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Family pride.

Now there’s an advanced technology family of single board
controllers for DEC* computers from Western Peripherals—the
number one name in controllers.

The TC-131 (for PDP-11s*) is the first TM-11 emulating
controller to combine PE and NRZ on one
standard hex board. It lets you mix 9-track,

PE, NRZ or dual density tape units in any
combination up to 125 ips. A 64 byte data
buffer allows installation at any point on the
unibus without consideration of NPR priority.

(2048 bytes) data buffer makes “‘data- late” errors a thmg

of the past. The advanced technology ‘‘micro-engine’” allows
a complete track to be written on a single drive revolution.
A measurable performance advantage for your PDP-11.

All three controllers are software com-
patible. All have self test. All are backed by
one of the best factory service organizations
in the business. And all can be delivered
in 30 days.

For more information, call or write

The TC-151 single board NRZI tape
controller interfaces any industry-standard
drive to the LSI-11* Add a dual width Phase

today: Western Peripherals Division,
Wespercorp, 14321 Myford Road, Tustin,
CA 92680, U.S.A. (714) 730-6250.

Encode Board for the same performance as
the TC-131.

The DC-231 accommodates up to
four SMD disc drives of 40 to 600 mb
each with RMO2 emulation. Its four sector

*Trade name of
Digital Equipment Corporation.

MGG ST IR S R

TWX: 910 595-1775. CABLE: WESPER

Number 1 in controllers for DEC
and Data General computers.

western peripherals™

Division of WESPERCORP
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~ We've got your number in 1981. It's 6450. L

Model 6450..

The 4" cartrldge recordeﬂ
that thinks it's a 12" tape
deck.

Kenndey's Model 6450—it’s a start/stop drive which is faster than
streaming in almost all applications; a drive that has a data reliability
rate for soft errors of not less than 1 x 10'°and a hard error rate of

1 x 10"". The reason? Model 6450's GCR recording technique.

Need Capacity? Model 6450, with a DC 600A cartridge, will store up to
23 MBytes of unformatted data, and over 20 MBytes formatted.

In a hurry? A serpentine head is standard on Model 6450, eliminating
time consuming rewinds. Need simple interface? Model 6450’s
intelligent Pico bus interface is not only easy to interface—it's been
proposed as an industry standard. If you need a controller, there are a
variety for all standard mini-computers.

The bottom line! Model 6450 is the answer to Winchester back up.
Reliable, low in cost and available off-the-shelf. And built with Kennedy

' KENNEDY

Subsidiary, Magnetics & Electronics Inc.
1600 Shamrock Ave., Monrovia, CA. 91016

(213) 357-8831 TWX 910-585-3249
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KENNEDY - QUALITY - COUNT ON IT
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What Cromemco computer card
capability can do for you

The above diagram shows in a func-
tional way one of the most complete
lines of computer cards in the industry.

Look it over carefully. It could be well
worth your while.

These are all cards that plug into our
S-100 bus microcomputers.

You can also assemble them into a
custom system in convenient Cromemco
card cages.

MULTI-PROCESSING AND
INTELLIGENT 1/O

The range of capabilities and versatility
you can draw upon is enormous.

In processors, for example, you have a
choice of CPU’s including our extremely
useful new I/O Processor. This can be
used as a satellite processor to do off-line
processing, multi-processing, and to form
intelligent 1/O. It opens the door to a
whole new group of applications and
tasks. Ask us about it.

HIGH RESOLUTION
COLOR GRAPHICS
Again, you can have beautiful high-
resolution color graphics with our color
graphics interface. You can select from
over 4000 colors and have a picture with
a resolution at least equal to quality
broadcast-TV pictures.

You have an unprecedented selection
of memory including our unusual 48K
and 16K two-port RAMs which allow
high-speed color graphics.

LOTS OF STORAGE

These days you often want lots of disk
storage. So you can select from our disk
controller card which will operate our 5"
and 8" floppy disk drives (up to 1.2
megabytes). Or select our WDI interface
to operate our 11-megabyte hard disk
drives.

POWERFUL SOFTWARE AND
PERIPHERAL SUPPORT

There’s much more yet you can do
with our cards. And, of course, there’s an
easy way to put them to work in our 8-,
12-, and 21-slot card cages. Our PS8
power supply makes it simple to get the
system into operation.

Finally, Cromemco offers you the
strongest software support in the industry

Cromemco”
i n ¢ 0 r p o Fr a t @ d

280 BERNARDO AVE., MOUNTAIN VIEW, CA 94040 ¢ (415) 964-7400
Tomorrow’s computers today
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with languages like FORTRAN, C,
COBOL, ASSEMBLER, LISP, BASIC and
others. There is also a wide choice from
independent vendors.

To top it all off, you can draw from a
substantial array of peripherals: ter-
minals, printers, color monitors and disk
drives.

CONTACT YOUR CROMEMCO REP
There is even more capability than
we're able to describe here.
Contact your Cromemco rep now and
get this capability working for you.

CROMEMCO COMPUTER CARDS

® PROCESSORS — 4 MHz Z-80 A CPU, single
card computer, 1/O processor ® MEMORY —
up to 64K including special 48K and 16K two-
port RAMS and our very well known
BYTESAVERS® with PROM programming
capability ® HIGH RESOLUTION COLOR
GRAPHICS — our SDI offers up to 754 x 482
pixel resolution. ® GENERAL PURPOSE
INTERFACES —QUADART four-channel serial
communications, TU-ART two-channel
parallel and two-channel serial, 8PIO 8-port
parallel, 4PIO 4-port isolated parallel, D+ 7A
7-channel D/A and A/D converter, printer inter-
face, floppy disk controller with RS-232 inter-
face and system diagnostics, wire-wrap and
extender cards for your development work.
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Available right now —and for under
$6000! PrintaColor IS8001, the world's
first low-cost color ink jet printer. Allthe
advantages of hard-copy color graph-
ics. And at a price you can afford!
One thin dime —and two minutes
time! Fast, quiet and cost efficient.
Just 10¢ per copy! Typewriter-size
desktop unit uses
ordinary fanfold
paper. And con-
tinuous copy print-
ing, unattended.
What you see

is what you get! Now expand the
advantages of color graphics to color
hard copy. PrintaColor’s innovative
overlay system gives you the high
quality of color ink jet printing without
the high cost. From the display screen
to the desk or conference table —
graphics in color — quickly, quietly,
efficiently, and

NOW.— hdrd Copy now affordably!
incolor

Call or write
for the name of

foronethindime Yeresentative.

PrintaColor Corporation PO.Box52 Norcross, Georgia 30091 404/448-2675
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PRECISION SHAFTING?

HARD CHROME-PLATED

INDUCTION

4 to 8 SUPER-MICRO FINISH

HEAT-TREATED

For the Computer Periphgih! Industry
Carriage Shafts g

Linear Bearings 3

Guide Rods

Mandrels

Treffers Precision, Inc.

1021 N. 22nd Avenue, Phoenix, Arizona 85009

\COMPLEYNE IN-HOUSE SERVICE
FROM BAR STOCK

TO FINISHED

T

N,

(602) 258-1554
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DEC-COMPATIBLE
PERIPHERAL
(ONTROLLERS

Now, from the company that delivers
the industry’s widest range of
DEC-compatible memory products, a
family of peripheral controllers that’s
second to none. From comparatively
simple cartridge disk controllers to
complex 300MB storage module drive
(SMD) controllers.

An impressive array of state-of-the-art
controllers, all built around high-speed
bipolar microprocessors. All software
compatible with the host LSI-11® or

DATARAM
CONTROLLER

MINI
COMPATIBILITY

Magnetic Tape Controller

PDP®-11 minicomputer...and all
available now.

And Dataram’s controllers are
designed to save you money, and a lot
more. Like space — our controllers
typically occupy half the space required
for the comparable controller from
DEC. Doing it with a level of
performance that makes any member
of this family worth looking at.

Look at the chart of our current family
of peripheral controllers, growing every

Cartridge Disk
Controller

Co3 Cc33 S03/A
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S03/B
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day. If you don’t see the controller you
need, we're probably working on it
right now. Call us and discuss your
requirements.

DEC. LSI-11 and PDP are registered trademarks of
Digital Equipment Corporation

DATARAM
CORPORATION

Princeton Road
Cranbury, New Jersey 08512

Tel: 609-799-0071 TWX: 510-685-2542
SMD Controller

S03/C  S33/A  S33/B

S33/C



_TEK 7D02 LOGIC ANALYZER

The solution to your
problems.

Now. A logic analyzer made ex-
pressly for microprocessor-based
design.

The Tektronix 7D02.

An instrument that provides solu-
tions instead of compounding prob-
lems. That cuts design time and
improves cost-effectiveness.

Look at just a few examples:

Design Problem: Adapting your
logic analyzer to work with a specific
processor.

7D02 Solution: Just plug the uP-
specific 7D02 probe directly into the
prototype microprocessor socket
and press START. Acquired data is
immediately disassembled and
displayed in your processor’s own
mnemonics.

Design Problem: Sorting error-
related data from other program flow.

7D02 Solution: Programmable data
and clock qualification filters the
data and stores only information
pertinent to the problem.

Design Problem: Relating hard-
ware activity to program flow.
7D02 Solution: State and timing
sections are included in a single
logic analyzer, with each section
able to trigger or qualify data
acquisition by the other.

Design Problem: Monitoring I/0
activity on the system bus.

7D02 Solution: Acquire both syn-
chronous and asynchronous data
through interactive triggering to
examine both slides of an |/O
transaction.

Copyright © 1981, Tektronix, Inc 960

Design Problem: Tracking program
flow through non-sequential
algorithms with conditional branches
to pinpoint an error.

* To
previous

part

of

| progr

To next
part of program *

EC

-—
—
-
-—
-—
-

The logic analyzer for

7D02 Solution: The 7D02 can
monitor multiple events and condi-
tionally branch as part of its trigger or
data qualification sequence. As a
result, it can detect an error condition
anywhere in your program flow.

EEEE
 CEEEEE




microprocessor-based design.

7D02. The solution.

No matter how you look at it, the
7D02 has what you need for faster,
more efficient microprocessor-
based design.

A series of probe modules adapt the
7D02 to major 8-bit and 16-bit pro-
cessors, both now and in the future.
There's also a general purpose
probe for use with microprocessors
not specifically supported today. It
may also be used like a conventional
logic analyzer for troubleshooting
the peripheral elements of the sys-
tem you're designing.

You can have up to 52 channels of
synchronous data acquisition, of
which 8 channels can be used to
acquire asynchronous data at
speeds to 50 MHz for timing
analysis.

Data acquisition resources include
four word recognizers and two in-
teractive counters that can be reset
onthe fly. Also several modes of both
data and clock qualification.

You gettwo levels of glitch triggering
with a resolution of 5 ns, and a sepa-
rate glitch memory. Plus separate
acquisition and reference memories
for quick data comparisons.

And all the 7D02's resources are
quickly and clearly configurable
through a simple user language.
One that lets you trigger right on a
problem instead of around it. Mini-
mum programming input yields
maximum insight into your proto-
type’s software and hardware
activity.

For more information on the 7D02,
contact your Tek Sales Engineer or
call us toll-free. 1-800-547-6711.

You’ll wonder how you ever
designed without it.

For further information, contact:

U.S.A., Asia, Australia, Central & South
America, Japan

Tektronix, Inc

PO. Box 4828

Portland, OR 97208

Phone: 800/547-6711

Oregon only 800/452-6773

Telex: 910-467-8708

Cable: TEKTRONIX

Europe, Africa,

Middle East

Tektronix International, Inc
European Marketing Centre
Postbox 827

1180 AV Amstelveen

The Netherlands

Telex: 18312

Canada

Tektronix Canada Inc

P.O. Box 6500

Barrie, Ontario L4M 4V3
Phone: 705/737-2700

Circle 7 for Literature
Circle 147 for Sales Call

Tektronix

COMMITTED TO EXCELLENCE
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processing and small business systems.

are now plaln And that can translate into a significant prod-

uct advantage. If you make the effort to include
tD SEE- data encryption in your next design.
Fact is, implementation’s never been easier.
Or more cost-effective. Thanks to Western Digital's
WD 2001 data encryption device.
Based on the NBS Data Encryption
Algorithm, our.compact WD 2001 is
a single-chip solution that delivers full
NBS certification, a 1.3 Mb/s throughput
rate and can be bus or hardware controlled.
It's also available for immediate delivery.
So contact Western Digital for your own
: o set of WD 2001 specs. And all the latest on our
¥ CryptoPrimer™ development kit.
There's more profit in seeing things our way.

WESTERN DIGITAL

C / g N

Mag;
N9 the Jeaq ™
eadu-,g e dge"wo“l:- K
ik dor
Yoy,

Telecommunications Division, 2445 McCabe Way, Irvine, CA 92714, (714) 557-3550.
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WARNING: emi radiation
could be hazardous to
your company’s health

My attention was recently redirected to FCC Rules
and Regulations parts 2 and 15 as amended to en-
compass digital equipment. While attending NCC, |
thought it might be interesting to take a quick
straw poll on the floor of the show to see what, if
any, is the level of awareness of the FCC emi (elec-
tromagnetic interference) requlations. The variety
of answers received was interesting, and a casual
check of the backs of various pieces of equip-
ments that are already subject to parts of the new
regulations showed that just a few manufacturers are in compliance with the Fcc label-
ing requirements that have been in effect since January 1, 1981.

Briefly, those amendments to parts 2 and 15 set forth restrictions on the level of per-
missable emi that a piece of digital equipment may generate. The law comes in two
flavors: one for commercial equipment and a more stringent version for equipment
used in the home.

If you have any doubts whether or not digital devices radiate rf energy, try this simple
test (probably invented by an old IBM 704 operator). Take one of the currently popular
calculators (the more complex, the better), turn it on, and hold a small pocket radio near
it. Tune the dial on the radio and listen to the assortment of squawks and
squeaks—that’s emi. Chances are that the only activities going on are a keyboard scan
loop and the display multiplexing—think what happens when one of those plastic-
encased desktop micro wizards is doing an ISAM update!

These FccC regulations could have the same earmarks of a potential disaster for our
industry as did the early EPA automobile emission standards for the automobile in-
dustry. It is also a pretty safe bet that they are not going to disappear into a haze of
deregulation.

We’d like to take a quickie editorial poll of you, our readers, while there is still time
before the commercial equipment (class A) deadline of October 1, 1981. We will
tabulate the results on our own noise generating system and promise to lose
everyone’s identity. We will keep you informed on the results as we compile them and
use them to guide us in the selection of future articles on the subject.

Please indicate your answers by circling the appropriate numbers in the score box of

the reader service card.

Saul B. Dinman
Editor

Circle 426 Yes, I am aware of the new FCC
emi regulations.

Circle 427 We are in the process of complying.

Circle 428 No, I am not aware of them.

Circle 429 I would like to see more information on the
subject in print.




Independent benchmarks
MC68000 is first choice

Motorola

125

Motorola’s advanced MC68000 "
microprocessor is demonstrably
superior for a broad range of 5
16-bit applications. The evidence
is in, and it's conclusive. e

The MC68000 consistently and
significantly outperformed both
the Z8000 and the i8086 in three %
current independent benchmark
studies. Evaluations by engineers o
not associated with any micro-
processor supplier demonstrate
that the microprocessor system with
the best overall performance is the MC68000,
making it the clear choice for new designs.

And it's clear that the MC68000 is now recog-
nized as the competitive edge for end-use systems.
Design engineers recently confirmed that it is the
first choice among 16-bit microprocessors in two
independent product preference polls.*

Benchmarks measure MC68000
performance advantages.

Results of a performance comparison for a
digital filter application by V.P. Nelson and H. T.
Nagle, published in IEEE Micro, find the MC68000
nearly twice as fast as the Z8000 and almost three
times as fast as the i8086.

A variety of benchmarks from the Carnegie-
Mellon series as reported in EDN magazine by
Grappel and Hemenway show that the MC68000
is significantly faster than each of these devices
in handling routines for Bit Test/Set/Reset, Linked
Lists,fQuicksort, and Boolean Matrix. In the same
study, it also compares favorably for [/O interrupts.
Overall, it outperforms the i8086 by 2.16 to 1.0 and
the Z8000 by 1.71 to 1.0, even with the MC68000
addressing its full 16-Megabyte address space and
the other two MPUs addressing only 64K.

Benchmarks from the Blacksburg Group, being
published by Howard W. Sams and Co., indicate
that the MC68000 is two times to three times as
fast in fourtout of five routines compared,
including Sorts, Square Root, and Sine Look-up.

Still other benchmarks give the edge to the
MC68000 for execution of multiprecision binary
and BCD arithmetic operations, 32-bit array scans
and string translations. Floating Point arithmetic
operations can be carried out almost as fast as
hardware implementations.

FIFO interrupt

*Annual Minicomputer Survey, November 1980, with permission of
DATAMATION MAGAZINE. G.S. Grumman/Cowen & Co.

* Electronics 1980 Product Preference Poll. with permission of
ELECTRONICS MAGAZINE, McGraw-Hill, Inc.

tNot reported for i8086. but Motorola data indicates the MC68000 is more
than 20% faster.

$No report for Z800O0 on Linked List.

String search

Motorola
MC68000

Zilog
78000

Intel
i8086

Linked list

Bit manipulation

Matrix transposition

Normalized Performance

Results reported in “A Tale of Four
MPUs: Benchmarks Quantify Performance,”
Robert D. Grappel and Jack E. Hemenway,

April 1, 1981 EDN Magazine, a Cahners
Publication

Memory address, 32-bit features

enhance performance.

The performance advantages of the MC68000
demonstrated in the studies are impressive. And
the MC68000 has still other capabilities of equal
importance in helping keep you ahead of your
competition.

The MC68000 has seventeen 32-bit multipurpose
registers, with data and address registers separated
for parallel operation. All registers can be used as
index registers, and all address registers can be
used as stack pointers.

No other 16-bit MPU can match the 16-Megabyte
direct memory addressing, and programmers need
not worry about segmentation and the overhead
associated with it.

The simple, efficient instruction set includes 56
powerful types designed to minimize the number
of mnemonics a programmer must know. Software
development costs are minimized because
addressing modes are usable with all applicable
instructions.

One other thing. The MC68000 provides, in one
high-quality device, what is often found in multi-



demonstrate why the
for 16-bit MPU applications.

Motorola
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Sort integers
Sort general
String search |
Square root
Sine look up

Normalized Performance

0

Exerpted from 16-Bit Microprocessors,
Copyright 1981 by Howard W. Sams and
Co., Inc.. Indianapolis, Indiana

chip arrangements requiring more interconnects,
bus coordination, space and cost.

Keep your systems state-of-the-art.

In addition to the MC68000 microprocessor,
Motorola’s well-rounded family of existing and
future VLSI peripherals is designed so that you can
keep your M68000-based systems state-of-the-art
for years. And, the 8-bit M6800 Family peripherals
interface directly with the MC68000, broadening
support with an attractive low-cost, medium-
performance option.

Future, extra-performance versions of the
MC68000 will be completely bus- and object code-
compatible with the present MPU. Upgrading or
expanding your system is achieved without making
your software obsolete, regardless of the language
in which it is written.

The M68000 Family is supported by EXORmacs™,
the multiuser development system created for the 16-
bit and 32-bit M68000 Family designs, and beyond.

For more information on the MC68000 and the
M68000 Family, complete and mail the coupon or
send your written request to Motorola Semiconductor
Products, Inc., P.O. Box 29012, Phoenix, AZ 85036.

Filter (1 loop) |

Pre (1 delay) |

Output (1 delay)
Delay (1 delay)

Normalized Performance

“Digital Filters - Part Il: Performance

Comparisons of 16-Bit Microcomputers.”
V.P. Nelson and H.T. Nagle, February, 1981
IEEE Micro, Vol. I, No. 1

Use the MPU that can make your 16-/32-bit
system a winner. Commit yourself to leadership
with the M68000 Family in

[Innovative systems
through silicon.

@ MOTOROLA INC.

n-----------------

0O: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.
92CD6/81

Please send me information on MC68000.

Name
Title
Company
Address/Mail Drop
City

State ZIP
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Technological leadership.

EXORmacs. The one advanced
system for Motorola’s

One versatile, comprehensive software
and hardware development system is
designed for maximum efficiency and
productivity in support of the advanced
16-/32-bit M68000 Family of VLSI
microprocessors and peripherals.
Motorola’'s EXORmacs™.

EXORmacs is available in either a single-
user or multiuser system configuration for
complete support of today’s M68000 Family.
VERSAbus™, Motorola’s new-generation
32-bit address and data bus, is designed for
equally thorough support of future M68000
Family variations and for 32-bit
microprocessors to come. Growth for these
future 32-bit systems is built in.

Multiple use builds high
productivity.

Maximum cost effectiveness is achieved
in the multiuser system configuration. A
single package, consisting of the EXORmacs
chassis, up to 192 megabytes of mass
storage in the hard disk subsystem, and a
high-speed line printer, accommodates as
many as eight users doing simultaneous
hardware/software system development.
Optional add-ons such as our new Real-Time
Bus State Analyzer and Remote Development
Station also promote increased productivity
in system development tasks.

The result is highly efficient project
management in one system. Multiple users
are simultaneously updated with each
software revision and get all the benefits of
timesharing.

Advanced Real-Time Operating
System — VERSAdos™.

EXORmacs uses a real-time multitasking,
multiuser operating system called VERSAdos,
in which a real-time executive provides essential
task services and supports hardware memory
management for memory allocation and protection.
The input/output structure of the operating system
supports device independence, logical as well as
physical I/O, and overlapped I/O and computation.

The combination of bus arbitration logic and a
sophisticated multilevel priority interrupt structure
supports flexible multiprocessing capability.

System bus meets high-performance
requirements.

VERSAbus is Motorola’'s advanced computer
bus designed to meet requirements of a new
generation of microprocessor-based systems. It

supports a wide variety of 8-bit to 32-bit MPU
architectures with high data transfer rates, and
provides a flexible, economical architecture for
serving industrial control, communications or
general business applications.

And VERSAbus easily accommodates multiple-
user terminals interfaced via the EXORmacs
system's MC6801-based multichannel serial
communications modules. All EXORmacs
peripheral device controllers are based on
Motorola’s Intelligent Peripheral Controller (IPC)
architecture. This relieves the main MC68000
processor of I/O processing details and increases
the raw computer power available.

High-efficiency software tools.

EXORmacs software is as advanced and
practical as the hardware. The Pascal compiler
is self documenting and promotes efficient
programming technique, simplifying program
maintenance. Motorola extensions of the



multiuser development
M68000 Family...and more.

User

user-oriented Pascal high-level language include
string operations, runtime error checking,
long/short integers, runtime file assignment and
separate compilaton and linking. A structured
macro-assembler, a CRT-oriented text editor and
a linkage editor for combining modularly-written
procedures also are included.

The M68000 User System Emulator (USE),
enables the user to extend the EXORmacs
development system resources into his target
system. It supports system software debug in real
time and provides convenient circuit isolation for
fault detection.

System debug activities also are streamlined
by the new optional Remote Development Station
(RDS), a separate chassis with USE capability
which is interconnected to the main EXORmacs
chassis through a serial link. Hardware and
software development activities can proceed
independently at one or more RDS units without
conflict with ongoing software development at
other user terminals.

Possibly the greatest impact of the
multiuser EXORmacs system is in the
productivity of its software resources. Faster
editing, compilation and assembly. the high
throughput of the hard disk, the efficiency
and power of the VERSAdos operating system
— all help curb spiraling software costs.

New EXORmacs software for
M6800 family support.

A Macro assembler and linkage editor for
the MC6809 are scheduled for mid-1981
availability, with similar development support
for the MC6800, MC6801, and MC6805 to
be offered by year end.

In short. multiuser EXORmacs is an
all-round effective system which
reduces equipment and space
requirements. reduces the average cost

per user and maximizes software
productivity. EXORmacs also supports
VERSAmodule™ 16-bit board-level -
system design.
EXORmacs has one final advantage. No
other development system can match

it in supporting M68000 Family

microprocessors and VLSI peripherals.

Only EXORmacs is from Motorola.

For additional information. write
to Motorola Semiconductor Products
Inc.. Microsystems, P.O. Box 20912,
Phoenix, AZ 85036, use the coupon below or
call (602) 244-5714.

The EXORmacs advanced development
system is designed to make it easy for you to
apply MPUs from 8 bits to 32 bits in

Innovative systems
through silicon.

@ MOTOROLA INC.

O O S I O S S . O N O . D .
TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.
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CALENDAR

CONFERENCES

JULY 21-22—Sym on Reliability in Dis-
tributed Software and Database Systems,
Pittsburgh, Pa. INFORMATION: Marie S.
Hreha, LRDC Bldg, U of Pittsburgh, Pitts-
burgh, PA 15260. Tel: 412/624-4908

AUG 3-5—Pattern Recognition and Image
Processing, Sheraton Hotel, Dallas, Tex.
INFORMATION: PRIP, PO Box 639, Silver
Spring, MD 20901. Tel: 301/589-3386

AUG 3-7—ACM (Assoc for Computing
Machinery) Siggraph ‘81, Dallas, Tex. IN-
FORMATION: Dr Anthony Lucido, Inter-
comp, 1201 Dairy Ashford, Houston, TX
77079. Tel: 713/497-8400

AUG 5-7—SYMSAC ‘81 (Assoc for Com-
puting Machinery), Snowbird Ski Resort,
Salt Lake City, Ut. INFORMATION: Prof
B. F. Caviness, Dept of Mathematical
Sciences, Rensselaer Polytechnic Inst,
Troy, NY 12181. Tel: 518/270-6731

AUG 11-14—Electronics ‘81, Mexico
City, Mexico. INFORMATION: Franc D.
Manzolillo, Proj Mgr, Rm 6015, U.S.
Department of Commerce, Washington,
DC 20230. Tel: 202/377-2991

AUG 12-15—NYCE (New York Computer
Expo), Sheraton Centre, New York, NY.
INFORMATION: NYCE, 110 Charlotte PlI,
Englewood Cliffs, NJ 07632. Tel:
201/569-8542

AUG 18-21—VLSI (Very Large Scale In-
tegration) ‘81 Internat’l Conf, University
of Edinburgh, Edinburgh, Scotland. INFOR-
MATION: Secretariat, VLS| ‘81 Internat’l
Conf, 26 Albany St, Edinburgh EH1 3QH,
Scotland

AUG 24-28—IFAC (Internat’l Federation
for Automatic Control) World Congress,
Kyoto, Japan. INFORMATION: IFAC ‘81
Secretariat, Kinki Hatsumei Ctr, 14
Kawahara-cho, Yoshida, Sakyo-ku, Kyoto
606, Japan

AUG 24-28—Internat’l Joint Conf on Ar-
tificial Intelligence, Vancouver, British Co-
lumbia, Canada. INFORMATION: Richard
Rosenberg, Computer Science Dept, U of
British Columbia, Vancouver, BC V6T
1W5, Canada. Tel: 604/228-3061

AUG 25-28-—-1981 Internat’l Conf on
Parallel Processing, Shanty Creek Lodge,
Bellaire, Mich. INFORMATION: Dr M. T.
Liu, Dept of Computer and Information
Science, Ohio State U, Columbus, OH
43210. Tel: 614/422-1837

AUG 26-29 —Nat’l Small Computer Show,
New York Coliseum, New York, NY. IN-
FORMATION: Nat’l Small Computer
Show, 110 Charlotte PI, Englewood Cliffs,
NJ 07632. Tel: 201/569-8542

14

SEPT 8-9—Internat’l Conf on Computer
Hardware Description Languages and
Their Applications, Kaiserslautern Univer-
sity, Federal Republic of Germany. INFOR-
MATION: Prof Melvin Breuer, Dept of Elec-
trical Engineering, USC, Los Angeles, CA
90007. Tel: 213/743-2308

SEPT 14-17 —Software Info ‘81 (The
Nat’l Software Package Conf and Expo),
Merchandise Mart Expocenter, Chicago,
IIl. INFORMATION: Software Info, 1730 N
Lynn St, Suite 400, Arlington, VA 22209.
Tel: 703/521-6209

SEPT 14-18—-COMPCON FALL '81,
Capital Hilton Hotel, Washington, DC. IN-
FORMATION: Harry Hayman, |IEEE Com-
puter Society, PO Box 639, Silver Spring,
MD 20901. Tel: 301/589-3386

SEPT 15-17—-WESCON ‘81, Brooks Hall
and Civic Auditorium, San Francisco, Calif.
INFORMATION: Dale Litherland, Electronic
Conventions Inc, 999 N Sepulveda Blvd, El
Segundo, CA 90245. Tel: 213/772-2965

OCT 19-23—JEMIMA (Japan Electric
Measuring Instruments Manufacturers’
Assoc) Internat’l Exhibition, Tokyo Inter-
nat’l Trade Ctr, Tokyo, Japan. INFORMA-
TION: 19th JEMIMA Internat’l Exhibition,
Secretariat of the Administration Commit-
tee, 1-9-10, Toranomon, Minato-ku,
Tokyo 105, Japan. Tel: 03/502-0601, X4

NOV 5, 12, AND 17 —Invitational Com-
puter Conferences, Amsterdam, The
Netherlands; Paris, France; AND Milan,
Italy. INFORMATION: B. J. Johnson &
Assocs, Inc, 2503 Eastbluff Dr, Suite
203, Newport Beach, CA 92660. Tel:
714/644-6037

NOV 9-13—IECI ‘81 (Internat’l Conf and
Exhibit on Industrial Control and In-
strumentation — Applications of Mini- and
Microcomputers), Hyatt Regency Hotel,
San Francisco, Calif. INFORMATION: J. D.
Irwin, Electrical Engineering Dept,
Auburn U, Auburn, AL 36830. Tel:
205/826-4330

SEMINARS

SUMMER-FALL ‘81 —Introductory,
8080/8085 and 8086/8088 Systems
Design, Single-Chip Microcomputer,
Peripheral Chip Design, and Development
Systems Workshops, various locations.
INFORMATION: Intel Training Ctr, San
Francisco, Calif, tel: 408/734-8102;
Chicago, Ill, tel: 312/981-7250; or
Boston, Mass, tel: 617/256-1374

SPRING-SUMMER '8 1 —Data Communica-
tions and Computer Graphics Series,
various locations. INFORMATION: Karen
Smolens, Ctr for Management Research,
850 Boylston St, Chestnut Hill, MA
02167. Tel: 617/738-5020

SEPT 7-8 —Microprocessor Workshop on
Microprocessor Applications, Liverpool
University, Liverpool, England. INFORMA-
TION: Dr M. J. Taylor, Microprocessor
Workshop, Computer Laboratory, Univer-
sity of Liverpool, PO Box 147, Liverpool
L69 3BX, England

SHORT COURSES

SUMMER ‘81 —Inst in Computer Science,
various locations. INFORMATION: Mrs
Cynthia Johnson, Faculty Offices, Wang
Inst of Graduate Studies, Tyng Rd, Tyngs-
boro, MA 01879. Tel: 617/649-9731,
X385

JULY 20-22 AND JULY 23-24 —Micro-
computers in Control Systems AND
Microcomputer Interfacing Methods,
George Washington U, Washington, DC.
INFORMATION: Dir, Continuing Engineer-
ing Education, George Washington U,
Washington, DC 20052. Tel: 202/
676-6106

AUG 10-14 —Contemporary Data Com-
munication Networks: Planning Analysis
and Design, U of Michigan, Ann Arbor,
Mich. INFORMATION: Dixon R. Doll, Con-
tinuing Engineering Education, 300
Chrysler Ctr, N Campus, Ann Arbor, Ml
48109. Tel: 313/764-8490

Announcements intended for pub-
lication in this department of Com-
puter Design must be received at
least three months prior to the date
of the event. To ensure proper
timely coverage of major everts,
material should be received six
months in advance.
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DSD 880 can integrate P
-a VT103 Intelligent ‘

Terminal containing an LSI-11/23
to form a complete, powerful
table-top microcomputer.

You deserve better

data storage than you get from DEC.

For your LSI-11 or PDP®-11,
bigger isn’t better when it
comes to data storage.

DEC® builds great computers. But
if you want 7.8 megabytes of data
storage, they give it to you in two
ungainly boxes 21 inches high. Data
Systems Design gives you one com-
pact package 5% inches high, with an
ultra-reliable 7.8 megabyte Winchester
drive and a 0.5 megabyte single-sided
floppy (or 1 megabyte double-sided)
for 1/0 and integral backup, plus on-
board diagnostics and lots of extras.

A superb buy—the DSD 880
DEC-compatible Winchester/
Floppy Disk System.

Offering far better value than
RX02 and RLO1 combos or dual-RLO1
or -RLO2 disk drives, the DSD 880
provides more bytes per buck than
any DEC alternative. And you save in
other ways.

Less rack space means lower
cabinetry costs.

The 880 backplane interfaces
require 70% less backplane space
than a similar DEC configuration.

The comprehensive Hyper-
Diagnostics™ panel and library of
microprogrammed routines, in con-
junction with Data Systems Design'’s
Rapid Module Exchange™ program

and HyperService™ service contracts,

deliver more uptime for less than half
the cost of a DEC service contract.
Fully compatible three ways.

DSD 880 is hardware compatible.
It's the only high-capacity storage.

system that integrates with aVT103.
And it integrates with any DEC LSI-11
or PDP-11 computer, or any DEC-
computer-based system.

It's software compatible. You can
use RT-11 or RSX-11 operating systems
with RLO1 (Winchester) and RX02
(floppy) handlers without modification.
The DSD 880 runs all applicable DEC
diagnostics and utilities.

And it's media compatible. Its
floppies utilize DEC double-density or
IBM single-density formats.

Want to know more? For full tech-
nical details, contact your regional
sales office: Western (408) 727-3163;
Eastern (617) 769-7620. ;

Dsa)tfgtems

The Intelligent Alternative to DEC Disk Systems

International Sales: Australia: Melbourne (03)543-2077. Sydney (02) 848-8533: Canada (416)625-1907; Denmark 01/83 34 00; Finland 90/885011; France03/9568142;
Israel 03/298783: ltaly 02/4047648; Japan: Osaka (06) 323-1707, Tokyo (03) 345-1411; Netherlands 020/45 87 55: New Zealand 4/693-008; Norway 02/78 9460; Sweden 08/38 03 70;
Switzerland 01/730 48 48: United Kingdom 01/207-1717; West Germany and Austria (089) 1204-0.

" HyperDiagnostics. HyperService and Rapid Module Exchange are trademarks of Data Systems Design. ® DEC and PDP are registered trademarks of Digital Equipment Corp.
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...at these Value-Added
Flat Cable & Connector
Distributors

Control Master Products
1062 Sherry Circle
Concord, CA 94518
(415) 939-3600

California Switch & Signal
13717 South Normandie
Gardena, CA 90249
(714) 522-8600

Ratel Electronics
1791 Reynolds Ave.
Irvine, CA 92714
(714) 549-8611
(213) 637-0839

Ratel Electronics
2717 North First Street
San Jose, CA 95134
(408) 946-4300

Electronic Parts
1212 South Broadway
Denver, CO 80210
(303) 744-1992




KSM Electronics, Inc.
2207 Northwest 29th St.
Ft. Lauderdale, FL 33311
(305) 739-5880

L-Comp
1115 W. National Ave.
Addison, IL 60101
(312) 628-1400

QPL Electronic Dist. Inc.
47 Calvary Street
Waltham, MA 02154
(617) 891-0460

Starks Electronic Supply
401 Royalston Ave. North
Minneapolis, MN 55405
(612) 332-1325

Federated Purchaser
155 US Route 22
Springfield, NJ 07081
(201) 376-8900

Vertex Electronics, Inc.
150 Schmitt Boulevard
Farmingdale, NY 11735
(516) 293-9880

CIRCLE 11 ON INQUIRY CARD

Simcona Electronics
275 Mt. Read Blvd.
Rochester, NY 14611
(716) 328-3230

Philadelphia Electronics
112 North 12th Street
Philadelphia, PA 19107
(215) 568-7400

Sterling Electronics
11090 Stemmons Freeway
Dallas, TX 75229
(214) 243-1600 8-6-0B

(© 1980 Belden Corporation
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%653 16-bit micro?

If your system design is stretching the capabilities
of 8-bit performance, take the step into 16-bit micros
without sacrificing cost efficiency.

And at the same time, get all the advantages of a
more powerful and proven instruction set. Faster pro-
cessing. Larger addressing capability. Expandability
which allows your system to grow as your needs grow,
without changing system architecture. And without
appreciably changing your software requirements.

Chances are, you can use Digital’s $653 16-bit micro
in your application.

For information, fill out the coupon or call toll
free (800) 225-9220. In MA, HI, AK and Canada call
(617) 467-7000. Or simply contact the Hamilton/Avnet

or Harvey Electronics office near you.
*In quantities of 50. Single unit price is $990. Domestic U.S. prices only.

Please rush your 16-bit Micros Application Infor-
mation Package to me at once. My application is:

[0 Laboratory/Scientific
0 Data Communications
[J Industrial Controls (please specify)

O Other (please specify)

Name

1
|
|
|
|
|
|
|
|
|
:

Title |
|
|
|
|
|
|
|
I
|
|
|

J

Company

Street

City

State Zip Tel. ( )
Digital Equipment Corporation

Microcomputer Products Group, MR2-2/M65,
One Iron Way, Marlboro, MA 01752

Wechange the way
theworld thinks.
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LETTERS TO THE EDITOR

To the Editor:

The article ‘‘Making PL/M Pro-
grams More Understandable”’
(Computer Design, Nov 1980, pp
169-176) recommends replacing
PL/M keywords with personal
mnemonics. Allowing this practice
means de-standardization. As stated
on p 176, at the top of the last col-
umn, ‘‘it may come down to a mat-
ter of personal taste.”’ It may come
down, indeed, to everyone having
his own PL/M dialect! Adopting
dialects, instead of a standard
language, decreases readability for
experienced PL/M programmers
and hence decreases maintainability
of any software written in such a
dialect. Replacement of keywords
should therefore be forbidden, ex-
cept perhaps for such widely used
abbreviations as DCL for DECLARE
and LIT for LITERALLY.

Replacing a call to a subroutine
by another symbol, which is defined

WHEN YOU NEED

DEC...

TERMINALS

o VT-100 ® VT-103
o LA34 ® LA120

e LA180
PDP 11/03
pDP 11/23

SYSTEMS

LSl/11 MODULES

emand. . .Delivery
DDemand. . _Discounts
pemand. . .UNlTRONlX

O UNITRONIX

CORPORATION

197 Meister Ave
somerville, N 8876
TELEX: 8331 84
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in a LITERALLY declaration, may
improve the readability for people
not familiar with PL/M. But for ex-
perienced PL/M programmers, the
improvement will be marginal.
Keeping maintainability in mind, we
will not recommend the burden such
a practice will impose. Replacing
commas in an argument list with
pseudo-keywords looks very nice to
nonprogrammers, but a good-
sounding sentence can give the argu-
ment sequence a false appearance of
correctness. Besides, what is the
ultimate program text the compiler
has to deal with? A comma too
many? A comma too few? This
practice may introduce errors dif-
ficult to detect, and for reasons of
maintainability, we do not recom-
mend it.

The only instance in which
LITERALLY declarations should be
used, and in our opinion must be
used, is in the definition of con-
stants, as in the following example:

DECLARE READ$ACCESS LITERALLY “17;
DECLARE MAX$REC$NO

LITERALLY “1234';
DECLARE LF LITERALLY

‘OAH’/* LINE FEED */;

Rienk S. Doetjes and Jan Duits
SKF Engineering

& Research Center B.V.
Nieuwegein, Netherlands

The Author Replies:

I do not advocate replacing PL/M
keywords except in the case of sub-
stituting WORD for ADDRESS, which
I consider to be poorly chosen.
Besides, if the substitution of key-
words is to be forbidden, why make
an exception for abbreviations like
DCL or LIT, which themselves may
be contrary to the spirit of read-
ability?

I propose simply to introduce new
keywords that may make a program
easier to understand. Clearly, if an
experienced PL/M programmer is
more comfortable with the basic
syntax, that’s his prerogative. In
any given environment, the number
of additional keywords should be
relatively small so that the effort of

learning them is not too great. Of
course, the new keywords must be
properly documented, like any good
software. Furthermore, portability
requires that the keyword declara-
tion files be transported along with
the programs.

As for maintainability, I fail to
see how making a program easier to
understand can make it harder to
maintain. The problem, of course,
is to be sure that the program writer
and maintainer agree on what is
understandable. Nor can I get too
upset over the notion of ‘‘de-stand-
ardization,’”’ since PL/M is not a
standard and, to my knowledge, no
one is working to make it one. Even
within Intel there are syntactic dif-
ferences between the 8080/85 and 8086
versions of PL/M.

Also, I would like to comment on
John M. Pantone’s letter in the
February issue. The notion that a
DO UNTIL block always executes at
least once derives from Pascal syn-
tax. In Pascal, one writes

REPEAT
sequence of statements
UNTIL condition.

and the statements execute before
the condition is tested; therefore,
they always execute at least once. In
PL/M, one must write

DO UNTIL condition;
sequence of statements;
END;

Here the condition is tested before
the statements execute and, there-
fore, they may not execute if the
condition is true on entry. In other
words, it is not the keyword UNTIL
that guarantees that the block will
be executed once, but rather the
placement of the block relative to
the condition test.

Douglas L. Abbott
Zentrallabor fiir Electronik
Jiilich, Federal Republic of
Germany

Letters to the Editor should be
addressed:
Editor, Computer Design
11 Goldsmith St
Littleton, MA 01460
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CSPI Array Processors bring speed to
scientific and engineering computation

™

CSPI's MAP FAMILY IS DESIGNED FOR SPEED.
Our 32- and 64-bit floating point array processors en-
hance the computational speed of 16- and 32-bit mini-
computers by 10 to 200 times. MAP gives FAST results
through parallel processing which permits arithmetic
operations to proceed at peak speed while I/O data is
rushing through. MAP maintains 12 MFLOPS of arith-
metic with up to 18 megabytes per second of con-
current 1/O. Arithmetic and I/O proceed at peak rates
while the host minicomputer stays free for other ac-
tivity. MAP’s unique multiprocessor architecture sup-
ports up to 8 of our standard analog and digital
peripheral device interfaces. The results — real time
processing for your most demanding requirements.

MAP SPEEDS YOUR RESULTS BY SIMPLIFYING
YOUR JOB. An easy to use FORTRAN library of more

than 200 signal processing, math, I/O, and support
functions is available. A cross-assembler and simulator
support the development of special functions you may
wish to add.

IN 500 INSTALLATIONS WORLDWIDE, MAP’s ARE
DELIVERING FAST RESULTS. We price our array pro-
cessors economically — as low as $30,500 complete
— and ship them
within 60 days ARO.

Speed. It's the whole
idea behind array
processing.

Challenge us with
your benchmarks.
Call Ed Arsenault at
(617) 272-6020.

LS

THE ARRAY PROCESSORS
40 Linnell Circle, Billerica, Massachusetts 01821+ 617/272-6020 « TWX: 710-347-0176

WORLDWIDE SALES OFFICES: Cedar Rapids, Chicago, Cleveland, Dallas, Dayton, Denver, Detroit, Ft. Pierce, Houston, Indianapolis, Kansas
City, Milwaukee, Minneapolis, New York City, Philadelphia, Pittsburgh, Redondo Beach, Rochester, Scottsdale, St. Louis, Downsview, Montreal,
Ottawa, Vancouver, Amsterdam, Frankfurt, Geneva, London, Madras, Milan, Paris, Stockholm, Sydney, Tel Aviv, Tokyo, Wellington.
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Intel’s Series 90/iQX. The memory

Intel's new Series 90/iQX is the first standard Intelligent
Memory System to offer continuous operation and high

maintainability at low cost.

Now, for the first time, OEMs can
design systems with built-in protection
against errors, downtime, and exces-
sive maintenance costs. How? With
Intel's new Series 90/iQX

i,

Series 90/iQX Intelligent Memory System

The iQX controller adds the intelli-
gence of an IAPX 86 microcomputer

to the standard Series 90 Memory
System. Intelligence that monitors
memory operation directly, detects
and corrects errors, runs local or
remote diagnostics, and reallocates
memory space as required. All without
burdening the host system.

Fault-tolerant operation

Hard errors or soft, Series 90's iQX
controller uncovers them. Soft errors
are simply “scrubbed” and corrected

In case of hard errors or device failure,

the controller routes data around the
problem, allocating spare memory as
needed. It then logs the error for
future reference.

With protection like this, the Series 90
system will continue operating unin-
terrupted until all spare memory is filled

And thanks to the iIQX's memory
status reporting, your customer will
know well in advance of memory
resource problems. Which not only
improves data integrity, but increases
reliability and reduces maintenance
dramatically.

Instant diagnostics

To keep users continually apprised

of conditions within their memory
system, the iQX controller provides
easy access to its complete diagnostic
file. Information can be accessed by
the host system either automatically via
a simple message-driven software
interface, or manually, using the iQX’s
Service Communicator. This detach-
able terminal allows technicians to
instantly retrieve diagnostic data in
plain English through a compact,
alphanumeric keyboard/display. With
no interruption of the host computer’s
operation

For fast, simple maintenance, system
diagnostics inform the user of any




machine with non-stop intelligence.

D My needs are immediate; have a
Sales Engineer call

Please rush me — by first-class mail —
Series 90/iQX technical literature

errors it has tracked —soft or hard,
correctable or avoidable —and their
precise location by row and column

Many problems can also be solved
using the iQX's memory tasking capa-
bility to move data blocks as required.
Then too, the IQX monitors the system’s
power supply and signals a warning

if voltages drop critically. As a final,
double protection, the iQX controller
even diagnoses its own operation
continuously.

Diagnosing from a distance

To reduce maintenance costs for
remote systems and networks, iQX
diagnostics can be accessed over
phone lines through a single diagnostic
station. By being able to analyze
problems from afar, you'll eliminate
unnecessary service visits and shorten
those that are required. And since
one diagnostic station can easily serve
up to 150 installations, the set-up

and ongoing diagnostic costs are
contained as well.

Consider the economics
The iQX's protection features offer
important economic advantages

for systems OEMs. Because of the
increased demand for fault tolerance
in today’'s marketplace, systems
equipped with iQX capability add
significant value to your products. In
fact, many applications simply could
not be justified economically without
such self-healing and remote mainte-
nance. Now, through Intel's leadership
in 16-bit microprocessing, the Series
90/iQX brings you this capability at
an incremental price only nominally
above that of ECC alone.

In sum, iQX gives your systems state-
of-the art fault protection, reduced
maintenance costs, and therefore
increased value. Best of all, Intel

is delivering Series 90 systems with
iQX right now. For detailed information,
return the coupon to Intel Corporation,
3065 Bowers Avenue, Santa Clara,
CA 95051. Telephone (408) 987-8080.
For hot line service,call (800)538-1876
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COMMUNICATION CHANNEL

Contemporary Multiplexing
Techniques—Part 2: Statistical
Multiplexers, Criteria and
Constraints

James F. Kearney

Timeplex, Incorporated
One Communications Plaza, Rochelle Park, NJ 07662

The first part of this series dealt with multiplexer theory
and design concepts and discussed basic types of multi-
plexers and how they differ. In this concluding part, a
number of network design problems is shown in the con-
text of some typical, real world network situations.

Equipment in remote locations often differs from
that at the host site—eg, an IBM host and a Data 100 or
other look-alike in the field. The vendor of the look-
alike equipment will have an emulation program, and
these programs handle data somewhat differently.
Therefore it is important to know the particulars of an
emulation program before putting a statistical
multiplexer into the system.

Protocol Problems

If, for example, an IBM host sends traffic to an
emulated 1BM 3780 terminal, embedded sync characters
could cause a problem. Under the IBM system these
characters are normally stripped out, but with many
emulated systems this is not the case. Such embedded
characters can lengthen a data block considerably.
Since emulated terminals usually have limited buffer
space, at times the user runs the risk of overflowing
the end buffer. In most look-alikes, there is a version
of the emulation package that does strip away the
embedded sync characters.

It is also necessary to examine operation on the host
side of the system. When first configured, many
systems grew out of a local environment, where a very
high speed line came from a local cluster controller or
terminal directly into the high speed bus of the main-
frame. Poor file structure or system partitioning may
not have caused any apparent deficiencies because of
the high speed data transfer between local cluster con-

troller and mainframe. However, these inefficiencies
become quite evident when a communications facility
is involved, especially if the number of associated lines
increases to the point at which a statistical multiplexer
(stat mux) is used.

For example, consider eight 2400-bit/s 3270 ter-
minals in a local environment involving one or two
local cluster controllers. The eight lines are connected
to eight channels of a stat mux. Long delays can result
if provision has not been made for balancing out the
partitions so that online software gets a high priority,
and if the associated files have not been structured to
accommodate the number of tasks being performed by
the system.

Buffering

Buffering concepts have changed over the past few
years. Until recently, multiplexers employed static ran-
dom access memory (RAM) that allocated a specific
amount of buffering to each channel. When this
amount was exceeded, traffic control was activated to
stop the channel, provided the multiplexer had this
control; if it didn’t, data were lost. To insure against
the loss of data, larger amounts of buffer were as-
signed to each channel. In the same way that time divi-
sion multiplexer (TDM techniques waste bandwidth,
this arrangement wasted buffer; the large storage
capacities were not often needed.

Dynamic buffering was the next step. This assigns
common buffer in each module to whichever of the
channels associated with the module needs it. How-
ever, under the error condition known as
‘‘streaming,”” when a steady stream of erroneous
characters is induced into the line with no pauses such
as are encountered with live transmission, the stream
quickly fills the buffer for the whole module. This can
trigger traffic control prematurely and knock out all
channels associated with the module.

The most recent variation provides an override to
dynamic buffering. This assigns a buffer access
priority to each channel within the module. The
modular construction limits the ability of one chan-
nel in a streaming mode to interrupt other channels.
The priority system further limits this effect only to
the channel causing it. The rule of thumb generally
used in assigning priorities is to give lowest priority,
with access to 256 bytes of buffer space, to the low
speed asynchronous channels operating on character
by character or very small block mode; next giving
access to one-fourth of the buffer pool to the 2400-
bit/s interactive terminals that may have blocks of
400 to 1000 characters; and top priority, with access
to all buffers in the pool, to remote job entry (RJE)
terminals having a larger number of blocks to be
transmitted.

(continued on page 26)
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PROM Programmer/Simulator

RO MAID

LETS YOU CONTROL
YOUR SOFTWARE
) * '~ PROBLEMS

@ RESET

@ TNABLED
@ PROGRAM
@ VERIFIED
@ FRROR

FEATURES:

® in circuit simulation of popular 2758,
2716, 2732 and 2764 PROMS

e programs popular 5 velt PROMS

e RS422 / RS232 / 20mA, data loading
capability

e simulates up to four 2716’s, two 2732’s
or one 2764 PROM'’s simultaneously

Ease of operation and program manipulation, porta-
bility and versatility will make the ROMAID PROM
Programmer/Simulator the answer to your software
debugging problems.

The ROMAID PROM Programmer/Simulator lets you
put downtime at a minimum when software problems
arise. It features in-circuit emulations of the most pop-
ular 1K, 2K, 4K and 8K X 8 PROM'’s and has full 8 digit
hexidecimal display for address and data information.

And we're saving the best till last...Price! ROMAID
costs less than other PROM Programmer/Simulators
on the market today. Let us tell you more about how this
revolutionary software “debugger” can save you time
and money.

Write today to:
® Micro Link Corporation

f_(: ) 624 S. R Li
‘ MJBHU LJNH Carmel,a|r:19deian|:i§0%a.’«.’d

Phone (317) 846-1721

CORPORATION

cCoOMM CHANNEL

These are recommended guidelines, not re-
quirements. The point to remember is that there will
be problems in a communications network. The
fundamental question facing the network designer is
how to minimize the exposure generated by a par-
ticular problem. Buffer allocation should be re-
garded as a way of preventing one user from tying up
an entire system.

Clocking

Some front ends and terminals require a clocking
function. Synchronous systems require clocking;
therefore, multiplexers used in such systems will have
a capability to supply or receive clocking. Clocking
has not been a factor in asynchronous systems until
recently. However, the higher speed terminals that
are emerging for asynchronous systems depend on
clocking. In a normal IBM environment, for example,
with any asynchronous port of more than 1200
bits/s, the front end must receive clock. This require-
ment is often ignored when systems are being up-
graded. A system that cannot supply clocking is
mistakenly acquired, and without a clock the front
end and/or terminal will not operate.

On some stat muxes clocks can be changed on a
channel basis. On others they can only be changed on
a module basis, which means not only that each clock
setting must apply to all terminals connected on the
module, but that there will be a limitation in the way
that channels can be associated within an individual
module. This could present a problem when trying to
assign channels to modules on a traffic basis.

Flexibility in clocking might also be needed on a
nodal basis. If the clocks are set for internal timing
on the multiplexer at the host end, which means that
a clock is being generated there for the front end,
must clock also be generated to the remote hard-
ware? There may be cases in which this is not
desirable, when an external clock is called for. For
example, clock may or may not be wanted from a tail
circuit modem.

These are all examples of how the current genera-
tion of stat muxes is closing a large gap that has
troubled those trying to put together a communica-
tions network. The stat mux can make it possible to
combine within the same network dissimilar equip-
ment that could not previously have been intercon-
nected. The user can now tie a terminal that does not
use clocking at all to an 1BM front end at 4800 bits/s,
supplying clock to the front end through the multi-
plexer that is inputting data from a variety of pieces
of equipment.

Data Speeds

Usually programmed on a per channel basis, data
speeds are not varied in a synchronous environment.
However, auto speed or adaptive speed may be re-
quired in an asynchronous environment. With this

(continued on page 28)
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FROM STATISTICAL MULTIPLEXORS
TO COMPLETE DATACOMM NETWORKS,
EVERY DCA COMPONENT IS

ENGINEERED
TO EXPAND

DCA protects your initial investment in statistical multiplexors with the lowest-cost
network growth in the industry. So you can start wnth a small datacomm net-
work today, and expand or modify
it to meet your needs tomorrow.

Our System 115 statistical multi-
plexor can be used in point-to- Skt R .
point networks to support from 2 K gt e
to 32 asynchronous terminals at a supports from 2 to 8 ports.

remote site. DCA's statistical multiplexing assures excellent response time,
character transparency and error-free transmission.

DCA's multipoint multiplexing configuration serves a number of
remote terminal locations with just a single telephone line, for
substantial savings in phone-line and hardware costs. DCA users
have benefited from multipoint
multiplexing since January 1979.

DCA's System 205 is a statistical
multiplexor designed for DEC
UNIBUS*-based computers. The
205 requires only one UNIBUS
slot to emulate up to 16 DEC
DZ11 modules and a 128-port stat mux. This

greatly lowers hardware costs and improves response time as well.

s as Ens

DCA's multipoint multiplexing permits several
remote locations to share a single phone line.

Because of DCA's unique modular design, all of the above networks
could easily expand into larger, more
powerful networks. As the master
network processor, System 355
gives terminal users access to any
host computer anywhere in the
network. In addition, the 355 sup-
portsupto 126 ports, 62
of which can be high-
speed synchronous trunk
links. Several 355's can
be combined to greatly
expand this support. Fea-
tures include port conten-
tion, switching, unlimited routing, X.25 support and a wide array of network
management tools.

Total system access and unlimited network growth at very low cost —that's the
DCA advantage. For complete information, call or write for our 16-page brochure.

Lius | 15 |Fas)

355

Complete system compatibility allows DCA
networks to grow without growing obsolete.

*“TM Digital Equipment Corporation

deca
SAPERER

ENGINEERED
TO EXPAND Digital Communications Associates, Inc. Dept. CD 1,135 Technology Park/Atlanta, Norcross, GA 30092 404/448-1400
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If you have
magnetic tape
needs for:

B PDP-141/LSI-14

B Data General

B GA 16/440

B HP 1000, 3000 or desktop
B Fluke 1720A or 2240C

H NOVA

| T1-990 IDT 1050 series

B Tektronix GPIB

I |EEE 488

H RS-232-C

B Intel Multibus

W 8-bit Parallel

B Datum/Wangco
...or others

IDT 3000 series

IDT Provides The
Right Tape System

IDT subsystems give you many important
advantages, including:

Wide Selection — Choose from nine IDT 1050
models with 7 or 9-track Y2-inch tape reels, plus
twelve IDT 3000 models with %-inch tape cartridges
Superior Design — Get sophistication plus
reliability, ensured by self-test firmware . . .

MTBF specifications of 8000 hours

Numerous Options — Select built-in formatter/
controller for data formatting (ANSI, ECMA, IBM-
compatible), plug-in interfacing, and control of
four tape subsystems

Dedicated Configurations — Satisfy OEM, mini-
micro or one-of-a-kind requirements

Get all the facts on your S[») Kelel{ele] (o] -]
IDT tape subsystem. Call BRI R Y 1 ol : (1 B
today . .. or write Gary e, Diego, CA 92117

Pyles, Marketing (714) 270-3990
Manager at IDT IDT East

Corporate. (201) 825-7640

SEE IDT i
We've got it all l[l)\lplal%\ATlVE
on tape TECHNOLOGY
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option the channel speed is shifted from 150 to 1200
bits/s. The remote multiplexer initiates the changes
when it samples the first incoming character (usually
a carriage return) and detects the speed to which to
shift the channel. Once that shift is made, a character
or status word is signaled to the remote unit to in-
dicate that a change should be made. The word is
also passed on to the host unit, telling it that it is get-
ting 1200 bits/s rather than 150 bits/s. An optional
adaptive speed attachment available on some multi-
plexers uses the large buffer capacity at the remote
end to hold data so that the host can remain in a con-
stant speed mode. In this way much of the firmware
that would be associated with the mainframe is
avoided. In cases of crisis in large systems with dif-
ferent types of front ends that recognize different
characters, when one mainframe is down, a shift over
to another system, with no exposures, is facilitated.
The multiplexer is compensating for the speed
changes in the system. All ports on the mainframe
can be set for 1200 bits/s;, the multiplexer on the
remote end, making the necessary compensations,
will be able to accept from 150 to 1200 bits/s.

Traffic Control

When a channel buffer is filled, traffic control auto-
matically stops a sender in order to avoid losing data.
It is generally available on stat muxes. (See the Table,
“Traffic Control Options.’”) The user should be sure
that the traffic control allows him to retain the flexi-
bility in network configuration that he needs. Many
traffic control arrangements are programmed per
module rather than per channel. Where this is the
case, if the user wants to program a clear to send
(cTS) function to go low when traffic control is
enabled, it is necessary to program all of the channels
in the module, both local and remote, in the same
way. When the multiplexer can be programmed inde-
pendently for each channel end, the user has a means
of establishing a functional communications link,
where before it was impossible.

Number of Channels on the Line

In an asynchronous environment, limitations on the
kinds of channels and traffic volumes that can be
associated in a single stat mux are seldom a problem.
Problems begin when bisynchronous data are in-
troduced. Because of the polling overhead and the
constant reference to each channel of some sort of
data, whether live or polled, the processors are kept
busy. Thus, more 4800-bit/s asynchronous channels
than 4800-bit/s synchronous channels can be run on
the same line.

The problem is not encountered in the medium
speed ranges, but appears when the user tries to run
7200 and 9600 bits/s over one 9600-bit/s line.

(continued on page 30)
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HIGH QUALITY

open frame
SWITCHING
POWER
SUPPLIES

... at a very attractive price

210 Watts:
$290.00

100 Watts:
$190.00

L66& 66 §8ael

150 Watts:
$260.00

50 Watts:
$120.00

Single board, multiple-output, open frame switch-mode power supplies offer you
high efficiency, well regulated power at a very attractive price.

The listed prices are for single unit quantities. Please contact us for quantity pricing
and a demonstration.

KE p c D ® For complete specifications, write Dept. DBF-79

KEPCO, INC. » 131-38 SANFORD AVENUE e FLUSHING, N.Y., 11352 U.S.A e (212) 4617000 ® TWX -710-582-2631  CABLE: KEPCOPOWER NEWYORK
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TRAFFIC CONTROL OPTIONS

Stat Mux Controls External Equipment

Type Character/Function
Inband X-OFF/X-ON

Inband Programmable

EIA Clear to send

EIA F3 (connector pin 22)*

Transmits X-ON/X-OFF sequence
Transmits user selected sequence
Transmits high or low CTS level
Transmits high or low level on pin 22

External Equipment Controls Stat Mux

Type Character/Function
Inband X-OFF/X-ON

Inband Programmable

EIA Clear to send

EIA F3 (connector pin 25)*

Responds to X-OFF/X-ON sequence
Responds to user selected sequence
Responds to high or low CTS level
Responds to high or low level on pin 25

*Control function on F3, pin 22 or 25 of EIA RS-232-C connector; polarity of start/stop signals is user selectable

Trouble starts with the sampling of data, and even if
all the data do get in, the volume will continue to
upset matters because of the limitations of the high
speed line itself. Even with two high speed links, only
about 2400 chars/s can be sent. If an RJE terminal
that is transmitting a 1000-character block and has a
number of interactive terminals associated with it
that possibly present 3000 to 4000 characters at any
given time, the system will go into a queuing cycle.
The result is that users are waiting.

In that situation the timeout factors associated
with the host system must be very high. The multi-
plexing environment adds overhead to the system and
in any case expands the timeout parameters within
the mainframe. When too much data are introduced
in addition to all this, chances of timeouts are greatly
increased. This condition is cumulative. The main-
frame sends out a block of data and gets neither ac-
knowledgment (ACK) or negative acknowledgment
(NAK). This causes the mainframe to go into a
timeout and it will continue to try to retransmit the
data. If this continues, the terminal will be, in many
cases, knocked offline and the mainframe will
assume that the terminal no longer exists. When it
comes up, the system will no longer recognize it.

It must be remembered that a stat mux is a means
to collect and continuously multiplex data over a
high speed link, usually a 9600-bit/s line. It is not a
large concentrator that collects, assembles, and
transmits data over wideband lines. A concentrator is
primarily used to collect very large blocks of data and
send them over a number of 9600-bit/s lines or over a
56k-bit/s link. Concentrators have the memory
capacity to accomplish this and, in some cases, will
also do local ACKs and NAKs. However, they are
more expensive—in the order of $70,000 instead of

the $2500 or so for a stat mux. On the other hand, the
stat mux is designed primarily for interactive appli-
cation.

Network Configuration

Distributing channels to modules on the basis of
utilization is the key to configuring networks. If the
type of data that are coming over a particular chan-
nel is known, it should be assigned to modules
according to their efficiencies; that is, what other
channels it will be associated with. The effect is to
make sure that one module and its channels are not
tied up with scanning, buffering, and handling large
amounts of data while others are sitting compara-
tively idle.

In earlier systems where one master controller (the
CPU) governed the scan going out to particular chan-
nels, it was common practice to give the highest speed
channel to channel one, where the scan starts, and
the others to two, three, four, and so on in the order
of decreasing traffic. With more recent modular con-
cepts, there is one scanner for each module and each
has its own associated buffer. Traffic analysis
enables particular channels to be associated with
given modules and ensure, for example, that all of
the RJE terminals are not on one channel module
while all of the interactives are on another.

Response Time

Concerns about response times are often based on a
combination of poor understanding of what the
user’s own needs are and a lack of understanding of
the real world. Even on a one-to-one connection the
overhead in a stat muxing environment will introduce
delays, although these will probably not be

(continued on page 36)
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POWER
TO YOUR
COMPUTER

Continental Power Systems outage, the system provides e Installation is easy, with only
presents a unique new designin 10 to 30 seconds ride-through small footprint area required.
uninterruptible power sources for orderly downsequencing e Lower installed cost than static
for all mini, small business and or switching to back-up power. inverter/battery systems.

small/medium computers.

The PoweRotor™ UPS System
keeps your computer on-line
through common power

® Superior ride-through over
motor generator sets.

e Only UPS with 3 year warranty.

problems such as momentary Get the complete story
interruptions, erratic voltages on the better UPS
from Continental =

and transient spikes. Yet the
PoweRotor generator maintains
absolutely constant output
frequency essential to computer
operation. During a utility

Continental Power Systems, Inc.

A member of The Continental Group, Inc.
Aninternational packaging, forest products, insurance and energy company.
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SHUGART

A REVOLUT

Choice.

If you've been looking at disk
drives for desktop systems, you
may have thought you had only
one choice: take it or leave it.

Not any more. Now you can
get everything you need from
a single source. And get the
added convenience of doing
business with one company

Say you want a reliable,
entry-level drive, but cost is
critical. The ideal choice? Our

SA400, the original Minifloppy™
Or maybe you need more
capacity, but you don't want to
give up low cost. Try our double-
sided Minifloppy, the SA450.
Then too, you may want to
move up to even higher speeds
and capacities — up to a mega-
byte — in a Minifloppy-size
package. For that, choose our
96-TPI SA410 single-sided
or SA460 double-sided drives.
But what if your desktop
system demands the high per-
formance and reliability of a



INTRODUCES
IONARY IDEA.

Winchester? Then specity our top market, that's a revolution-
new 5.25-inch fixed disk drive, ary idea.
the SA600. It's got ten times To find out more about your

the throughput of a floppy, and  desktop alternatives, contact
capacities from 3.33to 10 mega-  Shugart Associates, 475 Oak-
bytes. And by teaming it with mead Parkway, Sunnyvale,
a Minifloppy, you get dupli— CA 94086. Telephone
cate file backup too. ~(408) 733-0100.Or
Now that’s choice. Which ~%~ Hamilton/Avnet,

means you get just the right }'] )}: e . authorized dis-

combination of costand  jf%; tributor.

capacity for your appli-

cation. And in the desk- S.hugort
Right from the

very start.

Sales and Service: Sunnyvale CA, Costa Mesa CA,
Minneapolis MN, Richardson TX, Framingham MA, Landing
NJ, Atlanta GA, Toronto Ontario, Paris France, Munich Germany

CIRCLE 22 ON INQUIRY CARD



Mass termination
comes to the
world's most
popular :
interconnection
system.

Now you can have the money-saving
benefits of mass termination with the
design advantages of our universal
board-to-board, wire-to-board and
wire-to-wire AMPMODU interconnection
system.

The AMPMODU MT connector.

Its insulation displacing contact works
with discrete wire, or jacketed and
ribbon cable. And housings gang
together with one low-profile cover
assembly for multiple cable style
applications. If you need EmI shielding,
our inexpensive hardware kit
isthe answer.

We've advanced mother/daughter
board packaging, too. Our newly-
designed two-piece connector gives
you higher density and greater
performance than one-piece designs.
At comparable cost.

These are just two of the latest
innovations in our AMPMODU
receptacle design—proved reliable for
fifteen years, and even more cost-
effective now with Accu-plate precision
plating. So keep updating your product
for the better with the AMPMODU system.



AMP Facts

General classifications of AMPMODU
posts and mating receptacles:

031" x.062" and .025" x.025"
incorporating standard, intermediate,
and high-pressure design.

Housings:

A wide variety of sizes, styles and
centerlines, including .100", .125" and
.150". Single or double row.

AMPMODU MT Connectors:

Range from 6 through 72 positions and can
be terminated to discrete wire, jacketed
cable, twisted pair cable, and ribbon cable.

For more information, call the
AMPMODU System Desk

at (717) 780-8400.
AMP Incorporated, Harrisburg, PA 17105.

AMP and AMPMODU are trademarks of AMP Incorporated

« Insulation displacing contacts
« Individual wire strain reliefs
* Accu-plate precision plating
* Mates with quick-eject headers

« Two-piece design eliminates gold
edge fingers
* Proven receptacle design

* Solderless compliant pin insertion
in motherboard

CIRCLE
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noticeable on the CRT; an RJE terminal pumping out a
large data block will produce a delay that is noticeable
by comparison. With stat muxing, an RJE terminal en-
counters a 10% to 20% delay while unimpeded by
other terminals. If the RJE terminal is associated with
a number of interactive terminals in a stat muxing en-
vironment, delay could grow to 20% to 40%, depend-
ing on utilization. In a system using only interactive
terminals, where block sizes are usually smaller and
there is less frequency of use, delays will be 10% to
20%, depending on how much data are introduced.
This tradeoff has to be recognized if the user expects
to save high speed line costs. It is impossible to
transmit eight 4800-bit/s channels over a 9600-bit/s
line with no degradation of response time. If this is
not acceptable to the application, multiplexing is
ruled out.

Optimization of response time, assuming that
some delay can be tolerated, is done by manipulating
channel utilization on a modular basis as outlined
above. Stat muxes that have a supervisory port ar-
rangement through which data on traffic and buffer
utilization can be called up on a CRT make it possible
to obtain live traffic reports and a clear picture of
loading factors. Looking at these, it is possible to
determine immediately which channels are heavily

Sure! We apply

shielding to thermoplastic
electronic equipment components

We're not only one of the country’s top molders of
custom thermoplastic and structural foam components,
but we're also equally well-known for our broad spec-
trum of finishing capabilities. For consumer electronics.
For business communications equipment. For appli-
ances. For the transportation industry. And we have
complete facilities for applying RFI shielding to com-
ponents for signal-emitting products. Copper, nickel
and silver conductive paints. Vacuum metallizing. Zinc
arc spraying. Just about anything you need to meet
upcoming governmental regulations. Give us a call,
or drop us a line for complete information.

§ MICHIGAN PLASTIC PRODUCTS

A JSJ Corporation Company
S R ' B

1500 BEECHTREE / GRAND HAVEN, MICHIGAN 49417 TEL, (616) 842-6500

36 CIRCLE 23 ON INQUIRY CARD

utilized and to change channel assignments to avoid
having too many heavily used channels on the same
module. For example, on an 8-channel system, two
of the channels may be 4800-bit/s computer to com-
puter utilization and the other six 4800-bit/s channels
may be interactive systems, each has a host port
assigned to an adjacent controller for terminal inter-
faces.

When the system has been in service for a month or
two it may become apparent that the applications
have changed. One computer to computer channel
has become intensely occupied with data and two of
the associated CRT channels have become heavily oc-
cupied. If all three of these channels are on the same
module, the supervisory port will indicate that that
module with its associated channels has been ex-
periencing a higher queuing rate or buffer utilization
than the others. One of the channels could be moved
to a less frequently used module. This will enhance
response time and ensure that module failure will not
take down what apparently are three of the most im-
portant lines.

High error rates also increase response time. Stat
muxes are designed to provide error free data be-
tween nodes by the ACK-NAK sequence and automatic
request for retransmission (ARQ) mechanism. If a
high speed line begins to encounter problems where it
is retransmitting much of that data, delay will be in-
troduced. On the other hand, the stat mux is taking
care of the ACK-NAK function, relieving the host
system of considerable retransmission work and buy-
ing back some of the lost time.

Summary

Multiplexing has moved through three stages: fre-
quency division, time division, and statistical. Design
considerations have changed from an emphasis on
the common control to an emphasis on the capa-
bilities of microprocessors and distributed process-
ing. Stat muxing with microcompdters not only per-
mits loading a single high speed line with channels ag-
gregating a speed exceeding that of the line, but also
affords a number of features added to the multi-
plexer to enhance the whole network. Most impor-
tant among these are automatic error correction, pro-
gramming ease including downline loading of chan-
nel parameters, and system diagnostics that can fer-
ret out trouble down to the individual component
level with greater flexibility. A successful data com-
munications system designer should know his people
and their needs and learn which features will best
serve them.

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

Low 721

High 719 Average 720
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Executive 80 knows
what you're up against.

The Executive 80™ terminal is highly
flexible. OEMs can customize it to their
system designs, giving each system a

Would
you believe-

unique, highly marketable terminal. =
Ang, their%ugtomers can switch the a ﬂeXIbIe
terminal from job to job, redefiningits  cjata processing
operating routines for each task. . ”

This built-in flexibility of architecture is machine”

one result of the true high-speed pro-
cessing and communications capability
of the Executive 80’s 8088 micropro-
cessor. It permits six key-selectable
operating modes, each one best suited
for a particular type of application. And
it allows up to 16 user programmable
function keys, each capable of being
programmed for a frequently used
operating routine.
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Until now, you've been up against the
problem of fitting your system design
into the limits of a limited terminal.
Now, with Executive 80, the terminal
has enough smarts to fit in with

your system,
Hazeltine .'"l
Executive Zm¥ ZaaN

Answers for the Eighties

Hazeltine Corporation, Computer Terminal Equipment,
Greenlawn, NY 11740, National Sales: (516)549-8800
Telex: 96-1435

Hazeltine and the Pursuit of Excellence

New York (212) 752-3377 - San Francisco (415) 342-6070

Orlando (305) 628-0132 + Los Angeles (213) 553-1811

England 01-568-1851 - Telex: (851) 928572

For additional sales office locations, please call our
toll-free number: (800) 645-5300
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GAS TIGHT RELIABILITY

ina
low profile
socket

You know the secret of gas tight reliability in a low
profile DIP socket. It is the “squeeze” or force the
contact exerts on your IC lead. RN single leaf high
compression contacts exert a “normal force™ that is
4 to 5 times greater than conventional dual leaf con-
tacts. Result? RN low profile ICL series sockets are
MIL-SPEC qualified (MIL-S-83734) to meet the
toughest gas tight performance standards in the world.

You can’t buy a more gas tight low profile socket—
anywhere! And, our prices compare very favorably
with any comparable socket.

*NORMAL FORCE means force at right angles to the IC lead.

MIL-S-83734 Environmental Test Data for ICL Series DIP Sockets
Test Procedure Results

Initial Contact MIL-S-83734 Rc=7.0mQ average
Resistance Paragraph 4.7.15
Corrosive MIL-S-83734 Rc=8.5m( average
Atmosphere Paragraph 4.7.16

10-25 ppm (NH4)2S,

4 hours
Moisture MIL-S-83734 Ri = 10120
Resistance Paragraph 4.7.14
Thermal Shock MIL-S-83734 No Damage

Paragraph 4.7.13
Mechanical MIL-S-83734 No Discontinuity
Shock Paragraph 4.7.11
Vibration MIL-S-83734 No Failures

Paragraph 4.7.1 Rc=7.0mQ average (final)
Socket MIL-S-83734 Rc=7.8m( average
Durability Paragraph 4.7.12

After 50 Cycles

WRITE FOR COMPLETE DETAILS and latest RN catalog with
full specs, dimensions and material data. :

--------------------------- MAIL THIS COUPON NOW

Send me full details on your gas tight low profile ICL series sockets right away. R” New Albany, IN. 47150 |

Name

RN single leaf high compression contact provides maximum
pressure against your IC lead.

Contact available in phosphor bronze,
beryllium copper, with tin or selective
gold plating.

High compression contact design pro-
vides longer spring length for maximum
pressure against IC lead.

“Side-wipe” design meets flat, smooth
side of IC lead for perfect contact.

Self-lock lead holds socket firmly during
wave soldering and prevents solder
wicking.

Superior
contact design

800 E. Eighth St.

Title

Company.

Phone

Address

N City State

Zip

. My possible application is

. [ Please send MIL-S-83734 Test Results
. CDé81
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TM990 Series 16-bit microcomputers:
Shortcut to industrial control solutions.
The wide choice from Texas Instruments.

Solve a majority of your industrial
control design problems rapidly.
Economically. Efficiently. TI’s
broad TM990 Series of microcom-
puter modules can match your
needs down the line. And off the
shelf. Saving design time and

money because they are pre-
assembled, pretested. Giving you
all the performance of TI's 16-bit
9900 microprocessors.

Super fast CPU

If you need a high-performance

general purpose 16-bit CPU, then
the new TM990/1481 two-board
CPU is your answer. With 95 dis-
tinct instructions, it has the pro-
cessing power of a minicomputer.

While the TM990/1481 is 3%
times faster than other TM990




CPUs when executing non-floating
point instructions, it shines at float-
ing point arithmetic. It is 40 times
faster. In fact, the TM990/1481 per-
forms double precision floating
point in the same time as it takes
competitive products to perform
single precision.

Memories:
Broader range

Your choice in TM990 memories in-
cludes a variety of directly ad-
dressable semiconductor memory
modules, and bulk storage memo-
ries like a nonvolatile bubble mem-
ory module. With capacities up to
1024K bytes.

There’s also provision to handle
floppy disks drives. The
TM990/303A controls up to four
standard drives or three mini dis-
kette drives.

Exceptional I/0 capability
Interfacing with the outside world
is relatively easy. The TM990 Se-
ries contains a comprehensive se-
lection of I/0 modules: Digital.
Analog. Industrial AC and DC.
And, a readily available speech
module, the TM990/306. It can
speak 179 words and is ideal for
situations where the spoken word
is the most effective means of
communication.

Recently added to the TM990
line are two new communication
modules. The TM990/308 Indus-
trial Communication Module per-
mits communication with as many
as 31 other compatible TM990 sys-
tems. Over distances up to 10,000
feet, using twisted-pair lines. The
optically isolated interfacing built
into the 308 simplifies inter-
connects and lowers installation
costs even in electrically noisy
environments.

The TM990/307 allows communi-
cation with up to four RS232 de-
vices such as terminals or modems.

Functional integration:
Slashes your software costs

Functional integration. Hardware
and software units developed to-

gether. To work together. T1 is first
with this system concept of the 80%s
that can substantially cut software
development time and costs.

Key element is a set of software
interconnect standards that ties
the system together.

Broad and growing
series:
TI’s TM990

Microcomputer Modules:
TM990/100MA
TM990/101M
TM990/180M
TM990/1481
Memory Modules:
TM990/201 EPROM/RAM
TM990/203 Dynamic RAM
TM990/206 Static RAM

Mass Storage Modules:
TM990/210 Bubble Memory
TM990/211 Bubble Memory

TM990/303A Floppy Disk

Controller

Digital I/0 Modules:
TM990/305
TM990/310

Analog 1I/0 Modules:
TM990/1240
TM990/1241
TM990/1243

Communication Modules:
TM990/307
TM990/308

Speech Module:
TM990/306

Card Cages & Enclosures:
TM990/510
TM990/520
TM990/522
TM990/530

Industrial AC and DC
I/0 Modules:
TM990/56MT Series
Data Entry and Display
Microterminal:
TM990/301
University Module:
TM990/189M
Software Development Module:
TM990/302

The Realtime Executive imple-
mentation allows you to interface
TI’s Component Software with the
system easily and quickly. These
Component Software packages
provide a library of statements
common to many programs. You
choose what you need and combine
it with the specific software

required by your application. Sav-
ings can be more than two-thirds
the cost of writing a typical
program.

Available now: the File Manager.
Coming soon: Software Data Com-
munication packages.

The File Manager package per-
forms such functions as library
level management of diskette stor-
age. Including install formatted
volume, open/close/read/write files,
random access to files.

TI’s powerful AMPL hardware
and software development system
includes full speed emulation of
9900 microprocessors, and provides
for program development in assem-
bly language, TI Microprocessor
Pascal (complete with con-
currency), and Power Basic.

Complete accessories

The TM990 Series is supported by
a broad selection of accessories —
card cages, connectors, cables, and
power supplies. Just added: the
TM990/522 Enclosure containing a
four-slot OEM chassis, power sup-
ply, and cooling fan in a neat, at-
tractive, table-top unit.

For faster, simpler solutions to
industrial control problems, take
the shortcut. The TM990 Series of
microcomputers. For more details
about these time and
money saving mod- ©
ules, see your local TI Z]
distributor, or fill out
and return the coupon.

Texas Instruments Incorporated
P.0. Box 1443, M/S 6404
Houston, Texas 77001

[] Please send Brochure CL-377C.
[] Please have a salesman call.

NAME

TITLE

FIRM

ADDRESS

cIty

STATE ZIP

TELEPHONE

TEXAS INSTRUMENTS

© 1981 Texas Instruments Incorporated

INCORPORATED
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Protocol converter supports binary synchronous
and systems network architecture 3270 protocols

Said to be the first microprocessor based
protocol converter that fully supports
IBM’s binary synchronous (Bisync) and
systems network architecture (SNA) 3270
protocols, the CA12-TCP from Industrial
Computer Controls, Inc, 196 Broadway,
Cambridge, MA 02139, interfaces up to
eight asynchronous terminals to IBM-
compatible host processors. The con-
verter emultates the Bisync 3271 and
SNA 3276 cluster controllers to make
asynchronous terminals appear as
3277-type and 3278-type devices, respec-
tively.

Five different levels of conversion are
provided. An industry standard inter-
face generally ensures link level connec-
tion. Communications code conversion
enables one device to recognize the in-
tended character sent by another. At the
protocol level, the converter maps data
from one protocol to another. Device
emulation reformats data to the
specifications of an emulated device. At
the device characteristics level, the com-
mand and control codes of one device
are changed to those required by the
other.

The converter supports either ASCII or
EBCDIC communications on the syn-
chronous links to the hosts; terminals
communicate in ASCII on asynchronous
links to the converter. Both half-duplex
synchronous and full-duplex asyn-
chronous communications are accom-
modated at speeds up to 9600 bits/s over
EIA RS-232-C links. The converter can be
connected directly to the host, or
remotely via synchronous modems and
dedicated lines. The asynchronous ter-
minals can be local or remote over dial-
up or dedicated lines.

A multitasking operating system exe-
cuted on a 780 microprocessor performs
protocol conversion. A series of system
function modules and links interprets
commands from the host and formats
the screen of the asynchronous CRT ter-
minal so that it appears as a 3270 device.
As data are transmitted from the host
they enter a write module in the con-
verter that updates an internal screen
buffer called the virtual screen. The
screen manager interprets the virtual
screen to be in accord with the char-
acteristics of the asynchronous terminal
and transmits data to that terminal.

The software also interprets asyn-
chronous terminal keystrokes to provide
standard 3270 keyboard functions. As the
terminal transmits to the host, data first

42

Protocol converter. It supports
Bisync and SNA and allows mixed
device multivendor networks by
communicating with peripherals in
one protocol and hosts in another

enter the keyboard parser. This ex-
amines data typed on terminal
keyboard, updates the virtual screen,
and causes the screen manager to update
the terminal. Data from the virtual
screen enter the read module, which
responds to read commands from the
host. The keyboard parser can also
bypass the virtual screen and cause the
read module to transmit to the host.
The converter consists of three circuit
cards: processor, memory, and serial in-
terface. The entire unit measures 16.875
X 5.25x16.75"(42.86 x 13.3 x 42.55 cm)
and weighs about 30 1b (13.5 kg). It will
support 3270 emulation of such terminals
as DEC VT-52 and VT-100, IBM 3101, Lear
Siegler ADM-3, HP2621, Televideo 912 and
920, and Informer 304.
Circle 321 on Inquiry Card

Terminal series accesses
two mainframes via
dual protocol capability

Dual-protocol information terminals
ECS 4000 series allow a single terminal to
directly access two mainframes under
the same protocol where two user ad-
dresses are involved, or under two dif-
ferent protocols for different types of
mainframes. Introduced by ECS
Microsystems, Inc, 215 Devcon Dr, San
Jose, CA 95112, the series’ currently
available dual-protocol capabilities
handle Burroughs TD 830, NCR 796-501,

Honeywell vip 7700 and 7801, and VT
s2-compatible TTY emulations.

The dual-protocol capability is pro-
vided by universal protocol cards. Each
card, which also contains firmware and
170 facilities, is configured to the re-
quired protocol. An executive P/ROM
enables instant keyboard protocol selec-
tion. Each terminal is supplied with dual
legend keys to handle protocol unique
functions.

In local network applications multiple
dual-protocol terminals can be con-
catenated from each line or modem. An
auxiliary serial or parallel printer can
also be supported with all original pro-
tocol printer functions.

Protocols can be selected in any com-
bination, and kits are available for
upgrading ECS 4000 terminals already in
the field. 1BM 3270 and UNIVAC U 200
emulations are scheduled for release in
the near future.

Circle 322 on Inquiry Card

Local data distribution
modem engineered for
wire line systems

Synchronous local data distribution
modem LOCALYNXR Gsu-1 is designed to
operate on three of the most common
wire line systems: telephone company
local area data channels (LADCs),
customer owned point to point wire line
networks, or as a data service unit (DSU)
replacement for remote termination in
the Bell System’s digital data service
(DDS). The modem is offered by General
DataComm Industries, Inc, 1 Kennedy
Ave, Danbury, CT 06810, who say it is
the first such unit to fill these applica-
tions.

The modem accommodates switch
selectable 2400-, 4800-, or 9600-bit/s
data rates, full duplex. Operating range
is 7 miles (11.2 km) at 9600 bits/s over
#26 AWG lines. Operating format is syn-
chronous serial binary data without
restriction as to data content. Bipolar
return to zero modulation is used. Fully
automatic line equalization handles
changes in cable routing, bridge taps, or
climatic conditions.

The modem can provide system tim-
ing from its crystal source, be timed ex-
ternally by a terminal or CPU, or provide
timing from the received line signal.
Complete performance monitoring,
fault isolation, and self-test capabilities
are provided. The unit requires a 4-wire
unloaded line facility.

Circle 323 on Inquiry Card
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Build your own DEC
system w1th CRDS...

MF-211

10%" Enclosure
for LSI 11/23
System with built-
in RX02 equivalent
floppy disk system.
Available with or
without processor
and memory.

FD-311

RX02 equivalent

dual floppy system,

single or double
sided. Includes
bootstrap loader,
self-tester, for-
matter and diag-

HD-11/T

20.8 Megabyte
Winchester disk
software equivalent
to 4 RLO1 units.
Optional cartridge
tape backup.

MB-211

5%" enclosure
with 8 quad slot
backplane. Front
panel console
with switches for

nostic diskette.
Enable/Halt,

Boot/Init and Line
Time Clock.

Complete software compatibility
at a savings!

With CRDS, you can configure your Significant Savings Call or write for a com-
own DEC system and be assured of Flexibility of procurement plus prehensive literature
complete software compatibility. Each attractive OEM schedules allows you package and prices.
of the above systems is provided to optimize dollar savings in config- %
with slides for rack mounting or can uring your CRDS system. Use the
be used in desk top applications. time tested technique. Compare.
All DEC LSI 11 based modules and .
associated software packages are Warranty and Maintenance
available through CRDS, if desired. A 90 day warranty is offered with your
CRDS system. In the event of mal-
Attractive Packaging function, by use of provided diagnos-
Careful attention is given the CRDS tic routines, the defective submodule
repertoire of enclosures in assuring is normally found within minutes.
you an attractive yet comfortable After verification with the CRDS
blending of product in the DEC Maintenance Department, a replace-
environment. ment for your defective module will

be promptly forwarded.

Charles River Data Systems, Inc. 4 Tech Circle, Natick, MA 01760 Tel. (617) 655-1800 TWHX (710) 386-0523
CIRCLE 27 ON INQUIRY CARD



High performance local net
links up to 64
microcomputers, peripherals

BYTES

 10M N PHONE
OR 20M ke

OMNINET microcomputer network. Mass storage and printers are
shared among 2 to 64 computers from different vendors. Gateways are
planned to interconnect with other networks such as Ethernet and SNA

RS-422
] TWISTED PAIR

- >
OTHER NETWORK

Highly efficient 1M-baud local data net-
work OMNINET can interconnect up to 64
microcomputers and share mass storage
and printers over a 4000-ft (1219-m)
serial link. Corvus Systems, Inc, 2029
O’Toole Ave, San Jose, CA 95131,
developers of the network, say it is the

first such system to provide cost efficien-
cies in microcomputer local networks
while offering the power and versatility
of mainframe network systems.

The network uses RS-422 shielded
twisted pair as the transmission medium;
access is via carrier sense multiple access

for OEM use

¢

For a four page
brochure with
full information:

Cano

Canon, U.S.A, Inc.
Electrical Components Division
One Canon Plaza

Lake Success, N.Y. 11042

o '
B> MOTORS IN STOCK NOW

Standard DC Gearmotor combinations

- FOR IMMEDIATE DELIVERY

® 12 Standard models

® 20mm to 56.5mm diameter

e Ratios from 8:1 to 3000:1

® Torques from 100 to 10,000 g-cm

e Speeds from 1.3 to 600 rpm

e Voltages from 6 to 24 VDC

® Concentric or offset shaft

These small but high powered units

feature smooth operation, long life and
low electrical and mechanical noise.

\(516) 488-7600
44
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(csMA). Heart of the system is the in-
telligent OMNINET transporter. This in-
terface consists of a Motorola 6801
microprocessor, a custom gate array,
and associated support components. In-
terfacing directly to the microcomputer
or peripheral at any network node, the
transporter provides error free transfer
of variable length (up to 2k-byte)
messages. No software intervention is re-
quired of the sending or receiving
microcomputer. The system has no need
for a network control processor, and the
twisted pair data link does not need
isolation circuits required by other net-
works. The network will operate with
the company’s CONSTELLATION software
to provide up to 80M bytes of shared
storage with multilevel file and user
security, and spooled peripherals.
Initial product release of the network
is available for Apple 11, Onyx C8000, and
DEC LSI-11. Future transporters will ac-
commodate Apple 111, Tandy TRS-80, any
S-100 bus computer, Atari, Commodore,
Altos, and others.
Circle 324 on Inquiry Card

Fiber optic multiplexer
has hot standby for
data flow protection

Sixteen-port fiber optic data multiplexer
LDM-9500 is configured with a redundant
hot standby transmission system to pro-
tect the entire electro-optical transmis-
sion path including the fiber optic cable.
In the event of component failure or
cable breakage the backup system
automatically switches into operation to
ensure the continuation of data
transmission. A 4-fiber cable is required
for a fully protected system. The
multiplexer is a product of Valtec Corp,
99 Hartwell St, West Boylston, MA
01853.

Each of the unit’s 16 ports can operate
in asynchronous or synchronous mode.
Data rate ranges are dc to 19.2k bits/s
asynchronous and dc to 64k bits/s syn-
chronous. The unit has full RS-232-C
handshaking capability and accepts the
standard EIA 25-pin plug as electrical in-
put and converts directly to optical
digital transmission. CCITT and MIL-
STD-188 interfaces are available as op-
tions. Channel and system status are
monitored by standard diagnostic and
visual indicators.

The multiplexer is also offered in
16-and 8-port unprotected versions. It is
powered from a wall outlet and comes in
either desktop or rackmount configura-
tions.

Circle 325 on Inquiry Card
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8 MICROS
IN ONE.

For emulation

or production,
put the MK38P70
to work for you.

MOSTEK

For 8-bit microcomputer ap-
plications, no other single-chip
family gives you more design
momentum than the Mostek
3870. Our piggyback EPROM
MK38P70 is one reason why.

The MK38P70 lets you emu-
late all eight members of the
Mostek 3870 family. Simply in-
sert the MK38P70 with its pro-
grammed EPROM into the target
socket, and test your code. Re-
programming is quick

and efficient on any standard
EPROM programmer.

A recent price cut makes the
MK38P70 a very practical pro-
duction circuit as well. In some
cases, an MK38P70 is more eco-
nomical than its masked-ROM
counterparts. Plus it's available
at your local Mostek distributor,
and can be quickly put into
production.

This single-chip family has
been proven in hundreds of de-
signs and millions of circuits.
And all eight 3870 versions are
hardware and software compati-
ble. You buy only what you need
today without limiting your
future options.

1F 29 ON INOLIIRY CARD

Look at it another way: the
MK38P70 gives you eight differ-
ent custom chips in one stan-
dard package available at all
Mostek distributors. That's de-
sign momentum. Put it to work
for you. Call or write Mostek
Corporation, 1215 West Crosby
Road, Carrollton, Texas 75006;
phone (214) 323-1801. In Europe,
contact Mostek Brussels;
phone 762.18.80.

© 1981 Mostek Corporation
MOSTEK®, MK3870 and MK38P70 are trademarks of
Mostek Corporation
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BUMPER CROP

8-inch Winchester Multi-User Systems. Now In Volume-$8,500.

Altos is delivering the cream of the
crop with their new 8-inch multi-user
Winchester disk systems. They're
freshly packed with the quality
features you expect from Altos, and
at a price you expect from Aitos,
too—just $8,500.

Pick from two fully integrated
systems, each packaged in our new
compact, stylish cabinet suitable for
either rack mount or table top
applications. You get 10 MBytes of
reliable on-line storage in our 8-inch
Winchester drives. Then for system
back-up storage, you can select from

4 Users

Networking

System
Software

Floppy Disks:
.5Mb-1Mb
Mag Tape: 17Mb

Winchester Disk:
10Mb

SYSTEMS PICTURED:
ACS8000-10 (10Mb HD + 1 floppy) $ 8,500
ACS8000-10/MTU (10Mb HD + DEI Mag Tape) $10,990

either 8-inch, single or double-sided
floppy drives (ACS8000-10 and -10D)
or a Ya-inch magnetic tape drive
(ACS8000-10/MTU). And for powerful
performance, all of these Z80A*based
systems come complete with 208K
of RAM and 6 programmable serial
ports, ready to support four users.

Here's the most bountiful
selection of systems and capacities in
the field from the company that
knows how to deliver quality systems
in the volumes that OEMs need to
stay competitive.

And Altos supports these
systems with a broad software
selection including the three industry
standard operating systems—CP/M,
multi-user MP/M** and OASIS'.
These operating systems support
seven high level programming
languages: BASIC, FORTRAN, COBOL,
PASCAL, APL, PL/1and C. Also
available are comprehensive
communications packages: ASYNC—
Altos-to-Altos, BISYNC—Altos-to-
mainframe and full networking with
CP/NET. All are designed to run on a
high speed 800 Kilobaud networking
channel—standard with every
system.

The ACS8000-10 Winchester
systems join our growing family of
field-proven products. In just three
years, more than 8,000 systems
have been shipped to an OEM
customer-base.

Get to market fast. Harvest
your 8-inch Winchester system direct
from the heart of Silicon Valley. Call
or write today for specific product
information and OEM pricing. Altos
Computer Systems. 2360 Bering
Drive, San Jose, CA 95131, (408)
946-6700, Telex 171562 ALTOS SNJ.

CIRCLE 30 ON INQUIRY CARD

Packed with
Fresh Ideas

COMPUTER SYSTEMS

*Z80A is a registered trademark of Zilog. Inc

**CP/M and MP/M are registered trademarks of Digital Research. Inc
TOASIS is a registered trademark of Phase One Systems. Inc
fdatapro is a registered trademark of Datapro Research Corp.

©) 1981 Altos Computer Systems



BRIEFS

Statistical multiplexer has user switching
option—Latest in its DCX line of
statistical multiplexers, the DCX850 from
Rixon Inc, 2120 Industrial Pkwy, Silver
Spring, MD 20904, offers compacted er-
ror free transmission of up to 240 chan-
nels over as many as 12 composite links.
A user switching option (UsO) module
provides selectable switching and port
contention, network monitoring, and
statistics reporting. It allows users at
designated ports to connect their termi-
nals to any other compatible port any-
where in the network. Several users can
contend for a limited number of com-
puter ports. Automatic hardcopy
reports of important network events as
well as network statistics are provided.
The multiplexer holds two network
maps in memory to facilitate recon-
figuration of networks.

Circle 326 on Inquiry Card

Bisync option available on multiplexer
line—Binary synchronous (Bisync) op-
tion is now available on the cM9100
statistical and SM9200 switching multi-
plexers from Digital Communications
Corp, 11717 Exploration Ln, German-
town, MD 20767. The option supports
point to point and polled terminals,
transparent and nontransparent modes,
external and internal clock options to
9600 bits/s, and EBCDIC and ASCII codes.
Data channels can be independently set
to handle either 1BM-compatible Bisync
or asynchronous data. When Bisync is
chosen, the data channels support ter-
minals using 2780, 3780, or 3270 Bisync pro-
tocol, or any similar protocol conform-
ing to 1BM Specification GA27-3004. The
units statistically multiplex actual Bisync
protocol sequences on the data link with
asynchronous data from other channels.
Circle 327 on Inquiry Card

Statistical multiplexer/concentrator uses
X.25 level m protocol—Intelligent multi-
plexer/concentrator TC 5000 allows trans-
mission of up to 24 channels of asynchro-
nous data over a single data link using
X.25 level 111 protocol. The device, from
DCD Telecommunications Inc, 160-162 N
Main St, Mansfield, MA 02048, incor-
porates user command language and in-
telligent echoplex. Data channels are in-
dividually programmable for throughput
delay, priority, data rates to 19.2k bits/s,
S5 to 8 level codes, flow control, and
parity. Dial-in, autobaud, and DCE/DTE
channel format are standard. The system
has 32k buffer overflow, internal/exter-
nal clock to 19.2k bits/s, choice of
packetizing timeouts, and dual-backup
links with autodial. Buffer expansion,
data encryption, and tandem configura-
tion are available as options. O
Circle 328 on Inquiry Card

Introducing..

6400 SERIES features:

6.12"D. WT 3-1/2 LBS

current loop or 8-bit parallel
interface

® Selectable baud rates 110, 300,
600 or 1200

® Parallel-data rates in excess of
2000 characters per second

e 21 characters per line
(optional 32 characters)

® 36 character input buffer

® Flectrosensitive or thermal

printing

® 5 x 7 Dot Matrix, 64 character
ASCII Code

® Boldface characters for
emphasis

in 100 quantities
$399 list

The all N

Low Cost - $299 in 100 G%uam.rllltlm%
Expanded a.rrant%— Year
Compact Size-7.38 ;

x 3.08"H x
® Selectable serial RS-232-C/20 mA

inter from
EW Pr ngTec

Digilec.

UNITED
SYSTEMS
CORPORATION

918 Woodley Road, Dayton, Ohio 45403
(513) 254-6251, TWX (810) 459-1728
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Now! Raycorder Ii

A Digital Cassette Recorder

Raymond Engineering’s new Raycorder |l Model 6440
digital cassette recorder utilizes the latest microproces-
sor technology to provide a new standard of excellence
for the '80’s at a low, low price.

The only moving parts on the Model 6440 are the two
reel motors. A unique digital-processor-
based servo controls the reel motors to pro-
vide constant tape speed and uniform tape
tension, regardless of the amount of tape
on either reel. Tension is also precisely con-
trolled during starting and stopping.

While engineers will appreciate its per-

That Thinks For Itself

CIRCLE 33 ON INQUIRY CARD

formance and reliability, users will appreciate the ease of
cassette loading and removal.

Adding the advanced technology of Raycorder Il to its
previous achievements, Raymond leads again in digital
cassette recorder design!!

Ask for free literature on the Raycorder |1.

Raycorder Products Division
@Raymond Engineering Inc.

217 Smith Street

Middletown, Connecticut 06457

(203) 632-1000




TECHNOLOGY REVIEW

1/0 BUS
INSTRUCTION STREAM INSTRUCTION STREAM
UNIT 1 UNIT 2
INSTRUCTION 1/0 INSTRUCTION
EXECUTION CONTROL EXECUTION
UNIT 1 ELEMENT "T UNIT 2
STREAM
INSTRUCTION INSTRUCTION
PREPROCESSOR Y SYCHRONZATION PREPROCESSOR
UNIT 1 UNIT 2
CACHE CACHE
MEMORY MEMORY
UNIT 1 UNIT 2
MEMORY BUS
Major functional elements of Prime’s multistreaming 32-bit virtual
memory minicomputer are two instruction stream units and stream
synchronization unit. System architecture allows two streams of in-
structions to be processed simultaneously, providing higher
throughput than comparable systems

Multistreaming architecture of the series
50 model 850 provides 50% more
throughput than current multi-user vir-
tual memory superminicomputers. Cen-
tral to the multifunctional high end
system introduced by Prime Computer,
Inc, Prime Pk, Natick, MA 01760, are
its 2M- to 8M-byte, 2-way interleaved
main memory composed of 1M-byte
memory boards built using 64k-bit MOS
RAM chips, and support for 128 directly
connected terminals. Burst mode 1/0
transfers 64 bits of data per burst request
at a rate of 8M bits/s.

The 32-bit internal architecture allows
operating efficiency and large program
support. Full 32-bit word length allows
more information to be processed dur-
ing each machine cycle than is possible
with 16-bit architecture. In addition,
32-bit word length allows for specifica-
tion of a very large number of memory
address locations. The PRIMOS operating
system uses efficient virtual memory
management to provide each user with
512M bytes of virtual address space, of
which 32M is reserved for user program
space. System software functions are
embedded in the virtual address space of

50

each process, making all functions
available on demand.

Multistream architecture allows two
instruction streams to be processed in
parallel, significantly increasing system
throughput. Parallel stream processing
is managed by the operating system for
maximum system efficiency. Main
memory, ranging from 2M- to 8M-byte
capacity, is shared by both streams to
dynamically fulfill demands on memory
requirements.

Two parallel instruction stream units
(1sus) within the system access the same
main memory through a common
memory bus. Each 1SU is made up of an
instruction preprocessor unit, instruc-
tion execution unit, and 16k-bit cache
memory unit. The instruction prepro-
cessor improves CPU performance by
prefetching and decoding four instruc-
tions ahead of the program counter
from cache memory. It accesses cache
independently, so that the next four in-
structions are prefetched, decoded, and
the effective address formed in parallel
with instruction execution. Central logic
in the instruction preprocessor continu-
ously prefetches data from cache to keep

the four instruction buffers full. In addi-
tion, the preprocessor can resolve most
indirect addresses, further increasing in-
struction execution speed.

The instruction execution unit consists
of floating point arithmetic logic unit
(ALU), decimal ALU, integer ALU, and
execution control unit. The cache
memory unit stores frequently used data
and instructions for rapid access and
greatly reduces memory overhead. A
stream synchronization unit protects
both 1sus from invalid cache references
and manages internal system messages
between ISUs. It also maintains memory
access synchronization and performs in-
ternal diagnostics to ensure integrity of
the data flow.

The execution control unit (ECU) uses
a comprehensive set of firmware instruc-
tions to implement processor control
mechanisms. Microinstructions reside in
ROM that has a 52-bit word length that
expands to 64 bits. The process exchange
facility within the EcCu automatically
transfers the attention of either instruc-
tion execution unit from any of the 128
different user processes to any other.
Context switching mechanisms are
implemented in both hardware and firm-
ware for rapid process exchange and
minimal system overhead.

Instructions for single- and double-
precision floating point arithmetic are
implemented in hardware. With a 32-bit
path between the unit and cpu, data are
accepted at a fast rate. Parallel logic
used within the unit permits exponential
and fractional calculations to be done
simultaneously. Separate parallel logic
performs binary multiplication 4 bits at
a time, division 3 bits at a time, and ad-
dition 48 bits at a time. Decimal arith-
metic instructions are also implemented
in hardware.

System integrity is maintained
through microverification routines auto-
matically invoked to test validity of cpu
logic. Parity checking ensures data in-
tegrity throughout the system’s internal
buses, registers, and other data paths. A
virtual control panel provides for local
and remote system diagnostic capability.

The PRIMOS operating system sup-
ports both interactive and batch pro-
cesses. It supports reentrant procedures
as well as the database management
system and DBMS query report writer.
PRIMENET software supports networking
and distributed processing, allowing in-
terface to a range of terminals with
multiple protocols and remote job entry
options.
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FROM MONOCHROME TO MULTICOLOR.
THE AED 512 DESK-TOP TERMINAL.

Since Chinese calligraphy originated over 2,000 years ago, familiarity with more than 10,000 individual
characters is required to read and appreciate classical Chinese literature. With 256 simultaneous colors at your
disposal, producing more than 16 million hues, each of these characters can be given a different shade on the
AED 512 desktop terminal.

The AED 512 offers programmable symbols, plus powerful imaging and graphics capability for use in
business, medical applications, scientific study and CAD—and is easily attached to your computer.

It emulates Tektronix 4010-15 software, and DMA interfaces for most
mini- and microcomputers are available.

Features like 512% (512 x
483) pixel screen, Superoam™,
1-16 integer zoom, continuous
panning, down-loadable micro-
code and half-second image
transfer make the AED 512 the
performance leader in intelli-
gent graphics terminals: Write
or telex our marketing depart-
ment for complete technical
details today. We'll show you
why 1981 is THE YEAR OF AED!

TMSuperoam i a trademark of AED

Advanced Electronics Design
440 Potrero Avenue
Sunnyvale, CA 94086
408-733-3555

Telex 357-498

Boston: (617) 256-1700
LA: (213) 705-0379




Some environments
for bubbles.

Intel introduces the iSBC 254™ Bubble Memory
Board. The non-volatile Multibus™ memory system
that goes where disks and tapes can’t go.

All in time for today’s designs.

Bubbles store data in environments
that bewitch storage devices such as
disk and tape drives. That's because
as solid-state devices, bubbles are
unaffected by the heat of a factory
floor, the roll of a ship or the dust of
the desert wind. Since all that moves
is information, bubbles aren't plagued
with the wear and tear and related
maintenance problems of electro-
mechanical devices.

They're non-volatile, so you don't
have to worry about battery back-up.

And because bubbles pack 1 million
bits of data in an area less than

100 square centimeters, they can
boost the performance of a portable
data logger, as well as an in-house
numerical control system.

Kindle your productdevelopment
Now there's a fast, easy way for you

to capture these advantages in your
products: the iISBC 254 Bubble
Memory Board. It puts from 128K

to 512K bytes of Intel's 7110 bubble
memory—complete with controller

and support circuitry—on a 12 x
6.75-inch Multibus board. That's the
same bubble memory and controller
that's already storing data onboard
ships and on factory floors. Al
pretested. And ready to run in your
system today.

When you slip the iISBC 254 board
into your Multibus-compatible
chassis, it operates like any other
microcomputer mass storage system.
You choose from several I/0O modes,
including Direct Memory Access.

You access data in a flash—several
times faster than you can with a
floppy. And move it at rates up to

50K bytes per second.

Add fuel to the fire

What's more, you can complement
the performance of the iISBC 254
board in your system with any of a
wide variety of Intel® Multibus boards




are a natural

Pricing for the iSBC 254 "board tracks the
downward price curve of bubble memory
components.

and software products available
today. From 8- and 16-bit single-board
computers, to analog and digital 1/0,
to real-time operating systems, com-
plete with software drivers for bubble
memory. Or if you want to configure
your own board, you can start with
Intel's Bubble Memory Prototype Kit
(BPK72). It has everything you need
to tailor Intel's 1-megabit bubble
memory to your product.

Get the benefit of the
continuous price reduction
process

Like all of Intel's bubble memory
products, the iSBC 254 board bene-
fits from Intel's bubble memory price
guarantee. By the end of 1981, the
price of the 512K-byte board will

be 34 percent lower than today’s
price on 100-quantity orders. After
that, price reductions will continue

tracking the downward spiral of
bubble memory component pricing.

Put your competition on

the back burner

The iISBC 254 bubble memory
system is available off the shelf today.
So you can start now to build the
bubble’s advantages into your
systems. Reduced service and repair
costs. Less preventive maintenance.
Data integrity in hostile environments.
And, as you do, you can open new
frontiers. Ahead of your competition.

Find out more about how Intel bubble
memory systems can help put you
ahead. Contact your local Intel sales
office/distributor. Or fill out the
coupon below and send it to: Intel
Corporation, Literature Department,
3065 Bowers Avenue, Santa Clara,
CA 95051. Or call our toll-free hot line
(800) 538-1876.

[ I'want to kindle my product
development for bubbles. Have a sales
representative call me with quantity
price information on the iSBC 254
Bubble Memory Board.

[ I want to find out more about bubble
components and boards. Rush me a
copy of the Bubble Storage Data
Catalog by first class mail.

]

i

1

|

]

1

|

i

|

|

|

|

|

1

]

i

1

i OJ | want to tailor bubble memory to my
i unique system configuration. Rush me
i information on the BPK72 Prototype Kit
i and the BPK70 Production Kit by first
! class mail.
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Name dows - e ATt 3K
Title/Organizaton___

Address
City/State/Zip L
Telephone (

Applicatton =

Europe: Intel International, Brussels, Belgium

Japan: Intel Japan, Tokyo. United States and Canadian
distributors: Alliance, Almac/Stroum, Arrow Electronics,
Avnet Electronics, Component Specialties, Hamilton/Avnet,
Hamilton/Electro Sales, Harvey, Industrial Components,
Pioneer, L.A Varah, Wyle Distribution Group, Zentronics
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You're looking at an airplane on a
landing strip...a raster image "‘pseudo
coloring’’ of a black-and-white aerial
reconnaissance shot. We generated
the image* with our System 3400

high performance display processor.
Its unique, programmable, high-speed
lookup tabies are, dollar-for-dollar, the
most powerful tools available for color
selection, image enhancement and
manipulation. You can display up to

*Actual photo from monitor

RASTER DISPLAYS...

FOR THOSE WHO DEMAND PERFORMANCE.

4,096 colors simultaneously from a
palette of 16.7 million!

You can also display 256 (from
4,096) grays. And you can zoom, pan,
interpolate, window scan, and emu-
late movies. Or if you're interested
in graphics, ask about our higher

resolution, flicker-free configurations.

Lexidata System 3400: the best
family of high-speed, high-resolution
display processors, monitors, and
peripherals.

For details, call {617) 663-8550
or write to us at 755 Middlesex
Turnpike, Billerica, MA 01865.
TWX 710-347-1574.

|L LEXIDATA
CORPORATION




TECH REVIEW

‘““Lp Series’’ 600-line/min band printer
subsystems are available in two versions
that are plug-compatible with many DEC,
Data General, and 1BM systems. One is a
standard pedestal mounted unit with
open paper path (LPS); the other a
totally enclosed ‘‘office quiet’’ version
(LpQ) that keeps the noise level to less
than 60 dBA.

Introduced by Centronics Data Com-
puter Corp, Hudson, NH 03051, both
models feature a printer mounted,
operator activated self-test capability,
built-in microprocessor electronics, and
600-line/min speed. Interfaces for DEC’s
PDP-11, LSI-11 and VAX-11/780, Data
General’s Eclipse and NOvA (pro-
grammed 170 and data channel), and
IBM’s Series/1 systems are available.

Self-test capability is switch actuated
at the printer, enabling the operator to
generate a test pattern which originates
in the controller and loops through the
entire subsystem. This verifies the condi-
tion of the printer, and the controller
and interconnector cables as well.
Choice of 48-, 64-, 96-, and 128-char
print bands is provided. Paper jam and
paper-out sensors, and a long life ribbon
cassette are other features. Printout
specifications include a 132-col print line
with 10-char/in (3.9/cm) horizontal
spacing and 6-, or 8-line/in (2.4 or
3.1/cm) vertical spacing.

Circle 351 on Inquiry Card

A compact controller with Intel 8049
based cpu, power supply, 1/0 track, and
portable programmer, EPTAKR 200 pro-
vides capabilities for up to 128 1/0
points, capacity for 420 programming
statements, a total of 32 timers or
counters in any combination, two
32-stage bit shift registers, 128 control
relay functions, up to 8 data registers, 6
comparisons, and an arithmetic capa-
bility. In designing the controller, Eagle
Signal Industrial Controls, a division of
Gulf + Western Manufacturing Co, 736
Federal St, Davenport, IA 52803, pro-
vided digital programmable logic control

D-Sub Miniature Jumpers from the full ine of

Great Jumper Systems

® Industry’s lowest profile D-Sub Min connector

 Fully compatible and UL-recognized
e Attractively priced/low minimum order

e Selective gold or nickel-silver contacts (9, 15, 25 and 37 sizes)

® One piece jumper

..connectors molded onto standard ribbon cable

® Each jumper factory-tested and ready to install
® Daisy chains and custom configurations
¢ 3, 10 and 20 day deliveries

Call now, toll free, 1-800-321-7075 for full-line catalog, design support, samples
and orders. Local reps nationwide.
GREAT people to connect with

CIRCLE 37 ON INQUIRY CARD

for thousands of small industrial ap-
plications currently using hardwired
relay control systems or card logic
systems, to replace other less capable
small programmable controllers.

The processor in the controller has 1k
CMOS RAM battery protected user
memory and a 420 program statement
capacity. It has a scan time between 2
and 35 ms with 20 ms typical. Program
data retention is 90 days without exter-
nal power. Mounted with the processor
is the 170 track containing up to 16 dual-
point modules for a maximum of 32 170
points per track. The system can be ex-
panded to 128 1/0 points using a total of
4 tracks.

Color-coded plastic 170 modules allow
the operator to easily distinguish inputs
both from outputs and from other track
mounted modules. Simulator modules
that plug directly into the 1/0 track
enable fast reliable system checkout and
debugging without the need for a
separate simulator. A watchdog timer
module, also track mounted, monitors
processor memory scanning and ac-
tivates in 0.25 s if a failure occurs.

The system features a compact, port-
able programmer measuring 7.75 x 8 x
2.75" (19.7 x 20 x 6.9 cm) with power
cord and battery protected memory that
allow it to be programmed independent
of the processor. Programming is bidi-
rectional, so that a program stored in the
processor memory can be transferred to
the programmer for editing. Conven-
tional relay ladder logic is used for easy
programming. Function keys are labeled
with both relay symbols and mnemonic
characters. A separate keypad provides
diagnostic and editing functions.

Peripherals include timer/counter ac-
cess module that enables setpoints, ac-
tual values, and/or changing timer/
counter setpoints to be monitored at
remote locations up to 500’ (152 m)
from the processor. A compact impact
printer provides hard copy of program
statements; a magnetic card recorder/
loader stores up to 1k of data; and an
auxiliary interface enables users to
utilize remote BCD or binary inputs and
outputs such as thumbwheel switches
and displays.

Circle 352 on Inquiry Card
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KOOLTRONIC

THE PIONEER
IN ELECTRONICS
COOLING
IS STILL NO.1

Almost twenty years ago when air condi-
tioners were used exclusively for cooling
people, Kooltronic had already designed
and built hundreds of systems for cooling
electronics. Since then, we've maintained
our position of leadership in this tech-
nology. We've introduced design innova-
tions in air handling,
heat exchange and
temperature control. H
Integrated these L
designs in our equip- FHH

ment. Upgraded our [HiiT
manufacturing facili-
ties with modern
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machinery. And but- :{HLJLW = —
tressed these capa- NI
bilities with a finely- =<l \.
tuned QC program. TN
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All with the objective
of providing the elec-
tronics industry with
the most cost-effective
cooling systems avail-
able anywhere. Such
as small blowers that
move large volumes
of air. Fans that are whisper-quiet. Heat ex-
changers and air conditioners that are the
most efficient in the in- 4
dustry. Enclosures that
are smaller physically,
yet house more heat
exchange surface. s
Systems that comply
with OSHA and use
UL/CSA-approved com-
ponents throughout. All
carry outrageously at-
tractive guarantees. A

e G %
A

Our free Design
Guide and Catalog
will help you size and
select the cooling
system that'’s right for
your application. Bet-
ter yet, call and dis-
cuss your cooling requirements with one of
our applications engineers. If none of our
three hundred and eleven, immediately-
available standard units will do the job, we'll
design and build No. 312 just for you. One of
the reasons we're still No. 1.

THE PIONEER IN ELECTRONICS COOLING TECHNOLOGY

ALL PRODUCTS

Hamilton Avenue, Hopewell, New Jersey 08525
(609) 466-3400 Telex 843345

BLOWERS AND FANS

1700 Morse Avenue, Ventura, California 93006
(805) 642-8521 Telex 659224
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TECH REVIEW

Fiber optic components
break price barrier in
short range transmission

A fiber optic interconnection system
targeted at low cost data transmission,
Commercial Optimate connectors are
priced at around 25¢ each. These com-
ponents from Amp Inc, Harrisburg, PA
17105, operate with 1000-um plastic
fiber and TO92 packaged emitters and
detectors to produce an 88% reduction
in the cost of a fiber optic link, and pro-
vide a cost-effective solution for applica-
tions in the 10- to 30-m range with data
rates up to 10M baud.

A significant part of this reduction is
in labor required to apply the devices in
the system. Glass fiber requires 15 min
to prepare the cable, apply the adhesive,
and grind and polish the fiber; pre-
viously available connectors used with
plastic fiber also required a polishing
step. The low cost connectors require no
epoxy, polishing, or special tools for ap-
plication.

To attach a plug, the fiber’s protective
jacket is stripped and the cable is in-
serted from the rear of the plug body un-
til the jacket bottoms inside the plug
cavity and the protruding fiber is cut off
flush with the tip of the plug. The whole
process takes about 12 s. A brass reten-

SIMPLEX PLUG
MATES T0 A
DUPLEX RECEPTACLE

systems

h
&=
e ST
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Commercial Optimate interconnection system developed by Amp
simplifies installation and cuts cost of short range fiber optic transmission

DUPLEX
RECEPTACLE

DUPLEX

CABLE

While low cost, all-plastic fiber emit-
ters and detectors suitable for use in
limited distance applications have
become available recently, total systems
cost has been kept high by the expense of
the connectors necessary to complete the
link. Estimates demonstrate that the cost
of a system can be reduced 56% by
choosing all-plastic instead of glass
cables, and 19% further by use of
recently introduced low end emitters and
detectors; however, these costs can be
reduced 74% more by use of low cost
connectors.

tion clip inside the body of the plug an-
chors the cable in place to withstand an
8-1b (3.6-kg) axial pull. Application of
the quick-fix splice is equally simple;
retention clips are positioned on the ends
of the cable, excess cable is trimmed
flush with the leading end of each clip,
and clip/cable assemblies are inserted in-
to opposite ends of the splice housing
until they bottom.

When mating the plug to a receptacle
or active device mount (with 3-Ib or
1.4-kg insertion force) an audible and

(continued on page 60)
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Price breakthrough: $499.

For a CMOS microprocessor development system.

Our new CDP18S693 costs less
than any other 1802 microprocessor
development system on the market.
And the development system can even
become your final target system.

The incredibly low $499*

price includes:

e CDP18S601 computer Microboard.

e ROM/audio cassette controller
Microboard.
Five-card chassis and case.
Detachable 5-volt power supply.
Audio cassette tape |/0O drive for
mass storage.

You get these capabilities:
Extended BASIC resident in ROM
with full floating-point arithmetic.

e 2K-byte monitor program with

extensive memory manipulation.
e RS232C or 20 mA terminal interface,
up to 1200 baud.

Or, for $799; you can get the
CDP18S694. It has all the capabil-
ity of the 693, plus:

e ROM-based 1802 Assembler/Editor.
e PROM Programmer board.
e A second cassette tape | /O drive.

System expansion:

Expand your Microboard system
capability, choosing from over 40
expansion boards and hardware
accessories

Memory expandable to full 65K bytes.

Virtually unlimited 1/O expansion
capability using any combination of
analog and digital |/O boards

e Run-time BASIC 3 firmware for final
system configuration.

Develop software for any
1802-based component design,
or for any Microboard system in BASIC
or assembly language.

At these prices you can't afford not
to get into CMOS.

For more information, contact any
RCA Solid State sales office, sales
representative or distributor.

Or contact RCA Solid State
headquarters in Somerville, N.J.
Brussels, Belgium. Sao Paulo, Brazil.
Hong Kong.

Or call Microsystems
Marketing toll-free (800) 526-3862.

* U.S. optional distributor resale, single unit price CIRCLE 39 ON INQUIRY CARD

System is expandable,
using any of our CMOS Microboards.

S ]

Add a terminal, and
you're ready to
develop your software.

-
e

MICROBOARD

Computer Development System

Another reason to
switch to CMOS.




Bread & Bu

Count on a full selection of low-density PROMs from
Signetics, your leading bipolar memory supplier.

As you inspect our menu of tempting PROM selections, don’t
overlook the bread-and-butter PROMs. Signeties’ 256-bit, 1K, 2K, and
4K PROMs have long been and will continue to be the staple of the
industry.

You'll find the PROM organization and specs you need from a wide
selection of low-density parts. Both Schottky TTL and high-speed ECL,
with your choice of three-state or open-collector outputs for maximum
design flexibility. In memory or logic applications.

They re packaged and tested to commercial and military temperature
ranges. And they offer a cost-effectlve programmlng yleld that S the

Once you’ vuewsampled our low dens1ty, hlgh quahty parts you 'ré Sure
: to come back for more.
i ..You'll also want to feast on other Signetics high-performance PROMs.
L1ke our 8K power strobe” device that cuts your power supply
requ;rements by a factor of 10. :
For dessert h1gh speed 4K and SK PROMs are the icing on the cake, ...
g , '21'5 , “55HSrespEct ‘ fw%z%er” ——

iy g

P

S‘ermce s prompt and efflcmnt Wlth new PROM production
capac1t1es for anythmg from a snack to a banquet we're ready to take




ter PROMs.

BIPOLAR MEMORY SELECTION GUIDE

DEVICE OUTPUT ACCESS IgcMAX. DEVICE OUTPUT ACCESS IggMAX.
DENSITY TYPE ORGANIZATION CIRCUIT TIME (ns) (mA) DENSITY TYPE ORGANIZATION CIRCUIT TIME (ns)  (mA)
256-Bit 82523 32x8 oc 50 77 8K 828180 1024X8 oc 70 175
256-Bit 825123 32x8 TS 50 77 8K 825181 1024X8 TS 70 175
256-Bit 10139 32X8 0c 20 145 8K  82LS181 1024X8 TS 150 80
1K 82S126 256X4 0cC 50 120 8K . 82PS181 1024X8 TS 70 185
1K 828129 256X4 T8 50 120 8K  B2HS181 1024X8 T8 55 175
1K 10149 256X4 oc 20 150 8K 8282708 1024X8 18 70 175
: 2K 825130 512X4 oc 50 140 8K 825183 1024X8 T8 60 175
2K 825131 512X4 T8 50 140 8K 825185 2048X4 T8 100 120
4K 825115 512X8 1S 50 175 8K 82HS185 2048X4 TS 60 155
4K 828141 512X8 TS 60 175 16K 825191 2048X8 TS 80 175
i W 8 5 5 ket < 4\ e i1 i ety t. [MSNEGREY i+ 16K 82HS191 2048X8 TS I i WS S o
4K 828137 1024X4 e T8 60 140 16K 825195 ....4096X4 TS 70 155
4K  B82HS137 1024X4 TS 45 140 32K 828321 4096X8 IS 90 175

To find out-mere about Signetics” broad PROM - «cowrmame
line, send the coupon below. Or contact your nearby
Slgnetlcs sales offlce wg i

s hmﬁmeww
ke -

._.Vfiw. b ¥ t :
a subsidiary.of U.S. Philips Corporation

~ Multiple Technologies from 8 Divisions:

Analog, Bipolar Memory, Bipolar LSI,
UL MOS Memory, ‘MOS Micfoprocessor,”
Mnl:tary, Automonvefr elecom e

-~ Logic,

To: ngnetxcs Publication Services, 811 E. Arques Ave e
. P.0.Box 409, MS 27, Sunnyvale CA 94086 o0& 81 ey




TECH REVIEW . ‘

tactile snap indicates when the plug is
bottomed and latched into place. A 6-1b
(2.7-kg) extraction force is required to
disconnect a plug from its mating
receptacle.

Performance depends largely on the
end surface finish of the end of the all-
plastic fiber. Cutting the fiber with a
razor blade results in insertion losses
under 4 dB. Cutting it with a host knife
produces a surface finish that yields in-
sertion losses of less than 2 dB. Applica-
tion of an index matching liquid reduces
insertion losses more than 50%.

Currently available components of the
connector system are single- and dual-
position plugs, single- and dual-position
bulkhead receptacles, splice housing,
and single-position active device mounts
for T092 and TO46 type packages. The
system is compatible with 1000-xm all-
plastic fibers with 2.2-mm oD jacket
manufactured by Mitsubishi and with
emitter and detector packages of the
TO46 type such as Honeywell Spec-
tronics’ Sweet Spot devices, as well as
T092 devices. LEDs include Motorola
MFOE500 and Spectronics SE 4352; and
detectors include Motorola MFODSs0 TTL
receiver and Spectronics SD4478 pin
diode, SD4323 phototransistor, and SD4324
200k-bit/s receiver.

Circle 353 on Inquiry Card

Multitasking system expands
to handle multi-user batch,
online, or distributed tasks

TFC 8500 starts with an entry level single
workstation and expands to 80 local and
remote workstations. The system, devel-
oped by the TRw-Fujitsu Co, 9841 Air-
port Blvd, #620, Los Angeles, CA
90045, operates as a standalone unit, on-
line to a central computer, or in a
TFC 8500 network. It can perform batch,
online, or distributed processing appli-
cations. Advanced computer design con-
cepts and the use of LSI circuits endow
the system with its range of capabilities,
including complete software compati-
bility throughout all configurations.
Main storage unit uses 64k MOS LSI
devices and has 256k bytes capacity.
Add-on storage units permit expansion
up to a maximum of 2M bytes. Storage
cycle time is 400 ns/2 bytes. The central
processing unit contains a single-chip,
10,000-gate microprocessor and 700-
gate/chip high speed bipolar LSI circuits
and features virtual memory capa-
bilities.

60

The small number of high density IC
circuits use considerably less power than
conventional 16k and 1,000-gate
devices. As a result of this and other
design features, the system does not
need a special cooling system. The LSI
chips and microprogram controlled cir-
cuits also permit a reduction in the
number of hardware components, mak-
ing possible a board/function design,
which contributes to enhanced reliability
and price-performance ratio.

The system is delivered with FORTRAN,
COBOL, and RPG languages. Peripherals
include disc storage, display, and printer
workstations, magnetic tape units, and
line printers. Up to eight disc storage
devices in any combination of fixed and
removable cartridge units may be con-
nected up to a maximum storage size of
800M bytes. An error checking and cor-
rection code for main and disc storage,
as well as a retry function for processor
and peripheral units, allows automatic
error recovery. A variety of diagnostic
functions and programs automatically
check the system and provide input for
effective preventive maintenance.

In a multiple workstation configura-
tion, local workstations can be as far as
1500 m (almost 1 mi) away from the
CcpU. When operated as part of a com-
puter network, the 8500 can com-
municate over telephone lines with a
host computer interactively or in batch
mode through remote job entry.

Circle 354 on Inquiry Card

Entry level computers
provide 1IM-byte memory
and midrange performance

With megabyte memory capacity and
midrange capabilities, the entry level
PDP-11/24 has 90% of the integer
performance of the -11/34A and comple-
ments the upper-midrange -11/44.
Features of the machine, introduced by
Digital Equipment Corp, Maynard, MA
01754, include custom MOS/LSI tech-
nology, UNIBUS™ architecture, and full
pDP-11 family hardware and software.
Options include floating point instruc-
tion set, 22-bit extended addressing, and
battery backup.

A general purpose minicomputer
suited for both end user and OEM ap-
plications, the machine has four times
the memory expansion of the -11/34A at a
25% to 30% lower cost. The basic unit

has twice the memory and twice the per-
formance of the older -11/04 while
costing only 30% more. High packaging
density makes it attractive as an alter-
native to the -11/34A, particularly for
build-in applications where smaller size
is critical. Standard packaged system in-
cludes three hardware configurations
that run under the RT-11, RSX-11, and
RSTE/E operating systems, and four
commercially oriented, PDP-11/24 based
Datasystems that run under CTS-300 and
CTS-500 operating systems.

The machine employs a single hex-
height central processor module with
custom MOS/LSI technology, the ex-
tended PDP-11 instruction set, and the
memory addressing extension previously
available only on the -11/44 and -11/70.
The central processor is available in 5.25
and 10.5" (13.34 and 26.7-cm) high
chassis. The smaller unit provides a
maximum 768k-byte memory using the
22-bit extended addressing option; the
larger accepts a full megabyte of
memory. The central processor has on-
board provisions for the floating point
instruction set as well as for a com-
mercial instruction set to be announced
later. Extended addressing option
enables memory capacity to expand to a
full megabyte.

The machine supports the range of
pPDP-11 software, and has networking and
communications capabilities enabling it
to be linked to other DEC computers with
DECnet software, and other manufac-
turers’ computers via Internet software.
Packaged system configurations consist
of one with 128k bytes of memory, dual
rRX02 floppy disc drives, and choice of
DECwriter 1V hardcopy or vT100 video
terminal; one with 256k bytes of
memory, dual 10.4M-byte RL02 discs,
and choice of VT100 or DECwriter III ter-
minal; and one with 256k bytes of
memory, dual 28M-byte RK07 disc drives,
and a DECwriter 111 terminal.
Datasystems based on the -11/24 are 346
and 348 using CTS 300 operating system
and the 522 and 528 using CTS 500.
Datasystem 346 supplies 128k bytes of
memory, dual RL02 storage discs, and
VT100 terminal; 348 has 256k-bytes
memory, dual RK07 discs, and VTI100.
Datasystem 522 offers 256k-bytes
memory, DECwriter 11 terminal, and dual
RLO2 discs; s528A provides 256k-byte
memory, dual RK07 disc, and DECwriter
1. Datasystem 528E has the hardware of
the s528A with the extended addressing
option and 512k bytes of memory plus
the COBOL programming language.

Circle 355 on Inquiry Card
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~ There’s
a more behind
Hewlett-Packard’s
microcomputer than

$50 million worth
of software.




Full system
support.

Announcing the new HP 1000
I-Series Model 5 microsystem.

The same two-board microcomputer that’s becom-
ing so popular with OEMs is now avail-
able as an integrated, real-time
system —complete with dual
minifloppies, 128K bytes
of memory, your choice
of interactive terminals .
and full support for the entire ™
system from Hewlett-Packard. All
for under $10,000.

All strings attached.

Software is the most important _—
part of any system, and the Model 5 has $50 million
worth of software development behind it.

You can start with either RTE-L or RTE-XL, our
powerful multi-programming, multi-user operating sys-
tems. Their modular construction lets you build the
real-time computing environment your applications pro-
grams demand— programs you can develop in Assem-
bler, FORTRAN 4X and BASIC. And our HP DSN
networking software makes it simple to put low-cost
computing wherever you need it.

Data base management on a microcomputer? With
our IMAGE DBMS, you've got a powerful tool for simple
and efficient data management. And you can easily pic-
ture the possibilities offered by our GRAPHICS/1000
software. Like our other software packages, these are
all upwardly compatible throughout the entire HP 1000
line, giving you an easy growth path to even higher
performance.

Configure it out for yourself.

The Model 5 is completely modular, so you can
virtually design a system yourself. Hard disks and other

CIRCLE 40 ON INQUIRY CARD

peripherals can be plugged in directly. And thanks to a
60% reduction in memory costs, you can go all the way
to 1/2 megabyte of memory for an additional $2000.

Whether you buy a packaged system, or put one
together yourself, you can get HP’s full
range of customer support services,
provided from more than 170

offices worldwide.

The ins and outs
of high-speed 1/0.

In designing the Model
> 5, we used an advanced
distributed intelligence
architecture that puts a
separate LSI I/O processor
on each interface board. This means each
processor has its own direct channel to the entire 1/2-
megabyte memory. (We used state-of-the-art 64K RAMs
to put the 512K bytes of memory onto just one board.)
With the CPU free to concentrate on computation, you
get significantly increased throughput and exceptional
performance.

If you'd like a hands-on demonstration, just contact
your local HP sales office listed in the White Pages. Or
for more information, and our new OEM catalog, write
to Joe Schoendorf, Hewlett-Packard, Dept. 12107,
11000 Wolfe Road, Cupertino, CA 95014.

O

Prices U.S.A. OEM quantities of 100 units. Prices subject to change without notice.

HEWLETT
PACKARD
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TECH REVIEW

Voice output terminal
offers high quality speech
at low bit rates

Machine speech is brought into the
realm of the general purpose computer
by a voice output terminal that provides
high quality digital speech and unlimited

vocabulary at low bit rates. Introduced
by Centigram Corp, 155A Moffett Park
Dr, Suite 108, Sunnyvale, CA 94086,
LISA (logically integrated speech annun-
ciator) uses digital speech processing at a
rate of 4800 bits/s to reduce the cost of
storage and transmission lines. Unlike
the speech produced using other low bit
rate methods, the output is almost in-
distinguishable from voice that has been
recorded by conventional analog
methods.

ware is available.

Some of the
features of the
DHK11 include
compatibility with =
RSX11/M software; eight
separate DMA output channels;
and a 64-character input buf-
fer. The construction of the
DHK11 is modular, in groups of
eight lines per set of two dual
boards, requiring a minimum
of backplane space. Optional
modem control can be pro-
vided through the use of the
DMK-11.

DH-11 for LSI- 11

DHK11 — the asynchronous multiplexer.
connects the LSI-11 with eight serial communl-
cations lines operating with individually pro-
grammable parameters. The excellent price/
performance ratio of the DHK11 in conjunction
with the LSI-11 make it an excellent choice for
communication applications such as remote
concentrators, front-end processors and for-
ward message switches, especially now that the
LSI-11/23 processor with RSX-11M multiuser soft-

Illllllllllll"" 2l | [ [ ] ]|
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The function of the DHK11 is
to provide a direct memory
access link to eight serial
asynchronous communica-
tions lines. It plugs directly into
an LSI-11, LSI-11/2 or LSI-11/23
backplane or system. It consists
of two dual size cards: 83%"” x
5%"”. The cost? Talk to us . . . we
are. ..

K.O. Mair Associates Ltd.

145 Spruce Street, Ottawa
Ontario, Canada K1R 6P1
613 238-7766/Telex 053-4916

Distributor inquiries welcome.

LSI-11, LSI-11/2, LSIF11/23 and RSX11/M are registered trademarks of Digital Equipment Corporation.
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The unit can be used with any type of

computer via an RS-232 interface in

standalone mode. An additional RS-232
interface allows it to be interposed be-
tween computer and CRT with no CRT
disruption. Vocabulary is stored on discs
loaded into the host computer, giving
the vocabulary virtually no limits (1M
byte of disc storage equals 1 hour of
speech). The vocabulary can be output
in any form desired: single words,
phrases, sentences, or lengthy state-
ments. In contrast to the machinelike,
choppy phrasing of many technologies,
the pitch, tone, and cadence are natural;
three out of four people will not realize
they are listening to synthesized speech.

Vocabulary for the terminal is pro-
cessed using the voice library generator.
This unit is based on a digital voice tech-
nology called parametric waveform
coding (pwc). Developed by the com-
pany, this technique derives from two
earlier digital voice technologies: para-
metric methods like linear predictive
coding and waveform analysis.

Using pwc, the original speech
waveform is broken up into events. An
event is the waveform that results from
one opening and closing of the vocal
cord, and has a duration in the range of
2 to 15 ms, depending on the pitch of the
speaker. Each event is modeled by a
complex parametric mathematical des-
cription. Approximately two dozen
parameters are involved in this descrip-
tion; these numbers themselves represent
a digital description of the voice wave-
form, and can accurately reconstruct the
waveform.

A mathematical model called the
autoregressive moving average is used to
generate parameters for digitizing voice.
When voice is input, the voice library
generator uses PWC to generate
parameters. The digital code is then con-
verted back to an analog waveform, and
waveform analysis is used to compare
the synthesized waveform with the origi-
nal. If they don’t match, the generator
continues to correct and compare until
they do match. Result of the analysis is
then stored on disc in the form of AscIl
character test strings.

The resulting vocabulary disc is
loaded into the user’s computer system
where the annunciator terminal can ac-
cess it. Since digitized voice is made up
of standard text characters, the com-
puter can manipulate and transmit the
bit stream without modification to the
operating system. The unit also contains
the autoregressive moving average
model, which converts the digitized
codes back into an analog waveform
that drives a speaker.

Circle 356 on Inquiry Card
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High Density
Power 1/0

Opto 22 Quad Pak Cuts System Cost

isolated outputs or inputs in a one inch
wide module with all the features and

reliability of the industry standard
I/O module that we introduced in
1977. In stock for immediate deliv-
ery. Isn’'t this what you expect
from Opto 227

Opto 22 proudly announces a new
generation of power I/O modules.
Twenty four high power I/O inputs
and/or outputs in a mounting rack
that is only eight inches long,
saves expensive cabinets, floor
space and wiring. Four photo-

T - v*u‘s"o*\“v"’i‘; “» S

Opto 22 Solid State of the Art

DISTRIBUTED BY:
Hamilton/Avneét MINNESOTA WASHINGTON

throughout the U.S. and Canada Cassidy Electronics 612-835-7746 Shannon, Ltd. 206-763-0545
CALIFORNIA NEW YORK : WISCONSIN

" LIVERA-Polk Associates 516-484-1276 Taylor Electric 414-241-4321
VS| Electronics 714-557-7131 g0 CANADA
xfc',g"e;;m"'cs HO-TISD 19D, tne. 513-435-2086 ek Electronics 604-324-6831

OKLAHOMA ntek Electronics 403-437-2755
r:a::)c':gmponems 305-565-1614 Qaiity Components 918-664-8812 Multiek 613-226-2365
; TEXAS pto 22

GBL Goold Electronics 312-593-3220 Quality Components 214-387-4949 Huntington Beach, CA 92649
MICHIGAN Quality Components 713-772-7100 714-891-5876
George Instruments 313-280-1111 Quality Components 512-835-0220
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Only the AmZ8000° family
has a one-chip error detection
and correction unit.
It’s the AmZ8065. Remember
the name, it’s going to save
you a whole lot of time, money
and board space.

The AmZ8065 lets you say
goodbye to 50-70 MSI devices.
That’s right, 50-70! And it’s
pertect for high volume applica-
tions with both hard and
tloppy disks.

It’s so tlexible it manipulates
all the math necessary for burst
serial-bit error detection and
correction in real time. And the

AmZ8065 corrects with all the

*Z8000 is a trademark of Zilog, Inc

THE FIND IT/
FIXITMACHINE.




commonly used 32, 35,48 and
56-bit Fire Codes.

The AmZ8065 is just one
more reason the AmZ8000
should be the power behind

your system.

Here's some more:
We've got universal interrupt
controllers, a data ciphering
processor, timers, arithmetic
processors, direct memory
access controllers, and a
bunch ot bipolar peripherals
for the AmZ8000 on the shelt
and ready to go.

And AMD is the only IC
company that guarantees

quality. Everything we make
meets or exceeds INT:STD-123,

the International Standard of
Quality.
The International Standard of Quality

guarantees these electrical AQLs on all
parameters over the operating tempera-
ture e: 0.1% on MOS RAMs & ROMs;
0.2% on BipolaeLogic & Interface; 0.3%

on Linear, LESEMI ogic & other memories.

&
&The AmZ8000 has it all:
the architecture, the peripher-
als, the sottware, a develop-
ment system, and customer
education programs.

Whatever your problem,
AMD can fix it.

Advanced Micro Devices ¢

Q901 Thompson Place, Sunnyvale, CA 94086 - (408) 732-2400
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48-bit supermini
outperforms 32-bit machines
at competitive price

The 48-bit model 300 superminicomputer
offers benchmark performance in
multiprogramming environments
through its fast central system bus.
Other attributes of the machine,
developed by Harris Corp, Computer
Systems Div, 2101 W Cypress Creek Rd,
Fort Lauderdale, FL 33309, include a
hardware supported 12M-byte virtual
memory system and 2M-byte real
memory.

Supporting concurrent users doing in-
teractive program development, time-
sharing, multistream batch, multiple
remote job entry, and realtime process-
ing, the system design centers on a very
fast system bus that has 48 lines for data
transfers and 20 lines for addressing.
Address bits allow the full 1.96M bytes
of main memory to be accessed by any
subsystem using the bus. During writes
to main memory, the bus transfers the
memory address together with 24 or 48
data bits in one bus cycle. Typically, 170
operations transfer 48 data bits at one
time between main memory and discs or
tapes on the universal block channel via
the system bus.

The central processor overlaps in-
struction fetch with execution. While
one instruction is being executed, the
next sequential instruction is fetched
from main memory. The instruction set
is compatible with the company’s other
computer systems.

System memory consists of high per-
formance MOS RAM managed by demand
paging hardware and software, and
monitored by error correcting logic.
Transfers between the main memory and
the processors take place over the system
bus. Main memory of the system is ex-
pandable to nearly 2M bytes. Each
memory module reads or writes 48 bits
plus error correcting bits in one memory
cycle. Each module transfers 48 bits on
the system bus to the cpu and selected
1/0 channels. Virtual memory makes
over 12M bytes of logical address space
available for running application pro-
grams regardless of the physical memory
available.

The system. supports up to 24 logical
block mode 170 channels. The universal
block channel is intended for use by high
performance peripheral controllers; the
integral block channel interfaces to a

68

. ADDReSSHUS

INRUT/
- OUTPUT

CHANNELS |

Central system bus in Harris’s 48-bit superminicomputer pro-
vides high throughput in multiprogramming environments. Bus
uses 48 lines for data transfer and 20 lines for addressing,
allowing entire 1.9M-byte memory to be accessed

CONFIGURATIONS INCLUDE
OPTIONAL SHARED
MEMORY AND SAU

card reader. The programmed 1/0 chan-
nel interfaces to slow speed devices. It
supports up to four plug-in controllers
for printers and terminals. The buffered
block channel interfaces disc and tape
controllers to the system. Its dual-bus
priority and 96-byte in-channel buffer
improve transfer rate.

An optional hardware floating point
processor, the scientific arithmetic unit
(sAau), provides concurrent floating
point operations independent of the
CcPU. The SAU interface transfers 48 bits
to or from main memory on the system
bus. Double-precision (48-bit) floating
point employs an 8-bit signed exponent
and 39-bit signed mantissa to achieve
more than 11 decimal points of preci-
sion.

The VULCAN virtual memory manage-
ment operating system is supported by a
variety of registers to decrease the
burden of housekeeping requirements.
In addition to the VULCAN operating
system, the system supports nine com-
puter languages, five support programs,
a programmable job control language,
various remote job entry packages, and
data management systems and utilities.
Circle 357 on Inquiry Card

1200-line/min band printer
switches to 600 lines/min
for draft quality output

Model 3121, a high performance
1200-line/min band printer, is priced as
much as 40% below competitive band or
drum models. In the unit, Data Printer
Corp, 99 Middlesex St, Malden, MA
02148, has provided an optional switch
selectable speed feature that allows the
printer to produce draft-quality word
processing output at 600 lines/min.

The 132-column unit also incor-
porates features that make it easy to use
and flexible. For example, in standard
configuration, it includes more than 40
digital display symbols, a low cost spool
ribbon system that lowers ribbon
replacement costs over other methods by
as much as 25%, a full line buffer, noise
level under 65 dBA, operator inter-
changeable 48-, 64-, 94-, and 128-char
bands with a rated life of 100M im-
pacts/char, a gravity activated paper
stacking system, fine vertical and
horizontal paper adjustment features,
and exceptional quality print definition.

(continued on page 70)
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385 Ravendale Drive, Mountain View, CA 94043
Telex: 345579 Answerback: BENVAR MNTV
‘ Telephone: (415) 965-9900
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GM ceramic

magnets meet
tough specs!

GM ceramic magnets
give you better dimensional
accuracy, functional flexi-
bility and environmental
reliability.

GM magnets hold
dimensional tolerances to
computer hardware
accuracies and have a stable
non-outgassing coating to
satisfy the critical needs of

computer disc storage
technology.
GM coated, tight-

tolerance ceramic magnets
are available as either arcs
or flat blocks.

GM delivers the quality
magnets you need yet stays
within budget. For more
information, circle the
number below for our

informative catalog and the
nearest

name of your
representative.

Gm

. GENERAL MAGNETIC CO. .
20 ESMARK corpan,

. 5252 Investment Dr @ P O Box 210159 @ Dallas, Tx 75211 .
(214)296-4711 W Telex 79-1634 « GENOX
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Optionally, it may be configured to
provide 136-col printing, a cassette rib-
bon and ribbon re-inking system, a
forms length selector switch or direct ac-
cess vertical format unit (VFU), an 8- or
12-channel electronic vertical format
unit tape reader, 6/8-lines/in
(2.3/3.1/cm) direct access vertical line
spacing, font options, a rear control
panel, an elapsed time indicator, and a
digital line counter.

Achieving a top print speed of 1350
lines/min with a 48-char font and 1200
lines/min with a 64-char set, the printer
uses electromagnetically actuated print
hammers. Hammers impact from
behind, pushing a small area of the form
against a ribbon and a raised typeface on
the band. Printing is performed by scan-
ning stored data in synchronism with the
moving band and actuating the print
hammers as the designated characters
move into their respective print posi-
tions.

The band consists of repeating
character sets in an endless loop. Char-
acters are arranged according to high
and low character usage to optimize
print speed, and are presented in every
print position as the motor-driven band
laterally revolves at a constant speed in
front of the hammers.

The spool to spool ribbon system uses
100 yds (91 m) of 1" (2.54-cm) wide rib-
bon on two throwaway spools. The rib-
bon is expected to provide more than
60M character impacts on 15 1b, single-
part paper, assuming a 50% print den-
sity on the page and either 132- or
136-col width. Paper stacker is an
operator adjustable system that can
stack forms ranging from 6 to 12" (15 to
30 cm) in length. Unit consists of ad-
justable paper platform, front and rear
gates that are adjusted for forms length,
paper puller to direct paper into the
stacking area, and hanging chain paper
deflector to assist in fanfolding the
forms.

Interchangeable bands, made of
stainless steel alloy, contain 420 etched
characters each and are available with
repeating 48-, 64-, 94-, and 128-char sets
offering throughput of 1350, 1200, 900
and 690 lines/min, respectively. Each
band is rated for in excess of 100M im-
pacts/char. The printer accepts from 1-
to 6-part forms, multipart bond with a
single carbon, and special papers such as
envelopes, labels with pressure sensitive
backings, and some plastic cards.

Circle 358 on Inquiry Card

TECH REVIEW

16-bit military computers
offer software capability,
high performance

MSE/14 offers the highest performance/
price ratio obtainable for midrange
military computers, while the MSE/25
supplies the strongest software capa-
bility of any 16-bit military computer on
the market. These processors, developed
by Rolm Corp, 4900 Old Ironsides Dr,
Santa Clara, CA 95050, are completely
compatible with Data General Corp’s
Eclipse software and meet the stringent
operating requirements of MIL-E-5400,
MIL-E-16400, and MIL-3-4158.

The MSE/14 complements the powerful
32-bit MSE/800 (see Computer Design,
May 1981, p 641). Its compact packaging
provides a complete processing system in
a single ATR chassis (0.87 ft* (0.024 m’®).
This chassis accommodates eight 1/0 in-
terfaces and either 128k bytes of core or
512k bytes of semiconductor memory.
Nonvolatile core system performance is
rated at 400k operations/s; 4-way in-
terleaved semiconductor memory system
performance exceeds 800k operations/s.
Use of an optional expansion chassis
supports core memory growth to 2048k
bytes and additional 1/0 capability.

Configuration flexibility allows users
to select the most cost effective solution
to the performance needs of their ap-
plication. Floating point capability is
available in either firmware or hardware
implementations.

MSE/25 achieves high performance
with cache memory that exceeds 600k
operations/s for a fixed point measure
and 300k Whetstone operations/s as a
single-precision floating point measure.
The minimum system is packaged in a
single ATR chassis and includes either
64k or 128k bytes of core memory. Main
memory, which includes a parity check-
ing capability, can be expanded to 2M
bytes.

Microprogrammed architecture of the
processor includes a versatile instruction
set, hardware stack operations, fast vec-
tored interrupt handling that maximizes
data handling capability, and BITE
(Built-In Test Equipment) for improved
maintainability. Users can expand pro-
cessing capability by selecting an ex-
tended arithmetic processor, memory
allocation and protection, high speed
cache memory, writable control store,
and a commercial instruction set.

Circle 359 on Inquiry Card
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In the business world of today, just about
everybody could use a silent partner. After all,
they give your operation a real shot in the arm
and hardly ever make a sound.

Now Lear Siegler can fill the bill. Because
our 310 Ballistic™ Printer is one silent partner
that knows when to HUSH up.

The 310 is the quietest dot-matrix printer in
its class.In fact the 310 Ballistic Printer with HUSH

checks in at a soothing 56 dBA.
That's quieter than most type-
writers. And when you _

stop to think of the accu- /
mulated noise beating on
your eardrums all day, the
310 emerges as a valued E

tures an expandable print buffer with up to
2048 characters. It gives you complete horizontal
and vertical forms control. And it's compatible
with all LSI terminals.

Other outstanding features include the 310's
printing characteristics. And a 9 high by 7 wide
dot-matrix provides true underlining and lower
case descenders.

In addition, the sophisticated 310 is multi-
lingual. Because character sets are
available in a variety of lan-

. guages. At 180 cps, the 310
\ | Ballistic Printer with HUSH
\ | gives you high throughput.
. It's rugged and durable
\, | but stylish in design and
fits right into any office

colleague indeed.

And what price do
you have to pay for such
an asset? Only $2170.
(Quantity 1).

As if that weren't
enough, the 310 also fea-

LEAR SIEGLER 310
BALLISTIC PRINTER
WITH HUSH.

decor.

The 310 Ballistic Printer
with HUSH is a real busi-
ness secret. Why not make
one your silent partner
today and see what a dif-
ference it makes.

LEAR SIEGLER. INC
DATA PRODUCTS DIVISION

Lear Siegler, Inc. Data Products Division, 714 North Brookhurst Street, Anaheim, CA 92803 800/854-3805. In California 714/774-1010
TWX: 910-591-1157. Telex: 65-5444. Regional Sales Offices: San Francisco 408/263-0506 * Los Angeles 213/454-994] « Chicago
312/279-5250 + Houston 713/780-2585 + Philadelphia 215/245-1520 + New York 212/594-6762 + Boston 617/423-1510 + Washington,

D.C. 301/459-1826 - Orlando 305/869-1826 * England (04867) 80666

Ballistic™ Printer

a trademark

f Lear Siegler, Inc
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~ Resco+RM Electronics « Sterling « Time «

INSTOCK NOW!
New 2K x 8 Static CMOS RAM...

The HM 6116
From HITACHI 1

Pin Compatible With Byte -Wide
Industry Standard EPROMS

The Hitachi HM6116 CMOS RAM is Available Now
for Immediate Delivery! Now that you're ready to
design your next system, why not use the best: the
Hitachi HM6116 2K x 8 static RAM. The HM&16
incorporates Hitachi "HI-CMOS" technology and a
cost-effective plastic package that bring you the
best of three technologies: HMOS speed NMOS
high-bit densities; and CMOS low power
dissipation. Like all Hitachi "HI-CMOS" RAMSs, the
HM&M16 lets you enjoy state-ofthe-art
performance at competitive prices. In addition,

the HM6116 2K x 8 has an address access time of
120ns; its low power dissipation during operation is
180mW, and a mere 100uW, during complete
standby (compare this to the typical 700mw
required by ordinary 16K NMOS cerdip RAMs).
And, the HM6116 has another big plus: it's ready
now for immediate delivery!

For more information about the Hitachi HM6116
CMOS RAM, return coupon or call your local Hitachi
Representative or distributor sales office.

HITACHI

Hitachi America, Ltd., Electronic Devices Sales and Service Division

Regional Headquarters
Westem

1800 Benng Drive

San Jose, CA 95112

(408) 292-6404

TWX 910-338-2103

Central

6200 Savoy Drive, Suite 704
Houston, TX 77036

(713) 974-0534

TWX 910-881-7043

Eastem

Lexington, MA 02173
(617) 8611642
TWX 710-326-1413

Stocking Distributors

Active Component Technology « Anthem « Bell « CAM/RPC»
Diplomat « Future « Jaco « Marshall « Milgray « RC Components »
Western Micro Techmlqu

594 Marrett Road, Suite 22

1800 Bering Drive, San Jose, CA 9512 (408) 292-6404
Symbol of Semiconductor Quality, Worldwide

Y | want to know more about the Hitachi
€8, vs116 CMOS RAM.

O Send detailed product literature.
O Have my Hitachi Representative call.

Name

Title

Company
Address

City

State ; 7'0
Phore( ) .




TECH REVIEW ‘ '

Low end minicomputer
and operating system
added to DS990 family

A low cost multiuser COBOL system,
DS990 model 3 uses the multitasking DX7
operating system to provide high per-
formance in the diskette/cartridge disc
environment. Developed by Texas In-
struments Inc, PO Box 202146 H-573,
Dallas, TX 75220, the operating system
provides comprehensive management
capabilities for programs, memory, and
files; an interactive user interface; and
upward compatibility with the DXI10
Operating System.

Incorporating a 990/10 central pro-
cessor with 96k bytes of error-correcting
memory, model 911 video display ter-
minal, and a dual terminal controller in
its standard configuration, the minicom-
puter offers mass storage in either of two
forms: dual double-sided, double-
density diskettes at 1.15M bytes each, or
cartridge disc with 4.7M bytes of remov-
able storage and 4.7M bytes of fixed
storage. System configurations using
cartridge disc are equipped with a

® The Mini at the
® Price of a Micro

Aot OEM's, Distributors,

” Systems Houses-get
the performance and flexibility of a MINI, at
the economy of a MICRO.

In its basic configuration the Ardent 10
contains 65KB’s of a 16 bit computer, disc
controller and printer controller, all integrat-
ed into a high performance, multivideo level
CRT.

The system is capable of handling up to
40MB'’s of disc storage and printers up to
300 LPM.

The Ardent commitment is to the OEM,
Distributor and Systems Houses. We can
work with operating systems supporting
BASIC, COBOL or FORTRAN languages.

We have a powerful upgrade package
allowing easy, economical growth from a
low disc capacity, single user system, up
through a hi-storage capacity multiuser
system.

Our discount structure is aggressive,
but more importantly, we can help you
make money. We're not promising, we're
DELIVERING.

ram TN "/ 77/}
computer products

145 Palisades Street + Dobbs Ferry, NY 10522 + (914) 693-6900
2259 Via Burton + Anaheim, CA 92806 « (714) 870-7660  Telex 681419
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tabletop cabinet that houses a 6-slot
chassis and the cpu. Systems using
diskette storage can be equipped with
the tabletop cabinet or with a 30”
(76-cm) pedestal unit that provides a
13-slot chassis. Tabletop configurations
requiring additional memory, three or
four workstations, or a second printer
can be upgraded with a chassis expan-
sion and the addition of a pedestal
cabinet.

The DX7 operating system provides
COBOL program development and execu-
tion, Sort/Merge, IBM 3780/2780 com-
munications emulation, and system gen-
eration capabilities. Operator’s interface
to the operating system is the System
Command Interpreter (sSCi). Resource
management capabilities include roll-in,
roll-out, dynamic memory allocation of
overlays, and priority scheduling, plus
procedure- and replicated-task sharing.
The file management package includes
sequential, relative-record, and multi-
key-indexed files; it provides delete and
write protect, record locking, blocked
files, deferred or immediate-write opera-
tion, temporary files, and blank com-
pression. Multikey indexing, with self-
maintenance capability, eliminates much
of the necessity for periodic file
rebuilding and reorganization. In a
memory environment of 96k bytes, DX7
provides a minimum of 30k bytes of user
memory space.

Circle 360 on Inquiry Card

Large scale computers
handle online processing
in multi-user environment

Four large scale host computers expand
the growth path for current users of cp-v
and Cp-6 operating systems and provide
an efficient operating system specifically
designed for high production multi-user
environment. Accommodating up to 120
simultaneous users, the DPS 8/62C, the
DPS 8/44C in single- and dual-processor
configurations, and the DPS 8/20C, an-
nounced by Honeywell, Inc, PO Box
6000, Phoenix, AZ 85005, serve as hosts
for the Central Program 6 (CP-6)
operating system. Online processing
capabilities of the package include con-
current combinations of interactive
timesharing transaction processing,
while simultaneously accommodating
multiprogrammed local and remote
batch processing. The software library
of the system consists of reentrant
language processors that include coBoL
74, ANS FORTRAN, APL, Text, and BASIC,
and the IDS-11 database systems.

DPS 8/62C is a 120-user, single-pro-
cessor system based on DPS 8/70C
technology. It offers approximately 30%
more power than a comparably con-
figured Level 66/DPS-C system. The free-
standing central system consists of CPU,
system control unit (SCU), and an input/
output multiplexer (10M) with 35-
channel function slots, expandable to
54 slots. In a typical configuration con-
taining Datanet 8C (DN8C) frontend net-
work processor (FNP), with 120 com-
munications lines, 1200- and 1600-
line/min printers, 1050-card/min
card reader, four 200-in/s tape drives,
and two 200M and two 1.2G disc drives,
the system will sell for $1,681,287.

The single-processor DPS 8/44C is a
40-user, midrange system that offers ap-
proximately 75% of the power of a
Level 66/DPS/B and about 50% more
than the DPS 8/20C. In a dual-processor
version, the DPS 8/44C will have up to
76% more power than its single-
processor configuration, and will ac-
commodate 80 users. The central system
of this machine consists of one or two
CPUs, one SCU, and one IOM with
19-channel function slots, all within one
cabinet. A typical single-processor con-
figuration includes one DN8C FNP with 40
lines, one 1200-line/min printer, one
500-card/min card reader, two 200-in/s
tape drives, and 1.2G disc drive. The
central system is field upgradable to a
dual-processor system. In the dual-
processor configuration, a typical unit
consists of DN8C FNP with 80 lines, a
1600-line/min printer, a 500-card/min
reader, three 200-in/s tape drives, and
one 200M and one 1.2G disc unit. Pur-
chase price of this dual processor system
is $1,003,038.

A 20-user system, the DPS 8/20C is
based on the technology of the DPS 8/44C
and is field upgradable to it. Designed
for use either as an entry level freestand-
ing CP-6 system or as a remote satellite in
conjunction with larger host systems, it
is similar to the DPS 8/44C in system
design, packaging, and memory options.
In a typical configuration, it includes a
DN8C FNP with 20 lines, a 1200-line/min
printer, a 500-card/min reader, a
200-in/s tape drive, and two 200M disc
units.

Central systems of all units include
user storage, integrated communications
processor based on Datanet 8 hardware,
remote diagnostic processor, cache
memory, and operator console. The
hosts will use the company’s large
systems unit record, disc, and tape
peripheral subsystems. O
Circle 361 on Inquiry Card
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POWER-ONE
D.C. POWER SUPPLIES

Our customers select their favorite models

small floppies and micro-computers to large main-

The choice wasn’t easy. Not with 105 open frame
linears and a full switcher line to choose from. Still,
the top models of the past year — proudly pictured

below — have been named.

Actually, this is a statement of Power-One’s most
popular D.C. power supplies — as determined by our
customers. Obviously, applications vary widely, from

frame systems.

But one thing they all have in common. They’re built
by Power-One. Which means the most reliable power
supplies available, at the lowest cost possible.

So take a look at our entire line. Send for our new
1981 Catalog and Facilities Brochure for details.

Switchers

Hi-Tech Design

High Efficiency - 75% min.
Compact/Light Weight
115/230 VAC Input

20 msec Hold-up

Totally Enclosed
Packaging

Two Year Warrantee

® 24 Hour Burn-in

e o ° o o o

©

SINGLE OUTPUT

5V to 24V Models

SD, 60W : $115.00
SF, 100W : $170.00
SK, 200W : $250.00

MULTIPLE OUTPUT

150 Watts |
, .
i ML
Immmumm
5V @ 20A i
12V @ 5A 5V to 24V @ 3.5A

User Selectable
SHQ-150W : $295.00

QUME PRINTER SUPPLY

5V @ 10A
+15V @ 4.5A/16A Peak

SP305 : $345.00

Disk-Drive

* Powers Most Popular
Drives

7 “Off the Shelf” Models
Powers Drives & Controller
UL & CSA Recognized
115/230 VAC Input

e o o o

9%" FLOPPY SUPPLIES

CP340, 1 Drive : $44.95
CP323, Up to 4 Drivers : $74.95

8.0” FLOPPY SUPPLIES

CP205, 1 Drive : $69.95
CP206, 2 Drives : $91.95
CP162, Up to 4 Drives : $120.00

WINCHESTER SUPPLIES

2 Models to Power any
Manufacturer’s Drive

CP379, CP384 : $120.00

Open-Frame Linear

* Industry Standard
Packages

115/230 VAC Input

+.05% Regulation

Two Year Warrantee

UL & CSA Recognized
Industry’s Best Power/Cost
Ratio

SINGLE OUTPUT

5V @ 3A 4V @ 1.2A
12V @ 1.7A 28V @ 1.0A

15V @ 1.5A
HB Series : $24.95

250V @ 0.1A

SINGLE OUTPUT

b

5V @ 6A 24V @ 2.4A
12V @ 3.4A 28V @ 2.0A
15V @ 3.0A 48V @ 1.0A

HC Series : $44.95 to $49.95

DUAL OUTPUT

+12V @ 1.0A or
+15V @ 0.8A

HAA15-0.8 : $39.95

DUAL OUTPUT

o W

+12V @ 1.7A or
+15V @ 1.5A
HBB15-1.5 : $49.95

5V @ 2A
+9V to £15V @ 0.4A

HTAA-16W : $49.95

TRIPLE OUTPUT

5V @ 3A
+12V @ 1A or
+15V @ 0.8A

HBAA-40W : $69.95

POWER FAIL MONITORS

Indicates pending
system power loss.
Monitors AC line and
DC outputs.

* Allows for orderly data-
save procedures

PFM-1 : $24.95

PFM-2 : $39.95

//l

,,\/‘4\3;‘“‘"% \\
N Vi
> 1%5 \\

NEW ‘81 CATALOG &

FACILITIES BROCHURE

Get your free copies now!

Phone or write us direct, or circle the

reader service number

dPower-one

0.C. POWeEr surPLIES
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DIGITAL CONTROL AND AUTOMATION SYSTEMS

Distributed Energy Management
System Maximizes User Choices

O ften, a company facing an internal requirement in
terms of operating its plant or production line will
develop, for its own use, a system that eventually
becomes a product offered to outside users. An ex-
ample of such an evolution is found in a turnkey
microprocessor based energy and facility manage-
ment computer system, the DCS 5000, developed by
Litton Energy Control Systems (9655 Irondale Ave,
Chatsworth, CA 91311) for use in a severe industrial
environment. This system utilizes a central super-
visory processor communicating with intelligent
remote controllers (IRCs) distributed throughout a
plant. Readily expandable through modular buildup,
it provides as many as 8 communication lines, each
capable of addressing up to 128 IRCs.

One user of the system is another division of Litton
Industries, Litton Guidance and Control Systems
Div, 5500 Canoga Ave, Woodland Hills, CA 91365,
where 11 IRCs are employed and another is about to
be added. The system extends sensors and actuators
to 376 points in a 4-building, 500,000 ft? (46,450 m?)
complex. Functions supervised by the system include
temperature monitoring, temperature-regulated duty
cycling, energizing and de-energizing of systems, and
power-demand limiting. Among the equipment
under control are air handling units, chillers, boilers,
hot water pumps, and cooling towers. Use of the
energy control system has reduced the plant’s annual
power consumption from 2.80 million kWh to 1.75
million kWh—a 37.5% reduction.

This user-programmable system is characterized by
its adaptability. The software enables users to extend
monitor/control functions to a newly added sensor
or piece of equipment in a matter of minutes. Users
define the parameters relating to any point in the
system through the use of lightpen and keyboard en-
tries, in an interactive process at a display terminal,
responding to a series of menus.

System Description

The central supervisory processor (Fig 1) utilizes a
single-board microcomputer, the 86/12 from Intel

Corp, OMS Div, 5200 NE Elam Young Pkwy, Hills-
borough, OR 97123. This industrial board, based on
the 16-bit NMOS 8086 microprocessor, is RAM-
intensive, containing 64k bytes of random access
memory. It also incorporates 24 programmable
parallel 1/0 lines, 9 levels of interrupt, and 2 pro-
grammable timer/event counters. An SBC-202 floppy
disc controller from the same semiconductor

(continued on page 78)

o

TO/FROM IRCs

Fig 1
utilizes RAM-intensive CPU board and additional memory to
address distributed network of intelligent remote controllers

Central supervisory processor. Design of DCS-5000
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OUTRUNS THE COMPETITION.

The print head on a C. Itoh 500 series
dot mattix printer prints out over
100,000,000 characters in its lifetime.
That's a lot of cash register receipts. A lot
of journal entries. It's one reason why
C. Itoh printers are among the most relia-
ble in the industry. And the most popular.
Of course, every series 500
printer is also long on features. Each is
bi-directional. Each prints a fast 152
CPS. But best of all, there's one just
right for your application. Our
Model 512, for example, is the
perfect journal printer with 40-
column printout for a variety of
applications. The Model 522, on
the other hand, gives you two-
stage 18-column journal/18-col-
umn receipt printing complete
with logo stamp and automatic
paper cutter for cash register
applications. For efficient flat bed
ticket or slip printing, the Model

542 40-column unit is the one to buy.
C. Itoh Series 200 printers are
equally impressive. Compact and rug-
ged, each requires just 24VDC and
prints 5x7, 7x7 or 9x 7 matrices at 2.4
LPS from a reliable 7-wire print head.
They're the OEM's choice for cash regis-
ters, home computers, data loggers,
electronic calculators and general periph-
erals. Choose the Model 210 roll-fed
printer with 26-35 column capacity. Or

the sprocket-fed Model 210S with 22-30
columns. You get 2-color printing either
way. For dual-roll applications, the
Model 220 records receipt and journal
entries and features auto-stamp and in-
dependent high-speed line feed. And for
multi-ply slip document applications,
there'’s the Model 240 featuring an ad-
justable document stop gate.

So if you're looking for a little
printer with a lasting impression, con-
tact C. Itoh Electronics, Inc., 5301
Beethoven St., Los Angeles, CA
90066; Tel. (213) 306-6700. New
York office: 666 Third Ave., New
York, NY 10017; Tel.(212) 682-0420.

3% c. IToH
ELECTRONICS, INC.

One World of Quality
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DIGITAL CONTROL :

x

DOT MATRIX

! CENTRAL
OPERATOR'S
STATION

COMMUNICATION LINES

SENSORS/
ACTUATORS

Fig 2 Block diagram shows energy management
system. Each of 8 communication lines can ad-
dress as many as 128 IRCs

INTELLIGENT
REMOTE
CONTROLLERS

manufacturer controls two 8” single-sided double-
density floppy disc drives, model 801 from Shugart
Associates, 435 Oakmead Pkwy, Sunnyvale, CA
94086, providing a capacity of 512k bytes each, (out
of the 800 available) for storage of applications soft-
ware, diagnostics, and user operational instructions
and data. Also included in the system are 16k bytes
of EPROM, 288k bytes of RAM, a realtime
clock/calendar with battery backup, and an interface
card equipped with USARTs for communications to
IRCs and peripheral 170 devices. (See Fig 2.) Control
and data signals traveling among all of these elements
utilize an Intel MULTIBUS™,

System operation is conducted by means of
keyboard and lightpen entries made on a CRT ter-
minal. The terminal is a modified Micro-B! from
Beehive International (4910 Amelia Earhart Dr,
Salt Lake City, UT 84116), having an 80-column x
24-line display, and the lightpen is model
LP-660-P-LH-AH-R from Information Control Corp
(9610 Bellanca St, Los Angeles, CA 90045).

Two printers are in the system. One, an 80-char/s
thermal dot matrix printer, the T-80 from
Dataproducts, 6200 Canoga Ave, Woodland Hills,
CA 91365, operates as an alarm printer, providing
automatic printouts of all alarm conditions, with the
time and order in which they occur. The other, a
150-char/s dot matrix impact printer, is model 810
from Texas Instruments Inc, PO Box 1444, Houston,
TX 77001. This device, an add-on option to the
system, operates as a report printer.

Each IRC in the system is a standalone micro-
computer, connected to sensors and the central con-
sole by simple pairs of twisted wires. Three twisted
pairs constitute a communications line, with one pair
for remote-to-central, a second for central-to-
remote, and a third pair for optional voice com-
munication between personnel at the central console
and at remote locations.

An IRC accepts up to five 170 boards, interfacing to
an 8-bit bus (Fig 3). These boards can be any mix of
three basic types. Digital boards are available with 8
solid state relays for output and 8 optically coupled
inputs. An alternative is a digital 170 board with 6
solid state relays, a serial 1/0 port, a serial channel to
a subremote controller, and 8 optically coupled in-
puts. The third type provides 16 analog inputs with
8-bit analog to digital conversion. Logic within each
IRC is provided by a CPU card containing an 8-bit 8085
microprocessor and 32k bytes of EPROM, while a
memory card provides 16k bytes of RAM.

Normally, an IRC accommodates two 1/0 cards,
providing 32 control points. However, this number
can be increased to 80 control points through the use
of an add-on slave expander unit that makes it pos-
sible to use a total of five 1/0 cards. This add-on unit
obtains power from the host IRC by drawing on its
memory, and has separate power supplies for
Sensors.

Attached to the IRC by serial communications
lines, subremote controllers further extend the
localized distributed control concept. One example
of a subremote is the control relay panel (CRP), used
to control lighting or other contact/closure points,
such as turning a bank of motors on or off. Each CRP
can handle up to 32 separate loads. Placement of
CRPs close to the points being controlled makes it
possible to take status readings and make manual
overrides on a local as well as a centralized basis.

Although the system is compatible with any stan-
dard industrial sensor, the manufacturer has
developed a line of instruments expressly for use
with this system. This line includes space temperature
sensors for room temperature measurment from 32
to 122 °F (0 to 50 °C), equipment temperature sen-
sors covering a 50 to 338 °F (10 to 170 °C), and cur-
rent/power sensors with power ranges of 0to 11, 0 to

(continued on page 80)
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Dependalde Switchers.
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The PM2497
5V@100A/5"'x8"x11"

In 1973 Pioneer Magnetics started building a SVDC
@ 100A switching power supply for applications

requiring compact and efficient DC power. At the time,
commercial switchers were considered state-of-the-art.

We solved reliability and delivery problems for our
customers that our contemporaries couldn’t. As a
result, our customers referred to the power supplies
as the DEPENDABLES. In fact we're still delivering that
same power supply to those same valued customers.
We're proud to say that they've depended on us and

we've responded by shipping over 100,000 high power

switchers. After 8 years our supplies are still out there
and running. A continuation of a tradition started
in 1958.

STANDARD DC OUTPUT RATINGS. CASE
MODEL 2V 3V 5V 12V 15V 18V 24V 28V 48V 60V  SIZE
PM2496A 100A GOA 50A 30A 25A 22A 16A 13A 8A G6A 5"X8"X11”
PM2497A 200A 100A 100A G6OA S0A 45A 33A 27A 16A 12A 5"X8"X11”

120A
150A
PM2500A 200A 200A 85A T70A OGOA 45A 40A 24A 19A 5"X8"X11”
PM2498B  400A 300A 200A 120A 100A 90A G6G6A S4A 32A 25A 5"X16"X11”
300A

PM2501 100A 300A 300A 120A 100A 90A G6A S54A 32A 25A 5"X8"XI11"
PM2502  SO0A 450A 450A 180A 150A 125A 90A 80A 47A 35A 5"X16”X11”
NOTES: 92-138VAC or 184-250VAC single phase, 47 to 63Hz

DC input available
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5V@300A/5'x8"x11"

Since 1973, we've been accepting new challenges.
Within the same outline as the PM2497, we've devel-
oped output ratings of 5V @ 1204, 150A, 200A and
now a new 5V @ 300, with full delivered power at
50°G.:

The new PM2501 exhibits excellent dynamic
response. Proven design concepts enable close
control over those parameters that insure reliability.
For instance, our unique heat transfer technology
results in low component thermal stress, even lower
than the PM2497. At three times the power level the
PM2501 features an exceptionally high power density
package.

Our product line includes switchers that deliver up
to 2250 watts in single output and from 375 to 1500
watts in dual through quad output channels. AC or
DC input.

Over 100,000 PMI switchers are in the field
providing dependable, service free operation. After
all, that's why customers have continuously come
back to us since 1958.

Pioneer

Magnetics

THE SWITCHING POWER SUPPLY PEOPLE SINCE 1958
1745 Berkeley Avenue, Santa Monica, CA 90404 (213) 829-6751
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DIGITAL CONTROL ’
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SERIAL
CHANNEL
TO/FROM
SUB-REMOTE
CONTROLLER

UP T0
5 1/0
BOARDS

T0/FROM

OTHER

IRCs
‘T:%FT%%M Fig 3 Intelligent remote controller (IRC) accommodates up
SUPERVIS%)RY to five 1/0 boards when slave expander is utilized. Three

PROCESSOR

types of boards are selectable

22,0to0 55, and 0 to 110 kW or current range depen-
dent on the external current transformer used.

The system exhibits several useful kinds of in-
dependence. It continually runs diagnostic self
checks. After power failure and restoration, it comes
up automatically without manual intervention. Fur-
thermore, all of the IRCs contain their own programs
and data, ensuring continued uptime even if cut off
from the central supervisor.

System Operation

A functional point is a sensor or control device that is
accessed by a twisted pair via a single bit position on
an 170 card of an IRC. The term ‘‘point’’ also signifies

g GENERAL DEVICE

MODULE ID:
MODULE STATUS:
ALARM STATUS:

COMMUNICATION LINE NO: 2 (DEFAULT)
REMOTE CONTROLLER NO: 1 (DEFAULT)

BIT POSITION:
OFF OUTPUT CARD SLOT NO:
BIT POSITION:

STATUS MODULE ID:
ALARM LIGHT ASSIGNMENT:

a
a
3
a
#
#
#
#
#

FUNCTION MENU * SAME FORMAT x ABORT CONFG

COMM STATUS:

STATUS DELAY TIME {SE(C}:
SURGE DELAY TIME {SEC}:
ON OUTPUT CARD SLOT NO: CYCLE START OFFSET TIME {MIN}:
MINIMUM ON TIME
MINIMUM OFF TIME {MINZ}:

PDL MAXIMUM OFF TIME {MIN}:
ON/OFF .PULSE WIDTH {SEC}: CYCLE INTERVAL ID:

WEEKLY SCHEDULE ID:

the set of parameters that define the location of that
sensor or control device (in terms of the specific IRC
bit-position assigned to it) and the set of parameters
that define its operation cycle. The process by which
a user establishes the parameters of such a point is
referred to as ‘‘setting up a point.”’

Corresponding to any defined point, there is a sec-
tion of program called a ‘‘function module,’’ whose
key elements are visible and accessible to the user as a
specific CRT display. Blank function modules, with
parameters still unspecified, are provided in the
system software in a number of general formats, and
it is the entry of parameters into such a format that
results in the creation of a point.

(continued on page 82)

Fig 4 Blank function module
allows user to assign parameters
following colons on display screen.
Items preceded by @ require man-
datory parameter entry; those
preceded by # are optional

{MIN}:
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New for micro, mini and PC users

Color coded modules:
; ) white for input, red for
Plug-in slots provide flexi- output
bility to interchange
modules with no effect on

field wiring.

Sequenced gold-plated
pin connection permits
module removal with the
power on.

M-vo
-M-vo

MODEL 153,
MODEL 1835

Rugged screw terminais
for field wiring.

Built-in thermocouple
temperature references.

LED status indicators.

Ribbon cable for ¥
front-ending popular
analog /0 boards
such as Intel/Na-

tional 711/724/732.

The first easy-to-apply

A/A signal conditioning syste
a%;lvorld analog in%)uts.

forre

Our new Series
1800 A/A (analog-to-
analog) conditioners
offer you a compact,
easy-to-apply signal con-
version package for
front-ending micros,
minis and program-
mable controllers.

Series 1800 condi-
tioners accept low level
analog signals such as mv, thermo-
couple, RTD and process current
inputs. ..and output clean, high
level, single-ended signals to any
A/D subsystem.

Linearization is
standard for RTD in-
puts, optional for ther-
mocouple inputs. Good
system protection, too:
RFI immunity, plus
1500v breakdown isola-
tion to eliminate ground
Hundreds of signal conditioning loops and to save other
gwoduies to choose from for 28 system components

ifferent analog signal sources. i i %
Priced from $150 to $220. from signal line noise.

Four card cage models to
choose from: 4, 8, or 16-channel
with industrial screw terminals, and
a 16-channel cage with ribbon con-

nection to any micro.

CIRCLE 52 ON INQUIRY CARD

Universal panel or rack
mounting 16-channel card
cage takes only 5-1/4"
rack space.

The 1800 system can be powered
by any + 15v power supply and oper-
ates over a wide (0° to 70 °C) ambient
temperature range. Wide bandpass
options available.

Call your Acromag representative
for technical details on this new, low
cost, computer-compatible system. Or
write for Bulletin 8-180.0.

Acromag, 30765 Wixom
‘P Rd., Wixom, MI 48096,
acromag

(313) 624-1541. Telex
ACROMAG

23/0505.




Fig 4 provides an example of a specific type of
function module designated as ‘‘format 22,”” or
‘‘general device.”” Fig 5 shows this function module
after a user has entered parameters next to the
colons. In this state, the function module defines a
point. Any item of the display that is preceded by @
requires a mandatory parameter entry, whereas entry
is optional after an item preceded by #.

The left-hand column of this function module
relates to the system location of the configured point.
Thus, in Fig 5, we see that this point is accessed via
communication line number 1, via IRC number 1,
utilizing the 4th bit position on the output card
located in slot 0 of that remote controller. In the
right-hand column, parameters have been entered
that relate to the operation of the device. In most
cases, these are numerical entries. However, near the
lower right-hand corner of the display are symbolic
entries CYC1 and WS1. Each of these is the designation
of another type of module, a shared module.

Shared modules are software segments containing
standard, often-used information such as weekly
schedule and cycling intervals. A shared module is
typically referenced by numerous function modules
through the use of its code name as a parameter in
the function module, and its parameters are
automatically assigned to the function module that
calls it. The use of shared modules by function
modules is analogous to the use of subroutines by
different parts of a computer program and, in fact, is
implemented in that way in the software.

Fig 6 shows the configuration menu, a key pro-
gram location from which to access various menus,
summaries, and modules. Function key ‘‘f2’’ on the
terminal keyboard brings up this menu, and then

FORMAT 22 GENERAL DEVICE

9@ MODULE ID: 6D1
MODULE STATUS:
ALARM STATUS: NON

CYCLE OFF
E

PDL LEVEL:

a COMMUNICATION LINE NO: 1

® REMOTE CONTROLLER NO: 1
ON OUTPUT CARD SLOT NO: O

@ BIT POSITION: Y
OFF OUTPUT CARD SLOT NO:

BIT POSITION:

ON/OFF PULSE WIDTH {SEC}:
STATUS MODULE ID: GD1A
ALARM LIGHT ASSIGNMENT: 3

TRNLLDLOD

DISABLE--> x MODULE x ALARM
* FUNCTION MENU x RETURN

ENABLE--> x MODULE

82

COMM STATUS:
PDL ID: PDLZ
1 DEVICE LOAD: 50 Kl

STATUS DELAY TIME {SEC): 20
SURGE DELAY TIME {SEC}: 2

CYCLE START OFFSET TIME {MIN}: O
MINIMUM ON TIME
MINIMUM OFF TIME {MIN}: 1

PDL MAXINMUM OFF TIME {MIN}: O
CYCLE INTERVAL ID: CyCl
WEEKLY SCHEDULE ID: WSl

DIGITAL CONTROL 1

touching the lightpen to one of the asterisks leads the
user to the corresponding display. The shared and
function module asterisks lead to summaries of ex-
isting modules of each of these two types. Similarly,
the installation summary asterisk leads to a listing
and status of all remote controllers attached to any
specified communication line. All remaining items in
the configuration menu, with one exception, provide
access to specific, frequently used functions.

The exception is the entry designated as ‘‘user
defined summary configuration.’’ This asterisk leads
to a blank format in which the user can summarize
any subset of existing function modules. One of the
most flexible aspects of the system is that it enables
the user to define such summaries, allowing him to
organize the modules according to his requirements.
Furthermore, the lightpen provides immediate transi-
tion from a summary display to any module listed
there, as well as transition from individual modules
to summaries where they are included.

In addition to all of the displays just discussed, the
system provides a variety of menus. A master menu,
directly accessible by keyboard function key ‘‘f1’’,
lists all summaries that the user has defined to date.
Shared module menus and function module menus
list the categories of those modules. Using the
lightpen, the user can then proceed from a menu to a
blank configuration module of a selected category in
order to define specific parameters in that format.

Four levels of alarms can be programmed. An out-
of-bounds condition anywhere in the system will ac-
tivate one of the four back-lighted alarm push
buttons to the right of the CRT (Fig 7). This alarm in-
dicator blinks, and an intermittent beep is sounded,

(continued on page 84)

comm oK

{ ON PEAK 1]

Fig 5 Configured function module,
after user has entered parameters.
Parameters CYC1 and WS1 indicate
IMIN®: 3 shared modules called as sub-
routines

¥ ALARM
* DELETE OPTION x DELETE MODULE x ON x OFF x AUTO
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‘
System 200

\

POWER AL HALY POWER D4

CCS. MAKING MINIS OUT OF MICROS.

Here’s the CCS line of board-level

computers for system builders on the

move. Push in the CCS board. And
push on with your application. CCS
board-level systems go together
easily, come up quickly, and run
reliably, with a proven return rate of
lessthan 1%.

CCS board-level computers
offer systems builders the optimal
combination of low development
cost, low manufacturing cost, and
high reliability from proven, tested
modules.

A headstart on reliability. CCS
modules are designed to industrial
performance standards, manufac-
tured to industrial quality standards,
fully burned in and tested. You spend
more time and energy on your
application when you rely on CCS
modules instead of reinventing (and
rebuilding) standard computer
functions.

A full selection of S-100 board-
level computers. Whether you want
to add capability to another S-100
based system, or build a system from
scratch, chances are you'll find solu-

Z-80A CPU Modules.
Static RAM Memory Modules.

Dynamic RAM Memory Modules.
Serial and Parallel 1/0 Modules.
Floppy Disk Controller.

Hard Disk Gontroller.

High Speed Arithmetic Module.

* Available Quarter 2, 1981.
+ For use with CCS System Models 200, 300, 400.
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ons for all your system needs in the
CCS product line. CCS manufactures
a comprehensive selection, so you
can tailor asystem to your needs with
a minimum of components. You buy
exactly what you need. But you can
easily expand later.

We'd like to tell you more about
the CCS line of board-level com-
puters, OEM systems, and computer
systems. There’s a lot more to tell.
Send in the coupon for more
information, contact your local
computer dealer, or call.

call me.
O Please send more information on
| CCS Board-Level Computer
Modules.

| Name I

| Company

Address =
l City/State/Zip
| Phone ( ) -

I California Computer Systemsl
N 250 Caribbean Drive
ki Sunnyvale, California 94086 |



DIGITAL CONTROL

CONFIGURATION MENU

ENTER TIME. DATE & COMPANY NAME HOLIDAY+ DAYLIGHT-SAVING TIME

INSTALLATION SUMMARY . ALARM PANEL ASSIGNMENT

SHARED MODULE USER DEFINED SUMMARY CONFIGURATION

FUNCTIONAL MODULE ‘ OUTDOOR AIR TEMPERATURE & HUMIDITY ] ’ ¢ i
Fig 6 Configuration menu provides
useful starting point. From this
display, user can employ lightpen to
access summaries, blank summary
formats, and special functions

DISC DRIVE READ/WRITE

in intervals programmed by the user. When the alarm Summary

has been acknowledge;d by the operator’s pressing of The energy and facility management system de-
the alarm button, blinks and beeps cease, and the scribed here emphasizes hardware and software
alarm indicator remains on. As soon as the condition modularity, distributed intelligence, remote con-

has been corrected, the light goes off. Out-of-bound trollers capable of operating in severe environments,

and easy configuration by the user through the
development of summaries indexing the function
modules that he creates. In a climate of rising
petroleum costs, systems of this kind are likely to
play an increasingly important role in industrial
societies and may be a determining factor in the
ability of such societies to continue industrial growth
within existing limits of energy availability.

Fig 7 System console. Lightpen initiates display changes, : 4
function selections, and commands. Button indicators to right Please rate the value of this article to you by

provide four levels of alarm circling the appropriate number in the ‘‘Editorial
Score Card’’ on the Inquiry Card.

conditions not assigned priority levels act as
“‘information-only’’ alarms, do not activate the
alarm indicators, and are indicated only on the out-
put of the alarm printer.

High 710 Average 711 Low 712
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THE SMART SET

Members of this exclusive circle of
PRIAM Winchester disc drives have some
uncommon things in common. With
capacities from 10.8 to 158 Megabytes,
they have the same interface. And they
all connect quickly and easily to micro-
processor [/0 busses through PRIAM's
SMART or SMART-E Interface.

With a simple adapter your system
can have the remarkable reliability of
Winchester disc drives. And PRIAIA'S
DISKOS drives give you the lowest cost-
per-megabyte for your system database.

SMART Gets Smarter!

With its own sophisticated pre-
programmed microprocessor, PRIAM's
SMART Interface gives you comprehen-
sive disc subsystem functions, including:

Control of any combination of one to
four PRIAM Winchester disc drives.

Automatic alternate sector assignment
for disc-defect transparency to the
host processor.

In addition to all SMART functions,
PRIAM's new SMART-E Interface pro-
vides ECC, streamlined software, sector
interleaving, a 2048-byte buffer, and
logical-sector addressing. Both the
SMART and SMART-E come to you on
a single 8" x 14" printed circuit board
that is powered from the drive. And it
piggybacks on the drive or mounts
separately.

Meet The Elite!
PRIAM's High-Capacity,
Low-Cost 14-Inch Drives

PRIAM'’s high-technology 14-inch disc
drives have capacities of 34, 68, or 158
megabytes, and they all fit in the same
7" x 17" x 20" package, including

optional power supply. Fully servoed
linear-voice-coil head positioning is
reliable and fast—45 ms average for the
34 and 68 megabyte drives and 40 ms
for the 158 megabyte version. Track

to track is 8 ms.

Brushless DC spindle motors in all
PRIAM drives assure mechanical
simplicity, precise disc speed control,
and operation anywhere in the world
without change. No relays, mechanical
brakes, brushes, belts, or pulleys. Pure,
reliable electronic control. Elegantly
simple.

The Talk Of The Town:
PRIAM Eight-Inch-Disc Drives!

Debut a Winchester disc drive in place of
a floppy disc with PRIAM’s DISKOS
3450 and 7050, expanding your data-
base to 35 or 70 megabytes. Thorough-
bred performance goes with their.linear

voice-coil positioners; seek times are only

40 ms average and 8 ms track-to-track.

CIRCLE 100 ON INQUIRY CARD

If you need an even lower-cost drive,
the DISKOS 1070 gives you a 10.8-
megabyte capacity with stepper-motor
positioning. Seek times are 73 ms
average and 23 ms track-to-track. And
they're just as SMART as other PRIAM
drives when used with PRIAM’s SMART
or SMART-E Interface.

More Basic Interface Options!

To those who have their own controller
plans, PRIAM offers lower-cost drive-level
interfaces. PRIAM’s bit-serial NRZ data
interface, similar to the evolving ANSI
standard, has an 8-bit bidirectional
control bus for easy connection to
popular 8 and 16-bit microprocessors.
Data separation is included in all
PRIAM drives.

And if you have a Storage Module
controller, you can use it and your soft-
ware with PRIAM’s SMD Interface to
update your system with Winchester
drives quickly and inexpensively.

For complete information about the
SMART and SMART-E Interfaces and
PRIAM's SMART SET of Winchester disc
drives, RSVP by telephone or write to:

PRIAM

3096 Orchard Drive San Jose, CA 95134

Telephone (408) 946-4600 TWX 910-338-0293



el for Electronic Funds Transfer

S Newspaper Production :

Distributed Information Processing - "~

And other customized applications

We’ve gone beyond Burroughs for you. With a It’'s the advanced Burroughs-compatible ver-
full feature display terminal that offers out of sion of our popular DELTA 7303 display ter-
this world power, flexibility, speed and cost- minal, ready for your Burroughs network now.
effectiveness. And that’s just the beginning. And we're ready to tell you all about it, with full
These and many more advantages are avail- technical literature, applications assistance
able in the new DELTA 7303B text processing and a demonstration. Come beyond Burroughs

terminal, designed exclusively for Burroughs- with us. Call or write today.
based multidrop communications networks.

éé DELTA DATA SYSTEMS CORPORATION
Woodhaven Industrial Park

AAA/A Cornwells Heights, PA 19020
/ZJELTA UATA (215) 639-9400
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DILOG

With LSI11/PDP 11 Software
Compatible Disc/Tape Con-
trollers Offering Single

Board Low Power P Based
Design and Low Cost...

Plus Many Other Good Reasons!

The reasons start with DILOG'’S (Distributed Logic
Corp’s.) full time engineering and deS|gn staff. Not
outside suppliers. That means when you contact DILOG
for product selection or after sale service, you'll get ““first
hand” assistance...along with years of experience
manufacturing uP based controllers that interface with
DEC 11 CPUs.

The intelligent products you'll discuss all utilize
common proprietary architecture and DILOG automated
design techniqgues—products with exceptional reliability
and cost efficiency. .. mostly available from stock. And

* when you plug a DILOG con-

troller into your DEC CPU it's
ready-to-run because it’s fully
operating system software
compatible.

These high performance
data storage interface products also feature ® minimum
bus/space requirements ® up to 60% less power ® 10 to
50% lower cost ® automatic self-test...and numerous
other features for easy system integration.

Consult the DILOG/disc-tape compatibility table for
your needs. Then ask for detailed data on existing, or
future products from DILOG...#1 in single board DEC 11
compatible disc/tape controllers.

Distributed Logic Corp., 12800-G Garden Grove Blvd.,
Garden Grove, CA 92643, Phone: (714) 534-8950
TELEX: 681 399 DILOG GGVE

DISC/TAPE DRIVE MANUFACTURER COMPATIBILITY CHART

*Trademark Digital Equipment Corp.
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MAGNETIC TAPE DISC

¥2" REEL-TO-REEL 2315/5440/RK05 CMD SMD WINCHESTER
STD. & STREAMER CARTRIDGE CLASS CARTRIDGE MODULE STORAGE MODULE 5%",8" OR 14"
AMPEX AMPEX AMPEX AMPEX BASF
CIPHER CAELUS CONTROL DATA CENTURY DATA CONTROL DATA
CONTROL DATA CENTURY DATA CONTROL DATA FUJITSU
DIGI-DATA CONTROL DATA BALL COMPUTER KENNEDY
KENNEDY DEC MITSUBISHI MEMOREX
MICRODATA DIABLO PRIAM
PERTEC IOMEC SHUGART
TANDBERG DATA (IDT) MICRODATA SEAGATE
WANGCO PERTEC QUANTUM
TDX WANGCO IMI

WESTERN DYNEX

DRI

CAPACITIES 2.5 TO 300 MB
DISTRIBUTED

LOGIC (ORP
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EDITORIAL

BASIC EXTENSIONS HANDLE SIGNAL PROCESSING FUNCTIONS 93
by Robert W. Ramirez

Modifying BASIC extends and enhances software to fulfill evolving re-
quirements of measurement control and waveform analysis

COBOL AS A HIGH LEVEL LANGUAGE FOR MICROCOMPUTERS 99
by Peter Hewitt

Performance comparisons between high level languages indicate
COBOL's potential in microcomputer system applications

CREATING TEST EQUIPMENT FEATURES
VIA SOFTWARE STRATEGY

by Paul Austgen and Bill Watry

Under software control, a fully automatic test measurement system pro-
vides powerful, extensible features that need virtually no added
hardware

THE IMPACT OF 16-BIT MICROPROCESSORS ON SOFTWARE
DEVELOPMENT TOOLS
by Mary Jane Elmore, David Miller, and Jim Schwabe

Development system selection criteria should demand specialized tools
tailored to each step of the cycle

FORTH—THE LANGUAGE OF MACHINE INDEPENDENCE
by Gary Feierbach

Indirect threaded code implements a highly efficient and extremely
transportable programming language with a history of success in digital
control applications

SOFTWARE PRODUCTS




MTOS FROM |PI

THE ONLY THING COMPARABLE TO ONE IPI MTCS...
|

MTOS products are written in assembly source language form, under a
language, with run-time support for licensing policy which permits the
some higher-level languages. All customer to embed object versions
versions of MTOS are distributed in in products without further charge.

.
MTOS-86 MTOS-80 MTOS-68
MTOS-86MP MTOS-8OMP MTOS-68K

Belgium: BETEA S.A., Chaussee de Louvain, 775, B-1140 Brussels, Phone: (02) 736 80 50, TIx 846-23188
France: CELDIS SA, 53 Rue Charles Frerot, 94250 Gentilly, Phone: 546.13.13, TIx 842-200485
Germany: ALFRED NEYE-ENATECHNIK, Schillerstrasse 14, 2085 Quickborn (Hamburg), Phone: 041 06 / 612-240, Tlx 841-213590
Israel: CONTAHAL LTD., 54 Ibn Gvirol St., Tel Aviv, 64364, Phone: (03) 269 379, Tix 922-33654
Japan: TOKYO ELECTRON LIMITED, Shinjuku Nomura Bldg. 1-26-2 Nishi-Shinjuku, Shinjuku-Ku, Tokyo 160,
Phone: 03-344-5893, TIx 781-2322240
Netherlands: C.N. ROOD B.V., Cort v.d. Lindenstraat 11-13, Postbus 42, 2280 AA Rijswijk, Nederland, Phone: 070-996360, TIx 844-31238
Scandinavia: FRONTEC MICRODATORCENTRUM AB, Box 204, Malmvagen 28, Sollentuna, Sweden, Phone: 08-359360, TIx 854-15130
Switzerland: XMIT AG, Bellikonerstrasse 218, CH-8967 Widen, Phone: 057-54656, TIx 845-59955
UK: HAWKER SIDDELEY DYNAMICS ENGINEERING LTD., Manor Road, Hatfield, Herts. AL10 9LP, Phone: (7072) 73439, TIx 851-24835

Software specialists since 1963

100 Jericho Quadrangle, Jericho, N.Y. 11753 ¢ (516) 938-6600  Telex 429808
CIRCLE 56 ON INQUIRY CARD



EDITORIAL

This month’s special issue is a double milestone for Computer Design, and we
trust that you will find it interesting. It represents the beginning of increased
editorial coverage of system level software topics in Computer Design, and it is
the first special issue on software that we have ever done. It’s no secret that the
advent of the microprocessor has placed the computer system designer in
direct confrontation with system level software. It’s also no secret that good
operating level software combined with good hardware is the “stuff’” of which
good systems are made.

The special supplement carries a variety of articles spanning the gamut of
novel applications of software to languages. We especially direct your attention
to the article on Forth. Professional coverage of Forth by the trade publications,
where it has been treated more as a novelty than a serious langugage, has been
somewhat spotty. Yet Forth has all of the attributes that have been sought after
since the cost of software outstripped that of hardware. It is easily transportable
at both the compiler and applications level; it generates minimal compiled code;
its runtime efficiency is something short of amazing; it is extensible in its own
language; its numeric functions operate on numbers in any desired radix; and, it
has a meta-vocabulary that permits such unique techniques as defining new
data types. In short, Forth has a lot of things going for it that other more popular
languages wish they had. So why hasn’t Forth, which dates back to 1969, taken
its place alongside languages such as FORTRAN, BASIC, and ALGOL?

This is just one of the subjects we intend to explore in more depth in the com-
ing months. We think that having experienced the evolution of software
sophistication that has occurred over the past 30 years, the computer industry
deserves something better than a return to primitive machine language just
because hardware designers have suddenly discovered software as a replace-
ment for hardwired logic.

Saul B. Dinman
Editor
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ILS teams up with your computer and graphics terminal to provide a set of
/' > program tools most often needed to support signal processing activities. ILS
£ s is acomprehensive set of FORTRAN programs which makes up an
organized interactive software system that has standard file
structures, documentation, and support. ILS lets you
concentrate on your specialized applications
' rather than system design and routine program
development, thereby saving valuable time,
and at a fraction of the cost of writing your
own software. ILS has been installed
worldwide in numerous industrial, university,
government, and research organizations for
varied applications ranging from low frequency
biological signal analysis to high frequency radar
signal processing.

LY

15 WEST DE LA GUERRA « SANTA BARBARA, CA 93101 « USA
TELEPHONE (805) 963-1552 * TWX 910-334-3471
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Signal processing software package strikes a
balance between capabilities and ease of use

BASIC extensions handle
signal processing functions

IEEE 488 general purpose interface bus have
brought measurement technology to the brink of
a new era. Soon a wide variety of instruments will be
linked to computers for measurement control and com-
plete waveform analysis. Today’s software, however,
must be enhanced to control the broad range of in-
struments that will operate in this expanded measure-
ment and analysis environment. Waveform storage, ar-
ray processing, extended command sets for signal pro-
cessing, graphics, and modular organization together
represent a large portion of this development effort.
To be truly viable, however, a software package must
meet user needs first. Since the final package will be
used by someone who, at best, is only secondarily in-
terested in programming, a familiar language that is
both easy to learn and easy to use should be chosen.
BASIC, which is configured as a natural extension of the
user’s thinking and is similar to the English language,
meets these user needs. It also allows mathematical and
scientific formulations to be expressed in a straightfor-
ward algebraic manner familiar to most people. Instru-
ment control and signal processing software examples
throughout this article are set forth in a Tektronix
designed extension of this language, SPS BASIC.

H igh quality digitizers, microprocessors, and the

Robert W. Ramirez
Tektronix, Incorporated
PO Box 500, Beaverton, OR 97077

Instrument control

Standard software language packages must be aug-
mented by drivers for instrument control and signal pro-
cessing. The interfacing scheme determines the form of
any instrument driver. (See Fig 1.) Although high level
drivers and custom interfaces can be tailored to support
each instrument model, custom systems may require ex-
tensive modification when new instruments are added to
expand measurement capabilities. It was for this reason
that the computer automated measurement and control
(CAMAC) system was developed several years ago—to
establish a framework for system compatibility.
CAMAC’s scope and precision avoid many ambiguities
that would lead to individual designer interpretations.
Because the CAMAC standard is too rigid for many ap-
plications, however, instrument manufacturers and
users often prefer compatibility with the newer, more
flexible general purpose interface bus (GPIB). Without
dictating instrument selection or applications, the GPIB
ensures compatibility by establishing electrical,
mechanical, and functional requirements for a wide
range of measurement instruments. One drawback of
the GPIB standard is that this flexibility permits designer
interpretations that can introduce operational incon-
sistencies. The best way to rule out these inconsistencies
is to design a GPIB driver with a primitive command set
encompassing all of the functions allowed by the instru-
ment specification. This will produce line-level control
of an instrument’s interface over the bus, as well as the
capability to cope with varying hardware interpretations
of the GPIB standard. The price paid for a device of this
flexibility is that it must be programmed extensively to
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Fig 1 Typical instrument control architecture. New
technologies have simplified configuration of measurement
systems. Software and firmware communicate easily with
any of wide choice of GPIB compatible instruments, pro-
cessing and displaying data from them, including complete
arrays of digitized waveforms

accomplish even simple control tasks with primitive
commands. In cases in which instrument manufacturers
follow widely accepted interpretations of the GPIB stan-
dard, this problem can be solved by a high level GPIB
command set that will combine many primitive opera-
tions into a single command.

After instrument control has been established, the
next step is usually to transfer data over the bus to a
minicomputer. Unfortunately, data transmission prob-
lems often arise when large numbers of instruments are
operated on several buses. Since instrument failure can
result in a condition that causes malfunctions in the
measurement program, user options for processing
error conditions are necessary to avert such malfunc-
tions. In SPS BASIC, for example, error processing is ac-
complished by the ONERR command

ONERR IA GOTO 7?50

where IA specifies a particular error condition and GOTO
provides branching to a contingency routine if the error
occurs. These error processing routines can simply pro-
vide notification of the error, or they can reconfigure
the system to avoid the offending condition.

Array processing software

After instrument control has been established and data
can flow over the bus to the system controller, the next
step is to convert data into a standard format for easy
processing. Data sometimes represent a single value,
such as a voltage. In other cases, data represent a
digitized signal. Once appropriate software is available,
interfacing a variety of meters and analyzers that
measure individual parameters becomes much less eco-
nomical than accepting one digitized signal and com-
puting such parameters as mean, root mean square,
maximum, minimum, energy, and frequency spectrum.

94

However, for this extreme level of comprehensive pro-
cessing, the entire digitized signal must be treated as an
entity (ie, a waveform) that the software can reference
as a single piece of data.

A standard oscilloscope display illustrates the general
approach [Fig 2(a)]. Before measurements are made
from the display, the oscilloscope input is usually
grounded and the resulting zero-reference signal is set to
a convenient reference level on the display. Then, ampli-
tudes are measured relative to the reference level. In the
same way, when processing a digitized signal, a zero-
reference signal is first digitized and stored. The signal
to be analyzed is next digitized and stored as a set of in-
tegers ranging from 0 to 256, 512, or whatever bit
resolution the digitizer permits. Multiplication by the
vertical scale factor, and division by the digital in-
crements allowed for that scale factor, convert the
digitized signal data to amplitude data, usually ex-
pressed in floating point format. Subtracting the zero-
reference level from each point then injects the zero-
reference information.

Any waveform display exhibits the basic descriptive
components of zero-reference level, vertical scale fac-
tor, horizontal scale factor, and waveform values. A
digital signal processing system must incorporate all of
the descriptive components into an integrated waveform
data structure. Fig 2(b) shows 512 equally spaced ver-
tical samples with a zero-reference value subtracted
from each. Together with vertical units (eg, volts or
amps), a horizontal scale factor, and horizontal units
(eg, seconds), these form an array of waveform values,
similar to the values that could have been read off the
Fig 2(a) display. Scale factor and units data are separate
variables, loosely attached to the array of amplitude
values. Collectively, all of this data constitute the
waveform data structure.

With two or more waveforms stored in waveform
data structures, a standard FOR loop can perform
mathematical combinations. For example,

FOR I=0TO 511

LET WC{I}=WA{I}+uWB{I}
NEXT I

LET HCs=HAs

LET VCs=VAs

[EETEH C=HA

where the last three lines process horizontal units, ver-
tical units, and the vertical scale factor, respectively.
The FOR loop approach is clumsy during extensive pro-
cessing, however. A better approach extends the soft-
ware to handle entire arrays automatically, in an ele-
ment by element manner, resulting in simpler programs
with faster execution times. SPS BASIC, for instance, per-
forms the same waveform processing operations as the
preceding FOR loop with only one instruction,

LET WC=WA+UB

and this instruction processes horizontal units, vertical
units, and the horizontal scale factor.

Extended software routines can process all of the
standard BASIC functions element by element, handling
arrays automatically, The sine function (SIN), for
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Fig 2 Expansion adds array processing capability. In
this example, zero-reference value is subtracted from
each of 512 equally spaced vertical samples, resulting
in array of waveform values. Waveform display (a)
graphs descriptive components. Waveform data struc-
ture (b) consists of zero-referenced array of waveform
values, vertical units, horizontal units, and horizontal
scale factor

powerful tool. A standard BASIC command set alone,
however, is inadequate for this task; several common
waveform measurement operations are not included as
single commands in most standard packages. Integra-
tion; differentiation; and finding the maximum,
minimum, mean, and root mean square values of a
waveform all can be processed by FOR loop routines. In
signal analysis, however, these operations are common
enough to warrant their own commands. Signal process-
ing software should have commands allowing opera-
tions like

INT WA.WB

LET X=MEA{A}
LE Ty = RMSHEWE Y
LET Z=MAXTAT

example, can be set up to operate either on a single-
valued variable in the usual manner, or element by ele-
ment on an array. Given the array WD, which contains
elements running linearly in value from 0 at element 0 to
2 7 at element 511, when the statement

LET WD=SIN{WD}

is executed, WD will be converted to an array of values
following a sinusoidal pattern.

One way to verify the results of this program is to
print out the array values and compare them to a sine
table. When expanded to handle arrays, the print
statement

PRINT WD

produces a long string of numbers—all the values in
WD. An easier way to check the results, however, is to
augment the standard BASIC package with a graphics
terminal driver and a graphics package so that the actual
form of the contents is made visible. Fig 3 demonstrates
this graphics display.

Command sets for signal processing

With added instrument control and array handling
capabilities, a standard software package can become a

1.5
1
1
5 N\
0
= 5< \
=
-1+5 S T r T s T T rr
0] 5.1¢2 10.2Y4 15.3b 20.48 25.b
2.5k 7-b8 2.8 17.92 23.0Y4
1E=-3 S
(a)
v Vv
8 1.5
1
b
-5
y 0
=25
= =1
0 -L+5
0 10.24 20-48 0 10.24 20.48
5.1¢ 15.3b 25.b 5.1e 15.3b 25.b
LE=S LE=4IS

VIEWPORT 100.450.150-350
SETGR GRAT 2.2.VIEUW

GRAPH WD

LET D=SIN{D%

VIEWPORT 550.900-150,350
SETGR GRAT 2.2.VIEW
GRAPH WD

SMOVE 0.0

END

(b)

Fig 3 Command set extension handles signal processing
tasks. GRAPH command of SPS BASIC illustrates simplicity
and flexibility combined in signal processing package. Stan-
dard operations are performed by single commands (a) such
as GRAPH WD, but can be modified by optional commands
or statements (b)
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Examples of Instrument Control
At Various Levels

Beginning with the low level GriB driver, a short pro-
gram segment can demonstrate the potential com-
plexities of line-level GPIB programming. The program
reads ten bytes of data from a device on the bus and
stores the data in an integer array. This is one pos-
sible task of the many that normally constitute a
complete communications sequence. Line-level com-
mands use programs such as

INTEGER B{9}
SIFCOM@N-"UNT™,"UNL"
SIFLIN@N-"LENB"
SIFCOMaN-TA-SA

FOR T=@"T0 9

RBYTE aN-B{I}

NEXT L

SIFLIN @N-"ATNT™."NRFDF™."LDIS"
SIFCOM @N-"UNT"™

in which siFLIN (Set InterFace LINes), siFcom (Send In-
terFace COMmand), and rBYTE (Read BYTE) are three
of the low level GPIB commands in SPS BASIC. Such
commands control interface lines, send commands,
and read data over the bus. Several instrument
manufacturers have been working toward common
standards and formats for GPIB implementations.
When a GPiB compatible device follows commonly ac-
cepted formats, higher level commands can simplify
communications. In SPs BASIC, the GET and PUT com-
mands provide this higher level of communications.

GET and pUT, however, are not part of any driver;
they are in the main body of software and are used to
communicate with drivers. Individual drivers decode
GETs and PUTs for task information, and automatically
issue the necessary low level commands in a format
predetermined for establishing communications. As
long as common GrPiB formats are followed, these
functions relieve the system user of a large program-
ming burden. Of course, low level GPIB commands
must remain available through the driver in case
some deviation from format has to be dealt with at
line level. The following example provides a closer
look at the GET and PUT command concepts, as well
as some other instrument control functions.

P =SB R2 NGOl 53 2 > k6
GET SMs FROM @1.E4.9k
PUT "SET?"™ INTO @1.32.97
GET SV$ FROM @1l.E4.97
PUT "SET?"™ INTO @1.32.98
GET SHs FROM @1l-.E4.18

This program segment goes through the low level
driver to get data from a 7912AD programmable
digitizer and its programmable plug-ins. Essentially, it
PUTs the question, ‘“What are your control SETtings?"’
to the 7912AD and GETs those settings, storing them
in sms for the instrument mainframe, svs for the ver-
tical amplifier, and sH$ for the horizontal time base.
Looking at the first line for more details of the
operation, the low level driver decodes the PUT com-
mand arguments for what is to be sent and where it is
to be sent. In this case, a device dependent query is
the command to be sent (“SET?”’), and it is to be sent
to address @1,32,96. The driver then sends the
necessary GPIB commands (RENS, UNTS, UNLS, etc) in
sequence to accomplish the task. Here, “SET?"" is sent
to the 7912AD programmable digitizer, to which the
instrument responds by preparing a string of
messages that indicate the current status of its pro-

grammable settings. Under the direction of the
driver, the subsequent GET command gets the
message string and stores it in sMs for later reference
or use in returning the instrument automatically to
the condition indicated by the stored settings.

With regard to the @1,32,96, the @1 indicates which
GPB interface is to be used, and the 32,96 is a par-
ticular device address set up according to the GPiB
standard. The first part of the address is a primary ad-
dress, and the second part (following the comma) is
an optional secondary address. Further investigation
of this addressing is recommended at this point as an
integral part of instrument control.

The GrPiB standard allows each interfaced bus to
control up to 14 devices in addition to the controller
or minicomputer. Each device or instrument on the
bus must be strapped for a different address; further-
more, parts or modules of an instrument can be
assigned secondary addresses. In this way, specific
parts of an instrument can be addressed. The GPIB
standard also requires device addresses to be in-
cremented by certain amounts to specify the instru-
ment either as a ““talker’’ for sending information, or
as a "'listener’’ for receiving information. The con-
vention for this is the following: the listen address is
the primary address +32; the talk address is the
primary address + 64; and secondary addresses are
incremented by 96 for both talk and listen.

In the preceding PUT-GET example, communication
was strapped with a 7912AD programmable digitizer
for a primary address of O and a secondary address,
also O, for its mainframe. The 7912AD also contained
a vertical amplifier with a secondary address of 1 and
a time base with a secondary address of 2. Thus,
following GPIB addressing, @1,32,96 addressed the
mainframe as a listener and @1,64,96 addressed the
mainframe as a talker. The same was done in subse-
quent lines for the vertical amplifier and horizontal
time base.

Fourteen instruments on a bus, each with several
secondary addresses, can lead to confusion; a high
level driver can help bring order to such a situation.
Besides reducing the number of program statements
required for some tasks, a high level GPB driver can
take care of many basic details; this is illustrated
when the preceding example is rewritten by the sps
BASIC high level GPiB driver,

ATTACH #17 ASINS 0-0:WITH 1.2 @l

GET SMs FROM #17."SET2"
GET SVs FROM #1751 ."SET?"
GET SHs FROM #1752."SET?2"

where the instrument is programmed to ATTACH to a
single name, #17. (Other instruments on the same or
on another bus will have different names attached.)
From that point, the instrument is referred to as #17,
and the high level driver keeps track of interface
numbers as well as talk and listen addresses. The
send and receive operations also have been com-
bined into single commands. Other simplifications
typically provided by high level drivers include
automatic conversion between common data for-
mats and specialized interrupt handling such as
automatic polling.
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and so forth, where A and B are simple arrays, and WA
and WB are waveforms. Several other operations, in-
cluding the fast Fourier transformation (FFT), convolu-
tion, and correlation, are not as common as the
preceding calculations but are indispensable when
needed; they can also be added as single-command
operations.

Modular organization

GPIB driver, peripheral drivers, graphics, array process-
ing, and a variety of additional commands for signal
processing will not fit into a minicomputer memory at
the same time. Since most packages and commands are
not needed in memory simultaneously, they can be
organized into modules, to be held on floppy or hard
discs and not loaded into memory until needed.
Modular software consists of a resident monitor (in
memory all of the time), nonresident commands (loaded
into memory automatically when called for), and
drivers (loaded as packages when needed). Modular
organization, shown in Fig 4, offers efficient memory
use and the capability to add or replace modules
whenever necessary. Of course, loading nonresident
functions from a peripheral takes time. But this time
tradeoff can be reduced significantly by programming
the four or five most frequently used commands or
functions to remain in memory after their first usage.

Conclusion

Measurement control and waveform analysis capa-
bilities can be enhanced greatly by software that is

designed to control a broad range of instruments and
process any type of signal. In modular form, signal pro-
cessing software offers flexibility as well as the potential
for powerful analysis. Before comprehensive instrument
control and signal processing software can be devel-
oped, however, certain fundamental needs must be met.
Measurement needs include instrument control, wave-
form storage, array processing, an expanded command
set, graphics, special analysis packages, and clear, com-
prehensive documentation. Human needs also must be
taken into account. To be truly successful, the software
must strike a proper balance between capability and
usability, and for that purpose a user friendly language
that is consistent and predictable must be employed.
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Once far too large to be useful in a

microcomputer environment, COBOL today

can be the best choice for certain
microcomputer applications

COBOL as a high level

language for

microcomputers

ware development are unmatched by any other

language used in microcomputer systems. Like
FORTRAN, BASIC, and Pascal, COBOL is a high level
language that has become viable in microcomputer
systems, which are now able to support sufficient
memory. It helps software designers in ways that other
languages cannot. For example, Pascal offers flexibility
but at the expense of standardization, severely limiting
portability of application programs between processors.
APL and Forth are extremely compact and efficient, but
can be so cryptic that they are difficult to read and even
harder to maintain over the life of a commercial ap-
plication program. Other languages, notably BASIC, are
easy to learn but lack sufficient file handling capability
for many commercial applications. Further, experi-
enced programmers are in short supply for many of the
newer languages now popular on microcomputer
systems.

COBOL benefits from being an established language in
use for more than two decades. Mature application
packages and qualified programmers abound in the in-
dustry, and its natural language format makes COBOL
programs easy to read and maintain. The language
facilitates modular programming, as well as provides
powerful file handling, sorting, and data structuring.
Because COBOL’s standard is firmly maintained, the pro-
grams have excellent portability between processors.

The advantages of COBOL for data processing soft

Not a dinosaur anymore

Advocating COBOL for microcomputer systems may
raise questions among some software designers who

Peter Hewitt
Micro Focus, Incorporated
1601 Civic Center Dr, Santa Clara, CA 95050

remember its reputation for huge memory require-
ments. They are likely to ask if it is not just a dinosaur
of a language, far too large to be useful in the
microcomputer environment. Indeed, this reputation is
rooted in its history: over the years, it has not been un-
common for large, third-generation mainframes to have
COBOL compilers with memory requirements ranging
from 120k to 190k bytes. COBOL’s batch application
programs also typically required large amounts of
memory to support input/output (1/0) buffers.
However well deserved the comparison to a dinosaur
may have been in the past, this is no longer the case.
Software technology has responded to the needs of the
microcomputer environment to produce a new genera-
tion of concise, efficient COBOL packages that are
uniquely suited to microcomputers. The CIS COBOL™
(Compact, Interactive, Standard COBOL) system ex-
emplifies this new generation available for microcom-
puter systems. Examining this system will illustrate how
the microcomputer implementation of COBOL meets the
requirements of microcomputer software development.

CIS COBOL is the first COBOL compiler designed
specifically for microcomputer systems. It is also the
first to be certified by the U.S. General Services Ad-
ministration for government use on microcomputers,
following tests administered by the Federal Compiler
Testing Center. Its name underscores the distinctive
features of the language implementation. The CIS com-
piler is compact. It makes large amounts of memory un-
necessary by employing design trade-offs to make
memory more efficient. A specific element in design is
the use of an interpretive coding technique. Further, the
system’s orientation toward interactive transaction pro-
cessing applications allows the software to process a
single record at a time, eliminating the need for large file
buffers. The resulting reduction in memory re-
quirements is dramatic. The American National Stan-
dards Institute (ANSI) standard CIS COBOL can be used
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comfortably in machines with as little as 48k bytes of
main memory. A second, more compact version im-
plements a subset of ANSI standard COBOL and can be
used in machines with as little as 32k bytes of main
memory.

COBOL implementations for microcomputers have
made a valuable contribution to the commercial data
processing community. They give microcomputer
system users a compiler equivalent in power to one that
would fit on a medium sized minicomputer, as well as
provide special interactive features like simpler screen
handling, which makes software development easier and
reduces software bugs in screen 1/0. Interactive COBOL
for microcomputers also enhances the human factor in
data processing. Because users have direct ‘‘hands-on”’
control of the microcomputer system, they do not de-
pend on operations personnel to mount tapes and discs.
As a result, fewer devices are likely to be mounted incor-
rectly through operator error, as often happens in large
batch processing environments where storage media are
changed constantly.

Language created for industry

More than 20 years ago, the U.S. Department of
Defense recognized the need for a standard language for
general commercial use and convened the industry-wide
Conference on Data Systems Languages (CODASYL) to
specify the design requirements for such a language.
COBOL was created as a result, and the conference is still
held about once a month to ensure that the language
develops in the best interest of the entire data processing
community. The standard for COBOL is published by
ANSI on the basis of CODASYL’s work and is enforced by
the Federal Compiler Testing Center.

Today COBOL is the only nonproprietary industry-
wide standard language specifically designed for com-
mercial use. The investment in its applications programs
is estimated to be approximately 10 times the total value
of installed 1BM mainframes. Many of the benefits of
the language come from its standardization. COBOL ap-
plication software is virtually processor independent
because of the strict enforcement of COBOL’s standard,
an important consideration for companies wishing to
avoid major software conversion costs when upgrading
system hardware. Portability between processors is also
a major concern, especially for software houses that are
developing applications packages for use on a variety of
processors. An increasing number of software houses
that have been developing applications packages for
both BASIC and COBOL are dropping their work with
BASIC in favor of the more standardized COBOL. Stan-
dardization and long use have created many applica-
tions packages and qualified programmers. The result
should be reduced software development costs, since ap-
plications packages can be purchased or created by per-
sonnel with expertise in both COBOL and the application
involved. This, in turn, can affect new system acquisi-
tions. As the trend toward reduced hardware costs con-
tinues, software is becoming the major cost in many
system purchases; therefore, the major savings to be
realized by using COBOL for software development
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DATA DIVISION.
WORKING-STORAGE SECTION.
01 FIRST-ADD-VALUE PIE€ S103F VALUE: S7e-
01 SECOND-ADD-VALUE PIC 9{03} VALUE 39k-
81 TENPORARY-RESULT=STORESSRLECL0Y} -
01 RESULT-FIELD PIC 9{04}.
PROCEDURE DIVISION.
BEGIN-ADD.

ADD FIRST-ADD-VALUE TO

SECOND-ADD-VALUE GIVING
TEMPORARY-RESULT-STORE.

PREPARE-RESULT.

MOVE TEMPORARY-RESULT-STORE TO RESULT-FIELD.

Fig 1 Natural language readability. COBOL variable labels
clearly identify nature and role of each item of data. Their
greater legibility can eliminate maintenance problems and
cut support costs

should often outweigh all other financial factors when
considering a system acquisition.

Readability and ease of maintenance are also impor-
tant in commercial software systems. Unlike many
short-lived scientific programs, commercial routines
have a typical life of about 5 to 15 years. Consequently,
several different programmers are likely to work on a
commercial application program, including those who
were not involved in the code’s creation. This can
become costly if the code is poorly documented or hard
to follow. In those instances where the code is too cryp-
tic to decipher and its originator has left the company,
the program must be scrapped. COBOL helps to
minimize problems related to code readability and
maintenance. It allows long data names, which enable
programmers to clearly identify the nature and role of
each variable (Fig 1). Since it reads much like English,
programmers find it easy to follow the logic of the pro-
grams. In addition, the language is designed to handle

DATA DIVISION.
EILE SECTION.
FD ‘REGISTER-FPILE-
01 REGISTER-RECORD.
03 REGISTER-KEY.
05 REGISTER-KEY-DISTRIBUTOR PIC x{02}.
05 REGISTER-KEY-SERIAL-NUMBER PIC 9{0Y4%}.

05 REGISTER-KEY-CHECK PIC x{02}.
03 REGISTER-DATA.
05 CUSTOMER-ID BIC X{34T.
D5 STREET-ID PIC X{34}.
OS5 CLT Y<dD PTC X134}
05 STATE-ID PIC x{02}.
QoS ZIE= D BLG A0 5k:
05 PHONE-AREA-CODE BiEC S L B ak
05 PHONE-EXCHANGE P LG Et08 %
05 PHONE-NUMBER PIC 9{0M2.
05 TELEX-NUMBER PIC X{10%}.
05 DEALER-FLAG PIC X{01l}.

Fig 2 Appropriate data structures. Designed expressly for
business applications, COBOL data structures help simplify
programming of financial statements, management
reports, and common business tasks
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the data common to business. Its data structures
facilitate the manipulation of data for financial
statements and management reports. Data organized in
files and records are easily defined, and the user can
clearly see what data items are required (Fig 2).

One of CcOBOL’s most useful features is its powerful
file handling capability, which enables it to accept three
different types of files: sequential, random access, and
index-sequential. Sequential files are serially accessed.
Random access files can be entered at any point accord-
ing to a record number. The index-sequential file is par-
ticularly useful, as it can be treated and accessed in both
of the preceding ways, and any item of data in the
record can act as a key. CIS COBOL adds a fourth type,
the line-sequential file. In the microcomputer environ-
ment, this file facilitates software development for ap-
plications combining data processing with text process-
ing by reading lines of text from the text editor.

Many of the high level languages for microcomputer
systems incorporate some of the features of COBOL, but
none has all of them. Other languages were introduced
over the years to replace COBOL as the industry standard
for commercial applications. However, in each in-
stance, the replacement did not occur, usually because
the others failed to match one or more of COBOL’s im-
portant features. This was the case with PL/1, which
failed to gain acceptance as a replacement for COBOL
and FORTRAN in the mid-1960s. Although PL/1 had all
the capabilities of both languages, it was so complex
and difficult to learn that it never achieved COBOL’s
popularity and widespread use. (See the Table.)

Effectiveness of microcomputer COBOL

When used on microcomputers, COBOL benefits both
small businesses and programmers in training. Com-
panies whose data processing budgets do not justify ex-
pensive hardware systems now have a powerful software
systems capability within their reach. Programmers
learning the language today enjoy the near-immediate
turnaround of the microcomputer system—something
not offered by the traditional batch processing environ-
ment. Besides making the learning process faster and
more rewarding, the low cost of microcomputer hard-
ware allows training installations to have multiple
systems, rather than one expensive batch processor. The
CIS COBOL package even comes equipped with an in-
teractive debugger that allows programmers to watch
code execute line by line.

How effective are today’s COBOL implementations for
microcomputers? Can the language handle big jobs on

RELATIVE STRENGTHS OF LANGUAGES *

S
LI AR
WRITABILITY 213 208 2/38|3f4]|3|2
READABILITY 3 1 1 2 2 4 2 2 4 3
MAINTAINABILITY 3 1 1 2 2 4 2 2 3 3
CONCISENESS 204102 2/8 4|2]|3j2
EASE OF LEARNING 'l BY BE - BY KR
COMPUTATION B BN EN  EBR
% DATA STRUCTURING k; 3 1 1 ) 4 3 2 313
g FILE HANDLING N  BE B EN  EE
CONTROL STRUCTURES 'S B EN B} ER
STANDARDIZATION 4 f3 1) 0]aj8] 4| al2]a
PROGRAMMER AVAILABILITY N BN  BE B BN
APPLICATION PACKAGE AVAILABILITY [ 1 1 2 4 1 4 1 4 1 1
ﬁ%&?&%??@ SYSTEMS g KN BN K1 KE§ e
TOTAL 30| 26| 18| 32|23] 42| 31|38 36|31]4—Heh

*Comparison matrix tabulates relative strengths of microcomputer
programming languages, showing that some adapt to a microcom-
puter environment better than others. Rating is subjective; however,
COBOL achieves high marks by any standard

microcomputers? When standard CIS COBOL is installed
on a microcomputer with 64k bytes of memory, the
system can process COBOL source programs of several
thousand lines. Using dynamic loading—another CIS
COBOL feature—much larger programs can be loaded
and run in segments. One user of the system already has
just such a configuration and the dynamic loading
feature to run a fully integrated accounting package
whose overall size is about 750k bytes.

Conclusion

There is no doubt that cOBOL is well suited to
microcomputers and will be used at least as widely as
BASIC and Pascal, while remaining the dominant
language for business applications. Furthermore, as
future microcomputer hardware technology adopts an
entire generation of more powerful 16-bit processors,
Winchester disc technology, and multi-user capability,
COBOL should play an ever-increasing role in microcom-
puter software development.
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Creating test

Software improves overall performance of
microprocessor based equipment within fixed

hardware architecture

equipment features via
software strategy

new measurement capability into test equipment

was primarily the task of the hardware designer.
But measurement capability is no longer just a function
of hardware performance. Software designers are mak-
ing significant contributions. Software’s added dimen-
sion allows the user to get more out of a hardware in-
vestment because total system performance can be
greater than the sum of the individual parts.

An understanding of the software contribution to
measurement systems requires a basic knowledge of the
system and its operation. Fig 1 shows an HP 1980A/B
oscilloscope measurement system consisting of an
analog measurement and display section, a digital con-
trol and interface section, and a 16-channel digital to
analog converter (DAC) to interface the digital to analog
sections. The microcomputer is read only memory
(ROM) based with 64k of memory space either allocated
to basic system functions or reserved for enhancements
such as special feature ROMs, front panel expansion
modules, or an additional circuit board for repetitive
waveform storage.

The key to system intelligence is the trigger flag feed-
back line from the sweep hybrid to the horizontal hybrid
interface on the microcomputer board. It is this feed-
back line that provides a flag from the trigger circuit to

Prior to the advent of the microprocessor, designing

Paul Austgen

Bill Watry

Hewlett-Packard, Incorporated
1900 Garden of the Gods Rd
Colorado Springs, CO 80907

the microprocessor, makes it possible for the micro-
processor to interactively control the oscilloscope, and
take the 1980A/B out of the realm of a microprocessor
controlled oscilloscope into that of a truly automated
oscilloscope that detects signal conditions and makes
proper adjustments.

In addition to its digital computer architecture, the
1980A/B has a digital operator interface. All functions
are selected by pressing ‘‘touch keys.”’ For nonvariable
functions, such as input impedance and trigger slope,
touching the appropriate key results in an audible click
and an indicator light showing the condition. For
variable functions, such as horizontal and vertical
deflection and position, the function is selected by
pressing the appropriate key. The variable is then ad-
justed by turning the rotary control which drives a
rotary pulse generator (RPG) that is slaved to whichever
key has been selected.

The significance of this design, in addition to
simplified operation, is that all keys are ‘‘cold
switched.”” That is, the front panel controls are not a
part of the oscilloscope circuits. Further, all functions,
including variable functions, are controlled by digital
signals—generated either internally or externally by a
controller. Each of the front panel functions, including
the rotary control, has a set of variables associated with
it that occupies a dedicated location in nonvolatile
memory. The value placed in that location (established
as specific keys are pressed) determines the latch and
DAC patterns that control operation.

Storing calibration factors

Traditionally, oscilloscopes have been calibrated by ap-
plying a known stimulus and adjusting numerous circuit
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components to provide the desired output at predefined
nodes. In other words, circuit parameters were adjusted
to provide the desired ranges and sensitivities.

Because of its architecture, a completely different
technique is possible in the 1980A/B. Aside from initial
setup adjustments, made at the time of manufacture or
when circuit components have been replaced, calibra-
tion is accomplished entirely by computing calibration
factors and storing them in memory for use by the pro-
cessor in subsequent measurements.

ROM on the processor board contains the routines for
calculating and storing calibration factors as well as in
structions for performing the calibration routines
These instructions are displayed step by step by a
character generator on the cathode ray tube (CRT). Dur-
ing calibration, parameters establish a direct cor-
respondence between the number on the light emitting
diode (LED) display and the actual binary coded decimal
(BCD) number presented to the DAC. The transfer func-
tion is assumed to be linear (Fig 2).

Major subsystems of the 1980s, such as the vertical
preamplifier and horizontal ramp, are controlled by
both digital voltage (latches) and analog voltages
(DAGs). The DAC channels require BCD numbers between
0 and 2999, with the actual voltage output of each chan-
nel dependent upon the specific circuit’s design and ad-
justment. The front panel settings and DAC number
relationship may be generally expressed as the slope-
intercept form of the linear equation

DAC # = (front panel setting) - A + B

where A and B are the slope and intercept calibration
factors, respectively. With a few exceptions, each of
these calibration factors is an 8-bit number in the range
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of 0 to 377,. Calibration factors reside in a nonvolatile
memory that is write-protected except during cali-
bration.

The slope intercept equation can be solved explicitly
for A and B; therefore, these values can be calculated if
a number of data points equal to the number of
unknowns is available. The procedure is manual in the
sense that the operator slews the DAC number, using the
front panel rotary control, until the trace occupies a
predetermined location on the CRT. The software is then

2999

DAC
NUMBER

1
999
INTEGER
(MANTISSA)

LED DISPLAY NUMBER
Fig 2 DAC input number versus display settings. Front
panel settings (100 to 999) and DAC input number (O to
2999) have linear relationship expressed in slope-intercept
form. Software computes slope and intercept calibration fac-
tors when operator slews DAC number until trace occupies
predetermined location on CRT
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informed, and the number becomes a data point. When
a sufficient number of these data points is indicated, the
processor calculates and stores the calibration factors
for that particular sequence.

Calculations are buffered in the sense that all data
points must have been gathered before a calculation,
and subsequent storage of a new calibration factor,
takes place. This essentially eliminates the possibility of
bad calibration factors, due to incomplete sequences,
being written.

If a calibration factor calculation results in a number
outside the range of 0 to 377, (an error), then an error
number indicating a failure in that calibration factor is
reported to the operator via the CRT. The processor then
places the closest allowable value into the calibration
factor so that the oscilloscope is operable even though it
is out of calibration.

When the calibration routine is completed and a nor-
mal exit from the calibration mode occurs, a checksum
is computed and its value is stored in write-protected
memory. At power-up, the calibration factors are
summed and the result is compared with the stored
checksum value. During power outages, a backup bat-
tery maintains power on the memory circuits to retain
calibration factors, as well as other vital data such as the
last front panel setting and all stored panel settings. The
random access memory (RAM) containing calibration
factors is write-protected with a switch on the instru-
ment rear panel. If the switch is in the disabled position,
the calibration routine cannot be entered. The calibra-
tion factors can be protected by a calibration sticker.

The advantages provided by software based calibra-
tion are fourfold: (1) the directions contained in the
calibration manual are largely duplicated with firmware
and the character generator; (2) all routine calibration is
done from the front panel with a single rotary control
and a few touch keys; (3) calibration is much easier and
can generally be done in less than 35 minutes; and (4)
because calibration can be done in a rack without
removing its covers, the instrument is calibrated in the
same thermal environment in which it operates. (In fact,
calibration can be accomplished in several different en-
vironments; each set of calibration factors can be stored
by a controller, and then recalled as needed over the
HP-IB interface.)

Automatic setup and
range adjustments

The 1980A/B oscilloscope measurement system is most
interestingly demonstrated by pressing the AUTOSCOPE
key and watching the instrument find a trace (or traces)
and automatically display it (or them) on the screen.
When the AUTOSCOPE key is pressed, a number of func-
tions is set to predetermined conditions—those that
will most likely be required for typical measurements or
that will provide the greatest safety as a starting point.
For example, ac coupling is selected; trigger slopes are
positive; deflection factors are set at 1 V/div; trigger
levels, position controls, and delay are all set at a
nominal level. This is simply a matter of accessing the
state memory and sending the appropriate latch and
DAC patterns.

After the presets are accomplished, the micro-
processor uses the trigger flag to begin making deci-
sions. First, it searches for proper vertical sensitivity. A
typical signal search is a 4-step procedure.

1. The microprocessor searches each vertical range
(1V, 100 mV, 10 mV, 2 mV) until a signal of 1.5 or
more divisions is found.

SET UP
Ef te—)

VERT
FROM RANGE #

¥
SIGNAL? SWAP
TLs
N
SWAPPED TL
SWAP y | HAS RETURNED
TLs NON-SYMM
SIGNAL
N

" [ SIGNAL
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% SIDE WHERE LAST
SEEN

DEC
MAN MSD
INC
MAN 1/0s

SIGNAL FOUND
SLEW MSD ON THIS
RANGE

INC
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START AT
LEAST SENSITIVE
RANGE TRYING T0
LOSE SIGNAL

N

BRING SIGNAL
BACK

INC
l RANGE # ]
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TRYING TO
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TL - TRIGGER LEVEL

INC - INCREMENT

DEC - DECREMENT

MSD - MOST SIGNIFICANT DIGIT
MAN - MANTISSA
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Fig 3 Flowchart for AUTOSCOPE mode. Microprocessor in-
creases sensitivity until trigger flag indicates that trigger is
found. Then, it decreases gain until trigger is lost and adjusts
gain to restore trigger flag. Trigger sign change during search
detects signal with dc component

105



2. Once a trigger is found, the microprocessor adjusts
the most significant digit of the sensitivity value (DAC
channel) until the trigger is lost. It readjusts that digit to
bring the trigger back.

3. The microprocessor then adjusts the middle digit of
the sensitivity value by 1 until the trigger is lost, then
readjusts to bring it back.

4. When the trigger is lost in steps 2 and 3, the sign of
that trigger is changed and the search continues so that
signals with a nonzero dc component can be found.

Fig 3 is a flowchart of the vertical sensitivity search.
Once channel 1 sensitivity is established, the procedure
is repeated for channel 2.

Now that sensitivity is set, the microprocessor begins
a similar search for an appropriate time-base setting.
Once again, the trigger level is used to indicate to the
microprocessor that a signal has been found. With the
trigger level set at a constant 0.5 div using the sign deter-
mined in the vertical channel search, the microprocessor
searches from the fastest to the slowest range until a
trigger occurs. A procedure similar to that used in the
sensitivity search is followed until the proper sweep
speed is established.

Once the variables are determined, a series of adap-
tive panel settings is established for operator conve-
nience.

1. Sweep speed is multiplied by 2 to display two cycles
on the screen.

2. Horizontal mode is set to MAIN, and the vertical
sensitivity for channels 1 and 2, as well as the delayed
sweep speed, is set to the ‘‘fine’’ rotary control func-
tion.

If only one signal is located, only that channel is turned
on and its vertical position is set to 0. If two signals are
located, both channels are turned on, channel 1 is posi-
tioned at 2.00 div, and channel 2 is positioned at —2.00
div. In the event that no signal is detected on a channel,
a baseline and an advisory message are displayed on
the CRT.

In developing the algorithms, a trade-off had to be
made between speed and accuracy. The amplitude
algorithm detects only waveform peaks and searches
only to the middle digit of a 3-digit number, resulting in
a rapid search but allowing the waveform to be as small
as 1.35 or as large as 3.27 div in amplitude. Similarly,
the horizontal search, adjusts the middle digit to either 5
or 0 so that the final sweep speed is well rounded after
multiplication by 2, resulting in worse case sweep speed
errors of —50%, 33%. Thus, the slowest search (50-Hz
and 9.9-mV input on both channels) takes approxi-
mately 4.5 s.

Continuous horizontal and
vertical calibration

An historical limitation of the oscilloscope has been its
loss of calibration when making fine adjustments to ver-
tical sensitivity and horizontal sweep speed. Software
makes a major contribution in the 1980A/B by providing
a practical, cost-effective solution to this problem. This
means that vertical deflection can be changed from
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2 mV/div to 10 V/div with calibrated measurements at
any point along the way, and sweep speeds can be
changed from 5 ns/div to 1 s/div. It is by this minimiz-
ing of operator error that software contributes not only
to measurement convenience but also to measurement
confidence.

Using the procedure for maintaining continuous
calibration of channel 1 deflection factors as an ex-
ample, note that the process is a combination of hard-
ware switching, via latches, to set input attenuators for
gain to the correct range and to set analog voltage
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Fig 4 Continuous calibration feature. Combination of
logic switching and number changes determines ap-
propriate analog levels for fine gain setting. Once sen-
sitivity is combined with calibration factors and
stored, DAC refresh controller takes over and updates
DAC channel continuously
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outputs of the DAC for vernier gain control. (See Fig 4.)
When the rotary control is turned, it increments or
decrements channel 1 sensitivity state information in
nonvolatile memory. A DAC setup is immediately exe-
cuted so that the displayed trace amplitude changes in
relation to the new state information. The setup pro-
gram uses the sensitivity value along with two previously
determined calibration factors for that particular range.
It then combines them in a linear slope-intercept equa-
tion and outputs that gain DAC number to memory. The
correct balance DAC for channel 1 is also selected and
placed in memory. From there, the DAC refresh control
circuit automatically applies these numbers to the DAC
input, relieving the processor of time consuming fetch
and calculation routines. These numbers are the pat-
terns that result in the analog output voltage required to
provide the gain and balance control for the channel 1
amplifier.

During the setup routine, the microprocessor also for-
mats and transfers channel 1 state information to the
formatted data buffer. The DAC refresh controller then
transfers data, from the formatted data buffer, to the
LED decoder, which updates the LED display on the
front panel. The exponent of the channel 1 state infor-
mation and probe type also determines the settings of
the attenuator latches and the times 5 switchable gain of
the channel 1 amplifier.

Because of this continuous calibration, there is now a
choice of either setting the sensitivity and sweep speed to
a specific value per division or aligning the signal with
the CRT graticules and reading voltage or time directly.

Calibrating a hybrid voltage
controlled oscillator

Another interesting aspect of its contribution is soft-
ware’s ability to compensate for hardware limitations.
For example, oscilloscopes need an accurate time base
for delay time interval measurements. The system
crystal reference clock provides the necessary overall ac-
curacy (0.003%), but it can’t deliver that accuracy
directly to the horizontal hybrid (less than + 1 ns error).
Software allows the use of a 10-MHz, restartable,
voltage controlled oscillator (VCO) contained on the
horizontal hybrid circuit as an accurate delay time
base—even though it is subject to some minor drift and
instability.

Fig 5 is a block diagram of the delay time circuit, a
hybrid scheme that combines counter and ramp tech-
niques. Using the rotary control to select a delay time
(from 0 to 9.9999999999 s) places an 11-digit BCD
number in nonvolatile memory. The upper 8 digits of
delay are loaded into a down counter, while the low 3
digits control a fine delay ramp. The upper 8 digits of
the delay count are transmitted serially to the horizontal
hybrid over the BCD line; the delay count is buffered on
the horizontal hybrid and updated only when a delay
count change is made; and the upper 7 digits are
transmitted to the BCD counter chip, while the 100-ns

100 ns
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Fig 5 Counter and ramp circuits set delay time. Restartable
10-MHz oscillator provides counter time base. Software
calibrates time base to system clock. One DAC channel con-
trols fine delay ramp (O to 100 ns), with front panel time set-
ting and calibration factors determining DAC number

digit is transmitted to the horizontal control chip. The
last 3 BCD digits of the 11-digit delay time number are
translated by firmware to a fine delay DAC number. DAC
voltage generated by the 3 fine delay digits is used to
control the fine delay ramp on the horizontal hybrid,
and fine delay ramp calibration is achieved through a
front panel manual calibration routine, similar to the
one previously described.

When the main sweep starts, a Horizontal Main
Sweep Start (HMST) command is sent to the 10-MHz
oscillator on the horizontal control chip. The startable
10-MHz oscillator is used to count down 8 BCD digits on
the horizontal hybrid. After the count has been
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decremented to 0, the fine delay ramp is started. On
completion of the fine delay ramp, a signal is generated
to indicate the lapse of delay time (HDTE), arming the
delay trigger.

In order to make accurate delay time measurement
possible, firmware must be used to calibrate the start-
able 10-MHz oscillator to the accuracy of the processor
clock. This delay time self-calibration is accomplished
by pressing the appropriate front panel keys; when this
happens, the processor executes a routine that starts the
counter and simultaneously enters a software wait loop
of 0.199978 s. At the end of that time, the processor
reads the counter value and compares it with the crystal
reference. If an error is found, the appropriate correc-
tion is made by sending a new VCO DAC number to
memory. The DAC refresh controller updates the ap-
propriate DAC channel which in turn changes the
oscillator frequency. This process is repeated until the
vCo is forced to an accuracy of 1 ns in 0.199978 s.

Another advantage of this counter technique is that
digital delay, as well as time delay, is possible. By step-
ping the counter using an external trigger instead of
oscillator pulses, the delay becomes a function of
events—up to 9,999,999.

Unlimited possibilities

A microcomputer controlled oscilloscope with a
16-channel DAC and trigger feedback to the processor
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provides abundant possibilities for improved measure-
ment features. Routines that have been developed in-
clude automatic preamp balance which, on command,
automatically determines the DAC number required to
provide the offset, resulting in O trace shift with gain
change. To the operator, it means elimination of trace
shift as sensitivity is varied. Also, front panel interlocks
that turn off lamps and lock out keys have no effect on
the trace being viewed, thus reducing operator confusion.

The list of possibilities also includes change in time
(At) and change in voltage (AV) measurements provided
by previous microprocessor controlled oscilloscopes
such as the HP 1722A, as well as measurement capability
and user convenience. For example, the bank of keys to
the left of the 1980A/B’s CRT is defined by firmware.
Called ‘“‘soft keys,’’ their functions change depending
upon the operation being performed (self-test, calibra-
tion, installed options, and more), and are identified by
characters on the CRT. In addition, eight complete front
panel setups can be saved and recalled by two
keystrokes or a single computer command. A full-screen
character generator permits user instruction under com-
puter control, advisory messages, and instrument status
information.

Even though the 1980A/B has a large number of built-
in features that are the result of software, there is room
for the imaginative software designer to create addi-
tional features. Because of the availability of ROM plug-
in sockets and computer control via HP-IB, program-
mers can develop software to custom tailor instrument
operation to particular measurement needs.
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THE STD BUS PEOPLE.

INTERSILS SYSTEMS DIVISION
ANNOUNCES A SPECTRUM OF STD
BUS CARDS — OFF THE SHELF.

From the people whose total systems
shipments to date have exceeded seven
billion bytes of memory. The same people
whove made a reputation in ultra-reliable
cards and systems over the last ten years:
Intersil's Systems Division.

Now introducing a broad new spec-
trum of STD BUS products. All available
right now. And all truly STD BUS compat-
ible. So you can mix and match cards with
No surprises.

Plus, you can have your choice of
microprocessors: 8085 or Z80. Either way,
you get total compatibility throughout
the family.

Z80 CPU Card (15B-3100)

8085 CPU Card (I1SB-3110)

16K x 8 CMOS Memory Card (ISB-3216)
Parallel Input Card (I1SB-3310)

Parallel Output Card (1SB-3320)

Floppy Disk Control Card (ISB-3400)
Triac Output Card (ISB-3500)
Opto-isolated Input Card (1SB-3510)
Reed Relay Output Card (ISB-3520)
Hardware Arithmetic Card (ISB-3600)
Sync/Async Communications Card (ISB-3700)

AND A SPECTRUM OF SOFTWARE
PRODUCTS — OFF THE SHELFE.

No, we didnt forget software. And we
didnt forget that you need it now. Every-
thing from DOS to PASCAL —off the shelf.

CP/M* Disk Operating System (ICP/M)
including text editor, assembler, debug,
and disk and terminal I/0 handlers

Macro Assembler (IMAC)

FORTRAN Compiler and Library (IFORT)

BASIC Compiler (IBASC)

BASIC Interpreter (IBASI)

PASCAL Compiler (IPASC)

Firmware Monitor (IFMON)

®Trademark of Digital Research, Inc.
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DEVELOPMENT SYSTEMS AND
MUCH MORE — VERY SOON.

We're not stopping now. Because were
committed to having the biggest and best
line of STD BUS cards in the business.

So in the very near future well be
announcing a number of major additions
to the family. Including parallel 1/O, A/D
and D/A cards. A PROM-burner card.

A bit-oriented dual-channel synchronous
communications card. A remote data
acquisition controller card. Three new
memory cards and more.

On the software side, we'll be
introducing a firmware development sys-
tem, including monitor, assembler and
editor, PROM-burning software and multi-
tasking control monitor.

Andtying it all together therell be a
start-up designers kit — plus a full-fledged
STD BUS development system. So stay
close and watch for more good news.

AVAILABILITY: NOW.
PRICING: GREAT!

Like we said, our stock is on the shelf.
You can call and check that out.

And our pricing? Competitive.
Very competitive.

CALL OUR HOT LINE:
(408) 743-4442.

Thats the number to call. To place an
order or to get a full packet of our STD
BUS literature super fast. Or call any one
of our distributors directly: Anthem,
Arrow, RA.E. Industrial Electronics Ltd.,
or Zentronics.

Or simply send in the coupon —
to the STD BUS People: Intersil Systems
Division.

SYSTEMS DIVISION

Marketing Department, 1275 Hammer-
wood Ave., Sunnyvale, CA 94086

Tel: (408) 743-4300 or Hot Line: (408) 743-4442.
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Valedictorian of the
Smart Editing Class of Terminals.
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SRS TENS
SOFTWARE

Modern, software intensive 16-bit product
development places added demands on
development tools to improve
programmer productivity

The impact of 16-bit
microprocessors on
software development tools

are sparking developments in the design of
microprocessor based products. Increased func-
tion, performance, and flexibility of these new pro-
cessors have changed the nature of microprocessor ap-
plications from small, controller type designs to more
complex multitasking systems. Average program size in
microprocessor applications has grown from 10k to 20k
bytes in the 8-bit environment to more than 64k bytes
using 16-bit processors. With this increase in program
size has come a change in the development process. Not
only has overall development time increased, but the
relative proportion of time spent on hardware and soft-
ware designs has shifted. In the past, about 50% of the
design effort was devoted to software development,
35% to hardware design, and 15% to hardware/
software integration. This ratio has shifted dramatically
toward software in the 16-bit environment. Today,
16-bit designers devote up to 90% of their effort to soft-
ware development.
Modern 16-bit development is software intensive, and
has created demands for development tools that improve
software productivity. Availability of high level program-

H igh performance 8- and 16-bit Mmicroprocessors

Mary Jane Elmore, David Miller,
and Jim Schwabe

Intel Corporation
3200 Lakeside Dr, Santa Clara, CA 95051

ming languages establishes one key criterion for designers
to evaluate potential microprocessors and their develop-
ment support systems. Efficient and easy to use text
editors assume greater importance as the quantity of soft-
ware increases. Off the shelf, reconfigurable operating
systems also are important tools for increasing program-
mer productivity. In addition, greater emphasis is now
placed on software debugging aids.

Because new microprocessor technology is being in-
troduced rapidly, another important consideration is
the ease of migrating from previous 8-bit designs to
designs based on new 16-bit processors. The ability to
upgrade any portion of an existing 8-bit program to run
on a 16-bit processor can yield significant cost savings.
Moreover, the ability to use or upgrade an existing
development system for use with a new processor can
protect a sizable investment in software development
tools.

Increased size and complexity of 16-bit applications
lead to a corresponding increase in the number of pro-
grammers working together on a project. The task of
managing the output of a large programming team
poses challenges in many 16-bit design efforts. When
the programming task is subdivided among team mem-
bers—as is often the case—consistent interfaces must be
defined and closely coordinated. Various schedules
must be coordinated also. By some estimates, up to 20%
of the software development effort in large projects is
spent on software project management. Development

111



Development System
Offers Easy Upgrade Path

PHASE 1 PHASE 2 PHASE 3

MDS-800 LDE SERIES [T
35“5'55‘2‘3 MDS-556
MDS- ?
MDS-230 SERIES I
MDS-245
MDS-505 SER'ESZ%SS MDS-556
> D :
DS 255 SERIES I
MDS-245
8080 BASED 8085 BASED 8085 AND
iAPX-86 BASED
Convenient upgrade path. Series Ill preserves

development system investment by providing
upgrade path from any previous Intellec develop-
ment system

The series Il is a complete, standalone development
system based on Intel’s 16-bit iAPX-86 processor. It
can provide overall productivity gains over previous
systems, especially for designers of iAPx-86 and -88
based applications. Use of the iAPX-86 increases
throughput and also provides a resident execution
environment for iAPX-86 and -88 programs. Its maxi-
mum 1M-byte address range extends potential
storage for symbol tables and user programs, and
allows high level language compilers to run faster
than in 64k memory systems. Built around two host
processors—the iAPX-86 and the 8085A—the series Il
is not confined to iAPx-86 and -88 applications. Its
8085A host provides a resident execution environ-
ment for 8-bit applications and language translators.
In series Il 8-bit compatibility mode, all software writ-
ten on or for 8-bit series II and model 800 develop-
ment systems will run without modification.

One upgrade package converts any existing In-
tellec development system—whether model 800,
series Il, or series 1/85—into a series Il system. (See
the Figure.) The upgrade package consists of an
iAPX-86 processor board, 64k additional memory, and
the Intellec software required for an iAPX environ-
ment. Insertion of boards into available slots and
loading of software complete the upgrade; develop-
ment software that is executed on the series I, series
/85, or model 800 still runs on the 8-bit processor
board, and software developed under these systems
is now upward compatible with programs developed
on the series Iil.

tools, therefore, must improve the productivity of
multiple-programmer teams and establish facilities for
programmer coordination so that teams can share a
software data base and integrate their modules into the
final product. For these reasons, distributed develop-
ment system configurations and resource sharing are
important features of large project support tools.

Selecting development tools

When choosing development tools to meet the changing
needs of microprocessor system designers, selection
criteria can be confusing. In the final analysis, the best
development tools are those that provide the shortest
route to a finished product at the lowest cost. The pro-
gram development cycle typically includes source code
preparation, translation of source to object code, soft-
ware debugging, and integration of hardware with soft-
ware. An effective development system will support
specialized tools tailored to each step of this develop-
ment cycle.

Source program text can be viewed as a programmer’s
primary output; a powerful and sophisticated text editor
is the basic tool for creating, manipulating, and refining
this output. Advanced, cathode ray tube (CRT) based
text editors speed source program preparation and re-
vision. The most efficient text editors provide two
distinct modes of operation: text mode and command
mode. Text mode makes full use of the CRT display with
its movable cursor, insertion or overstrike capability,
and versatile deletion modes. Text appears on the screen
exactly as it has been stored in memory. Modifications
are made by positioning the cursor on characters to be
changed and using delete, insert, and overstrike capa-
bilities to accomplish the change.

Command mode implements powerful text editing
primitives—basic utility operations such as character
string search, change or replacement, and formatting.
Whereas text mode commands are at most single key-
strokes, command mode functions accept text strings as
command arguments, performing useful operations that
involve these arguments and their relationship to the
surrounding text. Although any editing function can be
performed using only text mode, command mode
operations are much more convenient for entering com-
plicated iterative changes.

Complex, software intensive 8- and 16-bit micropro-
cessor applications underscore the demand for a reper-
toire of compatible programming languages that will
allow programmers to select the language whose
characteristics best fit a specific application. When pro-
gram size or execution speed is more important than
software development efficiency, assembly language is
required. On the other hand, when programmer produc-
tivity in writing, debugging, and maintaining software is
the primary concern, high level languages are pre-
ferred—even though they tend to be less efficient in exe-
cution speed and use of program storage than assembly
language. The best approach to this critical tradeoff
combines an assembler and one or more high level
language compilers that produce compatible object
code. Then, assembly language modules and modules
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compiled from one or more high level languages can be
linked together in the final program. Different program
modules can be implemented, each in the language best
suited to the task performed.

Modern 8- and 16-bit microprocessor system designs
often require operating system software. Operating
system design and development can consume many years
of effort and tie up considerable inhouse expertise. By of-
fering customizable operating systems, suppliers help to
free designers from the tasks of writing and debugging
their own system software. Productive development ef-
forts can then be focused on actual applications.

Microprocessor based applications often require
specialized tools for software debugging and system inte-
gration; a well-planned development system should sup-
port a variety of debugging tools. For example, in-circuit
emulators allow hardware and software development to
proceed concurrently and interactively, thereby making
the traditional system integration method of independent
hardware and software development obsolete. With in-
circuit emulators, prototype hardware can be added to
the system as it is designed. Then, software and hardware
testing begins at an especially early stage and continues
throughout the product development cycle.

A software debugging program allows controlled exe-
cution of prototype software by implementing such
features as single-step execution, setting and removing
breakpoints, and examination of registers or memory
locations. For maximum utility, a debugging program
should be tightly integrated into the total software
development package. The close working relationship
among text editor, language processors, and debugging
program reflects the intimate relationship among source
code generation, conversion of source code to object
code, and object code debugging.

Upgrading to next generation processors

To provide maximum flexibility, a development system
should support a spectrum of microprocessors and
single-board computers with a wide range of functional
capabilities. These features reduce start-up costs for
each new design and facilitate moving to the next gen-
eration product in a microprocessor family. Many
microprocessor applications today are based on mid-
range 8-bit processors, such as the 8080 and 8085. As
these products approach the limit of 8-bit processor per-
formance, designers may want to move up to the higher
performance 16-bit processors. On the other hand,
designers seeking cost optimization may want to move
down to single-chip processors such as the 8051.

A development system that supports a complete spec-
trum of microprocessors makes it easy to migrate in
either direction. Using a modular approach, migra-
tion is achieved simply by selecting the languages and in-
circuit emulator that are appropriate for the chosen pro-
cessor. As processor needs change, the same devel-
opment system can be used with new languages and dif-
ferent debugging program modules. Of course, com-
plete high level language support for a broad range of
processors guarantees that preexisting program code
can be moved onto the next generation processor with
minimum modification.

High Level Language Produces
Assembler Compatible Code

ASSEMBLY

LANGUAGE i
REALTIME | PROGRAMMING | ASSEMBLER N
SEGMENT [ ™ | MODULE | ~~_K
~-
ANGUAG t
LANGUAGE
ASSEMBLER D
o |eroiiming,. | (RO ol
MODULE R
PASCAL (L) Y
LANGUAGE
MAIN ASSEMBLER ¢
PROCESSING | -RCCRAMMING o | compaTiBLE | — A
SEGMENT MODULE T Py

Programming language flexibility. Efficient develop-
ment of microcomputer software requires variety of
compatible and combinable programming languages
that allows users to code each program module in
best language for its task

PL/M-86/88, Intel’s system implementation language,
is a high level language designed specifically for the
special requirements of microcomputers. Providing
high level access to the microprocessor hard-
ware—and, thus, control over the processor and its
peripheral components—it also offers such high level
language advantages as the ability to write programs
using statements very similar to English language
statements; structured programming constructs that
can lead to more efficient software design; and the
potential for easier debugging and maintenance.

PL/M supports machine features such as absolute
addressing, interrupt handling, and direct port input/
output (1/0). Its built-in procedures allow access to
stack pointer and central processor status register
values. Use of pointer variables and ‘‘based’’
variables provides a flexible means of manipulating
data and addresses stored as data. In combination,
these features allow pi=grammers to interface di-
rectly with system haraware, without requiring run-
time support modules. New for the series Il is a high
speed syntax checking option that flags source pro-
gram syntax errors without incurring the added delay
of object code generation.

Pascal has generated considerable interest
because it is a high level language that enforces good
programming techniques and produces uncommonly
portable programs. The series Il was the first
development system to support a 16-bit Pascal com-
piler. Pascal 86/88 conforms to proposed standards
and also incorporates extensions tailored to a
microprocessor environment such as interrupt han-
dling, direct 110, and separate compilation
capabilities. All extensions can be flagged at compile
time to help maintain portability. As with pPL/M-86/88,
the Pascal compiler produces object code that is fully
compatible with assembly language. (See the
Figure.)
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System Combines Resource Sharing
With Distributed Development
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Network development system. Up to 8 workstations
share hard disc and printer resources. Any Intellec
development system can be converted into workstation
by adding interconnection board, cable, and software.
Distributed development environment significantly in-
creases programmer productivity and system perfor-
mance over standalone development systems

Designed to address the problems of managing large
software development projects, the network
development system (NDS-I) connects as many as
eight Intellec development systems, each as a
separate workstation, in a multi-user environment.
(See the Figure.) At the center of NDS-I, a network
manager coordinates workstation activity by manag-
ing file access, handling the shared disc data base,
and controlling requests for the shared printer. The
common disc storage pool consists of one or two
hard disc subsystems, each with 7.5M bytes of
storage on two discs—one fixed and one remov-
able—to allow simple and efficient disc backup.

A particularly effective development environment
can be established by distributing the development
cycle over several different types of workstations.
For example, source file editing and program module
debugging can be performed on workstations con-
sisting of series II development systems or model
800s. Then, series Il workstations with their high per-
formance iAPx host processors can be used for all
program compilations.
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Simplifying management tasks

All software development projects, large and small, re-
quire traditional, specialized, microcomputer devel-
opment tools that are usually available only on stand-
alone development systems. Specialized tools include
assemblers, compilers, relocation and linkage facilities,
and in-circuit emulators. Additionally, large undertak-
ings require project management facilities such as file
handling and shared file access, documentation
facilities, and program source control. Tools of this
type are available on most mainframe computers.

One way to bring project management facilities to
microcomputer software development projects is to in-
tegrate microcomputer development systems with main-
frames. By combining these two resources, a project can
benefit from specialized workstations that are custom
tailored to the range of activities involved. For instance,
a mainframe could be used both for source entry, to
capitalize on the availability of multiple CRTs, and for
project management, to profit from specialized
management tools available on the mainframe.
Development system workstations that take full advan-
tage of their range of specialized compilers and in-
circuit emulators result in low cost, highly effective,
hybrid systems for all phases of development from
system design through product verification and test.

Programmers typically begin by entering a source file
through a CRT terminal, using the mainframe text editor
and file system. The file is stored on the mainframe,
allowing full use of mainframe file sharing, protection,
and backup facilities. For compilation, assembly, and
linking, the file is sent down the mainframe link to a
development system workstation. After performing
these operations, the development system sends listing
and object code files back to the mainframe for backup
storage. High speed line printers attached to the main-
frame produce the hardcopy listing.

If source modifications are required at this stage, they
can be entered at a CRT terminal; otherwise, the linked
and relocated object file can be downloaded to another
development system for debugging in conjunction with
an in-circuit emulator. This configuration distributes
the development cycle over several specialized systems
and, therefore, combines in-depth support for a wide
range of processors of a microprocessor development
system with the sophisticated project management
facilities of a mainframe computer. Such mainframe
assisted development configurations, however, are not
without their drawbacks: mainframe equipment is
costly; effective communication between mainframe
and development system for maximum system perfor-
mance is a significant problem; and timeshared access to
the common mainframe resource can create throughput
bottlenecks.

Network development system

Spurred by the rapid decrease in microprocessor cost,
distributed data processing has begun to supplant con-
ventional timesharing in many application areas, and
software development is no exception. As currently pro-
vided by development system suppliers, the network
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development system provides project management func-
tions pertinent to microcomputer development without
the added cost and system complexity of mainframe
computers. ;

At the center of a development system network, a
““network manager’’ coordinates activities of the
development systems that are tied in as workstations,
manages file access to a pool of shared disc units, and
handles requests for the shared hardcopy printer. Ide-
ally, shared disc storage at the central node consists of
at least two hard disc subsystems, allowing simple and
effective disc backup. Data should be transferred be-
tween workstations and the network manager at a rate
high enough to minimize degradation when compared
to a dedicated disc environment. With this configura-
tion, the increased performance and storage capacity of
the hard disc, as well as the increased flexibility of a
hardcopy printer, can be shared by all of the work-
stations—along with their increased cost.

Network development system users must be able to
declare their files as either public or private. Through a
log-on procedure, each user is identified to the network
manager and allowed access to the common disc storage
pool. Identification codes give exclusive access to
private files and shared access to public files; public files
should be write-protected to ensure file integrity. Utility
programs can be provided to convert between public
and private file status. Individual programmers can
create and revise program modules in a private work-
space with guaranteed file protection. After modules are
written, debugged, and tested, they can be converted to
public status for integration and testing with other soft-
ware modules developed by other programmers.

In some cases, software development projects are not
growing larger, but more numerous. By assigning each
project one or more private workspaces and performing
all project development within these dedicated work-
spaces, many small development projects can be man-

aged in much the same way as one very large effort.
Commonly used utilities and shared software libraries
can be made accessible to all projects as public files to
eliminate the need for redundant files in each project
workspace.

In developing a large software project—or a large
number of software projects—communication among
programmers is the key to productivity. Development
system networks facilitate communication by allowing
many programmers at individual workstations to access
shared files maintained by the central file manager.
Typically, a large softwarg task must be broken up and
allocated among programmers whose biggest challenge
lies in interfacing individual modules to form the final
program. Development system networks ease this task
by allowing programmers to access one another’s files in
a controlled environment. Small software tasks can be
handled by an individual programmer, but many such
small projects present the challenge of maintaining
separate software data bases. Development system net-
works address this problem by segmenting the software
data base into separate, individual regions and allowing
all programmers to access one shared, common region.

Conclusion

Designing with the latest microprocessor technology re-
quires development systems that will give designers the
opportunity to best use the microprocessor. The in-
creased software orientation of today’s applications
demands development systems that provide a repertoire
of compatible programming languages as well as off the
shelf configurable operating systems. Development
system configurations that support large project design
and facilitate multiprogrammer communication must be
exploited. Finally, development systems should provide
an easy upgrade path that will allow both today’s and
tomorrow’s processors to take advantage of past efforts.
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Extreme efficiency and transportability
to new hardware make this language a
natural choice for general purpose
microprocessor programming

Forth — the language of
machine independence

about the current, rapid evolution in the elec-

tronics industry is that the evolution will continue
unabated into the foreseeable future. This is particularly
true in the microprocessor field, with quantum jumps in
processing power occurring every three or four years.
What does this mean to the maker of intelligent in-
struments or the manufacturer of small business or
word processing systems? Does it indicate that the
redesign of a device and the production of new models
must be done with the same rapidity as the development
of microprocessors? A manufacturer who takes a
technological back seat risks being outflanked by com-
petitors’ entries. The question answered here is: How
can the impact of microprocessor introductions be
mitigated without risking technological obsolescence?
The most obvious answer is to design instruments and
systems to be processor independent.

Processor independence has many facets, such as the
use of high level languages, standardized bus architec-
tures, and standardized protocols for communication
with peripheral controllers. High level languages were
originally intended to increase programmer productivity
by freeing them from the bookkeeping tasks associated

The most conservative statement that can be made

Gary Feierbach
Inner Access Corporation
3206 E Laurel Creek Rd, Belmont, CA 94002

with assembly language programming. It was soon
learned that FORTRAN programs for one machine could
run on other machines with only moderate modifica-
tion. Naturally the new machine had to have a FORTRAN
environment. Later, this compatibility between
machines was enhanced by the development of the ANSI
standard for FORTRAN IV.

More recently, Pascal and Ada have been touted for
their machine independence. Pascal currently suffers
from a proliferation of dialects problem, although one
dialect, UCSD Pascal, dominates. A standardization ef-
fort had commenced to resolve this proliferation prob-
lem. If efficiency is not a major consideration, a P-code
interpretive version of Pascal can be brought up on new
hardware in a matter of a few months. Ada, developed
for the Department of Defense, has aroused a great deal
of interest outside that agency. So far, Ada seems too
large a language to be suitable for current micropro-
cessors other than the iAPX-432. Until an officially sanc-
tioned subset is defined, Ada is not likely to sweep the
field with implementations on a large variety of micro-
Processors.

Other forms of machine independence, such as the
use of a standard bus (eg, IEEE-696), afford the user the
opportunity to change processors without changing the
rest of the system circuitry. However, the added
features or the maximum speed of the new processor
may not be available if the selected bus architecture does
not handle them. To further complicate matters, there is
no guarantee that a peripheral controller manufactured
by company X will communicate with a processor card
made by company Y, even though they both meet the
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same bus specifications. Currently, either a driver must
be written for the company X product, which is then in-
corporated into the operating system for the company Y
processor, or company X emulates a product already in-
corporated into company Y’s operating system. If
peripheral protocols were standardized, a third aspect
of machine independence would be achieved.

Who will benefit?

There is a tendency to think of a more advanced pro-
cessor as one that executes more instructions per second
or one that has a larger instruction set or address space.
A new breed of microprocessors with very reasonable
amounts of integral read only memory (ROM) and ran-
dom access memory (RAM) is now emerging, eg, the
Zilog 78. These processors are large enough to support a
high level language and will allow more compact in-
struments or systems. This means that the evolution of
microprocessors, as well as those devices that use
microprocessors, is likely to develop into families of
devices of varying capability and cost. A high level
language can provide a common base for these families
by allowing the same development tools, the same pro-
gramming staff, and even perhaps identical versions of
the same programs to be used with a family of products.

Beneficiaries of machine independence include more
than the manufacturer who is able to introduce a new or
improved product sooner. They also include system
houses that can transfer their value added software to
new hardware with relative ease. Many instrument
manufacturers and commercial system vendors have
vast libraries of application software for their machines,
representing a considerable investment of time and
money that should be machine independent. More often
than not it is written in native machine code for effi-
ciency considerations. This establishes the need for a
language that is not only easy to bring up on new hard-
ware but is efficient in terms of execution speed and
memory utilization. Forth is such a language.

Forth and machine independence

Forth was invented by Charles Moore about eleven
years ago to fill a need, as he saw it, for a programmer
amplifier. In short, he wanted to be a more productive
programmer,"? and felt he could be if a language were
developed that, by the natural act of programming,
would extend itself toward the application. In this way,
at the highest level, a programmer could write state-
ments like TURN LIGHT ON or ROTATE RIGHT 20.05
DEGREES, and these events would occur. In its first
three years, Forth was used almost exclusively in the
field of radio astronomy. Later Charles Moore started
his own company to support a growing community of
users. Widespread use did not begin, however, until
1978 when the Forth Interest Group (FIG) published a
number of implementations on mini- and microcom-
puters. The language is now in the public domain and an
international standard was developed in 1979 with
nearly unanimous consensus from all segments of the
Forth community.?

118

As a testimony to the ease of their implementation,
the FIG implementations were achieved in about six
months of part-time activity. The implementation team
met every Saturday for the first three months, and alter-
nate Saturdays thereafter, in sessions devoted to im-
plementation details and features to be included or ex-
cluded to make the implementations uniform from pro-
cessor to processor. As a full-time activity, a Forth im-
plementation on a new machine using the native
assembler generally takes at most two months. The use
of a meta-compiler can cut this to one month or less
with the side benefit of a native code assembler written
in Forth.

Forth’s virtues

The virtues of Forth as a machine independent language
surpass its ease of implementation and standardization.
Most versions of Forth are both memory and execution
speed efficient, using about 4k bytes of storage and 20%
to 50% of the execution overhead for the inner inter-
preter. The language is structured, ie, there is no GO TO
statement, and enforces top-down design and modulari-
zation as does no other; therefore, it is difficult to pro-
gram in Forth in an undisciplined manner.

Extensibility is the language’s most compelling virtue.
Every compiled statement in Forth defines a new word
that may be used in the statement’s stead. This is the key
reason for its compactness and accounts for its chame-
leon-like ability to become the language of the applica-
tion. Unlike subroutine calls in other languages, the
Forth word is evoked by only one word in the calling
program, and parameters are passed on a stack. No
other syntactic or semantic overhead is involved.

Forth’s drawbacks

In some ways Forth’s most notable virtue is also its
Achilles’ heel since it allows programmers to be as cryp-
tic as they wish. This spells a need for rigidly enforced
documentation standards and a dedication to clarity.
On this same note, Forth lacks standardized data struc-
tures, so each programmer ends up implementing his
own. This is not a problem from the point of view of
machine independence, since the data structures are
generally implemented in high level Forth; it is a prob-
lem in intelligibility. Standardized ways for implement-
ing commonly used data structures will emerge
with time.

Another important aspect of Forth is the institution-
alization of change in the form of a group called the
Forth Modification Laboratory (FORML). This group
ensures that the language will continue to evolve with
new extensions, which, after extensive testing in the user
community, may eventually become standard. The
Forth 79 standard has no floating point operations
although several floating point implementations are in
the public domain. There is general agreement that the
floating point implementations should eventually be in
compliance with the IEEE-754 floating point standard.*
None currently are.
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It has been argued that Forth is a difficult language to
learn. To a certain extent, this is true. It is not a
language amenable to the stream of consciousness cod-
ing that some programmers do in BASIC. Other pro-
grammers have learned not to be modular in FORTRAN
because of the subroutine linkage overhead on a par-
ticular vendor’s hardware. Still other programmers are
entrenched in infix notation, ie, ordinary arithmetic ex-
pressions using parentheses, and find it difficult to learn
to use postfix notation (reverse Polish). Nonprogram-
mers, however, find Forth not much more difficult to
learn than BASIC, up to a point. Beyond that point there
are some advanced concepts that are difficult to under-
stand, including the meta-defining words that add a
powerful dimension to the language but are not
necessary in ordinary applications. As the teaching of
Forth is still in the developmental stages, only a few
good texts and manuals have emerged.®

The dictionary, inner interpreter, and
outer interpreter

Internally, a compiled Forth program looks much like a
dictionary. Each entry contains a header that represents
the defined word and is followed by its definition, either
in machine code or as pointers to other Forth words.
Additional information, such as the length of the de-
fined word and link pointers to other definitions, is
necessary for the mechanics of dictionary lookup.

DUP DUP * 5
L PTR PTR, PTR , PTR , PTR

L parameter field (variable length)

G UEBLE o)

link word (one word)

name field (variable length)

count (one byte)

An inner interpreter, the threaded list interpreter,
threads its way through the hierarchy of Forth words
after an outer interpreter, the dictionary lookup, finds
the high level word to be executed. The outer interpreter
is, in general, not very fast. This is less important than
one might think as it affects the user in only two ways. It
adds an unnoticeable amount of overhead when keying
in words to be directly interpreted, and it slows down
compiling from disc to some extent. The important con-
sideration is the execution speed of compiled words, a
function of the efficiency of the inner interpreter.

The inner interpreter follows pointers from high level
Forth words to lower and lower level words until at the
lowest level machine code is executed. On some pro-
cessors, eg, DEC PDP-11 and Motorola 68000, the inner in-
terpreter may take only two instructions, while on other
microprocessors, eg, Intel 8080, it may take eleven or
more. It is the time spent in the inner interpreter com-
pared with the time spent in machine code words that
determines a microprocessor’s Forth implementation
efficiency.

Programming in Forth

Programming in Forth means defining new words in the
Forth dictionary. These new words are fully equivalent
to the words already in the dictionary and may actually
supersede them if that is desired. In this way the Forth
user is writing a personal language as a natural result of
programming. The usual way of defining a new word is
through the use of the : (colon) defining word. (The
following statement defines the word CUBE.)

: CUBE DUP DUP x x 3

The word CUBE duplicates the top stack item twice then
x multiplies the top two items, replacing them with the
product. Applying * again leaves the cube of the initial
stack item on the top of the stack. The 3 (semicolon)
terminates the definition. When compiled, CUBE con-
sists of a dictionary header containing the word CUBE
and a parameter field containing pointers to the words
DUP and x. In all subsequent definitions, the word CUBE
can be used instead of the more wordy DUP DUP x x ad-
ding clarity to the program. Because in the Forth
language there is no GO TO type statement, a variety of
other control structures is available instead of this
potentially ‘“harmful’’ construct.

Meta-defining words

Perhaps the most elegant and powerful Forth words are
<BUILDS DOES>. These meta-defining words allow the
user to define new defining words like * (colon). Sup-
pose we wish to define a case defining word, that is, a
word that creates a case statement for a specific entity or
attribute. This can be done with the <BUILDS DOES>
word combination. The general form of the <BUILDS
DOES> definition is

¢ XXX <BUILDS (compile-time words) DOES>
(execution-time words) 3

XXX becomes a new defining word. Each time XXX is
used the compile-time words are executed creating a new
Forth word. This new Forth word, when executed, per-
forms the execution-time words. Using the case example
alluded to above,

: :CASE <BUILDS 1 DOES> SWAP 2 x + @ EXECUTE 3

: CASE becomes a new defining word. <BUILDS sets up
a dictionary header for the :CASE defined word, 1
begins compilation, and SWAP 2 * converts a case
number to a byte index which is added by + to become
the address of the indexed case word. @ fetches the case
word address, and EXECUTE executes it. : CASE can now
be used to define a case statement. Suppose the numbers
0, 1, and 2 represent the colors red, yellow, and blue. To
represent that, create words RED, YELLOW, and BLUE
that display the text ‘red’, ‘yellow’ and ‘blue’.

:RED -"red”3 : YELLOW .”"yellow”s
: BLUE . "blue” s

Then, create the case COLOR:
:CASE COLOR RED YELLOW BLUE 5
(Defines COLOR as a case word)
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The statements, 0 COLOR will then display ‘red’, 1
COoLOR will display ‘yellow’, and 2 COLOR will display
‘blue’. The <BUILDS DOES> meta-defining words can
be used to create data structures with built-in in-
telligence, like strings and arrays with self-incrementing
pointers or automatic range checking on values or in-
dexes. One particularly interesting use of the <BUILDS
DOES> words is found in writing a Forth assembler.

A powerful one-page assembler

The Figure shows an 8080 assembler written in Forth on
less than one page. To those not familiar with Forth,
this comes as quite a surprise. Using assembly language,
an 8080 assembler could easily occupy 50 or more pages
of code. There is one explanation for this compact code
(compact object code as well as source code) over and
above the usual Forth reasons for compactness—the ex-
treme modularity of the language and each word
reference occupying only one word.

FEIR 1 {OCRFONT}

{ FIGFORTH 8080 ASSEMBLER

HEX VOCABULARY ASSEMBLER IMMEDIATE

' ASSEMBLER CFA ' 5CODE OA + ! ( PATCH 3CODE IN NUCLEUS )

¢ CODE ?EXEC CREATE ([COMPILE] ASSEMBLER !CSP 3 IMMEDIATE

€5 CURRENT @ CONTEXT ! ?EXEC ?CSP SMUDGE 5 IMMEDIATE

: LABEL ?EXEC O VARIABLE SMUDGE -2 ALLOT (COMPILE] ASSEMBLER
ICSP 5 IMMEDIATE

4~ DUP + DUP + DUP + 5 ASSEMBLER DEFINITIONS

JJC BOMARDY )

4 CONSTANT H 5 CONSTANT L 7?7 CONSTANT A b CONSTANT PSU
2 CONSTANT D 3 CONSTANT E 0 CONSTANT B 1 CONSTANT C

b CONSTANT M b CONSTANT SP 2A28 CONSTANT NEXT
: LMI <BUILDS (. DOES> (@ (. 3

: 2MI <BUILDS (. DOES> (@ + C. 3

¢ 3MI <BUILDS (. DOES> (@ SWAP 8+ + (. 3

i 4YMI <BUILDS (. DOES> (@ C.» C» &

i SMI <BUILDS (. DOES> (€@ C- 3

00 1LMI NOP 76 LMI HLT F3 1MI DI FB INTEL

0?7 1MI RLC 0F 1MI RRC 17 1LMI RAL LF 1MI RAR

E9 1MI PCHL F9 1MI SPHL E3 1MI XTHL EB 1MI XCHG
27 1MI DAA 2F 1MI CMA 3?7 ILMI STC 3F 1MI CMC

80 2MI ADD 88 2MI ADC 90 2MI SUB 98 2MI SBB

AD 2MI ANA A8 2MI XRA 50 2MI ORA B& BNI'EMP

09 3MI DAD €1 3MI POP C5 3MI PUSH 02 3MI STAX

0A 3MI LDAX 04 3MI INR 05 3MI DCR 03 3MI INX

0B 3MI DCX €7 30E RST D3 4MI OUT DB 4MI IN

Cb YMI ADI CE 4MI ACI Db 4MI SUI DE 4MI SBI

Eb 4MI ANI EE 4MI XRI Fb 4MI ORI FE YMI CPI

22 SMI SHLD 2A S5MI LHLD 32 SMI STA 3A S5MI LDA

CY4y SMI CNZ €€ SNT CZ DYy SMI CNC DL SHI €C

E4Y SMI CPO EC SHICPE FiiSHT CP BPC SN

€D SMI CALL

C0 LMI RNZ C8 1MI RZ DD 1MI RNC D& 1MI RC

ED 1MI RPO E8 1MI RPE FO 1MI RP F8 LMI RM

€9 LMI RET C3 SMI JMP C2 CONSTANT 0= D2 CONSTANT CS
E2 CONSTANT PE F2 CONSTANT O< 3 NOT. 8 + 5

SR ONRARE YIS St S e S UMV B & b ¥+ 0Cq s, 5 o LXT & Tk Cag sl

¢ ENDIF 2 ?PAIRS HERE SWAP ! 3 : THEN C[COMPILE) ENDIF 3
SRVESTHERE SR 2 205

: ELSE 2 ?PAIRS C3 IF ROT SWAP ENDIF 2 3

: BEGIN HERE 1 ;3

: UNTIL SWAP 1 ?PAIRS C. . 3
¢ WHILE LF 2+ 3

: REPEAT >R >R AGAIN R> R> 2 - ENDIF 3

i AGAIN 1 ?PAIRS €3 C- . 3

( EXAMPLES USING FORTH 8080 ASSEMBLER
FORTH DEFINITIONS
CODE CSWAP ( WORD-1--- SWAPS HI AND LOW BYTE OF WORD ON STACK )
HPOP L AMOV HL MOV A H MOV NEXT 1 - JMP (3
CODE LCFOLD ¢ FROM-2 QTY-1--- CONVERTS LOWER CASE TO UPPER )
D POP H POP
BEGIN D A MOV E ORA 0= NOT
WHILE M A MOV kO CPI (S NOT
IF 20 SUI A M MOV
ENDIF D DCX H INX
REPEAT NEXT JMP (3

JJC 80MARLE )
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This further compaction is achieved by using the
meta-defining words <BUILDS DOES>. First, <BUILDS
DOES> is used to set up instruction class defining words
which, in turn, are used to define the individual instruc-
tions. The instruction class defining words 1MI through
SMI cover five 8080 instruction formats from 1-byte in-
structions with no operands to 3-byte instructions with
one operand. How these class operators work is shown
by applying each one to define a particular instruction
belonging to its class.

LNE <BUTILDS €. DOESSECINCHE 5

07 LMI RLC 1MI defines RLC to implant the hexa-
decimal code 07 in the dictionary each
time it is used. The <BUILDS part of
1MI puts away the code 07 with C4 .
On the execution of the RLC word the
DOES> part of the LMI definition is
evoked picking up the previously
stored code (with C@) and placing it in
the dictionary (with C.).

¢ eMI <BUILDS C.- DOES> .C@ + C. 3

AD 2MI ANA In this case 2MI defines ANA to implant
the sum of the code A0 and the top of
the stack into the dictionary. The dif-
ference between this definition and the
prior one is the + applied after (@
fetches the code and adds it to the prior
top of the stack.

: 3MI <BUILDS C. DOES> Ca SWAP 8x + (. 3

05 3MI DCR  The difference between 3MI and 2MI is
3MI generated operations shift the
operand on the top of the stack to the
left by three bits (SWAP &x) before add-
ing it to opcode D5.

4YMI <BUILDS C. DOES> Ca C- Ca 3
F& 4YMI ORI  Here the opcode is sent to the dic-
tionary unaltered as with LMI, and the
operand is sent as a separate following
byte.

= 4SNT <BUTEDS <Cr iDOBEN> GG S

F4 SMI CP This category is nearly the same as 4MI
except that the operand is sent to the
dictionary as a 16-bit word.

Three instructions, MOV, MVI, and LXI, do not fit into
the above five categories. Since they are the only
instructions of their respective classes (formats), they
are explicitly defined using : (colon) definitions. There
is no space saving benefit or added convenience pro-
vided by using a <BUILDS DOES> defined class word
and then applying it to only one instruction.

Certain instructions like JP, JM, JPO, JPE, and JMP
can be compiled directly from higher level words
analogous to Forth control words, eg, BEGIN, WHILE,
and REPEAT. This allows the user to directly govern the
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creation of object code while taking advantage of the
clarity afforded by the use of such control words. The
fact that these control words are defined with the same
names as Forth control words is not a problem since
these exist only in the assembler vocabulary. When
vocabularies are switched, the words of the new vocabu-
lary are turned on while the words of the old vocabulary
are turned off. (A common root vocabulary remains on,
and redefined words may be reactivated when vocabu-
laries are switched.)

The Forth word CODE evokes the assembler vocabu-
lary and starts a machine code definition in the dic-
tionary. The assembler syntax uses Polish notation with
the operands before the operations just as they would be
in Forth. This is relatively easy to get used to, par-
ticularly because the complete power of Forth is
available for operand address calculations.

Future of Forth

There are several ongoing efforts and activities that en-
sure that Forth will evolve to become the most dynamic
computer language available. The foremost of these is
FIG, with 2400 members and a dozen chapters in the
United States, Canada and Japan, and the European
Forth Users’ Group (EFUG). FIG’s bimonthly newsletter,
Forth Dimensions, is a first-rate publication containing
proposals for extensions, standards proposals, applica-
tions programs, Forth-related ideas, suggestions, and
announcements.

Another ongoing effort, perhaps unique for any
language, is FORML. This group, under the auspices of
FIG, investigates such subjects as standards, program-
ming methodology, concurrency, meta-compilers, other
languages implemented in Forth, and Forth implemen-
tation questions. FORML can be thought of as FIG’s
research and development arm. Each year a FORML con-
ference is held where papers are presented and discussed
in a workshop atmosphere. Last year 65 people attended
the conference in Pacific Grove, California. It is
noteworthy that so far several simple operating systems
and three higher level languages have been implemented
in Forth with reduced size and fast execution. The EFUG
has implemented UCSD Pascal, Extended Basic, and
LISP, while another version of LISP has been im-
plemented in the U.S.

In addition to monthly meetings, FIG has an annual
event, a national convention with exhibits, workshops,
presentations, and a dinner. At last year’s convention
about 250 Forth users, dealers, programmers, and en-

thusiasts attended a full day of sessions in San Mateo,
California.

There are several FIG special interest subgroups.
Although they are separate, it is difficult to segregate
them from FORML since many of the same people and
topics are involved. Results are usually presented at a
FORML group after a gestation period in a special in-
terest group. Currently, the special interest groups are
concerned with virtual machines, graphics, numeric ex-
tensions, teaching Forth, text processing, and file
systems. One of the most active groups is FIGGRAPH, a
graphics group.

The development that may prove to be most interest-
ing is the emergence of Forth machines. First of all,
Forth to most Forth users is a machine. A user is
generally not concerned with the real hardware under
the machine unless it is either too slow or it provides in-
sufficient storage capacity. Since Forth is easily
ROMable, implementations are now showing up as ROM
versions on such machines as the NSC-800 from EiComp
and the 8100FMP from Inner Access Corporation. A FIG
interest group is currently designing a bit-slice machine
to carry this another step by directly executing primitive
Forth instructions, an effort that should lead to fast and
efficient implementation of Forth.

Perhaps the most important and unique thing about
Forth was pointed out by Alan Taylor (‘‘Taylor
Report’’) of Computerworld at the Forth convention.
““A crucial strength of Forth is in its collection of bright
people it has attracted. Their enthusiasm and tireless ef-
forts are sure to make an indelible mark on the evolu-
tion of computer languages and perhaps computers
themselves.”’
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S STENS

16-bit modular realtime executive extends

MAP>E—1TO

bare hardware architecture

FUTURE EXPANSION
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CONTROLLER
TASK
CPU

REX-80 SYSTEM BUS HIERARCHY

REX-80/86 is a modular realtime executive
for the iAPX-86/88 family of micropro-
cessors that addresses the growing com-
plexity of software by establishing a
foundation that, in effect, extends bare
hardware architecture. Its architectural
extension provides better software
through standardization, along with
facilities for multitasking and multipro-
cessing. Designed to be compatible with
high level languages such as PL/M and ¢,
it ensures open ended growth of system
designs, promotes modularity, and
adapts to a variety of application en-
vironments.

Systems & Software, Inc, 2801 Finley
Rd, Downers Grove, IL 60515, has in-
troduced the REX-80/86 executive as an
architectural extension of the basic
1APX-86/88 hardware, to incorporate pro-
gramming facilities that manage
memory, handle device interrupts, co-
ordinate asynchronous events, perform
time based synchronization, and effect
co-processor synchronization. (See the
Figure.) For example, one significant ad-
vancement of the iAPX-86/88 family is the
addition of an 170 processor and a
numeric co-processor. Architectural ex-
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tension of the hardware is easily incor-
porated into a REX-80/86 structure
through use of a channel manager and
co-processor manager called the special
processor executive (SPX). Tasks can in-
voke spx facilities to extend their co-
processing capability by increasing usage
of special co-processor instructions and
internal registers. While properly
managing each task’s co-processing
capability, the SPX also coordinates the
task’s extended instruction execution se-
quence with that of the co-processor,
providing both synchronization and ex-
ception handling capabilities.

Supplied as a set of library program
modules that can be maintained through
use of the object program librarian in
the development system, basic REX-80/86
requires less than 4k bytes of ROM and
512 bytes of RAM to implement the core
functions of intertask synchronization,
interrupt handling, and memory
management. Additional facilities such
as time based synchronization and co-
processor synchronization can be added
from the library, as needed, to custom
tailor a target system configuration.
Circle 401 on Inquiry Card

Screen formatter automates
terminal 1/0 programming

Screen Formatter System (SFS) runs on
Sperry Univac V77 minicomputers to
generate and modify terminal display
screen formats and thereby eliminate
much of the programming overhead
usually associated with tasks that create
and access terminal displays. Most types
of business forms, property registration
documents, bills of lading, and purchase
orders, for example, can be formatted
for screen display in either transaction or
batch mode. With coBOL as its target
language, SFS generates statements in
disc files that ease the application pro-
gram’s task of accessing data fields. It
offers field presentation control with
protected, unprotected, and blinking
field options.

Screen formats in the software pack-
age from Sperry Univac, PO Box 500,
Blue Bell, PA 19424, can be prepared in-
teractively at a UTS-400 terminal, or in
batch mode using a card image format.
Format changes and edits are easy to
enter. A supplementary format docu-
menter lists the source language state-
ments that were used to create a screen
format. Input subroutines supplied with
SFS serve as the data interface between
the screen and the driver program, and
special symbols can be defined through
use of the control character manager.
The one-time licensing charge is $500.
Circle 402 on Inquiry Card

Forth language adapts
EXORset 30 to digital
control tasks

EXORFORTH™, developed by FORTH,
Inc, 2309 Pacific Coast Hwy, Hermosa
Beach, CA 90254, is a multiprogrammed
operating system, a full-feature Forth
compiler, an assembler, and a fast
graphics package, all occupying only 8k
bytes of memory in the Motorola
EXORset 30. Use of EXORFORTH typically
reduces software development time by
up to half, and cuts memory require-
ments substantially, while simultane-
ously increasing program performance.
It is intended to make the full power of
the EXORset 30 available to high level
language programs, especially programs
for process control applications. Pur-
chase price includes a computer aided in-
struction course.

Circle 403 on Inquiry Card
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Digi-Data’s complete line of reel-
to-reel magnetic tape systems
includes a version for your need.
Reel size from 7" to 10.5"...tape
speed from 12.5 ips to 75 ips...
imbedded NRZI, PE or dual den-
sity formatter...all the controls
you need for computer opera-
tion. And any one of those drives
can be interfaced to your com-
puter...be it LSI-11, PDP-11,
NOVA, Eclipse, HP 2100 or

HP 21MX.

*Single unit price. Attractive OEM discounts available:

$4550"

But the real clincher for Digi-
Data value is cost. You pay up to
65% less for Digi-Data tape sys-
tems than you would the equi-
valent system from DEC, Data
General or HP. And there are
over 15,000 drives with satisfied

_users in the field to prove our

units are just as good.

CIRCLE 64 ON |

DIGI-DATA VALUE MEANS:

COMPUTER COMPATIBLE
TAPE SYSTEMS THAT START AT

Don’t forget that Digi-Data
makes the value leaderdn RS-232
compatible printers, too. So take
advantage of Digi-Data value.
Contact us at

DIGI-DATA

- CORPORATION
8580 Dorsey Run Rd.’
Jessup, MD 20794
(301) 498-0200

TWX 710-867-9254
I ... First In Value
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Daisywheel plotting
makes typewriter a
graphics device

Written in FORTRAN for use under CP/M,
Daisywheel Plotting System is a graphics
package designed specifically for daisy-
wheel printers. Sixty user callable FOR-
TRAN subroutines implement many of
the features normally associated only
with graphics software. Line, bar, and
circle graphics can be produced with
minimal programming effort. Other
routines provide basic plotting functions
needed to develop customized applica-
tions and to merge graphs with sur-
rounding text when producing a com-
plete document.

Features of the graphics package,
released by Escape, Ltd, PO Box 18797,
Atlanta, GA 30326, include automatic
data scaling, tic marks and grid lines,
legends, full use of 2-color ribbon, and
complete error diagnostics. A set of
upper- and lowercase characters can be
produced in any size. Tabbing and vec-
tor drawing are supported at any resolu-
tion, using any designated plot char-
acter. Area shading, cross-hatching,
printhead positioning, and line segment
output routines can be adapted to
specialized daisywheel applications that
do not need the full graph generation
capability. Purchase price of $600 in-
cludes source for various FORTRAN com-
pilers and extensive documentation.
Circle 404 on Inquiry Card

High speed sort utility
runs under RT-11

ZORT, an RT-11 record sort utility, places
virtually no restrictions on the number
of records, their size, or the number of
sort keys. Invoked from the keyboard as
a standard RrT-11 utility or from another
program by means of a subroutine call,
ZORT resequences file records in ascend-
ing or descending order by sort key data.
It recognizes a variety of data types in-
cluding various number (radix) systems,
character strings, and system date
formats.

ZORT, announced by Logicaid Ltd, 97
Craig Henry Dr, Nepean, Ontario K2G
3S8, Canada, is written in MACRO-11 and
optimized for speed. It uses a sophisti-
cated swapping technique to overlay
itself and its callers during execution,
making almost all system memory avail-
able to perform the sort and reducing
the overhead required to swap records in
and out from disc. It restores all pre-
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empted memory upon completing the
sort, to make its swapping mechanism
completely transparent. ZORT also sup-
ports the XCALL statement under DBL (a
DIBOL derivative with greater power and
more facilities). Purchase price includes
object file and documentation.

Circle 405 on Inquiry Card

Nonlinear analysis
no problem on
Prime computers

TWODEPEP stands for 2-dimensional
elliptic, parabolic, and Eigenvalue prob-
lems, only some of the applications for
this small, easy to use, finite element
modeling program designed for Prime
computers. TWODEPEP solves a broad
range of 2-dimensional partial differen-
tial equations, including highly
nonlinear problems and systems of
several simultaneous equations. It offers
such features as nonresident memory; a
graphics output package to plot scalar,
vector, and stress fields; variable time
step, and direct handling of time domain
Dirichlet boundary conditions. A special
bandwidth reduction algorithm also im-
proves on the standard Cuthill-McKee
bandwidth. The software, furnished and
supported by IMsL, Inc, 7500 Bellaire
Blvd, Houston, TX 77036, gives Prime
users valuable and cost-effective solu-
tions to problems involving elasticity,
diffusion, head conduction, potential
energy, the Schrodinger equations,
Navier-Stokes fluid flow analysis, and
surface minimization.

Circle 406 on Inquiry Card

Software retrofit
enhances MT-80S printers

Existing MT-80S printers can be converted
in the field by a software package, sup-
plied by Microtek, Inc, 9514 Chesapeake
Dr, San Diego, CA 92123, that prints
full Asci or APL characters in two
operating modes at 70 lines/min. APL
character software can print at 10
chars/in (4 chars/cm) in APL mode and
at 5, 10, or' 15 chars/m (2, 4, or @
chars/cm) in the 96-char Ascil mode.
With APL printing selected, internal logic
detects and validates all overstrikes
defined by a character-backspace-
character sequence, then prints valid
overstrike pairs as legible, preformed,
composite character. MT-80S-APL is fully
compatible with the Volker-Craig 415SAPL
terminal.

Circle 407 on Inquiry Card

IMPLIED SUPPORT
VERSUS FULL
SUPPORT

What constitutes “full support™? As more and
more instrumentation suppliers enter the develop-
ment system market claiming “full support™ for an
impressive list of uP's, it becormes pretty hard to
tell; too much is implied. We think it's time for a
realistic definition.

The design task consists of hardware devel-
opment, software development, and hardware/
software integration. Full support will provide the
instrumentation needed to perform each part of the
design task.

Hardware development requires transparent
in-circuit emulation; ICE that does not intrude on
target uP memory or 1/0 address space, that emu-
lates the pP in real-time without artificial wait
states, and that supports all operating modes of the
target pP.

Software development can be broken into two
parts; software generation and software debug. For
software generation, where a source program is
entered, edited, and translated to executable object
code, a software development system is needed. A
software development system must have a Text
Editor, target uP Cross Assembler, File Manager,
Utilities, and a Communications Module in order to
be effective. Software debug requires an instrument
that will execute the object programs in an environ-
ment similar to that which it will encounter in
actual use. A complete ICE system can provide this
capability.

For hardware/software integration, partially
tested software must be made to run on partially
tested hardware. Because there are elements of
both hardware and software development in the
integration task, ICE must work in conjunction
with a software development system to be effective.
The quality of ICE and the capabilities of the devel-
opment software in the total development system
will be the key factors for successful integration.

Now that we've covered the major elements
necessary for full support., a realistic definition can
be determined. Full support must include special-
ized software for software generation, ICE for both
software and hardware debug, and compatible
development software and ICE for hardware/soft-
ware integration. But most importantly. every
element in full support must be of a quality that
allows system design based on the capabilities of
the target P rather than the limitations of the
development system.

When Millennium claims full support for a uP.
we go by the above definition. We will not announce
a support package until we're sure of its availability.
And, if we do announce future availability, our tim-
ing estimates will be conservative. We, unlike many
of our competitors who have been caught in the
pre-announcement trap, know how long it takes to
design a full support package.

We believe in full support, fully expandable
development systems at a price you can afford. We
can keep our prices lower than our competitors
because we are committed to the development
system business. For today, and in the future.
Call us with questions about your particular uP.
Millennium will never imply support. If we support
your uP. we'll say so. If we don't, we'll tell you
that too.
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Now, multi-tasking
productmty inamodular
development system

The price/performance equation.
You can either add engineers or you
can make the engineers you have more
productive. Simple as that. That's

THE 9500**
FAMILY

anywhere. It doesn't intrude on your
uP's memory or 1/0 addressing space.
It supports all of the operating modes
of your uP. And, it operates at the full

LINE
PRINTER

where the 9500 family of development
systems comes in. It attacks the
productivity issue head-on.

The 9520 Software Development

- DEVELOPMENT SYSTEM
- ~WlTHF;AﬁO DISK

speed of the microprocessor. That
means that you can design your prod-
uct around your uP's capabilities rather
than an instrument’s limitations.

station. Generate software for your
uP-based system on our multi-tasking
9520 Software Development System.
It's capable of handling three develop-
ment tasks at once. Edit one program
at the same time that you compile
another, and print a listing of another.
Three tasks performed simultaneously
under control of a single programmer.

EMULATOR

Upgrade to a dual-user system. The
9520 Software Development System
starts off as a multi-tasking, single
user system. Just add some memory
and a second CRT terminal (it has
plenty of ports for expansion), and you
have a dual user system that can sup-
port two programmers simultaneously.

EMULATOR
Double productivity from a single
software development system.

9508

EMULATOR

That's productivity.
The 9508 ICE* station. Separating software generation from

both software debug and hardware development is a key ele-

ment of the 9500 family. The 9508 MicroSystem Emulator is a
stand-alone ICE station that works in harmony with the 9520
Software Development System. Download your object files from
the 9520 to the 9508. Then break the link. The 9508 can handle
all your software debugging functions, with such tools as real-time
trace, in-line assemblers and disassemblers, complex hardware

breakpoints, and mappable emulation memory. Unbundled soft-

ware debug. Greater productivity.
Separate hardware debug. Plug the 9508's emulation cable

into the uP socket of your prototype system, and you have a stand-

alone hardware ICE station. It supports most popular 8-bit uP's
and uC's with the most powerful and transparent ICE available

MILLENNIUM

Millennium Systems,

19050 Pruneridge Ave.
Cupertino, CA 95014

A subsidiary of

American Microsystems, Inc.

*ICE is a trademark
of Intel Corporation
**Products shaded
in black
immediately available.

Information: Circle Reader Service #65
Demonstration: Circle Reader Service #144

Total support for the most popular 8-bit .P’'s. Now. The 9520
has cross assemblers for the most popular 8-bit uP's. Today. And
a C compiler and Pascal compiler that generates direct object
code for the Z80, 8080 and 8085. The 9508 supports those
same 8-bit uP’s with transparent ICE. Here's a full list.

8080, 8085, Z80, 8048 family (including 8049, 8041, 8021 and
variations) 6800702, 6801 family (including variations), and
more coming.

Next, compatible 16-bit support. 9520 cross assemblers and
cross compilers for 16-bit uP's will be available with a totally
new stand-alone emulator.

Want more information? Call us (our toll-free numbers are
listed below). Or circle one of the Reader Service numbers. We'll
respond in real-time.

(800) 538-9320 o e
(800) 662‘9231 in California
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Optimizing FORTRAN 77
compiler migrates easily
to new environments

Portable compiler brings full ANSI stan-
dard X3.9-1978 FORTRAN IV (with optional
MIL-STD 1753 extensions) to virtually any
combination of host and target
machines. Optimization techniques in-
clude moving invariant code out of
loops, strength reduction (eg, X**2
becomes X*X), constant folding
(eg, X = X + 1 compiles to INC X, not
ADD 1,X), and common expression
elimination. Compiler also performs
‘“‘peephole’’ and other machine depen-
dent optimizations.

Generic code generation routines
make the Pascal based compiler, re-
leased by Act Corp, 437 Madison Ave,
New York, NY 10022, especially easy to
modify for new target architectures.
Pascal declarative structures create a
‘‘skeleton’’ for each object code se-
quence within the appropriate pro-
cedure. To generate a new set of re-
locatable object codes, only the
skeletons in the various procedures need
be changed. In this way, the entire back
end of the compiler can be replaced with
minimum effort. Purchase price of
$155,000 includes distribution rights,
documentation, source, and support,
with customization services and other
options available separately.

Circle 408 on Inquiry Card

PDP-11 environment speeds
development of Intel
microprocessor systems

Offered by Programming Concepts, Inc,
1 Village Ct, Coram, NY 11727, ASAR
software makes the power and conve-
nience of RSX-11/M development tools
and file management capabilities
available for the creation and mainte-
nance of microprocessor based software.
Using a command language nearly iden-
tical to that of 1sis-11, it transfers files
between 1SIS formatted single-density
diskettes and PDP-11 minicomputer
systems, in either direction, with all re-
quired format conversions. A FORTRAN
Iv subroutine library, included with
ASAR, allows direct access to ISIS diskette
files. ASAR neither eliminates nor
restricts the MDS in-circuit emulation en-
vironment. It can be purchased in object
format ($795) or in source format
($1850).

Circle 409 on Inquiry Card
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Utility program
cross-references symbols

Cross-reference utility determines where
a symbol is publicly defined and in
which object files it is reférenced as an
external variable. I1SIS-11 utility program,
released by Xener Corp, 6641 Backlick
Rd, Springfield, VA 22150, reads object
files and produces a cross-reference
listing of all public symbol definitions,
external symbol definitions, and external
symbol references. Symbols are listed in
alphabetical order, with their references,
location, and value, if appropriate. The
cross-reference listing catalogs global
symbols and helps to locate unused sym-
bols or subroutines that are never
entered. Called OBJXRF, the program
costs $350.

Circle 410 on Inquiry Card

Development system
streamlines IDMS
programming

Totally integrated application develop-
ment system, ADS/Batch, is said to in-
crease programmer productivity by up
to 90% over conventional programming
languages in IDMS based systems. Re-
leased by Cullinane Database Systems,
Inc, 400 Blue Hill Dr, Westwood, MA
02090, ADS/Batch eliminates repetitive
coding of numerous routines and defini-
tions, and standardizes error checking.
It also reduces maintenance program-
ming because changes need be defined to
the system only once, and it reduces pro-
gramming cost by lowering the time and
effort needed both for training and for
actual implementation.

For example, in many other IDMS
systems, any change to transaction file
formats will make it necessary to revise
many different application programs at
a substantial cost for reprogramming.
With ADS/Batch, in contrast, file format
changes are entered only once in the data
dictionary, and the newly modified for-
mat is then available to every application
program. Input definitions and editing
specifications are also defined only
once, and ADS/Batch automatically per-
forms error checking using these cen-
trally defined specifications to ensure
consistent error checking across all
applications. With the addition of
ADS/Batch to an IDMS environment, ap-
plication routines need contain only the
code required for special processing, and
this exception handling code can be writ-
ten in a simple high level language.
Circle 411 on Inquiry Card

HP 3000 operating system now
50% more responsive

Sites running heavy application loads,
relative to their configuration, will ex-
perience a significant performance gain
with version 1v of the multiprogramming
executive (MPE) operating system for HP
3000 business computers. Improvements
to memory and file management, task
scheduling, spooling, and 170 handling
augment an entirely new intertask com-
munications facility. Other enhance-
ments to this operating system, from
Hewlett-Packard Co, 1507 Page Mill
Rd, Palo Alto, CA 94304, increase main
memory capacity (up to 4M bytes),
spread virtual memory across multiple
discs, and improve resource handling
algorithms.

Dispatcher and scheduler algorithms
now extend control over the system
workload. For example, disc accesses are
queued by priority, giving higher pri-
ority processes better access to bulk
storage resources. A TUNE command
filters out lengthy transactions, such as
those typically found in a batch pro-
cessing environment, to improve online
performance during periods of peak in-
teractive loading.

In a typical, large system with 24 or
more online terminals, MPE IV should
provide up to 50% more transactions
per hour and, consequently, up to 50%
better response time than version I1iI. In
lightly loaded applications, MPE 1V leaves
more excess capacity for future growth
before a field installed upgrade becomes
necessary. MPE IV is available at no
charge to series I1, 111, 30, and 33 installa-
tions that are under support contract.
Circle 412 on Inquiry Card

Data entry package
enhances distributed
processing environment

Raytheon 3270 system users can optimize
their online system resources with two
software packages, introduced by
Raytheon Data Systems Co, 1415
Boston-Providence Tpk, Norwood, MA
02062, that perform full-function data
entry in a distributed processing envi-
ronment. RayKey/1 for the PTS-100 (3270
emulation) system and RayKey/2 for the
larger PTS/1200 distributed processing
system can reduce communication line
and programming costs, decrease host
dependency, handle peak loads more ef-
ficiently, and increase throughput. Both
give instantaneous access to local stored

(continued on page 128)
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THE MITSUBISHI FLEXIBLE DISK DRIVE:

The first of three new models is heads
above the competition.

Introducing the MITSUBISHI M2894. Compatible.
Interchangeable. Superior.

That's saying a lot, but be sure to examine the
realities before you look casually at this Double-Sided,
Double Density unit, because it is unique, yet
affordable.

Externally, the M2894 is fully compatible and
interchangeable with units like Shugart’s SA850R, and
media interchangeability is assured (IBM media and
format compatible—Diskette 1,2,2D or equivalent).

On top of 1.6 MByte capacity per 8 inch diskette,

rate, and 3 ms access time,
the M2894 illustrates that
unique designs are common
to MITSUBISHI: MITSUBISHI's
new SOFTOUCH™ Gimbal Head
design, unique to the flexible disk
industry, provides program seeking
accuracy and constant, continuous soft

Computer Peripherals Division

contact for a new experience in lower media cost.
Dual magnetic heads load softly (even Tap-Tap),
creating excellent read/write characteristics. And, even
the location of the stepper motor was critical to
MITSUBISHI engineers, minimizing adverse damage or
wear due to temperature fluctuations.

You realize the benefits.

Ask your MITSUBISHI Sales Representative or write
for complete details.

The M2894. Heads above the competition. Available
now. And there’s more to come.

MITSUBISHI ELECTRONICS AMERICA, INC.
2200 West Artesia Blvd.

Compton, CA 90220

(213) 979-6055 Telex 69-8246.

MITSUBISHI
ELECTRONICS

Advanced and Ever Advancing

ki
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formats. Discs provide intermediate
storage for data that will be transmitted
to the host. These features combine to
insulate online data entry from external
problems such as line, modem, or
host failure that would otherwise halt
production. When the host is unavail-
able, data entry continues without inter-
ruption.

Local format storage frees host mem-
ory and processing capacity, leading to
more efficient mainframe operation.
Combined with local error checking
capability, this reduces line traffic
substantially by eliminating the over-
head due to format transmission and
retransmission following errors. Host
communication uses either conventional
inquiry/response or a simultated batch
mode. Inquiry/response is best for ap-
plications that require immediate entry
of time-critical or perishable data. Batch
transmission eliminates any need for
separate 2780 ports and handles data files
that were created while the host was
offline.

Both packages have format generators
designed for use by novice program-
mers. They allow supervisors to produce
screen images with associated validation
checks to ensure that only verified data
are transmitted to the host. Extensive
validation checks, established by super-
visory personnel during format genera-
tion, range from simple alphanumeric
validation to arithmetic calculations.
Formats can be retrieved locally or
remotely, a feature that simplifies in-
stallation and lets users change over at
their own pace.

Circle 413 on Inquiry Card

CP/M compatible 0S
improves throughput,
reliability, convenience

MuDOS™ multi-user operating system
can be customized to any z80 hardware
configuration and used in place of
cp/M™, Mp/M™, or cp/NET™. 1t is
ideal for use with the Musys NET/80™
and EXP/80™ network slave processors.
Mupos offers many features that are
either optional, at extra cost, or simply
not available under cp/M, such as a buf-
fer manager, a totally reentrant file
manager, and an optional print queuing
capability for multiple printers. A so-
phisticated buffer manager can reduce
physical disc accesses substantially; the
MuDos unit accepts buffer capacity as a
user parameter that can be changed dy-
namically under program control. A re-
entrant file manager allows simul-

128

taneous accesses on different DMA con-
trollers and permits high priority tasks to
interrupt long file access operations.
Concurrent spooling supports multiple-
print queues, forms types, fonts, and
hand-fed operation for single-sheet
devices.

MuDOs operating system, from
Musys Corp, 1451 Irvine Blvd, Tustin,
CA 92680, handles disc files up to 67M
bytes in size, and drives with capacities
up to 2G bytes. Usable with today’s
most advanced hardware, it makes warm
start and disc log-on displays un-
necessary, while allowing disc exchange
at any time a transfer is not in progress.
Read-after-write verification of each
disc update is performed with little or no
performance degradation. Error report-
ing includes meaningful diagnostics and
alternative handling instructions,
enhancing reliability, and allowing
graceful error recovery.

A modular software design adapts
easily to various environments. The re-
locating, linking loader determines
system memory size, selects configura-
tion specified in a symbolic parameter
file, and loads necessary modules. Hard-
ware dependent elements reside in up to
30 separate modules that can be changed
or replaced without massive reassembly
or system generation. Extensive utility
software is said to equal the support
available under cp/M.

As a CP/NET replacement in the
Musys NET/80 network slave processor,
NET/80 performs as a z80 slave loosely
coupled to an s-100 bus and includes 64k
of RAM, a single-level interrupt, a con-
sole serial port, and a parallel port for
communication with the bus master
CPU. A Musys EXP/80 expansion board
adds a second serial port, a Centronics
printer port or bidirectional parallel
port, priority interrupt control, realtime
clock, and similar networking features.
Software price is $300 to $700, depend-
ing on hardware configuration.

Circle 414 on Inquiry Card

Multitasking executive offers
prepackaged approach to
M6809 realtime applications

Realtime multitasking executive for the
Motorola M6809, called RMS09, controls
up to 255 concurrent tasks through
supervisor calls that handle task syn-
chronization, resource management,
and time dependent operations. Schedul-
ing is based on a fixed task priority
level. Fast interrupt response of 150 us
complements a variety of timing op-

tions. Other features include ENQUEUE
and DEQUEUE functions for resource
sharing, logical 1/0 for true device inde-
pendence, and a SYSGEN capability that
configures customized systems.
Motorola Semiconductor Products
Inc, PO Box 20912, Phoenix, AZ 85036,
also includes standard asynchronous
communications interface adapter
(Ac1A) and peripheral interface adapter
(P1A) provision, as well as a customizable
1/0 environment and customizable inter-
rupt handling scheme that can replace
standard interrupt handlers with special-
ized program code. Optional system
monitor can be configured into proto-
type systems, to control the realtime en-
vironment during prototype test and
debug. RMS09 can be used as a develop-
ment system or as an application system.
The development environment requires
M6809 development system hardware
with 32k RAM, EXORdisk II, and MDOS.
The minimum application environment
includes a timer, 8k ROM, 2k RAM,
serial interface, and 20-line parallel port.
The Monoboard Microcomputer 19
(M68MM19/19A) provides this hardware.
Single unit price is $2700.
Circle 415 on Inquiry Card

User-friendly program
generator aids novice
on PDP computers

Compatible family of program genera-
tors can produce high level language
programs to create or maintain data
files, generate terminal input displays,
sort data elements within files, merge
fine data, and create final reports.
Designed to help novice programmers
prepare complete application software
packages, the program generators,
developed by Information and Systems
Research, Inc, 410 Rouser Rd, Coraopo-
lis, PA 15108, also supply business
graphics capabilities and interactive
design aids for formatting summary
reports.

Output languages include ANSI-74
COBOL, DIBOL, DBL, and BASIC-Plus,
spanning the full Digital Equipment
Corporation language spectrum from

“high end RSTS/E applications to the low
‘end RT-11 environment. Because all pro-

gram generators are compatible, users
are not aware of the particular output
language—a definite advantage when
moving from RT-11 to RSTS/E and back.
Typical single-CPU license fees are
$11,250 for oEM and $7500 for end user.

Circle 416 on Inquiry Card
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MORE BANG

Qantex Impact Printers
150 Characters Per Second

For more information
call your local distributor:

ARKANSAS
Hemco Electronics
ARIZONA
Qualtech

The Phoenix Group Inc.
CALIFORNIA
Basic Systems Corp.
Basic Systems Corp.
Basic Systems Corp.
ILLINOIS
Engineered Sales
INDIANA

Audio Specialists
Compusoft, Inc.
LOUISIANA

136 Columns Per Line

(5601) 663-0375

(602) 967-4655
(602) 967-1421

(213) 673-4300
(714) 268-8000
(408) 727-1800
(312) 832-8425

(219) 234-5001
(317) 642-8081

Micro Computer of New Orleans (504)885-5883

MARYLAND

Source Associates
Systems International Inc.
MASSACHUSETTS

S & S Electronics, Inc.
MINNESOTA

Integrated Peripherals
Vikeland Sales

(301) 431-0587
(301) 977-0100

(617) 458-4100

(612) 831-0349
(612) 645-4647

The microprocessor controlled Series 6000
is packed with standard features. True
lower case descenders and underlining.
Bidirectional logic seeking. Built-in test
capability. Rugged 400 million character
print head. Beautiful 96 character set in a
9 x 9 matrix. Parallel, or up to 19,200 baud
serial interfaces supporting RS-232, X-ON,
X-OFF or Current Loop. Full operator con-
trols. Quietized, sleek enclosure to en-
hance your system. Delivery from stock.

antex Division of

North Atlantic Industries

60 Plant Avenue, Hauppauge, N.Y. 11787

(516) 582-6060 TWX 510-227-9660
(800) 645-5292

MISSOURI

ESC Sales & Leasing (314) 997-1515
NEW MEXICO

Qualtech (505) 255-6100
NEW YORK

Washington Electric Co. (212) 226-2121/(800) 221-5416

Daily Business Products,Inc. (516) 543-6100
(800) 645-5556/(212) 594-8065

Synchro Sound Enterprises (516) 484-1852

PENNSYLVANIA

QED Electronics

TENNESSEE

Southland Video Distributors

TEXAS

Data Trend, Inc.

Datanet, Inc.

Qualtech

VIRGINIA

Nine Associates, Inc. (703) 273-1803

Distributor inquiries welcome!
CIRCLE 67 ON INQUIRY CARD

(215) 674-9600
(800) 238-3274
(512) 496-1111

(214) 669-1758
(915) 592-2415

AUSTRALIA

Mitsui Computer Systems 02-9299921
CANADA

Computer Markets 416-445-1978
DENMARK

T.M.S. Dataudstyr (45) 2-911122
ENGLAND

Philbrand Associates Ltd. (44) 372-67646
FRANCE

Gepsi (33) 1-554-9742
GERMANY

Technitron 49 (89) 692-4141
HONG KONG

Hong Kong Equipment 5-453870
NETHERLANDS

Compudata Benelux B.V. 31-73-215700
SPAIN

Data Bus De Gabriel Sarasola

2i Ingenieria Informatica 204-2099
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Energy management system
specializes in
small physical plants

MICROWATTR monitors and controls up
to 150 electrical loads at up to 35 remote
locations. Its PDP-11 based software
assigns each load a power rating, at-
taches the load to one of up to 5 meters,
and switches power on a scheduled,
cycled, or demand basis. Scheduled
loads (eg, floodlights) are handled fully
automatically. Cycled loads (eg, refrig-
eration equipment) can be shed for part
of their scheduled runtime. Demand
loads (eg, elevators) can be shed and
restored on a priority basis to avoid
costly demand peaks. Quantum Tech-
nology Corp, 652 Papworth Ave,
Metairie, LA 70005, claims that this
easily configured system needs virtually
no conventional programming, yet
bridges the gap between mechanical
timeclock and shedders and expensive
facility management products. First
software license requires pilot system
hardware purchase for about $25,000.
Circle 417 on Inquiry Card

VAX archive software
features selective
save and restore

Incremental file backup and restore
system copies only selected vAX-11 files
from vMs based disc storage to magnetic
tape, and restores designated files in-
dividually from tape archives. RABBIT-5
selects files for archiving on the basis of
file name or extension, version number,
length, date of creation, or date of last
access. It also allows ‘‘wild card”’ and
‘“‘greater/less than’’ options.

RABBIT-5, offered by AAXco Inc, 3336
N Flagler Dr, West Palm Beach, FL
33407, operates in novice or expert
mode. Expert mode is most useful for
system maintenance personnel who can
request partial or complete disc backup
either interactively or automatically, at
predetermined intervals. Novice mode
includes a prompter that helps operators
fill in blanks to request individual
archiving and restore functions such as
checkpointing to guard against fatal
errors during very long computation
runs. Available for purchase ($3750) or
rent ($149/mo), this FORTRAN 1V and
MACRO language program is one of a
family of vAX application routines.
Circle 418 on Inquiry Card
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ADABAS brings powerful
DBMS capabilities to VAX

Assembly language implementation of
well-known database management
system gives VAX-11/780 and /750 systems
under VMS complete transparency of
migration from RsX-11/M. Comprehen-
sive, dictionary driven package, from
Software AG of North America, Inc,
11800 Sunrise Valley Dr, Reston, VA
22091, blends inverted/relational data
structures with full data and index com-
pression technology. Its reentrant,
multithreaded nucleus supports rela-
tional (ie, value based) access to multiple
files, random access via search under
mask, sequential access on any key, and
optional phonetic retrieval.

Both native and compatibility mode
languages can access the data base
directly, if required. A terminal based
query and report language and a set of
interactive utilities for database main-
tenance are also supplied. Of special im-
portance, data integrity is secured at
several distinct levels: automatic restart
after system software or hardware
failure, record level lockout to avoid in-
terlock during competitive update
operations, logging of database update
transactions to a recycling disc journal,
and reapplication of journaled updates
to ‘“‘roll forward’’ the database content.
Per-cpu license, which includes in-
stallation and training, can be purchased
($40,000), rented on a monthly basis, or
leased.

Circle 419 on Inquiry Card

Nested arrays extend
APL power, versatility

Viewed by many as the next major
evolutionary step for APL, nested arrays
are multidimensional arrays in which
any element can itself be an array of any
rank, shape, or type. APL manipulates
entire arrays the way other languages
handle individual numbers. The first
commercial version of APL to support
the Nested Arrays System, from STSC,
Inc, 7316 Wisconsin Ave, Bethesda, MD
20014, includes new APL functions and
operators that work directly on the more
natural, nonrectangular, nested array
data structures. An experimental version
of the enriched language, which should
allow much more natural representation
of data for common business applica-
tions, is available to APLsPLUSR users un-
til January 1982 at no charge.

Circle 420 on Inquiry Card

PL/1 language serves all desktop
computer applications

PL/1 language system for 8080, 80, and
8085 microcomputers, including PL/1
compiler, relocatable macro assembler,
linkage editor, and runtime support
library, has been announced by Westico,
Inc, 25 Van Zant St, Norwalk, CT
06855. Compiler generates industry stan-
dard (Microsoft) relocatable code that
permits linking subroutines programmed
in other high level languages into a PL/1
language program. Disc to disc linker
can handle load modules up to the maxi-
mum size of the machine. Runtime sup-
port library contains more than 300 in-
dividual subroutines; however, linker in-
cludes only those routines actually used
by a program. Minimal runtime package
occupies less than 600 bytes. Three com-
prehensive manuals and a quick
reference guide, included with $500
package, serve as a hands-on introduc-
tion to the PL/1 language.

Circle 421 on Inquiry Card

Hardcopy graphics package
drives popular,
low cost plotters

CURVE is a sophisticated, general pur-
pose, 2-dimensional graphics package
that drives Houston Instruments HI
PLOT™ and Watanabe Digi-Plot plot-
ters. First developed in 1969 as one of
the premier interactive graphics routines
on a mainframe computer, CURVE has
evolved through numerous implementa-
tions on mainframes and minis, and is
now available on 8080 and z80 based
microcomputers. It handles Cartesian,
parametric, and polar equations; in-
dividual data points; shaded bar graphs;
either linear or logarithmic axes; and
fully scaled alphanumeric characters
that can be entered directly from the
keyboard.

The BASIC language software features
interactive program entry that guides a
novice step-by-step through its opera-
tion using animated CRT graphics and
messages. Built-in diagnostics trap un-
reasonable input quantities. Generally,
only the most elementary knowledge of
graphics is needed for successful opera-
tion. Sixteen CURVE subroutines can be
used to integrate graphics into special-
ized programs. The complete package,
from West Coast Consultants, 1775
Lincoln Blvd, Tracy, CA 95376, costs
about $200.

Circle 422 on Inquiry Card
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If they write it in Microsoft BASIC
they’ll only write it once.

Transparent BASICs. Microsoft BASIC implementa-
tions are user-transparent from system to system.
That's what makes them the defacto standard of the
industry. Applications programs written in Microsoft
BASIC are transportable across systems with little or
no modification. That's a powerful selling tool for an
OEM. When a customer is ready to move up to a new
system, applications software written in Microsoft
BASIC is ready to move, too. That's why more OEMs
build systems with Microsoft BASIC than with any
other implementation of the language.

More BASICs. There are Microsoft BASICs for Z80,
8080, 6800, 6809 and 6502 microprocessors. Off
the shelf BASICs for CP/M® and FLEX. There are
Microsoft BASICs for the 8086 and Z8000 under
such operating systems as CP/M-86® or the XENIX®
OS. All of which means that when you're ready to
migrate, you or your customers won't have to start
developing applications programs from scratch.
Interpreter and compiler. Write and debug pro-
grams with the Microsoft BASIC interpreter. Save,
execute and distribute programs with our ultra-
efficient BASIC compiler. Microsoft BASIC compiled
code is highly optimized, fast, and compact.

CP/M is a trademark of Digital Research, Inc.
UNIX is a trademark of Bell Laboratories, Inc.

Better BASICs. Microsoft BASICs have been in use
for over six years and now have more than 700,000
installations. What's more, more applications software
has been written in Microsoft BASIC than any other
BASIC. Here's why: Microsoft BASIC provides power-
ful features such as WHILE/WEND, PRINT USING,
CHAIN and COMMON, error trapping, protected files,
EDIT command, trace facilities, PEEK and POKE, and
dynamic string space allocation. Plus, we're adding fea-
tures all the time—updates are free to most customers.
OEMing hardware? Why not OEM software? Micro-
soft’s aggressive new royalty program makes it easy.
Your initial investment is low and you pay us royalties
only as you sell systems. Start with the BASICs. But
don’t forget Microsoft FORTRAN, COBOL, Pascal and
the XENIX operating system (UNIX® for 16-bit micro-
computers). If you'd like all the details about Microsoft’s
OEM royalty program, call our OEM Accounts Man-
ager, (206) 455-8080. WEe'll show you how you can
OEM software.

MICROSOFT

WE SET THE STANDARD
10800 N.E. 8th St., Suite 819
Bellevue, Washington 98004

(206) 455-8080 » TLX: 328945
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Low cost Z8000 cross assembler
runs under RSX-11/M

Fast, efficient z8000 cross assembler an-
nounced by Cambridge Micro Com-
puters Ltd, Milton Rd, Cambridge CB4
4BN, England, can be used for z8oo1 and
28002, in both segmented and nonseg-
mented modes. It is compatible with the
standard Zilog 28000 assembler language,
but includes significant enhancements.
Written in BCPL for use as a training aid,
the PDP-11 based software is easily trans-
ported and has had extensive use in an
interactive, multi-user environment.
Extended features embrace added
directives for full-listing control, ‘‘in-
cluded’’ source files, and named pro-
gram sections that can be either relocat-
able or absolute. Nested macro facilities
and conditional assembly are possible,
along with the ability to test macro string
arguments. Errors are displayed inter-
actively, at the terminal, and on the
listing. Following assembly, a cross
linker produces absolute object code
that can be downloaded directly to a
78000. A special downline loader handles
all z8o00 development module re-
quirements.
Circle 423 on Inquiry Card
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Simulator predicts
data link performance

Link Evaluation Model computes net-
work performance data, such as link
capacity and response time, that can be
used to evaluate various protocols, opti-
mize efficiency, and identify perfor-
mance factors. Announced by NCR
Comten, Inc, 2700 Snelling Ave N, St
Paul, MN 55113, the program simulates
link activity by representing the
predefined characteristics of link speed
and length, message traffic load, pro-
tocol, etc, using specified values or stan-
dard defaults. It formats polling
statistics, response time components,
utilization data, and throughput
parameters in concise summary reports.
One basic core module combines with a
choice of protocol modules to run on
IBM 360/370, 303X, 43XX, or equivalent pro-
cessors under 0S/vVS or DOS, in about
200k bytes. Currently available protocol
modules, which are licensed separately
from basic module, support bisynch and
SDLC protocols. Licensing fees range
from $2400 to $3000 for first year.

Circle 424 on Inquiry Card

CAD software performs
circuit analysis
on desktop computer

Ac circuit analysis and waveform
analysis of general purpose linear cir-
cuits are only two of a series of compre-
hensive circuit modeling and synthesis
aids that COMTRAN, a program
developed by Compact Engineering,
1070 E Meadow Circle, Palo Alto, CA
94303, offers on HP-9845T desktop com-
puters. It combines and improves upon
two Hewlett-Packard programs, AC-CAP
and S-WAVE. Calculated frequency do-
main results include voltage gain, modal
impedance, time delay, and tolerance ef-
fects. The transient analysis routine ac-
cepts impulse, step, or square wave in-
puts. Either the HP-9845T CRT, its internal
printer, or an auxiliary plotter can pro-
duce computed waveform results. Opti-
mization is performed by modifying se-
lected component values to achieve a de-
sired response. COMTRAN is fully com-
patible with existing AC-CAP and S-WAVE
data file formats and is available for a
$2500 licensing fee. =D

Circle 425 on Inquiry Card

The All in the Family’ prototypebench

The ModulasOne® family of microcomputer
modules has grown so popular it hardly took
an ‘Archie Bunker to tell us we should offer a
comprehensive Development System Set to
complement our extensive board menu.

This versatile ‘prototype bench’ comes
with a choice of either 6802 or 6809 MPU
program development capabilities and com-
prises the same hardware you would expect
to use for applications. It includes a rack-
mountable card cage with a 12-slot backplane,
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five standard ModulasOne boards, two 8-inch
floppy drives, power supplies and /0 cabling.
The address-mapping ROMs for the MPU
you choose are prepared especially for the
development set, which provides 64K bytes of
internal memory. Resident firmware and [/0
addressing occupy 2.5K bytes of memory,
with the remaining 61.5K bytes available in
RAM. Your program can be debugged using
resident firmware while the program resides
in RAM; so you know everything works
before EPROMSs are cut. The Operating
System included with the set is a single-user
system that includes an assembler and an
editor for assembly language program
development. - .

The seven unused card slots provide ample
room for expansion and you can develop your
system application by selecting from the 28
ModulasOne boards available from Adaptive.

And with a price tag under $5,000 that
even Archie wouldn't sneeze at, we know
you'll want all the information you can get
about such ‘goodies’ as hardware diagnostics,
our text processor package, BASIC and other
software options. Call us today.

ModulasOne

BY ADAPTIVE SCIENCE CORPORATION
4700 San Pablo Ave., Emeryville, CA 94608
Telephone 415-652-1805




After all, isn't this one
available right off the shelf
‘ - like all the others?
ol . And like the others, isn't
this one of the Funnel
Series?
And after 6 years, it is the
one that's the industry
standard for Winchester
save and restore isn't it?
And just like the others,
S it loads 17.5 MBytes in less
¥ than 4 minutes doesn't it?
Doesn't it also have a
4-track serial recording
format which conforms to
the proposed ANSI
Standard?
And to Onyx Systems,
Incorporated, who has
already purchased over
3,500 of them, it's just
‘ another one too.
S So why make aceremony
about presenting this one
to Doug Broyles?
Because this is the
35,000th one and no one
else has ever done
| that before.

Sam Thompson, VP'Marketing. DEI. left. and Doug Broyles. President. Onyx Systems. Inc

After you've made
34,999 high density
cartridge tape drives

, why celebrate
orie more?

DATA ELECTRONICS INC.
10150 SORRENTO VALLEY ROAD, SAN DIEGO, CALIFORNIA 92121 (714) 452-7840 TELEX 69-7118
DE! s a registered trademark of Data Electronics. Inc
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HERES WHY
MONOLITHIC SYSTEMS
IS WINNING THE
SINGLE BOARD 8 BIT
COMPUTER RACE

The MSC 8009* is a “REAL” Single Board
Computer. Based on the Z80A® processor,
with enough memory - 64K bytes of dual
ported RAM and up to 32K bytes of EPROM
- to handle most processing tasks on the
internal bus. It contains a floppy disk
formatter/controller, a choice of powerful
APU’s, prioritized vectored interrupts and
extensive I/O. This total system solution is
provided within a single MULTIBUS® card
slot...reducing board count, increasing
reliability and leaving the MULTIBUS free
for system functions. And the MSC 8009 is
supported by our extensive and growing line
of system modules (ask for our catalog).

Monolithic Systems has combined industry
standard elements to achieve an elegant
computer system architecture...a Z80A
processor, IBM floppy disk data format, a
9511/12 APU...all performing under the
amazing CP/M@. This is the key to a
universe of software that you can select
from our catalog or from standard industry
offerings. For multiuser or networking
capability, MPM® and CP/NET® extends
your system performance.

We have a record of consistantly meeting

the needs of our computer OEM’s for over 10
years. And, when you have a special system
requirement, we utilize that extensive
experience to deliver a special solution. For
applications assistance contact us at 84
Inverness Circle East, Englewood, Colorado
80112 or phone (800) 525-7661.

Monolithic

ystems means......
v advanced solutions

MSC Regional Sales Offices: Eastern Region

1101-B9 State Road, Princeton, NJ 08540, (609) 921-2240
Southwestern Region 7505 Lakeshore Drive,

Parker, CO 80134, (303) 841-0888

Western Region 49 South Baldwin, Suite D,

Sierra Madre, CA 91024, (213) 351-8717




FEATURE ,

BUBBLE MEMORY CIRCUITS PROMOTE
3-DIMENSIONAL STACKING

Mix or match expansion potential and high speed I/0 techniques of
interface circuit family enhance bubble memories as disc replacements

Russell MacDonald

Texas Instruments, Incorporated

PO Box 225012, Dallas, TX 75265

For a long time bulk storage memories have included
two basically different types of components. At one end
of the speed/cost spectrum has been the disc, tape, or
drum memories, and at the other end has been the semi-
conductor random access memory, with very little be-
tween them. Now magnetic bubble memories are being
used more and more to fill the gap between these two ex-
tremes in cost and performance. The larger capacity of
medium sized hard disc systems enables them to achieve
a low cost per bit. However, many applications do not
require such a large capacity, and the total system cost
may be prohibitive. Floppy disc systems are also non-
volatile and have a lower user-entry cost than other disc
systems, but they have a long access time of approxi-
mately 300 to 500 ms.

Bubble memories share the advantages of nonvola-
tility, a low user-entry cost and a potentially low cost
per bit. In addition, they have a fast access time of less
than 12 ms (as low as 4 ms in some cases), plus the
higher reliability of solid state technology as well as be-
ing lightweight for portable applications. These charac-
teristics enable them to provide fast auxiliary storage for

mainframe computers and to replace fixed head disc or
floppy disc memories, especially in harsh environments.
As the speed and capacity of bubble memories continue
to increase and the costs continue to decrease, they will
be increasingly competitive with disc memories.

A magnetic bubble memory product, Texas In-
struments’ TIB1000 1M-bit bubble memory, is organized
as two sections of 512k bits, each with features such as
the block swap/replication of data and an onchip map
loop for transparent handling of redundant loops. This
device is supported by a high performance family of in-
terface circuits that contains all the circuits needed for a
complete bubble memory system. (See Fig 1.) The em-
phasis here is on the hardware interfacing for the
magnetic bubble memory (MBM) system, particularly two
of the interfacing circuits—the bubble memory controller
(BMC) and the data corrector/formatter (DCF). Interfac-
ing for simple systems and high speed systems with direct
memory access (DMA), interrupt, and polled input/out-
put (170) illustrate MBM interface flexibility, as do the
various ways a bubble memory system can be expanded
to achieve either greater capacity, higher speed, or both.
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MODULAR MEMORY UNIT (MMU)

CPU—
FIE— oo coi sV
FUNCTION PSM— v X D§TB . |, 0/
I S BMC
GENERATOR 120 12y .
2v— ~—— |om
- *r -5y | sense
C;: . con B E 29 MR
PSM e 3
T2V L gmc—t
12v— P cPu'—_"_q
5y GND A DATA - |
i i?é; B | REP Tig1000 Fig 1 Basic bubble memory
BUBBLE aMe—e] RO (512k x 21) . system. High performance
@mﬁ'ggfk« PSM— = interface circuit family pro-
® B ReP = = vides all required support
. v = S0P BCD — BIPOLAR COIL DRIVER capabilities
DDA — DIFFUSED DIODE ARRAY
cPu U RFD — READ FUNCTION DRIVER
e B | DATA WFD — WRITE FUNCTION DRIVER
- w — ] SWAP FIG — FUNCTION TIMING
BMC— v a . GENERATOR
| = DCF — DATA CORRECTOR/
PSM— GEN FORMATTER
BMC — BUBBLE MEMORY
L . < | CONTROLLER
CORRECTOR/ PSM — POWER SUPPLY
FORMATTER 3 MONITOR
ocF)
T
BMC Provides High Level Interface
TS -1 40 w5V
Basic functions of the TIB0904 BMC are to start and stop ;;j_‘_‘_’:: - I
bubble movement, maintain page position 1nforr'nat}on, RCCRG <14 Sl prer
control bubble generation and block swap/replication, ACCGR -5 36 -+ BSWAP
and initialize redundancy information. It maintains INT <----15 3 fe——TEST
detailed information regarding system status and error s :‘_:; ;_’ g;‘g's’y':‘c
correction, and has internal data accumulators for A; ot 100 2N
operation with up to four DCF circuits in parallel. With DB, <+ 10 ag:g% 31 |- FMIDATA,
proper buffering, it can control an unlimited number of 11 CONTROLLER 30> FMIDATA,
these devices in parallel when the outputs of the DCF cir- 12 Py 29[~ FMIDATA
E ‘ 13 28 - FMTDATA,
cuits are connected directly to the system data bus. e ~ B
This BMC is an N-channel, silicon gate, metal oxide 15 ~ 26}-—=serouUT
semiconductor (MOS) device that operates from a single 16 25— SERCLK
5-V supply and is housed in a 40-pin, 600 mil 1.5-cm DBy -+ 24 [--—*= SERXFR
package (Fig 2), and has several software selectable CRSCE; :_':_: :3 ! g; "%
functions. Certain registers, shown in Fig 3, are acces- N 20 25y
sible to the host so the operation of the controller can be
set to meet 'the rc::qulrements of different sy.stems. Qne Fig 2 BMC pinout. Ao and A, select BMC
f)f these registers is .the bubble paramet‘er register, wh{ch registers. DB, to DB, carry data between BMC
is actually a collection of separate registers. It contains and host under RD and WR control. ACCRQ
all the bubble count distances, from one point to BG&TS}S DMA trans;egm_ ACCGR  indicates
another on the MBM chip, needed to specify a particular reques': Prograss,. ann. TN signns. Intecugs
type of bubble memory, and is mask programmable.
During initialization, the host has the option of selecting

certain predefined values for the bubble loop length and
the interpage gap. Since all the bubble memory’s count
distances can be mask programmed, the controller will
be able to operate with future products as long as the
number of minor loops does not exceed 300. Two other
registers, the DMA block size and the DMA dead time, are
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used to program DMA operation. By loading these
registers, the host can select either single-cycle or burst
operation for DMA data transfers and can determine the
burst length and dead time between bursts.
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SYS SYNC
o
o
el > BRFDUN
CLOCK +10 5 e |e-serwm | sussle [ oo
RESET —» SEQUENCER
5y V77777777, 5 > DATXFR
= /cummu% a BSWAP
GND —» REGISTER
PWRDOWN — 009040 ¥ l L bousLe accumutator
£ REGISTER
’”Bun'a‘ele 1
RAMETER
reoisier | [pse ] [rec] [wic] [per] 44 1o, 1 FMTDATA
MICRO- 8 £ 2 FMTDATA
PROCESSOR =—>—enl 8B oL i 4 o 3 FMTDATA
DATA BUS DB, T0 DB, g 2 Sk
| AL o bi0ck BLOCK 4
5 —> / ERROR STATUS SEE COUNTER
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WR—> o7 ' DEAD TIME }—{ DEAD TIME
AT COUNTER
ACCRQ =—{  IFC L
ACCGR —*
INT ~=—
COMMAND
STATUS
ADDR
A, — PARAM
: DECODE RESULT
Ay —] —— ERROR STATUS
TRANSFER
COUNTER
FMTR/W
FULL/EMPTY ERCOMOLK
0
STATUS REGISTER
Fig 3 BMC block diagram. BMC appears to host as can choose loop length, interpage gap, and count dis-
seven registers (shaded). CS, Ao, A;, RD, and WR tances, as well as single-cycle or burst operation under
select particular register under software control. Host DMA option

The controller has a general purpose interface that
connects easily to most systems. Data can be transferred
either with or without DMA. Commands are sent to the
bubble memory subsystem via the host controller inter-
face, and results are read through this interface. One of
the ways the controller communicates with the host is
through the interrupt interface. The interrupt section of
the controller activates the interrupt line when the DCF
data buffer is full during a read operation, when the
DCF buffer is empty during a write operation, when the
current operation is completed, or if an error condition
occurs.

Another part of the microprocessor interface is the
data interface, which may have one of two configura-
tions depending on how data are to be transferred. DMA
is generally required if eight or more bubble devices are
operated in parallel because the data rate is more than
600k bits/s. Either DMA or program controlled 1/0 may
be used when four or fewer MBMs are running in
parallel. If DMA is not used, the host must either wait
for interrupts or poll the status register to determine
when data are ready to be transferred to or from the
data buffer. The host then accesses each data byte and
transfers it to or from the system memory.

The BMC’s interface to the DCF circuits is a serial link
on which commands are sent out by the controller. In
the operation of the circuits, the serial stream of data
representing commands is clocked through each DCF
and then a transfer pulse latches the command into all
DCF circuits. Every serial operation transfers four com-
mand bits from the controller to the DCF.

The controller appears as seven registers to the
microprocessor or host. The first of these is the com-
mand register which stores the commands received from
the processor. When any bubble operation is in pro-
gress, a BUSY signal tells the host not to send any further
READ or WRITE commands. The 8-bit status register
contains sufficient information to tell the host when
operations are in progress or are completed, and
whether any errors have occurred. This register can be
read to determine the reason for an interrupt or it can be
polled if interrupts are not used. The parameter register
is used to transfer information to the controller that is
required to execute a particular command. Controller
initialization information, page count, the page
selected, etc, are transferred to the controller through
the parameter register. Up to four parameter bytes may
be transferred following the command byte. The results
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FMTDATA <=1 165V
SERCLK —---#42 15---#= SEROUT

FMTR/W ----- =13 TIB0934 14 j=—----SERXFR

TS a4 DATA 13 f—--—- SERIN

MBMCLK 5 SORCCIOR/ 12 le--- COMCLK
BDATIN 6 (0CA) 11 -~ MBMSYNC
ERROR <47 10}----+BDATOUT

GND -1 8 9f----»= SYSSYNC

Fig 4 DCF pinout. Bidirectional
FMTDATA line connects to BMC and
host. SERIN and SEROUT connect to
host or another DCF device.
MBMSYNC with SYSSYNC handles
synchronization, ERROR flags uncor-
rectable data error, and BDATOUT
causes data generation in MMU write
track

SERIN ﬁ

SERCLK ——=
SERXFR ——»

SEROUT <——]
ERROR

FMTDAT BUFF
FMTR/W
s

COMMAND
DECODE
SERIAL
comAND MBMSYNC
TERFAC BUBBLE 2
SYNCHRONIZATION SJSSING
LOGIC e—— COMCLK
—— MBMCLK
REDUNDANCY RAM
320 BITS

DRIA 160 BITS

b

BDATqy;
BDATy

Fig 5 DCF block diagram. DCF register pair holds one full
page of data in any operating mode. DCF actually contains two
such register pairs, as shown, with dual architecture allowing
higher burst rate
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register contains information resulting from a com-
mand. From 0 to 2 result bytes may be read by the host
at the completion of a command. An 8-bit register, the
error status register, contains specific system error in-
formation. If any of these bits are set, the error bit in
the regular status register is also set. Thus, the host can
determine if any errors have occurred at the times it
reads the regular status register. However, it must then
read the error status register to determine the exact
cause. The read data and write data registers contain the
data transferred to or from the host.

DCF Handles Low Level Implementation

The TIB0934 DCF is a dual-buffer bidirectional data inter-
face that corrects 1-bit and 2-bit burst errors and detects
random 2-bit errors and all combinations of burst errors
in a 5-bit field. The DCF data registers are organized as
two sets of dual registers with individual correction cir-
cuits. This makes the data rate between the system data
bus and the DCF circuit independent of the rate between
the DCF and the bubble memory device. The DCF is in-
terface compatible with a variety of microprocessors
and will operate with 512k- x 2-bit, 512k- x 1-bit, 256k- x
1-bit, and 256k- x 4-bit block replicate bubble
memories. It is fabricated with an N-channel, silicon
gate MOS process; housed in a 16-pin, 300-mil package;
and operated with a single 5-V supply (Fig 4).

The DCF handles data using a dual-register pair,
shown in Fig 5, each pair containing up to a page of
data in any operating mode. This dual-buffer architec-
ture allows data transfers to a host system at burst rates
of up to 3 MHz. In the operation of the circuit, one
register pair receives data while the other pair transmits
and corrects data. When both pairs have completed
their operations, a signal from the controller swaps the
buffers so that the full register can transmit and the
empty register can receive.

The DCF maintains information to show which of the
minor loops in the bubble memory device is defective.
Redundancy information is stored in a 320-bit random
access memory (RAM) in the DCF that can be read from
or written to by the host system. The redundancy RAM
data are initialized from the redundancy map data con-
tained in a dedicated redundancy loop on the bubble
memory device. The redundancy RAM can handle up to
320 bits of data, one bit to describe each of 318 possible
loops plus two extra bits to indicate which half of the
bubble memory the map describes and to identify which
of two copies the map is. During data transfers, the
redundancy RAM is synchronized with the serial bit
stream that is shifted to or from the bubble memory.
Those loops or bit positions, considered redundant, are
represented by Os in the redundancy RAM, while the
loops selected for data storage are represented by lIs.
Redundancy mapping is totally transparent to the host.

No memory system works perfectly; errors do occur.
In a bubble memory system, transient errors usually
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occur during the bubble detection process, but these can
be recovered by rereading the page of data. A memory
resident error, on the other hand, involves erroneous
data within the minor loops and is repeated each time
the page is read. Rewriting with correct data is the only
way to recover from this type of error. The error correc-
tion code used by the DCF circuit was developed
especially for the types of errors that are most likely to
occur in bubble memory systems. The probability of
random double errors in a bubble memory system
dominates over any probability of burst errors. Thus,
for any significant improvement in error correcting
ability, random double errors must be handled without
additional buffering, before going on to burst errors.
Even randomly spaced triple errors occur long before
burst errors of three bits or more. The DCF error correc-
tion/detection code is significant because of its ability to
detect all randomly spaced double errors in a page of
data and to correct 50% of the double errors. Most
burst correction codes do poorly in this area, greatly
limiting their effectiveness. In the operation of the cir-
cuit, the DCF automatically appends and removes the
error correction bits; and if an uncorrectable error oc-
curs, the controller issues an interrupt to the host
system.

The DCF circuit can correct both redundancy map
data and regular data. When using the error correction
mode of operation, the DCF transfers data to and from
the bubble memory using a page length of 274 bits with
the leading 256 bits as data, the next 16 bits as two cyclic
redundancy code (CRC) error correction words, and the
last two bits as parity bits. Each of the two 8-bit CRC
words and parity bits pertains to a data string of 128
bits, representing either the even or odd data bit posi-
tions in a page. Thus, two error correction codes and the

data they represent are interleaved throughout the
bubble memory page as alternate bits. In addition to the
normal error correction mode, there are three other
modes of operation that allow the user to read or write
272 bits with transparent parity detection, or 274 bits
for diagnostic purposes, or all 318 bits for offline
bubble device testing.

Modes of operation are selected by sending com-
mands to the DCF circuit via the BMC. READ and WRITE
REDUNDANCY RAM instructions allow the host processor
to write and read redundancy data to and from the DCF
redundancy RAM. Bubble memory WRITE and READ in-
structions enable the host to transfer data to and from
the DCF’s data buffer registers. Page length is deter-
mined by the operating mode. RESTORE A or B com-
mands allow the DCF to read redundancy information
from the redundancy loop in either section A or B of the
bubble memory device and cause the DCF to generate
signals used by the controller to synchronize the bubble
memory system. WRITE REDUNDANCY MAP A or B com-
mands enable the DCF to write redundancy data to the
redundancy loop in the bubble memory.

Circuits Demonstrate Flexibility
And Expansion Potential

Although a single DCF circuit can be multiplexed be-
tween the two halves of a 1M-bit bubble memory, this is
not normally the case in an expanded memory system.
Instead, each of the two sections of the bubble memory
device has its own DCF. As many as four data channels
can be connected to the controller; however, for larger
systems, the DCF circuits are connected directly to the
system data bus.

TIMING BUS

FUNCTION
BMC A TIMING
GENERATOR

!

DCF 1 1

MMU
| 256k, 512k, IM
:_—SI DCF 2 I

~fueTote e
i Ga
I
|
|
1

S —"

MMU

OCF 3 21

DATA BUS (5-N BITS)

| URTOIE o

N

MMU

Fig 7 Three planes of expansion. X-axis ex-
pansion increases storage capacity by
multiplexing up to 16 MMUs to 1 DCF pair.
Y-axis expansion adds X planes (numbered
1 to N) to improve throughput. Z-axis expan-
sion interfaces additional X-Y memory sub-
systems in parallel with basic X-Y sub-
system shown here

L)
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TIB0934 BMC is compatible with a variety of hosts.
DMA may be used when the data rate is high, as when
eight or more bubble memory devices are operated in
parallel. The timing and sequential addressing for DMA
transfers is provided by an external DMA controller. In
order to provide maximum system flexibility, the BMC
can be programmed for different DMA burst lengths and
different intervals between bursts. Communication with
the DMA controller is through the usual DMA request and
DMA grant signals, while the READ and WRITE signals
clock the actual byte transfers. Fig 6 illustrates connec-
tion of the BMC to various hosts with DMA capability.

Whether a bubble memory system consists of one
bubble memory device or a large array, the controller
provides the interfacing to the host system and, as
discussed above, can handle data transfers as well.
When several modular memory units (MMUs) are multi-
plexed for operation with the DCF circuit, the system is
said to be expanded in the X axis. Multiplexing is ac-
complished via chip select lines common to all interface
circuits within the MMU. Without additional buffering,
the DCF can be timeshared among as many as 8 MMUs. If
the system is expanded in the X dimension only, data
are normally transferred through the BMC where an
8-bit accumulator provides an interface to an 8-bit
system data bus.

The primary reason for expansion in the X axis is to
increase the storage capacity. If increased data rate is
also desired, several data channels are operated in
parallel (Fig 7). This means expansion in the Y axis. For
larger configurations, the data lines connect directly to
the data bus. The overall transfer rate is equal to the
maximum data rate of the DCF, 3M-bits/s, times the
number of data channels operated in parallel. A typical
system with 32 channels yields a data rate of 96M
bits/s or 12M bytes/s. With proper buffering, there is
no limit to the number of DCFs that can be operated in

parallel; thus, the maximum system speed is unlimited.
If both increased capacity and increased speed are
desired, the system can be expanded in both the X and
the Y dimensions.

When expansion in the X and Y dimension does not
meet the requirements of the user’s application, the
system can be expanded in the Z axis as well. Expansion
in the Z axis multiplexes two or more memory planes
where each plane consists of the basic system shown in
Fig 7. When 16 or more of these memory planes share a
common address and data bus, the number of DCFs in-
volved allows continuous operation to and from the
host system. With 16 planes, the total system capacity is
4096M bits or 512M bytes, and the system can read or
write 2048 bytes of data before the DCFs in one memory
plane are emptied.

Summary

The TIB0904 BMC and TIB0934 DCF interfacing circuits
provide a high performance bubble memory system with
error correction that enables bubble memories to com-
pete in the disc replacement market. These circuits
handle the details of a bubble memory system such as
status, data manipulations, page addressing, redun-
dancy, and error correction, thus freeing the host pro-
cessor to perform other system tasks to a degree never
achieved before. At the same time, these circuits meet
the needs of the lower performance but cost sensitive
applications as well as the higher performance fixed-
head disc market. Although many bubble memory
systems are somewhat limited in their ability to expand
and to transfer data, the BMC and DCF are extremely
flexible in this area since they enable the system to be ex-
panded to quite a large capacity with a high data rate
and a low access time.
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FEATURE v

IEEE 488 ERROR HANDLING
TECHNIQUES: PROS AND CONS

Standardization of error reporting procedures for IEEE 488 based

systems reduces controller overhead

Louis F. Santora, Jr

Bell Laboratories

11900 N Pecos St, Denver, CO 80234

To provide a method of centrally controlling
sophisticated multimeasurement test procedures on a
given device, in 1975 the Institute of Electrical and Elec-
tronics Engineers established the IEEE 488 standard for a
general purpose interface bus. This standard defines a
strict protocol for the transmission of data messages
between instruments and a bus controller. Individual in-
struments can be controlled remotely through the
transmission of device dependent messages that a par-
ticular instrument will recognize. Within the in-
struments, device dependent instruction sets allow
remote operation. As with any programming language,
methods were required to ensure the validity of program
code and to aid the programmer in locating and debug-
ging faulty program strings.

When the general purpose interface bus (GPIB)
became popular, many diverse functions were designed
into instruments. Some instruments use the bus solely
for returning measurement data, while others allow full
front panel operation via the remote bus controller.
Diversity of implementations in the IEEE 488 functions
also results in instruction sets that are generally unique
to a specific instrument.

A major difference between the instrument environ-
ment and a minicomputer environment is the relative
lack of compilers that help programmers debug instru-
ment programs. However, efficient writing and pro-
gram debugging within the integrated instrument system
is still necessary. To solve this problem, most designers
have added error detection and reporting processes to
their instruments.

Error detection and indication were not incorporated
into the 1975 standard. Several instruments use similar
basic schemes for error detection and reporting;
however, sufficient differences warrant special software
consideration for each instrument. Thus, further stan-
dardization of error reporting procedures and error
code syntax can reduce programming time and system
software complexity.

Error Detection

Error handling schemes must first consider what errors
the instrument should detect. Erroneous data messages
that may cause damage either to the device under test or

to the instrument performing the test must be detected
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and aborted, as must errors in data messages that result
in inaccurate or inconsistent measurements. Several in-
struments now available can handle this task. Message
syntax must be understood, however, before error
detection in data messages received on the GPIB can be
adequately considered. This section will deal with two
common types of message format: key-code and com-
mand-argument. Which of the two data message for-
mats is the better represents a design problem that
depends on the functional complexity of a specific
instrument.

The key-code scheme encodes the stimulus of a func-
tion key on the instrument front panel so that a com-
mand received on the IEEE bus can be considered in the
same way as a stimulus received from the front panel.
Key-coded data messages are generally processed by the
instrument as they are received. Command-argument
data messages have the general form

<command> <argument> <command> <argument>...
<ierminator >

The <command> <argument> string may be of
variable or constant length, depending on the specific
instrument. Generally, if the instrument allows only a
single <command> <argument> pair, the <ter-
minator> is not used; a specified argument length is de-
tected instead. In variable length data messages of this
form, the message string is typically buffered, and exe-
cution of the complete string is initiated either when the
data message buffer is filled or when the string ter-
minator is detected.

Another method' establishes interim registers as com-
mands are received, and transfers these data to an
associated set of working registers when the termination
character is detected. The < terminator> may be a line
feed (LF); a carriage return/line feed (CR/LF); or a
special character, such as ‘X’ or ‘S’, that is defined by
the instrument to trigger execution of the command
string.

Key-Code Messages

Each message unit transferred to the instrument on the
GPIB usually corresponds to a front panel keystroke.
Since a message unit may consist of a variable number
of bytes, preliminary information must be stored—
usually on an interrupt basis—until a complete message
unit is received. For example, the HP5342A microwave
frequency counter is interrupted when the first character
is received. If the character does not represent a com-
plete message unit, the processor then awaits the re-
maining characters in the key-code. After all the char-
acters in the complete message unit have been received,
the key-code is processed as if the equivalent front panel
keystroke had occurred.

One obvious error that must be accounted for during
the reception of key-coded messages is the entry of an
invalid (ie, inaccurate) key-code. Although this type of
error is detected by both the HP3585A spectrum analyzer
and the HP8901A modulation analyzer, the HP5342A
operating and service manual®’ does not consider the
possibility of invalid key-coding. A simple example im-
mediately indicates the importance of this error check.
Suppose that the string ‘SRAU’ is inadvertently keyed for
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the intended string ‘SRSAU’. After the ‘S’ is received, the
microprocessor is interrupted until a complete key-code
is received. Because the ‘S’ is missing, the processor does
not acknowledge reception of a complete key-code.
Consequently, the string is not executed and the
microprocessor may be interrupted indefinitely.

The order in which the various key-code commands
are given is important because device dependent bus
commands are handled as if they were keystrokes.
Generally, the key-code string transmitted on the GPIB
must emulate keystroke operation in the same order as
would be performed by front panel function key opera-
tion. Failure to follow the same order may result in er-
roneous measurements. Particular attention must be
given to key-codes that rearm a sweep or retrigger a
measurement because they can abort the cycle currently
in progress.

““One way to solve the problem of
improper key-code ordering would
be to set up a parsing tree structure
similar to that in a compiler.’’

Since the three instruments just mentioned, HP5342A,
HP3585A, and HP8%01A, do not address the key-code
ordering problem, the programmer must be familiar
with local operation of specific instruments in order to
ensure reliable remote control. Detecting errors in key-
code ordering requires a complex error detector. Since
key-codes are executed as they are received, isolation of
improper key-code ordering requires the provision
either for storing previous key-codes or for prescribing
the allowable sequence of the key-code path. One way
to solve such a problem would be to set up a parsing tree
structure similar to that in a compiler, wherein the point
in a given path is marked as each key-code is received.
Every node of the tree has a fixed number of branches
associated with it. If one of these branches corresponds
to the next key-code received, execution is permitted;
otherwise an error is indicated.

For instance, a parsing tree structure could be used to
detect errors in key-code ordering for a hypothetical in-
strument with 100 key-codes, and in which each key-
code could be followed by only three possible key-
codes. The parsing tree would be a linked structure that
contained three addresses, and each address would
point to a possible next key-code. Storing such a parsing
tree would add 300 words of memory (each word link of
9 bits). Besides the memory that the parsing tree would
add to the instrument, the time required to search the
three linked key-codes to determine whether a valid path
has been pursued must also be considered. This search-
ing process, if performed in software, can add micro-
seconds to the response time of each key-code sent,
thereby slowing the entire integrated system.

The preceding example is much less complex than the
parsing tree that would be required by an instrument
like the HP3585A. Solving the key-code ordering problem
on such an instrument would add both hardware and
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software complexity to the system, as well as increase
the processing time of any given key-code. If the addi-
tional hardware complexity in the instrument is of little
concern, then an alternative could be to provide a GPIB
test mode. In the test mode, the hardware and software
routines of the instrument’s instruction parser could be
switched into the system to test the validity of a given in-
strument program offline. The instrument could then be
returned to normal mode for integrated instrument
operation, thereby eliminating additional processing
time during normal execution. However, the additional
expense and hardware complexity must justify the
detection of this error.

Command-Argument Messages

Command-argument format, today the most common
type of device dependent data message, includes any
message that requires header information followed by a
specific argument. Since this is the most common bus
implementation, it offers a worthwhile analysis of error
handling on the bus. Before the development of in-
telligent large scale integration (LSI), error detection in
GPIB implementations was hindered by medium and
small scale integration (MSI and SSI) technology. This
was a limitation in both the HP6002A extended range
power supply and the HP59501A power supply program-
mer, which expect a message of the form RDDD, where
‘R’ specifies range and ‘DDD’ specifies desired voltage or
current output within the range ‘R’. ‘R’ can be either 1
or 2, and ‘D’ can be any digit O through 9. However, the
hardware for ‘R’ consists of a single J-K flipflop that is
set or reset by the state of lines DI0O1 and DI02. Also, the
‘D’ characters are stored in 4-bit registers that look only
at lines DI01 through DI04 and perform no comparison to
ensure that these lines are within the desired limits.
Since the four high order data lines are not considered,
any characters presented on the bus will result in a
definite state at the output of the R flipflop and the D
registers. Lack of error detection in these instruments
can be critical because the power supplies can damage
devices under test when faulty information is provided.

“Although padding a program string
with blanks or other special characters
can enhance readability, it may also
hinder the programmer from recogniz-
ing erroneous operation and subse-
quently from debugging his program.’’

Microprocessor technology provides increased error
detection capability for command-argument data
messages. Two common methods of handling program
string errors are demonstrated by the Nicolet series 2090
Explorer oscilloscope, the Tektronix 7912AD program-
mable digitizer, and the HP3325A synthesizer/
function generator. The first method ignores extraneous

characters, and the second method issues a service re-
quest whenever an unrecognized character is detected.

The Nicolet oscilloscope uses the first method. Any
unrecognized characters are ignored without indication
to the programmer. Although the status byte (bit 3) in-
dicates the existence of a GPIB error, the type of error is
not indicated. Therefore, it is assumed that ‘ignore’
means that no action is taken to set the status byte.
Although padding a program string with blanks or other
special characters can enhance readability, it may also
hinder the programmer from recognizing erroneous
operation and, subsequently, from debugging his pro-
gram. The HP3325A avoids confusion by ignoring only
spaces, carriage return characters, and commas. Other
instruments, such as the HP8901A modulation analyzer,
ignore a larger set of special characters that could not be
confused with a program code.

The Kepco SN488D digital programming system uses a
method of ignoring characters in a different fashion; in
this device, the entire command string is ignored. The
SN488D expects a message with the format X=YAAABBB,
where ‘X’ defines the card address, ‘Y’ is a control byte,
and ‘A’ and ‘B’ represent information for channels A
and B, respectively. This card has an elementary parser
that scans for an ‘=’ character. When detected, the
character preceding it is assumed to be a card address. If
‘X’ agrees with the present address of this card, seven
more digits are collected and the program begins exe-
cuting. If seven digits are not available before the next
¢=" is detected, the < command> < argument> string
is ignored. No indication other than the lack of an ex-
pected response is given to the programmer.

At first glance, the method of ignoring characters or
strings may seem to be no different from the lack of
error handling displayed by the HP power supplies dis-
cussed earlier. This is not the case, however, since no in-
strument action based on the ignored characters is ini-
tiated. The HP power supplies, on the other hand, do
not prevent erroneous operation that may be caused by
the extraneous characters. If this method is to be used
effectively, special consideration should be given to the
set of characters to be ignored. Only characters that
cannot be confused with normal program codes should
be ignored (eg, those that can be selected easily from a
program code as obvious mistypes). The HP8%0I1A
enhances this method by detecting a normally ignored
character if it falls within a possible program code.

Ignoring extraneous characters can complement
another approach to error handling. To increase reada-
bility of program codes, the HP3325A ignores a small set
of characters. All other extraneous characters not in the
ignored set raise the service request line (SRQ). Thus, the
second method of error handling provides a technique
for notifying the programmer of an error. The
Tektronix 7912AD uses the service request method only,
so that inadvertent errors cannot slip through ignored.

One further aspect of the program code string that
must be considered in error handling is the termination
character. As mentioned earlier, the termination char-
acter may be the standard CR/LF or any special symbol
defined by the instrument instruction set. The termina-
tion symbol is important because it generally initiates
execution of the program code string preceding it.
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Most bus controllers available today are based on
high level languages similar to BASIC. Although the
WRITE statements automatically generate CR/LF after
each output, constructs are available for suppressing
these characters. For example, the HP9825A allows for
suppression of the CR/LF in a WRT statement by in-
cluding a ‘2z’ in the associated FMT statement. This
controller feature is necessary for all instruments that
require a special symbol terminator or an argument
count terminator. In such cases, no CR/LF characters are
expected; if they are sent, the controller will initiate the
handshake sequence. But if the instrument has received
all of the message it expects, unless it is designed to ig-
nore CR/LF these characters may affect the measure-
ment taking place or cause the SRQ to be activated
inadvertently.

Error Reporting

Once errors have been detected, they must be com-
municated to the controller so that corrective action can
be taken. Such communication may be needed for a
device dependent message error or for an operational
error; the latter is of concern to the programmer
because it may have resulted from an ill-defined pro-
gram string. Two functions that report program code
errors are provided by the GPIB definition: the service
request cycle and the serial poll function. Devices
discussed here initiate error reporting by setting the SRQ
line and a bit in the status byte. This action notifies the
controller that an error has occurred and allows the con-
troller to determine what type of error has been
detected.

“‘Since status bits are designated dif-
ferent functions in different in-
struments, software error routines are
much longer than they need to be.”’

Even though the error reporting just described is stan-
dard in several instruments, not all instruments use the
same bit to indicate a program code error, even within a
single manufacturer’s line. For example, the HP3325A
uses bit 0, but the HP8901A uses bit 1. Consequently,
since status bits are designated different functions in
different instruments, software error routines are much
longer than they need to be.

To further enhance error reporting, several in-
struments provide an extra ‘‘error’’ byte that can be ac-
cessed through the instrument instruction set. For
example, the Tektronix 7912AD allows the instrument er-
ror status to be queried by the ‘ERR?’ instruction. The
instrument then returns a 3-digit error code that refers
to the last status byte reported. Codes of specific in-
terest that may be returned are 102 and 103—invalid
command header and invalid command argument.
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The HP3325A allows a similar function with its IER (in-
terrogate error) instruction. When this instruction is
received, the instrument will return the message ERDATA
the next time it is addressed to talk. The ‘DATA’ in the
above message correspond to an ASCII parameter that
specifies the error (first error if more than one occurred
before IER was issued) that activated the SRQ line. The
HP3325A encodes several errors of interest to the pro-
grammer: entry parameter out of bounds, invalid
delimiter, unrecognizable mnemonic received, and
unrecognizable data character received.

No matter how many errors are checked for in a pro-
gram code string, errors will still be passed over in-
advertently. For example, a program code parser cannot
determine whether a mistype allows an instrument to be
set to the wrong range for the given input signal. Such
an error may result in an overload condition or cause
some other execution error detectable by the instrument
hardware. Indication of this type of error is provided
either by a status bit setting or by the output data
returned from the instrument.

All instruments that return measurement data have a
defined output format. For example, the HP2804A quartz
thermometer formats its output data as SDDD.DDD, the
HP8901A modulation analyzer formats its outputs as
DDDDDDDDESNN, and the HP3438A digital multimeter
uses the output format SD.DDDESN. In the preceding
formats, ‘D’ indicates a numeric digit, ‘S’ indicates the
sign, and ‘N’ indicates the exponent digits. If an
overload or execution error condition is detected, each
of these instruments returns a specified value or range
of values to notify the controller.

The HP3438A returns a data value of +1.DDDE+9, and
the HP2804A returns a value of $999.000. The controller
must sense these error values and respond accordingly.
In the HP8901A, the error code is supplied in the error
output data value it returns. Specifically, the value
+900000CCE + 02 is returned whenever an operational er-
ror is detected. In this case, ‘CC’ is the error code that
can be extracted by subtracting 9.E+9 and dividing this
result by 100.

Again, we see that several instruments use the same
basic approach to communicating an error condition to
the GPIB controller. How each instrument implements
its error reporting scheme varies just enough to require a
different software routine for each specific instrument
on the bus.

Conclusion

Major error detection practices today are based on an
‘ignored character set’ and the detection of extraneous
characters. Although each instrument has a unique in-
struction set, a program could be debugged more easily
if all instruments ignored the same set of characters. For
example, a simple set of characters to ignore is {space,
comma, semicolon}; this set allows sufficient padding
of program code strings to enhance readability. Two
standard termination characters, CR and LF, should be
added to the ‘ignored set’ of some instruments. In in-
struments not using these termination characters,
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provision should be made for accepting and ignoring
them, thereby emulating equivalent termination
response within all instruments and eliminating the need
for special controller functions.

The process of reporting errors presents the greatest
difference among instruments. Although all instruments
reviewed use the status byte to indicate a GPIB program
code error, different bits are assigned similar tasks in
the various instruments. Also, several instruments pro-
vide special instructions for further interrogation of the
error condition. Once again, diversity marks the output
data error reporting scheme. Although these levels of er-
ror reporting are useful, the diversity encountered in-
creases the software requirement of the integrated
instrument system.

““Although each instrument has a
unique instruction set, a program
could be debugged more easily if all
instruments ignored the same set of
characters.’’

Perhaps software is one area of GPIB communications
that could develop more stringent restrictions. For ex-
ample, the extra status information could be included in
an extended status byte common to all instruments.
Now that instrument designers are focusing in on the set
of errors they would like to detect, specific error assign-
ments could be given to each bit. This would make a
single error handling routine possible for all instruments
on the bus.

Although the preceding suggestions further restrict
GPIB device design, they in no way affect the device
dependent part of the instrument. Furthermore, since
each instrument has a unique instruction set, a large
quantity of redundant software already resides in the
controller. For these reasons, possible software savings
will outweigh recommended design restrictions.

References

1. Model mi107 Precision D.C. Voltage Source Instruction
Manual, Systron Donner Corp, 1980

2. Microwave Frequency Counter 53424 Operating and Ser-
vice Manual, Hewlett-Packard Co, February 1980

Bibliography

Digital Multimeter 34384 Operating and Service Manual,
Hewlett-Packard Co, February 1978

Extended Range Power Supply Model 60024 Operating and
Service Manual, Hewlett-Packard Co, September 1976

HP-IB Isolated D/A Power Supply Programmer Model 595014
Operating and Service Manual, Hewlett-Packard Co,
January 1977

Instruction Manual for Series 2090 Explorer Digital Oscillo-
scope, Nicolet Instrument Corp, December 1979

Modulation Analyzer 8914 Operating Manual, Hewlett-
Packard Co, January 1980

98254 Desktop Computer Extended 1/0 Programming,
Hewlett-Packard Co, 1976

Quartz Thermometer 2804A Preliminary Operating and Service
Manual, Hewlett-Packard Co, February 1978

7912AD Programmable Digitizer Service, vol 1, Tektronix, Inc,
April 1979

SN488 Digital Programming System Instruction Manual,
Kepco Inc, 1977

Spectrum Analyzer 35854 Operating Manual, Hewlett-
Packard Co, October 1978

Synthesizer/Generator 33254 Operating and Service Manual,
Hewlett-Packard Co, July 1978

About the Author:

Louis F. Santora, Jr is a member of Technical Staff in the
Circuit Design Department of Bell Laboratories, where he is
responsible for designing circuits for private branch exchange
(PBX) systems. Currently interested in computer architecture
and digital systems design, Mr Santora holds a BSE in com-
puter engineering from the University of Michigan and a
MSEE from Georgia Institute of Technology.

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

High 704 Average 705 Low 706

147



In the world of electronic data
processing, a bad contact is
often the same as no contact.
And that means information

is lost. So when you're con-
necting a PC board to a back-
plane or assembling I/0O
connections, check into the
ITT Cannon Electric ADAPTA-
CON connector series.

The ADAPTA-CON line
IS our most versatile packaging
concept. Whenever you need
alarge number of contactsin a
specific connector length,
ADAPTA-CON gives you high
density, high reliability two-
piece connectors in a wide
variety of crimp or solder type,
high or low insertion force,
all-plastic designs. Which
means you can handle
increased capacities with
greater reliability. Plus you
get Cannon quality with fast
delivery at very competi-
tive prices.

For immediate information
refer to our pages in EEM.
For literature, the name of your
local ITT Cannon distributor
or other information contact
Rectangular Division Marketing
Manager, ITT Cannon Electric,
a Division of Intemational
Telephone and Telegraph Cor-
poration, 10550 Talbert
Avenue, Fountain \alley, CA
92708. (714) 964-7400. In
Europe, contact ITT Cannon
Electric, Avenue Louise 250,
B-1050 Brussels, Belgium.
Phone: 02/640.36.00.

cannon ITT

You can always connect with Cannon.

CIRCLE 73 ON INQUIRY CARD



FPLA ARBITER CONCEPT ADAPTS
TO APPLICATION NEEDS

Field programmable logic implements efficient, easily customized arbiter
whose versatile Boolean statement format meets numerous system

requirements

Alan W. Bentley

Cubic Corporation

9333 Balboa Ave, San Diego, CA 82123

Today’s trends toward shared resources, multipro-
cessing, and decentralized, bus oriented system organi-
zation underscore the demand for arbiters that work in-
dependently and issue grants according to predeter-
mined algorithms. Functionally, a requirement for
stable processing of system requests is created when
several processors use a common device and each re-
quests service asynchronously. It is the arbiter’s task to
issue grants for sequential access in accordance with a
preestablished algorithm. By using a versatile Boolean
statement format to express its algorithms, an arbiter
can be customized to interface with single-array,
multiple-array, and hybrid logic configurations. Design-
ing arbiters to be flexible in implementing algorithms
can help to meet the demand for cost-effective data pro-
cessing systems and bring heretofore expensive, hence
scarce, devices into wider use.

Arbiter Interface

From the system’s perspective of the interface, when a
system is ready for service from the device, it raises a re-
quest line. The arbiter responds by issuing a grant to the

system that clears it to conduct transactions with the
device. Upon completion of service, the system drops its
request line. The arbiter, in turn, cancels the grant and
is then free to issue a grant to the next pending request.

Stable system requests are necessary because all re-
quests and grants are evaluated each clock period. These
requests are generated asynchronously and are syn-
chronized through a set of input latches. If a 2-phase
balanced clock is used, with requests synchronized on
phase 0 and grants issued or released on phase 1, the
maximum time from a system request for service until
synchronization of that request is one clock period.
Minimum time from completion of the transaction to
release of the synchronized request is the system’s inter-
nal delay, as it drops the request line, plus the setup time
of the synchronizing latches. At the completion of a
transaction, there is a half-clock period, the time from
phase 0 to phase 1, when a unique signal combination
exists—a grant issued to a system that does not have a
synchronized request. During this half-period, all other
synchronized requests are examined and, according to
the servicing algorithm, the recipient of the next sequen-
tial grant is determined. Then, on phase 1, the existing
(unsolicited) grant is canceled and the next grant issued.
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Fig 1 Arbiter circuitry, timing, and grant expres-
sion format. In (a), S6 to SO are system requests.
Latch outputs R6 to RO are synchronized requests
that arbiter algorithm converts to system grants,
G6 to GO. Unbalanced clock phases increase guard
band (b and c), with maximum guard band needing
only one phase. Logic equation for algorithm (d)
combines four subexpressions

The sum of the requesting system’s internal delay in
dropping its request line, the synchronizing latch setup
time, and one-half the clock period, act as a’guard band
to ensure separation of systems interacting with the
device. Arbiter clock frequency, therefore, is a major
factor in determining guard band time. For a given ar-
biter clock frequency, the guard band can be increased
by unbalancing the clock, increasing the time between
phase 0 and phase 1 to more than half the clock period.
The limiting case occurs when the time between phase 0
and phase 1 is increased until it equals the clock period.
This makes phase 0 and phase 1 coincident, requires
only a single-phase clock, and maximizes the guard
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band for a given clock frequency. The limiting case
relies on the propagation delay of the latch flipflops and
the setup time of the array logic grant flipflops to ensure
a delay of one clock period between release of the syn-
chronized request and the associated grant. Start
of the guard band signifies completion of the current
transaction, and guard band time is used to determine
the next grant recipient; then, at the start of the next
clock period, the current grant will be canceled, and,
if one or more requests are pending, the next grant
issued.

Octal D flipflops (LS273) are used to synchronize the
input requests, and a programmable gate array (16RS8) is
used to evaluate the requests and issue grants. In the
2-phase clock, phase 0 synchronizes requests and phase
1 issues grants (Fig 1). Both the octal flipflops and the
logic array are 20-pin packages. In addition to the clock
and 3-state control inputs, the logic array has 8 data in-
puts and 8 D flipflop outputs. The Q output of each
flipflop is inverted and buffered, and is a 3-state output;
the Q output is returned to the array internally, where
the 8 flipflop settings and the 8 data inputs are com-
plemented and are available in both original and com-
plement form at 8-input OR gates. There are eight OR
gates, each forming the D input for one of the eight
flipflops.

By programming through fusable links, the set condi-
tion of each flipflop is established from the eight data
inputs, the current state of the eight flipflops, and the
complements of both. Each flipflop’s set condition can
be represented as a Boolean expression of up to eight
ORed statements. Each statement is created by ANDing
terms drawn from the data inputs, the flipflop status,
and their complements. Limiting parameters of this
configuration are the 8 data inputs and the fixed 8-term
OR gate at the D input of each flipflop. Boolean expres-
sions implemented through the programmable fuses
must be true when the flipflop is to be set or maintained
in the set state, and false when the flipflop is to be reset
or to remain reset.

Single-Array Configuration

Any of several servicing algorithms, expressed as
Boolean statements, can be implemented with a single
logic array that will process service requests for up to
seven systems. The first two algorithms represent the
organizational extremes. ‘‘Priority service’’ algorithm
has a strict priority ranking from Ré6 to RO: a grant will
be issued only if no higher priority system has a pending
request. The other extreme is the ‘‘polled service”
algorithm; here, all systems place equal demand on the
device and are serviced through a rotating, or ‘‘round-
robin,’’ method. In this case, when one transaction has
been completed, the following grant is issued in
response to the next ranking request (eg, next lower
number). Circular continuity is maintained by having R6
follow RO in the granting sequence. Between the ex-
tremes, algorithms 3 and 4 represent hybrid organiza-
tions. The ‘‘executive and polled service’’ algorithm
allows a single, high priority executive system (R6), with
the remaining systems (RS to R0) equal and polled in a
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ALGORITHM 4: DECLINING PRIORITY AND POLLED SERVICE
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circular pattern by decreasing number (RS follows R0).
The other hybrid algorithm, ‘‘declining priority and
polled service,”” services three systems in declining
priority (R6 to R4), and allocates four systems the lowest
priority; R3 to RO have equal priority and are polled in a
circular pattern by decreasing number (R3 follows R0).

In each configuration, the eight inputs consist of a
RESET command and seven synchronized requests. Out-
puts are the seven corresponding grants, each the set
output of a flipflop, buffered and inverted. When ac-
tivated, the RESET command negates all expressions,
resetting all grant flipflops. After a synchronized re-
quest is received, the appropriate expression becomes
true, and the grant flipflop is set at the following clock
edge. Upon completion of the transaction, the grant is
released one clock period following the clock edge that
terminates its synchronized request. This interval, when
the grant is true and its synchronized request is false,
denotes the completion of the service cycle. If one or
more synchronized requests are pending, all expressions
are evaluated, and, based on the servicing sequence ex-
pressed by the Boolean statements, the next grant is
issued. If at the completion of a grant there are no pend-
ing requests, then all grant flipflops are reset and the
device reverts to the idle state.

When the device is idle, all synchronized requests are
scanned each clock period. Detection of a single syn-
chronized request causes a grant to be issued at the
following clock edge. If two or more requests are syn-
chronized simultaneously, the expressions must provide
a hierarchical method for issuing the initial grant. If the
systems are organized from highest to lowest priority,
the issuing of an initial grant follows the same seniority
pattern. However, if all systems polled are of equal
priority, the initial grant hierarchy must be established
arbitrarily; in these examples, the grant hierarchy is
based on highest to lowest sequence, systems R6 to RO.
All these factors are apparent in the Boolean statements
that implement the various grant algorithms. Each
statement is the D input of a flipflop, and when a state-
ment is true, the corresponding flipflop becomes (or re-
mains) set at the following clock edge, issuing (or main-
taining) a grant. As grants must be issued sequentially,
the statements must be interlocked to prevent multiple
flipflop settings.

The format set forth in the Boolean expressions of
algorithms 1 through 4 [compare Fig 1(d)] is used when
writing all statements. It consists of four sections: a
modifier divided into an external and an internal por-
tion, a transfer expression, an idle expression, and a
maintenance expression. The external modifier, which
operates on the entire contents of each statement, is the
RESET term ANDed with the appropriate synchronized
request. This establishes the basic requirement that
RESET not be issued—and that the synchronized request
be present—to consider whether to issue or to maintain
a grant. The internal modifier operates on the transfer
and idle expressions, and is the AND of synchronized re-
quests that must be false for a specific grant to be
issued. Since in a complete or partial priority structure,
the highest numbered system (R6) always takes prece-
dence, the internal modifier for the Gé6 expression is
nonexistent.
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The transfer expression identifies the completion of a
transaction through the combination of a grant with no
corresponding request. In conjunction with the modi-
fiers, the transfer expression evaluates the pending re-
quests to determine the next sequential grant. If one or
several simultaneous requests are synchronized when
grants are not active, the idle expression, in conjunction
with the modifiers, determines which grant will be
issued according to the established priority. The
maintenance expression, the set output of the grant
flipflop, maintains an established grant until its external
modifier becomes false.

There are at least two other practical hybrid combina-
tions: two prioritized systems with the remaining five
polled, and four prioritized systems with the remaining
three polled. Expressions for these two configurations
can be derived from the four examples just discussed.

Muitiple-Array Configuration

The single-array configuration handles up to seven
systems with a broad selection of operation modes and
is suitable for a configuration that has a limited number
of systems with high rates of interaction with the device.
When there is a large number of systems that have low
rates of interaction individually, it is necessary to scan
blocks of synchronized requests rapidly in order to
minimize response time, thereby maximizing device

XFER
[ ELEMENT N
INTERNAL
F CONTROL (USE ONLV)
Rag T0 Ryg ) &‘va

RESET —

DONE — INTERNAL
XFER — EXTERNAL

CONTROL

FOR ELEMENT GIVEN CONTROL BY RESET
CONTROL = RESET + XFER + CONTROL - DONE

FOR ALL OTHER ELEMENTS
CONTROL = RESET (XFER + CONTROL- DONE)

Fig 2 Multiple-array configuration. Each of n elements can
service six systems arranged in circular (ie, polled or ‘‘round-
robin’’) configuration. RESET issues control to one element.
Then, as systems are serviced, DONE and CONTROL com-
mands pass control function among elements as shown
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utilization. This is accomplished by using the same
8-register programmable array device, with 6 of the
registers issuing grants and the remaining 2 used to
transfer the control and done commands. Devices thus
organized become elements in a daisy chain configura-
tion that is, in theory, infinitely expandable. Within the
daisy chain, the element whose control flipflop is set is
empowered to issue grants. Each element, while com-
pleting its last transaction, clears the grant flipflop, and,
on the same clock edge, sets the done flipflop for one
clock cycle. (See Fig 2.) Output of the done flipflop
serves as an inhibit command within the element, and
externally as a transfer (XFER) command to set the con-
trol flipflop of the next element.

Upon receipt of control, if one or more requests are
pending, they are evaluated and a grant is issued at the
next clock edge; if there are no requests, the clock edge
instead sets the done flipflop to again transfer the con-
trol capability. Within an element, the same clock edge
releases a completed grant and initiates a new grant, as
was the case in the single-array configuration; among
elements, there is a 2-period delay between succesive

grants for sequencing of the done and control flipflops.
Therefore, if the device is idle, an element that monitors
six system requests is scanned each two clock cycles as
the control function is sequenced through the elements.

Since this configuration can be expanded to accom-
modate servicing of numerous inputs, the elements are
polled and equally weighted. However, within each ele-
ment a protocol for responding to requests must be
established; in these examples, priority is from the
highest to the lowest number (RS to R0). Algorithms 5
and 6 are variations of this configuration. In the
““multiple-array polling’’ algorithm, the element retains
control and services all requests in a declining polling se-
quence; control is relinquished only when there are no
remaining requests. In the ‘‘multiple-array priority’’
algorithm, requests are serviced in a strict order of
declining priority (ie, decreasing request numbers), and
control is released in the absence of requests or upon
completion of a device service period when no lower
numbered systems have pending requests. In an applica-
tion, these two configurations can be intermixed
because the element interfaces are identical. The

ALGORITHM 5: MULTIPLE-ARRAY POLLING
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G2 = RESET » DONE » CONT « R2 [R3 (G3 + G4 « R4 + G5 - R5 « R4 + GO « RO + Rb « R4
+G1-R1-RO-R5+R4 + R6 + R4 - G5 » G4 - G3 + G1 « GO) + G2)

G1 = RESET « DONE « CONT « R1 [R2 (G2 + G3 + R3 + G4 - R4 - R3 + G5 - R
+GO+RO-R5+R4+R3 + R5 - R4+ R3 +

GO = RESET « DONE - CONT « RO [RT (G1 + G2 +R2 + G3 - R3 - R2 + G4 «

+G5+R5+R4-R3-R2 + R6+ R4+ R3 + R

DONE = RESET « CONT - DONE - R5 - R4 - R3 - R2 - R1 - RO

CONT = CONTROL (SEE FIG 2)

ALGORITHM 6: MULTIPLE-ARRAY PRIORITY

G5 = RESET « DONE « CONT - G4 - G3 - G2 + G1 - GO « RS

G4 = RESET - DONE « CONT - G3 - G2 - G1 - GO - R4 [R5 + G4]

G3 = RESET « DONE - CONT « G2 - G1 - GO - R3 [R4 (R5 + G4) + G3]

G2 = RESET « DONE « CONT + G1 « GO - R2 [R3 (R6 - R4 + G4 + R4 + G3) + G2]
G1 = RESET - DONE « CONT - GO - R1 [R2 (RS + R4 - R3 + G4 - R4 + R3

+ G3+«R3 + G2) + G1)

GO = RESET « DONE « CONT « RO [R1 (R5 « R4 « R3 « R2 + G4 - R4 - R3 - R2
+ G3.R3.R2 + G2+ R2 + G1) + GO]

DONE = RESET » DONE « CONT « RO [R1 (R5 « R4 « R3 « R2 + G4 - R4 « R3 « R2

CONT = CONTROL (SEE FIG 2)

+ G3.R3:R2 + G2 - R2 + G1) + GO]
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differences are within the elements—ie, the methods
used when evaluating requests to issue grants and when
generating the transfer command. Since only one ele-
ment can have a set control flipflop and the associated
authority to issue grants, one control flipflop must be
set, and all others reset, during initialization. During
implementation, the system start of poll (established by
RESET) must be selected, and each element’s control
equation implemented accordingly. (See Fig 2.)

The Boolean statements in algorithms 5 and 6 are
configured in the format shown in Fig 1(d). In
algorithm 5, the external modifier has two additional
terms, CONT and DONE, both establishing that the ele-
ment has control. The remainder of the terms is similar
in content to the terms in algorithm 2, and, with the ex-
ception of the idle expression, also similar in concept.
Since an element does not retain control in the idle state,
this term instead establishes the initial grant upon
receipt of the control function. Subsequent grants are
issued through the transfer expression, and when all re-
quests are satisfied, the done flipflop is set for one
period, initiating a transfer of control to the next
element.

Hybrid Configuration

Single- and multiple-array configurations have limita-
tions. The single-array concept services only seven
systems, but offers flexibility in configuring the
response patterns. Conversely, the multiple-array con-
figuration can handle a large (theoretically unlimited)

number of systems, but is not flexible in configuring
response patterns because the control function must
cycle through elements in a prescribed sequence. By
restructuring the control lines, designers can intercon-
nect elements in a hierarchical fashion, both increasing
the number of systems serviced and providing service
flexibility. An example that consists of two elements,
each servicing six systems, is shown in Fig 3. The two
elements are labeled ‘‘upper’’ and ‘‘lower’’ to denote
their relative priorities. Each element has a control
flipflop whose output is an input to the other element.

The control flipflop of the upper element is set when-
ever it has a synchronized request, and is a DEMAND for
control. The control flipflop of the lower element is set
when it receives a demand and does not have an active
grant; it is a RELEASE of control. Thus, the upper ele-
ment DEMANDs and receives control when it has a re-
quest. When all upper element requests are satisfied, the
demand flipflop is reset and control shifts to the lower
element by default. The control equations for the upper
and lower elements are shown in Fig 3, along with the
format for the grant equations and one sample grant
equation for each element. Because the equations for
the hybrid configuration are similar to those for the
single-array configuration, the grant equations are
modifications of those shown in algorithms 1 through 4.
When in the idle state, the default location for control is
in the lower element; therefore, the equation for the up-
per element does not require an idle section.

Efficient transfer of control and prevention of in-
advertent simultaneous grant issuance during the transi-
tion sequence are primary considerations in arbiter

UPPER ELEMENT

Fig 3 Hybrid configuration. Two elements have
hierarchical structure. Upper element demands
control when request is pending, thereby
preventing lower element from issuing grants and
gaining control when lower element becomes

DEMAND = RESET (R11 + R10 + R9 + R8 + R7 + R6)
T —o D Gy = RESET-DEM«REL <Ry [ ( ) + Gyl
A%AR]AEY EXTERNAL INTERNAL .l
T
SIS SIS L—— MODIFIER TRANSFER
UPPER DEMAND MAINTENANCE
EXAMPLE FROM ALGORITHM 1 b, e o
G9 = RESET~DEM«REL- R9[RT1+R10(G11 + G10 + G8+R8 + G7-R7 + G6-RE) + GI]
LOWER ELEMENT
RELEASE =RESET+DEM [G5+R5 +G4+-R4 +G3-R3+G2-R2+G1-R1+G0-R0+G5-G4+ G3+G2-G1-G0)
RELEASE = RESET- RV [DEM REL ( ) + 6]
16R8
“‘},‘f m RNAL INTERNAL
Y
RSTORO M 6510 GO MODIFIER 4>LTRANSFER’L7 IDLE ~ul+
REsii—sd  LOWER MAINTENANCE

EXAMPLE FROM ALGORITHM 2
G2 = RESET-R2 [DEM+REL-R3(G3 + G4+R4 + G5-R5-R4 + G0+R0-R5-R4 + G1+R1-

RO*R5- R4

+ R5-R4-G5-G4-G3-G1-G0) + G2)

idle. Modified grant expression format and typical
grant expression appear for each element.
Release expression is also shown. Each element
offers full flexibility shown in algorithms 1 to 4
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Fig 4 Hybrid configuration timing.
Diagram shows timing relationship as
control function passes between upper
and lower elements. At left, control

RplEwee Ay o el ’ I

element upon completion of Gz. In

Gy ; | second sector, upper element releases
PG control and reestablishes demand dur-

Ry { ¢ ing same clock period (adverse situa-

6y )| tion). Lower element with pending re-

~— ____ quest must reinitiate release, causing

DEMAND ___| B3 ey < 3-period delay between grants. In two
L pa right sectors, upper element releases

RELEASE | JEs] 3 1 | control and reestablishes demand one
R, e 7y 5 T o 1 alal clock period later. Lower element
issues grant for its pending request and

Giharca 3 Famen] kT o "1 releases control upon completion of

service

design. Control equations and modifier sections of the
grant equations, respectively, fulfill these design re-
quirements. Three transitional sequences for hybrid
configuration are shown in the timing diagram.
(See Fig 4.)

Summary

The increased desirability of sharing resources among
several systems has increased the requirements for ar-
biters that can function independently. Such arbiters
enhance the profitability of shared resource data pro-
cessing systems. A versatile Boolean statement format
can implement efficient control protocol and grant

algorithms in field programmable logic. The flexibility
and logic density of register arrays can facilitate effi-
cient custom arbiter implementation.
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MICRO DATA STACK

Interfacing Fundamentals:
2-Wire Handshake Using Two
Microcomputers

Peter R. Rony

Department of Chemical Engineering
Virginia Polytechnic Institute and State University
Biacksburg, VA 24061

Though the IEEE 488 bus standard employs a 3-wire
handshake procedure to synchronize data transfer
between a talker (source, transmitter) and a listener
(acceptor, receiver), it is instructive to examine ex-
perimentally the behavior of a 2-microcomputer
system that uses a simpler 2-wire interlocked hand-
shake procedure. The 3-wire handshake is for appli-
cations in which one output port is transferring the
same data simultaneously to many input ports,
whereas the 2-wire handshake is useful for transfer-
ring data between a microcomputer and a single in-
put/output (1/0) device.'

Fig 1 provides a schematic of a double-buffered
conditional input/output (1/0) system consisting of
talker and listener 8080A based microcomputers. The
interface between the two microcomputers consists
of a pair of 8255 programmable peripheral interface
chips, one associated with the talker and the other
with the listener. The 8255 chips are each operated in
their mode O configurations; all their ports exhibit
only unconditional 1/0. Data transfer occurs between
ports A, from talker to listener; several bits from
ports B and C are used as flags or flag inputs. The
control words for the talker and listener are 82H (out-
put port A, input port B, output port C) and 92H
(input port A, input port B, output port C),
respectively.

Fig 2 provides versions of the talker and listener
flow charts that are simplified representations of the
familiar IEEE 488 handshake flowchart.>* The NRFD
signal is omitted because we are concerned only with
a 2-wire (or 2-signal) handshake procedure. The basic
characteristics of the flowchart can be discussed with
the aid of the timing diagrams for the signals DAV
and NDAC, shown in Fig 3. DAV is the mnemonic for
the data available signal, and NDAC is the mnemonic
for the not data accepted signal. The four edges,
shown as 1 through 4 in Fig 3, are the basis for
understanding the 2-wire handshake procedure. Each
edge is tested by a software test loop either in the
talker or listener software (two loops are associated

(continued on page 158)
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DATA STACK '

output data until NDAC = 0, and the listener cannot
input or store data until DAV = 0. After data is trans-
ferred from talker to listener, the two devices inform

ol { el and acknowledge, respectively, that valid data is no

DAVS] ; NDAC=0 longer present between ports A. Observe the sym-
| metry in the talker and listener flowcharts.

: Detailed listings for a pair of 8080A based micro-

o computers exchanging a block of data from one

-~ @ memory to the other are provided in Fig 4. A 2-wire

handshake protocol is used. (Compare Fig 4 with

LOAD DATA ,®,/ INPUT DATA Fig 2.) Sixty-four data bytes, starting at memory

L IR i et location 0380H, are transferred byte by byte from the

- talker to the same set of memory locations in the

listener. The instruction sequences at the end of the
programs—MOV A,L/XRI COH/JNZ 03XXH—test for
the completion of the memory to memory block
transfer process. For both the talker and listener, the
initialization of the stack pointer, memory address
pointer, 8255 control register, and output port C oc-
curs in the first fourteen program bytes.

The various input, output, and mask bytes that ap-
pear in the software in Fig 4 are summarized in Fig 5.
For the talker, the 8255 control register configures the
ports as output port A, input port B, and output port
SEE TOP OF C; for the listener, the port configuration is input

A2 port A, input port B, and output port C. The talker

(continued on page 160)

Fig 2 Flowcharts for 2-wire handshake procedure. Talker
is on left, and listener is on right. Flowcharts do not include
setting, clearing, and testing of NRFD signal, which is

employed in 3-wire handshake procedure LXI SP 0380H LXI SP 0380H
LXI H 0380H LXI H 0380H
MVI A 82H + MVI A 92H
. 4 . i QUT 83H | OUT 83H
with the talker, and two with the listener). The infor- B owa : M oo
mation that these edges convey can be summarized as |
1
(D talker informs listener that data are available; %
@ listener acknowledges that is has accepted the ®

data;
(@ talker informs listener that data no longer are
valid; and,
@ listener acknowledges that it will not accept data
again until DAV = 0.
The talker tests for edges@and @),while the listener
tests for edges(Dand(3).This sequence of tests, along
with the associated signal lines, comprise the 2-wire
handshake.
The dotted arrows in Fig 2 match the edges shown

in Fig 3. As shown in Fig 2, the talker cannot load or WYL A FFH e VI A FBH
oureen | _--- | ouT8H Inpac=g
CALL 0360H |pAV=1 Mot oy CALL 0360H

DAV @]__] ®

NDAC @I |@

Fig 3 Timing diagrams for 2-wire handshake pro-
cedure. To understand the basis for 2-wire handshake,
focus on four edges, shown as (1) through @). DAV
flag is set and reset by talker software, and NDAC flag
by set and reset listener software

SEE TOP OF
PAGE

Fig 4 Flowcharts and assembly language programs.
Talker is on left, and listener is on right. Programs corres-
pond to data flow from left to right in Fig 1. Definitions of
registers, ports, and mask bytes are given in Fig 5
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Remex Intelligent
Flexible Disk Drives.

On-Board Controller. Non-S Economy.

Remex RFS 4820
Dual Head
# Slave Drive

i
i
1

Tewe

. 1733 East Alton Street
Ex-Cell-O Corporation Post Office Box C19533
Irvine, California 92713
REMEX DIVISION (714) 957-0039
TWX: 910/595-1715
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For fast response information on Remex Flexible Disk
Products attach business card or write:

I
|
I
Remex RFS4810 | Name Title

Dual Head Master Drive |
} Company
: Address

Write or Call for Specifications and Delivery. I City State Zip

| Phone__
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DATA STACK

outputs the DAV flag (bit P0,) and inputs the NDAC
flag (bit PB,). For the listener, it is just the opposite:
the NDAC flag (bit PC;) is output, and the DAV flag
(bit PB,) is input. In the test loops in Fig 4, the mask
bytes are 04H for the talker and 01H for the listener.
The device codes for the 8255 ports or registers are 80H
(port A), 81H (input port B), 82H (output port C), and
83H (control register). The OUT 80H and IN 80H in-
structions output and input the data byte that is being
transferred from the talker to the listener.

Since ports A, B, and C on the 8255 are under soft-
ware control, the direction of data flow can be
changed through modifications in the software. The
easiest way to do this is to interchange the bit posi-
tions of the DAV and NDAC flags, as shown in Fig 6.
Now, the microcomputer on the left in Fig 1 outputs
NDAC as bit PC,, and inputs DAV as bit PB.. The
microcomputer on the right in Fig 1 inputs NDAC as
bit PB, and outputs DAV as bit PC.. The MOV A,M/OUT
80H and IN 80H/MOV M,A pairs of instructions are inter-
changed in the software of the two microcomputers,
but the mask bytes in the four test loops remain the
same. The control words for the 8255 control registers
and interchanged as well.

As in previous columns,’¢ the rate of data transfer
has been measured, in this case for the circuit given in
Fig 1 plus the software given in Fig 4. For a talker
operating at 0.75 MHz and a listener operating at
0.75 MHz, 20.37 ms were required to transfer a block
of 64 bytes of data. This figure corresponds to 318.3
us/data byte. The CALL 0360H instruction in each pro-
gram permits the testing of the effect of time delay
loops on the rate of data transfer from the memory
of the talker to the memory of the listener. With a

TALKER
(MICROCOMPUTER ON LEFT IN FIG 1)

8255 CONTROL REGISTER: [ 1 . 0 .0 0 0 0 1 o0 |

1 L i " i

OUTPUT PORT C: L 4.0 x v & 3 W
INPUT PORT B: Uik e iy i x b
SET OR RESET DAV: L fag 0 6 e 0 g
mask aLeuToac [0 o 0 0 o 1 0 o]

LISTENER
(MICROCOMPUTER ON RIGHT IN FIG 1)

8255 CONTROLREGISTER: | 1 0 0 1 0 o0 1 0|

OUTPUT PORT C: b 0 ¢ 8k ok ox |
INPUT PORT B: bR 0 1 ko]
SET OR RESET NDAC: ETI s e
MASK ALL BUT DAV: e @ o0 ¢ 60 1]

Fig 5 Definitions of registers, ports, and mask bytes.
Data flow is from left to right in Fig 1. Corresponding
software listings are given in Fig 4

TALKER
(MICROCOMPUTER ON RIGHT IN FIG 1)

8255 CONTROL REGISTER: [ 1 0 0 0 0 0 1 0|

L i 1

OUTPUT PORT C: [x|x'.x‘x‘xlmlelx’|
INPUT PORT B: bd s % & & 1 & WA
SET OR RESET DAV: Lede 64 v on 1 11
MASK ALL BUT NDAC: Pog 0 &0 0 ¢ 9 1l

LISTENER
(MICROCOMPUTER ON LEFT IN FIG 1)

8255 CONTROL REGISTER: |1 "0 - 0 4 0 =0 1* d

ba 1 8 ier oy e

OUTPUT PORT C:

INPUT PORT B: bx % & & & 08 g x|
SETORRESETNDAG: | S |
MASK ALL BUT DAV: [id o BBt o0 o |

Fig 6 Definitions of registers, ports, and mask bytes.
Data flow is from right to left in Fig 1 (talker and listener
have been interchanged)

9.53 ms delay in the listener, 617.2 ms, or 9.64 ms/
byte, were required to accomplish the same data
transfer. A 9.50 ms delay in the talker, but no delay
in the listener, resulted in an overall time of 629.6 ms,

or 9.84 ms/byte. Finally, when 9.50 ms and 9.53 ms
delays were present in the talker and listener, respec-
tively, the rate of data transfer was 9.79 ms/byte.
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Please rate the value of this article to you by
circling the appropriate number in the ‘‘Editorial
Score Card’’ on the Inquiry Card.

High 722

Average 723 Low 724
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A great deal
in graphics
just got a great
deal better.

As an OEM, you need more than product.
You need components that are easy to in-
tegrate, service and support. And maximum
reliability.

At IMLAC, you'll get all of that in support
of your users plus high-quality graphics.

Good Things Come In Small Packages

Our DYNAGRAPHIC™ terminals have
helped OEMs worldwide develop many inter-
active CAD/CAM systems. These bright,
high-resolution terminals were “a great deal
in graphics” thanks to their low price and
easy-to-use software.

Now, IMLAC has made a great deal better.
The new DYNAGRAPHIC Series Il terminal is
a compact, self-contained unit that goes
anywhere your users need it. It has all the
features of previous DYNAGRAPHIC
terminals—plus higher performance and
aggressive OEM pricing.

And There’s A Great Deal More

The new Series Il terminals contain only
five major boards, for easy servicing. Proven
DYNAGRAPHIC software cuts your develop-
ment time to a minimum. And Series I
terminals are manufactured by our parent
company, Hazeltine, for easy availability.

To show you how easy it is to integrate
the Series Il terminal into your system,
development systems are available to
selected OEMs at prices as low as $8,840.
That’s a great deal better than you'll find
elsewhere.

IMLAC Corporation, 150 A Street

Needham, Massachusetts 02194

Call Toll Free: 800-225-8703 (Ext. 8840)
(In Massachusetts: 617 449-4600 (Ext. 8840)

IMLAC

AHazeltine Company
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Modular system combines
pcomputer, printer,
display, and keyboard

Modular

board level
system. AIM 65/40, advanced version of
AIM 65 microcomputer, is available from
Rockwell International as complete system
or as individual computer and intelligent
peripheral modules

microcomputer

A modular board level microcomputer
system for industrial and scientific ap-
plications, AIM 65/40 is available as a
complete system or as individual com-
puter and intelligent peripheral modules
from Rockwell International, Electronic
Devices Div, 3310 Miraloma Ave,
Anaheim, CA 92803. The system, an ad-
vanced version of the company’s AIM 65
microcomputer (see Computer Design,
Dec 1978, p 136), is composed of four
modules: an Ré6502 based single-board
computer with onboard expansion to
65k bytes of memory, a printer with full
graphic 280 x N-dot matrix and
40-column alphanumeric display, and a
full Asci1 keyboard with user assignable
function keys.

The Series 1000 single-board computer
module features system address expan-
sion up to 131k bytes, with 65k bytes of
onboard memory, up to 48k bytes of
RAM, and up to 32k bytes of ROM or
EPROM. Extensive 1/0 capability pro-
vides an RS-232-C asynchronous com-
munications interface channel with pro-
grammable data rates of up to 19,200
baud for terminals or modems, plus a
20-mA current loop TTY interface, dual
audio cassette interfaces, two user
definable 8-bit parallel ports with hand-
shake control, and an 8-bit serial shift
register. Three additional directly pro-
grammable 8-bit parallel ports are pro-
vided by the module interface to
keyboards, displays, and printer
modules. The printer connector is com-
patible with the Centronics parallel in-
terface. Six-level priority interrupt logic
and six 16-bit multimode timers are also
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included. ROM resident software pro-
vides 170 drivers for the intelligent
peripherals.

A buffered system bus accommodates
offboard expansion using the company’s
RM65 microcomputer modules that in-
clude intelligent peripheral controllers of
5.25 or 8" (13.34- or 20-cm) floppy discs,
CRT monitors, and the IEEE-488 in-
strumentation bus. Serial and parallel
communications interfaces and a selec-
tion of RAM, ROM, and P/ROM memory
options providing up to 128k bytes of
memory expansion are also offered.

Model 0600 graphics printer module,
consisting of an intelligent micro-
processor controller integrated with the
printer mechanism, operates in two
modes. Character mode operation prints
upper- and lowercase ASCII characters,
mathematical symbols, and a semi-
graphic character font formatted as 40
char/line at 240 lines/min. Full graphics
mode outputs any data pattern desired
as a 280 x N-dot matrix. This freestand-
ing peripheral includes microprocessor
controller, user changeable character
generator ROM, thermal head drivers,
motor control, and parallel handshake
ASCII interface.

A standalone alphanumeric display
module, model 0400 features a vacuum
fluorescent 40-character alphanumeric
display, and operates from a single 5-V
power source. It includes a micro-
processor controller for display of
alphanumeric, special, and limited
graphic characters, parallel handshake
Ascll interface, and support circuitry.
Special control commands permit
variable display timing, cursor control,
auto-scroll, and character blinking.

The keyboard module, model 0200,
provides a terminal style alphanumeric
and special character keyboard matrix
with 64 keys, including locking ALL
CAPS, control, and eight user definable
function keys. ATTN, RESET, and PAPER
FEED keys have dedicated lines to the in-
terface connector.

All four modules are integrated into a
complete microcomputer system in the
series 5000. It incorporates ROM resident
monitor software that controls the
system with single keystroke, self-
prompting commands, and supports
software development with assembler,
debug, and control commands. A multi-
file text editor supports both line and
screen editing functions. Optional
languages include a fully symbolic R6500
assembler and BASIC. Forth, Pascal, and
PL/65 software packages are in
development.

Circle 461 on Inquiry Card

Alternate source pact
for M68000 family
is arranged

Signetics/Philips, 811 E Arques Ave,
Sunnyvale, CA 94086, has elected to
alternate source the M68000 micro-
processor family of Motorola Semicon-
ductor Produts, Inc, Phoenix, Ariz; the
agreement covers circuits, hardware,
software, and support tools.
Signetics/Philips will produce pin for
pin compatible M68000 family products as
well as develop new products that will be
manufactured by the participants.

At least three Signetics peripheral data
communication chip designs will be
added to the line. Both companies will
produce software including operating
systems, language processors, and ap-
plication packages, as well as develop-
ment system tools. During the next two
years, 12 or more additions to the line
are anticipated.

Circle 462 on Inquiry Card

Modular STD BUS
pcomputer runs CP/M
operating system

Designed for the Mostek/Prolog STD
BUS, the modular XxM800 computer runs
CP/M and combines a 16-slot card cage
plus terminated motherboard, power
supply, and dual 8” (20-cm) floppy disc
drives in a single metal enclosure. The
system, manufactured by Xitex Corp,
9861 Chartwell Dr, Dallas, TX 75243,
can be configured to specific applica-
tions using a wide range of peripheral
and 170 cards from over 35 manufac-
turers.

The system is normally supplied with a
S-output linear power supply, but is also
available with a switching power supply,
including VDE0875 approved rf filtering.
For worldwide use, the computer is
capable of both 120/240-Vac, 50/60-Hz
operation. Double Eurocard and
Multibus versions will be offered this
year.

Circle 463 on Inquiry Card
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“Quantum fully intends to be the leader
in 8-inch Winchester drives by 1982

—Jim Patterson, President Quantum Corporation

We have the very best people.
People whose impressive cre-
dentials inspired a level of finan-
cial backing seldom seen in a
company so young. A manage-
ment team with 110 years’ ex-
perience and 20 patents in com-
puter peripherals. The same peo-
ple who developed the first gen-
eration of low-cost Winchester
drives. And the second. People
who have demonstrated the abil-
ity not only to design a superior
drive, but to produce it. In high

volume. At low-cost. So you can
count on reliable delivery of high-
quality drives . . . always at a
competitive price!

The very best drives.

Our Q2000 series of 10, 20, 30
and 40-megabyte drives gives
you up to four times the capacity
of the current industry-standard
Shugart SA1000, at a lower cost-
per-megabyte. And all four are

compatible with the SA1000 and
with standard 8-inch floppy disk
drives.

Major OEMs have already given
the Q2000 series their highest
vote of confidence: orders. To
stay competitive in today's ex-
ploding market for low-cost com-
puter systems, you need to know
about Quantum 8-inch Winches-
ter drives now.

For details, call Bob Teal, Quantum
Corporation, 2150 Bering Drive,
San Jose, CA 95131, phone
(408) 262-1100.

QunnTum Driving down the cost of quality.
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LSI-11 packaged system
runs DEC software
without modification

LSI-11/23 packaged system. XL2300,
from Xylogics, Inc, emulates Digital Equip-
ment Corp hardware, allowing standard
DEC operating systems and application
packages for DEC to run without modi-
fication

An LSI-11/23 based system from Xylogics,
Inc, 42 Third Ave, Burlington, MA
01803, xr2300 integrates Digital Equip-
ment Corp’s microprocessor, memory,
and communications ports with the
company’s Winchester disc and tape
cartridge subsystems into a compact
tabletop or rackmount cabinet. The OEM
package provides high performance and
reliability, and emulates DEC hardware;
standard DEC operating systems and ap-
plication packages for DEC run without
modification.

Included in the system are a 96k- to
256k-byte DEC RAM; a 24M-byte, 8"
(20-cm) Winchester disc subsystem with
full RLO2 emulation; and a 17M-byte 3M
DC 300XL tape cartridge subsystem with
full TU-10 emulation and full error check-
ing for high speed file structured storage
and backup. Up to eight DL-11 RS-232
communications ports, a 12-slot
backplane that is structurally identical to
DEC’s Q-bus, power supply, ventilation,
diagnostics, and all cables required for
operation are also provided.

The system runs all DEC operating
systems, including RT-11, RSX-11M, and
RSTS/E; DEC compatible applications
software and diagnostics will run
without modification. The system also
supports third party software not
previously available on LsI-11, including
TAPS, WORD-11, UNIX, and others. A
built-in operator-initiated reliability test
is executed when the system is powered
on or booted.

A high performance 8" (20-cm) Win-
chester disc drive offers 20.8M bytes of
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storage. The disc subsystem provides for
full emulation of a DEC RLV11 with four
RLO1 disc drives or an RLV21 with two
RLO2 disc drives.

The tape subsystem uses a 3M DC 300
compatible tape cartridge drive with full
emulation of a DEC TM11/TU10. The start-
stop tape drive allows either file or
volume copies, with full data error
checking, using read-after-write and CRC
techniques. Cartridge capacity is 17M
bytes.

Up to eight RS-232 asynchronous com-
munication ports that can be strapped to
run at 110 to 9600 baud are available.
Any DEC or equivalent communications
peripheral supported by the operating
system can be attached.

Circle 464 on Inquiry Card

Add-in memory allows
pcomputers to produce
graphic images on CRT

Packaged in a dual-height module that
plugs directly into the Q-bus, model
vCG-Q, from Peritek Corp, Computer
Technology Div, 3014 Lakeshore Ave,
Oakland, CA 94610, is a direct access
color graphics add-in memory for
Digital Equipment Corp’s LSI-11/2 and
/23 16-bit microcomputers. The module
contains all the hardware necessary to
connect these computers to a standard
color or monochrome CRT monitor and
produce a color or gray-scale graphic
image.

Image format can be 512 x 512 x 4 or
512 x 640 x 3. Up to 16 of 4096 different
colors or gray-scale levels can be
displayed concurrently. Scan is inter-
laced, and vertical frame rate is pro-
grammable for 50- or 60-Hz operation.
The graphic image can be initialized or
cleared without processor attention.

Frame buffer memory is accessed by
the cpu in two different ways. The
image can be accessed, one raster line at
a time, through data registers located in
the 170 page. A control register deter-
mines which of the 512 lines is currently
being accessed. Alternately, the ex-
tended addressing capability of the
LSI-11/23 can be utilized to address the
entire frame buffer directly as 64k words
of memory. This method allows for
rapid transfer of image data between the
add-in memory and disc. Both methods
allow multiple pixels to be read or writ-
ten with a single memory reference, for
efficient pattern filling, character
generation, and other operations that re-
quire accessing adjacent pixels.

Incorporated in the design of the unit,
22-bit addressing allows the user to take
advantage of the LsI-11/23’s capabilities,
while maintaining compatibility with
other LSI-11 processors. The board’s
memory section can be set to any
64k-word boundary within the 22-bit
space. A ‘‘unit select”’ feature allows ac-
cess to multiple frame buffers sharing
the same address space.

For first time users, a package of
maintenance and utility software is in-
cluded. Applications software available
separately includes CSP-1, an entry-level
color graphics subroutine package that
provides joint and vector plotting, soft-
ware generated graphics cursor and
character output, erase capability, and
readback of image data. A more ad-
vanced package, CSP-1I includes CSP-1
functions, plus circle, arc, and rectangle
generation, pattern fill, selective erase,
and other advanced graphic functions.
Circle 465 on Inquiry Card

Memory mapped board
provides video display
system for S-100 computers

vB3 memory mapped board provides a
flexible video display system for s-100 bus
computers. The 48-line x 80-character
display features upper- and lowercase
characters with true descenders. The
board is available from SSM Microcom-
puter Products, Inc, 2190 Paragon Dr,
San Jose, CA 95131.

In addition to the video RAM, the
board features a second RAM block that
contains attribute bytes allowing any
character to appear as a standard
alphanumeric upper/lowercase font or
user-programmed font, in low intensity,
reverse video, as well as added print
functions such as underscore, strike-
through, thin line, or dot graphics. Since
the board is memory mapped, its banked
switching occupies memory only when
activated. The board generates both
U.S. and European TV rates and in-
cludes a keyboard input.

Software for the board includes a
CP/M compatible driver routine and a
terminal simulator routine. Software
controlled options include timing, top
and bottom margins, horizontal posi-
tion, inverted video, (2 x 4) graphic
character, one level of gray, blinking
character, underline, blank out, and cur-
sor. A 24-line x 80-character version of
the board is also available.

Circle 466 on Inquiry Card
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Not every job needs Viking quality
But when you need it y0§ (rlleedt)llt.

VIKING

CONNECTORS

21007 Nordhoff Street| Chatsworth, CA 91311, U.S.A.
(213) 341-4330 | TWX 910-494-2094
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Multi-user system offers
complete hardware/software
development facilities

Multi-AMPL systems for microprocessor
prototyping and development allow a
team of designers to utilize a single com-
puter for hardware and software
development, eliminating the need for a
cpuU and software for each user. Three
versions, TMAM9010, TMAM9020, and
TMAM9040, available from Texas In-
struments Inc, PO Box 202129, Dallas,
TX 75220, provide a full set of hardware
and software development facilities for
the company’s 9900 family 16-bit
microprocessors and TM990 series
microcomputer modules.

Each standard system provides com-
plete concurrent multitask operation, in-
cluding compile, assemble, debug, and
edit and print, plus multiple processor
emulation, and contains CPU; a dual
hard disc drive unit; one to four
1920-character, 12" (30-cm) diagonal
video display terminals (VDTs) with
keyboard; and software. Users can be
remote from the host computer and
from each other. Added to the standard
system, one to four AMPL stations ac-
commodate simultaneous processor
emulation and logic state trace
analyzers. A high level debug and test
procedure language, using integer and
Boolean mathematics, speeds proto-
typing and debugging.

TMAM9010, a basic system, includes a
256k-byte cpu; 9.4M-byte dual disc
drive (4.7M-byte removable); video
display with keyboard; multi-AMPLUS in-
teractive disc system software; AMPL
debug high level language; interactive
screen editor; 9900 family macro-
assembler; link editor and P/ROM pro-
gramming utilities; diagnostic software;
and an enclosure for cpu, disc drive,
power supply chassis, and cables. It
allows two users to assemble, edit, and
compile optional high level languages, or
run one AMPL debug without perfor-
mance degradation. Since the system
supports disc overlays into dynamic
memory regions, more tasks can be run-
ning, with the system controlling the
most favorable turnaround. Optional
expansion is built into the hardware for
adding another 9.4M-byte drive, AMPL
station, and VDT.

A basic system enhanced with a sec-
ond 9.4M-byte disc storage unit on a
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pedestal cabinet, TMAM9020 provides two
vDTs and two keyboards, and accepts
two to four users. It handles two com-
piler tasks or two AMPL station debug
sessions in parallel with two assembly,
editor, or other system utilities.

With four vDTs and four keyboards,
TMAM9040 accommodates four to eight
users. Its main memory contains 320k
bytes; two 44.7M-byte formatted disc
units meet mass storage requirements. In
addition to emulation and high level
language options, the system has expan-
sion options for a variety of needs, in-
cluding Pascal and FORTRAN high level
language, one or two line printers, and
up to four AMPL stations.

The AMPL language controls the
emulation of target applications, setting
breakpoints, defining data or address
comparison events, data and address
trace, direct target system 1/0, and
memory manipulation. Constructs in-
cluded are capable of repetitive se-
quences and decision making. The AMPL
emulator exercises the target application
without programming the code into
ROM. Emulation kits contain emulator
memory that is separate from the main
memory, allowing the code to execute,
without target system memory, at full
specified frequency.

Options for the totally interactive
system include Pascal or FORTRAN, a
logic analyzer kit, emulator expansion
memory, a P/ROM programmer Kkit, line
printers, and the company’s component
software. The systems will also handle
additional options to provide speech
synthesis verification and perform ad-
vanced emulation techniques.

Circle 467 on Inquiry Card

8-bit STD BUS ucomputer
offered on a 4.5 x 7" card

A STD BUS compatible microcomputer,
MCPU-800 combines a 4-MHz z80A CPU,
32k bytes of ROM, 64k bytes of RAM,
memory mapping, 24 parallel 1/0 lines, a
fully programmable serial port, and 170
port expansion on a single 4.5 x 7.0"
(11.4- x 17.8-cm) board. Offered by
Miller Technology, 16930 Sheldon Rd,
Los Gatos, CA 95030, the microcom-
puter is supported by a number of soft-
ware packages for various applications.

Four sockets are provided for 8k to
32k bytes of EPROM or ROM. 24-pin 2k,
4k, and 8k ROMs and EPROMs are accom-
modated with onboard jumpers. Up to
64k bytes of dynamic RAM can be used

on the board. Sockets available will ac-
cept triple-supply 4116, or single-supply
4516, 4132, and 4164 type RAMS. A memory
map port allows use of both ROM and
RAM in the same address space. The
standard bipolar P/ROM provides 32
memory map modes. Other modes can
be used by inserting alternate bipolar
p/ROMs. Offboard memory can be ex-
tended to more than 2.5M bytes.

Serial interface ports provide com-
plete software control of the serial inter-
face characteristics. 5- to 8-bit
characters; even, odd, or no parity bit
generation and detection; 1, 1.5, or 2
stop bit generation; and bit rates from
30 to 56k baud are software program-
mable. Eight 1/0 bits are associated with
the serial interface to fully control either
terminals or modems. The serial 170 in-
terface signals are available on a 14-pin
connector compatible with ribbon cable.

An 8255A parallel interface provides 24
170 lines. Three basic modes of opera-
tion are software selectable: the first
mode allows data to be written to or
read from one of the three 8-bit ports,
the second allows the transfer of data
through two 8-bit ports using handshak-
ing signals, and the third supports a
bidirectional 8-bit bus port with hand-
shaking. All 1/0 bits are available on a
26-pin connector compatible with rib-
bon cable.

Boards with 4116 type RAM require 5,
—5, and 12 V. When populated with
4516, 4132, OT 4164 type RAMS, the board re-
quires only 5 V. The card edge connector
is the STD bus compatible 56 pins on
0.125” (0.318-cm) centers. Operating
temperature range is 0 to 55 °C.

Several software packages on ROM are
available for software support. A
monitor allows the user to dump or enter
data into memory, set breakpoints,
change the contents of the CPU registers,
download programs from another com-
puter, control 170 lines, and begin execu-
tion at any address. The user can also
search memory for any 1- to 3-byte oc-
currence, perform memory tests, and
change memory map modes.

An integer-only BASIC is available for
control oriented applications. In addi-
tion to standard BASIC functions,
memory locations can be examined or
modified, 170 ports written to or read
from, and calls to machine languages are
also supported. Up to 24k bytes of BASIC
statements can be placed in ROM. A high
level 8k-byte BASIC is also available, that
adds floating point arithmetic, string
manipulation, matrices, and DATA
statements.

Circle 468 on Inquiry Card
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Compare the ROLM MSE/800

The First General Purpose 32-Bit Military Computer

~ Maximum

Mil-Spec
- Compliance

Processors

MIL-E-5400
MIL-E-16400
MIL-E-4158

4.3
Billion
Bytes

4.3

MSE/800

16 KB System
1200 KOPS 1 KB Instruction

18.2 MB/Sec.

VAX*11/780 None %illion 32 8 MB 50.0ft.* 13.3 MB/Sec. 1120 KOPS 8 KB System
ytes
MIL-E-5400
11/70M MIL-E-16400 | 128 KB 16 4MB 3.5#.° 5.8 MB/Sec. 600 KOPS 2 KB System
| MIL-E-4158
4 MB/Sec.
LW Ol MIL-E-16400 1MB 32 1 MB 2791t° per IOC 250 KOPS (Est.) None
310C’s Max.

#1 in Price/Performance based on advanced architectural
concepts like 3 cache memories, pipelining, and instruction look
ahead.

#1 in software support for real-time applications and pro-
gram development. Higher order languages include FORTRAN
77, PL/1, BASIC and COBOL ... with advanced packages like
X .25, Data Base Management, File Management System and
Transaction Processing Monitor.

#1 in software compatibility. The MSE/800 is fully soft-
ware compatible with ROLM's 16-bit Mil-Spec ECLIPSE systems
and Data General’s 16 and 32-bit ECLIPSE® computers.

#1 in system support with a full line of interfaces and pe-
ripherals including ROLM’s new Model 4051 Subsystem—a full
militarized 36 MB, 8-inch Winchester disk.

ROLM is aregistered trademark of ROLM Corporation.

ECLIPSE is a registered trademark of Data General Corporation.
« VAX is a trademark of Digital Equipment Corporation.

#1 in reliability and maintainability with a built-in SNIFF-
ER that checks and corrects random memory errors, sophisti-
cated BITE capability, self diagnostics, and a minimum of LRU’s.

The MSE/800 brings the next generation of computer tech-
nology to the military mar