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If you need a A computer
and still haven’t seen this one...

e Circle reader number_234 _ or

e Call “Mr. Eye-Dot".

201/229-4040
408/257-3418
617/369-7997
213/670-8386

|IEEE SJCC
2A48 V7-8




Series C:

Industry’s most
complete family

of compatible cards
and packaging

for system design

@ ONTROL LOGIC, INC.

SALES OFFICES : EAST COAST
CONTROL LOGIC, INC.

3 Strathmore Road
Natick, Mass. 01760
TEL. (617) 235-1865

Series C110 DTL 1/5MC Logic Cards for
INDUSTRIAL CONTROL AND DATA SYSTEMS

Series C150 TTL 5/10MC Logic Cards for
COMPUTER INTERFACE AND TEST EQUIPMENT

Series C120 TTL 20/30MC Logic Cards for
MEMORY TEST AND INSTRUMENTATION

Series CA 0.01%, 10us/bit Analog/Digital Cards for
ANALOG CONVERSION

Series AW 110/150/120 Logic Cards and Packaging for
AUTOMATED WIRING

Series P Cages, Test and Power Accessories for
SYSTEM PACKAGING

MIDWEST WEST COAST

CONTROL LOGIC, INC. CONTROL LOGIC, INC.
P.O. Box 461 10842 South Paramount Blvd.

Conneaut, Ohio 44030
TEL. (216) 599-7555

Downey, Calif. 90241
TEL. (213) 861-9223
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Only Data Technology . . . the company that has shipped more integrated circuit logic cards
to system manufacturers than any other supplier could make such an offer.* ®

With more than half a million dollars worth of cards and chassis in stock or production, Data
Technology is in a unique position to provide:

5 types of connectors and wiring— wire wrap, termi-point, solder-tab, taper pin, and machine
wrappable back planes. Our own numerically controlled wiring machine allows us to
provide complete and economical wire services. ®

Ease of application —Data Technology has the industry’s most complete line. Over 100 types
including DTL-TTL compatible, NAND/NOR logic, and dual-in-line ICs. Operation from
dc to 20 MHz, between 0 and 70°C. =

Price—You get more for your money with Data Technology logic cards. We include as
standard features, color coded test points, unique keying, laminated power buss, distribution
system, decals and design assistance. ®

Delivery — Off the shelf for almost every item with fast, complete design assistance. ®

*Data Technology’s application and design manual . . . the most complete of this type ever
printed . . . is free to all users. Ask our representative, listed below, to show you his copy.

To get a copy for evaluation contact us or circle the appropriate reader service card number.
For general catalog information circle the companion number. ®

4

Data Technology Corporation, 2370 Charleston Road, Mountain View, California 94041. (415) 321-0551.
TWX (415) 969-9150.

Eastern Region Applications Office: Geo. Glen, 8934 Victoria Blvd., Springfield, Va. (708) 461-9025

Alabama Huntsville — Gentry Associates, (205) 534-9771 Arizona Phoenix—T. Louis Snitzer Co., (602) 273-1673 California Del Mar
—T. Louis Snitzer Co., (714) 454-2191 Los Angeles—T. Louis Snitzer Co., (213) 938-2073 Palo Alto—T. Louis Snitzer Co., (415) 968-
8304 Colorado Englewood —Aztec Enterprises, (303) 761-0101 Connecticut New Haven —H. J. Schuft Co., (202) 865-1365 Florida
Orlando — Gentry Associates, (305) 424-0730 St. Petersburg— Gentry Associates, (813) 867-7820 Eau Gallie—Gentry Associates,
(305) 773-3411 Georgia Atlanta— Gentry Associates, (404) 233-3816 lllinois Chicago—H. H. Sales, (312) 642-4464 Kansas Olathe
(Kansas City) —Technical Representatives, Inc., (913) 782-3775 Wichita—Technical Representatives, Inc., (316) 682-4140 Louisiana
Slidell (New Orleans area)—Noakes Engineering, (504) 288-7122 Maryland Kensington—Electronic Marketing Assoc., (301) 946-0300
Massachusetts Newtonville—H. J. Schuft Co., (617) 527-5304 Michigan Detroit—Technitron, Inc., (313) 838-7324 New Mexico Albu-
querque—Aztec Enterprises, (505) 268-6421 New York Great Neck—Harvey J. Krasner Assoc,, Inc., (516) 487-0690 Palmyra—KLM
Associates, (315) 597-9776 No. Syracuse—KLM Associates, (315) 458-6214 Whitesboro—KLM Associates, (315) 736-2450 North
Carolina Jamestown—Gentry Assoc., (919) 454-1919 Ohio Dayton — Technitron, Inc., (513) 298-9964 North Olmsted — Technitron,
Inc., (216) 734-0960 Pennsylvania Pittsburgh—Technitron, Inc., (412) 371-1231 Philadelphia—Electronic Marketing Assoc., (215)
248-5050 Texas Houston—Noakes Engineering, (713) 529-6218 Irving—(Dallas area), Noakes Engineering, (214) 255-0441 Wash-
ington Seattle — Harry Levinson Co., (206) 226-7800

o FOR DESIGN MANUAL CIRCLE NO. 44 ON INQUIRY CARD FOR CATALOG INFORMATION CIRCLE NO. 45 ON INQUIRY CARD
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NEW! Designed
or the Computer O.E.M.

i

A simple, reliable and economical computer tape
transport that meets the critical requirements of
the original equipment manufacturer. It’s called
the Model 959 Computer Tape Transport, and it’s
made by Texas Instruments.

Advanced design is the reason why. You get a
machine that handles from 200 to 800 bpi at 60 to
120 ips, yet has remarkable simplicity. Permanent
magnet reel motors and a printed circuit capstan
motor eliminate gears, belts, pulleys, clutches, and
other cumbersome mechanical systems. No pinch
rollers are used, and tape is automatically loaded
without moving the read/write head.

The size and complexity of electronic circuitry has
been reduced through the use of the latest linear
and digital integrated circuits with advanced sili-
con power transistors.

Improve your price/performance ratio with the
new TI Model 959 Computer Tape Transport.
Lower maintenance costs improve system quality
with a transport designed for the original equip-
ment manufacturer. For more information, con-
tact your TI representative or Texas Instruments,
Industrial Products Division, P. O. Box 66027,
Houston, Texas 77006 (713-227-3611).

See the Model 959 Computer Tape Transport at the IEEE — Booths 2F08-20

TEXAS INSTRUMENTS

INCORPORATED

CIRCLE NO. 2 ON INQUIRY CARD
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Computers "/ are big, expensive components.
Bit for bit, ounce for ounce, some are a bargain.

When you tie another man’s computer into your product
you're staking your reputation on his equipment. Your -
reputation is worth shopping for. Naturally you want the
most for your dollar. Like reliability at 130° F.
Hewlett-Packard computers are designed for rugged
dependability—as well as high performance. All things
considered, they’re something of a bargain.

We've been selling quality instruments to original
equipment manufacturers for years. We know the
problems. So we back our computers with excellent
training, complete service and our traditional war-
ranty. We’ll train your people or your customer’s peo-
ple in maintaining the computer and in using the
software.

We supply plug-in 1/0 interfaces and the software
drivers for peripheral devices. You buy only the equip-
ment you need for interfacing your system. And you
tie it in with minimum engineering time because both
hardware and software are operational and fully
documented.

The 2115A pictured here measures 1634 "x 12"”x
2434 " (its power supply is a bit smaller). It uses 16-bit
words, operates with 4K or 8K memory, and has a
two microsecond cycle time. Price: $14,500.

For more information about a computer that will live
up to your reputation, call your local HP field engi-
neer. Or write Hewlett-Packard, Palo Alto, California
94304; Europe: 54 Route des Acacias, Geneva.

HEWLETT (hp; PACKARD

DiGgliTAL COMPUTE RS

06807
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Here’s why you should now

be using Datavue* Indicator Tubes

CK1904—Interchangeable
with B59956 and NL809.

900000000 e 00000 000000000 e

CK1901—Interchangeable with
B5016 and NL5016; CK1902—
Interchangeable with B5032,
NL5032, B50911 and NL50911.

®0 00000000000 e s e 000

8754—Also available with right- and/or left-
hand decimal points; Interchangeable with
NL840/8754. Decimal-point types
interchangeable with NL841, 842, 848,

These indicator tubes—just a few of
Raytheon’s wide selection—offer
you advantages in design, economy
and performance. For example:

You don’t need to revise designs.
Raytheon’s Datavue round and rec-
tangular end-view tubes conform to
EIA ratings—interchange with other
brands. And Raytheon also offers
you a selection of side-view types—
and “specials” with up to 12 charac-
ters, = signs, symbols, etc., to your
specifications.

You can buy them at low cost. All
Datavue Indicator Tubes are priced

R R E R R R R R N T T o e N A R R R A A B A A I A A A I A B A A A L B B B

8422—Interchangeable
with B5991 and NL8422,

8421—Interchangeable with
B5092 and NL8421;
8037—Interchangeable with B5031
and NL8037. Also available: 6844A,

CK1905; CK1906 (right-
hand decimal point).

competitively—or lower. Most side-
view types, for example, cost less
than $5 each in lots of 500 or more.

Reliably trouble-free readouts. All
Datavue characters are fully formed
—not segmented. The fully formed
characters are brightly displayed
and easy to read—at distances up to
30 feet.

They last for years. They're made
better because of Raytheon’s expe-
rience—40 years of producing more
than 100,000,000 cold cathode gas-
filled tubes with carefully controlled
electrical performance. Ultra-long-

Industrial Components Operation—A single source for Circuit Modules/Control Knobs/Display
Devices/ Filters/Hybrid Thick-Film Circuits/ Industrial Tubes/Optoelectronic Devices/Panel Hardware.

CIRCLE NO. 4 ON INQUIRY CARD
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CK1903—Interchangeable
with B5992 and NL5992.

© e e 0 0008000008000 0000 0s0000 0@

CK1900 (used with CK8650,
CK1905, CK1906); CK1907
(used with 8754)—Inter-
changeable with NL843,

CK8650

life types, for example, have dynamic
life expectances of 200,000 hours or
more.

They’re readily available—in sample
and production quantities. For sam-
ples, prices, or technical information,
call your Raytheon regional sales
office or distributor. Or write:
Raytheon Company, Industrial Com-
ponents Operation, Quincy, Mass.
02169. *Trademark of Raytheon Company

COMPUTER DESIGN /MARCH 1968



The Peripheral People announce
the ultimate in reading reliability -
the D4 punched card reader. It's
great for companies that hate the
sight of a maintenance man.

NCR knows more about electro-mechanics than
anyone. That's why the economical D4 300 cpm
reader keeps up the good work longer, with mini-
mal maintenance. Still we know that sooner or later
a card will stick, so we made the card track fully
accessible—an operator can free a jam in seconds.
If you should ever need service (after an earthquake,
fire or office party), the D4’s modular construction
makes it fast and easy. For information on speedy
delivery, contact the Peripheral People today.

®
THEe

PeriPHeraL
PeoPLE e

Card Readers, Tape Punches, Tape
Readers, Printers, MICR Readers,
CRAM (Card Random Access Memory)

THE NATIONAL CASH REGISTER COMPANY e [NDUSTRIAL PRODUCTS DIVISION e DAYTON, OHIO 45409

CIRCLE NO. 5 ON INQUIRY CARD
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Do you want
to go LSI now?

If you really want LSI now, grab
the next plane to Mountain View.
(It lands in San Francisco.) It’s the
quickest, least expensive way to get
LSI into your system.

Plan to bring along your blueprints.
And be ready to answer a lot of
questions. We’ll need to know what
you have in mind for sub-systems,
functions and specs. And, don’t be
surprised when we ask “why’’ a
couple of times. It’s all part of
Fairchild’s systems approach to
complex circuitry.

We’ll take your requirements and
match them against our family of
fundamental building blocks. We’ve
got LSIs (and MSIs) that work in
any digital logic system. The most
advanced circuitry on the market.
Offspring of computer-aided design
and double-layer metal technology.
And, they’re all so versatile, we can
probably give you a counter that
has a dozen other applications in
your system.

8

But, you’ll only be able to build half
a system with standard building
blocks. To finish the job, you’ll
need interface devices to tie the whole
thing together. And, here’s where
Fairchild can really save you time
and money. We don’t have to custom
design each LSI interface circuit.
We use Micromatrix™'—a unique
cellular array that’s completed when
we add your specific interconnection
pattern. Your specs customize the
entire array for your system.

Of course, there’s a lot more to the
story. But, you ought to hear it in
person. Just call your Fairchild
salesman. He knows the flight
schedule to San Francisco.

COMPUTER DESIGN /MARCH 1968



Or do you want
to think about it?

We’ve got an LSI design kit. It’s
based on our new 4500 Bipolar
Micromatrix Array— the first device
in a highly versatile LSI family.
The 4500 is an eight-cell array that
can be customized for virtually any
function. All it needs is your inter-
connection pattern. You can
determine the pattern by designing
your own Micromatrix array
with our kit. You can buy a
kit from your Fairchild
distributor for
about $100. And, in a
couple of months, we’ll see you

in Mountain View. *
FAIRCHILD
[T

SEMICONDUCTOR

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation 313 Fairchild Drive, Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435
CIRCLE NO. 6 ON INQUIRY CARD 9



Cheap mass storage for small computers
and how to get the most out of it

For some people the only limitation of the small computer is
the price of the extra memory. What's needed is low-cost
mass storage, and lots of it. For filing data. For quick and
convenient program manipulation.

DIGITAL, the leader in small computers, has a low-cost disc
and unique magnetic tape unit tailored for the small com-
puter. Now, new spftware is available to take even better
advantage of this low-cost memory.

DECdisc adds 32,768 words of memory for $6,000. Additional
expander discs (up to 3) can be added at $3,000 each. That
means a total of 131,072 words of disc memory for $15,000.

A full scale PDP-8/S computer with 36,864 twelve bit words
of memory, for example (4k core plus disc), costs $18,500.
DECtape, Digital's unique fixed address magnetic tape sys-

DIGITAL EQUIPMENT CORPORATION, Maynard, Massachusetts 01754. Telephone: (617) &978821 « Cambrid
t N.J. « Princeton, N.J. « Rochester, N.Y. « Long Island, N.Y. « Philadelphia - Huntsville « Pittsburgh + Chicage
Angeles « Palo Alto » Seattle. INTERNATIONAL, Carleton Place and Toronto, Ont. « Montreal, Quebee. s

» Munich and Cologne, Germany » Oslo, Norway « Stockholm, Sweden »

COMPUTERS - MODULES

tem, provides over 200,000 words of storage on a 3!%-inch
reel. It's the lowest cost mass storage available anywhere.
You can edit and debug programs on line. Then you can put
your programs in your pocket and take them away until you
want them again.

New keyboard monitor software all but eliminates the labori-
ous use of paper tape and cards. You edit from the keyboard,
compile from the keyboard, assemble, load, store, debug all
from the keyboard. What might have been hours or days in
getting the computer ready for use, is now just minutes.

Available now. PDP-8/S off-the-shelf. PDP-8
in one month. PDP-8/I in the spring. DECdisc
and DECtape immediately available. Send for
our new Small Computer Handbook. It's free.

n » Washington, D.C. = Parsippany,
Arbor « Houston » Albuquerque » Los
+ Reading Manchester, England « Paris, France

Sydney and West Perth, Australia « Modules distributed aiso through Aliied Radio




4800 bps
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has grown up!

now...
a data set with:

quick, simple installation
dependable operation
maximum throughput
lower costs

MODEM 4400/48

No more costly delays in acquiring and operating

over highly conditioned transmission lines.

MODEM 4400/48 by-passes the troublesome

bandwidth on any line, conditioned or not, just like our

2400 bps modem. Milgo’s unique* narrow-band concept

allows transmission on unequalized voice grade

Type 3002 lines, the lowest cost lines available. The

cost per unit — much less than other 4800 bps data sets!
Let us show you how 4800 bps has grown up. Send

for data sheets and information on nearby users.

Milgo Electronic Corporation

7620 N. W. 36th Avenue, Miami, Florida 33147
*patent applied for 11
CIRCLE NO. 8 ON INQUIRY CARD
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Fairchild is introducing a new in-
tegrated circuit every week. The
last two months look like this.

e ]
FAIRCHILD
SEMICONDUCTOR
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Can a coincident-current
memory system cycle
faster than 1 microsecond?

Yes! And this completely

new 3-wire 3-D design couples

high speed with ease of maintenance in
unique modular construction featuring plug-in
integrated circuits.

An absolute “show-stopper” at the last Fall Joint
Computer Conference, RCA’s new integrated circuit
system offers these outstanding features:

RCA 4K x 20 system with integral power
. o o
Temperature stable; 0°C to 50°C. supply measures: 5%”H, 19"W, 20"D.

High Level TTL logic—excellent noise immunity,
exceptional reliability, low power requirements.

Full range of options for wide flexibility: parity check
circuit—sequential address register—memory
retention—read, modify, write mode-voltage margin
switch—special interfacing for most requirements—
exerciser for self checking.

Available with short delivery schedules, RCA’s new
3-wire 3-D coincident current core memory systems
are designed with capacities of 4K x 8 to 32K x 72.

For complete details, contact your RCA Field
Representative. Or call Marketing Department
(617-444-7200), RCA Memory Products Division,
Needham Heights, Mass. 02194. For Data Sheet and
Application Note, write Commercial Engineering
Section 0000. RCA Electronic Components and
Devices, Harrison, N.J. 07029.

Printed in U.S.A.
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How do you gruntle the buyer

of memory stacks?

(Take a powder and control it all the way).

The man who buys memory
stacks (or planes or just cores)
knows that a myriad of tiny vari-
ables which affect performance
can pass right through the tight-
est spec. It's nobody’s fault, but
still it leaves the buyer dis-
gruntled.

How to gruntle him? Well, this
is what we do at Ferroxcube. We
control the entire process from
formulation of the powder for the
cores to the planes or stacks that
go out the door. To the naked eye

much of this looks like textbook
QC procedure. But some of it goes
deeper. It's the kind of control you
associate with a veteran airline
pilot whose experience amounts
almost to intuition. As pioneers in
ferrites and core memory compo-
nents, we have people like that in
control at every vital stage of man-
ufacture.

This is one reason why Ferrox-
cube can design and build to ex-
acting requirements (example:
military stacks that exceed the en-

vironmental requirements of MIL-
E-16400 and MIL-E-5400). And
it's the main reason why every
production unit performs like the
prototype you approved.

If you specify cores, planes or
stacks, talk with the people who
pioneered ferrite technology. As
a conversation piece, a sheaf of
technical literature awaits you.
Write for it today.

Ferroxcube @

Saugerties, New York

|

|

Albuquerque—Electronic Enterprises, (505) 256-1585; Baltimore—Eastern Components, (301) 322-1412; Dayton—(513) 253-3158; Encino, Cal.—(213) 788-2060; Englewood, Col.—
(303) 771-2000; Houston—Noakes Engineering, (713) 529-6213; Irving, Texas—Noakes Engineering, (214) 255-0441; Lansing, Mich.—(517) 482-7140; Minneapolis—(612) 888-4681;
Northlake, 111.—(312) 261-7880; Orlando—(305) 841-6380; Philadelphia—Eastern Components, (215) 927-6262; Phoenix—(602) 265-1792; San Francisco—Wm. J. Purdy Agents, (415)
863-3300; Saugerties, N. Y.—(914) 246-2811; Union, N. J.—(201) 964-1844; Waltham, Mass.—(617) 899-3110; Toronto, Ontario—Philips Electron Devices, Ltd., (416) 425-5161.
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1,000 Steps per second/800 bits per inch!

and this elegant Incremental Recorder
IS SYSTEM/360 compatibie too.

Born to Win

This new incremental/
continuous tape recorder was
born to be a winner. While last
year’'s tired entrees are busily
being “hyped” up to meet the 9
channel 800 bpi requirement, this
simple new model
from PERIPHERAL
EQUIPMENT COR-
PORATION breezes
along in pre-
conceived IBM
SYSTEM/360
compatibility.

You see, PEC
offers a single cap-
stan velocity D.C.
servo drive system
with optical accu-
racy. This unusually
wide bandwidth, low
inertiadrive employs
printed circuit
motors and single
shaft coupling. That's how the
truly incremental rates of 350,
500, and 700 steps/second are
easily met, with 1,000 steps/
second an available option.

You can say goodbye to those
obsolete tired old stepping motor
types of incremental recorders
that are self-limiting in speed and
accuracy.

The Taming of the Skew

This elegant PEC recorder
has conquered skew exactly like
the very expensive computer tape
transports.

Do you benefit? You bet you
do because you are guaranteed
that a magnetic tape written on

P EC
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an inexpensive PEC recorder will
read perfectly into your computer
transport.

PEC tames the skew in three
important ways. With a single
capstan drive that eliminates
pinch rollers (and skew) ... with

an optical capstan position en-
coder which precisely positions
data bits ... and with electronic
deskewing at 800 bpi (just like the
big boys). A feature which is pos-
sible because PEC writes on the
fly! And we even guide tape with
IBM configuration and tape
tension.

Racing Through the Gap

Another time saving advan-
tage. You can race through the
inter-block gap in 60 ms (50 ms
for SYSTEM/360 compatibility).
The gap time is independent of
data density and doesn’t cost you
a penny more . .. compliments of
our wideband servo drive.

Elegance in Emptyness
It’s the little things that PEC
has left out that count. (Those
troublesome little things like gear
trains, pinch rollers, and other
mechanical linkages.) Using IC
logic, we have figured out how to
design ‘“‘expensive’”’
circuitry inexpen-
sively. You are the
winner. Both on
initial cost and
continuing

maintenance.

Continuous, Too

Not only can this
revolutionary
recorder prepare
SYSTEM/360
compatible tapes at
packing densities of
200, 556, and 800
bits per inch incre-
mentally, but it can
also operate as a continuous
recorder or reproducer at any
speed up to 25 inches per
second. The price saving over
the big machines is con-
siderable ... the performance is
even better.

Design PEC in

Data acquisition...computer
peripheral . . . integrated circuit
testers . . . digital plotters . . .
pulse height analyzers. If you are
designing any of these systems
the new PEC incremental/
continuous recorder will make
your job easier. Phone or write
us today.

PERIPHERAL EQUIPMENT CORPORATION

9551 Irondale Avenue m Chatsworth, California 91311 m
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(213) 882-0030



THIS BOOKLET CONTAINS
COMPLETE DATA, PLUS
"HOW-TO-USE” IDEAS FOR

THE WORLD’S MOST
ADVANCED 1/C LOGIC FAMILY!

~whene the pricelos ingnedient i eane!

TECH

3 INica Dary
\~
\

——

OTDROLA

I

: Nf!qﬂlﬂ'n C‘I’I:E:/,:L
ATE 'S

IT"S YOURS FOR THE ASKING!

Most data brochures contain specification sheets for all of the
devices in the line. So does this one — for 56 MECL* Il integrated
circuits (29 different circuit designs). But, it also includes applica-
tions information, right on the data sheet, for each circuit. And,
that’s not all . . . there’s 10-pages devoted solely to the unique and
interesting design philosophy of emitter-coupled logic. Then, to
make it the highly-practical design tool that it is, this new MECL
Data Brochure is designed for perpetual updating . . . New circuit
information can be added easily; and, there’s room for the MECL
300/350 series brochures that are currently in use.

Yes, the MECL Data Brochure is Extraordinary in many ways
... but then, so is the MECL line of integrated logic circuits. We felt
that the world’s fastest, most-advanced full complement line of
digital integrated circuits deserved more than just ordinary technical
data treatment . . . so, we prepared this special approach for you.

It's Yours for the Asking! Just drop us a line on your company
letterhead, at P.O. Box 955, Phoenix, Arizona 85001.

*Trademark of Motorola Inc.

MOTOROLA

Semiconductors
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This new memory may not
do everything better.

But it does everything,.

And it takes up j

less space doing it.

209600450808200088

All together, the specs on our medium
capacity memory systems are unsurpassed. Some
systems may have slightly faster cycle times, but
they don’t offer speeds of 650 nanoseconds in a
unit that’s so small you’ll be surprised to find a
power supply and tester also included —just like
the I.C. electronics and 2% D magnetics. All are
contained in only 2% cubic feet (7"x19"x21.5").

Capacities range up to 295,000 bits per
unit. Multiple module capability is available for
larger capacity requirements.

Compact as it is, the design doesn’t get
in the way of maintenance. The systems are ex-
tremely easy to repair. Stacks, electronics and tester
are on plug-in modules —all are accessible and
slip in and out easily.

Information on both the Nanomemory
2650 (650 nsecs cycle time) and Nanomemory
2900 (900 nsecs) are in our compact (8%2x11")
brochure. Write for Litpak 200.

Em electronic memories

12621 Chadron Avenue, Hawthorne, California 90250
(213) 772-5201
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Programmers/Analysts

If you’re interested in
working five years ahead of
the times, learn about IBM

in Washington, D.C. area.

We're working at state-of-the-art levels—and we need programmers
and analysts now.
Our Federal Systems Division is involved in a series of real-time proj-
ects for the Government that are about as advanced as anything in
the field of computer technology today: trajectory analysis, orbit
prediction, multi-programming, multiple-access concepts, acous-
tic instrumentation. And most of this work is being done using 4 17
the latest computers and peripheral equipment available. i
Our positions are located in and around Washington, D.C.—
from the convenient downtown area to the gracious country-
side near Gaithersburg, Maryland, 15 miles northwest of the
nation’s capital. Housing and recreational facilities are plen-
tiful. And IBM's generous benefits program is company paid.

Are you one of these people?
We need programmers and analysts with experience in one
of two basic areas: information-handling systems and sci-
entific-engineering programming.

Ideally, you should have a Bachelor’s degree in Mathe-
matics, Physics, Engineering, Economics, or Statistics.
(Equivalent experience in some instances is acceptable.)
You should have at least one year’s experience.

Contact IBM today
If you're interested in one of the hottest careers
going in computer technology, we want to talk to
you. Send a brief resume to: Mr.J.E Ryan, IBM
Corporation, Department SC6-M, 18100 Fred-
erick Pike, Gaithersburg, Md. 20760.

It could be the most important

resume you've ever written. EM s (ll

An Equal Opportunity Employer
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NEWSPAPER TYPESETTING 95%
COMPUTER CONTROLLED — The
Boston Globe has completed instal-
lation of a million dollar computer
system to automate hot metal type-
setting and photocomposition.

The newspaper installed its sec-
ond Honeywell 1200 computer, mak-
ing up the nucleus of what is said to
be “the most advanced EDP system
in the newspaper field.” Both com-
puters have been connected to 20
photo-electric keyboards and two
teletypewriters to control printing
functions, while other applications
are being directed toward financial
management, according to Robert J.
Heyd, Globe EPD manager.

The keyboards are in the news-
paper’s composing room and are
used to transmit advertising copy
and news stories to the computers
for automatic formatting and justi-
fication. The computers, following
the typists’ instructions, select the
proper type style, size and column
width, and handle hyphenation. The
copy is then immediately transmitted
on a coded perforated paper tape to
any of 17 linecasting and photo-
composition machines that set the
type.

The teletype units, used exclu-
sively for program control, indicate
whether the copy was processed
and which linecasting machine re-
ceived it. They also can be used
for sending messages from the com-
posing room to the computer.

The most important feature of the
Globe’s system is that it eliminates
the need for entering information
into the computers via punched
paper tape. Other newspapers us-
ing computers must generate a
paper tape before the computer can
select the type style and font.

Right now, about half the key-
boards are running full time. At
peak operation, Mr. Heyd said, the

20

INDUSTRY NEWS

paper expects to average 4,000 lines
an hour, or about 95 per cent of
the total typesetting and photocom-
position done by the Globe.

1968 DATA PROCESSING SER-
VICES — “It is estimated that in
1968 the data processing service
center industry in the United States
will serve more than 100,000 cus-
tomers resulting in revenues ap-
proaching $800,000,000, while pro-
viding jobs for approximately 30,000
people.”

These projections, made by Je-
rome L. Dreyer, executive vice
president of the Association of Data
Processing Service Organizations,
(ADAPSO), are based on a recently
prepared economic study of the ser-
vice center industry which was sub-
mitted to the FCC inquiry into the
interdependence of the computer-
common-communication carrier in-
dustries as background information.

“The figures cited,” Mr. Dreyer
said, ‘‘represent an estimated 20%
increase in revenue and customers
over 1967.”

“The development of time-sharing
communication - computer systems
has opened many new markets. Al-
though no definite information is
available, it has been estimated that
time-shared systems are presently
the most rapidly growing segment of
the data-processing service indus-
try,” he concluded.

1967 COMPUTER SHIPMENTS
ZOOM TO ALMOST $6 BILLION
— The value of new computers and
related peripheral equipment ship-
ped by American manufacturers to
customer locations, both in the
United States and overseas, was
approximately $5.9 billion in calen-
dar 1967. This represents an im-
pressive 61.2% increase over the
$3.66 billion shipped in 1966.

When the value of special-pur-
pose machines, peripherals, support-
ing services, and supplies are
included, the total size of the com-
puter industry comes to more than
$9 billion for 1967. For 1968, com-
puter shipments are predicted to be
about $6.5 billion, according to the
results of a study just completed by
the International Data Corp.

“The huge increase in shipments
last year reflects the second of the
two key step-up years in the seven-
year cycle of a computer genera-
tion,” explains a company official.

“During the next three or four
years” he claims, ‘“we can expect
a plateauing in the level of com-
puter shipments. Manufacturers will
smooth out their present product
lines and introduce less expensive
equipment that will give them a
downward expansion of the market-
place. There was a similar period,
naturally at much lower shipment
levels, during the period of second-
generation computer shipments.

IDC estimates that the $5.9 billion
in computer shipments represents
18,700 computers shipped during
1967, and brings the worldwide pop-
ulation of installed computers, made
by American-based companies, to
57,600, up 41.9% over the 40,600
machines installed at the end of
1966.

As of December 31, 1967, the com-
pany estimates that the value of
computers installed in the United
States was $13.6 billion, consisting
of some 40,100 general-purpose
computer systems. Outside the U. S,
the value of computers manufac-
tured by American companies —
either at plants in the U. S. or at
foreign-operated plants, was $5.3
billion, with 17,500 computers in-
stalled.

COMPUTER DESIGN /MARCH 1968
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A word to the do-it-yourself module builder:

Don't.

Buy our J Series modules instead. =
The ] Series is our new family
of general purpose, all integrated
circuit logic modules. Their pet-
formance almost matches that
of our famous T Series modules,
but they cost about 25% less. They're made to the same
dimensions as the T Series, with the same 52 pin connec-
tors, so they’re physically interchangeable. We make them
for our own seismic recorder systems, so they’re rugged
and reliable. Now, as of January, you can buy them (com-

These will cost you less

plete with mounting hardware, racks and power supplies,
if you wish) in any of 25 different functions.

And save yourself the time and cost of making your
own: designing, assembling, testing, new procedures, new
equipment, new personnel, additional training, to say
nothing of the added paper work.

If you're building systems, you
must have better things to do than go
into the module assembly business.
Such as reading our J Series catalog.

It’s free.

Scientific Data Systems,
Santa Monica, California



WHEN WE SAY

QUICK...

WE MEAN

Chalco

IN JUST 7DAYS

WE DELIVER POWER SUPPLIES

) 5 '

REGULATED AC-TO-DC ‘ o
SOLID STATE POWER SUPPLIES

Frequency: 50-60Hz [J Regulation: £ (.003% -+ 1mv), line and
load combined [J Ripple & noise: less than 1mv, p-p; 250uv rms
Current limit: approx. 105% of full-load rating with fold-back
O Semiconductors: all silicon (I Panel height: 5Y4”” and 7.
TYPICAL PRICES:

6 volt, 21.3 amp, narrow-range, half-rack $350
12 volt, 52.5 amp, narrow-range, full-rack $510
33 volt, 48.0 amp, narrow-range, full-rack $655

For catalogue describing the complete line of
Chalco power supplies write, call or telegraph:

CHALCO
ENGINEERING
CORPORATION

Electronic-Electromechanical Systems and Products
15126 SO. BROADWAY — GARDENA, CALIF. « FA 1-0121 (213) TWX 213-327-0167
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PLANS FOR EXPANDED SERVICE
ACTIVITY — Sperry Rand Corpora-
tion’s Univac Division plans a major
expansion in computing services
through a nationwide network of
data processing facilities, according
to a recent announcement.

Univac has formed a new Infor-
mation Services Division, headquar-
tered in Philadelphia, that will
utilize an integrated system of na-
tionally deployed computers, com-
munication lines, and terminals. The
new division is a restructuring of
Univac’s Data Processing Centers
Division, established in 1964, and
represents a major expansion of its
charter and service activities.

HIGH-SPEED MAGNETIC TAPE
DATA TRANSMISSION SYSTEM
— Communitype corporation has in-
troduced a 6,000-character-per-min-
ute magnetic tape transmission system
designed to provide economical off-
line data receiving and sending facil-
ities for a computer operation, and to
enable economical, high-speed com-
puter magnetic tape-to-tape data com-
munication over telephone lines.

The system will receive and batch
magnetic tape data and translate it
to computer-compatible codes re-
corded on computer-compatible
magnetic tape. It also will send
computer-prepared data at 1,200
bits per second to magnetic tape
systems located at branch office
data processing centers anywhere
in the world.

Batching of data at the computer
location not only permits more ef-
ficent use of the computer but also
helps keep the data communication
lines open throughout the working
day, thus providing a real time en-
vironment with batch-processing
economy.

The device reads and writes on
computer-compatible, 7-channel
tapes at 556 bits per inch density.
Its %2-inch, IBM-type reels have a
capacity of 14 million characters at
556 bpi. A 9-channel, 800 bpi ver-
sion, designed for use with the new
IBM-360 computer series, is pres-
ently under development by the
company and will soon be made
available.

NEW GOLD CROSSOVERS INTER-
CONNECT INTEGRATED CIR-
CUITS — A reliable new structure
for interconnecting integrated cir-
cuits — an air-insulated, beam-lead
crossover— has been invented by
Bell Telephone Laboratories. The
crossover is said to have a higher

COMPUTER DESIGN / MARCH 1968



breakdown voltage, greater reliabil-
ity, and lower capacitance than con-
ventional interconnection struc-
tures.

The new structure has been used
successfull both in experimental in-
tegrated circuit chips and in larger,
more complex substrates. Such cir-
cuits and substrates are expected to
be used broadly, in electronic
switching systems, telephone sets,
and many other types of telephone
equipment.

Where two conductors must cross,
a gold beam lead is formed into a
10-micron-high “microbridge” over
the lower conductor. The two con-
ducting paths are separated by a
thin layer of zirconium oxide and
an air gap. This dual dielectric in-
sulation can withstand over 200
volts, is immune to “pinhole shorts”
through the dielectric, and has very
low capacitance.

In conventional interconnection
structures, the top conductor is de-
posited directly on a dielectric
(usually silicon dioxide) that separ-
ates the crossing conductors. Be-
cause the top conductor is formed
in initimate contact with the dielec-
tric, any pinholes in the dielectric
can cause short circuits between
the two conducting paths.

In the new structure, however, any
pinholes in the zirconium layer are
harmless, because the top conductor
is plated on top of a spacer that is
later etched away. The resulting air
gap insulates the top conductor
from the zirconium layer, which is
heated to form zirconium oxide, the
other=half of the dual insulation.
The new crossover will not fail
even if the top conductor is pushed
down to the bottom level, because
the zirconium oxide alone can with-
stand 100 volts. The top beam lead
will spring back to its original posi-
tion as soon as the extenral force
is removed.

The crossover is formed by deposit-
ing layers of zirconium and copper
over the bottom conductor, and then
plating the gold beam lead on top of
the copper. Next the copper is
etched away to form the air gap,
and the whole structure is heated to
350° centigrade to convert the zir-
conium layer into zirconium oxide.
The last step does not affect the
rest of the integrated circuit, be-
cause silicon does not oxidize at
this temperature.

The new crossovers have been fab-
ricated on experimental integrated
circuits with high initial yields.
Hundreds of the crossovers have
been aged in room air at 350° centi-
grade for over 1000 hours with no
apparent change.

WHEN WE SAY

U'CKQ.Q

WE MEAN

IN JUST 7DAYS

WE DELIVER TAPE READERS

HIGH SPEED
PHOTO-ELECTRIC TAPE READERS

Occupies only 32" of panel space O] Spoolers for 200 to 1,000
feet of tape O Operates asynchronously at any rate between
0 and 150 cps OJ Slews at 600 cps and stops “on character”
O Lamp is unconditionally guaranteed for 1 year.

$65000

BASE PRICE
For catalogue describing the complete line of
Chalco tape readers write, call or telegraph:

CHALCO
ENGINEERING
CORPORATION

Electronic-Electromechanical Systems and Products
15126 SO. BROADWAY — GARDENA, CALIF. ¢ FA 1-0121 (213) TWX 213-327-0167
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Digital makes
1'% million
logic modules
a year,
300 types.

Here’s why:

DIGITAL is the world's leading

manufacturer of logic modules.

Our high production capabilities
assure low prices.

And versatility. DIGITAL supplies
over 300 types of modules to
meet exactly your special logic
control requirements.

Our K Series, for example, are
specifically designed to replace
awkward relays, timers, etc., in
industrial applications. K Series
have been deliberately slowed to
make them virtually noise immune,
They're compact, inexpensive,
and easily installed.

M Series is our new TTL monolithic
I/C general purpose line,
operating at computer speeds
and using the latest advances in
integrated circuit technology.
W Series are designed specifically
for data communications; A Series
offers a full range of analog to
digital conversion; R Series
for computer interfacing. Other
lines are available for
special applications.

Free copies of our 300 page
Industrial Control and 450 page
Logic Handbooks are
available on request.

dijglilt]al!

MODULES : COMPUTERS
Maynard, Mass.
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READER FOR PUNCHED OR
MARK-SENSE DATA — Motorola
Instrumentation and Control Inc.,
Phoenix, Ariz., a subsidiary of
Motorola Inc., will display a new, in-
expensive desk-top reader for acquir-
ing data from mark-sense documents,
mark-sense cards, punched cards, or
combined mark-sense/punched
cards, at its booth, No. AA, at the
Spring Joint Computer Conference,
April 30 -May 2, Convention Hall,
Atlantic City, N. J.

The new MDR-1000 reader provides
a simple means of entering into a
data processing system, in computer
language, data marked or punched
on cards or marked on standard 82"
x 11” documents. Cards can be fed
into the new device singly or auto-
matically in batches of up to 500
with an optional automatic hopper.
It thus offers systems designers a
new, low-cost method of getting
raw data, right from the source,
without need for skilled data pro-
cessing equipment operators. In ad-
dition, the unit is small enough
(16%” wide by 16%"” deep by 934"
high) to fit almost anywhere.

The reader produces a standard
USASCII output that is compatible
with standard telephone transmis-
sion interfaces for long-distance
transmission or directly with stand-
ard data processing equipment, such
as teletypewriters, tape recorders,
or computers.

TRADITIONAL? SURREAL-
ISM? AVANT GARDE? — For
lack of a better word, it's called
computer/plotter art, a little known
but increasingly important art form
which was demonstrated at an in-
formal showing held at the New
York room of the Statler Hilton, Los
Angeles, (2/29/68).

Around the walls were hung ap-
proximately a dozen framed draw-
ings in color, and black and white,
both original drawings and repro-
ductions of masterpieces, the prod-
ucts of a collaboration between
computers, a California Computer
Products, Inc., Plotter, and, of
course, human beings.

The showing was held in conjunc-
tion with the announcement by Cal-
comp that it is sponsoring an inter-
national “‘computer/plotter art”
competition by offering scholarships
of $5000, $3000 and $2000 to accred-
ited colleges or universities named
by the winners, plus cash awards
of $500, $300, and $200 with addi-
tional awards of $50 each to 50
runners-up.

Judging the contest, which will end
on November 1, are Anthony La

Rotonda, art director of Parade
Magazine, Arnold C. Holywell, act-
ing art director of Time-Life Books,
and Peter Fingesten, editor of the
Pace College (New York City) art de-
partment. Winning entries will be
exhibited at leading art galleries
and museums throughout the
country.

Computer/plotter art has been hith-
erto little known except within the
technical world. Increasing refine-
ments, however, have produced
beautiful pictures, so much so that
the drawings, both originals and re-
productions, are now being sought
by collectors.

The CalComp Plotter, of course, is
engaged in more materialistic pur-
suits such as generating garment
patterns of various sizes from the
designer’s original pattern at a
fraction of the time formerly re-
quired, producing contour maps for
oil exploration, and a variety of
other uses applicable to industry.
Information on the awards contest
and entries can be obtained by writ-
ing to California Computer Prod-
ucts, Inc., 305 North Muller Street,
Anaheim, California.

WESCON TO PRESENT °‘HY-
BRIDS’ SYMPOSIUM — A two-
day lecture program on designing
with hybrid microelectronics has
been confirmed as a special fea-
ture of WESCON week in Los
Angeles next August.

It is the second of the concurrent
symposia announced for WES-
CON. The 1968 International
Electronic Circuit Packaging
Symposium has been set for Au-
gust 19 and 20 at the Statler Hil-
ton Hotel, and the “hybrids”
series will follow at the Statler
on August 21 and 22. WESCON’s
own four-day technical program
of 25 sessions will be held at the
nearby Biltmore Hotel.

The 20 lectures on designing with
hybrids are being organized un-
der sponsorship of the IEEE Parts,
Materials and Packaging Group.
Wayne Martin, Radio Corp. of
America (Aerospace System Di-
vision) is co-chairman of the
series with S. M. Stuhlbarg (Ray-
theon), who was chairman of the
1967 WESCON symposium titled
“Microelctronics Comes of Age.”
Like that program, the hybrids
series will be a compact, follow-
on version of an eight-week lec-
ture program currently in presen-
tation at MIT.
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Does your present custom
power supply give you...

70% to 90% Instant fault repair Add-on power capa- Ability to handle full
efficiency? by plug-in module bility by using more load steps while
replacement? modules? maintaining out put
inregulation
band?
? ? ? i

New Omnimod does!

OMNIMOD gives you all these features—and
more—and at a lower price! Want to know more?

OMNIMOD is a dc to dc converter using tran-
sistors in a CONSTANT PULSE WIDTH, variable
repetition rate switching mode to regulate out-
put voltage or current. Two small plug-in units
make-up the OMNIMOD concept—a power con-
trol module and a control amplifier.

Output can be regulated between 4+ 2 and & 60 dc at
up to 20 amperes using the OMNIMOD family of mod-
ules WITHOUT MODIFICATION OR ADJUSTMENT.
Higher current ratings are obtained by paralleling power
control modules.
Any number of power controller modules can be con-
trolled by one amplifier. OMNIMOD has a current lim-
Omnimod power control module. iting parameter, over voltage protection, voltage se-
guencing, and remote sensing.
To design a custom power supply, one must simply

1. design one input power converter to change un-
regulated line ac power to unregulated dc power

2. select the number of plug-in OMNIMOD power
control modules to supply the power needed for each
output

3. package these elements with filter capacitors and
a plug-in amplifier module for each output
All the power used by every element in a typical data
processing system could be supplied by custom power
supplies constructed with interchangeable OMNIMOD
modules.
Isn’t this enough to consider OMNIMOD for your cus-
tom requirement? We will design an OMNIMOD cus-
tom power supply to your specs, or will help you design
your own system using our plug-in OMNIMOD modules.

_ Write for the complete story. We'll have
Omnimod control amplifier. it to you within 48 hours.

77 CONTEMPORARY
(ELECTRONICS

EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY

CIRCLE NO. 18 ON INQUIRY CARD
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INVAC

PERFORATED TAPE
DUPLICATORS,
VERIFIERS,
and CODE-
CONVERTERS

INVAC Off-Line Tape Preparation
Systems, Series S10-S50 combine the
capabilities of standard INVAC Tape
Punches, Readers, and associated
electronic logic circuitry to duplicate,
verify, or code convert using any tape
material or code.

. Optional Editing Switches
. . Optional Parity Error Detection
. .. Optional Blank Skip
. . . Optional Code Delete Skip
. . Optional Character Recognition
. . . Optional Tape Rewind Panel.

HIGH SPEED KEYBOARD
enhances system versa-
tility. Makes new tape.
Edits existing tapes.

Werite for data

oooooooolNVAc

CORPORATION

26 Fox Road, Waltham, Massachusetts 02154
Tel. (617) 899-2380

PHOTOELECTRIC KEYBOARDS * TAPE PUNCHES
READERS AND HANDLERS + I/O TYPEWRITERS
PRINTERS AND SYSTEMS
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INDUSTRY’S FIRST BI-POLAR LSI
ARRAY WITH 2-LAYER METAL —
The industry’s first bi-polar large
scale monolithic array incorporating
two-layer metalization is now avail-
able from Fairchild Semiconductor.
Termed the 4500, this unit is the first
of a full line of bi-polar and MOS
arrays planned for introduction by
the firm during 1968. Because of the
custom interconnection between
cells and parts of cells inherent in
the Micromatrix technique, the 4500
is capable of producing a wide vari-
ety of CCSL compatible logic func-
tions.

The 80 x 110-mil chip used in this
unit is a 2 x 4 array containing eight
distinct cells. A cell is subdivided
into quarter cells, each of which is a
four-input DTL NAND logic gate.
For additional logic flexibility, each
quarter cell has three further logic
options: input AND expansion, in-
ternal OR expansion, or output open-
collector.

Fairchild’'s Micromatrix approach
uses a complex array of two-dimen-
sional multi-gate building blocks or
cells. Each cell contains a set of
components that may be individu-
ally specialized by cell intracon-
nects to become one of a variety of
fundamental logic building blocks
(NOR, NAND, flip-flop, latch, etc.).
By means of the two-layer metaliza-
tion process, the cells may be inter-
connected to form a complex sub-
system logic function analogous to
the interconnection of conventional
integrated circuits on a dual-sided
printed circuit board.

IMPATT DIODES CONNECTED IN
SERIES FOR INCREASED POWER
— IMPATT diodes have been con-
nected in series to provide a power
output which is the sum of the in-
dividual diode outputs. These di-
odes produce negative resistance at
microwave frequencies based on a
combination of avalanche current
multiplication and transit time de-
lay. While parellel connection has
been used in the past, this is the
first time the diodes have been con-
nected in series. Although the
power output is theoretically the
same in both cases, the series con-
nection offers the advantage that
the combined structure works at a
higher impedance level.

The result of these experiments
was reported by F. M. Magalhaes
and W. O. Schlosser of Bell Tele-
phone Laboratories in a paper pre-
sented at the 1968 International
Solid-State Circuits Conference in
Philadelphia, Pa. To demonstrate
that IMPATT (IMPatt Avalance

and Transit Time) diodes can be
operated in series, three packaged
4.5 GHz diodes were placed in a
coaxial cavity and biased in series.
With approximately 250 milliwatts
output each, the diodes provided 750
milliwatts of continuous wave out-
put. This indicates that medium
power millimeter-wave IMPATT os-
cillators with reasonable impedance
levels are now foreseeable.

Virtually no significant drop in the
power output was observed even
when the spacings between the di-
odes were varied considerably.
This consistency of output is due
to variations in negative resistance
with respect to rf current through
the diodes. Also, since the spacing
can be made relatively large, it be-
comes easier to extract heat from
the operating diodes.

From the experiments, it was con-
cluded that it is possible to operate
IMPATT diodes in series. Also, be-
cause spacing between the diodes is
not critical, it is possible that simi-
lar series connections are applicable
to millimeter wave oscillators.

DATA COMMUNICATIONS SUB-
SYSTEM — Multi-line communica-
tion between the UNIVAC 9200 and
9300 computers and remote termi
nals is the function of the new
DSC-4 Data Communications Sub-
system announced recently by
Sperry Rand Corporation’s UNIVAC
Division.

The DCS-4 can be employed with
wideband (Telpak) service at speeds
up to 230,400 bits per second (9200
communication is limited to 50,000
bits per second), telephone lines at
up to 2400 bits per second, and tele-
graph lines at up to 150 bits per
second.

With one DCS-4, concurrent com-
munication is possible over up to
four lines. With two DCS-4's, com-
munication can be established over
up to eight lines (telephone and tele-
graph line combinations only).

A UNIVAC 9000 series computer
equipped with DCS-4 can communi-
cate with the following UNIVAC
systems—418, 494, 1107, 1108, DCT
2000, 1004, 1005, Uniscope 300, as
well as with Teletype remote de-
vices.

A feature of the DCS-4 is that
processor functions, including mag-
netic tape reading and writing, can
be overlapped with communication
at voice-grade and telegraph rates.
Deliveries of the DCS-4 are sched-
uled to begin in the Fall of 1968.
The price for a DCS-4 configuration
serving four telegraph lines will be
$522 per month or $19,155 purchase.
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“Time Sharing” is presented in its most general sense as any application of a
computer system that involves simultaneous users. Concepts and equipment

of time-shared systems are defined and described and criteria for system configurations
are given in terms of application requirements.

FUNDAMENTALS OF TIME-

This is the second and concluding section of the article by
C. Gordon Bell which appeared on pages 44 through 59 of the
February issue of Computer Design. The first section discussed
the hardware of time-shared computers and suggested advantages
of time sharing. T his section discusses operating system software
and user components and includes an extensive bibliography on

time sharing.

OPERATING SYSTEM
SOFTWARE

Operating system, monitor, super-
visor, and executive are names
given to those processes that super-
vise and control the operation of
the system for all users.

Unlike conventional operating
systems that are static, a Time Shar-
ing Operating system is growing
and dynamic. New procedures may
be added continuously.

The additional languages and
facilities have a structure that may
have a rather complex operating
system as a major part of the lan-
guage. For example, consider the
administration of a teaching pro-
gram. The program would un-
doubtedly schedule its users (pu-
pils), and the hierarchy of the whole
system would be: the operating sys-
tem for the entire computer man-
aging a central teaching program
to manage all courses managing
a course teaching program which
would manage all individual users
taking the particular course.
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The objectives of the system soft-

ware are:
1. Provide many user functions or
facilities with easy-to-use processes.
2. Effective or efficient hardware
utilization. Perhaps allow users to
utilize the hardware directly. Pro-
vide special user services which
utilize special hardware.

The criteria for the design might:
1. Meet the requirements for
Time-Sharing (computer time and
memory space) per user.

2. Provide for flexibility in the op-
erating system using modular con-
struction. Individual components
can be independently designed,
tested, and modified (or improved).
If possible, the system components
should be written as user processes.

In general, all systems are con-
strained by cost considerations. A
special system may concentrate on
a single objective, while a general
system is forced to find a balance
between many objectives.

The system software contains:

1. System data base, or informa-
tion necessary for system manage-
ment, and management procedures.

2. Resource allocation, control,
and management procedures.

3. Common procedures or processes
for the users, the library.

4. Miscellaneous elements: System
initialization and shut-down; error
recovery; file backup; creation of
new system; and system debugging.

OPERATING SYSTEM DATA BASE

The operating system requires a
large data base that is retained in
primary memory and in files. Back-
up files (copies of files) must be
regularly written so that the system
can be restarted in a correct state in
the event of system failure.

The data for a user include: his
memory map or process location,
generally found in primary mem-
ory while running or active; the
processor status (the location coun-
ter, processor flags, accumulators,
index registers, etc.); identity in-
formation (name, number, project
numbers, etc.); the time used, al-
lotted, last run, etc.; the run state
(e.g., presently running, waiting to
run, requiring special service, wait-
ing for file transaction, terminal ac-
tion, additional memory, etc.); per-
manent user data to allow the
assignment of terminals and file
space; accounting information; sys-
tem temporary storage to enact
user requested procedures; and
active terminal and file buffering
storage.

COMPUTER DESIGN /MARCH 1968



by
C. GORDON BELL

- SHARED COMPUTERS

Associate Professor of Computer Science and

Electrical Engineering, Carnegie Institute of Technology.
Formerly manager of Computer Design, Digital Equipment
Corporation, Maynard, Massachusetts.

In addition to the data base asso-
ciated with each user there are in-
herent data associated with system
components and resources. These
include: hardware status and avail-
ability information; terminal
names; file directories including de-
scriptors of abilities, modes, etc.;
primary memory free space; and
file memory free space.

Historical, statistical, and ac-
counting information are also kept,
and historical or activity data pro-
vide tools for system improvement.
They especially aid scheduling and
memory allocation as well as indi-
cate the system balance and load.

RESOURCE ALLOCATION,
CONTROL AND MANAGEMENT

This responsibility includes: proc-
essor time or scheduling; process
space (primary memory allocation)
and assignment of a process to sec-
ondary memory or files; file space;
and terminal /process/user alloca-
tion and assignment.

The two extreme philosophies
that determine the number of users
a system can have are “denied ac-
cess” and “degraded service.” “De-
nied access” provides for a fixed
number of users, each of which will
obtain a known or worse case re-
sponse. “Degraded service” pro-
vides for more users and the service
is at least inversely proportional to
the number of active users.

Scheduling

The assignment of processors to
processes is scheduling. The sched-
uling algorithms that compute the
time a process is to run usually use
the following input parameters:
previous time used; memory space
occupied; status of terminal or file
data transmission; expected re-
sponse time for the user; user in-
formation; and number of users.

The priority information avail-
able includes the user, his urgency,
and willingness to pay. As eco-
nomically realistic systems that
charge for their actual uses come
into existence, users will be able to
get a broader range of service.

The round robin algorithm runs
each user, in turn, for a fixed
quanta of time, and when all users
have been served, the process is
repeated. If any user cannot run
because he is waiting for input or
output, or halted, he misses a turn.
On completion of input or output
the user is put at the head of the
queue and run (subject to his allot-
ted time).

The scheduling algorithm is a
most subjective system component,
and, therefore, might be written in
a form that can be easily modified.
How, when, and which components
call the scheduler is also important.

Memory Allocation
Primary /secondary memory alloca-

tion occurs as users make demands
for more space the system activates
user processes. The hardware mem-
ory allocation scheme of Table 2
constrains the user map organiza-
tion, and the process organization.
This hardware constrains the user
procedure with restrictions ranging
from writing in interpretive lan-
guages; writing at particular ad-
dresses or wusing a convention
determined index register as a base
register; writing with no restric-
tions (over the basic machine); and
finally providing a two-dimen-
sional addressing space.

The memory paging-memory seg-
mentation hardware will drastically
influence future program structure
and design. With two-dimensional
addressing, the user is not required
to manage primary memory, and is
free to address data by two logical
numbers rather than by physical
numbers. (With such freedom, and
ability one might expect a propor-
tional cost.)

File Allocation and Control

File allocation and control are gen-
erally subject to extra-system con-
straints on the basis of user-size-re-
striction tables.

File allocation cannot easily be
separated from detailed file man-
agement. The management in-
cludes the service of detailed user
requests for data, while allocation
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is concerned with broader control
of all file space.

Hardware’s View of Files. The
hardware parameters that affect
file organization are: the hardware
access time for words or sectors of
the file; the word or record trans-
fer time; the size of the records
transferred; the total file size; and
the file failure rate.

Operating System’s View of Files.
The apparent file parameters are:
the size of files; the number of users
and number of files per user; the
access time to segments of a file;
the nature of addressing the file in-
formation (sequential or random
accessing); the file index; and the
file data buffering.

File activities can be divided into
operations: naming, or declarations,
inter-file manipulation, intra-file
utilization, and file closing.

User’s View of Files. Parameters as-
sociated with the directory or index
of files for users provide a means
of controlling a file’s activity, flexi-
bility, general usage, name, users,
record of its activity, and actual lo-
cation of the file components. File
accessibility control for the user
is on the basis of the originator
(owner), group, and public. The
modes of file activity include read/
write, read only, execute only (a
procedure), and denied access.
Other information about file access
includes creation date, number of
times used, last time used, times

modified, etc. The user requests
of functions for utilization include:
reading, writing, naming, re-nam-
ing, deleting, appending, inserting,
providing access restrictions, ob-
taining statistical information, or
in general, any operation that can
be done with the data in or about
a file.

Terminal Allocation

Terminal allocation in general sys-
tems is either on a first-come-first-
served basis or on a completely re-
served basis. Requests for terminal
reservations are via a control termi-
nal, and as a job is initiated, the
terminals required for job comple-
tion are requested. The terminal
is the means by which a process is

location hardware

1 + 1 users. Protection for each memory
cell

1 + 1 users. Protection bit for each mem-
ory page.

Page locked memory

One set of protection and relocation reg-
isters (base address and limit registers).
Bounds register.

Two sets of protection and relocation reg-

isters, 2 pairs of bounds register.

Memory page mapping*

Memory page/segmentation mapping

TABLE 2. MEMORY ALLOCATION METHODS
Hardware Designation Method of Memory Allocation Limits of Particular
Among Multiple Users Method
Conventional computer — no memory al- No special hardware. Completely done by inter-  Completely interpretive programming re-

pretive programming.

A protection bit is added to each memory cell.
The bit specifies whether the cell can be written
or accessed.

A protection bit is added for each page. (See
above scheme.)

Each block of memory has a user number which
must coincide with the currently active user num-
ber.

All programs written as though their origin were
location 0. The relocation register specifies the
actual location of the user, and the protection
register specifies the number of words allowed.
(See Fig. 7.)

Similar to above. Two discontiguous physical
areas of memory can be mapped into a homo-
geneous virtual memory.

For each page (2°-2" words) in a user’s virtual
memory, corresponding information is kept con-
cerning the actual physical location in primary or
secondary memory. *If the map is in primary
memory, it may be desirable to have ““associative
registers” at the processor-memory interface to
remember previous reference to virtual pages,
and their actual locations. Alternatively, a hard-
ware map may be placed between the processor
and memory to transform processor virtual ad-
dresses into physical addresses. (See Fig. 8.)

Additional address space is provided beyond a
virtual memory above by providing a segment
number. This segment number addresses or se-
lects the page tables. This allows a user an al-
most unlimited set of addresses. Both segmenta-
tion and page map lookup is provided in hardware.
(See Fig. 9.) May be thought of as two dimen-
sional addressing.

quired. (Very high cost in time is paid for
generality.)

Only 1 special user -- 1 other user is al-
lowed. User programs must be written at
special locations or with special conven-
tions, or loaded or assembled into place.
The time to change bits if a user job is
changed makes the method nearly useless.
No memory allocation by hardware.

No memory allocation by hardware.

Not general. Expensive. Memory reloca-
tion must be done by conventions or by
relocation software. A fixed, small num-
ber of users are permitted by the hard-
ware. No memory allocation by hardware.

As users enter and leave, primary memory
holes form requiring the moving of users.
Pure procedures can only be implemented
by moving impure part adjacent to pure
part.

Similar to above. Simple, pure procedures
with one data array area can be imple-
mented.

Relatively expensive. Not as general as
following method for implementing pure
procedures.

Expensive. No experience to judge effec-
tiveness.
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intiated and requests for additional
terminals, primary memory, time,
etc., are made through it. It is the
medium for job control.

Resource management deals with
servicing user demands after re-
source allocation has occurred. It
is imperative to provide users with
a system that requires little or no
knowledge of particular device or
terminal  idiosyncrasies.  Even
though terminals have differing
characteristics it is desirable for the
system to provide users with a
single basic set of characteristics.
More flexible terminals would, of
course, leave abilities in access of
the common characteristics which
could be utilized. On the other
hand, it is important to allow users
the freedom to control special ter-
minal activity directly. This is par-
ticularly necessary in mixed experi-
mental-production systems involv-
ing terminals that differ widely.
For example, in flight simulation
systems, the usage may range from
program debugging, new terminal
hardware-software debugging, and
simulation.

The terminal characteristics are:
speed or data rate of the terminal;
amount of primary memory used
for buffering and the location of
the buffers; system overhead time
for data requests, including proc-
essing time required for the data;
and device data acquisition modes,
and terminal data usage. Detailed
terminal management includes the
process that buffers data from the
terminal and synchronizer user de-
mands with terminal performance.

SYSTEM-PROVIDED PROCEDURES
AND PROCESSES

In addition to providing the soft-
ware framework within which users
operate the hardware, the system
also supplies many of the processes
for a user. That is, the system in-
cludes a library of procedures for
arithmetic function evaluation, spe-
cial and procedure oriented lan-
guage translations, computer aided
instruction, file data conversion,
text editing, program debugging,
fact retrieval, simulation, etc. In
fact, the difference between a user
and a system process is that a user
process can be altered.

The method of calling these pro-
cedures (or job setup) and the abil-
ity to have a hierarchy of procedure

calls is important. A system-sup-
plied procedure can be considered
an extension of the system and
called with the same mechanism
with which a user would request
file or terminal activity. In fact,
the hardware instructions that pro-
vide communication between the
system and the user should also be
used for procedure calls. In this
fashion, the system can conserve
memory space by not providing
duplicate copies of routines that are
in use by multiple users. The data
or temporary storage required by
the system while enacting a pro-
cedure on behalf of a user is part
of the user’s memory. This struc-
ture conserves space both for users
of small subroutines (e.g., arithme-
tic, data conversion, etc.) and large
programs (translators, text editors,
etc.).

A set of commands might include
programmed floating point arith-
metic (for a small system), com-
mon arithmetic functions, complex
arithmetic, string processing, data
conversion and operating libraries
for the language translators, trans-
lators, editors, loaders, etc. Also
desirable is the facility for a user
to define and call his own functions
in the same hierarchy and frame-
work.

MISCELLANEOUS SYSTEM
FUNCTIONS

These processes include record
keeping, the periodic recording of
the system state for backup, error
detection, error recovery, error
handling for a device, and commu-
nication with the user terminals for
system requests.

The system clock is a part of the
operating system that provides the
actual time base and is used by the
scheduler and the accountant, for
example, to carry out their func-
tions.

System start-up and shut-down
procedures are mnecessary for ini-
tialization of system and the record-
ing of history. Parts of the system
can be written as pseudo users.
This allows functions like data
gathering and system analysis to
go on by watching the system rather
than being embedded in it. This
operation is obtained by defining
monitor instructions that allow a
user to obtain behavioral charac-
teristics on demand.

A debugging system for the op-
erating system might have the fol-
lowing features: ability to examine
or alter; ability to dump or save the
complete system in the event of a
“crash”; ability to control the sub-
stitution of a “new” system for the
present one, etc. These features are
extensions of a normal on line de-
bugging program.

EXAMPLE OF TIME SHARING
SYSTEM FOR THE DEC PDP-6

Figure 10 first presents a simplified
view of the system in terms of the
memory map of the user and oper-
ating system, together with termi-
nals and files. The system runs
either as a multi-programming or
multi-programming /swapping sys-
tem depending on whether a
secondary memory device is avail-
able for program swapping.

A job for a user can be viewed
as an area of memory which it oc-
cupies while running and I/0

1/0 COMMAND,

INTERRUPTS, DATA \
\\ PERIPHERAL
1/0

CARDS,
le— PRINTER,
P—" PLOTTER,
GaTi EQUIPMENT Lo pAPER TAPE,
INPUT-OUTPUT REAL TIME
consoLEs ¥« 9] COMMUNICATIONS SERVICE DEVICE EXEC
a— SYSTEM
EQUIPMENT (EXEC MODE) AREA
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- > SECONDARY
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4 - USER DATA FILES
SYSTEM COMMANDS T » 4 F — — — 4
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* consoLes " wos ! SYSTEM FILES
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RETURNS, COMMON USER e e AREE 1
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Fig. 10 PDP-6 Multiprogramming System Diagram. (Courtesy of Digital Equipment Corporation.)
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equipment assigned to the job, in-
cluding the user’s files and termi-
nals. The operating system software
has four main modules: the system
files (e.g. FORTRAN, assembler,
language translators); terminal con-
trol; file control; and the main
body of the executive.

Figure 11 gives a more detailed
view of what a user program looks
like. The user program (e.g., a
common user program such as a
Fortran Compiler) has its own ex-
ecutive system which communicates
with the operating system. The
user executive translates user com-
mands from a console into operat-
ing system commands for file and

5% TRANSLATOR
LOADER,
INPUT DATA EDITOR, ETC.
(STRING OF
FILES)
CONTROL
cusp
EXECUTIVE
CONSOLE

¥ COMMANDS,

ters which store the processor state
while the job is not running. These
include:

1. Two groups of 204 registers to
store the accumulators or general
registers (AC’s).

2. The Program Counter
and processor flags.

3. The program’s location or boun-
daries.

The registers that hold the or-
ganization to a particular program
include:

1. Starting address of the program.
2. Starting address of the debug-
ging program, DDT.

3. Location of various blocks in
the user’s area, i.e., the symbol

(PC)

—> DATA TO CORE (LOADING, SYMBOL TABLE)
| OUTPUT DATA FILE ¥

—> LISTING FILE %

—» ERROR FILE

FILE CONTROLS ERROR

% 1/0 DEVICE CHANNELS

Fig. 11
Digital Equipment Corporation.)

terminal activity, while the actual
Fortran compiler only accepts in-
put data and produces output data.
The user executive is responsible
for making it possible for the com-
piler to read and write files.

Figure 12 shows a memory map
of a user’s program. The space can
grow (and contract) as the program
Is running, since a user program
may make requests to the operat-
ing system for space. The first
main area, that reserved for operat-
ing system parameters, is 140g long
and is available to both the user
and the operating system, although
special commands must be given to
the operating system to change it.
The other areas are a function of
what programs are being run.

The system’s part of the user’s
job area contains temporary regis-
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General structure of common user service program (CUSP) for PDP-6. (Courtesty of

table, free storage space, etc.

4. Assignment of I/O device
names to numbers, so that a device
can be referred to by name rather
than on an absolute basis (2 % 204
locations).

The registers used as working
storage for the system include:

1. The STACK, a pushdown area
of temporary storage, and stack
pointer.

2. Input-Output data Buffers.
3. Job number.

User requests to the monitor are
handled via a defined set of instruc-
tions which are called the un-used
operation codes, or Programmed
Operators, or UUO’s. Any time the
user program makes a call to the
system for service it is via these in-
structions.

The loader is a system routine
that is placed in the user area ini-
tially and loads the various subpro-
grams required into the user area.
The loader links all symbolic refer-
ences together and fetches needed
library programs.

Figure 13 presents a memory map
of the operating system which
shows the kinds of program mod-
ules in it, together with some of the
communication paths. The mod-
ules perform the following func-
tions:

Job Status Table holds the state of
each job in the system, whether a
job is in core or residing within a
secondary memory prior to run-
ning. The state is defined by sev-
eral words and includes its condi-
tion for running, the time it is
used, and the location of the job
(which includes more status infor-
mation).

I0 Device Service exists for each
peripheral device, and the module
manages the transmission of data
between primary memory and the
device, the initiation of the device,
and the processing of error or un-
usual conditions associated with
the device (e.g., re-read trys for mag-
netic tape).

File Directory and File Free Storage
Control is used with devices that
have named files and directories. It
provides the ability to enter new file
names and delete files, and it man-
ages the file’s free storage.

Error Handling is a common rou-
tine that may be called whenever
a job (or the monitor) detects an
error. A notice of the error is
passed on to the user at his console
(or to his program), and the job
status may be altered.

Run Control is called by other pro-
grams and is just concerned with
starting and stopping a particular
job.

Core Allocation is a common rou-
tine responsible for knowing the
location of free core in the system
and when told, it reserves core
blocks.

Clock and Clock Queue are com-
mon routines that accept requests
for future notification from other
parts of the monitor. The clock
(more correctly, a timer) notifies
the caller at a specified future time.
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(For example, the timer is called
by the scheduling program so that
the scheduler can be activated to
schedule the next job.)

Scheduler makes a decision about
the number of the next job to run,
based on the variables associated
with the system’s state (each job
status, time, core, etc.).

Programmed Operator Dispatcher
processes the instructions that are
given by the user program to the
executive system. The dispatcher
looks up the instruction in a direc-
tory, does common pre-processing,
and passes control to the appropri-
ate part of the monitor. Some of
the instructions are defined by a
mnemonic call name. A Call table
is hash coded with the name, and

corresponding monitor address for
the processing.

Command Decoder processes con-
sole requests and decides the system
routine to call.

Console Command Processors in-
clude the programs for actually
processing the user console requests
(or a user program request). These
include programs for log in, save
job, start, stop, assign a device, etc.
Some programs may not be resi-
dent, in which case they are loaded
and run in a fashion similar to that
of a user program.

System Initialization starts the sys-
tem just after it is loaded, and in-
cludes the freeing of devices and
the initialization of all variables.
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Fig. 12 PDP-6 user job area storage. (Courtesy of Digital Equipment Corporation.)

System Debugging Program is a ver-
sion of the debugging program,
DDT, and may be loaded with the
system. It can be used in the event
of system failure, to interrogate the
state of the system, and includes
facilities for preserving the system
for future examination.

System Maker allows a complete
new monitor to be made as a user
program, and when called will copy
the new monitor into the area oc-
cupied by the old monitor and
transfers control to the new moni-
tor.

USER COMPONENTS
TERMINALS

Communication among the termi-
nal, system software, and user proc-
ess is very important because of
process time, memory space, ease of
use, and design modularity consid-
erations. ‘“Human engineering”
design aspects include those that
affect a user’s apparent or actual
response.

Although there are many aspects
of terminals and their design, the
following terminal unit groups will
be used:

1. Typewriters.

2. Text—Keyboard Displays. (Text
cathode ray tube displays with key-
board inputs)

3. General Graphic Displays or
Consoles.

. Direct Terminals.

Indirect Terminals.

. Specialized Terminals.

Machine Links.

. Peripheral Computers.

Other time-sharing systems or
computer networks.

The parameters that are common
to all terminals and that present
the user with certain apparent
characteristics have been discussed
in the hardware section. The
physical data transmission modes,
character sets, speed, etc., and gen-
eral appearance differ among ter-
minals, but the ‘“apparent”
characteristics to a user program
can be nearly constant, so that user
programs can be written inde-
pendent of their environment or
terminals they use. The operating
system software is responsible for
translating basic user requests into
common commands that operate
the hardware.

© 00T o O
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You've got a bigger
logic selection
with Cambion®
IC Assemblies

We started with the idea of providing the
widest selection of standardized integrated
circuit assemblies anywhere in the industry.
We're over 200 already and continuing to
add.

You name the function you want and chances
are we have a standard assembly for it,
whether it's a counter, decoder, or register.
We've even tried to anticipate your needs
and have some complex functions available.
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Up to 5 digit decade counters per card.

And we'll help you design digital logic
assemblies into efficient, low cost systems
for a variety of special applications, if

you wish.

For complete information and specifics on
integrated circuit assemblies, contact:
Cambridge Thermionic Corporation, Digital
Products Division, 453 Concord Avenue,
Cambridge, Massachusetts 02138.

Phone: (617) 491-5400. SRR PN

CAMBRIDGE THERMIONIC CORPORATION
CiMBION

Standardize on CAMBION . . .
21,541 guaranteed electronic components
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Fig. 13 PDP-6 Multiprogramming System Storage.

The typical commands or in-
structions a user program gives
that deal with a terminal include:

1. Assignment of terminal to a proc-
ess (including the ability to change
the name of a terminal, so that pro-
grams do not have to address ter-
minals in an absolute sense).

2. Initialization of the terminal to
begin transmission, including the
declaration of data buffering (num-
ber and size), specification of trans-
mission modes, etc.

3. Actual transmission of data (a
character, word, buffer, etc.,, at a
time).

4. Termination of transmission,
and relinquishing terminal.

(Courtesy of Digital Equipment Corporation.)

Typewriters

Typewriters include both typewrit-
ers and Teletypes. The typewriter
is the most important because
people have been trained to use
them. Although harder to use,
Teletypes are a common system ter-
minal because they can be used
remotely (low bandwidth commu-
nication lines), hard copy oriented,
low cost, and are available.
Although they are inherently
character oriented, it is sometimes
desirable to buffer terminal data
on a page text line at a time basis
or until a special data delimiting
key has been struck by the user.
(This requires less overhead time
from the system to process the
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characters, since processing is done
for each separate line of text rather
than for each character of the text.)

It is necessary to allow some form
of simultaneous input and output
in order that a user can communi-
cate with the system while it is
printing, so that a user can stop or
change the process. Full duplex
Teletypes easily provide this; half
duplex Teletypes can accomplish
this by a form of “echo checking”
during output. Most typewriter
consoles must be supplied with spe-
cial switches or keys to “break” the
information output flow so that
the user can stop runaway pro-
grams, for example.

Keyboard-Text Displays

These devices are similar to the
typewriter in principle. The key-
board-text display does not have
the hard copy provided by the type-
writer (unless the terminal or con-
sole also has a printer), but it does
provide the viewing of almost a full
page of text, together with the abil-
ity to “point” anywhere on the
page. These displays also require a
higher output data rate from a
computer in the form of “page
turning” requests. This is the prin-
cipal terminal for systems requir-
ing simple graphical results or
rapid scanning of text.

A small cursor, which is con-
trolled by the terminal allows the
user to “point” to any character on
the page. The data associated with
a single page of text is associated
with the display.

The control of text displays re-
quires more information processing
than other terminals, since data
can be randomly addressed by
blocks both for input and output,
rather than on a strictly sequential
basis.

General Graphical Displays

These displays are similar to the
text display, but have the added
ability to display data by points,
characters, lines, circles, etc., and in
general have better resolution and
are faster.

The information forming the pic-
ture may exist in primary memory
(as a process or as data for a proc-
ess) or within the display’s own
storage. The human eye requires a
complete refresh or regenerate cycle
about every 30 milliseconds, in

Pick a number,
any number. Fast.

With a Digitran thumbwheel switch, you wheel switch. In the process, we accum-

can dial in any number between zero ulated the world's largest library of

and the national debt. Fast, easy, and application notes. This means we can

error-free. Digitran’s modular design lets save you money in design time. '

you program any number of digits. If you've a switching problem,
Digiswitch® and Miniswitch® look send for our catalog. We'll send help.

great, read great, and save panel space. Fast.

(Up to 50% over rotary switches.) Their
great simplicity means great reliability. THE DIGITRAN COMPANY

And although simple in design, they Subsidiary of Becton, Dic“mnanda‘f'my
handle complex electronic functions. 855 S. Arroyo Pkwy./Pasadena, Calif. 91105
Digitran pioneered the thumb- Tel: (213) 449-3110/TWX 910-588-3794
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Ferranti-Packard Paper Tape Readers
sales & service-as close as yourphone

Our representatives cover every state in the Union.
They can help in selecting and servicing the proven
Ferranti-Packard reader to meet your needs. For the
name of our representative nearest you, check the
listings below, or if you prefer, contact us direct.
Write, wire, or better still, just phone.

FERRANTI-PACKARD ELECTRIC LIMITED
ELECTRONICS DIVISION « TORONTO 15 « ONTARIO ¢« CANADA
AREA CODE (416) 762-3661 TWX (610)491-1434
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which the data forming the picture
must be sent to the display. This
may impose a high data transmis-
sion rate on the memory system, in-
terfering with processing, unless the
display has an independent data
memory to hold the picture.

For graphical input, a light pen
is used to “point” to displayed in-
formation. The light pen can be
used to “‘draw” on the scope face.
The control and data structure
problems of the text display are
present to a much higher degree
in general graphical displays.

The RAND Tablet is a very
simple graphical input device. It
allows one to draw on a 10”7 X 107
tablet with a stylus, and it can al-
low free hand drawing, printed
character input, or curve tracing
(through paper). It may be used
independently or in conjunction
with a graphical display. The reso-
lution or number of electronically
independent points over the 10” X
10” area corresponds to 1024
1024 points.

Plotters

These devices provide hard copies
of general graphical data. Typi-
cally, a plotter operates on an in-
cremental or discrete basis (0.01
inches/increment) at a rate of 300
points/second over a plotting area
of 12-30 inches by several hundred
feet,

Direct Terminals

The above terminals are special
cases of direct terminals, but in
them most of the problems of ter-
minal hardware and software de-
sign can be seen. Namely, problems
of providing continuous two-way
dialogue, response time, and the
other human engineering problems.

Indirect Terminals

These terminals include most ter-
minals used by other systems, i.e.,
peripheral card readers and line
printers. The interface from a
user’s viewpoint can be identical
to the above terminals. The logical
difference, for example, between a
line printer and a typewriter
printer may just be the number of
allowable characters on a line; thus,
a page output on a line printer
would appear identical to that of a
typewriter (but not vice versa).

Specialized Terminals

These terminals are used for spe-
cial time-sharing systems such as
airlines reservations, etc. They in-
clude: banking teller windows,
airline reservation stations, stock
quotation inquiry keyboards, pro-
duction line data acquisition termi-
nals, etc. They provide the best
possible coupling between the user
and his system and are designed to
minimize the number of errors and
the time required as data is entered
and extracted from the terminal by

restricting the format and by en-
coding the information.

Inter-Machine Links

The link to specialized ‘“non-
human user” devices imposes the
highest performance requirements
on the design because the data
transmission rate is high and is de-
termined by the device character-
istics, rather than the system. That
is, these devices have to be served
in real time, at the demands of the
device. Devices of this type include
those used in process control appli-
cations, simulation equipment (air-
craft or aerospace cockpits), film
reading devices or scanners, hybrid
linkages, etc.

By providing for this equipment
in a system, hardware protection
may also be required. A very com-
plete interrupt or trap system may
also be necessary in the hardware
so that a job can be rescheduled
rapidly to serve the device.

Peripheral Computers

These form a most necessary class
of terminals by distributing termi-
nal data transmission or loading to
the system periphery. The periph-
eral computer provides the ability
to lower the data rate for a larger
system by providing local storage
and processing capability. For ex-
ample, display computers with the
ability to detect light pen position
and track the pen, and perform

MESSAGES TO THE OPERATING SYSTEM:

1. Log in and log out.
word, data, etc.)

Setup of the job, or process.
. Start, stop, and continuation of a process.

(Presentation of a storage or memory map.)
Information requests:

a. Run time, time of day

b. Files used or space available

c. Facts about system use.

o wawN

(Includes presentation of name, number, pass-

Resource requests (assignment of terminals, primary memory, file space).

. Examination and modification of elements of the primary memory process.

TABLE 3. TERMINAL INPUT REQUESTS TO SYSTEM SOFTWARE

MESSAGES FOR PROGRAM DEBUGGING:

Command messages to system debugging routines are similar to the sys-
tem commands, except that they are in terms of the source language pro-

gram. They include:

language.
Data set searching.
Program tracing.

SR N

Start, stop, and continuation of the process.
Examination and modification of the process in terms of the source
Insertion of program patches.

Conditional tracing via breakpoints which are executed only if program
reaches a specific state.

Display of data in any format.

7. Communication with other users or human operators.

8.
9. Transmission of a job to a queue for batch processing.

Saving and restoring the complete state of a process.

MESSAGES TO EDITORS:

115

2.
3.

File name declarations including specification of access restrictions,
formats, etc.

Transmission of data among files and/or terminals.

General file editing including creating, appending, inserting, modifying,
deleting, etc.

MESSAGES TO TRANSLATORS:

1

2.

File specifications including:
a. Control statements.
b. Source language inputs.
c. Object output.
d. Object listing.
e. Object linkage information (if separated from output).
Errors and diagnostics.
Control switches (e.g., what to do in case of errors).

-

MESSAGES TO SYSTEM OPERATORS (HUMAN) AND MANAGEMENT
(HUMAN)

Equipment availability or status information.
Configuration specification.

Accounting and system status requests.

Appending user availability, cost, facility, priority lists.
Message broadcasts.

Manual instructions for tape mounting, card removal, etc.
System diagnostic reports.

Control of back-up or archival storage.

00O S LIS =

MESSAGES TO CONVERSATIONAL LANGUAGES

Language or Text Edit commands. Creation, modification, and deletion
of programs is provided.

2. Direct Statement Commands Execution. For languages which allow arith-
metic statements to be written, the ability to have a statement executed
immediately (e.g., 2 + 2 = ’) is provided.

3. Commands for Control of the Programs.

4. Data entry and data output from the program.

36
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some coordinate transformations on
the display data may be desirable.

In process control applications,
data sampling, limit checking, and
data logging can be done by pe-
ripheral computers, on a more
economical basis, since they do not
require the generality of a large
machine. Also, since the overhead
time to switch to another program
may be high, the high data rates
associated with these processes
would degrade the large machine.

External Time-Sharing Systems

These terminals form the link with
other time-sharing systems. This
form of intercommunication is new,
but may be significant in total prob-
lem solving systems by allowing
programs in one system to call on
other systems.

Message switching centers with
some local file storage might form
the immediate link with users. As
users require more advanced ser-
vices, the switching centers would
likely call either large, general sys-
tems or systems specializing in a
particular service. Because of our
geographical time zones, inter-sys-
tem load sharing is possible in a
fashion similar to that in which
utilities share electrical generation
capacity.

TERMINAL COMMUNICATION
WITH THE OPERATING SYSTEM

In addition to the terminal con-
nection with the process, a terminal
must connect with the operating
system software for the control of
the job. All of the programs (trans-
lators, editors, loaders, etc.) that
form the system also require con-
trol words or statements. Table 3
lists the information required from
the user to specify tasks for the sys-
tem.

Communication Dialogue

The format used for control infor-
mation is an important design con-
sideration, and it is important to
have a ‘“forgiving system,” or one
which does not affect a user too ad-
versely when a wrong command is
given.

It may be important that the user
react (type in, observe output, etc.)
as little as possible to specify a given
situation. Abbreviated commands
might be permitted in place of
longer words (e.g., LOGIN = LI),

Chapter III.

* The Word from GENISCO.

THINK ABOUT THE
AC TRANSIENT
FREE SWITCH

1 FOR 2 FORMULA

Think about—one high reliability*
solid-state component, that replaces
two components. The Genisco

Switch eliminates filters, and relays
or contactors. It also eliminates
noise hash caused by spurious
transients. Turns AC currents on or
off in any type of switching mode.

Just think! Size is reduced about
50% for simpler design, more
convenient packaging; and it costs
less, too. Works manually or
remotely with either electrical or
pneumatic triggering.

The Genisco AC Transient
Free Switch meets or exceeds
MIL-STD-826 and MIL-I-6181D,
in 60 and 400 cycle versions, and
is available in 5, 15, or 25 amp
configurations.

Now stop thinking about it! Send
for complete information.

*Tested without-
failure through
20 million cycles.

GENISCO TECHNOLOGY CORPORATION
COMPONENTS DIVISION

18435 SUSANA ROAD

COMPTON, CALIFORNIA 90221
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ELECTRONICS ENGINEERS

Y How? Come to Lockheed Electronics Company
0“ can in Los Angeles...where the world’s fastest 212D

k memory system is already in production. Lockheed
ma e engineers conduct research in all phases of memory

’a systems technology. Not only do they de-
lﬂmurrﬂws velop advanced memories, but also what
-~ memories are made of—the finest printed
memnrles circuits, stacks and ferrite cores. With such a
d large number of successful projects underway, Lock-
in av- heed Electronics has become the country’s fastest-
growing company in the memory. system field. [J To continue
growing, Lockheed needs talented engineers in logic design,
circuit design and magnetic memory design. There are also
openings for engineers with managerial experience. [
Tomorrow’s: memories can't wait. Send your resume today
to Professional Employment Group, Lockheed
Electronics Company, 6201 East Randolph LUCKHEED
Street, Los Angeles, California 90022ELECTHUNICS
Lockheed is an equal opportunity employer. CUMPANY

A Division of Lockheed Aircraft Corporation
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Microsonics has proven capabil-
ities and facilities to design and
manufacture reliable computer de-
lay line storage systems at high
information rates (up to 100mc)
which gives long term service in
difficult environments of shock,
vibration, and temperature. These
systems have capability of han-
dling digital signals for computer
storage or analog information as
in radar signal processing.

Ultrasonics computer storage
lines, using fused quartz or zero
T.C. glass, represent an ideal
medium for high-speed computer
storage up to 20mc rates.

Be it Computer Storage Systems;
Digital Delay Lines; Magnetostric-
tive Delay Lines; or Variable and
Tapped Delay Lines — Micro-
sonics has the experience and
capability to deliver both off-the-
shelf and custom-designed sys-
tems for any specific operation.

Send for Microsonics’ Brochure
Nos. M735 and 5350.

@ MICROSONICS, INC.

60 Winter Street
Weymouth, Mass. 02188
Tel: 617 337-4200

A subsidiary of the Sangamo Electric Company
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although longer commands would
also work. For example, two in-
teresting possibilities are: a user
types a command that has enough
information to make the command
unambiguous, and, the user types
enough information to make the
command unambiguous, followed
by the system typing the rest of the
command in a “ghost-like” fashion.
When commands are given that
irrecoverably affect files, the system
might require some sort of verifica-
tion that the command specified is
actually desired.

User defined macro commands
compose the most general method
to provide users with the commands
they want, and what they call the
commands, because users define,
name, and write them in terms of
standard sets of system commands.

FILES

It is desirable to consider the file
and terminal structure in a similar
fashion from both a user and sys-
tem software viewpoint; that is,
the access, method of transmitting
data, and data formats may be
nearly identical for both files and
terminals.

MAIN EXECUTIVE

TEACHING PROGRAM

EXECUTIVE SORIRAM

EXECUTIVES

EXECUTIVES

USERS
(PUPILS)

nal that requires service at regular
intervals. A protected, assignable
command subset to control the par-
ticular device may be required.
Alternatively, control can some-
times be provided by incorporating
the device in the normal system
peripheral or input-output service
programs. Scheduling of users now
becomes more complex, since the
device anomalies constrain the
scheduling algorithm.

Guaranteed processing capabili-
ties are provided by treating the
total processing capacity as a re-
source. Thus, a guaranteed capac-
ity at a guaranteed time can be
scheduled according to request.
Users of systems may get degraded
service rather than be denied ac-
cess because of poor service. With
a supply of unattended jobs to proc-
ess in a batch queue, or compute-
bound problems to run as back-
ground, a combination denied/de-
graded service may be provided
which balances the system’s ca-
pacity.

The methods of communication
with the system through a hier-
archy of higher level operating sys-
tems pose the questions: “What is
the user process?” and ‘“What is the

GENERAL
USERS
EXECUTIVE

o

SUB-SYSTEM EXECUTIVES

(e.g., BATCH PROCESSING,
LANGUAGES, ETC.)

USERS

Fig. 14 'Hierarchy of executives with a general purpose time-sharing system.

The file characteristics have been
previously discussed as part of the
operating system software in terms
of what the hardware is, what the
operating system provides, and
what the file looks like to a user.

USER PROCESS

The user process or procedure in-
cludes: a memory map locating the
process, the actual process, and user
status information (terminal and
file assignments).

Occasionally, a guaranteed ser-
vice must be made available to a
user both for specialized devices,
and processing. For example, a
user may have a particular termi-

system?” A user’s procedure may
be appended to the system and be-
come a system function or common
user service procedure. This ever
expanding set of program segments
which form the system present the
problems of segment naming, file
location within the system, and
protection while they are being
run. Nevertheless, the ability to
run normally while creating and
testing other parts of a system, or
to have a portion of the system re-
moved and another one substituted
gives rise to very powerful tools in
the graceful creation of the system.
As a minimum, a new system should
be able to be created on a general
purpose system, with the substitu-
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tion for the existing system occur-
ring at a time when the system is
inoperative. We can look forward
to complete systems that allow sub-
systems that do their own schedul-
ing of time, etc., and allocate some
resources. Thus, a completely gen-
eral purpose system might allow
complete freedom to incorporate
any of the systems described in
Table 1 in an efficient manner. Fig-
ure 14 shows the relationship proc-
esses might have to one another
in a general purpose system.

CONVENTIONAL VERSUS
CONVERSATIONAL LANGUAGE
PROCESSING

Conventional processing or transla-
tion of a language occurs in the
sequence:

1. Creation of a text format source
file (cards or system file) which de-
scribes the process.

2. Translation of source files into
object files with linkage, relocation,
subroutine, listing, and error infor-
mation.

3. Loading the object file together
with library files to form the proc-
ess.

4. Process execution.

In contrast, conversational lan-
guage processing provides nearly
simultaneous creation and execu-
tion of procedures. The input lan-
guage can be checked at the time
of entry at the terminal and is
translated, being immediately avail-
able for execution.

The data may be transformed in-
to an interpretive form with all
sub-routines, linkages, etc., occur-
ring directly on input with no
intermediate files. The insertion
of additional statements or pro-
gram steps is done directly, and
debugging is through the run time
diagnostics and user abilities to
examine variables directly and exe-
cute statements conditionally. The
conversational system may require a
slightly longer execution time, but
is most effective because of its com-
bined editor, translator, loader, li-
brary and debugging system.

Clearly, for problems involving
little computation, the turn-around
time is very short for solving prob-
lems in this fashion. The main
structure of programs is such that
this interactive approach may be
the common method in a few years.

Batch Processing

This is one of the most efficient
methods of controlling the execu-
tion of a large number of pro-
grams, since jobs are always run to
completion. In a time-sharing sys-
tem which is principally serving
on-line users, the batch process can
be used as a background job or to
absorb spare capacity. A fixed or
guaranteed amount of processing
can be allocated to batch process-
ing. The batch must be able to be
loaded by either external users with
card decks or users who defer jobs
that can be done anytime (or at
batch convenience).

The handling of a batch need
not be incorporated within the sys-
tem, but rather a batch process can

TABLE 1.

CAPACITY REQUIREMENTS FOR TIME-SHARING SYSTEM APPLICATIONS

Text editing (Adminis- medium
trative Terminal

Service)

On line information medium-large
retrieval of periodi-

cal headings, bibliog-

raphies, keywords,

abstracts

small (>>10%

medium (>>10%

Specialized System Primary Mem- Primary Mem- Processing File Organi- Direct Terminals
Service, or Ap- ory for ory for User Capacity/ zation and
plication Process (in Data (in bits) User (in Size
bits) operations*/ (10%10° bits)
interactiont)

Desk calculator very small very small (<10%  very small (>10% none typewriter, input keyboard, strip
printer, scopes, audio output, or
special console.

Stock quotation small small (<10% very small (>>10") one (small-medium) see above, stock ticker tape or
transactions input, telephone.

Airline reservations medium small (>>10% small (>10% approx. 6 (medium-  special consoles, typewriters,

large) scopes.

On line banking medium small (10% small (109 approx. 10 (medium- see above, special bank teller

large) consoles.

General conversational medium small-very large small-large un- multiple files per typewriter, printer, scope, plotter.

computational languages (10°10% bounded (10*- user, with few file (Culler-Fried consists of scope,

(JOSS, CULLER-FRIED >10% types (medium- keyboard, and tablet.)

System) large)

Specialized computer medium-large  small-very large small-very large see above see above

aided design, engineer- (10%10°% (10%->10%

ing, problem solving

languages (COGO, etc.)

Process control medium-large medium (>10% small-very large few (small) physical quantity transducers,

(10->10%
small (10*10%

medium (10°-107)

*assumes a fairly sophisticated processor and instruction set
tmaximum interaction intervals for user requests are ~ 10 sec.

multiple single pur-
pose files/user.
(medium)

one (very large)

general user terminals.

typewriter, printer, scope.

see above. telephone (dial in,
audio out)

39



INDIGATORS

We also make switches,

readouts, keyboards, panel

displays, in-line displays
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be regarded as a special user. Thus,
a common service program (the
batch manager) would permit any
user to “batch process.”

CONCLUSIONS

PRESENT PROBLEMS

Before widespread time-sharing sys-
tems and system networks can be
formed, standardization of data and
file format descriptions will have
to occur. Simple conventions must
be established to control the actual
format of the bits transmitted be-
tween computers. This will enable
the transmission of problems, data,
and procedures between systems.
Present intersystem communication
experiments should provide a
framework for the standardization
of information interchange formats,
and detailed data representation.

Once a data representation for
higher speed lines is established, it
will be possible to remove the ter-
minals we presently associate with
the computer outside the comput-
er’s periphery. This will enable the
cross-use of terminals among com-
puters. It will also allow software
that is more independent of the
peripheral and computer to be writ-
ten.

Current data transmission costs
for the remote typewriter user (with
an average input rate of ten bits
per second) do not reflect the true
cost-capacity (2400 bits per second
for a voice grade line) or use of the
line.

Although good, low cost com-
puters (processor, memory, and
minimum peripheral equipment)
are available, the higher costs asso-
ciated with file storage for smaller
systems do not permit the design of
low cost time-shared computers.

Present time-sharing structures
for computers are extension or-
ganizations of the basic computer.
Present systems were not initially
designed for time-sharing, but were
modified slightly to accommodate
potential users. Hence, these sys-
tems create almost as many prob-

lems as they solve. A more reason-
able approach for a system'’s
design is an initial specification
that includes Time-Sharing as a
goal. A solution might take on the
form of a network. For example,
the very large computing machines
that are built by computer manu-
facturers have: taken a long time
to build (and technology has
changed, invalidating industry’s ex-
trapolations before the computers
were operational); required longer
than expected to become opera-
tional; failed to meet initial design
goals, have been uneconomical
from a production standpoint; and
only a few systems have been built.
The current large, very general sys-
tems also suffer from the same kind
of design thinking.

Each component of a general pur-
pose time sharing system is con-
strained to supply such general
service that the system as a whole
may be so inefficient (and expen-
sive) as to make the system imprac-
tical. The issue is similar to an
organization consisting of either
highly trained specialists or gen-
eralists. An organization of general-
ists is very flexible; but, on the
other hand, it may not be economi-
cal to have people who are capable
of being the president doing all the
tasks within an organization. The
general purpose systems just now
becoming operational are con-
structed in such a flexible fashion
as to probably be uneconomical.
Each system component is so gen-
eral (for example, the filing system)
that, although it can perform any
task (given enough time), the act of
doing very trivial operations re-
quires a great deal of time. Perhaps
a better approach is to divide the
systems’s resources by allowing sev-
eral independent operating systems
to care for them (e.g., editing, as-
sembling, filing, translating, and
running).

FUTURE SYSTEMS

Future computers will be equipped
with hardware to allow some form
of time-sharing. For smaller com-
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puters, the additional hardware
greatly enhances a system’s utility,
especially when being used in proc-
ess control and in research requir-
ing the direct links with othe:
machines or to experimental equip-
ment.

The form of Time-Sharing Com-
puters will be:
1. The system with a single general
user or batch process, plus one fixed
job or a fixed multi-terminal com-
munity of special users (141, or
14-n special users). Process control
and on-line special business data
processing systems take this form.
2. Dedicated special systems which
service a particular user commu-
nity. These provide little or no
communication with other systems.
(E.g., library, airlines reservations,
etc.)
3. Dedicated systems with switching
ability so that a problem that re-
quires other aids can be referred to
other systems. More general sys-
tems may refer problems to them.
4. Message switching for other sys-
tems. These may have file process-
ing, editing, and limited calcula-
tion capability, or  message
buffering; such a system would
communicate with other systems
for most demands from users.
5. Peripheral computers that ser-
vice special terminals and control
small local processes. Processing
capacity for general purpose prob-
lem solving, file storage, program
translation, and diagnostics for
the peripheral system would be de-
rived from a higher level system.
6. The totally general system with
a large community of users. The
general system would undoubtedly
communicate with other systems.

Although the author has at-
tempted to be objective, it is felt
that the technique of computer
Time-Sharing is a significant ad-
vance toward an effective use of
computers. Time-Sharing removes
one more restriction in computer
usage — that of allowing only a
single use of a machine. As such,
the additional generality creates op-
portunities, as well as countless
problems.
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Economation:

AMPS taper pm
interface wiring
technique

AMP offers the broadest line of taper pin products in the world. Taper pins are quickly inserted using a precision spring-loaded A-MP* tool.
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Taper technique is an excellent example of Economation by AMP—cost reduction
through automation. Based on the wedge principle, the connection is self-cleaning and
self-locking when the pin contact is inserted into a matching taper receptacle.

The pin has only a slightly larger diameter than the wire itself, which allows very
high density connection packaging. Yet any contact may be individually replaced without
interference with other contacts. This, plus small size and weight and proven reliability,
makes it perfect for interface connections between main frame and peripheral computer
units, and in a host of wiring applications throughout the Electronics Industry.

AMP's taper pin product line—the world’'s most complete—is also the most
automated and economical. For example, one automated A-MP* machine can cut
leads to size and apply over 10,000 taper pins an hour. And each termination is uniformly

reliable because AMP engineers design a tool to match every product. This means fewer
rejects, faster production, and applied cost savings.

Get the facts on taper technique and AMP's lower applied cost now. Write

AMP Incorporated, Harrisburg, Pa. 17105.

High-density interface wiring with A-MP* taper pin blocks.

*Trademark of AMP Incorporated

The AMP-O-LECTRIC* automachine
applies taper pins automatically
at rates of 4,000 an hour.

Full automated application of
taper pins at rates exceeding
10,000 an hour is possible with
the AMPOMATOR* machine.
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A NEW DIMENSION
IN COMPUTER
COMPATIBILITY

Maghetic tape unit
complete with inter-
face designed for
peripheral use with
your small computer.

char/ sec. Choice of '200 556 or
D BPI, 7 track or 9 track.
All computer com ,tibility fea-
tures melndlng IR GAP LRC'C

: Digital Stepping Recorders
E Digital Data Handling Equipment
DIGI"DATA
CORPORATION

Main Office: 4315 Baltimore Ave.
Bladensburg, Md. 20710 » (301) 277-9378
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Lockheed has in production
the world’s fastest
22D memory system.

Lockheed’s CD-65 completes a memory cycle in 650
nanoseconds. It's the world's fastest production 2% D
memory system...except for one that's 150 nanosec-
onds faster: the Lockheed CD-50. [] Speed is just one
advantage you get with the CD-65 and CD-50. They
both offer a wide range of standard storage capac-
ities—from 8,192 to 65,536 words. Their 2% D organi-
zation provides inherently high operating margins. Total
modularity gives them highly flexible interface capability,
timing and control, and storage capacities. Plus, both
the CD-65 and CD-50, subjected to worst-case design
analysis and review, perform with exceptional reliability.
For the world’s fastest response with technical mate-
rial—full details on the CD-65 and CD-50—write to:
Memory Products, Lockheed Electronics Company,
6201 E. Randolph Street, Los Angeles, California 90022.
Or even faster, call (213) 722-6810.

LOCKHEED
ELECTRONICS
COMPANY

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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Placing the accuracy and speed burden
for S-D conversion on the digital equipment
minimizes the analog equipment and
enhances system performance.

SOLID-STATE SYNCHRO-

The application of digital computers has been severely
limited in systems that must interface with analog
computer equipment. This limitation is particularly
prevalent in aerospace systems where the lack of the
appropriate interface equipment often precludes the
use of a digital computer. Although digital computers
are highly miniaturized and economical, the interface
equipment often offsets these advantages with mechani-
zations that can exceed that computer size and cost.
In order to enhance the applicability of digital com-
puters for aerospace applications, Teledyne has ex-
pended considerable effort in the development of
hybrid interface equipment. This hybrid equipment
is mechanized with the latest solid state components
and advanced packaging techniques to implefent a
universal interface that is miniaturized, modular, and
economical. The interface unit is compatible in per-
formance and packaging with the Teledyne family of
digital computers.

The basic guidelines for the development of the
hybrid interface equipment were to:

1. place the burden of the conversion on the digital
equipment

2. minimize the performance requirement placed on
the analog equipment

3. eliminate electromagnetic and electromechanical
equipment.

The most complex part of the hybrid interface
equipment is the synchro-to-digital (S/D) converter
because of the three wire (120° coordinate system)
AC analog form of the synchro signals. The Solid
State S/D Converter accepts these three wire AC wave-
forms, performs a minimum of signal processing in the
analog domain, then efficiently converts the data to a
digital form for processing in the digital domain. The
analog equipment converts the AC analog 120° co-
ordinate signal forms to incremental digital orthogo-
nal coordinate data. The digital data is processed with
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a digital “follow-up servo” implemented with digital
differential analyzer (DDA) computer modules. The
DDA will insure scale factor and phase angle precision
and automatically compensate for many errors intro-
duced in the analog domain. The digital output of
the S/D converter will contain the sine and cosine
functions in addition to the angle. This is a signifi-
cant advantage over converters that only generate the
angle, because the trigonometric functions of the
angle are often the parameters that are required.

Contemporary S/D converters perform the conver-
sion with electromechanical follow-up servos driving
digital shaft encoders or with switching of taps on
transformer type electromagnetic equipment. These
techniques require large, heavy, and expensive electro-
mechanical or electromagnetic hardware used in a
servo loop to null the input signal. The size, weight,
performance, and cost considerations preclude the use
of these converters for many aerospace applications.

A description of the Solid State S/D Converter
mechanization will be presented following an analysis
of the pertinent characteristics of the synchro wave-
forms.

Synchro Signal Forms

A synchro is an analog angular position transducer,
where the output signal is an AC voltage with the
amplitude indicative of the angular position of the
rotor.

A schematic representation of a synchro is presented
in Figure 1. The rotor is excited with an AC voltage
that couples to the Y windings of the stator through
transformer action. Angular position of the rotor, with
respect to the stator, will determine the electromag-
netic coupling between the rotor and each of the
stator windings, thereby defining the amplitudes of
the signals in the three windings. The stator output
voltages are either in-phase or 180° out-of-phase with
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the reference excitation. Amplitude and phase (in/
out) of the output voltages are indicative of the angu-
lar displacement. The output signals are in time phase
with the excitation signal, with the amplitude of the
output signals conveying the trigonometric informa-
tion. Phase shifts between the reference and the out-
put waveforms do not convey angular information, but
are potential sources of error in interpreting the out-
put signals.

AC
EXCITATION AC
VoL STATOR QUTPUT
ROTOR
V2
V3
(A) Synchro

Fig. 1 Shematic representation of a synchro.

The excitation signal, shown in equation (1), is
electromagnetically coupled to the output windings of
the synchro, generating the output signals shown in
equations (2) through (4).

Vexcitation: E sin wt €q (1)
Vo — K, E sin wt sin 4 eq(2)
Voo = K, E sin wt sin (4-120°) eq (3)
Vos = K,E sin wt sin (6-240°) eq(4)

The time dependent term, sin wt, is common to all
signals and is not a function of rotor position. The
other terms of the synchro output equations are ampli-
tude defining qualities, independent of the time vary-

TO-DIGITAL CONVERTER

ing portion of the waveform. It can be seen that the
output signals are all in time phase with the excitation
signal, and the amplitude is a trigonometric function
of the angular position of the rotor. Equations (2)
through (4) define the voltage induced in the winding
from the common point of the three coil Y-connection
to the output terminal. The common point of the
three windings is usually not available for synchro
follow-up operation. Therefore, it is necessary to op-
erate on the voltages across the three output winding
legs. The output signals of the synchro are listed in
equations (5), (6) and (7). The subscripts define the
terminals across which the voltages are measured.

Vi o= K,E sin wt sin (§—150°) eq ()
V, 3 = K,E sin wt sin (§-90°) eq (6)
V;.1 = K,E sin wt sin (§—30°) eq(7)

The signals defined in equations (5), (6) and (7) rep-
resent those signals which are available at the inter-
face. Equations (5) and (7) contain sufficient informa-
tion to completely define the synchro position, while
equation (6) is redundant. The information contained
in equations (5) and (7) can be organized in a more
intuitive form with the use of the trigonometric iden-
tities, illustrated as equations (8) and (9).

sin (§—150°) — sin @ cos 150°—cos 4 sin 150° eq(8a)

= —\/8/2sin 6—1/2 cos 6 eq(8b)
sin (#—30°) = sin § cos 30°—cos § sin 30° eq(9a)
—\/8/2 sin —1/2 cos ¢ eq(9b)

Substituting equations (8b) and (9b) into equations
(5) and (7) yields equations (10) and (11), respectively.

eq(10)
eq(11)

From equations (10) and (11), it can be seen that

Vo1 = (K.E/2) sin wt (\/3 sin § 4 cos 6)
V1 = (KoE/2) sin wt (/3 sin § — cos 6)
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the voltages measured from synchro outputs 2 and 3,
using synchro output 1 as a reference, is composed of
sine and cosine components of the angular displace-
ment of the synchro rotor. The coefficients of the
corresponding trigonometric functions of § from equa-
tions (10) and (11) are equal. Therefore, algebraic
manipulation of equations (10) and (11) can be used
to isolate the components of the interface signals that
define the sine and the cosine of the synchro angular
position. Addition and subtraction of equations (10)
and (11) yield equations (12) and (13), respectively.

eq(12)
eq(13)

The time varying term, sin wt, is removed with a phase
sensitive demodulator. This term is removed from the
signals represented by equations (10) and (11) before
they are added to form the signals represented by
equations (12) and (13).

Equations (12) and (18) completely define the angu-
lar position of the synchro. It should be noted that the
trigonometric functions of # contribute only to the
amplitude of the respective signals, introducing no in-
herent time or phase sensitive terms. The two signals
defined in equations (12) and (13) are time coincident
with the excitation to the synchro, excluding error
mechanisms.

Vo 4+ Vg, = Kg\/g E sin wt sin 4
Voi— Vi1 =Ky Esinwt

Synchro-to-Digital Converter

A representative mechanization of the Solid State S/D
Converter is illustrated in Figure 2. It is basically a
succession of conversions from each signal form to a
more convenient signal form that permits appropriate
processing. This approach permits many variations of
the conversion concept, depending upon interface con-
siderations and tradeoffs. In a typical application, the
synchro transmitter is excited from a reference AC
voltage supply. The excitation is coupled to the out-
put windings as a function of the mechanical angular
displacement of the synchro rotor. This angular dis-
placement is illustrated as the @; input angular dis-
placement. Three output lines are presented to the
interface with signals that are indicative of the angu-
lar position of the synchro. These interface signals are
in AC analog form, with an AC carrier frequency that

REFERENCE EXCITATION

is amplitude modulated as a trigonometric function of
the angular displacement of the synchro. The time
varying components of these signals are either in-phase
or 180° out-of-phase with the reference excitation. A
phase sensitive demodulator (PSD) is used as an AC
analog to DC analog converter. The demodulator is a
synchronous chopper, switching the input signals onto
the output line in synchronism with the reference sig-
nal waveform. The output of the phase sensitive de-
modulator is a DC signal with a high ripple content,
similar to a full wave or half wave rectified waveform,
whichever is applicable.

In typical application of a phase sensitive demodu-
lator, the output signals are filtered to remove the
large ripple content. In the mechanization illustrated
in Figure 2, the output of the phase sensitive demodu-
lator is operated on by a reset integrator (RI), which
provides a filtering function superior to that of a pas-
sive filter. In addition, the ripple does not propagate
into system errors due to the inherent error compensa-
tion characteristics of this converter.

The reset integrator provides the primary function
of a DC analog to pulse rate converter. In the
mechanization shown, the reset integrator also pro-
vides the secondary function of algabraic summation
of the synchro information, described analytically in
equations (12) and (13). This summation function ef-
fectively converts from three phase synchro type in-
formation to two phase resolver type information.
Therefore, the output of the reset integrator is in
orthogonal coordinate trigonometric functions.

The reset integrator primary function of DC analog
to pulse rate conversion is accomplished by imple-
menting an analog integrator which integrates the DC
voltages applied at the input. When the integrator
output exceeds a voltage threshold, a precise reset
pulse is generated to reset the integrator a calibrated
amount by discharging the feedback capacitor. The
rate at which the integrator continues to exceed the
threshold is a function of the input voltage levels. The
resetting pulse rate is also used as the reset integrator
output and is indicative of the rate at which the inte-
grator continues to exceed the output voltage thres-
hold. Therefore, the output pulse rate is directly pro-
portional to the average input voltage magnitude.

The mechanization illustrated in Figure 2 makes
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e DEMODULATOR d(COS 8c)
SYNCHRO 2 el mso?«%mm c
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vy RESET CON ot
PHASE o INTEGRATOR SIN_ 6c
SENSITIVE
T DEMODULATOR
|
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INTERFACE oy

INTERFACE

Fig. 2 Representative mechanization of the solid-state synchro to digital converter.
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multiple use of the reset integrator functional block,
where it is used to:

1. Perform the DC voltage to pulse rate conversion.

2. Perform the three phase synchro to two phase re-
solver type signal conversion.

3. Perform the filtering function for the DC signals
from the Phase Sensitive Demodulator.

Ease with which the multiple functions are imple-
mented in the analog domain significantly reduces
hardware and improves accuracy of this mechanization.
For example, the three phase synchro to two phase
resolver type signal conversion is accomplished by the
addition of one resistor to each reset integrator sum-
ming junction. These two resistors are used to replace
the Scott-T transformer-type three-phase-to-two-phase
signal converter. Therefore, the advantages of this
technique are quite significant.

The reset integrator outputs are pulse trains, the rate
of which is proportional to the trigonometric func-
tions of the synchro angular displacement. These two
pulse trains are significantly amplitude sensitive; where
synchro excitation variations, synchro transformation
ratios, and other mechanisms that affect the scale factor
of the signals will affect the amplitude of the reset in-
tegrator output. Direct use of this pulse rate informa-
tion in the computation results in amplitude or scale
factor errors, but which appear as angular displace-
ment errors. These scale factor errors can be conveni-
ently eliminated by using the ratio of the two pulse
trains instead of each pulse train by itself to determine
the angular displacement of the synchro.

A digital differential analyzer (DDA) trigonometric
computational block is implemented to eliminate the
scale factor sensitivity of the synchro signals. This
computation is described in the corresponding section
of this article. Effectively, equation (17) is implemented
with a DDA computational block.

sin (;—~0c) = sin @y cos f—cos 6 sin eq(17)

A DDA sin-cos generator, used as a “digital resolv-
er’, is rotated computationally to balance the input
pulse rates. Solution of equation (17) using DDA tech-
niques assures availability of the synchro trigonometric

functions that are completely independent of any scale
factor type errors from the input. Outputs of the
computation block are whole number serial trigono-
metric (sine and cosine) functions, whole number serial
angular information, incremental trigonometric func-
tions, and incremental angular information. This DDA
computation is a necessary part of this synchro-to-
digital converter concept, because the scale factor sen-
sitivity of the synchro information would not permit
sufficient accuracy, in most applications, without this
compensation. As a contrast, the insensitivity of the
converter outputs to the input scale-factor parameter
significantly decreases the cost of the analog equipment
and provides a very significant amount of automatic
compensation of scale factor type errors in the analog
hardware. The predominating error mechanisms in
the analog equipment are of a scale factor nature.
Therefore, the elimination of the scale-factor sensi-
tivity consideration permits extremely accurate analog
mechanizations with only moderate consideration to
many of the predominating error mechanisms. In ad-
dition, this DDA computation generates the trigono-
metric functions of the angle in addition to the an-
gular information. Other types of S/D converters
typically generate the angular information only, re-
quiring additional computation to generate the trigo-
nometric functions of the angle. Therefore, cost and
equipment comparison between this mechanization
and other converters should be made on a comparable
basis, where the DDA computation is included in the
comparison only if the alternate converter will present
the trigonometric functions of ¢ at the computer inter-
face. If the other converter will generate only the
angular information, a functional block equivalent to
the DDA computation must be added to generate the
trigonometric functions of the synchro angle. An al-
ternate trade-off would be to draw the computer inter-
face at the input to the DDA computational block for
a realistic comparison with the alternate type of con-
verter. That is not to indicate that this converter can
operate independent of the DDA computational block,
but only to compare the alternates on an equivalent
basis. These considerations are contingent upon the

REFERENCE EXCITATION
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Fig. 3 Alternative mechanization of the solid-state synchro to digital converter.
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requirement for trigonometric functions of the angle
in the computation. Experience has shown that, in
general, the trigonometric functions of the angle are
required and not the angle explicitly.

An alternate mechanization of the synchro-to-digital
converter is illustrated in Figure 3. This mechaniza-
tion accepts the three phase synchro type information
and converts it to two phase resolver type information
with a Scott-T transformer. The two channels operate
virtually independently, without the need for cross
summing DC analog signals. The outputs of the
Scott-T transformer are AC waveforms with ampli-
tudes indicative of the trigonometric functions of the
synchro angular position. The phase sensitive demod-
ulators will act as AC analog to DC analog converters,
with the reset integrators acting as DC analog to pulse
rate converters. The DDA computation is identical to
that used in the previously described mechanization.
Considerations for this alternate mechanization are
identical to those for the first mechanization, with the
exception of the added cost and weight factors intro-
duced by the Scott-T transformer.

DDA Trigonometric Computation

The DDA trigonometric computation functional block
is a requirement for this synchro-to-digital converter
mechanization in order to eliminate the scale-factor
sensitivity of the converter. It is conceivable that, in
certain types of applications, the synchro scale-factor
parameters could be controlled within the require-
ments of the conversion. In the general case, tolerances
are an order of magnitude greater than the required
conversion accuracy, necessitating this computation.
For high-accuracy type converters, the DDA equip-
ment that is required will be offset by the simplifica-
tion of the analog equipment due to the reduction of
the scale-factor sensitivity of the converter.

The converter implicit servo is implemented in the
digital domain with digital differential analyzer
(DDA) computational elements. This DDA is a paral-

lel-computation serial-word computer, where all com-
putations are performed simultaneously in a bit-by-bit
serial fashion. The DDA performs computations by
successive additions accomplished at the rate of 32,000
iterations/second to approximate integration or multi-
plication. A detailed description of DDA operation
is contained in Reference 1. The DDA computation
is illustrated functionally in Figure 4. This functional
diagram implements equation (17), which is the trigo-
nometric identity for the sine of the difference of two
angles. The input angle, 6; is defined by the synchro
rotor displacement with respect to the stator. The
computed angle, §., is contained in the DDA sin-cos
generator. For the condition that 6; is equal to 6,
equation (17) will be nulled. Implementation of equa-
tion (17) with a DDA in an implicit servo type func-
tion causes the DDA sin-cos generator to be driven to
a condition equivalent to the angular displacement of
the synchro. As the synchro is rotated, the DDA sin-
cos generator is servoed to the corresponding angular
position. Effectively, the DDA computation block per-
forms the function of a digital “follow-up servo.”

The functional diagram, illustrated in Figure 4A,
implements an implicit servo to solve equation (17).
DDA computational elements 1 and 2 are used as pulse
rate multipliers, where the input trigonometric func-
tion pulse-rate information is multiplied by orthogonal
trigonometric functions from the “digital resolver”.
The symbolism used for DDA computational elements
1 and 2 indicates that the R register and R logic func-
tions are utilized, but the Y register word is fanned-in
from other DDA computational elements. For ex-
ample, the Y register number for computational ele-
ment 1 is obtained from the Y register of computa-
tional element 4. This Y register number is fanned-
out to the two R logic functions, one in computational
element 4 and the other in computational element 1.
This fan-out is illustrated more graphically in Figure
4B, the sub-functional block diagram. Computational
elements 3 and 4 implement a DDA sin-cos generator.
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(A) FUNCTIONAL DIAGRAM

Fig. 4 Functional representation of a digital differential anasyzer trigonometric computation.
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The two pulse-rate products from computational ele-
ments 1 and 2 are subtracted in the rate summer to
generate an error rate which is a solution to equation
(17). If this error rate is zero, indicative of the two
trigonometric products being equal, the “digital re-
solver” is at the equivalent angular position of the
synchro. If the error rate is not at null, the incre-
mental pulses will be used as the df inputs to the
DDA sin-cos generator, resulting in this “digital re-
solver” being rotated to null the error rate.

The sub-functional block diagram, illustrated in
Figure 4B, implements rectangular integration for the
pulse rate multipliers and trapezoidal integration for
the sin-cos generators. The trapezoidal integration al-
gorithm will reduce the error buildup in the “digital
resolver” to an extremely small level.

It can be seen that scale-factor coeflicients of the trig-
onometric functions will not affect the computation at
the “digital servo” summing junction, which is the rate
summer. A true scale factor coefficient is common to
each of the trigonometric sub-products of equation
(17), thereby affecting the gain of the “digital servo”
but not the null. The DDA computation that imple-
ments equation (17) is nulled independent of the scale
factor of the respective angular functions.

Output scale factor of the “digital servo” is depen-
dent on the initial conditions loaded into the sin-cos
generator. The vector sum of initial conditions for the
sin-cos generator defines the scale factor of the output
trigonometric functions. These initial conditions are
simple to generate, permitting a zero to be loaded into
the sin g, register and a nominal scale factor, typically
unity, to be loaded into the cos 6, register. These ini-
tial conditions are representative of an initial 0° angu-
lar position with a unity scale factor. After the initial
conditions are loaded, the “digital servo” loop will be
closed; thereby permitting the “digital resolver” to be
driven to the corresponding angular position of the
synchro. Therefore, only constant initial conditions
need be loaded, since the ‘“‘digital resolver” automa-
tically generates the proper parameters after the “digi-
tal servo” loop has been closed.

Conclusion

The Solid State S/D Converter permits the mechaniza-
tion of a low cost accurate, versatile, and miniature
interface that can accommodate synchro input signals.
This converter will increase the feasibility of using
digital computers in conjunction with electromechani-
cal analog computers, which are common in aerospace
applications. In addition, a more optimum mix of
analog and digital techniques will be practical for
hybrid computers.
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Most methods for obtaining flip flop input

expressions require a. Karnaugh map for each

type of flip flop considered. This article presents
a method that requires only one map, regardless

of the number of different types of flip flops
to be investigated.

In the synthesis of pulse-input sequential circuits, in
which flip flops furnish the memory and delay proper-
ties, the design procedure is basically as follows:

1. the word statement of the problem is transformed
into a flow table;

2. a secondary assignment is made for the flow table,
i.e., a combination of flip flop states is assigned to each
circuit state;

3. the flip flop input (excitation) expressions are ob-
tained; and

4. the output expressions are obtained.

This article is concerned with step 3. There are
various methods for implementing this step, most of
which utilize Karnaugh maps. All methods except the
one presented here require a map for each type of flip
flop considered. In these approaches, (e.g., References
1, 2 and 3) each type of flip flop has a specific set of
rules for going from the flow table to the maps.

The method presented here requires only only one
map, regardless of the number of different types of
flip flops to be investigated. The map is drawn from
the flow table without regard to any type of flip flop.
A set of rules for each type of flip flop is used in read-
ing the map, the input expressions for all types of flip
flops being read from this one map. This method is
described in detail in Reference 4, a book on switching
circuits, now in its second edition, which emphasizes
the practical rather than the abstract.

To illustrate the method, the example from Refer-
ence 3 will be used — that of designing a BCD counter.
The BCD counter sequence is shown in Table 1.

Each row, in turn, can be considered an initial cir-
cuit state, that is, a combination of flip-flop states at
time n. The following row, in each case, represents
the next circuit state that will be reached, at time
(n + 1), upon receipt of the input, clock, or syn-
chronizing pulse. The sequence is repetitive.

Map entries are made as shown in Fig. 1.

b4

A ONE-MAP METHOD
FLIP-FLOP INPUT

by
MITCHELL P. MARCUS

TABLE 1
BCD COUNTER SEQUENCE

A: B € D
0O 0 0 O
0O 0 0 1
0O 01 O
005 0
o1 0O
0= % 0 1
0: 1. 1. .0
o1 1 1
1 0 0 O
1 .0 0. 1
Initial Next Wi
flip flop flip flop
state state eniry
0 1 1
1 0 0
1 1 1
0 0 0
Optional —

Figure 1. Map entries.

A 1 map entry thus represents the condition of a flip

flop turning on; a 0 represents a flip flop turning off;
a “1” represents a flip flop staying on; and a “0” repre-
sents a flip flop staying off. The maps for the four flip
flops are shown in Fig. 2.

These are the only maps that need be drawn; input
expressions for any type of flip flop can now be read
from these maps. The rules for reading a map for
some typical types of flip flops — T, S-R, S-R-T, J-K (or
S-R-SR), and D — will now be discussed.
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FOR OBTAINING

EXPRESSIONS

CcD
00
01
11
10

CD
00
00
11

10

CD
00
01
11
10

CD
00
01
11
10

Figure 2. Maps for the four flip flops.

AB

00 01 11 10

0O 0 — 1

o o — O

o 1 — —

O 0 — —
A Map

AB

00 01 11 10

o 1 —

o 1 — 0

1 0 — —

o 1 — —
B Map

AB

00 O1 11 10

o 0 —

1 1 — o

0O 0 — —

1 1 — —
C Map

AB

00 01 11 10

1T 1 — 1

0O 0 — O

0O 0 — —

1 1 — —
D Map

T Flip Flop

The T flip flop has one input, T. When this input is
pulsed, the flip flop changes state. The operating char-
acteristics of the T flip flop are shown in Fig. 3.

T Initial Initial
State = 0 State = 1

0 0 1

1 1 0

Figure 3. Operating characteristics of T flip flop.

The input pulse requirements for the T flip flop
(Fig. 4) can now be read from Fig. 3.

7
1 1
0 1
1 0
0 0

Figure 4. Input pulse requirements for T flip flop.

The rules for reading a map for the T flip flop are
thus:

e Every 1 and O must be accounted for in the T input
expression.

e Any — may be used optionally in the T input ex-
pression.

From the map in Fig. 2, the input expressions for
the T flip flop are read:

T, = BCD 4 AD

Ty e
TC:KD
TD:1
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S-R Flip Flop

The S-R flip flop has two inputs, S and R. When the
S input is pulsed, the next state of the flip flop is “on,”
regardless of the initial state. When the R input is
pulsed, the next state of the flip flop is “off.” The S
and R inputs of this flip flop must never be pulsed
simultaneously, since the resulting circuit action is in-
determinate. These operating characteristics are shown
in Fig. 5.

Rl PR
0.0 0 1

1 0 1 1

0 1 0 0

1 1

Figure 5. Operating characteristics of S-R flip flop.

The input pulse requirements for the S-R flip flop
(Fig. 6) are now read from Fig. 5.

. R
1 i 0
0 0 1
1 — 0
0 0 —

Figure 6. Input pulse requirements for S-R flip flop.
The rules for reading a map for the S-R flip flop can
thus be stated as:
e Every 1 must be accounted for in the S input ex-
pression.
e Every O must be accounted for in the R input ex-
pression.

e Any 1 or — may be used optionally in the S input
expression.

e Any 0 or — may be used optionally in the R input
expression.

From the map in Fig. 2, the input expressions for
the S-R flip flop are read:

S, — BCD
R, = AD or BD or CD
S, — BCD

R, — BCD

S = ACD

R, =CD

S, =D

i T
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S-R-T Flip Flop

The S-R-T flip flop has three inputs, S, R and T. It
has the combined characteristics of the S-R flip flop
and the T flip flop. The S and T inputs of this flip
flop must never be pulsed simultaneously when the
flip flop is on, and the R and T inputs must never be
pulsed simultaneously when the flip flop is off, since
the resulting circuit actions in both cases are indeter-
minate. Operating characteristics of the S-R-T flip flop
are shown in Fig. 7.

IO R T
o 0 O 0 1

1 0 0 1 1

0 1 0 0 0

0 0 1 1 0

1 0 1 1

0 1 0

1 1 0

1 1

Figure 7. Operating characteristics of S-R-T flip flop.

Input pulse requirements for the S-R-T flip flop
(Fig. 8) are read from Fig. 7.

Map s R T
entry
1 0 —
1
= 1
0 1 =
0 0 = 7
1 I 0 0
0 0 s 0

Figure 8. Input pulse requirements for S-R-T flip flop.

The rules for reading a map for the S-R-T flip flop
can thus be described as:

e Every 1 must be accounted for either in the S or T
input expression.

e Every O must be accounted for either in the R or T
input expression.

e Any 1 accounted for in the T input expression, or
any 1 or — may be used optionally in the S input ex-

pression.
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e Any 0 accounted for in the T input expreésion, or
any 0 or — may be used optionally in the R input ex-
pression.

e Any 1 accounted for in the S input expression, any

0 accounted for in the R input expression, or any —
may be used optionally in the T input expression.

In this particular example, the S-R-T flip flop offers
no economical advantage over the S-R or T flip flops.

J-K (or S-R-SR) Flip Flop

This flip flop has two inputs, J and K (or S and R). It
has the same operating characteristics as the S-R flip
flop with one exception: both inputs may be pulsed
simultaneously, in which case the flip flop changes
state. These characteristics are shown in Fig. 9.

i & P siuf Sh:a::'i 1
0 o0 0 1
1 0 1 1
0 1 0 0
1 1 1 0

Figure 9. Operating characteristics of J-K flip flop.

The input pulse requirements for the J-K flip flop
(Fig. 10) can be read from Fig. 9.

m'f; J K
1 1 —
0 =
1 — 0
0 0 =

Figure 10. Input pulse requirements for J-K flip flop.

The rules for reading a map for the J-K flip flop can
thus be stated as:

e Every 1 must be accounted for in the ] input ex-
pression.

e Every O must be accounted for in the K input ex-
pression.

e Any 0, 1 or — may be used optionally in the J in-
put expression.

e Any 1, 0, or — may be used optionally in the K in-
put expression.

From the map in Fig. 2, the input expressions for the
J-K flip flop are read:

Ja = BCD
Bie=D
Js =CD
Es = CD
Jo = AD
Ko=D
Jo =1
Kp =1

D Flip Flop

This flip flop has one input, D. The output at time
(n -+ 1) is the same as the input at time n; i.e., the flip
flop is a one-bit time delay. The operating characteris-
tics are shown in Fig. 11.

D Initial Initial
State = 0 State = 1
0 0 0
1 1

Figure 11. Operating characteristics of D flip flop.

The input pulse requirements for the D flip flop
(Fig. 12) are read from Fig. 11.

Map

entry D
1 1
0 0
1
0 0

Figure 12. Input pulse requirements for D flip flop.

The rules for reading a map for the D flip flop are
thus:

e Every 1 and 1 must be accounted for in the D input
expression.

e Any — may be used optionally in the D input ex-
pression.

From the map in Fig. 2, the input expressions for the
flip flop are read:

D, = BCD + AD
Dy = BCD 4+ BC 4+ BD
D,=D

The input pulse requirements for the five flip flops
discussed are summarized in Fig. 13.
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The SQ-320 PROGRAMMABLE PULSE PATTERN GENERA-
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the largest programmable pattern (12 output channels x 32
words) for the lowest available price ($9,600).

Other features include:
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all twelve output channels
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(140 ma) on all channels
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mote control
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Map

T & RBR-S-BR T 4 K D
entry

1 —

1 110——071—1
] ==

0 1010—]——10

0 — 0 — 0 0 — 0o 1

0 0 0 — 0 ~ 0 0 = 0

Figure 13. Summary of input pulse requirements for the five flip
flops discussed.

It has been shown how the single map is obtained
from the flow table, how the map-reading rules are
generated, and how the map is read for different types
of flip flops. (The same procedure can, of course, also
be extended to any other type of flip flop.) While the
rules have here been formally derived, they can also be
easily realized intuitively by simply considering the
operating characteristics of each particular flip flop.

Inspection of the various input expressions derived
in this example might lead to the circuit in Fig. 14.
(The clock pulse is not shown.)

B —

c AND d o VP

0 A

D K ot—

C — 1 —
AND T ;

D — (o | M——
A 1 —
AND T z
D o l—

'_
1 )
o_

Figure 14. BCD Counter Circuit
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Small, high-speed semiconductor memories designed

to store the most recently-used information
contained in the main memory can increase
the effective speed of computing systems.

A PROPOSED ASSOCIATIVE

With the cost of semiconductor logic functions going
down and the relatively slow speed of magnetic memo-
ries, there is a trend toward using small high-speed
semiconductor memories to increase the effective speed
of computing systems. Presented here is a logical de-
sign of a semiconductor memory capable of increasing
the speed of such a system.

The function of the proposed memory is to store the
most recently-used information contained in the main
memory for immediate access to the processor. Instead
of the processor having to access the main memory for
every instruction and data word, it can first search the
Associative Push Down Memory (APDM) for the
word. If the word is present in the APDM, it can be
accessed in a fraction of the main memory access time.
If the word is not present in the APDM, it is fetched
from the main memory and also written into the
APDM. The APDM is limited in size and, therefore,
each time a new word is written, a word must be dis-
carded. The word discarded will have been in the
APDM the longest time without having been accessed.

The memory is not restricted to this function, but
may be used as a more “‘conventional” associative mem-
ory. If the physical capacity of the memory is ex-
ceeded, the oldest word is discarded. Multiple
matches are not permitted and the address field is
fixed.

Functional Description

The APDM is divided into three basic parts: associa-
tive array, data array, and control logic. (Figure 1)
The associative array consists of the address field
and compares logic associated with each word location.
In the APDM described, the address field is 16 bits.
With 16 address bits, this memory may operate with
64K words of main memory. The associative array,
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therefore, comprises 16 memory cells/word, match
compare logic with each cell, and one flag cell /word.
Match compare logic is always active and compares the
address field of each word to the incoming address
lines. If each bit of the address field of a word
matches each bit of the incoming address lines, a
match signal is generated, except under special con-
ditions to be described. The flag cell will also be
described.

The data array consists of the data field and gated
outputs associated with each word location. The data
word length is also 16 bits. For each bit there is an
output data bus that is activated by the word (if any)
that has a match in its address field.

MATCH
MATCH INFORMATION
GENERATION >
CONTROL
ADDRESS
GAIA ASSOCIATIVE
sl ARRAY
wgg; READ
TA
‘ DATA DA_
=" ARRAY o
COMMAND
INFORMATION
CONTROL

Fig. 1 Block diagram of the Associated Push Down Memory.
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PUSH DOWN MEMORY

by
R. B. DERICKSON

Senior Systems Engineer
Fairchild Semiconductor

The control logic presets the APDM upon com-
mand. It controls writing, updating, discarding and
the physical transfer of words, where a word consists
of the address field and data field.

Theory of Operation

The APDM physically arranges its contents so that the
most recently addressed word is at the top and the
least recently addressed, or the oldest word is at the
bottom. If a word in the memory is addressed, it is
physically removed from its location and inserted at
the top. This occurs on both read and write com-
mands. In the case of a write command, the data field
is changed to the incoming data. When a new word
whose address is not already contained in the APDM
is to be added, there is no room for the oldest word.
This word must be discarded by transferring the next
to bottom word into the bottom word location, fol-
lowed by the word above that to the next to bottom
word location, etc., until the top word has been trans-
ferred to the location below it. Now there is room to
write the new word at the top.

It would seem that this transfer operation would
be slow because 16 serial word transfers must be ef-
fected before the new word can be written. This
problem may be circumvented by placing a buffer
word location at the top, which is always ready to ac-
cept a new word. Now a word may be written in the
buffer location at the same time the oldest word is
discarded at the bottom. Before the next access to the
APDM, the word transfer bubble has propagated from
the bottom to the top and the buffer word location has
transferred its contents to the next lower location so
that the top location is again ready to receive a word.

There is an inherent cycle time limitation in the
method just described. The cycle time of the APDM

is limited by the bubble propagation delay (T,) from
the bottom word to the top word. Of course, if the
minimum time between accesses (T,) is greater than
Ty, there is no problem, but if T, is less than T,
then additional buffering is required at the top of the
APDM. (More than one bubble is allowed to exist at
one time.) The number of bubbles required equals the
number of buffer words and is a function of T, and
Ty, (See Figure 2)

The APDM described for illustrative purpose has a
16-word storage capacity and two buffer word loca-
tions (T, < 2T,). By the time the third command
arrives at the APDM, the bubble created by the first
command has had time to propagate to the top.

Bubbles = I:%] by

*Where [x] = integral part of x.

Number of Bubbles Ts Top
1 1 < 1
2 1 < 2
3 1 < B
4 1 < 4

Fig. 2 The cycle time of the APDM is limited by the bubble propaga-
tion delay (Tsp) from the bottom word to the top word. If the minimum
time between accesses (T.) is greater than Ty, there is no problem, but
if T. is less than Ty, then additional buffering is required at the top
of the APDM. The number of bubbles required equals the number of
buffer words and is a function of T, and Tup.
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As will be explained in the command section the dis-
carded word need not be the bottom word, but may be
any word in the APDM except the top buffer word.
However, words are always written at the top.

The design of this system as shown is not dependent
on any particular logic family, but for illustration a
family was chosen having decision elements with the
following characteristics: If all inputs are at a high
logic level, the output assumes a low logic level; if the
outputs of two or more decision elements are tied to-
gether, the outputs will assume a low logic level if all
the inputs to any one of the decision elements are at a
high logic level.

Commands
Preset Command:

The preset command is executed by a low logic level
on the preset line and it has two purposes. The first
is to establish the number of bubbles. This is ac-
complished by presetting all the word transfer control
bistables (control cells) associated with storage word
locations to the reset state, and all the control cells
associated with buffer word locations to the set state.
The control cells gate the inputs to the word cells
from the next high word location. Their operation
will be covered later in more detail. The number of
control cells in the set state indicates the number of
bubbles. Once the APDM is preset with the proper
number of bubbles, this number will be preserved.
Each time the top control cell is reset, a control cell
is simultaneously set somewhere else in the memory.
When the memory is not being exercised the bubbles
accumulate toward the top, but cannot merge into one
another.

The second purpose of the preset command is to
empty the memory. This is achieved by resetting all
the flag cells. If the flag cell for a given word location
is in the reset state, no match may occur at that word
location even if the address data agrees with the data
field of that word. Each time a new word is written
into the APDM the flag bit is set and it propagates
down through the memory with the word.

This feature ensures that any random or not yet used
portion of the APDM will not give a false response to
a command, and also provides complete freedom for
all 16 address bits.

Before discussing read or write commands it should
be noted that the APDM must be in a stable condition
in order to read or write. This means bubble propa-
gation must be arrested during the command. Between
commands, a bubble can always propagate at least
halfway through the APDM. (T,, < 2T,) Thus if
propagation is stopped as it reaches the middle word
location, the APDM will always be in a stable state
prior to the initiation of a read or write command.

Write Command:

This command is executed by a low logic level on the
write command line and is divided into two cate-
gories: No-Match and Match. If a no-match exists by
the trailing edge of the command, the word is trans-
ferred into the top of the APDM, the top control cell
is reset and the bottom control cell is set. This bubble
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immediately starts propagating toward the top, trans-
ferring data downward as it goes.

If a match exists by the trailing edge of the com-
mand, the word is updated and transferred into the
top of the memory, the top control cell is reset and a
control cell is set at the location where the match
existed. Writing in this fashion prevents multiple
matches and updates the data with its associated
address.

Read Command:

The read command is executed by a low logic level on
the read command line and is divided into two cate-
gories: No-Match and Match. If a no-match exists by
the trailing edge of the command no action is taken.
(See logic diagram of center control cell, Figure 7.
If this cell is set at the trailing edge of the command,
bubble propagation will continue following the com-
mand.) If a match exists by the trailing edge of the
command, the address data is transferred into the ad-
dress field at the top of the APDM and the data out-
puts are transferred into the data field at the top of the
APDM. The top control cell is reset and a control cell
is set at the location where the match existed. The
effect of this operation (similar to write) is to remove
physically the addressed word from the APDM, move
each word above one location downward, and reinsert
the original word at the top.

Functional Description of Components

There are five basic functional blocks in the APDM:
associative cell, data cell, flag cells, control cell, and
write data control. Their quantities are shown in the
table below.

Associative Cell (16/Word x 18 Words) 288 Cells

Data Cell (16/Word x 18 Words) 288 Cells
Flag Cell (1/Word x 18 Words) 18 Cells
Control Cell (1/Word x 18 Words) 18 Cells
Write Data Control (1/Data Bit X 16 Bits) 16 Cells

Associative Cell:

An associative cell is a latch with a gated input and
match gating to compare the content against the in-
coming address bit. The input is the content of the
next higher associative cell in the same bit position.
The input to a top cell is the incoming address data.
The signal that allows the associative cell to assume
the state of the input is present when a bubble is
present in that word location (control cell is set). The
match gating compares the double rail incoming ad-
dress bit with the double rail content. The match
output is tied to the match outputs of all the asso-
ciative cells at that word location and is true only if
all the associative cells of the word match their respec-
tive incoming address bits. Figure 3 shows the logic
of an associative cell.

Data Cell:

A data cell is a latch with a gated input and output
to a data bus. The input is the content of the next
higher data cell in the same bit position. The input
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Fig. 3 Associative cell. As drawn, a columb of these cells constitute
the bits of a word location. The higher words are to the left, the lower
words are to the right.

to a top data cell is either the data bus or incoming
write data. The signal that allows the data cell to as-
sume the state of the input is present when a bubble
is present in that word location. The signal that allows
the content of the data cell to be transferred to the
data bus is the presence of the match signal generated
by the associative field of the word. (Figure 4 shows
the logic of a data cell.)

BUBBLE WORD MATCH

[ [ e e T

v

[ I

INPUT ] :
4 OUTPUT

I |

I I

I I

I |

DATA _ | ™ 1

gus | = :

e e S T L™

Fig. 4 Data cell. Drawn in same orientation as associative cell.

Flag Cell:

A flag cell is considered part of the associative array.
When it is set it indicates that a word has been written
at the word location. When it is reset it inhibits a
match at the word location. The input to the top flag
cell is a high logic level. Included in the flag cell is a
gate preventing a match if a bubble is present. This
is to prevent matches where bubbles have accumulated
and to prevent multiple matches that would induce
extra bubbles. (Figure 5 shows the logic of a flag cell.)

Control Cell:

A control cell is a word transfer control bistable that
controls information transfer from the above word lo-
cation to its controlled location. When a control cell
is set, the corresponding word location assumes the

PRESET

Fig. 5 Flag cell. As drawn, the higher words are to the left, the lower
words are to the right.

state of the above word location. This word transfer
includes the address field, data field and flag bit.
During the time a given control cell is set a bubble
exists at that word location. Although all the control
cells are similar, four configurations are necessary:
The top, center, and bottom cells are each unique; the
remainder of the cells are typical.

Two stable states may exist after bubble propagation
has ceased following a command:
(I) The top two control cells are set, all other control
cells are reset.
(2) The top and middle control cells are set, all other
control cells are reset.
Preset command presets the control cells to state (1).
The APDM arrives at one of these states following
each command and prior to the next read or write
command.

Table 1 shows the control functions that set and re-
set the four configurations of control cells (excluding
preset). The logic of the four configurations is shown
in Figures 6, 7, 8 and 9. The following explains some
signals that appear on these figures:

e Bubble (next higher) is true if the next higher
control cell is reset.
e Bubble (next lower) is true if the next lower con-

trol cell is reset.

e Command is a signal to eliminate a race condition
at the trailing edge of a read or write
command. It is generated as shown in

Figure 10.
e Data Bus (2!) is one of the 16 data outputs.
e Match is the inversion of no-match where no-

match is shown in Figure 12.

Write Data Control:

The input to each top data cell is controlled by the
write data control logic. Its function is to gate either
the data busses or the write data into the top data
cells during a read or write command. The logic of
one data control line is shown in Figure 11.
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Fig. 8 Bottom control cell.

Component Configuration:

The diagram in Figure 13 shows the organization of
the APDM. All cells are oriented as shown in their
logic diagrams.

Special Considerations

Considerations that are mentioned here briefly but
will not be covered in detail are fan-out and loading.
These factors have significant effect on the amount of
circuitry and speed. Since the system has not been
committed to a logic family, arbitrary rules have been
assumed. Each gate presents a unit load. The number
of gates in a single “or-tie” may be no more than 40.
This presents no problem since the maximum number
in this system is 34. Gates may fan out to no more
than 10 loads. Drivers may fan out to no more than
50 loads. The following signals have an effective fan-
out of >10 and <50, requiring drivers: address data
(82 signals), Preset, and word match (17 signals). Write,

read, and bubble (18 signals) each have an effective
fan-out of >50. Two drivers are required for each of
these signals. The total number of drivers under the
above assumptions is 90. These drivers do not appear
in the block diagrams.
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Fig. 9 Typical control cell. Note preset may set the control cell indi-
cated by dashed line. The dashed-line configuration is used on the cell
below the top cell.

Timing:

Figure 14 shows the bubble propagation time from a
control cell to the next higher control cell. Since the
system has not been committed to a logic family, the
unit of time is one gate propagation delay. The con-
trol cell is held set for five propagation delays to ensure
transfer through associative and data cells (3 delays
required, two delays if no tolerance is considered
between gate delays in assocative and data cells). The
five delays through the control cell is accomplished by
inverting the bubble output instead of merely using
the bubble output to reset the cell. The bubble propa-
gation rate is 1/6 times the gate delay time since the
setting of one bubble cell to the setting of the next
is six delays.

Command goes low two propagation delays after
read or write go low, but command does not go high
until read and write have been high for six propaga-
tion delays. This is to allow the next higher bubble
to be set at the trailing edge of a command before
command goes high. The signal is used only with the
middle bubble cell and prevents two bubbles from
merging.

The total time required from the initiation of a
command until the match output may be sampled is
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Fig. 10 Generation of command.
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Fig. 11 Write data control where write and read are logical inversions

of write and read.

four gate propagation delays; this includes two levels
of drivers (match and address). The output data may
be sampled at the same time as match. This assumes
that address data and a command occur at the same
time. Actually, match and output data may be sam-
pled after three gate propagation delays from change
of address data, without the presence of a command,

|

o

NO MATCH

MATCH

17 WORD
MATCH
LINES

A

Fig. 12 Generation of no match and match.

and the APDM is in a stable state. The command
need only be present for two delays. If the system
using the APDM has a command repetition rate that
is slower than T, then the APDM control cells may
be simplified to always reset after five propagation
delays (excepting the top cell). No center cell configu-
rations would be required and command would not be
generated.

The worst case recovery time for this APDM is 56
gate delays. The time is measured from the trailing
edge of a command that causes the bottom control cell
to be set until the center control cell is set and settled.
Time from trailing edge of a command until trailing
edge of bottom bubble is seven gate delays plus one
driver delay. Time for bubble propagation from next
to bottom cell to center cell is seven cells times six gate
delays. Time for center cell to set and its data to
settle is six gate delays. Slightly less recovery time is
required from the center cell to the top cell. The
aforementioned times do not account for any toler-

NO-MATCH GENERATION Y-
- T (O O (O O O |
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FLAG CELLS
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WRITE —_é DATA CELLS -~ B DATA
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COMMAND
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13 Organization of APMD. All elements are oriented as shown in previous figures.
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CAN ETCHIT SAVE YOU 10 to 20%
ON PHOTO ETCHED PARTS? TRY US!

The savings in dollars is just part of the story at
Etchit, Inc.

Try us for accuracy and quality. Photo etched parts
from Etchit are free of burrs, fractures or stressed
edges. And that's on parts with readings up to fifty
millionths of an inch.

Try us for prompt delivery. From blue print to finished
product, short and long run, the time it takes can be
measured in days, weeks or hours, if needed.

So the next time you need quality photo etched parts
in a hurry TRY ETCHIT.
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ances, therefore worst case unit gate delays must be
assumed.

If 56 gate delays (T,) is not tolerable, then control
cells that are in the configuration of the center control
cell (hold configuration) must be more closely spaced
and the number of bubbles must be increased. An
example will illustrate: Maintaining the same storage
capacity of 16 words and allowing four bubbles rather
than two, the spacing between hold configuration cells
becomes five rather than nine. Two buffer words must
be added at the top. T, now becomes 32 gate delays.
It should be noted that for a given T,, as the
capacity of this type APDM is varied, the required
number of bubbles is a fixed proportion of the ca-

pacity.

Conclusions

The technique of transferring data through simple dc
latches reduces the cost of an APDM by avoiding more
complex edge-triggered storage cells. Although there
is significant control, it becomes a smaller proportion
of the system as the memory size increases. Even
though transfer of information is not a one clock
synchronous step, but a ripple similar to that of an
adder, it can be made to operate at fast access and
cycle times.

TME 44—+

BUBBLE

BUBBLE

BUBBLE
(NEXT HIGHER)

PR i

BUBBLE
(NEXT HIGHER)

Fig. 14. Bubble propagation in units of gate propagation delays.

With a number of identical cells in an APDM, there
is a potential for numerous identical LSI packages.
This reduces the potential price further. For very high
speed circuit families, however, (i.e., CML, CTL) the
scale of integration on a chip is limited due to power
dissipation. To increase the scale of integration a hy-
brid approach may be used (at some sacrifice of speed).
For example, the memory array may be TTL which
may directly interface with CML or CTL. Using the
highest speed logic throughout, a single chip in a 16-
pin DIP could accommodate six associative cells, 3
words X 2 bits. The system would then require 48
such chips. Assuming the associative cells comprise
about one-third of the APDM electronics, the system
could be included in about 150 packages. Of course,
as the scale of integration is increased the number of
packages would decrease along with cost and speed.

This type of memory may have other applications
where the address field is fixed and multiple matches
are not desired. If the application has no high speed
requirements, the APDM could be realized using other
technologies such as MOS.
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Operating simplicity, minimum cost,

sophisticated programming and graphical display

capability are achieved in the design
of an input-output terminal.

The evolution of interactive conversational mode
computer systems heralds an era in which scientists
and engineers will employ digital computers with the
ease and facility presently possible only with slide
rules and desk calculators.’:? Flexible access and rapid
response to problems is a particularly timely computer
development in view of the increasing magnitude and
complexity of scientific and engineering problems. Sig-
nificant impetus to the actual development of “on-
line” computing systems has been provided by
scientists and engineers, frustrated by long “turn-
around” times and inflexible computational arrange-
ments. Fundamental to all interactive computer
systems are the sophisticated software packages being
developed to implement the conversational mode;
however, conversational flexibility has been enhanced
considerably by special input-output terminals. One
of the more advanced interactive systems is the AM-
TRAN (Automatic Mathematical TRANSslation) sys-
tem, the development of which was begun in late
1964.345 A description of the input-output terminals
developed for the AMTRAN system follows.

The AMTRAN system was first implemented on the
IBM 1620 computer. Availability was the principal
motivation for selecting the 1620; nevertheless, its
small size and low cost permitted adequate access for
development of the basic AMTRAN system. The latest
version of the input-output terminal for the 1620 sys-
tem is shown in Figure 1; the major elements are two
storage oscilloscopes, a large function keyboard, and a
typewriter printer. A terminal connected to a Bur-
oughs B5000 computer via a voice-grade telephone line
has been in operation for several months, and a proto-
type terminal for the IBM 1130 computer (Figure 2) is
nearly operational. An additional capability is being
introduced on the 1130 system — multiterminal opera-
tion. Three terminals will be interfaced to an 1130 for
the initial multi-terminal configuration.

Development of the 1620 AMTRAN terminal began
shortly after software development, and close coordi-
nation between hardware and software has been con-
tinuously maintained. This has contributed immensely
to the over-all efficiency of the system. For example,
considerable terminal simplification was realized

68

THE AMTRAM INPUT-

through a decision made early in the development of
the system that construction of alphanumeric charac-
ters on a storage scope would be performed by software
rather than by the more conventional hardware char-
acter generation techniques. This is economically
attractive with storage scopes, because it is unneces-
sary for the computer to continuously regenerate dis-
play information.

General Considerations

Experience with the development and operation of
the AMTRAN system has pinpointed a number of de-
sirable input-output terminal characteristics, princi-
pally the following:

T O ey
bt 21 1T 71T

Figure 1 Input output terminal for 1620 system.

(1) convenient location

(2) simplicity of operation

(8) sophisticated programming and graphical display
capability

(4) low cost

Although these characteristics are not absolutely com-
patible, acceptable compromises are possible.

The most convenient location for the average user
would probably be on or near his desk. Unfortu-
nately, this would require a very large number of
terminals which would lead to a prohibitive over-all
cost. A more realistic arrangement would entail the
emplacement of a few terminals in a centrally located
room. These terminals could then be connected di-
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OUTPUT TERMINAL

L. H. WOOD, C. A. ELY,
H. GLANZER, and V. RADICE

rectly to a large central computer, or to a smaller
satellite processor and thence to a large computer. The
advantages and disadvantages of these alternate modes
of connection will be discussed later.

Simplicity of operation involves the language em-
ployed to communicate with the computer and the
operation of the terminal. The AMTRAN language
has been the subject of other papers®5 and will not be
discussed here except to state that it is well suited for
conversational-mode problem solving. The simplicity
of terminal operation implies a minimum of effort
necessary to enter and extract information. Also, the
amount of instruction necessary to use the terminal
should be minimized. All these considerations led to

Figure 2 Prototype terminal for 1130 computer.

the choice of the large keyboard which permits input
of information with a single button push. Output in-
formation is displayed on two storage oscilloscopes and
a typewriter printer.

The sophisticated programming capability of the
AMTRAN system is realized primarily through the
system software; however, the input/output terminal
greatly facilitates programming by relieving the user
of many details and allowing him to concentrate upon

the problem. Advanced graphic display is provided by
two storage scopes: an alphanumeric scope and a
graphical scope.

Programming via the terminal is initiated with the
keyboard. Typical keyboard layouts are shown in Fig-
ure 3. Individual buttons on the keyboard are used to
enter instructions or data into the computer. Imme-
diately after accepting information generated by a

Figure 3 Typical keyboard layouts

button push, the computer displays the label cor-
responding to the instruction or data associated with
the button upon the alphanumeric scope. For ex-
ample, if the COS button is pressed, COS is printed on
the storage scope. Typical alphanumeric displays are
shown in Figure 4. Input of information with a single
button push and the automatic formating and display
of labels corresponding to each button push are key
features of input-output terminal programming which
are responsible for a decrease in errors and much faster
programming. Instructions and data are constructed
by the user and processed by the computer a line at a
time. If, during the development of a statement, any
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THE COMPUTER SYSTEM WHICH GENERATED
THIS CATHODE RAY SCOPE MESSAGE - CALLED
AMTRAN FOR AUTOMATIC MATHEMATICAL
TRANSLATION - MAY CONTRIBUTE TO THE
RGENCE OF A NEW FORCE IN HUMAN AFFAIRS
THE DIRECT AND PERSONAL AUGMENTATION OF
MAN'S INTELLECT BY LARGE-SCALE ELECTRONIC
COMPUTERS . THE ADVENT OF TIME- SHARING
REMOTE- TERMINAL COMPUTER SYSTEMS, courlEen
RITH THE CONTINUING REVOLUTION IN COMPUTE
COST-TO-SPEED RATIOS. HAS SPARKED THE

AL AANNMITAIT AT™ /SAanint it s A o A L
veLOrikiv O COMTULITLR ARRANGIMINTS sucH

AS THIS WHICH DO NOT HAVE TO BE PROGRAMMED
BUT WHICH CAN CONVERSE WITH A USER AT A
2EMOTE SITE IN SOMETHING APPROACHING THE
NATURAL LANGUAGE OF THE DAY. AMTRAN
AFFORDS ENORMOUS REDUCTIONS IN PROGRAMMIN
TIME IN COMPARISON TO CONVENTIONAL
3ATCH-PROCESSING COMPUTER SYSTEMS . - NO
>ROGRAMMING IS REQUIRED FOR ROUTINE
AROBLEMS

Figure 4 Typical alphanumeric display

change, such as deletion or addition of information, is
desired, a backspace and erase capability is provided.
Once the user is satisfied with a particular statement,
he presses a “terminate” button; the computer then
records the statement on the typewriter printer. A
graphical display of any particular calculation can be
exhibited upon the graphical display scope with the
appropriate instruction button on the keyboard. The
variety of graphical displays which are possible are
shown in Figure 5.

'

4
hod
A

‘2

Figure 5 Graphic display examples
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ENTER PROGRAM
1. INSTRUCTIONS,
2. SOLVEL

DY/DX = Y SQ -3Y+2X 80

THIS OPERATOR USES FOURTH ORDER
RUNGE-YXUTTA FORMULAE TO SOLVE
DIFFERENTIAL EQUATIONS OF THE TYPE

DY/DX = F<X, Y.
PLEASE ENTER THE RANGE OF X, THE
STEP SIZE AND INITIAL VALUE,

X MIN = O,

X MAX = 2,

w1
Y{X MIN)=O,

The cost of the AMTRAN terminal has been kept
to a minimum through the coordination of software
and hardware development and by modularization.
Approximate component cost for the IBM 1620 AM-
TRAN terminal is:

Typewriter/printer (IBM Model B) $1600

Storage Scopes (Tektronix 564) (2 ea.) 2600

Keyboard 1300

Electronics (discreet component PC Boards) 4000
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If $3000 is added for fabrication and miscellaneous ex-
penses, terminal hardware cost is only $12,600.

No attempt was made during the early terminal de-
velopment to arrive at a particularly sophisticated de-
sign. Hence, discrete components and “AND-OR”
logic were employed in the initial electronics design.
At present, integrated circuits and other refinements
are being incorporated in the terminals which should
reduce terminal cost even more. Also, reduced ver-
sions of the terminals are possible (e.g., one oscillo-
scope or a smaller keyboard) which should permit ter-
minal costs approaching $5000.

The Amtran Graphics Terminal

A block diagram illustrating the basic AMTRAN ter-
minal is shown in Figure 6 in which the basic elec-
tronic interface elements are delineated. The input/
output register accomplishes voltage and logic level in-
terfacing, and the control functions are modularized so
that the basic terminal design can be adapted to a vari-
ety of needs. Historically, the development of the oscil-
loscope portion of the terminal was begun first; then
came the keyboard and printer, and the rapid data-
input device was added last. The rapid data-input
device, which operates somewhat like a “stylus,” is
needed because the AMTRAN system operates on
functions rather than discrete data. Therefore, the
ability to input a large amount of data, such as an
initial function, is highly desirable. Two available
possibilities, light pens and analog-to-digital devices,
have been considered for AMTRAN and will be dis-
cussed in detail below. The physical arrangement of
the input-output elements has evolved considerably
during the development of the AMTRAN terminal,
as can be seen by comparing the 1130 and 1620 ter-
minals.

During the initial AMTRAN system development,
it quickly became apparent that there was insufficient
core storage available in the 1620 to permit continuous
regeneration of data for graphical display. However,
it did appear possible to generate the data for one-
time display; hence, came suggestions of using storage
scopes to retain the data. While storage scopes are
more expensive than TV monitors, they are less ex-
pensive than the necessary character-generation
hardware located in terminals using TV monitors.
Furthermore, the storage scopes are definitely less ex-
pensive than the core storage necessary for continuous
generation of display data. The storage scopes initially
available were too small and were not designed for
high resolution making high-quality graphical display
difficult to achieve. However, as seen in Figures 4 and
5, the displays are adequate; furthermore, increasing
interest in the application of storage scopes to low-cost
terminals has prompted the development of a new
high-resolution 11-inch (diagonal) storage scope by the
Tektronix Corporation.® This new storage oscillo-
scope, designated the 611, will cost approximately
$2500, and is designed specifically for high-quality
visual display.

It should be noted that the storage oscilloscope not
only eliminates the need for auxiliary buffer storage
containing a million bits of information, but it also
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Figure 6 Basic Amtran terminal block diagram

permits a more leisurely flow of information from the
computer to the display device. The raster of a typical
television monitor must be repeated approximately 30
times a second for flicker-free display; whereas, the
storage oscilloscope display, which is only drawn once,
can be built up as slowly as necessary. For example,
the display of 2,000 characters upon a conventional
alphanumeric display scope requires a writing rate of
60,000 characters per second. This permits only 16
microseconds per character to draw and position it on
the scope face. Consequently, special high-speed char-
acter generation hardware is necessary. On the other
hand, with storage scopes writing texts at 600 charac-
ters per second, the characters may be drawn slowly
by the software as a series of short-line segments. Slow
writing rate is particularly useful when operating over
a phone-line which may be limited to 2400 bits per
second. Typical experience with the AMTRAN sys-
tem has indicated that a single item of data may be
retained for several minutes before being erased (e.g.,
a user may have to check an equation or look up some
data); therefore, a storage scope tends to eliminate
highly repetitious data regeneration.

It thus appears that the storage scope is destined
to play an important role in introducing true graphics
terminal capabilities in the $5,000 to $15,000 price
range within the next few years. For example, these
considerations have led MIT’s FElectronic Systems
Laboratory to invest some effort in the development
of a low-cost graphics terminal based upon the new 11-
inch storage scope.” The estimated production price
of such a terminal, with typewriter keyboard and a
graphic input device interfaced to a voice-grade tele-
phone line, is believed by the developers to be ap-
proximately $5,000 to $10,000.

We hasten to point out that the use of a storage
scope terminal places greater demands upon a central
computer than the continuously refreshed terminals
with their own buffer storage and line and character
generation hardware. Also, the storage scopes are not
well suited for dynamic motion picture displays. Fi-
nally, revision of any portion of the stored image re-
quires that at least half of the scope face be erased and
rewritten.

A block diagram of the oscilloscope control section
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of the electronics interface is shown in Figure 7.
Standard digit /alanalog deflection drive circuits have
been employed. Some consideration has been given to
dc analog amplifiers; however, the amplifiers present
stability problems, and do not appear to offer any ad-
vantage over the more prosaic D/A converters. The
two storage scopes utilize a common deflection circuit
with the blanking circuit controlling the scope face
upon which information is displayed. Although direct
axis control is not standard on the Tektronix 564
oscilloscope, this capability can be added through a
simple modification. This operational mode elimi-
nates the need for dual deflection circuits or analog
switching.

Alphanumeric characters are drawn on the oscillo-
scope face by first representing each character by a dot
pattern. The computer presents the X and Y coordi-
nates of each dot to the electronic interface in a
predetermined sequence. The dots are then smoothed
into a solid pattern for each character by attaching an
R-C integrating network to the oscilloscope deflection
circuit terminals. In essence, the R-C network converts
each dot pair into a short vector. The R-C network
can be switched on and off under software control
thereby providing increased flexibility for both alpha-
numeric and graphical display. Finally, a remote erase
capability under computer control is provided.
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Figure 7 Storage oscilloscope (SO) control

One of the more controversial elements of the AM-
TRAN terminals is the large keyboard. The necessity
and desirability of the large number of buttons (Fig-
ure 3) has often been questioned. After all, it is
argued, does it not require a long time to become
familiar with these buttons; furthermore, why not use
the standard typewriter keyboard with which people
are more or less familiar? The answers to these ques-
tions have become quite clear during the development
of the AMTRAN system. The earlier versions of
AMTRAN employed the typewriter associated with
the 1620 computer for input and output of data.
Mnemonic codes such as SIN, TAN, EXP, and DIS-
PLAY were used to expand the capabilities of the 44
keys on the typewriter. In principle, this procedure
should be quite straightforward; unfortunately, in an
actual problem solving situation, the necessity to type
in mnemonic labels leads to many errors. If one is con-
centrating upon the development of a particular
mathematical expression, there is a tendency to mis-
spell. Also, the software is greatly simplified, if spaces
are placed between certain operations. For example,
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ABC is interpreted by AMTRAN as a program label,
while A B C is interpreted as a product of A, B, and C.
This tends to result in formating errors; therefore, au-
tomatic formating by the computer is very helpful. It
has become clear that the number of steps necessary
to enter information into the computer should be re-
duced to an absolute minimum, and for the input
of mathematical statements, instructions, or data, the
minimum is one button push. One of the distinct ad-
vantages of on-line programming with a keyboard
terminal is that the user is freed from a great deal of
the drudgery and routine associated with more con-
ventional programming arrangements. Users of both
keyboard and typewriter versions of AMTRAN have
unanimously concluded that the keyboard is prefer-
able. Keyboard familiarization generally requires some
time; however, as seen in Figure 3, the AMTRAN key-
board is arranged in a logical manner, and the fa-
maliarization period is usually short. It should be
noted that the use of multiple levels (assigning more
than one function to a button) to reduce the number
of buttons has been omitted on AMTRAN. Again,
simplicity of operation dictated this choice, since it is
difficult to keep track of the level on which a particular
item is located.

In Figure 3, note that there are basically two types
of buttons on the keyboard: (1) pre-programmed but-
tons which call mathematical operators such as the
arithmetic operations, the trigonometric functions and
instructions such as SCOPE, ARRAY, and PRINT
and (2) blank (unprogrammed) buttons. The pre-
programmed buttons form the basic instruction set of
the AMTRAN system, while the two rows of blank
buttons on the left and right sides of the keyboard are
available to the user who may assign a program he has
prepared, to one of the buttons. Moreover, the pro-
grams assigned to the programmable buttons can be
considered as subroutines and combined into more
complicated programs. This concatenation can be con-
tinued almost indefinitely and thus permit the de-
velopment of extremely powerful and complex
programs. Two plastic overlays, provided for the
programmable buttons, have slots in which a user
can place the program labels after assigning a program
to the button. The plastic plate is held in place with
two quick-disconnect screws designed for quick re-
moval. Label arrangements are shown in Figure 3.

In the block diagram of the keyboard control elec-
tronics section (Figure 8), it may be seen that each
button push is stored in a flip-flop buffer register. The
storage of the button push is necessary since the user
and computer operate asynchronously to each other.
After many design iterations, it was decided that the
simplest and most reliable method of storing a button
push would be to “clamp” the flip-flop collector lead.
Each time the keyboard is “read” by the computer, the
buffer is reset to zero in preparation for the next but-
ton push.

“Single-throw” buttons employed on the first key-
boards were connected to the keyboard buffer through
a complex diode matrix. The keyboard shown in Fig-
ures 2 and 3 uses the new microswitch KB buttons.
Each button has eight contacts which can be preset
for any binary number from 0-255, thus eliminating
the need for a large diode matrix. Furthermore, the
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use of KB buttons, in contrast with earlier types, results
in a much more compact keyboard. For a comparison,
refer to Figures 1 and 2.

The keyboard can input data to the computer either
passively or actively. A passive mode is employed with
the 1620 system in which the computer automatically
samples the keyboard every 100 milliseconds whether
or not a button has been pressed. After data is entered
into the buffer, the terminal waits until the computer
performs the next read operation. The active system
employs an interrupt line, such as is available with
the 1180 and most other late model computers, to sig-
nal the computer that the keyboard buffer contains
data. The latter is a more efficient method; however,
the user is unaware of the difference.

Upon receipt of a number from the keyboard, the
computer stores the number along with any previous
numbers forming a string of button codes. When the
“terminate” button is pressed, the computer compares
each number with a scan table and executes the opera-
tion or series of operations indicated by each number
code. In this manner each button elicits a distinct re-
sponse from the computer.

In Figure 3, note that within the AMTRAN key-
board is incorporated a standard typewriter keyboard;
consequently, the keyboard on a standard input-output
typewriter is unnecessary. INVAC printers have been
used on the latest versions of the AMTRAN system.
These are modified IBM selectric typewriters; the
character set available is shown in Figure 9 together
with an equation typed with one of the printers. The
equation was typed using the unique forward and re-
verse indexing capability of the INVAC printer. One
of the difficulties in standard programming is the re-
quired linear format for mathematical equations. If
the equation is at all involved, linear formating re-
quires many parentheses the placement of which be-

comes somewhat tedious and leads to errors. There-
1234567890 -= 0123456780¢9,

qwertyuiop! QW ER T YU [ 0p,
gasdfghijklgyg! A DI EHIRLS £
zxcvbnm, ./ ZXCVEBNMGHF =X

[[e#§%¢g*()_+ <=>=z+¢->[]J e
QWERTYUIOP® veepTn| *wn -
ASDFGHJIKLsM™ ac? oy EANE L)
ZXCVBNM, .2 YEE 8@ B v " VT

[€a+8)-(2p/2T) ]x0.023)

VxVxs
Figure 9 Character sets available and sample equation
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fore, one of the early requirements for AMTRAN
printers was the capability for forward and reverse
indexing which would permit more natural formating
of equations.

A block diagram of the printer control electronics
is shown in Figure 10. A “one-shot” multivibrator is
employed to provide timing for the electromechanical
actuation of the printer functions, while a flip-flop
controls the machine functions. The particular data
input arrangement corresponds to the INVAC printer
which has a built-in decoder, but a similar arrange-
ment would apply to other printers.

Rapid data input from the AMTRAN terminal is
accomplished by an Analog-to-Digital “stylus.” This
input mode was selected on the basis of the following
data-input device requirements:

1. Mounting of stylus on the oscilloscope face to as-
sure ease of operation

6-BIT CODE
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RELAYS
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FUNCTION
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Figure 10 Printer electronics

2. Minimization of hardware cost

3. Suppression of redundant data at the terminal
rather than in the computer

4. Resolution: approximately 250 points/inch

These considerations eliminated the use of the more
conventional light-pen devices, principally, because the
light-pen requires the continuous generation of a raster
which would substantially increase terminal cost and
complexity.

The prototype stylus is composed of two arms with
potentiometers installed at the extremities of the cen-
tral arm (Figure 11). A microswitch connected to the
Teflon stylus tip activates the data-input circuits.

The stylus data-input control circuit employs Ana-
log-to-Digital Converters (ADC) and a digital com-
parator (Figure 12). The ADC channels convert the
analog input from the potentiometers to digital form
by the successive approximation method. When both
channels have reached analog comparison, the con-
tents of the ADC flip-flop registers are digitally com-
pared with the last data sent to the computer which is
stored in the storage registers. If digital comparison
exists, a reset pulse is sent to the ADC registers and
the cycle is reinitiated, thereby preventing input of
redundant data. If comparison does not exist, the new
data are transferred to the storage registers and trans-
mitted to the computer by the output gating circuit. A
reset pulse is then sent to the ADC registers and the
sequence is recycled.

As mentioned above, the 1130 AMTRAN system
will be established on a multi-terminal basis. A block
diagram illustrating the terminal arrangement is pre-
sented in Figure 13. The input register performs logic
and voltage level conversions while the output register
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Figure 11 Phototype stylus

has the added function of multiplexing data from the
three terminals. The three terminals are identical.
They are arranged as shown in Figure 6, except that
the central timing and control circuits are combined
into a single interface control circuit, which also pro-
vides control signals (e.g., gating and timing pulses) to
the 1130.

In principle, a large number of terminals could be
accommodated on the 1130; however, the practical
number depends upon the over-all mode of operation
of the 1130. If the 1130 is to “stand alone,” then
core storage and computing speed will probably limit
the number of terminals to between three and five.
However, if the 1130 is connected to a larger computer,
either by a direct interface or over a telephone line,
then it may be possible to attach as many as ten termi-
nals. The latter arrangement has much in its favor.
From the brief description of AMTRAN programming
given above, it is clear that a large number of very
routine tasks are performed by the computer during
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the development of a program. Such activities as label
formating and editing, while of considerable value to
the human operator, do not require the services of a
multi-million-dollar, third-generation computer. On
the other hand, after a program has been established,
rapid response to the more involved calculations will
necessitate a large computer. Hence, an arrangement
such as suggested in Figure 14 appears highly desirable.
Multiterminal operation for banks, airlines, and simi-
lar groups are now becoming commonplace and multi-
terminal operations for scientists and engineers have
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been in existence in various forms for many years.®

“It is to be expected, however, that in the long run
small stand-alone computers will be replaced by re-
mote consoles with some processing ability of their
own, with a large computer in the background avail-
able when needed.”?

The exact dividing line between a “small” calcula-
tion performed by the satellite processor and the
“large” calculation performed by a large computer will
depend upon the user. It is hoped that some of the
answers to these questions will be known when the
11380 is connected to the Univac 1108 now being in-
stalled at Marshall Space Flight Center.
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Figure 13 Amstran IBM 1120 Multiterminal Arrangement
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Figure 14 Possible Amstram — terminal satellite — processor central —
computer arrangement

Summary

The principal design goals of the AMTRAN input-
output terminal have been simplicity of operation and
minimum cost while providing sophisticated program-
ming and graphical display capability. These goals
have been achieved through the use of a large function
keyboard, two storage oscilloscopes, a typewriter
printer, and a rapid data input stylus. The first ter-
minal was interfaced to an IBM 1620 computer and
has operated reliably for over a year. Development of
a terminal interfaced to an IBM 1130 is almost com-
pleted, and an experimental voice-grade phone line
interface is operational.
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COMPUTER MANUFACTURERS’ PROFILE . . . sales and earn-
ings records, corporate highlights, stock price performance of
18 computer companies.

MARKET SURVEY ... results of industrywide survey of annual
sales volume of 400 types of computer-related products and
services.

SURVEY OF TIME-SHARING FACILITIES

DIRECTORY OF PRODUCTS . . . contains over 400 types of
computer-related products with corresponding manufacturers
listed after each.

DIRECTORY OF SERVICES . . . contains nearly 200 service
firms and 21 different types of computer-related services such
as software development, equipment leasing, personnel
recruitment, time-sharing etc.

MANUFACTURERS'’ INDEX ... Alphabetical list of nearly 2000
suppliers of computer-related products and services. Includes
corporate addresses, sales offices, national sales managers,
number of employees and annual sales.

EQUIPMENT CHARACTERISTICS REVIEW . . . in-depth review
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SIMON & SCHUSTER

1 WEST 39th ST., N.Y. 10018
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copy(ies) of the 1967-68
Computer Industry Annual.

O Enter my order for copy(ies)
of the 1967-68 Computer Industry Annual.

Bill me $18.50 per copy plus shipping and
handling charges.

COMPUTER
INDUSTRY
ANNUAL
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HARD COVER EDITION

The industry’s first complete reference
guide and directory. 390 pages.

Over 33,000 copies already distributed.

of all currently available computers, peripherals and major
components. Includes 81 pages of Product Summary Charts to
aid in equipment selection and competitive analyses. The fol-
lowing products are reviewed in detail:

DIGITAL COMPUTERS

ANALOG & HYBRID COMPUTERS
DATA COMMUNICATIONS TERMINALS & PROCESSORS
GRAPHIC DATA SYSTEMS & DEVICES
EDP FORMS

EXTERNAL STORAGE SYSTEMS
INTERNAL MEMORY SYSTEMS
DIGITAL MAGNETIC TAPE SYSTEMS
COMPUTER PRINTERS

PUNCHED CARD EQUIPMENT
PUNCHED TAPE EQUIPMENT

INPUT TYPEWRITERS & KEYBOARDS
LOGIC CIRCUITS & MODULES

PLEASE PRINT

ORGANIZATIONAL CLASSIFICATION OF MY COMPANY OR DEPARTMENT (check one best descriptor)

O 1. Mfgrs. of computers, data processing equipment,

or related systems or components.

O 2. Mfgrs. of consumer or industrial products (other

than computer-related equipment).

O 3. Government installations (federal, state or city in-

cluding military).

O 4. Educational institutions (colleges,
schools, etc.).

[J 5. EDP consulting & service organizations (exclud-
ing those connected with mfg. co.).

[J 6. Business & commercial (finance, banking, insur-
ance, real-estate, wholesale & retail trade, etc.).

[ 7. Utilities (transportation, communications, electric,
gas, etc.).
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&5 NEW PRODUCTS

DISC PACK

Type CD-1 Disc Pack, a precision
assembly of six magnetic coated
discs, provides 10 recording sur-
faces, and is assembled in a heavy
duty, dustproof container. The
magnetic coating is compatible with
the stainless steel “flying heads”
ordinarily used in disc drives, and
covers each disc evenly with a
smooth tough, durable recording
surface that will not chip or peel
- during normal disc drive opera-
tion, according to the manufacturer.
The mean surface roughness is
less than 3.5 micro inches AA, as
measured with a 0.0001 inch radius
stylus at a 0.030 inch cutoff. The
maximum peak rising above the
mean surface is less than 20 mi-
cro-inches. Consolidated Electrody-
namics, Pasadena, California.

Circle No. 213 on Inquiry Card

SUB-MIN TANTALUM CAPACITORS

A complete line of extended-range
molded cordwood-sized solid tanta-
lum capacitors specifically designed
for automatic insertion equipment,
is supplied in three axial-lead tubu-
lar case sizes, and features an ex-
tremely high capacitance, — to —
volume ratio.

The D series capacitors are
ideally suited for cordwood con-
struction, printed wiring boards,
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and other applications requiring a
high degree of packaging density.
Typical uses include commercial
computers, data processing, com-
munications and other electronics
equipment. In particular, the low
impedance at high frequencies
offered by these capacitors is espe-
cially suitable for decoupling re-
quired by the high-speed computers.
Union Carbide, Long Island City,
RN

Circle No. 214 on Inquiry Card

QUAD-PACK PULSE TRANSFORMER

Said to be one of the smallest con-
figurations of its type, this Quad-
Pack unit consists of four encap-
sulated transformers designed to
drive a transistorized switch on
memory cores employed in com-
puters and related equipment.

Only 74 in. x 14 in. x 3/16 in,,
the device contains miniature fer-
rite toroids designed to meet Mil-T-
21038 and gold plated leads of
nickel-iron-cobalt alloy (KOVAR,
Type K) per Mil-Std-1276. Unit
features a primary sine wave in-
ductance of 400 microhenries, min.
Rise time: 8 nanoseconds, max.
Primary to secondary leakage in-
ductance: 1.5 microhenries, max.
PCA Electronics, Inc., Sepulveda,
California.

Circle No. 212 on Inquiry Card

ELECTRONIC COMPOSITION
SYSTEM

Videocomp typesetter combines
computer and television techniques
to set text in sizes from microimage
to letters over an inch high at rates
of up to 6,000 characters per sec-
ond. The all-electronic typesetter
can set the complete text for a
magazine page in less than four
seconds or write information for
microfilm storage at computer
speeds.

Videocomp stores typefonts in
electronic memory where they can
be used instantly. This internal

storage reduces the load on com-
puter memory and permits use of
the equipment off-line with any
computer.

Because the entire operation is
electronic, every letter can be al-
tered electronically to form roman,
oblique, extended, condensed and
superior and inferior versions of
the basic face. Every face, in every
variation, can be mixed at will —
on the same line, in the same word
— with every other face. RCA
Graphic Systems Division, Dayton,
N

Circle No. 232 on Inquiry Card

MIN-STRIP PRINTER

A miniaturized strip printer with
only 6 moving parts has been de-
signed to meet applicable sections
of MIL-E-5400, MIL-E-16400 and
MIL-E-5272 with a 5,000-hour
M. T. B. F. in military airborne
and mobile applications.

Printer height and width is 3” x
3” with a depth requirement of
614”, including the control elec-
tronics. Total weight is less than
4 lbs. The printer has full 64-
character alpha-numeric (ASC11
code) selection and a printing
speed of up to 1500 characters per
minute. The AN-16 is designed for
front cartridge loading to allow for
rapid paper change. Standard in-
put power is 28VDC plus DC logic
voltages, options permit 115V, 400
cycle AC. Clary Corp., San Gabriel,
Calif.

Circle No. 211 on Inquiry Card
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MATCHED TRANSFORMERS

A series of matched transformer
pairs, which isolate resolver out-
puts with 2 seconds of arc accuracy,
are precision miniature toroidal
units designed to fit on PC boards.
They are designed to handle vir-
tually any application requiring
resolver to digital and digital to re-
solver conversion, including multi-
plexed systems. The transformers
will meet the requirements of MIL-
T-27B, and weigh 5 ounces each.
Magnetico Inc., East Northport,
N. Y.

Circle No. 225 on Inquiry Card

MAG TAPE REEL GAUGE

Mechanical gauge for field-checking
magnetic tape reels checks the most
common source of reel failure, bent
and distorted flanges. The gauge
consists of a precision base plate,
a manually rotatable spindle, and
three gauge posts. The three posts
are accurately machined to test a
wide variety of instrumentation,
video, computer, and sound record-
ing reels. General Kinetics, Reston,
Virginia.

Circle No. 207 on Inquiry Card
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TRANSISTOR TRANSFORMERS
AND INDUCTORS

New line of ultraminiature tran-
sistor transformers and inductors,
called the BIT-250, is said to achieve
outstanding reliability in a size
compatible with flat pack transis-
tors and integrated circuits, while
maintaining response and power

levels found only in large units. A
substantial size reduction (profile
height .250”) without sacrifice in
reliability is obtained through cy-
lindrical winding techniques.

All units are manufactured to
MIL-T-27B, Grade 4, assuring rug-
gedized construction. The line con-
tains 17 stock units available for
immediate delivery. United Trans-
former, New York, N. Y.

Circle No. 208 on Inquiry Card

TWIN-LIGHT CIRCUIT INDICATORS

Three dual lamp, long-life circuit
indicators, called ‘“T'win-Lights”,
are available in three versions for
4 to 48-volt operation. The units
measure approximately one inch in
overall length, including their 1 x
l4o-inch lens covers. The lights are
available in three standard config-
urations: the first has two quick-
connect terminals for two light
indication of a single circuit for
fail-safe applications; a second in-
cludes three terminals for indica-
tion of two circuits with a common
ground; the third, with four termi-
nals, allows for two completely
separate circuits. Sylvania Electric
Products, New York, N. Y.

Circle No. 223 on Inquiry Card

LENSLESS LAMP CARTRIDGES

Miniature lamp cartridges, con-
structed without lenses, are in-
tended for use in computers, display
panels, etc. The lens is part of the
matching lampholder and can be
replaced or maintained separately
from the lamp cartridge. Industrial
Devices, Edgewater, N. J.

Circle No. 204 on Inquiry Card
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CIRCLE NO. 39 ON INQUIRY CARD
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Any day now
you computer
people will
make an
incredible
discovery:

us.

Nobody has made custom
power supplies longer than
Varo.

Or with a better
performance record.

Or to tougher mil specs.

Funny we haven’t crossed
paths with you folks.

Funny?

It’s incredible!

Let’s discover each other.
Write Rex Carter, Varo,
Inc., Static Power Division,
1600 Dallas North Parkway,
Plano, Texas 75074.

TWX 9108605640
TELEX 73-2713

VARO

CIRCLE NO. 40 ON INQUIRY CARD

DC VOLTAGE CALIBRATOR

Model 470A calibrator, with a volt-
age range of 0 to 1111.10 volts DC,
provides a voltage accuracy (11
volt range) of = 0.005% or 25
microvolts and resolution of 1 mi-
crovolt. Additional features include
stability of 10 PPM + 10 micro-
volts per hour, 20 PPM + 20 mi-
crovolts per 200 hours, ripple and
noise (.1 Hz to 1K Hz) of 100 mi-
croyolts RMS and output resistance
of 0.001 ohm or 0.000 2E out at
DC. Precision Standards Corp.,
Pasadena, California.

Circle No. 200 on Inquiry Card

250 MHz PULSE GENERATOR

Model 113, a 250 MHz pulse gen-
erator with built-in wide-range
burst capability, offers both syn-
chronous and asynchronous gating,
+ 2V to — 2V baseline offset (after
the attenuator) , simultaneous posi-
tive and negative 5V outputs and
complementary outputs. Delays and
widths are variable from 10 ns to
1000us. Rise and fall times are 1.8
ns. Separate baseline controls, in-
dependent of amplitude controls,
are provided for positive and nega-
tive outputs. The unit may be trig-
gered externally. Datapulse, Culver
City, Calif.

Circle No. 201 on Inquiry Card

BCD PRINTER

With a printing rate of one line
per second, the Model 4500 BCD
parallel entry printer is available
with up to five decades print-out.
Using all integrated-circuit logic,
the printer accepts inputsina 1-2-
4-8 BCD code. Input data are
printed upon receipt of an external
print command in the EXTER-
NAL mode; at the maximum print-

ing rate in the AUTO mode; and
when the front-panel push button
is pressed in the MANUAL mode.
When a line has been printed, a
print-completed pulse is generated,
indicating the printer is ready for
another input. Price $695. AIC In-
struments, Houston, Texas.

Circle No. 202 on Inquiry Card

LOW PROFILE RELAY

DPDT relay designed especially for
the high-density packaging and se-
vere environmental requirements
of military logic circuits has a pro-
file height of only 0.25”. Other
dimensions are 0.4” x 0.5”, and
terminals are spaced 0.17.

The DPDT contacts are rated
(for 28 VDC) at 2.0 amps resistive,
0.2 amp inductive. Operate and re-
lease times are 6 milliseconds or
less. Allied Control, New York,
N. Y.

Circle No. 203 on Inquiry Card

MINIATURE RESISTOR

A molded precision metal film re-
sistor, 0.065”” diameter by 0.150”
long, featuring rugged end cap con-
struction, is now available for mini-
ature circuit assembly applications.
Designated ACI Type EE-1/20,
the resistor conforms in all respects
to Type RN50 of MIL-R-10509F
and RNR50 of MIL-R-55182C.
Range coverage is from 10 ohms to
110K, and higher values to 500K
are available at reduced specifica-
tions. Wattage rating is 1/20 at
125°C. Leads may be specified as
tinned copper, goldflashed dumet,
or bare nickel “A.” Temperature
coefficients of 0 = 25 ppm/°C are
available, as well as special tracking
requirements to 0 = 3 ppm/°C
over specified temperature spans.
Prices range from $0.19 to $2.07.
American Components, Consho-
hocken, Pennsylvania.
Circle No. 231 on Inquiry Card
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TTL HEX INVERTER

A TTL hex inverter with high-
speed operation, high-output drive
capability, and a compatibility with
the DTL and LPDTL families
has been designed primarily for
high-speed inverter applications in
military, computer and industrial
systems, but can be also used as a
line driver. A high-capacitive drive
is achieved by means of an active
pull-up in the hex inverter’s output.

Designated TTyuL 9016, the de-
vice features input clamping diodes
to prevent ringing. FEach of its
six gates performs a single inver-
sion operation, making it extremely
useful where a number of comple-
mentary signals are required simul-
taneously. The six-gate feature is
said to make possible a reduced
package count in system assemblies.
Fairchild Semiconductor, Mountain
View, Calif.

Circle No. 229 on Inquiry Card

2-SIDED PC MODULES

A series of double-sided, multi-layer
printed circuit modules, designed
to accommodate high-speed logic
functions utilizing integrated cir-
cuit assemblies, also can accom-
modate discrete components and
film-hybrid microcircuits. The cir-
cuit modules are available in 78
basic circuit configurations. Pri-
mary application of the modules
will be in computer logic control
systems, telemetered data reduction,
and data processing systems.

Versatility Stressed

The modules are 1.8 inches high
by 2.84 inches wide by .281 inches
deep. They utilize a standard 40-
pin NAFI connector.

The printed circuit board is of
multi-layer construction containing
two printed circuit cards with a

backbone of black anodized alumi-
num for heat conduction and card
pulling. Each card consists of a
double-sided etched signal panel
with two signal layers intercon-
nected as needed by plated through
holes, and a double-sided power/
ground panel. Sylvania, New York,
N. Y.
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1% ¢/BIT MASS MEMORY

A new mass memory, Model CM-
300, available in storage capacities
up to 32 million bits (1,024,000
words of 32 bits), has a cycle time
of less than 4 microseconds. De-
pendent upon quantity and capac-
ity, the price will be as low as 114
cents per bit.

The Model CM-300 is said to
offer true random access at speeds
and capacities not previously avail-
able in static storage devices.

A 2 wire 214D magnetics organi-
zation and field proven circuitry are
utilized in the mass memory to
assure high reliability and wide
operating margins. All circuits in
the system have been subjected to
verifiable worst case design. Lock-
heed Electronics, Los Angeles, Cali-
fornia.

Circle No. 228 on Inquiry Card

PRECISION FILM CAPACITORS

Ceramic-cased capacitors, type PK
and PKH, are constructed with a
dual paper and film dielectric that
is oil impregnated and filled to
offer outstanding characteristics in
reliability and performance. Ex-
tended foil electrodes are employed
to offer the lowest possible induct-
ance and dissipation factor enabling
these capacitors to be used safely
in pulse forming networks and
energy storage applications.

The capacitor roll assembly is rig-
idly secured in a ceramic case and
hermetically sealed. Utilization of
a ceramic case provides long leak-
age paths which enable these ca-
pacitors to be used in humid or
dust laden atmosphere. The in-
herent strength of the ceramic case
allows the units to be potted or
subjected to high pressure environ-
ments. Del Electronics Corp., Mt.
Vernon, N. Y.
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® Customer Satisfaction
® Reliability

® Speed

That's what Datacraft Corporation
engineers into each memory, whether
it's an off-the-shelf 512 x 8 unit or a
custom designed 65536 x 32 system.

The model DC-31 for example, is a
high speed, linear select, coincident-
current, magnetic core memory especi-
ally suited for systems requiring small
high speed units. It comes with a full
complement of field proven options
that enable the customer to select a
custom system at minimum expense.

The basic DC-31 features include:
less than one microsecond full cycle
time; 450 nanosecond access time;
capacities up to 1024 x 12 in one bit
per word increments; 30 days delivery.
Prices start at $1210.

For detailed specifications on the
DC-31 and information on other models,
call (305) 565-9441 now, or write

Datacraft Corporation,
776 N.E. 40th Court,
Fort Lauderdale, Florida 33307.

DATACRAFT
m CORPORATION

CIRCLE NO. 41 ON INQUIRY CARD
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Need to
sample
low-level
transducers?

cut your
per-channel cost
with [EC’s new
MX 500 Series
Low Level Analog
Multiplexer.

The MX 500 benefits both designers and

users of Data Acquisition Systems:

= Eliminates data amplifiers in each
channel

= Reduces system costs sharply

= Simplifies system interface

= Reduces system size, power, and cooling

= Increases system reliability

= Simplifies system checkout and
operation

= Reduces system maintenance and
spares

Outstanding features include:

= =5 mv to =500 mv full scale inputs
(*+10 v full scale output)

= Up to 50 kHz sample rate

= Easily expandable up to 1000
differential, guarded channels

= 120 db common mode rejection

= Sequential or random address channel
selection

= Automatic and programmable gain
selection

= Overload protected

= Solid state—FET switches—IC logic

= Available with or without AD converter

The new MX 500 interfaces easily with

any Data Acquisition System. Need more

information on how you can use the MX

500 in your system? Simply call or write,

today.

INTERSTATE ELECTRONICS
CORPORATION
Subsidiary of “AUTOMATIC” SPRINKLER
CORPORATION OF AMERICA

707 E. Vermont Ave., P.O. Box 3117
Anaheim, California 92803 (714) 772-2811
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PUNCHED TAPE READER
AND SPOOLER

Ultra high-speed, photoelectric
punched-tape reader, model RR-
1002, and matching tape spooler,
model RS-1000, operate at a read-
ing speed of 1000 characters per
second and rewind or search at 2000
characters per second.

The units are available in unidi-
rectional and bidirectional models
with 1014 inch diameter reels hav-
ing tape storage capacities of up
to 2040 feet. The reader is avail-
able with several output and drive
modes including integrated circuit
compatible modes.

Prices for the units total from
$3,610.00 to $3,780.00 depending

upon configuration. Delivery is
eight (8) weeks after receipt of
order. Remex Electronics, Haw-

thorne, Calif.
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RUN-TIME METER

Model RTM-1 is a non-reset minia-
ture running time meter 74” in
diameter with a 4-digit readout in
less than a 1”7 square. Height of
digits is 14”. Synchronous motor is
34" diameter by less than 1” long.
Power consumption is 2 watts.
Solder terminal lugs are provided
with an insulated barrier. An ad-
justable mounting flange is in-
cluded to allow for any thickness of
panel from 1/64” to 2”.

The standard voltage is 110 Volts
60 Hertz; other voltages and fre-
quencies are available on order.
Present delivery on quantities up
to 1,000 pieces is 2 to 3 weeks. Mid-
dlebury Mfg., Inc., Waterbury,
Conn.
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HI-V FAST SWITCHING DIODES

As many as six individual, matched
silicon junctions are stacked and
packaged in a micro epoxy form
for switching applications up to
6,000 working volts in the Micro-
Codistor II line of diodes. It is
claimed that switching speeds range
as low as 50 nanseconds for condi-
tions of 10 milliamps, 100 ohms.
Applications of these diodes can be
extended into the megaHertz range.

Measuring only 0.075” in diam-
eter and 0.125” long, these diodes
are available in five separate models
ranging from working inverse volt-
age (WIV) ratings of 2000 volts to
6000 volts in 1000 volt steps. Maxi-
mum reverse leakage at working
voltage is 1.0 uA. Computer Diode,
Fair Lawn, N. ]J.
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DELAY-LINE PRODUCTS

High storage and bit rate memory
module series, available from And-
ersen Laboratories in Bloomfield,
Connecticut, are suitable for a
broad range of applications in com-
puter terminal equipment of all
types.

A glass delay line is used for high-
density storage, compactness and
high reliability. The memory meas-
ures 7.0 x 5.82 x 1.56 in., and in-
cludes both input and output
electronics. Delay time and data
rate are factory adjustable over a
wide range from 10 to 300 micro-
seconds and 2 to 10 MHz.

As extensive use is made of in-
tegrated circuitry, power consump-
tion is low. Only an NRZ input is
required, and both NRZ and NRZ
outputs will drive up to 30 logic
units. The memories may be
stacked readily to achieve increased
delay lengths and storage. Weight
is less than 32 ounces. Andersen
Laboratories, Bloomfield, Conn.

Circle No. 227 on Inquiry Card
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VOICE/DATA ACCESSORY

Milgo Electronic Corporation will
introduce a new accessory to their
line of narrow-band data sets at the
Spring Joint Computer Conference,
April 30-May 2, in Atlantic City.

The Model 10 Voice Adapter al-
lows users of Milgo’s Modem 4400/
24PB data sets to transmit voice or
Teletype simultaneously with 2400
bps data over a single uncondi-
tioned telephone line.

The telephone-size unit plugs di-
rectly into a Modem 4400/24PB
data set and requires no outside
power. It allows selection of voice/
data, teletype/data, and full voice
and has its own ringing circuit
which does not interfere with the
high-speed data. Milgo Electronic
Corp., Miami, Fla.
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MOS BREADBOARD GATE

A MOS 3-input gate has been an-
nounced for use in breadboarding
complex custom integrated circuit
subsystems, as a vehicle in gaining
familiarity with MOS integrated
circuit techniques, or as a test de-
vice in life test programs.

The new product is the 3102, a
monolithic P-channel enhancement
mode device that performs three
basic logic functions: NAND, NOR
and gated NAND. This logic ver-
satility results from the bilateral
nature of an MOS device.

Using one or more 3102 pack-
ages, an enginer can build full
adders, RS flip-flops, RST flip-flops,
type flip-flops, inverting and non-
inverting buffers, exclusive NOR
and OR gates, monostable multi-
vibrators, free-running multivibra-
tors, and many more static and
dynamic MOS functions.

The gate utilizes Planar II, a
patented process, for superior sta-
bility and provides input protec-
tion on all gate inputs. It operates
over a temperature range of —55°C
to + 85°C. 1000-hour operating

life test data is available on this
device. $6.00 each for orders of
1-99 and $4.00 each for orders of
100-999. Fairchild Semiconductor,
Mountain View, Calif.
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PERFORATING TAPES

A new extra-thin extra-length cross-
linked cellulose perforating tape
that fits nearly twice as much tape
in the same space as conventional
paper tapes is said to permit twice
as much unattended machine time
in communication, computer, nu-
merical control and data processing
applications without changing rolls,
and to provide a saving in handling
and storage space. It comes in 1,800
and 5,500 foot lengths, three stand-
ard widths: 17, 74” and 11/16”, and
four colors: buff, red, green and
blue. The core is 2” 1.D. Robins
Industries, Flushing, N. Y.
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MODULAR POWER SUPPLY

Power supply series FR features re-
mote sensing and provision for re-
mote programming in a wide range
module. Voltage ranges are 0 to
15 and 0 to 30 volts DC with cur-
rent capabilities of 0.5 or 1.0 Am-
pere. The units are designed for
general applications where ripple
and regulation requirements are
stringent. The producer claims
these laboratory quality modules
may be locked at any voltage and
are protected against short circuits
and overloads. Prices begin at $75
each in small quantity. Elasco, Bos-
ton, Mass.
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VARIABLE OSCILLATOR

Model 4200, a 10 Hz to 10 MHz,
all solid-state oscillator with cali-
brated pushbutton/vernier output
attenuator, has an open circuit out-
put of 10 volts, and delivers 14-watt
power (5 volts across 50 ohms)
with less than 0.19% distortion. The
flat frequency response (0.025 db)
eliminates the need to reset ampli-
tude when making response meas-
urements. Krohn-Hite, Cambridge,
Mass.
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TS FLAT

s S R R R T

'S FLEXIBLE

[T'S VERSATILE

[TS TEMPBRALD
...the solution
to packaging
problems.

HITEMP BRAIDED RIBBON CABLE IS:

m Flat—as the insulated conductor

m Flexible— much more flexible than
bonded and laminated cables

m Saves Space—up to 60% over
round cables

m Light Weight — no jackets or fillers

m Easily Terminated — uses
commercially available connectors

m Versatile—any combination of
insulated conductors—any width

For more information and literature,
contact:
1200 Shames Drive
Westbury, New York 11590
Tel: 516-333-4600

DIVISION

Si
WIRE AND CABLE COMPANY
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computer
ENGINEERS & RIDES rcesreo w csonr

Here’s a chance to be a big fish in a small pond that’s getting big rapidly.

Information Displays Inc. has facilitated rapid man-computer dialog with
its new IDIIOM multi-media, freestanding terminal.

Now we need Engineers and Aides to take on broad-sc_ale responsibility
for new projects. Men who want to see the results of their work; men who
want more than “just a job.”

Growth Potential? Well, we're still small enough to call our president
‘‘Ken’’ but we've doubled our staff in six months. And here’s a point to
consider: almost everyone at IDI has invested in the company’s stock.
Salaries: good. Location: northern Westchester — nice country, outstand-
ing schools. Contact: Mr. Henrichs.

INFORMATION DISPLAYS INC.
l l '] I 333 N. Bedford Rd., Mt. Kisco, N. Y. 10549 * (914) 666-2936

82

CIRCLE NO. 46 ON INQUIRY CARD

NEW! low cost
direct viewing
filament readout

A major advance in production tech-
niques is responsible for this low cost,
micro-miniature numeric readout —
Model M6-30. [] High in reliability, low on
power, small in size and long on life, it
withstands extreme shock and vibration
conditions, uses only 8ma/segment at 3
volts, is only 1/2” high x 5/16” wide x
3/16"” deep with a character height of
5/16"” and lasts 100,000 hours/segment.
[ By viewing the filament directly,
excellent readability is provided even in
direct sunlight. It can be plugged into a
connector or wired directly into printed
circuit logic. [J Commercial unit, in large
quantities, only $12.95 i

LONGITUDE

SEE A DEMONSTRATION AT THE IEEE EXHIBITION,
MARCH 18-21, BOOTHS 4J26-4J28

pi”/ites ]”Co 1275 Bloomfield Ave., Fairfield, N. J. 07006

201-226-7724
CIRCLE NO. 55 ON INQUIRY CARD

INTEGRATED CIRCUIT ANALYZER

An integrated circuit analyzer, of-
fering a high degree of flexibility
for circuit testing, provides two test
modes: manual operational via the
10 x 40 cross-point matrix or as a
rapid change; and programmed
functional tester via the pre-wired
program patch plug. All DC para-
meters of micrologic circuits and
most microlinear circuits may be
tested.

Designated model 715, the ana-
lyzer tests linear or digital cir-
cuits in 30 seconds. Price: $1695.
Microdyne Instruments, Waltham,
Mass.

Circle No. 216 on Inquiry Card
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15-BIT SYNCHRO/RESOLVER
TO DIGITAL CONVERTER

High-reliability, all-electronic 15-bit
synchro /resolver to digital con-
verter with an accuracy of 40 sec-
onds of arc at high tracking speeds
is suitable for applications in servo
system testing, machine tool readout,
antenna position indicators or any
other application where a precise
indication of angle is required.
The new converter accepts either
3 wire synchro or 4 wire resolver
inputs at 11.8 or 90 volts and con-
verts to a 15 bit parallel binary
output without the use of rotating
components. Models are available
for 60 cps or 400 cps operation.
Both a visual display and an elec-
tric output are provided. Standard
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logic level outputs are compatible
with DTL or TTL microcircuits.
Astrosystems, New Hyde Park, N.Y.
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FET VOLTOHMETER

Compact voltohmeter, designed
with an advanced field-effect transis-
tor circuit, measures voltages as
low as one-tenth of a volt d-c full
scale and one/one-hundredth of a
volt a-c full scale. Claimed to be
more sensitive than a VTVM, the
model 870 Millivolt Commander as
it is called, provides a full-scale in-
dication of low voltage with a sensi-
tivity range from 100 mv full scale
to 1000 v full scale in nine incre-
ments.

Also, the new voltohmeter meas-
ures a-c voltages from one/one-
hundredth of a volt full scale to
300 v full scale in ten steps. Most
voltmeters are sensitive down to
only 3 v a-c. The model 870 makes
possible a-c voltage measurements
where before the electronic tech-
nician had to use an oscilloscope.
Amphenol Corp., Broadview, Ill.
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BUFFERED DIGITAL RATEMETER

Modular buffered scaler/timer that
performs as a digital ratemeter in-
cludes a self-contained six-decade
2-MHz scaler, timing system, buffer
memory, and serial printout cap-
ability and analog output. Data
are transferred to the buffer mem-
ory for recording on computer-
compatible punched tape and/or a
printer while the scaler begins col-
lecting new data. Dead time be-
tween data collecting intervals is
less than 50 wusec in continuous
operation. Ortec, Oak Ridge, Tenn.
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16 Sure {0 See
DIALIGHT
READOUTS

before you speciy!

& e

Because we can prove to you
that they are superior. . . that
they will improve the readout
qualities needed in your appli-

e Operate on:

6V AC-DC ; :

10V AC-DC cation...and will enhance the
14-16V AC-DC sale of your equipment.

24-28V AC-DC

150-160V DC :

110-125V AC What's more. . . Dialco readouts

cost as little as

*3.99

each (less lamps)
in 1000 lot quantities

e Bright always-easy-
to-read numerals.

e Non-glare viewing
windows with choice
of colors

e Available with RFI-
EMI suppression

screen. How can we prove this superiori-

e Universal BCD to | ty to you? See the readouts for
7 line translator | yourself. We're confident that’s
et | all the proof you'll need. Let us

s demonstrate the product in your

e 10 line to 7 line . | office, at your convenience. To

converters for | do so, circle Reader #47.

i input
GEGHIRL P For current catalog with 9 data

e Custom translators sheets, circle reader number
on application. noted below.

®
Foremost Manufacturer of Indicator Lights D I A Lc O
DIALIGH T.CORPORATION

60 STEWART AVE., BROOKLYN, N.Y. 11237 . 212 497-7600
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SNAP-ACTION SWITCHES

Snap-action, toggle-rocker push-but-
ton and special-use switches feature
8 to 30 amp capacity range, and
a wide choice of actuator types,
circuitry, and operational charac-
teristics.

Called the 2600 series, the 20-
ampere snap-action switches pro-
vide high-precision in a medium-
priced switch with differential
travel loss less than 0.005”. The
4600 Series, 15 amp. miniature
snap-action switches are compact
without sacrificing switch capacity
or life. McGill Manufacturing,
Valparaiso, Ind.
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DECODER WITH MSI COMPLEXITY

A 28-gate circuit which features four
inputs in standard 8421 binary
coded decimal code and provides ac-
tive high outputs for a seven-seg-
ment numerical display has been
added to Fairchild Semiconductor’s
family of medium scale integrated
products (MSI)

The 9307 decoder, fourth in the
tast-growing complexity family, has

capabilities for display intensity
modulation, ripple blanking and
lamp testing. Like other MSI prod-
ucts, the 9307 interfaces with all
CCSL elements (Compatible Cur-
rent Sinking Logic) and can be
coupled directly to CCSL logic.

The 9307 is ideal for driving nu-
merical displays involving high-cur-
rent, high-voltage incandescent
lamps, neon and electroluminescent
devices, or cathode ray tubes in mili-
tary, computer or industrial sys-
tems.

Fairchild’s device will automatic-
ally suppress leading and/or trail-
ing edge zeroes, thus displaying only
the most significant digits. A low-
input lamp testing facility provides
the advantage of being able to check
the legitimate operation of the dis-
play segments, including the lamps.

The 9307 chip is hermetically
sealed in all-ceramic, 16-pin Dual
In-Line package, with the 16 leads
optimally arranged for printed cir-
cuit layouts. Maximum package size
is 0.200 by 0.375 by 0.785 inches.
Fairchild Semiconductor, Mountain
View, Cal.

Circle No. 250 on Inquiry Card

ELBIT 100

FOR PEOPLE WHO THOUGHT THEY COULDN'T AFFORD A DIGITAL COMPUTER

A $4900 DIGITAL COMPUTER

* 2 MICROSECOND CORE STORE.

* 400 NANOSECOND READ ONLY STORE.

* 6 u SEC FULL WORD ADD TIME.

* MICROPROGRAMMABLE.

* UP TO 256 1/0..DEVICES.

* ALL DTL INTEGRATED CIRCUIT CONSTRUCTION.

ELBIT COMPUTERS LTD.

88, HAGIBORIM STREET @ P.O.B. 5390 e HAIFA @ ISRAEL
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NEW N/C SYSTEM

Designed primarily for N /C control
on lathes and milling machines, a
new machine control system can
easily be fitted to new or used equip-
ment. It utilizes punched tape in-
putsand electro-hydraulicservo con-
trols to direct a table in two axes
with => .0005” accuracy. Table
speeds of 300" /min. and greater are
attained with minimum hydraulic
power requirements. A special shift-
ing feature on the hydraulic motor
drive provides rapid traverse at 5 to
10 times maximum feed rates up to
1000” /min. Available options for
miller applications include a “Z”
axis drive and/or automatic spindle
control.

An advantage claimed by the
manufacturer is that its system com-
putes actual table or tool position,
therefore no compensation for wear
in aging machine tools is necessary.
Performance can be upgraded with-
out the added cost of rebuilding the
tool.

The electronics section utilizes in-
tegrated circuits for long-term reli-
ability and economies. A unique
feature to insure minimum down-
time is a kit of printed circuit cards
duplicating those in the system. In
the event of electronic malfunction,
the machine operator (or other non-
technical personnel) simply replaces
cards with like units from the kit
until a “GO” condition is restored.
Circle No. 256 on Inquiry Card

DISPLAY TERMINAL

The DATA-SCREEN Display Ter-
minal, a new input/output CRT
display system, with a character ca-
pacity of up to 512 stroke-written
characters, combines a CRT screen
with a display system permitting dis-
play of both fixed and variable in-
formation. The display terminal
can be interfaced with most com-
puter systems and standard com-
munication links; it accepts and
transmits codes such as ASCII, IBM,
BCD, or EBCDIC. Integral core re-
fresher memory permits flicker-free
image projection. The complete
unit, which measures 20” x 1314"” x
25", fits on a desk top or mounts in a
19-inch rack panel. Optional elec-
tronic keyboard console of the ter-
minal is closely similar to a conven-
tional electric typewriter making it
easy to operate. Transistor Electron-
ics Corp., Minneapolis, Minn.

Circle No. 258 on Inquiry Card
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LOW-COST INCREMENTAL

TAPE RECORDER

Compact, write only, magnetic in-
cremental tape recorder, for record-
ing data in industry-compatible for-
mat for immediate data processing,
can be connected to typewriters,
keyboards, adding machines, ac-
counting machines, cash registers,
etc. Recorded data can be computer-
processed without intermediate con-
version. Applications include data
logging, data transmission, and of-
fice machine output.

This new recorder, complete with
drive/record electronics, sells for
$1400 in production quantities, said
to be substantially below compara-
tive industry prices; and offers —
for the first time — IBM compatible
magnetic tape recording at paper
tape equipment prices.

The ME-4210 records data in one-
character increments on magnetic
tape. Asynchronous data transfers
from 0 to 60 characters-per-second
can be accepted. Recording ac-
curacy is better than 1 in 107. Data
is recorded in NRZ-I format on 14",
7-channel tape at a packing density
of 200 bpi. The 514” diameter reels
hold 140’ of tape.

The ME-4210 automatically gen-
erates inter-record and file gaps,
upon command. Parity generation
and immediate check-read-after-
write are available.

Potter Instrument Company, Inc.,
Plainview, New York.
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POWER SOURCE FOR OP AMPS
A regulated power source for opera-
tional amplifiers and comparators
complete with transformer, in a
small package and at a reasonable
price has been designed on the basis
of a thorough survey of popular op
amps, both discrete and monolithic
types. The regulation and ripple of
the new power source are a factor of
two better than the amplifiers re-
quire for negligible influence on the
amplifiers’ voltage and current noise
and drifts. Outputs are completely
protected against overloads and
short circuits.

Available with or without mount-
ing ears, the power source can be
mounted directly on a printed cir-
cuit card. Dimensions are 2 inches
square by 13/ inches high.

The 2330 power source is priced
at $49.50 each in 1- 9 quantities and
is available from stock to 30 days.
Solatron Enterprises, Venice, Cali-
fornia.

Circle No. 255 on Inquiry Card

WYLE LOGIC MODULES

FAST DELIVERY
TECHNICAL ASSISTANCE
LOW COST
GENERAL PURPOSE DESIGN
BROAD SELECTION

TEN-YEAR WARRANTY
STATE-OF-THE-ART DESIGN

The above are some of the subheads in the Wyle Inte-
grated Circuit Logic Modules short-form catalog. They
are seven of the twelve reasons Wyle logic cards may be
your best buy. If you want to discuss the other five rea-
sons (or get more detail on the Big Seven), drop us a
line on your company letterhead, and we’ll send you
the catalog. Or better still, call Don Tothe, our product
manager, and let him fill you in on what Wyle can con-
tribute specifically to your system. Systems Division,
Wyle Laboratories, 128 Maryland Street, El Segundo,
California. (213) 678-4251.

WYLE
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‘@ LITERATURE

Digital Readouts

Twelve-page booklet discusses three
major developments said to have
significantly improved the total per-
formance of illuminated bar read-
out: 1. The molecular bonded filter
which provides greater contrast en-
hancement. 2. The 16-segment
digit configuration, for greater dis-
play capacity, and 3. low-power in-
candescent lamps which reduce
heat problems and which can be
driven directly from IC circuits.
The booklet also contains a descrip-
tion of the system characteristics of
the manufacturers readouts along
with a discussion of pertinent re-
liability considerations. Tung-Sol
Div., Wagner Electric Corp., New-
ark, New Jersey. :
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Overseas Telegraph Equipment

Equipment for international tele-
graphic communications is de-
scribed in a 16-page catalog pro-
viding communications managers
and businessmen who have overseas
correspondents with an illustrated,
up-to-date listing of equipment
available for use on ITT circuits
for telegram, telex, high-speed data
and private leased channels. ITT
World Communications, New York,
N. Y.

Circle No. 306 on Inquiry Card

Thin-Film Microcircuits

Custom microcircuits, which com-
bine Nichrome thin-film passive
resistor networks with silicon inte-
grated circuits and other semicon-
ductor dice, are described in a new
brochure containing a summary of
features, performance data, pack-
aging information and check list of
information required for translat-
ing your custom design into a thin-
film microcircuit. Halex, Inc., El
Segundo, Calif.

Circle No. 307 on Inquiry Card
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New Multiplier Catalog

Six-page catalog lists a line of
solid state analog multipliers, cov-
ering a range from DC to 4 Mega-
hertz in four models.

The flat-pack units all operate
in four quadrants, do not require
external amplifiers and are com-
patible with operational amplifier
circuitry.

Applications data, connection
diagrams and mechanical drawings

are included in the literature.
Transmagnetics, Inc., Flushing,
New York.
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Business Communication System

Illustrated catalog describes data
communication systems used to
move data over ordinary telephone
lines at up to 1200 words per min-
ute. Both one and two way
communication systems using per-
forated and magnetic tape, and
punched card input/output are
covered. Tally Corporation, Seat-
tle, Washington.
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Ultra-Min Indicator Lights

A complete line of ultra-miniature
indicator lights, for rear mounting
in 34” clearance hole is presented
in Catalog L-208.

The light source in this series is a
T-2 type neon lamp designated as
NE-2H for high brightness and the
NE-2E for standard brightness op-
eration. The former is used on AC
circuits of 110-125 volts, the latter
on DC circuits of 105-125 volts.
With appropriate current-limiting
resistor, approximate lamp life is
25,000 hours.

Also described is the 915 Series.
This ultra-miniature series has
three terminals. A pair of ter-
minals, common to the hot side of
the power supply, permit extending
the circuit by jumpers to all lights
in multiple arrangements.

Specifications, drawings, lamp
data and ordering information is
included to aid in the selection of
the desired indicator lights. Dia-
light Corporation, Brooklyn, New
York.

Circle No. 310 on Inquiry Card

Power Supply Catalog

Eight-page catalog describes all
power supplies manufactured by
the firm including the new CS 7-3,
CS 1S-2, and CS 30-1 Card Supplies.
The line will service a total of 79
inductance low-voltage DC require-
ments. The new catalog carries
both price and delivery informa-
tion. Valor Instruments, Inc., Gar-
dena, California.

Circle No. 300 on Inquiry Card

Computer Measuring System

A brochure recently released de-
scribes a measuring system said to
provide all the versatility and flexi-
bility of a general-purpose digital
computer. The system, equipped
with a random access magnetic core
memory unit, has the capability of
calculating dimensional deviations,
generation of N/C tapes, pattern
duplication, “accept-reject” deter-
mination, alignment correction and
scaling with all operations per-
formed automatically.

Output of the computer is simul-
taneously printed and punched in-
to a tape by an ASR-33 teletype-
writer. The printed copy becomes
a permanent record of the complete
operation. The punched tape copy
is available for future processing,
such as statistical analysis or further
evaluation. Output of the com-
puter can be in any N/C or com-
puter format desired — on punched
tape or magnetic tape — and dif-
ferent programs can be run on the
same system. Potter Instrument,
Plainview, N. Y.

Circle No. 301 on Inquiry Card
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Ceramic Packages

Eight-page, three-color booklet, cov-
ering a line of high-performance
ceramic flat packs for packaging mi-
crocircuits presents the material,
mechanical, electrical and environ-
mental specifications of the pack-
ages. Titled “Microcircuits Pack-
ages,” the booklet also contains a
description of the package struc-
ture which employs a ceramic-to-
glass-to-metal seal and discusses its
advantages over the conventional
sintering technique, higher reli-
ability and simplicity of modifica-
tion. Tung-Sol Div.,, Wagner
Electric Corp., Newark, N. J.

Circle No. 302 on Inquiry Card

Ultra-High Surge 10-Watt
Stud Zener

Two-page data sheet describes new
350 Watt surge power, 10 Watt
continuous power stud-mounted
zener diodes — said to be the high-
est surge rating in the industry. In-
cluded are all the important zener
parameters as well as information
not often available to the designer,
such as leakage current and temper-
ature coefficient. Graphs are pro-
vided on surge duration vs surge
power, zener impedance vs zener
current, as well as on de-rating. In-
cluded also are outline drawings
and application and ordering in-
formation. Unitrode Corporation,
Watertown, Mass.

Circle No. 303 on Inquiry Card

Magnetic Tape Rehabilitation

A technically updated “Systematic
Guide to Magnetic Tape Rehabili-
tation” encompasses 6 basic areas
relating to the use and maintenance
of magnetic tape. Among the areas
covered are causes for tape failure,
rehabilitation concepts and cost
concepts.

A section on techniques and pro-
cedures describes processes such as
tape cleaning, testing, the hyper-
critical testing concept, certification
and repair, 7 to 9 channel tape con-
version and management reporting.
A section is devoted to helping the
data processing executive choose
the proper equipment to suit his
operation. Cybertonics, Wal-
tham, Mass.

Circle No. 304 on Inquiry Card
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DIGI-STORE" DS-2

DIGI-STORE® DS-2 is a hidirec-
tional, incremental magnetic tape
unit offering these advantages. ..

e Speeds up to 333 characters per
second.

e Operates in either read or write
mode—can replace both tape punch
and reader.

e High reliability — all-solid-state
circuitry — only one moving part
during operation.

e Handles any code up to 8 levels.
e Eight times more packing density
than paper tape — less tape bulk—
no chad.

e |Less tape handling cost — DS-2
tape can be reused thousands of
times.

e Compatible with conventional
paper tape data handling systems.
e Interface logic available to suit
individual requirements.

e Two DS-2 units — one operating
in the read mode, the other in write
— team up to make the Wiltek Buf-
fer-Store for use whenever a device
of variable data storage capability
of 1000 ch/ft. is needed.

WRITE FOR COMPLETE DS-2 DATA

WILTEK, INC.

formerly Trak Electronics Co., Inc.
I 59 DANBURY ROAD « WILTON, CONN.

CIRCLE NO. 12 ON INQUIRY CARD




FASTEST WIRING
 SYSTEM ANALYZER
~IN THE WEST AND
~ EAST AND NORTH
~ AND SOUTH.

The DIT-MCO System
- 6120 walks tall
- world of wiring system
Its a tough,
versatile and highly
testing unit
 that's ready, willing and
able to meet today’s de-
speed, ac-
curacy and flexibility.
Works on the latest fully
- automatic taped program
~and printout concept.

INSULATION TEST
CAPACITY:
2010 PER MINUTE!

CONTINUITY TEST
CAPACITY:

2963 PER MINUTE!
The DIT-MCO System
6120 has been thorough-
ly lab and field tested.

- analyzers.

. adaptable

- mand for

Switching Console contains
terminal selector and high
speed 500-termination Reed
relay switching modules that
give you a total system capacity
of up to 50,000 terminations.
Save time, save manpower,
save dollars —and — improve
both the testing function and
the tested product with the
DIT-MCO System 6120.

Write for Detailed Specs and
Full Information.

T@Mco

DIT-MCO INTERNATIONAL

A DIVISION OF XEBEC CORPORATION

5612 BRIGHTON TERRACE
KANSAS CITY, MISSOURI 64130
TELEPHONE (816) 363-6288
TELEX NUMBER 42-6149

in the

IT'S NO WONDER APPROXIMATELY 90%
OF ALL MAJOR MANUFACTURERS IN
THE COMPUTER AND AEROSPACE IN-
DUSTRIES ARE SATISFIED USERS OF
DIT-MCO SYSTEMS.

CIRCLE NO. 51 ON INQUIRY CARD
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easy to interface...easy to use

New Tally R-150A Tape Reader

[J Whether you're involved in system design or system usage, the new
Tally R-150A Tape Reader will fill the bill. [] From the user point

of view, the big, new feature is “top load” design for convenient, fast
‘‘straight line” tape loading. The “free” tape path and front panel
control switches add up to a fast and simple rewind operation.
Dependable starwheel sensing from the bottom of the tape allows
high speed reading of chadless tape. Bidirectional and asynchronous.
the R-150A operates at speeds up to 150 characters per second.
Newly developed servo motors for reeling are featured. Reliability
of the R-150A has been proven through extensive use in high traffic
military communications networks. [] Write us on your letterhead
and we’ll send you interface specs on this oustanding new

reader. [] Please address Tom Tracy, Tally Corporation, 1310 Mercer
Street, Seattle, Washington 98109. Phone: (206) MA 4-0760. In Europe
and the U.K., address Tally/APT, Ltd., 6a George Street, Croydon,
Surrey, England. Phone: MUN 6838.

CIRCLE NO. 53 ON INQUIRY CARD




