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NEW!

from out of the West...

DEC COMPATIBLE CONTROLLERS

The Wespergroup Dimension series expands twofold in
three dimensions. Wespergroup introduces six exciting
new additions to the tape and disk dimension series:
THE TAPE DIMENSION Q-BUS COUPLERS TDQ-1 AND
TDQ-11. These couplers easily support the new tri-density
“formatted tape drives” both in Start/Stop or Streaming
modes. The TDQ-I supports Pertec interface tape drives,
while the TDQ-II supports high speed Pertec, STC and
Telex interface tape drives using a 64k byte data buffer.
Both couplers emulate the DEC TSVO5.

THE DISK DIMENSION DEC UNIBUS CONTROLLERS
DD-I1 AND DD-II. These controllers sustain up to four
industry standard SMD interface disk drives. The DD-II
handles up to two megabyte/second data transfer rate of
the new SMD interface disk drives. The DD-1 and DD-II

* %

emulate DEC RM02/03, RM05, and RP06 disk drives.

THE TAPE DIMENSION DEC UNIBUS COUPLERS TD-I111
AND TD-IV. These couplers support the new “formatted
tape drives” with either STC, Telex or Pertec interfaces
in Start/Stop or Streaming modes. The TD-1V includes a
64k byte multi-stage data buffer to upgrade the efficiency
of the Streaming Drive in the write mode. Both couplers
emulate the DEC TS Il drives.

Call or write today for the complete Wespergroup
catalog. WESPERGROUP, Div. of WESPERCORP (USA),
14321 New Myford Road, Tustin, CA 92680, Tel: (714)
730-6250, Cable WESPER, TWX 910-595-1775, Telex
4720629. (Germany) GmbH, Tel: 089 982420. (U.K.) Tel:
(44) 0276-20934.

DEC, Unibus and Q-Bus are registered trademarks of Digital Equipment Corporation.

Division of WESPERCORP
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Model 6455 Cartridge Tape System

Loaded with Features —
Loaded with Benefits.

Kennedy products have always provided innovative new

features. And these features have always provided added
benefits and convenience for the user. For instance, our
Model 6455 offers these features and benefits:

Feature: Start/Stop Operation

Benefit: Drive can emulate a 2" tape drive by providing
the ability to perform selective file back-ups,
file-restructuring, journaling and software
updates.
The drive is effectively a ¥2” Tape Drive in a
smaller package.

Feature: Hard Read Error Spec. of 1in 10" bits.

Benefit: Best data reliability of any tape cartridge drive.
Gives the user confidence in the integrity of the
back-up medium.

Feature: On-board Diagnostics

Benefit: Drive can be tested off-line with no test

equipment required. Use of S.A. also lowers the
MTTR.

Feature:

Benefit:

Feature:
Benefit:
Feature:
Benefit:

Cartridge Jam Protection

Protects the cartridge from damage if cartridge
jams. This is accomplished by sensing a current
surge and then disabling the motor, thus
insuring that the cartridge will not be damaged.
High Density Recording

Storage capacity of 23 MB on a single cartridge.
Optional industry standard 2" tape interface.
Operates with existing tape couplers and software.
The drive operates as though it were a 2"

tape drive without having to modify existing
hardware or software.

By now you can see what we're driving at. Model 6455
is full of unique features and benefits for you. For the
complete story, write or call us today.

KENNEDY

An Allegheny International Company

1600 Shamrock Ave., Monrovia, CA 91016
{818) 357-8831 « ITT TELEX 472-0116 KENNEDY
TWX 310-472-0116 KENNEDY

KENNEDY « GUALITY ¢+ COUNT ON
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You've asked for a
32-bit computer

MDB’S
system w1th
32-BITUNIX
expans1on
capab1ht1es
that is low-cost

FOR I ou multi-tasking
requirements.

So we created the MDB Micro/32
an MC68000** based system with 512KB
memory (expandable to 4MB). This
powerful system combines MDB'’s
REGULUS*** with the incredible
expansion capability of our in place
Q-Bus**** repertoire of peripheral con-
trollers...as well as our interfaces/
multiplexors for all communication
modes, protocols and disciplines.

The result: speed, power and ver-
satility of systems design you can't get
anywhere else!

REGULUS is MDB'’s UNIX...the

and compact
yet powerful
enough for
multi-user,

most advanced and powerful version
in the world. Featuring user source
compatibility with UNIX V6, 7, and
System III, REGULUS offers complete
support of all UNIX kernel features,
multi-key B-tree ISAM and VAX/
PDP-11**** cross support, and a host of
operating systems and command func-
tions not available in any other UNIX.
We speak your

language too. WITH OUR
Under REGULUS
you can also
have BASIC ““EQ“ALED
FORTRA
" REPERTOIRE
PASCAL and

OF Q-BUS
tion to most
e CONTROLLERS &
ular com-
pilers, utilities I“TERFACES.
ware packages.
It’s all available now. Call us today for
complete information.

DIBOL, in addi-
and spec1al soft-
Best of all, you don't have to wait.

*UNIX is a Trademark of Bell Laboratories. **MC68000 is a registered Trademark of Motorola, Inc. ***REGULUS is a Trademark of Alcyon. ****Q-BUS, VAX PDP-11 are Trademarks of Digital Equipment Corporation

THE WORLD'S LARGEST
] INDEPENDENT MANUFACTURER
SYSTEMS INC. OF COMPUTER INTERFACES.

Circle 185 for LSI-11
Circle 186 for Micro/32
Circle 187 for REGULUS
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Corporate Headquarters

1995 N. Batavia Street, Box 5508

Orange, California 92667-0508

714-998-6900 TWX: 910-593-1339 FAX: 714-637-4060

MDB Systems Europe, Inc.

9 route des Jeunes

CH-1227 Geneva (Switzerland)

Tel. (41) (22) 439410 Telex 421341 mdb ch
FAX (41) (22) 439414

MDB Systems, U.K,, Ltd.

Everitts House

426 Bath Road

Slough, Berkshire (England) SL1 6BB

Tel. (06286) (67377) Telex (847185) WWTSLO
FAX (41) (2812) (3507)



UP FRONT

French private branch exchange enters U.S. market

Although it is fashionable to expound on the ‘‘upcoming next generation’’ of equipment
(see staff report, p 149), some companies are content to nibble away at a ‘‘real’’ market
by offering equipment of a ‘‘before-the-next’’ generation caliber. For example, Jistel of
Stamford, Conn has introduced a family of analog and digital private branch exchanges
(PBXs) with which the company hopes to capture a 4- to 6-percent share of the U.S.
market by 1987. (Jistel is a division of JS of America Inc, which in turn is a subsidiary
of Jeumont-Schneider of Puteaux, France.) The U.S. PBX market—40 percent of that
worldwide—is relatively free of the restrictions imposed in European countries. Also, the
breakup of the Bell Telephone System offers an even more lucrative target for
competitive companies.

Two analog voice-only systems available this quarter are time division multiplex switches
using pulse amplitude modulation techniques. Jistel 95 has a capacity for 16 trunk lines
and can accommodate 80 stations, while the Jistel 200 handles 32 trunk lines and 208
stations. Both products have been in use in France and other European countries for
several years, but are reconfigured to adhere to U.S. FCC regulations and to match U.S.
PBX competitive features. Two digital products, the 150 and 500, to be available in the last
quarter of 1984, will be able to route both voice and data at a 56-kbit/s rate.

““‘Concept-processing’’ workstation links to powerful computing

For the most part, array-based schemes favored for developing artificial intelligence,
robotics, vision systems, and signal processing applications have been ideas in search of a
practical development tool. To that end, Analogic Corp (Wakefield, Mass) has created its
APL Machine, which turns an unmodified IBM PC into a programmer’s workstation
fronting its 10-MFLOPS, 32-bit AP500 array processor. Under a Unix-derived operating
system, the PC runs the International Standards Organization-validated APL written on its
own or outside hardware. The APL interpreter runs in the 12.5-MHz, 16/32-bit micro
control processor; primitive functions and operators of APL reside in pipeline microcode.
In addition, the company provides Unix-like shells that incorporate non-APL code for
applications using compiled or assembled code.

Macintosh or Granny Smith?

The high stakes personal computer game gets yet another raise in the form of Apple’s
long-awaited Macintosh. By spurning the pack and IBM PC compatibility, Apple is clearly
drawing a line in the dirt. The 68000-based machine will have a Lisa-like operating
environment such that Macintosh programs will run on the Lisa but not vice versa. The
machine should also give a big boost to acceptance of the 3'2-in. floppy disk that
Hewlett-Packard is already using in its PC-compatible model 150. Apple is emphasizing
support for independent software developers, and at the price of $2495, Macintosh (if it
makes it in the initial post-introduction phase), should give the competition a real run for
the money. The basic price includes a word processing program (MacWrite) and a
graphics package (MacPaint). Apple has also introduced three new models of Lisa: Lisa 2,
2/5, and 2/10, all software compatible with the Macintosh.

Seeq to produce high endurance EEROM

One million write cycles per byte is to be the new standard for electrically erasable ROMs
produced by Seeq Technology (San Jose, Calif). The 5516A, a 16-Kbit (2-K x 8) EEROM,
will hopefully encourage more design-in by designers wary of write limitations in EEROMs.
The part has an onchip timer and a write cycle time of 10 ms. Seeq offers the million-write
version as a high endurance version of its existing 2816A. Future products will include high
endurance versions of existing parts as well as yet unannounced million-write EEROMs and
other ICs incorporating the high endurance ‘“Q cell’’ technology onchip.
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UP FRONT

Motorola completes CMOS RAM tests for VHSIC program

Engineers at Motorola Semiconductor (Phoenix, Ariz) have completed tests on a 4-port
silicon-gate CMOS RAM as part of phase I for the Department of Defense’s very high
speed integrated circuit (VHSIC) program. The 4-Kbit chip is believed to be the first bulk
CMOS part manufactured using Motorola’s 1.25-um HCMOS design rules. In operation,
the RAM can have two independent addresses read out while two other independent
addresses are being written into it, all using a single 25-MHz clock. The part is slated for
an electronic warfare application for which Motorola’s VHSIC partner, TRW Inc
(Redondo Beach, Calif), is supplying the brassboard. The memory IC is functionally
compatible with TRW’s triple-diffused bipolar parts, with both types of circuits operating
off a 3.3-V power supply. With 12 transistors/memory cell, the 290- x 313-mil memory
chip contains a total of 59,700 transistors. This translates to a functional throughput rate
(FTR) of 101! gate-Hz/cmi which, in turn, requires 300 mW of power to dissipate. The
next challenge for Motorola engineers is to build a 6-Kbit CMOS gate array chip that will
also be compatible with the other chips on TRW’s brassboard. (Sperry Corp is a third
member of the program team.)

IBM PC backs Unix

IBM Information Systems Group (Rye Brook, NY) has announced its flavor of Unix for
the IBM PC. Known as the personal computer interactive executive system (PC/IX), the
operating system implements a superset of Unix System III with an interactive full-screen
editor. The minimum configuration needed is 256 Kbytes of RAM, a single 320-Kbyte
floppy disk drive, and a 10-Mbyte rigid disk drive. The Unix port was done by
Interactive Systems (Santa Monica, Calif). It will be ready for release at the beginning of
April.

Industrial computer slides in processing capability

Departing from the traditional shared logic approach of single CPU systems, Indocomp,
Inc’s (Drayton Plains, Mich) IMP-68000 depends on independent processors. Each
processor runs its own operating system and executes its own application programs. This
prevents one processor crash from affecting other running processes. Slide-in processor
boards (all front accessible) consist of a standard processor section and a customized 1/0
section. Current 170 sections include both digital and analog boards as well as a
development board with predrilled holes and a large wirewrap area.

TI and Fujitsu to alternate source bipolar, CMOS arrays

At a still-unannounced future date, Texas Instruments (Dallas, Tex) will supply gate
array products based on design and fabrication information from Fujitsu Ltd (Santa
Clara, Calif). This alternate-source agreement between the American and Japanese
semiconductor giants covers both bipolar and CMOS devices. Specifically, these will be
bipolar Schottky TTL arrays with 1.9-ns delays in densities ranging from 240 to 1100
gates; and H-series and VH-series CMOS arrays in densities from 440 to 8000 gates. Both
TI and Fujitsu have proprietary computer aided design systems and design languages. To
aid customers, each company will provide the means to accept circuit descriptions written
in the other’s language and convert them to produce guaranteed compatible parts. The
companies emphasize that Fujitsu is giving TI parameters for producing compatible
designs rather than actual process technology.

COMPUTER DESIGN©1984 (ISSN-0010-4566) is published monthly, with a thirteenth and fourteenth issue respectively in June and October by PennWell
Pulpl_lshmg Company, Advanced Technology Group, 119 Russell Street, Littleton, MA 01460. Second-class postage paid at Littleton, MA 01460 and additional
mailing offices. COMPUTER DESIGN is distributed without charge to U.S. and W. Europe-based engineers and engineering managers responsible for
computer-based equipment and systems design. Subscription rate for others is $50 in U.S.A. and $75 elsewhere. Single copy price is $5.00 in U.S.A. and $7.50
elsewhere. Microfilm copies of COMPUTER DESIGN are available and may be purchased from University Microfilms, a Xerox Company, 300 North Zeeb
Road, Ann Arbor, Michigan 48106. POSTMASTER: CHANGE OF ADDRESS-FORM 3579 to be sent to COMPUTER DESIGN, Circulation Department,
P.O. Box 593, Littleton, MA 01460 (USPS 127-340).

Officers of PennWell Publishing Company, 1421 S. Sheridan, Tulsa, OK 74101: P. C. Lauinger, Chairman; Philip C. Lauinger, Jr., President; Joseph A.
I\j/o}klhng,F Seng{, _ch; Prg;:dent; H. Mason Fackert, Group Vice President; Carl J. Lawrence, Group Vice President; V. John Maney, Vice President/Finance;
. John Ford, Vice President.
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® COMPUTER DESIGN is a registered trademark. All rights reserved. No materials may be reprinted without permission. Phone (617) 486-9501.
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200 MB/second!

DATARAM

World’s Fastest Bulk Memory System

It’s true. WIDE WORD, Dataram Corporation’s new, third
generation of its popular BULK SEMI memory systems,
delivers an incredible data rate of 200 MB/sec! Achieved by
utilizing a word length of 80 or 160 bits and

four-way interleaving.

Much faster than even the fastest minicomputers can
handle..but not too fast for your real-time applications,
image processing, array processing or data acquisition needs.

Dataram’s WIDE WORD BULK SEMI is ready to perform for
you. Now! Multi-port capability makes it possible to interface
WIDE WORD BULK SEMI to your host minicomputer: Connect
one port to your high-speed input; the other to your mini.

A library of dedicated interfaces — for Digital Equipment
Corporation, Data General, Ampex, Control Data, CSPI,
Honeywell, Intel, MODCOMP, Perkin-Eimer, ROLM, and SEL
— make it easy to interface to most minicomputers.

WIDE WORD BULK SEMI. 32 MB of high-performance memory
in a compact 15%" system. Word lengths up to 160
bits. And, of course, a data rate of 200 MB/second.

Our 16-page BULK MEMORY brochure will tell you more. And
you can have it at no charge by completing the coupon
at right, or calling us at (609) 799-0071.

DATARAM

Princeton Road [ Cranbury, NJ 08512 (] (609) 799-0071 O TWX: 510-685-2542

WHAT'’S THE BIG IDEA?

O Send me your 16-page brochure detailing BULK SEMI.
0 Please call me to discuss my application.

Nme_____ === 002 2= Title
Company

Address

city

Telephone

Minicomputer

CIRCLE 4




GOMPUTER DESIGN

System technology

27 Interface:
Thirty-two bit system designers face decision time

49 Software:
Local area networks proliferate while standards lag

56 Integrated circuits:
Chip finds degree of similarity between strings

64 Data communications:
Page 56 Terminals move to X.25 transparent to host

System design

73 Microprocessors/microcomputers: Triple-bus architecture gains speed,
versatility
by Dave Cane and Steve Mullen—Both problems and opportunities lurk
for designers of realtime minicomputer systems. A three-pronged
approach attacks the problems inherent to single-bus architecture.

89 Data conversion: How vocabulary is generated determines speech quality
by Michael W. Hutchins and Lee Dusek—Synthetic speech vocabulary
can be generated by analyzing natural speech or by artificial construction
from phonetic parts, with differing results.

105 Computers: Array processor achieves 100 MFLOPS
by Robert Hausman and Phil Cannon—Parallel architecture and fast
hardware team up with a resident operating system to speed data flow
and minimize host communication.

121 Computers: Using an efficient microarchitecture achieves goals
by Kenneth Burns and David M. Burns—Careful microarchitecture
planning enables design engineers to achieve dual goals of low cost and
high performance in a 32-bit computer.

137 Microprocessors/microcomputers: Motor control system design hinges on
processor delays
by Manuel R. Cereijo—Microprocessors are a boon to motor-speed
controllers, but certain limitations of the devices must be accounted for
in system designs.

Page 137
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Vol 23, No 2
Feb 1984

Special report on

data communications

145

This month’s data communications
report includes many of the same local
network topics discussed here a year
ago. A few new choices and some extra
flavored ingredients for the established
entrees, however, add spice to the
computer designer’s menu. With digital
PBXs giving LANs a run for their
money, and LSI chips making the final
choice between the two ever so
difficult, the engineer will have to
study this year’s menu carefully before
making the “‘right’’ selections. Bon
appetit!

This month’s cover was created
and designed by Mark Lindquist
on the Digital Effects Video
Palette 111 and D48 high resolution
camera system.

System components

243 Transputer—a programmable component that gives micros a new name
246 Graphics system functionality swells with million addressable points
246 Low cost plotter combines graphics command set and offline operation
248 Laser-based optical disk drive stores 1 million bytes
248 Open architecture characterizes programmable handheld computer
250 Compact station engineers hierarchical VLSI design system
250 Condensing architecture makes small system perform big
252 Winchester/floppy controller rules over diverse disk selections
252 Portable operating system easily adapts to specific microcomputers
259 Data communications 274 Integrated circuits
260 Interface 275 Software
262 Test & measurement 278 Interconnection & packaging
264 Memory systems 280 Computers
265 Peripherals 282 System elements
267 Microprocessors/microcomputers 289 Control & automation
268 Data conversion 291 Power sources & protection
270 Development systems
Departments
3 Up front 300 Designer’s bookcase

11 Editorial 303 System showcase

17 Letters to the editor 306 Advertisers’ index
294 Calendar 315 Reader inquiry card
297 Literature 315 Change of address card

Editorial reviewer
for part of this issue:

D. luster, Sr
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You'll never get trapped into dead-end designs with




Zilog$s high-speed Z80B CPU’s and Peripherals.

Y

3

3
3
S

Here’s more proof that nobody does more to extend
the life of your 8-bit designs than Zilog. Because now
you can increase 8-bit Z80" performance up to 6
MHz with the high-speed Z80B CPU and its family
of peripherals. You can join the hundreds of design
engineers that have already tested this claim with
winning results. Or wonder. ..

Is there something here they know that you don’t?

Like the fact that the Z80B CPU has the same 158
instruction set and the elegant registers and interrupts
that you’re used to working with, but runs them 50
percent faster than the Z80A chip?

That the Z80B processor is completely software
compatible with the rest of the Z80 family, permitting
you to upgrade to higher performance without get-
ting trapped into software redevelopment? That soft-
ware compatibility also means you can use the Z80B
device in co-processing and/or multi-processing
environments along side our other Z80 processors?

And consider the fact that you can surround our
Z80B CPU’s with a complete family of Z8400 and
7.8500 peripherals and really boost system performance.
They help you keep your parts and space require-
ments to a minimum and increase system throughput
because we build more functions into every device.
The peripherals include a PIO,a CTC, an SIO, an
SCC, an FI1O, an FIFO, a CIO, and a UPC.

For complete specifications and applications data
on the Z80B and peripherals, fill out the coupon and
mail to: Zilog, Inc., Components Tech. Publications,
1315 Dell Avenue, MS C2-6, Campbell, CA 95008.
Or call our TOLL FREE Literature Hot Line at
800-272-6560. For information on Zilog’s other com-
ponents, call (408) 370-8000.

Z80 is a registered trademark of Zilog, Inc.

[ I’d like more information at this time.
[ Please have a salesman contact me.

Name
Title
Company
Address
City

Phone /
Z80B/Peripherals

an affiliate of
exon Corporation

Pioneering the Microworld




the technology is. .

Hitachi introduces the new
standard in Hi-Resolution. That

standard is embodied in our new
HM-4619 RGB Color Monitor. .

The HM-4619 delivers flicker-free A TN,
images with 1280 x 1024 resolution D, VAR ISR
at 60 Hz. Hitachi tube technology s
leadership has created a new in-
line gun delivering high brightness
with sharper focus. All of this is
enhanced by our Digital Dynamic
Convergence™ of 0.1/0.3 mm.

The Hitachi line of RGB Color Monitors is
rapidly becoming the clear choice of
OEM'’s throughout the world. We feel our
new, top of the line, HM-4619 is the unit
which will set the standard by which all
other color monitors will be judged.

® New In-Line Gun with Hi-Brightness and
Sharp Focus

m 1280 x 1024 Resolution at 60 Hz

® 0.1/0.3 mm Misconvergence )
® 100 MHz Video Bandwidth H I I AC H l

® Compact Design

m Cost Effective State of the Art
Technology Plus the Strength of Hitachi The Image Speaks for Itself

Worldwide SUppOrf Hitachi America, Ltd.
59 Route 178, Allendale, NJ 07401
(201) 825-8000
3540 Arden Road, Hayward, CA 94545
(415) 783-8400
Hitachi Europe, Ltd., Lee House (10th Floor)
London Wall, London EC245AS
(01) 606-7831
Hitachi Denshi Canada, Ltd. 65 Melford Drive
Scarborough Ontario, Canada MIB 2G6
H-1® Hitachi America, Ltd. (416) 299-5900

computer graphic courtesy of METHEUS Corporation, Hillsboro, Oregon
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EDITORIAL

THE COMPUTER ILLITERACY THREAT

Many years ago, we knew a fellow who sold encyclopedias. His
selling technique was brutal but quite effective. Usually, he
would work low income neighborhoods, going from door to
door. If the prospects had children, he would ask if they wanted
their kids to grow up as poor and uneducated as their parents.
Except in those cases where the door slammed in his face, it was
then surprisingly easy for him to convince the concerned parents
that the purchase of a set of encyclopedias on an easy payment
plan virtually guaranteed that their kids would become
prosperous geniuses.

Today, unfortunately, many personal computers are being
sold in a similar fashion. Now we are starting to read and hear a
lot about ‘‘computer literacy’’ without which, it is said, our
children will not be able to survive in an increasingly competitive and computerlzed
world. Yet, although many people talk about computer literacy, nobody ever bothers to
define it. Therefore, we are not sure whether it means the ability to play a fair game of
Pac-Man, or the ability to write device drivers in assembly code. Either way, however,
the skill does not seem to have any particular relevance to survival in tomorrow’s
business world.

Computer system designers know that, by the time today’s schoolchildren join the work
force, a business computer will be no more difficult to use than a typewriter or telephone.
Tomorrow’s computer users will not have to worry about the subtle quirks of operating
systems, just as today’s users do not have to get Cobol programs keypunched onto decks
of cards. Yet, the public seems to have been brainwashed by the computer literacy
argument that has been pounded home by repeated TV commercials. People today ask
engineers not whether they should buy a personal computer, but only which one to buy.

In a few years, it is very possible that personal computers will provide convenient
educational workstations at which children can learn, draw, write, and calculate. So far,
however, most educational software is so abysmal that a computer is a needlessly
expensive replacement for a conventional blackboard and textbooks.

Apart from maintaining the financial health of computer companies, therefore, we see
no urgent need to accelerate the introduction of personal computers into the school or
home. Certainly, we see no overwhelming national benefit in such proposed legislation as
HR701—a bill introduced by Congressman Fortney Stark of California—which would give
computer makers a double tax write-off for donating their computers to schools. If we as
engineers push too vigorously for such legislation—in the misguided hope that it will aid
the computer industry—we may find that we have lost our professional credibility when
the fad has passed and unused personal computers are littered around like Rubik’s Cubes
or Pet Rocks. Yes, computers should have a bright future in business, the classroom, and
the home—but not if we kill the industry with premature and excessive hype.

Michael Elphick
Editor in Chief
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© 1983 Advanced Micro Devices, Inc.

Write or call for a free Sunnyvale poster and all the facts on our memories.



NATIONAL «
SEMICONDUCTOR [0

A WORLD PERSPECTIVE.

If you're looking for the world’s fastest
MOS static RAMs, don’t look in Holland.

Searching for the world’s fastest
bipolar PROMs? Forget Texas or Arizona.

And you won't find the world’s fastest
EPROMs anywhere near Mt. Fuji.

They're all right here in Sunnyvale.
At Advanced Micro Devices.

Everything we make is fast.
Including the , the world's
fastest 256K EPROM.

The Am27256 is 170ns fast. It's the
only EPROM quick enough tokeep up with

a 10MHz MPU without a wait state.

And we've got the 40ns Am27S43A,
the world’s fastest 32K bipolar PROM.
And the 35ns Am2167, the world’s fastest
16K static RAM.

With leading-edge parts like these,
it’s no wonder memories account for half
our total sales.

And our other products are just as hot.

Controllers. Bipolar and MOS micro-
processors. Communications circuits.
Signal processors. We've got ‘em all, and
then some.

And every single chip meets or exceeds
the International Standard of Quality.

Next time your design demands high
performance memories, or any high-
performance parts, look us up.

We put high performance on the map.

Advanced Micro Devices ¢

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
For direct factory response call (408) 749-5000. Outside Callforma call toll free (800) 538-8450, ext. 5000.
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MORE STORAGE
FOR LESS

LSI-11
COMPATIBLE

EMULATION RK06/RK07 EMULATION RL02

42MB Winchester/Floppy (8”) ... $6995.00 10MB Winchester/Floppy (8"). . ... $4495.00
70MB Winchester/Floppy (8”) ... $7495.00 20MB Version Add ..............$ 500.00
140MB Winchester/Floppy (8") ... $9995.00

ALL SYSTEMS CONTAIN 2MB OF FLOPPY BACKUP

MORE MEMORY ON A SINGLE CARD THEN ANY OTHER MANUFACTURER
512KB TO 2MB QBUS ERROR DETECTING AND CORRECTING MEMORY
CALL FOR MORE DETAILS!

* NEW % * NEW %

“OFFERING QUALITY WITH AFFORDABLE PRICING”

e\ Chrislin Industries, Inc.

l 31352 Via Colinas ® Westlake Village, CA 91362 @ 213-991-2254
TWX 910-494-1253 (CHRISLIN WKVG)
RKO6, RKO7, RLO2, QBUS, DEC, LSI-11 are trademarks of Digital Equipment Corporation.
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FREE

PUBLICATIONS

Use the handy order form in the tax package to obtain
free IRS publications on over 90 different tax topics.
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It’s just not fair
to claim that TEMPLATE ‘is the
best graphics software available.

Our competition’s already
discouraged.

And we like competition. We really do. It's just that it’s difficult, if not
impossible, to find graphics software as efficient and functional as
TEMPLATE. Try as you might. TEMPLATE is the hands-down winner. With
true device-independence and intelligence, total graphics functionality
for CAD, scientific analysis, seismic work, process control, molecular model-
ling, and a host of other applications.

In almost any environment, whether it's batch or
interactive, 2D or 3D, TEMPLATE wins. Benchmark
tests prove it. TEMPLATE, besides being a true 3D
graphics package for 32-bit or larger computers, features
powerful commands that provide matchless produc-
tivity, TEMPLATE makes optimal use of available com-
puter resources, giving you fast, efficient computer
graphics program execution. And it supports over 125
graphics devices, from dumb termi-
nals to sophisticated systems.

We also provide on-site installation and training,
continuous updates, a regular flow of new device
drivers, and ongoing documentation. What's more,
we back you up with a telephone hotline so
TEMPLATE software specialists can provide help
if you need it.

But let’s be fair. If you're look-
ing for graphics software, call our competitors first. Find
out what they have to say about theirs. Then call us,
and find out why TEMPLATE really has no competition.

And why the competi-
tion has been so discouraged o i 5 MEGA-I- EK
for so long. g CORPORATION
SRS - UNITED TELECOM COMPANY
Making History out of State-of-the-Art
World Headquarters - 9605 Scranton Road - San Diego. California 92121 - 619/455-5590 + TWX: 910-337-1270

European Headquarters « 34, avenue du Tribunal-Fédéral - CH-1005 Lausanne, Switzerland - Telephone: 41/21/20 70 55 « Telex: 25 037 mega ch
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Like DEC's.

$8,845 system price*

256 KB minimum...
up to 4 MB!

8-quad slot
Q-BUS card cage

Supports RT-11, RSTS,
RSX-11M-PLUS,
UNIX, and
TSX-PLUS

Two fans in card cage
area (vs. one in

Micro/PDP-11)

RLO2-compatible
51" Winchester disk;
10 MB, 20 MB, or
40 MB capability

Cartridge tape
capability

*$8,845 is single-quantity domestic price for A22 with LSI-11/23,
256 KB, 10 MB Winchester and RX02-compatible 8~ floppy

DEC, LSI-11, Micro/PDP, PDP, RSTS, RSX, and RT-11 are trademarks of Digital Equipment Corporation
TSX-PLUS is a trademark of s&h computer systems, inc
UNIX is a trademark of Bell Laboratories

Media and software
compatibility with
DEC’s RX02 8” floppy
(vs. Micro/PDP-11"s
non-compatible 5%” floppy)

1.0 MB floppy disk
back-up (vs. 2 x 400 KB
for Micro/PDP-11)

Only better.,

i You can buy DEC’s Micro/PDP-11 with its impressive i
B array of features...or you can get Dataram’s A22 —an ]
] LSI-11/23 based minicomputer that gives you a whole ]
lot more...for a lot less dollars! Like an 8~

1 RX02-compatible floppy. 40 MB 514” Winchester and |
| % cartridge tape capability. And two fans that i
] provide push-pull air flow in the card cage area. I
] For more information, forward this coupon to us, or,

i for faster response, call (609) 799-0071. :
I O Send information. O Contact me immediately. ]
I Name I
: Company l
I Address :
| Gity State Zip Phone 1]

Dataram Corporation, Princeton Road, Cranbury, NJ 08512

CD284
N NN D D SN G BED NN NS BN S G BN NN N B G

DATARANM

Dataram Corporation O Princeton Road O Cranbury, New Jersey 08512 0 Tel: 609-799-0071 0 TWX: 510-685-2542



LETTERS TO THE EDITOR

Identifying management differences
This is written in response to your edi-
torial (Oct 4, 1983) entitled ‘“Wa Versus
the Gunslingers.”” I believe that you
identified the main point of manage-
ment style differences. American man-
agers seem to love a crisis where they can
fumble or manage their way through it.
Japanese managers consider a crisis, any
crisis, a management failure. Simple,
isn’t it? But what a difference.

Eugene S. Redner
Digital Equipment Corp
146 Main St

Maynard, MA 01754

Another look at the IEEE. . .
Congratulations on the Nov 1983 edi-
torial ‘“‘Democratizing the IEEE.”” I am
sure that Mr Elphick has done the IEEE
and the profession a great service by
airing some of our dirty laundry in
public. Perhaps this will lead to less dirty
laundry.

The editorial was of special interest to
us in Rochester, because Malcolm
““Mac’’ Drummond is a Rochesterian,
and is active in local Section activities.
With your kind permission, I would like
to reprint your editorial in The Rochester
Engineer. It is a monthly publication of
the Rochester Engineering Society, and
carries several pages of IEEE news, as
well as news from other member engi-
neering societies. The total circulation
is, I believe, in excess of 3000, including
about 1400 IEEE members.

I hope that you are able to continue to
present, on occasion, an unsanitized
view of the IEEE. The only other unbiased
source of information on IEEE doings
seems to be EE Times.

Jacob Z. Schanker
IEEE, Rochester Section
65 Crandon Way
Rochester, NY 14618

I just got to the Nov 1983 IEEE editorial.
I hope you voted for Irwin Feerst and
also sent his committee a contribution.
Perhaps your editorial and others will
help get IEEE back on track, but I doubt
it. I quit several years ago and haven’t
had any second thoughts.

Jonathan A. Titus

The Blacksburg Group, Inc

PO Box 242

Blacksburg, VA 24060

The Nov 1983 editorial, ‘‘Democratizing
the IEEE,”” was terse and to the point.
Simply put, the IEEE does not support
the group that supports it—the working
engineer.

Your identification of Edward J.
Doyle (1IEEE’s former VP for Professional
Activities as of Dec 31, 1983) as the
villain in the RCA pension dispute was
correct. And in the furor surrounding
the “‘return home’’ clause of the pending
immigration bill (which would require
that all foreign graduates of American
colleges return home for at least two
years) you were also correct. So long as
this important position is selected by
IEEE’s Board of Directors and not
elected by the membership, there is little
hope that the vp for Professional Ac-
tivities will reflect the wishes of the
membership.

For this reason, we are sponsoring an
amendment to IEEE’s constitution that
would make this position an elective
one. Interested readers may obtain a
copy of the petition form by writing to
the undersigned.

Irwin Feerst
Committee of Concerned EEs
PO Box 19
Massapequa Park, NY 11762

.. . A different look at the IEEE

The perennial gadfly, Irwin Feerst, has
received so much unwarranted press
coverage, the. effect is nauseating. The
Nov 1983 issue of Computer Design
carries another of his unsubstantiated
diatribes. Not only that, Mr Michael
Elphick, editor in chief, joins him in
belittling IEEE procedures and policies. 1
expect more mature journalism.

IEEE is by no means perfect, but as
many times as Irwin Feerst has run and
been rejected by the majority of its
members, he and Michael Elphick ought
to be getting the message. While Mr
Elphick may have a valid point in the
case of Mr Lewis and Mr Drummond,
he cannot be trusted if he associates
himself with Mr Feerst. Computer
Design ought to be able to do better.
Jens J. Jonsson
Brigham Young University
Electrical Engineering Science Dept
Provo, UT 84602

The Nov 1983 editorial, ‘‘Democratizing
the IEEE”’ is in tune with the loud noise
exerted by the street people who are
always fortified by ‘‘coke’ and weeds.
Legislation requiring alien engineering
students to return home upon gradua-
tion is a pathetic political attempt to rec-
tify inexorable economic facts. The logic
behind it is equivalent to saying that we
had better ship Einstein back to Ger-
many, because he is competing unfairly
with Americans.

Legislating import quotas for com-
puters, autos, and engineers is simply a
frank admission of mediocrity. It is
untenable in a free market. Trying to
‘“‘democratize’’ 1EEE will have no effect
whatsoever. Your editorial efforts will
be more appreciated if you will stick to
developing better guidelines for com-
puter design.

Frederick Marich
Amdahl Corp

110 Seville Way

San Mateo, CA 94402

In my editorial, I never took a position
either for or against a return-home
clause for foreign engineering students. I
merely proposed that the IEEE should be
responsive to the wishes of the majority
of its members. In the absence of a for-
mal referendum, we still do not know
the majority position on this issue.
Apparently, the IEEE’s Professional
Activities Committee changed its posi-
tion without consulting the membership.
This indecisiveness undermined the credi-
bility of any position the IEEE might
adopt and also forced the resignation of
an energetic volunteer worker. If the
IEEE persists in taking positions on
major issues without polling the member-
ship, its leadership must take full
responsibility for their actions. This
makes them fair game for editorial com-
ment and for criticism from people like
Irwin Feerst who suspect they are moti-
vated by narrow corporate and academic
interests.

Michael Elphick

Editor in Chief

(continued on page 20)
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CONITROL DAITA:
AFTER 25 YEARS,

STILL THE LEADER IN

THE PERFORMING ARTS.

Designing peripherals with exceptional performance is as
much an art as a science. We know. We've been doing it since
1962. From the beginning, we've been dedicated to giving
you solutions to on-line and back-up storage needs. Example:
the Storage Module Drive (SMD) we infroduced became the
industry standard for remnovable media disk drives. The SMD
is just one of the high-performance products that helped
make us the world’s leading independent supplier of
storage peripherals.

We’'re still adding star performers to our product family.
The LARK with a combined 50 Mbytes of fixed and removable
media. The WREN high-performance 5-1/4" winchester drive. The
Sentinel 1/4” cartridge streaming tape drive and the RSD that
provides 80 Mbytes of removable media in a unit one-half the
size of the original SMD.

Today there are more than 35 different products designed
to help you meet any storage or back-up requirement, with
maximum reliability and low cost of ownership built right in.

There’s more—the direct support that Conirol Data offers.
We can deliver maintenance on everything we make. So
wherever your customers are, Control Data penpherols can
be counted on for less downtime and more p—
productivity than unsupported
products. Our spare parts
programs help ensure that
your reputation for excellent
service with your customers
is backed to the hilt,

24 hours a day,
365 days a year. In the ;
United States and around the globe

Add to this the commitment to research,
to development and to manufacturing
quality that a corporation the size of
Control Data contributes, and you're
looking at precisely the kind of
performance that makes our OEM
peripherals top-rated in independent
preference studies year after year.

Every performance needs a program.
We'll send you one free: our new 48-page CONT[@L DATA
OEM products catalog. Write OEM Product
Sales, Control Data Corporation, PO. Box 0,

HQNO8H, Minneapolis, MN 55440.
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LETTERS TO THE EDITOR

(continued from page 17)

Marketing chip sets
I find it necessary to elaborate on a
statement made in Joseph Aseo’s article,
““Processors Divorced from Peripherals
with Separate 1/0 Bus’® (Nov 1983,
p 64). The statement ‘“NCR Corp also
shows an interest in marketing chip
sets’’ is somewhat ambiguous. NCR Corp
was one of the earliest promoters of the
scsi standard, as appreciable market-
place advantages would be available
with the creation of this SCSI ‘“universal
bus with generic commands’’ standard.
In fact, NCR Corp’s Microelectronics
Div was the first semiconductor manu-
facturer to bring a commercially avail-
able scsi protocol controller packaged in
a 48-pin DIP to the OEM marketplace.
The NCR 5385 SCSI protocol controller,
supporting the 1.5-Mbyte/s data trans-
fer rate and arbitration, was first press
released in Electronic Design (Apr
1983). Since then, the device has been
available directly from NCR’s Microelec-
tronics Div Colorado Springs facility, as
well as through distribution. As you can
see, not only is NCR Corp interested in
marketing this standard device, we are
actively pursuing it.

Michael B. Burchman

NCR Corp

Microelectronics Div

1635 Aeroplaza Dr
Colorado Springs, CO 80916

Forth is core of CATS-1 system

In the report by Nic Mokhoff, entitled
““Artificial Intelligence Systems Make
Their Mark’’ (Nov 1983, p 33), Lisp is
described as the core language in ex-
pert systems. The accompanying photo-
graph identifies the CATS-1 system for
locomotive repair as an example of an
expert system. The CATS-1 system was
programmed in Forth. For references,
see the article by Harold E. Johnson and
Piero P. Bonissone, ‘‘Expert System for
Diesel Electric Locomotive Repair,”’
The Journal of Forth Application and
Research, vol 1, no. 1, Sept 1983.

Harvey Glass

University of South Florida
College of Engineering
Tampa, FL 33620

The article ‘‘Artificial Intelligence
Systems Make Their Mark’’ (Nov 1983,
p 33) conveys two misconceptions. First,
the expert system used in the CATS-1
system of General Electric was actually
implemented in Forth and not Lisp, as
the article implies. Nowhere in the article
is it mentioned that any environment
other than Lisp is suitable for artificial
intelligence, whereas in fact many other
environments are used. The Japanese,
for instance, are scheduled to use Prolog.
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Secondly, a consequence of the first
misconception is the impression that the
best machines for development work in
artificial intelligence are optimized for
Lisp. Since expert systems are very small
when implemented in Forth, and since
Forth is implemented on more different
machines than any other high level
language, there is a good chance that the
particular machine already available to
the knowledge engineers will probably
be cheaper to configure for artificial in-
telligence (in time and money) than a
new dedicated Lisp processor. In fact,
Lisp itself has been implemented in
Forth, and could still be used if
necessary.

Paul Thomas

Inner Access Corp
PO Box 888
Belmont, CA 94002

Updating specifications

As a communicator for Gould csp, I am
constantly working with our develop-
ment and product planning people to
keep abreast of changes in our product
line. It is not easy. We work in an in-
dustry where specifications and perfor-
mance figures are constantly being revised
upward as a result of enhancements in
hardware and software. Therefore, I can
understand how difficult it is to keep up
with the specifications for multiple ven-
dors when doing a report like ‘‘Super-
minis: Changing Direction for the

- Future,”” by Peg Killmon (Nov 1983,

p 167). For the record, however, I would
like to correct some factual errors in the
report.

First, in recent benchmark tests, the
Gould Concept 32/87 computer performed
5.6 million Whetstone instructions per
second (MIps). This is a significant im-
provement over the 4-mMips level in-
dicated in the report, and was achieved
using our new Fortran 77 compiler and
Multiply Accelerator.

Also, the report implied that the
4-m1ps performance level was achieved
using ‘‘dual processing units.’”” This is
not true. The 5.6-MIPs performance was
achieved by the Concept 32/8750 com-
puter, a single processor. The Concept
8780, which features our unique CPU/IPU
combination, is capable of performing
10 mips. This represents an 80-percent
improvement over a single CPU con-
figuration.

Another part of the report states that
the 75-ns cycle time of 100-K ECL logic
‘“‘doubles or triples the performance po-
tential over Schottky TTL or other ECL
families.”” This is not entirely correct
either. The Concept 32/87 computer uses
10-K EcCL and it too has a 75-ns cycle
time. Furthermore, although 10-K EcCL

logic is a mature technology, it is still
viable and will continue to be so for
years to come.

Joe Barcheski

Gould Inc

SEL Computer Systems Div
6901 W Sunrise Blvd

Fort Lauderdale, FL 33310-9148

Speaking out for Forth

I am a user of Forth and as such would
like to reply to John D. Stanley’s letter
about the flaws of the Forth language
(Sept 1983). Certainly one cannot deny
that Forth is slower than well-written
assembly language code. As one who has
written many thousand lines of assembly
code I would be the first to admit this.
But, I don’t agree that this represents a
weakness of Forth.

The point is that Forth is not assembly
language but a higher level language of
admirable speed and compactness. Not
only is it faster than many other higher
level languages, but it also produces
more compact code than assembly lan-
guage for complex programs.

Forth can support user defined inter-
rupt handling. Bryte-Forth is an imple-
mentation currently available for the Intel
8031 microcontroller that not only allows
interrupt handlers defined in Forth or
machine code but also supports runtime
reassignment of handlers, systems time/
date, fully buffered interrupt driven serial
1/0, user defined error handling, and self-
starting, ROM-resident user applications.
What more could a realtime application
programmer need?

On the subject of readability, I contend
that ‘“‘unreadable’’ programs can be (and
are) written in any higher level language
or assembly language. Readability is in-
fluenced most by the ability of the pro-
grammer and the experience of the reader.
Well-written Forth is very readable
because of the ability to build a problem-
oriented vocabulary of mnemonic words
or phrases.

Forth is a fine language. Those just
learning should read a good book on the
concepts and programming techniques
of the Forth language.

Christopher K. Johnson
Bryte Computers, Inc
PO Box 46

Augusta, ME 04330

October/Fall designer's preference
study winner: Duke W. Okes, TRW—
Winner of an HP 41CV programmable
calculator.




The First True
32-Bit Microprocessot
to Become Rmhm




NS32032

The first commercially available
MICToprocessor to feature:

1. Full 32-bit architecture
2 Full 32-bit internal implementation
Full 32-bit data bus to memory




The industry’s consensus: with the introduction of the
NS32032, the NS16000™ microprocessor family

has become the foundation for the next generation of
high-performance, low-cost computers.

Any software developed for the 32-bit NS32032 will
run just as well on the 16-bit NS16032 or the 8-bit
NS08032, and vice-versa. And it will also run on
future NS16000 32-bit CPUs. Consider this abso-
lute downward-upward object code compatibility

in contrast to the upward-only compatibility of other
microprocessor families, which will make their
16-bit processors obsolete when they add 32-bit
processors to their product line.

The NS16000 microprocessor family already includes
peripherals compatible with its CPUs, and each is
in full production: the NS16201 Timing Control
Unit (TCU), the NS16202 Interrupt Control Unit
(ICU), the NS1608I Floating Point Unit (FPU), and
the NS16082 Memory Management Unit (MMU).
Since the FPU and MMU interfaces are almost
entirely invisible to NS16000 programs, the deci-
sion to include or omit floating point or memory
management hardware (for cost/performance
reasons) will not affect NS16000-based systems
software compatibility.

The billions of bytes of existing mainframe software
can now be easily ported to run on NS16000-based
systems. The NS16000 family’s mainframe-in-silicon
architecture (designed specifically to support
high level language programming), its full high-speed
floating point arithmetic capability, its integral
support for Demand Paged Virtual Memory, and
the NS32032’s 32-bit data bus to memory com-

bine to make this possible for the first time.

Elegance, you see, is everything. |

Think about it.




The only limits on NS16000-
based applications are those
of the imagination.

The full 32-bit architecture
of the NS32032 (shared by all
NS16000-family CPUs) sets
no bounds to programmers’
productivity or creativity.

No other processor family —micro,
mini, or mainframe —has an architecture
designed to fully support the use of
high level languages, with a structure and
behavior corresponding directly to the
objects and operations of HLLs.

Its powerful features:

—A compactly encoded, completely
symmetrical, two-address instruction
set.

—Thirteen addressing modes (many
not found in other microprocessors)
designed for the kinds of accesses
compilers generate.

—Indexing automatically scaled to
argument size (1, 2, 4, or 8 bytes),
applicable to any addressing mode.

—Instructions to implement high level
language constructs such as case
statements, loops, and calls, as well as
bit-field and string manipulation.

— A fully integrated floating point
instruction set, supported by
hardware.

The NS16000 microprocessor family.

The 32-bit architecture of the
NS32032 (like that of the other
NS16000 CPUs) is fully imple-
mented, without exception or
restriction.

Simply stated, physical limitations in
processing or packaging technology
have not constrained internal implemen-
tation. All NS16000 CPUs have a full
32-bit Arithmetic Logic Unit (ALU), a full
32-bit register set, and a full 32-bit
internal data bus to the input/output
control block.

The value of such elegant implemen-
tation? An example: competitive micro-
processors take eight to twenty internal
steps to execute the expression evaluation
‘A=A*X+ Ai, commonly used in
high-performance technical and scientific

applications.
The NS32032 takes four.

The NS32032’s full 32-bit data bus
to memory increases memory bus
bandwidth —and thus the speed
at which data can be transferred.
In simple systems (CPU and memory),
the NS32032’s ability to access a full
32 bits of external data dramatically
increases the rate at which instructions
and data are processed, while leaving
bus time available for system peripherals.
Because it requires less than 50% of the
available bus bandwidth in standard
applications, the NS32032 is also ideally
suited to complex multi-processor systems,
DMA transfers, and high-speed graphics.

In the NS16000 family of CPUs,
the primary feature that dis-
tinguishes one processor from
another is the width of the

data bus to memory.

The fact that the NS08032 and the
NS16032, with their 8-bit and 16-bit data
buses, share identical 32-bit architec-
ture and 32-bit implementation with the
NS32032 means that it is now possible
to develop 8- and 16-bit systems with all
the benefits of 32-bit software perform-
ance. The same software can now be
implemented on all the systems within a
product family; an enormous benefit
to programmers and systems designers.

Future 32-bit CPUs planned for the
NS16000 family will feature improved
performance — bettering the NS32032’s
1 MIPS tenfold by 1988 —yet these
future CPUs will also be compatible. This
clear migration path guarantees the
preservation of your initial software invest-
ment while providing for significant
enhancement in your product line.

No other family of microprocessors
shows such forethought or foresight.

TYPICAL EXECUTION TIMES (in us at 10MHz)

Register-to
Register Memory-to-Memory
NS08032
NS16032
Instruction ~ NS32032 | NS08032 NS16032 NS32032

Mov Byte 03 1.7 1.7 ; 7 4
Word 03 2.5 17 1.7
Dbl.word 03 42 26 h fir 4
Add Byte 04 2.0 20 20
Word 04 3.2 20 2.0
Dbl.word 0.4 47 23 20
Mul Byte 3.8 43 43 43
Word 54 70 58 58
Dbl.word 8.6 12.0 96 84

Additional reasons why the
NS16000 family now leads in
microprocessor design-wins:

1. Hardware development can begin
immediately. All three CPUs are available
right now. So are all the necessary peri-
pherals in the family.

2. Software development can begin
immediately. Appropriate evaluation tools,
and both resident- and cross-support
packages, are available now, as is an exten-
sive list of third-party software.

Our SYS16™ — a multi-user, multi-
tasking development system —incorporates
the complete family of NS16000 chips
(CPU, TCU, ICU, FPU, and MMU), and
therefore gives up to eight programmers
a true, native environment to work in.

GENIX™ a product of our software
engineering group, is the first microproces-
sor operating system capable of imple-
menting Demand Paged Virtual Memory.



Adapted from the Berkeley 4.1 bsd
version of UNIX it has been elegantly
tailored to optimize the NS16000
architecture. (We also offer source code
under license for GENIX and its utilities.)
Together, the SYS16 and GENIX dem-
onstrate that the NS16000 microprocessor
family makes the best “UNIX engine’

on the market today.

For customers with VAX-11™ systems
under UNIX, our GCS™ (GENIX Cross
Software) contains the C compiler and
other NS16000 tools from the SYS16. For
VAX-11 systems running the VMS™
operating system, our NSX-16™ cross soft-
ware provides full NS16000 family support.

To help complete your development
cycle simply and quickly, all of our devel-
opment tools provide support for our
easy-to-work-with ISE/16™ An elegant
development tool in its own right, the
ISE/16 allows real-time evaluation of the
NS16000 chips, for testing and debug-
ging hardware and software in your own
hardware environment, and requires
no target-system modification.

3. Every resource imaginable to
help you get your NS16000-based
application to market first is available
now. We are totally committed —
with in-house hardware, software, and
systems expertise; with service,
documentation, and customer train-
ing. We are backing the NS16000
microprocessor family to a degree
unparalleled in the history of the
semiconductor industry.

But then, there has never been
anything like the NS16000 micro-

processor family before.
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NS16000

Elegance is everything.

See it.
The NS16000 microproces-

sor family will be on exhibition
at Uniforum and Electro.

Talk with us.

Please call the National Sales

Representative nearest you

for more information, and the
,answers to your questions.
'Ask to meet with one of our
Field Applications Engineers,
too. Or, circle the number
below.

Read about it.

For more information, please
request a copy of NS16000:
The Specifics of 32-Bit Architec-
ture. And for practical expe-
rience, ask for a copy of NS16000
Training, detailed information
on available courses.

NS16000: NS16000
The Specifics Training
of 32-Bit

Architecture

74 National Semiconductor Corporation
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_ manipulations
in seconds, not hours.

With Mini-MAP...The Array Processor
For The Graphics OEM

is available for Mini-MAP.
For optimum performance,
high-level FORTRAN
control languages are
provided for both the host
and Mini-MAP.

Memory is expandable up to

16 MBytes. Configurations
include a four-board set with

For tough image processing
problems like pixel rotation,
image reconstruction, or hid-
den line removal from wire
frame models, Mini-MAP
gets results in seconds, not
hours. Attach a Mini-MAP
to a PDP-11 or VAX UNIBUS

and you have an interactive

%ﬁ?ﬁi;gg'gi}g:;ggagigiaéAM Courtesy of Al Barr, Raster Technologies, Inc Bﬁ'c’typke baé:kplane or
sing, ) ackaged systems.
solid modeling, medical imaging, PUPRRESE L o

and animation. System integrators are finding Mini-MAP is the most

cost-effective number crunching solution for image
manipulation. Write for information or call toll free
1 800 325-3110 for fast action.

Shared memory simplifies programming and
provides the unprecedented throughput necessary
for truly interactive image processing of complex

algorithms. 32-bit DEC floating point arithmetic, ® 32-bit floating point precision

along with 7 MFLOPS of number crunching power, m Compiler/ Assembler/Linker/Debugger
ensures that accurate results are available quickly.

(B s

® 225 FORTRAN callable arithmetic routines

TR e e ®m Up to 16 MBytes of memory

routine library

$ i of over 225 m 1024 x 1024 2-D real FFT in 8.8 seconds
=9 FORTRAN m 1280 x 1024 4-color image rotation (Raster Scan
callable routines Storage Format) in 27.5 seconds.
P .mcludmg an F:xpandmg sel- DEC, PDP-11, VAX, and UNIBUS are trademarks of Digital Equipment Corp.
" ection Of 1mage processing algorlthms Mini-MAP is a trademark of CSPI

LSl

THE ARRAY PROCESSORS

40 Linnell Circle, Billerica, Massachusetts 01821 ® 617/272-6020 ® TWX: 710-347-0176
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SYSTEM TECHNOLOGY/ (711570

Thirty-two bit system designers face decision time

Computer system designers and
system integrators producing leading
edge equipment in the next five
years will often opt for powerful
32-bit microprocessors, or 32-bit
microprocessor-based boards and
systems. They must hook these
chips, boards, and boxes together
with a 32-bit bus if they want to take
full advantage of 32-bit machine
functionality.

Designers can choose an open

DESIGNER NEEDS
32-BIT BUS WITH
HEAVY VENDOR SUPPORT

PREFER MOTOROLA

OR 680X0 MICROPROCESSORS
OR SOME VME

FEATURE

PREFER INTEL

OR 80X86 MICROPROCESSORS
OR SOME MULTIBUS II
FEATURE

system bus, whose specifiers will ACCEPTS* y ACCEPTS*

eacberate with ather funs (o gener- MULTIPLEXED, FNE-PART BUS NONMULTIPLEXED, THREE PART 805

ate industry support in the form of T =

interface, driver, and other chips PART FUNCTION RATE PART FUNCTION RATE

needed to run a bus. Third-party (Mbits/s) (Mbits/s)

firms will also produce single- and ] PARALLEL ALL-PURPOSE

multi-board computers, software, iPSB SYSTEM 40 VME PSA%LEL';L 20

memory, peripheral driver boards, (R =k

and the like, for open buses. iLsB MEMORY 48 VM MEMORY 16
Today, there are two major open EXPANSION EXPANSION

bus choices—the Multibus 11 from iSSB ssgr'ér; 2 VMS sster'éb 22

Intel (Hillsboro, Ore) and the Versa >

Module Europa (VME) bus from the iSBX EXPANSION NA

Motorola (Phoenix, Ariz), Signetics DMA BLOCK

(Sunnyvale, Calif), Mostek (Car- 170 TRANSFERS k

rollton, Tex) troika. In addition, EES'E‘;%R ["\EE‘EGPNTER

there is the NuBus from Texas Ty E'UROWD TrpE

96 PINS ON P1
CONNECTOR USED.
96 PINS ON P2 FREE
P1/P2 DIN 4612

DESIGNER
ACCEPTS*

96 PINS ON P1
AND 64 PINS ON P2
USED.
P1/P2 DIN 4612

DESIGNER
ACCEPTS*

Instruments (Dallas, Tex), a 32-bit
bus from Digital Equipment Corp
(Maynard, Mass) and a 32-bit bus
standard from the IEEE.

To help make an intelligent deci-
sion as to which bus to choose for a
computer system’s lifetime, designers

ELECTRICAL SYSTEM SPECS:
8/16/32 BIT DATA
16/24/32 BIT ADDRESSES

: : BURST TRANSFERS
should be cognizant of major and MULTIPLE INTERRUPTS AND PRIORITY
minor differences between the buses. }fgfﬁ% Shci=os Livboumnt
It is equally important to be aware ECHANICAL SPECS:

of how they evolved into their pres-
ent form, and what they can be
expected to offer from both the tech-
nical and marketing points of view.

MULTILAYER BACKPLANE
20 BACKPLANE SLOTS
0.8-IN. BOARD SPACING
2 EUROCARD SIZES

VARIOUS IDENTICAL ELECTRICAL

i i DESIGNER
Finally, designers understand that a DEGIGNER | DETALLS CONCERNING VOLTAGES.

” . MUST IMPEDANCE, TIMING. MUST

bus is really a_local network in a COMPARE SYSTEM DESIGN HELP FROM COMPARE

small geographical area. As such, SPECS* USER GROUP DOCUMENTS AND VENDORS SPECS

like any local network, it can be
designed much like an implementa-
tion of the International Standards
Organization (ISO) seven-layer
model for computer communica-
tions—the Open Systems Intercon-
nection (0SI) model.

Significantly, the Multibus II

*IF UNACCEPTABLE, DESIGNERS MUST USE OTHER BUS IN FIG, FIND ANOTHER BUS VENDOR. OR DESIGN THEIR OWN.

Fig 1 Computer system designers who must choose between Multibus 11 and
VMEbus can help their engineering intuition with the data shown. If the data is
not enough to reach a decision, a detailed analysis of the bus specifications is
necessary.

data link layers), but also parts of in the bus with the higher layers

specification addresses how to imple-
ment not only the usual layers 1 and
2 of this model (the physical and

the higher, software-based layers. In
contrast, the VMEbus confines itself
to implementing the first two layers

taken care of by microprocessor
operating system software. Of

(continued on page 28)
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Designers face decision time
(continued from page 27)

MEMORY

CONTROLLER

170

MEMORY

1/0 170
CONTROLLER CONTROLLER

iLBX 11 BUS

.

< iPSB BUS

iPSB BUS >

iSSB BUS

iSSB BUS

Fig 2

The five different buses designed by Intel to form Multibus 11 can be configured in various ways. They

include a parallel system bus, a local memory bus, a serial bus for message passing, and two buses adapted from
Multibus 1. These 170 buses handle DMA and 170 expansion.

course, the different approaches
have advantages and disadvantages.

Multibus 11, (riding on the bus-
tails of the successful Multibus I for
8- and 16-bit processors), and the
VMEDbus are the main contenders for
new 32-bit products. Their specifi-
cations have been published, and
their backers and advocates are
making a major marketing effort.
Given the 8- and 16-bit history of
these buses, industry support is likely
to follow.

Both the Multibus 1I and the
VMEbus have made their start
toward implementation and the
development of complementary
products. VME has had a head start
and has been specified as a 32-bit
bus since 1981. For example,
members of its backing troika have
announced sample availability for
certain bus chips. Vendors making
VME-based, 32-bit boards have also
been able to make prototypes for
some time with 16-bit processors.

The Multibus II enjoys the sup-
port of Hewlett-Packard (Palo Alto,
Calif) Siemens (West Germany)
Tektronix (Beaverton, Ore) and Ad-
vanced Micro Devices (Sunnyvale,
Calif) as well as a host of other com-
panies. For its part, VME has been
blessed by Philips Gloeilampenfab-
ricken in The Netherlands (Sig-
netics’ parent firm), France’s
Thompson-CSF, and its own list of
major and minor companies.

The gut issue for computer system
designers is not who approves what
bus or the size of a supporting con-
sortium. It is what they can do with
the bus for the product they have in
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mind, and when. This designer
point of view assumes that the com-
peting buses are backed by repu-
table firms that will support them
with a sufficiently varied line of
products—clearly the case for both
Multibus 11 and the VME.

Projections of market share,
endorsements, and the like, while
useful in showing designers that
there is a sound economic base for
the bus, are not primary concerns.
Competing giants will divide the
market in some way and no one will
be stuck with an unsupported bus
unless one of the contenders happens
to fail badly.

In reality, both buses can be
expected to find support from hun-
dreds of vendors and designed into
numerous products. This is already
the case for the Multibus I, Intel’s 8-
and 16-bit bus. Not so popular in
this regard—at least according to
the third-party vendor catalogs
issued by IronOak Corp (La Jolla,
Calif), the VMEDbus is rapidly gaining
market share. This gain may accel-
erate as Motorola’s 68000 micropro-
cessor family, for which the VME is
ideal, gets onstream.

The question of which processor
designers choose in the first place
(or are locked into by tradition or
software) is a major one for both
the Multibus 11 and VMEbuses.
Designers who opt for the Motorola
68000 or Intel 80X86 family will prob-
ably not make a detailed investiga-
tion into bus specifications. Bus
functionality at least for the next
few years of microcomputer prod-
ucts, will remain about the same.

So, many designers will pick the bus
associated with the manufacturer of
the processor they have chosen and
assume they best support each other.

Erstwhile computer system de-
signers need a comparison of the
basic specifications of the Multibus
11 and VMEbuses to determine
whether one can be rejected out of
hand (Fig 1). A detailed comparison
of bus specifications determines
more sophisticated rejection cri-
teria. Any one of the specifications
can eliminate a bus from further
consideration—eg, multiplexing or
asynchronous behavior.

Some users find the plug-and-
socket connector in the VMEbus
(introduced in Nov 1981 as an 8-,
16-, or 32-bit data width bus) to be
more reliable than the Multibus I's
edge connector. In any case, Intel
has come up with a Deutsche Institut
fiir Normung (DIN) plug-and-socket
connector for the Multibus 11 design
(introduced at the Las Vegas Com-
dex show in Nov 1983), so connector
reliability is not an issue.

Intel’s Multibus 1I offering com-
prises five, ‘‘software configurable,”’
connectable buses. The fastest bus is
a 32-bit wide, synchronous commu-
nications, 10-MHz bandwidth system
bus that links single-board com-
puters, microprocessors, memory,
170, and other components. The
system bus can handle a theoretical
maximum of 40 Mbytes/s in a burst

mode.
The second new Multibus 11

offering is a local bus extension
designed to hook local memory to a
microprocessor. It runs at 12 MHz



for up to 64 Mbytes of memory that
must be accessed by a microprocessor
without contention problems.

The third member of the bus
quintet passes messages between
software processes in a serial mode
at 2 MHz. This bus member and the
32-bit parallel system bus have what
Intel says is the ‘‘same interface for
VLSI chips,”’ thereby making them
software compatible.

The last two Multibus II parts are
a multichannel DMA bus for 1/0 and
an 1/0 expansion bus that have been
adopted from the Multibus I. Fig 2
illustrates how the five different
buses function in a computer system.

Because of the large amount of
software that has been written for
the Multibus I devices, continuing
software compatibility with the
Multibus 11 is an Intel goal. For
Multibus II project manager Frank
J. Costa of Intel’s Hillsboro, Ore
facility, such software compatibility
““is a matter of writing new device
drivers,’” a chore he does not think
is too difficult—at least for Multi-
bus I software porting to Multibus 11
without tapping II’s new functions.
Just how complex a chore it is de-
pends on the microprocessor or
computer operating system used. In
any case, according to Michael
Klever, VMEbus marketing manager
at Philips (Einhoven, The Nether-
lands), the fact that Multibus 1 is
asynchronous and nonmultiplexed
while Multibus II is neither, greatly
complicates the chore. He also notes

that Multibus 1 software cannot
implement the upper-level ISO soft-
ware features under development
for Multibus II.

The VME, NuBus, (see Panel,
‘““What’s Nu?’’) and the IEEE bus
(see Panel, ‘“A matter of diplo-
macy’’) implement layers 1 and 2 of
the 1SO model. But, as mentioned,
Intel has done more in its bus speci-
fication. The additional, upper-
layer ISO software on Multibus II
has no software counterpart in
Multibus I’s specification and is
implemented in Multibus I systems
by adding software to the attached
microprocessor’s operating system.

On the one hand, Intel’s Multibus
I software design approach may
take some of the software burden
off designers. However, it may
force them to do things Intel’s way.
Clearly, Intel has differentiated its
bus product but has taken a risk.

VMEbus modifications

Until recently, the VMEbus has
meant a single, 32-bit wide, asyn-
chronous data path, dynamically
configurable by the attached com-
puter system into either a data-
transfer bus, a seven-level priority
interrupt bus, a four-level arbitra-
tion bus, or a utility bus. However,
Motorola and its colleague com-
panies, although enjoying their two-
year lead time in the 32-bit bus
business, have not been idle.

Besides announcing new VME
interface chips and stimulating their

RAM

VMXbus 2

¢

VMEbus

VMSbus

Fig 3 In its latest version, Motorola’s vMEbus is no longer a single,
multifunction parallel bus that is configured to do all system chores. It has two
partners: the vMsbus handles serial chores like message passing; and the vMxbus
connects CPUs to local memory or other devices.

user groups last Nov, the Motorola,
Signetics, and Mostek troika an-
nounced additional buses for the
VME architecture. These include a
high speed memory expansion bus
(the VMX bus), and a self-arbitrating
high speed serial bus that can be used
in the existing VME bus, as seen in
Fig 3.

As mentioned, Motorola’s buses
use ISO layers 1 and 2 only. For
Motorola, system software func-
tions that correspond to higher 1SO
software layers are best handled in
software that rides on the micropro-
cessor operating system, not in the
bus specification. Once the software
is well defined, it will be imple-
mented in hardware. In any case,
system software considerations are
being worked on by both Intel and
Motorola.

The details of the VME and Multi-
bus II bus designs in Fig 1 and the
bus specifications are best under-
stood by specialists. For Motorola’s
John A. Black, Jr, manager of
systems and technology at the firm’s
Tempe, Ariz operation, this means
that bus-pickers will have chosen a
bus from the company that makes
the processor they prefer. ‘‘More-
over,”” he adds, ‘‘most bus details
concerning ISO layers 1 and 2 that
are talked about to help make a dis-
tinction between VME and Multibus
II are rather small points. Neither
bus stands out above the other.”’

According to Black, the products
available for each bus are the pri-
mary considerations. Designers are
pressed for time, and Black points
out that it will take a year for Intel
to have Multibus 11 products on the
market. ‘‘In contrast,’’ says Black,
‘““VME customers can start work with
16-bit VME boards now, and the
software will run on 32-bit versions
since the 68000 family software is
upward compatible.’’

As might be expected, Intel has a
similar point of view for its micro-
processors and buses. However,
Black says that the upper 1SO layer-
like software, (eg, message space
mapping), that Intel features on its
Multibus 11 is not supported by the
present Intel Multibus 1 hardware or

(continued on page 32)
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Designers face decision time
(continued from page 29)

What's Nu?

Although the 32-bit, 10-MHz synchronous NuBus is
not being promoted by TI with the same intensity as
the VME and Multibus 11 buses, it has nevertheless
been proposed by TI to the IEEE 896 committee for
consideration as the basis for a 32-bit synchronous
bus standard. It is also being used in a TI-developed
technical workstation introduced in Jan 1984.

According to George P. White, who is both the
896.2's coordinator, synchronous version task group,
and TI's Nu Machine development manager, NuBus
was originally developed by miT for workstation
research in artificial intelligence, networking, and of-
fice automation. Western Digital licensed it from miT
and TI took over the license from Western.

NuBus is designed to be as processor-independent
as possible, White says, since miT, Western, and Ti
have no specific processor interest. For example, the
artificial intelligence workstation known as the Lisp
Machine from Lisp Machines, Inc (Culver City, Calif)

has a four-board, bit-sliced, microcoded Msi pro-
cessor that operates on a NuBus.

While 11 would “‘like to see industry standard
boards based on the NuBus’’, and it has converters,
(eg, to hook up NuBus cards to Multibus | cards), it
has ‘“not yet decided to what extent it will try’’ to
accomplish this goal. Current Ti activities include, for
example, rewriting of the NuBus specification to
make it more user-friendly. In addition, T1 designers
are looking into certain system aspects of the bus
and how they could be hardware- or software-
implemented.

““NuBus is designed to implement layers 1 and 2 of
the IS0 model,”” White reports, noting that this helps
in keeping it processor-independent since ‘‘the more
10 levels 3 through 7 (or parts of them) are imple-
mented in bus specifications, the more the bus is tied
to system architecture and the more processor
dependent it is.”’

software. Therefore, software re-
writing and reconfiguration will be
needed.

All those details

Eschewing the bus specifications
battle, Tom Hunter, systems pro-
gram manager for VME products at
Mostek, says that computer de-
signers should opt for the VMEbus
because it is available today.
Hunter, who has technical responsi-
bility for VMEbuses also says that
there is no clear technical distinction
between the Multibus 11 and the
VMEbus as far as system designers
are concerned—both can be made to
handle most jobs. ‘‘After all,”
Hunter says, ‘‘we are all still working
with Von Neumann architectures.
True multiprocessing, the next stage
of the hardware art which requires a
radically different bus design, is not
yet with us.”” (See Panel, ‘“‘In the
wings’’).

Agreeing with this viewpoint—but
not with the view that designers
should opt for the VME—is Intel’s
Rob Hughes, marketing develop-
ment manager within strategic
marketing at the firm’s Hillsboro,
Ore facility, and Intel liaison person
with the Multibus 11 manufacturers
group. For Hughes, ‘‘Buses are
becoming more alike—in fact, part
of the Intel bus specification is part
of the Motorola bus specification.”
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For its part, Motorola, points out
that part of the VME specifications
can be found in Multibus II.

Clearly, both buses will be well
supported as their backers fight
hard for the dominant share of what
they perceive is a large market for
32-bit microcomputers. In fact,
Hughes notes that pragmatic engi-
neers, confused over which bus to
use for their new designs, could
probably choose either and do well.
‘‘But, that’s today,’’ he adds. ‘“The
real question is which bus will be
around a few years from now and
which will be supported by a wide
variety of sources.”’

For Hunter, the distinction between
buses is more a question of which
microprocessor family computer de-
signers are going to use. Supporters
of both buses claim that different
microprocessors can be accommo-
dated. However, Hunter says there
is no question that the VMEbus
is designed to work best with
Motorola’s 68000 family and the
Multibus 11 with Intel’s 80X86 designs.
And there, Hunter claims, is an
important difference for designers.

Other engineers and marketeers at
the firms involved said that both
buses could accommodate all com-
mon proccessors but it was a matter
of how many glue chips would be
needed, what software modifica-
tions would have to be made, and

whether any throughput problems
would arise. All agree that the issues
are complex and best addressed on a
case-by-case basis.

VME partisans feel that an asyn-
chronous bus is better suited for a
variety of processors since it is not
locked to a fixed clock frequency.
Other observers feel that Intel’s
Multibus 11, because it includes
some upper-1SO level software, fixes
certain system design details, thereby
making it more processor-dependent.
Such dependency would be for the
80x86 family, which can be expected
to be the first to implement the 1SO-
based software.

Asynchronous or synchronous?
Although the synchronous Multi-
bus II bus makes provision for dif-
ferent device speeds by interfacing
and translating them to its 10 MHz,
there are more timing constraints
than with an asynchronous bus.
However, Intel’s John Beaston,
product marketing manager, points
out that bus interface chips can
accommodate a variety of speeds
with no trouble. Furthermore, they
can do this at little incremental cost
in their VLSI versions, which will
perform many other chores. He says
there are also speed translator chips
all over the VMEbus even though it is
asynchronous.
(continued on page 34)
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Designers face decision time
(continued from page 32)

A matter of diplomacy

In what might be called bus diplomacy, Paul Borrill,
Research Fellow at University College in London,
England is chairing the IEEE's P896 committee. The
committee is charged with setting a standard for an
asynchronous, 32-bit bus known as the Futurebus.
Borrill’s committee works closely with pgg96.2, an IEEE
P896 group handling a synchronous, 32-bit bus stan-
dard (headed by another bus diplomat, Task Group
Coordinator George White at TI's digital systems oper-
ation in Irvine, Calif).

According to Borrill, the work of the 896 committee
is complete as far as the asynchronous bus is con-
cerned and its documents are out for public comment
after some five years of work. ‘“Several companies
are prototyping to this specification even though
they have their own bus,’’ Borrill notes, mentioning
Tektronix. In contrast, much remains to be done on
896.2, which only recently started its work.

Intel will introduce its Multibus 1l specification for
consideration as the 896.2 standard (or as an 896.2
implementation) at the Feb 1984 Compcon meeting
in San Francisco. Ti's 32-bit NuBus (out of Western
Digital and miT and already presented to P896),
belongs in 896.2's domain, as does Digital Equipment
Corp’s new 32-bit bus. ‘’Multibus 11 is being proposed
as a basis for 896.2,"’ Borrill says, adding that the IEEE
bus committee goal is to reduce the number of buses
available, not increase them.

As far as the asynchronous vMEebus is concerned [it
conforms to IEee specification in P1014], Borrill says it
has a simpier bus interface implementation and a
simpler system implementation for single and multiple
processors and is very well optimized for its appli-
cations.”” The vMmebus follows the traditions of the
Multibus 1, the Motorola Exorcisor bus in that it is
asynchronous and non-multiplexed, and the STD bus,
Borrill says, adding that it provides more features and
a higher performance than both of them. “‘Its perfor-
mance is even better now that it has secondary
buses on which to put communication overhead traf-

fic. This will be of great help in a multiprocessor envi-
ronment where all buses have bandwidth problems.’’

Borrill’s reflections on various IEEE committee
efforts to standardize buses shed interesting light on
some VME versus Multibus 11 controversies. The 896
committee consensus was that the most processor-
independent bus was asynchronous. On the other
hand, the question of whether asynchronous or syn-
chronous buses are better for high performance takes
on “‘the tone of a religious argument with passionate
believers on both sides.’’ As far as the original intent
of the committee is concerned, Borrill says that the
intended application of Futurebus is high end, fault-
tolerant systems, while 896.2°s application is
medium-range, 32-bit markets.

Yet to come from the 896 committee are specifica-
tions (for both synchronous and asynchronous
buses) that define how to take care of software
chores in the next layer of the 896 architecture.
These include specification of identical address
mapping on both buses, specification of identical
error control methods, and specification of the same
method of accessing the bus with a higher level pro-
tocol, such as a message passing protocol. These
specifications will move software transparently be-
tween any 896 asynchronous or 896 synchronous bus
without changing a line of code.

Bus specification accomplished so far for the 896
committee is equivalent to the physical and data-link
layers (layers 1 and 2) of the i1so seven-layer model
for computer communications. DIN connectors and
Eurocard boards are equivalent to layer 1 and the bus
communication protocol is equivalent to layer 2.
Now the committee would like to consider implemen-
ting higher level communication-oriented protocols
that can be built into the bus interface. For its part,
Intel, with its message passing and error detection
schemes in the Multibus 1l specification, has already
taken a step toward implementing some higher level
1Iso functionality in the bus itself.

The 68000 and 80Xx86 families are
said to work with either an asyn-
chronous or synchronous design.
Asynchronous is more flexible,
Hunter says, adding that the 80X86
family functions best with a syn-
chronous bus. Intel’s Hughes and
Beaston disagree, each noting that
Intel’s processors work well with the
asynchronous Multibus I and are be-
ing designed onto VMEbuses by
third-party vendors.

While the asynchronous versus
synchronous question rages, there
are more mundane considerations in
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bus design. For example, Intel’s
opting for a longer Eurocard
(220 mm instead of the VMEbus
160 mm) for its board may be a
short-term advantage but a long-
term disadvantage. Today’s de-
signers may need the room but, as
chip integration technology im-
proves, and more functions are
crammed onchip, less board space
may be needed. On the other hand,
it may be that additional space will
be needed both today and tomorrow
as more functions are put on a
board. Indeed, TI’s NuBus board is

60 mm longer than Intel’s—the next
step in the Eurocard standard.

More to the story
There is more to bus design than
how to take care of 1SO levels 1 and 2
(or higher). Rick Main, the VMEbus
manufacturer’s group secretary,
manager of microsystems engineer-
ing at Signetics, and designer of
both Intel- and Motorola-chip-
based computer boards and systems
has found that the practical hard-
ware and software problems of
(continued on page 36)
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Designers face decision time
(continued from page 34)

In the wings

While the vME and Multibus 11 buses are the major
contenders right now for 32-bit bus honors, they are
not without competitors in the long run. Digital
Equipment Corp is working on a 32-bit bus design
that will hook up machines based on its PDP/11-70
minicomputers into a distributed, realtime multi-
processor network. Philips and Intel have such
designs in prototype form but DEC has wired systems
together and is working feverishly on developing soft-
ware to make them run with all the Dec applications.

Called variously the Bi-bus (for bus interface bus),
the enhanced Q-bus, and the Q-32 bus, DEC’s bus
will help DEC minicomputers compete with the
microcomputer and supermicrocomputers whose
functionality has been migrating up into the tradi-
tional minicomputer area. In short, DEC, pressured by

the increasing power of micros, has increased mini
capability, but it will soon directly counterattack the
micro world with its 32-bit bus mini-based system.
The new bus will not hurt the sales of DEC's com-
puter boards, which have made a strong industry
mark. Moreover, if DEC opts for an open bus with all
its specifications made public, it may well compete
with Intel and Motorola for third-party vendor
support—as may Ti if it decides to push its NuBus.
The choice between the vME and Multibus 1 will be
easier as both Motorola and Intel further define the
system functions mentioned and how they are imple-
mented. On the other hand, pDec could complicate
matters with its impending 32-bit bus if it is indeed
different. According to IEee’s Borrill, DEC's bus is “‘far
more radical in design concept than the Multibus 1.”’

making real, bus-based computer
systems have general applicability.
According to Main, both the VME
and Multibus II user groups and the
written bus specifications deal with
these practical issues.

First, there is the problem of the
internal design and operating envi-
ronment of the boards that vendors
furnish for bus connections. Some
design and environmental standards
would be useful. Main also notes
that power distribution, electrical
noise, and thermal problems must
also be solved in practical computer
systems. It would be helpful if the
bus specification provided guid-
ance. This is especially true now that
standard buses and standard boards
mean there are more nonexpert
computer system designers.

Then, there is the software prob-
lem. With readily available industry-
standard languages, operating
systems, compilers, and the like for
realtime, multitasking, and multi-
user applications, designing one’s
own software is unnecessary except
for highly specialized applications.
The real problem is integrating soft-
ware with hardware—especially
when both are developed by dif-
ferent vendors who are not in con-
tact with each other.

According to Main, some of these
software/hardware integration
problems can be addressed by
appropriate system specifications.
For example, if a bus has standard
1/0 driver interfaces, board vendors
can supply software drivers with
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their boards and users can integrate
these drivers into their operating
systems. This allows modular
replacement or reconfiguration of
systems but without the operating
system impact.

Bus manufacturers and bus stan-
dards can bring about software stan-
dards for coprocessor chips for
floating point algorithms. And, as
operating systems are standardized,
standards will follow for assembly
language commands to create soft-
ware tasks, wake-up tasks, send
messages, and more. Once standard-
ized, these algorithms can be imple-
mented in faster hardware that plays
well with a particular bus design.
Both Motorola and Intel promise
VLSI to help reach these goals.

Software must also work with
hardware to perform such chores as
power-fail recovery and automatic
operating system configuration to
fit the hardware on which it is run-
ning. Main says these are ambitious
chores for any bus but at the very
least, ‘‘guidelines can be established
if not full-fledged specifications for
getting the job done.’”’ Some of this
material is under review by both
Motorola and Intel, and Intel has
gone so far as to specify (in
Multibus 1) ways to accomplish
several of the important tasks.

A look at system issues

System issues separate the
Multibus 11 from the VMEbus since
the VMEbus (combined with the VMX
and VMS buses) functions in a way

similar to Multibus I11—at least for
the next few years. In fact, both

‘Motorola and Intel feel that 32-bit

data paths are just part of the
increased functionality needed by
32-bit systems, and system attri-
butes like ease of use, reliability,
and multiprocessing capability are
equally important.

As far as ease of use is concerned,
Intel’s Beaston says that the Multibus
11 specification makes it -software
configurable compared to the hard-
ware-configurable VMEbus. He
notes that many of the jumpers and
spikes on a Multibus II board are
eliminated, since starting addresses,
interrupt vectors from memory, and
the like are more readily handled by
Multibus 11.

Motorola’s Black disagrees, point-
ing out that auto-configuration or
automatic system generation are but
one part of the different bus design
philosophies of Intel and Motorola.
Motorola is working on a system spe-
cification to be released in mid-1984.
The document will address system
software modularization and its
hardware module implementation,
including such factors as automatic
configuration.

This specification will respect the
separation and independence of the
upper-ISO layers. Unlike the Intel ap-
proach, it will not specify how parts
of the layers should be implemented
by the bus specification. According
to Black, Motorola believes that

system software implementation is
(continued on page 38)
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Designers face decision time
(continued from page 36)

best done by system designers to suit
their own needs. This means using
the operating system, not the bus, as
a foundation.

‘“‘Software configuration is flexible
but costly in board real estate and
board performance,”’ Black says.
‘““Moreover,’’ he adds, ‘‘it’s hard to
do halfway with some done by the
operating system and some by hand.
It also needs operating system intel-
ligence resources and memory; our
experience shows it’s not something
customers are inclined to pay for.”’

Beaston also claims that remote
diagnostics are more readily handled
by Multibus 1I. For example, having
the interconnect address space in the
bus specification to allow designers
to identify boards by their physical
position in the backplane facilitates
implementation of the diagnostics
facility. Motorola’s view is that such
a use is best built on top of the
microprocessor operating system at
designer option (today in software,
tomorrow in hardware) and not into
the bus specification with a
predefined method and addresses.

As far as comparative bus reli-
ability is concerned, there is the
matter of error detection. Multibus
11 has a nonoptional feature that
allows parity checks for error detec-
tion on data transfers so that a
processor has an indication that
something is amiss, and can abort or
retry if necessary. Multibus 11 is also
designed to allow the detection of
operational errors. For example, a
request for a 32-bit read on an 8-bit
170 line will cause an error indica-
tion, as will several other opera-
tional errors. These chores are taken
care of by the Multibus II protocol.

There are several other reliability
considerations. For one, Multibus II
data samples are said to be taken so
that they have less noise sensitivity
than VME samples. Beaston claims
that the connector pinout is better
designed than that of the VME since
the different signal groups are
shielded from one another. In addi-
tion, there are more ground lines for
better noise performance as well as
more power pins. Finally, there is
less crosstalk since the pins are
multiplexed and fewer lines are
switched at once.
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Black has a different point of
view regarding relative bus reli-
ability. He again points out that Intel
is forcing a procedure on computer
designers by insisting they use parity
checks and pay the board space and
speed penalty. Parity found on VME
memory boards is a valid concept
for memory but is not valid for bus
drivers. Unlike RAMs, they are not
likely to break down before the sys-
tem mean time before failure (MTBF)
calls for a system breakdown.

The VME approach to error diag-
nosis is to handle it in the micro-
computer operating system where
the operating system software
handles all possible system errors
and communicates with the system
hardware to take care of them. In
contrast, Multibus II handles some
errors in its bus specification and
would have to handle others in the
operating system. In Black’s view,
this is an improper partitioning of
operating system functions.

For Black, Beaston’s comments
about Multibus II’s superiority in
noise behavior, crosstalk, and pin-
out are not relevant, given today’s
advanced backplane technologies
and multilayer boards. ‘“There are
no edge-sensitive noise, high fre-
quency grounding, or shielding
problems with the VMEbus,’’ he says.

Lots of processors

Perhaps most important from the
point of view of future designs for a
multiprocessing environment,
Beaston says that Intel’s Multibus II
is better designed for many pro-
cessors than the VMEbus.

Normally, when a multiprocessor
computer system shares memory, its
processors must work with over-
lapping memory space. If there are
more than two processors, there are
likely to be address aliasing prob-
lems for the microprocessor’s
operating system to manage. The
microprocessor has contention and
pointer manipulation chores to
handle and can do nothing else
when it is so occupied. The Multibus
11 philosophy is to take care of part
of the support for multiprocessor
data sharing in bus interface hard-
ware. For example, an 8-bit 8088 can

(continued on page 40)

What is “The Alps Advantage”, and why

is it important to you, our customers?
Essentially, The Alps Advantage

encompasses a whole series of customer

benefits, brought together to help give you

a competitive edge in your marketplace.

For design
welcome engineers, it means
To T avast array of electro-

mechanical components
Al s and system products —

p particularly noteworthy
Advantage ;..

g innovative
technology, state-of-the-art performance,
high degree of miniaturization, built-in
quality and long-life reliability. It also
means a never-ending flow of new
product introductions and helpful
application engineering assistance from
our Technical Product Managers.

For purchasing and production
people, The Alps Advantage takes on
other meanings — competitive pricing,
automated manufacturing facilities and
on-time deliveries. Equally important,
it means a special kind of philosophy
based on a spirit of teamwork and
cooperative customer relations.

The Alps Advantage is everything
you need to improve your products and
enhance your competitive position —
and everything you'd expect from a
world-class supplier. Since its founding
in 1948, Alps Electric Co., Ltd. has
experienced steady, stable growth — to
a level of world-wide sales now up to
$1-billion per year!

We look forward to the opportunity
of putting The Alps Advantage to work
for you — to get started, please contact
the Alps Sales Rep nearest you:

AL  Huntsville (Jack Harvey & Assocs.) ... (205)536-4414
AZ Phoenix (Eltron) . ................. (602) 266-2164
CA SanDiego (Harvey King, Inc.). . ...... (619) 566-5252
CA Santa Clara (Nova-Tronix,Inc.). ... ... (408) 727-9530
CA  Woodland Hills (Relcom,Inc.)........ (213)340-9143
CO Englewood (NelliganCo.). . . ... . (303)761-2121

CT Yalesville (Technology Sales. Inc.). ... . (203) 269-8853
FL  Clearwater (Jack Harvey & Assocs.) .. (813) 725-4900
FL  Ft.Lauderdale (Jack Harvey &Assocs.). (305)763-1945
GA  Norcross (Jack Harvey & Assocs.) . ... (404)449-4643
IL  Arlington Heights (Micro Sales.Inc.).. (312)956-1000
IN  Indianapolis (Jack Harvey & Assocs.). . (317)872-1031
IN
KS
KS

Kokomo (Jack Harvey & Assocs.). . . . . (317) 453-4260

Kansas City (BC Electronic Sales,Inc.). (913)342-1211

Wichita (BC Electronic Sales,Inc.) .... (316)942-9840
MD Timonium (Allen Assocs.) .......... (301)252-4133
MA Waltham (Technology Sales,Inc.). .. . . (617)647-5700
Ml Oak Park (A.Blumenberg Assocs.,Inc.) (313)968-3230
MN Minneapolis (PS.I.) ................ (612)944-8545
MO St. Louis (BC Electronic Sales.Inc.) ... (314)291-1101
NC Greensboro (Wallace Electronic Sales) (919) 996-2742
NJ Boonton (PAFASSOCS.) ............. (201) 335-0680
NY  Smithtown (PAF Assocs.)........... (516) 360-0940
NY Albany (Reagan/Compar)........... (518)489-4777
NY Endwell (Reagan/Compar).......... (607) 723-8743
NY Fairport (Reagan/Compar) ......... (716)271-2230
NY New Hartford (Reagan/Compar). . ... (315) 732-3775
OH Rocky River (Norman Case Assocs.) .. (216)333-0400
OK Tulsa (Norcom,Inc.) ............... (918)832-7747
OR Aloha (Venture Electronics)......... (503) 642-9090
PA  Willow Grove (Harry Nash Assocs.) ... (215)657-2213
TN  Johnson City (Jack Harvey & Assocs.) . (615)928-7588
TX Dallas (Norcom,InC.). ........ccvuunn (214) 386-4888
TX Austin (Norcom,Inc.) .............. (512)451-2757
TX Houston (Norcom.Inc.) ............ (713)933-6021
VA  Lynchburg (Burgin-Kreh Assocs..Inc.) (804)239-2626
WA Bellevue (Venture Electronics) ...... (206) 454-4594
WI  Milwaukee (Micro Sales, Inc.). ....... (414) 782-1171

CANADA: St. Laurent (Vitel Electronics) .. (514)331-7393
CANADA: Mississauga (Vitel Electronics) . (416)676-9720
CANADA: Kanata (Vitel Electronics). .. ... (613)592-0090




The Alps Advantage in switches:

1,000,000,000 switches is more
than just a whole lot of switches!
It's a record of customer acceptance
that has made us the world's leading
manufacturer of electro-mechanical
switches. We've been making them
since 1948, with a very special Kind
of skill and commitment, dedicated
to producing the most innovative,
highest quality switches possible.

In addition to making a far greater
number of switches than any other
company, we also make more types
of switches, divided into 8 basic
categories: push, slide, lever, rotary,
power, flex, communication and

digital switches....a staggering
product line that includes thousands
of different styles, models and
variations.

Series SGK digital DIP switches.
Very small DIP switches, with some
very big Alps Advantages: exclusive
twin-split contact design with super-
smooth wiping action: 2-position
circuit with a choice of 2, 3,4, 5, 6. 7,
8 or 10-poles; ultrasonic sealing to
eliminate flux penetration and silver
migration problems; removable
tape seal or protective cover to allow
washing: ultra-low-profile, only

4.9mm height; all in the perfect
package for automatic insertion
machines!

Total application versatility. If your
application needs a switch, you can
count on the Alps Advantage to meet
your need — just write or call today.

ALPS ELECTRIC (USA), INC.

100 N. Centre Ave., Rockville Centre, NY 11570
Phone 516-766-3636 « TWX 510-221-6747

One-billion switches per year, including
24 new models of ultra-low-profile

sast?t

DIP switches designed for automatic insertion.
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(continued from page 38)

control message passing in a 32-bit
wide burst transfer interface.

Such a procedure is not possible
with the VMEbus, which does not
have a mechanism in its specifica-
tion to do it, Beaston says. He adds
that the VMEbus would require a
separate address space in the bus
specification to take care of message
passing in the bus interface hard-
ware and it cannot be added.

The VME manages data sharing by
means of pointer passing on its VMS
serial bus. According to Beaston,
this is inferior to the Multibus II’s
approach because its 32-bit parallel
bus would pass a 32-bit pointer in
one clock cycle (32 times faster than
the serial bus) even if their speeds
were the same—and the parallel bus
is much faster.

For Motorola’s Black, the VME
has unsurpassed multiprocessing
capabilities. ‘‘All multiprocessing
systems need, and will do, message
passing, and the VMEbus has a
memory map for messages,”’ he
says, adding that the real question is
where in the system you define the

mapping. According to the VME
system plan, the VMEbus will pass
messages over either its serial or
parallel buses under control of the
microprocessor, not the bus.

The VMEbus’s realtime executive
in its operating system takes care of
all message passing with what is
known as ‘‘address modifier codes.”’
In contrast, Intel has divided
message passing so it is partially
handled by the bus specification and
partially by operating system soft-
ware. All Multibus 11 has done so
far, Black maintains, is define a
message space—a separate page of
memory—and specify some registers
without saying what goes in them.

According to Black there are no
inherent limitations to the multipro-
cessing capability of the VMEbus
which might make it inferior in any
way to the Multibus 1I. He goes on
to say that the number of processors
that can be handled is a function of
the application, and such factors as
bus arbitration efficiency.

The two bus arbitration schemes
are basically equivalent, Black says.

As both buses have the same number
of backplane slots, both arbitration
schemes will accept a processor
board in each slot, and bus arbitra-
tion (even though the VMEbus is
marginally faster) is not a major
factor since both buses arbitrate
concurrently with bus activity.

The only remaining factor is how
fast designers can move data
through the bus and, as Black puts
it, both are subject to the same laws
of physics. For real world block
transfers using real memory and
other components designers can
buy, not theorize about, the buses
have equivalent throughput for
block transfers, Black says. He adds
that the VMEbus can do twice the
transfers of a Multibus 11 for a
single-cycle access because it is not
multiplexed.

—Harvey J. Hindin,
Special Features Editor

SYSTEM TECHNOLOGY
(continued on page 49)

High Resolution RGB Color Monitor

12" Diagonal, 76 Degree, in-Line Gun,
.31 mm dot pitch black matrix, non-
glare surface (NEC 320CGB22)

Input Signals R,G,B channels, Horz Sync, Vert Sync,

Intensity — all positive TTL levels

Video Bandwidth 15 MHz

Horizontal - 15.75 KHz
Vertical - 60 Hz

Scan Frequencies

Misconvergence Center: .6 mm max, Corner: 1.1 mm max

Display Size 215 mm X 160 mm

Resolution Horizontal - 690 dots
Vertical — 240 lines (not interlaced)

480 lines (interlaced)

OEM inquiries invited, contact PGS for complete
technical data, pricing and delivery.

1101-1 State Road [J Princeton, New Jersey 08540 [
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Princeton

Graphic Systems 80 character display

TLX: 685 7009 PGS Prin.

(609) 683 1660




“When SSL/MSI
isnt enough,and
gate arrays are 100 much,
the logical choiceisa
short circuit.”
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ignetics

~ short circuils.
Simple logic saysits
timelotake a
shoritcut.”

Take the shortcut! More than 60 SSI/ MSI
devices bave been replaced by five Signetics
short circuits. Even with a smaller
board, there's still plenty of room for other
parttypes.

We know all about the expanse
of SSI/MSI. And the expense of
gate arrays. Because we sell
plenty of both.

But we also bridge the gap be-
tween them with IFL (Integrated
Fuse Logic), otherwise known as
short circuits. That means you can
have customized logic. Without
the custom prices or lead times.

IFL takes user-programmable
logic far beyond programmable
read only memory and programma-
ble array logic circuits. It provides
a high level of integration. Flexibil-
ity. And ease of use. All this adds
up to dramatically lower parts

count. Improved reliability. Lower
inventory costs. And shorter de-
sign cycles. Just for starters.

Pro ing is quick and easy;
too. IFL devices are made up of
logic elements joined by a select-
able interconnect system. All con-
nections and macro functions are
completely programmable.

If you can write a Boolean equa-
tion, you're home free. Just define
your system in terms of the equa-
tion and enter itat a CRT terminal
for downloading to your PROM
programmer. Blow the fuses, and
your logic circuit is ready. As
simply and quickly as that.

“They blow everything
else right out of the water.”
No matter what other devices
you stack up against our IFL cir-

cuits, there’s no contest.

Compared toTTL, they can cut
your PC board size and pin count
often by as much as 90%, and
make the system more reliable
in the process.

Compared to gate arrays, IFL
circuits give you shorter devel-
opment cycles, since it takes
about 30 seconds to program
one of our parts versus 6 to 8
weeks to make a gate array mask.
They also give you lower initial
cost, less design risk, and off-
the-shelf availability.

Our IFL circuits can even give
you programmable output levels.
The most useable P-terms per out-
put.The most inputs and outputs.

And the most straightforward pro-
gramming of any logic device in
the industry. Complete with pro-
le AND and programma-
ble OR arrays in the same device.
These circuits are among the
most complex LSI products made
today. But they’re manufactured
on the same bipolar fab line which
recently demonstrated 54 ppm
mechanical and O ppm electrical
AOQ (Average Outgoing Quality)
—an industry low.
We're applying this knowhow
to our IFL. So you can be sure of
the same high quality standards.

“You won't believe
all the things they can do.”

They're so flexible, you can get
everything you need from just
three basic IFL circuits: our
simple Field Programmable Gate
Array (FPGA), Field Programma-
ble Logic Array (FPLA) and Field
Programmable Logic Sequencer
(FPLS). All of which come in 20,
24, and 28-pin packages.

By stocking that basic inven-
tory alone, you can program your
own devices to perform an amaz-
ing variety of functions.

With just the 825151 FPGA, for in-
stance, you can get memory map-
ping, fault monitoring, address
decoding for peripheral selection,
and random gating functions.

You can use our 825153 FPLA
in CRT display systems, code
conversion, microprogramming,
character generation, data secu-
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What is Z...ing? Z...ingis a philosophy that we at ZAX

maintain about technology and its application. We
realize that our customers need more than just the best

technology ... they need our concern of how that tech=

nology will be utilized now as well as in the future.

That's why our emulators more than meet todays needs

for development and“will remain the state- of—art for
your future requirements

ZAX EMULATORS + YOUR COMPUTER "‘
~ A COMPLETE MlCHﬂPHOﬁESSﬂR :
DEVELOPMENT SYSTEM

From IBM’s PC to Digital's VAX, ZAX now glves you
Zability to form a complete development system using
your computer...the ZAX In-circuit Emulator and
interface software package makes this possible.

For the IBM PC;three special software p'ackagés utilize;
the standard MSDOS™ operating system, Digital Re-.
search Programmers Utilities with Symbolic. Debugging,

or an Intel compatible Assembler/Lmker Loader with -

Symbolic Debugging. ZAX also has standard packages
for CP/M 86™ with Symbolic Debuggmg

ZAX has Zanswer for mamfra_me,computers w:th simple
uploading and downloading of object files.

Development system owners benefit by downloading

programs to ZAX Emulators ... this cost efficient feature

frees your system for further software development.
This enables you to use ZAX Emulators for software
debugging and system integration, permmmg total
control over your Zfuture development needs

If Zmaximum flexibility at a minimum mvestment makes
sense for your future, hook-up with the company that
can give you more Z...ing...ZAX!

For further information please contact ZAX

CP/M 86'is a trademark of Digital Research
MSDOS is a trademark of Microsoft’






GENIX IS HERE NOW




The World’s Most
Elegant Microprocessor
Family Has its Own
UNIX" Operating
System.

Introducing GENIX, the best

operating system for the
NS16000™ microprocessor
family, from the company
that knows the chip best.
Impressive mainframe architec-
ture and sophisticated high level
language support characterize the
NS16000 microprocessor family.

Industry experts hail it as the “best
UNIX micro” Now GENIX is here.
GENIX has been elegantly tailored to
optimize the NS16000 architecture.
And NS16000 system designers have
an operating system that’s a custom fit.

GENIX is UNIX —and more. It
stands to reason that our own in-
house port of the UNIX operating
system would capitalize on the
unique features of the NS16000. And
thats exactly what GENIX does.

Software development tools
function very effectively in this
advanced environment.
The custom match of GENIX
with the NS16000 architecture
is an obvious benefit. Besides
providing all the proven bene-
fits of the Berkeley 4.1 bsd
version of UNIX--such as multi-
programming, a hierarchical
file structure, and over 200
powerful utilities--GENIX adds
value. GENIX supports true
Demand Paged Vitual Memory and
floating point operation. High level
languages are also supported by an
optimized C compiler and an
optional, powerful Pascal compiler.
Of course, support for the full
range of NS16000 advanced com-
ponents is provided: CPUs, Memory
Management Unit, Floating Point
Unit, Interrupt Control Unit, and
Timing Control Unit. These com-
ponents, combined with GENIX,
provide an unbeatable integrated
microcomputer solution. GENIX
runs on the SYS16 Development
System and is also available now
in source code, under license, for

NS16000-based systems.

Expect more from the future.

The long-term success of a system
depends upon its ability to expand.
The clear migration path of fully
implemented 32-bit architecture
throughout the NS16000 microproc-
essor family means innovation never
equals obsolescence. The NS16000
family brings the benefits of 32-bit
architecture to 8, 16 and 32-bit
systems to protect and optimize your
system and software investments.
Future 32-bit CPUs will also be
compatible.

And theres more. Our UNIX
expertise is already being applied to
the implementation of Berkeley 4.2
for added technical and networking
capabilities. The generic port of
UNIX System V is also underway.

NS16000

Elegance is everything.

See it.

See the NS16000 family,
featuring GENIX on the
SYS16 on exhibition at
Electro, or call your local
Field Applications Engineer
for a demonstration.

Talk with us.

Call the National Sales
Engineer near you for more
information and the answers
to your questions. Ask to
meet with one of our Field
Applications Engineers
to discuss your specific
application.

Read about it.

For more complete details re-
quest the GENIX Summary.

GENIX
Summary

CIRCLE 23

7 National Semiconductor
MICROCOMPUTER SYSTEMS DIVISION

NS16000 and GENIX are trademarks of National Semiconductor Corporation.
UNIX is a trademark of AT&T Bell Laboratories




All this

SUCCESS

and we havent
changed a bit.

Try to imagine a real-time
operating system flexible
enough to handle hundreds
of different applications.

Without any modification.

Our VRTX® microprocessor
operating system can do just that. Over 200 diverse
applications, from navigating aircraft to controlling
disks, to playing video games, have been successfully
implemented around VRTX. All without tweaking a
single bit of VRTX code.

A good thing, too.

Because our VRTX operating system is delivered in
4K bytes of ROM. Which naturally makes tweaking a
little impractical.

But it does make VRTX the most bug-free operating
system you’ll ever use. And the easiest one you'll
ever install.

In fact, we wouldn’t be surprised if you saved six
to 12 months of development time using VRTX.

But protecting our
100,000 hours of debug-
ging and testing really led
us to seal VRTX in silicon. And
prevent even accidental modifica-
tions from introducing new bugs. So now
we know, no matter how successful we get,
we’ll never get spoiled.

For a free VRTX evaluation package (including
timings for system calls and interrupts) contact us
with the details of your application, including the
microprocessors you're using: Z8000,Z80, MC68000
or 8086 family. Write Hunter & Ready, Inc., 445
Sherman Avenue, Palo Alto, California 943006.

Or call (415) 326-2950.

HUNTER
s READY

Operating systems in silicon.
© 1983 Hunter & Ready, Inc.
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Local area networks proliferate while standards lag

Since VLSI devices and interfaces to
support them have appeared, local
area networks (LANs) have been
multiplying like rabbits. The advan-
tages of connecting relatively cheap
workstations to expensive file servers
and graphics peripherals are obvi-
ous, as is the need to connect to
mainframes with superior computing
power and database structures.

The problem, however, is that
individual hardware and software
vendors have gone haring off in
separate directions. Each provides
relatively easy interconnection
between users of their particular
products, but no simple way of
transferring data or programs to
other systems.

The resulting incompatibilities,
like the chaos of floppy disk for-
mats, are a disservice to the industry
and the consumer. The real and

pressing need, at all levels of the
computer industry, is for a free flow
of data and information among all
levels of machines and users.

Purely commercial concerns—Ilock-
ing users into a particular hardware/
software combination—will prove
counterproductive in the long run.
Telecommunication managers are
already beginning to see that a
10-Mbyte/s Ethernet link, with
expensive cables, interface hard-
ware, and installation, is not much
good if the machines at either end of
the link cannot understand one
another.

Creating a local network interface
is a fairly straightforward technical
problem that can usually be solved
relatively quick. Standards, on the
other hand, are a political problem
involving a large number of people
and the reconciliation of conflicting

points of view. Technology, as usual,
is outrunning the political process.

Considering implementations

DR Soft/Net, from Digital Re-
search, Inc (Pacific Grove, Calif),
implements the session and trans-
port layers of the International
Standards Organization (ISO) inter-
connect standard. It is basically a
distributed file-serving mechanism
that allows various machines run-
ning Digital Research operating sys-
tems to share data files and use
remote peripherals.

Its strength is in its modularity.
Each function is a self-contained
routine that other functions access
via strictly defined interfaces. Data
and service requests are passed
between modules in a standard and
easily understood way. Thus, details

(continued on page 50)

AJTO

THE
AUTOMATED MFG.
CONFERENCE

At the workplace
of the 21st Century,
you'll experience the
equipment and tech-
niques of the “now”

future.

AM84 will de-
mystify the technology
thats producing the
greatest changes in
the workplace since the
Industrial Revolution.

Fittingly, AM84
will be held in South
Carolina, where
worker productivity

D GOOSE.

CIRCLE 24

)’ GREENVILLE, S.C.
MARCH 19-22

rates are among the nation’s

highest, one example of
why, for business, South
Carolina is pure gold.
Call today for com-
plete details
Y on AMS84.
Conference:
(803)242-3170.
Exhibition:
" (803) 233-2562.
Orwrite: P.0. Box 5823,

“Greenville, S.C. ’9()06

€ 1983 SCSDB
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LANs proliferate
(continued from page 49)

are effectively hidden and design
effort can be concentrated on the
job at hand.

Implementation of this modu-
larity (which has received much aca-
demic attention over the last 20
years) is Digital Research’s technical
contribution to the computer field.
By putting all hardware interfaces
into one module, basic 1/0 system
(BI0S), file handling in another,
basic disk operating system (BDOS),
and a simplified user interface, con-
sole command processor (CCP) in
another, Digital Research has created
a flexible operating system. This
system has made writing relatively
inexpensive application programs
feasible and quick.

Soft/Net continues the tradition
of modularity, and was designed to
make it easy for manufacturers to
configure for particular hardware.
The strictly logical component, net-
work disk operating system (NDOS) is
provided in both 8-bit (8080/280) and

16-bit (8086) versions. Hardware con-
nections network 1/0 system (NIOS)
are presently available for Ethernet
and Arcnet, with documentation
available for adapting to other
transmission media.

File sharing, password protection,
record and file locking, and remote
peripheral use are all supported by
Soft/Net. The first release of Soft/
Net will be as part of Concurrent
CP/M-86 next month. This package
will allow remote operations to go
on in the background, while other
programs are running.

However, the weakness of modu-
larity is that the user is dependent on
the functions that the vendor has
chosen to include. CP/M has been cri-
ticized for allowing only four 1/0
devices apart from the disks—a Tele-
type (CON:), tape reader (RDR:), a
punch (PUN:), and a line printer
(LPT:). Each of these four logical
devices can be dynamically con-
nected to any one of 12 device

drivers, but the choices are not
many. Nonstandard peripherals must
often be driven directly from the
application program, defeating the
concept of modularity.

In providing the NIOS for Soft/
Net, and the Graphic 1/0 System
(G10S) for the recently introduced
graphics system, the company has
begun to address this weakness.
Given the company’s announcement
that development work is now being
done in the C language, further
modular extensions of the basic
operating system can be expected.
High level source code will also
make possible, for better or worse,
porting to new processors. CP/M-68K
(for Motorola’s 68000) is already
available, and rumors about an
implementation for the 16032/32032
are circulating.

A technical problem with the CP/M
file structure is that it is flat, con-
sisting of a single list of files with
8-character names and 3-character
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extensions. Hierarchical files (eg,
PC-DOS 2.0 and Unix) can probably
be expected in the future, especially
since Digital Research has been
chosen to complete the Unix imple-
mentation for Intel’s 286 processor.
With the simultaneous increase in
capacity and decline in price of mass
storage (eg, 100 Mbytes on a 5 Y-in.
Winchester) the hierarchical file
structure, in one form or another,
should become the standard for
16-bit and larger systems.

Unix to PC networking

Distributed processing, using the
most widespread, commercially
available desktop microcomputer, is
the goal of an Ethernet-based Unix
network recently announced by
Plexus Computers, Inc (Santa
Clara, Calif) and LanTech Systems
(Dallas, Tex). The network Ilets
users of the IBM PC take advantage
of Unix files, utilities, and multi-
user capabilities.

LanTech’s uNETix, a single-user
Unix-compatible operating system
for the PC, includes software inter-
faces to Plexus’ network operating
system (NOS). Together with a stan-
dard Ethernet interface board, the
system turns the PCinto a very intel-
ligent distributed workstation with
access to the resources of a super-
microcomputer. It is available 90
days ARO for $250 from LanTech.

Modularity is built into Unix,
although the granularity is different
than in CP/M. All data is treated as a
character stream—a one-dimensional
series of bytes. Programs accept
streams through their standard
input, process them, and emit them
from the standard output.

This approach facilitates the crea-
tion of software tools. These small,
well-understood, and tested pro-

grams can be strung together easily
to do any job needed. It also makes
a hierarchical file structure impera-
tive, to keep the hundreds of small

tools from cluttering the program-
mer’s ‘“‘workbench.”’

Strictly defined and adhered to, a
character stream approach also im-
poses time and space penalties on
applications, such as data bases,
which use two- (or more) dimen-
sional data structures. Transferring
a large data array byte by byte can
be a long process.

Vendors like Plexus are working
to make a distributed Unix environ-
ment a viable competitor to IBM’s
3270/SNA network connections to
and between mainframes. While it is
undoubtedly a good environment
for programmers to work in, Unix
has been described as being ‘‘user-
hostile.”” The face it presents to the
casual user is both cryptic and con-
fusing.

While IBM’s batch-processing
interface may leave much to be
desired, particularly in the realm of
job control language, there are a

(continued on page 52)
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(continued from page 51)

host of productivity tools, text edi-
tors, and utilities (eg, SPF) are avail-
able from both 1BM and independent
vendors. These tools and interfaces,
called shells in Unix, are being
developed, and even exist in full
form at some installations. How-
ever, they are not generally available
to the business user.

More specifically, this uNETix-
Ethernet combination competes
directly for board and disk space
with IBM’s recent PC/3270 (for com-
munications) and PC/370 (for exe-
cuting mainframe software in the
PC) products. Neither system makes
provision for communicating with
the other—except, perhaps, by
writing data to the PC disk, and
rebooting with the other operating
system to read it. This is, however,
an inherently slow and clumsy pro-
cess. In the absence of formal
standards and user demands for
compatibility, manufacturers will
continue to create technical solu-
tions that cause intercommunication
problems.

Unveiling a new “standard”

Billing it as ‘“The standard in
network software,”” SofTech Micro
systems (San Diego, Calif) has intro-
duced Liaison, a networking imple-
mentation of the UCSD p-System.
Liaison includes a limited multipro-
cessing operating system ($750 to
$4000, depending on number of

users), a disk server ($150) to man-
age files for remote users, a print
server ($150), and a tool kit ($200)
to help develop Liaison systems.

The system is presently available
for the Apple Ile, IBM PC, TI Profes-
sional, and Corvus Concept com-
puters. It communicates via the
Corvus Omninet LAN. Implementa-
tions for other computer systems
and other LANs are slated to become
available later this year.

An intriguing, and somewhat
lamentable, feature of the system is
the Liaison Monitor, which allows
the independent seller of the system
to limit the number of simultaneous
users. This is justified in SofTech’s
literature as a way for software
developers to ensure profits by
charging different prices for the
same program, according to the
number of users. While the goal of
networking and communications is
to increase productivity by making
data and programs more widely
available, profitability is generally
the motivating force behind busi-
ness. But this seems like a step
backwards—the same thing can be
accomplished cheaper with a single
program on a single disk that will
only run on a single machine (eg,
VisiCalc on the Apple.)

While the UCSD p-System has a
wealth of tools, a Pascal that cures
most of the standard language defi-
ciencies and a large, vocal, and

active programmer community, it is
by no means a standard or ‘‘univer-
sal’”’ operating system. Standards
are created by the general consensus
of large numbers of vendors and
users. Despite the fact that the
majority of p-System users have
bought it from Apple Computer Inc
(Cupertino, Calif), and not SofTech,
the latter shows a certain lack of in-
terest or awareness that anyone else
exists in the data processing world.

Technically expert users feel that
Liaison is an excellent solution to
networking between machines run-
ning the p-System. It addresses the
needs of a multi-user system very
well, providing for interchange of
data and program source and object
files, as well as the file-locking and
password protection necessary to
keep a multi-user system secure. It is
modular, and provides services at all
seven levels of the ISO interconnec-
tion model.

It does not, however, make direct
provision for communication with
other systems which are not running
Liaison, whether they are non-
Liaison p-Systems or others. Some
of this lack can be charged to the
vendor; but a greater percentage
must be charged to the whole indus-
try and user community worldwide,
in delaying the implementation of
clear interconnect standards and
translation protocols.

—Sam Bassett, Field Editor

Window worlds open to

The open applications environment
and the desktop metaphor are com-
mon concepts among the newer 16-bit
operating system user interfaces.
Notable among these are the Lisa by
Apple Computer, the Windows sys-
tem by Microsoft, and VisiOn by
VisiCorp. The desktop metaphor
uses windows, icons, menus, and a
mouse to select actions and is obvi-
ously meant to make the systems
appealing to those who are not
totally familiar with computers. The
open application environment, how-
ever, has two purposes: to allow the
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independent programmers

user to select and run applications
from different software vendors,
and to encourage independent soft-
ware vendors (ISVs) to write applica-
tions for the window environments.

To this end, Apple Computer
(Cupertino, Calif), Microsoft (Belle-
vue, Wash), and VisiCorp (San
Jose, Calif), have come up with ISV
programming aids and support.
They have also specifically designed
their operating environments to
make it easy to adapt independently
produced applications programs to
their computers. Such ISV support

has appeared in the form of “‘tool
kits’’ for adapting to the world of
windows and as porting aids for
adapting existing programs to the
new environment.

Porting existing software from
other systems can be done in two
ways. In some cases, programs can
be recompiled and adapted to a
subset of the window environment.
In other cases, an application must
run in a window which simply
emulates a standard alphanumeric
terminal. The programmer may

(continued on page 54)



First we brought you the 2400 Display Controller,
with 1024 x 768 resolution, 8-bit planes and one million
pixels/second vector drawing speed. This innovation
introduced state-of-the-art color graphics performance
from a single circuit board, providing OEMs with the
ultimate in reliability, flexibility and price.

Now, Metheus has moved even further ahead with the
0500, first of a new generation of color graphic display
controllers.

(1500: New standards in resolution, refresh and
ergonomics. Still on a single board.

The 2500 Display Controller sets a new standard in
graphics display ergonomics, bringing you brighter,
crisper images and truly flicker-free displays. It has the
highest resolution available, 1280 x 1024 at 60Hz
non-interlaced refresh, the rate needed to drive the
latest 100MHz monitors.

2500’s bit-slice processor supports drawing speeds
ranging from 1.5 million to 120 million pixels per
second.

And, once again, Metheus’ advanced graphics
technology is neatly packaged on a single board for
exceptional reliability and efficiency. On-board
signature analysis circuitry and extensive self-testing
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LET METHEUS OEM GRAPHICS
PUT YOU A GENERATION AHEAD

capability ensure consistent, dependable operation and
fast diagnosis of any malfunction.

A Writeable Control Store (WCS) feature allows
OEMs to customize the controller’s instruction set for a
wide range of specialized customer applications.

The Q500 is software compatible with 2400. And,
both are supported by Metheus’ Axia™ Graphics
Package, built around the ACM SIGGRAPH CORE and
designed to speed and simplify your application
software development.

Let Metheus put you a generation ahead of your
competitors.

Both the 92400 and 500 are available as display
controller or integrated graphics subsystem
incorporating a high resolution monitor. And both are
available for immediate delivery in quantity.

If color graphics are a part of your product’s future,
you owe it to yourself and your customers to talk to
Metheus today.

Metheus Corporation, P.O. Box 1049,
Hillsboro, OR 97123, (503) 640-8000
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The machine-dependent interface, VisiHost, connects the VisiOn environment to
the host operating system. Applications written by VisiCorp, as well as those by
ISVs, run consistently in the VisiOn world sharing user interface and data.

later have the option of rewriting
routines in the ported application to
make it work more closely with the
world of windows, but at least the
existing software investment is
preserved in the new environment.

The Apple Lisa system has a tool
called QuickPort, which enables
applications written in Basic-Plus,
Cobol, or Pascal to be quickly moved
to the Lisa Desktop. Such applica-
tions readily make use of comple-
menting screen features. They will
have their own menu, window, icon,
and stationery pad, as well as be
able to utilize Lisa’s scrolling and
printing interfaces. Thus, although
the Lisa uses an object-oriented
programming approach, nonobject-
oriented programs can be written
for it and can interact with the user
in a Lisa-like manner.

For programs that have been de-
veloped in a Unix-only environment,
Lisa runs the Microsoft Xenix and
the UniSoft UniPlus+ versions of
Unix. In the Unix environment, the
Lisa user-interface features are not
available. The ‘‘window’’ occupies
the entire screen and emulates a 24 x
80 alphanumeric terminal. Unix pro-
grams can thereby be ported to Lisa,
or Lisa can be used as a development
station for Unix programs running
on other systems.
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One main difference exists between
the Lisa world and the window
systems offered by VisiCorp and
Microsoft. Lisa is a hardware en-
vironment with its own operating
system, while the latter two represent
extensions to existing operating
systems. Microsoft’s Windows is an
extension of its own MS-DOS oper-
ating system. Visicorp’s VisiOn inter-
faces to other 16-bit operating
systems via a machine-dependent
VisiHost/operating system interface.

Microsoft does provide the ability
for a window to emulate a VT-52 type
terminal for straight alphanumeric
I70. But, applications that write
directly to hardware, bypassing MS-
DOS, will not run in a window. Here,
in contrast to Lisa, the portability
issue involves porting the program
to the MS-DOS environment rather
than to a hardware system. Unix-
only programs would obviously not
run under MS-DOS. On the other
hand, Microsoft provides language
bindings to six languages that give
them access to the standard features
of Windows when compiled under
MS-DOS.

Program development

In all three approaches, applica-
tions are able to take full advantage
of user-interface features when they

are written specifically for that envir-
onment, and all three companies
provide tools for the ISV to do that.
Each of the three, however, has a
somewhat different focus. Apple is
primarily a hardware manufacturer
with its own operating system.
Microsoft has concentrated primarily
on the MS-DOS operating system
running on a wide variety of ma-
chines. VisiCorp has focused mainly
on consistent application software
tht run in a number of operating
systems. The three companies are
also aware that they cannot service
the full demand for applications,
and hence the importance of the ISV.
Apple provides a development
environment called the Workshop
that consists of a Lisa machine, the
ToolKit/32 package, which includes
the Generic Application, QuickDraw
graphics, and an object-oriented
extension of Pascal called Clascal.
The Generic Application can start
software development using all of
Lisa’s standard user-interface fea-
tures, including cut/paste integra-
tion, scrolling, menu handling, and
window management. Since appli-
cations are built using ToolKit/32,
all programs written with it will
have a consistent user interface.
Programming with Clascal on the
Workshop takes an object-oriented
approach where the user describes
characteristics and interactions of
objects, such as windows, which com-
prise the application. The Generic
Application contains a library of
object descriptions (windows, docu-
ments, commands, etc). The devel-
oper has only to describe the objects
needed to make up a specific appli-
cation and the characteristics that
might make a given object distinct.
Syntax is very close to that of Pascal.
VisiCorp’s approach with VisiOn
is first to interface the VisiOn envir-
onment to a given operating system
environment. Applications are then
built on top of VisiOn using VisiC, a
dialect of the C language, and C
extensions (eg, the menu compiler,
the help compiler, and the forms
compiler) to create the user interface.
These compilers turn C-like code into
the menus and screens that make up
the window interface of VisiOn.
(continued on page 56)
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Window worlds
(continued from page 54)

With these tools, the program de-
veloper can create a standard inter-
face between the user and all products
that run under VisiOn. The inter-
face, called Basic Interaction Tech-
niques (BITS), includes a mouse
input, forms input, and multimedia
(combined mouse and text) input.
Interaction with devices is via
VisiOps which provides high level
services between the C program and
the VisiHost/ operating system
interface. VisiCorp provides its ISV
toolkit in the form of packages that
run in the Digital Equipment VAX
Unix environment or on a 68000-
based Unix system.

In the world of Microsoft Win-
dows, the system takes responsibility
for screen management, data ex-
change, and device independence.
There is an icon editor to allow the

INNEGRANEDICIRGUINS

ISV to create unique icons for the
application which are then displayed
as available in the windows display.
For communicating with external
devices, primarily bit-mapped dis-
plays or other output devices, the
programmer can write in terms of a
graphics device interface (GDI)
which provides primitives for an
‘‘abstract device.”” Hardware OEMs
will assume responsibility for pro-
viding physical device drivers that
interface to the GDI on systems
running windows. Thus, any pro-
gram written for Windows will run
on the devices supported by any
system running Windows.
Microsoft has also provided a
way for programs from different
vendors—written using the ISV
toolkit—to exchange data. Applica-
tions from Microsoft itself will use

the Symbolic Link (SYLK) data inter-
change protocol. However, the
toolkit also allows data to be passed
between applications in uninter-
preted binary or in ASCII form. Pro-
grams would have to find and agree
on a protocol before they could
share data.

One effect of the open application
trend may be the emergence of a
standard for the human interface.
By not witholding interface tools
from ISvs, the major companies are
not only encouraging vendors to
write software for their systems, but
are also encouraging the use of
ready-made tools. These tools will
provide users with a familiar way to
interact with the new generation of
applications.

—Tom Williams,
West Coast Managing Editor

Chip finds degree of similarity between strings

Adaptive pattern recognition tech-
niques have to date been mostly
software systems that try to deal
with information based on inexact,
inaccurate, or incomplete data. One
of the main problems has been de-
termining the degree of similarity
between strings. That function—
computing similarity—has now been
placed on a silicon chip called the
PF474 microcircuit by Proximity
Devices Corp.

The Proximity Filter PF474 per-
forms extremely fast serial string
comparisons and computes a degree
of similarity for each. This com-
parison is expressed as a 32-bit
binary fraction. Two totally dis-
similar strings will yield a zero,
while two exactly matching strings
will produce a one. In computing
the degree of similarity, the PF474
uses a set of parameters that are
stored in onchip RAM. The 16 best
matches are then stored in the
ranker section of the chip, which
also contains flags to locate the 16
next best matches, and so on. The
Proximity computer section and the
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ranker operate in a pipelined mode so
that neither need slow down the other
in order to complete an operation.
Software comparison algorithms
have yielded computation times that
are proportional to the square of the
number of characters in the string.
With the PF474, however, the com-
parison time is linear with the length
of the string, provided data is sup-
plied at the chip’s full input rate.
This can be quite fast, since the PF474
is mapped into memory address space
and has a DMA capability of up to 2
Mbytes/s. Thus, 8-character (byte)
strings can be compared at a rate of
49,600 comparisons/s, while 127-byte
strings run at 3870 comparisons/s.
The PF474 normally operates by
taking a query string, for which pa-
rameters of similarity have been
loaded into its parameter RAM, and
rapidly searching through a long list
of comparison strings in a data
base. It is thereby possible to per-
form an exhaustive search in an
acceptable amount of time without
having to limit the search space and
risk missing some similar strings.

To the system, the PF474 looks like
a 1024-byte address range that is par-
titioned into four 256-byte sections:
control, parameter, string, and
ranker. The chip also contains the
special purpose Proximity computer
core which calculates the com-
parisons. The string section is further
divided into two 128-byte sections to
hold the query string and the string
currently being compared to it. Since
a string must be terminated by a null
character, strings of up to 127 bytes
in length can be processed.

The Proximity computer uses the
256 values stored in the parameter
RAM section to compute the similar-
ity. The fact that the parameters are
stored in RAM means that they can
be set and altered by the user, or
even dynamically by a running pro-
gram. This is quite important be-
cause the same kinds of parameters
that work for English might not
work as well for French or proper
names, and a signal-processing ap-
plication ' might require different
parameters altogether. The three

(continued on page 59)
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SSi-INNOUATORS IN
TELEGOM INTEGRATION

In their search for innovative IC
designs, here’s why telecom equip-
ment and systems manufacturers
come to SSi.

e |t's the company who produced the
industry’s first fully integrated Dual Tone
Multiple Frequency (DTMF) receiver.

¢ |t's the company who has developed
switched capacitor filter technology fo
its present state-of-the-art.

e |t's the company with the capability to
produce analog or digital circuits—or
both—on the same chip.

In their search for production
credibility, here's why the telecom

leaders also come to SSi.

e |f's the company with the industry’s
newest and most efficient wafer fab for
production at optimum yields.

¢ |t's the company with both Bipolar and
CMOS multi-process capability in the
same wafer fabrication facility.

e |'s the company with the proven track
record of ramping up its production on
the industry’s most popular Touch-Tone®
receiver o keep pace with an exploding
market.

And here’s why those telecom
companies looking for a competitive
edge come to SSi.

siliaon g

® |t's the one company they can rely on
for their “Applications Specific ICs"—from
SSi's standard or semicustom products,
or to full-custom specifications.

Silicon Systems incorporated,
14351 Myford Rd., Tustin, CA 92680
(714) 731-7110, Ext. 575.

®Touch-Tone is a registered trademark of AT&T.

stems

For an overview of Silicon
Systems’ DTMF’s, Modems,
Speech Synthesizers, and
Switched Capacitor Filter
Arrays, send for the new
SSi Telecom Brochure.

INNOVATORS IN § INTEGRATION
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FIRST IN
TOUGH-TONE
REGEIVERS

The SSI 201 DTMF receiver is the industry-
standard one-chip solution for many
telecom applications. It detects a select-
able group of 12 or 16 digits, with no
front-end filtering required. And its inno-
vative design eliminates the need for all
external components except a 3.58 MHz
crystal and an inexpensive resistor.

The SSI 202 incorporates the features
of the SSI 201 in a low-cost, 18-pin,
plastic package. This lower cost unit also
dissipates lower power and operates on
5 volts, making it compatible for use
with microprocessors and suitable for
consumer electronics. An additional
“early detect” feature is provided in the
SS1 203, the newest unit in SSI's growing
line of Touch-Tone circuits.

To find out more about the industry’s
First Family of DTMF receivers, contact:
Silicon Systems, 14351 Myford Road,
Tustin, CA 92680, (714) 731-7110 Ext. 575.

“Touch-Tone is a registered trademark of AT&T

INNOVATORS IN
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Chip compares strings
(continued from page 56)
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Ty | CONTROK
STRING B
~
EXTERNAL Bl Y
SYSTEM PROXIMITY COMPUTER
BUS =10 1V

PARAMETER

TABLES

/ RANKER
i
RANKER LIST
STATUS AND
CONTROL

In the PF474 architecture, four major blocks, string space, control, parameter
tables, and ranker, appear to the system as memory address ranges and can be
directly addressed. The Proximity computer generates 32-bit binary fractions that
are used by the ranker to establish the list of 16 best matches.

parameters stored in each byte are
weight, compensation, and bias.
Weight is a direct reflection of the
importance of a character in the
string, and can vary in value from 0
to 7 (3 bits). For example, in com-
paring English words, less weight
would be assigned to vowels than to
consonants and different consonants
might have different weights ac-
cording to the similarity or difference
of the sounds they make. A weight of
0 would be almost ignored, but it
would affect the similarity since it
occupies a position in the string.
The bias parameter tells if a char-
acter is more important near the be-
ginning or near the end of the string.
Bias can range from a value of —2

to + 1. For instance, if all characters
had a negative bias, the computer
would assign more importance to
similarity near the beginning of the
word than near the end.

Compensation considers the dis-
similarity between two characters
and whether a word contains a given
character or not, or whether a given
character is in the same position in
both words. The compensation
value of unmatched characters is
cumulative in a comparison. Setting
a high compensation parameter will
make the comparison more tolerant
of dropped characters.

This type of pattern recognition
therefore necessitates two main

(continued on page 60)
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Advanced Multibus Products

Powerful 68000
SBC, Graphics
Complete Software
Development Tools

s

Featuring a 10MHz 68000 processor, a high
performance Multibus™ graphics controller
and add-on memory. The board level
products of Forward Technology combine
low price to keep your systems cost down,
and high performance to keep your
customer satisfied.

Single Board Computer ... FT-68X

— 10MHz MC68000

— 2 level MMU

— 256 KB No Wait State Memory
— Dual Port DMA

— 8 MB Addressability

Fast, High-resolution Graphics ... FT-1024

— 1024 by 1024 by 1 frame buffer

— Bit-map organized in (X,Y) coordinates

— Simultaneous access to 4 different
graphical objects

— On-board “raster OP” implementation

— One 16-bit update executed each
microsecond

Large-capacity Add-on Memory ... FT-768
— Add-on memory for FT-68X

— Single board

— 768 KB of no wait state RAM

— Supported by FT-68X DMA

XENIX™ Operating System

— FORTRAN 77, C, PASCAL, APL and
BASIC language support for multiple
USErs.

Forward Technology products for forward
looking OEMS. Send today for full information.
2175 Martin Ave., Santa Clara, CA 95050.
(408) 988-2378

Western Regional Office (213)541-0166
Eastern Regional Office (617)890-6131

™Multibus is a registered trademark of Intel Corp
™XENIX is a registered trademark of MicroSoft Corp
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Chip compares strings
(continued from page 59)

SYMBOL PARAMETER LAYOUT

ENSATION | BiAs | weiowr |
A A e [ ER

Each of the 256 parameter bytes is
divided into three fields as shown for
compensation (0 to 7), bias (—2 to
+1), and weight (0 to 7) attributes for
each character in the strings being
compared. Different combinations of
parameters can set widely varying
criteria for similarity.

operations: determining what the
parameters for computing similarity
shall be; and performing the actual
comparison and ranking the results.
The PF474 was designed to do the
latter at very high speed while leaving
the user to determine the parame-
ters. The PF474 also maintains a
ranked list of best matches.

The ranker consists of a control
section and a section which contains
(for each entry) the result of the
proximity computation and an in-
ternal record number (IRN) of the
string matched. It does not store the
actual strings, but rather the IRNs
that typically correspond to data-
base record numbers. If a longer list
of ranked near-matches is desired,
the application program can copy
the contents of the ranker registers
to some other location in system
memory and keep track of the order
of such lists.

Where it lends a hand

An example of the kinds of appli-
cations to which the PF474 can lend
itself is the Savvy system by Excali-
bur Technologies. Savvy is an adap-
tive pattern recognition software
system which is available integrated
into a database management and
automatic program generator for
use with Apple and IBM personal
computers. To facilitate natural lan-
guage input and programs that
‘““learn’’ based on patterns of inter-
action with wusers, Savvy incor-
porates pattern recognition using
routines encoded in ROM.

For a given input string, Savvy has
routines that discover the parameters
which determine the degree of simi-
larity. It then performs the type of
string comparison described for the

PF474. A spokesperson for Excalibur
noted that the string comparison
and proximity computation portion
of the Savvy system could be vastly
accelerated by using a chip such as
the PF474.

Another very promising applica-
tion area is in speech recognition.
Here, the system simply analyzes
time slices of speech that have been
broken into characteristic spectra.
There is no need for the pattern pro-
cessor to pay attention to syntax at
this level; meaning would emerge as
patterns of patterns of patterns, etc.
In experiments performed by Excali-
bur, it has already been possible to
transmit intelligible speech at rates
between 200 and 400 baud.

Speech in these experiments had
been broken into 40-ms time slices,
then transformed into patterns of 16
frequency bands with characteristic
relative strengths for each frequency.
Such spectra constituted patterns
that could be characterized and com-
pared. Excalibur recorded roughly
1000 distinct patterns which emerged
from many hours of speech from
different speakers.

Speech transmission could take
place at such low data rates because
what was actually being transmitted
was not speech, but rather the refer-
ences to various patterns which were
reassembled and turned back into
analog signals at the other end. The
use of such methods for speech en-
cryption—encoding the references—
is but another extension of the
technique. Proximity Devices has
already mentioned the possibility of
PF474 arrays or similar processors
attacking large data arrays. It seems
certain that the potential opened up
by the silicon implementation of
rapid string search and comparison
is only beginning to dawn on de-
signers. Proximity Devices Corp,
3511 NE 22nd Ave, Fort Lauder-
dale, FL 33308; Excalibur Tech-
nologies, 800 Rio Grande Blvd NW,
21 Mercado Plaza, Albuquerque,
NM 87104.

—Tom Williams,
West Coast Managing Editor
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CONFIDENCE BUILDERS

* Designed with the clearance/creepage spacing and hi-pot e User-selectable 115/230 VAC dual input
ratings required to meet IEC 380 and VDE 0806 « Overvoltage protection standard

e Input filter conforms to VDE 0871/6.78 and FCC 20780 * Overload protection standard

Fam 13, Seapmie e Short-circuit protection standard
* Complies with UL 478 and CSA C22.2 154 « AC transient suppression

* Quality control according to MIL-1-45208 * Logic inhibit on many models

¢ Holdup time of 20 ms e Remote or local sensing on most models
e Efficiencies of 70 to 80%, dependent on output voltage e Cover included with all models

20 Single Output Switchers, from 5to 24 Vand 2.5 to 60 A

E%ZT’E POWER/ MATE

THE PACESETTER IN SWITCHING POWER SUPPLIES

nsack, NJ 07601-6697  (207) 440-3100 ® TWX: 710-990-5023
Ana, iCA @27053315 . (218) 793-4070 . TWX 910 588-3285




I you're manufacturing a
product with an ergonomically
designed keyboard, you need
one of these three
Stackpole advantages!




Actually, there are a lot more advan-
tages to Stackpole keyboards. Start
with the confidence you can have in
the keyboard because it was made by
Stackpole. We had built our reputation
for high quality components long
before the age of the computer.

But as a manufacturer of prod-
ucts with keyboards, knowing that the
quality of the keyboard is critical to the
quality of your product, you should
know about these three Stackpole
advantages.

The KS-200E-
Mechanical Technology

In the KS-200E, Stackpole has com-
bined the newer discipline of human
engineering with its tradition of engi-
neering components to work well and
last longer. The result - a full-travel,
ergonomically designed, highly reliable
keyboard that projects quality where
the fingers meet the machine. The
KS-200E meets the most recent DIN
requirements.

The built-in reliability of the
KS-200E begins with the sturdy mono-

oAl

lithic housing that assures keycap
alignment and reduces cost by reducing
inventory. Then there are the patented
twin bifurcated contacts; that’s four
points of contact that assure reliable
operation over the KS-200E’s rated life
of fifty million cycles.

And - unlike many keyboards -
the KS-200E is field repairable. In a
matter of minutes.

The KS-200E is available just as
you need it- as discrete switches or
arrays assembled with or without key-
caps, or assembled and soldered to
a PC board with or without electronic
encoding to fit your specifications.

So that we can be an important part of
your solution without creating any
problems.

The KS-500F
Membrane Keyboard

The KS-500E shows just how good a
membrane keyboard can be. Full travel.
Ergonomically designed to the latest
DIN requirements. Engineered into a
monolithic housing that eliminates
keyswitch alignment problems. It has a
lot in common with its cousin - the
KS-200E.

And because the screened cir-
cuit traces and contacts are laminated
between two pieces of polyester, the
KS-500E is protected against spills and
other environmental contaminants.
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The metal backplate gives built-in
EMI/RFI protection.

If your design calls for a mem-
brane keyboard - one that works well
from the first touch and will continue
to work well over its rated life of
20,000,000 cycles - ask about the
KS-500E. It’s available in a wide selec-
tion of two-shot keycaps, a variety of
colors and finishes and in either low
profile or ultra-low profile.

Stackpole
Development Services

We know that in your business, one
size - or style or array - does not fit all.
That's the reason we put a very expe-
rienced staff of applications engineers
at your disposal.

Along with the experience, the
talent and the proven ability to meet
manufacturers’ specifications and engi-
neers’ hopes, our development services
bring vou Stackpole’s testing facilities,
our custom manufacturing capabilitics -
and the same thing vou get with every
Stackpole keyboard - Stackpole quality.

Soif the KS-200E or the
KS-500E looks like just the keyboard
for your product, call us. And if they
don’t fit, call us anyway. We can build
you one - either domestically or at our
Far East facility.




MODEMS AT
THE SPEED OF

Optelecom’s family of fiber
optic modems provides high
speed, high quality data
transmission between
terminals or modems. These
modems offer you optical
communications advantages
with low error rate operation,
convenient mounting and
simple connection.
Optelecom’s unique status
lights, standard on each
model, ensure fast and
accurate system checkout.

Each modem converts
standard asynchronous
RS232 data signals into
optical pulses for noise-free
transmission over one
kilometer fiber optic cables
and back to RS232.

Take the enlightened path
to data communications . . .
the family of Optelecom
modems include:
® Model 4110—Cable

mounted RS232 or

MIL-STD-188 versions.

Eliminate optical

connectors.
® Model 4121—SMA Style

Optical Ports—switch for’

terminal/modem capability.

RS232 only.
® Model 4122—SFR AMP

Ports—switch for terminal/

modem capability. RS232

only.

Optelecom—high
performance quality fiber
optic communications. For
more information, please
contact us at:
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Terminals move to X.25 transparent to host

Local and remote terminal users
move freely between Digital Equip-
ment’s VAX-11 computers and
packet-switched networks with a
frontend communication processor
from Advanced Computer Commu-
nications. The IF-11/X.25 Plus handles
any necessary packet assembly and
disassembly (PAD) called for in the
X.25 specification, as well as neces-
sary terminal protocols, without
host intervention. The host services
each terminal in a normal time-
sharing fashion, regardless of where
it is physically located.

Such transparency results from
the ability to emulate a terminal
multiplexer, such as the DH-11. Few
modifications to existing software
drivers are needed. Furthermore,
the host computer cannot distin-
guish between attached and remote
terminals. The controller hides its
ability to operate in one of two
modes: access by remote terminals
only, or in access by attached and
remote terminals.

Remote terminal access is the
most straightforward of the two
modes, since the 32 data ports dedi-
cated on the host computer handle
just incoming calls. Local terminals
require additional hardware support
since they can initiate X.25 conversa-
tions as well as converse with the
host system. As a result, the IF-11/
X.25 Plus allocates one of the 32
channels for each attached terminal,
with the remaining channels free to
support remote terminals.

Under either hardware configura-
tion, remote users initiate a terminal
session by placing a call to the desired
network node. Packet switched net-
works typically use dialup lines for
these incoming calls, with RS-232
serial communications used as the
physical link. Implementation of the
high level data link (HDLC) protocol
at the transport layer (ISO layer 2)
ensures error-free data transmission.
Messages are transmitted across the
network at 56 kbits/s. Incoming
calls can either choose a specific
port address (1 to 32) or allow the
controller to assign the lowest port
address available.

In addition to routing incoming
calls to the appropriate port ad-

dress, the controller handles PAD
functions. The data link established
at layer 2 is divided into 32 logical
channels. These channels identify
individual user conversations that
have been combined for transmis-
sion over a single trunk line in the
packet network.

Packets also contain session and
presentation-dependent information
such as baud rate and terminal char-
acteristics (ISO layers 5 and 6) en-
abling the user to communicate
effectively with the remote host.
Moreover, the IF-11/X.25 Plus trans-
lates these parameters (which are set
forth in the X.3 and X.28 specifica-
tions) into specific terminal proto-
cols (eg, VT100). If necessary, users
can reconfigure a remote network
node with parameters defined in the
X.29 specification.

Besides handling incoming calls,
the IF-11/X.25 Plus also provides a
means for local users to send
packets to remote network nodes.
Terminal line expansion boards link
as many as 32 users (in groups of
eight) to the controller, although the
host computer cannot tell the dif-
ference. All ASCII terminal functions
are available to each user. In fact,
terminal communications can occur
at a rate as fast as 9600 bits/s.

Only when the user enters a
special character sequence does the
controller come into play. The user,
in effect, disconnects from the host
and further terminal communica-
tions are routed to the controller for
action. Special PAD commands are
then used to connect an X.25 data
network, as well as to move back to
local mode for further interaction
with the host computer. Users need
not log off the host system at all to
enter the PAD mode.

The IF-11/X.25 Plus occupies a
double hex-width Unibus slot on
any PDP-11 or VAX-11 minicomputer
running RSX-11, VMS, or Unix
operating systems. The device driver
is included in the $9000 single-unit
price; each optional terminal expan-
sion board is priced at $3000.
Advanced Computer Communica-
tions, 720 Santa Barbara St, Santa
Barbara, CA, 93101.
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Fill in your IBM micro/mainframe
communications piciure.

AST Research, the leader in IBM PC
enhancement products, brightens your
micro/mainframe communications pic-
ture with a full palette of economical,
integrated hardware/software master-
pieces. With AST Products, you can
emulate IBM terminals or create
P(Cbased Local Area Networks.

AST improves your office
operafing cost picture.
AST communications products give your
IBM PC the flexibility to act as a terminal

for your host system or as a stand-alone
computer for smaller tasks. Your PC won’t
bog down the mainframe with unneces-
sary small jobs and local computing on
the PC eliminates phone line charges too.
Get the power of a mainframe when you
need it and personal computer conveni-
ence right at your fingertips.

Applications solutions
that are strokes of genius.

AST keeps pace with your ever-changing
applications requirements with reliable,
high quality, cost effective communica-
tions products. AST products provide
support for Bisync and SNA/SDLC-gom-
munications protocols as well as net-
working multiple PC’s for sharing
resources. - k
' !
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Choose AST producis
— by the numbers.

These AST communications packages
are currently available:

L

/4

AST-SNA™ emulates a 3274/3276
controller and 3278 or 3279 display
terminal using SDLC protocol.

. AST-BSC™ emulates 2770 batch

RJE and remote 3270 display terminals
using 3270 Bisync protocol.

. AST-PCOX™allows your PC to connect

to an IBM 3274/3276 cluster con-
troller via coax cable and emulates
a 3278 or 3279 display terminal.

. AST:3780™ emulates 2770, 2780,

3741, and 3780 RJE workstations using
Bisync protocol.

. AST-5251™ emulates a 5251 Model 12

remote workstation connected to an
IBM System 34, 36 or 38.

. PCnet™is the first Local Area Network

designed specifically for the IBM PC
or XTand the PC-DOS L1 or 2.0
operating system.

CC-232™ is a user-programmable
dual-port c;q{g capable-of commu-
nicating in Async, Bisync, SDLC, or
HDLC protocels. & :

% W&J’:’WWM’;‘WW

i
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Discover how well AST can fill in your
micro/mainframe communications
picture. For descriptive
data sheets, write or
call: AST Research
Inc., 2121 Alton Ave.,
Irvine, CA 92714,
(714) 863-1333,
TWX: 295370ASTRUR

RESEARCH INC.

Number One Add-Ons
r IBM PC.

IBM is a regigtered trademark of International Business Machines
Corporatio. PCnet is a regp trademark of Orchid Technology,
Inc. AST3780 is a product developed by AST Research, Inc., and
Wilmot Systems, Ince AST5251 is a produc developed by AST
Rescarch, Inc., and’Software Bystems, Inc., of Jefferson City, MO,
PCOX is a produg' developedby CXI Inc.
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Make your 212A modem




for half the cost.

Your Design Problems are Over

Now available to you are the LS|
circuits and-software know-how needed
for your own design and implementa-
tion of an operational Bell 212A
compatible modem — all from one
experienced source, Exar.

Exar Delivers the Solution

First,you get high technology,
quality IC’s that form the heart of a
212A modem. The XR2123 CMOS
Modular/Demodulator provides the
1200 BPS PSK function, the XR14412
modem system performs the 300
BPS FSK modulation/demodulation
function required for 212A compatibil-
ity and the XR2120 switched capacitor
filter, also CMOS technology provides
the 1200 and 300 BPS filtering
requirements for the modem.

But, Exar does not stop there. In
order to implement these devices into
a compatible Bell 212A modem, we
have devised a simple and cost effec-
tive trouble-free way to evaluate them
in a system. Exar can provide you with
amodem evaluation kit including
these three devices, along with all the
necessary supporting components, PC

board, schematic and operating instruc-

tions to minimize your design task.

1/ THE

Cut Costs, Reduce Space, Improve
Reliability

By getting our IC's along with our
know-how you make sure your
modem will be right.

3 . XR-2123
With our LS| | 1200 BPS
components, you get e !

amodem for about
half the
money you
would nor-
mally spend
for a finished
board and
reliability is
improved J
because our it

LSl circuits reduce the .
number of necessary
parts and the space to
house them.

More Modem Solutlons

Exar provides modem solutions
for a wide variety of applications, from
telephone communications compatible
with Bell and CCITT standards to high
speed transmission over twisted-pair
wires. Modem types available included
are Bell Standard 103 (300 BPS FSK),
202 (1200 BPS FSK), and 212A
circuits as well as CCITT compatible
V.21 (300 BPS FSK),V.22 (1200 BPS

DEMOD

300 BPS
FSK
MOD/
DEMOD

XR-2123 1200 BPS PSK
MOD/DEMOD

XR-14412 300 BPS FSK
MOD/DEMOD

XR-2120 FILTER

PSK), V.23 (1200/75 BPS FSK) and
V.26 (2400 BPS PSK).

To round out a complete design
Exar provides RS-232 line drivers and
receivers for interfacing and a wide
range of op amps to perform amplifi-
cation and signal conditioning
functions.

XR-2120
FILTER

TELEPHONE
LINE

B

212A Compatible Modem

The Solution is Available Now

Just send the coupon below or
give us a call. You'll get everything you
need, including our compilation of
modem design and technical data,
called the Modem Data Book.

So let Exar get your modem
design going. Send us the coupon
today.

Help me make
mymodem! <

[0 Send me the Exar
Modem Data Book.

[ Also, send me more information about
the Modem Design Kit.

Name
Title
Company
Dept./Div.
Address
City
State Zip

Phone( ) Ext

Application

750 Palomar Avenue
Sunnyvale, CA 94088 CD 2/84
Tel. (408) 732-7970 TWX910-339-9233

For telecommunications, industrial,
medical and military IC applications
...EXAR Goes One Step Further.

CIRCLE 35



Fujitsu belic
deserves lof

v
Cxo-04a38
11.0904mHz |

S ]
o KSS JAPAN

See us at Interface ‘84, March 12-15. Booth #786-790.

The world’s first 14.4 kilobit modem card; superior reliability in a compact package. 9,600bps & 4,800bps
core modems and stand-alone modems also available.



ves an OEM
s of fast talk.

Thats why Fujitsu now offers the world’s first
14,400 bit per second modem card, along with com-
panion 9,600 bps and 4,800 bps core modgems All three
single PC boards employ custom digital signal proces-
sors. And from a standpoint of versatility, the units are
compatible with any type of equipment.

By offering your customers the fastest, most reli-
able, and economical modem, youre not only offering
state-of-the-art technology, but a product that is backed
by a world leader in the telecommunications and com-
puter industry.

We also realize that diversity sells your products
and increases your profits. So, Fujitsu not only offers
core modems, but also offers a full line of stand-alone
modems.

Fujitsu modems meet the future head on. And
that's the kind of fast talk you deserve.

FUJITSU

Fujitsu America, Inc. ¢ Data Communications Division 1945 Gallows Road
Vienna, Virginia 22180 « (703) 356-5758
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Whether you need a /2" tape drive The next time you find backup con-
compatible with streaming or start/stop fusing, call the leader. No matter what your
software, we have your solution with our system requirements are, we have the tape
Microstreamer® or CacheTape™. drive that meets your backup needs. Call or

Or whether you need a /4" cartridge write us today for a free product brochure.
tape drive compatible with QIC or floppy disk
standards, we have your solution with our HM E,-
540 or FloppyTape™. s A
10225 Willow Creek Road, PO. Box 85170

San Diego, California 92138
Telephone (619) 578-9100, TWX: 910-335-1251

European subsidiaries in:
United Kingdom (phone: 0276-682912),
West Germany (phone: 089-807001/02),
France (phone: 1-668-87-87)
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We can't keepitquiet

any longer!

Occam is the language for today's microprocessors

Today's microprocessor systems
are growing up. New boundaries
in performance and functionality
are being called for and met.

But software tools are falling
behind. Assembler programming
is woefully inadequate. Traditional
high level languages — Pascal, C—
leave critical portions of the sys-
tems to low level languages. And
new languages like Ada are too
complex for serious consideration.

Where can systems designers
turn? Occam.

Occam is a new language cre-
ated just for system design and
implementation. With the ability
to describe concurrency and mes-
sage passing built right into the
language at the lowest level, all
aspects of a system can be de-
signed and programmed in occam.
From interrupt handling to signal
processing to screen editors to
artificial intelligence. And it's
available for the iIAPX86 and
MC68000 families of microproces-
SOrs Now.

With the Occam Programming
System, INMOS provides the opti-
mum environment for the crea-
tion of occam systems for these
microprocessors. An intelligent

editor understands the language,
Source-level debugging lets you
investigate the behavior of your
program in terms of the pro-
gram you have written. There's
even a word processor package.
Together with the abilities of the
language, these features will sig-
nificantly reduce your develop-
ment time and risks.

Even more, occam equips you
for the future. As increased per-
formance requirements move you
into multiprocessor systems, your
software is already written.
Occam programs may be config-
ured to run on one, many or even
hundreds of connected process-
ors. And you'll also be ready to

take advantage of the massive in-
crease in performance that
INMOS' transputers —a family of
16 and 32 bit VLSI devices inte-
grating processor, memory and
communications onto one chip —
will offer.

We have a complete set of eval-
uation and development tools
available for occam. Send today
for informative literature pack
which describes occam, the Occam
Evaluation Kit, the Occam Pro-
gramming System and the
transputer.

For immediate response
call us at (303) 630-4363, or
write: -

Occam, P.O. Bl
Box 16000, A e

nmw  Colorado BB

Springs, CO
80935. We'll take §
care of the rest.

YINMOS

Oand occam are trademarks of the
Inmos Group of Companies
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1 (1T TAMIERORROEGESSORS! MICROGOMBUNERS

TRIPLE-BUS
ARCHITECTURE GAINS
SPEED, VERSATILITY

Both problems and opportunities lurk for designers of
realtime minicomputer systems. A three-pronged approach
attacks the problems inherent to single-bus architectures.

by Dave Cane and
Steve Mullen

In traditional minicomputer architecture, a single
high speed internal bus transfers digital data
throughout the system. However, the problems
inherent to this design can be overcome with an
alternative, multiple-bus architecture. Using multiple
industry standard processors with multiple
industry standard buses, the MC-500’s 32-bit archi-
tecture distributes data acquisition, computation,
and graphics tasks among several very high perfor-
mance processors.

The main system CPU uses a proprietary bus to
connect the VLSI processors to system memory. A
high performance Intel Multibus (IEEE 796) sup-
ports a data acquisition and control processor
(DA/CP), up to four independent graphics pro-

Dave Cane is a hardware development manager at
Masscomp, 543 Great Rd, Littleton, MA 01460,
where he is responsible for hardware design. He holds
an MSEE and a BSEE from the Massachusetts Institute
of Technology, Cambridge, Mass.

Steve Mullen is an end user marketing manager at
Masscomp. He holds a BA from Lawrence University
and a PhD from the University of Minnesota.

cessors (IGPs), and system peripherals. An enhanced
STD bus—controlled by the DA/CP module—
provides efficient data acquisition and control.

This triple-bus design, the core of the system
architecture (Fig 1), provides a flexible structure
that anticipates future system enhancements with
technological advances in microprocessors,
memory, mass storage peripherals, communication
devices, and realtime interfaces.

Cumulative bandwidth in triple-bus structure

Since the primary design goal was to provide a
one million sample/s analog acquisition rate, the
bus that supports the A-D converter—the STD
bus—must operate at 2 Mbytes/s. Operating at this
speed, however, requires a 4-Mbyte/s transfer rate
since the Multibus needs twice the bandwidth of
the STD bus. This is necessary because, in analog
throughput-to-disk applications, data must travel
over the Multibus twice.

At first glance, it appears that the Multibus band-
width will allow this rate. If a bus runs near capac-
ity, however, bus latency problems may surface.
Long latencies slow data transfer and generally
make data acquisition/control performance highly
unpredictable. Since the Multibus must also carry
data traffic from system peripherals during data
acquisition, it is loaded at 80 percent capacity.
Thus, the Multibus transfer rate was designed at
6 Mbytes/s.
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Primarily, the proprietary MC-500 bus serves as
the CPU to memory connection. To allow the
Motorola 68000 to operate at maximum speed, this
bus is specified to transfer data at up to 8 Mbytes/s.

One 68010 and one 68000 microprocessor make up
the MC-500 VLSI virtual memory CPU. A 4-Kbyte
instruction and data cache are used to raise the
microprocessors’ speed. Memory management con-
trol supports up to 16 Mbytes of virtual memory
space in a demand-page format.

Memory is mapped in 4-Kbyte pages. A 4096-
entry address translation table maps virtual to
physical addresses. A 1024-entry RAM-based

ADDRESS

TRANSLATION
BUFFER

CACHE]
ADDRESS
DATA

MAIN
MEMORY

Wil |

XY i

MULTIBUS DATA

MULTIBUS ADDRESS

Fig 2 A 68010 (executer) and a 68000 (fixer) make up the
system CPU. Speed is gained using a 4-Kbyte
instruction/data cache between the main processor and
memory, and by using the 68000 to handle memory
management.
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address translation buffer operates as a cache for
the full translation table, thereby improving per-
formance. The CPU’s 68000 processor handles
memory management and address translation buffer
“misses” (Fig 2).

The MC-500 bus connects the CPU to physical
memory (storage capacity ranges from 0.5 to
6 Mbytes). The fastest bus in the system, it transfers
blocks of data at up to 8 Mbytes/s. It also supports
the optional Masscomp floating point and array
processors.

Providing the CPU with a dedicated high speed
bus avoids the time that would be lost on CPU/
Multibus access arbitration if memory were placed
on the Multibus. In addition, the 68000 processor uses
an unusual handshake process—it notifies a bus
that it will strobe data a full cycle before actually
transferring that data. The Multibus protocol,
however, is designed to move data almost
simultaneously upon request. This causes the bus
(as well as the processor) to be idle while it waits.
The triple-bus design eliminates this bus wait state.

Finally, the system design is most effective when
multiple main CPUs are integrated into a system.
Rather than a multiple CPU architecture where the
CPUs must share multiport memory access, each
CPU has its own physical memory connected by an
MC-500 bus (Fig 3).

CPU/Multibus connection

Using the industry standard Multibus (IEEE 796)
allows the peripheral controllers, the data commu-
nication devices, and the data acquisition inter-
faces that exist for this bus to be attached to the
system. Connected to the MC-500 bus through a
Multibus adapter, the Multibus supports a DA/CP;




GENERAL DESCRIPTION

The OB68K/VME 1 is an extremely powerful,
complete stand alone microcomputer board
that is functionally interfaced to the double
height (6U) VME bus and is fully compatible
with the VME bus standard by way of the P1
connector.

FEATURES

* Powerful 12.5MHz 68000R12 16/32 Bit
CPU

* 8 pairs of 28 pin sockets for ROM/RAM.
-ROM 2732, 2764, 27128 or 27256 (Maxi-
mum of 7-pairs may be used, at least
one pair required).
-RAM 2K x 8or 8K x 8static (Maximum
of 7-pairs may be used, at least one pair
required).

Quality, Reliability,
Performance

* User selectable access time on (DTACK)
RAM and ROM
Directly addresses 16M-bytes.
Offboard 1/0 space 64K bytes (short
Address Modifier code)
* (7) Prioritized—BUS or AUTOVECTORED
Prioritized Interrupts (One Non-Maskable)
(2) RS-232C Serial Ports utilizing one
68681 DUART
(2) 8 bit Parallel I/0 Ports with two control
lines utilizing one 68230 PI/T.
(1) 16-bit Timer/Counter (in 68681)
(1) 24-bit Timer/Counter (in 68230)
VME Bus Compatible (Rev. B)
All external 1/0 connections available

*
*

through user defined pins on P2 connector.

. % OMNIBYTE

CIRCLE 39

* System controller functions are sup-
ported. They consist of:
(1) 8-level Prioritized bus arbiter (68452)
(1) 16-MHz system clock
(1) Power-on Reset Generator
(1) Manual Reset Generator
(1) System watch dog timer

* All system controller functions may be
inhibited for Multi-Master System use if
desired.

* Two year limited warranty.

FOR MORE INFORMATION ABOUT THE
OB68K/VMET SEND $10 FOR A DETAILED
TECHNICAL MANUAL.

Contact Sue Cochran, Sales Manager

OMNIBYTE CORPORATION
245 W. Roosevelt Rd.

West Chicago, IL 60185

(312) 231-6880

Intl. Telex: 210070 MAGEX UR
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processor with its own physical

A memory and proprietary bus.

as many as four IGPs, each incorporating a 68000
processor; multiple disk and tape drives; terminals;
printers; plotters; and network communication via
RS-232 and Ethernet. The Multibus adapter enables
32-bit block transfers, providing a bus bandwidth
of up to 6 Mbytes/s.

Historically, the Multibus evolved from a
1-Mbyte, 20-bit address version to a 16-Mbyte,
24-bit address configuration. Putting both types of
boards on a system creates a DMA address problem.
A second DMA problem results because peripheral
memory buffers are not continuous for virtual
memory systems. Therefore, DMA controllers can-
not handle transfers that cross page boundaries.

To solve these problems, the design incorporates
an I/0 map in the CPU/Multibus adapter. A
1024-entry RAM, the 170 map converts the logical
address from a DMA memory reference to the
appropriate physical address. The operating system
sets up this map before initiating the mass storage
transfer. Once set up, contiguous addresses pro-
duced by a peripheral are mapped to noncontiguous
physical pages.

A private line added in the Multibus P2 connec-
tor causes the I/0 map to be bypassed when
asserted; ordinary Multibus devices do not assert
this line. When one CPU uses the Multibus to com-
municate to another CPU’s memory, mapping is
not necessary because the first CPU has already per-
formed a virtual-to-physical translation.

A Multibus protocol defines a busy line, a set of
address lines, and a strobe line. The bus also speci-
fies address setup time and address hold time, as
well as XACK (slave acknowledges on a read that it
put data on the bus, and that it has removed data
from the bus on a write). This Multibus protocol
carries addresses made on bracket strobes, giving
devices time to decode their own assert and de-
assert addresses. The 68000 has a similar protocol.

Unfortunately, comparing the 68000 timing speci-
fication to the Multibus timing specification shows
that available address time for the 68000 after com-
pletion of its address strobe is not long enough to
match the Multibus signal timing pattern. There-
fore, to guarantee that 68000 strobes meet the Mul-
tibus setup for proper access, system designers
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have provided an address latch on that patch when
the 68000 is bus master performing a read/write
over the Multibus.

Finally, designers had to address the deadlock
problem in the CPU/Multibus interconnection (ie,
the CPU has to request and obtain Multibus time
for a reference to memory). This eliminates the
benefits of the high speed MC-500 bus. If, however,

When one CPU uses the Multibus to
communicate to another CPU’s
memory, mapping is unnecessary.

the CPU references a location that is not in local
memory, the request must be made on the Multi-
bus. If, at the same time, a peripheral also requests
and wins the Multibus, a stalemate exists. The
peripheral will not give up the Multibus until it
receives its handshake from memory. To obtain
that handshake, it must use the MC-500 bus to
access memory.

Although the CPU could hold the high speed bus
while waiting to obtain the Multibus, this condition
is avoided by logic, external to the 68010. This
causes the CPU to temporarily withdraw its request.
The peripheral can then enter its memory cycle to
transfer data. Once the transfer is complete, the
Multibus is free for access by the CPU. Using exter-
nal logic rather than the deadlock avoidance mecha-
nism built into the 68010, allows the 68010’s full
instruction set to be used. Using the 68010’s dead-
lock function makes a critical 68010 instruction (the
test and set instruction) unavailable in this case,
because it does not function appropriately when
the chip itself breaks a deadlock.

Multibus block transfer mode

The 32-bit block transfer mode on the Multibus
follows the MC-500 high speed bus protocol. Mid-
cycle, the master flips address line A1 to command
the other half of the longword. In a read, the slave
senses the Al flip and switches its data to the other
word within the long-word. In a write, the master
changes A1 and the write data simultaneously.
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Fig 4 The DA/CP provides connection between the Muiltibus
and a standard bus via an 8-MIPS bipolar bit-slice processor.
Passing time-critical data to the Multibus through FIFOs
isolates the processor from DMA latencies.

Sensing the A1 change, the slave obtains the data
and does the write.

To differentiate this special mode, the design
designates another unused line from the P2 connec-
tor as ‘‘block mode.’’ An ordinary Multibus device
will not select this mode; however, it can be used by
a special device such as the DA/CP.

As part of its definition, the Multibus’s protocol
has a clock edge. While bus exchanges (arbitration
determining bus master) happen on clock edges,
the clock edge becomes irrelevant during address
strobes, XACK, and data transfers, which are just
asynchronous handshakes.

In block mode, the clock again becomes relevant.
The slave must assert XACK on the clock edge.
When the master flips Al, it must be on the clock
edge, and when the slave swaps the data, it again
must be on the clock edge. This reduces the time
involved (and wasted) in round-trip handshakes.
By following an agreed upon protocol, which occurs
on clock edges, the transfer process gains consider-
able speed.

The burden of flipping Al always rests on the
host. Once XACK is asserted, the master can wait an
arbitrary number of cycles before flipping A1; this
means that it can accept data at any rate. The bur-
den of handling the second word rests on the slave
because there is no handshake on the second part of
the transfer. Once A1 flips, the slave must handle
the data.

Multibus/STD+ bus connection

The large number of data acquisition interfaces
available on the STD bus led to the decision to
equip the system with a STD bus. While the simplest
approach to providing the system with a STD bus
would have been to incorporate another bus adapter,
this would have required the 68000/68010 CPU to
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supply all STD device control. Results would have
decreased Bell Labs’ Unix System III performance
when there were high levels of data acquisition
activity, and less predictable data acquisition perfor-
mance. A separate processor avoids these problems
and makes the connection between Multibus and
STD bus devices.

Making this connection, DA/CP is a program-
mable, DMA controller based on an 8-million
instructions per second (MIPS) bipolar bit-slice pro-
cessor, which executes each instruction in 125 ns
(Fig 4). The DA/CP also contains 1024 locations of
40-bit storage for the control software, 256 loca-
tions of 24-bit temporary data storage, two 16-
element first in, first out (FIFO) buffers, and one
64-element FIFO.

These components allow devices connected to
the STD+ bus to input or output data to buffers
within an application program. Designed as an
enhanced industry standard, the STD+ bus com-
bines two, nine-slot STD buses side by side. These
buses share address lines, but have separate data
paths and read/write control lines.

Most z80-compatible 8-bit STD boards plug into
the STD+ bus; however, the data transfer rate for
these devices is limited to a maximum of 1 Mbytes/s.
Several STD+ Masscomp interfaces transfer at
rates twice as high as those of normal STD boards;
therefore, they plug into two slots. Since data

Since the DA/CP performs 24-bit
arithmetic, it can command simple
data reduction and data-dependent
realtime decisions.

transfer happens over two separate byte-wide path-
ways, the STD+ bus moves data in and out of the
system at up to 2 Mbytes/s (see the Panel).

When an application program wants to perform
realtime data 1/0, it makes a request to the inter-
face handlers resident in DA/CP program memory.
The DA/CP uses these routines to manipulate the
STD+ bus interfaces. Since the DA/CP performs
24-bit arithmetic, it can command simple data
reduction and data-dependent realtime decisions.
For example, the DA/CP could acquire 100,000
samples before or after an analog trigger or thresh-
hold event.

Priority-interrupt logic in the DA/CP allows it to re-
spond to interrupts generated by up to ten interfaces
on the STD+ bus. This simple interrupt structure,
added to the DA/CP’s fixed instruction duration,
makes data acquisition highly stable and predictable.

The DA/CP was designed as a Multibus periph-
eral. To ensure that Multibus DMA and interrupt
latencies do not affect DA/CP performance, all
time critical data is passed to and from the Multi-
bus via hardware FIFO registers. The DA/CP is able
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STD + bus compatibility

Using the sTD bus as the basis of the sTD+ bus is
relatively straightforward. However, several STD+
characteristics require explanation.

For example, the DA/CP does not issue an INTAK*
signal in response to interrupts. An interrupt from a
STD bus module must be cleared by a read/write oper-
ation to a STD address recognized by that module. An
interrupt should be cleared on the leading edge of a
read/write operation. This allows the interrupt to
clear out of the DA/CP interrupt register before the
DA/CP code again enables interrupt service.

The most efficient way to handle this is to have the
interrupt service action (ie, a register read operation)
clear the interrupt. A status register with an error and
a done flag is desirable. The error flag should show
when data have been lost because the DA/CP
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responded too slowly to interrupts. The done flag is
the same as the interrupt signal. The DA/CP uses it to
distinguish between two modules asserting the same
interrupt. A module with more than one interrupt
function should have a done bit for each function in
the status register.

In addition, the DA/CP does not issue an MCSYNC™
signal (sometimes used to synchronize interrupts). A
device may assert interrupts asynchronously, or it
may use the CLOCK* signal to assert them.

Read/write timings for the STD + bus are equivalent
to those provided by a 4-MHz z80 processor (see the
Fig). But, pins 35, 37, 38, 39, 40, 41, 42, 43, 46,
48, 50, 51, and 52 are not supported. These lines
are held at ground. Pins 55 and 56 carry 15V and
- 15V, respectively.
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to read and write data to main CPU memory by
issuing data requests.

A write request is composed of a 24-bit address,
followed by a 16- or 32-bit data word; a read request
is a 24-bit address. These requests pass through a
64-bit FIFO to the Multibus interface logic. The
16- or 32-bit data obtained from the MC-500’s CPU
memory pass through a 16-element FIFO back to
the DA/CP. Thus, these FIFOs effectively isolate the
DA/CP from the Multibus’s inherent DMA latencies.

The DA/CP can issue Multibus interrupt requests;
these are also passed through the 64-element FIFO to
synchronize them with read/write requests. How-
ever, when they emerge from this FIFO, interrupt
requests pass through a second 16-element FIFO.
This prevents data transfers from being held back
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by Multibus interrupt latencies. Data transfers on
the Multibus use the Special 32-bit block mode gained
through the CPU/Multibus adapter.

Design features allow the MC-500 system to
acquire analog signals with 12-bit resolution at an
aggregate rate of one million samples/s. This can be
done with negligible effect on computation and
graphics task performance.

Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Box’’ on the Inquiry Card.

High 701

Average 702 Low 703




mmoia Logic Analyzer/Slave Emulator

Your Most Powerful Micro Development Tools
Have Been Combined

Now you can have timing and state logic analy-
sis, slave in-circuit emulation, and full software
development capability in one powerful, eco-
nomical system. And, KONTRCN's new Logic
Analyzer/Slave Emulator (LASER) system can

be configured to match your needs. With 32-, 48-,
or 64-channel logic analysis to 100 MHz. With
built-in dual 54" disk drives. With disassemblers,
microprocessor interface, and slave emulation
for all popular 8- and 16-bit chips. And, with all of
the software development tools and ease-of-use
features of the KONTRON/
FutureData 2300 Series

as 50 percent. If you already own a 2300 Series
system, expand its logic analysis capability with
a software-compatible LASER. Or, if you own

a KLA Series Logic Analyzer, expand its use by
adding an ASCII keyboard, software develop-
ment tools, and in-circuit emulation. LASER

can even be interfaced to Intel, Motorola, HP,
Tektronix, or other development systems. Com-
plete your capabilities with one of KONTRON's
desktop or portable PROM programmers.

Get all the facts and figures on these synergistic
cost-reducing solutions to
your hardware/software

development system at
your command, running
under CP/M®*, With the
flexible LASER system,
you can reduce your
investment in new devel-
opment tools by as much
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ELECTRONIC
INSTRUMENTATION

IN THE UNITED STATES
KONTRON Electronics

630 Price Avenue, Redwood City, CA 94063
Tel: (415) 361-1012; outside CA: (800) 227-8834
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development/debugging
needs. Call our 24-hour
toll-free number (800)
227-8834 . . . or drop us
a line.

*CP/M is a registered trademark
of Digital Research, Inc.

H{ECETRONics

KONTRON Messtechnik GmBh
Breslauer Str. 2, 8057 ECHING/W. Germany
Tel: (089) 319 01-1 Telex: 05 22 122
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TOMORROW'S CAD MONITOR ...

Powerful new computer graphic systems, in the hands of imaginative
designers, are changing the world we live in. Automobiles, buildings,
bridges and aircraft are just some of the applications for computer-aided
engineering.

High resolution raster graphic CAD/CAM systems are the most
versatile of these new tools, and Conrac’s new Model 7300 is the color
monitor designed specifically for those systems. Over 1000 non-interlaced
lines of resolution (65 kHz scan rate, 60 Hz refresh) and a pixel rise time of
less than 5 nanoseconds, gives you a completely flicker-free display with
clarity and realism you’ve never seen before. Operators will enjoy working
comfortably with this monitor all day long. The 7300 has permanent
convergence and quiet operation —because it doesn’t need a cooling fan.

ISION, CONRAC CORPORATION, 600 N. RIMSDAI OVIN ¢ OFF : W 213 3511 @ N. CALIFORNIA (408) 727-1474




AVAILABLE TODAY

Computer graphic systems will soon be as common as
typewriters in the business and industrial world. Conrac,
the leading name in video monitors for over 37 years, will
be a part of those systems. Conrac has sales offices and
service centers located in principal cities across the
country —with more on the way.

Find out more about the advanced concept new Conrac
7300. Use the Reader Service number or call Marketing
Communications at (213) 966-3511.

Contact Conrac Division for a full color reproduction of

this illustration which is suitable for framing.
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Planar Coax Interconnect Harness

For you,

anything.

Enlarge. Expand. Extend. Reduce.
Reverse. Remove. Replace.

When it comes to meeting the rigid interconnec-
tion requirements of business equipment,
there’s hardly anything we won'’t do. Because at
Amphenol, we know that the best design is often
a custom design.

The data must get through.

Every day your design parameters get tougher.
Amphenol’s Design Group has tackled and
solved many of the problems you face in data
communications interconnection. Our design
selection includes an impressive variety of high
performance connectors and interconnect
systems. In fact, we've probably already developed
a solution close to what you need.

Mainframes to games. And beyond.
The LANS connector is but one example of our
solution capability. There are many more:

To eliminate interface wiring from a PC board
to a cabinet mounted connector, we added printed
circuit contacts to a standard circular connector.
The connector plugs directly into the PC board
and has an attractive exterior finish.

For CATV, we developed a modular eight-
channel fibre optic connector that mounts directly
on a PC board. It takes the place of eight separate
optical connectors with less space and com-
plexity—but no loss in performance.

We developed a low-cost, all plastic D-submin-
iature to meet the need for reliable connections in
video games and home computers. The connector,
with selectively-plated, pre-aligned and stiffened
contacts, snaps easily into a PC board and with-
stands rugged use.

Filtered Ribbon Connectors

We designed a computer peripheral inter-
connect harness using shielded planar four-
conductor coax cable. Two additional stress
members in the jacketing accommodate 360°
rotational stress.

We've developed several low-cost solutions to
EMI/RFI control in business equipment. We added
a full range of filter functions to our industry
standard 57 Series ribbon connectors. We coated
a plastic backshell with nickel and dimpled the plug
shell of a D-subminiature for RS-232C/RS-449
gg%%aﬁons. Amphenol can help with Docket

An energy saving device.

Early involvement with the Amphenol Design
Group can save you a lot of engineering energy.
Whether your needs call for a standard, modified
or fully custom connector design, call Amphenol
for the answer. Your solution may be as close as
your phone.

Call the Amphenol Design Line

1-800-323-7299
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Amphenol Products
An @I.I.IED Company

Amphenol Products world headquarters: Oak Brook, IL 60521

Make the Amphenol Connection
NEPCON WEST Booth 2251
Anaheim, CA Feb. 28-Mar. 1

Shielded D-Subminiature Connector



They look like
anyone elses 12-bit CMOS DACs.




Analog’'s LC:MOS And our AD7548 is just as
DACSs. ghe first DACs extraordinary. The gain error is ANALOG

to combine only 3 LSB max over temperature DE
—twice as precise as the closest VI E

CP_JOS low p O\A_Ier competitor! And there are more
with extraordinary  ;ood things in the AD7548's
accuracy. small 20-pin package, including
If you want low power 8-bit bus compatibility,
dissipation and better accuracy ~ guaranteed monotonicity,
than ever before in a 12-bit selectable data format, and both
monolithic D/A converter, only a  +5V and +12V to +15V
DAC built with our exclusive supply operation.
Linear-Compatible CMOS So if all CMOS DACs look the
(LC’MQOYS) technology will do. same to you, take a closer look
Thanks to LC?MOS, our new  at Analog Devices’ LC*MOS
AD7240 and AD7548 also DACs. For the eye-opening

deliver remarkable improvements ~ details on the AD7240 and
AD7548, just call Steve Miller

or Stanley Domanski today

at (617) 935-5565. Or write
Analog Devices, PO. Box 280,
Norwood, MA 02062.

in speed, packing density, and
board reliability, while
significantly reducing device
capacitance. And they're so
tightly spec’d that there’s never
a need to recalibrate.

Check out the AD7240.
With total unadjusted error of
12 LSB max over temperature,
it beats other CMOS DACs
by upwards of 500%! And its
18 pins carry an outstanding
array of features—single supply
operation, high-speed voltage
settling (to 0.01% in 550ns), and
superb differential nonlinearity.

Analog Devices, Inc., Two Technology Way. Norwood, MA 02062; Headquarters: (617) 329-4700; California: (714) 842-1717, (619) 268-4621, (408) 947-0633;
Illinois: (312) 653-5000; Ohio: (614) 764-8795; Pennsylvania: (215] 643-7790; Texas: (214) 231-5094, (713) 664-6704; Washington: (206) 251-9550; Belgium: (32 3) 237 48 03;
Denmark: (45 2) 845800; France: (33 1) 687-34-11; Holland: (31 1620) 51080; Israel: (972 052) 28995; Italy: (39 2) 6898045, (39 2) 6894924, Japan: (81 3) 263-6826; Sweden: (46 8) 282740;
Switzerland: (41 22) 31 57 60; United Kingdom: (44 1) 9410466; West Germany: (49 89) 570050
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HOW VOCABULARY IS
GENERATED DETERMINES
SPEECH QUALITY

Synthetic speech vocabulary can be generated by analyzing
natural speech or by artificial construction from phonetic

parts, with differing results.

By Michael W. Hutchins and
Lee Dusek

Computer games and even appliances can easily
add speech output with low cost speech synthesizer
chips. Without a vocabulary, however, chips are
mute. Words, phrases, and sentences in the vocab-
ulary must be clearly understood, and if required,
the sound should be natural and pleasant, not
mechanically monotonic.

A vocabulary can be assembled from written text
by means of artificial phonetic approximations, or
from real speech (Fig 1). For large vocabularies
exceeding several hundred words, artificial
constructive/synthesis word and phrase generation
appears attractive because vocabulary size in a
given language is virtually limitless. However, its
artificial source in phonetic speech parts—Ilike sets
of phonemes and allophones—makes it difficult to
get an understandable, natural sound.

Real speech as a vocabulary source generally
produces the highest quality results and, at least for

Michael W. Hutchins is product engineer for the
Speech Products Dept, at Texas Instruments,

PO Box 1443, MS 6418, Houston, TX 77099. Mr
Hutchins received his BS in biology and BA in
psychology from the University of California at
Irvine.

Lee Dusek is substrategy manager for the Speech
Products Dept at Texas Instruments, Houston. She
has been involved with the use of speech processing
algorithms on minicomputer and microprocessor-
based systems. Ms Dusek holds a BS in math from
Longwood College and an Ms in Math and an MSISE
Jfrom Ohio State University.

small vocabularies, the lowest cost system. This
approach involves collecting words, phrases, and
sentences from speakers having the desired voice
characteristics; converting this analog data to digi-
tal form; analyzing the speech content into spectral
coefficients; and encoding these components into a
suitable format, such as linear predictive coding
(LPC) for storage in a ROM (Fig 2).

Because the analysis/synthesis method derives its
vocabulary from actual human speech, the final
speech synthesizing resembles real speech more
closely in inflection, emotion, and intelligibility.
Conversely, speech synthesized by the constructive/
synthesis method—piecemeal approximations from
text—generally sounds less natural. With this arti-
ficial approach, sound variations that depend on
an utterance’s context (ie, what sounds precede
and follow it, and where within the word, phrase,
or sentence the utterance appears) are difficult to
generate accurately.

Using spectral coefficients

Whether the natural speech analysis/synthesis or
the artificial constructive/synthesis method is used,
spectral coefficients are involved. Entire words or
phrases in most current synthetic speech systems are
analyzed into spectral components in the former
case, or built up from selected component sets in the
latter case.

Constructive synthesis can be based on
phonemes, diphones, demisyllables, or morphs. Of
these, phonemes are usually employed in modern
speech synthesis. Phonemes emphasize an alphabet-
like simplicity. Accordingly, American English can
be created from just 40 to 50 (of about 90 total)
phonemes. This is accomplished by following an
appropriate set of rules requiring a minimal
amount of memory storage space.
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Phonemes include speech characteristics like
voicing and manner. Any voiced sound, including
a voiced phoneme, is produced with vibrating
vocal cords. In English, voiced phonemes include
all the vowels and 11 consonants. Eight other con-
sonants produce unvoiced phonemes. Articulation
depends on the way sounds are modulated by the
lips, tongue, and teeth: full closure produces a
stop, or plosive sound or phoneme; partial closure
produces a fricative.

Allophones needed

Phonemes alone are not enough to characterize
speech so that reconstituted synthetic speech can be
made to sound nearly natural.

In constructive synthesis, deciding which collec-
tion of speech components to use requires a closer
look at speech sounds. There may be hundreds of
minor variations between sounds that are catego-

rized roughly as the same. For example, the /P/
sound in ‘“‘pin”’ is aspirated, that is, followed by a
puff of air. The /P/ sound in ‘‘spin’’ is not aspi-
rated. Sounds that are slightly different but gener-
ally perceived as the same are the phonemes of a
language. Subsets of phonemes that change slightly
depending on the context or environment in which
the sounds appear are called allophones. Thus, the
unaspirated /P/ sound in ‘‘spin’’ and the aspirated
/P/ sound of ‘‘pin’’ are different allophones of the
same phoneme, /P/, and represent the sound more
accurately than the phoneme. In order to preserve
this linguistic accuracy, the TI text-to-speech
system uses allophone stringing to form words and
phrases.

Allophones are more fundamental than most
other linguistic components, except morphs.
About 130 allophonic sound characteristics can
provide the needed variations for all the phonemes.

SPEECH
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-

NARROW-BAND
CHANNEL

) MM—’L—HW -
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< VOUTAGE /\/'/\/"/\‘\IAV‘/\”
AD
CONVERTER couvmea
WiDEBAND DIGIZED I I Fig 2 Generating a vocabulary
CHANNEL speech sampies | 1 | | | | Y | | | from natural speech produces a
—— —— L &
| I more natural sounding synthetic
mm,Em- LPC DIGITAL- speech.
SPEECH SPEECH
ANALYZER SYNTHESIZER
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How to avoid

Now there's a code of silence in
Washington. It's called FCC Docket
20780. And the Cannon® Shielded/
Shrouded D Series of subminiature
connectors helps manufacturers
meet all its stringent EMI/RFI
requirements, while helping to
maintain the integrity of the entire
shielded system.

Our shield is crimped to the
cable to maximize shielding effective-
ness and provide a low-impedance
path to the ground.

The shroud/plastic backshell
protects the equipment from
ESD (Electro Static Discharge) and
isolates the user from ground
potentials that may exist on the
shield. Plastic strain-relief members
are provided to prevent cable
pullout. The center-latched version
is available in configurations of 9,
15, 25 and 37 contacts.

Cannon's quality D Subminia-
ture Transverse Monolith Filter
connectors reduce EMI/RFI noise.

The addition of the transverse
monolith filter expands the overall
shielding versatility of the D Sub-
miniature without adding to the
overall dimensions of the connectors.

itol Punishment.

Silence FCC Docket 20780
with D Series subminiature
connectors.

And these Cannon connectors are
available in contact arrangements
of 9, 15, 25 and 37, with a wide
range of capacitances and cutoff
frequencies offered.

The Shielded/Shrouded D and
Transverse Monolith Filter Series
connectors from [TT Cannon.

The best way to give FCC Docket
20780 the silent treatment.

For more information on Trans-
verse Monolith Filter Connectors,
contact Phoenix Division,

ITT Cannon, 2801 Air Lane,
Phoenix, AZ 85034. Telephone:
(602) 275-4792.

Or for more information on
the D Subminiature Shielded/
Shrouded D Series, contact Com-
mercial/Industrial products. ITT
Cannon, a Division of ITT Corpora-
tion, 10550 Talbert Avenue, Fountain
Valley, CA 92708. Telephone:

(714) 964-7400. For the local sales
office nearest you, call toll-free:
(800) 845-7000.

cANNON ITT

The Global Connection
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Fig 3 As shown in (a), the vocal
tract is modeled electronically. In
(b), 10 stages of a lattice digital
filter model the human vocal tract.
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Consequently, in order to preserve linguistic accu-
racy, Texas Instruments’ text-to-speech system
utilizes allophone stringing to form the words and
phrases.

Allophones provide many of the subtle varia-
tions each English phoneme can encompass, and
allophone rules can select each variation in an
appropriate relationship to the utterance’s context.
Although much better than a pure phonemic
approach, the allophonic help is not perfect. Some
speech systems, such as Lingua and Mitalk, use a
more complex morph approach for still higher
quality speech.

However, there are drawbacks to a morph
system. While a good quality set of 128 allophones
(set sizes can range from 80 to 500) can be stored
with its 650 rules in less than 10 Kbytes of memory,
a typical high quality morph system needs about 600
Kbytes of memory for at least 12,000 of its speech
parts. Even with a relatively small number of allo-
phones, most of the stress and intonation, rising and
falling inflections, and other speech patterns that
convey much of the information when speaking,
can still be handled effectively. The speech, how-
ever, is still somewhat unnatural.

In a great many applications, this is not a serious
problem. For more natural speech, perhaps for a
different use, an allophone set can be tailored to
that application. Speech can be used in many dif-
ferent places. For example,an automated banking
facility must use a clear and pleasant sounding
voice, while the owner of a video game arcade may
prefer a distorted mechanical sounding voice.
Each, accordingly, would be best served by a dif-
ferent set.

Although not perfect, the allophone approach is
still a good compromise among many factors.
These include vocabulary size, memory storage
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requirements, versatility and flexibility, hardware
and software complexity, cost, and quality.

An allophonic system lends itself to translation
from American English text with a reasonably-
sized set of rules. Input text from an ASCII
keyboard can be automatically converted into
allophones. TI's text-to-allophone rules are an
enhanced version of work done at the U.S. Naval
Research Laboratory. For instance, rules have
been added to the basic navy list to ensure that
word-ending allophones properly terminate appro-
priate words. Longer words stress the monosyl-
lables before voiced consonants, and unstressed
vowels are used before suffixes such as ‘‘er,”
“‘ely,”” and ‘“‘es’’ (after t and d).

The resulting rules can then string allophones
that are 97 percent correct on only one pass for the
2000 most common American English words. (Ac-
curacy, however, drops to about 92 percent when
word usage frequency is measured.)

LPC forms the basis

Whether words to be synthetically spoken are
from text or from natural speech, these words must
be coded for use with a digital speech synthesizer
chip. LPC is a particularly effective form of com-
pressed speech digital data. While all the allo-
phones and essential rules needed to construct 200
words use only 10 Kbytes of memory, the equiva-
lent custom vocabulary would require 16 Kbytes of
memory. Moreover, the system data rate must be a
higher 1200 bits/s than the allophonic 400 to 600
bits/s to convey speech at a realtime rate.

The speech synthesizer chip, driven by LPC
speech data, is essentially an electronic, digital
signal processor model of the human vocal tract
[Fig 3(a)]. The p-channel MOS (PMOS) device con-
sists of a 10-stage time-varying digital lattice filter
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and associated control logic [Fig 3(b)]. Its source is
an internal digital excitation function when pro-
ducing voiced sounds, and a digital white-noise
generator when delivering unvoiced sounds.
Because the synthesizer has 10 stages, the vocal
tract parameters, or LPC data supplied to it, are
designated LPC-10.

Voiced sounds are coded for energy levels and
pitch and for 10 so-called filter reflection coeffi-
cients (K, through KPV ), according to Table 1.
Together, the chip receives 247 levels of data coded
with 49 bits (plus an extra bit for a repeat opera-
tion) for each 25 ms of operation, called a frame.

The synthesized speech output consists of 10 bits
output every 125 us and are converted to an analog
signal of up to 1.5 mA (with a resolution of 5.9 pA).
This is more than sufficient to drive a power audio
amplifier. The 7 low order bits determine the mag-
nitude of the analog output level. The MSB of the
10-bit word is the sign bit, which, when combined
with the next two bits, is used to force the output
driver to full on or full off.

Although the LPC-10 parameter input to the syn-
thesizer needs 50 bits to describe them, the com-
mands to the synthesizer are minimal—just six
operational commands make up the total (Table 2).
Thus, a synthesizer chip needs minimal control
from a host processor (typically less than 1
percent). The host passes commands only to initi-
ate specific activities and does not involve itself in
carrying out the speech producing activity. Thus,
the host selects data for the desired word, phrase,
or sentence by locating its starting address; passes a
command, such as speak external; and sends the re-
quired data from memory.

Synthesizer chip handles both speech sources

Both the constructive/synthesis method of
stringing allophones together from a library by
given rules, and the analysis/synthesis method of

TABLE 1
Parameter Coding

Parameter Levels Code bits
Energy 15* 4
pitch 64 6
K4 32 5
K, 32 5
K3 16 4
Kg 16 4
Ks 16 4
Ke 16 4
K5 16 4
Kg 8 3
Kg 8 3

12 247 49 + repeat
= 50 bits
*Energy = 1111 is the stop code
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TABLE 2
Synthesizer Commands
Data Bus Command
Code (Dy-D7)* Operation

XO00OXXXX NOP (No operation)
X001 XXXX Read byte
X010XXXX NOP (No operation)
X110XXXX Speak external
X011XXXX Read and branch
X100AAAA Load address
X101 XXXX Speak
X111XXXX Reset

*A = Address

X = Don’t care

analyzing natural speech, end up in LPC-10 form.
For this reason, the TMS5220C synthesizer chip can
work with data derived from either source. How-
ever, when derived from a natural source, with a
relatively low cost development system, the user
has more complete control over speaker, dialect,
inflection, and other speech characteristics, in-
cluding language. Moreover, it is even possible for
sound effects to be analyzed and synthesized from
natural sources.

Analysis/synthesis is language independent;
constructive/synthesis is not. The latter requires a
completely different set of allophones and rules for
each language or even for each dialect. Dialect is a
complicating factor in reproducing speech sounds
from the multilingual areas of Europe and Asia.
This may be overcome, however, by using a com-
mon multilingual subset of allophones with only
the language-specific allophones added to reduce
total memory requirements.

To help in applying the analysis/synthesis ap-
proach, TI’s Dallas speech laboratory has recorded
speakers so that potential users can make selec-
tions. Then a selected person can be brought in to
record the actual words wanted, or customers can
bring in their own speakers, or previously recorded
speech. In either case, TI can make an analysis and
provide the results in LPC-10 on almost any memory
device or combination of devices.

Unless customers want to develop their own in-
house capabilities, analysis/synthesis allows easy
access to an outside agency. Working together,
customer personnel and TI speech analysis experts
can often reduce vocabulary size substantially by
using generic words. Such words cover a variety of
situations, yet are specific enough when combined
to avoid ambiguity. In this way, storage require-
ments can be minimized in the final system, and
many phrases and sentences can often be strung
together with selections from these words. This is
especially true where the quality of emotion and
intonation are not important, as in a learning aid
such as TI Speak-and-Spell.
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Fig 4 An extensive LPC library can be handled by the T™s
5220C synthesizer chip.

In another similar but more complex application,
TI programmed a huge Mandarin alphabet
keyboard with about 1260 characters on it to echo
back individual words and other text characters as
they were entered. Even for English, checking
keyed-in material by listening to words fed back on
earphones would be a great aid in reducing errors. A
selection of just 500 of the most common words
could be quite adequate for most such applications.

With the TMS5220C synthesizer chip and a custom
ROM (one, for instance, made up of several TMS6100
voice synthesis 128-K x 1 ROMs), ROM addressing

can be handled automatically without involving the
host processor except to provide the synthesizer
with a starting address (Fig 4). Until the utterance
is completed, the processor is not involved except
for possibly checking the synthesizer’s status
register. This behavior is similar to a built-in DMA
system.

The TMS5220C has an onchip 16-byte first in, first
out (FIFO) buffer that can hold two full frames of
speech (about 50 ms when operated at a nominal
system-clock of 160 kHz). When the FIFO’s con-
tents fall to less than 8 bytes, the synthesizer can
generate an interrupt or set a polling level for the
host computer to indicate that more data is needed.

For a vocabulary of several thousand words, a
single TMS5220C synthesizer chip can access up to 16
TMS6100 ROMS to provide approximately 30 minutes
of continuous speech without repeating any of the
stored words.

Please rate the value of this article to you by
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Score Box’’ on the Inquiry Card.
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trying to be professionals.

Write Motorola Semiconductor
Products, Inc., P.O. Box 20912,
Phoenix, AZ 85036.

@ MOTOROLA INC.

r-----------------1
TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.

Please send me more VME/10™ information.

N Title

i Call me: (
Company _

» Address

State ZIP

City
L-----------------



Gould Logic Analyzers

Introducing the K105. No
other logic analyzer is so
easy to use.

Logic analyzers have always been a bit

complicated. Perhaps even intimidating
to the occasional user. No more

When you sit down at our new K105 logic
analyzer, the first thing you'll notice is that
big, friendly red HELP button. Press it
You'll begin to feel better immediately.

You see, we wrote the book on logic
analyzers. And now the book is in the
machine. So when you press the button,
you display easy-to-understand, step-
by-step operating instructions right
across the bottom of the screen. While
the data from the operation you're per-
forming remains on the screen.

And if you're still in trouble, just press
again. The HELP button and an adjacent
SHIFT button call up a HELP MENU and
28 pages of detailed instructions on every
analyzer function.

We'll say it again. No other logic analyzer
iS SO easy to use.

Modular design accom-
modates application changes.
The K105 isn't just easy to use. It's
accommodating, too. By simply swap-
ping boards, you can configure several
different logic analyzers.

For instance, you can select up to 64

20 MHz channels in 32-channel incre-
ments for microprocessor analysis. Up to
16 100 MHz channels in 8-channel incre-
ments for hardware analysis. Or combine
them to a maximum of 72 channels for
software/hardware integration tasks

And there's more. You can add a dual
54" floppy disk drive (IBM CP/M 86™
compatible) to store up to 70 setups or
data files. While providing data portability
and post-processing capabilities.

Disassemblers and Trace
Control™ speed software
debugging.

It's a lot easier to debug software when
you can get your system’s microproc-
essor to speak assembly language
mnemonics rather than object code. And
our disassembly modules for the 68000,

To Simplify
Logic Analyzer
Operation, Press Here.

8086, 8088, 8080, 8085A and Z80®B
do just that.

And with the K105's 8 levels of Trace
Control at 20 MHz, you can isolate and
capture widely-separated slices of pro
gram flow to pinpoint failure causes. . .in
a fraction of the time it would take with

a conventional triggering scheme

Two-analyzers-in-one
enhances software/hardware
integration.

When you're integrating hardware and
software, the K105 is two analyzers in one
Just combine the 20 MHz and 100 MHz
options to look at both state and timing
For trouble-shooting multi-processor
systems, you can even monitor both pro
cessors and capture the asynchronous
data between the two

And the K105 offers a fast 5 ns glitch
capture capability to pinpoint hard-to-find
random problems.

Plus high-speed sampling for

hardware analysis.

For high-speed sampling, you can con
figure the K105 with up to 16 100 MHz

“Trace Control is a trademark of Gould, Inc. ™CP/M 86 is a trademark of Digital Research. *Z80 is a registered trademark of Zilog, Inc. © 1983 GOlH




Clearly the Best.

channels. Our unique automatic noise
margin analysis feature enables you to
verify specified system thresholds on

as many as 16 channels simultaneously.

And design verification is simplified by a
“don't care memory" that allows you to
selectively mask out memory portions so
you can compare only those portions you
want to see.

Uncompromising dedication
to high performance.

The Gould philosophy dictates that
every instrument we make be the
best for the job it's designed to do.

The K105, with its unsurpassed ease-of-
operation and modular flexibility to per-
form a wide range of analysis tasks, is
evidence of that dedication.

For detailed application notes or a demon-
stration, write Gould, Inc., Design & Test
Systems Division, 4600 Old Ironsides
Drive, Santa Clara, CA 95050-1279.

For fastest response, call toll-free:
Nationwide (800) 538-9320; In California
(800) 662-9231 or (408) 988-6800.

The K105 offers you two levels of
HELP at the press of a button. The
first displays step-by-step opera-
ting instructions across the bottom
of the analyzer screen. The second
brings a menu to the screen, allow-
ing you to select more detailed help
from an integral 28-page manual.







INTRODUCING THE
EST THING NEXT TO
THE TOWER.

Introducing Tower™ Annex.

It’s a mass storage add-on that
transforms the original Tower into
the even more powerful Tower Com-
plex. With up to 228MB. Plus
streaming tape.

Now Tower
1632 by itself has
always been a for-
midable rival for
the minicom-
puter. With as
much as 2MB of
ECC memory.
Plenty of mass
storage. Indus-
try standard
flexibility.

Our operating
system derived
from UNIX* for
maximum por-
tability. And full commumcatlons
capability for both peer level and :
hostsnetworkmg

OEM Marketing Division

NCR Corporation, World Headquarters, OEM Marketing Division, Dayton, OH 45479. Nationwide (800) 222-1235. In Ohio (513)
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SUPER SIX

SUPER SIX, THE FIRST 6MHz S-100 SINGLE BOARD COMPUTER
TO SUPPORT BANKED CP/M™ 3.0

SUPER SIX FEATURES:

e 128 KB of Bank —
selectable RAM

* 6 MHz, Z-80B CPU

e DMA Controller

* 6 MHz, Z-80B DART
(2 Serial RS-232 Ports)

e 6 MHz, Z-80B PIO
(2 Parallel Ports)

* 6 MHz, Z-80B CTC
(Clock Timer)

* Double/Single Density
Floppy Disk Controller —
Supports 8" and 5-1/4"
Drives Simultaneously

* 2/4 KB of Monitor
EPROM

e S-100, IEEE 696
Compatible

*CP'M is a trademark of Digital Research Corp,
TurboDOS is a trademark of Software 2000 Inc.
SUPER SIX and SUPER SLAVE are trademarks of
Advanced Digital Corp.

SUPER SIX & CP/M™ 3.0
A PERFECT MATCH

Advanced Digital has found the
perfect match to its powerful,
high-speed SUPER SIX single
board computer. It's Digital
Research’s new CP/M 3.0.
Because of SUPER SIX's 128
KB of RAM, it is the only
S-100 board to support CP/M
3.0 in the banked mode; or run
CP/M 2.2 with 64 KB of extra
buffer.

SUPER SIX & TurboDOS™
ANOTHER PERFECT MATCH

When you combine the
TurboDOS multi-user operating
system with the 6 MHz SUPER
SIX, you'll find your system
running 1-1/2 times faster than

; i VR Al
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ummummmmuuuummmuu;:

before. Add the 4 MHz or 6
MHz SUPER SLAVE™
processor board(s) and you will
have the fastest multi-user,
multi-processor system available
today.

See the SUPER SIX at your
quality computer dealer or
contact:

5432 Production Dr.,
Huntington Beach, CA 92649
Phone: (714) 891-4004

Telex: 678401 TAB IRIN
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ARRAY PROCESSOR
ACHIEVES 100 MFLOPS

Parallel architecture and fast hardware team up with a
resident operating system to speed data flow and minimize

host communication.

by Robert Hausman and
Phil Cannon

Until recently, a gap of roughly an order of magni-
tude has existed between the computation rate of
supercomputers (eg, the CDC Cyber 205 and the
Cray machines) and that of the fastest array pro-
cessors. An affordable machine that approaches
the speed of today’s supercomputers is needed to
solve the increasingly complex problems in seismic
exploration, image processing, simulation, and
signal processing. Computation requirements in
seismic exploration, for example, have progressed
from those involving two-dimensional arrays to
three-dimensional ones. To obtain results in an
acceptable time, throughput must be much faster
than what existing mid-sized array processors pro-
vide, and at costs below the several million dollar
price tags of supercomputers.

With a 100-mega floating point operation per
second (MFLOPS) maximum internal computation
rate, the ST-100 array processor addresses this need
by combining fast parallel processors, a large
onboard memory, and parallel programming tech-
niques. The array processor’s design incorporates
several hardware improvements. An 8-Mword main
memory allows block transfer of large scale com-

Robert Hausman is vice president of R&D Engineering
at Star Technologies, Inc, 1200 Benjamin Franklin
Plaza, One SW Columbia, Portland, OR 97258,
where he was the principal architect of the company’s
§7-100 array processor. Mr Hausman has a BSEE from
South Dakota State University.

Phil Cannon is a senior consultant at Star
Technologies, Inc, where he was an initial contributor
to the design of the architecture and instruction set of
the ST-100 array processor. He holds a BSEE from the
Illinois Institute of Technology in Chicago and is a
member of the IEEE and ACM.
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Fig 1 In the host/array processor system, the ST-100’s
intelligent 1/0 controller allows use of the array processor
with multiple and different host computers.

putation routines (processes) from host to array
processor together with the large data arrays that will
undergo operation. A multichannel 1/0 subsystem
provides high speed communication with the host
computer and with dedicated peripherals. A sepa-
rate parallel processor controls internal movement
of data. All parallel hardware elements operate in
time-overlapped fashion under direction of a con-
trol processor.

The large scale computation routines are written
in a higher level array processor control language.
This allows the user to develop processes for execu-
tion on the array using a Fortran-like language.
Another significant innovation relative to conven-
tional array processors is an operating system that
coordinates simultaneous execution of various pro-
gramming levels on the parallel hardware elements.

This combination of hardware and software results
in computation speed rivaling that of multimillion
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dollar supercomputers. Parallel support hardware
and multilevel programming permit attainment of
a high percentage of the arithmetic unit’s 100-

MFLOPS maximum.
Like other array processors, the ST-100 operates

in conjunction with a host mini or mainframe com-
puter and attaches physically to the host like any
other peripheral device (Fig 1). Note, however, that
this array processor can be shared by more than
one host and that it can have its own peripheral
devices.

Logically, the array processor acts as an extension
of the host processor, executing computation-
intensive application routines called processes. Prop-
erly speaking, three levels of application software
execute on the host/ST-100 system. At the top is a
host Fortran application program. This program
calls large scale computation processes running on
the ST-100 which in turn call macros (ie, assembly
language arithmetic or data movement routines).

Parallel hardware speeds throughput

The block diagram in Fig 2 shows the major
additions that differentiate the ST-100 hardware
from that of mid-sized array processors. The com-
ponents inside the dotted line represent a large
array processor. The speed of the floating point
arithmetic unit with its five parallel computation
elements is up to eight times that of the fastest
predecessors. All blocks outside of the dotted line
have been added to aid data flow. To better illus-
trate the interrelation of the major hardware ele-
ments, the ST-100 block diagram is repeated in Fig 3,
emphasizing data and control flows.

The 170 subsystem block consists of as many as
eight parallel 170 processors, seven device interface
adapters, and a DMA channel. Through this block
flows all data and control communication between
the array processor and the outside world.

One of the parallel 170 processors is dedicated to
internal system control while the others are con-
nected through interface adapters to host computers
or to array processor peripherals. The interface
adapters match the hardware characteristics of the
external devices to those of the array processor.
Each 170 processor is capable of operating at rates
up to 12.5 Mbytes/s with a maximum multiplexed
channel rate of 25 Mbytes/s to/from the main
memory. The DMA channel can transfer data at
rates up to 100 Mbytes/s.

The control processor (CP) has been added to the
conventional array processor architecture to coor-
dinate the many parallel elements of the ST-100. To
do this, it uses its own operating system, the array
processor monitor (APM). This operating system
runs on the CP and supervises the execution of
application programs in the various elements. The
application processes execute on the CP.
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Fig 2 Additional parallel hardware elements (outside dotted
line) add to conventional array processor elements to aid
program and data manipulation and reduce host overhead.

All activities of the ST-100 are scheduled by the
CP. It initiates and synchronizes program loading
and execution for all of the ST-100’s other pro-
cessors. Hardware design permits the queuing of
commands to both the storage move processor
(sMP) and arithmetic control processor (ACP) so
that their functions can be both synchronized and
time overlapped.

The CP is built using two Motorola 68000 micro-
processors, clocked at 80 ns. They share a
192-Kbyte memory with each processor also having
a nonshared 32-Kbyte memory. Cycle time for the
memory is 120 ns. One of the microprocessors ex-
ecutes the APM operating system and controls the
I/0 subsystem, the maintenance terminal, dead
start, and the other microprocessor. The second
microprocessor executes array processor applica-
tion processes. To accomplish this, it communi-
cates with the main memory, the SMP, and the ACP.

A large main memory (up to 8 million 32-bit
words) allows complete application processes to be
transferred from the host to the array processor as
single blocks. In previous designs, such a task
would have been broken down into multiple trans-
fers of smaller computation routines. In addition,
return of intermediate results would have been
necessary, all with attendant host overhead. Mem-
ory size also permits storing of multiple application
processes for sequential execution. The marked
reduction in time-consuming host/array processor
communication enhances computation throughput
substantially.

Three 32-bit wide main memory ports are assigned
respectively to the data 170 channels, a DMA chan-
nel, and the data cache. The data 1/0 port operates
at 25 Mbytes/s, while the DMA and data cache
ports operate at 100 Mbytes/s. The eight-way



DIGI-PAD WORKS WHERE YOU WORK

DIGI-PAD digitizer tablets perform in the real world. They won't quit over
spilled coffee! They are unaffected by dirt, graphite, moisture, or perspiration
on the tablet. And DIGI-PADs are insensitive to acoustic noise, magnets, vibra-
tion, or pressure. In fact, DIGI-PADs will work in almost any environment you
will. That’s because they use our reliable absolute electromagnetic sensing
technology. And GTCO is the largest producer of digitizers using electromag-
netic technology.

Most other digitizers are not as tolerant as a DIGI-PAD. So make sure that
the digitizer you choose won't fail or require adjustments because of heavy
use or environmental factors.

DIGI-PADs are designed for years of silent, maintenance free operation.
You will find the DIGI-PAD comfortable to work with because the stylus gener-
ates no heat or acoustic noise. And there’s no need for special handling of
magnetic storage media because GTCO digitizers will not erase floppy
diskettes.

DIGI-PADs are available in sizes from 6" x 6" to 42" x 60”, all using the same
patented electromagnetic technology. They have been field proven in mili-
tary, industrial, technical, business, and educational environments. DIGI-PAD is
compatible with nearly all computers, from PC to mainframe. Most models are
in stock for quick delivery and all comply with pertinent EMI and safety
standards.

Choose a digitizer tablet that’s willing to work where you work. Choose
DIGI-PAD from GTCO (pronounced Gee Tee Co). Call one of our digitizer
specialists today at (301) 279-9550.

" GICO Corporation
| | 1055 First Street /Rockville, Md 20850
G (301) 2799550  Telex 898471
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Fig 3 Under supervision of the
control processor, data can be
physically and logically moved
about in main memory and between
main memory, data cache, and
arithmetic processor. Automatic
reformatting of data can also be
done without host intervention.

interleaving of 320-ns access time memory devices
allows a complete 32-bit word transfer every 40 ns.
An extra 7 bits per word provide single-error cor-
rection and double-error detection.

The data cache provides fast access working
memory for the floating point arithmetic unit. It
consists of three physical noninterleaved banks
each containing 16 Kwords of 32-bits each. Each
bank has address space available to allow expan-
sion to 65 Kwords per bank. The CP can divide
each bank into two logical sections and assign any
of the six possible logical sections to either the SMP
or the ACP. Three accesses to the cache memory by
the ACP and one by the SMP can be made in every
40-ns machine cycle.

Parallel processing advances execution

The SMP executes macros loaded into it by the
CP. These macros control data movement between
ST-100 main memory and the data cache. The SMP
can perform complex address generation for both
memories as well as on-the-fly data format conver-
sion between them. Since it operates in parallel with
the other processors, data movement can be time
overlapped with floating point computation and
control program execution. Upon completion of its
assigned task, the SMP issues an interrupt to the CP.

An 80-bit wide control word allows the three
ALUs within the SMP to run in parallel. A 32-bit
ALU performs 32-bit main memory address genera-
tion and can also perform auxiliary 32-bit integer
computation. A 16-bit ALU can address any of
three data cache banks as well as control bank
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selection. A second 16-bit ALU provides loop con-
trol for the two address generation ALUs. The SMP
also controls conversion between the various data
formats that may be stored in main memory and
the ST-100’s internal formats (ie, two’s complement
32-bit integer and 32-bit floating point). A three-
stage, pipelined conversion unit reformats data
during transfers between main memory and the
data cache.

The arithmetic section controls and executes the
application computations on array data. It contains
two parts: an ACP and a floating point computation
subsystem. The ACP is a microprogrammed device,
which contains three ALUs that generate addresses
to and from the data cache plus a fourth for loop
control. It has its own 4-Kword x 128-bit micro
instruction memory; address space permits an
increase to 16 Kwords. The 128-bit wide control
word permits parallel performance of four integer
ALU operations, four floating point arithmetic
operations, one test-and-branch operation, and
three memory references during each 40-ns clock
cycle. The ACP also controls a crossbar switch be-
tween the data cache and the floating point compu-
tation subsystem. This switch enables a process or
other macro to treat the three banks in the data
cache as logical rather than physical banks so that
they can be assigned to the three address generators
in any order.

Thus, the ACP can move data logically about in
the cache for different calculations without time-
consuming physical movement. Within the floating
point computation subsystem, a data interchange
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How the Plastics Fanatics lower
the ceiling on housing costs.

When tight deadlines and tighter profit margins put the pinch on you and
your electronic enclosure costs, no one can help ease the squeeze quite like
an American Hoechst service technician. Here’s why.

First, he’s part of an experienced team of specialists that has worked
closely with the electronics industry in developing a total family of American
Hoechst V-O polystyrenes to solve a wide range of enclosure design and
processing problems.

He also knows what it takes to fill your complete needs when it
comes to modified, high impact polystyrenes that will give you the durabil-
ity, heat and creep resistance, color stability and finish characteristics you
need—without costly overengineering! He’s familiar, too, with all the ins and
outs of agency classifications including U.L,, IEC, CSA, VDE and others.

Why not give the American Hoechst Plastics Fanatics an opportu-
nity to show you what they can do to help bring your electronic enclosure
in on target in terms of time, costs and performance. Circle the reader
service number and we’ll mail you our free V-O polystyrene brochure
and a special design evaluation form. American Hoechst,289 North Main
Street, Leominster, MA 01453.

We’re the Plastics Fanatics.™

American Hoechst Corporation

HDPE/Polystyrene/EPS/UHMW Polymer
B
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Fig 4 With the storage and
sequencing of multiple processes,
the array processor monitor (APM)
operating system can schedule and
coordinate the operations of the
ST-100’s parallel hardware elements
to optimize throughput.

unit maintains an orderly flow of operands between
the data cache and the parallel arithmetic elements.
It universally distributes the operands between the
individual arithmetic elements without having to
return intermediate results to the data cache.

Two adders, two multipliers, and a divide/
square root unit comprise the floating point com-
putation elements. The adders and multipliers are
three-step pipelines executing at 25-MHz (40-ns)
clock rates. The divide/square root unit requires 13
clock periods for a complete calculation. With the
four adders and multipliers in operation, the
arithmetic unit’s computation rate is 100 MFLOPS.

Processes reduce communication overhead

Three distinct levels of application software exe-
cute on the host/ST-100 system. The top level is the
user’s Fortran application program, which executes
on the host. For traditional array processors, this
application program would call array processor
computation routines (eg, vector arithmetic,
matrix operations, transforms, and filters). Such
an approach requires time-consuming host/array
processor communication at the beginning and end
of each individual computation. While such com-
munication overhead may be tolerable in an inter-
mediate speed array processor, it would severely
degrade potential throughput in a machine with an
arithmetic unit capable of 100 MFLOPS for certain
types of algorithms.

To overcome the communication bottleneck, the
ST-100 has added an intermediate application soft-
ware level called a process. A process can be
thought of as a very large application routine
which can be called by the host Fortran application
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program. It encompasses many computation sub-
routines to accomplish a sizable portion of a total
application program (eg, a three-dimensional migra-
tion in a seismic exploration program).

A process consists of general purpose control
code that executes on the ST-100 control processor
plus specialized instructions (macros) for execution
on the SMP and ACP. Multiple processes and their
associated data can be stored in the array pro-
cessor’s large main memory and executed sequen-
tially as shown in Fig 4.

Other major blocks of ST-100 software are pro-
duction (executive) software, which is discussed
separately below, and maintenance software. Main-
tenance software consists of idle loop reliability
tests that run automatically during any ST-100 idle
time, a user confidence test routine that can be
called by the application program, and various diag-
nostic programs. The first two are designed to
report on array processor usability; the diagnostic
programs aid in fault isolation.

To overcome communication
bottlenecks, the ST-100 has added an
intermediate application software
level called a process.

Two major blocks of software aid the user in
coding the application processes discussed above.
The first, is the array processor control language
(APCL). It is the software counterpart to the
parallel elements which make up ST-100 hardware.
This higher level language is used to generate the



HOW TO BOARD THE MULTIBUS
WITH BETTER MEMORIES

A guided tour of superior Multibus memories from
the folks who know the route best. Plessey Microsystems.

Making the Multibus all that it can be
requires memories that do more than just
meet the specs. That’s where Plessey
Microsystems comes in. We can help you
board the Multibus with much better
memories. For example:

1/2 Mbyte Dynamic EDC Multibus
Memories. Our PSM 512A gives you
512K x 8 bit dynamic memory on a single
board to save slots in your system . . . low
power consumption to save operating
dollars . . . EDC to save your datal Single
bit error detection and correction assures
complete data integrity. Our options let
you tailor the interrupt system to your
system’s needs. Standard features include
on-board circuitry for all refresh functions,
8MHz optimization, byte/word control,
selectable address ranges, start-up error
override and a lot more.

1/2 Mbyte Dynamic Parity Multibus
Memories. The Plessey PSM 512P gives
you all of the features and options of the
512A with the exception of EDC. With
the 512P, parity single bit error detection
protects your system from undetected
RAM errors. At a cost even less than our
EDC memory.

Non-Volatile Multibus Memories.
The new PSM 6663 non-volatile memory
with interrupting real-time clock/calendar
and on-board battery back-up offers
capacity ranges from 16K fast static RAM
to 1 Mbyte of EPROM with 256K bytes of
RAM/EPROM mix.

Muitibus . . . the Plessey Way. All
Plessey Multibus memories are produced
to the most demanding specs . . . tested
on equipment so advanced that it reveals
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flaws which go unnoticed on other devices
. . . double sourced by Plessey both here
and abroad . . . priced with boards

of less-than-Plessey quality . . . and guar-
anteed for a full year.

Board your Multibus with better memo-
ries. From Plessey Microsystems. For
details, call or write Plessey Microsystems,
Inc., One Blue Hill Plaza, Pearl River, NY
10965. (914) 735-4661. Or toll-free
(800) 368-2738.
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112

. ‘Standard macro types

Arithmetic macros
are provided for:

General vector arithmetic
(real and complex)

Storage move macros
are provided for:
Moving data between main

memory and data cache

with format conversion Vector-to-scalar arithmetic

Performing integer and
logical operations on data
in main memory or data
cache

Vector logical operations
Matrix operations
Transform operations

Filtering operations

program that will control process execution. The
APCL compiler executes on the host to produce a
process object module that will run on the ST-100
control processor. It also produces a Fortran host
process subroutine (HPS), which can be linked to
the host Fortran application program. The ST-100
linker combines the process object module with the
called SMP and ACP macros to form a process load
module suitable for execution on the array pro-
cessor. When the host application program calls
the process for execution, the HPS module provides
the necessary interface to load the process module
into the array processor.

APCL is a subset of ANSI Fortran 77 with state-
ments added to control the architectural features
unique to the ST-100, such as the hierarchical
memory structure. The language also supports ser-
vice requests to the array processor monitor via
subroutine calls. The Macro Assembler is used to
write macros for execution on the ACP and the
SMP. A meta-assembler concept allows the same
assembler to serve both processors. Assembler out-
put includes a source listing with errors and cross
references, object code for the target processors,
and information to define the relationship between
cache memory banks. APCL uses the cache memory
relationship in order to determine the crossbar
switching control.

Library supports custom macro development

Development software also includes a linker, a
debugger to aid in macro debugging, a host-resident
simulator (for the SMP and ACP) to aid in macro
development, an application support library, and
library maintenance facilities. The application sup-
port library is a set of macros for performing com-
monly used storage move and arithmetic control
functions. The types of standard macros contained
in the library are indicated in the Table. Custom
macros can be developed by the user and readily
added to the library. The macro level development
software is provided for the user to create applica-
tion specific macros (instructions) to be added to
the applications support library.

Production software consists of the array pro-
cessor executive (APX) and the array processor
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monitor (APM). These software blocks link the host
computer and the array processor for execution of
ST-100 processes. The APX interprets a set of
Fortran-callable subroutines that interface the
user application program to the array processor. It
is bound and linked to the application program and
executes within the context of the user’s address
space. APX subroutines enable the user to request
array processor resources, define main memory
arrays, control data movement to and from the
array processor, and release array processor
resources.

Resident operating system coordinates operations

The array processor’s multiple parallel hardware
elements function concurrently. Thus, an oper-
ating system is needed to control and coordinate
their operation. The APM runs on the CP and over-
sees all of the activities within the ST-100. It com-
municates with multiple hosts through the 1/0
subsystem. This mechanism allows the APM to con-
trol data transmission between host computers and
array processor main memory and to supervise main
memory allocation and protection.

Execution of the multiple processes stored in
main memory is scheduled on a priority basis. The
APM loads a new process into the CP memory as
soon as space becomes available. Execution of the
new process is initiated by the APM upon comple-
tion of the currently executing process. When an
application partition is released by the user, the
APM returns accounting information to the host.

Turning to array processor application software,
the user’s fundamental concern is process develop-
ment. All process development takes place on the
host computer. This results in two blocks of
code—a process load module which will execute on
the array processor, and an application load module
(ie, HPS), which will execute on the host. The top
level of application software is a Fortran applica-
tion program, which will execute on the host com-
puter. This application is developed using standard
host Fortran development software.

An APCL process is logically divided into a decla-
ration section and an executable section. Process
statements, Memory statements (main memory,
cache memory, and local memory), and Data state-
ments make up the declarations section. Process
statements identify processes and list arguments
being passed between the host and the process. The
executable section contains Assignment statements
as well as Call, Continue, Do, Goto, arithmetic If,
logical If, Return, and End statements. These
statements have their normal Fortran meaning.
Assignment statements compute the results of
arithmetic expressions and store them in local
memory locations. Call statements initiate the exe-
cution of SMP and ACP macros or of service



requests. Return and End statements transfer con-
trol to the host application program. To code pro-
cesses the user also needs an understanding of
functions executed by the application library
macros and of data cache mapping.

All process development takes place
on the host computer.

Main memory statements allocate storage of array
data in main memory. Local memory statements
assign space in local memory (memory contained
within the control processor) for scalar variables to
be used in controlling process execution. Data
statements assign initial values to local memory
variables. Cache memory statements allocate space
for data in the six logical sections of the data cache
discussed earlier. Using the STsync service request,
a process can assign any combination of the six
cache sections to the SMP and to the ACP. This
allows the programmer to direct the SMP and ACP
macros to simultaneously operate on the data
cache. Calls are issued by the APCL coded process
to SMP and ACP macros. Using these calls, the user
is able to control the sequence of operations per-
formed on application data.

To be debugged and executed, an ST-100 process
must be called by a Fortran Call statement in the
host application program. Specifically, the call is
issued to an HPS. An HPS in turn directs loading of
the process load module into the array processor
and execution of the process via the APX. The HPS
object module is generated automatically by the
APCL compiler during compilation of the process ob-
ject module. It remains, however, for users to link
the HPS with their application programs, forming a
complete application load module for execution on
the host.

Please rate the value of this article to you by
circling the appropriate number in the “Editorial
Score Box’’ on the Inquiry Card.
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WEBSTER combines
CAD/CAM with
magnesium die casting
to get your ideas ...

CIRCLE 59

... to market FASTER
and BETTER!

Webster has incorporated the latest design and
manufacturing techniques such as CAD/CAM and
statistical process controls to become a leader in the
magnesium die casting field.

Our quality and savings start with careful planning.
To discuss your specific requirements contact our
Sales Manager at: ~ . ‘ .
519) 455 ;3%

["INFO WEBSTER: The definitive source for
CAD/CAM magnesium die casting.

Name
Title
Company
Address
City
State Zip Code

@)y WEBSTER MFG. (LONDON) LIMITED
P.O. Box 4580, 1161 King Street,
London, Ontario, Canada N5W 5K4
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'SABRE™ is a cut above anything on the market. It's
a new concept in high-capacity, high-performance mass
storage. A 5%" Winchester/cartridge disk package
__for use with operating systems that run on DEC LSI-11
through 11/23+ microcomputers. SABRE'’s an inno-
ive, RLO2 software transparent storage alternative
that puts 41.6 Mbytes on-line and delivers balanced
_ backup through a versatile, removable cartridge
disk. All in a compact, rack-mountable package.

Standard interfaces/transparent software.
- SABRE hits the mark for reliable, high-speed,

Its UCO1 host adapter plugs into any single-

I quad width QBus slot, and provides the Small
Computer System Interface (SCSI) system-level

bus for SABRE and up to five additional I/0

runs existing operating and diagnostic software
as is. With logical RL0O2 images on both the fixed
and removable media drives, volume backup is
a snap.

_low-cost storage with convenient, efficient backup.

‘devices. Through exact RLO2 emulation, SABRE

| und backup

problems on your QBus"
BRE has asharp solution.

Hard disk backup performance.

The ruggedized cartridge drive provides hard
disk backup performance and reliability. Many times
faster than either floppies or tape, it also provides
the versatility to handle program entry, data storage
and can function as a system disk. Overall, the 51"
Winchester/cartridge disk combination gives system-
level performance which exceeds multiple RLO2’s in
many applications.

Efficient system packaging.

Space-saving SABRE is 51" high, slips into any
standard 19” Retma enclosure and comes complete with
power supply, host adapter and connecting cables. It
needs one-eighth the space and draws one-quarter of the
power of four RL02’s. Further, SABRE slashes hard-
ware and installation costs by eliminating the need for
a separate system bootstrap, bus terminator and clock
control board.

For more information on SABRE or any of the high-
quality Emulex communications, disk, tape and pack-
aged subsystem products, call toll-free (800) 854-7112.
In California (714) 662-5600.

SABRE's Features

Size

- Capacity

Speed
throughput and backup time.
Transparency
Flexibility
. single-board host adapter.
Reliability/Durability
Price/Performance

Compact 51" height x 19” width package contains 31.2 MB (3x RL02) 51" Winchester
disk and 10.4 MB (1xRL02) removable 8" cartridge disk.

Equivalent to four (4) DEC RLO0Z2’s.
Overall performance significantly increased over tape and floppies, especially in

Runs standard RL02 diagnostics and operating software.
Removable cartridge disk; SCSI Bus interface allows up to five (5) I/0 devices;

Winchester technology; ruggedized cartridge disk construction; shock mounts;
hermetically sealed HDA for protection against contamination.

Lower cost per box and per MB in virtually all applications.

GSA Contract #: GSOOK840155575

EMULEX

3545 Harbor Blvd., P.O. Box 6725,
Costa Mesa, California 92626.

"SABRE is a trademark of Emulex Corporation. DEC, LSI and QBus are trademarks of Digital Equipment Corporation.

The genuine alternative.
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OUR NEW 2Kx8 STATIC RAM
IS TWICE AS FASTAS ANY OTHER BYTE-WIDE.

TOSHIBA 2
BREAK THE

.. HITTING SPEEDS TO 45ns.

Toshiba has the world’s fastest

2K x 8 Static RAM. With speeds as fast as

45ns and other byte-wide units with power
consumption as low as A, your range

of design options just got twice as wide as
before.

Our new TMM2018D provides
both high-speed and low-power features
with an access time of 45ns. This, along
with high density, explains why they re
rapidly displacing blpolar devices.

All our high-speed NMOS and
CMOS 2K x 8’s are designed for maximum
compatibility with microprocessor bus
structures.

~ In fact, ours were the first 16K

CMOS RAMs on the market. We designed
them for a maximum Il A standby current.

Operating from a single 5V power
supply, our byte-wide, RAMs are available in
a 24-pin package, DIP (.300” or .600"), flat
pack and a variety of other configurations.

AREA SALES OFFICES: WESTERN AREA, Toshiba America, Inc., (714) 752-0373; CENTRAL AREA, Toshiba America, Inc., (612) 831-2566; EASTERN AREA, Toshiba America, Inc., (617) 742-2040;
NORTHWESTERN AREA, Toshiba America, Inc., (408) 720- 8570; REPRESENTATIVE OFFICES: ALABAHA Glen White Assocnates é205) 883-7938; AHIZOIA Semper Fi Sales Company, (602) 991-4601;

ARKANSAS, Technolos ySa&es Company, (214) 380-0200; CALIFOHIIA(Normerng Elrepco, Inc., (415) 962- 0660; CALIFORNIA (

(DBUJ%{ Associates, (303) 595-4244: CO| IECTICUT Datcom, Inc., (203) 288-700.
J.R. Sales Engineering, (319) 393-2232; KANSAS,

DELAWARE, Vanta

outhern] Bager Electromcs Inc., (714) 957-3367; COLORADO,

gze Sales, (60 9{ 663-6660; FLORIDA, Donato & Assoc»ates (305) 522-2200, (305) 352-0727

785-3327: GEOR IA, Glen White Associates, &404) 441-1447; IDAHO, Components West, ( 71 5252 ILLINOIS, L TEC (312) 543- /200 IANA, Leslie M. DeVoe Company, (317) 842-3245; I0WA,
R. Burton & Associates, (816) 763-5385; IEU UCKY, Lesiie M DeVoe Company, (317) 842- 3245 LOUISIAIA Technology Sales Company, (214) 380-0200

MARYLAND, Glen White Associates, (301) 252- 6360 MASSACHUSETTS, Datcom, Inc., (617) 891-4600; MICHIGAU R.C. Nordstrom & Company, (313) 559-7373; MIINESIJTAJ

Quantum.Sales, Inc.,



Kx8RAMs
SPEED LIMIT.

: If you’re deSIgmng CaChe memorY, Part No. Type Tl::?mx) Cll?l?:lll.tn :lﬁgx) Cul-s:::td(bwylux)
. # 2016P NMOS 150ns 100mA 15mA
« high-speed storage, hand-helds and other Ilob  NMOS | 200w | leoma SomA
high-density memory applications, write for heARI NMOS | 100 by mA
more information to Toshiba America, Inc., 01eAP1S NMOS |  isons 6Sma TmA

45ns 120mA 20mA

2441 Michelle Drive, Tustin, CA 92680, “I0IDSS  NMOS | Som doma | loma
(714) 730-5000. Or call your local distrib- Sieh:  GMos | oem Soma A

utor or sales representative.  _ SSipL2  CMOS | 20om . | SomA 1A
Toshiba America broke the speed Sope. Cuos | dem | ma 1A
" limit so there’ll be fewer design limitations SSISBPL__CMOS | _200ns 25mA 1iA
f = *Also available in a .300" wide package — Part No. 2015-XX.
OI' you. **Available only in a .300" wide package.

TOSHIBA AMERICA, INC.

A WORLD STANDARD IN MOS.
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(612) 884-4700; MISSISSIPPIL, Glen White Associates, (804) 237-6291; MISSOURI, R.R. Burton & Associates, (816) 763-5385; MONTANA, Components West, (206) 271-5252; NEBRASKA, R.R. Burton &

Associates, (816) 763-5385; NEVADA, Eirepco, Inc ,4415) 62-0660; NEW JERSEY, Necco 1, é201) 461-2789, Vantage Sales, 5609 663-6660; NEW MEXICO, Semper Fi Sales Company, (602) 991-4601;

NEW YORK, Necco 1, (201) 461-2789, PI-tronics, (315) 455-7346; NORTH/SOUTH CAROLINA, Glen White Associates, (919) 787-7016, (919) 787-7023; NORTH/SOUTH DAKOTA, Quantum Sales, Inc.,

&612 884-4700; OHI0, Del Steffen & Assomates.‘ZTG 461-8333, (419) 884-2313, (513) 293-3145; OKLAHOMA, En meerin% Sales Compafv,ﬁwg 493-1927, Technology Sales Company, (214) 380-0200;
REGON, Components West, (503) 643-5588; PENNSYLVANIA, Del Steffen & Associates, (412%276»7366. Vantafe ales, (609) 663-6660; TEMMESSEE, Glen White Associates, (615) 477-8850; TEXAS,

Technology Sales Compan é 148 380-0200, 6?‘2) 476-9874; UTAH, Duffy Associates, (303) 595-4244; VIRGINIA/WEST VIRGINIA, Glen White Associates, (804) 237-6291, (804) 295-0435, 4804) 224-7764,

(804) 224-0404; WAS! IIGyT N, Components West, (206) 271-5252; WISCONSIN, L-TEC, (414) 774-1000; WYOMING, Duffy Associates, (303) 595-4244; CANADA, Source Electronics, Ltd., (416) 675-6235.



Meet the newest member of our Datatest family. The Datatest Il Plus

is a complete lightweight test set that offers all the powerful
capabilities of the Datatest Il...and more.

Here's the PLUS!

BITS RECD BBB8AE
Simultaneous 17 function BERT test! Counts bit errors,
bits received, block errors, blocks received, error free

seconds, errored seconds, sync l0sses, time outs,

parity errors, framing errors and BCC errors. Also
displays on-line transmit and receive data,
summarizes test set-up and enables a multifunction

timer. In addition, it calculates both bit and block
error rates, simultaneously.

QUICK BROWM FO¥
Datacomm monitor

Automatic dataline monitor in all modes: 4094
character buffer. In monitor mode, displays transmit
and receive data, total number of bytes, frames,
framing errors, parity errors and BCC or CRC errors.

POLLY  POLL2 _
NG EOT

32 station flexible format polling. Automaticall
selects correct programmed response for up to
different in-coming messages. For every drop, counts
good responses, unmatched responses,
communication errors and time outs.

THE NEW
DATATEST II

S0 DIRG L1223
Facket Level Ue

Optional X.25 Diagnostics/Monitoring/Statistics.
Emulate and test all 3 levels, send and receive calls,
frame and packet level mnemonic decoding, calculate
averag,e Size of data Packets, system throughput per
ogical channel number and much more.
Additional features: e User definable flow control
e |[nteractive keyboard functions e CRC/BCC
calculation e Permanent storage for all user
messages and set-ups e 25 function timer
e Rechargeable battery operation e Echo function
¢ 4094 character trap e DTE test function e 16 user
messages e Alarm e Parity error measurement
e Optional input/output package provides downline
loading, printer output functions, memory pacs, and
much more e Optional SNA/SDLC package e Weighs
only two Ibs., 90 in3

Call or write today for more information.

$2195.

THE ULTIMATE FIELD SERVICE TEST SET!

NAVIEL

FOR THE TESTING TIMES
TELEPHONE 1-416-669-9918

A division ofAm
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USING AN EFFICIENT
MICROARCHITECTURE
ACHIEVES GOALS

Careful microarchitecture planning enables design engineers
to achieve dual goals of low cost and high performance in a

32-bit computer.

by Kenneth Burns and
David M. Burns

A computer’s architectural specification defines
that machine on a functional level. As technology
advances, the machine itself may change. But as
long as it maintains the required relationship be-
tween input and output, it can be said to adhere to
the architectural specification.

New generations of machines with the same ar-
chitecture acquire different levels of price and per-
formance by adding or deleting such performance
accelerators as pipelining or cache. To help in the
development of new models along the price/
performance curve, design engineers use a software
tool called a hardware simulator. By simulating the
runtime environment of the proposed machine,
designers can determine if the incremental perfor-
mance gain is worth the additional hardware cost.

A machine’s microarchitecture design requires
similar trade-offs. An increase in microcode speed

Kenneth Burns is senior development engineer at Data
General Corp, 4400 Computer Dr, Westboro, MA
01581, where he is responsible for mv/Family
microarchitecture design. He holds a BSE from the
University of Connecticut in electrical engineering and
computer science.

David M. Burns is currently sales engineer at Data
General Corp; he was previously development
engineer on the Mv/8000. He holds a BSE in computer
science and electrical engineering from the University
of Connecticut.

and flexibility usually means a commitment to a
more costly design. Thus, the microarchitect’s task
is to design a microcode structure based on the pro-
posed hardware design. This allows the machine to
be positioned at its targeted level on the price/
performance curve. A perfectly horizontal micro-
word exists when every control line in the machine
is associated with a bit in the microcode word.
Once conceptualized, this initiates the design pro-
cess. This structure offers the maximum amount of
parallelism, and hence speed, which is available
with a proposed set of hardware resources.

In reality, trade-offs are inevitable, since the
hardware limits the amount of parallel processing
possible within the machine. As the design process
continues, the microcode structure moves toward a
more vertical implementation. This means that a
narrower microword can be used, resulting in a
lower implementation cost.

Data General’s recently introduced Eclipse
MV/4000 system is a low cost, high performance im-
plementation of the same MV architecture on which
the Eclipse MV/8000 system is based. Although it
was unnecessary to redesign a new functional in-
struction set, engineers faced several design
challenges during the machine’s development. An
intitial constraint was that the entire CPU be con-
tained on only two boards. This required the
development of a highly efficient and flexible
microarchitecture that produced optimum
algorithm execution speeds.

The MV /4000 CPU (Fig 1) is a version of the com-
pany’s 32-bit MV/family architecture. Although it
has the functional ability of the higher performance
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BURST MULTIPLEXER CHANNEL DATA

CONSOLE
D BUS

BURST MULTIPLEXER CHANNEL ADDRESS

SERIAL
170

ALT MICROADDRESS

BURST MULTIPLEXER CHANNEL CONTROL

NEXT MICROADDRESS

A

1/0 1/0
DEVICE DEVICE LA
A B

ECLIPSE 170

MEMORY ADDRESS

MEMORY DATA y

FLOATING
POINT
ACCELERATOR

Fig 1 The Eclipse Mv/4000 CPU is implemented in two boards, the system control unit (scu) and the system

processing unit (SPU).

MV/8000, the CPU board count was reduced from
eight to two boards. This was made possible by using
VLSI, gate array, and high speed Schottky tech-
nology, and by the definition of a highly compact
and efficient microarchitecture.

The system control unit (SCU) in Fig 2 contains
the instruction prefetcher, microsequencer and its
associated control store, memory control, and
clock generation logic. The instruction prefetcher
consists of a three-level pipe that allows overlapped
fetch and execution of instructions. The prefetch
unit also generates the displacements used in mem-
ory reference address calculations. These displace-
ments, together with the instruction predecode gate
array and macroinstruction decode PROMs, form a
starting microcode address that is sent to the
microsequencer.

The microsequencer determines the order in
which the vertical control store words are accessed
and subsequently executed. A 9-bit field in the cur-
rently executing vertical microword determines the
selection of the proper horizontal control word. At
power-up time, and before the soft vertical control
store has been loaded from system media, the
microsequencer addresses a NOVA instruction set
that is contained in kernel PROM. Using the 1/0 in-
structions contained in this kernel, the vertical con-
trol RAM is loaded with the full MV instruction set,
and control is transferred to it.

Additional SCU logic performs error checking
and correction on all memory accesses, and con-
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trols main memory refreshing. Hardware refer-
enced and modified bits for each physical page are
used by the AOS/VS operating system to support its
page replacement algorithm.

How the system processing unit functions

The system processing unit (SPU) of Fig 3 per-
forms all arithmetic and logical operations, both
high and low speed 170, and translates 32-bit
logical addresses to physical memory addresses.
Within it, a 32-bit ALU is responsible for all data
manipulation. It contains eight 4-bit-slice ALU
chips that are cascaded together to give full 32-bit
capability. A separate nibble shifter allows for effi-
cient data alignment. The ALU also contains the
microcode visible register set (GRO to GR7), user
visible accumulators, wide stack pointer, and macro
program counter (PC).

Data General’s two standard 1/0 buses are im-
plemented on the MV/4000. The low speed Eclipse
data channel transfers data at 1.5 Mbytes/s, while
the high speed burst multiplexer channel (BMC)
performs block transfers at the rate of 5 Mbytes/s.

To implement full 32-bit virtual capabilities, the
SPU contains logic that translates the 32-bit logical
address to a 22-bit physical address. Using this
address, the CPU can directly access the entire
8 Mbytes of physical memory.

To form the physical address, the logical address
is taken from the ALU output (YBUS) and placed in
the logical address register (LAR). This address is
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Fig 2 The mv/4000 system control unit performs instruction prefetch, microsequencing, memory control, and

clock generation.
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Fig 3 The Mv/4000 system processing unit performs arithmetic and logical operations, 1/0 and address

translation.
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STAGE 1 STAGE 2 STAGE 3
executing
< prefetch 5 next instruction decode instruction
PRA PRB %redecode DISPHI DISPLO ALT ~ IR, XIR
useq register, paddress
step NIR
1 WADD wSuB -
2 WADD WSUB WADD -
3 WADD WADD WADD WADD -
4 LWLDA DISPO to 15 WSuUB - WADD
L) LWLDA DISPO to 15 WSUB WSUB WADD
6 LWLDA DISPO to 15 LWLDA - - WSUB
7 DISP16 to 31 WMOV LWLDA DISPO to 15 - LWLDA . WSuUB
8 DISP16 to 31 WMOV LWLDA DISPO to 15 DISP16 to 31 LWLDA
9 - - WMOV - - - LWLDA
10 WMOV WMoV LWLDA
11 - - WMOV

Fig 4 This instruction prefetch example shows the logical stepping of the prefetcher (not individual microcycles).

then translated by using information stored in the
scratchpad’s (SPAD) address translation cache. The
user has the option of specifying a special
“physical’’ mode, in which case no translation will
take place.

Surveying pipeline stages

The MV/4000 prefetcher is implemented as a
three-stage pipeline that allows instruction pre-
fetching, decoding, and execution to occur in
parallel. The PC prefetch logic on the SPU (Fig 3)
initiates a double word (32-bit) read from memory
that is transferred via the memory data bus to the
prefetch A (PRA) and prefetch B (PRB) 16-bit
registers. This is the first stage of the pipeline.

In the second stage of the pipeline, the next in-
struction register (NIR) is loaded with the next
16-bit instruction opcode to be executed. This may
come from either PRA or PRB, depending on the
previous instruction sequence. At the same time,
this opcode passes through the instruction pre-
decode gate array, the output of which is stored in
the predecode register (PR). This gate array uses the
16-bit opcode to produce an address for the macro-
instruction decode PROMs.

The decode PROMs output a starting microcode
address for the macroinstruction. This is placed on
the alternate address (ALT) bus and driven to the
microsequencer. In addition, the PROMs produce
instruction specific decode information that is
loaded into the extended instruction register (XIR)
during the third stage of the pipeline. To maximize
pipeline throughput, displacement data from the
first stage of the pipeline is transferred to the dis-
placement latches during stage two. This enables
the prefetcher to request additional data.

Instruction execution occurs during stage three
of the pipeline. The instruction register (IR) is
loaded with the instruction opcode saved in NIR,
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while XIRs accept additional decode PROM infor-
mation. The following example illustrates the exe-
cution of the instruction sequence:

WADD Adds two 32-bit accumulators together
WSUB  Subtracts one 32-bit accumulator from
another

LWLDA Loads a 32-bit accumulator from the memory
location specified by the 32-bit logical
displacement

WMOV Moves one 32-bit accumulator to another

These instructions are stored in memory as shown
below:
increasing addresses

<-32 bits->

WADD WSUB
LWLDA DISPO to 15
DISP16 t0 31 WMOV

They are prefetched, decoded, and executed, as
shown in Fig 4. The following steps describe the
logical movement of instructions through the
prefetch pipeline.

Begin in step 1 (Fig 4) by prefetching the double
word containing the WADD and WSUB opcodes and
loading it into PRA and PRB. In step 2, the WADD
opcode is passed through the instruction predecode
gate array. This generates a unique 9-bit address
that is saved in the PR where it will be used to access
the macroinstruction decode PROMs. The WADD
opcode is also loaded into NIR at this time. During
step 3, the starting microaddress of the WADD
instruction (produced by the decode PROMs) is
placed on the ALT bus and then sent to the micro-
sequencer, thereby allowing WADD execution to
begin in the next cycle.

Step 4 (Fig 4) shows how all three stages of the
prefetch pipeline can advance simultaneously.
Here, the IR is loaded with the WADD opcode,



HP’s 64000 Logic
Development System...

How it blasts through software

BOTTLENECKS

How would you like to have a picture

that identifies a software bottleneck? A
picture taken as your software executes
in real time? Via a measurement that is

completely nonintrusive? Well now you

can do all that. Via a low-cost
subsystem for HP’s 64000 Logic
Development System called the
64310A Software Performance Analyzer.
But that’s not all this powerful new
software tool can do for you. It gives you
a perspective on software like the one
shown to help you characterize software
through benchmarks of processors,
operating systems, algorithms, appli-
cation programs, etc. It provides data for
intelligent hardware/software design
trade-off decisions. It gives you new
insight into software debugging, re-
vealing interaction problems difficult or
impossible to spot with other techniques.
And it can put a spotlight on software
inefficiencies that rob your system of
performance and add extra cost.

Six different perspectives on
software in action

Consider your own software projects.
What problems could you solve with
these six measurement modes?

1. Memory activity measurements,
which show how your memory resources
are being utilized. 2. Program activity,
giving you a direct measure of time or
occurrences required by specific software
modules. 3. Module duration, showing
execution time distribution of a specific
software module as it reacts to internal
and external stimuli. 4. Module usage, a
measure of module demand. 5. Inter-
module duration, the distribution of times
from the exit of one module to the entry
of another. 6. Intermodule linkage, the
number of direct transfers between
specific module pairs.

HP-IB: Not just IEEE-488, but the
A documentation and

Individually, in combination, and
interactively with emulation and logic
analysis, these measurements give you
tremendous new insight into software
activity resulting in higher performance
software with less development time.

High-level commands and histogram
displays spell simplicity
This is an analyzer software engineers

and programmers will feel at home with.

That’s because of its high-
level symbolic interface that lets
you define measurements and

view results in familiar software
terms using module names and

variable names directly from the

program being executed. Histogram
displays of all measurements give you
an intuitive feel for software activity.
And statistical measurements and displays
provide confidence level and error
tolerance information.

Every lab should have at least one
software performance analyzer
Consider this. The 64310A, costing just
$3400*, can be added as a plug-in board.
Many engineers who have used this
analyzer report a factor of two or better
improvement in software performance
with very little effort. Few analysis tools
offer so much for so little.

For more information, call your local
HP sales office listed in the telephone
directory white pages. Ask for the
electronic instruments department,

*U.S.A. list price only.
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while the XIR receives the instruction specific
decode PROM information for WADD execution. At
the same time, the WSUB opcode in PRB is driven
through the instruction predecode gate array and
loaded into the predecode register. The WSUB op-
code in PRB advances to the next stage of the pipe
and is saved in NIR. The prefetch logic, having
detected that the WADD and WSUB opcodes are no
longer needed in PRA and PRB, now proceeds to
load the next double word from memory. This
double word fetch is initiated by the SCU which
starts the PC prefetch logic on the SPU (see Fig 3).

Microcode assists in this task by indicating to the
prefetcher, via the instruction prefetcher GO
(IPGO) random (Fig 5), when the currently exe-
cuting instruction will be completed. Upon comple-
tion, the pipeline will advance, and since both PRA
and PRB are free at this time, they will be loaded
with the double word prefetched from memory.
This double word contains the LWLDA opcode and
its upper 16 bits of address displacement.

The starting microaddress for the WSUB is gener-
ated in step 5 and is sent via the ALT bus to the
microsequencer. Since WSUB is now executing, and
its opcode has advanced to the IR, the predecode
register and NIR are free to accept the LWLDA
information in step 6.

To allow the lower 16 bits of the LWLDA dis-
placement (DISP16 to 31) to be fetched, the upper
portion of the displacement (DISPO to 15) is saved in
the DISPHI latch during step 7. This permits the
double word containing DISP16 to 31 and the WMOV
opcode to be loaded into PRA and PRB. The full
32-bit displacement of the LWLDA will be formed in
the next step when DISP16 to 31 is loaded into the
DISPLO latch. The instruction prefetch logic detects
this, and proceeds to drive the starting micro-
address for the LWLDA over the ALT bus.

The LWLDA instruction executes in step 8. To
maximize perfetch piping, the displacement is only
guaranteed to be valid during the first cycle of the
instruction. This enables DISPHI and DISPLO to be

Vertical only defaults:
a) YBUS=ALU

c) SPAD operation=read
d) NIBSC= align__d
e) SPAD address= ATU

Note: uF1 is always bits 0,1,2 and parity is in 31 even if not shown.

012345678910 11 12 13 14 15 16 17 18 19 20 21 22 to 31
wF1 |#]
uF1 uF2 TEST PA horizontal COND PA
uF1 uF2 AA horizontal UNCOND AA
wF1 uF2 TEST horizontal COND
wF1 uF2 horizontal UNCOND
wF1 horizontal NEXT
wF1 uF2 PA horizontal UNCOND PA
wF1 TEST PA horizontal COND GOTO
wF1 BREG | AREG ICI BIN MEM | DBUSI G SRC | OP | DES VONLY

Note: pF1 and horizontal and parity are always in the formats of the following definitions.

SPAD 8
Constant

AREGl
AREG |
| AREG
BREG|
BREG |
jop |
I MEM
lc
BIN |
I SRC
| Ncu |
1GI

b) SPAD address control= address translation unit (ATU)

SPAD ADDR 8
Constant 8
AREG 1
AREG 2

| AREG 3
BREG 1
BREG 2
BREG 3
ALUOP 1
MEM 1
DBUS 1
ALUD 1
CARRY 1
CARRY 2
BIN 1
NIBSC 1
ALUS 1
SCU Control
IPGO

| BREG

DBUS
DES

|NIBSC

Fig 5 A vertical field example shows vertical formats and usage.
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REALTIME AT THE RIGHT PRICE:
NOW YOU CAN RENT THE
MC68000 EMULATION PACKAGE.

yste : for Motorola ries micro-
processor. And now you can rent this system from
Leasametric, the foremost renter of quality electronic
test equipment.

Speed, simplicity and power. The HDS-
400 runs up to 12.5 MHz clock speed, the fastest
today. And it performs real-time emulation and
analysis at clock speeds up to 10 MHz with no wait
states. SO you can gauge your prototype’s true
performance.

This emulation system is unique. It can down-
load both the target system code and the debugging
system from either the Motorola EXORmacs™
Development System, DEC VAX"or Motorola
VME/10 as hosts. The HDS-400 can serve as a
fully functional substitute for the MPU in your target
system. And its analysis commands are straight-
forward, so you can rapidly debug and integrate
your target system.

But this simplicity and power is further
enhanced by the Bus State Analyzer module that is
also available for rent from Leasametric. With it
you can gather data by continuous trace mode,
sequential trigger mode and window trigger mode.
Plus generate performance histograms that pro-
vide a clear picture of system performance efticiency.

400 from Leasametric and you get equipment that

HD§-4
00 ey, ATOR MODY ¢

M) MOTOROL 4

Rent the best from the best. Rent the HDS-

has been rigorously tested and fully calibrated.
It arrives ready to work. Complete with operator’s
manual and all accessories.

Our service is famous in the industry. We'll
ship your order immediately and be there if you
need us. If a system problem occurs, we'll take
immediate action. With timely on-line diagnostics,
on-site service or replacement.

Call Leasametric and stretch your cash. Our
rental charges are much smaller than the capital
outlays of buying. Rent what you need. Or lease it.
Or rent with option to buy. We'll tailor a package
that fits your needs.

Rent and you pay for equipment that’s being
used, not sitting on a shelf somewhere. Real-time
emulation at the right price. And Leasametric has
thousands of other quality items for rent. We'd be
pleased to tell you more—and to send our latest
catalogue. Call us at 800-227-1817. In Europe, call
Leasametric GmbH,Eching/Munich.(089)3192007.

Rent the best name in the business
from the best name in the business.

% LEASAMETRIC
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used in the next cycle in the event of back to back
32-bit memory reference instructions. Steps 9, 10,
and 11, show the WMOV instruction as it advances
through the instruction decode and execution
stages of the pipeline.

Microinstruction flow

The MV/4000’s microcode architecture was
designed to allow the greatest degree of flexibility,
and reduce the necessary control store width to
allow a two-board implementation. Algorithmic
speed was among the primary concerns of the micro-
word architects. The chosen architecture takes into
account the most common microcode operations,
allowing them to be performed in one cycle.

To initiate the actual execution of a macro-
instruction, a starting microcode address is driven
from the prefetcher to the microsequencer via the
ALT bus. Once there, it passes through the micro
direct bus input multiplexer and enters the micro-
program control unit. This address is then used to
access vertical control store RAM, the output of
which is registered in the vertical instruction reg-
ister (VIR). Because a vertical microinstruction is
associated with every microcycle, subsequent micro-
addresses for the executing macroinstruction are
generated by the next address control (NAC) field
contained within the vertical microinstruction.

The NAC field allows for conditional and uncon-
ditional sequencing. Conditional microsequencer
functions are based on the results of a test selected
by the vertical microword. On the other hand, un-
conditional operations will always be performed.
Examples of microsequencer operations include
jumps, subroutine calls and returns, 16-way calls,
advancing to the next microaddress (NEXT), micro-
stack push, and microstack pop. Many of these
functions use the 16-level microstack because
microaddresses can be saved on it.

The microword architecture selected for the
MV/4000 consists of both vertical and horizontal
control store (Fig 6). The power and flexibility of
this architecture is due to the large amount of in-
teraction between the two.

Vertical control store

Each vertical microword, except for the vertical
only format, can specify any 1 of 512 horizontal
microwords. The selected horizontal may in turn
specify that certain bits of the vertical microword
be used as control during the microcycle. In addi-
tion to selecting the horizontal, the vertical micro-
word performs other functions such as determining
which microsequencer operation is to be performed,
supplying 1 of 128 possible test conditions, and
supplying an absolute microaddress field. Thus,
the microcoder logically sees the execution of a
very powerful ‘‘functional’’ microword on every
machine cycle. This functional microword consists
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MICROSEQUENCER
NEXT
MICROADDRESS

VERTICAL
MICROINSTRUCTION

I VERTICAL INSTRUCTION REGISTER ]

MICROPROGRAM
CONTROL

HORIZONTAL
ADDRESS

HORIZONTAL
CONTROL WORD

LOGIC CONTROL

Fig 6 Microword architecture includes vertical and
horizontal control stores.

of a combination of the selected horizontal along
with certain vertical fields (vertical modifiers)
specified by the horizontal.

The MV/4000 contains 16-K x 32 bits of vertical
control store, thereby requiring a 14-bit address
field for full access capability. In order to use fewer
vertical bits to specify an address, microcode is
broken into 256-word pages, requiring only an 8-bit
page address (PA) for operations within the same
page. The 6 page bits, maintained by the micro-
sequencer, specify which of the 64 pages is currently
being accessed. To change the current page of exe-
cution, a microsequencer format containing the
full 14-bit address (AA) must be selected. Fig 5
shows all possibilities of vertical field usage.

The vertical control word is only 32 bits wide. Of
these bits, 7 bits select the microsequencer function
(uF1 and uF2), 1 bit is for parity (#), and 9 bits select
1 of the 512 horizontal control words, leaving 15
bits of vertical microword free to specify control
These 15 free bits are often required to specify a
TEST and NEXT PA, or to select a constant.

The horizontal can fill a field in one of two ways.
It can specify the value for the field directly, or it
can indicate which vertical control word bits will be
used to control the field. Several of the fields have
more than one possible vertical source. For example,
Fig 5 shows that the ALU B register source (BREG)
may come from one of three possible places in the
vertical microword. BREGI uses the vertical bits 3
to 6, BREG2 bits 7 to 10, and BREGS3 bits 18 to 21, as
the value for BREG. This 4-bit BREG value is used to
select one of 16 possible microcode visible registers
from the ALU register file. The horizontal may also
specify that the BREG value must come directly
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from its own HREG field instead of using one of the
three previously mentioned vertical fields. The hori-
zontal’s ability to select the control of a field from
one of several vertical sources increases the micro-
architecture’s flexibility.

The final BREG select value is generated by the
currently executing vertical microinstruction which
selects 1 of 512 possible horizontals. The BREG
field of the selected horizontal is then used to con-
trol the BREG MUX. This multiplexer allows one of
four possible 4-bit BREG sources (horizontal HREG
value, V18to 21, V7 to 10, or V3 to 6) to be chosen as
the ALU B register address. The selected 32-bit reg-
ister is then used as the input to the ALU’s B side.

Specific vertical bits can often be used to control
more than one portion of the machine. For example,
Fig 5 shows that vertical bits 18 to 21 can be used to
specify an ALU B source (BREG), DBUS control, ALU
destination (DES) and ALU carry input (C), or
nibble shifter control (NIBSC). One of the con-
straints placed on the microcoder is that it must be
aware of all possible combinations of vertical fields
allowed. In most cases this can be overcome by per-
mitting the horizontal to be the source for some of
the control. This is not always possible, however,
due to the limited number of horizontals.

Although control sourcing several fields from
the same vertical bits may seem a constraint, it actu-
ally allows more combinations of fields to be speci-
fied than would be possible if these bits were only
used to control a single field. To take advantage of
this ‘‘microfield multiplexing’’ capability, the ma-
jority of horizontals were designed to be as general
as possible. This means that they choose to use a
large number of vertical modifiers, enabling a small
group or horizontals to handle most operations.

Examining vertical field usage

Another way of controlling the machine is called
vertical only. This method does not require a
horizontal to be specified, thus allowing 9 more
bits of vertical control. Vertical only is used
whenever the next microaddress can be derived
from the current microsequencer state. Examples
include situations where control proceeds directly
to the next microaddress, and operations such as
popping the microstack on microcode subroutine
returns. The vertical only word is designed to be
the most general word available to the microcoder.
It allows for complete control of the ALU and
memory. Associated with the vertical only field are
several default values for fields not specified by the
vertical only microword.

To further illustrate vertical field usage we will
examine all microsequencer functions that have an
impact on BREG selection (see Fig 5). If uF1 con-
tains the NEXT encoding, then vertical bits 3 to 21
are all free to be selected by various fields in the
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horizontal. This means that the horizontal may
select either BREG1, BREG2, or BREG3. Of course,
the horizontal is always free to specify BREG di-
rectly through the use of its HREG field.

When a conditional microsequencer function is
specified that does not require an address field (see
Fig 5, COND), then vertical bits 14 to 21 become
available. Such a case is the conditional return
operation where the desired address has been
previously stored on the microstack. This allows
the use of vertical bits 18 to 21 (BREG3) or HREG
from the horizontal to specify BREG.

UNCOND PA is an unconditional microsequencer
operation that specifies a microcode address. This
format allows vertical bits 7 to 10 (BREG2) to be
used for BREG specification. The horizontal HREG
field is also available.

If a conditional goto (COND GOTO) is coded into
the uF1 field, then only vertical bits 3 to 6 (BREG1)
are available for selection by the horizontal. Ver-
tical bits 7 to 10 (BREG2) and 18 to 21 (BREG3) can-
not be chosen because these fields are occupied by
TEST and PA, respectively. Again, the HREG field
of the horizontal may also be used as the BREG
value.

An unconditional subroutine call must use the
UNCOND AA format to specify a new 15-bit micro-
address (AA). This means that no vertical bits are
available to specify BREG, leaving only the HREG
field of the horizontal to supply the BREG value. If
a horizontal is not needed, the vertical only
(VONLY) format may directly select BREG from ver-
tical bits 3 to 6.

The MV/4000 microcode is written in a high level
register transfer language developed solely for the
machine. Earlier microcode languages used a fixed
format input in which every field required a
mnemonic to be entered for proper input to the
microassembler. In contrast, the MV/4000 uses a
free form input to its microassembler that enables
the microcoder to input high level language state-
ments that are logically equivalent to the desired
hardware function. Since unused fields need not be
specified, the chances of programming error are re-
duced while microprogrammer productivity is
increased.

Please rate the value of this article to you by
circling the appropriate number in the “‘Editorial
Score Box’’ on the Inquiry Card.

High 710

Average 711 Low 712
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UDS gives 212 users
three ways to gol

212A—Today’s most popular modem.
UDS offers a fully Bell-compatible unit
with complete local and remote test
capability. Select 0-300 or 1200 bps
for full-duplex asynchronous commu-
nication. The UDS 212A is FCC certified
for direct connection to the dial-up tele-
phone network, and available in multi-
channel, rack-mounted configuration.

SINGLEUNITPRICE . ............ $595

Universal Data Systems

212 LP — Compatible with 212As at
the 1200bps, full-duplex asynchro-
nous communication rate. No power
supply or AC connection required; the
212 LP derives its operating power
directly from the telephone line. Ideal
for applications requiring 212A capa-
bility at 1200bps only. The 212 LP is
direct-connect certified.

SINGLEUNITPRICE . ............ $445

212A/D — Identical to the 212A, with
automatic dialing capability added!
The unit stores and dials up to five
30-digit numbers. CRT menu prompt-
ing, single-stroke commands and
automatic test capabilities are pro-
vided. The 212A/D is direct-connect
certified.

SINGLEUNITPRICE ............. $645

MOTOROLA INC.
Information Systems Group

5000 Bradford Drive, Huntsville, AL 35805. Telephone 205/837-8100; TWX 810-726-2100

DISTRICT OFFICES:

Old Bridge, NJ, 201/251-9090  Blue Bell, PA, 215/643-2336 » Atlanta, 404/998-2715 « Glenview, IL, 312/998-8180 « Columbus, OH, 614/895-3025 * Boston, 617/875-8868
Richardson, TX, 214/680-0002 * Englewood, CO, 303/694-6043 * Houston, 713/988-5506 * Tustin, CA, 714/669-8001 « Mountain View, CA, 415/969-3323
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SIMPLE SHIELDING SOLUTION.

AMP shielded
ribbon cable connectors.

EMC retrofit,
without board redesign.

Now designers facing FCC Docket 20780 requirements
have two ways to go.

Redesign your pc boards to accommodate shielded
headers.

Or keep your present board design and headers, and use
AMP shielded ribbon cable connectors.

On the board, a one-piece metal shield snaps onto the
universal header you're using. At the cable, a specially-sized
AMP-LATCH connector with metal shell crimps to the cable
shield. No soldering is required.

And the cable half fits the board half perfectly.

AMP has other shielding solutions, too, including shielded
subminiature Ds (that fit existing metal-shell headers) and
even a shielded feed-through assembly for ribbon cable
passing through a panel cutout.

All ways to help you turn redesign time into new-design
time. All ways to get you back to the business of productivity.

From AMP.

For complete details, call the AMP-LATCH Information Desk
at (717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

A I means productivity.

AMP Facts

Subminiature D Connectors Standard AMP-LATCH Connectors
* Mates with existing metal-body Styles, shapes and configurations to
subminiature D headers. fill any need.
* Metal shield fits over standard AMP
subminiature D cable connector. AMP and AMP-LATCH are trademarks of AMP incorporated



HOW TO CHOOSE A DISK DRIVE, PART II:

Computers designed
for the office environment
are inforashock!

ROV

Here’s a shocking fact: when risk of breaking down under rather Shock and vibration: twin

someone sets a computer downon ordinary conditions—-like every problems

adesk, the disk drive inside canbe  time there’s an office shuffle and Shock, and the closely related
subjected to a pulse shock as high ~ people move their computers. problem of vibration, have come
as 30 g’s. Obviously, if the disk What follows is some technicalin-  under intense study at ATASI Cor-
drive (or any other component in formation on how we handle the poration, and for good reason:

your system) can’t handle that kind  problem in our high performance both can cause loss of data. A se-
of shock, your system runs the 5%4- inch Winchester disk drives.  vere pulse shock can cause a




AN ENVIRONM!

NTAL IMPACT REPORT.

drive’s head to “slap” against the
disk, removing a “divot” of oxide
material, along with the data writ-
ten there. Severe vibration can
cause the head to overshoot or un-
dershoot a track, so that the head
_can't find the data it’s seeking. In
addition, vibration can fatigue
components over time, and per-
haps lead to premature failure.

ATASI’s 46 Mbyte, 54 inch Winchester
disk drives are available in production
quantities immediately.

Double shock isolation

In order to sustain high shock
loads, the ATASI design incorpo-
rates a unique dual system for
shock and vibration isolation. Like
most disk drives, ATASI drives
have isolators between the frame
and the head/disk assembly bowl.
In addition, ATASI’s proprietary
design includes elastomere isola-
tors inside the bowl, between the
bowl and baseplate on which the
head/disk assembly is mounted. A
foam pad with high damping prop-
erties, also located between the
baseplate and the bowl, further
protects the head/disk assembly
from vibration.

The grommets ATASI uses for
isolators are far from ordinary. To
handle both pulse shocks and vi-
bration effectively—to avoid a de-
clining spring rate with displace-
ment while maintaining adequate
damping properties—ATASI
tested 330 different options before

Most disk drives only have shock and
vibration grommets (black) between the
frame and the bowl.

ATASTI s proprietary design also includes
isolators (blue) between the bowl and
baseplate.

making a choice. These tests in-
volved the use of a laboratory
shaker as well as computer
models.

ATASI'’s double isolation system
more than protects its drives—
and the data they store—from the
shocks of the office environment.

Beyond the shock/vibration
problem

Shock and vibration engineering
is only one of a number of ways
ATASI achieves such a high level of
data integrity. ATASI drives also
feature dedicated “landing zones.”
Upon powerdown—intentional or
emergency—the back e.m.f. of
the motor is used to position the

carriage over data-free landing

zones. A carriage lock then me-

PERFORMANCE SPECIFICATIONS

MODEL NO. 3033 3046
CAPACITY 33MB 46 MB
ACCESS TIME (AVG.) 30 ms 30 ms
DATA RATE 5 Mbits 5 Mbits
INTERFACE ST 506 ST 506
Available in high volume today.
MODEL NO. 3065 3075
CAPACITY 65 MB 75 MB
ACCESS TIME (AVG.) 24 ms 24 ms
DATA RATE 5 Mbits 5 Mbits
INTERFACE ST 506 ST 506

Available second quarter, 1984.

chanically holds the carriage in
place, protecting the data field
from any head contact.

The ATASI White Paper

At ATASI, we are proud of the
quality we build into every drive
we make, and we encourage
clients to test our products rigor-
ously. To help, we have prepared
a White Paper on shock and vibra-
tion for systems integrators. It
discusses test methods and the
interpretation of test data in detail.

If you are a systems integrator,
contact ATASI Corporation now to
receive your ATASI White Paper.
Corporate headquarters: 2075
Zanker Road, San Jose, CA 95131,
(408) 995-0335; Eastern region:
(617) 890-3890; Southwest region:
(714) 432-0757.

© 1983 ATASI Corporation
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THE WY-50.

TY SMALL

~COST TERMINALS FROM WYSE.

PRET

A NEW GENERATION OF LG

Dt L b 9 < A .
Never before has anyone put so much g gl i 08 contact
into something so small. The WY-50 gives ! AR e : WYSE
you big terminal features without occupy- T e and we'll
ing your entire work-space. This took FEATURES: T R send you a

revolutionary design. Design a lot of s 14" icreen brochure filled with everything
people couldn’t accomplish for the price. | g9/132 column 1 you need to know. The WY-50. The full-
But we did. formiat. ' featured terminal with the small price.

In fact, the WY-50 introduces a new stan- * Soft-set up mode.
dard for low-cost terminals. You geta * High resolution characters.

compact, full-featured design that meets  * Low-profile keyboard.
the most advanced European ergonomic  * Industry compatible.
standards. 30% more viewing areathan  * Only $695.00. I 1 1 1 Makethe Wyse Decision.

zs‘tsatr;lclar((::losnc‘reens. And a price tagas small g, more information on the revolution- WYSE TECHNOLOGY 3040 N. First St.,
y e: ary design, outstanding features and CA 95134, 408/946-3075, TLX 910-338-2251, Outside
The WY-50 sells for only $695 unique good looks of the new WY-50,  CAcall toll-free, 800/421-1058, in So. CA 213/340-2013.
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SYSTEM DESIBN, [0 L 0CESS RS MICROBOMPUTERS

MOTOR CONTROL
SYSTEM DESIGN HINGES
ON PROCESSOR DELAYS

Microprocessors are a boon to motor-speed controllers, but
certain limitations of the devices must be accounted for in

system designs.

by Manuel R. Cereijo

Although microprocessor-based control systems
are quickly overtaking analog controllers,
designers must understand that using a micropro-
cessor does not remedy all design problems. In
fact, in realtime systems, time delays in micropro-
cessor execution can significantly affect system
response. For example, in digital motor-speed con-
trol applications, execution speed can be relatively
slow, putting an inherent upper limit on the sampling
rate. Another limitation of a microprocessor is
finite word length. If a processor handles only 8
bits, resolution is limited to 256 discrete outputs.

Before undertaking the design of a complex
system such as a digital motor-speed controller, a
prudent designer should be aware of the types of
problems usually encountered. In the matter of
time delays, two factors stand out. The first is long
delays; if they are too lengthy, there is insufficient
time to carry out the computations necessary to
execute the control algorithm. The second is the
adverse effect that delays have on the stability of
closed-loop systems.

Time delays resulting from microprocessor com-
putation can be identified by analyzing both the
program for the control routine and any sub-

Manuel R. Cereijo is associate dean for the College of
Technology, School of Engineering, at Florida
International University, Tamiami Campus, Miami,
FL 33199. Dr Cereijo holds a DSC from Universidad
Central, Cuba, and an MSEE from the Georgia
Institute of Technology.

routines called from utility packages. Each of these
programs are composed of an instruction set, and
each requires a specific number of machine (micro-
processor) cycles to execute. In turn, each machine
cycle requires a known number of machine states.
The time needed for a processor to execute a par-
ticular instruction is directly proportional to the
number of machine states used to complete the
instruction. For example, typical machine state
time in many current microprocessors is in the
range of 500 ns. While this appears adequate to
handle most control applications, it should be
understood that even a simple program may re-
quire thousands of machine states to execute.

The Table gives the amount of time consumed
executing the types of instructions found in many
control systems. The execution times given are
based on a 500-ns machine state time. If instruction
combinations that make up a program are totaled, a
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Typical microprocessor execution times

Task
Floating point addition
Floating point multiplication

Floating point to fixed point
conversion

Time required
18.5 to 202.5 us
63.5 to 446.0 us

25.0 to 109.0 us

control algorithm can take anywhere from 2 to 5 ms
to execute completely. Obviously, execution time
varies according to the processor and the program.
A designer must come up with a good estimate of
the minimum and maximum delay times for the
system. Such information is available in the micro-
processor’s user manual, and this allows a designer
to calculate the total number of machine states to
execute a program, or to determine the time re-
quired to reach a specific point in any computation
performed by the program.

From analog to digital

As a first step toward designing a digital motor-
speed controller, it is helpful to examine the funda-
mental principles of its analog counterpart. A basic
analog motor-speed control system is shown in Fig 1,
and in this case, assume that the motor is a
fractional-horsepower dc servo motor.

The reference input voltage to the system is
variable—0 to — 15 V—and is provided by a poten-
tiometer. This voltage is an analog representation
of the motor’s desired speed. The reference voltage
is fed through a resistor into an operational am-
plifier connected in the voltage-summing mode. A
second input to the amplifier is in the form of a
negative feedback signal that is proportional to the
motor’s speed. This feedback signal comes from a
tachometer, or other type of speed-to-voltage
transducer.

Due to the subtractive nature of the negative-
feedback signal, the system is stable. The output

Kivref — Kg O]

REFERENCE
SIGNAL
~15 ¥
100 k2

SERVO
AMPLIFIER
UNIT

Ks&o i
TACHOMETER

o

BRAKE
olo UNIT

MOTOR

Fig 1 A basic analog motor speed-control system uses an
operational amplifier connected in the voltage-summing
mode to compare a feedback signal with a reference signal.
This system can be connected to a digital controller to
provide computer control of the motor’s speed.
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voltage of the operational amplifier, called the
error signal, is the difference between the reference
and feedback voltages and drives the servo ampli-
fier unit in Fig 1. In addition, the output of the
servo amplifier drives the servo motor to the
desired speed. A third input to the operational
amplifier summing-network, the gain-control
potentiometer, is provided to increase the system’s
sensitivity and power transfer.

The servo motor is powered by a transistor
amplifier within the servo amplifier unit. Current
can be supplied to either the field or armature
windings of the motor, but the most accurate control
results from an armature connection. The tacho-
meter or tachogenerator connected to the motor
shaft generates a voltage proportional to the speed
of the shaft multiplied by a tachometer constant.
In this case, the constant is determined experi-
mentally and equals 2.55 V/1000 rpm. Thus, when
the motor shaft spins at 1000 rpm, the tachometer
generates 2.55 V. This voltage is subtracted from
the reference voltage at the summing junction.

An analog system of this type can be adapted to
digital control techniques by digitizing the voltage
variations and writing the feedback loop in software.
Digitizing the control voltages involves the design
of a control interface whose software is available in

Digitized voltage and software
feedback loops convert some analog
systems to digital control.

a number of different forms. The software’s func-
tion is to successively compare the feedback and
reference signals and generate a compensation
signal to the motor-drive circuitry.

If the control system is simple, machine language
programming may be adequate. However, a user
should be aware that problems can arise in writing
and debugging the program, and that modifications
to the program can be difficult. In most cases, it is
wiser to rely on high level language (Basic, Pascal,
etc) programming since it permits more attention to
be given to control operations rather than causing
concern about the information flow in the pro-
cessor’s registers and internal memory.

Converting voltage values

To digitize control-system feedback signals, an
A-D converter of the type shown in Fig 2 is used.
The converter, a Teledyne 8703, is a dual-slope
type. A low logic-level on the Enable input line ac-
tivates the device and a positive-going pulse on the
Initiate Conversion line starts A-D conversions. The
analog input voltage to be converted is applied to
the 8703’s Vi line.
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The converter contains a zero-adjust terminal that
connects through a fixed resistor to a potentiometer.
This permits a user to adjust the converter output
to 0 V when a 0-V signal is present at the analog
input. The Ipjas input serves to establish the bias
current for the converter’s internal circuitry. With
a reference voltage of — 15 V and a 750 k2 current-
limiting resistor, the maximum current that can be
drawn by the chip during a conversion is a —20 yA.
The eight output lines of the converter connect to
the control system data bus, which feeds, in turn,
into a system 1/0 port.

Fig 3 illustrates the control system’s (D-A) conver-
sion system, centered around the DAC-100 D-A chip.
Internally, the DAC-100 has a series of current

switches that are activated by data on the data bus.
The current switches are connected to a highly
accurate and stable R2R resistor ladder network. It
is this internal resistor network that forms the basis
of D-A conversions. A potentiometer connected be-
tween — 15 V and the converter’s full-scale adjust ter-
minals permits a user to obtain a 0-V output for an
all-logic O input.

The converter’s output feeds into an AD 118A
operational amplifier. This device is chosen for its
accuracy, response, and fast slew-rate characteris-
tics. Slew rate, in particular, is important because
the input to the amplifier often changes at a fast
rate. For the 118A, the slew rate is 6V/us—the out-
put signal switches at a rate of 6 V in 1 us. The
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Fig 3 To drive the system
servomotor, digital signals must be
converted into analog values by a
D-A converter subsystem. The
converter, a DAC-100, is activated by
digital signals on the data bus.
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Fig 4 A complete digital motor-speed controller—not including the controlling microprocessor—incorporates
the circuitry of Figs 1, 2, and 3. The converters and motor-drive circuits interface to the microprocessor through

a peripheral interface adapter—the MC6820.

amplifier also provides excellent thermal stability.
Another trimming adjustment is included on the
amplifier to allow the output signal of the D-A
system to be set to 0 V when the input to the system
is found to be 0 V.

A second AD 118A is included to invert the output
of the first operational amplifier. All resistors in
the system should be metal-film types having +1
percent tolerance to ensure high accuracy, thermal
stability, and low noise generation.

A complete speed controller

The schematic diagram of Fig 4 shows a com-
plete microprocessor-based speed control system
whose computing element is a Motorola M6800 8-bit
microprocessor. The Mé6800 is not shown in Fig 4,
but its interface device, the MC6820, is shown con-
necting to both the A-D and D-A converter sub-
systems of Figs 2 and 3 respectively. As an 1/0 port,
the M6820 peripheral interface adapter (PIA) inter-
faces the system data bus to the buses of both the
A-D and D-A converters. The PIA is activated
through a series of control signals sent by the micro-
processor. Note that the summing amplifier and
servo amplifier circuitry is the same as that of Fig 1.
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The reference signal to the controller comes
from an external source such as a keyboard.
However, the feedback signal is available at the
output of the A-D converter. The system software
controis the subtraction of these two signals, and
when the result is zero, the desired speed of the
motor is attained and the system is under control.

The system of Fig 4 is very basic and can be
varied in many ways. For example, it can be
modified to include reversible speed control and
even position control. Such modifications involve
changes to the hardware and an efficient program
written with high level software.
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