , 
the restr ictions are tight in both horizontal 
and vertical directions. It should be re­
membered that wh ile the hum an eye is 
capable of noticing even the smallest flaw 
in a picture, the human brain will " inte­



Th r or 
The 8813 was built with you, the professional, in mind. 
It quickly and easily processes cost estimates, payrolls, 


accounts, inventory, patient / client records and much 

more. You can write reports, briefs, and proposals on 


the 8813's typewriter keyboard, see them on the video 
screen, and instantly correct, revise, or print them. 

Using the 8813, one person can process what would 
normally require many secretaries, several bookkeepers, 
and a great deal of time. And data storage takes a small 

fraction of the space used by previous methods. 

sional 
You don't need to learn complicated computer lan­

guages. The 8813 understands commands in English. If 
you want to write your own programs, the 8813 includes a 
simple computer language, BASIC, that you can master in 
a few days. The 8813 slashes the professional's overhead. 
It 's a powerful time and money-saving ally. Prices for 
complete systems including printer start at less than $8,000. 

See the 8813 at your local dealer or contact PolyMorphic 
Systems, 460 Ward Drive, Santa Barbara, California, 93111 , 
(805) 967-0468, for the name of the dealer nearest you. 
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Photo 4: Bar graph created 
by the programmable char­
acter generalor. 

Photo 5: A logic diagram 
generated with the pro­
grammable character gen­
erator. 

Figure 5: Dynamic generation. The user can 
cause a special character (such as a space­
ship) to move smoothly across the screen by 
using the technique of dynamic generation. 
During its travel, the character can over­
lap up to four screen locations (the 
character is shown in color). Although the 
total number of characters needed to por­
tray parts of the ship as it moves across the 
screen is quite large, only a maximum of 
four are needed at any time. These charac­
ters are generated by mapping the image 
onto the programmable character generator 
memory, with lhe mapping function deter­
mined by the screen position. 

grate" the available information and make 
up for most imperfections. 

Dynamic Generation 

The previous examples have utilized a 
simple character set with frequently repeated 
elements. Now let us consider a case where 
this is not sufficient. We have a figure (it 
could be a spaceship) which must move 
smoothly across the screen . Assuming it 
is the same size as a single letter, it may 
overl ap as many as four screen spaces at 
one time (see figure 5) . Al though the total 
number of different characters used to 
portray parts of the ship as it moves on the 
scree n is quite large, only four are needed 
at one time. The total information on the 
screen appearance of the ship is contained 
in a single picture, requiring perhaps 8 to 
12 bytes. The trick then is to dynamical ly 
create the one, two, or four characters 
needed at any one time from the basic ship 
picture bytes. This is done by mapping the 
im age onto the programmable character 
generator's memory, with the mapping 
function determined by the screen position . 
For a changing object that also moves across 
the screen, it is only necessary to maintain 
different sets of picture "masters" from 
which to perform the mapping. If pictures 
larger than a single character space are 
required, they can be created by a repetition 
of the same process. 

The applications of the programmable 
character generator are as varied and numer­
ous as the characters it creates. Once its use 
is mastered, there is virtually no character 
set or graphic that cannot be portrayed 
with very low overhead in cost, memory, 
and programming effort. The examples I've 
shown in these two articles are but the first 
doodlings I've done with a flexible and 
powerfu l kind of display hardware. Users 
of th is technique will find their displays 
limited only by imagination.• 
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The future belongs to those with 
from Cybercom. 
Join the growing number of users worldwide 
who are discovering the exceptional quality, 
plus prompt delivery and significant cost 
savings. And the new year holds even more 
promise now with our MB6A SK RAM board 
(450 NS) reduced to just $165, and our 
MB? 16K RAM board now only $449. Also, 
you might want to check out our new 
1/0-4 board that offers two serial 1/0 ports 

. (2-J and 2-0) and two parallel ports (2-1 and 
Circle 33 5 on inqui ry card . 

2-0), eliminating jumpers, priced at $149.50. 
Seek out Cybercom's full and versatile line 
at your local computer hobbyist store, or 
contact us directly, if you want to build a 
world of the future today. 

~ Cbjta-cCTTI 
A Division of Solid State Music 
2102A Walsh Avenue 
San ta Clara. CA 95050 
Telephone (408) 246-2707 

Askfor · lu 
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Basic systems for 

personal computing 


If you are just getting into personal computing and are looking for a starter system, 
you have two choices: a computer kit with RAM memory only or a fully assembled computer 
with BASIC·in·ROM. From reading this magazine and talking to computer buffs it should be 
obvious that it is desirable to have a computer capable of communicating in the programming 
language BASIC: This language allows you to instruct the computer in English-like phrases 
and to use any of the thousands of standard programs written in BASIC (there are probably 
several in this magazine). 

If you purchase a (RAM·only) computer kit you will have to buy additional RAM (4K to 
8K)1 a terminal, and cassette Interface fora total cost of about $1000 to run BASIC atteryou get 
the kit together and working. Your reward lor this endeavor will be a wait of about 15 minutes 
every time you turn the computer on just to load BASIC into the machine! 

Your other alternative is a BASIC·in·ROM computer. These machines have BASIC 
built in so that it is there whenever I.he computer is turned on. BASIC·in·AOM computers are 
also usually fully assembled and cost far less than the RAM·only kits because they are mass· 
produced by the thousands. 

But, you must be careful when selec1ing a BASIC·ln·ROM computer. Some models 
do not have full-feature BASIC. Instead they have Tiny BASIC or 4K BASIC which cannot run 
most of the standard BASIC programs available. Still others have other shortcomings such as 
a small calculator·style keyboard which makes program entry difficult, or most important, 
lack of expansion capabili'ty, preventing the computer from growing with you. 

Ohio Scientific offers you a line of expandable computers with full -feature BK 
BASIC·in·ROM. They all come fully assembled and tested, but give you the option of 
economizing by supplying the simple things - power supply, keyboard and TV, if desired, so 
lhat you get the most computer power for your dollar. 

Compare Ohio Scientific's $298 BASIC-in-ROM Model 500 Board (1 MHz clock), 
which has our Version 3.3 BASIC, against other small computers, as in the independent article 
" BASIC Timing Comparisons" (Kilobaud, Oct. ·t977. p. 23). In this test, the Model 500 excelled 
over all our personal computing competitors, and was second in performance only t.o our 
Challenger disk systems, compared against twenty-eight other computer systems. And the 
Model 500 is our lowest-cost machine! Our larger models are even more dramatic in a com· 
parison with any competitive models. 

Having the fastest full -feature BASIC ROMs certai_nly isn' t the only criterio,n 
• necessary for a superior computer system, but it sure helps. Ohio Scientific offers all the other 

features necessary, including a full line or computer accessories complete with 1.5 accessory 
_ !. boards available in over40 configurations. Many Ohio Scientific accessories are so innovative 
' ··~' that no one else in the industry has them - such as dual port memory boards; multi· 

··~·- processing CPU's and big disks. 
Ohio Scientific has other unique features for the personal computerist . For In· 

stance, there is Ohio Scientific's Small Systems Journalf published bi-monthly, a full 
magazine aimed specifically at the owners of Ohio Scientific computers. H you are looking for 
a personal computer, be sure to look carefully at Oh!o Scientific. We think you will find that we. 
have the system for you. 

a 



Model 500 Board 
A ful l BK BASIC-in-ROM computer on a board. This unit 
contains a 6502 microprocessor w i th our powerfu l BK 
BASIC·in·ROM , 4K o f RAM memory , and a ser ial port 
which can be jumpered for 20ma current loop or RS-232. 
The board can be plugged into any standard OS I­
backp lane and expanded by ou r full li ne of accessory 
boards . The user must simply supply + 5V and - 9V power 
and the serial terminal to be up and running in BASIC. 
$ 298.00 

Challenger JI. P 
Our very popu lar fully packaged BAS IC·in·ROM computer. 
Chal lenger llP contains the Model 500 CPU Board with 4K 
of RAM , our new 540 32x64 character video display , 
keyboard and complete audio cassette interface. The unit 
also has internal power supplies and a four-slo t backplane 
with two open slots for expans ion . The user has only to 
connect a monitor or modified te lev ision set to its output. 
and he is ready to program in BASIC To store prog rams 
and data files , he needs only to connect a conventional 
audio cassette recorder to the bui lt· in audio cassette in· 
ter face . The unit is fully assembled and ready to go. 
$598.00 

1333 S. Ch illicothe Road • Aurora, Ohio 44202 
(216) 562-3101 

Super Kit 
An ideal starter computer system. The Super Kit includes 
a Model 500 CPU Board with BK BASIC in ROM, CPU, and 
4K of RAM , ful I buffering for expansion , an eight-slot back· 
plane board , and a Model 440 Video 110 Board. Mode l 440 
provides ful l CRT functions when connected to a video 
moni tor or modif ied television set and a standard ASC II 
keyboard. The user must simp ly provide + 5V and - 9V 
power, an ASC II keyboard , and a modified television set or 
moni tor to have a ful l computer system with BK BASIC-in­
ROM, 4K user space and a CRT termina l with sc rol l ing. 
$398.00 

Challenger JI Disk Systems 
The ultimate in pe rsonal computing offered by Ohio 
Scient ific is the Challenger II system with sing le- or dual­
dr ive full -sized floppy d isk. Each floppy sto res 250,000 
characters. The Challenger II is ava il able as a video 
system w ith keyboard so th at all the user needs is a televi· 
sion or monitor for operation; or as a serial vers ion where 
the user must supply his own terminal. Chal lenger II disk 
systems automatically load in BASIC and now have an ex­
tens ive library of l1igl1-pertormance prog rams. The pro· 
grams are ideal for the advanced hobbyist , educat iona l 
users, indust rial development and smal l bus iness applica­
tions. Challenger II disk systems are very economical. For 
instance, a 16K d isk system wit h 250,000 bytes of disk 
storage sta rts at under s2000.oo 

For more information contact an Ohio Scientific 
dealer or send $1 for our 64-page buyers' guide. 
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Ch HangermSystam 

• Designed for small business computing. 
• Uses the 510 triple processor CPU Board , runs 6502, 
6800, 8080 and Z-80 programs. 
• Available with up to 1 Megabyte of RAM memory; high 
reliability static RAM is standard; low-cost dynamic RAM 
is optional. 
•S ingle- or dual -drive floppy disks store 250 ,000 
characters per surface - 3 to 4 times the storage of min i­
floppies. 
•Supports our ultra-fast 6-digit BASIC (see "BASIC Tim ­
ing Comparisons," Kilobaud, Oct. 1977, p. 23, where Ohio 
Scientific out-benchmarks all of our competitors) and our 
new super-fast 9-digit business BASIC. 
• Powerful operat ing systems support all standard 1/0 
ports including multiple terminals, line pr inters , video 
display and disk. 
• Disk supports: sequential , random and index sequential 
fi les . 
• 	Applications software, including: 

WP-1, a powerful disk-based Word Processor. 
DMS, a unique data-base management system which 

supports continuous disk addressing of up to 250,000 
characters per file. 

Complete business packages including Accounts 
Receivable, Accounts Payable, Ledger, Payroll , Inventory 
and Taxes. 
• Two factory-supported terminal opt ions and two factory ­
supported line printer options. 
• Optional 74-Megabyte hard disk for $6000. Reel-to-reel 
mag tape coming soon. 
•Optiona l 16-user operating system with time share and 
distributed processing capabil ities. 
• Opt ional rack mounting and rack enclosures . 
• Leasing programs and maintenance contracts available 
through many dealers. Opt ional nationwide field service 
coming soon. 
•Cha llenger Ill systems have extremely high 
performance-to-cost ratios. For example, a system com­
plete with tr iple processor CPU, 32K bytes of static RAM, a 
serial 110 port, dual drive floppy disks (SOOK bytes of on­
line storage), fully assembled, plus DOS, BASIC and a 
demonstration program library costs $3590 fully assem­
bled. 
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For more information contact an Ohio Scientific 
dealer or the factory. Be sure to specify your interest 
in business systems. 
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Photo 7: The prototype for the author's IC tester. The LEDs shown 
were not included in the final design of figure 7. 

A Programmable IC Tester 


About the Author 

Mark Thorson is cur­
rently an undergraduate at 
the University of Cali­
fornia at Berkeley major­
ing In neurobiology, and 
has been working with 
digital logic since sixth 
grade. (Early efforts in­
volved discrete com­
ponents and Incandescent 
lamps.) 
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Mark Thorson 
1505 Spruce St 
Berkeley CA 94709 

The high cost of digita l components can 
be significantly reduced by Lhe co nstr uction 
of this simpl e test instrument. While com­
ponents of quest ionab le reli ab ilil y have long 
been available for a fract ion of th eir value, 
the experimenter has been unable to take 
full advantage of them for lack of an ade­
quate means of componenl testing. Thi s 
circuit, however, now offers such a means 
for the rapid and accu rate screening of bar­
gain components. 

Conventional component tes ting gen· 
eral ly takes the for m of either bui lding a 
prototype circuit and substituting devices 
until it works, or sett ing up a rig of lights 
and switches and test ing each ga le or fl ip 
flop on the chip individually. Although 
these procedures are sufficient for the 
construction of trivial circuits emp loy ing 
a small num ber of integrated circuits, 
neither is exacti ng enough nor fast enough 
to provide the quantity or quality of parts 
req uired or a well stocked electron ics lab. 

Th e main weakness of both approaches 
is their fa il ure to check th e dev ices in 
question under all possibl e co nditions of 
data. As an examp le, conside r the 7400 quad 
NANO gate with the fa il ure cond ition of an 
internal short betwee n the input on pin 4 
and the output on pin 3. If this device is 
either tested in a circui t empl oying the quad 
NANO gate without using the input on pin 
4, or tested in a ri g in which each gate 
is tested individua lly , then the device will 
be passed without the fa ilure condi tions 
ever having bee n met. To be certain of 
test ing all possib le fa il ure modes of this 
device, all 256 possible data condit ions 
on the eight device inputs must be checked, 
a prohibitive req uirement for manual test ing. 

To this end, the circuit shown in figure 1 
has been designed to provide an automatic, 
instantaneous and ex haustive test of most 
SS I and MS I co mponen ts. [SSI (small scale 
integrat ion) refers to gates, inverters, flip 
flops, etc, whi le MSI (med ium scale inte­
gration) refers to counters, latc hes, shift 
reg isters, etc .] The circuit operates by 
sending eight li nes of input data to the 
device under test (OUT) and receiving 
six lines of output. Upon depressio n of 
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TO OEVICE UNOER FROM OE VICE UNOE R 
TEST INPUTS TEST OUTPUTS 

CLK 10 I I 12 13 14 15 16 17 00 

14 13 12 II 14 13 12 

A B c 0 B c 
z IC7 iceCLK 

7416 1 74161 
CLR CLR 

I 

Alternate M &mories 

lot el 
ln1er s1 1 
MM I 
National , T l 

•5V 

IK 

82506 , 82507 
82516, 82517 
93411 

3107 
5533 
6530 

745200 

OlµF 

0 

13 

DIN 
A7 

A6 

A5 

A4 

A3 
10 

A2 
II 

Al 
14 

II 

< 

IC 4 
7472 

12 
~-+-4-'"I CLK 

un 

0 1 

0 6 

02 

IC3 
7430 

8 

03 

TEST SWITCH 

04 

ICZ 

05 

PROGRAM 
SWITCH 

BOTH SWITCHES · MOMENTARY PUSHBUTTONS 

•5V 

, 
GOIHOGO 
LIGHT 

22on 

In 1he circ u11 diagram. unused inouu are not diown . While normally these should be 
tied high through a current limiring resis to r. they may be allowed 10 float. w ith 1he ex
ception of 1he memorv ch ip enable inputs which ant lied direc tly to ground. 

A liu of ahetnate memories lor ICs 9 thru 14 Is given here . Cenain memory 1ypes 
wlll not cause 1he Go/No ·Go light 10 remain 111 following a successful program cvcle. 

I Kfi 

· 

This is because some memories loc k out 1heir data ou tpuu. while being wri tten ln10. This 
can be remedied bv running a 1es1 cvcle afler the program cvch1. The Go/No·Go light 
will remain ht following 1he 1es 1 of a known good device if 1he da1a in 1he memori es is 
accura 1e . 

Figure 7: The author's automatic integrated circuit tester. The unit is connected by probes to the inputs of the integrated circuit 
under test (up to eight inputs can be accommodated). 256 different combinations of logic levels are sent to the integrated cir­
cuit, and a running comparison of up to six data outputs from the device is made with a set of results stored in memory for 
another integrated circuit of the same type that is known to be good. Any deviation from the accepted pattern causes an LED to 
be lit. The unit is capable of testing both combinatorial /Cs, such as logic gates, and sequential /Cs, such as flip flops. A learn 
mode allows the tester to store the characteristics of virtually any TTL integrated circuit in memory for testing. 
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Meet The North Star Family 

THE NORTH STAR S-100 FAMILY-four high perform­
ance products at att ract ive low prices. Our boards are 
designed for use in the North Star HORIZON computer 
and other S-100 bus computers using 0000 or ZOO proces­
sors. Visit your computer store for a demonstration , or 
write for our free color cata log. 

16K RAM BOARD 
No other S-100 bus memory can match the performance 
of the North Star 16K RAM at any price. This low-power 
board has been designed to work at full speed (no wait 
states), even at 4MHz with both ZOO and 0000 systems. 
Memory refresh is invisible to the processor, bank sw itch­
ing is provided and addressability is switch selectab le in 
two BK sections. Best of all, a parity ch eck option is avail ­
able. Kit: $399. Assembled: $459. Parity Option - kit: 
$39. Assembled: $59. 

MICRO DISK SYSTEM 
The North Star MDS is a complete floppy disk system with 
all hardware and software needed to add floppy disk 
memory and a powerful disk BASIC to S-100 bus com­
puters. The North Star MDS is widely considered one of 
the best designed and most complete S-100 bus products 

available. The MOS includes the S-100 interface board 
with on-board PROM for system startup, Shugart min i­
floppy disk drive, cab ling and connectors, and DOS and 
BASIC so ftware on diskette. Kit : $699. Assembled : $799. 
Additional drive - Kil: $400. Assembled : $450. Sing le 
Drive Cabinet: $39. Optional Power Supply: $39. 

Z80A PROCESSOR BOARD 
The North Star ZPB brings the full speed, 4MHz ZBOA 
microprocessor to the S-100 bus. Execution is more than 
twice the speed of an 8080, and the ZPB operates in sys­
tems both with and without fro nt panel s. The ZPB in­
cludes vectored interrupts, auto-jump sta rtup, and space 
for 1 K of on-board EPROM. Kit : $199. Assembled: $259. 
EPROM Option - kit: $49. Assembled : $69. 

HARDWARE FLOATING POINT BOARD 
If you do number crunching, then this board is for you. 
The FPB perform s high-speed floating point add, subtract, 
multiply and divide with selectable prec ision up to 14 
decimal digits. Arithmetic is up to 50 times faster than 
8080 software, and BASIC programs can execute up to 
10 limes faster. A version of North Star BASIC is included. 
Kil: $259 . Assembled: $359. Prices subject to change. 

NORTH STAR COMPUTERS 

2547 Ninth Street • Berkeley, Ca lifornia 94710 • (415) 549-0858 
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+5 v Gnd 
Number Type Pin Pin 

IC 1 7400 14 7 
IC 2 7400 14 7 
IC 3 7430 14 7 
IC 4 7472 14 7 
IC 5 7486 14 7 
IC 6 7486 14 7 
IC 7 74161 16 8 
IC 8 74161 16 8 
IC 9 74S 200 16 8 
thru (or 
IC 14 eq uiva lent) 

Table 7: Power wiring table for figure 7. See figure 7 for al ternate me11101y 
!Cs for IC9 thru 7 4. 

0 

7400 

FROM 
TESTER TO 

TESTER 

Figure 2: One method of hooking the tester up to a 7400 TTL integrated 
circuit. 

the Tes t button, th e binary counter driving 
the DUT input lines is clea red and the 
flip flop dr iving the Go/No-Go I igh t is set. 
Upon release, the coun ter increments 
through all 256 input condit ions to the 
DUT. Betwee n counts, the cl '1. ta on the six 
DUT ou tput lines is co mparnd with the data 
stored in memory, and if any mi smatch 
occurs, the Go/ No-Go flip flop is cleared. 
Once the counter reaches its termina l count, 
the clear input Lo the clock osc illator flip 
flop is driven low, thereby inhibi ting further 
coun ts unti l the Test button is hit again. At 
th is time, if th e Go/No-G o light has re­
mained lit, the component has passed the 
test. Programming is accompli shed by 
holding the Program button down during a 
test cycle of a known good device. During 
this time, data on the DUT outputs is 
loaded into memory between counts on the 
OUT input lines. Once the PROGRAM 
button is 1·eleasecl, data in Lhe memo ry is 
protected by a pul 1-up resistor on its read/ 
write line. 

Combinatorial integrated circuiLs, that is, 

integrated circuits such as gates or com­
parato1·s which do not contain stmage 
elements such as flip flops, are tested by 
co nnecting al l device inputs to lines lo to 17 
and all device outputs to lines Oo to 05. 
Any order ing of the connections is satis­
factory , because th e tester will run through 
dll possible input condi tions despite the 
arra nge men t used. Sequential in tegrated 
circuits, however, require special consider­
ation due to the ir internal data states. A 
dev ice such as the 74161 4 bit binary 
coun ter, fo r example, will require its clock 
input to change at least 32 times faster than 
it.s clea r inp ut to insure th e comp letion of a 
full cou nting cycle before being cleared. To 
aid in the testing of sequential integrated 
circuits with sev:!ral clear, preset, inhibit, 
and other combinatoria l inputs, the clock 
input has been provided wh ich toggles 
twice as fast as lo. This input is useful for 
co nnecting to the clock input of counters, 
fl ip flops, and shift registers, but should not 
be used wi th comb inatorial devices or the 
combinatorial inputs of sequential devices. 

As an example of the use of the tester, 
consider aga in the 7400 quad NANO gate. 
This device has a tota l of eight data inputs 
and four data outputs to be connected. An 
example of one possible configuration of the 
connections is shown in figure 2. It should 
be noted that two DUT outputs are allowed 
to fl oat . This is permissible, because the 
sa me data will be present during a test cycle 
as when the tester is programmed. It is also 
acceptable to use less than eight DUT inp uts, 
because the tester wi ll still run through all 
possible data cond itions on the remaining 
inputs. Once the proper connections have 
been made, the tester is programmed by in­
serting a known good dev ice into the OUT 
socket and holding the Program button 
down while momentari ly depressing the 
Test bullon. If the tester has accurately 
stored the charac teristic output of the 
dev ice, the Go/No-Go light will remain lit 
fo llowing the re lease of the Test button. 
The Program button may now be released 
and tests performed by inserting a ques­
tionable devi ce and depress ing the Test 
button. If the Go/No-Go light remains 
lit upon release of the Test bu lion, the 
device has passed . 

As an example of the testing of a sequen­
tial device, consider the 74161 4 bit binary 
counter. An example of one possible con­
figuration of its con nectio ns is shown in 
figure 3. Unlike the case of the quad NANO 
gate, the ordering of the DUT input con­
nect ions is very important. Combinator ia l 
inpu ts such as clear, load, and inh ibit are 
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NEW----......" 

AN INTRODUCTION 

AN INTRODUCTION 
10 PE RSONAt TO PERSONAL 
ANO BUSlNfSS 
COMPUTING AND BUSINESS 

COMPUTING 

Rodnay Zaks · Austin Lesea Ref C200 $6.95 
This introductory tex t is aimed at answering th e 
bas ic quest ion: " What do I need in order to ... ?" 
It covers appl ications , peripherals, exis ti ng system s, 

how to assemble them. How to choose . The real cost of a 
system. The software . Is a f loppy suffic ient for a mai l ing list ? 
Build or buy? 

A MICROPROGRAMMED 
APL IMPLEMENTATION $25.00 
Rodnay Zaks 320 pp ., ref Z-10 

The complete design of a real APL interpreter, including theory, 

parsing, operators, . dynamic block managem ent , actual listing . 


HERE IS WHAT THEY SAY 

" M icroprocessor Interfaci ng Techniques" is on exceplionol 

b?ok. There is nolhing l ike it on the morke1ploce 11 meels a 
real need . Jeffrey McKeever, Chairman of the Board, 

Phoenix Group Inc.; President, Micro-Age; Publisher, 
Byte-Shopper 

" M icroprocessors" is phenomenal. There is noth ing in the ln ­

duslry w hich expla ins compute rs for people who underslond 

e lectronics, bul nol compute rs. It is excel len t. I qua li fy the 

au thor's style as phenomena l. I o m extreme ly p leased wi th i i. 

A fle r readi ng ii from cover lo cove r, I recommended i i to len 
friends who we nI to l he BYTE SHOP and boug ht lhem out. I wi ll 

be more than happy lo tell anyone. Rick Prine, Rocklin, Ca. 

MICROPROCESSORS 
FROM CHIPS TO SYSTEMS 
Rodnay Zaks 
420pp, 150 illustr, ref C201 $9.95 

i ·.;...~1 -- I 

· Our Bestseller. This book is the result o f the 
author's experience in teaching microprocessors 
to more than 2000 person s. It presents a com· 
prehensive introduct ion lo all the aspect s o f 
microprocessors, from the components to the 
assembly of a system. The d ifficulty o f each 
chapter Is graduated from the basic concept s 
to the actual techn ica l detai ls. It is read by 
students, technic ians, managers, engineers, 
educators, doctors and by all those who wi sh to 

understand rapidly and efficiently all the important aspects 
of microprocessor use, selection , or appl ication. 
CONTENTS: Fundame111a/ Concepts. .. f111ernal Operation of a 
Microprocessor.. . System Components... Comparative Micro­
processor Evaluation. .. System l111ercon 11ect... Microprocessor 
Applications... Interfacing Techniques. .. Microproce.m ir Pro­
/!.ramming ... Sys/em Development.. . Thi! Futrire . .. 

TO ORDER 
• BY PHONE: call (415) 848-8233 
BankAmericard/Mastercharge accepted 
• 	SHIPPING: no charge when payment 

included. 
ADD: $1 .00/book for fast shipping. 

•TAX: in Californ ia, add sales tax. 
•OVERSEAS: 

SYBEX-EUROPE, 313 rue Lecourbe 
75015 · PARIS, France Tel :(1}82B2502 

8 

2020 Mllvla St. 
Beriteley, 
Calif 94704 

MICROPROCESSOR • 
LEXICON $2.95 
110 pp ., pocket-size. re l X 1 

ALL THE DEFINITIONS AND ACRONYMS 

A compl ete dictionary, PLUS : part numbers. 

signal s, for Sl 00. RS232, IEEE 488, addresses. 


SELF-STUDY COURSES 

Each cou rse includes a book plus 2 cassettes 

(can be p layed on any cassette recorder at 

home, in th e car, at the off ice. ) 


Sl · INTRODUCTION TO MICROPROCESSORS $29.95 
214 hours. Basic introductory course . 

S2-PROGRAMMING MICROPROCESSORS $29.95 
2 \S hours . Basic introduction to pro!lramming . 

Aller read ing " M icroprocessors, from chi ps to sys tems" by 

Rodney Zoks, I was very impressed w i th the simple ye r 

thorough approach wh ich M r. Zoks hos tok en in expla in ing the 

microprocessor. Bally, M onufoc luring Corporo lion hos begun 
i ts entry inlo lhe persona l compuler fie ld , and, due to the 

great amoun t of informo lion that is needed by our serv ice 

people, I fee l th is book shou ld be o n essen tia l pori of our se r­

vice lechn icion 's l ibra ries. Richard Shultz, Bally, Consumer 
Products Division 

I read both books, ond I learn t more from I hem thon any thing I 
hove read. Gavin Craig, General Electric Corp, 

MICROPROCESSOR 
INTERFACING 
TECHNIQUES 
Austin Lesea, Rodnay Zaks 

420 pp, 320 illustr, ref C207 $9.95 

iagrams, 
disk, CRT 

. One chapter 
dards, including 

chapter to test ing 

MIC llOl'ROCESSOR 
I INTERf...CING 

TECHNIQUES 

... 

on ... Assembling the Central Processing 
11rp11 t . .. Interf acing the Peripherals ... A nalog 

Standard.<... Case-study: a 32-channef M11fti­
Trouble-Shooting ... Conch1sion-Evolution . 

OISTRtBUTION /TRANSLATION INQUIRIES IN VITEO 

NAM E _ _________POSITION 

COMPAN Y 
ADDRESS_ _ _____ _____ ____ ~ 

CITY _ ___ ____STATEIZIP _______ _ 

0 Send me: D C201 D C207 D Other: ________ 

D Payment enclosed D Bi ll company O Bil l me 
ADD $1 .00 I BOOK FOR FAST SHIPPING 

0 charge my D Visa 0 Master charge 

0 Number Exp date - - ----- ­
Signature ___________ 0 Send catalog. 
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we're looking for 
someone serious about 

personal c:ompuling! 
8-bit? 16-bit? The better of powerful repertoire of in­
the two? The question is ele­ structions of any computer 
mental - hardly worth con­ in its price class. 
sideration. What matters is What it all boils down to 
your "machine's" CPU, its is that the Heathkit Hll 
"architecture,- and most im­ gives you fantastic flexibili­
portantly its instruction set. ty, unparalleled high-speed
That's where the power is program execution, and 
and that's exactly why we're unmatched performance!

telling you about the KDll-F. 


Our Hll CPU isn't for every­
The KDll-F is the CPU we one. It's for someone serious 
chose for the Heath Hll. It's about computing .... some­
built by DEC, is the same one like you! 

CPU that's the cornerstone 

of the popular LSI-11 family. 

and is the main reason our 

16-bit is the most powerful 

16-bit in its price class! Bells 

and whistles? Hardly! 

Fact: The KDll-F has eight 

registers. Six of which are 

general-purpose and non­

dedicated! That alone means 

virtually unlimited program­

mer flexibility! 


Fact: Most computers in 

the 16-bit class use three 

types of instructions (mem­
 rREI 

Read about nearly 
400 money-saving, 

fun-to-build 
electronic kits. 

ory reference, operate or ac­

cumulator control, and 1/0 Heathkit Catalog 

instructions). The KDll-F ac­

complishes all data manip­

ulations with a single set of 

instructions - which results 

in very efficient operation! 


Fact: The KDll-F's PDP-11 

instruction set has the most 


,-----------------,
I I HEATH I Heath Company, Dept. 334-420 I
•10$-MAU Benton Harbor, Ml 49022 

I Please send me my FREE Catalog . I am not on your mailing li st. I 
I I
Name _--- - --------------------- ­

• Address I 
I ICity _____________________ s1a1e ______ 

CP-149 Zip ____ _I I 
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Send the coupon or visit the 
Heathkit Electronic Center 
nearest you today! 
Units of Schlumberger Products 
Corporation. Retail prices on some 
products may be slightly higher. 

ARIZONA- Phoenix, 2727 W. Indian School Rd. 
(602) 279-6247, 
CALIFORNIA- Anallelm, 330 E. Bal l Ad . 
(714) 776-9420: El Cerrito, 6000 Polrero Ave. 
(415) 236-8870: Loa Angeles, 2309 S. Flower SI . 
(213) 749-0261 : Pomona, 1655 Orange Grove Ave. N. 
1714) 623-3543; Redwood City, 2001 Mlddlelleld Rd . 
(415) 365-B 155; Sacramento, 1860 Fu llen Av e. 
(916) 486-1575; San Diego (La Mesa), 8363 Cen1er Or. 
(714) 461-01 lO·San Jose (Campbell), 2350 S. Bascom 

Ave . (408) 377-8920; Woodland Hiiis. 22504 Ventura 

Blvd . (213) 882-0531 . 

COLORADO- Denver, 5940 W. 381h Ave . 

(303) 422-3408. 

CONNECTICUT- Hertford (Avon), 395 W. Main St. 

(Ale. 44) (203) 679 -0323. 

FLORIDA- Miami (Hialeah), 4 705 W. 16th Ave . 

(305) 823-2280; Tampa, 4019 Wesl Hillsborough Ava. 

(813) 886-254.1. 

GEORGIA- Atlanta, 5285 Roswell Rd . (404) 252-4341. 

ILLINOIS - Chicago, 3462-66 w. Devon Av e. 

(312) 583-3920; Chicago (Downers Grove), 224 

Ogden Ave. (312) 852-1304. 

INDIANA - lndlanepolls, 2112 E. 62nd Sl. 

(317) 257-4321. 

KANSAS- Kansas City (Mission). 5960 Lamar Ave. 

(913) 362-4466. 

KENTUCKY- Loulavllle, 12401 Sh elbyvil le Ad . 

(502) 245-791 1. 

LOUISIANA- New Orleans (Kenner), 1900 Veterans 

Memorial Hwy. (504) 722-6321. 

MARYLAND- Baltimore, 1713 E. Joppa Rd . 

(301) 661 -4446; Rockville, 5542 Nicholson Lene 

(301) 881-5420. 

MASSACHUSETTS- Boston (Peabody), 242 Andover 

St. (617) 531 -9330; Boston (Wellesley), 165 Worcester 

Ave. (Rte. 9 just wesl of Rt. 129) (617) 237-1510. 

MICHIGAN- Detroit, 19645 W. Elghl Mlle Rd. 

(313) 535-6480; E. Detroit, 19149 E. Elghl Mlle Rd . 

(313) 772-0416. 

MINNESOTA- Mlnneapolla (Hopkins), 101 Shady 

Oak Rd . (612) 938-5371 . 

MISSOURI - St. Louis, (Bridgeton), 3794 McKelvey 

Rd. (314) 291 -1850. 

NEBRASKA- Omaha, 9207 Maple St. (402) 391-2071 . 

NEW JERSEY- Fair Lawn, 35-07 Broadway 

(Rle . 4) (201) 791 -6935; Ocean, 1013 Slate Hwy. 35 

(201) 775·1231 . 

NEW YORK - Buffalo (Amherst), 3476 Sheridan Or. 

(716) 835-3090; Jericho, Long Island, 15 Jericho 

Turnpike (516) 334-6181 ; Rochester, 937 Jefferson 

Rd . (716) 244-5470; White Plains (North White Plains). 

7 Reservoir Rd. (914) 761-7690. 

OHIO - Clnclnnell (Woodlawn), 10133 Sprlngl lold 

Pike (513) 771·8850; Cleveland, 5444 Pearl Rd . 

(216) 886-2690; Columbus, 2500 Morse Rd . 
(614) 475-7200: Toledo, 48 S. Byrne Rd. (419) 537-1887. 
PENNSYLVANIA- Philadelphia, 6318 Roosevell Blvd. 
(215) 288-0180; Frazer (Chester Co.), 630 Lancasler 
Pike (RI. 30) (21 5) 647-5555; Pittsburgh, 3482 
Wm. Penn Hwy. (412) 824-3564. 
RHODE ISLAND- Providence (Warwick), 558 

Greenwich Ave. (401) 738-5150. 

TEXAS- Dallas, 2715 Ross Ave. (2t4) 826-4053; 

Houston, 3705 Weslheimer (713) 623-2090. 

San Antonio, 7111 Blanco Rd . (512) 341 ·8876 

VIRGINIA- Alexandria, 6201 Richmond Hwy. 
(703) 765-5515; Norfolk (Virginia Beach), 1055 
Independence Blvd. (804) 460-0997. 

WASHINGTON- Seattle, 505 81h Ave. North 

(206) 682-2172. 

WISCONSIN- Miiwaukee, 5215 W. Fond du Lac 

(414) 873-8250. 
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put on the more slowly togg li ng lines 
14 to 17, and th e sequentia l in puts arc put 
on the fas ter lines lo to 13. This example 
also ill ustrates the use of the clock line 
for the clock. It sho ul d be no ted that th ere 
is ii minimum sepa ration of fou r li nes 
between the clock and any combinatorial 
input. As previously stated, this is necessary 
to allow the counter to comp lete a full 
counting cyc le. Str ictly speaki ng, the pre­
setting inputs to the counter are also com­
binatorial inputs, but they do not interfere 
with the counting cycle, so they may be 
placed with in four lines of the clock. They 
Me, however, synchronous inp uts and as 
suc h may no t be placed on a DUT input 
line which t ggles faster than the clock. 
Also, whi le the 01·dering of the DUT inputs 
is important (fo r reasons just expla ined ), 
there are no restrictio ns wha ts eve r on the 
order ing of the DUT outpu t connections. 
Connections between the integrated circuit 
tester and the DUT socket should be made 
vi a banana plugs, matrix switches, or o ther 
fom1s of connect ion which readily perm it 
rnoclific<ttion . The OUT socket itself should 
be a 1.ero insertion force (Z IF) ty pe ocket 
(Tex tool 01· cqu iv,Ilcn t). 

Expansion of the test ing capacity of the 
unit can be achieved by extend ing the 
counte1· length or the memory size, bu t it 
has been my experience that the com­
bination of eight inputs and six outputs 
ha s proven ideal fo r testing most standard 
TIL components. In my first prototype 
(sec photo 1 ), a single step feature was 
provided by switch ing in a dcbounccd push­
bu lton switch in place of the oscil lator, and 
placing LE D indicator lights on the DUT 
inputs and on the memory data outputs. 
This made it possib le to exa mine the 
memory once it had been p1·og 1·ammed and 
verify that the tester was really doi ng what 
it was supposed lo do. Thi s feature was 
also ncccssa1·y because the original version 
had Lo be programmed manua ll y, buL the 10 
to ·15 minutes required to program the lester 
fo 1· even a device as simp le as a quad NAND 
ga te made the advantages or autoprogram­
mab ility qu ite appare nt. Neverthe less, the 
sin gle sLep feature may prove useful to the 
hobbyist who may wish to use this instru­
menl as a logic analyzer. Other feat ures 
th;it may prove useful wo ul d be the add it io n 
of low power TTL buffer s on the DUT 
ouipuls to permit testi ng of CMOS inte­
grated circuits, miniaturized constructi n 
fo 1· portab le operation, and insta llation 
of an ammeter in series with the OUT 
socket power input pin to provide a measure 
of power dissipation.• 

+SV 

0 

74 161 

TOFROM 
TESTERTESTER 

Figure 3: Tester hoolwp for a TTL 74767 integrated circuit. Note the use o f 
the cloc!? line coming from the tester. This is to ensure that the integrated 
circuit receh1es clocl? signals of the proper speed relative to the other test 
input lines. 

6800 AUTOMATIC TELEPHONE DIALER 
PROGRAM .. .. . . .......... $9.95 postpaid 
l-li!vc your 61l00 sys tem dia l your pho ne • Uses 
only 5 xtern al compon en ts • tores 650 variable 
lenglh phone numbers • Operate in le s than 'JK 
byres of memo ry 

Includes: P;ipc r !ape in M ikbug ' fo rmal and ob­
jccl code • irc ui t d iagram and inst ructions 
• l n~tructio n s for adapting to o ther 6800 systems 

6800 TELEPHONE ANSWERING DEVICE 
PROGRAM ................ $4.95 postpaid 
I J;ivc your 6800 sys tem answer your p hone and 
record mes <1gc. au toma 1ica ll y. Compatib le wi th 

,111y hllOO system. 

lnr ludcs: As emb ly l isting and objec t code • Cir­

u1i 1 rli;ig ram ;ind instru ct ion 


Writ to: 	SOFTWARE EXCHANGE 
2681 PETERBORO 
W. BLOOMFIELD, MICH. 48033 

C>rcle 325 on inqu iry card. 	 June 1978 BYTt l'uhfit .i riom Inc 35 



Gourmet Guide, 
sce\bi' s sottwar~ ·soao' or '6800 : 

d cookbooks or moutn-watennQ 
aNn w you can coo\< bu\p " hoW to" facts 

o oe\ecta e tion 
progran;~·080 ' or '6800' instru~s F\oW 
include w to ma~il?ulate st~~rai pur­
sets. Ho ource \\stings: Ge recision 
charts. Sf nes for mult1p\e p delays 
pose rc;>U I programming t1meh more. 
operat1oi:· And much, muc . 
tor real time. f 9 point arithmetic ' 
Includes tloa in ur copies today. 

· order yo ,
rout1~es;8080, or '6800 · 
specify \<" $10.95; 
'8080' paper~a~a;dcover: $14.95. 
Viny\: $12.95 , \<only): $10.95. 
'6800' (Paperbac 

Order your SCELSI Personal Computer Books and Tapes today! They ar 
"must" items for your collection. And, they make ideal special occasion gift 
for that computer buddy too! 

Prices shown for North American customers. Master 
Charge, VI SA, Posta l and Bank Money Orders pre­
ferred. Personal checks delay shipping up to 4 weeks. 
Prici ng , specificalions, avai lablllly subject to change 

ICllEI COl'll>IJilll 
without notice. IMPORTANT! Inc lude 75¢ postage / 
hand ling for each item delivered by U.S. Ma il Book 

Post Office Box 133 PP STN, Department B, Milford, CT 06460 Rate; o r $2 for each item shipped Firs t C lass or UPS. 
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Natural Language Processing 


and Small Systems 


Harry Tennant 
1001 W Oregon # 1 
Urbana IL 61820 

In troduct ion 

What ca n possibly be sa id about the use 
of natu ral languages, th at is the languages 
people use, with mal l sy tems? Where 
research i done on nat ura l language process­
ing, it is done on t he largest compu ters avai l­
able. To many computer sc ient ists, the 
proble m of enabl ing co mp uters to unde r­
sta nd nat ural la nguages at a rcaso n<1 ble leve l 
of co mpetence is bey nd the current tech­
no logy. Consider what arc probably the two 
best natu ral language processors yet pro­
duced by computer sc ientists: Wil liam 
Woods' LUNAR system which answered 
questio ns abo ut rocks bro ught back from 
the moo n, and Terry Wi nograd's system 
which man ipu lated blocks on a table in 
respo nse to English commands; bo th arc 
quite large prog rams. LUNAR uses one task 
with 256 K 36 bi t wo rds to discover the 
mean ing o f the user 's qu ery, then uses 
another task of 256 K words to ;mswer the 
question. One quest ion cou ld take from 
three to 20 second to answer. Winograd 's 
system did not need the q uantity of data 
that Woods' system needed, bu t it sti ll 
required 60 K words of 36 bits to ope r­
ate in its limi ted wo rld, consist ing of a 
few blocks on a table. These ttrc ju st two 
examp le of the many natural la nguage 
processing projects which have been con­
ducted in recen t yea rs. These two (fro m 
the ea rly 1970s) and nearly all the o thers 
since then share the prope rt y that th ey 
are large pro jects clo ne on large machine 

usi ng large amo unts of memory . So what 
can poss ibly be said about na t.u ra l language 
processing and small systems? 

The small system user is severely limited: 
he o r she has compai-atively little memmy 
Lo wo rk with, few languages to choose from 
(<1 nd those languages are no t part icul arly 
suited Lo the needs of natu1·a l language 
prncessing). and usual ly few aids to software 
deve lo pmen t, such as seco ndary sto1·age, 
edi t ing facil ities, and debugging facili ti es . 
Bu t among smal l systems users, the1·e is a 
growing interest in the application areas of 
arti fic ia I in tel ligence: inte lligent game play­
ing, math , science and enginee1·ing a ids, 
robot ics, and nawral language processing. 
In thi article the genera l prnblems of 
comp ute r based unde rstanding of natural 
language are discussed br iefly, and J 

few tec hn iq ues th at can be used on small 
systems Lo do a limited amo un t of naLm al 
language processing are presemed. 

J\ Ltempts have been made since nearly 
the daw n of co mputer his tory to make it 
possible fo r computers to understand the 
la nguages of peop le. It began as tra nslat ion 
bet ween natu ra l languages, for example, 
from Russ ian to Engl ish . That kind of work 
was not successful. Later, reseai-ch moved 
into the areas of nat ural la nguage query of 
data bases and the study of the structure of 
huma n tho ught and memory throug h the 
mode l Ii ng of hu man language behav ior on 
co mputers . Th is is the work that i bci ng 
do ne today . It looks prom ising, but it is 
sti ll Loo early to tel l if the work will 
act ually pro vide use rs with the abil ity Lo 
co mmunica te their thoughts to computers as 
efficient ly as humans communicate with 
o ne ano ther. 
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GET THE ~~~\,LOW DOWN BEFORE YOU BUY 


SO YOU WANT TO 

BUY A COMPUTER?? 


This new book presents an objective look at the top 24 micro systems sold 

throughout the world. 

It discusses the Pros and Cons of each system in No Uncertain Terms and takes a 

straightforward look at the micro computer industry as it relates to YOU. 

Written especially for the layman 1n a language he can understand . Profit from the 

mistakes of others. 

Includes hundreds of references. 

Table of Contents 

1. Introduction SCIENTIFIC RESEARCH 
2. Don't get hung up on the chips 

P.O. Box 490099-B
3. Which ca tegory do you fit int o 

4. Now - About the Hardware Key Bisc ayne, Florida 331 49 
5. Peripheri als that plug in? 

Phone Orders Cal l 800-327-65436 . What? No Software! 

7. He lpfu l Suggest ions before spending money 

8. Addresses .. Add $1 handling, all domestic shipments 

sent U.P.S. except APO and P.O. Box - wh ic h go parcel post. Foreign orders add 

$4 .50 per Volume BAN KAMER ICARO $4 for air shipment and make payable in-Volume discounts available U.S. funds . 
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Natural Language Understanding 
on Computers 

A conversation between two humans 
could proceed something like this: 

Sam : Joe, how's your micro coming? 
Joe: OK. I've moved on to the video 

cards. 
Sam : When did you finish the cassette 

interface? 
Joe: Last week . It took long enough for 

the ch ip to come. 
Sam : Yeah, that's why I always dea l with 

the fastest compan ies. 
Joe: What do you think of the new 

video ti ming gene rator? 
Sam : IL will save some boai-d space an d 

maybe some money, too. 

We do no t know much about Joe and 
Sam, but we do know from th is conve r·sation 
that they both know someth ing about micro­
processo rs. We know that Joe is bui ldi ng one 
and th at Sam knows quite a bit about it. 
When asked how his micro is coming, Joe 
thought of his computer, the problems he's 
had on it, the last sectio n that he has been 
working on, the sectio ns that have al1-eady 
been built ... in o ther words, a gr·eat dea l of 
information abOL1t his computer came to 
mind. Joe then thought of what Sam knew 
of the co mputer, and chose a re levant piece 
of information that Joe though t Sam did not 
know, and said that he was working on the 
video ection. Now, Sam knows a lot abo ut 
the computer, Loo . He is thi nki ng abou t it 
just as Joe is. And so the conversation pro­
ceeds. Both J oc and Sam know a great 
de al about the compute r. Both know about 
the prob lems of build ing a microprocessor, 
parts ava ilability, etc. Their· co nversa tion is 
short, it uses few words, bu t it man ip ulates 
very large information structures in each of 
their mi nds as the conversation takes place. 
The co nversa tion is not ju st a tr ick le of 
words between Joe and Sam, but it is main ly 
an activity inside their brains involving a 
great deal of informatio n. The trickle of 
words is not what is rea ll y goi ng on, it just 
tr iggers what is going on. The rea l activi ty is 
happening in Lhc minds of Jo e and 5;1111 . 

Now, what abo ut a conversation with a 
computer? If it were to happen as the con ­
versation above did, the compu ter would 
need to know a lot about the microcompu­
ter that is be ing built. In o ther words, the 
computer would need knowledge very much 
like Joe's and Sam 's. It would have to have 
some way of represent ing informat ion about 
micmcompu tcrs: what they are made of; 
how they are built; the particular micrn­
computcr being discussed; its state of com­
pletion; an d so on. In addi ti o n to this, th ere 

must be some way for t he com puter to dis­
cover what the words in the conversation are 
referring to. How does it know that the con­
ve rsation is about microcomputers, for 
instan ce? The wo rd "micro" could refer Lo 
a microb io logy program. As if that were not 
enough, let's say that th e com puter did 
interpret the first question co rrectly, did 
have informatio n abo ut the microcomputer, 
and decided on something to te ll the ques­
tioner. It then has the task of present ing the 
information to the questioner in a for m that 
he will understand. Add to this problem that 
humans converse on a wide range of topics, 
and learn about new to pics wit hout even try­
ing, and the problem of enabli ng a compute r 
to conve rse like a human becomes a large 
problem indeed. A full so lu tio n to the prob ­
lem is a long way off, and qu ite poss ibly will 
r·equire hardware beyo nd what is avai lab le 
today {a HAL 9000, perhaps?) . But there are 
many steps toward natural language process­
ing that can be done without a HAL 9000 
and witho ut 30 years of research and 
deve lopment. 

As mentioned above, there are three mai n 
prob lem areas in natu ral language processing: 

1. 	Representation of knowledge 
2. Associating words with ideas 
3. Present ing ideas 

The problem of presentation of ideas by a 
compute r wil l not be considered exp li citly. 
Represen tation of know ledge and associating 
words with ideas wi ll be co nsidered in the 
next sections. 

Representation of Knowledge 

Before we ap proach the prob lem of repre­
sen ting knowledge on a compu ter, it may 
help to decide how to represent knowledge 
on a piece of pape r. The first thing to decide 
is exact ly what we want to represent. 

Consider the microcomputer systems in 
figure 1. If we want to be able to co nverse 
with a computer about such systems, we 
need some way of storing what is known 
about them. Some of the things we know 
abo ut System 1 are : 

1 . 	It has an 8080 microprocessor. 
2. 	 It has ·1 K of read o nly memory. 
3. It has 2 K of program mable memory. 
4. Its only outpu t is ligh ts. 
5. Its only input is a keyboa rd . 

We know the follow ing about System 2: 

1. 	 It has an 8080 microprocessor. 
2. It has 1 K of read on ly memory and 

1 K of progra mmable memory . 
3. 	 It has a scale as an input dev ice (i t is a 

digit al sca le}. 
4 . 	It has a smal l key board as input. 
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Rackets or 
Racquets? 

Software systems from 
TSC serve - whether 
your racket is business 
or p leasure. TSC's 
software is designed 
for business and 
industrial uses as well 
as for recreation. Off 
the job or a t work, TSC r:· ,.. . 
software serves ·· 
your needs. 

Assembly Language Programs 
(Includes Source Listings) 

With Object Code Cassette 
SL68-5C 6800 Space Voyage $18.95 
SL68-24C 6800 Text Editing System $30.45 
SL68-26C 6800 Mnemonic 

Assembler $30.45 
SL68-29C 6800 Text Processing 

System $38.95 

With Object Code Paper Tape 
SL68-24P 6800 Text Editing System $31 .50 
SL68-26P 6800 Mnemonic 

Assembler $31 .50 
SL68-29P 6800 Text Processing 

System $40.00 
SL80- lOP 8080 Text Editing System $37.50 
SL80- l l P 8080 Text Processing 

System $41 .00 

Cassettes are in the Kansas City Standard 
format. Many other programs are 
available. Send 25¢ for a comple te 
catalog. 

Technical Systems 
Consultants, Inc. 
Box 2574 
W. Lafayette. Indiana 47906 

~~=;.;;....==-r-/ 317-423-5465 
Specialists in Software & Hardware for Industry & the Hobbyist 

Circle 370 on inquiry card . 

To Order: Include 3% postage, $1.00 
handling on orders under S l 0.00, and 
Indiana residents add 4°lo sales tax. 
Check your dealer! 

TSC Monthly Feature: 
Disk Based 6800 Software 

Now TSC software is available on dtsk The Text 
Editing System. IV!nernonic Assembler. and Text 
Processing System have been adapted lo run 
under the FLEX disk operating system found on 
the Southwest Technical Producls Corp mini-disk 
system. All lhre systems work with named files. 

A single file may be as large as lhP disk even 

thuugh your RAM Iii .spucr-; is lirntle This 

software gives your micro the power of the best 

program development or word processing 

syslems. 

SL68-24D 6800 Text Editing System $3 1.50 
SL68-26D 6800 Mnemonic Assembler $31.50 
SL68-29D 6800 Text Processing System $40.00 
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5. It has as output a display of decimal 
digits. 

The system can be represented hierarchi ­
ca ll y (in outli ne form) as: 

System 1 
1. Processor 

8080 
2. Memory 

1 K read only memory 
2 K programmable memory 

3. Output 
Lights 

4. Inp ut 
Keyboa rd 

System 2 
1 . 	Processor 

8080 
2. Memory 

1 I< read o nl y memory 
1 I< programmable memory 

3. 	In put 
Scale 
Keyboa rd 

4. Output 
Decimal display 

Now suppose we want to use this data 
base to answer questions abou t System 1 
and System 2. (Note thaL a data base like 
this could be extended to include many 
other sim il ar systems. It can be extended Lo 
as many as memo ry wil l al low. But, co nside r 
how triv ial it is in deta il and breadth com­
pared to a human's knowledge. Fo r thi s 
reason, one can not expect the compu ter to 

Figure 7: System 7 and respond with anythi ng like the in telligenc 
System 2 diagrammed as of a human. The relevan t questions arc 1) 
components connected to is there enough data in the data base to 

a common bus. 

8080 I K READ ONLY MEMORY 2 K PROGRAMMABLE MEMORY 

LIGHTS KEYBOARD 

SYSTEM I 

8080 I K READ ONLY MEMORY I K PROGRAMMABLE MEMORY 

SCALE 

4 2 Ju1h: l'J 7K 

KEYBOARD 

SYSTEM 

liYrt:. Puhht.H1um Im 

2 

DECI MAL DISPLAY 

make it worth doi ng and , 2) is the English 
interface to the data good enough to warrant 
making it.) Wh en asked what the processor 
is for System 1, we consu lt our o utline 
of System 1, look under "Processor," 
and rep ly tha t it is an 8080. When asked 
what the output for System 2 is, we consu lt 
the outli ne for System 2, look un der the 
output to find " Decimal display ," and we 
retu rn that. When asked about the inputs to 
System 2, we respond that they are a scale 
and a keyboard. Bu t note that, more com­
plicated pro blem arises if we ask what kind 
of processor is in the system that uses the 
scale. First we must find al l systems that 
use scales (we may not even realize that a 
scale is an in put device). For al I the systems 
usi ng sca les, we must then fin d what the ir 
processors are, and return that in formatio n. 
This is not a problem if we have on ly two 
systems, as in the example. But if we had 
many systems whose out lin e descriptions 
filled many sheets of paper, searc hing al l 
the descriptions for the ones that use scales 
could be a major effort. One of the advan­
tages of natu ra l language is that items can be 
refe rred to by the ir descriptions instead of 
their names. We referred to System 2 not by 
its name, but by its description, ie: th e 
syste m that uses a scale. Because this is such 
an important feat ure of natura l language, it 
is very important to be ab le to deal with it. 
One way of doing so is to make a new set of 
outl ines for each of the items mentioned in 
Lhe or igina l ou ti in es. For examp le: 

8080 
1. Processor in 

1. System 1 

2. System 2 


I< Read only memo ry 

1. Memory in 

1 . System 1 
2 . System 2 

I< Programmable memory 
1. Memory in 

1. System 2 
2 I< Programmab le memory 

·1. Memory in 
1. System 1 

Lights 

·1. Ou tput of 


1 . System 1 
Seate 

1. 	Input of 
1 . System 2 

Keyboard 

·1. Input of 


1. System 1 
2. System 2 

Decimal display 
1. Output of 

1. System 2 



TARBELL SETS STANDARDS 

For Hobbyists and Systems Developers 

Sales to thousands of hobbyists over the past two years have proven the Tarbell Cassette 
Interface to be a microcomputer industry standard. Tarbell Electronics continues research and 
development to produce new and efficient components to fill hobbyists' changing needs . 

TARBELL FLOPPY DISC 
INTERFACE 

TARBELL 

CASSETTE INTERFACE 


• 	 Plugs directly into your IMSAI or ALT AIR• 
• 	 Fastest transfer rate: 187 (standard) to 540 bytes/second 
• 	 Extremely Rel iable-Phase encoded (self-clocking) 
• 	 4 Extra Status Lines , 4 Extra Control Lines 
• 	 37-page manual included 
• 	 Device Code Selectable by DIP-switch 
• 	 Capable of Generating Kansas City tapes also 
• 	 No modification required on audio cassette recorder 
• 	 Complete kit $120, Assembled $175 , Manual $4 
• 	 Fu ll 6 month warranty on kit and assembled units 

• 	 Plugs directly into your IMSAI or 
ALT AIR· and handles up to 4 
standard single drives in daisy ­
chain. 

• 	 Operates at standard 250K bits 
per second on normal disc format 
capacity of 256K bytes. 

• 	 Works with mod if ied CP/ M* 
Operating System and BASIC-E 
Compiler. 

• 	 Hardware includes 4 extra IC 
slots , built-in phantom bootstrap 
and on-board crystal clock. Uses 
WO 1771 LSI Chip. 

• 	 Full 6-month warranty and exten­
sive documentation. 

• 	 PRICE: 
Kit $190 . . . . . . Assembled $265 and manuals: $100 Ask about our disc drives priced as low as $525. 

I 

CP/ M with BASIC-E Compatible Disc Drives 

• Gold plated edge pins 
TARBELL • 	Takes 33 14-pin ICs or 

• 	Mix 40-pin, 18-pin , 16-pin andPROTOTYPE 14-pin ICs 
• Location for 5 volt regulator 
• Suitable for solder and wire wrap ~~::'i~P • ALTAIR/ IMSAI compatible 

Price: $28.00 
For fast , off the shelf delivery , all Tarbell Electronics products may be purchased from computer store dealers 

across the country . Or write Tarbell Electronics direct for complete information . 
·ALTAIR is a trademark/ lradename of MITS . Inc . 

CP / Mis a trademark t tradename of Digital Research 

i••••••••••­

~"' ~/ 20620 South Leapwood Avenue, Suite P 
~ Carson, California 90746 

I 	0 (213) 538-4251 
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2K 
PROGRA MMABLE: 
ME'MORY 

t K 
PROGRA MMABLE 
MEMORY 

SYSTEM 2 

LIGHTS 
OU TPUT 

PROCESSOR 

PR OCE SS OR IN 

Figure 2: Simple semantic net. This net represents the connections of the components of System 7 and System 2. Each com­
ponent is represented by a node. The nodes are related to one another through labelled links. Notice that the names chosen 
for the links and nodes are largely at the discretion of the net designer. 

Now, think again about rep resenting a 
large number of systems in th is way . It wil l 
take more memory , but it wil l prov id e 
access Lo ite ms such as sca le or 8080. If a 
hundred systems are re presen ted on sheets 
of pape r, we would probably have an index 
o r table of co ntents to direct us to the 
appropriate page to find th e o utl ine we seek, 
thus speeding up the response. I have not 
forgotte n that in many small systems the 
trade-offs between memory and processing 
time often are in favor of savi ng memory 
space . What is presented here is intended to 
illustrate the trade-offs, no t to make the 
decisio ns for the use r. 

It is eas ier to see th is type of representa­
tion when it is presen ted in graphic f rm. 
The representation used in figure 2 is ca lled 
a semantic net . Each outline is represented 

by a node and the rel ationships between 
nodes are represented by directed labelled 
arcs. The idea of a semantic net is that nodes 
are enti ti es and arcs are relations between 
ent it ies. The net shown in figure 2 is not th e 
way most natural language researchers would 
represent the infor mation abo ut our two sys­
te ms . For example, "System 2" is the name 
of something, it is not the thi ng itself. An 
8080 is a part of the t hing whose nam e is 
"System l ,"and that thing that is ca ll ed an 
8080 has the function of "Processor" in th e 
thing cal led "System l ." A diagram of 
representatio n like this is show n in figure 3. 
It is more exp licit and more correct than 
the representat io n of fig ure 2, but is harder 
to build, more difficult to interp ret, and 
req uir·es more memory to represent. 

Semantic nets, in whatever form one 
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COMPUTER SOFTW~RE 

For Homeowners, Businessmen, Engineers, Hobbyists, Doctors, Lawyers, Men and Women 

We have been in business for over ni e years bui ld ing a reputation 
for providing a quality pro duct at nominal prices - NOT w~a t t e 
traffic will bear. Our software is: 

• Versa t ile - as most programs a llo.w for mul t ip e mod es of 
op era ti on . 

• 	 Tutorial - as each program is set 
through the program (most ave e r>{ eta i led irst 
con tained nghl in their sour e code). 

• Comprehensive - as an example our PSD program not only 
computes Power Spect ral Densit ies bu t also includes FFT's, 
Inverse -transforms . Window ing , Sliding W indows. simul taneous 
FFT's variable dat a s izes. etc . and as a las1 w ord our so f-tware is: 

• 	 Readable - as al l of our programs are e roduced full size for 
ease in read ing.9 

• 	 Virtuall y M achine Independent - these programs are w rit en 
on a subse t of Dartrnou h Basic but are nol oriented for any o e 

par11cu lar sys tem. J,usl in case your Basic mighl no t use one ofi'pur 
particular system. Just i(l case your Basic might not use one'or 
our !unctions w e hove included an appendix in Vo lum e V wh ich 
gives convers10 algori thms fo 19 di ffo re t Basie's; that 's rig ht 
1us1 look •t up and m ake the substiru t op for your particular 
version _II you w ould li]<e to convert your favori te prog ram in to 
Fortran or APL or any o ther language the ap pendix in Vo lume II 
woll dehne 11\e statements and 1hei r parameters as used in our 
programs. 

I - . ­

Vo l. I Vo l. II Vol. Il l Vol. IV Vol. V 
Binomial Beam Blllong Bingo Andy Cap 

Busmess & Pnr· Games & Pic1ures Clii-Sq. Conv. Inventory Bonds Baseball 
Animals Four Bull Comparesonal Bookkeep· Coeff Filter Payroll 

mg Programs Conf1denco 1 Fi t Risk Emerprise 

B•gel Conftdence 2 Integration 1 Schedule 2 Foo1ball Descrip 

Astronou t 	 Confod lO 

Bond Co rrelations lntegra11on 2 Shipping Funds 1 Differ 

8u1ld1ng Cannons Curve Int ensity Stocks Funds 2 Engine 

Compound Oitterences Lola Switc h Go-Moku Founer 


Bio Cyicle 

Checkars 

Cycli c Dual Plot Mac ro
Craps Jack Horse 

Dec1s1on 1 Oo9figh1 Exp-Oistri Max. Min . life lnuigers 

Dec1s1on 2 Goll Least Squ ares Nave id Loans Logic 

Oeproc1atlo n Ju dy Pa ired Optical M azes Playboy 

Efficient line Up Plot Planet Poker Primes 

Flow Plo1pts PSO Popul Prob al
Pony 

lnste tlmen1 Polynomial Fit Rand 1 Prof its
Roulette Oued rac 
Jntores1 Sky Diver Regression Rand 2 Oubic Red Baron
f~cs lmant9 Tank Stat 1 Solve Rates Regression 2 

Stat 2 Sphere Trian~~gttgo oach Ma 	 Re lire Road Runner 
• 	 JlJ.lmU;e T-Oistribution Stars Savings• 1ctures . , 	 Roulette 

Order 	 Unpoored Tra ci< SBA SamaA. Newm an/lPon Trco 	 Var,Jn nco 1 Tria ngle Tic -Tac-Toe S1 a1 10J.F.i<: - VorlablcRate 	 Vntlo nc~.i S1a1 1 l 

Ratu rn 1 XY C! O\Or
Unus 

Steel 

Re1uro 2 
 Ms. Santtt 

TopN l)llonSchodulo t 	 APPEN DIX A 
Noel No el 
Nudo 
Peace 
Policeman 

t>11.; r . San1a's Sleigh 
, s noopy

C 1 Virgin 
}I 

Over 859'> of ou prog rams 1n the 1rst five vo lumes w ill execute in ost 

SK Basie's :ith 16K of free user RAM. If you only have 4K Bas ic . 

because of its lack of string funct ions on ly about 60~ of our programs 
in Volumes I through V would · e s able, how ever th ey should 

execute o I SK o user RAM. • -
For those tha ave specif ic needs. we can tiircr an" our 


tor you or w e ca w rite one to fit you r specitic needs . 


ol. 1- $24.95 Vol. I - $24 .95 
Bookkeeping Mat / Engineering 

Games P ottin g/ Stat1stics 
~ Pic tures Basic Statement 
n• )\,form Def. 

Vo). 111- $39.95 
l '"°"' "". Advanced Busi ess 

Vol. IV- 9 .9 
•"ore.•" 

Bill1ng. Inven tory 
~ ""°'. 	 Genera l Pu rposelnvestme tsriot.,...­

P-ayroll~\arid 
Vol. V - $9 .95 Vol. VI - $49.95~"" Exper enter's M ini-Ledge r 

~' Program ....,. 
Vol. VII -$39.95 Vol. VIII -$19 .95• 

------- Professional Homeowner'-S 

~ Prog rams _ _ Programs ~- 1• 
=------==-- :::=---­=-------=--=====- ---- -==- BA N KAME~ ICA

Vol.VI I Chess 

M edbil 

Wdproc 

U1ll i1v 

104D·Th 
Belan co 
qiockbook 
1011 I o 7B 
Oo rec2 

Vol. VII 

Vary 

I 	, Xmas 

APPENDIX B 

accounts and generates financial repons . 
P-f\' I. Inv , Oepr. NA. N P. 

Oos1gned to challenge the avera ge playe r, fairly comprehe ns ive . 
Grea1 fun for i,\11 . otters a unique opponunity for bog inners in need ol 
an o p onent. 

' 
For Doctors and Oentjs ts alike. a com plete patient billing system 
which also penmts the maintaining of a patient historv record . 

Wordprocessing for lawyers. publishers. writers. e1c. Wrn o. store. 
a ~ d change from roug ft drah to final copy in a variety of formats. 

Orsk uuhty program with memory test ing . 

Taxpayers rntu rn . Itemized deduc1ions or s1andard 
Reconciles bank statements 
Bala nces. your checkbook 
Computes rea l cost on bank fin anced items; cars. boats. elc. 

1
Computes depreciat ion . 4 methods. any time period 

APPENDIX C - FAVORITE PROGRAM CONV~RSIONS 

\ -
SC IENTIFIC RESEARCH 
P.O. Bo 490099-B, Key Biscayoer FL 33149 
Phone orders call 800-327:-6543 

• 	 II tlhformation - (305) 361-1153 

/'-d d $1 SO per vo lume har dlingJ all domest ic shi pmen ts sent U .P .S. 
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~ 
CJ> Figure 3: More complex semantic net. This semantic net represents the same systems as the net in figure 2, but in a more detaifed fashion. In this net, each node represents 

an entity. For example, one of the parts ofSystem 2 is an entity called the MEMORY. It is composed of two parts, the entity called the READ ONLY MEMORY and the 
~ entity called the PROGRAMMABLE MEMORY. As in the other semantic net, there is some flexibility in what to calf the links and nodes. For example, "IS A "suggests 

that the 8080 is a member of the category of things called PROCESSORS. One could also say that a READ ONLY MEMORY is a member ofa category of things called ;.!"' 
.j MEMORY, but in this net, READ ONLY MEMORY is represented as a part of a thing named MEMORY. A fine distinction, but it may be significant when the net is 
"'< interpreted by a program. Notice that reverse links (ie: NAME OF, PART OF, QUANTITY OF, EXAMPLE OF) are not shown.;:1 
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prefers, are a flexible and easily accessed 
way to represent knowledge. They simulate 
associative memory, as humans seem to 
have. But how are they represented on a 
computer? The answer to this comes in three 
parts : 

·1 . Outlines can be represented by lists. 
2. Lists can be represented on computers. 
3. The index or table of contents to out­

lines can be represented as a hashed 
table. 

Nodes can be represented in lists by hav­
ing alternate elements be arc labels and 
related nodes. We must first reduce each 
multiple word node name and arc label to 
single word names, then just list them as 
follows: 

8080 (Processor-in (System l System2)) 
System l (Processor (8080) Memory (l K Read 

only memory, l K Programmable 
memory) Output (Lights) Input (Key­
board)) 

Keyboard (Input-of (System! System2)) 

Most natural language projects are written 
in LISP because of its ability to handle list 
processing better than most other languages. 
Lists are represented in LISP in the follow­
ing way: A li st is composed of cells. Each 
cell has two parts, as shown in figure 4a. The 
two parts are called the CAR and the CDR 
of the cell. Each entity (node in the seman­
tic net) is represented by a unique cell. A 
Iist of words would be represented by a 
string of ce lls. The CAR of each cell points 
to a node cel l and the CDR points to the 
next cell in the string. The CDR of the last 
word has an end of list marker in it. A li st 
of words ("The power surge exploded my 
8080 chip") is shown in figure 4b. 

A I ist can be represented with in another 
list by having a CAR point to the first 
element of the inside list, instead of point­
ing to a node cell. A list within a list (My 
power supply (a home brew affair) was not 
protected) is shown in figure 4c. 

The index table for finding node names 
is provided automatically in LISP. The 
table is called the OBLIST or OBARRA Y 
and the lists are called PROPERTY LISTS . 
If you do not happen to have LISP, the 
index table can be built as a hashed table 
of node cells with associated pointers to the 
property I ist associated with that nam e. A 
diagram representative of the whole config­
uration is shown in figure 5. 

If the cell is a node cell, the CAR points 
to a location where the name of the eel I (the 
character string) is held. The CDR points to 
another cell which is the beginning of the 
property li st of the node. In cells that are 

not node ce lls, CA Rs and CDRs are both just 
addresses that point to other cells. (One ex­
ception is the cells that represent the rela­
tionships between nodes. These will also be 
on the OBLIST as "node cells," but their 
CDRs wi ll conta in end of list markers 
instead of pointers to property lists.) In 
LISP, a special bit is set to designate whether 
a cell is a node cell (called an ATOM in 
LISP) or just a regular cell. The amo unt of 
memory that needs to be addressed by the 
CAR and CDR of each cell determines the 
number of bytes that each cell must be 
composed of. 

Associating Words with Ideas 

The process of understanding natural 
languages certainly has something to do with 

CAR COR 

LISP CELL 

(a) 

THE POIYER SURGE EXPLODED MY 8080 CHIP 

(b) 

BREW AFFAIRA HOME 

(c) 

Figure 4: LISP cells. In (a) a LISP cell is shown. In an actual implementation 
there may be some additional bits in the CAR and CDR to carry information 
about how the cell is used (whether it is an atom, for instance). In (b) the list 
of words (Tl-IE POWER SURGE EXPLODED MY 8080 C/-1/P) is shown as a 
string of cells. The pointers that point to the words are actually pointing to 
the cells that represent those words (see figure 5). In (c) the cell representa­
tion of an embedded list is shown. The list is (MY POWER SUPPLY (A 
1-/0ME BREW AFFA IR) WAS NOT PROTECTED). 
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associating words with ideas . It should be 
stressed from the beginning, however, that 
when humans understand something it is a 
process th at uses much more than just word 
definitions. The process of understanding in 
humans involves interpreting the words they 
hear or see with the various meanings for 
those words, all viewed in the context of 
the current conversation , the environment 
of the conversa tionalists, and other factors . 
For example, th e sentence, " I'll take a 
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Figure 5: Representation of atoms. Each node in the sy stem is represented by 
a unique cell, here called a node cell. In this figure the node cells for three 
nodes are shown, for 8080, SYSTEM] , and SYSTEM2. The CAR of each 
node cell points to a place in memory where the character string of the name 
of the cell is stored. Th e CDR of each node cell points to the property list of 
the node. The property list o f the 8080 node is shown. The pointers to words 
shown in figure 4 are actually pointers to the node cells o f the words. All 
node cells are chained together by the OBL/ST. The character string names of 
the nodes are stored in a part o f memory that has not been divided into cells. 
The CA Rs of the node cells point to an address that specifies the number of 
the characters that follo w that are included in the character string of the 
name of the node. Links have cells on the OBL/S T, just as nodes do. The only 
difference is that links do not need property lists. The pointer to Processor-in 
would actually be a pointer to the cell that represents Processor-in. 
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pancake, " can be assumed to mean very 
different th in gs depending on wheth er it 
is heard in Uncle John's Pancake House , or 
in a store that sells fans for relay racks (a 
pancake fan), or if it is said at a cosmetic 
counter (pancake makeup) . The va riou s 
conflicting meanings of "pancake" do not 
even occur to the people in questi on . A 
waitress wou ld be unique indeed if she 
asked her customer if she prefe rred the 
pancake on a plate or on her face! 

The problem of multiple meanings, 
contexts and other details of understand­
ing wi ll be ignored for the time being. 
In a small system there are Iim its to what 
can be done linguistically (in this resp ect, 
all contemporary systems seem small !) . Bu t 
a step toward natural language can be taken, 
however small. The goal we wi ll assume is 
that an inexperienced user will be able to 
address th e natural language processor in 
language that the user is most flu ent in, 
and th at the language processor will respond 
in a man ner that the user finds appropriate. 

We will be considering a situation in 
wh ich natural language is being used as an 
interface language between a user and ei ther 
procedures or data in a computer. The user 
types a sentence and the computer interprets 
the sentence and does what it is understood 
(by the computer) to mean . For exampl e, 
say the computer holds a data base about 
various microprocessor systems like the one 
th at was described above. The user asks 
qu estions about the systems and the com­
puter provides answers. 

Keywords 

The simp lest method of interpreting a 
sentence is to look for particular words, 
cal led keywords. If a keyword is found , a 
response is output. For our system, a usefu l 
set of keywords would be the names of all 
the nodes in the semantic net. For a re­
sponse the system could print the property 
list which represents how that node is 
related to other nodes in the net. For 
example : 

User: Tell me all about systeml 
Computer : Systeml 

Processor 
8080 

Memory 
1 K Read only memory 
1 K Programmable memory 

Output 
Lights 

Input 
Keyboard 

User: What information do you have on lights 
Computer: Lights 

Output·of 
Systeml 

These responses would be quite appropria te 
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for the questions asked. Major improvements 
can be had by a few simple changes, how­
ever. First, what would happen to "Tel l me 
what you know about keyboards"? The 
language processor wou ld not recognize 
keyboards as the same as "keyboard", 
so no information would be found . The 
easiest way around this problem is . to strip 
the Ss off al l the node names when building 
the semantic net, then strip them off all the 
words input by the user. However, th is pro ­
cedure runs into problems for words that 
end in S, like "process". Another problem 
is words ending in "es", li ke "processes". 
Actually, there are algorithms for analyzing 
word endings that correctly reduce words 
to their roots for nearly all the special cases 
like these. 

The whole problem of word endings can 
be avoided by using a universal character. 
A universal character is one that matches all 
other characters. If # were a un iversal char­
acter, the node names could be written as 
" light# " and "process# ". These would 
match "light" and "lights", "process" and 
"processes". Tricks like this can help , but 
may produce problems by also matching 
" lightn ing" and "lighter", "processor" and 
"processing". Therefore, universal characte rs 
must be used with care. 

Another improvement deals with nodes 
that have multiple word names. A user 
would probably ask about "system l" instead 
of "systeml ". Multiple word names can be 
handled by more property I ists, one for each 
first word in multip le word names. These 
property lists would contain a list of the 
words of the multiple word name, fol lowed 
by the corresponding node name in the 
semantic net. For example, systeml and 
system2 could be referred to by: 

System (Mult-wrd-names ((1) Systeml (One) 
Systeml (2) System2)). 

This property list signals the language 
processor that "system 1 ", "system one" 
and "systeml" are all to be in terpreted as 
"systeml ". Also, "system 2" means the 
same as "system2". 

The same mechanism can be used to 
allow synonyms. System 1 may be affec­
tionately known as the "Bit Byter", "Old 
Smokey" (for its power supply problems), 
or "Zapper". These names can be interpre­
ted as the same as "system 1" with the 
following property lists : 

Bit (mult-wrd-names ((Byter) Systeml)) 
Old (Mult-wrd-names ((Smokey) Systeml)) 
Zapper (Mult-wrd-names (() Systeml)). 

just as universal characters can be used, 
universal words and phrases can simplify 
specifying a large set of synonyms. For ex­
ample, the multiple word name (President # 
Washington) would match all phrases that 
begin with "President" and end with "Wash­
ington". This would match (President 
Washington), (President George Washington), 
(President G Washington and also (President 
Ford never met George Washington). 

A relevant question is: What good is 
putting the keyword in the middie of a 
sentence? Why not just have the user type 
keywords and forget about the rest of the 
sentence? There probably are few if any 
good reasons for trying to create an illusion 
of natural language understanding in this 
way other than that it is a fun trick. 

Nodes and Links 

The keyword approach to natural lan­
guage processing is imprecise, and so it is 
prone to many errors and misinterpretations. 
There is an approach that is somewhat more 
precise, and allows correct interpretation of 
much more complex sentences without 
being much more complicated. This method 
involves identify ing both node names and 
li nk names from the semantic net, then 
combining them to print only the parts 
of the semantic net desired by the user. 
The link names in our example are proc ­
essor, memory, input, output, processor in , 
memory in, input of, and output of. There 
will usually be many fewer link names than 
node names. A user's sentence is processed 
by collecting node names, then link names, 
as in : 

Give me the Old Smokey processor and 
output. 

Using a previously mentioned definition this 
is seen by the processor as: 

xxx xxx xxxx 	 systeml processor xxx output 
(node) (link) (link) 

to wh ich the appropriate response is: 

System! 
Processor 

8080 
Output 

Lights. 

The response is for:med by searching the 
property list of the node mentioned for each 
link named. Then the node name, the link 
name, and the names of the nodes pointed 
to by the link are printed in outline format. 

If link names are found to the left of 
node names in the sentence, the inverse I ink 
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Truly Silent 

Motherboard 
Noise in your bus lines means errors 
in your programs. The Artec shielded 
Motherboard totally eliminates noise. 
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Motherboard is free from spurious 
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names must be substituted. For example, Conclusions 

What are the input of and processor in system 2 

is seen as: 

xxxxx xxx xxx 	 input-of xxx processor-in system2 
(link) (link) (node). 

The reverse links are used, and the sentence 
is reinterpreted as: 

system2 input 	 processor. 

The property list of system2 is checked for 
input and processor links and the following 
is printed : 

System2 
Input 

Scale 
Keyboard 

Processor 
8080. 

This process is diagrammed in figure 6. 
This technique wi ll allow quite complicated 
sentences to be interpreted if synonyms are 
chosen ju diciously for nodes and links. Users 
on a natural language processing system tend 
to use very short and incomplete sentences if 
they can, which is also allowed with this 
system. 

LINK 	 NODE 

e , •END OF LIST 

START 

Figure 6: Node and link interpretation. This 
simplified method of interpreting which 
nodes and links mentioned in a sentence 
should be associated w/f/ often assume the 
proper interpretation to the input sentence. 
However, node and fink names and syno· 
nyms must be chosen with care. A more 
successful method requires greater atten­
tion to words other than those in node 
and link names, particularly conjunctions, 
prepositions and relative pronouns. 

There is natura ll y a lot that keyword 
based systems cannot do that humans 
ca . For instance, keyword systems cannot 
understand pronouns, or when to use 
differe nt word meanings (like pancake). 
Humans have li ttle trouble using these. 
The difference is, of course, in al l the 
information that keyword systems throw 
out when they disregard all words that 
are not keywords. Also, words carry with 
them more than just a definition. Most 
words say things about the words that are 
surrounding them. The word "the" says 
that the word to its right is either a noun 
or a noun· modifier. In the system described 
above, the keyword "input of" tells us 
that either some kind of input device has 
preceded this phrase in the sentence, or a 
r·eference to a system will follow it ("what 
is the input of system 2"), or both ("a key­
board is input of system 2 "). 

Natural language research today has 
moved far beyond the realm of keyword 
analysis to use not only knowledge about 
words, but knowledge about the things 
and events that the words refer to, and 
knowledge about the way text and con­
versations are structured . In a data base 
like the microcomputer data base used 
here, the system would retain information 
about the components that every system 
would probably have, the probable uses of 
systems, more detailed information about 
each of the components, and so on. The 
information that a human uses when dis­
cussing microcomputers would be collected 
and added to the knowledge base to be 
used when the computer is discussing micro ­
computers. This information is grouped into 
collections and the collections are associated 
with the concepts they describe. 

It is nearly impossible to discuss how 
well such a system can work. We do not yet 
have any kind of scale for measuring natural 
language performance if it falls into the 
subhuman range. The only really useful mea­
sure is whether or not it does what it is 
supposed to. Unfortunately, that too is 
difficult to ascertain. I have implemented 
a system li ke the link and node system 
described here, but it was quite a bit more 
complex. It attempted to accoun t for 
every word in the sentence in order to 
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Finally, the macro maker of computer 
printers has gone micro. With a high-speed, 
desk-top, non-impact printer complete with 
parallel interface (Model P-1) that's perfect for 
the home, hobby and small business user. A 
complete 80-column printer for less than $600. 

The new Centronics microprinter is 
big on performance. It prints clean, clear dot 
matrix characters at a rate of 150 lines per 
minute. Yet it's quiet, compact, comes fully 
warranted and is backed by Centronics' 
worldwide service. It's even available in a 
serial interface version (Model S-1) for 
remote applications. 

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

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

r-----------------1 
Centronics Data Computer Corp. I 
Hudson,NH03051 I 

IGentlemen :Tell me more about your new Imicroprinters. 
I 
I 
I 
I 

Address __ I 
I 

Town_______________ I 
I 

State_______ Zip,_ _____ _ I 
I 

L---------------~~~ 

C:EnTROnlC:S®PRlnTERS 

Simply Better 
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Telephone (703) 536· 7373 

BB-MODEM: A complete serial I /0 porl and an Origina te/Answer MODEM on an 
Sl 00 bus compatible board The 66-MODEM features automatic auto-dialer Inot 
soltware urned), operates at any software selec1ed baud rate belween 66 and 600 
baud, has separate 6-pole 1ransm1t and receive active filters, and all lunct1ons are 
soflware selected. The BB -MODEM provides communication to ·56 dbm and •S 1ntended 
lor use with either a CBS ( t 0010) or CBT Data Access Arrangement for connec tion 
to the telephOne system. The kit pnce is $245.00 

66-UFC UNIVERSAL FREQUENCY COUNTER. The 8B·UFC is an StOO compa11ble 
lrequency and penod measurement module The 88-UFC has lour soltware select d 
mpuls. Frequency measuremenl 10 above 600MHz and period measurement to t t t Oth 
microsecond are standard The counter provides nine d1g11s ol •eadout anti is p11ced 
at SI 79.00 in kit form 

68 -SPM CLOCK MODULE The 66 ·SPM provides a time of day clock and an 1nde· 
pendent realt1me c lock on one StOO compallble module Provisions are 1nc ludod lor 
ballery backup so the 88-SPM can mamta1n the time dunng power-all cond1t1 ons 
$96.00 kit 

IOOIO (Type CBT) Dala Access Arrangement $125.00 
88-RCB t 6 Channel Relay Control Board Kil $179 00 
MCTK Moise Code Trainer/ Keyer Kii 2900 
TSM Temperature Sensing Module Kit 24 .00 
DAC-8 6·Bi1 Digita l 10 Analog Converter K11 1900 
68·TCXO Temperature Compensa1ed Crystal 

Oscilla tor for 88-UFC t ,1500 
88-XTAL Crystal Timebase opt10n lor 68-SPM 2500 

TERMS. Paymen1 with order shipped prepaid. added lor COO, Masler Charge accepted 

prevent misinterpretations. It handled pro· 
nouns fa irl y successfully and was good at 
ide ntifying items by their description. 
It responded to the user in full sentences 
and in outline form. It also required a large 
system to run on, primarily because it had 
a fa irly large data base. With all this, it 
still usual ly took a new user several examples 
before he could communicate with the 
system in a useful way. 

With this ex perience, what do I think 
natu ral language systems can do on small 
systems? The question is vague, so the 
answer is vague : a little bit, but not too 
much . That not-very-helpful answer means 
th at one must decide why he or she wants 
a natural language processor, then consider 
th e techniques described in this article to 
dec ide if they will meet his or her needs. 
Th ese tecnniques must then be compared to 
no natural language tech niques. 

The benefit of the language understand­
ing techn iques described here is primarily 
based on the power of the semantic net 
representati on. Semantic nets have one 
advantage over other representations in 
th at concepts are associated in a way sim­
ilar to th e way they see m to be associated 
in hum an memory. An important aspect of 
using natural language as an interaction 
la guage between humans and computers 
is that, if it works, it all ows the user to 
state his requests in the same way th at he 
th inks abou t his requests. A user using 
natural language to interact with a com­
puter is man ipulati ng an enormous amount 
of information in his or her mind, encoding 
a small part of that knowledge in to the 
words of the conversation , assuming that 
th e lis tener (th e computer) can use these 
fe w words to manipul ate its large inform a· 
t ion structu res. On a small system, the in ­
fo 1·mation structures that the computer has 
to manipu late can not be nearly as large as 
th e hum an's. The words of the conversation 
can be associated with ideas, but not on the 
lav ish scale of association availab le to 
humans. Finall y, most of the words of 
the conversation are thrown away using the 
techn iques that a small system can support. 
Wh at natural langu age processing ca n be 
done on small systems? Not enough to be 
ab le to co mpare it to natural language proc­
essing in humans, but perhaps enough to 
all ow a use r to learn to communicate effec­
tively with the computer in a way th at is 
close to the way the human brain thinks : 
th·ough associations and descriptions.• 
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Formerly SELECTERM 
The SELECTRIC II Printer You Can Trust. 

You may have considered a Selectric II as ideal 
for your application but have been skeptical about 
reconditioned units and kits. 

Set your skepticism aside with the SELECTRA­
TERM. Because it's brand new , and fully assembled 
and tested before you take delivery. We convert 
factory new IBM Selectrics and test them non-stop 
for up to 24 hours before shipping. And our factory 
applique' has been approved for use with all compu­

ters. So you receive IBM's factory warranty , and 
yearly service agreements · for the typewriter are 
available. In addition, we offer full warranty protec ­
tion on the electronics conversion. 

The SELECTRA-TERM may be connected to 
your computer within minutes of taking it out of 
the carton. 

It's that easy! And that reliable! 
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THE BEST SELECTRIC II* PRINTER GOING 
For Any Computer 
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111111tr 

FEATURES 
• 	 Complete ASCII charac ter set in 


standard element. 

• 	 Full upper/lower case alphanumeric 

character set and keyboard . 
• 	 Tab command, index (vertical tab), 

backspace, be ll - all under computer 
control. 

• 	 Parallel interface, standard . 

ALL ELECTRON ICS INCLU DED 
• 	 Power supply . electronics and cable 

sets included to permit immediate 
connection to the parallel port o f 
any computer, at standard TTL 
level. 

*Registered trademark of IBM Corp.
'-------------------­

SOFTWARE 
• 	 All necessary con version software in 

PROM to handle ASCII input 
directly . 

PRINTER or TY PEWRITER 
• 	 May be used as a standard type· 

writer when not in use with your 
computer. 

OPTIONS 
• 	 Dual pitch 
• 	 Correction feature 
• 	 Tractor feed platen 
• 	 Noise reduction feature 
• 	 RS-232 interface 
• 	 Export models availa ble 

PRICE and DELIVERY 
• 	 Assembled and tested $1,750 
• 	 Available from dealers nationwide 
• 	 Delivery 3 to 4 weeks from receipt 

of order 
• 	 Quantity delivery to OEMs within 

30 days 

micro 
$125.00 computer$125.00 
$250.00 devices 
$ 	 50.00 inc.$195.00 

960 E. Orangethorpe, Bldg. F 
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Give an Ear to Your Computer 


A Speech 


Recognition Primer 


for 


CorTiputer Experimenters 


Bill Georgiou 
Dept of EE 
California State University 
Sacramento CA 95819 

You pick up the phone and slowly and 
clearly you pronounce into the microphone: 
"Number one two one three five five five 
one two one two verify." You listen as out 
of the earpiece an awkward but quite in­
tel ligible voice repeats what you just have 
said. Then you say "Dial number." The 
sounds of dialing follow, then a ringing in 
the distance and yo u find you rself talki ng 
to the directory assistance operator in Los 
Angeles . A sequel to 2001 with personal 
HALs? Not quite. just plain old 1977 
reality. A couple of cards in your computer 
and some programming can do it. Speech 
recognition and voice control have come a 
long way from the "Open Sesame! " of the 
Arabian tales . Its techn ical fo undations 
were laid in the 1950s and 1960s. The 
microprocessor revolution has brought it 
within the reach of any computer experi­
menter, opening up a fascinating fro ntier 
of voice control and spoken commu nica­
tion between human and machine. 

In the fo ll owing pages I will try to give 
you an introduction to speech processing 
and pattern recogni tion. To demonstrate 
the principles involved, we will go into some 
details of the workings of a speech recog­
nizer suitable for a sma ll personal computer. 
I hope the material to be presented will be 
enough to give you an idea of what speech 
recognition is, how it is done and what are 
its prese nt lim itations. It is left to the reader 
to get excited, read the literature to find 
more about speech recognition and then 
buy, borrow or build a recogn izer and start 
using it imaginatively . 
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RELATIVE 
ENERGY 
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START OF WORD TIME -l- END OF WORD 

Figure 7: A time domain voice waveform and its e11e1gy. The top trace is the time domain signal for the word "three." The 
bottom trace is the energy in the above signal computed every l 0 ms. Note that the signal before and after the word (arrows 
mark the beginning and end of the word) is not zero. This is due to background noise picked up by the microphone, in this case 
computer cooling fans and air conditioning noise. 

The Speech Signal 

If we co nnect a microphone to an oscil lo ­
scope and then speak into it, we wi ll get a 
iirtery trace simi lar to the o ne show n in 
figure 1. The vertical axis represe nts voltage, 
the output of t he microphone. The hori­
zonta l axis is time and for th is reason such 
a representat ion of speech is call ed a "time 
domain" representation . 

You may ask can we use a time domain 
representation for speech recognition? It 
would be nice if we could because it is so 
easy to get; all we need is a microphone. 
The voltage in the output leads of the mike 
is, by defini tio n, the time domain signal. Of 
course we would like to inp ut this signal 
into our computer. Si nce it is an ana log sig­
nal and our computer is a digital machine 
we wil l need an analog to digital converter 
(A DC). The analog to digital converter gives 
a binary number that corresponds to the 
amp Ii tu de of the signal at the particular 
time when the measurement is made. This 
process is called sampling. If we take an d 
store equal ly spaced samples often enough 
so that the signal does no t change very much 
between sam ples we will have a fairly 
accurate representation of the time domain 
signal in our computer's memory. Figure 2 
shows such a situation, in which an arbi ­
trary input waveform is sampled over some 
time interval, and the results of conversion 

are stored as values in successive memory 
locations. 

It has been mathematically proven (the 
sampl ing theorem) that if we are to have an 
accurate representation of the signal, the 
sampl ing frequency should be at least twice 
the highest frequency in the signal. It is 
then ca lled the Nyquist freq uen cy and it is 
the lowest usable sampling frequency. One 
could sample al higher than Nyquist fre­
quency bul this wou ld not give a more 
accurate reprnsentation of the signal. In­
stead there would be a lot more data words 
to dea l with, an unwelcome situ ation. If 
we try lo apply the Nyquist theorem to 
speech we are faced with the question : 
what is the highest frequency in speech? 
Well , for high fidelity sou nd a bandwidth of 
20 to 20,000 Hz is necessary . This means 
that speech has frequencies up to th is 
limit, perhaps even higher. On the other 
hand, te lephone speech is band limited to 
3200 Hz and it is st il l quite intelligib le. 
Since in speech recognition we are interested 
in what has been said rather than the quality 
of the sound , if we limit the signal using a 
filter with a cutoff at 3200 Hz we wi ll re­
ta in the information needed for recognition . 
Then we can use Nyquist's theorem to get 
a practical samp ling rate since we wi ll know 
that the highest freq uency in the signal is 
3200 Hz, due to the filter. Sampling at twice 
that frequency we will get 6400 samples 
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Figure 2: Sampling in the time domain. Waveform A is a time domain signal. 
If we sample it at equally spaced intervals we will retain the amplitude of the 
waveform at the dotted points and the signal will be zero between these 
points, as shown in waveform 8. Although A and B look very different, if th e 
sampling is done with a frequency higher than the Nyquist frequency (see 
text), both signals will contain exactly the same information. 

AUDIO FULL WAVE 
PREAMP RECTIFIER 

Figure 3: Rectifying the 
microphone signal at A we 
obtain signal B which 
contains a slowly varying 
DC component propor­

®tional to the volume of the 
signal and various high 
frequency components 
due to the formants. The 
low pass filter separates 
these and the analog to 
digital converter (ADC) 
sees only the volume 
signal. © 
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per seco nd of speech . Assuming our word 
length is eight bits which is about the mini­
mum usable for speech and that the average 
word duration is about half a second, we will 
need 3.2 K bytes of memory space per word. 
If we had a 20 word vocabulary and we 
wished to store each word in main memory 
once to be used as reference, we wou Id run 
out of memory space in any micro an d most 
mini s. 

Using the time domain signal is out of 
the question because of the huge amou nts 
of memory required to sto re it. This is not 
the only disadvantage of the t ime domain 
signal. Assumi ng we had enough memory to 
store th e data, processing it would take too 
much processo r time because every opera­
tio n we wou ld perform on the data would 
have to be performed to such a great number 
of data points. Real tim e operation (process­
ing the signal as it occurs such that there is 
no appreciable time lag between the moment 
th e signal ends and the time the recognizer 
decides which word has been said) wou ld be 
out of the question. Yet real time operation 
is hi ghly desirable in most situations in 
speech recogni tio n. Another basic disad­
vantage of the time domai n signal is its 
variability between different pronunciations 
of the same word . Peop le do not repeat 
words exactly the same, down to the minute 

LOW PASS 
ADC CO MPU TE R 

FILTER 
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A BIT OF Everything 


__The Best of Creat ive Comput ing 
Volume I 
__The Best of Creat ive Computing 
Volume II. Culled from pages of Creat ive 
Computing Magazi ne. these two volumes 
provide fiction, fun. foolish ness. and pl enty 
of nu ts and bolts commentary and pro­
gramming info rmation for anyone cu rious 
or serious about the wonderfu l world of 
persona l computing. $8.95 per vol ume. 

__ Structured Programm ing in APL by 
Dennis P Gel ler and Dan iel P Freedman 
" .. . .Our approach is to present the funda­
men tals of structured programming in AP L . 
Students may go on from here to learn to 
write faster program: or more Cv1Topac1 
programs, or more aesthetic prog ram s; this 
we hope is whe re they learn to wri te 
working p rograms." From the Preface. 
$9 .95 . 

__ APL - An Interactive Approach Sec ond 
Edition, Revised, by Gi lma n and Rose. 
Here's an excellent way to introduce y our­
sel f to the APL language. APL is rap idly 
becom ing one o f the most pop ular high level 
languages in rhe computer f ield because of 
its clarity and conciseness . Gilman and Rose 
have extensively updated their popular book 
to i nc lude the latest information about the 
language and the various form s of i t which 
are now in use. Since the examples are all 
carefully spelled ou t, APL-An Interactive 
Approach is particul ar ly recommended fo r 
those who do not have access to an APL 
terminal. Answers to all problems are 
included. $13 .00. 

Structured_ 
programmm9 
In APL 
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__How to Program Microcomputers by 
Will iam Barden, Jr . Here is a guide to 
assem bly language programming of the 
In tel 8080, Motorola MC6800, and MOS 
Technology MCS6502 m icroprocessors. It 
is written .especially fo r begin ning pro· 
grammers w i th hobby ist microcomputers 
based on one of these three <.hips. Th e 
top ics covered range from data manipu ­
la t ions at the bi t level up to handl ing of 
tables and lists and from si mple adds and 
subtracts up to floating point operations. 
$8 .95 . 

the key that unlocks the door to Paper ­
byteTM Software Books. Included in th is 
publication is a br ie f h istory o f bar codes. 
a look at the Paperby teTM Bar Code forma t 
including flowcharts, and a general bar code 
loader algorithm . Well documented p ro· 
gra ms with complete implementati on and 
checkout procedu res are included for 6800, 
6502 and 8080 / Z -80 based systems. Ind i­
viduals wi th computers based on these 
processors can use the software d i rectly . 
Individua ls w ith other processors can use 
the provided functional spec if ica t ions and 
detail examp les to create equivalent pro· 
gram s. $2.00 . 

Bar Code Loader by Ken Budnick is 

DIAL YOUR BANK CAR D ORDERS ON THE BITS TOLL FREE HOT LINE: 1-800-258-5477. 
In New Hampshire, call : 924-3355. 

Send to : Check payment m ethod : 
BITS, Inc. - __My check is enclosed . 

__Bill my MC No. _________________Exp . date ______70 Main Street 

Peterborough, NH 03458 -....... iiiii __Bill my SAC/Visa No. Exp . date ______ 


$ ____
Total for all books checkedName-------------------------~ 
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details of amplitude. Quite the contrary; 
there is a tremendous amount of variation 
in the time domain signal even for the same 
person within several consecutive pro­
nunciations of the same word. 

In speech recognition we would like to 
transform the time domain signal into some 
other signal or representation with low data 
rate and which remains more or less in ­
variant as long as the same word is pro­
nounced . This is easier said than done . If 
we try to reduce the data rate we run the 
risk of throwing away important informa­
tion. For example suppose that before going 
into the ana log to digital converter we 
rectify the signal, then process it with a low 
pass filter. A block diagram of this opera­
tio n is shown in figure 3 together with the 
resulting waveforms. Such an operation will 
extract the envelope (c) of the signal. The 
highest frequency of interest in the envelope 
is only about 50 Hz. This is due to con· 
straints imposed by the mechanism that 
produces speech. We can thus set the low 
pass fi lter to 50 Hz and sample at ·100 Hz , 
the Nyquist frequency . That gives us a very 

04 0NE ~ 1 
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Figure 4: Amplitude envelopes of the words "one," "three," "zero." Note 
that "one" has one hump while "three" has two. The smaller one corresponds 
to "th" and the larger one to "ee. " In "zero, " "z" is the low amplitude area 
in the beginning. The dip corresponds to "r" and the humps to "e" and 
"o." Vowels always have high amplitude because they are produced with the 
mouth open and with strong excitation. 
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reasonable data rate, 100 words per second 
and well within the capabilities of all 
machines. 

Yet, if we try to build a recognizer using 
only this information we would get very 
poor performance. The reason is that we 
have thrown away a lot if not most of the 
information in the speech wave in the 
process of rectification. The infor mation 
that rem ai ns is quite variab le between dif­
ferent pronunciations of the same word, 
further degrading recognition . But it is not 
totally use less. If we select a vocabu lary of 
a few words carefull y so their envelopes have 
distinct characteristics we may get usable 
performance out of a very simple recog­
ni zer. We cou ld select for example the words 
"one," "three," "zero ." Typical envelopes 
for those words are shown in fig ure 4. We 
note that the envelope for "one" co nsists 
of one hum p. "Zero" has two humps and 
"three" has o ne main hump preceded by a 
small peak that corresponds to the sound 
"th." Based on these observations we can 
write a simple program that wo uld examine 
the input data and decide which one of the 
three words has been said . 

Feature Extraction 

The process of extracting a set of slowly 
vary ing parameters that represent a word is 
ca ll ed feature extract ion. It has two objec­
tives: First, as we have seen, it tries to re­
duce the amo unt of data necessary to 
process for recogn it ion . This is a very im­
portan t consideratio n for any practical im­
plementation. Second (and extremely 
important}, the features extracted must 
contain the relevant information in the 
signal. The speech signal conveys a lot of 
information about the sex, age, regional 
origin and emotional state of the speaker. 
Also it contains a lot of technical informa­
tion incidental to speech production such as 
ph as ing and power spect ra of the glottal 
pul ses. All thi s in formation is related but not 
rel evant to th e meaning of the word pro­
nounced . Ideally the features will contain 
as little as possible of this ext raneous infor­
mation . 

A good feature extraction scheme wi ll 
reduce the data rate in the recognizer by 
throwing away all the unnecessa ry informa­
t ion and retain ing the information useful 
to the recognizer. The info rmation pertain ­
ing to the meaning co nveyed by speech is 
estimated to be from 15 to 30 bits per 
second, or abo ut three orders of magnitude 
less than the data rate of the unprocessed 
speech signal. Practical feature extractors 
are not even close to the theoretical data 



Now you can buy a complete operational key­
board with full ASCII code capabilities, built to 
commercial standards, yet priced for the personal 
user who needs only one. This is not a surplus unit 
or a manufacturer's overrun, it's a new board de­
signed specifically for the personal computer user. 

MAX is MOS/LSI encoded, and includes all 128 
ASCII characters, two-key rollover protection and 
two non-encoded keys with relegendable keytops 
for user assignment. Everything you need to start 
entering data immediately. 

Individual keys for CARRIAGE RETURN, LINE 
FEED and ESCAPE are provided to give you these 
important functions without multiple key closures. 
A low-cost MAX option kit (Part No. 620002) lets you 
add four CURSOR keys and a HOME key if you need 
those functions. Coding is already provided. 

MAX low-profile switches have gold contacts with 
wiping action for long life and reliability, and plung­
er action that is smooth and precise. 

Maxi-Switch is a leading supplier of keyboard 
products to the data terminal industry, and MAX 
comes from a fine family. Get the full story on the 
new MAX keyboard for personal computing. 

MAX is sold only through authorized dealers such 
as Century Marketing. To order your MAX, use the 
coupon supplied. 

--------------------------------------, 
Send to : Century Marketing 

P.O. Box 35192 

Edina, MN 55435 


Enclosed is $69.95 [plus $5.00 shipping and handling) per 

MAX keyboard. (For Cursor Kit. add $3.95.) Please send 


____MAX keyboards to__________ 


Address_____________ 

City_______________ 

State __________Zip ___ 

L•••••••••••••••••••••••••••••••••••••• 

9697 EAST RIVER ROAD • MINNEAPOLIS, MINNESOTA 55433 

(612)765-7660 ­
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Figure 5: The frequency (logarithmic magnitude) spectrum of a 25 ms segment of speech. 
It covers the frequencies from 0 to 3.2 kHz. The major peaks correspond to the formant fre­
quencies while the smaller, regularly spaced peaks are harmonics of the glottal frequency. In 
this case It is obvious that the sound is voiced both from the harmonics of glottal frequency 
which are highly visible and from the fact that the lower frequencies have more energy than 
the higher ones. 

rate and, most important, th ey tend to 
throw away significant amounts of the use­
fu l information. An exam pl e of a very inept 
feature extractor is, of course, the envelope 
detector mentioned previously. But it does 
have the advantage of extreme simplicity. 

In order to design more so phisticated 
feature extracto rs some knowledge about 
speech production is necessary. Knowledge 
about speech perception wou Id also be very 
useful but at this point we have no concrete 
informat ion as to how people are perceiving 
speech. In contrast, the mechan ism that 
produces speech is well understood and 
rather simple. It has bee n previously ex­
pla ined in the August 1976 BYTE (page 16) 
in co nnection with speech synthesis . To 
summari ze, speech is produced by exciting 
the vocal tract with either glo tta l pulses or 
noise while its shape is varied by co ntrolling 
the position of the tongue and th e jaws. 
No ise excitat ion pro duces unvoiced sounds . 
Glottal excitation produces voiced sou nds, 
for example vowels. The movement of the 
articulators (tongue and jaws} cha nges the 
reson ant freq uencies of the vocal tract, 
called for mants . It is we ll known th at the 
first three formants, des ignated Fl, F2, F3, 

carry most if not all mean ing in speech to· 
gether with ti ming considerations and type 
of voicing. The glottal frequency , although 
very important in speech synthesis because 
it carries information abo ut the particular 
speaker, carries no informat ion about mean­
ing. This rather surprising fact is easy to as­
certain in two ways : First, synthetic speech 
is equally well understood whether the pitch 
(ano ther name for glottal freq uency) varies 
according to rules or re mains constant. 
Seco nd, wh ispered speech, which does not 
conta in any glotta l excitation, is well 
understood. 

It seems then that a good set of features 
for speech recognition would be the formant 
values. Informat ion as to whether speech is 
voiced or unvoiced would be useful but 
not necessary . Unfortunately at this point it 
is not possib le to experimentally either 
assert or refute this statement, simply be­
cause it is not possible to rel iably and ac­
curately extract the forma nts all the ti me. In 
addi tion , the best form an t extraction 
methods known are at this point out of the 
reach of any imaginable personal com puting 
machine. They in volve digital signa l proc­
essing methods which for real time process­
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The first Four-Headed Diskette Drive. 

PerSci stays a generation ahead. 


PerSci has done it. Now the industry's only 
diskette drive with voice coil positioning comes 
equipped with four heads reading and writing both 
sides of two eight inch diskettes to provide supe­
rior random access capabilities in microcomputer 
and minicomputer applications. The new PerSci 
Model 299 dual-head, dual diskette drive offers 
the highest data capacity, reliability and the fastest 
access speeds available among small storage 
peripherals. It is the first drive to advance diskette 
capability to the level of hard discs. 

8 Times More Capacity... 

Employing double density encoding on both 
sides of two diskettes, the PerSci 299 records up 
to 3.2 Mbytes of unformatted data - eight times 
the capacity of a standard, single density drive. 
This unmatched single drive capacity provides the 
basis for an independent low cost data manage­
ment system. For maximum media interchange­
ability with other drives, the 299 will also read 
and/or write one or two single sided diskettes. Up 
to eight 299 drives (32 read/write heads) 
can be daisy chained to achieve a tota l 
formatted system capacity as high as 
16 Mbytes. Data can be handled in a 
single density IBM 3740 type for ­
mat, in IBM 2D compatible double 
density or in other expanded soft 
and hard sectored formats. 

And Voice Coil Positioning 
For 6 Times More Speed... 

Only PerSci, Inc., has engineered 
voice coil head positioning for 
diskette drives. This design innova­
tion gives the PerSci 299 drive the 
lowest average seek time of any 
floppy - 33 ms including settle. 
The full 76 track access speed of 
the Model 299 is under 100 ms. 

In A Single Small Size Drive ... 

While the 299 provides the data capacity 
and access speed of a hard disc drive, it is the 

size of a standard floppy-only 4.38" x 8.72" x 
15.4'.' Up to four 299 drives can be mounted verti­

cally or two horizontally in a 19" rack. 

With Superior Reliability 

And Ease Of Operation. 


Mechanical and data reliability equal or 
superior to single headed drives-6000 hour 

MTBF and a soft error rate of 1 in 109 -are made 
possible by PerSci 's advanced drive design. A 
write protect feature guards against operator 

error, while front panel lights indicate the diskette 
selected. Electric diskette autoload protects 

diskettes from damage and allows drive 
unload by remote control. 

Join The Next Generation ...Now. 

Get PerSci's four-headed diskette drive and 
get the speed, capacity and reliability of hard disc 

drives at a fraction of the size ... and cost. Call or 
write for full information 

from PerSci, Inc., 12210 

Nebraska Avenue, West 

Los Angeles, California 


90025. 

(213) 820-3764. 

Peripherals a 
Generation Ahead. 

See us at NCC, Booth 1239 
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Figure 6: A typical Sonagram of an utterance. In a Sonagram the dark areas represent high 
intensity. This example represents the word "machine." The vertical (y) axis is frequency and 
the horizontal axis is time. The formants are seen as the dark bands that change with time. The 
large dark area about 7/5 of the way in to the pattern corresponds to the sound of the "ch" 
in machine. 

ing strain the computational capabilities of 
even th e big number crunching co mputers. 
There is a lesson to be learned from the 
above analysis : Speech is intimate ly related 
to the resonances of a time varying reso nato r 
(the vocal tract) and perhaps it is more 
reasonable to expect to find better features 
in a frequency doma in representation of 
speech rather than in a time domain one. 

Frequency Domain Analysis 

A usual freque ncy domain re presentation 
of a signal is its spectrum (ampl itude versus 
frequency). It can be obtained from the 
time domain representation by ap pl ying 
what is ca ll ed the Fourier Transform to it. 
Figure 5 shows the Fou rier Transform of 
a speech sign al 25 ms long. Note that in the 
time domain signal the horizontal ax is of 
a plot is time whereas in the freq uency 
domain representation the horizonta l axis 
is frequency. A drawback of the Fourier 
Transform is that it is a digital signal pro­
cessing method an d as such it operates on 
the sampled waveform direct ly, requ iri ng 
very fast computers for real tim e operation. 

If we are wil ling to settle for less accurate 
results, there exist analog methods which 
can give us spectral representat ions in real 
time using relatively simple hardwai-e. An 
in teresting spec tra l representation, based on 
analog methods, is the sound spectrogram 
or "Sonagram" obtai ned usi ng a device 
called the "Sonagraph." Th is device has been 
in ex istence since the late 1940s and has 
been widely used in speech research. It gives 
a three-dimensional display of frequency in 
the y axis (vertical), time in the x axis 
(horizontal), and intensity on the z axis. 
Th e z ax is is actually represented by shades 
of black since we are using two-dimensiona l 
paper. Figure 6 shows a Sonagram. The 
dark areas correspond to areas of high 
in tensity and the evol u tion of fo rmants can 
be obse rved as dark bands changing with 
time. The Sonagraph is a useful tool in 
speech research and it is mentioned here 
because it is widely referred to in the Ii tera­
tu re. It is of no value as a feature extractor 
to a practical speech recognizer because it is 
not a real time machine and because it costs 
thousands of dollars. 
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Everything you've ever 

wanted to know about 

microcomputers in 

Over 400 pages. Full 8V2 " x 11 " size. ONEcompletebook 
for only $10.95 

The ultimate book 
about microcomputers. 
Written by experts 
... SCELBI and BYTE. Over 
400 pages. A collector 's item, 
featuring The Basics 
from the first 16 issues of BYTE and SCELBl's 
classic library of books. Your microcomputer 
bookshelf is incomplete without this priceless edit ion. 

You can 't buy information 
organized like this any­
where. This is the book 

that everyone who is into micro­
computers needs for reference, 
for ideas, for clues to problem 
solving. It is a truly authorita­
tive text, featuring easy-to-read, 
easy-to-understand art ic les by 
more than 50 recognized pro­
fessional authors, who know and 
love microcomputers from the 
ground up. Log ica l and com­
plete, it features many glos­
saries, and is illuminated with 
profuse illustrations and photo­
graphs. 

The Scelbi/BYTE Primer is 
divided into four logical sec­
tions, that take you from point 
"O" through building and pro­
gramming your own computer . . . 
step-by-step-by-step. 

What can you do with a micro­
computer? Checkbook balanc­
ing . Recipe converting and food 
inventory. Heating and air condi­
tioning control. Home and busi­
ness security and management. 
Playing the ponies. Analysis of 
the stock market. Maintaining 
massive data ban ks. Self-instruc­
tion. Toys and games. Small 
business accounting and inven­
tory. And lots, lots more. 

Ci rcle 322 on inquiry card. 

How does a microcomputer do 
it? Lots of " how to " theory. In­
troducing you to microcomputer 
operation. 6800, 6502, Z80 CPU 
chip capabi lities. RAM and ROM 
memories. Addressing methods. 
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Over 400 pages. Selected articles 
from BYTE and SCELBI books. 
Profusely illustrated. Many 
photographs. $10.95, plus $1 
shipping and handling. 

How to control peripherals. 
Transmission of information to 
and from computers. Magnetic 
recording devices for bulk stor­
age. Analog to digital conver­
sion. How a computer can talk. 
Other 1/0 techniques. And more. 

Order your copy today! 
SCELSI COMPUTER 
CONSULTING INC. BllS 
Post Off>ce Box 133 PP STN 70 Main Street 
Dept. B Peterborough, NH 
Milford, CT 06460 03458 

, 800 258-54 77 

Prices shown for No rth Amu ric.on cuslomers . 
Master Charge Pos tal an d bank Money 
Ord ers pre t err ~ d . Pe rsonal checks de lay 
sh i pp1ny up 10 4 weeks . Pricing , speci ti ca. 
t1 ons, ava1l ab1l1ty subjec l to ~ hange wi thout 
1101ice . 

All about building a micro­
computer system. Over 12 com­
plete construction articles. Flip­
flops. LED devices. Recycling 
used ICs. Modular construction. 
Making your own p.c. boards. 
Prototype board construction . 
Make your own logic probes. 
Construction plans for 6800 and 
Z80 computers. Building plans 
for I/Os - TV and CRT displays, 
cassette interfaces, etc. Mathe­
matics functions. ROM program­
mer. Plus much, much more. 

How to program a micro­
computer. Programming for the 
beginner. Assembling programs 
by hand. Monitoring programs. 
Number conversions. Game of 
Hexpawn. Design your own as­
sembler. Lots more. 

And that 's only the beginning! 
Others have spent millions ac­
quiring the type of microcom­
puter information found within 
the 400 pages of The Scelbi/ 
BYTE Primer. But, it costs you 
only $10.95, plus $1 for postage 
and handling , complete! You 
know the quality of Scelbi and 
BYTE. This is your assurance of 
excellence throughout this MUST 
text. Order your copy today! And , 
get one for a friend! 
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Figure 7: A filter bank 
feature extractor consists 
of a number of bandpass 
filters (BPF7 to BPF (N}) 
covering the range from 
about 700 to 70 kHz. 
The output of the filters is 
rectified and low pass 
filtered (LPF). Then it is 
multiplexed and digitized 
by the analog to digital 
converter for input into 
the computer. 

Using Filter Banks for Feature Extraction 

A less accurate yet simple and inexpen­
sive method for obta inin g a spectra l repre­
sentation is a filter bank. It is widely used in 
existing speech recognition machines, in­
cluding the most successful commercial 
speech recognition system. As shown in 
figure 7, a filter bank consists of a number 
of bandpass filters, covering adjacent fre­
quency bands. The output of each filter is 
full wave rectified, then smoothed and 
sampled by an analog to digital converter 
for computer input. The outpu t of the con­
verter for any given filter is re lated to the 
energy present in the frequencies of the 
fil ter's passband. 

A filter bank is a useful tool for feature 
extraction. It should be obvious that the 
speech spectrum can change only as fast as 
we can move our articulators. The con­
straints here are about the same as in the 
case of volume changes mentioned before. 
That is, a bandwidth of about 50 Hz is 
sufficient to accurately represent spectral 
changes. This gives us a sampli ng frequency 
of 100 Hz. Assuming eight filters in our 
filter bank, we gel 800 digital words per 
second of speech. If the converter is ac­
curate to eight bits, the data rate is 6400 
bits per second, quite reasonable for th e 
degree of accuracy retain ed. What makes a 
filter bank even more exciting for fea ture 
extraction is that a number of parameters 
arc avai lable that can be manipul ated to get 
various tradeoffs of data rate versus accuracy. 
Thus both si mpl e and sophisticated systems 
can be buil L using the same type of hard­
ware . .The parameters avail able for experi ­
mentation are: 

BAND PASS IFULL WAVE LOW PASS ANA LOG 
FILTERS REC T IFIERS FILTERS MULTIPL EXER DIGI TAL CONVERTER 

BPFI 

I 	 TO 

BPF(N) 

BPF2 

BPF3 

BPFIN-ll 

I 
I 
I 
I 
I 
I 
I 
I 
I 

AUDIO 
SPEECH 
INPUT ~i 

I 
I 
I 
I 
I 
I 
I 

• 	 Number of bandpass filters . 
• 	 Ban dpass filter bandwidth and center 

frequency . 
• 	 Bandpass fi I ter ski rt (selectivity) 

characteristics. 
• 	 Amplitude compression. 
• 	 Smoothing cutoff frequency (sampling 

rate). 

It should be obvious that the more filters 
we have, the more accurate the spectral 
representation. A filter acts as an averaging 
device over the frequency in its bandpass 
and thus it destroys local information. By 
increasing the number of filters and restrict­
ing their passbands th is ave raging is done 
over a small er frequency range. 

The bandwidth of the bandpass filters can 
be the same for all filters but usually it varies 
depending on the filter's center frequency. 
It has been shown that the ab ility of the ear 
to discriminate be tween closely spaced 
frequencies decreases when these closely 
spaced frequencies are high. Based on this 
observation, the bandwidth of the filters in 
a fi lter bank is rarely, if ever, the same. 
Instead it is set so that the higher the center 
frequency of the bandpass filter, the wider 
its bandwidth. The setting of a bandwidth 
for a given center freq uency is done usu all y 
on the basis of experience in an effort to 
have enough filters covering the areas of 
greatest importance. Once a setting is 
decided upon, based on some criteria, 
experimentation may be required to opti­
mize that particular filter bank . Another 
approach is to decide on some rule for set­
ting the bandwidths. For example, a success­
ful recognition system has been built using 
filter banks of third octave bandpass filters 
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AncientEgyptiaos'ciidn't ~top 'r 

with just one pyramid. The'Gr~at . 
Pyramid s~ands on the Plain·of 
Gizeh with two other monuments . 
erected for kings and queens: 

Dynalfyte didn't..stQp wtth one 
1'6k dynamic RAM, either. f':iow 
you can get 16k and 32k full}! . 
static RAM s that are built with the • 
same unmatched engineering 
ability and manufacturing skill 
that went into Egypt's wondei:s of 
the ancient world. ~ 

When we say built, we mean 
completely built. Assembled, 
tested and burned in. We don't 
leave anything undone. That way, 
you can buy any Oynabyte 
memory and know that it is backed 
by a factory guarantee for one full 
year. Kits and semi-kits can't 
say that. 

Our 16k static and our 32k 
static are available with either 250 
ns. or 450 ns. access time. Our 
250 ns. moduJe is completely 
compatible with the 4MHz Z-80A 
processors. The 450 ns. modules 
are compatible with the 8080 and 
the faster 3MHz 8085 processors. 

The Great 16k Static 
Memory. 250 ns., $555. 450 
ns., $525. 

• 	4k block addressing along 4k 
boundaries 

• • • .. ... • • •• ' •• .. .... • '""': : .... 8\ 
~ - .. - ~ 

. ·• ' Bank Selec:;,t ._ •--Conservative thermal &eslgn- : 
• Write Protec:t with alarm.for ,, • C6mplete' S·1OQ<ompati-' ­
~ach 4k bloc!< 

• Full Schmitt trigger bllffering 
• No OMA restrictions 
• 	eomplete S·10Q bus com- • 

patibility, including the Alpha 
Micro and Z-2.

TheGreat 32K Static 
Memory. 250 ns., $995. 4~;m 
ns., $925. . . 

• 	4k boundary addressing 
• 	FuJI Schmitt trigger buffering 
• 	No OMA restrictions 
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. bility, inclading the Alpha 
Micro.and Z-2. · 

The Great 16k DyDamt.s: 
Memory. $399. 

• Highly cost effective 
• 	No wait states 
• Transparent refresh 


··• 16k addressing boundaries 

• 	Widest S-100 mainframe and .. 

disk system compatibility 
All of Oyoabyte's memories 

meet rigid industrial grade stand· 
ards. Design, components, con­
struction, testing and perfor­
mance. But if a moduJe ever needs 
repair, we provide factory service 
with 24 hour turnaround for both 
warranty and non-warranty work. 

Ask for the Great Memories by 
Dynabyte at your local computer 
store. You can also pick up com· 
plete product information while 
you're there. 

If you haven't got a local 
computer store, write Dynabyte, Inc., 
at its new address: 1005 Elwell Court, 
Palo Alto, CA 94303. Or call its new 
number (408) 965-1010. 

n1111an111·E 

Builders of Great Memories 
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Figure 8 : Using a comparator after the low 
pass filter in the filter bank simplifies 
hardware and reduces data rate at the cost of 
discarding useful information. The thresh­
olds should be adjusted for the voice ofeach 
individual speaker. In addition, a good 
automatic gain control circuit should pre­
cede the filter bank to normalize the time 
domain signal. 

cover ing the fre qu encies of 150 Hz to 
10 kHz. Su ch fil ters are commercially 
avai lable for aud io work. 

The skirt or cutoff characterist ics of the 
fi lters in a fi lter ban k is determined by the 
followi ng fac to rs: 

• 	 A steep skirt will give better freq uency 
separation than a gently sloping one. 
It will also make for abrupt t ransitions 
from one fil ter to the other when a 
for man t crosses the boundary. This is 
not necessa ril y bad but it might affec t 
some systems. Both ski rt types are 
used in prac t ice. 

• 	 It is desirable that the filter exhib it 
linear phase shift in its passband. For 
a given filter order, th at means that 
the skirts will be less steep than the 
case wi thout phase restrictions. In 
genera l, this is not a se rious considera­
tion fo r a practical system . 

• 	 Th e cutoff characte ristics depend on 
the order of the filte r (the numbe r of 
ma thematical poles it has in its design 
equa tions) . Higher order fi lters give 
steeper characteristics but requi re more 
poles and thus cost more. 

• 	 It is desi rable that filters overlap at 
the three db points of their slopes . 

Th e amplitude (vo lume) of the speech 
signal is dependent on two factors that 
cann ot be contro ll ed easily. These are the 
distance and o ri entation of the speaker with 
respect to the microphone and the loudness 

+VCC 

T HRESHOLD 

ADJ 


N-BIT WORD TO 
COMPUTER 

LPF 

+V CC 

THRESHOLD 

ADJ 


of the voice at any given time. Volume also 
varies constantly with in a gi ven word as we 
have already seen. This can resu lt in a 50 db 
range for th e am plitude of the speech 
signal. The dynamic ra nge of an 8 bit con­
verter wh ich is most Ii kely to be used in 
the environmen t of computer exper im ent­
ers is 20 Jog (256) = 48 .16 db. This seems 
sufficient bu t it wi ll give severe quantiza · 
tion errors fo r low amplitude signals. The 
lower the amplitude of the signal, th e fewer 
bits will be used to encode it, thus throwi ng 
a lot of the information out. A 12 bit ana log 
to digita l conve rter would help but it costs 
too much and it wastes memory space in 
an 8 bit machine because it takes a word and 
a half to store its outpu t. 

A different app roach would be to use 
some form of ampli tude compression before 
the analog to di gi tal conversion . An audio 
automatic gain control circuit can be in­
serted betwee n the audio source and the 
filter ba nk. It wil I I imi t the dynamic ra nge 
of the signal by the amount of comp1·e sion 
it offers, usually in the range of 20 to 
40 db. Such an automatic gai n co ntro l cir­
cuit (AGC) should have very fast attac k. 
Its re lease time shoul d be about two to 
three times the lowest glottal period ex ­
pected. It shou ld not be less than that 
because then it will te nd to distort the 
signa l by compressing between glotta l 
pu lses . Amplitude compress ion can also 
be app lied after the rectifier mooth in g 
filters by taki ng the logar ithm of the signal 
at th at point. The logarithm operation is sug­
gested by th e fact that our ears (a nd al I of 
our body sensors) respo nd to stimul i inten­
sity in a logarithm ic fashion. Th is fact is 
utili zed in every audio ampl ifier in th e 
design of the volu me control potentiometer 
which is made logarith mic so sound will 
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TheAJ 8411/0. 
A completely 

refurbished IBM Selectric 

Terminal with built·inASCII 


interface. Just 5995.

FEATURES: 
• 	ASCI I code. • Reliable. heavy duty Selectric 


mechan ism. 
• 14.9 characters per second printout. 
• Off- line use as typewrite r. • Special introductory price - $995 

(regularly $1.195). 75% discount from 
original p rice of new unit. AJ 841 WARRANTY AND SERVICE 

IS AVAILABLE IN THE• Paral lel Interface FOLLOWING CITIES: 
(requires parallel 
port for 1/0 Los Angeles/Cinc innati 
transm 1ss1on) Ph1ladelpl110 I Detroit 

Hackensack I Dallas• Order direct from 
Columbus/Houston factory 

Cleveland I Atlanta 
• Documentation Son Jose I Chicago

inc luded. Boston I New York 
• 30-doy warranty - Washington. D.C 

ports and labor For further 
information cal l• High quality R(..• (408) 263-8520 

Selectric ~rJ 
r.m ANDERSON 

e ~1~~~:~~.:~m,,, on \I 111111 JACOBSON• vt1l•ble '-' DO" 'tQUH l I 

AnuerS(.)(1 Jac:Jbsvo u1c 521 C nmcor Aver'VC' 
Son Jose Co liro" 110 951JI 

r··-------------~HOW TO ORDER AN 	 CLIA-----------------··P AND MAIL WITH ORDERI 	 I
I AJ 841 1/0 TERMINAL 	 I 

SELECT EITHER : D LBC D keyboard D Cor1espon en'-'" key rd II 1. Make cashier's check or money order
I payable to : i u111be1 0 1 u1111 s @ $995 eac 11 S II ANDERSON JACOBSON, INC. I 

Address your request to: S les lox I delivery locot1on S ______ _I Personal Computer Terminal I
I ANDERSON JACOBSON. INC. Sh1op11~g and hondl 111g $35 I 

521 Chorcot Avenue 	 each (exc lud1n So11 Jose) S II San Jose, CA 95131 
I 2. Upon written notification, pick up your fOTAL S I
I terminal at the AJ service office I 

located in one of the above c ities. I Allow six to eight weeks for delivery. NAME I 
I 3. A final c heck of your unit will be made I 

at the local AJ service office at time of ADuRESS II pickup. 
I 4. For warranty or repair service. return c11v SrATE ZIP I
I unit to designated service location. I 
I 5. Avai lable in U.S. only. PHUI' 1 	 I 
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seem to increase linearly with shaft rotation . 
The disadvantage of taking the logarithm of 
the smoothed signal is of course the number 
of required log circuits which is equal to the 
number of the filters in the fi lter bank. The 
logarithm can also be taken by having an 
analog to digital converter that converts 
logarithmical ly. Thc1·e is suc h a product 
available from Precision Monolithics Inc. 
It is the DAC-76 companding digital to 
analog converter that can be used to build an 
8 bit logarithmic analog to digital converter. 

As a final note to ampl itude processing 
we shou ld mention a method used in a num­
ber of sma ll systems. In its simplest fo rm it 
co nsists of using in the place of the multi­
plexer and the analog to digital converter a 
number of comparators which change state 
when the inpu t voltage exceeds a preset 
threshold as shown in figure 8. Th e output 
of the comparators forms an N bi t binary 
word where N is the number of the filters 
in the filter bank. This gives a significant 
red uction in data rate and works for small 
vocabu laries of the order of 8 to 12 words . 
It requires a good autom atic gain control 
before the filter bank, and its major weak­
ness is that the comparator thresholds 
have to be manuall y adj usted for each 
individ ual speaker. A variation of th is 

DIGITAL FREQUENCY 
PROFILE CONVERSION 

BIT 4 

BIT 6 

BIT 5 

C · COMPARATORS 
A AMPLIFIERS 

Figure 9: The differential comparator 
feature extractor detects which one of two 
adjacent bandpass filters has the highest 
energy. The output of each pair of filters is 
summed together and compared with the 
sum of the next pair of filters, yielding 
another, coarser comparison from the 
frequency viewpoint. In this example, the 
output of eight filters (we assume that the 
output of the blocks labeled BPF is the 
rectified and smoothed output of the 
bandpass filters) is encoded into a 7 bit 
digital word. The computer performs pattern 
recognition on time varying sequences of 
these 7 bit words. 

method is used in a comme rcial recognizer 
made by Scope Electronics (US Patent 
#3,812, 291) . In that system the compara­
tors are connected between two consecutive 
filter outputs to detect the slope or frequency 
profile. Figure 9 shows this differential com­
parator connection. Compared to the ti xed 
threshold method it has the advantage th at 
no adjustment for th e ind iv idu al talker is 
needed and the automatic gain control be­
fore the filter bank is not necessary. Its dis­
advantage is that it throws away more in for­
mation than the fixed threshold method. 
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Memory Makes the Computer, 

Central Data Makes the Memory 


Memory is an important part of a computer Per/orma nee. Unlike some dynamic memory 
system. So don't even think of settling for a boards, ours uses an invisible refresh that inserts 
poor quality RAM board. Central Data offers refresh cycles between your computer's normal 
carefully engineered I 6K, 24K and 32K RAM memory access cycles. This eliminates loss in 
boards to suit your needs. We take our RAM performance of your computer with lengthy 
boards seriously, so should you. refresh cycles. 

Reliability. Each one of our boards comes com­ Power. Our board uses less than one-half the 

power of a static RAM.
pletely assembled, tested and burned in. No 

fiddling with an infin ite number of parts from a 	 Price . You can buy a l 6K RAM board, com­

kit or costly investment in equipment to test 	 pletely ready to use , for only $289. A full 32K 

your board. Each one of our boards is backed by 	 RAM board is available for $4 75 , or you can 


add on later for only $200 .
a one year warranty to insure your satisfaction. 

Expandabili ty. W e offer a 16K RAM board 	 When you buy our memory board , you 'II 
with capacity to 32K . You can purchase a I 6K 	 be buying the best equipment at the best price . 

board and expand later or buy a full 32K . 	 Order yours today by mail or phone.

l Plea:-:end :t:-following~ - - - - - - - - Nam:- - - - - - - - , 


I 0 16K RAM board ($289) Address I Central 

0 32KRAM board ($475) Ci1y 	 I 
 dataII D additiona l informaiion Seate I 
I enclose $ Zip II P.O. Box 2484, Sta . A 
Ill. residents add sa les tax .I 	 Champaign , 1161820 

t_:~a~~P.O.~x 2484,~a~ Champaign.~6~2~ _ _ _ __ _ ____ J (217) 359-8010 
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Figure 70: The frequency 
response of the two filters 
is designed to separate 
Fl and F2, when used in a 
zero crossing based for­
mant detector. The filter 
characteristics overlap in 
the region of formant 
overlap but their slopes are 
designed to separate the 
two formants. 

Th e fin al parameter that can be adjusted 
in the fil te1· bank feature extractor is the 
cutoff freq uency of the smoothing filters. 
Reducing it reduces the data rate . Depending 
on the amount of red uction significant infor­
mation may or may not be lost in this step. 
Sampling the output of the filtei-s every 20 
to 30 ms is tolerab le in small vocabulary 
systems. The mai n consideration here is to 
fin d a comb ination of number of filters, 
analog to digital conversion quantization 
and samp ling rate that wi ll maxi mize the 
informat ion retained and minimize th e data 
rate of the pattern. 

In summary, a filter bank offers a good 
yet inexpensive real time feature extractor 
wh ich can be uti lized in a speech recogni tion 
system. Properly used, it has performance 
sim ilar to systems based on lin ear prediction 
res idu al s, a state of the art digital signal 
processing tech nique. 

Zero Crossing Detec tors 

Another feat ure extraction technique 
that was popul ar for its simplicity in the 
early days of speech recognition is forma nt 
tracking using zero cross in gs . It is interesting 
to note that probably the first widely know n 
speech 1·ecognizer capable of 1·ecognizing the 
digits was built in ·1952 at Bell Labs using 
formant tracking based on zern crossing 
measurements. The contraption was gm­
tesq ue by today's standards, using vacuum 
tubes as active eleme nts and ca pacitors for 
memory . It was claim ed that it achieved 
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97 percent recognition accuracy. Its formant 
tracker was based on two well known 
principles : First Fl and F2 formants span 
two different frequency ranges, that is F·1 
moves roughly between 200 an d 1000 Hz 
and F2 moves between 800 and 3500 Hz. 
There are cases for wh ich this is not true 
but fo r about 98 percent of the time this 
holds for any speaker , man or woman. 
Second , Fl and F2 of a given speaker for a 
given vowel remain about the same day after 
day of testing. (This is not true for the 
same vowel pronounced by different speak­
ers and th us th e machine has to be trained 
to a given speaker before it can recognize his 
or her speech.) This means that we could 
isolate the first two formants and they 
would be useful as features. Two ban dpass 
filters centered around the respective 
formant regions would separate the formants 
except when they are in the overlapping area 
of 800 to 1000 Hz. 

It turns out that when we highly amplify, 
then clip a signal to obtain the instances 
when the signal crosses zero, the problem is 
taken care of automatical ly. If the bandpass 
filters slope in th e overlap region as shown in 
figure 10, Fl wi ll always be stronger than F2 
at the output of the Fl filter and vice versa. 
The clipper has a property called "capture" 
which means that any signal that is a few db 
or more stron ger than another wil I swamp 
out the weaker signal and the output of th e 
clipper will contain on ly the strong signal. 
This ph enomenon occurs also in FM radio 
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Radio Shack's personal computer ~ystem? 

This ad just might make you a believer. 


TRS-80 " Breakthru" 
• TRS-80 microcomputer 
• 12" video display You can't beat • Professional keyboard 
• Power supply the 4K system at 
• Cassette tape recorder 
• 4K RAM, Level-I BASIC $599 
• 232-page manual 
• 2 game cassettes 

TRS-80 " Sweet 16" 
•Above, except 

includes 16K RAM 

... or the step-up 
16K system at 

$899 


... or the fast TRS-80 " Educator" 
• Above, except 4K/printer system at includes 4K RAM and 

screen printer$1198 

... or the Level-II 
16K/printer/disk 

system at 

$2385 

TRS-80 " Professional" 
• Above, except 

includes 16K RAM , 
disk drive, expansion 
in terface, and 
Level-II BASIC 

So how are you gonna beat the system that 

does this much for this little? No way! 


... The amazing new TRS-80 "Business" 
• Above, except 32K/Level-l l/2-disk/ 

includes 32K RAM , 
line printer, 
and two disk drives 

line printer system at 

$3874 
Gel details and order now at Radio Shack stores and dealers in the USA. Canada. UK. Australia, Be lg ium. Ho lland. France, Japan. 


Write Radio Shack, Division of Tandy Corporat ion. Dept. C-002, 1400 One Tandy Center, Fort Worth, Texas 76 102. Ask for Catalog TRS-80. 


1tad1e lhaeK 
Puces May Vary al lnd~vld ual Srores and Dealers The biggest name in little computers 
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reception with a limiting (clipping) inter­
mediate frequency (IF} stage. It is one of 
the reasons FM was chosen for qua lity 
broadcasting, ie: it is nol susceptible to 
interference from other weaker stations 
or interference from noise. Filtering and 
capture ensure that the outp ut of the 
clip per contains only one frequency, the 
formant we are tracking. Determining 
what that frequency is requires noth ing 
more than counting how many times the 
square wave output of the clipper crosses 
zero within a given interval, perhaps 20 ms. 
The data rate of the zero crossing formant 
extractor (see figure 11) is quite low, about 
50 samples per second consisting of two 
8 bit words per sample, a total of 800 bits 
per second. 

In practice it works we ll with vowels, 
especially if there is no significant Fl and 
F2 overlap. Formant overlap and noise do 
affect its performance and thus limit its 
app licability. It is perh aps the simplest viable 
feature extractor that can be used and it 
does not contain any critical analog cir­
cuitry. One word of caution about the 
implementation, learned the hard way: an 
8080 processor running with interrupts 
generated by the rising and fal ling edges of 
the clipped Fl and F2 signa ls is not fast 
enough to keep up with the pace in some 
cases and data is lost. Rather than trying 
an all software approach, I recommend that 
two hardware counters be used, read and 
reset by the computer every 20 ms. These 
counters are sh own in figure 11 . 

Pa ttern Recogn ition 

A set of features representing a word is a 
pattern corresponding to this word. Pattern 
recognition is the process by which, given an 
unknown pattern, we dec ide which word 

Figure 7 7: A zero crossing formant extrac­
tor. The zero crossing method of formant 
extraction uses two special bandpass filters 
to separate the formants. The output of the 
filters is passed through a zero crossing 
detector (a comparator whose threshold is 
set to zero) that puts out a logical " 7" or a 
"O" depending on whether its input is 
positive or negative. The output is fed into 
a counter for each formant and the number 
of "O" to "7" transitions is counted for 20 
ms. Then the counters are read by the 
computer and reset to start the next 20 ms 
counting period. An envelope detector 
(rectifier followed by a low pass filter) feeds 
a comparator whose threshold is set to de­
tect word beginnings and endings. 

this pattern represe nts. An alternate term is 
pattern classification . A basic process of 
pattern recognition is template matching. 
The un known pattern is compared to a 
number of reference patterns stored in mem­
ory and the differences between the 
unknown and the references are noted. 
Obviously the smal lest difference indicates 
a best match and the unknown word is the 
word that corresponds to the reference 
pattern that gave the smallest difference. 

There exist many ways to compare two 
patterns. Since features are represented by 
numbers, the most straightforward way is to 
compute the numerical difference between 
correspondi ng samples and then sum all 
those differences. That sum wou ld be a 
measure of simi larity between the patterns. 
There is a small precaution to be taken in 
practice when computing the sum of the 
differences. All differences should be posi ­
tive . Otherwise when we sum them, negative 
differences wil l cancel positive ones and the 
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Affordable 
The tribe at Smoke Signal Broadcasting took our 
BFD-68 d.isk system and scalped the price , but 
not the features to create the ABFD -68 (Affordable 
Basic Floppy Disk). We appreciate the fact that 
the computer hobbyist gave us our start and we 
haven 't forgotten you. 

$649 Assembled 
Compare Pri ce . Our SS-50 bus compatib le disk 
system is $150 less than the assembled price of the 
leading S-100 disk system. And you can at least 
double that savings when you buy one of the 
computers manufactured by MSI or SWTPC that 
use the superior 6800 microprocessor. 

Programmable 
The BFD-68 is wel l known for its fine software. The 
system comes with the best disk operating system 
avai lable and we offer a multitude of other com­
patible software products. These include a BASIC 
interpreter with disk file handli ng capabil ity. By 
the way, our DOS now easi ly handles true random 
access files as well as sequential. Also, we have a 
super fast BASIC compiler for business app lica­
tions. In add iti on, a Text Ed itor, 2 Assemblers, a 

Trace Disassembler useful for program debugging 
and an Object to Source Code Generator are all 
stock items ava ilable fo r immediate delivery. 
A word processor will be avai lable very soon . 

Reliable 
We del ivered our first mini-floppy disk system a 
year ago - 6 months ahead of any other 6800 
based mini system. Thus, we've had twice the 
experience in building rel iab ility into the system. 
Our NEW disk controller was designed using all 
we have learned in the past year about system 
rel iability. 

The ABFD-68 contains all the built in re liability 
of our regular BFD -68 plus you save money by 
supplying your own cabinet and power supply 
for the disk. 

Available 
We 've shipped literally tons of our BFD-68 disk 
system in the past year and have learned to keep 
our prod uction up with demand. Give us a ca ll and 
chances are we ' ll be ab le to ship you the new 
ABFD-68 from stock and charge it to your Master 
Charge or Visa ca rd. Better yet, ask us for the name 
of the com puter store nearest you that carries our 
complete line of computer products. 

Circle 320 on in qui ry card . BY TE \uo>< 1978 75 



effect wou ld be a smaller total difference 
than is actually the case. To make sure 
that all differences are positive we can take 
th e absolute value of the differences before 
we sum them. This is done simp ly by making 
any negative distances positive and leavi ng 
the positive ones alone. A fancy name for 
the absolute value of feature differences is 
"Chebyshev distance." "Euclidean distance" 
is another fa ncy name used to denote the 
square root of the sum of the squares of 
individual differences. The square of a num­
ber is always a positive number and this 
overcomes the problem of addin g differences 
with different signs. Squaring takes much 
mo re time than finding the abso lu te va lu e 
and it turns out it is no better than the abso­
lute value as an indicator of degree of match. 

Another pattern recognition technique 
not based on tem plate matc hing is " lin ear 
discr im ination." It is not very usefu l in 
practice but it excites people's mathematical 
ins tincts enough to write papers about it so 
we wi ll mention it for the sake of com plete­
ness. If we view the features as dimensions in 
a multidimensional space (also called hyper­
space), a pattern becomes a po in t in that 
space. If the points for all pronunciations of 
a word cluster together in a region of th is 
hyperspace and regions corresponding to 
di fferen t words do not overlap, we can de­
fine hyperplanes that separate these regio ns. 
To class ify a pattern then we can check to 
see if it is in a region enclosed by a given set 
of hyperp lanes and keep checking until we 
find which region it correspon ds to. If the 
regions cannot be separated by hyperpl anes 
the feature space is not linear ly separable 
which means that we can try to enclose th e 
regions in sections of hyperplanes . It often 
turns out to be a matte r of luck whether the 
feature space turns out to be even non­
linearly separab le. The net result is that 
li near discrimin ation is of ten difficu lt if not 
impossible to use in practice. 

Pattern recognition can also be achieved 
using a set of tests on a pattern to decide 
which word it represents. A simple exam ple 
of that method is the ru les used in the pre­
viously mentioned case of the volume signal 
to determine whi ch one of the th1·ee words 
acceptable to the system has bee n pro­
nounced. In a more comp lex system it is not 
very easy or acc urate to do all the recogni­
tion by rul e. Too many rul es might be re­
quired and mistakes in the application of 
key rul es might cause misrecogn ition or re­
jectio n. This last problem does not occur in 
template matching because each feature has 
equal say in the decision process; therefore 
a few bad features do not affect the resu lt. 

Rules can be used successfully together 
with template matching to speed up the 

matching procedure or to act as an addi­
tional accuracy check. For example, in a 
recognition system that accepts the digits 
0 to 9, we might recognize a word as "six" 
by template matching but we may not be 
very sure that it is actually a "six": whi le 
the distance from the reference correspond ­
ing to "six" was the smal lest it might also be 
too close to the threshold for a conc lusive 
determination . Applying the rule that both 
th e begin ning and end of "six" have to be 
unvoiced we can either confirm our re­
cognition or increase the susp icion that 
somethi ng is wrong, depending on the out· 
come of the test. In another situation we 
might check before template matching to 
see if the volume of the word has two 
approxim ately equal humps. If this test is 
passed we can then do template matching 
on the words "seven" and "zero" which are 
most likely to exhibit a 2 humped volu me 
pattern. If templ ate matching on one of 
these words gives a very good match well 
below threshold , we could accept it without 
further testing of the other patterns, thus 
saving testing time. 

An in terest ing hybrid (template matching 
comb ined with discriminat ion by ru le) 
recognition scheme is phonemic pattern 
recogniti on . It is based on the observation of 
ph one ticians that human words are made up 
of a limited number of building blocks 
called phonemes. In Engl ish there are about 
50 di stinguishable phonemes. These 
phonemes were des ignated mainly by 
listeni ng tests. Trying to automatically 
extract the phonemes is very difficult be­
cause our machi nes do not eve n app roac h 
the generali zing capabilities of the ear when 
it comes to speech . Proposals have been 
made to use from 200 to 700 basic uni ts of 
speech for mac hi ne recogn ition in the hope 
that it will be easier to di scriminate between 
those less ge neral "phonemes." Redu cin g a 
word to a sequence of phonemes gives us a 
very low data rate pattern and simplifies pat­
tern recognit ion, assum ing of course tha t 
ph oneme extraction is accurate. Ph oneme 
extraction can be done using tem pla te 
matching, and recognition of a phonemic 
sequence can be done by ru le. 

Unfortunate ly in real life things a re not 
that easy . The number of in dividu al phone­
mes a machine can recogni ze depends on the 
type and number of fea tures its preprocessor 
extracts. There exists no way to fi nd out for 
sure wh at are the essential features that 
determine the phonemes for a given system 
except by tedious tri al and error. In add i­
tion, coarticulation effects tend to change 
the pattern of phonemes depen ding on the 
phonemes that come before and afte r it. 
These effects can generate quite drastic 
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changes in the pattern of a phoneme to the 
point that template matching is use less for 
recognition. In those cases some fo rm of 
recognition by rule shou ld be app lied to 
separate the phonemes. 

These problems are compounded by the 
fact that when we decide wh ich phoneme 
represents a segme nt of speech we throw 
away all th e features that make up the pat­
tern for that speech segment. As a result, if 
our decision was mistaken for some reason, 
we have lost that portion of the speech pat­
tern and even worse, we have substituted a 
potential ly confusing phoneme. Th is is 
always a problem when we compress data 
too much. A piece of bad informa tion can 
have very unp leasant conseque nces because 
due to the high compression factor there is 
not ve ry much information avail ab le on 
which to base al tern ate dec isions. A way 
around thi s probl em woul d be to store the 
raw data until the final decision is made. 
If we are not confide nt in our decision for 
some reason we cou ld go back and check 
the poin t of dispute. This is an exam pl e of 
the hypothesize and test method where on 
the basis of incomplete inform ation a 
hypothesis is made as to wh at the word is 
an d then th e data is checked close ly to 
either verify or re ject the hypothes is. A 
disadvantage of this method is that it is 
ti me consuming computationall y. The alter­
native to storing thousands of reference pat­
te rns in memory for template matching on a 
large vocab ul ary is cumbersome, to say th e 
least. Fi nding a best match with temp lates 
when the vocabulary is big will take too 
much time even on very fast computers. 
Training the machine by storing refe rence 
patterns is still another disadvantage of 
template matching wh en th e vocabu lary is 
large because it takes a I ot of user ti me to 
pronounce th e traini ng words. 

Recogn ition of con nected speech cannot 
be done using a simple template matchin g 
recogni zer fo r two reasons that also co m­
plicate recognition of ph onemes: First, it is 
very diffic ul t to fi nd word begi nn ings and 
end ings in co nnected speech. Second, 
adjacent words affect pronunciation because 
of coarticulation . Practical recogn izers at 
this time are lim ited to isolated word recog­
niti on and they req uire that eac h word be 
spoken individ ually. This is not as restrict ive 
as it might seem because, with practice, 
words can be pronounced in sequence quite 
rapidly, up to 70 words per minute. Other 
usual restr ictions on current pattern recog­
ni zers are the need for low ambient noise 
and a coope ra tive speaker. Cooperative here 
means a speaker who is willing to pronounce 
the words clearly, eve nl y, and with a con­
scious atte mpt at uniformity. 

An Example of a Speech Recognizer 

The basic components of any speech 
recognizer are the feature extractor and the 
pattern recognizer. The feature extractor 
is also called the "front end" or "p reproc­
essor" and it is usually made up of analog 
circuits. The pattern recognizer nowaday s 
is always a digital computer. We have seen an 
overview of what these two basic functions 
are, how they relate to the speech signal and 
how they are usually implemented . lt is 
time now to give a block diagram of a speech 
recognition system using a particular me th od 
and go in to greater detail about the func ­
tions and implementation of the va rious 
elements . I have chosen for this exam ple a 
filter ban k analyzer because I bel ieve this 
particular approach will give the best resu lts 
with the 8 bit microprocessors popu la r 
with computer amateurs. It is also a well 
known and proven approach, thus more 
likely to give consistent results than any 
other method. It is not the simplest possib le 
approach and I ex pect to see a number of 
sim pl e recognizers for personal computing 
mach ines based on zero crossing detection 
methods or combinations of zero crossing 
analysis and some sort of filtering. While 
it is possible th at unusual feature extractors 
could give surprising resu lts, the chances 
of something like that happen ing are very 
smal l. Speech recogn ition has a history 
about 30 years long and during that time 
many schemes have been tried , non e of 
which gave better results in practical real 
ti me situations than the fil terbank fe ature 
extractor. 

Figure 12 is a block diagram of a com­
plete filter bank feature extractor. Let us 
pay close attention to the specifics of 
its elements . 

Microphone 

If the system is to operate in a quiet 
room , the only consideration fo r the micro­
phone would be a reasonably flat frequency 
response extending to about 8 kHz. In 
practice a quiet room is rarely the case. 
Radios, passing cars, the TV, the Telety pe, 
the ph one ringing, people ta lking are al l 
usual sources of background noise which 
might trigger the recognition system or 
interfere with the words to be recognized. 
Once this background no ise mixes with the 
desi rable signal there is not very much we 
can do to separate them . The most benefit 
in a noisy situation can be derived by 
achieving high signal to noise ratio at the 
microphone. This can be accomp li shed 
either by using a close talking microphone 
like the ones used by aircraft pi lots or 
telephone operators or by using a direc­
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and digitized every 70 ms. Spectral information as we// as word boundaries can be extracted from this set of data. See text for 
an extensive description of this particular implementation. 

tional microphone. A di rect iona l micro­
phone such as a card ioid wi ll work best 
when the speaker is facing the noise source 
and there is no sound re fl ecting surface 
behind him. This las t poi nt is easy to over­
look when using a directional mike so it is 
very important to remember that noise can 
get to the mike in its sens it ive direct ion by 
reflection . A close talk ing mike depends 
basically on its distance from the spea ker's 
mouth to separate between noise and speech 
and it is most helpful when the speaker 
moves unpred ictably with respect Lo the 
noise source and when lhe envi ro nment 
is very noisy and reflective. The microphone 
should be positioned close to the mouth 
using a headpho ne strap or an eyeglass clip . 
This may or may not be a di sadvantage 
depending on the app li cation. 

Audio Preamp lifi er 

The audio preampl ifie r i qui te straigh t­
forward in des ign being just ;i low leve l au dio 
ampli fier wi th flat rreq uency respo nse un les 
it is used to equal ize th e respo nse of th e 
mike. There should be prov isio ns to .tdj ust 
its gai n so th at it can be matched to differ­
ent mikes or background noise condition . 
This is an infreq uent adjustmen t and it 
should be hidden fro m the casual user. 

Ch anging the ga in of the preamp affec ts 
the po in t at wh ich the automatic ga in con­
trol starts compressing and it shou ld be 
done carefu I ly. 

Automatic Gain Control 

As mentioned previously, the AGC 
should have very fast attack because in many 
instances the volume of speech increases 
very rapid ly. Its release time should be 30 
to 60 ms, fast enough to fol low instances 
of quick decaying speech volum e but not so 
fast that it wi ll com press between glotta l 
periods. If the AGC has a compressi on range 
of about 40 db it functio ns as amplitude 
normalizer so we do not have to do any 
norma lization of the filter outputs in the 
computer. 

Filter Bank 

Eight filters were chosen for th e filter 
bank sim pl y because anal og multip lexers 
are avail able with either 8 or 16 inp uts 
and 16 filters are just too many. Ano ther 
reason is that a workab le system can be 
made with six fi lters as shown by George 
Whi te (see references) and eight wil l cer­
tainly give adequ ate perform ance. There 
is a compromise made here betwee n cost 
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Figure 13: A prec1S1on 
full wave rectifier (R) used 
to rectify the output of 
each bandpass filter in 
figure 72. 
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Pin Amplifier A Amplifier 
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b 3 5 

c 1 7 
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(ALTERNATE AMPLIFIERS 

required storage and processing time on one 
hand and frequency resolution on the other. 
An interesting study will be to vary the 
number of filters in a given recognition 
system from let's say 1 to 16 and plot the 
recognition accuracy versus the number of 
filters. The center frequencies and the band­
widths given for the filters are merely an 
educated guess, based on knowledge of 
where the "action" is in the speech spectrum 
and on experimental results published so 
far. In a practical system some "tweaking" 
is highly recommended to achieve best re­
sults and to the true experimenter it should 
be irresistible anyway. The skirt character­
istics of the filters should be from 24 to 
48 db per octave. Steeper slopes require 
more poles in the filter which in turn re­
quire precision components so the desire 
for steeper slopes should be traded off with 
the realities of implementation. There are 
basically two approaches to implementing 
the filters : First hybrid active filters using 
the biquad configuration such as the 
National AF-100 or the Kinetics Technology 
FS-50 or the Burr-Brown UAF-31 can be 
used . They are quite easy to use but they 
have the disadvantage that they cost a lot. 
Second, one can build filters out of opera­
tional amplifiers. Since we are dealing with 
low audio frequencies, und er 5 kHz, inexpen­
sive 741 type op amps can be used as active 
elements. This will be less expensive than the 
previous approach but you will have to build 
the filters yourself, not necessarily the kind 
of trade-off everyone likes. 

Rectifiers and Low Pass Filters 

The use of relatively low level signals 
in the system makes the use of a precision 
rectifier after the bandpass filters mandatory . 

R R 

OUT 

INCLUDE 74 1, 747, ETC.) 

In precision rectifier circuits op amps are 
used to eliminate the forward voltage drop 
of the silicon diodes, that is 0. 7 V, thus 
making the circuit behave like an ideal 
diode. Full wave rectification is desirable to 
give low ripple. A suitable precision rectifier 
circuit is shown in figure 13. A low pass 
filter is suggested to smooth the output of 
the rectifier. A 2 pole Butterworth filter 
with a cutoff frequency at about 20 Hz will 
work well and is shown in figure 14. Instead 
of the low pass filter we could use an inte­
grator that is reset every time it is read by 
the analog to digital converter. The inte­
grator output would be proportional to the 
average of the energy in the frequency band 
of the given filter during the period between 
reads. This of course is more complicated 
than using just a low pass filter and it is 
questionable whether it will give better re­
sults. It has been used in the past though 
and it is covered by a patent for use in 
vocoders. 

Multiplexer and Analog to Digital Converter 

There are several monolithic 8 channel 
analog multiplexers such as the Harris 
HI 508 or the Burr-Brown MPC-85 but the 
RCA CD4051 is the best choice, costing 
only $1 in single quantities compared to 
around $15 for the others. There is no need 
for a sample and hold because the preced­
ing low pass filter assures that the signal does 
not change quickly. An excellent choice 
for the analog to digital converter is the 
National MM5357N which at $11.95 is three 
times cheaper than the competition. Making 
your own analog to digital converter from 
scratch using an 8 bit digital to analog con­
verter could cost half as much assuming you 
do not count your time. 
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Figure 7 4: A 2 pole 20 Hz 
lo w pass filter (LPF) suit­
able for smoothing recti­
fied speech audio in figure 
12. 

pronounciation of the words. Imp licit in 
our discussion is the assumption that we 
limi t our recogn izer to isolated word rec­
ognition. Moreover, these words are to be 
drawn from a limited vocabulary of about 
10 to 30 words in size. 

Word Boundaries and Normalization 

In operation , the word boundary de­
tection module reads the outpu t of th e 
filter bank every 10 ms and stores it in a 
temporary storage area. To do this an input 
routine sequences the multiplexer, starts the 
analog to digital converter and reads the data 
into memory. A simple and usab le means of 
detecting word beginnings and endings is to 
sum the output of the filters and compare it 
to a given threshold . If the energy exceeds 
the threshold, a word has begun. There is a 
precaution to be taken however when us ing 
volume for word boundary detection. Cer­
tain co nsonants called plosives or stops 
(p,t,k,b,d,g) are generated by building up 
pressure and then sudden ly releasing it. 
Wh il e the pressure is being built up no sound 
is generated and th is silence period or "stop 
gap" can last up to 150 ms. If this occurs in 
the midd le of a word as in "ago " for exam­
ple , the sim ple bound ary detector will be 
fooled to th ink that two separate words 
occurred. This ca n be corrected easily by 
considering any " words" less than 200 ms 
apart to be parts of one word. Another 
problem arises when a noise pulse occurs 
without any word being said as in the case 
where someth ing is dropped on the tab le. 
To prevent the word boundary detec tor 
from accepting such noise as a word , we 
define any sound with duration less than 
150 ms as noise because words are not that 
short. These modifications will make th e 
boundary detector quite successful for 
operation in a quiet room wi th a careful 
speaker. For any other situation consider­
ab le additiona l sophistication might be 
necessary . In a noisy environment the 
threshold for word detection has to be 
increased so that the detector will not trigger 
on background noise. But increas ing the 
threshold will tend to chop off th e low 
amplitude beg in nings and endings of so me 
words and th is can affect recognition sig ­
nificantly. If the speaker is careless or he is 
physica lly strained when he speaks because, 
for example, he is lifting something heavy, 
breathing noises will tend to be cons idered 
as part of th e word being said , further 
degrading recognition. In these situations a 
sophisticated boundary detector is very 
helpful in main tain ing system performance . 
Once the beginning of a word is detected, 
the pattern in put starts . Every 10 ms the 
output of the filters is sampled and stored in 

You will notice that neither volume nor 
informat ion as to whether the signal is 
voiced or unvoiced is explicitly extracted 
by the feature extractor of figur e 12. These 
features are not lost. They are buried in the 
output of the filters. The sum of the fi lter 
outputs, for instance, at any sample point in 
time is the volume for that samp le. A voiced 
sound has most of its energy under 1000 Hz 
and the oppos ite is true for unvoiced sounds. 
If we divide the sum of the outputs of the 
four higher freq uency filters by the sum of 
the outputs of the four lower freq uency 
filters we will get the ratio of the energy in 
the 1000 to 6000 Hz band to the energy in 
the 100 to 1000 Hz band. If this ratio is less 
than 1, the sound is voiced; otherwise it 
is unvoiced. 

There are many ways of uti lizing the 
features ex tracted by the filter bank feature 
extractor in a pattern recognizer. Actua lly 
this versa ti I ity is one of the desirable cha r·ac­
teristics of the filter bank. He r·e I will de­
scribe only one possib le approach to illustrate 
the various principles involved. Since all 
pattern recognition is done in software, 
experimenta tion in this area is easy and 
fun since you don't have to buy or build 
additional hardware to improve your rec ­
ognizer. A pa ttern recogn izer has two basic 
modes of operation : tra ining and recogni ­
tion . During training it performs the fo llow­
ing functions : 

• 	 Word boundary detection (beginnin g 
and end). 

• 	 Patte rn inp ut and normali zation. 
• 	 Reference pat tern storage. 

In the recognition mode, reference pattern 
storage is replaced by pattern matching 
(classification). Training is required to 
generate reference patterns for the words 
that form the vocabulary of the recogni zer. 
When a different speaker wants to use the 
system, retraini ng is necessa ry to generate 
reference patterns for the new speaker's 
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consecutive memory locations in the buffer 
area . The duration of the longest word can 
be expected to be less than 1.2 seconds, 
giving us a max imum of 120 samples to 
store in the buffer. Thus a 1 K buffer wi ll be 
sufficient. 

Upon detection of the end of the word, 
some form of time normal izat ion is required 
before the next step . Th is need arises from 
the fact that people do not time their 
pronunciations the same every time. They 
may say "zero" one time and "zeroo" the 
next. Before we can do template match ing, 
if we are to be successful, these timing varia­
tions should be removed. Linear time nor­
malization is a technique of doing just that. 
To demonstrate the principle assume that 
the normalized word length is 16 8 byte 
samples and that our buffer contains 65 
8 byte samples. To do time normalizatio n, 
all that is necessary is to retain every fourth 
sample and throw away the rest, as shown 
in figure 15 . If the numbe r of samples in 
the buffer is not a mu ltip le of 16 plus 1 
(16 · N)+l, a number of ru les can be 
implemented to resolve th e prob lem. For 
example, if there are up to four less samples 
than (16 · N)+1 1 then samples in areas of 
high amplitude can be dup licated to reach 
a number of samples that is exactly 
(16 · N)+l. The assumption here is that in 
areas of high ampl itude interesting things 
ex ist. It is not necessarily a correct assump­
tio n but it can give an idea of what can be 
done to adjust the length of the word 

25 INPUT SAMPLES 

o o o oo•oao 

j j I 
6 SAMPLES SELECTED ONE EVERY 4 INPUT SAMPLES 
TO ACHIEVE LINEAR TIME NORMALIZATION 

23 INPUT SAMPLES DUPLICATES 
~ 

~o~ 

j l l l \...,, 
LAST SAMPLE IS DUPLICATED TWICE SD THAT ABOVE RULE 

CAN BE APPLIED TO NORMALIZE LENGTH TO SIX SAMPLES 


Figure 75: Linear time normalization compresses the stream of input samples 
to a fixed number ofsamples (in this case six) by selecting a sample at regular 
intervals. The resulting fixed length for all words facilitates feature matching 
for pattern recognition. Various techniques (such as duplicating samples) 
are used to make the number of inputs fi t the selection rule. 
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without resorting to linear interpo lation. 
Larger discrepancies can be treated simi larly 
but duplication should occur throughout 
the word to avoid stretching on ly a part 
of it . Omission of samples can be used as 
we ll , to adjust the length. Insertions and 
deletions can be made in a number of 
locations in the word based on criteria 
other than local am plitude. For example, 
delet ions in the beginning or ending of 
words, or slow spectral changes are ocher 
possibilities. The best guide as to what 
works for any given system is some ex­
perimentation with various techniques. 

In usu al practice, all words in a voca­
bulary for a given system are normalized to 
the same length, regardless of the ir actual 
length. It might be useful, though, if a large 
proportion of the words of the vocabulary 
are distinctly different in length from the 
rest, for example "yes," "no," "o n," "off" 
compared to "television," "instrument," 
"telephone," to have two normalization 
lengths. An added benefit to the obvious 
savi ngs in pattern storage memory would be 
a reduction in classification time because 
there is no point in trying to find a match 
betwee n a long and a short word. 

A more advanced form of time norm ali­
zation is based on dynamic programming 
techniques. It is basically a systematic ap­
proach to stretching and compressing the 
unknown word in time until it bes t fi ts the 
reference pattern. It gives excel Ien t results 
but it has two drawbacks: It is time con­
suming and it requires storing all the input 
samples for a given word as reference pat­
terns. Desp ite its shortcomings, its superior 
perform ance makes it a very inte resting 
tec hnique. Its detailed analysis is not within 
the scope of this article. 

The final phase of the processing of the 
unknown word depends on whether we are 
in the training mode or the recognition 
mode. In the training mode all that is 
necessary after time normalization is to store 
the resulting pattern in memory in an area 
designated for the word pronounced. To 
improve perfo rmance two or more re ference 
patte rn s may be used for a given word to 
account for variations in pronunciation. For 
exa mp le the speaker may be required to 
pronounce each word in the vocabulary 
tw ice (al though not one immediately after 
the other to avoid simi larity as much as 
possible) so that two references will be 
generated and stored for each word. Varia­
tions of th is scheme includ e making the 
speaker repeat a word until it is sufficiently 
different from the first reference or changing 
th e second reference adaptively as th e sys­
tem is used. In th e recognition mode the 
normalized unknown word is compared to 
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s ~ SR
2 
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3 s~ s~ 

If AT FIRST THERE IS NO MATCH 

S I 
2 

S I 
3 

si 
4 s'5 

DIRECT COMPARISON 

S R 5 R 
I s ~ s~ 4 s~ 

THEN SH IFT ANO TRY AGAIN AND POSS IBLY 
FINO A GOOD MATCH 

5 1 5 1 5 ' 5 ' 2 3 4 5 

SHIFTED RIGHT ONE SAMPLE 

s:: REFE RENCE SAMPLE 

5 ~ : INPUT (UNKNOWN l SAM PLE 

Figure 76: Shi fting the unknown left and then righ t one position helps pre­
vent mismatches due to missing ends or beginnings. In this case the right 
shift gave a good match. This test has been simplified to one parameter (S) 
which might be the output of one filter in a filter bank. 

each refere nce palte rn by computing the 
sum of the absolute va lues of the differences 
of the fea tures. The smallest sum indica tes 
the best match between the unknown and 
that re fe rence. This alone is not sufficient 
fo r recogni tion because a word th at does 
not belong Lo the vocabulary of the system 
wil l always give a bes t match because one of 
the reference patterns is bound to be more 
like it than the others. To avo id "recog­
nizing" words that a1·e not in the vocabula ry, 
we impose the rest ri ction tha t successful 
recognition 1·equires th al the smallest dif­
ference measu1·e wil l be smaller than a gi ven 
threshold. Th is threshold has to be found 
experimentally for any give n vocabul ary . If 
it is too high, it wi ll allow for acceptance 
of words that are not part of the vocabulary. 
If it is too small, words that are in th e voca­
bulary but not pron ounced very clo c to the 
stored references wi ll be rejected. 

Word begin nings and endings usu ally 
have low amplitude and it is possi ble th at 
the word boundary detector co uld chop 
them off. If that happens, it wil l most like ly 
happen only occasionally and as a result 
there will be instances where the reference 
an d unk nown patterns are shifted with re­
spect to each oth er in Lime. For this reason , 
if computer· time is ava il able, the unkn own 
may be shifted to the right one pos ition and 
the differe nce ca lculated and then lo the le ft 
and the difference computed agai n as shown 
symbol ically in figure 16. The smallest of 
the three differences thus computed i to be 
used as the indicator of ma tc h qu ality . 

Wh en a word is recognized it can be used 
direc tly to perform a funct ion which could 
be, fo r example, the equ ivalent of pushing a 
key on a calculator. In some instances it is 
necessary or desirable that more than one 
word be used to perfo rm a single function. 
For example the seq uence of the words 
"light on" can perform the function of turn­
ing on the lights in a room . In these cases 
there shou ld be a subrou tine to check if 
the word sequence is correct. For example, 
the word " light" should be followed by the 
words "on" or "off." If the word "radio" 
fo ll ows, we know that ei ther "radio" or 
"light" has been misrecognized. These 
syn tactical cons train ts decrease the proba­
bility that an incorrec tly recognized word 
wil l cause some thing un desir·able to happen . 
This is du e to the fact that for a sente nce to 
be correct, all the words th at form it have to 
be correct, at least sy ntactically. Syntactic 
constrai n ts of course do not help when the 
words have the proper seq uence but are still 
not correct. For example, if we are con­
trolling a veh icle of so rts and we say "for-­
wa rd faster," if "faster" is recognized as 
"slower" the sentence wi ll be syntactically 
correct but it will not do what we want. 

Perfo rmance 

The performance of a recognizer is evalu­
ated on the bas is of the percentage of the 
words it recognizes correc tly out of the total 
pronounced. For a given recognizer th e 
recognitio n score wi ll vary from speaker to 
speaker, with the speaker's emotional condi­
tion and with the leve l of background noise, 
to men ti on some of the variables. Recog­
nit ion scores quoted in articles and adver­
tisem ents are like ly to be the ones obta ined 
with best conditions and they arc not neces­
sar il y ind ica tive of the perfo rmance of the 
recognizer under actual cond itions. There 
exis t th ree types of recogni tion erro rs: 
fai lure to recogn ize a given word , substitu· 
tion (recogniz ing one word for anothe r) 
and misrecogn ition (recogni zing a word not 
in the vocabulary). The firs t type of error 
is in most cases merely an annoyance re­
quiri ng that the user repeat the word . Th e 
last two types of error can cause prob lems 
because the recogni ze r will give a response 
which is wrong. Fai lure to recognize wil l 
occ ur when the recog nition threshold (the 
maximum that the small est difference sum 
can be to recognize a word) is se t too low. 
Setting the threshold too high will resu lt in 
misrecognition , as mentioned previously. 
Substitution becomes a problem when the 
vocab ulary size is inc reased. To avoid sub­
stitut ion the vocabulary can be divided in 
two segments and a shift word used to 
switch between the two segments of the 
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vocabulary. The shift word can be "shi ft" 
or "change" for exampl e. Th is would cor­
respond to the shi ft key on a typewriter or 
the function ("f") key on a calcul ator. The 
use r will have to remember in what segment 
he currently is and when a word from the 
other vocabulary has to be pronounced he 
should preface it with the shift word. The 
system can provide the user with an indi­
cation such as an LED to remind him of 
the curre nt segment. Using a nu mber of di f­
fe rent shift words it is possible to extend the 
technique to several segme nts of a large 
voca bul ary. 

Advanced Systems 

The hottest areas in speech recogni t1on 
today are fea ture extraction using digital 
speech processing and speech understand in g 
systems. Unfortunately both are out of the 
reach of the capabilities of the usual amateur 
computing experimen ter's machines. In 
addition they tend to be in volved th eoreti­
cally so we will only bri efly mention them 
here. Digital speech processing involves 
opera tin g direc tl y on the samp led time 
domain wavefo rm and as it was mentioned 
earlie r it requires very fast computers. One 
of the most usual operations is the Fourier 
Transform. It is compu ted us ing a fast al­
go ri thm called the FFT fo r Fast Fourie r 
Transform an d the result is the spectrum of 
the signal as was shown in the example of 
figu re 5 {actually figure 5 is the log of the 
magnitude of the spectrum) . Its advantage 
over output of a filter bank is resolution and 
accuracy. A typical FFT derived speech 
spectrum is made up of 128 frequencies 
spanni ng th e range from 0 to 5 kHz. The 
amplitude at each freq uency is specified 
with 12 to 16 bit accuracy. Such perfor­
mance is very difficult to ach ieve usin g 
analog com ponents and certain ly not eco­
nomical. The output of the FFT can be used 
directly by mak ing different measurements 
on it to extract features, such as the for­
mants. IBM is using thi s ap proach in their 
research effo rt in speech recognition which, 
by the way, is very we ll funded, in the range 
of mil lions of dol lars pe r year. 

Another digital method for speech pro­
cessi ng is "linear prediction." It is a method 
by which the impulse response of the voca l 
tract can be ex tracted from th e speech sig­
nal. It is basically a time doma in opera tion 
and it involves predicting the next sample of 
the waveform on th e basis of a lin ear com ­
bination of the N previous samples. It can be 
used for formant extraction but it is at 
times quite sens itive to minor aspects of 
the in pu t signal so it is not as reliable as 
might be desired. Wh en it works it gives 
excellent resu lts and therefore it has a lo t 

of promise as a formant tracking too l. It 
has also been used in isolated word speech 
recognition by storing the vocal tract im­
pulse response it generates as reference 
patte rn and then comparing it with the im ­
pulse response of the unknown. It gave 
very good results in a vocabu lary of 200 
words. As it would be expected, thi s method 
yields results very similar to the filter bank 
app roach because they are very sim il ar in 
substance al though totally different in 
implemen ta ti on . 

Formant extraction can also be achieved 
with "cepstral" analysis which is based on 
the Fast Fourier Transform. The cepstrum 
is the spec trum of the logarithm of a spec­
trum. These operations separate th e impul se 
response of the vocal tract from the driving 
fu nct ion. Its name is derived from the word 
spectrum spe lled more or less backwards 
because the operations involved in obtain­
ing it are very similar to spectral analysis of 
a t ime domain signal . It gives very good re­
sults when used for pi tc h extraction but 
when used for forman t extraction it is not 
very reliable. It tends to fail in different 
ways than the linear prediction methods so 
perhaps the two methods combined will 
yield good results. 

Al l these methods will become more 
commonly used as computer technology ad­
vances decrease the cost of very fast com­
puters. Because of their accuracy (at leas t 
when the data is to their liking) these al­
gorithms are bound to play a significant 
role in featu re extraction of future 
recognize rs. 

Speech Understanding 

Speech understanding systems diffe r 
from speech recogn it ion systems in th at 
they do not just recognize sequences of 
words but instead th ey use know ledge about 
the subject of discussion to check if the 
wo rd sequences make sense. They use syn­
tactica l analysis as previously mentioned as 
we ll as context analys is to improve recog­
ni tion. For exam ple, a speech understanding 
system used to input the moves of a chess 
player to the computer (an experimental 
system doing just that has been bui lt at 
Carnegie-Mellon Univers ity) checks the 
recognized se nte nces for syntax errors and 
then checks whether the sentence gives a 
legal chess move for the particular situation. 
Speech understanding syste ms are usually 
designed with a specific problem domain in 
min d for which the semantics are known . 
The US Defe nse Department's Advanced 
Research Project Agency (A RPA) has spent 
about $30 mill ion on the development of a 
speech understanding system in the last 
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five years. The results have not been too 
exciting, an indication that high perfor­
ma nce speech recognizers are hard to build . 

Commercial Systems 

Threshold Tech nology Inc, Dialog Inc, 
Perception Techn ology and Scope Elec­
tronics al l offer com mercial speech recogni­
tion systems capable of recognizing isolated 
words from 16 to 32 wo rd vocab ula ri es. 
Of these, Threshold Technology is by far the 
most successfu l commercially and their 
systems are used in a var iety of industri al 
applications, such as baggage hand ling in 
airports (the desti nation is spoken to the 
system which in turn routes the baggage) 
and qual ity control inspection (the inspector 
uses his or her hands to hol d a micrometer 
and take measurements which then are 
spoken to the recognizer and entered in a 
computer for report generation). The 
Th reshold Technology machine uses an 
LSl-11 and their feature extractor consists 
of a bank of 16 filters. It costs about 
$10,000. Threshold Technology claims 99.6 
percent recogn ition rate and operation in 
noisy environments. 

At the time of this writing (April 1977) 
Heuri stics Inc has announced an Altair 
(S-100) compatible recogni zer. It se lls for 
$249 in ki t form and a detai led description 
of its hardware appears in the May 1977 
issue of Popular Electronics . It is a si mple 
device consisting of three bandpass filters 
and a zero crossi ng detector. The filters 
cover the range of 150 Hz to 5 kHz. Their 
output is peak detected and averaged and 
then quantized with six bits resolution. 
They clai m 90 percent correct recognition 
in a qui et environment with a cooperative 
speaker. 

Addresses of Commercial 


Speech Recognition System 


Manufacturers 


1. 	 Threshold T echnology Inc 

1829 Underwood Blvd 

Del ran NJ 08075 

2. 	 Heurist ics Inc 

900 N San Anton io Rd (Sui te C-1} 

Los A ltos CA 94022 

3. 	 Dial og Sys tems Inc 

639 Massachusetts Av 

Cambridge M A 02139 

4. 	 Scope Elect ron ics Inc 

Reston VA 22070 

5. 	 Perception Tech nology Inc 

Winchester MA 01890 

As a fina l remark, a note on recognizer 
performance is in order. It was mentioned 
before that quoted performance figures are 
usua lly the best obtained with a give n sys­
tem under ideal cond itions. This opti mistic 
approach reflects more than anything the 
di fficul ty of making a very good recognizer. 
People choose to present the best res ults 
because the bad results may look terrib le 
and the average unimpressive. While recog­
nition scores can be taken with a grai n of 
salt, it would be a mistake to view speech 
recognizers in the same Iigh t. The correct 
approach is to see them as a challe nge to 
find applications in whic h they are usefu l 
despite their present shortcom in gs. You 
certainly wou ld not want to control your 
car with a recog nize r that has a 90 percent 
recogni t ion score. Yet I have seen a recog­
nizer with an ave rage 80 percent score do 
a very good job in controlling the electric 
whee lchair of a paralyzed patient. Think 
how important this is if you can only move 
your head and speak and the rest of the 
body is paralyzed totally. 

I am sure that a great number of appl i­
cations can be found for existing systems 
that I just haven't tho ught of yet, or that 
I woul d never imagine. Given the thousands 
of compute r enthusias ts an d thei r diffe rent 
backgrounds and the computer power they 
command, I wonder if there will be any 
stones left unturned in the applications area 
now that we can talk to our own speech 
recog ni zers.• 
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remarkable; its ease of operation, so utterly simple, and its cost so incredibly low, that over­
night it has given rise to a brand new era -- The Age of the Personal Computer. 
THE PET has become the standard for the 
emerging personal computer industry. 
Computer magazines, trade journals, con­
sumer and business publications have 
lauded its discovery. POPULAR SCIENCE 
put THE PET on its October , 1977 cover , in 
full color , and devoted a feature news story 
to the coming revolution in personal and 
office computing. PLAYBOY, February,
19 78, gave full color coverage to the "mind ­
boggl ing" PET . 

IN A LEAGUE WITH IBM, HP 
AND WANG MINICOMPUTERS 
THE PET should not be confused with game 
products that hook up to household T.V.'s. It 
is a minicomputer. What sets THE PET light 
years apart from other computers is its 
price. While the others cost from $11,000 to 
$20,000 and more. THE PET, with similar 
capabilities and power, costs only S 795.00. 
One extremely important capability shared 
with HP's minicomputer , and full size com· 
puters, is its IEEE-488 Bus. This standard 
data/control channel means your PET can 
be directly connected to a var iety of 
peripherals and laboratory measuring 
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equipment . Over 120 pieces of compatible 
equipment such as counters, timers , spec ­
trum analyzers, digital voltmeters and 
printer plotters from manufacturers such 
as HP, Phill ips , Fluke , and Textronix are 
currently available . 
ROM Magazine , January 1978, writes , 
" THE PET comes out of the box, plugs 
into the wall . and is ready to use." It is 
equipped with a CRT video display with 
reverse and blink features , an alpha ­
numeric keyboard with complete graphics 
and a built -in standard cassette tape deck. 
THE PET is an exceptionally powerful think 
tank with 8K bytes of RAM (User Memory). 
Optional equipment , permits expansion to 
32K . The system contains 14K bytes of 
ROM (Program Memory). 
THE PET COMMUNICATES IN THE 
EASIEST COMPUTER LANGUAGE 
Computers talk in many languages. The 
easiest is BASIC or English-like words . If 
THE PET wants you to press a key , it will 
flash , " Press such and such ", right on the 
display. You speak back to THE PET 
through its full size 73-key keyboard . 

EXTENSIVE CHARACTER 

ORIENTED GRAPHICS 

The unit features a 9-inch , high resolution , 

1000 character CRT. -Characters are ar ­

ranged 40 columns by 25 lines on an 8 x 8 

matrix for superb graphics. 

WHAT IS THE PET REALLY FOR? 

It is the single most important teaching 

device for any computer related subject. It 

can help a youngster learn number facts , or 

help a med student do tissue analyses. It 

will entertain the most sophisticated data 

application, or the simplest inquiry· 

response assignment . 

IN THE LAB it handles instrumentation , 

process monitoring , computer aided in­

structions, and more. A number of Fortune 

500 companies have already made PETS an 

integra l part of their lab and genera l 

office system . 

As a BUSINESS TOOL it wil l; Maintain 

ledgers. Illustrate cash flow charts . Keep 

payroll records. Create P & L's. Control in ­

ventory. Store and analyze sales data . Draw 

bar graphs. Issue invoices. Do statistical 

work . Hook up to on -line computer system . 




THE PET is the only totally integrated, 
self-contained, personal computing system. 
It measures a compact l6Y2" wide; l8Y2" deep; 
14" high, and weighs just 44 pounds. 

Bar Graphs Amortization Chart 

As an AT-HOME TOOL it will ; Compute 

state and federal tax returns . Make heat 

and insulation analyses. Keep Christmas 

lists. Keep checkbook and finances up to 

date. Programs are even being developed 

to store recipes and to compute larger or 

smaller portion requ irements. 

WHO IS THE PET FOR? 

Engineers, scientists , doctors, educators, 

students of computer science , attorneys, 

stock brokers, realtors , insurance people , 

list brokers , home economists, churches, 

grocery store owners, automobile dealers, 

sales people , organizations. 

JUST FOR FUN 

There is hardly a game, from Blackjack to 

Master Chess, that cannot be programmed 

into the unit. A variety of game programs is 

currently available. 

ANNOUNCING THE PET PRINTER 

This powerful word processing accessory 

lets you print hardcopies, invoices, and com­

puter correspondence. Faster than an IBM 

Selectric , THE PET Printer delivers 60 

characters per second at a sustained rate -­

or 3,600 characters every minute -- with 

upper and lower case capability . Characters 

are 1/8 " tal l and printed in a 7 x 8 dot 

matrix. The printer uses a standard 81/i'' 

wide paper roll. And , most unbelievable -- it 

is only $599.95. 

PERIPHERAL SECOND CASS.ETIE 

This opt ional component expands storage 

and increases flex ibi lity . Only $99.95. 


~

I-... 
-- .. 

Blackjack Teaching Tr igonometry 

MILES OF SOFTWARE 
Listed below is a sampling of currently, 
ava ilable PET programs. "BASIC BASIC ' 
shows you how lo wri te a program for the 
unit. You can actually develop your own 
programs to meet personal requirements . 

GAME PROGRAMS ARE S9.95 EACH: 

I I Black Jack lJ Draw Poker lJ Galaxy Games 

• J Space Flight I Target Bong. Ofl ·The·Wall 
. ' Lunar Lander , Wumpus, Rotate, Tic·Tac-Toe 
i i Osero , Reverse 1-1 Spacetrek ll Kingdom 
PROGRAMS AT Sl4.95 EACH: 
I I Mortgage Analysis I I Diet Planner and Biorhythm 
11 Basic Basic-by Lodewyck and James 
PROGRAMS AT S24.95 EACH: 
[, Basic Investment Analysis-loan s, annuities, return on 
regular and irregular sequences of payments. calendar 
calculations I 1Stock Portfolio Recordkeeping and 
Analysis·keeps track ot buys. sells. and dividends. 
Calculates current value . rates of return [ ICheckbook 
Recordkeeping and Anatysis·keeps track ol chec ks and 
deposits . Analyzes expenses by dale Jnd type 
PROGRAMS AT S29.95 EACH: 
!"l Basic Math Package-matrix addition . mcl' '~ " :at ion . 
determinants and inverses lo 16 x 16, solut ion of 
simultaneous linear equations , vector and plane ~eometry 
calculations . inlegrat ion by 1rapezo1dal , Simoson s rule or 
Gaussian quadrature. d1llerentiation 
fl Basic Statist ics Package·mean, median . variance. 
standard deviation. skewness, kurtosis , frequency disl ro · 
but ion, linear regression . T-tests , correla tion analyses 

FREE ORIENTATION PACKAGE 
Your PET comes complete with two pro ­
grams and an easy-to-follow instruction 
manual. By working through the routines 
you will quickly discover how easy it is to 
gain command of your personal computer . 

TECHNICAL SPECIFICATIONS 
MEMORY 
Random Access Memory (user memory): SK internal , 

expandable to 32K bytes 
Read Only Memory (operating system resident on the 

computer): 14K bytes 
SK ·BASIC interpreter program 
4K -Operat ing system 
IK·Doagnostoc rout ine 
l K-Machine language monitor 

VIDEO DISPLAY UNIT 
9 " enclosed, black & white . high resolut ion CRT 
1000 character display, arranged 40 columns by 25 lines 
S x 8 dot malrix for characters and contin uous graphics 
Automatic scrolling from bottom of screen 
Winking cursor with full motion control 
Reverse field on all characters (white on black 

black on white) 
64 standard ASCII characters: 64 graphic characters 
KEYBOARD 
9 11.· wide x 3 · deep: 73 keys 
All 64 ASCII characters available without shil l. 

Calculator style numeric key pad 
All 64 graphic and reverse l ield characters accessible 

trom keyboard (woth shift) 
Screen Control : Clear and erase 
Editing : Character insert ion and deletion 
CASSETIE STORAGE 
fast Commodore designed redunda nt ·recording scheme, 

assuring reliable data recovery 

Cassette drive modol led by Commodore lor much higher 
reliability ol recording and record re tention 

Hogh noise immunity, error detection, and correct ion 
Uses standard audio cassette tapes 
Tape tiles, named 
OPERATING SYSTEM 
Supports mult iple languages (BASIC resident) 
Machine language accessibili ty 
fi le management in operating system 
Cursor control , reverse field. and graphics under 

simple BASIC control 
Cassette lile management lrom BASIC 
True random number generation or pseudo 

random sequence 
INPUT/OUTPUT 
All other 110 supported through IEEE·4SS instrument 

interface for peripherals 
110 automatical ly managed by operat ing system sottware 
Single character 110 with GET command 

~l~s:,b~~r~b" ~i~i~i&;~ ~~·J~grc expansion 
with peripherals 

BASIC INTERPRETER 
SK BASIC: 203 laster than most other BK BASICS 
Upward expansion from BASIC language 
Strings, integers, multiple dimension arrays 
10 sign ilicant digits; float ing point 
Direct memory access: PEEK and POKE commands 

SERVICE WORLDWIDE 

THE PET is made in the United States by 

Commodore International , a worldwide, 

vertically-integrated manufacturer of elec ­

tronic products for home and industry. 

Because your PET is self-contained and 

compact, professional factory service is 

never far away. If ever major service is re ­

quired, the unit can simply be returned by 

UPS to an authorized factory PET cl inic. 


You can order your PET by sending a check 

or money order for $795.00 plus $20.00 for 

shipping and insurance. To order the PET 

Printer, add $599.95 plus $12.00 for 

shipping and insurance . The Second 

Cassette is $99.95. No shipping and in ­

surance charges are required when order­

ing a second cassette or programs with your 

PET. Credit card orders are invited to call 

our toll free number below. Orders will be 

accepted on our TELEX, No. 25-5268. 

CONTEMPORARY MARKETING 

Contemporary Marketing is a major source 

for advanced electronic products. Our com­

mittment to this exciting industry is the 

reason why Contemporary was selected to 

bring THE PET to you . In comparison with 

other full -fledged computers , it is an in­

credible value . Nevertheless, we recogn ize 

that it is a substantial investment for any 

company or individual. Please be assured 

that we are pledged to protect your invest ­

ment . As a Contemporary PET owner , we 

will see to it that you are kept abreast of all 

new peripherals and software , as they are 

developed . We want you to use THE PET 

with complete confidence. If , for any 

reason , you are not satisfied with your PET, 

simply return it within 30 days for a prompt 

and courteous refund . 

THE PET is perhaps the most exciting 

discovery in many years, and demand is 

enthusiastic . If our lines are busy , please 

call again . 


ORDER DIRECT 
CREDIT CARD ORDERS CALL TOLL FREE 

800-323-2272 

ILLINOIS RESIDENTS CALL: 312-595-0461 

TELEX ORDERS: 25-5268 

Order your PET , Printer Accessory , 
Second Cassette and Programs from 

Contemporary Marketing at : 
::c_~.. 
~~ 

790 MAPLE LANE DEPT. BT6 
BENSENVILLE, llllNOIS 60106 

Contemps!9JY 
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Caught Microprocessor Programming 

john W Langne r, 411 Monterey Blvd, 
Apt B, Hermosa Beach CA 90254, se nt 
us a let ter pointing out a relatively gross 
terminological faux pas which we 
allowed to stand in an article entitled 
" Take a Course in Microprogramming" 
by Richard Mac Millan on page 168 of 
the March 1978 BYTE . The termino­
logical ambigui ty of the "micro" in the 
common name for large scale integration 
computer processors comes from the 

fact that the term "microprogramming" 
is not the same as "p rogramming a 
computer implemented with a micro­
processor." The art icle should have 
been edited so that the term "m icro· 
programm ing" never appeared in the 
course of Its text; the tit le might better 
have been changed to " Take a Course 
in Mlcroprocessor Programming." • 

Bug Bug 

In the March 1978 BYTE 's Bugs 
(page 46) we reported on some bugs in 
figure 1a of David Al len 's " A Floppy 
Disk Interface," Janu ary 1978 BYTE , 
page 61. One more item should be added 
to the list : disconnect th e line presently 
going to pin 9 of IC3c (the NANO ga te 
which feeds into the CE l ine of IC4). In 

Its place run a line from pi n 9 of IC3c 
to pin 4 of ICl 2b (the latter pin is also 
connected to pin 5 of IC3b ). This change 
Is necessary so that IC4 wi ll be addressed 
when the QC and QD outputs of ICS are 
at low and high levels, respectively . We 
thank Howard Oels of Phoenix AZ 
for discovering this bug in the bug. • 

Moving Violation 

The 6800 program rel ocator pre­
sented on page 197 of the November 
1977 BYTE should more properly be 
called a move rout ine for use with self­
relocatable code only, since it obviously 
wi ll not fix the internal references of 
three byte jump instructions. Our thanks 
to Ed Smith of Ed Smith 's Software 
Works for this information. • 

Your Microcomputer 
can be a Money-Making 
Machine with SOFTWARE 
from SYNCHRO-SOUND 

Here are two Software packages that enable you to profitably make 
full use of the potential in your small computer system: Synchro­
Sound's interactive business systems designed for use on an 8080­
or Z80-based microcomputer with floppy disks and a hard-copy 
printer. Written in Microsoft Basic {known as Altair Basic•), the soft­
ware supports file maintenance, query and reporting funct ions. This 
support includes creation, modification and deletion of customer 
records and processing of transactions to be posted against the 
files. 

ACCOUNTS RECEIVABLE PACKAGE INVENTORY PACKAGE 
The AIR module creates a history f ile of charges , credit and pay- The inventory system maintains a current listing of stock items 
ment records for audit purposes. Payments can be applied to a featuring on-l ine transaction processing . Reporting functions 
particular invoice, or to the oldest open items.. Batch Mode for include a master inventory listing with price and cost data, 
monthly statements, aged receivables schedule, and delin· reorder alerts, vendor specification, and summary valuat ions. 
quency notice as well as on-line inquiry mode for specific infer· Year-to-date usage records are kept for each inventory item to 
mation are both fully implemented. facilitate sales analysis. 

Operators Manual &Disk-Sing le Copy $500.00 Operators Manual &Disk-Single Copy $500.00 
Operators Manual only- $35.00 refundable upon purchase of Software Package. 

Microsoft Disk Basic-Single Copy $350.00 

WRITE OR CALL 
FOR FURTHER 
INFORMATION 
Full Software-Hardware 

Systems are now 
ava i lab le and additional 
Software Packages wi ll 

be available in the 
near future 

• Allair Is a trademark of MITS. Inc. 

SYNCHRO-SOUND Enterprises, Inc. 

193·25 Jamaica Avenue 
Jamaica, New York 11423 
212/468· 7067 TWX 710·582-5886 

Hours 9-4 Daily 
and Saturday 

Working Systems 
on display 

BankAmericard/Master ChargeDept. BS 
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SYNCHRO·SOUND 

ENTERPRISES, INC. 

Everything you need in small computer systems! 

LEAR SIEGLER ADM 3A TERMINAL ~ CENTRONICS 779 PRINTER 

Kit $759.95 $1099.00 
Assembled $854.95 

Assembled 

HAZELTINE 1500 
VIDEO TERMINAL 

Assembled $1149.00 
Kit also available 

MODULAR 1 
INTELLIGENT 
TERMINAL 

Assembled $1659.00 
IMSAI 8080 MICROCOMPUTER 

IMSAI 8080... -.... . - - --. -­ - . 

' · -~-~~:·.~~-
$649.95 
With 22 slot 

SPECIAL BUYS 
IMSAI Double Density Persc i Drive . . .. ..... $2295.00 
Sarac IQ 120 Video Terminal .... . . . . . . . . . . 959.00 
DIGITAL Systems Dual Density Floppy . . . ... 2746.00 
Compucolor 8001 Color Computer . . . . . . . . . 2595.00 
ICOM Microfloppy System ..... . ... . .. . .. 989.00 
North Star Microfloppy Disk Kit . . . . . . . . . . . 599.00 
Cromemco Z-2 Kit . . . . . . . . . . . . . . . . . . . . . . . 565.25 
Javelin 9" Video Monitor . . . . . . . . . . . . . . . . . 159.95 
Micropolis Model 1053MOD 2 . . . . •....... . 1799.00 
IMSAI AP44-44 Col. Printer Kit . . . . . . . . . . . . . 329.00 
TDL Xitan Alpha 1 Computer Kil . . . . . . . . . . . 699.00 
ICOM Model FD 3712 ...... . . . . . . . .. .. .. . 2795.00 

We carry a ful l l ine of the fo llow ing: TDL, 
Centronics, Seals, Hazelt ine, Micropoli s, 
Hayden, IMSAI , Cromemco, 
Compucolor, lcom, Lear Siegler, Okidata, 
DEC, Javelin, North Star, Peripheral Vis ion . 
Same day delivery and sh ipp ing on most 
items. Full modern repair fac ilit ies on 
premises for complete servicing of 
everything we sell. 

761 PRINTER 

KSR with Keyboard $1895.00 
OKIDATA MODEL 110 LINE PRINTER 

Tractor Feed 

$1349.00 
RS 232C Serial Interface 

$260.00 
MODEL 22 LINE PRINTER 

Tractor Feed $2449 .00 

TELETYPE MODEL 
43 PRINTER 

$1299.00 

IMSAI PC S-80/15 8085 
COMPUTER 

Kit 

$749.00 
Assembled 

$929.00 

SYNCHRO-SOUND ENTERPR ISES. INC 
The Computer People 

193·25 Jamaica Avenue, 
Jamaica, New York 11423 
212/468-7067 TWX: 710-582-5886 
H ours 9-4 da ily Visit ou r new showroom 
and Saturday Working units on display 
Dept BBB BankAmericard • Master Charge 
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DIAL YOUR BANK CARD ORDERS OWfHE BITS TOLL FREE HOT LI NE: 1-800-258-5477. 
In New Hampshire, call : 924-3355. 

Total for all books checked 

Send to: Check payment method: 
BITS, Inc. __M heck"ls-enGJosed. 
70 Main Street - - __Bill my MC No. _______________Exp. date _____ 

Peterborough, NH 03458 >IS<'- iiiiii __Bill my BAC/Visa No. Exp . date _____ 
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Ci ty __________ State ___Zip Code _____ Outside U .S. $1 .00 per book for__books $ ____ 

$ ____Grand Total 
Signature_____________________ 
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__Periodical Guide for Computerists, January-December 1977, 
by E. Berg Publications . This is a comprehensive index of al l the ar­
ticles, book reviews, editoria ls, letters, record reviews, and miscel la­
neous small inserts and notes from the top 25 magazines in the f ield . 
Several thousand artic les are grouped into over 60 subject categories 
that are listed alphabetically for easy reference. At the back is an au ­
thor index, including the major areas of their expertise . An indispen ­
sable guide for anyone in the fields of personal computing, amateur 
rad io, and electroni cs. 72 pp. $5.00 . 

__Robots on Your Doorstep by Nels Wi n kless and lben 
Browning. "This book will amaze you, frighten you, nauseate you, 
excite you .. .it will probably make you th in k about things you have 
never contemplated befo re, " states the introduc t ion to this clever 
and wel l -written account of robots : past , present, and future . Intel l i­
gence. artificia l intelligence, brain structu re and simulation. and 
characteristics of robots are only a few of the areas explored . One 
chapter is devoted to the personal computer revolution and how it 
has brought robots into the amateur's workshop . 179 PP- $6 .95 . 

__Programmi ng in PASCAL by Peter Grogono. Th is book is an 
excellent introduction to one of the fastest growing programming 
languages today. The text is arranged as a tutoria l containing both 
examples and exercises to increase reader proficiency in PASCAL. 
Besides sections on procedures and files, there is a chapter on dy­
namic data structures such as trees and linked lists . These concepts 
are put to use in an example bus service simulation. Other examples 
range from the Tower of Hanoi problem to circumscribing a circ le 
about a triangle. Programming in PASCAL is sure to ho ld the read ­
er's interest. 359 pp. $9.95 . 

__ZSO Programming for Logic Design by Adam Osborne, Jerry 
Kane. Russell Rector, and Susanna Jacobson. Here's the book we 've 
all been wait ing forl I t's third in the series of Osborne's program­
ming for logic design books (the 8080 and 6800 books). Written for 
both programmers and logic designers, it explains how an assembly 
language prog ram can replace non-programmable logic devices - with 
direct reference to the Z80 m icrocomputer. 352 pp_ $7.50. 

There will be a one dollar price increase on July 1, 1978, so 
order now and save! 

__8080A/8085 Assembly Language Programming by Lance A . 
Leventhal. This book provides an introduction to assembly language 
programming for the 8080A and the 8085 processors. Included are 
sections on the instruction sets for the two processors, assemblers, 
simple program examples, code conversion, tables and lis ts , subrou · 
tines, 10, interrupts, program design, and debugging . Many examples 
and il lustrations are inc luded to cover critical points. 467 pp . $7 .50 . 

There will be a one dollar price increase on July 1, 1918, so 
order now and save! 

__How to Profit from your Personal Computer by Ted G . Lewis. 
I f you have wanted to use your personal compu ter in a profitable 
manner. and you feel you need some help planning programming 
techniques for common business applications, this book is f or you . 
En joyable and readable, it contains suggestions for accounting, pay ­
rol l handling. inventory management , and sorting mailing l ists . Many 
terms and notations are explained . Sample programs in BASIC, the 
use of blueprints to design program structure, and a full glossary of 
terms are a few of this book 's specia l feature s. 191 pp . $7 .95 . 

__Microcomputer Primer by Mitchell Waite and Michael Pardee. 
Here 's a microprocessor tutorial for readers having some eleccronics 
background. Microcomputer Primer concentrates on the hardware 
of microcomputers (a l though there are sections dea ling with soft­
ware ) with chapters on basic compucer concepts, hardware, pro­
gramming, memories, and number sys tems. A full complement of 
photos and schematics accompanies the text. 224 pp. $7 .95. 

__Programming a M icrocomputer: 6502. This informal, wel l-writ · 
ten book may be just what you need to enter the world of micro­
computers. Caxton C. Fos ter uses che 6502 as a basis for discussi ng 
the techniques of writing programs. The chapters include si mple , 
practical example programs for creating a Morse Code oscil lator. 
combination lock, tune player, digital clock, and more. The empha ­
sis is on clarity, and the many i ll ustrations and flowcharts help get 
the au thor 's points across . 231 pp. $9.95. 

__Programmable Calculators by Charles J . Sippl and Roger J. 
Sippl. This large (526 pages ) book is an exhaustive survey of the 
programmable calculator field covering its history and present 
status. Chapters deal with the basic calculator, advanced hand · 
hel d products, RPN (Reverse Polish Notation) versus algebraic 
notat ion , desktop calculators, and programming the p rogram ­
mable ca lcu lator. Examples and illustrations abound in th is use­
fu l refe rence work . $14 .95 . 

Here are two big packages of fascinating information and practi ­
cal guidelint:s from the symposiu ms held at the 1977 and 1978 West 
Coast Computer Faires . 
_ The First West Coast Computer Faire Conference Proceedings, 
edited by Jim C. Warren . Jr .. contai ns 336 pages covering such top · 
ics as: tutoria ls for the computer novice, human aspects of system 
design, robots (including the text of a talk by science fiction writer 
Fred Poh l ), computers for the physically disabled, education. elec· 
tronic mai l, music with computers, hardware, software- t he list goes 
on . $ 12.00 . 
_ The Second West Coast Computer Fai re Conference Proceedings, 
edited by Jim C. Warren. Jr ., is 505 pages and covers many of the 
above topics plus others such as : computers for the visually handi­
capped, exot ic computer games, high level design for microproces­
sors, computer articles for business and crafts, homebrewed equip­
ment, and speech input and output. You ca n't miss for only $13.00 . 

__Up your Own Organization! by Donald M. Dible . A great hand­
book on how to sta rt and finance a new business, this is the most 
comprehensive reference we ' ve see n on the subjec t. For the pro­
grammer-consultant or the basemen t homebrewer-turned-entrepre· 
neur, this is your book . I t is recommen ded in the Bank of A merica 
Small Business Reporter and Changing Times magazines . 372 pp . 
Available for $14 .95 in hardcover. 

_ _ Fundamentals of Recordkeeping and Finance for the Small 
Business by Robert C. Ragan, CPA , and Jack Zwick, Ph .D. Once 
you have your organization or business up and running, records 
must be kept . What should I keep, and how do I record them? This 
book on fundamentals will give you a helpfu l start. Section One 
deals with maintain ing records, protecting assets, and providing a ba­
sis for plann ing . Section Two provides a starting point for owner­
managers who want to sharpen their financial management skills . 
196 pp. Only $10.00 in ha rdcover. 

Dealer orders on quantity p urchases invited. 

~115' The Microcomputer Bookstore l 
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Continued from page 11 

Shore) who decided to feed the output 
from his orbital motion program into 
our music system (instead of data that 
represented conventional music). The 
results were very intriguing, and q uite 
modern ly musical. They helped us a ll 
see the power of allowing human imagi· 
nation to work wit h objects that repre ­
sent a new kind of clay or paint - in 
this case algorithms for solving differ­
ential equations! T he designer of the 
music system (Jeff Lederer) had ob· 
viously deve loped a use of technology 
that was radically different from the 
fanciest of "record players. " 

The same ideas app ly to co lor gra ­
phics. Photo 1 shows a very simple 
example of using an algorithm as a crea ­
tive adjunct. T he first slide shows a 
stat ic use of the medium. The artist 
simply used a light pen to " paint" a 
bouquet of flowers o n the screen of a 
Compucolor 8051. Photo 2 shows what 
happens when the comp uter is no longer 
static. In th is case it uses two algorithms : 
one to draw nothing more than the 
simple e legance of a sine cu rve , the other 
to join the artist's light pe n input to the 
computer's sine curve with vectors. Our 

fee ling is that the second mode is great 
for peop le (including very young kids) 
who haven 't yet developed the tech ­
n iques needed for painting a bouquet of 
flow ers or composi ng a two-dimensiona l 
space abstrac t ly (which is what the sine 
fun ct ion does in this context) . From the 
point of view of technical competence, 
the first mode (static comp uter) is the 
more advanced one. The function of 
the second mode is to get the user 
thinking creative ly so that he or she can 
eventua ll y go beyond what the machine 
helped start. 

Translating this idea into a ge neral 
philosophy of " Why personal com­
puting?" gives the un cxpec. ted but 
heartening answer: "To help peop le do 
things computers ca n ne ve r do ." 

Tom Dwyer 
Margot Critchfield 

325 N Craig St 
Pittsburgh PA 15213 

Tom Dwyer and Margot Critchfield's 
article, " Color Graphics on the Compu­
color 8057," appeared on page 32 of 
BYTE May 1978. 

Announcing . .. -------------------------­

SMALL BUSINESS COMPUTERS Magazine 
The magazine for users and potential users of 

small business computer products and services 


• The monthly magazine for businessmen m 1he process ol purchasing or ins1alhng 1heir hrsl com· 
puters . 

• The practical how to publica 11on wrnten in non ·lechnical language and st ressing business applica· 
lions for small compuler sys1ems. Each mon1hly issue includes: 

FEATURE SURVEY REPORTS : Such as . Software Packages for Sma ll Business App/icmians. 
Small Manufacturing Systems. Inventory Control Systems. M ic rocomputer 8L1srness Applioctions. 
and so on. 

APPLICATION STORIES: Real·hfe examples ol computer applica lions in the small business en· 
vironmen1 - capabili1 ies , benefits. what to watch for . and much more of direc l in1 eres1to1he small 
businessman. 

COMPUTER PROFILES• IDEAS AND INNOVATIONS• INFORMATIVE ADS 

SPECIAL CHARTER SUBSC RIPTION Receive the next 12 issues of Small Business 
12 issues@ 50% off omputer Magazine for 1us1 $9 . 50'1.off 1he 

cover price 

Mail lhe coupon 1oday 10: SMALL BUSINESS COMPUTE RS Magaz ine 

33 Wa1chung Plaza • Montclair . NJ 07042 


SMALL BUSINESS COMPUTERS Magazine • 33 Wa1chung Pla7.a • Montclair. NJ 07042-------------------------­
0 YES Enter my charter subscription al the 1_.. price cost of $9 fo1 12 monlhly issues 

0 Check enclosed. 0 Bill me. 

Name 

Organiza1ion ---------------------------­

Address 

City/ Staie 

98 Junc:o 1978 0 BYTE Publi c.i1 1iom Inc Circle 318 on inquiry card. 

TEXT EDITING DREAMS AND 
REALITIES WITH AN AM-100 

This is in response to your March 
1978 editorial. A friend of mine asked 
me two yea rs ago to c reate a keyboard 
especially for him . He was at that time 
emp loyed as a phototypesetter for the 
Los Angeles Free Press. As a resulc I 
got h.eavi ly involved in the discrepancies 
becween the needs of a typesetter and 
the avai la ble [Singer-Friden-Burroughs­
!BM-3%&t* ( $+& !&% ] word processors! 
Therefore , your editorial on the desire 
for a tru ly sophisticated editor stirred 
some painful memories of TTS book 
codes, incompatib le character sets and 
paper tape format, TTL logic, etc. 
The project never did "fly" right. 

However , since that time I' ve come 
across (and purchased) a system that 
I am surprised yo u haven ' t given heavier 
mention of in your magazi ne . I am 
referring to the Alpha Microsystems 
AM -100. Let me explain why I feel it 
could result in the editor you are 
sea rch ing for . 

The AM-100 processor is a two board 
reali zation designed to interface with a 
paral lel ope rating 8080/Z-80 CPU on the 
Altair (S-100) bus. It uses the Western 
Digital WD -16 chip set, which is an 
ex tended version of the DEC LSl -11, 
but usi ng specia l microcoding to create 
a more powerful instr uction set. Us ing 
this, Mr Wilcox has made an operat ing 
system similar to UNIX , with some 
features of DECsys tem 10. In cl uded 
in the software bund led with the pro­
cessor is the operating system (it sup ­
portS eight users with full timeshari ng 
protocols) , a powerful macro assembler, 
BASIC, LISP , and a system EDIT.PRG, 
all disk oriented . For a pre liminary 
fee l for wha t this means, read Or Dobb 's 
journal, volume 2, number 1, page 3 . 
T he AM-100 system manuals com prise , 
at present, over 250 pages of closely 
packed information . 

Robe rt Williams 
President, Cheesy Operations 

Micromouse Enterprises 
POB 69 

Hollywood CA 90028 

IMPROVING RELATIVE 

ADDRESSING FOR THE 8080 


read with great pleasure Mr 
Gaske ll 's article on " Relative Addressing 
for the 8080" in the December 1977 
BYTE . The approach to implementing 
the relat ive jumps was supe rb . 

However , having been working with 
microcomputer applications for several 
years, I have le arned that any program 
can be made shorter and faster with 
a little effort! Moreover, optimization 
in the case of the relative addressing 
routine is even more critical than usual 
since the code wil l be execu ted with 



incredib le freq uency if most of the A BIT SIMPLER? implemented in a slightly simpler 
jumps in a main program are re la tivized. fashi on. The diagram below uses two 
The key to opt imizat ion is select ing Whi le I liked Frank Holman 's Idea in fewer ICs. 
a value for BIAS such that (B IA5+4) is the March 1978 BYTE (page 185) of Th us the 7404 and 7474 are eli· 
a multiple of 256 . The prog ram section fo rcin g the address bits high so tha t the m inated. Also , the inverter in the 
in both its or iginal and optim ized form 8080 resets to a location in high original circuit coul d have been replaced 
is shown below. The opt imized version memory, the method cou ld ha ve been by one of the EX·O Rs in the 7486. 
saves two microseconds (a t 2 MHz). 

+ sv Steve Bresso n 
Goske/l's version 1666 Independence Ct 

LXI D, - (B I A~+4) Severn MD 21 144 • 

DADD 

DA De De DoLewis ' version 
DOWN SYNC 

MVI A, -(BIAS+4)/256 74193 
ADD H RESET 

MOV H,A 


UP LO 
Al4 A 8 c D 

would like to say that no further D-
optimization is possib le but the rule 
says, "an y program ca n be made shorter Al3--+---ID-­
and faste r. " Suppose we select Bl AS = INV 

~----,_____,

FEFC! Then -(BIA5+4) becomes 100 
hexadecimal and the code becomes: 

Lewis' ve rsion 2 
SYNC 


INR H 

IN V 

This final ve rsion saves 7.5 mic roseconds 
over the original version! The rou tine is 
now complete ly optimal ! 

Jim Lewis 
Mic ro Logic Corp 

100 Second St #21 3 
Hackensack NJ 07601 

OD E TO TH E ROM 

An age of hum an error 

is com ing to an end. 

And the mono li thic ROM 

accelerates th e tre nd. 


ROM makes decis ions certai n 

(o nce programmed properly). 

It 's the idea l elec tro nics 

to relieve anxiety. 


You forget an d I forget 

what to do an d when . 

And pushi ng one wro ng bu tton 

may precipitate our end . 


But put a fa ithfu l ROM in charge 

and leave your cares behind. 

The electronic ROM kee ps watch 

wit h all atten tive mind . 


Computers whirl and engines hum 

' ne ath ROM's intent control. 

It does what it's suppose d to do. 

( It has no other goa l. ) 


Let 's hear a chee r from ROM, my fr iends, 

and ce lebrate its ends. 

A servant so impeccable 

is rare as teeth in hens. 


Bob Sch wci tz~ r 

15Gi Palr,1 Av 
i<.ichmc nd CA 9480 5 
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DATALYZER .. . a 24 channel 
Logic Analyzer for your SlOO Bus 

24 Chan nel LO GIC ANALYZER , complete with 2 cards and 3 se ts of probes. 

Features 
24 	 channe ls with 256 samples each. 

Display of disassembled program flow . 

Dual mode operation - ex terna l mod e ana lyses any ex wrnal logic 
system. Internal mode monitors users d at a and add ress bus . 

Selec table trigger point anywhere in the 256 samples. 

0 ·16 bit trigger word format or ex ternal qualifier. 

BMHz sample rate 

Synchronous clock sample with coincident or delayed clock mode. 

User defined refe rence memory. 

Di sp lays and syste m control through keyboard en try . 

TTL Logic level compatib le (15 pf and 15 µa typical input loading. ) 

.nuu sn.r,i., ,, . ·-­
Ul.h.. .-.., ··-­-­	 m • 11.•1" 

•fl•n·-­	 &l 1.1 C• £. , ~. ·-·­·-·--·-	 CJ-11'	 •fl""" 
r..1!10::.~Q'OJIUlll-·-·-­ Ui It"! 11-iA •S11 ·--	 .,.,,,.,. ~ Pl.,...·== = 	 •ffl•WTl 

•·-·-	 .,~, 
U .. •<r-ir.,,,..I: : :: --	 nw,.
llJ : ... 
I 

Displays in Binary Disp lays in He x 	 Display of di sassembled 
program flow. 

The DATALYZER 
Designed to plug easil y into your S-100 Bus. the DATALYZER is a 

complete system -- for only S595 . Display of disassembled program 

flow is a standard feature, not an extra. And the low price incl udes 30 
logic pro bes, so you can hook up immediately , without additional 
expense. 

T he DATAL YZER is ava il abl e in kit form ($595), and as a fully 

asse mb led dev ice on two PCB 's ($695) . Operators' ma nual $7.50 . A 
substant ia l warranty, and th e Databyte, Inc . commitment to servi ce 

make the DATALYZER a worthwhile investment. 

7433 Hubbard Avenu e 

Mid dleton , Wisconsin 53562Databyte, Inc. Tel: (608) 831 -7666 

.EYTE's Eiis 

ACM Seeks No minatio ns for Annual 
Grace Murray Hopper Award 

The Associatio n for Computing Ma· 
chincry is seeking nomin a tion s for its 
Grdcc Murray Hopper Award, given rach 
year to the outstanding young compwtcr 
pro fess io nal se lec ted on the basis of a 
single recen t major technical or service 
con trib ution to the computer industry. 
In order to qu al ify, candidates must h ave 
been 30 years of age or less at the t ime 
the qualifying contribution was made. 

The award will be presen ted at tl1e 
openi ng session of the associa t io n' s An· 
nual Conference on December 4 1978, 
in Washington DC . The award is in the 
amount of $1000, donated by the 
Un ivac Divis ion of Sperry Rand, and is 
accompan ied by a cert ificate. 

Whil e the award is given 10 the oul· 
standing young "computer" profcs· 
sion al, emphasis for the 1978 award will 
be p l.iced on con tribution s in th e fields 
of busi ness data processing and persona l 
comp utlhg. The committ.cc felt · 1ha1 
these fields have not been adequately re· 
warded for outstanding con tribut ions in 
the pas t. 

The last three winners of th e Grace 
Murray Hoppe r Award were: dward A 
Shortl iffe, for his development of a pro· 
gram th a t co nsults with physicians about 
diagnosis and treatment of infection; 
Allen L Scherr, for hi s pioneering study 
in quantitative computer performance 
analysis; and George N Bai rd for the de · 
ve lopment and i111plemen1,1 tion of the 
U S Navy's COBO L compiler evaluation 
system. 

Nominations, which may be made by 
the nominees rhemsclves, should be sen t 
to: 

Richa rd G Canni ng 
Chairman, ACM Grace Mur ray 

Hopper Award Commillee 
925 Ant.a Av 
Vis ta CA 92083 

In order to be cons idered l'or t l1c 
19 78 award, nominations shou ld be re· 
ceivcct by Mr C111ning no later than 
June 30 1978. 

Please include th e lollow ing in· 
formation. 

1. 	 Name, address and phone number 
of the person making 1he norni· 
nation . 

2. 	 Name, address and phone number 
of the nominee. 

3. 	 A statement (200 10 500 words) 
on why 1hc candidate deserves 
1hc award, describi ng the i:on­
tri bution. 

4. 	 The date of birth of the norn inc c 
and the date on which the quali· 
fying work was comple ted.• 
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Carnegie-Mellon Sponsors a Workshop 

Carnegie-Me llon University wi ll spo n­
sor an intensive five d ay microcomp uter 
workshop June 5 thru 9 1978 on the 
CM U camp us. The program will incl ud e 
hands on experience for those who have 
a serio us inte res t in app lyi ng m icropro­
cessor systems to a practi cal problem. It 
is intended to provide a foundation of 
theo reti ca l knowledge and pract ica l 
experience about the capabilities and 
limita tions of microcompu ters and wha t 
it takes 10 appl y them on the job. 

The concepts and tech niques in t ro­
duced in class arc impleme nted by more 
th an 12 ho urs of hands on prob lem 
solving expe rie nce. The workshop for­
mat emphasizes opportunities to review 
and d iscuss the samp le problems and 
the ir al ternative so lut ions wi th the 
facu lty and other class members. 

For more information cal l Gerry 
Cohen at (412) 5 78-2207 or wrire Post 
College Professional Ed ucation , Carnegie 
In st itute of Technology, Carnegie-Mellon 
University, Schenley Park, Pimbu rgh PA 
152 13. • 

Harvard University Announces 
International Computer Graphics Week 

Harvard Unive rsit y has announced 
an in tern ational Computer Graph ics 
Week Ju ly 23-28 1978, to be spo nsored 
by the school's Laboratory for Com­
puter Graphics and Spatial Analysjs. 

The eve nt wi ll foc us o n the Labor­
atory's International Users Conference 
on Compu ter Mapping Software and 
Data Bases: App li cation and Dissem i­
nation . At the conference over 100 
speakers and num erous exhibits from the 
commerc ial, ed ucational and govern­
menta l sectors wi ll show how comp uter 
mapping is- being used in city and 
regional plan ning, social services, public 
safe ty, transportat ion and engineeri ng, 
eco logy and t he enviro nment, ene rgy, 
pub lic hea lth , marketi ng, research and 
developmc nr , management informa tion 
systems and uni versity research and 
in st ruction. 

In additio n there wi ll be an i·n-depth 
review of cu rrc 11tl y ava ilab le comp uter 
mapping sof tware and data bases, as well 
as sessions on thema t ic map des ign 
pr inci ples and a hands-on workshop a t 
th e Harva rd Laboratory. Amo ng specia l 
features wi ll be a sess io n on sof tware and 
da ta base dis tributi on and marketi ng 
and an executi ve briefing se m inar 10 

discuss the re levance and projected 
Impact of compu ter mapping in the 
commercial sector. For more infor­
mation, con tact Ira Alterman at the 
Center for Management Research, Exe­
cu tive Plata, 850 Boylston St, Chestnut 
Hi ll MA 02167, (6 17) 738-5027. • 
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Write and run machine language program sat home, display video graphics 
on yo ur TV set and design microprocessor circuits-the very first 
night-even if you 've never used a computer before! 

ELF II 
featuring 

RCACOSMAC 

microprocessor/mini· 

computer 


Wrinen for an1one l Minima! back(round needed I 

Usmg advanced cam pulefS 1s now as easy as driving a 
ca• w11h an automaftc 11ansmiss1on We wi ll teach rou. step 
by step. instr ucl1on by inslrnchon , how to use an ~CA 
COSMACcom puler 

Nol on ly does our s.M<t c.oufse explain. computers, II 
helps anyane writr and run programs and solve compleJ 
p1obtems requ1rn1g a com puter Know•nR haw a c.ompute1 
w1>rks c.an helpyo.i 

(11 Spol s11u~hons where a comput er can as.mt yttu m 
business. 1ndustri: prrsonal appl1cat1ans. etc. £2) Select 1he 
rnosl economical computer tor m1c«op1oc:essor) and telated 
hardw.lre lor yow spenlic needs. rn Wnle and rtll1 the 
pio~rams you nee<! : an<I (4) tt:eep your compuler cost.s down 

This course was wrinen !or ELF II users bu1 ifs a 
blockbuster for e'elY RCA COSMACuser or owner1 

Slop reading about compule1s and gel your h.ii!Ads an one Hf Ufs ian oul slai'~d1ni 1raine1 
for anyonl!who needs to use .iii rnmpu1er to ma:1:im1ze his or her personal etlecli~eneu Bui ELF II 
1sn·1 iust a tramer Elpanded , 11 becomes lhe Man of a powerfu l computer S)'.Sle-m 

For 99.95 You Gel All T hi.s­

.--------------------. 
SPECIFICATIONS 

ELF 11 fealurt" anJ RCA COSMA ("OS IMOS R·h11 
mic:roprt'X"CS~••.H addrnsahle 10 (H). hy1c" wuh DMA . 
1n1crrup1, lh ~g 1 s tcrs . AL . 256 hytc RAM , rull he~ 
kcyboanl. 1wo dig it hex ou1pu1 llispla). 5 i;;lot plug· in 
op::rns1on bus l ie'-" conncc1orsl. c;inb le Cl')Slal cloc). 
for liming purpo!oe ~ anJ J. <luuhle -:i;id ed , 
plalcd ·through PC hioard pli1' RCA IKhl \•1dco I(' lu 
display ar1y '-Cg1neru of me 111of) on a vu.lco 1non1tor or 
TV screen 

EXPANSION OPTIONS 
• f: LF 11 GIA N'I: IJOARI>' .. w11h ~~ssscctc 110. 
RS 2.32·C rl"TY 110 . 8-b11 P 110. Jccodc~ fn r 14 
~c: pa ra1c: 110 1n s1ruc1wr1' anJ .:. )~!ol cm 
mon11o r leJ11o r Tu m'i ELF JI 1mo th(' hean of a 
full ·sm: ~)'S iem w11h mi.l.s~ 1 ve computrn~ power ' 
~39 95 ~ .. 
• 4k S1.a 1ic RAM . AiJtJn:ssabk tu an) .t). p:tgc lo ()41o,. 
u~s low power 21U:? ." Ch ip ~ l ect circui t 11llows 
ongmal 250 bylC!> 10 be: usc-i.J Fu ll y bufrcrcd 
Onboard S ' 'oh rcguliuor ss1.,1 9S ku 
• Prol Ol)pt' ( Kluge) Board :u.:ccp1.s up 10 30 l. C ·.!. 

including .SO. :?.S , ~~ . 18, lh , l.S pin Sp;Kc avm lahlc 
fo r onboard regulator Sl7 IX} 
• Gold pl • l ~d R6-pin connrt·tor. ~5 70 
• E LF II Fu ll ASC II Ke) bo11rd . Ur1)Cr and lower 
C:\SC S,6-1 95 ~II 
• S am p Expansion Powl'r Suppi). Puweni lhc 
clll ire ELF II ( 01 rcQu1rc-J unless mldin~ 4k RAM 
bmud.s ) s:i..i C)~ l.-1 1 

All o/ tht' uh111 I' PC ltwm/i (llu,.: d111•r1 /\ 11110 

l:LF II\ 1• rp1ur11011 h1n 

ELF II TINY BASIC 
Con11nurm: a1e "uh f:.LF II ui BASIC' !:LI· II Tmy 
BAS IC 1scompa11hk w11h cllhcr ASCII l.cyOOan.J and 
1 V scrt~t.· n or \l :mdari.J 1ekl )pc / v1tlcu 1er111inal 
u11lu.111g RS .:!32 -C u r .! II 1111 1 T l Y 1n1erfa1.:c 
Comm:uuh incl u1k SAVE and LOAD for s1 mug 
programs. on s1andard '°assent:) , a plo1 c:onun11m.I w 
lfispla) graphic 1nfom11111un .and !t~C 1 a l i:om rmmd!t 
fo r con1rullin11 ELF II I 10 tlc v1ces lr) · tu1 1mcgcr 
amhme1ic.· , ~. A, - . () 2<1 v:uiahle' A·7. Other 
command:. mcluJc LET. If ft ~t EN. INPlff. PRI T. 
GOTO. GO SUB . RETURN. END. REM . CLEA R. 
LIST. RUN. PLOT. PEEK. PO KE l "umcs w11h 
mam(COii.m:c dUt.-umc:nlalmn and C;\ CCllCnl USCr'S 
m:mu~.I Ihat a llo ws even bcginnt:h 10 u.sc ELF II for 
sophisi1c:ued :ipplica1ion.s Id). memur) rcquin:t.I I 
$1 ..t 95 un ca.ssc11c- !ape 
<.:o rt1inac Soon ... D·A. 1\ · lJ Converier • Con1rnllc:r 
Board • Cab1nc1 • L1gh1Pen I Ltu. you wr11c or druw 
m1y/J1mg nn a TV ~l· n:c. n lmagmc ha\' lflg a "ntni?il' 
wand" 1h1u wn1c,. \1l..c :1 cra)'\Hl 1 ) 

No othet small personal computer ofl ers V1dec outpul and Elf ll"s !kpansion ca pab1l 11tes 
lor anywh!fe nea r 199.95 Hf II con male graphics en YIM tV ""'" and play elecl!omc 
garnes~ It pays for 11Self ovei and over again 1n !he lun 1t p1tw1des 101 Your ...-hol! lam1ly 
Eni1neers and hobb1ests can use ELF II rn m1rroprocfssor·based circuits as a. counll!1, a. larm, 
lock, lhermostal, llmer. lelephone dialer. etc The p0ss1bil1lies a1e endfe.ss~ 

Th' ELF 11 Explod':io Into A Gianl~ 
Once you"ve mastered compute• lundamen.tals, Etf II can £1Ye you POWER! PIL1g in the 

GlANT BOARD '.. and you can record and play blck your programs. edit and debug ptogra ms. 
commumcalew1lh remote devices and ma ke things happien 1n the real wotld Add Klute Board lo 
solve specific problems such as operating amore com plex; .alarm syslemor cont rc1hng .a p11111m11: 
press 4k memory uni ts lel you wote longer programs and solve even mo1e soph1st1catl!'d 
bus1ness. lnduslrial. scienlific and perso11al lm;.rnce Droblems 

Add ELF 11 l lm BASlt.' And Ke, board ~ 

lo make Elf II easier lo use. we've developed Elf II Tiny Baste 11 lets '.JtlU pro1um ELF II 
with simple wC1ds you can type cut on• <fybcard such as PRINl RUN and LOAD ELF II responds 
by displaying answers on your pnnter. video m(H'litor or TV screen 

Wril t And Run Programs T hr Vt-" Firsf Nlghl~ 
Ihe HF 11 k11 includes all componen ts and eyerything )'Guneed 10 wnte and run ,.ou1 own 

prog1ams pluslhe newPmeGraph1cs chip lhat lets you display any 256 byte segment of memory 
on a video mon 1101 °' TV screen No wondef Elf ll 1s n'1N bem 1 used ;n a trainer i11 many high 
schools and univers1t1es 

Easy ms.uuchons gel you started r1ght awa't even 11 you'ye ne'ler us.ed a compuui belo1e 
lhe newly eapandtd ELF II Manual covers assembl~ tesl mg, p1ogra mmmg, video iraptucs and 
iames 

H F JI can be usembled 1n a single even.ng and you·n s1 1U have 11me to run ptograms 
including tames. video graphics. etc beloie going to bt!d~ 

.----- SENDTODAY! ----:'1 
I NETRONtCS R&D LTD., Dept. BY-6 (203) 354 -9375 

333 litchfield Road. New Milford . CT 06776 I 
o YES• I wanl ro run programs at homeand ha•e enclosed o $99.95 plus l l 

p&h to1 RCA COSllAC Elf II hit o S4.95 IOI power suppl~ requi«d 101 Elf II k1I I 
D 15.00 IOI RCA 1801 Um 's Manua l 

o 14 95 !01 Shor1 Cou<Se on Mi"op1oc"sor & Compul<r l'logramm1ng. I 
o ELFII connecls 10 lhe •idea input ct your IV !Ill. II you pre ler lo connect Elf II lo you1 

loi Iantenna leimlnals ms.lead, enclose $8.95 tor Rf Modu~l1
Cl 139 95 plu• 12 p& h lo1 Elf GIANT BOA RD' " Ill - ~ ' ;.: 
_ 41 Static RAM 111 , 189 95 ea prus SJ p&h I • 
0 Il l 00 plus I I p&h tor PIDI Otypt {Kl uge! &ard 
o 134 95plus 12 p&h IOI EJpa nsion Power Su pp l' kll 

11_~ 
\\ , 

' 
· I 

_ Cold plaled 86· pm ccnnec lC1s al 15.70 ea 
tJ $6 49S plus 11 p& h lo r ASCII lltyboard k1l 

. 
, 

' I 
o 114 95 tor Hf II Tin, BASIC cassell e 
er I want my ELF II wired and les!ed with !he power translcumer, RCA 1802 User's I 

Manual and Shon Course on Mic1oprocessor & Com puter P•oa:rammmg ror Sl49.95 

~u~ I 
lei al enclosed tConn res add tax) i ____o Check here If you are enclo.sine 
Money Order 01 Cash1e(s C hee~ 10 expedite sh1 pmenl I 
MAME IADDRlSS ____ 

CITY I 
...!'::!.. - - - •DEA LER INOUIRIE~1 Vl- _ _ _ _--­~N-T£_D _______ .....I 

Gel "hands en" •lllerlence with a computer fer 1••1 
$99.BS. Then. once ycu 'we mast11ed computer 
fundamentals, eljland Elf 11 with low coll add·ons and 
you'Ht 1ot in ~dnnced p1non1I compuler •aw•rf~ 
en01111l 10 soln 1MJ1lnus. lnduslrial er sclenllflc 
problems. 

Learning Breakthrough! 
A Short Course On 


Microprocessor And 

Computer Programming 


Circle 280 on inq u iry card . Junf' 1978 l 1 BY1 E l'ubli,,uioos In{ 101 

Elf II 
by HETROHICS 
as featured In 
POPUUR ELECTROMICS 
shown w1l h optional 4k 
M•moiy Bcai ds, CIAN I 
BOARD '". Kluge 
Board and 
ASCII 
<•,boa1d 

$9995 
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NORTH STAR 
Z-80 BEST VALUE - SAV E 15% 

Complete Mini floppy Disk System w/BASIC 
and drive. Kil Lis t $699 .. SPECIAL $599 
Assembled List $799 . . . . . . . . . . . . . 689 

16K Dynamic RAM, Kit Lis l $399 ... 329 
Assembled List $459 . . . . . . . . . . . . 379 

4 MHz Z·80 CPU Board, Kit List $199 . 16995 

Assembled Lis t $259 . . . . . . . 209 
CPM Disk Operating Sys. Conversion Pkg 

for North Star !latest version! ..... 145 
TDL Package A Scf1ware for Norih Star on 

Nor1h Star Disk (specify if for TDL System 
Monitor Boa rd usel .. .. .. . . . . . . 249 

HORIZONS 
- ALL MODELS ­

ABSOLUTELY BEST PRICES 

AND BEST DELIVERIES 


CALL FOR INF ORMATION 

Hor1zon-l, Kit Lis t S1599 . . ........ $ 1349 


Assembled and tested List S 1899 .. 1599 

Horizon-2 !with 2 drives) Kit Lis t $1999 1699 
Assembled and tested List $2349 1939 

CROMEMCO 
TOP-SH ELF Z-80 SYSTEM 

SAVE 15% - and more! 
System 2 List $3990 ..... . .... $ 3490.00 
System 3 Lis t $5990 4999.95 
Z-2 Ki t Lr st $595 ... 505 .00 

Assembled List S995 _.. 845.00 
Z 16KZ ·K 16K RAM Board.Kit ONLY399 .00 

Assembled List $795 . . . . . . . . . . 599.00 
CROMEMCOBOARDS .. _____ LE SS 10% 

INQUIRE ABOUT NEW CROM EM CO 
MULTl -USER BASIC SYSTEM' 

TDL - SAVE UP TO 50 % 
EXTREMELY VERSATl LE! 

System Moni 1or Board, less Zapple Monitor 
ROM and on ·board RAM , 
Kit, former ly $295 . ... $ 147.50 
Assembled, formerly $395 .. .. . 197.50 
Board as supp lied fea1ures power -on 
1ump. parallel 110 port, two seria l 110 
por IS , plus casse tte in terfa ce. 

ZapplP. Monitor ROM or I K RAM for above 29.95 

X1 1an Alpha 1 List $993 SUPER BUY 789.00 

SUBSTANTIAL SAVINGS- ALL XITANS 


ALL TDL HARDWARE AND SOFTWARE 

AT LEAST 15% OFFI 


BARGAIN SYSTEM 
SAVE OVER $500 


Con 1ac1 us for a system eaual to a Xitan! 


For Handling, shipping, and rnsurance, add 
$10 per main f rame, $3 per disk drive. $2 
per board . 

- SEND FOR FREE CA TA LOG -

MiniMicroMart, Inc. 

1618 James Street 

Syracuse, New York 13203 
Phone: (315) 422-4467 

National Bureau of Standards Symposia: 
M icrocomputers 

Current an d future benefits of micro· 
computer technology wil l be weighed 
at the Symposium on Microco mputer 
Based Instrumen tation, to be held at 
t he National Bureau of Standards (NBS), 
Gaithersbu rg MD, on June 12 and 13 
1978. Sessions in fou r major areas, each 
high lighted by an overview presentation, 
wi ll focus, respectively, on microcom­
pu ter techno logy, app li catio ns to scienti · 
fie instrumentation, microco mputer 
interface standards, and app lications to 
industria l process co ntro l. Th is sym· 
posium, cosponsored by NBS, the 
Instit u te of Electrical and Elec tronics 
Engineers (IEEE) Computer Society, 
and the IEEE Group on Instrumen tation 
and Measuremen t , will mark the opening 
of a series on Challenges in Science and 
Technology. 

The symposia series, instituted by 
NBS Director Dr Ernest Ambler, is 
intended to encourage a cross-ferti li· 
zation of id eas from many discipli nes. 
Part ici pat ing scientists of diverse back· 
grounds will jointl y assess current trends 
and fu ture needs. Each symposium wil l 
fea ture contributed or invi ted papers 
from withi n and outside the bureau. 

Major papers at the June 12 and 13 
sym posium will incl ude: 

• 	 Microcomputers fo r Biomedical 
and Clinical Appl ications 

• 	 Microprocessor Based Satell ite 
Controlled Clock 

• 	 Fau l t To lerance in Distribu ted 
Arch i l ee tu res 

• 	 Microcomputers in the Linear 
World 

• 	 Control of a 1 Gigahertz CCD 
Transien t Digit izer 

• 	 Automating Ana lytical Instru ­
mentation 

For more information on sessions or 
schedules of the microcomputer sym­
posium, contact Bradford M Smith 
Room A 130 Technology , Nationai 
Bureau of Standards, Washington DC 
20234 , (301) 92 1-238 1. 

The second event in the se ri es wil l be 
the Symposium on Atomic and Mole· 
cular Science and Technology, Septem ­
ber 7 and 8 1978. Fo r details con tact 
Dr Stephen J Smith, j oint Insti tute 
for Laboratory Astrophysics (JI LA), 
National Bureau of Standards , Bou lder 
CO 80303, (303) 499-1000, extension 
3631. 

Tentatively scheduled for January 
1979 is the third In the series, the 
Symposium on Mathematical Model ing. 
For details contact Dr J R Rose nblatt, 
NBS Applied Mathematics D ivision, 
Room A337 Administrat ion, Washington 
DC 20234, (301) 921-2315. 

Coordinating the Symposia on 
Challenges in Science and Technology 
is Dr He lmut Hellwig, NBS Time and 
Frequency Division , Boulder CO 80303, 
(303) 499-1000 , ex tension 3277 .• 

PROFESSIONAL 

TERMINAL 


INTERTUBE - The fantastic new video 
terminal wi1h 12" screen. 24x80, 128 upper 
-lower case ASCII characters. 16 program 
mable func11on keys, 14·key numerical key 
pad , protective fields. and much. much 
more... compa re with ADM, Soroc. Hazel -
tine ...... FANTASTIC PRICE : ON LY $ 784 

COMPLETE 

BUSINESS 

SYSTEM 


With keyboard and video terminal. Z-80 
processor . 32K memory, dual m1n 1f !oppy 
disks 1286 kiloby1esl. Teletype 43 printer 
!30 cps pin -feed pla ten!, Ex tended BASIC 
Software, assembled and tes1ed wllh 
interfaces ready to use - ALL for . . . 

$3,99500 

S-100 MEMORY BOARDS 
Dyna byte " 16K Dynamic RAM Module 

List $390 .. _ _. . . . . . . . . . . . $ 319 
Dyna byte · 16K Fully Sta l ie RAM Module 

Model 1625, 250ns Li si $555 .. _ 444 
Model 1645, 450ns List $525 . . . 420 

Dynabyte" 32K Fully Static RA M Modu le 
Model 3225, 250ns List $995 . . __ 796 
Model 3245. 450ns List S925 __ . 740 

' ASS MBLED AND TESTED - ONE YEAR WARRANT Y 

SD 32K Dynamic w/8K. Ki I . . . . . . 149 
SD 32K Dynamic w/16K, Kil ..... 249 
SD 32K Dynamic w/32K, Ki 1 . . 449 

16K Stat ic (Famous Brandl formerly sold 
al $699 . . SUPER SPECIAL: $399 

TDL VDB 25x80 Vrdeo Display Board, 
assem/tested reg. S369 ....... NOW 314 

ASCII KEYBOARDS in enclosu re lsur plus! 
.. STARTING AT: $ 44 .95 

IBM 735 1/0 SELECTRICS lusedl lrom $395 
TELETYPES (immedia1e delivery) 

K SR·33 !usedl . . . as low as $ 495 
ASR-33 (used) . . . . ..... as low as 695 
NEW MODEL 43, JU cps . stariing at 995 

Famous DECwriter I I !new) .. . . . . . 1490 
AL L PH I CES PLUS SHIPP! NG 

SEND FOR FREE CATALOG 

MiniMicroMart, Inc. 

161 8James Street 

Syracuse, New York 13203 
Phone: (3 15) 422-4467 
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MUMPS Group to Meet in San Francisco Introducing
MUMPS Users' Grou p (MUG) will 

meet in San Francisco CA on June 7 
rhru 9 1978, at the Jack Tar Hotel. 
The conference includes all day t u torials 
on programmi ng in MUMPS , ambulatory Bit Pad.
care information systems, technical 
aspects of ANSI Standard MUMPS, 
formal presentatio ns of medical and 
nonmedical applicatio ns, panel and dis­
cussions on applications on computers 
in medicine. The co nference is t he same 
week as the NCC in A naheim CA . For 
more information contact Pat Zimmer­
man , Dept of Biometry, Wearn Research 
Bldg, University Hospitals, Cleveland OH 
44106. • 

What Might Be Called 
CACHE's On Line Graffitti (COG) 

In a receni phone conversation with 
Ward Christense n , confirmed by a copy 
o f The CACHE Flash newsletter, I 
learned about an experiment called the 
Computerized Bulletin Boa rd System. 
This system was imp lemented over a 
weekend by Ward and another member 
of CACHE, Randy Suess. It is an 8080 
computer system, f loppy disk and auto 
answer modem running 24 hours a day 
just to see what happens. According to 
its originators, all you do is call (312) 
528-7141 with a 110 bps or 300 bps 
modem handy , con nected to your 
terminal (or your computer emulati ng 
a terminal). When the tone is heard 
(assuming you don 't find a busy signal 
because of all the other people reading 
this notice who are trying the same 
operation) you connect your modem 
and proceed with an interactive se­
quence . A session begins when yo u slow­
ly type a series of isolated carriage 
returns (ASCII hexadecimal code OD) 
which enable the system to determine 
the speed of yo ur te rmi nal. After that, 
the system provides the caller wi th 
interact ive prompting abou t its various 
functions. The system has been running 
since early this year; according to Ward 
peop le have been call ing and leaving 
messages from all ove r the country. It 
represents a practical imp lementation 
of some of the networking concepts 
which people are talking and writing 
about for use with personal comp uters . 
For those unfamiliar with the organi­
zation, CACHE is the Chicago Area 
Computer Hobbyist Exchange, located 
at POB 52, South Holland IL 60473, 
with meeti ngs once a month on the third 
Sunday of the month . For more infor­
mation call Dave Jaffe, (312) 849­
1132. 

Bulletin Board System 

The interactive Bull etin Board system 
implemented by Ward Christe nsen and 

The new, 

low-cost digitizer for 


small computer systems. 

Bit Pad is the newest product from Summagraphics. the leading 
producer of professional digitizers. It has a small 11-inch active area and 
a small $555 price tag . But the list of applications is as big as your 
imagination. 

Better than a joystick or keyboard for entering graphic information. 
it converts any point on a page, any vector. any distance into its digital 
equivalents It 's also a menu for data entry. You assign a value, or an 
instruction to any location on the pad. At the touch of a stylus. it's 
entered into your system. 

Who can use it? Anyone from the educator and the engineer to the 
hobbyist and the computer games enthusiast. The data structure is 
byte oriented for easy compatibil ity with small computers. so you can 
add a power supply, stand-alone display, cross-hair cursor and many 
other options. 

$1,000.00 creativity prize. You can also add $1 .000.00 to your 
bank account as a reward for your inventiveness Just write an article 
on an original Bit Pad application and submit it to any national 
small -computer periodical. If the editors publish it - and the decision 
is solely theirs - Summagraphics will pay you $1 .000.00. Contact 
Summagraphics for rules concerning this offer. 
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16KRAM 
Fully Assembled, Tested, 
Burned-in 

Using the 

250 nsec. chips-$425 
Z-BOA 4 Mhz. Fast-This fully assembled and tested 

16K board was designed to operate without wait states 
in a 4 Mhz. Z-80A system allowing over-generous time 
for CPU board buffers. 

450 nsec. chips-$375 
For 2 Mhz. Systems-Same circuit as above but 

priced lower because of less expensive memory chips . 
It is fully assembled, burned-in , tested and guaranteed. 

BK Versions Also Available 
Both boards available fully assembled with sockets 

for all 32 MOS chips but supplied with only SK of chips. 
SK-250 nsec.-$265. 4K chip set- $95. BK-450 
nsec.- $235. 4K chip set-$85. 

Fully Static Is Best-Both boards use the state-of ­
the-art Texas Instruments TMS 4044 which requires no 
complicated and critical clocks or refresh. The fully 
static memory chip allows a straight-forward , "clean" 
design for the board ensuring OMA compatibility. They 
use a single 8 volt power supply at 1.7 amps nominal. 

Fully 5-100 Sus Compatlbl~ach 4K addressable 
to any 4K slot and separately protected by DIP switches. 

Commercial Quality Components-First quality 
factory parts, fully socketed, buffered, board masked on 
both sides, silk-screened , gold contacts , bus bars for 
lower noise. 

Guaranteed-Parts and labor guaranteed for one full 
year. You may return undamaged board within ten days 
for a full refund . (Factory orders only-dealer return 
policy may vary). 

Check your local computer store first 
Factory Orders - You may phone for MC, VISA. 
Cashier's check, M.O. speed shipment for mail orders . 
Personal check OK. Shipped prepaid with cross country 
orders sent by air. Shipping - Stock to 72 hours normal. 
We will confirm order and give expected shipping date 
for delays beyond this. Washington residents add 5.4% 
tax. Spec. sheet , schematic, warranty statement sent 
upon request. 

~-eattle Computer Products. Inc. ~ 16611 111th S.E., Renton , Washington 98055 
(206) 255-0750 

Randy Suess p rod uces this hard copy 
upon sign ing on. The entire system is 
in teractive, so that al l the instructions 
and prompti ng information a user needs 
can in princ ip le be obtained by inter· 
acting with it. Th is tex t pri n tout was 
obta ined by answer ing "y" fo r yes to a 
number of the prompting quer ies. We 
only show a small excerpt of what 
can be a long and fasci nat ing interact ive 
communications sessio n. 

I) 1£AM I NA I. tf((O NULl::O ? TYPE Cfl. ·N ~H I\.( Tll l S TVPES: 

II{ l(O.- [ TO WA Ar AHr RA.NnY ' S 
••• COl 'PUHr.tzrr ~Ull[ l 111 rtnA~"' S Y ~ T[r· ••• 

c; runAOL CHARACTERS AC C(f'TEC CY fHI'; SYS TEt· : 

~Cl/Rll"OU T [A ASC::i Ll\ST CltAA. TYP£ 0 (Atl"' EC HOS If) 

r n-c Cl\t1CEL CURA( llT PP lllT I NG 

CH.· K ' Y. I LLS ' CU Art [ "IT f\!Pl(TION. Rrn·r ·is Tl'I t•[l j l; 

CTL - N S[l:O S tWtl::i AflU CA / t f 

CTL-R RCTT PB CUPR[llT lllPU I ll ' f IAf TER rtll 

CH · S S TOP /S U Rf OUTP UT ( r o p Vlf'P:,.. T[ Qt· t~Jil) 


CH ·Lo (RAS( CUll.R(tlf 1t1r1JT ll"ff. 


• • • • •• ••••• • •• • • • • ••• • 8Ul l[ T l ' I • • • •• • • • •• •• • • • • •• •• •• 
PAOlll U 1S Wl1H THE SY::il[I"' 

roA l! AR OWARr Ull RAN DY AT Ill]) 1))\ -) \!. fi 
FOR ::iOfTWA R( CAL L llAA fl AT ll l 2) 8"'"·"111'1 
- -- - - -- --· · -·---·---·- Pll l lFfl •t ------- - ·- ··· ·· ···· ·· · 

-- - ---- - -----···- · • - •• bUl l fT 11: ·- -- • - - - • -· • · - • • • ••• •• 
t1AR Cl l CACll( M[(T ING, SUN, 1'11[ 19flt, O( TAl l(, I~ 1· ~.-.. l DI 
•• •• •• • •••• • • ·-····· • • !!U \ t [T IN • •• • • • ••• ---···· - ·· - •• 

'f/ N: IS llll S YOUR F IRST T IM.( OU h1 ( !.YST(t 'l 
Y/tl : CAJ<il VOIJ R l(RYIH AL R( C[ 1vr LO\l[P rA~( C ' IA A ACTfRS~l 

Fl le la~t u c>d lltt d J/ l" / 11 

Uh e n you •re •llo,.e d • quest Ion, • n \we r .. 1 t i f r 11r 
or u f o r no. 
Ar c you u~l n a 4 v i deo terl'l l n•I (not .t tu i nt•·r )?., 
Wh e n thl! syue,.. Is tvol n a. y<>u <•n 1.1u~ c:on t r ol · S lO \I OO 
th e- outout to l oo li "t l l , the n ;)1t,.t l n t o c o ntinue' . 1hl1. .. 111 
•.ilou .,ou to see toh•t h sen l De-f or«' It 'lo < r o lh orr . 

-- 1 [ n tc-r I n & l"IC.' s s a1t,l!''lo 
·· > A11trlevln1 l'"ltSS•r.C' sumarlt" s 
- - > Ae trle v l na mc ss•a.c-s 

W•nt t o Ii.now purpose o f th l s s. vstl' ,,,.,Y 
It ""u conccl 1o1 e d. fln a n<r:d, • nd l'lo run b v War ( ht"l stotns l' n 
dnd A•nd., Suci'l for mr~'l•le comnun lc ., t Ion bC' t•t!C! " CO"'Ou t er 
hobbtdsts . fy olcal 111t:ss.J11,e sub i C' Cts lnclu •l e : 'so ,.,,.t h l in illi f or 
\ia l in', 'ne ed h e. lo ..,it" s~th l nr; ' , '< lu b '"'" C l lnr. no t l< c', 
or jus t shar l n a lcleas . f ef' I fre e to le•YP .. "'e'loS di\C' on 
11ny hobb y i st COl'l\Duter r e l ate r! sub j ect . 

ll.Jnt tO k.nOw whal h•r cl w.. r(' rllo'lkC S Ufl t t. e- !>Y .. 1'!,..,,Y' 
The hardware consist s or : 

Vector / I ll'()thc r bo~H <t 

C• r d <• &e 
YeC l Or Re.,,ct .tnd Go Pr nn/ Ra ,., bo .. r ti 
lllSA I 1010 (PU bOAr d 
1 1o l( o f various ~rw:Jr., 
l •rbel l floopy dl sl conlrolt rr 
l l'lnovea flOtlDY •l l~l 
{)( u • .,. s "10d C'f'I fl()6riJ 
Pol ynoro h l c \111 v l dro boar•! 
SWf PC kcy bo•rd 
Proc e s s or ll!' Cl'I. )P • :i 

,\ SR· l) t o r ""'-.'"'''"" l o .t.t l n a 

'ft.rnt "Qu ic k Sutmtdry of wh.Jt to do vou ' fi r st l ll"le ly 
L S Us• t h e- S f uncti o n 10 retr ieve "'\ l' S \4.te \ UN"l •H l es 

S ta r t ,.. 1 t h mc-11oa.tc I 
UH! C.O ntrol ·S to s t oo/ 5.t.lllft ou l ou c . 
Wr 1 t c- down ~ss•cc nUl"'llif'rs you want t o " ""' · 
Use c ontrol ·I( to k.111 t h t "'""'1 •'lr Y, rf'lurn co ,.,irnu 

2. Us .­ II fu nct l o,, t o r etrl~ve l"lf''Ji '>•(e-\ of lnr,.re-sc . 
L u ...e the C (Good b yeJ f unc1 Ion .. 11 .- n yo u ar c dnn c . 

ll1:m e mb 11 r to u se t he 11 (Hel o ) f unction f ri r cl rt .t11.,. 
WllAT IS YOUR j:IRST HAP '[ ! nr ... 
llt lAT IS YOUR LASl NUl [ !u ,,~r 

lOGG llHi rr AMC TO DISI: ... 

,.-UH(11DN : a.c . n.c c. u,N,R , S . w. <Oil, 1r NOT J;!ff"l: !tlJl' 


F'utlCTIONS SU PPOllT Ul; 

Pl • PR 1NT RUL LETIH 
C• O SE SWl TCH tUPPER/ LOW"[A) 
ll • OUPl.[X !;U I TCH UCHO/HO [ ( 11 0 ) 
( • ( HT[A t!SC I NTO SYSTCM 
r. • GOOO BH Cl[A\I[ SYS TE•' I 
ll • lt[LP lfl Tit FUNCT IO NS 
U• FIULLS: SET 0 TO lj AS wr QU Irt !" 
A• ll£T IH CV[ P-tSC 
::: • S!Jf1MA AI H MSGS 
H• lYP[ ~EL COM( 

ru11cr1 0 N: e. c.o.r.c. 11, N, ll,S , w. cnP, IF ~ c.~ ft,,.H JH1r · 1 ·nt 

::i TAATIU C l•CSSA C( HW'B('I: ((/R TO ll(TUl:l14 T'l l ' f. "iUl1 l !i, 
USE CTL •S:: 1n A.BOll:T, CTL - C TO SJ: lr , CH - S ?11 PtiJS[. 
" 
1•0. :; 1zE ··l'IAt C•• •• ••• · ··r'I "~--. ·- - -- -- -- . -· - -rr-- . -- -- - ­

• 

104 /uric 1978 O BY TE PublicA1iom Int Circle 316 on inquiry card. 

http:�llo,.ed


Survey Contest Results 

Th e 1978 BYTE Reader Survey, 
ma il ed to 5000 randomly selected 
ad dresses on o ur mailing list on Janua ry 
15 1978, featu red an in fo rmal in cen tive 
contest drawi ng from amo ng those 
individua ls who re tu rned comp leted 
su rvey forms. The drawing was he ld 
on March 15 1978 in our offices, with 
the names of the th ree winners docu· 
mented here: 

First Place (the first name drawn) 
was a $500 check sent to T L 
Bal og of Clevela nd OH. 

Secon d Pl ace (awarded to the 
secon d two names drawn) was a 
$250 check se nt to J Edward 
Potzler of Brookfi eld IL and 
anothe r $250 check se n t to 

Robin Sutton-Brown of Fresno 
CA. 

We wis h to tha n k all the indi vid uals 
who participated in this survey for re-

As" EYTE 

SPECIFICATIONS SOURCES 

Can you tel l me where a beginning 
hacker can ge t t ransist o r and integrated 
ci rcui t spec ifica tions ? Whe re I shop , one 
or two ratings are readily avai lable, but 
more detai led characte ristics under vary­
ing co nd itions a re not. 

James Howard 
3600 Parker Av 

Louisville KY 40212 

Sl!verol moil order por ts suppliers 
make uvoilob/e engineer ing documen­
to1ion ior the common integrated cir­
cuits. In our work at 8 YTE, the most 
frequently re(erenced books are those or 
Texas Instruments. This series of books 
includes one or two textbooks ond 
manuals of specifications on subjects 
ranging from TTL integrated circui ts 
to memory parts to optoelectronics 
to discrete transistors and l ineur inte­
grated circuits. (These books ore 
murkered by BITS Inc, 70 Main St, 
Peterborough N H 03458.} Th e next 
most frequently referenced compendium 
of technical specifications for integrated 
circuits is the set of documentation put 
out by National Semiconduc tor, but this 
set is much less reod!ly aiiai/able. 1:or 
other monufoc turers ond par ts not 
covered in these two libraries, we have 
to rely on o random collection of indi­
vidual specification sheets, since books 
don 't seem to be ovoiloble. • 

turn ing the fi lled out forms. The resu lts 
are being tallied as this is written (Ma rch 
29 1978) an d are ex pected to be sum ­
marized in BYTE towards the end of this 
com ing summer as well as be ing ma de 
available in more comp lete fo rm as J 

report ava ilab le on request.• 

A Metamorphosis 

Rece n t ly we rece ived the fi rst copy 
of a jo u rn al with which we have long 
been fa mili ar under a previous na me and 
format. The PPC j ournal is the new 
format and name for the HP-65 Users 
Club publica t ion formerly called 65 
Notes. (The group is nor affi lia ted with 
Hew le1t-Packa rd .) Th is publ icat io n is the 
work of Rich ard J Nelson , 2541 W 
Camden Pl, Santa Ana CA 92704. 
Quoting from fine print in the vo lume 5 
number 1 issue , " The Club is a volun· 
teer, non-profit, loosely o rga n ized, ind e­
pendent, worldwide group of Hewlett· 
Packard pe rsonal programmable calcu ­
lator users . The officia l Club pub lica tion, 
PPC j ournal, formerly 65 Notes, d issem i­
nates user information related to a pp li ­
ca tio ns, programs, programming tech n i­
ques, problems , hardware, in novations, 

a ny information related to the 
selection, ca re, use and app lication of 
Hewlett-Packard Personal Programmable 
Calculato rs." 

T he fi rst issue of the new format 
con ta ins 36 pages o f material in a saddle 
sti tched booklet form with th ree hole 
punching that ena bles the user to accu­
mu late issues in an ordinary three ring 
binde r. The mate rials in this issue 
incl ude the following tit les: 

"Sampling Withou t Replacement" 
"Ca lculator Wish List" 
" Ca lculator Pa tents & Programs" 
"Adjusting HP-97 Pr in t Density" 
"U neven & Irregular Cash Flows" 
"The Games of King & Ham mura b i" 
" Beginners' Programming Tricks" 
"Calendar Algorithm s" 
" HP-67 Circui t Detai ls" 
" HP-67 Mod ificatio ns" 

If you a re a user or prospective use r 
of the calculator products of Hewle tt · 
Pac ka rd, this grass roots user pheno ­
menon (independent o f HP ) will provide 
valuab le inform ation not availa ble from 
any other source. The price o f the PPC 
j ournal is $15 in the US , and m ember­
ship is open to anyone anywhere in the 
world who uses HP ca lcu lators .• 

Free 48-page catalog to help you 
increase computer room efficiency. 

The Minicomputer Accessories' new 1978 Su mmer C<ltalog is yours for the 
asking. O ur same-day shipmen t policy means yo u get your order when you 
need it. And a fu ll , no-nonsense guarantee on eve ry product assures your 
atisfaction. 

Pnges .JS-44 are f11/I of cnbleslcom1ectors 
9 /lnges gil•c yo111>rnrtirnl, renso11nbl11 yo11 cm1 order todny 111111 recei11e tomorrow. 
priced medin storn8e nltem nti11es. 

Pnges 11 -19 gil'e !I" " snme- d~y sltipme11/ 011 
guaranteed medrn w/11/e savmg _11011 money. 

Pngc 3 i11trod11ces yo11 to 1111 \ Inlf-11ew software cn/culator. 

Minicomputerf 

Accessories e=.: 

Pnges 34-35 offer you 9 w ays to 
im11ro ue your sofnunre des igns. 

For your f>acntal"S rirrlc No . 

130 5. Wo l fe Rd. • P.O. Box 9004 
Sun n yva le, CA 94086 • (408)737-7777 
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NCCN 

The Northwest Computer Society Inc 
meets at the Pac ific Science Center in 
Seattle on the first and third Thursday of 
each month at 7 :30 PM . The first meet­
ing of the month is usually more formal with 
a featured speaker or a demonstration. The 
second meeting of the month is less formal, 
with freewheeling discussion and problem 
solving. To contact the Northwest Computer 

Conducted by Society write Northwest Computer Club 
David Wozmak News, POB 242, Renton WA 98055. 

TURN YOUR COMPUTER 

INTO A TEACHING MACHINE 


The staH at Program Design did not learn 

about educational lechnology from a book­


we wrote the book! We have been innovators in 

such teaching materials as programmed inslruc­


lion and multimedia presentations. We also belong 

to that minority in education who actually test ma ­


terials to see that people can learn from them. 

Now Program Design brings this experience to the personal 
computer field. POI is developing a line of educational and 

game programs for the whole fam ily- from preschool child to 
adults . 

Program Design educational software uses the computer's full leaching 
potential in exciting and ettective ways . Programs are simple to use and 

memory etticient, and most important . . . they teach! 

TAPES NOW AVAILABLE FOR THE TRS -80. PET. APPLE II 

SAMPLE OUR SOFTWARE FOR $1 .49 . Send us $1.49. your name. address. and 
type of computer, and we'll send you a tape for your computer with actual samples of 
our programs. 

Or circle our number on the reply card for a printed catalog . 

Department 200 PROGRAM DESIGN, INC. 11 IOAR COURT GREENWICH. CONN 06830 

PET User Group 

The newsletter of this Pennsy lvania 
based group contains a veritable treasure 
trove of information and interesting facts 
about the Commodore PET. On the hard ­
ware side it has information about opera­
ting modems with PET, interfacing to an 
Altair (S-100) mother board, avai lable 
peripherals, and more . In the software 
sect ion the re is a PET Errors and Bugs 
column, which offers solutions for the few 
bugs which have been found. There are also 
a number of columns by various contrib ­
utors on the subject of PET programming. 

PET User Notes is published six or more 
times a year by Gene Beals, PET User 
Group, POB 371, Montgomeryville PA 
18936. Membership/subscript ion is $5 per 
year in the US and Canada, $10 in other 
countries. 

APPLE 

An Apple 11 users group has recently 
been formed in the Seatt le Wash ington 
area , with membership open to all. The 
primary function of the group is the ex­
change of ideas and programs, which is 
accom plished through the med ium of 
Call Apple, a monthly newsletter. For a 
sample copy of th e newsletter and an ap­
plication blank , send an SASE to APPLE, 
c/o Val J Golding, 6708 39th Av SW, 
Seatt le WA 98136. 

Theater Computer Users Group 

The Theater Computer Users Group 
(TCUG) exists to provide a me thod of 
exchange of information about uses of 
computers in theater. The primary medium 
of communication is a periodic newsletter 
which is supported with a $4 fee. Topics 
of interest include special programs for 
specific theater jobs such as set design 
and inventory, cutting lists and ticket 
sales and special uses of hardware for things 
like stage lighting and management of pro­
duction cuing. Other areas of interest 
include ticket sales, mailing list and patron 
records, actors/casting lists, volunteer crew 
management, financial records and a num­
ber of inventory and management functions . 

Material in the newsletter includes 
commen~ from theater people, descriptions 
of programs and problems and analysis of 
new products that might have special uses 
in theater. Book reviews and reports of 
past or upcoming meetings of interest are 
also included. Contact Mike Firth , Theater 
Sources Inc, TCUG-TSI, 104 N St Mary, 
Dallas TX 75214, (214) 827-7734. 
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TRS-80 User Group of Eastern 
Massachusetts ... 

The TRS-80 Users Group of Eastern 
Mass was formed in Jan uary 1978 to link 
the growing numbers of users of the new 
Radio Shack TRS-80. With thousands 
of these Z-80 based systems delivered since 
October 1977 and new peripherals and soft­
ware becomi ng available each month, the 
group expects to be a popul ar an d useful 
clearinghouse and generato r of activities 
concerning effective use of the TRS-80. 
Interested TRS-80 users are invited to 
attend meetings, held at 7 :30 PM on the 
second Wednesday of each month. For fur­
ther information, write TRS-80 Users Group 
of Eastern Mass, c/o Mil ler, 61 Lake Shore 
Rd , Natick MA 01760 . 

. . . and Wisconsin 

Hardware is the specialty of th is group. 
Only the TRS-80, by Radio Shack , is dealt 
with. The ai m of th is group is to develop, 
jointly with memb ers, hardware and inter­
faces to existin g, lower cost peripheral units. 
Software will be handled via exchange. Hard­
ware and software exchange pays a small 
royalty to deve lo per. The newsletter TRS-80 
User Notes is sent monthly. Membership 
cost is $17 the fi rst year, $12 per year 
thereafter. Fo r mo re information and a 
samp le newsletter send a SASE to Jo hn P 
Marsh, 621 13th Av S, Ona laska WI 54650 . 

. . . and North Carolina 

The TRS-80 Users Group of North 
Carolina has a newsletter wh ich is packed 
with programs for such thi ngs as: bio­
rhythms, math quiz, card games, wumpus, 
lunar lander, UFO and so on. There is also 
hardware inform ation on the TRS-80. For 
more information contact R Gordon Lloyd, 
TRS-80 Users Group, 7554 So uthgate Rd, 
Fayetteville NC 28304. 

Computer Club of Western New York 

The Computer Club of Western New 
York is an organization in the greater 
Buffalo area provid ing computer hobbyists, 
prnfessionals and students the chance for 
hands on experience with the latest in 
microcomputers. The club present ly has two 
Cromemco Z-80A microprocessors with up 
to 64 K core memory each, an 8 inch du al 
disk drive, tape cassette storage, a Teletype 
several CRTs, and is always adding more. 
Classes in BAS IC, FORTRAN IV, assembly, 
and microcomputer engineeri ng are held 
on a rotating basis. 

Circle 330 on inquiry card . 

Software 


Gomes • CRAPS (Las Vegas style) $6.00 
• 	 MULTIPLE LUNA.R LANDER $8.00 
• 	SLOT MACHINE $6.00 
• 	 GAME PACKAGE: Russian Roulette. Mad 

Scientist. and ABM $8.00 
Graphics • PICTURE MAKER with AMP'L ANNY $12.00 

• 	GRAPHICS PACKAGE I: Laser Beam. Space 
Shuttle. and Blast Off $10.00 

• 	GRAPHICS PACKAGE II: Rain in Greece. Flea. 
Textwriter. Random Walk $10.00 

Scientific • FOURIER FIT: Does CUNe fitting $15.00 
Systems • RANDOM NUMBER GENERATOR TEST $5.00 

• 	HEX MEMORY LOADER $10.00 
• 	 MEMORY DUMP PROGRAM $10.00 
• 	MEMORY SEARCH $5.00 

All Programs Written in BASIC 

Complete Easy to Read Documentation 


Programs Completely Tested 


SOFTWARE RECORDS 
P.O. BOX 8401 -B 

UNIVERSAL CITY. CA 91608 
(cal residents add 6% sales tax) 

ROBOTICS 

by 

MODCJLAR ROBOTS for 
Industrial and Personal Application 

Send for complete brochure: 

GALLAHER RESEARCH. INC. 
P.O. Box 10767 
Salem Station 
Winston-Salem. N.C. 27108 
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Club meeti ngs are on the first Tuesday 
of eve ry month at 7 PM , and a newsletter is 
being planned. Dues Me $20 fo r· students, 
$25 for nonstuden ts, with group discounts 
ava il ab le on both memberships and com ­
puter time. For mor·e informat ion, write 
Computer Clu b of We stern New York, 
3834 Mai n St, Eggertsvi lie NY 14226. 

BUSS 

Ed ited by Charles Floto, Buss is the 
independent newsletter of Heath Company 
compu ters . It conta in s Heath product 
information and use r· rnports. The co ntact 
addre s for BUSS is Charl es Floto, 325 
Pennsy lva nia Av SE, Wash ington DC 20003. 

COM-3 

COM-3 is a huge newsletter (apprnximate­
ly 45 pages) from Victoria AUSTRALIA. 
Edi ted by Timothy Mowchanu k, this news­
letter covers just about everythin g from cal­
cu lato rs to PROM data rewrites. The name 
COM-3 is taken from the first three letters 
of the words computer, community and 
communication, and symbolizes the growing 
in teraction between these things. To contac t 
COM-3 write to Timothy Mowc hanu k, 
edi tor, c/o Essendon Grammar Schoo l, 
POB 138, Essenclon, Victoria 3040, 
AUSTRALIA. 

Alpha Micro Systems AM-100 User Group 

A program exchange c1 nd month ly news­
letter is being established fo r users, owner·s 
and persons inte rested in the 1".lph ,1 Micro 
Systems AM-100 computer system. 

The newslet ter will co ntai n descr iptions 

of the programs that have been subm itted 
by users. In addi tion, it is planned to in­
clude short announcements of programs that 
are in the process of being developed as well 
as other items of interest. 

The distri bution medium of th e programs 
and th eir su pport files will be via fl oppy 
diskettes written in the IBM comp atible 
AMOS fo rmat. For fu rther information con­
cerning membership and details of program 
submi ss ion con tact Lefford F Lowden , 
616 Long Pond Rel , Rochester NY 1461 2. 

DG Users Group Formed 

An independent users group has been 
fo rm ed to act as a c l earinghous~ for ex­
change of Digital Group information . The 
first issue of the gro up 's newsl etter fea tures 
an eva luation of Micro Com software, an 
interface fo r a Selectric (hardware and 
software), a discuss ion of probl ems in 
expanding past 26 K, a flea market sect ion, 
and so on. For informati on write to DG 
Users Grou p, POB 316, Woodmere NY 
11 598. 

Tri-State Computer Club 

The Tri -State Compu ter Club is a newly 
formed club with one main purpose in mind, 
to provide a co mmo n so urce of info rma tion 
an d help to those interested in co mputers 
and other rel ated equipment. Meet in gs arc 
held every other Tuesday evening at 7: 30 PM 
at 22 Beechurst Av. Anyone interested is 
inv ited to attend. For more informat ion 
contact Rand y Crowe at Rte 3, Box 84, 
Morgantown WV 26505 or phone (304) 
292-191 5 or (304) 292-9700. • 
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MICRO-PROCESSOR PROGRAMS VIA PHONE LINES 

DIAL-A-PROGRAM 
- Why spend t ime waiting for expensive 


software by mail when you can obta in low cost 

software in minutes on our Toll Free Phone Lines . 


- This unique Software Service makes available 

to its subscribers a wide selection of Micro­

Processor Programs via conventiona l phone lines. 


- Th is system is TRS-80 and Kansas City 

Standard compatible. 


- Call Toll Free for More Information between 

9:00 a.m. and 11 :00 p.m. EDT. Fla. residents ca ll 
(904) 269-4406. 

Those Calculating Romans 

Laurence G Dishman 
5525 Metropolitan Pky 
Sterling Heights Ml 48077 

Remember· learning abou t Rom an 
numerals and all the fun you had with the 
ungainly numbers? Now you can let your 
computer have fun with them too 1 The 
program in listing 1 is a 4 function Roman 
numera l ca lcula tor that displ ays inter­
mediate values in Arabic notation. A slash 
(/) preceding a Roman numeral is substi­
lll tcd for a bar above the numeral. The slash 
signifies multiplication by 1000. The pro­
gram was written in North Sta r BAS IC and 
uses the variables shown in tab le l. Tab le 2 
is a brief description of the program. 

Th e examples in l isting 2 are, of course, 
addition, subtraction, mu ltip l ication and 
division . The program prompting is remi ­
niscent of many old mathematics texts 
which are arr·anged as conversations between 
teacher and pupil. One interesti ng aspect of 
the program is that if a nonstandard Roman 
expression is entered in add i tion mode and 
nothing is added to it, the result wil l be a 
Roman expression in standard fo rm . 

I r II I c-. 1.-·(1 7, (1 J 
( i) ~IM N~ ( 40> . N f 4f1 ) 

.~(• F•-•R PI= I F1 4<> \ N'f· ff•J ) ="" \ NFXT PI 

;:(1 Fr<!NT TABC -~·: ::). "(cNTIJRl•)N " 

40 F nR rr n J TO JI FR I NT \ NFXT r1 

':.(I I MF·tJT " F.MTE'R FUN•: TI (>N CA.-; . . M. ( 'l : " . F<t; 

~-.c·1 IF F1- :: "A" TllF.N I :;:r1 

7•) PRINT rtl8( 11)) . "(NTF.R ~ ::: F ( •r.: ·!.UM. " 

::r(1 •:,;:: r"1 

•:"'1f 1 F·RiNT TAf l( J l°I • "/\ (lfl["Nft " . 

1i)1~ • 1·.i:r;11R -:;-:i 1:i 
11 ( • rr N1' :·· '' :;;;;:" T HFl"'J ~.;;;-=.+NI Ft -=r l ~:(1 
1 2(1 (,(1T1- 1 -::J (J 


1?-0 FRINT TABll•)) , ·;. Listing 7: Roman numeral 

14•) A=·;. 

I 5(1 (•Cr:.IJB :.=•5(• mathematics program

16(> PRINT N' 
I 7(1 ·~· C• T 1~1 1·=-120 written in North Star 
1:31) IF F<1; <'.' "S" THF.M ;: (11) 
19 (1 FT'1NT TAF<C J('), "M INt_lf.N[o " BASIC. Listing 7 con­
20 r) ..:.= n 
- 1( 1 t=, 1 -, ~. UB i:; .:;.r, tinues on pages 7 7 0-7 77.
220 ·~ =N Im: rn.w~ ~~r.l I f•) , " '' llr<TRAHfNf• " 

~5t) A= ":.-N 1 

:·t.1:1 F·RINT TA£< CJ r1 J, A ," = 

2 70 ( 0 0 SU8 :3'5 r) 

.?<::.) F'R l NT N$ 


~~~ :~: 1f~T~i"::~~~g II TH~N q 20 

3 10 PRINT TAF<C l (>J,"FA(T(>R " 

32(1 ·=.= r"l 

JJr) (.o·;ul:i 5~0 

';: 4 0 ~-=NI
a5o PRINT TAD(lnJ,"FA(TnR .. 

:.:6'' (,(r;1.1B c;. ·::. o 

;:70 A=:;•N J 

;: ~:(I F'R INT TAf<C 1 '" J. A," = 

::·.4fJ ( •O'::i l.PB :3'5 r) 

4(t(• PR I NT NS 
4 I 0 GOT•) 1·=>?. (!
4 20 IF r$ c :~ ·· o·· THFN 5 4 (1 
4 30 PR I NT TAB I I (1) , "D IV I DEN[• " 
44(1 •=_:! (I 

qso (.oSur:t s~r) 
4(;.0 ·3=NI 
470 PRINT TA E<C !(>J. "DIVI SOR " 
4 :;:1) (·OSUFt 5·:.i l) 
4 '.>0 A=INT(:;:/ Nl ) 
5no PRINT TA9( 1(1),A," 
'5 1o c;o~:tm 850 
':. 20 PRINT N$ 

~~: :;: ~'.~~T2T 1 t~~C 1 7J, " ET TU BRUTE .. . THEN ~-Y'3TEM CRA·:.HES " 
550 C·OTO ! 0:-1_2 (1 
560 f •OTO 590 
570 (.iiTO 750 
':08(1 GOTO J '..""1.:;.(1 
59(1 I NPLtT "ENTF.fi' R(•MAN NI.IMF.RA! : " , Nf' 

M>(I I F N<t; = " = " THEN RETURN 

6 10 FOR P Jn J TO 40\NCF' I 1=0\NfXT P! 
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------ -- - - - - - ---- -

- - ------ --- --
- - - - - - --- - - - - ---- - - - - - - -- -

6 20 N l = O 9 H • GOTO 8 7 (1 
9~. (llisting 7, continued: ~·30 P=l EN(N$) 920 I F A /900000 < 1 THEN 

1, 4 0 F O:•R P ! =P TO I STEP - I n o NS ( P , P+3) = " / C/ M" 
~.5(1 IF Nf. ( P I >= "/ " THEN NEXT r1 '?4 ( 1 A=f't · ·•:1(i (u)(1( 1 
660 GOSIJ8 750 ·~:5(J P=P +4 
b 7(• NEXT P l <)~.o IF A / 5 ( 1( 1(ir)(1 ( l THFN I ( 11)(1 
680 Nl =NC P > 9 7(J Nf. CP ,P+ l l ="/D" 
~.9(1 FOR P l ~P-l TO I STEP ·· I 98(1 A= A - ':; (l(l (U)(l 
700 IF NCP l + l l=O THEN P2 =P l+2 ELSE P2=P ! + l P=P+ '2·.4 •:'11) 

7 10 IF N ( P l >> =N <P2 l THEN NI =NI .. N (P l l ELSE Nl=Nl - N CP ! l I (J(u) I F A I 4 ( 11:1(1(1( 1 I THEN I i"1 4 (1 
720 NEXT P l 1( It 0 N'l CP, P +::< l =" 11'.' t ro " 
78 (1 PR INT TAB C l 5 ) , N$ , .. = " . NI 1 (1 2 (1 A -== A - 4 (H)( 10(1 

7 41) RE TIJRN 10 3(1 P=P+4 
7!3(1 IF NS ( P I , P I ) = " I " THEN N CP I l=l 1 ( 14(1 IF A / l (l(l(t( H) I THEN I (1<:1f1 

760 IF NS CPI , p J ) = " V" THEN N CPI >=5 l 1)51) N$ C P, P• 1 l = " /0:-" 
77(1 IF N$ (PI , P I ) = " X" THEN N CF' I )= 10 I 06(• A=A- I 0 ( 1r)(1( i 
7131) I F N$ (P l , P 1 ) = "L" THEN N CP I >=5 (1 107 (1 P=f.'+ 2 
] C"10 IF Nf.CP ! ,P l >= "r" THEN N C P l ) = 100 10 81) ( , ( 1T L) l ( 14 (1 
::<f)t) I F NS ( P l , P l l = "D " THEN N C Pl )=500 1 1)~1) IF A /9(11)1)(1 ( 1 TllEN 1 1 ;::(1 
8 1(1 I F Nf. CP ! .P l >= " M" THEN N C P l J= J(l(l (I l l (1(1 Nfi <P . F·+;:) =" I X H" 
820 I F Pl= ! THEN RETURN 111 0 A ~A··~ r)( t c'1 (1 
88(1 IF Nfi CP J- J , P l - J J= " /" THEN N C P l ) =NC P ! l • l ( •OO II .CO P=P+ 4 
8 40 RETURN J 1·;:(1 IF A/ i;:i1)f1( H) < I TllUI I 171i 
8 50 Nf.= " 1140 N$(F'o P+ I J= "/L"
860 P= l 1 151) A:.:A- 5(1(H)(• 
87(1 I F A / 1000000 ( l THEN 92(1 I ! (,I) P=P+ .'? 
88 (1 NS CP . P+ l l= " / M" I l 7(1 1r A / 4 4Yir)I) I n 1r N I :·t 1) 
89(1 A=-A - 1 (l(t(lt.1(11) 11 :::(1 N'lo ( P , P +C<) =" ix / I_" 
·~C)(I P=P+~ I 1..-1 (1 A= A - 4 (1 1)4)(1 

Table 7: Variables used in 
Roman mathematics pro­
gram. 

Ta ble 2: Brief description 
of program broken down 
by line number. 

A Intermed iate Arabic value fo r later convers ion to Roman 
F$ Ch arac te r value i nd icat ing funct ion des ired 
N Array holdi ng the Arabic va lue of each Roman numeral i n the expressi on 
N $ A r ray holdi ng the R om an numera l expressi on 
N1 Returned Arab ic number after conversion 
P, P1, P2 Pointer variables 
s Interm ediate Arabic value used in calru lations 

St ~tement Comm~ntary 

1 Sw itches f rom CRT to Pri nter mode in my system. 

10-50 Inputs des ired funct ion . 

60- 530 Based on wh ich function is desi red, the computer call s for the inputt ing of 


a Roman expressio n and ca lls the appropriate sul:l rou t i nes. Then p r ints th e 
val ues and answe r. 

540 If no lega l functi on is inputted, the program aborts. 
560-580 Were used fo r diagnos tics dur ing program prepara t i on . May be om itted. 
590-740 Input R0 man expre~s i ~n and ev3luates it beck to frent using the sub ­

rou t ine at 750. 
750 -840 Checks for val ue of Rom an nuM<iral then chec k to see i f it is preceded by a 

slas h. If so, mulipl ies by 1000. 
850 Set the ou tpu t ar ray equal to 40 b lanks. 
860-1910 Is a common as~emb l y li ne approach t o assembl ing the stand ard Roman 

ex press ion of the Arab ic val ue calc.,1laMd. 
1920 Prints l!F!J " I t is f insihf>d." 
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Listing 7, continued: Listing 2: Examples of the four arithmetic 
functions which are arranged in the form of 

12(H) P=P t-4 Roman mathematics texts. 
J ~ J O I F A/ 10000 ~ 1 THEN 1 ~~0 
1220 NSCP.P+l>='' /X''
12'.::l• A=- A-- l r)r)(1(1 
124 0 P=P+: 

1250 (;(ITO I 2 1 r) 

1 '26(t TF A /~000 <: l THEN l ::: c) (> 

12 70 NSIP,P+2 l= " M/•" EllTfr< FUW'T I ON I A, ·3, M, I) ) : A 

t ~ ::C(1 A•A - ¢(11)(1 F.NTrr; c.' = , r1:1R ·:-1IM . 

f :•9(• F·=F·+ :: AM•ENfl f:'NTl:R RilMAN Ml JM[RAL : ' M/ M/ MMM 1' MI ( 1\I 

1 ?.(H) I F A/5(1(1(1 ~ I THF:N J ~: 4 (• / M/ '1 .' MMMr: ML X I\.' = ~: 1 ' 1(1.-:1-,(.., q 


18 10 NS IP.P• l l="/V" Arinr ~.m NTE'R Rr),.IAN NUMr.Rt-lL : .1 .- / t / t- MM( (V

1320 A=A -·5('1(10 /(/( / ( MMr- r~ 'I :... ::i:1::::1·1') 

t :<·~r) P=P+:t A fl[IE"Nfl r.NT Ii' f«-•MAN NI IMrF·l) t : ! M•: 1 1 

13 4 1) IF A / 4000 C I THEN 1 380 / M( l { = t 1"1(11"1 t (I .-. 

1'350 N'li(P,P+2)•"M/V " 
 Ar•fl[ND nnrr< r;f1MAN Nl_lrlfRAI
13 t.C> A=A - 4000 11 ::1Y;;_-·71 -= / M .' M .' t1 .' Ml (/ i' .. ,- , ,_,( 1· 1_Y'fJ
l ?.71) P=P+~ 11 F£1 
138(1 IF Al 10(1(1 C 1 THEN 1430 
1'<90 NSIP l="M" 
1400 A= A- 1000 
1410 P=P+l r E't' l1 •r r. f 1 •N 
14 20 (;CHO I ::80 
14'30 IF A/9 00 ~ I THEN 14 70 
1440 N'li(P ,P+ll ="CM" 
1450 A= A - ·~ O(r r: f"..trr.R r 1.1,.JC r 11)t1 1A.-:_. r-1 . r1 1 : ·= 
JH.O P=P+.? M J ~JI l[Nfl rtlTFF' R1'1MAN NI 1rirr<AI : Mf Ml x.,'. J I 
14 70 IF A/500 C I THEN 151 0 M•- MI X "~. · I I t -;y7 7 
1480 N'lilPl = "(I" ·:. r rnn;r.itf:NIJ f:NTrr; r;OMAN NUMrRAI : ,. MX•' Jx 
1490 A= A-5(11) (M.'<( I X :• ·~1 ·:0·:;. 

1500 P= P+-1 ·:,7:;: ~ ( Ml X.(I' I I I 
15 10 IF A / 400 C 1 THEN 1550 
1520 NSIP ,P •I l =" C(I " 
153(1 A= A- 4 ( 11) 
15 4 0 P =P+-2 
155(• I F A / 10(1 C I THEN 1600 
1560 NS IPl= " C" 
1570 A= A- 1(1 (1 
J,580 P=P+I 
1590 GOTO 1550 DJTER llJN(T JC•IJ I A .·;- M,[1) : M 
1 ~- r)O IF A /'?I) C 1 THEM 16 4 (1 !ACTOR FNTrR ROMAN Nt~[RN : Mfl ( XJ J 
1610 NSIP,P+ll = " XC " MD( Y. J I = I (. I :: 
I 62fJ A =A- 90 r-AfTf1F\ E" NTF.R R1-1MAN Nl.JM FF<AL : Lv r 
1630 P =P+2 I.V I '06 
164 0 IF A/SO C l THEN l ~.8(• · ~J(1 .~: 7:~ = I / 1- .-( I XXI 1 
1650 N'li lPl="L" OED 
l t. f..O A=A-50 
167(1 P=P• I 
1680 JF A / 40 C I THEN 17 20 
1690 NS (P,P +l ) = "XL" ,· FNTl_IJ;· J C•N 
1700 A= A- 4 0 
171•) P=P+2 
1720 JF A / 10 C I THEN 177(1 
1730 NSIPl ="X " ENTF.R Fl!NCTION <A.·:.• M,fl ) :(I 
174 0 A~A-1 0 D I V JDENfl fNTFR ROMAN M~CRAL : / M/ M/C/ X/ XM / XCCl . V I 
1750 P=P+I / M/ M/ ( / X/XM/ X((LV I E : 1202'06 
l Jt.O GOTO I 7 :~o DIVI SOR fNTf:'R RilMAN Nl~f:'BAL :D X I X 
1770 JF A / 0 C l THEN 18 00 DX IX :.: -:; 1·:, 
178 0 NS IP ,P+ l) =" IX " 4 IC•:: = M/VC I I 
I 790 RETl.IRN 
1800 IF A/5 l THEN 1840 REA[I Y 
18 10 N~( P J = "V" Rl lN 
1820 A =A - 5 
18 '30 P =P+ l U oNTl.IF: I ON 
18 4 0 IF A / 4 C J THEN 1870 
18 50 NSI P,P+l ) • "IV " 
1£:60 RETURN 
18 70 IF A = (I THEN BETllRN ENTER Fl.INC T I(l~J !A .-3 .f1, 0) : A 
188(1 NSIPJ="l" ENTER (' = FOR :.'.IJM. 
189(1 A=A 1 ADflEN[I ENTF.R f1f111AN NUMERAL : CMMML X I X -
t ·?l)O P= P+I r MMML x I x 2c,~.c,E 

19 1 (I GOTO I 8 70 A[l[IHJ[I ENTER R•)MAM Nl)MERAL • ­
19 20 PRINT TABl 30),"0EO" :~'~·"' = MM C ML XIX 
READY ( •ED • 

AAA C.C.C. 6800 Systems Specialists 
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GIMIX®GHOST™ line 

This month's feature : 
16K software addressable STATIC RAM board for the 
SS-50 bus 
• Uses TMS 4044s 
• Fully socketed. 
• Assembled and tested. 
• Separated into 4 independent 4K memory blocks 
• CPU can read status of the software control registers. 
Each block can be: 

Separately addressed 
Separately enabled or disabled~ Separately protected 

Features above are under both software and hardware 
control. 

Facillitates multi-programming and time sharing. $495 

Editor - Text Processor with complete file handling 
capabilities, mailing lists and labels, right and left margin 
justification, up to 10 tabs, block move and copy for 
contract writing, easy enough for your secretary to use. 

$100 

Ask about our programs for payroll $400, inventory 
$400, stock club-market evaluation with tax reports 
$75. Power supply modification kit for SWTPC 
computer $20 

AAA Chicago Computer Center 

Specialists in 6800 Systems 


• Smoke Si!=lnal • SWTPC • Percom 
• GIMIX • Motorola 02 

3007 Y2 W. Waveland Avenue 
Chicago, IL 60618 (312) 539-5833 

Circle 1 on inquiry card. l unr 1918 f) BYTE Publicaf iom Inc 111 

http:XM/XCCl.VI


The HP-67 and HP-97 

Hewlett-Packard's Personal Computers 

Photo 7: The Hewlett­
Pockord HP-67 program­
mable calculator. Magnetic 
cords containing programs 
are inserted into the slot 
on the side of the unit. 
(Photo courtesy He wlett­
Pockord Co.) 

Manufactured by Hewlett-Packard, the 
HP-97 and its software compatible yo unger 
brother the HP-67 are considered by many 
to be two of the best program mable ca lcu la­
tors availab le. 

The HP-97 costs $750, co mpared with 
$450 fo r the HP-67 . Both feat ure a full 
complement of mathematica l functions and 
statistical functions for two sets of variables; 
addit io nal features incl ude: Reverse Polish 

Craig A Pearce 
2529 S Home Av 
Brewy n IL 60402 

Notation; 26 data storage registers (one of 
which is used for ind irect and relative 
addressi ng); register arithmetic; 224 pro ­
gram steps (all fully merged, with no 2 or 3 
keystroke instructions); the ability to record 
programs or data on magnetic cards; a pause 
feature that opens the keyboard up for user 
in put during a ru nning program; and a smart 
ca rd read er. 

Smart Card Reader 

One of the HP-67's most interesting 
features is its "smart" card reader. When a 
card is fed into the unit , the reader begins 
acce pting 28 byte blocks of data from the 
cards. The first block tells the calcu lator if 
the card be ing read is a program card (wh ich 
means the remain ing bytes are to be read 
into program memory), or if the ca rd con­
tains numeri cal data that must be fed into 
the data registers . The card, if it is a program 
card, will also set the display mode (fixed, 
scientific, or engineering, zero throug h nine 
places showi ng), the trigonometry mode 
(degrees, radians or gradians) and the 
calcu lato r's fo ur user flags (on or off) . If side 
2 of the card (conta ining steps 113 through 
224) is fed into the reader first , they wil l be 
placed in t he correct posi tion, just a if sid e 
1 had been fed in first (co ntaining steps 1 
thro ugh 112). When a card like th is exists 
(that is to say, a program is recorded with 
more than 112 steps, or more than o ne side 
of the card). the ca lculator displ ays the word 
"Crd" as a prompt to the user that the 
seco nd side of the card is required . 

The sa me ho ld s true for the data card. 
Sid e 1 contains the contents of the 16 pri­
mary registers. If data is also present in t he 
seco ndary te n reg isters, the user is again 
prompted with "Crd." The contents of these 
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registers are co ntain ed on the seco nd side of 
the data ca rd . 

A card may also contain data on one sid e 
and a program on the other. By placing data 
on side 1 and using a clever tr ick, the user 
can also get "Crd " when read ing in on e of 
these "half and half" card s. The card reader 
mo tor is und er fi rmware contro l and will not 
switch on with a card presen t in the slot, if a 
program is running. However, the user does 
have the keyboard optio n of merging pro­
grams and data, or just feedi ng in 112 steps 
of progra m, under software co ntrol . Thu , 
with a 112 step ca rd in the slot and a 224 
step program running, all the user need do in 
order to feed in (overlay paging) those next 
112 steps is to cal I for the keyboard active 
pause, whi ch will ca use the card reader to 
turn on and feed in that next ca rd. Without 

any user in tervention the HP-97 or HP-67 
can run 336 steps of program auto matica lly. 

The Active Pause 

Ano ther powerfu l feat ure of these cal ­
cu lato rs is the "active pause" feat ure. Pause 
gives the user the abil ity to momentarily 
stop a running program and display the 
answer curre nt ly on t he screen for one 
seco nd or so. It also unlocks the keyboard 
for user u e and accepts any cards fed in at 
th is po int. 

Normally, pressing any key o n an HP pro­
grammable ca lcul ato r causes the program to 
halt im mediately. This is not the case during 
the pause feature . When pausing , any key, 
including one of th ten user definable labe l 
keys, ca n be pressed and that function will 
be carried out. After th is the pause will be 

Photo 2: The Hewlell­
Packard HP-9 7 program­
mable desk top calculator 
with printer. (Photo cour­
tesy Hewlett-Packard Co.) 
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extend ed an additiona l second, and the pro­
gram wi ll then continue. If a user definab le 
key is pressed, that program is ca lled as a 
subroutine (three leve ls of sub rou t ining are 
available on the HP-97 and HP-67), and, if 
that subroutine ends with the "RTN" 
(return) co mmand, program contro l is 
returned to the original pausing point in the 
main rout ine. 

Data Entry Flag 

In add ition to being a general purpose, 
test clearable fl ag, the fourth fl ag (FLG 3) 
is also a data entry f lag. When any of the 
digit keys is pressed , flag 3 switches to the 
on state. Thus the program, if so written, 
can sense the input of data , much like test­
ing the status register on a fu ll blown mi cro­
computer, for keyboard input. 

With thi s flag the user can defi ne the ten 
keys fo r more than one functio n. A simple 

Listing 7: Pinball Wizard, a game for the Hewlett-Packard HP-67 and HP-97 
programmable calculators. 

STEP KEY ENlAY KEY CODE COMMENTS STEP KEV ENTRY KEY COOE COMMENTS ,., C PRAC 16 •• R I -J J 
f • 16-24 n< P n - h.'l nn 
x ~ y - 41 NOTE: . indi­ ""' '"( X=O? l 6- 4J cates th e loca - "° LBL D 2 J J 2 . - 55 t ion of a l abel RCL 1 J6 OJ 
f FRAC 16 44 address. f :<=Oi' 16- 4 3 
STO le: 35 15 GTO (a 22 16 ll 
5 05 1 OJ 
0 00 STO - I 35-4 5 01 

"' •- R " " - -45 
1 01 PRIN'r X -14 
0 00 0 00 
STO A 35 ll STO 0 36 00 
x2 53 oro s 05 
STO C 35 lJ STO 3 35 OJ 
Cl.X -51 LDL f b 2 1 16 12 
sro o 35 00 ( Cl.f 0 16 22 00 
51'0 l " OJ OSP 0 - 6) 00 

51'0 2 35 02 3 03 ,,. -- ' . ,, " 11 ·­ 7 " 07 
LOI. f e 21 16 15 Et:X - 23 
RC L E 36 15 3 03 
9 09 51'0 " 3' OT. 

9 09 oeo LBl. f r­ ,. 21 lJ 

7 07 ! CL r 3 lb 22 0) 
x - 35 RCL l 36 OJ 

f ·· · -
16 .. f X•O? ,._., 

STO E 35 15 CTO f a. 22 16 11 
RTN 24 f PAUSE 16 5 1 

°"' LBL A 21 11 f f1 3 16 2J OJ 
2 02 [ F? 3 16 23 OJ 
STO • l 35-55 01 CTO f r­ ,, 1 6 11 

- 62 1 01 

2 02 otO ·­ - ' "·" Ol 
5 05 OSP 1 -6 J 0 1 
STO - 2 lS-45 02 X~i - 41 
RCL J 36 0 1 LB!. f d 2 1 16 14 
PRINT X - 14 GSB f t? 21 in. '. LBL f a 21 16 11 I 0 1 ... 2 02 . n o 

CHS - 22 v _,_ 
STO I JS 46 ( INT 16 34 
RCL 0 36 00 3 OJ 
s 05 ... - -45 

EEX -2J C X• V"! 16-Jl 

• 04 GTO ( d 22 l& 14 
- 2 4 f X>O? 16-44 

···­ .. ,. ' GTO E 22 15 
STO + 1 35-SS Ol f PAUSE 16 51 ,,. RCL 0 36 00 f X.o;o O? 10-0 1 

f PAUS£ 16 SJ GTO 0 22 00 
~n Il l ,, 4' t r 1 J 16 23 OJ 
LBL C ' 13 f .. '~ ,, Ol 

noo ? -" n? "' GTO n ,, 00 

RCL 2 ]6 02 ri•< _,. 
f ?AUS£ 16 51 f X1'Y? 16 -3 2 

REGISTERS 
0 

l'..::1.:1ml!S I' SSS 1 
3 
balls I' ; 

1 
6 
bonus I' targ e t s 1 

8 1· score 
so 1s• I., I" I" S> I'" I" I.. I" 
• n 

(constant} 11.oo 
0 E 

Se(!d I' used10 (constant) 50 (constant) 

example is the programming of the formula 
distance=rate x time. Each of three keys can 
acce pt data input if the third flag is on; if 
the third flag is off, the key just pressed can 
calculate the unknown variable. This feature 
is indispensible when writing games. 

Other Features 

Naturally the user has the ability to 
manually or automatica ll y record data or 
programs on the 1 by 7 cm program cards. 
A write protect feature is available on the 
cards by clipping off the corners. 

The HP-97 comes with its ow n built in 
thermal pri nter, and can print out the 
disp layed va lue manually or during a ru nn ing 
program without halting it. Because of the 
7 level key buffer, a single print comma nd 
wi ll not even slow down Lhe running 
program. Of course, the buffer works in the 
manual mode as well. The HP-97 can also list 
the co ntents of the 4 level Reverse Polish 
Notation (RPN) stack and give a com plete 
program listing with line number, 
mnemonics, and an o n and off switchab le 
key co de as well. Th ere is even a trace mode 
of operation for program debugging or for 
keepi ng a detailed record of a manual opera· 
tion . A "Normal" position is also avai lable 
to keep a record of al! numbers entered dur­
ing a manual problem alo ng with all the key 
mnemonics, but without the final answer, in 
case the user mig ht want just a keystroke 
record of the steps taken. 

The HP-67 is the pocket version of the 
HP-97. All the fu nctio ns of the HP-97 are 
dup li cated on the H P-67, in cluding the 
print features. When a program with printing 
commands is run on some ca lculators, the 
comma nd s are skipped over as though they 
were NOP when no pr inter is ava ilable. But 
in the same situat ion the HP-67 will pause 
for 5 seco nd s and blink the decimal po int 
to how that a print statement is being 
executed . At this point the user ca n either 
stop the program and hand copy the answer 
disp layed or just let the program run , since 
5 seconds is usu ally enough time to get the 
answer written. 

Although of no use on the H P-67, t he 
paper spaci ng key is provided so that fu ll 
control is possib le when a HP-67 program i 
run on an HP-97. 

Both machines come with huge manuals 
co ntaining some of the clearest, most 
detailed documentation in the program­
mable ca lculator market . A standard "PAC" 
of blank and prerecorded program cards is 
also provided. These prerecorded cards cover 
dozens of var ious app lications and include 
their own manual of several dozen more 
detailed pages. The latter gives programming 
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tips and lists techn iques about how certa in 
of t he prerecorded cards were written . 

As with all of Hewlett-Packard 's ca l­
cu lators, the units run on rec hargable 
nickel cadmium batteries, or from AC 
th rough an adapter that recharges the 
batteries whether the machine is in use or 
not. A carry ing case is also standard with 
the mach ines. 

For all owners who join, an extens ive 
users' library of co ntri buted programs is 
available. A user can send a favo rite brain­
child and get fr ee programs and blank mag­
netic cards in exchange. Even for those who 
do not wr·ite programs the library is of great 
importance, since dozens of widely different 
programming areas are covered . 

HP-65, 67 and 97 owners receive free 
issu es of Key notes, a newsletter edited by 
Henry Horn. Keynotes kee ps the user up 
to date about al l the changes or corrections 
to the several PACs of preprogrammed 
cards avail able, as well as listing some 
of the newer programs submitted between 
library catalog updates. 

Unsupported Features 

A with the HP-65 (and later the Texas 
Inst ruments' SR-52), HP-67 and 97 users 
have managed to locate and use quite a 
number of features that Hew lett Packard 
had no t orig inally intended to document. 

Thro ugh the efforts of Louis Cargile, a 
member of PPC, an independently run users' 
gro up , the limited alphanumerics of the 
machines (both can for m: r, C, o, d, E), 
have been bro ught under user control 
along with the abil ity to view internal 
registers, create moving marquee ty pe dis­
plays , animation and dozens of other 
in genious outputs. Even the hexadecimal 
representations for all the internal codes 
have been mapped and pri nted in PPC 
journal, the newsletter of PPC. These codes 
include the six unused codes, formally 
unavai lable to the user. (The HP-97 and 67 
use 8 bi t instructions, but onl y a tota l of 
250 differe nt comman ds, thu s leavi ng six 
un used .) 

One clever program by Cargile is ca lled 
" lda/Gerald/Ella ." Throu gh the use of an 
alph abetic overlay of the keys it allows the 
'user to spell out mathematical functions and 
comman ds to the units an d car ry on a run ­
ning dia logue with them. 

Exam pie Program 

Of co ur e, the proof of the ability of 
these machines lies in how in tricate a 
program can be run on them. I offer a ver­
sion of a program I wrote , called " Pinball 
Wi zard ," which dup licates many of the 
featu res on a sta nd ard pi nball machi ne 

including dual flipper act io n, out hole 
bonus, and even an o ptio na l tilt feature for 
the wizards among you. It is playab le on 
either the HP-67 or 97, but the keystrokes 
and codes shown in the progra m list ing cor­
respond to those of the HP-97. They can 
all be conve rted over to the HP-67 by us ing 
the manu al's back pages, wh ich list the 
va rious keystroke differences between the 
machines for example, the key sequence: 

f (a shift key) fo llowed by FRAC (frac­
tio nal truncation), wil l be converted to g 

frac onthe67 . 
As always, a card recorded on the 97 will 

show the corrected codes when read into a 
67, and vice versa. 

This art icle by no means explores all the 
intricate and comp lex programming ca p­
abil ities of th e HP-67 and HP-97 , but I hope 
the reader now has a better idea of the 
sophist ication t hese desk top wonders have 
to offer . 

Listing 7, continued: 

Note: PPC (not efflllatad 
with the Hewlett-Packard 
Company) is an Indepen­
dently run users ' group 
started for and by users of 
Hewlett-Packard program­
mable calculators . It is the 
largest calculator club in 
the world, with over 2500 
members worldwide. The 
address is : PPC , Richard J 
Nelson, editor, PPC 
Journal, 2541 W Camden 
Pl , Santa Ana CA 92704. 

ST EP KEY ENTRY KEY CODE CO MMENTSSTEP l'L E'I' eMTRV ll: E'I' COD E COMMENTS 

GTO 0 22 n n f PAUSE 1• " 
n •:o " < 

CHS 
_,, GTO f d 22 16 14 

f xn 16...:.ll_ LBL l .il.QL 
GTO r d 22 I< 14 f f'? 0 16 23 00 

- ~c 21 16 " GTO l 22 01 
J ni '·~ n "· " nn 

t:'."t• v - l< osn 9 - "-l no 

r I N1' 16 14 •rL_a__~J.fL.l.L 
f X:rQ? 16- 4' G'ro D ,, 14 
GTO r b 22 l6 12 LBL l 2 1 DI 

GTO f d ll 16 '" '"' OSP 1 -63 01 
LBI.. t; 2 l 15 ! CLf' 0 16 22 00 

STO 1 35 '" RCL A " 11 
GTO Ii)_ " " G-m n n ,. 
LllL 0 21 00 Ll'IL J 2 1 OJ 
0 OB RCL C 36 13 ,,, 
CHS - 22 RCL A 36 11 
STO r JS 4 6 C1'0 J 22 OJ 
RCL 0 ic on l.BL 4 2 1 0 4 
f ••n> 

,.__,, 
RCL ~ ··"' "'"' 

G'ro 0 22 00 ''° 2 02 
n 5 °' 

STO + J 15·55 0 3 LB.L 3 2 1 01 
OSP 0 - 63 00 GSB f o 2) 16 1 5 
c:·ro r c 22 16 13 x -35 
UlL 0 21 16 l 0 1 

'"' l 01 . - 55 
•> n < n nn f !'NT l• 34 

2 02 x -1' 
STO x 6 15 - 35 06 ~~. " no 
RCL 0 36 00 '"" LBL S 21 05 
f PAUSt: 16 51 RCL B JG 12 
EE• ·" GTO O 22 09 
l n1 LB , , 

"' s·ro - o 135-4 5 06 Lll L 6 21 06 
S'N'l -l­ o I '"-« nn EEX -2)... lo~• n >< no ' n 

If ""'"" ,. " STO + 6 35 - 55 06 
1or1 ,, >< n< RCL C 36 ll 
f X1'0? 16- 42 GTO 9 22 09 
GTO (i) 22 4 5 "' . 7 " 07 
R • - 31 

"'" A 
16 II 

f PAUSE 16 S J f neo 1 ' 1 ,. >< A< 

CTO ( b 22 16 12 -o " no 
UlL q 2 1 00 1 ni 

If r> n 11< '1 nn STO 7 35 07... RCL A 36 ll 1 n 
f f' ? 0 16 23 00 ·~ + 1 " · " 01. -" RCL C 36 13 
~ n " .. GTO ~ 22 09 

STO I 0 J5 · 5S 00 "° LllL 8 2 1 08 
or I ,. "" nr• "' ,,
nN ,. r~ n ,, ,. 
- _,. 
+ -55 

LABELS FU.GS SET STATUS. B IC 
Rrt < 

0 IE 
used 

0 
FLAGS TRIG DISP25< CREDl'f SPECIAL 

' ' ' ' ~ndil qencr 
I ON°"'U SC! d u sed used used - 0 0 Ill 

DEG Ill I FIX 

iut: ho le ' SPECIAL ' roll over 
3 

t11umPCr s ~pin . g ate 
2 - ' 0 6il GRAD 0 SCI 0 

\ick o u t. \xinus adv . ' • , , 0 Ill RAO 0 ENG Q 
1dro T~ t ..:i. r c;i. s l iba-sh o used US P d 

, Q Kl n_O_ 

J un~ 1978 (<'.) BYTE Publi('.Jl li om Inc 115 



Figure 1: Model pinbaf/ 
machine layout used in the 
game of Pinbaff Wizard 
(see listings 1 and 2). 
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Pinball Wizard : 

A Game for the HP-6 7 and HP-97 


This program dup li cates the play of 
standard pinball machines including features 
like out hole bonu s points, "Special" for 
higher scoring, two thumper-bumpers, a 
spinner gate, three drop targets for a free 
ba ll, bonus advance ro ll ' overs, kick out 
holes, two flippers, and a ti lt option for 
pu tting the ball into play in two out of three 
chances. The program is mea nt to be left 
running at all times, with all input from the 

'~~'
 

user occuring during the active keyboard 
pause feature of the HP-67 or H P-97. 

There are eight different scoring devices 
on the play field (see figure 1) and each 
device is given an identification number. 
When a score is made on a device , the dis ­
play pauses twice, showing the amount of 
points just made to the left of the decimal 
point, and the device identification number 
to the right of the decimal point . The 
score to the left of the point is added to the 
player's total score, which will be displayed 
at the end of each round of pl ay. The 
various devices are: 

Device #1: Consists of two sta r roll overs 
(buttons) on the play fie ld which , when hit, 
will add ten points to the player's score and 
switch on the "Special" scoring (wh ich is 
indicated by turning on all the trailing zeroes 
after the device ID number). When this 
occurs, all devices so listed will score ten 
times higher than normal. Hitting device 
#1 repeatedly will alternately switch the 
Special scoring on and off. 

Device #2 : Consists of two top roll over 
lanes which score either 100 (or 1000 points 
if Special is lit) , and advance the out hol e 
bonus by 1000 points . 

Device #3 : Consists of two thumper (jet) 
bumpers. Each scores 100 points (or 1000 
when Special is lit) whenever the "ball" 
strikes them . The ball can bounce be­
tween them up to ten times, so scores 
from 100 to 1000 ( 1 000 to 10, 000) can 
be made. 

Device #4: This is a spinner gate that will 
score 50 (or 500 points for Special) each 
time it spins one turn. The gate can spin 
from one to 25 times. 

Device #5: Consists of two kick out holes 
where the ball drops in , scores either 50 
(or 500 points again depending on the state 
of Special), and is kicked back out. 

Device #6: Consists of two bonus advance 
roll over sta rs and functions in the same 
manner as device number 2. 

Device # 7: Consists of three drop targets. 
Each time device 7 is hit, one target drops 
away and the player receives ten points 
added to his score. On the third hit, how­
ever, the player receives 100 points and is 
credited with a free ball. The targets are 
reset to try again. Special scoring increases 
the point value by ten times. 

Device #8: Consists merely of two slingshot 
kicke rs giving a score of only ten points, 
whether or not Special is lit. 

A "O" on the display means that the bal l 



has rolled past the flippers and through 
the out hole. At this point the player's 
score so far is shown on the display and 
the out hole bonus points accumulated dur­
ing the game are added onto the player's 
score, 1000 points at a time. The display 
pauses for viewing each time. At the end 
of this scoring, the final total , is flashed 
once more and the display goes back to 
blinking the remaining number of balls 
(if any) in t he game. If none remain, the 
final score is flashed. If Special was lit 
when the ball rolled out, the out hole 
bonus is doubled. 

To shoot a ball, the player keys the 
decimal point (.) when the remaining num­
ber of bal Is left to play is flashed on the 
display. 

Pressing key "A" adds two games to 
the "credit wheel" and deducts 25¢ from 
the player's cash register (no pun intended). 
The amount of money spent can be viewed 
by pressing key "C" during a pause at 
any time. 

Pressing key "B" deducts a game from 
the credit wheel, and starts a new game. 

Caveats 

If a " - 1" shows on the display, it means 
that the ball has reached the left flipper and 
requires the user to key in a "1" (pressing 
the left flipper button) in one second or the 
ba ll will roll out . Likewise, if a " - 3" is 
displayed, the ball is at the right flipper, and 
requires an immediate input of the digit 
"3" from the user, or again the ball will roll 
out through the out hole. 

When a " - 2" appears on the display, it 
means the ball will miss both flippers, but 
the user has the option of keying in a "2" 
which effectly will "tilt" the machine, and, 
in two out of three cases, put the ball back 
in play. Be warned, however ! If you should 
fail in the tilt attempt (t hat is, the machine 
has been ti lted), you lose all collected bonus 
points and the next ball is immediately 
displayed, without a score review. 

For each 50,000 points made, the player 
is credited with a free game. When a score 
over 50,000 is made, please refrain from 
pressing the "A" key. 

Special note: If, on the first ball , before 
any score is made, you should lose the ball, 
it will be returned to you for reshooting, 
as in most pinball machines. (A fai lure at 
a tilt will not return the ball, however.) 

Example of Play: 

• Initialize game by inputting a seed 
number such that O<seed<l. For this 
exam pie, let's use 0.1541790869 . 
•Press: RTN 	 R/S Displaywillflash"O ." 

• Obtain credit of two games and spend 
one quarter: press A . (A "2" will be 
displayed, confirming a credit of two games.) 
• Start first game: press B . (A "1 " is 
displayed to show that there is one game 
remaining. Next, 5 is flashed on the display 
to show that there are five balls left to 
shoot.) 
• Shoot first ball: press · . See displayed: 

50.5 	 (50 points on a kick out 
hole) 

10.10000000 (10 points and Special is 
on) 

1000.60000000 (device 6 advances bonus 
and gives player 1000 
points) 

-	 2.00000000 (a tilt option has come 
up) 

Try tilting the machine by inputting a 2 
from the keyboard during the pause 
window. A flashing 4 will be displayed to 
show that there are four balls remaining to 
shoot. The machine was tilted and all 
bonus points were lost. 

You can continue to play out this game 
in the same manner . Good luck.• 

STEP lNSTRUCTIONS 

l Enter proq.ram 

2 Input seed ~ such that O< lsl<l 

J To obtain credit of 2 additional games (and 

snend 25( ' 
The nwnber printed/paused will show the 

num.ber of aa.me:s the olaver has credit for.-
4 To start one oame (which is deduc::tetl from the 

credit re9i9tcr) : 

The fi.nt number printed/paused will be th• 

re.maininq qarnes l eft. The next number fla5hed 

will be the rernaininq bal le left t.o shoot. 

' .,,n ~h...__._ ~ . . .. - .... ~• h;!o 1 I rl "c;:n. l .. ••Ad ...ll.... • na a 1 

second pause 'window': 

,.s~--< nn · --~ na AC ..J · ---l i... . .:I ; n .. 1. .... - - - ... -~--
deacr i Ption on the previous paqes. 

6 "'1en • -1' is displayed, to use the left flippe1 

durincr a l second nause 'window' inout: 

-OR­

h ~--
._,. 

• i:i d isplayed. to us.e_th_P ... ~ ..~ .. f <l. ............ 

durina a l second oauee 'window', inout: 

-OR­

~ W'h ...n '-">' " .fL.disg:la~ed. ta at tcm,pt ta 't "l ... 

the machine and chance puttinq the 'ball' 

back in play, input: 

If the tilt was successful the scorina will 

continue. If the machine 'tilted' the 

remainina number of balls wil l be flashed 
( i f any) or the final score "Will be flash­

ed if the aa.me is over. 

7 To shoot an,.. c-emain ina balls qo to 5tep 5 .. 

8 If no balls remain to start a new crame QO to 

steo 4 . 
q If rio aames remain on the 'credit wheel• ao 

........ .,, .... e.P.-3 ... --Ind icates a printed number , o n the: 97 or a 

- ··-k-.r na.u:;ie.J ~ .... -.l ,,..nn .. i..A.,._7, 

• --Indicates a numbe_r flashed (n.au.se:d for l sec. l 

INPUT KEVS 
OUTPUT 

OATA/UNITS OATA.IUNITS 

I I I·-
seed I RTN I R/S I 0 • 

I I I 
I A I I 2 ... 
I I I 
I I I 
I I I 
I B I l ... 
I I s • 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I l I 
I I I 
I I I 
I J I I 
I I I 
I I I 
I I I 
I 2 I I 
I I I 
I I l 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

(Note: Pinball Wizard is re­
printed with the permission of 
PPC.) 

Listing 2: User instructions 
for Pinball Wizard. 
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Z-80 Programming Manual (publication 

number MK78515) 

MOSTEK 
Carrollton TX 75006 

300 pages 

$7.50 


Although much has been published about 
the differences between the Z·80 and the 
8080, the Z-80 Programming Manual is the 
first reference I have found that gives a 
detailed descr iption of all the Z-80 in struc­
tions. The bulk of the book consists of one 
or two pages of description fo r each instrnc­
t ion . The preface accurately notes thaL th is 
book is fo r those with some programming 
experience. It will not teach you when to 

· 	use a certain instruction ; rather it wi ll con­
firm exactly what an instru ctio n does. 

When this manu al arr ived I was struggl ing 
to use the block sea rch inst ructio n for- the 
fir st time. The detailed explanatio n of the 
instruction sequence and a detailed exarnp le 
are a far cry from the terse description in 

the Z-80 Technical Manual. In contrast, the 
explicitness of MOSTEK's programming 
manual continues to the level of trivi al ity 
required to work at machine level coding. 
One note points out that the instruction 
"EX AF, AF' "does indeed mean exchange 
registers A and F with registers A' and F'. 
MOSTEK states that this manual is the stan· 
dard fo r Z·80 assembly language. 

There is no descript ion of hardwar·e 
other than a brief outl ine of the archi· 
tecture. The printing is on ly of fa ir quality 
and the book is not an eye catcher. How ­
ever, for those programming in an iso lated 
environment, with no one near·by to quibb le 
on fine po ints, this book will prove Lo be a 
useful source . 

If it i not ava il able at yom local com­
puter store, it should be ava il ab le from 
your nearest MOST EK dis tri bu tor. 

David Clapp 
POB 111 
Wellsville PA 17365• 

BASIC is BASIC is ••• 

And BASIC does what it should. But if you're ready to step up 

from Beginner's All-purpose Symbolic Instruction Code, look 

at OPUS, the high· level 8080/280 language from AS.I. .. . roots 

in BASIC, but designed for business applications. OPUS gives 

you the capabilities you need, like extended precision, string 

handling, and easy formatting. OPUS/TWO takes up where 

OPUS/ ONE leaves off, allowing subroutines, overlays, and 

extended disc file management. 


But we didn't stop there. OPUS programs and data are 

directly upward-compatible, all the way up through TEMPOS, 

A.S.L's multi-user, multi-tasking operating system. 


Ask your dealer, or contact A.S.I. We'd like to tell you more. 

OPUS/ ONE . . . . . . . . . . $99.00 OPUS/ TWO ... .. . .... $195.00 
s.o.s. . ... ............ $385.00 TEMPOS ... ....... ... $785.00 


ORDER A MANUAL NOW and we' ll apply the price 
toward your software purchase.

f~-•o ADMINISTRATIVE SYSTEMS, INC. 
OPUS User's Manual . .. . . , . .. ........... . ... $12.50
IEJEJEJ 222 Milwaukee, Suite 102 S ,O.S. Manual Set (includes OPUS Manual) .... . $20.00 
TEMPOS Manual Set (inc ludes OPUS Manual) . . $20.00 1~ · Denver, CO 80206 (303) 321-2473 

MASTER CHARGE and VISA accepted.2 10 
Add $1.50 per manual (set) for shipping/handling in U.S . 
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Motorola 6800 Microprocessor Course 
Technical Training Departm ent 
Mail Stop 56- 773 
Motorola Semiconductor 
5005 McDowell Rd 
Phoenix AZ 85003 
$25 (1-9 copies); $20 (more than 70) 

The Motorola 6800 microprocessor course 
is the 3 ring notebook used at the 3 day 
seminars given by Moto rola. For those of 
us who don't have $400 to spend on learn­
ing about the 6800 by attending the seminars, 
this $25 book is a reasonab le alte rn ative. 

The first part of the book consists of sec­
tions on number systems, the 6800 proc­
essor, programmab le and read only memory, 
the 6820 peripheral in terface adapter, and 
a discussion of the six addressing modes 
used by the 6800. Follow ing this is a section 
on assembler techniques and sections which 
contain various samp le programs. This part 
of the manua l, along with the 6800 program­
ming manual, should get you up to speed 
on 6800 assembly language programm ing 

if you have backgrou nd in another assembly 
la nguage. 

The remainder of the manual is con­
cerned wi Lh hardware design. There is a 
section on system co nfiguration fo llowed by 
the data sheets on al l the 6800 family 
chips, some other integrated circu its used 
in most systems, and a copy of the M6800 
EXO Reiser users guide. Also included is 
an M6800 reference card and a pad of 
graph pape r'. 

Who sho ul d buy th is book? If you are 
serio usly looking at a 6800 system or have 
a system and want to start assemb ly lan­
guage work with it, th is book contains a 
lot of good information. Also, if you plan to 
do yoLJr own hardware des ign, th is book 
would be very helpful. Those people who 
already own a SwTPC system have most of 
th is in formation in the documentation 
package which comes with the system . 

Phil Hughes 
POB 2847 
Olympia WA 98507• 

FASTEST KIT IN TOWNI 

Just pliers and screwdriver ... no soldering! 

Now just plug it in and turn it on! 
Ask your Dad to buy one at your local computer store. 

~ 
Hazeltine w

Hazeltlne Puts Performance Into Economy Terminals. Hazeltine Corporation, Greenlawn, N.Y. 11740 
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The 

GENERAL 

IS COMING 

The Computer Mart of Massachusetts proudly announ­
ces the advent of a major new microcomputor system : 
the General from Technical Design Laboratories. 

The General is a complele floppy disk - based syslem wllh a buill 1n 
CRT, keyboard , and plen ty of RAM a~d ROM memory. II comes fuffy 

assembled, tesled and burned In, with aff components In a single 

caboneI. 

The General is a genera l purpose programming sys1em with 
1op-rank ing hardware and soflware...al an affordable price. In facl , II 

has the best price / performance ra t io of any d isk-based system on th e 
markel. 

To assure a steady supply for our customers. 1he Computer Man has 
purchased a significan l ponion o f TDL's p lanned produc1 ion. However, 

we expect lhese unlls 10 sell very las1. so place your o rder ear ly lor 

early delivery . We are making 1he General available for mail order, and 

have a special Buyer Pro tect ion Plan to help guarantee satis facti on lor 

our mail order cus1omers. 

PRELIMINARY FEATURES ( PARTIAL LISTING) : 

COST: $ 3 500 (approx .) 

SPECIAL INTRODUCTORY OFFER : 5% off 101 pre--pa1d 

orders placea before Augusl 15, 197B 

DELIVERY: Firs1 uni1s ..Augus1 t, 197B 

HARDWARE: 
• 4MHz Z-BOA CPU 

• 32K RAM memory 

• 80x25 upper/lower case video wllh high resolu l1 on graphics 
• 12" bu ilt in high reso lulion video monllor 


• one floppy disk - capacity 350,000 bytes (2nd disk optional) 

• one serial port , two para llel pons 


• 	high guality keyboard w ith cursor conlrols. numeric pad and I unction 

keys 

SOFTWARE: 

• TDL's new disk BASIC with extensive data file handl ing 
• TDL's new WORD PROCESSOR wi th lull screen ediling 

•Optional : assembler. edllor,debugger e1c . 

PERIPHERAL SUPPORT: 

• low cost dol matri x printer 
• X, Y Plotter 
• Dlab lo Hytype II printer 

FOR MORE DETAILS: on the General, the special introduc1ory o ff er, 
and our Buyer Pro tection Plan , contact: 

Computer Mart of Massachusetts 

1097 Lexington St ., Waltham Mass ., 02154 


(617) 899-4540 


"We carry the larges! selection of microcomputer systems of any 

compu ter retailer in New England."' 

Continued from page 6 

tables and reverse Polish operand notation 
for use on hi s personal computers. What sui-­
prised me to no end, though, was when I 
hea rd from him words to the effect that, 
"With this language we 've developed no one 
would rea ll y ever need more th an 16 K byte~ 
of memory." 

It sou nded vaguely fa milia r, as if the engi­
neer's statement had merely been upd ated 
by a hexadecimal order of magnitude. (Of 
cou rse the particu lar system involved d id use 
a floppy disk secondary storage medium , so 
the memory limit of 16 K obvious ly applied 
onl y to resident capacity. ) 

Reflecting on both of these incidents, it 
is obvious that memory as a resource has be­
come quite inexpensive yet people do not 
ful ly real ize qu ite how inex pensive it has 
really become. Both points of view are in a 
sense equal ly valid, bu t based upon an eco­
nom ic im pression formed when memory 
was dear and had to be economized much 
more than is curre ntl y the case. 

Ten years ago people were still se r"iously 
talking about the expense of semiconducto r 
memory re lative to the exis ting core mem­
ory technology. Would sem iconductor mem ­
ory really catch on? Could it be made for 
the same price of core? Core memory, as a 
tec hnology, has in many respects gone the 
way of the buggy whips in the automob il e 
era. Except for the limited contexts in which 
its nonvolatil ity is useful, I would be sur­
prised to find any engineer seriously con­
si dering it fo r a new des ign in view of the 
cost sav in gs to be attained by using semicon­
ductor memo ry parts. Semiconductor mem­
ory is basically a mass prod uction i tern by 
comparison with core. The number of 
delicate manua l operations required is inde­
pendent of the num ber of bits for the most 
part, depending only on the number of pins 
in th e package; for core memory, virtually 
every bi t required a manual operation of 
some fo rm dur ing assembly by stringing 
cores on wires in a complica ted braided 
pattern. The mass production of memory 
using silicon technology has changed the 
whole attitude which is app ropriate toward 
memory as a system resource. 

In short the era of memory riches is now 
upon us. All it takes now to add 16 K bytes 
of dyn amic memory to a system is eigh t 
integrated circu its at a price of about $50 
per ci rcui t in small quantities, and in another 
year the prices will be even lower as the 
parts progress further on the " learnin g 
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curve" of semicon ductor man ufacturers . We new Zilog 28000 may have some 23 bits 
find the single board mic rocomputer of con­
te mporary "state of the art" design supplies 
enough socke ts (both for read only and for 
volatile memory) to completely fill address 
space in a typical 8 bit microprocessor's 
design. And the trend toward lower cost wil l 
continue, of course, as the technology of the 
64 K bit memory chip ap proaches market­
ability. 

Reflecting this change in costs, the newer 
microprocesso r designs are taki ng into ac­
count the need for additi onal memory ad­
dress space so th at more memory than 64 K 
bytes can be empl oyed. The second genera­
ti on 6800, 6502, 8080 and Z-80 machines 
are proving easy to saturate now th at per­
sonal comp ute rs are us ing these processors as 
general purpose machin es. As a res ul t of this 
saturation, we find , fo r exam ple, that th e 
new In tel 8086 design i capable of add ress­
ing 20 bits worth of memory address space 
(mo re th an one milli on bytes). As was 
strongly hin ted at a recent IEEE Compea n 
sess ion on microprocessor architecture, th e 

wor·th of address space in its radical new 
design, al lowin g some eigh t million bytes of 
memo r·y if one cares to implement it. 

By this Lime, three years from now, I can 
almost expect the $50 memory chip to have 
64 K bits capacity. The person al computer 
of 1981 an d 1982 wil l have one processor, 
one vid eo display and keyboard interface 
chip, one floppy disk control ler chip, eight 
64 K memory chips, and one read only 
memory chip with a kernel of systems soft­
ware in cludin g a P-code interpreter. Based 
on information from various manu facturers, 
we ca n expect th is dua l m inifloppy disk sys­
tem with 64 K memory sti ll to retail at 
aro un d $2000 con tinu ing the deflationary 
growth of the personal com puter field. With 
a total of only about 12 integrated ci rcuits, 
the electronics will certain ly be simple 
enough. And re turn ing to the theme which 
started th is commen tary, if you have 64 K 
availab le, I guarantee that as a user your 
progra ms and data wil l ex pand to fi ll the 
availa ble memory. • 

THE MICRO THAT DWARFS 
THE COMPETITION 

PASCAL 
Here at lost is 

your chance to see 

and operate a full 

PASCAL compiler/ 

interpreter worl ~ing 

with on 8085 CPU. 

• Ful l language 
implementation 

• Fast compiler (7 50 lpm) 

• Powerful debugging tools 

THE PROGRAMMERS WORKOE NCH!!! 

f\ORTHWES~RCXOMPUTER 
SYSTEMS 

Main Office 

121 EAST ELEVENTH AVE. 
EUGENE. OREGON 9740 1 

PHONE (50.3) 485­0626 

See us at the 

Pe rsona l Computing 

Festival at N.C. C. in Anahe im! 

85/P = 8085 + PASCAL 

Circle 286 on inquiry card . June 197 (>) UYTE Public,uions Inc 121 



Fun and Games 


lrom BITS 


101 BASIC Computer Games by 
David Ahl. A treasure store of games and 
simulations, 101 al l written in BASIC. It 
contains both a complete listing and a 
sample run, along with a descriptive 
write-up. 256 pages, $7.50. 

What to Do After You Hit Return 
or PCC's First Book of Computer 

Games. This is PCC's first book of 
computer games, a compendium which 
includes descriptions of numerous 
games, and listings of 37 se lected BASIC 
games. New second edition, $8. 

BITS Inc 
70 Main St 
Peterborough NH 03458 

For ease in orderi'1g, please use the 
cou pon on page 96, writing in the names 
of the books you want. Dial your bank 
card orders on the BITS to ll free hot 
line : 1·800-258-5477 

Please note that processing may exceed 
30 days in unusual cases. 

An APL Interpreter: Further Thoughts 


Tom Brightman 
Texas Instruments 
504 Totten Pond Rd 
Waltham MA 02154 

OHlER S 

YES 

LOOKUP 

(S (J) • 
MOPTAB, Z) 

YES 
OOPCHK 

L OOK UP 

IS(J I, 
REOTAB , Zl 

MONREF 

(J, I , KI 

YES 

SP(ll.C-4 

Here is a possible solution to the problem 
of resolving monadic, dyadic, and reduction 
operation references in Mike Wimbl e 's article 
"An APL Interpreter For Microcomputers, 
Part 1," August 1977 BYTE, page 6 2. Tne 
subroutine MONREF has been added to 
perform context checking for operator 
references. MONREF returns its third call 
parameter =0 for dyadic contexts and = 1 
for monadic contexts. 

Since most reductions are monadic, the 
logic enclosed requires reductions to occur 
in a monadic context. However, ceiling, 
floor, and log reductions could be meaning­
ful (and legal) in a dyadic context. They can 
be implemented simply by checking for 
appropriate tokens at the point marked 
ERROR Zin the figure.• 

DOPCHK 

MON REF 

(J, I, Kl 

YES 
ERROR Y 

I NV A L I 0 
REDUCTION 
OPERATOR 

YES 
ERROR Z 

DYAD I C 
REDUCTION 
REFERENCE 

SP(!). c ­ 5 

SPl!l.P-z 
, ....._ . + t 

J4--J+ I 

IP 
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DOPCHK 

LOOKUP 

(S(J l ' 
DQPTA B, Z) 

YES 
CARR ET 

YES 

LOOKU P 

(S(J), 
CHAR TAB , Z l MONR EF 

(I , J, K) 

YES 
ER RO R 4 

YES 

SP(l),C- 7 
SP(J ).P - S(J) 

I• I+ I 
J =J + I 

SP( l ).C•& 
SP(!). P•Z

ERROR X 

MONADIC REF 
TO DYADIC OP. 

IP 

MONREF 

YES 

LOOK UP 

( 5( J ­ 1I, 
SP ECTAB, Kl 

K +- 0 

YES 

NO 

RETU RN 

now 

SOBT 

with 

CP/B* 


IN CUSTOMER USE FOR 

OVER ONE YEAR 


Fu ll f ile sort for variable length records, 
arbitrary length key(s) . Ascending or 
descending order. 

Single-key 

Multi-key 

Runs on 16K or larger system. Uses all 
available memory. 

FILE INDEX 
Produce cross-index of file names 
sorted alphabetically across all diskettes 
in a collection . 

To order or for more mformat1on, write 

21>0 She ridan Ave n u e 

Pa lo Alto , Ci\ 94306 

14151 324-88.'iO 

Please provide your CPI M Serial # 

Californ ia purchasers add Sales Tax 

Pre-paid only. Immediate delivery. 


Dealer inqu.-rie$ invited 

'CP/M is a trademark of Digital Research 
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IP•l(l' l8~ffit'.-:~DM "ll:B~ 

TRS-80 I 
SOFTWARE EXCHANGE I 

SOLICIT I NG: 
User prepared software in RS Basic Level I or II 

READY to LOAD. 

I 
Topics-Any that you fee l would be of interest to 

others . 

COMPENSATION : 
In 	 descending order of preferenc e, and genera ity. 

and ascending order of quality s randords applied 
services , or comissions, or cash . 

APPLICATIONS : 
Accepted programs are ca talogued and grouped in 

logical categories into volumes (60 minute tapes) for 
loan . 

MECHANIC OF SERVICE : 
· Volumes will be LENT for 3 week periods (including 

time in the mails) . 
Deposit $20 for each volume borrowed . Deposit re ­

funded , less any late charges when cassette is re ­
twned. 

Usage Fee of $3 (not refunded) for each volume 
borrowed. 


Sample catalog o f software upon request. 

Catalog subscription $3 per year . 


Write: TRS-80 SOFTWARE EXCHANGE 
17 Briar Cliff Drive 

Milford, N. H. 03055 
.....al9ft1&J~..lfliJa..115!1iOll9lf~...W~•%:~ISIW!lai• 

KIMSI 


The KIM to S-100 bus 
Interface/Motherboard 

• Combines the power of the 6502 with the flexibility of 
the S-100 bus 

• Attaches to any unmodified KIM 
• Complete interface logic and fully buffered motherboard 

in one unit 
• On-board regulation of power for KIM 
• 	Eight slots of S-100 compatibility for additional RAM, 

Video and 1/0 boards, PROM Programmers , Speech 
processors .. . 

• Includes all parts, sockets for I Cs, one 100 pin connedor, 
and full Assembly/Operating documentation 

•Kit $125, Assembled $165 
• All units shipped from stock 

FORETHOUGHT PRODUCTS 
P.O. Box 386-F ~ 

Coburg, OR 97401 ~ 

-

The Importance 


of Choice of Languages 


l R Maccallum, Senior Lecturer 
Dept of Computer Science 
University of Essex 
Wivenhoe Park 
Colchester C04 3SQ ENGLAND 

It is good to see that structured program­
ming is permeating the field of persona\ 
computing. However, David Higgins 
(October 1977 BYTE, page 147) should 
rea lly know better than to reduce Di jkstra 's 
contribution to the art of programming to 
a statement that "(he) simply observed that 
the more GOTOs th at were in a program, th e 
less Ii kely it was to run correctly." 

I doubt whether the great man himself 
ever uttered such words. What he did say, in 
a ce lebrated letter to the editor of the 
Communications of the A CM (March 1969) 
was that "For a number of years I have 
been familiar with the observation that the 
quality of programmers is a decreas in g 
function of the density of GOTO statements 
in the programs they produce." Please note, 
Mr Higgins, that with 11 GOTOs in your 
Bug Program, Dijkstra's remarks cast doubt, 
not upon the quality of your program, but 
upon you! There have been reams of corres ­
pondence around the world on the vexed 
qu estion of GOTOs, most of which , I 
beli eve, was settled by Donald Knuth in 
his constructive article in the December 
1974 edition of ACM Computing Sutveys, 
entitled, "Structured Programming with 
GOTO Statements." 

To leave the matte r there wou ld ignore 
Di jkstra 's principal contribution to the art 
of programming. In 1972 in a paper which 
forms part of the book Structured Pro­
gramming (Academic Press), he discusses 
at great length, and with deep insigh t, the 
methods of top down step-wise program 
construction. The principals which he 
described, and the set of primitive control 
func tion s which he advocated have had a 
profound influence on modern high level 
programming languages. What Warnier and 
Orr have done is simply to offer a notation 
for writing down the top down step-wise 
construction of a program. Th is notation 
is not unique. Michael Jackson's approach 
is similar, but his diagrams are rotated 
through 90'. 

Finall y, I believe your readers should 
be warned concerning the choice of lan­
guage. David Higgins suggests that it does 
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not matter. It does. He ought to be the first 
to admit that his Bug Program would have 
looked far better in ALGOL or PL/I, 
where the use of compound statements 
would have removed th e necessity for his 
GOTOs, and would have resulted in a pro­
gram rather closer to the Warnier-Orr 
di agram. When personal computers are 
offered with a richer selection of languages, 
the "structured" programmer would do well 
to select his or her language with due care. • 

Toward a Common 

Pseudocode 

for Expression 

of 	Programs 

Richard Wingerter 
1780 Westwood Av 
Alliance OH 44601 

I have been reading with interest the 
" flurry" of articles and correspondence con­
cerning languages for small computers. I 
would like to pass on to readers some hints 
which I 've pi cked up from literature that 
might be helpful in choosing a language, 
designing a language, or even using a language . 

A large amount of work has been done in 
computer language design. One of the results 
of th is work is the Revised Report on the 
Algorithmic Language ALGOL 68 (A van 
Wijngaarden et al, Sp ringer Verlag, New 
York, 1976). Whil e we don 't, of course, 
need to adopt al l of their concl usions, ie: 
ALGOL 68, we might wish to cons ider 
several criteria they enumerate, especiall y 
if we design a langu age from scratch (as 
Glen Taylor suggested in November 1977 
BYTE). They accepted the following aims : 

1. 	Completeness and clarity. of descrip ­
tion 

2. Orthogonal design 
3. Security 
4. Efficiency 
5. Static mode checking 
6. Mode independent parsing 
7. Independent compi lation 
8. 	 Loop optimization 
9. 	 Representations made possible in a 

minimal character set 

In other words, a com puter language 
should be simple and clear (1). I t should be 

We speak your
language 
And we're giving you what you want. 
•a comprehensive product llne. Hardware, assembled or 
kits , and software from major manufacturers. Plus books and 
current literature. Financing available. 
• a trained, enthusiastic staff. We'll help you choose or 
design the system that's right for you. No high pressure here. 
• service when you need it. We won't sell you something 
we can't keep running .~ 

l/l#fi"~) 	 •a brand new facility 
in Pennsylvania. 

I 	 We 'll be able to 
serve our South Jersey­
Pennsylvania customers 
more efficiently now. 
• a bigger, better New 
Jersey store. We've 
enlarged our showroom 
in lselin. Now there are 
more displays you can 

_ try out. There's more 
- room to stock the 

products you need. 

The Microcomputer People .•• 

Computer Mart of New Jersey 
_ _...., Computer Mart of Pennsylvania 

Pennsylvania Store 
550 DeKalb Pike 
King of Pru ssia, PA 19406 
215-265-2580 
Tue.· Thur. 11 :00-9:00 
Fri. & Sat . 10:00-6:00 

(our only loca1 1ons) 

New Jersey Store 
501Route27 
lselin . NJ 08830 
20 1·283-0600 
Tue Sat. 10:00-6:00 
rue & Thur. ti/ 9:00 

Our new Model 60 packs in 
the most testing capabilities 


per dollar cost. PJnpoints the source of trouble be­

tween the MODEM and TERMINAL. Provides access 

to all 25 lines of the EIA RS 232 interface. Has 12 

monitoring LED's plus two voltage-sensing LED's. 24 

miniature switches allow isolated testing and observa­

tion of all signals . Mini-jumpers included for 

crosspatching and signal monitoring . Sturdy 10 oz. 

unit has hard plastic INTERNATIONAL 
case , and 1s battery DATA 
powered. Immediate SCIENCES, INC 
delivery. fl(NANCWr~S>N OMAC~IO'<S 

100 Nashua St.. Prov.. R.I. 02904. Tel. (401) 274-5100. TWX 710-381-0285 


EXPORT: EMEC. BOX 1285, HALLANDALE. FLORIDA 33009 
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LSl-11 TIME 


It's TIME you brought your LSl -11 up to DATE. TIME and 

DATE, two important parameters In the computer world, are 

available to your LSl -11 on one DUAL SIZE BOARD. When 

requested , the TCU-500 will present you with the date (month 

and day), time (hour and minutes). and seconds. Turn your 

computer off and forget about the time - your battery sup ­

ported TCU-500 won't , not for 3 months anyway . The correct 

date and time will be there when you power up . 

The TCU-500 is shipped preset to your local time, but can be set 

lo any time you want by a simple software routine . 

AT $295 

YOU CAN'T AFFORD TO IGNORE TIME 


Time is only one way we can help you upgrade your LSI· 11 or 

PDP-11 system. We'd also like to tell you about the others. So 

contact Digital Pathways if you're into -ll's. We are too. 

~.E.T. (]lJM~UTE~ 

~ commodor-e 

rJ' ·. . 
li 
. 

•.· . 

0;:.f, , '" ~~ 
"'7ilfa'. j • .._..;::.11 

...._ ,., _.­1 

Personal Computer 

Only*7YS 

BK RAM 

• MOS 6502 Microprocessor Controlled 
• Integrated CRT. ASCII Keyboard/Cassette
• Fu ll SK Extended BASIC in ROM 
• SK !Standard) to 32K RAM Expansion 
• Peripherals (Printer/Floppy) Available ·Summer 
• Can be interfaced with S· lOO BUS Devices 
• Ut ili zes IE EE-488 BUS for intelligent control 

of Peripheral Devices 
• 64 Built · in Graphics Char . for Games/Charts 
• Full File Control under Operaung System 
•TOO MANY OTHER FEATURES TO LISTI 

FOR ADDITIONAL INFO CALL 
AND REQUEST OUR PET /NFOR· 
MAT/ON PACKAGE! 

NE ECO HAS A LA RGE. EVER EX PA NDING LIBRARY OF PAO · 
GRAMS FOR THE PET . CALL AND REQUES T OUR PET 
LIBRAR Y LISTINGS• SOFTWARE AUTHORS• NEECO OFFERS 
25% ROYALTl ES FOR ACCEPTABLE PET PROGRAMSllf • 

TtiE KIM-1 


*24S 


" Computer on a Board" - Instant Delivery 

• 6502 Microprocessor Con1rolled 
• 13 Addressi ng Modes , Mul1ip le ln1errup ts 
• 65K Bytes Address Range 
• 2·MCS 	 6530 with 1024 Bytes ROM each . 64 

Bytes RAM . 15 1/0 Pins. 1imer . Monitor and 
Operating Programs are in ROM . 

• TTY 	and Casse tte Interface • 23 Key Pad and 
6 Character LED d isplay • 15 Bi· Directional 
TTL lines . MUCH MORE! "Attach a power 
supply and enter the world of Microcomputers 
and the future " ~ conwnodore 

MOST MAJOR BRANDS OF CA LCULA TORS TOO! 

~~D~u::s Au1ho•u 11 d PET Silllf'S & Serv1c.t " oo. ·· 

"'Guaranteed Del ive ry·· 
248 Bridge Street Area Code (413) Schedu les for all of our 

. . M 739-9626 PET Customers . CallSpnng1le ld, aSS. 	 fo r our PET Package . 
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built on the smallest number of pr1m 1t1ve 
concepts that can assure a powerful and 
expressive language, and those concepts 
should not overlap or cause "side effects" 
when combined (2). Syntactical and logic 
errors should be easy to find and should 
not propagate through the program (3). 
The comp ilation should not result in a 
kludge, nor sho uld the compi lation take too 
long (4). As much as possible, the data 
"types" should allow checking during 
compilation (5), and they shou ld not be 
treated differently in similar constructs (6) , 
ie: one ought not to have " Number 1 := 
Number 2" for integral values, but rather, 
"Move String 1 to String 2" for strings in 
the same language. Furthermore, the language 
should allow procedures (routines) to be 
compiled separately (7). The syntax should 
al low optimization of loops (8) and shou ld 
allow for language to operate with a minimal 
character set (9), such as 64 character 
ASCI I. 

To these I might add that the syntax 
should suggest logical possibilities so that the 
programmer is not apt to forget to include 
things. To this end, the "If ... then ... 
felse/ .. . fi'' format is better than the limited 
"IF condition TH EN statement" form, 
because in using the former, the programmer 
is reminded to think about the "e lse" possi­
bility, which he might otherwise overlook. 
In other words, the language should support 
the programmer's thinking. f Here the token 
"fi" is used as an "end-if" marker . .. CH ./ 

It might seem, by now , that we should 
pitch all of our current languages, and 
possibly give up in despair. But I don't believe 
we will. Most of us are sadd led with "out­
dated" languages with no real hope of ever 
getting away from them. However, it may be 
possible to have the best of both worlds . 

The great boon in using a "good" compu­
ter language is that it permits us to thin k 
easily . Since we are using, say, BASIC to 

program our computers, we tend to fall out 
of the hab it of th inking in English and into 
the habit of thinking in BASIC. But BASIC 
is no t necessari ly a good language to think in. 
It lacks good control structures and good 
data structures. One cannot easily express 
complex ideas with it. And yet, I must pro­
gram in it and many other users probably 
do, too. 

Actually, I don't program in it; I program 
"into" it from another language, one which 
is convenient to think in. And I believe 
that if we would think and communicate 
in a language or group of langu ages which 
are easy to think in, and program in what ­
ever language was availabl e, we cou ld avoi d 
being limited by our computer languages. 
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This would have many advantages. The 
basic ones would be that we cou ld ap pl y 
the lacest techniques to our communication 
language much more easi ly than to imple­
mented languages, and that we wou ldn't 
need to develop any new language at all. 
We'd need only choose the language(s) we 
wish to use fo r thinking and comm un icating, 
and request that routines submitted for 
publ ication be in one of them. Or we could 
set criteria for the communication language 
and ask that submit ted routi nes be translated 
into some language that meets the criteria. 

There would be one disadvantage to th is 
method that I can foresee: it may be slower 
to work out and code a ro utine this way. 
Effectively, we would have to hand translate 
each procedure into whatever language we 
have im pl emented . But I shou ld point out 
that some of this di sadvantage wo ul d be 
mitigated by the gains due to fas ter design , 
less deb ugging, and easi er commun ication of 
ro uti nes. My experience is th at it may be 
worth the tro uble, but th is is no guarantee 
that everyone would find it so . I might note 
th at "i nto" programming is recommended 
in its ow n right by Roy F Keller in "On 
Control Constructs fo r Constructi ng Pro ­
gr·ams" (SIGPLAN Notices, ACM Special 
Inte rest Group on Programming Languages, 
vol um e 12, #9, Septem ber 1977, pages 36 
to 44) , so I am not alon e. 

I hope that some readers might consider 
this approach, as it might be ve ry helpfu l. 
Expecting people to throw away their 
BAS IC, FORTRAN , or what have you, is 
not real ly practical, as we know from the 
experience of th ose with larger computers. 
But expecti ng them to comm unicate in a 
common language especial ly su ited for that 
purpose is reasonab le.• 

Languages Forum is o 
feature which is intended as on 
interactive dialog about the 
design and implementation of 
languages for personal com­
puting. Statements and 
opinions submitted to this 
forum con be on any subject 
relevant to its purpose of 
fostering discussion and com­
munication among 8 YTE 
readers on the subjec t of lan­
guages. We ask that all corres­
pondents supply their full 
names and addresses to be 
printed with their commen­
taries. We also ask that corres­
pondents supply their tele­
phone numbers, which will be 
printed unless we ore expli­
citly asked to omit them. 

30 
gra~ 
are 
her~--1.L._J_..lL..J..---
the most powerful 3 D software yet 
for your 8080 and Z80. 

• 10 projection modes, 500 lines/second 
• Interfaces to any S100 display device 
• Uses SK memory 
• Only $30 for Tarbell tape and documentation. 

(MATROX interface program included.) 

Write to us for more de tail s and a complete catalog of 8080, Z80, 6800. 
and BASIC graphic systems. 

Box3442 LOGIC 
@Ql][Q) Culver City, CA 90230 

rr 16KRAM•-------· 
I' ~ . if. 1; ~1 l;~~LDYU~~~:~ I 

1 11 $450 KIT PRICE 

I I.' "''" . ..rif/~),, , ~ 10SLOTMAINFRAME I 
TT· fO . . .KIT$3Z5 

10 SLOT TABLE TOP II MICROCOMPUT ERS 
TT·8080...KIT $440 

I 
SYSTEM WITH 16K & 1/0 

TT-8080-S.. .KIT SI OSO I 
CARD CAGE& 

MOTHERBOARD I 
~....... . _ .. . .. ECT- t 00.. .KIT $100
I 

• m~r11111~11t- ,:::::ii~¥. • 

CCMB-10-F . . .KIT $125

I ~ _. M~~·~R~~~ I 

W ii oor,1111 - ~1 PROTOTYPING BOARDS 

I L~ ·''-i,t~..,1ij '::~:::;:I

I ELELTR~~~~~ ~~~1Rat~Ec1~~a1~5~~,~ED 1 
I FACTORY ADDRESS: MAILING ADDRESS. 

763 R AMSEY AVENUE P 0 . BOX 6 1
HILLSIDE. N J 07205 UNION, N . J . 07083

L--..;,=o;..--.1 
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FORTRAN IV 
THE MOST EXTENSIVE FORTRAN 

SYSTEM AVAILABLE, RUNNING ON THE Z-80 

* ANSI Standard Fortran IV Compiler 
- Byte, Word, Real , Double, Complex, and 

String data types and operations. 

- Produces effic ient and compact code. 

- Compiles up to 600 statements per minute. 

- Expressions in Do loops, output lists, etc. 

* Linking Loader 
- Merges, links, and locates Fortran and As­

sembler modules. 

- Sea rches libraries for needed modules. 

* Runtime Libraries 
- ANSI standard formatter . 

- All standard mathematical functions. 

- Sequential, Random and Blocked disk 1/0. 

- Supports CP/M® and user-defined devices. 

AVAILABLE NOW!! $349 
OEM Inqu iries invited . 

vm@llll :V~:V~®mv SERVICES: INC. 
P.O. Box 2400 Stn. A Champaign, Ulinois 61 820 


CP /M is a T rad em ark of Digital Research Group. 


COMPUTE YOUR 

$AVINGS 


SOLID ST ATE MUSIC MB-7 1 6K static RAM memory 
board, kit - list: $449 
...... ... ...... OUR CASH PRICE: $ 375 

TDL 16K static RAM memory board, assembled 
and tested - list $699 
. . . ............ OUR CASH PRICE: $ 399 

TDL 32K dynamic RAM memory board, assembled 
and t ested - list : $869 
. ... . .... . ... . . OUR CASH PRICE: $ 699 

TOP OF THE LINE COMPUTER 

TDL XITAN ALPHA 4 , factory assembled and tested 

incl . Z80A CPU , 1 BK static RAM , system 
monitor board [SMB-11 ), video display board 
2 5x80 [VDB] , Interface I, and full Software Package 
" A" on cassettes featuring 12K BASIC - list: $2149 
. . . . . . . . . . . . . . . . . . CASH PRICE: $ 164 9 

Quantities limited. Shipping anrl insurance extra . Prices quoted
based upon cash purchases. 

Bus .. S-~DD .. •n~. 
ADDRESS . . . . . . 7 W HITE PLACE 

CLARK , NJ 0 7066 
INTERFACE .. . .. . 20 1-382-1 3 1 8 

128 June 1978 © BYTE Publie>1ion.1 Inc Circle 312 on inquiry ca rd . 

Big Disks 

Must Be Managed 

Properly 

Charles A Rovira 
2250 Grand Blvd # 21 
Montreal Quebec H4B 2W9 
CANADA 

As a data processi ng professional, I view 
the announcement of the new 1 0 to 100 
megabyte disk drive memory sub-systems 
(Electronics, January 19 1978, volume 5, 
number 2, page 33) with mixed feelings. 

This development wil l at last put true 
workable mass storage within the reach of 
countless use rs who could not otherwise 
avail themselves of th is much needed capa­
city. The believably low $2000 price tag 
generates an enormous market potential. 
These new drives may cause an even larger 
revolution in data processing than the 
introduction of microprocessors; a revo­
lution fo r the in dustry, by the elimination 
of high price tags and relief of software 
headaches caused by too much data and too 
little storage. Of course, the users benefit 
as a whole slew of new applications and 
data management tools present themselves 
at an affordable price. 

A computer system that is easy to sel l 
and easy to program is a software house's 
or original equipment manufacturer's dream. 
There is however a danger that this dream 
wil l turn a nightmare. My concern is based 
on two major points. 

First are the limitations inherent in a 
fixed disk system. When a di sk fa il s (as al l 



do at some point, either through hardware 
fatigue or software and operator errors) 
there arises a problem of data recuperation. 
In removable disk systems, external backups 
can be made and remounted. Data loss 
is lim ited to entries made since the backup's 
creation . Start-up time is the time it takes to 
get the disk back on the drive and running. 
A fixed disk system calls for backup onto an 
external device, which can be a very slow 
process, or by 100 percent redundancy 
(namely, buyi ng two drives and using one 
for backup purposes). 

Due to the impracticality of copying 
ten to 100 megabytes of data on diskette 
or cassette, the only pract ica l solution is 
redundancy. The problem is that the low 
cost of these drives will open whole new 
markets of unsophisticated users who wi ll 
not see the need for buying two drives 
until they cal l to cancel orders or sue 
because they have lost valu able data. No­
body needs this kind of aggravation . In 
order to protect both the users and the 
indus try, · I think such drives shou ld be 
designed with at least a backup surface for 
data recovery. 

Second, a 100 megabyte drive is a 100 
megabyte drive and the software must be 
treated as such. Inadequate disk manage­
ment systems are inexcusable, since the 
necessary software tools already exist. These 
devices wi ll have to be provided with the 
proper routines (ie: dynamic disk allocation, 
catalogs and catalog path fi le allocation, 
binary fi les, spool and random access fi les, 
hash/sequential and multikey in dexed/ 
sequential files (with keys in separate files) 
record oriented 10 and cyl indrica l allo­
cations in multisurface systems) . 

The most sensible solution is to take the 
standard routines and some diagnostic 
routines, put them in read only memory 
with a dedicated microprocessor (thereby 
making the device intelligent) and to offer 
the controllers with serial, parallel and OMA 
inte rfaces for the major bus configurations 
(that includes the Altair (S-100) bus) . Even 
if these steps trip le the price of the drive, 
they will still resul t in a vast improvement 
over present prices. These steps also wil I 
ensu re the smooth and pa inl ess creation 
of new an d lucrative markets as well as 
rapid acceptance by existing markets. 

I hope the manu facturers will act on my 
recommendations as I write this not as 
criticism, but merely with a critical eye. The 
only problems which do n't occur are the 
ones that are foreseen and prevented. • 

Ci rcle 405 on inquiry card. 

2708 

~~PD458 

_. TMS2716 

PRAMMER III 
by xybek 

The Ultimate EPROM Memory Board 
For Your S100-Bus Computer 

* Accommodates from 1 k to 30k of the above EPROMS. in 
any combination . each addressable on any 1 k (2k for 
2716) boundary within the board 's 32k address space. 

* 1 k of scratch-pad RAM. 

* On-board programming for all three EPROM types. 

* Tri-stale butters on all address and data lines. 

* Empty EPROM sockets do not require address space . 

* Assembled, tested , ready to run - only $369.50 

xybek • P.O. Box4925 • Stanford , CA94305 
Telephone: (408) 296-8188 

B~i\5
a;CI"l""-C 8K STATIC RAMGITALf;L ASSE MBLED 

S-100RELIABILITY 
QUALITY 
DEPENDABILITY 
ADDRESSING 

0N-BOAl10 SWIJCU WftllE Pfl0TEC15AJNPffOTCCTS AU. SK 
OREACH '1KOLOCK CAN BE f>n01ECTEDVIA rR()flT PANEL 

Ail S· l OO DJS U-lES ARE nA.LY 9Ul'FERED 

PROTECT 
OtfE LS-TlLlO"° P(.Rl.M 

21L02RAMS • TJE BKRS lYPtCAU.Y REQUIRES 15MPS 

BUFFERING 
A'l 8 VOlfS• <1 Clf+-OOAR05\10LT nEGUlATCflSLOW POWER 
0. 1, OR 2 WAf f SlAlES MAY BE SELECTEDWAIT STATES 'J1A A PlllGGADl.C ..~JMPCn 

THE BOA.RO lS GLASS EPOlCY WITH SILK SCREEN LEGEND. 
FUU SOl.DER MASKS ON aorH SIDES. FLOY.' SOLDERNO, GOlD CONTAC TS 

1f NOl SA11Sfl[0 nCTI.JRN THE UNDAMAGED 8KRS WtTHll~ 

QUALITY 
'DOA.VS l"ORF\Al REF\JNO · ALSO DAV UJ.tnEOW.\RR.\NT'r 

S100< fOlOOA.VS • CAu BETWEEN8JOAN06-00 TO RESERVE 

GUARANTEE 
VOl..l=I &<.RS 00 FOR MOOE SNFC>ru.tATl0~4DEL IVERY 

PHANTOM 
COMPlElE TESTING NOT OMl.Y OF AU ME'-'OAVC£US Bl.IT AlSO 
OF AU Sl.PIOAl ~IJlrnY A.t40 OPTIONSTESTING 

INTRODUCTORY 4SO n s 250 n !'. 
PR tCESPECIAL ASSEMBLED / TESTED $149~ $189~ 

CALIFORNIA RESIDENTS ADD 6~ TA X 

(714 ) 992 - 5540 
2555 E. CHAPMAN AVE 
SUITE 604 
FULLERTON, CA 92631 
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THE PROM SETTER 
•	 WRITE and READ EPROMs 1702A, 2704/2708 

• Can be arranged to do 1702A, 2716TI or 2708, 2716TI 
and with a few additional parts 27161NTEL, 5204, 6834 

• Plugs directly into your ALTAIR/ IMSAI Computer 

• o Externa l Supplies. Your Computer does it ALL 

KIT-$210 
ASSEMBLED - $375 

RAMNRoM 
• Operates in S-100 BUS 

• 16 EPROM"sockets with own address select and up to 4 
wai te sta tes 

• Can 	be wired for any EPROM (in 8116 unit operation) 
1702A, 2704, 2708, 27161 TEL, 2Tl6TI, 5204, 6834 

• lK RAM independently add ress, takes precedence over 
ROM 

• POWER 0 JUMP & RU (Compu ter With / Without 
Front Panels) 

"EPROMs not included 

KIT - $117 
ASSEMBLED - $168 

Delivery Less Titan 60 Dny,; 

SZERLIP ENTERPRISES 
1414 W. 259th St. - Harbor ity, California 90710 

NORTH ST AR BASIC PROGRAMS 

HUNDREDS SOLD, EACH SYSTEM COMPLETE ON 
DI SKETTE READY TO RUN. WORD PROCESSING, 
NORTH STAR TUTOR IA L I, NORTH STAR TUTO RI AL 
II (TEACHES NORTH. STAR BASIC), CCOUNTS PAY· 
AB LE, ACCOUNTS RECEIVABLE, PAYROLL, GENE R­
AL LEDGER, MEDICAL-PROF ESSIONAL, BILLING, 
SALES WITH SALES ANALYS IS AND GROSS PRO FIT, 
INVENTORY, HISTOGRAM GENERATOR. $35.00 each . 

SOFTWARE LOCATER (LOCATE, INDEX-FREE SOFT ­
WARE). CHECKBOOK BALANCING, BOWLI NG-GOLF 
HANDICAPPER, COIN COLLECT ION INVENTORY, IM­
PORTANT DOCUMENT LOCATER, BUDGET PLAN ­
NER, GAME DISK. $25.00 each. 

IQ TESTE R, COMPUTER MEMORY DIAGNOSTIC PER ­
SONAL FINANCE, BUS INESS FINANCE, BIORHYTHM 
GENE RATOR, DIET PLANN ER, CRYPTOGRAPH IC EN ­
CODER, MATH TUTOR. $15 .00 each . 

EQUIPMENT REQUIRED, SINGLE DRIVE, BK FREE 
MEMORY, PRINTER OPTIONAL. 

TRS-80 LEVEL II (ON CASS ETTE) STOCK MARKET ANALY · 
SIS , GRAPHI CS, T REN D LI NE ANALYSIS . $15 .00. 

BLANK DISKETTES $3.80 (UNDER TEN ORDERED , ADD S2.00 
FOR SHIPPING ; OVER TEN SHIPPED POSTPAID ). 

SOFTWARE 
DEPT. 11 P. 0 . BOX 2528 
ORANGE, CA 92669 
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On Converting 

60 Hz VDM-1s to 50 Hz 

Line Current 

Timothy Mowchanuk 
Editor of COM-3 

Senior Chemistry Master 
POB 268 
Niddrie 3042 AUSTRALIA 

I read Guy Burkill 's letter in the June 
1977 co lu mn of "Ask BYTE," page 60. T he 
followi ng is a modifica tion to the Processor 
Technology VDM -1 board that may prove 
usef ul. (By the way, I have built two VDM-1 
boards and they both work perfec tly. I can 
strongly recommend them.) 

Modi fy IC8 (93L16). Cu t the land 
between pins 5 and 6, and connect pin 
5 to ground (pins 3 and 4 of the same IC 
are handy). This wil l al ter the fie ld and 
line frequencies to sui t 50 Hz main 
frequencies. The video levels may be in­
verted, bu t this can be changed using the 
switches on the VDM-1. The invers ion prob­
lem depends on the particular TV standard 
and the method of input to the television . 
This modi fication will work with the PAL-D 
television system . It wil l not work with 
the French telev ision standard. (PAL-D 
is the British standard.) 

You may wish to publish th is information 
fo r your foreign readers.• 

The Need 

for Relocating Loaders 

K P Pielmeier 
Albstr 33 
0 -7014 Kornwestheim 
WGERMANY 

I wou ld l ike to make some suggestions. 
Today most machine code programs for 
personal computers are produced for fixed 
memory assignment and are relocatable 
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Boards DO Something 
CL2400 


Real Time Clock 


$98- Kit S135-Assem bled 


canada 
sy1 lom.s, inc . 

II your syslem needs to know what time ii is , our CL2400 is 
the board !or yo u. The present time in hours, minutes . and 
seconds is always availab le for in put , and is continuously 
updated by the high ly accurate 60 Hz power line fr eque ncy . 
Need period ic interrupts? The CL2400 can do that . too , at any 
of 6 rates . Reference manua l with BAS IC and assembly 
languag e software examples included . 

PC3200 
Power Control System 

PC3232 $299-Kit 
PC3216 $189-Kit 
PC3202 $39 .50-Kit 

$360­ Assm . 
$240-Assm . 
S52­ Assm . 

If your syste m needs on / oil control ol lights , moto rs , 
appli ances , etc .. our PC3200 System components are fo r 
you. Control boards all ow one I/ 0 port to contro l 32 (PC3232) 
or 16 (PC3216) external Power Contro l Un its . suc h as the 
PC3202 which con trols 120 VAC loads to 400 Watts . Optically 
iso lated, low vo ltage , current-l imi ted con trol lines are 
standard in this growing product line . 

canada P.O. Box 516 
systems, inc. 

(formerly comptek) 
La Canada , CA 91011 

(213) 790-7957 

COMPUTER 
SHOPPING 

FINO YOU RS! - In the comprehensive i n­
dex of computer f irms, The Computer Data Di­
rec tory . Conlains profiles of over 600 manu­
factu rers, stores, distribu tors, publishers, and 
electronic dealers. ~ addresses are up·to-date 
and at your finger tips! Products are cross-re­
ferenced to their manufacturers. Similar to a 
telephone directory. Definitely a usefu l refer­
ence source . Order yours today. All orders sh ip­
ped on day received. • •••••••••• • •••••••••••• 

SYSTEMS 
~ ORDER NOW ! l 

SOFTWA RE Only 
D 
D 
D 
D 
D 
D 

PER I PHERALS $4.98 ;, 
ACCESSOR I ES Postage Included : . 
EASY TO USE !· ·· · ···· · ·-··········-·• 
COMPUTER STORES 

0 COMPUTER SERV ICE 
0 ELECTRON IC PARTS/SERV ICE 
0 BRAND NAME MANUFACTURERS 
0 WHERE TO WR ITE FOR BROCHURES! 

BOX 598 · DEPT B CLEVELAND, OHIO 44107 
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only after changing the source code and 
reassembling or recomp iling. As program 
libraries grow, the drawback of reassembly 
becomes more and more obstructive. 

It would be quite nice to have relocatable 
modules, and it would be even nicer to have 
one sta ndard defi ned fo r any type of 
processor. (There are other ways to produce 
relocatable modules ; see Borrmann 's 
excellent " Relocatability and the Long 
Branch," page 26, in the October 1977 
BYTE. This method prod uces programs 
which are slower and a little longer.) From 
my experience with IBM's linkage editor and 
loader I can say that this is a valu ab le too l: 
any translator (assembler or compiler) can 
produce its code in the required format and 
the code may be executed on any IB M sys­
tem without change. 

Of course I have a proposal at hand and 
I hope that it will not remain the on ly one, 
so that a satisfactory solution may be 
found . My suggestion is that a relocatable 
load module co nsist of four parts, which 
are: 

1. 	 The code part, wh ich contains the 
machi ne instructions and the data . 
This part will need some changes in 
relocatio n. 

2. 	The relocation directo ry part, which 
defines the poin ts in the code part, 
which must be processed during relo­
cation. 

3. The entry point directory 	part, which 
defines the entry poi nts in the code 
part, ie: the names and the addresses 
of items defined in this program which 
may be refe renced by other programs . 

4. 	 The external re fe rence directory part, 
which defines the exte rn al references 
in the code part, ie : the names of 
references in this program to items 
defined in other programs. 

(If the names look like IBM, th is is because I 
took them from there.) 

I propose that each part shoul d have the 
same format : a descriptor field and the part 
itself. As a minimum, the descrip tor field 
should contain the identification of the part 
and its length. 

To keep the loader program simple and 
small, I suggest that only one operation be 
allowed for relocation: one (and on ly one) 
constant will be added to all poin ts des ig· 
nated by the relocation directory. This 
constant can be passed to the loader as a 
parameter and need not be defi ned in the 
relocation directory itself. To keep the 
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COMPUTER VOICE 


M188 

M250 


Speech Technology voice generators operate from slo red vocabularies - words. 
phrase. or messages of any length. Vocabu laries are derived from rea l speech, 
lhus preserving clarily and naturalness to a degree nol ob tained wl1h olher 
methods ol low·data·ra.1e synthesis. Average data ra tes for spoken messages are 
le•s than 120 bytes per second. Typically, only BK bytes o l memory arc needed 
for 1()() words and short phrases. 

M 188 ls lnser led lnio a slo t In any 5100 bus compu!Br, Including Z·BO sys1ems. Only s1andard 
bus signa ls are used. ancJ lht11e 1s no interference wi1h special bus asslgnrno1H.9o on some 
com puters M188 ~s readily adnp1 ed 10 Intel SBC ano ollrnr buses. It oper"11e:!l trom pro· 
g1arnmttd lfdnslers o l unlhmleo vocabu lary dala In compu ter memory o r with 2·bytc '1CC(JSS lo 
limi ted vocabularies in on·t>oa1d EPROMs 'S395 price includes fully asso 1ubloO and 1esleO 
M188 , w11h comp 1 ehensli,~ re ference manual and 95·word YOCabulary on dlg11<1I CJS56\la 

M250 lcatu1mu smc1ll size and ful ly operating power ol 15-0 mdUwous is 1trna1lo r insHumcnl51 
and poflable eQulpmcn1 M250 operatl!S wllh on·board PROM·stored vocaouliilrl os Eoch word 
or phrase Is ~c t oc t cd by cln ox tl!rnal nddresslng OylO .:.nd s1 1obe. An end·Ol ·mossago signal is 
suppl led l>Y lilo M250 Pocc wi th programmed vocabulary lup lo 40 w ords) Is .SJ95. 0 1>1lonal, 
larger capac11v PROM::. nold up 10 80 words lo r $565. 

VOCABULARY LI STS/ TECHNICAL INFORMATION - CONTACT 

SPEECH TECHNOL..OGY CORPORATION 

631 WILSH IRE BLVD SANTA MOr H~ .k CA 901101 
(2 13) 393-0 1015Ei 

Circle 288 on inquiry card.132 June 197n. © BYT~ Publi, ltiOrlS Inc 

re location directory small, I suggest that it 
should consist simply of 1 byte entries, each 
of which describes the offset from the last 
relocation point to the next, with 255 
(=FFH) as an "advance and do nothing" 
indication. The relocation points must be 
presented in ascending order. For the entry/ 
external directories I will only suggest that 
they should contain the name and the 
relative add ress of each reference. 

I don't think it is reaso nable to adopt 
a load module format very close to any 
external storage medium (as is the case 
with IBM's convention). It is better to 
separate the task of reading into internal 
memory and processing, so that a change 
in the external medium will not affect the 
processing part. 

Unfortunately I have no knowledge of 
any existing relocatable load module format 
for personal computers. I have neither a 
trans lator program producing relocatabl e 
modules nor a loader program . 

I think that many people have similar 
ideas, and I would like to discuss them to 
find a good and widely accepted solution. • 

Speeding Up 

MIKBUG 10 Routines 

T W Moore 

Amateur Computer Club 6800 L ibrary 
24 College Rd 
Maidenhead, Berkshire SL6 6BN 
ENGLAND 

The Motorol a Ml KBUG ROM is widely 
used by 6800 hackers. It contains two 
entry points, ElDl and ElAC, which can 
be used by a user program as input or out­
put rou tines; these routines use a single 
bit of a PIA and the data rate timing is 
determi ned by software and a programmable 
monostable (MC14536 ). 

Because of the software nature of the 
timing, some jitter will be introduced in 
the output waveform and there wi II be a 
jitter component in the sampling point of 
the received waveform. This effectively 
results in a maximum data rate at which 
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Ml KBUG can comm unicate with the out­
side world. 

The jitter is caused by software loops in 
MIKBUG which wait for timeout of the 
monostable MCl 4536 but cannot quite 
catch the exact trailing edge of the mono ­
stable output. The following loop : 

ElEF DEL TST 2,X (7 cycles) 
El Fl BPL DEL (4 cycles) 

senses bit 7 of the PIA in a loop and exits 
when bit 7 is a logic "1." In practice, the 
program exits anywhere between 7 and 18 
machine cycles after the leading edge of the 
signal into pin 7, since bit 7 is only sampled 
every 11 machine cycles. 

The input routine (ElAC) looks for a 
start bit by continually sensing bit 7 of side 
A of the PIA in a short loop, jumping out 
into the main routine when a logic zero is 
detected indicati ng a start bit. The main 
rou ti ne starts the programmable monostable 
which is sensed on bit 7 of side B of the PIA . 
The monostable effectively times out 
1.5 T, where T is 1/data rate, 3.33 ms for 
a data rate of 300 bps. After this, the first 
bit of data is sensed and rotated into the 
accumulator via the carry bit. This proce ­
dure is repeated eight times for all eight 
bits separated by a delay routine (DEL 
above) which waits for the monostable to 
timeout. 

The output routine works in a similar 
manner but then outputs data from the 
accumulator by rotating it into bit 0 of 
side A of the PIA. 

The effective input and output data 
rates are therefore determined by the 
time in terval between samples or program 
loops, and mostly dependent on the mono· 
stable pulse width. The actual time between 
input samples in MIKBUG is : 

Tmono + 28.Tcycle + b~] .Tcycle 

where Tmono is the monostable delay , 
is the 6800 mach ine cycle timeTcycle 

~~ is my notation for any numberand 
between 0 and 11 . 

The time between output samples is : 

Tmono + 62 .Tcycle+ b~] .Tcycle 

except for the width of the start bit which is : 

Tmono + 56.Tcycle + b~] .Tcycle 

Pr&1enllng 11 growing llne of 

profff1lonal quality S-lOO [fil[L[i\~~ 
IMSAl/ALTAIR 

COMPATIBLE BOARDS 
SK BLANK RAM BOARD l0<2102typemtmory $25.00 

- • Uh MEMORY PRO lECTIUNPROTECI onO SELECTABLE WAIT STAlES 

Z-80 CPU BOARD $35.00 
- wiln PROVISIONS lor ONBOARO 17111 1no POWER OH JUMP 

PROTOBOARD $25.00 

(NEW) 2708/16 EPROM BOARD $25.00 
- 1ecepU up to 16K al 210a's ot 32~ ol 2116'1 

All 30AAO S ft.AtURt 

FULL BUFFERING on ALL DATA and ADDRESS LINES 1 

SOLDER MASKS end SILK SCREEN' 

DIP SWITCH ADDRESSING ' 

GOLD EDGE CONNECTORS 

PLATED THROUGH HOLES 


111npt l•r PROTOBOAAD 
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NEVI 
TEXAS INSTRUMENTS 
CALCULATOR 
for the 
COMPUTER 

$59.95PROGRAMMER 
It calcu lates and converts In hexadecimal, decimal. 
and octal. Eliminates conversion tables and tedious 
longhand methods. 

$59 .95 postpaid with battery pack, adapter/ 

charger. case. and manual. 1 0 day return privilege. 

Phone orders. and bank cards accepted. Foreign 

orders invited. Also purchase orders from estab­

lished companies. Immediate Delivery. Our toll-free 

credit card order line is 1-800-521-1 534 

Mail your order to address below . 


J"<t •ao chmge ltl Whkh cmd? • = 
NCE/Compumart 1250 N. Main St., Dept.BY68 
P.O. Box 8610 Ann Arbor, M1. 48107 (313) 994-4445 

MPI 
QUALITY CONTROL TEST 

l~E'l'BO~P.O TE~T 300 8000 P.SZ32 S£Rlf'L rolT 
l'EYS•)Hf'll rrn JOO 8AUO CURRHIT LOOP 
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Meed Hard Copy! 
TRY OUR SOFT PRICES 

5 425 
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Assuming a 6800 machine cycle of 
µs , there will be a peak to peak jitter 

component of 11 µs between bit samples. 
Unfortunately this jitter component is 
cumulative. If we refer the sample times of 
a waveform to the leading edge of the start 
bit, as most asynchronous devices operate, 
the trailing edge of the eighth bit can have a 
peak to peak jitter component of 88 µs. 
Similarly, the MIKBUG inpu t routine can 
sample the eighth bit anywhere within a 
116 µs window. These two figures are dif­
ferent since MIKBUG input routine adds an 
extra 39 µs of jitter sensing the start bit. 

At low data rates , such as 300 bps, the 
jitter is comparatively small. If we take a 
maximum allowable jitter of 25 percent 
of data rate as a deterministic bound on 
reliable communications, then with a 1 µs 
cycle time (and no clock cycle stealing), 
the maximum data rate at which MIKBUG 
will operate without errors is 1/ (4.88) ~ 
2400 bps. In practice, the jitter adds with a 
Ganssian envelope distribution and opera­
tion at 4800 bps, which for noncritical 
applications such as video displays, is quite 
possible with a few errors appearing. 

For more critical applications, such as 
cassette program storage, reducing the data 
rate to 1200 bps should allow enough mar­
gin for jitter introduced by the rest of the 
system . In fact, Ml KBUG operates very 
reliably at 1200 bps and I have used it to 
load programs from standard cassettes such 
as 8 K BASIC without any errors. 

It should also be mentioned that at these 
high external clock rates, the output data 
rates from MIKBUG will be different from 
the input data rate . This is because of the 
different number of machine cycles taken 
in the input and output routines. In fact, 
the output routine produces an extra delay 
of 34 µs between data edges. At 1200 bps 
th is re presents a disparity of 4 percent be­
tween input and output data rates . 

A practical MI KBUG system configured 
for high speed would have say 4800 bps for 
video display output, 1200 bps for high 
speed cassette and 300 bps for standard 
Kansas City interface. 

The circu it of figure 1 shows a typical 
configuration. Rather than switching the 
oscillator over such a wide range, th e unused 
programming pins of the programm able 
monostable are used to give the required 
delays of 3.3 ms, 830 µs, and 200 µs. The 
oscillator shown is a separate 555 since this 
gives improved temperature stability, but is 
not essential. The oscillator frequency is 
around 50 kH z, but should be pulled 
slightly to compensate for the ex tra de lays 
introduced by the 6800 cycle times. 
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Wait No Longer! 

The new educational programs are here. 

Discover how to get more out of your 
computer. 

Magnemedia has produced the innova­
tive line of software products you·ve been 
waiting for . Designed for use both at home 
or in the classroom, t hese programs make 
learning an exciting experience. 

This software comes in handsome two­
cassette albums. Each cassette provides 
voice instruction on one s ide and a machine 
readable code on t he other. Separate 
instruction booklets are provided in non­
technical language. 

PROGRAMS NOW AVAILABLE 
AU software is for Apple 11. !Programs 

for other popular micro computers wiU be 
available soon). 

•Supermath™ (16K)-The compu ter 
teaches you to add, subtract, multiply and 

divide on your own level- in color! 
•True/Falee Quiz !SKJ-Tells you how to 

enter your own quiz. 
• Variahie Meeeage- You choose mes­

sage and colors. the computer does the res t. 
•Matching Quiz (8KJ- Three changeable 

categories in each program. Match item on 
left correctly with one on right and they 
both disappear. 

•Don't FallTM (8K) - The computer 
chooses a word - you try to guess the 
letters without falling off cliff. Then you 
give the computer a word. 

•Memory Aide (8KJ- Help memorizing 
facts , verses, lists. Computer prompts you, 
asks you to provide missing words, etc. 

•Study Aide (8K)- The computer gives 
questions in random order. If you miss, it 
saves the question for a la ter try. 

•Keyboard Organ (4K)-Turn your 
computer into a musical instrument . Play 
the keys like a piano! 

•Grading Routine (16K)-Takes the 
drudgery ou t of finding class curves. Dif­
feren t categories, grading scales, etc. 

•Drawing (4K)-Computer chooses word 
at random from lis t you supply. 

Here 's the best news of all-each package 
of two programs sells for only $12.00! 
Individual programs are available for 
$7.50. Include $2.00 per order for shipping 
and handling. !California residents add 
6%). 

Magnemedia software is in stock at 
computer stores everywhere. (Dealers 
listed below). If not available yet at your 
store, order directly from us. Specify which 
programs and enclose your check. 

Anzona 
Personal Computer Place . Mesa 1602) 833·8949 

Arkansas 
Oatacope. L•tlle Rock (50 1) 666·8588 

Caldorn1a 
Byte Shop. Marina De l Rey (2 13) 530-3860 
Byt e Shop. Tusu n (7 14) 731 ·1686 
Byte Shop Computer Store, Walnut Creek (415) 933-6253 
Byte Shop No 8. Hayward 1415) 537-2983 
Computer Components . Westm ins ter (71 4) 898·8330 
Computerlan<l. El Cerri l o 141 5) 233·5010 
Computerland. M ission Viejo (714) 770·0131 
Computer land ot West LA.• Inglewood (213) 776·8080 
Compu ters Are Fun . LOS Angeles 12 13) 475-0566 
Recreat ional Computer Ctrs. Sunnyvale 1408) 735·7480 
The Com puler Store. Santa Monica 1213) 451-0713 

Colorado 
The Byte Shop. Inc .. Eng lewood (303) 761 ·6232 

Connecr1cut 
Compu terland. Fa irlie ld 1203) 374·2227 

Florida 
Byte Shop. Miami (305) 26•·2983 

Georgia 
By•e SMp. Atlanta (404) 255·8984 
Oalamarl Inc .. A tlanta (404) 266·0336 
Compulerland ol Alla nla, Smyrna (404) 953·0406 

DISTRIBUTORS 
11//nois 

Byte Shop, Champagne 1217) 352·2323 
Computerland . Arlington He ights (312) 255-6488 
Imperial Compu1er Systems. Rocklord 1815) 226·8200 

Kansas 
Person al Computer Center , O'erland Park (913) 649-5942 

Louis iana 
Compu ter Shoppe. Merame (504) 454·6600 

M aryland 
Compu terland , Rock vt l le (3011948·7676 

Massachuserrs 
TM Computer Store , Burl ing ton (617) 272·8770 

Michigan 
Compu terland ol Grand Rapids, Kentwood (6161 
942·2931 

New Hampshire 
Compu terland, Nashua (603) 869·5238 

New M exico 
ln1erac tive Computers. Sanla Fe (5051 892·9997 

Magnemedia 
17845 Sky Park Circle, Suite H 
Irv ine, CA 92714 (714) 549-9122 

New Jersey 
Computer Corner . Pomplon Lanes (201 ) 835·7080 
The Computer Emporium. Cherry Hi ll 1609) 667 ·7555 

New York 
Computer Shop o l Syracuse, De Witt (315) 446-1 284 
Computer Tree Inc.• Endwelt. (607) 748·1223 

Norrh Carolina 
Byle Shop. Raleigh 1919) 833-0210 

Ohio 
21st Cenlury Shop. C incinnati 1513) 651 -2111 

OklahOma 
Microiltnlcs Inc ., Ok lahoma City 1405) 947·5646 

Texas 
Byte Shop. Richardson (214) 234-5955 
CompuShop, Dallas (21 4) 234·3412 
Computer Terminal , El Paso 1915) 532·1777 
Compute rland, Au st in (512) 452·5701 
Compulers ·n Things. Austin (512) 453-5970 
Interactive Computers. Houston (713) 486·0291 
Interact ive Compulers , Houston (713) 772·5257 
Micro Computer Shop, Corpus Chrisll 1512) 855·4516 

Washington 
Ye Olde Computer Shoppe. Richland 1509) 946-3330 

Ontano, Canada 
The Computer Mart . Toronto (416) 484·9708 
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Ci rcle 321 on inquiry card . 

.................................................. 

•. • 
• M6800 SOFTWARE TOOLS 
: NEW for Re\ocatmg Anemblor UMtn: 

: M6800 RELOCATABLE OISASSEMBLER AND SEGMENTED SOURCE TEXT 
• GENER ATO R. This software tool enibles you to modify and adapt those larqe sized 
• objec: t pro.g ra ms (BAS IC . Assemble- ts, cu:. } and re -assemble them o n you r system with · 
• ou1 requiring enormous memory . This program will p rod1,1ce segmented sourc:e text 

files Wllh all the l!!xler1lal hokage 1nrorrna1ion requutd ror 1e - ;u.~embly us.inq the Re lo ­
ca1in9 As.sembler. (Requires M68AS prognm for use ) M68 RS. . . - .$35 .00 • 

M6800 RELOCATI NG ASSEMBLER /\ND LINKING LOADER so flwore for rapid pro 
qr.tm development and debugqinq . Some of i ts fea tuu!S arl!! RELOCATl\BLE CODE 
FULL ALPHABETIZED CROSS REFERENCF. L ISTING BOTI; GLOBAL /\ND 
LOCAL LABELS - LISTING OF EXECUTION T IM E RELAT IVE BRANCH TAR ­
GET ADDRESS ES - 8 CH /\R/\CTER LABELS CORESIDENT EDITOR ENGLISI I 
ERROR MESSAGES 80 COL.UMN LISTING USING PR-40 e<c. S.e Maren BYTE 
for 3ddi t1 onal dela.ils M68AS_ . .SS0 .00 

The cibove 1wo programs arr rurnishl!'d on cassclle 1n relocarnble forma tt~d c:ode with 
instruction manual and co01men 1ed assembly hs tlnq A short muu lo.Jder 1uogram rn 
s tandard Mikbug format 1s supplied to imLially load the linking loadtir at ,any d~s1red 
.iddress 

The folt owi nq proqrarns a.re .supplied on stand rd Mikbug form.1u od caHell cs , See 
December BYTE 

•
Mb800 DISASSEMBLER/TRACE . Our best selling program II 1s 3 suptr powe rful dlf! 

bugqing tool that allows the user to examine . or examine and execute with full CPU 

s tatus di splays . any area of memory under complete ope rator control. 


M680T. . . . . . $20 .00 

M6 800 DISASSEMBLER SOURCE GENERATOR will produce compacted sou rc:t? code 

or an ass.e mbler ~tyled pro gram listing with symbol11: lab4:b and lml mnemonics 

M68SG. . . . . . ..$25.00 
M6800 RELOCATE will lake any con tiquous area or memo ry ,md relocate ii anywhere 

wi1hin RAM . MGBRL. . .$15.00 


Mo800 BIN/\RV LOADER M68BL. . . .. . .$15.00 
SPEC IAL OFFER Proq <am> M68DT. M68SG . M6BRL . M6BBL• ., a package . • 

M6BPK . . . . . .$55.00 

Get under Ed Smith 's Sortware RU C (Helocating .1ssembler Users Grou p) All RUG 

members will have u5e or J building sortw~re support libr.Jry In re loca table format. Up · 

eominq items aJI! a Floating Poin t package .111d J Trig package 


Ord er direct by check Speci fy system conri9ur.:i11on ~r other th11n SwTPCo . CaHrorma 

resident5 add 6% ~Jes tax . 


Ed Smith's 

SDFTWAAE WDAHS 

P. 0 . Box 339 

Redondo Beach, CA 9027 7••..••••.••••.••.••.••• •...............•.........• 


TERMINALS FROM TRANSNET 
PURCHASE 


12·24 MONTH FULL OWNERSHIP PLAN 

36 MONTH LEASE PLAN 


PURCHASE Pm MONTH 
DESCRIPTION PRICE 12 MOS 24 MOS J6 MOS 

DECwriter II ..........$1,495 $145 $ 75 $ 52 
DECwriter Ill . . . . . . . . . . 2,895 275 145 99 
DECprinter I . . . . . . . . . . 2,495 240 125 86 
VT52 DECscope . . . . . . 1,695 162 85 59 
VT55 DECgraphic CRT 2,695 260 135 94 
ADM 3A CRT ......... 875 84 45 30 
ADDS Regent 100 . . . . . 1,325 126 67 46 
Tl 745 Portable ..... . . 1,875 175 94 65 
Tl 765 Bubble Mem. . . . 2,995 285 152 99 
Tl 81 O RO Printer . . . . . 1,895 181 97 66 
Data Products 2230 . .. 7,900 725 395 275 
QUME, Ltr. Qual. KSR. 3,195 306 163 112 
OUME, Ltr. Qual. RO .. 2,795 268 143 98 
FlexiFile 21 , Flpy. Disk 1,995 190 102 70 

FULL OWNERSHIP AFTER 12 OR 24 MONTHS 
10% PURCHASE OPTION AFTE R 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS • MODEMS • THERMAL PAPER 

RIBBONS • INTERFACE MODULES • FLOPPY DISK UNITS 

PROMPT DELIVERY• EFFICIENT SERVICE 

1R ANS°NET CoRPORAT!Or•.; 
2005 ROUTE 22, UNION , N.J. 07083 

201-688-7800 
136 Juno 1978 © BYTE Publimions Inc Circle 373 on inquiry card. 

Tom Pittman 
POB 23189Beware San Jose CA 95153 

Compromising 

the Stack Pointer 

In the November 1977 BYTE there are 
several articles on implementing real time 
clocks, and at least two of them suggest 
bringing the interrupts in on the NMI inter­
rupt of the 6800 or 6502. I think your 6800 
users should be warned that to do so re­
quires (with no exce ptions) a clean stack. 
This means never using the stack pointer for 
any other purpose . 

I notice that SwTPC software is gaining 
wide acceptance in 6800 circl es (especia lly 
among SwTPC users, naturally enough, but 
also elsewhere). By my count their 8 K 
BASIC (version 2.0) has no fewer than 13 
pl aces where the stack pointer is use~ 
to move a block of data. Whil e this tech­
nique certa inl y works, it makes the software 
incompatibl e with interrup ts such as those 
used by the various clock articles in the 
November BYTE. In two of these places th e 
stack poin ter is used to sh ift the use r BASIC 
program over fo r line insertions and 
dele tions, which tends to take a long time 
for large programs. This means that as you 
ed it your BASIC program, lit tle by little 
your rea l time clock will eat litt le holes in it, 
leaving debris which may cause the inter­
preter to self-destruct when you try to RUN . 
The SwTPC coresident editor and assembler 
does not even di sable interrupts when 
fooling with the stack pointer, so any inter­
rupt (NM I or IRQ) will compromise the 
data. I should remark here that the as ­
sembler part of this package ap pears to be a 
modified copy of the Motorola cores ident 
assembler, and it is only the SwTPC modi fi­
cat ions which com promise the stac k. 

The 6502 is less sub ject to such haza rds 
because there is less temptation to use its 
8 bit stack pointer for other purposes, and 
because its indirect add ressing capabilities 
obviate the need for such machinations. 

Both the 6800 and the 6502 are subject 
to a different haza rd in the use of the NMI 
in terrupt fo r a clock (or any other purpose, 
for that matter). Th is is the in herent confl ict 
between the NMI and the other interrup ts. 
You see, the NMI wins that confli ct. In the 
case of an I RQ at the same time, this is not a 



pro ble m because th e I RQ inpu t to th e CPU 
is level sensitive, and if the I RQ gets lost in 
the service of an NM I who cares? The inter­
rup ting device simply ho lds its level and 
when the NM I service is comp lete th e I RQ is 
still waiting and gets its turn. Bu t a software 
generated interrupt is a different matter. 
By the time this is decoded inside the pro­
cessor, the program cou ntcr has already been 
incremented to poi nt to the nex t instruc­
tion . But it is not too late for an NM I to 
replace that Interrupt. When the NM I service 
completes, it returns to the next instruction 
after the SW I or BRK, just as if it were a 
NOP. This is true of both the 6800 and the 
6502 . I do not know it to be true of the 
Z-80, bu t it is a question worth ask ing. 

What th is means is th at you cannot de­
pend on SWI (or BRK) instructions in the 
same system that uses the NMI. Fortunately 
most present sys tems use th ese in structions 
for sett ing breakpoin ts in a program under 
test. If you want to be sure not to lose a 
breakpoint, put two in right next to each 
other; if you lose the fast, the seco nd will 
surely wmk. A fe w 6800 operating systems 
use th e SW I as a monitor service ca ll . Tough 
luck. The seco nd byte of the service ca l I 
(wh ich identifies the monitor funct ion to be 
performed) wil l occasionally be executed 
instead of being passed as data to the 
monitor. 

By the way, in case you arc thinki ng of a 
softwar·e fix like backing up the program 
counter, forge t it. You have no way of 
knowing if a SWI got lost, or even if a SWI 
prccecds th e instruction the NM I returns to. 
You cou ld bai l out if all se rvice ca ll s were 
identified by an illegal op code after the 
SW I (or two bytes after th e BRK in a 6502) . 
Otherwise hardware is required to fi x the 
problem. • 

Technical Forum is o fea­
tu re intended os on interactive 
dialog on the technology of 
personal computing. The sub· 
jec t matter is open-ended, and 
the in ten t is to foster dis­
cussion and communication 
among readers of BYTE. We 
ask that all correspondents 
supply their full names and 
addresses to be printed with 
their commentaries. We also 
ask that co rresponden ts sup­
ply their telephone numbers, 
which will be printed unless 
we ore explicitly asked to 
omit them. 

Circle 294 on inqui ry card . 

,,.........,..._. heAnswerFor... 
Student 

Hobbyist 
Manufacturer 

8700 Processor: 6503 /Y\PU. Wear free "ActiveKeyboard". 
Micro-Diagnostic~ Extensive documentation. FullySocket.ed . 

Piebug Monitor: Relat ive address calculator. Pointer High-low, 

User Subroutines. Back-step key. 

Cassette Interface: Load E. Dump by file ,, . Tape motion 
control. Positive indication of operation . 

Applications systems from S90 (lOunitquantity) 
Development systems from S149 (single unit) 

:TELL ME MORE . ~ ·~.~; ~~ -~l : l : ~~~. ;,;}:s·..:1~ ·t;1 ;, ; ·t;1:: ~ ; ~~ · 1~· ~:: ·\n·~ ·~,·~ ,:_' ... ... .. . 

( ) 	l' h .1.?>1' -.cn!l 1lm·un1t·nt.1t lon 

.uul p ricc.' li ~ t ~. $ 1 •• 1•nr )(1,.-ed. 


( J I don' t ucetl 1lot•u 11wnl al ion 
: 11 ld r c.·:-.~: _____ _______ph:as 1.-· .send price li s t s. 

c it;•: ---- - '!l t :1tc: _ _ t ip : ___ 

llMA 
flfCIRDNICS 
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Notes on Teaching with Microcomputers 


Dr William H Norton 
RR 6, Box 7 
Iowa City IA 52240 

The microcomputer in a cl assroom is 
worth a thousand words. The visual demon­
strations of computer funct ion and design 
enab le students to grasp ideas that wou ld 
otherwise have to be abstract ve rbal co n­
structs. The ab ility to he lp student under­
standing of computers reach a more pro­
fo und level faste r us ing microcomp uter 
demonstrations opens up many possi bil it ies 
fo r the instructor. The newness of micro­
computers and probable future app lications, 
such as energy conservation, lend interest 
to the subject for both studen t and teacher. 

Cover Price • 
plus postage 
and handling 

The Teaching Tool 

We recently purchased a KIM-1 fro m 
MOS Technology for use in the computer 
science program at Marycrest College in 
Davenport IA. Our conventional computer 
facilities consist of a remote li ne to the 
IB M 360/65 at the University of Iowa about 
60 miles away. The KIM-1 compensates for 
the remoteness of the IBM computer and 
opens new possibilities for computer use 
as we ll. 

As a teaching too l the microcomputer has 
several strong advantages over the la rger 
computer systems: 

• 	 It is portable enough to be moved in to 
a classroom. 

• 	 It is smal I enough to be non threa t­
ening to students. 

• 	 Students can get actual hands-o n ex­
per ience programming it. 

• 	 Small schools can afford to purchase a 
microcomputer system. 

A whole microcomputer system with 
basic language facil ities can provide an ex ­
cel len t computer fac il ity for many smal l 
school systems and colleges. In the future 
a microcomputer system with a modest 
amount of bubble me mory may finally make 
computer assisted instruction (CA I) a 
reality. Thus educational uses for microcom­
pu ter technology look very promising. 

Talk ing Lo a class about computers is 
really diffe rent when you have one in your 
hand. It is almost like adding another 
dimension to the teachi ng situation. The 
KI M-1 we are using has the added advantage 
th at programs can be stepped through one 
instruct ion at a ti me. This allows registers, 
addresses, op codes and data to be inspected 
after each instruction. We have even dis­
played voltages on a DVM and oscilloscope. 
These act ivi t ies make compu ti ng a visible 
rea lity for the stude nt; that seems to be 
an important part of learning. 

My goal in setting up the computer curri­
culum has been to make it practical and 
career oriented rather than a theoretical 
sc ience. The term "software engineering" is 
closer to describing the inte nded approach 
than is trad itional computer science. The 
microco mputer fits nicely in to this scheme. 
It enables me to base teaching software 
'techniques on known hardwa re mec hani sms 

1976/1977 

Back Issues for sale 

.-immn11111m11u11nnH11n1n1111nm11111111111J 
~ The following issues available : i 
~ '76 '77 ~ 
~ 2950 July 330 March E 

60 August 700 May 
200 October 950 June 
300 November 950 July 
500 December 1450 August 

2550 September 
300 November 
700 December 

*Cover price for all issues thru August 1977 is 
~ $1.50 ($3.50 foreign) plus $.25 postage and 

handling. September '77 thru December '77 
~ issues are $2.00 ($4.00 foreign) plus $ .50 

1. - .postage and handling. 
-1111..111•­ an , ••• n t · mn111Hc 

Send requests to: BYTE Magazine 

138 June l978 © BYTE Publiciliom Inc 

70 Main St 
Peterborough NH 03458 
Attn: Back Issues 



rather than on abstract mathematical 
theories. Hopefully this will increase the 
range of students who can become good 
programmers. 

The Microcomputer as a Friend 

Students seem to have gotten used to the 
idea of the calculator as a fr iend. Big com­
puters with flashi ng lights and no isy 10 
devices are tota lly beyond the understanding 
of many studen ts, espec ially those in the 
introductory courses. The microcomputer 
seems to fit in the same category as the 
calculator: it somehow has to be under­
standable because it is so small. This is a 
significant contribution toward overcoming 
student fear of tech nological monste rs. 

Not on ly is it less threatening for the 
beginning student, but it is a thr ill to make it 
actuall y work for the more advanced stu­
den t. We are usi ng the mi crocomputer as 
the basis fo r a course in large compu ter 
organization. The basic architecture of 
micros is sim ilar enough to large scale com­
puters so that actual hands-on experience is 
applicabl e to understa nding most computer 
systems. In ad di tion, by the time the stu ­
dents currently enro ll ed in th is co urse 
graduate, microcomputi ng jobs may be 
plentiful, enabling them to apply their 
microcomputer experi ence direct ly to a 
career si tuatio n. Either way the students 
co me out ahead. 

Bu t Is It Affordable? 

Current prices put microcomputers 
within the range of most school systems 
and col leges as well as affluent students. 
According to Datamation {J anuary 1977) 
the University of Califo rnia and Pasadena 
Polytech ni c High School are among the 
first users of microsystems. Computer 
Power and Light Inc of Stud io City CA 
is a new business engaged in selling micro­
computer systems to schools. Schoolwork 
on home computer systems as we have 
seen in BYTE is now a rea li ty . 

Computer assisted instruction requires 
little computing power and lots of memory . 
The ideal solu tion might be a micro with a 
video display and a bubb le memory mod ule 
containi ng the course to be learned. Perhaps 
a micro could integrate the verbal mate ri al 
with a visual display on a telev ision using 
video tape. 

Thus microcomputers are an ideal too l 
for teaching students about computers and 
hold much promise fo r deepe r involvement 
in education in the future . This means 
many more marketing and occupational 
opportunities in microprogramming.• 

r··················~ 

I 
I S-100 BUS Needs? 

I 
I 

I 
1
1 

Computer Enterprises Fills 
Them Quickly, Inexpensively 

I
I 
I 

I And Of Course, Courteously. I 

: * Main Frames 
* Memory Boards 

* Disk Systems
* Interface Boards 

: 

1 

I ~ 

I 

I 

I 

I Dynabyte 280ns l 6K RAM

I (aasembled) . . . . . . . . . . . . . . . . . . . . . 

I Dynabyte Naked Terminal. 


(aasembled) . . . . . . . . . . . . . . . . . . . . . 
I Cromemco 280ns 16K RAM Kit . . . . 
I Cromemco Bytesaver Kit . . . . . . . . . . 

Cromemco Z-2 Computer Kit . . . . . . . 
I Cromemco Z·2D Computer Kit . . . . . 
I IMSAI PCB-80/18 Kit . . . . . . . . . . . . . . 

I =~o8~tK~t. : : ::::: . . . . .. . . . .

I IMS.A.I 8080 Kit with 22-slot M .B. . 

I IM8Al VIO-C Kit . . . . . . . . . . . . . . . . . . 


Trace 16K Static RAM (aasembled

I on 32K board) . . . . . . . . . . . . . . . . . . . 

I Trace 32K Static RAM (assembled) 


Trace 16K RAM Expansion . . . . . . . . 
I North Star Micro Disk System Kit .
I NorthStar MDS Second drive Kit . . 

NorthStarHori.zonl ComputerKitI NorthStar Horbon Second Drive . . 
I NorthStarHori.zonl (assembled) .
I TDL ZPU (aasembled) . . . . . . . . . . . . . 

TDL D-32 RAM (aasembled) . . . . . . . 
I TDL Boftware Package A (for
I North Star disk) . . . . . . . . . . . . . . . . 

Lear8ieglerADM-3AKit .. .
I Seals Electronics 8K 2BON8 RAM
I (assembled) ... .... ... . ..........
I George Risk Model 786 ASCII 

I Geo~?~~'!t~~tei ·7BtlASC n:·. . . . . 
keyboard(aasembled) . . . ...... ..
I Metal Cabinet for Model 786


I keyboard . . ... . . . .. .. . ... . . .. .. . . 


I ~ 
I ~ 

Credit 
Card 
Price 

$520. 

$328. 
S464. 
$136. 
$557. 

$1399. 
$731. 

:i~~: 
$593. 
$297. 

$529. 
$883. 
$441. 
$623. 
$395. 

$1497. 
$395. 

$1777. 
$183. 
$769. 

$228. 

Ca.sh 
DiBcowit 

Price 

1800. 

1318. 
S446. 
$131. 

1838. I 

$1348. 
$703. I 

:~:~: I 

$870. I 

$286. I 

1809. I 

$849. I 

$424. I 

$899. 
$380. I 


$1439. I 

$380. 

$1709. I 

SI76. I 

$739. I 

1219. I 


I 
 Shlpplng charges SJOper CPU on larger units; Sl 50 per kit . S2.00 min. per 

ordor. 
Dellvary Is su:ick LO 30 days on most Ii.ems Shipment IS !mmedlll.te fo r pay- II mant by Cl1Sh1er's check, money order or charge card Allow 3 weeks for 
personal checks to clear N.Y. St.ate residents add approp. sales t.ax. Ava.ll· I
I a.bU lty. pr ices llnd specs ma,y change wit.hout. notlce 


: Write or Call I 


i ~'M i 

I P.O. Box 71 I

I Fayetteville, N .Y. 13066 I 

I Phone (315) 637-6208 Today! I 


Operlltl.ng Hours: I 

M -W l 0 -B E.S.T. 
Th-F10-9E.S.T. 

I 
 I 

Closed Sat. &- Sun. 

1 

I 

I 

I 

I

I 

I 

I

I 

I 


wrir.e or callforprices I 

$187. $180. I

I 
$60. 

188 
' I 

$71. 168. I 
s28. sa7. I 

I 
I 
I 
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•• 

TC O'Haver 
Dept of ChemistryMore Music University of Maryland 

College Park MD 20742 

for the 6502 
Here is a simple "music" composition and 

generation program which should provide 
some fun for the experimentally inclined. In 
September 1977 BYTE , page 12, Hal Taylor 
wrote about rules describing the style 
and structure of computer generated music. 

The followinq z:ero paqe locations mu•t be l oaded bc!forc c>eecu tion : 
He descri bed zeroth order stochastic control, 

OOOE B!!AT ba1s dovnbeat rate . Typical value • 08 . 

ooor detenninea 1~1r9eat tab l e incrernont uud. Typical va l ue • OF . in which the note sequences and durations ""''" 0012 TEMPO detenninca duration or shortest note ; control• tenpo. are completely random. This sort of thing 
Typlcal val ue • OD . 

is very easi ly implemented with a micro­Other hbeh u1ed 1 

0010 INCR T•ble i ncrement (harmonic nU111ber} computer, and I suspect many of you have 
OOll CHTRL Inner loop counter !wraparound } already done so just for fun, but the nove lty 
OOll BCNTR Oownt>Gat counter wears off very quickly. More interesting
0014 CHTRJI Oute r loop count.e r 

0)00 TABLE Star t ing addu·•• of wave form table is first order control, in which the pitches 
P90 0 OAC Addr•• • or output port connected to DAC (or more precisely the transitions between 
o;oo AO 00 LOY 0 y index i• the note coun te r pitches, or intervals) and rhythms are 
0201 98 HOTE TYA •plit y into upper and lovt.'lr halvea. governed by some set of rules derived from 
O<Ol :n ro AHO 11110000 


020S IA I.S R A 
 conventional music (or from mathematics, 
0106 •• LS R poetry , etc, according to Hal Taylor) . A 


0201 LSR A
•• The algorithm given here generates
0208 LSR A 

0209 as STA a monoton ic tone sequence under firstto INCR 


0200 98 TYA 
 order control based on simple ar ithmetic 
OlOC 29 OP AND 0000 1111 and Boolean relations. The tone generation
020E 25 10 AH O INCR A.NO the tvo hal ve • 

021 0 6S AOC INCM and to lover halt . itself is done by the conventional sampled 10 add 


0212 :ZS OF' AH O Ki\SK MA.Slit ou t. upper ha 1 r. 
 waveform approach with a stored waveform 
0214 IS l O STA JNCR S tore reault t or uae •• t able increment . 

0216 A 2 00 RESET LOX 0 J( ia vavefonn table po in te r and variable tab le increment (see Hal 
ona A:.0 12 LOA TEH90 Rcuet tem.po counteT. Chamberlin 's article cited at the end of this 
OllA IS l4 LDA CNTJUi article for explanation) . In the conventional one 80 00 03 LOOP LOA TA.aL! Ge t JCth byte of table and •end to DAC 

Ollr ID F9 STA OAC technique, the table increments which00 

0222 IA TX>. Add the table incretMnt JNCR to X. determine the pitches are stored in a table, 
OZ2l 18 cu: 
0224 65 10 AOC !NCR which forces the computer to play a pre ­
O:Uti TAX.. determined tune. In the system described 
0221 C6 11 DEC CNT RL R•peat until 2S 6 JC T£KP0 hble bytu At' e output. 

lvhich conatitut•• one note) here , though, the table increments are 
0229 DO 06 BHE RPEA.T 


0'228 Cf:i U DEC' CN TRH 
 calculated in real time by means of a simple 
0220 00 ED BN~ LOOP pattern generating algorithm. The resu lt 
022 P tO 0 4 BBQ NEXT 

is music which is " natural," at least from 023 1 ~A AP&AT HOP Waite •• much tilM! •• it take• to tiec renent CHTRL 

0 23 1 18 CIL' the computer's point of view, because the 
01 33 90 E7 DCC LOOP elemen ts of the pattern algorithm are simple 
02JS Cl NEXT lH'r Go on to next n ot(!' . 

0 236 C6. Of:C binary machine operations such as incre­1 l BEAT 


0218 00 CB BNE NOTE 
 ment, shift, AND, OR and add. Wh ile you 
0'23A AS Of! LOA BEAT might not consider the results seriousOlll lilS ll STA &C:NTA 


02)) A9 01 LOA t Ol 
 competition for the top ten, I think you will 
02l:ii BS 10 STA INCR find that the computer 's idea of music
inn 18 CLC 


02)1l 90 0 1 BCC Rf:S£T 
 has many elements in common with our 
own. 

Listing 7: A program written for the 6502 which generates first order tone The hardware requirements are minimal : 
sequences. The program can reside in any 70 consecutive memory locations. an MOS Technology 6502 based computer 
It requires a 256 byte waveform table on page 03 and an 8 bit digital to with 1 K of programmable memory, a simple 
analog converter address at F900. The program uses the X and Y registers and 8 bit latched output port, and an 8 bit 
zero page locations OE thru 14. This program was hand assembled and is re­digital to analog converter (DAC). A Kl M-1, 
produced here from the author's typed listing. Ebka 6502, PAIA 8700, or an OSI 400 
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board should be able to run this program 
by simply changing the output instruction 
(locations 021 F to 0221) to the address of 
your output port (F900 on my Ebka). 

The complete program is given in the 
accompanying listing. It is written to occupy 
the first 70 bytes of page 02, but is relo­
catable without change. The 256 byte wave ­
form table is on page 03. Page zero locations 
OE to 14 are used. The pattern genera ting 
routine (hexadecimal addresses 0202 to 
0213) produces a 4 bit integer tab le incre ­
ment (INCR) from the value in the y index 
register, which is initialized to 0 and is 
incremented by 1 for each successive note 
(at location 0235) . Then code at locations 
0216 to 0234 generates the note with the 
duration determined by TEMPO. To add a 
rhythmic touch, locations 0236 to 0241 
force the fundamental (lowest) frequency 
to be played every eight notes: a sort of 
bass drone effect. 

The waveform table can be anything 
you like. Of the simple waveforms, a tri ­
angular wave sounds pleasant. Or you can 
use a more comp lex waveform such as the 
one given by Hal Chamberlin in his Septem­
ber 1977 BYTE article, page 62. 

In addition to the waveform, several 
other variables can be changed for experi­
mental purposes, including TEMPO, MASK, 
BEAT, and, most interestingly, the pattern 
generator itself. For example by changing 
the AND and ADC operations at 020E and 
0210 to ORA, EOR, SBC, etc, a variety of 
other patterns can be generated . 

Note that, since only integer table incre­
ments are used, the pitches obtained will be 
a "natural" harmonic series resulting in a 
so-called " scale of just intonation" rather 
than the equally tempered scale more 
familiar in post 17th century Weste rn mu sic 
(see Olsen's book in the references). The 
difference is slight for the first few har­
monics, so for that reason the harmonic 
numbers (table increments) are limited by 
the MASK applied at 020B.• 

REFERENCES 

1. 	 Hal Taylor, "Scortos: Implementation of a 
Music Language, " September 1977 BYTE , 
page 12. 

2. 	 Hal Chamberl in, "A Sampling of Techniques 
for the Computer Performance of Music," 
September 1977 BYTE, page 62. 

3. 	 H F Olson, Music, Physics, and Engineering, 
second edit ion, Dover, New York , 1967. 

Harmonic 
Number Nota Interval 

2 Octave 

3 Perfect 5th above C3 

4 Next octave 

5 Major 3rd above C4 

6 Perfect 5th above c4 

7 Harmonic minor 7th 

8 Next octave 

Table 7: The harmonic series based on the note C2. (C2 is two octaves below 
middle C.) 

Microprocessor Lexicon, Acronyms and Definitions, by 
SYBEX. 110 pp . This little book is a necessity to anyone who 
wants an explanation of those hard-to-fathom acronyms and 
other micro terms. At 411.." x 5 !12" it can be pocketed easily. 
For only $2.95 every microcomputerphile should have a copy . 

Microprocessor Interfacing Techniques (2nd expanded 
edition) by Austin Lesea and Rodnay Zaks. Now available is 
this newly revised edition featuring : new material on "useful 
circuits," an en larged floppy disk section with new double den ­
sity controllers, updates on LSI controllers- and much more. 
Including basic concepts and techniques, this book is a very 
comprehensive handbook on interfacing. 416 pp. $9 .95. 

Microprocessors: From Chips to Systems by Rodnay 
Zaks. 416 pp. $9.95. 

rFor convenience, please use the coupon on page 96, writing inl 
!,!his book's title. Processing may occasionally exceed 30 daysJ 

Send now to : BITS, Inc, 70 Main St, Peterborough, NH 03458. 

Master Charge and BankAmericardNISA welcome. 
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Add a Voice 


ab ly have enough memory for that." 
"What's that?" 
" It's a process to record speech digitally. 

For al I practical purposes it's Ii ke a tape 
recorder, but instead of magnetic tape for 
the storage medium it uses the computer's 
programmable memory. The tape recorder 
uses an analog storage method while the 
computer stores the information digitally ." 

"If it's that simp le why don't more people 
use it?" 

"It's mostly because it's not very memory 
efficient. A vo ice synthesizer is an ana log 
voltage ge nerator that creates the speech 
phoneme sounds through a hard wired cir­
cuit. In its most advanced form a single 8 bit 
byte can be used to tell the synthes izer what 
discrete sound it should make. By sending it 
a series of byte codes, words can be made 
from the discrete sounds. That's the way 
my Votrax synthesizer works." I pulled out 
a pad to sketch my exp lanation. " In d igitized 
speech the analog voice input is sampled very 
quick ly with a high speed analog to digita l 
converter, and the samples are stored in 
memory. To reconvert to analog or "say" 
the words, the stored digita l data is sent to 
a digital to analog converter at the same rate 
and in the same order the samples were 
taken . The concept of digitized speech has 
been around for a long time, but up unti l 
recently the cost of a system dedicated to 
this was prohib itive . You already have the 
computer and enough memory for li mited 
applications. Al l you need is the high speed 
analog to digital and digital to analog con­
verters and the knowledge to do it." 

"And what is that going to cost me, 
$500?" Ken was still skeptical. 

I opened a drawer under the bench. It was 
my "junk box" (in my case one corner of 
my cellar is a ju nk room). I rummaged 
through the prototype boards from previous 
experiments and pulled out a particular one. 
"Ah, here we are. You remember a few 
months ago when I designed that 8 channel 
digital voltmeter (December 1977 BYTE, 
page 76, and January 1978 BYTE, page 37). 

Steve Ciarcia 
POB 582 
Glastonbury CT 06033 

to Your Computer for $35 

Talk to Me! 

"Talk to me! Talk to me !" 
"OK! I'I I ta lk to you if you need it that 

much!" Ken cal led out as he descended the 
stairs into my cellar workshop. "You sure 
you aren't going a little buggy?" 

I looked up from the video monitor and 
parted the piles of cassette tapes and pr int­
outs. Ken was a good neighbor and I knew 
his comment was only in jest. I hit the car­
riage return and the speaker said, "Talk to 
me!" 

Ken smi led when he real ized I was just 
exercising the voice synthesizer option I 
had previously added to my system. 

"This synthesizer is part of the reason 1 'm 
here this even in g," he said . 

"What's the problem? " I asked. 
"No problem rea lly. We just got a micro­

computer in my company's Rand D lab and 
I've been playing with it lately . It's pretty 
sophisticated and has plenty of memory 
space. What wou ld it cost to put that type of 
synthesized voice on our computer? I can 
probab ly raise $50 among the technicians 
for it. They'd get a kick out of it ." 

"Wel l, depending on the manufacturer 
and the particu lar interface , they usually 
run from $400 to $800 and up." I looked at 
the startled expression on Ken's face. It was 
what I normal ly cal l "peripheral face," the 
look you get when you tell someone that 
it'll cost $1100 for a video terminal to 
communicate with the computer he just 
bought for $250. 

"So much for that idea. How's the weather 
been lately?" 

"Wait!" I interjected . "How much mem­
ory do you have on your lab microcom ­
puter?" 

"40 K, I believe. Why?" 
"How much of a vocabulary do you 

need?" 
" I suspect we'd on ly need the number·s 

0 through 9 and a few letters. We want to 
monitor data and verbal ly record channel 
number and input value. But at that price 
it's far too expens ive to justify." 

"How about digitized speech? You prob­
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Figure la: Block diagram of a digital speech recording system. Speech Is picked up as sound 
waves by the microphone and Is amplified and processed through a high speed analog to digital 
converter which samples the analog sound waveform several thousand times a second. These 

COM PUTER SYSTEMsamples are stored In the computer's programmable memory. 

TALK 
TO ME! 

MIC ROPHONE 

AMPLIFIER 
HIGH SPEED 
ANALOG TO 
DIGITAL CONVERTER 

,,. 

.... 

COMPUTER 
PROCESSOR 
AND 
PROGRAM 
MEMORY 

I needed it to troubleshoot thi s board. This pen recorder and a digital to analog conver­
is all you need for digitized speech." I ter . Each sample is successively processed 
tossed the board to Ken. " It contains a through a digital to analog converter at a 
100,000 sample per second 8 bit analog to slow rate to the pen recorder. The result is 
digital converter and an equivalent speed an expanded view of a short event. 
digital to analog converter. And now the An alternative method for util izin g this 
beauty part : It cost less than $35 to build ." stored data is to pl ay it back in real time . 

"Great! Tell me how to use it. How much In this case the computer outputs the stored 
memory does it need? What kind of program data to the digital to ana log converter at the 
does it use? Can you tell me how to use it same rate the data is taken. The output of 
so I can borrow it for work tomorrow?" the converter wo uld then exactly duplicate 

"WeiI, let's go over the concept in more the values of the event previously recorded 
detail. ... " (at the times the samples were taken). 

Digitized speech is a specific application 
What is Digitized Speech? of this type of data recording technique. 

Digiti zed speech is simply a standard Your voice, when applied to a microphone 
data acquisition technique with a new defini­ and amp lifier, creates a fluctuating analog 
tion. For years people have been using voltage that varies at the frequency rate of 
computers to scan analog to digital input the so und . If this analog signal is applied to 
conveners and store the resu lts in memory. the input of a h igh speed (greater than 10,000 
Often, in high speed applications such as samples per second) analog to digital con­
wind tunnels and nuclear experiments, the verter and stored in memory , the computer 
sample rates can exceed thousands of sam pl es won't care whether th e source is speech or 
a second. In cases where the critical event is a nuclear reaction . The analog fluctuations 
of short duration, these thousands of samples are "digitized" at disc re te sampling in tervals 
are stored directly into memory to increase and stored (figure la). If the stored memory 
system throughput capabilities. When the table is sent to a digital to analog converter 
event has passed and sampling has stopped, at the same rate it was initially sampled, the 
the computer memory contains a record of speech is reproduced exact ly. Of course 
that event in discretely timed intervals. The there are trade-offs and limitations that 
stored data is now availab le to be red uced, have to be considered to produce a usable 
analyzed or listed. It's often li sted in "slow system {figure 1 b). We will consider th em 
motion." This technique employs an analog in detail later. 

Figure 7b: Block diagram of a digital speech playback system. Dig/ta/ sample 
points stored by the system In figure 7a are converted by a high speed dig/ta/ 
to analog converter into an analog speech waveform. A low pass filter fs used 
to smooth the signal, which is then amplified and played back through a 

COMPUTER SYSTE M speaker. 

COMPU TER 
PROCESSOR 
ANO 
PROGRAM 
MEMORY 

.... 
er 

_,o
w"' 
...J .... 
...J ::> 
~ Q. 

HIGH SPEED 
DIGITAL TO 
ANALOG CONVER TER 

LOW PASS 
FILTE R AMPLIFIER 

SPEAKER 
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a: .... 
~ ::> 
Q. 0 
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A digi tized speech system creates its out­
put waveform by digital to analog conversio n 
rather than by completely analog ge neration 
as in the case of a voice synthesizer. The 
major consideration that limits the useful ness 
of digita l speech is the vast quantity of data 
which must be stored to re produce a si ngle 
spoke n word. 

Figure 2a: A waveform +v 

(considerably simplified} 
which is characteristic of 
the voice. 

Choosing the Correct Sampling Rate 

The 8 channel digital voltmeter mentioned 
earlier has a maxim um sam pl ing rate of 25 
conversions a second. A slow speed analog 
to digital converter of this type is of no value 
in th is appl ication . The normal human voice 
occu pies a bandwidth of 4000 Hz, and taking 

-v 

t---+---t---1~+---+---+~t---t--t---l~\---+--+~l---+---t---l~+---+---t---l---,ol----- TIME 

100,..sec / DIV 

Figure 2b: Waveform in + v 

f igure 2a after being pro­
cessed through a digital to 
analog converter at a 
sample rate of 5000 
samples per second. 

O t---+--t---+~t--t---+--t~-+--+---l~+---+---t---tf--+---+---l~t---+--+--4.....:.../e>--+ T IM E 

-v 

Figure 2c: Waveform in +v 
figure 2a after being pro­
cessed through a digital to 
analog converter at a 
sample rate of 70, 000 
samples per second. 
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25 samples within a period of one seco nd 
could not effectively record the event. At 
what samp li ng rate should audio speech be 
digitized? 

There is a specific law used to determ in e 
this rate, called the Nyqu ist criterion. It 
states that, at the very min imum, the sam­
pling rate of the digitizer must be twice the 
maximum frequency of the input sam pl e. 
If human voice extends to 4 kH z, the mini­
mum sample rate should be 8 kHz. This 
presumes that there is an ideal low pass 
filter on the output of the converter. Ideal 
filters are something like perpetual motion, 
im possibl e to attain . In reality the sam pling 
rate shou ld be three or four times the highest 
input frequency. Th is means that to digitize 
voice fully you need a samp le rate of from 
12 to 16 kHz. 

It is easier to exp lain the digit ization proc­
ess visual ly. Figure 2 ii lust rates an expanded 
view of a typical speech like waveform. Voice 
waveforms are complex: the majority of the 
voice sounds exist below 1500 Hz, but 
intonation and accent occupy the higher 
frequencies. It is these added harmonics and 
inflections that make one voice different 

from another, and captur ing and recording 
them is an important consideration . The 
waveform in figure 2 has been digitized at 
two different rates for comparison. Figure 2a 
is the original waveform which consists of a 
fundamental freq uency of approximatley 
500 Hz and some added components of 
higher fre quency . If this waveform is 
"digitized" or samp led at a 5000 sam ples per 
second rate and the stored values are sent 
to a digital to analog converter, the resultan t 
waveform would be that shown in fig ure 2b. 
It is easy to see that onl y a vague representa­
tion of the original waveform wou ld be 
record ed. Even though this output is fi ltered 
before being amplified, the higher freq uency 
components of the original input would be 
lost. Increas ing the sampl ing rate to 10,000 
samples per second as in figure 2c gives a 
better record of the higher frequencies. The 
addition of a good low pass filter would 
el imin ate the sharp tra nsitions between 
samples. 

Tradeoffs to be Considered 

The benefits associated with the reduced 
cost of the voice input and output circuitry 

IBM 2741 - compatib le or 
standard ASCII (w ith Break and 

Control code features). RS232-C 
interface. 

IBM Correspondence~ 
or BCD Code .l.1J.q5.~ . . ~ 

RECONDITIONED SELECTRIC 
TERMINALS

0 CONTACT KEN PAYNE 

Dal-Data Inc. · 11 l l W. Mo ck ingbird La ne 
Su ite l400· Do llos, Texas 75247 · 214·630-9711 

• IBM 2741 Compo tib"f:'"7" 
• RS232C Interface ~ 

ASC 11 Cod 0 l.~lf.q... -~ 
• 300 Boud 200 c'hlrac t ~ 

Print Buffer 
• RS232C Interface 
• Breok ond Control Code feo tures 
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Figure 3a: An 8 bit 
successive approximation 
analog to dig/ta/ converter. are counteracted by the inc reased memo ry 

requirements. Digit ized speech uses a lot of 
memory. In the previous example, if the 
voice input is sampled at 10,000 samples per 
second, the table in memory needed to store 
one second of data wo uld be 10,000 bytes 
long (presuming an 8 bit ana log LO digital 
converter} . If increased fidel ity is required 
and the sampling rate is set for 16 kH z, the 
tab le would fill up at a rate of 16,000 bytes 
per second . 

Obviously, systems like my own, which 
already have considerable amounts of pro­
grammable memory, would be easy to use 
for experimenting with digital speech. l do 
not recommend buying add itional memory 
just to store a few words, but, if you have it, 
you' ll be surprised at the resu lts. 

Bu ilding a Voice Digitizer 

To experiment fully with digitized 
speech, it is necessary to have a high speed 
analog to digital converter to store the 
analog input and a high speed digital to 
analog converter to reconstruct the ana log 
output. 

Figure 3a shows the schematic of an 8 bit 
ana log to digital converter capable of sample 
rates in excess of 200,000 samples pe1· 
second. With an 900 kHz clock rate it will 
run at a modest 100,000 samples per second. 
Figure 3b shows an 8 bit digital to analog 
converter and low pass fi lter with sim ilar 
ca pabilities. The estimated total cost for parts 
is $35 . 

The analog to digital converter is a general 
purpose high speed 8 bit converter that can 

Tobie 7: Power wiring 
table for figures 3a and 3b. IC Number Type +5V Gnd +1 2 v - 12 v - 6 v 

IC1 MC1408L8 13 1 3 

IC2 MC14559 16 8 

IC3 74100 24 7 

IC4 LM301A 7 4 

IC5 LM710 8 4 

IC6 7400 14 7 

IC7 7404 14 7 

IC8 MC1408L8 13 1 3 

IC9 LM301A 7 4 
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Figure 3b: An 8 bit digital 
to analog converter and 
low pass filter. 
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be used for any data acquisition application 
requiring high speed. The technique used to 
attain this speed is called successive approxi­
mation . Th e circular logic of successive 
approximation is best ex plained in a block 
diagram (see figure 4). 

Initi ally, the output of the Successive 
Approx imation Regi ster (SAR) and mutually 
connected digital to analog converter is at 
a zero level. After a start co nversion pulse, 
the register enab les the outpu t bits one at 
a time starting with the most significant 
bit (MSB) . As each bit is enabled, the com­
parator gives an output signifying whether 
the amplitude of the input signal is greater 

than or less than the amplitude of the con­
verter. If the converter output is greater, 
that part icular bit is set eq ual to O; if less 
than, it is set to 1. Th e register moves succes­
sively to the next least significant bit (retain­
ing the setting on the previously tested bit 
or bits) and performs the same test. After 
all the bits of the converter have been tested, 
an EOC is output and then the conversion 
cycle is complete. The en ti re conversion 
period takes on ly nine clock cycles, and 

•svD 	 D•SV 

8 BIT 
PARALLEL 
INPUT 

Notes for Figures 3a, 3b and 3c : 

1. 	 All res is to rs are 1 /4 W 5% unless otherwise 
indicated . 

2. 	 Al l capac i tors are 100 V ceramic unless other ­
w ise indicated . 

3 . 	 With components shown. clock frequency is 
900 kHz. This is 100,000 conversions per 
second in free run mode. 

4. 	 The following circuit can be added to each 
output pin of IC3 if a v isual indicator is desi red : 

5. 	 Cloc k rate is not critical. A slower clock of 100 
kHz (about 9 K samples per secon d) may be 
quite adequate . 
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470 !'1 

FROM 

JC 3 


1 +1 
IOOµF

I 25VII 

- 12v 

+l IOµF 

25Vr	 · I 

Figure Jc: Power supply 
1aon circuitry for figures 3a and 
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Figure 4: Bloc!? diagram of a typical successive approximation analog to 
digital converter. The device uses a dig/ta/ to analog con verter to perform its 
function . The successive approximation register is lnltia/ly set to 0. After a 
start conversion pulse, the register enables the output bits one at a time, 
starting with the most significant bit (MSB) . As each bit is enabled, the 
comparator gives an output signifying whether the amplitude of the input 
signal Is greater than or less than the amplitude of the digital to analog 
converter. If the converter output is greater, the bit in question is set equal to 
0. Otherwise It is set to 7. The process continues for the remaining bits until 
the conversion is complete. 

Micro Business Software 
• Complete interactive, double entry account­

ing system 
• 51 programs with 120 pages of documen­

tation 
• Written in Northstar BASIC (other variations 

available) 
• General ledger, accounts receivable, 

accounts payable, inventory and payrol l 

• Only 24K of memory 
• Single diskette can hold 400 customer 

listings, 50 vendors, 400 line items of 
inventory, 25 employees, 60 general ledger 
accounts. 

• Only $200.00 

Send check or money order (Calif. residents add 
6% sales tax) plus $2.50 to cover postage and 
handling to: 

Computer Products Of America 
A Division of The Computer Mart 
633 West Katella Avenue 
Orange, CA 92667 
(714) 633-1222 
Dealer and OEM pr ices upon request 

another conversion begins on the next clock 
pu lse when in free run mode. To retain 
the 8 bit value between conversions, an 8 bit 
register (IC3) has been added (see "Control 
the World," September 1977 BYTE, page 
30, for a comp lete desc ription of MC1408 
digital to analog converter operation). 

Assembly and Testing 

1. 	Component types and values are chosen 
to allow high speed operation . Substi ­
tut ion of slower devices may com ­
promise overal l performance . 

2. Assemble components 	on a prototype 
board as neatly as possible. Keep wires 
between components short and direct. 
The MC14559 is a CMOS device and it 
should be handled carefu 1 ly. Sockets 
are suggested for all integrated circuits. 

3. 	Check power supp ly voltage before 
inserting integrated circuits. Then insert 
clock oscil lator IC6 . The clock fre­
quency should be around 900 kHz. 

4. 	 Insert the rest of the integrated circuits 
and grou nd the V input connection of 
IC4. Slowly rotate the zero adjust pot 
until the parallel output of IC3 reads 
binary 10000000. This output can be 
read either through a comp uter pro­
gram which scans and disp lays this 
valu e or with LEDs attached to the 
output pins . In practice, the LEDs 
are easier in the long run. 

5. 	Remove the short on V input and apply 
a voltage of +2 V. Adjust the span 
adj ust pot unti l the displayed output 
is 11 11 11 11. The result of this proce ­
dure is an analog to digital converter 
with an input range of - 2 to +2 V 
represented by binary 00000000 and 
111111 11 patterns respectively. 0 V 
is represented by 10000000. Any 
voltage span between + and -5 V ca n 
be set on th is circuit usi ng this method . 

6. 	The digital to analog converter section 
should be assembled with the same 
care . Insert all ICs. With all para llel 
input pins at a logic zero level, adjust 
the zero pot until IC9 pin 6 reads 0 V. 

7. 	With all parallel in put pins at a logic 1 
level, adjust the span pot unti l the out­
put at IC9 pin 6 eq uals the +V setting 
of the analog to digital converter, or 
as in the examp le (2 V). 

8. The 	low pass filter in the schematic 
is optimized for the speech samples 
in the text, but can be experimentally 
determined. The optimum cut off fre­
quency of the low pass filter should 
be the sampling rate frequency . (ie: 
10 kHz cut off for 10 kHz sample 
rate) . 
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9. The easiest way to test the entire unit 
is to attach the analog to digital con­
verter output to the digital to analog 
converter input. What goes in should 
come out! Since both units would be 
running continuously at the 100,000 
samples per second rate, this will give 
the experimenter firsthand knowledge 
of the ultimate fidelity of the system . 
Don't ex pect miracles with an 8 bit 
unit; 12 bit units would be far superior, 
but 8 bit precision is more than ade­
quate. A standard cassette recorder in 
the record mode serves as a handy 
am plifier . The amplified output is 
availab le at the earphone jack on most 
recorders. 

Using the Interface with a Computer 

Not everyone will want to add a voice 
to the ir home computer but the concept is 
none the less intriguing. Once you have built 
the analog to digital converter and digital 
to analog converter of figure 3 you are ready 
to digitize the spoken word. Listing 1 is a 
simple program that reads the analog to 
digital converter output and puts the values 
sequentially in a memory table. Hardware 
for the experiment should be arranged as in 
figure 1 b. When the program is executed it 
will scan the input port containing the analog 
to digital converter information and will 
compare this value to hexadec imal A8 (when 
speech is started, the audio level will presum­
ably exceed this trigger level). The amplifier 
should be adjusted to eliminate false trig­
gering because of background noise. 

When the input level is attained , the 
digitization process begins. The program 
sets the beginning address of the memory 
table and sequentially reads the input port 
and stores the value. The rate at which the 
sampling occurs is determined by the value 
of a constant, "SAMP." A value of hexa ­
decimal 38 is approximately 3 kHz on my 
Z-80 system. Wh en the table is filled, the 
program stops . All programs in th is article , 
while written on a Z-80, use only 8080 
instructions. 

Once the table is filled with digital values 
corresponding to a voice input, we are ready 
for the next phase: voice output. The hard ­
ware is configured as in figure 1 b, and the 
output program shown in listing 2 should 
be used . The same values as those of the 
input program should be used for ST ART, 
END and SAMP. When the program is 
executed, the recorded data gives a speech 
output. 

As with most computer experimenters, 
hearing is believing. To allow peopl e to try 
out the concept without having to construct 

the analog to digital converter I have included 
a pred igitized listing of a few words. This 
2000 byte listing {listing 3}, will say "Talk 
to me" when read out using the program of 
li sti ng 2. Since I could not presume that 
everyone had the patience to hand load a 
10,000 byte table with good fide! ity, a com ­
promise was in order. The sample rate on this 
table is only 3 kHz, but the speech will still 
be understandable . It should also be realized 
that since this example of digitized speech is 
actually recorded sounds, the words 'Talk 
to me" will be in my voice. The fact that 
I have a fair ly low voice allows understand ­
able speech even at these very low sample 
rates . 

Listing 7: An 8080 assembler program that reads the 8 bit parallel output of 
the analog to digital converter and stores the samples sequentially In memory. 
This assembly uses octal notation for machine codes. 

1 .10000 0 1 00 * 
1:!0000 0 11 0 • 
1~()000 0 l :!O * VO 1 CE lO MEMORY TABL E TEST P ROG RAM * 
l ...:!0000 Ol JO • S . C IARC l A 
1::::0000 0 14 0 • 
I~() 00 0 1:::;0 ' 
1::!0000 0 160 STAR T EOU 0 10000 MEMORY TABLE START HL ADDRESS 
1:10()(.)0 0 17 0 EN D EOU 11 0 MEMORY TABLE €N[1 H ADDRES S 
1:!0000 0 180 TR I G EOU 250 IN PUT S TA~r CONV£~SION LEV(L 
! :!0000 0 190 l f' ORT EOU o~o A/ D INPUT PORT NUMBER 
I ~0000 0 200 SAMF' EOU 070 SAHPLE RA TE TIME CONSTANT 
1 :'\)()00 02 10 * 
l ~0000 O~::'O * 
I ~V·JOO O~ JO * 
I ..'.0000 .LU O:""O 0::' 40 TNF' IN f f'ORT RE A[1 Air• l NF'U T VA LUE 
1 _1000:'.? "J,J.1-, :?~iO o~:.:;o CP TRIG COHf'. INPUT TO CONVERT TRIGGER LEVEL 
1~000 4 JO:i 000 1 ~0 0 :!60 JP NZ.! NP LOOI' AG A IN I F NO., SUFF ICIENT LEVEL 
1 ~0007 O~J 000 0 10 0:!70 LD Hl. . START L OAD TABL E START ADDRESS 
1:ioo 1 :! 3 c~ o:io 0:?90 AG AI N I N !PORT TAKE A SAMPLE 
l .!00 14 16 7 0~90 L D <HL) , A ST ORE SAH~L E IN MEMORY 
I :JOO I ~ 115 o;rn I :!O 0300 Ct\LL l•EL Y SAMPLE TI ME DELAY 
I :!00::10 O·U 03 1() I NC HL 
1~00 . ' 1 J 7 '1 0320 Ll• A• H 
1 ~00:!~ .5n. 11 0 OJJO Cf' EN J1 TES T TO SEE I F AI EN D OF TABLE 
1~00:1 '1 3 0.1 ()I.' I :~O 03 40 JP NZ , AGA l N I f NOT fA l\.E ANOTH ER SA HF' LE 
I :'00~7 166 03:.iO HALr 
l ~OCUO OJ l,,O * 
1:oo3o OJ70 • 
1 ~00.iO 0 380 * SAMPLE Rft TE f! M!NG LOOP * 
I COO:!O 006 070 OJ90 DELY LD ~r SAMP 

I .'003.' 00:..i 0400 [1Cfi· fJEC fc 
1:·0033 30:! 03: 1 I .'O 0 •1 0 JP NZ . ~CR 
I :!OOJt• -~ l l 0 4 2 0 h'E:T 

Listing 2: An 8080 assembler program designed to output digital speech sam­
ples to the digital to analog converter at the correct rate. This assembly uses 
octal notation for machine codes. 

1. 10000 0100 :t 

l~ N)(i'.} () Jl() . 

l =·~)00'1 0 1:-0 '« MEMORY r1t 11L ( ro VOICC OUlf·u -r TEST PROGf.:Ati * 

1:•0000 0 130 * s . c 1nRc 1n 
1:'0000 0 1 '1 0 :t. 
I :'O{i()~) () \ $() • 
1:10000 0 160 S Tl'lr\· r cou 0 10000 MEMORY TABLE STM <T HL A!•DRESS 
l :'OtH)(\ 0 t 10 l'N[I £ OU 0 1 ~ MEMUkY TAfL E E N~ H AO DRESS 
I .'')\1\)0 0 100 Of.·OR I c nu O"'., 0 / t.\ OU I f' Ul POR I NUMl-I Ek 
1:1(10 t>O 0 I 90 SAHF' ((IU 070 SAMPLE RATE TIME CONS TAN T 
l.'0000 0:'00 * 
I ~0\JO() 0:! 10 * 
l .:..!0000 0:1:io * 
I :'0000 0·11 000 0 I IJ 0:!30 LrJ llL rSTART LOAD TABLE SfAR f n [l DRESS 
I ~0003 I /o 0:' '1 0 +"l (j(l fN l fl ('! , <Hl.) TAfiLE VALU E TO f\ CCUHULATOR 
l :'000 •1 .i:! J. O:!:' 0~50 OlJT OPORT 1+"1 OUTPUT BYTE TO D/A 
I :.OOOOc• ) 1 ~ , 0:' I I :1(1 0::!60 CllL~ ~ELY S AMPLE r!"E DEL AY 
1:•0011 () 43 0~70 JNC HL 
l:' •1C)I .' 17 •1 0:"'80 l l• A1H 
l:' th)I i I '6 0 1. 0:1 9 0 CP E Nfl JES T 10 SEE I F' A l £ N[1 OF' TA&LE. 
1:100 1:.1 j{) ;"t 00 ! I. ' <• (UOO JP NZ . AGAIN IF NOT OUT PUT THE NEXT SAMF'L E 
l :.!00.'0 166 O~"o HALr 
I :!00~ 1 03:10 ... 
L:'OO:•t 0330 • 
l :-'OC.'.11 0 .~ 4 0 * SHMPl.E Rf'ITE T l MI NG LOOP :t 
I : 1 00.~ I 006 0/0 OJJO h EL Y L [I f( , Sf'I MF· 
I :-000:1.> 005 OJ60 UCR UEC b 
1:"'00.' '1 30:" O:":\ 1:•0 o..no Jf' NZ ' [ICR 
l :'00:-1/ 311 0300 RE T 
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HIE f'OLLOWI NG LISI HfiS TltE i'\ l lJ1r..:css I CJCn rt (lN !N [_IEC I MAL 
~LL MEMO~Y 8YI~ unLU 5 Al.:!:: Gl Vl-'. N IN OL: 'lt! L NOffHIO~ 

:S-:!768 ".!77 J0 7 ~~:-!o ~::.o J77 
32778 000 000 000 077 101 
3:!789 ~ t:1 ~ 1 0 1 7 "1 l-17 JOO 
J'.'798 003 0.50 041 \")40 -OJO 
3::!800 J70 ~3 ·1 ~03 l 70 l 56 
3'.'.!'t:l 18 () .J.11 003 o~ o 016 077 
3~8~8 03 ·1 (M O on 137 1 13 
32838 0 4 3 060 on, oti"J 1~0 
3:!840 160 l~ O 077 107 077 
3~858 0 4 '1 037 041 0~~ '1 0 1'7 
32868 070 0 ~ 3 060 0$'1 0 4 7 
3~B79 0 '1 7 045 07 ~ 0~7 060 
32868 377 370 oo., 1~3 ~~o 

32898 ClOO 000 000 000 000 
'=" 900 171) ~77 101 000 077 

329 18 130 000 000 000 000 
329::!9 177 263 3~0 000 000Listing 3: A listing of the 32938 :!27 o~o ooo 0 17 ooo 
32948 10 1 :!40 J 1 7 06 1 000digital samples making up 	 111 () 000 020 0073~9~0 077 
32968 000 27 7 JOO :?~O 000the phrase, ''Talk to me" 32978 13 7 067 040 0 16 023 
3~988 000 000 3 ~ '1 ~~7 120spoken by the author. This 3:?998 14 7 140 037 Oc7 030 
33008 ~ 11 0 000 067 J40 ~~ .,somewhat bandwidth lim­
33018 000 177 063 oso 0 11 

J77 000ited signal allows Inter­330~8 000 '277 237 
33038 000 1 40 170 037 040

ested readers to reproduce 	 3304 8 377 300 000 107 3~0 

3 3058 000 O~~ I :J7 0 40 07 4the message through an 8 33068 377 377 000 050 316 
33078 OH OS7 10 1 077 077bit dig/ta/ to analog con­33080 J77 J77 000 0 1 7 2~1 
33098 14 7 060 03 4 147 060verter without having to 
33108 377 37 7 000 0 17 ~ 1 0 
33 1 ' 8 140 037 0 4 7 14 0 0 14build the analog to digital 
331"8 000 377 :!'1~ 000 ::!37 

converter. 	 331 38 0 16 113 060 0 17 0 4 7 
33146 01 '7 1 .q o 177 157 14 1 
J31!'.i8 047 070 057 057 060 
33166 076 077 107 120 13 4 
33 176 064 0:'.!7 o~o 036 037 
33 100 077 1:20 076 137 061 
33 198 1()7 100 077 077 120 
33208 I OJ 130 07'7 077 l :!O 
33:::!'1 8 100 077 077 too 076 
332::!8 070 0'.57 061 070 05'7 
33238 057 06 ) 074 077 l OO 
332 48 073 074 077 067 070 
33~58 lOO 077 0"17 100 077 
33:::!'69 076 0"77 101 076 ()77 
33:::!'79 07 7 077 100 07'1 077 
33288 077 10 ) 077 077 07S 
3329 B 073 070 077 067 074 
33308 07 4 077 077 07 4 077 
33 3 10 077 077 073 076 077 
333~8 077 061 07 • 0~~7 061 
J3338 06 :1 07 4 077 06:~ 07 4 
333 '1 0 07•1 077 067 014 077 
33358 077 017 100 077 077 
33368 0 77 IOI 076 077 )01 
33378 OT/ I t O 0 71 0 77 101 
33389 101 Oil 077 0/7 076 
33398 076 077 on 0'7 4 077 
33408 077 073 07' 077 077 
33418 077 070 on~ 067 070 
JJ4:!8 U60 OI < 067 06 1 076 
33438 ()/4 067 063 0·14 077 
33448 ()77 067 074 077 067 
33 459 073 0 -1 '1 077 077 100 
33468 10 1 07n 077 IO l 076 
33478 I~ () 077 077 103 077 
33 ~8 8 1 10 077 077 110 on 
:13496 077 077 0 7 4 077 077 
33508 077 071 016 077 07 1 
:53'518 (lO~i 07' 077 0/.7 074 
335:28 07 4 077 063 07 4 0'77 
33S3B 077 063 074 017 063 
J3S 4B 067 0 '74 on 067 070 
J 35!i8 100 077 077 100 077 
33568 I 20 077 077 1 10 077 
J3~7B 077 077 110 077 077 
J358B 077 077 100 017 077 
33599 077 100 077 077 073 
33609 07.J 016 077 0'11 077 
336 18 076 O'!:i? 053 14 0 077 
33628 07 4 057 060 077 077 
33638 Oc7 060 077 143 l :?O 
336 48 107 0 70 076 06 7 120 
33658 120 I 34 077 14 0 130 
33660 077 077 027 060 077 
33678 0~7 007 070 037 027 
33688 137 200 150 077 060 
33698 013 060 057 063 100 
33708 140 114 l 47 !00 134 
337 18 036 0:37 0 4 07 4 077 
33728 137 137 140 13 4 077 
337J8 11 7 111 120 077 12 1 
337 48 1 17 074 076 0 4 7 040 
33758 000 277 317 3 '.?0 ) 7 4 
33760 076 017 073 07 0 077 
33778 002 000 000 017 147 
33788 077 cOO 140 1 1 7 000 
33790 043 060 017 0:!3 000 
33808 360 260 107 0 1 0 134 
338! 8 030 OJ7 10 1 077 1S7 
33828 007 000 000 000 027 
33830 067 140 160 14 7 0 43 
33848 073 150 137 127 060 
33858 000 034 l4 7 200 23 0 
33868 077 077 0~3 o~o 037 
33878 077 107 120 077 06 7 
33888 0'5 7 100 l:;i O 14 7 147 
33896 07J 0 70 07 4 0 4 3 0 60 
3390 8 120 1 20 077 06 1 070 

IO O 077 03 7 001 0\;11) 

~'.20 ~1 '1 JOJ JOO ~tin 
0~ 4 007 00 1 014 007 
037 o~o 060 () 77 1-rn 
ll 7 ()60 037 0 07 060 
140 \ ~() l ::?7 053 060 
060 077 I IJ 060 OS7 
077 l'J7 "00 J/ •l 137 
067 060 070 O"::i7 0 0 I 
O:'i' 04\.l 03i' O:!J 060 
060 056 037 0 40 O>O 
074 077 140 077 037 
~7 4 1~7 000 1J6 047 
077 377 ::!60 000 100 
357 :' 40 0)7 000 :? 11 0 
000 377 377 000 000 
:'.! 40 3~7 133 000 036 
000 ~::?7 :n7 130 000 
077 377 1~0 O'.i7 043 
000 000 377 377 000 
000 3JO 3 1 ·1 000 077 
000 000 000 377 377 
000 000 363 17' 000 
017 000 000 0'17 J77 
OU 000 076 377 0 40 
003 010 000 000 377 
1 ~0 000 000 Jl l ~7 4 

034 0 17 000 000 037 
~30 0 43 000 137 377 
007 O::?O 004 000 000 
227 140 000 0~7 370 
000 05.:l 003 000 000 
~60 -:? 34 000 030 3 5 6 
000 067 000 000 000 
237 2 13 000 077 303 
007 07 4 000 007 040 
067 220 117 0 13 200 
020 077 0 17 07 4 077 
130 137 l :?O 1::!0 077 
OS? 0 47 070 077 073 
117 100 077 077 060 
0 40 07" 067 •~o l~O 
130 077 0 6 7 120 077 
130 ~00 1:::!'0 120 136 
077 077 071 077 077 
077 070 074 067 060 
060 070 057 060 070 
076 077 077 076 077 
077 067 0 7 4 077 067 
077 100 077 077 073 
10 1 1:?0 077 077 100 
075 077 077 101 077 
076 077 077 076 077 
077 067 074 077 073 
077 073 077 077 075 
07 1 076 077 070 076 
076 067 061 074 067 
077 067 076 017 067 
067 07" 077 073 100 
100 077 077 10 1 077 
076 077 077 I l O 077 
077 077 10 1 017 077 
077 073 076 077 077 
077 0/4 077 077 07 4 
07 4 077 077 07 1 077 
076 067 070 () 7 6 067 
067 063 074 067 063 
071 07 4 077 067 074 
074 077 067 07 4 077 
077 077 100 077 077 
077 101 1 :?0 077 077 
077 103 077 077 077 
077 076 077 077 076 
07 1 076 077 07 1 076 
076 077 07 1 076 077 
077 065 07 4 077 063 
063 070 07'1 06 3 07 4 
074 077 067 074 077 
077 067 070 077 073 
077 10 1 0 77 077 073 
077 1 10 077 077 120 
103 077 077 077 110 
100 077 077 1 00 077 
077 077 07 1 076 077 
077 06 1 140 ~17 143 
013 0 40 077 063 020 
101 057 0:?7 020 0 60 
077 077 12 0 130 077 
137 147 140 077 077 
077 120 074 077 063 
123 07 4 074 021 0 30 
0 40 077 127 140 137 
0 40 037 0 20 030 01 7 
077 107 140 137 137 
077 063 074 047 040 
100 074 077 100 140 
070 07 4 0 47 070 077 
140 137 161 17 4 1 5 6 
037 017 020 003 000 
077 010 040 077 121 
051 070 027 000 000 
370 276 14 7 040 077 
0 4 0 017 1 21 140 167 
000 000 000 157 2 "1 J 
157 2 00 130 077 000 
13 3 074 057 073 060 
~20 277 227 ! 03 077 
040 017 040 060 077 
077 043 020 007 001 
177 140 130 117 127 
0 41 060 076 101 130 
060 056 037 040 037 
160 137 12 1 120 077 
057 0 53 100 077 1 17 
037 0 40 054 037 0 7 1 
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More Advanced Applications 	 digita l 111c thod. l:ar.h phoneme cuuld be 
recurded sepa1 ale ly and would occupy l don't want you to fi nish th is article and 
app rox imaLt!ly 2 K b y te~ . As in the analog

think th at digit ized speech is as lim ited as l 
situ aLion, a sepMa L.; conu ul program deter­

have represented it so far. lt is possible to 
mi nes how th ese indiv idu al phonemes are to

total ly simula te th e capab il it ies of an analog be connec Led toge Lh er. Be~ i d es de term in in g
speech synthesizer with more involved soft ­

th e type of phoneme Lo be used, the proc ­
ware. If you realize that the analog syn the ­

es~o r musL also c1·ea Le th e waveform. Su ch
sizer works by con necting strin gs of dis tinctl y 

a ysLem uses much more memory and takes 
independent phonemes, it is no t hard to 

co nsiderab ly more processing time than 
consider tha t the same can be u ue for th e 

someth ing l i k ~ Lh e \/otrax, bu t it is equall y 
as verstt ti le. • 

Listing 3, continued: 

33918 13 4 1.\7 153 160 137 l~ i i< O Oil Oil 0 70 

33928 07 4 047 060 070 057 074 077 I J 7 1:! 1 134 

J3938 077 0/3 07 4 047 04 1 050 037 040 0 6 0 077 

339 48 1:20 160 157 133 140 077 077 100 077 057 

33959 060 060 0 43 060 07 4 067 100 077 11 7 12 1 

33968 077 077 06 1 06·1 037 0 4 0 050 OJ7 0 "1 07 6 

33978 077 14 0 1:50 15 4 127 120 077 077 070 076 

.U41SS O'..J/ 0 '10 i.MO 0 4 / O<IO 0/6 011 I. '') I .~ 11 1.5 7 

(J9 ?9 l ll 011 Oil O• J 0 / 0 O \ I o;i t'M \ I 0~7 06/ 

·1o1000 l~O !.\/ 14:-5 I 44 J'_.o•l I l l l .!O 0 11 ()} l 07 1 

.l•O 18 0/ 4 OJ/ o:..i 06 • iJ ':i / ~) ri 0 O l o Oll l..'O l •H> 


3 40:!8 01 l IV~ 076 076 O',/ 060 OJ/ 0 41 0 40 o::.; 

3•10.38 06/ 1:•0 1.3/ 14 7 l ·h> 140 I 17 l. '0 077 077 

~40•l8 \)6.5 0/0 0:..1 0 4 i' 010 0:. 1 01.! 074 077 11 7 

J·H)~S I •tO 011 on OJ• 076 0".Jl 060 o:..f.J OJI 060 

.!4068 OJ J Obi l ~O IJ7 lJ 7 14 0 140 117 I ( ) / 120 

34078 077 063 070 0::;7 0·11 060 O:J7 0::17 01 • 077 

.34098 10/ l ~O 077 077 100 076 0~ 1 060 0~6 037 

34096 0 4() OJ7 071 1:!0 l ~·l lJ J 14 1 I JO 017 I :'!'3 

3.q 1 0~ l:.'O 071 06 J 060 OJ7 0 40 060 07h 0'.:.7 OJ6 

.3'1 1 18 017 I 4 / 140 134 O/J 063 060 OJ7 0 40 03 4 

341~8 007 001 o~o 077 14 0 ~30 l 76 16 7 l~O 137 

34138 Oll 140 077 067 O• O 05•1 033 060 077 067 

3 4 148 100 017 111 7 140 14 0 077 063 060 037 040 

341S8 0•10 0::!7 oos o~o 0.1} 160 174 :!37 167 160 

3 4 !68 137 011 l:!O 077 077 O•>O 0:5~ 007 0 41 07 4 

3 4 I 7B a~~J 07() 076 I J 7 1' 0 I :.00 on 07.! 07'1 057 

J 4 tea 0•7 o:-.o 037 O:::?J o~o OJ4 02/ 110 177 ~07 


J 4 l 9B ~00 IJ6 137 100 130 077 067 070 OJI O·ll 

J4:?oe 060 067 06 1 OJ • 077 IOS ! •10 t.P I l 7 076 

34~18 0 74 0~7 060 OJ7 0.13 040 017 007 040 170 

.J 4 ~2El 163 :!0 1 17 • 137 017 077 077 0'4 07 6 

3 4:!38 041 060 057 05J 07 '''° 4 Oil l O I 120 136 143 

3 4 ~48 l~O 071 061 060 070 04/ 04 1 057 0~7 0 4 0 

3 "l :!58 034 0 4 7 140 160 177 ~00 140 137 IO I 076 

3 4 ~69 077 067 070 057 033 060 057 0~3 07 • 077 

3 4:!78 103 140 140 l::!"l 100 076 067 060 07 0 047 

34~68 0 40 0~4 OJ 7 0 40 070 077 140 170 157 14 1 

3 4298 l•O 077 11 7 II 0 077 077 060 070 0~7 060 

3 4308 077 067 07 4 077 l l/ 130 077 063 070 

3 4318 0~7 0 4 1 070 0 4 3 070~ Ool 077
047 · · 0 4 7 074 

3 4329 121 160 176 I• I 120 077 077 100 077 067 

3 4338 060 070 047 0 60 076 067 l OO 077 117 121 

3 4 348 1~0 077 063 070 04 7 O•ll 07•) 0 .:57 06 1 0 6 0 

3•t 3~B 057 061 120 137 147 160 137 107 1:!0 077 

3 4368 077 074 O'J6 057 060 O:J.7 041 060 077 077 
3 4378 1 ~ 1 l:!O 0 77 073 07 4 076 060 070 057 053 

3 4 388 070 057 06 1 07 4 07 133 160 1 5 ~ l :?7 12 0 

3 4398 077 on 10 0 077 077 070 074 057 0 60 077 

3 44 0 8 077 120 12 0 077 0 71 070 074 060 070 057 

3 441 8 0 4 7 070 O!:i7 06 1 07< 077 063 14 0 13 7 133 
3 4428 l< O 130 077 J OO 077 077 071 on 077 063 

3 443 8 076 067 060 07< 057 060 070 047 0 40 070 

3 444 8 077 14 0 140 1S 6 137 130 077 077 100 077 

3 44 58 067 060 057 0 43 0 60 076 067 100 077 077 

3 44 68 100 077 077 063 076 0~7 060 070 067 06 1 

3 4 478 07 4 077 100 077 077 103 120 077 1 17 120 

3 4488 071 017 107 077 077 075 070 077 067 0 74 

3 4498 077 065 07 4 077 0 6 7 076 077 063 1 2 0 13 7 

3 4 '509 123 140 136 107 100 077 067 070 07 4 057 

3 4518 060 07 4 O:i7 060 076 057 060 077 067 0 7 0 
34528 076 067 070 076 077 100 077 077 107 077 
3 4538 077 077 100 077 0 77 070 077 067 07 0 076 
34 5 48 063 070 076 057 070 076 067 100 077 06 7 

34558 070 077 077 10 0 0 76 077 100 077 077 100 

3 4569 076 077 07 3 077 077 077 100 077 07 3 074 
34579 077 073 10 0 077 077 11 0 077 0 77 100 077 
3 4588 077 077 0 77 077 077 100 077 077 1 l O 077 
34598 077 100 077 077 0 74 077 077 100 077 077 
3 -4 608 10 1 077 077 075 076 077 06 5 0 7 4 077 063 
3-461 8 07 4 077 067 0 76 077 071 0 76 077 0 67 0 74 

3 4629 0 67 06 J 0 70 077 06 1 07 4 077 063 0 74 077 

3 4638 0 6 3 074 077 067 070 07 7 0 67 070 077 063 

3 46 4 8 070 077 067 0 7 • 077 077 100 077 077 101 

3 4659 077 on 100 076 077 067 074 0 7 7 07 1 076 

3 4669 077 077 076 077 077 100 077 077 JOO 077 

34679 077 103 1~0 077 J OI 120 077 103 1 ~0 077 

3 46 88 077 120 0 77 077 100 077 077 100 077 077 

3 4698 100 077 077 075 077 077 077 076 077 073 

3 4 708 074 077 067 07 4 077 073 074 077 07 1 07 • 

3 4 71 B 077 067 07< 077 063 070 076 053 070 0 77 

3 11 7~8 06J 070 077 067 074 077 067 07 4 077 067 

34739 07 4 077 067 070 077 067 070 076 Oo7 070 

3 47 48 076 077 070 076 0 77 JOO 077 077 073 077 

34 758 077 073 07" 077 073 076 077 077 120 077 

34 768 077 J 10 077 0 77 10 1 077 077 103 120 07 7 
3 4 778 10 3 110 077 077 1 10 077 077 11 0 077 077 
3 4 788 100 077 077 10 0 077 077 07~ 077 0 77 0 7 5 Next month: Keyboard 
3479 8 076 077 075 076 077 073 076 077 073 07 4 
3 4808 077 067 070 077 067 074 077 073 l S5 0 1 4 Function Decoder. 
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Please post or circulate 

Make your reservations now for the 

BUSINESS & PERSONAL COMPUTER EXHIBITION 

3rd Annual 
Computerfest™ '78 

June 23-25, 1978 

Detroit, Michigan 


Presented by the Midwest Affiliation of Computer Clubs 

24 Hour Computerfest™ Hotline phone number (313) 775-5320 


The Computerfest'" ' 78 to be held in the ultra new Detroit Renaissance Center, Detroit Plaza 
Hotel, June 23-25, will feature a full scale three day business and personal computer exh ibition. 
The Computerfest'" will include useful information on how to computerize your business, home 
or office. Bring your walking shoes to cover over 100,000 square feet of convention facilities! 

Only $5.00 for all three days, or save 20% now by pre-registering 

Deadline for $4.00 advance registration tickets is June 15, 19 78 


Use coupon below to get 20% pre-registration discount 


• Stupendous Hobbyist Exhibits • Manufacturer's Party 
• Tours and Evening Activities • Technical Sessions 
• Club Hospitality Suites • Giant Flea Market 
• Special Club Meetings • New Product Displays 
• Fabulous Programs • Seminars in computer 

Special events to feature: applications for:
* Tours of automotive facilities Education, Business systems,* Saturday evening Detroit/ Computers for the Handicapped, 

Canada river cruise Graphics/Art, Automotive, 
Hobbyist, New Technology. 

Limited exhibit space is available! Mail this coupon and make your 
check payable to:For convention booths contact: 

Mr. Jim Rarus - Chairperson SEMCO/Computerfest'" '78 

Computerfest'" '78 
 Box 9578 - Department ERIC 

Box 9578 - Department PAT 
 Detroit, Michigan 48202 U.S.A. 

Detroit, Michigan 48202 U.S.A. 


D send me _advance tickets at $4.00 each or call 24 hours (313) 775-5320 
D please put me on your mailing list 


For convent ion advertising contact: 
 D send me more Computerfest™information 

Mr. Ken Asch er - Advertising Director 
 D send information on special hotel rates 

c/o Communications Electronics·· 
 D please send exhibitors information 

Box 1002 - Department DON 
 0 please send advertising information 
Ann Arbor, Michigan, 48106 U.S.A. 
24 hour Advertising phone (313) 994-4441 

1978 South Eastern Michigan Computer Orginizal ion 
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William Hemsath 
Dept of Psychology 
Uris Hall, Cornell University 
Ithaca NY 14853 

James Seawright 
Visual Arts Program 
Princeton Univers ity 
Princeton NJ 08540 

Emmanuel Ghent 
131 Prince St 
New York NY 10012 

Mimi Garrard 
Mimi Garra rd Dance Co Inc 
155 Wooster St 
New York NY 10012 

We recently deve loped an 8080 based 
composition and control system for th eatr i­
cal Iigh ting. Th is led us to the need for a way 
of disp laying severa l time functions at once 
fo r exam ination and ed iting. Our system 
already made use of the Processor Techn ol­
ogy VDM-1 display module, but the ex isting 
character set made it necessary to devote the 
entire scree n to the display of one functio n 
in order to have usefu I reso lution. Several 
functions could of course be superimposed, 
but this was awkward to program and left 
much to be desired in visual clar ity . 

Our first thought was to obtain a special 
read only mem ory in tegrated circui t to 
rep lace the contro l ch aracte r-s in the ASC 11 

set with special characte rs consisting of a 
single scan line each, but the expense of this 
approac h seemed impract ical. Sti ll, the 
improvement in resolution with such a 
char·acte r set was just what we needed, so we 
looked for other ways to mod ify the V DM-1 
circu itry to achieve th is; the results are 
detai led below. 

Photo 1 shows our modified terminal 
with a typ ical disp lay. Six functions of time 
are shown, each representing the br ightness 
of a group of theatr ica l lights over a 5 
second time span_ The brightness values are 
stored in memory as fu ll 8 bit values and are 
scaled to the 26 possible disp lay values. Two 
adjacent rows of 13 scan li nes each ma ke up 
the 26 line disp lay for each function. A 
cursor indicates current time . The various 
tim ing marks, channel designations, cursor 
time value, etc, show that the normal text 
di sp lay mode of the V DM-1 is un impaired. 

Photos 2a and 2b show a comparison 
betwee n two variations of th e basic d isp lay. 
Photo 2a shows the straight graph ic mode 
with the cursor at a paint in time and the 
value at that poin t shown in reverse vid eo . 

A Theatrical Lighting 

Graphics Package 

Photo 7: The authors' theatre lighting control graphics package in action. 
Six functions of time are shown displayed on a Processor Technology VDM-7 
video display. Each function represents the brightness ofa group of theatrical 
lights over a 5 second time span. 

About The Authors 

William Hemsath was formerly chief of electronic design with Robert 
Moog 's music synthesizer company and is presently a design engineer and 
software specialist with Cornell University's Department of Psychology. 
j am es Seawright is Director of Visual Arts at Princeton University as well as 
the creator of electronically controlled sculpture. /-/is wife Mimi Garrard has 
studied with Alwin Nilwlais and is wrrently head of the Mimi Garrard Dance 
Company, a well known New York dance ensemble. She has been active in 
the design of new types of theatre lighting systems. Emmanuel Ghent is a 
composer in residence at Bell Labs and exponent of the GROOVE system, a 
computer driven electronic music studio, de veloped by Bell Labs. 
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(a) 

Photos 2a and 2b: Two 
variations of the basic dis­
play. Photo 2a shows the 
·Straight graphics mode 
with the cursor at a point 
in time and the value at 
that point shown in re­
verse video. Photo 2b 
shows the numeric mode 
in which the cursor is 
replaced by the numerical 
value of the lighting 
intensity. 

Photo 3: Installation of the authors' custom modification to the VDM -7 
board. A small strip of breadboard containing the circuitry in figure 2 is 
mounted with spacers on the back of the VDM-7 board. 

(b) 

Ph oto 2b shows the numeric mode in which 
the cursor is replaced by a block containing 
the actua l stored value from 0 to 255 for 
gr·ea ter accu racy in reading or· editing. 

Before considering the modifications in 
detail, let's take a look at the operation of 
the VDM -·1, referri ng to the partial sche­
matic shown in figure 1. Character genera­
tion is accompl ished as fo llows : Characters 
in the current line of the disp lay are fetched 
in seq uence from the screen memory and 
latched in two 4 bit registers, IC5 and IC6. A 
scan divider, IC2, counts through the 13 
scan lin e values of each text line. These two 
sets of data are presented to the characte r· 
generator read o nly memory, IC4, which 
outputs the con·ect pattern of seven dots for 
each scan I ine of every char·acter. Th is pat­
tern is paral lel loaded into a shift register, 
IC3, when clocked by LOAD CLOCK, and 
clocked out serially by DOT CLOCK as the 
video output signal. Various gates and 
latches provide for blanking of certain char­
acters or cursor blinki ng. 

Since we didn't want to impair the nor­
mal di splay of lette rs , numbers, or fre­
quently used punctuation marks, we decided 
to use th e contro l cha racters to override the 
operation of the sh ift register and to supply 
a single line of dots, on ly once in the genera­
tion of a given character and on the scan line 
we want. One way of doing this is shown in 
figu re 2. A new 7485 4 bit comparator 
(ICA) looks for agreement between the low 
order bits of a character and the current scan 
line va lue. In order to li mit this to control 
char-acte rs only, !Cl 1, the contro l character 
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CHARACTERS FRO M SCREEN MEMOR Y 

IC 5 
74L5l75 

LO A O 
CLOCK 

I C6 
74LS l75 

CHARACTER 
OECOOE 

CURSOR 
BI T 

SC AN 
DIV IDE 

IC2 
7 4LS l63 

A6 A5 .114 

RS RS RS RS 
0 I 2 3 

21 22 23 24 

CHARACTE R 
LATCH 

IC4 (RO M ) 

SHIF T 
REG I STER 

.--r---t----­--­-­------tC 
.--;-----­-----­---18 

.--------------IA 

A3 A 2 Al A" 

IC3 
74166 

S LOAD 0 CLR CLK 

+5V 

DOT 
CLOCK 

SW6 

~ TO BLANK ING GATES 
)0--------1~ ANO V IDEO OUT 

I C I I 

I Cl9 
BLINK 
LATCH 

BLINK 
IN 

Figure 7: Partial schematic of the Processor Technology VDM-7 video display driver circuitry. 
Character generation is done by fetching the characters in the current line of the display in 
sequence from the screen memory in the form of 8 bit ASCII characters and latching them into 
two 4 bit registers, /CS and /C6. This data and the scan line data from IC2 are presented to 
character generator IC4, a read only me_mo1y circuit. The latter outputs the correct pattern of 
seven dots for each scan line ofevery character; this information is routed through shift register 
/CJ to become the video output signal. 

decoder, is modified to force a low state on 
th e 0 output whenever th e con trol character 
detec to r gate output goes high. (Control 
character bl anki ng must be enabled with 
switch 6.) This modificatio n will disable th e 
automatic blanking from carriage re turn 
(C R) to end of line and from vertical Lab 
(VT) to end of page, but 1f you're writ in g 
your own software this won't matter. Next, 
th e control-character-low signal is inverted 
to enable the equals input of th e 7485, and 
is ANDed with LOAD CLOCK in order to 
disable th e shift register load when control 
cha racters are present . The comparato r out­
put suppl ies either a low (control character 

prese nt, bu t not the one for the scan line 
where we are now) or a high (control charac­
ter presen t and the ri ght one for th is scan 
line ) to th e seria l inp ut of the shift registe r. 
The video output wil l then appear as a blank 
or a line of dots, accord ingly, when clocked 
out by DOT CLOCK . (The first circuit modi­
fication we tried fed the outpu t of th e com­
parator di rectly into the video line. This 
allowed the si ngle scan line character to 
appea r one charac ter pos ition too early. By 
sending the signal through the sh ift register 
it is delayed by one character pos ition and 
appears in its proper place in the display .) 
The shift register serial input is normally 
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ADO GROUND Powor Wiring Ti!blo 

SV Gnd 
Number Type Pin Pin 

IC A 7485 16 8 
ICB 740 2 14 7 

CUT 
TRA CE 

Figure 2: Modification to the VDM-7 circuilty enabling the software to 
generate single lines of dots when required for the theatre light control 
graphics 'package. The special display consists of two sets of adjacent parallel 
lines totalling 26 lines used to display lighting intensities as functions of time. 
Control characters are used to activate the new circuitry and produce a single 
line of dots only once in the generation of a given character and on the de­
sired scan line. The new 7485 comparator (/CA) compares the low order 
bits of a character with the current scan line value and supplies either a lo w 
logic level output (indicating that a control character is present, but not the 
one for the current scan line), or a high level (control character present 
which is the correct one for the present scan line). The video output then ap­
pears as a blank line or a line of dots, respectively. Normal operation of the 
VDM-1 is not affected by these modifications. 

low , grounded in the unmodified VDM -·1. 
Wh en we don't have control characters in 
the character latch it will still be low, and 
LOAD CLOCK will get th rough to para llel 
load the sh if t register with the read only 
mem ory output, for normal text display . 

The additi onal circuitry may be mounted 
on a small str ip of breadboard and atta ched 
by spacers to the back of the board, a 
shown in pho to 3. Between the fi rs t and 
second colum ns of ICs near the top of th e 
board, just above the read on ly memory 
ocket, arc several sma ll areas where grou nd 

is on one sid e and no traces on the o ther. 
Sma ll holes ro r spacers may ca refully be 
drilled at this location . 

,. 
x 

2B CUT 

l C TR.lCES 

1C1 I 

0 ,, 

'c e 
l / 4 1•02 

2 • e 
> < 

Dl 
,. •Z .,, 

DZ " 
,, ,. 

RSZ•C • ,,. •C4 
0' 

,, 
74 B !> RS• 

00 •O RS0 

•OUT x cur TR AC[

• ,_,"~~TO PIN 9 
CU T 
TRACE X 

ll IO 9 

•C9 

•• 
10 

; ntF: A P.EG!SitR CmlTAWS THE: tll)KfU'.'R or THE: L WE'.' TO B'E D JSl"'U\Yl-:0 
:T llE: BC REG I STER PAIR PO WTS TO TH ~: Lr1'Pl-: R CH"ARAC'Tf;R ?OST I OS 

81",R i L 0 A"""M\' I H,n :Hl. CONTA.Ir S L U:C NIJH.BER 
OAD II ,;TAflt..£ COrn'AWS OOUliLE 8Y1'ES 

0,TA.BLF. ;Gt~T ADDR£SS or 1...o::n<UP TA.DLF. 
DAD 0 :tll. POI rrs TO l:JiTRY w 'T'/\bl.£ 
HOV A ,M ;GF.'T l' IRST COUTROL Cl!ARACTER 

S1' AX : PUT IN THf UPP!:Fl CHAR.AC1'tR POS l1' t 0 :1 
l ~X ; PO I HT TO SCCOtlD CONTROL CllA RACTER 

HOV A,M :C:r.T t T 

'-" 

I.XI II , {)•I . : t..OWf:R CHARACTER POS I TIOr.l I S 
0 1\0 1l ;64 CHARAC'Tr:RS BEYOND UPPER mu: 
MDV !1, A : STOru: l.OWl~ R CHARACTER 

RET 

: THE F' IRST EUTRY rn TlfE TAlH.t: IS TtlE COUTROL CHARACTER F'OR Tiil: 
;U PPER CH ARACTER POS I TION rn T HE DJSP U.Y . THE sccouo ErITR't I S 
:f"OR THE LOWER POS ITI ON. 

TABLE : OB Ol H ,04.tl i BO'I"t'OM t.WE {01 15 Bl.AN~) 
OB OlH, 0 5 11 
De Olll,06H 
OB 0 1H. 0 7H 
DB Olll, 08 11 
OB OlH, 0 9H 
DB Ol ll , OAfl 
DB Ollt, 08H 
DR 0 111, 0Cll 

08 OJH, ODU 
OB OlH, OIW 
DB OlH, OF'H 
DB 0 11\, 00H 
DB 0 4H , 0 1H 
DB 05 11 ,(H H 
DB 06H,0 1M 
08 0 7H,OlH 
DB 08 t! ,0 1H 
DB 09M,O ltt 
DB 0 All,01H 
DB OD ll, 0 111 

oe OC H, Ol tl 
08 0011 , 0 lH 
OB OEU,OJH 

DB orn,OJ H 
DB 00 11, 0 111 :TOP 1.INE 

Listing 7: Display software used with the 
theatrical lighting graphics package. TABLE 
is a loolwp table containing 26 pairs of 
control characters that tum on the proper 
line in a vertical pair of character positions. 

Programming 

The scan divider starts with a count of 0 
(top line of character) and counts down (O, 
F, E, etc}, until it reaches a count of 4 
(bo ttom line of character). It is th en reset 
and counts down aga in for the next tex t li ne 
of characters. This means that characters 01, 
02, and 03 will never ap pear as bars on the 
display since th e scan counter never gener­
ates these codes and the comparator can 
never detec t them . Character 04 wi ll Iight up 
the bottom line in a character position. 
Ch aracte r 05 will light up the next line up , 
and so on. Character OF will light up the line 
below the top line , and 00 the top line. 

In our display software we use a lookup 
tabl e contain ing 26 pairs of contro l charac­
ters to turn on the proper line in a vertical 
pair of character positions (note that the 
lower character position is 64 locations after 
the upper character position). Listing 1 
shows the display routine we use. • 
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Circ le 143 on inqu i ry card _ 

SAVE THE WHALE 

The world's best computer may be inside a Sperm Whale's head. 
The Sperm Whale has the largest brain of any creature that has ever existed 

on our planet. The brain of this 18-meter marine mammal weighs up to 9 kilograms. 
It uses echo-location to find giant squid at ocean depths of over 1,000 meters. 
Mo're than 13,000 sperm whales are scheduled to be slaughtered this year 
by agreement of the International Wha li ng Commission . 

There are two mountain peaks 
of evolution on planet earth: 
on the land. homo sapiens­
human beings; in the sea. 
ce taceans- wh ales. dolph ins, 
and porpoises . 

- .-~·r·· · ·~ _ - 1 • . ,.... : ... ... . 

_;,-:. .f;: - ~~-- ~~-:..,;;, : . - . - • . • ~ __,•·~··.-.. •,;y· ~z-,;~J!~--

0 f;rtl•r11gb n ~_,.. ,•_. .­
Do~ S rll'rll ....-., ~·- - ·......· • ·;;...4.,;;; - ......... 


At last ! No more wardrobe crises! BYTE T-shirts are here! Spring into Season 
Now you have the perfect garb for computer club meetings, 
Altair Conventions, playing Shooting Stars and computerwith a BYTE T-shirt chess. (A pair of trousers from your own close t is suggested 
as an addition to the BYTE T-shirt. BITS can't do every­
thing for you. ) 

BYTE T-shirts are of top quality 10 03 cotton or cotton­
polyester. The original design , by artist Judy Lee Rehling is 
silk-screened in red on white shirts with blue trim on collars 
and sleeves, or on blu e heather shirts. 

,----------------------­
' BITS, Inc. Dial charge ca rd orders toll free 1·800-258-5477. 
I 70 M ain St.
I Peterborough NH 03458 

I Please se11d m e: _ extra large _ blue heather 

_ large _ white wi th blue trim 

and red letters _ medium 

_ small T-shirts @ $5.50 each 
(includes p os tage and 

Total enclosed$._____ ha11d/i11 g). 

Bill MasterCharge No.________ Exp. Date___ 

Bill BankAmericard No._______ Exp. Date___ 
Name_ ____________________ 

Address----------- --- -------­

CitY----------~tate_____~iP·----

Signature____________________ 

ln unusual cases, processing may exceed 30 days. 
Prices shown are subject to change without notice. 
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GRAPH: 

A System for Television Graphics 

Part 2 

Last month, john Webster and John Young's article (page 62} onJohn Webster 
GRAPH, a television graphics package for the VDM-7 and other memory John Young 

Audio V isual Services mapped video displays, began a discussion which we continue with the 
University of New Brunswick detail discussion of program functions. Listing 7 provides the detail 8080 
Keirstead Hall code for the program. We continue the table numbering sequence begun 
Fredericton NB CANADA E3B 5A3 in part 1. 

Listing 7: The GRAPH GRAPH ASSEMBLY LI STJrlG Page Up 
program. GRAPH was as­
sembled at 00 using Proc­
essor Technology's ALS-8 
assembler. The notation 
$ + n indicates a displace­
ment of n beyond the next 
instruction address. For 
example, /MP $ + 5 indi­
cates an unconditional 
jump to the address 6 
bytes along in the listing. 
Listing 1 continues on 
pages 759 thru 763. 

ADDRESS 

0000 

0003 

0006 
0007 
OOOA 
OOOB 
OOOC 
OOOF 
0010 

0013 
0015 
0017 

OO lA 
OOlC 

HEX CO~£ 

C3 90 02 

21 00 cc 

4E 
3A FB 03 
31 
77 
3A FS 03 
87 
(2 81 02 

DB 00 
E6 40 
CA 13 00 

DB 01 
47 

• llOME • 

• CURSOR • 

• STAl Ill ' 

• IJATlll • 

LlllE # 

0001 STAR T JMP 1111 T 

0002 llOM£ lX I II, OCCOOll 

0003 CURSOR MOV C, M 
00011 LOA 03FBH 
0005 !00 c 
0006 MOV M,A 
0007 LOA 03FSH 
0008 ORA A 
0009 Jill REP! 

0010 STATlll 111 00 
OOll Alli 040H 
0012 JZ STATJN 

0013 DATlll IN OlH 
OOJ<l NOV B,A 

Page Up, Page Down , Page Right and Page 
Left are some of the more complex sub­
routines in GRAPH . 

Although the VDM-1 contains a scrollin g 
feature which might, at first, seem useful for 
moving screen information up and down, it 
operates by changing the orientation of the 
display on the screen and not by actual ly 
moving data in memory. If, for example, th e 
screen we re scro ll ed hal fway up or down , a 
character entered at hexadecim al CCOO 
wo uld appear in th e middle and not at the 
top. While this is a useful function in some 

OO l D 3A F6 03 OOJ S LOA Olf6H drive r app li cations, it does not all ow in for­
0020 
0021 

BO 
47 

Oll l G ORA B 
00 17 llOV B,A mation to be moved up or down on the 

0022 C3 cs 02 0018 JfiP CTRLC screen and then stored away in its final con ­
• DISPLAY • 

0025 70 0019 OISP f.OV M,B figurat ion. Thus, to use GRAPH 's store and 
0026 3A Fl 03 0020 LOA 03F711 recall functions properly, it is necessary to 
0029 B7 0021 ORA A 
002A C2 3A 00 0022 JllZ LFP actua ll y move data between memory loca­
0020 23 0023 lllX H tions within the 1 K byte screen program­
002£ 3£ DO 002'1 MVI A,00011 
0030 BC 0025 CHP H mable memory so that an image modified by 
0031 CA 03 00 0026 JZ HOME a screen move up or down wi 11 bes to red and om Cl 06 oo 0027 JMP CURSOR 

• LI llEFEED • recall ed in its modified form. This function 
0037 OE AO 0028 LFC MVI C,OAOll is useful for positioning complex drawings
0039 71 0029 Lf NOV M, C 
00311 ll 40 00 0030 LFP LX I 0, 040ll or charts which invari ably turn out to be 
003U 19 0031 DAD D slightly off center when comp lete. 
003E lE 00 0032 MVI A,00011 
0040 BC 0033 GIP H As in most other routines, Page Up first 
00•11 C2 <+6 00 0034 JNZ t+2 moves the contents of C to the presen t char­
0044 26 cc 0035 l!V I H,OCCH 
0046 C3 06 00 0036 JMP CURSOR acter position, thereby returning the screen 

' LI llE RE1REM " to its origin al state and free ing register C for 
0049 OE AO 0037 LRC MV I C, OAOH 
004B 71 0033 LR MDV M, [ use. The contents of H and L are stored at 
004( 11 CO FF 0039 LRP LX I D,OFFCOll hexadecimal locations 3FF and 3FE for004F 19 0040 DAD D 
0050 3E CB 0041 MVI A.OCBH future use. Because our program is designed 
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to co-reside with Processor Technology's 
ALS-8, and because this subroutine uses th e 
stack pointer register, it is nece sary to save 
the value of the stack pointer to allow a later 
jump back to the ALS-8. This probably 
applies to other resident monitors, too. 

To accomplish this, H and L are loaded 
with hexadecimal 0000, the Stack Pointe r is 
added to H and L (SPH L), and H and L are 
stored (SHLD} at hexadecimal memory loca­
tions 3FD and 3FC. 

H and Lare then in itialized to hexadeci ­
mal CCOO, D and E to hexadecimal 3CO, and 
the Stack Pointer to hexadecimal FFCO. The 
current character positi on is then hexadec i­
mal CCOO. Next, the program moves M to B 
(move contents of hexadecim al location 
CCOO to B) and adds D and E to H and L. 
Thus H and L becomes CCOO + 3CO = hexa­
decim al CFCO and th is takes us to the first 
character position in the 16th line. (In Page 
Up and Page Down, information is moved on 
the screen by worki ng in vertical rows rath er 
than horizontal lin es.} 

Th e data in hexadecimal location CFCO is 
moved to C, and B {old contents of hexa­
decim al CCOO} is moved to M (hexadecimal 
position CFCO). This causes a wrap around 
from top to bottom. The contents of C are 
then moved to B and the Stack Pointer is 
added to H and L (CFCO + FFCO = hexa­
decim al CF80) . At this point we compare H 
with hexadecimal CC to see if we are on one 
of the first fou r lines. If not (as in this case), 
we go through the cycle again: MOV M 4 C, 
MOV B 4 M, MOV C 4 B, and jump up one 
line by adding the Stack Pointer . 

On the 13th cycle, H becomes hexadeci ­
mal CC. When H is compared with hexa­
decimal CC, the answer is zero so th e cycle 
is not immediately repeated as before. In­
stead, L is compared with hexadecim al 3F, 
the last character position on the fi rst line 
(hexadecimal CC3F) . If L is grea ter th an 
hexadecimal 3 F the current position is in 
either line 2, 3 or 4. The cycle con tinues, 
checking L every time, since H is still hexa­
decim al CC. 

If the current position is in lin e 4 , then 
on the next cycle it will be in line 3, then 
line 2, and finally in line 1. At that point, 
when L is checked as described above, it will 
be less than hexadecimal 3 F. Next, B is 
moved to M (which in this example will now 
be hexadecimal CCOO) . The entire ver tical 
row has now been shi fted up, with th e top 
wrapping around to the bottom. Finally , 
H and L are incremented (to hexadecim al 
ecol), and the entire process is repeated for 
row 2. This is done 64 times, once for each 
vertical row. 

On the last (ie: right-hand} row, however , 
when L is compared to hexadecimal 3F, it 

11UURESS 11Ex coor LlllE U 

0052 BC 00<12 crd' H 
0053 C2 58 00 0043 JllZ $+2 
0056 26 CF OOltlt MV I H,OCFH 
no'ill o 06 on 001t5 JMP CURSOR 

" !JAfKSPACE " 
OOSB OE AO 00% BSC MV I C, OAOH 
OOSD 71 00'17 BS MOV M,C 
OOSE 28 00'18 BSP DCX II 
005F 3E rn 00'19 MVI A,OCBH 
0061 BC 0050 CMP H 
0062 C2 67 00 0051 JllZ 1•2 
0065 26 CF 0052 MV / 11 ,0CFH 
0067 (3 06 00 0053 JllP CURSOR 

"FORWARIJ SPACE ' 
006A OE AO 0051t FSC MV I (, OAOH 
OOGC IJ 0055 FS f\OV ,•,, C 
0060 23 0056 FSP lllX H 
006E IC 0057 MOV A,H 
006F FE DO 0058 CPI ODOH 
0011 CA 03 00 0059 JZ llDME 
007~ C3 06 00 0060 J/\P CURSOR 

" CllLF " 
0077 71 0061 CR rov M, c 
0078 7D 0062 MOY A,L 
0079 FE •10 0063 CPI 040H 
007B 02 83 00 006" Jr1c 1+s 
007E 1E <iO 0065 MV I L 04011 
0080 C3 9C OU 0066 JMP OU T 
01183 70 0067 MDV A, L 
008'1 FE 80 0068 CP I 08011 
0086 F2 BE 00 0069 JP S+S 
0089 1E 80 0070 MVI l,08011 
008B Cl gr no 0071 JMI' OUT 
OOSE ID 0072 MOV A. L 
OOSF FE CO 0013 CPI OCOH 
0091 F2 99 no 0071t JP 1>5 
009<1 2E CO 0075 MV/ L,OCOH 
00% C3 qc 00 0016 JMI' OUT 
0099 2•1 0077 INR II 
009A 1E 00 0018 MV/ LOO 
009[ 3E 00 0079 OUT MV I A,ODOH 
009E BC 0080 CMP H 
009F C2 06 00 0081 JNZ CURSOR 
OOA2 c:; 03 oo 0082 JrJ' llOME 

" PAGE IJP ' 
OOA5 11 0083 PU ~.OV K,C 
OOA6 22 FE 03 0084 SllUJ OlFEll 
OOA9 11 00 DO 0085 LXI H,00 
OOAC 39 0086 DAD G 
OOAD 22 FC 03 0081 SllUJ OJFCll 
OOBO 21 DO CC 008& LXI H.OCCOOH 
0083 LI CO 03 0089 LX I D, 03COH 
0086 ll CO FF 0090 LXI 6,0FFCOll 
0089 1tG 0091 ROWU MOV 8,M 
OOBA 19 0092 DAD D 
OOBB Q[ OO<;l LI NEU r~v C,11 
OOBC 10 0094 MOV M.B 
OOBD Q] 0095 MOV B,C 
OOBE l9 00% DAD 6 
OOBF lE CC 0097 llVI A. OCCH 
OOCJ BC 0098 C~J' H 
OOC 2 C2 BB 00 0099 JllZ LI llEU 
00(5 3E lF 0100 MVI A,03FH 
00(7 BO 0101 CMP L 
00(8 
OOC8 

UA BB 00 
CA Dl 00 

0102 
0103 

JC LI NEU 
JZ rnDu 

OOCE 70 0104 MOV IL B 
OOCF 23 OJOS /llX II 
OODO C3 89 00 0106 Jr.I' ROlllJ 
0003 70 0107 EllDU MOV M.B 
OOD~ 2A FC Ol 0108 UIW OJFCll 
OOD7 F9 OI09 SPiil 
0008 2A FE OJ 0110 U/UJ OJFEll 
OOOB 0 <IC !10 OIU Jr.I' LRP 

" ?Af,E 001111 • 
OODE 71 0112 PD MOV M, C 
OODF 22 FE 03 0113 SllUJ Ol FE H 
OOE2 21 oo on Ol l 'I LXI 11,00 
oocs l9 DJJS DAD 6 
OOEfi 22 FC OJ 011 6 Sll LD 03FCll 
OOE9 21 Ff CF 0117 LX I fl,OCFFFH 
OOEC JI 110 FC 0118 LX I D,OFC40H 
OOEF 31 QO 00 011 9 LX I G,O~OH 
OOF2 1/6 0120 ROWD r.ov B,M 
OOF3 19 om DAD D 
OOFll ~[ 0122 LlllED MOV Ul 
oors 70 0123 MOV M,B 
ODF6 ~I 0121~ MDV 8,( 
oor1 39 0125 DAD 6 
OOF8 lE CF 0126 MV I A,OCFll 
OOFA BC 0127 CMP II 
OOFB C2 FQ OD 0128 JNZ L/ilED 
OOFE lE co 0129 MV I A,OCOH 
DJOO BO 0130 (II!' l 
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will be greater than hexadecimal 3F for 
three cycles, as above, but on the fourth 
compare it will be exactly hexadecimal 3F, 
instead of less, as before. 

At this point the program moves B to M 
(h exadecimal CC3F), loads H and L with the 
value at hexadecimal locations 3FD and 
3FC, and exchanges it with the co ntents of 
the stack po inter to restore the stack pointer 
address. 

Then , H and L are loaded with the con­
tents of hexadecimal locations 3FF an d 
3FE, which contain the values of H and L 
before Page Up was executed (ie : the add ress 
of the leadi ng cursor before the page was 
moved up) . Operation then jumps to a sec­
tion of the Line Retract subroutine (LRP) 
which moves the cursor up one line to re­
store its relati ve position on th e scree n. 
From Line Retract, operat ion re turns to 
CURSOR. 

Page Down 

Page Down works the same as Page Up 
except that it starts at th e lower right-hand 
position, hexadecimal location CFFF. It 
then moves up to hexa decim al locatio n 
CC3F, or the upper right-hand corner, by 
add ing D and E (hexadecimal location 
FC40). Th en the MOVE cycle begi ns, 
moving information down verti cal rows and 
finally arriving at the lower left-hand corner. 

To restore the leading cursor to its rela­
tive sc reen positio n, the program jumps to a 
section of Linefeed (LFP) upon termination 
of Page Down. As explai ned above, Linefeed 
ends with a jump to CURSOR. 

Page Left 

Page Left commences in th e same way as 
the preceding two subroutines by moving C 
to M, saving H and L at hexadec imal loca­
tions 3FF and 3FE, and saving the stack 
pointer value at hexadec im al locations 3FD 
and 3FC. 

It then loads the stack pointer with hexa­
decimal FFCl (the value needed to move 
left one line length), D and E with hexadeci­
mal 3F (the va lu e needed to move righ t one 
line length), and H and L with hexadeci mal 
CFCO (the address of the lower left-hand 
corner position). 

The cycle begins by storing the contents 
of hexadecimal location CFCO in register B, 
and adds D and E to H and L moving the 
presen t position to lower right-han d corner 
(hexadecimal location CFFF). It then moves 
the contents of this loca tion to registe r C, 
moves the contents of B to this location, and 
moves C to B, the same procedure as that 
found in the Page Up and Page Down sub­
routines . 

ADDRESS HEX CODE lltlE # 
0101 CA OC 01 0131 JZ EllTI D 
0104 02 F4 00 0132 JllC LlllED 
0107 70 0133 MOV M. B 
0108 2B orn DC X II 
0109 C3 F2 00 0135 JMP ROWD 
OlOC 70 0136 EllDD MOV M, B 
01 0D 2A FC 03 0137 LllLD 03FC ll 
0110 F9 0138 SPHL 
0111 2A FE 03 Ol l9 LHLD 03FEH 
om C3 3A 00 0140 JMP LF P 

• PAGE LEFT • 
0117 71 0141 PL NOV M, C 
0118 22 FE 03 om SllLD 03F EH 
OllB 21 00 00 om LX I H. 00 
Ol!E 39 01q4 DAD 6 
OllF 22 FC 03 0145 SllLD 03FC H 
0122 31 Cl FF 0146 LX I 6.0FFC lH 
0125 ll 3F 00 OW LX I D.03FH 
0128 21 CO CF 0143 LX I II, OCFCOH 
0128 46 0149 LlllEL MDV B.M 
012C 19 015D DAD D 
0120 qE 0151 BGllL MOV U l 
012E 70 0152 Y(lV M. B 
012F '11 0153 r.ov B, c 
0130 2B om DCX H 
0131 3E CB 0155 MV I A, OCBH 
orn BC 0156 CMI' H 
om CA 52 01 0157 JZ EtlDL 
0137 3( lF 0158 MV I A, 03FH 
0139 BD 0159 CKP l 
013A CA 75 01 0160 JZ llEXI L 
013D 3E If 0161 MVI A, 07FH 
Ol3F BD 01 62 CMP L 
01110 CA 75 01 0163 JZ tlEXTL 
om l E BF 016fl MVI A,OBFlt 
01q5 BD 0165 CMP L 
01% CA 75 01 0166 JZ llEXl L 
om l£ FF 0167 MVI A.OFFH 
01qn 8D 0168 CHP L 
om CA 75 01 0169 JZ NEX l L 
0111f Cl 2D 01 0170 JMP BGllL 
0152 2A FC 03 Dl71 EllO L LllLD 03FCJI 
0155 F9 0172 SP iil 
0156 2A FE Ol 0173 LHLD OlfEH 
01 59 70 0174 1-:0V A. L 
015A FE 00 0175 CP I 00 
015C CA 71 01 0176 JZ FIXL 
015F FE 40 0177 CP I 040H 
0161 CA 71 01 0178 JZ FIXL 
01 611 FE 80 0179 CP I 080!1 
0166 CA 71 01 0180 JZ FIXL 
0169 FE CO 0181 CP I OCOl l 
016B CA 71 01 0182 JZ FIXL 
016E C3 5£ 00 0183 JMP BSP 
0171 19 01311 FIXL DAD D 
0172 Cl 06 00 0185 JfP CURSOR 
0175 l 9 0186 ll EXH DAD 6 
0176 Cl 28 01 0187 Jr,p LlllEL 

• PAGE RI GHT ' 
0179 71 0188 PR l'rOV M,C 
017A 22 FE 03 0189 SllLD 03 FEH 
0170 21 00 00 0190 LX I H,00 
0180 39 D191 DAD 6 
0181 22 FC 03 0192 SllLD 03FCll 
018'1 31 3F 00 Dl93 LX I 6, D3FH 
0187 21 3F CC om LX I II,OCC3Fll 
OHlA ll Cl FF 01 95 LX I D, OFFClH 
01 80 46 Dl % LI llER MDV B, tl 
018E 19 0197 DAO D 
018F qE 0193 BG ll R MDV C. M 
0190 70 0199 MDV M, B 
0191 q1 D2DO r.ov B.C 
0192 2l 0201 lllX H 
0193 3E DO 0202 MV I A,ODOll 
0195 BC 0203 Cl'J> II 
0196 CA Bl 01 02oq JZ ENDR 
0199 AF 0205 XRA A 
019A BO 0206 CMP L 
019B CA 06 01 0207 JZ NEXTR 
019£ 3E 40 0208 MV I A. oqDH 
OlAO BD 0209 CM P L 
OIJ\l CA 06 01 0210 JZ NEXTR 
OlM 3E 80 021l MV I A, 08011 
BlA6 BO 02 12 IJIP l 
ow CA D6 01 0213 JZ l!EXTR 
OlM 3E CO 0214 MV I A, OCOH 
OlAC BD 0215 Cl-IP L 
OIAO CA D6 01 0216 JZ llEXTR 
OIBO C3 SF 01 0217 JMP BG lm 
0183 2A FC 03 0218 ENDR LHLD OlfCH 
0186 F9 0219 SPHL 
0187 2A FE Ol 0220 Lil LO OJFEH 
Ol BA 70 0221 MOV A,L 
OlBB FE 3f 0222 CP I 03Fll 
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Next, it decrements H and L and com­ ADDRESS llEX COD[ LlllE H 

pares H with hexadecimal CB to determine if 
th is new value is still on [he screen. When it 

OJBD 
OJCO 
OJC2 

CA 02 OJ 
FE 7F 
CA 02 OJ 

0223 
022'1 
0225 

JZ FIXR 
CP I 07Fli 
JZ FlXR 

is not, the operation is complete and the 
subroutine exists as explained later. However, 

OJC5 
OIC7 
DI CA 

FE Br 
CA 02 01 
FE FF 

0226 
0227 
0228 

CP I DEFH 
JZ FIXR 
CPI OFFH 

if the new value is on the screen, L is com­
pared with the hexadecimal values 3F, 7F , 

DJCC 
O!CF 
0!02 

CA 02 OJ 
C3 60 OD 
19 

0229 JZ FIXR 
0230 JMP FSP 
0231 FIXR DAD 0 

BF 
the 

and FF, co nsecutively, to determi ne if 
present cursor position is a right-h and 

0!03 
0106 
DJD7 

C3 06 00 
39 
C3 80 OJ 

0232 Jl\P CURSO R 
0233 llEXTR DAD 6 
0234 J ·IP LINER 

end of a line. If no t, the cycle is repeated 
by moving the con tents of the line, space 

OlDA 
OlilD 

22 F9 03 
7J 

' PAGE STORE ' 
0235 PAGER SHLD 03F911 
0236 NOV ~ ,C 

by space, to the left unti l the current char­
acter position becomes one of the above 

OJDE 
om 
01E3 

2J 00 cc 
06 no 
JE 00 

0237 
0238 
0239 

LX I H,OCCOOH 
MV I B,00011 
f\V I LOO 

mentioned right-hand end of line positions. OIES 
OJ E8 

3A rs 03 
FE 00 

02110 
02111 

WA 03F8H 
CPI 00 

This will mean that we have decreme nted OJEA CA 2£ CJ2 0242 JZ ONE 

(moved left) all the way th rough our present OlED 
OJEF 

FE OJ 
CA 33 02 

02113 
0244 

CPI Olli 
JZ Tllo 

line, and th en decremented once more, OJ F2 FE 02 02115 CPI 02H 

movin g up to the right-hand end of the line OJF4 
OJF7 

c.\ 3G 02 
FE 03 

02'16 
02117 

JZ TllREE 
CP I 0311 

above. When a right-hand end of the line is 
fo un d, the subroutine adds the Stack Pointer 

OJF9 
Ol FC 
OJFE 

CA 30 02 
FE 04 
CA 11 2 02 

021i 3 
0249 
0250 

JZ FOUR 
CP I 0411 
JZ FIVE 

contents (hexadecimal FFC l ) to H and L, 
having the effect of moving the current char­

0201 
0203 
0204 

J6 IC 
7[ 
J2 

0251 NVI D.0101 
0252 110VJ YfJJ A,M 
0253 STAX D 

acter posit ion to the left-hand end of the 
new Iine. The value at th is location is stored 

0205 
0206 
0207 

23 
13 
7C 

02511 
0255 
0256 

lllX II 
l llX 0 
l!OV A,1 1 

in B; D and E are added to H and L as be­
fore, and the cycle continues, moving line by 

0208 
0209 
020C 

BS 
C2 03 02 
3A Ff. 03 

0257 
0258 
0259 

CliP B 
JllZ MOVJ 
LDA 03F8 11 

Iine to the left one space at a time. 
After the last screen memory location has 

020F 
0210 
0 12 

3C 
F( OG 
CA 13 02 

0260 
0261 
0262 

lllR A 
CPI 0611 
Jl RlSET 

been 
from 

transferred, the decrement changes H 
hex adec imal CC to CB. When this 

0215 
02J8 
02111 

C3 IA 02 
3E 00 
32 Ft 03 

0263 JNP PLUG 
02611 RESET ril/ I A, 00 
0265 PLUG STA 03F811 

condi tion is sensed by an appropriate check, 
th e program jumps out of the cycle. At this 

0210 
0220 
0221 

2A F9 03 
4E 
3[ cc 

0266 
0267 
0268 

LllW 03F9H 
MOV C,M 
IV I A.OCCll 

point, the subroutine res tores the values of 
H and L and the Stack Pointer. Hand L now 

0223 
0226 
0228 

32 rA 03 
3( ()() 
32 F9 03 

0269 
0270 
0271 

STA 03FAll 
MVI A,00 
STA 03F911 

conta in the address of the leadi ng cursor 
position before Page Left was executed. The 

0228 
022E 
0?30 

C3 13 00 
16 08 
C3 03 02 

0272 Ji',P STAT lrl 
0273 OllE MVI 0,0811 
02711 Jl·iP MOV l 

cursor, in order to ma intain its relative 0233 
0235 

16 DC 
C3 03 02 

0275 1110 MVI 0,0CH 
027G JMP M0\11 

screen position, must now also be moved to 0238 JG 10 0277 TllREE MVI D.01011 

the left. 023 A 
0230 

C3 03 02 
16 14 

0278 JMP l'.OV J 
0279 rouR iiV I O.OJllll 

Part of the 
program comes 

complexity of the 
from the fact that 

above 
it was 

023F 
02112 
0244 

C3 03 02 
J6 J3 
C3 03 02 

02SO JMP MOVJ 
0281 FIVE MV I D. 01811 
0282 JMP 11.0VJ 

designed so that characters disappearing off 
the left-hand side of the screen reappear on 0247 

024A 
2J 00 OS 
06 OC 

" P1\GE RECALL " 
0283 RC Li LX I II , 080011 
02811 MVI B.DCH 

the right-hand side and on the same line that 
they were on, rather than on the next line 

024C 
0211F 
0252 

11 00 cc 
3A r 3 03 
3D 

0285 LDP X LXI O.OCCOOll 
028& LO A 03F8H 
0287 OCR A 

up, as in the case ofa simple decrement/move 
loop. 

If the new leading cursor position 1s 
moved to the left off the screen, it should 

0253 
0256 
0259 
025C 
025E 
0261 

32 f8 03 
c:; 03 02 
2J 00 QC 
OG JO 
C3 C 07. 
21 00 10 

0238 STA 03F811 
0289 JMP MOV J 
0290 RCL2 LX I 11,0COOll 
0291 IV I B.OJOH 
0292 JMP LDPX 
0293 RCL.3 LXI 11,0100011 

appear on the right-hand end of the same 
Iine. Hence, knowing the pre-"Page Left" 

02G4 
0266 
0269 

06 Jlj 
[ 3 II( 02 
21 00 111 

02911 MV I B, 0!'111 
0295 Jill' LDPX 
0296 RCL4 LXI ll.0140011 

val ue of the cursor, it is not sufficient to 
simply decrement it, since if the cursor is 

026( 
026[ 
0271 

06 18 
C3 11[ 02 
2J 00 18 

0297 MVI B,OJSll 
0298 J~IP LDPX 
0299 RCL5 LXI 11.0180011 

on the left-hand end of a line, it would 
appear on th e right-hand end of the next line 

0274 
0276 
CJ279 

06 IC 
(3 4C 02 
2J 00 IC 

0300 MVl B.O I CH 
0301 Ji\P LDPX 
0302 RC LG LX I 11.0 JCOOH 

up, and its position would no longer be 
relative. To avo id th is, th e subroutine checks 

027( 
027E 

06 20 
C3 4C 02 

" REPEAT DELAY " 

0303 
0304 

MVI B.020H 
JNP LDPX 

to see if the o ld leading cursor position is 
one of the fou r left end val ues (hexadecimal 

CJ281 
0284 
0285 

11 FF JO 
ID 
C2 s11 02 

0305 REPT LX I O.OJOFFll 
0306 LOOK OCR E 
0307 JllZ LOOK 

00, 40, 80, or CO) and if it is, then D 
and E are added to th is value in Hand L and 

0288 
0289 
028C 

J5 
C2 84 02 
DB 00 

0308 
0309 
0310 

llCR D 
JllZ LllOK 
Iii 00 

this simply shifts the cursor posit ion to the 
right-hand end of the same Iine. The pro­

028E 
0290 
0293 

E& 110 
CA JA 00 
DB OJ 

03JJ 
0312 
0313 

Atll Ql,011 
JZ OA!lll 
Ill OJ H 
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gram then jumps to CURSOR . If it is not a 
left-hand en d of line pos itio n, program 
operation jum ps to a section of the Bac k­
sp ace sub ro utine which moves the curso r 
to the left one space, and displays it on the 
screen. 

Page Right 

Page Right is sim il ar to Page Left in pro­
gram structu re. The Stack Pointer is loaded 
with hexadecima l with 03F to move from 
the left to the right- hand end of a line. The 
D and E pair are loaded with hexadecima l 
FFCl , to move from the ri ght to the left­
ha nd end of a Iine, and H and L are loaded 
with a starti ng va lue of hexadecimal CC3 F 
wh ich is the upper right-hand comer of the 
screen. 

Operati on causes th e H and L value to 
shi ft fro m upper right-hand to uppe r left­
hand by adding D and E, then simpl e inc re­
ment loops move operations to the righ t 
step-by-step . The Stack Poi nter is used to 
move from the left to th e right-hand side 
whenever a left-hand end of Iine is en­
coun tered. 

Th is su brout ine uses al l 1·egisters in the 
sa me way as Page Left except th at th ey are 
loa ded with different values necessary to 
move cha1·acters to th e ri ght. In finish ing 
this sub rout ine, the old leading cursor posi· 
tio n is checked fo r a ri ght-hand end of line 
value and, if true, th is va lue is changed to a 
left-hand end of the line value, again by 
addi ng D and E and ju mp ing to CURSO R as 
in Page Left. If the old leadi ng cursor posi­
tion is not at the end of a li ne, the program 
operation ju mps to a sect ion of Fo rwa rd 
Space wh ich moves th e cursor to the right 
one space and di splays it, whil e main tai ning 
its re lati ve posi tion. 

Page Store 

Page Sto re is a mem ory block program 
which moves the present contents of the 
scree n to one of several alloca ted memo ry 
sectors. This process du plicates screen info r· 
mation somewhere else in memory for late r 
use with out destroy ing th e prese nt screen 
info rm ation . 

Page Store and Recall require an add i­
ti onal 6 K bytes of programmable memory 
to al low storage of six full sc reens of data 
fo r later recall. The num ber 6 was chosen to 
sa t isfy our needs, bu t could be easily modi ­
fied to any number up to 256 depending on 
avai lable memory. Note: to expa nd the Nex t 
Store opera tion to defi ne more th an six 
memory sectors, add itional con trol checks 
are needed in the Control/W section. Screen 
sto rage locations are add ressed in GRAPH 
to reside in the area from 2 K to 8 I( in 
programm abl e memory. If they are to be 

ADORESS HEX COJIE Li ii[ # 

0295 3( 00 om MV I A.00 
0297 32 fS Ol 0315 STA OJF511 
029A C3 HOO 0316 JMP STAT I Ii 

• itil TIALIZE ' 
0290 11 FS 03 0317 11111 LX I D,OJFSH 
02AO l\F 0313 XRA A 
02i\J 12 0319 STAX 0 
02112 13 0320 lllX 0 
02Al 12 0321 STAX 0 
02M n om 111x n 
02AS 12 032J STAX 0 
02A6 13 03211 lllX D 
02A7 12 0325 STAX D 
02A8 13 0326 ll!X 0 
02M 12 0327 SlAX 0 
02M 13 0328 lllX 0 
02AB JE CC 0329 MVI A, OCCH 
02AD 12 0330 STAX D 
02AE 13 om 111x o 
02AF JE 60 0332 MV I A.OSOi! 
02RI 12 om STAX D 

' CLEJ\R ' 
0202 3E 00 om CL£AR ~NI A.OD 
02 011 03 C8 0335 OUT OCll ll 
0285 21 00 CC 0336 LX I H. OCCOOll 
0209 35 20 0337 BL/INK IWI M,020!1 
D2B8 23 0338 INX H 
018C JE 00 0339 MV I A,ODOH 
OZBE BC 03q0 CMP H 
02 BF C2 89 02 03qJ JllZ BlllllK 
02C2 C3 03 00 03q2 JMP HOME 

' CDIHROL CHECK ' 
02C5 FE 16 03'13 ClRLC CP I OJ6H 
om CA 39 00 03'1'1 JZ Lf 
02CA FE 1'1 03q5 CP I 01'111 
02CC CA 'IB 00 03116 JZ LR 
02CI' Fl 06 03117 CPI Oiill 
01DJ CA 50 00 03118 JZ BS 
OW<! FE 07 OM CP I 0711 
02D6 CA 6C 00 0350 JZ FS 
02 09 FE % 0351 CP I 09611 
01DB CA 37 00 0352 JZ LFC 
OWE FE 911 0353 CP I 09'1H 
02EO CA •19 00 035'1 JZ LRC 
01[3 FE 86 om CPI 08611 
02E5 CA SR 00 0356 JZ BSC 
02ES FE 87 0357 CP I 08711 
02EA CA 6A 00 0358 JZ FSC 
02EO E6 7F 0359 Ml OIFH 
02H FE OA 0360 CPI OAH 
OZFI CA 77 00 Ol61 Jl rn 
02F'1 fE 15 0362 CP I 01511 
02F6 CA AS 00 0363 J1 PU 
02r9 FE 00 036<i CPI ODii 
02Fn CA OE 00 0365 JZ PO 
02rl FE 08 036li CP I 0811 
0300 CA 17 OJ 0361 JZ PL 
OlOl FE Oil 0368 CPI 0811 
0305 CA 79 01 0369 JZ PR 
0308 F J3 0370 CPI Dl3H 
OJOA CA llA DJ 037.1 JZ PAGER 
0300 Ft ID 0372 CP I OlOll 
OlOF C2 lf 03 0373 JllZ COllT 
0311 DH 00 037'1 STiii Ill 00 
om E6 •10 0375 All i O'IOll 
0316 CA 12 OJ 0376 JZ SJ IIi 
0319 Ull OJ 0377 11! 01 11 
031li E6 7f 0378 Alli 07F H 
0310 FE l l 0379 CPI Ol!H 
031F CA <t7 02 0380 JZ RCU 
0322 FE 37. OJ81 CPI 03211 
032'1 CA 59 02 0382 JZ RCl2 
0327 FE 33 0383 CP I 03311 
0329 CA 61 02 om JZ RCL.3 
032( FE 3't 0325 CPI 03 '111 
032£ CA 69 02 0386 JZ RWl 
0331 FE 35 0381 CPI 03511 
0333 CA 71 02 0388 JZ RCL5 
0336 FE 36 0389 CPI 03611 
0338 CA 79 01 0390 JZ RCL6 
0338 CJ 13 00 0391 JrJl STATlll 
033L FE J[ 0392 com CP I OJCH 
03•iO CA B2 02 0393 JZ CLEAR 
03'13 FE lB 039<t CP I Ol BH 
03•i5 CA 60 EO 0395 JZ OE06011 
03••8 FE JI 0396 CP I 01711 
03'1A CA 56 OJ 0397 JZ R1111 
03"0 FE 18 0398 CPI 018H 
034r C2 AS 03 0399 JUZ STBT 
0352 71 o<ioo rm M. c 
0353 [3 Ol 00 O<tOJ JMP HlmE 
0356 DB 00 0'102 RINT 11! 00 
0358 E6 <tO 01103 All I 0'1011 
O>SA CA 56 03 011011 JZ RlltT 
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addressed elsewhe re, it is on ly necessary to 
modify the start and en d locations for 

ADDRESS 
035D 
D3SF 

ll EX COUE 
UB OJ 
Eo 7F 

LlllE U 
0405 IN OIH 
0406 ANI 07 Fll 

each 1 K sector in the Store routi ne (see the 
Addressing and Memory Requi reme nts Sec­

0361 
0363 
0360 

H IC 
Cit 90 02 
FE 31 

01107 CP I OJCH 
01108 JZ INll 
0•109 CPI 03111 

tion) . 
A status word in hexadeci ma l memory 

03&3 
0366 
0360 

(2 70 03 
3E 00 
32 F8 03 

01110 JllZ 1•5 
0411 MVl A,00 
O'il 2 STA 03f311 

location 3 F8 is used as a counte r to choose 0370 FL 32 01113 CP I 03211 

which sector is being accessed. The data in 
0372 
0375 

C2 7A 03 
3f 01 

0414 JNZ l+S 
0415 MV l A,OJU 

hexadecimal location 3F8 is initialize d to 0377 32 f8 03 O'il6 SIA Olf811 

zero at the beginning of the program , in cre· 
037A 
037( 

FE J3 
C2 8<1 03 

O'il7 CP 1 Ol3H 
D418 Jll Z 1'5 

mented every time a store is made, an d 
checked by the program to determine where 

037F 
0381 
03811 

3£ 02 
32 F8 03 
f[ Jl1 

0419 MVI 11,0211 
0420 STA OlfSll 
0421 CP 1 03411 

the next screen should be sto red. Con tro l/W 
allows this cou nter to se t to any number 
from 0 to 5. This specifies one of six lo ca­

0386 
0389 
0386 
om 
039D 

C2 BE 03 
3E Ol 
37 F8 OJ 
FE 35 
C2 98 03 

0422 Jill 1• 5 
0423 MV I A.O l li 
042'4 SIA Olf311 
0425 CPI 03511 
0426 JllZ 1'5 

tions to which the next "STORE " wi ll move 0393 J[ 0'< 0427 MVl A.Ollli 

the scree n information . Otherwise, it wi ll 03~5 
0398 

32 F3 03 
FE 36 

0428 SIA O>f811 
O'i29 CP I 03611 

cyc le automatical ly. 
The information stored in each sector is 

039A 
039D 
039F 

C2 A2 03 
JE OS 
32 f8 OJ 

Ql130 JNZ 1+ 5 
OIJJJ MVl A.0 511 
01132 STA Olf811 

recalled to the screen with a block move by 
~n tering Control/ P foll owed by a nu mber 

03A2 
031\5 
03A7 

Cl 13 DO 
FE 12 
C2 82 OJ 

0433 JMP STAl 111 
043 4 STBl CP I 01211 
043 5 Jru 1+os11 

fr om 1 to 6. The informa tion in th e storage 
sector remain s valid unti l written ove r by 

03M 
03AC 
03AF 

3E 80 
32 f5 o:; 
C3 13 00 

01136 IWI A. OBO H 
0<137 SIA OJF Sll 
0438 JllP STAT! N 

another store to that locatio n. Thus sto red 03B? FE 01 0439 cri Olli 

information may be recall ed as many t imes 
03811 
03B7 

C2 C2 03 
lA fH 03 

011110 Jll Z l +OBH 
01141 I.DA OJFBH 

as desired . 
Th e main block move operatio n in Page 

03BA 
03BC 
03BF 

(6 80 
32 FB Ol 
C3 l3 00 

01142 AD 1 080!1 
0443 STA OlfBll 
0444 JHI' STAI Ill 

Store is also used by Page Recal l, which 
changes certain parameter registers in order 

om 
03C4 
03C7 

FE IA 
C2 02 03 
JA FG 03 

0114 5 CPI OJ1Ul 
l)!j4& Jra 1•om1 
0447 I.DA 03F611 

to move the information stored so mewhere 03CA CG 80 0443 AD I 080!1 

in memory back to the sc ree n. 
03CC 
03CF 

32 f6 03 
CJ ll OD 

01149 SIA OlFGll 
Ol1SO JMP ST ATiii 

Upon ente ring the Page Store subroutine, 
the contents of H and L are stored at hexa­

0302 
0304 
0307 

f[ ll 
C2 E2 0) 
311 Fl 03 

0451 CP I 0111 1 
0452 Jill l+OBH 
0453 I.DA 03F7H 

decimal locations 3FA and 3F9. The con­
tents of C are moved to the scree n to restore 

030A 
O:>DC 
030F 

CE. 80 
32 Fl Ol 
C3 ll Oil 

0454 AO I 08011 
045~ STI! OlFlll 
O'i56 JKP SIA! Ill 

the screen to pre-"leading" cursor state. 
Then, H and L are loaded with the screen 

03E 2 
03E<i 
03E7 

f[ If 
C2 tU OJ 
JE 20 

0457 (P I 07F ll 
0458 JllZ 1•6 
0459 MV l A.020ll 

starring hexadecimal location CCOO, and B is 03E9 
03EA 

77 
Cl SE 00 

0~ 60 l'\IJV 11.A 
0461 Jl-lf' BSP 

loaded with the most significant byte of the 03ED (3 25 00 0~62 EllD JMP DISP 

firs t invalid location after the screen (h exa­
decimal DO ). 

Next, register E is loaded with zero fo r but D is loa ded with the appropriate val ue 
subseque nt use with D, as a register pai r. Th e (hexadecimal l C) al the next seq uential 
accum ul ator is loaded with th e co ntents of program step . 
hexadecimal location 3F8, (a number from After D is loaded, D and E are used as a 
0 to 5 denoting whic h of the six bloc ks in register pa ir (E = 00) . The move cycle moves 
memory wil l contain this page) . the memory co ntents of the position speci­

To determine which of these six bl ocks fied by H and L to the acc~mulator (MO V 
is indicated , the acc umulato r contents are A,M). This va lue is then stored in memory at 
co mpared with these six numbers (O thru 5), the location inde xed by D and E. 
and a subsequen t jump is made to a location Next, D and E, and H and L are incre­
governed by the resu lts of the comparison . mented, and the value of H is compared with 

If hexadeci mal location 3F8 is fo und to th e val ue in B (f irst invali d location) to see if 
be ze ro, the program loads regi ste r D with the new value of H and L is stil l a valid 
the most significant byte of the starting sc reen position. If so, the cycle is re peated. 
location of the mem ory to be used to store When the compa rison of H with B indica tes 
the screen information (hexadecim al 08) . that the new va lue of H and L is no lo nge r a 
Th e actual move cycle th en begi ns. va li d sc reen position, the entire screen has 

If the val ue is 1, 2, 3 o r 4, the program bee n tra nsfe rred. 
jumps cause D to be loaded with the respec­ At th is point A is again loaded with the 
tive memory block starting address's most value at hexadecimal locatio n 3 F8, the page 
significant byte (hexadecimal OC, 10, 14 or store se lect number (0 to 5). This value is 
18). If the val ue is 5, no jum p is encountered, incremented and checked to see if it is equal 
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to 6. If so, the accumu lator is loaded with 0 
and stored at hexadecimal location 3F8. If 
not, the value in A is stored at hexadecimal 
location 3F8 unaltered. 

The next time Page Store is entered, the 
page store se lect number will indicate that 
the screen is to be stored at the next mem­
ory block higher than the last screen was 
stored at. However, as described above, if 
the last screen is sto red in page 6 (memory 
bl ock 6, indicated by a 5 in th is location) 
the program wil l have reset the location to 0 
so that the next sc reen stored will be stored 
in page 1. 

After the page number value has been 
determined and stored in hexadecimal loca­
tion 3F8, H and L are loaded with their 
origina l prestore value (from hexadecimal 
locations 3FA and 3F9), and the value of M 
at th is position is moved to C for use in any 
subsequent subroutine. Hexadecimal loca­
tions 3F A and 3 F9 are then loaded with 
CCOO for subsequent use by page reca ll. 
Next, the program jumps back to the status 
input (STAT IN) of the driver program . 
Hence, no cursor is on the screen after a 
store . This is a good way to see if you have 
already stored the present sc reen. A Page 
Store blanks the leadi ng cursor. 

Page Recall 

Page Recall can be entered at six points, 
depending on whic h page the operator 
dec ides to recal l. At each entry point, H and 
L are loaded with the value of the sta rting 
address of the page or block desired to be 
recalled, and B is loaded with the most 
significant byte of the first invalid address 
after this block of memory to be reca lled . 
D and E are loaded with the screen start ing 
location {hexadecimal CCOO). Then A is 
loaded with the value of hexadecimal loca­
tion 3F8 {the Page Store select value). 
decremented by 1 and deposited in hexa­
dec imal location 3F8, si nce later on in the 
program it will be unavoidably incremented. 
(Thus a decrement fol lowed by an increment 
leaves the Page Store select va lu e at its 
original value .) 

With D and E ho lding screen locations 
and H and L holding the page in memory 
locations, moving information indexed by H 
and L through the accumul ator to posi ­
tions indexed by D and E in effect moves 
information from the page in memory to 
the screen . Since the moves are accomp li sh­
ed by the move cycle in the Page Store 
routine, the program operation now jumps 

to this cyc le, which operates as described 
in Page Store. The result is that the selected 
page in memory now appears on the screen. 

Notice that, when the move cyc le in Page 
Store is used by Page Store, hexadecimal 
locations 3 FA and 3 F9 are used to contain 
the address of the present leading cursor 
position of the page being stored . When the 
move cycle in Page Store is used by Page 
Recall, these locations contai n hexadecimal 
CCOO to in itialize the cursor on the recalled 
page. Also, as in a Page Store, no lead ing 
cursor appears on the screen . Hence, a Page 
Recall wil l set the cursor position to the 
upper left-hand corner of the screen, even 
tho ugh the cursor is not visible, until some 
other fu nction is executed. 

Users who do not have a hard copy out­
put device in their systems may f ind a way 
to use the Page Store and Page Recal l 
routines outs ide the GRAPH program. 
Running BAS IC or even an assembler or 
editor with only a video terminal means 
that you often run information off the top 
of the screen that would be useful for late r 
reference. Resident Page Store and Recal l 
subroutines might help to reduce this 
prob lem. If the BAS IC input routines, fo r 
exam pl e, could be modified to incorporate 
control character checks for Page Store and 
Recal l, these rout ines wou ld be ca lled to 
store the existing screen without interfering 
with the program currently running in 
BASIC. This approac h would be cumber­
some {un less universally accepted) because 
all the h igher leve l programs would have to 
be modified separate ly. 

Other alternat ives might incorporate 
interrupts to ex it from main programs that 
reside above the 8080's RST addresses, or 
even some sort of parallel processor that 
would "preprocess" input data and ro ute it 
either to special service routines or to the 
ma in program. 

Repeat 

Repeat sim ply loads hexadecimal locatio n 
3 F5 with hexadecimal 80 and jumps back to 
ST AT IN in the Driver. Hexadecimal location 
3F5 is subsequently reset by the program as 
soon as a second key after CTRL/R is 
pressed, as explained in the Driver section. 

Vertical Write 

When the co ntrol check subroutine 
recognizes the code for ve rtical write, it 
loads the accumulator with the con ten ts of 
hexadecimal location 3F7 (which determines 
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System Clear 

When a CTRL/W fol lowed by a Clear is 
detected in the Control Check Section , a 
jump is made to INITialize and al l system 
parameters are initialized. The screen is 
c leared and the cursor is moved to the upper 
left-hand corner. 

System Clear is designed to be accessed 
by pressing CTRL/W and then Clear, to avo id 
accidental use. It is, however, occasionally 
handy to be able to reinitialize the entire 
program. 

Clear Screen and Home Cursor 

When only the Clear key is pressed, the 
program jumps · to CLEAR. This clears the 
screen and retu rn s the cursor to the upper 
left-hand corner . Memory status words are 
unchanged. 

Home Cursor 

Wh en a CTRL/X is detected in the 
Control Check section, the program jumps 
to Home, which returns the cursor to the 
upper left-hand corner but does not affect 
the screen contents or the memory status 
words. 

Escape 

When the escape key (ESC) is pressed, it 
is detected by the Control Check section and 
a jump is made to hexadecimal memory 
address 345 where the program receives 
instruc tions for exit from GRAPH (see 
Program Function and Use). 

Addressing and Memory Requirements 

In its present assembly, GRAPH resides 
in hexadecimal memory locations 000 thru 
3 FF F and is designed to drive a VDM-1 
addressed at hexadecimal CCOO . VDM-1 
status port (to reset scrolling) is addressed 
at hexadecimal C8 . 

In addition, six 1 K byte memory sectors 
are set aside for the STORE and RECALL 
functions (see table 3). 

A keyboard inputs status information to 
10 port 00 (data present = bit 6 set) and 
data to 10 port 01 .• 

A 300 bps cassette of GRAPH in Kansas 
City, BYTE or Cuter formats with a CUTER 
header is available for $5 (cash or money order) 
from UNB Audio Visual Services, UNB, 
Fredericton NB CANADA E3B 5A3. 

Sector 
Hexadecimal 

Beginning Address 

Hexadecimal 
Locations of Begin 
Address in GRAPH 

Program 

Hexadecimal 
End Address 

Plus One 

Hexadecimal 
Location of End 

Address in GRAPH 
Program 

1 0800 22F, 249 (08) ocoo 248 !OCI 

2 ocoo 234 , 258 (QC) 1000 250 (101 

3 1000 239, 263 (10) 1400 265 (14) 

4 1400 23E, 266 (141 1800 260 (18) 

5 1800 243, 273 (18) 1COO 275 l1CI 

6 1COO 202, 276 (1CI 2000 270 120) 

if the program is in the vertical write mode). 
It the n adds the value 80 to the accumulator 
and deposits the result back into 3F7. This 
has the effect of alternately loading that 
location with hexadecimal 00 o r 80 every 
time this routine is entered . Thus, o ne stroke 
of the appropriate key (CTRL/Q) puts you 
in the Vertica l Write mode, and another 
stroke takes you out of that mode. Opera­
tio n then jumps back to STAT IN in the 
Driver. 

Cursor (On/Off) 

This operation works exactly the same as 
Vertical Wr ite by alternately loading hexa­
decimal loca tion 3FB with hexadecimal 00 
or 80. 

Cursor Write/Don't Write 

Cursor write/don ' t write works exactly Ii ke 
Vert ical Write, alternate ly loading location 
hexadecimal 3 F6 with hexadecimal 00 or 80 . 

Next Store 

When a CTRL/W and a number from 1 to 
6 are detected (see Contro l Check Section) , 
the Next Store routine is entered. This 
routine is actua lly only a series of compari ­
sons in the Contro l Check Section which 
compare the input character with severa l 
ASCII hexadecimal values . For example, 
after CTRL/W and a numeral 1 are entered 
from the keyboard, the data inpu t to the 
computer is hexadecim al 31. In this case a 
CPI 31 instruction would route the program 
to in structions that would load status word 
hexadecimal memory location 3F8 with 
hexadecimal 00, and when 3F8 is checked 
by the next STORE operation, it would 
store page 1 in the first memory sector. 
Enterin g a 3 wou ld be detected by a CPI 33, 
which wou ld load 3F8 with hexadec imal 02 
and set up the next STORE operation for 
page 3. 

Table 3: Six 7 K byte 
memory sectors which are 
set aside for the STORE 
and RECALL functions. 
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Adding a Virtual Tape Loop 


Audio Processing 

with a Microprocessor 

Tom O'Haver 

Dept of Chemistry 

University of Maryland 
College Park MD 20742 

There is a lot of talk about digital au dio 
processing, but talk is not the same as 
practical act ion. As th e prices of micro­
processor systems and interface devices 
contin ue to drop, such ap plications are su re 
to become quite common, even among 
amateurs. This art icle desc ribes a few of th e 
possibilities of the use of a smal l low cost 
microprocesso r system fo r d.igital process ing 
of audio signals. The effects descr ibed in­
volve echo, reverb, fuz z, tim e delay, ph ase 
phlanging, mono-to-en hanced-stereo conver­
sion, and freque ncy multipl ication. These 
effects cou ld also be quite useful for the 
ex perimentally inclined audio enthusiast or 
mus ic group. 

Hardware Requirements 

To run the programs given here, you wi ll 
need a 6502 (or equ ivalent) processor with 
from 1 K to 5 K bytes of progra mmab le 
memory, an 8 bit in pu t port connected to 
a fas t 8 bit analog to digital conver ter 
(A DC). and a latched 8 bi t outp ut po rt 
connected to an 8 bit digital to analog con­
verter (DAC) . An addit ional output port and 
digital to analog converter are req uired fo r 
stereo applications . The basic hooku p fo r 
a simple monaural system is shown in figu re 
1. The signal from the preamp is amplified, 
low pass fi ltered , co nverted to digi tal by the 
analog to digi tal converter, processed in the 
microcomputer, converted back into· analog 
by the digital to anal og co nverter, and then 
filte red some more before going to the 
power amp. Th e success of such a system in 
audio processing depends upon its abil ity to 
operate at ul trason ic speeds; th at is, the rate 
at which the audio signal is digi tized , 

processed , and output must (or shou ld ) 
be as far above th e upper lim it of the audio 
spectru m as poss ible. Thus the speed of each 
of these steps is critical. We 'll consid er each 
step individual ly. 

Next to the microcomputer itself, the 
analog to digital co nverter is real ly the most 
cr itical componen t. It must be a fast one; a 
conversion ti me of 50 µs or less is necessary 
to allow sufficiently high sam pling rates. 
I have been using a Date! Mode l E 8H Bl , 
an 8 bit successive approxi mation analog to 
digital converter with a 4 µs conve rsi on 
time (available from Date! Syste ms Inc, 
1020G Turnpike St, Bu ild ing S, Canton 
MA 02021, for $85 in un it quantit ies). I 
recommend this unit. Its conversion time is 
probabl y faster than you will need, but at 
least you won' t have to buy a new one when 
microsystems ge t faste r (as th ey certain ly 
will). In addition to speed, the Date I analog 
to digital converter has two other featu res 
you shou ld look fo r in a converter. First, it 
is bipolar, which means it is capab le of 
accepting both the posit ive and the nega ti ve 
excursions of the aud io waveform . Other­
wise, you would have to add some offset to 
the incom ing signal. (The programs in this 
art icle assume offset binary coding.) Second, 
it clips on overload rather than wrappi ng 
aro und. That is, if the input audio signa l 
exceeds th e dynamic range of the ana log to 
digital co nve rter, the digital outpu t simply 
stops at ful l scale rather th an wr·app ing 
arou nd or fol ding back to ze ro. The reason 
th is is a useful feature is th e fact that an 
audio signal contains many pea ks and 
transients wh ich greatly exceed the ave rage 
signal amplitude. With only an 8 bit system, 
there is really no way to keep th ese transients 
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from exceeding the range of the converter, 
at least occasionally ; if you try to prevent it 
by adjusting the average am p I itude to a very 
low leve l, you'l l get too much quantization 
noise. Clipping the peaks may offend the 
audio purist, but I 'II guarantee you that it 
sounds a lot better than wrapp ing arou nd . 
Of course, a better sol ution wou ld be to 
use 12 bit co nverters and a 12 or 16 bit (or 
faster 8 bit) com pu ter. Sufficiently fast 12 
bit analog to digital converters are availab le 
For about $150, and 12 bit digital to ana log 
converters are typically about $30. But 
without a 12 or 16 bit processo r, all proc­
essing would have to be done in double 
precision, which might slow things down too 
much (unless you have a 4 MHz 6502, whic h 
I do not). Anyway 1 an 8 bit converter which 
clip s is good enough for the time being. 

Selection of a digital to analog conve rter 
is much easier, since several fast, low cost 
8 bit units are available . The digita l to analog 
converter need n't be bipolar, since a DC 
blocking capac itor ca n be added easil y. The 
Hybrid Systems 371-8 at $10 is a good 
choice, as is the Motorola MC 1408L8 at 
about $5. I've used both successful ly. The 
Hybrid Systems uni t is more co nve nient 
because it has a built- in refere nce su pply, 
while you will have to supply an exte rnal 
(2 V) reference for th e Motorola unit. This 
must be very well filtered but not necessarily 
well regulated for aud io ap plications. (A n 
advantage of the Motorola units is that they 
can be used as multiply ing digital to analog 
converters. If you drive the reference input 
of one converte r from the output of another 
converter, then the output of the first con­
verter wi l I be the product of the digital 
inputs to the two converters . This allows 
you to obtain automatic level contro l, 
compression, expansion, fad in g, and ampl i­
tude modulation effects without relying on 
much slower software multip lication rou ­
tines and without ge tting into trouble with 
quanti za tion noise.) 

As for the processor itself, almost any 
6502 system should do with the examples 
I've inclu ded in this artic le: KIM-1 , Jolt, 
Ebka, OSI, PAI A, App le- II , PET 2001, etc. 
I've used both the Ebka and the OSI systems 
with good resu lts . OSI has a particul arly 
convenient analog 10 board (Model 430) 
which can be populated with two MCl 408L8 
8 bit digital to analog converte rs, an 8 bit 
analog to digital converter, and their associ­
ated latches and address decod ing logic . The 
OSI Model 430 analog to digital converter 
circuit is of the synchronous track ing (up­
down counter) type. Be warned, however, 
that this analog to digital converter wraps 
around on overrange. It also requires some 
individua l tweaking of component values to 

get it to work. If you want to use the OSI 
430 board, I strongly recommend that you 
replace their analog to digital circuit with a 
better one, such as the Da tel E8H B 1. Other 
than that, the OS I board is just fi ne. 

One very important concept which you 
must understand is the relation between 
sample rate, ali asi ng, and low pass fi lter­
ing. If you don't understand these terms 
and their significance, then before you 
go on you should read the art icle by Hal 
Chamberlin on page 62 of the September 
1977 issue of BYTE . For th e programs 
presented in th is article, th e sampling rate 
wil l fa ll between 20 and 40 kHz with a 1 
MHz processor clock frequency , assuming 
you are using a sufficie ntly fast analog to 
digital converter (less than 50 µs sampl in g 
time). To control aliasin g, you have to roll 
off th e high freq uency response of the input 
signal to the analog to digital converter at a 
frequency no higher than about 1/4 of the 
sampling frequency , ie: about 5 kHz for a 
20 kHz sampling rate. This may not sound 
much like "hi-fi ," but actually it sounds 
better than you might think. For better 
highs, you need faster processing and may ­
be a faste r in put co nverter . The 6502 is 
pretty good in this respect; it 's avail able in 
versions at least up to 4 MHz. This would 
give you a samp ling rate of 80 to 160 kHz 
for the programs given here and wou ld ex ­
tend the highs to the 20 to 40 kH z range. 
Now, that 's a high fidelity com pu ter ! 

The sampli ng rate therefore determines 
the frequency at wh ich the response of the 
system must be ro ll ed off (by means of 
app ropriate low pass filters) in order to re ­
duce aliasing to a tolerab le level. In the 
simple ci rcuit of figure 11 th e only rol l off 
is that provid ed by the capacitors in the 
feedback loops of th e two op amps. Al ­
though th is circu it is satisfactory for ex­
perimenta l purposes, the cutoff ra te of the 
high frequency roll off is not sharp enough 
for first class results. If you're real ly serious, 
you 'll want more sophisticated, sharp cutoff 
filters. Hal Chamberlin gives the circuit of 
an excellent filte r in his article in Sep­
tember 1977 BYTE, mentioned pre­
viously . The unpopulated prin ted circuit 
board , as well as an assemb led an d tested 
unit, is available from Hal. The cutoff fre­
quency of th is filte r is 3 kHz, probably too 
low if you have a reasonab ly fast processor, 
so you might want to modify it or roll your 
own based on the designs in Don Lancaster's 
Active Filter Cookbook or other refere nce 
sources. Oni y one sharp cut filter is needed, 
between th e pream plifier and the inpu t ana­
log to digital converter, to reduce ali asing. 
The fil ter on the output, between the digi ­
tal to analog converter and the power 
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Figure l : The system design of an audio processing test bed requires two simple peripheral devices and a computer. The input 
device is an analog to digital converter (ADC in this diagram) preceded by a filter. The output device is a digital to analog 
converter (DA C in this diagram) driving another filter. Source material from (for example) a broadcast program is input through 
the ADC, processed in real time by the program in the computer, then output in real time to the DAC where it (for example) 
goes to your audio power amplifier and speaker system. The program in the computer can be as simple as an unprocessed trans­
fer from input to output, or as complex a transfer function as the constraints of real time will allow, given the speed of the 
computer. 
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amplifier, needn 't .have as sharp a cutoff, 
but it should have the same cutoff frequency 
as the input filter. For the simple filters 
in figure 1, the cutoff frequency is equal 
to 1/27TRC, where R and C are th e values 
of the feedback resistor and capacitor, 
respectively. 

One last thing to consider about the hard­
ware is the level (amplitude) of the audio sig­
nal. In order to avo id excessive quanti za­
tion noise, the input signal must be am plified 
enough to utilize the whole dynam ic range 
of the input analog to digital converter. In 
figure 1, the first op amp provides gain in 
addition to filtering. The gain of th is ampli­
fier, which is equal to R1/R1, will have to 
be adjusted for your particular system. 
Given choices of R and C for filter cu toff, 
R 1 can be chosen given a desired gain level. 
For exam ple, if your preamp provides a 
maximum output signal of 0.2 or 1 Y peak­
to-peak, and your input converter has an 
input voltage range of ±5 Y (10 Y peak-to­
peak), then a gain of 1 0 V /1 V = 10 is 
appropriate. Also, the maximum output sig­
nal of the digital to analog converter must 
not be allowed to overload the power ampl i­
fier. This will dictate the selection of the 
feedback resistor Ro of the outp ut op amp 
in figure 1; the output voltage is directly 
proportional to the value of th is resistor. 

Software Considerations 

So what about the software? First, le t's 
see how to get data in from the input con­
verter and out to the output converter 
without any processing at al l. If your analog 
to digital conversion device (which I refe rence 
symbolically as CONV) is connected to an 
input port whose address is F800, then to 
load one sample of the audio signal into the 

accumulator (A) register of a 6502 requires 
one instruction, thus: 

LDA CONY 

Th is is all you need if you 're using a 
tracking converter such as that on the OSI 
board, but if you're using a strobed con­
verter, you' ll have to give the converter a 
strobe pulse fi rst, allow it time to convert, 
then load the A register . The fastest way 
to do this is to assign the input conversion 
strobe to an unused address, decode that 
address, and use the address select Iine 
(address "strobe," as it is sometimes called) 
as the pulse which strobes the converter. 
I have used the la tter approach for my 
strobed analog to digital converter and have 
(arbitrarily) assigned address ECOO (which 1 
call STROBE symbolically) to the address 
strobe. With this arrangement the converter 
is strobed by any instruction which refer­
ences that address; for example an STA as 
shown here : 

STA STROBE 

:::::::: } several instructions executed 
_ _ while conversion occurs. 

LOA CONY 

The above routine strobes the converter and 
then loads the data into th e A register . The 
dashes represent interven ing instructions 
which take up enough time to allow the 

OUTPUT 
TO POWER 
AMP 

DAC 

OUTPUT 

For each amplifier, pick R and C such that 

1 
f ~ -- ­
c (2n RC) 

where 


fc is cutoff frequency (kHz) 


R is kilohms 


C is microfarads 
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analog to digital converter to complete its 
conversion . This wil l always be a useful 
code, rather than just no operation in­
structions (NOPs) or a wait loop. Conversion 
times of commercial analog to digital con­
verters vary all over the place. As I men­
tioned before, for aud io processing yo u'll 
need a fast one which converts in a t ime of 
50 µs or better. Just make sure there are 
enough instructions between referencing 
STROBE and the loading from CONV to 
give the input converter time to convert. 

To output one sample to the digital to 
ana log converter (cal led DAC symbolically) 
is quite simple. For exam ple, if the converter 
is connected to an output port whose ad­
dress is F900, then all I have to do is store 
the sample: 

80 00 F9 STA DAC 

To test the proper operation of the in­
put and output converters we can write a 
"straight wire" program which simply trans­
fers the data from the input to the output 
without change. Listing 1 shows 6502 posi ­
tion independent code for such a program . 

Note that the input conversion strobe in­
struction is placed right after the load CONV 
instruction . This may seem backwards but 
it gives the analog to digital converter a 
total of seven machine cycles (an ST A and 
a JMP) to convert before it will load into A. 
On a 1 MHz machine, this means the con­
version time could be as long as 7 µs. If your 
converter is slower than th is, put some NOP 
instructions or a wait loop right before the 
CLC instruction . The other programs in th is 
article execute much more code between 
strob ing and loading the inpu t analog to 
digita l converter and will usuall y allow you 
to get by with no add itional instructions 
intended specifically to slow down 
execution. 

The program of listing 1 is good for test­
ing out the hookup to your audio system. 
The sound quality of music played "through 
your computer" this way may be better than 
you wou ld expect, considering that the 
audio waveforms are being sliced up into dis­
crete samples, converted into binary num­
bers, and then converted back into an analog 
audio wavefo rm ! 

So what kind of audio processing can you 
do ? I 'II resist the temptation to say that the 
applications are limited only by your imag­
ination . They are not. They are limited by 
your programming skill, your processor 
speed, and your system 's programmable 
memory capacity. You can never have too 
much of these. I'II not claim to have even 
scratched the surface of potential appl ica­
tions in this articl e. I 'II just tell you about a 

AD 00 F8 START LDA CONV get new data from converter 
80 00 EC STA STROBE strobe input conversion 
SD 00 F9 STA DAC output to DAC 
18 CLC unconditional 
90 F4 BCC START branch to START 

Us ting 7: A 6502 "straight wire " program loop. In order to simply listen 
to the input data on the output channel without any processing, we must 
enter a tight machine coded loop which reads the Input con verter, then stores 
the input data into the output converter. This 6502 program assumes an In­
put digital to analog con verter at address space location F800 (CONV), an 
input conversion strobe which occurs on reference to address space location 
ECOO (STROBE) and an output digital to analog converter at location F900 
in address space (DA C). These same assumptions about 10 apply to listings 
2 thru 6 as well. With hardware like figure 7, try running this program using 
an audio signal from your favorite record album. The results will probably 
be of higher quality than y ou might have expected. 

few things I've done, mostly because they 
were easy to program. If you don 't come 
up with better ideas than these I'II be 
disappointed. 

Waveform Modifi cation 

A very easy class of aud io process ing 
functions are those which are intended to 
distort the aud io waveform. Believe it or 
not, disto rt ion is actually considered desir­
able by musicians in some cases for obtain-
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AE 00 FB START LDX CONV Put converter data into x register 
BD 00 EC STA STROBE Strobe converter. 
BD 00 03 LOA TABLE, X Look up xth byte of TABLE 
BD 00 F9 STA DAC Output to DAC 
18 CLC Repeat 
90 Fl BCC START 

Listing 2: Wa11eform modification. This 6502 program, obtained by modify­
ing the program of listing 7 slighlly, uses the input sample from the analog 
to digital converter (value 0 to 255) to look up the output sample in a "trans­
fer function" table located at 0300 in memory and referenced with the name 
TABLE. The key to what the distorted output sounds like relative to the 
input is the data stored in TABLE (see text and figure 2). 

ing special effects (such as "fuzz") with 
electric guitars and other electronic instru­
ments . The computer can perform a rather 
elegant general purpose distortion function 
by uti lizing a stor-ed transfer function as 
illustrated in the program of listing 2. 

To use this algorithm, you must set up a 
table in memory (on page 03 in this ex­
ample) which serves as the transfer function . 
Each sample of the input waveform obtained 
from the input co nverter is used as an index 
to look up a corresponding byte in the 
table, which is then used as the output 
value. In this examp le the table is just 256 
bytes long and is indexed by the 6502 proc­
essor's X register. Depending upon what we 
store in the table we can get any kind of 
distort ion effect we want. A trivial case 
wou ld be to use a straight line function, 
ie: put 00 in 0300, 01 in 0301, 02 in 

~0 "[[] T2J 

00 A DORE SS FF 00 FF 00 FF 

A B c 

"Li "M "mill 

00 FF 00 FF 00 FF 

D E F 

Figure 2: Examples of transfer functions for use with the waveform modifi­
cation technique of listing 2. These curves are produced by plotting the data 
at an address versus the address within the table, with both values having a 
range of 00 to FF hexadecimal (eight bits worth). (A) is the simple linear 
transfer function. (B) is a transfer function which is equivalent to a saturated 
clipping amplifier: it puts out a square wave_ (C) represents a slight distortion 
of the linear response of (A). (D) is a transfer function which effectively 
doubles the frequency of the input waveform, while (E) quadruples the input 
frequency and (F) multiplies the frequency by a factor of 8 (ie: three octaves 
higher). 
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0302...and FF in 03F F as shown in figure 
2a. Th is would yield no effect at all; the ou t­
put would be identical to the input as was 
the case with the program of listing 1. But 
if we use anything other than a straight line, 
we'l l get distortion . Several possibil ities are 
shown in figure 2. Figure 2b would give a 
square wave output while 2c would yield a 
somewhat less strongly distorted output. 
With the function shown in figure 2d, we 
would get a frequency doubling effect; 
that is, if the input were a sine wave of one 
frequency, the output would be an approxi­
mate sine wave of twice that frequency (one 
octave higher). With figure 2e, we'd get an 
output two octaves higher. This can be ex­
tended even further with the appropriate 
transfer function (eg: figure 2f). The effect 
on the sound of an electric guitar is quite 
remarkab le, particularly as th e frequency 
multiplication factor is a funct ion of the 
amplitude of the input signal and cha nges 
at the input decays . 

Quite apart from its potenti al uses in 
music recording or performance, the above 
technique is a neat way to teach (or learn) 
about the effect of transfer characteristic 
nonlinearity on audio distortion . just put 
in the characteristic under consideration and 
I isten to the effect it has on the aud io. 

Time Delay, Phase Shift and Reverb Effects 

If we store digitized audio in an array in 
programmab le memory, and read it out to 
the d igital to ana log converter at a later 
time, we have a time delay effect which can 
be used for phase shift and reverb. Th e max ­
imum time de lay you can achieve depe nds 
on the sampling ra te and the amount of 
avai lable memory; but even with on ly 256 
bytes you can get some pretty good phase 
shift and phase "ph langing" effects. With 
4 K bytes you can get a good reverb. 

The essential programming technique 
behind all of these effects is quite simple: 
output a byte from the data buffer to the 
dig ital to analog converter; input a new sam­
ple from the analog to digital converter and 
put it in the same location in the data buffer 
as the byte just output; increment the point­
er modulo the length of the buffer and re­
peat. (Thus, when you get to the end of the 
data buffer you reset the pointer to the be­
ginning and continue.) By scaling and adding 
the new data from the input converter to the 
old data from the data buffer, we can gener­
ate a range of effects depending on the 
length of the time delay. 

The routine of listing 3 adds the audio 
signal to a slightly delayed version of itself 
and outputs the scaled sum to the digital to 
analog converter. In this routine, page 03 



serves as the data buffer and x as the point­
er. Th e pointer is init ialized to DELAY, dec­
remented until it gets to zero, and then re­
set to DELAY. This r·esults in a sort of circu ­
lar data bu ffer which acts as a Fi rst in las t 
out shi ft register. The new and old (delayed) 
data are added and sent to the ou tp ut con­
verter. (Note that to prevent overflow, the 
data are divided by two before adding.) Th e 
time delay, determined by DELAY, can be 
adjusted from 1 to 225 sa mples. Such short 
delays do not result in a perceptib le echo. 
The effect is rather that of a "comb filter" 
with multiple peaks and dips distributed 
throughout th e aud io spectrnm. This is du e 
to th e fact that ther·e will be a cance ll atio n 
al eve ry frequency whose period is an inte­
gral multiple of twice the time delay and a 
rein force ment a t every fre quency whose 
period is an integra l multiple of the time 
delay . This rea rranges the amplitude and 
ph ase rela tionships of the harmonics of 
music and speech and has a qui te noticeable 
effect on the sound, variously desc ribed as a 
"resonant" or "twangy" effect. (If you have 
a hum problem in your aud io setup, you 
might try to find the value of DELAY which 
puts a dip right at the hum frequency .) 

The above id ea can be ex tended and the 
effect made muc h stronger by causing 
DELAY to change continuously in real time. 
This would cause the peaks and d ips to 
sweep through the audio spectrum. Th is 
effect is called " ph ase phlanging" by some 
peo ple. An easy way to do it (not neces­
sar ily the best way, however) is shown in 
listing 4. This is the same as the prev ious 
program except that the DEC DELAY in­
structi on has been added to reset the buffer 
poin ter to a different val ue each cycle 
through th e buffer . The effec t of thi s 
routin e on voice and music is quite drama tic. 
With speech and solo singing it gives a kind 
of voice doubl in g effec t, as if two people 
were speaking or singing in synchroniza­
tion . It makes a 6 string gui tar sound re­
miniscent of a 12 string guitar. A concert 
piano comes out distinctly li ke a qu estion­
ab ly tuned honk y tonk piano. The effect 
on organ music is unreal and unpleasant. 
If you play the guitar and sing, or th ink you 
do, try processing a tape record ing of your­
self this way. It will sound better, or at 
least different (which in my case is the 
same Lhing). 

If you have two outpu t ports and two 
digital to analog converters, you can gen­
era te two channe ls of audio output. For 
example, you can convert a monaural 
sou rce Lo "pseudostereo" with a further 

A6 10 RESET LDX DELAY 
BD 00 03 NEXT LDA BUFFER, X 
4A LSRA 
85 11 STA TEMP 
AD 00 F8 LDACONV 
8D 00 EC STA STROBE 
9D 00 03 STA BUFFER, X 
4A LSRA 
18 CLC 
65 11 ADC TEMP 
8D 00 F9 STA DAC 
CA DEX 
DO EF BNE NEXT 
18 CLC 
90 E2 sec RESET 

initialize pointer to buffer length 
get oldest data 
divide by 2 
keep 
get new data 
(strobe converter) 
replace old data with new 
divide by 2 

output to DAC 
advance the buffer 
pointer and repeat 

Listing 3: Time delays are possible with a buffer. Using the memo1y located 
at hexadecimal 300 to 3FF as a 256 byte delay buffer, a number of interest­
ing effects can be achieved. This program supports a delay of up to 255 inner 
loop periods, too short to be perceptible as a delay per se, but it does trans­
form signals by adding the delayed sample ' points to the new input samples, 
producing an in teresting filtered result. The delay buffer length is set by the 
value loaded into the X index register from location DELA Y in the first in­
struction of the program. As in all the examples of this article, this 6502 
program is position independent and can be loaded at any arbitrary place in 
memory address space which contains programmable mem0ty not conflict­
ing with 10 or data storage locations. 

A6 10 RESET LDX DELAY 
BD 00 03 LDA BUFFER, X 
4A LSRA 
85 11 STA TEMP 
AD 00 FB LDACONV 
8D 00 EC STA STROBE 
90 00 03 STA BUFFER, X 
4A LSR A 
18 CLC 
65 11 ADC TEMP 
80 00 F9 STA DAC 
CA DEX 
DO E7 BNE NEXT 
C6 10 DEC DELAY 
18 CLC 
90 EO BCC RESET 

Listing 4: Modifying the processing done by the delay program of listing 3 
to sweep the lime delay value results in this "phase phlanging" program. The 
difference between this program and that of listing 3 is the DEC instruction 
which changes the value of the delay param eter DELA Y each time it is re­
loaded. The effec ts must be heard to be believed. 

A6 10 RESET LOX 
BD 00 03 NEXT LDA BUFFER, X 
80 00 EF STA DAC2 
AD 00 F8 LDACONV 
80 00 EC STA STROBE 
9D 00 03 STA BUFFER, X 
80 00 F9 STA DAC l 
CA DEX 
DO EB BNE NEXT 
C6 10 DEC DELAY 
18 CLC 
90 E4 BCC RESET 

delayed sound to one channel 

direct sound to other channel 

Listing 5: Modifying the program of listing 4 to tum it into a pseudostereo 
processor. Here, the delayed data is sent to a second channel, with the 
amount of delay swept as it was with the phase phlanger approach. But 
instead of adding the two channels together, they are l?ept separate and sent 
to the le ft and right stereo speakers. 
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modification of the program in listing 3 
(see listing 5). 

In this example the addit ional DAC is 
connected to an output port whose address 
is EFOO. Instead of being added together, 
the direct and delayed signals are simply 
sent to the two different channels. The re ­
sul t is a sort of stereo phase phlanging 
effect which sounds mu ch lik e a " rechan­
neled for stereo" disk recording. Try this 
through stereo headphones. So now you 
can have a stereo electric guitar. Would 
anyone like to extend it to quadraphonic? 

If you have at least 4 K bytes of memory 
available in your system for your buffer, 
then you can obtain echo and reverberation 
effects quite readily . The idea is basically 
the same as the phase shifter routines just 

AUDIO REVERB SIMULATION 

LABELS 

Address of 8 bit analog to digital converter 
Converter strobe line 
Address of 8 bit digital to analog converter 
Lowest page number in data buffer 
l +highest page number in data buffer 
Low half of data buffer pointer 
High half of data buffer pointer 
Temporary storage 

PROGRAM CODE 

LOY # O 

LDA # O 
STAPNTRL 
LDA FIRST 
STA PNTRH 
STA STROBE 
LOA (PNTR), Y 
LSR A 
STA TEMP 
LOA CONV 
LSR A 
CLC 

ADC TEMP 
STA (PNTR), Y 
STA DAC 
!NY 
BNE NEXT 

INC PNTRH 
LDA LAST 

CMPPNTRH 
BNE NEXT 
CLC 
BCC RESET 

Set pointer to zeroth byte of page 

" FIRST". 


Strobe converter. 

Get oldest byte. 

Divide by 2 . 

Save. 

Get new byte . 

Divide by 2 . 

Add to oldest byte, and return to 

data buffer. 


Output. 

Go to next point. 

Increment pointer (double 

precision). 


When end of data buffer is reached , 

reset pointer to FIRST and 

continue. 


Listing 6 : The use of large amounts ofm emory can lead to interesting effects, 
for example this reverberation program. Here a 4 K by te buffer from address 
space locations 2000 to 2FFF is used to store delay ed samples obtained from 
the input converter at location CONV. This code for the 6502 processor is 
position independent, provided it is not loaded in the same region as the de­
lay buffer, the page zero constants, or the 10 device addresses. 
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discussed, except that a much larger data 
buffer is used. Here we can use the indir·ecl 
form of the LOA and ST A instruction, and 
we maintain a 16 bit pointer in page zero 
{unlike the 6800, the 6502 has only 8 bil 
index registers) . The routine of lis ting 6 
yields a reverberation time which is adj us l­
ab le up to about 0.5 seconds. The data bu ff. 
er is assumed to be the 4 K by te block 
from addresses 2000 to 2FFF. On each 
cycle through the buffer, the old data is 
divided by two, added to the new data out­
put, and returned to the buffer. Thus, the 
old sign als {ie: the echo) die off by a fa ctor 
of two each time they are heard. You can 
hear about five or six echos before they drop 
below audibility . 

If ST ART is set to 20, using the whole 
4 K buffer, the effect is something like th at 
of a large hall or perhaps an old railroad 
terminal. Th e difference is that the com­
puter produces a clear, clean echo at very 
precisely timed intervals and with a precisely 
controlled decay rate. Compare this with 
either a natural reverberation situation or a 
mechanical unit: the result is a more me­
chanical sound, much like a tape loop reverb 
device, without the false resonances of a 
spring type device. The advantage over a 
ta pe loop device is, of course, that it will 
never wear ou t or get out of alignmen t. 

Several useful modifications of this pro­
gram can be made. For example, you could 
utilize a second digital to analog output and 
a stereophonic sound system to achieve 
spacial separation between the direct and 
" reflected" sound. You could then apply 
some filter ing to the reflected sound channel 
to simulate selective absorption by the room 
furnishings . You cou Id also improve the real­
ism of th is effect by writing the routine to 
provide more than one delay time, for 
example by maintaining two or more buffer 
pointers which would allow the incoming 
data to be added to several poin ts in the 
data buffer. You'll need a fast processor to 
keep the samp ling frequency up , however. 
Finally, by simply dropping th e LSR and 
ADC instructions in the program of list­
ing 6, you can get a simple time delay 
effect; say a word and it is repeated immed i­
ately . Great for language study; listen to 
and critique your pronunciation without 
wear ing out your tape recorder. Or if you 
have lots of memory (at leas t 32 K), you 
can get delays long enough to allow you to 
sing a round with yourself! I won't com­
ment on the frightening social significance 
of this . 

F800 
ECOO 
F900 
0009 
0010 
OOAO 
OOAl 

CONV 
STROBE 
DAC 
FIRST 
LAST 
PNTRL 
PNTRH 

OOll 

AO 

A9 
85 
AS 
85 
SD 
Bl 
4A 
8S 
AD 
4A 
18 

65 
91 
SD 
CB 
DO 

E6 
AS 

cs 
DO 
18 
90 

TEMP 

00 

00 
AO 
09 RESET 
Al 
00 EC NEXT 
AO 

11 
00 FS 

11 
AO 
00 F9 

E9 

Al 
10 

Al 
EO 

DA 



GLOSSARY 

Analog to digital converter (often abbreviated 
ADC): Integrated circuit or hyb rid module wh ich 
converts an analog voltage into a parallel digital 
number, usually in a binary o r b inary coded dec i­
mal format; characterized principally by the 
number of bits of paralle l binary ou tput (the more 
the better) and the conversion t ime (the shorter 
the betterl. Most commercial ly available analog to 
digital converters have from six to 14 bits, convert 
in 0.5 µs t o 200 ms, and cost from $12 to $300 
each. 
Address decoding : Logic circu itry present in all 
microcomputer systems which looks for certain 
addresses on the address bus and outputs a pulse 
(address strobe} whenever those addresses occur. 
Used to select individual 10 ports, sections of 
memory. and devices tied to the da ta bus. 
Address strobe : A pulse or logic level generated 
by the address decode logic in response to the 
occurrence of a particular address or a range of 
addresses in a m icrocomputer . 
Aliasing : An instrumental artifact, caused by 
sampling a periodic waveform less than twice per 
period, which results in an apparent reduction in 
the frequency of the waveform . (The effect is quite 
analogous to the use of a stroboscope to "slow 
down" the action of periodic mechan ical motion .} 
In audio processing, aliasing sounds li ke a gross 
distortion. 
Conversion time: The time it takes an analog to 
dig ital converter to convert an analog voltage to a 
binary number. Specifically, it is defined as the 
t i me between the strobe pulse and the instan t that 
the digital output is valid. 
Cut off frequency : The frequency at which a low 
or high pass filter begins to cut off a signal (which 
means to reduce its ampI itude). 
Cut off rate: Also called attenuation rate. The rate 
at which the response of a low or high pass fi lter 
increases attenuation as you go to higher or lower 
frequencies. The response of a simple single section 
low pass RC filter drops off only at the rate of a 
factor of two for every factor of two increase in 
frequency (cal led - 6 dB per octave in engineering 
jargonl. More sophisticated "active" filters employ­
ing operational amplifiers can have much faster cut 
off rates. These have the advantage of extending 
the high frequency response as far as possible while 
still reducing aliasing to an acceptable level. 
Digital to analog converter (frequently abbreviated 
DAC) : An integrated circuit or hybrid module 
which converts a parallel binary or binary coded 
decimal number to an ana log voltage or cu rre nt 
pro portional to the number. Commercially avail · 
able digital to analog converters have resolut ions 
from eight t o 16 bits and cost from $5 to $100. 
Data buffer : A section of programmable memory 
used to store data, usually temporarily. 
Fuzz : A kind of distortion occasionally used by 
elect ric guitarists for special effect. 
Offset binary coding : An arrangement for opera­
tion of a bipola r analog to digital converter in 
which a zero input voltage corresponds to a mid­
scale digita l output . For an B bi t converter with a 
±5 V input range, an input of 0 V would be con­
verted to hexadecimal BO , - 5 V to hexadecimal 
00, and +4 .96 V to hexadecimal FF . (Th is d iffers 
from two's complement coding.) 

Peak-to-peak : The voltage difference between the 
average positive excursion and the average negative 
excursion of an AC signal. 
Phase shift : A (usually small) time delay between 
two similar periodic waveforms. 
Phlanging : An audio effect originally produced by 
playing duplicate tape or disk recordings in almost, 
but not quite exact , synchronization. 
Quantization noise : The noise caused by the 
conversion of a smooth, continuous analog wave­
form into a "stair step" approximation in the 
process of digitiza tion . It adds a " hiss" to audio 
signals, technically called "white noise." Like any 
other type of h iss, it can only be partial ly removed 
by filteri ng. The smaller the steps, the less the 
noise . Thus an B bit digitization, yielding 256 
discrete steps or "quanti zat ion levels," results in a 
slightly noticeable quantization noise, but in a 12 
bit conversion (4096 steps), t he effect is quite 
negligib le. 
Sample rate : The rate at which the signal waveform 
is digitized. The larger the number of samples per 
period of the waveform, the closer the digitized 
waveform will be to the original analog waveform. 
The sample rate must be at least twice the h ighest 
frequency to be digitized in order to prevent 
aliasing. In this article, the sampling rates are 
determined by the execution times of the inner 
loops of the programs. 
Strobe: In general, a pulse used for time synchroni­
za t ion of some event. In the context of an analog 
to d igita l converter, the term refers to the "start 
conversion" pulse applied to the converter to 
initiate the conversion process. In this article, the 
input conversion strobe is supplied by the micro­
computer under softwa re control. 
Successive approximation: A popular type of 
analog to digital converter. Most fast converters are 
of this type. It performs the conversion bit by bit, 
starting with the most significant b it and progressing 
to the least significant bit. Although generally fine 
for audio processing applications, this type of 
converter can exhibit nonlinearity (and therefore 
distortion) if the input signal changes appreciably 
during conversion . To prevent this , a sample-and­
hold circuit can be used ahead of the converter, or, 
as in this article, one can reduce the problem to 
insignificance by using a converter with a conver· 
sion time much less than. t he period of the h ighest 
frequency passed by the input low pass filter . 
Tracking analog to digital converter : A low cost 
type of converter which uses an up-down binary 
counter to track or follow the analog input. Its 
advantage is that it requ ires no strobe pulse, as its 
output is always trying to keep up with the output. 
This type is often implemented in software when 
conversion time is not particularly important. 
Transfer function (or characteristic) : The func­
tional· relati onship between the output and the 
input of a device. 
Wrap around : What happens to your car's mil eage 
ind icator after you've driven 99999.9 miles. It 
"wraps around" to 00000.0. The same thing occurs 
in electronic counters; in an B bi t device, t he next 
count after hexadeci mal FF wraps it around to 00. 
Some analog to digital converters do this when the 
input voltage exceeds full scale. It must be pre· 
vented in audio processing. • 
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Visit to an OEM Supplier 


A Look at Shugart's 

New Fixed Disk Drive 

Photo l : One of the high speed conveyors at Shugart Associates' Sunnyvale 
CA plant. Metal arms swing out to capture plastic bins of parts. 600 to 
800 floppy disk drives and 300 to 400 minifloppy drives are turned out every 
day at the plant. 

Chris Morgan, Senio r Editor 

OEM can be a confusing term for people 
new to the personal computing field. It 
means "Original Equipment Manufacturer" 
- that is, a company which uses parts and 
equipment of other manufacturers in order 
to produce end user equipment for sale to 
the public. 

Recently I had the opportunity to visit 
an OEM supplier whose name is well-known 
to the personal computing field: Shugart 
Associates. Shugart manufactures the floppy 
and minifloppy disk drives that go into 
equipment sold by North Star, Appl e, 
PolyMorph ics, Smoke Signal Broadcasting, 
Radio Shack, and many more. They also 
supply companies that manufacture large 
computer systems. All told, they claim to 
manufacture over three quarters of the 
floppy disk drives on the market, and two 
thirds of the mini floppies . 

Upon entering their brand new 150,000 
square foot facilities in Sunnyvale CA, I 
immed iately noticed that the flow of pm­
duction parts was controlled by an im­
pressive array of high speed conveyor belts 
(see photo 1 ). Their workforce of over 700 
people turns out 600 to 800 standard 
floppy drives and 300 to 400 minifloppy 
drives every day. 

The most interesting feature of the tour, 
however, was getting a glimpse of th e new 
Sh ugart SA4000 fixed disk drive - a unit 
that may have a major impact on the per­
sonal computer market a year or so from 
now. The SA4000 (see photos 2 and 3) is 
available in 14.5 and 29 megabyte (unfor­
matted) capacities with an op tional 144 K 
bytes of additional head-per-track storage. 
Winchester heads (named after I BM 's "Win­
chester" disk technology) are used in the 35 
pound (16 kg) unit, which is designed to fit 
in a 19 inch (48 cm) rack. But price is the 
most significant feature : the 14.5 megabyte 
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Photo 2: Prototype of the SA4000 fixed disk. 

Head Arm Assembly 
Rotat111g Pivot 

unit is $2550, and th e 29 megaby te uni t is 
$3500, both quantity one; prices for 

Stepper Pos1t1oned quantity 100 are $1450 and $2000, respec­ Head / Arm Assembly 

tively. 
The same voltage requirements are used 

for bo th the SA4000 drives and the Shugart 
standard size IB M compatible floppy drives, 
so the same power su pply can be used for 
both types of drives in a system. In addition, 
the SA4600 in te lligen t controll er (or equi va­
lent) can be used to control up to four 
floppy disk drives and fou r SA4000 fi xed 
disk drives with the same control ler boa r·d. 
The new fixed disk drive has an in terface 
simil ar to that of the stand ard Shugart 
SA800 and SA850 floppy drives, but it 

Winchesteremploys a higher transfer rate . The drive Read Wr 11e Heads
Capstanincludes a data separator and encoder pro­

viding normali zed NRZ read and write data. 
Data on each dis k surface is read by two 

read and write heads, eac h of which accesses Figure 7: The Shugart SA4000 fixed disk head actuator assembly. A novel 
202 tracks. The drive is available in two coiled-meta! band driven by a stepper motor is used to position the head as­
basic configurations: one di sk with fo ur read sembly . Graphics courtesy Shugart Associates. 
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Photo 3: Shugart SA4000 
fixed disk drive (left) next 
to standard SA 800 floppy 
disk drive. 

and write heads, or two disks with eight 
read and write heads . 

A separate read and write head mounted 
to the base cas tin g reads a prereco rded 
track which provides the master clock for 
the drive as well as the clock for write clock 
generation. The optiona l fixed heads are 
mounted on an assembly which is moun ted 
directly on the base casting. Del ivery is 
currently four months from rece ip t of or·der 
from Shugart Associates, 415 Oakmead Pky, 
Sunnyvale CA 94086, {408) 733-0100. 

Since the SA4000 disk is permanent, 
users wil l need some form of off line storage 
to keep back-up copi es of vital files in 
practica l systems: a double density full size 
flop py disk drive seems to be the most 
logical ch oice . 

We shou ld soon see the era of the 14.5 
megabyte mass storage system built into a 
high end personal comp uter which sits on 

top of a desk. The typical box might 
in clude: 

SA4000 disk main fil in g system 
SA800 removable media fil ing system 
(optional) 
16 K bytes read on ly memory systems 
software 
48 K bytes vo latile program store 
Any third generation processor (9900, 
ZBOOO, 8086,6809,eK) 
Video display (grap hics plus ful l ASCI I 
text capability) 
Keyboard 
Machine in dependent PASCAL sys­
tems software 

Ex tern al ly, this would look fairly con ven­
tiona l, but buried inside might be th e 
SA4000 as a permanent on line nonvolatile 
memo r·y resou rce. • 
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Adapter Doubles DECwriter Speed 

Serial 10 for the Apple II 

PERIPHERALS 

Electronic Systems has announced 
a serial 10 board for t he Apple 11 com­
puter . The boa rd com es wi th software 

220, 300 or 600 bps. The Accelewriter 
changes the internal timing of the 
DECwriter and causes it to print at 60 
characters per second . Installation in ­
volves removal o f two integrated circui ts 
from the logic board of the DECw riter. 
These are replaced with low profile 
IC sockets. The Accelewri te r is then 
installed in the board in place of the 
two original ICs, and the logic board is 
reinstalled in the DECwriter. The DEC. 
writer can be reconverted to its original 
electronic configuration by unplugging 
the adapter and installing ICs of the 
original types In the sockets. Price is 
$95 from Larks Electronics and Data , 
POB 22, Skokie IL 60077 .• 

Circle 641 on 1ngu1 rv card. 

A new adapter, the Acce lewriter, 
adapts any LA36 DECwriter to operate 
at 600 bps, converting the standard 
110, 150 or 300 bps DECwrite r to 

Analog Interface Board 

A multifunction analog interface 
board, offered as a kit or fully as­
sembled , has been Introduced by Vector 

Graphic In c, 790 Hampshire Rd , A 
and B, Westlake Village CA 91361 . 
According to the firm, board design 
permits Interfac ing with poten tiometers, 
joysticks, or voltage sources. An 8 bit 
digital port with latc h strobe can be 
used as a keyboard inpu t port. Ton e 
pulse generators can also be used to 
produce sou nds for games or keyboa rd 
audio feedba ck. Add it iona l feat ures 
include four analog to digital inputs, 
MWRITE logic, and a powe r on jump 
feature for computers lacki ng front 
panel . Price is $75 in kit form, $115 
assembled. • 

Circle 642 on 1nqu1ry card. 

New Interface Module from Creative 
Micro Systems 

The 9650 is an asynchronous serial 
interface module specifically designed 
for compatibility with the Motorola 
6800 processor bus. It is pin and outline 
compatible with the Motorola EXOR· 
ciser and Micromodu les and wi th the 
MED6800D2 Evaluation Kit. It features 
f ull address decoding and fu ll y buffered 
data, address and control lines. This 
module utilizes eight MC68 50 Asyn ­
chronous Communications Interface 
Adap te rs with full RS-2 32C signal 
conditioning. An on board bit rate 
generator simu ltaneously provides 14 
standard rates that can be individually 
strapped to each ACIA. 

The 9650 occupies 16 consec utive 
memory addresses. The lowest eight of 
these access the eigh t control an d status 
registers and the next eight access the 
t ransm it and receive data registers. T his 
map arrangement allows optimum use of 
indexed addressing in 10 intensive 
systems and permits the use of a very 
tight interrupt polling loop. 

The standard configura t ion of the 
9650 is fully populated to eight 
channels. The price is $3 95 in single 

for input and output to and from a 
Teletype or other serial device via an 
RS-232 interface . 

Features include switch selectable 
pa rity, selectable number of stop bits, 
and jumper selectable address. Data ra tes 
can be as high as 30,000 bps. 

T he board is available assem bled and 
tested for $62. The complete kit is $42, 
and the board only is $1 5. Contact 
Elect ronic Systems , POB 964 1, San Jose 
CA 95157, (408) 374-5984.• 

Ci,cle 644 on rnqu1r-y cord. 

Altair (S-100) Bus Interface Board 
for PET 100 

HUH Elect roni c Music Productions, 
POB 259, Fairfax CA 93930, has an­
nounced the PET 100, a PET to Altair 
(5-100) bus interface board for the 
Commodore PET compute r. T he Altair 
(5-100) sized card plugs into the mai n· 
frame of your choice and a cab le con­
nects it to the PET, which then enables 
you to use any of the peripheral and 
memory cards availab le for the Alta ir 
(S-100) bus. Th e PET 100 em ulates the 
true Altair (S-100) bus including direct 
memory address, read and write wait 
states, 10 ad dress mirroring , multiplexed 
status lines, and much more. The PET 
100 is avai lable in kit or assembled form 
for $199 .95 or $279.95, respectively .• 

Circle 645 on 1nQuirv card . 

quantities. A partially populated 
channel ve rsion is also avai lable at a 
lower price. 

The 9650 is one of a fami ly of 
M6800 support modules . All ca rds of 
the family are 6.05 by 9.75 inches (15.4 
by 24 .8 cm) and utilize a 43 pin d ual 
readout edge connector with 0 .1 5625 
inch (0.4 cm) pin spacing. Additional 
information is avai lable from Creative 
Mi cro Systems, 6773 Westminster Av, 
Westminster CA 92683, (7 14 ) 892­
2859.• 

Circle 643 on inqu iry card. 
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I *** 15359 BYTES FREE *** 

fNTERNATIO AL 
TECH NICAL 
SYSTEMS 

Proudly announc·l:!S 1he 

PEM-8K 

BK OF ADD ITI ON A L MEMOR Y FOR YOUR PET 4' 

• COMPLETE LY ASSEMBLE D ANO TESTED 
' 8U ILT ·IN HEAV Y DUTY POWER SUPPLY 
• A TT RACTIVE ENCLOSURE 
' COMPATIBLE WITH 4K OR BK PET& 

•NO MOD IFICATIONS REQUIRED 

lo!'oductorv BONUS SOFTWARE PACKAGE 10K 
Of Fin.encial , Ma1hema1 ical and A l~bre ic Programs 

Sh ipped pcx 1paid - - - Price . $279 . 

(Vi rgi nia Residenu Add 4 % SBles Ta>c.l 

INTE RNATION AL P.O. Sox 264 
TECH !CAL WOODBRIDGE, 
SYSTEMS VIRGINIA 22194 

Circle 186 on inquiry card. 

Circle 213 on inquiry card . 

Datapoint CRT Terminals 

-
iiiiiiii•Fully-Assembled - Guaranteed 

#3360 $649.50 
• .:..dd ~ 1'j oac•nng re furbl&hod 
.. tiuaran1cea • Sh pment FOO. no wa11inq 
• Add S4 !5 .50 lor s;c roll lng mod, or do f1 you1solf 

t~OW-Power ·~ou1 Ktr.•-1 or 01ne1 SmJ.11 proccs.so1 
lro-n 111e'.';ie 1erm .n.11s UO lo 2 AJ'Tlp !> a!~ 1 .~ 2~ vo11s 

t.I i"I 33.60 soecds lrom 100...J.800 e.auel n\Jm ef1C 
h.ll~P3tl cu•sor conrrots E<!•r. Oo!Ocl\ ·Transm·1 scaicn 
rncd~s. ASCII KiOyoo:uo "i;lh COCICl'lt>I~ Opbo ns 
G,f'ijn l)flQ!;iphor z.i 62 Ch m:os. addfess:ioie CUf<;C! 
115<~32 s.e11al 1 n1er1J~e OlllCl SDCCtlS ;1v.11IOOIC 
t. ~r1u~1 $10. C;:i~ .. 11 ~.995 Damshaio/ IBM com­
n=11ltll•• Y£!15101'\ St tOO • Modol 3000 S675 

M·)3 KSR Te1e 1yp~ SS-5 ASR 33 $735 
C.111 us Fl)1 se1..,1ce on CRTs. mtef05 m'1.!ll·ft.1mes 

L•J.i1 <>·n9 Quam11y tJ•scou11:o; .1...ailaC)le 

TELECOMMUN ICATIONS SERVICES CO. 
Bax 41 \1. A.lexaneirla , Va. 22:303 

703·683·4019 / TLX 89·623 T26 

Circle 372 on inquiry card. 

CONVERT ANY TV 

TO A HIGH QUALITY MONITOR 


- 1£1 - .. 
HICH 

TTTTTTT 
T 

OIJAL 1 l'Y 

v 
v v ·· I j' I 

T v v ~ 
T v 

' 
I 

UOO MITS 

. J 

•Hot Chassis or Transformer sets 
• 64·80 characters per line 
•By-passes tuner & 1.F. 
•Normal viewing unaffected 
•Safe-Easy Installation 

ACVM Hi- Resolution $24.95 ppd 

RFVM Ch2·6 Modulator $9.95 ppd 

v-,L~i\irfi"TNc·:-··--·····s·a-x··;m:rrs 
Los Angeles, Calif. 90029 
Calif. Resid ents add 6 % Sales Tax 

Circle 378 on inqui ry card. 

~--c,ooV\\4 MEGABYTE 
·1'\' TAPE RECORDER! 

QUAD 5 CHANNEL l/4" TAPE 
TRANSPORT, ONE FURNISHED 

0 

9 
O/ LOGIC FOR AUTO SELECT, Rf WINO, E OT, 

"ll'l-~ .REL~~ 1W'i.~~~p~Ag~ .';"r"o1~12g~-;;~~~C~2 1 1e" 
HIGH 19" WIDE 20" DEEP, WT 65L8S, FRE IGHT COL. 

USED-GOOD COND-LIMITED QTY. DATA BOOK SIO.u 

.025 SQUARE PIN PUSH-ON TER MINALS, 
FOR JUMPERS·PATCH·POWER · PLUG REPAIR , ETC.. 
HARD TO FIND I 10/ $0.50 100/$ 4.50 

PC LEAD CAPACITORS 20/$ 1.00 
70PF' NI SOO IOOVOLT 5•1. DIS C } 
120PF IOOVOLT 5% DISC 6 PA X 
.01 MFO 200VOLT TUBULAR CE RAMIC 

:gg;~;g 1~°o0vvo0L\T g11~g $5.00 
.0068 MF D IOOVOL T SO. DIPPED POLY 

.OI MFO 50VOLT ~.,-. POLY TUBUL AR, LONG LEADS, 


10/$1.00 100/$7.5 0
a::::::c Bl·PIN BASE T-13/4 12V40MA 
INCANDESENT 10/$1.00 100/ $9.00 

CORE MATRIX STRIPPED FROM COMPUT 
ERS - 8 PLANES-NO DRIVERS-NO DATA­
As IS-NO RE TURN. 256+BYTE S $19.95. IK BYTE S 
S27.95, • K+ BYTES $39.95. 2 ONLY 1620 ASS'y 

GOOD COND EACH $125.00 

CARO GUIDE 8 FR AME-ISPR-5 l/2H 5114W 12 l / 2L : OR 

15 SOCKETS ELCO NO. 7008-035·163·002 ON RAILS, 
YOU STRIP-CHOICE $ 9 95 EAC H. OT HER SURPLUS· 
SEND $1. 00 FOR LIST OR CALL 8 17·625·2961, M C, 

VIZA ACCEPTED. SIOCO MINIM UM OR DER 

J a E ELECTRONICS SALES 

BOX 4504, FT WORTH, TEX,76106 


Circle 191 on inqui ry card . 

S-100 Kits 

at Discount Prices 


· II slot molher boord wl lh 1ocket1 

ond a c l l vt terminator sao•·• 
· 16 K EPROM boord for 2708·1 $48­
. 8 K 1tol l c ram $1 2 5•• 

There·s much more, lnclud l nQ 

complate 1y1t•m1; aend for our 

fl yer . 

PCE ELECTRONICS 
4782 DEWEY ORIVE 


FAIR OAKS, CA . 9!5628 


• .. o .,u Ctuuo• • Add ~.,. l or 1Mppinv . 

•Vi t o t 1C: illtt f i11l 1,1fld ed . 

• P1101u ot d.,t • t:o ll l . t •1 ld111nu 041S 

19 161 966 -7033 6.,. t OIU to 1 . 

• Jfo C 00 

Circle 296 on inqui ry card. 

-­ASCII - ASCII 
·- - ­

IBM SELECTRIC 
® 

BASED 1/ 0 TERMINAL 
WITH ASCII CONVERSION 

INSTALLED $695.00 
• Tepe Drives • Cable 
• Cass,ette Drives. • Wire 
• Power Suppl ies 12V 15A, 12V25A, 
5V35A Others. • Disp lays 
e Cabinets • XFMRS • Heat 
Sinks • Printe rs • Components 
Many other items 
Write for free catalog 
WORLDWIDE ELECT. INC. 
10 FLAGSTONE DRIVE 
HUDSON, N.H. 03051 
Phone orders accepted using V ISA 
or MC. Toll Free 1-800.258­ 1036 
In N. H. 603·885-3705 

Ci rcle 395 on inquiry card . 

Circle 79 on inquiry card. 

KIT INCORPORATES 

ELECTROSTATIC SHIELD 


• 	 B V at 20 amps & 16 V at ± 2 A wi th 
fan coo ling. 

• 	 Transform er secondary isolated by 
electrostatic shield which helps to 
reduce random l ogic problems. 

• 	 ..Computer 20 K .. k i t priced at only 
$74.95 plus S6.00 handling & shipping. 

• 	 ..Computer 20 .. transformer available 
for only $29 .95 plus $3 .50 handling 
& shipping. 
(Hand l ing & shipping sligh tly higher 
ou 1side con 1inen tal US I 

• 	 Club & OEM discounts avai lable 

Send check or money order to : 

MIJOBE CORPORATION 
P. 0 . Box 775 
Claremont, CA 91711 

Circle 241 on inqui ry card. 

http:10/$1.00
http:100/$7.50
http:10/$1.00
http:20/$1.00
http:100/$4.50
http:10/$0.50


Floppy Disk System for RS-2 32 
Communication Devices

PERIPHERALS 

Axiom Announces EX-801 
MicroP rinter 

An in tell ige nt electrosensitive line 
printer, the model EX-801 Micro­
Pr in tcr, has been announ ced by Axiom 
Corp, 5932 San Fernando Rd, Glendale 
CA 91202, for $655. The EX-801, 
designed a round an Intel 8048 processor, 
operates at up to 160 characte rs per 
second and offe rs users the choice of 
th ree character sizes to provide 80, 40 or 
20 colum ns on the 5 inch (12.5 cm) 
wide electrosensitive paper. It is designed 
for video disp lay hardcopy, data logging, 
program list ing and record keeping. 
Standard features include RS-232C 
20 mA seria l inp u t as wel l as pa rall el 
ASC II ; 256 characte r multi li ne asyn­
chronous input buffer as standard, 
optionally expandab le to 2 K characte rs, 
making it possible to take a page dump 
from a video display te rm inal in app roxi· 
mately one seco nd ; 96 characte r ASCI I 
standard, optionally expan dable to 256 
characters wit h user prog rammable 
fonts; software selection of "reverse" 
printing in which light characters are 
fo rmed on a dark backgroun d; and 
optional 2 K bytes of user programmable 
read only memory.• 

Circle 593 on inquiry card. 

Soft Touch Bill Paying Home Dial 

The Soft Touch Tone Dial for 
" bank by phone" is designed for use 
by cus tomers of banks and thrift insti­
t utions. The unit is a tone d ial that 
screws o n t he mouthpiece of a regu lar 
rotary d ial te lepho ne and immediately 
converts it in to a push button te lep hone. 
It has all the lette rs {a thru z) on the 
buttons as we ll as an asterisk (*) and 
number symbol (#) for commands. 
Upon dialing to the ba nk com pute r, 
the co nsumer taps in his account num­
ber, secret code, merchant code and 
amount to pay bills . Soft Touch is both 
a tone dial and microphone in a standard 
1 cu bi c inch telephone mou thpiece. 
T he tone freq ue ncies are crystal con· 
trolled. The keyboa rd is .05 inches thin, 
made with e ight layers of specia l con­
ductors . For add it ional information 
contact the Tele phone Computer Com­
pany Inc, 1838 W Bayshore , Suite 4, 
Palo A Ito CA 94303. • 

Ci rcle 594 on 1nQUtrY card . 

The Comm-Stor 11 is a commu ni · 
cations floppy d isk system which uses 
IBM 3740 com patible diskettes and 
interfaces with a ll RS-232 communi­
cations devices . Comm-Stor 11 is micro· 
processor-based ena bling the user to 
store and retrieve files by file source. 
T he system gives the user increased 
file sto rage ca paci ty and maximum 
usage of the d iskette regardless of the 
mix of fil e sizes; provides the capa­
bi lity of merging and creatin g new 
files com posed of existing files; pro­
vides buffering at the terminal or modem 
port wh ic h all ows commands and data 
to be stacked, minimizing the hand· 
shaking and system delays a nd provides 
protection from data overru ns; an d 
allows the use r to specify selected 
files as "protected" (unal terable) whi le 
retaining the abi lity to c reate or a lter 
other files . Since it uses a very simple 
serial interface and IBM 3740 compati ­
bi lity this type of mass storage system 
should prove qui te usefu l in a number 
of pe rson al com pu ter situations . A si ngle 
drive system lists for less than $3000 
an d a d ual system for less than $4000. 
For more informa tion con tact Sykes 
Datatronics In c, 375 Orchard St, 
Rochester NY 14606. • 

Circle 595 on inqu11v card . 

LOGIC 
PROBE 
Duat-Level 
LED Detectors 
Show Hl · LO Stat us 

$1Z95 

Quantity Price~ Available 

ALCO ELECTRONIC PRODUCTS, INC. 
155 1 Osooocs St .. No. Anoovcr, Ma. 01845 
T•I' (617) 685·4371 TWX• 710 342·0552 

Circle 6 o n inquiry card. 

BIT BASEMENT 
BARGAINS 

SOROC IQ120 lassbled J ... $869.95 
LEAR ADM ·3A lassbled ] ... $859 .95 
LEAR AOM · lA (assbledj . . $1199.95 
16K RAM BOARO (assbled l . $495 .00 

2sons 180 day warranty 
CENTRONICS 779 ...... $1139.95 

BIT BASEMENT 
P.O. Boxl719 

Santa Monica . CA 90406 

-

(213)3 95-8801 ~ 
~ 

all items shipped FOB factory 

Circle 26 on inquiry card. 

CANADIANS 

Announcing 

HAMILTON LOGIC 

SYSTEMS 

Spec ializ ing in log ic 

dev ices , microprocessors . 

memorys, TTL , Cmos, 
etc . 

Send for you r catalogue 

Box 7 

STON EY C REEK 

ONTAR IO LSG 3 X7 

Circle ' 14tron inquiry card. 



--

0 .SCC>PE D.AT.A 
INCOl=!POl=l ATED 
A SUBSIDI ARY OF SCOPE INC ., RESTON , VA _ 

PRINTERS FOR SALE 
e ;\ I •.in ED QUA TITY OF USED 

LLECTROSENS ITIVE ON·IMrACT PRINTER S 
ARE •\VAI LAB LE FROM THE MANUF1\CTURER 

• AS IS WARRANTED TO WORK OR 

WILL RECONDIT ION TO LIKE NEW 


• 30011200 B·\U D, 2·10 CPS, 80 COL 

BUHERED, SERIAL OR PAR ,\LLEL 


• RECEIVE ONLY ANO KEY BOARD 
END/RECEIVL I OR CRT HARD COPY OR 


i>RINTE R TERM INALS 


• 	rHt SE PRINTERS OPE RATE WIT H 

RAD IO SHACK, TRS-80, HEATHKIT, IMSA I. 

LEAR SIEG LER, ADOS, HAZELTINE & OT HE R 

SYSTEMS 


• PRICES START AT 1395.00 EACH 

- CALL OR WRITE 


WALT PLYTER, SCOPE DATA, INC. 
3728S ILVERSTAR RD . 
ORLANDO, FL 32808 
(305) 298-0500 

Circle 314 on inquiry card . 

INDUSTRIAL QUALITY 
MICROPROCESSOR CARO KITS 
All -+SVonly , \Id 4.5 • 6 .5. 22/44 K1g11 conn 

• 4 KRAM S79.95 • 2 K PAOM S 79 .95 
• Mo1~mboard $39.95 • 4 K PROM $119.95 
• Card Cagl! $20.00 • Olgirnl 110 S 59.95 
• Kavboord/0 1solov $89.95 • Ca1~uv ln1er foet $ 37 .95 
• Av:11labla tanad and In OEM q tyi 
e KI M lnierfoca Adap11!r $24 .95 
• KIM Komputtr Enelo)1,irt $80.00 
• BARE BOARDS. ENC LOSURE S. FIRMWAR E. ETC, 

SEND SJ .70 FOA TECHN ICAL MANUAL llNFORMA· 

TION ON AL L A80VE I 


PAL COMPUTERS USING 6502 SYSTEM! 

• Pat Compu 1e-r wilh CAK 124K ) $ 1395.00 
• Compontn1 Boards Avai lable Sei)llr:ualy 
• Vidl!o Board l • 1so works w11h KIMI S 299.95 
• R A M 8oord IBKI fill'o worlu wi1h KIMI$ 179.95 
• 6 SLOT K IM Mo1hl'r Board S 79 .95 
• ORDER OUR PAL TECHN ICA L MANUAL 1$7.25 
Poup1id ) which l ullv de1c1 lbt' 1he K IM Bun and In· 
dlvidual Boards .,, 

-:?!Silver Spur 
Elect,on1c Communications Co * V ISA 

P. 0 . Box 365, Chino, CA 91710 • M1m11rch1rg1 
or V 11i1 A11 1al1 S1ora : • Collt Retidanu Add 
13552 Centr•I Avenu~ 6% S.101 Tax 

Circle 317 on inquiry card. 

DISKETTES 

VERBATIM for Your DRIVE 

s3 90 Ea . InMINI Soft Sector 
boxes10 Sector 

16 Sector • of 10 

~!~~~~d~~~r S4.10 ~h~ 

CP/M1.4 ~~~kN~'W:,\~~" s145 

PLASTIC BOX 1~' ~i~~e«IJ~~ s3 


HAZELTINE CRT 1500 ~~~~esl 000 

CSom pleteH1 • 2t•t~ Co mputer 

ys 1em: aze 1r.e 1500• 
$5145 

Horlzon-2, Centronic 779 

Visa, Master Charge, Cash, C.0.0. 

Circle 204 on inquiry card. 

AN S-100 BUS COMPATIBLE ' 
COMPUTER FOR UNDER $150? 
Single IJoard . S·I00 compalible 8080 -based compuler 
de>igned at the Un1vm1ty ot Iowa lo use the Intel 
cosmel1c re1ec t k1L 
features are: 

Memory: lour 1702 EPROM 's or 
th ree I 702's and two 211 1's 

Power-on 1ump and independently se lectable board 
address 

Uses TMSS501 mu ll1 -luncl1on 1/ 0 conlroller : 
Parallel in. paral lel oul 
USART 
Five in terval hmers 
Handles veclored 1nlerrupls 

TTY 01 RSZ32 mle1lace on boa1d 
F•lly S·IOO compal1ble 
Sockel lor lfonl panel conneclion 

(IMSAI front panel connector pin compatible) 
Ideal CPU rep lacement 101 IMSArs and Alla11s. 
Will ru n with just applied unregulated voltages as a 
srngle board computer. 
Bare tioard. schemahcs. l1mited documental10n $35 
Schematics. l1m1led documenlation (includes 
«mple monitor for single board operal10n ) SJ 

uPMEM 
1291 Center St. N.E. 

Ceda r Rapids. Iowa 52402 
\. 

Circle 376 on inquiry card. 

:::: IT'S A GREAT BIG COMPUTER WORLO -K­

·.r- But You Only Need != 

++-THE COMPUTER CORNER..,._ 


•SOL - A New Dawn is Heret-- •COMMODORE PET & KIM 
+I­-- e NORTHSTAR HORIZON 

• IMSAI VOP·80
-­ • Memooes & 110 Boards

..,__ 
_..... 

• Compu 1er Book Service 
• Magne11c Tapes & Disks-++--­- • Full Line of Magazines 

• Brain Games & Puzzles 


++­ • w ork"Shops &. Club Inf ormation 

:::. Visit THE COMPUTER CORNER ror ...,.._ 
.....,_ all vou r compu1er needs. Stop in and -t+­

-+t- browse - vou "ll like our personal se rv ice. ---f+­

+1- THE COMPUTER CORNER 

Wn1tlfl Pl;i1n1 M.11l - Uopl!r Le<.•al 


--ti+- 200 Hi1moll:>n A\IMUlll 

-W- Wl'llte Plaln1, N!!w York 10601 


....+--- r.1 · 1g 14J WHY . DATA -+f­
~ A"'!Pl• Po:.rkmg -f.9..-_
Ji< I 0 Ci D11>lv & S& tu rdav ~ 

~Iff f ~* l"ill* f ff t\\,._ 

Circle 65 on inquiry card. 

II COMPUTER
II PROFESSIONALS 

9 
Opportunltlee •v•lleble 
worldwide: . Eaperience in 
Scientific or BuelneH en· 

·• ­
1 

vlronme.nte can lead toe•­
cldng project• in varied 
locations. 
SUN STAilS: State-<if· the· 
An Design and Deve lopment. 
15·30K 
HAWAD: Digital Switd1ing 
Systems. 30..33K 
GERMANY/ JAPAN: Soll· 
ware Field Engi neer. Base 
P~:bl~~~8K + Bonue + 
NEiii ENGLAND: Scien1ific 
& Busine.s.s Applications: Minis· 
Micros; St ra ng Assembl e r , 
16·28K 

C•ll us collect 
(6031 889-0112 
or •end reaume . 

PREFERRED 
POSITIONS, INC . 

142 Main Street 
N••hu•.N.H. 03060 

Circle 302 on inquiry card . 

WE SHIP FROM STOCK 
TELETYPE MODEL 43 TTL .. .... .. .. . .... $985 
RS232 ... $1005 
TECHNICO 9900 SS 16 BIT COMPUTER 16 bit 
mlcroP, 32 bit 1/0, hardware mult and divide, buf· 
fared bus. 20 ma loop. AS232C, 8 interrupts, fully 
socketed. Expands up to 64 KB memory . 
Languages: assembler, BASIC, SUPER BASIC, 
!COBOL, FORTRAN IV soon available). 
Super Staner Kit : . ... ... ................. $299 
Assembled: . . . .. $399 
ex•150 ELECTRONICS PROJECTS KIT Build 
150 working elec tronics projects including basic 
computer circuits. lie detector, transistor radio . 
Perteet for all ages to learn electronics fundamen· 
tals. A COMPLETE KITI Nothing else required . $69 

ATTASHE 200 EXPERIMENT INTEGRATED 
CIRCUIT KIT . .. . .. . . . . . . . .. . . . . . .. .. $87 
Tl 57 PROGRAMMABLE CALCU,l.ATOR ... $50 
To order: Check, money order. major credit cards . 
$4 shipping (except teletype). NYC residents add 
B% •••. 

OWENS ASSOCIATES, DEPT. B 

147 NORWOOD AVENUE 


STATEN ISLAND, N .Y. 10304 


Day, svsnlng, wasksnd calls w9/com11 

12121 448-6283 or 12121 448-6298 

MICRO-V£RT£R 
A SPECIAL. COL.OR MODULATOR FOR AP PL E II US ERS !! 

UHf 'len1on. 01J1tato above ch.1rH1t l i.t. Eltrn1r1.1 1cs "'011111 ! 

Ooru 1u .uiou 1111! '"11ct11 n: Ju rma111u of 111! ca mp-uru , 
111ero1 y 1t ld1nc .1 etuntr . wo un·frtt 01cfUn . Tunall lr 
our 1 m1n 1m11m or 4 ch.1nuh. IM.uf.1cu 1llr1c1Jr wrrn 
Ille Apple II n well .u 111 ou .orner m1 cror. . CC11''1tl wttfl 
TUfto ubl t nd RF autpul slub cou~ler . T•o·la iri.!d caw I 
trpedecora ror catuner. S•u : !5.!5cm1 8 .!5 C!;1'11 ll. !5cm. 
Powu : +sv. C1ment.1~pror. 1 nu. ~elf · pow1111td w11h 4 

ptnce11 unu1u. OptrHH1C. lift 10 nctn or l ODO llauo 
01 nu1 shelf.lift of b~nrr1u. fic~H~nl it.1b1llty. Pr!l: IH 

frtq\ltncy adJunmrnr. No UHmtily rt11. uord ucr111 ror 
1n 11.1l t.111011 of b;attmn~ied. MQDE L MVX ·SU. 

1HAllAEIL.E FROM YOUR LQCAl COMPUTER DULER 
or du •ct rra rn ATV RUEIRCH . COST l11c:l11d1ng. 1h1ppo1i:; 

.1 n1• ht 11 '" USA and Cn.1111.1 - s n .oo. 

" PlXE · PlEXER " Al IC fJ'I)! •ldH·IO·RF mod11U11or 
in c hidu FM sound Hb·CHrirr , -co lor s11bc.1rrit r a11d 
sepu;arr R·Y and 8·l lnput1 . Ou ill'leil .uciund ttu 
LM·l 899 chip. A dttlCJ11ei1 drum wllh fu ll d.11.1 sheeh . 
Model PX P·.UOO. ltil lorm . Uc .so Utlp1 ld. 

"' PllE-VERTEA " Thi 011 c, ln.1I c:or:ipu1e1 ¥1dro •lo•Rf" 
1111e rt:ac e mcid ule . ltU lorm: SI. SO Mod ti PX V· 2A 

::.::=-PHONE 01 WRITE TODAY, DIAL. CQ2~9BJ -J1ll . -......-.. 

il-8 BtCl3dway 
~ 

ATV Roso.Jrch o.1~ora cuy, Htbr. 
~ ·~131 

Circle 21 on inquiry card. 

Circle 71 on inqu i ry card. 



New Teleprinter Offers Many Options 

PERIPHERALS 

8 Inch Floppy Disk System for 
SwTPC 6800 

l.SU.Ti!-­

The Southwest Technical Products 
Corp DM AF 1 is a d ual drive, si ngle 
de nsity, double sided 8 in ch floppy 
disk system. The hardware consists of 
an SS·50 bus (SwTPC 6800) compati ble 
direct memory access (DMA) co ntrolle r 
capable of handling up to four drives , 

AC Wiring Controller 

A new system designed to control AC 
devices remotely from any Altair (S-100) 
bus or Apple 11 computer over ex isting 
110 VAC wiring has been annou nced 
by Mountain Hardware, POB 1133, 
Ben Lomond CA 95005. The new unit, 

LSl-11/2 Compatible Data Acquisition 
Code 

Three types of data acqu isition cards 
that are compatible with the new LS 1­
11 /2 computer as we ll as the older 
LSl-11 are now available from Andro­
meda Systems, 14701 Arminta St, 
Panorama City CA 91402. The t hree 
cards consist of: the A DC 11 , a 16 
channel 12 bit analog to digital con­

182 luni: 1978 © BYTE Publ int iQo~ Inc 

two CalComp 14 3M double density 
disk drives, al um inum chassis, regulated 
power supply, drive motor control 
board , cooli ng fan, diskette and inter­
faci ng cables. T he unit is 5.4 by 17.1 by 
20.5 inches (13. 7 by 43.5 by 52 cm) . 

An 8 K BASIC interpreter with disk 
fil e capability and stri ng functions is 
includ ed with the system. Each diskette 
holds app roximate ly 600 ,000 bytes of 
data. With two drives there is over one 
megabyte of data on line. 

The system is ava ilable assembled or 
in kit form {the drives a re fu ll y as­
sembled). The unit se lls for $2095 
assembled, or $2000 as a kit, plus 
postage. Contact Sou thwest Technica l 
Prod ucts Corp, 219 W Rhapsody, San 
Anto nio T X 78216. • 

Circle 585 on 1nouuy card . 

called ln trol , provi des on and off control 
and status checks at any AC out let. The 
sys tem impresses a 50 KH z control signal 
onto the ordinary AC wiring. It then 
decodes the signal at any outlet to 
switch AC devices on and off. In the 
home, such devices co uld inc lude lights, 
TVs, ste reos, solenoid va lves, spri nklers , 
burglar alarms, etc. With the addition 
of input se nso rs the computer system 
ca n autom ati ca ll y control suc h variables 
as temperature, humidity and soi l 
moisture. Programs arc written in BASIC 
or assembler language. Software sub­
routines come with the equipment. 
Complete documen ta tion is also pro· 
vided. For A ltair (S· lOO } bus computers, 
a 100,000 day ca lendar and clock boa rd 
is offered as an option. Price of the AC 
contro ll e r is $149 in kit form or $189 
assembled and tes ted. Dual channel AC 
remote units arc $99 eac h in kit form 
or $149 assembled and tested. The 
calendar and clock board is $179 in kit 
form o r $2 19 assembled and tes ted. • 

' Circle 586 on tnQUHV card. 

verter; the DACl l, a 4 cha nnel 12 bit 
digita l to analog co nverter; and the 
PRTC11 , a programmable rea l rime 
clock with 13 internally generated 
ra tes, five operational modes, and two 
exte rnal inputs. These products are all 
functiona l supersets of rhe similar DEC 
products (AAVl 1, ADV l l ·A KWVl l ·A} 
but arc in the dual width {rather than 
quad width} format. Also available is the 
CB 11 se ri es of com patible connector 
boxes which faci litate external con· 
nection to the above products. Prices 
are $850 for the A DCl 1; $700 for the 
DA Cl 1 {four channels, deduct $75 for 
each deleted channel} ; and $600 for the 
PRTCl 1. All con nector boxes are $150 
each; ca bles are ex tra .• 

Circle 587 on Inquiry card. 

The TC480 teleprinter is available in 
receive only, keyboard send and receive 
or autom atic send and receive configura­
tions. It prints 128 ASCII characters in a 
7 by 9 dot matrix al speeds up to 30 
charac ters per second . Up to 132 char· 
ac ters per line can be printed and up to 
64 c haracters to be printed ca n be stored 
in the teleprinter's internal memory . An 
adjustable sprocket feed handles paper 
from 3 to 15 inches wid e. Horizontal 
and vertical tabbing can optionally be 
co ntrolled by programs resident in read 
on ly memory or by a program loaded 
into programmable memory. Other 
options inc lude a numeric keypad, pin 
and fro n t feeds, a paper tape reader or 
reader and punch, a 2 drive cassette uni t, 
a minifloppy disk drive and 8 K bytes of 
add itiona l memory. A logic leve l ser ia l 
interface is standard with a variety of 
options includi ng RS2 32 and 20 mA cur­
rent loop interfaces. In quantities of five 
or more, the TC480's price ranges from 
$16~5 {receive only) to $1750 (keyboard 
send ;ind receive}, from Olivetti Corp of 
America, 500 Park Av, New York NY 
10022, (212) 371-5500.• 

C11cte 588 on tnt1u1rv card . 

Serial Data Translator 

A serial data translator, Model ST-1, 
which performs code t ranslations on a 
serial data stream has been announced 
by Sigma Data Systems, 715 Torreya 
Ct, Palo Alto CA 94303. The device 
is said to be a self-contained module, 
including power supp ly, and comm uni· 
cates via two R5 ·232 ports at up to 19.2 
bps. Standard tra nslations include the 
ASCII , EBC DI C and Baudot codes. 
Translation of terminal contro l codes 
(such as cu rsor control) have been 
implemented . Other translations are 
available or may be user fJrOgrammed. 
The unit conta ins an Intel 8035 pro­
cessor and up to 1 K of programmable 
read only memory. The device allows the 
user to change peripherals without 
having to modify software written for 
peripherals using different codes. It 
should be compatible with any host 
computer due to its serial RS -232 
interface. • 

Circle 589 on inquiry c.ard . 



••••••••••••••••••••• 

S & R Electronics, Inc . 
4020 Hempstead Turnpike 
Bethpage, New York 11714 

Phone: (516) 731-8200 

t Finest ~mmercial qu~ity S-100 Bw 
Memory Boards by Industrial Micro 
Systems. Fully sta tic . 

t Fully socketed , assembled, teued and 
burned in . 

+ 6 month wuranty on parts and labor. 
+ All address&: data Une.s fully buffered . 

Sk-450 Nanosec.· · · . . - -$194 .60 
Sk-250 Nanosec.- - · - · · -$214 .80 
16k-450 Nanosec.- - - - - -$434 .60 
J6k·250 Nanosec.- - · · · -$479.80 

B~nkAmenca rd and Master Charge acceoted . 
Personal chec k$ \.., ,11 delay sh1oment un1d 

c teare~ Comole1e systems conf igured 


10 vour needs . NY s1a1e res ide n ts 

plea~e add sates tax 


Call or Wrii:e . 


Circle 313 on inquiry card . 

Z-80 DISASSEMBLER 
ZILOG MNEMONICS 

North Star or CP/M 
Disc, Others upon 
request ; $5 extra 

$30.00 lmmed. del. 

(ti

• 


Microlithics, Inc. 
Bit.s, Bytes & Micros 
2 918 N. Mac Arthur Blvd. 
Oklahoma City , OK 73127 
(4 0 5 ) 9 4 7 -5 6 4 6 

Circle 209 on inquiry card. 

SHORT CASSETTES 


PET-SIZED CASSETTES 

DATA TAPE casse.n es uH hl9h encTgy rape:: 
selected for r<!llab le operation wl ch all 
po1>uh1r home and hobby compute.rs_Send 
$ 1 for H mple C- 10. prices and lnfonnaUon. 

Dealer inquiries invited 

MICROSETTE CO. 

777 Palomar Ave .. SunnyVa!e. CA 94086 

Circle 214 on inquiry card. 

couplers 
connect: always 

The Do lee 30 Orlg111ote Only ond IM 
Dote<:: 32 Origlnole/ Answm ocousllc coupla1s 
provide reliable Bott System 103/ 11 3compollbte 
Duplex or Horr-Duplex, JOO bps data 
communlcotlon over conventionol te lephones. 

Dofec acouslic couplers o~e 1he only couplers 
on lhe mor1ca1 with CRYSTAL CONTROL 
rar both lhe receiver ond lhe trons.mltte1. 

The Do tee 30 ond Dalee 32 ocouslic 

coup1e1s connect. time and 11me again 


P. 0 . Box839 
Cno pel Hiii , North Co rollno 27514 
phone: (919 ) 961 ·5605 

Circle 83 on inquiry card. 

USR·310 
ORIGINATE 
ACOUSTIC 
COUPLER 

Dlrect 1 Ttlco2 
Also A.ullable Connect OAA 

Style Slyle 
USR ))0 Orii1nale l i!iu10 Answtr Moaem Sl14 l lB~ 
USR J20 Aulo Ans.... e• Only Moclem S199 1160 

u r cc Ctr \1 l1td PJCk3K,1! Conntc t1 on IO (!hone ll1ies 'o'I,) 

Sl<tndarG hlen\1on phont 1 .>c ~) 

lZ Connec11on 10 phone hn1P!. ~Id CBS lOO H OAA ._.·h1ch can bt 
leased hom l)Mne r,omp•AY IOI .ap111ox SJ QO/ mo plus 1Mlall.lbon 
reel 
INTERFACES, 
• USR J 10 - RS1l1C only 
• 	 USR J10 and USR llO - RS1l1C "'d 11JmA 

fSpec1ly •dl'l Ol der II both lt\ lf rlaCU alt ttQuired ilCICI 1 lO to 
Ul'l111)1'1Cf ) 

ALL UNITS FEATURE · 
• 0 300 Saud Oal.a fra lt • rully i:issPmbled arid 
• Stano Alont Uni 1 Tes1ed 
• Halt / Full Ouple1 • Opt10onal AnnuJ1 
• 90 Ooly W,manl~ 

Priets mchme sh1pptl1R anti h•ni::hniJ 10. con1met1Ul US l1lmo1~ 
Residents i!dd S' ·u1es 1111. 

U.S. ROBOTICS, INC. 
Bo• 1101 I Ch>UiO lltmoo5 6()680 I IJ 111 118·9041 

Circle 377 on inquiry card. 

RADIO SHACK AND 

COMMODORE USERS 


Low ~ost Software on Compatible 
Cassette Tapes for your TRS-80 
and PET Computers. 

- Games 
- Investment/Small Business 
- Educational/Scientific 
- Kitchen Programs 

INTRODUCTORY GRAPHIC GAME 
SPECIAL- Star Trek (SK), Football 
(8K) . Lunar Lander, Wumpus, Bio· 
rhythms and Acey Ducey on 2 Cas· 
sette Tapes. A $25 value for 20. 00 . 

SEND FOR FREE CATALOG 
Software royalty plans also available . 

~PPARAT, INCORPORATED 
P.O. Box 10324 

Denver, CO 80210 


Circle 11 on inquiry card. 

firaeco 
H !I· I 

THE ULTIMATE IN: 

~ '! !~~~ !~ '! ~!~~!~~ 

,.recision machined tape guide 
!nterface directly to a 'l l'> or IJ !i~! 
!ri-state buffer output 
!'.II handshake logic ·'n~ compatable 
'ull thru tape· ~eads 1' To !'iM!l cps 
!nterface thru a 14 pin IC plug ' """"'o' 

,.,t'l•~ t.S UMllLIO a. tl S TICI ! 42.SQ" 

M~fl· Jf'\ UG·tJi' ... ... 0 11o1•1n 110... •TER !, 7.50" 

PO BO ll 12 21 

tONO OU UC, W I HUS 

WE SPECIALIZE IH MICROCOMPUTER SYSTEMS fOR 
HOS 8Y · BUSINESS - EDUCATION 

WE ARE EXCLUSIVE 051 OEALEDS •• • 

••• WE 00 A SETTER JOB. 
· K IT S • t l,IU. S V5T OI S - fl, lll lflHllll .t.L l • H0flPY OISM& • • (;Cl fl 011 1l a • 

• O ICIT.t. L CLOCll. MIT · · ll' IDlO T llllMllllAL 5 - •DOK & • •AC AZ U'I & • 
Sl MD roll tllllll CATALC'JG TOOAV Ill 

Circle 309 on inquiry card. 

COMPLETE MICRO 
BUSINESS SYSTEMS 

SOROC IQ 120 $ 899.95 
Assembled 

LEAR SIEGLER $ 749.95 
ADM -3A kit 

INS 8K Memory Board $ 175 .00 

IMSAI 8080 kit $ 599.95 

CENTRONICS Business $1145 .00 
Printer (132 columns ) 

l•IM?i#I 
DISC/3 COMPANY 
1840 LINCOLN BLVD. 

SANTA MONICA, CALIF. 90404 
(213) 451-8911 

Circle 105 on inquiry card. 

DIABLO 
TERMINALS! 
LIMITED OFFER 
HYTYPE I TER MINA L 
$1595.00 

30 character per second 
Daisy wheel pr inter 
RS·232 serlel in terfece 

A lso : 

HyType II 
NEC Spinwrlter 
Qume 
Sanders 1 217 

Complele line o f 
microcomputer products 

rJll[]"' () 
MICROCOMPUTERS. PERIPHERALS ANO SOFTWARE 
10 15 Navarro S.1n Antonio. TX 78205 5121222,1427 

Circle 211 on inquiry card. 

http:compute.rs
http:Nanosec.------$434.60


Apple Seeds . .. 

Easy t o Install Ad d-on Me mory fo r PDP-11 

T he A RM-11 OO P, an add-on parity 
memory for the PDP-11, uses on ly one 
backplane slot and requires just one 
Unibus load, facilitating installation on 
any PDP-11 computer employing a 
Unibus structure. Each unit is supp lied 
complete with wired card rack, power 
supp ly, interface, parity control, coo ling 
fans and inte rcon necti ng cables. Pro­
vision is made on the rear of the chassis 
to connect to another chassis or to 
terminate the bus. An on li ne and off 
li ne switch removes the memory from 
the bus for diagnostic purposes. T he core 
memory, which has an access time of 
375 ns and a ful l cycle time of 700 ns 
provides from 32 K to 128 K of memory 
in 32 K increments, start ing at any 8 K 
boundary. The A RM-11 OOP is priced 
at $4950 for 32 K 18 bit words to 
$12,750 for 128 K, from Ampex Corp, 
200 N Nash St , El Segundo CA 90245, 
(213) 640-0150. • 

Circle 591 on inqui ry card. 

Point of Sale and 
Inventory Control 

An interact ive computer program 
which allows a microcomputer using the 
8080 or Z-80 processors to be used as 
a Point of Sale and Inven tory Control 
system has been released by The Data 
Group Inc, 594 7 East 82nd St, Indian­
apolis IN 46250. According to the firm, 
POSIS can be used by a person with 
absolutely no prior computer experi­
ence. The program is said to converse 
with the user in "plai n English " and to 

lead him th rough each transaction. Error 
handling capabilities are claimed to in­
sure th a t human mista kes wi ll be caught 
by the computer without destruction of 
vital information. POSIS stores informa­
tion up to 9000 individual inventory 
items and is said Lo be able to generate 
a variety of management reports based 
on a bu siness 's inventory transactions. 
Addition al features include: ID and pass­
word security checks at key points in 
the program an d a complete audit trail 
summarlZlng every transaction. Mini­
mum hardware req uirements are: an 
8080 or Z-80 system with 4 8 K bytes of 
user memory, a video term inal, and a 
Micropolis Corp dual drive disk. POS IS 
and its detail ed instruction manual may 
be purchased at a cost of $750. • 

Circle 592,.on inqu 1fy card . 

We recent ly purchased an additional 
32 K bytes of memory for our Apple, 
fi lli ng up the avai lable sockets to a full 
48 K bytes of memory. Here is a picture 
we took of what you (or your loca l com­
puter store) will get, photographed 
prio r to insertion of the memory in to an 
Apple 11: two packages with eight of the 
16 K dynamic memory chips per pack­
age. Note that with computers like the 
Apple which emp loy the large memory 
in tegrated circ uit technology , there is 
no need fo r plug in memory boards 
whe n expansion is desired up to the 
limit of sockets built into the computer. 
An important consideration In pur­
chasing such a computer, then , is how 
m uch memory can be plugged in before 
a new cabi net and printed circuit boards 
are required. 

For more information on additional 
memory for App le, contact Apple 
Com pu ter Inc, 20863 Steve ns Creek 
Blvd, Bldg B3-C, Cupertino CA 95014.• 

Circle 590 on inQu11v card . 

ATWOOD ENTERPRISES 
KITS I 

I 

$ 79.95 4K RAM Available assembled and tested $89 .95 . I 
---- --------------------------4 
$129.95 4K PROM Bipolar 512 x 8 Proms 93448/6341. J 
-Sl49.95-8K-EPROM-Needs~~:spa:271:----- l 
- ---­ - -----­ - - ----------------, 

$ 59• 9 5 DIGITAL I/0 8 parallel ports plus 16 interrupts. I 
------------------------------~ 

$ 99• 9 5 AN A LOG I N 32 inputs, 8 bits, 100 m icroseconds . J 
S-49.95- PROM PROGRAMMING~anB~~~~~~3 . I 
----------------­ -------------, 

DID YOU 
KNOW .. 

DIGITAL 1/0 
8 paral lel ports. 

8 bits each (64 total) . 

Each line fu lly programmable . 

Any line input or output. 

16 interrupt lines . 

80 1/0 lines total. 

2 - 50 pin 1/0 connectors. 

• 

$129.95 SERI AL 1/0 7 serial ports,;~'~ci~o~:~~~econtrolled . I $59.95 
------------------------------~--------------
MOTHER BOARD 

8 SLOT 44 PIN BUS 
50 Pin Edge Connector 

Mother Board $20 .00 ea 
Connectors 2.50 ea 
Card guides for above $1 0 .00 per set. 

MAKE CHECK OR MONEY OR DER PAYAB LE TO: 

Kathryn Atwood Enterprises 
P.O. Box 5203, Orange, CA 92667 

Discou nts available at OEM quantities. For orders less than $25 total, add $1 .25 
for shipping . California residents add 6 % sales tax. Estimated shipping time 2 
days ARO with money order. For checks a ll ow 7 days for check to clear. 
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CAlifoRNiA INdusTRiAl 

Past Office Bax 3097 B • Tarrance, California 90503 


DIABLO 

HAROCOPV PRINTER 

These Diablo model 1200 printers were originally manu­
factured for Control Data Corporation. The unit features 
a ninety-s ix character upper and lower case daisy wheel 
capable of printing thirty characters per second. Impact 
printer assures word processing quality on multiple 
copy forms. Adjustable tractor feed accepts paper 
width up to fifteen inches on a 132 character carriage. 

All printers were removed from service in operating 
condition. Printer only $795.00. Floor stand, power 
supply and Control Data Interface package $100.00 
additional. Shipped from Los Angeles freight collect. 

TTL model with HOVATIOH brand 
Acoustic Modem . 11419 

HEXADECIMAL KEYBOARD 
M 11 01$..,.l1Ch heulClcc•tNt ~ tly00.Md.141"!0tl1Qnl!O lor $34.95 
m1uoc;ompul1t1 1~tom,ln.at 1ec,.111i • .IOu! OUI 
lftUJlnO.\ldfttl• C.OCe 


EKn a stoC1fT!O' rcon51$ l$OI 16Mt'T'Olrll :;,-_,.~... 

ca.11vs.ea!edreeu ~ ••tt:: 1W1.an<1n\. one ~ 


=~Mbl=.;,::;~ ·e..-i ~ 
l)lullo(l(lrl:WCICl.-d•l t!dlOllP'ICl1o"'""ln 
oPCtrnJoon Mid lonQ hlaol tl\111 prctmtulfl 
kCIYbO:Nd ... "" 

Al!Coil1c1 ••"'11IO • S<fOlt • upp.l1 ,,,,­

Qty. '' · mal' hd . 
10 l.45 2.45 us 
25 l.15 2.25 1.05 
100 2.15 1.90 .9S 
soo 2.25 1.60 .as 
lK 1.97 1.17 .1l 

100 PIN 
IMSAl /ALTAIR 

S-100 • GOLD PLATED • 125" CENTERS 
AJta11 l40row. solcSertaJI $59831$1650 
lms.al 2501ow, so4dena11 $4 96 J/S ll 95 
JL.cvelW1t0Wrap 250row S498::VS1300 


SPECIALS 

w.wsarncas above w11hou1 earsS350 ).1$10 

72 (dual 361 WM' 156" centers $2 50 3fS6 


Certif ie d DigitalScotcH CASSETTES 
"" ..... 0 Won•t drop ,a BIT! 

iii 
""" <OlJ,.,, ..,, "' 14100 "' 1'101 "',, -...""', "' "' 1uog " 1'110 "' 1Ul6 '" """ ,,, -.... ,

'" 
'" '",,'" 

1U ~1 .." '""° "' 1U 22 ....""' 
1•11J " mr.. .. " - " T•1 ;2'g ""'CPU 's"' 1•111 
,.U:7 

7.&136 
 .. " 

" 
" 

7H'1 
f.f1.' !i 99 

fHH 
 " ,.,7.t1"5 "' t.t1!i0 
7.t1)1 '" .., . ,~ " t 41).I 
t •l» 

7US6 
 ," ,." 7051 
7• 1~ 
74160 

t •1&1 
 '" "' ..." 

" 
7•162 
706.l 
74166 

141'7 
 JOIH 
7• 170 ~·9 

...'" " J01CN,,,,. " ...
7-4113.. " " " 1"11.4 "' ""' 7"11S "'"'" ""'7-4 176 " " ,.,11 " >J7CN-"'" ..••" 
1• 192 " .."" 7•1S'l " ..,,CMOS " """" "" "'" ...," --l!OC N 

" 
" '''" "'" .... IS 

"' 31111 "'.." )ll't•001 IS "' .," .... " 318tt -.,,, '".. '''" '" 31ft:N,.." 
lS 

.,,, "',,.J1!l:J.1 '".,,, " .." ~~~ :~,,.,,. ,.,.." " .. """ 3101 -S 
l •D 
.. .,,,.,,,""' "' " 320r. n.,,, I.,,, ..."''"•• -. 119 

"""..,, '" '"" .... ....,..,, '" ..,. "'" J.&lll.11 " ~"J" "' ""' " ."'" .,. " lAOf·S..,.'"' '" "' .. :wor n 

""' •• 
SPECIAL 

CAL l fORHI~ 
IHOUSTAIAl 

Is an 
hthorhtd 
Dulu of 

Scotct Brand 

Oat.Ii Products 


MEMORY 

1 702~ ... 

12•11J ""' '" '",,.2101·1 '"'' '" 11l42 
2SOnS "' I.49 

CLOCK'• 

llON 

J10H "''" l10N 
l1lN 
)17N,.,, 
"'" ~ESM¥ "'" 
'™"NES6,5.H,,,.,..,,... 
>Olt• 

"'" 710 N 
711H "'" 
TnN 
72lll 
m.•,,,. 
l3JM,,,. 
1)t't 
UIN 
lH 't 

""' 
l•l•H '"" .... 

UART 
AYS · IOllA 

'4.98 

G~NE.RAL.INStRUMENl ASCII KeyCI0.1l'tl E-ncOCSCr 
AY SXiOO Prime bu! hOu:ae manted only SA 95 

~ ...... ?-~i!f~~~ 

~ .: ·; : ,,.• ,, UNIVAC ~~·::-ij~~1~1~:'01~:,·=:u~c~~·\::.:n~1~:~ 

KEv B 0 A R c ~~'r:
1

~~:::~~
1

:.a:~s~R·:4!i:~;~1.~1~~ ~=~~·ec~ 
r.... ,., , ':>"" •u--..... , 1,0 , • •• ., · ~r..t\l11t "'"'"''' • l0\lncedo11Dle lt•Cll.l'Kl-$1COPP• ' ' '•eet 
1 ~i;... ... ..~ .. 1•4"' -... ,,.... ...- ....... . . '~· -· , ,. , .. 

l~ .. '1• 1' .._I'.,'•' ,., ~· J•' f< '"' a(C(I'""'-"" '" "~ ... .-.-~·<"'" ' ' ~ · ..........c · ~ · · ,... Cl"-C•4""" ,.... ... 
. .. ... ..-..., ....,..-~... .. ,,.., • • , d'1 ..... _ ' ~. a!29.95
•ll'-"'"-"'-IY• "...;Jo-:l........,...,:1 ..,...~·•, 
On:;• o C•t! •O I \ l.I'"" ~· .~ • .,,...::11 ""'• • _,.,., 

!.Y"J''°" t:·-~ ...... .. ... 0 

.) o '( S T I C K s4.So 

iPf .~. 
s10.oo 

' "'' ,..··n ••t• ,.,.1,,..e !OYt 1001( p01e"1.o 
'"'"'•••l...1. 1-..-.'ft.-,lll"Cf!~ 10 
'"- ·~r.r 1)1 ~. ti< • l>e•'f'(1 ~:JO ,_.,"'°"' 
~.!;:~ o...ed 1i..reo • ..., ·~·o (:.:IM•ot"'o 

O•g•1a~ CasseUe Or•ue 
COMPUTER CONTROLED 

TWISTED PAIR 

Transistors 
u . 10 so 100 

2N2222A .2 0 .18 .16 .IS 
2N305S . 69 .65 .59 .SS 
Ml 30SS .79 .75 .69 .6S 
2N3772 1~9 1~9 l _39 JJ9 
2N3904 .IS .ll .09 .07 
2N3906 .IS .11 .09 .07 

Diodes 
10 25 100 

IN4002 100 ...08 06 .05 
IN4005 600•. .10.08.07 

This precision 110 assembly lealures 
remote so f1ware con trolled search 
capabilities. Two independen t caps1an 
drive mo1ors allow the computer 10 
con trol direcl lon and speed of the 
transport. 
The assembly consisls ol a Raymond 
cassette transporl. chassis, mother­
board and lhree edge cards: read/wri1e. 
capslan drive & conttol card 
Current rep lacement valued at o~er 
S700.00 Schema1ics and complele 
documenlat1on included. USED, bu! in 
excellent condition 

PowerAda ter RELAYS 
SPOT MINIATURE 

10 ZS 100 
11.19,._ 1111 10• .19 

Coil 12 Volt de . 

81ND1HG Posrs 

I
5-WAY 
3 tor SU9 


10 100 


'.35 .ii 

r 

SOLDERLESS 
TERMINAL~ 
INSULATEO 
20for 

'.98 

FROM ATUI 

COLOR TELEVISION 
R.F. MODULATOR 

110l CUL ON · NOME · ON 
7107 jbt OH ·OF F!mnt.OMI 
710& CK ON · fmomen t.ONI 
Rocker JST -- DPOT 
Rot.u 7 JP- 4 ·Pts, 
R0Ur7 3P-6·Pu . 
PushB tH.Oj S,J9u, 4 / Sl 

wi re Wr;1p low profilr: 
ea. 25 so H . 25 50 

17• 16 15 
37• 36 35 18 17 16 

38 37 

99 93 

36 

8S 
" 18 
36 3S 

17 

34 
169 !SS U9 63 60 S8 

KYNAR~m 

http:10.08.07
http:J.&lll.11
http:1~tom,ln.at


Circle 60 on inqu iry card. 

' 
Stand Alone ASCII Keyboard Specification 


-Cr 4 SIMULTANEOUS OUTPUTS AVAILABLE : THE ONLY ONE 
ON THE MARKET 
1. 	 SERIAL TTL LEVEL 
2. 	 BUFFERED 8 BIT (TRI -STATE LATCH) PARALLEL 

OUTPUT WITH VALID DATA SYNC PULSE AND LEVEL 
3. 	 20 MA OPTO·ISOLATED CURRENT LOOP, POLARITY 

INDEPENDENT 
4. EIA RS232C 

-Cr SINGLE +5 VOLT 300 MA (NOMINAL) POWER SUPPLY 
(REQUIRED) 

-Cr INDUSTRY STANDARD 2 KEY ROLLOVER ENCODER 
-Cr ANSl-COMPATIBLE KEY SET; FOR SLIM-LINE "HIDE · 

AWAY" PACKAGING 

lE::: COMPONENT SALES INC.:::0 778- A BRANNAN. SAN FRANCISCO. CA 94103 

(41!5) 861-134!5 

·~3900 

ASSEMBLED 

AND TESTED 

Plus $3.00 handling charge. 

California resident s 
add 6 112% sales tax. 

-Cr SEGMENTED SPACE BAR ALLOWS FAST MULTIPLE ­
SPAC IN G WITHOUT REPEAT KEY 


-Cr REPEAT KEY REPEATS AT CHARACTER RATE 

-Cr USER SELECTABLE UPPER CASE ONLY (KSR/ASR/33 


REPLACEMENT) OR UPPER/LOWER CASE 
-Cr FACTORY SET AT 110 BAUD BUT EASILY ADJUSTED BY 

USER TO ANY ~AUD RATE FROM 110 TO 9600 BAUD 

-Cr FLEXIBLE PARITY 

1'.'I LED INDICATOR FOR SHIFT-LOCK KEY ELIMINATES 


CASE UNCERTAINTY 

-Cr 24 PIN DUAL-IN LINE CONNECTOR 

-Cr LOW PROFILE CASE (OPTIONAL) $40.00
•1 -­Orders accepted by phone or mall. ~· 

MASTERCHARGE -Cr VISA -Cr COD -Cr CHECK -Cr MONEY ORDER 

Educational Grade VIDEOTAPE Special: Y2x2400' 20 boxes/$125.00 

The "Pro" fully encoded ASCII Keyboard by Cherry. Auto RE­
PEAT feature, 5 special function keys. 300mA/5V. (Shown as 
mounted in 'The Case', Below) $119.00, 3199.00, 10+189.00 

USED SYLVANIA The Dumb Terminal for Smart People 
12" MONITORS 80X24 with full 128 char, ASCI I UC+LC 
You Fix : $24.95 font with all control characters d isplayed. 
Working : $69.95 300-19,200 baud RS232. 2nd font addressable 

from keyboard in y ou-p rogram-it 2708 for 
· Cold Chassis, 251bs. APL, Graph ics sets, etc. Plug in monitor 

1/0 connector , 110VAC and you are ready. 
1NCLUD ES: 'The Case', Cherry Kbd . A used 
monitor, ESAT 200A, all options except 
vector addressab le cursor and modem. 
Bull etproof design and construction . 
Normally $675.00 What you always 
wanted your ADM3 to be: 

SYSTEM"A" S649.00 10/$599.00 

"The Case" Beautiful and stu rdy 

anodized aluminum case in deep b lack designed to contain the 

THE FANTASTIC! 

MEMOREX FIVE-FIFTY 

..>-------------------------t 
MINID ISK ElTES (5.25') 1-9 10-24 25+ 
10, 16 or Soft Sector $4.79 4.65 4.45 

STANDARD (8') DISKETTES 
Hard or Soft Sector $5.99 5.33 4. 79 

CASSETTES 
R-300 Certified Phillips Type S5.25 4.99 4.35 

1-1 50 Certified for audio decks $4.60 4.30 3.90 
('Kansas Cit ' & SWTP formats) 

SURPLUS M11ffi11 ry pe fa11s 57.95, lambda Power Supplies 
5V/70A -SJ45.00, 35A-S89.00, /6A-49.00, 12V/7.3A-$69.00 

Contains ! C 's, T.l. Soc ke t s ( / ce11r / pi11 } 

....... 

•Hard and Soft Sectoring 
•Single and D11al Density 
• Do11b/e side co11fig11rativ11 
as a retrofit at any rime. 
•JI0/220 V, 50l60Hz 
•Pin for pin comparable wirlr 
Slrugarr 800, 801,850,85 1 
(50 pin edge connec tor} 
$536, 21499, 51475, 10/449 
251425, 100/405 
Double Sided Rerrofit $200 

ESAT 200A, and w i th a bezel cu1 out for the Cherry 'Pro' keyboard, OUR CATALOGUE Adl'ice and mu clr m o re. Ir is f ree. 
(in stall ed as 	 or crim- -------------------------tshown above) Choose deep brown, light yellow, 
son to accent or color code your installation. The only choice for Ship[ing and Handling: Surface: S0.40/lb, Air: S0:75 / lb., 1.00 mini mum 
hard-use insti!utional and educat ional applicat ions. $69.00, 101 59.00 Cal. Tax: 6.5% Insurance: $0.50 per $100.00 
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Minifloppy System Offers Versatility 

MASS STORAGE 

AED 101 Floppy Disk Power Supply 

The DataMa te minif lo ppy d isk sys­
tem is a da ta sto rage and edi ti ng un it for 
connection betwee n any RS -232 asy n· 
chronous ASCII coded pr inter or disp lay 
term inal and it s modem. Features in­
clude 560 addressable records of up to 
128 characters each, selective data 
t ransfer rates of up to 9600 bps , editing 
capabilities, search modes , and manual 
and remote controls . The price is $1750 
from Western Telematic Inc, 2435 S 
Anne St , Santa Ana CA 92704.• 

Circ le 638 on 1nqu1.-y card _ 

Data Cassettes Specially Tailored to 
Small Systems Use 

Organized Protection for Diske ttes 

Fast, Hig h Capacity Mass Scorage 

.._
c.. ,w. .....• 

.. ..•. 
GMSL"~ .......... 

Gene ral Micro-Systems ' new tape 
drive subsystem is a fast, inex pensive, 
high capacity mass storage dev ice for 
microcomputers. The SYS I reco rd s 
biph ase Manchester code at 1600 bits 
pe r inch on ANS I specified data 
cassettes with a transfer rate o f 2000 
characters per seco nd at ten inches pe r 
second. 

The tape record is variable length , 
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A power supply for floppy disk sub­
sys tems has been developed by Ad ­
vanced Electronics Des ign Inc, POB 
61779, Sun nyvale CA 94088. The AED 
101 Triple Outp ut supplies +5 VDC at 
12 A, -12 VDC a t 0.7 A, and +24 VDC 
at 3.5 A. It co ntains features suc h as 
sw itc hing regu lation of +5 V, foldbac k 
limiting, curre nt limit ing an d sh ort 
circuit p rotect ion. T he AED 10 1 is 
comp act an d is said to be ava ilable 
immed ia tely. The cos t is $ 137.50 in 
large produ c t ion q uant ities ($.90 pe r 
watt). • 

Circle 637 on 1nQuuv card . 

T he KAS -ETTE /10 Library Case has 
bee n ann ounced by the Alpha Su pp ly 
Company, 18350 Black hawk St, 
Northr idge CA 9 1326. These li brary 
cases are designed to handle diske ttes 
wh ile in use , permanent ly s tore diskettes 
or safe ly shi p severa l diske ttes in one 
library case. When open and in use, a 
plastic insert aids in locat ing the desired 
disket tes. Color coded labels applied 
to the spine of the library case pe rm it 
users to organize a permane nt li bra ry. 
The units are ava il able in blue or beige. 
Write to the manufactu rer for further 
information and comp lete price list. • 

Circle 640 on 1nqu1rv card . 

whi ch gives effic iency of storage space 
on tape, unli ke th e 128 or 256 byte 
fixed length records , whe re all bytes 
m ust be reco rded, whethe r u sed or not. 
A 10 by te reco rd may be fol lowed by a 
32 K byte record. The user program may 
dynamica ll y load the next record , oper· 
ati ng as a batch da ta p rocess ing sys tem, 
with an un lim ited amou nt of da ta . Over 
700 K bytes may be record ed on one 
side of a casse tte , using large records. 
Rewind time is less than 30 seconds at 
over 120 inches per second . Search can 
be accomp li shed at over 120 inches per 
second by counting the in ter block ga ps, 
ge tting to any record in an average time 
of less than 15 secon ds. 

O ne to fo ur drives may be connecte d 
to the comp uter through the inte rface 
board . No powe r is taken from the 
compute r bus , except what is necessary 
to run the simple sy nchrono us se ri a l 
interface board . 

The unit is offered assemb led, tested 
and gua rantee d. The single d ri ve is $595, 
the dual dri ve is $969, and the Altair 
(S-100) inte r face board is $168. Con tact 
Bob Smith , Ge neral Mic ro-Systems, 
12369 W Alabama Pl, Lakewood CO 
80228. • 

Circle 64 7 on inquiry card . 

The int roduction of a full line of data 
casse tt es and casse tte ta pe data acq u i · 
si t ion systems specifica lly design ed for 
use in personal comp uters and various 
small bus iness compu ters has been 
an noun ced by the AV DE X Corp. For 
users who prefer to load different 
programs on separa te cassettes, the 
cassettes arc availab le in one minute, 
three minute and five minute lengths and 
are custom loaded with ex tra short 
leaders so tha t the leader at no time 
comes in contact with th e recordi ng 
head. This makes possi ble instant start 
operation and e lim inates any lost da ta 
as a resu lt of fail ure to allow the leader 
to ru n through. In addition to sho rt 
loads, a group of three cassettes in tl1 e 
C-20, C-40 and C-60 co nfiguration is 
also available. Reta il prices are: CDC-1 , 
$4.95; CDC·3, $5.65; C DC-5, $6.35; 
DDC-20, 54 .50; DDC-40, $5.00; and 
DDC-60, $5.50 from AVDEX Corp, 
2280 G rand Av, Ba ldwin NY 11510.• 
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RS•232/TTL 
INTERFACE* 

Part no. l l l 

TAPE 
INTERFACE* 
•Play and record Kansas City 
Standard tapes 

RS·232/TTY * 
INTERFACE~ 
Part no. 600 .. 
• Con\'erts RS-232 lo 201111\ 
current loop, ond 20mA current 
loop to RS-232 
• Two scpornte c ircuits 
• Requires+12 and -12 ,·ohs 
• Bonrcl only S4.50, wilh 
porl~ 87.00 

TELEVISION 
TYPEWRITER 

Perl no. 106 
• Stand alone TVT 
• 32 char/ line, 16 lines. rnodifi· 
ca tions for 64 char/ line inchulc<I 
• Porollel ASCII (1¥fL) inpul 
• Video output 
• lK 011 board memory 
• Output for computer con­
trolled curser 
• Auto croll 
• Non-des tru cthe curscr 
• Curscr inputs: up. down. l1' fl. 
righ t, home, EOL EOS 
• Scroll up, down 
• Requires +5 rnlts al 1.5 amps. 
1111cl • 12 ,·ohs al 30 mA 
•All 7400.'rfLchips 
• Char. gen. 2513 
• Upper case onl)' 
• Boord onl)' S39.00; wilh parl" 
8145.00 

MODEM* 

Par t no. 109 
•Type 103 •• Full or half duplex 
• Works up to 300 baud 
• Originate or Answer 
• No coils, only low cos t com· 
ponents 
• TIL input and output-serial 
• Connect 8 ohm speaker and 
crystal mic. direc tly to board 
• Uses XR FSK demodulato r 
• Requires +5 volts 

UART Part no. 232 • Converts a low cost tape 

f:I BAUD • Converts TTL to RS-232, and 
converts RS-232 to TTL 

recorder to a digital recorder 
• Works up to 1200 baud 

RATE 
GENERATOR* 

• Two separate circuits 
• Requires -12 and +12 volts 
• AU connections go lo a I 0 pin 

• Digital in and out are TIL-serial 
• Output of board corutecls to 
mic. in of recorder 

Part no . 101 
• Converts serial lo parallel and 
parallel to serial 
• Low cost on board baud rate 
generator 
•Baud rates: 110, 150, 
300, 600, 1200, and 2400 

gold plated edge connector 
• Board only S4.50; with parts 
$7.00 

DC 1· POWER -­

• Earphone of recorder connects 
to input on board 
• Requires +5 volts, low power 
drain 
•Board $7.60; with parts $27.50 

• No coils 

• Low power drain +5 volts and 
-12 \'oils required SUPPLY*fiii Part 

no. 107 
• TTL compatible 
• AU characters contain a start 
bit, 5 to 8 data bits, I or 2 slop 

Part no. 6085 
• Board supplies a regulated 
+5 volts at 3amps.,+12, · 12. 

RF 
MODULATOR* 

bits, and either odd or even and .5 volt s al I amp. • Converts video to AM modu­
parity. • Power required is 8 volts lated RF, Channels 2 or 3 
• AU connections go to a 44 pin 
gold plated edge connector 
• Board only $12.00; with parts 

AC al 3 amps., and 24volts AC 
C.T. al l.5 amps. 
• Board on ly 812.50; '"ith 
parts $42.50 exclud ing 

• Power required is 12 volts AC 
C.T., or +5 rnlts DC 
• Board $7.60; with parte Sl 3.50 

$35.00 lrnn s forrne r !S Apple II 
IK ,,
STATIC~. 
RAM -_ 

, 
. 

TIDMA*~~ 
Part no. 112 11 

• Tape Interface Direct Memor y 

Serial 1/0 
Interface* 
Part No. 2 
• Baud rates up to 30,000 

Part no. 300 Access • Plugs into Apple Peripheral 

• 8K Altair bus memory •Record and play programs with· connector 

• Uses 2102 Static memor y chips oul bootstrap loader (no prom) • Low-current drain 

• Memory protect has FSK encoder I decoder for • RS.232 Input and Output 

• Gold contacts direct conncclion s lo low cost SOFTWARE 

• Wail states recorder al 1200 baud role , and • Input and Output routine from 

• On board regulator 
• S-100 bus com patible 
• Vector input option 
• TRI state buffered 

di reel conneelions for inputs and 
outputs 10 11 digital recorder 01 

on~· baud rote. 

• s. 100 bus com patible 

monitor or BASIC to telet ype or 
other aerial printer. 
• Program for using an Apple II 
for a video or an intelligent ter· 
minal. Board only - $15.00;

• Board only $22.50; with parts • Board only S35.00 ; with parlB ­ $42.00; assembled 
$160.00 with parts Sl 10.00 and tested - $62.00. • Board $7.60; with parts S27.50 

To Order: Mention part number and description . For parte kits add "A" to part number. Shipping paid for orders 
accompanied by check, mOfley order, or Ma.stet" Otarge, BankAmericard, or VISA number, expiration 
date and signature. Srupping charges added to C.O.D. ordet"e. California residents add 6.5% for tax. 

!:IC ­
Parts kits include sockets for all ICe , components, and circuit board. Documentation is included with 
all products . Dealer inquiries invited . 24 Hour Order Line : (408) 374-5984.• Designed by John Bell. 
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Electro Ren t Microcomputer 
Development and Test Equipment

PUBLICATIONS Rental Catalog 

Temperature Resistance Applications Report 

Bul letin CA-195 from Texas lnstru· 
ments, POB 5012, Dallas T X 75222, 
explai ns the temperature-resistance char· 
acteristics of the TSP102 PTC silicon 
the rmistor. The 22-page applicatio ns re· 
po rt is ti tied Temperoture-Resistonce 
Choracieristics of the TSP 102 Positive­
Tempero wre-Coefficien t Silicon Th er· 
mistor and can be obtai ned by writing 
to the company. • 

Circ lE! 654 on inQ u1 ry card. 

Manual on Relocatable Assembler 
for 2650 

A manual describi ng the Signctics 
2650 Relocatable Assembler can be 
purchased fo r $4 from Signetics. T he 
assembler is a two pass program that 
builds a symbol ta ble, issues error 
messages, produces a program listing, 
and o utpu ts a comp uter readable object 
(load) mod ule. The program inc ludes 
conditional assembly, symbolic and 
relative addressing, forward re fe re nccs, 
f ree format source code, self-defini ng 
constants, complex expression eva lu · 
ation, relocatability, and pseudo oper· 
ations. The assembler is capable of 
generating data in several number based 
systems, including ASCII character code. 

The manual covers such subjects 
as a summary of 2650 inst ruction 
mnemonics , ASCII code and characte r 
set, conversion of previous cross 
asse mbler sou rce programs and 2650 
assembler grammar. 

Contact Si gnetics, MOS Mic ro· 
processor Marketi ng, POB 9052, 811 
Arques Av, Sunnyvale CA 94086 , (408) 
739-7700. • 

Circle 65S on inqUJry card. 
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Computer Aided Education Materials 

ENTE LEK is cur rently offering a 
large list of directo ries, reports , confer· 
ence proceedings, and period icals on the 
subject of computer-based ed ucation. 
Among the nearly 30 t it les offered are 
Index to Computer Bosed L earning ­
1976, Research Guidelines For Com · 
puter-Assisted Instruction, The LOGO 
Language Learning Mathematics 
Through Programming, Proceedings of 
the Fall 19 76 EDUCOM Conference, 
and the 1978 edition of Computer 
Based Education Abstracts compiled 
by ENTE LEK. The ENTELEK CBE 
Abstracts contain se lected reports sum · 
mari zed in abstracts u p to 250 words in 
length and brought toge ther unde r 
headi ngs that in cl ud e "CA I in Reading ," 
" CAI in Science," "Co mputer A ided 
Counse ll ing," "M ini compu te rs," " Net­
works," "Decision Rules," " Sim u· 
lation ," e tc. A complete list of titles and 
prices is avai lable from EN T E LEK, Dept 
T, POB 8 10, Newbury port MA 01950. • 

Cm::le 656 on inquiry card . 

Elect ric Counter Selection Guide 

A new six page, four co lor selection 
guide from Hewlett-Packard summar izes 
spec ifications and charac te ristics of 15 
counte rs in HP 's electronic coun te r line. 
Inc luded are models from simp le, low 
cost, freque ncy counters to sophisticated 
h igh speed univers , I and microwave 
counters. Described are two new micro­
processor co ntrolled mode ls: Model 
5342A Mic rowave Cou n ter For auto· 
matic measurements to 18 GHz, an d the 
Model 5370A Un iversal Time Interval 
Counter with a resolution o f ±20 p ico­
seco nds. The selec ti on gu ide Electronic 
Counters is avai lab le free of c ha rge from 
Hew lett-Packard, 1501 Page Mill Rd, 
Palo Alto CA 94304. • 

Circle 658 on 1nquirv cord . 

Free Comp uter G uides 

To keep you up to date o n new com· 
puter p ro du cts, stores, e tc, the fol lowi ng 
guides are available free of cha rge : A 
Shopping Guide to Computer Stores, A 
Guide co Computing Magazines ond 
Books, A Guide to Computer Clubs and 
User Groups, A Guide to the Home 
Computer. Each gu ide is approxi mately 
50 pages long. To ge t a copy of any 
gu ide simply write ·o Microcomputer 
Resource Center, 5150 Anton Dr, Room 
2 12, Madison WI 53719. It wou ld be 
ap prec iated by the Ce n ter if you would 
send $.35 in stamps fo r 1st c lass postage 
for each guide reques tcd ( 18¢ for 3 rd 
class). • 

This 8 page catalog features nearl y 
200 pieces of the latest microcomputer 
and minicomputer development and test 
equipment available for rental. Equ ip­
ment manufacturers include Intel, 
Tektronix , Biomation, Prolog, Digita l 
Equipme n t, Beehive, Hew lell·Packard, 
iCOM, Remex a nd Texas Instruments. 
For fu rther information contact Electro 
Rent, 413 1 Vanowen Pl, Bu rbank CA 
91505.• 

Circl~ 573 on 1nqu1ry card . 

New " Breadboarding and Test 
Equipment" Catalog 

A new, full-color 12 page catalog is 
available describing Continental Special­
ties Corporation's entire line of elec­
tronic p rototyping development and 
testing hardware. The conte n ts include 
quic k test sockets, ex perimenter sockets, 
and Proto Board breadboards, Desig n 
Mate tes t instruments, Proto Clip IC 
test cli ps and clip-on IC Logic Monitors. 
Breadboarding & Test Equipmen t is 
avai lable from Continental Specialties 
Corporation, 70 Fu lton T er, New Haven 
CT 06509. • 

Circle 572 on inqu ity card . 

Industrial Control Microcomputers 
Brochure 

A new 8 page brochure describes 
Wyle 's line of microcomputers, digit al 
logic modules, and software. The line 
includes parallel and serial digita l 10, 
analog 10 , communica tions modules and 
a wide variety of other units including 
over 200 digital logic modules. Also 
available are modules to all ow the Wyle 
hardware to couple directly to ex istin g 
4-20 and 10·5 0 mA cur rent loops. To 
obtain a copy o f this brochure contact 
Wyle Laboratories Comp u ter Products, 
3200 Magruder Blvd, Hamprnn VA 
23666. • 

Circle 5 71 on inq u1rv card . 



~" A "Smart" VIDEO BOARD 
~o~~c The EW-2001 KIT At A "Dumb" Price! 
~ A VIDEO BOARD + A MEMORY BOARD + AN I/0 BOARD - ALL IN ONE! 

•STATE OF THE ART TECHNOLOGY USING DEDICATED MICROPROCESSOR J.C. $199 95 
• NUMBER OF 1.C.s REDUCED BY 50% FOR HIGHER RELIABILITY •MASTER PIECE • 
OF ENGINEERING• FULLY SOFTWARE CONTROLLED Priced at ONLY Basic Software Included 

SPECIAL FEATURES : • Programm able no. of scan lines OPTIONS : 

• S-100 bus compa tible • Underline blinking cursor Sockets . . . . . . . . . . . . . . $I 0.00 
2K Static Memory• Para llel keyboard port 

• On board 4K screen memory 
(optio nal)* relocatab le to main 
computer memory 

• Cursor controls: up, down, left, 
right , home, carriage return (with Sockets) . . . . . . $45.00 

• Composite video 4K Static Memory 
*Min . 2K required for operation of this board . (with Sockets) . . . . . . $90.00 

• Text editing capabilities (soft­
ware optional) 

DISPLAY FEATURES : Complete unit, assembled 
and tested with 

• Scro lling: up and down through 
video memory 

• 128 displayable ASCII charact­
ers (upper and lower case alpha­
numeric, controls) 

4K Memory . . . . . . . $335.00 
Basic software on ROM . $20.00 
Text editor on ROM . . . . $75 .00• Blinking characters 

• Reversed video 
• 64 or 32 characters per line 

(jumper selectable) 

• Provision for on board ROM 
• Provision for onboard scratch 

pad RAM (256 x 8) 

• 32 or 16 lines 
(jumper selectable) 

• Scree n capacity 2048 or 512 DEALER 
INQUIRIES WELCOMED• CRT and video controls fully 

programmable (European TV) 
• Character generation : 

7 x 11 dot matrix 

APPLE II 
I/0 BOARD KIT 

Plugs into lot of APP LE II MOTHER BOARD 

FEATURES: 
• I 8-Bit Para llel Output Port 

(Expandable to 3 Ports) 

• I Input Port 

• J5mA Output Current Sink 
or Source 

• TTL or CMOS Compatible 

• Addressable anywhere in 
memory output area 

• Can be used for peripheral 
equipment such as printers, 
floppy discs casse tt es, 
paper tapes, etc. 

KIT INCLUDES: 
P.C . Board, l.C. 's Socke ts 
and Assembly Manual. 

PRICE: 

1 Input and 
1 Output Port 

1 Input and 
3 Output Ports 

$49 
$64 

DEALER 
INQUIRIES INVITED 

INSTRUCTION MANUAL AND 
SOFTWARE LISTINGS AVAILABLE FOR : 

PR-40 SWTPC Printe r ... . .. . ...... . ... .. $10.00 
Converted Selec tric . . . . . . . . . . . . . . . . . . . . . $10.00 

ASCII 3rd GENERATION $*
6
o
8
NLOYO 

KEYBOARD KIT · 
• • : .. ~ • I:':. -

·~ . 
• , A I 0 ° • ~ • • ~ l ·' • 

• - • • " ' . . .,. !::\-· . •J 
- : ' • I' •• • • . . - ~~' -;:..r. 

~~·. · ·. 

• TTL Logic Circuits 
• Power : +SY 275mA 
• Upper and Lower Case 
• Full ASCII Set (Alpha 

Numeric, Symbols, 
Control) 

• 7 or 8 Bits Parallel Data 
• Optional Serial Output 
• Selectable Positive or 

egative Strobe , and 
Strobe Pulse Width 

• 'N' Key Roll-Over 

. ~ - -

OPTIONS : 

• Metal Enclosure 
Painted IBM Blue 
and White) 

• 18 Pin Edge Con. 
• J.C. Sockets 
• Serial Output (Shift 

Register) 
• Upper Case Lock 

Switch for Capital 
Letters and 
Numbers 

$25.00 
$2.00 
$4.00 

$2.00 

$2.00 
SHIPPING : Keyboa rd and Video Board: $3.50 ; 1/0 Board: $1.00 

---­ California residents add 6% sales tax --­- • Full~' Debounced· KlT INCLUDES : Keyboard, 

ELECTRONICS WAREHOUSE Inc. 
1603 AVIATION BLVD. 

• Carriage Return Key 
• Repeat Function Key 

P.C. Board , all required com­
ponen ts & assembly manual. 

REDONDO BEACH, CA. 90278 • Shift Lock, 2 Shift Keys NOTE: If you have this 63 
TEL. (213) 376-8005 • 4 User Defi neable Keys Key Teletype Keyboard you 

WRITE FOR FREE CATALOG 
You are invited to visit our store at the above address 

• P.C. Board Size: 
17-3/16" x 5" 

can buy the Kit without it 
for only $44.95. 
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Circle 242 on inqui ry card . 

~ c~terccrTI BOARDS 

MB-1 MK-8 Compuler RAM (no1 S-100), 4KX8, uses 
2102 lype RAMs, PCBD only .. ....... . ··-·-­ .$22 .00 

MB-3 1702A EROM Board, 4KX8. S-100 switchab le 
address and wait cycles. kit less PROMS ........ S58 00 

MB-4 Basic 4KX8 ram, uses 2102 type rams S-1 00 
buss . PC board .... ..... .. . ... ............................... $25.95 
MB-6A Basic 8KX8 ram u>es 2102 type rams, S-100 
buss . PCBD _----·­ --· ­ ·--· ·--·-·-- ·--· . ·--·------··S25.95 
MB-7 16KX8, Static RAM uses uP410 Protection , 
fully buffered. KIT ............. $375.00 
MB-8 2708 EROM board, S-100, 8KX8 or 16KX8 kit 
wilhout PROMS .......... ···-······ ·· ····-· ....... .. .......$65.00 
MB-9 4KX8 RAM / PROM Board uses 211 2 RAMS or 
82S 129 PROM kit without RAMs or PRO Ms .... S72.00 

10·2 S- 100 8 bit pa rallel 1/0 pon, 2,~ ol boards is fo r 
kludging . Kit .. .. . .$46 .00 PCBD. ... . $25.95 
10·4 Two serial 11 0 ports with fu ll handshaking 
20 / 60 ma current loop : Two paralle l 110 ports. 
Kil ___ .... $130. PCBD S29.95 
VB·lB 64 x 16 video board, upper lower case Greek. 
composi te and paralle l video wilh soflware , S-100. 
Kil ........... $125.00 PCBD .... ...S25.95 
Alla i r Compal ib le Molher Board , 11 x 11 1'2 x l'e .._ 
Board only ..$40.00. With 15 connec1ors ...S90.00 
Ex1ended Board lul l size. Board on ly .. . .... $ 9.00 
Wilh connector ... ___ ......... ......$13.00 

SP-1 Synlhesi ze r Board S-100 
New Low Price Kil .$135.95 

82S23 
82S 123 
82S114 
82S1 15 
82$126 
82S129 
82S130 
82S131 
82S1 36 
82$141 
MM16330 

$1 .50 
1.50 
2.95 
5.50 
1.95 
1.95 
3.00 
3.00 
3.95 
3.95 
1.50 

PRIME DEVICES 

80BOA 
8212 
8214 
8216 
8224 
8228 
8251 
8255 

$12.00 
3.75 
6.30 
3.95 
5.00 
6.95 
9.95 
9.95 

/wmc/;nt:. WAMECO INC. 
MEM-1 BKXS fully bullered. 5-100, uses 2102 lype 
rams. PCBD ..... ..$25.95 
Mother Board 12 s lol , terminaled, 5- 100, board 
only -·-·-------­ --­ - -·--·---·---·· --­ ·· .. ... .... . .. . S30.95 
CPU-1 8080A Processor board 5-100 wilh 8 \eve\ 
vector lnlerrupl PCBD $25.95 
RTC-1 Realtime clock board . Two independen1 in­
lerrupts. 5of\ ware programmable. PCBD S23.95 
EPM-1 1702A 4K Epro m ca rd PCBD S25.95 

10% discounl on 10 or more of WAMEGO PCBD 
in any combinal ion . 

2102AL-2 Prime 250 N5EC 
2102AL· 4 Prime 450 N5EC ___ _ 
2708 ln1e1 Prime (.5U5EC) 
2708 Prime (Nationa l) -·­ . 
1702A·6· AMO Pri me ... 
1702A ln lel Ne\ Prime (2U5) 
TM5-6011 Pr ime -·-­ · -·-··­
25018 S 1.50 1488N 
2502B 1.50 1489N 
2504 1.50 4044 
2507V 1.50 8038 
251 QA 1.50 5320 
2517V 1 .50 5554 
251 BB 1.50 5555 
2519B 1.50 5556 
2521 1.50 5055 
2522 1.50 5312 
2525 1.50 MH0025 
2527 1.50 MH0026 
2532V 1.50 MH0028 
2529 2.75 
2533V 1.95 

$1.60 
$1 .25 

S15.00 
- $10.00 

$3.50 
$1.50 
.$6 .95 
$1 .50 

1.25 
2 25 
3.90 
5.95 
1.90 
2.50 
2.50 
1.25 
4.00 
1.50 
1.75 
1.90 

MIKOS PARTS ASSORTME NTS 
All piece parts tor assembly of Wam eco and S5M 
PCBD's. All Factory Marketed Parts. Order PCBDs 
rig hi. 

Mikos # 1 Parts lor MEM·l PCBO with prime 
2102AL·4 450 nsec rams. Less PCBO $103.00 
Mikos # 2 Pans for CPU-1 PCBO with prime 8080A 
8212's and 82 14. Less PCBD $60.00 
Mikos # 3 Parts for MEM-1 PCBD with prime 
2102AL·2 250 nsec ra ms. Less PCBD $113.00 
Mikos #4 Par ts for OM· IA with super low loss gold 
plated conneclors. Less PCBD. S52.00 
Mikos # S Pans fo r RTC-1. Less PCBD $40.00 
Mikos # 6 Pans lor VB-18 less molex connec to rs 
and PCBD. $62.00 

82506 $1.00 BT26 $2 .00 
82507 1.00 BT28 2.00 
82S50 1.00 BT34 2.50 
82S62 1.00 BT37 2.50 
82590 1.00 BT3B 2.50 
82591 1.00 BT74 1.50 
BT01 2.50 BT80 2.50 
BT09 1.25 8T90 2.50 
BT10 2.50 BT95 2.30 
BT13 2.50 BT96 2.45 
BT1 4 2.50 8T97 1.50 
8T20 2.50 BT98 2.00 
8T23 3.00 BT110 2.00 
BT24 2.50 567 1.50 

419 Portofino Drive 
San Carlos, California 94070 

Please send !or re. X1sto1 
and Compvrer parrs /1s t 

Check or money order only. If you are not a reg ­
ular customer and your order is larg e please 
send either a cash ier's check or a postal mon. 
ey order, olherwise lhere will be a delay o r 1wo 
weeks for the check lo clear. All items post paid 
in the U.S. Calif. residents add 6% tax. Money 
back 30 day guarantee. We cannot accept re . 
turned IC's that have been soldered to. Pr ices 
subject to change without notice. $10 minimum 
order. S1 .00 service charge on orders less 
than $10. 

COMMERCIAL GRADE EQUIPMENT· HOBBYIST PRICES!! 


TAPE DRI V ES 	

L]J 
MODEMS AND 
PHONE COUPLERS 

• A MPEX MODEL TMX TAPE DRI VES w i th bui lt-in NRZ1 formatter . 800 
BPI, 9 1rack, 12 IPS, 8" reel includes 8 bi t CPU cont rolle r diagram and 8080 
interface ins tructions. Ideal for mic:roc:omputerist who wan ts back 4 up mass 
stora!I'! and acce» to IBM·tvoe "svstems via standardized Vi' ' maq tape , . . $750 

• i\MCOMP SERIES 2700 Ti\ PE DRIVES: current model , vacuum column 
con t rol; like new : 

12 ) MODEL 2749 · 45 ips, 800 BP I, 7-Track, 10" reel . •.•. •• ..$1500 
(3) MODEL 2769 · 125 ips, 800/ 1600 BPI , 9-Track , 10" reel . . . $3000 

• TAPE DRIVE FO RMATTE RS. " Pertee Standard In terface " : 
( 3) AMCOMP SERIES 2900 NRZl/Phase Encoded , 25 -125 ops . . t.1500 
( I) PICO MODEL 1011 , N RZI. 800 BPI FORM ATTER / 

CONTROLLE R for POP- 11 .... . .. ... •..•. • • .. .•.. .. · · .$2000 
•MODEMS. Full -Duplex , Auto Answer circui try, by VADIC CORP. 

BELL I 03 Type (300 Baud ) Circui t Ca rd only . , ..• - . . ... • • .... .. S75 
BELL t03 Circuit Card , Power Supply , Case , Connectors,, .. .. . ,. , $125 
!IF.LL 202 Type (1200 Baud) with Reverse Channel Transmission from $125 

• DB-25 MALE CONNECTOR+ 2 w ire cable to Phone Jack . ..• • .. .... • · · .$4 
•PAPE R TAPE REA DE R IADDMASTER 601 -11 : 150 cps , LED sensors read 

5-8 level tapes, bi-d irec tional stepper motor , includes TTL serial interface 
plus 8080 parallel in terface instruct ions._ Requ ires +5 V & 24V..... . . $90 

•DATATEST PROGRAMMABL E A UTOMATIC CIRCUIT CA RD ANALYZER 
MODEL 4000A.. . ..... . , , . . , _.. , . . , •• •.. .. .. .... . .. , . .. . . $2000 
MODEL noo.. '.' .. .. . .. ' . . .. .. .. .. . .. . ' .... .. ' ' . . . ' . ' . ' $6000 

•DIABLO 	SYSTEMS Spare Circu it Cards for HyType Prin ter. Series 20 + 40 

Disk Dr ives; comple te but defective or below current revision level . . . ••. ,$20 


•ASCII ENCODED KEYBOARD from HyType Terminal , never used •• ..•$60 
• TE LEPHO"f. ACO STIC COUPLER •• • • • • .•.•••.• •••• ••• •• • • • • • $30 

SE LECTR IC TERMINALS 

• 	 SELECTRIC 1/0 TERMINALS (by GTE/INFORMATION SYSTEMS! . In­
cludes 8080 interface plus software ASCII translat ion and 1/0 driver routines 
15" carriage, interchangeable type spheres & carbon / fabr ic r ibbons. Bi.Jil t ~ n 
modem oPtional. 

MODEL SS41 !IBM Corresoondence Code. 2741 -tvoe terminal ) .• .• · . $895 
MODEL SSSO (Corres . Code w /350 char. l ine butter memory + bu ilt-in 
cassette drive for data storage/off·l<ne printing/word proceuing. , .$1495 
MODEL 5560 (ASCII Code, with casoette tape drive) . . . .• • ··· · • • · $1495 

• 	 IBM SELECTRIC TYPEWRITER w ith magnets. switches & magnet driver PCB 
!from GTE/IS Terminall plus instruct ions for 8080 printer/driver interface. 
Typew ri te r mechanism complete, cleaned & adjusted • • , • . • • • , .. .. •• $325 
Aluminum Case & Power Supply (+24V, :t12V, +5V @5Vl ... . . .. .. .. S75 

• 	CONVERT IBM OFFICE SELECTRIC to i/O Typewriter : solenoids. switches. 
w ire harness magnet driver PCB plus instructions+ 8080 Interface Diaa. 5150 

• IBM ~IN·FE
0

ED PLATENS for 15" SELECTRICS (13 1/8 pin -t<>-iJinl new $60 
•	 IBM SELECTRI C APL TYPE SPHERES (Specify EBCDic or Correspondence 

Code I. new , • • , ••. .... , , ••... . . . ....• , , • •... .. . . •• • · · . . . . · • · .$15 
• 	 FORMS TRACTORS. Moore Variab le-width " Form-A -Liner" .• . .•.n...,, $50 

for 15" Carr iage IBM SELECTRICS. . . .. ..• . • • • • .. . . .. . . .• • . . u•ed S.'.lO 
•DIGITA L CASSETTE DRIVE {from GTE / IS Terminal_) 2400 baud , FWD/ 

REWIND /STOP circu i try , plus tape head, bu t no read/w ro te electronics • • .$25 
• 	 INTERDATA 8-BIT MINICOMPVTER {Model One), includes full front panel. 

4 K core memory {1 6K addressable), plug-in teletype port : optional serial 1/0 
+ Taoe Dr ive Contro ller PCB's software•. .. . . • - •• , • . . .. • • • · · • • · · • · $300 

• RIBBON CABLE 50 Strand X 4 ' long terminated w ith 3M edge connector 
1.1 O" sp&ein A) + D8ddle card .. . , •• .. .. •• • •. · . · · • • • • • · · · • • • • $.3 

o AC LINE FILTER 10AMP AF\ (110/230VJ w ith Line Relay+ Fuses new $60 

90 d•V "'uranty ege inlt defect1 in m • tet • or work: ·C:.311 or wri 1e for deta i ls, Quant i ty d i•~ounts, order PACIFIC OFFICE SYSTEMS, INC. manlh lp on all uHd equipment. full documantat \onforms.. All orders snipped from stock - no back order1, 
2600 EL CAMINO REAi., SU ITE 502 included PLUS Interface instruct i ons where ind iceted.no substitu t ions. A ll equ ipment is sh ipped insured 

Availabil ity 1ubj.c.t to prior.,.,._ Pr icu mey cheneeF09 P<1 lo Al to withi n 7 days after check cleers or COl PA.LO ALTO. CALIF. 04306 
w i thout notice.rder is rece ived, M / C & VISA cards accepted. el : (415 ) 321 · 
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DIODES/ZENERS SOCKETS/BRIDGES TRANSISTORS. LEDS, etc. 
1N914 
1N4005 
1N4007 

100v lOmA 
600v lA 

1000v 1A 

.05 

.08 

.15 

8-pin 
14-pin 
16-pin 

pcb .25 WW 

pcb .25 WW 

pcb .25 WW 

.45 

.40 

.40 

2N2222A NPN (2N2222 Plast ic .10) . 15 
. 15 
.10 
.10 

2N2907A PNP 
2N3906 PNP !Plastic\ 
2N3904 NPN IPlast ic) 

1N4148 
1N753A 
1N758A 

75v 10mA 
6.2v z 
10v z 

.05 

.25 

.25 

18-pin 
22-pin 
24 -pin 

pcb .25 WW 

pcb .45 WW 

pcb .35 WW 

.75 
1.25 
1.10 

.35 

.50 

.35 

.15 

2N3054 NPN 
2N3055 NPN 1 5A 60v 
T l Pl 25 PNP Darli ngton 
LED Green , Red, Clear, Yellow 

1N759A 12v z .25 28-pin pcb .35 WW 1.45 D.L. 74 7 7 seg 5/8" High com-anode 1.95 

1 N4733 5. lv z .25 40-pin pcb .5Q WW 1.25 1.25 XAN72 7 seg com-anode IRed ) 

1N5243 
1N5244B 
1 N5245B 

13v z 
14v z 
15v z 

.25 

.25 

.25 

Molex pins .01 To -3 Sockets .45 
1.20 

1.95 

2 Amp Bridge 100-prv 

25 Amp Bridge 200-prv 

1.25 
1. 25 
1.25 
1. 50 
1,25 

MAN71 7 seg com-anode !Red) 
MA N361 0 7 seg co m-a node IOrange) 
MAN82A 7 seg co m-anode !Yellow ) 
MAN74A 7 seg co m-cathod e (Red) 
FND359 7 seg co m-cathod e {Red I 

CMOS 
4000 . 1 5 7400 
4001 .15 7401 
4002 .20 7402 
4004 3.95 7403 
4006 .95 7404 
4007 .35 7405 
4008 .95 7406 
4009 .45 7407 
4010 .45 7408 
40 11 .20 7409 
4012 .20 7410 
40 13 .40 74 11 
4014 .95 7412 
40 15 .90 7413 
4016 .35 74 14 
4017 1.10 7416 
4018 1.10 7417 
4019 .50 7420 
4020 .85 7426 
4021 1.00 7427 
4022 .85 7430 
4023 .25 7432 
4024 . 75 7437 
4025 .30 7438 
4026 1.95 7440 
4027 .50 7441 
4028 .95 7442 
4030 .35 7443 
4033 1.50 7444 
4034 ~45 7445 
4035 1.25 7446 
4040 1.35 7447 
4041 .69 7448 

.15 

.15 

.20 

.20 

.15 

.25 

.35 

.55 

.25 

.15 

.10 

.25 

.30 

.35 
1.10 

.25 

.40 

.15 

.30 

.45 

.15 

.30 

.30 

.35 

.25 
1.15 

.45 

.65 

.45 

.65 

.95 

.95 

.65 

7473 
7474 
7475 
7476 
7480 
7481 
7483 
7485 
7486 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74121 
74122 
74123 
74125 
74126 
74132 
7414 1 
74150 
74151 
74153 
74154 
74156 
74157 
74161 

.25 

.30 

.35 

.40 

.55 

.75 

.95 

.75 

.25 
1.35 

.55 

.95 

.95 

.35 

.75 

.60 

.80 
1.15 

.35 

.35 

.55 

.55 

.45 

.35 
1.35 

.90 

.85 

.65 

.75 

.95 

.95 

.65 

.85 

- T T L -
74176 1.25 
74180 .75 
74181 2.25 
74182 .95 
74190 1.75 
74191 1.05 
74192 .75 
74193 .85 
74194 1.25 
74195 .95 
74196 1.25 
74197 1.25 
74198 2.35 
74221 1.00 
74367 .85 

75108A .35 
75110 .35 
75491 .50 
75492 .50 

74HOO .15 
74H01 .25 
74H04 .20 
74H05 .20 
74H08 .35 
74H10 .35 
74H l 1 .35 
74H15 .45 
74H20 .30 
74H21 .25 
74H22 .40 
74H30 .20 

74H72 
74H101 
74H103 
74H106 

74LOO 
74L02 
74L03 
74L04 
74L 10 
74L20 
74L30 
74L47 
74L51 
74L55 
74L72 
74l73 
74L74 
74L75 
74L93 
74L123 

74500 
74502 
74503 
74504 
74505 
74508 
74510 
74511 
74520 
74540 
74550 

.45 

.75 

.75 

.95 

.25 

.25 

.30 

.30 

.30 

.35 

.45 
1.95 

.45 

.65 

.45 

.40 

.45 

.55 

.55 

.85 

.35 

.35 

.30 

.30 

.35 

.35 

.35 

.35 

.35 

.20 

.20 

745133 .40 
745140 .55 
745151 .30 
7451 53 .35 
745157 .75 
745158 .30 
745194 1.05 
745257 (81 231 1.05 

74LSOO .25 
74LS01 .35 
74LS02 .35 
74LS04 .30 
74LS05 .45 
74LS08 .25 
74LS09 .35 
74LS10 .35 
74LS11 .35 
74LS20 .25 
74LS21 .25 
74 L522 .25 
74LS32 .40 
74LS37 .35 
74 LS40 .45 
74LS42 1.10 
74LS51 .50 
74 L574 .65 
74LS86 .65 
74LS90 .95 
74LS93 .95 
74LS107 .85 
74L5123 1.00 
74LS151 .95 
74 LS153 1.20 74H40 .25 74551 .2574163 .85 4042 .95 7450 .25 
74LS157 .85 74H50 .25 74564 .2074164 .60 4043 .95 7451 .25 
74 LS1 64 1.9074574 .3574H51 .2574165 1.504044 .95 7453 .20 
74LS367 .75 745112 .6074H52 .15 74166 1.354046 1. 75 7454 .25 
74LS368 .7574H53J .25 745 11 4 .6574175 .80 4049 .45 7460 .40 
74C04 .2574H55 .204050 .45 7470 .45 
74C151 2.254066 .95 7472 .404069 .40 i--~~~~~~~-'--~~~~~~~-'--~~~~~~~-'--~~~~~~~....L...~~~~~~~~----l 

4071 .35 MCT2 .95 LINEARS, REGULATORS, etc. 
4081 .70 
4082 .45 

MC 14409 14.50 
MC14419 4.85 

9000 SERIES 
9301 .85 95H03 1.10 
9309 .35 9601 .45 
9322 . 75 9602 .45 

MICRO'S, RAMS, 
CPU'S, ETC. 

745188 3.00 
1702A 4.50 
MM5314 3.00 
MM5316 3.50 
2102-1 1.45 
2102L-1 1.75 
TR1602B 4.50 
TMS 4044-45NL 14.50 
8080AD 12.00 
8T13 1.50 
8T23 1.50 
8T24 2.00 
8T97 1.00 
2107B-4, A 4.00 
2708 11 .50 

8038 3.95 
LM201 .75 
LM301 .45 
LM308 !Mini) .95 
LM309H .65 
LM309K {340K-5)85 
LM310 1.15 
LM3110(Minl) .75 
LM318 (Mini) .95 
LM320K517905)1.65 
LM320K 12 1.65 

LM320T5 1.65 LM 340K 15 1.25 
LM320T12 1.65 LM340K 18 1.25 
LM320T15 1.65 LM340K24 .95 
LM324N .95 78L05 .75 
LM339 .95 78L12 .75 
7805!340T5) .95 78L15 .75 
LM340T 12 1.00 78M05 . 75 
LM340T15 1.00 LM373 2.95 
LM 340T18 1.00 LM380 (8·!4 PIN) .95 
LM340T24 .95 LM709(8, 14 PINJ.25 
LM340K 12 1.65 LM711 .45 

INTEGRATED CIRCUITS UNLIMITED 
7889 Clairemont Mesa Boulevard, San Diego, California 92111 

(714) 278-4394 (Calif. Res.) 

A ll orders shipped prepaid 
Open accounts invited 

No minimum 
COD orders accepted 

Discounts available at OEM Quantit ies Ca lifornia Residents add 6% Sales Tax 
All IC's Prime/Guaranteed . A ll orders shipped same day recei ved . 

LM723 .50 
LM725N 2.50 
LM739 1.50 
LM741 18-141 .25 
LM747 1.10 
LM1307 1.25 
LM1458 .95 
LM3900 .50 
LM75451 .65 
NE555 .50 
NE556 .95 
NE565 .95 
NE566 1.75 
NE567 1.35 

SPECIAL 
DISCOUNTS 

To tal Order Deduct 
535 . 599 5% 

5 100 . 5300 10% 
5301 . 51000 1 5% 

$1000 · Up 20% 

24 Hour Toll Free Phone 1-800- 854-2211 American Express I BankAmericard I Visa I MasterCharge 
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SOFTWARE 

Video Checkers on Cassette for 
PolyMorphic Video In terface 

Com pu-Quote has developed several 
games on cassettes, recorded in the 
Tarbell format and programmed in M ITS 
BASIC . 

Contained on one cassette is Video 
Checkers, which produces checkerboard 
graphics on a video display when used 
with the PolyMorphic Video Interface 
and 64 character option . The game plays 
under M ITS BASIC (3 .1 ). Two versions 

Low Cost Business Software Package 

This new, low cos t general business 
software package for m icrocomp ute rs 
includes ge neral ledger, accou nts receiv­
ab le, accounts payab le, finished goods 
inven to ry control and payroll. The 
Grimes Business In fo rmat ion System 
(GB IS) is specifically desig ned for small 
businesses. In a typica l application the 
GBIS can sto re up to 400 customer 
listings, 50 vendors, 400 line items o f 
inventory , 25 employee records and 
60 genera l ledger accounts on a single 
minifloppy diskette. Requiring only 
24 K of memory, the GBIS is a system 

INFO 2000 Disk Systems Fully Software 
Supported fo r 8080 and Z-80 

INFO 2000 Disk Systems owners 
may now utilize expanded software 
for both 8080 and Z-80 microcom­
puters. Previously, the INFO 2000 
Corporation offered Z-80 based software 
only for their disk sys tems, but have 
increased the disk operating software 
capability using Digital Research CP/M . 

194 luno 1978 © BYTE Pubiirn;ons In ' 

of the program on o ne 60 min ute 
cassette play a cha llenging game wh ich 
confo rms to inte rnational rules. The 
first version requires a total o f 16 K 
of memory, inclusive of 8 K BASIC. The 
second version is more graphic and 
requires an additional 4 K. 

The chec kerboard is pictorially dis­
played on the video monitor. As the 
player and computer each take turns, 
the checkers bli nk and move to indicate 
their passage . Kinged pieces are identi­
fied on the d isplay and messages appear 
at the right of the board relating to each 
move. In accordance with in ternationa l 
rules of the game, the program will no t 
accept illegal moves and warns of thei r 
en t ry . 

Included with Video Checkers is a 
9 page ins t ruction book . The author of 
Video Checkers has invited purchasers 
of the cassette to add enha ncemen ts to 
the program . Therefore an e nti re pro­
gram listing is inclu ded. Video Checkers 
and manual may be ordered for $10 
from Compu-Quote, 6914 Berquist Av, 
Canoga Park CA 91307 .• 

Circle 648 on inquiry card. 

in which rece ivables decrease book 
inventory, paya bl es increase book inven­
tory, and ge neral ledger accounts are 
updated auto matically . GBIS is written 
in North Star BAS IC, although other 
disk BASIC langu ages can be used for 
the listings. There are 51 programs with 
120 pages of documentation. A GB IS 
Users Group has been formed e nt it ling 
purchasers to updates as th ey become 
availab le. The cost is $200 (include 
$2.50 to cove r pos tage and hand ling). 
The package ca n be obtained from The 
Computer Mart, 633 W Katella Av, 
Orange CA 92667. • 

Circle 649 on inquiry card. 

Among the software packages which 
operate under CP/M are two full versions 
of d isk BASIC , incl uding Microsoft 
Extended Disk BAS IC (4.4 1 ), priced 
at $3 50 . Also ava ilab le is a Structured 
Systems Gro up QSORT a t $95 . This is 
a high speed , gene ra l purpose sort pack­
age. A name and address maintenance 
system, cal led NAD, Includes mail ing 
labels , and is priced at $79. The manu­
facturer states that all software is cur­
rently avai lable for immed iate delivery 
for use in INFO 2000 Disk Systems. 

St il l ava ilab le for Z-80 systems is 
th e comp lete TDL sof tware package 
includi ng 12 K BASIC , macro assembler, 
Z-T E L text editor and word processor. 
INFO 2000 has expanded this software 
to operate unde r CP/M and Zapp le 
operating systems. The entire software 
package is priced at $215. 

All INFO 2000 so ftware is desig ned 
to operate on INFO 2000 Disk Systems 

Z-80 a nd 8080 Business Programs 

Structured Systems Gro up announces 
a series of business programs designed to 
ru n on the 8080 or Z-80 processors with 
the CP/M operating system. A ll software 
comes fu ll y documented . The fol lowing 
products are being offered: 

General Ledger (GL) is a comp rehen­
sive system designed for professional 
accountants and small businesses. Any 
number of custom charts of accounts 
may be set up to handle sing le or multi­
ple departments. The system verifies 
data interac tively. Report formats and 
headings may be customized . Documen­
tat ion is incl uded , and no prior com­
puter know ledge is required . Written 
in CBASIC, the GL system costs $995. 

The Name and Address (N AD) 
system maintains files and allows selec­
tion on all fie lds for printing labels, 
reports, or new fi les. NAD is docu ­
mented and written in CBASIC. The 
price is$ 79 . 

QSORT is a fast full disk son and 
merge program featuring automatic 
operation, multiple sort keys, and 
complete backup. In 8080 code, the 
pr ice is $95. 

CBASIC is a comprehensive, commer­
cial ly o rie nted compi ler and interpreter 
including ful l disk access , a PRINT 
USING feature, 14 digits of precision, 
and an 85 page manual. The price is 
$99.95 . 

For more information, contact 
Structured Systems Group, 5615 Kales 
Av, Oakland CA 94618, (415) 
547-1567 .• 

Circle 650 on inquiry catd. 

New Natural Language Operating System 

N LOS is a phase oriented natural 
language operating system. Information 
in the form of se ntences entered into 
the system is broken down into phrases 
which are classified both gramatica lly 
and by the type of Information they 
convey. This is made possible by a 
dictionary of phrases maintained by the 
system in programmable memory . 
Hardware requirements include any 
8080 or Z-80 processor, audio cassette 
tape interface, a serial 10 board and a 
minim um of 12 K of programmable 
memory. NLOS/1 comes with a fully 
documented set of assembly language 
sou rce listings with commentary on 
possible ways to use N LOS /1 . The price 
for N LOS is $200; it can be obtained 
from Cybermate, RD #3, POB 192A 
Nazareth PA 18064.• 

Circle 651 on inquiry card . 

which employ the PerSci 277 dual 
diskette drive with intelligent controller. 
The d isk system is available for all 
Altair (S-100) microcomputers using 
Z-80 or 8080 processors, for Digital 
Group Z-80 and 8080 systems and for 
the Heathkit HS . Contact INFO 2000 
Corp , 20630 S Leapwood Av, Ca rson CA 
90746, (213) 532-1702.• 

Circle 652 on inQuiry caird. 



FOR ALL CUSTOMERS EXCEPT CALIF. CALL TOLL FREE 800-421 -5809 
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.-.1 ......... ··~ · ·......, ~ .. '" l'""" ' "' $•00 ....
...................... ...,,., .. .. ... ,._.. , ' "'''"'_ 

~· 

......
16K "'Ill-'"''"'' •. ••. ~ .... .... ........~ •• .,, .......... 
 BARE BOARD $35.00
$435.00 


4SOn1 AS:SEMBlEO & lESTEO 

2S0m ASSEMB LED & TESTED 

$380.00 PRl(f'. 1 249. 00 
l• i.c!.u11n ~i,,,,. ..1 JtiSS£"'1BtEO 6 TES T[ D$335.00l\SOn1 1<.IT 

32K 

2$0n' ASSEMOLED & TESTE.0 S850.00 
 .:r.&. ll>JEl 

~$(Jn\ ASSEMBLED & T E-ST£0 5775.00 
 lull ASC II zao " UPGRADE" K IT.rlSQm Kll 56 75.00 l'ROFE8610NAL KEYBOARDS 

P~ll 1U ( ....••rl•• AJC11 • 

'··~"'°~'"'"""'Iii ' ~Ot1H1C-Po••b •.. o..-•·DYNAMIC RAM BOARDS 1..0 • • 1• f g1 •0 · • •' 

1... • "41 •~ • • • )1< 0(,0> MOO£ L 
 1ll• I• $17.95 Wi t h lriHM!!i,o<.•• o..,. ,. is>h , Loc• • 1Mo... bo11dl R1tutti po"'"' 11 r1..rh·11ht1 """ "' ""' ....1o1 

$49.95 purchaiw.t.~::::. P~•::;~'· ·• 1"'9't ~ Sf! ~l'(J )1H1fl Ill t ...d. UUl 1"'1il tfel"'".a 
~ l~flON·~'UOC. 40Cl'-AA DC, • H9VOC •0Qto.U1 0C '"11 

iu 1r ~u. . ~u" '""'ll 1 1 · ~~ Ul ~01,1• 'MH: ZOO ( ll · U-11.S. cu o-.tiltodlllltl 
.......11.S..t' »'l MU 

11J\r'OC lOMA 0C '"'t B77J. c loc~ d11\1'• 
""'°"I 1'0-1 1......... ..,.. 11 9 ~ 
-~l(lol4~ ..... ·1 • · 11 ••, 

EXPANDAB LE J2K 
Th e · UPGRAOE Kl(' •"Ctui ll~·1 

~l l)tN l ............... t .. i$151.00 I 8K •O•UCJoBK [J75ml KIT 
8,2.i ~ Chi\. \ •l"•I"' 20 OI C• li..N'. •l lJI$259.00l6K 137Sml KIT 
)!irPJH1 c• •, 1hl24K 137Sn1] KIT $367.00 

5425.003 2K ~ 37 '5ml KIT 

EX PANDAB LE G4K 
TARBELL

16K lJ7!ln1I KIT S26l .00 

32K f375111~ Kil 
 C ASS ETTE INTERFAC E E-PROM BOARDS$519.00 

" F">,'J'Ll"oN'f,."•'11¥U UI IM ~ ... t OR ... ll ... IR•'181< [375011 Kii $757.00 
• ! ••"" .. . .,,1•. • •• ~ I" ~ """ ~ •• Il l ,., 'All •"'.. ' ,.,. ""~ MR 6 (BK um 2708J a<n S99.5 0641<. [375nil KIT $995.00 
• l on•m.-\ 11 , 1..1..:,,. 1.,.. ... , ..,.f<d< ll 1u l4 • ' "'"•' 

w11h 1 K RAM• 4 f •fl• .... ' <t• L"'..., ~ I •"• f"·• ....,ttll ofl n 
• 1 1~ ..,. .... . ~ ...t~ ~ MR 161 1161< 1Jm "27 161 Ki l $99 .50 
• t'-o u l · .:.. 'W l••"~i,n, 1•11' •~ "f ' 
- r .,.~ w11h U< RAM 
.... ~....i'~ ·· · . '"d· ··J ••~ J ., . ........... ... J •• 

... c...........,. 11:.-... 1 .. ••fl<"'t• '""' 

MM· 16 416K u m 21Cl81 S99. 00JADE PARALLEL/SERIAL RAM/ NIAOM I 16K u~u .inv

JAt)[ >l. 11 S!t'.J '9~ t.'')5f ",'Ol. l ll ~11~00 
E-PROMI K i f 5117.00oU I t,jll.t,u4~ S4 00INTERFACE KIT JG·Bl16 ium 2709 u1 2716 1 

5$1 24.95 KITs 1()(1 
WH•••I 1,Hll ' I • • SARE S30 0 0lt-1111!1111111r'il SOARD KIT S!)g.'!)'J St!' 11,11 111 11•1 1 .ic~·~ ,.,,.. 111 l~S2Ji' 

o111(' rl,1 i:e' o • 1 .1<..1fl\.J\ C•l'Y i:..t"l!lt t• 

1n 11•tl.t C1' 

Sci 1.11 111rt•1 l.ucc~ ,1r1• •• ..,, , ,,1 ul11 t r.1 111•f l 
 ....to...lOJ"'.._,."'"__""'' o-uc __... ,,.,__...... 
$.< lt• C t. 11111• t1 ,111 ti r .!If'~ • C"""'• •ol11-11b11 -."' r°"''ll1U." .. ~T~ 1t1• 

C.in.ir ct• wo ri.. ~ u 1' i n 1 XM) w.iuc:i 
 SGL' ' •11-S· IOO.-c•oo:-wo 

r. - .. a• •Y1 TS. "'P·- l•""olCiV>• ll.J•o1ll t·l~r1 
• O .....,....i bot ~• -"""Cl"''..........,"'"' Ol 1"".r! 
... -••,O' """,_,, l _•U l tod h...., ­

'CC._ ..._. . - .......- ...~ I C•T ~-1 .. TU-~ 
• •1111.................... --1.1.- ..... ....
JADE VIDEO _.."",.,."°"'-Pt"'"'-••1,....,.... ..,. Convert T.V . set toH0·~~:..!!:~~~~10INTERFACE KIT 1 Au-1.0d It<.. !W-1 l'wl ..,,_, Vi deo Mon i tor.

• 0 . . ..... - - ­. , ,c .... >00•~• -•..r. • 
· c~. , . ....,,. ,...,.rvFEATURES $99.95 KI T .. ..... ..... $8.95
• C h..-oc 1.. i....fll , Ul'Clh•r .--' " 
• to•... -· ... t ¥-1,.lll d(W;_.... . ......S· lOO Bus Compa1 iblc 

3 2 o r 64 Characters per lmc 
).6 l ines 

Pfi lCES :~,:1;,i,~~A1 ~1: 1:.. , 111 :~ :" ::~; S~:-~: ·-------------.. 
$ 1&9.95P;~fir;n.<t~~~a~?, ;~~·~;~~o 

On board low ·powcr memo ry 
J'.A..:l>JEI THE PROM SETTERPowerful sof twjlr._e in,l uded fo r 

~ursor . home, EO L, Sc ro ll Graphics/ fllUl T•I CLOCK fQ~ 1-1• tul WRITE & READ 


Uh~r a,c1e:see'~we r ca~e & Greek 
 fPROMI M 1>1ZCrv11 or 0otc111 •1 at 
1-~nt _,, .,...,llD 

1702A - 27!18 - 2116 
10 IJUC o-000 

sfacton-white & wh 11e ·on·bl ack On• ·~--1 .._,. "'' "°"'""' ... 
5204 - 683.rlOl!'l t1 ""a1~1·1 .n OK..o. •nr. hrMP1 

•CJOU'SE<:•o lO­ " 1'1..g• do • ~ t l ly "'!<•¥"""'Al I AIR 11.\S."!. I C1""U"' ''' t<r1t. 1o li-,.. _,,aitr............aoi• 

• 1""'1.., ,1. , ,.. .,.,, Mn•I.· • ~ ao~ut ~' "' r . t•·· ..~ · E1•• • u1.~lloolrac.... 111•~1111" 1'9~C~T!Mm CT 100 

SO<~! I U1> 11"'oQoo-"t.11)11- M.t& COtiU'A Tl•~f Camctl• N CIO(ul'NllLlll-Ol1 •"Ch1°" ,,.,., • 111! fPFl().'JI Suc • " I U<111 •\ ronn.. r•"• I 111 "'~ r.,.,., 
,.. ,. ta ~IPll'l'l-Qot dool' 

Oo..bl • 116"1'9I..,.. --~ 
l lMl & CALENOAA 1)1.l l.. , 1h •Q1>9 t•" 1~ 1.1"' coro~' ' ' 0 ' 


"*•"<ICl ' Otf\.MJU ft N (i ,,, , l)QWTI 1l>lt. 1u111mt (tat \ 
 • P•UQUm.on•'l lJ" 4CC<1mU'l •U4~d b ¥ ll l'r' C.·~r10H " 1 


ean. cl lt 1 0 11t 1nd t11TM1 brto-mr1 •r'lti • nllv ~"' ' ' •h i ~ 

"" ...... .. ....~ 1-Vflu l 


" J 1,1 1 1 •f'1CJ11> 0 u • P1 1} g•411·1 l b t,orWr.11~ • • '"'' 11 1<" 


CQIM'UfrlME don nol tr •vr to br •l'll• t •ll •m J. f~t · ~ t1mt 
 JU M1 •SSf WilblD 6 HSlfO S. 179.9!1 £PROM "' 1-n ~ n." J'• oc'"°' 4111J ' "' ,,.,,, C""'Pu• •·• 
111tryn1m 1\ po·owt •tdup II po'IUHf\. ( PflH ~ CO l"l t ,0 11 r 1 1 .JCj fl 1 ~II S12.. .'lt'J ciori'1.f" •H• 

eo1,111~ ltCIAAO ....1h \111-..• tJOOO • l.h~ Soc-lo 1 v .. .. " ' H.... r1 f;'PH t)t.1 ', c: ..... . ,,,. "'t"[ll'fl t b- tul<1ob"'"'wpt11<11 1r r uuh .inC1h.UIWO IC IJT1 lf' 
va.. r Lo'"'f)u l<' •Cl:l •nic11hnu couint tr1 l ol'fll t 1ht! .ill11 tU•11fl l t'I~ Ari v i 

· so1 1...·"'"' '"''""'"ll .... . 'Ml l tw••t ' Nor • l''"HI 1Uh"'t'• 1mK•'• r1 V1 '" ' ~'"" l " I .. , 11'1••• 
•14l l 

' 00!.Jtli ~I ,n ' " E1!}lll 0 11 J'..,111 ~1 110CCll1'111'UU.T IDNAl JUl.IC TlON 
' .., ... ,, ....1... . 1..1..,ctJADE 8080A KITMIC• DP ll:IC tti.ao nted 10 llf comolo1T11Pn1td lh' l'i aro·,..,• rl 

a11 1h'"tt•CI t g. lr u uo m~milr ¥ IN'Jfl drd1curd 10 Ul)Jol K IT .. .. .... $210.00
$100.00 KITf"1\.~11 ·;:~~::;n:• 4';",u~~:~~·~~l~uil\•~~.w~: ~,~C?oM~~~ ASSE MBLED ........ 5375.00 

•-%f rb1••C. rr rqonomtl" t . tr •11r J1 1hmf11 t 111 atol~m1 t"'1t BARE BOARD $30.00 
bt 1ol'M'f'd w11P'tou1 1l'r t 11 rr dl o r C1 ~ ~ 1 ll)ft11' ; m g.I• u ·c~ lf'd 

.. •• ti " l.C'I ••·• .....11~ )
JI' ;: ~ • 1• ... 	 " ...l.,.,. ., • l1"·!• l~ l ~ ' I' :·~r• 

! '~ l ,.,.., · 
· ~ , ,, ~00 1a · :·~,·· 

r,r . '·" ' · ~ ,., '"""" ,,. 
• • • • ll(o 	 • :,c.. ··~ ' "" l!oi>·	 )0• 

n1 	 .~ UDO , ,.., '"'"'"' ....' ""or.it1 ~I ' ' I 
' •C ' 1~ 	 '"[:: ::~: ' ·~ · '"' UI I'll') 	 l J~. "'' " , ,.,. ....u ra " 'a 

~..... '. '°"", . !~ .~: 1a. "' 	 "'" 
11n• , 1e;-, . ! 1¢ too 1.IO	 '•i .. 


'·1•
:t. "'-· 
r~. : ....,"""-.... ';,:.. 
; ; • .-;.-.- 11, :,'!:::,::: 

.o ~ . . ... 1 ••• 
\') ' 	 •D• ••..., '' ' ':~:./~~ • ' ~ ~ I~"•CU 	

:.•; ;"... · ~?·~ ~ "•H I ' I .... I ) !. J 10 

•o :-=- · 
r 1 •0 • 	 JY •' ,:, ~-~ ' ~ =~ ::_::~ ·:.:'lO-"• : 
,.. , ~I ........ 
 ~ .. :.~r· ~ . ~~ 
••<-1~ • o .... .... ~. v-· 1,..,.·­	

/I'".10 •.."'~ 1• 0• ..,_ I• • 
CH.. 'I A(l ltl Gl tdh ,UCl"'S .",,J~' I 
l\., ,,' > ~ ;:~:. : ·: : :~~: : .,, 
l\"I • 't , ~ ~- HO. •• 1.••1 · 'a 

:i.·1 L~ ~ • • li 0< •-' '·"'"
... .· 	 , ,,,
11•• ~ ... •.f .... ' 

~
.. ....~. 	 =~~!~ g:;: ~ ;·, :';,... 

~· ~..
) . ... . •O' " H .......... n..o;.:•· 100" '•·• ... 


I ~~ 0l )J"lo•:~3::;· 	 ~:"~·.:,.~ .::..~~ O· "" ' 11'• 	 '' JO ~·/lo 

H'" " ' C,,."'"'" 
..,,,1,yffORi"' Ul .., j tl ol.fClll'I 	 ........., ... .... ...... . .....( ... :~~ ~:: 


a.... •1L "'°s 1> ... :~ ... ,... 
~ I ~ l oll'- ll'"t 0 , Clo ••~· I I~•114: • ~1 • ·~· .... ~ :..~ .. .o.- ~t- 1 ..• · •100• 

· ~· ~:"'C . ::.":·~.~. f. •·r' · • ·~,,. ·... 
~-:·;~ ~. ::. ~o ·,J~ .. .. . ,,·~ ...... , ) 	 ... 

"'" ~I ·• 	 :'I ~ • to , •M ; a. :~: ,e. ·"::' ~':11 ' ~ ....... 	 ,"'n•,. · ........ ,,.. 	 1' " •fl•·· o...... '· ' "'" ' ··~ " ' ... ,,,_, 

""~) .. ... 

::~.;·_,}~ ·~...··:.:::.; '.' ....."'"''l '' 	 "" 
( 1•1).:1 '" 	 'lOllD"l "' ~.!':' ,... o.. .•.• c. ....... .. "" 
·~ ·~IJO •• ("' 

MOTHER BOARD's - S-100 Sty le 
13 slo t - w/ front panel slot 

BARE BOARD $35.00 
KIT $95.00 

22 slot $149.95 
ASSEMBL ED & TESTED 

I »:E:[~~l~1&ii 1lll..~;,~;·~ " ·oo~: :·E~~:..J·'...i'_l · .. .;;;.~~ ;~~~,:"~~:CONNECTORS 
DB - 25P $3.00 
DB - 25S $4.00 
COVE R $1 .50 

44 Pin PC & EYE $1 .95 
44 Pin WW $2.50 
86 Pin (6800) PC $5.00 
86 Pin (COSMAC ELF ) $5.00 

PC 
100 Pin (Alta ir ) PC $4 .50 
100 Pin Omsai) PC $3.75 
100 Pin (l msa i) WW $4.25 

Compu rer Produc rs 
KIM- 1 

5351 	 West 144t h Street
ASSEMBLED & TESTED $245.00 

-1 
LAWNDALE, CAL I FORN IA 90260 

(2 131 679-33 13 

MEMORY PLUS RET AIL STORE HOU RS : Monday - Friday 9- 7 
for KIM- 1 Saturd ay 9-5 

•EJG?RE55 Di scoun ts avai lable at OEM quantit ies A DD $ 1.50 
BK EPROM 
8K RAM (21L021 

under 10 lbs. fo r sh i pping. Cali f orn ia res idents add 
Car ds ® 6% sales tax.ASSEMBLED & TESTED Wa lc ome~ 

$245.00 NEW CAT ALOG NOW AVAI L ABL E 

Ci rc le 19 5 on inquiry card . 	 BYTE Jun1: 1978 195 
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_ _ _ _

"Pennywhistle 103"1.~~"lliillil~~~~I~ .. 

i _ ..__ $129 95 ,...,.. - •• 
.....-...........­

• Kit Only 1 

:~~~~=1~~~:~!~i:=1i:~::C~'.:::;"!n:~~~ 1 ~11 J~~ 11~0~~u;= ~;;:~: 
7;:~n:=::r''.,,~::..i~~~ 1 :~1:1 ~~~~:;1:a':~~~~=11~uttui~~, 1~=-~= 
IUd•t, l•"illJ.Dlt paru 
Oal1 J1a1t1ml11f9n M1tr11t~ , , F1rwt:-,;y Srnti 'ifY1i g lull ~uolt• l~·~up,lt 1 

\N!CU~L!l 
Mnlmum 01U fl.Ji e XCI 811.JJ 
0 .1111 f orrn11 ••. . . . •••.•••••••k.yt1d'l1onou$Ser"ill ( re cu111corn.:1 1l. f(1"1'11e~r-' 

titl--.rtBNCh 11\11 i1Utl) 

Rtul¥1 Cll.ln n1I ft1i:ru111el n ' .ws Ht l!J r 1t"'11tl m s~, llJ'I IJl~r ~ 
T1.11 n1l"l'll l Ch 1nn1I f ttquudo ..S• 1lth ~tlei;t~ Low 4no 1 ni~ll 1010 ~PJCC 

Rec •l u S1111i1l~l tr . 
Tw1si::il l l n-.1 •••••. 

, VD rru.1 • High O?!i 1C'Xe nz!i 'Tl Jr~ 

46dOrn•IXor.nl~COuri!C\1 
15 d~"TI r--:inu.."" 4.c:J1u~U.!ll~ l1c.m S Uti n 

to waa~ 

Atc t lu f11 Qu 1nq loltr1nce . Jw:iu!ncv 1eierrnu 1utG'Tl.i :1ca. 11 ¥ •~111.1ui. lo 
~io ... 111' PPtratton OCtNttr:I 1800 111 .JMIJ :NOD H4 

, . EIA RS 2J2C -gr 21) 111A cur tft!.1 iouci 11ccer1er 1 ~ 

C PIPI S.oli te~ lr".cl r-cn-POIJrf 
~Ir A•qul1'm1nl1 . , . --- ­ .. 11(1 \IAC . 1inQlr cNu 10 W.irn 
l'llylic•I ••.. _ •.. , .••• , Jill <om;cm enu mtunl on J \H".IQI• S DY 9 

p.rml.t(l(lrt111tboJJrd .t.1co1l'l1111ne111s rnchr<INI 
R"'lultri.JVQt,! AWIOO-.W lo• r1r<;ucncyCoun:t;r.l--d010:1.01LO!,coPeto11 

the Jrd Hand 
$9.95 each 

•Leaves two hands lrce tor 
worlong 

· Clamps on eelg& ol bench, lable 

01 wort( bench 
• Position board o-n angle or fl a1 
posirlon lor soldering or d ipping 

• Sturdy. aluminurn cons lrucllOn 
ror tiobbyisl. maoufaclurer or 

1--,;;_-=-::"'"=---'s:..:c_hoo:..:...r:..:'oo:..:...m.;;.s______.. 

• flro:in 16 0 1;1 1 lEO 01'1"~' 
• tmn 10 !19 m.n....:e1 59 5~ ~r<onil1 
. crr,. r~ Coner~l·rrw:~e 
• 11'"..i ttSIOCMoJ ICllt:i mO.nr 
ftmf~ Sm!1!~ Ew111­ Sf*! & TJ~ 

. Sw4 5 1 215 I 9(1 i 4 1 ~QillftCUI 

. uus l ~n t. t~ Cfll\ 

Kit - $39 .95 
Assembled - $49 .95 
H"vy Oury Cariy c... $5 .95 

Stop Walch Chip Onl~ 17205] $19 .95 

·- 31/zDIGIT DPM KIT 
- - - -

115 VAC 

l'irJ!,"00 \Jl;J ,.. Oh11l ~l.ll~lp;;: , f1,, 1 

.,; J 1f· 1 ""1'1 Cl,IJh h· unil lh!' is•~ trJ 
1111,... ,.,..,u1.l1N ""..lh.i l c~ "''tJii:. 

ITie'l!'Ol'IS ~"1 6 ' 7'1 • 1 11Ul*fN ,I 
P.1Ar<1'/1"1..;.t1t•JllJl"'l"1r;~ 1,Mni.;r J11o,1.1nr 
t.1M !.J1 1 tu.~ tr•(" 

KIT ONLY $16. 95 
JE803 PROBE -r-----­
111ctoa·~ f'• ollr ., '11•"1 ... n.c:111\ ico r11r '"Ol' P-J" 
•l'lllnllt"l>OI' 1n 1•&...~ \MnUlln.q 1uq11 IJm.. c' 
n1 011 i:in l. IA OS ·I IJCl·.rn 111~ :Kt " f' ' 
"'t:h !OUCf•l"I C..tc.11 , gl~or t··· r.tC"'"1"~· 
'Ml C:'J.., -nq •~vi 10 mA '"' ' 1.,n J t,•;.•. ·, 

. ­ - - - J 
--...-.......,.. ! 

lr.1<:!:)111 IP ·ll~·L'.lle .;in, (t i I"" ll)il(l ... ·fl;; \IJ lt) :.. 
f'i.ttt ~ f l'l'"-!IDli IHI I •LO W • I') 1'\115£1 ii lnr 
ProtitU"df'tttll'"_,.;"11tot~n( 1 C:ul'l.hl(lol~ P.! .,/ 
,, Ul"l I tf "'ttil .;i1 1.•ns h,,,1, (" t l-'C~l l dl•IH~t 

$9.95 Per Kit 
~ ..,M 

1 
f'Su 

11 orint eU circui t l.w.tud 

T'L 5V 1A Supply 
1n1~ ... • \Ul'll!Jr~ n l ~ U " f' ~UllO: f Lth'\Q lllf • r • "O• ~ 

L'·' Jl)9 -. •t<;11W:::i• C: te ~!{h \It~ 'G-•:11 :, ',• P oi!""e"l l~I~ 
,!lff\ ~\ < ~r, to mr« C!'l·~g\ u,1 fc;• , o~ ~. ~ ·a . o::i.ny 

'•"t'l11W'•~)ounrt--'•"O-...llJl 'lf '<:lull• c~rl'>.l•P "' J'f 

~· ""• JE225 S9 .95 Per Kil 

PROTO BOARDS 
PROTO BOARO 6 

- " 

___ 

9922440D00~:061 8RR 40 1s~ S.27 ea . 1ea21.1 coP1M11 MJmu1 
., 40 6" 7.l3 fii . Ci!OM 1150 MJ"'llii 

924006 -18R 50 1 8 ~ 10.31 ea . a~ 26.!IO M.11J1u.11 J 

~!!!!!4~;,i· ~R ......----......:5~0 ____.6:.· ....9.,:.l~ea::;,... MM SOJH S..ll'T REGISTE RS 

PUSH9UtlC'l" l.1 S.llll 0PS 1 ~1enu"'o;ien JS l1l" I i P,\JnJ l'll l' MS103 SPSt rno1.,f11 IJty do,_eo J> lO 

I DtP'SWl lCH 706· .i apint11p .....,,. '" '" W6 ·7 14,:un lf!P 1S,.,"$:f'I ,.. "'SPSt 200 a r6 pm ~1p '"'"" "' ,,, 
--~ · :::.--~ 1116 VECTOR BOARD 

","; ; ::. DI Hol 1 SpJ<1nt P· PJnt rn PHt~ 

P• •IND L w ,_, 
10 up 

PHfNOL IC 6JPH D62XU P '" '" "' 
,,. 

lf/jJPU06.2XUP '"' ""' '" J)] 
l PO l"Y &tP"44D62W[ "' "" 1 DI ,.. 
GLA SS S4f'H062W[ "" '" "' 231 

1&9fl4 4 062 WE '" 1100 '" 41:1 
l~P&4002WE ... 1100 '" .,. 

EP-OX.)'Gt.JiS.S 1£9Pu ~wec1 '" "00 '"' '" OOPfER CUW 

$24.50 
REPL ACEMENT WRAP BIT ~f~~~ ,~~~~ :~~ ·;:;g 
forPI BOSli1N Wrap !pkg of 31 S2.75each 
No. P180A $12.95 ea -: h W28·2 -A 11retn w2e -2-e t~ 

W28· 2:·C i;Jur W2B·2·0 b lu • 

63-Key Unencoded IKEYBOARDS IHexadecimal Encoder 

Th is is a 63-key. 1e1minal keyboard ne wly 
manu fa clured by a large compuler manufac­
1ure1. II is unenco ded wilh SPST keys, una1­
1ached lo any kind of PC board A very solid 
molded plaslic 13 x4" base su ils mos1 applica · 
lion_IN STO CK $29 .95/each 

19·key pad includes 1-1O ke ys, 
ABCDEF and 2 oplional keys an da 
shill ey . Sl0 .95/each 

... SOCKET Males wilh lwo /OWS of .025" sq. DI COP 1802 CPU MICROPROCS~9s.~OR ,.~OMPq~ENTS "24 .95 The Incredible 
di" posis on paltern s of . 100· Psoss CPU 19 95 1650 " Pu 1

96._950cen ters and s1'ielde_d receptacli;s . :~r CPU 1095 MC6800 MPU 1 5JUMPERS Probe access lloles tn back. Chmce 8114 8-B11ln1H1IJOvtD11t 495 MC6810AP1 1 2exasta11cR~m s, .9•ss 
f 8 Pr1011ty lntt1rup1Conuol 7 95 MC6820 Penph ln!ert.1ce All.1111111 

O 6'' 01 1 .. leng th . 8216 Bl·Oirec;1101111 Bus Onver 4 9'5 MC6821 P~r1ph 1n1tt1a~ Ad.apter 11 so 
Part Ho. No. of Conlacts Lenglti Price 8224 Clotk Gener.i101Jl)rrvl!r s 95 MC6830La 102" x a 011 ROM 14:9s 

~~~~t~~ ~: 1~: s ~ : ~: ::: l'e svs1•m ~ ..·~' ',. ·,~·· ' 9s M_C68-.._..•,_ '",,;~"••:•:• "';.m;.•.;;• ";._,;. · ~.1.11 ..- "'' .. ..."'"--;. _.. .,so >Ym ' • eo• '"• ' •s.,:,. ":,. ;.	 ";.

_ 
ijJUMPfff Solder1 0 PCboa1ds lorlnstan1 

~~g~~~s~c~~~~/i:Q ~o~~~~~~~~e~il~:HEADERS al S1ra1ghl or riqhl angle , 
Par1 No . No . al Posts Anghi Prlee 
923863-R 26 straight s1 .28 eil 
923873-R 26 ri9h1anole 1.52 ea. 
923865 -R 40 stra ight 1.S4 ea . 

75 R

~~i~66 : R ;~ 
.

~1~11g~~gle ~ : ~~ ::: 
923676-R SO right angle 2.82 ea . 

~ INTRA-CONNECTOR 
.. 

ProYtdes bolh s1raigh1 and ught anote functions . Ma tes 
withs1andi1Jd .Hrx 10"dual row connectorsli.e . 3m. A.instey, 
etc.I Permi1s Quick. lesllng cl Inaccessible lines. p: Nol.N 15R6-s"·w '"HU:26 ea: 92T76-2A ···,T"'c Price S6.90 

ii
Pe1m1ts lns!anl l i ne·b~·llne swllchlng 101 diagnostic or OA 

1cs1ino. Switches ac1ua1ed wilb pencil or probe ti p. Ma1es wl1h'l-------...,,===.,....==.,.,.,' '" ',,.==-- ,.' "''"'­,,.',,==..,.," " 'o - '"---4 
sl•nd•nl .10" • . 10" aual-row conneclors. Low p1olile desigo 

Swilch bu ttons recessed lo el1mlna1e accidental switchino. 

P;trt No.: IS·26 N'o. or corU1tls: 26 Price $13 .80 u . 


-'. .-,4;~ 1CRYSTALS1 
- • .,~~ lHESf: FREOU E.HCI E.S OHL't 
~ -- -

PART NO . FREQUENCY ~ 
CY 1A 1.00DMH1 HC33 
CY 1 84 l.8431MH1 HC33 
CY2A 2 OOOMH1 HC33 
CY2 01 2.0IOMHz HCJJ 
CY2 50 2.500MH1 HC33 
CY3.27 J 27681.\Hz HC33 
CY3 57 3.579545MH1 HC33 
CY3A 4.00Dr.IHz HC18 
CV4 .91 •1.916MHz HC18 
CY7A S.OOOMH1 HCIB 
CVS 18 5 185!.IHz HC18 
, ... 6 1-1 6 144MHz HCIB 
CY6 <O 6 400MH1 HC l 8 
CY6 55 6.5536MH1 HC1B 
CV 12A rO.OOOMH! HC18 
CY14A 14 31 81 BMH1 HC1B 
CY l 9A 18 OOOMHz HCIB 
CY18 •l 18.432MHz HC18 
CY22A 10 OOOMHz HC 18 
CYJOA 310001.\Hz HC1B 

,.~ · · mou~1J1g rio1e:s 	 l ·SSWIT H ,,. 
JMH?l S~01 on-otr-o" 
JMl 12) SPOl IWl-rt!lnt!!· On

TOG.GU JtH 221 DPIJt on-D1t -o/\
i s~-m1n.1l 1J rcf ~ J t.11 2lJ OP01 un-none -on 

'A PCll l SPD1 Btl-1)114l R 

TOGG LE i,•pt 1(J SPDI D•IH'lllf!C! ·on 
jPrM•lr:I C•l{UnJ MP'C.?2 1 OPIJt l>"l-Oll ·Ofl~ MPC22l DPOT on·nor.e-on 

PU~IJ.U ITOll 
P8 !:2'3 SPO T 111JU11'"1ed 
P(ll(6 SP!>r l110tl\Cl"ll•f'Jo~a 

!I 

INSTRUMENT/ ­CLOCK CASE 

!!!!!fE 
5.95 
5 95 
5.95 
1.95 
4.95 
4 95 
us 
4 95 
495 
4.95 
4 95 
' 95 
4.95 
' 95 
4.95 
• .95 
• .95 
4.95 
4.91 
4 95 

S19'!i StO 
1'1 

'" 1 87 '" ,,.
' " s1o~ SI 53 
!iS 131 
HS 19i 
115 ,... 
,.. 1 47 

1.1.;19' 

MM~~!~ ~:+:~::~ 
~~= ~=:~~~1s~:~c 
~~~~ ~~:: ~008~11"~~1!uUtoi 
MM5013N 102• IM Acwm11ti1cd))'n1'll1c 

MM!IDlfiH soo1517 811 DyNt111t 

~~~ im ,':';;;!~~!a.i D;r,.m.t 
2Sll H• • JUI! S!ab:: 
2519 H!A •o 811 S:1:ir 

~~ ~;·~3n".!~Slillc 

~~~~ ~':!~ ~:'e':Suuc 

l~~ :~:~ l~~~.." 
2!132 Olud BO !II! Sux 
2SJJ 101• sum 
"'1 Jiro7 5570 11 

4L ' x ' Rt1;1i • ADM'S 

2513(21"01 g::~~~: g:~~::: :upo:: ~::: 

~~: ~( JOlll ChlJIC'IU Cc nm :o1 


MMS?lOH 2043 811 Rull On~ M1"or, 


•V·S·lDtl JOit BAUD UAJln 

SPECIAL REQUESTED ITEMS 
mEPHON[ ICM CHIPS HMOS Rf.AO OHLY 

ICCY90ARO CHIPS ICMllMS 52• 9S MEMORI ES 
"-Y ·s-9100 su ~ !CM720S !9fl!. MCM6S71 
AY ·S-9200 U 9S ICt.!'1201 7 S.0 MCM6ST~ 
AV-5-9;SOO 4 9~ 1CM1108 19 9S MCM~1!i 
AY ·S·2J76 u 9S ICM.7209 6 9!. 
H0016S 7 9S 
/ AC9'21 ggs •Y·· 

PARATRONICS 
Logic Analyzer Kil 
Model 100A 

$229.00/kit 
: ~~:r.~z:~:1~Y,!~~: ~ ~;~~:! ~s~em 

m1ll1on words per secontl 
• 	Troubleshoot I ll . CMOS . OTL ArL 

Sche>11 k.y anCI MOS fam11tes 
• Olsp~il.YS 16 log1cs1a1es up to8d1g11s w1de 
• 	See ones and UHOS displayed on )'Our 

CRT . octal 01 hexader,imal lormal 

Model 2800 Accouorles: 
$99.95 AC Adaplor BC -28 $9.00 

ec~ ...,~ 1ri1 Rechargeable 
1tJ111 bPW!n!: r\11'-.oll Batteries BP-26 20.00 
•n~ S.'U1t h,1f Carrying Case LC-28 7.50 

$15.95 P8100 5 x 6 S 19 95 
16 long X ' Wiile) PB101 • 5 8 ' " 5 29 95 

SS.DO Minimum OrdH - U.S. Funds Only Spec Shern - 251 3995 
Calitorni1 Residents - Add 6%Sales Tax 197BA CatalogAv1ilablo- Sond 35{ sump P8I03 9 ' x 6' 5995 

P8104 - 9 5" x 8 7995l!!!
PB102-7 ' x4 5 

P8203 · 9 75 x 6'" 2'• 80 00 
PB203A · 9 75~6 1;1:21~ 12995

PHONE 
OR OE RS 	 1 

l•n.::~t-SDO .., !'l'S...ttli' 1 1Jameco WELCOME 
1111111111 11 PROTO CLIPSELECTRONICS (415) 592-8097 

_ 

s 1 so 1101 
1 50 1103 
!I 00 2101 

~;g~,S~!!I 
: ~::~ 
~ ~:::\= 211•t ·l 

295 !~~
89 •11' 

~ ~ ~~~
95 

1 
' l4XIO 
' 00 934 21 
2 ~ ~~fJN (UP041•r; x !K gf~:.~c 16 PIN s::l 
~ ~ ~~;!~:,'.~~t16! 1!~ ~;:~~ 1c 1fi PIN ~:·: 

:~ """ ...., 
2 iS S2Cl :: ~;;;:; 

2 ts usu 32 x, 011tn c 

&ts 11s11~ ' 096 lbpo!.11
1 

9!I ~!~;:~ :~!a ~;:tt 


s :~ ml~ II ~:I( ~::g~ 
109S 211611"-!tl 16': EPROM 

1 9S ~~: : ;:' ~~t~te:~lf 

1 s ts 1'186 s11 rrt o"'"' to11«101 

StJSO 
1350 
1l ~ 

N GA.ME Cff!P s n 
7.95 

11111 111 • 

•••••••• .... ­

100 MHz 8-0igit Counter 
• ?ti H1 -100MH: RlrtQe • lo11t (IC"' tr 1oucn . t t 

• 6 lfO O.sD11v ~.mt11n 110 or n01.1wr:n 
• iU1·Gll\lroi c 4 h 'T'Pt:..loe Cl"ll• o~ · 12\1 W!1 JUIO 
• h.i lyA11I0!1Uhc: ll~er ad11rtcr•nlltit@mll 
• POJt.11Jl@- cot911111!tely 72-10Yper.ersup"ly 

• ~~~~1:~~113e- MAX·100 $134.95 
•S6J" 

-WMi~ 

ACCESSORIES FDA MAX 100: 

110'~!~~.~~!~~,E!~~~~ Model 1a o - cu sus 
Clmgt1!Ellm lna1cr 
11'4' 110 11 AC M.od• I 100 - CAI n ts 

2~ x, Sutic s 1 , 9 
102• x 1 Oyru..'111, gr;) 

256 X• St111c Sgs 
~::: ~~:ITll, 1~i 
!S:x'; ~~:~ ,50n, ;: 
:~~: ~~~;::loor f<htu :g ~ 
o: x 1 S'°'t<" JOOnHow Powt1 u 95
'Jt./, ~~~ ~~~ 
zS6 x • St•hc 6 9~ 
:~ ~ ~ 

1 
~;~ : ~1

~ .. I Stabc 6 9S 
?S6 x I Sutoe: 2 . S~ 

MISCEUAHEOUS 

M1t~-0240 s17 50

"""' 1~ ~ ?~&01 ,J ~ 
s19 95 

MCJ06tP 
MC1'06l 7 1
MC1.&llel8 ~ 1!1 ~f90 ll!JS 

LOllO!lll 
MC•Ol617·U 16} 

""' 
Model 10 

....... ~ 


lrijeetioo molded unit , 	 , 4,..,_,,; j " "l:Slllt1a11."11t:1o1.C.u...., /II l:J. IJ PIN S" 50 
ComP1ti lt1 wi!hrodbml - MAIL ORDER Ell:'CTRONICS - WORLDWIDE 1 i,~ 16 PIN ol 75 
4y,• 11. .i-'( 1·9Jl6­ 1021 HOWARD AVENUE . SAN CARLOS, CA 94010 2" PIN B 50 

Adve n ised Pri eas Good Thru June ml),,,,,,,,,,,;;;, 40 PIN 13 .75$3 .49 
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- 7400TTL ­

C041»J 2J C/MOSco~ocn a 
CO LOO? l3 co~im H 
C0400fi I 19 "°'IJ29 119 
C0400T 1!i CO.tOlO ..19 
C0JOJ9 49 CD,GJS 99 
(1)4010 -1 9 CD.tOJO t 19 
co-1011 n CD•D·U I ,5 
CO•!I J l5 co.su:i 99 
co:otJ J!I COJ0.:3 H 
CD 111 u 1 ]9 co.i~: 119 
CD•U\S I 19 C04GJ.!i t f9 
(1)401 49 C040"1 2 ) l) 
Cl)'o1; t 1!1 CO JQ.t8 1n 
CO-lilU 99 COJGt9 •!I 
C'IHD 19 49 C04~ ~!:J 
CO-i!l' O t ~go C[).IOS1 11 9,,. 

"' 

CD4~J 1 I ~ 


C0-1056 2~ 

CD40!:19 995­".. CDJ060 149 
CG.J-066 19 
COJOfiB J'il 

·°' 

TRANSISTORS 411 Ort,."' 2HX65 89 411 00 

' " 

511 00 t.&J£.KIS5 100 41100 
611 00 2N3191 511 00 ] /100 
61101t 2NJJ98 511 00 611 00 
5/1 00 PHl!67 111 00 4/1 00 
511 00 M!~ 411 00 41100 

PN~69' ~ rl 00 moo 
MPSl63llA 5.' ' DO 411 00,'",, MPSJ701 S/100 •it® 

..11 00 s.. 100 41100'.w1ro.& 
l /1 00 MPSl1CM Sr1 00 snoo 
·Hi OD 2Hl10S Sii 00 4j lO(I 

sn oo MPS.J JOS Sil 00 moo 
51100 2tfl1DS StlJO "00 
41100 MPS3106 S1IOO -1 11 00 
511 00 2NJ'i'01 S110D SolOC 
411 00 2N3111 51100 5, 1 0[ 
4/ 100 7.~312u, 6!1 !,, ,10( 
51100 2Nl12SA 100 SrlOC 
511 00 2NJm ns !i1I OC,,. W:Wl 100 ) 1\0( 

11100 1NJ!lll -1 11 00 3r1 00 

.,,,,, 
1' 

,, 
n" 
" " , ". 
..,,,, ,. 
,,••.. 
,. .. " 
" 

" 

,, 

,." 
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Intel 8085 with P ASCA l 

SYSTEMS 

Floppy Disk Based Z-80 Microcomputer 
System 

The A I D-80F is a comple te disk 
based comp uter from MOSTE K that 
provides for hardware and software 
deve lopment and debug. The heart of 
the AID-80F is the SDB-80 whic h com­
bines the Z-80 processor with 16 K bytes 
of on board programmable memory. The 

RAM-80 memory and 10 ex pansion 
board in cludes 16 K bytes of program­
mable memory an d four 8 bit 10 ports. 
The FLP-80 flexible d isk dr ive cont roller 
board interfaces the SDB-80 with up to 
fou r drives with soft sector format. An 
opt ional board, the AIM-80, allows real 
time in-c ircuit emu lation with extensive 
debug, t race and diagnosti c capabilities. 
Software programs and features incl ude: 
monitor, text editor, assembler, re lo­
cating lin king loader, debugger and a 
periph era l interchange program that 
takes comp letely u nform atted soft 
sector d iskettes, formats them to I BM 
370, and records the system software. 
The program also copies files from disk 
to d isk, d isk to peri phera l, or from any 
periphe ral to any other peripheral. The 
Al D-80F is priced at $5995; each board 
is also avai lable separate ly. Contact 
MOSTEK Corp, 1215 W Crosby Rd, 
Carrollton TX 75006.• 

Circle 578 on inquiry card. 

The 85/P, a programmer's wo rkbench 
fro m Northwest Microcomputer Systems 
Inc, is a complete system which in­
cludes : 

• 	 8085 p rocessor with 54 K bytes 
of static programmable memory. 

• 	 One megabyte of storage In two 
do u ble density Shugart floppy 
disk drives. 

• 	 24 by 80 high resol ution display. 
• 	 Two ser ial port s for printer and 

second terminal or modem . 
• 	 A choice of solid oak or wal nut 

cab inet. 

Vector 1 Computer Now in 
Rack Mount Kit 

Bytemaster from Digital Group 

Vector Graphic In c has an nounced 
availability of its Vector 1 com puter in a 
new rack mount kit. T he complete kit 
comprises a card cage, assem bled and 
tested 18 slot mo ther board wi th 18 
connectors, . card gu ides and lock ing 
buttons fo r 18 ca rds . The mother board 
is fully shielded to reduce noise on the 
bus. The price is $225. A companion 
power supp ly kit, designed for rack 
mounting, also is availabl e . T he 18 A 
8 V, 2.5±16 V custom su pp ly provides 
power for a full 18 boards . Transformer 
has primary taps fo r 110 V, 120 V and 
130 V. Pri ce fo r the sup ply kit, includi ng 
moun ting bracket, fuse and a ll hardware, 
is $90. Further in formation may be 
obtained from Vector Grap hic In c, 790 
Hampshire Rd , West lake Village CA 
91361.• 

Circle 579 on inquiry card . 

T he Digital Group's first com pl etely 
integrated computer package, the Byte­
master, feat ures e ithe r 18 K or 3 2 K 
of progra m mable memory , bu t will su p­
port up to 64 K memory if des ired. T he 
Bytemaster is fully wi red to support 
various ex ternal peripherals with pro­
visions fo r ex pansion. User options 
inc lude a prin ter, monitor , and addi­
tional digita l cassette m inifl oppy, or 
standard f loppy d isk drives p lugged into 
any of the four available 10 po rts. The 
un it comes in a metal ca bin et mou nted 
on a heavy duty meta l yoke and is priced 
at $3245 for the top of the line Mas ter 4 
Model (m ini floppy, 32 K of program· 
mable memory, fu ll y assembled) . Detai ls 
are available from T he Digital Gro up 
Inc, POB 6528, Denver CO 80206. • 

Circ le 580 on inquiry card . 

The system provides a 700 lines per 
minute PASCAL compiler and in ter ­
preter, random an d sequentia l files, a 
screen oriented editor, interactive source 
lin ked debugger, plus documentation 
and a 90 day warran ty. 

The 85/P cos ts $7495 . Delivery is 
q uo ted at 30 to 60 days, with Northwest 
Microcomputer Sys tems paying for 
delivery on any o rder shipped later tha n 
60 days. A va ri ety of options are ava il · 
able, including a complete turn key 
sc reen oriented accou nts receivab le 
package. The system also supports CP/M, 
FORTRAN , BAS IC and 8080 co mpati· 
ble software. Contact Northwest Micro· 
com puter Systems Inc, 121 E 11th, 
Eugene 0 R 97401.• 

Circ le 581 on 1nou1rv card . 

Small Business Computer Systems 

A comp lete small business accou nting 
system, Micro Executive, has been an­
no unced by Microcomputer Business 
Systems Inc, 1776 E Jefferson St, 
Rockville MD 20852. The system is 
said to include accou nts rece ivabl e, 
accou nts payable , me rchandise inven ­
tory, fixed assets inventory, payrol l, 
financia l reporting , and genera l led ger. 
The company has an nou nced a computer 
sys tem ca lled Micro Executive 11 which 
consists of an 8080 processor, 64 K 
bytes of user memory, two fu ll-size 
Shugart Associates floppy disk drives 
(Models 801 or 85 1 for either a total of 
630,000 bytes or 1.2 mil li on bytes of 
seconda ry storage). The system also 
comes with a Lear Seigler 80 by 24 
vi deo display termin al and a 30 cps 
printing term inal. Option al te rmin als, 
printers , and hard d isk drives are 
avai lab le. • 

Ciri;: le 582 on 1nQu1rv card . 
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S.100 DEC® LSl-11 16K ME MORY BOARD S-100 EXPANDABLE MOTHER BOARD 

32K STATIC MEMORY BOARD 
• Q·BUS-FULLY • BUFFERED AND • 8-SLO T EXPANDABLE BACK PLANE-in 

lealtJres· 

I. FU LLYSTATIC · usable with all DMA devices. 

STAT!C NOISE SUPPRESSEO 
•MODU LAR • PRO M COMPATI BLE 
•ADDRESSABLE TO l2 8K WORDS 
•MAPPAB LE IN 4K INCRE MENTS 

line ma le and fema le connec tors enable 
backplanes to be plugged together. or the 
fema le may be used in place of an extender 
board. 

2. BUFFERED · wi th noise suppressed control inputs. 
3. MODULAR · populated in l k increments. ASSEMBLED, COMPL ET E 

QUI ET-grou nd plane decouples all signa l 
li nes. 

4. RELI ABLE · single source + SV regulator 
5. PR OM COMPATIBLE · monitors available on request. 

TESTED & $119900BURNED IN KIT $110900 
RELIABLE-SAE 81 00 phenolic body, gold 

contact connectors. 

AVAILABLE EITH ER IN COMPUTE KITS 
OR ALREADY ASSEMBLED UNllS WH ICH 

LARGEST d FA5TESr STA llC MEMOR 'r' AVAILA8LE ~~TMPLETE $ 6600 ASS EMBL ED$8gOO 

HAVE BEE N FULLY TESTED AN D BURN ED IN. 

BARE BOARD $38°0 

SK 
16K 
24K 
32 K 

Kil 

$2 7000 

$440 00 
$58000 
$6 9500 

ASSE MBlCD 
$29600 
$46 500 

$612°0 
$74000 

PR IC(S QUOIEO ARE FOR lOOns M£MORl£S 
P.JI SNjQ ASS£Mlll£D UHnS INCLU0£ OOCU MEHTAT IOH 

UNIVERSAL " U DESIGN" WIRE WRAP BOARDS 
All BOARDS ARE GI0 CLASS CPOJY HAV[ Yee ANO GROU ND 

PLANES. PLllEO IHROUGll llOlCS . & GOlO PtAICO EOG£ CO NN ECTORS 

No. 1 BEST ON THC MARKEi 
MICRO CPU CA RO WllH SIOD BUS l 
OH SOARD RfG Ul.J.IORS HTS All SIAN 
DAAD Ir: soc1m CQNrJG URA llO NS. 
1700 ... HOLtS 
SllE !t' ,JO" 

$2395 

No. 2 
UNliCRSAl BOU D FllS 16 PIN 
SOCit{I WllH 010 ' COHIA Cl 
S,..ACI HC MAOC BY l[.lOlN(j COM 
PUICR MANUril.ClUR(A' AS ·· 1-. ll OUS[ " 
BOARD 1600, HOL[S
SI/( 4118"" "118"" $7 95 

MAXI SWITCH KEYBOARDS 
UNENCOOEO ·MOUNTED ON G· IO GLASS EPOXY BOARDS -A BLACK 

METAL FRAME KEEPS KEY SWITCHES SECURELY IN PLACE. 

OUR NEW 
ASCII KEYBOARD 

No.1 
.53 key mai n keyboard 
-10 auxiliary & curs or co ntrol keys 
·ll key numeric pad 
·Bank of 5 auxi liary powe r and 
control, rocker arm swi tches · 
one of them lights up. 

$39 95 

WIRE WRAP SOCKET CONNECTOR 
FOR NO. I KEYBOARD $2 91 

No. 2 
.53 key keyboa rd 
·I auxi liary power/ control 
OPDT rocker arm switch 

$29 95 

BEIG E METAL FRAM E MOUNT FOR 
NO. 2 KEYBOARD $995 

SOCKET CONNECTOR FOR 
NO. 2 KEYBOARD $29 5 

HAS ON BOARD UV PROM , A MAIN 
KEYBOAR D SECTION OF 58 KEY S, A 
HEX PAD OF 15 KEY S AND 16 MOR E 
PERIPHERAL KEYS. 89 KEYS TO TAL & 
ASCI I ENCO DED for only $99 95 

EDGE VIEW METER 
CHARGE OISCllARGE SCALE READS ·Z0.0.-40 
MOVE M[NT + 60 , I10m A $ 2490.135 ~ llM S 

TT L COM PATIBLE 
REED RELAY 

400 OHM S 

411 STATIC RAMS MINIATURE 

BUILD YOUR OWN 
PAPER TAPE 

READER 
1110.. CE NTERSllCKABLC 

$1 49 7/ $9 15 

l.C. SOCKETS 

11 14 650'5 600mw 1611 
IMS­ 404> 4 450n > lOOmw 110 91 
HM 47111 4 Joo., 100mw 111 91 

16 BUTTON PADS 
414 MAIRIX ENCODED $195 

!or '""' prolosslonal 1ouch CARBIDE DRiil BITS 
ror P.C. BOARD WORI! 

PHOTO 
TRANSISTORS 

10/$960 
LOW PROFILE ·SO LDERTAIL ASSOR TMEN T Of SIZES f ROM NO. 55 JO NO. 70 

GOLD WIRE WRAP 

SOCKET STRIPS 
MME UNIVE RSAi. 1 PJH SIRIP 
ENO !NO SIDE IDllllJllSIACKAll l( WI RE 

fOP Vl(WWRAP BOARDS 

l2Lr~~ 48 c 
SI()( 'il[W 

Iml~c!c[N4 8c 
J LEYH 56c 

8 PIN 
14 PI N 
16 PIN 
ZZ PIN 
24 PIN 
28 PIN 
40 PIN 

GOLD EDGE CARD CONNECTORS 

No. 1 
SACl85 /2 ­ 1 
SI NGLE ROW. JS 
PI N CO NN[CIOR
WllH 01\6"" CO N 
IAC I SPA!ING. 

99c 

No. 2 
SAC12Sl 2·2 
SI NGL( ROW, 21 
PI N CO NNECIOR 
Wll H D116" C-ON 
TACI SPACING 

99c 

No. 3 
1VH3 l / ICB6 
JI SOLOCR l UC 
CO NN (CIOR WllH 
0Ill"" CO NTACT 
SPACING 

99c 

GOLO 
INLAID TIN 

10/S1.59 10/Sl.35 
10/$1.89 10/Sl.49 
10/Sl.9 9 10 /Sl.59 
5/Sl.69 5/Sl.49 
5/Sl.89 5/Sl.59 
5/Sl.99 5/Sl.69 
4/Sl.9 9 4/$1.69 

WIRE WRA P 
POST Hl·REL GOLD 

2 LEVEL WIRE WRAP 
10 911 t 

100 \1 40 SOCKET PIN 
IOQO ISfi J 0(] lOIS P~ 
3 LEVH 100/$9" 

10 11 11 
100 18 60 1000/$7 900 

1000 HI 00 LISf PRICE 29c 

5MIX/$7'9 10 MIX/$12 ' 9 I 00 MIX/$99 00 

OPTO DEVICES 

PliOTO lllRC MClY 
ll!ANSISlORS ULIRA SE NSlllVC 

~ Mil.AR TO fPI 100 HIGH UGHf ACI IVATCD 

4/98c 
SPEED SCR 

1riuu1blr b~PHOTO 
DITTCTOR 

ll nhl11hl ~l 

PliOTO U'ttUI f'l.un 

DARUHG TOM S 0 5•• drl!"d rards 

MOIOROLA 
RISC TI ME $295 

4/98c 
$315 

DP AMPS DIODES TRANSISTORS 
SIN CLE 

709 IOc IN9 1 15e 2N2212 12e 
741 12e IN270 Ile 
OUAL 15e 

2N3904 Ile
IN9 14 

MCl4 58 39c IN3600 15e ZN3906 12e 
QUID IN H48 IO e 2N305 3 49c 
LMJ900 49c 

S-100 EXTENDER BOARD 
Wdh CMIJ!CIOI 

A MUST for trouble· $l 795 
shooting your Comµuier boards 

BU ILD YO UR DWN 

LOGIC PROBE 
14 J0-91. SMAlL SIG NAL DARLlllGIO«S $4 95 
ANO11 LEOS ­ Al l FUNCllONAl only 

POWER SUPPLY PARTS 
DIODES 

IN4 00 1 
IN400l 
IN40 07 
IN 250 
IN3909 

BRIDGES 

50Y ii IA 
100V ii IA 

IOOOV " IA 
SOY ii 10A 
SOY •I JOA 

fASI RECOVERY AVALAN CHE BRIDGE 

6< 
8c 

12c 
95c 

II 15 

IN44)6 /I 100Y al IOA 14 15 
fULL WA VE ' MINI BRID GE" WIJH IAB IERM lllAl S 
PR 101 IOOY al 11A ll 15 

5'1. ZENERS 
IN4 7lJA I IV I• 39 , 
IN4 739A 9 IV I• 39, 
IN4744A llV lw l9c 

VOLTAGE REGULATORS 
I'LA Slit .w.r1~ 1 

uA7 1l YARIABll IV lo 3 IV JBc 69 c 
78l01 SY •I IOOmA 10 92 319 8< 
34016 6Y al I AM P TO 110 1198< 

PASS ll!ANSI SlORS 
MJUOl5 IOA PIASl lC 89c 
1Nl055 IOA TO l 95c 
1NI JOI lOA TO l SI 95 
PROIE.CI YOURSHF. IN STAU AA ELCC IRO HIC 
CROWIWI CIRC UIT IN YO UR POWER SUPPL Y 

CROWBAR SC R 

INFRA RED 
DETECTOR 

C11 00 

ULIRA LO Wl[Y[L 
PIV IV $4 95 

ttE W LE 11·PAC KARD 
JUM8o.AED 

n!GH EFFICIENCY 

LED 
0111 BOAll O 

~~; :~11 0• 6/$1 00 

400V at I OA SI 15 

SOLAR CELLS 
211cm IJOma 

$1 59 ea. 10/ $990 

H>G n IN1ENSl1Y 
REO 

LED LAMP 
UlllEMI 'KIQf Af'tCl[ 'fl(WIN C 

3/ 98 c 10/$2 • > 

D/ A SUB MIN l,!,I URf LEDS 

CONVERTER CRYSTAL YELLOW. 

SIGNETICS FILTER GREEN, OR 
455 KHZ

NE5008 AMBERWllH DAr •l (SPECIFY CO LOR) 
$2 95$995 

3/88 c 

CPOJY 
HIGH VOLTAGE DIODES 

!SOOY al I A.~P 10/11.99 NO BACK ORDERS FREE DELIVERY BY UPS ON us ORO[RS ONLY' 
[G150 
HY60EL 
SU BMIN IAT UR[ 

1500Y >I l50mA 91c 
6KY al 15mA 11.95 

10KY •I IO OmA 11.91 

3-1/2 DIGIT LC.D.'s 
LIQUID CRYS TAL DISP LA Y 

No. I 
04 ·· CHARACIER 
WllH CONrfE CTOR 

$6 95 

No. 2 
Ht1$ Mffi l.AT UR ! l C D 
IS IOlM.1. fO R POCto;fl 
Stl[O I ; s1 fl E'd S 

$3 95 

YOUR PARTS OR IMMEDIA1E Mrurw OR 8l StJR rACC MAI L. If SPECl flEO - CA ur. RES . ADO ' ' s.uts f,\'( 

MONEY BACK GUARANTEE (MOS AN O l[O DEVIC<S EXCLUDED) $20 MINIMUM 
FOR UND ER 8 HO UR PRO CESS ING S£NO MONEY ORDER . CERTIF IED OR CAS HIERS CHEC K 
SO RRY I WE CANNO T ACCEPT PURCllASE ORDERS , coo·s. PHONE ORDERS OR CREDIT CAR DS 

FOREIGN ORDERS 
CA NAllA PUCRIO RICO US 

POSSESSIONS ADO U5 l l 10 ALL 
OIHFR AllD US II 00 
IMMCOIAll SH IPPlllG ON CHl<Sl 

MAN HAllA N flRS• CITIZENS 
CASIU(RS Cll[C•S i CANADIAN 
PO SIAL MO ll [Y ORD ERS 

LOS ..~ NGELES 

<1 1l l 96 1 46 11 

LMN ELECTRONICS 
1047 [ GAlnilY AV W C:OVHlA. CA 

I VIH CVH & SllN 8[R00 rwr ) 
1bl 1.. SU l lJ ~ l ll)S!D Sun I lil DN 

DROP INTO ONE OF OUR LOC ATIONS 
PORTLAND 

•50 J) 646 4044 
WIZARD OF PARTS 

S2l5 SW CIRR US OR SEA'l£RTON ORE 
IK.O ll 8US CNTRIWA.SH IN CTON SQ~R() 

F. Reichert Sales 
111 0 E. GARVEY AVE. 
W. COVINA. CA. 91790 

DENVER 

13031SI J.171 • 
ELECTRONIC LOLLI POP 

56 .& l N BROADWAY OUH'[ Si . CO 
!115 & 5JlfhAYE ) 

I ll ITIMS RJll(Gf TO P'•IU SU £ rtlCES SUIJECI 10 CHU;( 
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A Talking C lock 

The TCE-124 Talking Clock, with a 
distinctive male voice, automatica ll y logs 
the time of day in English , German or 
Arabic. T he vocabulary o f the ta lking 
clock is produced electronical ly by a 
custom speech sy nthesis processor. When 
used with either voice or device activated 
recorders, the TCE- 124 inscrl5 a distinct 
verbal an nounceme nt immediate ly fol­
lowing each recorded message. Each mes­
sage is indexed with il5 own time refer­
ence. Although developed to be used 
with Omnicron recorders, the Tai king 
Clock can be use d in other applications 
where continuous or o n dcm and time 

Modem Monitor with LED Display 

This compact signal display device 
ca n be p laced in line between data sets 
and dara communication terminals to 
isolate fail ures. The unit, cal!ed the 
Traffic Light, monitors without dis­
rupting communications activity. Plug­
ged in line, the monitor uses light 
emitting diodes (LEDs) to provide 
constant status disp lay o f seve n key 
signals on the El A RS-232 25 pin 
Business Mac hine Interface. The signals 
monitored inc lude: transmitted data, 
received data, req uest to send, clear 
to send, data set ready, carrier detect, 
and data terminal ready. The mon itor 
also has a spare LED circuit that can be 
used to sh ow the status of any other 
signal. It provides test points for oscillo­
scopes, meters, and logic probes to the 
seve n disp layed signals, t he spare circuit 
signal, and logic ground . All LED dis­
plays and test poinl5 are grouped logi­
ca ll y: signals origin ating in the data set 
(modem) are grouped on one side of the 
circuit board ; signals originati ng in the 
Business Machine and the spare circuit 
arc grouped on the opposite side of the 
board. The unit is covered by a one 
year warranty on both parts and labor 
and is priced at $89. It ca n be obtained 
from Sorbus Inc, 150 Allendale Rd, 
King of Prussia PA 19406.• 

Circ le 576 on inqu ir y card . 

announcemenl5 arc required. Features 
inc lude: 12 or 24 hour format; visua l 
LED d isplay; monitor speaker; 1 W, 
8 ohm audio output; "u niversal" 10 
control circuits; compact size. For fur­
ther info rmation .con tact Omnicron 
Electronics, POB 623, Putnam CT 
06260.• 

Circle 5 74 on inQuuy card . 

Prevent Memory Glitches 

The Velostat conductive floor mat 
can elimi nate electrostatic d isc ha rge, one 
cause of com puter equipme n t problems. 
The mat has been designed to drain 
static away from computer operators by 
provid ing a positive path to ground. The 
man ufacturer recommends that use rs 
wear leather soled shoes. Velostat mats 
are supplied with a 15 foot (37.5 cm ) 
gro und cord, snap faste ners, and 1 
megohm resi stors. Two sizes are avai l­
able: 24 by 32 inches (61 x s ·1 cm) at 
$28.80, and 4 by 8 feel (1.2 x 2.4 
meters) at $98.40. Avai la ble from 
Alpha Supp ly Company, 18350 Black­
hawk St, Northridge CA 91326.• 

Circle 515 on inquiry card . 
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Backgammon, the King of Garnes, for Your Computer 

Gammonrnaste r 11 , the latest entry 
in the co mpu ter ized games market, pits 
your skill and ingen ui ty against the 
compu ter at backgammon . Gammon­
master 11 is a self-co n tai ned, portable 
backgammon game programmed to 
recognize and defend itse lf against a ll 
the strategies of the game: running, 
blocking, biol hitting con test, back 
an d sem iback games, bea ring off strate­
gies and comb inations of these basic 
techniques. Electro nic rolling of the 
dice ensures randomness of play. T he 
computer d isp lays each of its moves 

e lectronically whi le recording your 
moves . You chart t he game with regular 
pieces; th e location of every man on 
the board can be verified at the touch 
of a button. The optional doubling 
cube feature allows the tourname nt 
backgammon player to compete against 
the computer at multiple point games. 
The opponent may double the com­
pu ter, o r the computer may double its 
opponent. Gammon master 11 is available 
from Try om Inc, 23945 Mercantile Rd, 
Cleveland OH 44122 fo r $199.50. • 

Cm~I@ 577 on 1nqu1ry card . 



CIAMT ~ALE! MICRO-MINI C•t . No. Conhch S ala 
TOGGLE SWITCffESo GS39JG SPST SJ . 19 

o 654016 SPDT 1.29 
JA, 125VAC conl•cts or b111ttero 655015 SPOT• 1.39 
Complete with mounting o 654037 OPOT I.AS 
h•rdwu111! •can tor- oH 

• 0 651309 16 I di .22 THUMBWHEEL SWITCH • ~ ~=~m : ~ ~=n~r.v ':~:: 
: a 6 53378 18 ~I~ d i~ .2S : 1.2 ..1.g OCO c nco1 !111~! -tc a LM339N 1 09 LM7S492 75 
• ••• • •• •• • • • • • • • •. •• • l 'u i: itlun11 lnb\!hul 0·7, F, J.. 3 for ! o LMl77N 1:so ~ PA.263 1:so t 

1f cml1•d for 8. L cod e d fo r $4 . * CO~p , . , . , ..._.....,.. • .,..._..,..... 
~l,;,:k\~·,~~~~~r~ 1:,'~,j~~~=r~ 1 ~0~ 0 "" VTER GRAPHICS 
c':.'i'.."Ho'.'1 ...;,'~~·G• 'h ''- $1.49 "J01'STICfi" <.i S~•:_u 

•FourlOOKpoh.' ~ .;,0 
• • • • • • • • • • • • • • • • • • • • • • • • lb • C._rome tn1ndl& ~nd linobl ~~t. l:o~tis 3 808A

• 
: TRANSFORMER t:nt. No. Oul1111 t , . All\11" ,\ U. L·. 
• SALE I O 65339~ G.:i\I r.oomn .\1ti i 11 1 ~nCmH:t.l
• D 653814 r•. :1\' I A 01wn lrnmu .. •I-....._ [J 653412 12 \ ' :101)11111 0 111! n from~

: FW41t~ a :~:g~: :~~: ::~ ~l~:~~. 1 ~~,~·::se11 
• -• - -1- R 653323 2 -1\' (..l :rnoma Orum fr:imt! 

5111~ • 
[at:h • 

$1.98 • 

t~::~ : 
:~::: . 
Sl.95 • 
$ 1.19 •: • 1 lOVAC Prlm&1ri es G53875 1 1 0 \ " :10011111 l iJu l•Hian 

•••••••••••••••••••••••••••••••••••••••••••••••• 
T(!t-ms: Add vos l a ~e lb ted: ne t 30 
Phone: Wakelirld , _\·la :!i-~. l617l 24;,.:_1sw 
Retail: rn-18 IJl' l Ca rmine S t.. Wakf'"iif' lcl. 

MINIMUM ORDER ­ $6 .00 

POLY PAK$.. 
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POLY 
PAKS 

POLY PAKS INTRODUCES THE FIRST MAGAZINE RETAIL STORE 
FOR THE .ELECTRONIC MAIL-ORDER HOBBYIST! 

:··~:R••E**D'7,*L*E**D**R****EA******DOUT**s***.••:i HEXADECIMAL MICROPROCESSOR 0 ~ 

I 

~ 	

~_.!'AKS SPECIALt .. 1ow .. :zoc each :01 1 1~i~~~ri~c,~t~::t:Ci AND CONTROL ~.~~c:~~i~cnr~	 3495.fJ 
1 1 1 BUY $15 I()• tilt. No.. Slu Doerlptlon Sat• im~:,~.e\ ~·c~t-.~;d~; ~~~~~~!~ ~~ KEYB, OARD KIT! . 

t1 6S1890 .127" MAN-J•• SlorSl.00_. ~:assisi:m-..:lh)·us.•r . Outpul ·lb11 W1 . '...ltb. 	 I WORTH Take (~ 
a 651503 .J9 MAN-4' 2 tor Sl. 19 i bm1u y . 1\ l:!o, i:r.n EXrI .li~ln·: • 4 bit bln•ry/ h•ndeclmal output P4us strobe! 
a 6SU7J .l7 MAN-1' $1.00 If- FEATUR E. .. •I lf'ds dillpl:H' the • New! l mprond dulcnl Saves you time! . 111~COtiNTf	 !JJt ~ :~~n~ ~~ ::::~: ::~:::. U:rn : l.1!:r>·tfbl~u 1111:~ u ~L 'C:~ 1 n~ • Keyboard pr•·usembted onto PC bo•rd!1 1 BUY $700 ~-t;;.f)/..-: o 653512 .JS FN0359'" $1 .00 it itV~C . ("~mpl"h' kh: ~nthmi.:: Cat. No. 655009 Heudeclmal Kit $34.9S · IJi ~ :~~;-:g ~ ~=g~~: u~g ~ cl1't' 1.0 buy' Wi1h itl$ltu~t1onJ11 , Cat. No. GS SOIO Heudedmal Wlred$39.9S WORTH Take I:~ 7f) 

t 6~~~::~ ~ t~~g 1............................ FROM l>ISCO L1 N1 
THIS AD ONL y 

~~tg~:::· 
t D 6S2256 .G °Common747" Cathode $1.95 itit 1~-5:; 'Common Anode 

****************~*..'.'*******-~~****** I $69-~ MICROPROCESSORS! 
, DISCRETE LED'S 6 for $1.19 u:-v-v-oo UU) & MEMORIES! SUPPORT! 
I Cet. No. Oe.c:rlpllon Slmllar lo ~I IJ J. 	 Order by Cal . No. 653459 a nd type 

: ~;~a:;ne:c~·~:~:~ ~ :~~fil ~~:!!:~ ~!gow ':~~~~ ENCODER lilT ~YJ:.•c6800L ~bft~~ttn 521.~1; 
O JUMBO •34 .. h ~ =~~~=: ~:?:,;R•edn XC~~~~ Cat. No. GSSOOI Kit $ 6 9 .95 ~ a 8080A 6 bit CPU, 2 uHc 14.95I
D MEDIUM 24" o 652188 MedlumC!'"oan XC22C Cat. No.655002 Wired $79.9S 	 ~ ~~= ~~u CPU l::;~ 

• a 652137 MlcroRtd XC209 Out\:t..;s.tnn1 l,mljhl1 1\ S('II mt 1 • r fae~"1thnu>i.t1ltll:t!i}. ll l cm s • Us111 MOS Encoder ROM! o 1101 2S6 11 l atat. RAM 

o Ml~co~~•> .21" ~ :~~~~ :1~~~ ~~~:: =~~~g~ :,~l i .n.:~1 ~:~:1 ~~;:~~~t1r:'.~~~ ~·c/=t!s2~~;~~1,:1"·~~"~:~,~I';;~~/L : ~L~~r~e:ytb~:~~l'e! ~ gg~A ~~sot& ~~~oM . ~j!
&hif.'bcontrnl Achh11on,11 fo11c 11on.' t.>'n b\" a.<1~ 1 1t111 •1I b) U:'\i• r •ft. • Encodfls 128 ASCII Charact&,.& o 2102 Ll lK:.; 1 Lo-power RAM 1.69 

1 1• ••• • • •• • ••• • • •e • • • ••••••••a i?x~c-u~L\'~Oc~~:R h~:~·1~:1~ 'l"i<1rL~j}~ ' ~1 1: ·~:~ J:1;:~ ~";\°s~·tt,n(~:~. • Interfaces with ALT1AIR, g~~~~ 256 x 4 Stat. RAM S.95 
• COMPUT.ER ~fd8•000 w~go '$~-~$ : Com11lt•U·k 11 n~11h1nJtl'l~t· ll'I bu; ' Sizt• 1!1" x fl l 1:!x I I 4" \lb" IMSAI, and more. 0 MK4116 ~:KE~~~:;'AM ~~:b~ 
: GRADE a 13,000 40 2.25 a ....................................................................... o MK4200Pll 4K:.; I O)'n RAM. 350ns 111 c 3.95 

• CAPAC ITORS~ ~~:g: ~~ ~:~~ : ****************'************** 0 B c t N 6==~~g~ ~~ ~=~~ :::~d 
• 0 d b c I N Cl 22 000 75 395 • L p IC ~ C-1\1os6;2;~o"a ;y~~ : ·o. [] MMS260 lK D)'n RAM .99 
• 6~;;1 /an~~a1:'a• Cl 24:000 30 2:so • : 0" 0,,rer S ;: a MMS262 2K ll 1 Oyn RAM .99 

: • • • • •••••~••a•':·:~•••~o• • • ~i5.: :it Order By C.111 . No. G5J667 & Typct Ho. : 0 crci:~oo i.~; 0 c~:~22 ~.31
1; ~ =~~~ ~1~~:,~~ t~~drlY<er ~:;~ 

rrrrxn II .. Md II II .... II'" II II II II I ii AII ii II : 0 74~~~110 $~·; Q 74Tz::32 ~~:~ : R ~g:gg~ :~~ 8 ~g:g~! ::: ~ :n: ~~~~~!~~"·· :::~ 
FULL BRIDGE BECTJFJERS' j:: D .32 8 74LS138 1.24 It LJ 1.19 t1 CD402!!l. 0 8251 	 Jl .5074LS02 	 CD4008 .34 Communlciltion lnl

0 	 0 8255
WAVlf: 2 AMP 6 A.MP . 10 AMP 25 AMP• ;.: g ~!t~g: :~~ 0 ~:t~~~~ ~:~~ i BO ~g:gg~ ~~: Ei gg:g~~ ::: Perlph in ler 1l .9S 
PIV (J;IGS1:MG) (tr6S2•56) (~652447) (t;:GS227l) • 74LS10 .32 § 7 4LS1S3 1.2 $ • CD4009 .$9 Cl CD4029 1.19 

a 50 s .se 1 .aa si.os si.20 ~ o 14Ls1 1 .32 14Ls1ss 1.2.s • BcD4010 .s9 Bco4o:io .49 • •• +•• •• ••• • +• • •• •• •• •• • • •• •• 
a 100 _65 .99 I.IS 115 O 74LSll .64 74LSI60 1.47 :it co.:ao11 .29 co4033 i.60 •. TTL'S a SN 7472 .2G •. 

D 74LS20 .32 8 74LS161 1 .47 .. C04012 .2~ BCD4035 ,99 
c 200 .69 1.19 l.29 1.95 it B74LS21 .32 74l5162 1.47 .. n CD4013 . 69 C04040 1 . 10 ·.Type [] SN7473 •. • ••1'1 
c 400 .B9 !AO 1.79 2.95 it 74LSZ2 .32 0 74LS1 &3 1.47 : [I CD4015 1.19 0 C04041 1.25 Sale a SN7474 

~ rog 1:?; t:~ ~i~ !:;~ : B~:t~~~ :~~ e;:t~~:~ ~ :~ : : 0 gg:g~~ ,:i: B~g:g:~ 1 ~~: : ~ ~=~:g~ so:~: ~ ~=~:~: :~: : 
[] 

1000Or.:~sC•L No.~2!pen•t;tt !~0vo~··· s.so : e~:t~~: ~~~ g ~~t~g~ ~ :~: ~ R~g:g1: 1 :!~ 8 ~g:~:: ..~~ : ~ ~:;:~ :!! 6~=~::~ :~ : 
• j:. 74L5l6 . 4S L1 74LS190 1.77 • LJ CD4020 . 99 0 C0401 l .29 • 0 SN7404 	 .17 O SN7486 .29 + 

5:ixxoo:x:1<~co:io:=a:>IIJaJoaIZmaI~oa:i5 : ~ ;!t~:~ 1 ~;: 8 ?1t~::~ ~ ~~~ i o co4o:z1 1.29 i ~ ~=~~~ :~: g~=~:~~ :!i : 
:r::J~~~~!~!.:l~~~:·:::~;~',~~~?,~:: i ~ mm ~i~ 8§ mm~ rn ~ SILICON POWER ! ~ ~=~!':~ 1: ~ mmr j? ! 

58 54CABLE o c.1. H•" •s4081 J2 ,.,•. 2 " · ~1.•8 ,.. i:I 7 •L• 1•• · 74L52•• · ,. STUD RECTIFIERS! ! ~ ~=~:g :i: g~=~:m :;~ : 
>t 8D ~:t:: :~ :~: 8 ;:t~~:~ :~: : Ordl!Lr by Cat. No. Amperaee and vothse. • SN7414 	 .61 a SN74132 .83 • 

I 
9


Cond. Sal~ 
 L.:~:~**;:••~.7•4~::••!·::.: ,!!t1~~) (~~:7~~) (~~~:::, : 

0 

~ i=~:H 	 :!: ~ i:~i!iI 1i :PtV
RIBBON CABLE a 20 8 h . s1.99 eH•l••eiu1111111eeu........1 o SO $ .29 $ .75 $.C.95 : o SN7430 .14 :J SN741S4 '99 : 

AT THIN PRICES ~ ~! ~ ~: ;rn POLY PAKS "CHIPS" AWAY I ~ ~~ :~~ ~ :~~ ;~g : ~ ~=~:~~ :~: g~=~:~~i f, : 
• Ultra· tl•tl • 28 AWCI c::: 40 4 tt. 11 .98 le AND CRYSTAL PHJCES! I D 400 .61 1.7$ 8.SO • 0 SN7440 .)4 0 SN741G4 .9S •
• Sln&i• color'! lndeud! o 50 3 h . Sl.98 a 600 ,7g 2-25 10.50 + o SN7441 .79 o SN74174 .'93 • 

Type Order by C~~~~=t~o~048 and T~pe No! Sale I o BOO .90 :Z.75 11.50 : ~ ~=~::~ ::; g~:;:~~~ 1 ~~ :ITJ!IIJaa · byCCD•a· HioI aaIll:caa0Iz' 10a0'' ·~I '~ ••CSD3939 '"' ' "'"c °''rxx~a:il 

ILU'DY COl'D,ll'l.'Elt 
l'llJL'nTESTUl 
• 	 1000 ohm s per volt 

1 % pr4!clahm, m C:wt!munu1 
d iudc protirc i ~d 11i:: i.ini1t 
hurnUUl. ~1 eB,,;U r1• 11 llC \•Oil$ 
0-1 6 ·1.!'6·1 0 00 : AC voll.11 
0-15· 150· 1000 : DC cummt 
n- 1r,om~: u:o ~ l "1nn eci X1000. 
Sc ns Hi\·it r 1000 uhmi. / ,·olt 
AC·OC. U"u 1wnli11i cc> ll , 
not in clmlrrl , ~ii.t' z;,/" x 
;J I/~ x ) 3/ .oi"'. \ \ ' t. f1 OX.JI. . 
Cat. No. 65 JD21 

o lCM720S Stopwatch ~14.95 1 • O SN7446 ·.79 o SN74190 l.15 • 
1~:.vJ5~~~· :~o~~tDVM ::;~ DIP SWITCHES i ~ ~=~::~ : i~ ~ ~:;:~~i i; : 

I
 H . No. .
0 8038C Volt Control Osc.. 4 .9S C1 Swltchot So.ale ~• • ~ ~=~:~~ :!: g~=~:~;~ :;~ + 
~:=~~~t~~9 :~gr~~~=d~~::im .1:~ 0 :~ ~::; ~ $:~~ ~ : 0 5N7470 .28 [] SN7'2Sl 1.39 : 
OllC900C &SOM Hr Pruuler 14..95 O~ 65 3021 4 .99 . ~ •••+•+++••++•+•••+• ++•+•+•++• 
a 9SH900C 3SOMHr Pru.c•ler B,88 µ 65 3G70 5 1 .19 ~ ~d-

~=~~~~ ~~~~hc!~~(.f!1~5131 ~~~ 0 .:~ ~:~~ ~ ~ :~: :********LINEARS********:
I0 7207AJ7208 Freq C.oun ter p•lr 24.95I •Type 	 Sale 10LM379N 4.95 • 

I
01CM7107 J 1J Oiai:lt OYM/ OMM 12.50 ii 0 LM301H. V $ .2S a LM380N 1.19 t 
~==~~~: :~·H"; i11!~~:u~ ic ~::~ SOLAR ENERGY DISCS ! ~ t:~g~~

1 
· ~ · N .2s c LMJBIH l.19., 

0 ] .579MHz Tlm • bu" Xt al 1.95 • AU Cells .5VI At low as SJ.9S .ti; a LMJ09K 1 :~: ~ t=~~:~ ::: : 
~~~~:e"MHz ~~~~~~~~h ~~~~ !~~ : ~~nha~~c~~=~!~ Yoltaus a nd amp•! t ~ t=~~~~:si 1:i: ~ t=~~~~ 1::~ t 

...•••••••nn••e......uuu••••u••• ~aJS~°"6 ~~!111 M~oma $~.~~ •f. ~ t=~~gt~~~ !::; ~ t:~g~=. N :~~ t 
+++•+ • • ++• ++ +•+ +• • ++ ~ o 653862 J " lOOOm• 8 .88 O LMJ20K·1SY 1.19 a LM710N .29 •• OCKETS • 0 653788 

0 LM340T-SV 	 1. 19 0 LM72JN .42 i• IC S • l 'i1" l200ma 12.SO . o LM340T· l2V 	 1.19 o LM741H, V, H .29 

: as low as 17C u . : wWI a 655057 4" lSOOm e 15.95 i ~ t:~:g~--~~V ~ : ~i ~ t:~:;=~N :~; 
• • Low prome, solder tall. • LM340K·12Y 1.19 o LMISOON 1.49:0 	 :a: ~ :~g~: ~l';,nmJl~dlpS : :~ :. , EECO 10..POSITION BCD • o LMJ40K· l5Y 	 1.19 a LMJ900N .35,. 

' ~ 

JUNE 1978 - BYTE MAGAZINE 

http:Wlred$39.9S
http:SlorSl.00


PORTABLE MIN/SCOPE 

MADE 
INTHE 
U.S.A.! 

DUAL TRACE $3950015 MEGAHERTZ 

FEATURES 
• 	 Dual Trace· 2 channel: separate, • Time Base - 0 .1 microseconds to • Power consumption leas than 16W. 

chopped or alternate modes. 0.6 Sec/ div· 21 settings. • Verticle Gain - 0 .01 to 50 volts/ div 
• 	 15 megahertz bandwidth. • Battery or line operation . - 12 settings. 
• 	 External and internal trigger . • Automatic and line sync modes. • Weight is only 3 pounds. 

From the originator of the Digitel Voltmeter. Non-Lineer Systems comes the MS-215 M iniscope. It is s line 
electronic instrument with a great deal of measuring capability ond excellent accuracy. Its design is modern, utilizing 
the latest in low-powered integrotedc1fcuits. and it is packaged into the smallest pract ica l size. The instrument fits into 
many briefcases and tool bo.xes with room to spare. 

Operating chsrecteristics heve been chosen so thst the MS-215 will meke sll of the measurements needed in 
servicing most electronic equipment. It is field-portable so i ts use is not restricted to the bench. 

Trlggonng 	 ..... ­SPECIFICATIONS: lnt11mal: 	 Sweep ulggored lrom ln1•rn•l 1riggor eource jln lhe Furnllhed: Tilt 11and. battery charger, 2 input cables , end 3 
duel trace modoa. 1he intern1I uiggec aource is CH1 ).. miniature banan1 pluga. Vertical 
Tr~oer llOUICI ~.. lnleff\111 c.Ubf·a1er frequency. To be Op1lonol: LNther carrying case ind probea 

Modo: 	 CH1. CH2 . 0< 1 & CH2 iC-)&CHI & CH21Alt.) uNd f1 there 11 no 01hoer ulQoor tource ~•1ltb4e 10 W•manty. Or-.. year Plrtl and labor. Mlde In the t.J.S.A.Tht1 Following S1>«ific•tions •pp}; to Heh c.Mnnt1J 1ynehronin th• l'WHP. y A.Ibo line: Trigger la dlri""9d fr om llM freq1.111nc:y whoen using the
Vertk:.. rnput 10mV/ dlY to f:IJV in 12 C. libr11ed r1n;e1, II foUowe: 


ic 1 · 10mV/ div to l a'lf/ dlv In four renge1, Heh contln· MS-215 with Rt1chargB11b/t1 Batteries
banerv c.h•rt•r. 

Control• function ufodnlflfntlltiogering{1 Megohm


uoualv 111rLable. lnpul lmpedence). 	 andChargaricl-20mV/ div to 20mV/ div in four ranges, ...ch COl'l lin· 
Slopo: 5111Kti 11Vnc to poeillVe· Of neg1ti'W'e· gol ng WIYeform. 

uou•IY variable. 	 $395.00CoupUog: AC
x5·5CmV/divto60mV/divlnfourr1~1. eacheon 1 l n· s.,..hMty. LeH 1h1n 1 dlY for ln1ornal 1tlgger end ln1th1n1 volt
uou•lv vairieble. 

Accurecv is 3" 


fOf tuctemel 1rlgg1r. 	 LB11tht1r Carrying Casa 
I.owl: Tr~gier LAvol controlpermi11 c:ootlnuoue ec1iu11men1 ofInput lmp.teMnce: 1 M ohm shunted by 60 pF. 	 TM l81th., C•I• IMl 2 Hf»t•t• CO/f¥)M1mtlnlS. On• to hold tlv .icopo, Illa1r~oat poln1 in •II model eii:cep1 Auto.8andwkUh: 	 DC/ DC lo 1 S Mhz t6 db fOC to 8 Mtu 13 db). AC. tame otMt to hold tM ch11ge1. ptob•. $/>Oult#t su•p. ate. Tha c.asa c.an be wornlntmmal Cailbni.r: A aiqu•te ·Wlll \l't 1ign1I or 1 volt P·P t 6% ie PfOVided. H DC down to 3HL 	 on the btth. or ow11 tM n11d. FtOQuenc.., le app1011lm1taly 1 KHz..

RI.. Tlm9: Approximately 23 nS@ 1 dMtion deflection. TM snlP.f u1«1 an thtl eau at• " on. w•~ ... thu1 auidtJnt•I Jtrill.inf} al 
Input Vottaa•: 250 maximum (DC and Peale AC). O loploy the eas. •fl' inst •n abject will not undo tJ>t.t vrap1 or lat it IMpuff«/alfyOCJt 

HorbonDI bah.Oratk:ua.: 4.w.S dl-.i, uch dlvlalOf'I It 0 .2S Inch. Viewing area 

Modo: lnleml!ll Time 811e or Einernal H0tizontal. twitch I , 1 "Hic1 .36"W 
 41-140 	 $30.00 

Hloct:able. In the '1('( modi• .,.11ieal lnptJt le through CRT: Blulth ·whi te photphoer. medium perll'lence. CRT UM• 

CH1 and horimnta l lnpu1 Is 1hrough CH2 IOW' ~, mamen1 fot low battery dra in. Instant onl 


81nctwidth: 	 DC to 200 Ktu itl db). ProbesPowot 
Coupling: AC. DC 01 ground. 9Wit.ch u'9ctabl1. Low frociuencv On· BOlrd B11tt••: ttuae aealed. 1ecnugeable lead acid "O'" Celli 

point on AC ls 3 HL OpM't~ngnm. : T~ic:a11y4 hours. 10 to l probe wi th 10 megohm input. 
lnp•.n lm'**'ot: 1 Meg ohm shunted bv 60 pF. Probe usas spring hook tip for 1ura e~ction. Com;»nulion n•rwotk 11 Ch•"tliinfJ Time kot>eOpeNting~ Wdl run lndehnlt1tly but notr&ae:h fu ll 
o.tlec1ton Ftc1or: 10mV/ div to 50\'/ div in 12 calibrat9d rang•. cha rge . foc•t•d at tM connect f# r•t.htlt thtm at th• Ptob•. so as to i.Hp si111 and 

Tho range• can be calibratedwhhtl'\eCH209ln control Noo·optredng: S iinNn hours.. weight ta a minimum. 
Input Vottag•: 250V maximum IDC and Pule AC) bUim1I P~ Ballery c.h111gor \ 16 vac 1220 vac on requ111}. 60. 
Tkn9 a...: 	 O. 1 uS/ div to 0 .6 Sec/ d tv In 21 ' cell.bfatld ranoe•. 400H:r.. tn.1 1h11n 16 Wlllll. 41-141 $24.50 

.. follow.; 01mana6ona: 3.1 ''H•6 .4 'Wx8.0 .. 0 . 

ic1 , uS ·0 .1uS/ cf111 to 100 I.IS/ div. a2. uS-0,2uS/ div to Wolght Throe poundl. 

200 uS/ dlll. Envh-OtHT*H Deluxe Combination Probe 

x.6, uS ·0 .6uS/ div to 600 uS/ div. 11.1. mS-0.1 mS/ dlv to Opetedng Tem~tur•: oa to 404C 

100 mS/ div 
 Shock end V)breUon: Oetlgned to with •tand normal a hock and vibration Switcheble tOtot / I to I probe with an assortment ofprobe 
ia , mS-0 .2mS / dlv to 200 mS/ d1v. x6. mS-0.&mS/ dlv encountered in comm1t1ci• I -.hipping and Nindling. ti'ps to suit any situation. 
to 600 mS/ div. 

all in tour renget, each con1lnuouslv verieible. !R•nu• 41-3495 $34.95 

incrementtet .1. 1. 10, 100.)With vemler infullclocle· 
wlM position. eellbrated time mf!IHuremen1.1 ere 
poulble. Accuracy is 3'. $40.00 OFF 

On Any Accesories Purchased 
MS-15 Single Trace version of MS-215 with MS-215 MINISCOPE. Just 

Send or Mention the COUPON and 
Byte 	 Magazine$ 28 9 00 

PRIORITY ONE ELECTRONICS co 

.l"m~~ !c :0;~l~Y, r.~~s~~~niS~:,.~~?~~' '"' A. 
mum o-raer .s10 {)0 On:le•s less !tlan 575 00 1nc1uoe 1ov1. ~mp'1mq Jno n.1no:in9 e~cess reh1noeo Just 1n case 'Y 

please 1nc1uae your phone no " Sorry, no over the c:ounter iole-s," Good lhru Julv 15. 1978 

phone orders welcome 1213) 893·8202 
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$89 

F M·7 
W ll h 
RitehtfQHble 
lhlle1IH6 
Ch••o•r 
Unll S195 

lu·~<n ""C~' • llywilflQl!U"" * "' l S.St ~f'tr.ui:t1 lltl9f d 
ftot I N I lrM.lf "C. j Wt lrt .. ~ 1(11 II l l;JO•t:c60 W.l'l """Y )t U ' t 'lded 
11;11 1i1 .. r 111w ir.' PI' '(Hf &. U•d '"11'"-""ftCJOIJIOil • lrt fM , wh · 
•in . ~ l f O , ,~ D' llh<ll · ~; , ~ ·a~ I t~ • I nt J W ' w tit 
<.i bllltOlD .,-.K(11t~t1 DCIOCOI '. • 1 1>1 ~;•sK.C li' '1.l lOOftl 

""' ~'"'~ • lM;ft ...,lrtU >O-~'Wfl,,........r litl.M°.tfl 
~aof!tG J'CIU \ JllUI QOtf W'lll "'°""'° · ~~IO'tclU:~Yt l 9 
'l o ll W1 J 'i 0 • l lltwllll\l'Np tot ~ W.fl¥1ll"y11 HI 

' •~A1. 1 0... • ' ' " ' & \ J DC1 9 .111 1n!-a 1 yu1 
11'1''11"4..... ll W 
\ f'lllt' U\f ' 1' DD 

... .... ·~· 
\ · ~ ...., ,.. ·~ -·'· 

8803 
M01Hf.~ 

IOAAO FOii 

·g~~-~c:.... ~r~t~:.. Q
. ..... . . .. .. 1 . .. .. 1 ..... , 

1 wo11!• ·1~t1 • '' Oll t • "'• 

. ::...;..·~~.:~'""'.. .... ...... .: 
:"":.~c ,w tl • • · ~· <I •.• .,. ,,...., t ' 

• w.,.., ,, .,,,O".., ., .. ......oo c~• 11•1 ot •• '"•+ 
•1 • 1·-" ' .'•1"'••t .-•· l".l:I · l"'t ·--i
•• It w1•-..•1• •J;\ l 1 ~ to....._•11 •D• Kt11 . 
II <• l f•\" IO'.<•~« t..\ "1 1"• f t ....rr t- r.ci..'C ' • • 
'5' • • ~to' \-Y' 

:.;·; t~:·:~~ ~ ;~·~·! ·7~ ~i~'.~ 
1 

.:· ~ · · ' Price: 
I • .., ,.., 1' " 11 1i' OC• 'Il l \ 0 ~1/~ "''°''~ 

$29.50 

, &AT NO 

64P44 -062XXP 
169P44 ·062XXP 

ltAAlHO 

64P44 -062 
84P44 ·062 

169P44 ·062 
169P84·062 

SIZE PRICE 
4.5 x SS' ' 1 49
4.5 x 17'' ' 3 51 

SHE PRICE 
• 5, 6 5" ' 1.70 
'5 x 8 5" ' 2 10 
4 5 I( 17 " ' 4.30 
8.5 x ff • ' 6 39 

1 ' ' "' •Hll• 
111n 

"" ,, ,, ,, " "Mt> 
ID ; 1 11 1 • 1111 U M 

• 15 megahertz bandwidth. 
• External and Internal tr igger. 
• Time base - .1 microsec. to 0.5 Sec/div · 21 

settings : .:. 3% . s
• Batt ery or line operat ion. 
• Aul omatlc & line sync modes. 
• Power consumpclon < 15 watts. 

Ven lcal Gain - ,01 to 50 VIC11v • 12 seu ings i 3•1. 
V1ew1ng area 1 1" • 1 35" 
Ca.se size 2 7"'H • 6... ·· w 11 7 s··o . 3 pounc:J s 
Pans & Ub01 ou•r•n tHd 1 rut 
1010 1 10 meo pre>()o 12u.o 
lU1 1'1 • r c •rry1ng cu• U0.00 

• MS·2 15 Dual Trace Version of MS -1 S $395.00 

PROBE IC w ith fhe purchase of SCOPE and 

\he MENTION of this MAGAZ INE 

FEATURES ~· 
OM°""'" DC••'" AC '°''L ~ 

of'lm• • nd c1.111 11 nt ,.~ 1 . .. . ,:' 

• Au 1om•11c oot• 11 1• M"-1 •­
•nd OYtlilOollll 11"dtc ll 1or< 

.. .. ...~ ' 

_J 
'-C.•it> Of\ltlt. • d / Ull 

• l•rQe LC D tLi•Pl•y lo r euv . -. . ­ · 1 ,C 
,.,.a,ng W•lhoul 1rth !•(IOl•l>O'! ,:;: 

e S 11 tt 1 9 ti 1 27 W a4 0 0 

SPEC IALI' :.::: ~: ~. ::: :·:....::.:: ::..: .'. 
S..11 ..1... i. t. Cho1• or • sl 00 
,,., ,n 1 If puic tws• o• M e le• •no 
!he n•u •hcin ot 1n, , m.a9;11u-.o 

1· · .. • • ••• • .. _.. _ -. . .. . ....­ ... ... . ... , • •• -

S 1.1nc..i•d """ 11•.re 1>.11 n• "n o-oY>Oe u o to 10 "'°"' ' at aoe •• '>OI\ 
RircPl••rJt!ol Dt'f! tl .c.JG !Mllt!toff ""d Cn.119 t!• Vt'l>I "~••••Olt! ..~ 0 0! ·01'1• 1 ""'tl,.,,1' ~ 1 

11 ..n,.1..uno11nclu(M(J 

o.sa1a 
LM-350 

3V. digits 
s125.oo• 

" "'\ 1600 
s 1100 

vmm·mri~a UL OJ.hbiii II!(
•• u P C • ftret l •r ll! 111u <11,, 1 
1)6 (111 p.trtti: ~lat! t 1'flil!U li •ll 

lj(l' ll ll.H 
......, ' c llt l gil< n r.u (Oftf 

1)6(11 \ W•• rWI JO U·l\~ Cl ' ll U • ! 
880 0V 3677 9 6" t • .5' 

ijn1 ~t: f S~ l M1CIOCO!nl)\l!t1 DIOC t: !.'..01 

1>'11 i:m 10 usr '" 'I" S 100 o,a Cott> 
Oltll! w1ll'l nt.il o..m ~ & n••d# .lrt: '.> J 1 

10 • 111&... 
$19 !JS 

$-9 
1 11 g ~ 

8801 · 1 

10-2' 
$ 1!1 90 

..., , _ ,,..... ._.. ... ....-·­ -· ....... ..... ~ ... .. 

LIQUID CRYSTAL DIGITAL 
CLOCK-CALENDAR 

• For Auto, Hom., OU.c• 
•Small 1n s 1:e (212\"lia "'I I 
• P usn tklllon IOI H< ond.1 1• t••­H IOf d l l l 
• Cloc.•1 "'°""l ..,,.,.. , . • 111'1 ... " ., J M 000! 

t•~9d I ~ or YflCAO. lt'lo(l11a«I 

• 1 \100(l5 AVAILAll LE 
L, 0 10 1 DOfU tll• mod• I •i.m1 on M lf<O"'lll,.,.. 
bUl.. 10 IOf ~ll 1r U'\al\ • f•9I' 

LCD 101, 1un 1 Oft 11 Volt 1,11-

$· 1otl 
ln,C. l1g1 Colftn.t cttu 

II.HI 0· , iOla t r U •l i on U D ~Ol<fCl 
ro"' \ tcir ol. t IAI R t11 0lhe1 l)rMtd\ hi ~ 

CU1 !Ill llG IU 90!G UJ!I 
11611 ·1 01~ \Q J ...- 1 ~0 1 1 r.g 1 ri ~ 
111»11-t~b'lljl l Oll 1~ !.~t!S rawi 
~o non 
llHl ·I on wi , ., r•p•!n.gtri QO\li 
I 11~Q) Cll 1~\!Y'lt<li~~ IOt orr~ ~ 

On~ or 01' sotcu tor IMSA.1 mol:ntr 
O!Mita cp'<I SlH 
11"1-J foffC!d IO!Otf f'ft!l el IJ 1!\ get! 

u 3~ 

3 LEVEL 
GOLDWIRE 
WRAP SOCKETS 

·~· 
,~... .... 

a o•n ., ., JI 
IOp1n ., .. " 1• p in ,. l8 ll 
1601n ., ., • O 
l8p1n ,, .. ",. ... .. II "21cun ""' 

., ., 
2.. p.n ""' •• " 2e p1" ,,. •• .. ,. .." "' " ' 'JO ..a,,.,, "' .,. ' 29 

h~"-led !.~~l!!!l!!!l!!!iii• "0 10• .. LC.0 IOl $34 95 . .. -
$2.00 

1t HU 

" SALE 
-­;J' --~ -­MICRO-KLIP 

rc1 o.a 201d noies 
IOl'IDO.i1G\ On 11'1 1\ 1)4Qfl l 
r.u .1o•o 100 s 1~o 
10. 1 o•~ 

1000 UI GO 
' · H9 run a u"'•'' "'l 

•oo• S lOJ 

.:/2.2 B ; ·8" LED ALARM CLOCK 
1? n1 LEO ;, 1,) 1m Cloe • 11Sts J'/r 
01Q 11 & LCD 0•St1'•l )' w11n Al.!/P,\' 
1nc1C.uois .ina taion!. ) 11 r t 1 ome 
Pl ' l to P 'l 1fllt1 t.ter v. 1n 81999A 

C Ju\I .tisa .. ... .1ct1 e.. ~ C 5uoo·, 
At4r m 0.S Cl.J~ ,u'C 1 C on r 

$7.95 or 2/$15.00 

Price Breaklhrough! s1] 95 

-

MA1003 

CAR CLOCK 
Br1gn1 Green F1uorescen1 Display C1ys· 
1a1 T1me Base Assemolfil 1us1 aoo 
sw11 cnes and 12 voe 

[:" "J" "~: SPECIAL 
00" .,,.."" ,. ~ 14CS2100 tor '14.. 

18CS2 100 for '18" 
u___· ~- Jj 14 plnCS21010•'2'' 

11 ~" CS2 I IOf '1"' 
Th.a• low COSI OIP 1ochls Wiii •cc:apr 
bolh a1and11d • ld l h plugs and chips. 
Fo1 .... • ll h Cll l~• . ,.,. MKUO oft.. . •O • 
OIOhl • .,.IQ-M OI Clnl'I' 12$'" ~- 11\f 00._,0 
ThH4 • OC ....IJ ai••l\d tlKll..ioOlt 

'j A PRIORITY ONE ELECTRONICS @ 

, / ~le>m~~~ ~C cnce~1~Y. c~~ s~~~.,~~~"~E3~~'" ' ~ 
ruum 0101;1 S10 00 Or oer ~ lt!~!t lnJn ) i1 00 •nctuue 10•.• !th1p p1nq Jno n.1na ,1ny e• cess rerunaeo Jus.1 1n case ~ 
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1 

Circle 293 on inquiry card. 

* YOUR BEST BUY IN WIRE WRAP SUPPLIES *PRECUT WIRE 
WH Y euv W•~E ON ROLL. S> 

PRECUT I STRIPPED WIRE IS: 

FHI ·No more cuning & $!ripping by heno 
Relleble - Gooo. c:le~n . uniform su10 
Economic.I • Ch&11tHH 1n111n using bulk wire 

Pr•cul Wirt Bulk Wit• 
IC)() p(:S OI J• .l l i 17 )YA/ tt. 50 11 IO!l 11 $ 1 9$' 4Cl ft, 
100 pc1 i;it &- .1t 1 Ol5 :111n.. 100 n ron .ti 2 'ii~ :Mm . 
W"l)ICotl tt l.fi~ 11f)IJIL 

• JO IC y"I ' llflppe[I 1 on nAC'1 •n(I L.•ngth1 110 o~•r11t 
Coloi • Rlld S41..11tGreen 'tel~ tU1 c 1t. .01it.l\OeWtu1 0 

W NO ci.c 1t. 1igod 11"1 DIH1•C D191 """ 2'5'11•nglh to• TtltMI~ 


~ ~ 
? '1 '" ,, l'O l.!1!111(, '60 • ·-11 11( 

3 '" .." ' """ . --•1,.,2'J. IC 
·~ 

JOO S S2.'ti: "" '"'" ....,. 
~ ·., '" .. s1mc.. ,.,"' """' li3411( S!i2'11C•s·, '" in ,.. (i75o " ...,.'0' ' 

' 00 1 1&ti: 6 19/IC• '" "' 
5·, in ,,, ..,,.. 1S11K 6S2JI< 
1 19&fl( ~ ll!StlC'" ',. ..,1 ,1n lllJ~IC 1 19/ IC 

1!).311(,,.'" ...• "" "'°'" .., , &f,/ I(ill '' •ft 'il1• 1~' ,. 91fi:b l( 117/ 1( "' 
1003.rK fl(

• 
9.,, 

'" 
'" '°' ·~

10 ,., "".. .. , "' "' IQ .UJI( ,.,,. 
Addi 1nt: h e1 "'" """ 

WIRE KITS 

, 
"" ..,,.J 

l 't" ''° '"' .. ''° ", ..•' 100 • "'"''° .. '"' 100 • '°" ''° 100'°" ". 115(111 '4011 Ou "" " ' ""' 
Crioon On.e Co101 

01 Auqrtmen.1 

WIRE WRAP SOCKETS 
!.:!. ~ ll:.!!_ ~ SO-~~..... .. ,. ,.., ,. ,. ,, " "' °""' ' " .., " ,,i fiprn' .. l5 "" 

t 81nn· ., .. .." ..,. .. "' 
2CI 0•"' .. " .. 
21001'1' IJO ',." ..." "" 00 ..., .. .." ..1• 0•"' 
llS pon 1 15 " .. .. •• 
"00t" ... "' ..'°", " "' "' ' " "'" Go10 J-l•v• I CIOMIC E,11,. Soo111 

Eno A Side S11cAabl1 All Jll>C .. •tlC.IUOIQOld 
f •n IQl; l llt l nQ 1 •1eir9f t.Xlll.I l•l1l1 b!1 

INTERCONNECT CABLES 
Rt.0~ Clbl1 conneclon lo, tllnnKtmg bof,1!;11 10 

l fo"I p.an1t1 Of DQ.910 IO 00•!0 

SINGLE ENDED OOVOL( ( UO(D 

1•p•11 Uiein 1&~ .,. ,,. 
,. 

'" ,.,,,~ n .- ,,, ,., ,.,... "'' "' '" ,. >&J ,,, ,,. .,, '" ' .. ,.. ,.,.. '" lll'" "" '°" 

WIRE WRAP TOOLS 

$34.95 
W11 h Free Wue K11 
IS6 95 Value) 

HOBBY WAAP 
Model 8W 630 

Bat1e11es & Cha1gor S11 00 
WSU 30 Hand Wrap-Unwrap Sl rip Tool 5 95 
WSU 30M. !or Mod1l1ed Wrap 6 95' 
BT 30 Extra 811 2 95 

WIRE WRAP BOARDS 
WW 

~ ~ 10 ·?'1 ~ 

M PCB I £h4 "r, 44 Bu'I!' Qn bo1h '•dH • 75 'so 4.00 3 00 
3667 
3682 

•h6 
4 :w;10 

44 

4 4 
Bl an' 
Buse' 01"1 onll! 'td• 

6 25 
10.50 

5 85 
10 00 

5.50 
9 50 

3.00 
3 00 

3682 2 4'6 44 Bu'H on one ~1at 9 50 9 00 8.75 3 00 
4066 4 4,6 17 8ulH on Do1h l•dfl'\ 13 50 l] 00 11.s.o '00 
3719 I 4<6 n 8tanil. 9 .00 B 50 800 '00 

37 19 4 
4J50 

4111 0 
,,.9·, 

17 
80 

811n1t.. 

8u'e-' on txH h t•dt' 
11 00 
17 s.o 

10.50 
16.SO 

10.00 
16 .00 

• 00 
100 

eeoov 10)15.J 100 81,1u·~ on bo1ti. l•O it' 19 so 17 96 1695 5 00 

169PB4 8 '1, io. 17 625 57f> 515 

SOCKET 
SALE! 

14 1)1n Gold W1N 
16 p in Gold WW 
2'4 p tn Gold WW 

u 
3• 
36 
75 

~ 
.32 
.35 
10 

~ 
.JO 
33 

.68 

Pr tee s good 1hrough 

6 /1 /78 
'Nhen purc hased w.th 
Wire K i 1 = 1 or :i 2 

PAGE DIGITAL 

ELECTRONICS 


Ordering Information: 

Orders under S25 and COO's , add $2 
AU Olhors. shipped Ppd Jn US via UPS 135 E . Chestnul S1reet 4A 
For Blue lab&I {A ir ) or Isl Cla.ss. add Sl Monrovia. California 91016 
We accept Vis.a & Mes1ercharga 
Mos1 o rders shipped samo day Phone (213) 357-5005 

Deale r Inquiries Invited 

New Cosmac Sup,er " ELF " 
RCA CMOS expandab e to 64K micro· 
computer w/HEX keypad input and video 
output !or graphics. Just turn on and 
start loading your program using the resl· 
dent monitor on ROM . Pushbutton se lac· 
lion ot alt lour CPU modes. LED Indicators 
ot current CPU modeand four CPU states. 
Sing la slap op . tor program debug . Built 
in pwr. supply, 256 Bytes ot RAM. audio 
amp. & spkr . Oclailad assy . man. w/PC 
board & all parts fully socketed . Comp. 
Ktt $106.95 . High address display option 
8.95 : Low address display option 9.95; 
Custom hardwood cab .; drilled front 
panel 19.75 : Nlcad Battery Backup Kil 

wlall parts 4.95; Fully wired & tested In 
cabinet 151 .70 : t802 soh wareclub. 10­
12 pg. monthly publication 12.00 per yr. 

4K Elf Expansion Board Kil with 
Cassette l/F $79. 95 
Available on board options: l Ksuper ROM monl· 
tor $19.95. Parallel VO port $7 .95. RS232 !IF 
$3 .50. ITT 20 ma l/F $1.95. S·lOO Memory 1/F 
$4 .50 

Tiny Basic for ANY 1802 System 
Kansas City Standaro Cassette $10.0D 
On ROM Monitor $38.DD 
Super Ell owners take 30% ott. 
Object code listing or paper tape SS.50 
with manual 

Same day shipment. First line 
parts only. Factory tested. 
Guaranteed money back. 
Oualily IC's and olher 
components at faclory prices. 

ELECTRONICS 
INTEGRATED CIRCUITS 

CRYSTALS 
1 MHz 4.50" 2.0100 Mflt 1.95 
2 Mltr 4.50 2.097 152 MHz ol SO 

MICROPROCESSOR 2708 14.SS 211MA·<I 4.9.S 4 MH.! 4.25 2.4576 MHt ol .SO 
6!00 19,SO DM8577 2 90 21078 -4.70 
ll080.A<MH1da!J 1.9,\ !223 2.90 2111·1 4.95 
180 29 95 2716 lJ 95 2112·2 1.90 
8212 Ul 2114 1V1S 

S MHz 4 2S J .27H Mfh .t.00 
10 MH1 4.25 SO!BEI MH.! 4 SO 
t8 MH1 391) S.185 MHl "SO 
20 MHl 3.90 S.71 43 Mli1 -4 .50 

8214 eOil IC SOCll:£TS MIC4116 27.Sll 
8216 315 Sol411 Tln low Profl le 25138 8.7S 
822' 2.95 PIN 1UP PIN !UP 21 L02·1 l .<1 9 
8228 HS 8 15 " 16 MM5262 .<O 
8251 11.50 

" 18 28 • 3 MM 5280 Joo 
8253 10 Oil ,. 2<I 36 58 MM.5320 9,95 
8251 10 75 MMllJO S.9" 

32 MHl J.SlD 6.SSJfl MHl "·50 

COP 1802CD 1991 18 21 
22 .35 

40 ., 
P0~110·3 ..., 

32768 tt! -4 00 U .3181!1 MH: .t 25 
U 43"2 MHz4 50 18 .432 MHi ol . ~ 
3.5795MH:1.20 22 . 1119-4 Mt-Q 4 SO 
90H1Ctyst11 Tl11'lllH1il:ll S •UO 
30 MHz Frnpancy Couattr ll:H $47.15 
Pre.cal• 11:11 toJSO MHz S11.&5 

COP18020 25 .00 Jlt>'t1 •1'• • '1P qo10 P04110·" 5.00 COMPUTER BOARD •ns 
COPl86 1 12 95 PS IOI 1395 
6820 995 l • c:inl:S 16pift » 420DA 12.95 
6850 1295 

11ewl u pi11 ..-.. 1"5 lllS25 2 90 
6502 2• so 91l02A 1.75 

BK RAM Board ICll $134 95' 
-4K EPRQM l1:il 114.95 
U(J Board Kii 4-4 SO 
Ext.ender Boilfd W1"'1n.K1or n so 

CONMEC10RS HOOliiS·S 6.9,\
""Din e.Sct 2.00 

Vlcl eo ln lerb:te ~rd lul 125.00 
16K E.Pfl0.1,t. boue! 1!11w 'o PROMS 74 50PROM MM57 !00 9.SO

100 siin t'cl-;t • 4 50 16 S!.1!.lc RAM tia.uo kl! J!llS.001702A 3 95 
100 pin eo:~e VM S.25 GlA.YJ8SOO·I 13.95 

N62SZ3 2 95 MCY.6571A 9.95 ':.ci°':10$~!f rf~~~1~011~ 11:11 s~u~H82S123 350 9368 3.SO 
NB.25126 3.7S MOSMEMOAY RAM 
N82512'9 J 15 2101·1 J9S UffIAfA.Cf P111tro.11lc.1 HlaA Laalc 

A1111 lyz• lU 11'119. l)D 
Molkl 10 lri11~ er E.IP-IMIU IC11 .5229.00 
MoC11 1150 Bus G.raDtier l<l'I S.36900 

N8;?51 31 3)5 21 02·1 1.28 8T26 
N8:25 136 8.7S 210ZAL ·4 160 8T28 
N82S137 '" 211-02 1.85 8197 

Auto Clock Kit $15.95 
OC clock with 4- .so· displays . Uses Nalional 
MA·I012 modulo with alirm option. Includes 
light dimmer, crystal timebase PC boards. 
Fully re gulated, comp. instructs. Add $3.95 
for beaul i1 ul dark gray case. Besl va lue any · 
where . 

'78 IC Update Master Manual 
1978 IC Update M•ster M•nual $30 .00 
Complete IC d•t• selector 2175 pg. Master rel· 
erence gu ide . Over 42,000 cross references . 
Free update serv1c11 through 1978. Domestic 
post•ge $3.50 . Foreign $6.00. Fln•I 1977 
Mas ter closeout $15 .00 

,.. 
2.75,., 

Video Modulator Kil $8.95 
ConYOrl yo ur TV set Into• high quali!y monitor 
without affecting normal usace . Cornp,ete kil 
with full instrucUons. 

RCA CosmacVIP Kit $275.00 
Video computer with games and graphics. 

Sinclair 3'12 Digit Mulllmeter 

Bat1. oper. 1mV and .1NA resolution . Aes1s· 

l•nco to 20 mog . l't. accuracy. Smou . portoble. 

completely assem. in cas.e . 1 yr. auaran1ee. 


$51 .15 

TERMS SS 00 min order US Funds Call! residents add 6° 0 tax BankAmeflcard and Master Charge accepted Shipping charges will be added on charge cards 
FREE Send !or your copy of our NEW 1978 OUEST• CATALOG Include 24~ stamp . 
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~-_., S.D. COMPUTER PRODUCTS AN EM?l~E I NO co·- ­ P.O. BOX 28BIOB DALLAS. TEXAS 75228 

EXPANDABLE EPROM BOARD 
16K OR 3214; [PROM S49 95 W/ OUT EPROM 

ldlo-... ~ 'rou co U:?i.e (11h!!1 2708's for 161( ol Eprom or 
.2716's ror 32K c>t Ep1om 

KIT FEATU RES: 
l All Adcfres5 Lines & Data Bul terl!d 
2 Qu.'ll•ly Pl.11 1ed U,,DVgh P.C. Boa1u lnclud1na 

SoIder Ml!!>JI .'\nd Sdk Screen 
3. Sclecrnblo Unit Sla!~.5 

4 On Board Ref!,ulo'ltion Provided 
5 All Soc:kols Provided W/ 80.:ird 

W( CAN SUPPLY <l50As 270B's AT $11 95 
WHEN PURCHASED WITH BOARD . 

4K LOW POWER RAM KIT 
The Whole Works - $79.95 
Full Bttllered on board regulaHtd • rcduc-0d 
tiower con&umi:i11on u11hz1ng low power 21L02-1 
500ns RAMS • Sockets prov1de<1 lor all IC 's 
Quall1y glaled lhrough PC ooaro . 

'ID 

a ,, . - . .....,,. 
"Add J IOOO lwD .... '. - ­: 	 - '? _.. ­

- Z-80 CPU BOARD KIT 

Complete Kit $139. 


CHECK THE ADVANCED FEATURES OF OUR Z·80 
CPU BOARD: Expanded set of 158 instructions , 

8080A software capability ,
'Jtm operation from a single 

5VDC power supply: always 
stops on an M 1 state. true 
sync generated on card (a 
real plus feature!) . dynamic 
refresh and NM I available, 
either 2MHZ or 4MHZ op· 

- eration. quality double sided pla ted through PC 
board ; parts plus sockets provided for all 1c·s. 
' Ad d $10. ext ra for Z·BOA chip which allows 
4MHZ operation . 

RAMS 

21l02 ;OCiNS 8 111 50 
'I L02 · 250NS 8 115 95 
'/ t 14 - ~K 14 95 
1101A - 256 8 1 1~ 00 
1103-1K JS 
MK41'~ · 8K 1S .t5 
1 ~5 200 · 256 l 91 

CPU's 
Z - 80 •f1Cl ude1o manu.ctl 29 9~ 
Z -80A •ntlude:1- manu•1 J<I 9!1 
6080ACPU&81T 111)) 
600BCP\J8BIT 6~ 

PROMS 

1702A · tK · I.Sus 3. 95 or 10 /35. 
2708 - 8K - 4SOnt . . . . . . . 14 .95 
5204 · •K . . . . . . 7.95 
B2Sl19 - lK .. . . .. . 2.SO 
2708U 8K •lgnollcs 650ns 9.95 

COUNTER CHIPS 

MK50397 6 Olgll el1p"d limer . B.9S 
MK S0250 Al11m clock . . . ... .. 4.99 
MK 50380 Al11m chip . . ... 1.95 
MK5039S 6 digll up/dn. count. 12 .95 
MKS002 4 dig it counter . ... 8.95 
MK502J.Col. chip SQ . root . . ... 2.SO 

EXPAN DORAM 
THE ULTIMATE RAM BOARD 

32K FOR $475.00 

-
. ; 

31K llDDU .. 6-CK 11 0.D(l 
51 51.00 1281.00 
259 .00 	 J2K Sl9 .00••... 	 "" ,.. 367.00 	 ... 757 .00...,• 7500 	 995 00"" 

BUY A $100 COMPATIBLE RAM
THC llJli 'ICRS IOH uscs n•c MOS · 	 HI[ G4JI VERSION USES IH( MOS· BOARD ANO UPCRADE TH[ SAM[ 


BOARD TO A ti.All/MUM or fi!:iK
TCK Mfl.4 11S RAM AHO HAS !K TEK MK4I1 6 RAM AH O HAS UiK 

SOUNOARICS '°'O PROTCCTI ON & BOUNDARIES ANO PROTCC TI OH &
MEM ORY IN SUPS or [ lfHCR BK 


OR 16K AT YOUR OPTI ON SY MCRE
UTIUHS DIP SW I TC H!S P. C. 	 UTILIZES OIP SY. ITCHES P. C. 
BO AR D COMES WITH SOCKETS fO R OOAAO COM£S Wl1 H SOCK fT S rDR 
llK OPERATIOH 1>4K OPERATI ONLV PUAC llASIHC MOAC RAM Ct! IPS 

fROM SO COMPUTCR PRODUCTS. 

LOOK AT THE FEATURES WE HAVE BUILT INTO THE UPANOORAM I 

• MEMORY ACCESS TIME IS 37S ns • NO WAIT STATES REQ UIRED 
• MEMORY CYCLE TIME IS 500 n5 • NO CYCLE S TEALIN G NEEDtD 
• 	 POWER REQUIREMENTS ARE: • ON BOARD REGULATION 

a voe 400 MA o c • CONTROL DATA & ADDR ESS INPUTS 
18 voe 400 MA cc UTILIZE LOW POWER SCHOTTKV 

-18 voe 30 MA. DC DEVICES 
• ON BOARD INVIS IB LE REFAESH • DESIGNED TO WORK WITH Z·SO, 

INTRODUCING THE SBC-100 

8080. 8085, CPU 's 
A.DO SS0.00 TO ABOYC PAICES fOR FULLY ASSEMBLED AND 

NEW FROM S.D. 

''VERSAFLOPPY' "" KIT 
THE VERSATILE FLOPPY DI SK CONTROLLER 

ONLY $149.00 

FEAT URES; IS M 3740 Soft Se-cto, ed Comp.Hlble . S· IOO BUS 
ComO•f lble for Z·80 or 8080. Controls u p 10 4 Drives (sir1e:le 
or double ~idcd). 01re1::1ly <:ontrols t he following drives: 

l. Shugart SA.400 / 450 M ini Floppy 


~: ~~~\~7 ~~8~~8~~7~1;andud r&oppy. 


4. MF£ 700/150. 
S. CDC 9404/9406. 

3• Pin Connector !or Mini Floppy. 5o Pin Conn11c 1o r for Stand· 
;1rd F"loppy. Opc~IC!S w1lh moc:hlled CP/ M operating S}'S l l!lm 
ii-nd C•B.nlc ComptlC!r. The! new "\lersalloppy.. 11 om S. O. 

f~11m~~~~r.,;;;0~~;~~YPD1~i~c0,1~~~P~~~h c:,'1 ~1° 1 a~~r F~1~"~1t~'. 
'FDJ7718 · 1 Sane;le Dcnsily Conlrolle r Chi p . U sl lngs tor Con· 
trol Software ar l!I inc:ludtd in pr lcll!. 

FD 11718°1 CHIP ALONE IJ9.95 

T£STEO BOARDS 

zao STARTER KIT 
LEARN COMPUTERS FROM THE START! 

SIM?LE, STE? BY STEP LEARNING. CONSTRUCTION. 
PROGRAMMl/;G . OPERATION, MEMORIES, INTER· 
FACING, COM?UTING. AND CONTROLLING WITH 
AUOIO CASSETTE INTERFACE CAPABILITIES. 
Comph1lo Ki t inch.ides; KO)' boar(! and 01spl ;) )'; Zi!O 
Cl!l n tta l P~ocossi ns Uni t: l ns1rt.1ctlons: Operat ion M an· 
ual; ll!larning Guides. 

lulurts: Poworlul Z80 CPU w l th 158 In structions .. 1024 
Bytl!!!s (fl:pondablc to 2048 Bytes ON BOARD) of RAM • 
2 Sl·D i rect ion al Input / Ou t put Ports with Handshaking 
• Kan$aS Cl1y Standatd Audio Casseue ln terf~C• for 
Program S1ora5e • Hendecfm111 l Keybo<'rord an(f D isplay 
• W lrew1ap arl!lo lor custom c1rcui1 ry • S· IOO connector 
eri boa rd l o r Memory and 1/ 0 E•p3nsion • 2716/2758 
PROM Programmer • ··z ·BUG'' Monl to1 ROM tlnclu<hng~ 
Memory, Port and Regis ter £1am1nl! :tnd Chan~e Com· 

lc~~d~n:'~auk~~i;nie~~~~leu;~: pr>~oa::~t l'l~:~al~d!,~ pe 
M 3 ny more uniQu e f l!!!a!u1es, The bel!a c ompu !er edu· 

~~0:~1u;~lt1~~.:h~.~ka;~:' ,·o; ·c:,~: s~::.::::.e (C:v";ff~~i; 
June 1978). 

0. E . M . SPECIAL 
ASK ABO UT SF'ECIAL 0 EM 01$C0UNTS O N Tl-ti:; SD "C OMPATIBU: SET(The Z·SO Based , S-100 Single Board Computer) SDC· l OO - SINGL.E eOARO COMPUTER $ 349 00 

VERSAFLOPPY 1 " - FLOPPY DISK CON'rROl..L. ER $14900$349.00 EXPANOORAM - 32K RAM s11. 75 00 
EACH t< IT IF PURCHASED SEl='ARAH: LY TOTAt. $973 00 

ORDER ALL 3 KITS TOGETHER FORFEATURES · 
$899.00• o front Panel Needed 	 • Pro,grammablE! B:Nd Rat~ 

Thi s Powerful Tlireesomt:i: Opon1te5 Tog•lli•r to Form A Come>lete Compi.rt(lr !or Your S)''lt•m• Z·80 C?U (2 O• • MHZ) 	 Parallel In put Por1 
• 1K RAM 	 Par iitl let Outpul Porl 
• 4 ROM/PROM Socket~ lor '1K / 8K ol Memory • 4 Channel Timer / Counler 

Z-80 IN DEPTH DETAIL OF S. 0. SALES SPECIAL 
RS-232 and Cunf!nt Laop lnH!dace and Soltwl!lre 

• SYNCHRONOUS/ASYNCHRONOUS Ser1al 1/ 0 wol h • 4 Vec.tortd In te rrupts 
THE Z·BO CPUProgramming Manual 	 $9.95

MICRO-COM PUTER 

CALL IN YOUR BANKAMERICARD 	 -- NOTe.:aJ RHidents Ull Collect : 

S.D. NOW HAS SOFTWARE FOR IT'S CUSTOMERS 


CP/ M • DISK OPERATING SYSTEM $99.95 
C P M 15 n powcrlu t od1sk openH•nn G-y5tem wli1Ch hos boeomc on indust')' &t ondo rd It •5 c;ompot1btc w 11ti several 
disk baSl!ld FORTRAN onU BASICS T h is pac kono includes a C P JM d1sketl e (min• o r lull s•zeJ adopted for S 0 's 
SBC- 100/ VERSAFLOPP Y EXPANOORAM boDtd set C omplete documentnhon is inc luded . t 1 CP/ M is. a r eg • 
15tered lradcmark of 01g1t1tl Pe$1eJuch Corp . Pa~ r 1c Grove , CA. 

z.ao· DISK BASED ASSEMBLER . . . - - 569.95 SD MONITOR 	 . 549.95 
Runt on ANY CPJM basl!ld 0 1sk system Assembles Powerlul m o n 11or fo r SBC 100 $1n910 ooara •Com 
tho ofhc1" 1 Z1log M o:. l ck Mnemonics Con u11n s cie ou lors Includes oll VERSAFLOPPY contro l f 1rm ­
tensive se t ol pseudo ops Avn1l0Dlo on m1n1 or Nare C omos in 2716 prOnl Avltoll'lbl e 1n 4 .6 weeks 
lull s 1zo diskette. 

VERSAFLOPPY DIAGNOSTIC PROGRAM •.. 524 .9S 
VERSAFLO??Y"" CONTROL FIRMWARE ... 524.95 

ft rov•des rou tmes wh ich are hl!llp lul tn checking out 
Provides conHol tor VERSAFLOPPY .tnd boots up o disk b~ud sy111 em Avai lable m 2708 or 2758 
CP/ M This runs on Z 90 8 0 80 or 809S based O• om 
computC!'•S A11a 1li&Ole "' 2708 or 2758 prom 

* 
SUPER FLOPPY SPECIAL 
S D SALES" VERSMLOPPY S 100 CONTROLLER BOARD 1'1.US 
SHUGART SA 400 FLOPPY DISK ORIV( INCLUDING CAUL[ fOR ONLY 

$449.00 * ... 

Low Cost 

Cassette 


Interface Kit 

$19.95 

h~ I UIU Play lfld lf'(Clltt Kc Stu1d1rd 24100112<10 HI 
tapu 500 Bu1d, Ol 1/ 0 Ca.mp1t1blr. Pt1nr lo0c~ loop, 
Botti Z2 "'" tuntttor an d ~ Pu, Molu Connu:lor, 
Comn p11!1tlt, n1trnbl•d Ou:;11t• 1or 1nd p.hu• lud 
louo prt . tuned 10 K C Sundu.d Sllec1or ut11c,., u11dJ 
unell1 d•l.a ;of • 11 • 1h11y lnsi11t cl.Il l 10 ni.1u<1sir<inna1 . 
LEO 1nd1nln lo1:1c 1 le«t 

8K LOW POWER RAM 
$159.95 

FULL V ASSEM8lED "NO TESTED NOT A Kit 
1msa1 - Allt1• - 5· 100 Buu CCNMP.tot 1tl e. '"o' 10..,. pa.,.,.., 
it•1K 21i.O' ·~t t utl~ Du rl••"" on 1Jo;ud 1eg1.11a1e-o , 
quah 1y plalod ll,,OU1Jn PC bOaro. ll'otl01a1ng 1.o1<111• mu~ l!I 
PG' 0113 •wl1Cl'IH IOI IM:ldtt11 Hiett 

MICROPROCESSOR 

CHIPS 


8212 . 1/0 port ....... . .. 3.50 
8214 - P.1.C. . .... . . . . 12.95 
8216 - Non Invert Bus .. .. .4.95 
8224 - Cloek Gen . ... .....4.9S 
8226 - lnvort Bu• . . . . ... J.95 
PIO for Z-80 . . ... .. .. . 14 .95 
CTC lor 2-80 . . . . . . . . 14 .9S 
8228 Sys. Conl1oller . . . .8 .20 
8251 Proa . comm. interf1e:t .. 10.95 
B25S PrDi . prop . lnlorl1ce ... 13.SO 
8B20 Du1I Line Recr . . . . • . l.7S 
8830 Ouol lino Or. . . .. .. . l .75 
2S1 3 Chor. Ge n. . 7.SO 
883B Quid Sus . Recvr . . .. 2.00 
74LS1 38N - l/B decoder .. .99 
8T97 -Hu Tri· Sl1 le Buller . 1.25 
1488 / 14B9 RS232 .. .. .. ... I.SO 
TR 1602 B Uut . . . . . . . . . . .3.9S 
TR 1863 U1rt . . . . . . . . . .8.SO 
FD 17718· 1 . . . . . . . . .. 39.95 

CMOS 

4001 
4002 

19 
19 

4029 
4042 ·~69 

401t 19 4047 I.So 
4013 32 4049 JS 
4016 32 4069 23 
4017 9S 407 1 19 
4020 97 4076 97 
4022 97 14Sl8 1. 10 
4024 7S 14S28 85 
4027 39 14529 B5 

coo·•. TEXAS RESIDENTS ADD 
(VISA) OR MASTER CHARGE OR· 5% .SALES TAX . ADD 5% OF ORDER 
DER IN ON OUR CONTINENTAL FOR POSTAGE & HANDLING . OR · 
TOLL FREE WATTS LINE: 

214/271-0022 
DEAS U NDER $10 . ADO 75c HAND· (A ll prices sub1ec1 10 cnange

OEALER INQUIRIES INVITEOI 	 L ING .FORE IGN ORDERS - U . S.1-800-527-3460 	 without onor not ice . I FUNDS ONLY I 
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FOR SALE : Cromemco Bytuavor with MITS 8 K 
BASIC + 8 PAOMs $300. With 1 PROM $150. 
M\TS disk boot loader $30. Multi boot loader $20. 
IMSAI 4 K stetic $80. MITS 4 K dynamic $80. 
Ken Roberts, 10560 Mein, #515, Feirfex VA 
22030. (7031 59Hl008 or (7031 378-7266 . 

WANTED : For Microdata 1600 processor IAeelityl 
magnetic tape con t roller and disk controller and 
core memory boards. Jack Hardman . 140 Forest Av, 
Glen Ridge NJ 07028. 12011 429-8880 . 

FOR SALE : COSMAC microprocessor CDP1802 
end 2 2101 programmable memory chips. Get 
started for $20. CPU used less then 1 hour. Pro­
grammable memory new. I eho have tO new 
2101 s. $2.50 eech or all tan for $20. Jeff 
Duntemonn, 6424 N Albany Av, Chicego I L 
60645, 13121 764-5069. 

FOR SALE : SwTPC 6800 16 K system with ACJO 
cassette in1erface, fully socke1ed, first-class working 
condition, with documen1ation, S700 , delivered 
within 200 miles. Processor Technology VOM­1 
video board, $ 125 shipped prepaid . Robert Boyd, 
Woodlawn Av, Kennebunkport ME 04046. 

FOR SALE OR SNAP : Altair 8800 ki t micro· 
computer. Prefer ham gear. Write or call aher 
7 PM. Manley Nichols. Box 344 , Henning MN 
56551, (218) 583-2124 . 

FOR SALE : Viairon System 21. It hes two tape 
s1orage units. a video monitor, a keyboard, two 10 
pons, etc. It also includes three tapes, two instruc· 
t ion manuals. and a technical manual lwhich 
include• all circuits!. Asking $600. P Gabrail, 
209 High lan d Av. Syracuse NY 13203. 

FOR SALE : 200 CPM Burroughs B122 card 
reader . fair condition Sl 50. You provide trans­
portation . P Carlson , 103 Drood Ln , Pi ttsburgh PA 
15237 . (4 12) 367-4632 . 

WANTED : Any information that you may have 
pertain ing to hardware and software of person al 
compu ting systems, programming language a nd 
Interfaces . Any and all contributions gratefull y 
acknowfedged by corrMpondenc&. Am prMent ly 
assig ned ovenees and hav·e no access to such 
material. David E Feher, Box 22, US Naval 
Communicat ions Station . Fleet Post Off ice. 
New Y ork NY 09571 . 

FOR SALE: Proce55or Tech Video Display Module 
VDM·1 for $160, 2 K Read On ly Memory 2 KAO 
for $50 . Sti l l in ki t form. Includes manuals and 
VDM software. Wi ll sell both for $200. Shipped 
by return moil to firSt money order. G Briggs, 
6195 Deer Path, Manassas VA 2211 0. 

IMSAI MEMORY : Four programmable memory 
4 A assembled, tested, and burned In $99 .95 each . 
These u<e NEC 2102A L -4 Ch ips. They are 4 K X 8 
static memory cards with write protec t in 1 K 
blocks . Excellent in all resptt ts , with documema · 
tion . Cashier's check or money order to Don 
Johnson. 3139 SW Altadena Terr, Port land OR 
9720 1, (503) 246·3139 . 

RHcl</11 ....,o h•ve aqu/prMnt, ioltwetw Of oth.r 
it•rni to buy,, 1~/ or 1""9!0 lhould 1•nd in • cl••rlY 
tytMd noti~ to th•t •ffw:L To M con1idl,.d for 
public•rion, an M1flllrti1.,,,Mn 1hould I» cl••rly 
noncomm•rcill, ry,,.d double 1plClld "" plain 
Mlhir. ,,_,.r, and inclu<* comp/•N nwn• •nd 
«Jdr9:U informariOn, Th.. norica .,.. ftH ol 
ch•~ 1nd will be Pfin red OM rirM only on • •P.,,. 
w•il•bl• baiis. ln'6rTions ihou/d be limited 10 I()() 
won* Of 1-.. Nori­ c.tn be ~red from 
indlfl'idu•/1 or bon• fi"- compur.r u•rs dubl only. 
WI' c.1n •n~ in no cornnpond•n~ on M-. •nd 
your confirm•rian al p1~,,..,,r is llP~•r•nc• in 
..,, iS1u• of BYTE. 

Pf•au nor. rh•t it m1y take thffHJ or four 
mo11t:hs for an •d ro .,,,,.., in thtt ,,,.,,.ziM. • 

FOR SALE : K SAJ7 Tech manual end schematics 
for maintenance a nd instaJlation, Including opto~ 

isolator mods, pert orig. $25 ; HEATH LSl -11 
manual set, inc luding terminal a nd punch/reeder 
in binders $15; INTERFACE AGE end SCCS 
INTERFACE, vol 1, # 1 to presen t, perfect, $50; 
BYTE back iuu es, $1 , 75 each ; mi5c set of micro· 
computer mags, including ROM, PERSONAL 
COMPUTING, ate, the lot for $1 O; PO L y . 
MOAPHICS VTl-64 video board euembled, $75 ; 
STAT/MATH/ PEAT program listings in BASIC, 
$5 each , send SSAE for list; D E Mann, 1201 
N AooMl\lolt St, Arlington VA 22205. 

WANTED: Original soft LEATHER (not plastic) 
case for HP-35 calcu lator. State price, condition, 
end whether snaps or velcro . Jo hn Ball. Oak Hill 
Ad. Harvard MA 01451. 

FOR SA L E: HP 98JOA 32 K !OPT 001) memory 
(8) with following ROMs strings, matrix, ext 10, 
API . APll, p lotter. 9871A Printer with form feed . 
1120JA BCD interlace . Make offer. Robert Luke 
M O. Dept of Pathology, Maine Medical Center, 
Portland ME 04102, 1207) 871 -2843 days, 
1207) 883 -9998 nights. 

FOR SALE: Altair 680b w ith comple te docu· 
mentation, very little work left to get it up end 
running $200. I pay shipping. William J Spencer . 
V -2 Oiv USS Ame rica ICV661, FPO New York 
N Y 09501 . 

FOR SALE : 16 bits plus parity by 8096 words 
per board Texas Instruments memory labeled 
"1 103 memory assembly number 226844-000 card 
number 226845-0001 and 8 K logic number 
226846(Ll", includes on board sense amps , cloc k 
sync etc $100 per board, or all J boards 124 K • 16 
bits) for $250. Contact Robert Monaghan, Dept of 
Anthropology SMU, Dallas TX 75275. 

FOR SA LE: Complate A ltair 8080e System 11 
w/8 K programmable memory. 4 I< static, 2SIO 
interface to COMT EA 11 te rminal a nd cassette 
tape recorder, VDM-1 ki t , TV Dazzler kit, 4 slot 
expander board, 8 K BAS IC tape papenape V OM 
driver and 5 K BASIC. All documentation in ­
cluded . $2000 or best offer. Barry C Frank, 306 
Oak Ad, Seaford OE 19973. 

FOR SALE : Complete microcomputer system , 
new (purchased 12/771 . fu lly assembled. Byte 8; 
Oigicomm Byteuser (prom) ; Cromemco 0 + 7A 
10 17 channe l analog interface) ; Dazzler (color TV 
interface) ; Byte MPU (processor! ; SO Sales 4 K 
programmable memory ; all manuals. Our cost 
51 JOO, best offer takes it. D G Linville, 4865 
Pasadena Av, Sacto CA 95841. 19161 485-4050 . 

FOR SA LE : DEC rack mount building block 
system . Contains two DEC 749 power supplies. 
one DEC 721 power supply, one positive cu rrent 
driver . one negative curre nt driver. twelva pl ug 
in units as follows : 2 clocks, 2 lnvetters. 6 delays , 
one flip flop, one pulse generator. Comes complete 
whh two mother boards capable of accepting 20 of 
the plug in units. Wiii sell the whole thing for 
$125. Also have Micro Swi tch keyboard $15; and 
one industrial power supply 5 V 25 A $35. Write 
or ce ll Aon Demcko, POB 243, Richfie ld Spgs 
NY 13439, 1315) 858-1755. 

PET SOFTWARE : Bring your PE T alive wi th this 
interes ti ng collection of games, personal finsnca , 
teaching, and demonstration programs written in 
BASIC especially for a 4 K PET. Includes black· 
jack, chi ld ren 's math. biorhythm, end 15 other 
programs. On cassette. ready to load and run . 
Accompanied by written program descripti ons . 
All for $15.95. Aoben G Schmidt 14 Ti nker Ad , 
Neshue NH 03060. 

MOTOROLA 6800 USERS: I have a nifty trace 
program that prints out the resu lts of each s tep : 
CC , 8 , A. X, plus the PC, opcode, and instruction 
of the next step. Program locates a nywhere in 
memory . A beautiful debugging aid. Uses com· 
bined hardware/soft ware trace and will trace 
through ROM . Works as is on any 02 ki t interfaced 
to video or Teletype. Works on any M IKBUG or 
other system with NMI vector user available, w ith 
the addition of 2 ICS. Send $3 and SASE for 
comple te listing and instructi ons. Specify 02/ 
MIKBUG/Other. Lynn Kurtz. 2104 Campo Alegre 
Ad, Tempe AZ B52B1. 

FOR SALE : Radio Shack TAS·BO with 16 K, level 
I and 11 BASIC. No mon i1or or recorder bu r all 
documentarion and cabres. Best cash offer . Mike 
Heck, 167 S Spr;ng Mill Ad, Villanova PA 19085. 
(215) 525·0709. 

WANTED : Memorex 3664 or IBM2311 disk 
drive. Please reply via a ir mai l star i ng price and 
condition . Also . would lil<.e contacf witn anyone 
who owns a Memorex 40 min icomputer and for 
information e)l;change on iu hardware or ~ oftware. 
P R Williams, 15 Pinny Av, Lowe r Hun NEW 
ZEALAND. 

FOR SALE : IBM 1402 card reader/punch, manual 
included. Best offer over $200 or trade for disk 
drive . You pay shipping . Steve Marsti . 5805 Boulder 
Creek , Austin TX 78724, 15 121 926·5497 . 

FOR SALE : HAL-MCEM-8080 with koyboard , 
BASIC in ROM, 9 K programmable memory, 
2708 p rogrammer, dual cassette interfece & 
power supply . Cost $1200 will sell for $695 
used les"5 than 4 hours. William C Dewberry, Ji4 
lntorbay Av . Pennsacola FL 32507. (904) 456­
6644 . 

FOR SALE : Conirol Data 160·A computer sys­
tem, 8 K by 12 bits core memory, two mu ltip le · 
device 10 channels, 350 cps paper rnpe reader, 
TTY BAPE punch 1110 cps), in desk -1ype cabinet. 
1 10 VAC : also is1 A 10 typewriter interface with 
stand, 168·2 au>eillary arithmetic uni! , two Model 
601 magnetic tape drives, all documentation, 
software on magnetic tape ilnd listed. spare cnrds. 
cab les. $995 for all. Roger C Buck , 1122 Post Dr, 
Rockford I L 61 l OB.18151 399 ·2507 . 

FOR SALE : E and L Instruments MMD-1 micro· 
co mputer with MMD· 1 JMI memorv interface 
board . YI K of memory on processor board, 2 K 
on interface board. Cassette ~ K·C formatl Load/ 
Dump PROM included. Fully tested and burned 
in. Only 8 months old . " Bugbooks" 1 thru 7 
included . Good mach ine to lea rn on and expa nd . 
Cost me $650 ; wlll sacrifice at S485 or best ofler. 
Serious inQuiries may be sent to Gart h L Bock. 
AA •1Box123. LeRoy IL61752. 

WANTED : Any information, especially schemalic , 
for UNIVAC core unit , type 9001-0J. part numbe' 
4029200-00, sorial 2792-B . This core wos probably 
used in a UN IVAC 1004 card processor system . 
WE Hefley , 157 Marian Ln , San Jaso CA 95 127 . 

FOR SALE : Quay Z·BO processor, factory assem­
bled and tened, $250 . VDM -1 video d isplay mod ­
ule , factory assembled by Proce"5sot Tech , S200. 
SD Sales 4 K static memory for Altair !S· 1001. 
Z-80 compatible, $50 . Godbout-Morrow "Smart 
Cassette Interface" tor th roe cassenes and RS232 
and 20 mA, S75 . CCTV high resolut ion prolessional 
v;deo monitor , $100. SwTPC ASCII keyboard, 
fully encoded with interface and parity . in cabinet , 
S50. SwTPC power supply "5U itable tor Altair 
IS- 100). 5 and 12 and -12 V , in cabinet , $50 . 
IMSAI 6 slot mothor board, $15 . Or take all of 1he 
above with documenlation for $750 . Er ic Schneck, 
426 E 85th St "50, New York NY 10028, 12121 
737-6458. 

FOR SALE : One Tarbell casseue interface for 
$85 and one DaJen casset te in terface ~CAil for 
S95. Both operate on popular Tarbell cassette 
bi ·phase interface standard . DaJen board 1s com· 
pletely sohware and hardware 1n10rchangeable 
with the Tarbell board bul ha"5 swi t ch selectabl e 
bps rates. Both fully assembled, socketed , Altair 
(S -100I compat ible. and working perfectly . Dan S 
Parker. 1007 3rd Street • 3. Davis CA 95616, 
19161 758·2341 after 6 :00 PM. 

FOR SALE : Monroe • 326 BETA "Scient i1t" 
programmab le calcula10r with Model J92 digital 
tape unit. Tape dr ive fully controllab le by pro· 
gram, permitt ing automatic read-i n of program 
O\ler lays plus automatic storage/retrieva l of data . 
Features over 100 keyboard scien t ific fu nct ions, 
metric conversions, full edit a nd sel f· t s1 cap;i · 
bili ties , conditiona l jumps a nd nested "5ubrout1nes. 
and large 12 digit d isplay . Program size can extend 
to 27,0,00 keys1rokes using the tape drivl!! . 
Originally cou $1300, ask;ng $650. In like-new 
condition witt'I futl documentat ion and fittl!!d 
attache carrying case with key lock . Gene 
Szymanski, 693 Rosedale Ad, Princeton NJ 08540, 
(609) 924-8856 . 
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USED FOR CHARACTERVISIBLE 
RECOGNITION FOROR 
COMPUTERS WITHINFRA RED 

EXTERNAL CIRCUITS 

MAY BE USED IN 

A VACUUM , 


UNDER WATER, 

HIGH ALTITUDE 


MINATURE SOLID STATE 


202 VIDEO CAMERA KIT 
FEATURING A ... 100 x 100 BIT SELF SCANNING CHARGED COUPLED DEVICE 

THIS UNIQUE UPDATED CAMERA KIT 
FEATURES THE FAIRCHILD CCO 202C IMAGE SENSOR 

ADVANTAGES 
• 	 IN THE FUTURE 

WE WILL SUPPLY A 
COMPUTER VIDEO INTERFACE CARD 

• 	 All clock voltages operate at 6V 
reguiring no adjustments 

• 	 Higher video output signal 
• 	 We supply the power board, so only 

a 5V 1 Amp power source is needed 
• 	 The circuitry has been simplified for 

easier assembly 
• 	 Two level TIL output is supplied for 

interfacing 

;r1o1 J820 Pr ET 
'2 N S'1 S1 .\!I! E rS99.00 
2N2646 UJfh•,11 unnfJ F.a 1rlluir PS U 1K ·ol 11a11 c 1<11n , RS 232 

FEATURES 
• 	 Sensitive to infra red 

as well as visible light 
• 	 May be used for IR surveillance 

with an IR light source 
• 	 Excellent for standard 

surveillance work, because 
of light weight and small size 

• 	 All components mounted on 
parallel 33/4"x61/2" single 
sided boards 

• 	 Total weight under 1 lb. 

J2·2 1L02· 1 ruUy bu He•od, 16 ;icMreu l ines. on 
bo:mi dinc:oding for any 4 o f 611 l)l>faln, uand;ira 
'14 pin bun, m3y b t u5ed wn h F-8 & KI M 

EXPANDABLE F8 CPU BOARD KIT 
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ER 900 T A I G1._.E. I~ D1f1Df:S "1 .S l 0('1 
:!N 6028 Pl ~ OG UH S G5 

4K BASIC FOR FAIRBUG F8 

UHP'lf.ilce , dOCUll'l(! IH <I CIOn, 6~ 9YT E r(' (] l\.E! l 

S2~ 00 MIN IATUAE MU L.Tl· TU R N T RI M POTS 
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AP PRO TO 80ARC5 u~; E c FOR 

SOL0£ALESSeR EAC80A~OING 
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)000JS8 00 
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Silicon Power Recllllers 
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100 06 11'1 30 80 3 10 
200 07 .w 
400 09 15 

IN MAGNETIC ENVIRONMENT 

BECAUSE THERE IS NO 


HIGH VOLTAGE OR 

MAGNETIC DEFLECTION 


$34900 KIT We supply al l '5.emiconduc1ors. 
bo oi rds, data sheets, d iag rams,

Add $75. 00 to assemble and test rnsis to rs and ca pacit o rs. and 
8MM lens. 

Add $2.00 Postage and Handling Son·y we do no t supp ly ch e 
case, batlcri es and 5V supply, 
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Atwood Enterprises 184 

186 
190 

Int ernati onal Technical Systems 1 79 
Ithaca A udio 133 

307 Quest Electronics 204. Radio Shac k 73 
26 Bit Basement 180 191 J & E Elec tronics 179 311 Rothenberg Information Systems 123 
35 BITS59 ,96,97, 122, 141 , 157 195 Jade 195 312 S-100 128 

• BYTE Back Issues 138 200 James Electronics 196, 197 313 S & R Electronics 183 
39 Ca li fornia Industrial 185 201 Jim -Pak 49 310 Scelbi 36 , 37 
40 Canada Systems 131 202 LMN Electronics 199 322 Scelbi/BYTE Primer 65 
45 Cent ral Data 71 203 MACC 152 * Scientific Research 39, 45 
50 Centronics 53 204 Manchester Equipment 181 314 Scope Data 181 
60 Component Sales 186 206 Magnemedia 135 315 SD Computer Products 205 
65 Computer Corner 181 207 Maxi -Switch 61 316 Seattle Computer Products 104 
66 Computer Data Direc tory 131 309 Micro Comp 183 317 Si lver Spur 181 
70 Compute r Ente rprises 139 208 Mic ro Computer Devices 55 318 Small Business Computer Magazine 98 
71 Com puter Hard ware Store 181 209 Microl i t hics 183 319 Sma II Systems Se rvices 1 28 
75 Computerland 6, 7 211 Micro Mart 183 321 Ed Smith's Software Works 136 
72 Computer Mart of MA 120 212 Micromation 15 320 Smoke Signal Broadcasting 75 
73 Computer Mart of NJ 125 213 M icro-Puzzles 1 79 325 Software Exchange 35 
73 Computer Man of PA 125 214 M icrose tte Co 183 330 Software Records 107 
77 Compu ter Products of America 148 216 Micro Systems Services 109 335 Solid State Music 23 
78 Contemporary Marke t ing 92, 93 24 0 M ic roware 110 340 Solid State Sales 207 
79 Creative Software 179 241 M IJOBE 179 350 Southwest Techn ical Products Cll 
80 Cromemco 1, 2 242 Mikos 192 351 Speech Technology 132 
81 Dal Data 145 243 Minicomputer Accessories 105 352 Structured Systems Group 19 
82 Databyte 100 250 Mini Micro Mart 102 353 sub LOG IC 127 
83 Datec 183 25 1 Min i M icro Mart 102 354 Summagraphics 103 
90 Digital Group 29 265 mpi 134 356 Sybex 33 
9 1 Digita l Pathways 126 275 National Mult iplex 87 355 Synchro Sound 94 
95 Digital Research (CA) 83 280 Netron ics Research 101 358 Synchro Sound 95 

100 Digi tal Research (T X) 187 281 New England Electroni cs 126 357 Szerl ip Enterprises 130 
10 5 Disc 3 183 282 Newman Compu ter Exchange 134 360 Tarbell Electronics 43 
110 Dynabyte 67 285 North Star Computer 17, 3 1 370 Technical Systems Consu l tants 41 
1 1 5 
120 

E lect rolabs 1 86 
Elec t ronic Con tro l Technology 127 

286. Northwest Microcomputing Systems 121 
Ohio Scient i fic 24 , 25, 26 , 27 

371 Technico 79 
372 Telecommunications Services 1 79 

125 Electronic Systems 189 287 OK Machine & Tool 5 373 TransNet 136 
130 Electron ics Warehouse 191 288 Oliver Advanced Engineering 132 374 TRS-80 Software Excha nge 124 
131 
140 

EMM/CMP 99 
Forethought Products 124 

289 .. Osborne & Associates 85 
Owens Associates 181 

376 uPMEM 181 
377 US Robo ti cs 183 

145 Gallaher Resea rch Inc 107 291 Pacific Digi tal 129 378 Vamp 179 
146 Hami lton Logic Systems 180 292 Pac ific Office Systems 192 379 Whales 157 
155 DC Hayes A ssociates 81 293 Page Digi tal 204 395 Worldwide Electronics 179 
156 Hazel ti ne 119 294 PA IA Electronics 137 400 Xitex 108 

296 PCE Electronics 1 79 405 Xybek 129 
•corresp ond d frenly wlfh compony . 

EROM BOMBs 

" Program Your Nex t EROM in BASIC" 
A rticle No. ARTICLE PAGE 

by Steve Ciarcia, page 84, was th e winn ing 
Weinste in: A Programmable Character Generator 14 article in the March BOMB, pl acing 1.7 

2 Thorson: A Programmable IC Tester 28 standard deviations above the mean. Steve 
3 Tennant: Natural Language Process ing and Small Systems 38 will receive a bonus of $1 00. Second pl ace 
4 Georgiou : Give an Ear to Your Computer 56 was a tie between "User's Report: The PET 
5 Pearce: The HP-67 and HP-97 112 2001 " by Dan Fylstra, page 11 4, and "The 
6 Norton : Notes on Teaching with Microcomputers 138 In tell igent Memory Block " by Kenneth 
7 O'Haver : More Music for the 6502 140 

Castleman, page 186, each placing 1.5
8 Ciarcia : Talk to Me: Add a Voice to Your Computer 142 

standard deviations above the mean. Both9 Hemsath-Seawright-Ghent-Garrard : Theatrical Lighting Graphics 153 
authors will receive $50. To find out more 10 Webster-Young: GRAPH: A System for Television Graphics 158 

11 O'Haver : Audio Processing with a Microprocessor 166 about BYTE's BOMB, see the card oppo­
12 Morgan: A Look at Shugart's New Fixed Disk Drive 174 site. • 
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You've decided you want a microcomputer 
system-but what to buy? The component 
system? A computer box here, a CRT box 
there, a keyboard box here, a floppy disk 
box there . . . Messy! The $695 system? But 
. . . no disk; no way to add enough memory 
. .. and, if you could, it's not so cheap 
anymore , and you stiJI wind up with an 
expensive box collection anyway. Messy! 

The lMSAI VDP-40, a fully integrated 
Video Data Processing system that, in one 
handsome package , combines a profes­
sional keyboard, heavy-duty power supply, 
rwin mini-floppies, multi-slotted mother­
board and 9-inch CRT at a new low price. 

System Expansion? The lMSAI VDP-40 
was bui!t for you. The extra slots in our 

S-100 bus motherboard 
and heavy-duty power supply 
allow almost unlimited expansion . 
Need more RAM? Add up to Yi MByte 
with our Intelligent Memory Manager and 
64K RAM boards. Need more disk storage? 
A controller option of the VDP-40 will 
allow you to expand to nearly 5 megabytes! 
Add a line printer, an IBM-compatible tape 
drive , a MODEM! lMSAI has them all, 
with the interfaces and SJftware to make it 
work for you . The standard of excellence 
IMSAI places at your disposal at a price/ 
performance no one else has put together 
allows you to achieve the full potential of 
your imagination . 

Check us out. 
lMSAI has what you want 

and what you need . Visit your dealer 
or write us directly. Ask about the IMSAl 
VDP-40 and the entire IMSAI line . 
Feuturcs and prices subj ec: t lO chnnge wilhoul notice. 
·cPIM is tt trad ~mark afDigit lll Rcsclll'Ch Corpora1ion. 

The Standard of Excellence 
In Microcomputer Systems 

IMSAI Manufacturing Corporation, 

Dept. EWN, 14860 Wicks Boulevard, 

San Leandro, CA 94577 (415) 483-2093 


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

See us at the NCC Show, booth 2860 

Price/Performance no one else has put together. 

Ci rcle 175 on inqu i ry card . 



lheworld5 
most powerful

•m1c:roc:ompuler 
c:omeshome 

• Uii;"'I U'M:l'1 • 
--------­ ----­

•t• d aupport. As an Hll 
P. nor;-m bQVe aacesa to an inctedible 
rqnga 9f softwcue - ediior, relocatable 
asse!?U>ler, linker, absolute loader. debug 
program. l/O executive ~rogram . dump 
routines, BASIC cmd FOCAL. And, by 
joining the DEC user's group (DECUS), 
you can have a ccess to one of the largest 
software libraries in the world . And 
there's more to come. Much more. 
Of course, the Hll executes the power­
ful PDP 11/40 instruction set which in ­
cludes over 400 commands. And the full y 
assembled KD-llF CPU board includes 
4K x 16 bits of memory. The backplane 
a ccepts up to six additional modules 
(memory, seria l and parallel I/O . etc.) 
Heath will soon introduce a dual floppy 
with a disk operating sys tem to take 

Be sure to use coupon 
on page 34 of this 

magazine to o rder your 
FREE Heath ki t Cata log! 

~-~~t: ~. 

II~~ 

r~-~~: -----i ~:;:~ 
~ .----- ---·-------' 

fu ll advantage of the Hll's power. And 
the HU is fully compatible with a ll DEC 
LSI-11 accessories. 
Heath documentation is second to non e. 
You get illustrated step-by-step instruc­
tions on how to build the kit. thorough 
explanations of the s oftware and compre­
hensive operating instructions. lf yuu 
wa nt to see for yourseU. we'll send you 
the entire manual set (#HM-1100) for 
just $25. And you can apply the cost to 
the price of the computer. 
Wit h the Heathkit Hll, you can enjoy 
power. speed, versatiU ¥ cgid 'pOt4'µtia l 
no 8-hit machine cg lllfl!t • Ana the 
HIl costs little m.Q~ l~a.er 
computers- j~t 

Don't1 ~ fQ 
~l ..~ t 

c.o.., 

System Engineered 

for Personal Computing 
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