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hing’s possible
with aWHIZZ ARD 7000.

Fast refresh graphics throughput. Unequaled vector Choose the WHIZZARD 7000 that solves your graphics
quality. Dynamic display versatility. You get it all with a problem. A basic monitor/processor that'll connect to any
WHIZZARD 7000. 16-bit or 32-bit computer. An intelligent refresh terminal with

Draw the most sophisticated pictures you can imagine. computing power already built-in. Or a stand-alone graphics

Quick as a blink. The secret's in a 32-bit microprocessor with  processing system, complete with peripherals and software.
its own refresh memory. There's one inside every WHIZZARD Pick from lots of WHIZZARD 7000 graphics peripherals.
7000. Joysticks with push-button interrupt. Data tablets, digitizers

Get constant vector intensity and perfect end-point match-  and light pens. Pen plotters and electrostatic printer/plotters.
ing with maximum vector throughput. The best in the industry. And, more.

The WHIZZARD 7000's advanced vector generator and To find out the whole amazing story, just call the WHIZ-

unique Adaptive Timing' technology guarantee it. ZARD. He'll send you a brochure. Or if you prefer, he'll bring
Pictures show up sharp. Even under the strongest office you a magic show.

lights. That's because you can choose from 16 brightness For full WHIZZARD details, write or call Pat Burke,

levels. And, WHIZZARD alphanumerics are easy to read, MEGATEK, 3931 Sorrento Valley Blvd., San Diego, CA

too. Its stroke-generated characters can appear in eight 92121. (714) 455-5590. TWX: 910-337-1270. (European

programmable sizes. office: 14, rue de I'Ancien Port, 1201 Geneva, Switzerland.
When it comes to real-time graphics, the WHIZZARD Phone: (022) 32.97.20. Telex: 23343.)

7000 is unearthly. Hardware translation, 16-bits of line texture,
and blinking are standard.

For even mightier magic, you can add hardware rotate,
scale, clip, zoom, and multi-viewports. You can even work in
3-D or color.

The Visible Difference

MEGATEK
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e’ve only just begun

TECHNOLOGY
Since its introduction in 1976, Kennedy has successfully entered the disk
e market with its Series 5300. Currently available in three configura-
ns up to 70 Mbytes. Kennedy is committed in providing the industry with
a family of devices growing to 300 Mbytes. Because the fixed media Series
D utilizes advanced Winchester technology it offers low cost of ownership
and, of course. Kennedy Quality.

GROWTH




THE NEW TALLY 300
LINE PER MINUTE PRINTER.

More features. More Benefits.

Mechanical simplicity merged with state of the art
electronics. A proven print mechanism that never
wears out. Unmatched reliability. Lower cost of owner-
ship. No preventive maintenance. Sterling print quality
that never wavers. Office quiet. No rising service costs
over the life of the printer.

Standard features like dual microprocessors,
diagnostic display, self test, interface PROMS. Opera-
tor convenience features like auto-load reel to reel
ribbon with pre-threaded leader, straight path paper

TALLY
PRINTERS
WORLDWIDE

OEM SALES OFFICES
Atlanta (404) 955-1630
Boston (617) 272-8070

New York (516) 694-8444
Chicago (312) 885-3678
Los Angeles (213) 378-0805
Philadelphia (215) 628-9998
San Jose (408) 247-0897
Seattle (206) 251-6730

San Antonio (512) 733-8153
Washington, D.C. (703) 471-1145

BUSINESS SYSTEMS SALES
Orinda, CA (415) 254-8350
Boston, MA (617) 272-8070
Chicago, IL (312) 885-3678
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loading and easy access control panel with push
button convenience.

There’s more. Designed to wage war on the lost
time of downtime, the Tally T-3000 is modularly con-
structed for quick service access. And the diagnostic
display pinpoints any fault condition. And even tells if
it's operator correctable.

Call your nearest Tally sales representative for
all the details.

Tally Corporation, 8301 South 180th Street, Kent,
WA 98031. Phone (206) 251-5524.
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LETTERS TO THE EDITOR

COMMUNICATION CHANNEL

Economical and flexible communications
hardware design of the IBM 8100 Information
System allows selection of up to three data
link protocols and attachment to a variety
of worldwide analog and digital networks

DIGITAL TECHNOLOGY REVIEW

In designing systems to operate within
throughput and turnabout time constraints. a
knowledge of those system and workload
features that exert the most influence is
helpful

DIGITAL CONTROL AND
AUTOMATION SYSTEMS

R & D efforts in the U.S. and Japan indi-
cate progress in providing vision to industrial
robots for automated manufacturing

MICRO DATA STACK/COMPUTERS,
ELEMENTS, AND SYSTEMS

Architecture—accumulators, registers, and
flags—of the 6800 microprocessor is viewed,
highlighting addressing modes that optimize
its instructional power

AROUND THE IC LOOP

Layout and interconnection properties of IIL
gate arrays achieve densities of custom LSI
chips while preserving cost and time ad-
vantages of semicustom designs
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SEMICONDUCTOR ADVANCES BOOST DIGITAL IMAGE
PROCESSING SYSTEM PERFORMANCE 93
by Harry C. Andrews

Memory and pipeline processor techniques have contributed exten-
sively to improvements in digital display transformation, coding,
enhancement, restoration, and quality of online interactive image
systems

UNIFIED APPRdACH TO DESIGNING HARDWARE
BASED ON IEEE STD 488 105
by Adel N. Ghannam and Mona M. Fayez

Modified level mode technique develops a separate transition table
for each set of next state values overcoming some of the difficulties
encountered in designing to IEEE Std 488

AUTOMATIC NETWORK SYNTHESIZER
IDENTIFIES STANDARD LSI CELLS 113
by J. Robert Logan

A simplified network analysis technique easily identifies common
subcircuits of a complex LSI system for compaction into members
of a “‘standard cell” library

PRINT QUALITY TRADEOFFS IN INK JET TECHNOLOGY 122

by James D. Hill

Ink jet printer design for word processor application presents chal-
lenges in print and character quality standards using dot matrix
printing techniques

COMPUTER EQUIPMENT SHIELDING TECHNIQUES 132

by John Severinsen

Commonly encountered interference difficulties in computers and
digital circuits can be solved through consideration of the technical
spects of emi/rfi shielding
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Data General and
DEC Systems
Live Longer

With Okidata Disc Drives

Data General and DEC users have a big investment in
software. Okidata 3300 Series disc drives protect and
extend that investment by growing with system
requirements—all the way to 80 megabytes.

Six 3300 models, from 13 to 80 megabytes, all use the
same set of systems programs and all fit in the same 7" of
rack space, including the power supply—Twenty-five

percent more capacity than IBM's Piccolo in half the space.

Plus—up to 2.4 megabytes of fast access fixed head
storage in the same 7" package.

Okidata disc drives live longer, with a field proven reliability
record approaching that of their all solid state host
processors. Winchester heads and discs and Okidata’s
unigue low mass rotary positioner are protected from the
environment and the operator by the finest air filtration
system in the industry.

You've probably read about Okidata “bumping out” those
big name disc suppliers. The reason is, when you compare
reliability, performance, price, OEM support and ease of
growth, Okidata disc drives live longer.

OKIDATA

Okidata Corporation

111 Gaither Drive

Mount Laurel, New Jersey 08054
Telephone: 609-235-2600
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See us at

oYSIEMS 78

in Munich

SMD’S. .. DATARAM KEEPS
CONTROL FOR DEC USERS

Now you can get the industry’s widest range of peripheral
controllers for DEC LSI-11® and PDP®-11 from Dataram
Corporation — the company that’s built its reputation by
delivering performance, reliability, and savings on
ADD-ON/ADD-IN mini-micro memory and disk emulation
systems.

In its second decade of understanding and meeting the needs
of end users, OEMs and system houses throughout the
world, Dataram now offers DEC users an impressive array
of state-of-the-art controllers, based on efficient, high-speed
bipolar microprocessors. Controllers that follow in
Dataram’s proven tradition of providing LSI-11 and
PDP-11 users increased performance, improved reliability,
denser packing, and dramatic savings.

TO3 reel-to-reel/tape controller. Emulates TM11/TUI10
magnetic tape system and interfaces to DEC’s LSI-11 Bus.
The T03 is compatible with all DEC standard operating
systems and occupies two DEC dual slots. Operates NRZI,
7 track (200, 556, or 800 BPI) or 9 track (800 BPI). Tape
speeds up to 75 ips.

C03 and C33 cartridge disk controllers. The LSI-11
Bus-compatible C03 and the UNIBUS®-compatible C33
emulate DEC’s RK-11/RK-05 disk system, and support

r‘i‘ DATARAM
L n CORPORATION

industry-standard 2.5, 5, 10, and 20 MB drives. Both the
C03 and C33 are packaged on a single standard DEC quad
board. 1500 or 2400 rpm drives accommodated.

S33 SMD controller. The industry’s first single-board
software-compatible SMD controller, and it’s available only
from Dataram. It interfaces to DEC’s PDP-11 and emulates
DEC’s RMO02. Operates with industry-standard SMDs. Up
to four SMDs per S33 controller. Internal self-test, with
LED error/status display, is standard.

They’re all ready to plug into your LSI-11 or PDP-11
backplane...they're all totally software compatible...they're
all available now...and they’re offered with confidence, not
promises.

Tape, disk and SMD controllers...three more reasons —
with more to come! — why Dataram Corporation is the
recognized innovator and leader in mini-micro memory...and
its control. And the largest company in the world dedicated
exclusively to this important area.

Dataram...the company to call to get your peripheral
applications under control.

DEC. LS PDPand UNIRUS are registered trademarks of Digital Equipment Corporation

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512
TEL:609-799-0071 TWX:510-685-2542
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FAIRCHILD

A lot of Fairchild thinkin
went into the world’s
most powerful computer.

A passion for building faster and faster computers led Cray
Research into producing the Cray-1. This uniquely designed
supercomputer is four times faster than anything built before
it. And it's winning out against tough competition from
some of the biggest names in the industry.

When Cray needed high-speed memories and logic
for the Cray-1, they came to Fairchild. They knew we had
everything it takes to help them build the highest-perform-
ance computers.

That's because Fairchild has grown up with the computer
industry. We've been developing and delivering semicon-
ductor components that have kept us on the leading edge
of technology since its beginning. And we plan to stay there.

A quarter of a million chips of logic went into the Cray-1.
Plus another seventy-three thousand memory devices.

With the help of Fairchild logic and memories, the Cray-1
can process information much faster, while using much
less power.

Thanks to Cray, the industry has a new supercomputer
with a standard of performance that puts it in a class by
itself. Thanks to us, the world's fastest computer has superior
logic and great memories. We can do the same for you. And
whatever else it takes fo help you make a better computer.
Fairchild Camera and Instrument
Corporation, Box
880A, Mountain .-
View, CA 94042.
Tel: (415)962-4451. =7
TWX: 910-379-6435. gg
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"Power failure

can happen in a flash.

But volatile memories

don't even notice with
GCE DataSentry.




RAMS live in a violent world.
Lightning strikes, generator switch-
overs, accidental unpluggings,
power shutdowns within the
building . . . all threatening to
destroy volatile memory.

The simple, reliable, inexpensive
solution is board-mountable
DataSentry*® standby power. Dual In-
line Packaged (DIP) DataSentry* bat-
teries mount right on the circuit
board or in standard DIP sockets —
eliminating costly mounting hard-
ware, interconnect wiring and
assembly costs. And the multi-pin
design and rugged, sealed plastic
case provide mechanical intergrity.
Now there’'s even a hlgh-

temperature Goid Top
DataSentry.

Higher temperatures need no
longer be a design problem for
standby power. The new Gold Top
Datasentry® battery offers long life
in high temperature environments,
with excellent durability even to 70°
Centigrade. If you've considered
standby power, but high
temperature was a problem, Gold
Top DatasSentry® should be the
answer!

A voltage to match your
design requirements.

Both standard and Gold Top
DataSentry® batteries are available
in two voltages: 2.4 and 3.6 volts.

<l
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Multiples of these two sizes allow
you to custom match standby
power to the requirements of your
system. For example: if you need
6.0V, simply combine one 2.5V and
one 3.6V module. You can match the
voltage you need by simply combin-
ing inexpensive standard com-
ponents.

Vversatile discharge rates.

At room temperature
DataSentry® will typically support a
small memory drawing 10
microamps up to 3 months, or a
larger memory drawing half an amp

'S

for more than five minutes. And for
even greater requirements, General
Electric offers an extensive line of
larger capacity batteries.

_ Reduced costs —
increased reliability —
maximum performance.

DIP configured DataSentry® bat-
teries allow you to take full advan-
tage of standardized board
manufacturing techniques, as well as
high volume soldering and cleaning
processes. Which means less produc-
tion time and low costs.

It took General Electric’'s tech-
nological leadership to combine
the proven reliability and long life
of rechargeable nickel-cadmium bat-
tery technology — with a standard
DIP package. The result is a board-
mountable battery that requires no
maintenance, offers continuous
overcharge capability, the versatility
of both high and low discharge
rates, a flat discharge voltage profile
and a resealable safety vent. And
recharging is easily accomplished by
integrating an inexpensive charge
circuit during board fabrication.

Write today for complete specs
and a free sample. (Offer good
through December 1980 — Limit one
per inquiry.) GE Electric Battery Dept.
P.O. Box 861 /Gainesville, FL 32602

Improving Your Designs with Rechargeable Standby Power.

GENERAL @3 ELECTRIC
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WHEN IT COMES TO PUTTING ITALLON DISPLAY,

Magnavox combines the superior
display and control features of the
plasma-panel-based Orion-60 ter-
minals with the powerful $4 Micro-
Computer System.

e result is a stand alone
graphics system that allows you
the freedom to develop a wide
variety of graphics application and
development programs—while
maintaining complete control
over program storage, progrant
generated data, library routines
and other facilities.

The Orion-60 display terminal
offers full graphics with floppy-
disc storage, as well as optional

rear-
projection func- ‘
tions. It letsyoucreate
your own displays and enter data
by simply touching the screen with
your finger. So you can program
your own character sets and gen-
erate vectors of any length to
absolute coordinates. And because
the Orion-60 is plasma-based,
you'll get bright, high-contrast
images free of jitter or distortion.
The $4 Micro-Computer has
systemsoftware with development

CIRCLE 8 ON INQUIRY CARD

THE ORION-60/54 STANDS ALONE.

S %«?“‘“f'

capabilities that are as
good or better than those
found in many larger com-

puter systems.
Features include
CP/M* 8080 system utilities,
Fortran with 32K RAM, and a
full range of graphic utility rou-
tines including window; zoom,
sub-image movement and rotation.
The Orion-60/$4.

. F%r ? de}rlmnsh‘ation, call or
write lyler Hunt at Magn)avox
Display Systems, 2131 South
Coliseum Boulevard, Fort Wayne,
Indiana 46803, (219) 482-4411.

Magnawvosx
DISPLAY SYSTEMS

*CP/Ms a trademark of Digital Research.




| cALENDAR

OCT 10; NOV 1; AND NOV 15—Invitational
Computer Conference, Newton, Mass; Cherry
Hill, NJ; and Southfield, Mich. INFORMA-
TION: B. J. Johnson & Assoc, 2503 East-
bluff Dr, Suite 203, Newport Beach, CA
92660. Tel: 714/644-6037

OCT 17-18—Connector Sym, Hyatt House,
Cherry Hill, NJ. INFORMATION: Electronic
Connector Study Group, Inc, PO Box 1428,
Camden, NJ 08101

OCT 17-18—Western Computer Conf, Cal-
gary Convention Ctr, Alberta, Canada. IN-
FORMATION: Janet Glover, Whitsed Pub-
lishing Ltd, 2 Bloor St W, Suite 2504,
Toronto, Ontario M2W 3E2, Canada. Tel:
416/967-6200

OCT 17-19—Design Automation Workshop,
Michigan State U, East Lansing, Mich. IN-
FORMATION: Harry Hayman, PO Box 639,
Silver Spring, MD 20901. Tel: 301/439-7007

OCT 22-23—Conf on Local Computer Net-
working, Marquette Inn, Minneapolis, Minn.
INFORMATION: Kenneth J. Thurber, Sperry
Univac, PO Box 3525, St Paul, MN 55165.
Tel: 612/456-3806

OCT 23-25—Semiconductor Test Conf, Hyatt
House, Cherry Hill, NJ. INFORMATION:
Tess Mitchell, PO Box 38, Collegeville, PA
19426. Tel: 215/489-9387

OCT 25-26—Newport Conf on Fiber-Optic
Markets, Sheraton-Islander Hotel, Newport,
RI. INFORMATION: Kessler Marketing In-
telligence, 22 Farewell St, Newport, RI
02840. Tel: 401/849-6771

OCT 30-NOV 1—CAD/CAM VIl at Auto-
mated, Integrated, Factory of Tomorrow
Conf, Cobo Hall, Detroit, Mich. INFORMA-
TION: Jeff Spire, SME Technical Div, PO
Box 930, Dearborn, MI 48128. Tel: 313/
271-1500, X405

OCT 30-NOV 1—Interface West, Anaheim
Convention Ctr, Anaheim, Calif. INFORMA-
TION: Interface Group, 160 Speen St,
Framingham, MA 01701. Tel: 617/879-4502

NOV 5-7—Asilomar Conf on Circuits, Sys-
tems and Computers, Asilomar Hotel and
Conf Grounds, Pacific Grove, Calif. INFOR-
MATION: Donald E. Kirk, Naval Postgrad-
uate School, Monterey, CA 93940. Tel: 408/
646-2081

NOV 5-8—Computer Software and Applica-
tions Conf (COMPSAC), The Palmer House,
Chicago, Ill. INFORMATION: Dr William
Smith, Bell Laboratories, Naperville, IL 60540.
Tel: 312/690-2389

NOV 6-8—Federal Computer Conf, Sheraton-
Park Hotel, Washington, DC. INFORMA-
TION: Federal Computer Conf, PO Box 368,
Wayland, MA. Tel: 617/358-5181

NOV 6-8—MIDCON, O'Hare Convention Ctr
and Hyatt Regency O’Hare, Chicago, Il
INFORMATION: Dale Litherland, Electronic
Conventions, Inc, 999 N Sepulveda Blvd, El
Segundo, CA 90245. Tel : 213/772-2965

NOV 14-16—Micro and Mini Computer Conf,
Astro Village, Houston, Tex. INFORMA-
TION: Dr Sam Lee, School of Electrical
Engineering and Computer Science, U of
Oklahoma, 202 W Boyd, Norman, OK 73019.
Tel: 405/325-4721

NOV 18-21—Micro 12, Hershey, Pa. INFOR-
MATION: Harry Hayman, Micro 12, PO
Box 639, Silver Spring, MD 20901. Tel: 301/
439-7007

NOV 26-29—Data Communications Sym and
Tutorial, Asilomar Conf Grounds, Pacific
Grove, Calif. INFORMATION: Kenneth J.
Thurber, Sperry Univac, U2U19, PO Box
3525, St Paul, MN 55165. Tel: 612/456-3806

NOV 26-29—Internat’l Telecommunications
Energy Conf (INTELEC), Sheraton Park Ho-
tel, Washington, DC. INFORMATION: R. H.
Jones, ITT North Electricc PO Box 688,
Galion, OH 44833. Tel: 419/468-8525

NOV 27-29—Nat’l Telecommunications Conf,
Shoreham-Americana Hotel, Washington, DC.
INFORMATION: John N. Birch, Dept of
Defense, 3311 Marlbough Way, College Pk,
MD 20740. Tel: 301/935-0684

DEC 3-5—Internat’l Electron Devices Meet-
ing (IEDM), Washington Hilton Hotel,
Washington, DC. INFORMATION: Sarah M.
Cooper, Courtesy Assoc, Inc, 1629 K St, NW,
Suite 700, Washington, DC 20006

DEC 10-11—Internat’l Sym on Mini & Mi-
crocomputers in Control, Galt Ocean Mile
Hotel, Ft Lauderdale, Fla. INFORMATION:
The Secretary, Computers in Control Sym,
PO Box 2481, Anaheim, CA 92804. Tel: 714/
T74-6144

DEC 10-15—MESUCORA  (Measurement,
Control, Regulation, Automation) Exhibition,
Physics Exhibition, and Internat’l Exhibition
of Electrical Equipment, Parc des Expositions,

Porte de Versailles, Paris, France. INFOR-
MATION: Sepic/Mesucora, 40 Rue du
Colisée, 75381 Paris Cedex 08, France

JAN  23-25—Internat’l  Microcomputers,
Minicomputers, Microprocessors (IMMM)—
Japan ‘80, Harumi Exhibition Ctr, Tokyo,
Japan. INFORMATION: Industrial & Scien-
tific Conf Management, Inc, 222 W Adams
St, Chicago, IL 60606. Tel: 312/263-4866

SEMINARS

NOV 5-6—Understanding Data Communica-
tions Network Components, and NOV 19-20
—Data Communications Standards, McGraw-
Hill Headquarters, New York, NY; and Hyatt
on Union Square, San Francisco, Calif. IN-
FORMATION: McGraw-Hill Conf Ctr, 1221
Ave of the Americas, Rm 3677, New York,
NY 10020. Tel: 212/997-2930

NOV  7-9—Internat’l Telecommunications
Forum, Innisbrook, Tarpon Springs, Fla. IN-
FORMATION: Kate Dalton, Arthur D. Little,
Inc, Acorn Pk, Cambridge, MA 02140. Tel:
617/864-5770, X3407

8HORT COURSES

OCT 8-12—Data Communication Systems
and Networks, OCT 29—Modern Software
Development Techniques, and OCT 29-31—
Magnetic Bubble Memory Technology, George
Washington U, Washington, DC. INFORMA-
TION: Continuing Engineering Education,
George Washington U, Washington, DC
20052 .Tel: 202/676-6106

OCT 15, OCT 22, AND DEC 3—Micro—
Hands-On Microprocessor Workshop, Wash-
ington, DC, and Lafayette, Ind. INFORMA-
TION: Wintek Corp, 902 N Sth St, La-
fayette, IN 47904. Tel: 317/742-6802

OCT 17-19—An Introduction to Pascal Pro-
gramming, and NOV 14-16—Advanced Pro-
gramming Techniques Using Pascal, Sheraton
Inn, Allentown, Pa. INFORMATION: Soft-
ware Consulting Services, 901 Whittier Dr,
Allentown, PA 18103. Tel: 215/797-9690

Announcements intended for pub-
lication in this department of
Computer Design must be re-
ceived at least three months prior
to the date of the event. To en-
sure proper timely coverage of
major events, material preferably
should be received six months in
advance.

11



LETTERS TO THE EDITOR

To the Editor:

In reference to Martin Newman’s ap-
plication note, “Number Sorting Al-
gorithm Saves Processing Time,” Com-
puter Design, Apr 1979, p 104, a
careful analysis of the algorithm ex-
poses an error in Pass 2. Generating a
result table from the Pass 2 example
(shown as Table 3 on p 110 in the

Error Conditions in Table 3

article) yields the table “Error Con- Number Table Auxiliary Table Resuits
ditions in Table 3.” The error occurs :
when performing the transformation Line - Corlents
of the contents of the Auxiliary Table i g
Th 3 : ’ Table Contents LOC Pass 2 LOC Contents
e actual transformation is per- —_— —
formed as follows: A 6 0 B —1? 0 dJ
T B 8 1 1 1 H
(a) Load the number of entries in c 4 2 10 2 * DG
the number table into register A. D 4 3 Z 4 3 c
(b) Save the contents of the location E 12 4 A2 4 1
to be transformed. F 9 5 0 5 A
(c) Store the contents of register A G 3 6 g4 s '
in location to be transformed. :" g ; ;;3 8 g
(d) Subtract the data saved in step J 0 9 g:a 9 F
(b) from register A. K 10 10 10 10 E
1 10 10 11
(e) Repeat steps (b), (c), and (d) g 12
for each consecutive location of the " 12 o 8.9
Auxiliary Table. — Error Condition
This completes the Pass 2 process-
ing. Pass 3 of the algorithm is com-
pleted as described in the article.
The table “Results from Revised Al-
gorithm” shows Table 3 of the ex-
ample problem completed with the
revised algorithm.
Harry H. Dill
Baltimore, Md
The Author Replies:
Mr Dill is mistaken in his analysis of Results From Revised Algorithm
the example given in my article “Num- ;
ber Sorting Algosithen Saves Process- Number Table Auxiliary Table Resuits
ing Time” (Computer Design, Apr Line Gonianits
1979). Address Location After
Referring to p 110, Table 3, and to Table Contents LOC Pass 2 LOC Contents
the description of Pass 2, the values S I
in the third column are obtained as A 6 0 7,0
follows: B 8 1 1 1 J
: . 1 2 H
1) Number of entries in Number G 4 g Z
. : D 4 3 3.2 3 G
Table (11) is loaded into accumu- - 12 4 54,3 4 D
lator. F 9 5 5 5 c
2) Entry in location 12 (1) is sub- G 3 8 785 6 1
tracted from 11; leaves 10; 10 is in- H 2 7 A7 7 A
serted into location 12. 1 6 8 9.8 8 K
3) Entry in location 11 (0) is sub- J 0 9 14,9 9 B
tracted from 10; leaves 10; 10 is in- K 7 10 10 10 F
serted into location 10. :; :'"1) " E

4) Entry in location 10 (0) is sub-
tracted from 10; leaves 10; 10 is in-
serted into location 10.
5) Entry in location 9 (1) is sub-
tracted from 10; leaves 9; 9 is inserted
into location 9.

This procedure continues until the
whole auxiliary table has been

12
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scanned. The values shown by Mr Dill
are incorrect and do not result from
application of Pass 2, as described in
the article.

In addition, there is a correction to
be made to Table 3. The entry in
“Location Contents After Pass 2” sixth
from the top should be 5 instead of 0.

The following corrections should be
made to the description of Pass 3:

1) On p 110, text column 3, line 17
from top should read “contents are in-
cremented by one.”

2) Table 4’s Auxiliary Table, p 110,
should be 7(+1 = 8) instead of
7(—1 = 6) and 6(+1 = 7) instead
of 6(—1 = 5).

3) In the third column of the pro-
gram on p 112 under scan 3, the in-
struction “INR M ; Increment mem-
ory by 1” should be inserted between
the instructions mov E;M and mov
L,A.

Martin Newman
Tadiran Electronics Industries
Petach Tikvah, Israel

To the Editor:

I would like to correct some of the
specifications for the aAp-120B cited in
the article “Comparison of Selected
Array Processor Architectures”
(Stephen P. Hufnagel, Computer De-
sign, Mar 79, pp 151-158).

(1) mam table memory increments
are 1k words.

(2) Main data memory increments
are 8/16/32/64k words up to 512k
words.

(3) Program source memory incre-
ments are 1k words up to 4k words.
(4) Maximum programmed 1/0 rate
is 3.0M words/s.

(5) Floating point mantissa guaran-
teed precision is 27 bits.

(6) “ap-120B  Array  Processor
Handbook” is rps 800-7259-003.

Roy D. Gwin
Floating Point Systems, Inc
Portland, Ore

Letters to the Editor should be
addressed:

Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460

ROYTRON

plug-compatible reader/punch

Desktop combination reader/punch with serial
asynchronous RS-232C compatible interface.
Designed to operate with a terminal device on the
same serial data lines or alone on a dedicated
serial line. Reader will generate data at all
standard baud rates up to 2400 baud.

Punch accepts data at all standard baud
rates up to 600 baud continuous or 4800 baud
batch, utilizing a 32 character buffer.

Two modes of operation are provided:

Auto Mode — Simulates Model

ASR 33 Teletype using ASCII defined
data codes (DC 1, 2, 3 and 4)

to activate/deactivate the reader

or punch; Manual Mode — Code

transparent mode. Panel switches control
activation/deactivation of reader

or punch and associated terminal device.

MODEL 1560-AS

High-speed, compact, with
self-contained electronics
and power supply.
Complete in attractive
noise dampening housing.

Tape duplication feature is provided by
setting unit to LOCAL mode.

For full details, write or call us.

SWEDA INTERNATIONAL, INC.

Litton OEM. Products

34 Maple Avenue, Pine Brook, N.J. 07058/(201) 575-8100

IN U.K. — ADLER BUS. SYSTEMS/OEM PRODS., Airport House, Purley Way, Croyden, Surrey, England
IN FRANCE — SWEDA INTERNATIONAL/OEM, 103-107 Rue de Tocqueville, 75017 Paris, France
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slip and two station

FOR SPECIAL APPLICATIONS

High speed, low cost, compact, alphanumeric,
dot matrix printers. Uncomplicated, long
working life, easily serviced.

Model MR-1824. Two Station. Left station
provides selective print to 18 characters,
independent paper feed, auto paper take-up,
slip insertion/validation plus desirable options.
Right station provides selective print to 24
characters, independent paper feed, tear off
blade and optional logo print. Both stations
provide last line visibility.

Model MR-1824
Two Station
Bi-directional or uni-directional print
capability. Speed; 1.4 lines per
second.

Model MS-4000. Accommodates various size
slips or forms. Cam-operated, geared friction
paper feed. Provided with optional sensor for
each top and bottom slip position. Adjustable
slip stop for table extension, optional.

Both models available in basic mechanism only
or with cables, covers and driver electronics

Model MS-4000

Slip Printer

Slip insertion from left side or front
40 columns (12 cpi) at 2 lines per
second. Optional bi-directional “.
capability o %

For full details, write or call us

SWEDA INTERNATIONAL, INC.

Litton O.E.M. Products

34 Maple Avenue, Pine Brook, N.J. 07058 / (201) 575-8100
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COMMUNICATION CHANNEL

DISTRIBUTED SYSTEM HARDWARE DESIGN
OFFERS INTERCHANGEABLE COMMUNICATIONS

E. J. Steubesand

International Business Machines Corporation
Kingston, New York

A distributed processing system that could also be
used in a centralized or standalone processor environ-
ment must allow for attachment to many types of com-
munications facilities. Common carrier and Postal Tele-
phone and Telegraph administrations furnish a wide
range of these for data processing networks. Switched
facilities are offered for occasional data link connections,
and nonswitched point to point and multipoint facilities
are provided for networks that require dedicated data
links. These links are used for long and short haul net-
work connections and use both analog and digital trans-
mission techniques. In addition, onsite communication
capabilities are provided by a number of private com-
panies. Many data link protocols and interface standards
are used.

Network Environment

A network uses data links to interconnect processors
and terminals. In the centralized network concept, each

14

terminal uses these links to interact with a remote host
processor and its data base (Fig 1). In this environ-
ment, data processing equipment must be designed to
attach to the long and short haul common carrier and
Postal Telephone and Telegraph (prr) data links so
that centralized networks can be formed.

In a distributed system, a processor is added between
the central host and the terminal sites (Fig 2). Some
programs and data that were resident at the central
site are now located at the terminal site. With the latter
approach, less communication with the host is required,
but the processor at the terminal site must accommo-
date onsite communication capabilities while still sup-
porting attachment to central host systems. The 1BM
8100 Information System® provides two onsite communi-
cation capabilities, a synchronous data link control
(spc) loop, and direct connection without data sets.
The loop allows attachment of many terminals dis-

*Computer Design, Dec 1978, pp 42-47
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ADVANTAGE:

CENTRONICS

the top-seeded 700 Series

...is a team of dot matrix printers that’s hard to
beat! Each of our twelve models meets a specific
application and price/performance need...and
every one is built and backed by the world leader
in printers. With Centronics, you always have
the advantage.

ADVANTAGE: SELECTION The 700 Series
covers every inch of the court. We offer speeds
from 50 to 180 cps — with throughput up to
400 lpm, a wide variety of forms handling capa-
bilities, a choice of uni- or bi-directional opera-
tion, and a choice of 80 to 132 column formats.
And we're still growing, with three new models
just added and more on the way!

ADVANTAGE: FLEXIBILITY The 700 Series’
wide selection gives you the flexibility to move
into new applications and emerging market
areas. Wherever your business takes you, you'll
always have the advantages of the leader.

ADVANTAGE: APPLICATIONS The 700
Series is already the industry’s most successful
team of dot matrix printers, with proven per-

m S
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formance for all applications: microcomputer,
minicomputer, small business, terminal, text
preparation, data communications, and data
processing systems.

ADVANTAGE: COST OF OWNERSHIP Even
though they perform like superstars, our team
doesn’t make big-money demands. They're
highly reliable in any environment. And they're
ready for any tour, with the largest worldwide
service organization of any printer company
backing them up.

ADVANTAGE: LEADERSHIP Each member
of our 700 Series team shares the Centronics
tradition of leadership. We pioneered dot matrix
printing, and have been ranked #1 ever since.
No other company can match our strong serve in
selection, performance, and value. Plus, because
of our high-volume manufacturing capability,
we won't fault on your delivery.

For more information on products or employ-
ment opportunities, call or write today:
Centronics Data Computer Corporation,
Hudson, New Hampshire 03051,

(603) 883-0111.

]
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The more you dema
the more you sh

Chances are, you'll find that the performance you
need is already there.

At HP, our long experience in developing instru-
ments for engineering and manufacturing has given us a
real good idea of what’s needed in computer systems for
technical applications. That’s why Hewlett-Packard’s family
of computer products can meet your needs so closely in the
lab or on the factory floor.

Matching the computer to the job.

Take our 9800 Series Desktop computers. For
single-station interactive computing, they’re in a class by
themselves. With up to 449K bytes of memory, enhanced
BASIC, graphics capabilities, and a built-in keyboard and
display, you get the power of a minicomputer in one complete,
integrated package. And there’s easy interfacing with HP
instruments and peripherals for jobs like control and testing,
statistical analysis, and even engineering design.

For more complex multi-processing tasks, the
HP 1000 computer has the power and flexibility to meet your
needs. You can choose from a broad range of computation
power to process your data, from the low-cost M-Series to
the high-speed floating point F-Series. All of the configura-
tions use upward-compatible RTE operating systems, so
you don’t have to rewrite your programs when you change

jobs or move up to another model. And if you need additional
storage, you can expand the systems to two megabytes of
main memory starting at only $18K/per megabyte.

The HP 1000 system also comes with a number of
applications tools to minimize your programming costs. HP’s
new DATACAP/1000 software, for example, lets you design
a real-time factory data collection system according to your
shop floor needs. And to help you manage vast quantities
of technical data, we developed our powerful IMAGE/1000
data base management system. Just a few simple keystrokes
give you up-to-the-minute information on inventory levels
or instrument check-out status. If you'd like a really clear
picture of your information, HP’s GRAPHICS/1000 will plot
your data in a way you can understand: as a bar graph, pie
chart, logarithmic graph, and more.

i
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nd from a computer,
puld look at HP.

Communication made simple.

General purpose interface cards let you adapt the
HP 1000 to a variety of tasks, including A/D conversion and
multi-point communications. What’s more, with the plug-in
HP-IB (interface bus), you can process and control data from
over 200 sophisticated measurement and testing instruments.

Talking to the computers is easy, too. The HP 1000
uses BASIC and FORTRAN as well as assembly and micro-
code languages. And our powerful communications software,
DS/1000, lets you hook HP 1000 computers together in any
network configuration you want—across your plant
or around the world.

A continuous growth plan.

HP’s family of computer products is constantly
growing to meet your scientific, engineering, and manufactur-
ing needs. Whether it’s instrumentation front ends, CRT ter-
minals, plotters or digitizers, HP’s compatible products let
you add to your system at any time without writing new
software. And of course, you get HP’s full support, service,
training and documentation.

Go ahead and ask your own computer some tough
questions.Then ask ours and see the difference. For a hands-
on demonstration of the HP 1000, just call your nearest HP
sales office listed in the White Pages. Or for more information
write Hewlett-Packard, Attn: Roger Ueltzen, Dept. 1259,
11000 Wolfe Road, Cupertino, CA 95014.

22904HPDS28

HEWLETT

Here are just a few of HP’s range of products for manufac-

turers and engineers:

1. HP 9845 Desktop Computer.
2. HP 9825 Desktop Computer.
3. HP 1000 Model 45 Real-time
System with HP 7906 Disc
Drive and HP 2648A
Graphics Terminal.
4-6. HP 1000 F-, E-, and
M-Series Computers.
7. HP 2108 Board Computer.
8. HP 7925 Mass Storage Unit.
9. HP 2240 Measurement &
Control Processor.
10. HP ATS Automatic Test
System.
11. HP 12050 Fiber Optics.
12. HP-IB Link IEEE-488
Standard Interface.
13. HP 2621 CRT Terminal.
14. HP 3075 Data Capture
Terminal.
15. HP 3077 Time Reporting
Terminal.
16. HP 3455 Voltmeter.
17. HP 3495 Scanner.
18. HP 5328A Universal Counter.

hp: PACKARD
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19. HP 5342 Microwave
Frequency Counter.
20. HP 436A Power Meter.
21. HP 4262 LCR Meter.
22. HP 8566A Spectrum
Analyzer.

23. HP 8754A Network
Analyser.

24. HP 3325A Synthesizer/
Function Generator.

25-6. HP 8660A & HP 8672A
Synthesizer/Signal
Generators.

27-8. HP 9876A & HP 2608
Printers.

29. HP 2631G Graphics Printer.

30. HP 7245A Thermal Plotter/

Printer.

31. HP 7221A Plotter.

32. HP 7225A Graphics Plotter.

33. HP 9872A Programmable

Graphics Plotter.

34. HP 9874A Digitizer.

35. HP keeps it coming.




TODAY’S

EDP SYSTEMS
ARE RUNNING
ON TIMES.

18

See us at Wescon—Booth 709.
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Today as cable becomes in-
creasingly critical fo the design
of EDP systems, leading com-
panies are doing exactly what
people in the military and CATV
industry are doing. They're
hooking up with Times.

After all, we've got the most
standard designs and the most
experience in custom designs in
the world. Times covers a dozen
categories from which we can
offer design variations that
number in the tens of thousands.
And we're also busy at work
making fiber optics a practical
reality for EDP systems too.

No matter what size, electrical
characteristics or packaging re-
quirements your system calls for,
Times gives you a bigger
choice. For linking your Main-
frame with your Tape Drive,
we've got Multi-conductor
Coax. To connect your Modem
with your Terminals, there’s our
Data Bus and Coaxial Com-
puter Cables. All of which can
be delivered quickly. Because
Times has manufacturing facili-
ties located across the nation.

You'll find it all explained in our
new catalog. Send for it. It's the
only way to keep abreast of the
newest developments in cable.
Because it's the only catalog that
keeps you up with Times.

Times Wire & Cable, 358 Hall Ave.,
Wallingford, Ct., 06492 203-265-

1_r

Times Wire & Cable

The #1 Coaxial Cable Company

DIVISION OF TIMES FIBER COMMUNICATIONS, INC
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2400
BITS/S

2400
BITS/S

2400
BITS/S

are 1 |

TO S/370 SYSTEM HOST

9600
BITS/S

Fig 1 Centralized system concept. Single terminals (Site 1) and terminal clusters (Site 2) are
each connected to central host site using 2400- and 9600-bit/s analog or digital data links. For
simplicity, multidrops and concentrators are not included

tributed within one or more buildings and operates at
9600 or 38,400 bits/s.

Multiple loops are provided and each can be installed
with up to two miles (3.2 km) of cable. Every loop
has a second lobe capability that can redrive each re-
ceived loop signal onto another two miles of cable for
extended onsite coverage. To provide offsite capability,
a remote loop control unit is supplied that allows a
loop attachment to the 8100 system via common carrier
or prT facilities and operates at 1200 or 2400 bits/s.
Direct connection allows onsite point to point connec-
tions to terminals at up to 40° (12.2 m) using the Eia
Rs-232-c interface standard and up to 1000’ (305 m)
using the International Telegraph & Telephone Consult-
ative Committee (ccrrr) V.35 interface standard.

Communication Design

Instead of using the more costly method of providing
a separate design for each type of data link to accom-
modate the various communication facilities, the 8100
system design partitions the communication functions
into three data link elements: interface hardware, con-
trol hardware, and control software (Fig 3). Families
of elements are offered within each partition. This
separation is important, because without it the data
link interfaces would cause a proliferation of different
hardware and software designs.

A significant aspect of the design effort defined an
interface from which the family of data link interface
hardware could be designed. A signal converter inter-






MICRO GOES
MACHO

Introducing MP/OS.

"The most powerful microcomputer
operating system, ever.

Watch out. Here’s MP/OS. The most powerful,
most advanced operating system ever developed
for a microcomputer. Only from Data General.

More Muscle for microNOVA®

Recently we announced two powerful new fami-
lies of 16 bit microNOVA computers —the low cost
MP/100 and the high performance MP/200.

Now we're backing them up with MP/0OS. And
with this tough new operating system you get two
tough new programming languages — MP/PASCAL
and MP/FORTRAN IV. Now your microNOVA
packs a punch like never before.

MP/OS. Software That Works Hard.

With MP/OS you get a complete range of power-
ful features. Multitasking, unpended I/0, software
engineered reliability and, you can configure sys-
tems from PROM based board level, through disc/
diskette systems up to the ECLIPSE® Advanced
Operating System (AOS).

The MP/OS advanced disk file design combines
reliability, high performance and dynamic allocation
flexibility that can’t be beat. Interactive develop-
ment tools for MP/OS based microNOVAs include
interactive editor, macro-assembler, binder, sym-
bolic debugger and more for easy use and fast appli-
cation knockouts.

MP/PASCAL and MP’FORTRAN IV,

Two Fisted Punch for MP/OS.

MP/PASCAL is a high-level, structured pro-
gramming language that comes with modular pro-

gramming extensions, comprehensive data repre-
sentation, high programmer productivity, and
lowered development and maintenance costs. And
you get an impressive range of features from a com-
prehensive file structure to complete compatibility
with Data General’s AOS operating systems.

MP/FORTRAN IV comes with several important
real-time extensions like multitasking and re-entrant
coding for high performance in a real-time environ-
ment. And just like our MP/PASCAL it's AOS
compatible.

Now Get Tough with your
Software Costs.

If you're tired of taking it on the chin every time
your computer takes a fall, move up to Data
General’s hard working microNOVA computer sys-
tems and the MP/OS operating system.

Find out more @
about the computers
that make sense.

The Computer of the

g % U.S.0Olympic Sports
% ¢ Medicine Committee

[ I'm tired of taking it on the chin. Show me how to |
get macho with MP/OS. |

Name

Company Tel.

Address -

|
|
|
e i |
|
|
|
|

City = S

¢y DataGeneral

We make computers that make sense.

Data General Corporation, Westboro, MA 01581, (617) 366-8911. Data General (Canada) Ltd., Ontario, Canada. Data General Europe, 61 rue de Courcelles, Paris,
France, 766.51.78. Data General Australia, (03) 89-0633. © Data General Corporation, 1979. ECLIPSE and MicroNOVA are registered trademarks of Data General Corporation.
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DIRECT
CONNECTION

IBM
DIRECTLY
ATTACHED
LOCAL
LOOP

TO S$/370 SYSTEM HOST

NSRS L il MR 8

Fig 2 Distributed system concept. Processor is used between central system host and ter-
minal sites. At terminal sites, directly attached SDLC loops and direct connections without data
sets provide additional onsite communication flexibility

COMMON CARRIER OR PTT
LONGHAUL
ANALOG DATA LINK

COMMON CARRIER OR PTT
SHORTHAUL
ANALOG DATA LINK

l_ SITE 2

face is selected to incorporate the Rrs-232-c standard,
plus additional control lines for maintenance. Only volt-
age level conversion is necessary for use with rs-232-c,
ccrrt V.24/V.28, and ccrrr X.21 bis/V.28 interfaces.
The ccrrr V.35 interface hardware is the same except
for the substitution of four balanced circuits for trans-
mit, receive, and two clock lines. In addition to level
conversion circuits, logic circuits were added to support
the 8100 spLc loop and the aT&r Dataphone® digital
service (pps) interface hardware.

Data Link Interface Family

Another task of the design effort was to develop a data
link interface hardware family having the signal con-
verter interface on one side and the data link standard

22

on the other (Fig 3). The data link hardware family
is designed with a common logic card size and common
card pin assignment to assure physical compatibility.
The family of data link interfaces includes

(1) E1a mrs-232-c, carrr V.24/V.28, cerrr X.21 bis/V.28
interface. (These are different names for the same inter-
face, depending on where used.) This interfaces ex-
ternal data circuit-terminating equipment (pce) and is
also used for direct connection to other data terminal
equipment

(2) A 1200- or 600-bit/s integrated switched modem
(3) A 1200- or 600-bit/s integrated nonswitched modem
(4) An interface to the AT&r pps channel service unit
(5) A ccrrr V.35 interface to external pce or for direct
connection to other data terminal equipment
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How to get two pounds of Computation
into a one pound box.

Use MAXIBOX:

Only 15.75 inches high and easily mounted in a
standard 19-inch NEMA cabinet, the MAXIBOX
is the most compact, fully integrated 32-bit
minicomputer available.

Small as it is, MAXIBOX is a full-scale 32-bit mini,
designed to outperform any 16-bit minicomputer.
More important, because it is fully integrated you can
concentrate your design efforts on the functional
aspects of your product with less concern over how to
integrate the mini. For example, MAXIBOX comes
fully equipped with power supply, cooling, and battery
back-up. It operates on 115Vac. It is rack mountable
with only eight screws.

We feel that for the product OEM concerned with
simplified design and maximum return on investment,
MAXIBOX is the best minicomputer available.

To find out more about the MAXIBOX, return
the coupon for additional literature, specifi-
cations and pricing information. Or, call
SYSTEMS toll-free.
r-------------------------1
[ Have a representative call me.
[ Send me a detailed technical summary. I plan to purchase in 751
§ approximately months. 1
§ NAME
]

TITLE

] COMPANY
§ ADDRESS
i CITY STATE
PHONE zZIp

-------n-----------------J

Proven COMPUTER Performance
CIRCLE 15 ON INQUIRY CARD

SYSTEMS toll-free product information service 1-800-327-9716
Systems Engineering Laboratories, Inc., 6901 W. Sunrise Blvd., Ft. Lauderdale, FL 33313 - (305) 587-2900
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INTRODUCING
"SLAVE
COMPUTIN

Finally. An innovative alternative to multi-processing.

1/ |
i

There is a powerful difference between slave
computing and multi-processing. A slave computer
comes with its own memory and I/O. And it operates in
parallel with the host processor. On the same bus.
And with minimal software headaches.

So we've implemented this concept with our
brand-new4/10S (the “S” stands for slave) to work with
our NM4 and LSI-2 as masters.

We made sure the 4/10S is well-equipped to
do just that. A private, 32K byte RAM memory. Four pri-
vate |/O ports. A real-time clock. An extended NAKED
MINI 4 instruction set. Plus, full access to its master’s
memory and peripherals.

Working in parallel with a master, up to
four 4/10S computers can process all kinds
of off-loaded tasks. Like communications
protocol jobs. Process control work. Even complex
calculations. All without slowing down the hosts’
own processing chores.

And our system’s software makes it easy to
implement. Contact Computer Automation for the
labor-saving details. With good help getting harder to
find, you can't beat it. Not even with a whip.

ComputerAutomation
NAKED MINI, Division
WHERE OEM’'S COME FIRST.

18651 Von Karman, Irvine, California 92713 « Telephone: (714) 833-8830 TWX: 910-595-1767

Or contact any of our local offices: Santa Ana, CA « Santa Clara, CA » Denver, CO » Orlando, FL » Atlanta, GA * Bensenville, IL » Waltham, MA « Livonia, M! « Bloomington, MN
MN « Bloomfield, NJ* Greensboro, NC » Cincinnati, OH» N. Olmstead, OH *King of Prussia, PA « Pittsburgh, PA+* Nashville, TN« Dallas, TX ¢ Houston, TX * Bethesda. MD
Norfolk, VA « Bellevue, WA « Toronto, Canada
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CONTROL 4 e e A ) S ——
PROGRAM SDLC BSC | S/S
DATA LINK DATA LINK| |DATA LINK
CONTROL CONTROL | |CONTROL
} SOFTWARE
Y HARDWARE
PROCESSOR
<«— PROCESSOR
FAMILY OF SDLC ‘BSC/SS 1/0 INTERFACE
DéI)AN A f DATA LINK - DATALINK
HARDWARE CONTR'OL | CONTROL S hie SIGNAL
i s <«— CONVERTER
INTERFACE
i sDLC
LOOP
CCITT
V.35
1200-BITS/S
SWITCHED
MODEM
FAMILY OF 1200-BITS/S
DATA LINK { NONSWITCHED
INTERFACES MODEM
DDS -
RS-232-C ||
CCITT V.24
L _
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i e

DATA LINK STANDARD

Fig 3 Communication design. System design is partitioned into three families: data link con-
trol software, data link control hardware, and data link interface hardware. One design from
each family is required for each communication attachment.

(6) An interface to a directly attached (local) 8100
spLc loop with second lobe capability.

This design facilitates the change from one data link
interface to another. By exchanging one of the data
link interface cards, the 8100 system can be connected
to a different communication facility with the same data
link protocol. For example, the distributed system con-
figuration shown in Fig 2 has a remote 8100 system
connected to a central system/370 host via common
carrier or PTT long haul data link with modems. To
migrate to AT&T’s Dps, the Rs-232-c interface hardware
to the modem is removed, and the pps interface hard-
ware is inserted and connected to the AT&T channel
service unit.

26

Data Link Control

Both hardware and software are used in the design
and implementation of data link control. Tradeoffs
between hardware and software are determined by cost,
performance, storage size, and protocol. Given these
tradeoffs, the hardware is defined with two physical
and electrical interfaces: the signal converter inter-
face already mentioned on one side, and the input/
output (1/0) bus of the 8100 processors on the other.
Here again, all data link control hardware is designed
to be physically compatible.

There are two different hardware implementations.
The first supports binary synchronous communications
(Bsc) and start/stop (s/s) protocols. The second is for

COMPUTER DESIGN/SEPTEMBER 1979



the spLc protocol which is used with the 1BM systems
network architecture (snvA). Both implementations pro-
vide buffering, serialization, and deserialization, clock-
ing to the modem when required, Nmrz1 transformation,
parity checking, bit timing, and an interval timer. This
hardware maintains the signal converter interface and
controls the number of bits/character. It also tests for
and transmits the “break” condition.

spLc hardware also provides channel 1/0 operation.
This performance enhancement suspends processor in-
struction execution and uses the processor and its data
paths to transfer information to and from storage. With-
out channel capability, data would have to be passed
between storage and data link control hardware by
execution of 1/0 instructions as is done in Bsc and
s/s hardware.

Tradeoffs moved spLc software functions into hard-
ware to increase performance and reduce processor
utilization. This hardware logic provides recognition of
the spLc station address, generation and validation of
the ccrrr V.41 cyclic redundancy check polynomial,
zero bit insertion and deletion, and recognition of the
flag, abort, and idle bit sequences. When the total
communication system is considered, the gain in per-
formance and processor utilization justifies the added
hardware cost.

Assume that the long haul data link in Fig 2 remains
unchanged and the data link protocol is being changed
from Bsc to sprc. In this case, one element of data
link control hardware is exchanged, and the data link
control software for spLc replaces the Bsc software.
If another communication data link already uses the
SDLC protocol, existing software can be shared with the
new spLCc hardware. In this example, other parts of
the control program are affected.

Summary

Communications hardware design of the mwm 8100 in-
formation system provides the ability to select one of
three data link protocols: spLc, Bsc, or s/s. The equip-
ment can be attached to a variety of worldwide analog
and digital networks by using one of two data link
control elements and one of six data link interface
elements (Fig 3). For the hardware designer, the num-
ber of different communications attachment designs has
been reduced, and flexibility for network attachment
has been achieved.
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Introducing
the Data Warehouse.

Winchester disk plus floppy copy.

Big for its size.

Calling it a “warehouse” may sound
like an exaggeration.

But in spite of its mini/micro size,
there's room inside for 20 megabytes of
fixed Winchester-disk storage with reliability
sealed in.

And there's room for one or two of
Remex’ flexible disk drives, as well. So you
can quickly transfer up to 2.5 megabytes
at a time from temporary storage
to permanent.

High level protocol.

Like any warehouse, it has a front
office — our highly intelligent, embedded
formatter. This state-of-the-art, 6800-based
unit features Channel Command Control,
making the Data Warehouse one of the first
mini/micro disk memory systems to
incorporate a high-level protocol.

40% faster throughput.

Channel Command Control gives
you direct memory access, reducing
communications with the computer to the
extent that throughput is increased 40
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percent. It also permits transfer of up to
64,000 words by a single command. And
there's a built-in 2K word buffer to provide a
constant transfer rate under varying

CPU conditions.

Off-line copying.

Data contained on the fixed disk can
be copied onto the floppy(s) off-line, without
slowing CPU activity at all.

We've packed a lot of unique
capabilities, along with a power supply, into
a single package that provides big, reliable
mass memory performance for minis and
micros at an unheard-of price.

Calling it a “warehouse” may be
an understatement.

Call us today for full details.

Ex-Cell-O Corporation, Remex Division,
1733 E. Alton St, P.O. Box C19533,
Irvine, CA 92713. Phone: 714/957-0039.
TWX: 910/595-1715.

Ex-Cell-O Corporation
EMEX DIVISION

Paper isn't the only thing we look good on.




| communNicATION CHANNEL |

Computer and Communications Technologies Merge at
International Conference on Communications

1cc "79 will be remembered as having
set several precedents: first for break-
ing all attendance records with a
registration of over 2000, then for
running an unprecedented fourth
meeting day, which made necessary
a new high for the conference record
of four volumes.

An extensive technical program
comprised 58 sessions and panel dis-
cussions, and some 320 technical
paper presentations. The following
summaries of a few of these papers
are but indications of the growing
interaction of computer and communi-
cations technologies.

Digital Capabilities of Local Loops

All over the world digital technology
is penetrating the telephone loop
plant at an ever increasing rate. In
due course, telephone administration
plans call for evolution to an all-digital
network, where digits providing voice
and data services will be transmitted
into the subscriber’s premises. This
raises the question, to what extent
can the existing loop plant carry
above voiceband digital signals?

Even, et al,! describe an investiga-
tion into this capability in terms of
the longest loop over which a re-
peaterless system of acceptable cost
can transmit these signals at a given
(200k-bit/s) rate. The performance
of a 4-wire digital line is used as a
benchmark to compare that of three
alternative 2-wire full duplex systems:
hybrid balance, time compression
multiplex, and frequency division
multiplex.

Loop plant transmission capacity is
governed by the following constraints:
attenuation, inductive loading, gauge
discontinuities, bridged taps, noise,
and crosstalk. Inductive loading places
severe limitations on the type of trans-
mission under discussion, and this is
therefore confined to consideration of
nonloaded loops. Data available to
characterize loop noise, especially im-
pulse noise, are presently very limited.
Other constraints can be compensated
for by existing strategies of varying
degrees of complexity.

Present day digital transmission is
supported by three basic types of
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Fig 1 Length limits on 4-wire bipolar transmission.

Solid line is limit set by near-end crosstalk, dashed
line limit imposed by equalizer gain. Limits on DDS,
LADS, and T1 systems are shown for comparison

systems. (1) Loop pair gain, con-
ceived for a purpose other than the
systems under consideration here, uses
T1 lines between central office (co)
and remote terminals for 4-wire,
1.544M-bit/s transmission. (2) Data-
phone® service is used over the
switched message network within the
voice bandwidth of carrier trunk
channels. Signal format is optimized
for characteristics of these channels.
(3) Private line digital data service
(pps) provides for up to 56k-bit max-
imum transmission over one of the 24
pso channels of T1 interoffice facili-
ities. Transmission range is limited to
24k ft (7.28 km) of 22-gauge cable.
To supplement these offerings, local
area data service (Laps), with select-
able bit rates to 19.2 bits/s, is pro-
vided.

A 4-wire bipolar digital loop was
implemented and its performance was
used as a basis for comparison with
the 2-wire options mentioned. All sys-
tems were assumed to have matched

cable terminations, and were designed
to provide full duplex transmission in
the same 50-pair cable unit with
100% occupancy and a bit error rate
not exceeding 10—7. All calculations
were done on the basis of 22-gauge
cable with no bridged tap. Perfor-
mance limits of the 4-wire system are
shown in Fig 1, with distance limits
on the T1, ops, and LADs systems in-
cluded for comparison.

Results of the investigation showed
that for a 200k-bit/s rate over 22-
gauge cable, 4-wire baseband trans-
mission is possible up to 24k ft (7.28
km); this system requires twice the
cable length of the others under
study. Up to 20k-ft (6.1-km) trans-
mission is possible with the hybrid
balance technique. The same result
applies to a multigauge loop (ie,
having gauge discontinuities) pro-
vided the system includes an echo
canceller, Time compression and fre-
quency division multiplex systems can
each transmit 200k bits /s over 14k ft
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The new SPE economy series offers dependable, long-term
performance at a modest price.
General Specifications:
Input Voitage: 115 Vac +10%, 60 Hz +2 Hz
vt TS K 8 So
j S \mps, RS,
- +12 Vdc | +15 Vdc @ .7 Amps

Specifically designed to interface with power requirements of
most microprocessors and IC's, the SMP Series is field-proven
reliable and efficient and compatible with most peripherals.

General Specifications:

Input Voltage: 115/230 Vac +10%, fully rated from 47 to 440 Hz
Regulation: For outputs at 1A or more: 0.1% line and load
Voltages: —5V; —9 to —12V; +5V; +12V
Wattage: 30 to 200 Watts
Temperature Range: 0° to 50°C (to 70° with derating)
Overcurrent Protection: Automatic current limiting and internal
thermal cut off.

Overvoltage Protection: Included on 5 Vdc outputs,
optional on other voltages
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A Good Line
To Plug Into

The SWS 750 Series is the all-new line of efficient, fail-safe
switching regulated DC power supplies designed for industrial/
commercial operations.

4 ' _ General Specifications:
Vac, 47/63 Hz and 230 Vac on SWS 751 models

i

The “Black Line” is a low-cost alternative for applications where
regulation is not needed.

General Specifications:
Input Voltage: 115 Vac, 50/60 Hz
Unregulated
Voltage Range: 7 to 250 Vdc
Wattage Range: 15 to 750 Watts
Temperature Rating: 0° to 50°C (to 70° with derating)
Overcurrent Protection: Fuse

Standard Power, Incorporated

Eastern Regional Office = General Offices and Plant
23 Green St., Suite 204 1400 South Village Way
Huntington, L.I. Santa Ana, California 92705

New York 11743 (714) 558-8512

(516) 549-5104 TWX: 910-595-1760

- |
Dial Direct: (800) 854-6815 (California excepted) S U PPLI E S
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(4.24 km). The time compression
system is the simpler of the two.

Additional characterization of im-
pulse noise, which may be a limiting
factor in system performance, is neces-
sary. Maximum benefit from this new
technology will also require careful
spectrum management to avoid mu-
twal interference among many dif-
ferent kinds of systems.

Loop Plant Services Expansion

Harris Corp is prime contractor for
design, development, and implemen-

tation of an enhanced urban com-
munications system (Eucs), being
marketed under the name TELDAT.2
Basic function of the system is to ex-
pand the use of the twisted pair tele-
phone distribution network. Addition-
al services, such as alarm monitoring,
remote utility meter reading, electrical
energy management, opinion polling,
interactive view data/video text type
service, and digital data services are
integrated in a manner transparent to
the basic telephone service. Add-on
services and the telephone can be in
use simultaneously.

EUCS connects equipment at the
home or business subscriber site to
central office (co) equipment through
two technically different communica-
tions subsystem approaches, depen-
ding on the nature of the local loop.
First approach is data above voice,
using filters and modems to provide
band separation and transmission of
data over one twisted pair linking
subscriber to co. This technique can-
not be used on loaded pairs or on
loops using local carriers. The second
approach uses the serving area con-
cept (sac) where feeder cables are

SMOKE AND HEAT DETECTOR

O—-—-—-0

INTRUSION DETECTORS

O

o---—@

A LERT BUTTONS

TO CENTRAL <=—

OFFICE VIA SUBSCRIBER
COMMUNICATION CONTROL

SUBSYSTEM ——f UNIT

O O ©)

POLICE FIRE

MEDICAL

COMMON DATA BUS

TV DATA
INTERFACE

e

Ribas |

all equipment

METER READING
ENEROY. MANAGEMENT
INTERFACE
(a)
TO SUBSCRIBERS VIA
COMMUNICATION SUBSYSTEM
DATA SERVICE s '
j SUBSCRIBER LINE SCANNER
VENDOR INTERFACE j NETWORK
~ TESTING AND
CONTROL
TELEPHONE ol
USAGE CENTRAL CONTROL COMPUTER
REPORTING s )
. ALARM METER READING POLLING/ SURVEY
REPORTING e o e REPORTING

(b)

Fig 2 EUCS subscriber (a) and CO (b) communication subsystems.® Data bus at sub-
scriber site, accessed by standard minijacks, allows for portable nature of some data
services devices. Automatic network testing at the CO ensures proper functioning of
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PROMs

ECL PROMs
Ovpintaation| Partimbee [ Ao Time | oy [Mooot
rganization | Part Num e s tpu Pins
32x8 MCM101394 25 ECL output 16
256 x4 | MCM101494 30 ECL output 16
TTL PROMs
64 x 8 MCM5003/
53034 125 Open collector 24
64 x8 MCM5004/
53044 125 2K pull-up 24
512x4 | MCM76204 70 Open collector 16
512x4 | MCM76214 70 3-state 16
512x8 | MCM76404 70 Open collector 24
512x8 | MCM76414 70 3state 24
1024 x4 | MCM76424 70 Open collector 18
1024 x4 | MCM76434 70 3-state 18
1024 x 8 | MCM76804 70 Open collector 24
1024 x 8 | MCM76814 70 3-state 24
2048 x4 | MCM7684*4 70 Open collector 18
2048 x4 | MCM7685*4 70 3-state 18
2048 x4 | MCM7686*4 70 Open collector
with latches 20
2048 x4 | MCM7687*4 70 3-state
with latches 20
2048 x4 | MCM7688* Open collector
with registers 20
2048 x 4 | MCM7689* - 3-state
with registers 20
1K x8 | MCM76LS81* 175 3-state 24
1K x8 | MCM82708*4 70 3-state 24
MOS EPROMs
. No. of
Organization| Part Number Access Time Power N°" of
(ns max) | Supplies | Pins
1024 x 8 | MCM2708C 4 450 3 24
1024 x 8 | MCM27A08C4 300 3 24
1024 x 8 | MCM68708C 4 450 3 24
1024 x 8 | MCM68A708C 300 3 24
2048 x8 | TMS2716C4 450 3 24
2048 x 8 | TMS27A16CA 300 3 24
2048 x 8 | MCM2716C*4 450 1 24
2048 x 8 | MCM27A16C*™ 350 1 24
4096 x 8 | MCM2532C*4 450 1 24
8192x8 | MCM68764C* 450 1 24

MOTOROLA
MEMORIES

Motorola has developed a very broad range of MOS
and bipolar memories for virtually any digital data
processing system application. And for those whose require-
ments go beyond individual components, Motorola
also supplies Memory Systems and Micromodules.

New Motorola memories are being introduced con-
tinually. This selector guide lists all those available as of
September, 1979. For later releases, additional technical
information or pricing, contact your nearest authorized
Motorola distributor or Motorola sales office.

Data sheets may be obtained from your in-plant
VSMF Data Center, distributors, Motorola sales offices
or by writing to:

Literature Distribution Center
Motorola Semiconductor Products Inc.
P.O. Box 20912

Phoenix, AZ 85036.
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RAMs

MOS DYNAMIC RAMs

. No. of

Organization Part Number Ascaes Tina Power No.. o

(ns max) .1 | Pins
Supplies
4096 x 1 MCM4027AC-24 150 3 16
4096 x 1 MCM4027AC-34 200 3 16
4096 x 1 MCM4027AC44 250 3 16
4096 x 1 MCM6604AC 350 3 16
4096 x 1 MCM6604AC-2 250 3 16
4096 x 1 MCM6604AC4 300 3 16
16,384 x 1 MCM4116BC-15* 150 3 16
16,384 x 1 MCM4116BC-20* 200 3 16
16,384 x 1 MCM4116BC-25* 250 3 16
16,384 x 1 | MCM4116BC-304 300 3 16
16,384 x 1 MCM4516L-15*4 150 1 16
65,536 x 1 MCM6664L-20*4 200 1 16
TTL BIPOLAR RAMs
Access Time No. of
. P

Organization| Part Number F—— Output Pins
256 x 4 MCM93412*a 45 Open collector 22
256 x4 | MCM93422*a 45 3state 22
1024 x 1 MCM934154a 45 Open collector 16
1024 x 1 MCM934254a 45 3state 16

*To be introduced.
A Second source.
Heavy black type denotes industry standard part numbers.
Operating temperature ranges:
MOS
CMOSs
ECL
TTL

0°Cto70°C

-40°C to +85°C and -55°C to +125°C

Consult individual data sheets.

Military -55°C to +125° C, Commercial °C to 70°C

1 MOS power supplies:
3 +12, 45V
1 +5V
All MOS outputs are 3-state except the 2115A which is open-collector.

2Charat:ttar generators include shifted and unshifted characters, ASCII, alphanumeric
control, math, Japanese, British, German, European and French symbols.

MOS STATIC RAMs

No. of

Oanzaton| Part Number | T8 Ue) Tome, |"pie.
128 x8 | MCM6810 450 1 24
128 x8 | MCM68A10 360 1 24 s
128 x8 | MCMe8B10 250 1 24
1024 x 1 | MCM2115AL-70*4 70 1 16 MOS STATIC ROMs
1024 x 1 | MCM2115AL-45%4 45 1 16 Character Generators?
1024 x 1 | MCM2125AL-70*4 70 1 16 " | No.of
1024 x 1 MCM2125AL-45*4 45 1 16 Organization Part Number Acesst Tirme Power ": -
1024 x4 | MCM2114P-204 200 1 18 immx) | g ptias | T
1024x4 | MCM2114P-26 250 L 16 128 x (7 x 5) | MCM6670P 350 1 18
IDEA RN | MCMETINEED, 200 1 18 128 x (7 x 5) | MCM6674P 350 1 18
WA || MEMETISFAS 0 ! e 128 x (9 x 7) | MCM66700Pa 350 1 2
1024 x4 | McM21L14P-204 200 1 18 128 x (9 x 7) | MCM66710Pa 350 1 24
1024 x4 | MCM21L14P-254 250 1 18 128 x (9 x 7) | MCM66714Pa 350 1 24
1024 x4 | MCM21L14P-304 300 1 18 128 x (9 x 7) | MCM66720Pa 350 1 24
1024 x4 | MCM21L14P454 450 1 18 128 x (9 x 7) | MCM66730Pa 350 1 24
. 128 x (9 x 7) | MCMB6734P 350 1 24
4096 x 1 | MCM6641P-204 200 ! 18 128 x (9 x 7) | MCM66740Pa 350 1 2
4006 x 1 | MCM6641P-254 250 1 as 128 x (9 x 7) | MCMB6750PA 350 1 24
4096 x 1 | MCM6641P-304 300 1 18 1985 8% 71| MCRBEIRHPa s 3 5
4096 x 1 | MCM6641P-454 450 1 18 128 x (9 x 7) | MCM66770P 350 1 24
4096 x 1 MCM66L41P-204 200 1 18 128 x (9 x 7) | MCM66780P 350 1 24
4096 x 1 | MCM66L41P-254 250 1 18 128 x (9 x 7) | MCM66790P 350 1 24
4096 x 1 | MCM66L41P-30a 300 1 18
4096 x 1 | MCM66L41P-454 450 1 18
4096 x 1 | MCM2147C-55*4 55 1 18 Binary ROMs
4096 x 1 | MCM2147¢C-70%4 70 1 18 o
4096 x 1 MCM2147C-854 85 1 18 Organization Part Number A?:::;Te Power N:i'n:f
CMOS STATIC RAMs Sopeiied
= 1024 x8 | MCM6E8A30P8 350 1 24
Organization| Part Number  |Access Time| poygr | No. of 1024 x8 | MCM68A308P7 350 1 24
(ns max) | Supplies | Pins 2048 x8 | MCMB8A316P91 350 1 24
256 x4 | MCM5101-14 450 1 22 1024 x8 | MCM68B30APA 250 1 24
256 x4 | MCM5101-34 650 1 22 1024 x8 | MCM68A30APA 350 1 24
256 x4 | MCM5111-84 800 1 22 1024 x8 | MCM68B308PA 250 1 24
. 1024 x8 | MCM68A308Pa 350 1 24
4t | MGMBR0GAE" 450 1 18 2048 x8 | MCM6BA316EPA 350 1 24
1024 x1 | MCM6508-46*4 460 1 16 2048 x8 | MCM68A316APA 350 1 24
1024 x 1 | MCM6508-30*4 300 1 16 4096 x8 | MCMB8A332Pa 350 1 24
1024 x 1 | MCM6518-46*4 460 1 18 4096 x8 | MCMB8A332P2 350 1 24
1024 x 1 | MCM6518-30*4 300 1 18 8192x8 | MCMBBA364P*a 350 1 24
8192x8 | MCM68A364P3* 350 1 24
ECL BIPOLAR RAMs 8192 x8 | MCM68B364P*4 250 1 24
Organization Part Number A((:::s'sn’::’ne Output IN:i.':f
8x2 | MCM10143 15 |ECLoutput| 24
256 x1 | MCM101444 26  |ECLoutput| 16 CMOS ROM
16x4 | MCM101454 15 |ECLoutput| 16
1024 x 1 MCM101464 29 ECL output 16 Organtzation PaFENiifaber Access Time :.:v'v:: No. of
128 x 1 MCM101474 15 ECL output| 16 (ns max) N Pins
266 x 1 | MCM10152a 15 |ECLoutput| 16 Supplies
256 x 4 MCM10422*4 10 ECL output| 24 256 x 4 MCM14524 1200 1 16
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run to a distribution box serving
several hundred local subscribers.
EUCs signals are sent over the com-
monly provided spare distribution pair
from subscriber to distribution point,
where they are multiplexed and trans-
mitted via a T1 carrier line to the co.

EUcs subscriber and co subsystems
are shown in Fig 2. Dedicated wiring
connects fixed location sensors and
monitors at the subscriber premises
to the subscriber control unit (scu).
A common data bus makes data ser-
vices available at several locations and
allows for flexibility in adding or
changing services. Microprocessor
based scu formats and coordinates
communication with the co and pro-
vides self-test and subsystem test ca-
pabilities.

At the co, the control computer
exercises master control over the sys-
tem and recognizes, verifies, and re-
ports the various inputs from the sub-
scriber site.

Extensive implementation of control
functions in both software and mod-
ular hardware allow for system growth
in terms of both services and number
of subscribers served.

Network Synchronization

Considerations such as the impact on
customer service due to the synchro-
nization plan, choice of synchroniza-
tion strategy, and the current state of

the art in the field of timing resources
govern the development of a suitable
plan for synchronizing a switched
digital communication network. Abate
et al3 trace the performance objective
of each of the components of the net-
work back to the service objective,
from the point of view of the cus-
tomer.

When design or malfunctions result
in imperfect synchronization, informa-
tion bits are repeated or lost; such
events are called “slips.” Because. of
the format of the ps-1 1.544M-bit/s
digital signal, voice band signals fall
into an area of controlled slips and
are either inaudible or are perceived
by the human ear as clicks—or, at
worst, as variations in apparent pitch.
In data transmission, however, the ef-
fects of slips, controlled or not, could
range from a single error to several
seconds of lost transmission. There-
fore the slip rate objective of the net-
work is based on the impact of slips
on data customers, and has resulted
in an end to end objective of one slip
in five hours.

The simplest way to achieve this is
to use stable clocks at each network
node, but the slip rate objective here
would require the use of costly atomic
clocks. The economic burden of this
method is prohibitive. Another method
would be to use a separate network,
such as those being used for naviga-

DIGITAL TRUNK
—————% PRIMARY REFERENCE
eesseep BACK UP REFERENCE

Fig 3 Master-slave synchroniza-
tion.® Alternate transmission paths
and alternate masters are pro-
vided to guard against failures
within the distribution plan

tion and other services. These, how-
ever, not being specifically charged
with the communications responsibil-
ity, could not be regarded as depend-
able. Pulse stuffing, a method in use
for high bit rate systems for a long
time, requires neither a timing distri-
bution net nor accurate clocks. For a
switched digital network, however,
the cost of processing each low speed
signal as it passes through each node
would again be prohibitive. A master-
slave clock distribution system using
the communication links themselves
for timing reference distribution is
chosen as the one best suited for the
North' American switched digital net-
work.

The plan is for each network node,
in most cases a switching office, to
use an existing digital trunk to derive
timing reference from another node
called the master, and its clock will
be “slaved” to the master. The master
and selected trunk wused for such
timing is called the primary syn-
chronization reference (Fig 3). A
node serving as master is in turn
slaved to another reference, so that
the entire system has a tree-like hier-
archic structure, at the apex of which
is the Bell System Reference Fre-
quency (BSRF). BSRF is distributed to
the timing regions as shown in Fig 4.

BSRF is derived from a primary
standard consisting of three cesium
oscillators located in Hillsboro, Mo.
Each provides an accuracy of one
part in 101, BSRF transmits reference
frequencies of 2.048 and 20.48 MHz
nationwide over certain analog cable
and radio facilities.

For those toll offices not directly
connected to Bsr¥, another toll switch
with a very stable clock, such as a
No 4 Ess, will be used as master, and
may be regarded as a digital exten-
sion of Bsrr. These extensions will be
referred to as the reference distribu-
tion system (®ps), and will be avail-
able to provide timing to any inter-
connected node. Short outages within
rps will have little or no effect, since
No 4 =mss local oscillators allow 16
days of reference outage while still
meeting the slip rate objective.

Operation of such an extensive
timing network is one in which there
is little experience. Rapid detection of
trouble and restoral of proper oper-
ation are essential. The objective of a
low slip rate under normal operating
conditions will be helpful by provid-
ing a high contrast background against
which troubles can be perceived.
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Local Computer Networks

Interest and activity in the field of
local computer networks (Lcns) has
been rapidly developing in the past
few years. Nonetheless, to this point
in time, no precise definition of an
LcN has emerged. In this survey of
the field, Freeman and Thurbert de-
fine LeNs as a class of systems that
meet the following basic criteria: (a)
generally owned by a single organi-
zation, (b) generally local, covering
distances on the order of a few miles,
and (c) that generally contain some
form of switching element technology.

Two different stimuli lie behind the
interest in LcNs. One comes from those
who wish to improve their current
systems, and the other from groups
who want to incorporate new system
concepts. Categorization of LcNs is
not easy because the difference be-
tween them and distributed processors
or geographically distributed networks
may be one of degree rather than
kind.

In attempting to describe Lcws, a
taxonomy tree (Fig 5) of rLcN archi-
tectures and currently identified sys-
tems from each category was de-
veloped. These systems are examined
from the point of view of design and

B e
~
TIMING
REGION || TIMING

REGION

— N
NO. 4 ESS THAT HAS BSRF Y

OTHER TIME DIVISION SWITCH
—DIGITAL TRUNK

— —+REFERENCE

Fig 4 Timing regions.® Within each region a digital
toll office will serve as regional master, and uses only
BSRF as its reference

Fig 5 LCN taxonomy and systems.* While LCNs have a communications subnetwork, some use subnet-
work designs which encompass not only packet and circuit switching, but also I/O channel and bus struc-
tures. These structures are legitimate technologies for the communications subnetwork because they are
very cost competitive in short distance applications
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COMMUNICATION SWITCH SWITCH STRUCTURE CHANNELS SWITCH STRUCTURE CHANNELS
TECHNOLOGY (CATEGORY 1)  (CATEGORY 2) (CATEGORY 3) (CATEGORY 4) (CATEGORY 5) (CATEGORY 6) ( CATEGORY 7)
MAJOR Cm* DDN MISS ALOHA PRIME RIG
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CONCEPTS SPIDER MITRENET PLURIBUS NETWORK LABOLINK

FIBERNET ARGONNE OCTOPUS

MININET CYBERNET

DATA RING ETHERNET

RIT NEWORK NBS NETWORK

COMPUTER CELLS
ACKNOWLEDGING
ETHERNET

36

COMPUTER DESIGN/SEPTEMBER 1979



Intel PROMs to the Front

Intel marches on with the fastest 16K military
bipolar PROM ever, our 80ns M3636. It’s here today.

Now military and high relia-
bility equipment manufacturers
can build with bipolar tech-
nology’s leading edge component:
our 16K M3636. It’s another
step forward in Intel’s plan to
continue bringing the most
advanced LSI microcircuits to
military systems designers.

Our new 2K x 8-bit PROM
delivers access times of 80ns max.,
with twice the density and
only about half the power per bit
of 8K designs. All this in
the compact, industry standard
24-pin hermetic DIP.

Reinforcements are here

M3636 is in good supply.
[t joins ranks with Intel’s
other high performance,
field programmable
bipolar PROMs for military
applications. All of Intel’s
mil-spec PROMs are available
in production quantities.

Use M3636 to upgrade 8K
designs or as a direct replace-
ment for other 16K PROMs. In
both cases you'll improve system
performance. M3636 is also
fully compatible with 16-bit
CPUs. You can program these
memories in seconds with Intel’s
UPP 103 or any standard PROM

programmer.

Our push for higher
performance

M3636’s performance advan-
tages stem directly from a unique

new bipolar process—the same
we used to advance 4K designs
with our M3625A bipolar
PROMs. Today Intel’s proven
polysilicon technology combined
with dual layer metalization gives
you dramatically improved
performance, higher density and
increased programming yields.
Even more important,
Intel’s bipolar process means
unparalleled reliability. We've
already delivered thousands of
memories made with this
advanced bipolar technology.

Circle No. 23 for information.

Intel’s Mil-Spec Bipolar PROMs

M3636 | M3624A | M3625A
Organization| 2Kx8 | 512x8 1Kx4
Maximum
Access 80ns 90ns 60ns

24-pin | 24-pin 18-pin
Package DIP | DIP DIP

All Intel™ mil-spec PROMs have three-state outputs and are
specified within the full military temperature range: —55°C to
+125°C.

Millions of device hours of tests
confirm its reliability for military
applications.

And of course, we process all
our bipolar PROMs to full level B
requirements of MIL-STD-883B,
Method 5004 and quality confor-
mance procedures of Method 5005.

Advance today

You can start building in high
performance with the M3636
today. For more information
contact your local Intel sales
office or distributor. Or
write Intel Corporation,
Literature Department,
3065 Bowers Avenue,
Santa Clara, CA 95051.
Or call (408) 987-8080.

intal delivers.

Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United Siates and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Elmar, Wyle/Liberty,

L.A.Varah and Zentronics.
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WHAT SPERRY UNIVAC IS DOING IN THE MINICOMPUTER BUSINESS.

WE COULD
MAKE JUST
MINICOMPUTERS.
BUT THERE'S
NO FUTURE IN IT.

Not for us. Or for our customers.

The basic V77-600 and V77-800 are super
powerful, high performance, Pascal speaking
minicomputers. But standing alone they can't do
everything for everybody.

That's why we've designed a complete line
of competitively priced support peripherals.
With Sperry Univac you can expand the utility of
your system and continually provide capacity
for growth with peripherals specifically com
patible to your Sperry Univac minicomputer.

Now as your data processing needs grow you

can forget the hassle involved in adapting
peripherals from other manufacturers to suit your
DDP system. With Sperry Univac you can
standardize your computer equipment from a
simple V/77-200 minicomputer all the way into
mainframes.

INTRODUCING OUR FAMILY.

Our minicomputer customers needed
reliable, quality support from one source so we
developed a complete line of peripherals. Some of
the peripherals we now have available include:

Diskette storage system

10 MB cartridge disk system

30 to 232 MB disk storage system

800/1600 bpi mag tape units

Sperry Univac serial printer

300/600 LPM printer

Card reader

Asynchronous buffered terminal

Sperry Univac UTS 400 master and slave

terminals

Sperry UNISCOPE 200 terminal

3270 compatible terminal




And, of course, we introduced SUMMIT, the
interactive, multi-terminal system with trans-
action processing and data base management. It
gives you easy editing, screen formatting, and
documentation aids, plus comprehensive
program development.

SUMMIT also offers flexibility for software
design and allows our system to speak not only
Pascal, but COBOL, FORTRAN, and RPG II.

" WE TAKE CARE OF OUR CUSTOMERS.

The Sperry Univac sales and service net
work is one of the largest and most responsive in
the world. With over 8000 customer engineers
available to keep our systems up and running,
we can provide prompt, complete service for both
our minis and peripherals on a worldwide basis.

And that service is the finest. We've estab
lished a major computer education center in
Princeton, New Jersey and several regional
training schools throughout the United States and
Furope. Our educational system insures the
degree of excellence and competency in our
sorvice stalf necessary to maintain all our

)

equipment at peak performance.

OUR TOTAL COMMITMENT.

At Sperry Univac we have a reputation
for quality, performance and service in the com-
puter industry.

That's why we've committed ourselves to
a maijor investment in facilities, research and
development, quality control and worldwide
service. We want to produce a complete line of
dependable, reasonably priced minicomputer
systems that are as respected as Sperry Univac
mainframes.

We want to keep you in the family.

For more information, write to us at Sperry
Univac Mini-Computer Operations, 2722
Michelson Drive, Irvine, California 92713. Or call
(714) 833-2400, Marketing Communications.

In Europe, write Headquarters,
Mini-Computer Operations, London NW10 8LS,
England.

In Canada, write Headquarters,
Mini-Computer Operations, 55 City Centre Drive,
Mississauga, Ontario, L58B 1M4.

SPERRY <= UNIVAC

SPERRY UNIVACG 1S A DIVISION OF
SPERRY HAND CORPORATION
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operational issues, grouped and sum-
marized by network components
(both hardware and software), con-
figurations of these components, net-
work operation, performance, and
user-oriented concerns. An extensive

reference to current LCN systems is
included.
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Fiber Optic Link Extends
Standard Instrumentation
Interface Bus

Overcoming previous Hp-1B* distance
requirements, the 12050A fiber optic
up-1B link permits separation of up to
100 m between HP-18 compatible de-
vices and associated computer-control-
ler. The remote instrumentation inter-

*yp-18, Hewlett-Packard interface bus, is
the company’s implementation of IEEE
Standard 488-1978 instrumentation inter-
face

face uses a dual-channel fiber optic
cable for bidirectional 20k-byte/s data
transfer between distant sites. One
unit, functioning as transmitter/re-
ceiver, is required at each end of the
link. According to Hewlett-Packard
Data Systems Div, 11000 Wolfe Rd,
Cupertino, ca 95014, the inherent
noise immunity and electrical proper-
ties of the fiber optic transmission
medium make the link especially
suited to severe environment indus-
trial applications.

Bit-parallel signals are accepted
from any 1EEE-488 compatible con-
troller through the standard 24-con-
ductor connector and are converted
to bit-serial light pulses These are
transmitted via the cable to a remote
12050A that reconverts them to the
standard bit-parallel form and makes

them available through a standard
port to compatible instruments or in-
strument clusters. Using standard =e-
1B programming techniques, the de-
vices communicate remotely as they
would in local operation; no additional
software development is needed.
There is no system degradation when
extending the bus length with the
link. 12050A units support all Hp-1B
functions except parallel poll and pass
control.

Interrupts can be detected in real-
time, typically within 100 us. An on-
board silicon-on-sapphire (sos) micro-
processor performs self test automati-
cally at power-on, or upon request
from a user program. The micro-
processor also detects transmitted
errors during communication using a
checksum algorithm, and if necessary

D LOCAL

HP-1B DEVICES

computer HP-IB interface card

=/ HP-1B DEVICES

Typical fiber optic HP-IB link configurations. Multiple point to point configura-
tions can be used to locate instrumentation at more than one remote site
depending on computer used. Each 12050A counts as one device for each

REMOTE
HP-18
DEVICES

DUPLEX FIBER

OPTIC CABLE
UP TO 100 METRES

REMOTE
DEVICES
REMOTE
DEVICES

Allswell
thatends well.

See page 112

retransmits without computer inter-
vention until transfer is successfully
completed.

Preassembled and tested connector-
ized cables (39200 series) come in
simplex or duplex versions, with two
simplex or one duplex cable required
per system. Cables are of fused silica,
slightly graded index, 140-um dia
glass-clad fiber, surrounded by sili-
cone coating, buffer jacket, and ten-
sile strength members, with a poly-
urethane outer jacket. Cable is avail-
able in any of five lengths from 10
to 100 m.

Price of each 12050A unit (u.s.) is
$1950. Dual-channel cable in connec-
torized lengths of 100 m is priced at
$8.50/m. ad
Circle 400 on Inquiry Card
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Fordataentryand
word processing-

the 5030terminal

In one CRT terminal you can have the best of
both worlds. Data Entry and Word Processing.

With Documation’s 5030 CRT terminal you no
longer have to purchase an additional stand-
alone word processing unit. Any system with
a general purpose computer can be upgraded
into a powerful distributed word processing
system.

In addition to typical data entry functions, you'll
be able to create, edit, store and retrieve text
material such as letters, price lists or manuals.
And, you’ll be able to do these functions on a
bright, high resolution, full page (63 lines) dis-
play. What's more, the operator-machine inter-
face is simple and easy. All text editing functions
are stored in firmware within the 5030 and can
be done off-line. With one or two keystrokes
you can execute complex text manipulation. For
hard copy there’s an optional character printer
which can be used off-line directly at the termi-
nal workstation.

Write P.O. Box 1240A, Melbourne, FL 32901. Or
call: (305) 725-5500.

DOCUMIATION

INCORPORATED

CIRCLE 24 ON INQUIRY CARD
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DIGITAL TECHNOLOGY REVIEW

TECHNOLOGY AND ECONOMICS
SYSTEM PERFORMANCE AND WORKLOADS

Montgomery Phister, Jr

Systems Consulting
Santa Monica, California

l n establishing processor, bus, memory, channel, con-
troller, and peripheral equipment characteristics, and
in planning and developing system software, the de-
signer must be aware of those system and workload
features that have the greatest influence on throughput
and turnaround time. A simple model can provide
helpful insight.

Determining Throughput and Turnaround Time

Assume a system with a processor and I input/output
channels. Suppose that each channel has a data rate
D'/I bytes/s, for a total 1/0 rate of D’, and that the
processor itself has an average computing rate of C’
operations /s.

Specify the characteristics of this system’s workload
as requiring the processing of a total of D bytes (the
total number of input and output characters), each
of which on the average requires s computer operations
for processing.l:2 Finally, specify that program and data-
base bytes must be handled by the system as well as
1/0 bytes, and that the operating system may cause
multiple 1/0 transfers. For these reasons, total bytes
transferred is kD, with k > 1.

In the worst case—a simple system with only one
job processed at a time—we see that time to complete
one job equals compute time plus 1/0 time

_ sD kD _ s k
L= c'+F_D[E+T5’]

42

4 1/0-BOUND ———# &—— COMPUTE- BOUND ———————®

=g
A

BEST THROUGHPUT WITH
BUFFERED 1/0

T+ s/se
BEST THROUGHPUT WITH
UNBUFFERED 1/0

J= NUMBER OF RESIDENT JOBS IN MULTIPROGRAMMED SYSTEM
1:=1(ONE I/0 CHANNEL)

THROUGHPUT X (BYTES/SEC)

5 2,
PROCESSOR OPERATIONS REQUIRED PER I/0 CHARACTER s

Fig 1 System throughput as function of workload. As
measured by s, workload is number of computer operations
required for each 1/0 byte processed. If s is less than
critical value s., system is |/O-bound; if s is greater
than s., system is compute-bound. With only one pro-
gram in system, throughput vs s follows lower, dashed
curve; with multiprogramming and large number of resident
programs, it tends to follow upper solid line. Intermediate
lines show throughput variation for 2, 5, and 10 resident
jobs
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The job execution rate can be expressed as
Throughput = X = LY = L/k—.
x 1+s =
| o

If we define

5= O
e D’

then
D'/k

1+ &
Sc

X=

This equation is plotted as the dashed line in Fig 1.

Next, suppose that an unlimited number of jobs can
reside in the system, so that 1/0 channels are always
working to full capacity. To determine the throughput
under these circumstances, consider these two cases:
(1) 1/0 time is greater than compute time; ie, kD/D’
> sD/C’, or s < s, Then the system is 1/0-limited
and throughput is

D _ D
I1/0 time kD/D’
(2) Compute time is greater than 1/0 time; ie, s > s,.
Then the system is compute-bound and throughput is

Compute time sD/C’ s s/so

Compute-bound and 1/0-bound equations are plotted as
solid lines in Fig 1.

X =

= B
e bytes/s

X = bytes/s

s

20 ‘0.l
- o 1=1
8 =10
B D= NUMBER OF 1/0
L BYTES PER JOB
o«

" 15 *
w
=
=
g
Z10
o
4
<
2
Ss
=

. .

Sc 2'!u 3'80
PROCESSOR OPERATIONS REQUIRED PER 1/0 CHARACTER s

Fig 2 Turnaround time. Duration of interval which starts
when job is read into system and ends when last results
have been output, turnaround time increases with s and
with multiprogramming level J. Adding jobs to make sys-
tem more productive results in delayed output

800+
NUMBER OF SPINDLES PER CHANNEL N:=16

6001

4001

’ B
4007 00667 , B-0.35 IN22)

N 806

CHANNEL DATA RATE, D’ (KILOBYTES/SEC)

t t +

'2 4 L] 8 12) 1'2
RECORD SIZE B (THOUSANDS OF BYTES)

Fig 3 Effects of multiple channels on data rate. Data
rate from N IBM 3330s connected to block multiplexer
channel is function of N and of block size B. For given
N, data rate increases with increasing block size
because proportionally less time is spent reading fixed
number of format bytes which precede each record.
For given B, data rate increases with increasing N
because less time is lost waiting for next record to
rotate into position under read heads. Even with large
values ot B and N, data rate is significantly less than
maximum instantaneous rate of 806k bytes/s. Note
that, tor given block size: (1) doubling number of
spindles per channel results in less than double data
rate; (2) doubling number of channels for fixed total
number of spindles results in less than double data
rate. With four spindles at B = 3k bytes, for example,
data rate on single channel is 370k bytes/s, while rate
on two channels of two spindles each is 2 x 245 =
490k bytes/s

In a typical system today there will be some degree
of multiprogramming, and actual throughput will be
somewhere in the shaded area of Fig 1, depending on
the statistical characteristics of the workload. In a re-
cent paper, Denning and Buzen® have shown how to
calculate throughput for various levels of multiprogram-
ming. Assume that the system contains a fixed number
of jobs J; jobs may be queued at the processor and
at each 1/0 device, and are handled on a first in, first
out basis; a job alternates between channels and pro-
cessor, with each channel handling kD/I characters
in an average time (kD/I) =+ (D’/I) = kD/D’, and
the processor manipulating those characters in an aver-
age time sD/C’I; and the service time at the processor
and each channel is given by an exponentially dis-
tributed random variable. From this we can compute
throughput as a function of the number of jobs ] and
the number of 1/0 channels I. The result for I = 1
and J] = 2, 5, and 10 is shown as dotted lines in Fig 1.

Denning and Buzen also show that it is easy to com-
pute job turnaround time from throughput. First they
note that, since each job requires the processing of D
bytes, throughput of X bytes/s is equivalent to X/D
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hics. OEM prices.

QR INNELL

‘ ! ! ! ! Now, with Grinnell’s GMR-37 graphic display

’ I | ‘ -4 systems, you can have the resolution and input
advantages of dot matrix television for about
the same price as more limited character-
based systems.

S /
‘ s
) mmmm"mmm ‘ & And, every GMR-37 display is a complete
i & operating system: display generator, MOS
o , refresh memory, vector and rectilinear graph-
X ics, alphanumerics in 4 sizes, bi-directional
{ TORLY 7k, e O W RS-232 computer interface and RS-170 video
i i ! ‘ ! interface. Systems, including power supplies,
are housed in a 7”, rack-mountable chassis
and drive standard closed circuit monitors.

Four basic GMR-37 models can be tailored
to fit into almost any computer-based system.
Here are just a few examples. (Prices are
F.O.B. San Jose, and quantity discounts are
available. TV monitors are extra.):

GMR 37-20: $3700

256 x 512 resolution, one channel RGB color
plus blink. (Two channels: $4500)

GMR 37-30: $4500

512 x 512 resolution, one channel RGB color
plus blink.

GMR 37-60: $4700

1024 x 1024 resolution, one channel B/W.

In addition, you can also have several
economical options: independent cursors, joy-
sticks, keyboards, special character sets and
16 bit, plug-compatible parallel minicomputer
interfaces.

Further, if you ever want to move up, Grinnell
has a complete line of larger systems—all
software compatible with the GMR-37—to do
things like animation, image processing and
real-time frame grabbing.

So, if quality graphic displays are important
to your product, look at the GMR-37 line. For a
quotation on the system that meets your
specific requirements, call or write.

T g ?» | ood | = 2 N ;‘L:?f;}_y% s ¥
) e - | sl n - pos: & =T
oy i } g 5 | SNy G b S R 53

2159 Bering Drive, San Jose, California 95131 (408) 263-9920
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Z10G’S 28000

Zilog's powerful Z8000, the gener-
ation-ahead 16-bit microprocessor
that delivers big computer perform-
ance at microprocessor prices, is on
the shelf today at Zilog distributors
around the country. Order it as the
40-pin Z8002 with 64KB direct
addressing, $107.10* Or, choose the
48-pin Z8001 with 8 MB segmented
addressing, $139.30* Supporting

it is the versatile PDS 8000 family
of development systems.

The base package,
the Model 10.

Your most economical entry to
Z8000 product development. Every-
thing you need to start your Z8000

iy

software development: a 64K byte
microcomputer, CRT, dual floppys,
interfaces, 9-slot card cage, power
supplies, a Z8000 software develop-
ment package, operating system,
editor, linker and utilities. $10,500%

)

4

SEE US AT
WESCON/79

Booths
1828-1830
Brooks Hall

Try it out with

the Model 15.

Everything in the PDS 8000

Model 10, plus Zilog's Z8000
Development Module, a Z8000
based computer board with 2K words

|

* ﬂﬂﬂﬂ'iiihiﬂl
of EPROM (expandable to 8K
words), 16 K words of dynamic RAM
(expandable to 32K words), dual
serial interface, 32 programmable
1/0 lines, four 8-bit programmable
counter-timers and a generous wire
wrap area. $11,995*

For more complex ideas,
Models 25 and 30.

[—
=

0N dmg

An affiliate of
EXON ENTERPRISES INC.

These two PDS 8000 models parallel
the capabilities of the Model 10

and 15 but give you the added power
of 10 megabytes of rack-mounted
hard disc drive. $20,000*

and $21,5007

For complete hardware
characterization.
Coming soon, an emulation sub-

system for your PDS 8000. It will
provide total hardware development

~_7

support capability for the Z8000 as
well as the Z8.

For more

information, write.

We'll send you a complete packet
of technical data on the PDS 8000
family and Z8000 Development
Module together with the name and
location of your nearest Zilog
distributor. Address: Zilog, 10460
Bubb Road, Cupertinc, CA 95014.
Or call (800) 538-9367 toll free.
(In California call (408) 446-4666.)
CIRCLE 27 ON INQUIRY CARD
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jobs/s. Next they point out that, with the
equilibrium handling X/D jobs/s, the cpu
channel must obviously be handling X/D

one component can get ahead of the rest.

system in
and each
jobs /s—no
Therefore

each job spends an average time D/X s being processed
at the cpu and at each channel. Now, suppose n; is
the average number of jobs in the queue at the ith

facility—i = 1 for the processor, and i = 2, 3, . . .,

(I + 1) for the channels. Then turnaround time is
41

R = El noy

But we know that there are always ] jobs in the
system, so the sum of the queue lengths is J, and

= I
R=%%

Turnaround time is plotted in Fig 2 for the same con-
ditions as shown in Fig 1.

Effects of Multiple Channels

To illustrate the effect of multiple channels, assume a
large system having sixteen 3330 discs, and examine
how its throughput varies with the number of channels
the discs share. Adding channels increases the total
data rate from the system; however, adding channels

reduces the number of
channel data rate vary

with a fixed number of discs
discs per channel. How does
with the number of discs per channel? Kolence points
out that channel data rate is a function of the block
size and of detailed characteristics of the discs.* If N
3330 discs are connected to the channel, data rate for
a block size of B kilobytes is given in Fig 3, which
shows how D’ varies with B for several values of N.
The denominator in that formula is the time required
to transfer B kilobytes, assuming use of a block multi-
plexer channel with rotational position sensing. Trans-
fer time includes a fraction of the 16.7-ms disc rota-
tion time, plus the time necessary to read the B kilo-
bytes and their fixed 135-byte preamble, at 806k bytes /s.

Using the results of Fig 3, we can employ Denning-
Buzen calculations to determine the effect of number
of channels on throughput. The result is shown in Fig
4, for two different values of s—40 and 80 operations
per 1/0 character.

System performance has of course improved substan-
tially since the 1950s. Fig 5 shows on a log-log scale
(so the hyperbola of Fig 1 becomes a straight line)
how performance has improved as the generations have
passed. Unfortunately, too little is known about work-
loads. Although I speculated in “Market Elasticity” (see
Computer Design, Aug 1979, pp 46-54) that average
computer operations per 1/0 character have increased

Fig 4 Effect of multiple channels on through-
put. System throughput for Amdahl 470/V5
CPU connected to 16 IBM 3330 disc files is
function of number of 1/0O channels used.
Graph assumes B = 3k bytes, D = 2M bytes,
k = 10, and C’ = 5.81M operations/s. With

0.08¢
I=4 CHANNELS
CPU-LIMITED THROUGHPUT:
5 BM_OPERATIONS/SEC
- 204 JOBS /S = M BYTES/JOB x s OPERATIONS/BYTE
O oost 204
Qo
2
- 1:2 CHANNELS
@ 20
(]
2 0.04
= 208
& I:1 CHANNEL 20 20
I s
S ) 2
3 oozt 4
e o
o e
-
+ + +
4 80 80 100 120

20
COMPUTER OPERATIONS REQUIRED PER 1/0 CHARACTER (s)

all 16 discs on one channel, throughput is 1/0-
limited at 0.03 jobs/s for s = 40 or 80 oper-
ations/byte, and increases as multiprogram
level increases, as shown by solid dots. With
eight discs on each of two channels, maximum
possible throughput is raised to 0.05 jobs/s.
System is compute-bound at s = 80, and han-
dles about 0.036 jobs/s with 20 resident jobs;
it remains compute-bound as | increases. At s
= 40, system is |I/0-bound; 20 resident jobs
bring throughput to about 0.047 jobs/s (open
dot). With i = 4 or 8 channels, system is
compute-bound again, and 20-job multipro-
gramming level raises throughput to 0.061 or
0.064 jobs/s as shown by square and triangle

48
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100k

THROUGHPUT X BYTES/SEC
= s

+
10k

t + +
0.1 1 0 100 111

COMPUTER OPERATIONS REQUIRED PER 1/0 CHARACTER s

Fig 5 Throughput trends. Changes in throughput
versus s over five successive generations of IBM
processors is plotted on a log-log scale so that the
compute-bound line becomes a straight line. I/0O-bound
limit for each system is based on operations of indi-
cated peripheral device on single channel with specific
block length (see Ref 2, p 111), and can be increased
by increasing number of I/0 channels. Note that value
of s for single-channel system has been increasing,
reflecting the fact that processor speeds have in-
creased faster than I/0 speeds

with time, there are few measurements of this important
workload parameter. This makes it extremely difficult

to visualize where

systems have operated and are

operating in the plane of Fig 5.

Summary

This simple model thus suggests that the system de-
signer focus attention on expected workload parameters

s’

D, and k, and on system parameters C’ and D’. The

relationship between system 1/0 rate D’ and peripheral
(eg, disc) design parameters is of great importance,
for the instantaneous data rate handled by the elec-
tronics is never seen by the system.
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The Author solicits comments on the material presented
here, data supporting or contradicting his approach,
and suggestions for topics to be explored in future
articles.—Ed.

HIGH-SPEED

ANRE HERE.NOW?

The Data Encryption Standard (DES) is a MOS/LSI device which imple-
ments the NBS Data Encryption Algorithm. DES is implemented in N-
Channel, silicon gate technology and all inputs and outputs are TTL
compatible. Two configurations (WD2001E/F and WD2002A/B) are available
now for preliminary sampling; a third (WD2003), which performs NBS
Algorithms with high-speed cipher feedback and complies with Federal
Standard 1026/1027, will be available for preliminary sampling in the near future.

The DES interfaces with a wide variety of processors and mini-computers.
A typical system implementation and the DES block diagram are shown
below.

]fzzi";jz;z'\][/‘“—““‘:zzz“’“’%“““—\fzsj

i :
I PARITY DETECT —l I KEY REGISTER 56 an's] DATA PEGSTER
¥ T

MACS WE RE A0 KPE KR KA _DIR_DA DOR DOA ACT E/D_CTRPS KEOE DPS CLK|
& ¥ ¥ * b 2

oN "mvm’“ X

IMMEDIATE DELIVERY!
+ ol

g-&a

ol

FLOPPY DISK COMMUNICATION I
CONTROL DEVICE MEMORY
1N 1983/1831/1833
FEATURES:

Guaranteed minimum data rate of 167K bytes/sec.

Higher speed versions available

WD2001 has a Common Clear Data and Encrypted Data I/0O Bus
WD2002 has 2 separate and independent I/O Buses: one for Clear Data,
one for Encrypted Data

Implements NBS Data Encryption Algorithm

Single Key

Encrypt in the block mode

Waestern Digital is always in the forefront of TOMORROW'S TECHNOLOGY
TODAY. That is why we are the first company to offer high-speed ENCRYP-
TION. And it doesn't stop there: A whole family of Encryption Products
are being developed to meet the ever changing needs of a dynamic industry.

WESTERN DIGITAL

3128 REDHILL AVENUE, BOX 2180 ® NEWPORT BEACH, CA 92663
(714) 557-3550, TWX 910-595-1139
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(\ We learned about memory leadership by becoming
the world's largest supplier of dynamic RAMs. Now,
we're becoming a leader in static RAMs.
Our commitment to statics began in the early 70's
when we pioneered the use of the depletion load resistor.
Next, we developed our superior Poly R™ process, which
resulted in the best speed/power product available. Now
we've taken our Poly R"™ process to volume production with the MK4104 4K and MK4118 8K
static RAMs. With the MK4104 we used our Edge-Activated "™ technique to combine state-of-the-
art circuit design and processing in the same device.
Our MK4118 is designed with the user in mind, providing optimum density and performance
in a pin-out that's compatible with ROMs and EPROMs. It's the first of many RAMs in Mostek's
family of Byte-Wyde ™ memories, developed for easy interface to all microprocessors.

€ 1979 MOSTEK CORPORATION




AR o Son Our next introduction will be a 2K x 8-bit static RAM for
: even more flexibility of system design.
R e G In addition to 16K RAMs, we will iptroduqe a pair of
Nacd 1180 KX 8 150ns 4K RAMs. The MK 2147 and MK 2148 will provide sub-100ns
MK4801 1K X 8 ~100ns performance. And, like the high-speed 1K X 8-bit MK4801,
*MK2147 4K X 1 <100ns these new products will use our advanced Scaled Poly 5™
*MK2148 1K X 4 <100ns process. So you can look forward to higher system density,
lower power and reduced system cost.

You've always depended on Mostek for dynamic RAMs.
For a lot of good reasons. Now you can depend on Mostek for static RAMs for the same reasons.
To find out more, write Mostek at 1215 West Crosby Road,

Carrollton, Texas 75006. Or call 214/242-0444. In Europe,
contact Mostek Brussels, phone: 660.25.68 MOSTEI( .
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Multiport Memory System Permits
Multiple Computers To Share Common Memory

CLASSIC SERIES
MODEL 7870/7860
COMPUTER

FROM LMPI
CARDS IN
CLASSIC
COMPUTER

stored there

Modcomp’s shared multiport memory system hardware provides the ability to extend and connect two or more
CLASSIC 7860/7870 memory buses. When the second bus is housed in a memory expansion cabinet, the result is
memory expansion. When two or more computers connect their buses to the cabinet, all gain shared access to data

TO REMOTE
) MEMORY
ENCLOSURE

Allowing up to four cpus to access
and share data stored in a 4M-byte
memory, the Shared Multiport Mem-
ory (smMMm) System enhances online
processing by reducing the time
wasted in loading frequently acti-
vated tasks from peripheral storage
devices. By permitting multiple com-
puters to divide the work load and
store common data in shared memory,
the hardware, developed by Modu-
lar Computer Systems Inc, 1650 W
McNab Rd, Ft Lauderdale, FL 33309,
significantly increases total realtime
processing capability.

The hardware device consists of
model 3654 memory expansion cabi-

52

net and 3655 memory port interface,
combined with crassic 7860/7870
series computers. The cabinet includes
an 8-slot card file, interface connec-
tor panel, and switching power sup-
plies which power logic and memory.
Consisting of two memory port inter-
face pcs and supporting interface
cables, the interface contains every-
thing necessary to connect two stan-
dard memory buses. y

The local memory port interface
(Lmpr) card resides in the same card
file with the computer that is seeking
to share external memory. The sec-
ond card is the remote memory port
interface (Rmp1) which resides in the

card file containing remote or shared
memory. Shared memory can be that
in another 7860,/7870 computer or
in a 3654 expansion cabinet. Two
LMPI cards can be configured in each
computer.

The shared memory hardware pro-
vides ability to extend and connect
two or more memory buses, result-
ing in memory expansion when the
second bus is housed in an expansion
cabinet. When two or more comput-
ers connect their buses to an expan-
sion cabinet, all computers can ac-
cess that memory and share data
stored there. Sharing between two
computers is accommodated when a
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Introducing the Tape Transport
that thinks for itself.

Now, Datum innovation brings you the next generation
in mini-computer magnetic tape transports, the D-451. A
transport that thinks for itself thanks to Datum’s smart new
single-board microprocessor.

Self diagnostics, a reduced electronic component count
and hybrid chip read amplifiers are examples of Datum'’s
entirely new microprocessor design architecture.

You won't need an external test box with the D-451.
Fault-isolation, and skew verify alignment are among in-
ternal microprocessor controlled self-test diagnostics.

An embedded Dual/Density formatter controls up to
four tape transports.

Every aspect of the intelligent D-451's design and
engineering makes its contribution in superior performance

CORPORATE HEADQUAF
HEADQUARTERS, DAT!

EAST COAST, Mountainside,
Tel: 408/249-5370; NEW E

and reliability when reading and writing IBM/ANSI-com-
patible, '2” magnetic tape. Featured are: 7-or 9-track, NRZI
and PE formats; dual format is standard for 9-track. Phase
Encoded density is 1600 BPI, while densities of 800, 556 and
200 BPI are available for NRZI.

And Datum’s painstaking research provides the D-451
with IBM tape-path geometry, ceramic blade tape cleaners,
photoelectric write ring detection, low-inertia capstan drive
and digital write deskew control.

Find out more about the reel thing, the tape transport
that thinks for itself. Call or write your local Datum repre-
sentative or Datum Inc., 1363 South State College Boule-
vard, Anaheim, California 92806. (714) 533-6333.

& e 3
patuminc

Blvd., Anaheim, CA 92806, Tel: 714/533-6333, TWX: 910/592-1289, Telex: 68-5579 « EUROPEAN
[, DATUM House, Harlington, Middlesex, England, Tel: 01-897-0456, Telex: 935-398 « DATUM SALES
OFFICES, CANADA, Wil 1 , : 9186960, Telex: 06-966857 EOR TOR: MOUNTAIN STATES, Denver, Colorado 80232, Tel: 303/693-3414;

201/654-5590; MIDWEST, Des Plaines, Illinois 60018, Tel: 312/296-1064; SAN JOSE, San Jose, CA95117,
A 01701, Tel: 617/872-6911
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MARKSMAN REA(

20-microinch head flying height. Marksman product is being delivered nearly
Low-flying Winchester technology isn't new, as fast as orders are processed. Less than 30

of course. days A.R.O. is commonplace.
But the technology necessary to bring it to the When it comes to Winchester promises,

micro/mini marketplace sure is. Century Data
Attaining and maintaining delivers today.

tolerances for accuracy like this

Whilej keeping the price d'own 00002 inches

requires an all-out commitment J_

of talent and resources.

The ultra-clean room facili-
ties alone mind-boggle the unini-
tiated. Marksman units are
assembled and sealed in a room
so clean that excessive hand
movement is prohibited because it creates
five times the contamination of normal
movement.

Century Data has made the commitment,
solved the problems, kept a lid on the price, \\ &
and is delivering Marksman products like }‘
never before.

If others are making you promises for
the future, maybe you should take them
with a grain of salt (roughly
600 times taller than our
head flying height). y
Daily production
up, up and away. \

If you think we're
making a big produc- %

- tion out of the Marksman,
you're absolutely right.




Storage capacities going sky high, costs
dropping to micro level.

The Marksman offers high-capacity storage
at low prices. Its rock bottom cost-per-megabyte,
along with access times only half those of conven-
tional storage, make it an ideal alternative to flop-
pies and other low-end memory products.

$ per M Byte

Capacity per
spindle

We're currently shipping both 10 MB and
20 MB versions, with a 40 MB model right on
their heels and even more to come.

Pricing for the 40 MB Marksman is under
$1800 in OEM quantities — actually less than
projections on rumored smaller competitive units
which will someday have only one-fourth the
capacity.

High intelligence, room to grow.

To save you interfacing time and money, one
Marksman model comes with a built-in micro-
processor-based controller/formatter. It contains
many of the interface and overhead functions nor-
mally relegated to the custom controller and CPU.

1ES NEW HEIGHTS.

That leaves you very little to do to put the whole
system on-line.
It fills tall orders five ways.

You can order the Marksman plain or with
everything on it.

1. Plain.

2. New, built-in interface
and intelligence.

3. 10 or 20 MB
configurations.

4. New 40 MB
model.

5. With cabinet and
power supply.

See it tower over competition.

This Winchester is loaded. High reliability.
Low price. Quick delivery. Wide variety of capac-
ities and options.

Don't wait. Contact us today for all the facts.

Century Data Systems, 1270 N. Kraemer
Blvd., Anaheim, CA 92806. Phone (714) 632-7111.

WE FEEL LIKE
NEW COMPANY.

A Xerox Company

* Century Data Systems
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Some of these components will probably never

The others will just come close.

The SR, XL, XK and AV are solid state position
sensors featuring almost infinite life. All offer zero
speed operation with some up to 100 Khz. ES current
sensor utilizes Hall-effect IC and protects against
damage from short circuits or overcurrent conditions.

Snap-action V3, SM and SX switches offer
wide varniety of actuators, electrical capacity and

termination.

Mercury switches offer hermetic sealing, a
variety of electrical capacity and broad temperature

ranges at a low cost. C 7
. b :;b“ \

: ide v f op atorD

snap-in panel mount design.

Solid state keyboards provide high reliability no mechanical keyboard can offer. Panel sealed
versions alsoavailable. ... . S e
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wear ouf.

The solid state key-
board, AML lighted push-
buttons and sensors you see
here will probably never
wear out. Because they're all
solid state.

Each is based on a Hall-
effect integrated circuit. A
circuit that's been tested
through billions of opera-
tions without failing. And
proven by performance in
thousands of applications.

The precision electro-
mechanical components you
see here come close. Simply
because ot the careful way
they're designed and put
together.

Like the long-life
versions of our snap-action
V3,SM and SX precision
switches. Available in a wide
variety of sizes, electrical
ratings, terminals, actuators,
contact forms and operating
characteristics—some tested
to a mechanical life of over
10,000,000 operations.

MICRO SWITCH will
provide you with field
engineers for application
assistance and a network of
authorized distributors for
local availability. Write us for
details or call 815/235-6600.

And find out how you
can get a component that
goes on forever. Or at least
comes very, very close.

MICRO SWITCH

FREEPORT,.ILLINOIS 61032

A DINISION OF HONEYWELL

MICRO SWITCH products are
available worldwide through
Honeywell International.

[ DIGITAL TECHNOLOGY REVIEW ]

computer extends and connects its
memory bus to another computer
using the memory port interface.

To achieve memory bus extension
the LMP1 card assumes the role of
a memory module, responding to and
initiating activity on the standard
memory interface bus. When the com-
puter accesses memory outside the
cabinet, the card automatically buff-
ers and passes necessary information
and control to the rmpr card. The
RMPI interfaces with the second mem-
ory bus and activates memory as
commanded by the LmpI card.

Communication between LMpI and
RMPI cards is asynchronous to allow
flexibility in cable length. To allow
private areas in remote memory, the
RMPI card can prevent access to por-
tions of remote memory.

Configuration flexibility provides
solutions to various industrial, real-
time, and scientific problems. In a
4M-byte dedicated memory configura-
tion, system performance can be en-
hanced by adding 3M bytes of dedi-
cated remote memory within two ex-
pansion cabinets, one containing the
memory expander. A shared config-
uration may have a private address
space with all other memory avail-
able to both computers. In a multi-
processor environment, up to four
computers may access a single exoan-
sion cabinet containing 2M bytes of
memory. Total system memory may
consist of a variety of module sizes,
but must be the same technology
(eg, core or RAM).

Memory cycle times may vary de-
pending on configuration and appli-
cation. Effective cycle time with 4-
way interleaving is approximately
twice as fast as with 2-way inter-
leaving. Some typical cycle times are
125 and 250 ns for 4- and 2-way
interleaving with 128k bytes of mos,
and 225 and 450 ns for 128k bytes
of core. Through a memory port
interface, a write word operation
requires 600 ns/transfer; a read
word, 700 ns/transfer; and a pmp
output takes place at a 1-MHz rate.
Circle 175 on Inquiry Card

Expanded Business System
Offers Additional
Flexibility

In addition to cost-performance
values the fully programmable Sys-
tem 200 small business computer
provides the flexibility to meet future

data processing requirements. By ex-
panding the system from a bundled
9-module basic accounting system,
Basic Four Corn, po Box C-11921,
Santa Ana, ca 92711, has given users
the option of upgrading to a System
410, opening an entire range of
canability.

Standard configuration of the sys-
tem consists of cpu with 10M byte
fixed disc storage, 32M-byte system
memory, 8k-byte user memory, one
video display terminal, 120-char/s
bidirectional printer, and 2.3M-byte
magnetic tape cartridge drive. Base
price is $24,990. Disc storage ex-
pands to a maximum of 20M bytes
in increments of 5M bytes; main
memory expands to 48k and 64k
bytes. An additional vbr may be
used with the system, and 150-line/
min or 160-char/s printers are avail-
able as options.

Circle 176 on Inquiry Card

Solid State Data Recorder
Achieves Accuracy With
Light Gate Array

HR-2000 Datagraph®, a solid state
direct writing, analog signal record-
er, achieves high fidelity and accur-
acy through use of a programmable
light gate array that eliminates prob-
lems of linearity, overshoot, beam de-
flection, inertia, and torque. De-
veloped by Bell & Howell, cec Div,
360 Sierra Madre Villa, Pasadena,
ca 91109, the unit records up to 28
channels of data. It is capable of
recording incoming signals up to 5
kHz and can record high frequency
transient signals that have previous-
ly gone unseen.

The system is based on a concept
developed at Sandia Laboratories that
involves a special ceramic material
which is transparent to light. This
material, a ferroceramic compound
based on lanthanum modified lead
zirconate titanate (pLzT), acts as a
light shutter. When no field is ap-
plied, light passes through a wafer
unchanged; when a field is applied,
the material's crystal orientation
changes, thus altering the index of
refraction and causing a virtual ro-
tation of an incoming wavefront of
light.

The light gate array within the
system consists of a sandwich of op-
posing polarizing filters applied to
either side of a precision pattern of
electronic gates. 80 such gates per
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Want 400-1600 Kbytes? Choose our SA801/
851 series. With the SA801 8-inch floppy,
you have a choice of 400 or 800 Kbytes in
single or double density, on the same drive for
_ the same price. More than 400,000 of these
standard-setting drives have been specified
® by OEM's around the world. They know that
they can count on Shugart's proprietary
read/write head technology to deliver media
life of over 3.5 million passes per track, and
head life of more than 15,000 hours. That's
headstrong performance. And the double-
sided SA851 drive gives you even more capacity.
It stores 800 to 1600 Kbytes using single or double
density recording. The 851's proprietary Fasflex™band
actuator improves track-to-track access time to a fast
3 ms. There's also a programmable door lock and
write protect. The headstrong SA801/851.

Solid performers from the leader in floppy technology.

Moving up to 14.5-29 Mbytes? Check the SA4000 fixed disk drives.
They come in 14.5 and 29 Mbyte versions with the lowest
cost per Mbyte in their capacity range.
You can get an optional 144 Kbytes
of head-per-track storage, too. And
these newest members of the Shugart
Y family of high performance, low cost
Rl disk drives use proven Winchester
head and media technology to en-
sure better data integrity and longer
trouble-free life. The Fasflex™ Il band
actuator reduces heat dissipation to
200 watts (typical) and requires no
field adjustments. The drives weigh
only 35 pounds, use only 5.25-inches
of panel space, and mount easily ina
RETMA rack. You can lower your
systems costs too, because SA4000
drives can share a power supply with
your floppy drives. The SA4000 fixed disk
drives. The head of the family in capacity
and cost/performance.




Need 110-440 Kbytes? The famous Minifloppy ™
is the right choice. The Minifloppy stores from 110
to 440 Kbytes in a package about half the size of
a standard floppy. We invented the Minifloppy
family just two years ago and there are already
well over 150,000 installed world wide.
Compact size, reliability, and lowest cost per
function are the reasons. Minifloppy drives have
the same headstrong read/write head technology
as their big brothers. The servo-controlled DC drive
motor eliminates AC power requirements and the simplified
actuator with direct drive spiral cam gives you track-to-track access

as fast as 25 ms. The little drives offer the lowest heat dissipation of
any floppy drive and feature positive media insertion, write protect, and

activity light. Minifloppy. The original, and still the most popular

5%-inch floppy drive in the world.

trong family.
capacity.

The Shugart Family. Headstrong and proud of it. We're headstrong about our commitment to
our customers. This means supplying you with a family of highly reliable, low cost disk drives in the
quantities you need. And it means providing you with the best technical support and documentation in
the industry. But it goes deeper. Like maintaining in-house control over the design and manufacture of

100% of our floppy read/write heads. And the continuing invest-
ment of financial and human resources in the development 29 Mbytes
of new products and the most modern high volume
manufacturing facilities in the business. This is the
commitment that keeps our family growing. 14.5 Mbytes
Headstrong? You bet. And proud of it. Shugart
Associates Headquarters: 435 Oakmead Park-
way, Sunnyvale, California 94086 (408) 733- 800/1600 Kbytes
0100; West Coast Sales/Service: (408)
737-9241; Midwest Sales/Service:
(612) 574-9750; East Coast Sales/Service:
(617) 893-0560; Europe Sales/Service: Paris
(1) 686-00-85; Munich (089) 176006;
Shugart products are also available off the
shelf from local Hamilton Avnet outlets.

A Shugart BEEE
The Headstrong Company ‘
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inch each 0.0125” (0.3175 mm) wide
are formed by depositing electrodes
on modular wafers of pLzZT material
using photomask thin film deposition
methods. A 12" (30.5-cm) wide
array contains 960 light gates, while
an 8” (20.3 cm) wide array has
640, providing high resolution.
Incoming analog signals are di-
rected to voltage to time converters,
which impress the data on a ramp
voltage. This voltage effectively as-
signs the signal to a specific gate
or sequence of gates in the array
according to the signal amplitude
to time relationship. Application of
the voltage to the gate terminals
establishes an electric field across
the crystalline structure within the
gate area, rotating the wavefront of
collimated light that is supplied by
a mercury arc lamp. This rotation
allows the light to pass through the
normally opposing output filter.
Passing light is focused by a lens
as a spot on the direct print record-
ing paper. Exposure of the paper to
ultraviolet light transforms the latent
spot images into visible data.
Individual gates in the array act

Turn-on and turn-off times are on
the order of 1 or 2 us. Each gate
remains open for 20 us, the length
of time it takes to scan the full
array. Since focal length and beam
deflection angles are nonexistant,
and the final collimating lens dis-
tance from array to paper is constant
across the entire width, linearity is
directly proportional to precision of
the photomask used to produce the
gates. In addition, the technique
produces the same instantaneous spot
exposure times on fast and slow
moving traces, and vyields constant
light intensity at both high and low
frequencies.

The universal paper transport de-
sign allows use of standard sizes of
direct print recording paper up to
12" wide. Convenience features in-
clude B-interval timing, trace identi-
fication, automatic record length,
coarse/fine grid line selection, and
paper speed selection from 0.01 to
129 in (0.025 to 327.66 cm) /s. An
appropriately positioned mirror as-
sures proper recording position by
permitting the actual recording point
to be viewed during set up and data

as solid state digital light shutters.  runs. Circle 177 on Inquiry Card
CONCAVE MIRROR
/ LIGHT GATE ARRAY
. GATE OPEN

UV LAMP

GATES OPEN
SEQUENTIALLY
OVER THIS RANGE

waveform

Light gate array within Bell & Howell's HR-2000 Datagraph can be scanned
in 20 us, providing capability of recording signals up to 5 kHz. For the
dynamic sine wave trace shown, data commands address adjacent gates
which open and close in relation to the polarity and amplitude of data

Computer Systems Supply
Power/Performance With
Pipeline Architecture

Series 800 computers, S850 and S870
perform 1.8 times faster than previ-
ous S500 systems and can support
up to 128 interactive users. Demon-
strated by Harris Corp, Computer
Systems Div, 2101 W Cypress Creek
Rd, Ft Lauderdale, L 33309, the sys-
tems incorporate a 48-bit pipeline
architecture, cache memory, and an
advanced diagnostic unit.

Utilization of the systems is ac-
complished through multiple batch
operations, various interactive termi-
nals, remote job entry, or direct con-
nection to instrumentation or control
apparatus. Interfaces can be engaged
simultaneously with precedence and
priority established by the wuser.
System power can be concentrated
on a single task or dynamically dis-
tributed to concurrent solution of
smaller tasks.

Full word (48-bit) floating point
operations use an 8-bit exponent and
39-bit mantissa. Double-precision op-
erations provide greater accuracy
where required.

Upward compatible extensions of
§$100, S200, and S500 systems, the
S850 supports up to 96 users, the
S870 up to 128. Running under the
VULCAN virtual memory operating
system, each can perform concurrent
timesharing, multistream batch, re-
mote job entry, and realtime pro-
cessing.

Each system can directly address
up to 3072k bytes of mos memory.
A 6k-byte cache memory provides
separate rapid access storage for in-
structions and data. Hit rate has
been demonstrated to be above 90%
providing an effective overating ac-
cess time of one-tenth that of main
memory.

An integral scientific arithmetic
unit in the S800 is a hardware float-
ing point processor that enhances
program performance in scientific
and engineering applications. An-
other standard feature of this ma-
chine is the maintenance aid pro-
cessor which acts as a diagnostic
tool, providing selective, online mon-
itoring and control of computer
logic.

A standard S850 consists of series
S800 cepu, 960k-byte main memory,

COMPUTER DESIGN/SEPTEMBER 1979



How to put uP with the mad, mad
world of product development.

Futuredata launches
support for 10 more
processors.

We can help you stay ahead in the

race for new microprocessor-based
product designs. Our universal 2300
series Advanced Development Systems
already support five chips . . . now
we're adding support for ten more.

Assemblers are available now for all 15
processors. High level language com-
pilers, relocating macroassemblers,
disassembling debuggers, in-circuit
emulators and logic analyzers are
ready now for the 8085, 8080, 6800,
6802 and Z-80. This full level of
software/hardware support will be

added in the

coming year for ten

more processors, giving you the
widest choice of processors ever:
8086, Z-8000, 6809, 3870, 3872, 3874,
8048, 6502, 1802, 6801, 8080, 8085,
6800, 6802 and Z-80.

There is no finish line in this race. To
stay ahead you need a flexible, expand-
able development system and a sup-
plier with staying power: 2300 series
advanced hardware/software develop-
ment systems, stations and networks
from GenRad/Futuredata. Sales
office: 6151 West Century Boulevard,
Suite 1124, Los Angeles, CA 90045.
(213) 641-7200. TWX: 910-328-7202.

WESCON Booth No’s 1635-1637

ENE

GenRad
futuredata
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5 b 1.52" WRITE TODAY for full speci-
fications on these available
fans. You'll save lots of time
— takes just 1.43” more space — and money.

HOWARD INDUSTRIES — One North Dixie Highway, Milford, lllinois 60953 — Phone: (815) 889-4105
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12,288k-byte virtual memory, system
console crr with keyboard and con-
troller, map console crr with key-
board, 80M-byte storage module drive
with controller, and pmaA communi-
cations processor with two dual asyn-
chronous ports or one single syn-
chronous port. An S870 offers 2112k
bytes of Mos memory, 12,288k bytes
of virtual memory, cpu, system con-
sole, Map console, 300M-byte stor-
age module drive, 9-track, 45-in/s
magnetic tape unit, 600-line/min
printer with controller, pmMA com-
munications processor, and memory
expansion unit.

Both systems are supported by the
VULCAN operating system, interac-
tive text editor, support libraries,
and language processors. Included in
these languages are the company’s
macroassembler, cosoL, sNOBOL, and
FORGO. VULCAN also supports the
company’s multipass FORTRAN 77, a
multiuser ApL language based on
APL shared variables, total database
management system, and interactive
BASIC language.

Circle 178 on Inquiry Card

16- and 32-Bit Computers
Adapt Readily to
Changing Requirements

NOrRD-100 and -500 computer sys-
tems meet requirements covering the
range from small dedicated units to
large multimachine systems. Devel-
oped by Norsk Data, as, Lindeberg-
veien Nord 20, ro Box 4, Lindeberg
Gard, Oslo 10, Norway (available in
the u.s. through Norsk Data Na, Inc,
65 William St, Wellesley, ma 02181),
the machines communicate direct-
ly by means of interactive terminals.
Both hardware and software are
capable of reacting to time-critical
events. The operating system pro-
vides capability of handling real-
time applications for externally con-
trolled processes, timesharing for
program development, transaction
processing for administrative appli-
cations, and online database opera-
tion for periodic or low priority tasks.

An advanced single-card minicom-
puter, the NOmRD-100 wuses bit-slice
components to reduce the cpu from
16 cards to a single 28 x 37-cm
multilayer card. This 16-bit paral-
lel microprogrammed processor exe-
cutes bit, byte, single-, double-, and
triple-word, and register file instruc-

64

tions. The cpu has an 180-ns in-
ternal cycle time. All instruction
execution is in firmware using a 2k
x 64-bit rom. Instruction prefetch
increases performance. A 256-word
x 64-bit writable control store al-
lows dynamic microprogramming.
Both fixed and floating point arithme-
tic are standard.

A plug-in operator console is op-
erated by a microprocessor that is
independent of the program being
run in the cpu. The console includes
a digital clock that runs on a bat-
tery in the event of power failure.
If power fails, the system is auto-
matically restarted and the com-
puter clock is set by the digital
clock; an automatic fault-finding
routine is simultaneously initiated
from the cpu.

Modularly designed, the -100 sys-
tem adapts to changes in routine. It

is capable of addressing up to 32M
bytes of main memory and an addi-
tional 2304M bytes of disc storage.
64k- or 128k-byte memory modules
are available. An optional 2k-byte
cache memory increases speed. Cache
is organized as a 1k x 31-bit lookup
table, and is homogeneous—it does
not discriminate between data words,
instructions, or indirect addresses.

A 32-bit multiprogrammed com-
puter, the Nomrp-500 is capable of
executing programs requiring up to
4300 bytes of logical address space
and another 4300M bytes of data.
The system is designed specifically
for large calculation tasks such as
simulation, numerical analysis, and
scientific.

With the 32-bit architecture neces-
sary to accommodate very large
programs, the unit incorporates high
capacity cache memory, prefetching

] BANK O LT M- BYTE
[ x 2 L BANKD e
CACHE

NORD-100 CPU

INPUT/OUTPUT SYSTEM

g = [

e

LINE PRINTER,
300, 600,1000
LINES/ MiIN

NORD-500 frem Norsk Data uses 32-bit architecture with
high capacity cache memory, efficient instruction reper-
toire, prefetching of data and instructions, and high speed
floating point hardware. Dual computer system consists
of -500 CPU, executing. large user programs, integrated
with -100 minicemputer, which runs the multimode, multi-
user operating system and performs all I/0 handling, job
scheduling, and resource allocation. Up to 64 users can
access the system and share up te 32M bytes of MOS
memory and 2300M bytes of disc storage

37M BYTES

288M BYTES
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of data and instructions, and high
speed floating point hardware. The
dual computer system consists of a
-500 cpu, which executes large user
programs, integrated with a -100
minicomputer that runs the multi-
mode, multiuser SINTRAN I/vs op-
erating system, and performs all
1/0 handling, job scheduling, and
resource allocation. A  multiport
memory system allows shared access
between the -500, -100, and 1/0 de-
vices. Additional -500 processors
with hardware augmented with 32 /64-
bit floating point multiply/divide
can be connected to act as a multi-
processor system supervised by a
-100.

Included in the -500 cpu are a
set of programmer accessible special
and general purpose registers as
well as a scratchpad file accessible
only by the microprogram. Micro-
code for execution of machine level
instructions resides in control store.
Standard instruction set as well as
routines for context switching and
communication with the supervisory
processor are implemented in ap-
proximately 72k bytes of rom.

A prefetch processor handles pre-
decoding and assembling of machine
level instructions in the pipeline and
initiates data fetch cycles for mem-
ory reference instructions. By keep-
ing the pipeline full, this processor
assures minimum idle time.

Separate but identical memory
management systems (MMs) are pro-
vided for instructions and for data.
MMs maps the 32-bit logical byte
address into a 25-bit physical byte
address used to address main mem-
ory. A multilevel table lookup pro-
cedure is used to convert from log-
ical to physical address. The system
acts to protect sections of memory
designated as read only or system
data.

Cache is also made up of two
separate but identical memories for
instructions and for data. Cache
words can be 32, 64, or 128 bits
wide; depth is 4k words. Cache is
addressed by logical address from
the cpu and is byte addressable. It
has a 110-ns access time.

All system memory is shared be-
tween the system’s processors and
1/0 devices. The multiport memory
can be established with 2, 4, or 8
1- or 2-bark racks and with 4- to
16-way interleaving, depending on
the number of banks used. Four inde-
pendent paths to memory are pro-
vided: the -500 uses two, the -100

10
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Implemented in bit-slice modules, the NORD-500 CPU provides
a full 32-bit addressing scheme. Main memory can range from
128k to 32M bytes formed from 16k MOS RAM chips with error
checking and correction. Separate data and instruction caches
resolve address conflicts and result in high hit rate. Prefetching
processor decodes codes and specifiers, and performs address
calculations while the previous instruction is executed in the

uses one, and the other is used for
pMma from high speed peripherals.

Running on the -100 system super-
visor the SINTRAN m1/vs operating
system incorporates a sophisticated
NORD-500 MoNITOR. All management
functions are handled by the operat-
ing system, leaving the -500 cpu free.
Features of the operating system
include a time-slicing mechanism,
output spooling, and integrated file
system. Resource sharing capabilities
permit concurrent activities in inter-
active, realtime, and local and re-
mote batch modes.

Programming languages include
an ANsI 77 based FORTRAN, ANsI1-74
COBOL, BASIC, RPG I, and macro-
assembler. Pascal, Simula, and coravr
66 are available. Library functions
include QED text editor, siBAs data
base system, relocating loader, 1sam,
screen handler, data entry system,
transaction processing system, packet
switching system, file utility, sort
package, and scientific subroutines.
Circle 179 on Inquiry Card

Single Component Resins
Offer Epoxide Performance
With Processibility

ARNOX™ resins, a family of high
performance epoxides, are versatile
rapid cure materials that respond to
demands of mass production. De-
veloped through intensive research
conducted by General Electric’s Cor-
porate Research and Development
Center in Schenectady, Ny and Plas-
tics Division R & D Facility at One
Plastics Ave, Pittsfield, ma 01201, the
resin cuts cure time and solves prob-
lems relating to storage, handling,
and batch consistency. The resin can
be compression and transfer molded
without refrigeration or special han-
dling of resin supplies. It can be
injection molded, and can be used
in low pressure liquid processes.
Featuring single-component epox-
ide technology, the system requires
no component mixing to initiate the
curing process. Cure is thermally
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TRW keeps you ahead in digital signal processing

A monolithic

16-bit, 115 nsec

multiplier/accumulator

Use our new TDC 1010J multiplier/
accumulator (MAC) to build a high-
speed digital signal processor.
With it you can analyze radar signals
or X-ray data; communicate with
satellites or computers;synthesize
complex waveforms—even music.
A small FFT processor based on
TRW'’s new MAC operates as a
spectrum analyzer too—add one to
your mini or micro and
you don'’t

have to a1 11 1]
i tﬁ?ﬁ“ J
TR

lug mas- 7] J

sive amounts of data back to a
number-crunching mainframe for
reduction;you can reduce it right
there on site and in real time!

It can analyze voices, earth-
quakes, geological soundings and
submarine signatures. It can recog-
nize a sticky valve in an automobile
engine or in a human heart.

There was a time when the
phrase “FFT processor’’ conjured
up the image of an entire bay of
sophisticated electronic hardware,
but that's all changed now.

Starting with just a single TDC

CIRCLE 36 ON INQUIRY CARD

1010J, you can design your own

FFT processor on a small pc card.

It will operate on just a few Watts and
the CPU's microcode need never
even touch the data.

Simply strobe any pair of 16-bit
numbers into the MAC's on-chip
input registers and zip—the chip
delivers the correct 32-bit product
for you in a mere 115 nsec.

An on-chip, 35-bit wide accumu-
lator lets you choose to sum a series
of products with no time penalty;
that’s both a double-precision multi-
ply and a 35-bit add in the same
115 nsec!

Flexibility is a key feature of the
TDC 1010J—it works on numbers as
either two’s complement or unsigned
magnitude; the 35-bit accumulator
can be directly pre-loaded, and you
can round off the accumulated
products to single precision.

Our new MAC is fully compatible
with industry standards TTL.(It should
be—after all, TRW invented TTL

and patented it back in the early '60's,

remember?) Of course, 3-state
output buffers are provided.

TRW'’s TDC 1010J multiplier/
accumulator is packaged in a 64 pin
DIP It consumes just 32 Watts,
uses a single + 5V supply and is
radiation hard. It is priced at only
$205 in quantities of 100.

These products are now in
stock at Hamilton/Avnet.

For immediate information
call 213/535-1831 or send in
coupon. If you can wait several
weeks, use reader service card.

[ ]
TRW LS| Products

An Electronic Components Division of TRW Inc
P.O.Box 1125
Redondo Beach, CA 90278

Please send data sheets on the new TDC 10104,
16x16 bit multiplier/accumulator.

Name

Company

Div/ Dept Mail Code

Address

City

State Zip

cbg/79 1

TRW/ s probucts
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triggered at a specific temperature
in the 250 to 350 °F (121 to 176 °C)
range. At lower temperatures the
resin is stable, requiring no refrig-
eration or special handling. Cure
rates, however, are exceptionally
fast, providing processibility.

Three series of resins are avail-
able. 1000 series is a black graru-
lar resin designed for high perfor-
mance compression and transfer mold-
ing. A pelletized, colorable, injec-
tion moldable material, 2000 series
combines high heat and impact per-
formance with high volume injection
molding technology. This material
is suggested for metal replacement
applications in heated appliance
parts, motor frames, and other ap-
plications where thermal and en-
vironmental stability combined with
electrical performance are required.
3000 series resin is a liquid material
for pultrusion and filament winding.
Circle 180 on Inquiry Card

Instruction Set Allows
Vector Processing
On Minicomputer

Vector instruction set allows vector
processing operations, formerly the
province of supercomputers, to be
performed on midscale Bp 1000 F-
series minicomputers. Introduced by
Hewlett-Packard Co, 1507 Page Mill
Rd, Palo Alto, ca 94304, the instruc-
tion set accomplishes vector opera-
tion by relatively simple FORTRAN
commands at speeds 4 to 10 times
faster than before possible.

Offered as optional equipment on
HP-1000 F series computers or as a
retrofit to earlier systems in the
series, the instruction set gains its
speed from an architecture that al-
lows pipelining of data to the sys-
tem’s floating point processor and
from elimination of the loop over-
head formerly associated with vector
operations. The result is inversion of
a 100 x 100 matrix, for example,
in 12.25 s. Capability for handling
matrices of up to 600 x 600 is pro-
vided by the extended memory area
of the RTE-1VB operating system which
allows direct addressing of data
arrays of almost 2M bytes from a
user program.

The vector instruction set includes
38 new vector instructions that are
used to replace the FORTRAN DO

68

loops previously needed to define
necessary interactive operations. Vec-
tor addition, for example, replaces
a 25-character instruction with vapb,
and executes 10 times faster than
the po loop replaced. Instructions
are provided for vector-vector and
vector-scalar arithmetic, as well as
products, pivot, swap, and maximum/
minimum operations.

Circle 181 on Inquiry Card

CPUs Extend
Mainframe Family Into
High Performance Range

Geared to meet needs of sophisti-
cated large scale users, as/7 model
7033 and as/8 model 7034 offer the
reliability of their predecessor, the
As/6, as well as greater computer
power at lower cost than is currently
available. Developed jointly by Itel
Corp, Data Products Group, One Em-
barcadero Ctr, San Francisco, cA
94111, and Hitachi Ltd of Japan, the
units incorporate modular architecture
and make use of wsi logic compo-
nents. Like the mMm 4300 and ex-
pected “H” series, the units run in
370/303X compatibility mode.

Internal performance of the as/7
model 7033 dual processor complex
is claimed to equal or better that
of the 18M 3033 when operating un-
der identical programs and similar
system configurations. Modular archi-
tecture and dual processor concept
of the system provide increased sys-
tem availability and result in im-
proved performance. Appearing to
the user as one cpu, the dual pro-
cessor complex offers a simplified
operating  environment, improved
scheduling, and enhanced utilization
of system resources when compared
to multiple unit processor environ-
ments.

As/8 model 7034 offers internal
performance claimed to be 1.6 times
that of the as/7. Featured are wLsi
semiconductor technology, modular
architecture, and air cooling. Operat-
ing speed is provided by the use of
550-gate Lsr and bipolar rams. Ex-
pandable memory capacity, firmware
microcode flexibility, and wupgrade
models are planned to support large
user complexes beyond single unit
configurations.

Circle 182 on Inquiry Card

Grayhill Switches and Keyboards
are distributed by

ALABAMA
Huntsville—Powell Electronics
ARIZONA
Phoenix—Kachina Electronic Distr.
Tucson—Inland Electronic Supply
ARKANSAS
Little Rock—Carlton-Bates
CALIFORNIA
Los Angeles—Electric Switches
Fisher/Brownell
Riverside—Electronic Supply
San Diego—Fisher/Brownell
Richey Electronics
Santa Clara—Fisher/Brownell
Sunnyvale—Powell Electronics
Sun Valley—Richey Electronics
COLORADO
Denver—Electronic Parts
Newark Electronics
CONNECTICUT
Bethel—Heilind Electronics
Greenwich—Wise Components
Wallingford—Midan Electronics
FLORIDA
Miami Springs—Powell Electronics
Oakland Park—Peerless Radio
Orlando—Hammond Electronics
ILLINOIS
Addison—LCOMP-Chicago
Chicago—Newark Electronics
Elgin—Allied Electronics
Elk Grove Village—Pioneer/Chicago
Northbrook—Classic Components Supply
Peoria—Klaus Radio
INDIANA
Evansville—Hutch & Son
Ft. Wayne—Ft. Wayne Electronics Supply
Indianapolis—Graham Electronics
Ra-Dis-Co
South Bend—Radio Distributing
I0WA
Cedar Rapids-—Deeco
KANSAS
Wichita—Radio Supply
MARYLAND
Beltsville—Powell Electronics
Gaithersburg—Pioneer/Washington
Rockville—Capitol Radio Wholesalers
MASSACHUSETTS
Dedham—Gerber Electronics
Hingham—Sager Electric Supply
North Adams—Electronic Supply Center
Worcester—R.M. Electronics
MICHIGAN
Livonia—Pioneer/Michigan
R.S. Electronics
Oak Park—Newark Detroit Electronics
St. Claire Shores—Spemco
MINNESOTA
Minneapolis—Newark Electronics
St. Paul—Gopher Electronics
MISSISSIPPI
Jackson—Ellington Electronic Supply
MISSOURI
Kansas City —LCOMP-Kansas City
Maryland Heights —LCOMP-St_ Louis
St. Louis—Olive Indust. Electronics
NEBRASKA
Lincoln—Scott Electronic Supply
NEW HAMPSHIRE
Hudson—Heilind Electronics
NEW JERSEY
East Hanover—State Electronics Parts Corp
Springfield—Federated Purchaser
NEW MEXICO
Alburquerque—International Electronics
NEW YORK Walker Radio Company

Binghampton—ASI Electronics
Bohemia—Car-Lac Electronic Industrial Sales
Buffalo—Summit Distributors
Farmingdale—Arrow Electronics
Lynbrook—Peerless Radio
Rochester-—Simcona Electronics
Vestal—Harvey/Federal Electronics
NORTH CAROLINA
Greensboro—Hammond Electronics

Pioneer Carolina
Raleigh—Southeastern Radio Supply
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Cincinnati—Hughes-Peters
URI Electronics
Cleveland—Pioneer/Cleveland
Columbus—Hughes-Peters
Dayton—ESCO Electronics
Pioneer/Dayton
OKLAHOMA
Oklahoma City—Electro Enterprises
Tulsa—Oil Capitol Electronics
OREGON
Portland—United Radio Supply
PENNSYLVANIA
Erie—Mace Electronics
Harrisburg—Cumberland Electronics
Philadelphia—Aimo Electronics
Herbach & Rademan
Powell Electronics
Pittsburgh—Cam/RPC
Pioneer/Pittsburgh
Reading—George D. Barbey
RHODE ISLAND
Warwick—W.H. Edwards
SOUTH CAROLINA
Columbia—Dixie Electronics
Greenville—Hammond Electronics
TENNESSEE
Nashville—Electra Distributing
TEXAS

Dallas—Solid State Electronics
Supp!

El Paso—International Electronics

Fort Worth—Allied Electronics

Houston—Harrison Equipment
Kent Electronics

Stafford—Southwest Electronics

H
Salt Lake City—Standard Supp!
VIRGINIA Y pe
Richmond —Sterling Electronics
WASHINGTON
Seattle—Interface Electronics
WISCONSIN
Milwaukee—Marsh Electronics
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Grayhill
totally sealed
DIP
switches

better than ever
better than others

m 2

Total sealing

Each Grayhill SPST Rocker DIP Switch is now
potted as part of the assembly process, to provide a
more professional and economical bottom seal, with
maximum seal integrity. Flux entry during wave
soldering is totally prevented; contamination is
eliminated; reliability is enhanced; and prices are
unchanged. . . there is no cost premium for this im-
portant new feature. Grayhill also offers 3 topside
sealing options, for raised or recessed rockers—a
tape seal, applied at Grayhill; cards of tape seals, for
your application; or re-usable protective covers.
Whichever you choose, you get complete freedom
during PC Board cleaning.

Cxceptional reliability
All Grayhill DIP Switches incorporate our exclusive
spring-loaded, sliding ball contact system. This
highly reliable contact system provides positive wip-
ing action, immunity to normal shock and vibration,
and exceptional 50,000 cycle life.

Wide ranging choice

Grayhill Sealed Base Rocker DIP Switches are available
SPST, from 2 to 10 rockers, with raised or recessed rockers.
Grayhill also provides the Piano DIP™ SPST side-actuated
DIP Switch, sealed; the Toggle-DIP (SPDT or DPDT) for

front panels, plus SPDT or DPDT back panel programming
DIP Switches.

Off-the-shelf
distributor availability
Procurement made simple—call Grayhill or your local

distributor, for off-the-shelf delivery of most types. Only
Grayhill offers you this purchasing convenience!

Make sure you have your copy of the most recent
DIP Switch Catalog . . . free on request.
hill
’ay { / the Difference Between Excellent and Adequate

561 Hillgrove Avenue * LaGrange, IL 60525« (312) 354-1040
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1.2G-Byte Disc Subsystem
Uses Intelligent Switching,
Winchester Technology

Model 3652, a dual-spindle, double-
capacity version of the 3650 drive,
provides 1.2G bytes of stored data
per module, yet occupies the same
area as the 3650. Announced by
Memorex Corp, Large Storage Systems
Group, San Tomas at Central Expy,
Santa Clara, ca 95052, the unit in-
corporates advanced Winchester tech-
nology and high performance fea-
tures that significantly improve sys-
tem throughput.

Among the features that achieve
improved throughput is the intelli-
gent dual interface. This feature
provides dynamic dual-port access
to each disc drive spindle, 2-string
switching, and automatic backup of
the disc string via one of two con-
trollers. The interface provides the
intelligence necessary to direct data
flow to the appropriate channel. As
a result, disc strings are always
available, even if one of the two
controllers is busy. In a 2-cpu en-
vironment this gives both computers

simultaneous access to both strings.

The 3652 offers optional fixed
head storage capacity of 2.28M bytes/
spindle. It has an average access
time of 22 ms with standard moving
heads and a data transfer rate of
1.198M bytes/s. To accommodate its
6350-bit/in  (2500/cm) recording
density and to meet head to track
alignment requirements the unit in-
corporates head/disc assembly tech-
nology. HpA achieves highly reliable
performance and maximum data in-
tegrity by combining critical equip-
ment components such as read/write
heads with the discs in an environ-
mentally sealed unit.

Another design feature is its built-
in microdiagnostic fault isolation
aids. These assure maximum system
reliability by allowing problems to
be diagnosed down to the smallest
field replaceable unit rather than
to the component. Modular packag-
ing of components further eases main-
tenance by isolating each function
to one specific pc board.

Other user oriented features en-
compass full track read, which
allows data on one track to be read
from one command; error correction,
which detects single-error bursts up

to 10 bits in length and corrects
single-error bursts of up to four
bits; and command retry, which en-
ables the storage control unit and
channel to recover from subsystem
errors. Rotational position sensing
allows for channel disconnect dur-
ing most of the rotational latency
period giving greater channel avail-
ability. Enabling the read only
switch prevents writing or erasure
of previously recorded data. A write
format release enhances subsystem
performance by permitting a single
spindle to continue an erase from
the end of a formatted write while
freeing the rest of the subsystem for
other functions.

From the systems standpoint, the
subsystem is compatible with the
3650 and is supported by the 3674
storage control unit. In large con-
figurations it may be expanded via
the 3675 storage modules and con-
trollers and from one to twelve
3652 storage modules. The subsys-
tem is totally compatible with 1BM
System/370 models 158 and 168,
BM Systems 3031, 3032, 3033, 4341,
Amdahl 470 V series, and other
compatible processors.

Circle 183 on Inquiry Card

TO
CHANNEL

3674 STORAGE CONTROL UNIT

S

v v

CONTROLLER DRIVE

Providing users with 1.2G-byte capacity, Memorex’s 3652 disc storage subsystem can be intermixed with
existing 100M-, 200M-, 317.5M-byte drives, permitting efficient reconfiguration for balancing backup and load

70
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INTRODUCING THE AUTOMATIC
CARD TESTER YOU CAN'T OUTGROW.

EMULATION/

OPTION;

Allows you

to generate
your own test
programs
without buying
an expensive

HIGH-SPEED CLIP
OPTION: Permits faster,

more accurate testing of

sensitive, high-speed boards
by minimizing cross-talk

ADVANCED FAULT
RESOLUTION (AFR)
OPTION: Isolates and iden-
tifies any faulty component
by part number and location.

stand-alone
system.

ANALOG
OPTION:

and loading.

REAL-TIME OPTION:
Permits high-speed testing
of microprocessor—and LSI

based boards.

Greatly sim-
plifies the
testing of both
analog and

hybrid boards.

One year on-site warranty
on entire system.

You're looking at a
CAPABLE™ Tester from
' ComputerAutomation.
But what's more important,
youre looking at an automatic card
tester that's truly modular in design.

And that makes it totally different from any other brand
of tester on the market today.

Designed-in modularity means no matter how complex
your boards become, they can't outgrow a CAPABLE Tester.
Designed-in modularity means the end of expensive
overbuying, too. Because with a CAPABLE, you simply buy
what you need — when you need it.

An Ample Example.

Take our CAPABLE Tester Model 4100. It's perfect for
fast production-line testing and fault isolation. While keep-
ing overall costs down.

What's more, you get all the basics. A powerful
ComputerAutomation LSI-2 computer. 32K words of mem-
ory. A rugged floppy disk drive. A full-function CRT. Plus
a comprehensive software package that includes computer
Guided Fault Isolation (GFI), Fault Detection Verification
(FDV) and Automatic Fault Isolation (AFI).

Where you grow from there, though, is entirely up to you.
. You can keep things small, relatively specialized. Or,

you can build your CAPABLE up into a model like the

i ofﬁmxmu-d in Dullu"l"X; Wl L8, Bl Clrsocte Vs St s Gk Woacring, Oty ot Totsass

4400 (as shown) to test complex boards containing LSI.
VLSI and microprocessor components.
No more growing pains. Ever.

The CAPABLE's designed-in modularity makes it
remarkably easy to add-on whatever you need. More pro-
grammable pin modules. Real-time testing. Advanced
Fault Resolution (AFR). Or an analog test option.

You can even expand your CAPABLE into a full-
blown Logic Simulation System and develop your own
test programs.

Best of all, no matter how far you grow, Computer-
Automation provides you with all the operating software
you need —absolutely free —including enhancements,
updates and new features.

So, before you buy an automatic card tester that will
literally stunt your growth, look into the CAPABLE Family
from ComputerAutomation.

We have a way of growing on you.

pet CAL Lxd 44 27324!40 CAl Gom. b H.,40-61033627.
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The HP 2621: sim

Simple doesn't have to mean unsophisticated.
The proof is in our new CRT terminal, the HP 2621.

Before building it, we took a long, hard look at
the way you use a simple terminal. Then we took the
knowledge gained in more than 10 years designing
computer products and applied it to engineering an inter-
active character-mode CRT terminal from the .user’s
point of view.

The outcome was actually two models. The HP
2621A, which sells for $1450. And the HP 2621P, which
has a built-in printer, costs $2550. You obviously want
the sharpest display made. So we used the 9x15
character cell you see on every HP CRT terminal,
including the top-of-the-line. And, to help you look back
at the data you’ve entered, we provided two full pages
of continuously scrolling memory.

We designed the keyboard like the familiar type-
writer, so you don’t have to waste time relearning it. We
built in eight function keys, too. These control the cursor,
rolling and scrolling. And, to make life easier, they're
labeled on the screen for self-test, configuration, display
and editing.

Editing? On a simple terminal? Certainly. We
included character and line insert and delete, clear line
and clear display. And, since the 2621 keeps your input
separate from your CPU’s, you can edit data before
sending it to the computer. All without writing a line of
system software.

Since flexibility is important in interfacing, we
included a user-definable return key that will send your
computer whatever code it expects. We also made our
terminals compatible with RS232C and Bell 103A, and

[J I'd like to know more about HP’s new 2621A and 2621P with
built-in hard copy.

[ I'd like to see HP’s new 2621A and 2621P with built-in hard copy.
[0 I'd like to know more about HP’s complete family of terminals.

Name

Title

Company
Address

Phone

Mail to Hewlett-Packard, Attn: Ed Hayes,
Marketing Manager, Data Terminals Division, Dept. 1247,

|
|
|
|
:
|
|
|
|
|
|
|
|
|
|
|
|
19400 Homestead Road, Cupertino CA 95014. :

able to communicate with your CPU at 110 to 9600 baud.

If you need hard copy at your fingertips, take
a look at the HP 2621P. With a keystroke, its built-in
120 cps thermal printer will deliver a printout from the
screen in seconds.

So why don't you check out the HP 2621 by call-
ing the nearest HP sales office listed in the White Pages.
Or send us the coupon. Then see for yourself how
sophisticated a simple CRT terminal can be.

Try this on your favorite CRT! With the 2621P, you just hit a key
and in seconds you have hard copy of your CRT display. The built-in
thermal printer prints upper and lower case at up to 120 cps.

The 2621’s bright, high-resolution CRT, with enhanced 9x 15
character cell, displays the full 128-character ASCII character set,
including upper and lower case, control codes, and character-by-
character underline, in 24 80-character lines.

Eight screen-labeled preprogrammed function keys magnify
the power of the 2621’s keyboard. Preprogrammed functions include
editing, terminal configuration, printer control and self-test.

To make numeric data entry faster and easier, we put the 2621’s
numeric keypad right in the middle of the keyboard. And the 2621’s
familiar 68-key keyboard is almost as easy to use as a typewriter.

. PACKARD

HEWLETT

All prices are U.S. list
Available on GSA Contract #GS-00C-01529 from 12/8/78 through 9/30/79
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Keyboard/Printer System
Offers Large Buffers,
200-Char/s Transmission

Editing capabilities, buffer capaci-
ties, and transmission speeds pro-
vided by the model 4520 adapt it
to use in data communications appli-
cations. Teletype Corp, 5555 Touhy
Ave, Skokie, . 60076, added the
keyboard /printer system to its 4500
family to provide a means of attain-
ing cost-effective data communica-
tions.

Designed for asynchronous multi-
point networks where a common com-
munications line is shared with a
host computer, the 4520 operates un-
der 2740 model 2 protocol. A net-
work consisting of several terminal
stations enables the computer op-
erator to poll each station for mes-
sages, and send data to individual
stations, groups of stations, or all
stations. All online transmissions use
the extended binary coded decimal
code.

Buffer capacity of from 120 to
7600 characters enables operators to
edit information in the receive or
send/edit buffer. Approximately 15,-
200 characters of solid state internal
buffer storage is provided for edit-
ing, sending, and receiving. Up to
7600 characters may be allocated to
the send-edit buffer with the rest
assigned to the receive buffer.

Capabilities of the system allow
a computer’s data base to be accessed
and data to be sent to the terminal’s
receive buffer. The system detects
errors due to faulty transmission un-
der the 2740-2 start-stop protocol by
performing a vertical redundancy
check on each character and a longi-
tudinal redundancy check on each
test block. Blocks sent with an error
are retransmitted automatically.

System console provides control
keys, status indicator lamps, and a
3-digit display to indicate print posi-
tion or error codes. The keyboard
has several editing controls and a
numeric pad; a lock provides se-
curity. The impact matrix printer
operates at a rate of 47.5 char/s
when data are waiting in the receive
buffer. Forming legible characters
from a 4 x 7 dot matrix, the stan-
dard printer uses a 15” (38-cm) fric-
tion feed platen and accommodates
a removable tractor feed mechanism,
handling forms from 3 to 15" (8
to 38 cm) wide.

Circle 184 on Inquiry Card
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Offline Laser Printer
Produces Quality Output
At 21,000 Lines/Min

A high speed, nonimpact printing
system, the model 0777 is an offline
unit that uses laser electrophotograph-
ic techniques to produce up to 21,000
lines/min. Among the benefits of
the system, introduced by Sperry
Univac, po Box 500, Blue Bell, pa
19424, are page by page rather than
conventional line by line printing, re-
duced inventory cost of preprinted
forms, and improvements in printing
scheduling.

System components consist basical-
ly of system controller, display con-
sole, disc drive, magnetic tape sys-
tem, and printing station. This con-
figuration expands through addition
of a 10M-byte disc drive, second mag-
netic tape drive, and hardcopy print-
er console.

Control of the unit is attained
from the operator’s console. After
loading a print tape, the operator ini-
tiates a job by simply keying in
control information via the console
keyboard. Standard single-part sprock-
eted paper is continuously fed into
the printer for page by page repro-
duction.

Operators can interrupt jobs to
ston or restart printing, display
statistics, create or modify files of
print information, or recover in the
case of system error. Multiple copies
can be repeat printed up to 255
times with no operator intervention.

The wunit outputs at a constant
speed of 29.167 in/s (0.741 m/s),
and can print 6 lines/in (2.36/cm)
at 10,500 lines/min, and 12 lines/in
(4.7/cm) at 21,000 lines/min. Print
line length can be up to 13.6” (34.5
cm). At 10 char/in, the unit will
print up to 136 columns; at 12 char/
in, it prints up to 163 columns; and
at 15 char/in, 204 columns.

Fifteen different character sets re-
side on a flexible diskette. The sys-
tem can intermix 10-, 12-, and 15-
pitch fonts on the same print line.
Other features of the unit allow
graphic characters to be added or
substituted to an already defined
character set through graphic char-
acter modification.

A copy modification feature per-
mits data on selected lines of se-
lected pages of copies to be sup-
pressed or changed. Specialized forms
can be printed simultaneously with
text printing via the forms overlay

feature. By using disc storage the
unit can print multipage reports in
collated sets.

Price for a basic system including
print station, tape and disc drives,
controller, crT console, and control
software is $364,000. First deliveries
are scheduled for the second quarter
of 1980.
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RO/KSR Units
Expand Electronic
Data Terminal Family

The 150-char/s model 820 receive-
only, and 75-char/s model 825 key-
board send-receive and receive-only
data terminals are the latest addi-
tions to the omn1 800 line from Texas
Instruments Inc, Digital Systems
Group, 9777 W Gulfbank Dr, Hous-
ton, Tx 77001. All three units pro-
vide optimized bidirectional printing
with a 9 x 7 dot matrix character
font, full ascm character set, and
operator programmable answerback
memory.

Transmitting data at rates from
110 to 9600 baud, the 820 ro printer
uses a Firo buffer capable of storing
1280 characters for data overflow
protection. This buffer adapts the unit
to use as a demand printer inter-
faced with a crr terminal.

Additional features include a
printhead with a 150M impression
printing life and a 132-col wide ad-
justable carriage for handling ticket
forms, invoice, and purchase orders.

The front panel operator control
keyboard provides reference to off-
line printing and control functions,
terminal operating selection, and op-
erator programmable answerback
memory. A 3-digit LED terminal
status control panel indicates the
printer’s next position, terminal status
and configuration parameters, and
gives the appropriate error code
when an error condition exists.

Preprogrammable self-testing diag-
nostics verify power up and main-
tenance features. Accessible to the
operator are the auto perforation
skipper, automatic last character visi-
bility, and programmable answer-
back memory capable of storing 21
characters for terminal identification.

The 75-char/s 825 Rro printer com-
municates at rates from 110 to 600
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% In Half the Space % Upto25*Savings %

RX02-Compatible Double Density
Floppies for the LSI-11/2

And Have it Your Way

With the LSI-11/2 built-in: The MF-211 Dual Floppy/LSI- To go with your LSI-11/2: The FD-211 Dual Floppy
11/2 does everything the 11V03-L willdo... . System is the perfect plug replacement
for your RX02 ...

The MF-211 Dual Floppy/LSI-11/2 System, using the The FD-211 Double Density Floppy Disk System, using
CRDS Double Density Controller, is functionally identical the CRDS Double-Density Controller, is totally soft-
tothe DEC 11V03-L, but using only 10%2" rack space. ware/media compatible with the Digital Equipment RX02
The MF-211 is the perfect low-cost answer to your Floppy Disk System. It provides a compact, low-cost and
11VO03-L requirement. highly reliable solution for all RX02 applications.

Check These Additional Features: Check These Additional Features:

e Functionally identical to DEC’s 11V03-L e 5%" Low Profile Chassis

¢ Double and Single Density Operation e Dual Shugart Drives

e Complete Software/Media Compatibility with LSI-11/2 e 512K Bytes Per Drive

e Over One Megabyte Storage Per System e Front Panel Write Protect Switches

e Available with 4 Quad Slot or 8 Quad Slot Backplane e Photocell Write Protect

e DEC Software and Interface Cards available as options e Complete Instruction Manual

e 30K Addressable Memory

e Considerable Dollar Savings

Why CRDS Products Give You So Much:

In addition to providing complete RX02 instruction set compatibility, the
CRDS floppy disk controller card offers DMA data transfer by sector,
bootstrap loader (eliminating need for DEC’s REV-11 or BDV-11), IBM
3740 formatter, self-diagnostic, and interface electronics, all contained
on a single dual-height card which plugs directly into the H9270 back-
plane. To design and package sophisticated controller electronics on a
single dual-height card is a unique CRDS achievement, unmatched by
any other controller supplier in the industry.

e RX02 Double Density and Single Density Operation

Complete RX02 Software/Media Compatibility with LSI-11/2
Integral Bootstrap Loader

Built-In Self-Diagnostic, Formatter

Dual-Height Controller for LSI-11 or LSI-11/2 Backplane

For more info on our FD-211 and MF-211 Double-Density Floppy Disk Systems, just call or write:

Charles River Data Systems, Inc.

4 Tech Circle, Natick, MA 01760 Tel. 617 655-1800 TWX 710 386 0523 I '
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eSqueezableOne

DATAMAX PRH-28/6

DATAMAH,

MULTIPLEXER

Statistical
Multiplexer

4 Channel $1295
8 Channel $2195

FULLY EXPANDABLE MULTIPLEXER
UP T0 32 INPUT DATA CHANNELS

YOU CAN SQUEEZE MORE INTO THE DATAMAX PRH-28/6
e Accepts SYNC, ASYNC, BISYNC, HDLC, SDLC protocols e Interfaces TTL, RS232,
Current Loop, Telex, TWX e Modules field replaceable for low MTTR e Port
Intelligence; code/speed conversion, protocol translation available on all 1/0
channels e System Status Reporting available by front panel indicators or external
printer e Built-in Diagnostics e Built-in Modems available up to 2400 BPS e Lowest
cost per port in the industry e Terminal Cluster Concentrators

More Than 1,400 Systems Installed

Telcon

INDUSTRIES,INC.

INC.
INDUSTRI ES INC
I'E Llfugsmu MADEIN

London, England

5701 N.W. 31st Ave. e Ft. Lauderdale, FL U.S.A. 33309 76 SL';"’";,OL:';‘E 4%"3307
Telephone (305) 971-2250 ¢ TWX (510) 956-9412 s

Leaders in Data Communications Since 1968
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baud, and incorporates a 256-char
F1ro buffer for data overflow protec-
tion. It has a 132-col adjustable
carriage and produces an original
and up to three copies. The xsr
version of the model 825 provides
all features of the ro version plus
a full ascu keyboard.

Circle 186 on Inquiry Card

integrated Transaction
Processing System Serves
Complex Applications

A coBoL based transaction processor,
Reliance supports up to 128 trans-
action processing users on the Series
3200 minicomputer. The integrated
software package, developed by Per-
kin-Elmer Corp, Computer Systems
Div, 2 Crescent Pl, Oceanport, NJ
07757, consists of coBor, data man-
agement, and transaction processing
facilities. The package offers efficient
program development, rapid terminal
response, data integrity, and growth.

The package’s ansi-74 coBoL com-
piler eases program development.
Automatic record locking, online
transaction rollback, and system-
wide recovery features offer data in-
tegrity and free the programmer to
concentrate on anplication solution.
Facilities are provided for batch simu-
lation of anticipated transactions sig-
nificantly reducing test time. Resource
utilization and response time is maxi-
mum because each transaction re-
quires only those resources unique
to it, while terminal and data man-
agement components are shared by
all users.

If additional terminals are re-
quired, users can expand the system
to 128 workstations; a virtually un-
limited number of disc drives can be
added. Hardware, application, and
environment disruptions are handled
automatically. Database updates from
incomplete or incorrect transactions
are rolled back transparent to the
operator.

An mrpGc 1 compiler designed for
use with the system provides a batch
oriented report generating facility.
RPG I is also compatible with M
System /3 rRpG 11.
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Modular Computer Systems
Packaged to Fill Range
Of User Requirements

Reality family systems—2000, 4000,
and 6000—meet user needs that
range from entry level to database
management, and are designed for
optimum price /performance. Included
in the systems, manufactured by
Microdata Corp, 17481 Red Hill Ave,
Irvine, ca 92714, are magnetic tape
subsystems, 165-char/s matrix print-
ers, and 150-, 300-, and 600-line/min
printers, and up to 32 operator
terminals.

In its basic configuration, the series
2000 includes cpu with 16k bytes
of memory, Prism® crr display termi-
nal, 10M-bytes disc storage, 165-
char/s matrix printer, and 25-in (64-
cm) /s magnetic tape unit. The series
can expand to eight terminals, 64k-
bytes main memory, 20M-bytes disc
storage, and 45-in(114-cm) /s tape
drive. The matrix printer can be
exchanged for a 150-, 300-, or 600-
line /min printer.

Series 4000 expands from the basic
model 4520 with 16k core memory
to the model 4530 with a maximum
of 64k memory and up to 32 Prism
terminals. Standard with these con-
figurations is a Reflex® Winchester
type fixed disc subsystem with capac-
ity for 20M, 30M, or 40M bytes.

Three models, the 6550, 6580, and
6790, comprise the 6000 series. The
basic configuration 6550 includes 32k
memory, 50M-bytes Reflex disc stor-
age, two Prism terminals, and a
150-line /min printer. Both 6580 and
6790 feature Mos memory that is
exvandable to 128k. The 6790 also
offers a Reflex disc system with stor-
age capacity from 257.4M to 514.8M
bytes.

An interactive screen processor,
SCREENPRO™ guides the user through
a menu driven sequence of steps to
set up terminal displays and to pro-
vide for the simvlified creation of
programs for data input and file
maintenance procedures. The pack-
age is comprised of a builder that
prompts the user through construc-
tion of display screen formats, and
a handler that makes previously
constructed screen displavs available
to the Data/Basic™ software pro-
grams. O

Circle 188 on Inquiry Card

Air Land Systems
Protocol Converter™
Converts ASCII

To 2780 Or 3780

This Protocol Converter Unit
when connected® to a terminal
sending ASCII asynchronous
character streams. can accept
data and assemble it into blocks
for transmission via modem and
communications line under 2780
or 3780 bisynchronous protocol
The PCU will also receive
EBCDIC coded bisynchronous
traffic, convert it to ASCII
characters and effect data
communications at selectable
baud rates

Protocol conversion software
programs for most major
protocols as used with IBM
BURROUGHS, HONEYWELL
UNIVAC and NCR terminals are
also available
Dimensions: 2 %-12%% 14
110/120 VAC 220,240 VAC
*RS232 or 20ma current loop

For more information
AIR LAND SYSTEMS
2820 Dorr Avenue
Fairfax, Va. 22031
(703) -1100

A
Terminal

Protocol Converter ™

27/3780 BISYNC
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AUTOMATION SYSTEMS

Vision Expands Robotic Skills

For Industrial Applications

Sydney F. Shapiro
Managing Editor

Robotics has been an important factor in the advance
of industrial automation for many years, especially
in the diverse manufacturing processes. More recently,
the technologies of both robots and automation have
progressed dramatically because of the application of
microprocessors. Yet even those advances seem to be
‘hindered by lack of one robotic sense: vision.

Considerable research has been conducted in an
effort to develop feasible vision systems for robots,
in particular, solid state TV cameras, photodiode arrays,
and ccps. Although not yet fully successful, that research
is continuing both in the United States and in several
foreign countries—notably Japan—and it appears that
industrially practicable systems may soon be available.

Within the United States, several federal groups—
particularly the National Science Foundation and the
National Bureau of Standards—and private organiza-
tions—the Society of Manufacturing Engineers and the
Robot Institute of America—have been instrumental
either in financing research for all phases of robotics
or in pressing for greater use of robots. In addition,
private firms such as General Motors and other auto-
motive manufacturers finance research and develop-
ment programs in their laboratories as well as in
colleges, universities, and independent research cen-
ters. In Japan, one of the foremost foreign nations
in the advancement of robotics, the Japan Industrial
Robot Association is a key organization for stressing
development.

University of Rhode Island Research Progress

Under one of many grants supported by the National
Science Foundation for research in robotics, a team
at the University of Rhode Island has been developing
“general methods for robots with vision to acquire,
orient, and transport workpieces to assist in
increasing the range of industrial applications” for
such robots.! This research team, headed by Drs John
Birk and Robert Kelley, has developed an experi-
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mental robot system—based on a 6-axis arm—that uses
vision to locate and pick up arbitrarily oriented work-
pieces in a bin, again uses vision to determine orienta-
tion of the workpiece in the robot’s hand, and then
manipulates the piece so as to transport it to a goal
site and insert it without collision. Several alternative
paths exist for removing unoriented workpieces from
containers and feeding them into machines (Fig 1).

Evolution of the current experimental system at the
University of Rhode Island, which essentially enables
use of the path shown in heavy lines in the figure,
was carried out in three stages. The first stage in-
cluded workpiece orientation classification in the bin
to aid acquisition. Attempts to use binary image analy-
sis failed. Orientation classification by hand, used for
the second stage, was more successful and simplified
use of image analysis to determine workpiece orienta-
tion. During both of these phases it was assumed that
workpieces would be classified by arbitrary orienta-
tions.

Components of the third stage comprise robot arm,
two General Electric TN-2200 solid state TV cameras,
sources of illumination, supply of workpieces, and goal
site. The relatively simple arm has six degrees of
freedom and can completely position and orient a
workpiece.

One camera is mounted on the robot arm facing
downward and parallel to the Z axis; it is used
both to view the bin containing workpieces and to
confirm proper placement of each workpiece at the
goal site. The second camera is mounted to the work-
station and faces parallel to the minus X axis. Align-
ing the cameras to robot axes of motion simplifies
transformation from camera to robot coordinates.
Camera resolution is 128 x 128.

Separate lighting systems accommodate the two
cameras. Two lights are mounted beside the arm camera
to illuminate the bin; two others, for the workstation
camera, illuminate workpieces in the robot hand.
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N reompaﬁble racks holding
r twenty-four modules. These highest quality
modules are available for 5, 15, or 24-volt
employing 2500 volts RMS photo-lsolation
. pllﬁed installation and maintenance are important
tures of the systems. Barrier-type screw terminals, LED
. status lights, pull-up resistors and plug-in fuses are
mounted on the racks. Changes and replacements are
eaally made without removing wires.
Because we concentrate solely on photo-isolated SSR's,
you get quality, reliability and innovation at the best prices.

Plug compatabnlltv with:
[ Intel

] Motorola

[J Burr-Brown

] Computer Automation
[J Control Logic [] Texas Instrument
[ Data General [J Western Digital
[ Digital Equipment Corporation . [] Zilog

(] General Automatlo N
[ lasis ?
[C] Mostek

[] National

1]
i
b

5842 Research Drive, Huntington Beach, CA 92649, (714) 892-3313
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

In operation, data from the arm camera are analyzed
to locate regions where workpieces can be grasped by
a vacuum gripper on the arm. This gripper, hanging
from a spring, can adapt to surfaces angled at up to
45°. A piston connected to the gripper permits the
workpiece to be held firmly once acquired. The work-
station camera computes orientation and position of
the workpiece relative to the hand. At this point,
lights for the arm camera are turned off under com-
puter control to eliminate interference with analysis
of the workpieces via data acquired by the workstation
camera. If those data are inadequate for making a
decision about orientation, the arm rotates the work-
piece to provide another view.

Two goal sites, each hemispherically approachable
by the robot hand, are provided so that all work-
pieces can be transported and placed on one of them
regardless of orientation in the hand. One goal site
functions as a regrasping station; the other is an in-
sertion tool that the arm can pick up. When the work-
piece is placed correctly in the insertion tool, the

A. WORKPIECES ARE
TION SYSTEM FROM BIN

REDUCED BY MECHAN-
ICAL DEFLECTION

I

D. WORKPIECES ARE
SELECTED USING
SENSORS

E. WORKPIECE POSE IN HAND IS COMPUTED OR VERIFIED

G. WORKPIECE IS TRANS- H. WORKPIECE
PORTED TO ORIENTING 1S RETURNED
OR REGRASPING TO SUPPLY
STATION
F 1S TRANSPORTED
To MINED POSE
1. WORKPIECE IS | [). WORKPIECE IS K. WORKPIECE IS L. WORKPIECE IS
TRANSPORTED VIA TRANSPORTED TRANSPORTED TRANSPORTED
MAGAZINE WITH BY FIXED STOP IN_ INSERTION IN HAND TO
ESCAPEMENT TO ARM(S) TO TOOL TO MACHINE
MACHINE MACHINE

Fig 1 Alternative approaches to feeding machines
with workpieces.’ Paths shown as broad lines indicate
current research at University of Rhode Island to
develop robots with vision that will pick up, adjust
position, and move workpiece to machine. Solid state
TV camera locates workpieces in bin and determines
orientation for pick up by robot hand. Second camera
then checks orientation in hand for proper placement
at machine without collision
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workpiece can be delivered to a goal site without
collision. One site receives workpieces rotated 180°
about a horizontal axis relative to the other so that
the two sites closely satisfy the requirement of being
able to receive all pieces in the hand.

Although some robots have fewer axes of motion,
the University of Rhode Island Mark 1v arm has six:
three linear and three rotary. The researchers believe
that this will better enable future workers or central
computers in batch manufacturing applications to re-
program the system for feeding a variety of workpieces
to different machines.

Repeatability of the arm is *=0.0001” (0.00254 mm)
for each linear axis and =*=0.007° for each rotary
(wrist) axis. Total travel for X, Y, and Z linear axes
is 36, 24, and 247 (91, 61, and 61 cm), respectively;
for 6y, 65, and ¢ rotary axes, it is 286°, 233°, and
310°, respectively. Maximum linear velocity is 12 in
(30.5 cm) /s and angular velocity is 0.771 rad/s.

A servo system interfaces to a Computer Automation
16-bit robot minicomputer for control of the six axes
(plus two more provided for possible future use). The
digital interface accepts parallel computer input com-
mands including a home signal that causes all axes
to move in a negative direction until a home switch
is sensed, at which time the encoder counter is set to
zero, an axis select signal to choose one of the six
axes, a read/write signal that determines if position
should be read or written to the controller, and position
command signals that indicate absolute position in
binary. Format is two 8-bit bytes, with the first byte
transferred being most significant.

Other signals are shift line to determine which byte
is being written or read, start to initiate reading or
writing of position information, ready to indicate when
all axes are in position, reset to reset all controller
logic, limit switch interrupt to indicate that an axis
reached a limit, and limit switch word to decode which
axis reached the limit.

A nonlinear stabilizing circuit allows high accelera-
tions to be achieved on an axis without overshoot.
Speed is reduced smoothly as the destination is reached.

Analog lock circuitry allows fine positioning and
high repeatability. Also, the controller can position each
axis at an absolute home position. Adjustable optical
limit switches and positive mechanical stops restrict
motion of the work table. Ready and limit indicators
are provided for each axis and the current position
of each axis is shown on a LED display on the front
panel of the Anorad controller. This controller mul-
tiplies by four a 2-channel, 250-pulse/r sinusoidal
wave output from encoder units to provide an angular
resolution of 0.36° /pulse.

A program written to measure wrist repeatability
causes an axis to servo to a destination, pause, return
to the original position, and then stop. Deviations of
all moves are measured and data are collected for
moves of =10°, +45°, and =90°.

Dr Birk believes that this experimental unit is the
first integrated system for feeding parts with complete-
ly arbitrary orientations in a container. At the time
the last report' was published, average time to feed
a workpiece was 45 s and each piece could be placed
with an accuracy of 0.25” (6.38 mm) and 5°. The
speed is considered to be slow for most machine load-
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Dataram Corporation, first to offer a 128K x 18 single-board
PDP®@-11 ADD-IN, has done it again.

This time with an incredible 128K x 18 semiconductor
ADD-IN for DEC®s LSI-11/23!
This industry first, the DR-113S, is packaged on a standard DEC
814” x 10” quad board. But more than just being a “first,” the
DR-113S is also a “best,” saving you not only space and money,
but also greatly reducing overhead circuitry, optimizing MTBF,
and minimizing power consumption. And the DR-113S is also
available in 64K and 96K configurations.
From Dataram Corporation, the people who provide everything
you need to make a big thing out of the LSI-11 —
e PDP-11/03L compatible chassis ® 16K x 18 core ADD-IN

e 32K x 18 semi ADD-IN (dual-size board) ® BULK CORE/SEMI

Disk Emulation Systems e BULK MINI e Tape and Disk
Controllers ® and even DEC-manufactured LSI-11 and
LSI-11/23 microcomputers and other accessories.

S s ot e N\ DATARAM
\ N | CORPORATION

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

I [ Please tell me more about Dataram 128K x 18
memory for my LSI-11/23 microcomputer.

1
I O Please send me information about your other

]

1
1 LSI-11 compatible products. ]
: O Please have a salesman contact me. [ |

]
i Name [ |
' ¢
i Title Phone ]
' 1
1 Company 1
' I
] Address 1
1 1
[ | City State Zip 1
l--------------------

PRINCETON-HIGHTSTOWN ROAD CRANBURY, NEW JERSEY 08512

TEL:609-799-0071 TWX:510-685-2542

Canada: Ahern & Soper Ltd., Alberta, British Columbia, Ontario, Quebec e Finland: Systek OY, 90-737-233  France: YREL, 956 81 42 e [taly: Mactronics Italia, 02/35 36 041

Netherlands:.Technitron b.v., 020-45 87 55 « Sweden: M Stenhardt AB, (08) 739 00 50 * Switzerland: ADCOMP AG, 01/730 48 48 ¢ United Kingdom/Ireland: Sintrom Ellinor Ltd , (0734) 85464
West Germany/Austria: O E M -Elektronik GmbH, 07 11-79 80 47 » Australia/New Zealand: Anderson Digital Equipment, (03) 543 2076 e India: Industnial Electronic Instruments, 79281 o

Israel: K D.M. Electronics. 921513 « Japan: Matsushita Electric Trading Co., Ltd, 03 (435) 4501 * Taiwan/Republic of China: Syscom Computer Engineering Co , (02) 7022156
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ing applications, but the accuracy is reasonable. How-
ever, for NC machining centers that have relatively
long cycle times, or for use in loading systems that
must handle heavy loads (eg, 100 lb, 45 kg), these
specifications may be adequate.

Improvements expected before completion of the
project include a direct memory access interface for
the cameras that will significantly improve quality of
images. In addition, the time required to input an
image should be reduced from approximately 1 s to
about 0.5 s. Velocity control of arm axes will also
permit the arm to be moved faster when it is acquiring
pieces from the bin and when placing those pieces
at the goal sites.

Online and Developmental
Industrial Applications

Research and development in machine vision has been
stressed continually by several manufacturers, par-
ticularly for wuse in automotive production plants.
Robots have been in use at such plants for some time,
but usually for welding operations, lifting heavy loads,
or performance in potentially hazardous locations. Suc-
cess in meeting these requirements has led to the realiza-
tion that robots would be even more useful if they
could “see” and could make decisions among alterna-
tive actions based on variations in job situations.>®*

There are estimated to be 5000 industrial robots
currently in use. Of these, approximately 150 are per-
forming a variety of jobs at General Motors plants;
but, more importantly, another dozen or so are being
used for development of new uses in the corporation’s
Tech Center and laboratories.?

Of the robots in production areas, most operate in
a fixed sequence; that is, the parts on which they
function must be stationary and must be positioned
exactly. There can be no variations in orientation or
attitude. Although such robots function well within
their limitations, they sometimes lack in efficiency.

Efforts toward providing machine vision at ¢m have
resulted in a fully integrated production prototype
machine vision/industrial robot system that adaptively
reacts to visually sensed changes in workpiece type
and placement.? Since 1968, a major goal in 6M re-
search has been to develop robots that could handle
real-life production conditions, for example, finding
parts on conveyor belts, determining orientation, pick-
ing up the desired part, and assembling it on the
item being built.

Most second generation laboratory robots are con-
trolled by minicomputers and can be used for more
complex operations. Some have sensory input and the
capability to adapt automatically to changing situations.

Early experiments were based on a Unimate 2000
robot with a Data General Nova 1220 minicomputer
substituted for the standard control hardware.? Part
location data were transmitted to the robot from a
General Electric 128 x 128-element solid state camera
that was connected to a Digital Equipment ppp-11/40
minicomputer. The latter computer ran a simple pro-
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gram to find the center of white objects on a black
conveyor belt.

Although this robot could pick up plastic cups as
they passed by, it could not reliably sense real parts
under production conditions. However, the robot con-
trol was found to be capable of operating with a
better vision system, one that used displacement of
a projected line of light to detect parts regardless of
color or reflectivity.

A prototype system being developed for production
testing and evaluation is based on a Cincinnati-Milacron
6 cH robot because that robot was considered to have
the only commercially available computer based con-
trol that could readily accept visual guidance. This
robot is modified with an Rs-232 serial communications
link and associated software handlers. Robot actions
are directed by a perception system that recognizes
the identity and position of each part, assembles in-
structions for new part handling sequences, senses
and keeps track of conveyor belt motion, and transmits
appropriate instructions as the part moves within reach.
At the end of each task the robot asks for new in-
structions. These are provided by the computer and
perception system.

To train the vision system to accept new parts,
appropriate parameters of the parts are selected and
minimum/maximum values are entered for each. Nor-
mally the robot is taught by steering it manually
through the required motions and recording end point
positions for future play back. Robot and perception
system software eliminate the need for the operator
to be concerned with details of camera to conveyor
to robot spatial transformations and calibrations.

With the patented Consight-1 lighting apparatus, a
narrow, intense line of light is projected across the
surface of the conveyor belt (Fig 2).> As the object

LINEAR
ARRAY
1 CAMERA

b e

CONVEYOR
BELT

Fig 2 Principle of Consight-1
lighting apparatus.® Reflection of
narrow line of intense light to
camera is interrupted, indicating
presence of part on moving belt.
Multiple light sources, aimed from
different  locations, eliminate
shadowing errors
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Introducing the uPD444/6514

Our new 1K x4 CMOS RAM, the uPD
444/6514, offers pin for pin compatibility
with our industry-standard NMOS
uPD2114L. So whether your mem-
ory requirements call for low standby
power down to 0.065 uW, or high
speed applications down to 150 ns, or
a combination of both, NEC has
exactly the part you need.

With our unique short channel
length CMOS technology, we’ve
designed the ©PD444/6514 to pro-
vide access and cycle times as low
as 200 ns in the industry standard
300 mil wide 18-pin package. Like
the uPD2114L, it's manufactured on
four-inch wafers —for low cost and
high volume production. And the
©wPD444/6514 will operate in a ,
fully static or asynchronous mode. *

The uPD444/6514 is the latest
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addition to our growing line of CMOS | & /\woswm
RAMs— aline that includes a 20-pin 4K pPD443/6508
RAM (uPD 445L), a 22-pin 1K RAM " i ” T
(uPD5101L), and an 18-pin 1K RAM ACCESS TIME NS
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ort—including engineers
1 1 uPD444/6514C 450ns 45mwW 18 065 uW 022 uW
. ava.ﬂab.le to help with uPD444/6514C-1 300ns 60mwW 18 065 uW 022 uW
specific application problems, |,.ppasssesisc2 250ns | 75mw | 18 085uW | 0224w
plus complete documentation, |uPD444/6514C-3 200ns | S5mW | 18 | 085uW | 022uW
testing, and special selection. | .poassic g50ns | 45mW | 20 100, 1 W
Our 1979 prOdUCt Cata.log nPD445L.C-1 450ns 75mW 20 100 uW ; 1uW
contains full details on our com- | xPostoiLc 650ns | 45mw | 22 1uW | 016uW
plete line of memories plus uPD5101LC-1 450ns 75mW 22 1 uW 016 uW
’
our 8-bit and 4-bit micro- |#PD443/6508C/D 450ns 25mW 16 5uW 3uW
pI‘OCBSSOI'S and perlpherals 1PD443/6508C/D-1 300ns 45mW 16 5uW 3uwW

If you are in North America, you may obtain a copy by attaching your business
card or letterhead stationery to this page and sending it to:
NEC Microcomputers, Inc., 173 Worcester St., Wellesley MA 02181.

NEC Microcomputers, Inc.

WESTERN REGION OFFICE: Orange, CA at (714) 633-2980; EASTERN REGION OFFICE: Melville, NY at (516) 293-5660; MIDWESTERN REGION

OFFICE: Des Plaines, IL at (312) 298-7081.

REPS: Action Unlimited, Arlington, TX, Spring, TX; Burton-Medley Associates, Grandview, MO; Cerco, San Diego, CA; Contact Sales, Inc., Burlington, MA;
D/Z Associates, Inc., Denver, CO; Electronic Innovators, Inc., Minneapolis, MN; Eltron, Phoenix, AZ; HLM Assoc., Torrington, CT, Northport, NY, Parsippany,
NJ; Imtech, Inc., Cleveland, OH, Dayton, OH; Kaytronics Limited, Ville St. Pierre, Quebec, Downsview, Ontario, Surrey, British Columbia; L & M Associates,

Pikesville, MD, Montpelier, VA; Harry Nash Associates, Willow Grove, PA; R.C. Nordstrom & Company, Lathrup Village, MI; Nycom, Inc., East Syracuse, NY;
Perrott Associates, Inc., Fort Lauderdale, FL, Clearwater, FL, Orlando, FL; Santana Sales, Costa Mesa, CA; Stone Component Sales, Waltham, MA;
Technology Sales, Inc., Palatine, IL; Trident Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA; 20th Century
Marketing, Inc., Huntsville, AL, Knoxviile, TN; Wolff's Sales Service Company, Raleigh, NC.
DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuguerque, NM,
Wheatridge, CO, Salt Lake City, UT, Norman Davis Electronics, South Euclid, OH; Diplomat/Westland, Inc., Sunnyvale, CA; Diplomat/Southland, Inc.,
Clearwater, FL; Diplomat/Lakeland, Inc., Elk Grove Village, IL; Diplomat/IPC of Mass., Chicopee Falls, MA; Diplomat, Holliston, MA; Diplomat/Northland,
Inc., Farmington, MI; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis, Inc., St. Louis, MO; Diplomat/IPC Corp., Totowa, NJ, Mt. Laurel,
NJ; Diplomat Electronics Corp., Woodbury, NY; Diplomat/Alta-Land, Inc., Salt Lake City, UT; Future Electronics Corp., Montreal, Quebec, Downsview,
Ontario, Ottawa, Ontario, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; Intermark Electronics, Sunnyvale, CA, Santa Ana, CA, San
Diego, CA; KA Electronics, Dallas, TX; Kent Electronics, Houston, TX; G.S. Marshall, Sunnyvale, CA, Canoga Park, CA, El Monte, CA, San Diego, CA,
Phoenix, AZ; Milgray Electronics, Inc., Freeport, NY, Orange, CT; Reptron Electronics, Inc., Livonia, MI, Columbus, OH; Resco/Raleigh, Raleigh, NC;
Semiconductor Specialists, Inc., Chicago, IL, Burlington, MA, Farmington, MI, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee,
WI; Sterling Electronics, Phoenix, AZ, Santa Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX,
Houston, TX, Tukwila, WA; Summit Distributors, Inc., Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Technico, Inc., Columbia, MD, Roanoke, VA;
Western Microtechnology Sales, Cupertino, CA.
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DIGITAL CONTROL AND
AUTOMATION SYSTEMS

enters the line it prevents light from reaching the belt
surface. To a linear array camera positioned above the
belt the line then appears deflected from its target.
Brightness indicates an unobstructed belt surface; dark-
ness indicates presence of a part. To eliminate shadow-
ing effects, two or more light sources are aimed at
the same strip across the belt.

Three computers are used. A vision system computer
reads and analyzes the linear array camera data and
reduces those data to spatial coordinates of the part
center of area relative to the line of light, part orienta-
tion, and part identification. Transformations between
Cartesian coordinates and the 6-axis jointed-spherical
coordinate system of the robot are calculated by a second
computer, and a third supervises interaction of all sys-
tem components.

A Consight production prototype uses an enhanced
Cincinnati-Milacron T3 robot with its 1270-mm/s operat-
ing speed increased to 2500 mm/s, and an adaptive
branch function provided for external modification of
the robot program.’ In place of the single control
computer, a Digital Equipment ppp-11/34 minicomputer
controls vision, a Digital Equipment 1s1-11/03 micro-
computer monitors the activities, and a controller with-
in the T3 controls the robot.

Much more sophistication is afforded the monitor
subsystem in the production system than for the ex-
perimental unit. The microcomputer implements part
programming and queues multiple parts. Cycle time
for a simple pick up, transfer, and put down operation
is reduced to 5 s with a belt speed of 20 cm/s.

In still another application, a robot with vision is
used at an assembly station to attach covers to auto-
mobile air conditioning compressors.® The station is
made up of a Unimate 2000B manipulator with a
special gripper, an X-Y table, a 100 x 100-element
General Electric Z7891 solid state camera, a Digital
Equipment ppp-11/40 supervisory minicomputer, and a
Digital Equipment Ls1-11 slave microcomputer for robot
control (Fig 3).

A binary image of the compressor housing is pro-
cessed by the minicomputer to determine midpoint and
orientation of the centerline between bolt holes. After
the X-Y table positions the centerline midpoint at the
center of the camera’s field of view, the robot picks
up a cover from its fixture, rotates it to the proper
attitude, and pushes it down over the compressor hous-
ing. Through several succeeding steps, the robot picks
up an impact wrench, inserts eight bolts, and tightens
each bolt. At each step, the camera views the operation,
eg, to be certain all bolts are in place and properly
tightened. The entire assembly operation requires about
160 s.

Still another research project in robotic vision is
underway at the National Bureau of Standards’ Center
for Mechanical Engineering and Process Technology.
Roboticists there have developed a prototype industrial
robot that can see for about 1 m. This robot has a
small, solid state TV camera mounted on its wrist with
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MONITOR
LSI-11/03
MICROCOMPUTER

VISION

PDP-11/34 o
ICONTROLLER

ROBOT

Fig 3 Production prototype hardware of Consight
system.® System interface accepts data from cam-
era, automatically thresholds them, and sends only
transition .points between black and white segments
to vision minicomputer. Interface also passes posi-
tion data from vision minicomputer to monitor
microcomputer

its field of view between two finger grippers. A strobe
licht, mounted just below the wrist, flashes a narrow
plane of light toward the fingers so that the robot sees
an object in its field of view as a narrow line of light
across the object.

A microcomputer, which also controls flashes of light
from the strobe, determines the distance of the object
from the grippers, as well as the object’s orientation.
The computer judges position and orientation from
apparent shape and position of the bar of light on
the object. If the robot is not positioned correctly to
pick up the object, the computer moves the robot to
another position and again views the object to de-
termine if its orientation is proper for pick up.

Considered innovative in this system is the use of
a strobe to provide optimum light to the camera. The
robot microcomputer controls timing and intensity of
strobe flashes through a feedback system that com-
pares images frame by frame. Background light can
be filtered out electronically to obtain clear images
under a variety of lighting conditions. Further research
is underway on refining the capability of the robot to
locate a desired part from among different kinds of
objects and to simplify reprogramming to handle a
variety of jobs.

Status of the Robot Industry
in Japan

Almost simultaneously, Japan imported its first indus-
trial robot from the u.s. in 1967 and developed its
own first prototype in 1967-68.7 Possibly to even a
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greater degree than in the u.s., Japan’s automobile
industry is the biggest single user of its industrial
robots, about 30 percent of the total.

A longterm demand forecast made from a 1977
survey by the Japan Industrial Robot Association indi-
cated that 1980 and 1985 production of industrial robots
will be, respectively, 5 and 15 times that of the 1977
figure. This survey stated that about 70 university
and governmental research laboratories were then en-
gaged in research on robots. There were about 300
researchers operating on a budget of approximately
2M dollars (400M yen at that time), not including
personnel expenses. Both university and public research
organization facilities now concentrate on artificial
intelligence, pattern recognition, computer applications
for control and instrumentation, and automatic control
techniques. Visual sensors have been consistently stressed
—Dbut not to the detriment of other sensory recognition
techniques.

Three categories of measurement and recognition
techniques are being studied, typified by tactile sen-
sors, electric measurement sensors, and image sensors
(vidicon cameras, image dissectors, photodiode arrays,
and charge coupled devices). However, more recently
speech recognition has been added to the areas of
study. In 1974, patents issued in Japan for tactile,
internal measurement, and visual sensors numbered 2,
7, and 4, respectively. In 1975 and 1976, the numbers
were 5, 11, and 4 and 4, 8, and 4. However, in 1977,
the totals were 10, 8, and 11, indicating greater ad-
vances in development of visual sensors.

Among the Japanese manufacturers of industrial
robots having vision sensors for recognition functions
are Hitachi, which uses vidicon cameras for shape recog-
nition and positioning of transistors in die bonding as
well as for remote inspection within nuclear power
plants. In addition, such cameras are designed into
robots by Mitsubishi Electric for shape recognition and
positioning of assembling and transistor die bonding,
by Yasukawa for arc welding, and by Kawasaki Heavy
Industries for assembly. Toshiba Electric uses semi-
conductor image sensors for similar tasks in transistor
die bonding.

Summary

Because research in robotics underway in the United
States and in many foreign countries, such as Japan,
is so extensive, only a relatively small area of pro-
gress has been discussed here. Projects funded by the
National Science Foundation and private organizations
are continuing and unquestionably will expand as break-
throughs occur and as industrial robots become more
practical.

What effect the changing economic situation will
have on the advance of robotics—or vice versa—is in-
determinate. However, it is estimated that large robots
with enhanced control capabilities and sensors—such
as vision—will be available during the 1980s for

$80,000 and that smaller machines will cost $40,000
or even less.? Unquestionably, such robots will be able
to perform certain tasks faster, more reliably, and
cheaper than human operators. Economists and manu-
facturers will unfortunately have to consider many
factors in determining how to balance technological
advancements with the need for more jobs.
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When’R'EI problems get sticky,
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shickap,. gers

Attaches faster, shields better than anything else!

SERIES 97-500 The original ~ SERIES 97-520 A smaller size
Sticky Fingers with superior  strip; highly effective in less

shielding effectiveness. space.

SERIES 97-560 New Y2” wide
Double-Twist Series, ideal for
panel divider bar cabinets.

SERIES 97-555 New Single-
Twist Series for use when
space is at a premium. Meas-
ures a scant 3" wide.

i
Now you can specify the exact type beryllium |
copper gasket that solves just about every /
RF1/EMI problem. Perfect for quick, simple in- .
stallation; ideal for retro-fitting. Self-adhesive /
° eliminates need for special tools or fasteners.
Write for free samples and catalog. . l‘:;
INSTRUMENT SPECIALTIES COMPANY, Dept. CD-57
Little Falls, N.J. 07424
Phone — 201-256-3500 * TWX — 710-988-5732

CIRCLE 46 ON INQUIRY CARD 87
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DC&AS BRIEFS

~ Data Collection Terminals
Function in Harsh Environments

Plant information on inventory, work in progress, ma-
chine downtime/usage, and personnel attendance can
be collected for management reports with the model
2802 data transactors introduced by General Automa-
tion, Inc, 1055 S East St, Anaheim, ca 92803. Each
contains complete alphabetic keypad, 10-digit numeric
keypad, and 24 programmable function keys. All keys
are oil, dust, and moisture resistant and the terminals
are housed in rugged steel cabinets for operation in
harsh industrial environments. Other operator function
components include a 32-char alphanumeric display
with integral time clock and a reader for 10- to 22-char
alphanumeric badges and 80-col punch cards.

Circle 160 on Inquiry Card

SOFTWARE/FIRMWARE
HARDWARE ENGINEERS

Free Employment Service

Positions Nationally

Scientific and commercial applications

Software development and systems programming
Telecommunications

Control systems

Computer engineering

Computer marketing and support

Call or send resume or rough notes of objectives, salary,
location restrictions, education and experience (including com-
puters, models, operating systems and languages) to either one of
our locations. Or check the reader service card for a free sample
resume. We will answer all correspondence from U.S. citizens
and permanent residents and will guarantee our best efforts in a
professional and ethical manner to all qualified applicants that we
think we can help. Our client companies pay all of our fees.

RSVP SERVICES, Dept. CD
Suite 700, One Cherry Hill Mall
Cherry Hill, New Jersey 08002
(609) 667-4488

RSVP SERVICES, Dept. CD
Suite 300, Dublin Hall
1777 Walton Road

Blue Bell, Penna. 19422
(215) 629-0595

RSVP SERVICES

Employment Agency for Computer Professionals
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Programmable Controller Is
Readily Programmed

Programmable from existing ladder diagrams, without
modification and with only minimal instructions, the
D120 programmable controller from Cutler-Hammer,
po Box 463, Milwaukee, wi 53201, performs without
cooling fans or air conditioning at temperatures up to
130 °F (55 °C) and relative humidity up to 95%.
Features include cMmos circuitry, integral power supply,
and 1/0 boards in a single chassis. Typical specifica-
tions include 256-, 512-, or lk-word RAM or P/ROM
and capacity of up to 400 1/0 channels.

Circle 161 on Inquiry Card

Microcomputer Fits Into
Control System Network

A family of realtime, industrial microcomputers called
RacPac® by manufacturer Process Computer Systems,
Inc, 750 N Maple Rd, Saline, M1 48176, meet require-
ments for both host/development and target/remote
systems. The first unit announced, the 3935A, contains
integral 5” (13-cm) CcRT, panel mounted keyboard
with external connector, 12-slot card cage, three
furnished system boards, and 10-A power supply. Soft-
ware is also provided.

Of the system boards, the cpu board provides Z80
performance enhanced by extended arithmetic capabil-
ities of an APU processor. It has switch selectable
rates from 50 to 9600 baud, switch selectable base
starting address, nonmaskable interrupt for a power
fail detecting device, five vectored priority interrupts,
four interrupt modes, and system DMA capabilities.

The second board provides crT and keyboard support.
It uses lk-byte RAM as a display buffer for the crr,
with the RAM base memory address set on any 1k
boundary between 0 and 63k.

The third board features software selectable 10-ms
to 1-min interrupts, realtime clock with software initial-
ization, 30-day battery with status monitor, two sockets
for 1k-, 2k-, or 4k-byte EPROMs, jumper selectable
EPROM select, switch selectable base starting address,
and switch selectable memory enable/disable.

Software for the system, called Spurcom, offers a
base operating system, communications support, and
software debug facilities. Standardization between host
and target processors permits users to test software on
a development system and download to a target
machine without software changes.

Circle 162 on Inquiry Card
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SIEMENS

Take the whole kit & caboodle
or the caboodle alone.

KITAND CABOODLE
(PT80i Terminal)

Freedom of choice is what you get from
Siemens. The choice to select the quiet PT80i Ink-
Jet Printer Terminal in a variety of platen widths,
paper feeds, interfaces and configurations; or just
the “guts” of this remarkably quiet unit, the PT80i
Ink-Jet Printer Module; or, for those of you who
would like to build your own quiet printer, the Ink-
Jet Print Head with support electronics.

Aside from offering choice, the Siemens PT80i
offers a bi-directional printing speed of 270 char-
acters per second with nearly noiseless printing
operation, = 50dB (A) at 270 cps. It also gives you
high quality printing in a variety of type styles on
standard paper.

The technology to do more.

CABOODLE
(PT80i Module)

Extraordinary Speed...Quiet Operation...
Choice...Siemens Quality.

For more information about the PT80i Ink-Jet
Printer, contact us at:

Siemens Corporation
OEM Data Products Division
1440 Allec Street
Anaheim,CA (714)991-9700

District Offices:

Boston, MA (617)444-6580
Iselin, NJ (201) 494-1000
Chicago, IL (312)671-2810
Dallas, TX (817)461-1673
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From PERCOM - for Your Mini-Disk Drives ...

Low Cost,
Ready-to-Use Power Supply -
1-, 2- and 3-Drive Enclosures

the PS-401

Used on Percom’s LFD and TFD series of 5%4-inch
mini-disk drives, the PS-401 power supply comes com-
plete with ac power cord, dc connector, on-off switch
and fuse. Install, plug into ac and your drive is ready.

The +5-volt and +12-volt outputs of the PS-401
are conservatively rated for most mini-disk drives includ-
ing Shugart's SA-400 and SA-450 models, Pertec mod-
els FD-200 and FD-250, Wangco models 82 and 282,
MPI's model B51 and the MOD | and MOD Il units
manufactured by Micropolis.

The PS-401 features thermal overload protection
and short-circuit current limiting. Operating ambient
temperature is from 0°C through 40°C. Storage is from
-22°C to 50°C.

Input for the domestic versionis 117 Vac, 50-60 Hz,
0.5 ampere (max). Foreign country version operates on
230 Vac, 50-60 Hz at Va4 ampere (max).

Order PS-401 power supplies by calling Per-
com’s toll-free number: 1-800-527-1592.

Drive Enclosures

These pre-drilled metal drive enclosures may be or-
dered in standard blue, silver or brown enamel finish.
Other colors are optional. Rubber bumpers for desk-top
operation are permanently attached.

Order 1-, 2- or 3-drive enclosures by calling
Percom’s toll-free number: 1-800-527-1592.

* Price is for 100 quantity. Unit price is $55.00 for
domestic version, $70.00 for foreign version. Call
for foreign version OEM prices.

1 Price is for 100 quantity. Uit price is $29.95. Call or
write for 2- and 3-drive enclosure prices or price of
optional finish colors:

PERCOM
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Programmable Controller Offers
Operational Flexibility For Range of Applications

Either ladder or logic diagrams can be used in pro-
gramming the MPc-8/02 programmable controller
through a portable MPc-8 program loader/monitor.
Available from Dynage, Inc, 1331 Blue Hills Ave,
Bloomfield, ¢t 06002, the unit handles up to 2048
digital and 256 analog 1/0s, has up to 20k program
and 12k scratchpad memory, and enables programs
to be changed by a host computer. It is applicable
for both small and large control systems. Because each
input is sampled twice for agreement before being
recognized, input errors are reduced. Fully debugged
programs. can be transferred to EPRoM for long term
use.

Circle 163 on Inquiry Card

Programmable Controllers
Designed For Small Systems

Small processes with as few as 4 inputs and 4 out-
puts or as many as 30 inputs and 32 outputs can be
economically controlled by the 1cMm series of micro-
processor based programmable controllers. All are
programmed from ladder or logic diagrams with not
more than 16 instructions. Ultraviolet light erasable
p/roMs of 512, 1k, or 2k capacities store program
instructions. Construction is modular, with plug-in
power supply and cpu boards held in place with four
screws each and 1/0 modules secured by single screws.
P/ROMs plug into sockets on cPU boards. These sys-
tems, from Divelbiss Corp, Fredericktown, om 43019,
interface with 90- to 140-Vac or 10- to 32-Vdc input
signals and can control output loads of from 12 to
140 Vac or 0 to 60 Vdc, both at 3 A max.

Circle 164 on Inquiry Card

Intelligent Data Acquisition System
Provided In Ready to Use Condition

Cinch™, a microcomputer based data acquisition and
control system, provides 32 single-ended or 16 differ-
ential data channels, 20k of EPRoM and 4k of RroM,
and two 20-mA current loop or Rs-232-C serial ports.
Available from Control Logic, Inc, 9 Tech Circle, Natick,
MA 01760, the NEmMA-12 package system meets require-
ments for applications that must be placed online
quickly. A realtime operating system and 1/0 sub-
routines designed for industrial control applications
enhance BASIC software. More memory, additional 1/0
channels, 1EEE bus interface, hardware floating point
processor, optically isolated high voltage 1/0, P/ROM
programmer, and CRT/keyboard are available options.
Circle 165 on Inquiry Card
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Seven Reasons
Why PDP-11 Computer Users Prefer

MDB Interface Products:

1. Superior Performance

NOUlhAWN

Find your reason here!

m PERIPHERAL DEVICE CONTROLLERS
MDB-LP11 Line Printer Controller (high speed)
MDB-LS11 Line Printer Controller (slower
speed) These will accommodate most major
manufacturers’ models
New! MDB-LV11 High Speed Electrostatic
Printer/Plotter Controller
MDB-CR11 Card Reader Controller (most
popular models)
MDB-PC11 Paper Tape Reader/Punch Con-
troller (controllers above include 15 foot cable)
MDB-XY11 Incremental Plotter Controller
m SYSTEMS MODULES
MDB-DR11B Direct Memory Access Module
(si Sle quad board)
MDB-DR11C General Purpose Interface Module
MDB-TA528 Digital I/O Module
MDB-UT/930 Unibus Terminator
MDB-DT1711 Data Acquisition |/O Subsystem
m COMMUNICATIONS/TERMINAL MODULES
MDB-MDL11 Asgnchronous Serial Line Adapter
MDB-MDL11W Same, with Line Frequency Clock
MDB-MDU11 Synchronous Serial Line Adapter
New! MDB-DUP11 Synchronous Serial Line Adapter for
bit or byte oriented protocols (quad board)
(modules above include choice of cable)
New! MDB-DZ11AC Eight Line Asynchronous Multiplexor
New! MDB-PDI-11 Byte Parallel DMA Terminal Interface
m INTERPROCESSOR LINK SUBSYSTEMS
New! MDB-DA11BJ Parallel DMA Interprocessor Link
between two PDP-11 computers; with differential
receivers & drivers
New! MDB-DA11BOI Parallel DMA Interprocessor Link
between two PDP-11 computers; with
differential drivers, optically isolated receivers
New! MDB/MLSIDA11BOI Parallel DMA Interprocessor
Link between PDP-11 and LSH1 computers,
differential drivers and optically isolated receivers
New! MDB-DA528 Pro%:ammable Buffered Parallel
Interprocessor Link between PDP-11 computers
(subsystems above include 50 foot cables)

*T™ Digital Equipment Corp. e

New! M

Data General is a computer manufacturer not related to MDB

. Quality Workmanship

. Comprehensive Product Mix

. Competitive Pricing

. Better Delivery

. One-Year Unconditional Warranty
. Worldwide Sales

m (P)ROM MEMORY MODULES
New! MDB-MR11A (P)ROM Bootstrap Loader/Restart
Module (quad board)
ROM Modules, no memory:
New! MDB-MR-004 For 2716 or 2758 PROMS with
on-board PROM programmer
New! MDB-MR-005 For 2704, 2708, 3624, 2716, 2732,
2758 or similar devices
m GENERAL PURPOSE/FOUNDATION MODULES
MDB-11B General Purpose DMA Foundation
Module; 12 user IC positions
MDB-11C General Purpose Bus Foundation
Module, 16 bit input and output registers; 20
user IC positions
MDB-1710 General Purpose Bus Foundation
Module; 40 user IC positions, sockets optional
MDB-1TWWB Quad Wire Wrap Module; 70 user IC
itions, sockets optional
B-W9501 Universal Quad Wire Wrap Module
New! MDB-9500 Universal Hex Wire Wrap Module;
sockets optional

MDB-WWB1 Dual Wire Wrap Module

New! MDB-M91WW Dual Wire Wrap I/O Coupler Module
(all modules above have pins inserted in the wire
wrap portion)

MDB interface products always equal or exceed
the host computer manufacturer’s specifications and
performance for a similar product. MDB interfaces
are completely hardware compatible and software
transparent to the host computer. MDB products are
competitively priced, delivery is 30 days ARO or
sooner. MDB places an unconditional one-year
warranty on its controllers and tested products.

MDB also supplies similar interface modules for
DEC LSI*-11, Data General**, Perkin-Elmer
(Interdata) and IBM Series/1 computers. Product
literature kits are complete with data sheets, pricing
and discount schedules.

1995 N. Batavia Street
ange, California 92665
714 998 6900

SYSTEMSNC TWX:910-593-1339

See us at WESCON, Mini/Micro Systems '79
Northern California 408/733-3950 O Mid-Atlantic: 301/652-2173 O New Engllnd 6.17/444 1800 O Mid-Western: 312/266-1032 O Southeastern: 305/254-2511

Southwestern: 713/438-1238 (] Australia & New Zealand: (03) 543 2077 O B

02-720.90.38 O Canada: 416/625-1907 O France: 956.81.42

Greece: 9514.944 9520. 589 O Hawall: (808)524-8633 0 Hong Kong: 5-771768 O India: 234343 (] Japan 03 437 5371 O Malaysia: 944 404 O Netherlands: 03404-21344
Sweden, Norway 04 90 O d & L Germany: 0 89/

Philippines: 89-10-96 O Singapore: 295-2381-2389 (I

& Finland: 08/94 04
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Digital's RAMpart 64

MiCro memory.

The price just keeps
o viced werewan

For the second time this
year, we’ve cut the price on
our 64Kb RAMpart 64 mem-
org. Just $582 in 100’s
when purchased
with similar quanti-
ties of LSI-11/2
CPUs.

So with every
16-bit LSI-11/2
microcomputer, you
can get the memo
that was made for it.
With Digital’s qual-
ity and reliability
built right in—we
actually burn-in and
schmoo every board
we ship.

Our RAMpart 64 memory
gives you on-board refresh, select-
able I/O page boundary, and a typi-
cal access time of just 210ns.

i

i
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CIRCLE 51 ON INQUIRY CARD

\\\ P people world-
P wide.

Allona5.2" x8.9” (13.2 cm x
22.8 cm) board.

Price is just one way we're
committed to the micro market.
The fact is, we give you more
ways to solve your design prob-
lems than anybody.

A family of 16-bit microcom-
puters in boards, boxes and sys-
tems. The most powerful,
advanced and proven software on
the market. Plus hundreds of
hardware tools —memory and

S interface boards, complete

development systems,
peripherals and ter-
minals. And we
back it all with
over 11,000
support

Mg It’s the total
" approach to micros, only
from Bigital.

For more information, con-

tact Digital Equipment Corporation,
MR2-2/M70, One Iron Way,

Marlborough, MA 01752. Or call
toll-free 800-225-9220. (In MA,
HA, AL, and Canada, call
617-481-7400, ext. 5144.) Or
contact your local
Hamilton/Avnet dis-
tributor. In Europe: 12
av. des Morgines,
1213 Petit-Lancy/
Geneva.
, InCanada:
" Digital Equipment
of Canada, Ltd.

" Ittook the minicomputer

company to make
micros this easy.



SEMICONDUCTOR ADVANCES BOOST
DIGITAL IMAGE PROCESSING
SYSTEM PERFORMANCE

Current dual-ported refresh RAM and pipeline processor techniques
applied to standalone interactive systems have enhanced digital
image processing and analysis of black and white or full-color 2-
dimensional data for high resolution and large dynamic range

data extraction

Harry C. Andrews

Comtal Corporation, Pasadena, California

Digital image processing generally involves mathe-
matical transforms for image analysis, coding to per-
mit image compression, enhancement for improved im-
age display, restoration for elimination of image degra-
dation, and investigation of image recognition and
classification. Processing techniques have progressed to
where large dynamic range imagery—10 bits or 1024:1
signal to noise ratios—are prevalent—and high resolu-
tion imagery—I10® pixels (or picture elements) in a
single image—are possible in system architectural
designs. Currently, the state of the art of digital refresh
black and white imagery is between 512 by 512 by
8 bits (X3 for color) and 1024 by 1024 by 8 bits
(X3 for color) presented at 30 frames per second.
Constraints caused by flicker and horizontal band-
widths will probably not yield significant design break-
throughs in these characteristics within the near future.
However, digital image processing evolves steadily in

sophistication because of recent design advances in
multiplexed data channels, pipeline processors, refresh
random access memories (RAMs), and color shadow
mask and monochrome monitors. These advances in tech-
nology are due to the increasing demands of inter-
active realtime digital image data exploitation.
Early digital image display systems were usually
peripheral devices, consisting of either digital discs
or charge-coupled device (ccp) shift registers as simple
refresh memories, with little additional capability. Such
device oriented systems offered only single-pixel mono-
chrome or pseudocolor enhancement. However, these
systems had the capability to display in real time,
without photographic processing, the results of algo-
rithm development procedures implemented on the
imagery in a host machine. Experience with these periph-
eral display systems, attached to various host computer
facilities, soon demonstrated the inefficiency of such
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configurations. Specifically, a host machine, cycling
around to the interactive station port, at the same
servicing rate as for the other ports, was considerably
less than interactive. The solution was for the inter-
active port to “capture’” the host, obviously unaccept-
able to other host ports. However, even if the display
station did have complete control of the host, the
standard input/output (1/0) channel rates of 1M bytes/s
were much slower than acceptable for efficient inter-
active image processing. Consequently, the concept of
offloading certain functions to the frontend display de-
veloped to minimize image 1/0 processing rates. This
offloading from host to display caused considerable
architectural problems, as the frontend terminal, to
be truly interactive, had to process data at the rate
of 10M pixels/s or more. These constraints led to the
design philosophy of the standalone or interactive
digital image processing system.

System Design Principles

Standalone system design has only one interfacing
or realtime criterion. Essentially, all processing on a
single frame of data must be performed in less than
1/30 s, so that a human operator is visually and
manually involved in the process of image manipula-
tion; otherwise, processing operations are not considered
as real time within this context. This design constraint
precludes 1/0 to foreign hosts, array processors, or
other off the shelf processors with interfaces less than
10M pixels/s. A pixel is typically 1 bit deep (ie, on
or off) for raster graphics, 8 bits (ie, 256 levels of
gray) for monochrome imagery, 16 bits for radar
imagery, 24 bits for true color imagery, and 32 bits
for 4-band multispectral imagery. The 10M-pixel/s
rate comes from the horizontal bandwidth of a 512 x
512 display refreshed 30 times/s. For a 1024 x 1024
display, the processing rate rises to 40M pixels/s. At
these rates, design architectures and image array pro-
cesses have to be intimately built into the refresh
memory structure of the interactive system.

Recent architectures have capitalized on the decreas-
ing cost and increasing availability of dual-ported
RAMs, which afford multiple access to a common ex-
pandable data base; for example, 4096 x 4096 x 8-bit
pixel memory images are possible with dynamic par-
titioning to provide a multiplicity of applications. With
a window size of up to 1024 x 1024 pixels, realtime
roaming through the data base is possible with zoom-
ing, and 3 x 3 arbitrary convolution filters followed
by both linear and nonlinear function memory com-
binations can process a 512 x 512 x 8 monochrome
image in 1/30 s, equivalent to one television (TV) time
frame. Convolution is the process of linear spatial filter-
ing to cause a single pixel in the image to be modi-
fied as a function of its surrounding pixel values.

Typically, convolution is implemented by sliding a
kernel matrix (ie, a set of weighting coefficients) over
each pixel in the image and replacing the center pixel
by the linear sum of the coefficients of the kernel

94

512 BITS

™ B"S{
™ a”s{
(o)

512 x 512 IMAGE [-—x:l IMAGE MEMOR!ES————O‘

1 MONOCHROME
IMAGE PLANE
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Fig 1 RAM architecture. This organization is strue-
tured in contiguous blocks for dynamically allo-
cating memory to monochrome, true color, or multi-
spectral applications. Architecture allows for stack-
ing of images or abutting of images under keyboard
control. Single 512 x 512 x 8-bit image memory
(a) and virtual address space (b) are shewn, along
with arbitrary, but common, configuration (c)

COMPUTER DESIGN/SEPTEMBER 1979




multiplied by the surrounding pixels. For a 512 x 512
image to be filtered with a 3 x 3 kernel in 1/30 s
requires 70M operations/s. With graphic overlay mem-
ories, such image precessing techniques as annotating,
labeling, outlining, and monochrome or color correct-
ing are pessible. Due to the dynamic allocation of
database memory, digital loop movies (the sequential
readout of different sections of refresh memory) in
real time are feasible, as are left-right, right-left, up-
down, or down-up scrolling of new imagery into the
refresh memory and viewing window. Pipeline process-
ing, freeze frame iterative image array feedback, and
firmware burned control and instruction commands
are among the image processing techniques presently
utilized in interactive system design.

Refresh RAM

A refresh RAM is usually designed as 512 x 512 x
1-bit planes [Fig 1(a)], cycling at 800 ns/bit or
spatial position. Four such planes are packaged to
provide 1M bits of 16k rRAM, or one half of an 8-bit
image. A full 512 x 512 x 8-bit monochrome image
requires eight planes. In turn, 64 of these planes
(at 8 bits deep) represent a 4096 x 4096 image in
refresh memory at one time [Fig 1(b)]. The archi-
tecture is structured so that each bit plane can be
interpreted as a raster graphics plane. In addition,
readout addressing can be organized so that image
planes can be ‘“stacked” to represent true color (three
image planes), monochrome with four graphics (one
and ene-half image planes), or true color with four
graphics (three and one-half image planes), as de-
picted in Fig 1(c).

Because all bit planes are in synchronization, it is
possible to offset the X, Y starting location, thereby
providing arbitrary roaming capability. For a 4096 x
4096-image base, a total of 64 separate 512-image
planes are roamable, with as small a step as 1 pixel.
In general, an. image memory structure can be dy-
namically allocated, so that an Le512 x N+512 x
M¢+4 deep data base can be dynamically redefined,
where L is the number of vertical images, N is the
number of horizontal images, and M is the number
of 4-bit deep image or graphics planes.

Refresh RAM is handled by three separate 1/0 con-
trol functions (Fig 2). First, image refresh 1/0 con-
trol provides random addressing for loading. This pro-
cess takes advantage of dual-ported memory to allow
slow loading into random locations at random rates,
thereby allowing refresh memory to be asynchronously
loadable from any external device running slower than
80M bits/s. Both single-line and single-pixel loading
and reading formats are possible. Automatic addressing
increments are also provided for burst load modes,
when needed, as in direct memory access transfers and
with online image sensors.

Eight directions of pixel loading may be accomplished,
thereby allowing horizontal, vertical, 45°, or 135°
readout of and/or writing into refresh memory at syn-

CONTROL SIGNALS IMAGE

IMAGE/GRAPHICS

DATA FLOW CONTROL

SIGNALS

ALL 64 OUTPUT IMAGES
HARDWIRED TO
PIPELINE PROCESSORS

[ea
OUTPUTS )
MAX

RANDOM ACCESS
DATABASE MEMORY

IMAGE
S G |
gx‘:‘g‘{ it MEMORY CAPACITY

16,777,216 BYTES(MAX)
AVAILABLE IN BLOCKS OF
512 x 512 x 4 BITS

CONTROL SIGNALS FRAME

i : FEEDBACK PATH AT
1/30 $/512 x 512 x 8-BIT IMAGE

Fig 2 Controlling dual-ported refresh RAM. Control
is accomplished with three different functions. First
is random 1/0 to RAM. Second is offset readout (for
roam) and X2 or X4 slowdown (for zoom). Third is
freeze frame writing back into memory for video
input and feedback array processor storage

chronous rates. Thus, the memory can easily be used
for corner-turning algorithms, prevalent in many image
processing applications, where 90° image rotations and
transpositions are necessary.

Second, image refresh database control defines the
offset memory values for arbitrary roam positioning.
This control is a raster addressing circuit that desig-
nates the starting pixel (usually, upper lefthand
corner) of each image plane at that roam location.
Because this address can change rapidly, roaming is
done quickly with respect to operator response. Roam
addressing is changed during vertical blanking of the
display, thus permitting a smooth or continuous roam
without interference to the displayed scene. Image
refresh database control also provides for two times
(X2) and four times (X4) magnification (zoom) at
any location in memory by two or four times replica-
tion. A visual illustration of this technique is shown
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in Fig 3, in which an aerial overview is presented with
a X2 zoom and roam to the lower righthand quadrant
and another roam (still at X2 magnification) farther
to the right of the scene. Magnification is implemented
in real time by slowing memory output by a factor
of two (or four, respectively), and reading every pixel
twice (or four times). Thus, although memory output
is decreased by a given factor, the double (or quad-
ruple) reading rate brings the output data up to the
original digital Tv refresh rate, thereby accomplishing
two times or four times zoom instantly. Because this
control also defines roam offset, both roam and zoom
are easily coupled.

Since roam offset addressing can be changed often,
it is possible to regularly pass through memory in
a controlled manner. Therefore, loop movies are avail-
able. Size and extent of the movie are determined by
the amount of memory sequenced; a 64 sequence for
5122 frames, a 256 sequence of 2562 frames in the
X2 zoom mode, and a 1024 sequence of 1282 frames
(b) in the X4 zoom mode provide approximately a 2-s,
8-s, or 32-s sequence of nonrepeated imagery, respec-
tively, at 30 new frames/s. Naturally, program control
allows for slower sequencing for slow motion effects.

The third control designed into refresh memory pro-
vides the freeze frame write facility, which allows
data entry into memory at 80M bits/s for a burst of
1/30 s. This facility allows memory to be used as a
video frame grabber (ie, capturing a single frame of
video), but more importantly, it allows a feedback
path into refresh memory from processed results im-
plemented in the pipeline processor or in the con-
volution and image combination circuits. This feedback
path permits interactive full-frame array processing
on the imagery. In addition, the progression of the
algorithm is visually available.

(a)

(c)

Pipeline Processing

Pipeline processing functions are hardwired data entry
tables, connected to each possible image and graphics
plane in refresh memory (Fig 4). For a 64-image
system (ie, 4096 x 4096 pixels), a total of 64 tables,
each of which is an 8-bit by 8-bit (256-level by 256-
level) function memory, can be loaded with arbitrary
values under interactive operator control. These tables
are loaded during horizontal and vertical retrace
periods, thereby guaranteeing no visual breakup of
(d) the displayed imagery. Typical uses of these tables
include gamma correction to compensate for sensor
nonlinearities, contrast enhancement for sharper image
definition (Fig 5), and log curves for transmission/
density conversion.
Internal to the selector switch are logic circuits that

R allow graphics bit planes to control which image
Fig 3 Zooming and roaming cpa- number is passed. This logic enables the definition
bilities. This sequence of displays of a region, or regions, of an image using the graphics
[(a) through (d)] illustrates use of as a mask, accurate to the single-pixel position. This

zooming and roaming simultaneous- mask or graphics plane then becomes the control sig-
ly. Note ability to move to and ex-

; ; f nal, determining which image/function memory com-
tract seleclive sections of image for 7 i " . A
examination and greater magnifica- !)matlon is allowed to. be dlsplaye(.i. By wiring one
tions ° image plane to two different function memories and

COMPUTER DESIGN/SEPTEMBER 1979



e ———— e ——— -———

SIGNALS

TABLE
l ENTRIES

LOAD
GRAPHICS OR
IMAGE NO | R
FUNCTION 8-BITS
MEMORY |
- SELECTOR
B SWITCH
®  TABLE e
e Tires CIRCUITS
l LOAD
GRAPHICS OR
IMAGE NO 64 bad
FUNCTION 8 BITS
MEMORY

NOTES:

IMAGE INPUT PORT IS 8 BITS DEEP > 256 BRIGHTNESS SHADES
GRAPHICS OUTPUT PORT IS 4 BITS DEEP => 16 GRAPHICS COLORS

CONTROL

TO DISPLAY MONITOR

GRAPHICS

11l

8 BITS

8 BITS

Fig 4 Pipeline processing functions. Multi-
§, 7S image pipeline processing consists of hard-

wired tables available for loading during hori-

zontal and vertical blanking intervals. Tables

are addressed and read out at 10M times/s.

Displayed image is any combination of 64
481 input images

(a)

Fig 5 Contrast image enhancement.
Function memories in pipeline pro-
cessors are used to increase contrast
in both monochrome or color im-
agery. Displays are taken directly
from monitor; (a) shows original, and
(b) is zoomed and contrast stretched
in upper left quadrant

loading them differently, local brightness variations are
achieved in the displayed image with spatial accuracies
to the single-pixel position.

Pipeline processing can define a color image out
of any three monochrome image planes. Selector switch
control logic selects any 3 of 64 possible images to be
defined as any combination of red, green, and blue
channels for a final color display. Thus, monochrome
to color dynamic memory allocation is done simply
at the parallel pipeline selector switch. Because all
image planes pass through function memories, a 24-
bit color correction control is implemented by the
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