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The Class of 77

It's the Kennedy 9000 Series Digital Tape Transports—
the culmination of years of experience in defining,
designing and refining a product line. All Kennedy
Tape Transports possess features foundin no other
i line — features such as front accessible off-line
ey test panel, linear non-contact (Mag Pot) position
sensor, interchangeable electronics and capacitive
linear-loop sensing on our vacuum column machines.
Performance is equally impressive, with data
transfer rates to 200KHz and tape speeds to 125 ips.
But features and performance are only part of the story.
Kennedy products have always been designed and
built to be the finest in the field.
We call it class. So will you.

KENNEDY CO.

540 W. WOODBURY RD., ALTADENA, CALIF. 91001
(213) 798-0953
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Series 1 users can now add mag tape memory
capability to their Series 1 (Models 3 or 5) instal-
lation! The new DATUM seven- or nine-track

system permits recording densities of
200 bpi NRZ through 1600 bpi,
phase-encoded. Speeds: from 12.5
ips through 125 ips. As many as four
transports can be used.

Individually driven tape drive [/O ports.
Read-after-write parity checking. Quartz-
crystal-generated timing. Interfaces to
industry-compatible drives.

The system incorporates the new DATUM
“Universal User’s Adapter’ a device that
allows connection of external devices to the
Input-Output bus of Models 3 or 5 of
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the IBM Series 1 computers. The Adapter operates
in the “cycle -steal” mode while exchanging 16-bit
words with the computer. With this Adapter,
Series 1 users can tailor their system to their
own exact requirements, even to the extent
of interconnecting several computers.

New!
DATUM
Tape
System
for
IBM
Series 1!

Diagnostic and operational software is
included with each system. Color-coordinated
cabinets can be ordered. Service and
installation are offered throughout the U.S.
Deliveries are 90 to 120 days ARO.
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Peripheral Products Division

1363 S. State College Blvd.

Anaheim, California 92806

TWX: 910/592-1289+ 714/533-6333
Telex 68-5579
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WESTERN ELECTRONIC SHOW AND CONVENTION

Advances, trends, and applications of electronic technology in microcom-
puters, LSI devices, automatic test equipment, semiconductor devices, and
switching power supplies, among others, are explored during the in-depth
technical sessions featured at WESCON/77

COMPCON 77 FALL

Commencing with tutorials emphasizing the design and applications of micro-
processor systems, and outlining the emerging distributed processing tech-
nology, the IEEE Computer Society International Conference examines
advances of technology in relation to micro, mini, and maxicomputers

DESIGN DECISIONS ACHIEVE PRICE/PERFORMANCE BALANCE

IN MID-RANGE MINICOMPUTERS

by J. Craig Mudge

Selecting and designing capabilities into a mid-range minicomputer for a
wide spectrum of user applications are accomplished by evaluating com-
ponent improvements and relative costs

SOLVING MASS-PRODUCED ROM PROGRAMMING PROBLEMS WITH
BASE REGISTERS

by John A. Carroll :

Standard ROMSs, containing microcomputer programs, can be produced
economically on a large scale by incorporating base registers, a hardware
facility that links various software segments into a complete system

MULTIPLEXER SYSTEM REDUCES COST OF TERMINAL INTERFACING

by Austin Lesea and Nishan Urkumyan

Through careful determination of both hardware and software factors and
their inter-relationships, a microprocessor-based multiplexer system s
achieved that handles 32 EIA RS-232-C compatible terminals, and yet is
compact, reliable, and cost-effective

FIFTH PRIZE—MICROPROCESSOR/MICROCOMPUTER APPLICATION
CONTEST—ELECTRONIC DIET CONTROLLER

by Karen M. Moran

The need of many people to control their diets practically can be fulfilled
with a microprocessor-based controller which allows monitoring of principal
diet elements with clinic-like precision

AN ASYNCHRONOUS ARBITER RESOLVES RESOURCE ALLOCATION
CONFLICTS ON A RANDOM PRIORITY BASIS

by K. Sge Hgjberg

A random priority arbiter with “n” parallel input channels is a solution
to multiple requests and arbitration decisions for sharing of & common
resource

DUAL SYSTEM DEVELOPS SOFTWARE FOR TWO INDEPENDENT
MICROCOMPUTERS AT SAME TIME

Two programmers can develop software for different microprocessors simul-
taneously at approximately three-quarters the cost of two systems



You know now that;
western peripherals
isSNUMBERONE
in Magnetic lape
Controllers for

DATA GENERAL

NOVA and

DIGITAL EQUIPMENT CORPORATION

PDP-11 minicumputers.

You should also know
we make the best

Disc Gontrollers for
these minicomputers too.

For all NOVA’'s, NOVA-emulators and PDP-11’s-Like our
Tape Controllers, the Western Peripherals Disc Controllers
are fully embedded. Engineered to take advantage of the
latest in solid state technology, they offer the best combi-
nation of performance, reliability and cost. Features that
make them preferred include: Total DG and DEC software
compatibility, media compatibility, and accommodation of
virtually any cartridge drive including front load, top load,
or 10-high up to 100 megabytes.

WRITE FOR COMPLETE INFORMATION

western peripherals

(714) 991-8700 - TWX: 910-591-1687 - Cable: WESPER
1100 Claudina Place, Anaheim, CA 92805

CIRCLE 4 ON INQUIRY CARD

STAFF

‘Publisher and
Editorial Director
Robert Brotherston

Associate Publisher
Anthony Saltalamacchia

Editor
John A. Camuso

Managing Editor
Sydney F. Shapiro

Technical Editor
George V. Kotelly

West Coast Editor
Jonah McLeod
San Jose, Calif
(408) 225-6141

Associate Editor
Peggy Killmon

Assistant Editor
Joanne O’Donnell

Editorial Assistant
Betsy Ann Leavitt

Editorial Advisory Board
Brian W. Pollard
Ralph J. Preiss

Rex Rice

Contributing Editors
Richard Ahrons
A. S. Buchman

H. S. Miller
Harold H. Seward

Production Manager
Judy Lober

Advertising Production
Linda M. Wright

Art Director
James Flora

Technical Illustrator
Charles Manchester

Circulation Manager
Alma Brotherston

Marketing ‘Manager
Geoffrey Knight, Jr.

Assistant Marketing Manager
Megan Kern

Research Associate
Sidney Davis

Business Manager
David C. Ciommo

Vice President-Sales
Lindsay H. Caldwell

Editorial & Executive Offices
11 Goldsmith St
Littleton, MA 01460
Tel. (617) 486-8944

(617) 646-7872

Editorial manuscripts should be ad-
dressed to Editor, Computer Design,
11 Goldsmith St., Littleton, MA 01460.
For details on the preparation and
bmissi of ipts, request a
copy of the ‘““Computer Design Author’s
Guide.”

Computer Design is published monthly.
Copyright 1977 by Computer Design
Publishing Corporation. Controlled cir-
culation postage paid at Pontiac, Il
No material may be reprinted without
permission. Postmaster: CHANGE OF
ADDRESS—FORM 3579 to be sent to
Computer Design, Circulation Dept., P.O.
Box A, Winchester, MA 01890. Sub-
scription rate is $24.00 in U.S.A., Can-
ada and Mexico, and $40.00 elsewhere.
Microfilm copies of Computer Design are
available and may be purchased from
University Microfilms, a Xerox Company,
300 N. Zeeb Rd, Ann Arbor, Ml 48106.



New Concept in
Digital Filtering
Multiplier-Accumulator
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175 ns, 12 bits - $140 in 100’s | TRW LS Products

An Electronic Components Division of TRW, Inc.,

IDEAL FOR One Space Park

= FFT Processing = Sum of Products Redondo Beach, CA 90278

= Digital Filter — s Complex Multiplication Please send data sheets on the new 12x12 bit parallel
Recursive = General Signal Multiplier /Accumulator.
Non-Recursive Processing Applications

Subtractor— Single Chip, Bipolar, TTL.

The new TDC-1003J features controllable accumulation
and subtraction. It requires much lower power than equiv-
alent MSI multiplication-accumulation systems, yet fea-
tures much faster speed.

Let us show you how you can add functions, simplify the
design...and reduce total circuit cost. Contact your local
TRW Electronic Components field sales office or call us
at (213) 535-1831, or send the coupon. = NP SN ey N S i -

TRW/ s probucTs

...from a company called TRW

COMPANY

DIV/DEPT MAIL CODE

ADDRESS

CITY
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LCALENDAE] .

CONFERENCES

SEPT 6-9—Conf on Digital Processing of
Signals in Communications, University of
Technology, Loughborough, England. INFOR-
MATION: Conference Secretariat, Institution
of Electronic and Radio Engineers, 8-9 Bed-
ford Sq, London WCIB 3RG, England

SEPT 6-9—COMPCON Fall (IEEE Computer
Soc Internat’l Conf), Mayflower Hotel, Wash-
ington, DC. INFORMATION: COMPCON
Fall ‘77, PO Box 639, Silver Spring, MD
20901. Tel: (301) 439-7007

SEPT 6-10—INELTEC ‘77, U.S. Computer
and Peripheral Catalog Exhibition, Basel,
Switzerland. INFORMATION: US. Dept of
Commerce, Domestic and Internat’l Business
Administration, Catalog Exhibition Section,
Washington, DC 20230. Tel: (202) 377-3973

SEPT 7; OCT 4; and OCT 27—Invitational
Computer Conf, Boston Marriott, Newton,
Mass; Radisson South, Minneapolis, Minn;
and Cabana Hyatt House, Palo Alto, Calif.
INFORMATION: B. J. Johnson & Associates,
2503 Eastbluff Dr, Suite 203, Newport Beach,
CA 92660. Tel: (714) 644-6037

SEPT 19-21—-WESCON (Western Electronic
Show and Convention), San Francisco, Calif.
INFORMATION: William C. Weber Jr, Gen'l
Mgr, WESCON, 999 N Sepulveda Blvd, El
Segundo, CA 90245. Tel: 1-800-421-6816

SEPT 25-28—EASCON-77 (Electronics and
Aerospace Systems Conf), Sheraton Nat'| Ho-
tel, Arlington, Va. INFORMATION: Wayne
Shufelt, EASCON-77 Publicity Chm, Sperry
Univac, 2121 Wisconsin Ave, NW, Washing-
ton, DC 20007. Tel: (202) 338-8500

SEPT 26-28—Distributed Computer Control
Systems Internat’l, University of Aston,
Birmingham, England. INFORMATION: IEE,
Savoy Place, London WC2R OBL, England

SEPT 26-29—13th Electrical/Electronics In-
sulation Conf, Palmer House, Chicago, III.
INFORMATION: R. E. Pritchard, 1717 How-
ard St, Evanston, IL 60202. Tel: (312) 491-
1662

SEPT 27-29—Military Electronics Defense
Expo 77, Wiesbaden, West Germany. INFOR-
MATION: Joseph Maurer, Industrial & Sci-
entific Conf Mgmt, Inc, 222 W Adams St,
Chicago, IL 60606. Tel: (312) 263-4866

OCT 3-5—Sym on Computer Application in
Medical Care, Washington, DC. INFORMA-
TION: IEEE Computer Society, Exec Secre-
tary, PO Box 639, Silver Spring, MD 20901,
Tel: (301) 439-7007

OCT 3-6—EUROMICRO Sym, Amsterdam,
The Netherlands. INFORMATION: Ted Holt-
wijk, Philips Elcoma, Bldg BAE 2, NL-Eind-
hoven, The Netherlands

OCT 4-6—NEPCON Central ‘77 (Nat'l Elec-
tronics Packaging and Production Conf),
O’Hare Internat’| Trade and Exposition Ctr
and Hyatt Regency O'Hare Hotel, Rosemont,
IIl. INFORMATION: Industrial & Scientific
Conf Mgmt, Inc, 222 W Adams St, Chicago,
IL 60606. Tel: (312) 263-4866

OCT 6-8—3rd Internat’l Conf on Very Large
Data Bases, Tokyo, Japan. INFORMATION:
James Gabbert, MIT Sloan School, 50 Me-
morial Dr, Rm E53-330, Cambridge, MA 02139

OCT 6-12—Stockholm Internat’l Technical
Fair, Stockholm, Sweden. INFORMATION:
Radley Communications Ltd, 509 Madison
Ave, New York, NY 10022, Tel: (212) 838-
9215

OCT 9-15—INTELCOM ‘77 (Internat’l Tele-
communications Exposition), Atlanta, Ga. IN-
FORMATION: Barbara Coffin, Promotion
Mgr, Horizon House Internat’/l, 610 Wash-
ington St, Dedham, MA 02026. Tel: 1-800-
225-9971, (617) 326-8220

OCT 10-13—10th Conv of Electrical and
Electronic Engineers in Israel, Tel Aviv. IN-
FORMATION: Daphna Knassim Ltd, 444
Madison Ave, New York, NY 10022. Tel:
(212) 688-7072

OCT 17-20—ISA/77 (Instrument Society of
America Conf & Exhibit), Internat’l Conv
Ctr, Niagara Falls, NY. INFORMATION:
Instrument Society of America, 400 Stanwix
St, Pittsburgh, PA 15222, Tel: (412) 281-
3171

OCT 18-20—Internat'l Conf on Modeling
Semiconductor Devices, Lausanne, Switzer-
land. INFORMATION: Secretariat des Jour-
nées d'électronique, Dept d'électricité-EPFL,
16 chemin de Bellerive, CH-1007 Lausanne,
Switzerland

OCT 19-20—10th Annual Electrical Con-
nector Sym, Cherry Hill, NJ. INFORMATION:
Electronic Connector Study Group, Inc, PO
Box 1428, Camden, NJ 08101. Tel: (609)
424-4014

OCT 25-27—Semiconductor Test Sym, Cherry
Hill, NJ. INFORMATION: Mrs. R. J. Sunder-
land, Secretary and Registrar, Test Sympo-
sium Committee, PO Box 2340, Cherry Hill,
NJ 08034. Tel: (609) 424-2400

OCT 28—Society for Information Display
(SID) One-Day Technical Conf, Sheraton
Inn/Airport, San Diego, Calif. INFORMA-
TION: Dan Heflinger, DatagraphiX, Inc,
PO Box 82449, San Diego, CA 92138. Tel:
(714) 291-9960

OCT 31-NOV 2—AIAA/IEEE/NASA Com-
puters in Aerospace, Hyatt House Hotel,
Los Angeles, Calif. INFORMATION: Hugh
Harrington, Dept E411, McDonnell Douglas
Astronautics, PO Box 516, St Louis, MO
63166. Tel: (314) 232-9102

NOV 2-4—AUTOTESTCON ‘77 (IEEE Inter-
nat’l Automatic Testing Conf), Dunfey's
Resort, Hyannis, Mass. INFORMATION: Eu-
gene B. Galton, Gen’l Chm, AUTOTESTCON
71, RCA Corp, PO Box 588, Burlington, MA
01803. Tel: (617) 272-4000

NOV 7-11—Electronic Components 77, U.S.
Trade Ctr, London, England. INFORMA-
TION: Robert Connan, Office of Internat’l
Mktg, US. Dept of Commerce, Washington,
DC 20230. Tel: (202) 377-3465

NOV 8-10—Compec UK ‘77 (Computer Pe-
ripherals Exhibition), Wembley Centre, Lon-
don, England. INFORMATION: Iliffe Pro-
mations Ltd, Dorset House, Stamford St,
London SE1-9LU, England

NOV 8-10—MIDCON, O'Hare Cony Ctr and
Hyatt Regency Hotel, Chicago, IIl. INFOR-
MATION: W. C. Weber Jr, IEEE, 999 N
Sepulveda Blvd, El Segundo, CA 90245. Tel:
(213) 772-2965

NOV 8-11—COMPSAC ‘77 (IEEE Computer
Soc Software & Applications Conf), Sher-
aton-O'Hare Motor Hotel, Chicago, Ill. IN-
FORMATION: Prof Stephen S. Yau, Dept of
Computer Science, Northwestern U, Evan-
ston, IL 60201. Tel: (312) 492-3641

SEMINARS

AUG  22-26—Microcontrollers  6800-8080,
Rowntowner Motel, Rochester, NY. INFOR-
MATION: InfoScope Inc, PO Box 681, E
Brunswick, NJ 08816. Tel: (201) 238-2220

SEPT 19-21—Minicomputers, U of Chicago,
Chicago, Ill. INFORMATION: William A.
Kulok, New York Mgmt Ctr, 360 Lexington
Ave, New York, NY 10017. Tel: (212)
953-7262

SHORT COURSES

SEPT 7-9—Computer Programming for the
Non-Programmer; SEPT  12-16—Telecom-
munications Policy Problems; SEPT 14-16—
Software Design for Data Communication
Systems; and SEPT 19-23—Modern Data
Communications, George Washington U,
Washington, DC. INFORMATION: Director,
Continuing Engineering Education, George
Washington U, Washington, DC 20052. Tel:
(202) 676-6106, 1-800-424-9773

SEPT 12-16—Bubble Domain Technology,
UCLA, Los Angeles, Calif. INFORMATION:
Continuing Education in Engineering and
Mathematics, Short Courses, 6266 Boelter
Hall, UCLA Extension, Los Angeles, CA
90024. Tel: (213) 825-1047

SEPT 26-30—Mini/Microcomputer Systems,
Milwaukee, Wis. INFORMATION: John T.
Snedeker, Dept of Engineering, U of Wis-
consin-Ext, Civic Ctr Campus, 929 N 6th
St, Milwaukee, W1 53203. Tel: (414) 244-
4193
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our worldwide micro
dwarfs anything

We're mtroducmg over 100 compatible
MPU family components this year.
DM068A21P

DMCSB?OP

One-Chip Microcomputer

L—_IMC387OCP

One-Chip Microcomputer

[JMC3870L

One-Chip Microcomputer

[JMC3870CL

[]MC6800CP

Microprocessor

DMCGBOOMTL

Microprocessor

[ JMERR0ehL

[ JMCe802P

Microprocessor + RAM & Clock

DM06802CP

Microprocessor + RAM & Clock

[JMCe802L

Microprocessor + RAM & Clock

DM06802CL

Microprocessor + RAM & Clock

Byte-Organized RAM

MCM681OML

I_’ Dnﬁéjé}w

|:|M06821CP

| Interface Adapte:

DMC6821CL

Peripheral Interface Adapter

DMCM681OCP

DMCM681OMTL

Peripheral Interface Adapter

DM068A21 L

Peripheral Interface Adapter

DMCGSB21 P

Peripheral Interface Adapter

DMCGBB21L

Peripheral Interface Adapter

DM06821 MTL

Peripheral Interface Adapter

DMC6821ML

Peripheral Interface Adapter

DMC684OP

Programmable Timer

DM0684OCP

Programmable Timer

[ R
[JMCeg4oCL

Programmable Timer

DMC68A4OP

Programmable Timer

DM068A40L

Programmable Timer

[JMC68B40P

Programmable Timer

DMC6884OL

Programmable Timer

E]MCGB4OMTL

Programmable Timer

I:] MC6843P

Floppy Disk Controller

DM06843L

Floppy Disk Controller

DM06844P

DMA Controller (1.0 MHz)

D MC6844L

DMA Controller

DM06845P

CRT Controller

[:I MC6845L

CRT Controller

D MC6846P

MC6802 Combo

DMC684GCP

C6802 Combo

M C6846L

[:IMC68SOCP

Asynch. Comm. Interface Adapter

¥

DMC6850MTL

Asynch. Comm. Interface Adapter

DMCGSSOML

DM0685ZCP

Synchronous Serial Data Adapter

D MCG68A52P

Synchronous Serial Data Adapter

D MC68A52L

Synchronous Serial Data Adapter

L__|MC6852MTL

Synchr Serial Data Adapter

D MC6854P

Advanced Data Link Controller

[JMC6854CP

Advanced Data Link Controller

|:| MC6854L

Advanced Data Link Controller

[JMCé854CL

Advanced Data Link Controller

DMC68A54P

Advanced Data Link Controller

DM068A54L

Advanced Data Link Controller

DM068854P

Advanced Data Link Controller

DMCGSBS4L

Ad ed Data Link Controller

DM06854MTL

Advanced Data Link Controlle

DMCGB?SP

Clock Oscillator/Driver—

[JMCe875L

Clock Oscillator/Driver—

D MC68488P

ral-Purpose Interface Adapter

D MC68488CP

General-Purpose Interface Adapter

D MC68488L

ral-Purpose Interface Adapter

DMC684880L

I-Purpose Interface Adapter

|:| MC68A488P

ral-Purpose Interface Adapter

Asynch. Comm. Interface Adapter

ﬂ

|:| MC68A488L

ral-Purpose Interface Adapter

D MC68B488P

eral-Purpose Interface Adapter

I:] MCB8B488L

General-Purpose Interface Adapter

DM068488MTL

[JMCM6830CL

1K ROM

DMCMGSASOP

1K ROM

DMCM68A30L

1K ROM

DMCMSSBBOP

1K ROM

DMCMSBBSOL

1K ROM

DMCMSSSOBCL

8K ROM

DMCM68A308P

8K ROM

DMCM68A308L

8K ROM

DMCM6831 6AP

16K ROM

DMCM6831 6AL

16K ROM

MCM68A316EL

16K ROM

itan. |

2nd Quarter, 1978

MMC6801

‘oprocessor

3rd Quarter, 1978

|:| MC6809

Microprocessor

o
O Introducing Now
O To Be Introduced

Frequency Range
MC68XX = 1.0 MHz
MC68AXX = 1.5 MHz
MC68BXX = 2.0 MHz

Temperature

MC68XX = 0°C to +70°C
MC88XXC = -40°C to +85°C
MCB8XXMT = -55°C to +125°C
MC68XXM = MIL-883

Package

MC68XXP = Plastic
MC68XXL = Ceramic
Pin-Out Variations
Suffix A, Suffix E

COMPUTER DESIGN/AUGUST 1977



computer commitment
you’'ve seen.

2 k Bytes ROM
10 1/0 Lines
3 Lines Timer

MC6802 Two-chip minimum system

Here, on a single chip, is a
complete MC6800 micropro-
cessor, plus a clock and 128
bytes of RAM. The first 32 bytes
of that RAM can be held in a
low-power mode for memory
retention during power-down
situations. Add the soon-to-be
available MC6846 ROM-I/0O-
Timer combo circuit, and you
have a complete, cost-effec-
tive minimum microcomputer
system.

The glory of it all is total
compatibility: not just software
compatibility, but software and
hardware compatibility plus bus
compatibility. The powerful
MC6802 instruction set is

identical to the MC6800. Total

compatibility with the M6800
Family; there’s no need for extra
training, and no need for dif-
ferent or additional hardware
or software. It also means the
MC6802 is easily expanded to
65K words.

Select either the plastic or
ceramic-package MC6802.
Bothareavailable. Remember,
too, that the MC6802 features
standard TTL-compatible inputs

and outputs, and that it inter-
faces readily with either fast or
slow memories. A little dash of
design genius permits the
6802toincreasethecosteffec-
tiveness of operation by allow-
ing the substitution of a4 MHz
crystal in lieu of the normal
1 MHz crystal.

6800 MPU

AT
VY
<%t

=28 - The payoff

i on Motorola’s
microprocessor commitment
is strikingly evident when you

review the chart of our 1977
introductions. This group of
compatible microcomputer
system components gives
Motorola the broadest and
most effectively coherent
range of microprocessors and
related devices offered for your
systems. Something for nearly
everyone, and growing fast.
An output of this magnitude
takesaglobal commitment like
Motorola’s, with manufacturing
and second sourcing on three
continents, and field opera-
tions throughout the world.

We're planning 1977 intro-
ductions in the non-M6800
microcomputer component
area as well. You'll be seeing
these additional payoffs on our
MPU commitment soon.

Measure these results of
Motorola’s microprocessor
commitment against your
system design criteria. Let us
demonstrate how Motorola can
do the job for you.

|
|

To: MOTOROLA SEMICONDUCTOR PRODUCTS, INC. |

DIRECT ACTION

Motorola Microproducts, 3501 Ed Bluestein Blvd., Austin, Texas 78721
| have an immediate requirement. Please call me. Phone

My application is:

NAME

___TITLE
FIRM DEPT.
ADDRESS _

CITY/STATE/ZIP __

MOTOROLA Semiconductors

The mind to imagine. .. the sKill to do.
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LETTERS TO THE EDITOR

To the Editor:

Prosser and Winkel (“Mixed Logic
Leads to Maximum Clarity with Mini-
mum Hardware,” Computer Design,
May 1977) have made an incorrect
generalization when they conclude
that no textbooks emphasize the
mixed logic approach to logical de-
sign. Several texts, including The
Design of Digital Systems, by Peat-
man (McGraw-Hill, 1972) and Fun-
damentals of Digital Systems Design
by Rhyne (Prentice-Hall, 1973), in-
troduce this technique and make ex-
tensive use of its capabilities as a
combinational design tool. The latter
text has even been in use within the
Electrical Engineering Department at
the University of Wyoming, Winkel’s
“home base,” for the past several
years.

The real problem with the use of
mixed logic (or the “polarity indicator
system” as the current ANSI-IEEE
standard calls it) is the use of the
circle or bubble to represent the low-
TRUE condition. This has been pop-

ularized in industrial practice, even
though it uses the same symbol to
represent both logical inversion and
negative-TRUE polarity assignment. In
an attempt to clarify this situation,
many different approaches to denoting
polarity have been introduced, in-
cluding the H/L trailing letter
espoused by Prosser and Winkel, and
the use of plus and minus signs carried
along with each logical symbol name.
The ANsr-IEEe standard currently in
effect adds a new symbol, a triangular
wedge, that indicates when input or
output signals are negative-TRUE.
Widespread acceptance of this sym-
bol is yet to be seen.

Unfortunately, the approach to logic
design that is recommended in the
ANSI-IEEE standard insists upon the use
of either a polarity based system
(wherein the logical NoT function is
never used) or the use of a fixed-
polarity system. As Prosser, Winkel,
and several others have pointed out,
the combined use of both the NoT and
changes in polarity results in a most

straightforward methodology for digi-
tal systems design.

Tom Rhyne
Texas A&M University
College Station, Tex

The Authors Reply:

Tom Rhyne’s textbook does indeed
espouse mixed logic design. Rhyne
emphasizes the vital distinction be-
tween logic level and voltage level;
and although we do not enjoy his
choice of notation, we are delighted
to have this use of mixed logic pointed
out to us. The Peatman textbook does
not use mixed logic, instead using the
positive-true convention (p 70 and
subsequent examples). Peatman’s
small circle represents a logic inver-
sion, rather than a voltage conven-
tion. As we have seen, this leads to
unnecessary complications.

Franklin Prosser
David Winkel
Indiana University
Bloomington, Ind

To the Editor:

I commend your journal and authors
Prosser and Winkel on the recent ar-
ticle concerning mixed logic.! I have
been applying the logic concepts out-
lined in that article in my designs
for over 15 years. I also teach a
course in logic design and include
these concepts in my lectures.

Computer Design published two
articles on mixed logic in 1970-
1971.23 1 thought that those articles
presented a very ambiguous approach
to the problem and stated some of my
ideas in a letter to the editor.* Several
other letters on the subject followed,
and I received several personal letters
from design engineers that expressed
agreement with my position.

Now, seven years later, a prob-
lem still exists concerning the prac-
tical and logical concepts of using
mixed logic in logic design. Prosser
and Winkel have done an excellent
job of stating the problems and dem-
onstrating the clarity obtained in
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correct mixed logic designs. The prob-
lem still exists because engineering
texts gloss over these mixed logic
concepts, if they mention them at all,
and do not leave the student with a
clear understanding of what it’s all
about. I too, like Prosser and Winkel,
hope that experienced and new design
engineers will adopt these concepts
that lead to superior designs.

References
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J. S. Byrd
E. I. du Pont de Nemours & Co
Aiken, SC

Computer Design wishes to in-
vite readers to offer comments,
criticisms, ideas, and sugges-
tions relating to the computer
industry and to material covered
in the articles and departments
of this magazine. Letters offer-
ing thoughtful comment on sub-
jects of key interest will be pub-
lished.

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460
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Floppy
Typewriter?

What's a floppy typewriter? We don’'t know. We haven't seen one either. But if you're
developing one that requires an AC motor in the range of 1/150 to 1/2 horsepower, 3.1
to 4.69 inches dia., we are confident we can supply you the motors you need.

Why Robbins & Myers? Because we have a wealth of experience in designing and
manufacturing electric motors to meet the unique motor requirements of computer
peripheral, word processing, and business machine industries. If you are designing a
disc drive, printer, I/O device, or even a floppy typewriter, we are probably already
making a motor similar to the one you want, and can customize it for you.

Our application engineers would welcome the opportunity to discuss your specific
motor or gearmotors requirements. Telephone them at (614) 446-4012. Or request
catalogs D-1150 and D-1171 from Electric Motor Division, Robbins & Myers, Inc., P.O.
Box 508, Gallipolis, Ohio 45631.

[Rq Robbins & Myers

Electric Motor Products
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COMMUNICATION CHANNEL

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

Computerized Voice Network Control

Recent “Communication Channel” columns have dis-
cussed the nature and application of the revised AT&T
tariffs, particularly the Wide Area Telecommunications
Service. These tariffs define communications services that
are widely used for both data and voice communications
requirements. Major changes with respect to both rates
and structure automatically impact a wide spectrum
of information system users and applications. Unless
these changes are quickly assessed with respect to each
individual environment, many systems unknowingly and
unnecessarily incur higher communications costs.

The largest segment of communications users com-
prises business administrative voice applications. Data
communications activities are embedded in a number of
such applications. As discussed last month, the trend of
these newer communications service tariffs is to provide the
user with less visibility into the source of this communica-
tion cost as well as with fewer alternatives to maximize
the value returned on his monthly communications in-
vestment. Communications system management unfor-
tunately is evolving toward more estimate-derived rather
than factually-based decisions.

Communications common carriers (ie, telephone com-
panies) in attempting to minimize their billing costs are
also reducing usage visibility and restricting network de-
sign alternatives. An additional factor that must be con-
sidered in light of these continuing tariff trends is the
economy potentially available from various private line
tariffs as alternatives to the switched network tariffs such
as the Wide Area Telecommunications Service (WATs)
Tariff (FCC Tariff No 259).

Communications system designers and managers have
typically been very selective in their application of pri-
vate or leased lines, such as foreign exchange service or
tie-lines, due to the highly limited permissible calling
area. A foreign exchange service to a remote city must
be limited to that city’s metropolitan area and perhaps
selective surburban areas in order to realize anticipated
calling cost savings and to avoid toll charges generated
from the foreign exchange line. Unfortunately, the ac-
ceptable calling area for such a foreign exchange service
is not easily identified. Permitted calling area of a wWATs
line can be defined with respect to area codes which com-
prise part of the called number. A permitted “local” call-
ing area for a foreign exchange service would typically
consist of a few hundred randomized telephone company
central office designations or an extensive list of city and
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town names that are not necessarily known to the call
originator. In such an environment, personnel procedural
adherence can reasonably be expected to be quite low.
The result, therefore, has been the limited use of such
foreign exchange services on either a local or national
basis.

Under the revised wATs rates the cost per minute for a
band 1 warTs call would be approximately $0.276 assuming
the average monthly line utilization of 40 hours. A foreign
exchange service to a major city in that band (New York
to Philadelphia) would cost approximately $0.063/min
for a foreign exchange service carrying the same traffic
volume. While such a dramatic cost savings should gener-
ate a high demand for such private line services, the
operational complexity tends to negate any such potential
value.

Both of these management concerns of increasing visi-
bility and the application of alternative network services
has significantly stimulated the demand for computerized
communications systems. The access, control, and monitor-
ing of these various communications network services
must be under the direction and supervision of a com-
puterized switching system. These computerized branch
exchanges (cBx) have rapidly established all the tradi-
tional nonprogrammable voice-grade communications
switching systems as obsolete.

“Computerized pBx Systems” (“Communication Chan-
nel,” Computer Design, May 1976, pp 14, 19) discussed
the concept of this blending of computer and telephone
system technologies. Of the cBx examples discussed in
that column, the Rolm cBx system and the Western Elec-
tric Dimension system have emerged as the leading com-
puterized telephone systems by virtue of installed popula-
tion. The Dimension system is provided exclusively
through the AT&T operating telephone companies, on a
state-tariffed monthly rental basis, while the Rolm cBx
system is available as an interconnect system. As such,
the functions available with a Dimension system may
vary according to the individual state’s communication
tariff provisions; all Rolm cBx systems provide the same
capabilities. For purposes of illustration, therefore, the
role of a computerized telephone system in this discussion
will relate to the Rolm cBx system.

Increased Visibility

In order to properly manage any dynamic environment,
the means must be available to constantly measure the
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activities and events within that environment. This prem-
ise, coupled with the magnitude of costs associated
with a communications network, further emphasizes the
necessity for such visibility. In addition, that visibility
must be timely. It would be totally academic to analyze
the communications activity of six months ago in order
to formulate communications network decisions for next
month. Particularly during periods of unusual change,
such as a rate increase or reconfiguration of a communi-
cations network, management must be able to rapidly
ascertain any value impact and quickly adjust accordingly.
This can only be achieved by a call recording environ-
ment under total control of the network’s communications
manager.

Many communications facilities with a major monthly
expense often have no way of monitoring or tracking
their actual usage and hence the value returned from
that monthly investment. Such facilities would comprise
local calling, In-waTs, tie-lines, and foreign exchange
services. Actual calling usage data for toll calling and out-
ward-wATs service can typically be obtained from the
associated telephone companies for an additional charge,
and with a significant delay from the time of the call to
the time the data are available.

A computerized communications system will record all
calling activity by individual calls for every incoming as
well as outgoing call, regatdless of the actual communica-
tions facility utilized. This basic information must be
coupled with the call destination identification, and for
outgoing calls, the call origination identification. Selective
compilation of this cBx-produced usage data enables the
manager to properly assess the present value of the com-
munications network and accurately identify network
modifications that would return an even greater value.

Many times the course of action required to realize an
improved value rate of return includes significant calling
procedural modifications. These procedures usually in-
volve a large, dynamic number of personnel to be re-
trained and/or excessively complex, required procedures
such as foreign exchange service calling procedures. The
result is that communications system management, aware
of the required network changes, resigns itself to the
reality of a continued inefficient system with its associ-
ated lost value. It is therefore necessary that total calling
usage visibility be provided in a timely manner by the
cBx and that usage also be controlled by the same
cBX system without significant personnel participation.

Alternative Network Services

Since the cBx performs individual call routing decisions
based on stored tables and instructions, user personnel
have minimal call procedure participation. When person-
nel have no procedures to follow, it logically follows that
they will have no procedures from which to deviate. This
simplified fact constitutes the design philosophy of these
CBX systems.

Many foreign exchange service applications that were
not implemented due to calling procedure complexities
are now totally feasible. A list of telephone company
central office designations permitted to be reached via a
foreign exchange service can be stored in the cBx mem-
ory. Whenever a call is entered for a telephone number
in that remote central office, the connection is automatical-
ly established using the foreign exchange service without
any participation or awareness of the call originator. This
same automatic routing of outgoing calls to other com-
munications facilities such as waTs also assures the proper
placement of calls for minimum cost and maximum value.

CRDS

THE MICRO FLOP-11 CAN DO YOUR PDP-11V03
JOB FOR YOU . .. AT HALF THE PRICE
... AND IN HALF THE SPACE

Functionally identical to the PDP-11V03, the MF-11 uses a 10-1/2"” rack mountable or table top enclosure
which houses the dual floppy system, and a 4 slot backplane to accommodate the LSI-11 Microprocessor.
The LSI-11 can be purchased from CRDS as part of the MF-11
system, or you can choose to purchase the MF-11 without
the LSI-11, and install your own LSI-11 within the enclosure. .
® Up to 28K of MOS Main Memory . I
@® Available with LA36 DEC Writer Il or VT52 DEC Scope Terminal
The basic MF-11 System includes the 10-1/2" enclosure with front panel console, Shugart’s SA800 dual
floppy system with Controller/Interface card, four slot backplane, and power. Many options are available
including the LSI-11 (KD-11F) Microprocessor with 4K mos. memory.

Base Price without LSI-11 included: $3,440.00 @ Base Price with LSI-11 included: $4,290.00
If you need a microcomputer/floppy disk system with industry standard hardware, reasonable delivery and at
an excellent price, why not give us a call.

FD-11—CIRCLE 8 ON INQUIRY CARD

OTHER Lo-Cost dual floppy system having total software
CRDS compatibility with PDP-11 and LSI-11. Controller contains
PRODUCTS: Bootstrap Loader, self tester, formatter and processor
interface on single quad card.

Charles River Data Systems, Inc., 235 Bear Hill Rd., Waltham, MA., 02154 (617) 890-1700

Features:

@ Compact Version of PDP-11V03

® Total Software compatibility without modification
RT-11 @ e FORTRAN IV

® IBM 3740 Format

® Bootstrap Loader, Self-Tester, and Formatter

® Optional Double-Sided Drives

KS-15—CIRCLE 9 ON INQUIRY CARD

from 8K to 131K.

Add-on core memory for the PDP-15. Eliminates need for MX-
15 Multiplexer for capacities beyond 32K. Add-on capacity

CIRCLE 10 ON INQUIRY CARD
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Even local metropolitan and suburban areas in which
the cBx is located can be called for greater value by the
design and automatic loading of a local foreign exchange
network. A typical metropolitan area could charge $0.25
for a 5-min call to the city’s suburbs. Most intrastate
tariffs provide businesses with a free calling zone if the
call enters the public telephone network at a point in the
suburbs. This zone can typically encompass an area of
10 to 15 miles surrounding the suburban telephone ex-
change. Foreign exchange services from the metropolitan-
located cBx into various suburban areas can provide free
local calling with automatic call routing based on the
destination telephone central office designation. A monthly
charge of approximately $100 is typical for a suburban
foreign exchange service. Assuming it is only 50% utilized
with these typical 5-min calls, a company would be paying
only $0.104/call for a normal $0.25 call. Such a local
network could reduce local calling cost by approximately
58%. Visibility of these local calls would permit the proper
design of such a local network as well as allow its con-
tinued maintenance and management.

The lowest cost/call is only part of the calling value
algorithm. The resulting network must, at the same time,
provide the legitimate calling personnel with a grade of
service that does not conflict with their calling availability.
Few calls can actually be classified as emergency calls
that cannot wait for a busy communications facility to
become available. Most calls that bypass a busy wats or
foreign exchange facility incur toll charges because of
the call originator’s concept of convenience and efficiency.
The call itself could wait a few minutes for an available
facility, but the call originator does not want to continually
attempt to find the desired communications facility’s avail-

= N
The probes for
the PRO!

4 of the 25 reasons you should
be using the new KK 600
Series Logic Probes

Pulse — will capture and display a single

5NS (200 MHZ) Pulse.
Single or Dual Threshold®

“I"" or "Hi"” full time — DC to 200 MHZ

“0" or “Lo" full time — DC to 200 MHZ

® Kurz:Kasch,Inc.

ELECTRONICS DIVISION
BOX 1246

1501 WEBSTER STREET
DAYTON, OHIO 45401
(513) 223-8161
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ability. In view of a better grade of service prompted by
the call originator’s requirements rather than the call’s
actual degree of urgency, most communications networks
are configured with more trunks than are actually required.

Call queuing addresses the resolution of call urgency
and caller’s efficiency. When a cBx system, in attempting
to automatically connect a call, encounters a busy facility,
the call is placed into a waiting queue. This table in the
cBxX memory identifies the desired destination telephone
number and location (extension) of the call originator.
The table also must have the ability to prioritize these
queued calls on a first-in, first-out basis similar in con-
cept to that used in digital message or data switching
system output message buffers. When the desired facility
becomes available, the originator is then called by the cBx
and the destination telephone number automatically dialed
from the queue table. This capability has relieved the
call originator of the time-consuming task of repeatedly
attempting to access the busy communications facility or
waiting for the facility’s availability with the telephone in
hand. The convenience and efficiency criteria of the
typical call originator has been properly satisfied. Actual
experience has shown a call queue duration of up to
10 min is easily absorbed by the calling personnel’s pe-
ripheral business activities, resulting in virtually no call-
delay complaints. -

With respect to the communications network value,
maximum loading on a minimum number of communica-
tions facilities can be realistically achieved and maintained.
Analogous to the historical technique of switchboard
operators’ placing all calls for personnel, the resulting
experienced grade of service is totally compatible with
the vast majority of users.

This equilibrium between network cost and grade of
service is particularly critical with the revised wats tariff.
No longer is usage and hence cost calculated on a per
facility basis. The use of average line loading to determine
cost renders the usual decision to add one more line con-
siderably more significant than a few additional monthly
dollars. If a present band 1 wats trunk group has a total
of five trunks and carries an accumulative usage of 23,500
min, the monthly cost would be $4643.50 with the revised
tariff. This network configuration would typically present
a call blocking factor of nine busy signals for every 100
call attempts (9:100-P09). By adding one more band 1
measured time wATs line, the grade of service would im-
prove to approximately 3:100, yet the monthly cost would
increase to $5030.06. This is an increase of 8.3%. Under
the previous warts tariff, that improvement in the grade
of service would have increased the charge from $3900.50
to $3949.50, an increase of $49/month (1.3%).

It is therefore mandatory for every communications
system manager to realize the network limitations imposed
by these recent communications service tariffs. The in-
creasing lack of provided visibility coupled with decreasing
network design and configuration alternatives must be
compensated for by computerized monitoring and control
of these networks. It is equally imperative that the capa-
bilities and functions that can be implemented in these
computerized telephone systems be under the complete
control of the communications network management and
certainly not within the exclusive domain of the vendor
of the associated communications facilities and services.
It is encouraging to note that through these network man-
agement techniques provided by computerized control,
communications network value can be not only maintained
but also improved, in spite of the continuing philosophy
of the communications tariffs to deny such visibility and
control to responsible communications network manage-
ment.
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and TALOS
does it best?

Sound a little strange ... Not Really! Throug t dry of a Talos standard, rear-
projected or back-lighted Digitizer used in conjunctid®with a computerized study of x-rays,
vital pictures of Debra's beautiful eyes or teeth, her lungs, her perfect bone structure can be
digitized and committed to the memory of some lucky computer. Further, her entire ward-
robe can be created with the aid of a TALOS digitizer.

Dilgl;ltitzlers are the eyes of a computer and Talos CYBERGRAPH™ units have “‘seen” a lot of
applications.

Advertising Cartooning Engineering Military Seismology
Agriculture Cellular Research  Environmental Studies Movies Stress Analysis
Aircraft Control Clothing Forrestry Natural Resources Text Editing

Animal Research  Data Reduction Interactive Graphics Order Entry Topography
Architecture Dental Inventory Control Orthodontia Waveform Studies
Astronomy Design Land Reclamation Pathology Weather Forecasting
Astrophysics Drafting Mapping Pattern Generation

Cartography Education Medical P. C. Boards

So, if you want a digitizer to help you visualize, imagine, create, diagnose, etc., ask for Talos.
We have the widest range of sizes and configurations available anywhere.

balos

For the complete story contact: TALOS SYSTEMS INC.
Dept. A101 e 7419 East Helm Drive e Scottsdale, Arizona 85260 e (602) 948-6540

Talos really does do it best!
—
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You don't have to think big

One of the biggest names in big computers The whole family—from the world’s first

just became one of the biggest names in mainframe on a board to the top of the line
small computers. —will carry the Sperry Univac label.

Because Sperry Univac just acquired Of course, these machines were always
Varian Data Machines. Lock, stock, and a good buy. But now they're assured of all the
slide rule. service and support that Sperry Univac can

From now on, Varian's complete line of command. All the former VDM employees,
mini's will be brought to you by the mini- all the dollars, all the dedication.

computer operations of Sperry Univac. What's more, we're totally committed to
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to think Sperry Univac.

supporting and enhancing Varian's current
product line.
Write to us at Sperry Univac Mini-computer
Operations, 2722 Michelson Drive, Irvine,
California 92713. Or call (714) 833-2400.
The fact is, Sperry Univac is going to be
a big success in small computers.
Sperry Univac. Mini's that think like —

mainframes.
CIRCLE 13 ON INQUIRY CARD
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Programmable Controller
Approved for SDLC/HDLC

Data communications network proto-
cols require considerable interface in-
telligence because of the high level de-
cisions and responses being trans-
mitted and received. To fill this need
economically, a programmable multi-
protocol mos Ls1 device, developed by
Standard Microsystems Corp, Haup-
pauge, NY, processes both spLc and
HDLC protocols.

COM 5025 is a 40-pin monolithic 1c
that uses the copLamos™ n-channel
silicon gate process and operates at
speeds to 2M baud. The universal
synchronous receiver/transmitter pro-
vides dedicated control and imple-
mentation of major protocols, includ-
ing bit-oriented types such as spLc,
HDLC, and apcce, and byte-oriented
BisYNC and ppcmp, and is the first
programmable chip controller ap-
proved for these protocols. It is pro-
cessor-compatible (8- or 16-bit), and
direct TTL-compatible, and contains
selectable protocols and a 3-state in-
put/output bus. Data, status, and
control registers are double buffered.
Full- or half-duplex operation is pro-
vided by means of independent trans-
mitter and receiver clocks.

Data lengths are individually select-
able for receiver and transmitter from
one to eight bits. Data, status, and
control registers are linked to a master
reset which initializes them to spLc
protocol on power-up. A built-in main-
tenance feature tests operation of the
chip by performing data loop-around
internally.

The controller is responsible for all
higher level decisions and for inter-
pretation of some fields within mes-
sage frames. The degree to which
this occurs is dependent on the proto-
col being implemented. Receiver and
transmitter logic operate as two totally
independent sections with a minimum
of common logic.

For bit-oriented protocols such as
spLc, HDLC, and Apcce, the device
provides bit stuffing and stripping,
automatic frame character detection
and generation, and residue handling.
Messages which terminate with a par-
tial data byte are accompanied by the
number of valid data bits available.

Options for bit protocols include
variable length data (1- to 8-bit
bytes), error checking—16-bit poly-
nomial CRCc (or ccrrT)—primary or
secondary station address mode, ex-
tendable address field to any number
of bytes, extendable control field to
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two bytes, and idle mode to transmit
flag characters or mark the line.

For byte-oriented protocols, auto-
matic detection and generation of
sYNC characters is provided; options
include variable length data, variable
sync characters (5, 6, 7, or 8 bits),
error  checking—16-bit  polynomial
crc (or ccrrr)—as well as odd/even
parity, deletion of leading sync char-
acters after synchronization, and an
idle mode to transmit sync characters
or to mark the line.

The chip is compatible with speci-
fications described in IBM General
Information Bulletins GA27-3093 and
GA27-3098 and IBM Systems Journal,
Vol 15, No 1, 1976 (G321-0044),
EIA Standard RS-334, ccrrt Standard
X.25, and Anst X353 and XS34/589.
Typical cost (in 500 to 999 quantity)
is $61.40/unit.

Circle 400 on Inquiry Card

Tests Study Use of
Fiber Optics in Secure
Communications Systems

Three advanced development models
of fiber optics, built by International
Telephone and Telegraph Corp,
Hughes Aircraft Co, and Harris Corp,
are being studied by the Electronic
Systems Div of the Air Force Sys-
tems Command as a way to protect
communication of sensitive informa-
tion. Tests are being conducted by the
Sandia Laboratory in Albuquerque,
NM, and the Optical Communica-
tions and Components Laboratory of
Rome Air Development Center’s
Deputy for Electronic Technology at
Hanscom Air Force Base, MA 01731.

Optical fiber = communications,
which have no radiation of signals
to give away message content, are
being extensively tested to determine
if they can resist attempts to tap into
communication circuits, the degree of
protection they offer, and their full
capabilities. Fiber optics is expected
to offer greater message handling,
lighter equipment, and lower over-
all system cost. Next phase of the
development program will be based
on results of this evaluation.

Switching Systems
Achieve More Throughput
With Processor

Designed for high efficiency control
of telegraph, telex, and teleprocess-
ing networks, the DS 714 /81 version
has been added to the DS 714 com-
puter-directed message/data/circuit

switching systems. It is based on an
advanced cpu (also compatible with
the other family members) which
provides more flexibility and traffic
handling capability.

Data 1/0 functions are divided
optimally between software and hard-
ware operating under control of
specialized microprograms. Available
operational modes include message
switching (store-and-forward), core-
cut-through (direct retransmission),
push (analogous-to-true circuit switch-
ing), monitor (combination of core-
cut-through and message switching),
and high speed data chaining.

The, core memory wused in the
processor has an access time of 300
ns and a complete cycle time of 700
ns. Schottky-TTL technology is used
in the circuitry with high speed re-
quirements; semiconductor RAMs are
used to accommodate the 64 index
registers. Execution time has been
reduced from 6 to 2.4 us, and time
to input and retransmit a data char-
acter in the message switching mode
has gone from 22 to 4.6 ps.

Existing software can be used with
the processor. In addition, DAcCOs
(Data Communication Operating Sys-
tem) has been developed by Philips
Telecommunications, PO Box 32,
Hilversum 1301, The Netherlands as
a modular realtime system with
multiprogramming on' up to 16 levels
and multitasking facilities.

Various multiprocessor configura-
tions are possible. Further enhance-
ments are a family of intelligent
multiplexers designed to handle spe-
cific or mixed types of traffic.

Circle 401 on Inquiry Card

Smart Comimunications
Terminals Handle
Multiple Applications

A line of communications terminals
with the intelligence to handle mul-
tiple applications concurrently is
aimed at moving the communications
field toward “consolidated network-
ing,” rather than having multiple
systems each with its own network
and terminals. The standalone Smarts
terminal controller has three micro-
processors and floppy disc storage
providing general-purpose communi-
cations terminals with a powerful
operating system for file management,
communication control, and editing.
The controller is manufactured by
Scientific Micro Systems, Mountain
View, Calif to the specifications of
Western Union Data Services Co, 70
McKee Dr, Mahwah, NJ 07430.
Shugart Associates supplies the disc.

(Continued on p 20)



Visibly increase your
computing power:

Want results you can see?

Take a close look at the Soroc
IQ 120 CRT terminal. it can augment
the computing power of your sys-
tem and provide customers with more
flexibility than before.

Yet, it's priced low.

With a $750* price tag, our
pricing structure is even more flex-
ible. The truth is, we carry more
feature value per dollar than anyone
in the business.

But, then again, we've always
been the smart buy with features that

include upline, tab, home, and ab-
solute cursor addressing in addition
to the usual forespace, backspace,
downline, new line, and return.

And, besides full or half duplex
conversation mode, the 1Q 120
provides block mode so you can
transmit a line or a page at a time.

What's more, it offers field
protection, auto repeat, and a numeric
pad. Plus 15 switch-selectable baud
rates, 80 x 24 standard format, and a
standard RS-232 interface.

CIRCLE 14 ON INQUIRY CARD

Contact us for more information
today. We think you'll like seeing
things our way.

SOROC Technology, Inc.,

165 Freedom Ave., Anaheim, CA
92801. Call (714) 922-2860. For
those calling outside of California,
call toll free (800) 854-0147, or one
of our authorized distributors.

* 50-99 unit price. Discounts for larger quantities available.

AsSOROC

TECHNOLOGY, INC.
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based on established priority

Architecture of Western Union Data Service’s Smarts Controller. It con-
tains three functionally-oriented microprocessors for fast response and effi-
cient throughput. Basic system has communications, file management, appli-
cation, and system memory and control module boards. The last creates
data bus and determines which module can access system bus or data path,

The communications processor is an
SMS 300 which acts as the communi-
cation front end, executing instruc-
tions in 300 ns. It handles all line
servicing, modem control, and proto-
col, and integrates all terminal de-
vices.

Operating at 300 ns, the disc con-
troller (an SMS 300) dynamically
allocates and deallocates disc space,
maintains all required directories,
and randomly accesses files. A single
disc storage unit stores 270,000 char-
acters in up to 60 operator-named
files.

A Zilog 80 serves as the applica-
tions processor, performing all edit-
ing, providing basic terminal control,
and acting as the command inter-
preter.

The controller supports concurrent
operations in batch or conversational
mode. The terminal can be polled at
any time without interrupting the op-
erator.

Formats can be created by the
operator, or downloaded from the
host computer. They are accessed by
format name, and can be stored in
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a supervisory file for protection. It
is a prompted format system, rather
than full text format.

Self-testing of the controller’s op-
erational functions is automatically
initiated when power is turned on or
when power interruptions last more
than 8 ms. The operator is informed
when the terminal is ready for op-
eration, or when a problem exists.

Offered in a variety of terminal
configurations, the controller will
initially be configured with a com-
mand console and local printer. De-
liveries will begin in the third quarter
of 1977. The controller is equipped
with four ports—two communication
ports that operate at 1200 baud, and
the other two for the console and
printer. By first quarter of 1978,
models operating at 2400 and 4800
baud will be offered.

Prices start at $235/month on a
3-year basis. This includes a key-
board printer, 1200-baud modem, and
maintenance provided by the Cen-
tralized Termicare System and na-
tionwide service centers.

Circle 402 on Inquiry Card

Remote Job Processor
Operates Concurrently
With Other DXS Functions

Allowing simultaneous online inter-
action and batch transmission with a
host computer, the Remote Job Pro-
cessor (Ryp) 2780/3780 emulation
package runs concurrently with all
other functions on the pxs Data Ex-
change System. It supports multiple
rJP lines to allow data transfer to one
or more hosts or Ryp terminals. Emu-
lation is controlled by a set of menu-
driven inquiry/response screens from
model 914A video display terminals.
Functions provide for easy manage-
ment of control parameters, job
creation and submission, statistics,
and emulator status display.

In addition, the package from
Texas Instruments Inc, Digital Sys-
tems Div, PO Box 1444, M/S 784,
Houston, TX 77001 allows transfer
of disc and tape files, including pxs
Terminal Source Editor library mem-
bers. Use of disc files and spooling
of 1/0 compensate for the absence of
multileaving. Set of data stream con-
trol records permits execution of
additional functions.

Communication will operate in
half-duplex mode; 4-wire (duplex)
lines can be used by some data sets
to minimize line-turnaround time.
Dial-up line support includes auto-
answer if that option is provided on
the modem. Package is priced at
$2750.

Circle 403 on Inquiry Card

Cost/Utility Benefits of
Message Switching System
Aid Public/In-House User

As a continuing advance in the
utility of message switching for busi-
ness communications, Tymnet, Inc,
10261 Bubb Rd, Cupertino, CA 95014
has announced the OnTyme System,
available both as an FCC authorized
public message switching service and
as an in-house facility. Designed for
organizations of all sizes, the sys-
tem provides fast, accurate written
communications between geograph-
ically dispersed locations at a cost-
effective rate.

The system has evolved from three
technologies: store and forward mes-
sage switching, online computer sys-
tems, and packet data communica-
tions. Users have a choice of terminal
equipment, as most 110- to 1200-baud
terminals can be used in any com-
bination. These terminals are not
dedicated solely to message com-
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Take it from me,

this microcomputer is no toy!

L L
l

The Digimetric 6000 Series is the turn-key answer
to the development of microcomputer based prod-
ucts. It can get your product or project into pro-
duction FAST because the evaluation, selection,
learning, prototyping and all the other time con-
suming activities have been done by Digimetric.
The Series 6000 is exactly what you need to get a
jump on the competition or to complete an in-house
project on time. It is not a toy or educational “devel-
opment” processor, but a complete microcomputer
system (including features such as power-fail auto
restart). Designed and built from state of the art
componentry, the system is supported by a full

complement of I/O boards and by software that

ranges from our DEMON monitor to realtime
BASIC 6.

Begin with the 6015 processor _
drawer containing a 6800 proces-
sor with power supply, 32K bytes
of static RAM, room for 8 1/O de-
vices, and our total software pack-
age. Add RAM via 16K, 8K or 2K
boards up to 64K, and select 1/0O
boards to fill your needs: every-

thing from an ICOM floppy controller to a dual slope
A/D, or a control card with 8 independent triacs.
Of course there are standard peripheral cards
such as a dual 9600 baud EIA RS232 port, and
an 8-bit duplex 80 kilobaud TTL interface. We also
have a 10 digit BCD input card and a general pur-
pose I/O board if you must design your own. Those
little things, such as a realtime clock and
priority interrupt hardware are standard.

Digimetric may be young in marketing mainframes
and boards, but we have been building micro-
processors into products for quite a while so we
know your needs and problems. The 400 Series
» Counting Scales, and our System
600 Intelligent Work Station (shown at
center) are good examples of our micro-
processor experience. From single
board applications to full systems,
we have designed our products
for tough, cost competitive
environments.
If you are building a processor into your
product or project, the Digimetric Series
6000 is your baby!

SYBRON ~ Digimetric

Digimetric Company, 730 Kalamath Street, Denver, Colorado 80204, (303) 534-1190, Telex 45-712
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munications; they may also be used
for applications such as interactive
timesharing or data base inquiry.

As the principal communications
resource, the TymMnET public packet
network brings packet technology to
message switching users. Comple-
menting TYMNET is wWATs which al-
lows access to and from user termi-
nals throughout the country.

Service users have the capability
of an advanced store-and-forward
system without the capital expense
and management of a private system.
The system can be installed in-house
at any time without changing termi-
nals or operating procedures, and
without losing benefits of TymMNET. It
is modified to meet individual needs,
and can be interfaced to the custom-
er’s other computers. With in-house
use, public service can be used as
backup and to send messages to
terminals on the public network. In-
house users also can concurrently
execute user-written programs.

Features include online inquiry of
message status security procedure to
control authorized use, message con-
trol numbering, group coding of des-
tinations, online retrieval of recent
messages, and provision of traffic anal-
ysis data for management control.
Most data terminals can be connected
with the user-oriented interface.

Fees for the public message switch-
ing service include a $100/month
service charge/customer, $0.05/mes-
sage sent, and charges for terminal
connect time and characters trans-
mitted. Optional data storage is also
available. Average cost of a typical
message (500 to 1000 char) is in the
$0.30 to $0.40 range. Costs of the
in-house version range from $120,000
for small, single processor systems
to approximately $300,000 for large,

redundant systems with extensive
tailoring,.
Microcomputer-Based

Processor Systems Lead to
Third Generation Networks

As the result of a 3-year develop-
ment program, Telenet Communica-

tions Corp, 1050 17th St, NW, Wash-'

ington, DC 20036 has announced
a family of intelligent communica-
tions processors which will permit
customer computers and terminals to
plug into the company’s public
packet network without hardware or

22

software changes. They will be avail-
able to customers beginning in the
third quarter of 1977.

Beginning this year, the micro-
computer-based systems also will be
incorporated into the network as
packet switches and data concentra-
tors, forming a “third generation”
architecture for packet networks.
Improvements in cost performance,
services, and reliability should be
realized.

The TP-1000 processor is designed
as a network access device for cus-
tomer host computers which need to
support only a few remote asynchro-
nous terminals simultaneously on the
network. It can also function as a
concentrator to link small clusters
of terminals at remote customer
locations to the network.

The second version, TP-2000, serves
as a larger-scale network access de-
vice for hosts which support from 12
to 32 remote asynchronous terminals
simultaneously. It can be configured
with redundant microcomputers for
each internal subsystem and utilizes
the international standard X.25
packet-mode network interface proto-
col.

Circle 404 on Inquiry Card

2-Way Communications
Between Systems Offer
Cost-Effective Solutions

Effective 2-way asynchronous or bi-
synchronous communications between
any IBM System/3 (S/3) equipped
for telecommunications and the Sys-
tem 99 small business computer
provide cost-effective methods of
solving distributed data processing
needs for small businesses. Using a
1200-baud model 9666 IBM channel
adapter, model 9665 asynchronous
modem, and/or model 9650 communi-
cations package, all from GRI Com-
puter Corp, 870 Georges Rd, North
Brunswick, NJ 08902, the System 99
can intercommunicate with any S/3
having 1200- to 4800-baud bisyn-
chronous communications facilities.
Standard IBM protocol is binary syn-
chronous communications (Bsc).

For S/3 users who need remote
processing facilities or real-time ca-
pabilities, the System 99 provides
additional telecommunications capa-
bilities. The added features also
allow the System 99 to serve as a
compatible replacement or upgrade
for any IBM Bsc terminals in dis-
tributed data processing networks
using most IBM computers.

Features permit online data col-
lection, and offline or online batched

data transmission. Online conversa-
tional transmissions are possible be-
tween System 99 and its own ter-
minals through the Interactive reG 11
Transmission is in half-duplex mode
over switched, leased, or private lines;
either Asci or EBcpic codes may
be transmitted.

The 9666 channel adapter, priced
at $600, must be purchased with the
9665 modem, costing $645. It is used
with the 9650 communications pack-
age which sells for $4335.

Circle 409 on Inquiry Card

OS Console Support For
Virtual Data Link System
Increases Throughput

Providing a level of control for re-
mote site users similar to that avail-
able from an installed processor, the
console support package allows users
of distributed networks to replace
IBM =masp or jEs multileaving work-
stations with pix m virtual data links.
The data links operate at throughput
rates up to twice that of IBM work-
stations.

The package is offered by Para-
dyne Corp, 8550 Ulmerton Rd, Largo,
FL 33541 to permit users at remote
sites to control jobs transmitted to
central mainframes under synchro-
nous data link control (spLc) protocol.
VTAM/NCP teleprocessing software
normally implemented to support
SpLC protocol is not required; also
eliminated is the rTaM software nor-
mally needed to support multileaving
workstations.

The package allows systems to
operate as HAsp workstations under
0S/MFT, /MVT, or /vs2-svs; and as
JEs workstations under os/vsl or
/vs2-mvs. Full tape drive support
and spLC communications are pro-
vided under any of those operating
systems.

At each remote site, control is
provided for up to 24 peripheral
devices, including card readers, print-
ers, tape drives, and interactive ter-
minals operating concurrently as if
they were locally connected to a
mainframe. Consoles attached to a
remote control unit in a configuration
function as if they were IBM 3277,
3215, or 1052 devices. The system
also allows users to receive os mes-
sages associated with their jobs.

The data link, rather than the
software of the host processor, per-
forms both data compression and
multileaving functions. Software to
support the console package is avail-
able to system users at no charge;
the console adds approximately
$125 /month to the system’s cost.
Circle 405 on Inquiry Card
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Direct input and output
of analog and digital signals
to your computer.

RTP is a family of standard
products that allows direct input
and output of analog and digital
signals to your general purpose
digital computer.

The parameters of RTP design?
Unprecedented reliability. Greatly
reduced maintenance and ease of
servicing. Less engineering de-
sign time for the system designer.
Extending system life through
non-obsolescence. Low cost.

If you’re involved in the design
of a measurement and control
system, we’d like to send you our

1’

FTIIE 7 7007
&/ /4

rrirs

1400 NW 70 Street, Fort Lauderdale, Florida 33309 e

new booklet “Using RTP.” It dem-
onstrates how you can order
standard, off-the-shelf products
and any popular minicomputer,
plug them together, and begin
operation of your measurement
and control system. Localor
remote.

Just circle our number on the
reader service card, or, if your
needs are immediate, call us at
(305) 974-5500. Ask for Larry Buck
or Randy Dailey.

B Computer Products,inc.

RTP.

Us
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Biomation’s new
logic analyzers

give you
both.

When your job is to interface,
integrate and program a complex
new digital logic system, you
want as much information as you
can get.

That’s why we're providing a new
set of tools which let you display
timing information as well as logic
word content—in the language of
your choice.

Our new 1650-D logic analyzer gives
you 16 channels at 50MHz. Our 851-D
gives you 8 channels at the same speed.
Accessories can now give you a logic state (1's
and 0's) display of any 16 stored words; hex

or octal translation; and a vector map of

memory contents. The 8 and 16-channel logic
analyzers feature:

» Pretrigger and delayed trigger recording

« Trigger point can be easily identified

 Latch record mode for fast pulse capture

« Combinational triggering (true or false)

* Movable display cursor that stays with the
data when you switch display modes

« Display expansion, mixed or full, X5, X10
or X20

These are complex instruments and we can't
give you all significant details here. But

please write, call, or use the reader service
card. We want to get this useful information
into your hands. Biomation, 10411 Bubb Road,
Cupertino, CA 95014, (408) 255-9500.

TWX: 910-338-0226.

See us at WESCON
Booths 1151, 53, 55, 57

LOCATION

HEX OR OCTAL
TRANSLATION

CURSOR

Biomation's new 1650-D produces a repetitive display output
reconstructing precisely 500 bits per line for a 16-line timing
diagram on a conventional oscilloscope or CRT display

Separate selection of individual channel outputs allows viewing
of 1, 2...16 channels at one time with automatic vertical expansion

CURSOR
WORD

CURSOR

Map —each word in memory is transformed via two DAC's to
form a unique dot which characterizes that word. All 512 words
of the 1650's memory can be accessed for mapping. The cursor
word is circled in the map as well as displayed at the top of the
screen in alphanumeric form. The cursor may be moved to any
of the points in the map for positive identification of that word
In addition, a map of only 16 words may be selected.

CURSOR

S )

RELATIVE
ADDRESS

TRUTH
TABLE

Logic state — provides memory address location, binary output

of the 16 channels and selectable octal or hexidecimal translation
16 words are displayed at one time with the cursor address
location at the top of the screen. Movement of the cursor control
allows accessing any 16 words of the entire 512 words stored

in the 1650-D. The display control memory can store 16 words
while a different set of 16 is selected from the 1650's main
memory (or a new recording is made). These two sets of 16
words can then be overlayed on the CRT. Any differences will
blink and be easily identified
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Use of Fiber Optics
Is Predicted by
Mid-Eighties

Cost-effective broadband communica-
tions capabilities beyond those of
hardwire systems may be available
by the mid-1980s through fiber optics.
However, more research, develop-
ment, and testing of single-fiber tech-

nology is needed to achieve optimum
design of cable and associated com-
ponents from both cost and perfor-
mance viewpoints; it will be cost-
effectiveness which will determine
the success or failure.

R. Warren Howe, vice president-
marketing of Belden Corp, Geneva,
IL 60134, foresees “fiber optic cables
selling in significant volume, but at
levels that penetrate less than 10%

GORE MEMORY

MAGNET WIRE

TO FIT YOUR NEEDS

If your business is building core mem-
ories that are more sophisticated than a
string around a finger, you should know
about the core wire experts at Magnet
Wire Supply Co. Consider our large and
highly varied inventory of core memory
magnet wire in sizes 38-50 AWG, available
in a host of insulation colors. Resistance
tolerances of £3%or closer when required
and test reports on each spool supplied to
insure consistant product quality and per-
formance. Qur reuseable custom molded

polyfoam spool containers protect the
wire from damage during domestic or
overseas shipments. And for your most
demanding needs we have a complete
line of “ gold plated ” core memory
magnet wires.

When you consider all of these facts
you'll see why more and more memory
manufacturers are turning to Magnet Wire
Supply for their core wire needs.

Because memories are your business. . .
remember us.

REMEMBER US

W

MAGNET WIRE SUPPLY (0.

20731 Marilla St., Chatsworth, Ca. 91311

TWX 910-494-4976 (213) 882-7620
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of the total wire and cable market
as we know it today.” He also added
that the lightguides will not be re-
quired for several years as a standard
item in an electronic distributor’s
product inventory.

Belden Corp designed and jacketed
a prototype cable of six optical fibers
used in July 1976 by Teleprompter
Corp in the first domestic transmission
of cable television signals by light-
wave techniques. Achievements in
cable design and manufacturing tech-
nology, as well as in development of
connectors and associated system
hardware, have been successful. Other
end-user evaluations are continuing
of low signal-loss characteristics of the
single-fiber lightguides for traditional
electronic industry markets; today,
fiber optics is in a market-testing
phase.

Tariff Revisions of
Private Line Services
Are Announced

A revised tariff structure for private
line services of the Southern Pacific
Communications Co, Burlingame, CA
94010 is aimed at achieving rate
stability. Subject to FCC approval,
the company intends to offer these
services for either a 6- or 24-month
commitment, as well as the present
30-day agreement, to meet both tele-
communications needs and require-
ments of specialized common carriers.

Long-term services will be billed
at rates below present short-term
commitment prices. Prior to 15 days
before the end of the service period,
a customer can discontinue service;
otherwise, terms will automatically
be renewed at the prevailing price.
A fixed price will be maintained
throughout the 6-month period.

On a 2-yr agreement, the first
year’s rate will be firm, after which
prevailing rates will be charged as
long as increases are not more than
10% of the original service.

Anticipated Impact of
Revised WATS Portends
Numerous Changes

Massive restructuring in Wide Area

Telephone Service (wats) tariffs,
coupled with the elimination of Tel-
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pak and a rise in Dataphone rates,
will have a “profound” impact on
most larger businesses, with users
facing an impending upheaval in
services and costs. The tariffs call
for elimination of fixed-cost pricing,
establishment of a tapered usage-
sensitive rate structure, regrouping
of In- and Out-wats geographical
areas, and a shift in relative pricing
levels of those services.

This assessment by Harvey L. Pop-
pel, senior vice president of Booz*Al-
len & Hamilton, 245 Park Ave, New
York, NY 10017 is based on a com-
puter-assisted analysis of the rates.
Several conclusions have been drawn.
Heavy users face.gubstantial cost in-
creases; users of longer distance wWATs
may want to investigate leased-line
alternatives. Smaller businesses may
now find some services within their
reach.

It will be more difficult to piggy-
back specialized usages other than
voice communications (eg, data and
facsimile) on waTs; alternatives,
such as specializéd data services, will
be sought. Other significant migra-
tions to and from wats will occur.
Long distance calls may be switched
from waTs to toll; nighttime use of
wATs may be less cost-effective; and
inbound WATs costs may now be
affordable.

Computer-controlled or computer-
monitored waTs users will face un-
anticipated - reprogramming  costs.
Smaller users unable to afford com-
puterized controls will have to con-
sider funneling access to previously
dial-accessible waTs through phone
operators.

The restructuring will force users
to change their mix of wats lines.
The rates will require intelligent
design and tight management control.

Terminal Monitor System
Supports Operation of
Interactive Applications

Common application program inter-
face between the operating system
(os/vs) and user-written programs
is provided by a terminal monitor
system, along with an online data
management capability which enables
data compression without space reor-
ganization. In combination, the sys-
tem’s software can maintain line-
image, structure data transactions,
and support source program library,

interactive processor, process control
device, and application management.

The system operates in a dedicated
or multiprogramming environment,
with services accessed by a 360/370
Supervisor Call routine. User-written
programs may be in ANS COBOL,
PL/1, FORTRAN, or assembly lan-
guage.

Features include terminal-to-termi-
nal message switching, control over
editing and printout, and provision
for remote batch job entry. Security
is provided by project identifier codes
and passwords. Aspen Systems Corp,
Germantown, MD 20767 has designed
the system to operate on IBM 360,40,
370/135, or larger computers, sup-
porting most typewriters and display
and printer terminals.

Circle 406 on Inquiry Card

Processing Systems With
Workstations Meet
Batch-Terminal Needs

Two IBM-compatible, batch-terminal
devices for the 3650 and 3670 com-
munications processing systems, an-
nounced by Comten, Inc, 1950 W
County Rd B-2, St Paul, MN 55113,
are the 7780 and 7781 nasp work-
stations, Both use the system’s com-
munications resources for workstation
control, eliminating the need for sep-
arate control hardware.

The 7780 minimum configuration
consists of a 600-card/min reader
and 600-line/min printer, with an
option to share the system console
for operator communications. In addi-
tion, the 7781 has its own dedicated
console.

Both can be expanded to include
up to six additional card readers and
six additional line printers. Periph-
erals included in the workstations
are the company’s 7305 card reader,
7406 line printer, and 4008 console.

Workstation control is provided by
adding two programs—multileaving
adapter module and multileaving
workstation emulator—to existing net-
work-control software in the process-
ing system. Additional features in-
clude multiple workstation support
from a single processing system, dy-
namic reassignment of peripherals
among workstations, and enhanced
terminal restart capabilities.

Shipments are scheduled for mid-
September, with initial deliveries to
remote nodes in the company’s com-
munications networks supporting IBM
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8-BI6 DISK.4-CPU
uGONTROLLER

for DEC/DGC software

The new AED 8000 mass storage system with micro-
programmable controller can be completely integrated
into your DEC or Data General system. You can now
enjoy patch-free use of any 0S changes generated by
the mainframe manufacturer, because AED's emula-
tion capability ensures continuous compatibility to
standard software. Add to this AED 8000's unique
ability to serve up to 4 CPUs per controller at the same
time, its built-in Error Correction System, and a mul-
tiple-register scroll that displays mainframe register
information plus valuable diagnostic data, and you'll
see why the AED 8000 is way ahead of the competi-
tion. AED's field-proven reliability and fast 45-60 day
delivery make the AED 8000 mass storage system a
serious contender for your disk dollars.

Megabytes per drive

‘ ' N,Q.';ef‘ dfiues per controller




You're staking your reputation
on your first major design
change since 1884.

You'd better take a

good look around before
you pick a MOS company
fo make your microcircuits.




We looked pretty good to them.

With the success of their Athena

2000 home sewing machine,
today we may look even better.

This revolutionary new
machine by Singer can sew 25
different stitch patterns at the
touch of a button. And it's entire-
ly controlled by a single MOS
circuit made by AMI.

Singer eliminated 350 mechan-
ical parts by redesigning around
this dense little chip. At the same
time, they added immensely

Singer did.

to the performance and safety
features of the machine.

We did such a good job on the
Athena machine that Singer gave
us the contract for their next
two models of electronic sewing
machines.

Singer chose AMI because of
our reputation for solving MOS
problems quickly, confidentially
and economically. In the past
eleven years, some of the world's
biggest companies have come to
us for the same reasons.
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We're designing custom chips
for many Fortune 500 companies
like Singer. With your reputation
riding on every product that you
make, maybe you'd better take
a good look at us, too.Write to
Custom Product Marketing, AMI,
3800 Homestead Road, Santa
Clara, California 95051. Or con-
tact your local AMI sales office.
It could be the beginning of

another
success
story. ©

AMERICAN MICROSYSTEMS, INC.
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System 360 or 370 host computers.
Additional deliveries to systems at
host sites are planned for the first
quarter of next year.

Circle 407 on Inquiry Card

Digital Technology
Is Future Basis of
Communications Field

Computer and voice communications
technologies are becoming more and
more alike. That was a key point
made by Robert C. Scrivener, chair-
man of the board and chief executive
officer of Northern Telecom Ltd, when
he addressed the Thirtieth Annual
Meeting of the International Com-
munications Assoc in Toronto, On-
tario, Canada on May 16. He voiced
his satisfaction “that the future is
digital. . . . Had we had the digital
technology 50 years ago, we would
have gone from manual to digital
and wouldn’t have started on analog
at all.”

He pointed out that “digital maxi-
mizes the potential of the basic
thrust of integrated circuit and soft-
ware technology as it has developed
and will be developing. To telephone
companies a digital switch won’t
cost any more than the equivalent
analog switch, but an all digital
network will reduce operating and
capital costs by at least as much as
20 percent as compared to analog.”

As Mr Scrivener noted, telephone
companies are in preferred positions.
They don’t yet have huge investments,
and tax laws encourage them to
modernize quickly. The “companies
can’t wait, but must have voice-data
compatible networks now, in order
to compete and cut costs. The digital
savings will depend on each situation,
but digital flexibility opens all fu-
ture options.” Although it will re-
quire a long time to replace analog
investments, fully digital equipment
is already appearing—such as tele-
phones, terminals, processors, trans-
missions, and switches that combine
to make up complete communications.

However, as computer and voice
communications come closer together
it becomes necessary to maximize the
effectiveness and productivity of
skilled, knowledgeable workers. The
technology, once available, must be
worked into layouts that are esthet-
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ically pleasing, economical, and
flexible, all while being tied into the
massive memory, speed, and capacity
of the digital world. It will be the
skills of the designers together with
the potential of both 1c and software
technologies that will form the com-
munication markets of tomorrow.

With the interconnect debate,
Scrivener personally feels that it
will be competition rather than gov-
ernment regulation that will produce
better results. There is absolutely
no merit, though, in risking the de-
struction of the world’s best and
lowest cost telecommunications that
exist in the U.S. and Canada due to
disputes between industry and gov-
ernment.

To date, the best results have been
obtained by the integrated approach
to telecommunications service evolved
by Bell System in which operations,
research, and manufacturing are
linked under common ownership. It
has been emulated in Canada and
by other countries around the world.

Changes and developments in the
telephone business in North America
are being led by events in the U.S.
At the same time, the close connec-
tion of Canada with the Bell System
has resulted in the Canadian tele-
communications network, its service,
and technical standards, which for
all intents and purposes are the same
as those of the U.S.

The common standards and service
philosophies between the two coun-
tries has, in many respects, formed
a homogenous market for suppliers.
For instance the products designed
for initial introduction in Canada by
Northern Telecom, Inc (the U.S.
subsidiary) are now also produced
in the U.S.

Optimum Price/
Performance Features of
Products Enhance CBX

Contained in “Release IV Software,”
a package of products for the Com-
puterized Branch Exchange (cBx),
are seven major optional, 16 standard,
and several enhanced features. The
major functions announced by Rolm
Corp, 4900 Old Ironsides Dr, Santa
Clara, CA 95050 are Automatic Call
Distribution (acp), Centralized At-
tendant Service (cas), Satellite Op-
eration, Expanded Traffic Capability,
Inward Call Detail Recording (1cpr),
Message Registration, and Standby
Queuing. Among the standard fea-
tures available are Trunk Time-of-

Day Access, 1000 Number System
Speed Calling, and Off-Hook Routing.

For organizations with high incom-
ing telephone traffic from customers,
the acp provides automatic, load-
shared distribution of incoming calls
to a team(s) of available “agents.”
When all agents in a team are
engaged, the cBx connects callers
to a delay announcement, then places
music on the line. Delayed calls are
answered as agents become available
according to priority and order of
receipt. A second delayed call an-
nouncement to a holding caller or
overflow group can also be provided.

The acp supervisor may perform
agent call monitoring, remotely con-
trol status and forwarding of agent
positions and groups, and dynamical-
ly reconfigure Acp operation to meet
varying traffic loads and special situa-
tions. Traffic statistics are continually
gathered and displayed on an op-
tional crr or printer. Four display
types are current status, cumulative
statistics, trunk group statistics, and
agent performance/status informa-
tion.

The cas serves organizations having
multiple installations, by allowing
all attendants to be grouped at one
location, where all incoming calls are
handled. Significant manpower re-
ductions, better telecommunications
system management greater atten-
dant security, and closer attendant
supervision may be achieved. Fea-
tures of standard cBx operation are
unchanged by the addition of cas;
normal cBx attendant service can
also be provided at any of the cas
locations.

Satellite Operation provides a
method of conveniently handling ap-
plications involving multiple geo-
graphically separated installations in
one area. Centralized trunking, at-
tendants, and call detail recording
are provided by this option.

The Expanded Traffic feature al-
lows the cBx user to obtain detailed
data on the traffic carried by the
cBx so that trunk facilities can be
configured for optimum wuser eco-
nomics. Inward Call Detail Recording
allows the user to obtain data on
which stations are receiving calls from
which trunks, and the duration of
these calls. This is particularly useful
for users having In-wats who wish to
allocate costs to various departments
within the organization.

Release IV features will be incor-
porated into cBx systems scheduled
for shipment after Sept 30. They will
be available for reconfiguration of
previously installed cBx systems after
Nov 4. O
Circle 408 on Inquiry Card
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Data General. A la carte.

Now, you can buy our
DASHER™ terminals, even if you
don’t own a Data General computer
system. Select our fast impact printer
and our user-oriented video display.
Both are interface-compatible with
any standard computer system.

Choose either 60 or 30 cps
versions of the DASHER printer,

which has a standard typewriter
keyboard, u/l case, 132 columns.
DASHER display features
a 1920 character screen, u/l case,
convenient detached keyboard,
programmable function keys, and
a monitor that tilts and swivels.
Just as DASHER terminals’
features make them easy to use, their
attractive appearance makes them

easy to fit into any environment.
And of course they are solidly
reliable and easy to maintain, a
Data General trademark. For
more details call your Data General
sales office or nearest independent
supplier of Data General terminals.
Or send the coupon. Even a bit of
Data General in your computer
system 1s better than none.

Send details on [[] DASHER printers [J DASHER displays

[J Have salesman call.

I’'m interested in / terminals.
no. type

Gy _Sae... .. . . TP
Mail to: Data General, Westboro, MA 01581

DASHER is a trademark of Data General Corporation
© Data General Corporation, 1977 CD-8

¢» DataGeneral

It’s smart business

Data General, Westboro, MA 01581, (617) 366-891 1. Data General (Canada) Ltd.,
Ontario. Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361.
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Look what Ramtek
has done to
graphic terminals.

ABC CORPORATY O
Ty,

SOURCE of SALES

Photograph of Display, unretouched.



Now you can get quality
resolution and a combi-
nation of true graphics
and true alphanumerics
at an affordable price.

Ramtek introduces the new Micrographic
Terminal. No longer do you have to settle for poor
resolution or give up color in economy priced display
terminals. Ramtek gives you a high resolution, flicker-
free display on a resolvable matrix of 512 elements by
256 lines. And you get a choice of black and white or
8 any 8 of 64 colors as well as split or dual screen
capability. The independent alphanumeric refresh
offers you single character addressibility within a
visible matrix of 25 rows of 80 characters that are crisp.
2 sharp and well defined.

Ramteks Micrographic Termimal 1s controlled
by a powerful Zilog Z-80 with
28K bytes of PROM and 16K bytes of RAM

In addition you can program the Ramtek
Micrographic Terminal and give it the dedicated
capability and intelligence you need for your appli-
cation. Ramtek's software gives you TTY compali-
bility and high level graphic functions commanded by
ASCII text strings. You can choose from an extensive
list of options such as floppy disc interface, additional
serial 1/0 ports, alphanumeric overlays, user defined
fonts, color selections and packaged software.

More good news: prices for a black and
white basic system begin al just $4,700 and for color
at only $5,400.

But to fully appreciate the contribution the
Ramtek Micrographic Terminal can make to your appli-
cation, you'll need to know more delails. Just call or
write Ramtek Corporation, 585 N. Mary Ave., Sunnyvale
CA 94806. If you're really in a hurry call us at (408)
735-8400 and ask for Todd Martin

framtek

Our Experience Shows
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DIGITAL TECHNOLOGY REVIEW

Printers Fill Price/Performance Needs
In Expanding Peripheral Market

Geared to meet all computer output
printing needs—speed, quality, cost,
and reliability—and reflecting many
technical innovations, recently intro-
duced printers illustrate the impor-
tance currently placed on peripherals
by manufacturers. Among the tech-
nologies being used are thermal and
impact matrix, ink jet, needle, and
laser beam techniques. Performance
covers the incredible range from 80
char/s to 21,000 lines/min (1 to 350
lines/s).

Medium, Low Speed Units

To reach the rapidly growing mar-
ket found in the small business and
terminal application areas, Data-
products Corp, 6219 DeSoto Ave,
Woodland Hills, CA 91364, developed
its T-80 thermal matrix printer, which
uses a nonimpact, single thermal dot
matrix printing head to offer speed
of 80 char/s. Priced at under $1000
(oEM quantities), the unit has nearly
three times the speed of other units
selling in that range.

High quality print at those speeds
is attained by use of a proprietary

thermal print head. This device,
rather than applying constant heat
to the matrix wires and lifting and
moving the head from the paper to
form each character, leaves the print-
head in constant contact with the
sensitized paper. Matrix wires are
alternately heated and cooled as the
head moves left to right across the
paper. This pulsed heating effect per-
mits high print speeds and simplifies
printhead mechanics.

Circle 140 on Inquiry Card

Operating in approximately the
same speed range as the thermal
printer, the PT-80 printer terminal
from Siemens Corp, 186 Wood Ave
S, Iselin, NJ 08830, is a highly mod-
ular unit that offers a choice of
needle or ink-jet printing and paper
tape or magnetic tape cassette for
storage. Keyboard, printing mechan-
ism, power electronics, interface
adapter, power supply, control panel,
and central device controller are
housed in a desktop unit. All modules
are connected to the single central
control board via plug-ended cables

Modularity of the PT-80
printer terminal allows users
to select needle or ink jet
printing, depending on speed
and number of copies re-
quired. Field-installable ink
jet mechanism (top) outputs
up to 300 char/s with low
noise; the needle mechanism
(bottom) produces 90 char/s
and multiple copies

Producing sufficient character density
for use in printing bar codes, the Cen-

tronics 306 SC incorporates a dot
matrix mechanism such as that shown
at top. Tally’s T-1612 teleprinter in-
corporates a printhead (bottom) that
positions needles and coils for maxi-
mum straight line design, because
needle wear increases proportionally to
curvature

and may be replaced quickly without
adjustments or alignments.

Using the 12-needle printhead, the
unit outputs up to 90-char/s on an
original and up to three carbon copies.
Characters are represented in a 12
x 9 dot format; 9 x 9 dots are used
for printing capitals and lower case
letters, the other 3 x 9 dots allow
the descenders of lower case letters
to be formed below the line for
legibility. Ink ribbon is contained in
a cartridge and has a printing life
of 4 x 10% characters; useful life
of the needle printhead is equivalent
to 100 x 106 characters.

For use where low noise, high
speed operation is an asset, the ink
jet printing mechanism forms the
same 12 x 9 dot characters, by means
of 12 jets in two vertical rows at
a <35 dB noise level. Individual
droplets of ink form up to 300 char/s,
printing back and forth across the
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YOU CHOOSE

s Lo

Data Type Lengths (bits) 1,8,16
Instruction Word Length (bits) ik 1_“ 16 16,32,48
General-Purpose Registers 16 4 8
Hardware Index Registers 15 2 8
Maximum Memory Available (KB) 64 64 56
_Directly Addressable Memory(KB) 64 2 56
Automatic Interrupt Vectoring Standard N/A Standard
Parity Optional Optional N/A
Cycle Time ( nanoseconds 600 800 725
8KB Processor $2200 $2600 N/A
16KB Processor $2800 $3200 $3795
“32KB Processor $4000 $4400 $4995
Multipy/Divide Hardware $ 950 $1400 $1820

Interdata’s 6/16 Ngtponly do wehcost less t?an the I\JJova 3/4 and the
: PDP-11/04, we have more features. Just compare: 16

wins the battle general purpose registers on the 6/16 to simpgl)ify pro-

of the specs. gramming and reduce fetches . . . only 4 in the Nova and
8 in the 11/04; 15 hardware index registers on the 6/16
against 2 for the Nova and 8 for the 11/04; 64 KB of directly
addressable memory instead of just 2 KB for the Nova 3/4
and 56 KB for the PDP11/04.
What's more; all these hardware features enhance the
nimble 6/16's performance. Its cycle time is only 600
nanoseconds, compared to 800 for the Nova and 725 for
the 11/04.
Interdata's comprehensive software drives this powerful
hardware full out.You get the field- proven OS/16 MT2, a
real-time, multi-tasking operating system providing in-
stantaneous response to events, while allowing the user to
minimize memory by storing non-critical functions on
disks. And the 6/16 can be programmed in your choice of
FORTRAN, BASIC or MACRO CAL.
All this and save money too, as much as one-third less
than a PDP-11/04 and substantially less onaNova 3/4 . . .
with OEM discounts saving even more.

Get the whole story. Just fill in the coupon or call (201) 229-4040.

Send me 1977 specs on your Model 6/16

NAME TITLE
COMPANY
ADDRESS
CITY
PHONE

@
INTTERIDATTA
A UNIT OF

PERKIN-ELMER DATA SYSTEMS
Oceanport, New Jersey 07757, U.S.A.
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[ iGITAL TECHNOLOGY REVIEW |

page. In addition to speed, this tech-
nique offers the benefits of no me-
chanically moving parts, and virtual-
ly unlimited service life. Ink supply
is sufficient for printing 5 x 10¢
characters.

The terminal transmits characters
in bit-parallel or bit-serial form.
Bit-parallel data transmission al-
lows optimum use of printing speed;
bit-serial transmission adapts to tele-
graph speeds up to 300 baud (up to
600 baud in special cases). Auto-
matic operation is provided by add-
ing paper tape or magnetic tape units.
Circle 141 on Inquiry Card

A keyboard teleprinter, available
in rRo and ksr versions, the 132-col
model T-1612 matrix impact printer
can communicate at line rates from
300 to 9600 baud, and sustains a full
1200-baud line rate when printing.
Incorporating the T-1000 series bidi-
rectional printer, the unit is rated
at 160 char/s, and uses an internal
microprocessor to compute the short-
est distance to the next print position.

Tally Corp, 8301 S 180th St, Kent,
WA 98031 designed the unit to serve
both interactive console and com-
munications applications, eliminat-
ing the need for having a console
teletypewriter and separate output
printer. Its internal microprocessor
allows the operator to control the
interface for half-duplex, full-du-
plex, and echoplex operation. It also
selects ETX, EOT, or reverse channel
protocols, as well as attended or
unattended operation, and local or
remote communications.

Mechanical and electronic design
techniques reduce moving parts and
increase operating efficiency. Print-
head movement is controlled by a
stepper motor for positive positioning
and fast response. Two rails hold the
printhead carriage in exact align-
ment to achieve precise alignment.
Dual tractor engagement above and
below the printline assures positive
alignment and rapid paper advance.

With prices starting at $3490, the
unit uses a 7 x 7 half space matrix
font for sharp definition of its 96

printing characters on an original
plus five copies. Noise level is rated
at <55 dB.

Circle 142 on Inquiry Card

Special-Purpose Units

Two dot matrix printers serve to
illustrate how certain features can
be used to fulfill the needs of special-
ized applications. Developed by Cen-
tronics Data Computer Corp, Route
111, Hudson, NH 03051, the 306 SC
is capable of providing sufficient
character density for use-in printing
bar codes. With a single unit price
of $3950, the unit also prints alpha-
numeric characters, symbols, and
contiguous horizontal and vertical
bars. It can produce lines of char-
acters from 0.1” (2.54 mm) high to
newspaper headline size at from 100
to 165 char/s. The number of char-
acters to be printed on a standard
8” (20.3-cm) line can be selected
via program control or through use
of an optional manual selection
switch.

Filling needs for five or more high
quality copies in areas such as ticket
printing, invoicing, inventory control,
and traffic management, where thick
forms and/or high quantity distribu-

MECHANICAL DEVICE

Microprocessor'-based control electronics handle data transfer, page buffer loading, and printing system func-
tions of the Siemen’s nonimpact ND2 printer. Unit uses laser technology and an electrophotographic printing
method to produce 21,000 lines/min on ordinary computer paper

* LOCATED IN POWER SUPPLY

36
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the interfacing nightmare.

If you've got a computer,
the easiest way to avoid the kind
of nightmare interfacing can
become with anybody’s machine is
to simply come to us—the world’s
largest supplier of interface
modules.

Besides being number one in
sheer volume, we’re also number
one in technology. With a new line
of microcomputer products for the
LSI-11: ADMA module, an expan-
sion backplane that doubles card
capacity, and a foundation module
for custom interfacing. Plus a new

line of high density wire wrap
cards for our larger machines. All
part of our substantial library of
off-the-shelf solid state modules
and compatible hardware fea-
turing the best cost-performance
ratio in the business.

The Logic Products Group can
also help you establish new
designs, give all kinds of applica-
tions assistance, even develop
custom designs from scratch.

Why not send for our new Logic
Handbook describing all our prod-
ucts. It'll give you a pretty good

dilal a1
OLRIF ™
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idea of how we can take on the
interfacing nightmare.

And turn it into one sweet
dream.

For your free Logic Handbook,
cali 800-225-9480 (Mass. 617-481-
7400 ext. 6608). Or write: Compo-
nents Group, Digital Equipment
Corp., One Iron Way, Marlborough,
Ma 01752. Canada: Digital
Equipment of Canada,
Ltd. Europe: 81
Route de I’Aire, \
1211 Geneva 26,
Tel. 4270 50.

37



DIGITAL TECHNOLOGY REVIEW ]

tion of reports are required, the 306
TP produces clear, readable copies
on multipart forms up to 0.030”
(0.762 mm) thick. It has a single
unit price of $2280.

Circle 143 on Inquiry Card

Ultra High Speed Units

In the high performance area, the
nonimpact ND-2 generates charac-
ters with a laser beam character
generator and transfers them elec-
trophotographically onto ordinary com-
puter paper. Introduced by Siemens
Corp, 3 Computer Dr, PO Box 5006,
Cherry Hill, NJ 08034, the unit op-
erates online with a mainframe in the
Siemens 7000 series class, handling
data line by line and printing page
by page, to output 21,000 lines/min.

Data transfer, page buffer loading,
and printing system functions are
controlled by integrated microproces-
sor-based control electronics. Each
write command enters one printline
in the page buffer. When enough
information has been transferred to
form a complete page of output, the
actual print operation takes place,
independent of the cpu.

The unit uses laser technology and
an electrophotographic printing
method. A rotating drum with a photo-
conductive surface is electrostatically
charged. Print information is placed
on the drum in the form of charge
patterns by means of exposure with
a laser beam. In the developing sta-
tion, toner particles adhere to the
exposed positions in accordance with
the charge patterns. Paper to be
printed is fed past the drum, and
the toner particles are transferred
from the photoconductor to paper in
the transfer station, then are fused
into the paper by means of heat and
pressure in the subsequent fuser
station.

Circle 144 on Inquiry Card

A similar unit from Xerox Corp,
Data Systems Div, 701 S Aviation
Blvd, El Segundo, CA 90245, the 9700
Electronic Printing System operates
from IBM computers in the /360 or
/370 class or from magnetic tape
units. This xerographic printing sys-
tem generates forms and symbols as
well as type fonts and sizes, and is
capable of continuous operation,
printing on plain 8.5 x 11”7 (21.6 x
28 cm) paper at 2 pages/s or up to
18,000 lines/min. High print quality
is achieved with a resolution of
90,000 dots/in2.

38

The system is made up of four
subsystems: control, imaging, xero-
graphic, and output. Control subsys-
tem includes an internal computer
with up to 128k bytes of core storage,
a disc drive with capacity for ap-
proximately 26M bytes, a character
dispatcher, output device controller,
and the keyboard/display operator’s
console.

Incoming information is pre-
processed, then buffered on the disc.
A pattern of modulated laser light
generated in the imaging subsystem
creates a latent image of the page
to be printed on the photoreceptor
belt. Paper from the input stations
moves in a straight path past the
photoreceptor belt, where the image
is transferred to paper, through the
fusing area, where charged toner
particles are fixed permanently to the
paper, and on to the output stacker.

Keyboard/display unit at the op-
erator’s console permits communica-
tion between the operator and the
system. The operator may ask for
duplicate sample copies during a
printrun, and may initiate and modify
operations. The screen displays in-
structions for the operator.

Circle 145 on Inquiry Card

Computer Processors
Demonstrate Ability to
Perform Mix of Tasks

Offering field-upgradable growth from
existing 1600 family processors, 1650,
1660, and 1680 processors offer con-
current multifunction capabilities to
users trying to sort out distributed vs
nondistributed, and remote batch vs
interactive applications. Harris Corp’s
Data Communications Div, 11262
Indian Trail, PO Box 44076, Dallas,
TX 75234 claims that operating sys-
tems and communications facilities
allow the systems to integrate batch
and interactive hardware and soft-
ware into a single centralized con-
trollable system.

The 1650 processor, with memory
expandable up to 98,304 bytes, can
operate up to eight key entry ter-
minals concurrently with remote job
entry communications to central host
computers. It is intended primarily
for concurrent remote batch/key
disc data entry applications. The
1660 is capable of performing a vari-
able mix of remote job entry, batch
COBOL, key entry, and interactive ap-

plications. A dual-processor configura-
tion, the 1680, enables users to com-
bine any two family members into a
single unit having combined capabili-
ties of the individual systems.

In addition to interactive crr/key
entry devices, the machines support
a full line of peripherals. Depending
on configuration, the processors offer
up to four synchronous communica-
tions channels, 15 asynchronous inter-
active channels, three direct memory
access channels, and a multiplexed
channel for a variety of standard 1/0
devices.

Available software includes emula-
tion packages to support remote com-
munications with various mainframes,
plus interactive and batch languages
for local processing, inquiry, data
entry, or file update complications.
Key-disc software packages—Format/
10 and /41—enable a system to pro-
cess intermixed format- and program-
driven applications. Since no knowl-
edge of programming is needed to
use them, they can be implemented
by keypunch supervisors.

Typical of the price range are:
1650, including four key stations,
65,536-byte memory, 6M-byte disc,
300-line/min printer, and 9600-baud
communications, $60,720; 1660, with
eight crr keystations, 98,304-byte
memory, 12M-byte disc, 1200-line/
min printer, and 19,200-baud com-
munications, $128,888. Pricing for the
1680 depends on the processors being
combined and the configuration.

Circle 146 on Inquiry Card

Shared Architecture
Multiprocessor Meets
Critical Networking Needs

Offering dual processors with dual
cache bus and 500k bytes of error
correcting memory, the GA-16/550
multiprocessor system provides main-
frame power with minicomputer size
and economy. The system’s shared
architecture is claimed by General
Automation, Inc, 1055 SE St, Ana-
heim, CA 92803 to yield high
throughput, increased system integ-
rity, and fail-safe redundancy—all
necessary to networking applications.

Critical system element is the dual
cache bus structure connecting up to
eight high performance processors to
a large shared memory facility. A
single bus can transfer data between
as many as four processors and four
memory banks at rates up to 8M
bytes/s. Integrity of data transfers
is protected by a parity per byte
system. Since the bus can be accessed
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uman engineered

for more throughput

Typewriter touch for simplified
operation and training

State of the art technology
with a human touch.

0
MISTHE
'BEHIND THE CONSOLE.

When we dengned the Teletype" model 40 product line,
we paid as much attention to human engineering as we
did to electronic engineering. Simply because we don't
think one makes much sense without the other.

After all, throughput is as much a function of operator
performance as it is of advanced CMOS technology.

That's why we positioned the tube so it's a
comfortable 19" to 21" from the operator. The tube isn't in
a fixed position, either, but tilts through 20° to adjust for
lighting conditions and individual viewing preferences.

To eliminate eyestrain, a specially darkened and
etched glass is used on the screen to diffuse surface
reflections and increase contrast by 100%. Even the large
7 x 9 display font is designed for legibility, with a flicker-
free refresh rate of 60 times/second. Plus generous
spacing between characters and lines increases readability
even more.

Keyboard controls aren't just grouped by function so
they look right, we made them “feel” right, too. Not only
do they fit the fingers, they also duplicate the touch and
feel of office typewriters.

As you can see, we think the best way to impress you
with our model 40 product line is to make sure your opera-

tor is impressed. For more information, write: Teletype,
5555 Touhy Ave., Skokie, IL 60076. Or call: 312/982- 2000.

TELETYTY PR

"N

Teletype is a trademark and service mark
registered in the United States Patent and Trademark Office.
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[ts HMOS, the new
that scoops bipolar:

worst case specs not much higher.

Throughput is always high because the
2147 can respond to select inputs as fast as
to address inputs. HMOS eliminates the
power-up delays of conventional power-
down techniques.

On top of this the 2147 is fully static,
_eliminating the complications of conven-
tional high density RAMs, such as clocking,
address set-up or hold times. The 2147
~ operates on a single +5V supply and is directly

TTL compatible. It uses the industry standard
pin-out for 4K x 1 static RAMs. The chip
itself measures only 158 mils square.

Now Intel has an expanded family of
HMOS IK and 4K high performance static
RAMs: the recently introduced 2115A/2125A
and now the 2147 Check 2115A/2125A and
2147 performance specs at right.

POWER REQUIREMENTS VS SYSTEM SIZE

250

200

150

100 —

System Average Ioc Per 4K Device
mA

2147 HMOS

i ‘\

1K Bipolar

100% Duty Cycle

25% Duty Cycle

4K

|

16K

|

32K

1

48K

Memory Size in Words

64K

HMOS RAMs . H i
Current (mA) m‘

Density [ Active | Standby | Timelns)

Typ. Mnx.‘ Typ. | Max. | Mn:.

2147 Cak |10 |0 | 10 | 2 | w0
2147-3 a0 e s ] e s*
2115A/25A U e NA | s
2116AL/26AL | 1K oo foase e S e

Order 2147’s, 2115A’s and 2125A’s from your local Intel distributor. Contact:
Almac/Stroum, Component Specialties, Cramer, Hamilton/Avnet, Harvey Electronics,
Industrial Components, Pioneer, Sheridan, L. A. Varah, Wyle Liberty/Elmar or Zentronics.

For more information write: Intel Corporation, 3065 Bowers Avenue, Santa Clara,
California 95051. In Europe: Intel International Corp. S.A., Rue du Moulin 4 Papier,
51-Boite 1, B-1160, Brussels, Belgium. Telex 24814. In Japan: Intel Japan Corp., Flower
Hill-Shinmachi East Bldg. 1-23-9, Shinmachi, Setagaya-Ku, Tokyo 154.

intal delivers.
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Real-time problems?

Systems has timely solutions.

Systems Engineering Laboratories has
dedicated its 16 year corporate life to
solving challenging real-time problems.
The experience gained in solving these
problems is what led us to pioneer the
development of true 32-bit computer sys-
tems.

Look into the operating systems, the
languages, the data base system, the
real-time device handlers and terminal
systems, and you will see that we build
for the real-time environment. That’s our
business.

Choose from a well-bred family of
computing systems: The SEL 32/35, the
SEL 32/55, or the SEL 32/75. Unlike
other so-called “32-bit minis” that are
only bridge-the-gap systems developed
from essentially 16-bit architecture, all

SEL 32 systems are true 32-bit machines.

This results in richer instruction sets,
more precision in data representation
and larger, directly-addressable memory.
All are available with throughput rates in
excess of 26 million bytes/second.

Systems computers fit the term
“minicomputer” in price alone. If your
application is performance-sensitive, we’ll
save you money. If you're budget-
sensitive, we’ll give you more perform-
ance for your dollar.

The SEL 32/35 can be configured
from 64K bytes to 512K bytes of 900
nsec memory. Resembling its more
powerful brothers, the SEL 32/35 is a
complete package, including control
processor with floating-point arithmetic,
memory, chassis, power supplies and

cabinet.
The SEL 32/55 is offered in a variety

of both single and multiple CPU config-
urations, with from 32K bytes to 1
million bytes of 600 nsec memory.

The SEL 32/75, with up to 16
million bytes of main memory, has a
concept so new, we had to coin a spec-
ial term to describe one of its main
features: Regional Processing Units.
Working independently, these RPU’s
contain sufficient control and buffer
storage areas to process an [/O region
and transfer the resultant data directly to
main memory. Computer system
throughput is further enhanced by High-
Speed Floating- Point Hardware and
Wiriteable Control Storage.

Just circle our number on the
Reader Service Card, or call us today.
We'll send you the powerful story of
the SEL 32 family.

SYSTEMS

ENGINEERING LABORATORIES

r----------------1

| OcALLME ¥
B O SEND ME MORE INFORMATION ]
B O 1 HAVE PRESENT NEED FOR SYSTEM 4
§ NAME ]
| company ]
B PHONE i
B ADDRESS b
i ary ]
B sTATE ZIp i
l SYSTEMS Engineering Laboratories l
l 6901 West Sunrise Boulevard Fr)r'r Lauderdale, Florida 33313 .
(305) 587 2900
| ——————
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CACHE BUS
/ e = |

Dual cache bus structure, central to General Automation’s shared archi-
tecture 16/550 multiprocessor system, connects up to eight processors to a
shared memory facility. A single bus can transfer data between four proces-
sors and four memory banks at rates of 8M bytes/s

by the user, it can be used as a
special 32-bit input channel for
transferring data from high speed
peripheral devices directly into main
memory.

A microprogrammed computer with
a 240-ns microcycle time, the 16/550
has a 2048-byte 120-ns cache memory,
1024 words of 64-bit control store
(expandable to 2048 words), reper-
toire of 145 basic instructions (in-
cluding 14 byte string and nine
decimal arithmetic operations), and
a comprehensive memory manage-
ment system (Mwms). Mwms dynam-
ically addresses 2M bytes of working
memory and provides parity genera-
tion and error detection, as well as
write-protect and execute-protect for
selected blocks of memory.

The system’s dual port memory
system is organized 4 bytes wide with
complete 7-bit check codes, which
detect and correct all 1-bit errors
and detect all 2-bit errors. Memory

is available in 128k-byte increments,
implemented wusing ®mypax high
density semiconductor memory mod-
ules. The modules use hybrid tech-
nology to reduce both the size and
cost of memory. A single prp con-
tains 32k bits or 4k bytes, twice the
capacity of other memory chips. This
increase in capacity reduces the num-
ber of memory assemblies necessary
for 128k bytes from eight to three.
In addition to reducing the size, the
modules enable error correction
capability to be incorporated while
maintaining a significant decrease in
cost.

Software support is provided to the
system in the form of Control, a fore-
ground/background multiprogram-
ming operating system; four language
processors including FORTRAN 1v,
coBorL, Commercial FORTRAN, and
MacroAssembler; and a comprehen-
sive 1saM file management system.
Circle 147 on Inquiry Card

Computer Uses 16k RAMs
To Pack 1TM-Byte Memory
In 12.25” High Package

A high density memory module con-
taining 128k bytes of semiconductor
memory and a fault-control memory
system are claimed to be the first
commercial equipment using 16k-bit,
n- hannel mos ram chips. These mem-
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ory enhancements, used in combina-
tion, have made it possible for the
Data Systems Div, of Hewlett-Pack-
ard Co, 1501 Page Mill Rd, Palo
Alto, CA 94304 to package 1M bytes
of main memory with a 21MX E-series
computer in a unit only 12.25”
(31.12 cm) high.

The 16k ram chips are pin-com-
patible with the 4k ram devices used

on standard memory boards, allow-
ing the amount of memory on each
board to be quadrupled. They are
sealed in ceramic packages, enabling
memory systems to meet environ-
mental specifications that are unus-
ual for computer equipment—an
operating temperature range of 0 to
55°C and 20 to 95% relative hu-
midity at 40°C.

Consisting of a memory controller
and two check-bit array boards, the
fault-control memory system auto-
matically corrects all single-bit
errors, and detects and reports all
double-bit errors as well as most
errors of three bits or more. Fault
control permits programs to continue
even if a memory module is mal-
functioning; the computer will con-
tinue to operate even if a memory
chip is removed from the board. Since
maintenance may be performed on a
scheduled rather than an emergency
basis, downtime is reduced. Failures
are pinpointed at the chip level by
fault-indicating LEDs built into each
array board.

One check-bit array board supports
up to 256k bytes; the other to 512k
bytes. The boards execute a sophisti-
cated 22-bit Hamming error correc-
tion code. Five check bits are ap-
pended to the 17 bits on the memory
module to form a 22-bit word. The
Hamming code is compared to the
code stored in memory during each
access. Based on that comparison the
controller corrects or reports the
error.

Packaged with the processor hav-
ing up to 14 fully powered 1/0 slots,
the computer forms a reliable system
that needs no air conditioning and
occupies little space. Large memory
allows programs to be entirely mem-
ory-resident, eliminating swaps from
disc as well as the preventive main-
tenance associated with discs.

Rapc calculations and reliability
tests indicate that mTBF for 21MX
computers is increased ten times by
use of the fault control memory.
Expected MTBF for the processor
and fully incremented memory is
approximately 6000 to 8000 hours.

List price for the 128k-byte memory
module is $6400. Fault-control mem-
ory controller has a price of $600,
and associated check-bit boards sell
for $2750 (for memory blocks up
to 256k bytes) or $5000 (for 512k-
byte blocks). A typical configuration,
consisting of a 2IMX E-series comput-
er with 512k bytes of memory, mea-
suring 8.25” (20.96 cm) high is priced
at $36,000. A 12.25” (31.12 cm) high
unit with 1024k bytes sells for
$59,800.

Circle 148 on Inquiry Card
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Our new SMP Series DC power supplies is just the ticket
you need for those tough microprocessor-based system
applications. And there are several reasons.

First, it interfaces directly with the power requirements
of virtually all microprocessor ICs. No expensive custom
design work is needed.

Too, you can get four independent and isolated outputs.
You can power logic, memory and displays, for example,
from one simple power source.

For extra flexibility, we give you 115/230 V ac universal
input. And we've designed in all the little extras for top per-

When you have to e
for microprocessor-bas

formance: well regulated, overvoltage protection, highest
quality components and low ripple.

Our SMP 80-2 also features temperature compensated
circuitry. So if the temperature goes up, your output stays
right on track.

But most importantly, it embodies a reliable design prov-
en in more than 10,000 units now in use.

For specs, price schedule, and product arrival times,
telephone your local stocking distributor, or contact Standard
Power, Inc.,1400S.VillageWay,SantaAna, CA92705,
(714) 558-8512. Send for new 32-page catalog.

STANDARD

POWER

See us at WESCON ’77, Booth 1530
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Multilevel Programming
Language Upgrades
Minicomputer Performance

Reducing application development
time, and memory requirements,
miniFORTH™ is a standalone multi-
level programming language and op-
erating system that produces mini-
computer performance comparable to
that of larger machines using con-
ventional software. The language,
developed by FortH, Inc, 815 Man-
hattan Ave, Manhattan Beach, CA
90266, is fundamentally interactive,
structured, multilevel, and extensible.
Its operating system includes assem-
bler, compiler, interpreters, multi-
programmer, device drivers, virtual
memory, data base management, and
editing capabilities; all reside in
less than 4.5k words of memory.

The reduced number of program
statements and the efficiency of inter-
active programming and testing cycles
increase programmer productivity.
Unlike other interactive systems, how-
ever, the high level system runs only
20% slower than assembler. An in-
teractive macroassembler incorpo-
rated in the system allows program-
mers to access full computer capa-
bilities. This eliminates the need for
large assembly language subroutines
in a real-time environment, moving
users closer to the hardware inter-
face.

The system is currently available
for the PDP-11, n~ova, and other
cpus. Minimum hardware configura-
tion is 8k words of memory, disc,
and terminal. The standard package
is licensed for $10,000.

Circle 149 on Inquiry Card

Small Business Computer
Increases Processor Speed
To Improve Response

Video-terminal controlled, real-time
disc based systems, System Ten 220
Series computers feature increased
processor speed, improved disc han-
dling facilities, greater core capacity,
and more flexible storage. Introduced
by ICL, Inc, Turnpike Plaza, 197 Hwy
18, East Brunswick, NJ 08816 (result
of the integration of Cogar Corp, a
subsidiary of Singer Business Ma-
chines, with International Computers
USA Ltd), the machine is compatible
with System Ten, offering existing
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users an opportunity to expand or
upgrade.

Heart of the system is a processor
which can handle up to 20 different
operations simultaneously. Each op-
eration is controlled automatically.
Information is entered via a visual
display terminal, which is also used
to prompt the operator. Each entry
is checked as it is made, assuring
an accurate data base.

The model 22 processor has a
33% improved memory cycle time to
provide faster response to inquiries,
and faster turnaround on jobs. Maxi-
mum memory size is 160k characters,
increasing the wuser partition size
from 10k to 80k characters and the
common core size from 65k to 80k
characters to provide more efficient
program writing and execution.

Processor consists of up to 20 fixed
hardware partitions; the number of
partitions is determined by the num-
ber of jobs or users; the size of each
is determined by the application to
be run. To service requests and keep
track of partitions, the processor pro-
vides automatic hardware controlled
multiprogramming, by switching con-
trol to each partition in turm for a
limited period.

In addition to processor, crTs, and
printers, the system incorporates disc
storage, and can use magnetic tape
for supplementary storage. The sys-
tem’s model 43 fixed/exchangeable
disc drive has capacity for 8M char-
acters and a seek time almost twice
as fast as its predecessors. A 20M-
character disc drive, model 44-3, is
available as an alternative. Disc or
tape units are connected to the proces-
sor through a file access channel.
One channel accommodates up to 10
disc drives and up to four magnetic
tape units.

System support is provided by an
improved disc management system
(DMF?2), assembler, sort, and RPG II.
Application packages are available
for accounting, sales order process-
ing, and payroll, as well as more
specialized packages.

Circle 150 on Inquiry Card

Software Extends
Autointeractive Concept
to IC Design Development

Extending the concept of autointer-
active design to the development of

integrated circuit design, the Micro-
circuit Design Package reduces de-
sign time by half. Announced by
Redac Interactive Graphics, Inc, 225
Great Rd, Littleton, MA 01460, the
software, incorporating automatic de-
sign aids, runs on a Digital Equip-
ment Corp, XvM computer graphics
hardware configuration.

The package can be used for 1c
design in all technologies including
bipolar and mos. A designer works
with the xvM system using a lightpen
on a 21”7 (53 cm) refreshed display

graphics terminal. Automatic ‘aids
include cell placement, metallization
routing, and design-rule checking
routines.

A multitasking package is also
available, which permits two graphics
terminals to operate simultaneously
from the same computer system. For
use with Design-A-Matic or equiva-
lent configurations, the multitasking
package will permit full 1c and 1C
design to be executed on one system.
The combination can result in a fully
integrated design effort.

Circle 151 on Inquiry Card

LSI Test System
Incorporates Local Memory
To Speed Throughput

Increasing production test through-
put as much as 200%, the Sentry v,
a low cost, automatic test system,
serves to substantially reduce per
device testing cost. The system, in-
troduced by Fairchild Camera and
Instrument Corp, Instrumentation and
System Group, 1725 Technology Dr,
San Jose, CA 95110, will handle
n-Mos, P-MOS, CMOS, ECL, TTL, and
1L technologies.

Based on a 24-bit cpu, the system
consists of 30-pin test station, from
32k to 196k words of local memory,
video keyboard terminal, and mag-
netic tape unit. It handles micro-
processors, peripheral chips, bit slices,
phase lock loops, ram and rom de-
vices, shift registers, universal asyn-
chronous receiver/transmitters, and
digital hybrids. Semiconductor mem-
ory allows the unit to perform rapid
local memory and special processor
loading for the actual tests, increas-
ing efficiency by as much as 200%.

Programming costs are minimized
by source program compatibility with
other Sentry series testers. Hardware
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If you’re considering a
LOGIC ANALYZER or DATA GENERATOR,
see the one that’s both

It’s a DIGITESTER...3 digital test instruments in 1.
Here are 3 ways you can use a DIGITESTER to reduce your digital logic design costs

INITIAL DESIGN...
It’s a DATA/WORD GENERATOR

1AR

Generate 1024 serial bits to help you develop
your communication products.

Generate up to 64, 16 bit words paralle! so
you can test your interfaces.

The DIGITESTER Model 777 is the
most valuable test instrument you can
get for developing or testing digital logic
products...including microprocessors.

To begin with, no other test instrument
is quite like the DIGITESTER. It offers you
unequalled flexibility for simultaneous
or independent logic generating, logic
receiving/analysis or comparison.
Programs are stored in 1 of 4 internal
memories, ready for transfer at variable
data rates up to 20 MHz, internally or
externally controlled.

TROUBLESHOOTING...
It’s a LOGIC ANALYZER

D487 0000 0000 023

Serial look forward—look back lets you see up

to 1023 bits on either side of Trigger Point.

Parallel look forward—look back. Check “fault”
symptoms on both sides of selected pattern.

You can generate any program with
any number of “1” or “0” bits, by using the
integral scratch pad keyboard...or an
external source if you prefer.

Data is displayed jitter-free, on a 5”
CRT. Cursor, graticule, generator start,
generate stop and receive stop positions
are numerically displayed on the CRT.

Of course the DIGITESTER has all
front panel controls needed to make
digital development and test work fast,
easy and accurate.

moxon
inc.

TEST/RECEIVING INSPECTION...
It’s a DATA COMPARATOR

0489 0000 0ODO 023 OSso0
S — .

Compare serial response with known program
in memory and see disagreement appear.

Ooooo 0044 0000 OOe3 DOS2

Compare input data with expected pattern in
memory and see errors as difference bits.

You get 3 precision instruments in 1
with exceptional versatility for $9495.00.

Contact the factory or your local
Moxon sales engineer to find out about
all the DIGITESTER'S capabilities and
discover the savings you'll accrue com-
pared to home-built pattern generators...
plus you'll have the added savings of a
logic scope. The DIGITESTER can pay for
itself in a year. So be sure you see the
DIGITESTER...it's the only one that’s both
a Logic Analyzer and Data Generator.

MOXON INC. » 2222 Michelson Drive ® Irvine, California 92715  Phone: (714) 833-2000 ® TWX: 910-596-1362

CIRCLE 29 ON INQUIRY CARD
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Designers say we have thelead

in edge connector design.




The reason why is clear. The contacts for AMP wrap-type
edge connectors have unique strength and stress relaxation
characteristics that assure long-term top performance.
And they come in either leaf spring or cantilever types.
Each incorporates full bifurcated design to achieve
effective contact redundancy. A choice of contact alloys
and selective gold platings is available too. The result is
premium reliability and performance at a cost as low

as 2 cents a line in quantity.

There’s another reason you’re ahead with AMP edge
connectors, or any other AMP product for that matter.
It’s called technical support. It means you can call on us
for assistance in research, product design, and production.
We feel the professional engineer is entitled to it. After
all, when he puts his confidence in us, we can do no less
than back him fully.

There are other advantages, too, with these AMP edge
connectors. You can select from types for either rack or
solder-to-board mounting. And if you’re a panel maker,
we’ve got ECONOMATE I connectors with outstanding
insertion speeds and space savings.

For more information on these wrap-type printed circuit
edge connectors, just call AMP Customer Service at
(717) 564-0100. Or write AMP Incorporated,

Harrisburg, PA 17105.

AMP has a better way.

ANMP

INCORPORATED

AMP is a trademark of AMP Incorporated.
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IIL, and other technologies

32K-196K
l ; i
| EST2 Rt 7 T MAGNETIC 1
1 DISC ] : TAPE )
I | v GRS
e [T — 3 ———— ) e e - -
- VIDEQ |
te—={ KEYBOARD
e
l’ | | \
i) N (o] [ a] e
[ S |
| KEYBOARD ! S ey aes FEnion gl K
[ sy i"" N Yy BT S, R T J
)
P 1S M i
i CLINE 1 ]
1 pRINTER ! :INSTRUMENT:
[ S - L___T_-_J
Al i :
A 1
‘—{, CoNTROL ™
Er-nmas - REQUIRED
W BT ol T, s T T e OPTIONAL
—) RS232C ] INTEGRATOR
] ]
b oo i o 4

Based on a 24-bit CPU, Fairchild’s Sentry V LS| production test system in-
corporates up to 196k words of semiconductor memory, permitting large
increases in test efficiency. Devices handled include microprocessors, pe-
ripheral chips, semiconductor memories, and digital hybrids in SOS, ECL,

compatibility with the Sentry vn
eliminates correlation problems be-
tween engineering and production
systems.

Use of enhanced operating systems
software permits multitask operation,
allowing, for example, testing to
progress in the foreground while the
primary video keyboard terminal is
used to load files into memory or
control the data logger. A second
operator can simultaneously use the
alternate terminal to edit a.source
program.

Actual test programming can be
created through the high level rac-
ToR language. Users can formulate
testing routines in a modular fashion,
developing only the macro-sequences
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needed for a specific device or tech-
nology. Control programming in the
systems software links these macros
into a complete program.
Special-purpose modules that op-
erate in a real-time, multiprocessing
mode, are available. Of these, the
sequence processor handles more
complex semiconductor devices such
as microprocessors. This module pro-
vides the system with the capability
to run complete instruction sets,
worst case instruction sets, and ac
and dc parametric tests, checking
voltage margins, verifying 3-state
output, and confirming external in-
terrupt performance. Another, the
pattern processor module substan-
tially decreases the time required to

run test patterns on memory devices
to 65k.

The system can access an Integra-
tor via an optional hardwired con-
nection or telecommunications link
(RS-232-C). The Integrator processes
system output for reformatting into
standardized information systems.
This link increases efficiency by al-
lowing the removal of the test data
processing burden, providing access
to massive archival storage of test
programs and test data, and trans-
mission of programs and test data
generated at one facility to another.
Circle 152 on Inquiry Card

Dispersed Processing
System Adds
Power and Flexibility

Recent addition to the family of dis-
persed data processing and business
computing systems produced by Data-
point Corp, 9725 Datavoint Dr, San
Antonio, TX 78284, the 6600 Ad-
vanced Business Processor offers 120k
of user memory, advanced memory
space handling, and an enhanced
instruction set. The unit includes a
typewriter-style keyboard, 11-key nu-
meric pad, video display, and dual
cassette tape decks. It is designed for
use with disc-based systems.

The processor has a 16-bit wide
internal architecture and 600-ns
memory cycle. Its extended instruc-
tion set has been enhanced to in-
crease throughput in sophisticated
configurations, and includes 8- and
16-bit manipulations, hardware mul-
tiply/divide, and list handling instruc-
tions.

Used as a host computer for the
multitask, multiuser Datashare® Busi-
ness Timesharing System, the proces-
sor can support up to 24 video display
terminals, Each terminal can direct
execution of the same or different
programs concurrently, With memory
partitioning software, both timeshar-
ing applications and batch programs
to remote sites can run simultaneously.

Included in the library of com-
patible software supporting the ma-
chine are tape and disc operating sys-
tems; emulators; and general business
languages such as cosoL, reG 11, and
Basic; as well as special languages
such as Datashare, Databus®, Multi-
link™, and Dataform®. O
Circle 153 on Inquiry Card
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512K x 22 and

youll love every

Itsalottolove...awhole
megabyte of memory in one teeny
5V4x 19 inch box.

How could we do it?

16K RAMs.

That gives our new NS-3 me-
mory system more memory in less
space than you could ever get be-

fore in a standard memory system.

Besides, all the things that
made you know and love our old

bit of 1t.

NS-3 are still there to know and
love.

Access time up to 250 ns,
cycle times as fast as 500 ns, low
cost, the flexibility of being able to
select word length, larger chassis
for more capacity, error correction,
parity generation, double word
control, custom interface, etc.

You can even get NS-3 with
4K RAMs.

Just in case 512K x 22 is a bit
too much for you to love.

National Semiconductor
2900 Semiconductor Drive, Santa Clara, CA 95051.

Please send me further information about your NS-3
memory system.

Company

Address

|
|
I
|
|
|
|
|
|
Name I
|
|
|
|
|
}
|
|
|

 National Semiconductor Memory Systems
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

Automated Updating Gives Security Trading Firm
Constant View of Inventory

When an average security processing transaction is about
$2 million and when major purchases are financed, it
is essential that updated inventory information be avail-
able constantly for management decisions. Important
factors in maintaining profitability of the trading com-
pany are limiting these financing costs as well as
reducing the cost of adding personnel in periods of com-
pany growth.

One Wall Street firm in New York City, A. G. Becker
& Co—which in 1975 handled a total of $55 billion in
commercial paper (money, bonds, and credit securities)
—helps keep these factors under control through use of
an online computer system. This comprehensive system
almost completely automates the paperwork associated
with the daily trading of all types of credit instruments.
After each transaction the company’s portfolio is auto-
matically updated, and necessary receipts and bills for
delivered and received securities are printed. At the
same time, the system performs calculations, makes ledger
postings, and provides instantaneous summaries of com-
pany financial status and holdings for management re-
view.

Developed with help from R. Shriver Associates of
Parsippany, NJ, the custom system is built around a
pair of 3000 Series 11 computers from Hewlett-Packard,
1501 Page Mill Rd, Palo Alto, CA 94304. Initially it
includes 16 input/output terminals, but it has capacity
to add 16 more at out-of-town branch offices. Over the
next five years it is expected to handle a volume of
about 3000 security transactions each day, which is
within the operational control capabilities of the com-
puters.

The dual computers were included in the system design
to provide redundancy. According to Bent Rasmussen,
system designer and project manager for the security
trading firm, “when you’re dealing with security trades
that entail millions of dollars in each transaction, you’re
in bad trouble if you can’t operate. For example, if se-
curities aren’t delivered to banks before they close at
3 pm, thousands of dollars can be lost in interest.”

Of the two computers, one (A) is normally online
while the other (B) remains inactive. Each computer
has two 15M-byte disc memory storage units which con-
tain a file of all daily transactions, an inventory file of
1500 different positions, a security master file of about
1500 issues, and a master file of about 7000 accounts.

As transactions are recorded on disc they are also
recorded on a magnetic tape on the A system. If sys-
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tem A breaks down, the A tape transfers the trans-
actions onto the disc of the B system. At the end of each
day, the transaction file is cleared from disc to prepare
it to handle the next day’s transactions.

Although computer B immediately takes over when
it is placed online, several minutes are required for the
A tape’s information to be read onto the B disc. Cur-
rent updating of the system will result in simultaneous
real-time updating of discs on both A and B units.

When transactions are entered by operators—filling
in spaces on a form displayed on a CRT terminal—the
computer system checks for missing data, validates the
account, adds or removes the security to or from the
inventory, and prints a receipt or billing ticket multi-
part form that also includes the description of the agency
or corporation issuing the security. The ticket is printed
out on a terminal printer and is used to receive a pur-
chased security or to deliver a sold one.

At the end or at any point during the day, the sys-
tem can produce a complete and detailed list of the
security inventory. In addition, customer files are up-
dated, all transactions are calculated online, customer
confirmations are printed, a pending file is maintained,
the “stock record” is maintained, and required oper-
ations and management reports are produced.

Circle 160 on Inquiry Card

DC&AS BRIEFS

Process Control System Provides
Application Flexibility

Designed expressly for process control, Polstar™ fea-
tures a 32k- to 64k-word minicomputer, flexible disc
memory unit for loading software and storing operating
data, versatile process-oriented programming language
(POL*3), fill-in-the-forms application package (icaP),
and full color graphic displays. The system introduced
by Taylor Instrument Co, 95 Ames St, Rochester, NY
14601 is said to combine flexibility with simplified op-
eration.

POL*3 software was developed for batch processes
as well as continuous control. The high level language
uses familiar process control terms to define operating
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meGol

/leoRPM.
The Disk that doesnt Spin.

Megastore goes where a disk drive used to go.

More to the point, Megastore keeps going long
after a disk drive quits. Without motors, bearings,
heads or platters, there’s nothing to wear out, burn out
or crash. No moving parts.

Megastore is the astonishing new fixed-head disk
memory replacement from Ampex that uses reliable
cores instead of rotating media. In the long run it
saves a lot of money.

Megastore provides increased throughput, in-
creased system availability, increased system uptime
and reduced maintenance costs. A vastly better re-
turn on investment.

Unplug your disk and plug in Megastore. You’'ll get
a half-million to four million bytes of capacity (in
half-megabyte increments) that your existing software
can't tell from the disk it was designed for. The only
difference you’ll see isa major improvement in through-

put, because Megastore has a data access time that’s
anywhere from 1000 to 3000 times faster than the disk
it replaces.

Megastore. Ready now as a software-transparent
replacement for Novadisk (Megastore 1223)and DEC’s
RJSO3/RJSO4 Disk (Megastore 11). Also available
as Megastore 4666 for users who wish to provide their
own controller. Other versions on the way. Contact
Ampex Memory Products Division, 200 North Nash
Street, El Segundo, California 90245. Phone (213)
640-0150. Ask for Megastore. Thedisk thatdoesn’t spin.

ANMVMPEX

Novadisk is a trademark of Data General Corp.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

DC&AS BRIEFS

procedures with a minimum of programming, and can
be used for supervisory setpoint control, direct digital
control, sequential control, and process optimization.
Priority execution of control procedures allows any pro-
cedure to be assigned one of 31 different levels of pri-
ority to insure timely response to the wide range of
parallel operations required to control complex processes.

ICAP is a set of prewritten subprograms that handle
all the usual process control and communication func-
tions without user programming. To apply the system
to a particular process, the user lists specific process

and control parameters on standard data base forms.
This information is entered in the system via an op-
erator-system dialogue. Without further programming,
the system can provide 1/0 handling, control calculations,
alarms, logs of selected data, and five different inter-
active displays of process and system status.

The system minicomputer features real-time clock,
hardware multiply/divide, 64 priority interrupt levels,
and automatic power failure/restart. Support peripheral
devices include dedicated line printers, paper tape and
card handling equipment, and black and white or full
color crRT displays. A microprocessor-driven Colograph-

ic™ console features pushbutton-access to any display.

Controller Malfunctions Identified
By Added Package

A hardware/software error detection and indication
package (EDIP) that locates and identifies about 75%

ere
showing

off for
Bendix.
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of potential or actual failures of the EPTAK™ micropro-
cessor controller (Computer Design, Dec 1975, pp 35-
41) has been introduced by the Eagle Signal Div of
Gulf + Western Manufacturing Co, Davenport, TA 52803.
(This eases identification of the remaining 25%.) Mal-
functions that are either internal or external to the con-
trol system are brought to the operator’s attention. The
package, available with both new systems and those
already installed, provides early warning of system de-
gradation, immediate alarm in case of actual failures, in-
dication of system self-correction when it occurs, and
simplified software debugging and system installation.

Components of the package are factory-programmed
software, operator’s manual, and watchdog timer (WDT)
and error indicator (EI) modules. The WDT module,
which requires about 20 lines of user programming,
consists of two independent software timers which pro-
vide visual and audible alarms when predesignated rou-
tines are not completed within preset time intervals.
LED indicators on the face of the EI module identify
the failure.

S N

This display shows the Quinault Indian Reservation in

Washington state. 16 separate colors have been assigned for
such categories as Burn Areas, Forest, Brush and Bare Land.

Bendix Aerospace Systems Division uses a

Centralized Control System
Incorporates Interface System
for Component Intercommunication

Process controllers are now linked through a communi-
cations processor with operator CRTs, operator trend
terminal, system formatter, and optional host minicom-
puter by an ASCII 8000 centralized control system. In-
corporating its ASCII 8000 computer interface system
(Computer Design, Oct 1976, p 70), Beckman Instru-
ments, Inc, Process Instruments Div, 2500 Harbor Blvd,
Fullerton, CA 92634 designed the control system to ease
bidirectional communications between remotely located
controllers and a central control room. It is said to be
practical for large, multiloop control applications or
small systems where controllers are scattered throughout
the plant.

The communications processor, which serves as a com-
munications director and system controller to scan and
address all of the peripherals and controllers in the

Bendix is but one of a
growing number of customers
who are finding that Ramtek’s
modular graphics and imagery
systems are giving them the
expandability, flexibility and
increased productivity they
need. Besides the basic
alphanumeric and imaging
capability, Ramtek offers a wide
variety of other functions
including graphics —
vectors, conics, plots, bar charts —
pseudo color and grey scale
translation.

Because the Ramtek RM
9000 family is totally controlled
by a standard 8080 micro-
processor, it is easy to develop
and download your own control
software

To find out more about how
Ramtek can show off for you, call
or write: Ramtek Corporation,
585 North Mary Avenue,
Sunnyvale, California 94086,
(408) 735-8400.

Ramtek display generator to really show its colors.
The Bendix Multispectral Data Analysis System
(M-DAS) provides a clear, color-coded display for
analysis of data from NASA's LANDSAT. And by using
Ramtek's moving window display— or scroll—theyre
able to look at more data at one time than can be
displayed on the still screen. Images of the same areas
may also be correlated so that changes between past
and present can be referenced

ramtek

Our Experience Shows

CIRCLE 32 ON INQUIRY CARD




BRAND NEW MINICOMPUTERS
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Circle Reader Response No. 115

ComputerAutomation
NAKED MINIs Division

18651 Von Karman, Irvine, California 92713
Phone (714) 833’8830 ©1977 Computer Automation, Inc
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PC Connectors give our famlly the edge. We can give you the edge with fast
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CIRCLE 33 ON INQUIRY CARD

delivery and wide variety in off-the-shelf
PC connectors.

In .100, .125, .156 and .200 inch
spacing you can take your choice for
motherboard or automatic wiring appli-
cations.

You can also pick the contact you want
—gold-dot or gold-plated. These include
bifurcated bellows, cantilever beam and
bifurcated cantilever beam designs.

Connector housings are available in
glass-reinforced phenolic, diallyl phtha-
late and glass-reinforced polyester
thermoplastic. A variety of mounting
configurations are also readily available.

All have been designed to meet the
applicable performance requirements
of MIL-C-21097, and they're all avail-
able now.

So be sure to have a shipping date in
mind when you contact GTE Sylvania,
CPO, Box 29, Titusville, Pa. 16354
Phone 814-589-7071.

Remember, good connections run in
our family.

SYLVANIA
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

DC&AS BRIEFS

CONTROLLERS

and controllers

Beckman centralized process control system. Communication processor serves as director

and system controller, utilizing computer interface, to scan and address all peripherals

system, is expandable to 64k bytes of memory and 34
RS-232 interface ports. A software package provided with
the system resolves timing differences between incoming
and outgoing data, and contains alarms, calibration, and
identification for the controllers. Processor hardware is
totally redundant. Each circuit board is duplicated. A
built-in fault detector automatically switches from a
board to its backup board if a fault occurs. Switching
between boards may also be performed by the operator.
All communication within the system takes place in AscIr
over asynchronous bit-serial data highways.

A system formatter terminal performs reconfiguring,
labeling, tagging, and basic system layout functions.
Cassettes allow any changes in the system’s configuration
from initial startup to be recorded on tape so that the
plant can be restarted quickly after a shut down. An
operator trend terminal with hardcopy unit is a micro-
processor-based color graphics terminal, equipped with
core storage for trending analog inputs at 10-min in-
tervals for 24-h periods. Upon operator request, the
terminal will display a graph of a particular variable,
scaled in engineering units. If a hardcopy is needed, an
associated printer is activated.

Intelligent operator CRT terminals, used to interro-
gate and command the processor, provide deviation,
group, and loop displays which enable operators to
view as many as 256 deviation displays at a single time.
Data are presented in a series of 32 bar graphs, each
with eight loops. A bar is normally green, but upon
reaching an alarm point (set in the software program),
the bar turns red. An additional software deviation alarm
may be incorporated to cause the bar to flash red.

After determining which loops are in deviation alarm
conditions, the operator can call up eight loops, show-
ing all the parameters associated with the loops. An ad-
ditional single loop display details operating parameters,
deviation limit, and settings. While viewing these dis-
plays, the operator can issue commands to the controller
via the display’s keyboard.

Various levels of backup are provided. If a data high-
way fails, the plant remains under automatic control
by the individual controllers that may be accessed di-
rectly or through a backup panel. If a host computer is
in the system and fails, the system reverts to automatic
control. Since each loop has a dedicated controller, a
controller failure causes the loss of only one loop.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

DC&AS BRIEFS

Energy Control System Incorporates
Multiple Mainframe Computers

A $16-million computerized energy control system is
being supplied by Control Data Canada, Ltd to Hydro-
Quebec in the first phase of automating the provincial
network for energy production and transmission. A pro-
vincial dispatching center, to be operational by the fall
of 1979, will provide Hydro-Quebec with instantaneous
acquisition of information and control of operations
throughout the provincial power grid in time for the
integration of power on the network from the James
Bay power project. Operators will have reliable informa-

tion on the entire network, be able to study computer
models of the network, evaluate alternative operational
techniques, and implement operational procedures.

The system, to be installed in Montreal, will include
two Canadian-made CYBER 173 computer systems, four
Control Data System 17 computers, a large operational
display board, and color display screens for up to 35
operators. More than 135 remote terminals will be in-
stalled throughout the network to provide information
and control points. The computer company also will
develop the software necessary for the operation of the
network and provide training of personnel on operation
of the control system.

Energy Control/Monitoring System
To Pay For Self in Four Years

According to Air Force estimates, an automated facility
management system to be installed at the Arnold En-
gineering Development Center, near Tullahoma, Tenn,
under a contract awarded to Hughes Aircraft Co’s Micro-
electronic Products Div, 500 Superior Ave, Newport
Beach, CA 92663, should reduce the Center’s annual
energy usage by $130,000 and labor costs by $94,500.
The system will provide automatic control of a primary
pumping station and will monitor and control most of
the heating, ventilation, and air conditioning equip-
ment in 42 buildings (presently controlled either manu-

ally or semi-automatically in each building). It will au-
tomatically shut down the equipment each evening and
restart it at a specified time the next morning. There
will also be growth capability for other, future services.

A computer-controlled central station will remotely
access physically distant terminals via a single wide-
brand coaxial cable and microwave link. Data will be
transferred between remote terminals and the central
station using time-division multiplexing at 1M bits/s.

Growth capability will be built into the system to
permit other services to be added at a future time. For
example, the coaxial cable will provide sufficient band-
width to transmit closed-circuit television and voice in
addition to the monitoring and control data.

Microprocessor Expands Capabilities

of CNC System

Incorporation of a microprocessor in the CNC 2800 en-
ables calculations to be carried out in 0.0001” (0.0025-
mm) increments at speeds up to the full capability of each
machine tool. The standard microprocessor computer
numerical control (cNC) unit—now in production by
Posidata Ltd, Rankine Rd, Basingstoke, Hants RG24
OPP, England—contains software for inch/metric switch-
ing from tape instructions, automatic acceptance of EIA
or 150 coded tapes, continuous path slope and arc oper-
ation, up to six axes of simultaneous linear moves in
absolute or incremental programming, or a mixture of
both; feed rate and spindle speed control from tape,
mirror image operation from tape, programmable dwell,
and cutter compensation. The last item consists of 32
pairs of tool length or tool diameter offsets which are
keyboard entered at will.

Operation can be from tape with or without edit
modifications, or, alternatively, the tape can be entered
in the 5.5k-character memory. A tape punch output inter-
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face enables new tapes to be prepared from the old tape
with appropriate modifications or direct from memory.
A cutting operation can be halted in mid-cut, the tool
jogged away from the work, and the tool subsequently
returned precisely to the point at which the sequence
was stopped. Repetitive machine operations can be per-
formed by means of a cycle file memory which enables
files to be “nested,” ie, one repetitive sequence to be
called up within another. Cycle files can be performed
up to 99 times by means of a file multiplier.

A crr display provides information on the current
program (current sequence and modal instructions) as
well as absolute or incremental dimensions. It also can
show all offsets, details of any editing which has been
carried out, and self-diagnostic performance routines.
Programming is eased by decimal point numbers with
the plus sign omitted. Dimensions can be entered up to
seven digits. All edited and offset memory information
is retained up to 72 hours with power off. O
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The concept and design of the Printronix 300
Impact Matrix Line Printer/Plotter

offers you several remarkable
cost/performance advantages.

Like dramatic savings in service costs
from modular construction.

You might expect a precision 300 Ipm line printer that produces print quality
others can't match, and doubles as a plotter, to be a monster to service.

Actually, when compared to servicing other printers, it's easier and faster.
Because of its modular design, the maximum MTTR is 30 minutes. With

the exception of the main motor, all functional modules can be quickly removed
without removing the shroud, as shown in the photos of the front cover raised
and the back cover open. Butthat's only one reason why maintenance and
service costs will be far lower than with other printers.

A Printronix 300 never requires

_ character alignment or hammer flight
, time adjustment like other printers.
_Even the hammers and/or coils can be
field replaced. And its mechanical
simplicity extends MTBF so far that

less servicing is required. That's

why we've offered a one-year warranty
from the beginning. Write for our
brochure. You'll see why you'll have
less downtime and fewer service calls.

‘ In short, a lower cost of ownership.

PC BOARD
CARD CAGE

CAM/FLYWHEEL
ASSEMBLY

POWER SUPPLY '
~ Printronix Inc
- lrvine, CA 92
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WESCON 77

September 19-21
San Francisco

“Electronics at the Golden Gate” sets the theme for
the 26th annual Western Electronic Show and Con-
vention in San Francisco—a key city in the western
electronics marketplace—featuring a 3-day profes-
sional program which zeroes in on needs, trends, and
applications of the technology in real terms and in
real time. As a gateway to a strong, solid electronics
market, WESCON/77 offers professionals and students
alike a prime opportunity for a practical, technical up-
date of important trends in technology. The 32 pro-
fessional program sessions were organized by L. Terry
Jackson (Lawrence Berkeley Labs), program chairman;
Alan B. Grebene (Exar-Integrated Systems) is vice
chairman.

Sponsored by the San Francisco Bay Area and Los
Angeles Councils of IEEE, and the Northern and South-
ern California Chapters of the Electronic Representa-
tives Association, the show features a 680-booth ex-
hibit in conjunction with the sessions.

Special Activities

Two events—the Wescon Luncheon and the 23rd Wes-
con Distributor-Manufacturer-Representative  (DMR)
Conference—will preview the show on Sunday, Sept
18, at the St Francis Hotel. Delivering the keynote ad-
dress at the luncheon will be Dr Bernard M. Oliver,
vice president for research and development, Hewlett-
Packard Co and past-president of IEEE. The DMR
conference will be held during that afternoon at the
St Francis.

Carrying over the conference’s theme into two of
the traditional social events, the all-industry reception
on Monday evening at the St Francis will be “Fun and
Games at the Golden Gate,” featuring audience partici-
pation in the electronic and TV games which will be

Dr Bernard M. Oliver
Keynote Speaker

L. Terry Jackson
Program Chairman

operating in the hotel’s grand ballroom for the enter-
tainment of the guests. Women-at-Wescon will take
part in a “Cruise of the Golden Bay,” first crossing to
Tiburon for shopping, then sailing to Angel Island for
a luncheon. Also offered is the Wescon Film Theater
presentation.

Two bus systems in operation during the week will
be the Bayshore Flyer system connecting the Civic
Center, the Hilton, and the Cabana Hotel in Palo Alto
on a regular schedule each day; and a continuous
commuter bus system within San Francisco, connect-
ing the Civic Center and downtown hotels.

Exhibits

With 400 exhibitors introducing products and systems
in 680 booths, the exhibits will occupy Brooks Hall and
the adjacent San Francisco Civic Auditorium, including
the main auditorium and Polk and Larkin Halls. This
showcase of products is expected to attract a large,
qualified audience of working technologists to evaluate
the display covering production, packaging, and test
equipment; instruments; mini and microcomputers and
peripherals; and components and micro electronics.
Show hours are 9:30 am to 6 pm on Monday and Wed-
nesday, and 9:30 am to 9 pm on Tuesday.

Registration

Computerized registration at the show will take place
at the Civic Auditorium and San Francisco Hilton Hotel.
The fee of $5 covers all exhibits and professional pro-
gram sessions for the three days.

(Continued on p 68)



One company can cut keyboard costs.
Even when their keyboards cost more.

The most expensive
mistake you'll ever make
selecting a keyboard could
be spending too little. In the
long run, that adds up to
cutting corners, not costs.

So to make sure you
get the keyboard that really
meets your needs,

MICRO SWITCH uses Value
Engineering.

Through Value
Engineering, we look at your
particular product needs to
design a cost-effective
solution to your problems.
That means designing a
keyboard that interfaces with
your total system and meets
your needs. Precisely.

It also means we can
often lower your total system
cost. For example, we might
be able to incorporate into a
keyboard several levels of
codes that you had been
paying for separately. And at
a much higher cost.

Or maybe customize

integrated circuits to provide
you more logic for less
money.

Besides giving you cost-
efficiency, MICRO SWITCH
keyboards out- feature
practically every other
in the industry.

You can choose LED or
incandescent lighting.
Tactile or linear feel. Sealed
versions for military and
industrial uses. Alternate or
momentary action. Encoding
techniques that'll meet any
code requirement.

There are also wired-
only assemblies or separate
modules available. And you
can pick from the industry's
largest legend library.

Standard, solid state
Hall-etfect technology
throughout the line delivers
reliability no mechanical
keyboard can offer. Plus, we
back up every keyboard we
make with a 1% Acceptable
Quality Level and a two-year

warranty.

It all adds up to quality
you can put your fingers
on every time.

For more information,
call 815/235-6600.

With MICRO SWITCH,
you'll be paying for
keyboards instead of
mistakes.

-
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MICRO SWITCH

ILLINOIS 61032

FREEPORT
A DINITSHONOF HONEYWELLE

MICRO SWITCH products are available worldwide through Honeywell International.

Circle 35 for data.

g

il 1




lnt?l delivers Intellec

Intellec®is Intel’s Microcomputer
.. Development Systern thatdelivers in-dep
support.-/And, m—depth SUppOrt gets.your -
microgomputer ba s d products.o market
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faster and easier, - computer system programmmg
: Intellec is the onfy~ % We call that language
- that supports the en ire o, PL/M. It has become the most
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in-depth support.
m desugn to productlon.

-

and data. And the new ICE-85™ provides
expanded in-system emulation capability,
extending the window to your entire
microcomputer system.

You can count on Intel for in-depth..

tlii{éshare computer
charges. You just can’t -
get that kind of | pawer 7,

2, € omplete documentation,

asy to Use. You - | ’ ing.

th the system in %p]é ‘That kmd of in-depth support is the
 English-like statements. You can write ap- ~ reason more designers are using more Intel
i phcatlon programs in small, mahageable - microcomputers and Intellec development

- modules and link them together w s than all others combined.
 programs from the diskette hbrary _ Tofind out how Intellec can getyou
ing into your microcomputer’s PROM or on the road to faster and easier microcom-
EPROM memory. | puter development, contact your nearest

To simplify hardware/software i mtegra— Intel distributor or sales representative. For
tion and system debugging, Intel’s unique  alocal demonstration or a copy of the
ICE modules give you a “diagnostic Intellec brochure, use the reader service
window” into the operation of your ~ card or contact us directly. Intel Corpora-
system. The ICE software system  tion, 3065 Bowers Avenue, Santa Clara,
is the only one that lets you con- California 95051. Telephone (408) 246-7501.
trol, monitor and analyze
all microcomputer

funtc;?ns ufsing sym- i °
wime intel delivers.

Circle 36 for technical information.
Circle 37 for technical information
and a demonstration.
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Expand your options
with Amphenol connector systems.

You'll find more ways to get a job done fast and

economically. Why settle for less?

You can get the tried and true in connectors from us.
Or you can challenge us to come up with something
that’s right out of tomorrow’s headlines. We're loaded
with ideas.

In fact, there are literally thousands of different kinds
of Amphenol connector products. Those are pretty good
odds, whether you're looking for cost-cutting connectors
for business equipment or consumer electronics. Or
connectors for data or word processing or telephony.
Or a full line of Mil-Spec connectors. Or connectors for
aerospace and nuclear applications.

VISIT US AT

WESCON/77
BOOTHS 211-214

But we promise you more than an expanding product
line. We'll provide proper means of terminating too.
There’s also our extraordinary quality. Our prompt de-
livery from our close-to-you distributors. Our personal-
ized technical help. Perhaps what you need now in
connectors is shown here. If it isn’t, just ask.

Our ideas. Your ideas. They're right for each other. To
learn why, just call us at (312) 986-2320 or write to:
Amphenol North America Division, Bunker Ramo
Corporation, Dept. L-77, 900 Commerce Drive, Oak
Brook, Illinois 60521.



Our 32 Series Fire-Plug™ connector
lives up to its name. It meets

UL 94V-O flammability tests.
Mounts on panels without tools.
For commercial, industrial and
consumer products.

Precision in coax. New subminiature
APC-3.5 precision connector ensures
mode-free operation through 34 CHz.

Quick change from multi-line to single-line
phone service. With our modular adapters.
Six-contact jack takes new plug-in cords.

A termination system that cuts assembly costs.
Our 17 Series has everything you need for rear-
release, input/output connectors. Reeled contacts
and crimping tools, too.

Circular power connectors. The 97 Series has heavy
experience in all kinds of consumer, industrial, and
business equipment. It’s for rack-and-panel installa-
tions and has pre-aligned contacts for quick, easy
Safety-first power distribution connectors. soldering. Hundreds of configurations for connect-
This 229 Series has integral ground, arc- ing computers, TV’s, machine tools, you-name-it.

quenching, and watertight seals.

The right idea
atthe
right time.

AMPHENOL (==

CIRCLE 38 ON INQUIRY CARD




Professional
Program

Confronting problems faced by designers and engi-
neers in all aspects of their work, the sessions give an
overview of applications, technology, advances, and
future directions of the electronics field. Obtaining a
balance of ideas from both manufacturer and user
viewpoints, the 32 half-day sessions attempt to draw
together all facets of a specific topic to enable at-
tendees to acquire an awareness and clearer view of
issues, and to provide them with answers or, at the
very least, guidelines for further action.

Five sessions will be held concurrently at 10 am and
2 pm on Monday, Tuesday, and Wednesday in the
Continental Ballroom complex of the San Francisco
Hilton Hotel. Key to the program is its diversity, both
in the way it is carried out—with panels, papers, and
films—and in the subject matter covered. Major areas

which are highlighted include microprocessors and
other LSl peripheral circuits, automatic test equip-
ment, lIL technology, distributed processing, time do-
main measurements, large scale computers, pocket
calculators, semiconductor memory devices, switching
power supplies, and IC testing.

Two sessions and a special exhibit have been
planned as career aids to university-level engineering
students. A panel session on Monday morning will
cover engineering careers and problems encountered
by those over 40; Monday afternoon’s panel discusses
the job interview. Both sessions are scheduled for the
TowneHouse Hotel. A special exhibit of projects cre-
ated by IEEE Region 6 student competitors will be on
view at Civic Auditorium.

Only those sessions of particular interest to Com-
puter Design readers are discussed in the following
pages. Information is necessarily limited to that avail-
able at press time.

TECHNICAL PROGRAM EXCERPTS

Monday Morning

Continental

Session 2 10 am—12:30 pm Ballroom 5

New Advances in Peripheral Circuits |
Organizer/Chairman: Rob Walker, Intel Corp, Santa Clara, Calif

LsI peripheral circuits are now available which en-
hance performance of computer systems. Dedicated
function controllers for microprocessors, SDLC protocol,
CRT terminals, and A-D/D-A converters for floppy discs
increase system performance and versatility. For larger
systems, bipolar Lsi high performance memory con-
trollers and media encryption bit slices are available.
The rationale behind the evolution of peripherals for
microcomputers, various hardware/software tradeoffs,
and the future direction of system architecture and
performance are covered by Ken McKenzie, Intel Corp,
while Barry Harvey, Siliconix, examines the use of
ADC techniques for interfacing microcomputers. Andrew
Allison, Advanced Micro Devices, individually outlines
three advanced support circuits which eliminate micro-
processor limitations in high performance applications.
Bit-slice partitioning of the data encryption standard
algorithm for use in both communicated and stored
data is explored by Krishna Rallapalli, Fairchild.

Continental
Session 3 10 am—12:30 pm Ballroom 6

Program Development for Microprocessors:
Emulation and Simulation

Organizer/Chairman: David Bursky, Electronic Design Magazine,
Rochelle Park, NJ

ROM emulation tools, software simulation techniques,
separate hardware and software development, and high
end microcomputer development tools are various tech-
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niques employed to speed microprocessor program
development. An emulator for the target ROM or p/ROM,
according to Dick Woods, Data I/0, can drastically
reduce development times. Michael Rooney of the
Boston Systems Office explains that software has now
reached the point where it can effectively simulate
microprocessor operation, as long as capabilities and
limitations are understood. Once the design is com-
mitted to hardware and firmware, the next step is
system debugging, which Bruce Gladstone, Microkit,
splits in order to handle hardware and software
separately. While the microprocessor development sys-
tem offers the most flexibility for system prototyping,
Tom Clark, Tektronix, questions how much is really
needed, highlighting features and cost/efficiency view-
points.

Continental

Session 4 10 am—12:30 pm Parlor 7

Automatic Test Equipment for a Production
Environment

Organizer/Chairman: Gerald Kutcher, Inforex Inc, Burlington,
Mass

“Real world” problems experienced by manufacturing
people are dealt with in this session which is struc-
tured for those who evaluate, purchase, and use ATE.
Consideration is given to a conservative mathematical
race detection technique needed to eliminate faults
(Paul W. Accampo, Hewlett-Packard Co), requirements
of microprocessor board testing (Noel P. Lyons, Fluke-
Trendar), and LsI testing using parallel pin drive
electronics (W. Nichols, Data Test). Selection of 4k
RAM test patterns for go/mo-go or characterization type
test programs (W. Sohl, Macrodata Corp) and in-circuit
inspection techniques for improved Pc board assembly

COMPUTER DESIGN/AUGUST 1977
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THE ONE MICROCOMPUTER THAT TACKLES EVERY JOB
Product Development ® Micro Control * Data Processing

UNIVERSAL 8080 AND 6800 SYSTEM ......... $3,850
A complete, low-cost, tape-based development system and powerful
general-purpose microcomputer for 8080 and 6800. Low price in-
cludes terminal and tape units. At our OEM price of $2,490 (quantity
100), this system is a super buy.

QUICKRUN™ SYSTEM WITH 32K MEMORY .... $5,275
The only co-resident assembly and interactive debugging system in the
industry. With editor, assembler and debugger/monitor all in memory,
things happen fast. Assembly of a 1000 statement program takes a
mere 15 seconds. It’s the most cost-effective solution for software
development available today. '

DUAL MICRODISK™ SYSTEM ................$6,475
You get all the speed and versatility of a 16K memory and dual
minifloppies plus the most sophisticated Disk Operating System
available on any microcomputer.

MICROEMULATOR™/ EPROM PROGRAMMER . $1,250
Everything you need for in-circuit emulation —single step, trace execu-
tion, hardware/software breakpoints, and 2708/2704 program-
ming—all in one low-cost package.

BAREBONES MICROCONTROLLER

Start with our barebones system and match your needs without
busting your budget by adding any of our low-cost peripherals. Ideal
for industrial/process control, data acquisition, and automatic test
equipment applications.

EXTENDED BASIC FOR TAPE OR DISK SYSTEMS

Includes every feature needed for general-purpose data processing:
strings, integers, bit functions, formatted 1/O and full data-
management capabilities.

30-DAY TRIAL PLAN

We have a microcomputer system that is just right for your application
and your budget. We can even let you try one for 30 days at no risk. For
more information, write or call MICROKIT today.

See us at WESCON, Booth 1726 CIRCLE 39 ON INQUIRY CARD

UNIVERSAL TAPE SYSTEM-8080 and 6800, Z-80
soon * 8K memory * 960 character CRT ¢ ASCII
keyboard ¢ (2) 2000-bps tape units * (2) RS-232
serial ports * Real-time clock * Bootstrap in PROM
¢ 8-level vectored interrupts * Complete Tape Oper-
ating System — debugger/ monitor, editor, assembler
and utility * OPTIONAL: Plug-in cards extend mem-
ory to 32K * QUICKRUN™ package adds co-resident
assembly and interactive debugging system.

MICRODISK/2MT™ DUAL MINIFLOPPY DISK
SYSTEM ¢ 16K memory * Full Disk Operating Sys-
tem Software.

=

Barebones MICROCONTROLLER includes CPU of
your choice, PROM/RAM memory, and universal
prototype card for custom 1/ O. Other system options
include In-Circuit MICROEMULATORS™, EPROM
programmers, standard floppy disk units and
printers.

MICROKIT INCORPORATED

11205 S. LA CIENEGA BOULEVARD ¢ LOS ANGELES, CALIFORNIA 90045 * (213) 641-7700
Dealer and Sales Representative Inquiries Invited



>/ilog

tﬁmf@ﬂc%s
e firs

>/780 disk based
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The Z-80 MCS Microcomputer—designed to be the most advanced
general purpose microcomputer available today. You get massive computing
power at a price so low you’ll find it most difficult to believe.
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bold new weapon
__is Zilog’s
breakthrough
Microcomputer

System.

It's a general purpose unit that gives
users high performance at remarkably
low cost—and it features all the reliability
and low maintenance you have come to
expect—and get—from Zilog.

ust for starters
consider these

780 MCS system
features.

o Full use of the powerful Z-80 CPU with
its 158 instruction set, considered to
be the most advanced in the industry.

* Main memory storage capacity of up
to 64K bytes of RAM, PROM or
EPROM. The standard basic system
comes with 3K bytes PROM and 16K
bytes of dynamic memory.

e Dual floppy disks with 600,000 bytes
of storage.

e RS-232 or current loop serial interface
for communication with a CRT or TTY.
And room is available to add more.

® Two parallel I/O ports for simple
interface to other peripherals, and
more ports are available.

And a nine slot card cage, housed along
with everything else in a heavy duty
metal chassis, allows the Z-80 MCS the
expansion capability and flexibility you
need for design options. And you get a
full complement of expansion cards.
Read on.

tandard
software ready
for development.

With the MCS you get a PROM Based
Monitor. A Macro Assembler, File Main-
tenance, Editor, Debug and Utility
Routines are also part of the standard
package.

Available options: BASIC. MCS/RIO
with relocating assembler and linking
loader. And coming soon a powerful
repertoire of programs including
MCS-COBOL and PLZ.

Needless to say complete docu-
mentation and system support comes
along as part of the package.

et unprecedented
power thanks to
the Z280 M(CS

internal architecture.

Not only does it include all of the
instructions of the preceeding proces-
sors, but goes far beyond.
Memory Block moves. Up to 65K
bytes can be moved at the rate of
8.4 microseconds per byte.

Memory Block searches. The entire
memory of the system can be
searched with a single instruction.

Block I/0 operations. 1/O transfers
at rates of up to 125 kilobytes/
second can be accomplished under
software control.

Bit Handling. Any bit in any register
or memory location can be set, tested
or cleared with a single instruction.
Relative Jumps. Short, two-byte
relative control transfers reduce
program sizes. Three-byte absolute
jumps provide access to any
memory location.

Eight and sixteen bit arithmetic
operations provide fast data and
address calculations. BCD arith-
metic and shifting is also supported.

lug in these cards
to further
expand the Z=80
MGS’s capabilities.

» RMB: contains 16K bytes of RAM
consisting of 4K dynamic RAM
devices.

e |OB: allows you to expand the system
by four /O ports per board.

e SIB: allows you to add 4 Serial
RS-232 ports per card.

e PMB: contains 16 sockets for addi-
tional PROM Memory per board.

onﬁQUPe the
= MGS the way
you want it.

his is all a part
of our pledge.

That pledge, to stay a generation ahead
is further demonstrated by the new Zilog
MCS.We urge you to learn more and

a suitable brochure has been prepared.
It can be yours, just write or call.

/
o

Zilog

10460 Bubb Road, Cupertino, California 95014
(408) 446-4666/TWX 910-338-7621

EASTERN REGION: (617) 890-0640
MIDWESTERN REGION: (312) 885-8080
WESTERN REGION: (213) 540-7749
EUROPE (ENGLAND): (0628) 36131/2/3
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process (R. N. Borrelli, Zehntel, Inc) round out the
coverage.

Golden Gate Room
Engineering Careers and the Problems After 40

Session S- 10 am—12:30 pm

Organizer/Chairman: Harold Goldberg, Data Precision Corp,
Wakefield, Mass

“This is my life professionally speaking. What kind of
profession am I getting into? Is it a lifetime career
or short-term job? What is this controversy about the
‘over 40 engineer’? What can I do now to help me
later?” are some of the doubts which possess the engi-
neer. Prepared to help those involved in an engineering
career to sort it all out is a panel comprised of Dr
Albert Morris, Genesys Systems; Dr Robert Anderson,
Purdue University; Dr James Rago, Jr, Cleveland State
University; Dr James Mulligan, Jr, University of Cali-
fornia, Irvine; and Huntz Cherney, IEEE.

Monday Afternoon

Session S-2 2—4:30 pm Golden Gate Room
Your Job Interview: The Million Dollar Decision
Organizer: Relations with Industry Group of the American Society
for Engineering Education

Moderator: Ralph W. Keller, Stanford University, Stanford, Calif

The job interview is one of the most important career
decisions, requiring proper preparation. This opportunity
is afforded by a panel of  professionals—Allen G.
Borman, Rockwell International; George B. Coover,
General Electric Co; Richard K. Daley, Bechtel Corp;
and Harley A. Thronson, IBM—who direct recruiting
of engineers. They will describe what their businesses
are looking for, and offer suggestions on how to sell
yourself.

Continental

2—4:30 pm Ballroom 4

Engineering Career Problems: Getting to the
Bottom Line

Session 6

Organizer: Jack Kinn, 1egg, Washington, DC

Chairman: John J. Guarrera, California State University, North-
ridege, Calif

Fundamental career problems, seldom examined in
their full range and scope, must be dealt with in the
context of current controversies in the profession. En-
gineers trained to deal with physical laws have greater
difficulty dealing with social and political questions
where there may be no true solutions—only informed
choices. In the absence of cure-alls, the realities must
be dealt with and some achievable alternatives to
present negative conditions procured. Job security is of
concern to Raymond Price, Stanford University, due to
rapid technological change coupled with a slowdown
in economic growth. John L. Lipp, Hay Associates, speci-
fies what elements are considered and how they are
weighted in determining compensation. Motivation and
recognition are everchanging factors, as Donald B.
Miller, IBM GSD, points out in exploring several con-
cepts. Fundamental myths concerning management of
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engineers are dispelled as Dr Peter Graves, California
State College, provides a fresh view of the ways the
career environment may be nurtured, or in reality
harmed by an organization.

Continental

Session 7 2—4:30 pm Ballroom 5

New Advances in Microprocessor Peripheral
Circuits I
Organizer /Chairman: Jim Vittera, Mostek, Carrollton, Tex

Many improvements in microcomputer system perfor-
mance and cost-effectiveness are being made by the
addition of sophisticated controllers to interface periph-
eral devices. The Z80 family of devices and the
M6800 crT controller are discussed by Ross Freeman,
Zilog Inc, and Jack Kister, Motorola, Inc, respectively.
Other topics include design and use of these devices
and an overview of the past and future of microcom-
puter systems, with Adam Osborne, Osborne and Associ-
ates, identifying microprocessor characteristics which
should have been present or were unnecessary in both
the cpu and surrounding support logic. A panel com-
posed of the speakers from session 2, in addition to
Allan Oakes, NEC America, and Jerry Larson, Western
Digital, discusses tradeoffs in using these devices.

Continental
Session 8 2—4:30 pm Ballroom 6
Designing with Microprocessors: Difficulties and
Dilemmas
Organizer/Chairman: Rudolph Panholzer, Naval Postgraduate
School, Monterey, Calif
Coming to grips with some of the problems facing
designers of microprocessor-based systems requires an
awareness of various factors, which is supplied by
Ken Rothmuller, Hewlett-Packard Co; Carol Anne
Ogdin, EDN; Robert W. Ulrickson, Logical Services Inc;
and Mona Saba, Tektronix Inc. Starting with the prob-
lem of proper selection of a microprocessor which is
influenced by technical considerations and product de-
velopment issues, the “language barrier” is then ex-
amined offering a review of languages and selection
guidelines. A dominant problem is that of education
and training; a manufacturer must be able to familiar-
ize designers with microprocessors in the most efficient
manner. A look at the pitfalls for the whole develop-
ment cycle from inception to finished microprocessor-
based products concludes the session.

Continental

Session 9 2—4:30 pm Parlor 7

ATE Test Techniques for Complex Digital
Assemblies

Organizer/Chairman: R. T. Szpila, GenRad, Concord, Mass
Thorough testing and fast, accurate fault diagnosis
of digital Pc boards is becoming increasingly more
difficult with the advent of microprocessors and other
LsI chips. State-of-the-art techniques are used to solve
these problems. Both an ATE user and several manu-
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There's now a new energy source that's a superb
alternative: Rechargeable, sealed lead-acid batteries
from Gates.

We call these batteries the future in energy cells. And
for good reason.

They have all the product advantages you need plus
economic advantages that may well give a new dimen-
sion to your product pricing.

Advantages: Gates Energy Cells are as compact as
nickel cadmium or gelled type cells. And they are com-
pletely sealed, so that no acid vapor can leak out
(they also include a self-sealing vent for extra
safety). Gates Energy Cells provide low in-
ternal impedance for high discharge rates
(more than 100 amps from the D cell and
200 amps from our X cell for short periods
of time). And can be operated or stored in
any position.

Gates Energy Cells offer great packag-

Energy Products

ing flexibility. In fact, our individual cell availability

allows you to choose your own specific voltage (in 2-volt

increments) and current, as well as configuration.

Just as important as what Gates Energy Cells have to
offer is what they don’t have to offer. Like outgassing
problems. Or cell reversal. Or “memory’” problems.

Because Gates Energy Cells are made from low-cost
materials that are readily available, they're very high in
watt-hr. per dollar value. Which means that if you specify
them, you'll probably save your company more than a
few dollars. And make yourself into something of a
hero in the bargain.

To find out more about the future in energy
cells, circle our reader service number or
write us. We'll send you free literature con-
taining features. application information,
ratings and specifications. George Sahl,
Gates Energy Products, Inc., 1050 S.
Broadway, Denver, CO 80217.

Where the
energy future is now
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Moving into
microprocessor-
based product
development...




doesn’t have

to be a costly,
time-consuming
business.

Now Tektronix introduces the 8002
Microprocessor Lab, to help you
meet your project deadlines and save
on some of the spending.

Featuring an innovative multiple-
processor architecture, the 8002
software development system
supports a variety of microproces-
sors: currently the 8080, 6800, Z-80,
and 9900; then an expanding
selection. Assembler software for
two components is provided from
those available at the time of
purchase, and software for each
additional microprocessor may be
added optionally with a minimum
of added expense.

Follow Your Own Direction

Now it is no longer necessary to

buy a new microprocessor develop-
ment aid each time you decide to use
a different microprocessor chip. You
and your team don’t need to go
through a new learning cycle with
your equipment each time, either.

The 8002 can also save you time with
several features that ease the task of
program creation: a text editor

that simplifies software entry and
revisions, an assembler with macro
capability, and dynamic trace for
software debugging.

Integrate As You Go Along

Since microprocessor-based pro-
gram creation and prototype design
typically go hand in hand, the 8002
offers three progressive option
levels for program emulation and
debugging, prototype emulation and
debugging, and real-time prototype
analysis.

The 8002 Program Emulation and
Debugging System, which adds an

COMMITTED TO EXCELLENCE

For technical data, circle 42 on Inquiry Card.
For a demonstration. circle 43 on Inquiry Card.

emulator processor and software for
a selected microprocessor, enables
the developmental software to be run,
tested, changed, traced, and
debugged on the desired micro-
processor. The emulator
microprocessor is identical to the
microprocessor in the designer’s

prototype; if the software is to be
executed on an 8080 in the prototype,
for example, an 8080 micropressor
chip is used in the emulator
processor.

The 8002 Interactive Prototype
Emulation and Debugging System
adds a Prototype Control Probe for a
selected microprocessor. With the
probe inserted into the prototype,
developmental software and hard-
ware may be tested, traced, and
debugged together.

The 8002 Real-Time Prototype
Analyzer System adds real-time trace
and an 8-channel Analyzer Probe. At
this level bus transactions and events
external to the microprocessor may
both be monitored.

From the Instrument Company
One final advantage: the Tektronix
name. Tektronix has always been
responsive to the instrumentation
needs of the design engineer. ..

and the 8002 Microprocessor Lab is
no exception. Its ability to deal with a
number of different microprocessors,
its many convenience features for
software development, and its
capabilities for software/hardware
debugging, make it a unique design
tool.

As a leading electronics instrument
company, Tektronix offers you a
full line of options and peripherals,
from the three 8002 option levels . ..
to PROM programming facilities for
the 1702 or the 2704/2708 MOS
PROMs. ... to aline printer and
choice of system terminals.

Backed by years of experience,
Tektronix also offers you a rare
commodity in the field of micro-
processor development tools: local
Field Engineers and local service. A
nation-wide network of Field Offices
and Service Centers is ready to help
you realize the full benefits of the
8002.

For more information or a demonstra-
tion of this new software development
tool, write Tektronix, Inc., P.O. Box 500,
Beaverton, Oregon 97077.

The 8002...
with multiple
microprocessor
support.




facturers (Ed Steinberg, Digital Equipment Corp; Lutz
P. Henckels, Instrumentation Engineering; Thomas S.
Bush, GenRad, Inc; and Doug Cutsforth, Computer
Automation) discuss present methods of testing micro-
processor printed circuit boards, technical innovations
in ATE hardware for testing cpAs, and software for
test program generation.

Continental
Session 10 2—4:30 pm Parlor |
Applications of Time Domain Measurement
Systems
Organizer/Chairman: Norris S. Nahman, National Bureau of
Standards, Boulder, Colo
Various computer-controlled time domain measurement
systems are applied to the measurement of signals
and networks in both the electrical and optical regions
of the electromagnetic spectrum. Providing descriptions
of these systems and their applications are Norris S.
Nahman, NBS, discussing the Signal Waveform Metrol-
ogy Program; Harry M. Cronson, Sperry Rand Research
Center, explaining results of systems used to obtain
properties of networks and materials over the 0.1- to
16-GHz frequency range; Fred J. Deadrick, Lawrence
Livermore Laboratory, describing a time domain antenna
range for scattering EM waves; and S. Gottfried, Bell
Laboratories, commenting on properties of optoelec-
tronic components.

Tuesday Morning

Session 11 10 am—12:30 pm

Designing With Integrated Injection Logic—IIL
Comes of Age

Imperial Ballroom

Organizer/Chairman: Alan B. Grebene, Exar-Integrated Systems,
Inc, Sunnyvale, Calif

1L technology is seen from the points of view of both
device modeling and Ls1 system design. Dealing with
the modeling of 1L gates, Jim Smith, Tektronix, focuses
on the relationships between I1IL model parameters
and process-related structural parameters, while D. B.
Estreich and R. W. Dutton, Stanford University, de-
scribe problems and results of the development and
use of a practical, user-oriented 1IL macromodel. Cover-
ing specific Lst design approaches utilizing 1L tech-
nology are Keith Russell, Signetics, detailing the prac-
tical use of multilevel L in microprocessor design,
and Louis Chan and Eugene Coussens, Exar-Integrated
Systems, Inc, presenting an efficient approach to com-
plex LsI design using mask-programmable gate arrays.

Continental

Session 12 10 am—12:30 pm Ballroom 5
Large Scale Computers

Organizer/Chairman: Harry G. Heard, Institute for Advanced
Computation, Sunnyvale, Calif

This technical report to the industry updates the tech-
nology and applications of ILLIAC 1V, covering develop-
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ments in supercomputer and support memory system
performance. Advance computer hardware and software
applications are covered, with emphasis on large-scale
optical memory data base subsystems. Theofanis Eco-
nomidis, R. S. Lim, J. E. Korpi, Richard M. Brown,
and Harry G. Heard, all of the Institute for Ad-
vanced Computation which operates and manages the
ILLIAC IV (I4) computer system, comment on upgrading
the system to operate in the 100-megaflop range. Also
mentioned are interleaved codes for multiple-burst
error correction for two laser memories, development
of a software system for one of those memories, selec-
tion of optical over magnetic technology, and the role
of central memory in a proposed I4 Tenex central
system.

Continental

Session 13 10 am—12:30 pm Ballroom 6

Programmable Pocket Calculators: Onward and
Upward

Organizer/Chairman: Rudolph Panholzer, Naval Postgraduate
School, Monterey, Calif

While the development of more advanced, powerful
calculators continues, the current generation of program-
mable pocket calculators offers incredible computing
power and features such as nonvolatile memory, plug-in
cartridges, and almost unlimited interfaceability. Up-
dating the fast moving field of personal computing
devices, Rex H. Shudde, Naval Postgraduate School,
commences with an overview, Richard D. Cuthbert,
Texas Instruments, continues with an outline of appli-
cations and anticipated growth, and James F. Chum-
bley, National Semiconductor, discusses factors in-
volved with interfacing the hand-held calculator. Richard
J. Nelson, Statek Corp, concludes the session with an
explanation of users’ clubs, which take up where manu-
facturers’ applications support leaves off.

Tuesday Afternoon
2—4:30 pm
Advances in Bipolar LS| Logic
Organizer/Chairman: Alan J. Weissherger, Signetics, Sunnyvale,
Calif

Bipolar Lst logic elements, their potential applications,
and design examples are introduced. The four devices
are a family of programmable array logic devices
aimed at replacing TTL ssi/Ms1 using bipolar fusable
link technology (John Birkner, Monolithic Memories),
the AM2903 microprocessor bit slice designed with a
3-port architecture (Bill Harmon, AMD), a field pro-
grammable logic sequencer which extends the domain
of programmable logic to encompass Mealy state ma-
chines (Napolean Cavlan, Signetics), and a collection
of high performance Schottky TTL microprogrammable
building blocks (Rex Meek, Texas Instruments). A
follow-up panel discussion explores trends and future
directions in programmable logic.

Session 16 Imperial Ballroom
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* Our quantity-50
OEM price for the
Stilent 7001 Model 743
KSR Terminal is now
just $1088. In larger
quantities, the price goes
below $1000.

And it keeps on costing less
because the real payoff is in
the cost of ownership. In the
long run, it costs less than any
other printer terminal with
comparable performance.

The reason is easy. Superior
design. The 743 KSR is built
around a TI microprocessor. So,
there are fewer components and
circuit boards than in other
printer terminals. That means
less maintenance and more
uptime performance. Plus
standard EIA and current loop
interfaces in a lighter, desk-
top package.

The 743 features the speed,
reliability and quietness that
made the Silent 700 terminal
family so popular. Incoming data
is buffered, so you get true 30-

character-per-second throughput.
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Data entry. Interactive remote
computing. Or as a message
terminal network. And it’s

now available with APL.
The 743 is backed by TI's

worldwide maintenance
and support services.

Find out more about TI's 743
KSR printer terminal. Fill out
and mail the coupon today. Or call
your nearest T1 sales office, °
or Terminal Marketing, (713)
494-5115, extension 2126.

Disturbing noises associated
with impact printers are eliminat-
ed with the 743’s non-impact
electronic printing.

Use it as a console 1/0 for soft -

ware development.Keyboard ter- Texas INSTRUMENTS
minal for inquiry/response. i gy g,

WP PP 000000000000 000000000000000000000000SRROITTTS L )

Yes! I am interested in the 743 KSR Printer Terminal. _$
[0 Please have your representative call me. S'GICEEN;rm?O(?
O Please send me more information. sk ot ioion:

Name
Title
Company
Phone
Address
City State Zip

Mail to: Texas Instruments Incorporated, P.O. Box 1444, M/S 784,
Houston, Texas 77001

®ecvccccessscsccsesnsne

11-8-CDN

©1977, Texas Instruments Incorporated
*U.S. Domestic Price

9000000900000 000 0000000000000 0000000000"

tTrademark of Texas Instruments
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TEXAS INSTRUMENTS.
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GAcountsin
microcomputing.

There’s not a machine that can touch GA’s 220.
Not from DEC, Data General, or anywhere else.

1. The only .C with COBOL, 6. The fastest .C: LDR/STR

FORTRAN and in-depth (indexed) 2.6 ps.
software support.
7. The only .C with parity
2. The only .C with a full file built-in: hardware test, verification,
management system. fault isolation, plus write protect.

3. The only ..C to offer OEMs 8. The only .C with a back-up

awide chqice of operating power supply built-in:
systems: like FSOS, DBOS, protects semiconductor memory
RTX, RTOS. from power failures.

4.The brofldest uCinstruction ¢ 1y only .C with board-
repertoire: speeds program
development, conserves memory,
accelerates execution.

level operator controls,

switches and displays:
in a microconsole.

5. The only 1.C that can handle
big disks: [/Orateis 2.0mB/  10.Theonly.C withover 100

second. field-proven I/O controllers.

=

1
O Rush me full details on GA-16/220uC |
capabilities. i
i n“ A'In“ [J Contact me for immediate requirements. |
: : Name i
break for OEMs: family com-
ity, throughout General Title
’s extensive micro/mini Phone Ext
eSGA']-G/ 220 instant access Clip coupon to company letterhead and
: - send to General Automation, 1055 South
batCh and real-time East Street, Anaheim, CA 92803. Or call
ystems, and to software (714) 778-4800. 2
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Continental
Session 17 2—4:30 pm Ballroom 5

New Generation Semiconductor Memory Devices
Organizer/Chairman: Derrell Coker, Mostek, Carrollton, Tex

New generation memory devices which exhibit perfor-
mance and reliability characteristics far superior to
previous devices are emerging onto the scene. Panelists,
including Paul Schroeder, Mostek; Robert Franken-
berg, Hewlett-Packard (both presenting papers); Bill
Rigetz, Intel Corp; John Hewkin, Texas Instruments;
Lin C. Wu, Amdahl Corp; and Gary Asbell, Data-
point, examine these products from both manufacturer
and user viewpoints. Application problems associated
with using these products, and problems of defining and
designing products to meet user needs are also analyzed.

Continental
Session 18 2—4:30 pm Ballroom &

Switching Power Supplies—Novel Circuits
Approaches, Space Applications, and
Characteristics Measurements

Organizer/Chairman: Abraham I. Pressman, Raytheon Co, Sud-
bury, Mass

Selection of the system block diagram of the switch-
ing regulator and its pulse width control scheme
determines its reliability, cost, efficiency, size, and
weight. Approaches described here offer simplicity and
higher output powers, previously unattainable with con-
ventional approaches. Neil Kepple, Keltec Co, covers
the basic flyback switching regulator used in a high
output power application, while Romualdas Dulskis and
Joel Estey of Charles Stark Draper Laboratory, and
Abraham Pressman, Raytheon, describe a unique mag-
netic-amplifier-controlled  switching power supply;
Derek Chambers and Dee Wang, Raytheon Co, con-
centrate on techniques for measuring parameters. Satel-
lite radiation environment and airborne transmitter
applications are described by Clement A. Berard, RCA
Astro Electronics, and Robert Rosen, Hughes Aircraft,
respectively.

Continental
Session 20 2—4:30 pm Parlor |
The Use of Bit-Slice Microprocessors in High
Performance Digital Signal Processing Systems
Organizer/Chairman: Howard I. Cohen, GTE Sylvania, Needham
Heights, Mass
An examination of software, hardware, and application
problems in realizing very high performance digital
filtering and signal processing systems built with bit-
slice microprocessors begins with a review and update
of state-of-the-art technology. Methods of overcoming
these problems, and design and application examples
are supplied. Discussions offer information on software
support problems, hardware organization to alleviate
many of the software problems, applications in radar
signal processing, and organizations to enhance digital
filtering in radio astronomy and digital speech process-
ing. Speakers, representing industry, government, and
an academic institution, are P. C. Barr, Raytheon;
M. S. Gerhardt, Digital Equipment Corp; J. Ardini,
H. Cohen, and L. Sletzinger, GTE Sylvania Inc; Allen
Peterson, Stanford University Center for Radio Astron-
omy; J. Clary, Research Triangle Institute; and L. Owens,
Redstone Arsenal.
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Wednesday Morning

Session 21 10 am—12:30 pm Imperial Ballroom

Analog Interface in Microprocessor Systems

Organizer/Chairman: Narpat Bhandari, Signetics, Inc, Sunnyvale,
Calif

Along with the advent of the microprocessor, monolithic
bus-compatible analog products, such as A-D, D-A drivers,
and other peripheral devices are assuming a key role
in the realization of data acquisition systems. The
papers survey ADC techniques and look at practical
applications involving A-D/microprocessor interfaces
(David Fullegar, Intersil); a 6-channel 8-bit micro-
processor-compatible Apc (Russell J. Apfel and John
Conover, Fairchild Camera and Instrument Corp); a
microprocessor bus-compatible 8-bit system pac (J.
Simmons, Signetics); optimal D-A/A-D conversion tech-
niques using a microprocessor (David Chung, Umtech
Inc) ; and use of cmos logic elements, microprocessors,
and data converters in low power data acquisition WISE
systems, suitable for field applications requiring inde-
pendence from commercial power sources (Robert
Pleva, Lawrence Livermore Laboratory).

Continental

Session 23 10 am—12:30 pm Ballroom 6

Transition to Distributed Processing

Organizer/Chairman: Jacob Sternberg, Conversational Systems
Corp, New York, NY

Distributed processing is the logical conclusion to an
evolutionary process. The elements involved in the
past and current transitions are covered, followed by
an examination of the impact of pDP from three view-
points. Jacob Sternberg and Jeffrey Goldfarb, Conver-
sational Systems; Patrick LaMalva, Citibank; Tom
Harris, IBM; and Mark Levi, National Semiconductor,
comment on the management view (business reasons
for embarking on decentralization), the technical plan-
ning view (technological reasons for distribution of
processing resources, and analysis of technical prob-
lems), and the implementation view (the practical,
orderly route of implementing the DP environment).

Session 24 10 am—12:30 pm Pacific Room

Microprocessors: Communicating With the Real
Worl

Organizer/Chairman: Andy Santoni, Electronic Design Magazine,
Rochelle Park, NJ

As microprocessors find new applications and become
less expensive, the complexity and cost of support cir-
cuitry become larger factors in system design. Larry A.
Solomon and D. R. Carley, RCA Solid-State Div,
explore software/hardware tradeoffs that can be made
at system design to maximize processor utilization, and
to decide whether software or a peripheral controller
circuit is best for the job. Accessing peripherals from
the microprocessor—as memory locations or via 1/0
ports—is addressed by Mitchell Gooze, Motorola Semi-
conductor Products. Dave Kress examines applying con-
verters in microprocessor-based systems; and Mark Mayes
and R. Wade Williams, GenRad Test Systems Div, ex-
plore methods of effectively testing complex peripheral
chips to cut costs.
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Wednesday Afternoon

Session 26 2—4:30 pm Imperial Ballroom

Analog and Digital Data Acquisition and
Distribution with Microprocessors
Organizer/Chairman: Robert Morrison, Burr-Brown Research
‘Corp, Tucson, Ariz

As microprocessors become more involved in real world
applications, the ever increasing question is How is
the interfacing performed? Numerous ways of per-
forming the analog and digital interface function, as
well as methods for handling digital problems such
as contact closure sensing, are presented. Robert Morri-
son, Burr-Brown, gives an overview of the techniques
and components. Preprocessing functions are examined
by Claude A. Wiatrowski, U of Colorado, illustrated
as frontend processing for industrial microcomputer
systems. George Bryant, Datel Systems, details appli-
cations of analog conversion products in microcomputer
systems. A specific application is described by M. L.
Roginski and J. A. Tabb, Lockheed-Georgia Co, with
the microprocessor-controlled fatigue load control sys-
tem. Ivor Wold, Analog Devices, covers ADC and DAC
integration in microprocessor systems.

Session 27 2—4:30 pm Hilton Plaza Room

Single-Chip Microcomputers Find More Than a
Niche

Organizer/Chairman: Dan Hammond, Mostek, Carrollton, Tex

Trends in microprocessor applications including logic
replacement, controller, automotive, appliance, and
consumer products in the lowend logic replacement
market are analyzed. A user’s viewpoint and evaluation
of available devices by Matt Biewer, Pro-Log, is coupled
with discussions of three specific applications. Larry
Goss, Intel, reports on the 8048-based keyboard/display
module; John D. Bryant, Texas Instruments, discusses
the TMS9940 microcomputer compared to the TMS8080A
microprocessor used in a data terminal; and Mike
Miller, Mostek, describes the implementation of an
asynchronous serial data link using the 3870 single-
chip microcomputer. A panel composed of these speakers
and Marshall Kidd, General Electric, concludes with
a discussion of some of the controversial aspects of
single-chip microcomputers.

Continental
Session 28 2—4:30 pm Ballroom 6

"ICs in Testingland"

Organizer/Chairman: Martin Marshall, EDN Magazine, Camp-
bell, Calif

As a tale of semiconductor measurement techniques,
“1cs in Testingland” expounds upon the necessity of
IC testing, reveals the intricate mechanisms involved
in memory testing, and adjudicates the microprocessor
issue. The fantasy film is written and directed by
Martin Marshall, EDN magazine, based on the format
of “Alice in Wonderland.” Following the showing of the
original film, a panel comprised of Jim Fisher, Tek-
tronix, Inc; Bob Huston, Fairchild Systems Technology;
Bill Blatchley, Siemens Corp; and Floyd Kinnay, Con-
tinental Testing Labs, furnishes a discussion and ques-
tion-and-answer period. O

DATA 1/0
BY BIT
OR BYTE

....for 15,000 hours.

The MFE 250B cassette tape transport is
ideal for program loading, communications
terminals and data acquisition systems.
It’s Vs the size of a minifloppy, has a 1/10®
error rate, 366 Kilobyte storage and
a 32 Kilobit transfer rate.

Just 2 moving parts and no mechanical
adjustments assure its constant speed,
accuracy, speed range and reliability.
Computer and communications interfacing
is simplified by your choice of 8 bit
parallel or 8 bit serial option boards —

I\

KEEWAYDIN DRIVE, SALEM, N.H. 03079 U.S.A.

MFE PRODUCTS SA
AV DU GENERAL GUISAN 58
CH-1800 VEVEY SWITZERLAND
TELEPHONE 021 52.80.40
TELEX 26238 MFEPR CH

See Us At WESCON Booth #1548 — 1550
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IEEE Computer Society
International
Conference

Mayflower Hotel, Washington, DC
September 6-9

Concentrating on the theme of “Micros, Minis, and
Maxis—Technology Thrust vs User Requirement,” IEEE
Computer Society’s 15th International Conference will
feature 28 technical sessions covering' hardware, soft-
ware, peripherals, technology, and applications. Under
the direction of General Chairman, Paul L. Hazan, Ap-
plied Physics Laboratories, Johns Hopkins University,
and Technical Program Chairman, Paul S. Skartvedt,
TRW Energy Systems Division, compcoN 77 Fall will
touch on design, memory technology, and distributed
processing. Evening sessions including a “hands-on”
personal computing workshop are planned.

On Tuesday, September 6, preceding the Conference,
three tutorials chaired by Victor R. Basili, University
of Maryland will explore the practical and theoretical
aspects of the topics discussed. Covering a' broad
spectrum of microprocessor technology and applications,
“The Design and Application of Microprocessor Systems”
will be highlighted by a “hands-on” workshop. “Dis-
tributed Processing” will address technological and
managerial considerations in the design and applica-
tions of distributed processing.

Keynote sessions will commence at 11 am on Wednes-
day, September 7 with a presentation by Isaac Auer-
bach, president, Auerbach Publications who will rein-
force the Conference theme with his “Forecast of Com-
puter Technology, 1977-1985.” Other keynote sessions
will be held at 11, 11:30, 12 noon, and 12:30 to outline
subsequent technical sessions. Eugene McFarland, assis-
tant vice president, M0s Division, Texas Instruments,
will keynote the Microprocessor-related sessions with
“Microprocessors; Their Impact on Design Engineering.”
“Application Trends and Directions,” presented by Joe
M. Henson, vice president, Market Planning, Data
Processing Div, IBM, will focus on Computer Applica-
tions. Tom Klein, National Semiconductor, will lead
off the Component Technology and Memories area
with “Trends in Future Memory Development.” De-
livering an “Overview of Distributed Processing” will
be E. Douglas Jensen, Honeywell Systems & Research
Center. “Peripherals in the Future” will introduce the
sessions pertaining to Peripherals. Posing the questions,
“Can Software Be More Like Hardware? Should It Be?”
Walter Beam, U.S. Air Force, Office of the Assistant
Secretary, Deputy for Advanced Technology, will ini-
tiate discussions relating to Software. Edson De Castro,
president, Data General Corp, will launch the Systems
Technology area with “Trends in Computer System
Technology and Architecture.”
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Encompassing both hardware and software consid-
erations, the Microprocessor section includes a session
devoted to high level languages; more specifically, the
correlation between language and usage. Offering sug-
gestions for microprocessor software development and
a proposal of a universal microprocessor systems soft-
ware, “Microcomputer Development Techniques” deals
with the developmental problems related to integra-
tion of hardware and software. Details on synchronous
communications using LsI peripherals, vehicle control,
and bit-slice microcomputing are offered in the session
devoted to “Microprocessor-Based Controllers.” “Systems
Engineering with Micros” includes papers which evaluate
various components of engineering such as queue
memories, and avionics application.

Application trends and directions are explored in
relation to medical, military, and real-time applications.
The technological requirements and architectural con-
siderations of signal processing are also noted. Real-
time applications offered for consideration include
papers on emulation considerations for real-time com-
puter systems, and space-related control systems.

The Component Technology and Memories area
focuses on specifics of such memories as bubble mem-
ories, cCDs, and RAMs, reveals the status of semicon-
ductor memories in Japan, and indicates the direction
of logic technology. A comparative evaluation of static
vs dynamic memories can be found in “Memory Sys-
tems” which outlines a pseudo-RAM system with ccp-sr
and MOS RAM on a chip. Advantages of ccD systems
in future machine architecture and the usage of memory
components are also discussed.

Various aspects of Distributed Processing such as
hierarchical configurations, networks, and models are
analyzed. Papers dealing with models and simulation
present the results of a GpPss simulation of the AFos
closed loop store-and-forward communications network,
and describe parallel control systems. Acknowledge
Ethernet, and the Kent Distributed Control Project
are two of the networks detailed.

Advanced and smart peripherals, state-of-the-art
storage technology, and devices dominate the Peripheral-
related sessions. Details of the design and simulation
of a ccp-based display memory system for a micro-
computer-controlled CRT terminal are examined.

Of interest to designers and systems engineers, the
Software area includes a session on software engineering
and development for microprocessors which concen-
trates on high level language programming, specifically
to produce load modules for ROM in medium quantities.
“Software Engineering and Development for Distributed
Processing Systems” pinpoints the need for improve-
ments in real-time distributed control software, and
explores the means by which they are accomplished.

The approach to System Technology is in relation
to past, present, and future. “Array and Directed Ap-
plications” discusses the Array 2 processor, presents
a pipelined architecture bit-slice computer for high
level languages, and tells of the evolution of parallel
processor architecture for image processing. Implemen-
tation techniques centering on next generation systems
include DBs architecture, design tools, and the use of
multilevel encoding in microinstruction formats. An
overview of trends in systems architecture is presented
in “Mini and Multi Processors.” O
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8080
ore

non-volatile - high reliability

Dataram introduces the industry’s widest range of byte-designed single-board core
systems for 8080 and other byte-oriented applications.

And when Dataram says " byte,” we mean true byte systems — with 1K to 32K
bytes, 8 to 10 bits/byte, not 16 or 18 bits/word systems that simulate byte systems.

What that means to you is less power and fewer components...and that means
more for less. More reliability and more performance with smaller size...and lower
product costs.

8080 Core. For people who think small.

Find out more about 8080 Core today. Return this coupon at once, or call us at
609-799-0071.

DR-180 4K x 8 750/250 ns | 9.2" x 6.3" +5V, +12V | 30 Watits | 8080

8K x8 750/250 ns | (233.4 mm x 160 mm) Microprocessor
DR-121 1K x 10 900/350 ns | 11.7"x 11.5" +5V, —12V | 25 Watts | Cambridge

2K x 8 900/350 ns | (297 mm x 292 mm) Memories’

2K x 10 | 900/350 ns 1K x 9 Unicore
DR-104 4K x 9 750/350 ns | 13.5" x 8.3" +5V, —12V | 32 Watts | National

8Kx9 750/350 ns | (343 mm x 211 mm) Semiconductors’

16K x9 | 750/300 ns MOSRAM 104

32K x9 | 800/300 ns

In addition to standard systems, Dataram offers impressive custom design capabilities.

I'd like to learn more about 8080 Core.
[ Please send information

[ Please have a salesman contact me
[J Please have a technical type call me.

Name

Title Phone

Company
Address

N oaTaARAM BIED State Zip
L n CORPORATION [0 Please send me information about BULK CORE:

256K byte memory system on a single board
EET&;JS?L‘L%]S;Q‘ENYNOQS(‘ZD O Please send me information about mini-memories for

TEL: 609-799-0071 TWX: 510-685-2542 minicomputers
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The minifloppy

Proven in 10,000 installations
and never more affordable.

A year ago when we introduced our minifloppy,

we frankly didn’t expect the revolution that was
about to happen. Now we’ve got 10,000 units
delivered and our production experience allows us
to pass along a nice 15% price reduction. Naturally,
we are very flattered by the acceptance the little
drive has received (and by all the imitations). There
are a lot of good reasons why our minifloppy has
been accepted as number 1.

35 Tracks. A format with a future.

The minifloppy provides fast, random access to the
industry accepted 35 recording tracks. This is the
format that will help you grow compatibly and
reliably into double density and double sided
recording later, when you are ready. Transfer rate is
125 kbits per second, seek time is 40 msec track

to track.
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The compact minidiskette® media carries 110 KB of
information. And this convenient disk configuration
is easy to file and easy to load. The minidiskette
media is available hard or soft sectored.

Reliable Storage

The Shugart minifloppy drive has the proven
mechanical reliability and data integrity of standard
flexible disk drives. It reads and writes with the
same glass bonded ferrite/ceramic head used in
Shugart’s standard-sized SA800 flexible disk drives.
Shugart makes over 100,000 of these heads each
year. The SA400 also uses a SA800-2 style
interface like big brother. Interface commonality
allows upward expansion and ease of conversion.

Mechanical Reliability

Proven flexible disk drive technology gives you a
MTBF of 8000 Power-On-Hours in typical duty
applications. Die cast construction offers high
mechanical integrity.

A DC drive motor with precision servo speed
control using an integral tachometer eliminates AC
power requirements. The unique stepping motor
actuator uses a direct drive spiral cam with ball
bearing V-groove positive indent. This assures
perfect head registration every time.

A positive media interlock prevents diskette
damage. The door interlock insures that the door
cannot be closed until the diskette is fully inserted.
Your customer can’t jam this drive.
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from number 1

Data Integrity

Error rate is a critical factor in your system’s per-
formance. The Shugart minifloppy drive improves
error rate by two orders of magnitude compared to
cassettes. Soft errors are only one in 10% and

seek errors one in 10°.

Write protect circuitry prevents loss of recorded
information. It's standard with every Shugart SA400.
The minidiskette media is recorded at 20% less
density than our standard floppy. This generous
safety margin is your assurance of data integrity

and the lowest possible media costs.

Maintainable Performance

Simple, modular components reduce Mean-Time-To
Repair to thirty minutes. The self-aligning head
eliminates the need for head alignment tools in the field.

Inexpensive Storage
Applying floppy technology
in a compact size re-
duces OEM and end user
And with our recent 15%
PPCe reduction minifloppy disk

orage has never been more affordable.

Small drive size (5.75” wide, 3.25" high and 8.0"
deep) reduces total system cost. Low unit weight
of three pounds offers OEM system designers new
application opportunities, too.

Low power consumption (only 15 watts continuous
duty, 7.5 in standby) reduces power supply cost and
heat problems (fan noise, too). Standard twelve
volt and five volt DC power is all that is required.

The SA4400 ministreaker™ Controller
The SA4400 ministreaker controller controls up
to three minifloppy drives, providing up to 241.8
kilobytes of on-line data storage. Using a modified
IBM 3740 format and a 128 byte buffer, the
controller operates on 8 bit byte bi-directional
parallel 1/0O.

Features include direct track/sector addressing,
asynchronous TTL host interface, seek overlap and
simplified command structure.

Support

Shugart has made the floppy smaller and product
support bigger. We give you more support—
systems design, technical service, documentation
and applications help.
Two out of three OEM’s
specify Shugart. They get
more experience, more
technology, more support.
So talk to number one in
low cost disk storage.
Talk to Shugart.

The Leader
In Low Cost
DiskStorage

AaShugcrt Associates

415 Oakmead Parkway, Sunnyvale, California 94086
Telephone: (408) 733-0100

West Coast Sales/Service: Telephone (408) 252-6860
East Coast Sales/Service: Telephone: (617) 890-0808
Europe Sales/Service: 3, Place Gustave Eiffel, Silic 311
94588 Rungis, France Telephone: (1) 686-00-85

™ ministreaker is a Shugart trademark
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Intel delivers PDP-11 memory
for people who can't afford to wait.

When you're in a hurry for more semiconductor
memory for your PDP-11, call Intel. We deliver
memory for the full PDP-11 line. And because
we're the largest manufacturer of semiconductor
memory in the world, delivery is when you
want it.

Why wait? Since you've chosen the leader to
supply your minicomputer, it makes sense to go
to the leader for memory, too. That’s us.

Intel memory systems save you more than
time. Our in-1670 add-on memory for the
PDP-11/70 is one example. It gives you four
times the capacity in the same frame compared
to the DEC MJ11-A core memory. And built in
Error Correction Code (ECC) and Error Logging
improve up-time and reduce maintenance time by
automatically correcting and recording single-bit
failures and detecting and recording double-

Intel Memory Systems
1302 N. Mathilda Avenue
Sunnyvale, California 94086

[0 Please call me at /

For PDP-11 add-in memory go with our
in-4711 plug in boards. You'll get memory that’s
even faster than DEC’s. 16K words per hex-wide
board. With or without parity. To further expand
PDP-11 memory and reduce UNIBUS™ loading
choose our in-4011 add-on. With memory man-
agement you can expand to 128K words in 16K
increments. And since the in-4011 requires only
one UNIBUS load, you get added system
flexibility.

Get more memory for your LSI-11 and
PDP-11/03 in less space with our in-1611 add-in
memory. You get up to 32K words, in 8K
increments, on a single, two-wide, board. That’s
up to eight times the memory you get with a
DEC board.

When you can’t afford to wait call us at
800-538-8476. In California and Canada, call
408-734-8102, x575. We'll save you time, and
much more.

intgl delivers.

following:

0 LSI-11, PDP-11/03
O PDP-11/04

J PDP-11/05

O PDP-11/34
L3 PDP-11/35

" Name/Title

_____________________ -
|

I

|

I can’t wait! Must have delivery in [J5 Days [130 Days [J_____ Days I
Ext. |

[0 Please send me information on semiconductor memory for the }

OO PDP-11/40 :

O PDP-11/45 |

O PDP-11/55 |

O PDP-11/70 =

l

|

Company Mail Station |

Address |

b City/State/Zip _j'
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Tradeoff goals of a mid-range minicomputer design—balancing
cost, functionality, and size for broad appeal—are primarily achieved
by exploiting technological advances and appraising user needs

Design Decisions Achieve Price/
Performance Balance in Mid-Range
Minicomputers

J. Craig Mudge

Digital Equipment Corporation
Maynard, Massachusetts

Design evolution of a minicomputer family usually pro-
ceeds along three basic dimensions: cost, functionality,
and size. That is, the minicomputer becomes cheaper,
more powerful, and smaller with time. The underlying
hardware technology is the dominant factor in determin-
ing the evolution. In contrast to the evolution of large
computers, market factors have less influence on the
growth pattern of minicomputers. However, minicom-
puter software characteristics are affected by the market.
These requirements rapidly feed down to modify the
hardware, given that the technology will support user
needs.

The DEC PDP-11/60* serves to demonstrate minicom-
puter designing with improved technologies. Being a
mid-range machine, ie, neither the lowest in cost nor
the highest in performance, its design is a rich source
of tradeoff examples. Its cache design illustrates a price/
performance trade, the decreasing cost of read-only
memories (RoMs) show how hardware-microcode trade-
offs change over time, and its integral floating-point
arithmetic unit exemplifies a software-hardware tradeoff.

Design Styles

Equipment history reveals that a member is added to
a minicomputer family whenever technology advances
by a factor of two; for example, doubling of bit density

on a memory chip. Over the past 15 years, such an
improvement has occurred about every two years.

These advances in technology can be translated into
either of two fundamentally different design styles. One
provides essentially constant functionality at a minimal
price (which decreases over time) ; the second keeps cost
constant and increases functionality. (Here, and in the
discussion to follow, the definition of functionality has
been broadened from its conventional single component,
speed, to include components such as extended instruc-
tions and self-checking.) Both design approaches co-
ordinate with the basic marketing philosophy of the
minicomputer industry: more computation for more
users at less cost. There have been ten models, or
implementations, of the PDP-11 architecture since the
unit was introduced in 1970.! Fig 1 illustrates how the
two design styles affected successive implementations
within this minicomputer family.

Lower cost members trace the decreasing-cost, con-
stant-functionality curve. (This is the 11/20, 11/05, and
LSI-11 or 11/03 line.) The horizontal line in Fig 1
connects the constant-cost, increasing-functionality de-
signs. (Not shown are ‘“growth-path” members that
provide greater performance at slightly increased costs;
11/45, 11/55, and 11/70 machines trace an upward

*DEC, PDP-11, and uNIBUs are registered trademarks of the
Digital Equipment ‘Corp, Maynard, Massachusetts.
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COsT

1/40

(11/03)

TIME

CONSTANT COST,
INCREASING FUNCTIONALITY

CONSTANT FUNCTIONALITY,  functionality, decreasing-cost. The 11/
DECREASING COST

Fig 1 Minicomputer family evolution.
Advances in technology translate into
two design styles: constant-cost, in-
creasing-functionality and constant-

60 represents former design style. Func-
tionality added to 11/40 is depicted by
shaded area. Tradeoffs discussed oc-
cur within this area

growth-path curve.) Shaded area in the figure repre-
sents the added functionality possible through tech-
nology advances. Mid-range minicomputers attempt to
optimize price/functionality and, hence, offer an excel-
lent vantage point for discussing design tradeoffs made
under the constant-cost design style.

In addition to the capabilities provided by tech-
nological advances, a mature family architecture and
user base allows the minicomputer designer to include
those capabilities that were not considered feasible in the
original architecture. These features may not have been
included because they were too costly to implement, not
sufficiently general-purpose to justify their inclusion,
or not perceived as being essential to users. Reliability,
maintainability, the integral floating-point unit, and the
writable control store (Wcs) option represent such
capabilities.

Internal structure of the 11/60 (Fig 2) incorporates
a 2048-byte cache, memory management unit (for vir-
tual-to-physical address translation), and an integral
floating-point unit as standard components. The unit
can perform a register-to-register add instruction in an
average time of 530 ns; internal cycle time is 170 ns.
Available as options are a floating-point processor,
which implements at higher speed the same 46 instruc-
tions as the integral unit, a writable control store, and
a microdiagnostic unit.

Advances in
Memory Technology

Improvements in memory technology have been the
principal forces in minicomputer developments. Memory

TO OTHER
UNIBUS
DEVICES

L_PROCESSOR OPTIONS

Fig 2 Internal structure. Cache placement between
Unibus and CPU permits faster execution and allows
use of standard memories. However, DMA monitoring
mechanism is needed for traffic on path CBA. Module
count is six for CPU and cache, one for writable con-
trol store, one for microdiagnostics unit, and four for
floating-point processor. This processor operates in
parallel with CPU execution of nonfloating-point in-
structions; instruction times are 1.02 us for double-
precision add and 1.53 us for single-precision multi-
ply. Writable control store uses 1024 control words that
are reloadable and that control 170-ns inner machine.
Machine is design optimized for user environment
characterized by real-time operating system and FOR-
TRAN
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Fig 3 Semiconductor technology trends in control implementations. Cost
comparisons, at three different points in time, of conventional hardwired
control and advanced microprogrammed control show two important
trends. First, at fixed point in time in 1970s (eg, time t3), micropro-
grammed control is less expensive above certain level of complexity
(x3). For simplest type of machine, random logic gives most economical
design. Microprogrammed design has base cost associated with address
sequencing and memory selection circuitry. Microprogrammed control
cost increases slowly with number of sequencing cycles, which are
added as complexity increases, because each additional cycle requires
one additional word of control store. Second, because rate of cost-
decrease for memories is greater than the rate for random logic, cross-
over points move with time, gradually shifting in favor of micropro-
grammed control. When 11/20 was designed (time t1) hardwired con-
trols were cheaper. Its successor, the 11/40, was designed at time t2
and used microprogramming. The 11/60, at time t3, used increased mi-

croprogramming

is the most basic component of a computer and it is
utilized throughout the design. In addition to obvious
uses as main program and data memory, and as file
storage devices (discs and tapes), memory is also lo-
cated within the central processor in the form of reg-
isters, state indicators, control, and buffer storage be-
tween the central processor and main (primary) memory.
In input/output (1/0) devices, there are buffers and
staging areas. Memory can be substituted for nearly
all logic by substituting table lookup for computation.
The constantly increasing bit density mentioned previ-
ously has been the most dramatic development in mem-
ories. For example, bipolar read-write or random-access
memory (RAM) chips have advanced as follows:

Year When First

Widely Available Number of Bits
1969-70 16
1971-72 64
1973 256
1975 1024
1977 4096

Cost reductions have paralleled bit density increases. A
consequence of higher density RAM technology is that
cache memories are now extensively used in mid- and
upper-range minicomputers. Bipolar RoM densities have
led RAM densities by about a year. Thus, the 2048-bit
ROM, organized as 512 x 4, was available in 1975.

These factors have made microprogrammed control
increasingly attractive to the minicomputer designer.
While large scale computers utilized extensive micro-
programming during the 1960s, it was not a cost-effec-
tive choice for the minicomputer designer because of the
prohibitive cost of the read-only storage technology then
available.

Both hardwired control devices and microprogrammed
control devices have curves that trace increases in cost
as they implement increasing functionality (see Fig 3).
However, the rate of cost increase is less for micro-
programmed controls than for hardwired controls. David-
ow? demonstrates that a factor-of-four difference exists
between the two slopes.

At some point, the two related hardwired and micro-
programmed curves cross. Beyond that intersection, mi-
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croprogrammed controls are more economical to use in
a design. Both of these curves are moving down-
ward in cost with time, but the curve for micropro-
grammed controls is moving downward at a faster rate.
Thus, the intersection point of the two curves is grad-
ually shifting in favor of microprogrammed controls be-
cause the two technologies are moving at different rates.
The PDP-11 family offers an example of this trend. At
the time the 11/20 was designed, the crossover point was
to the right of the PDP-11 instruction set on the abscissa.
Hence, the 11/20 used hardwired controls. However, all
subsequent implementations have used a RoM-controlled
microprogrammed processor. O’Loughlin® contrasts the
control implementations of four members of the family.

Instruction decode on the 11/60 provides an example
of a different use of RoMs. For the secondary decode (the
primary is done by combinational logic), part of the
instruction register addresses a RoM in which control-
store-address offsets are stored. This data-table approach
offers both a component saving and a more systematic
design. Another example is a RoM-stored table that in-
spects memory addresses to detect those which refer to
locations internal to the processor.

Other advances in semiconductor technology that have
affected the minicomputer designer’s task include the de-
velopment of 3-state logic devices and greater levels of
gate integration in logic chips. Widely available in 1975,
3-state logic encourages bus-oriented designs. Six 3-state
buses are implemented in the 11/60. Examples are the

48-bit wide control signal bus in the cpu and the 60-bit
wide fraction data and 10-bit wide exponent data buses
in the floating-point processor.

Increased gate integration in logic chips had its major
impact on constant-cost minicomputers when the design
evolution moved from the 11/20 to the 11/40. The latter
machine made heavy use of medium scale integration
(ms1). The wms1 available to 11/60 designers had neg-
ligible density gains over that available to the 11/40
designers. However, after the basic technology decision
for the 11/60 was made, a significant step in gate inte-
gration did occur. The bit-slice technology, as typified
by the 4-bit wide bipolar AM2901 microprocessor slice,
became widely available. A 1977 technology decision for
a mid-range minicomputer would clearly choose bit-slice
components. For the 11/60, however, improvements came
from the introduction of 3-state logic and from availa-
bility of a wider range of Schottky logic components.

Three semiconductor technology advances contributed
to the 11/60 price/performance design in differing de-
grees. Most important was the cost reduction in ROMs;
next was the density improvement in RAMs, and third
was the (minor) increase in random logic density.

Price/Performance Balance

Two components, the cache memory and the medium-
bandwidth 1/0 structure, demonstrate the price/perfor-

SETO SET 1
DATA TAG DATA

TAG DATA
e
TAG
S
WORD

11/60 CACHE CONSTRUCTED
FROM “n ' 1024 x 1 RAM

CHIPS

count

11/70 CACHE CONSTRUCTED FROM
“4n" 256 x 1 RAM CHIPS

Fig 4 Cache comparison. Simple direct mapped cache of the 11/60 contrasted with the
11/70 cache illustrates a price-performance tradeoff. 11/70 cache has a block size of two
(two words are transferred from primary memory) and a set size of two (a word may be
placed in either set). Component savings of the simpler organization are clear; only one
address comparator is needed, no muitiplexer is required to select the output of the data
store, and only one set of parity checkers is needed. Hit ratio of the simpler 11/60 cache
is 0.87 as compared with 0.93 for the 11/70 cache, which required five times the component

WORD WORD WORD
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mance balance characteristic of the 11/60 mid-range
minicomputer.

Cache is now a well-proven technique in computer
memory implementation. Its purpose is to achieve the
effect of an all high speed memory by using two mem-
ories—one slow (primary) and one fast (cache)—and by
taking advantage of the fact that most of the time, data
being used are in the fast or cache memory. Programs
typically have the property of locality; that is, over short
periods of time, most accesses are to a small number of
memory locations. The hardware algorithm managing
the cache attempts to keep copies of these locations in the
cache. The term “hit ratio” is used to describe the pro-
portion of requests for data or instructions which are
satisfied by reference only to the cache. Alternatively,
“miss ratio” is the complement of hit ratio. Performance
is determined by the hit ratio, which is a function of
several cache organizational parameters, including (a)
cache size, (b) block size (amount of data moved be-
tween the slow or primary memory and the cache), and
(¢) form of address comparison used.

Strecker* describes the research which led to the use
of a cache memory in the 11/70. His simulation models
were also used in the 11/60 design. By comparing the
designs of these machines, several tradeoffs made to ob-
tain a lower cost memory system appropriate to the
mid-range 11/60 can be noted.

First parameter to be determined was the amount of
data to be moved between primary memory and cache.
This decision was closely related to the width of the inter-
nal memory bus connecting 1/0 devices to primary mem-
ory. Since the 11/70 was planned to support several high
speed direct memory access (DMA) devices, eg, swapping
discs operating concurrently, its designers provided a 32-
bit bus to memory to supplement the 16-bit wide Unibus.
Because the target 11/60 users do not require such a
large 1/0 bandwidth, the Unibus is used for pmaA traffic.
The 11/70 cache has a block size of two 16-bit words
and transfers 32 bits from memory to cache across its
dedicated memory bus. Since the 11/60 uses the 16-bit
Unibus as its memory bus, the simplest block size—one
16-bit word—was chosen. Note that a 2-word block size
can be achieved with a 16-bit bus; the bus is cycled
twice to effect a 2-word transfer. Cache simulations
showed that this bus cycling would raise the hit ratio
of the 11/60 from 87% to 92%. However, the associated
performance gain was judged not to be worth the sig-
nificant added cost of the extra control logic needed to
cycle the bus twice.

The next decision concerned the size of the cache.
Simulation results showed that the miss ratio decreases
rapidly for cache sizes up to 1024 words and less rapidly
for larger sizes. But how should the 1024 words be par-
titioned? Because a full-associative cache requires an
expensive content-addressed memory, the partitioning
choice for minicomputers is that for a set-associative
cache. Since a complete discussion of associativity and
replacement is beyond the scope of this article, the reader
is referred to the papers by Meade® and Strecker?.

Degree of associativity and total cache size were dom-
inated by the form factors of two candidate RAM chips
(256 x 1 and 1024 x 1). These factors are illustrated in
Fig 4. The following list shows the clear price/perfor-
mance advantage of the chosen 1024-word, set-size-of-one
cache.

RAM Chip RAM Chip Hit

Capacity Set Size Cache Size Count Ratio
256 x 1 1 256 n 0.70
256x1 1 512 2n 0.75
256x 1 2 512 2n 0.82
1024 x 1 1 1024 n 0.87
256x1 2 1024 4n 0.93
1024 x 1 2 2048 2n 0.93

Resulting structure is shown in Fig 5. This simple,

. direct-mapped organization should dominate minicom-

puter cache designs in the near-term future. By using the
design evolution model shown in Fig 1, it is projected
that the two candidate RAM chips for the successor to
the 11/60 cache will be the 1024 x 1 and 4096 x 1 chips.
Obviously, the design choice for that new class of ma-
chine will be a 4096-word direct-mapped cache.

Since simulation data show negligible performance
difference between various write-allocation strategies, the
lowest-cost strategy, that of allocate-on-write, was imple-
mented. Because the 11/60 utilized a set-size-of-one cache,
there was no need to decide upon a replacement algo-
rithm. The 11/70 uses a random-replacement algorithm.

Next decision to be made concerned placement of
cache. Two choices were evaluated. The cache could be
placed between the Unibus and the primary memory, or
between the Unibus and the central processor. The latter
was chosen because of these advantages:

(1) Machine execution is faster since the high speed
cache is local to the central processor. Time delays as-
sociated with synchronization and transmission on the
Unibus are avoided.

(2) Instead of designing 11/60-specific memory mod-
ules, existing memory subsystems which interface to the
Unibus could be used. Moreover, as faster Unibus-inter-
faced memories become available, they can be installed
on the machine without change.

(3) bpmMmA traffic interferes with processor activity to a
lesser extent. DMA activity takes place over the path
labeled ABC in Fig 2. Processor speed is degraded by
interference with 1/0 operations only when the cache
needs to reference the primary memory, using path ABD
in Fig 2. This happens only in the event of a read miss,
typically less that 13% of the time, and on write opera-
tions (10% of memory references).

Disadvantage of this placement is that a mechanism
to monitor DMA traffic must be added to the cache to
avoid the ‘‘stale data” problem. (When the processor
reads a location which has been written by pMA, it must
receive the information from primary memory.) The
alternative placement avoids this extra mechanism by
handling both pMA and processor requests with the same
mechanism. However, there is more interference between
the processor and 1/0 activity.

Increased memory chip density and the cache per-
formance tradeoff resulted in a significant component
reduction. The 11/70 cache occupies four printed cir-
cuit boards (approximately 440 chips); the 11/60 oc-
cupies less than one board (approximately 85 chips).
This factor-of-five component reduction is due to: (1)
absence of the 32-bit bus, (2) simpler cache organiza-
tion, and (3) semiconductor technology advances; these
three factors contributed in approximately equal pro-
portions.
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Fig 5 Direct mapped cache. Mapping occurs from 128k words of primary memory to 1024-word cache.
High order seven bits of an 18-bit address are stored in tag store to ensure uniqueness in mapping.
Tag store also holds a valid bit and parity bits. Cache word format (27 bit in total) is as shown in the

Frequency Driven Design

Because the 11/60 implemented a stable, mature instruc-
tion set, several years of programming experience were
incorporated into the system design. A simulator program
was used to gather execution statistics on a range of
programs. Frequency distributions of operation codes
and addressing modes drove the design of the base 11/60
and the floating-point processor option.

Functions implemented in hardware, as opposed to mi-
crocode, require less time to execute. However, micro-
programmed implementations are less expensive, as
shown in Fig 3. Frequency distributions of operation
codes guided the tradeoff. A balanced mixture of hard-
wired and microprogrammed implementation of func-
tions produced a central processor that approached the
speed of a computer with completely hardwired control
functions, but at a lower cost.

Frequency distributions of floating-point operands
were also used. Sweeney® analyzed the execution of more
than one-million floating-point additions and tabulated
the behavior of preshift alignment and postshift normal-
ization. Both distributions are highly skewed toward low
numbers of shifts. By exploiting these data, the floating-
point processor performs a double-precision add in 1.02
us as compared with 1.68 us on a comparable unit that
uses a conventional algorithm.

To measure the price/performance advantage claimed
for the frequency-driven design approach in the base
11/60, a similar machine was needed for comparison.
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Obviously, such a machine, realized in the same semi-
conductor technology and designed so that the hardware
resources were divided equally among all instructions,
was not available. However, data were available on float-
ing-point implementations. The floating-point processor
design was a four printed circuit board unit which ex-
ploited the frequency distributions of operation codes,
addressing modes, and shift amounts. A theoretical com-
parison was made with another 4-board design which
did not use a frequency-driven approach. The 11/60
floating-point processor was estimated to exhibit a per-
formance gain of 30 to 40% on the standard set of
benchmark programs used throughout the design process.

Integral Floating-Point Arithmetic Unit

Addition of an integral floating-point arithmetic unit to
the 11/60 was a direct consequence of market feedback.
In particular, it was determined that the majority of the
machine’s users would use FORTRAN IV as a source lan-
guage. In addition, among those using that language,
many were not interested in heavy floating-point com-
putation because integer arithmetic dominated their ap-
plications.

The FORTRAN 1v-Plus compiler has been optimized for
execution speed (as opposed to compile speed) —typical-
ly a factor of three over other available FORTRAN 1V com-
pilers. This compiler, however, employs the instruction
set and auxiliary registers of the PDP-11 floating-point
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processors. Thus, to take advantage of the compiler’s
efficiency without burdening the user with the cost of
a fast floating-point processor, the central processor must
provide those floating-point instructions. This is done
by emulating the 46 instructions, including the 64-bit
data operations, of the full floating-point instruction set
using the 16-bit wide data path of the base 11/60. For
users who require FORTRAN 1V, but have low floating-point
content in their programs, the integral floating-point unit
is all that is necessary.

Additional microcode and register space added a few
percent to the cpu cost. However, for that small cost in-
crease, FORTRAN 1V performance on integer programs was
increased by 300%—a dramatic increase.

Cabinet-Level Integration

Physical packaging of minicomputer systems involves
another set of tradeoffs. Several levels of size integration
are available, ranging from the chip level (rs1-11),
through the board level (11/04) and the box level
(11/34), to the cabinet level (11/60).

At the cabinet level, packaging techniques are generally
traditional. System fabrication is frequently the result
of determining methods to install subassemblies into
standard racks. At this configurator level, generalized
subassemblies are usually chosen for certain functions.

This generally evokes a cost. For instance, there may
be a great deal of unused space in conventional industrial
racks; in most cases this excess space is simply covered
with blank paneling. The cooling system, however, must
be designed as if all the racks within the cabinet were
occupied with subassemblies.

It was projected that the majority of the configurations
sold would be system oriented; thus, design optimization
at the cabinet level would be worthwhile. Therefore, the
standard 11/60.is cabinet packaged. Fig 6 shows how the
CPU, memory, disc units, power supplies, and expansion
backplane are packaged to gain the advantages that stem
from cabinet-level integration. This integration also
yielded added volume, allowing a more powerful blower

system to be installed. Acoustic sound power emittance
is very low, considering that the rated operating environ-
ment is DEC Standard 102 Class C (122°F) for the
processor. Improved power efficiency, appearance for the
office environment, and subassembly accessibility are
also provided.

User Microprogramming Option

User microprogramming was incorporated in the system
to meet growing market demands. The option allows
users to create instructions that tailor the central pro-
cessor, particularly the data flow, to his particular appli-
cation.

Many potential applications of microprogramming
were considered during the design of the data path and
control sections of the 11/60. They ranged from instruc-
tion set extensions, eg, translation, string, and decimal
arithmetic operations, to application kernels, such as
node manipulation in list processing and fast Fourier
transform in signal processing. Merely substituting RAM
for RoM control does not result in a microprogrammable
computer. A microprogrammable computer system should
have the following:

(a) Extra address space in the control store

(b) Generality in the data path’s processing elements
(¢) A means to load the writable control store (wcs)
(d) User-oriented hardware documentation

(e) Software to support writing and debugging micro-
programs

(f) Integration of hardware and software protocols

All these capabilities were designed into the 11/60 wcs
option.

A previously reserved operation code, 0767XX in the
PDP-11 instruction set, has been allocated for users. Its
designation is XFc, extended function code. When this
code is recognized, the cpU transfers control to the upper
1024-word block of the 4096-word microprogram address
space. User-written microcode may take over from there.

LEGEND:
A-DISC DRIVES
B-MAINTENANCE CONSOLE

C-CARD CAGE SWUNG INTO MAIN-
TENANCE-ACCESS POSITION

D-CARD CAGE IN CLOSED POSITION
E—-REAR ACCESS MODULAR POWER
SUPPLIES

F-BLOWER SYSTEM

Fig 6 Cabinet packaging. Pri-
mary design goals were reliability
and maintainability. System logic
is mounted on swing-out card
cages (C and D) for easy access.
Rear access power supplies (E)
are modular. Cable routing re-
duces electrical noise and cross-
talk. Blower system (F) keeps all
devices cool. Keypad (B) with
numerical display facilitates ma-
chine control and maintenance.
Discs (A) are top or front load-
ing units
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A second (asynchronous) type of entry to user’s mi-
crocode is also provided. This occurs when a wcs-serviced
interrupt is recognized by the base machine. Thus, a user
can write interrupt service routines in microcode and in-
voke them without the usual interrupt overhead. Such
routines may even be complete 1/0 channel emulations.

Implementation of the basic 11/60 demonstrated flex-
ibility of microprogramming. The techniques were used
in such diverse functions as console service, error logging,
floating-point arithmetic, and cache initialization.

Microprogramming does not always result in signifi-
cant performance gains. Well-suited applications can gain
by a factor of five; poorly suited ones may give only
minimal improvement. This is supported by measure-
ments on digital signal processing software reported by
Morris and Mudge”. Prospective users must carefully
analyze the execution behavior of the application to de-
termine which parts are “hot spots,” ie, most frequently
executed. For the average application, an overall factor-
of-two improvement should be expected. This average,
found to be a useful rule of thumb, is derived by assum-
ing that all hot spots are microprogrammed and the re-
mainder of the program is left unchanged.

Two user-microprogramming options are available. The
first is composed of the writable control store module,
software tools, and associated manuals. The second is a
board containing control logic and sockets ready for the
insertion of custom programmable-RoMs (p/ROMs) con-
taining microprograms developed with the writable con-
trol store. This extended control store (ECs) option is
designed for situations where microcode integrity and/or
multiple installations are required.

A novel structuring of the writable control store allows
it to be used to store data. Availability of data storage
local to a processor, ie, not accessed through a main,
general-purpose memory bus, can increase system speed.
Such local store is usually implemented in some special
technology that has low capacity but high performance.
Writable control store has been structured so that the
48-bit microinstruction storage words can be read and
written as 16-bit data words. In addition to conventional
writable control store hardware, logic is available to
realize a local store address register (LSAR) and a local
store data register (LSDR).

Thus, the microprogrammer has fast local store avail-
able. This storage is block-oriented. A 3-cycle overhead
is needed to start a block read (or block write) ; then,
words are read (or written) at the rate of one per micro-
cycle. The microprogram can be logically partitioned into
two sections: control store—48-bit control words; and
local store—16-bit data words (three per microword). A
common partitioning would be 512 words of control
store and 1536 words of local store.

Reliability and Maintainability

Design decisions to allocate a portion of the cost of the
11/60 to reliability and maintainability, rather than to
further improving performance, were motivated by user
and market needs. Prime considerations were the in-
creasing labor cost associated with maintenance and the
growing use of minicomputers in applications demanding
more reliability.
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First goal was to increase the mean time between fail-
ures (MTBF) by (a) reducing the occurrence and impact
of normally fatal hardware malfunctions, (b) providing
error statistics, and (c) providing operating alternatives
to keep the system running after failures occur, albeit
at a lower performance.

Second goal was to reduce the mean time to repair
(MTTR) when hardware malfunctions occur, by (a) hard-
ware design and packaging that facilitate error diagnosis
and repair during scheduled and nonscheduled main-
tenance, (b) continuous logging of hardware errors dur-
ing system operation, and (c) provision of software and
microdiagnostic tools for problem isolation.

MTBF

Reducing the incidence of fatal hardware malfunctions
was a joint effort by engineering and manufacturing. The
Schottky transistor-transistor logic (TTL) used in the
machine, having been in widespread use for over five
years, is a well-proven family of devices. Moreover, con-
servative electrical design practices were followed.

Plotted against time, chip failure rate tends to follow
a bathtub-shaped curve, high at either end of the life
cycle. The 11/60 production process includes extensive
thermal cycling to ensure that “infant mortality” cases
are discovered early during manufacturing.

The cabinet is designed to minimize buildup of hot
air over the processor boards. Power supplies are
mounted at the rear of the cabinet, away from the logic,
so that radiant heating effects are minimized. A blower
system cools the logic card cage by drawing fresh, filtered
air down over the printed circuit boards such that no
board receives exhaust air from another.

Other physical packaging to reduce hardware prob-
lems include cable troughs, impact-absorbing casters, and
special cabinet grounding. A filter is attached to the
maintenance console to reduce electrostatic noise inter-
ference.

Console microcode double checks every entry to verify
data received from the keypad. A significant proportion
of the 11 /60 microcode (see Table) is devoted to logging
microlevel state upon the occurrence of a detected error.
This logged state can be accessed via a maintenance ex-
amine and deposit (MED) instruction. Logged informa-
tion is used by an operating system to compile error
records, which aid in tracking down intermittent errors.

To reduce the impact of hardware malfunctions on the
user environment, a number of fail-soft capabilities have
been implemented.

(1) If the cache fails, it is turned off and the still func-
tioning primary memory is used to keep the system run-
ning.

(2) If a parity error occurs in wcs, the processor dis-
ables that control store. Then, the operating system is
notified, and program execution can continue using the
basic PDP-11 instructions.

(3) Systems can be programmed to fall back onto the
integral floating-point unit if an error is detected in the
floating-point processor.

(4) The bootstrap loader permits system loading from
an alternative device if the primary bootstrapping de-
vice is disabled.
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Control Store Usage by Category

Number of Percentage

Category Microwords of Total
A  PDP-11 Instruction Set
Initialization 95 4
Operand fetch, execution,
and operand store 515 20
Infrequent intraprocessor
transfers 3:_3_(2 9
840
B Integral Floating-Point
Instruction Set 1010 40
C Reliability and
Maintainability
Error logging, MED, and
cache fail-soft 190 T
Console, boot, and
initial diagnostic 230 9
D Support of Options
Writable control store 60 2
Floating-point processor 80 3

E Reserved for Future
Changes and Additions 150

pr— —

2560 10

oo

Total address space for microprograms is 4096 words,
of which the 2560 categorized in the table are imple-
mented in ROM. Note also the increased utilization of
microprogramming in the 11/60, as compared to
the 11/40.

Category A, totaling 840 words, was implemented in
256 words for the 11/40. The two machines have com-
parable microword widths. The third subcategory in
Category A illustrates the use of microprogramming
in the frequency-driven design approach. Examples of
infrequent intraprocessor transfers are error handling
and data transfer to and from internal addresses, eg,
memory management relocation registers.

One of the benefits of a microprogrammed implemen-
tation of control is the ease with which engineering
change orders (ECO) can be implemented. Space in
Category E is reserved for such use and for the
further correction of undetected errors in the micro-
code itself.

MTTR

Error diagnosis is the most time-consuming problem
facing the field-service engineer. Special diagnostic tools,
both hardware and software, have been designed to re-
duce the time spent in error isolation.

Focal point of the hardware maintainability effort is
the microdiagnostic unit. This single board tests the logic
on five of the six processor boards. When faults are de-
tected, an error code is displayed on light-emitting diodes
(LEDs). A fault directory can then be used to determine
which boards are to be replaced. The unit requires only
a small portion of the internal machine (the microword
sequencing) to be operational.

In addition, a number of onboard diagnostic aids are
included in the cpu design. These include LEDs to display
the contents of the next microaddress register, a single-
step mode, and a microbreak function.

Software diagnostic programs are used to diagnose
errors in system peripherals as well as in all cPU subsys-
tems, such as memory management unit and cache. User-
mode diagnostic programs allow peripheral diagnosis
to occur while the system is available for other users.
Conventional standalone diagnostic programs can also
be used.

Physical packaging facilitates quick repair. Hinged
card cages and modular power supplies allow easy access
and module change.

Summary

The design of a mid-range minicomputer has been used
as a concrete illustration of tradeoffs made to effect a
price/performance balance. Designers use technology ad-
vances, eg, doubling of density on a memory chip, to
produce new designs in one of two design styles: con-
stant-cost, increasing-functionality or constant-function-
ality, decreasing-cost. Increased use of microprogram-
ming, a factor-of-three in this case study, is a trend that
was observed.

By choosing a less powerful cache organization, the
11/60 design obtained a factor-of-five component reduc-
tion. Cache design also illustrates how some design pa-
rameters are highly interdependent. The frequency driven
design approach used on the floating-point processor can
lead to a 40% performance gain.

Examples of added functionality in the constant-cost
style of design include greater reliability and maintain-
ability, and user microprogramming.
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Is your computer smart enough

One DC-300A cartridge equals
almost 16 feet of cards.

Or hundreds of feet
of paper tape. ==

And each program must ==

be punched, verified and read ==
: F——

one card at a time. —

With our drive system, on
the other hand, programs are
stored on a single tape
cartridge.

Cartridges offer much .+«
faster data storage, program = ‘
loading, data transfer and ﬁ
faster access tothe computer. (-2

So you save time and
money.

Cartridges take less space. §;
It would take a
stack of cards almost
sixteen feet high
to store all the in-
formation you can store £
A 3M peripheral drive which onasingle SAMDC-300A V¥

uses 3M data cartridges is better than data cartridge.
any drive which uses punched With cartridges, you

can store all of your

programs in a
fraction of the
space youd

need for cards or paper tape.

Your filing system
is simplified and overhead is
greatly reduced.

Cards and paper tape Cartridges won't fold, spindle

are slow. It takes -3, or mutilate.
hundreds of cards for a % g Unlike paper cards, youneed
single computer program.  Cards must be read one ata time. Mever touch the media. It's well

cards or paper tape.
And, it you'd take
the time to ask it, your
computer would
probably tell you so.
It's simple logic.

Cartridges are faster
than cards.
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to choose our cartridge drive?

protected inside the
cartridges, so it's virtually
impossible to damage.
You can carry a DC-
100A cartridge with an
entire program in
your shirt pocket.
Even if you
dropit, theprogram
will survive
unscathed.
Remember
that the next
time you drop a
stack of cards.

Don't take our word
for it. Ask your computer.

If you'll send us the coupon, we'll
send you the specifications for all three
of our drive systems.

Ask your computerto comparethem
with any other type of drive system.

We'll bet your computer will
prefer ours.

Maybe it'll choose our famous
DCD-3 drive. It's people-proof, jam-proot
and wear-resistant.

Or maybe your computer will
decide upon our DCS-3000 series, an
ANSI-formatted system that allows one
formatter to control up to eight drives.

The DCS-3000 is extremely easy
to integrate into your system. Only
one cable to the user’s logic is required.

But if you require compact size,
your computer will probably choose our

CIRCLE 50 ON INQUIRY CARD

One formatter can control
eight drives at once.

unique DCD-1. It offers
many of the features
] of our bigger systems,
. yet it will fit inside
a tive-inch cube.

The cartridge alone

measures just 2.4 x
3.2 x .5 inches.

See for yourself.
Send us the coupon.
There's much more we

can tell you about our drive
systems. :
Study the information caretully.
If your computer isn't smart
enough to choose our drive systems,
we'll bet you will be.

Send me more information.

Name Title

Firm Address

City
Zip

Phone

COMPANY

Mail to: 3M Company
Data Products, Dept. 125
Mincom Division, Eldg. 223-5F
3M Center

St. Paul, Minnesota 55101



When you buy disk systems from us,
you get a lot more than just
high-performance hardware...

At System Industries, we take great
pride in translating the latest disk
storage technologies into high-per-
formance hardware. But by itself,
superior hardware would not have
made us the world’s largest indepen-
dent supplier of minicomputer disk
systems. Equally important have been
the people behind the hardware.

High-performance people. That's
what you get with every disk system
you purchase from System Industries.
From responsive delivery to com-
plete software support, our people
know how to meet your specific
requirements.

You can also add low price—
the lowest in the industry for
OEM-quantity purchases. Be-
cause we buy more disk drives
than any other independent, we

can afford to pass the savings on
to our customers.

We believe the best business rela-
tionship is a mutually profitable one.
That's why we're ready to help our cus-
tomers become self-sufficient in han-
dling their future disk storage needs.
And that’s why our customer base con-
tinues to grow rapidly.

We'd like to tell you more about our
high-performance people and prod-
ucts by sending you “The Bit”" — our
quarterly newsletter. To receive your
free copies, simply drop us a short
note with your business card. Or
phone your request to the System
Industries sales/service office

nearest you.

We make good disk drives work

better, and we think you should
know why.

...you get the support of
high-performance people.

System/){/lndustﬂes
an equal opportunity employer
535 Del Rey Avenue

Sunnyvale, California 94086
(408) 732-1650, Telex 346-459

Sales/Service Representatives:

Boston: (617) 492-1791. New York: (201) 461-3242; (201) 694-3334; (516) 751-8686; (716) 385-3021.
Washington, D.C.: (202) 337-1160. Cincinnatti: (513) 661-9156. Los Angeles: (714) 752-8904.
Houston: (713) 465-2700. Atlanta: (404) 491-0161. Sunnyvale HQ: (408) 732-1650.

United Kingdom, Woking: (4862) 70725. Germany, Dusseldorf: 0211-400606.
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To realize the profit potential of off-the-shelf standardized software
in masked ROMs, microcomputers need a hardware addition to relocate
addresses as necessary, leaving the prestructured programs unchanged

Solving Mass-Produced
ROM Programming Problems
With Base Registers

John A. Carroll

Dynamic Measurements Corporation
Winchester, Massachusetts

Software, like most products, is cheaper when it is
mass-produced. In microcomputers, however, the pro-
grammer who tries to achieve economies of scale is
frustrated by traditional architectures adapted from
larger computers, where the limitations of read-only
memory were never considered. The bottleneck lies
mainly in the realm of hardware, and can be attacked
most efficiently with a hardware solution—the addition
of a set of base registers.

Mass production achieves low unit costs by turning
out large runs of identical products. In the case of
microcomputer programs, which are often turned into
read-only memories (ROMs), the obvious way of carry-
ing out mass production is to process great numbers
of RoMs with identical contents. The stumbling block
in the path of this approach is the prevalent method
of linking various pieces of software together into a
complete system, which demands many address changes
in each segment. Base registers provide a hardware
facility that relocates addresses as needed during
execution, making it unnecessary to change them within
the program. These registers can be designed into the
central processor unit (cPU) chip, or added on by the
system builder. The result is the creation of a mass
market for standard software.

Nature of the Problem

To see where base registers fit in, a critical examina-
tion of the economics of computing and the nature of
programming is necessary.

Rapid development of microprocessors, semiconduc-
tor memories, and interface chips, and the recent advent
of complete packaged microcomputers have brought
the minimum cost of a wuseful computer down to
unheard-of levels. This drive to cut costs has resulted
in simpler machines that are much easier to interface
with external devices. The result is that computing is
becoming affordable for more and more applications.
Products of all kinds are gaining the versatility of
local intelligence, or becoming less expensive, or both.

Unfortunately, the cost of software, and program
development in particular, has not kept pace; if any-
thing, the cost has increased. Therefore, the adaptability
of computer-controlled machines remains largely po-
tential, because any software change needs to be
applied to many machines in order to be cost-effective.

One major reason for this is that big-computer think-
ing still permeates the methods of microcomputer soft-
ware production. For example, phases of assemblers
and compilers are loaded into read/write memory from
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PROGRAM
. SYMBOL
SUBROUTINE TABLE
LIBRARY
‘A/ MACHINE
LOADER LANGUAGE |
SUBROUTINES
SYMBOL_DEFINITIONS
—= v
FILE ON EXTERNAL [/O DEVICE FILE IN READ/WRITE MEMORY
PROGRAM
——= CONTROL
FLOW
ENTRY OR EXIT PROGRAM
Fig 1 Traditional architecture. Assembling and running program with traditional architecture re-
quires reading in six files and writing two. It is assumed here that loader stays in memory during
assembly; otherwise additional reads would be required

an input/output (1/0) device; then, source language is
read from one device while partly processed output is
written on another. Subroutines are read in from an-
other device, and addresses are altered (relocated)
so that all the code needed to run a job fits together in
memory with no wasted words between. This loading
process is diagrammed in Fig 1.

While this approach to programming may have made
sense in the days of the IBM 1401, when memory
was prohibitively expensive and all read/write, and large
quantities of fast 1/0 were necessary to handle large
files of data, microcomputers are different. Memory costs
have dropped considerably and RoM is roughly 10
times cheaper than any other kind. Moreover, memories
are now available in very small capacities at low
prices. In addition, microcomputers are being used in
many direct-control applications that require no writing
or rereading of data. Thus, in many cases, program
development is the only reason for having a conven-
tional 1/0 device. The devices themselves (cassette
drives, floppy discs, teleprinters) are often either much

more expensive than the computer, or painfully slow,
or both.
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Available alternatives are to use a timesharing sys-
tem with adequate facilities, to use a well-equipped
microcomputer development system that approaches a
minicomputer in both capability and cost, or to do most
of the software work manually if the program is
simple enough. Clearly, something is out of balance.

Solving the Problem
with ROMs

RoMs are widely used in small computers for several
reasons. First, they are the cheapest means of storing
information that is not going to change, unless the
quantity of information is so large that the cost of
ROM equals that of some machine like a floppy disc.
Second, having the information permanently in the com-
puter does away with the need for loading when the
system is turned on. These two considerations eliminate
1/0 devices from many microcomputer installations, and
greatly reduce system cost. In addition, reliability and
convenience are enhanced with the physical impossibility
of altering or losing a permanent program. Therefore,
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SYMBOL DEFINITIONS

FILE ON EXTERNAL 1/0 DEVICE

ENTRY OR EXIT PROGRAM

 SUBROUTINES

.
FLOW

FILE IN READ/WRITE MEMORY

PROGRAM
—— CONTROL
FLOW

Fig 2 ROM-resident software. Assembling and running program when all system software
is in read-only memory (ROM) requires reading only two files and writing one. Abbreviated
source language program is normally much shorter than assemblers and library that no
longer need to be read. Handling and actual read time are both reduced by roughly 70%

an efficient method of programming microcomputers
must take into account the use of ROM.

Two powerful timesavers are available to the pro-
grammer in the form of standard software—language
translators and subroutine libraries. The former trans-
lates a readily understandable programming language
into the machine’s own internal code, while the latter
is a set of off-the-shelf program fragments that perform
commonly required functions. They are the programmer’s
equivalents of large-scale integration (rs1). Fig 2 illus-
trates the simplifications that result from putting stan-
dard software into ROMs.

Since most subroutines have internal jumps and ex-
ternal references, a number of actual machine ad-
dresses need to be filled in before use. To do this,
the normal technique is to read the routine into an
available area in a read/write memory under control
of a small program called' a relocating loader, which
keeps track of where in memory everything is and
calculates actual addresses needed in various instruc-
tions.

Pautting all standard software into RoM would result
in many practical benefits. In many systems, most of

the data-juggling programming could be inside sub-
routines, leaving only a relatively small application-
oriented program to direct the whole task. Most soft-
ware could be selected from a catalog of standard,
factory-programmed RoMs, and just plugged in.

This method is better than reading in the same soft-
ware from a tape and relocating it to fit in with the
application program, because only a small part of the
system needs to be stored in a custom RoM. The
remainder can be in a standard mass-produced ROM,
instantly available, and free of bugs. Reducing the
volume of material to be read in reduces demands on
1/0 equipment; in many cases, program development
with nothing more than a teleprinter becomes a reason-
able proposition.

There are other benefits. Having all this software
in ROM eliminates the need for random-access semi-
conductor memory (RAM) to hold it during the develop-
ment stage—and RAM costs more than RoM. In many
systems, great ingenuity is applied to minimizing the
amount of software that needs to be in memory simul-
taneously, to enable the use of a smaller memory.
Storing software in ROM does away with this whole
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problem, resulting in a simpler software system and
eliminating the time lost when the next part of the
program has to be loaded in.

In summary, the system builder benefits from having
standard subroutines in standard Roms, because fewer
ROMs in the system need to be custom-made. This can
open markets for smaller numbers of identical systems.
Additional benefits are derived from having program
development software in standard RoMs, because the
software system can run in this form with little extra
hardware. Program development RoMs can be shipped
with the product to make a low cost data processing
computer as soon as low cost 1/0 devices appear. Service
personnel also benefit from having diagnostic software
in RoM form. It allows them to exercise a defective
computer, since the Rom can still be plugged in and
used regardless of dead 1/0 logic.

The Catch

There is, however, a fly in the ointment. Nothing in
a mask-programmed RoM can be changed to make all
parts of a software system fit together. Remember,
though, that many addresses in a program, particularly
in jump instructions, assume a knowledge of where
in memory each program is located. The whole catalog
of software available for a particular microprocessor
would quickly exceed the maximum amount of memory
its address word could handle; therefore, each sub-
routine cannot be assigned permanently to a particular
block of space. Even if that were possible, many
mathematical and data manipulation subroutines must
be informed each time they are called just where
their data are, and various parameters often need to
be specified. Subroutines that handle the details of
running an 1/0 device are often used to run several
identical machines, and are told which one by pointing
to a memory address that is actually an 1/0 control
register. Therefore, even if software can be relocated
for each system and custom Roms can be fabricated
cheaply, or more expensive field-programmable RoOMs
(p/ROMs) can be incorporated, the fact that external
references actually change while the program is running
interferes with a software solution.

It follows, then, that the situation described calls
for a hardware method of modifying addresses at run-
time while leaving the programs unchanged—invariant
code, to use the technical phrase.

The Escape Hatch

Here is where base registers come in. A base register
is a hardware device that stores an address word,
called a base. The base can be added automatically
to the address in an instruction before accessing mem-
ory, as shown in Fig 3. This capability enables any
block of code to be written as if it began at address
zero, and the RoM to be wired so that the code can
appear anywhere in memory. As long as the program’s
actual address origin is placed in the base register
before execution, instructions within the program can
refer to each other correctly. This technique makes
it possible to manufacture great numbers of ROM copies
of subroutines or programs, all alike, without knowing
what address space will be assigned to them in different
systems.
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Computers that use base registers usually contain
more than one. External references can use base regis-
ters also; an application program can order a floating-
multiply, for example, to act on any two desired memory
locations. 1/0 routines can use base registers to point
to the pseudomemory location that actually accesses
the 1/0 device as well as to determine the memory
area where the read or write is to occur. The latter
function will require at least two base registers. Hav-
ing several allows different registers to be assigned
to different functions, thus reducing the need for re-
loading them. Even a non-ROM application program
can benefit from base registers. 1/0 routines can read
and write in one set of work areas while the program
processes data in another, and extra registers can direct
the application program.

Normally this hardware is managed by allocating
several bits of the address word for selecting one
base register out of a set. The remaining bits are
then added to the contents of the chosen register. The
sum is sent out on the address bus to actually select
a memory word (or some piece of hardware wired to
the memory address decoder). Thus, the address word
specifies a location that can be offset by a considerable
amount from the base to permit jumps or memory
access throughout a reasonably large section of
memory without changing the base. In Fig 3, the most
significant four bits of a 16-bit address word have
been assigned to base register selection.

A certain amount of housekeeping software makes
it easier to run a computer with base registers. If
some addresses are not subject to relocation, this soft-
ware is easier to write and the turn-on process is
simplified. Therefore, one base register selection code
is defined as “no base register,” providing some space
down at the bottom of memory assigned to system
functions. Since the amount of memory that can be
reached without changing bases is often called a “page,”
the no-base region is called “page zero.”

All of these techniques became well-known with the
advent of the IBM System/360 where, although they
added some convenience and efficiency, they did not
really add any new capabilities to an all-RAM machine.
Perhaps the association of these techniques with big
machines, combined with the drive for hardware sim-
plicity, has caused base registers to be overlooked for
microcomputers, where they can lead to economies that
are otherwise impossible.

Adding Base Registers

One of the most interesting aspects of a base register
network is that it can be retrofitted to almost any
computer. The network does not have to be designed
into the chip, although there are inherent advantages
in doing so. Only three ingredients are needed—a
reasonably fast memory of a few words that is as
many bits wide as desired in the final, processed
address word; an adder as wide as the memory; and
a little steering logic.

Fig 4 shows the elements of a simple base register
add-on network. This illustration is intended to present
the discussed principle; obviously, other implementa-
tions are possible.
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MACHINE INSTRUCTION AS IT _APPEARS IN MEMORY

8-BIT
OPERATION CODE 16-BIT ADDRESS
s — N/ N\
R T 1 ISRl SR S e ) s R e e e i e A B0 £ IO G R T R R
B D 6 0 B 3
e S = 3
BITS ASSIGNED BITS ASSIGNED
TO BASE TO OFFSET VALUE
REGISTER
SELECTION
010|010} U 3 R |
+
0 F

1 0 4 E

SUM OF OFFSET AND BASE IS ACTUAL MEMORY LOCATION

Fig 3 Base register operation. In this example of base register operation, as seen
by programmer, content of each register and bus is shown in both binary and hexa-
decimal notation. Typical 3-byte machine instruction, appearing in program memory
as BD60B3, consists of 8-bit operation code BD and 16-bit address 60B3. Without
base registers, location 60B3 would be accessed. However, machine represented
here has been augmented so that the 6 causes register 6 out of a set of 16 to be
read out. Some previous operation has stored value OF9B in this particular register.
Rest of address, 0B3, is still used as an address value, but indirectly; it is added to
contents of register 6. 0B3 + OF9B = 104E. Instruction then accesses location 104E

Since 16-word memories are readily available and
16 registers is a convenient set size, it is reasonable
to use two 16-word, 8-bit memories. The two memories
are combined to obtain a 16-bit-wide memory that
interfaces with the 16-bit address bus typical of micro-
Processors.

In operation, the four most significant address bits
from the cpu, Al2 to Al5, propagate through the
multiplexer to select a word in the base memory. This
16-bit word goes to one input of the adder. The least
significant 12 bits, A0 to All, are the other input.
The sum is the relocated address, which controls the
main address bus that operates the rest of the com-
puter. As long as these elements have a reasonably
fast propagation delay, the system clock can run almost
as fast as if the base register network were not
included.

Note gate B in Fig 4. When bits Al2 to Al5 are
all Os, this gate is disabled. In turn, gate B disables
the 16 gates at F, and the outputs of these gates force
all Os on the base input to the adder. In other words,
if the base selection code is O, the base register output
value is 0. This override function gives the system
housekeeping software guaranteed access to nonrelo-
catable items in page zero, even though the content
of the base registers may be indeterminate. This is a

convenience in calls between programs, and is prac-
tically indispensible in getting the system started when
power is first turned on.

However, a data path is needed for loading the
base registers. The 16 x 16 memory is divided into
two 16 x 8 sections so that each section of memory
has its input connected to the 8-bit data bus. To ad-
dress memory for loading, a block of 32 locations is
assigned in page zero. Gate A recognizes some speci-
fied configuration of bits A5 to Al5. (Since Al2 to
Al5 are all Os when page zero is being addressed,
an input to gate A can be tied onto gate B without
decoding these four bits again.) Gate A is enabled
with the system write pulse (or whatever equivalent
the particular computer has) to synchronize write
operation. The output of gate A is the master base
register write pulse. This output is gated through either
cate C or gate D according to the least significant
address bit, AO. This gating action has the effect of
giving both halves of a particular base register adjacent
locations in memory—certainly the most convenient
arrangement for the programmer. Specifically, the most
significant half of the base memory must be selected
when AO is 0, so that a base is written “from left to
right” (except in the case of the 8080). The remaining
bits, A1 to A4, are passed through the multiplexer
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other optional features

Fig 4 Typical base register add-on. To use off-the-shelf software in masked ROM form, microcom-
puter needs way to relocate addresses within instructions to their actual machine locations. Set of base
registers, in form of two small memories, contains origins of currently active memory areas. Part of
instruction address word selects register and adds its contents to remainder of word. For clarity,
this simplified block diagram omits base register read capability, increment/decrement logic, and

to select the word in base memory that is to be
written. A lookahead circuit can be connected to the
adder to speed up address propagation if necessary.

The network shown in Fig 4 requires a fairly small
amount of hardware, and will not add greatly to the
support ICs in a typical single-board computer. A
small saving in software costs would easily pay for this
kind of overhead.

Note that the base register and the adder can have
more bits than the cPU’s address bus; this simplifies
expansion of memory capacity.

Associated Software

Various small pieces of programming are used to
coordinate the operation of a computer that has base
registers. The whole collection is called the “kernel.”
It interacts so closely with the hardware that design
of the base register set and the kernel is best treated
as a single task.

Most important part of the kernel is the “link,” an
extremely short section of code that allows a program
to call a subroutine without having its absolute location
written into the calling program. Without a link, a
standard program in RoM would not be able to locate
a subroutine. With the link, the calling program merely
specifies the name or catalog number of the desired
subroutine, and the link loads the base of the subroutine
into one of the registers. After that, the instruction
that calls the subroutine merely needs to have the
correct base register specified in its address field.

104

The link works with a table that describes the
actual memory location where each standard Rom
program is wired in the particular machine. A p/rRoM
is a good device for storing this unique table; it is
instantly available at turn-on time. If the machine is
modified too often to make this approach practical,
an unused op code can be defined as a marker, indi-
cating that a program name follows. The power-on
routine then can, for example, check every 4096th
location and compile a table in RAM of every name
found, with the corresponding actual location. The
calling program would place the program name in one
of the regular cPU registers, and call the link as a
subroutine. The link would search the table for a match,
replace the name with the location, and return control
to the calling program. With the base now in a cpPuU
register, the calling program can not only load it into
the appropriate base register, but also can save it in
RAM to avoid a search on later calls.

For extra speed, the table could be in a field-
programmable logic array (¥prA). This device can
recognize a selected few of a very large number of pos-
sible bit configurations, which the active program names
in the system would be. The program name could be
put in a register connected to the “address” inputs
of the FprLA, and yield the desired actual location on
the output lines in a single access, without a search.

Another typical task for the kernel is to coordinate
calls for 1/0 operations from the main program. This
built-in function relieves the program of keeping track
of what specific 1/0 devices are doing, which work
areas are assigned to the program, and which are being
read or written. The kernel switches these areas around
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by changing the bases for the 1/0 and application
programs after each operation. Calling 1/0 through the
kernel also makes it possible to change 1/0 devices
without changing the program—very important when
writing a program without knowing what devices the
machine will have. A good kernel can provide almost
as good a view of the internal workings of a system
under development through one of the 1/0 devices as
a control panel would supply.

An orderly plan for assigning functions to specific
base registers is important. No two programs on the
same system should require the same register simul-
taneously for different things. There should be a regis-
ter for the called, or currently active, program; another
for a program in the process of giving a call; and at
least two each for active input and output routines.
This plan leaves some registers for the kernel, a few
levels of interrupt, and general temporary storage
(the latter if logic is provided to read back a base
register).

In some high speed systems, an oversized base mem-
ory may be desirable, with some base selection address
bits controlled by the current interrupt level. In this
case, it is not necessary to save and restore base values
on an interrupt. The same can be done for subroutine
calls. These functions illustrate the benefits of design-
ing the base register set and the kernel together.

By adding hardware, base registers can be made
to increment or decrement after each access; again,
two bits in the address word can be assigned to enable
this function. This technique could make many 1/0 and
arithmetic routines as much as three times shorter and
faster.

Economic Benefits of the Concept

Base registers could provide an economic means that
could lead to a thriving market for standard software.
Standard software would derive a major part of its
value to the user from being in RoM form—non-
volatile, capable of being kept in stock until needed,
and then simply plugged in. Software would be em-
bodied as physical parts, used up on a one-per-system
basis, just like cPus, interface chips, and other hard-
ware. It would be uneconomical to copy ROMs in the
field, because no other form of memory is as inex-
pensive as these factory-programmed masked devices.
Since a semiconductor factory is necessary to make
copies as cheaply as the originals, and then only if
enormous numbers are made, a single instance of
plagiarism would be too obvious to hide and significant
enough to economically justify legal remedies. The
user could not economically transfer such software into
his RAM for execution because that would increase sys-
tem cost. It would be even more unattractive for a
user to copy standard software onto conventional read/
write media and load it in as needed, because that
would not only require 1/0 devices and extra RAM, but
also would add the administrative burden of keeping
track of a software library.

Thus, the business of writing software as a standard
product could become highly profitable. With a mass
market, development costs could be amortized over a
large number of copies sold, and thus reduced to less
than the cost difference between p/RoM and masked

ROM. The result would be an economic climate similar
to that of the publishing industry, but without the
threat of the ever-present photocopier.

Candidates for ROM

What kind of software could go into standard masked
RoM? First and foremost are language translators—
assemblers and compilers. Also possible are mathematical
subroutines, 1/0 device drivers for commercially avail-
able devices, edit and debug routines, software for
storage and retrieval of data bases, sort algorithms,
instruction set emulators for older computers, kernels,
and more elaborate system monitors and operating
systems. Anything that a programmer would want to
choose from in putting together a complete set of
software for an application could be put into ROM.

A sign of things to come is the recent appearance of
combination chips that contain both RoM and parallel
1/0 lines. These chips could serve as a starting point
for a complete hardware-software interface to a de-
vice—all in one chip.

Conclusion

The base register set may be the missing link which
is preventing a complete working microcomputer with
practical system software from becoming as available
and economical as the hardware itself. Adding base
registers will offer the oEM the economy of masked
ROM, while enabling the relatively small application
program to be stored in p/ROM to respond to the
demands of fragmented markets. It will be possible to
develop small programs right on the breadboard. As
if that were not enough, it should become possible to
mass-market standalone data processing systems with
sufficiently economical 1/0 (one method is to include
the computer in a common TV set, instead of vice
versa) that small businesses and the general public
will find the system as useful as the ubiquitous calcu-
lator. Therein lies the lucrative prospect of huge sales
volume, with the semiconductor industry in a position
to reap a large share of both the machine and the
software aftermarket.
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LSI-11 Memory

16K words in a single
guad slot (2 option
slots)

Totally LSI-11
hardware and
software compatible.

Selectable,
on-board refresh
modes:

1. Distributed
refresh mode.
(Monolithic
Systems method)

2. Burst refresh
mode.

(DEC method)

One year warranty
on parts and labor.

$1,150"single
quantity. OEM
discounts available.

Delivery from stock.

Y

MSC 4501
January
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PDP-8 Memory

Requires 75% less
power than equivalent
core memories (8K
words requires only
0.6A at +5 volts DC).
Nonvolatile, 8K
words fits in a single
OMNIBUS® slot.
Totally PDP-8 A,
E, F or M hardware
and software
compatible.
One year warranty
on parts and labor.
$895"single
quantity. OEM
discounts available.

MSC 3201
February
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Delivery from stock.

PDP-11/04/34
Memory

Up to 64K words, with
or without parity, in a
hex wide “SPC” slot.
Totally PDP-11/04/34
hardware and software
compatible.
Expandable in
4K increments to 16K
words, and in 16K
increments to 64K
words.
One year warranty
on parts and labor.
$1495 (16K words)
single quantity. OEM
discounts available.
Delivery from stock.

MSC 3501
March
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PDP-11 Extendec
Memory Unit

Up to 2.8 megabytes
with parity, in a
10%2" high rackmoun
chassis (includes
power supply and
forced air cooling).

Expandable in
512K byte increments
to 4 megabytes.

Faster than
RF-11/RS-11—
2.1usec.access time
1 wsec. transfer rate,
selectable.

More reliable than
disk or comparable
core memory.

Nonvolatile with
available battery
backup.

PDP-11/04 through
70 hardware and
software compatible.

One year warranty
on parts and labor.

Delivery 45 days
ARO.

MSC 3601
April
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°DP-11/70
Vlemory

Jp to 2.0 megabytes,
vith error correction
and detection, in a
10%2" high rackmocunt
>hassis (includes
cower supply and
‘orced air cooling).

Expandable in 64
<ilobyte increments to
3,932,160 bytes.
‘Max. PDP-11/70
capacity.)

High speed
performance utilizes
PDP-11/70 memory
bus at maximum
data rate.

Nonvolatile with
available battery
backup.

PDP-11/70
hardware and
software compatible.

One year warranty
on parts and labor.

B ey

MSC 3602
May
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LSI-11 Dual
Height Memory
Up to 32K words in
a single option slot.
Available in 4K, 8K,
16K, 24K, 28K, and
32K word
configurations.
Available with
either on-board,
distributed refresh or
external refresh.
Addressable in
1K word increments.
Provision for
battery backup.
Totally LSI-11
hardware and
software compatible.
One year
warranty on parts
and labor.
Delivery from
stock.

MSC 4601
June

CIRCLE 57 ON INQUIRY CARD

PDP-11 Add-on
Memory

Up to 128K with
parity in a 5%"
rackmount chassis
(includes power
supply and forced
air cooling).

Totally PDP-11/04
through 55 hardware
and software
compatible.

Optional dual port
operation with two
CPU’s, one at a time
or simultaneously.

One year warranty
on parts and labor.

$4810°(64K words)
single quantity. OEM
discounts available.

Delivery from stock.

MSC 3302
July
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On being first

Monolithic Systems
is the innovator in
DEC compatible
memories. From our
first PDP-11 memory
in 1973, our line has
grown to provide
memories for PDP-8's,
11's and the LSI-11.
Add-in's and
add-on'’s.

In 1977, we will
continue to be first
with DEC compatible
memories, taking
advantage of the
latest memory
technology. And first
in reliability, value
and delivery.

The next first is
yours. When you call
us for DEC compatible
memories.

*Prices for U.S. and Canada only.
DEC compatible
memories...

from the first.

@\N,\b

Nonolithic
Jyntems coe

14 Inverness Drive East
Englewood, CO 80110
303/770-7400

DEC, LSI-11, PDP-8 & PDP-11
are registered trademarks of Digital
Equipment Corp.

© 1977, Monolithic Systems Corp
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MFE's Mayflower Project
Brings You The World’s
Smallest, Double Sided,

Double Densn;y IBM
Compatible Floppy Disc.

Dual Ceramic
HELI-BAND™ Heads

e Translates 3.6° Rotation To = ‘ ¢ Eliminate Felt Pressure Pads —
One Full Track Of Head Travel Adds Head & Media Life

e Uses Low Power 200 ¢ IBM Compatible—Tunnel Erase
Step/Rev Motor Read/Write

Keewaydin Drive, Salem, NH 03079
(603) 893-1921, TWX 710-366-1887, TELEX 94-7477

MFE PRODUCTS SA
AV DU GENERAL GUISAN 58 CH-1800 VEVEY SWITZERLAND
TELEPHONE 021 52.80.40 TELEX 26238 MFEPR CH

See Us At WESCON Booth #1548 — 1550
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Cost savings of up to 75% per data channel are realized by a
microprocessor-based multiplexer system that solves the 2-way
high speed communications problems related to interfacing multiple

USART-input terminals to a timesharing host computer

Multiplexer System Reduces
Cost of Terminal Interfacing

Austin Lesea and Nishan Urkumyan

University of California at Berkeley
Berkeley, California

A microprocessor-based multiplexer system has been
designed to concentrate 32 EIA RS-232-C-compatible
terminals onto a single 2-way high speed (9600 baud)
transmission line for a timesharing host computer (see
Fig 1). Each terminal has buffered output and char-
acter-by-character input. Thus, the host computer (in
this case, a PDP.11/70) spends less time executing
the multiplexing task. This multiplexer system is also
applicable, with only code changes in the host ma-
chine, for other computers, such as the Data General
Eclipse and the Hewlett-Packard 3000-2.

Cost of providing this multiplexing function is $60
per data channel, compared with approximately $250
per data channel for existing commercial designs. Cost-
effectiveness increases even more when clusters of fewer
than 32 terminals are implemented. Since the multi-
plexer system has no modem control features, as it is
intended to be installed at the terminal site, costs in
labor and equipment are minimized.

Using the Intel 8080A microprocessor and 8251 uni-
versal synchronous/asynchronous receiver/transmitter
(usarT) chips provides a programmable serial data
channel for the terminals. Presently, three such multi-
plexer systems are operating effectively at the Uni-
versity of California at Berkeley; two have 32 channels
and one has 20 channels.

Design Considerations
Connecting up to 32 USART-input terminals to a time-

sharing host computer presents the design engineer
with the usual communication interconnection problems

of interfacing equipment, bus wiring, patchboards,
memories, and programming. Initially, remotely located
concentrators eliminated most of the interconnection
problems. However, since they did not reduce costs,
a microprocessor-based multiplexer system design was
undertaken to handle the concentrator function at sig-
nificant cost savings.

Basically, 32 terminals must be processed at an in-
put rate not exceeding 30 char/s, and at the fastest
output rate possible. Since 9600 baud is equivalent
to approximately 1 char/ms and since the 8080A has
an average instruction time of 3.2 ps, input and output
(1/0) processing of 32 terminals allocated about 300
instructions/char in the polling loop software routine
for the terminals. The host input to multiplexer routine
must operate with not more than 200 us of overhead
in order to pick up channel information and still allow
enough average time to service the input and multi-
plexer to host routines. Coding must be programmed in
an extremely tight byte-by-byte procedure.

Input is desired at a maximum rate of 15 baud
when all 32 terminals operate simultaneously, or at a
maximum rate of 4800 baud when only one terminal
is used. Minimum desired output rate is 300 baud for
all 32 terminals operating simultaneously and, typically,
6000 baud for a specific demand by a single user.

Hardware Architecture
Each terminal connects to a single USART. Grouped as

quads, the UsARTs are placed on eight cards, which are
all tied to the 8080A system bus (see Fig 2). Two
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. FASTBUS* TO MEMORY, DISCS,
i TAPE UNIT
POF-11/70
COMPUTER
UNIBUS* TO OTHER
PERIPHERALS
MULTIPLE
FIRSTIN.
HOST TO EﬁeEO'BAUD
MULTIPLEXER —————
LINK [

* PDP, FASTBUS,AND UNIBUS
ARE REGISTERED TRADEMARKS
OF DIGITAL EQUIPMENT CORP,

MAYNARD , MA.
UP TO 32 EIA RS-232-C

COMPATIBLE TERMINALS

Fig 1 Overall system. Block diagram shows special
host computer-to-channel interface: FIFO board and
9600-baud link to 8080A multiplexer. The 32 terminal
lines may be any mix of baud rates in groups of four
for each rate. Multiplexer may be located in host com-
puter or in its own remote package

8-bit 4k semiconductor random-access memories (RAMS)
furnish 8192 bytes of raM, while 1024 bytes of pro-
grammable read-only memory (p/RoM) are available
on the microprocessor board. An interrupt controller
and a high speed host USART card combine to form a
host channel interface board which is also connected
to the system bus.

A 128-char buffer is associated with each terminal
and USART for output buffering. This buffering takes
4096 bytes of available RAM. The terminal-to-host com-
puter queue is 256 characters long.

Software Routines

The complete software program divides into four rou-
tines: (a) the initialize system routine, (b) the polling
terminals for 1/0 routine, (c) the interrupt 1 routine
to fill terminal buffers from the host, and (d) the
interrupt 2 routine to empty the terminal to host wait-
ing queue (see Fig 3).

Initialization runs only when reset, while the other
three routines run in successive order. These routines
communicate only through the output data buffers and
share no common memory space other than pointer
tables. The initialize system routine clears all memory,
sets up data tables, determines which boards are
plugged in, and resets all UsARTs. These tasks com-
prise approximately all the system housekeeping. In
addition, the initialization routine sets the stack point-
er, and resets and sets the mode, speed, and number
of bits per word on the USARTSs.

The polling terminals for 1/0 routine goes through
the list set up by the initialization program and tests
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to detect whether a character is input, or data are
available in a buffer for output. Thus, each of the 32
terminals is serviced once each pass. If the data chan-
nel to the host computer is busy, characters are put
into a terminal-to-host waiting queue that is serviced
when the channel-not-busy interrupt arrives. If the
data channel is not busy, the waiting queue, which is
set up as a software first-in first-out (¥1ro) buffer,
is emptied by one character. The channel will then be
busy for 1 ms (time interval for one character), and
the interrupt will occur again, emptying the queue by one
more character. When the queue is empty, the inter-
rupt process will be primed by the clock for data in
the queue at the end of every polling loop. Using
this technique, the terminal-to-host queue service rou-
tine is primed, and continues to be interrupted when
not busy, to empty all characters waiting for input
into the data channel.

For output data transmission, a tag character for a
particular terminal is sent first by the host; then, the
character is sent to the host computer via the terminal-
to-host queue routine. Each USART board has its own
priority table so that only one terminal is processed
per pass per board. If a character is transmitted, or if
a board has no characters available, the buffer area
for each terminal is checked to determine whether an
output character is pending. These characters are
placed in the buffer by the host-to-terminal service
(interrupt 1) routine. When characters are available,
the buffer outputs its characters to the USART to be
transmitted, and all pointers are updated. When there
are no incoming characters, and no output buffer is
full, the multiplexer system still polls each USART
board for input and each usarT buffer for output.

Interrupt 2, the terminal-to-host queue routine, sur-
veys the queue and transmits a character if there is
a character waiting; otherwise it returns system con-
trol to the polling routine. This queue routine is not
called again by an interrupt until the polling routine
primes it by sending a character.

The host-to-terminal interrupt routine waits for in-
formation to arrive from the host computer before it
executes. When a character is received and is ready,
an interrupt is generated that starts the interrupt
process. This process checks the incoming character and,
if it is data, places it in the appropriate output buffer
area. After this process is completed, the polling rou-
tine resumes. Other characters from the host computer
perform status requests, data tag switches, and soft
restart commands. The host-to-terminal interrupt rou-
tine may interrupt at any time during polling. It first
saves the status vector of the machine and then picks
up the character that caused the interrupt. If its most
significant bit is a 1, the character is a tag or a com-
mand (see “Tag/Data and Other Byte Commands”).
If it is a tag, it is stored so that the following data
characters are loaded into the buffer pointed to by the
last tag.

With a most significant bit of 1, the character could
also be a command. Commands allowed are: status
request, status change, and soft restart. Status request
sends back a status tag followed by the status of that
USART. Status change takes the next character and
transfers it to the USART control register. This can be
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Fig 3 System soft-
ware. In addition to
initialization routine,
software has three
simple processes:
polling USARTs for
input characters from
terminals, host inter-
rupt with character or
tag, and terminal
waiting queue to host
service interrupt rou-
tine. Interrupts are
enabled and disabled
only so that the tag-
data sequence is
never violated; other-
wise, interrupts may
interrupt any routine

used to turn ports on or off, and to change the baud
rate by a factor of four for data recording. A 300-
baud hardcopy device or a 1200-baud cathode-ray tube
(crT) terminal can be driven by a single line with
proper host control. Soft restart re-initializes the entire
system. Caution is advised in the use of these controls,

since the data buffers will be affected by their use.
A speed change could disable interrupts and exceed
available polling time, thereby reducing the data rate
and possibly causing characters to be lost.

When the most significant bit is a 0, the character
denotes data. This character is then loaded into the
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Tag/Data and Other Byte Commands
Host Initiated Commands

1000 0000 Restart system

o ¢ fr g Send next byte to . .... terminal buffer
(most significant bit must be 0, 7-bit
ASCII for the rest of the byte, no parity)

110: 5 es Send next byte to . .... USART control register
0 ir 0 er 0 Rxe 0 Txe Control byte definition
| if 1 resets USART to “mode”
| reset error flags
| turn on receiver—1, turn off—0
| turn on /off transmitter
010 011 1.0 Mode byte for University
of California system
111, eee Read data from . .... USART status register

(single byte command, will generate the same
command tag followed by the status byte to be
returned to the host)
0 0 fe oe pe Txe Rxr Txr Returned byte
| framing error
| overflow error
| parity error
| transmit buffer empty
| receiver ready with character
| transmitter ready

Multiplexer to Host Commands
100 oo Following byte is data from terminal . ....

1106 < 6uis Buffer for terminal . .... is full, no second
character sent

This data protocol is used on 8-bit RS-232-C 9600-baud multiplexer.
Eight bits are used for both tags and 7-bit ASCII data. Note that eighth
bit determines whether byte is tag or data. For data, remaining seven
bits are straightforward ASCIl. For a tag, further decoding is per-

formed to determine what kind of tag and for what terminal

last place in the buffer pointed to by the tag. All
following characters are loaded into the same buffer
until a new tag is sent.

Hardware Construction

In addition to the cpu chip and lk byte of local
p/RoM, the multiplexer board contains other support
circuits, such as bus buffers, clock drivers, and the
crystal-controlled clock. The software program for the
multiplexer resides in three p/RoMs on this board.

Two memory boards have 4k 8-bit bytes of storage,
using lk static memory chips, and address selection
and bus driver logic.

Designed to perform as a serial data channel with
interrupt vector 1, the host channel interface board
also has available the other six interrupt vectors and
a baud rate generator for the USART; in addition, the
board includes vector generator and bus driver. Inter-
rupt vectors and their functions may be summarized
as:

Restart (RST) 0: Hardware reset on power-up
RST 1 :  Host to multiplexer service routine

RST 2 : Software reset; initializes system and zeros
all data buffers
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RST 3 to

RST 6 :  Not used
RST 7 : Channel not busy interrupt from transmit

buffer empty on channel USART

Each UsART board contains four UsARTs, a baud rate
generator, and a p/RoM with a priority look-up table.
USARTs are addressed as memory locations, as is the
p/RoM. Data-available flags of the UsARTs, through
the p/rRoM, place a code on the p/ROM outputs that is
the address of the data buffer on the UsART that is
full. Up to eight of these boards can be utilized in
the multiplexer system to accommodate 32 terminals.

The complete multiplexer system contains twelve
4.5 x 6.5” (11.4 x 16.5 cm) printed circuit cards in-
stalled in a 20-slot backplane. Including power supplies
and a fan, the system occupies a package 9 x 21 x 13"
(22 x 53 x 33 cm) and weighs 30 1b (13.5 kg).

Special Host Machine Interface

Because of the load imposed by the multiplexer, a
FIFO buffered serial interface board has been designed
so that the host computer can transfer more than one
character at a time to the internal software buffers.
This interface board also prevents a character from
being lost by allowing a 32-char buffer to become
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half full before the host computer services the data
channel. Since the host effects 1 x 10° transfers/s, all
other higher priority interrupts are serviced first by
allowing 16 characters to fill before servicing the in-
terrupt from the host channel. In this case, software
overhead is the determining factor in the interrupt
service speed.

Located on this board are a host UsART, baud rate
clock, Firo buffer chip, and the necessary bus driver
logic for operation. The USART performs serial-to-parallel
conversion for both transmit and receive. For trans-
mission, data are passed to the USART via bus receivers,
and the USART is strobed by the presence of the de-
sired address and timing signals on the control and
address section of the bus.

For receive, USART data automatically ripple through
the FIro channel interface until they reach the bus
drivers. If there are data in the Firo buffer, an inter-
rupt is generated. Each time a read is performed in
the F1ro buffer, data ripple down one more level if
the read has occurred since the last interrupt. In this
manner, up to 32 characters are buffered before any can
be lost. If host software cannot keep up with the data
rate, the Firo buffer will overflow and data will be
lost. An error bit in the status word for this inter-
face board flags the system when overflow occurs.
These errors are logged for later investigation.

Clock control is provided by a crystal and divider
chain, and all bus logic is supplied by a general-
purpose interface card.

System Performance

Channel-to-host data transfer rate is set at 9600 baud
for both directions. Characters from each terminal must
be echoed as this is a full-duplex system; thus, for
every character generated, the host computer must
process and return the character to the terminal. In
a typical multiplexer system, 20 data entry terminals
are set for 9600-baud output and 300-baud input. Also,
eight ASR-33 Teletype terminals and four 300-baud dial-
up lines are tied to the multiplexer system. For future
systems, CRT terminals could easily be substituted for
teletypewriters.

An added system feature is that software determines
which boards are installed. Therefore a defective board
may be removed without affecting the software pro-
gramming. The same routines, upon re-initialization,
will automatically exclude the missing board. In addi-
tion, smaller systems may use the same software to
perform faster polling for increased input rates, such
as with machine-to-machine links.

Typically, the average input rate is 10 char/s, while
the average output rate is 200 char/s. Buffers in the
host computer that hold characters waiting for an
output channel are empty 95% of the time, indicating
that the host computer can process data as fast as
the channel can handle them, rather than as fast as
the terminals can print. Maximum rates experienced
are 15 char/s on input, and 620 char/s on output.
Maximum and typical figures were obtained with 90%
of the terminals on.the multiplexer system in use.

Error rates are entirely due to the data channel,
or are at least indistinguishable from other errors,

.

such as those caused by operator or host. The host
computer, upon encountering a bad disc track, prints
a hard error on the system console, forcing a 300-ms
deadtime during which no processing is done. Error
analysis also has to take into account the number of
system messages.

Thus, a data channel is using 1% of the available
bandwidth on input, and 20% on output. Recently
accumulated data confirm these statistics.

Summary

At a cost that is one-fourth that of commercially
available equipment, the multiplexer system design
described solves many of the communication problems
normally encountered in a small timesharing facility.
Based on a commercial cost of $300 per terminal,
32 terminals would cost $9600. The multiplexer system
design replaces existing hardware and wiring at a
cost of less than $2500.

Based on three operational multiplexer systems,
accumulated statistics reveal definite system repeat-
ability and reliability. Up time has been better than
95%, exceeding that of the host. Problems to date
have been related to connector failures and initial
software errors. Future system modifications can easily
be made in sqch areas as: modem control synchronous
data links, packet preparation, channel bandwidth
maximizing in shared link concentrator systems, and

Jlocal editing features. Newly incorporated features,

such as speed control and character buffering have
improved host throughput by 5% and have allowed
more flexible usage of a dedicated line. Multiprocessor
systems could be used to split input, output, and channel
maintenance tasks into separate real-time processes
that would increase performance while not substantially
increasing costs.
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In the spring of 1962, Dataproducts
began building printers.
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Today, we design and build printers (in
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Fifth Prize

"Whouw Do We Go From How

MICROPROCESSOR/MICROCOMPUTER
APPLICATIONS CONTEST WINNER

Electronic Diet Controller

Karen M. Moran

Broomfield, Colorado

One solution to the need for precise regulation of caloric intake, whether
for weight gain or loss or other medical reasons, is an electronic controller
which tabulates diet information for up to three people, and serves as an
all-purpose calculator as well

The cost-effectiveness of micropro-
cessing power now enables solving
the problems of controlling principal
diet elements with an application that
can potentially reach a huge market-
place. As far as is known, the exist-
ing method of dietary regulation con-
sists of the haphazard and impractical
paper and pencil approach. One ad-
ditional factor which now makes this
application possible is diet lists that
are classified into approximately
seven food types (meats, fruits,
starches, etc) with serving sizes in
each food group designed to equal
the same number of calories. (These
lists are commonly given out by doc-
tors and include a complete tabula-
tion of foods.) As an illustration, the
following section is excerpted from
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the diet list which is published by

Carnation Co:

LIST 6 FATS (approx 45 calories/

amount indicated)

Avocado (4” diam)—7s

Bacon, crisp—1 slice

Butter, margarine—1 tsp

Cream, sour—2 T

Cream cheese—1 T

Nuts—6 small

Dressing, French—1 T

Mayonnaise—1 tsp

Roquefort dressing—2 tsp

1000 Island dressing—2 tsp

Oil—1 tsp

Olives—5 small

For occasional reference, a diet list
in this same format, along with a non-
diet food list (containing caloric

values) would accompany the con-
troller. This information could be
available either at the back of the
device or along with the instruction
pamphlet.

In actual operation (see the Fig-
ure), the user, for example after hav-
ing one frankfurter, one hot dog bun,
half an apple, and a glass of milk for
lunch, keys in: person 1, meat 1,
starch 2, fruit 1, and milk 1. Mean-
while, the controller, by doing a sim-
ple table lookup for the calorie values,
is concurrently updating and display-
ing “Today’s Calorie Total” and
“Food Category: Total Servings To-
day.” Hence, the user enters the serv-
ing number and is able to read the
new calorie and serving totals on the
displays. (Since many diets require a
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LIMITED
VEG

FATS | 0

FRUITS

Keyboard design of microprocessor-based controller contains keys
necessary to govern diet by accounting for all foods and keeping
track of daily and accumulated calorie totals for up to three
people. Complete with an 8048 microprocessor and 128 x 8 CMOS
memory, device can also be utilized as a calculator

certain number of servings in the
various food categories, this history
information is available by depress-
ing the appropriate food category
key.) If the user also had a piece of
chocolate cake, he keys: nondiet food,
445 (actual number of calories). The
controller, in addition, keeps track of
calorie totals for the past six days,
and also allows for three users. In
short, it provides the necessary in-
formation for making food selection
judgments throughout the day. (For
complete details on the operation of
the device, including clearing for a
new day and error correct, see the
program Flowchart.)

This system can, of course, be used
by those who need to gain weight, or
it can be adapted for special diets.
Note also that since all the hardware
is already present, the controller can
be used as a calculator—perfect for
kitchen use as an aid to multiplying
and dividing recipes, balancing the
checkbook, etc.

System elements include an Intel
8048, an additional 128 x 8 cmos
memory with battery backup, selec-
tion logic, keyboard, and displays.
Hardware and software aspects of
this application represent a complete-
ly practical use of today’s technology;
no problem areas are foreseen. [
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Now you have achoice
of DEC-compatible
floppy disk systems.

xo1 "
4,300.

The DEC

It costs

You can wait months for it.

The DSD 210.

It costs $3,295.
You can have it in weeks.

YES PDP®-8, PDP ®-11, LSI-11 plug compatible YES
YES Software compatible with all DEC operating systems YES
YES IBM 3740 Format YES
NO Write protect switches YES
YES Automatic head unload YES
YES Ceramic read/write head YES
YES Holds 256,256 bytes per diskette YES
NO Diskette formatting capability YES
10R2 Drives per controller 1,2,0R3
NO Interchangeable 50/60 Hz operation YES
YES Digital phase-lock-loop data separation circuit YES
NO Front panel activity LED lights YES
NO Front panel system status indicators YES
PARTIAL Modular construction COMPLETE
MINIMAL Self-testing microcode EXTENSIVE
NO Field-proven Shugart drives YES

Our DSD 210 floppy disk system is
100% hardware, instruction set, and
media compatible with all DEC PDP-
8, PDP-11 and LSI-11 systems. It
costs $1,000 less than DEC’s RX01,
has a far shorter delivery time, and
has more useful features.
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For an expanded comparison and
complete technical details, phone or
write Data Systems Design, Inc.,
3130 Coronado Drive, Santa Clara,
CA 95051, 408/249-9353.

®registered trademark of
Digital Equipment Corporation
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DESIGN NOTE

An Asynchronous Arbiter Resolves
Resource Allocation Conflicts
On a Random Priority Basis

K. Soe Hdjberg

Research Establishment RlSé
Roskilde, Denmark

When two or more processors demand service from a shared bus in an asyn-
chronous mode, conflict resolution and resource allocation are solved fairly
by an arbiter system that scans and selects processors at random, independent

of time of request

Conflicts may occur when two or
more devices in a parallel system
share a functional resource and re-
quest it on an asynchronous basis.
To decide these conflicts and to allo-
cate the shared resource equitably, an
arbiter is required. A typical system
necessitating an arbiter is a multi-
processor with one common bus; the
arbiter is used to resolve overlapping
bus transaction requests. Pierce,!
et al, described a simple 2-input arbi-
ter circuit that can be used as a
module in an n-input arbiter tree.
The fraction of service given to a
requesting device depends on the
position of the corresponding arbiter
module in the tree structure. Plum-
mer,? et al, described a rather general
but more complicated system.

This relatively simple arbiter sys-
tem is a supplement to both refer-
ences. It does not have a tree struc-
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ture but it does include a set of
parallel request/grant channels. The
fraction of service given is identical
for all arbiter channels.

Signaling
Conventions

The block diagram of a multichan-
nel arbiter is shown in Fig 1(a);
signaling conventions are illustrated
in Fig 1(b). A device requests the
shared resource by raising its re-
quest line R;, where j = 1. .. n. Re-
quests are initiated by a device only
when its grant line G; is low. The
arbiter allocates the shared resource
to a particular device, say number j,
by raising its grant line G;. When
the requesting device j finishes using
the resource, it resets its request line
R;, which causes the arbiter to reset
the corresponding grant line G;.

Arbiter Operation

Fig 2 illustrates the multichannel
arbiter system. The clear inputs of
the flip-flops must be of the direct
type. Thus, any true clear input,
CLR;, resets its associated output,
G;, immediately when applied. A
dual-phase clock is assumed. Time
between succeeding pulses can be in-
creased arbitrarily. This means that
pulses can be triggered by pushbut-
ton control as well as by a square-
wave generator. In the latter case,
for example, clock 1 impulses can
be released by the leading edge, and
clock 2 impulses by the trailing edge
of the signal.

Fig 3(a) shows waveforms as-
sociated with the single-request case.
Initially, all requests and grants are
assumed to be zero. A single request,
R;, passes through the system (Fig 2)
in a direct manner and produces a
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N-channel arbiter resolves conflicts when

several devices simultaneously request a shared
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R. are request lines;
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... n.In (b), requests are initiated by device
1 upon issuing a ONE signal at its request line. Ar-
biter allocates resource to device by answering
with a ONE signal at corresponding grant line. At
a given time, not more than one grant is true

Fig 2 Multichannel arbiter system.
Single requests pass through chan-
nel and release grant in a direct
manner. Multirequest conflict is re-
solved by scanner that selects chan-
nels one at a time. When true scan-
ner output, Sx (k=1... n), coincides
with true request signal R, grant
Gi is issued. Irregular request fre-
quency is assumed; at regular fre-
quencies with possible interaction
with clock frequency, scanner should
be replaced by random number gen-
erator
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CLOCK 1 | | |

REQUEST Ry,
SCANNER S,

SCANNER S,

CLOCK 2 | | |
REQUEST R; ; [ 1
1
SYNCHRONIZED REQUEST [ L
GRANT G; g [ |
—> le— — fe—
setup ih reset ;mox
(a)
CLOCK 1 | | | |
CLOCK 2 | | | l__
REQUEST R; ) |
1
GRANT G; i L
REQUEST R, 0

O = O = O = 0O

—>|

reset to gﬁ%

(c)

SCANNER §p | |
REQUEST R, ; _____
GRANT G, ; ______ |
(b)
CLOCK 1 | | | | Fig 3 Three cases of arbiter
operation. Single-request re-
CLOCK 2 l | | | sponse (a) needs only a 0.5
to 1.5 clock cycle to set up a
REQUEST R: ! oy O grant, depending on time of re-
? 0 quest. In medium-load case
1 (b) at least three requests
RANT G; |
8 0 initially are present. When re-
—> ‘|§ quest R; and corresponding
reset tine grant G disappear, request
1 lines are scanned and an arbi-
NNER | : :
SRRNNER 5 0 trary channel with ONE input
) 1 is selected. Number of scan-
GRANT Gj 0 [ ning steps used depends on

start position of scanner. In
full-load case (c), only 0.5
clock cycle is used from the
time when one grant has dis-
appeared until another grant
is issued
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grant, G;. The synchronized request
signal passes through the enable gate
and selector gate, as enable signals
are present from all other request
flip-flops (inverted synchronized re-
quests are true). The selector gate
includes an OR circuit, as shown in
Fig 2, for selection of a single re-
quest, such as RX or a scan output
signal S,. The OR output passes
through the grant gate and sets the
grant flip-flop. The grant gate func-
tions as an AND gate for scanner
signals and does not hinder single-
request signals. In this manner a
scanner signal can only set a grant
if a request is present in the given
channel.

The request arrival to grant setup
time corresponds to a 0.5 to 1.5 clock
cycle, as indicated in Fig 3(a). Fig
3(b) illustrates the medium-load
case. Requests Ry and Ry; are not
present. Request R; and at least two
more requests, including R,, are
present so that all direct paths are in-
hibited when R; disappears. In this
case the scanner is exploited for grant
setup. The multiplexer is enabled by
the disappearing grant. The first true
scanner output happens to be S,
which is not gated to the grant flip-
flop. The scanner moves one step to
channel k+1, which also does not
create a grant. At the first channel
to be met with a true request input,
say channel m, a grant is produced.

Note that the counter runs con-
tinuously. If the time duration be-
tween multiplexer selections is ran-
dom, the channel numbers chosen
are random. This duration is deter-
mined by request periods and the
delay caused by the arbiter. Another
method of obtaining randomness of
channel selection is by changing the
clock pulse duration at random. Still
another method is to use an alterna-
tive scanner that includes a random
number generator.

Fig 3(c) illustrates the full-load
case. All request inputs are true.
Only grant G; is true. When request
R; is changed from true to false,
grant G; disappears within one clock
period. The multiplexer is enabled,
and if the output S; at channel num-
ber 1 happens to be true, grant G;
is issued with a delay of only a 0.5
clock period. Concerning the random-
ness of channel selection, the con-
siderations are similar to those given
for the medium-load case.

System Verification Test

A 3-channel arbiter circuit was
implemented with high speed TTL
components including master-slave
flip-flops. A square-wave clock gen-
erator controlled two monostable im-
pulse generators for clock 1 and
clock 2 realization. Impulse widths
were 30 ns. The frequency of the
basic clock was varied from zero to
the maximum applicable frequency.
With simultaneous requests applied,
only one grant at a time was ob-
tained in the range up to 15 MHz;
extra grants were often issued above
15 MHz. The delays of the TTL cir-
cuits involved indicate a reasonable
working frequency for the test cir-
cuit to be 10 MHz, corresponding
to a clock period time of 100 ns.

A special test was implemented
with an inverted channel output G,
connected to channel input R,. (See
Fig 2). Other request inputs were
kept at zero. In this case a request
was automatically generated when
the grant was false, and the request
disappeared when the grant became
true. Thus, the system worked auto-

matically at maximum speed using
all the time for administrating and
producing its own inputs. Total cycle
time for setting up a grant, resetting
the grant, and producing a request
was 200 ns at a 10-MHz clock fre-

quency.

Summary

This relatively simple high speed
multichannel arbiter serves as a sup-
plement to earlier designed systems
(Refs 1 and 2). Load properties are
optimal both at full-load and single-
request conditions.
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Typical commercial analog-to-digital converters (Apcs) are
based upon the principles of successive approximation,
dual-slope integration, staircase-ramp conversion, or volt-
age-to-frequency conversion.® The most common use for an
ADC is to convert output from an analog transducer
or analog instrument into digital form suitable for
direct observation on a digital display or as input into
a computer. All digital panel meters and digital multi-
meters contain built-in Apcs. Modern apcs provide stan-
dard TTL outputs which may be coded in binary, binary-
coded decimal (Bcp), or perhaps other less frequently
used codes.

To illustrate the interfacing of an Apc to an 8080-
based microcomputer, consider the generalized 10-bit
Apc module shown in the Figure. In addition to 10-bit

output and analog input pins, the module also contains
a START input and a DONE/BUSY output whose functions
will be discussed later. As previously observed from
the discussion on interfacing of a 10-bit digital-to-analog
converter (pAc) in the “Micro’ Processor/Computer Data
Stack,” Computer Design, June 1977, pp 203-205, it is
not possible to simultaneously transfer all ten bits
from the apc into an 8-bit microcomputer. For the 10-bit
converter, data transfer is accomplished by placing bits
DO through D7 [the ApC’s eight least significant bits
(LsB)] in the first input byte and the remaining two
bits, D8 and D9 [the apc’s most significant bits (msB)],
in the second byte.

To gate data onto the data bus and into the 8080,
8212 8-bit, 3-state buffer chips are used between the
converter’s outputs and the 8080 data bus. A gating
scheme is required so that the 3-state buffers are en-
abled only when the 8080 requests data. In the case
of the 8212 buffer, the required gate is incorporated
within the integrated circuit chip, so all that is needed
is a negative IN control signal, and negative 065 and
066 decoded pulses derived from the address bus de-
coding logic.

* Analog-Digital Conversion Handbook, Analog Devices, Inc, Nor-
woad, Mass (Copies cost $3.95)

- 7402 7404

TO 8080
DATA BUS

TO 8080
DATA BUS

Schematic diagram of ADC interfaced
to 8080 microcomputer with the aid of
a pair of 8212 buffer chips
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100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100
100
100
100

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

120
120

000
001
002
003
004
005
006
007
010
011
012
013
014
016
016
017

000
001
002
003

070
071
072
073
074
075
076
077
100
101
102
103
104
105
106
107
110
111
112

000
001

365
323
037
333
066
306
001
322
003
100
107
333
065
117
361
311

TABLE 1

Typical Input Routine for a 10-Bit ADC

ADC,

TEST,

*100 000
PUSHPSW /Save register A & flags
ouT /Strobe the ADC to start a conversion
037
IN /Input status bit and two MSBs
066
ADI /Add 1 to the flag bit
001 /to cause a carry if it is set
JNC /No overflow, check it again
TEST
0
MOVBA /Overflow, flag = 1, so save MSBs
IN /Input the eight LSBs :
065
MOVCA /Store them in register C
POPPSW /Restore register A & flags
RET Return to main program
TABLE 2

Typical ADC Subroutine for an Interrupt-Type Converter Interface

373
323
037
311

365
345
052
000
120
333
065
167
043
333
066
167
043
042
000
120
341
361
311

000
020

ADC,

ADCSVC,

POINT,

*100 000

El /Enable the 8080’s interrupt

ouT /Start a conversion

037

RET /Return to main program

This is the ADC's interrupt service software

*000 070

PUSHPSW /Save register A & flags

PUSHH /Save registers H & L

LHLD /Get memory pointers into H & L
POINT /so the data may be stored

0

IN /Input eight LSBs

065

MOVMA /Store them in memory

INXH /Increment memory pointer

IN /Input two MSBs

066

MOVMA /Store them, too

INXH /Increment memory pointer again
SHLD /Save the storage area address
POINT

0

POPH /Restore registers H & L
POPPSW /Restore register A & flags

RET /Return to main program

*120 000

000 /This is where the address of the ADC
020 /storage area is kept. In this program

/the storage area starts at

/address 020 000. You could place your
/own pointer address here, but these
/two locations must be in R/W memory

Note:

This subroutine assumes the converter will interrupt with an RST 7 instruction vectoring to 000 Q70.



Remaining control signals that are used include (1)
a START pulse, which when applied to the Apc resets
it and starts the internal conversion process, and (2)
a DONE/BUSY ADC output flag, which indicates that a
conversion has taken place and that the 10-bit digital
output is ready. These are important control signals
since they synchronize the operation of the conversion
process. Apcs generally are not “free-running” devices
that continuously convert voltages into digital outputs.
These conversions take a finite period of time. It is
necessary to pulse or strobe the apc to start each
conversion, and a 10-bit binary value cannot be expected
to be output by the converter immediately after the
strobe pulse is applied. For the generalized converter
in the Figure, a 21-us conversion time is required. In-
side the apc, a successive approximation technique is
used that converges on the unknown voltage by making
successively smaller tests and comparing results of such
tests to the unknown voltage.

The pone/Busy flag, which indicates that the con-
verter is either poNe (logic 1) or Busy (logic 0), is
input to the microcomputer as a single bit. Since there
are six unused bits at input port 066, bit D7 is assigned
to the flag. The sTArRT pulse to initiate a conversion
must be a short positive pulse; it can be obtained
by gating the control signal 60T with a negative device
address pulse, 037, using a 7402 2-input NoOR gate.

A typical software subroutine used to perform a
single conversion is shown in Table 1.** The 10-bit
binary result of the conversion is left in the B and C

**The assembly language format shown in Tables 1 and 2 is
that of the resident editor/assembler developed by Tychon, Inc
for 8080 systems.

registers of the 8080, with the eight LsBs in register
C and the two MsBs in register B in bit positions DO
and D1. The microcomputer spends time<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>