
COMPUTER DESIGN 
THE MAGAZINE OF DIGITAL ELECTRONICS 

.JULY 1876 



1
,-,,,,1111 'j l ljd• "/1cl<1\1 1;1) 1 

){1"1 JI i,1)/~ 11' ,, i11 \1 

1441 East Chestnut Avenue, Santa Ana, California 92701 
Phone 714/835-6000 

CIRCLI 1 ON IN9UllY CARD 



Series 9000. 
They weren't born yesterday. 

Being first doesn't happen overnight. The Series 9000 
synchronous tape transports are the result of 16 years 
experience in designing and building digital tape 
transports. We've learned a few things along the way -
the many unique features of Series 9000 prove it. 
Features such as: 

• A position arm anticipatory sensing system. 
An exclusive Kennedy feature, the linear, non­
contact (Mag Pot) position sensor requires no 
lamp source and assures performance for the life 
of the machine. 

• Interchangeable electronics on all Series 9000 
transports, to reduce stocking costs and down time. 

• Front-accessible off-line test panel ; marginal skew 
check; threshold scann ing which automatically 
compensates for drop-ins or drop-outs ; Read-After­
Write shortened skew gate ; simplified tape path 
and quick-release hubs. 

·., •. 
· .. : ' 

• All models are available with either 7 or 9 track, 
800 NRZl , 1600 PE or 800/1600 NRZl/PE. 

• 7 and 9 track NRZI and PE format/ control units to 
simplify customer electronics. Also, a variety of 
popular mini-computer mag tape controllers are 
available. 

Series 9000's performance is as impressive as its 
features, with data transfer rates to 72KHz, and tape 
speeds from 10 to 45 ips. 

Sixteen years is a long time in the digital tape business, 
but many of the first Kennedy transports are still in 
the field , and still operating . That's something worth 
thinking about the next time you have a requirement 
for digital tape transports. 

KENNEDY CC. 

540 W. WOODBURY RD., ALTADENA, CALIF. 91001 
(213) 798-0953 
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DESIGN 
FEATURES 

69 HOW COMPUTERS CAN TEST THEIR OWN MEMORIES 
by Robert C. Goldblatt 

Memory testing at the system level, necessary for both preventive mainte­
nance and diagnosis of malfunctions, is complicated by the fact that the 
test program must be stored in the same memory it is to test 

75 ASSOCIATIVE PROCESSORS: A PANACEA OR A SPECIFIC? 
by L. C. Higbie 

Considered by some to be the ultimate computer design, associative array 
processors, when carefully scrut inized, demonstrate advantages 'in certain 
areas with compensating disadvantages in others 

87 SYSTEM LANGUAGES FOR MICROPROCESSORS: 
CONSIDERATIONS AND TRENDS 

by Computer Design Editorial Staff 

Panel considers general qualifications and 'ideal characteristics of a system 
programming language and addresses problems of portability and tradeoffs 
which can be made to achieve a useful language 

100 NEW MAGNETIC MATERIALS HELP CORE MEMORIES STAY ALIVE 
by Rodger D. Thuras 

Refined material formulations that are used in temperature stable cores 
have led to greater economy because of higher yields, and greater density 
because of better uniformity; such materials may eventually permit effective 
use of 14-mil cores 

106 PROGRAMMABLE INTERFACE DRIVERS SIMPLIFY LOGIC TESTING 
by David T. Kan 

Often slow, uneconomical , and 'inadequate, interface drivers are now capable 
of producing time and cost savings, while fill,ing an important gap in testing 
digital circuits and systems 

142 FORM FACTOR OF SWITCHING POWER SUPPLY 
MEETS USER REQUIREMENTS FOR DIVERSE DESIGNS 
Packaging density of 250-W switcher achieves very high yield per cubic 
inch and facilitates installation in wide range of equipments 
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How to Design Your 
Power Supply for $66 

You get the complete schematic diagram, 
and parts list with operating and installa­
tion instructions when you spend $66 for 
an Abbott Model "RN" power supply. 
Two years in development, this model 
represents the latest state of the art in 
power module design. It features close 
regulation ( 0.1%), low ripple ( 0.02%), 
automatic short circuit and complimentary 
overvoltage protection and continuous 
operation in a 160°F ambient. 

Abbott Engineers followed specific design 
criteria in engineering these modules. 
First, the electrical design was carefully 
engineered to insure that all components 
operate well within their limits, under 
"worst case" operating conditions. Second, 
the thermal design, including case con­
struction, was carefully made to insure 
that the maximum temperature limits of 
all components are never exceeded. Then 
the size and weight of these modules 
were controlled to a minimum, without 
sacrificing reliability. Finally these units 
were thoroughly tested to make certain 
that all design and performance specifica­
tions were met. 

So, you can build your own power supply 
using our schematic diagram if you want 
to-but we think we can build it more 

reliably and for less cost, simply because 
we have been doing it for ten years. Put 
our power supply in your system first 
and try it. Examine its performance. We 
think you will be pleasantly surprised at 
the quality, adherence to specifications, 
and the reliability you find in the Abbott 
Model "RN". 

Any output voltage from 5 to 100 volts 
DC with current from 0.15 to 20 amperes 
is available. Many of the popular voltages 
are carried in stock for immediate delivery. 
Please call us for attractive O.E.M. dis­
count prices. 

Abbott also manufactures 3,000 other 
models of power supplies with output 
voltages from 5.0 to 740 volts DC and 
with output currents from 2 milliamperes 
to 20 amperes. They are all listed with 
prices in the new Abbott catalog with 
various inputs: 

60 ~to DC 

400 .c\::1 to DC 
28 VDC to DC 

28 VDC to 400~ 

12-38 VDC to 60 t:tt 
Please see pages 1037-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
or pages 612-620 Volume 2 of your 1975-76 GOLD BOOK for complete information on Abbott Modules. 

Send for our new 60 page FREE catalog. 

abbott transistor 
LABORATORIES, 

general offices 

5200 W. Jefferson Blvd. / Los Angeles 90016 
(213) 936-8185 Telex: 69-1398 

NCORPORATED 
eastern office 

1224 Anderson Ave./Fort Lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 
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Introducing 
soft hardware. 

We call it firmware. Here's how it works: 
Design your own computer. 

With firmware, we can tailor our computer to 
your application. It's like starting from scratch and 
designing your own computer for your particular 
needs. It's more efficient than software adapta­
tions because firmware is five to ten times faster 
than equivalent software. 
Your software will run only on your computer. 

Firmware is like hardware. It becomes part 
of your computer. It makes your computer different 
from every other computer. That means the soft­
ware you write will run only on your computer. It's 
absolute protection for proprietary software. 

If you've already got software, 
we'll build our computer around it. 
Firmware allows a Microdata minicomputer 

to emulate any computer ever made. If you've al­
ready spent a bundle on software, you can protect 
that investment. And by putting your most fre­
quently used software routines in 
firmware, you can take advan­
tage of the considerable in­
crease in power 

and speed you get with Microdata minicomputers. 

Firmware grows right along with you. 
Firmware gives you all the advantages of 

hardware and all the flexibility of software. You can 
add firmware any time your application becomes 
more demanding. And you can change it com­
pletely without buying new hardware. 

Some people call it microprogramming 
and all our computers have it. 

You may already know that we've been 
talking about microprogramming. State-of-the-art 
microprogramming is what makes our Micrd~One 
microcomputer and our 1600 and 3200 series 
minicomputers the most sophisticated and the 
most powerful computers for any application. It 
also makes them the most economical. 

There's more. 
Write us on your letterhead for the whole 

story on our microprogrammable minicomputers. 
Now that you know about soft hardware, you 

can work your software harder. 
Write to Microdata Corpo­

ration, PO. Box 19501, Irvine, 
CA 92713. 

---: --· 

Microdata 
17481 Red Hill Avenue, Irvine, CA 92714. (714) 540-6730. TWX: 910-595-1764. 

Regional Sales Offices: Western, 714/533-8035; Central, 312/671-5212; Eastern, 201/224-9550; Southern, 813/870-3253 

For immediate need, circle 5 on Inquiry Card. 5 
For information only, circle 6 on Inquiry Card. 



I CALENDAR I 

CDNFERENCES 

AUG 3-6-Third lnternat'I Conf on Com ­
puter Communication (ICCC-76 ), Royal York 
Hotel, Toronto, Canada. INFORMAT ION: 
ICCC-76, PO Box 365, Station A, Ottawa, 
Canada Kl N 8V3 

AUG 10-12-4th Sym on the Simulation of 
Computer Systems, Nat'I Bureau af Stds, 
Boulder, Colo. INFORMATION: Arthu r F. 
Chantker, Nat'I Bureau of Standards, Tech­
nology Bldg, Rm A247, Washington, DC 20234 

AUG 24-27-1976 lnternat'I Conf an Par­
allel Processing, Waldenwoods Resort and 
Conf Center, Waldenwoods, Mich. INFOR­
MATION: Tse-yun Feng, Conf Chm, 1976 
lnternat'I Conf on Parallel Processing, Col­
lege of Engineering, Wayne State U, Dept 
of Electrical and Computer Engineering, 
Detroit, Ml 48202 

AUG 31 -SEPT 2-1976 lnternat'I Optical 
Computing Conf, Capri, Italy. I NFORMA­
TION: Sam Horvitz, Gen'l Chm, Naval 
Underwater Systems Center, New London, 
CT 06320 

SEPT 7-10-COMPCON 76 (13th IEEE Com­
puter Society lnternat'I Canfl , Mayflower 
Hotel, Washington, DC. INFORMATION: 
Paul L. Hazan, Program Chm, The John 
Hopkins U, Applied Physics Lab, John Hop­
kins Rd, Laurel, MD 20810. Tel: (301) 
953-7100, X449 

SEPT 8-10-lnternat'I Sym on Technology 
for Selective Dissemination of Information, 
Palazzo dei Canaressi, Republic of San Ma­
rino. INFORMATION: IEEE Computer Society, 
PO Box 639, Silver Spring, MD 20901 

SEPT 13 -23-UISTA Data Communicotion 
Conf, Iowa State U, Ames, Iowa. IN FOR­
MATION: Conf Director, Paul Bond, 33 1 
Coover Hall, Iowa State U, Ames, IA 5001 1 

SEPT 14-16-Electro-Optics/Loser '76 Conf 
and Exposition, New York Hilton, New York 
City. INFORMATION: Industrial and Scien­
tific Conference Management, Inc, 222 W 
Adams St, Chicago, IL 60606. Tel: (3 12) 
263-4866 

SEPT 14-17-WESCON (Western Electronic 
Show and Conv), Los Angeles Conv Center, 
Los Angeles, Calif. INFORMATION: William 
C. Weber, Jr, WESCON Gen'l Mgr, 999 N 
Sepulveda Blvd, El Segundo, CA 90245. Tel: 
(213 ) 772-2965 

SEPT 20-22-Convergence 76, lnternat'I Sym 
on Automotive Electronics and Electric Ve­
hicles, Hyatt Regency Hotel, Dearborn, Mich. 
INFORMATION: J. M. Leahy, Micro Switch 
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Div of Honeywell Inc, 17515 W Nine Mile 
Rd, Southfield, Ml 48075. Tel: (313) 
424-3744 

SEPT 21 -23-Joint Conf on Data Privacy and 
Data Security, U of Linz, Austria. INFORMA­
TION : Das Tagungsburo der gemeinsamen, 
Fachtagung oGI und GI, "Datenschutz und 
Datensicherung," z.H. Herrn Dr Roland 
Traunmuller, lnstitu~ fUr Statistik und ln ­
formatik, Universitat Linz, 4045 Linz/ Auhof 

SEPT 22-24-APL76 Canf, Ottawa, Ontario. 
INFORMATION: Comshare Ltd, 304-11 Ade­
laide St W, Toronto, Ontario M5H 1M2 
Canada 

SEPT 22, OCT 26, and OCT 28-1976/77 
Invitational Computer Conferences, Newton, 
Mass; Chicago, Ill; and Minneapolis, Minn. 
IN FORMATION: B. J . Johnson & Associates, 
2503 Eastbluff Dr, Suite 204, Newport Beach, 
CA 92660. Tel: (714) 644-6037 

SEPT 26-29-EASCON -76 (Electronics and 
Aerospace Systems Con fl, Stouffer's Nat'I 
Center Inn, Washington, DC. INFORMA­
TION: EASCON-76, Suite 636, 821 15th St, 
NW, Washington, DC 20005. Tel: (202) 
347-7088 

SEPT 28-30-Canadian Computer Show­
Salon De l'Ordinateur, Place Bonaventure, 
Montreal. INFORMATION : Show Mgr, Derek 
A. Tidd, Industrial and T rode Shows of 
Canada, 481 University Ave, Toronto, On­
tario M5W l A 7 Canada 

OCT 4-5 ond 19-20-lnstrumentation and 
Computer Fair, Philadelphia Marriott, Phila­
delphia, Pa and Sheraton Inn/Washington ­
Northeast, Lanham, Md. INFORMATION: 
Instrumentation and Computer Fair, Market­
ing Ventures, Inc, 5012 Herzel Pl, Beltsville, 
MD 20705. Tel: (301 l 937-7177 

OCT 10-14-ISA-76 (Instrument Society of 
America lnternat'I Conf and Exhibit ), Hous­
ton, Texas. INFORMATION: Instrument So­
ciety of America, 400 Stanwix St, Pittsburgh, 
PA 15222. Tel: (412) 281-3171 

OCT 12-14-EUROMICRO, Second Sym on 
Miera Architecture, Venice, Italy. INFORMA­
TI ON: Jan Wilmink, Program Chm, Euromi­
cro Symposium, Twente U of Technology, 
PO Box 217, Enschede 7801, Netherlands 

OCT 12- 15-Micro/Minicomputer Exhibit, 
U.S. Trade Center, Frankfurt, Germany. IN­
FORMATION: Bureau of International Com­
merce, U.S. Dept of Commerce, Washington, 
DC 20230. Tel : (202) 377-3748 

OCT 13-15-Second lnternat'I Conf on Soft­
ware Enqineering, San Francisca, Calif. IN­
FORMATION: Dr C. V. Ramamaorthy, Pro­
gram Chm, Dept of Electrical Engineering 

and Computer Sciences, U of California­
Berkeley, Berkeley, CA 94720 

OCT 19-21-1976 Mini/Micro Computer 
Conf and Exposition, Brooks Hall/Civic Audi­
torium, San Francisco, Calif. INFORMATION: 
Mini/Micro Computer Canf and Exposition, 
5544 E La Palma Ave, Anaheim, CA 92807. 
Tel: (714) 528-2400 

OCT 19-21-1976 IEEE Semiconductor Test 
Equipment Sym, Cherry Hill Inn, Cherry Hill, 
NJ. INFORMATION: Annual Test Symposium 
Committee, IEEE Philadelphia Section, U of 
Pennsylvania, Moore School of EE, Philadel­
phia, PA 19174 

NOV 8-12-Exhibition of U.S. Computers and 
Peripheral Equipment, U.S. Trade Center, 
Sydney, Australia. INFORMATION: Irwin D. 
Nathanson, Office of International Market­
ing, DIB-233, U.S. Dept af Commerce, Wash­
ington, DC 20230. Tel: (202) 377-4957 

NOV 23 -25-COMPEC'76 (Computer Periph­
eral, Small Computer, and Systems Exhi­
bition) , Wembley Conf Centre, Wembley, 
Middlesex, England. INFORMATION : Tri­
dent Conferences and Exhibitions Ltd, Abbey 
Mead House, 23a Plymouth Rd, Tavistock, 
Devon PL 19 SAU England 

SEMINARS 

SEPT 27-29-Ninth Annual Workshop on 
Microprogramming (MICR0-9), New Orleans, 
Louisiana. INFORMATION: Prof Peter Kor­
nerup, MICR0-9 Program Chm, Computer 
Science Dept, U of Southwestern Louisiana, 
Box 4-4330, Lafayette, LA 70504. Tel: (318) 
233-3850, X538 

OCT 7-8-Design and Drafting Automation, 
U of Wisconsin-Extension, Milwaukee. IN­
FORMATION : John M. Leaman, Dept of 
Engineering, U of Wisconsin-Ext, 929 N Sixth 
St, Milwaukee, WI 53203. Tel: (414) 224-
4189 

OCT 12-14-Workshop on Design Automation, 
Michigan State U, East Lansing. INFORMA­
TION: Stephen Pardee, Bell Laboratories, Rm 
3B310, Whippany Rd, Whippany, NJ 07981 

BHDRT CDURBEB 

AUG 2-13-Using Microcomputers; Computer 
Graphics, U of California, Santa Cruz. IN­
FORMATION: Joleen Kelsey, U of California 
Extension, Santa Cruz, CA 95064. Tel : (408) 
429-2761 

.. 
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Why 706,000 small businesses you 
couldn't sell last year may buy your 
data processing system this year. 

Documation just broke a 
whole new market wide 
open for you - 706,000 
small business firms * 
who should be using a 
complete data process­
ing system, but aren't. 
Mainly because, until 
now, you couldn't sell 
them a DP system that 
accomplished enough 
ou~put at an affordable 
pnce. 

Now you can. Because 
now there's the LC50. 
Documation 's micro­
processor-controlled LC50 
accomplishes all the re­
quired card input-output func­
tions and some data entry 
functions in one compact 
package. It provides indepen­
dent control even of excep­
tional conditions and handles 
them without host system or 
operator intervention. The 
simple 8 bit parallel data and 
command interface reduces in­
terface efforts to a minimum. 
It's geared to handle a variety 
of 8 bit code structures includ­
ing ASCII and EBCDIC. It's 
also available with an RS232 
interface. 

On line in its full configura­
tion, the LC50 reads both 
punched ·and optical marks. It 
reads, punches and prints on 
either 80 or 51 column cards. 
It prints single line. It prints 
multiline on any or all of 12 
lines. It verifies punched data, 
automatically detects and 
corrects most errors, stacks 
the cards and sorts them into 
one of two output stackers. 
Off-line, the LC50 can 
automatically reproduce, 

interpret, gang punch cards 
and, with the RCE feature, can 
selectively reproduce and gang 
punch data. 

The LC50 offers the most 
cost efficient solution available 
for turnaround document 
processing and data entry. Add 
one LC50 to your DP system -
and subtract the cost of the two 
or three machines it replaces. 
Add an LC50 and subtract 
some training, service and 
maintenance "down-time." 
Add one LC50- and it can help 
bring the price of your entire 
system down to what the small 
business user can afford. 

There's yet another way to 
make the modular LC50 add 
up to more business in the 
small-business market. Buy it 
in its minimal configuration, 
then add to it as your custom­
er's DP needs grow. Start with 
a basic punch configuration 
then add individual mod­
ules for read, single-line print, 
multiline print and other 

CIRCLE 41 ON INQUIRY CARD 

functions. All mod­
ules, except the mul­
tiline printer, can 
be installed on 

site.And, of course, 
it can be configured 

to be an ideal I/O device 
in a Remote Batch Ter -
minal System. 

At Documation, we're 
always interested in pro -

ducing the most cost effec­
tive product. That's why we 
push our engineers to the 

limit of their imaginations. 
Why we run a real, manufac­
turing plant instead of just an 
assembly line. Why we go on 
improving a particular product 
even though it's a best seller. 
We assume you're just as in­
terested in beating your com­
petition. That's why you 
should call or write Roy 
Ostrander, Vice President, at 
P. 0. Box 1240, Melbourne, 
Florida 32901. Telephone (305) 
724-1111. Place your order for 
the LC50 and start calling on 
those 706,000 new customers 
... before your competitors do. 

DOCU~uO(Q)~ 
INCORPORATED 

• Baseo on 1ntormat1on tram the March 1975 supplement w the Datapro 70 
Rep:irt by Datapro Research Corpora11on 
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Announcing the biggest 
breakthrough ever in core storage. 

Four MEMORY+ 
devices give this 
MODCOMPcom­
puter an external 
core storage 
capacity ot 16 
megabytes. 
operating at main 
memory speeds. 

MEMORY+. It's an entirely new Think of It as a shared 
dimension in bulk memory memory in multi-processor 
for minicomputers. An systems. Two MODCOMP 
add-on memory system computers can be 
used with MODCOMP processing the same 
computers to give you a data at memory 
whopping 4,000,000 bytes The MODCOMP 256K-byte memory module speeds, without tying 
of directly accessible core that made it all possible. up main memory 

storage. At far less cost than any other Think of It as an operating system 
core memory you could ever buy auxiliary memory Boosting system 
Until now throughput by providing fast access to 

It opens up vast new possibilities for often-used operating system files. 
storing those programs and data you Think of It as a direct data path to 
can't accommodate in main memory main memory for external data, used 
but frequently need to get at-super fast. as a high-speed buffer. 

Becausenowyouhavethebestoftwo Anyway you look at it MEMORY+ is 
worlds. The capacity of disc. With the high one giant step forward in real-time 
speed and reliability of main memory bulk storage. 
At an amazingly economical price. And because of its modular design, 

The big breakthrough came when you buy only the capacity you need 
we found a way to slash the cost-per-bit now As you need more, add more 
of core by condensing a massive 256K plug-in modules. 
bytes of memory into a single memory Its simple. It works. And it's available. 
plane. In a single MEMORY+ device, Now 
anywhere from one to sixteen of these Call your nearest MODCOMP sales 
memory modules go together for a office for full details. Or write for a 
total capacity of 4 megabytes. comprehensive 20-page brochure that 

Consider what MEMORY+ can explains the whole MEMORY+ story 
mean to you. Modular Computer Systems, 1650 

Think of It as a giant extension West McNab Road, Ft. Lauderdale, 
to main memory. It's both FL 33309. Phone ( 305) 97 4-1380. 
word and block address- European Headquarters: Export 
able, and it swaps data so House, Woking, Surrey; England 
fast it appears to be a part Phone ( 04862) 714 71 

of main memory itself. M I DC I MP Think of It as a way to 
beat the sluggish speed of 
fixed head disc. With its core 
memory access time, and MEM I RY'._j_ 
transfer rates as high as five I 
megabytes per second. 

MODCOMP SALES OFFICES ALBUQUERQUE. NM ATLANTA. GA 
BOSTON. MA CHICAGO. IL CINCINNATI. OH/DALLAS.TX/DENVER. CO 
DETROIT. Ml /HOUSTON.TX/HUNTSVILLE.AL/INDIANAPOLIS, IN/ 
KANSAS CITY. KS ILOS ANGELES. CA/MONTREAL. CNINEW YORK. NY 
ORLANDO. FL PHILADELPHIA. PAIPITTSBURGH. PA ROCHESTER. NY 
SAN JOSE. CA 'SEATTLE. WA/WASHINGTON. DCflNTERNATIONAL OFFICES 
OR REPRESENTATIVES IN ENGLAND FRANCE/BENELUX/WEST GERMANY 
NORWAY SWEDEN JAPAN 

CIRCLE 7 ON INQUIRY CARD 9 



COMMUNICATION CHANNEL 

by John E. Buckley 
Telecommunications Management Corp 
Cornwells Heights, Pa. 

Private Line Tariff Revisions 

On August 19, 1976, American Tele­
phone and Telegraph Company 
(AT&T) will implement totally new 
rates for private lines. This latest 
change in the critical tariff is the 
third major restructuring of private 
line services in as many years. Dur­
ing that time, private line users have 
experienced three rate increases in 
AT&T High/ Low Private Line Rates. 
Significance of this latest redefini­
tion of AT&T's Tariff 260 is that 
every user of data communications 
networks must reanalyze basic finan­
cial justification of private line use, 
such as multipoint data networks. 
Most communications users tend to 
become immune to seasonal rate in­
creases. This most recent change, 
however, can create major cost ad­
vantages or penalties to the private 
line user. 

Prior to August 19th, a 100-mile 
private line between two high den­
sity cities cost $222.00 per month. 
As a result of this most recent re­
vision that same line will cost 
$225.20 per month. The cost in­
crease equates to only 1.4%. Ma­
j or advantages to the user occur 
if one or both cities being inter­
connected are not designated as high 
density. Previous rate for such a 
line was $401.00 monthly. Under 
the new rates the line costs $270.55 
if one terminating city has a low 
density designation, and $345.60 if 
both are classified as low density. 
This represents cost reductions of 
32.5 and 13.8%, respectively. Under 
new tariff provisions, a longer dis-
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tance line tends to experience even 
more dramatic cost reductions. A 
previous 1000-mile channel between 
a high and low density city gen­
erated $2840.00 in monthly revenue 
to AT&T. This same circuit now 
provides only $1171.23 to AT&T, 
with a 58.8% monthly cost reduc­
tion to the user. A private line chan­
nel between two high density cities 
1000 miles apart decreases 22 %, 
from $1050.00 to $819.20 per month. 

Prime motivation for this latest 
change was a Federal Communica­
tions Commission (FCC) ruling in 
January 1976. AT&T private line 
rates in effect at that time allowed 
revenue from noncompetitive regions 
to subsidize lower rates in competi­
tive areas. Facility routes between 
major cities have been prime markets 
for specialized communications com­
mon carriers, such as MCI, SPCC, 
and USTS. In order to counteract this 
competition, AT&T originally filed 
the High/ Low Private Line Tariff 
to provide private lines at lowest pos­
sible rates in competitive areas. 
Justified by higher number of chan­
nels between high density cities, 
past rates were intended to be com­
pensatory; that is, to provide reve­
nue return based on actual cost of 
providing the service. On this basis, 
AT&T has been able to justify the 
past 2-tier pricing concept. In J anu­
ary, the FCC decreed that AT&T 
apparently had overcompensated for 
competitive factors by underpricing 
private lines between high density 
cities, and unfortunately overpricing 

non-high density route channels. As 
a result, the new tariff generally 
provides a reduction to private line 
users except for slight increases to 
short distance channels between high 
density cities. 

The past tariff defined 370 cities 
in the continental U.S. as high den­
sity locations. The intended tariff sig­
nificantly revised this list, with some 
cities obtaining lower rates. Fifty­
eight cities which were former high 
density locations lost that designa­
tion. Thirty-three former low density 
cities were elevated to high density. 
Most significant cost increase will 
be experienced by users who have 
leased lines between one or two 
cities which were downgraded to 
low density. Table 1 illustrates the 
impact on these users. 

The new tariff represents a total­
ly new pricing configuration. In or­
der for a current or potential user 
of voice or data communications 
leased lines to properly plan future 
networks, complete understanding 
of components and their relation­
ships is mandatory. As with the past 
tariff structure, certain cities are 
designated as high density, and are 
intended to represent major carrier 
concentrations in AT&T Long Lines 
network. Typically, a high density 
city can be expected to have a com­
mon termination of over 14,000 chan­
nel pairs among other operational 
qualifications. Cities which do not 
meet these criteria are automatical­
ly relegated to low density status. 
First major change in the intended 

(Continued on p 14) 



Let's talk about the easy way 
for you to spot microprocessor 

HARDWARE PROB ·EMS 
-------------======--.--~ z. 4--" 

We've prob­
ably both 
spent hours 
at the simu­
lator to prove 
we had good 
software and 
then discov­

ered the hardware won't play­
what do we do? You know the 
traditional answer. Dig out the 
scope, get out the program 
printout, and brace yourself for 
hours of grinding, point-by­
point checks. But I can tell 
you that doesn't have to be the 
case. Especially now that HP 
has introduced some new tools 
that can really cut down your 
troubleshooting time . 

HP's Logic State Analyzers 
can really take a lot of pain 
out of your troubleshooting 
procedures. You'll find wiring 
errors, defective components, 
and even solder splashes; and 
you'll find them a lot more 
quickly than ever before. 

Let me give you an example. 
We had an eight-bit micro­
processor system with start-up 
problems. The clocks were run­
ning and phased right, and the 
address lines toggled, but the 
machine didn't function. So, we 

In the TABLE mode, the 1600S displays up to 
16 32-bit words. These words could be 

combinations of addresses, instructions or 
stales of the control lines. 

set up an HP 1600S Logic State 
Analyzer to look at both the 
Address and Data buses . It was 
then we noticed that only 
"zeros" were being fetched from 
memory. Knowing the ROM was 
good, we then added several 
control lines to the display 
and the problem showed up im­
mediately. The "Enable" line 
never went high. A quick look at 
the "Enable" driver showed the 
input was ok, but no output. 
Obviously, the gate was defective. 

I don't know how long it 
would have taken to find that 
one without HP's Logic State 
Analyzers, but I know it would 
have taken us a lot longer. 

Call your local HP field 
engineer. He'll give you all 
the details on the 1600S (priced 
at $7100*) including spec sheets 
and application notes detailing 
the use of mapping for trouble­
shooting minicomputer and micro­
processor systems. He'll tell 

CIRCLE 8 ON INQUIRY CARD 

you about the seminars that HP 
has arranged around the country 
and tell you when one will be 
held in your area and how you 
can attend. You ought to go to 
one, because you'll discover an 
exciting new concept in digital 
troubleshooting. 
*Domestic U.S.A. price only. 

... ,, 
HEWLETT ?P PACKARD 

Sa l es a nd se r vice fr o m 172 o ffi ces i n 65 count r ies. 

1507 Page M•ll Road, Palo Alto , Cal1forn1a 94304 
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This display makes oscilloscope 
timing measurements easier, 
faster and more accurate, 
Main sweep has two 
intensified zones. 

Two intensified zones 
on the main sweep 
correspond to the two 
expanded, delayed 
sweeps shown below. 
They are quickly and 
independently posi­
tioned to provide a 
visual approximation 
of the t::,, time mea­
surement. 

Two expanded /_ 
sweeps. 
Both intensified zones 
are expanded at a 
faster rate for better 
resolution and are 
swept alternately with 
the main sweep trace 
for a complete, power­
ful measurement dis­
play. t::,, time accuracy 
is enhanced by super­
imposing one trace 
over the other, yet 
they can be vertically 
separated for inde­
pendent analysis. 

Sweep rates 
displayed digitally. 

Digital crt readout dis­
p I a y s both sweep 
rates for measurement 
ease and convenient 
photographic docu­
mentation. To the left 
is the main sweep rate 
and to the right is the 
sweep rate for the two 
alternate (or delayed) 
sweeps. 

Time difference is computed and 
displayed digitally. 
The time difference ( t::,, time) between 
each of delayed sweeps (or intensified 
zones) is digitally computed and dis­
played directly on the crt for swift and 
convenient measurement. When similar 
points on each of the alternate delayed 
traces are aligned, the t::,, time readout 
gives you a highly accurate measure­
ment of the time between the points. 

CRT display, photographed on a 7904 oscilloscope, shown full size . 

Fill out and mail to: Tektronix, Inc., P.O. Box 500, Beaverton, OR 97077 

Please send me Name _____________________ Position _ ____ _ 

D The new 7B80-Series brochure Company ____________________ Mail Sta _ ____ _ 
D t::,, time measurement application 

notes. Address _____________________________ _ 

D A catalog of 7000-Series oscillo­
scope mainframes and plug-ins. 

D Please have a Tektronix Field Engineer 
contact me about a demonstration. 

12 

City ___________________ State _____ Zip ____ _ 

Phone ( 
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and these new plug-in time bases 
make it possible. 

Controls position both 
intensified zones. 

DELAY TIME positions 
the first i ntensi tied 
zone . 6 TIME posi­
tions the second in­
tensified zone relative 
to the first. The 6 de-
1 a y time value - the 
time between the two 
intensified zones - is 
presented digitally on 
the crt. 

Alternate traces can 
be separated. 

Triggering. 
Peak-to-peak automatic trig­
geri ng offers a continuously 
triggered display regardless 
of changes in signal ampli­
tude or frequency. Trigger 
bandwidth is 400 MHz with 
trigger sensitivity at least 
250 mV. 

T IGGERING 
Trigger holdoff 
adjustable. 

COU....,_ 10UM:l ,_, m AC IU • • "10 AC II M:J UH -· ... • llilMI AC MF • ., IXT 

\j._ '!' • 
• • T 

Variable trigger hold­
off allows you to ob­
tain stable displays on 
complex signals like 
digital data trains. 

7880 sweep rates. 
The alternate (de­
layed) sweeps can be 
set to any rate up to 
1 ns/division on the 
7B80. Naturally, other 
7000 Series time bases 
with different perform­
ance features can be 
used with the 7885 to 
make 6 time delay 
measurements. 

Optional X-Y mode. 

TRACE SEPARATION 
activates the 6 delay 
time mode and permits 
the two delayed traces 
to be vertically posi­
tioned with respect to 
each other for your 
most convenient dis­
play. 

7885 sweep rates. 
For phase relationship 
measurements, an op­
tional X-Y mode routes 
the X (horizontal) sig­
nal from 'an oscillo­
scope vertical ampli­
fier to the horizontal 
sweep unit w ithout 
changing input probes. 

Sweep rate for the main 
sweep can be set from 1 
ns/division to 5 s/ division. 

Here's how to get more information 
Your nearby Tektronix Field Engineer will be happy to show you 
how these new time bases combine with a 7000-Series oscilloscope 
mainframe and other 7000-Series plug-in instrumentation to fit 
your measurement needs. Just call your local Tektronix Field Office 
or send the coupon to Tektronix, Inc., P.O. Box 500, Beaverton, OR 
97077. In Europe, Tektronix Limited, P.O. Box 36, St. Peter Port, 
Guernsey, Channel Islands. 

.. 
TEKTRONIX@ 

-

committed to 
technical excellence 

The 7000 Series ... more than an oscilloscope 

For technical data, circle 9 on Inquiry Card. For a demonstration, circle 1 O on Inquiry Card. 13 



TABLE 1 

Impact of Downgrading Cities 
(Assume 250-mile channel) 

Former Line 
Cost 

$360.00 

Downgraded City 
One Both 

$369.55 $447.60 
2.7% 24.3% 

TABLE 3 

Schedule I 
Schedule II 
Schedule Ill 

IXC Mileage Charges 
(per mile) 

Mileage Schedule Schedule II ---
First 15 $1.80 $3.30 
Next 10 1.50 3.10 
Next 15 1.12 2.00 
Next 20 1.12 1.35 
Next 20 1.12 1.35 
Next 20 1.12 1.35 
Next 900 0.66 0.66 
Each additional 0.40 0.40 

TABLE 4 

Station Terminal Charges 

First Station in an Exchange 
Add itional Station on Same Premises 
Additional Station on Different Premises 

TABLE 5 

Monthly 

$25.00 
5.00 

25.00 

TABLE 2 

Fixed Charges 

$49.20 per month 
48.70 per month 
48.60 per month 

Schedule Ill 

$4.40 
3.80 
2.80 
2.10 
1.60 
1.35 
0.68 
0.40 

Installation 

$54.15 
54.15 
54.00 

Monthly Cost for 2500-Mlle, 2-Point Private Line 

Schedule I Schedule II Schedule Ill 

Location A 

Station Terminal $25.00 $25.00 $25.00 
IXC 

Fixed Charge 49.20 48.70 48.60 
Mileage Charge 

First 15 miles 27.00 29.50 66.00 
Next 10 miles 15.00 31.00 38.00 
Next 15 miles 16.80 30.00 42.00 
Next 20 miles 22.40 27.00 42.00 
Next 20 miles 22.40 27.00 32.00 
Next 20 miles 22.40 27.00 27.00 
Next 900 miles 594.00 594.00 612.00 
Next 1500 miles 600.00 600.00 600.00 

Location B 

Station Terminal 25.00 25.00 25.00 
Total Monthly Cost $1419.20 $1484.20 $1557.60 

(Continued on p 18) 



They're gonna make you a star. 
In just a very short while, 

we'll be giving static RAM 
users the same thing we've 
already given dynamic RAM 
users. 

The fastest MOS device on 
the market. 

Using the same super tech­
nology that gave you the 
world's first 150ns 4K 
dynamic RAM, we'll soon 
be giving you the µ.PD410 
series of 4 K static RAMs 
with speeds down to lOOns. 

So right now you can start 

designing products where that 
kind of speed at that kind of 
density can really help make 
you a star. 

For your present applica­
tions, we'll also have slower 
versions you'll want to use 
right away. 

In addition to access times 
down to lOOns, our n-channel 
silicon gate 4K x 1 static 
RAMs will also feature cycle 
times down to 200ns, 12 
µ. W /bit maximum standby 
power, three-state output, 
proven cross-coupled Flip-

Flop storage cell structure to 
eliminate soft errors and the 
need for refresh circuitry. 

And they'll be pin compat­
ible with the industry standard 
22-pin dynamic part. 

The µ.PD410 series of 4 K 
static RAMS. 

For people into termi­
nals, add-on memories, main­
frames, and minis, it's quite a 
coming attraction. 

NEC Microcomputers, Inc., 
Five Militia Drive, Lexington, 
MA 02173. 617-862-6410. 

NEC m1crocomputers,1nc. 
(Data sheets now at reps and distributors.) 

REPS: East-C & D Sales 301-296-4306, Contact Sales 617-273-1520, Trionic Assoc. 5 16-466-2300; South-Merino Sales 214-233-6002, Perrott Assoc. 305-792-2211, 305-275-1132, 

813-585-3327, Wolffs Sales Serv. 919-781-0164; Midwest-K-MAR Eng. & Sales 816-763-5385, McFadden Sales 614-221-3363, R.C. Nordstrom 313-559-7373, 616-429-8560, R.F. 

Specialists 312-698-2044; West- Mike Duffy Assoc. 303-934-7392, Electronic Component Marketing 714-524-9899, 714-295-6122, 213-340-1745, Summit Sales 602-994-4587, Trident 

Assoc. 408-734-5900, T ri-Tronix 505-265-8409, 206-454-0940; Canada- R.F.Q. Ltd. 416-626-1445, 514-626-8324 DISTRIBUTORS : Century Electronics, Diplomat (Chicopee Falls, 

Woodbury, Mount Laurel , Little Falls, Newpon Beach, Clearwater, Dayton, Elk Grove Village, Farmington, Minneapolis, St. Louis, Salt Lake C ity, Sunnyvale), G.S. Marshal l 

(Sunnyvale), Harvey Electronics (Lexington, Notwalk, Woodbury, Fairfield), lntennark (Santa Ana, San Diego, Sunnyvale, Seattle), Lionex Corporation, Mirco Electronics, 

R-M Electronics, Semiconductor Specialists, Technico. 
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tariff is definition of three types of 
channels. Schedule I channels are 
defined as those which interconnect 
two high density cities, Schedule 
II channels apply to lines between 
a high density city and a low density 
city, and Schedule III channels con­
nect two low density cities. The 
new tariff can properly be considered 
three tiered. 

Actual private line pncmg com­
prises three cost components: a fixed 
charge, interexchange channel mile­
age charge, and station terminal 
charge. Fixed charge is analogous 
to channel termination charges of 
the previous tariff. Maj or difference 
and a source of many typical mis­
calculations is that the channel 
termination charge had to be applied 
to each end of the interexchange chan­
nel. The new fixed charge is only 
applicable to each channel seg­
ment. If the circuit is a 2-point 
channel, only one fixed charge is 
applied. If a multipoint circuit is 
to be priced to four remote data 
terminals, four fixed charges will 
be incurred. Each segment will be 
charged one fixed charge. Table 2 

shows fixed charges for each chan­
nel type. 

Second cost component, the inter­
exchange channel (IXC) mileage 
charge, has returned to the gradu­
ated scale used by AT&T for pri­
vate line rate prior to High/ Low 
Private Line Tariff. The first 100 
miles of channel distance incurs the 
majority of the IXC charge. A con­
siderably lower charge per chan­
nel mile applies for channel mile­
age between 100 and 1000 miles. 
After 1000 miles, cost per mile is 
reduced to $0.40. Table 3 provides 
separate mileage rates for each rate 
step and for each type of channel. 

Third cost component is station 
terminal charge. This applies to the 
local loop between customer's prem­
ises and the serving central office. 
Station terminal charge applies to 
each local loop or to each "drop" 
provided by the telephone company 
to the long distance interexchange 
channel. It is uniform regardless of 
the associated channel's schedule 
designation. First station in a tele­
phone central office exchange is 
charged $25 monthly. If a second 
local loop is required to the same 

premises as an existing station, 
monthly charge is only $5. A second 
station in the same exchange but at 
different premises incurs the $25 
charge. 

It is important to note that non­
recurring installation charges are 
applicable only to station terminals 
and not to either the fixed charge or 
interexchange channel mileage. Table 
4 lists one-time installation charges 
as well as monthly station channel 
charges. As an example of the appli­
cation of these rates, Table 5 calcu­
lates monthly cost for 2500-mile 2-
point private line as Schedule I, II, 
and III channels. 

This new tariff while offering real 
potential for lower cost also pre­
sents a considerably more complex 
structure. For those interested in past 
developments of private lines, the 
Computer Design Communication 
Channel columns which have traced 
these developments are "Private 
Line Service" (Aug 1972), "New 
Private Line Tariff Analysis (Part 
1)" (July 1973), and "New Private 
Line Tariff Analysis (Part 2)" (Aug 
1973). D 

I nterstate's F72 - the Best of Both Worlds 

18 

lnterstate's F72 Pulse/Function Generator gives you a true pulse generator pulse with width setability from 
30 ns to 1000 ms - plus: 

•positive/negative or bipolar pulse from 20 microhertz to 20 megahertz •variable rise/ fall times from 15 nano­
seconds to 1 second • adjustable level and slope controls • pulse amplifier capability • TIL-compatible 
sync out •and top function generator performance with ± 7.5 V fixed and variable offset; 1000:1 VCF; de out­
put level; sine, square and triangle waveforms with variable symmetry to 1 megahertz; and lnterstate's exclusive 
constant duty cycle mode. 

Now ... two instruments in one for only $895. 

e 
CEC 

INTERSTATE 
ELECTRONICS CORPORATION 

Subsidiary of A-T-0 Inc. 

P. 0. Box 3117, Anaheim, California 92803 • (714) 549-8282 • 910-591-1197 TELEX 655443 & 655419 

CIRCLE 12 ON IN9UIRY CARD COMPUTER DESIGN/JULY 1976 



16·Bit Multiplier 
200 

Nanoseconds 

The first monolithic-bipolar, 16x16-bit multiplier 
(MPY-16) is now available from TRW. It's fully TTL­
compatible, too. A sing le MPY-16 package can re­
place as many as 50 MSl/TTL packages, eliminating 
2 x 4 multipliers. 

Applications for the MPY-16 include micro and mini 
computers, instruments, high-speed data process­
ing, and wideband digital systems. If your applica­
tion demands speed ... the MPY-16 can meet it. 

The multiplication throughput rate of 5,000,000 per 
second can be increased to 20,000,000 by direct 
parallel pipelined multiplex operation of four MPY-16 
chips. In this mode, input/output ports are bussed 
together. 

ROUND 

X DATA IN 
16 LINES 

-- --[-- ----, 
I x REGISTER 1~ I 

MULTIPLIER 
ARRAY 

MSB REGISTER 

CLOCK X 

I 
~ I y DATA IN 
Cl ---+--- LSB OUTPUT 
~ 16 LINES 
co 
(/) 
..J 

.___ _ ___.__ CLOCK L 

114-----~- CLOCK M 
______ .. 

L ________ _J 

CLOCK Y 
MSB OUT 
16 LINES 

All input and output data- internally latched ... three 
1/0 ports (16 bits/port) for highest throughput speed 
- 200 ns typical. .. single port operation at reduced 
speed - 300 ns with separate clock controls. Full 
adder cells on the 16 by 16-bit multiplier array use 
the sequential add algorithm. A round control is 
available. 

Delivery is less than 30 days for sample quantities. 
Price and delivery available on request. For a detailed 
data sheet, call (213) 536-1977. Or write: TRW 
Defense and Space Systems, Electronic Systems 
Division, One Space Park, E2/9043, Redondo 
Beach, California 90278. 

Another LSI produd from a company called 

TRWELECTRONIC SYSTEMS DIVISION 

CIRCLE 13 ON INQUIRY CARD 19 
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•Satellite Initiated Communications 
•Central Program Scheduling 

NETWORK CENTRAL 
•Satellite Program Preparation 
•Satellite Program Storage 
•Satellite Program Test-Execution 
•Satellite System Generation 
•Satellite System Download 
•Satellite Program Scheduling 
•Forced Satellite Program Load 
• RJE to IBM 
•Central Initiated Communication 
• Use of Satellite Peripherals 

• Synchronous or Asynchronous Data Transfer 
•Automatic Retransmission on Parity Errors 
• 1,000 Kbps at 600' Hardwired 

:::J PRODUCTION INFORMATION SATELLITE 
• Use of Central Peripherals 
•Program Development at Central 

· • Program Storage at Central 
• Program Test-Execution on Central 
• RJE to Central 
• RJE to IBM 

COMPUTER DESIGN/JULY 1976 
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THERE'S BEEN A LOT OF TALK 
ABOUT COMPUTER NETWORKS. 

HEWLETT-PACKARD'S 
SPEAKS FOR ITSELF. 

HP COMPUTER NETWORKS ARE NOW 
WORKING FOR MORE THAN 100 CUSTOMER 
Customers have been using Hewlett-Packard networks 
since 1973. And, as the illustration shows, for a lot of 
good reasons. HP has what you need - the hardware and 
the all-important software - to make full use of 
a 21MX minicomputer network tailored to your applications. 
Make us prove it. Write or ca ll today. 

HEWLETT ?P PACKARD 

Sales and Service from 172 offices In 65 countries. 
1507 Page Mill Road. Palo A!to, Cal1lorn1a 94304 

DATA ENTRY SATELLITE 
• Global Program to Program 

Communication 
• Up to 19.2 Kbps via Synchronous 

or Asynchronous Modems 
• Line Diagnostics for Line Status 

LAB COMPUTATION SATELLITE 
• Program Download 
• System Download from Central 
• Use of Central Peripherals 
• Program Development at Central 
• Forced Satellite Program Load 
• Hardwired to 10,000' 
• Remote File Access 

For assistance call : Washington (301) 948-6370. Chicago (312) 677-0400. Atlanta (404) 434-4000. Los Angeles (213) 877-1282. Toronto (416) 678-9430 

CIRCLE 14 ON INQUIRY CARD 
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DIGITAL TECHNCLCGV REVIEW 

Data Communications 
Test Set Performs All 
Basic Tests/Simulations 

A microprogrammed data communi­
cation test set for use in tech control 
systems, the TC-100 performs a range 
of troubleshooting duties to locate 
and define faults quickly and simply, 
solving many problems encountered 
in day-to-day operation of a data cen­
ter. Testing both hardware and soft­
ware functions in transmission lines, 
modems, terminals, and computer 
ports, the unit incorporates keyboard 
entry and a simplified front panel to 
allow easy operation. 

Developed by Cooke Engineering 
Co, a div of Dynatech Laboratories, 
Inc, 900 Slaters Lane, Alexandria, VA 
22314, to provide the buyer with a 
reasonable alternative to the welter 
of high and low priced equipment 
available for network testing, the set 
contains all necessary functions in a 
compact 51,,~" high rackmount unit. It 
provides balanced, versatile, yet inex­
pensive testing capability by combin­
ing protocol generation, character 
storage, distortion measurement, bit/ 
block error rate test, and timing mea­
surements. Tests may be performed 
with asynchronous or synchronous for­
mats at EIA RS-232 or MIL-188 sig­
nal levels, and at speeds from 50 to 
9600 bits/s. The unit will accept 
modem clock or provide clock to a de­
vice, if required. 

Nine basic test simulation routines 
attack line, equipment, software, and 
timing problems. Most tests can be 
used in more than one problem area, 
permitting several approaches for de­
tecting and isolating faults. 

The data communication system 
can be exercised in several ways to 
obtain bit-error rate performance; 
measurements of system behavior; re­
mote control switching, polling, and 
selection; message trapping and dis­
play; and line protocol checkout. Self­
explanatory front panel controls make 
the unit easy to use; illegal settings 
light a "panel check" warning. Con­
trols are grouped into separate func­
tion units-generator, analyzer, and 
interface-to further ease use. 

Message entry configurations may 
be inserted through the keyboard for 
polling and remote switching. Se­
quences may contain up to 64 char­
acters. 2047-bit pseudo-random or in­
crementing binary count transmit 
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patterns can be generated for error 
rate testing. Generator section of the 
panel also makes test points available 
to monitor transmit clock and data. 

The analyzer section of the panel 
provides a 3-digit LED numeric dis­
play with floating decimal point with 
HOLD/RuN/CLEAR control. Program­
mable analysis modes provide for 
automatic testing with results shown 
on the display. These modes provide 
bit and selectable block error rate, 
measurements of request-to-send/ 
clear-to-send turnaround delay in the 
1-ms to 999-s range, and measure­
ments of total data path delay in the 
same mnge. User-selected trap char­
acter may be programmed via a front­
panel DIP switch with continuous or 
stop-on-character display. An incre­
ment/ decrement switch permits scan­
ning and display of the stored data 
characters that precede or follow the 
stop character. 

Controls on the interface section of 
the panel permit standard data rates 
from 50 to 9600 'bits/s plus external 
clocking to be programmed; external 
modem timing is also provided. Data 
format is either synchronous or asyn­
chronous with 5- to 8-bit characters, 
one or two stop bits, and odd, even, 
or no parity. 
Circle 140 on Inquiry Card 

Portable, 4-Channel 
Oscilloscope Based on 
Cold-Switching Concept 

Providing 4-channel operation in a 
portable lightweig~t unit, the PM 
3244 has four identical 50-MHz chan­
nels with 5-m V sensitivity, permit-

Showing six signals simultaneously on 
an 8 x 10-cm dlsplay, Philips' PM 3244 
oscilloscope provides four identical 50-
MHz channels in a compact portable 
unit that weighs 21 lb and operates 5 
hours from a battery pack 

ting users to see the actual behavior 
of the device at one glance. The com­
pletely portable device, developed by 
Philips Test & Measuring Instruments, 
Inc, 400 Crossways Park Dr, Wood­
bury, NY 11797, can be used in the 
laboratory or in mobile service; it can 
even be operated from batteries. 

Key concept that permitted realiza­
tion of this instrument, cold switching 
-remote control of instrument opera­
tion-allows complete freedom in 
component and front panel layout, re­
sulting in electronically-ideal layout 
and ergonometrically-ideal control. 
Compact packaging is possible be­
cause of the highly efficient direct 
conversion power supply, which re­
duces power dissipation and elimi­
nates the need for ventilation. 

The scope has a bright clear 8- x 
10-cm display on which six signals 
can be shown simultaneously-the 
four input signals and two differential 
signals. Triggering for the main time­
base may come from any of the sig­
nals, the incoming line supply, or an 
external source. 

Cold-switching not only allowed 
complete freedom in locating compo­
nents and 'front panel controls, but 
permitted the equipment to be con­
tained in a compact case. Instead of 
front panel controls 'being connected 
directly and mechanically to the in­
strument functions, they switch low 
power de command voltages which 
derive solid-state and reed-relay 
switches mounted on the instrument 
boards. Cabl.e bunches provide the 
only relation between controls and 
circuitry. This allows the controls to 
be placed logically for operator con­
venience, without sacrificing electri­
cal performance. Cold-switching also 
permits high frequency input signals 
to be confined to the boards, elimi­
nating problems of crosstalk on front 
panel controls and nonlinearities­
ringing, overshoot-from self-induc­
tive long scope leads. 

Because the electronics are not 
necessarily grouped around the con­
trols, they can be laid out for opti­
mum performance. Vertical input 
modules-integrating reed-relay at­
tenuators and first amplification stages 
-deliver their signals to one central 
vertical amplifier board over 50-0 
lines. This board has 4-quadrant sym­
metry, with channel selection gate cir­
cuitry along the central axes; position 
control, display-mode selection, and 
inverting take place on this board. 

(Continued on p 26) 



Point by point, 
line by line: 

See why our lowest-cost 
Graphics package 
has no competition. 
Our 1024 X by 780 Yviewable points 
separate Graphics from mere 
graphing. The price has never been 
lower. But Tektronix' new 4006-1 
provides the same superior informa­
tion capacity that has made us the 
company for all your graphics needs. 

We'll throw you a curve. Tektronix will 
graph circ les around the competition . 
Now, thanks to our new low priced 
4006-1 , we 're in the same ballgame 
with mere alphanumeric terminals. 

Graphics to gain. Nothing to lose. 
Add the graphics extra at an everyday 
price: $2995 or $150 a month on a 
two year lease. Alphanumerics? Up to 
2590 on screen characters. Plus a 
spectacular package that includes 
confirmed compatibility with most 
mainframes through proven interfaces 
and time-tested software packages. 
And expert maintenance that follows 
you all over the world. 

Plug-In peripherals standing by. Like 
ouc-4631 H*rdCopy Urnt for up to fouc 

1' 'ltiJtft . 

4923 Digital Cartridge Tape Recorder 
for low-cost, off-line storage. 

Why wait for graphics? Let 
graphics wait on you. See what 
our fine-line, full-line graphics can 
mean for your applications. Check 
out the whole story and all the 
prices right now with your local 
Tektronix Sales Engineer. Or write : 

Tektronix, Inc. 
Information Display Group 
P.O. Box 500 
Beaverton, Oregon 97077 

• TEKTRONIX® -CIRCLE 15 
ON INCj>UIRY CARD 
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Biomation's new 851-D 
8-channel, 50 MHz logic analyzer. 
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BIOMATION CORPORATION 
CUPERTINO, CALIFORNIA 
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Digital logic analyzers are revolutionizing the trigger control •Accepts synchronous 
solutions of design and trouble-shooting clock input (0° or 180° phase) •Provides 
problems. Biomation, building on ~•JC••~internal clocking •Catches glitches 
our early waveform recording tech- as narrow as 5 ns •Pre-trigger 
nology, has created the tools you recording • 512 bit per channel 
need for your fast new digital memory• Captures 512 words 
world . We offer the most com- before, after, or around the 
plete line of logic analyzers trigger •Expanded and mixed 
anywhere. And our thousand- display• Constant brightness 
plus customers have helped expand to X20 • Combina-
us develop the most useful tional "true" trigger• "Any-
features for real-world prob- change" trigger •Built-in 
lems of digital system delay ( 4 digit)• Latch mode (catches single pulses) •Adjust-
design and test . Our new able threshold levels for channels 1-4 and 5-8 •Step-and-wait 
851-D catches, records and cursor control• Steps through data one bit at a time 
displays 8 channels of high •Price: $3575. •Del ivery: 30 days AR.O. 
speed logic . It is the slickest 
handling , most cost-effective logic analyzer 
we've seen yet. But don't take our word for 
it. Check over the features for yourself. 
•Ideal companion for your 2-trace portable 
scope •Portable and self-contained • 8 
channel• 50 MHz• Digital delay for precise 

CH 5-8 & CLK IT\ SEC 

ADJ TEST 
CH 1-4 ~ - µSEC 

• O'\ 

ADJ TEST 

What next? 
If you want to see a demo, right now, of our new 851-D or any of 
our digital logic analyzers (we have both less expensive and 
more powerful models), pick up the phone and call ( 408) 
255-9500. Ask for Roy Tottingham at ext. 851.D. Or 
circle the reader service number and we'll send data. 
Biomation, 10411 Bubb Road , Cupertino, CA 95014 . 

EXPAND 
POSITION 

CLOCK ----------------. SOURCE HORIZ DISPLAY 

I I 
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x EXTJ 

0 EXTl 

CH7 CHS 
EXT CLK 

1'5 XIO 

X20 

PROB 
COMP 
TEST 

• 

I" MIXED 

EXPAND 

AC POWER 
ON 

OFF 

CIRCLE· 16 ON IN9UIRY CARD 
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D Sounds great, but I don't know 
what all of the features actually 
do. Please send more informa-
tion . 

D Send information on your com-
plete digital logic analyzer line. 

Name 

Tit le 

Company 

Street Address 

C ity State 

Zip 

Biomation 
10411 Bubb Road , Cupertino, CA 
95014, ( 408) 255-9500, 
TWX 910-338-0226 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L-----------------~ 
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DIGITAL TECHNOLOGY REVIEW 

Remote control concept also allows 
the low power Schottky-TTL switch­
ing logic that drives the channel­
switching gates to be mounted on a 
separate hoard. Only four output lines 
control the gates, one for each chan­
nel. Operator control input comes 
from the front panel pushbuttons 
through one cable bunch. Complex 
measurements can be set up simply, 
from a choice of triggering sources, 
as a result of the compact scope de­
sign. 

The unit is powered by a direct­
conversion power supply which im­
mediately rectifies the incoming line 
supply, and stabilizes the resulting 
raw de using a highly efficient switch­
ing regulator. The stabilized de sup­
plies all instrument power rails 
through a 20-kHz de-de converter. 
This arrangement has very little dis­
sipation or heat generation, and 
avoids the need for a heavy, bulky 
50- or 60-Hz power transformer. 
Overall power dissipation of the in­
strument is 29 W. The supply runs 
on any ac supply between 90 and 270 
V at 46 to 440 Hz or any de voltage 
between 100 and 200 V without 
switching. The device will operate 
continuously for five hours on a PM 
8901 battery pack. 

Magnesium-alloy castings are used 
for front and rear panels; side profiles 
are extruded aluminum, resulting in 
low weight and leaving interior space 
for electronics and controls. Because 
of low power consumption, ventilation 
holes and forced cooling are not nec­
essary. Lack of cooling holes protects 
the electronics from sudden tempera­
ture changes and thermal instability. 
Circle 141 on Inquiry Card 

Hand-Operated OCR Wand 
Reads Typed or Handprint 
Data at 100 Charis 

Permitting data entry operations to 
be automated, the KT3 OCR wand 
can speed the entry process by a 
factor of five, and is sufficiently in­
expensive to be used with a large 
proportion of present CRT termi­
nals, thereby permitting a mixture of 
OCR and keyboard entry operations. 
Developed by Key Tronic Corp, Bldg 
14, Spokane Industrial Pk, Spokane, 
WA 99216, the wand system con­
sists of a small character reading 
electronic camera or wand, linked 
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64-cel I photo sensor array 

Wand travel is 
measured by 
displacement 
wheel 

Wand travels along 
typed line of data 

Electrical 
"snapshot" 

signals to 
recognit ion 
circuits 

Motion detector pulses 
cause photocell array to 
take a "snapshot" every 
0.005" of wand travel 

Key Tronics' OCR wand consists of a 64-cell photosensor array, which feeds 
a fresh set of character signals to recognition circuitry each time the motion 
detector measures 1 /200" of wand travel, and recognition circuitry capable 
of sensing which character has been read 

by flexible cable to a "black box" 
containing recognition circuits. 

The wand uses a 64-cell linear 
photodiode array to develop elec­
trical output signals. As it is moved 
across the character line, a displace­
ment wheel emits control pulses 
that cause the cells to take a fresh 
set of electrical identification sig­
nals for every ¥.mo in. that it 
travels. This is equivalent to a reso­
lution of 4000 points/in.2 Recognition 
circuitry compares the incoming wand 
signals with stored signal patterns 
that represent known characters; 
when a character is recognized, the 
circuits feed out a digital signal in 
ASCII or other computer-compatible 
code. If a character cannot be identi­
fied because of poor print quality, 
the circuit emits a "beep" to notify 
the operator. Since the wand is usual­
ly used with a CRT terminal, the 
unreadable character can then be 
entered by the operator through the 
terminal's keyboard. 

In normal use, the wand is first 
placed in contact with paper or 
other surface on which data are 
printed. Its optical reading section 
is aligned with character line, and 
the wand is moved by hand across 
the line of characters, enabling the 
displacement wheel to step off wand 
travel. 

The wand and its recognition logic 
are capable of handling the nu­
merals 0 through 9 in the OCR-A 
font. Where data sources include let­
ters of the alphabet as well as nu­
merals, the model KT9 can be used. 
This unit handles OCR-A alpha char­
acters as well as eight numeric fonts 
and handprint. Recognition rate is 
less than I "can't read" for every 
10,000 characters scanned, if copy 
is cleanly typed. 

The KT9 can also read degraded 
copy and even carbon copies. It may 
be moved across the typed line at 
speeds to 10 in.ls-equivalent to 
100 char/s for conventional 10-char/ 
in. type. Capability to read data with 
either a backward or a forward mo­
tion can provide excellent data veri­
fication. In addition, the microproces­
sor used in the recognition process 
can provide parity check and check­
digit computation for data verification, 
permitting errors to be caught dur­
ing data entry. 

Five pushbuttons on the back of 
the KT9 allow the user to select 
the specific font reading capability 
needed for the document being read. 
The buttons can also generate cus­
tom codes such as tab, back space, 
new line, clear, or transmit. 

Circle 142 on Inquiry Card 
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THE LOGICAL CHOICE-First in a series 

Logic Probe 1 is a compact, enor­
mously versatile design, test and trouble­
shooting tool for all types of digital 
applications. By simply connecting the 
clip leads to the circuit 's power supply, 
setting a switch to the proper logic family 
and touching the probe tip to the node 
under test, you get an instant picture of 
circuit conditions. 

By setting the PULSE/MEMORY switch 
to MEMORY, single-shot events as well 
as low- rep-rate , events can be stored 
indefinitely. 

HI LEO ON LO LEO ON 

LOG>C"T' ~~ 

LOGOC "0"__,__~~·7-

PULSE LEO SLINKS 
ON FOA 113 SEC 

While high-frequency (5-10MHz) 
signals cause the "pulse" LED to blink at 
a 3Hz rate, there is an additional indica­
tion with unsymmetrical pulses: with duty 
cycles of less than 30%, the LO LED will 
light, while duty cycles over 70% will 
light the HI LED. 

LOGOC " • ' / ~ 
LOGOC "O"----i/ ' ~-___c____;, 

I 
LO LEO ON I HI LED ON 

4--- T• 1fJ sec.---.. 

1"11 LED ON 
LP-1 's unique circuitry-which 

combines the functions of level detector, 
pulse detector, pulse stretcher and 
memory-makes one-shot, low-rep-rate, 
narrow pulses-nearly impossible to see, 
even with a fast scope-easily detectable 
and visible. HI LED indicates logic "1 ", 
LO LED, logic "O", and all pulse transi­
tions-positive and negative as narrow 
as 50 nanoseconds-are stretched to V3 
second and displayed on the PULSE LED. 

In all modes, high input impedance 
(1 OOK) virtually eliminates loading prob­
lems, and impedance is constant for all 
states. LP-1 also features over-voltage 
and reverse-polarity protection. Housed 
in a rugged, high-impact plastic case 
with strain-relieved power cables, it's 
built to provide reliable day-in, day-out 
service for years to come. 

l'JGIC 1 

•uLg;,c•c rJ Li Li Li ~LEO 
1.0GIC 0 

+ + • + • 
lO LEO ON 

0Uf"'<G P\JlSE fOU,NSlflONS P\11.!>( lfO 8lfHl(5 
•Tlt<1ll•lE 

ou .. 1+.c. 1>111•.r m • Nr,1100 .. <. PUl<;.C 111. Bl"'"r 
Al l1!1'1Uf 

LOOIC " 1" n n 
LOGIC "O" __ _..n_._ _ _._.___~,_._--

LO LEO ON ; HI LEO DOES NOT RESPOND TO NARROW PULSES 

CSC'S MULTI-FAMILY LOGIC PROBE 1. 
AT $44.95, IT DIGS UP A LOT OF INFORMATION WITHOUT 

BURYING YOUR BUDGET. 

HI/LO LED's-Display level 
(HI-logic "1 ", LO-logic "O") 
of signal activity at node 
under test 

Non-corrosive nickel­
plated probe tip and clip 
leads-For reliab le contacts 
and maximum life 

/ 
Protected-Features built-in 
reverse polarity and over­
voltage protection ; strain­
relieved power cable 

CONTINENTAL SPECIALTIES CORPORATION 

PULSE LED-Lets you know 
what's going on-and off. 
Indicates positive and nega­
tive pulse and level transi­
tions. LP-1 slretches pulses 
as narrow as 50 nano­
seconds to ful I v, sec. 
(3Hz pulse rate) 

$44.95 Price tag-Costs so 
little it can be your personal 
property 

C:5C: For more information, see your distributor or write for our catalog and distributor list. 

EASY DOES IT 
44 Kendall St , Box 1942 New Ha,ven . CT 06509 • 203-624-3103 TWX: 710-465-1227 West Coast office: 
Box 7809, San Francisco, CA 94119 • 415-421-8872 TWX : 910-372-7992 Canada : Len Finkler ltd., Ontario 
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DIGITAL TECHNOLOGY REVIEW 

Microcode Kit Allows 
Users to Develop 
Non-Standard Interfaces 

A User-Microcode Kit intended to en­
able those who need interfaces for 
non-standard peripheral devices to 
fulfill their special requirements has 
been introduced by The Naked Mini 
Div of Computer Automation, 18651 
Von Karman, Irvine, CA 92664. The 
kit is intended for use with the gen­
eral-purpose intelligent cable. A small 
I/O processor-a PicoProcessor-in 
the cable can be programmed to inter­
face a system's peripherals with any 
LSI family minicomputer. Using the 
kit, this programming can be accom­
plished by the user at a fraction of the 
cost normally associated with devel­
oping special purpose interfaces. 

For systems manufacturers with 
specialized interfacing requirements, 
the kit allows existing devices to be 
used with a system, rather than rede­
signing the device to fit an existing 
interface, or developing a new inter­
face. 

The Distributed Input/Output Sys­
tem is based on an I/ 0 distrrbutor 
half-card that controls up to eight in­
telligent cables (see Computer De­
sign, Feb 1975, p 18). Cables are 
available as positive- or negative-true 
(model 14361-11 or -12). 

User-Microcode Kit (model 20631-
00) consists of user-microcode manu­
al, ROM-p/ROM generator program 
manual, macro definitions on paper 
tape, and ROM-p/ROM generator on 
paper tape. It provides all necessary 
documentation and software to code 
and assemble any microprogram easily 
and to generate input patterns for the 
user's ROMs or p/ROMs which are 
exchanged for ROMs in the cables. 
User-coded ROM controls cable se­
quencing to produce the special pur­
pose interface needed. Price of the 
kit is $1000. 
Circle 143 on Inquiry Card 

Bundle Connectors Fit 
Most Currently Available 
Fiber Optic Cables 

Specifically designed to minimize sig­
nal loss, maintain mechanical integri­
ty, and provide ease of assembly, 
AmphenolR fiber optic connectors will 
join all optical bundles currently 
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available from the leading manufac­
turers. Introduced by the RF Div of 
Bunker Ramo Corp, 33 E Franklin St, 
Danbury, CT 06810, the optical de­
vice receptacles are designed to ac­
cept phototransistors in large T0-5 
cases, although they can handle LEDs 
and other semiconductor devices 
through the use of inserts. 

The series includes straight cable 
plugs, device receptacles, and inline 
splices as well as other flange­
mounted and panel-type receptacles. 
Costs are kept low by taking the basic 
design from SMA coaxial cable con­
nectors, and by using brass for the 
body of the connector rather than 
more expensive stainless steel or be­
ryllium copper. In addition, the con­
nectors use the same coupling nut 
and snap ring as SMA connectors. 

Principal design change was in con­
figuration of the connector body. 
Outer geometry was changed to ac­
commodate the maximum cable size­
currently a cable with 900 individual 
fibers. The connector body has a 
0.250-in. outside diameter with a pos­
sible maximum cable opening of 0.156 
in. in its solid brass backend. The mat­
ing probe end is then drilled to op­
timize the packing fraction of the spe­
cific bundle. 

Designed with the objective of 
minimizing loss across the connector 
interface and maintaining the integrity 
of the mating faces, optic fiber con­
nectors provide acceptable loss, in the 
area of 3 dB per connection, neces­
sary to make long runs of cable pos­
sible. In addition, they provide the 
small size relative to the cable, posi­
tive coupling, and ease of assembly 
stated as desirable characteristics by 
the cable manufacturers. 

According to Allen B. Kasiewicz, 
products manager for Bunker Ramo's 
RF Div, without low-loss bundle con-

Subminiature connectors designed to 
terminate a wide variety of fiber 
optic bundle cables, Amphenol series 
905 from Bunker Ramo's RF Div ac­
cepts phototransistors, but ca·n han­
dle LEDs and other semiconductor 
devices with the use of inserts 

nectars, there could be no fiber optic 
technology. In early fiber optic sys­
tems there was as much loss at the 
connectors as through the entire 
cable; only through improved con­
nectors have long runs of cable been 
made possible. While the 3-dB loss 
is acceptable for optical bundle in­
terface, the advent of single fiber 
technology will demand optical con­
nectors having a loss of less than 1 dB 
to make long haul voice communica­
tions a reality. Connector loss mea­
surement techniques must also be im­
proved and standardized to provide 
accurate and repeatable loss measure­
ments. 
Circle 144 on Inquiry Card 

Network Control System 
Circumvents Problems in 
Distributed Data Nets 

Claimed to answer the acute down­
time problems that plague online users 
of distributed intelligence data net­
works, the NCS4000 Network Control 
System combines network-level diag­
nostic testing with specific commands 
that automatically switch in spare 
modems or dial network lines when a 
malfunction interrupts data traffic. 
Designed for very large networks, the 
system handles up to 4000 remote 
sites and works with any network con­
figuration at any speed, including 
mixed-speed systems from 1200 baud 
to 9600 bits Is. It does its testing in 
multipoint or point-to-point networks, 
unhindered by remote processors, 
multiplexers, or concentrators. 

The system, developed by Intertel, 
Inc, 6 Vine Brook Park, Burlington, 
MA 01803, is capable of passing test 
signals around hub sites, allowing in­
depth tests to be carried out online 
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JM got there first. 
Again. 

We put the features of our 
~" DC300A cartridge into 
a shirt-pocket size. Then we 
designed a drive-small in size, 
small in price, for applications 
where high data reliability must 
be combined with compact size. 

The new DCD-1 system 
will fit in a 5 inch cube-the 
cartridge alone measures just 
2.4 x 3.2 x .5 inches. Enough 
about size, let's talk performance. 

The drive records full width 
across the entire tape, which 
virtually eliminates errors. It has 
an encoding method virtually 
independent of tape speed, and 
control logic that prevents 
the drive from accepting any 
command that might harm 
the cartridge. 

The electronics are designed 
to give the system engineer the 
greatest application flexibility-

has byte oriented data input and 
output and 100,000 byte storage 
capacity. It's also designed 
to permit battery operation. 

This new system will 
change the industry much like 
our~" cartridge. So it's time for 
our competitors to play follow 
the leader again-if they can. 
That's the story in a nutshell. 
Just send the coupon for 
more details. 

All our competitors 
~n do is follow us. 

Mail to: 3M Company 
Data Products, Dept. 125 
Mincom Division, Bldg. 223-5E 
3M Center, St. Paul, Mn. 55101 

I'm interested in receiving information on your 
DCD-1 Drive. 
Name _____________ _ 
Title ______________ _ 

Fi1uL--------------
Address, _____________ _ 

CitY-------~tate, __ ~Zip __ 

DATA PRODUCTS '!Im 
ITTincam Division ~ClllllPANY 
3M CENTER • SAINT PAUL , MINNESOTA SS101 Phone _____________ _ 
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Incorporated in a remote processor network, lntertel's NCS4000 Network Control System provides the cen­
tral site operator with ability to monitor, test, and control remote sites and transmission lines deeply em­
bedded in the network 

anywhere in the network. It also pro­
vides central site control of testing 
and restoral functions, serving as a 
"command post" to solve problems 
and isolate malfunctions to a trans­
mission line, modem, or data terminal. 
Test results are displayed in plain 
English phrases, allowing the system 
to be run by regular computer per­
sonnel; and all diagnostics and re­
storal functions are performed without 
operator intervention at remote sites. 

Made up of high performance mod­
ems and diagnostic and backup hard­
ware, the system accurately transmits 
and receives data; tests remote mod­
ems, transmission lines, and data ter­
minals; and pe1forms remote switch­
ing for backup. Online tests can be 
run while the network is operating 
to isolate modem, line, or terminal 

Design and Architecture 
Combined to Form 
Virtual Computer 

Making extensive use of flexible firm­
ware to provide multiple virtual ma­
chine capability, Criterion series com­
puters combine extensive use of emit­
ter-coupled logic, 4K MOS memory 
chips with error correction (expand­
able up to lM byte in the main-
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problems without shutting down the 
line. No hardware or software 
changes are required to make full use 
of the comprehensive diagnostics. 
The system is completely hardware 
and software transparent, meaning 
that the system can be installed in a 
network without the network being 
aware of its existence. 

In many situations, users can take 
corrective action after locating a prob­
lem, without waiting for a service or­
ganization to respond to a call. Among 
the remedial commands available are 
( 1) switch from private lines to 
backup lines for testing and return, 
( 2) switch in spare modem at re­
mote site, and ( 3) locate and stop 
a streaming terminal. Initiated from 
the central site, these commands allow 
the user to keep the network up and 

frame), pipelined processor which 
cycles at speeds to 56 ns, and multiple 
virtual storage which provides up to 
16M bytes of virtual memory for each 
program. Primary architectural fea­
ture is use of an internal transfer bus, 
which uses distributed-intelligence 
techniques to eliminate much of the 
processing bottleneck in traditional 
computer architectures. This combi­
nation of features is claimed to pro­
vide 35% more processing power at 

running until faulty equipment is 
fixed. 

Offiine system diagnostics are es­
pecially useful in day-to-day preven­
tive maintenance. Running tests each 
day can detect developing perfor­
mance degradation and increasing er­
ror patterns before they become major 
problems. Online tests can be run one 
at a time or automatically; automati­
cally, the entire sequence runs in less 
than 1 min., indicating pass and fail 
messages on the status display to alert 
the operator. 

Using offiine tests, the operator can 
count and display bit-error rates with­
out external test equipment; transmit/ 
receive line quality can be judged 
from the test results displayed on the 
control console. 
Circle 145 on Inquiry Card 

less cost than competing systems such 
as the IBM 370/115 through 370/135. 

Additional features of Criterion 
models 8550 and 8570, introduced by 
NCR Corp, Dayton, OH 45479, are 
a dedicated service processor which 
manages operating control and acts 
as the diagnostic control center; direct 
memory access by high speed periph­
erals to reduce the workload on the 
CPU; three levels of diagnostics, 
which check components and isolate 
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New ''Cricket''sub-miniatures: 
Interchangeability plus full 6 amp rating. 
Cutler-Hammer introduces a broad new line of 
quality sub-miniature switches whose specifications 
meet industry standards for size, terminal spacing and 
bushing height. They're rated 6 amps. They're fully 
interchangeable. They feature high torque bushings. 
They're competitively priced. And they're available 
right now. For more information on new, inter­
changeable sub-miniature switches, call your 
Cutler-Hammer sales office or Stocking 
Distributor. Just ask for "Cricket." 

Watertight. Toggle or 
pushbutton. "O" ring seal 
shuts out dirt and moisture. 
Keeps switch mechanism 
dry in adverse environments. 

Rockers. Sub-panel or 
snap-in. Variety of 

paddle or low-profile 
tyles. With decorative 

bezels. Also with L.E.D. 
for illuminated functions. 

Wire wrap. 
Gold plated 
terminals in .750 
and .964" lengths to 
satisfy power or dry 
circuit requirements. 

Standard. Toggle or 
pushbutton. One to four 

poles. Eight circuits. 

I / Switch to No.1 

Two decorator cap styles 
in a variety of colors. Dry 

circuit capability, too. 

Flat Lever. Designed for 
comfortable, finger-tip 
~ control. Keyed 

bushing prevents 
switch rotation. 

Lever Lock. Locks in 

Mod Cap. White, 
red and black color­
tipped caps let you 
choose and vary your 
operational coding. 

Printed Circuit. Tog­
gle or pushbutton. 
Fits standard printed 
circuit board mount­
ing dimensions. Right 
angle and vertical 

mounting. 

position to assure 
precise control 
of vital or sen­

sitive functions 
and equipment. 

No accidental 
operation. 

CUTLER-HAMMER 
SPECIALTY PRODUCTS D IVISION. Milwaukee. Wis. 53201 
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In a word-that's it. 
And nothing else 

could so eloquently 
express our intent: 

To provide the 
people and companies we 
serve with products and 
services as absolutely 
reliable as possible; 
helping them achieve 
greater system availability 
than ever before possible. 

We're AMCOMP. 
A company actively 
engaged in manufacturing 
fixed-head discs and tape 
drives, video recording 
and display equipment, 
and clustered terminal 
systems-an industry 
leader in future devel­
opment within these 
product areas. 

We are head­
quartered in Sunnyvale, 
California in a ninety­
three thousand square 
foot complex; with addi­
tional manufacturing in 
Singapore, and sales and 
service centers in major 
U.S. and European 
markets. 

In our thirteen 
years to date (under the 
banners of Data Disc 
and Bright), we have 
served an ever-widening 
spectrum of clientele, 
both large and small -
computer systems manu­
facturers, prime users, 
and military and govern­
mental organizations. 

We would sincerely 
welcome the opportunity 
to be of service to you, too. 

AMCOMPinc. 
686 West Maude Avenue, 
Sunnyvale, CA 94086 
(408) 732-7330. 

CIRCLE 20 ON IN9UIRY CARD 
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DIGITAL TECHNDLDGV REVIEW 

Occupying only 10 sq ft of floor space, NCR's Criterion 8550 mainframe (left) com­

bines MSI and LSI circuits with up to 1 M bytes of MOS memory in the same cabi­

net. The processor's internal transfer bus uses distributed-intelligence techniques 

to eliminate processing bottlenecks; flexible firmware provides multiple-virtual 

machine capabilities 

malfunctions; online program develop­
ment; and an additional miniprocessor 
for intelligent disc interface plus 
multiple microprocessors for low cost 
communications interface. 

Multiple-virtual machine capability 
is provided through the use of "tai­
lorable" firmware, which permits the 
system to duplicate processing capa­
bilities of Century computers. A spe­
cially developed set of microinstruc­
tions allows the system to function as 
a COBOL virtual machine. The COBOL 

compiler can then generate an inter­
mediate language which is interpreted 
directly and efficiently by the firm­
ware, permitting faster compilation 
and execution of COBOL programs 
than on larger conventional computer 
systems. Comparisons made on ob­
ject-code compilation, storage, and ex­
ecution of COBOL programs indicate 
that object programs compiled for ex­
ecution on the Criterion contain 25 
to 30% fewer instructions than those 
processed on traditional compilers 
from the same source code. These 
studies also show that the high level 
object programs were executed with 
70 to 75% fewer memory access func­
tions. 

Among the technological and de­
sign concepts incorporated in the sys­
tem is integrated processor design 
which interconnects all hardware 
elements which process or retain data 
on a single, internal transfer bus using 
an etched-circuit backpanel to replace 
most conventional wirewrap panels. 
Use of miniaturized components on 
the circuit cards enables medium and 
large scale processors to have far 
fewer cards than before. For ex-
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ample, the input/ output interface of a 
Century computer might have 10 or 
15 circuit boards; the Criterion has 
two. 

Driving the system with firmware 
makes for considerable flexibility in 
structuring commands to be executed 
by the machine. Firmware is stored 
on magnetic media, rather than re­
quiring hardwiring; loaded into mem­
ory from flexible discs, it resides in 
and is executed from a dedicated seg­
ment of high speed memory. A flexible 
disc with capacity for 300K bytes re­
sides in a miniature drive housed 
within the system's single cabinet 
processor. 

Processing subsystem within the 
computer's mainframe is divided into 
three segments, each performing in­
struction fetch, interpret, or execute. 
System is designed to pass an instruc­
tion along from one segment to the 
next, through use of "live" registers, 
until execution is complete. Segmenta­
tion of the subsystem makes it pos­
sible to perform all three functions 
simultaneously, effectively completing 
one instruction during each proces­
sor cycle. Efficiency of the pipeline 
technique is further enhanced by the 
firmware which presents instructions 
to the subsystem in machine-level 
microprogramming format. The abil­
ity to overlap memory fetch operations 
with compute functions further speeds 
processing. 

Operating software for the system 
includes Real Storage Software, com­
prising batch, online, and multipro­
gramming executives; and the Virtual 
Resources Executive (scheduled for 
release in mid-1977), higher level 

software featuring virtual storage, file­
access method, and the COBOL virtual 
machine. Other compilers include 
FORTRAN, NEAT 3, RPG, and BASIC. 

Basic model 8550 system consists 
of minimum 128K-byte memory, 112-
ns processor, 600-card/min. reader, 
1200-line / min. printer, and 200M­
byte disc drive. It has a price of 
$258,950. The more powerful 8570 
with 256K memory, expandable to 
lM byte, card reader, line printer, 
and 300M-byte disc sells for $458,-
250. Deliveries are scheduled to begin 
in the third quarter of this year. 
Circle 146 on Inquiry Card 

Fiber Optic Cables 
Available in 
Production Quantities 

Offering distinct advantages over cop­
per wire and eliminating most of cop­
per's limitations, five GALITE™ optical 
communications fibers, each produced 
via a different process for optimum 
efficiency within determined lengths, 
have been developed by Galileo Elec­
tro-Optics Corp, Galileo Park, Stur­
bridge, MA 01518. The extremely 
strong, hair-thin glass fibers, which 
combine the wide bandwidth of wave­
guide systems with the small size and 
flexibility of wire, are impervious to 
organic solvents and retain their op­
tical properties at temperatures above 
those at which plastic materials begin 
to deteriorate. 

Recommended for use in applica­
tions from 1 to 150 ft, Galite 1000 
has one of the highest numerical aper­
tures offered for data communication 
-0.66-as well as the thinnest clad­
ding; the combination minimizes typi­
cal coupling losses in optical data 
links and permits the use of LED light 
sources. 

Designed to reduce attenuation 
levels to maintain the Radiation 
Transfer Index (defined as the 10th 
root of the overall transmission effi­
ciency) at a high level for long dis­
tances, 2000 fiber is recommended for 
applications ranging from 150 to 250 
ft. A step-index fiber, the 3000's clad­
ding glass is deposited by a patented 
process to minimize scattering losses 
at the core/ clad interface. Range is 
250 to 1100 ft. A plastic-clad fused 
silica optical fiber, the 4000 features 
superior nuclear radiation hardness. 
Although transmission properties ex­
tend from the ultraviolet to the infra-
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Programmable, parallel l/ 0 lets you define the 
direction and data transfer characteristics of six 
8 bit l/O ports. Reconfigure the interface or entirely 
alter the l/0 structure by changing no more than 
four program instructions. 

8080A CPU group-accepts interrupts originating 
from the programmable 1/ 0 ports, the communica­
tions interface and directly from peripheral devices. 

Plug-in standard TTL drivers or line terminators 
to easily tailor the l/ 0 interface to meet your 

system requirements. 

Drivers provided for memory and l/0 expansion. 
Simply plug any of the SBC 80 RAM, BP ROM/ 
ROM, l/ 0 or Combination expansion boards into 
the standard SBC 80 card cage. 

1 K bytes of high speed, low power static RAM. 

The first complete single 
The Intel® SBC 80/10 Single Board Computer, with 

programmable 1/0, is designed for the profit conscious 
OEM in a hurry. The SBC 80/10 is the fastest and low­
est cost way of getting your products to market. And 
when your equipment sales increase to the point where 
it makes sense to build your own Single Board Com­
puter, we'll make arrangements for you to use our bill 
of material, fab and assembly drawings, and artwork. 

Now it's possible to standardize on one computer 
board for all your products. Everything you need­
CPU, ROM, RAM and 1/0 is on a single 6. 7 5" x 12" 

·100 quantity, domestic USA pnce only. 1/0 dnvers, terminators. EPROMs or ROMs not included 

board. And since we've extended the programmable 
nature of the CPU to the 1/0 interface you can use the 
same board even when you make an interface change 
or completely redesign your product's input/output 
section. Just initialize the programmable 1/0 devices 
with the appropriate program instructions and you 
have individually defined the direction and data 
transfer characteristics of the six on-board ports. Pro­
grammable 1/0 makes your products more versatile 
and cuts parts cost and development time. 

Cut development costs even more with the lntellec 



Programmable serial interface lets you choose 
virtually any asynchronous or synchronous com­
munications technique. Data format, control 
character format, parity, and asynchronous serial 
transmission rates are all under program control. 

Both teletypewriter and RS 232C interfaces are included, 
choose the one you need. 

Capacity for 4K bytes of erasable and reprogrtziii· 
mable EPROMs or ROMs for user'.5 program 
storage. Plug-in any mix in JK byte increments. 

Selectable baud rate generator-pick the com­
munications frequency you want. 

board computer for $29~ 
MDS™ Microcomputer Development System with 
optional Diskette Operating System and unique 
ICE-80 In-Circuit-Emulator. Develop and debug your 
system software directly on the SBC 80/10 using the 
symbolic debugging capability of ICE-80. 

The 80/10 is supported by macroassemblers, text 
editor, Intel's PL/M™ compiler, a user's library with over 
150 programs, and comprehensive documentation. 

Training is available at training centers or sched­
uled at your plant. For additional technical assistance 
contact your Intel Field Applications Engineer. 

The Intel® SBC 80/10 is available from distributor 
stock. To order contact: Almac/Stroum, Component 
Specialties, Components Plus, Cramer, Elmar, 
Hamilton/Avnet, Industrial Components, Liberty, 
Pioneer, Sheridan, or L.A. Varah. 

For your copy of the SBC 80/10 brochure, use the 
bingo card or write: Intel Corporation, 3065 Bowers 
Avenue, Santa Clara, California 95051. 

infel" delivers. 
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DIGITAL TECHNDLDGV REVIEW 

red, peak transmission occurs in the 
near-infrared wavelength region. 
Range is llOO to 3300 ft. 

Manufactured by the vapor oxida­
tion process, the 5000 is a step-index 
fiber that features an ultra-pure fused 
silicon base doped with appropriate 
materials to modify the index of re­
fraction, and permit its use in long 
distance ( 3300 to 6600 ft) communi­
cations at large bandwidths as high 
as lOOM bits/s. 

The five fibers may be sheathed in 
different jackets depending on the in­
tended use of the finished cable. All 
come jacketed in PVC or TEFZELTM, 

Galite 3000, 4000, and 5000 are als~ 
available in a strengthened jacket-a 
combination of TEFZEL and KEVLARTM. 

Users may select from standard cables 
containing one to two fibers or those 
containing bundles of 7 or 19 strands. 
Circle 147 on Inquiry Card 

Prepackaged Offline 
Plotting System Provides 
High Quality at Low Cost 

A completely prepackaged offiine 
plotting system, the self-contained 
6242 Data Superplotter System is 
claimed to provide users with high 
quality performance and reliability 
characteristics of higher priced sys­
tems at a significantly lower cost. 
Developed by Gerber Scientific In­
strument Co, 83 Gerber Rd, South 
Windsor, CT 06087, the system incor­
porates the model 42 Superplotter 
and series 6200 plotting system con­
trol. The control uses microproces­
sor technology to provide input data 
handling and high speed contouring 
capabilities, permitting cost reduction 
without sacrificing performance or 
features. 

The model 42-called a "flat-bed 
drum plotter", because of its plot 
quality, accuracy, acceleration, and 
speed and space-saving advantages­
features stationary motors and mini­
mum inertia, and is capable of 2.5-G 
acceleration. This is coupled with a 
plotting speed of 42 in. Is, accuracy 
of ±0.004 in., and repeatability of 
±0.002 in. to guarantee high qual­
ity performance and reliability. The 
drum offers an ideal writing surface 
while affording full visibility and 
easy access to the 36 x 48" plotting 
area. Fast paper loading is provided 
by a vacuum system which smooths 
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the wrinkles from any plotting ma­
terial on the curved writing surface 
and holds it there without clamps, 
tape, or masking material. 

The microprocessor-based control 
unit provides input data handling 
and high speed contouring capabili-

Magnetic Tape Units Use 
Group Coded Recording 
For High Performance 

High performance magnetic tape units 
featuring high density Group Coded 
Recoding, Uniservon 30 series trans­
fer at from 320K bytes/s at 1600 bits/ 
in., to 1250 bytes /s at 6250 bits/in. 
Introduced by Sperry Univac, a div 
of Sperry Rand Corp, PO Box 500, 
Blue Bell, PA 19422 for use with llOO 
series computers and 90/60 and 90/ 
70 systems, models include the 7- and 
9-track model 30, and the 9-track 32, 
34, and 36. 

Group coded recording (CCR) 
techniques provide fast throughput, 
and extensive capability for "on the 
fly" error correction while recording at 
6250 bits/in. on 3f-in. magnetic tape. 
High transfer rate substantially re­
duces I/ 0 portion of the time usually 
necessary to perform tape-oriented 
serial file processing. CCR provides 
data storage 3. 9 times more dense 
than phase-encoded recording, and 
7.8 times more dense than NRZI tech­
niques. Error correction unique to 
CCR enables an infinite burst of 2-
track errors to be corrected on the fly; 
in addition, a high percentage of er­
rors involving more than two tracks 
can be corrected, assuring a high level 
of data integrity. 

Basic tape subsystem consists of 
a 5042 control unit and from one to 
eight tape units in any combination. 
Tape units are designed to provide 
completely automatic tape loading 
using industry standard wraparound 

Prepackaged offline plotting sys­
tem from Gerber Scientific in­
corporates model 42 "flat-bed 
drum plotter" with 36 x 48" plot­
ting surface and uses series 
6200 microprocessor-based con­
trol unit to provide plotting sys­
tem control. Controller permits 
significant cost reduction with­
out consequent reduction in 
performance characteristics 

ties, and enables the unit to handle 
English or metric data units. Input 
is standard 3f-in. magnetic tape with 
800- or 1600-bit/in. density. Pro­
grams for the control reside in ROM 
modules, eliminating the need for 
program loading. 
Circle 148 on Inquiry Card 

cartridges. Also incorporated are auto­
matic tape threading; power windows; 
and a radial tape interface, which per­
mits each unit to he attached directly · 
into the control unit for data transfer, 
ac (power) and de (signal control) 
primary power. 

Models in the series include the 
model 30 (type 0872-00/01) a 9-
track PE and NRZI unit with transfer 
rate of 320K bytes/s at 1600 bits/ 
in., 160K bytes/s at 800 bits /in., with 
tape speed of 200 in.ls ; type -02/03 
is a 7-track NRZI unit that transfers at 
160K bytes /s (800 bits /in.), lll.2K 
bytes Is ( 556 bits I in.), and 40K 
bytes Is ( 200 bits I in.) . 

Model 32 is a 9-track unit designed 
for CCR and PE recording. It trans­
fers at 470K bytes/s at 6250 bits/in., 
and 120K bytes/s at 1600 bits/in. 
Tape speed is 75 in.ls. With tape 
speed of 125 in. Is, the model 34 re­
cords nine tracks (PE and CCR) and 
transfers 780K bytes/s at 6250 bits/ 
in. and 200K bytes/s at 1600 bits/in. 

Designed only for use with llOO 
series computers, the model 36 pro­
vides CCR and PE recording on 9-
track tapes and transfers at 1250K 
bytes Is ( 6250 bits I in.) and 320K 
bytes/s ( 1600 bits/in.) with tape 
speeds of 200 in. Is. 

Tape units range in price from 
$34,800 to $38,880; a basic control 
unit for 90/60 and 90/70 computer 
systems has a purchase price of $55,-
392; a buffered control unit for use 
with llOO series computers costs $72,-
336. D 

Circle 149 on Inquiry Card 
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No other miclO 
can make this claim. 

The LSI-11. 
No other micro goes through 

so much testing. So no other 
micro can ensure you of so much 
reliability. 

We started with a Design 
Maturity Test that showed zero 
failures in 384,000 unit-hours 
for the 4K MOS RAMs, and only 
one failure in 20,000 unit-hours 
for the microprocessor chips. 

We make each LSI-11 unaer our 

special Manufacturing Quality 
Plan. This begins with 100% test­
ing of incoming components 
and continues with computer­
controlled monitoring at strategic 
points in the production flow. 

And we run a thermal cycle on 
every LSI-11 that comes off the line. 

What it all adds up to is a worst­
case MTBF of over 35 ,000 hours. 
And that's from data in the field. 

LSI-11 . The $634* 4K microcom-

~n~nomo 
COMPONENTS 

GROUP 

puter on an 81/2 11 x 10" board. 
LSI-11. The one micro that's 

really been put to the test. 
For more info, call 800-225-9480 

(Mass. 617-481-7400 ext. 6819 or 
6817). Or write: Components 
Group, Digital Equipment Corp., 
One Iron Way, Marlborough, MA 
01752. Canada: Digital Equipment 
of Canada, Ltd. Europe: 81 Route 
de l' Aire, 1211 Geneva 26, 
Tel. 42 79 50. •1n JOO's . Prices apply to USA only. 
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The emergence 
olanew 

thinking machine. 

The SEL32/3S. 
Twice the power for half 
the price. 

If your computing needs 
could be answered by such 
machines as Data General's 
Eclipse, or DEC's PDP 11 series 
or Interdata's 7 I 32, consider 
the SEL 32/35. 

Rather than get into bits and 
bytes, there's really only one 
thing you need to know about 
the SEL 32/35: You get two to 
four times the power for every 
"compute" dollar spent. Period. 

That's a pretty powerful 
statement. But the SEL 32 I 35 
is a very powerful machine. 

Extra power can go a long 
way to maintain the balance 
you need in your computer 
system, so essential for reliable, 
peak performance. 

And extra power, for fewer 
dollars, can do wonders when 
you're trying to balance a 
corporate budget. 

ENGINEERING LABORATORIES 

6901 West Sunrise Boulevard 
Fort Lauderdale, Florida 33313 
(305) 587-2900 

European Inquiries: 85 bis Avenue Albert I er 92500 / Rueil. France 
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I DEVELOPMENTS I 

Ill Device May Simplify 
Use of Existing Lines 
For Data Traas ission 
Conversion of analog data transmis­
sion circuits for digital use involves 
many problems. Among these are the 
difficulties resulting from adding large 
numbers of logical switching elements 
which operate at high clock frequen­
cies. 

Reportedly, such difficulties have 
been overcome by a digital transmitter 
developed by Philips Research Lab­
oratories in Eindhoven; The Nether­
lands. This transmitter is made up of 
a digital signal filtering and modulat­
ing circuit, a read only memory 
(ROM), a digital-to-analog converter 
(DAC), and an analog filter. All but 
the ROM are contained on a single 
silicon chip produced by integrated 
injection logic (IIL) technique. This 
transmitter was developed in labora­
tory experiments and will not neces­
sarily be produced for marketing. 

Digital input signal is a binary 
pulse train whose frequency spectrum 
contains many "harmonics" and which 
has a periodicity equal to the funda­
mental frequency ( ie, the repetition 
frequency of the pulses). The digital 

(a) 

(b) 
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filter· passes only a frequency band 
centered on a sufficiently high har­
monic of the fundamental, easing 
separation of upper and lower side­
bands which are formed by the modu­
lation process. Frequency band of the 
signals passing through the filter is 
then transferred to the desired fre­
quency region in the telephony band 
by modulation of a carrier of suitable 
frequency. 

Undesired bands left in the signal 
(originating from the modulation 
process and from periodicity of the 
digital output signal) are of such high 
frequencies that they can easily be 
suppressed afterwards by a simple 
low pass RC network rather than an 
expensive, complicated digital post­
modulation filter. Because the digital 
band filter is an interpolating filter, 
fewer circuit elements are required 
and a low clock frequency can be 
used. The modulation process is sim­
plified by suitable choice of system 
parameters. 

Output spectra of various shapes 
and positions and various types of 
modulation (single, vestigial, and 
double sideband) are obtainable from 
the IIL chip by changing content of 
the ROM. 

Eye patterns of signals pro­
duced by the vestigial side­
band transmitter. Frequency 
band of both signals covers 
the 600- to 2700-Hz region; 
carrier frequency ·is 2100 
Hz. (a) 2-level eye pattern 
for 2400 bits/s; (b) 4-level 
eye pattern for 4800 bits/s 

A combination of two such trans­
mitters, each with a corresponding 
ROM, allows various types of phase 
modulation, eg, 8-phase modulation 
with 4800 bits Is at a carrier frequency 
of 1800 Hz. Vestigial sideband trans­
mitters for signals of 2400 and 4800 
bits/shave also been built. 

Meg bit CCD Chip Arrays 
Predicted for Late 1977 
Parallel development programs, one 
under contract to the U.S. Naval Re­
search Laboratory and the other com­
pany-funded, are expected to result in 
OCD IC inemory arrays of lOOK bits 
by late this year-and over IM bits 
by late 1977. TRW Inc's Defense and 
Space Systems Group, Redondo 
Beach, Calif, developer of the devices, 
states that charge coupled device 
( CCD) semiconductor technology 
will produce bulk storage memory 
units capable of storing several mil­
lion bits of digital information on a 
monolithic integrated circuit (IC). 
Such devices would help large data 
networks provide faster information 
How with simpler equipment. 

Among the company's CCD work 
to date are development and opera­
tion of logic devices and arithmetic 
devices, including a 3- x 3-bit multi­
plier and a 4- x 4-bit adder. Success 
in producing these devices is expected 
to lead to development of a single­
chip fast Fourier transform (FFT) 
analyzer computer by early 1977. A 
second chip will contain memory for 
the analyzer. Comparable bipolar FFT 
analyzers require more chips, yet the 
CCDs are expected to offer equal per­
formance at a fraction of the power. 

The company claims that the very 
high circuit density possible with 
CCDs offers many advantages over 
conventional technologies. For ex­
ample, "the density and the speed/ 
power product of a typical digital 
CCD is about 10 times better than 
present n-channel MOS devices. 
When compared to IIL devices the 
TRW digital logic CODs a~pear 
similar in performance at low oper­
ating speeds; at speeds over several 
megahertz, CCDs offer a marked 
speed/power performance improve­
ment over IIL devices. Block-oriented 
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INTERDATA 8/32 
MEGAMINI LIFE SUPPORT 

Risk-free computer buying-with power to spare. 
You're looking for a computer system so power­

ful, it takes you over any snags that could cost you 
extra. 

That's why Interdata builds the powerful 8/ 32 
Megamini with 32-bit hardware performance and 
direct addressing capability of up to one million 
bytes. With unique software packages that are 
powerful, flexible and easy-to-use. With Megamini 
Life Support that means you'll never have to take a 
risk with: 

On-time Delivery. Interdata guarantees on­
time delivery of your Megamini. In fact, we've 
already shipped hundreds of 32-bit computers from 
production that are completely operational. 

Hardware Back-up. Interdata hardware means 
32 registers, each 32 bits wide. Fast single- and 
double-precision arithmetic. Optional, writable con­
trol store. And big computer peripherals. It also 
means that we support you long after your system 
is operational. 

Product 
OEM 

System 
Builder 

End User. 

Interdata's computer products and services exist for one reason ­
to satisfy our customers : The Product OEM , the System Builder and 
the End User. Each of these compu ter buyers has a Computer Life 
Cycle with four specific Phases - Research . Implementation . 
Del ivery and Enhancement. Interdata responds to customer needs 
during each Phase with Computer Life Support. 

Software To Do the Job. Megamini's software 
optimizes its hardware and gives you a solid sys­
tems environment. It includes program develop­
ment tools like BASIC II, FORTRAN, MACRO CAL 
and COBOL. And the versatile real-time OS/ 32 MT 
(Multi-Tasking) operating system. Megamini soft­
ware helps you build simple solutions to your tough­
est applications problems. 

No Surprises. Our customer requirement anal­
ysis insures that you never have to add more people 
than you planned on. Or more hardware than you 
scheduled. 

Megamini Life Support. From the moment you 
decide on Interdata, until you are completely opera­
tional, Megamini's capabilities are carefully spelled 
out. The Interdata/ Perkin-Elmer name stands 
squarely behind every promise with the viability of 
a $300 million corporation. With Interdata and the 
Megamini, you're guaranteed power to spare. 

..•...•..••..••...•..••••••••••...•.............•••••••• . . 
• Gentlemen: : 

0 Send me more about M egamini power. • 

0 My needs are: 
_lmmediate_6 Months--1 Year __For Refer ence Only 

Name _________ Title _____ _ 

Company ______________ _ 

Address ---------------

City ________ State ____ Zip __ 

Telephone,__(---'---------------

11W""I9:E:JR,~"I9~ 
Interdata, Inc. 
Subsidiary of Perkin-Elmer 
Oceanport, N.J. 07757 201-229-4040 

......•..................••..........................•. 
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can do for your bottom line. 
Stack the ALPHA LSI- 3/05 

millicomputer up against any 
other low-end computer. 

Preferably while you're 
sitting down, because on 
price alone, you're bound 
to be astounded. 

Ready? $701 total 
packaged price. And that's 
complete with 256 words 
of MOS RAM, and a CPU 
that offers a really powerful 
instruction set, Power Fail 
Restart, Real-Time Clock 
and Autoload capability. 

Try to buy an equivalent 
computer at twice the price. 

Have it your way. 
You also get the capa­

bility to configure your computer 
pretty well the way you want it. 
A choice of packaging, of course, 
that includes either the Oper­
ator's or the Programmer's Con­
sole, power supplies and so on. 

A choice of two standard 
1/0 options. 

And a choice of optional 
memory configurations that 

Maxi-Bus compatible ALPHA LSI-3/05 
achieves unprecedented cost-effectiveness 
with ComputerAutomation's new Distributed 
I/OSystem. 

All prices shown are for lots of 100 (U.S.A. only). 

include RAM/ROM, RAM/ 
EPROM and RAM-only in sizes 
from 256 words all the way up to 
32K words. Totally addressable. 

Family connections 
save you still more money. 

So far, what we've been 
talking about could easily add 
another five or six figures to 
the bottom line of your ledger. 

But there's more. Really 
big savings on off-the-shelf 
software, peripheral controllers 
and 1/0 interfaces. 

The reason is that the 
ALPHA LSI-3/05 millicomputer 
is a full-fledged member of 
ComputerAutomation's LSI 
Family ... Maxi-Bus compatibility 
and the whole works. So, every 
piece of Family hardware we've 
ever developed will work like 
it was made for the ALPHA 
LSI-3/05. Including Computer­
Automation's exclusive new 
Distributed 1/0 System ... just 
like you see it in the picture. 

With this versatile inter­
face system, you can interface 
virtually any kind or combina­
tion of peripherals. Parallel or 
serial.Just by plugging them in. 

Your cost? Probably less 
than $200 per interface. 

The pros know. 
Computer-wise OEM's 

will tell you that product 
requirements sooner or later 

get ahead of the hardware. 
For instance, the computer 

you buy today may not have 
enough 1/0 or memory capac­
ity for tomorrow's Mark II 
Super Widget. 

Then you'll have to scrap 
all your software and your 
interface designs, because 

they're not about to work on 
some other machine. 

You lose. 
Of course, with our LSI 

Family of compatible computers 
you don't. 

You can switch to a differ­
ent CPU or a different memory 
anytime. Faster, slower, bigger, 
smaller. The electrical interface 
will still be the same; the original 
programming will still work. 

You win. 

From the people who 
brought you the NAKED MJNe 

And the NAKED™MILLI . 
And the Distributed 1/0 System. 
And the PICOPROCESSOR. 

And now the ALPHA 
LSI-3/05 millicomputer. 

One cost breakthrough 
after another. Breakthroughs 
that didn't just happen ... a 
lot of profits got plowed back 
intoR&D. 

But then, that's the price 
of leadership. 

IP& CumputerAutomation 
~~ NAKED MINI Division 

U.S.A. 18651 Von Karman, Irvine, CA 92713 
(714) 833-8830 

EUROPE 31/35 Clarendon Road, Watford , 
Hertfordshire, WDl,IJA England (0923)39627 

For further Information, circle 25 on Inquiry Card. 
Please have a salesman call-circle 26 on Inquiry Card. 



DEVELOPMENTS 

Digital 3 x 3-bit multiplier, one of sev­
eral CCDs under development by TRW, 
has far greater density than multipliers 
built with conventional MOS and bipolar 
technologies 

memories capable of storing several 
million bits of data can be produced 
in extremely small sizes. These could 
eventually replace video storage discs 
and many other temporary storage 
memories where a block of data must 
be retrieved instead of an individual 
bit or data word." 

Among the operating advantages 
of CCDs are that memory array 
power requirements are only on the 
order of a few microwatts per bit, 
and shifting speeds can ibe attained 
that are equal to those of many bi­
polar memories (but in chip densities 
that cannot be approached by bipolar 
devices). Also, other common delays 
such as transistor turn-on time are 
absent. 

Applications of CCD bulk mem­
ories include first-in , first-out com­
puter memories where data must be 
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Comparison of two 16K-bit CCD mem­
ories built by TRW on test chip at dif­
ferent packaging densities. 100K-bit 
arrays are planned for this year and 
arrays of over 1 M bits are expected by 
late 1977 
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held for a brief period, digital voice 
processing systems where digital voice 
signals must be held for additional 
signal processing, and photocopy ma­
chines which could store a page of 
information for use in making multi­
ple copies. 

Basic operation of a CCD depends 
on the transfer of an electrical charge 
from one circuit element to the next. 
Operation results from the movement 
of carriers caused by a voltage dif­
ference b etween circuit elements that 
transfer or couple the charge to the 
next element. 

A piece of crystalline silicon coated 
with a very thin layer of Si02 (about 
1000 A thick) forms the basic CCD 
structure. Gates are then deposited 
on top of the Si02 layer. Basic silicon 
and gate layers form the two circuit 
elements separated by the Si02 in­
sulating layer in a capacitor-like 
structure. 

The charge is actually contained 
in a well that forms under the elec­
trode in the silicon. In surface chan­
nel devices, carriers are transferred 
on the surface of the silicon. As a 
voltage is applied to the gates, the 
charges are forced to move to the 
next charge well. 

CCD memories are sequential in 
operation with the elements of one 
circuit physically coupled to the next 
circuit in a chain. The charge or the 
data bit is transferred from one stor­
age cell to the next by transferring 
the charge from device to device 
through basic silicon substrate. The 
extremely close spacing possible for 
the storage cells on a CCD array 
makes it ideal for large scale volatile 
bulk storage memories. 

CCD sizes are dependent on the 
size of the electrodes. The company 
states that, using conventional semi­
conductor processing techniques, it 
should become feasible to build a 
single IC CCD memory capable of 
storing a million bits of data by the 
end of 1977, and that more advanced 
photolithographic techniques could 
easily expand this type of memory to 
10 million bits within the next two 
years. 

Development of sequential high 
density CCD memory is continuing. 
Read-only memories of extremely 
high density can also b e produced 
from the same structure. Digital 
arithmetic and logic devices are being 
developed, and early in 1977 com­
plete CCD digital logic and arith­
metic functions capable of duplicating 

many functions of a minicomputer 
will be possible on a silicon chip. The 
company believes that "high circuit 
packaging density and low manufac­
turing costs should make CCD tech­
nology very cost-effective with per­
formance improvements over popular 
MOS and bipolar technologies." 

"Talking Board" Offers 
Speech Synthesis for 
Diverse Applications 

Currently performing the speech syn­
thesis, audio, and power supply func­
tions of a talking calculator, the 
Sl6001-A module contains a 94-word 
vocabulary specifically useful for that 
application. However, Prof Forrest 
S. Mozer of Berkeley, Calif-a mem­
ber of the Univ of California faculty 
and inventor of the speech synthesizer 
-says that another 64-word vocabu­
lary is in preparation. This expanded 
vocabulary will include basic electri­
cal English and metric measurement 
units, some mathematical terms, and 
sufficient numerals to allow gener­
ation of any number from zero to 1 
million. 

Application areas for the "expand­
ed" unit include the machine tool in­
dustry where an operator might be 
instructed step-by-step via synthesized 
voice. Another might be providing 
vocal landing instructions to an air­
craft pilot. 

"Talking boards" are fabricated as 
4 x 7" printed circuit cards weighing 
3 oz. The power supply provides -5 
V ± 10% at 150 mA max, and battery 
operation is possible. Vocabulary is 
synthesized from a male voice. 

As shown in the diagram, V cc 
( -5 V) is applied to a voltage con­
verter which generates the -15 V 
required by the speech synthesis 
microcon troll er (CR C) . When the 
synthesizer is idling (not speaking) , 
the CRC generates a logic signal that 
turns off power to the read-only 
memory (ROM) and the "busy" sig­
nal is low. When the "start" input 
goes high, the CRC detects it and 
turns on power to the ROM. At the 
same time it raises the "busy" output 
to a logic 1 to indicate that speech 
processing is in operation. 

When the start signal returns to a 
logic 0, the CRC reads the informa­
tion on the "data" input lines. These 
signals are used to fetch control in-
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iCOMS Frugal Floppy~M 
At s995, your microprocessor's best friend. 

iCOM disk drive 

iCOM, the microperipheral™ 
people have done it again! This 
time with a ready-to-go Floppy 
Disk Subsystem for your low 
budget microprocessor-based 
project. 

You get everything from 
iCOM 
Our Frugal Floppy includes: 
• Interface cable to your 

microprocessor 
• Proven IBM compatible 

controller 
• Disk drive with daisy chain 

capability 
• Controller-to-disk drive cable 
If you need a power supply and 
software, we've got that too! 

iCOM's famous FOOS-II 
software 
iCOM's FDOS-II software 
package is now available for the 
OEM or the hobbyist. Its super 
features, such as named 
variable length files, autofile 
create open and close, multiple 
merge and delete, help make 
your project a winner right away. 
Versions to run on any 8080 or 

6800 based system are ready to 
ship. Use FDOS-11 either in your 
development system or 
integrate it into your 
applications package. In either 
case, it's easy to do. And 
low cost too. 

Easy interface 
Real easy. Three 8 bit latches 
and you've got it. Just one 
ribbon cable (which we provide) 
handles the hook-up. What 
could be simpler? 

Powerful controller 
The dependable iCOM controller 
is already used in hundreds of 
different systems. It takes the 
load off your software, letting 
your microprocessor do its job 

• MICROPERIPHERALS .. 

6741 Variel Avenue• Canoga Park 
California 91303 • (213) 348-1391 
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without getting bogged down. 
Auto track/sector seek and 
verify, full sector 1/0 buffers, 
auto CRC generation and 
checking, are just a few of the 
controller features. Handles 
from 1 to 4 drives with no 
changes in software or 
hardware. IBM compatible, too. 

The clincher 
iCOM's Frugal Floppy™ sells 
for only $995 ih small OEM 
quantities. If you need just one 
it 's still only $1195. 

Call us today. When it comes to 
microperipheralsr~ iCOM has 
the answers. 

Ask about our completely 
packaged systems too. We 
have complete development 
systems for: 

• lntellec M DS-800 
• Intel lee 8 
• Motorola M6800 
• PCS Micropac™BO 

lntellec is a trademark of Intel Corp. 
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DEVELOPMENTS 

CRC 

AUDIO FILTERS, 
AMPLIFIER. 
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ROM 
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SWITCH -15 V ONVERTER 

A 24-word calculator vocabulary is now being expanded to a 64-
word capability that will contain units of measurement, math terms, 
and numeral combinations· to permit synthesis of any number up 
to 1 million 

formation stored in the ROM. The 
CRC also determines the addresses 
needed to access data stored in the 
ROM. From ROM information, the 
control chip determines how to say 
the word, the pronunciation, how 
long to say the word, and when to 
stop saying the word. The start signal 
can interrupt the speech synthesizer 
at any time to initiate spoken output 
of another word. 

Sound is produced from data 
stored in the ROM. The microcontrol 
chip selects the ROM addresses to be 

Data Entry Device Will 
Require Only One Hand 
For Full Operation 
A small data entry device that func­
tions on commands from one switch 
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read and speech is produced from the 
data stored in a given location. A 
sound is made up of many digital 
bits, each one making up an incre­
ment of the analog audio signal. The 
control chip also converts the digital 
information produced in conjunction 
with the ROM to an analog audio 
signal via an on-chip D-A converter. 

The audio signal is filtered and 
ampliRed. A volume control adjusts 
audio level, and final speech output 
is obtainable at an earphone jack near 
the volume control. 

and two pushbuttons-all of which 
can be controlled by one hand-has 
been developed by Britain's Defence 
Ministry's Signals and Development 
Establishment. Although originally in­
tended for military use where the 

Data entry device devel­
oped in England requires 
only limited manual dexteri­
ty of one hand for opera­
tion. User moves a switch 
with thumb to choose upper 
or lower section of key­
board, presses· a button­
also by thumb-step-by­
step to position a light to 
the required character, and 
then presses a button with 
a finger to enter that char­
acter 

operator might need to have one 
hand free, the National Research De­
velopment Corp, London, England 
believes the device is applicable to 
stocktaking and other computer pe­
ripheral operations. 

In use, the operator moves a 
thumb-operated switch to select either 
an alphabetical or a numerical sec­
tion on the keyboard. Then a button, 
also worked by thumb, is pressed to 
move a light one step at a time, 
horizontally, vertically, or diagonally 
from a central position to a required 
character. Direction of movement is 
determined by the angle at which 
the button is pressed. A button on the 
back of the device is then pressed 
with a finger to enter the character. 
This action also returns the light to 
the central position. A space is 
entered by pressing the character 
entry button while the light is in 
a clear spot. 

Letters are arranged alphabetical­
ly, except for E-the most widely 
used letter-which is out of sequence 
in order to place it diagonally next 
to the center position. Average rate 
of input is 1 char/s. For special ap­
plications, number-only or letter-only 
arrays or other configurations could 
be designed. 

Digital Techniques May 
Solve High Frequency 
Radio Relay Problems 

With the growing capacity require­
ments for data transmission, radio re­
lay systems have become more and 
more important. However, the ex­
pansion into higher frequencies to 
alleviate traffic jams has brought in 
new problems. For instance, at the 
higher frequency range, signal atten­
uation increases drastically, especially 
during periods of rain. 

That problem is solved by organ­
izing the networks such that there are 
shorter radio paths and, therefore, 
more repeater stations. This, in turn, 
necessitates that transmission quality 
be maintained at a high level, such 
as by a digital transmission system in 
which, by means of regeneration, the 
wanted signal can always be freed 
completely from noise, distortion, and 
adjacent-channel interference. 

Digital radio relay system PSK 
120-240/ 15000, developed by Sie-
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Power on or power off, 
reliable core liolds the data. 
That's why system engi­
neers are taking a new look 
at Ampex MCM, the Micro­
computer Core Memory. 

Sure, you can use semi­
conductor memory. Maybe 
smallerandcheaperatfirst 
glance. Then, the first time 
somebody plays with the 
power, you lose data. So you 
reload. That costs money. 
Or you design battery back­
up. That also costs money. 

Matter of fact, every system 
provision for data preserva­
tion costs money. In the end, 
core costs less than semi­
conductor memory. 

Get Ampex MCM. 
Ready to plug in and oper­
ate. No fussy assembly of 
components on boards. No 
support circuitry. Nothing 
but the steady re1iability of 
core. Word lengths from 4 to 
18 bits, storage capacity from 
256 to 4096 words. In all pop­
ular binary increments. .., 

'• · ...... 
'•. . . .. , . . . 

• • 
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Build Ampex MCM 
into your system, and you 
won't squander time 
and personnel bringing 
programs back up after the 
power goes down. Block 
the power play. Get 
AmpexMCM. 

I AMPEX I 
Ampex Memory Products Division 
13031 W. Jefferson Blvd. 
Marina de! Rey, California 90291 
(213) 821-8933 
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EMC's New 
comouterized 
I c Panel oesiun 
service 
In a hurry? EMC can shorten your need 
time with a computer-aided 
Design/ Drafting Package for your new 
Wire-Wrap® IC Panel ... Often within 
a week! And you're getting the 
unequalled NURL-LOC® terminal with 
5 times the gripping surface that 
prevents twist and keeps your panel 
from warping. For fast action 
phone (401) 769-3800 or write 
Electronic Molding Corp., 
96 Mill Street, 
Woonsocket, R.I. 02895. 

Interconnection Specialists 

c 

tor "need·it·now" 
requirements 
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DEVELOPMENTS 

mens AG of the Federal Republic of 
Germany, operates with differential 
direct 4-phase shift keying of the 
carrier ( 4DPSK). Information is con­
tained in phase shifts at 0, 90, 180 
and 270 deg. Such modulation per­
mits a compromise among immunity 
to interference, bandwidth require­
ments, and technical complexity. 

One system can transmit two bit 
streams at a rate of 8.448M bits/s, 
corresponding to 2 x 120 voice chan­
nels. Transmitters and receivers oper­
ate in the 15-0Hz range. In accord­
ance with COIR recommendations, 
two 120-MHz wide bands are used, 
each with eight channels separated 
by 14 MHz. A total of eight trans­
mitters and eight receivers can be 
operated with one antenna; four of 
each polarized vertical and the other 
four polarized horizontal. Parallel to 
these systems, another eight systems 
can be operated via a second antenna, 
with the rf channel arrangement 
shifted by 14 MHz. A total capacity 
of 3840 ( 2 x 8 x 240) voice circuits 
can therefore be achieved on a radio 
path in this frequency range. Trans­
mit power is 100 or 500 mW, ac­
cording to choice. On the basis of 
rainfall figures for Germany, radio 
path lengths of 22 to 28 km are ad­
visable. 

Equipment can be installed close 
to the antenna, resulting in lower 
transmit power requirements and 
less expensive overall construction. 
A weatherproof case measuring 700 x 
700 x 370 mm, the front serving 
simultaneously as a parabolic reflector, 
accommodates four system units. One 
transmitter section, one receiver sec­
tion, and one power supply section 
can be combined to form an equip­
ment inset which fits into style 7R 
narrow racks. 

This system is said to be particu­
larly suitable for tightly meshed radio 
relay networks whose nodes have 
several links radiating from them and 
which have relatively short transmis­
sion paths of between 25 and 50 km. 
Such network structures and cor­
responding transmission capacities can 
be found, for instance, at the short­
haul level of° the Federal German 
communication networks. This is 
where the radio relay system will 
probably be used first, when it be­
comes necessary to transmit large 
numbers of digital signals, such as 
PCM speech bands, data for com­
munication between EDP systems, or 
coded videotelephone signals. O 
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When you choose DATUM mag tape 
or disc systems You get performance ... 

but We get system responsibilityl 
Choose a DA TUM peripheral­
device-controller system knowing 
that you will be free of any 
problems when the systf3m is 
installed! No matter what the 
problem, or where, DATUM will get 
you up and running . . . because 
DATUM assumes system responsi­
bility in every system installation. 

Only DATUM has designed. 
built and installed over 6000 
controllers and systems for so 
many different minicomputers to 
interface with so many different 
peripheral devices. And. of all 
device-controller manufacturers. 
only DATUM/Peripheral Products 
Division has the advantages and 

Serles 4091 Disk Controller 

expertise given by cooperating 
in-house divisions that design and 
build custom data acquisition 
systems and sophisticated 
micro-programmed minicomputers. 

Check these features! 
• Triple-Density NRZI For­

matting • Dual-Density PE/NRZI 
Formatting • 200 IPS for all Exist­
ing Interfaces • Single-Source 
Responsibility for all Major Tape­
Drive Manufacturers 

Off-the-shelf controllers for these 
computers: 

Computer Automation 
Alpha LSI • Data General Nova 
and Eclipse· DCC 112. 116 ·DEC 

PDP-8. -8e. -8i. -81.-9. -91. ll. 12.15 • 
Harris Communications Slash 

4. Slash 7 (Datacraft)• HP 
21MX. 2100. 2114. 2116 • 
Honeywell 316. 416. 516 • IBM 

1130 • Interdata 716. 832 • 
Lockheed SUE. Micro Systems 
810 • Rolm 1602. 1603 • Varian 

620i. 6201. 620f. V73. V74. V75, V76. 
DATUM Tape Controllers are 

available with the following 
Formatters: 

NRZ, 9-track. 800 BPI and 
7-track, 800. 556. 200 BPI •PE, 
9-track. 1600 BPI •QUAD, 9 track 
1600. 800 BPI and 7-track 800, 
556,200BPI. 

Each formatter controls 
as many as four drives with indi­
vidually-driven ports for each 
tape unit. All drives with industry­
compatible interfaces can be 
accommodated. 

DATUM formatters provide all 
timing for IBM-compatible inter­
block gaps and correct head­
positioning between records. 

Advanced MSl/LSI hybrid 
technology gives optimum cost/ 
performance ratio • Systems and 
controllers are compatible with 
your computer software • Com­
ponents plug together and into 
the computer for uncomplicated 
installation • Complete with con­
trols. power supply. all necessary 
cables. diagnostic software and 
instruction manual. 

Write for specifications and 
prices and for a copy of, "How To 
Buy Computer Peripherals'.' 

Serles5091 
Magnetic Tape Controller 

DATUM also manufactures 
modular data acquisition systems. 
mlcroprogrammable minicomputers. 
cassette and rotating memories and 
timing instrumentation. 

Perlpherol Products Division 
1363 S. State College Blvd., Anaheim. CA 
92806 • 714/533-6333 EUROPE: Datum 
House. Cranford Lane. Harlington. Middlesex. 
UK• 01-897-0456 

..., 
Datum1nc 

L---NMIYT HLICTla----' 

L----1.•n tnacno----' 

oo. u•• • • L.-........ ~ - "'"' Ullttl 
... •""" •u.act 
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You asked for a way to produce new 1/0 cable or internal 
harness designs without always having to obtain new connector 
application tooling. 
AMP answers with the Multimate concept. 
For example. 
A choice of three, size 16 contacts. A screw machine contact, 
and 1 or 2-piece precision formed contacts. All interchangeable 
and intermateable plus AMP Subminiature Coaxial contacts 
fit in the same cavities when needed. 
Then specify AMP Connector housings from many proven 
styles and sizes. 
The rugged, economical Circular Plastic Connector, or those 
versatile M Series connectors widely used for commercial and 
military applications; or the AMP MI Connectors, designed 
to international standards. Additionally there is a cast shell rack 
and panel range as well as metal-shelled modular connectors. 
If you have AMP application tooling for the Multimate contacts, 
you can produce these connector assemblies. And that can 
save inventory and allows for larger piece part volume purchases. 
Further savings can be made in the field because fewer service 
tools are needed. 
Here at AMP, answering your problems is our business. 

So when you work with Multimate, you can expect the kind of 
service and backup for which AMP is famous. 
We have district sales offices around the country; they are 
there for one purpose only. To serve you. 
With Multimate, you not only get real contact-connector 
flexibility, you have AMP behind your design innovations. 
For information on Multimate, write or call AMP Incorporated, 
Harrisburg, PA 17105. (717) 564-0100. 

AIVIP 
INCORPORATED 

AMP is the registered trademark of AMP Incorporated . 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

Dual-Computer System Provides 
Continuous Control of Cement Plant 

Control of cement manufacturing processes, unlike 
most other process control systems, does not require 
fast response times. Lags and time delays in the process 
can be as long as several minutes. Therefore direct 
digital control of the functions involved can be termi­
nated and manual control substituted without hinder­
ing operation or product quality. 

Plant motor control in the same facility, however, 
is critical to the overall operation. Response times must 
be rapid and failure of the computer in the motor con­
trol system could be costly. Therefore, this computer 
must be constantly backed up by a second computer 
that can immediately assume control if a serious failure 
occurs in the primary computer. 

At the St. Constant, Quebec plant of Canada Cement 
Lafarge Ltd, after studies to compare capabilities of com. 
puters and programmable controllers, the requirements 
were reconciled by installation of a dual-computer 
control configuration. One computer controls the mo-

tor system, the other controls the process-but if the 
motor control computer fails, the process control com­
puter assumes motor control duties. Control of manu­
facturing processes is then performed manually, with 
no loss in production. 

Leeds .and Northrup Co, Sumneytown Pike, North 
Wales, Penn developed and formed this dual control 
organization based on two identical LN5000 digital 
computers. The motor control computer regulates op­
eration of approximately 560 motors and solenoids; 
the process control computer directs 58 loops by direct 
digital control ( D DC) . Video display terminals ( 4-
color CRTs) portray symbolic diagrams and permit 
graphic changes to be made. 

Control Hardware 

Motor control and DDC process control are separate 
functions and, therefore, separate problems. However, 
they operate together, with the process control com-

110 
TRANSFER 
SWITCH 

MOTOR ----t CONTROL 
POINTS 
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Combined computer control system at 
manufacturing plant of Canada Cement La­
farge Ltd. Twin computers provide both 
motor system control and DOC process 
control. Motor control computer Is con­
stantly backed up by process control com­
puter, which assumes motor control duties 
if first computer fails. Since processing 
steps are slow, the second computer has 
only manual backup in the event it fails 
or has to become motor controller 
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3years, 
12 patents, and 

30,000 installations 
back every 

Shugart floppy disk. 
No wonder two out of three OEM's specify Shugart 

floppy disks. They get more exclusive features, more product 
support, and more responsive delivery schedules. So can you. 

A SA800/801 diskette storage drive gives your system more 
salable features: o Single density, or double density for 

the same price. o A patented diskette clamping/registration 
design that prevents diskette damage from misregistration 

over 30,000 interchanges. o A proprietary ceramic 
read/write head that extends media life to over 3.5 million 
passes per track with a head life exceeding 15,000 hours. 

o Extras like patented pop-out diskette retrieval, drive 
activity indicator light ,. and die cast cartridge guide 

and base plate. 
If your system needs more data storage, you can easily 

convert from single to double density on the same drive. 
And you have a wide selection of product configurations­
standard or compact "skinny" drive options, controller kits, 

and complete storage sub-systems. 
Shugart gives you more daily support-

systems design, technical service, 
documentation and applications help. 

And Shug·art is responsive. We will give you 
the delivery schedule you want, and we' ll 

meet that schedule. Ask our customers. 
Experience. Technology. Responsiveness. 

No wonder two out of three OEM's 
specify Shugart. 

The lecider In low-cost d isk storage. 

~ SHUGART ASSOCIATES 
435 Indio Way Sunnyvale, CA 94086 Phone: (408) 733-0100 

Europe Sales/Service: 3, Place Gustave Eiffel, Silic 311 
94588 Rungis, France Telephone: (1) 686-00-85 
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• 

FIRST PRIZE (Valuedat$6,150.) 

An IN-CIRCUIT MICROCOMPUTER 
DESIGN CENTER! 

lntellec® MDS-800 MICROCOMPUTER DEVELOPMENT SYSTEM 
is a modu Jar system containing all necessary hardware and software to 
develop and implement an i1fel ® MCS 80™ Microcomputer System. 

lntellec MDS-ICE-80 IN-CIRCUIT EMULATOR MODULE 
that interfaces to any user configured 8080 system and 
ailows the designer to emulate the user 8080 in real-time, 
single step the user system's 8080, substitute lntellec MOS 
memory and 1/0 for user system equivalents , and extend 
powerful debug functions into the user system. 

lntellec MOS UPP 101 UNIVERSAL PROM PROGRAM· 
MER which allows you to program and verify all i1fel 
p/ROMs by initiating p/ROM programming commands from 
your system console. 

MICROPROCESSOR I MICROCOMPUTER 

. APPLICATIONS CONTEST 
SECOND PRIZE (Valuedat$3,950.) 

lntellec MDS-800 MICROCOMPUTER DEVELOPMENT SYS­
TEM as described above. In this advanced development system 
you will receive an 8080 CPU, 16K bytes of RAM, 2K bytes of 
ROM, power supplies, front panel , and system software. 

THIRD, FOURTH, & FIFTH PRIZES 
(Each valued at $350.) 

i1fel 8080 SYSTEM DESIGN KIT (SDK-80) 
The.SDK-80 is a complete 8080 microcomputer system on a single board, in 
kit form. It contains all necessary components to build a useful functional 
system. 



DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

puter constantly ready to replace a malfunctioning 
motor control computer. 

Motor control operations include interlocking, sequenc­
ing, gate positioning, and time delay functions. The 
computer's 40K words of core memory are adequate 
not only for the present but for planned future ex­
pansion of control levels. Programs are loaded through 
a high speed paper tape reader, and a teletypewriter 
permits the programmer to enter changes. Changes in 
motor control status are entered through a manual 
input console directly to the motor control computer. 
However, a data bus connection permits concurrent 
update of these changes in the memory of the process 
control computer. If the process control computer is 
called on at any time to assume motor control duties, 
its memory is fully updated. 

Motor control will continue to be handled by the 
process control computer as long as necessary, with 
duties of the DDC computer conducted manually by 
an operator. When the malfunction in the motor con­
trol computer has been corrected, the entire dual sys­
tem returns to normal operation. 

This switch of duties occurs only in the event of 
a serious malfunction within the circuitry of the motor 
control computer. Failure of only a single input merely 
causes display of the fault on one of the CRTs; there 
would be no switchover of computer duties. 
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COMPUTER 

CONTROL 
PANEL 
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Each control loop has either a manual or super­
visory controller for backup, permitting an operator 
to bypass the computers for direct access to the con­
trol point. Backup stations contain pushbuttons for 
control input, a meter for viewing the action that is 
being ordered, and a set of lights to indicate control 
mode: manual, computer, or alarm. Most of the back­
up stations at the cement plant are of the manual 
type. 

Mark II 4-color CRT terminals permit the operator 
to communicate with the computers and to order changes 
in setpoints or variables such as material composition 
or level, flow, pressure, and temperature. Symbolic 
diagrams can be called up on the displays for study, 
and changes can be made via keyboard, joystick, or 
lightpen. Digital values of setpoints may be super­
imposed on the analog presentations to aid in the inter­
pretation. 

Rather than turning dials or pressing pushbuttons 
as would be the case in an analog system, the op­
erator of this cement plant makes adjustments through 
the CRT display on the console. Touch of a light­
pen to the CRT screen will call up graphic, trend, 
systems function, or loop displays. The plant section 
display acts as plant communicator and alerts the 
operator to changes in status throughout the plant. 
Operator can then request step down to a lower branch 
to locate the problem. Loop modules are the lowest 
levels attainable. They display the control diagram lan­
guage modules in each loop as well as rate, reset, alarm 
limit, and other parameters. 

Separate 40K-word main memories for the two com­
puters are organized in five units, each containing 8K 

BUS 
DRIVERS 

INPUT/OUTPU 
Pt!OCESSot!S 

llOP) 

CRT TTY 

Block diagram of single unit of LN5000 twin computer system. Main memory in each unit 
is made up of 40K words in 18-bit format (2 bits are parity). CPU is controlling element 
for most system functions; IOP operates concurrently to supervise peripheral controller when 
transferring data 
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MOSTEl<'S Ml< 4027-2. 
HIGH PERFORMANCE STARTS 

WITH ACCESS TIME. 

150ns 
With MOSTEK's new 4K RAM your system 

performance can match data sheet specs. 
At 150 ns access time (worst case), the MK 4027-2 is 

the fastest 16-pin 4K RAM in the industry. It appears even 
faster when compared to 18 or 22-pin 4Ks that require 
high-level clocks and differential outputs. In this 
comparison, our 150ns is actually better than their 120ns. 

But fast MOS memory can 't be used efficiently unless 
you can surround it with high performance logic. You can 
with the MK 4027 because it's completely Schottky-TTL 
compatible with a max V,L spec of .8 volts . And a 
wide ± 10% tolerance on all power supplies is a standard 
feature from MOSTEK. 

Gated CAS, another new MK 4027 feature, provides 
an expanded timing window to compensate for timing 
skews encountered in the multiplexing operation. This 
window is a full 25% of overall access time. 

The MK 4027 can further upgrade system performance 
with an improved output drive capability. It sources 5mA 
and sinks 3.2 mA while driving a 100 pF load. Other 4Ks 
drive only one TIL load and 50 pF. 

By employing essentially all dynamic internal circuitry, 
the MK 4027 dissipates very little DC power. This allows 
the device to remain much cooler in operation than 
competitive products and is one reason for its outstanding 
reliabi lity. 

TIMING GENERATOR 
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A new operating mode improves access time to 
100ns. 

It's called "page mode," an addition to the normal 
cycles of read, write, read-write, and read-modify-write . In a 
nutshell , page mode allows for successive memory 
operations at multiple column locations at the same row 
address with increased speed - 1 OOns - and decreased 
power. 

- IM____.. ~.~ 
,_________.____ '·· 

~ • .. -, i,... ""'"' -

o,,,. 

wM£ :~ v 

Page mode is not limited to any single chip. Since the 
CS input can be used to select or disable any cycle(s) in a 
series of "page" cycles, the page boundary can be 
extended to multiple 4K memory blocks. 

MOSTEK's 16-pin package reduces memory board size 50% 
over 22-pin packages. 
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How about density - yours and ours? 
As you might expect the MK 4027 is in the industry 

standard 16-pin package allowing the greatest possible 
density for your high performance memory system. 

We've been working on our own density, too. At 104 
mils x 140 mils the MK 4027-2 is the smallest 4K RAM in 
the industry. 

Reliability? MOSTEK sets the standard. 
The fastest , the smallest, the most versatile is not 

automatically the best. Not without MOSTEK quality. Every 
4K RAM MOSTEK ships is subjected to these screens and 
stresses: pre-burn at high temperature, temperature 
cycling, centrifuge, dynamic burn-in at 125° C, and final 
test with wide guardbands. 

MOSTEK 

High Performance 4K RAMs ... Here's your choice. 

16-pin 18-pin 22 -pin 
MK 4027-2 Tl 4050-2 21078 

FEATURES 
Access Time 150ns 200ns 200ns 

Cycle Time 320ns 400ns 400ns 

Read/Modify /Write 350ns 600ns 520ns 

Worst Case Power 

Dissipation 462mw 478mw 680mw 

V 1L (all inputs) 0.8v 0.6v 0.6v 

V1H (data, address) 2.2v 2.2v 2.4v 

V 1Hc (clocks) 2.4v 12.0v 12.0v 

Clock Cap. 7pF (max) 33pF (max) 25pF 

Power Supply Toi. ± 10% ± 5% ± 5% 

Page Mode YES NO NO 

MOSTEK's 16K RAM is coming soon. 
In addition to an unlatched output, MOSTEK's 16K 

RAM will include all the features found in our high 
performance 4K. This means Schottky-TIL compatibility, 
± 10% tolerance on power supplies, page-mode, gated 
CAS and low power. Designing and testing with MOSTEK's 
MK 4027's in your production systems now is a logical 
"first step" toward an efficient 16K system. 

Want more information? There's an application note 
and data sheet package that tells the complete MK 4027 
story. Write on your letterhead to MS 402 for quick 
response. Or pick up the literature package and a sample 
at your local MOSTEK distributor. 

1215 West Crosby Road , Carrollton, Texas 75006 
(214) 242-0444 
In Europe, Contact: 
MOSTEK Gmbh, TALSTR, 172, 7024 Filderstadt-1 , 
West Germany 
Telephone: (0711 ) 701096 
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DIGITAL CONTROL AND 
AUTOMATION SYSTEMS 

18-bit words ( 16 instruction bits and two parity) . Each 
memory unit feeds into the system via a memory inter­
face unit. 

Controlling element for most system functions is the 
central processing unit (CPU) . It executes instruc­
tions, controls the direct 1/ 0 system including inter­
rupts and control panel, and activates the input/ output 
processor (IOP). The latter processor operates con­
currently with the CPU to supervise peripheral con­
trollers when transferring data into or out of main 
memory. 

In a system of this type, process 1/ 0 equipment 
serves as interface between computer and process; ie, 
it directs analog and digital variables read by the 
computer or sent by the computer to points in the 
process. Analog input parameters include pressures, 
flows, temperatures, levels, analysis measurements, 
and valve positions. Digital inputs are supplied from 
on-off or pulse-type devices; digital outputs operate 
annunciators, relays, printers, and, through DDC inter­
face circuitry, process control end-elements. 

Four types of digital signals-status, counter, events, 
and priority interrupt-are input to the system. These 
signals are applied to digital input cards via signal 
conditioning and isolation circuits appropriate to the 
type of input signal, process noise, and electrical 
transients present or expected. Input density per card 
ranges from one input for a 16-bit counter card to 32 
inputs for a status type card. 

The computer can output up to 256 16-bit words 
to two basic types of output cards that provide either 
output levels or pulses. These outputs are used to 
drive relays or solid-state switches used for operating 
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such devices as solenoid switches, circuit breakers, 
stepping motors, latching relays, signal lamps, and 
alarms. 

Control Software 

All programs for the LNSOOO system at this cement 
manufacturing plant operate under and are scheduled 
by a system executive program. Immediate tasks­
those involving real-time process monitoring and con­
trol-are handled as foreground functions, while less 
critical items are background program functions. Fore­
ground functions include data acquisition programs, 
process oriented system applications programs, and 
motor control and man/ machine interface programs. 
New program development, testing and integration of 
potential programs, special CRT display generation, 
and data base updates are treated as background func­
tions and are performed in free time without inter­
ference to the foreground or real-time system. 

A COntrol Diagram Language ( CODIL), specifically 
designed for use by a process engineer rather than 
a programmer, handles LNSOOO control functions. This 
language is made up of a ser ies of modules or func­
tional blocks which represent functions such as multiply, 
divide, control, gate, and interlock. These functions 
can be interconnected in diagrammable fashion to 
execute a chosen control strategy. A completed CODIL 

diagram graphically documents the control scheme for 
the computer. Functional blocks symbolize control op­
erations and are designed to be similar to those used 
in an instrumentation diagram. 

The manner in which the diagram is drawn defines 
the way the program should be structured. Intercon­
nections of diagrammable symbols define control func­
tions to be performed, and the logical order of sym­
bols on the diagram is the order in which they are 
to be executed by the operation system. This diagram, 
however, describes only what control functions will 
be performed; it does not describe how to perform 
them. 

lDOP 
MODULES 

Hierarchical structure of display sys­
tem. Master page selection branches 
off into subsections which in turn 
may branch off into lower display 
levels. Loop modules are lowest level 
available 
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The REMEX RFD 1000-Because It's Versatile. Double or single 
density with capacity up to 6.4 Mbits ... IBM standard or 32 hole hard 
sectored media without drive modification ... IBM compatible or expanded 
hard and soft sectored formats for application flexibility ... Unit select 
daisy chain capability for maximum controller efficiency ... Selectable DC 
negative voltage for system compatibility ... Individual drive housing or 
two drives horizontally side by side in a 19 inch rack configuration. 
The REMEX RFD 1000- Because It's Reliable. Ceramic head for 
extended life ... Precision machined, die-cast construction ... Operator 
interlock and expandable clutch for media protection ... Front panel "head 
in contact" indicator and optional "head in contact" door lock ... Optical 
write protect to assure data security ... Stylus ball lead screw positioning 
system for long-lived accuracy ... Optical track 00 sensing for drive 
carriage protection. 

The Remex RFD 1000 is the RIGHT peripheral from Remex. 

This Is The Only 
Flexible Disk Drive 
You Will Ever 
Need 

Ex-Cell-O Corporation 
REMEX DIVISION 

1733 E. Alton Street, P. 0. Box Cl9533, Irvine, California 92713 
(714) 557-6860, TWX (910) 595-1715. In Europe and ~he U.K.: SpA, Microtechnica 
Via Madama Christina 147, Torino, Italy 10126. 
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DIGITAL CDNTROL AND 
AUTOMATION SYSTEMS 

Computerized Graphic Display System 
Aids in Automatic Design of 

Tractor Parts 

An automated design/ production facility now m use at 
International Harvester's Engineering Center for Agri­
cultural Equipment not only saves stock but also 
drastically reduces the man-hours required to design 
tubing. Whereas before the system was installed only 
one part could be produced from a single stock plate, 
many parts can now be nested, increasing stock utili­
zation by 20% . In addition, the 50 man-hours of draw­
ing board time previously required to design hydraulic 
tubing has now been reduced so drastically that one 
designer can perform the steps in one hour. 

A computerized graphic display system made by Sand­
ers Associates, Inc, Nashua, NH is a key portion of the 
overall facility. This system enables the designer to 
either create new designs on a 21" CRT display or 
retrieve and display any of 10,000 drawings-and alter 
them if necessary. Once a design is determined, a hard 
copy drawing is prepared on an automated precision 
plotter under command from the central computer. 
At the manufacturing facility, this print is traced by 
an optical reader which simultaneously produces sig­
nals to order a flame cutting machine to move from 
two to eight torches to cut the required parts. 

A large number of the same item can be displayed 
and moved or flipped about-or different order parts can 
be mixed on the screen for maximum utilization of a 
plate. This both cuts waste of portions of the steel 
plate and optimizes cutting time. Numerical control 
tapes of the drawings can be made for use by other 
company divisions for automated parts production. 

When designing hydraulic tubing, a mathematical 
representation of the tube is displayed on the console 
screen. The designer can perform calculations involv­
ing stretch, spring back, length, and type of tube, 

and each will be depicted on the screen. From this 
information a number of drawings are generated in­
cluding a full scale shop template which is used to 
fabricate a prototype tube part. The system enables 
engineers to change scales merely by touching a light 
pen to the screen. Drawings can be produced in either 
English or metric scale. Vendor and tooling informa­
tion is automatically generated. 

In addition, structural analysis on tractor and load­
er chassis can be performed by displaying a 3-di­
mensional image on the screen for analysis. As the 
computer simulates increased loads on the protective 
frames and chassis, the system depicts the deformation 
of each element. Designers can continue increasing 
the load until an actual break occurs. By touching the 
light pen to sections of the displayed image, users can 
select individual chassis sections to be enlarged on 
the screen for independent study. 

The graphic display system is also used for a steer­
ing geometry program which analyzes four types of 
linkages used on off-road equipment built for opera­
tions such as copper mining. Various steering linkages 
are displayed on the console screen and analyzed for 
jackknifing, wheel locking, height of tie rod above 
ground, king pin inclination, sequential turns, and king 
pin offset. Wheels are turned from 0- to 50-deg turns 
in 5-deg increments and studied. 

Currently, approximately 10,000 digitized parts draw­
ings are stored on discs. When a part is requested, 
a catalog appears on the screen in the form of part 
numbers. By touching the light pen to the desired part 
number, users can call up and display the part within 
seconds. 

A displayed drawing can be altered if necessary, 
or sent directly to the computer for printout on the 
plotter. In most cases, a number of different parts 
making up one order or a number of different orders 
are nested for efficient flame cutting. 

Among the several capabilities of Sanders Associates' graphic display system as used by International Harvester are nesting 

of parts to obtain maximum usage of steel stock from which the parts are cut (left) and mathematical representation of 

hydraulic tubing to assist in design (right). Other uses include 3-dimensional structural analysis of tractor chassis and steering 
geometry studies 

Circle 161 on Inquiry Card 
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All the people who bought our DUMB The 32 Switches characters in 24 rows of 80 letters. And 
..... . TERMINAL (the ADM-3) because of its low 

$995* unit price didn't really expect a lot. 
But they hadn't counted on the 32 switches. 
Switches that let you turn the DUMB 
TERMINAL into a pretty clever animal. 

·~ El ... . ~ ~~ 

:· It 
there are still more switches that make your 
terminal a cinch to operate. 

Now people aren't sure what turns 
them on the low price, the 32 switches, or 
the DUMB TERMINAl.'.s standard features. 
Features like a full 12" diagonal screen. 

E--·~ . ' · ·oz ...,. __ 

Take the 20 switches under the LSI 
name plate, for example. Among them, 
11 communication rate positive action switches 
that let you select bauds from 19200 to 75. Also an 
RS232 interface extension port switch. It allows you 
to connect the DUMB TERMINAL to all kinds of 
clever devices - to recorders, printers and smarter 
terminals. And switches for odd-even parity Optional 
upper and lower case (the complete set of 128 
USASCII characters)- plus a lot more. 

Inside on the PC board, 12 more switches. 
More positive action types that instruct the DUMB 
TERMINAL how to behave. And for all those who 
bought the 24-line optional display, there's a switch 
to change over from the standard 12-line format . 
So instead of showing 960 standard characters 
in 12 rows, you have the option of displaying 1920 

v u< -.. 
The 12 switches in the rear, 

on the PC board. 
59 data entry keys, arranged like on a 

typewriter. Compatibility with all popular computers. 
Simple, quiet operation. An optional numeric key pad. 
And fast data throughput. All features that make this 
terminal a perfect video replacement for the old 
teletypewriter. 

The 20 switches under 
the front name plate. 

The fact is, people keep finding more and more 
jobs for our DUMB TERMINAL. Because they can 
do anything within reason - with just a little switching 
and training. And that's why the DUMB TERMINAL; 
really turns out to be a smart buy. Which may be the 
biggest switch of them all. 

@
For full information, write Lear Siegler,Inc., 
E. L D./ Data Products, 714 N Brookhurst St., 
Anaheim, CA 92803; Tel (714) 774-1010. 

® 

DUMB TERMINAL. 
SMART BUY. 

' 
• • .,. ,I. -

. .. 

*U.S. domestic price 

THE•99S DUMB 
TERMINAL CAI BE TRAINED 

TO DO PRACTICALLY 
ANYTHING. 
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DHJITAL CDNTRDL AND 
AUTDMATIDN SYSTEMS 

Microprocessor-Controlled Instrument 
Monitors Exhaust Gas Temperatures 

Cylinder exhaust temperatures in large diesel en­
gines typically vary with engine speeds, loading, and 
other normal conditions. By comparing the exhaust 
temperature of individual cylinders with the average 
of all cylinders and with preset high and low limits, 
abnormal functioning can be located in time to make 
adjustments before serious damage occurs. 

Designed primarily for monitoring diesel engine cyl­
inder exhaust gas temperature (EGT) in marine ap­
plications and for industrial use with compressor, 
pumping, or power generating diesels, the Micro-8800 
combines all functions under control of a microproces­
sor. It continually scans up to 32 engine cylinders at 
a rate of 1 zone/ s. A 0.43" high red LED display 
shows the number of each cylinder as it is scanned, 
the actual temperature of that cylinder ( °F), and 
the number of degrees by which this temperature devi­
ates from the average cylinder temperature. 

If the temperature of a cylinder approaches 10% 
of preset high or low limits, an indicator flashes on 
the display panel; if the temperature of a cylinder 
exceeds preset high/ low limits, or goes beyond the 
preset maximum allowable deviation-from-average, a 
panel indicator lights and an external alarm output 
is activated. A separate panel indicator and alarm 
output are activated if a thermocouple breaks or be­
comes disconnected. 

Two 4- and one 3-digit thumbwheel switches are 
used to fix high and low alarm and deviation-from­
average alarm setpoints, respectively. A "pause" push­
button inhibits the scan advance to permit tempera­
ture fluctuations of one cylinder to be observed. An 
"alarm reset" pushbutton clears any alarm condition 

Setpoints entered via thumbwheel switches determine high 
and low limits and acceptable deviation-from-average in 
microprocessor-controlled system for monitoring exhaust 
gas temperatures of individual cylinders in diesel engine. 
LED readouts identify each cylinder as it is scanned, its 
temperature, and its deviation. External alarms can also 
be added 
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to resume normal operation, and a "lamp test" push­
button checks the LED display segments by forcing 
all digits to 8. 

The system also can be used to balance cylinder 
performance for maximum power output with minimum 
fuel consumption. This is done by setting deviation­
from-average alarm setpoints at around 25 ° F, and 
making fine adjustments in fuel flow until all indi­
vidual cylinder deviations stay within that preset limit. 
With optional modification, the 32-channel capacity 
can be split to permit the same instrument to monitor 
two engines of up to 16 cylinders each. 

In cases where the total 32-channel capacity is more 
than required, the additional channels can be used 
to monitor water or oil, inlet-at-turbine, or engine 
bearing temperature, or any other thermocouple check­
point using the same TC alloy as in the EGT thermo­
couples. An optional printer can be added to log EGT 
upon command or once every 10, 20, or 60 min., and 
an optional remote display unit allows monitoring at 
a separate station. A variety of optional BCD outputs 
accommodates interface with computerized systems. 

System circuitry is on four PC boards mounted on a 
motherboard to minimize interni+l wiring. Only the pow­
er supply connections and 1/ 0 terminal connections are 
hardwired. Boards include a digitizer that converts 
analog thermocouple inputs into digital form, an FET 
thermocouple scanner, a controls-and-display board, 
and a microprocessor set built around an Intel CPU. 

Four separate alarm outputs, each capable of up 
to 240 V ac at 0. 75 A, permit the addition of indi­
vidual external alarms for high limit, low limit, and 
deviation-from-average, plus a master alarm that is 
activated when any of the other alarms are triggered. 
All input and output connections are opto-isolated to 
help minimize the effects of common mode noise. 

Noise rejection is >90 dB in the normal mode and 
170 dB with 100-0 unbalance in the common mode. 
Special double-loop front-end design has less drift 
than conventional closed-loop systems. A 32-segment 
digital linearizing circuit provides highly stable, un­
blinking readout displays, accurate to within ±0.25 ° F 
or C in conformity with NBS specifications. 

Operation is rated for ambient temperatures from 
40 to 120 ° F (4 to 49 ° C) with storage temperatures 
of -20 to 130 ° F (-29 to 54 ° C) at 0 to 95 % RH. 
Vibration and shock tolerance complies with MIL-STD-
167. Input power requirement is 115 or 230 V ac rms 
±10% , at 49 to 36 Hz. The unit draws no more than 
25 VA in normal operation. 

Three package formats available from Alnor Instru­
ment Co, Niles, Ill include a desk-type enclosure that 
can be installed in a standard 19" rack or panel using 
an optional mounting kit, a dust- and oil-tight NEMA-
12 housing, and an explosion-proof housing. The stan­
dard rack and panel model measures 7 x 17 x 15" 
( 18 x 43 x 38 cm) and weighs 24 lb ( 11 kg) . 
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DC&AS BRIEFS 

Computer-Based Gas Chromatograph 
System Reduces Lab Analysis Costs 

A computer-based process chromatograph data acquisi­
tion and control system being implemented by Dow 
Corning Corp at its Carrollton, Ky plant will handle 
up to 32 gas chromatographs with as many as 64 
streams. ProPaceT"' 1000, manufactured by Electronic 
Associates, Inc, West Long Branch, NJ, is based on a 
Pacer™ 100 digital computer and an all solid-state 
data acquisition front-end. Chromatograph detector out­
put signals are automatically processed to calculate 
and report stream compositions based on linear-with­
concentration peak areas. Component response factors 
are applied to each peak area, and results normalized 
to compensate for any variance in sample volume or 
detector sensitivity. Analysis reports, containing stream 
names, time, date, component names, and concentra­
tions are typed out after each analysis on teletype­
writers. 

Through a status and control panel, the system 
handles all time-coded control functions for chromato­
graph analyzers interfaced with the system, and pro­
cesses all data reduction, compositional calculations, and 
reporting of results. All stream switching, sample 
injection, and other functions previously handled by 
a programmer/ control module are handled by this 
system. Need for timer, logic switching, attenuator 
circuits, and strip chart recorders used to present com­
position data in bar-graph form is eliminated. 

Compositional data from the instruments are claimed 
to be as accurate as that 'from laboratory-derived 
analyses, with the added advantage of being online 
for immediate display to process operators. Program 
and hardware diagnostics routinely check chromato­
graph performance as well as the integrity of the con­
centration calculations, with periodic checks and .up­
dates, if necessary, of the computational parameters. 
Laboratory analysis costs as well as maintenance and 
calibration expenses are reportedly reduced signifi­
cantly. In addition, the system increases analysis speed, 
accuracy, and flexibility. 

Optical Comparator Functions As 
Computer-Controlled Inspection System 

A self-contained, computer-controlled inspection sys­
tem developed by EMR Photoelectric, Princeton, NJ 
is claimed to permit nearly any machined, molded, or 
stamped part requiring inspection of linear or diametri­
cal dimensions to be accurately measured. The com­
pany says that parts inspection for both long-term, 
single-piece manufacturing operations or short-run, 
multiple-part production can be accomplished by its 
Comp-Gage electronic optical comparator. The system 
utilizes an electronic camera and a computer to mea-

sure, analyze, and record the dimensions of a given 
part during inspection procedures. 

A complete industrial inspection system that con­
verts optical dimensional data into digital language 
for computer analysis, the comparator is designed to 
improve the efficiency and accuracy of routine indus­
trial inspections. It can be operated completely auto­
matically, inline, and by inexperienced plant or labora­
tory personnel who have no prior quality control or 
computer programming experience. During quality con­
trol inspection procedures, the comparator can auto­
matically calculate the dimensions of a product to 1 
part in 2000 in <l s and either display them on a 
large screen for operator communication or store the 
information within the computer. 

All functional components are incorporated into a 
desk-type console with the camera head and inspection 
table separately mounted on a single adjacent pedestal 
for remote stationing. Systems expansion is possible 
for additional equipment such as telephone and tele­
printer communications, mass storage of product in­
formation, and line printers for labels, tags, or per­
manent records. 

Preprogrammed System Complements 
Total Distributed Control Architecture 

A process monitor and control (PM/ C) system, a 
preprogrammed system for medium-to-large industrial 
process applications which supports and complements 
the company's total distributed control (TDC) archi­
tecture, is being offered by Honeywell Process Con­
trol Div, Phoenix, Ariz. The system provides comput­
ing power, supervisory and direct digital control, his­
torical data collection, and additional display and on­
line program development capabilities. It supports any 
combination of HS4450 analog 1/ 0 subsystem, HS7024 
telecontrol system, and TDC 2000 process interface 
equipment. 

When used as a component for the TDC 2000 pro­
cess control system (see Computer Design, Jan 1976, 
pp 44-48), it combines central processing advantages 
with the security of distributed control. In addition, 
it can be used as a centralized, dedicated computer­
based system (with the HS4400 process computer as 
the central processing unit), without the use of TDC 
2000 controllers. Used alone, PM/ C interfaces with 
the process through local, remote, or telemetry 1/ 0 
hardware; variable output controller; VutroniK minia­
ture electronic equipment; or other control stations. 

The system is programmed to provide process mea­
surement, signal conditioning, limit checking, alarm­
ing, video display, hardcopy log, historical data col­
lection, direct digital, and regulatory control func­
tions. It has video-based, human-engineered operator 
interfaces and online program development and test­
ing facilities as well as optimization aids. 

Displays are constructed or modified by the opera­
tor as needed for optimum reporting of events. Through 
CRT operation stations, the operator has access to all 
process variables and control loop parameters, in­
cluding those in the distributed controllers connected 
to the computer by the use of single or redundant 
coax-cable data highways. D 
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Worldwide increases in both 
material and labor costs within the 
electro-mechanical industry have 
fostered a dangerous trend toward 
buying OEM components on the 
basis of price alone. But the fact is 
that the need for quality components 
has never been more critical. Loss of 
your product reliability for the sake 
of lower component costs can only 
result in substantially higher life 
cycle costs due to premature field 
failure. And that's a sure-fire way of 
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because it costs less! 

increasing your product cost! That's 
why most cost-conscious manufac­
turers SPECIFY escap® miniature de 
servomotors. They know that the 
escap® line reflects the highest 
level of engineering skills and 
Swiss precision manufacturing .. . 
and the best performance-to-cost 
ratio available. 
escap® motors feature a perma­
nent magnet stator and a self­
supporting skew wound ironless 
rotor. This unique low inertia con-

struction results in: fast response, 
no cogging , smooth torque, high 
efficiency, and high power-to­
volume ratio. The use of a unique 
combination of precious metals in 
our commutator and brushes en­
sures high reliability and trouble­
free operation. 
So, if reduced life cycle costs, 
optimum performance efficiency, 
and reliability are what you expect 
from a miniature de servomotor, 
buy escap® micromotors. 

Insure quality and long life for your product 
- SPECIFY escap® motors. 

0 
Portescap U.S. 
Member of the Portescap Group 
730 Fifth Avenue 
New York, NewYork 10019 
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A semiconductor memory, after it has been installed in a computer, 
is subject to testing in addition to its manufacturer's tests. This 
testing must encompass architecture and accessing mechanisms 
yet is limited because the memory must store its own test program 

How Computers Can 
Test Their Own Memories 

Robert C. Goldblatt 

Sperry Univac 
Blue Bell, Pennsylvania 

After a semiconductor memory subsystem has been in­
stalled as part of a computer system, it must remain 
accessible to testing by the customer engineer-testing as 
part of preventive maintenance, and testing for diag­
nosis in the event of malfunction. This remains true even 
though memory components have been tested by the 
semiconductor manufacturer before shipment, again by 
the subsystem builder upon receipt, and yet again at the 
subsystem level before installation in the computer. What 
kind of testing is done at the system level depends on 
whether the subsystem includes simple error detection 
(parity) or a higher level of error correction, and is 
complicated by the fact that the program executing the 
test must be stored in the same memory that it is to test. 

Individual memory chips usually accept and produce 
one hit at a time; at the subsystem level, memories are 
ganged to work with bytes, words, or double words. Only 
when it has become part of a computer system is the chip 
in the environment for which it was built. Now the con­
nections that drive it are no longer a test mechanism; 
they are a central processor, its control uriit, and various 
input/ output (1/ 0) drivers, all controlled in their ac­
cess by a priority network. With test mechanisms, mem­
ory timing factors were measurable to within a nano­
second; now, with a number of different system connec­
tions, memory accesses may vary by as much as 50 ns. 
Variations are found because a nanosecond represents 
a difference of a few inches of wire, and because of the 
physical positioning of the various components within 
the system. Access time tolerances must be wide enough 
to allow for these variations, and recovery must he fast 

enough to allow an early access after a late one (Fig. 1). 
These conditions impose the need for the computer to 
test its own memory, with a test program that is stored 
in that memory. 

Three different stages of computer program tests must 
be considered. In the development stage, every area of a 
subsystem must be thoroughly tested to verify the design, 
to detect any logic or timing errors, and to insure that 
the device actually functions as intended. In the manufac­
turing stage, tests assure that subsystems are being built 
exactly as specified by the developers. Finally, in the 
customer usage stage, diagnostic and prognostic tests 
assist the customer engineer in locating causes of mal­
functions. 

Addressing Tests 

An important part of development tests are addressing 
tests, which insure that accesses to one set of chips are 
not also inadvertent accesses to another chip set, on the 
same hoard, on a different board, or in a different cabi­
net. If partial word accesses are allowed in the system, 
all such partial accesses must he tested. All boundary 
conditions between different inemory segments must be 
tested. If the system's address format can refer to more 
words than are physically present, unused high order 
address hits or other "illegal" addresses must be checked 
to see that they either indicate errors or wraparound to 
low addresses, depending on the addressing logic. These 
and other error conditions, which are supposed to set 
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Fig. 1 Access time tolerances. Modules at different distances from CPU respond to signals at different 
times, all of which must be within system specifications, even though broader than module specifica­
tions. However, different response times must not set up insufficient recovery time between cycles 

error indicators, must be tested for proper operation­
which requires creation of the errors, sometimes with 
special switches or jumper wires. 

All these tests can be executed by computer programs, 
which are subject to certain requirements. First, the pro­
gram should occupy no more than half of the smallest 
available memory module, from which it can test the 
other half, then move itself to the second half and test 
the first half. AU additional memory can be tested from 
one of these two areas. 

How much memory to test as a unit can be determined 
by multiplying the number of bits per chip (a chip-de­
sign parameter) by the number of bytes per cycle (a 
system-design parameter). This rule comes about be­
cause memories are generally made up of a number of 
chips in parallel. A memory cycle thus addresses one bit 
from each chip in a parallel set, as specified by a mem­
ory address register (MAR), which addresses the same 
location on each chip. Thus, for example, with 4K chips 
and 4-byte access, a block is 16K bytes (Fig. 2). 

For this case, assuming that a parity bit is appended 
to each 8-bit byte, 12 bits within an instruction address 
point to one word of 36 bits or four bytes. They select 
one bit on each of 36 chips. In a purely byte-oriented 
machine, two more address bits point to one of the four 
bytes. If partial-word accesses are permitted, these two 
bits can be expanded to four-one for each byte-allow­
ing any combination of one to four bytes to be ad­
dressed. In most applications only combinations of con-
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tiguous bytes will be useful. These 12, 14, or 16 address 
bits, placed in the MAR, must fan out to 36 chips for 
each 4-byte access. Larger memory subsystems with 
more than 16K bytes have longer addresses; higher­
order address bits choose other sets of chips, on the same 
or a different circuit board, or in different cabinets. 

Within the memory chip, the 12 word-oriented address 
bits are divided into two groups and are separately de­
coded to identify a particular bit cell at the intersection 
of two lines in the x and y directions. One of several 
possible such divisions is two groups of six bits each. 
Outside the chip, MAR bits 1 through 6 can be con­
nected to address inputs 1 through 6; however, if con­
nected 1, 5, 3, 6, 2, 4 or in any other order, the only 
internal difference would be the physical location of the 
bit cell addressed. It is important to recognize that such 
a crossing over of address bit identities can also occur 
within the chip, often without the user's knowledge, 
even if a one-to-one external connection is made. Test 
programs that depend on bit adjacencies should take 
such addressing schemes into account. (Some manufac­
turers of 4K memory chips use 12 address lines on 12 
inputs; others multiplex 12 lines onto six inputs. In 
the generation of 16K memories that are now beginning 
to appear, all devices announced to date multiplex the 
address lines. The 14-bit addresses required would 
necessitate large unwieldy packages if pin-for-pin ad­
dress inputs were used. Multiplexing must be taken into 
account in subsystem design and in testing.) 
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Fig. 2 Testing unit Convenient block for one test cycle is product of bits per chip and bytes per cycle. 
Address format must contain enough bits to locate one bit cell on every chip; it may have additional bits 
to identify specific bytes or other memory blocks 

Bit Pattern Tests 

Assuming for the purposes of this article that the address 
connections from MAR are one-to-one, that they remain 
one-to-one internally, and that the bit-cell array within 
the chip is 64 by 64, the problem of setting up desired 
bit patterns within the chips arises. For example, to 
store a pattern of alternating ls and Os in a set of chips 
(a checkerboard pattern) , it is necessary to store a word 
of Os followed by a word of ls. This is repeated to the 
end of one row (all values of x for a fixed value of y). 
The next row ( y incremented by one) must start with 
a word of ls followed by a word of Os (Fig. 3). If 
addressing is not one-to-one as assumed, considerable 
address juggling is required in the program to produce 
this same pattern. 

However, both all-0 and all-1 words have the same 
parity bit; a 1 if parity is odd. Thus different patterns 
must be used to produce the checkerboard pattern in 
parity bit chips. Similarly, any test that involves data 
patterns must be repeated with other patterns to test 
the parity bits. 

Initial testing should store, then check, all-Os, all-ls, 
alternate ls and Os, and its complement. Then, since all 
patterns could have gone to one or a few locations, the 
next test should load each location with its own address, 
then read it back and verify it. Next the complement of 
the address should be stored and checked in each loca­
tion. These tests show that addressing within a set of 
chips is unique. 

After initial testing, difficult or so-called worst-case 
patterns should be tested. Various patterns known as 
walking ls and Os, marching ls and Os, galloping ls 
and Os, ping-pong, Rowpat, Criss Cross, Ranpat, and 
others are used for this purpose. They test unique ad­
dressability, data-disturb patterns, and high speed ad­
dress-line switching, and look for pattern dependency. 

A major difficulty with many test programs is their 
execution time. However, a program that takes many 
hours to execute can be replaced by two others that 
operate in seconds. Both types determine whether stor­
ing data in any given cell affects data in any other cell, 
and exercise the most extreme changes in addressing as 
a measurement of access time. Short programs can do 
a better job of testing these parameters than one long 
program can. 

With either approach, the memory must first be filled 
with a background pattern. A fast processor that can 
move 256 bytes with one instruction in 100 µ,s would 
require about 7 ms to store the background pattern in 
a module of 16K bytes ( 4K words). Then various 
fetching, comparing, and storing operations must take 
place. 

Worst Case Testing 

Galloping ls and Os test compares every word with 
every other word, looking for interaction between words 
as fetching and storing take place. The test can be 
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Fig. 4 Address switching pat­
tern. Conventional binary se­
quence (a) frequently changes 
more than one bit at a time, as 
shown in color. Gray code (b) 
includes all binary combina­
tions but in an order that al­
ways changes only one bit at a 
step. Modified Gray code (c) 
also ·includes all combinations 
but changes maximum number 
of bits per step; it is useful 
in testing for delayed address­
bit switching 
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implemented with a relatively short program contain­

ing an inner loop that is executed ( 4096) 2 times and a 
somewhat longer outer loop executed once for each 

word, a total of 4096 times. Total execution time for 
this routine on a 4K-word block is less than 3.5 min. 
for a single pattern. It should be repeated for that pat­

tern's complement, a corresponding pattern that tests 
the parity bits, and its complement. This increases the 

execution time to nearly 14 min. for the same size 
block. If the block is part of a megabyte memory, total 
testing time-given the assumed cycle and execution 

times-is nearly 15 h. Some machines will take three 
times that long, for this relatively uncomplicated pat­

tern; other tests will have execution times an order of 
magnitude longer. 

Although galloping ls and Os tests both crosstalk and 

address switching, crosstalk can be tested just as well 
with marching ls and Os and address switching with a 

modified Gray-code address sequence. The marching test 
reads and writes both ls and Os against the next location 
in the direction of the march. It makes eight passes. Four 
begin with background data patterns of all Os and all ls 

and march both forward and backward through the mem­

ory block; the other four do the same, but test parity bits 
instead of the words themselves. This takes about half a 
second for a 4K-word block and half a minute for a 
megabyte memory. As a test for crosstalk, the march 
pattern depends on adjacency of consecutive addresses. 

Gray code, or reflected binary code, is a straight­
forward method of obtaining all 2n combinations of an 
n-bit quantity in which every adjacent pair in the se­
quence differs in exactly one bit. It is most useful when 
converting an analog quantity to digital form, especially 
when the analog quantity is mechanical, because it is 
not subject to uncertainty caused when two bits that 
should change simultaneously are slightly mistimed. 

In checking address switching, a sort of inverse Gray 
code is useful. Such a code changes the maximum pos-
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sible number of bits from step to step, instead of just 
one. A binary number representing an address is com­
plemented, so that all bits change, and then almost re­
complemented, changing all bits except one. The one 
bit that does not change is chosen so that the addresses 
after each double complement form a Gray-code se­
quence (Fig. 4). 

When applied to memory testing, the technique di­
vides each address into three parts: column-select bits X, 
row-select bits Y, and chip-set select S. To test a given 
set of chips, S remains constant; then within the set, Y 
alternates between one value and its complement while 
X undergoes the double-complement sequence. This ad­
dresses all bit cells in two rows of each chip, correspond­
ing to Y and complemented Y values. Y is given suc­
cessive values, and their complements, beginning with 
the two rows at the ends and progressing toward the 
center. Each time Y changes, X goes through the whole 
routine. After both X and Y have gone through the en­
tire sequence, checking every word in a module with 
a given S-address, S-bits are put through the same se­
quence, this time with X and Y held constant. Their 
values must be judiciously chosen, and held constant 
while only one pass is taken through all the possibilities 
for S, because otherwise this sequence may stray outside 
the limits of the memory system being tested or wipe 
out the test program. 

While this sequence of addresses is being generated, 
data being placed in the memory consist in each case of 
an initial background of all Os, read word by word, 
checked, and replaced with their own addresses. After­
ward all locations are checked against a straight binary 
count. This sequence takes 75 ms for a 4K-word block, 
and less than 10 s for IM byte. 

If any of these tests detect an improperly function­
ing bit cell, the bit's identity is not important. The chip, 
or the board containing the chip, must be replaced. 

These tests assume a 36-bit memory consisting of 
four 8-bit bytes ( 32 bits) and a parity bit for each byte. 
With the advent of 4K chips, memories have become 
cheap enough that adding a few more bits for auto­
matic single-bit error correction is feasible and rea­
sonable. In place of the four parity bits, an 8-bit field is 
established, containing an error-correcting code (ECC). 
Part of the execution of a write command generates 
error-correcting check bits for the word, which are stored 
along with the word. When this word is read, the extra 
bits check its validity, and if an error has occurred, 
correct it if possible, and signal its presence if not. 

Well over 90% of memory problems that occur in the 
field involve single bits. Multiple-bit errors, with each 
bit coming from a different chip, usually denote a 
problem elsewhere than on the chip. Therefore only 
single-bit correction is necessary. 

Testing ECC fields involves storing, then reading, pat­
terns of all Os, all ls, alternating ls and Os, and so on, 
just as in a parity-checked memory. Particular data pat­
terns are necessary to produce the required patterns in 
the extra check bits. 

Error Detection Tests 

Beyond checking the bits themselves, with crosstalk and 
address switching, the ability to detect and correct er­
rors must be tested. This requires a way to store a 

known difference between data and related ECC pattern­
perhaps with a manual or programmable switch that in­
hibits the ECC. Known data are stored in a large seg­
ment of memory, setting the check bits. Then the ECC 
inhibit switch is set, and modified data are stored. 
Finally the switch is reset and data are read. If the 
modification was a single bit inversion, it should be 
"corrected"; uncorrectable modifications should be 
flagged as such. 

This procedure should be carried out several times, 
beginning with the known data as a pattern of all Os 
and continuing with all ls. In these cases, modifications 
should be an opposite bit in a single position in the 
word, testing every bit position in successive words. 
Similarly, the test should begin with patterns of words 
with one odd bit modified to invert the odd bit. Finally, 
if the system permits partial word accesses, they should 
be tested similarly, with manufactured errors both in 
the accessed part of the word and in the unaccessed 
part. A complication arises with partial accesses, name­
ly, every partial write requires complete regeneration 
of the check bits. This capability should also be tested. 

Other patterns can be applied if the user deems them 
useful, but since testing every possible bit pattern with 
every possible error is not feasible, a judicious selec­
tion is necessary. 

Summary 

Memory testing within a computer involves consider­
ably more than testing individual chips. All aspects of 
the memory's architecture and its interfaces with vari­
ous accessing mechanisms must be tested. These tests 
are performed by computer programs, which must op­
erate in very short periods of time, because tests that 
run hours or days are not a reasonable way to locate 
simple hardware malfunctions. 

Tests described in this article are not meant to be all­
inclusive. Complete memory tests can be developed only 
after obtaining a thorough knowledge of the memory's 
construction and its entire usage within a computer sys­
tem. 
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Buy our boards now if you want 
to stop buying them later. 

If you're thinking of making your own micro­
computer boards sometime in the future, ours are the 
only boards to buy right now. 

Because the chips on our microNOVA boards 
are the same ones you can buy in the microNOVA 
chip set. 

Which means you can switch from microNOVA 
boards to our microNOVA chips anytime you want. 

The microNOVA board is a full 4K micro­
computer. With a number of standard features. 
Like power-fail/ auto-restart. Real-time clock. NOVA 
instruction set with hardware stack. Hardware 
multiply/divide. Data channel logic. 

Yet all the above computer costs only $589, in 
OEM quantities of 100:" 

Which is a lot of computer for a little money. 
Because it's a NOVA computer, the microNOVA 

board comes with powerful run-time software. Like 

RTOS, our NOVA-compatible, field proven realtime 
executive. And it runs both Assembler and FORTRAN. 

And because the microNOVA board comes from 
Data General, it comes with the manuals, technical 
publications, services, training courses and seminars 
you'd expect from a large minicomputer company. 

Yet the microNOVA 4K board is only one member 
of an entire family. Besides the board (and all the 
supporting boards), you can get complete develop­
ment systems. Or you can get completely packaged 
MOS minicomputers. Or chip sets that include the 
mN601 CPU, plus all the supporting chips. 

So if you want to end up in the chips, call our 
toll free number, 800-225-9497. (Unless you're in 
Massachusetts. In which case, call 1-617-485-9100, 
EXT. 2509.) 

micro NOVA: 
A giant reduction in the NOVA line. 

Data General 
Data General, Route 9, Southboro, Mass. 0177 2 (617) 485-9100. Data General (Canada) Ltd., Ontario. 

Data General Europe, 15 Rue Le Sueur, fl.iris 75116, France. Data General Australia, Melbourne (03) 82-1361 
*Prices quoted are FOB Southboro and apply to the U.S. Truces excluded. NOVA is a registered trademark of Data General Corporation. 
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Often promoted as applicable to a wide variety of problems, 

associative array processors, in tact, are very useful in some 

applications but are not suitable at all in others 

Associative Processors: 

A Panacea or a Specific? 

L. C. Higbie 

Massachusetts Maritime Academy 

Buzzards Bay, Massachusetts 

In the recent past, associative array processors have been 

touted as having great power and applicability in such 

diverse problem areas as signal processing, text process­

ing, photo interpretation, air traffic control, weather 

forecasting, signature analysis, and missile tracking. Ap­

parently their promoters consider them the ultimate 

computer design, a panacea of sorts. However, although 

there is a niche in which they can serve very well, they 

are not suitable as general-purpose computer systems. 

proposed; an extreme example of precision is the llliac 

IV, which can be thought of as an AAP with the pre­

cision of a 64-bit byte. 

A small number of associative array processors 

(AAPs) have been built, eg, the Sanders Orthogonal 

computer (c 1966), Goodyear Staran (c 1971), and 

Raytheon RAP (c 1974). It seems that every computer 

architect has also designed one, so that a virtually un­

limited number of AAPs exist on paper. Some of these 

designs have been carried almost to hardware, such as 

the Sanders Omen and the Honeywell ECAM. No doubt 

more will be built as the marketplace is demonstrated 

by the few entrants in the field . 

Architecture 

An AAP is a bit- or byte-slice processor (Fig. 1) ; ie, 

it processes much data in parallel or simultaneously, 

but along separate paths, or slices, on a bit-by-bit or 

byte-by-byte basis. Each processor slice consists of one 

I-byte processor, or processing element (PE), or several 

PEs in series, operating on a fixed byte position of a set 

of words in any of several configurations (Fig. 2) . All 

PEs in the slices operate in lockstep on the data. AAPs 

with precision from 1 to 16 bits per byte are frequently 

l / O BY WORD 
CONTROLLER 

PROCESSOR 

MEMORY 

Fig. 1 Associative array processor. The 
processor itself (color) is actually a large 
number of processing elements, each 
working serially on bytes that may be 
only one bit each. All elements execute 
the same instructions at the same time, 
but on different data 

75 



76 

WORDS IN MEMORY 0 

4 . 5 
_>:_] 6 

__!!_ 9 

... J.! 
IL 

10 

11 
12 - 13 

· iI 14 

15 
~ _!I_ 16 

N 

N•l ~ 
' __!!_ N+2 "' ~ 

N•3 "' Q 
Q 
..: 

2N 

.. __!!_ 2N•1 

__!!_ 2N+2 

2N+3 

_'.C_JI 

• __!!_ 

Fig. 2 Slices for process­
ing. AAP may work with 
one bit from each of a set 
of contiguous words ex­
tending part or all the way 
through memory, or with 
one bit from each of a dis­
tributed set of words. Suc­
cessive cycles p r o c es s 
these words bit by bit 
(colored arrows) 

···~{ 
DATA CARRY 

UT OUT 

FULL 
ALU 

CARRY 
IN 

y 

A slice requires two parameters: its length, which 
equals the number of processors, and its width or pre­
cision, which equals the number of bits processed simul­
taneously within the slice. Normally the length of the 
slice is obvious from the context, so only the width 
need be specified. Because the width is usually one bit, 
this article frequently uses the term "bit" when a byte of 
an unspecified number of bits more than one is possible. 

In concept, all data are processed in respective slices 
either identically or not at all, and all operations are car. 
ried out in synchrony on many data streams. In practi~, 
some AAP designs have allowed different operation~ by 
different slices. For example, the Omen allowed add/ sub­
tract to be under PE control so that any set of additions 
and subtractions could be performed simultaneously. 

All slices share a common main memory. In the 
simplest case, the PE in the slice processor is an ex­
tremely simple 1-bit full arithmetic and logic unit with 
a few. bits of storage for carry bits during addition and 
masks for control functions (Fig. 3) . X is a flip-flop 
used for storing the carry, Z is the memory mask flip­
flop, and Y is a register. The memory mask register, 
comprising memory mask bits from all PEs, acts like a 
sieve during store operations, which modify the refer­
ence memory location only for those PEs with memory 
mask bits equal to 1 (Fig. 4). For PEs with 0 in the 
memory mask, the corresponding memory location is 
not altered . 

Memory Layout 

One major problem with using any sort of highly paral­
lel computer system is the organization of data in mem­
ory. Several different bfganizations are possible; each 
facilitates certain applications. One such organization is 
that of Fig. 2, with data laid out Qne cqaracter, byte, or 
word after another. For some algorithms, there are very 
few comparisons of one datum to its neigpbors, in which 
case each PE's data can be processed separately from the 
others, and stored as a sepa:rate block of words or bytes. 
A layout suitable for numeric processing is shown in 
Fig. S(a); another, for bit:by-bit algorithms or associa­
tive work, is in Fig. S(b). 

Because of the complexity of the data organization 
problem, numerous devices have been invented to pro-

Fig. 3 Processing element. Although rela­
tively simple, element gives the AAP great 
computational power because it is repli­
cated many times through the system. X, 
Y, and Z are registers; when the PE is one 
bit wide, they are single fl ip-flops 
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Fig. 4 Memory mask. Mask controls 
whether data from a PE register actual­
ly go to memory during a store opera­
tion . All PEs execute the store, but an 
individual PE whose mask is O merely 
goes through the motions without actu­
ally storing anything 

WORD 
ADDRESS 
~~-~~ 

~ .,,, '7---"-r<-,-'-7-i 

F-7'-,.----,-..,-7"-i 
2N !-'---,--'---r--,-,4 
3N 

i-r-,......,..-r--,"-?"'-~ 

N+l 
!-------; 

2N• 1 1-------t 

3N+ 1 I-------; 

N+2 1-------t 
2N+2 1-------t 
3N+2 

(o) 

WORD ADDRESS 
3 2 

(b) 

0 

Fig. 5 AAP memory organization. Color cross-hatch­
ing shows the part of total memory assigned to the 
first PE in the array. Organization (a) is suitable for 
numeric work; consecutive addresses are in different 
modules. Organization (b) is suitable for associative 
processing. A third organization, that of Fig. 2, is the 
usual arrangement for 1/0-oriented tasks. All three 
show the same two sets of bits arranged two different 
ways 

... z ,,/:zzz ... z 

Fig. 6 Orthogonal structure. 
Cross-hatched area is word 
slice, accessible by 1/0 chan­
nel (parallel by bit, serial by 
word). Solid color is a bit 
slice, accessible by PEs (serial 
by bit, parallel by word) 

vide alternative paths to memory, such as orthogonal 
memory, indexed memory, multidimensional access, and 
sliding window. Virtually every AAP has an orthogonal 
memory, which allows access to either a slice (serial by 
bit, parallel by word) or a word (serial by word, paral­
lel by bit) (Fig. 6). Word access is necessary for ordi­
nary input/ output (1/ 0) operations, but slice memory 
reference is required for associative processing. 

Indexed access is the capability of each PE to specify 
an independent offset from its normal access. It facili­
tates the storage of arrays with dimensions that do not 
quite fit the most easily used blocks of memory. For ex­
ample, if a matrix of (N + 1) x (N + 1) elements is 
stored row by row in memory organized in blocks N -ele­
ments wide, an indexed fetch operation brings out the ele­
ments of a column (Fig. 7). 

With multidimensional access, used in Goodyear Aero­
space Corp's Staran, memory can be organized into 
words of any bit-length that is a power of 2. A system, 
for example, may contain 256 PEs and a single main 
memory that can conveniently be divided into 256 in­
dividual PE memory blocks (PEMs). Multidimensional 
access hardware permits each of these PEMs to consist of 
one 256-bit word, two 128-bit words, four 64-bit words, 
and so on, down to the opposite extreme of 256 1-bit 
words. Fig. 5 (b) is an example of the first of these 
organizations; Fig. 5 (a) might be viewed as an inter­
mediate layout of 16 16-bit words; and Fig. 2 shows 
the 1-bit word organization. Any AAP has one or per­
haps a few layouts available; multidimensional access 
makes the full range available when a system is installed 
and permits the organization to be changed quickly. 

Sliding-window access is the controller's ability to 
specify, from among N memories labeled 0 to N - 1, 
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Fig. 7 Memory indexing. Each PE has 
an index that modifies the memory ad­
dress from which it fetches data. By 
this means, a column of a matrix that 
does not quite fit the memory modules 
can be fetched easily. A slightly differ­
ent indexing pattern would fetch the 
rows 

SHIFT 
0 OR 1 

which memory is number 0. Remaining modules are in 
a fixed sequence. The capability requires a program­
mable shifter in the memory access path (Fig. 8). 

Routing and Skewing 

Sliding-window access is a special case of data routing 
and skewing, or moving data from one PE to another 
or from one PEM to a PE other than its own. It re­
quires a routing and skewing switch, the sophistication 
of which is a major factor affecting the flexibility of the 
computer system. Types of data movements required for 
an algorithm largely determine the programmer's diffi­
culties in efficiently fitting his algorithm to the hardware 
for which he is coding. Both skewing (PEM to PE) and 
routing (PE to PE) are necessary for machines with 
multiple registers in each PE . 

There are many typical skewing patterns, each with 
a similar corresponding routing pattern. For example, 
a simple binary shift transfers data from each PEM to 
the PE some number of positions to the left or right, 
the number being 1, 2, 4, 8, .... In a linear array, the 
two PEs at the end are considered "next" to one another 
for purposes of the binary shift-ie, the linear array is 
in fact a ring array. If the number of positions shifted 
is not restricted to a power of 2, the skewing pattern is 
a barrel shift. 

The perfect shuffie and its inverse are important 
skewing patterns; the perfect shuffie sends the data from 
PEMs 0, 1, 2, 3, ... , to PEs 0, 2, 4, 6, ... , in much 
the same way that cards move when a deck is cut and 
shuffied; ideally the cards of half the deck pass between 
the cards of the other half. The inverse of the perfect 
shuffie is simply the undoing of this operation. 

0 

2 

3 

4 

5 

6 

7 

N 

SHIFT 
0 OR 16 

-"-...TO 
--v"pE 

ETC 

Fig. 8 Skewing switch. Two 
alternatives at each level can 
be set to alter block structure 
of memory, providing sliding 
window access. Strategem is 
transparent to programmer. 
Similar switches aid general­
ized skewing patterns, of value 
in various algorithms 
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If the number of PEs is a perfect square, PEs can 
form a matrix, in which a skewing pattern transfers 
data from a PEM in that matrix to a PE at the corre­
sponding position in the transpose, in which rows and 
columns of the original matrix have been interchanged. 
In addition, broadcast operations are required when a 
datum must be loaded into all PEs or some major sub­
sets of them, including a single row, a single column, 
or the first k or last N - k PEs. 

Many routing and skewing operations are economical 
in an AAP because only a I-bit slice is being skewed. 
Thus a full crossbar switch for 64 PEs can be built with 
I-of-I6 multiplexers using only 256 ICs yet providing 
far more capability than the few skewing patterns men­
tioned would indicate. However, since the switch size in­
creases in proportion to the square of the number of 
PEs, a crossbar switch is not practical for machines 
having many PEs. A machine providing most of the 
useful operations would require many fewer ICs to im­
plement than a full crossbar switch. 

Arithmetic Instruction Times 

Some typical arithmetic operations form an example of 
AAP microinstruction control. Each PE has a full adder 
which accepts two data inputs and a carry input, and 
generates one result and a carry output; the carry output 
automatically replaces the carry input from the previ­
ous operation. To add two 32-bit integers then requires 
32 micro-operations, assuming that the carry register is 
initialized to 0 as the fetch for the first bit is performed. 
The bits are fetched in order from right to left. Al­
though this is a fairly lengthy operation, the advantage 
of doing it this way is in the assumption that many 
more than 32 PEs are simultaneously adding pairs of 
32-bit numbers, completing all of them in the same time 
required for one. 

Similarly, multiplication of a pair of 32-bit integers 
requires 3I additions of 32 bits each, for a total of 992 
micro-operations. Table I lists how many micro-opera­
tions are required for some typical AAP arithmetic op­
erations. For all these operations, timing is independent 
of the number of PEs, and 4-bit slice processing is four 
times as fast as I-bit slice processing. In contrast, among 
several typically associative operations (Table 2), al­
though timing is still independent of the number of PEs, 
speed increase for 4-bit processing is generally less than 
a factor of four. This leads to a significant conclusion 
about AAPs-that multibit precision processors and 
array processors such as Illiac IV are relatively better 
suited to numeric processing than to associative work. 

Bit-slice processors are best suited for non-numeric 
work, because speed increases slowly as slice precision 
increases and because there are fewer liabilities from 
a large number of PEs for non-numeric work. Non­
numeric processing requires few skew patterns, and if 
done on a hit-by-hit basis, pipelining the switch is a 
natural way to increase the efficiency of switch hardware. 
On the other hand, numeric processing requires many 
skew patterns, for efficiently implementing matrix alge­
bra, fast Fourier transforms, interpolation, and the like. 
Because skew switch size increases as the square of the 
number of PEs, it is not economic to have more than a 
few skew patterns in an AAP with a large number of 

PEs; however, many patterns can easily he built into a 
machine with I6 or so PEs. 

One design tradeo:ff compared a 1024-PE machine 
having I-hit slices with a 64-PE design having I6-hit 
precision operation in the PEs hut hit-slice PEMs. The 
comparison showed that both machines had approximate­
ly equal numeric speed, as might he .expected, hut that 
the 1024-PE system was I6 times faster on typical as­
sociative operations. For any problem set, the optimal 
machine will probably not have a unique slice precision; 
eg, PEs may operate on I6-hit slices hut skewing and 
routing may take place on I-hit slices. 

Partial Differential Equations 

Many important physics problems require solving par­
tial differential equations (PDE). These include weather 
forecasting; cloud or storm, bomb-blast, geotectonic, 
and earthquake modeling; and aerodynamics. The prob­
lems are so large that few computers today can handle 
them. Typical method of solution is to set up a grid on 
the area or volume to he studied and numerically inte­
grate the equations at each grid point. Since there are 
usually thousands of grid points, the problem is highly 
parallel and apparently well suited to associative array 
processors. 

Such is not the case, however. Algorithms for solving 
these problems require many arithmetic operations, gen­
erally with floating-point operands to cope with the wide 
range of data magnitudes. Furthermore, because of the 
subtractions used for computing the approximations to 

TABLE 1 

AAP Instruction Times 
For Arithmetic Instructions 

Bit Slice 4-Bit Byte Slice 
Add Multiply Add Multiply 

16-bit integer 16 240 4 60 

32-bit integer 32 992 8 248 

32-blt floating• 184 584 46 146 

48-bit integer 48 2256 12 564 

48-bit floating• 312 1608 78 402 

°Floating-polnt data are assumed as 8-blt exponent and 24- or 
40-bit mantissa 

TABLE 2 

AAP Instruction Times 
For Non-Arithmetic Instructions 

Bit Slice 4-Bit Byte Slice 

Search for greatest 97 97 
32-bit integer* 

Match 20 6-bit 120 30 
characters 

Find best fit, 60 23 
50-bit field 

•Timing assumes entire 32-blt or 20-character field Is checkad 



derivatives, high accuracy is needed. Minimum 
word length for problems of this size is about 40 bits. 
To use Table 1, assume a 48-bit word length; each micro­
operation is executed in one clock cycle at 10 MHz. The 
algorithm consists of a ratio of two additions to one 
multiplication and negligible proportions of other steps. 
According to the table, two floating-point additions on 
48-bit words require 624 clock cycles, and the multiplica­
tion requires 1608 cycles. Total is 2232 cycles, which at 
10 MHz requires 223.2 µs for each loop of three instruc­
tions. At this rate, one PE can execute 4480 3-instruction 
loops/ s, and an AAP having 1024 PEs can execute 4.59 
million loops/ s-or about 13 million instructions/ s 
(MIPS). A similar calculation yields the same figure for 
256 PEs with a 4-bit slice. 

This rate might be just acceptable for, say, weather 
forecasting, over a usefully large area with enough grid 
points to give reasonably dependable results. However, 
boundary conditions, heterogeneity of the air {or the 
modeled substance), and nonparallel operations in suf­
ficient quantity as to be non-negligible, contrary to the 
stated assumption, all combine to make any AAP highly 
unlikely to approach this rate. Maintaining 10 to 20% 
of this rate on any real problem would probably be 
good. On the other hand, Control Data Corp's 7600, 
which is not an AAP, can execute about 10 MIPS ·on 
these problems. 

Difficulty of keeping all PEs busy continuously is 
illustrated by a hypothetical global weather circulation 
model. This model requires a grid of points covering 
the globe, and can conveniently be evaluated by an AAP 
having one PE for each grid point which lies along the 
equator. If the grid includes 256 such points, they are 
spaced approximately 1.4 degrees of longitude, or 97 
miles, apart. After the PEs process meteorological data 
along the equator, they start on grid points immediately 
north of the equator, working their way step by step 
toward the North Pole to evaluate the entire northern 
hemisphere. (The southern hemisphere would be a sepa­
rate process beginning at the equator and proceeding 
toward the South Pole.) As latitude increases, grid-point 
separations {in miles) decrease, even though x-separa­
tion in degrees of longitude remains constant; thus at 
sufficiently high latitudes adjacent PEs become largely 
redundant. At such latitudes, therefore, for the model to 
continue to work efficiently, longitudinal spacing of grid 
points must increase, which means that some PEs in the 
AAP must stop working. This is an economic disadvan­
tage, because all PEs that become inactive at high lati­
tudes are nevertheless necessary, and must be paid for, 
to process data at low latitudes. 

However, changing the grid-point spacing in this way 
introduces difficulty in implementing interpolation be­
tween points, required because complete evaluation at 
any given point requires data from nearby points as well 
as local data. The difficulty is minor if the number of 
points always decreases by a factor of two; it can also 
be traded off against an even further reduction in the 
number of grid points, and thus of the total amount of 
computation, by increasing grid-point spacing in small­
er steps. 

Most general equation for this weather model includes 
terms for various kinds of terrain, to the extent that ter­
rain influences the weather. If the model were evaluated 
by a serial processor, terms referring, for example, to 
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mountains and oceans could be skipped when evaluating 
grid points in plains and deserts. However, an array 
processor must compute all terms for all points, even 
when some are meaningless, because all elements of the 
array must remain in step at all times. 

Another major area of difficulty for current AAPs is 
performance limitations that are imposed by their 
memories. Although large disc storage units with paral­
lel read/ write heads can supposedly give AAPs arbi­
trarily large 1/ 0 bandwidths, main memory bandwidth 
remains about the same as that of a serial processor. 
Furthermore, latency problems are more critical than 
transfer rates for most applications. The only bulk 
memory technology that would favor AAPs over serial 
computers would be one suited to both very long words 
and very high word data rates. Few serial processors 
can take advantage of, say, 1024-bit words at a 10-MHz 
rate. 

Text Processing 

At first glance, AAPs seem well suited for text process­
ing, but investigation shows some serious disadvantages, 
eg, the problem of dictionary lookup. Given a fixed dic­
tionary of some kind with, say, 105 words, lookup is 
simply matching one datum to a large set-a classic as­
sociative problem. However, if dictionary entries are in 
alphabetical or other prescribed order, a serial processor, 
using a binary search, will require no more than 1 7 
compare operations; using a clever hash code--derived 
from logic operations on the dictionary entries-this 
could probably be improved by a factor of five or so, 
although the comparisons might be more time-consuming. 
These same techniques can be used in an AAP with N 
PEs, so that it does one compare on no more than N 
dictionary words-a simple hash code could easily 
achieve this. However, because words in the dictionary 
already have their hash codes, only the one word being 
looked up requires a new hash code, which one PE can 
generate. 

If, instead of merely looking up words in a dictionary, 
the problem involves a thesaurus, in which a search is 
made for a "path" of ten or fewer synonyms connecting 
two words, memory conflicts (Fig. 9) make the prob­
lem just about impossible to implement efficiently on 
any array processor. Although this is not a very com­
mon problem, it illustrates a task that can probably run 
faster on a PDP-11 than on an AAP. 

Air Traffic Control 

Another area often cited as requiring an associative 
processor is air traffic control. The problem is complex 
because the number of possible conflicts between air­
craft is proportional to the square of the number of air­
craft. However, analyses generally overlook the fact that 
conflicts need be checked only for nearby aircraft. 

A hypothetical algorithm checks on all possible con­
flicts during the next 60 s, within 4 s--sweep rate for 
a typical air traffic control (ATC) radar-of the illumi­
nation of a given aircraft. During that 60-s period, sub­
sonic aircraft will travel no more than 10 mi in a 
generally forward direction (Fig. 10) . This means that 
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Fig. 9 Thesaurus problem. Path of syno­
nyms links the terms "destroyer" and 
"ferry" (color) ; a second shorter path that 
skips two levels is indicated by color un­
derscore. Dashed color line indicates a 
path that loops back on itself. If search is 
performed in an AAP with each PE memory 
contain ing only words beginning with the 
same letter of the alphabet, conflict would 
occur when two similar but not necessarily 
synonymous words are found at the same 
search level (shown in boxes). Such con­
flicts double memory access time; they 
are likely to be numerous, and so render 
synonym searches unsuitable for AAPs 

Fig. 10 Conflicts in air traffic con­
trol. Conflicts occur only ahead of 
aircraft involved, taking into account 
possible turns during a period of 
maneuvering. Color shows possible 
confl ict between aircraft A and B; B 
and C do not conflict, because if 
and when C gets to where B is now, 
B will be somewhere else 
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possible trajectories of each aircraft need be compared 
only to those within 20 mi of it. Altitude bracketing 
further reduces the number of aircraft to be considered. 
In the vicinity of a terminal, aircraft are moving much 
more slowly, so that the 20-mi clearance distance can 
be reduced. This problem hardly appears to justify in­
troducing exotic computer architectures. Reliability is, 
or should be, the primary concern when choosing ATC 
systems, not exoticness. 

Correlation and Comparison 

The particular applications cited above, for which AAPs 
are ill suited, show that they are not panaceas. How­
ever, in one major application area, they appear to have 
a decided edge over the competition. 

When a best-match search is made serially on a data 
set that cannot be linearly ordered, much time elapses. 
For example, suppose a data set with the quality curve 
shown in Fig. 11 is being analyzed serially from left 
to right. It is assumed to contain 1000 points, each with 
50-bit precision, and each compared with a SO-bit refer­
ence; measure of goodness is the number of equal bits, 
whether ls or Os. This is not a wholly hypothetical 
problem; the task occurs, for example, in interpreting 
"noisy" photos, speech recognition, adaptive pattern 
recognition, and dictionary look-up where errors are 
suspected in the original message. 

In the example, a succession of points with varying 
degrees of goodness are found. Sometimes, as between 
A and B, each new high is almost immediately sur­
passed; sometimes a series of equally good values comes 
in succession, as between B and C or between G and 
H; and sometimes one value reigns supreme for a long 
or short period before a better datum appears. In the 
example, the very best turns out finally to be point I. 

If the 1000-point set is analyzed by a 1024-PE AAP 
that runs at 10 MHz, point I can be located in about 6 
µ.s. Few serial processors can solve the problem as 
quickly. However, even here, for large data sets, better 
serial algorithms may reduce the AAP's advantage. 

An earlier example showing that dictionary search­
ing is best done by serial computers assumed error-free 
text. Looking up "Camputer" with hash codes, for exam-
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Fig. 11 Best-match search. Suc­
cessive comparisons of data 
points with a reference, when 
done serially, are time-consuming. 
However, an AAP can compare 
all points against the reference at 
once, locating the best match 
(point I) in a few microseconds 

pie, is likely to hash the program. Here the AAP will 
break through to the right answer quickly. Furthermore, 
the 1-bit PE, which requires only a few dozen gates, can 
easily be put on a custom MSI chip or fabricated out of 
a few off-the-shelf MSI chips, in either case operating at 
10 MHz without difficulty. 

In other words, the 1024-PE AAP is not necessarily a 
monster machine. In fact, using LSI, 16 to 64 PEs can 
conceivably be put on a chip today. 

Conclusion 

The associative array processor is well suited to some 
problems which . to date have not been satisfactorily 
solved. It is not a general-purpose computer, but has a 
niche of its own. It is well suited to applications such as 
photo interpretation, signature analysis, speech or hand­
writing analysis, or text processing for noisy texts. It is 
ill suited for highly numeric tasks such as weather fore­
casting and signal processing. Serial processors can do 
very well in still other areas such as air traffic control 
and dictionary look-up. However, as the precision of an 
AAP's slice is increased, its numeric capability becomes 
ever more cost-effective. 

If both AAPs and serial processors were being pro­
duced in quantity, the AAP could search disordered 
tables more cost-effectively than the serial processor, be­
cause its 1-bit arithmetic logic unit is faster and simpler. 
This table searching would also be efficient in cases 
where the entire table must be checked, regardless of 
how quickly a first match is found, as where many keys 
are involved. However, in most table searching the AAP 
is not significantly better than a serial processor. 

Lee Higbie, an assistant professor 
at the Massachusetts Maritime Acad­
emy, is currently on leave to the Uni­
versity of Massachusetts where he is 
doing research in array processor archi­
tecture. He is an active consultant on 
computer and system design and on 
operations research. 
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Introducing the first microcomputers 
tough enough to survive in the real industrial 

world. And, at a price .you can afford. 

The PCS 180 Series. From single board mi­
cros for under $300* to packaged systems with 
integrated CRT and full ASCII keyboard for 
$995*. Microcomputers that won'tcook in 
sealed enclosures. With memories that stay up 
when the power goes off. No one can beat the 
price. No one can best the performance. 

PCS 180s are designed for dirty, corrosive 
environments. Gathering, analyzing, and sorting 
data. Monitoring instruments. Starting, stop­
ping, and regulating events. Even communicat­
ing with other computers. No matter what the 
application, there's a PCS 180 ready to put on 
its hard hat and go to work for you. 

SUPERP AC 180. The most advanced 
general-purpose microcomputer on the market 
today . Priced at $995*, the SuperPac 180 gives 
the system builder both full ASCII keyboard 
and CRT display capability in a single, low-cost 
attractive package. Desk-top or rack-mounted, 
SuperPac 180 includes a PCS 1806 microcom­
puter, as well as a four-slot chassis, power sup­
ply, and self-contained keyboard and CRT con­
trol unit. The SuperPac 180 provides 16 lines of 
16 or 64 characters, 1024 directly addressable 
character locations, programmable cursor, blink, 
and reverse video capabilities. · 

MICROPAC 180. A low-cost, rack­
mountable industrial microcomputer system 
priced at $695*. The Micro Pac 180 includes a 
PCS 1806 microcomputer, as well as a four-slot 
chassis, power supply, and industrial front panel 
with on-off switch and status indicators. 

PCS 1810. A single board micro with 256 
bytes of CMOS RAM , plus provisions for up to 
lK bytes of RAM and 3K bytes ofEROM/ 
ROM. The PCS 1810 features power fail/auto 
restart and built-in battery backup that can sup­
port the CMOS RAM for up to IO days. The unit 
also includes a crystal-controlled clock, 16digital 
inputs and outputs, a serial 1/0 port, a tri-state 
bus port, and DMA capability. All for $290*. 

For applications where built-in battery backup 

*In quantities of 50 

is not important and where more memory is re­
quired, PCS offers the 1806 with 1 K bytes of 
RAM and provisions for 7K bytes of EROM/ 
ROM. All for $265*. 

Both microcomputers are available with stan­
dard four, eight, an9 twenty slot chassis with 
power supply at pri<;es starting at $450*. 

All PCS microcomputers offer a full range of 
peripherals designed to enhance program de­
velopment and support production systems. PCS 
software permits easy ''trouble shooting'' and 
saves programming time by eliminating much of 
the duplication and repetition that program writ­
ing often involves. 

Whether you' re an OEM or end user, 
whether you buy in small, medium, orlarge 
quantities, PCS offers a cost-effective solution 
to your automation problem. Equipment in 
modular construction that makes configuring, 
changing or expanding a system easy, economi­
cal, and trouble free. 

PCS systems - a new era in process control. 

...................................................... : . . 
: Please send me more information about 0 PCS single board 

: microcomputers 0 the micropac 180 

: 0 Please have a salesman call. 

: Name ----------Title ___ _ 

; Company --------------­

:Street 

: City __________ State ___ _ 

: Telephone __________ Zip __ _ 

. . 
: ..................................................... . 

Process Computer Systems, Inc. 
5467 Hill 23 Drive , Flint, Ml 48507 313-767-8920 
TWX-810-235-8667 
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THESE LOW·EOST EASSETTE PROliRAm LOADERS 
' DELIVER TOP PERFORmADEE FOR YOUR 

mlEROPROEESSOR BASED SYSTEms. 
All four of these program 
loaders use EPI's patented 
Speed Tolerant Recording 
(STR®) technique to give you 
bit error rates of less than 

and inexpensive tape 
cassettes. 

Interfacing is similar to 
most paper-tape reader/ 
punch units now in use. And 
with better data reliability, 
faster loading, more stor­
age, lower price, and brief­
case or rack mounting, EPI 
cassette program loaders 
make sense for both the 

end user and OEM. 
For more information on 

these low-cost alternatives 
to paper tape loading, 
contact Electronic Processors 
Inc . , 1265 West Dartmouth 
Ave., Englewood, Colorado 
80110. Phone (303) 761-8540. 

1 soft error in 107 bits and less 
than 1 hard error in 108 bits. 
With STR, you get high 
data reliability in read and 
write modes while using a 
relatively low-cost recorder 1=111 ELEURODll PROIESSORS 

1 IDIORPORATED 

86 

8-bit parallel loading at standard 
TTL levels and at transfer rates to 125 
characters per second is provided 
by the STR-210. Its high speed 
and storage capacity of 100,000 
characters on a 300-foot cassette 
makes it ideal for memory dumps as 
well as program loading. Priced 
at just $700. 

Custom designs. like this STR-l!OT 
for the Texas Instruments ST! Programmable 

Control System, can handle your special loader needs. 
You can get an intelligent loader ... 

automatic verification in both read and write modes. 
remote control. Tell us what you need. 

Chances are an EPI STR loader 
can handle it. 

OEM systems recorder, the STR-100, is a complete 
tape-drive unit that provides full remote signal 

or character control of all transport functions. It includes 
read-write electronics, control and timing logic, 

and motor-control logic. All you need to supply is a 
mounting location, power supply, and an interface with 

the controlling I/O device and you have a reliable 
unit for program storage and retrieval. 

CIRCLE 42 ON INQUIRY CARD 

8-bit serial loading with switch­
selectable rates to 1, 200 baud are 

provided by the STR-LINK. The trans­
mission mode (hall or full duplex) 
is also switch selectable for maxi­

mum flexibility. Data capacity is 
100,000 characters on a 300-foot 

cassette. Priced at $1, 190. 
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Addressing the question of whether mini and micro system 

languages will become marketable and find wide use, panel 

sheds light on economic and philosophical stumbling blocks 

encountered in implementing these programming tools 

System Languages for Microprocessors: 

Considerations and Trends 

Computer Design 
Editorial Staff 

Will system languages be successfully developed for 
microprocessors? If they won't, users of these prolif­
erating devices face a bleak future of programming 
at the symbolic level or even in machine language. 
If they will, the future in some respects is almost as 
desolate, as languages that supposedly run equally 
well on several manufacturers' machines turn out to 
require tweaking or trimming of some sort when 
moved from one to another. This has come to he the 
grim truth with system languages for large comput­
ers ; whether it will continue to be true for small 
systems remains to be seen. 

The question was addressed by a panel of experts 
at the IEEE Computer Society Conference (COMPCON 
76 Spring) last February in San Francisco, and again 
by seven speakers participating in three sessions at 
ELECTRO 76 in Boston in May. Although their dif­
ferent viewpoints cast some light on the subject, un­
fortunately they reached no definitive conclusion-and 
could hardly have been expected to, on a question as 
broad and as important as this. They expressed diver­
gent points of view on the effect the mini and micro 
industry has had on system languages and vice versa, 
on how the languages might be used, on cost-effective­
ness, on compilation versus interpretation, on the pro­
file of the customer base, and on the languages and 
the vendors who provide them. 

Terry Opdendyk, manager of software development 
for Intel Corp, moderator of the Compcon panel, 
pointed out that activity in system languages at a 
low level has been extant since the late 1960s, but 

no results have reached the market in the form of tools 
offered by manufacturers and used extensively by cus­
tomers for their system programming. The question 
is whether mini and micro system languages will be 
marketable and widely used, or will remain in the 
academic background like their older cousins. 

The past three years have been tremendously active. 
Microprocessor system languages were produced by In­
tel in 1973; a year later one observer estimated that 
35% of all microprocessors shipped were coded in 
a high-level system language-a very large percent­
age at such an early stage in the life of a product 
line. Although that figure may be imagined, or may 
be based on a statistically indeterminate number of 
microprocessors, such that it is both correct and mean­
ingless, either way, a number of minicomputer and 
microprocessor manufacturers have announced system 
languages-including Hewlett-Packard, Digital Equip­
ment, Signetics, Motorola, and National Semiconduc­
tor. Similarly, a number of independents have products 
of this nature for the marketplace. 

Is this a "bandwagon" effect, or merely a bump in 
a process that repeats history? Is it related to the 
extremely low hardware cost of microprocessors, the 
rise of programming costs, the emergence of struc­
tured programming, software engineering, and matur­
ing computer science education-or are they merely 
coincidental? 

The Compcon panel attempted to project its mem­
bers' personal viewpoint8--'not necessarily represent­
ing those of their employers-regarding the future of 
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system languages. Besides Opdendyk, the panel com­
prised 

• Gary Kildall, an active consultant in the micro­
processor and language field for several years, and 
the inventor and implementor of PL/M, a system 
language for Intel microprocessors 
• Wes Patterson, manager of micro system software 
development for Motorola Semiconductor Products Div, 
Phoenix, Ariz 
• Jerry Ogdin, president of Microcomputer Tech­
niques, Reston, Va, an applications-oriented consult­
ing firm, who claims to have done work in 36 high­
level languages 
• Bill Barrett, who is responsible for system pro­
gramming at Hewlett-Packard's Data Systems Div, 
Cupertino, Calif. Formerly a professor of electrical 
engineering at Lehigh University, Barrett has worked 
in computer and software engineering for 18 years 
• Colin Gobel, manager of . high-level language de­
velopment for Intel, Santa Clara, Calif 
• Peter Christy, staff consultant and staff assistant to 
the vice president of software development, Digital 
Equipment Corp, Maynard, Mass. Christy describes him­
self as a "corporate gadfly," whose job is to influence 
hardware people with software ideas and to force changes 
in the company 

Individual's points of view have been summarized 
here. Because some speakers returned several times 
to a particular subject, their remarks have been pre­
sented in a revised order if necessary to conjoin dis­
cussion on eacq subject. In many places the speakers' 
words have been retained, in others they have been 
edited to provide cohesiveness and order to the discus­
sion. Each speaker has been identified wherever pos­
sible, although some identifications may be omitted or 
uncertain because the speaker was not clearly identi­
fied or because the remark came from the audience. 
(This summary was made from a tape recording of the 
session.) 

What is a MJcrocomputer? 

Any discussion of system programming languages for 
microcomputers must either define what is meant by 
the terms "microcomputer" and "minicomputer," or, 
by relying on unstated assumptions, run the risk of 
getting bogged down. A definition is particularly im­
portant because it seems to change often as technology 
advances. However, Peter Christy observed that one 
very dramatic. difference does not depend directly on 
technology; it is that microcomputers are really com­
ponents. 

Minicomputers continue to be sold over the years 
at a more or less constant price; however, what the 
buyer gets for that constant price changes rather 
dramatically. Current market figures and projections 
from various sources lead to the conclusion that in 
1980 a complete minicomputer system with a half. 
million bytes in the central memory, and a couple 
hundred million bytes on a disc, with 20 terminals 
connected to it will represent a cost of $50,000 to 
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the customer. However, the annual salaries of 20 termi­
nal operators on one shift add up to a good fraction 
of a million dollars. If those people are amortized 
unmercifully for five years, they cost a capital equiva­
lent of $2 million. When the hardware cost is only 
$50,000, how the hardware is used is irrelevant. The 
payoff comes when people are effective in getting 
their jobs done. At that point, if there is something 
wrong with the way the system programming language 
runs on the hardware, the problem can be easily 
solved by engineers. 

Meanwhile, the $50,000 price identifies the system 
as a minicomputer, although it will not be used the 
way a 4K-word PDP-8 or an Intel IntellecT" is used 
today. On the contrary, large segments of traditional 
minicomputer business will have slid into small sili­
con packages; the makers will bid them fond fare­
well and develop new $50,000 systems. Microcom­
puters will undergo the same kind of metamorphosis. 

Ultimately, there will be a "who cares" attitude. 
In the good old days, processor efficiency people said 
a bit saved was a bit gained, and that was really 
important. Today everyone has a pocket calculator, 
which is in frequent but certainly not continuous use. 
Technology forecasters never thought of the pocket 
calculator, because all they could see was a pocket 
PDP-8. Nevertheless, calculators represent the dominat­
ing use of logic today. 

Definition of SPL 

Opdendyk defined a system programming language 
( SPL) as any language in which one implements a 
system. He felt that the definition is broad enough 
for almost any kind of panel discussion, because it 
includes assembly language and absolute coding, and 
goes all the way to FORTRAN and COBOL-in each 
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of which individuals have claimed that at least one 
system has been written. He also admitted that the 
definition might be too broad. 

Kildall liked the definition, especially from the 
system viewpoint, but rather than argue relative ad­
vantages of assembly and high-level system language, 
he essentially came down on the side of the latter. 
"System languages are with us; they exist; they prove 
themselves to be useful," he said, "and it's only a 
question of how they will evolve .and what sort of di­
rection we can give them." 

Colin Gobel, on the other hand, preferred a some­
what narrower definition. He said that the key concept 
of a system programming language is to provide a 
cost-effective means by which its users can develop 
complete microcomputer-based systems. SPLs are a 
key tool of microcomputer software designers and de­
velopers, and are unquestionably destined to achieve 
much more widespread usage in the future. 

Microprocessor systems have particular aspects that 
may not be evident in large mainframes, Gobel said. 
For example, they usually operate in real-time, and 
are tightly linked to a particular application-a traf­
fic light controller, small business system, or what­
ever. The system language must provide the right tools 
for that initial software development. These tools 
must permit that software to be modified and en­
hanced and to utilize the hardware resources efficiently. 
Usually these objectives cannot all be realized at 
once. System programming languages must attempt to 
strike the right tradeoff between those objectives. 

System Vs Application Programming 

Whether system programming and application pro­
gramming are significantly different became a point of 
issue between Jerry Ogdin and Peter Christy. Ogdin 
felt that they are essentially alike, their only differ­
ence being the user's identity-the programming meth­
ods are the same. What traditionally has been called 
system programming is primarily to allocate the ma­
chine's resources, to control real-time input/ output, 
and so on, and that is precisely what many micro­
processor applications are. Instead of dividing the power 
of a large machine to run several external tasks or 
devices, each of several micros is dedicated to one 
such external application. 

Christy, on the other hand, insisted that application 
and system programming are extremely different, espe­
cially in minicomputers. Over a period of time, appli­
cation programming will disappear from computers. 
For instance, everyone at DEC would like to have 
a $2000 desktop PDP-10 at home. There would be a 
tremendous initial market for it if the price were 
right because everyone in the engineering organiza­
tion would buy one immediately-but would your 
mother buy one? Would she really want to learn 
how to program? The vast. majority of the world 
wants nothing to do with programming. On the other 
hand, system programming can be an invaluable aid 
to professional people who design and build the com­
puter your mother can and will use. 
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With such disagreement on the definition of a sys­
tem program language, the panel considered some 
general qualifications of such a language. Jerry Ogdin 
led off by observing that while few users write sys­
tem programs or care about system programming lan­
guages, system software, operating systems, or trans­
lators, most users, when faced with writing a pro­
gram for a traffic light controller, would rather not 
do it in absolute hexadecimal code. They need a suit­
able language. 

The ideal language, to Ogdin, is very rich, with 
procedural ability and a lot of flexibility in its data 
structure, and also the ability to descend into some­
thing similar to assembly language, to allow the user 
to allocate the machine's resources. Languages approach­
ing this ideal would pay off primarily in small-volume 
applications. In high-volume applications, the advan­
tage of saving a few bytes of code warrants the addi­
tional expense required to save them. Ogdin later 
returned to this advantage in a discussion of economics. 

With a good language definition, Ogdin said, stan­
dard cross-compilers or even standard native compilers 
could be built. Present system programming languages 
are partway solutions. They favor procedures instead 
of data structures, which is a fundamental flaw in the 
way most people look at language design. People 
jump on the structured programming bandwagon with­
out understanding what the bandwagon carries. Further­
more, existing languages are much too machine de-
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pendent. They generate unportable programs, and do 
not insulate the user from the machine in any way. 
Not only must he know the machine that the lan­
guage translator works on, but he must know the bowd­
lerized version of that machine for which the trans­
lator generates code. 

Ogdin's conclusion: "I know what I want. I want 
a language that's rich in procedural ability, and rich 
in data description ability. I'd like it to be highly 
portable, I'd like it to be highly optimizing, and I'd 
like to pay about 20 bucks. But I'm willing to com­
promise." Barrett and Gobel assured Ogdin that at­
taining all these goals would he impossible. 

Other Characteristics 

Simplicity is a major factor, in Kildall's view. System 
languages have to be simple, if they are to be imple­
mented on several different processors. Simplicity 
leads to fairly easy and reliable translators, and 
eventually to self-hosted translators, which run on 
the microprocessors themselves. One manufacturer al­
ready does this. Simplicity also considerably reduces 
the learning barrier for users of the language. With 
a simple system language, various application lan­
guages can be implemented, which are transportable 
between machines without much difficulty. 

Real advantages of system languages, as Gobel sees 
them, are to get lower software development costs by 
giving programmers a tool specifically tailored for their 
needs and not for the needs of the machine; and 
lower maintenance costs by writing programs in a 
modular structured fashion, perhaps in easily read­
able fashion. Ensuring this is a software management 
problem, but having the right tool available will ease 
that problem. System languages also provide enhanced 
product reliability, because humans are best suited to 
algorithm development, while machines and compilers 
are best suited to generating the details of particular 
machine code sequences ; system languages let each 
one do that task to which it is best suited. 

Opdendyk asked if there were a reason for the 
apparent derivation of many minicomputer languages 
from ALGOL, while micro languages seem to be de­
rived from PL/I. He suggested that this conformity 
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might mean that existing system languages do not 
represent the user's needs. To this implication Christy 
replied that the actual languages are almost irrele­
vant. A lot of possible languages like FORTRAN are 
clearly wrong, in a number of ways, but equally obvi­
ous is that any system language must have a number 
of characteristics. Certain other characteristics are im­
portant to some people and unimportant to others. 
People have very strong feelings, but that is riot the 
relevant issue. The conflict is not whether one is the 
right language or one is the wrong language, within 
bounds; it's between having a language or not having 
a language. 

Computers in the Open 

A member of the audience claimed that any language 
tends either to obscure the computer or to obscure what 
one is trying to do with the computer; it's mostly 
the latter. The best language would be a non-com­
pilable descriptive language that carries the applica­
tion as deep in the design as possible so that simple 
tests need not involve bit manipulations or fooling 
with the processor, but which could be divided into 
small chunks mentally translatable without a com. 
piler. Ogdin asked, "If you have that kind of notation, 
and everybody agrees that it's a nice notation, then 
why not formalize it a little and build a translator 
for it?" The auditor agreed that this might be desir­
able "as long as the syntax doesn't obscure what you're 
trying to do." 

When asked by another member of the audience, 
"What is the potential in making the machines them­
selves a little less difficult, so that the system pro­
gramming language isn't as bad?", Christy replied, 
"When there is a large existing customer base, all 
the known difficulties in changing architecture are 
really horrifying; but where the machines are micro­
programmed, the microprogram emulates the main in­
struction set that the user sees. In this case, making 
changes to the instruction set is technologically very 
simple, because they aren't cast in silicon." 

Barrett made an additional reply at length: "An 
evolutionary process also takes place." In the early 
days machines had the very simplest architecture that 
could be put into logic. Now as system programming 
languages are evolving, the machines will have to 
satisfy some features of the language. Result will be 
a reasonable mix of simplicity and language adaption. 

One of the biggest problems in language design is 
resource allocation. For example, in a 16-register ma­
chine, how are resources allocated to those 16 regis­
ters to minimize the number of memory references? 
Another problem is the special instructions found in 
every machine. A system programming language is 
usually designed from a user'<S point of view, and 
has no way of incorporating those special instructions. 
So either such an instruction is never used, or some­
body discovers it and uses it in assembly mode. If 
special features are designed into the language to take 
advantage of that instruction, the designer has strayed 
far from some of the objectives of a general-purpose 
language. 
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Other problems are posed by clever algorithmic 
methods. For example, a cute trick on a stack ma­
chine is to build a data structure by exercising an 
algorithm that leaves words on the stack. Suppose one 
cycle of the algorithm leaves three words behind. 
The programmer doesn't really realize this until he 
studies the code. A series of cycles build up an ex­
tensive array, which works as a data structure. When 
the engineers put a pointer on it, they've added some­
thing potentially very useful. But Barrett said he 
doesn't know how to simulate that in a system pro­
gramming language. There are also interrupts, and 
real-time processing, and gauging the time required for 
a program to go through one cycle, and various other 
problems involving indexing and loop structure op­
timization. 

Standards 

Standard system languages have not previously been 
successful. They start out well, but then individuals 
start "improving" them for particular machines. Ap-
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parently for a system language to be successfully 
adopted, it needs an economic or a political reason 
to survive. Opdendyk asked if anyone on the panel 
believes there is such a reason today for the adop­
tion of system languages for micros and minis. 

Because the PL/ M language has been implemented 
on four different microprocessors, Kildall's opinion is 

that standards can exist for system programming lan­
guages. He admitted, however, that assembly and ma­
chine language would still be used in critical appli­
cations and critical parts of large programs where 
compactness or speed were especially important. 

Ogdin's opinion is that no common language is like­
ly to emerge within 10 years, for the simple reason 
that no potential source-semiconductor vendors, users, 
universities, or software houses-has both the interest 
and the capability. Self-interest of semiconductor ven­
dors and minicomputer makers dominates structure of 
the languages and the way compilers and translators 
are produced, Ogdin said, and those interests are di­
rectly at odds with the end user's requirements. An 
example of that conflict is portability versus efficiency. 
Semiconductor makers who put out PL/ M and its 
variants are interested in highly portable compilers. 
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For portability, compilers are written in FORTRAN, 

which takes so much space that the result is inef­
ficient. Efficient code must be tailored to specific kinds 
of machines or even to specific individual machines. 

Users are smart enough to develop a common lan­
guage; in fact, semiconductor vendors and, to a lesser 
degree, minicomputer makers, have a gross disdain for 
their customers' abilities and needs. They tend to de­
sign for the lowest common denominator, and do not 
recognize that most users are pretty savvy if given 
the tools to work with. Unfortunately users as a group 
are too fragmented to collectively arrive at a new 
language unless it's nationally funded-an idea that 
Ogdin finds intrinsically objectionable. 

Very few good languages that have come out of 
academic institutions have been adopted; a few that 
might have been commercially practical usually met 
a fate similar to that of a BASIC compiler for the 8008, 
written about 1973 by a couple of graduate students 
at the University of Illinois. When they finished, they 
wrote their master 's thesis and then threw away the 
associated code. 

Software houses can't afford to develop new lan­
guages for system programming, because the cost of 
selling a new language concept is simply too high. 
Cost of marketing the language makes its construc­
tion prohibitive. 
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Economics of System Languages 

Economic considerations ranked high among the ob­
stacles to be surmounted in developing a system pro­
gramming language, in the opinion of most members 
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of the panel. One such consideration was cited by 
Patterson, who pointed out that customers of semicon­
ductor manufacturers almost invariably demand second 
sources, whereas hardly any minicomputer or large 
mainframe manufacturer has a second source. When 
their customers require a second source, they choose 
a similar but not identical machine and write soft­
ware . for both versions. System software isn't a problem 
for these users because it is provided by every manu­
facturer from the smallest vendor all the way through 
IBM. System software has been considered a necessary 
adjunct to the hardware, and apparently has never 
been assessed on an economic basis. To Patterson, this 
raised the question of whether system software can 
pay its own way, or, in other words, who would pay 
for system software development in the presence of 
second sources for hardware. 
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In his opinion, software development must clearly 
and demonstrably pay for itself. However, he noted 
that money invested in system development lan­
guages has a very long return time, and in the recent 
past the semiconductor industry has not been a popu­
lar area of investment. 

A further problem is deciding whether microproces­
sors are components or systems, and whether they 
should be priced on their declining cost as components 
or at a stable level over a period of time, as sys­
tems. If the semiconductor industry continues to mar­
ket microprocessors as components, and if the danger 
continues that customers can take all a manufacturer 
can offer in the way of support but buy components 
in volume from a second source, justifying the de­
velopment of these kinds of systems will become very 
difficult. 

Another panel member agreed that easy portability 
between identical processors from independent sources 
implies that software development must be self-sup­
porting. However, investing in that kind of software 
support is perhaps a little short-sighted. After all, the 
interest of everybody, both suppliers and users, is to 
make the right tools available, with which people 
can effectively utilize microprocessor products, de­
velop better systems, sell those systems to their end 
users, and benefit everybody. 

At Digital Equipment Corp, according to Christy, 
software development has to pay its own way, be­
cause otherwise the developers' budgets are cut off. 

Ogdin had a somewhat different view on the cost 
of system software. "Compiler writers and language 
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designers, for the most part, have experience on large 
machines," he said, "with perhaps some exposure to 
minis. With this background, although they are ex­
perts in the techniques of building software, which 
is the same for micros as for large systems, they are 
often unaware of the significantly different economic 
equations that describe the cost of software for micro­
computers." Thus, where Patterson thinks the eco­
nomics of software has never been properly worked 
out, Ogdin says that it has for large computers, that 
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many of the same people who perfected system soft­
ware for large computers are trying for an encore 
with micros, but that these people haven't yet dis­
covered that a new set of economic rules is called for. 

Ogdin cited two basic reasons why a particular 
language might be used-to reduce development costs 
or to minimize the exposure to risk on high.volume 
products. In his opinion, reducing cost isn't very im­
portant. True, system programming languages will 
help generate correct code more quickly within cer­
tain bounds, and in that way save a little time and 
money-but the savings are not great. In good system 
design, cost of coding and translation, from design 
to object code to test, is perhaps 10% of the job's 
total cost. Therefore, even wiping it out to zero re­
duces the total cost of the system by only 10%. 

System programming languages can be much more 
valuable in risk protection. In an application calling 
for 100,000 masked read-only memories (ROMs) for 
microprocessors, each storing a microprocessor program, 
a bug may be discovered after the ROMs are fabri­
cated and delivered, leaving the user with 100,000 
pieces of worthless sand. However, if he can apply 
certain established program-proof methods over a well­
defined structured language, he may be able to sal­
vage them. This is not going to happen at the binary 
bit level; but it will happen at a level where the 
information content of the source program isn't lost. 

Christy thought this view was very optimistic. A lot 
of people have put energy into proving programs, 
but the results are always the same, he said. If they 
had spent the same energy desk-checking the program, 
they would have come to a better conclusion. Testing 
is vital, and the people using micros at DEC are be­
ing burned by software errors a lot more than the 
software people ever were. They're still learning what 
the software people got down pat long ago-that the 
cost of rigorous design and masochistic testing to be 
sure that the product is perfect, and then ten times 
more testing, is easily justified by the consequences of 
having a bug go out when the product is shipped. 

On the other hand, remarked another panel mem­
ber, when people make hardware/ software tradeoffs, they 
have a strong tendency to reduce hardware costs to 
an absolute minimum, right up to the boundary of what 
the processor can handle, either within a given mem­
ory space or with given processor execution time con­
straints. That tendency must change; customers must 
begin to respect software development costs a little 
more, and become less sensitive to the~e tradeoffs. 
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Ogdin gave an example of the economics of micro­
processor design in terms of his own company, which 
works with virtually every commercially available 
microprocessor, in one form or another. Since the tech­
nical staff is very small, it can't afford the luxury of 
having each person be an expert in a particular 
processor. Similarly, the company can't afford a home­
made system programming language transportable 
among these various microprocessors. However, al­
though the staff is small, its clients have high-volume 
applications. Thus, for example, suppose the client 
plans to build 1000 units of a design worked out 
by Ogdin's people, at a fee of $20 per production 
unit. Suppose further that the first pass at the design 
produces a program of 2100 bytes. Ogdin can easily 
afford to spend another $5000 to reduce the program 
by 52 bytes, so that it will fit into a 2048-byte mem­
ory and save the client one integrated circuit per pro­
duction unit. 

Transportability 

No one claims that a particular system programming 
language for a machine is necessarily transportable 
to some other machine. At the very least, someone 
must write compilers for it. Transportability between 
successive models in a line is also important, because 
computer systems evolve. A system programming lan­
guage highly tailored to one product, and difficult to 
refit to a new machine architecture, ties up all of a 
company's software money in one product, and re­
couping that investment for the next generation is dif­
ficult. Therefore an important characteristic of a sys­
tem programming language is that it should be trans­
portable over at least two product lines, if not three 
or four. 

Barrett pointed out two aspects of portability: por­
tability of language product to a totally different ma­
chine, and portability in the sense of changing the 
machine base under an established compiler written 
in a system programming language. Larger vendors 
are in the second situation. Hewlett-Packard, for ex­
ample, sells many products in the OEM market to 
customers who write their own software. If these cus­
tomers were told to write in assembly language, H-P 
would have no freedom to change the users' machines 
except at the cost of telling customers to change their 
software. However, a system programming language 
permits new machine architectures to be developed 
in different machines, which will run with existing 
software. That is a very important consideration. Semi­
conductor manufacturers do not have that kind of 
control over the software base. 

Patterson considered that point of view to be naive. 
"You can't force your customers to program in high. 
level language," he said. "You can perhaps suggest 
it, but you don't make any hardware changes that 
cause problems for users." In fact, he went on, the 
mainframe industry has gone to great pains to main­
tain hardware compatibility; and although carrying 
along an outmoded architecture is bad, causing changes 
at the user level is worse. "So we'll continue to make 
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hardware structures that are more complex and less 
efficient than they could be if we were free to change 
them. That's the price we have to pay to benefit the 
user whose software continues to run and run and run. 
The microprocessor will probably prove no exception." 

Ogdin had a differing point of view here as else­
where. He said that transportability does not mean 
moving a program from machine to machine, where 
microprocessors are involved. The issue is a transpor­
tability of skills. If a company making widgets de­
cides to change from a right-hand to a left-hand 
thread, it may use an entirely different microprocessor 
on absolutely firm economic grounds, but its people 
should not have to learn new language skills. That 
kind of transportability will come only from the user 
base. Getting vendors together to agree on a common 
language is absurd, because standards are not for 
the seller's benefit; they are for the benefit of the 
customer. 

Kildall felt that such a language would not really 
be a system language. A system language is a base 
for implementation of application languages which 
would have to be changed to make a left-handed 
widget. For example, a company that does a lot of 
controller work might implement its own language 
for handling controllers, based on a system language 
that would permit transportability among various 
processors. Simple system languages with uncompli­
cated data structures will permit some cross-manufac­
turer standardization. For example, one program com­
piled with the Signetics PL/ M equivalent made the 
Signetics 2650 microprocessor directly compatible with 
the Intel 8080 with no alterations of the source text. 

Applications 

In considering the real application for system soft­
ware in the microprocessor business, Patterson identi­
fied three kinds of applications for microprocessors, 
only one of which could utilize system software in 
its usual form. The three applications were the micro­
processor as the logic element replacement; micro­
processor systems, or microcomputers, as resident soft­
ware development equipment; and microcomputers 
masquerading as minicomputers. 

As a logic element replacement, a microprocessor 
in a simple job such as controlling a traffic light does 
not require much system software. Its peripherals are 
very specific, and since it is not a multi-user applica­
tion, its operating system is probably either nonexistent, 
or is so simple it shouldn't be called system software. 
At most, it has a bootstrap loader or some diagnostic 
capability, stored in a read-only memory. In Patter­
son's view, a lot of systems are cost-optimized to such 
an extent that even such simple software would not 
be pertinent. 

Examples of the second kind of application, micro­
computers for software development, are Intel's MDS, 
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Motorola's EXORciser, and others of a similar nature. 
They include a certain amount of system software, such 
as language processors-assemblers are available now, 
and resident compilers and c}nterpreters are clearly 
just around the corner. Such machines also have a 
form of operating system, particularly for flexible 
disc configurations. However, probably very little if 
any part of that operating system could be resident 
in the usual sense, because if a user is building a 
prototype, he can't employ any part of a resident op­
erating system without requiring that part to be in­
cluded in the production version. For example, if he 
is building a traffic light control, he has to write a 
standalone program; if he uses an operating system, for 
software development, it must eventually disappear, or 
provide no more than a very basic file structure. 

In the third category, minicomputer-like micros, 
there is a large market for very inexpensive inventory 
control, small business accounting, and similar systems 
which meet some of the requirements for an operating 
system. For example, the hardware configuration is 
reasonably fixed, with enough memory to hold resi­
dent software plus transient data and a complement 
of peripherals to move data and nonresident software 
in and out. Some of the software might include appli­
cation languages, so that users don't have to program 
these systems in the traditional languages. These ap­
plication-dependent languages might fall into the 
category of system software. This requirement identifies 
a need for some new system software. 

Barrett agreed, in general. He said the principal 
application of system programming languages is in 
larger programming projects-not the small in-house 
maker of traffic controllers, cash registers, and that 
sort of thing. However, the problem of finding a suit­
able median among all the diverse objectives of lan­
guage is almost superhuman, so that compromise is 
unavoidable. 
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The average computer design engineer has enough 
intelligence to outperform the best compiler in any 
language in certain areas, because he can come up 
with tricks that the compiler just can't match. 

Patterson went on to say that system languages 
probably would have to be forced on the vendor by the 
customers. Certainly Motorola would not be particular­
ly interested in providing the language with which a 
disenchanted customer could easily move all his soft­
ware over to Intel products. That certainly happened 
in the large-machine business, because customers more 
or less insisted that they wouldn't buy systems with­
out FORTRAN or COBOL. 

System languages as they exist today are subject to 
a number of legitimate objections. In particular, Kil­
dall cited their deficiency in macro processing capabili­
ties and conditional compilation, which are very use­
ful in assembly languages. He felt that loaders do not 
handle address constants and address arithmetic proper­
ly, if at all; but he believes the objections will wither 
as the languages evolve and acquire some character­
istics of assembly language coding. 

What Companies Do 

Employers of the various panel members were all 
involved in system language implementation to some 
extent. For example, Digital Equipment Corp, accord­
ing to Christy, is very interested in system program­
ming languages because it spends an enormous amount 
of money on software, and then charges its customers 
for software. To develop this software, DEC has an 
internal organization which fights against dogmatic 
ideas; thus things like structured programming and 
the uniform use of high level languages have never 
caught on. However, the company offers a number of 
successful software products in higher level languages. 

At Hewlett-Packard, Barrett said the SPL concept 
has been sold and will work out very well. Most of 
H-P's people are using it. The HP-3000 line has a 
system programming language with escape hatches into 
assembly mode. These were used almost to abuse in 
the previous version, but today at least 95% of the 
average 3000 program is in high level. 

Motorola writes two kinds of software. One is cross­
computer software-cross assemblers, simulators, and 
compilers which for reasons of portability must be 
written in FORTRAN. The rest is developed initially 
in an internal language called P-notation, which is 
then hand-compiled into assembly language. If hand­
compilation is considered as a use of a system design 
language, then perhaps 80 to 90% of the program­
ming at Motorola is high level. 

At Intel, all software development for 8-bit micros 
is done using a high level system language; results 
have been outstanding. Semiconductor manufacturers are 
faced with a number of problems. For example, they 
have to deliver products on exceptionally tight time 

schedules to be competitive in the market. Users de­
mand increasingly sophisticated products with in­
creased capability. Certainly, quality is of paramount 
importance. Finally, reliability is very important; main­
tenance costs on a released software product can get 
out of control in a very short period of time. System 
programming languages are a very effective means 
for tightly controlling all of these problems. 

Cost of programming is exceptionally important at 
Microcomputer Techniques. Ogdin wants to minimize 
that cost, because all of his work is on a fixed-price basis. 
Therefore the company doesn't use any system imple­
mentation languages unless the hand-assembled kind is 
counted. 

Future Trends 

In the future, many more complete systems will be 
built. Every microcomputer application is integrated 
with a system, thus requiring microcomputer program­
mers to be fluent with both applications and systems. 
Systems will also become steadily more complex. As 
they become more complex, Gobel points out, having 
the right tool available for their development will 
become more and more important. Obviously program­
ming costs, which are human costs, will continue to 
rise; hardware costs, as has been said many times, 
will continue to fall. Thus it's essential that program­
mers have the right tools for their task. 

Christy quoted a recent article in the trade press 
which discussed the 8- versus 16-hit argument now 
going on in the semiconductor industry. The article 
brought peals of laughter within DEC, Christy said, 
because it was reminiscent of the company's trans­
formation from the PDP-8 to the PDP-11. That argu­
ment raged for three years and spun off Data Gen­
eral. Christy feels that the 8-bit micro will go the 
way of the 12-bit mini. 

Another panel member asserted that the dispropor­
tion between hardware and software costs will separate 
microprocessors from many potential applications. Build­
ing a direct high level language implementation on 
a chip, while not within today's state-of-the-art, is in 
sight. Efforts over 20 years or more of trying to beat 
down software costs have been remarkably unsuccess­
ful; so it's just a matter of doing something that we 
know how to do. 

Patterson had a lot of hope for such direct execu­
tion of higher level languages. The technology is 
improving by leaps and hounds. "What are you going 
to do with a million bytes on a chip if you don't 
implement a high level language directly?" he said. 
Ogdin didn't think that was likely, certainly not in 
the next five years and probably not in the next dec­
ade, as long as machine architecture is controlled by 
the marketing force. 

Christy seemed to be frightened by such a prospect, 
remarking that the rate of change of technology is 
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terrifying, and quoting Gordon Bell, vice president 
of engineering at DEC, as saying that "the number 
of bits on a chip is easily computable as 2 to the 
T minus 1962." That turns out to be quite accurate. 
We are approaching the bounds of optical lithography, 
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and we go to electron lithography, and then to X-ray 
lithography. While this is going on, prices are also 
decreasing. So anything that's possible now becomes 
ludicrously cheap in a few years. Christy believes that 
in three or four years the microcomputer people will 
be as lavish in not using every bit as the minicom­
puter people are now. The same arguments applied 
to the buyer of the 4K PDP-8, to whom that next 4K of 
memory was the world's biggest increment; today it 
costs more to make a 4K memory than it does to 
make an 8K memory. 
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Other viewpoints on future trends: "System lan­
guages should become more widespread and people 
should get upset with them, because only in that 
way will we see progress." 

"A language can be devised for such things as traf­
fic control and carburetion control. Initially it will be 
a standard high level language. On the other hand, 
if and when microprocessors are applied to carbure­
tion control, a special processor will definitely be more 
economical than a programmed function with or with­
out a language. Any industry that uses 10 million 
units a year can have whatever it wants." 

"A high level language for that application would 
be essentially a description of the carburetion prob­
lem. Microcomputer input would be a small array 
defining the exact parameters of a particular carbure­
tor. This approach to design would tend to reduce 
proliferation of procedural languages. Instead, the 
trend will be toward non-procedural statements of 
the problem intent, with everything needed to solve 
the problem manifest in the machine. That trend is 
present in the commercial world now, in transaction 
processing and interactive programming, where there's 
much more tabular definition in the process and much 
less writing of extensive procedural solutions. 

Summary 

The industry apparently will not end up with a single 
language. It has been tried repeatedly over the years, 
and every trial has failed. On the other hand, little 
is known about the fundamentals of languages, what 
properties they should have, and what qualities the 
user can get along without, or add for himself. In 
other words, an information theory of languages and 
language translators is needed. We must try to under­
stand the nature of the goal in building these lan­
guages and adopt some general rules of thumb. Then, 
if we decide to build a carburetor class of languages, 
at the start somebody knows the carburetion problem 
and knows the basic rules that he must follow. 

Christy aptly concluded the session (except for re­
marks by Opdendyk) with the words: "Natural lan­
guages in humans do very poorly what computers do 
very well. Computers follow rote procedures of very 
detailed descriptions, and humans use language to 
wander through rounds of abstraction and vagueness 
and imprecision. System programmers are apparently 
trying to eliminate application programmers, because 
dealing with the latter is a pain. The desire is to 
replace an application programmer with an artificial 
intelligence of equivalent capability. Artificial intelli­
gence people are getting fairly good at simulating 
cockroaches, but that's about all. I'f an application 
programmer and a cockroach are comparable logical 
engines, there is some hope for optimism; but any­
thing that might replace a human application pro­
grammer is probably more than 1000 years off." D 
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256K byte memory system on a single board 
with 1.5µsec cycle time, 650nsec access time ... 
and at a cost of only 2/10 of a cent per bit! 

You read right. A 128K x 18 system that offers 1.5µsec main memory (and twice 
as fast with interleave) at a system cost of only .2 cents/ bit. A 14" x 16" single-board 
system that achieves a level of performance the other memory technologies have 
been striving for. Unsuccessfully. 

It's BULK CORE, From Dataram, the core memory people whose single board 
concept has found its way into thousands of minicomputer systems throughout the 
world . And is now ready to perform for you . 

And BULK CORE makes sense for more than just main memory applications. 
Peripheral memory storage also, where up to eight of these systems can be 

packaged in a 19" chassis to provide a total chassis storage capacity of 
20 megabits. And its 650nsec access could be some 20 times faster than the fixed­
head disc you 're using or considering . Which means that if you 're using a fixed­
head disc for storage capacities of less than 512K bytes, this new memory system 
could save you important dollars, while improving performance. 

It's BULK CORE from Dataram. The biggest thing to hit core in memory. 
Our memory. Anybody's memory. And available now. 

Find out more about BULK CORE today. Return this coupon at once, or call us 
at 609-799-0071. 

r··-~~~-~;~~-~~-;~~;~-~~-;~-~-~~:~--~~~-~-~~;~·-······--··-··-·--················ ·····1 

i D Please send information. i I ~.::"" ha" a eale,moo ooot.ot me I 
Title Phone ____ _ 

Company _ ____________ _ 

Address _____________ _ 

City _ _______ State ___ Zip __ 

D Please send me information about Dataram 's 
mini-memories for minicomputers. 
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Motorola slashes 
M6800 LSI tester costs 

to less than $6.000. 
Functional tester for under 
$6,000 includes: 
• one test head console 

• five LSI chip 
personality cards 

• one control card 
and interface cable 

• one EXORciser* 

• one BK memory module 

• all software 
(Executive 
plus five 
Test 
Programs} 

And you minimize 
the high cost of board test 
failure repair. 

Motorola's new, revolu­
tionary MEX68CT MOTEST-1 
radically simplifies and 
reduces the cost of testing 
incoming M6800 Family LSI 
parts. With MOTEST-1 you 
can functionally test M6800 
LSI chips before soldering 
the parts to boards. 

For approximately $6,000 
you get everything you need 
to test the average configura­
tion of five different LSI parts. 

Included is the test head with 
pass-fail indicators, your 
choice of any five M6800 chip 
personality cards, interface 
cable and control card , 
EXORciser, an BK memory 
module, and all necessary 
software (Executive, plus five 
Test Programs). 

If you already have the 
basic EXORciser, your 
functional tester system costs 
drop to approximately $2 ,500. 

You can expand your 
MOTEST-1 to test other MOS 
and bipolar LSI by obtaining 

additional personality cards, 
available at costs ranging 
from approx. $175 to $260. 

With MOTEST-1 , board 
test failure and repair 
becomes significantly 
reduced . For the latest avail­
able data, write Motorola 
Semiconductor Products Inc., 
PO. Box 20912, Phoenix, AZ 
85036, or circle the reader 
service number. All Motorola 
data sheets are also available 
from your in-plant VSMF Data 
Center, authorized Motorola 
distributors and Motorola 
sales offices. 

·Trademark of Motorola Inc. Q.l MOTOROLA Micr~sys-fe1't'ls 
-making it happen in microcomputers 
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Motorola introduces 
the low cost analyzer 
for M6800 systems. 

• Window Mode for real time 
i'N'hrcH capture of 128 consecutive 
k1~~~WR MPU cycles 

• on-board hardware display 

•monitors, analyzes, 
CONTROL 
SECTIOH 

COMPARE 
SECTION 

and troubleshoots M6800 
systems 

• use as stand-alone unit, 
or with EXORciser* 

MEMORY 
SECTION 

•priced under $1,300 

~~~ 
INTERFACE 
SC:CTIOH 

It's the latest evolutionary the MPU runs at ful I speed in 
development in Motorola's real time, the analyzer can 
M6800 total product capture 128 consecutive 
approach to microcomputer 32-bit bus cycles and store 
systems. them, display them . .. all while 

The MEX68SA Systems the MPU continues to run, 
Analyzer is a highly efficient uninterrupted. The captured 
tool for monitoring, analyzing , data can be accessed for a 
and troubleshooting M6800 hardcopy printout. The other 
systems. modes are Step Mode, Read/ 

And its low cost? Under Write Mode, Trace Mode, and 
$1,300. Standby Mode. 

Each of the Systems The Systems Analyzer is 
Analyzer's operation modes hardware oriented because it 
has its individual purpose, of requires no software for 
course, but the Window Mode operation , except the firm­
can be the most useful. While ware for hard copy printing. 

I 
,. 

The on-board hardware 
display is actually wider than 
existing logic analyzers, able 
to indicate 32 bits of address, 
data, and control information . 

For copies of the latest 
data write Motorola 
Semiconductor Products Inc., 
PO. Box 20912, Phoenix, AZ 
85036, or circle the reader 
number. All Motorola data 
sheets are also available 
from your in-plant VSMF Data 
Center, authorized Motorola 
distributors and Motorola 
sales offices. 

CD MOTOROLA Microsystems 
-making it happen in microcomputers 
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I TECH NOTE I 

New Magnetic Materials 

Help Core Memories Stay Alive 

Rodger D. Thuras 

Control Data Corporation 
St. Louis Park, Minnesota 

Continuing developments in ferrite materials will extend the long history of 
magnetic memory technology, even in the presence of the challenge offered 
by advances in semiconductor technology 

Core memory technology is not 
stagnant-despite the publicity de­
scribing advancements in semicon­
ductor memory. On the contrary, re­
cent changes in memory design and 
in core materials have extended the 
potential of core memories for small·, 
medium-, and large-scale systems. 

Since the early days of comput­
ers, ferrite core technology has 
evolved rapidly enough to overcome 
competition from contending tech­
nologies, such as rods, thin films, 
and plated wire. Today, however, 
many observers feel that core is 
finally yielding its preeminence in 
main memory to semiconductor stor­
age, primarily to metal-oxide semi­
conductor (MOS) memories. In this 
area, however, tran:sition continues 
to be gradual because core mem­
ories have been improved. Improve­
ments are continuing, in manufac­
turing techniques, support elec­
tronics, and the designs that opti­
mize these advances. Notable is the 
technological evolution of the mem-
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ory core itself, in two main areas: 
size and material. Today's current 
standard core size is 18 mils out­
side diameter; some memories un­
der development use 14-mil cores. 

Reduction in core size has made 
possible greater performance, high­
er density, and reduced power. Small­
er core diameters mean higher 
switching fields and hence faster 
switching, since core switching time 
is inversely proportional to switch­
ing fields. Smaller cores can be 
nested more densely, shortening 
drive lines and sense loops, which 
also reduces delays and improves 
memory performance. 

Standard materials for cores over 
the past decade have been mixtures 
of magnesium-manganese (MgMn) 
and lithium (Li) ferrites; every 
manufacturer has its confidential 
formulation. These mixtures benefit 
from the low cost of the original 
MgMn material, developed in the 
1950's, and from the wider tempera­
ture range of the later Li material, 

which is expensive, difficult to man­
ufacture, and still requires temper­
ature-compensated drive currents. 
With similar but somewhat increased 
compensation, MgMn-Li mixtures op­
erate in systems satisfactorily over 
a temperature range of 0 to 50°C 
-better than that achieved with 
MgMn alone, but still not up to the 
0 to 75°C range within which semi­
conductor drive circuits work. 

The wider temperature range is 
needed in newer memory systems 
that lay out an entire array in one 
plane instead of in multiple stacked 
planes. · One-plane layout, double­
herringbone alignment of individual 
cores, use of smaller cores, and 
other factors all contribute to high 
core densities, that now exceed 3000 
cores per square inch. Furthermore, 
as densities increased, capacity of 
individual "mats" also increased 
step-by-step over several years, 
from 4000 to 8000, 16,000, and even 
32,000 cores. (These counts, more 
precisely, are all powers of 2, 
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rounded off here to the nearest 
thousand.) In the newest mats a 
single inhibit-sense wire in the 3-
wire 3D organization threads all 
32,000 cores and is connected to one 
driver-amplifier. (Eight such cir­
cuits would be necessary for the 
same capacity in 4000-core planes, 
which clearly demonstrates the eco­
nomics of large planes.) 

However, in use, systems tend to 
repeatedly address small clumps of 
locations within the array during 
a short span of time. Repeated switch­
ing of a single core generates heat, 
the energy represented by the area 
of the hysteresis loop; repeated 
switching of several cores near one 
another produces "hot spots" in the 
array. A more important contribu­
tor to hot spots is localized heating 
on adj a cent electronic boards ( eg, 
current drivers, etc) . High compo­
nent density on the boards and tight 
packing of boards make uniform 
cooling difficult. Current compen­
sation is not very satisfactory in 
attaining reliable performance in 
such arrays, because compensation 
changes all drive currents even 
though temperature variation occurs 
in only a portion of a large array. 

Thus, still newer materials became 
necessary-materials which would 
be more stable over a considerable 
operating range, would fit in the 
majority of design applications, and 
would not compromise performance. 
Such a material has been under de­
velopment at Control Data Corp 
for several years; it is a refinement 
of the previous MgMn-Li mixture 
with certain proprietary additives. 
Criteria established for cores made 
from this material include 

Compatibility-they should be com­
patible with the single 18-mil core 
type previously used in most de­
signs 

Ease of Assembly-their physical 
dimensions should allow stringing 
no more difficult than current 18-mil 
products 
Quality-they should show no deg­
radation of parameters, primary or 
secondary, compared with standard 
18-mil cores 
Performance-they should operate 
in a system over the 0 to 75 °C 
temperature range without current 
compensation 
Cost--they must be economically 
manufacturable, so that users do 

TABLE 1 

Comparison of Primary Parameters 
of Standard and Unltemp Memory Cores 

Parameter 

1 .. I,. (mA) 

Dr1ve fprT fpw (mA) 
Current trT tp (ns) 

td (ns) 

uV1 max (mV) 

Core 
dV1 min (mV) 

Response dV. max (mV) 
tp ±15 (ns) 
t. max• (ns) 

O.D.(in.) 

Dimensions l.D. (In.) 
Height (In.) 

*Measured at 10-mV level on dV1 

550 

500 

< 
E 450 , ... : 
z 
UJ 

"' "' ::::> 
u 
> 400 
' >( 

350 

Standard 
Medium-Temp Cores Unitemp 2244 

o·c 25"C 75°c 

800 750 660 
500 485 400 
50 50 so 

300 300 300 

58 58 58 
39 39 39 

9 9 9 
115 115 115 
200 200 200 

0.0182 ± 0.0005 
0.0118 ± 0.0005 

0 0046{ +0.0002 
. - 0.0003 

--------

o•c 25·c 15•c 

750 750 750 
460 485 450 

50 50 60 
300 300 300 

60 60 60 
39 39 42 

9 9 9 
115 115 105 
200 200 190 

0.0182 ±0.0005 
O.Q118 ± 0.0005 

0 0046{ + 0.0002 
. - 0.0003 

--o·c -­
............... 50•c 
-•-75'( -•-

STANDARD 2244 

300>----~>----------1--------+--------
600 700 800 

INHIBIT CURRENT, mA 

Schmoo diagrams. System performance at O to 75°C for 32K x 18 systems 
with 8K sense lines is much improved with Unitemp 2244 (color), attained 
without current compensation, over standard cores (black) with current 
compensation. Of particular interest are the increased margins at 75°C 

not have to pay a high premium for 
the improved performance 

Unitemp 2244 memory cores meet 
these requirements with uniform 
drive currents under varying tern-

peratures, and are equivalent to old­
er formulations in all other respects 
(see Table 1). Secondary parameters 
are at least as good and in some 
instances better than those of the 
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previous standard. For example, mag­
netostrictive characteristics (sensi­
tivity to stress or force) are an order 
of magnitude better. 

System current schmoo diagrams 
illustrate the desired system per­
formance goal (see illustration) ; 
both are for a 32K x 18 sys­
tem with an 8K sense line. Even 
with compensated drive currents for 
the old standard, performance at 
75°C is much improved for the un­
compensated 2244. Normal operating 
point for the system is the pair of 
currents represented by the center 
of the largest possible circle that 
can fit inside the schmoo diagram; 
the radius of this circle is the mar­
gin that the memory can tolerate 
in those currents without failing. 
When temperature variation causes 
the schmoo to migrate across the 
plot, or to change its shape, the 
margin for uncompensated currents 
is represented by the largest fixed 
circle that stays within the schmoo 
no matter where it goes; compensa­
tion for currents moves the center 
of the circle (the operating point) 
across the diagram in a line that 
ideally is straight and practically is 
as nearly straight as possible. Clear­
ly the uncompensated margin for 
the 2244 is 60% larger than the 
compensated margins for the stan­
dard core. 

Manufacturing processes for the 
2244 are identical to those for 
standard magnetic technology prod­
ucts and initial production indicates 
no large differences in yield. Thus, 
cost will not prohibit wide usage. 

TABLE I 

The cores' uniform response un­
der varying temperature conditions 
also characterizes the Unitemp 2230, 
which requires drive currents about 
25% less. Other similar cores are 
also under development-one with 
parameters optimized for longer 
sense lines and one requiring a small 
drive current to meet low power 
system requirements. 

In addition to performance-related 
core advancements, costs of manu­
facturing processes historically have 
been halved every three years. 
Furthermore, defects have been re­
duced from one bad core in 4000 
five years ago to one in 20,000, so 
that average stringing time per bit 
has dropped; fewer repairs mean 
fewer solder connections and hence 
better reliability. 

Today's cores are so uniform that 
test yields of 95% and up are com­
mon, and at least one manufacturer 
has proposed eliminating the 100% 
test of cores. Improved uniformity 
is also a key element in achieving 
longer sense lines. The number of 
cores which can be served by a 
single sense wire is determined by 
the delta noise (partially cancelled 
half-select noise) which precedes 
the strobing of the selected bit. The 
more cores per line, the higher this 
noise tends to be. Because the total 
noise is the sum of cancellations 
between pairs of cores, more uni­
form cores result in better cancella­
tion and less noise. 

Core improvements such as these 
have led to significant systems im­
provement. For example, both sys-

.,... lmpnwemenl Achieved 
Whh Core Memory Teohnotogr 

Specification 
System Parameter& 1974 1978 

Configuration SK x 18 32K x 18 
Dimensions (In.) 11 x 14 x 1 15 x 17 x 1 
Power 100 w 120 w 
Cycle time 750 118 750 ns 
Accen time 325 n• 325 ns 
Operating range o to ss•c o to 1s•c 
Coat (In OEM 0.8 cent/bit o.s aent/blt 

quantity 100) 
MTBF 20,000 h 20,000 h 

terns described in Table 2 employ 
18-mil cores and represent typical 
available OEM systems, not specu­
lations. 

For special applications, particu· 
lar parameters may be improved. 
For example, in a 16K x 18 system, 
250-ns access can be achieved or, 
with a 32K x 36 system, even great­
er economy and density can be at­
tained; a cost of 0.2 cent/bit is not 
unreasonable. 

In the future, further increases 
in memory size and reductions in 
cost will be forthcoming in systems 
with 32K sense lines. Additional 
density increases of 25 % , perfor­
mance improvement, and power re· 
duction will be attained with success­
ful designs using 14-mil cores. Tem­
perature-stable cores will be even 
more important for competitive per­
formance. 

The temperature-stable material 
may overcome one barrier facing 
designers who use 14-mil cores-ie, 
resistance heating in the smaller wire 
that is necessary to fit the reduced 
hole size. This heating can lead 
to temperature variations in addi­
tion to those caused by localized 
switching. Temperature-stable ma­
terials may help solve this problem. 

Continued evolution of core may 
well extend the viability of core 
memory for a considerable period of 
time, depending on the relative 
progress of core memories and com­
petitive technologies. The most prev­
alent competitor seems to be semi­
conductor memory; to achieve com· 
plete dominance of random access 
storage techniques, however, it must 
achieve these goals : 

Standardization-stability and stan­
dardization of chip design to allow 
reliable second sourcing 

Reliability-reliability of the de­
vices within systems must be ade­
quately demonstrated 

Adequate testing-effective test pro­
cedures must be developed at all 
levels, der ived from system per­
formance data and field experience 

Cost-reductions in cost must con­
tinue until it falls below that of 
competitive core systems 

N onvolatiUty-an economic solution 
to the problem of volatility must 
be found 

Attaining these goals will require 
time; until then memory systems 
designers must consider the con­
tinually evolving core memory as a 
viable alternative. D 
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It's time to toast the 54C/7 4C and 4000 series logic families. 
Because while they've always been electrically compatible, 

now many of the functions are pin-for-pin compatible. 

When you 're ready to set up these CMOS families in your 
system, your Harris distributor can mix in the right ingredients. 

So here's to a selective mixing of them in your system. 
You 'll find that mixing these two CMOS families gives you 

more available functions from which to choose. 
So your chances of finding the right ones are better. 
And it minimizes the amount of CMOS devices you need to 

implement the logic. 
In addition, you can take advantage of each family's vintage 

features for better overall performance. 
Features such as higher guaranteed noise margin, greater 

output drive, and the higher speed of the 54C/7 4C series. 

We're not only a qualified supplier of both CMOS series 
devices, but also your number one source. 

For more information on how we can help you have a 
more efficient CMOS system, just call our CMOS Application 
Information Hot Line at 800-327-8934 

~~~ 
PO. Box 883, Melbourne, Florida 32901 (305) 724-7412 

WHERE TO BUY THEM: OEM SALES OFFICES: CALIFORNIA: Long Beach, (213) 426-7687; Palo Alto, (415) 964-6443 FLORIDA: Foll Lauderdale, (305) 971-3200; Melbourne, (305) 724-7430 ILLINOIS: Hinsdale, (312) 325-4242 MASSACHUSETTS: W.tlesley Hills, (617) 237-5430 MINNESOTA: Minneapolis. (612) 835-2505 NEW YORK: Endwell, (607) 754-5464; Melville, U , (516) 249-4500 OHIO: Dayton, (513) 226-0636 PENNSYLVANIA: Wayne, (215) 687-6680 TEXAS: Richardson, (214) 231-9031 . 
SALES REPRESENTATIVES: ARIZONA: Scottsdale, (602) 948-5590 CALIFORNIA: Los Angeles, (213) 870-9191 ; Mountain View, ( 415) 961 -8121 ; San Diego, (714) 565-9444 COLORADO: Denver. (303) 773-0666 CONNECTICUT: East Norwalk, (203) 836-1493 FLORIDA: Boca Raton, (305) 395-6108; Oviedo. (305) 365-3282; Tampa, (813) 933-3183 ILLINOIS: Elk Grove Yillage, (312) 640-1850 INDtANA: Indianapolis. (317) 849-6454 IOWA: Cedar Rapids, (319) 393-5652 KANSAS: Wichita. (316) 943-6221 MARYLAND: Randallstown. (301) 922-1248 MASSACHUSETTS: Burlington. (617) 273-1313 MICHIGAN: Farmington, (313)476-2446 MISSOURI: Hazelwood, (31 4) 731-5799; Kansas Oty, (816) 761 -6543 NEW JERSEY: Keasbey, (516) 567-5900; West Caldwell , (516) 567-5900 NEW MEXICO: Albuquerque, (505) 265-5655 NEW YORK: Albany, (518) 489-7408 or4777; Huntington Station, (516) 567-5900 0HIO: Oeveland, (216) 831-8292: Dayton, (513) 890-2150 OREGON: Beaver1on. (503) 643-1644 PENNSYLVANIA: Allison Park, (412) 487-4300: King of Prussia. (215) 265-0634 TEXAS: Dallas, (21 4) 691-4592; Houston. (713) 661 -3007 VIRGINIA: Falls Church. (703) 534-7200: Lynchburg, (804) 237-4740 WASHINGTON: Bellevue, (206) 454-0300CANADA: Monlreal, (514) 626-6723; Ottawa, (613) 749-0740; Toronlo, (416) 676-1042. 
NATIONAL DISTRIBUTORS: Hamilton/Avnet; The Harvey Group, Inc.; Schweber Electronics; RV. W..lherford Company. 
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Very expensive. 
You're looking at a superbly engineered disk drive: 

The Pertee 03000. 
In its class of disk drives, the 03000 is expensive. 

(There are less expensive drives available.) 
The 03000 is the best-engineered disk drive. (35/ 40 

msec average seek time; internal power supply; exclusive 
"Power Save" feature ; 100 tpi , 2200 bpi ; 200 tpi , 4400 bpi; 

Air-Purge Cycle during start-up; etc .; etc.) 
The 03000 is a superbly-tested disk drive. (Ave. burn-in: 

49 hours; MTBF: 5865 .96 hours.) 

You don't have to be a snob to buy one. 
You don't have to be rich,to keep one. 

The Pertee 03000 series disk drives have a capacity 
range of 3 to 25 megabytes. Three series models and 25 
variations provide this range . 

The 03000's recoverable-error rate of less than 1 X 1010 

bits transferred offers OEMs superior data reliability over the 
entire range of specified environmental conditions . Each with 
a± 1 % spindle speed control. 

Parts commonality throughout the Pertee series (no 
need to stock parts for every model. Spare parts inventories 
are absolutely minimal) , top and front loading , easy-to-serv­
ice "Flip-Top" boards, and interface compatibility with other 
disk drives make the 03000 an owner's dream . (And a 



Not very costly. 
serviceman 's dream: Only two hinged printed-circuit boards. 
No need to use an extender card .) 

Simplify your new controller design: 
Use our formatter. 

Pertec 's F 3000 Series Disk Formatter saves the cost and 
effort of design ing (and building) a special formatter/control­
ler. The F3000 performs all formatter functions required to 
control and transfer data to and from up to four drives . 

Turn good money into safe money. 
The 03000 costs you less to own. (It's true .) 
And it costs less to service. 
And it costs less to carry in your inventory. 
And as you grow, it costs less to expand . 
So put your money on an expensive disk drive: The 

Pertee 03000. 
And watch good money turn into safe money. 

PEW I EC 6t,,.eS• 
6\"V. " 

ft.6~'1> \f.'Oi~ 
~' -ee ':><> 

Peripheral Equipment Division , 9600 Irondale Avenue , Chatsworth, CA 91311 . ~o ·~ \O 

Boston (6 17) 890-6230; Chicago (312) 696-2460; 
Los Angeles (2 13) 996-1333; London (Reading ) 582-1 15. 
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I APPLICATION NOTE I 

Programmable Interface Drivers 
Simplify Logic Testing 

David T. Kan 

Pulse Instruments Company 
San Pedro, California 

Testing complex logic components and systems need not require expensive 
and voluminous equipment; but simple signal drivers may not be adequate 
either. Proper drivers are neither complex nor expensive 

In testing digital circuits and sys­
tems, high speed random logic sig­
nals with variable amplitude and 
level offset are required for simulat­
ing optimum and worst case drive 
conditions. Many of these signals 
must travel along transmission lines 
because only a few signal sources 
and receiving circuits can be located 
close together. For example, when 
measuring propagation delay of a 
multiple input integrated circuit, 
such as an 8-input multiplexer, 9-
bit parity generator/checker, or 6-
bit identity comparator, a large num­
ber of inputs are involved, so that it 
is physically impossible to connect all 
inputs to test signal sources with 
short leads. Another example is test­
ing a high speed logic card inside an 
environmental chamber where tem­
perature and other conditions are 
controlled. Test signal sources must 
be outside the chamber. In both cases, 
properly terminated transmission line 
connections are necessary to preserve 
high frequency characteristics of test 
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signals which have variable ampli­
tude and level offset to evaluate the 
circuits' behavior under different 
drive conditions. 

Many dedicated interface drivers 
on the market are slow and cannot 
work through transm1ss1on lines. 
Only a few drivers for metal-oxide 
semiconductor (MOS) circuits have 
any level offset. Pulse generators are 
not suitable for random logic inter­
face applications unless their timing 
control functions, such as period, 
delay, and width, can be bypassed­
and in any case, in multichannel 
drive applications they would be un­
economical and cumbersome. Dedi­
cated logic circuit testers are too ex­
pensive to use. 

In spite of these problems, equip­
ment manufacturers should have ade­
quate test equipment for evaluating 
high speed digital circuits and sys­
tems. Without such equipment, large 
scale integration (LSI) and medium 
scale integration (MSI) circuits are 
tested either inadequately or not at 

all for dynamic characteristics before 
they are installed in systems. Con­
sequently, defective or marginal com­
ponents must be located in systems­
a painfully time-consuming and costly 
task. Thus, high speed test equipment 
is necessary ; and it can be built at 
reasonable cost using the proper in­
terface drivers. 

Rudimentary Test Circuit 

A simple test system (Fig. 1) con­
sists of a programmable 100-mA cur­
rent source, an output switching net­
work, and an input differential am­
plifier. Output current 10 is con­
trolled by current Ip in the emitter of 
Qi. and is approximately equal to 
20lp. The switching network, con­
trolled by the input differential am­
plifier, steers current either through 
resistors Rs and RL or directly to 
offset return. 

When V + terminal of the ampli­
fier is at least 400 m V more positive 
than V - terminal, the switching net­
work directs Io into Rs and RL. Out-
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V+ 

v-

VEE 

Vee 

PROGRAMMABLE 
CURRENT 
SOURCE 
lOOmA 

TRANSMISSION LINE 

Fig. 1 Simple test system. Multiple connections like this 
can test high speed random logic, even though not all 
drivers can be close enough to the logic to obviate need 
for transmission lines 

put is on, and output voltage is the 
sum of voltage drop across Rs in 
parallel with RL plus offset voltage. 
It delivers maximum output current 
of 100 mA into a load biased be-

ECL SIGNAL Vee · 12 v. 
SWING JSV 

·1.7S V INTERFACE 
-1.3S V DRIVER 

ECL Ve 
REFERENCE 

tween Y co - 20 and Y 0 0 - 5. Max­
imum attainable output high levels 
are Yeo - 5 at 100 mA and Y00 - 1 
at 10 mA. With a 20-Y supply, there­
fore, output swings of 15 Y at 100 

son 

' ' ' ' L--- - - _j 

HEX INVERTER 
(OPEN COLLECTOR ) 

2.0 v 

_L 
1-----<1-----Vo 

CUR RENT 
SOURCE 
PROGRAM 

son 

Fig. 2 ECL to TTL translator. Appropriate choice of levels and con· 
nections simplify testing of many other combinations-including 
choice of output amplitude through binary signals to hex Inverter 
driving resistor network 

mA and 19 Y at 10 mA are obtain­
able. Within this range, output im­
pedance of the current source is 
equivalent to 5 kn in parallel with 
10 pF. 

With the more positive voltage ap­
plied to Y - , no current is in the 
load, output is off, and output voltage 
is the same as offset voltage. Output 
is virtually an open circuit shunted 
by about 3 pf, and output leakage 
current is approximately 50 nA. 

For optimum pulse response, in­
put signal excursion should be limited 
at some point beyond the threshold 
level, but not too far beyond. For 
transistor-transistor logic (TIL) in­
put signals, optimum response is ob­
tained from the interface driver 
when the input high level is limited 
between 2.0 and 2.5 Y. 

In either on or off state, the offset 
voltage supply must sink a current 
equal to Io plus approximately 35 
mA. Other power supplies are con­
ventional: Y cc is the usual positive 
voltage, between 10 and 20 Y, while 
YEE can be ground for TIL, nega­
tive voltage for emitter-coupled logic 
(ECL ) , or negative whenever the in­
put threshold bias voltage is less than 
1.5 Y. For example, if the input sig· 
nal varies from -0.5 to 0.5 Y, the 
nondriven input pin should be biased 
a t ground. This in turn requires YEE 
to be -1.5 Y or lower. 

Adding a Cable 

Unavoidable physical separation be­
tween test circuit and load requires 
a transmission line between the 
switching network and load, plus 
terminating resistors at one or both 
ends and possibly a bypass capacitor 
at the load end. Three common con­
figurations of this type are ECL to 
TTL translator with matched termi­
nations, TIL to MOS translator with 
source termination, and interstage de 
amplifier with load termination. 

High speed digital test signals are 
often generated by ECL devices such 
as counters, shift registers, and mem­
ories. The previously described test 
circuit can be applied to such signals 
as an ECL to TIL translator (Fig. 
2 ) . Resistance programming of out­
put amplitude is possible by provid­
ing six different resistances for RP 
in Fig. 1, connecting them to outputs 
of an open-collector hex inverter, and 
selecting one or more of the six by 
binary input to the inverter. Typical 
ECL input swing is -1.75 to -0.95 
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_L2.5V 

0.4 v 
TTL-------! 

VOLTAGE 
PROGRAM i----t--"---~ 

-lOV 

Zo • 160.(l 

+5V 

t--+---+-'VO~~ -10 V 

Fig. 3 TTL to MOS translator. No ill effects arise from terminating trans­
mission line only at source; advantage is compact connectability of many 
cables at load end 

vcc 

INTERFACE ')1,_,.0~---+ I 
DRIVER Zo 

DC AMPLIFIER 

Fig. 4 Load termination. Series resistor Ra often can nearly 
match line to load closely enough to minimize reflections in 
the line 

V, symmetrical about a reference of 
-1.35 V with required threshold of 
400 m V. Output swing of 0.8 to 2.0 
V simulates worst-case drive condi­
tions of a very small TIL swing with 
large offset. The transmission line has 
a characteristic impedance of 50 0, 
matched by S0-0 resistan<::es at both 
ends. Returning these to the same 
voltage reduces standby dissipation 
to zero, so that the resistors can have 
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small power rating even when offset 
voltage is large. This is the most de­
sirable configuration for the driver 
when fast, clean pulses are required. 
With this circuit, Schottky TIL J-K 
flip-flops have been tested at clock 
frequencies of over 80 MHz. 

TIL to MOS translator with out­
put swing from -10 to 5 V drives 
an n-channel silicon-gate shift reg­
ister (Fig. 3) . Since input imped-

ance of the MOS device is capacitive 
with a very large parasitic resistive 
component, any fast signal will he re­
flected toward the source. However, 
if a resistive termination that matches 
cable impedance (160 0) is placed 
at the source, no multiple reflection 
will occur. This configuration offers 
the simplest interconnection between 
load and driver, since the connection 
from load end to offset voltage is un­
necessary. With no discrete resistor 
at load end, it also enables compact 
connection of many cables in a small 
area, such as 22-pin socket; therefore, 
it is useful for probing integrated 
circuit wafers and hybrid circuit as­
semblies, where load end termination 
is seldom possible. By changing the 
values of V cc from 10 to 20 V 
and of Vos from -10 V to ground, 
the same circuit can drive CMOS 
devices. 

In other applications, source ter­
minated configuration is not desir­
able-as when testing an interstage 
de amplifier (Fig. 4) with integral 
input bias network. Source termina­
tion would load the bias network, 
which together with the amplifier 
becomes the load termination. If this 
does not match the characteristic im­
pedance of the cable, the absence of 
source termination will cause multiple 
reflections. However, matching often 
can be improved with a series resistor 
between the bias network and cable, 
modifying input impedance of the 
amplifier to be almost equal to the 
characteristic impedance of the cable. 

Switching Time Measurements 

To evaluate switching characteristics 
of current controlled devices such as 
diodes and bipolar transistors re­
quires well-defined high speed current 
pulses. Since such pulses in general 
cannot he transmitted through co­
axial cables or twisted pairs without 
changing their characteristics, an al­
ternative approach is to transmit volt­
age pulses through the cable and to 
convert them to current pulses with 
a series resistor at the termination. 

This approach is inefficient, es­
pecially in medium to high current 
applications. The requirement of high 
current pulse at low voltage often be­
comes much more difficult, as high 
power pulse is generated for the con-
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Now you can replace small, fast access, disc 
and drum memories with Intel's new solid state 
CCD memory called IN-65 Megachassis' .... Each 
Megachassis contains 2 megabytes of CCD serial 
memory with expansion in 2 megabyte increments 
up to 16 megabytes or more. 

Built with Intel"' 2416 CCD serial 
memory components, the IN-65 
Megachassis ™gives you solid state 
reliability and low power. And since all 
components are on plug-in, circuit 
boards trouble shooting and repair time 
are greatly reduced. 

In most applications this new 2 megabyte 
CCD Memory will be utilized as a block-oriented 
random access memory (BORAM). It can transfer 
data of variable block lengths at rates up to one 
word every 550 nanoseconds. Since worst-case 
latency is only 256 microseconds, the IN-65 can also 
be used in applications that are beyond the capability 
of most conventional rotating memories. 

-----------, 

Yes, I'm interested in the IN-65. 

0 Call me.Tel. No. ______ _ 

I am currently using: _________ _ 

Company ______________ ~ 

Address _______________ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I City/ State/ Zip I 
L ________ ___________ ~ 

intel .m~roQrY systems 
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Once our EPROM is on board, its there for keeps. You don't 
have to take it off to erase, program or reprogram. All it takes is 
a single high-voltage programming line, while all the other lines 
remain at TTL levels. 

Instead of stocking a mass of different boards, now you can 
inventory a few common ones and 
personalize them later. 

This on-board programmability 
is a huge advantage for our S6834, 
the latest member of the AMI 
microprocessor f arnily. 

Anotherversion, theS5204A, ~-
gives you the same bonus as a ~ 
second source to National's //_p_§l. 
MM5204. But its a lot faster. A~§ l 

Both AMI parts have other i · 
features that mean a big difference in '-1 g_ 
your systems performance. You get the - fl l 
benefit of a dense 512x8-bit organization. The 6- \1.-
575 ns access time makes it speed compatible with l 
the AMI 6800. And the P-Channel SiGate ~ ~ 1 · i 
process delivers an EPROM you can trust. l 
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In fact, every spec makes our EPROM worth pinning down: 
512x8-bit organization 
Single high-voltage pin for programming 
All 1/ 0 lines TTL compatible for read and program operations 
Less than one minute programming time for all 4096 bits 
5 7 5 ns access time 
UV light erasable 
Static operation: no clocks 

Three-state data outputs 
~__..,..-..... Standard power supplies : + 5V, -12V 

P-Channel Silicon Gate process 
Hermetic package 

For an EPROM that's going nowhere, 
its certainly got a lot going for it. 

And its available now from your 
local AMI sales office, 

distributor or represen­
tative. Give him a call. 

""'-=;;;~ Then welcome our 
~--- EPROM on board. 

it's 
standard 
a~IMII® 

AMERICAN MICROSYSTEMS. INC 
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OurEPROM 
is hereto stay: 
SALES OFFICES 
Long Beach CA • (213 ) 595-4768 
San Jose CA • (408) 249-4550 
Altamonte Springs FL • (305) 830-8889 
El k Grove Vi llage IL • (312 ) 437-6496 
No rwood MA • (617) 762-0726 
Livonia M l• (313 ) 478-9339 
Min neapolis MN • ("1 2 ) 559-9004 
Monsey NY • (914 ) 352-5333 
Cleveland O H • (216) 292-6850 
Ambler PA • (215) 643-0217 
Richardson TX • (214 ) 231-5721 

DIST RIBUTORS 
ARROW ELECTRONICS : 
Minnesota-B loomington (612) 888-5522 

CENTURY ELECTRONICS : 
New Mexico-Albuquerque (505) 292-2700 
Utah-Salt Lake City (801 ) 487-8551 
CESCO ELECTRONICS . LT D .: 
Canada-Montreal (514 ) 735-5511 

COMPONENT SPECIALISTS . INC .: 
Texas-Dallas (214 ) 357-4576 

Houslon (713) 771-7237 
INTERMARK ELECT RON ICS : 
Was h ington-Seattle (206) 767-3160 
SCHWEBER ELECTRONICS: 
California-Costa Mesa (213 ) 924-5594 

and (714 ) 556-3880 
Connecticut-Danbury (203) 792-3500 
Florida - Hollywood (305) 927-0511 
Georgia-Atlanta (404) 449-9170 
Illinois-Elk Grove Vi llage (312 ) 593-2740 
Iowa- Cedar Rapids " Lorenz Sales" 

(319) 393-6912 
Maryland-Roc kville (301 ) 881 -3300 
Massachusetts-Waltham (617 ) 890-8484 
Michigan-Troy (313) 583-9242 
Minnesota-Edina (612 ) 941-5280 
New Jersey-Somerset (201 ) 469-6008 
New York-Rochester (716 ) 461-4000 

Westbury (516) 334-74 74 
Ohio - Beachwood (216) 464-2970 
Texas - Austin (512 ) 837-2890 

Dallas (214 ) 661 -5010 
Houston (713 ) 784-3600 

Canada - Mississauga , Ont . (416) 678-9050 

SEMICOMP CORP. : 
California - Newport Beach 

(213 ) 971 -5253 and (714 ) 833-3070 

STERLING ELECTRONICS : 
Arizona-Phoeni x' (602) 258-4531 
Lou isiana-Metairie (504) 887-7610 
Massachusetts-Watertown (617 ) 926-9720 
New Jersey-Perth Amboy (201 ) 442-8000 
New Mexico- Albuquerque (505) 345-6601 
Texas-Dal las (214) 357-9131 

Houston (713) 627-9800 
Virginia - Richmond "Meridian Elec tronics" 

(804 ) 359-0221 
R. V. WEATHERFORD CO .. 
Ar izona-Phoenix (602) 272-7144 
California-Anaheim (714 ) 547-0891 

Glendale (213) 849-3451 
Palo Alto (415) 493-5373 
Pomona (714) 623-1261 
San Diego (714 ) 278-7400 

Colorado - Englewood (303) 761-5432 
New Mexico-Albuquerque (505) 842-0868 
Texas-Dallas (214 ) 243-1571 

Houston (713) 688-7406 
Washington-Seattle (206) 243-6340 

REPRESENTATIVES 
AMMON & RIZOS : 
Oklahoma-Oklahoma City (405) 373-2748 
Texas-Dallas (214 ) 233-5591 

Houston (713) 781-6240 
BARNH ILL F IVE : 
Colorado-Denver (303) 426-0222 
BENEKE & M cCAUL: 
Missouri-Grandview (816 ) 765-2998 

St . Louis (314 ) 567-3399 

CAN TEC REPRESENTAT IVES , INC .: 
Ontario-Ottawa (613) 225-0363 

COULBOURN DEG REIF, INC .: 
Maryland-Baltimore (301) 247-4646 

H ADDEN ASSOCIATES : 
California-San Diego (714 ) 565-9445 

HECHT. HENSCHEN & ASSOCIAT ES , INC .: 
Arizona - Phoenix (602) 275-4411 

LOWREY & ASSOCIAT ES : 
Mich igan-Brighton (313) 227-7067 

MASIN-ESCO , INC .: 
N ew Jersey-North Caldwell (201) 226-2550 
N ew York - Syosset (516) 364-0310 
NORTHWEST MARKETING ASSOC IAT ES : 
Was hington - Bellevue (206) 455-5846 

OASIS SALES , INC .: 
Il l inois-Elk Grove Vil lage (312 ) 640-1850 

PRECIS ION SALES COMPANY: 
N ew York-Syracuse (315 ) 458-2223 
REP. INC .: 
A labama-Huntsville (205) 881-9270 
Georgia-Tucker (404) 938-4358 
North Carolina - Raleigh (919) 851-3007 

TECHNICAL REPRESENTATIVES , INC . 
Indiana-Indianapolis (317 ) 849-6454 

Al Mlle 
AMERICAN MICROSYSTEMS. INC 
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Fig. 5 Switching time measurements. Interface driver is use­
ful in generating fast current pulses to measure (a) diode 
forward recovery time, as stored charge dissipates through 
R, ; (b) diode reverse recovery time (low value of RL means 
less power dissipation and lower reverse voltage); or (c) turn 
on and turn off times of transistor. For pnp transistor the same 
configuration would work, except diode would be reversed 

version. Furthermore, when the de­
vice under test (DUT) is nonlinear, 

such as a diode, impedance match­
ing and hence generating an accu­

rate current pulse are difficult. 
In these applications, a physically 

small high speed current source can 

be placed close to the device under 
test as a transmission line receiver. 
Low voltage pulse is transmitted 
through a terminated coaxial cable 
to the input of the current source, 
turning it on, and injecting current 
pulse into the DUT. Neither high 
amplitude voltage pulses nor im­
pedance matching at the current­
source output is required. Rise time 
of short circuit current is about 1.5 

ns. Some practical examples appear 
in Fig. 5. 

Conclusion 

Since most commercially available 
digital signal and pulse generators are 

not suitable to drive both bipolar and 

MOS devices or to .use in r andom 

logic interface applications, the in­

terface driver fills an important gap 

in these testing applications. Further­

more, it offers · drive capabilities of 

a high performance pulse generator 

at the cost and size of a component ; 

it therefore provides a low-cost al­

ternative for building high speed test 

equipment. D 
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• 

Our fast 4K RAM. 
Access Read/Write Read/ Modify/ Write 

Model No. Time Cycle Time Cycle Time 

MM5270 (18-pin) 200 ns 400 ns 580 ns 

MM527 1* (18-pin) 250 ns 400 ns 560 ns 

MM5280 ( 22-pin) 200 ns 400 ns 520 ns 

MM5281* (22-pin) 250 ns 400 ns 510 ns 

*Chip enable is TIL compat ible. 

Our faster 4K RAM. 
Access Read/Write Read/Modify/Write 

Model No. Time Cycle Time Cycle Time 

MM5270A ( 18-pin) 150 ns 300 ns 400 ns 

MM5271A* (18-pin) 200 ns 300 ns 400 ns 

MM5280A (22-pin ) JSO ns 300 ns 370 ns 

MM528JA* (22-pin) 200 ns 300 ns 370 ns 

''Chip enable is TfL compatibl<'. 

National Semiconductor Co rporation, 

2900 Semiconductor Drive, Santa Clara, CA 95051 

Gentlemen: 
Kind ly rush data shee ts on your fa st, and faster, 4K RAM s. 

Name ______________ Title _______ _ 

Company _____________________ _ 

Address _____________________ _ 

Cit y _________ State _______ Zip __ _ 

~ National Semiconductor 
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I TECH BRIEF I 

Generation Of Key 
In Cryptographic System 

For Secure Communications 

A number of general-purpose digi­
tal computers are used for gathering, 
categorizing, and storing confidential 
data. When these data are trans­
mitted to a remotely located terminal, 
unauthorized access to it may be 
prohibited by using cryptographic 
encipherment. Encipherment with a 
particular key is illustrated as 

Sequence: 0 1 1 0 1 0 1 1 1 1 0 1 1 0 0 
Key : 1 1 1 1 0 1 0 1 1 0 0 1 0 O O 

Cipher: 1 0 0 1 1 1 1 0 0 1 0 0 1 0 0 

Transformation consists of a bit-by­
bit modulo-2 sum (ie, exclusive-OR) 
of the data sequence with the key. 

An authorized user would have a 
priori knowledge of the key and of 
the corresponding inverse transfor­
mation. Thus deciphering proceeds as 

Cipher: 1 0 0 1 1 1 1 0 0 1 0 0 1 0 0 
Key : 1 1 1 1 O 1 O 1 1 O O 1 O O 0 

Sequence: 0 1 1 0 1 0 1 1 1 1 0 1 1 0 0 

Decipherment involves an inverse 
transformation whereby the key is 
subtracted bit-by-bit modulo 2 from 
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the cipher, yielding the data se­
quence. 

The cipher described is known as 
the Vigenere cipher. A Vigenere 
cipher with a key of unlimited length 
(ie, nonrepeating) is called a Ver­
nam system. 

A report has been published which 
discusses key generation for the Vi­
genere, the compound Vigenere 
(where two or more combined se­
quences comprise the key) , and the 
Vernam systems, using feedback shift 
registers (FSRs). The report dis­
cusses theoretical considerations nec­
essary for key generation. One major 
topic includes binary FSRs, particu­
larly nonsingular FSRs. Key se­
quences are generated using non­
singular FSRs, which are determined 
from factors of de Bruijn graphs of 
order r. A section of the report is 
devoted to linear feedback shift reg­
isters (LFSRs) and their role in 
generating binary sequences. These 
are compared with nonlinear FSRs. 

A number of feedback functions 
are discussed for generation of long 
key sequences, which can be split 

and then rejoined to create additional 
nonrepetitive sequences. The report 
includes a number of examples. Pro­
jections for future work are also dis­
cussed. 

Note 

Requests for further information 
may be directed to Technology Uti­
lization Officer, NASA Pasadena Of­
fice, 4800 Oak Grove Dr, Pasadena, 
CA 91103. Reference : TSP75-10278. 

Pate1>t Stotus 
T his in ven t ion has been paten ted by NASA 
(U.S. Pat ent No . 3,911,330). Inquiries con­
cen1 ing nonexclusive or exclusive l icense for 
its commer cia l development should be addressed 
to Patent Coun sel, NASA Pasaden a Office, 
4800 Oak Grove D r. P asadena, CA 91103. 
Sou rce : Marvin Perlman of Calt ech/ J P L 
( NP0-13451). 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any person 
acting on behalf of the United States Gov­
ernment assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rights. 
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the alternative to printers 
that break down in 

the middle of the night! 

OEM's now have a super-reliable 24-
hour-a-day medium speed printer-de­
signed by request. Clean, straightforward 
design makes IPS-7 flexible, mechanically 
reliable-electronically sound. Prices and 
capabilities are competitive. 

OEM 's want as few brands as possible. 
IPS-7 is all the printer you 'll need for years 
to come. You don 't have to put tinkertoys 
together to assemble your custom con­
figuration . The functional structure is built 
in. Just plug in your options. Compatible? 
Yes, interchangeable with the printer you 
designed in. 

How does the "7" pack in so much? 
Start with a big healthy micro-processor 
that gives the flexibility-programmable 
forms control , diagnostic package, char­
acter size and serial or parallel interface. 
This takes the burden off the computer. 
Use rapid , super-reliable servo and step­
ping motors to get rid of troublesome gears, 
clutches. brakes, bearings and shafts-at 
least 75% fewer parts (consider the MTBF 
of those!)-and ruggedize the rest. Pro­
vide positive filtered air flow for operation 
in heat, cold and dirt without a clean room. 
Include sensible ideas like three head­
speeds-to print, to move and to give dou­
ble density without double printing time. 
IPS-7 has low parts cost, and low downtime 

CIRCLE 50 ON IN9UIRY CARD 

which is quickly back to uptime. Only 
DATAROYAL says, "our printer will run and 
run and run ." 

DATAROYAL Intelligent Printing Systems 
have excellent credentials- blue chip 
companies who know how to keep costs 
low. User quotes? " . . . very pleased, use 
five of them continuously, 24-hours-a-day, 
seven days a week . . . contact us if you 
want to bring someone in to look at the 
printers." " IPS-7 has options that else­
where are a magnitude more expensive. 
We have cost effectiveness. We made a 
thorough study before buying." IPS-7 is 
the answer to the quote, " Until now we've 
used printers that break down in the mid­
dle of the night. " 

Ask for proof of the performance you 're 
waiting for. 

DATAROVAL 
INCORPORATED 
235 MAIN DUNSTABLE ROAD . 

NASHUA, NEW HAMPSHIRE 03060 (603) 883-4157 
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I TECH BRIEF I 

Stripe-Line Coil For Magnetic-Field Generation 

In Bubble Memory Devices 

An improved coil for magnetic bub­
ble memory devices consists of a 
stripe-line coil pattern with vary­
ing widths of conductor etched from 
a conductive film supported on a 
polyamide film. The multiple-layer 
stripe-line coil has conductors in 
series along the layer direction, 
rather than in the axial direction, 
which minimizes potential differences. 
The stripe-line layer is wrapped 
around a fixed coil form, and the 
outer ends of the conductors are con­
nected electrically as a single loop to 
form a field coil {see illustration). 
Conductor length, width, and spacing 
are controlled by the etched pattern, 
resulting in coil parameters, such as 
size, shape, and the like, with less 
variation from run to run than in 
wire-wound coils. The stripe-line coil 

arrangement is simpler, easier to 
wind, and has better field uniformity 
inside the coil and less coil loss at 
high frequency operation. 

The printed-circuit magnetic-field 
coil is produced on a flexible con­
ductor substrate by etching the de­
sired stripe-line pattern on a con­
ductor foil supported on an insulat­
ing film. Preferably, this con8ists of 
cold-rolled copper on a polyamide 
film. Photolithographic techniques 
provide one method of forming the 
stripe-line pattern of the conductor 
layer. The copper surface is coated 
with a thin layer of light-sensitive 
photoresist, which is exposed to light 
through a photomaster with the de­
sired stripe-line design. The conduc­
tor material is then developed and 
etched to produce the pattern. 

' WINDING NOTE : l-2-3-4 - 5 - 6 represent 
EN DS the sequence of curre n t f l ow 

'°"~'~'.~,: :"~" '°""°''°'' 
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The multiple-layer stripe-line coil 
structure substantially reduces the 
high frequency loss in two ways. 
First, sufficient spacing between lay­
ers or columns of conductors can he 
provided to reduce the interwire 
coupling, and secondly, with the 
winding in the coil connected in 
series, the current will flow through 
adjacent vertical arrays or columns 
of conductors. This winding arrange­
ment minimizes potential differences 
between neighboring turns, thereby 
minimizing high frequency loss due 
to interwire coupling. The arrange­
ment also helps to minimize unequal 
current distribution at high fre­
quencies which occurs in coils with 
parallel-wound layers. Effective turns 
in this winding scheme can he con­
trolled by varying the conductor 
width. (Increasing the width de­
creases the number of turns.) 

Note 

Requests for further information may 
he directed to Technology Utilization 
Officer, Langley Research Center, 
Mail Stop 139-A, Hampton, VA 
23665. Reference: B75-10195. 

Patent Status 

Title to this invention has been waived under 
the provisions of t he Nat ional Aeronau ti cs and 
Space Act [42 U. S.C. 24 57( f)], to the Rock­
well International Corp, An aheim, CA 92803. 
Source: Thomas T . Chen and .John E. Ypma 
of Rock well Internationa l Corp (LAR-11 705). 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United States Government nor any person 
acting on behalf of the United States Gov­
ernment assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rights. 
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Ask 
Control Data 
for the first horizontal font 
300-600-900 lpm family 
of @~~ printers with the 
print band any operator 
can change in 30 seconds. 

We have it. 
Here now: CDC horizontal font Band Printers with truly operator­

interchangeable bands- plus exclusive choice of 10 and 15 cpi bands! 

Just look at their advantages: 

Users can switch bands in 30 seconds! Single-piece band weighs 

less than an ounce! Stores conveniently in cabinet. No need to lift out 

the ribbon! Insert a new band-the printer automatically adjusts for 

p itch and 48, 64 or 96 character sets. Eleven bands now avai lable. 

Paper-saving condensed pitch! Prints 132-character lines either on 

14%" or 11" paper! Unique 15 cp i bands cut user paper costs and 

storage needs by reducing paper vol ume 40%! 

Three look-alike models. Only six d ifferences between units; identical 

spare parts kits. Offer a choice of speeds - without tying up capital in 

spare parts inventories! 

Minimum operator attention. Exclusive patented contro l permits use 

of double-length 48-yard ribbon , cuts ri bbon changes 50%' Electri c 

eye automatically reacts to any paper feed jam-up, permits use of 

lighter-weig ht paper. 

Superior readability. These CDC Band Printers deliver full , solid 

st rokes-top to bottom-even on super- and sub-scripts. 

Make these advantages your advantages ! 

Write for complete information plus sample printout. Compare our 

sample with copy from any printer. See how CDC Band Prin ters offer 

print quality and printer features never before avai lable in a mediu m­

to-high-speed printer under $10,000! 

New compact 27" width. Takes a minimum 
of precious fl oor space. 

Phone (313) 651-8810 or write : Harrison Craig , Peripheral Products Sales Manager. Control Data Corporation . 

1480 N. Rochester Road, Rochester , Michigan 48063 D Ask a CDC Sales Representative to bring me a Band 

Printer evaluation unit. D Send more information and sample print-out. 

Ask the CDC OEM people 

NAME~----------------- TITLE------

FIRM ______ _____________ ADDRESS _____ _ 

C1TY _______ STATE ____ ZIP ____ AREA COQE ___ PHON E _____ _ 

&l c:\ CONTl\.OL DATA 
\!:I ~ CO~OR{\TION 

I 
I 
I 
I 
I 

L--------------------------------------~ 
CIRCLE 51 ON IN9UIRY CARD 117 



TECH BRIEF I 

Synchronizer For Random Binary Data 

A simplified binary-data transition 
detector, for synchronization of rela­
tively noise-free signals, can he used 
with radio or cable data-control links. 
It permits reception of binary data 
in the absence of a clock signal or 
a self-clocking coder. The detector 
includes a phase-locked loop (PLL) 
and a voltage-controlled oscillator 
(VCO ) to reconstruct the data clock 
rate at the receiver. 

The detector loop, shown in the 
diagram, incorporates a VCO which 
generates a squarewave output at 
twice the frequency of the incoming 
hit rate. The true and complement 
outputs at a(t) and a(t) are the data 
transition sample pulse and the mid­
hit sample pulse, respectively. When 
the PLL is in lock, the leading edge 

Notes : 

Data 
Input 

S = Storage Element 
T • Transition Signal 
E "" Error Signal 
NE = Normalized Error Signal 
VCO .. Voltage-Controlled Oscillator 
I "" Inverter 
Tb ""' B it Time 

VCO 
Clock 

a(t) 

a (t) 

Typical B it l 
Stream! I 

~Tb--1 

of t1mmg signal a ( t) occurs at the 
hit transition, and the leading edge 
of timing signal a ( t) occurs mid-hit. 

The leading edge of timing signal 
a ( t) is used to sample input data to 
determine the sign of the present 
phase error and to derive the error 
signal. The leading edge of timing 
signal a ( t) is used to sample input 
data to determine whether or not a 
transition occurred. If a transition 
occurred, a binary-valued error volt­
age is applied to the VCO. If a transi­
tion did not occur, a voltage that is 
midway between the two binary 
values is applied to the VCO. This 
provides an output frequency from 
the VCO, when there is no transition, 
that is approximately equal to the re­
ceived data rate. 

a(t) 

a(I) a(t) 

'• '· t, '· 1, 

' '------'---! _l ----'-l ___.1 

System Block Diagram and Sample Timmg 
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Storage is required as follows (see 
sample timing under diagram) : Time 
t1 is the point in time where data is 
first sampled and then stored in stor­
age element SL At time t 3 data stored 
is added modulo-2 to present data 
and is stored in S2. Output from S2 
then indicates whether a data transi­
tion occurred at time t2• At time 
t2 data is sampled and stored in S3. 
Output from 53 is added modulo-2 to 
output from 51 which serves as the 
normalizing term N. 

This addition assures the inde­
pendence of the sign of the error sig­
nal from the direction of the transi­
tion. At t3 the normalized sign of the 
error signal NE is stored in S4. Out­
put from 52, the transition detector, 
remains for one full hit time between 
t3 and t5 • Output from 54, the sign 
of the error signal, remains for the 
same length of time. Data are even­
tually clocked into a serial-input 
shift register (not shown) for re­
ceiver processing. 

Note 

Requests for further information 
may he directed to Technology Util­
ization Officer, NASA Pasadena Of­
fice, 4800 Oak Grove Dr, Pasadena, 
CA 91103. Reference: TSP75-10325. 

Patent Status 

NASA h as decided not to apply for a patent. 
Sou rce: Tage 0. Anderson, Jack K. Holmes, 
and W illiam J. Hurd of Caltech/JPL (NP0-
13286). 

This document was prepared under the 
sponsorship of the National Aeronautics 
and Space Administration. Neither the 
United Stales Government nor any person 
acting on behalf of the United States Gov­
ernment assumes any liability resulting 
from the use of the information contained 
in this document, or warrants that such use 
will be free from privately owned rignts. 
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0 INTEGR-4TED CDYlPlJrER SYSfbMS, lf\C. 
LOS ANGELES • BRUSSELS 

MICROPROCESSOR & MICROCOMPUTER 
INTENSIVE SHORT COURSES 

EDU01TION IS OUR BUSINESS 

COURSE 220: MICROPROCESSORS IN 
MANUFACTURING AND INDUSTRIAL CONTROL 
• Introduction to Microprocessors and Microcomputers 
• Performing Typical Factory Functions and Problems 
• Microprocessor vs. relays, programmable controllers, 
analog circuits and minicomputers • Cost/Performance 
benefits and tradeoffs • Interfacing: AC devices, analog 
signals , DC • Software and how to develop it 

COURSE 201: MILITARY AND AEROSPACE 
MICROPROCESSOR SYSTEMS 
• LSI Technologies • Standardization • Technical Survey 
& Comparison of Military Microprocessors • Design 
Considerations • Applications of Microprocessors 
•Distributed Intelligence Systems 

COURSE 205: MICROPROCESSORS AND LSI 
IN TELECOMMUNICATIONS APPLICATIONS 
• Economics of Alternative Technologies • Survey of 
Appl ications- How to use Microprocessors and LSI 
• Basic Elements of a Microcomputer System • Case 
Histories Detailed • Advanced Multi -Microprocessor 
Configurations • How to get started • The Future 

COURSE 156: SOFTWARE/SYSTEM DEVELOPMENT: 
TOOLS AND TECHNIQUES FOR MICROCOMPUTERS 
• Software Fundamentals • System Development Process 
Overview • System Analysis • Program Design • Program 
Implementation • Hardware/ Software Integration, 
Testing and Debugging • Future Trends in System 
Development (Replaces former Course 134) 

COURSE 187: BIT-SLICE MICROPROCESSORS, 
PLA'S AND MICROPROGRAMMING 
•Applications of Microprogramming and Bit-Slice 
Microprocessors • Microprogramming Techniques 
• Survey of Microprogram mable Devices • Case Studies 
in Bit-Slice Microprogram Applications • Programmable 
Logic Arrays • Implementation of Applications for PLA's 

COURSE 102: MICROPROCESSORS/MICROCOMPUTERS: 
A Comprehensive Technical Introduction and Survey 
• Review of Relevant Fundamental Computer Concepts 
• Basic Elements of a Microprocessor System 
• Development of a Microcomputer System • How 
to get started • Estimation of Cost 

·-----------------------------~~---PLEASE REGISTER ME IN THE FOLLOWING COURSES· MAIL TO: Enrollment Secretary 

C4Jll1I 220 C'.ourse l!il 
(Dir 1&2) (Dlr3&4J 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Course 2.01 Cour1I Jlt 
(DIJ l& 2) (DIJ 314) 

0 0 

0 0 
0 0 
0 0 

Course 205 C'.ourse IS 
(DIJ l& 2) (Dar 3 & 4) 

Aug.30-Sept.2 
Sept. 27-30 
Oct.12-16 
r>ct.19-22 
Oct. 28-29 
&v.9-12 
-Nov.1&48 
Jfov. so-oec. S 

DETROIT 
NEWARK, NJ. 
BOSTON 
ST. LOUIS 
SAN FRANCISCO 
HOUSTON 
WASHINGTON D.C. 
LOS ANGELES 

Sept. 20-23 WASHINGTON D.C. 
(just after AOC convention) 

tlov. 2-5 SAN DIEGO 
.Dec. 7-10 LOS ANGELES 
Nov. 23-28 MONTREAL 

0 0 Oct. 6-8 WASHINGTON D.C. 

C..102 Ctalse 156 c.se 187 
{DIJ 1) (Dir 2 & 3) (Oar A & 5) 

D O O Sept. 13-17 LOS ANGELES 
(at time of WESCON) 

Integrated Computer Systems, Inc. 
P.O. Box 2368 
Culver City, California 90230 
(213) 559-9265 

HOURS: 
9:00am to 4:30pm-LECTUR ES 

TUITION FEE : 
INCLUDES : Lectures, course 
notes, reference mater ials, 
hardware demonstrat ions, 
luncheon and coffee breaks. 

Name 

Job Title 

Organization 

Address 

.---~~~~~~~~---, 

ONE DAY COURSE $220 
TWO DAY COURSE $395 

Special Discount 
BOTH TWO DAY $695 

COURSES 

City State Zip 

Telephone TWX / Telex 

0 Payment has been (will be) forwarded 0 Purchase order has been (will be) forwarded 
0 I will bring payment, purchase order or letter of author ization wi th me to course(s) 

O Please send free Course Catalog of these and other course offer ings. 

O Please send schedule of similar courses being offered in Europe. 

O Please send ON -SITE information. 
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I MICRD PRDCESBDR 
COMPUTER DATA STACK I 

Microcomputer Interfacing: 

The Substitution of Software for Hardware 

Readers who follow the current litera­
ture on microcomputers frequently en­
counter phrases such as "hardware/ 
software tradeoffs" or "substitution of 
software for hardware," which are 
indicative of anticipated microcom­
puter applications in the near future, 
and which do much to explain why 
industry is so excited about them. In 
this month's column, we will discuss 

Peter R. Rony 

Virginia Polytechnic Institute 
& State University 

David G. Larsen 

Virginia Polytechnic Institute 
& State University 

Jonathan A. Titus 

Tychon, Inc 

how to "substitute" microcomputer 
software for hardware. 

First let us recall the definitions: 
Hardware-mechanical, magnetic, 
e 1 e ctr on i c, electromechanical, and 
electrical devices from which a system 
is fabricated 
Software-totality of programs and 
routines used to extend capabilities of 
computers, such as compilers, assem-

8- BIT 
BIDIRECTIONAL 
DATA BUS 

8080 
MICROCOMPUTER 256 INPUT 

. 
INTERRUPT • 

INPUTS • 
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EJ 
• DEVICE SELECT 

PULSES 

256 OUTPUT 
• DEVICE SELECT 
• PULSES 

Basic mi croco m pute r 
"tools" required for substi­
tution of hardware by soft­
ware 

blers, narrators, routines, and subrou­
tines' 

In this case, software represents the 
machine-language program stored 
within the memory of a microcom­
puter, and hardware represents spe­
cific devices that store, manipulate, 
receive, or transmit digital informa­
tion. Included in the definition of 
hardware is the microcomputer itself. 
The basic point can be simply stated: 
Through skillful programming, it is 
possible to substitute machine-level 
routines and subroutines for specific 
hardware devices that store, manipu­
late, transmit, or receive digital in­
formation. This activity is called "the 
substitution of software for hardware." 

Typical hardware that is replaced 
includes knobs, buttons, pulsers, 
switches, logic switches, clocks, and 
small memories. Still others are TTL 
IC chips that perform digital func­
tions such as debouncing, sequencing, 
shifting, adding, subtracting compar­
ing, and logic operations on multibit 
digital words. Hardware that is usual­
ly not replaced includes simple TTL 
chips such as inverters, Hip-flops, 
gates, latches, 3-state buffers, and 
counters. 

Basic "tools" used in substitution of 
software for hardware (Figure) are 

( 1) Programming 
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(2) Use of synchronized data appear­
ing on bidirectional 8-bit data bus, 
DO through D7 

( 3) Input and output synchronizing 
pulses called device-select pulses 

( 4) Interrupts to the microcomputer 

In an 8080-based microcomputer, 256 
input and 256 output synchronizing 
pulses can be generated. If more 
pulses are needed, memory I/O tech­
niques can always be used, as discuss­
ed in last month's column. An un­
limited number of synchronizing 
pulses are therefore available to co­
ordinate behavior of almost any type 
of digital electronic circuit. As soft­
ware is substituted for hardware, the 
main tradeoff will be speed of oper­
ation. It is useful to remember that 
in substitution of software for hard-

ware, the key tradeoff is speed of 
operation. Execution of any computer 
instruction takes time; therefore, the 
more instructions that are used, the 
longer it takes to execute them. This 
tradeoff is not as serious as it may 
seem. Present 8-bit microcomputers 
are very fast, and future microcom­
puters will be at least ten times 
faster. By digital electronic standards, 
the majority of existing electrome­
chanical machines are slow. Human 
senses cannot participate in activities 
that require millisecond time resolu­
tions, ie, in an I/O sense, humans 
are very slow machines. 

The Table summarizes some com­
monly encountered situations in which 
hardware items such as debounced 
pulsers, switches, logic switches, and 
clocks are replaced by simple wire 

Some Uses for Device-Select Pulses 
In Substitution of Hardware by Software 

SUBSTITUTED HARDWARE 
FUNCTION 

lo) PULSER • 500 "' 
MONOSTABLE 

(b) LOW DUTY-CYCLE 
CLOCK (500 "' PULSES) 

(c) OEBOUNCED PULSER, 
MONJSTABLE, LOGIC 
SWITCH 

(d) VARIABLE DUTY-CYCLE 
CLOCK 

(o) ONE BIT OF CONTROL 
INFORMATION FROM 
MECHANICAL SWITCH 

(I) EIGHT BITS OF CONTROL 
INFORMATION FROM 
SET OF EIGHT MECHANICAL 
SWITCHES 

NEW HARQWARE CIRCUIT 

Dsli----· -ir-

DO~ _r-747 

1556 

D7 • 
• 

DO • 8212 

DSf 

• CONTROL 
: WORD 

SOFTWARE EMPLOYEp 

OUT 0 

: TIMING 

[

OUT 1 

• LOOP 

JMP 

OUT 2 

• 
e TIMING 

LOOP 

• 
OUT 3 

OUT 4 

• 
• TIMING 

• LOOP 

OUTS 

• TIMING • LOOP 

• 
JMP 

MVI A CTRL 
OUT 6 

MVI A CTRL 
OUT 7 

connections, latches, flip-flops, and 
inverters. Abbreviated versions of the 
required software are given. Ref. 2 
or previous columns provide details 
on generation of OUT n pulses, where 
n is an octal number ranging between 
0008 and 377 8 . "Timing loop" is a 
short microcomputer subroutine that 
generates precise time delay, typically 
> 100 µs . As seen in the Table, re­
placement can be accomplished in 
most cases by use of one or two dif­
ferent device-select pulses. A pair of 
OUT n instructions that bracket a 
timing loop are sufficient, when ap­
plied to SN7474 flip-flop, to produce 
monostable pulse of precise time dur­
ation. Addition of a second timing 
loop and jump instruction, JMP, 
changes output of the flip-flop to that 
of a variable duty-cycle clock; duty 
cycle is controlled by relative time de­
lays of two timing loops. 

Of particular interest is entry f in 
the Table, in which an 8-position me­
chanical switch or eight individual 
mechanical switches are replaced by 
an 8-bit control word that is strobed 
into an 8212 chip from the accumula­
tor with the aid of a device-select 
pulse. This control word is latched by 
such an action, and subsequently can 
influence behavior of a rather so­
phisticated digital circuit. The chip 
therefore functions as control register 
for the circuit. This principle is being 
widely used in a group of interface 
chips that reduce number of wire con­
nections needed between a microcom­
puter and external device. The 8255 
programmable peripheral interface 
chip described in last month's column 
is included in this category. 

Only a few examples of how hard­
ware can be replaced by simple soft­
ware with aid of device-select pulses 
are provided in the Table. Omitted are 
more obvious hardware substitutions: 
arithmetic logic units ( SN74181), 
digital comparators (SN7485), and 
shift registers (SN74194, SN74198, 
SN74199). Such chips are replaced 
by microcomputer instructions that 
add, subtract, compare, and shift 
8-bit contents of the accumulator 
register . 

References 

1. Microprogramming Handbook, Micro­
data Corp, Santa Ana, Calif, 1971 
2. Bugbook III. Microcomputer Inter­
fa cing Experiments Using the Mark 80" 
Microcomputer, an 8080 System, E & L 
Instruments , Inc, Derby, Conn, 1975 

This article is based, with perm1ss10n, on 
a column appearing in American Laboratory 
magazine. 
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CPU and Support Products 
Expand pComputer Line 

Nineteen products, providing im­
proved cost/performance microproces­
sors as well as II 0 devices and 
memories that enhance total system 
capabilities at low cost, are avail­
able from NEC Microcomputers, Inc, 
5 Militia Dr, Lexington, MA 02173. 
These include two 8080A central 
processing units, eight support chips, 
seven memory products, and two con­
trollers. Some are available from 
inventory; all will be available in 
production quantities by the end of 
the third quarter this year. 

Full support through documenta­
tion, a time-sharing service for soft­
ware development, and a self-con­
tained microcomputer system for pro­
gram development which includes 
programming capability for EEPROM 
are also provided. Products are pin 
and software compatible with other 
companies' products. 

8080A Microprocessors 
Two high-performance microproces­
sors, the uPD8080A-2 and the 
uPD8080A-l are, respectively, 25 and 
50% faster than the company's stan­
dard 8080A processor. The -2 has a 
clock frequency of 2.5 MHz, while 
the -1 has a 3.0-MHz frequency. 
Main features are BOD subtraction 
as well as addition capability, and 
register-to-register move instruction 
time of four clock periods, 20% fast­
er than other 8080A processors. Both 
processors are n-channel, 8-bit paral­
lel units with TTL compatibility. 
Standard features include 78-instruc­
tion repertoire, software and pin com­
patibility with other processors, multi­
byte interrupt handling, and auto­
matic stack operation with 16-bit 
stack pointer. 

Upon interrupt, an instruction of 
three bytes can be accepted; a call 
instruction can be inserted so that 
any address in memory can be a 
starting location for an interrupt 
handling routine. Each interrupt op­
eration has a separate location; as 
a result, no polling is required to 
determine the kind of interrupt. Deci­
mal adjust accumulator instruction 
operates correctly after subtraction, 
as well as after addition, so that 
BCD subtraction can be performed 
at the same speed as BCD addition, 
without a special subroutine. 
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Peripheral Chips and UART 
Three support circuits for use in 
8080A microprocessor applications 
are the uPD8212D, an 8-bit 110 port; 
the uPD8216D, a bidirectional 4-bit 
bus driver; and the uPD369D/C, a 
fast programmable universal asyn­
chronous receiver I transmitter 
(UART). Compatible with Intel prod­
ucts, the two chips provide users 
with an alternative source for these 
products. 

The 8-bit I/ 0 port is a versatile 
device with multi-mode operational 
characteristics for implementing 
latches, gated buffers, and multi­
plexers, the principal peripheral 
and II 0 functions of a microcom­
puter system. 110 port features fully 
parallel 8-bit data register and buff­
er, 3-state outputs, service request 
flip-flop for interrupt generation, 
asynchronous register clear, and low 
input load current of 0.25 mA max. 
Operating from 5-V supply, it is 
housed in a 24-pin package. 

Designed to buffer microcomputer 
system components, the 4-bit bidirec­
tional bus driver features two sepa­
rate 3-state buffers on each of four 
lines, with TTL compatibility on one 
side for interfacing to system com­
ponents, aud high voltage output 
drive (3.65 V) on the other side for 
direct interfacing to the CPU. Device 
operates from single 5-V supply, and 
comes in ceramic 16-pin DIP. 

Functionally identical to the 1602, 
the UART has the advantage of op­
erating at transmission speeds up to 
50K baud; receiver margins are 43% 
at that range. The unit uses n-chan­
nel aluminum gate MOS technology. 
It is externally programmable to con­
trol word length, odd/ even parity 
generation/verification, parity inhibi­
tion, and data word format. I/O is 
DTL/TTL compatible. Operating 
from standard n-MOS power supplies 
of 12, 5, and -5 V, UART is pack­
aged in either a 42-pin ceramic or 
plastic DIP. 

Additional support chips include 
uPB8224D, 16-pin single chip clock 
generator and driver; uPB8228D/ 
38D, 24-pin system controller and 
bus driver; uPD8251C, 28-pin uni­
versal synchronous I asynchronous re­
ceiver-transmitter; uPD8255C, 40-pin 
programmable parallel I/O port; 
and uPB8214D, 24-pin priority inter­
rupt control unit. 

Large Capacity EEPROM 
Capable of being erased electrical­
ly, the lK-word x 8-bit EEPROM 
( uPD458D) is four times larger than 
its companion 256-word x 8-bit 
EEPROM (uPD454D). With high re­
liability and long life, the EEPROM 
is functionally compatible and simi­
lar in size to other p/ROMs. Less 
power for programming and erasing 
operations is required. Maximum ac­
cess time of the n-channel, silicon 
gate device is 450 ns. 

Compatible with 2708 type ultra­
violet erasable 8K p/ROMs, 
EEPROM has four extra pins on one 
end for erasure voltages; 24 pins used 
for addressing and data are the same 
for both types, permitting use of 
either without board modification or 
program changes. Electrical erasabil­
ity allows the device to remain in 
the system while data are erased, or 
written. More programming changes 
are accommodated with this unit 
than with others. 

Applications include developing 
microcomputer systems, checking and 
debugging software for later use in 
masked ROM, and use in systems 
requiring standby memory for emer­
gency storage of data in case of pow­
er failure. Typical program write 
time is 30 s and requires 26 V. 
Erase time is 60 s and requires 36 
and -40 V. Power requirements are 
approximately 0.25 W. Other features 
include nonvolatile storage, TTL­
compatible I/O for read and pro­
gram operations; 3-state outputs; and 
power supply voltages of 12 and 5 
in ROM mode. Device is contained 
in 28-pin ceramic DIP. 

Other available RO Ms are 
uPD2308D, a 1024 x 8 n-MOS, and 
uPD2316AD, a 2048 x 8 n-MOS, both 
with 450-ns access times. 

RAM Chip Families 
Three families of high speed, low 
cost R/W memories (uPD2101ALC, 
uPD2102ALC, and uPD2111ALC) 
are fabricated using n-channel MOS 
silicon gate process for contamina­
tion protection. They require 5-V 
supply only and use depletion mode 
loads. Also available is a comple­
mentary MOS R/W memory 
(uPD5101C-E) which is a 22-pin 
ultra low power static CMOS de­
vice organized 256 x 4 with access 
time of 1 µ.s. 110 is directly TTL 
compatible. Data are read out non­
destructively and have the same po­
larity as the input data. With sep­
arate 1/0 data terminals, device is 
suited for low power applications in 
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Now the speed, reliability and low 
cost of electrostatic plotting is avail­
able in new, wider formats-20, 22, 
36, 42, and 72 inches. 

Plot a square foot of data in a few 
seconds, no matter how high the 
data density or how complex the 
plot. Draw up to hundreds of times 
faster than a pen plotter. 

Plot electronically. No mechanical 
arms. No photographic develop­
ment. No smears, skips or over­
shoots. Just highly reliable plotting 
that doubles MTBF. 

Plot things you couldn't plot before. 
Giant maps and patterns. Broad 
PERT charts and displays. Spacious 
designs and layouts. Draw them in 
minutes, not hours. 

And what versatility. Draw with subtle 
shading, toned patterns and variable 

Plot 
thirty square feet 
in just one minute. 
line widths. Use the optional 
character generator to write as 
you draw. Print captions, legends 
and other alphanumeric data while 
plotting. 

Get the best plot quality ever deliv­
ered by an electrostatic. Overlap­
ping dot structure provides perfectly 
continuous plot lines. Exclusive 
shaft encoder and servo motor 
drive produce an accumulated ver­
tical accuracy of 0.2% or 15 mils at 
maximum speed. 

Get all this with low investment and 
operating cost that make computer 
graphics more affordable. 

Broaden your perspective. Speed 
analysis. Reduce plotting cost. Mail 
the coupon for complete informa­
tion and your sample of super-wide 
electrostatic plotting. 

CIRCLE 52 ON INQUIRY CARD 

Versatec 
2805 Bowers Avenue 
Santa Clara, CA 95051 
(408) 988-2800 

Send me: D Complete wide plotter 
in formation 

D A super-wide plot sample 

My computer system is: 

Name 

Telephor . .: 

Company 

Address 

City State Zip 

~--VERSATEC T A XEROX COMPANY 



which battery operation, or battery 
backup for nonvolatility, is required. 
In standby, it draws only 10 µA 
from single 2- to 3-V power supply. 

The uPD2101ALC family of 22-pin 
fully decoded static RAMs is organ­
ized 256 x 4, has separate data I/O 
terminals, and is pin compatible with 
the CMOS device. With full TTL 
compatibility, it features access times 
of 250, 350, and 450 ns. A single 
chip-enable (CE) pin is provided for 
selection of an individual device in 
systems with bused outputs. In stand­
by mode, with power lowered to 1.5 
V, power dissipation is reduced to 
42 mW max. Output data have the 
same polarity as input data, and are 
read out nondestructively. 

Available with the same access 
times, chip-enable pin, I/O polar­
ity, and power supply characteristics 
are the other two families. The 
uPD2102ALC family of 16-pin fully 
decoded static R/W memories is or­
ganized 1024 x 1, and has separate 
data I/O terminals. The uPD2111-
ALC family has 18-pin fully decoded 
static R/W memories, organized 256 x 
4; data I/O terminals are common. 

Controllers 
An 8-bit bus compatible magnetic 
tape cassette controller of n-channel 
MOS technology, uPD371D controls 
up to two cassette tape drives in an 
8080A microcomputer system; 
uPD372D, a flexible disc controller 
of n-MOS technology, is compatible 
with IBM 3740 flexible disc drives, 
and can control up to four drive 
units in an 8080A system. 

Modular JIComputer Line 
Developed to Meet 
Industrial Control Needs 
PCS 180 family, a line of industrial 
microcomputers, is designed using 
CMOS and other low power logic 
technologies to keep power dissipa­
tion to a minimum. An additional 
advantage is that CMOS provides 
noise immunity for industrial appli­
cations. To ensure that high and low 
speed peripherals can be interfaced 
with a high degree of bus efficiency, 
the 180 systems use 3-state bus logic. 
Expandable to meet changing indus­
trial requirements, the series can be 
altered or added to without rewiring 
or shutdown. 
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The developer, Process Computer 
Systems, Inc, 5467 Hill 23 Dr, Flint, 
MI 48507, feels that SuperPac 180, 
the advanced component of the line, 
may be the first packaged, general­
purpose microcomputer system of­
fered to the industrial market. Con­
taining full ASCII keyboard and CRT 
display capability in a single low-cost 
package, it includes the PCS 1806 
microcomputer. Unit has display 
memory, character generation, timing, 
and video electronics; it provides 16 
lines of 16 or 64 characters, 1024 
directly addressable character loca­
tions, programmable cmsor, blink, and 
reverse video capabilities. 

A low-cost, rack-mountable indus­
trial microcomputer system, MicroPac 
180 includes an 1806 microcomputer, 
plus 4-slot chassis, power supply, and 
industrial front panel with on I off 
switch and status indicators. Also in­
cluded in the 180 family is the 1810, 
a single-board microcomputer which 
includes power fail/ auto restart and 
battery backup that can support 256 
bytes of CMOS RAM (expandable 
to lK bytes) for up to 10 days. Based 
on the 8080A microprocessor, the 
1810 also includes crystal-controlled 

Microcomputer Based on 
FS Microprocessor 
Is Small, Complete Unit 

Claimed by Pronetics Corp, Div of 
Electronic Packaging, Inc, 6431 Pres­
ton Crest, Dallas, TX 75230 to be the 
smallest, complete 8-bit microcom­
puter, PS-810 comes fully assembled 
and tested with instruction cycle 
time of 2 µ.s. Unit contains F8 micro­
processor, lK-byte R/W memory, lK­
byte firmware, and 32 bidirectional 
latched and TTL-compatible I/O 
ports. 

Family of microcomputers de­
signed for systems use in noisy, 
co rrosive, ·industrial environ­
ments contains· SuperPac 180, 
MicroPac 180, and the 1810 and 
1806 sing le board microcom­
puters, also avai I able with 4· 
slot chassis 

clock; 16 3- to 30-V digital inputs; 
16 30-V, 500-mA digital outputs; 
RS-232/20-mA current loop serial 
port; external interrupt; five inter­
val timers; provisions for 3K bytes 
of EROM / ROM; and DMA capabil­
ity. System can be expanded by addi­
tion of memory and I/O, as well 
as peripheral and communications 
options. It also may be used in the 
SuperPac 180 or the MicroPac 180 
configuration. 

Available for applications where 
battery backup is not important and 
where more memory is required on 
a single board is the 1806 micro­
computer. With lK-byte RAM, pro­
vision for 7K EROM/ROM, eight 
TTL inputs and eight outputs, it is 
otherwise similar to the 1810. Both 
the 1806 and 1810 will be offered 
with a basic 4-slot chassis and power 
supply for low-end, low-cost appli­
cations. Easily mounted in an OEM 
system, it will be a basic microcom­
puter system with II 0 modules to 
be added by the user as needed. 
Eight- and 20-slot chassis versions 
also are available. 

Circle 170 on Inquiry Card 

Two independent external inter­
rupt inputs enable response to ex­
ternal asynchronous events, while 
two independently programmable in­
terval timers provide real-time ca­
pacity. Clock frequency is controlled 
by a 2-MHz crystal. Other features 
include over 76 instructions, 64 R/W 
memory scratch pad registers on CPU, 
indirect addressing modes, automatic 
power-on reset, and standard 4Jf x 
6Jf" board. A lK-byte resident moni­
tor-debug program provides I/O util­
ity subroutines, memory loading, 
dumping, and debug capability to aid 
in program development. 

(Continued on p 126) 
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With our monolithic CMOS converters. 
10- and 13-bit AID converters with tri-state output 
logic that gets you directly onto the microprocessor 
data bus. And our 10-bit DIA converter with double· 
buffered inputs direct from the microprocessor. And 
each communicates in two bytes: the 8 LSB's, and 
the remaining MSB's. 

Our AD7550, industry's newest and most 
accurate monolithic CMOS AID conve1ter, uses a 
r,atented (Analog Devices U.S. Patent No. 3872466) 
'quad slope" conversion technique to provide 

13-bit accuracy, 1 ppml°C offset and gain drifts, and 
has its own amplifier, comparator, clock and 
digital logic. 

Our AD7570 is a monolithic CMOS 10-bit 
successive approximation A/D converter with ratio­
metric operation and only 20mW of dissipation. 
Parallel and serial outputs with 20µ, s conversion 
time provide excellent application flexibility. 

Our AD7522 is a monolithic CMOS multiply­
ing, 10-bit DAC. It's the only such device available 
with double buffered inputs that can be loaded in 
parallel or serial mode. Low dissipation, very low 
feedthrough and drifts of only 1 ppm/°C complement 
the interface handshaking routine for maximum 
flexibility and optimum perfonnance. 

These I/0 peripherals, the AD7550, AD7570 

and AD7522 data conve1ters are your only real 
solutions for interfacing a microprocessor to the 
analog world. 

And these are just three of a complete line of 
more than 20 IC converters that make a lot of your 
conversion problems disappear. For more informa­
tion, write Analog Devices, the real company in 
precision measurement and control. 

gP Data buss 

Reference 

AD7570 

... ANALOG 
a...oEVICES 
The real IC Converter company 
Analog Devices, Inc., Noiwood, Massachusetts 02062 
East Coast: (617) 329-4700, Mid west: (312) 894-3300, West Coast: (213) 595-
1783, Texas: (214) 231-5094. Belg ium: 03 38 27 07, D enmark: 97 95 99, Eng­
land: 01/9410 46 6, France: 686-77 60, Gennany: 089/53 03 19, Japan: 03/26 
36 826, Netherlands: 076-122555 and represen tatives around the world . 

CIRCLE 53 ON IN9UIRY CARD 
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Four 8-bit I/O ports are available 
on two 16-pin DIP sockets for con­
nection through flexible flat cable to 
peripherals, displays, and relays. On­
board flexible data terminal inter­
face connects to any terminal; when 
data terminal interface connector is 
removed, full use of all 32 I/ 0 lines 
is obtained. 

All necessary microprocessor func­
tions are available on a dual 22-pin 
edge connector to permit memory 
expansion. A 4K-byte universal p/ 
ROM board, 4K-byte R/W memory 
board, and cassette mag tape inter­
face board are offered to accomplish 
this expansion. 
Circle 171 on Inq uiry Card 

Arithmetic Software 
Package Designed for 
pComputer Applications 
Designed for use with the Intel 4040 
microcomputer, program requires on­
ly 512 memory locations of 8 bits, 
and performs algebraic addition, sub­
traction, multiplication, and division 
of a decimal number of up to 16 
digits. Simple subroutine addressing 
instruction enables each arithmetic 
function. Program is intended for 
numerical controllers, process con­
trollers, and other microcomputer ap­
plications involving arithmetic cal­
culations. Available from Leuven Re­
search & Development-M.I.D., Groot 
Begijnhof, Benedenstraat 59, B-3000 
Leuven, Belgium, the package con­
tains a set of two programmed 1702 
p/ROMs. 
Circle 172 on Inqui ry Card 

Keyboard System Can 
Enter Languages Without 
Extra Interface Equipment 
Designed by Diversified Technology, 
PO Box 213, Ridgeland, MI 39157, 
Cosmos microcomputer features Key­
Top programming keyboard which 
allows ASCII and assembly language 
to be entered without additional in­
terface equipment. Other features in­
clude bus-oriented design, and low 
power CMOS technology which fa­
cilitates battery operation. 

Unit is available either complete 
or in a kit which contains an RCA 
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CDP 1801C CPU, four I/O ports of 
eight bits each, 256-byte R/W mem­
ory (expandable to 64K bytes), dis­
cretely variable clock with control 
panel, keyboard interface, display, 
and 11-position motherboard. 

Deluxe unit contains standard fea­
tures plus 25&-byte l 702A EPROM 
board (with provisions for lK bytes), 
20-col alphanumeric printer, and 
magnetic tape data storage. Options 
are available as add-ons to the kit. 
C ircle 173 on Inquiry Card 

Resident Assembler 
Provides Complete 
Programming Facility 
Developed for Intel's 8080-based sys­
tem design kit (SDK) microcomput­
er, assembler is self-hosted rather 
than cross-assembler; it runs direct­
ly on the microcomputer for which 
source code is written. Source lan­
guage is fully compatible with existing 
assemblers, but without macros. 
Source statements additionally can 
contain complex expressions, includ­
ing nested parentheses, and arithme­
tic and logical operators. Conditional 
assembly enables easy control when 
a variety of software versions is re­
quired. Relocatable object code and 
self-contained relocatable loader 
permit programs to be loaded any­
where (all address references are 
corrected) . 

One-pass operation, in addition to 
the normal two or three, permits 
final object program to be created 
in a single reading of source code. 
In 2-pass assemblies, all statements 
in error are printed separately dur­
ing pass one, allowing the user to 
determine the extent of any errors 
without obtaining a complete listing. 
Object code may optionally be assem­
bled directly in memory, enabling as­
sembled program to be executed im­
mediately. Other output options in-

elude side-by-side source and object 
listing, and object code stored on 
magnetic or paper tape. 

Another feature is full range of 
error diagnostics, which includes ca­
pability to detect symbol table over­
flow. It occupies less than 4K bytes 
of storage, and the object code pro­
duced can be run on any 8080-based 
microcomputer. Printed output also 
includes the symbol table listing, a 
sorted list of all labels, and their 
values. Any undefined or unrefer­
enced symbols are flagged for easy 
reference. 

The developer, Microcomputer 
Technique, Inc, 1120 Reston Inter­
national Center, Office Building, Res­
ton, VA 22091, says the p/ROM pro­
grammer can be added to the SDK 
to create permanent copies of assem­
bled programs, providing complete 
facilities at minimal cost. Assembler 
is available on four preprogrammed 
p/ROM chips. 
C ircle 174 on Inquiry Card 

Bipolar Microprocessor 
Features Improved 
Processing Speed 
Improved model 300 central process­
ing unit now provides minimum sys­
tem cycle time of 250 ns, which is 
the total time required to fetch, de­
code, and execute any instruction. 
As a result, unit can execute 4M 
instructions Is. The manufacturer, 
Scientific Micro Systems, Inc, 520 
Clyde Ave, Mountain View, CA 
94043, states that this faster cycle 
time permits direct control of double­
density floppy discs. 

Processing power allows firmware 
control of such functions as calcula­
tion of CRC and disc formatting, 
normally requiring additional ICs. 
Unit provides advantage of added 
economy. CPU treats I/O registers 
like internal registers and can di­
rectly manipulate and test groups of 
bits within 8-bit bytes in a single 
cycle, enabling it to replace ran­
dom logic in areas such as communi­
cations, control, and I/ 0 interfacing. 

Two 1/0 units, 362 and 363 IV 
(interface vector) bytes, feature ex­
ternal clocking and input latches 
which operate asynchronously with 
CPU timing, eliminating need for 
additional edge-triggered latch when 
capturing transient data. 362 has 3-
state outputs; 363 is an open collec­
tor. These components enable the 
OPU to be interfaced directly with 
up to 4096 I/ 0 lines. 
C ircle 175 on Inquiry Ca rd 
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TERADYNE'S J401: 
THE FULL CAPABILITY IC TEST SYSTEM 

EVERY ENGINEER CAN USE. 
Until now, the complexities 

of test programming have kept all 
but a few specialists from using 
IC test systems. Everyone else 
had to queue up at the program­
mer's desk or do without the kind 
of information that was really 
needed. 

Now there's a]401. A fully 
programmable test system for T 2 L 
ICs with up to 24 pins, complete 
with built-in CRT, printer, and 
mag tape unit, that any engineer 
can learn to use in minutes. 

For IC producers this means 
immediate access to vital process 
control information. For IC users 
it means the data necessary to 
choose components and vendors 
intelligently. And the ability to 
extract from field returns the 
information needed to improve 
product quality and yield. 
The performance and flexi­
bility of a large, computer­
operated test system. 

The ]401 delivers the flexi­
bility ordinarily associated only 
with larger, more expensive sys­
tems. It can datalog any forced or 
measured function and it can 
generate an x-y plot of any two 
parameters. The system also 
operates as a high throughput 
go/no-go tester for the production 
line or incoming inspection. 
Product data fast. 
Higher product yield. 

For the semiconductor manu­
facturer, the easy-to-use J401 
allows errors to be spotted before 
they can begin to multiply. QC 
engineers can use it to evaluate 
devices, determine test margins, 
and check device lots. 

The electronic equipment 
manufacturer will find the J 401 
useful in monitoring vendor-to­
vendor and lot-to-lot variations. 

It enables him to spot device 
characteristics that could be con­
tributing to problems. And QC 
personnel can use the system 
to analyze failures and reduce 
service costs. 
A system for meeting the 
real objectives of incoming 
inspection. 

TheJ401 gives you fast 
go/ no-go testing with an impor­
tant difference. It gives control 
over the way devices are tested. 
By pushing a few keys you can 
change test conditions, bin out 
top-quality ICs, or have data­
logging to support returns. All 
in seconds. This is incoming 
inspection as it should be. 

It's a Teradyne. 
Each ]401 is built for hard 

use on the factory floor. Each is 
supported by Teradyne's ten­
year circuit module warranty, a 
24-hour telephone trouble­
shooting service, and a world­
wide field service backed up by 
local parts stocking centers. 

For complete information on 
the J401, write: 
Teradyne, 183 Essex Street, 
Boston, Massachusetts. In Europe: 
Teradyne, Ltd., Clive House, 
Weybridge, Surrey, England. 

WE SELL PRODUCTIVITY. 

~Js~1>~~s 

CHICAGO (3 12) 298-8610/DALLAS (214) 231-5384/NEW ENGLAND (617) 458 -1256/ NEW YORK (20 1) 334-9770 
SUNNYVALE (408) 732-8770/ LONDON (0932) 51431/PARIS 073 16 98/ ROME 59 47 62/ MUNICH (089) 33 50 61 / TOKYO (03) 406-4021 
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FPU Improves 
Microcomputer Power, 
Saving Time and Cost 
Plug-in compatible with Intel MDS 
and SBC (single board) computers, 
microcomputer floating point unit 
( FPU) extends the 8080 instruction 
set to include binary-to-floating point 
decimal conversion; all trigonometric 
functions (inverse and hyperbolic) ; 
logarithms and powers (natural, 
common, X-power-Y); multiplica­
tion, division, addition, and subtrac­
tion (12 digits, 10±99 range); coordi­
nate transformation (rect-polar-rect); 
and mean and standard deviation. 
Hardware FPU module appears as a 
set of macro-instructions or as a set 
of subroutines which may be called 
by assembly language programs. Less 
than 64 bytes of user-supplied R/W 
memory are required. Unit is non­
volatile, operates when power is 
turned on, and offers more computa­
tional power than any other that 
has been available for the 8080. 

Primary feature of the FPU, made 
by Applied Cybernetics, 960 N San 
Antonio Rd, Suite 281, Los Altos, CA 
94022, is its ability to use symbolic 
parameters for arguments and re­
sults. Module requires no user "driv­
er" software and is called from user 
program like an assembly language 
subroutine. 
Circle 176 on Inquiry Card 

8-Bit Microcomputer Kit 
Provides Various 
Capabilities at Low Cost 
A completely functional 8-bit micro­
computer system based on the "SC/ 
MP" microprocessor, SC/MP kit in­
cludes all the firmware and com­
ponents necessary to build a work­
ing system. It can he assembled in 
less than 50 min. Priced at $99 each 
in quantities up to 10, the kit is 
offered by National Semiconductor 
Corp, 2900 Semiconductor Dr, Santa 
Clara, CA 95051. The SC/MP micro­
processor is an 8-bit single-chip CPU 
housed in a 40-pin DIL ceramic pack­
age. It features static operation, 46 
instruction types, single- and double­
byte operation, software controlled 
interrupt structure, built-in serial 
I/ 0 ports, bidirectional 8-bit tri­
stateR parallel data port, and latched 
12-bit tri-state address port. 
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Low cost SC/MP kit is based on SC/MP microprocessor chip 
which generates all control signals needed for operation of the 
system. When -12 V is applied to system through regulator, 
SC/MP reads the first instruction in ROM. Communication be­
tween user and SC/MP is via interface. User programs can be 
entered into R/W memory; SC/MP then operates under the 
direction of the new program 

Memory is 4096-bit ROM organ­
ized into 512 bytes, with 8 bits/ 
byte. It is preprogrammed to con­
tain "Kitbug," a monitor and debug­
ging program that assists in appli­
cation program development, pro­
vides teletypewriter I/O routines, and 
allows examination, modification, and 
controlled execution of user's pro­
grams. Two IK R/W memories are 
organized into 256 4~bit words. To­
gether, they provide 256 8-bit bytes 
of static memory for application pro­
gram storage. The microprocessor 
and Kitbug program control the 
transfer of data to and from the 
R/W memory section. 

Voltage regulator provides stable 
-7 V for the chip, eliminating need 
for extra power supply. Interface be­
tween memory and microprocessor's 
data lines is provided by 8-bit data 
buffer. Timing crystal provides a 
1-MHz timing signal for the clock 
circuit on the chip, which is the only 

external timing component needed 
by the clock. Teletypewriter inter­
face IC has buffer and drive capabili­
ties to implement 20-mA current 
loop interface for a teletypewriter. 

A 72-pin edge-connector simplifies 
interconnection between the kit board 
and external hardware. The 24-pin 
IC socket is for easy mounting of 
the ROM, while the 40-pin IC socket 
allows quick mounting of the micro­
processor onto the PC board, which 
measures 4 x 5". The board simpli­
fies kit assembly and reduces possi­
bility of assembly errors. Eight ca­
pacitors and seven resistors are also 
included in the kit. 

While the ROM contains the Kit­
bug monitor program, other ROMs 
or p/ROMs with different programs 
can be added. Kitbug firmware al­
lows programs to be entered directly 
into R/W memory from a teletype­
writer keyboard. The user can exe­
cute the program while examining 

(Continued on p 137) 
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TUTORIALS Tuesday,September7, 1976 

• DESIGNING WITH MICROPROCESSORS: 
A "HANDS-ON" WORKSHOP 

• STRUCTURED PROGRAMMING 

The computer engineering conference for the decision­
maker, the computer professional, the system user. 

Computers ••• 
by tile millions, 
for the millions. 

Thirteenth IEEE Computer Society International Conference 
Mayflower Hotel, Washington D.C. 
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for the practicing professional 

COMPCON's first hands on microprocessor tutorial 

DESIGNING WITl-I 
MICROPROCESSORS: 
A "HANDS-ON" WORKSHOP 

Don't miss this unique workshop on the principles and 
practice of microprocessor design . An extensive laborato ry 

session will permit attendees to solve design pro blems on 
a variety of microprocessors using actual hardware. 

Tilak Agerwa la 
Electrical Engineering Department, University of Texas 

Gerald Mason 
Electrical Engineering Department, Johns Hopki ns University 

Also .. . the most topical field in software today: 

SI RUClURED PROGRAMMING 
Victor R. Basili 

University of Maryland at Col lege Park 
Terry Baker 

I BM Federal Systems Center 

COMPCON 76 Fall is celebrating the 25th Ann iversar y of the IEEE 
Computer Society by presenting an ex cept ionally comprehensive technical 
program. The Conference combines a state-of-ar t ro undup by acknow­
ledged technical leaders with " hands on" Engineeri ng oriented sessions. 

Designing with Microprocessors has been given part icular attention, 
including Advanced Architectures, M icroprocessor Software, Development 
Aids, and Applications. Software is also given speci al emphasis, but with a 
practical, result-oriented flavor . Real Time computing, Ad vanced Semi­
conductor technology, Computer Syst em A rchitecture and Distributed 
Intelligence are combined to make this bicentennial COMPCON THE 
technical event of the year. 

Don ' t miss this informative and st imulat ing Internat ional Conference. 
Participate in the Great Debate ser ies, and interact wi t h t he leaders in your 
own and related techn ical fields. 

See you at the Mayflower! 

COMPCON 76 FALL PROGRAM CHAIRMEN 

Technical Program Chairman 
Paul L. Hazan 

Johns Hopkins University - Applied Physics Laboratory 

Microprocessor Program Chairman 
Colin Crook 
Motorola Semiconductor Products Inc. 
Software Program Chairman 
Barry C. DeRoze 
Department of Defense 

Real Time Systems Program Chairman 
Daniel G. O ' Connor 
The Singer Company 
Tutorial Chairman 
Har lan D. Mills 
IBM 
Technical Program Administrator 
Nicolas Vogel 
The Singer Company 

Computer Systems Technology 
Program Chairman 
R ichard J. Clay ton 
DEC 
Component Technology & 
Memories Program Chairman 
Eugene R . McFarland 
Texas Instruments 
Computer Applicat ions 
Chairman 
Robert Will iams 
TRW- Energy Systems Divis ion 
Great Debates Chairman 
J. Robert Wood 
IBM 



DESIGNING Willi MICROPROCESSORS: 
A "HANDS-ON" WORKSHOP 
COURSE OUTLINE: 

e BASIC CONCEPTS AND RECENT ADVANCES IN 
M ICROPROCESSORS 

- Chip Architecture 

- Microprocessor Selection Criteria 

- Software Aids 

- Development Systems 

- Microprocessor Applications 
o Input/Output - Peripheral Control 
o Programmable Interfaces 
o Solution to Typical Case Studies 

e MICROPROCESSOR INTERCONNECTION -
A DESIG NER 'S PERSPECTIVE 

- Microprocessor Networks 
o Interconnection Concepts 
o Information Transfer and Control 
o Path Structures 

- Buss ing Strategies 
o Design Tradeoffs 
o Cost Measures 

- Distributed Intelligence 
o Problem Partitioning 

e MICROPROCESSOR WORKSHOP 

A variety of microprocessor facilities ranging from 
evaluation kits to developmental systems will be 
available for tutorial participants to demonstrate the 
concepts introduced in the lecture sessions. 

INSTRUCTORS 

Tilak Agerwala is on the electrical engineering faculty at the 

University of Texas in Austin. He lectures on microproces­

sors at the graduate level and heads the microprocessor 

laboratory. Dr. Agerwala received his Ph. D from Johns 

Hopkins University in 1972. 

Gerald Mason is a lecturer in the Electrical Engineering 

Department of Johns Hopkins University . His areas of 

specialization and interest include computer networking 

and fault-tolerant computing. He received his Ph . D in 

electrical engineering from Northwestern University. 

Microprocessor Tutorial Chairman 

Roger Westgate is professor of electrical engineering at 

The Johns Hopkins University. He is chairman of the 
COMPCON 76 microprocessor tutorial /workshop. 
Dr. Westgate received his Ph . D from Princeton University. 

11111rials 

STRUCruRED PROGRAMMING 

COURSE OUTLINE: 

• Introduction to the major ideas of structured 
programming, their theoret ica l and pract ical foundations. 

• Detailed presentation of the development of a single 

program, stressing the top-down evo lutionary 

character of the process. 

• Development of a major application program system, 

together with the quality and producti vity results 
experienced . 

• Case studies involving SP incuding NASA's Manned 
Space Flight Program. (SKYLAB ) 

• Conclud ing summary: t he advantages and d isa dvantages 

of SP ideas as observed t hrough t heir instal lation use 

by a large programming organi zation. 

INSTRUCTO RS 

Terry Baker is responsible for the development of a soft­

ware system for newspaper production for a consortium of 

eight major newspapers. With I BM since 1956, he most 

recently was manager of the Development Tools Depart­

ment, responsible for the guidelines, too ls, and support 

necessary for the introduction of programming support 

libraries, structured programming, top-down programming, 

and chief programmer teams at the center. He received 

his BS in mathematics from Yale University and his MS in 

applied mathematics from Harvard University. 

V ictor Basili has been on the computer science faculty at 

the University of Maryland at College Park since 1970; 

his major interests are the design, modeling, and implemen­

tation of programming languages. His major language 

development efforts have been the graph algorithmic 

language GRAAL and the SIMPL family of programming 

languages and compilers. He received a Ph. D in computer 

science from the University of Texas at Austin in 1970. 

BOTH TUTORIALS START 

9:00 AM, TUESDAY, SEPTEMBER 7, 1976 

REGISTRATION FOR 
TUTORIALS AND 

CONFERENCES ON 
LAST PAGE 
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••••••nTa lall preliminary program 

WEDNESDAY September 8, 1976 

9:30 PLENARY SESSION 
Opening Ceremony 
Walter Beam, COMPCON 76 FALL General Chairman 
Paul L. Hazan, COMPCON 76 FALL Program Chairman 
Dick B. Simmons, President, IEEE Computer Society 
Plenary Address 

11:00 TECHNICAL KEYNOTE SESSIONS (Parallel) 
MICROPROCESSORS: TRENDS IN MICROCOMPUTERS 

Frederico Faggin, President, Zilog Corporation 
SOFTWARE: NEW MANAGEMENT AND TECHNOLOGY 

HORIZONS 
Elaine Bond, Manager of Programming, 
Systems Products Division, IBM 

11 :30 TECHNICAL KEYNOTE SESSIONS (Parallel) 
COMPONENTS & MEMORY TECHNOLOGY: SEMICON­

DUCTORS AND MEMORIES . .. THE PACE IS 
ACCELERATING 
H. Dean Toombs, Technical Director, Texas Instruments 

COMPUTER SYSTEM TECHNOLOGY : INNOVATIONS IN 
SYSTEM ARCHITECTURE 
Richard J. Clayton, Vice President for Computer Systems 
Development, DEC 

12:00 TECHNICAL KEYNOTE SESSIONS (Parallel) 
REAL-TIME SYSTEMS ... UNDEFINED BUT UNDERSTOOD 

Daniel G. O'Connor, Technical Director, 
The Singer Company 

COMPUTER APPLICATIONS: THE APPLICATIONS 
PROGRAMMER OF THE FUTURE 
Frederick B. Thompson, California Institute of 
Technology, Pasadena 

WEDNESDAY AFTERNOON (Parallel Sessions) 

2:30 SESSION 1 (COMPUTER APPLICATIONS) 
CHARTING THE NATIONS ENERGY FUTURE 
Chairperson : Richard H. Williamson, Energy Research & 

Development Administration 
"ECONOMETRIC SYSTEMS ANALYSIS - ENERGY VS. 

GROWTH," David J. Behling, Brookhaven National 
Laboratory 

"MODELING ENERGY FLOW THROUGH LARGE LINEAR 
SYSTEMS," Clark Bullard, University of Illinois 

SESSION 2 (MICROPROCESSORS) 
INNOVATIONS IN MICROPROCESSOR ARCHITECTURE 
Chairperson: (To be selected) 
" DESIGN OF THE Z80 MICROPROCESSOR SYSTEM," 

Zilog Corporation 
"SINGLE CHIP PROCESSOR DESIGN," H. Blume, 

Intel Corporation 

SESSION 3 (COMPUTER SYSTEM TECHNOLOGY) 
SECURITY, PROTECTION, & RELIABILITY 
Chairperson: Robert Courtney, I BM 
"RELIABILITY MODELING OF VARIOUS MULTI ­

PROCESSOR STRUCTURES," A. Ingle & D. Siewiorek, 
Carnegie-Mellon University 

"A CRYPTOGRAPHIC STANDARD," Theodore Linden, 
National Bureau of Standards 

4:00 SESSION 4 (SOFTWARE) 
SOFTWARE REQUIREMENTS SPECIFICATION ANALYSIS 
AND VALIDATION "PREVIEW : BLUEPRINT FOR SOFTWARE 

SUCCESS," J. H. Manley, JHU /APL 
Chairperson: E. Goldberg, TRW 
" SOFTWARE SPECIFICATION TECHNIQUES : A TUTORIAL," 

Donald J. Riefer, University of Southern California 
"SOFTWARE REQUIREMENTS VALIDATION FROM THE 

PRIME CONTRACTOR VIEWPOINT," Gale Schluter, 
McDonnell Douglas Astronautics 

"SOFTWARE REQUIREMENTS VALIDATION - THE SUB­
CONTRACTOR VIEWPOINT," Joseph D. Mason, TRW 

SESSION 5 (COMPONENTS TECHNOLOGY AND MEMORIES) 
ADVANCED BIPOLAR COMPONENT TECHNOLOGY 
Chairperson : Turner Hasty, Texas Instruments 
"OVERVIEW OF SEMICONDUCTOR TECHNOLOGY 

TRENDS," Jerry Luecke, Texas Instruments 
" ADVANCES IN 12L TECHNOLOGY," R. Stehlin , T. I. 
"ADVANCED ANALOG-TO-DIGITAL CONVERTER 

DEVELOPMENT," National Semiconductor Corp. 

SESSION 6 (GREAT DEBATES SERIES) 
CENTRALIZED VS DISTRIBUTED PROCESSING 
Chairperson : J. Robert Wood , I BM Federal Systems Divis ion 

WEDNESDAY EVENING 
5:30 COMPCON Cocktail Party 

THURSDAY September 9, 1976 

THURSDAY MORNING (Parallel Sessions) 

9:00 SESSION 7 (COMPUTER SYSTEM TECHNOLOGY) 
INNOVATIONS IN SYSTEM ARCHITECTURE 
Chairperson : Robert Goldberg, BGS Systems 
"ANALYSIS OF SEVERAL QUEUEING MODELS FOR 

MULTIPROCESSOR SYSTEMS," Yuan-Chieh Chow and 
Walter H. Kohler, University of Massachusetts 

"VIRTUAL MACHINES FOR A TACTICAL ENVIRONMENT," 
John G. Perry Jr. and Robert R. Hein, Navy Surface 
Weapons Center 

" VIRTUAL MACHINE RESEARCH ON THE HONEYWELL 
6000," R. McGee, R. Goldberg and H.S. Schwenck 

SESSION 8 (MICROPROCESSORS) 
MICROPROCESSOR SYSTEMS 
Chairperson : (To be selected) 
"FEDERATED MICROPROCESSOR SYSTEMS," S.S. Roy, 

International Computer Limited , England 
"MEDIUM SIZED COMPUTING SYSTEMS CONSTRUCTED 

FROM MULTIPLE MICRO COMPUTERS - THE 
GALAXY 5," Robert Laughlin, Digital Systems Corporation 

"CENTRALIZED MICROCOMPUTING.' ' Xerox Corporation 

SESSION 9 (SOFTWARE) 
SOFTWARE DESIGN METHODOLOGY 
Chairperson: Robert Brown, Hughes Aircraft 
"SOFTWARE DESIGN FOR HARDWARE INTERACTION OF 

REAL TIME SYSTEMS," H.M. Breneman and 
L. Danielian, Hughes A ircraft 

"DATA STATE DESIGN.'' Jon Petersen, IBM 

11 :00 SESSION 10 (REAL-TIME SYSTEMS) 
PROCESS CONTROL AND INTERACTIVE SYSTEMS 
Chairperson : George Fath, General Electric 
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"ON-LINE TESTING AND SECURITY OF A DISTRIBUTED 
SYSTEM FOR PROCESS CONTROL," Geffroy 
Courvoisier, Centre National de la Recherche 
Scientifique, Toulouse, France 

"A MODULAR SOFTWARE ARCHITECTURE FOR ROM 
RESIDENT PROGRAM," R. Lowe, W. Edwards, and 
J. Hudson, Northrop Corporation 

"INTERACTIVE CURVE AND SURFACE DESIGN," 
R. Riesenfeld, University of Utah 

SESSION 11 (COMPUTER APPLICATIONS) 
COMPUTERS- SAVING ENERGY FOR THE NATION 
Chairperson : Robert D. Williams, TRW 
"POWER MANAGEMENT WITH THE I BM ENERGY CON­

SERVATION SYSTEM," Jack Breyer, IBM 
"A MICROPROCESSOR BASED SYSTEM FOR ENERGY 

MANAGEMENT SYSTEM," Gideon Chavit, Honeywell 
" THE USE OF COMPUTERS IN ENERGY MANAGEMENT 

SYSTEMS," Bryan Travis, DATRIX 

SESSION 12 (SOFTWARE) 
SOFTWARE COST ESTIMATING AND SIZING 
Chairperson : Judy Clapp, The Mitre Corporation 
"ADP RESOURCE ESTIMATING : A MACRO-ESTIMATING 

METHODOLOGY FOR SOFTWARE DEVELOPMENT," 
L.H. Putnam, Department of the Army/OAS -
Wash ington, D.C. 

"DEVELOPING A SOFTWARE COST METHOLOGY," 
Eldred Nelson, TRW Systems 

SESSION 13 (SHORT NOTES) 
UP TO THE MINUTE TECHNOLOGY ROUNDUP 

THURSDAY AFTERNOON (Parallel Sessions) 

2:00 SESSION 14 (COMPUTER SYSTEM TECHNOLOGY) 
PRACTICAL APPLICATIONS OF PERFORMANCE 
EVALUATION 
Chairperson : J. Buzen, BGS Systems 
"HIERARCHIES OF MODELS," T. Giammo, Social Security 

Administration 
"PREDICTING TIME SHARING PERFORMANCE," 

R. Salas, Brandeis University 
"THE NEW GENERATION OF PERFORMANCE PREDIC-

TION TOOLS," J. Buzen, BGS Systems 

SESSION 15 (COMPONENTS TECHNOLOGY AND MEMORIES) 
ADVANCED MOS COMPONENT TECHNOLOGY 
Chairperson: James Heenan, I BM 
"STATE-OF-ART HIGH SPEED N-CHANNEL MOS TECH­

NOLOGY," David Hause, Intel 
" NON VOLATIL E MNOS MEMORY DEVELOPMENT," 

NITRON Corp. 

SESSION 16 (MICROPROCESSORS) 
MICRO-COMPUTERS DESIGN AIDS 
Chairperson : Jeanette Loustounom, Intel 
Panel discussion, "THE MICROPROCESSOR DEVELOPMENT 

PROCESS: 3 DIVERGENT VIEWPOINTS, The Manu­
facturer - The Designer - The User." 

4:00 SESSION 17 (REAL-TIME SYSTEMS) 
REAL TIME DESIGN AND SIMULATION 
Chairperson: R. L. Taylor, Singer 
"DESIGN CONSIDERATIONS FOR REAL-TIME ARCHITECTURE," 

Kenneth J. Thurber and R.C. Deward, Sperry Univac 
"REAL TIME NUCLEAR AND FOSSIL POWER PLANT 

SIMULATION FOR OPERATOR TRAINING, " 
Enian Hay, Electronics Associates, Inc. 

"REAL TIME 'REAL WORLD' SIMULATION FOR TRAINING," 
Redifon, Ltd. 

SESSION 18 (COMPONENTS TECHNOLOGY AND MEMORIES) 
STATE-OF-ART SEMICONDUCTOR MEMORY TECHNOLOGY 
Chairperson : Jan Hofland, Hewlett Packard 
"HIGH PERFORMANCE SEMI-CONDUCTOR MEMORY 

APPLICATIONS FOR ADD-ON MEMORY," Advanced 
Memory Systems 

"SEMI-CONDUCTOR MEMORIES FOR HIGH PERFORM-
ANCE COMPUTER APPLICATIONS," AMDAHL Corporation 

"16k DYNAMIC RAM APPLICATIONS - MICROS TO MAIN 
FRAMES," K . Davis, MOSTEK 

SESSION 19 (COMPUTER APPLICATIONS) 
COMMAND AND CONTROL IN MILITARY AND LAW 
ENFORCEMENT SYSTEMS 
Chairperson : Jack Munsen , Systems Development Corporation 
"FOURTH GENERAT ION MILITARY COMPUTER FAMILY," 

Aaron Coleman, U.S. Army Electronics Command 
"A MULTI-MINICOMPUTER NETWORK FOR OPTICAL 

MOVING TARGET INDICATION," H.E.T . Connell, Mitre 
"LOS ANGELES COUNTY SHERIFFS DEPARTMENT 

COMMAND AND CONTROL SYSTEM," Sgt. Randy 
Matwood (LASO) and David Scully, Systems Development 
Corporation 

THURSDAY EVENING 

SESSION 20 (GREAT DEBATES SERIES) 
THE LIMITS OF SOFTWARE RELIABILITY 

FR I DAY September 10, 1976 

FRIDAY MORNING (Parallel Sessions) 

9:00 SESSION 21 (COMPUTER SYSTEM TECHNOLOGY) 
DISTRIBUTED SYSTEMS AND NETWORKS 
Chairperson : Sam Fuller, Carnegie-Mellon University 
"TOWARD MODULAR HIERARCHICAL STRUCTURES FOR 

PROTOCOLS," M.G. Gouda and E.G . Manning, 
University of Waterloo, Canada 

"DESIGN REQUIREMENTS FOR PRACTICAL GENERAL 
PURPOSE MULTIPROCESSORS," L.C. Widows 

"ANALYSIS OF A MULTICOMPUTER SYSTEM: A CASE 
STUDY OF DFMP," R. Glorioso, F. Colon, W. Kohler , and 
Dominick Li , Un iversity of Massachusetts and DEC 

SESSION 22 (MICROPROCESSORS) 
MICROPROCESSOR APPLICATIONS 
Chairperson : (To be selected) 
" MICROPROCESSOR BASED CORRELATOR REFERENCE 

SYSTEM," R.C. Scott, 111, and H.P. Erich, Martin Marietta 
"MICROPROCESSOR IMPLEMENTATION IN PROCESS 

CONTROL," D. Taba k, E. Maymon, M. Janowitz, 
S. Greenberg, Ben-Gurion Univ., Israel 

"MICROCOMPUTERS IN COMMUNICATIONS," CODEX 
Corporation 

SESSION 23 (SOFTWARE) 
SOFTWARE VISIBILITY & CONTROL 
Chairperson : Richard Sylvester, Martin Marietta 
"CONTROL OF SOFTWARE DEVELOPMENT ON THE 

VI Kl NG MARS PROGRAM," G. Heylinger, Martin Marietta 
"A SOFTWARE DEVELOPMENT FACILITY FOR MINI & 

MICROCOMPUTERS," T . Sleight and W. Sederowitz, 
Johns Hopkins University Applied Physics Laboratory 

"ROBOT: THE HIGHEST LEVEL HUMAN/MACHINE 
INTERFACE LANGUAGE PROCESSOR FOR INTER­
ACTIVE INFORMATION RETRIEVAL," R.M. Landau, 
Science Information A ssociat ion 



preliminary program continued 

11:00 SESSION 24 (COMPUTER APPLICATIONS) 

COMPUTERS: THE HEAL TH OF THE NATION 

Chairperson : Melville Hodge, TECHNICON 
" COMPUTED TOMOGRAPHY - THE FIRST REQUIRED USE 

OF A COMPUTER IN DIAGNOSTIC MEDICINE," 
Robert Wake, Ohio Nuclear 

"THE ORS, THE PVC AND ME," Charles S. Goetowsky, 
TELEMED 

"ASPECTS OF INSTALLING A COMPUTERIZED MEDICAL 
INFORMATION SYSTEM AT THE NIH," Thomas Lewis, 
National Institutes of Health 

SESSION 25 (COMPONENTS TECHNOLOGY AND MEMORIES) 

ADVANCED SOLID STATE MEMORY TECHNOLOGY 

Chairperson: James Daughton, Honeywell 
"OVERVIEW - ADVANCED MEMORY TECHNOLOGY 

TRENDS," J. Daughton, Honeywell 
"MAGNETIC BUBBLE TECHNOLOGY - STATUS AND 

PROSPECTS," Hsu Chang, IBM 
"DIRECTIONS IN CCD DIGITAL MEMORY," M. Guidry, 

Fairchild Semiconductor 
"EBAM - ELECTRON BEAM ADDRESSABLE MEMORIES," 

D. Speliotis, Microbit Corporation 

SESSION 26 (SOFTWARE) 
SOFTWARE RELIABILITY AND QUALITY ASSURANCE 

Chairperson: J. Musa, Bell Laboratories 
''RECENT DEVELOPMENTS IN SOFTWARE RELIABILITY -

THE STATE OF THE ART," Mart in Shooman, Polytechnic 
Institute of New York 

"ATLAS - AN AUTOMATED SOFTWARE TESTING SYSTEM," 
W.H. Jessup, J.R. Kane, S. Roy , J.M . Scanlon , Bell Laboratories 

"TECHNIQUES USED FOR TESTING MVS," 
A. Mondello, IBM 

SITE OF 

••••••nTa lall 
The Mayflower, hotel of Presidents, sited in down­
town Washington, D.C., enjoys a reputation for 
quality service and excellence. Located just blocks 
from the White House, The Mayflower is famous for 
its block-long promenade and gilded meeting rooms. 
Celebrating its 50th anniversary as an elegant hotel of 
quality, The Mayflower readied for the Nation's 
Bicentennial with refurbished guest rooms, economical 
travel packages, and new menus in its restaurants. 

FRIDAY AFTERNOON (Parallel Sessions) 

2:00 SESSION 27 (COMPUTER SYSTEM TECHNOLOGY ) 

PROBLEM PARTITIONING FOR DISTRIBUTED SYSTEMS 

Chairperson: E. Douglas Jensen, Honeywell 
"PROBLEM PARTITIONING IN TIME & SPACE," Douglas 

Jensen, Earl Boebert, Honeywell 
"OPTIMAL PARTITIONING OF WORKLOADS FOR DIS­

TRIBUTED SYSTEMS," V.B . Gylsys and J.A. Edwards 
"MEASUREMENT OF PARALLEL PROGRAMS ON A 

MULTI-MINI SYSTEM," S. Fuller and P. Olein ick, 
Carnegie-Mellon University 

SESSION 28 (MICROPROCESSORS) 

MICROPROCESSOR SOFTWARE 
Chairperson : (To be selected) 
"MICROPROCESSOR SOFTWARE - A MANUFACTURER' S 

PERSPECTIVE," Wes Patterson, Motorola Semiconductor 
"AN INDEPENDENT SOFTWARE HOUSE LOOKS AT M ICRO-

COMPUTERS," J . Gibbons, Ryan McFarland , Inc. 
"MICROPROCESSOR SOFTWARE - A USER'S EXPERIE NCE," 

SESSION 29 (COMPUTER APPLICATIONS) 

COMPUTERS FOR EDUCATION 
Chairperson : John Carr, University of Pennsylvania 
" CONTROVERSIES IN COMPUTER SCIENCE AND ENG I-

NEERING EDUCATION AND THEIR IMPACT ON 
YOU AND FUTURE COMPUTER APPLICATIONS," 
Martha Sloan, Michigan Institute of Technology 

"INVESTIGATION OF A FACILITATING NETWORK FOR 
HIGHER EDUCATION," James C. Emery, EDUCOM­
Princeton, N.J. 

"DATA PROCESSOR TECHNOLOGY IN EDUCATION -
CYBERNETICS LEARNING ENVIRONMENTS," 
Alberto F. Tassinari, Universidad Industrial De 
Santander - Columbia 



aa•raan week 
1171 

25 YEARS OF SERVICE 
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far 
• TUTORIALS 

Sept ember 7, 1976 

• COMPCON 
September 8 - 10, 1976 

REGISTER BEFORE 
AUGUST 27, 1976 

AND SAVE$$ 

The IEEE Computer Society 
membership desk will be open 
Monday evening, September 6, 1976 
through Friday afternoon, 
September 10, 1976. Membership 
fees will be reduced by $15 for 
those non-member registrants who 
join the IEEE Computer Society 
at the conference. 

advaaae re1111ra1i•• 
Complete and return this form (with your check made payable to COMPCON '76 FALL) to: 
COMPCON 76 FALL 
P.O. Box 639 

ADVANCE 
REGISTRATION 

LATE 
REGISTRATION 

Silver Spring, Maryland 20901 
Telephone: (301) 439-7007 (prior to August 27, 1976) (after August 27, 1976) 

(please check appropriate boxes) 
member non-member member non-member 

D TUTORIAL 1 Structured Programming $ 50 $ 65 $ 60 $ 75 

D TUTORIAL 2 * 60 75 70 85 
Designing with Microprocessors 

D COMPCON ONLY 50 65 60 75 

D TUTORIAL 1 + COMPCON 100 115 110 125 

D TUTORIAL 2 + COMPCON 110 125 120 135 

STUDENT DISCOUNT available for COMPCON ONLY (Fee: $25). To receive a discount, students 
must be IEEE Student Members and must register at the door . 

NOTE: Requests for refunds must be received in writing no later than August 30, 1976. 
• TUTORIAL registration fee includes luncheon and bound text . 
• COMPCON registration fee includes one copy of the Digest of Papers, and provides you with 

2 complimentary drink tickets for each of the COMPCON hosted parties, Wednesday and 
Thursday nights. 

* Limited attendance. Register early - avoid disappointment. 

LATE REGISTRATIONS will be accepted at the Mayflower Hotel beginning Monday evening, 
September 6, 1976. 

IEEE or IEEE COMPUTER SOCIETY Membership Number 

NAME 

ORGANIZATION 

ADDRESS 

CITY/ STATE / ZIP 

CD 

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

11•n11nT1 1a11 
MAYFLOWER 

HOTEL 
Washington,D.C. 

Complete and mail this reservation form to : 
Mayflower Hotel 
1127 Connecticut Ave. NW 
Washington, D.C. 90036 
Attn: Reservation Manager 
In order to confirm your room reservation, The Mayflower Hotel must receive this coupon at least 
two (2) weeks prior to your arrival date. Rooms will be held until 6 p.m. on day of arrival unless 
accompanied by deposit to cover first night's rental. 

PLEASE CHECK ACCOMODATIONS DESIRED (Circle price range) : 

0 SINGLE (1 person) 

0 DOUBLE & TWIN 

0 SUITES (Parlor & 1 Bedroom) 

D Please reserve ..... room(s) 
of the type and rate checked . 

NAME 

ADDRESS 

CITY /STATE / ZIP 

COMPANY NAME 

STANDARD MEDIUM DELUXE 

$34 

$46 

$85 

$44 

$56 

$100 

$53 

$65 

$110 

Arrival date . . . . . . . . . AM D 
Departure date ....... AM D 

PM D 
PM D 
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Administrative Office 

P.O. Box 639 
Si lver Spring, Maryland 

20901 

••••••• P•llliaaUans 
If you can't attend COMPCON 76 Fall but would like the digest of papers shipped directly to you, simply fill out and return 

the order form below with your check or money order payable to the IEEE Computer Society. 

Mail to: IEEE Computer Society 
5855 Naples Plaza, Suite 301 
Long Beach, CA 90803 

I am unable to attend COMPCON 76 Fall. Please ship me the digest of papers and/or tutorial indicated below(check appropriate box(es) : 

member price 

Digest of Papers from COMPCON 76 Fall : "Computers by the Millions, for the Millions" ... . . . .. $15.00 D 

Digest of Papers from COMPCON 76 Spring : "The Next Five Years : Evolution or Revolution?" .. . $15.00 D 

Digest of Papers from COMPCON 75 Fall : "How to Make Computers Easier to Use" . . . .. . .... . . $15.00 0 
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the contents of memory and SC/MP 
registers to monitor performance. 
TTL-compatible I/O interface simpli­
fies connection of application hard­
ware so that practical test and dem­
onstration circuits can be imple­
mented. Hardware is controlled by 
the user's application programs. 

Microprogram Sequencer 
for Pipelined Systems 
or Controllers 

Am2911, a 4-bit element that can 
generate, increment, or store ad­
dresses, is designed as a second micro­
program sequencer for use in bi­
polar microprocessor or for comput­
er control systems. This LSI device 
has undergone 100% internal visual 
inspection, post-seal stabilization bake, 
temperature cycling, centrifuge stress­
ing, and gross leak hermeticity test­
ing, all requirements of MIL-STD-
883. Sequencers come in 20-pin 
molded DIP with 0 to 70 ° C temper­
ature range, and in 20-pin hermetic 
DIP with either O to 70 °C or -55 
to 125 °C range. 

A 45-ns circuit, the sequencer is 
designed for high speed and pipe­
lined microprogrammed systems, es­
pecially those built with the Am2901 
bipolar microprocessor, also from 
Advanced Micro Devices Inc, 901 
Thompson Pl, Sunnyvale, CA 94086. 
As a microprogrammable slice con­
taining an 8-function arithmetic logic 
unit, 2-port 16-word scratchpad mem­
ory, additional accumulator regis­
ter, and shifting and control logic, 
microprocessor circuit can execute 
read-modify-write cycle in 100 ns. 
Included in the family are a carry­
look generator, 2-port register, pair 
of 256-bit high speed bipolar R /W 
memories, and 4-bit sequencer in 28-
pin package. 
Circle 177 o n Inquiry C ard 

System Automatically 
Provides Uninterruptible 
Power During Failures 

Able to keep up data processing sys­
tems for 20 min. to more than an 
hour during power failures, OEM 

type power supply (model 101) pro­
vides 5 V de to loads of 3 to 8 A, 
and 12 Vdc at 0.6 A. Very little heat 
is generated by switched regulation 
system, which measures 4)~ x 5 x 
8~". Announced by Power Devices, 
Inc, PO Box 333, Melbourne, FL 
32901, system can be used with or 
without standalone uninterruptible 
conversion unit (model 201) which 
contains sealed batteries, chargers, 
controls, and inverter for supplying 
20 W of ac for fan operation. 

Extended Temperature 
Components Available 
for 11Computer Systems 

MCS-40 microcomputer system com­
ponents have performance guaran­
tees over the -40 to 85 ° C tempera­
ture range, enabling their use in 
hostile, as well as normal commer­
cial, temperature environments. Gua~­
antees such as central processor umt 
speed,' are similar to those of MCS-
40 components specified for 0 to 
70 ° C operation. Claimed by Intel 
Carp's Microcomputer Systems Div, 
3065 Bowers Ave, Santa Clara, CA 
95051, to be the industry's most wide­
ly used, low-cost microcomputer sys­
tem, it is expected to broaden the 
applications range by allowing equip­
ment manufacturers to use it in hos­
tile environments without making 
special provisions for temperature 
control in the equipment design. 

The system consists of the 4040 
( 60 instructions, interrupt mechan­
ism) and 4004 ( 46 instructions) cen­
tral processor units and a family of 
components for use with either CPU. 
Components available for extended 

Switchover to battery and back to 
prime power operation is completely 
automatic without transients in out­
put voltage. Batteries are recharged 
within 10 h after complete discharge 
cycle. De outputs are regulated to 
within 1% of nominal value for load 
change and for input variation from 
105 to 130 Vac. Overvoltage and 
overcurrent protection on each de 
output are included as standard fea­
tures. 
Circle 178 on Inquiry Card 

temperature range include: system 
clock generator, read-only memories 
(256 x 8 with 4-bit 1/0 port, 1024 
x 8 with four 4-bit 1/0 ports, 2048 
x 8 and 256 x 4 erasable p /ROM) , 
random-access memories ( 80 x 4 with 
4-bit output, and 256 x 4 static 
CMOS, 15 nA /bit), and I/O units 
(general-purpose programmable with 
16 I/ 0 lines, programmaible key­
board/ display, standard memory in­
terface, and 10-bit serial/parallel 
register and output expander). 

Performance guarantees allow the 
extended temperature range com­
ponents to be used interchangeably 
with commercial range MCS-40 com­
ponents in essentially all applica­
tions. System's key specification, CPU 
clock period range, has not been 
changed. It is guaranteed over -40 
to 85 ° C range at 1.35 µs min to 
2.0 µs max with power supply tol­
erances of ±5%, for both CPUs. 
Other component guarantees, such as 
for the max access times of memory 
units, are compatible with those of 
the CPUs. Minor modifications have 
been made in speed and drive cur­
rents of certain components. 
Circle 179 on Inq uiry Card 
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Functionally Mechanized 
Microprocessor Controls 
Applications With Eas,e 

ACS-4040 MPU, a parallel 4-bit gen­
eral-purpose PCB, is mechanized 
around Intel's 4040 CPU IC to pro­
vide cost-effective maximum micro­
processor power for system applica­
tions such as process and dedicated 
control systems, data acquisition and 
storage systems, and smart stand­
alone terminal systems. Functional 
sections include 4-bit CPU; crystal 
clock timing; 8-bank R/W memory 
and 2-bank p/ROM addressing; 8-
bit program instruction, 13-bit p/ 
ROM 110 address, R/W memory bi­
directional memory data, and I/ 0 
bidirectional buffered expansion 
buses; run/single-step mode control; 
and single step, photo-isolated local/ 
remote power and master resets. On­
board bus control logic is provided to 
interface with optional program de­
velopment control and display panel 
module. 

Hardware capabilities include 10.8-
µ.s single instruction cycle time, 
polled interrupt handling capability, 
and up to seven levels of subroutine 
nesting. On-board logic provides di­
rect addressing of BK bytes of pl 
ROM / RAM R/W program instruc­
tions, 2560 4-bit RAM data words 
32 4-bit I/O ports, and 32 4-bit RAM 
buffered output ports. Sixty basic 
processor instructions are compatible 
with 4004 CPU source code software. 
Twenty-four 4-bit single index reg­
isters (or 12 8-bit register pairs) are 
provided by the MPU for enhanced 
programming. 

Measuring 8.75 x 5.9 x lho" with 
an MIB connector interface via a 
single pin connector with PCB fingers 
spaced on 0.125" centers, MPU PCB 
from Automated Computer Systems, 
2361 E Foothill Blvd, Pasadena, CA 
91107 requires 5 V at 0.9 A and 
-10 V at 0.1 A. Combination 2K­
byte p/ROM/1280-word data RAM/ 
16 buffer output port; 4K-byte R/W 
program memory; 8-port 3-state uni­
versal I /O with handshaking capabili­
ties ; combination ASR-33 TTY and 
RS-232-C modem interface; 64 x 4-
bit input channel MUX; l 702A pl 
ROM programmer; universal wire­
wrap for mechanizing user custom 
logic; full computer control/HEX 
display panel for checkout and pro­
gram development; plug-in switch­
ing regulated power supply module; 
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and MIB multi-slot with connectors 
for custom system mechanizations are 
all standard supporting PC board 
modules. 

Program development tools in­
clude an assernbler/sirnulator p/ 
ROM programmer software develop­
ment microcomputer system with sup­
porting operating system software 
which includes a chip based utility 
system and a chip based assembler 
system. 
Circle 180 on Inquiry Card 

11Processor-Compatible 
Converters Feature 
16-Bit Resolution 

Designed to interface with advanced 
digital circuitry and microprocessors, 
the 500 series of 100-kHz voltage­
to-frequency converters delivers ex­
ceptional linearity and temperature 
stability over wide input signal dy­
namic range. Converters from SGR 
Corp, Neponset Valley Industrial Pk, 
PO Box 391, Canton, MA 02021 are 
available in six modules and offer 
better than 16-bit resolution with 
low nonlinearity error. Over~ll ac­
curacy is from 11 to 13 bits. Full 
scale error range is from ± 150 
ppm /°C (economy grade) to ±15 
ppm / °C max (high performance 
model). 

Series is engineered to accommo­
date 2-wire data transmission over 
long distances for remote data ac­
quisition and process control systems· 
it can also serve as inexpensive meth: 
od of transmitting data through high 
noise environments. Compatible with 
3J~ digit DVMs, units provide mono­
tonic 13-bit performance with no 
missing codes. 
C ircle 181 on Inquiry Card 

11Processor and SK RAM 
Designed for Difficult 
O·EM Applications 

With standard 4W' -wide boards and 
22-pin double-sided edge connectors, 
the 6BOO microprocessor-based cen­
tral processing unit and 8K memory 
board can operate by itself with up 
to 384 bytes of on-board R/W mem­
ory or with up to seven 8K memory 

boards. Introduced by M&R Enter­
prises, PO Box 61011, Sunnyvale, CA 
94088, the CPU serial I/O port of­
fers both RS-232 and 20-mA current 
loop. On-board cycle-stealing DMA 
does not idle the processor. Disc 
drives and tape units directly address 
memory; provisions for addressing 
slow memory add flexibility. CPU rec­
ognizes 72 instructions; greater num­
ber of address modes make 6800 soft­
ware easier to write. I/O is ad­
dressed like memory, permitting 
data in interface registers to be 
handled like data in memory. In­
terrupt structure saves registers in 
stack when interrupted. An external 
stack in memory allows unlimited 
subroutine nesting. Oscillator has 1-
MHz crystal. Unit comes with a 
Mikbug ROM in optional ROM sock­
et, which also accepts a custom pro­
grammed ROM. 

BK static memory board can plug 
into any location in backplane. Low 
power static R/W memories cycle in 
500 ns and entire memory draws 1.5 
A from single 5-V supply. On~board 
location selectors address the mem­
ory to any slot in the CPU's 64K 
memory map. 
Circle 182 on Inquiry Card 

16K RAM Module Designed 
for Microcomputer 
Development Aids 

Compatible with M6800 develop­
ment instrumentation, MEX 6816-1 
provides 16,384 bytes of dynamic 
R/W memory. Thirty-two 4096 x 1-
bit RAMs are organized into a 16K­
word x 8-bit array. Module contains 
refresh circuit, address multiplexer, 
address decoder, array row I column 
select circuit, module control logic, 
bus interface buffers, and switches 
that allow the base memory address 
to be relocated in the system mem­
ory space. Circuitry to test parity of 
data byte is also offered as an 
option. 

Memory refresh, initiated every 32 
µ.s, is accomplished on a clock "cycle­
stealing" basis. Power requirements 
of module, offered by Motorola 
Semiconductor Products, Inc, PO Box 
20294, Phoenix, AZ 85036, are 5.0 
V at 1.5 A, 12 V at 1.6 A, with 
operating temperature range of 0 to 
70°C. 
Circle 183 on Inquiry Card 
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That's leadership. 
You know where the parade is 
going. So do we : Distributed 
Processing. Putting the power 
where you need it means you 
get information when you need 
it. No fumbling. No bumbling. 
That's why we built the Zentec 
9003 user programmable 
intelligent terminal. Not just 
intelligent ... programmable. 

Do it your way. 
The 9003 is designed to solve a 
wide range of problems. That's 
why we provide comprehensive 

Call us for information: 
• Santa Clara (408) 246-7662 •TWX 910-338-0572 
• Southern Calif. (714) 998-9680 ·TWX 910-593-1339 
• Midwest (312) 297-8550 
• Boston (617) 879-7530 • TWX 710-380-0105 

sets of microcomputer firmware 
programs in either PROM or 
ROM ... plus a RAM option that 
provides true programmability. 
What's more, you can add the 
peripherals you need , when 
and where you need them. 

Keep it simple and 
dependable. 
As often as not, your operator 
isn't a programmer. Thus, 
simple and understandable 
operation is vital. That's why 
we build the 9003 to be easily 
understood and operated. 

And, easily maintained. 

Test it yourself. 
We do. Every single 9003 goes 
through exhaustive tests before 
we deliver it to you. That means 
you get a nice surprise ... no 
surprises. You just put 
the 9003 to work and watch it 
perform. But that's not 
surprising. At Zentec, we know 
where the parade is going . 

Distributed Processing From 

CIRCLE 55 ON INQUIRY CARD 

• New York (9 14) 949-6476 •TWX 710-568-1335 • West Germany 0611-634037 • TLX 84 1-4 16608 
• Philadelphia (215) 688-7325 •TWX 510-668-2995 • Austria 425451 or 421675 • TLX 847 -74737 
• Washington (301) 656-3061 • TWX 710-824-0093 • Switzerland 041-831043 • TLX 845-72231 
• United Kingdom (0442) 61266 • TLX 851-825629 • Netherlands 01720-94044 • TLX 844-34111 



Memory Modules With 
Various Configurations 
Available for MPU Kits 

Measuring 9.75 x 9.75", the series 
of memory modules is the same 
width as, and is pin for pin plug­
gable with, Motorola EXORciserrn. 
Modules can be configured to 4K, 
8K, 12K, and 16K bytes. In the 4K­
byte module, top four bits are ad­
dress selectable, and can shift to any 
space in memory. This module con­
tains a write protect switch; mem­
ory can be used as read-only, or 
can be written in-in which case it 
is protected from overwrite. Memory 
chips are low power static RAM. 

Other features of series include 
interface bus signal with 16 address 

Assembler and Simulator 
Are Combined in Software 
Development System 

The 8080 microprocessor program 
development software is a complete 
system that runs on any 4K PDP-8 
seiies minicomputer equipped with 
an ASR-33 terminal, or equivalent. 
Available from FBE Research Co 
PO Box 68234, Seattle, WA 98168: 
CAL-80/SIM-80 combines an efficient 
assembler and powerful simulator, 
providing all that is necessary to 
write and test 8080 software. A con­
ventional 3-pass paper tape sym­
bolic assembler that accepts Intel 
instruction mnemonics, assembler 
( CAL-80) outputs a BNPF format 
p/ROM image tape and formatted, 
paged program listing. Input is an 
ASCII paper tape. Assembly language 
source format is free-field, line ori­
ented and assembler operation is 
controlled by familiar punctuation 
and order of occurrence. Facilities for 
symbol assignment, automatic sym­
bol definition, and constant genera­
tion are provided. Up to 400 sym­
bols may be defined. 

The interactive simulator (SIM-
80) makes the PDP-8 look like an 
Intel 8080 system running an in­
visible debugger/monitor program 
and having 2K of core memory. Pro­
grams are input as BNPF format 
p/ROM image tapes; these tapes can 
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lines and eight data lines, phase 2 
clock signal, read-write select line, 
and valid memory address signal to 
indicate that lines are stable. Mod­
ules also read R/W specifications 
for M6800 microcomputer. Busing 
for power is from separate pins in 
memory; power supply inputs can 
be jumpered from normal supply, 
or from auxiliary battery, if desired. 
Capacity for lK bytes of UV eras­
able p/ROM is included on board 
for restart or bootstrap programs. 
Memory is standalone for use with 
the M6800, and also has interrupt 
and restart vectors. Modules are avail­
able from Revenue Control Sciences 
137 Richmond St, PO Box 868, El 
Segundo, CA 90245. 
Circle 184 on Inquiry Card 

also be generated from contiguous 
sections of simulated memory. Num­
bers and single character self-termi­
nating commands are used to con­
trol the simulator from the mini­
computer terminal. Commands are 
provided to examine single or suc­
cessive memory location contents, 
alter memory contents, list register 
contents, print status bits as words 
set the breakpoint, continue frorr: 
breakpoint, simulate vectored inter­
rupt, print program counter and stack 
pointer, and simulate input data. 
Both programs can use high speed 
paper tape equipment, if available. 
Circle 18 5 o n Inquiry Card 

DAPL Is High Level 
Programming Language 
For 4-Bit Microprocessor 

A programming language called 
DAPL, and a compiler for the lan­
guage are available to program Ad­
vanced Micro Devices 2900 family of 
4-bit bipolar microprocessors, and 
soon will be offered for other micro­
processors, including Monolithi c 
Memories 6700 and Texas Instruments 
SBP-0400. DAPL provides four levels 
of programming capability, covering 
range from simple bit patterns 
through register transfer notation. 

Extensive error checking facilities as 
well as the ability to handle device­
dependent considerations such as 
p /ROMs and PLAs are provided. 

Announced by Zeno Systems, Inc, 
2210 3rd St, Suite llO, Santa Monica, 
CA 90405, DAPL features up to 
8192-word x 256-bit microprograms; 
free-form syntax, flexible comment­
ing formats, and commands for for­
matting the source program listing; 
paper tape output in format accept­
able to most p / ROM writers; com­
mands for conveniently locating pro­
gram segments at specific word or 
R/W memory boundaries; symbolic 
macro substitution facility; complete 
variable cross-reference listing; and 
support of PLAs. DAPL can also 
serve as an assembler for an arbitrary 
machine implemented using bipolar 
slice architecture. 
Ci rcle 186 on Inq uiry Card 

Single Board J1Processor 
Memory System 

Based on the National Semiconduc­
tor Pace microprocessor, AED /Pace/ 
Memory system is packaged on one 
6 x 9" card. Features of the card 
developed by Advanced Electronics 
Development, 880 Boston Post Rd 
Old Saybrook, CT 06475 include; 
16-bit instruction word, 8- or 16-bit 
data words, 45 instructions, common 
memory and peripheral addressing, 
four general-purpose accumulators, 
and 10-word stack. Card has six vec­
tored priority interrupt levels and 
programmer accessible status regis­
ter. Instruction execution time is 10 
ms. Containing single phase true 
and complement crystal clock, card 
operates with a 5- to 12-V supply. 
Memo1y is 256 x 16 R /W, with sock­
ets for 3K x 16 p /ROM/ROM. Also 
included are start-up circuitry, split 
busing for data I/O/addresses sock­
et for CPU, address latche~, and 
card edge connectors. There is a 
165-h bum, with a 1-year warranty 
on the system. 
. Card is available with such op­

tions as a soldered in p / ROM, an 
I/O pmt, 16-bit parallel and serial, 
and free library of software. D 
C ircle 187 on Inq ui ry Card 
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li"igac VI digital-to-synchro 
converter gives you accuracy 

and powerwithout 
raising yourtemperature. 

The closest thing yet to a Solid State Synchro, 
Kearfott's Trigac VI Modular Digital-to-Synchro/ 
Resolver Converters provide the accuracy and power 
you need, with a bonus. In addition to standard 4 arc 
minutes of accuracy at 1 volt ampere, the transforma­
tion ratio remains constant within ± .25%. We also 
have units constant within -+- 0.1 % . That can make 
the difference between delivering power or just 
throwing it away. 

Let us help you be cost effective. Standard options 
range from industrial grades thru hi-reliability units, 
from accuracies of ± 20 arc minutes to ± 1 arc minute 
and, in addition, special designs and packaging as 
you require . 
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KEARFOTT AMPLIFI ER 

BUFFER 
RESOLVER TO SYNCHRO 

Need more power? Try our line of 
compatible synchro amplifiers. 
Our 3185 Series is designed to perform the synchro 
power buffering or resolver to synchro (Scott-T) func­
tion . They provide matched power amplifier channels 
and transformer coupled outputs capable of driving 
torque repeaters or multiple control transformers up 
to 5 va. These fully potted units feature overload 
protection, low-quiescent currents and transformer­
isolated outputs. Models available range from 
industrial to full MIL-SPEC high-reliability grades. 

NEED ADDITIONAL POWER? We have units avail­
able with power outputs to 50 va, 60 or 400 Hz 
operation , and opt ions of built in digital converters 
and/or power supplies. 

For details on our converters and amplifiers, 
contact The Singer Company, Kearfott Division , 
1150 McBride Avenue , Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 
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PRODUCT 
FEATURE 

Utilization of a 40-kHz switching 
rate for the first time and a spe­
cially designed mechanical config­
uration permit the 9E5-50C-l 7 Super­
SwitcherT" to attain what is claimed 
to be the highest packaging density 
of any off-the-shelf, convection 
cooled, 250-W power supply. Power­
tec's 5-V ±10 %, 50-A switching 
power supply yields 1.4 W / in.3 

from a 7-lb package that measures 
only 4.94" high x 2.25" wide x 
15.5" long (16.38" including front 
connectors and terminals) . 

This low profile packaging per­
mits installation of the unit in many 
different locations and attitudes. It 
may be mounted vertically, hori-

Form Factor of Switching Power Supply 

Meets User Requirements for Diverse Designs 

zontally, or crosswise in a standard 
RETMA rack; alongside, above, be­
low, or behind rack drawers in a 
cabinet; or within terminals, con­
soles, or other equipment. Because 
the unit is convection cooled, there 
is no fan noise to bother office per­
sonnel. 

Operating Characteristics 

Under nominal conditions-input 
voltage of 115/ 230 Vac +10/ -20% 
and 25°C ambient operating tempera­
ture-and with the chassis mounted 
such that its 4.94" dimension is ver­
tical, the unit will provide 250 W, 
5 V, 50 A. Mounted with the 4.94" 
dimension horizontal and with the 
screen side up, the unit derates load 
current 10%. 

The supply will operate from in­
puts of 92 to 126 or 184 to 253 
Vac, 0 to 40°C ambient tempera­
ture, and supply 4. 75 to 5.25 V de. 
Under normal ±10% line conditions, 
the unit will operate from 110-, 115-, 
208-, 220-, or 230-Vac nominal line 
potentials. A 20-ms min voltage hold 
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I I 
I 

Packaging of SuperSwitcher evolved from survey to determine most practical 
configuration. Only 2.25" of rack depth is used if fit into a standard 5.25" 
RETMA rack. It also can be mounted alongside the CRT in a video display 
terminal (left), in the side panel of a computer or other console (right), in a 
card cage (center), or in a variety of other equipment 
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up all-Ows it to function under ab· 

normal line conditions. Input fre· 

quency range is 4 7 to 63 Hz. Shut­

down occurs if input voltage drops 
below the proper limit or if inter­

nal temperatures become excessive. 

Automatic recovery takes place when 
voltage and temperature return to 
the acceptable ranges. 

Output voltage regulation is 2 

m V over the rated input voltage 

range and 0.2 % for the full output 
current range. Voltage ripple and 

noise is 40 m V pk-pk typ, 50 m V 
pk-pk max with measurements made 
on a 50-MHz oscilloscope. 

Voltage transient deviation with 

step load change is ±5% for 50% 
change of full load rating occurring 

between 20 and 100% of full load. 
Recovery to 0.1 % requires ~400 fU'· 

No ringing or instability will occur. 
Standard features include remote 

sensing and voltage programming as 

well as logic inhibit. Options include 
power-fail logic output and factory 

installed master/ slaving parallel­

ing which permits interchanging of 
units as master and slave. 

Five proprietary internal features 
guard against operating conditions 

that might be destructive to many 

other switchers. In addition to stan­
dard protection against over-voltage, 

over-current, and over-temperature 

and inadequate line voltage, unique 
control circuitry keeps transistor 
collector currents and transformer 

flux densities balanced and within 

design limits under all normal and 
abnormal operating conditions. 

A front panel connector provides 
access for remote sensing to com­

pensate for load cable drops and 

for connection of a potentiometer 
to adjust remote voltage. A logic 

inhibit signal is provided through 
this connector to shut down the unit 
when a low logic signal is applied. 

Removal of the signal allows the 

unit to resume operation. 

Price and Delivery 

Single unit price for the 9E5-50C-l 7 
SuperSwitcher is $395. OEM quantity 
discounts are available. Prototype 
units are now available. Delivery on 
production quantities is eight weeks 
ARO. P.owertec Inc, 9168 DeSoto 
Ave, Chatsworth, CA 91311. Tel: 
{213) 882-0004. 

For additional information circle 
199 on inquiry card. 

SAM® IS 
THE IDWEST PRICED 

READERYOU CAN 
BUY. BUT YOU DON'T 

GETSHORT CHANGED. 

This is the plain, brown 
wrapper SAM comes in. 

You could spend a lot 
more for a tape reader and 
still not get all of SAM'S 
quality features. SAM clips 
along at 300 cps, has our 
sure-footed dual sprocket 
drive and our state-of-the­
art fiber optic light source 
and photo transistor read 
head. We can make SAM do 
all this and save you money 

because we do things differently. 

The more you know about punched 
tape equipment, the better you read us. 

JD)JmCQTIUJrm1TIK 
250 CHANDLER STREET. WORCESTER. MASSACHUSETTS 01602, U.S.A. (617) 798-8731 
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NEW! 
LED Illuminated 
LOW PROFILE 
KEYBOARD 
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12 Station LED Keyboard 

Single Station LED Keybutton 

\ 

High performance LEDs mounted in keybut­
ton give visual indication of function process 
or data acceptance. Standard 10 and 12 
station keyboards and single station keybut­
tons easily mounted from front of panel or on 
mother -board from rear of panel. In-line 
connector pins fit standard strip connectors. 
Compact design saves panel space. Keyboards 
measure 2V2" x 3" and extend only .380" 
below panel. Keybuttons mount on . 70" 
centers. 

Legend decal offers low cost custom charac­
ter design and color co-ordination with machine. 
Long key life .. . 5,000,000 cycles plus ... 
and unique patented design assure reliable 
momentary contact. Unlighted keyboards and 
keybutton offer same design features and 
advantages. 
Proven dependability . .. we've produced hun­
dreds of thousands of keyboards for the 
electronic calculator industry. Get full details. 
Write for our new Low Profile Keyboard 
brochure. 

1. o01 ~~~~!,~.~ 
(71 4) 5-49·3041 TWX: 910/595-1507 

Other STACO Company products : Custom Transformers , STACO, INCORPORATED, Richmond , Indiana; Variable 

Transformers, STACO, INCORPORATED, Dayton, Ohio. 
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PRODUCTS I 

Miniature Data Acquisition System 
Interfaces Directly with Microcomputers 
Direct interface with microprocessors and microcomputers by the 
MN7002 miniature data acquisition system is accommodated 
through buffering of selected outputs with 3-state gates. The 16-
channel, 12-bit system retains its capability to operate in ei"ther 
single-ended or true differential modes even when expanded to 
256 channels. A right-angle connector allows the device to be 
mounted parallel to a motherboard. The 2.9 x 4.5 x 0.35" device 
is available in standard and military temperature ranges, oper­
ates without external adjustments, and is fully specified over its 
full temperature range. Linearity over the entire range is + 1 
LSB max; crosstalk is - 80 dB or more for operation in either 
16-channel, single-ended or 8-channel, true-differential operating 
modes. Max throughput rate of 40 kHz is achieved in a multiplex 
overlap mode. Input impedance is 100 Mfl or better under all 
conditions. Micro Networks Corp, 324 Glark St, Worcester, 
MA 01606. 
Circle 200 on Inquiry Card 

Fiber Optic Connector Eases Termination Problems 
For Both Dry Splice and Fluid Coupling Insertions 
A wide variety of fiber optic bundles can be accommodated by a 
universal end termination that provides optimum packing fraction 
and simplifies end polishing. The termination can be used in 
multiposition connectors and mates with a splice bushing or with 
a bushing that houses either light source or photodetector. In­
sertion loss varies from about 2 dB (depending on type of bundle 
terminated) with index matching fluid as a coupling medium, to 
approximately 3 dB for a dry splice (two terminations face-to-face 
in a splice bushing) . During termination (and when connected) 
the resilient nose of the thermoplastic ferrule is compressed radial­
ly, compacti ng the fibers into a minimum diameter bundle on the 
centerline of the termination. This permits the termination to ab­
sorb the tolerances normally associated with the number and diam­
eter of fibers in a bundle to provide a superior packing fraction. 
Terminations are supplied with a polishing bushing and complete 
installation instructions. AMP Inc, Harrisburg, PA 17105. 
Circle 201 on Inquiry Card 

Full Minicomputer Performance and Capabilities 
Provided by Single Board Processor 
Requirements for a processor having power, speed, and flexi,bility 
of a high level minicomputer but packaged as a component for 
OEM systems are met by the 2108K miniprocessor. Up to five 
times faster than microprocessors and LSI-based microcomputers, 
this minicomputer-on-a-board at its basic level is a high per­
formance 24-bit microprocessor capable of a register-to-register 
add in one 325-ns machine cycle. With the optional 21MX in­
struction set ROM, the processor becomes a full minicomputer 
that is completely compatible with 21MX computers, software, 
and peripherals. Available instruction set includes floating point, 
data communication, and integer arithmetic instruction. User 
programs may be dynamically loaded into p/ROM and plugged 
into control store or placed into main memory, Available ac­
cessories inc.Jude 8· and 18-slot card cages, front panel control 
assembly, engineering and reference documentation, and base set 
instruction ROMs. Hewlett-Packard Co, 1501 Page Mill Rd, 
Palo Alto, CA 94304. 
Circle 202 on Inquiry Card 
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Stop waiting 
for a better NOV•. 

TheMini 3 µ 
/ is here 

Available as boards or a complete system. 

If your OEM system is tied to 
MOVA. software and 
peripherals but you 

need a mini with more 
performance and less price, 

stop waiting and give us a call. 
The Monolithic Memories 11MIMI 3 is here 

and deliverable right now. 

For more information , or to arrange a hands-on 
demo, call TWX , write Al Trejo , or contact your 

local representative . 

United States 
Monolithic Memories, Inc. 

1165 E. Arques Avenue 
Sunnyvale, CA 94086 
Phone : 408/739-3535 

TWX : 910-339-9229 

Europe 
Monol ithi c Memories,GmbH 

8000 Munich 80 
Mauerkircherstr. 4 

West Germany 
Phone : (089) 982601 
Telex: (841) 524385 

Far East 
MMI Far East Ltd . 

Parkside-Flat Building 
4-2-2 Sendagaya 

Shibuya-Ku 
Tokyo 151 , Japan 

Phone : (3) 403-9061 

now. 
Loo k at t he features. 

See if w e can 't enhance 
performance, and 
reduce your cost , 

al l at t he same time. 

High speed 300ns micro cycle cpu . 
Maximum flexi b i lity th rough user 

microprogram mable PROMs. 
Complete 32K words system w ith paper tape 1.0. 

and multiply/d ivi de on on ly two boards. 
Upward and downward compatible . 

High speed , bipolar, LSI , microprocessor from the 
lead ing bi po lar manufacturer. 

High density, solid state MOS mem o ry with up 
to 32K wo rd s on one board . 

CONFIGURATION 

CPU, Chassis , P.S., Front Panel 
32K words memory 
Auto Program load 
PM/AR 
MPV/Div 
Real Time Clock 
ITV Co ntrol 
PTR Control 
PTP Control 
Slots used 
List Price 

Low po wer consumption . 

And the price is right. 
Compare for yourself: 

NOVA µ, MINI NOVA 
2/10 3/09 3/12 ,,.,, ,,.,, 
,,.,, ,,.,, 
,,.,, ,,.,, 
,,.,, ,,.,, 

~I.)~~ !\\t ,,.,, ,,.,, 
,,.,, ,,.,, ~\\t~~\\'l ,,.,, ,,.,, 
,,.,, ,,.,, 
,,.,, ,,.,, 
5 2 

$13,800 $9,450 

· Nova is a trademark of the Above pricing derived from Data General April 1, 1975 price list and 
Data General Corporation MM I May 15, 1976 price list . Single unit prices . 

Monolithic Memories 
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PRODUCTS 

AUTO LOADER 
FOR FLOPPY DISC TESTERS 
Designed for a Memorex 652, but adapt­
able to most floppy disc drives, loader 
handles up to 20 discs at a time, eliminat­
ing hand insertion and removal of each 
disc. When used on the FD-33 tester, 50 
discs can be tested in an hour, including 
6 s for loading and unloading. After a 20-
disc test sequence is completed, discs are 
stacked in a receiving bin. A dual stack­
ing mechanism offsets rei ected discs 1h" 
from good discs, allowing easy separation 
when testing is complete. Three Phoenix 
Co, 10632 N 21st Ave, Phoenix, AZ 85029. 
Circle 203 on Inquiry Card 

WORD RECOGNIZER/ 
DIGITAL D!=LAY PLUG-IN 

WR501 adds 16·bit word trigger and digi­
tal trigger delay to the 16-channel LA501 
logic analyzer. A 17th qualifier bit provides 
selection of the time or condition under 
which the recognizer searches for the 
chosen pattern. Inputs are divided into 
two easily attached, 9-channel active probes. 
Probe input impedance is 1-MO paralleled 
5 PF (at pro·be head) for min loading on 
all logic families. Separate threshold con­
trols for each probe allow the unit to ac­
cept inputs from two different logic fami­
lies simultaneously. Tektronix, Inc, PO 
Box 500, Beaverton, OR 97077. 
Circle 204 on Inquiry Card 

16-PIN IC PACKAGING PANEL 
Consisting of 108 16·pin IC patterns, with 
additional committed voltage and ground 
sockets at every IC position, and six 108-
pin 1/0 connectors, series 6PS108 panels 
offer a max I/0 capability of 648 I/O 
pins/panel with six I/0 channels. Panels 
are available with or without connectors in 
any or all of the six perimeter locations, 
for max wire-routing flex~bility, Connec­
tors are glass-filled nylon with gold-over­
nickel plated contacts. Garry Manu fac· 
turin g Co, 1010 Jersey Ave, New Bruns­
wick, NJ 08902. 
Circle 205 on Inqu iry C ard 
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SWITCHING POWER SUPPLIES 

Modular style stabilizers rated 50, 100, 
and 150 W provide voltage levels of 5, 9, 
12, 15, and 24 V. Output current for 50-
W models ranges from 0 to 10 A at 5 V 
to 0 to 2 A at 24 V; 100-W models, from 
0 to 20 A to 0 to 4 A; and 150-W models, 
from 0 to 30 A to 0 to 6 A. Other specs in­
clude 105 to 125 Vac, 47- to 420·Hz source 
voltage; 20·ms holding time; 65% effi­
ciency; ±2% overall stabilization; 5 m V 
rms, 300-m V pk-pk ripple and noise; 5-ms 
recovery time, step load current, and 
0.05%/ °C tempco. Kepco, In c, 131-38 
Sanford Ave, Flushing, NY 11352. 
C ircle 206 on Inquiry Card 

EIA STANDARD 
CABINET BLOWERS 
CB series computer/ electronics cabinet 
blowers for racks 19" wide and 7, 8%, 
and 101,6" high has air flow rates at 115 
V, 60 Hz, and typ static pressure of 0.1-
in. H20 range from 155 to 480 cfm. Con­
sisting of dual single·inlet centrifugal units 
driven by single motor in welded box cabi­
net, it features split and expanded alumi­
num filters, exhaust outlet guards, and 
stainless steel grills in two optional de­
signs. Blower motors are permanent split 
capacitor or shaded pole. T orin Corp, 
Torrington, CT 06790. 
C ircle 207 on Inquiry Card 

p/flOM SIMULATOR 

Providing high speed static RAMs to r~­
place MOS p/ROMs or ROMs, as an op­
tion to the MM80 microprocessor in-cir­
cuit emulator, p/ROM simulator acts as a 
memory extension to the emulator, permit­
ting multiple units to be daisy chained. 
Each unit will simulate two p/ROMs of 
up to lK x 8 ·bits. The device being sim­
ulated is replaced by a p/ROM simulator 
connector cable and plug, Front panel con­
trols select true/ complement data and 
write protection. Self-contained power sup­
ply retains memory contents when emu­
lator is off. Ramtek Corp, 585 N Mary 
Ave, Sunnrvale, CA 94086. 
Circle 208 on Inquiry Card 

1200M-BYTE DISC FORMATIER 
Model XDF-76 operates with 3340-type disc 
storage modules, pr6viding for 40M- to 
1200M,bne capacity; 1200M-byte storage 
is accomplished with four storage modules 
and one formatter. Design provides EOC 
(error correction codes), rotational position 
sensing, and interleaving for consecutive 
sector transfers. Other features include 
128K•byte transfer in one operation, over­
lapped seek of up to four drives simultane­
ously, 512-byte buffer for computer I drive 
synchronization, and multiport capabili!Y. 
Xebec Systems Inc, 2985 Kifer Rd, 
Santa Clara, CA 95051. 
Circ le 209 on Inquiry Card 

FLOPPY DISC SYSTEM KIT 

Copsisting of a smart controller; one to 
four drives; interconnecting cable from 
controller to drives; and hardware inter­
face for connecting the system to micro: 
computers, the microprocessor-based disc 
controller is packaged on a single PC 
board that pancakes directly to one disc 
drive, and requires less than l" of space. 
Additional drives are daisy chained from 
the first. Dual.density version writes 630K 
bytes/ diskette; IBM-compatible unit writes 
256K bytes/ diskette. Sykes Datatronics 
In c, 375 Orchard St, Rochester, NY 14606. 
C ircle 2 10 on Inquiry Card 

STEPPER MOTOR 
Extended shaft version of std size 20, 15-
deg, 3-phase voltage regulated motor is 
intended for use in floppy disc drives. 
Three shaft sizes with two, three, and four 
start ground or rolled threads are avail­
able. Model 20M33 series uses precision 
instrument ball-bearings, preloaded to en· 
sure min end play of extended shaft. Fea­
tures include holding torque of 40 to 50 
oz-in.; ±3% step error; and 28 Vdc. 
No vatronics of Canada Ltd, PO Box 
610, Stratford, Ontario, Canada N5A 6V6. 

C ircle 2 11 on Inq uiry Card 
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For immediate need, circle 60 on Inquiry Card. 
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PRODUCTS 

IEEE BUS 
INTERFACE COUPLER 

Model 4880 IEEE Std bus coupler is de­
signed to make any electronic instrument 
compatible with IEEE 488 bus. Three 
configurations are: as talker, where coupler 
takes output of measuring instrument 
(such as DVM) and outputs readings onto 
488 bus; as listener, where coupler takes 
commands from bus, using them to oper­
ate stimuli or output devices from the 488 
bus; and for connecting and controlling 
devices in bidirectional manner (talker / 
listener). Data Works Instrumentation, 
9748 Cozycroft Ave, Chatsworth, CA 91311. 
Circle 212 on Inquiry Card 

ALPHANUMERIC LED DISPLAY 
DL-416 display has four 0.16" alphanu­
meric characters preassembled for multi­
plex operatio'n on PCB with pins on 0.075" 
centers. Boards can be stacked end to end 
to create a display with any number of 
characters, spaced on 0.260" centers. High. 
contrast characters are readable in day­
light at up to 5 ft, within 20-deg half 
angle. Characters are formed using 16-
segment starburst pattern. Luminous in­
tensity is 0.5 med/ digit at 5-mA current / 
segment. Litronix, Inc, 19000 Homestead 
Rd, Cupertino, CA 95014. 
Circle 213 on Inquiry Card 

p/ROM PROGRAMMER 

Model 107K incorporates a circuit that per­
mits a complete copy of any 1702 p/ROM 
to be made in 20 s or less with reduced 
chip heating; up to 2 min. are required 
to make copies with conventional program­
mers. Features include hex keyboard entry 
of data and address, autocopy between se­
lectable min and max addresses, verify 
while reading or writing, and stop-on-error 
detect. General purpose interface is offered 
as an option. Technitrol, Inc, 1952 E 
Allegheny Ave, Philadelphia, PA 19134. 
Circle 214 on Inquiry Card 
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HUFFMAN CODER/DECODER 
Coder I decoder pair increases efficiency of 
word-oriented digital transmission systems 
by assigning short (1. or 2-bit) Huffman 
codes to commonly occurring input words, 
and long ( 10- or 12-bit) codes to infre­
quently occurring words. Max efficiency 
is obtained when codes are generated from 
statistics produced from actual data being 
transmitted. Data-sampling device is avail­
able for producing word-frequency histo­
grams. Each pair is available on two match­
ing 41h x 6" PCBs, and is equipped with 
sockets for installing up to two sets of 
p/ROMs. Tyton, Inc, 395 North Rd, Sud­
bury, MA 01776. 
Circle 215 on Inquiry Card 

32K-WORD 
CORE MEMORY SYSTEM 

The ECOMR R, a single-board core mem­
ory system with storage capacity of 32, 768 
x 18-bit words, is compatible with H 
models (16K). Standalone MM-124 mem­
ory module has complete timing and con­
trol, memory bus interface, and core array 
drive circuits on a single PC board, 
measuring 11.5 x 16 x 0.75". With byte 
control it can be operated as a 65,536-word 
x 9-bit memory. A max of 16 modules can 
be paralleled to form a 9.4M-bit memory 
system. Access time is 300 ns max; mem­
ory cycle time is 750 ns. Standard Mem­
ories, 4120 Birch St, Suite 105, Newport 
Beach, CA 92660. 
Circle 216 on Inquiry Card 

CLOSED ENTRY LSI SOCKET 
Allowing insertion and withdrawal of frag­
ile LSis without damage, while maintain­
ing sufficient normal force for a reliable 
low level electrical contact, the 6097 com­
bines SolderconT" 1938 dual beam contact 
with 94 V-0 flame retardant polyester 
housing. Housing design incorporates a 
closed entry cap and a closed socket base 
to prevent solder wicking during wave 
soldering. The devi'ce is available in 24, 
28, and 40 positions on 0.100 x 0.600" 
spacing. Molex Inc, '2222 Wellington Ct, 
Lisle, IL 60532. 

Circle 217 on Inquiry Card 

MPU-BASED 
MAGNETIC CARD TERMINAL 

Small, lightweight magnetic card termi· 
nals for use in synchronous or asynchron­
ous entry or receipt of data are available 
in five configurations ranging from a basic 
read-only model to a unit that offers five 
function keys, a 10-digit numeric keyboard, 
an 8-digit LED display, and a 16-digit 
numerical impact printer. Units measure 
10.4 x 12 x 12.2", and weigh from 16 to 20 
lb. Quatro, Inc, 3 Great Meadow Lane, 
East Hanover, NJ 07936. 
Circle 218 on Inquiry Card 

ULTRA-HIGH SPEED DACs 
Totally self-contained units for converting 
ultra-high speed digital input signals, three 
DAC 1100 models provide 5-, 6-, or 7-bit 
resolution at conversion rates ranging from 
100 to 60 MHz, respectively. Every unit 
contains an ECL-compatible input holding 
register, solid-state analog switches, pre­
cision ladder network, temp-compensated 
internal voltage reference generator, and 
low impedance output driver circuit. AH 
units are fully-tested and calibrated "sys­
tem-ready" modules. Phoenix Data, Inc, 
3384 W Osborn Rd, Phoenix, AZ 85017. 
Circle 219 on Inquiry Card 

LOW PROFILE STRIPSWITCH 

Featuring 0.300" high design enabling 
mounting on PC cards racked at 0.5'' in­
tervals, switch mounts directly to PCB by 
hand, wave, or flow soldering, vertically or 
horizontally on both sides of board. No 
mounting hardware is required. Single 
modules can be snapped together to form 
multi-station switch assembly, allowing mix 
and match of different codes within one 
unit. Snaps can be cut off in single sta­
tion applications. Models offer thumbwheel 
or screwdriver setting. EECO, 1441 E 
Chestnut Ave, Santa Ana, CA 92701. 
Circle 220 on Inquiry Card 
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132 columns. Over 300 lines per minute. 
Under 52000: 

In printers, it's not just a question of how much they cost, 
but one of how much you get for your money. And on a price/performance basis, 

nothing even comes close to the Teletype''" model 40 OEM printer. 

Besides getting a 132-column, heavy-duty impact printer that delivers over 300 !pm for less than 
$2000, you also get a printer with outstanding flexibility and reliability. 

The big reason behind the model 40's price/performance advantage over the competition 
is our unique design. Even though it operates· at speeds over 300 !pm, wear and tear is less than 

you'd find in a conventional printer operating at a much slower speed. Fewer moving parts 
and solid-state components add up to increased reliability and reduced maintenance. . 

We'd be ahead if we just stopped there, but the model 40 also offers 
you a number of other features. Like a choice of character sets, operator-adjustable form width and 

form length, parity error indication, and a built-in self-test feature, just to name a few. 
TE L ETY P E 

For complete information, please contact our Sales Headquarters at:~ 
5555 Touhy Ave., Skokie, Ill. 60076. Or call Terminal Central at: (312) 982-2000. ~. 

The Teletype model 40 OEM printer. 
Nothing even comes close. 

Teletype is a trademark and service mark registered in the United States Patent and Trademark Office. 

*BO-column-version available for under $1400. 

CIRCLE 62 ON INQUIRY CARD 



PRODUCTS 

AUTORANGING PORTABLE DMM 
A field-grade multimeter with performance 
characteristics of a bench-type instrument, 
model 6000 provides automatic ranging for 
ac and de volts, ac and de amps, and 
resistance measurement functions. Twenty. 
six ranges cover voltage measurements 
from 200 mV to 1 kV, current from 2 mA 
to 10 A, and resistance from 200 0 to 20 
MO. A "hold" input jack provides memory 
retention capability for remote measure· 
ments. Auto-zero and auto-polarity are 
built-in. Accuracy is 0.35%. Weston In­
struments Div, Weston Instruments, 
Inc, 614 Frelinghuysen Ave, Newark, 
NJ 07114. 
Circle 221 on Inquiry Card 

MULTIPLE-OUTPUT 
POWER SUPPLIES 

Model 601.5 has all voltages necessary to 
operate small CRT, and features 1.5 kV 
for anode, 6.3 V for heater, -1.5 kV for 
cathode, and -1.5-kV floating supply for 
blanking, Input power is unregulated 24 
V de. Line and load regulation is 1 % on 
each output, with voltage choice of 10, 12, 
and 15 kV ±5%. Supply provides max 
power of 5 W. Short circuit, arc, and over­
load protection; and full-load transient of 
0.5 to 1 % peak, with recovery in 3 ms typ 
are provided. Keltron Corp, 225 Crescent 
St, Waltham, MA 02154. 
Circle 222 on Inquiry Card 

MIL-R-288()3/1 
READOUT ASSEMBLY 
Model 905H has been qualified to MIL-R-
28803/ l, a · severe environment spec that 
covers high impact shock, RFI shielding, 
and moisture-sealing requirements. Each 
readout component in assembly uses fiber 
optic light tubes to transmit light from 
solid-state LED light sources in the hack 
of unit to display face with min light in­
tensity loss. Displays are created by 
lighting various combinations of dot-pattern 
segments. Digits are 0.43" high, Master 
Specialties Co, 1640 Monrovia Ave, Costa 
Mesa, CA 92627. 
Circle 223" on Inquiry Card 
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SINGLE BADGE/CARD READERS 

Line of word/ data collection stations have 
one-at-a-time readers designed to handle 
identification badges as well as punched 
or mark sense cards as small as 22 col. 
Std features include ability to automatically 
process cards of any length and a variable 
speed transport control. Models are avail­
able in 80-col std tab hole cards, 40- and 
80-col hole/optical mark or mark sense 
cards, and 40- and 80-col std tab hole 
cards and optical mark cards. Peripheral 
Dynamics, Inc, 1850 Gravers Rd, Ply­
mouth Township, Norristown, PA 19401. 
Circle 224 on Inquiry Card 

INTELLIGENT MULTIPLEXER 
Timeline 780 Supermux, a rnicroprocessor­
controlled time division multiplexer, elimi­
nates data transmission errors generated 
on the high speed link between multi­
plexers. The device uses an ARQ tech­
nique to eliminate errors, and has sufficient 
buffer storage to assure data integrity even 
with outages lasting 10 s on a fully loaded 
9600-bit/ s line. Unit will intermix speeds, 
data rates, and protocols, and allows syn­
chronous and asynchronous channels to 
contend for the same bandwidth. Infotron 
Systems Corp, 7300 N Crescent Blvd, 
Pennsauken, NJ 08110. 
Circle 225 on Inquiry Card 

MINIATURE CRT 
DATA ENTRY TERMINAL 

The 278 mini-display terminal, a CRT de­
vice, is compatible with IBM 3270 and 
can be intermixed with any 270 system 
display and printing devices. With min of 
electronic components to insure reliability 
and ease of maintenance, design includes 
non-glare/tilt screen, flicker-free display, 
and separate low-profile keyboard. Com­
parable in size to std electric typewriter, 
unit can be connected to company's con­
trollers, including local, remote, and virtual 
terminal line controller. Courier Termi­
nal Systems, Inc, 2202 E University Dr, 
Phoenix, AZ 85034. 
Circle 226 on Inquiry Card 

RIBBON EDGE SENSOR 
Using hybrid circuitry to provide TTL, 
CMOS, and DTL compatibility, the 126:1 
is a solid-state optoelectronic assembly con­
taining infrared LEDs which are spectrally 
matched and precisely aligned to silicon 
phototransistors. Designed for ribbon-edge 
sensing in printers, the unit is suitable for 
any sensing application where a logic high 
output is required for an obstruction of 
::0::2% transmissivity or a logic low output 
if the transmissivity is ~75%. HEI, Inc, 
Jon a than Industrial Ctr, Chaska, MN 55318. 
Circle 227 on Inquiry Card 

ABSOLUTE ENCODER 

The R.A_/158S offers resolution to 22 
bits ( 4,194,304 counts/turn) in 8-in. 
through-hole, 15-in. dia configurations. 
Features include chrome slit and disc as· 
sembly, redundant optical system, rotary 
seals, and IC electronics. Other specs in· 
elude non-operating slew speed of 100 rpm 
max, op temp range of -40 to 50°C, break­
away torque of 35 oz-in. max, and running 
torque of 25 oz-in. max. Measurement 
Systems Div, Itek Corp, 27 Christian 
St, Newton, MA 02161. 
Circle 228 on Inquiry Card 

FREQUENCY DIVISION 
MULTIPLEXERS 
M series devices enable several terminals 
to utilize a single leased line. Designed to 
operate over std 3002 voice-grade Jines, car­
rying data at from 75 to 1200 bits/ s, the 
units can multiplex up to 25, 75-bit/ s ter­
minals or combinations of data and voice 
over the same conditioned voice-grade lines. 
Operating over either 2- or 4-wire lines, the 
multiplexers perform equally well in half­
or full-duplex modes, as weli as in polled 
environments. Modules consist of two PC 
boards: channel receiver, and channel 
transmitter and control. Prentice Elec­
tronics, 795 San Antonio Rd, Palo Alto, 
CA 94303. 

Circle 229 on Inquiry Card 
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LOW LEVEL 
A-D CONVERSION SYSTEM 
Providing a direct-coupled amplifier-filter 
module on each channel, GMD-10 through 
-1000 act as low level signal enhancement 
devices for GM series A-D conversion SYS· 

tems. Amp provides configurations with 
single fixed gains from 1 to 1000; fixed 
2-pole output filter offers full power band­
widths from 1 Hz to 60 kHz (-3 dB 
points) and full scale output of ±IO V 
at 5 mA in addition to the normal high 
level multiplexer output of the converter. 
Features include 120-dB common mode re­
jection (at gain IOOOX), <2.µV noise RTI, 
and drift as low as 1.0 µVI •c RTI. Pres· 
ton Scientific Inc, 805 E Cerritos Ave, 
Anaheim, CA 92805. 
Circle 230 on Inquiry Card 

STANDARDIZED 
PUSHBUTTON SWITCHES 

IMPS (integrated modular pushbutton 
switch) has standardized mounting and 
device heights to simplify the front panel 
PC board interlace. Switch requires only 
0.6" from switch side of the board to 
inside surface of the front panel. Modular 
design permits close stacking (10-mm 
center-to-center spacing) for momentary 
function keyboard appli'cations and for 
push-push and interlocked assemblies. 
Other features are 2M-cycle min load life; 
2.5- to 3.5-oz actuation force; spst, spdt, 
dpst, and dpdt switch contacts; and 
10-, 15-, 20., or 25-mm center-to-center spae­
ing. Centralab Electronics Div, Globe. 
Union Inc, PO Box 858 HWY 20 W, 
Fort Dodge, IA 50501. 
Circle 231 on Inquiry Card 

INTELLIGENT TERMINALS 
Series 30 and 40 provide cartridge disc 
storage up to 40M bytes, with up to 32 CRT 
operator positions and 32 printers/ 
"cluster". Software support consists of 
Data Entry Software Level I and II, high 
level BASIC programming language, and 
file management software system. Cartridge 
disc storage of the 40 is operated under 
Program Development and File Manage­
ment System software; it requires 32K, 
48K, or 64K bytes of core memory. The 
30 features 16K, 32K, 48K, or 64K bytes 
of programmable memory. Incoterm 
Corp, 6 Strathmore Rd, Natick, MA 01760. 
Circle 232 on Inquiry Card 
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MICA PAPER CAPACITORS 
Developed for high reliability applications, 
K series is manufactured with mica paper 
dielectric impregnated with epoxy formula­
tion. Ac corona inception and de break­
down levels are increased two to four 
times with possible 30 to 50% vofome and 
weight reductions. Wrap and fill unit has 
0.1 µF capacity and 4200 de working volt­
age; fibel'.glass housed unit has 1.0 µF ca­
pacity, 12K de working voltage; and 
epoxy molded unit has 4.0 µF capacity, with 
BK de working voltage. Units are available 
in solder type, threaded stud, or wire lead 
terminations. Custom Electronics, Inc, 
Browne St, Oneonta, NY 13820. 
Circle 233 on Inquiry Card 

8-BIT MONOLITHIC 
D-A CONVERTER 
Fully processed to MIL-STD 883 level B 
or C and designed for -55 to 125°C temp 
range, unit is pin-for-pin equivalent of 
MC1408/ 1508. Packaged in 16-pin her­
metically sealed DIP, it includes bias cir­
cuit, reference amplifier, and switch and 
resistor network chip. Output is fast set­
tling (300 ns), and is in 0 to 2 mA or 
±1 mA range, depending on pin inter­
connections and input coding. Input is 
TTL/'DTL compatible and has binary and 
offset binary coding. Required power sup­
ply is ±5 V de. Hybrid Systems Corp, 
Crosby Dr, Bedford, MA 01730. 
Circle 234 on Inquiry Card 
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4-0UTPUT 
SWITCHING POWER SUPPLY 

Supp)y offers up to four outputs totaling 
750 W from package measuring 5.1 x 7 x 
12.75". Primary output of model MM-440 
is S V at 150 A. Second output can be 2 
V at 12 A, 5 V at 12 A, 12 V at 10 A, 
15 V at 10 A, 18 V at 8 A, or 24 V at S A. 
Third and fourth voltage outputs can be 
any combination of 5 V at 5 A, 12 V at S 
A, 15 V at 5 A, 18 V at 4 A, and 24 V at 
3 A. Up to 80% efficient, unit features 
1 % pk-pk or 50-m V pk-pk ripple and noise 
on output, and line and load regulation 
of 0.4%. LH Research, Inc, 1821 Langley 
Ave, Irvine, CA 92714. 
Circle 235 on Inquiry Card 

FOCUS DISTORTION 
CORRECTION MODULE 
FClOl module accurately corrects for focus 
errors in CRTs which employ magnetic or 
electrostatic focus. Module synthesizes out­
put function required and features 800-
kHz full power output frequency with 1 % 
full scale accuracy typ. Slew rates are SS 
VI µs; settling time to 1 % for 10-V step 
input is 1 µs. Operation is from -2S to 
8S°C with 0.06% FS/°C total error vs 
temp. Packaged in 1.5 x 1.5 x 0.4" epoxy 
package, module is suitable for socket or 
PCB mounting. lntronics, Inc, 57 Chapel 
St, Newton, MA 02158. 
Circle 236 on Inquiry Card 

COMPUTER OUTPUT 
MICROFILMER 
Fully integrated into graphic processing 
system, AP7S micrographic plotter presents 
readable digital data on high resolution 
CRT, which has 16K x 16K positions, 
4096 x 4096 resolvable elements, and eight 
intensity levels. Plotted image is photo· 
graphed simultaneously by precision cam­
era onto microfilm. Basic film recording 
capability is 35 mm, with 80 line-pairs/ 
mm at 24X resolution. Options include 105 
mm (170 line-pairs/mm at 48X) and 16 
mm (170 line-pairs/mm at 24X) capabili· 
ties. Applicon Inc, 154 Middlesex Tpk, 
Burlington, MA 01803. 
Circle 237 on Inquiry Card 

Look to Motorola CRT modules for sharper, 
brighter displays. 

Motorola's 12 and 15 inch CRT modules deliver! 
80 sharp characters by 24 lines, with a 7x9 dot matrix 
display. Video response to 22MHz. Horizontal scan 
frequency up to l 9KHz. TTL se:parate sync or composite 
video input. And all at a lower cost than you may 
now be paying for CRT' s with lower performance. 

Other screen sizes are 5, 9, 19 and 23 inches. All are 
optimized for data display applications. All are 
adaptable for U.S . or European operation. All circuitry 
is completely solid state. In foct, up to 99% of the 
module circuitry comes on easily removed printed 
circuit boards ... for quick and easy maintenance. 

Readable . Economical. Versatile.Serviceable. Why not 
look us over? Send today for our free Design Kit with 
complete specs and application notes. 

®~?!,~!,!~~A Data Products 
International Airport Center 
4250 Veterans Memorial Hwy. 
Holbrook, l.1., NY 11741 U.S.A. 
516-588-4700 TWX : 510-228-1096 
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Corol Stream, Illinois 60187 
312-690-1400 TWX: 910-252-4404 
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7-SEGMENT LED DISPLAY 
Line of decode displays have memory units 
featuring all logic functions on plug-in 
cards with readout on 0.6" LED display. 
Unit draws 23 mA/segment at S V for 
both logic and display functions. Read­
outs provide brightness level of 6K ft-L; 
display provides clear readable numeral up 
to 30 ft. Optional power supply can be 
mounted within IDI bezel housing, pro­
viding a self-contained unit which can be 
sealed. Displays are available with from 
two to eight decades. Instrument Dis· 
plays, Inc, Div of Keltron Corp, 225 
Crescent St, Waltham, MA 02154. 
Circle 238 on Inquiry Card 

INTEGRATING 
A-D CONVERTER 
Microprocessor-compatible converter mod­
ules feature 3-state output and 13-bit reso­
lution with up to 13-bit accuracy. TTL. 
compatible outputs allow both high and 
low data bytes as well as status lines to 
be connected to same 8-bit microprocessor 
bus. Units use precision multi-slope inte­
gration technique to deliver accuracy and 
resolution. Other features are automatic 
zero correction, internal reference, and 
overrange flag. Units accept bipolar input 
and provide 2's-complement binary output. 
SGR Corp, Neponset Valley Industrial 
Pk, PO Box 391, Canton, MA 02021. 
Circle 239 on Inquiry Card 
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MULTIFUNCTION COMPUTER­
BASED MULTIPLEX SYSTEMS 

Based on the DEC LSI-11 microcomputer, 
combined with communications, control op­
tions, and software, series 600 provides 
specific user requirements. Communications 
options include SSM-600 signal stream 
multiplexing system, which links computer 
with dispersed sensors and output controls; 
CPM-602 command polling multiplex sys­
tem, which allows central terminal to trans­
mit data transfer commands; and RRM-
603 random response multiplexing system. 
Display options include CRTs with or with­
out graphics, teleprinters, annunciator 
panels, individual indicators, and special 
map displays. Receptors, Inc, 4203 
Spencer St, Torrance, CA 90503. 
Circle 240 on Inquiry Card 

QUAD 256-BIT MOS RAMs 

Offering access speeds of 150, 175, and 
200 ns, family of quad 256-bit (256 x 4) 
static RAMs are directly TTL-compatible 
and use a 5-V power supply. They have 
common I/ 0 and output disable, and 400-
m V noise immunity. Each basic part type 
is available in 16-, 18-, or 22-pin DIP ver­
sions and is fabricated with ion-implanted 
silicon-gate MOS technology. Three-state 
outputs provide OR-tie capability. Syner­
tek, 3050 Coronado Dr, Santa Clara, CA 
95051. 
Circle 241 on Inquiry Card 

A-D CMOS SWITCHES 

Four units are all controlled with binary 
in put, and have on/ off output voltage ratio, 
crosstalk between switches, and operate 
to 65 MHz at 10 V. Operating supply 
range is 3 to 18 V. MC14051 is 8-channel 
analog multiplexer, MC14052 is dual 4-
channel analog multiplexer, MC14053 is 
tri ple 2-channel analog multiplexer, and 
MC 140 6 6 i s quad bilateral switch. 
MC14051, 2, and 3 are 16-pin DIPs, with 
80 dB at 1 MHz; MC14066 is 14-pin pack­
age, with 50 dB at 8 MHz. Motorola Inc, 
Integrated Circuits Div, 3501 Ed Blue­
stein Blvd, Austin, TX 78721. 
Circle 242 on Inquiry Card 

LOW PROFILE 
SUBMINIATURE RELAY 

Specifically designed for high density 
packaging and demanding operating re­
quirements, series 1475 DC fiat-pack low 
profile relays feature multiple convoluted 
contac ting surfaces rated from dry circui t 
up to 10 A ac resistive depending on volt­
age. Greater capacity enables device to 
switch higher lamp or capacitance inrush 
current loads. Unit has terminals on std 
0.1" grid spacing for use on PC board or 
card with 0.6" spacing between boards, 
and is available in spdt or dpdt versions. 
Guardian Electric Manufacturing Co, 
1550 W Carroll Ave, Chicago, IL 60607. 
Circle 243 on Inquiry Card 

DC-DC CONVERTER FOR 
MICROPROCESSORS 

Designed to power 8080-type microproces­
sors, model UD5722 operates from regulated 
5-V de input and produces short-circuit pro­
tected outputs of 12 V de at 300 mA and 
- 5 Vdc at -100 mA. Overvoltage pro­
tec ted, outputs respond smoothly to both 
power turn-on / off and abrupt changes of 
loading, without chip-destroying overshoots. 
Unit has 65 to 75% efficiency under nom 
line, full load conditions. Operating temp 
range is -25 to 71 °C. Semiconductor 
Circuits, Inc, 306 River St, Haverhill, 
MA 01830. 
Circle 244 on Inquiry Card 

INTERACTIVE 
GRAPHICS EMULATOR 
Plug-to-plug replacement or addition to 
IBM interactive graphics configurations, 
2250 / 3 is based on GP / 400 graphics 
peripheral, which has 200-ns micropro­
grammed processor implementing graphics 
orders in firmware. GP I 400 firmware pack­
age interprets and executes orders faster 
than the IBM does. Increased processing 
and vector drawing speeds permit display 
at 40 frames/s. The 2840/ 2, replacing IBM 
display control unit, provides local or 
remote attachment to 360 /370 multiplexer 
or selector channel. Adage, Inc, 1079 
Commonwealth Ave, Boston, MA 02215. 
Circle 245 on Inquiry Card 

1111·11 
llllllllllli 

111 ... 
. . . this unique, miniature solid state sound device 
has unlimited applications. Plugs into 16 pin DIP 
sockets or PC boards. Rugged, reliable , loud. Models 
for 3, 5 and 12 vdc, 35 mA maximum current. Dependable 

DIP-ALARM® Series DA-500 
Covered by U.S. Patent numbers 
3,945,004 and 3,950,414. 

solid state construction means no mechanical contacts, no arcing, no RF noise. 76 dbA 

at 400 Hz tone radiates in all directions for positive alarm, warning, fault detection . 
Use in conjunction with 
DIP-FLASH ® Series F L-200 
for pulsing operation . 

Where to buy an audio indicator for every need: 

II projects® 
unl1mrted 

3680 Wyse Road, Dayton, Ohio 45414 
Tel. (513) 890-1918, TWX 810-450-2523 

Selected distributorships available. 

CALIFORNIA, COSTA MESA 
MarVac Electronics 

MASSACHUSETTS, SHARON 
Adcour 

MICHIGAN, FARMINGTON 
CMP Distributor Co. 

NEW YORK, ROCHESTER 
Ossmann Components 

OHIO, CLEVELAND 
CMP Distributor Co . 

OHIO, CINCINNATI 
COLUMBUS 

Hughes Peters, Inc . 

TEXAS, DALLAS 
K. A . Electronics 

UTAH, SALT LAKE 
Newark Electronics 
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WASHINGTON, SEATTLE 
Frank Jackson & Associates 

WISCONSIN, MILWAUKEE 
Taylor Electric 

ONTARIO, WILLOWDALE 
Electro Sonic, Inc. 

B. C., VANCOUVER 
Deskin Sales Corp. 
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DOT MATRIX 
ALPHANUMERIC PRINTER 

Model 7040L employs dot matrix tech· 
niques with 7-wire dots, and has 40-col 
capacity, multi-copy capability, 0.112" char 
height, and 1.25 line/ s printing speed. 
External electronics "clock" the print 
pulses to solenoids to form char of variable 
density and font configuration. Print wires 
are arranged vertically with printing ele­
ment driven from right to left. Options 
include second motor for 5-line/ s paper 
speed rate; and left to right printing. 
C. ltoh Electronics, Inc, Systems and 
Components Div, 5301 Beethoven St, Los 
Angeles, CA 90066. 
Circle 246 on Inquiry Card 

240-CHAR 
GAS PLASMA DISPLAY 

Designed for use in data terminals, flat­
panel gas plasma display is arrayed in six 
rows of 40 char each. Panel/ driver as· 
semblies measure 11 x 4" and are <ll4" 
thick, including drive electronics, have no 
danger of implosion, and require no high 
voltage which may produce X-ray radia· 
tion hazards. 5 x 7 dot matrix char are 
0.26 x 0.14", and are readable from up 
to 18 ft at horizontal viewing angles up to 
120 deg. ·Char are uniform in size, with 
high brightness and contrast. Burrough~ 
Corp, Electronic Components Div, PO 
Box 1226, Plainfield, NJ 07061. 
Circle 247 on Inquiry Card 

132-COL TRACTOR-FEED 
IMPACT PRINTER 

Designed especially for the OEM market, 
the 300-line/ min. printer accommodates 
std fanfold forms from 4% to 15" wide, 
2% to 22" long, and up to 6-ply. An ad­
dition to the model 40 line, the unit is 
available with ASCII monocase set as well 
as the full 96-char set for u/lc printout. An 
extended font feature permits sets to be 
increased up to 190 char. Other features 
include foldover, optional even or odd 
parity recognition, automatic new line, 2· 
line buffer, paper-out alarm, and built-in 
diagnostics. Teletype Corp, 5555 Touhy 
Ave, Skokie, IL 60076. 
Circle 248 on Inquiry Card 

MDI Systems supplies more for 
DEC LSI ·11 Microprocesson 

We will even sell 
you LSI-11 CPU modules 
(DEC's own), PLUS: 
D Backplane assemblies 

(stackable) 
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D A real chassis, accepts one 
or two backplane assemblies 

D General Purpose Controllers: 
Serial: for TIT, displays, 

communications 
Parallel: for pro­
grammed I/O and DMA 

Do-It-Yourself: wire wrap 
for any DIP design 

D Device Controllers for most 
major manufacturers 

Printers 
Card equipment 
Paper Tape 
Plotters 

D Special Purpose Modules & 
Accessories: 

System monitoring units; 
provides front panel 
switch addressing and 
power on/off sequencing 

CIRCLE 68 ON INCj)UIRY CARD 

Bus extenders/terminators 
E-PROM and PROM 
modules 
Bus connectors for 
backplane assemblies 

D Unibus* Interface: a true 
two-way LSI to Unibus 
interface 

Check first with 
MDB Systems for your LSI-11 
interface requirements. 

f:llJB 
MOB SYSTEMS, INC. 
1995 N. Batavia St. 
Orange, California 92665 
714/998-6900 
TWX: 910-593-1339 

"TM, Digital Equipment Corp. 
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AUTOMATIC MODULE-TESTING SYSTEM 

A folly automated, user programmable, bench-top system for 
high volume testing of multileaded devices, the 2230 evaluates, 
tests, and provides hardcopy data for both discrete and hybrid 
networks. Versatility, provided through an LSl-11 microcomputer, 
permits rapid mixed measurements on circuits containing re­
sistors, capacitors, inductors, and diodes or transistors. Per­
formance of each circuit component is measured against indi­
vidually specified limits. Programs are written via the system 
keyboard and are automatically stored on magnetic cards. Com· 
p]ete 1/0 capabilities permit interfacing the system to auto­
matic handlers and peripheral instrumentation. GenRad, Inc, 
300 Baker Ave, Concord, MA 01742. 
Circle 249 on Inquiry Card 

THERMAL PRINTHEAD 
PS-015 family of non-impact 7-segment 
thermal printheads intended for general. 
purpose numeric data Jogging applications 
print a 0.155" slanted character onto ther· 
mographic paper of various sensitivities and 
image color. Six configurations print from 
four to seven digits with the ± sign in a 
variety of column positions. Char printing 
time can be as low as 8 ms with speeds up 
to 3 lines/s. Norn segment resistance is 260 
fl with 5 W of pulse printing power re· 
quired at 20 ms on 3M 161 paper. Char 
are placed along the edge of the printhead 
for immediate visibility of the last printed 

line. Gulton Industries, Inc, Electronic Component Div, 
Metuchen, NJ 08840. 
Circle 250 on Inquiry Card 

800-LINE/MIN. COMMUNICATION PRINTER 

A memory management capability provides for a short line 
throughput in excess of 800 lines /min. on the model COM 
printer, which interfaces to communications lines with RS-232-C, 
GCITT, or current loop at speeds from 75 to 9600 baud. Asyn. 
chronous reception of ASCII, EBCDIC, or Baudot codes fs available 
with memory sizes from 512 to 1024 char. Short lines can be 
printed continuously at 1200 baud without requiring transmission 
of pad or fill characters to accomplish carriage return and line 
feed. A single block of 1400 char of 10-col width lines can he 
transmitted to the printer at 1200 baud. Line lengths can be as 
short as 30 char. Hydra Corp, 2218 Old Middlefield Way, 
Mountain View, CA 94043. 
Circle 251 on Inquiry Card 

Punched 
Tape 

MECHANISM ONLY 
6Y2" x 3-3/16" x 4 Y2" 

ROYTRON™ 
ROYTRON Readers, 
Punches and 
Combination 
Reader/Punches 
are offered in 
over 20 standard 
configurations. 

Paper Tape/ 
Edge Punch Card 
Punches (50-60 cps) 

Paper Tape/ 
Edge Punch Card 
Readers (50 cps) 

Combination Paper Tape 
Reader/Punch 
Reader (50/ 150/250 cps) 
Punch (60 cps) 

ROYTRON is manufactured 

in the U.S.A. 
Parts Availability 
Interface Documentation 
Servicing Documentation 

In-Plant Service 
High Reliabil ity 
Cost/ Performance 

RACK MOUNTED 
12" x 19" x 1 OY2 " 

PUNCH COVER 
(Punch Mechanism 

and 
Tape Fault Switch 

Located Below) 

PHOTOELECTRIC 
READER/PUNCH 
1 6" x 16" x 1 0 Y2 " 

COMBINATION 
READER/PUNCH 

1 6" x 1 6" x 1 O" 

[E s¥Ye1DA orlcNTERNATIONAL 

Utton OEM Products 
34 Maple Avenue, Pine Brook, N.J. 07058/(201) 575-8100 

IN U.K. - ADLER BUS . SYSTEMS/OE M PRODS., Airport House, Purley Way , 

Croyden, Surrey, England 

IN FRANCE - SWEDA INTERNATIONAL/OEM, 103-107 Rue de Tocqueville , 
75017 Paris, France 
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CRT COMMUNICATIONS 
TERMINAL 

A firmware programmed, microprocessor­
controlled CRT for standalone or online 
data entry, the 8025C operates in both 
normal and protected field mode, in which 
protected areas of form cannot be altered 
when variable data are inserted in unpro­
tected blanks. Protected field capability 
has been extended by means of "literals 
transmission" which permits beginning 
and end of data fields to be identified by 
transmission control char imbedded in the 
field. Omron Corp of America, Infor­
mation Products Div, 440 E Middlefield 
Rd, Mountain View, CA 94-043. 
Circle 252 on Inquiry Card 

BRAeMAR 

CoMPUTeR 
Devices, INC. 

11950 TWELFTH AVENUE SOUTH 
BURNSVILLE, MINNESOTA 55337 

(612) 890·5135 

350-CHAR/s MODULAR PRINTER SYSTEM 
PAPER TAPE READER 
Reading all std 5·, 6·, 7·, or 8-level tapes 
with no adjustments at 350 char/ s, model 
640 "Data Loader" series employs LED 
light sources and hermetically sealed photo­
transistors. Power requirement for LEDs 
is 12 Vdc; motor requires 115 Vac, 10 W. 
Available outputs are Schmitt-triggered 
CMOS amps and TTL-compatible drivers 
for 640-1; Schmitt-triggered CMOS data 
amps for 64-0-2; and photo transistors only 
(includes selected emitter resistors) for 
64-0-3. Addmaster Corp, 416 Junipero 
Serra Dr, San Gabriel, CA 91776. Offering a series of rotary drum impact 

printers ranging from 15- to 4-0-col, nu· 
meric and alphanumeric, with journal and 
multi-slip validation capabilities, MARK II 
systems provide over 300 std printer mecha­
nism combinations. Printers use a multi­
column spanning hammer; each hammer 
prints three or four col (depending on 
model). Units can be mounted horizontally 
or vertically and have complete flexibility 
in use of forms including multicopy capa­
bility. Slip insertion can be either right­
or left-handed. Sheldon Printer Corp, 
ll 73A Grove St, Anaheim, CA 92806. 

Circle 253 on Inquiry Card Circle 254 on Inquiry Card 

0 RT S .. engineered 
with the designer in mind 

The new Braemar CS-400 full-feature digital cassette 
transport system is ready to go. 

• Ideal for microprocessor use. 
• Features read/write amps. 
• Auto-Sync phase encode/decode 
• Compact size, low power consumption 

All the features of our CD-200 transport, plus full 
electronics. 

• Only one supply voltage and two moving parts 
• Handy push-to-open latch 
• Short IRG, excellent speed control 

Use the coupon to check out either or both units. 
~--------------------
!: y E s I 0 Send info on the new CS-400. 

0 Tell me about the CD-200. 
0 I'd like a demonstration . 

Name 

Title 

Firm 

THE DIGITAL CASSETTE PEOPLE 
OVER 30,000 IN THE FIELD 

Address 

City 

Phone 

---------- State --------Zip __ _ 
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DIGITAL STORAGE OSCILLOSCOPE 

OS-4000 combines performance of a dual-trace, wide-band, 10-
MHz triggered oscilloscope with a digital storage capability that 
permits the retention and flicker-free display of signals from 
extremely low frequency up to 450 kHz. Digital storage provides 

ability to view pre-trigger 
as well as post-trigger 
portions of waveforms; si­
multaneous viewing of 
stored and real-time sig­
nal; no deterioration of 
the stored signal display 
with time; flicker-free per­
formance at low frequen­
cies (sweep times as long 

as 200 s) ; and unattended monitoring to capture and display a 
transient that exceeds a preset trigger level. Gould Inc, In­
strument Systems Div, 3631 Perkins Ave, Cleveland OH 44114. 
Circle 255 on Inquiry Card 

MICROPROCESSOR-CONTROLLED TELEPRINTERS 

PACT 200 for Telex and telegraph use over private or leased 
circuits and PACT 500 for data communications have operator­
oriented features such as angled keyboard, optimally arranged 
keys and control buttons, and 50-dBA noise level. Smaller than 
conventional machines-16-cm (6.3") high profile-units comply 
fully with standards such as relevant CCITT recommendations. 
Features include call selection for frequently needed numbers, 
I-key call repeat, tape punch while printer is online, SO-char Is 
print speed, electronically formed print char, electronic tabu­
lation, and local visual and aural alarms. Philips Telecom­
municatie Industrie BV, PO Box 32, Hilversum 1301, The 
Netherlands. 
Circle 256 on Inquiry Card 

HIGH SPEED IMPACT CHARACTER PRINTERS 

A 26.4" wide print area, twice the standard size, is key feature 
of the WideTrack™ model in the Sprint Micro 3 series of 
daisywheel printers. A MOS microcomputer eliminates need 
for many standard elec tronic components and connections, pro­
viding improved performance and reliability. Unit prints 264 col 
at 10 char I in. and 316 col at 12 char I in. with 40-char Is speed. 
It also can print with prop0rtional spacing. Other models and 
basic specs are 3/35--35 char/s, avg English text, std printwheel; 
3/45--45 char/s, std printwheel; 3/55--55 char/s, std print­
wheel; 3/X30-30 char/s, metallized printwheel; and 3/X40-
40 char Is, metallized printwheel. Qume Corp, 2323 Industrial 
PkWY W, Hayward, CA 94545. 
Circle 257 on Inquiry Card 

WP Embedded Controllers 
for your Tape and Disc drives 
are best on all your 
PDP-11 & NOVA computers 

Because 
they 
are 

0 Available tor all POP-11, NOVA 
and NOVA-emulating computers 

O Usable with virtually all tape and disc drives 

0 PE and NRZ compatible up to eight drives 
(tape) 

o Usable with four single, dual or ten-high 
drives (disc) 

0 Lowest in cost 

SEND FOR COMPLETE INFORMATION 

0 western peripherals ,. 
(714) 630-4310 • Cable WES PER 

2893 E. La Palma Ave., Anaheim, CA 92806 
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Solve grounding/shielding 
problems quickly, economically! 

The wide variety of Instrument Specialties beryllium copper con­
tact strips and contact rings in many sizes and sha pes can help 
you solve your shielding and grounding problems. Standard 
cata log items work for most applications, but special adapta­
tions are easily made and provide you with virtually a custom­
designed part with only a one-time extra charge. 

Send for inexpensive trial kits! 

34 strips, various configurations: 36 different contact rings: 
Assortment 97-272 ..... $25.00 Assortment 97-273 . . $20.00 

FREE! Complete catalog of RFl-EMI shielding strips and rings. 
Write, or use Reader Service Card. 

INSTRUMENT SPECIALTIES COMPANY, Dept. CD-82 
Little Falls, N.J. 07424 
Phone - 201-256-3500 • TWX - 710-988-5732 

Specialists in beryllium copper springs since 1938 
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PRODUCTS 

MICROCIRCUIT PACKAGE 

Approximately one-third smaller than con· 
ventional DIL package, Mini-Pak is a 
square configuration, approx l/2" on a side 
and %" thick. Microcircuit chip is 
mounted on top of substrate and wire· 
bonded to conductors which carry signals 
from chip to array of solder bumps formed 
on underside of package. A special coating 
protects top of chip. Package is attached 
to PCB by heating its perimeter and al· 
lowing solder bumps to refiow onto PCB 
connections. General Instrument Corp, 
Microelectronics, 600 W John St, Hicks­
ville, NY 11802. 
Circle 259 on Inquiry Card 

6-DIGIT 
GAS-DISCHARGE DISPLAY 
A 7-segment, %" high, 6-digit display for 
point of sale terminals, W06-0002 also has 
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five decimal points plus 12 annuciator 
points which can indicate the appropriate 
function (sale, tax, change). Overall size 
is 5.2 x 1.4 x 0.25". Displays have a "halo" 
effect backlight, achieved through precise 
control of segment to segment over surface 
gap, to give a more continuous line for 
greater visibility, clarity, and contrast. 
Cherry Electrical Products Corp, 3600 
Sunset Ave, Waukegan, IL 60085. 
Circle 260 on Inquiry Card 

12 X 80-COL CARD READER 
Discrete 1/0 terminations provide Isolated 
circuits for test and process control for 
model 1280 reader. Field of 960 female 
spade receptacles are located at top of 
unit, one terminal for each switch point. 
Inputs and outputs can be bused in groups 
of 12 or 80 (horizontally or vertically) by 
comb-type bars which plug into desired 

CIRCLE 71 ON INQUIRY CARD 

mws or columns. Uni't reads 960 hits of in­
formation from std 80 x 12 IBM punched 
card. Sealectro Corp, Programming 
Devices Div, 225 Hoyt St, Mamaroneck, 
NY 10543. 
Circle 261 on Inquiry Card 

HALF-DUPLEX 
RS-232 INTERFACE 

Providing complete operational control be­
tween buffered tape systems or RS-232-C 
compatible terminals and buffered trans­
ports without mainframe processing, model 
1629 allows offiine key-to-tape or tape-to. 
tape conversions via hardwires or telephone 
lines, with modems, at rates from 110 baud 
to 19,200 bits/ s. Three transport/ control­
ler configurations accommodate varying 
remote data collection requirements. Tape 
speeds range from 10 to 125 in./s. Ken­
nedy Co, 540 W Woodbury Rd, Altadena, 
CA 91001. 
Circle 262 on Inquiry Card 

\ \ 
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DATA ACQUISITION/,CONTROL SYSTEM 

Both multi-channel and digital I/Os with up to 512 analog 
channels in a single chassis can be converted and processed by 
the AN5400. Based on a master chassis which holds 16 user­
modules, vhe system can be expanded to a total of eight chassis 
accommodating up to 128 user-modules for a total of over 4000 
high level single-ended, or over 2000 differential multiplexer 
channels. Low level inputs can be expanded to greater than 
1000 channels. Modularity permits expansion or change from 
standalone data logging to complex comJ>uter-based A-D, D-A, 
1/0 data processing, or control systems. A microprocessor with 
its own 1/0 1bus executes ROM resident subroutines, and also 
executes J>rograms from its own RAM or a host computer memorr. 
Analogic Corp, Audubon Rd, Wakefield, MA 01880. 
Circle 263 on Inquiry Card 

INTELLIGENT PRINTER 
A high speed impact J>rinter with speeds 
ranging from 450 char/min, for 2-col 
listings to 66 char /min. at 132 col, the 
Design 2400 uses a plug-in printhead in 
which a vertical column of seven pins 
strike the ink ri'bbon five times for a 
5 x 7 dot matrix for each char or symb~l. 
An Intel 8008 microprocessor provides 
system control. Features include buffered 
line for up to 180 char/s max.; tabulat· 

'----;;:.~--"" ing capability (non-'Print function) at 
300 char Is; black reel-to-reel rib'bon 

with reversing mechanism (red and black is optional) ; matrix 
format 5 x 7 u /lc, 96-char, ASCII code; capability to make original 
plus four copies, std char set of 96 char, 10-J>t type equivalent, 
Asen, u/lc, with 27 ASCII graphics, and parallel 1/0 interface. 
MP Corp, 1212 Kinnear Rd, Columbus, OH 43212, 
Circle 264 on Inquiry Card 

256K-BYTE SEMICONDUCTOR 
RANDOM-ACCESS MEMORY 

Four modular memorr cards, a timing and control card, and 
optional special features and custom interface cards make up 
model NS3, a self-contained solid-state bulk data memorr sys­
tem that stores 128K 22-bit words in a 5.25" (13.33 cm) high 
package. Card size is 11.75 x 15.4" (29.85 x 39.12 cm). Each 
memory card has 64K-byte max capacity. Basic storage element 
is the company's MM5270 4K dynamic RAM 18-pin package IC 
which permits all levels to be compatible with those of bipolar 
TTL devices. Access time is 280 ns, and cycle time for either 
the read or write mode is 430 ns. Read-modify-write cycle takes 
610 ns plus the time needed by the user's equipment to modify 
the data. National Semiconductor Corp, 2900 Semiconductor 
Dr, Santa Clara, CA 95051. 

NEW 
FOR 
OEM 1110 
PAPER TAPE PUNCH 

Lowest cost, highest reliability, 
easiest to maintain in operation 

Epson's precision manufactured, miniature 
6110 Paper Tape Punch mechanism offers 
high reliability and low unit cost to OEM . 

Compare these value features: 

• Long life steel punchblock warranted to 
process 500 9" reels MTBF. 

• Simple design that allows compact size 
only 4" high, 4" wide and 6" long. 

• Brushless motor for high reliability and 
low power consumption. 

• Operation at 50 characters per second . 

• Adjustable tape guide for 5, 6 and 8 
channels. 

• Easy to design control circuit. 
• Price in OEM quantities less than $200.00. 

Complete factory parts, repair and customer 
training located at our Torrance main office. 

Write or call for 
complete Information .. . . 

Also ask about our 
new paper tape reader, 

card reader, line printers, 
and micro drum memory. 
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Ball Computer Products recently 
introduced the BD-50, 50 mega­
byte disk drive. You've probably 
seen the 4-page announcements in 
leading electronics publications. 

If you select disk drives, and 
haven't read about the BD-50, 
then you aren't aware of the new 
standard in disk drive reliability 
and maintainability. 

Don't delay. Use the reader 
service number below or call our 
nearest sales office. 

Either way, we'll show you why 
the BD-50 is the first disk drive 
that's good enough for an OEM 
to call his own. 

B Ball Comeuter m ~J!;ts, Inc. 
Ball Computer Producrs, Inc ., 860 East Arques Avenue, 
Sunnyvale . California 94086 

Regional Offices: Los Ange les. (2 13) 822- 141 9; San Francisco. 
(408) 733·6700 ; New York, (ZO ii 224· 2332. Minneapolis. (612 ) 
8 54-IZll . Dallas, (2 14 ) 241 -1861; Flo rida, (8 13) 381-2177. 
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PRODUCTS 

ANALOG INTERFACE CARD 

SineTrac 800 features 32-channel analog 
input card which slides into Intel's MDS-
800 or SBC-80/10 microcomputer. Card 
is controlled by 8080 CPU assembly 
language program. Three methods of pro· 
gramming are program-controlled mode, 
program-interrupt mode, and direct mem· 
ory access. With one peripheral base ad· 
dress, on-card channel address counter 
automatically sequences after each con­
version; stored-address first and last chan­
nel registers provide automatic recycling 
of channel scans. Datel Systems, I nc, 
1020 Turnpike St, Canton, MA 02021. 
Circle 265 on Inq uiry Card 

RACK AND PANEL 
CONNECTOR SYSTEM 
Amphenoln 17 series system, a family of 
miniature D-shaped connector housings, 
choice of contacts, accessories, and termi· 
nation equipment and tools, enables selec­
tion of proper combination to meet most 
needs. Miniature Min Racn plug and re­
ceptacle connectors feature rear-insertion 
crimp Poke-Homen pin and socket con­
tacts. Contact/ connector design permits 
fingertip contact insertion without aid of 
an insertion tool. Connectors are avail· 
able in 9, 15, 25, 37, and SO contact con· 
fi gurations. Bunker Ramo Corp, Indus­
trial Div, 1830 S 54th Ave, Chicago, IL 
60650. 
Ci rcle 266 on Inq uiry Ca rd 

MUL Tl-FUNCTION 
CONTROLLER BOARD 
For users of Data General computers, the 
2804 asynchronous multiplexer board con­
tains four asynchronous communications 
channels, 100-Hz real-time clock, and paral­
lel line printer interface to Centronics, 
Data Products, Tally, or Prin tronix line 
printer. Board can also contain optional 
1/0 channel for a TeletypeR terminal. 
Switches in each channel allow baud rate 
selection in seven steps from 110 to 9600 
baud. Cabling from backplane to DB25 
connectors mounted on connector panel is 
std. Media III, 2259 Via Burton, Anaheim, 
CA 92806. 
C ircl e 267 on Inq uiry C ard 

COMPUTER DRIVE CONTROL 
Consisting of a de motor, digital control­
ler, and serial interface, the control OP· 
erates as a high speed stepping servo com­
manded by a process control computer. 
Modes of operation include run forward, 
run reverse, and computer control. A dual. 
speed control allows the run at high or 
low speed. Features include 100-Hz step­
ping rates, > 1-hp output power, tolerance 
to a wide range of load inertias and fric· 
tions, selecta'ble 800- to 8000-parts I rev 
motor resolutions, 200-rpm and 3-lb-ft 
motor speed and torque, and high posi­
tioning accuracy. Unico, Inc, 3725 Nichol­
son Rd, Franksville, WI 53126. 
Ci rcle 268 on Inquiry Card 

DOUBLE DENSITY 
FLEXIBLE DISC DRIVE 

Adaptable to MFM and M2FM encoding 
techniques, -110 disc drive accommodates 
up to 6.4M bits of data on one side of 
std media, for double density applications. 
Single density storage in variable formats 
provides up to 3.2M bits of data. Fully 
IBM compatible, unit reads and writes 
3740-formatted diskettes for up to l.9M 
bits. Drive offers one to four drive daisy. 
chain capability, parallel ready lines plus 
unit select, separation of clock and data, 
and track 00 sensing. General Systems 
Interna tional, Inc, 1440 Allee St, Ana­
heim, CA 92805. 
Ci rcle 269 on Inquiry Card 

1/0 BUS CONVERTER 

RTP7410/63 is contained on a single PC 
board that plugs into a half controller 
slot in Interdata model 70, 74, 80, 7 /16, 
7 I 32, or 8/ 32 computers. Converter allows 
the company's complete RTP family of 
analog and digital I/0 measurement and 
control equipment to be operated under 
the control of the computer involved using 
std I/ 0 instructions. Up to eight control­
lers can be connected to one converter in 
chain fashion using RTP I/0 cables. 
Com puter P r odu cts, 1400 NW 70th St, 
PO Box 23849, Fort Lauderdale, FL 33307. 
C irc le 270 on Inqui ry Card 
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SEMICONDUCTOR TEST SYSTEM 

Controlled by PDP-11 central processors, Impact II systems test 
all popular discrete semiconductors and linear ICs. Each system 
is custom assembled to fit requirements, hut can he reconfigured 
later if the user's needs change. Depending upon options chosen, 
the system can he assembled for wafer testing, engineering evalu­
ation, production testing, incoming inspection, or high reliability 
testing and sorting. Options are available for devices such as 
power FETs, 4-layer diodes, DIACs, PUTs, and opto-isolators. 
Software uses simple, English-language programming of configura­
tions and tests. Lorlin Industries, Inc, Precision Rd, DanburY, 
CT 06810. 
Circle 271 on Inquiry Card 

MICROPROCESSOR-BASED 
TELECOMMUNICATIONS TERMINAL 
Control of Micro NetT", an ASR terminal that can simultane­
ously access TWX, Telex, Timeshare, DDD satellite, private 
lines, and computers through simple instructions entered from 
its 4-row typewriter keyboard, is maintained by microprocessor. 
An operator does not need to learn complicated operating pro­
cedures to use the standard format keyboard. Message prepara­
tion is standardized on one network tape and printed auto­
matically on the terminal. Automatic features include time/ date 
stamp, keyboard dialing and redialing, and mini-buffer mode 
that allows the user to create a short message in the buffer 
memory and send it automatically without using tape. Sidereal 
Corp, PO Box 1042, Portland, OR 92707. 
Circle 272 on Inquiry Card 

SECOND SOURCE MINICOMPUTER SYSTEMS 
Nucleus Packages, intended as alternates for GA SPC-16 
minicomputers, are based on the Enhancer I. EI/16-RT, de­
signed for real-time, disc-based applications, includes 32K of 
16-bit memory, con troll er for up to four cartridge di'scs, and 

serial II 0 for teleprinter or 
CRT; -DB also has controller 
for line printer, card reader, 
and card punch, and permits 
speeds of 300, 600, and 1200 
lines/min.; -D3 has 32K 
words of main memory, con­
trollers for fixed or remov­
able discs, and up to four 
CRT terminals, and line 
speeds program-selectable 
from 100 to 9600 baud; and 

-D4, an augmented version of the -D3 with 48K of core, has 
controllers for 25.6-byte disc. Datum Inc, 1363 S State College 
Blvd, Anaheim, CA 92806. 
Circle 273 on Inquiry Card 

TERMINAL SYSTEMS DIVISION 
Cambridge, Ohio 

SYSTEMS DESIGN 
ENGINEERS 
To analyze hardware and software designs 
to affect system tradeoffs. Will determine 
system performance based on the hard­
ware/software constraints. Will also pro­
vide design support to the hardware and 
software development groups. 

1A BS or MS degree {Computer Science, 
Computer Engineering, Electrical Engineer­
ing) plus knowledge of both hardware and 
software development areas required. In 
addition, experience in system formulation 
and proposal generation as well as an 
ability to aid in resolving conflicts between 
hardware and software designers should be 
present. One of the engineers will be given 
systems task responsibility and, as such, 
should bring more senior level qualifica­
tions. 

The POS market is an exploding field and 
these positions will help the next generation 
POS terminals become a reality-on sched­
ule! 

SR. SYSTEMS ENGINEER 
NEXT GENERATION POS 

TERMINAL SYSTEMS 
To be responsible for total systems design 
for Point-of-Sale terminal. Will conduct eval­
uation of system requirements and develop­
ment of the technical approach. This lead 
engineer should bring 6-10 years experience 
in application of mini/microcomputers to 
real-time, interrupt drivers processing re­
quirements. Must be capable of performing 
hardware/software tradeoff evaluations as 
well as analyzing hardware and software 
designs and resolving conflicts. 

This lead engineer will operate in a highly 
visible environment and will be able to im­
pact on POS systems design direction. 

We invite you to respond 
as soon as practical. 

Mr. Robert W. Donovan 
Terminal Systems Division-Cambridge 

NCR Corporation 
Cambridge, Ohio 43725 

Phone:614/439-0398 

An Equal Opportunity Employer 
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SURVEY OF 
MICROPROCESSOR/ 
MICROCOMPUTER 

BUYERS 

The publishers of COMPUTER 
DESIGN and the leading indus­
trial market research company 
INTERNATIONAL DATA COR­
PORATION announce a signifi­
cant new market research report 
entitled: 

Survey of Microprocessor/ 
Microcomputer Buyers 

7000 COMPUTER DESIGN 
readers were surveyed to de­
termine: 

•the type of equipment using 
µPs/µCs they are currently de­
signing. 

•the µP/µC models selected 
and the criteria for the selection 

•the memories selected and 
the criteria for the selection. 

•peripherals used with the 
equipment. 

• various aspects of software 
and test. 

•opinions on current µPs/µCs 
and peripherals. 

• recommendations for their im­
provement. 

•future plans for using µPs/µCs 

and much more. 

The 150 page report contains 
more than 50 tabulations of data 
from the survey, many of them 
correlating use factors and selec­
tion criteria with type of equip­
ment. Each table is accompanied 
by an explanation of its meaning 
and an interpretation of its signifi­
cance. 

For a more detailed description of the 
report, circle 120 on the Reader Inquiry 
Card, 
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or write 

Survey of Microprocessor/ 
Microcomputer Buyers 

Computer Design 
Market Research Group 
143 Swanton St. 
Winchester, MA 01890 

PAD DUCTS 

LOW PROFILE RELAY 
Type RU115 has one changeover (form C) 
contact, with continuous contact rating of 
6 A at 120 V ac general purpose resistive, 
or 1/10 hp at 120 Vac. Rated breaking 
capacity is 10 A at 2200 VA. PC mount­
ings are on 0.1" grid pattern. Rated coil 
voltages range from 5 to 110 V de. Mea­
suring llh x %, x 1h", relay comes in clear 
plastic dust cover. Std contact material is 
silver-cadmiumoxide to withstand high cur­
rents and reduce wear. Relay can be 
mounted and will operate in any position. 
Schrack Electrical Sales Corp, 1140 
Broadway, New York, NY 10001. 
Circle 274 on Inquiry Card 

PHOTOELECTRIC SYSTEM 

Modularized MB-3 system offers modulated 
LED scanning with high sensitivity ampli­
fication, and interfaces directly with the 
company's logic modules. System can be 
used in new applications or can be added 
to current systems through a simple plug­
in replacement of existing amps. The sys­
tem can be used in dirty air (smoke, dust, 
oil, or fog) at distances up to 6 ft. By 
modulating the current to the miniature 
hermetically sealed LED scanner, ambient 
light does not influence performance. Ban­
ner Engineering Corp, 9714 10th Ave N, 
Minneapolis, MN 55441. 
Circle 275 on Inquiry Card 

12· AND 16-STATION 
KEYBOARDS 
Low profile, short stroke keyboards have 
plastic bezels and 2-shot %" keys. Both 
12- and 16-station models are furnished 
with 0.025" sq pins either top or bottom 
mounted, and are available in either binary 
or single contacts. Keyboards having single 
contact switches use two std switching ma­
trices: 1-col, all keys out, and row I col. 
For binary switching, std matrix is row I 
col with I-common to all switches. Other 
features include tactile/ audible feedback 
and gold or silver epoxy screened PC 
boards. Bowmar Instrument Corp, 8000 
Bluffton Rd, Fort Wayne, IN 46809. 
Circle 276 on Inquiry Card 

SURFACE TEMPERATURE 
SENSORS 
Dual bimetal design of VE sensors pro­
duces a large force and contact motion; 
intimate coupling between mounting base 
and actuating elements provides fast re­
sponse time. Contact chatter is eliminated 
and the unit has no resonant points below 
2000 Hz. Sensors can be either factory set 
( 0 to 150 ° C, 32 to 300 ° F) or unsealed for 
field adjustment. Setting tolerance is ±5°F 
(±3°C), sensitivity is 60°F (33°C) per 
setting-screw turn. Contact can be open on 
rise or close on rise. Warren G-V Com· 
munications, div of Sola Basic, 101 
Okner Pkwy, Livingston, NJ 07039. 
Circle 277 on Inquiry Card 

100-LED LINEAR ARRAY 
Featuring dense packaging of individual 
LED chips, and internal wiring of LEDs 
to minimi.ze the number of external con­
nections needed for multiplex operations, 
the array provides 100 LEDs on 0.020" 
centers, requires only 20 external connec­
tions, and has a 0.125" thick profile. The 
unit consumes 3.2 W, is compatible with 
ICs, and is end-to-end stackable to form 
arrays 4, 6, 8, or 10" long. The long life 
unit is available in red, green, yellow, and 
infrared. Digital Components Corp, 1111 
E Elizabeth Ave, Linden, NJ 07036. 
Circle 278 on Inquiry Card 

DIGITAL ANALYZER 
Model 80-M records and displays up to 
eight channels of digital signals on any 
conventional oscilloscope, operating at 
speeds to 12-MHz input frequency. Vari'­
able threshold makes the unit suitable for 
a range of logic families; spike detection 
and word recognition are std features. 
Memory function stores a 1024-bit record 
for each channel. Record function triggers 
the device on preselected word, trace, or 
external trigger source. An illuminated 
indicator shuts off when the predetermined 
event occurs. Digital Broadcast Systems, 
Inc, Brentwood Lane, PO Box 381, Madi­
son, AL 35758. 
Circle 279 on Inquiry Card 

SINGLE-OUTPUT 
POWER SUPPLIES 
QPS series incorporates features such as 
barrier block interface and socketed IC 
regulator. Specs include line and load 
regulation of 0.10%, ripple and noise of 
1-mV rms. All units are protected against 
overloads and short circuits and have an 
overvoltage crowbar as an accessory. QPS-
1 is rated at 5 Vdc at 3.0 A or 6 Vdc at 
2.5 A; -2 at 12 Vdc at 1.5 A or 15 Vdc 
at 1.2 A; and model -3 is rated at 24 
V de at 1 A. Deltron, Inc, Wissahickon 
Ave, North Wales, PA 19454. 
Circle 280 on Inquiry Card 
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PROGRAMMABLE ROTARY 
ENCODED LOGIC SWITCH 

An alternative to conventional rotaries for manual switching of 
complex binary codes, the P / reJT"' switch is fuHy programmable 
up to 60 detent positions. A specially processed PC disc pro­
vides full programming to the user's truth ta'ble and allows for 
the use of any code. Features include modular stacking for 
multi-layer operation; snap together, enclosed housing which 
resists contact contamination due to solder flux; 1 % x l %" 
detent with a dual ball starwheel design to provide positive in· 
dexing and longer life; up to 20 PC or solder terminals on 
0.100" centers; and front-plated metal plate and shaft. Stan­
dard Grigsby, Inc, 920 Rathbone Ave, Aurora, IL 60507. 
Circle 281 on Inquiry Card 

150-ns 4K RAM 
In addition to 150-ns access time, the MK 4027-2 offers "gated­
CAS," which provides a timing window at a full 25% of over­
all access time to compensate for timing skews that may be 
encountered in the multiplexing operation. Output of the RAM 
will source 5 mA and sink 3:2 mA in addition to driving 100-
pF capacitance load. Inputs t'o the 16-pin device are TTL-com­
patible ( < 5 pF capacitance), permitting use with high per­
formance ECL or Schottky TTL memory systems. Std power 
supply tolerance is ±10%. The device is capable of page-mode 
timing and RAS-only refresh cycles as well as the usual read, 
write, and read-modify.write cycles. Mostek Corp, 1215 W 
Crosby Rd, Carrollton, TX 75006. 
Circle 282 on Inquiry Card 

COMMUNICATIONS CHANNEL DIAGNOSTIC UNIT 

Features of the model D-501 member of the Datascope family 
include some not usually found on a portable test instrument. 
A programming language designed specifically for dealing with 
data communications problems permits recognition of extremely 
complex information patterns in a full-duplex data stream; 
2000-char buffer allows data surrounding events of interest to 
be captured and scrolled backward and forward on the 5", 375· 
char screen; programmed event counter allows complex occur­
rences to be counted up to 9999; and an external control feature 
allows capture of a buffer-full of data on command from an ex­
ternal electrical signal. Spectron Corp, Church Rd & Roland 
Ave, Mt Laurel, NJ 08057. 
Circle 283 on Inquiry Card 

I LOW NOISE 
MODULAR 

-""- ~l Switch:~sJ~:er 
Supplies! A new 

I 

line of compact , modular­
design switchers that simplify 
design for 300-600 watt appli­
cations and sell for less than 
90¢ per watt! End users bene­
fit from low EMI noise levels 
and highly reliable operation 
plus easy add-on and main­
tenance features. Get every­
thing you need to know to 
evaluate this high quality , 
money-saving line from: 

Magnetic Components Group 

&J c:\ CONTf\.OL DATA 
~ r:!I C01'{'0R{\TION 

7801 Computer Avenue South, Minneapolis, MN 55435 
(612) 830-5800 TWX 910 576 2978 

CIRCLE 74 ON IN9UIRY CARD 

THE TELEPHONE 
INTERCONNECT MARKET 
Interconnect PBX and key systems have not ridden the 
smooth upward curve towards the billion dollar sales vol ­
ume predicted for them. A rapid growth rate peaked in 
1973, declined in 1974 and dipped again in 1975. The con­
stantly changing cost and posture of interconnect suppliers 
and increasing Bell competition have been important fac­
tors , along with the capital sourcing difficulties that are 
part of today's pers istently inclement economic climate . 
Nevertheless, a surprising vigor has been maintained , with 
innovation and technology creating a new environment in 
a formerly staid industry. It is assumed that the changing 
perspective of telephone equipment, where it is seen as 
another category of com petitive business equipment, will 
induce strong market entrants from the computer and bus­
iness equipment industries. 

The telephone interconnect business comprises multiline 
products and also single line units, including answer / re­
cord machines , facsimile equipment, call-diverters, etc., 
where competition is largely among the suppliers and not 
with the telephone companies. There is little in common 
between these two areas other than the way both intercon­
nect to the telephone - the manufacturers, means of dis­
tribution, complexity of equipment, difficulty of installa­
tion, and degree of controversy over interconnection are 
all dissimilar. Frost & Sullivan has completed a 190-page 
report which essentially is an analysis and forecast to 1985 
of the interconnect multiline products market - PBXs, 
PBX peripheral related product< and key systems. Covered 
in less detail is the market outlook for single-line products. 
A market forecast is provided for the software processing 
of communications traffic data . 

Price $600. Send your check or we will bill you. For free 
descriptive literature plus a detailed table of contents con­
tact: 

S:.. FROST & SULLIVAN, INC. 
IC:: 106 Fulton Street 
iiliiiiiiil New York, New York 10038 

(212) 233-1080 
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I LITERATURE I 

Spike Characteristics 
Describing test equipment and setups, bul­
letin, complete with diagrams and chart, 
helps to determine spike and transient sus­
ceptibility characteristics of computers 
and peripheral equipment. Solar Elec­
tronics Co, div of A. T. Parker, Inc, 
Holhwood, Calif. 
Circle 300 on Inquiry Card 

Subminiature Switches 
Electrical and mechanical specs of push­
button, toggle, and rocker DIP switches 
for PCB applications are detailed in bro­
chure including photos, schematics, and 
diagrams. Control Switch, a Cutler­
Hammer Co, Folcroft, Pa. 
Circle 301 on Inquiry Card 

Readout Devices 
Details of LED, incandescent, and neon 
modules available as components, systems, 
or packages are described and illustrated 
in selector guide. Dialight, a North 
American Philips Co, Brooklyn, NY. 
Circle 302 on Inquiry Card 

Network Measurement System 
National Bureau of Standards report de­
scribes interpretation and statistical treat· 
ment o.f data acquired by network mea­
surement machine component of network 
measurement system. Send $1.15 (plus 
25o/o if foreign) for Cl3.46 :897 to Super­
intendent of Documents, US Government 
Printing Office, Washington, DC 20402. 

IEEE/ ASTM Standard 
on Metric System 
Serving as basic guide, U.S. source book 
on metric system measurement lists units, 
scientific and technical applications, selec­
tion, and conversion, plus section on style 
and usage. IEEE Std 268-1976 is available 
from IEEE, 345 E 47th St, New York, NY 
10017; or ASTM E380-76, from ASTM, 
1916 Race St, Philadelphia, PA 19103. 
Price is $4. 

Microcomputer and 
Memory Products 
Containing 12 sections, data catalog covers 
RAMs, ROMs, serial memories, memory 
support circuits, software, and time keep­
ing circuits, fo addition to memory, devel­
opment, and microcomputer systems. Send 
$2 check or money order to Marketing 
Services, Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95050. 
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Paper Tape Punch 
Specs, timing chart, and diagrams of 
mechanism, connector pin assignments, and 
dimensions of 6110 punch are presented 
in leaflet. Epson America, Inc, Torrance, 
Calif. 
Circle 3'03 on Inquiry Card 

Optical Character 
Recognition System 
Discussions of features, applications, and 
product specs of Laser OCR-ONE are fur­
nished in illustrated brochure. Optical 
Business Machines, Inc, Melbourne, Fla. 
Circle 304 on Inquiry Card 

Speed/Torque Systems 
Containing illustrations, graphs, and tables, 
detailed, expanded catalog features appli­
cation and selection information on perma­
nent magnet systems, drives, and acces­
sories. Bodine Electric Co, Chicago, Ill. 
Circle 305 on Inquiry Card 

Power Supplies 
Tables and drawings in bulletin on model 
HE237, and catalog on encapsulated sup­
plies 'Provide features and detailed tech 
specs. Computer Products, Inc, Fort 
Lauderdale, Fla. 
Circle 306 on Inquiry Card 

Magnet and Resistance Wire 
Technical booklet covers range of magnet 
wire film insulations, and physical and 
electrical properties of resistance and heat­
ing element alloys. Magnet Wire Supply 
Co, Chatsworth, Calif. 
Circle 307 on Inquiry Card 

IC Packaging Panels 
Fold-out short form pamphlet consists of 
dimensions, descriptions, and photos of 
available types of panels, pins, sockets, 
connectors, racks, and boards. Excel Prod­
ucts Co Inc, New Brunswick, NJ. 
Circle 308 on Inquiry Card 

Data Communication Switches 
Arranged as pictorial indexes, two com­
pact catalogs help to select series 5000 
and 5700 switches, which are pushbutton 
and toggle actuated, respectively. T-Bar 
Inc, Wilton, Conn. 
Circle 309 on Inquiry Card 

Power Supplies and Systems 
Illustrated brochure offers descriptions, 
specs, and options of series PT rack­
mounting supplies, and multiple and re­
dundant output systems. Acopian Corp, 
Easton, P a. 
Circle 310 on Inquiry Card 

Protection Systems Tapes 
Describing applications, specs, and fea­
tures, pocket guide outlines in chart form 
the properties of 12 types of resilient tapes. 
3M Co, Industrial Specialties Div, St. 
Paul, Minn. 
Circle 311 on Inquiry Card 

Optical Page Readers 
Three pamphlets outline features, specs, 
and typing and edi ting information for 
models 101, 102, and 103. Context Corp, 
Burlington, Mass. 
Circle 312 on Inquiry Card 

Digital Control Valve 
Specs, descriptions, and programming in· 
formation for smart valve package are dis­
cussed in 8-page foldout bulletin which 
provides diagrams, photos, and charts. 
Digital Dynamics, Inc, Sunnyyale, Calif. 
Circle 313 on Inquiry Card 

DC Power Supplies 
Flyer supplies general specs and features 
of Slim Line supplies, with dimensional 
drawings of 32 and 42 series. Standard 
Power, Inc, Santa Ana, Calif. 
Circle 314 on Inquiry Card 

PCB Connectors 
Organized by contact centers, illustrated 
catalog containing cross-referenced index 
specifies characteristics, materials, contact 
terminations, and mounting styles of con­
nectors. Viking Industries, Inc, Chats­
worth, Calif. 
Circle 315 on Inquiry Card 

Rotary Motion 
Control Elements 
Drawings and charts are used in engineer· 
ing catalog, which provides technical 
specs, plus selection and installation in­
formation for preassembled modules, con­
trols, and 'POWer supplies. Electroid Co, 
Union, NJ. 
Circle 316 on Inquiry Card 
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Switching Regulator 
Specs, dimensional drawings, and features 
are included in bulletin describing 673 
series of three output power supplies for 
computer systems. Trio Laboratories, 
Inc, Plainview, NY. 
Circle 3 17 on Inquiry Card 

High Voltage Power Supplies 
Illustrated data sheet gives general, typ 
operating, and mechanical specs, and ap­
plication data on 4000 series multiple out­
put supplies. CPS, Inc, Sunnyvale, Calif. 
Circle 318 on Inquiry Card 

Ceramic Capacitors 
Contained in short form catalog are rating 
tables, typ performance curves, and me­
chanical and electrical characteristics of 
various types of MonohthicR capacitors. 
Sprague Electric Co, North Adams, Mass. 
Circle 319 on Inquiry Card 

Microcircuits and Modules 
Presented in data sheet format with dia­
grams, talbles, and drawings, products guide 
details specs, hook-up packaging, and ap­
plications information and instructions. 
Teledyne Philbrick, Dedham, Mass. 
Circle 320 on Inquiry Card 

Data Acquisition Systems 
Specs on modular AN5400 series are avail­
able in 22-page technical data brochure 
with sections covering microprocessor, cards 
and modules, typ configurations, and ap­
plications. Analogic International, Wake­
field, Mass. 
Circle 321 on Inquiry Card 

PC Card Cages, Guides, 
Retainers, Extractors 
Brochure offers design and application 
data, as well as features, dimensional in­
formation, and specs on electronic pack­
aging products. Calmark Corp, San Gab­
riel, Calif. 
Circle 322 on Inquiry Card 

Resistors 
Technical information on precision/power 
wire-wound resistors, networks, and special 
products is furnished in catalog which 
features MH-style cross reference chart. 
RCL Electronic Div, AMF Inc, Man­
chester, NH. 
Circle 323 on Inquiry Card 
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RE: OFF-THE-SHELF RAPID RACK CARD FILE SYSTEM 

IT'S FAST. IT'S SIMPLE. IT'S THE MOST FLEXIBLE 
PACKAGING SYSTEM ON THE MARKET. 

WITH RAPID RACK YOU CAN ASSEMBLE A COMPLETE CARD 
FILE SYSTEM TO YOUR EXACT SPECIFICATIONS - WHEN 
YOU NEED IT! 

EIGHT PRE-PACKAGED COMPLETE CARD FILE KITS TO 
CHOOSE FROM FOR MOUNTING UP TO 34 P.C. CARDS. 
INCLUDING CARD GUIDES, SPACERS, MOUNTING BARS, 
END PLATES AND CONNECTOR MOUNTING HARDWARE. 

SEND FOR CATALOG. BETTER YET, PHONE FOR THE 
DISTRIBUTOR NEAREST YOU. 

"Imitated . .. never duplicated." 
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~SCANBE 
... CANOGA INDUSTRIES 
Scanbe Manufacturing Corp. 
3445 Fletcher Ave., El Monte, CA 91731 
Tel: (213) 579-2300 •TWX: 910-587-3437 

CIRCLE 75 ON INQUIRY CARD 

lAINKING,...___ ____ 
ABOlJri~====:-

VOUR ONN 
Jo;os:~~~~~~ll~~~~l~U 
zine with rich, professionally edited articles on micro­
computers . . . for building , expanding and having downright 
fun with your own system. You'll reread super articles on . . . 

• detailed hardware/software designs by • reviews of upcoming general purpose systems 
successful experimenters and hobbyists • tutorial background and sources full of ideas for 

• editorials on the fun of computers ... electronic home computers and computer science 
music, video games, hobbyist control • ads by firms with computer products you want 
systems, ideas for ham radio, model • club information and social activities 
railroading and lots more 

SUBSCRIBE TO BYTE NOW! IT'S FUN .•• AND GLITCH-PROOF! 
Send this coupon for a trial subscription to BYTE. Get your 
first Issue by return mall. Read It from cover-to-cover. If It 
isn't everything you want, just write "CANCEL" on the bill 
and return It to us. The first copy Is yours to keep. ----------------
1 E~TI PETERBOROUGH, NH 03458 I 
I Please enter my trial subscription to BYTE . . . I 
I D $12 One Year D $22 Two Years D $30 Three Years I 

I 
I understand you will send the first issue by return mail and I 
bill me later. If I don't like BYTE, I just write "CANCEL" 

I 
across the invoice and return it. I will not be charged. I 
Name (Please Print) ____________ _ 

I Address I 
Le'.:_ ______ ~te.==-~ ___ J 
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I GUIDE TD PRODUCT INFORMATION 

HARDWARE 
COMPONENT PACKAGES 
Microcircuit Package 

PAGE· 

General Instrument/Microelectronics .... 158 

CONNECTORS AND INTERCONNECTION 
SYSTEMS 

Connectors 
AMP ... ........ ........ ... .............. ... ..................... .... .. 52 

Fiber Optic Cable Connectors 
AMP ........ .. .......... ........ .. ..... ... ..... .............. ... .... 144 

Rack and Panel Connector System 
Bunker Ramo/Industrial .... .... .... ................ 160 

FANS AND BLOWERS 
EIA Standard Cab inet Blowers 

Torin ......................... .. ................................... 146 

INDICATORS; READOUTS; 
DIGITAL 'DISPLAYS; LAMPS 
6-Dlglt Gas-Discharge Display 

Cherry Electrical Products .... .... .... .... ...... 158 
7-Segment LED Display 

Instrument Dlsplays/Keltron ...... .............. 152 
Alphanumeric LED Display 

Lltronlx ........ .. ....... .. ..... .... .... .... ............... ....... 148 
Readout Assembly 

Master Specialties ..... ...... ........... .............. .. 150 

PANELS AND BACKPLANES 
16-Pln IC Packaging Panel 

Garry Manufacturing ................... ...... .. ....... 146 

SHIELDING 

Sh ielding Components 
ln1trument SpeclalllH ................................ 157 

SOCKETS 

Closed Entry LSI Socket 
Molex .... .. ............................................... ....... .. 148 

WIRE AND CABLE 

Wire and Cable 
Belden/Electronlc ... ......... ............................ 158 

COMPONENTS AND ASSEMBLIES 
CAPACITIVE COMPONENTS 
Mica Paper Capacitors 

Custom Electronics ... ........ .. ...... .............. ... 151 

MOTORS; ROTATIVE COMPONENTS 
DC Servomotor 

Port1cap U.S. .. ... .. ....................................... 88 
Stepper Motor 

Novatronlcs Canada .... .. .............................. 140 

PHOTODEVICE ASSEMBLIES 
Modular Photoelectric System 

Banner Engineering .................................... 162 
Ribbon Edge Sensor 

HEI ...... .. ....... ................................ ................... 150 

PHOTODEVICES 
100-LED Linear Array 

Digital Components .................................... 162 

POWER SOURCES, REGULATORS, 
AND PROTECTORS 
Power Supplies 

Abbott Tran1l1tor LaboratorlH ...... .. ........ 4 
Deltron .............. ....... ....................................... 162 
Ke Itron .. ............... .......... ........ ........ .......... ....... 150 

Switching Power Supplies 
Control Data/Magnetic Components ...... 183 
Kepco .. .. ...... .. ...... .. ........ ..... .......... ..... ............ 146 
LH Research ........ .. ........................................ 152 
Powertec ........... ....... .. .............................. .. .... 142 

Uninterruptible Power System 
Power Devices ............................................ 137 

DC-DC Converter for Microprocessors 
Semiconductor Circuits ............ .................. 153 

RELAYS 

Subminiature Relay 
Guardian Electric Manufacturing ............ 153 

Low Profile Relay 
Schrack Electrical Sales ..................... ..... 162 

SENSORS ; TRANSDUCERS 
Audio Indicators 

Pr0Ject1 Unlimited .............. .. ...... .. ...... ........ 153 
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Surface Temperature Sensors 

Warren G-V Communications/'Sola Bas ic 162 

SWITCHES 

Subm lniature Panel Switches 
Cutler-Hammer ............................................. . 31 

Pushbutton Switches 
Centralab Electron ics/Globe-Union ........ 151 

PC Stripswltch 
EECO .... ............... ... .......... .... .... ... ................. .. 148 

Programmable -Rotary Encoded Logic Switch 
Standard Grigsby ..... ..... .. .... .............. ......... ,163 

CIRCUITS 
CIRCUIT CARDS AND MODULES 
Core Memory Modules 

Ampex Memory Product• ................ .... .... 49 
Dataram ...... ..... .. ... ................. ............... .. ........ 97 
Fabrl-Tek .... .. ...................................... CoY&r Ill 
Standard Memories ................ .. ...... .... .. .. .... 148 

Semiconductor Memory Modules 
Revenue Control Sciences ............... ..... .... 140 

OCD Memory Modules 
Intel Memory Sy1tema ................................ 109 

16K •RAM Module 
Motorola Semiconductor Products ........ 138 

Analog Interlace Card 
Daiei Systems ....... .. .... .. ................................. 160 

110 Bus Converter 
Computer Products ..... .. ......... .................... 160 

Single ·Board Minicomputer 
Hewlett-Packard ............. .......... ..................... 144 

Microcomputer Board 
Automated Computer Systems .......... ...... 138 

Microcomputer Floating Point Unit 
Applied Cybernetics ............ ... .. .. ......... ........ 128 

Multiplexer Controller Board 
Media 111 ......... ... .............. .. ......... ................... 160 

Miniature Data Acquisition System 
Micro Networks ....................... .. ... .. .... .......... 144 

Integrating A-D Converter 
SGR .. .. ... ..... .. .. ... ..... .... ..................... .. ... .... .. ...... 152 

Ultra-High Speed DACs 
Phoenix Data ...................................... .. ... ..... 148 

S-D and D-S Converter Modules 
Slnger/KHrfott .... .... ......... ...................... .... . 141 

Microprocessor-Compatible V/F Converters 
SGR .................................................................. 138 

Modular Photoelectric System 
Banner Engineering ... ........... ... .. ............ ..... 162 

DIGITAL AN'D INTERFACE IC! 
CMOS ICs 

Harrl1 Semlconductor/Harrla ............. .. .... . 103 
lnterall ....... .............. ................. .. .......... .......... 18 

RAMs, ROMs, and p/ROMs 
American Mlcro1y1tem1 ... ........................... 110 

4K RAMs 
Moatek .. ........ .......................................... 80, 163 
NEC Microcomputers ....... ... ........................ 15 

RAM Interface 'ICs 
Natlonal Semiconductor ... ......... .. .............. 112 

Microprocessors 
NEC Microcomputers ................................ 122 
Scientific Micro Systems ............ .. ............ 126 

A,.D and D-A Converters 
Analog Device• .. ....... ..... .. ........ ............... .. ... 125 

11-'Bit D-A Converter 
Hybrid Systems ................................... ....... 151 

LINEAR INTEGRATED CIRCUITS 
Analog Multiplexers 

Motorola/ Integrated Circuits ... .. .. ............. 153 

OTHER CIRCUITS 
Microprogram Sequencer 

Advanced Micro Devices ................... .... .. . 137 
Focus Distortion Correction Module 

lntronics ........ ................................................ 152 

MEMORY /STORAGE EQUIPMENT 
FLEXIBLE DISC UNITS 
Flexible Disc Drives 

General Systems International ........ ........ 160 

PAGE 
Ex-Cell-0/Remex .................. .. ...................... 83 

Flexible Disc Systems 
ICom .. .. ..... ... ................. ..... .... ...... .................... 47 
Shugart A11oclate1 ...... ......... .... .. ................. 55 

Flexible Disc System Kit 
Sykes Datatronlcs .. ....................... .. ............. 146 

MAGNETIC CORE MEMORIES 
Core <Memory Systems 

Ampex Memory Product• .......................... 49 
Dataram ........................ .. .. ... .. .. ................ ....... 87 
Fabrl-Tek .................... ...................... .. Cover Ill 
Standard Memories .................... ..... .... ....... 148 

MAGNETIC DISC AND DRUM UNITS 
(See also Flexib le Disc Units) 
Disc Drives 

AMCOMP .... .. ............................ ...................... 32 
Ball Computer Product• .................. .......... 180 
Pertee/Peripheral Equipment .................... 104 

Ml lltary Disc Memory System 
Slnger/Llbraacope ........ ... .. ... .. ..... ... ... ....... .... 151 

1200M-Byte Disc Formatter 
Xebec Systems ... ....... .. .............. .................. 146 

MAGNETIC TAPE UNITS 
Tape Drives 

AMCOMP .......... .................................... .......... 32 
.Gassette Tape Transports 

Braemar Computer Service ....... .. ............. 158 
Cartridge Tape System 

3M/Mlncom ........... ......................................... 29 
Tape Recorder 

Kennedy ............. .. .... ..... .............................. ... . 

RAM/ROM PROGRAMMERS AND 
SIMULATORS 
p/ROM Programmer 

Technitrol ........ ................ .... ... ............. .......... 148 
p/ROM Simulator 

Ramtek ................... ..................................... .. 146 

SEMICONDUCTOR MEMORIES 
Semiconductor Memory System 

'Revenue Control Sciences .. .. .... ................ 140 
CCD Memories 

Intel Memory Sy1tem1 ................................ 1G9 
Random Access Memory System 

National Semiconductor ........ .. .................. 159 
16K •RAM System 

Motorola Semiconductor Products ........ 138 
RAMs, ROMs, and p/ROMs 

American Mlcro1y1tems ... ......................... 110 
4K RAMs 

Mostek ....... .... .... .... ..... ....... ......... .. .. .. ...... 60, 163 
NEC Microcomputers .. ...... ............................ 15 

Qued 256-Bit MOS RAMS 
Synertek ................. ...... ................................. 153 

INPUT/OUTPUT AND 
RELATED EQUIPMENT 

BADGE READERS 

Single Badge/Card Readers 
Peripheral Dynam ics ............ .. .. .................... 150 

COM EQUIPMENT 
Computer Output Microfilmer 

Applicon ..... .... ........ ..... .................................... 152 

DATA TERMINALS 
Printer Term inal 

'Dlablo Sy1tem1 .................................. Cover IV 
Microprocessor"Controlled Teleprinters 

Philips Telecommunicatie lndustrie ...... 157 
Intelligent Data Terminal 

Sidereal ..... .......... ..... .. ...... ......... .. ................ ... 161 
CRT Display Terminal 

Lear Siegler ...... .......... .. .... .... ...... .. ................ 65 
Intelligent CRT Display Terminals 

lncoterm ................. ....................................... 151 
Zentec .................... .. .. ... .............. .. ................. 139 

CRT Communications Terminal 
Omron America/ Information 
Products .. .......... .. .. ... .. .. ........ .. ... ... .. .. ... .. ... ..... 56 

Miniature CRT Data Entry Terminal 
Courier Terminal Systems ... ................. .... 150 
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DISPLAY EQUIPMENT 
(See 'Blso Data Terminals and Graphic Equip· 
ment) 
CRT Displays 

Motorola Data Product• ............. ............... 152 
240-Char Gas Plasma Display 

Electronic Components/Burroughs ........ 154 

GRAPHIC EQUIPMENT 
Graphic Display Term i nal 

Vector General ...... ..... ... ..... ........................... 83 
Graphic Display System 

Tektronix/Information Dlaplay ................ 23 

INTERFACE EQUIPMENT; CONTROLLERS 
Controller Modules 

MOB Syatema ... .•... ............. .................. ....... 154 
Tepe and Disc Drive Controllers 

Western Parlpherala ....... ........................... 157 
1200M-Byte Disc Formatter 

Xebec Systems ... ... ... .......... .... .... ..... ... ......... 146 
1/0 Bus Converter 

Computer Products .. ... ..... ..... ....... .............. 160 
Analog Interface Card 

Daiei Systems ... ...........................•......•... ... 160 
Helf-Duplex RS-232 Interface 

Kennedy ................ .... ......................... ............. 158 
IEEE 'Bus Interface Coupler 

Date Works Instrumentation ................ .... 148 
Multiplexer Controller Board 

Media Ill .... ............... ................................... 160 

KEYBOARD EQUIPMENT 
Keyboards end Keyboard Switches 

Stacoawltch .. .................................... ............ 143 
12- and 16-Stetion Keyboards 

Bowmer Instrument .. .. ... ..................... ........ 162 

MAGNETIC CARD EQUIPMENT 
Intelligent Magnetic Card Terminal 

Quetro ....... ................... ........ .. .................... .. .. 148 

OTHER INPUT/OUTPUT EQUIPMENT 
Minicomputer Peripherals 

Mlcrodata ....... ........................... ............. .. .. ... 147 

PRINTER/PLOTTERS 
Electrostatic Printer/Plotter 

Verutec ............ .............................................. 123 

PRINTING EQUIPMENT 
Printers 

Control Data .................................................. 117 
t>ataroyal ............ ........... .......... ... .............. ..... . 115 

Serial Printers 
Tally ............ ................... .. ........ ... ...... .............. 2 

Intelligent Printers 
Ml• ............... ..... .. ..... ....................................... 159 
Qume ...... .............. ...... ..... .... ........................... 157 

Impact Printer 
Teletype ........ .... .... .. ... ...... ... ............. ..... ........ 154 

Communication Printer 
Hydra .... .... ...................................................... 155 

Modular Printer System 
Sheldon Printer .. .............................. .......... 156 

Dot ·Matrix Alphanumeric Printer 
C. ltoh Electronics ............................ ... ..... 154 

Thermal Prl nthead 
Gulton Industries/Electronic Component .. 155 

PUNCH CARD EQUIPMENT 
Card Hendler 

Documatlon ........... .. ................. .. .................... 1 
12 x 80-Col Card Reader 

Sealectro/Programmlng Devices .............. 158 
Single Badge/Card Readers 

Peripheral Dynamics ......... ......... .... ............ 150 

PUNCHED TAPE EQUIPMENT 
Punched Tape Equ ipment 

Sweda lntarnatlonal/OEM Product• ........ 155 
Punched Tape Readers 

Addmaster ........ ... ..................... .. .. .................. 156 
Decltak/ Jameabury ... ........ .. ............. ..... ....... 143 

Paper Tepe 'Punch 
Epaon America ......................................... ..... 159 

COMPUTERS AND 
COMPUTER SYSTEMS 

COMPUTER AUXILIARY UNITS 
Cassette Program Loaders 

Electronic ProceHora .... .... .................. .. ...... 86 
Microcomputer Floating Point Unit 

Applied Cybernetics ......... ...... ..................... 128 

GRAPHICS PROCESSORS 
Interactive Graphics Emulator 
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Adage ..................................... ....... .................. 153 
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Microcomputers 

Advanced Electronics Development ...... 140 
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Intel .......... .... .................................................... 38 
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Who's the performance winner 
in 16k and 32k memory systems? 

Check the specs. 

Fabri-Tek has packed more speed and 
total performance into single-board 16K 
and 32K memory systems than anybody 
else in the business. Compare our 696 
and 698 systems against the compet it ion , 
and you 'll see what we mean. We 'll not 
only beat them in specifications -
we 're the only company that offers 
you total upward compatibility to 
32K. At competitive prices, too . It 's 
what you 'd expect from a company 
with years of leadership in the memory 
business. Go with the winner - call us 
today for the best in both off-the-shelf 
and custom memory systems. 

MODE L 696 698 Micro 3000 Micro 3000 
0.0. Q.D. 

MEMORY SIZE 16K 32K 16K 32K 

CYC LE TI ME 650 650 650 850 

ACC ESS TIME 250 250 270 300 

PHYSICAL I l.75xl5.4 I l.75xl5.4 ll.75xl5.4 I l.75xl5.4 
SIZE xl.O xl.O xl.O xl.O 

COMPATIBI LITY 
16K TO 32K YES NO 

SALES Boston Chicago 
OFFICES : (617) 969-5077 (312) 437-4 11 6 

To m Fitzgerald Bruce Richardson 

--------·~ ... · -~-~·· ~-- ·- ---··-------

Store DR-103 DR-103 
1680 

16K 32K 16K 32K 

650 650 750 

280 265 300 

ll.75x l5.4 ll.5xl3.7 I l.5xl3.7 
xl.O xl.O xl.O 

ND NO 

~ IFA~~ll ® 1r~I~ INC. 
COMPUTER SYSTEMS 

5901 South County Road 18 • Minneapolis, MN 55436 • (612) 935-88 11 

Dall as Hawthorne, Calif. San Jose, Calif. M inneapolis 
(214) 661-3155 (213) 973-0484 (408) 246-8391 (612) 935-8811 
Al Yarnell Wally Harrison John French Jack Graham 

Don deVries 
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Fine 
and 
We call It HyTerm and we've given it all the proven 
HyType reliability and maintenance ease. HyTerm Is 
controlled by a microprocessor for speed, efficiency 
and versatility. It utilizes the new Diablo HyType II 
Printer mechanism noted for its typewriter print 
quality and speed. HyTerm is interface compatible to 
RS-232C and communicates in standard ASCII code. 
Both Receive Only (RO) and Send/Receive (KSR) 
models are available. All logic and circuitry, micro­
processor, memory, and power supply are contained 
within the cover. Printer flexibility is maintained so 
software can initiate the mechanism's unique graphics 
performance, and its inherent high-speed horizontal 
and vertical tabbing and backwards printing capabili-

- ••• _.._,.,_ " ••"•""° _, .. t••• ..... ,.,,.,.," "' O.•••••ooo~ 
11••• •• ,. ••t•• •••<•rn1f'.IW °"" ,._ t••""'"'•1••· _ ... ,. 

ties. Other features: control panel and switches, 
audible alarm, variable format control, escape-code 
functions, full ASCII character set, keyboard overflow 
buffer, 158 character print buffer, and data error 
detection. Numeric pad, pin feed platen, and form 
tractor feed options are available. For complete 
specifications and features, write 
Diablo Systems, Inc., 
24500 Industrial Blvd., 
Hayward, California 
94545, or Diablo 
Systems, S.A., Avenue 
de Fre 263, 1180 
Brussels, Belgium. 

Diablo 
Dlablo Systems, Incorporated 
A Xerox Company 
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