


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 300M B storage module drive 
(SM D) controllers. 

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

PDP®-1 J 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 

day . If you don't see the controller you 
need, we're probably working on it 
right now. Call us and discuss your 
requirements. 
l>FC. I '\ l- 11 and Pl>P are regl\lered trademark!> or 
D1g11al F4u1pment Coqmra11on 

laBtm-*I 
Princeton Road 

Cranbury. New Jersey 08512 
Tel: 609-799-0071 TWX: 510-685-2542 

DATA RAM 
CONTROLLER 

T03 T04 T34 C03 C33 S03/ A S03/B S03/C S33/ A S33/B S33/C 

Magnetic Tape Controller Cartridge Disk SMD Controller 
Controller 

MINI 

COMPATIBILITY TMll/TUIO RK05 RMOl RK07 RP06 RMOl RK07 RP06 
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Energy 
Auditors. 

Utility companies 
increase audit efficiency 
with Tl's 74 5 and 765 .. 

A number of utili
ties, using energy 
services com
panies, are finding 
Tl's Silent 700* 
Models 745 and 765 Portable Data 
Terminals a cost-efficient means for 
improving energy audit productivity. 

Tl's Portable Data Terminals 
allow utility representatives to 
effectively perform complex on-site 
audits by accurately and quickly 
collecting audit information via 
prompts from the data 
terminal. Energy data 
can be corrected, up
dated and verified dur
ing the audit, either on
line with the Model 745 
or off-line with the 
Model 765. 

The Model 745 al
lows representatives to 
access the full capabilities of the 
host computer with its interactive 
communication features for reliable, 
responsive results. With the Model 
765, utility auditors can speed up 
the audit process using the data 
terminal's editing feature, built-in 
bubble memory data storage, and 

Data Entry Vali
dation Option capabilities. 

Once the data has been col
lected, these Portable Data Termi
nals can calculate the various energy 
parameters, and supply customers 
with a required hardcopy printout 
of the results and suggestions for 
energy-saving improvements. Ad
ditional on-site reports can be gen
erated for customers that request 
recalculated summaries utilizing 
varied energy rating factors. 

Both the Model 745 and the 
Model 765 offer virtually silent 
30 characters-per-second ther
mal printing, an easy-to-use 
typewriter-like keyboard, and a 
built-in acoustic coupler for trans
mission to the host computer. 
These, and other features on the 
Models 745 and 765 can eliminate 
handling and postage costs as well 
as time delays incurred with other 
audit methods, and reduces com
munications costs and time. 

TI is dedi
cated to pro
ducing quality, 

innovative 
products like the 

Models 745 and 765 Portable Data 
Terminals. And, Tl's hundreds of 
thousands of data terminals shipped 
worldwide are backed by the technol
ogy and reliability that come from 
50 years of experience. 

Supporting Tl's data terminals 
is the technical expertise of our 
worldwide organization of factory
trained sales and service represen
tatives, and TI-CAREt, our nation
wide automated service dispatching 
and field service management infor
mation system. 

For more information on Tl's 
Model 745 and Model 765 Portable 
Data Terminals, contact the TI 
sales office nearest you, or write 
Texas Instruments Incorporated, 
P.O. Box 1444, M/S 7884, Hous
ton, Texas 77001, or phone 

~----. 

(713) 373-1050. Jn Fifty Years 
of Europe, write Texas Innovauon 

Instruments, MIS 74, ~0 
B. P. 5, Villeneuve- U( 
Loubet, 06270, France. ~-~ 

•Trademark of Texas Instruments +ser vice Mark of Texas In struments Copyr ight © 1980, Texas In struments Incorporated 
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THEDSD440. 
TOTAL DEC® RX02 
COMPATIBILITY, 

AND MORE. 
The DSD 440 is the only alternative to the DEC RX02 that 's 

100% software, hardware and media compatible with 
LSl -11 , PDP®-11 and PDP-8 computers , including those 

with extended memory. It can be configured as an 
RX02 for DEC double density or IBM 3740 single 
density recording , or as an RX01 for backward oper-
ating system compatibility. 

MORE 
A 512-byte hardware bootstrap is built into all 

PDP-11 and LSl-11 interfaces. It loads system software 
automatically from either single or double density 

diskettes. Extensive self-testing is DIP-switch select
able with the " Hyperdiagnostics" that run without being 

connected to a computer. The low profile 5114-inch DSD 440 
features write protection and diskette formatting . 

FASTER 
The optimized DSD 440 microcode increases system throughput 

when using the RT-11 foreground/background monitor. In partic
ular, the DSD 440 with an LSl -11 runs fill and empty buffer opera

tions 20% faster than an RX02. 

FOR LESS 
The DSD 440 is the RX02 compat

ible flexible disk system that combines 
high performance and advanced fea

tures with fast delivery . .. at a lower price . 
For further information , call or write Data 

Systems Design today. A data sheet and 
price list will be forwarded to you 
immediately. 
®Trademark of Digital Equipment Corporation 

EASTERN REGION SALES 
Data Systems Design, Inc. 

51 Morgan Drive, Norwood , MA 02026 
Tel : (617) 769-7620 TWX: 710-336-0120 

WESTERN REGION SALES 
Data Systems Design , Inc. 

2560 Mission College Blvd .. Su ite 108 
Santa Clara, CA 95051 Tel : (408) 727-3163 

CORPORATE HEADQUARTERS: Data Systems Design, 3130 Coronado Drive , Santa Clara, CA 95051 
Tel: (408) 727-9353 TWX: 910-338-0249 
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Megatek Corp .' s Whizzard 7290 dual-output 
graphics system operates with both vector 
refresh and color raster work stat ions. Seep. 
105. Photo by Frank Lee , courtesy of Mega
tek Corp. 
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Page142 Avoiding Pa scal 's pitfalls 

I <PI wsPA ~AeP 
MIN l·MICRO SYSTEMS (USPS 059·4 70) IS published monthly 
by Cahners Publishing Company, 01v1s1on of Reed Holdings, 
Inc , 22t Columbus Avenue . Boston, MA 021 t6 Norman L 
Cahners. Chairman . Saul Goldwe1tz. President. William M 
Platt . President. Boston Dlv1s1on Controlled Circulation paid 
at Long Prame. MN 56347 Postmaster Send Form 3579 to 
MIN l·MICRO SYSTEMS, 270 St Paul St , Denver, CO 80206 
MIN l·MICRO SYSTEMS 1s circulated without charge by name 
and ti tle to US based corporate and technical managemen t. 
systems engmeers. and other personnel who meet 
qual1flca t1on procedures Available to others at the rate of 
$30 00 per year - US .. $35 00 - Canada, $65 00 - all 
other countries (12 issues) Single issues $3 00- U S , $4 00 
- Canada. $6 00 al! other countries 

1980 by Cahners Publishing Company, D1v1s1on of Reed 
Holdings. Inc All rights reserved 

U .l.IU.LU1ran CVC::.T~MS:./noromho,- 1Q.AO 

FEATURES 

68 SPECIAL REPORT: GRAPHIC DISPLAY SYSTEMS 

71 SURVEYING INTERACTIVE GRAPHIC SYSTEMS . as prices 
drop, the systems are finding new buyers, applications. 

95 RASTER VS. STORAGE TU BE an exponent of raster-scan 
technology argues that the DVST has a challenge in cost. 

105 ARCHITECTURE FOR COMBINED VECTOR/RASTER GRAPHICS 
an alternative to choosing one or the other is to pick both. 

116 A CLOSE LOOK AT IBM'S COLOR GRAPHICS OFFERINGS . 
the 3279 and 3287 are educating users to the world of EDP. 

130 SELECTING HARD-COPY DEVICES terminals are important, 
but so are many other products and technologies. 

137 LANGUAGE AIDS IN COMPUTER DESIGNING 
combining PDAIPA TRAN, 30 color graphics and VAX-111780 . 

142 AVOIDING PASCAL 'S PITFALLS . all versions of Pascal are not 
created equal; not even the proposed standard will change that. 

152 EVALUATING THE 16-BITCHIPS acomparisonofthe8086, 
Z8000 and 68000 reveals their strengths and weaknesses. 

MINI-MICRO WORLD 

13 DEC FLESHES OUT ITS VAX LINE strengthening its supermini 
hand with the VAX-111750, a scaled-down version of the 780. 

14 IBM ENHANCES DISPLAYWRITER BEFORE DELIVERIES BEGIN 
adding math capability and international spelling dictionary. 

15 Cl70 DEVELOPMENT SYSTEM EXECUTES C LANGUAGE, UNIX . 
faster than other systems in its price class. 

17 WINCHESTER DRIVE CAPACITIES WILL DOUBLE EVERY 3 YEARS . 
soon drives with densities of 15,000 bpi will be common. 

23 ANOVA CORP.' s NEW EMULATOR RUNS ON INTEL MULTIBUS . 
while remaining fully compatible with Nova software. 

26 DECISION DATA PIONEERS IN IBM-COMPATIBLE PERIPHERALS 
as it gears up to supply System/34 and 138 peripherals. 

45 TEKTRONIX GRAPHICS COPIER LOWERS COST, RAISES QUALITY 
making it appropriate for use with /ow-cost graphics terminals. 

49 PERTEC PRINTER UNDERCUTS DAISY WHEEL PRICES BY 50% 
by basing its product on a Triumph-Adler typewriter mechanism. 

DEPARTMENTS 
5 BREAKPOINTS 

20 MINIBITS 
38 BOX SCORE OF EARNINGS 
40 CALENDAR 
57 EDITORIAL 
62 LETTERS 

166 NEW PRODUCTS 

170 NEW SYSTEMS 
175 NEW HARDWARE 
187 NEW SOFTWARE 
189 NEW LITERATURE 
194 CLASSIFIED ADVERTISING 
197 CAREER OPPORTUN ITIES 
200 IN DEX TO ADVERTISERS 





lr1akp1in11 

CENTRONICS PRINTER FAMILY SET FOR NCC INTRODUCTION 

With its miniprinter troubles seemingly under control, Centronics Data Computer Corp. is 
turning its attention to its aging industrial printer line, the 700 series. Centronics president 
Michael Kaufman says the 700 series-the mainstay of the company's business-will be 
replaced eventually by a new matrix-impact printer family now under development at 
headquarters in Hudson, N.H. While refusing to discuss specifics, Kaufman says the as-yet
unnamed printer family will offer higher performance and more versatile forms-handling 
than the present line. "Our aim is to allow a user to slip any form into the printer, with no 
further setup required," Kaufman says. Industry sources speculate that the first member of 
the new printer family will be a replacement for Centronics' model 703 132-column, 180-cps 
printer. One source expects the new printer to offer similar performance, but at a 
substantially lower price-$1500 to $1800 compared to $2100 to $2300 for the 703. The 
source also speculates that the new printer may contain a friction-feed mechanism, instead of 
a tractor feed, to allow the use of pre-cut forms. The new printer family, Kaufman says, will 
first be shown in April at the Hanover Fair in West Germany, and will be introduced to U.S. 
customers a month later at the National Computer Conference in Chicago. 

Meanwhile, Kaufman reports that the company's Quietwriter program is progressing, with 
soft-tooled versions of the innovative letter-quality printer slated to be delivered to major 
OEM customers in March for evaluation. 

JAPANESE COMPANY MIRRORS LIFEBOAT SOFTWARE 

A clone of Lifeboat Associates may have turned up in Japan. The company's CP/M 
operating system for Northstar computers and disk subsystems has surfaced in Japan under 
the label of Kohjinsha Company, Ltd. "It's almost as though we have a subsidiary in Japan," 
says Tony Gold, president of the New York publishing house for 1-1c software. "They're using 
our name and reputation to make sales in Japan." Gold claims he has copies of a reproduced 
product sporting his company's disk label, and copyrighted ads that appeared in Japanese 
magazines. Those ads use Lifeboat's name, Kohjinsha's name in parenthesis, the Lifeboat 
trademark logo and a list of other Lifeboat products. Gold says Kohjinsha translated Digital 
Research (the company that licenses that CP/M) documentation into Japanese. Additionally, 
the Japanese company sent letters to other Lifeboat software authors to inquire about 
licensing their products. Gold traced his copy of the product, via a program serial number, to 
a December, 1979, sale to an Anchorage, Alaska, company. No updates were incorporated into 
the software in that year. Gold says he has filed no protest letter, but he prefers "to bring 
public opinion to bear to stop the company.'' A Digital Research spokeswoman says the 
company did not know of Kohjinsha's activities, but Digital Research did not authorize the 
Japanese to sell the software. 

WANG PLANS IN-HOUSE DRIVE EFFORT, BROADBAND LINKS 

Look for upcoming "office-of-the-future" systems from Wang Laboratories to be linked via 
broadband (100-MHz) cable links. "The decision to go with broadband has already been 
made," reports one industry observer. "This will be Wang's answer to the baseband (10-MHz) 
Ethernet system announced by Xerox" (MMS, July, p. 17). Also planned for future Wang 
systems are high-end, 8-in. Winchester-disk drives built in-house. The Lowell, Mass., systems 
vendor is moving to create an R & D group to lay the foundation for a captive drive effort in 
the Boston area, says one industry source, with hardware at least three to five years away. 

SMALL WINCHESTERS GET DISK-CARTRIDGE BACKUP 

Backup for low-end Winchesters has taken another twist with the development of a 
controller that can interface Shugart Associates' lOM-byte SAlOOO 8-in. fixed-disk device to 
the Lynx 8-in. disk-cartridge drive announced recently by Data Peripherals, Sunnyvale, Calif. 
(MMS, October, p. 132). Called the DP 900, the controller could be available from Data 
Peripherals as early as next March, and will permit users to daisy-chain four Lynx drives, 
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SAlOOOs or Quantum Q2000 fixed Winchesters in any combination. Data Peripherals will sell 
the DP 900 in small quantities only, referring customers with large orders to the company 
that designed it, Data Technology Corp ., Santa Clara, Calif. 

NEW COMPANY WILL FOCUS ON 1/z-IN. TAPE-CARTRIDGE DRIVES 

Next year could be the year of the 112-in. IBM-compatible tape-cartridge drive for Winchester 
backup. Following close on the heels of Newell Research Corp ., Saratoga, Calif. (MMS, 
November, p . 6) , is a yet-to-be named Sunnyvale, Calif., start-up that intends to build both a 
high-speed, high-capacity cartridge and the drive to go with it . Look for a formal corporate 
unveiling as well as a product announcement sometime next quarter. 

R &: D FIRM SEEKS TO BOOST DISK DENSITIES 

Two engineers on partial leaves of absence from Dastek Corp ., Los Gatos, Calif., have set up 
an R &. D effort to develop the technology needed to boost the areal densities of disk drives 
incorporating thin-film read / write heads and oxide-coated Winchester-disk media. Called 
OMAC, the new venture is now operating in nearby Santa Clara and comprises Dastek co
founder and engineering chief Jim Money, servo expert Dick Oswald and some part-time help. 
Funding for the new venture has come from media vendor Dysan Corp ., Santa Clara, which 
has also supplied capital to Dastek . One source says the technology could result in a five-fold 
increase in the storage capacities of thin-film drives and could obviate the need for drive 
makers to move to thin-film media . What OMAC will do with the technology has not been 
determined, but that question could be answered by a mid-1981 announcement. 

FLORIDA DATA WILL OFFER WORD-PROCESSING PRINTER 

Florida Data Corp. will enter its bid in the high-quality dot-matrix printer market in April , 
with the first in a series of office systems printers geared for word-processor and small
business system users . The printer uses multiple passes of the print head to obtain the same 
quality as the Sanders Technology, Inc ., Media 12/ 7, says James Adkisson, president of the 
West Melbourne, Fla., company (MMS, November, p. 31) . The printer can operate at either of 
two speeds under control of an 8-bit µp : 600 cps with resolution as high as 120 dots per in. 
and more than 100 cps in a high-quality mode at 360 dpi. A virtually unlimited number of 
fonts and signatures can be loaded down-line ont9 diskette . Price is less than $2500 in OEM 
quantities of 100, and end-user price is $4000. That includes a patented triple-paper-path 
sheet feeder for automatic-, hand- and tractor-sheet-fed forms . 

WANG RACES IBM TO SHIP FIRST LOW-END WORD PROCESSOR 

With the introduction this month of its expected low-end word processor to rival IBM's 
Displaywriter, Wang Laboratories intends to be the first of the two companies to ship its 
product. Company spokesmen say the new Wangwriter is not yet installed at a user site, and 
they will not comment on whether there are orders. But industry observers say the product 
was available to large users at the end of November (MMS, October , p. 7) . IBM is scheduled to 
begin shipping the Displaywriter in January against a 42-week delivery schedule. Priced at 
$7500, the Wangwriter consists of Wang's standard " dumb" word-processing work station 
mounted on a pedestal, a detachable keyboard, a printer console that includes dual-density 
5 114-in. minidiskettes that hold 65 pages of information, a 20-cps daisy-wheel printer 
developed by the company, a Z80 µp and internal electronics . Communications include 2780, 
3870, 2741 and teletypewriter . Included are a glossary and merging functions , but no 
language dictionary . 

SPERRY-UNIVAC MINIS WILL DEBUT 

Look for Sperry-Univac's minicomputer operation, Irvine, Calif., to announce two additions 
to its line of V77 16-bit processors this month . The new machines , called the V77-500 and 
-700, will be field-upgradeable to the V77-800 high-end processor simply by switching CPU 
boards . The CPUs will hold 2M bytes of main memory . Shipments will begin in the first 
quarter of next year , but prices have not been set. 
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Express yourself with a Whizzard 
computer graphics system and take 
advantage of our technological inno
vations . You get system flexibility. 
Easy to use, ever-expanding software 
support. Installation , training and 
service world-wide. And an inside 
track on the future . 

We're earning our reputation 

in computer graphics . Count on us. 
For advanced hardware compatible 
software. And added value. 

Find out more about how 
Megatek can give you freedom 
of expression . Write for up-to
the-minute details on our 
complete line of computer graph
ics products . 

L\!' ::p \J. E.C. 
MEGATEK CORPORATION 
CIRCLE NO. 5 ON INQUIRY CARD 

Megatek Corporation , 3931 Sorrento 
Valley Blvd ., San Diego , CA 92121 . 
714/ 455-5590 . TWX 910-337-1270 
Megatek International/Europe, 11 
Woudstraat, 4031 JA lngen , The 
Netherlands , Telephone: 31 3443-
2800, Telex : -70619 



We have VAX, PDPl 1 and Q-Bus Memory 
boards available for immediate delivery 
from shelf stock. To see if we can deal on 
your terms. fill out the ticket and fire it off to 
us. Or. better yet. pick up the phone and ask 
to talk to one of our memory sales crew. 
Either way, we'll respond immediately. 

And, our involvement won't stop at competi
tive pricing and on-time deliveries. We'll 
back up our boards with the best warrantee 
program in the industry. 

Tell us how you want to deal. We'll do the 
rest. Call us at 408·734·4300 

TITLE----------------

COMPANY _____________ _ 

ADDRESS--------------~ 

PHONE ---------------

MEMORY REQUIRED -----------

EVALUATION UNIT REQUIRED BY -------

APPLICATION -------------

12-MONTH QTY REQUIRED ___ BEGINNING __ 

PRICE ----PRESENT SOURCE -----

D~Dlb 
SYSTEMS DIVISION 
Marketing Department 
1275 Hammerwood Avenue 
Sunnyvale. CA 94086 
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PDP·11® and LSl·11® 
TAPE and DISK CONTROLLERS 

-X-® 
EMULEX 

AUTHORIZED EMULEX DISTRIBUTOR 
First computer corporation, the 
world 's leading DEC computer system 
integrator now distributes the 
complete spectrum of EMULEX Tape 
and Disk controllers for the PDP-11 
and LSl-11 family of computers. 
HARDWARE / SOFTWARE 
TRANSPARENCY 
These microprogrammed, emulating 
Tape and Disk controllers are fully 
software transparent to both the 
PDP-11 hardware and software. The 
use of these controllers protects you 
from the impact of future versions of 
the operating system software. They 
are so compatible you can plug them 
into your system and be up and 
running the standard DEC diagnostics 
and operating systems in minutes. 

ADDED FEATURES 
These controllers provide you with 
added features such as automatic self
testing, onboard pack formatting, and 
programmable bandwidth control at 
no additional cost. 

® Registerea traaemark of Emulex corporatio n 
® Registerea t raaemark of Digital EQulpment corporat ion 

™ Trademark First computer corporation 

CE3 
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BROAD RANGE OF DEVICES SUPPORTED 
It makes no difference which of the 
DEC PDP-11 or LSl -11 family you are 
using or which type of storage device 
is required for your application. we 
can support 59 different drives from 
13 different manufacturers. 

HIGHEST QUALITY AND 
SUPER RELIABILITY 
You can be assured of the quality 
and reliability of these Tape and Disk 
controllers because First computer 
corporation specializes in PDP-11 
and LSl -11 computer systems, 
components, and peripherials. over 
the years our reputation was built 
on the quality and reliability of the 
products we sell. we continue to 
protect this reputation by selling 
only the very best. 

SUPER FAST SERVICE 
Because we are the largest system 
integrator specializing in PDP-11 
and LSl-11 systems, components, 
and peripherials, First computer 
corporation can satisfy most 
of your Tape and Disk Controller 
requirements directly from our stock. 

GUARANTEED SATISFACTION 
Your satisfaction is fully guaranteed 
by First computer corporation . 
we believe in every product we sell. 
If for any reason these rape and 
Disk controllers do not meet your 
expectations, simply return them 
freight prepaid and insured, within 
10 days of receipt and we will 
refund your money in full. First 
computer corporation backs each 
of these products with a full one 
year warranty. 
AUTHORIZED REPRESENTATIVES 
AND DEALERS 
Authorized EMULEX Sales 
Representatives earn full commissions 
for orders filled by First computer 
Corporation. Attractive Dealer 
discounts are available to all 
Authorized EMULEX Dealers. 
PRICE AND PERFORMANCE 
You pay no more for First computer 
corporation service. Write or 
call today for our free EMULEX 
Buyer's Guide. 

TM TWX NUMBER 910-651-1916 

computer corporation 
corporate square/ 825 north cass avenue/ westmont, illino1s 60559/ (312) 920·1050 
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Technological leadership. 

One board, one bus, one way 
environment for the '80s. 

With Motorola MC68000 VERSArnodules, a 
single board offers all the functional versatility of 
competitive 16-bit systems at a fraction of the cost. 

With VERSArnodules and the powerful VERSAbus™ 
interconnect. there's maximum utility, expand
ability, reliability and maintainability for a 
wide range of industrial, communication, lab auto
mation and general business applications in one 
optimized system. 

With the complete VERSArnodule family of circuit 
boards, system software, packaging and accessories 
the microcomputer system engineer can apply the 
power and versatility of the MC68000 MPU at a 
high level of system integration. 

With VERSArnodules, you're into the '80s and 
beyond. 

Most Powerful Microcomputer 
The VERSArnodule Monoboard Microcomputer 

flagships the VERSArnodule family. Combining 
an MC68000 MPU, full VERSAbus interface, 
multiprocessor capability, substantial ROM/ RAM, 
serial and parallel I/O and timer/ counter functions. 
it's easily the most powerful single-board micro
computer yet offered. For designs requiring up to 

128K bytes of ROM and RAM, plus two 
high-speed serial channels (up to 19.2K baud) 
and 40 lines of parallel I/O, this single board meets 
all system needs. Competitive approaches require 
two to four boards for the same capability, and, 
inevitably, more cost. 

Total Software Environment 
Many 16-bit applications. particularly in higher

performance, control-oriented areas, require a 
realtime, multitasking environment for efficient 
operation. By combining the ready-made RMS68KrM 
multitasking system software package with your 
VERSArnodule-based system, you can save the man
months of effort necessary to develop a system 
capable of managing resources efficiently in real 
time. Time and money saved can be used to apply 
your expertise to development of application 
programs. 



to a total, 16-bit system 
VERSAmodulesT~ 

New Generation Bus. 
Supporting a mixture of 8- to 32-bit MPU archi

tectures with high-speed transfer rates, VERSAbus 
offers a flexible, economical system bus ideal for 

' 

industrial automation, communications or general 
business applications. VERSAbus is incorporated 
in the VERSAmodule chassis/ card cage backplanes 
and willingly accomodates multiple processors. 
Designed-in ease-of-use for tomorrow's upgraded 
systems saves money by obviating major hardware 
and software redesign. 

Inherent Reliability/ 
Maintainability. 

VERSAmodule products support an unmatched 
level of system integrity. This includes reliability 
of the MC68000 with its advanced architectural 
features such as exception-processing and 
interrupt handling. These allow for graceful 
handling of common system problems such as bus 
error, illegal instruction, divide-by-zero, privilege 
violation, spurious interrupt, etc. This "soft-failure" 
capability alerts operating personnel and, in many 
cases, allows recovery before critical failure. 

Reliability ofVERSAbus-based systems is 
enhanced through power-fail detect and self-test 
features. AC-fail and power-down indication allow 
saving critical data in non-volatile memory through 
power outages. Self-test minimizes down-time by 
allowing manually-initiated self-test, when a 
problem is suspected, with failed boards indicated 
by on-board fault indication lights. 

Versatile Development Support. 
Unparalleled ease and efficiency in software 

development for VERSAmodules is yours through 
EXORmacs™ - a third generation 16/ 32-bit 
development system with state-of-the-art hardware 
architecture, advanced operating software and 
self-test capability. Pascal, FORTRAN and structured 
macro assembler allow choice of the language best 
suited to needs. A versatile, CRT-oriented text 
editor speeds up program preparation and modifi
cation. And a flexible linkage editor permits mode 
ular, top-down system development. 

Again, less design time, lower cost and an earlier 
product operation date for a better bottom-line 
result. 

Send for a new VERSAmodule 
brochure. Motorola 
Semiconductor Products, Inc., 
P.O. Box 20912, 
Phoenix, AZ 85036 or call 
(602) 244-5714. 

Take a big step into the 
'80s with Motorola 
VERSAmodules. 

Innovative systems 
through silicon. 

@MOTOROLA INC. 

·-----------------------73MMS12/80 I I TO: Motorola Semiconductor Products Inc .. P.O. Box 20912, Phoenix, AZ 85036. 

: Please send me information on VERSAmodules. : 
I Name I 
I Title I 
I Company I 
I Address I 
I I 
I City I 
I State ZIP I 

-----------------------· 
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The new smart terminal 
for savvy OEM's/systems houses. 
Introducing a new block mode, 
editing terminal from Perkin-Elmer 
- the 1245. A terminal smart 
enough to keep people from 
blowing your system. 

Your host computer downloads 
all the needed option and config
uration details to the 1245. There 
are no switches! All this greatly 

On site and/or de
pot maintenance 
services for all 
Perkin-Elmer ter
minals are avail
able through our 

n service force 
400 people lo

in 52cltles 
at-to-coast. 

reduces system upsets caused 
by operator-originated errors. 

Your host computer can enable 
just those groups of keys on the 
1245 that are required and lock out 
the rest, preventing operator errors. 

Besides its three self-test pro
grams, the 1245 can execute 
special OEM test programs 
downloaded into screen memory. 

One 1245 communication mode 
minimizes system response 
time and transmission costs 
by sending only "modified fields." 

Your customers will love the 
1245's exceptionally clear display 
with 9 x 12 resolution . Its tiltable, 
hooded, and etched tube gives 
unsurpassed glare rejection . It of
fers a full set of video attributes, 

32 line-drawing characters for 
business forms and a 25th status 
line. You can choose a detacha-
ble keyboard with either 12/24 or 
16/32 function keys and a light pen. 

We're a Fortune 500 company 
and a leading supplier of data 
communications terminals. Sales 
offices are located in Atlanta, 
Boston, Chicago, Los Angeles, 
New York, San Francisco, and 
throughout Europe. 

For more information on the 
1245 write: Perkin-Elmer, Termi
nals Division, Flanders, NJ 
07836. Or call toll free (800) 
631-2154. In NJ (201) 584-1400. 

PERKIN-ELMER 
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DEC fleshes out VAX line 
with 750, a scaled-down 780 

When Digital Equipment Corp. 
introduced the VAX-11/780 in 1977, 
industry observers felt the system 
might suffer in the market because 
it lacked software. Instead, the new 
supermini-DEC's first 32-bit ma
chine-proved successful beyond 
even its maker's expectations. DEC 
has sold 2000 of the $250,000 
systems in three years and now has 
a year's backlog on order. 
Meanwhile, the VAX's software 
repertoire-initially comprising 
only an operating system and 
FORTRAN-has grown to include 
five additional languages and 
network and data-management 
software. 

Now DEC has strengthened its 
supermini line still further, with the 
announcement of the VAX-11/750, a 
scaled-down version of the 780 
based on semi-custom integrated 
circuits, which offers 60 percent of 
the 780's performance at 40 percent 
of its price. In addition, DEC has 
introduced two other VAX-related 
products: 

• The RM80 14-in. Winchester
disk drive-a medium-capacity 
(124M-byte) unit claimed to have 
superior performance and reliability 
characteristics. For example, DEC 
claims that the RMBO's average 
access time-25 msec.-is faster 
than that of similar-sized disks. The 
new Winchester drive-the first to 
be developed and built by 
DEC-sells for $29,900 with control
ler, and will be available in January. 

• The Datasystem 700 series
the first DEC commercial systems to 
be based on v AX processors. The 
new systems-the most powerful in 
DEC's commercial arsenal-are 
based respectively on the VAX-11/ 

be available in April, 1981. The 780 
starts at $250,000 and will be 
available next month. 

But the product highlight remains 
the VAX-11/750 processor. The new 
machine has the same 32-bit 
architecture, 244-instruction set 
and 4.3G-byte address space as its 
780 predecessor. Yet it is one-third 
the earlier machine's physical size, 
and sells for 40 percent of the 780 
CPU price (about $120,000). 

The lower price does entail a per
formance penalty, however. The 750 
is only 60 percent as fast as the 780, 
and it has only one-fourth its real 
memory capacity-2M bytes versus 

BM bytes. Nevertheless, the 750 is 
a powerful machine in its own right, 
DEC officials point out. For example, 
they claim that the 750 is comparable 
in power to an IBM 4031-2-the 
smallest member of IBM's 4300 
series large-scale computers. 

Moreover, the 750 offers such 
power at an attractive price. For 
example, a bare-bones OEM configu
ration comprising a processor, 512K 
bytes of memory and a printing 
terminal sells for $47,000 in volume. 
System prices begin at $89,000 for a 
processor, 512K bytes of memory, a 
printing terminal, two 28K-byte 
disks and the v Ax/VMS operating 

750 and the 780. The 750 carries a Digital Equipment Corp. has strengthened its supermini hand 
$11O,000 starting price tag and will with the VAX-111750, a scaled-down version of the 780. 
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system. In contrast, the model 780 
carries a $100,000 to $500,000 price. 

Because of its substantially lower 
price, DEC president Kenneth H. 
Olsen expects the 750 to expand the 
company's markets to include users 
that it could not previously reach 
with the high-priced 780. "The 750 
will broaden the gateway into 
distributed computing for large 
numbers of new users," Olsen says. 
Moreover, he suggests that even 
smaller v AX systems will be 
forthcoming. For example, a 
single-board VAX, code-named 
Nebula, is reported to be waiting in 
the wings at DEC. 

Such sudden aggressiveness in 
the low-end of the 32-bit minicom
puter market could spell trouble for 
such competitors as Prime Comput
ers, Inc., Perkin-Elmer Data 
Systems and Systems Engineering 
Laboratories. These companies-all 
of which offer 32-bit machines in the 
$40,000 to $100,000 range-have 
not had to face the industry giant in 
the low end of the market until now. 

DEC attributes its ability to 
squeeze the VAX architecture into a 
drastically smaller and less costly 
machine to its use of a little-known 
but increasingly popular type of 
integrated circuit called the gate 
array. The device essentially is a 
form of semi-custom logic. It 
consists of a partially finished 
integrated circuit on which circuit 
elements, called gates, have been 
deposited in rows, but not yet 
connected to perform a particular 
function; that function is tailored in 
the final processing steps. Gate 
arrays offer the advantages of 
full-custom circuits-high density 
and low cost-while drastically 
reducing the time and cost to 
develop such a circuit from scratch. 

The VAX-11/750 contains 55 of 
these semi-custom circuits, which 
were developed at DEC's new 
semiconductor facility in Hudson, 
Mass., and together they comprise 
about 90 percent of the processor's 
logic. 
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Because the new chips do as much 
work as 25 of the standard TTL 

circuits used in the VAX-11/780, DEC 
was able to squeeze the new 
machine onto five boards instead of 
12, lowering manufacturing costs 
and power consumption while 
increasing reliability because of the 
reduced number of elements. 

But while DEC attributes the 750's 
attractive 40/60 price and perfor
mance ratio to a new circuit 
technology, industry sources sug
gest another contributing factor. 
They point out that DEC quietly 

raised prices on the model 780 by as 
much as 19 percent in October. One 
source speculates that the price 
adjustment was made because DEC 
had been pricing the 780 low to stay 
competitive with manufacturers 
such as Prime that were offering 
lower-priced machines. Now, with 
the 750, DEC has a competitive 
machine; hence, the price rise. 

Volume deliveries of the model 
750 are slated to begin in April, 
1981. Deliveries of 750 systems with 
the new RM80 disk drive will begin a 
month later. - Paul Kinnucan 

IBM enhances Displaywriter 
before deliveries begin 

Even though IBM has not yet 
shipped its recently introduced 
Displaywriter word-processing sys
tem (MMS, August , p. 35), the Office 
Products Division enhanced the 
product in October with two 
software packages that add a 
mathematics capability, more word
processing functions and an interna
tional spelling dictionary. There's 
also additional mass storage in the 
form of two diskette units. 

Adding features before a product 
is delivered may seem unusual, but 
some industry observers say the 
additions-especially the mathe
matics and word-processing func
tions-complete the initial Display
wri ter offering with features 
available on competitive word 
processors. 

The new programs, Textpack 3 
and Languagepack, are available 
under license on prerecorded 
diskettes. Textpack 3 includes 
automatic or manual global search 
of words in a document, merging 
files of standard and variable 
information, automatic rearrange
ment of columnar information and 
mathematics and statistics for the 

four basic mathematical functions. 
Languagepack extends the avail

able 50,000-word dictionary to 
include six foreign languages and 
forms of u.s. and U.K. English. 
Monthly license fees for Textpack 3 
and Languagepack are $25 and $15, 
respectively. Textpack 3 will be 
available in September, and 
Languagepack in May. 

To facilitate the new functions, 
two diskette units were added to 
triple information storage to 2 
million characters. The single-drive 
IBM 6360 model 20 is priced at 
$1700, while the dual-drive model 22 
sells for $3300. Deliveries will begin 
in June. Electronic storage was 
increased to 1 million characters 
with a new Diskette 20, a 
dual-sided, double-density diskette 
that is used in conjunction with the 
models 20 and 22. A Displaywriter 
incorporating the hardware and 
software enhancements sells for 
$11,490, plus $40 a month for both 
licensed programs. 

When asked why IBM did not offer 
mathematics, globals and file 
merges initially, an IBM spokesman 
would say only that the company is 
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demonstrating its commitment to 
expanding systems for customers' 
needs. 

However, the reasons for the 
introduction appear to be two-fold, 
says Amy Wohl, principal at 
Advanced Office Concepts Corp., a 
Bala Cynwyd, Pa. , consulting firm. 
"IBM either thought its backlog was 
not totally solid-meaning half of 
the orders were letters of intent 
from those not sure they wanted the 
system-or perhaps IBM is gearing 
up additional production facilities." 

An IBM spokesman admits that 

Displaywriter deliveries have 
stretched out to 42 weeks, with first 
shipments scheduled for January. 

Wohl says IBM has come close t0 a 
complete product offering, and the 
question is how much the market for 
that product extends beyond the 
30,000-unit backlog IBM is believed 
to have. She says that about 10 
percent, or 600,000, installed 
typewriter work stations are 
candidates for upgrades to Display
writer devices. 

Yet one significant feature-
records-processing-will not be 

C/70 development system 
executes C language, UNIX 

A software development system 
claimed to run software written in 
the c language faster than other 
systems in its price class has been 
introduced by BBN Computer Corp. 
The new system, designated the 
c/70, derives its efficiency from its 
special-purpose instruction set, says 
Martin Oakes, director of marketing 
at the Cambridge , Mass. , data
communications equipment suppli
er. 

Oakes explains that most other 
minicomputers have general
purpose instruction sets that are not 
geared to any particular language. 
The c/70's instruction set, on the 
other hand, was designed specifical
ly to execute c language state
ments. The result, Oakes says, is an 
"enormous" increase in efficiency. 
For example, he estimates that a c 
program translates into half as 
many C/70 machine instructions as 
would be required on a minicomput
er with a general-purpose instruc
tion set. 

Because programs are smaller, 
Oakes says, the C/70 can run c 
software faster than more expen
sive machines. For example, he 
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claims that the C/70 is as powerful, 
when running c programs, as the 
PDP-11 /70-Digital Equipment 
Corp.'s most powerful 16-bit 
minicomputer. Yet, the system 
costs less than DEC's mid-range 
PDP-11/44 machine. For example, a 
typical C/70 system that includes 
256K bytes of memory, 32 
asynchronous communications lines, 

The C/70 software development system 
from BBN Computer Corp. is designed to 
execute the C language and the UNIX 
operating system. 

available on the Displaywriter until 
next year, says Patricia Seybold, 
editor of The Seybold Report on 
Word Processing. She explains that 
IBM intentionally overlooked this 
function, which allows fields of 
information to be set up. IBM 
apparently did not want to hurt 
sales of its os/6 word processor. 
Seybold says that the announce
ment of this function will be delayed 
until the Displaywriter is manufac
tured in volume so that there will be 
no problems in meeting customer 
demand. -Lori Valigra 

two SOM-byte disk drives, a console 
terminal and a cabinet costs 
$74,000. That's about 14 percent 
less than the price on a similar 
PDP-11/44 configuration with 67M
byte disks, Oakes claims. 

Because of its c orientation, 
Oakes expects the C/70 to find a 
ready market among users of 
UNIX-a popular operating system 
for DEC computers that is written in 
c. Originally developed at Bell 
Laboratories, UNIX has gained a 
wide following-particularly among 
government and university users. 
Oakes estimates that there are 
several thousand UNIX installations. 

Because the Bell-supplied version 
of UNIX is partially written in DEC 
assembly language, it will not run 
on the C/70 system as is. However, 
BBN Computer offers a modified 
UNIX version, with the assembly 
language rewritten in c: The BBN 
Computer version sells for $6000 for 
an initial license, plus $2000 for each 
additional license. 

Although the C/70 is primarily 
aimed at software-development 
applications, Oakes also sees the 
system being used as a nodal 
processor in data-communications 
networks. For these applications, 
BBN Computer offers a stripped
down operating system, called 
C/MOS, that resides entirely in main 
memory. - Paul Kinnucan 
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Winchester drive capacities 
will double every three years 

OEM systems designers now 
eyeing a wide array of 14-, 8- and 
51/4-in. Winchesters can expect 
higher capacity drives on a regular 
basis through the 1980s, says the 
head of one Bay Area hardware 
house. 

"Double-density 3350 technology 
Winchester read/write heads have 
already doubled track densities to 
the 1000-tpi range," says Bill 
Schroeder, president and co
founder of San Jose-based Priam 
Corp. "Thin-film read/write heads 
will show up on a large-scale basis in 
the OEM market in about two years." 
IBM is already shipping drives with 
thin-film heads, he goes on, 
referring to the 3370 announced in 
early 1979. In about one and a half 
years, vendors such as Memorex 
and Storage Technology will 
announce plug-compatible hard
ware. Dastek Corp., Los Gatos, 
Calif., plans to ship its new 4835 
400M-byte OEM drive early next 
year (MMS, February, p. 19). 

The impact of thin-film head 
technology on the OEM market will 
be two-fold, Schroeder goes on. 
First, storage capacities will soar, 
compared to existing double-density 
Winchester drives, and to the 
thin-film drives now on the market 
or announced. "Within three years," 
he says, "Drives with bit densities 
ranging from 10,000 to 15,000 bpi 
will be commonplace." 

Second, Schroeder contends that 
thin-film heads will prolong the 
useful life of the oxide disks 
developed for Winchester hardware 
nearly 10 years ago, at the expense 
of higher capacity thin-film media 
now available. 

Schroeder cites production prob
lems as the main hang-up prevent
ing large-scale acceptance of 
thin-film media, particularly prob-
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!ems related to the corrosion of the 
permalloy layer where magnetic 
impulses are registered. One prime 
cause of corrosion can be chlorine 
from the nickel-based salts dis
solved in the plating solutions. 
"Chlorine levels as low as 200 parts 
per million are sufficient to 
contaminate a thin-film disk, or for 
that matter, a wafer of thin-film 
heads," says one chemist. 

David Johnston, president of Poly 
Disc Systems, Inc., Torrance, 
Calif., feels that the drive industry's 

Priam Corp.'s Schroeder: "The industry 
won"t get excited about thin-film media until 
large-scale production runs are made. " 

fears about thin-film media are 
unwarranted, however, and that 
contamination-free production 
quantities are available. "We've 
heard about chlorine contamination 
for five years," he says, "and we've 
never seen it." According to 
Johnston, the chlorine problem goes 
away when the disks are baked at 
500°F. "This causes any contami
nants to bubble up," he explains. "If 
there are bubbles, the disk is bad: if 
not, the disk is good." 

Furthermore, he goes on, Poly 
Disc artifically ages each platter by 
creating what Johnston calls a 

"controlled contamination" of the 
disk during the baking process. "We 
turn the thin-film layer from 
nickel-cobalt to a nickel-cobalt 
oxide," he says. "After that, it won't 
chemically change." 

Schroeder remains unimpressed: 
"The industry won't get excited 
about thin-film media until large
scale production runs are made," he 
says. "But we anticipate that 
thin-film media combined with 
thin-film heads will come into use on 
a large-scale basis before the end of 
the 1980s." Bit densities on the 
drives could hit 25,000 bpi as a 
result, he notes. 

Johnston, however, feels that 
things could happen faster, and that 
more drive makers should consider 
thin-film media before thin-film 
heads. He notes that two companies 
already are using Poly Disc thin-film 
media-Computer Peripherie Tech
nik GmbH, Berlin, and Irwin 
International, Inc., Ann Arbor, 
Mich. (MMS, November, p. 45). 

Vertical data storage may 
possibly appear at the same time as 
drives with thin-film heads and 
media, Schroeder goes on. This 
recording technique, he says, will 
significantly reduce bit-cell size, 
permitting more data to be stored 
per track. "Vertical data storage 
will show up later in this decade," 
he says. "IBM is only now fooling 
around with it." The advantages of 
this recording technique appear 
impressive at first: Bit densities 
could range from 25,000 to 100,000 
bpi, Schroeder says, compared to 
the 6400-bpi densities found on 
3350-technology hardware. 

Schroeder also sees a number of 
other advances coming to the OEM 
Winchester market. All these 
advances are aimed at further 
increasing hardware capacities. He 
sees the use of microsteppers at the 
low end of the drive spectrum. 
These microsteppers will be tied to 
some form of feedback system to 
double track densities of drives in 
the SAlOOO class. 
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THE ASCII TERMINAL 
QUALITY YOU CAN SEE FOR 
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Use with an IBM 
or non-IBM computer 

Our IBM 3101 is a simple-to
use versatile ASCII terminal that 
can' be attached to most business 
computer systems-IBM or non
IBM-or used to access many re
mote computing and time-sharing 
services. 

Whether your applications are 
budgeting, engineering, financial 
planning, interactive problem solv
ing, or even simple data entry an~ 
retrieval, there's a place in your busi
ness for the 3101. Prices start at just 
$1,295. 

If you're now using a hard-copy 
terminal to perform computer-based 
inquiries or calculations, the 3101 can 
display your information faster on ~ 
high-resolution video screen. And if 
you're currently using a display, 
compare it to the 3101. We're so con
vinced of its high quality that we're 
offering a 15-day trial so you can see 
for yourself. 

Order it with 
a toll-free phone call 

You can order a 3101 by just call
ing our toll-free number. In the conti-
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FROM IBM. 
YOURSELF. 
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nental USA, call 800-431-2670. In 
New York, call 800-942-1918. In 
Alaska, Hawaii and Puerto Rico, call 
collect 914-696-6840. You'll talk to a 
specialist who can take your order or 
answer your detailed questions. De
livery of the 3101 can be as soon as 45 
days. 

plays a maximum of 1, 920 characters 
in 24 lines. You can see and feel the 
quality, from its comfortable, solid 
keyboard to its crisp, easy-to-read 
display. 

Out of the carton and 
into operation 

When the 3101 arrives, you simply 
connect three modular elements-the 
display, the logic element and the 
keyboard-plug it in, position the 
setup switches and put it into opera
tion. It takes just a few minutes. 
Accessible setup switches in the key
board let you select functions such as 
line speed, parity, scroll and reverse 
video. The 3101 weighs 38 pounds so 

you =rove it easily-•. ,,.,.........-.1_ ·_-... 
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Human engineering 
inside and out 

The 12-inch diagonal screen can 
be swiveled and tilted to cut interfer
ence from overhead lighting. It dis-
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'B'•• I I I I 

A low-cost printer, too 

You can couple our 3102 printer to 
the 3101. You'll have the double con
venience of displaying all your infor
mation, while capturing a hard copy 
of the data being displayed. The 3102 
printer is lightweight and priced at 
just $1,295, and is also available for a 
15-day trial. 

Selected specifications 
and prices 

There are two 3101 configura
tions: character transmission and 
block transmission. Character trans
mission lets you use it like a teletype
writer. Block transmission provides 
sophisticated editing capabilities, 
such as insertJdelete and full cursor 
control, along with field functions 
like blinking, high intensity and pro
tected fields. 

The prices for the display termi
nal start at $1,295 for the character 
transmission model, and $1,495 for 
the block model. Volume procure
ments can save you up to twenty per
cent for either configuration of the 
terminal. Prices and current sched
ules subject to change. 

Call 800-431-2670 (in N.Y. 800-942-1918) or send the coupon. 

r-------------------=-~~---=---, 

I IBM Data Processin13 Division "':" "':"": ":. ::: I 
- _.. -- I I National Marketing enter : =-:. ::: 

1133 Westchester Avenue = ~ = ":' =® I 
I White Plains, NY 10604 Data Processing Division I 
l I'm interested in these exciting IBM products. . . . I 
I D Yes, send me more information and an order form. D Call me with 1nformat10n. I 
I Name Title I 
I Company I 
1~~ I 
I City State Zip Phone I 
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Schroeder foresees the wide
spread use of dual actuators to cut 
arm contention at the high end of 
the spectrum. Also in the offing is 
the widespread use of "run-length 
limited" (RLL) encoding schemes 
that could lead to a 50 percent 
increase in bit densities with no 
increases in flux changes. 

Despite the bright outlook for 
Winchester hardware capacities, 
however, Schroeder does see some 
problems ahead. "Unfortunately for 
systems designers, interfacing 
standards will diverge," he says. 
"The industry has waited with 
bated breath too long for ANSI to 
develop a Winchester drive stan
dard, and now it's too late." Drive 
vendors are moving in too many 
different directions on the question 
of interfacing, he goes on, with 
some Winchester suppliers choosing 
the older storage module drive 
(SMD) standard. 

Users also can expect to continue 
to pay a hardware premium if they 
choose to incorporate 8-in. Winches
ters rather than 14-in. hardware 
into their systems, Schroeder says, 
even though a 14-in. disk costs 
about 20 percent more than an 8-in. 
platter. "Right now, to get the same 
capacity as a 14-in. disk, the user 
has to stack up three 8-in. platters," 
he explains. "In media costs alone, 
the user is paying 140 percent more 
if he goes with the smaller drive." 

Moreover, he says, stacking up 
platters means additional heads and 
arm assemblies (a 50-percent 
penalty), plus the added costs (as 
much as 40 percent more) that occur 
when the electronics common to 
both drives are compressed to fit 
into an 8-in. form factor. 

As examples of the price 
differentials between the two types 
of drives, he cites Shugart 
Associates' IOM-byte 8-in. SAIOO 
and 14M-byte SA4000. Price for the 
former (adjusted to include a data 
separator) is $130 per megabyte, 
Schroeder says. Price for the 
SA4000 is $90 a megabyte. The 
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SOLID STATE INKS TWO CONTRACTS TOTALING $54 MILLION 

Solid State Technology, Inc., Woburn , Mass., has signed two contracts for 
its 81 oo series of small business computers. It signed an international 
distributor agreement worth $4 million with Hawke-Cramer of the United 
Kingdom for 650 computers over the next three years, and it signed a $50 
million agreement over three years for 1 o,ooo systems to be distributed by 
Alanthus Data Communications Corp., Rockville, Md. Alanthus will also 
maintain and support ssT's OEMS nationwide. The 81 oo computer has a 
64K-byte memory, two standard interfaces, an integrated text-editing system 
and a 150-cps printer. Both a single- and a dual-floppy-disk drive with 
a capacity as high as 644K bytes can be configured into the system. 

EXXON ENTERPRISES FORMS NEW OFFICE-SYSTEMS COMPANY 

Exxon Enterprises, Inc. , the venture development arm of Exxon Corp. , has 
established the Exxon Office Systems Co. to manage business operations 
serving the office-products market (MMS, August, p. 5). The company consists 
of Qwip, Qyx and Vydec; the office systems marketing division for domestic 
marketing, sales and service operations; the international division; certain 
Exxon Enterprises staff functions ; and advanced product-development 
activities. Robert A. Contino, a former IBM executive, has been named 
president. Headquarters for the new company will be in Stamford , Conn. 
Manufacturing and product development facilities of the three major product 
areas will remain at their respective sites. 

USED WORD-PROCESSING EQUIPMENT IS FOR SALE 

While the rapidly growing word-processing market continues to receive new 
products and companies, at least one company is taking advantage of a 
phenomenon that already exists in the data-processing industry: selling used 
equipment. Word Systems, Inc., Minneapolis, sells previously owned IBM, 
Xerox, Lanier and other word-processing equipment. Word Systems will buy 
from users who want to replace current word-processing equipment and sell 
to those who want word processors but can't afford new equipment. The used 
equipment will be available for prices substantially lower than manufacturers' 
list prices, says company officer H. Clifford Walker. 

CANADA DEVELOPMENT CORP. BUYS LANIER DEBENTURES 

In an effort to erase its short-term debt and raise capital , Lanier Business 
Products, Inc., Atlanta, has offered $30 million in debentures, all of which will 
be bought by Canada Development Corp., Vancouver. The debentures are 
convertible into 625,ooo shares of Lanier stock, or 7.8 percent of that 
company's common equity. coc is a holding company formed by the 
Canadian government that invests in natural resources, manufacturing and 
high technology. coc also owns AES Data, Ltd., Canada, which manufactures 
Lanier's "No Problem" line of electronic typewriters. Lanier will use the money 
for general purposes, supporting capital requirements , increasing R & o and 
possible acquisitions and expanding its manufacturing facility by 20,000 sq. ft. 

TELEPRINTER SHIPMENTS ARE DOWN THIS YEAR 

Despite increasing demand, teleprinter shipments will be lower this year 
than last, notes a recent study by Venture Development Corp. (voe) , 
Wellesley, Mass. The reason : While most of the teleprinter industry is seeing 
flat or negative growth rates, industry leaders DEC and Teletype cannot 
manufacture hardware fast enough. voe says the downward trend will not 
continue and that shipments in 1981 will more than make up 1980's losses. 
Sales are estimated to hit $2 billion by 1985, but there will be some casualties 
along the Way. voe forecasts a shake-out in the teleprinter industry in the near 
future, noting that of the 32 u.s. suppliers, three (Digital Equipment Corp. , 
Teletype Corp. and Texas Instruments Inc.) accounted for more than 60 
percent of shipments this year. The report states that these companies, as 
well as 15 others, will show a good growth potential over the next five years, 
but the remaining manufacturers will continue to lose market share. 
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In a quiver over 
microcomputer 
delivery dates? 
Kierulff hits the 
target with 
Data General. 

Boston, MA (617) 936-5134 Chicago, IL (312) 640-0200 Denver, CO (303) 371-6500 
Florida (813) 5'!6-1966 Los Angeles, CA (213) 725-0325 Milwaukee, WI (414) 784-8160 
Minnesota (612) 835-4388 New Jersey (201) 575-6750 Otange County, CA (714) 731-5711 
Palo Alto, CA (415) 968-6292 Phoenix, AZ (602) 243-4101 Portland, OR (503) 641-9150 
Salt Lake, UT (801) 973-6913 San Diego, CA (714) 278-2112 Seattle, WA (206) 575-4420 

INTERNATIONAL 

Kierulff stocks the MP/200 
and MP/100, and we'll shoot 
them to you ... right now! 

Tired of hunting microcomputers? 
Join the merry band from Kierulff and 
zero in on some of our prime stock ... 
the MP/ 200 and MP/ 100 from Data 
General. Our delivery times are always 
on target and we treat you like a king. 

microNOVA MP/200 and MP/100 
Systems 

The MP/ 200 is the most powerful 
and fastest performer in the 
microcomputer kingdom, because of its 
16-bit architecture and bipolar 
technology. The smaller, economical 
MP/ 100 single board computer contains 
a microprocessor, asynchronous 
interface, automatic program load, 
power monitor/ auto restart and soft 
control panel. 
Full range of peripherals 

Both systems are available with 
floppy, cartridge, or winchester disk 
drives , CRTs, and printers. They are 
available witfi the full range of Data 
General's powerful operating systems. 
Languages include Assembly, Business 
BASIC, Extended BASIC, FORTRAN, 
and PASCAL. 

Fully compatible 
But best of all, both the MP/ 200 and 

MP/ 100 give you microcomputer size 
and cost with minicomputer 
performance. And, they are compatible 
with the larger NOVA• and ECLIPSE 
Systems family of computers from Data 
General, so future growth of your 
system is remarkably quick, easy and 
inexpensive. 

At Kierulff, we can provide 
off-the-shelf delivery of the entire Data 
General microNOVA'" line. We have a 
sophisticated, computerized inventory 
system that provides on-target delivery 
dates every time. Our prices are 
competitive. And we offer the finest 
distributor terms, with credit tailored 
to meet your needs. 

When you call Kierulff, you're taking 
your best shot. 

1111~ KIERULFF 
We're Determined. 

CALIFORNIA, Compton (213) 774-7364, 2301 E. Del Amo Blvd. 90220 
TWX: 910-346-6319, Outside LA Area (800) 645-5252 
NE W YORK, Ha uppa uge, L I (516) 273-8100, 330 Motor Parkway 11787 
Telex 1432333 
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VISION ONE/20 combines unique features in a 
stand-alone image processing system with its 
exclusive high level user language interface which 
requires minimum operator training: Modular and 
expandable architecture up to 4 independent users, 
data base to 40962 x 24 bits with 5122, 5122 
repeat field, or 10242 output processing channels. 
Interfaces to most mini's for co-processor, loosely 
or closely coupled operation. Sophisticated 
real-time options enhance application effectiveness. 
Image combination to add, subtract, multiply or 
divide two% megabyte images in 1/30 second. 
Spatial convolver to filter at 133 MIPS with user 
interactive control. Can be configured to include 
RS 170 video input, industry standard 9-track tape 
input, 200 megabyte high transfer rate dedicated 
disk. Other special requirements can be addressed 
by Small Area processing for sub-image 
enhancement or color correction. Real-time 
multispectral classification, image histogram and 
statistical evaluation in real-time. Interfaces to 
other Comtal processors, e.g., Digital Video Input 
Processor, Mapper, High Resolution Processor. 

TWIN DISPLAY is designed to fill the missing link 
in computerized pre-printing processes. It 
eliminates time-consuming conventional film 
stripping and retouching, and allows the operator 
to utilize digital computer equipment without the 
usual delays. Full page composition and make-up 
is quick and easy. Linked to any color scanning 
device, the basic information containing original 
art, transparencies and keyline material is the 
input source for Comtal's Twin Display System. 
All routine operations are done at a rate faster 
than traditional studio crafts can achieve. Page 
assembly is done at the operator's convenience. 
Color matching and masking by the stylus method 
gains time of a new order compared to 
conventional handling, thanks to the exclusive 

c 

Reference Screen built-in to Comtal's Twin Display. 
Errors are caught and quickly erased without the 
"original" being lost. After approval, the 
completed page is returned to the output scanner 
unit and converted into film separations or gravure 
cylinders to suit the particular printing operation 
required. Comtal's Twin Display is the new 
dimension in image information providing a 
display screen showing an exact replica of a 
finished page without the need for chemical, 
mechanical or photo-optical procedures. 

DIGITAL VIDEO INPUT PROCESSOR by Comtal is 
a system that digitizes original film imagery as 
seen on an illuminated light table by a video 
camera. The DVIP adjusts for variations to provide 
very high quality digital images on a B&W monitor 
as an adjunct for the Vision One/20. Its 
applications include military or telecommunications 
use as well as non-destructive testing procedures. 
A further Comtal choice allows transfer of the 
image to a host computer. 

- ~~~ 

.... .... .. .. -.... ... 
. ..j.-r:t 

A Subsidiary of 
3M Corporation 

8000-R, a newly redesigned, random real-time 
peripheral device, provides a superior image when 
used in conjunction with a data base host or 
applied to a Vision One/20. Ideal for pipeline 
processing and color image enhancement, the 
8000-R solid state processor is a standard 
in the industry. 

MAPPER, Comtal's interactive spatial warp system, 
provides point by point image registration under 
the control of the operator via an interactive 
procedure. Often applied to Landsat imagery or 
graphic arts, the Mapper is typically linked to a 
Vision One/20 and has 6 or 12 degrees of freedom 
- applicable to a broad range of imaging and 
cartographic projections. The concept includes 
simple linear effects that achieve translation, 
rotation and scaling as well as more advanced 
warping characteristics of "rubber sheet" distortion 
such as in second order warp or advanced 
cubic warp visuals. 

COZO (Continuous Zoom) by Comtal gives the 
convenience of magnification from same size to 

macro imagery (up to 512 times) as a tool for 
medical, graphic or industrial fields. Its key 
features include replication, bi-linear 
and cubic interpolation, with zoom in steps 

of .002 magnification. 

HIGH RESOLUTION PROCESSOR 
is special-purpose Comtal hardware 

used in conjunction with the 
Twin Display to produce high 

spatial and color brightness resolution output 
such as that essential for pre-printing 
operations. The HRP aids in page make-up 
allowing interactive composition to be 
achieved by the operator at relatively 
high speed. 
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figures apply equally to Priam's 
hardware line, he says. Per
megabyte prices are $65 for the 
8-in., 35M-byte 3450 drive, and $50 
for the 14-in., 33M-byte 3350 device. 

The figures for 8-in. hardware 
will decline, however, as data 
capacities increase, Schroeder goes 
on, noting that the crossover point 

between 8- and 14-in. hardware is 
now at the !OM-byte level. Three 
years from now, the crossover will 
be at the 20M-byte point. "We can 
anticipate that Winchester storage 
capacities will double every three 
years," he says, adding that there's 
no competition for these drives in 
sight, even from bubble memories, 

Anova Corp.'s new emulator 
runs on Intel Multibus 

An Oakland, Calif., company is the 
latest firm to introduce a processor 
that emulates Data General Corp. 's 
Nova minicomputer family-a 
business that was risky until a judge 
ruled against Data General last 
spring (see "Suits and non-suits," p. 
23). But Anova Corp. 's model 2/10 is 
a Nova emulator with a twist. The 
processor runs on Intel Corp.'s 
backplane bus, the Multibus, while 
remaining fully compatible with 
Nova software. 

The 2/10 is a microprogrammed 

CPU board based on 2901A bit-slice 
technology. The instruction set is 
Nova-compatible. The board con
tains processor logic, Multibus 
control logic, direct addressing to 
128K bytes, 8K bytes of EPROM that 
provide a virtual operator's panel, 
2K bytes of RAM, a monitor with 
self-diagnostics and a real-time 
system clock. 

Anova president David Wyland 
says that all peripherals designed 
for the Multibus can be used with 
the 2/10. All device codes, register 

the hardware many have long 
espoused as the inevitable replace
ment for rotating devices. "People 
say bubble memories are just 
around the corner," Schroeder says, 
"but it's like waiting for Godot
they just never show up. The 
Winchester-disk drive will not be 
obsoleted." -John Trifari 

addresses and busy/done logic 
addresses of the 2/10's l/O instruc
tions are mapped into the l/O device 
addresses of the Multibus via 
Multibus control logic. Appropriate
ly configured Multibus peripherals 

Anova Corp.'s 2110 is another Nova 
emulator, but one with a twist: The processor 
runs on an Intel Multibus while remaining fully 
compatible with Nova software. 

NOVA-COMPATIBLE MARKET: SUITS AND NONSUIT$ 

Anova Corp. may have chosen the 
right time to enter the Data 
General-compatible market. A long
standing antitrust suit against DG that 
has kept the market from rolling was 
settled last spring. Some observers 
think the decision is the boost the 
DG-compatible equipment makers 
need. For others, including one of the 
plaintiffs, it makes little difference. 

In the suit filed in San Francisco 
district court by plaintiffs Fairchild, 
Ampex, Digidyne, Bytronix, Data 
Compass and sci Systems, Data 
General was accused of anti
competitive practices by tying the sale 
of its operating systems to the sale of 
its CPUs, and by tying the sale of its 
CPUS to the sale of memory. The 
Sherman Antitrust Act, under which 
DG was sued, clearly makes such 
bundling arrangements illegal. At 
issue, however, was whether or not 
DG could refuse to sell CPUs, 
operating systems and memories 
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separately. 
Fairchild and its co-plaintiffs wanted 

to make it possible for customers 
to lease or purchase DG operating 
systems for use with their Nova 
emulators. 

Presiding judge William Orrick ruled 
that the tie-in sales arrangements 
were illegal. He also determined that 
DG had no real justification for forcing 
such sales arrangements on its 
customers. This opened the door for 
the independents. All that's left now is 
a determination of financial damages 
to be paid by Data General to the 
co-plaintiffs. The case should go to 
the jury next month. 

But for plaintiff Bytronix Corp., the 
financial remunerations will be icing 
on the cake. The three-year-old 
Fullerton, Calif., company manufac
tures a family of Nova-compatible 
minicomputers, and last May intro
duced a single-board Nova emulator, 
the ssoo. 

According to company president 
and founder Norman Clark, the 
DG-compatible market is large and 
quite strong, mostly because of the 
amount of independent software and 
operating systems available for DG 
and DG-like hardware. "We don't have 
to tie ourselves to Data General 
anymore to make a sale," he says. 

Anova's president David Wyland 
agrees. "There's plenty of indepen
dent software available for Nova
compatible systems," he points out. 
"We don't expect to sell to users of DG 
software." 

Nonetheless, would Data General 
come after Anova with a lawsuit? And 
what about the name Anova? Isn't 
that pushing things? Wyland smiles. 
"There's always a possibility of a 
lawsuit-€ven just to find things out," 
he says. "But it's not likely. Any action 
would just be an aggravation suit." 

Data General has no comment on 
the antitrust suit or on Anova Corp. 
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Wmchester-SMD Combo 
Beats Oat DEC's* 

Price/ Perfornmnce. 
Now you can combine Winchester reliability with SMD 

flexibility, and pack more Mbytes into less floor space. And 
save big money. 

If you already have an RM02/03, and plan to add 
others-don't! Instead, add two of our 160-Mbyte 
Winchesters for about the same price you'd pay for an 
80-Mbyte RM02/03. This will net you 240 Mbytes more un
formatted storage. Or the equivalent of four RM02/03s. 
You'll also get over 10,000 hours' MTBF Winchester reliabili
ty. At no extra cost. 

We'll take your RM02/03 on trade-in, too. In its place, 
we'll install our 80-Mbyte SMD that's fully software
compatible with our Winchesters. And we'll show you how 
the Winchester-SMD combo fits nicely into a single 19-inch 
rack. This space-saving arrangement will look just like your 
DEC equipment, too. 
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Whether you're just getting started, or simply need to 
add more disk storage, our Winchester-SMD combo offers 
the very best price/performance in the DEC world today. It 
gives you Winchester reliability that's at least twice that of 
the SMD. Yet it includes SMD back-up via DSC (disk save 
and compress). Together in a low-cost system. 

With our powerful Series 9400 controller, you can inter
face the disk combo with up to four CPUs-PDP-11/70*, 
VAX-11/780* and Unibus* machines-in any combination. 
This lets you put nonstop configurations together, like our 
popular ANSR™ system. 

More Mbytes. More reliability. Less cost. Backed by our 
worldwide network of service offices. Put our DECade of ex
perience to work for you today. Use the coupon below, or 
call the sales office nearest you. 

Compare our 134-MByte formatted drive with the ''brand new" RMBO. 
Ours gives you more capacity at less than half the cost. 

Systeml.ndustries 
United States: 525 Oakmead Parkway, P.O. Box 9025, Sunnyvale, CA 94086, (408) 732-1650, Telex 346-459. 

Europe: System Industries (Europe), System House, Guildford Road, Woking , Surrey, GU22 700, England, (048 62) 5077, Telex 859124. 
Calllomla (714) 754-6555, (213) 557-0384; Colorado (303) 741 ·3502; Georgia (404) 955·2252; Illinois (312) 948·9330; Massachusetts (617) 695·4022; 

New Jersey (201) 839·8650; New York (516) 482·6082; New York Metro (212) 953-0315; Ohio (513) 771 ·0075, (513) 874·5503; 
Texas (713) 497-7224; Washington, O.C. (703) 734·9700; West Germany (06102) 5464/5 ; Sweden 08·63 62 74 

'DEC, PDP-11170, VAX-11 1780 and Unibus ore trademarks of Digital Equipment Corporation . 

~---------------~ 
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Save Money. 
I'm ready to get the best price/performance 
in DEC-compatible disk storage. Please send 
me details on the Winchester-SMD combo, 
along with case histories of how you've 
helped other DEC users . MMS12ao 

Name ___________ ~ 

Phone( 

Company _____ Position __ _ 

Address. ___________ _ 

City _____ State __ Zip __ _ 

System Industries, 525 Oakmead Parkway, 
P.O. Box 9025, Sunnyvale, CA 94086 

L---------------~ 
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or memories are, therefore, 
software transparent to the CPU. 
Says Wyland, "The microprocessor 
bus brings down system costs by 
allowing the use of the low-cost 
peripherals for the Multibus." 

The 2/10 can emulate Data 
General's Nova 1200 or the Nova 2, 
which are functionally equivalent 
CPUs. Minimum instruction execu
tion time is 600 nsec., Wyland says. 
"The 2/10 performs at about the 
level of a Nova 2. But we can boost 
the speed to bring performance to 
above that of a Nova 3," claims 
Wyland. The 2/10 will run DG's RDOS 
operating system, Wyland says, as 
well as several other independent 
operating systems, including Point 4 
Corp.'s IRIS. 

The 2/10 is the initial product in a 
series of board-level products 
Anova expects to introduce over the 
coming year. These include an 
RS232 serial I/O card, a 64K -byte 
RAM card and a dual floppy-disk 
controller, all Nova and Multibus 
compatible. Wyland says that about 
15 evaluation units of the 2/10 will 
have been shipped by the end of this 
year. Volume production and 
deliveries of the CPU may start soon 
after the first of the year. 

Wyland has priced the Anova 2/10 
at $5600, making it, he says, 15 
percent less expensive than a 
microNova with comparable periph
erals and 40 percent less expensive 
than a Nova 3 or 4. He's targeted 
the processor at the high end of the 
Multibus-compatible single-board 
computer market, in which he 
claims there is a gap between 
performance requirements and 
available hardware, especially for 
16-bit applications. Though no 
benchmarks have been taken, 
Wyland believes the 2/10 will 
perform as well as, and perhaps 
better than, Intel's 8086-based 
16-bit board-level products. 

The first 2/10s to be sold will be 
equipped with floppy disks, printers 
and video terminals. Later models, 
Wyland says, will include hard-disk 
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storage as well. 
He expects to find interest for the 

2/10 from existing Nova OEMS and 
from "customers needing the power 
of a 16-bit processor and software." 

He says the 2/10 is ideal for data 
collection and compaction applica
tions, as well as in data communica
tions networks as multiplexers. 

- Larry Lettieri 

Decision Data pioneers 
in IBM-compatible peripherals 

Pioneering plug-compatibility for 
IBM peripheral equipment in a 
relatively new market niche is a 
risky business. Users who are 
unfamiliar with new equipment may 
hesitate to change to a new supplier 
for system peripherals, despite 
incentives such as lower cost or 
higher performance. 

But Decision Data Computer 
Corp., Horsham, Pa., is gearing up 
to be a major worldwide indepen
dent supplier of IBM System/34 and 
/38 small computer peripherals. The 
company is best known for its IBM 
System/3-compatible card-punch 
peripherals and for System/34 and 
/38-compatible printers. Memorex 
Business Systems division is the 
only other vendor besides IBM to 
have introduced an IBM 5251-11 CRT 
terminal replacement. 

As an addition to its line of 
IBM-compatible printers, Decision 

Decision Data is pioneering in IBM 
System/34 and 138 plug-compatible periph
erals with its 3751-11 CRT work station . 

Data's 3751-11 CRT terminal 
replacement for System/34 and /38 
5251-11 terminals rounds out the 
company's line of peripheral 
subsystems. "Our worldwide thrust 
(is) to become the independent 
peripheral supplier for what 
portends to be IBM's largest 
computer market," says Kenneth R. 
Whitehouse, Decision Data vice 
president of marketing and business 
development. Whitehouse quotes 
combined market researcher projec
tions of 121,000 System/34 and /38 
installations through 1983, and 
more than 1. 5 million CRT terminals 
for the System/38 over five years. 

The 3751-11, which is the 
company's first display station, is 
priced at $2800, compared to $3315 
for the IBM 5251-11. The 3751-11 has 
a built-in single-board controller 
with a Z80 µp, 3K bytes of RAM and 
7K bytes of program memory. It 
includes some features not available 
on the IBM terminal: a screen that 
tilts, a document holder, an 
automatic dimming feature, a 
keyboard palm rest, a field
convertible numeric keypad and an 
expanded error-message display. 
The terminal is said to be one-third 
less in volume and to require 
one-third less power than the IBM 
terminal. It can be used locally or 
remotely. A remote cluster control
ler will be introduced next year. 

There are problems with being 
"the first kid on the block." "It is 
aggressive to enter one of these 
(new) markets before everyone else 
is in it," explains David Stein, 
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Data Systems Design's 
DSD 880 

Introducing the DSD 880 -
A DEC-compatible 

disk system combining 
eight-inch winchester and floppy disks 

For DEC users who need more capacity and performance than an RX02, the DSD 
880 now offers a more cost effective alternative than a dual RL01 . Consider these 
benefits offered by the DSD 880: 

• significantly lower initial and total life-cycle costs 
• the reliability of a winchester, with 7.8 Mbytes, emulating RL01 
• the removability of a floppy disk, with 1 Mbyte, emulating RX02 
• valuable saving in rack space (5%'' vs. 21" for dual RL01) 
• unique "hyperdiagnostics" enabling fast and easy trouble-shooting to the 

modular level 
• built-in bootstrap eliminating the need for an expensive DEC bootstrap board 

and saving a backplane slot 
• one half-quad backplane slot vs. two quad boards for the RLV11 
• versatile interface card for easy integration with any LSl-11 backplane, unlike 

DEC's RLV11 interface that needs a special backplane and cannot 
be used with the VT 103 terminal 

Compare for yourself and see why nothing compares to the DSD 880. 

~ 
The Intelligent Alternative to DEC Disk Systems 

To get more information on the DSD 880 call or write: 

CORPORATE HEADQUARTERS: 
2241 Lundy Avenue 
San Jose. CA 95131 
TEL: ( 408) 72 7-9353 
TWX: 910 338-0249 

WESTERN REGION SALES: 
2560 Mission College Blvd.. Suite 108 
Santa Clara . CA 95051 
TEL: ( 408) 727-3163 
TWX: 910 338-0249 

EASTERN REGION SALES: 
51 Morgan Drive 
Norwood. MA 02062 
TEL: (617) 769-7620 
TWX: 710 336-0120 

INTERNATIONAL SALES: Australia. Melbourne (03) 543-2077. Sydney (02) 848-8533; Canada (416) 625-1907; Denmark 01/83 34 00; 
Finland 90/88 50 11; France 03/956 81 42; Israel 03/ 298783: Italy 02/ 4047648; Japan. Osaka (06) 323-1707. Tokyo (03) 345-1411 ; 
Netherlands 020/45 87 55; New Zealand 4-693-008; Norway 02/78 94 60; Sweden 08/38 03 70; Switzerland 01 / 730 48 48; United 
Kingdom 01/207-1717; West Germany and Austria (089) 1204-0. 
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executive vice president of the 
Gartner Group, Inc., a Greenwich, 
Conn., consulting firm. Stein says 
that plug compatibility requires 
more sophistication by users than is 
needed by those who continue using 
IBM peripherals. 

"The System/38 is so new that no 
one is sure what IBM is delivering 
yet," says Stein (MMS, October, p. 
26). Because the system has just 
been shipped, users may not know if 
they need additional capabilities. "It 
is very early to be going into that 
market. If you wait several years, 
market penetration is much less 
risky." Large customers do not 
want to complicate their risks by 
having to learn both the new 
System/38 and the new compatible 
peripherals. But, Stein contends, 
although the market will develop 
slowly , it will be large. The 
System/34 market is easier to 
approach, he says, because it is 
more mature. 

But another source believes that 
the System/38 market is mature and 
says Decision Data's timing is good. 
"The add-on business develops six 

months to a year after initial 
installation, when the user gets 
enough terminals or peripherals to 
satisfy (initial needs)," says Dr. 
MirekJ. Stevenson, chairman of the 
board of Quantum Science Corp., 
New York, an information-services 
and consulting firm. He says users 
will later have additional applica
tions that require more memory, 
disk storage and terminals. 

Decision Data has a head start in 
the IBM-compatible peripheral 
market. Since its start 10 years ago, 
the company has been addressing 
the needs of IBM System/3 users 
with 96-column card equipment, and 
has an established customer base of 
5000 to 6000 IBM General Systems 
Division users, Whitehouse says. 
The System/34 and /38 are upgrades 
for System/3 users. 

Decision Data initially will pursue 
the add-on business. Whitehouse 
says there is a 10 to 20 percent 
add-on potential per year for 
installed systems. He sees the 
opportunity to sell multiple CRTs. 
"It's like bananas; you can sell these 
in bunches." Product marketing 

STAYING OUT OF THE OEM BUSINESS 
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Company president Richard J . 
Schineller is justified in his reluctance 
to let Decision Data Corp. become an 
OEM business. The company stagnat
ed under heavy debt after a 
Burroughs Corp. contract involving 45 
percent of Decision Data's revenues 
was cancelled, and after its OEM sales 
declined. Last August, Decision Data 
reduced its debt from $12.5 million to 
$450,ooo in an equity deal with Data 
Recording Instruments, Ltd., England, 
a recording-equipment company. 

ORI holds 1 6 percent of Decision 
Data stock, or 8000 shares, valued at 
$2.5 million, which will increase to a 
43-percent equity position. Decision 
Data also has the option to borrow 
more than $8 million from ORI. The 
company intends to balance reve
nues, including distributing 22 percent 
to OEM business, 31 percent to 
end-users and 28 percent to 
maintenance. 

DRl's financial input is not the only 
new benefit to Decision Data. Many 

point to Schineller as having the 
potential to expand the company 
successfully with its clean financial 
slate. Schineller, who joined the 
company in March , came from 
Management Assistance, Inc., where 
he directed activities at its four 
subsidiaries, including Sorbus, Inc., a 
large, third-party computer-main
tenance company, and Basic 
Four Corp. 

Dr. Mirek J. Stevenson, chairman of 
the board of Quantum Science Corp., 
says Schineller is "capable and 
competent," and knows the IBM 
market, because MAI was originally in 
that market. David Stein, executive 
vice president of The Gartner Group, 
agrees. He explains that MAI endured 
upheavals similar to those of Decision 
Data, but succeeded with Basic Four 
small-business computers and Sor
bus maintenance. Stein says that 
Schineller's affiliation with Sorbus will 
"probably reflect in the strategy to get 
Decision Data in the business." 

manager Rich Ginieczki says an 
average System/38 has 35 to 40 
work stations, and a System/34 has 
six or seven. As the market grows, 
and IBM lead times continue to be 
seven to eight months, Decision 
Data can get some business because 
it has shorter lead times. First 
shipments of the 3751-11 will begin 
in January, with delivery times of 90 
to 180 days. 

But selling price and performance 
is just the tip of the iceberg in the 
IBM market. IBM emphasizes 
end-user support, and users are 
accustomed to it. "The IBM market 
is dependent on good on-site 
service," says Decision Data 
president Richard J. Schineller. 
"This restricts some (manufactur
ers), but it is an advantage for 
Decision Data," which has 250 
field-service engineers in 70 
locations in North America. 

-Lori Valigra 

Mostek unveils software 
development tool 

Mostek Corp. has introduced the 
first packaged end-user system 
built around the company's SDT-Z80-
BUS µc boards. The initial system, 
Matrix-80/SDT, is a software 
development tool composed of six 
STD-BUS boards that can be used to 
design systems based on these 
boards. 

Officials at the Carrollton, Texas, 
firm-an alternate source for the 
Z80-say the desk-top Matrix-
80/SDT software-development tool 
uses one Z80-based CPU card; two 
RAM boards-one with 16K bytes, 
the other with 32K bytes-a UART 
serial l/O board, a floppy-disk 
controller board and a parallel l/O 
card with 32 l/O lines. These are 
packaged in a six-slot card cage that 
includes an 8-in. , single-sided, 
single-density floppy disk. The 
system will drive an ASCII terminal, 
and the parallel l/O card will support 
a PROM programmer or Centronics
type printer. 
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A TIMEPLEI 
CUSTOMER REPORT 
01 STATISTICAL 
llLTIPLElllB. 
Eight California-based companies 
of the Alco Standard Corporation 
use the Timeplex SERIES II 
MICROPLEXER™ '' to concen
trate the input/output of up to 30 
terminals linked to a computer 
in Valley Forge, Pa. 

This network is managed by 
Alco Data Services, which offers 
computer services to the 130 
companies that comprise Alco 
Standard Corporation. 

"Effective network management 
and control are indispensable," 
according to Norm Pfizenmayer, 
Corporate Director, Alco Data 
Services, "since our West Coast 
companies use the system for a 
variety of crucial on-line applica
tions, including inventory con
trol, accounts receivable, accounts 
payable and general ledger, to 
name a few:' 

The SERIES II is equipped with a 
unique Supervisory Port option-
a window into the network-which 
provides key operating statistics 
and diagnostic information to the 
user, without interfering with 
the function of the system. 

States George Kovolenko, Senior 
Communications Consultant, Alco 
Data Services: "One person, sitting 
at a CRT here in Valley Forge, 
easily monitors the system. At the 
same time, the operator can auto
matically downline program any 
multiplexer channel in the system, 
even those in California-all from 
the front panel of the master unit." 

Concludes Mr. Kovolenko: "As far 
as multiplexers are concerned, we 
needed advanced features, flexibil
ity and reliability. And we found it 
with the Timeplex MICROPLEXER." 

Use the handy coupon to check 
Timeplex out for your company. 
Or call us toll-free at 800-431-2918, 
Extension 230. For New York: 
800-942-1216, Extension 230. 

Timeplex, lnc./One Communications Plaza 
Rochelle Park, NJ 07662 
(201) 368-1113 TWX : 710-990-5483 

SUPERVISORY 
POlll" 

This West Coast data communications net
work, which is managed by Alco Data SerVices, 
is based on SERIES II MICROPLEXER 
statistical multiplexers located in 
Los Angeles, California and at the Corporate 
Data Center in Valley Forge, Pennsylvania. 

Patents pending 

CHECK US OUT. 
DllLY TIMEPLEX CAii DD IT. 
I have-- terminals,-- ports. 

My application( s ): 
0 Time-sharing 0 Interactive 
D Othev~------------
Please send the following: 
0 Alco Data Services Case Study 

Handbook on Statistical Multiplexing 
0 Please call me. 

I have an immediate need. 

Name 

Title 

Company 

Address 

City/State/Zip 

Telephone 

Send coupon to: Timeplex, Inc. 
PO. Box 5006; Clifton, N.J. 07015 

MSY/120080 
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INTRODUCING 
DATA GENERA~S 
NEWCS/10. 

It has been glee- ........,_ 
fully estimated by all the industry 
pundits that during the next twelve months 
somewhere in the neighborhood of 500,000 
small businessmen will purchase their very first 
computer. 

Isn't it ironic that, until now, there was no 
computer perfectly suited to this emerging mar
ket? In fact , the choice narrowed down to com
puters that were either too much, or too little, or 
weren't capable of expanding to accommodate 
any but the most stagnant of businesses. 

Which is precisely why we at Data 
General engineered the new CS I 10. While the 
CS I 10 is eminently affordable (actually it's 
the lowest priced-$10,950 list-serious multi
terrninal computer in America and features one 
of the most aggressive discount policies for 
industry suppliers and volume purchasers), it is 
designed to provide a surprisingly wide 
range of sophisticated functions with enormous 
possibilities for expansion. 

Its technical specifications? A master-con
trol console with a powerful 16-bit micro
computer, a large easy-to-read display screen, an 
alphanumeric keyboard (with a wide range of 
keyboards and printers available as options), 
two integral diskette systems with up to 2.4 
million bytes of on-line data storage (the CS I 10 
has the ability to be upgraded to Winchester
type technology and 50 million bytes of on-line 
data storage) and interactive COBOL (ANSI 
1974, level I specifications with some level II 
features implemented) which, aside from being 
the most widely used programming language, 
is also among the easiest to use-even for a com
parative neophyte. 

But beyond these features-which, we'd 

like to remind you, is 
where few small com
puters ever go-the 
CS! 10 truly excels. 

It is expandable to four interactive 
DASHER1

"M display terminals. Such innova
tive software tools as the Proxi™ program gener
ator can be added to help you customize pro
gramming for practically peanuts and there's 
even an optional remote unit that enables you to 
diagnose problems from your desk or wherever 
you happen to be. 

And perhaps the most significant compet
itive aspect of the CS I 10 is that it isn't just one 
lonely machine. It is part of an entire family 
(CS/ 10 through 70) of program and data-com
patible systems, which of course means that 
one modest CS I 10 installation can easily bur
geon into a 17-terminal CS/ 70 system (with an 
impressive number of peripherals). 

And the software you develop for the 
CS I 10 can be used in any further CS system 
you may grow into, up to the CS/ 70, so busi
nesses needn't suffer undue financial hardships 
if they should become successful and grow. 

If you'd care to know more about the new 
Data General CS/ 10-and, believe it or not, 
there's more to tell-simply fill out the coupon be
low and we'll be happy to inundate you with 

information. • D G I 
~• ata enera 

DASI IER is a lrademark of Data General Co1porallon . r-------------------------------------------------1 
i Mail to: Data G eneral Corporation 
i 4400 Computer Drive, MS C228, Westboro, MA 0 1580 

i A ttention: Marketing Communications Department 

i D Please send me free information on Data General computers. 
I 0 I'm m a rush. Please have a sales representative call on me. 

i 
i Name 
i 
i Title 
i i Company Tel. ____ _ 
I 

! Address _ _ _____ _ 
I 

i Cit y State Z ip _ _ , 

L------------------------------------------~~~~~--J 
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Let your LSl-11* break 
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the .ta. rrier 

With our Bank-Switching family 
In LOCAL mode our memory is functionally just 
like DEC memory. But when you run out of 
memory space you're not lost. Add an inex
pensive Bank-Switch Controller (BSC-256) and 
you can go to two megabytes. Add another 
and go to four megabytes. 
So don't get boxed in with other brands of 
LSl-11 * memory. Break free. Join the family: 
RMA-032 32K by 16 bit RAM. $990 

On-board refresh (Single qty.) 
RMS-016 16K by 16 bit ROM. $300 

(Intel 2716) (Single qty.) 
BSC-256 The Bank-Switch $300 

Controller (Single qty.) 

Substantial quantity discounts are available. The 
RMA-032 is also available without memory chips for $450 
(single quantity). For a free copy of our Bank-Switching 
manual, call or write on vour company letterhead. 

Digital Pathways, Inc. 
1260 L'Avenida 
Mt. View, CA. 94043 
415-969-7600 

*Registered trademark of Digital Equipment Corporation 

~~ 

DIGITAL PATHWAYS 
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The Mostek Matrix-80/SDT is built on the STD-ZBO-BUS concept, using MDX boards 
mounted in a standard card cage. The boards are accessible through a front panel. 

The company has also added its 
FLP80DOS disk-operating system to 
the SDT. Resident software includes 
a text editor, a monitor, Z80 and 
3870 (Mostek's single-chip µc) 
macro-assemblers, a linker and a 
debugger. FORTRAN and BASIC 
compilers are available as well. 

Bill Smith, Mostek's microsys
tems manager, says, "Until the SDT, 
users have had to build STD-BUS 
from individual boards. Now, a 
user, even one who may not have 
the expertise to design a system 
from the ground up, can purchase a 
packaged system and with it 
determine his final system needs." 

Smith says that the development 
system is being test marketed and 
that several systems have been in 
use since August. "We're trying to 
determine how many engineers 
would like to have a development 
system in their own offices." The 
SDT will be test marketed for about 
six months, he adds, before Mostek 
determines its exact production 
needs. However, Smith expects 
volume production to begin by 
mid-1981. 

Besides the SDT software
development system, the six-slot 
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chassis can be the basis for other 
Matrix-80 systems, including data
acquisition centers and energy
management systems. "An operator 
can tailor-make a system," says 
Smith, "depending on which MD 
cards are chosen." He says an 
average MD card sells for about 
$250. 

Mostek is stocking its distribu
tors-Wylie, Arrow and Bell-on 
the East and West Coasts only with 
SDTs, and $4495 buys a six-card 
system with card cage and 
floppy-disk drive. The chassis 
without the six SDT system cards 
and the disk is available to OEMs, 
Smith says. - Larry Leitieri 

Morgan Data Systems 
wins backplane bus pact 

The National Bureau of Stan
dards (NBS) has awarded a contract 
to Morgan Data Systems, Inc. , Fort 
Walton Beach, Fla., to design and 
implement the hardware and an 
operating system to conform to the 
IEEE Computer Society's proposed 
32-bit, processor-independent µc 
backplane bus standard, P896 (MMS, 
October, p. 13). 

The contract consists of two 
phases, says Morgan Data Systems 
president John Morgan. The first 
phase will be to design the 
hardware modules and the operat
ing system, and to describe what 
the system will do. Morgan expects 
to complete this portion by the end 
of this month. 

Phase two will be implementation 
of the system. Funding for the 
entire project is estimated to be 
about $60,000, Morgan says. 

The system would be composed of 
three CPU boards using dissimilar 
µps. The CPUs are 16-bit devices
Motorola's 68000, Zilog's Z8001 and 
Intel's 8086. They will access 16K 
words of what Morgan calls 
resource memory, composed of RAM 
and PROM. The boards will be 
equipped with dual RS232C serial 
interfaces, an operator's control
panel interface for a keyboard and, 
possibly, an alphanumeric video 
display and a floppy-disk interface. 
The three boards will run on one 
backplane bus in a multiprocessing, 
multitasking environment, Morgan 
explains. 

But the concept of a pool of 
processors in such an environment 
raises some questions. "It's as
sumed that all the CPUs are equally 
endowed," Morgan says, "and that 
all the processors can perform all 
the tasks equally well. This just 
isn't so." He says that processors in 
such a system will be designed to 
perform particular tasks, and that 
these tasks will affect the speed of 
the bus. "One of our jobs," he says, 
"is to optimize the performance of a 
task on the bus." 

Despite these difficulties, Morgan 
is optimistic about the success of the 
project. The company is working 
from both the first and second 
drafts of the standard. A final draft 
isn't expected until next spring. 
Because of that, Morgan says the 
design has to remain flexible 
enough to change as the final 
standard emerges. Although he 
hasn't worked directly with the 
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INTRODUCING FORMATION 4000. 
The minicomputer that 
thinks it's an IBM 370. 

Now you can run IBM 370 software on a 
minicomputer system-without reprogram
ming. Formation 4000 is not a plug-compatible 
processor. It's a low-cost, 32-bit minicomputer 
system, including a processor, controllers, and 
peripherals, that runs IBM 370 software. 

With the Formation 4000 system, you can 
offer your customers this vast array of main
frame software at minicomputer prices. The 
F/4000 accommodates DOS/VS, OS/VSl, and 
VM 370 operating systems. You can also ex
tend VM 370 capabilities with Formation's 
Transaction Management System. This soft
ware package simplifies the development of 
on-line/data base-oriented applications. 

Formation 4000 virtually eliminates down
time through an economical redundancy fea
ture. The redundancy design allows any or all 

system elements to be duplicated. Each com
ponent is fully functional and adds to the capa
bility of the system under normal conditions, 
but serves as backup equipment when needed. 

No need to worry about hardware. 
Formation installs and supports the total system. 

So if you market software, customized 
computer systems, or data processing services, 
you can use Formation 4000 to expand your 
customer base and keep costs down. To find 
out more, write Formation, 823 East Gate 
Drive, Mt. Laurel, New Jersey 08054. Or call 
us at 609-234-5020. 

~ 
responsive computer systems 
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backplane subcommittee thus far, 
he expects the company "to deal 
with them directly or indirectly." 

The NBS contract is a shot in the 
arm for the Computer Society and 
especially for the backplane sub
committee. Andrew Allison, chair
man of the backplane subcommit
tee, says, "It's encouraging for us to 
have a government agency behind 
P896 with the power to make 
formal, federal information
processing standards." 

The NBS has had bad experiences 
in its attempts to adopt de facto 
industry standards for government 
systems efforts. Allison thinks that 
those experiences spawned the 

agency's interest in the backplane 
standard. The contract for P896 
states that it is a federal 
information-processing standard. 

Allison's observations are con
firmed by John Riganati, chiefofthe 
NBS's system components division, 
the group responsible for the 
agency's standards activity. "We're 
responsible for exploring interface 
standards in general," he says, "but 
specifically where those standards 
would benefit computer use within 
the federal government." He adds 
that the backplane bus standard 
seems to have "reasonable promise 
for both government and private 
industry." 

A.B. Dick to revitalize 
its word-processing line 

Although the Magna III word
processing system from A. B. Dick 
Co. won't be introduced officially 
until the second quarter of next 
year, potential customers got a 
preview of the product at the recent 
International Word Processing Show 
in Washington, D.C. The prototype 
that was privately shown was not 
demonstrated, but industry observ
ers regard Magna III as a major step 
forward for the company for two 
reasons: it's a stand-alone CRT
based system, which A.B. Dick 
hasn't previously had~ and it can be 
configured as a shared-resource 
system, with each terminal able to 
communicate with others in a 
communications loop. 

"A.B. Dick needed a lower-cost, 
stand-alone system," says Patricia 
Seybold, editor of The Seybold 
Report on Word Processing. She 
says the Magna III may become a 
building-block product. Other word
processor manufacturers, such as 
CPT Corp. and NBI, Inc., had 
strong, stand-alone CRT-based 
products before they branched into 
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shared-resource information sys
tems. 

A.B. Dick, which began as a 
wholesale lumber company in 
Chicago in 1884, graduated in 1978 
from the magnetic card-based 
Magna I and II word processors to a 
CRT-based system developed by 
Hendrix Electronics. That system, 
the Magna SL, did not include an 
intelligent, stand-alone terminal on 
which to base a shared-resource 
system. The Magna SL shared-logic 
system incorporates from one to 
three dumb terminals that share a 
CPU and access a central system 
disk, according to the September, 
1980 Seybold Report on Word 
Processing. The terminals in the 
system cannot function without the 
CPU and system disk. A system with 
a CPU, a terminal and a printer is 
priced at about $14,500. 

Conversely, the Magna III is an 
intelligent stand-alone word proces
sor based on an 8085 µp. The 
system consists of a 20-line CRT with 
a movable keyboard, a printer and 
two 5V4-in. dual-sided, double-

The agency will work with the 
backplane subcommittee as the 
standard develops, Riganati points 
out. "We're using P896 as a starting 
point," he says. However, "We have 
no complete understanding of what 
the exact standard should be." He 
adds that his division will take 
comments from the entire technical 
community. 

Regardless of the precise form 
the system will take, the agency 
appears to be reasonably confident 
that Morgan Data will produce a 
system that will work. A source 
close to the project says that this 
isn't the first time the two have 
worked together. -Larry Lettieri 

density diskette drives that store as 
many as 273,000 characters. There 
is no hard-disk backup, says William 
P. Hayes III, A.B. Dick's marketing 
manager for word processing. The 
work stations, which will be priced 
at about $7500 each, use software or 
system disks to load software. 
When the software has been loaded, 
the disk is removed, and both disks 
can be used. 

The Magna III can also serve as 
one of 255 linked devices in a loop 
shared-resource configuration, 
which the company describes as an 
interactive communications path 
that will also include telephones, 
printers and other peripherals. The 
system is said to be compatible with 
the company's other word
processing products. For example, 
the Magna SL is compatible with the 
Magna III via communications and 
can access the network through its 
CPU and a Magna III. But the Magna 
SL cannot hook directly onto the 
communications loop. 

In a typical loop, the last CRT 
station is connected to the first 
through an IBM SDLC-like protocol, 
says Hayes. Transmission rate is 
30,000 cps. Stations can be looped 
together through an 8- to 4000-ft. 
cable. Messages can be sent from 
terminal to terminal via the cable or 
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from loop to loop using a modem and 
telephone lines. A security system 
for information preparation and 
storage locks a particular station 
out of the loop, and assigns an 
access code to the document. 

The Magna m's typing line is 
similar to that of a typewriter and a 
CPT 8000 word processor, which 
moves up line by line as text is 
entered. The system can also be 
used to create and manipulate 
scientific information, on multi
level lines. -Lori Valigra 

Onyx co-founders start 
new microcomputer firm 

Onyx Systems, Inc., co-founders 
Bob Marsh and Kip Meyers are back 
in the 16-bit µc business with plans 
for a yet-to-be-named, high-end 
Z8000-driven system, a new 
company called Cirrus Computers, 
Inc., and $1.5 million m venture 
funds (MMS, August, p. 6). 

Sometime this month, Cirrus 
plans to move into new quarters in 
Santa Clara, Calif., where develop
ment work will begin on a 
UNIX-based system that Marsh says 
will support either 14-in. cartridge 
module drives or, as a tabletop 
device, 8-in. Winchesters tied to 
streaming tape drives for backup. 
Marsh says the new system will 
operate at the performance levels of 
a DEC PDP-11/45, and will support as 
many as 24 high-speed terminals 
equipped with direct memory access 
(DMA) capabilities. DMA will also be 
used to speed data transfers to and 
from the high-capacity disk drives 
planned for the new system. 

First hardware, in the form of a 
CMD-based system, is scheduled for 
announcement in the second quarter 
of next year. The system will be in 
the $18,000 to $25,000 range. 

Marsh and Meyers resigned from 
Onyx last summer in a dispute with 
the company's backers over which 
markets should be pursued. 
According to Onyx sources, the two 
wanted to stress high-end Z8ooo-
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based systems and exclude Onyx's 
first hardware offering, a lower
capacity, highly successful Z80-
driven desk-top µc. Marsh concedes 
that there were differences of 

opm10n with the Onyx board of 
directors over which markets the 
company should pursue, but 
stresses that he did not intend to 
drop the 8-bit system. -John Trifari 

BOX SCORE OF EARNINGS 
This table. which appears every month. summarizes the latest earnings reports of 
companies 1n the minicomputer industry and related industries. Included are total revenues. 
net earnings and earnings per share for the periods indicated. 

Company 

Advanced Micro Devices 

Ampex 

Analog Devices 

Centronics 

Cipher Data 

Control Data 

Decision Data 

Datum 

Hazeltine 

Honeywell 

lnt 'I Business Machines 

Lear Siegler 

Magnuson Computer 
~ystems 

Memorex 

Monolithic Memories 

NCR 

Penril 

Plantronics 

Prime Computer 

RCA 

Storage Technology 

Sykes Datatronics 

Tandem Computers 

Tektronix 

Wang laboratories 

Period 

6 mos. 9128180 
6 mos. 9123179 

3 mos 812180 
3 mos 7128179 

9 mos. 812180 
9 mos. 814/79 

Yr 6/30/80 
Yr 6/30179 

Yr 6/30180 
Yr. 6/30/79 

9 mos. 9130180 
9 mos. 9/30179 

9 mos 8130180 
9 mos. 9/1/79 

9 mos. 9/30/80 
9 mos. 9/30/79 

9 mos. 9/30/80 
9 mos. 9/30/79 

9 mos. 9/28/80 
9 mos. 9/30/79 

9 mos. 9/30/80 
9 mos. 9/30/79 

Yr 6/30/80 
Yr. 6130/79 

9 mos. 9/30/80 
9 mos. 9/30/79 

9 mos. 9/26/80 
9 mos. 9/28/79 

Yr. 9/28/80 
Yr. 9/28/79 

9 mos. 9/30/80 
9 mos 9/30/79 

Yr. 7/31/80 
Yr. 7/31/79 

13 wks 8/30/80 
13 wks 9/1 /79 

9 mos. 9/18180 
9 mos. 9128179 

9 mos. 9130/80 

9 mos. 9/30/79 

9 mos. 9/26/80 
9 mos 9/28/79 

6 mos. 8/31/80 

6 mos 8/31/79 

9 mos. 6/30/80 
9 mos. 6/30/79 

Yr 5/31/80 
Yr 5/26/79 

Yr. 6/30/80 
Yr. 6130/79 

Revenues 

147,621.000 
106.265.000 

119.636,000 
105.139.000 

97.243,000 
72,400,000 

130.700,000 
121,500,000 

21.802.000 
15,082.000 

2. 764,000,000 
2.293.000,000 

32,523.000 
30,082.000 

11.830,000 
11.430,000 

97,907,000 
91,658,000 

3.487,900,000 
2,976.800,000 

18.407,683,000 
16,034.127 .000 

1,423,397,000 
1,327.271.000 

20,654,000 
5,531,000 

560.482.000 
544,238,000 

77,900.000 
36.996.000 

2,238.064 
2,014.776 

33.333,828 
22,691,797 

25,093,000 
23,245,000 

182,271,000 
104. 790,000 

5,919,800.000 
5,4 71,400,000 

418,523.000 
345.287 ,000 

8,797,627 

5,195,872 

74,897,000 
37,861,000 

971 .306.000 
786,936.000 

543,272,000 
32 1.565,000 

Earnings EpS 

13.865.000 
10.360,000 

5,425,000 
7.166.000 

6.762.000 
5, 120.000 

18.000.000 
18,400,000 

975,000 
745.000 

114,400,000 
100.400,000 

2.727,000 
421 .000 

290,000 
195.000 

3.698,000 
3,626,000 

150,700,000 
175.400.000 

2,329, 176,000 
2,002.976.000 

65,722,000 
63.276,000 

2,442,000 
(2,643,000) 

(26.204.,200) 
29,382,000 

9.623,000 
(898.000) 

136,701 
136,252 

1,782,405 
1.453, 169 

1,852,000 
2,105,000 

21,205,000 
11 ,831.000 

236,200,000 
213,700,000 

31,391 ,000 
28,192,000 

877,482 
477,401 

7.348,000 
3,369.000 

85,072,000 
77,151 ,000 

52, 113,000 
28,585,000 

.88 

.70 

.47 

.63 

1.02 
.81 

3.01 
3.10 

.85 

.78 

6.59 
5.82 

.63 

.10 

.16 

.11 

1.81 
1.78 

6.77 
8.05 

3.99 
3.43 

4.23 
4.50 

.67 

~ 
(3.93) 

3.67 

1.86 

L~O) 

5.11 
5.09 

1.35 
1.10 

.29 

.33 

1.10 
.67 

2.53 
2.80 

1.23 
1.12 

.50 

.31 

.74 

.41 

4.66 
4.28 

2.00 
1.17 
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St~ at.the top 

Start with Tandon's TM 100 
fami ly of 51.4 inch floppy disk 
drives. Start with the widest 
selection of high performance 
mini-floppies ever offered. Storage capabilities from 
250K bytes to an incredible one megabyte to fit your 
system's disk storage requirements . And every TM I 00 
drive offers unsurpassed performance specifications. 

Start with a technology leader. Tandon 's patented 
double-sided read I write head is acknowledged as 
the industry standard. It is used in more models of 
mini-floppies than any other recording head. 

lMbyte 

SOOK 

250K 

Start with the industry leader. 
Tandon's TM I 00 is the top choice for 

OEM's, system integrators, users of small 
business systems, word processing systems, and 
other data storage applications. When we designed 
our floppy disk drive, we began with our proven 
head design, so you're assured of maximum read/ 
write reliabili ty and data integrity. The TM 100 
has field-proven reliability with over 185 ,000 drives 
installed and performing day-in and day-out. 

When you want the best in a 51.4 inch floppy disk 
drive, start at the top. Start with Tandon. 

lanaan 
· 9333 Oso Avenue 

Chatsworth , California 91311 
(213) 993-6644 

Heads above the rest in disk technology. 

U.S. Sales Offices: Dallas, TX (2 14) 596-6397/Los Angeles, CA (2 13) 993-6644/0range County, CA (7 14) 751 -7811 / Wakefield , MA (61 7) 245-4482 
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PRINTRONIX +TEKTRONIX 
the perfect match! 

Now Tektron ix Graph ic CRT s can be happily wedded 
to your Printron ix printer/plotte r - P1 50, P300 or P600. 
TRILOG's efficient little matchmaker, 
the Graphics Adapter Board - GAB for short - plugs right 
into the spare card slot in your Pri ntron ix un it. In seconds 
you'l l get hard copies of the images from one or two 

Tektron ix Graph ic CRTs while 
retaini ng all the Printronix normal 
prin ting/plott ing functions. And 
GAB's special switch-selectable 

mode reduces the image size to 
fit on 8 'h'' x 11 " paper - for a 
beautifu l reflection of their 
love's affect ion! 

Contact your Printronix/ TR/LOG 
distributor or call TR/LOG direct 
at (714) 549-4079. 
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lalendar 
SHOWS & CONFERENCES 

JANUARY 

7-9 Second Annual Western Conference & Exposition, 
Anaheim, Calif., sponsored by Armed Forces Commu
nications and Electronics Association. Contact: Judith 
H. Shreve, Armed Forces Communications and 
Electronics Association, One Skyline Place, 5205 
Leesburg Pike, Suite 300, Falls Church, Va. 22041, 
(703) 820-5028. 

8-9 Fourteenth Hawaii International Conference on 
System Sciences, Honolulu, Hawaii, sponsored by 
the Department of Decision Sciences, the Department 
of Information and Computer Science and the 
Department of Electrical Engineering at the Univer
sity of Hawaii. Contact: Prof. Dennis J. Streveler, 
University of Hawaii of Manoa, Advanced Manage
ment Program, 2404 Maile Way, Honolulu, Hawaii 
96822, (808) 948-8135. 

13 Invitational Computer Conference, Costa Mesa, 
Calif. Contact: B.J. Johnson & Associates, 2503 
Eastbluff Drive, Suite 203, Newport Beach, Calif. 
92660, (7 14) 644-6037. Other dates and locations 
available. 

13· 15 Communication Networks 1981 , Houston. Contact: 
Terri Hamilton, Communication Networks, c/o The 
Conference Company, 60 Austin St., Newton, Mass. 
02 160, (617) 964-4550. 

13-15 Southcon Electronic Show and Convention, Atlan
ta, Ga. , sponsored by the Georgia and Florida units of 
the Institute of E lectrical and Electronic Engineers 
and the Electronic Representatives Association 
(ERA). Contact: Robert Myers, 999 N. Sepulveda 
Blvd., El Segundo, Calif. 90245, (213) 475-4571. 

14-19 National Audio-Visual Convention and Exhibit, 
Dallas, sponsored by the National Audio-Visual 
Association, Inc. (NAVA). Contact: Nora McGillen, 
Exhibit Manager, NAVA, 3150 Spring St., Fairfax, Va. 
22031, (703) 273-7200. 

16-17 Microcomputer Conference, Tempe, Ariz. Contact: 
Dr. Gary G. Bitter, Conference Director, Arizona 
State University, Payne 203, Tempe, Ariz. 85281. 

17-18 Educational Software Symposium, Bridgeport, 
Conn. Contact: Monica Kantrowitz, President, Queue, 
5 Chapel Hill Drive, Fairfield, Conn. 06432. 

17·23 Alpha Micro User's Society Convention, Miami 
Beach, Fla., sponsored by AMUS. Contact: William L. 
Miller & Associates, 8380 s. w. 151 St., Miami, Fla. 
33158, (305) 233-1216. 

19·22 Bank Administration Institute P.A.T.H. (Productivi
ty through Automation, Technology and Human 
Resources) Conference, Dallas. Contact: Alice M. 
Moore, Director, Public Affairs, P.O. Box 500, 303 s. 
Northwest Highway, Park Ridge, Ill. 60068, (312) 
693-7300. 

27-29 Advanced Semiconductor Equipment Exposition, 
San Jose, Calif., sponsored by the Electronic Repre
sentatives Association - N. California Chapter. 
Contact: Cartlidge & Associates, Inc., 491 Macara 
Ave., Suite 1014, Sunnyvale, Calif. 94086, (408) 
245-6870. 
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lntroduc1i1gthe 
NEC Soft-lbuch: 
Other diskette drives 

Dual-sided diskette drives require contact of both heads with the media 
to read or write. This causes head wear and a pinching action that 
deforms, mars and scratches the media surface, shortening head and 
media life. 

NEC diskette drive 
HEAD LOADING() 
AIR-DAMPER 

NEC 
HEAD ASSEMBLY 

The NEC "Soft-Touch" drive uses advance-contour head design and a 
unique air-damper to load heads. These features smooth and cushion the 
contact of head with media surface, nearly doubling the life of both the 
heads and the recording media. 

The industry's newest 1.6MB diskette drive. 
With twice the MTBF. Twice the media life. 
NEC product superiority is now available in dual-sided double
density eight-inch diskette drives . Our new Model FD 1160 "Soft
Touch" flexible disk drive offers reliability and cost-of-ownership 
advantages that far exceed industry standards. 

Media life. The "Soft-Touch" drive uses a unique air-damped 
head-loading system that virtually eliminates pinching, scoring 
and scratching of the diskette media. The result: media life of 
more than 6 million passes, nearly double that offered by other 
suppliers. 

Head wear. An advanced design ceramic read/ write head 
assures maximum signal transfer efficiency while drastically re
ducing head wear and media chafing . 

Reliability. Most diskette drives average about 8,000 hours 
MTBF, with perhaps a component or two rated higher. The NEC 
"Soft-Touch" drive has a 15,000-hour MTBF on the entire drive. 

Compatibility. The FD 1160 model is data compatible , elec
tronically compatible and dimensionally compatible with industry
standard single- and dual-density drives. You can use it immedi
ately in place of the older drives you use now. 

Availability. The NEC "Soft-Touch" drive is available right now. 
Not as a prototype, but as a field-proven drive with over 20,000 
installations worldwide. 

Find out for yourself. Call Jack Flynn today on the NEC 
"Soft-Touch" action phone at 617-862-3120 tu order your eval
uation unit. 

NEC 
NEC Information Systems, Inc. 

Home Office: 5 Militia Drive, Lexington , MA 02173. (617) 862-3120 
Eastern Office : 36 W ashington Street, Wellesley , MA 02181 , (617) 431-1140 
Centra l Offi ce 3400 South Dixie Dnve. Dayton, OH 45439, (513) 294-6254 

West Coast Ottice : 8939 S. Sepulveda Blvd .. Los Angeles, CA 90045 (213) 670-7346 
Southern Ottice: 2945 Flowers Road South . Atlanta. GA 30341 (404) 458-7014 
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mlCROCOmPUTER 
CORE mEmORY 
IDTEl SBC ·BD/10 

DEC"l51·11" 
From the leader in memory systems for mini and 
microcomputer users - non-volatile core memory for Intel 
SBC-80/ 10 and DEC LSI-I I micros. For Intel users, it's 
Dataram's 16K x 8 DR-181, which interfaces to Intel's 8080 
family of microcomputers. For DEC users, it's Dataram's 
16K x 16 DR-115, which operates with DEC's LSI-I I series 
of micros. Both are non-volatile core memory designs. 
Available now. From Dataram. Call today at 609-799-0071. 

DH and I Sl · l I arc rcg1 .. 1crcd 1rademark' 
of D1g11al F4u1pmen1 C orporation 

CATA RAM 
CORPORATION 

Princeton Road Cranbury. New Jersey 08512 
Tel: 609-799-0071 TWX: 510-685-2542 

mEmORY FROm THE LEADER 
CIRCLE NO. 23 ON INQUIRY CARD 

AOSOn 
A NOVN) 4/X? 

Wild Hare's 
MTSS Provides NOVA® Users 
With Multi-User Capabilities 

DG users now hove a choice when upgrading to a mul
ti-user environment Previously, the only way to support a 
true multi-user environment was to upgrade toAOS. but 
not anymore. 
MTSS provides all of the standard ROOS features for up 
to 16 users simultaneously and each user 1s totally in
dependent Users moy edit, compile and execute pro
grams written 1n FORTRAN IV. FORTRAN V, ALGOL BASIC. 
MACS. etc 
This means no sottwore rewriting 1s necessary. No new 
operating system need be installed 
More importantly, MTSS supports all NOVA · 's os well 
os ECLIPSE " s so no expensive hardware upgrade 1s 
required. 

Now Data General Users 
Have A Choice! 
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lalendar 
28-31 lnternepcon Japan/Semiconductor International 

'81, Tokyo, Japan, sponsored by Industrial & Scientific 
Conference Management, Inc. Contact: Industrial & 
Scientific Conference Management, Inc., 222 w. 
Adams St. , Chicago, Ill. 60606, (312) 263-4866. 

28-31 International Microcomputers, Minicomputers, Mi
croprocessors/Data Communications Exhibition 
(IMMM/DATACOMM), Tokyo, Japan, sponsored by 
Industrial & Scientific Conference Management, Inc. 
Contact: Industrial & Scientific Conference Manage
ment, Inc., 222 w. Adams St., Chicago, Ill. 60606, 
(312) 263-4866. 

FEBRUARY 

23-26 Computer Science Conference, St. Louis, Mo., 
sponsored by the Association for Computing Machin
ery and the Computer Science Departments of many 
universities. Contact: Orrin E. Taulbee, Director, 
Computer Science Employment Register, Depart
ment of Computer Science, University of Pittsburgh, 
Pittsburgh, Pa. 15260, (412) 624-6475. 

24-26 Nepcon West '81, Anaheim, Calif. Contact: Industri
al & Scientific Conference Management, Inc., 222 w. 
Adams St., Chicago, Ill. 60606, (312) 263-4866. 

26-27 Louisiana Computer Exposition, Lafayette, La., 
sponsored by the student chapter of the Association 
for Computing Machinery, the Computer Science 
Department and the Computer Center of the Univer
sity of Southwestern Louisiana. Contact: William R. 
Edwards, Program Chairman, Computer Science 
Dept., University of Southwestern Louisiana, P.O. 
Box 44330, Lafayette, La. 70504, (318) 264-6284. 

27-28 International Conference on Aspects of Document 
Preparation Systems, Lausanne, Switzerland, spon
sored by the Swiss Chapter ACM, IEEE, AFCET, INRIA 
and GESO. Contact: Prof. J. D. Nicoud, Program 
Chairman, Bellerive 16, CH 1007, Lausanne, Switzer
land. 

CALL FOB DATA 

Mini-Micro Systems is planning a special 
report on data communications and network 
products for March, 1981. The report will 
include several survey articles, and we want to 
be sure that as many vendors are represented 
as possible. Vendors of products in either of 
the two fields below are invited to contact our 
contributing editor on data communications, 
Walter A. Levy, President, Edgewood Comput
er Associates, Inc., 51 Strawberry Hill Road, 
Hillsdale, N.J. 07642, immediately to assure 
that you receive the appropriate vendor 
questionnaire. 

Communication network processors: Pack
et-switching systems, front-end processors, 
network controllers, protocol converters and 
related products. 

Limited-distance network products: Limited 
distance modems, CATV network adapters, 
local network controllers and related 
products. 
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Plug in to CRDS 
for complete 

LSl-11 systems 
lfMF·211- • 

Software 
Your choice of: 
• RT-11 
•RSX-HM 
• U/V6 (UNIX*) 

MF-211/411 
• LSl-11/2 with 32K words or LSI-11/23 

with 64K, 96K or 128K words 
• RX02 Equivalent Dual Floppy Systems, 

Single-Sided or Double-Sided, 
Dual Density 

• Quad Serial Interface 
• 8 Quad Slot Backplane 

When you plug in to Charles River Data 
Systems you plug in to innovative, practical 
solutions to your system design requirements. 
Solutions like our double-sided, double
density floppy disk systems-offering one 
megabyte of RX02 equivalent storage per 
drive. Or our Winchester drive with cartridge 
tape back-up for fail-safe reliability-in a sin
gle enclosure, with a common controller card. 

You can purchase each of our compci:ct, 
reliable components separately to expand or 
complete a system. Or combine them in your 
choice of configurations for powerful, multi
user, general purpose computers in a single, 
cost-effective package. 

Equally at home as R & D systems or as 
the basis for business and process control sys-

~Trademark of Digital Equipment Corporation. 

HD-11/HD-11 T 
• Shugart Winchester Drive with 

21 Megabyte Capacity, Software 
Equivalent to Four RLOI's 

• DEi Cartridge Tape Back-up (HD-llT) 
• Controller Card with RLOI Instruction 

Set Compatibility 

terns, CRDS systems are based on the DEC 
LSI-11 /2 or LSI-11/23, with from 32K to 128K 
words of MOS memory. Peripherals avail
able include a 21 megabyte Winchester fixed 
disk system; single- or double-sided floppy 
disk drives; and a 3M cartridge tape back-up 
for the Winchester disk. Software systems 
available include RT-11 , RSX-11 , and U/V6 
(UNIX*). 

Whichever configuration you choose, 
you're assured of plugging in your system 
fast, because CRDS delivers most products in 
30 days! 

For complete specifications, and to dis
cuss the configuration or components that 
best meet your needs, call CRDS Marketing 
at (617) 655-1800. And plug in to CRDS today. 

•LJNIX is a registered trademark of Bell Laboratories. 

r'D.[JD Charles River Data Systems, Inc. 
~ I l.Jn IJ ·,--4-Te•c•h•C•ir.c1•e.•N•a•ti•ck•.•M•A•o•1•1s•o•.•li•e•1.•(s•1•1•is•s•s.•1•ao•o•.•rw-•x•(1•1•o•i3•a•s.•o•s2•3--
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HIGH-SPEED SERVICE 
WITH EVERY 

HIGH-SPEED PRINTER. 

Another first from Digital Associates, the largest independent supplier of printer 
systems for minicomputers ... centralized service dispatching from our corporate 
headquarters via our toll-free number, assuring our customers immediate re
sponse. This centralized service provides a daily status report of all printer service 
needs. With a nationwide network of nearly 80 strategically located service 
centers, Digital Associates is the only independent supplier to offer such complete 
product support. 

Other firsts from Digital Associates include: the widest selection of printers 
available .. . plug-compatibility with virtually any minicomputer . .. 27 models in 5 
different printer technologies . .. discounts of up to 40% off your minicomputer 
vendor's list ... delivery in 30 to 40 days ... and installation by factory-trained 
technicians. 

Digital Associates ... the source for minicomputer printer alternatives. 

Digital Associates Corporation 
1039 E. Main Street, Stamford, CT 06902 TWX 710-474-4583 

(800) 243-9054 In CT call (203) 327-9210 
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PRODUCT FOCUS Mini-Miera World 

Tektronix graphics copier 
lowers cost, raises quality 

ers use a dielectric paper that has 
the look and feel of bond paper, 
permitting pen or pencil notations 
on the copy. The paper comes in 
rolls, with each roll providing about 
540 copies. The cost per sheet 
averages about 2¢, making total 
copy cost, including toner, about 3¢ 
per copy. This compares to a 10¢ to 
20¢ per-copy cost for Tektronix's 
electrophotographic copiers. 

An electrostatic graphics hard
copy unit introduced by Tektronix, 
Inc., this month uses a novel moving 
print head and dry toner system to 
lower unit cost while also improving 
image quality. The innovative 
design gives the new copier a 
significant price and performance 
edge over electrostatic copiers from 
other manufacturers, according to 
Gerard H. Langeler, marketing 
manager for Tektronix's copiers, 
plotters and imaging systems 
business unit. 

The Tektronix copier comes in 
two versions: the model 4611 for use 
with !"torage-tube display terminals 
and the model 4612 for use with 
raster-scan displays. Intended to 
copy small screen displays, the units 
produce 71/2 x 5%-in. images on 8%
x 11-in. sheets of dielectric paper. 

Both devices sell for $4400, with 
OEM prices and discounts available. 
This compares to $6400 on the V-81 
electrostatic copier from Versatec. 
Houston Instruments, Inc., offers a 
hard-copy unit, the model 8610, at 
about the same price as the 
Tektronix unit, but Langeler claims 
that the Tektronix unit provides 
better image quality. 

The 4610 series units are aimed at 
black-and-white hard-copy applica
tions where cost is an important 
consideration. For example, they 
can be used where economical 
working copies are necessary to 
preview gray-scale or color copies. 
The low cost per copy associated 
with electrostatic technology, plus 
the low unit price of the new 
Tektronix copiers, also make them 
appropriate for use with the 
increasing numbers of low-cost 
graphics terminals and desk-top 
computers now available, Langeler 
says. 

The two units expand the 
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Tektronix line of hard-copy 
devices, which include the 4631 
(storage tube) and 4632 (raster
scan) units for applications requir
ing photographic quality or continu
ous gray shades. These units, which 
use electrophotographic technology 
to produce high-quality copies for 
dense and complex graphics 
displays, are priced about the same 
as the electrostatic printers, but 
they use a more expensive 
photosensitive paper. The compa
ny's line also includes the model 
4634 imaging hard-copy unit for 
applications reqmrmg high
resolution copy with multiple gray 
shades. 

The Tektronix electrostatic copi-

The new copiers are the first 
products from Tektronix to use 
electrostatic technology, and they 
are seen as signaling the firm's 
recognition of the expanding role of 
electrostatic technology in comput
er graphics systems. "Electrostatic 
technology has emerged as a major 
hard-copy choice," says Langeler. 
"We expect it to become even more 
important in the next few years." 

Electrostatic copiers create an 
image by placing an electrical 
charge on specially treated paper. 

The low cost per copy associated with electrostatic technology, plus the low unit price of the 
new Tektronix copiers, make the copiers appropriate for use with low-cost graphics terminals 
and desk-top computers. 
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Price/Performance Breakthrough! 

Mauro MP-250 Prooc 

The $695 pen plotter that gives 
professional accuracy with 

superb line quality! 
Mauro's design innovations make it possible 
to produce a high quality, low cost plotter 
that out-performs every other plotter of 
comparable price on the market today. In 
fact, its line quality matches that of plotters 
costing $2,000 or more. 

Proac draws with .005" / step resolution 
and ± 0.511/o @ 17'' degree of accuracy at 
speeds of 2.5" per second or higher. A 
unique multi-point paper drive helps achieve 
this level of accuracy, making Proac suitable 
for a wide variety of applications for which 
Mauro is developing supportive software. 
Programs currently available include: [I} 
Complete 2D and perspective plotting, in
cluding ASCII and curve generation which 
are available as relative linking libraries (LSO) 
for Microsoft compatible software products, 
Fortran-SO, Cobol-80, Compiler Basic, and 
Macro-80 in CP/ M compatible files on 8" 
IBM-3740 or 5 Y." Northstar formatted 
disks. [2} Apple II UCSD Pascal implemen
tation of Turtle Graphics including full 128 
ASCII character set; Pascal subroutines are 
Fortran compatible. {3} Complete scientific 
and business data graphing package for Ap
ple II. Includes data editor, Hi Res screen 
preview, Axis tic marks, labeling and scaling, 
data overlays, names and comments, point, 
line, bar, and pie graphs, 128 ASCII charac
ter set, data file handling. {4} Schematic 
drawing system for TRS-80. Has two font 
system: .15" grid for B size, and . l " for A 
size drawings. Comes complete with 
predefined symbols for standard logic, linear 
devices, passive and active components, con
nectors, and 128 ASCII character set. System 
is menu driven with placement of symbols 
and interconnectors done under cursor con
trol on the screen before plotting. Other soft
ware is in development and will be available 
upon completion. 

Proac comes with full vector driving 
software for 8080, 6502, and 6800 based com
puters. Interfaces are available for Apple, 
TRS-80 and PET. With the addition of an 
"intelligent" serial interface, Proac becomes 
compatible with any computer. 

Contact Mauro Engineering about com
plete information and specifications for MP-
250 Proac and available software. 
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MAURO EMGIMEERIMG 
Rt. 1, Box 133, Mount Shasta, CA 96067 

Telephone 916 926·4406 
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The charge attracts a toner, which 
is then permanently fused to the 
paper. Electrostatic copiers are 
attractive to graphics users, 
Langeler says, because of low copy 
cost and the good qualities of 
electrostatic paper. "However, we 
saw three disadvantages to electro
static copiers: high unit cost, poor 
image quality and the inconvenience 
of liquid toner systems." 

The primary reason for the high 
product price, Langeler explains, is 
the traditional implementation of 
the charge transfer operation. The 
charge transfer usually is achieved 
by using a matrix of fixed wire nibs 
containing as many as 200 nibs per 
in. The cost of manufacturing the 
wire matrix and providing the 
electronics necessary to drive the 
nibs is high, Langeler says. 

The new Tektronix units, in 
contrast, use a moving steel band 
containing six writing styli and dual 
backing electrodes to transfer 
charge to the paper. The moving 
belt is easier to produce and is less 
costly than the fixed writing heads, 
Langeler says. Hence, the Tek
tronix unit costs less. 

Moreover, the moving belt design 
improves image quality, Langeler 
says, by overlapping the dots that 
create the copy image. Several 

Printer 
assembly 

Fuser 
assembly 

overlapping dots create a smoother, 
blacker line than distinguishable 
dots, Langeler points out. The 
Tektronix unit places as many as 256 
dots per in. horizontally and 171 
dots per in. vertically. Each dot 
copier overlaps the next by more 
than two-thirds horizontally and by 
nearly a half vertically. 

The Tektronix copier's print-head 
design, however, would appear to 
entail a speed disadvantage because 
it involves moving the head's 
writing styli. Indeed, the Tektronix 
unit is slower-at 24 sec. per 
copy-than fixed-head copiers, 
Langeler concedes. But he main
tains the speed difference is slight. 
For example, he estimates that the 
Versatec V-81 copier turns out 
copies in . 20 sec.-a 4-sec. 
difference. Tektronix engineers 
were able to minimize the 4611/12's 
speed disadvantage, Langeler says, 
by using dual backing electrodes on 
the unit's writing styli-a design 
trick that effectively doubled its 
speed. 

The toner system used by the 
Tektronix copiers also contributes 
to image quality, Langeler says. 
Toner systems used on other 
electrostatic copiers use liquids, 
which, besides being messy, 
inconvenient and often including 

Electronics section 

Major assemblies of the hard-copy unit in Tektronix's new electrostatic graphics copiers. 
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Foresight, foresight, foresight. 

H you could make one 
new improvement in 2314 disk 
technology, it would be 
to double the storage capacity. 

Now you can increase your 
Pertee® D3000 to 25 megabytes. 
And you can do it without chang
ing your controller, or your software, 
or your cabinet. Simply add our 
Pertee D3400E extension disk drive. 

It's ready to ship right now
with four platters (three fixed and 
one standard removable cartridge), 
optical track positioning, proven 
cartridge disk technology and 
much more. 

This easy upgrade to 25 mega -
bytes keeps you ahead of increasing 
work loads, keeps you away from 
redesign problems and keeps you 
in step with tighter budgets. 

Have your eye on more storage? 

Write for our new full-line 
peripherals brochure. Pertee Com
puter Corporation, Peripherals 
Division, 21111 Erwin Street, 
Woodland Hills, California 91367. 
Or call (213) 996-1333 (Western 
Region); (603) 883-2100 (Northern 
Region); or (305) 784-5220 
(Southern Region) 

You'll like what you see. 

~\u::aa 
b 

PE~IPHEARLS 

©1980 Pertee Computer Corporation. 
Reading, England 734-582-115; 
Frankfurt, Germany 395-387; 
Mcudon, France 534-764 7; Sydney, 
Australia 437-6668; Tokyo, Japan 
662-8151; Metro Manila, Philippines 
85-4236;Taipei,Taiwan 768-1232; 
Singapore 293-2630; Hong Kong 
543-1772. 
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toxic substances, produce copies of 
inconsistent quality with copies 
getting lighter as the supply of 
toner is exhausted. Also, the toner 
seeps into the paper between 
copies, leaving a characteristic 
"gray bar." 

The Tektronix unit uses a dry 
toner that produces images of 
consistent blackness, Langeler 
says. The toner consists primarily 
of magnetized particles of carbon 
and wax. The charge on the paper 
attracts the toner. As the paper 
passes through the copier, a hot 
metal band melts the wax in the 
toner, making a permanent image 
on the paper. Dry toner is also 
easier and safer to use, Langeler 
says, because it uses nontoxic 
ingredients and is magnetic, so 
spilled powder is easy to retrieve. 

-Paul Kinnucan 

Pertee printer undercuts 
daisy wheel prices 50°/o 

The most expensive part of a 
computer or word-processing sys
tem traditionally has been the 
printer, which carries a big price 
tag initially, and also can eat up as 
much as 50 percent of service costs. 
That cost of ownership has deterred 
price-sensitive, small-business and 
other low-end system users who 
want high-quality printers. 

Pertee Computer Corp.'s Periph
erals division, Chatsworth, Calif., is 
addressing this low-end, daisy
wheel-printer market with a 
price/performance breakthrough in 
printing: its high-quality Stylist 360 
printer is priced at $820 in OEM 

quantities of more than 100. That 
price is about 50 percent lower than 
that of similar printers now on the 
market. 

Pertee is able to achieve the low 
price by taking advantage of 
high-volume production by parent 
company Triumph-Adler, West 
Germany. The Stylist 360 daisy
wheel printer is based on the 
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Triumph-Adler typewriter mecha
nism, already in high-volume 
production. 

More than 200,000 Stylist 360s 
will be manufactured in the first 
year, says Lee Benedict, division 
product marketing manager. 

The Stylist 360, initially aimed at 
large OEMS that can supply interface 
electronics and packaging, operates 
under µp control at 17 cps. An 8-bit 
Intel 8041-A µp supports bidirec
tional logic-seeking printing and 
diagnostics. This feature enables 
the next bit of printable data to be 
searched and the print head to move 
directly to it. The 360 prints 100 

upper- and lower-case ASCII 
characters, has a 1024-bit buffer and 
a noise level of about 60 dB. 

The printer's speed is about 
one-third that of other daisy-wheel 
printers, which average 45 to 55 
cps. But it will still represent some 
competition to high-end printer 
manufacturers. "Diablo Systems, 
Inc., and Qume Corp. should be 
concerned," says Melody Johnson, a 
consultant at Quantum Science 
Corp., New York. She explains that 
Pertee has a good reputation as a 
supplier, Triumph-Adler has reli
able products, and the printer 
represents a price breakthrough. 

NEC SQUARES OFF AGAINST DIABLO 

By incorporating multiple µps and 
denser parts packaging, NEC Informa
tion Systems, Inc., Lexington, Mass., 
is taking a stab at the lower-end 
word-processing market with its 
35000 typewriter-quality printer. 

The printer, not including an 
optional control panel, is priced at 
$1430 in 1 oo-unit OEM quantities. Use 
of the printer reduces the number of 
mechanical parts needed 50 percent 
and the number of electronic parts 
needed 60 percent over earlier NEC 
models, the company says. Industry 
sources say the 35000 will compete 
with Diablo Systems, lnc.'s, low-cost 
entry, the model 630, which prints 
from 32 to 36 cps and carries a price 
of $850 in 500-unit OEM quantities, 
and $1705 for 500-unit quantities of 
fully configured versions (MMS, May, 
p. 71 ). 

The 35000 prints at 30 to 35 cps, is 
the size of an office typewriter and 
uses NEC's thimble print element 
rather than a daisy wheel. A Qume 
interface is built in. 

The Intel 8085 µp drives the printer 
instead of the less powerful 8080 
used in earlier models. All printer 
electronics, including three µps, are 
mounted on one circuit card rather 
than the three used previously. The 
µps control interfacing, carriage 
control, printing and paper feeding . 
Two µp-driven stepper motors 
coupled in a linear ball-bearing 
system direct the thimble up and 
down and as it rotates . This 
print-element-positioning method is 
said to reduce the number and cost of 

high-tolerance electromechanical 
parts. A technique called swagging is 
used in manufacturing the printer. 
With this technique, one automatic 
machine shapes and fits the printer's 
frame. The company claims that this 
provides greater strength and 
precision, and reduces the number of 
metal screws required for manufac
ture 75 percent. 

The company also claims that the 
printer's design eliminates the need 
for factory and field adjustments, 
periodic preventive maintenance and 
lubrication of moving parts. OEMS will 
need to stock only three parts per 
printer-a print assembly, a universal 
power supply and a printed circuit 
board-says Bruce Thatcher, the 
company's peripherals product man
ager. 

Qume Corp. is also expected to 
offer a printer in this price and 
performance range. Shipments of the 
35000 are scheduled to begin in 
January. 

NEC Information Systems' 35000 type
writer-quality printer is aimed at tow 
end of the word-processing market. 
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GOOD CRT'S COME IN 
SMALL PACKAGES 

Who says a CRT terminal has to be big and bulky 
to do a good job? At Ann Arbor Terminals , 

we offer a full 15-inch screen and de
tached keyboard as standard on all our 
desktop terminals . And the case is only 

14" wide by 15 " high by 13.6" deep. 
We' re known throughout the in

dustry for our high quality and re
liability. On top of this, we prob

ably have the widest range of available options in the 
field. Display formats from 256 to 4800 characters . Foreign 

language character sets . Special command sets. Custom keyboards. Editing, 
protected fields and block transmit. 

And if your application doesn 't lend itself to a desktop terminal , we offer display 
controllers (especially good in industrial environments) for use with free
standing monitors . Or buy our terminal without the case and mount it in your 
own console . 

So when the CRT is the focal point of your system, why settle for a large case and 
small screen? You can have excellent readability without taking up a lot of room. 
And get the features you need . Call us for more information at Ann Arbor 
Terminals , Inc. , 61 75 Jackson Road, Ann Arbor, Michigan 48103. 
Tel : (313)663-8000. TWX : 810-223-6033 . 

Mini-Miera 
Warld 

She says that other systems sell for 
about $1500 in OEM quantities, and 
end-user prices are $4000 to $6000. 
End-user price for the 360 is $1295. 

The 360's competitive price is 
"not an attempt by Pertee to buy 
market share," says Ralph Gabai, 
Pertec's senior vice president and 
division general manager. "We want 
to establish prices that will expand 
the market in the next few years." 
Gabai says the $500 million 
daisy-wheel OEM market will grow 
about 35 percent annually over the 
next few years. 

The market potential for the 
printer in word processing alone is 
more than 175,000 units in 1984, 
says Johnson. "The cost of printers 
has always been out of line with the 
cost of the rest of the system. This 
is what is needed for systems." 

CIRCLE NO. 30 ON INQUIRY CARD Johnson views the 360's use 
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Our 
Alphanumeric 
Ticket Printer 

For total versatility use 
our DMTP-9 program
mable ticket printer to 
print the full alphanumer-
ic ASCII character set. Print 
with ribbon on standard 
tickets, cards or single-sheet 
forms, or use impact-sensitive 
paper for multiple copies. Even 
program character pitch to 
handle standard or enhanced 
printing of up to 48 characters per 
line on 39- to 59-line tickets. Stepper 
motor advance for 6 lines to the inch or .110" for graphics. 

Mountable on tabletop or wall , the DMTP-9 does it all with ad
vanced stepper motor control electronics and a long-life needle 
matrix print head . For still more versatility , get it with the optional 
controllers, power supplies and interconnect cables systems for 
complete microprocessor/ microcomputer compatibility, too. 
But first , write or call to get more details. Ask for Bulletin 924. 

P A 
PRACTICAL 
AUT OMATION, INC. 

1
_T_ra_p_F a_1_1 s_R_o_a_d_. _s_h_e_lto_n_._c_o_n_n_._o_64_8_4_1T_e_1_: (-2-03_)_9_2_9--5_3_8,,,1 
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primarily as a backup printer. As 
such, it will not compete closely 
with 55-cps printers. 

Despite the low speed, which 
Pertee hopes to increase te 40 cps in 
a follow-on version, the company 
touts the 360's superior print 
quality and design features. A 
v-shaped fork cut into the print 
hammer and an inverted wedge on 
the back of each symbol ensure 
accurate character placement. The 
print wheels are strengthened with 
a compound, and rubber reinforce
ments are placed on the back of the 
characters. The company claims 
that print-wheel life is more than 50 
million strokes, compared with the 
market standard of 4 million to 10 
million strokes. Benedict also points 
out that the printer has enhance
ments that cut noise 10 to 15 dB over 
other daisy-wheel printers. 

The printer is now wholly 
manufactured by Triumph-Adler in 
Germany, but the company is 
exploring the idea of assembly in 
the u.s. Licenses for manufacture of 
the printer may be available in the 
future. -Lori Valigra 
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Data General OEM's 
••• add graphic display 

conveniently 
and at low cost 

The new Lexiscope™ 4000 Video Display Control
ler allows cost effective addition of high performance 
graphic display to your system while maintaining compati
bility with alphanumeric display systems software. The 
microprocessor based Lexiscope 4000 Controller is con
tained on a single 15 inch board which plugs into a Nova® 
or Eclipse® mainframe. It is used with economical raster 
scan video monitors and a serial keyboard which may be 
flexibly packaged in your system. Graphic display resolu
tion is 560 {horizontal) by 500 (vertical): separate graphic 
and alphanumeric cursors and display memory allow inde
pendent programming, display and erase of the graphic 
and alphanumeric screens. 

The Lexiscope 4000 operates in 2 
modes: 1) Fixed baud rate mode in 
which it emulates standard ter
minals such as the Data 
General 6052: 
and 2) High 
Speed 

Lexiscope Mode in which it operates at computer speeds 
for both graphic and A/N display. The Lexiscope Mode uses 
256 byte FIFO input and output buffers which facilitate ef
ficient programming by the host computer. Lexiscope 
4000's firmware provides numerous convenient functions 
such as "draw line" and "draw waveform" which greatly en
hance its use in graphics applications. The A/ N capabilities 
include 2 pages of 25 x 80 character lines with individual 
character attributes of blink. dim, underscore and reverse 
video. The 96 ASCII upper-lower case character set is pro
vided as well as 32 special pseudo graphic symbols. 

Lexiscope 4000 is priced at $2.500.00 for 
quantity one with substantial quantity discounts 

available. Delivery is two weeks ARO. For more 
information call Ron Noonan at (617) 

891-6790 or write to Lexicon. 

r;;i Registered trademark of Data General Corp. 

lexicon 
Lexicon. Inc. 60 Turner Street. Waltham. Massachusetts 02154 • Telephone: ( 617 ) 891-6790 •Telex: 923468 
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Digital is changing the way you get your 
products to market. 

We're making it faster. 
Because right now our basic LSI-11 prod

uct family is available with off-the-shelf de
livery. So you don't have to wait around to 
get your product started. 

And once you have our micros, you can 
do more with them. Our unique building
block approach lets you design whatever 
system you need. 

Start with your choice of microcom
puter terminals. Either the V1103-AA-a 
specially configured VTIOO with an LSI back
p1ane that accepts up to 8 double-height 
modules. Or the V1103-BA, featuring a back
plane and a TU58 dual-drive cartridge tape. 

Then you add our KDll-HA LSl-11/2 
CPU Board, a low-cost 16-bit processor with 
the power to drive virtually any small to 
medium-sized system. 

Plus you can choose either one of these 
powerful modules. 

1. The MXVll LSI-11 Multifunction 
Module. Featuring 8 or 32Kb of RAM, 
up to 8Kb of PROM (user supplied), 
2 asynchronous serial 1/0 ports and 
real-time clock. 

2. The MSVll-DD 64Kb RAM Board. 
Complete with on-board refresh. 

These boards, plus the V1103, are avail
able immediately. To give you all the flexibil
ity and performance you need to develop a 
great micro product. Or a great micro devel
opment system. Or both. 

Of course, once you get started with an 
LSI-11, there's no telling where you might 
want to go. So we offer lots of other mod
ules for you to plug into your V1103: 9 differ
ent memory boards, 111/0 modules, 9 com
munications options, even kits for designing 
your own custom interfacing. 

And if you need more, there are also 8 
different peripherals, all running on Digital's 
industry-standard LSI-11 Bus, the most 
widely used bus structure in micros. 
Great flexibility in software, too. 

Our RT-11 development and applica
tions software gives you a wealth of high 
level languages and development aids. Its 
capabilities range from multitasking, multi
terminal support for larger configurations, 
to a very small kernel for single-task applica
tions. There's also SIMRT, a subset of RT-11 
designed for PROM applications that's an 
integral part of FORTRAN IV. 

And because your development soft
ware has the same RT-11 software as your 
target system, you can debug your programs 
with complete confidence. 

The total approach to micros. 
Helping you get your product to market 

quickly is just one of the ways we make mi
cros easier to work with. 

We also back all our boards with over 
14,000 service people worldwide, technical 
consultation and training. Plus a range of 
support agreements to meet your needs. 

It's the total approach to micros, only 
from Digital. 

For more information call our toll-free 
LSI-11 Hotline at 800-225-9220. (In MA, HI, 
AK and Canada, call 617-467-7000.) Or send 
the coupon. 

Digital Equipment Corporation, MR2-2/ 
M65, One Iron Way, Marlboro, MA 01752. 
In Europe: Digital Equipment Co. Limited, 
2 Cheapside, Reading, RGl 7 AA, England. 
In Canada: Digital Equipment of Canada, 
Ltd. Or contact your 1ocal Hamilton/ Avnet 
distributor. 

r------
r d like to know 
more about Digital's 
approach to rrucros. 
D Please send more information on the V1103 micro 

terminal and the LSI family modules. 
D Please have a Sales Representative call. 

Title ______________ _ 

Company ____________ _ 

Address _____________ _ 

City ______ State ____ Zip---

Telephone ____________ _ 

My application is __________ _ 
I 
I 
I 

Send to: Digital Equipment Corporation, Microcom- I 
puter Products Group, MR2-2/M65, One Iron Way, I 
Marlboro, MA 01752. I 
DEC-C-160 MM- 12-0 

~------------------~ 

~n~nomo 
We change the way 

the world thinks. 
CIRCLE NO. 33 ON INQUIRY CARD 
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From the experts who 
designed the heart of the 
system ... 
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The Roloff System 

Until now, the limitations of 8-bit 
microprocessors made the development of 
multi-user systems for micro-computers 
impractical and unattractive. The Roloff System 
has conquered those limitations by exploiting 
the performance potential of the 16-bit 
microprocessor. Roloff system's 16 bit zilog 
Z8000 processor has five to ten times the 
throughput of its 8-bit counterpart, giving it the 
extra power to handle the burden of 
communicating with several terminals at once. 
And Roloff systems put that power to work with 
an advanced operating system never before used 
in microcomputers . 

The Roloff system supports from one to 
32 users simultaneously, each running a 
different program. The system can range from 1-
32 terminals or printers and 96K to 16M bytes 
of internal RAM. For disk storage, it can 
accommodate from 2M to over 250M bytes 
using floppy, winchester or cartridge disk 
interfaces. 
A time-saving indexed file system 
efficiently stores and retrieves data using 
multiple keyed fields. Searching from an index 
instead of reading a long file saves many disk 
operations and allows more than one user to 
access the same information at once. 
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Users can "talk" to each other through the 
terminals with Roloff Systems advanced 
communications system. Notes files, both 
personal and general, can be accumulated and 
displayed using simple commands. A special 
paging function enables users to conduct typed 
"conversations" with each other. A tone from 
the terminal pages the user and the two-way 
message is displayed on the screen. 
A reliable but simple security system 
protects files from unauthorized access. Every 
file on the system can have read access or 
read/ write access for certain individuals. Most 
users will not have to type any passwords once 
they have signed onto the system, yet all data 
bases are still protected from unauthorized 
entry. 
Fast response is the benefit of Roloff Systems 
file cataloging. When all users leave a program, 
the system can catalog it for quick access later. 
If a user selects a program that is already being 
used, in most cases both users can share the 
program in memory. 
System components are "state of the art" 
and go through extensive quality control tests 
and burn-in procedures to insure reliability. 
Floppy disk, Cartridge disk, winchester disk, and 

cartridge tape drives are available. 
Options include selection of internal 
memory size, disk memory type, arithmetic 
processing units, and 1/0 interface boards. The 
versatile Intel Multibus allows the user to 
expand the system by purchasing boards from 
many different manufacturers. You can start 
with a small system and easily enlarge it, 
without making any changes in original 
programming. 

And Roloff Systems is 
Central Data 

Since 1975, Central Data Corporation has been 
designing and manufacturing an innovative line 
of CPU boards. Central Data's engineers have 
incorporated their years of experience with the 
heart of the system into a revolutionary multi
user system. Each system is custom-designed for 
the user's special requirements. For detailed 
information on how easily the Roloff System can 
go to work for you, write or call us: 
(217) 359-8010 1WX 910-245-0787 

An example system might include 128K bytes of internal 
RAM, a 10 megabyte cartridge disk, and an interface for 
up to four terminals or printers. Such a system would 
cost Sl 1,345. 

R The 
Roloff System 

Central Data Corporation 
P.O. Box 25.30, Station A 
713 Edgehrook Drive 
Champaign, IL 61820 
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A digital cassette tape that garbles up 
your data can gobble up your dollars. 

So to ensure you of accurate data that's 
free from distortion and damaging debris, 
we mold Ectype TM cases and rollers 
entirely of Dupont's Delrin® acetal plastic. 
It's the toughest we can buy. And the 
most friction-free. It's also very resistant 
to abrasion, chipping and deterioration 
for long life. 

But it 's not just the tape case that's 
tough. Our standards are, too. We certify 
every cassette tape we make. Not every 

Delnn is o registered trademark of E 1. Dupont de N emours Inc 

other one. Our fussy technicians look 
for trouble every step of the way-from 
coating, to electronic testing to assembly. 
And our cassette tapes meet or exceed 
the standards of ANSI, ECMA and ISO. 
So to make sure it's better, make it 
Ectype. Call for more details: (605) 996-
8200. c 1980 Syncom. d1v1s1on Schwan·s Sales Enterprises Inc 

SYNC8M® 
Your flexible alternative 

PO Box 130, Mitchell, SD, 57301 
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The computer 
as library 

My hometown is a city near Pitts
burgh that had a very good library. 
Steel baron Andrew Carnegie endowed 
many communities in that area with 
splendid libraries that included far 
more than books. Ours had a year
round swimming pool, gymnasium and 
pool tables, all of which acted as a 
magnet that unavoidably exposed us to 
books at an early age. Books have 
provided me with avenues to learning, 
leisure and fantasy ever since, and 

~ libraries still provide a quiet refuge. 
Libraries don't seem to have the same attraction for my sons, who 

are children of the television age. But the screen of that tube they 
watch so much is a powerful educator, which offers adventure and 
fantasy as well . It is to their generation what books are for mine. It 
was with mixed feelings, then, that I read of a fascinating 
development at Clarkson College, Potsdam, N.Y., in a New York 
Times News Service article by Dena Kleiman. The college has built a 
new $4 million library that takes advantage of the computer's power 
both as an archival and communications medium that has more 
immediacy than do books. 

Clarkson's curriculum emphasizes science, technology and man
agement, so it's not surprising that the administration there 
recognizes the need to have its library loaded with computers, 
videotape decks and slide projectors that can contain and convey the 
very latest in reference data. Dr. Robert A. Plane, Clarkson's 
president, contends that books can be too slow, especially books 
about technical topics. Information they contain is often outdated by 
the time the book is distributed. He points out that with computer 
processing and communication, educational information can be 
written, edited and immediately disseminated via terminals. 

The Clarkson administration is to be commended for its 
enlightenment in recognizing the potential of computers in education. 

I hope my sons can attend schools that offer similar opportunities. 
But indulge me as I wring my hands at the prospect of libraries, as I 
know them, disappearing. The one I knew in my youth fell victim to 
the wrecker's ball, and wasn't replaced. Ms. Kleiman's article about 
the Clarkson "educational resources center" reports that it replaces 
something that was called a library. I hope that Clarkson has made 
provision to keep books, especially works of fiction, in a section of the 
center that smells like a library. I'm all for progress in technology 
and education, but I want to be sure that my sons will have some 
places of refuge where they can lose themselves in a good book. 

M~=, 
Editor-in-chief 
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Intel used to make the hottest 
In-Circuit Emulator in town. But 
not any more. 

Introducing 
Advanced Micro Devices• 

RTE16/8050. 
Nobody else has an 

emulator with as 
many logic analyzer 
functions as ours. Not 
Intel. Not anybody. 

Here are the cold 
facts: 

The RTE16/8050 
provides transparent 
real-time emulation 

Frank W. Zurcher, President, 
Advanced Micro Computers. 

A subsidiary of AMD 

for the AmZ8000. And our high
speed emulation memory allows 
target execution with zero wait 
states. Not one. Zip. 

Not only that, but the 
RTE16/8050 records the events 
in a real-time trace buffer so you 

can display the bus 
1 

activity decoded 
into instruction 
mnemonics or trace 
waveforms. And 
thanks to a sophis
ticated trigger logic 
with trace qualifiers, 

"THE AmZ80001S 
EMULATOR HAS IT 

OVERICE:11 
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And the RTE16/8050 is the 
first emulator to combine all 
these features with a user-friendly 
interface. We've combined 
screen-oriented displays with soft 
keys. So you don't have to remem
ber a whole lot of command syntax. 

Just push a key and your format 
pops up automatically. 

you will One last thing: Every 
capture only those _ RTE16/8050 system is 
events which are critical 100 % burned in. 100 % ! 
to your target system evaluation. If you want the best 16-bit 

But wait, there's even more: CPU, the best development 
12 breakpoint comparators, patch system, and the best emulator 
RAM, expanded TRACE, triple in the business, call or write 
bus architecture. Everything you Advanced Micro Devices. 
need for program development and We've got everything you want 
system integration is right here. down cold. 

Advanced Micro Devices ~ 
901 Thompson Place, Sunnyvale, CA 94086 · (408) 732-2400, Ext. 2400 

Right From The Start. 
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SPCRRYU#IVAC: WI 
AR£SUPPO 

IBM need no longer hold 
total control over your distributed 
data processing (DDP) system. 

Now you "have a choice. 
Sperry Univac V7 7 mini .. 

computers with our PRONTO 
operating system tie in your 
terminals, additional remote 
minis and IBM host so you can 
communicate throughout your 

I 

SpeTT) l 'nu.·ui: i.( a d1i·ision of SpeTT) Corporuuon 

system with no software modifi .. 
cations. Your remotes can even 
talk among themselves through as 
many terminals as you want and 
remain fully functional when your 
host is down. 

Not only do we offer faster 
delivery on a better product at a 
lower price, we make sure your 
system keeps working after it's 

I 



l#IC:OlllPUTERS 
R 1#GIBlll. 

installed. That's why we have 
over 10,000 technicians world .. 
wide, servicing equipment when .. 
ever, wherever it needs attention. 

Our system takes the risk out 
of DDP, because it works. Would 
you expect anything less of a 
division of the $4 billion Sperry 
Corporation? After al~ we were 
first in the computer business. 
And we have a reputation to 
uphold. 

We're off.loading Sperry 
Univac and IBM mainframes in 
distributed data environments all 
over the country. Our V77s work 
well with IBM. They 're totally 
compatible. 

So, if you're considering en .. 
hancing your DDP system or 
building a brand new one, call 

us at Sperry Univac Mini .. 
Computer Operations, we listen. 
And while we may not be IBM's 
sole means of support, we sure 
are helping them carry their load. 

For more information, write 
to us at Sperry Univac Mini .. 
Computer Operations, 17900 Von 
Karman Avenue, Irvine, CA 
92714. Or call (714) 754 .. 6900, 
Marketing Communications. 

In Europe, write Headquarters, 
Mini.-Computer Operations, 
London, Brentfields, Stonebridge 
Park, NWlO BLS, England. 

In Canada, write Head .. 
quarters, Mini .. Computer 
Operations, 5 5 City Centre 
Drive, Mississauga, Ontario, 
L5B, 1M4. 

SPE~Y1,- UNIVAC 
The computer people who listen! 
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Just 
Married 

PASCAL 
+ 

o.-eus* 
WITH 

PDB-3 
That's right - Pascal and the 

Q-Bus* are finally together! The 
PD0-3™ is here! 

The PDQ-3 is a fully interrupt 
driven, 16 Bit stack computer 
with up to 256 KB of memory. The 
system features direct UCSD 
Pascal P-code execution with the 
UCSD certified operating system. 
Two floppy disks come as 
standard. The Q-Bus* allows a 
wide range of peripherals to be 
connected to the computer. 

For more information call or 
write: 

ACVANCEC---

DIGITAL 
--- PROCUCTS 

7584 Trade St. 
San Diego, CA 92121 

[714) 578-9595 

•Trademark of Digital Equipment Corporation 

CIRCLE NO. 38 ON INQUIRY CARD 

L111111r1 

EVALUATION QUESTIONED 

To the editor: 
I read with great interest the article 

on the ORACLE data base management 
system by Harvey M. Weiss (MMS, 
August, p. 111). I was involved in the 
design of INGRES, a relational DBMS 

running on PDP-11 and VAX machines, 
and I retain a strong interest in similar 
systems. 

Mr. Weiss does not make it clear in 
the article whether his evaluation was 
based on first-hand operating experi
ence. I too have had no first-hand 
experience with ORACLE, but users at 
two recent ORACLE installations (UNIX 
and RSX) tell me that many of the 
important features on which ORACLE 
scores high in the Weiss survey either 
did not exist or did not work in their 
copies of the system. 

I think it is important that an article 
purporting to "survey the features" of a 
DBMS and "evaluate its performance" be 
based on hard evidence gained from 
actual use. If, instead, it is at least in 
part based on a vendor's product 
announcements, that fact should be 
clearly stated. The hard realities that 
users face are often quite different from 
the vendor's hopes and dreams. 

An independent feature analysis of 
ORACLE has been prepared by the ANSI 
task force on relational systems. A 
similar analysis also exists on INGRES. 
Interested readers should contact 
Professor Michael Brodie of the 
University of Maryland, College Park, 
for further information. 
Eugene Wong, Professor 
University of California, Berkeley 

(The author replies: In the review of 
any software, whether for an article or 
potential purchase for a client, two 
sources for evaluating data exist. The 
first is from the vendor; the second is 
from a client reference list. Both have 
been used in this effort. If a discrepancy 

CORRECTION 
An article that appeared in the 

October, 1900, issue of Mini-Micro 
Systems should have included a 
list of references. A portion of the 
article,. "Multiprocessing networks 
vs. mainframes," which began on p. 
121, drew heavily on one written by 
Burt H. Liebowitz of International 
Computer Co., Bethesda, Md., in 
the October, 1978, issue of 
Computer Design, and should have 
credited both Mr. Liebowitz and 
that publication. 

develops between the data received from 
the vendor and its client, we explore it. 
If not, these discrepancies can be found 
only through a third source. The facility 
for proving the vendor's products from a 
"hands-on" situation often cannot be 
done.) 
Harvey M. Weiss 
Weiss & Associates 
Aurora, Colo. 

VERBAL COMMUNICATIONS 

To the editor: 
I look forward to reading Mini-Micro 

Systems, because it is one of the few 
truly professional publications for small 
computer-development people. The 
other publications lean mostly toward 
personal computer users and hobbyists. 
Every month, as I peruse the contents, 
an entry describing a particularly 
interesting piece catches my attention. 
Inevitably, when I turn to the indicated 
page, Carol Anne Ogdin's byline 
appears. 

Although I sometimes am familiar 
with the topic of Ms. Ogdin's piece, I 
find myself reading it avidly anyway. 
Her means of expression is so articulate 
that she helps me organize my ideas in 
any given area, expanding my grasp of 
the subject. In those areas with which I 
am unfamiliar, I become quite familiar 
by the time I have read her column. As a 
woman who also publishes technical 
explanations, I know the difficulty of 
using English prose to convey computer 
concepts. One often struggles a long 
time for precise vocabulary free of 
jargon. Sometimes I read the results of 
a creative burst and wonder if anyone 
but myself will understand what I 
thought I expressed so succinctly. 

Ms. Ogdin and Mini-Micro Systems 
are to be commended for their success in 
the difficult art of verbal communica
tion. 
Abby Gelles, Author 
"Robotics Curriculum," Trillium 
Press 
New York, N.Y. 

CORRECTION 
In the October issue, the prices 

were inadvertently reversed for 
Spectra Logic Corp's Spectra 20 
and21 ("Single-board controller ties 
disk and tape drives," p. 17). The 
correct prices are $5100 for the 
Spectra 20 ($4100 in quantities of 25) 
and $6000 for the Spectra 21 ($4700 in 
quantity). 
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The two-board, 
1/2 megabyte 

• tmcrocomputer. 

Our HP 1000 L-Series now offers state-of
the-art 64K RAMs . They're the reason we've been 
able to put 512 kilobytes of memory on just one 
63;4" x 11" board. 

With the CPU on the other board, the 
L-Series opens a whole new dimension in micro
computers. Because with so much memory in so 
little space, you have more system flexibility than . 
ever before. In fact, you'll be able to adapt ~ 
the L-Series for just about any size 
job-and any kind of application. 

1/0 traffic to separate processors located on each 
interface board. This means each I/0 processor has 
its own direct memory channel-and direct access 
to the entire main memory. So you get exceptional 
1/0 performance and greatly increased throughput. 

Choose your configuration. 
The HP 1000 L-Series comes in a wide range 

Including communications, data J:!!'.:~~~~~~~l$1r'1~ 
management and process L 0~

77
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of board, box and system pack
ages. Which means you'll be able 
to choose the configuration that's 
best for your application. Devel
opment units are available at 
$13,250* for the CPU and a full control. ~~# ~ '::?' t g 

~;~At;;;;;~~~~~~t?" 1/2 megabyte of memory. 
Big software 
for small hardware. 

You may have to remind 
yourself that the L-Series is "only" 

· ~';(';'k1' 

a microcomputer. With powerful software features 
like our multi-programming, multi-user RTE oper
ating system and language support that includes 
Assembler, FORTRAN 4X, BASIC and PASCAL, 
there's almost no limit to the high performance 
products you can build. Especially if you take 
advantage of our proven data base management 
system and networking software-also upwardly 
compatible throughout the entire HP 1000 line. 

Multiple 1/0 processors, too. 
The L-Series is designed with an innovative 

distributed intelligence architecture that assigns 

64 

If a two-board, 1/2 megabyte 
microcomputer sounds like what you've 

been looking for, come 
in for a hands-on demon

stration. Just call the nearest HP 
sales office listed in the White 
Pages. Or write for more informa
tion, and a copy of our new OEM 
catalog, to Hewlett-Packard, Attn: 
Roger Ueltzen,Dept. 886, 11000 Wolfe Rd.,Cupertino, 
CA 95014. 

F//'OW HEWLETT 
.:~PACKARD 

*Price 1s US. list . 

22007 HPDS41 
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SIEMENS 

Engineering Winning 
The most versatile, industry 
compatible lineup of floppy 
disk drives-engineered to 
perform at 100°/o. 

Sports or business-winning demands 
100% performance. That's what you get with the 
advanced technology engineered into Siemens 
quality lineup of floppy disk drives. Single or 
double-sided 8" or 5%" drives-or our new 96 
track-per-inch FDD-196-5-you can count on 
long-term reliability. Plus quick delivery, prompt 
service, total technical support and competitive 
prices. 

When you turn to Siemens, you turn to a 
complete, state-of-the-art line of floppy disk prod
ucts. All industry compatible. All with quality 
features like metal lead screws for precision 



Drives. 
head positioning, and anti-crunch media 
protection. 

You also turn to the worlds 5th largest elec
tronic/ electrical engineering company-which 
backs our team with $6 million in R&D each 
working day. In the U.S. alone, Siemens em
ploys more than 12,000 people in 15 manu
facturing plants, two R&D facilities, and sales/ 
service offices covering all 50 states. 

To find out more about how Siemens 
responds to your floppy disk needs, contact 
Barrie Clark at (714) 991-9700. 

Siemens Corporation 
OEM Data Products Division 
240 East Palais Road 
Anaheim, California 92805 (714) 991-9700. 

District Offices: 
Atlanta, GA 
Boston, MA 
Columbus, OH 
Dallas, TX 
lselin, NJ 
Sunnyvale, CA 

(404) 451-8157 
( 617) 444-6580 
(614) 888-3372 
(817) 461-1673 
(201) 494-5311 
(408) 735-7770 



omputer graphics repre
sents the computer state 
of the art more than any 
other single machine disci
pline. That's a strong blan-

ket statement, but supportable on 
several levels. 

Technologically, graphics draws 
on-and forces-development in 

·every complex hardware and soft
ware area. Software advances in 
data base design, structured pro
gramming techniques and finite 
mathematical algorithms for com
puter projections (e.g., the calcula
tion of hidden line coordinates) are 
absorbed almost immediately by 
product designers. Similarly, hard
ware advances in the form of 
specialized processors (such as 
array and arithmetic processors), 
faster memories and better dis
plays, also find their way into 
products with a minimum of techno
logical lag. 

From a broader standpoint, how
ever, the forcing function is not 
technological, but human. To say 
that today's graphic systems are 
better because graphics technology 
is better not only is putting the cart 
before the horse, but is losing it in 
the forest. Graphics technology is 
better today because users need 
better graphics. Computer users 
have always needed graphics. It 
just hasn't always been realistically 

available. Thus, rather than making 
a market, the increased perfor
mance and lower price of available 
graphics products have finally 
reacbed one. An existing market 
pulls technology; technology does 
not push the market. 

The commercial sector, particu
larly, is falling all over itself for 
low-cost graphics because, unlike 
other sophisticated computer tech-

nologies, business users do not have 
to be told about graphics, only 
shown. The situation is analogous to 
the salesman who sells himself to a 
company. The company sees what it 
never doubted it needed. Once 
business decision makers see that 
they can get pie charts instead of 
share-of-market figures, graphs in
stead of time series data, and 
histograms instead of relative per-



centages, the question becomes only 
a matter of which graphics system 
to choose. Raw need is rarely the 
issue. 

This should surprise no one. 
Humans receive hundreds of times 
more information from their eyes 
than from all their other senses. 
Moreover, humans think graphical
ly. 

Technology, then, has its work 

cut out for it. Graphics hardware 
and software designers have a long 
way to go before their products can 
approach the capabilities of that 
incredible graphics processor-the 
human brain-but there can be no 
argument about the need for mov
ing in that direction. The operative 
words for current and prospective 
graphics end users are not "why" or 
"if," but "which" and "how." 

In the articles that follow, we 
concentrate on those words. The 
lead survey article on interactive 
graphics systems by contributing 
editor Mal Stiefel discusses that 
universe of "which." Similarly, in
formation on selecting between 
alternative graphics hard-copy de
vices is presented in an article by 
Tektronix's Gerry Langeler. A third 
"which" article, by Gary Sawyer of 
Genisco Compute:cs, outlines the 
advantages/disadvantages of raster 
scan versus storage tube displays. 
While Genisco manufactures raster
scan systems exclusively, we found 
Sawyer's treatment objective and 
valuable for prospective users of 
either type of display. Users still 
undecided, however, will be inter
ested in the description by Mega
tek's Peter Shaw of a system that 
implements both these display tech
nologies. 

"How" issues are addressed in an 
article on a new computer language 
for visualizing structural designs, 
and one from IBM on that company's 
approach to commercial graphics 
applications. 

Taken together, these articles 
provide a valuable perspective on 
what is available, which systems are 
best for you, and how best they can 
be used. 

Alan R . Kaplan 
E xecutive Editoi' 

Illustration by David Biedrzycki/Calligraphy by Joan Joos 
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Surveying interactive 
graphics systems 

MALCOLM L. STIEFEL, Contributing Editor 

As hardware prices come down, interactive graphics systems 
are finding more buyers and fresh applications 

The opening hours of the 1980 National Computer 
Conference were quiet. The hordes had not yet fully 
descended, leaving the cavernous Anaheim Convention 
Center, for the most part, sparsely populated. But only 
for the most part. At the Megatek booth, curious 
onlookers were packed in so tightly that seeing the 
exhibit was difficult, and moving closer was almost 
impossible. They shoved and craned to get a better 
view of the animated airplanes and printed-circuit 
layouts shimmering in living color across the CRT 

displays. For a computer is just a computer, and a 
picture is just a picture, but together they are 
spellbinding-fun for young and old, and increasingly 
profitable. 

The profit potential alone is enough to excite anyone, 
user or vendor. Recent figures from Merrill Lynch 
show the computer-aided design and manufacturing 
(CAD/CAM) segment of the interactive graphics (IG) 

market growing at 60 percent a year. The animation 
market is as explosive as Mount St. Helens, and 

Fig. 1. A typical Interactive graphics system from Gerber Systems Technology, Inc. 
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Many products-notably VLSI 
chips-would not exist at all were it not 
for the IG systems used to design them. 

mapping is on the move. As hardware prices spiral 
downward, more and more users with more and more 
applications appear, checkbooks in hand. For them, 
graphics systems are more than toys: they're cost
effective tools for product design, process control, 
research and a host of other tasks, old and new. 

Applications 

Interactive graphics systems may never have the 
pervasive effect on society that general-purpose 
data-processing systems have already had-printing 
bills, clearing checks, printing mailing labels, comput
ing biorhythms-but they are key elements in dramat
ic, almost magical applications that bubble to the 
surface in a steady stream. Many products-notably 
VLSI chips-would not exist at all were it not for the IG 

systems used to design them. 
Printed-circuit board design and artwork generation, 

a major IG application, belong to the growing class of 
activities called CAD/CAM. The cost-effectiveness of 
such systems is well established; users expect produc
tivity gains of 300 to 500 percent in design work. For 
example, General Electric Co.'s Aircraft Engine Group 
uses interactive graphics to link jet-engine design with 
manufacturing, cutting production lead time substan
tially. 

Fig. 2. lmlac Dynagraphlc display system. 

A far-reaching program is under way at Internation
al Harvester's Solar Turbines Group, which is pouring 
$5 million into CAD/CAM hardware and software over 
the next five years, to automate everything from the 
engineering conceptual process to production on the 
shop floor. General Motors already has more than 1000 

IG stations on its premises to assist in automotive 
design and engineering, and recent Ford Motor Co. 
television commercials have shown glimpses of IG 

stations in action. 
Many state and local government planning agencies 

are using IG systems to create, edit and retrieve from 
map data bases. Specific applications range from 
land-use analysis to redistricting, water-quality man
agement and study of criminal activity patterns. For 

VIDEO INPUT ENHANCES GRAPHICS 
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The ability to combine a live video 
input with previously stored alphanu
meric and graphic data-and to 

display the combination-distin
guishes a system from Octek, 
Inc., Burlington, Mass. Built around a 

B 5172~ 
\\ "'"'· 

Data General Corp. Nova 4 computer, 
the Octek 2000 has a video input port 
that permits live scenes or pictures to 
be acquired, digitized, stored on disk 
and displayed in real time. The live 
scene can be anything that can be 
acquired by a closed-circuit television 
camera. 

Real pictures and computer
generated graphics can then be 
combined in a mixed display from the 
same graphics memory. For example, 
the linear and alphanumeric data in 
the accompanying graph were 
entered into the computer convention
ally, then the portion of the dollar bill 
on which they are displayed was 
captured, and the combination 
displayed to provide a more 
compelling graphic effect than the 
graph's data provides alone. Applica
tions for the Octek 2000 include 
cartography, advertising layout and 
composition, character-font creation 
and cartoon animation. 
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Push-n-pull tractors, adjustable tear bar and 1-to-9 part forms handling: all in one printer. 

Finally, real-time forms access 
plus continuous forms output in one 
printer. Perfect for such applications as 
airline ticketing , invoicing , order prep
aration and more. And another example 
of the expanding TermiNet 200 printer 
family's application versatility. 

No-waste, flexible forms control 
One reason: an adjustable tear bar 

that lets you use standard forms with 
different header lengths. For precise 
alignment , no paper waste and clean 
paper tear. Every time. 

More reasons: servo-driven trac
tors that allow infinite manual adjust
ment in both forward and reverse . A 
non-volatile electronic VFU that makes 
forms set-up easy and permits storage 
of up to 8 vertical formats . A down
line loading option enabling you to load 
formats directly from your data source . 
Plus straight-through paper path and 
push-n-pull tractors that give you per
fect first-to-last-copy registration . As 
well as smoother paper handling for all 
types of forms , including single-part 
paper. 

More features add up to more 
application versatility 

With TermiNet 200 printers , you 
can also get a 9 x 9 printhead for excep
tionally legible underlining and lower
case descenders. Two complete 96-
character switchable print fonts for 
ASCII/ APL use or your own special 
needs. A choice of Magnetic Tape or 
Edit Buffer Accessory. Plus a 100% 
duty cycle capability, excellent print 
quality at speeds up to 200 cps and low 
cost of ownership. All of which help 
make TermiNet 200 teleprinters and 
line printers the industry workhorses. 

Immediate delivery instead of 
piecemeal allocation 

Why wait months for other 
printers when TermiNet 200 printers are 
available now? When you need them. 
Mail the coupon today and find out 
how the expanding TermiNet 200 
printer family can meet your range of 
application needs and generate real cost 
savings. 

Quality that will make a lasting impression 

GENERAL. ELECTRIC 

CIRCLE NO. 42 ON INQUIRY CARD 

Great 
rip-offs: 

JustonewaI 
TermiNet®200 
printers give 
you no-waste 
forms ace~ 

• • • Mail today to: 
J . Walsh, 

General Electric 
Company, 

TermiNet 794-49 
Waynesboro, VA22980. 

Telephone: (703) 949-1474. 

o Send me more information about the 
expanding TermiNet 200 printer family. 

o Have a sales representative contact me. 

o I'm also interested in a TermiNet 200 
printer demonstration. 

Name------------
Hie _____________ _ 

Company -------------
City ______ State ____ Zip __ _ 

Telephone ---------------



CalComp Can Show You 
New from CalComp ... 
Graphic 7 Display System 
and Talas Digitizers. 

With the broadest product line in 
the industry, CalComp represents a 
single source for almost every type 
of computer graphics device avail
able. That means we have all the 
alternatives from which to choose. 

Now CalComp brings you two 
more alternatives to help you meet 
your operational needs: The 
Graphic 7 stroke-refresh display 
system and Talos digitizers. 

The Graphic 7 combines the 
latest technological features, 
including dual microprocessors, 
complete graphics support software 
and stroke-writing capabilities to 
give you all the benefits of 
interactivity, high quality image 
and operational ease. 

Talos highlights its long line of 
fine digitizing devices with two new 
products, the Wedge and the 800 
Series, each with advanced 
electromagnetic technology. The 
Wedge, with a five-degree sloped 
surface gives you greater operating 
ease. And the 800 Series. available 
in a variety of tablet sizes, allows 
for dual tablets, cursors and 
multiple interfaces for your varied 
applications. 
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Everything you need for 
most applications. 

Whether for engineering, scientific, 
or business applications, you can 
be sure there's a CalComp product 
for you. Our family line of drum 
plotters includes a full range of 
sizes from desk tops, to our biggest 
drum plotter yet, the Model 1065 
with an impressively large 72" 
drum. 

For cut sheet applications, 
CalComp's full line of beltbed 
plotters delivers quality resolution 
and high throughput. Like our 
Model 970, the newest and biggest 
in our beltbed series, which gives 
you large 52" x 80" size plots 
usually associated with flatbed 
plotters. 

Flatbed plotters still play an 
important role in dozens of 
applications. The CalComp 
Model 7000 high performance 
drafting system features our 
programmable controller for added 
flexibility. 

If your operation handles large 
volumes of work, and you find 
more and more valuable time is 
spent performing job management 
functions rather than creative 
tasks, you may want to consider 
CalComp COM units. COM gives 
you all the advantages of 
organizing, compacting and storing 

reams of output on readily 
accessible microfiche, 35mm 
aperture cards, or 35mm and 16mm 
film. 

CalComp 11" and 22" electrostatic 
plotter/printers offer an affordable 
solution to many applications 
requiring high speed production, 
and can also function as a high
speed line printer, while clear 
mylar media furnishes finished 
drawing quality. 

What's more, our extensive 
library of application software 
packages and CalComp supplies 
(we can provide all types of 
drawing media and pens), make us 
your true source for everything 
you'll need in computer graphics. 

MINI-MICRO SYSTEMS/December 1980 



All the Alternatives. 
CalComp support 
at any point. 

The all-professional, factory
direct, CalComp team, starting 
with your CalComp sales 
representative, is there to give you 
all the help you may need at any 
point in your computer graphics 
operation. 

From the beginning, your 
CalComp sales representative can 
analyze your operations and offer 
consultation and in-depth product 
information to help find the best 
alternatives for your immediate 
and long-range needs. CalComp 
field systems analysts - the largest 
such group in the industry- can 
help put your system into operation 
and show you how it can 
significantly increase productivity 

MINI-MICRO SYSTEMS/December 1980 

to give you a fast return on 
investment. 

Plus, CalComp offers the largest 
network of field service engineers 
in the industry to handle 
installations and to provide quality 
maintenance and repair service. 
With our unique one year warranty 
on parts and labor- that covers 
all CalComp products -you know 
you're getting the most complete 
service and support network there 
is. And because CalComp has sales 
and service offices throughout the 
world, we can give you the 
assistance you need - fast. 

Choose the best of all 
alternatives: CalComp 

You're getting the best of all 
alternatives with CalComp. The 
broadest product line, the broadest 
range of experience, and the 
broadest network of sales and 
service professionals in the 
industry. And that adds up to the 
broadest scope of possible solutions 
to your computer graphics needs. 

We'd like to show you how any of 
the CalComp alternatives can help 
improve your operations. For a full 
line brochure highlighting the 
features and benefits of CalComp 
products, contact your nearest 
sales office. Or write: 

CIRCLE NO. 43 ON INQUIRY CARD 

California Computer Products, Inc. 
2411 West La Palma Avenue 
Anaheim, CA 92801 

Graphics Sales Offices: 
Tempe, AZ: (602) 894-9468; 
Orange, CA: (714) 978-7111; 
Santa Clara, CA: (408) 727-0936; 
Englewood, CO: (303) 770-1950; 
Norcross, GA: (404) 448-4522; 
Schaumberg, IL: (312) 884-0300; 
Shawnee Mission, KS: (913) 362-0707; 
Metairie, LA: (504) 833-5155 ; 
Waltham, MA: (617) 890-0834; 
Southfield, MI: (313) 569-3123; 
Bloomington , MN : (612) 854-3448; 
St. Louis , MO: (314) 863-2711 ; 
Woodbridge, NJ: (201) 636-6500; 
Fairport, NY: (716) 223-3820; 
Cleveland, OH: (216) 362-7280; 
Dayton, OH: (513) 276-5247; 
Tulsa, OK: (918) 663-7392; 
Portland, OR: (503) 241-0974; 
Pittsburgh , PA : (412) 922-3430; 
Wayne, PA: (215) 688-3405; 
Dallas, TX: (214) 661-2326; 
Houston , TX : (713) 776-3276; 
McLean , VA: (703) 442-8404; 
Bellevue, WA: (206) 641-1925 

CALCOMP 
A Sanders GraphlCS Company 

Pl SANDERS 
California Computer Products, Inc. 
2411 West La Palma Avenue 
Anaheim. Ca lifornia 92801 
Telephone (714) 821-2011 
TWX 910-591-ll54 
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HERE'S WHY 
MONOLITHIC SYSTEMS 
IS WINNING THE 
SINGLE BOJIRD 8 BIT 
COMPUTER RJICE 
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 14 
Inverness Drive East, Englewood, Colorado 
80112 or phone (800)525-7661 

l'tf'll. S •• •u • 
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MSC Regional Sales Offices: Eastern Region 
1101-89 State Road. Princeton, NJ 08540, (609) 921-2240 
Central Region 14 Inverness Drive East, 
Englewood, CO 80112, (303) 770-7400 
Western Region 49 South Baldwin, Suite D, 
Sierra Madre, CA 91024, (213) 351-8717 



Users expect CAD/CAM systems to 
yield productivity gains ranging from 
300 to 500 percent. 

example, the U.S. Fish and Wildlife Service uses its 
system as an aid to fish and wildlife management and 
protection. And the U.S. Department of Energy uses an 
IG system for oil-shale resource mapping. 

Military command-and-control applications have 
been around for more than 20 years, dating back to the 
SAGE air-defense system built in the late fifties, which 
displayed aircraft tracks and calculated vectoring 
instructions to send fighters to targets. Real-time track 
mapping has also been applied to en route and terminal 
air-traffic control problems. 

In a lighter vein, IG systems have taken the movie 
business by storm, as exemplified by the fabulous 
success of Star Wars and its computer-generated 
special effects. And businessmen are showing interest 
in interactive graphics as a management tool, although 
progress in this market has been slow, because it is 
difficult, if not impossible, in most situations to 
calculate a finite payoff period for a business graphics 
system. IBM's recent announcement of a color graphics 
terminal and printer/plotter has caused a stir, but 
whether substantial sales will follow remains to be 
seen. 

Progress is being made in graphic arts, where IG 

systems are interfaced to phototypesetters to create 
publication-quality drawings. 

Chemical and petroleum companies are using IG 

systems to design new molecules, tailored to user 
requirements. Straight out of science fiction, this 
application illustrates better than any other the power, 
versatility and promise of interactive graphics systems. 

Configurations 

A typical IG system (Fig. 1) includes several standard 
components: a processor; one or more user terminals, 
with graphic displays and graphics entry devices; mass 
storage units, such as disk or tape drives; and output 
devices, such as plotters. The system also includes 

software to manipulate data and make the system's 
elements play in harmony. Some configurations also 
provide means for communication with other systems. 

The distinctions among systems are seen most clearly 
in their relative size, power and flexibility, but it is 
difficult to draw a sharp boundary between IG systems 
and other types of graphics systems. A minimum IG 

system (Fig. 2) includes one terminal connected to a 
processor, which may or may not be embedded in the 
terminal. The largest IG systems (Fig. 3) include a 
dozen or more terminals tied to a mainframe or 
supermini, manipulating a disk-resident data base of 
several hundred megabytes. Between these extremes, 
a user can configure a system of, say, four clustered 
terminals (Fig. 4), tied to a minicomputer that also 
controls a variety of plotters or printer/plotters. 

Some systems also incorporate alphanumeric termi
nals to facilitate handling of tabular information 
accompanying the graphics. For example, CalComp's 
IGS-500 system uses an alphanumeric terminal to 
display the bill-of-materials information that is pro
duced with drawings of power and process-plant 
pipeline networks. Every user work station includes a 
graphics display and an alphanumeric display, side by 
side. 

Graphics systems do not always come with full-blown 
application software. Many units, such as Genisco 
Computers' GCT-3000, are furnished only with general
purpose software development tools, with which the 
user is expected to implement his own applications. 
However, IG system development is fairly complex; 
typical graphics software development facilities are 
hard to use, and typical application programs are 
difficult to debug. Turnkey systems are advisable for all 
but the most technologically advanced end users. 
Fortunately, JG-system vendors have long recognized 
this situation, and turnkey systems are readily 
available for many applications. Moreover, the vendors 
are usually prepared to develop custom routines or to 
modify their standard software to satisfy specific user 
needs. 

A user with installed hardware can buy or lease 
application packages from a software house. For 
example, Arrigoni Computer Graphics, Inc., of San 

Fig. 3. Auto-Trol Technology Corp.'s AD/380 is an example of a large JG system. 
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TABLE OF INTERACTIVE GRAPHICS SYSTEMS SUPPLIERS 

The following table is provided as a guide to evaluating vendors of 
interactive graphics systems. Mini-Micro Systems ' staff prepared the 

Adage, Inc. 
GS/300 and model 4100 

Advanced Electronics Design, Inc. 
AED512 

Appl icon. Inc. 
AGSSeries 

Auto-ll'ol Technology Corp. 
AD/380 

Aydin Controls 
System 16110 

C.lifornia Computer Products, Inc. 
IGS-300, IGs-400. IGS-500 

Cambridge Development Laboratory 
Dynamic Blackboard 

Chromatics, Inc. 
CGC7900 

Control Data Corp. 
777 Series 

Cromemco, Inc. 
Z2H/GS 

Data Technology, Inc. 
CDA 

De Anza Systems, Inc. 
vi .. com/23 

Decision Graphics, Inc. 
PEAC model 100, 
PEAC model 200 

Digital Equipment Corp. 
VT-11 

Evans & Sutherland Computer Corp. 
Picture System 2. 
Multi Picture 

Ferranti Ltd. 
GT-7 

Genisco Computers 
G-1000 

Gerber Systems Technology. Inc. 
105-80 

Hewlett-Packard Co. 
2647A, 2648A 

Hitachi 
H-7000 
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four lerminals per system. stroke 
writer. 21-ln. monochromatic CRT. 

trackball, hght pen. 1oyst1ck. 
d1g1t1Z1ng tablet. 26.000 vectors. 256 

characters 

raster. 512 x 483 pixels, 14-in. CRT. 
256 colors from palette of 16.8 
million. 256 shades of gray. 256 

symbols, 1oyst1ck. emulates 
Tektronix 4010 terminal 

raster-scan and storage tube. lour 
terminals per system. 19- or 21-in 
monochromatic CRT. 34- x 44-in 

d1g1t1z1ng tablet 

12 terminals per system. 19- or 25-
in monochromatic storage tube. 

15,000 vectors. thumbwheel, 
1oyst1ck. gantry d1g1tizer. hne 

follower 

12 monochrome or four color 
terminals . 2000 colors from 4000· 

color palette. 19-in raster CRT. 1 K x 
1 K resolution . 256 characters. 

1oyst1ck. trackball , graphic tablet 

raster-scan CRT, 300 x 416 or 1024 
x 768 resolution . monochromatic 

15- or 20-in CRT. 1oystick, d1g1t1Z1ng 
tablet 

640 x 512. color or monochromatic 

19-in. color raster-scan CRT. 1024 x 
768 resolution. 256 out of 16 million 

colors. 1oyst1ck. ltght pen 

stroke-writer. two terminals per 
system monochromatic 20-in. CRT. 
light pen. drawing rate as high as 

670.000 1ps 

1J-1n color raster-scan CRT. 
754 x 482 pixels 

vector. monochromatic, d1g1tizer 

four-color raster-scan CRT, lour 
terminals per system. 512 x 480 

resolution. 1oyst1ck. trackball 

monochromatic 21-in CRT. d1g1t1zer 

stroke-writer. monochromatic 17-in. 
CRT. as much as 1400 in. of vectors 

at JO lrames per sec .. ltghl pen 

stroke-writer. monochromatic CRT. 
six terminals per system. as many 
as 21.500 vectors per frame. hght 

pen. 1oyst1ck. d1g1t1zing tablet 

eight terminals per system. four
color stroke-wnter CAT. trackball. 

hght pen. 1oysl!ck. d1g11izer 

19-in monochromatic raster-scan 
CRT 1024 x 792 resolution 

d1g1t1zer 1oyst1ck 

four lerminals per system. 19- or 25-
in monochromatic storage lube. 

touch-sensitive entry device. 
d1g1t1zer 

monochromatic raster·scan CRT. 
720 x 360 resolution 

faster-scan CRT. seven colors 

table from its own sources and from information supplied by GML 
Corp., Lexington , Mass. 

zooming, 2D. JD. circle and arc generator. 
rotation. translation. windowing 

horizontal and vertical scroll . pan. 16:1 
zoom. image overlays. vector and circle 

generation. polygon fill, blink 

1ntegrated-circu1t design, electrical and 
mechanical drawing ; zoom; 2D and JD 

windowing. rotation. translation and 
perspective pro1ect1on 

d1mens1onmg and annotation. 
crosshatching. scahng. rotation . layering, 

symbol creation. and JO pro1ect1on ; 
mechanical , electrical and architectural 

applications 

core-standard compatible, curve-f/tl!ng, 
2D. JD. edge detection and 

enhancement. conlrast enhancement. 
image focusing , zoom. windowing, 

psuedo color. FFT 

mapping. piping. engineering drawing 

scroll. rotation 

roll. pan, zoom, windowing. overlays 

zoom. 2D. 3D. windowing , translation . 
rotation. perspective pro1ect1on 

dual·page windowing, automatic area 
fill. can display different parts of a 

picture in either bit· or nybble·mapped 
mode 

drafting applications; scaling. rotation . 
mirror imaging. interpolate curves. cross

hatch 

zoom. overlay. windowing . pan. conics 

2D. 3D. overlays; computer-aided design 
applications. drafting 

vector manipulalion 

zoom. 2D. JD. windowing . translal1on. 
rotation orthogonal pro1ect1on. v1ewpoinl 

mapping . scaling 

circle arc. scaling. rotation. mirror image. 
zoom . 30 

Tektronix 4014-1 replacement 

computer-aided design and 
manufacturing applications· scaling. 
zoom. pan. chp, translation. 20. 30 

zoom. pan. rubber banding 

overlay. special symbols 

Output 
Media 

electrophotograph1c hard copy. 
pnnter plotter 

RS 170 video output to user device 

photoplotter color plotter, video hard
copy unit 

flatbed plotter; electrostatic and thermal 
printer plotters 

color camera. video copier. plotter 

drum. flatbed. bettbed. microfilm 
plotters. printer/plotter 

optional graphics prinlers 

via host computer 

plotter, video hard copy 

printer 

40- x 60-in plotter 

via host computer 

36-m . - wide plotter 

via host computer 

plotter 

plotter 

prinler plotter 

video hard copy; drum. flatbed and 
photoplotters 

printer plotter. plotter 

plotter 
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30-bit minicomputer. BK to 32K words 
separate m1croprogrammable display 

processor with 64K x 64K points 
addressable 

6502A !LP, 16K to 256K bytes memory 

DEC PDP-11 34, 48K to 2S6K 16-bit words 
of memory 

Sperry Univac V77 minicomputer with 
Vortex operating system and 256K lo 2M 
bytes of memory: also DEC VAX-11 780 

computer 

8086 µp (as many as 16 per system). as 
much as 768K bytes of main memory 

CC 16140 minicomputer with 96K to 256K 
16-b1t words of main memory 

S-100 µC Wllh 64K bytes of RAM 

MC68000 µp. real-time clock 

Cyber 18-17B with 24K to 64K 18-bil words 
of memory 

4-MHz Z80A with 64K bytes of RAM 

DEC PDP-11 with 28K bytes of memory 

DEC LSl-11 with as much as S 12K bytes of 
memory 

DEC PDP-11 34 or PDP-11 44 with 2S6K 
bytes of memory 

DEC PDP-11 04 or PDP-11 34 with t 6K to 
124K 16-bit words of memory 

DEC PDP-11 with 16K to 64K 16-bit words 
of memory 

DEC PDP-11 or Argus 700 computer with 
16K to 32K bytes of memory 

28001 µp with 16K to 32K 16-bit words of 
memory 

H-P 1000F 16-bit computer. with 384K to 
2M bytes of memory 

8-b1t word. BK to 32K bytes of memory 

64K bytes of memory 
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I 
Typical 

Interlaces Price 

81 M-byte disk drive 7- or 9-track magnet1c
tape drive 

80M-byte disk drive. diskette drive. 
cartridge-tape drive 

BOOM-byte disk drive. four tape drives 

RS232 synch . as high as 9600 baud 

direct memory access to DEC LSl-11 
and PDP-11 Data General Nova and 

m1croNova and Sperry Varian 
minicomputers: RS232 asynch . 

speeds as high as 19.200 baud 

emulates IBM 2780. HASP work station . 
CDC UT200 or Univac 1004 terminal 

SOM-byte disk drive: magnetic-tape drive asynchronous. synchronous. binary 
synchronous. data rates as high as 60K 

bytes per sec .. can interact with IBM. 
Sperry-Univac. Burroughs Honeywell 

CDC and Amdahl mainframes 

disk-cartridge drive serial asynch and synch binary 
synchronous. HDLC. ODCMP SDLC 

RS232 RS422 423. parallel 

BOOM- byte disk drive, two tape drives synchronous at rates as high as 9600 
baud. emulates IBM ?7AO 

floppy-disk drive. hard-disk drive optional serial 

10M-byle disk drive, diskette drive RS232. RS449 

magnetic-tape drive as high as SOK baud to CDC Cyber 70 . 
Cyber 170 or 6000 Series computers 

11M-byte hard-disk drive. dual floppy- RS232 
disk drives 

SM-byte disk drive RS232 

diskette drive RS232, parallel 0-Bus 

magnetic - tape drive , 20M-byte disk drive via telephone lines to remote host 

disk drive RS232 at rates as high as 9600 baud. 
Unibus 

disk drive. magnetic-tape drive asynch RS232 at rates as high as 9600 
baud 

disk drive, magnetic-tape drive. tape- Teletype-compatible. parallel. IBM 2250 
cassette drive emulation 

magnetic-tape drive. 880M-byte disk drive 

220K-byte mini-cartridge drive 

diskette drive 

asych RS232 at rates as high as 19.200 
baud 

to other IDS-80 systems or host 
computers 

Teletype RS232C at rates as high as 
19.200 baud parallel 

RS232. Teletype 

$42 .920 to $133.000 

$887S 

S 192.SOO to $280 .SOO 

$71,700 to $89.000 

$99SO to $14.SOO 

$19.99S 

$ t 1O.000 to S 11 S. 000 

$14.SOO 

$39.000 

$190 ,760 to $217.940 

$44.040 to $46.600 

$69.000 

$28.000 

$10,000 

$240.000 

$6000 to $9000 

$11.000 
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Manufacturer I Terminal Graphics I Output 
and Model No. I Characteristics Functions Media 

Hughes Aircraft Co. 
C-9 

IBM Corp. 
2250 

lmlac Corp. 
Dynagraphic Series II 

Industrial Data Terminals Corp. 
IDT-2000 

Information Displays, Inc. 
IDllOM/11 

Interstate Electronics Corp. 
Analyst's Console System 

Lundy Electronics & Systems, Inc. 
Hypergraf 2600 

Magnavox Display Systems 
Orlon-60 Serles 

Megatek Corp. 
Whizzard 7250 

M & S Computing, Inc. 
IGDS 

National Computer Systems, Inc. 
CompuTool 

Planning Systems 
SPACEMAN 

Ramtek Corp. 
6200A 

Raytheon 
Raycomp 100 

Redac Interactive Graphics, Inc. 
Mini PCB Designer 

Sanders Associates. Inc. 
Graphics a 

Spatial Data Systems, Inc. 
Eyecom II 

Stanford Technology Corp. 
model 70, System 500, 
System 101 

Summagraphics Corp. 
Datagrid II 

Synercom Technology, Inc. 
lnformap 

Tektronix , Inc. 
4054 

Telecrafters 
MCD4001B 

Terak Corp. 
8510/A 

Vector Automation 
Graphics 80 

Vector General , Inc. 
Vectorgraphics 11 

Vectron Graphic Systems, Inc. 
2019 Users Station 
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17-in. monochromatic stroke-writer 
CRT, 16-level gray scale, 1oyst1ck, 

d1g1tizer 

monochromatic stroke-writer CRT. 
light pen 

19-in. monochromatic stroke-writer 
CRT. as many as 16,667 vectors . 

light pen , 1oyst1ck, d1g1tizer 

monochromatic raster-scan CRT, 
512 x 512 resolution 

21-in . monochromat1r stroke-writer 
CRT, light pen, 1oyst1ck, d1git1zer 

two to eight terminals per system. 
19-in CRT, eight colors. 512 x 483 

resolution , trackball 

21-in . monochromatic stroke-writer 
CRT. 16 terminals per system. light 

pen, dig1t1zer. 1oyst1ck, trackball 

monochromatic plasma display, 512 
x 512 resolution . touch-sensitive 

entry device 

raster-scan CRT, 16 colors . 512 x 
512 resolution . 1oyst1ck 

two 19- or 25-in monochromatic 
storage-tube display screens per 
station. 16 dig1t1zer stations per 

system 

six terminals per system , light pen 

19-in. storage tube, 
d1g1tizing tablet 

eight-color raster-scan CRT, 512 x 
256 resolution , 1oyst1ck 

raster-scan CRT four terminals per 
system , 1024 x 1024 resolution . 

trackball , d1g1tizer 

17-in . monochromatic stroke-writer 
CRT. light pen . d1g1t1zer 

256-color raster-scan CRT, eight 
terminals per system, 1024 x 1024 

resolution. 1oyst1ck. trackball . 
d1g1t1zer 

three-color CRT. 640 x 480 
resolution . 1oyst1ck. d1g1t1zer 

19-in. color or monochrome raster· 
scan CRT. 512 x 512 resolution, 

trackball , tablet. 1oystick 

11 -in. monochromatic storage tube 
or 19-in. color raster CRT. d1g1t1zer 

19-in. monochromatic storage tube. 
16 terminals per system . d1g111zer 

monochromatic storage tube. 
1oyst1ck. d1g1t1zer 

eight-color raster-scan CRT. 512 x 
256 resolution . three terminals per 
system. light pen. 1oyst1ck. trackball 

monochromatic raster-scan CRT. 
320 x 240 resolution 

stroke-writer CRT light pen . 
d1g1hzer. 66.000 vectors 

21 -in . monochromatic stroke-writer 
CRT. four terminals per system . light 

pen. 1oyst1 ck. trackball . d1g1t1 zer 

19-in monochromatic storage tube. 
d1g1t1zer 

zoom , circle arc generator. windowing 
rotation . 20 

polygon fill 

computer-aided design applications ; 
windowing. rotation . 20 . 30 

military and industrial command and 
control applications 

rotation scaling . windowing , scissoring , 
zoom. circle ellipse generation 

background overlays from slide pro1ector 

30. pan. zoom . clip. rotate . scale , 
translate 

20 . 30, scale. rotate , mirror, interactive 
measurements. polygon overlay and 

intersection 

zoom. rotate . mirroring . computer-aided 
design applications, toolmaking 

30, others 

fill , windowing , pan, conics 

zoom. scrolling 

printed-c1rcu1t board applications 

30 coordinate conversion . polygon fill 

overlay. windowing . zoom , pan 

arithmetic between images. 
radiometric point processing, zoom, 
pan. spilt screen . N x M convolution. 

histograms, cluster. rotation , 
scattergram. array transposition , 
interpolative zoom. video frame 

d1g111zing. scroll, overlay 

printed-circuit board . drafting . mapping 
applications 

mapping apphcattons 

window. scale. rotate 

overlay. underlay, circles 

20 . 30. translation. rotation , zoom pan, 
windowing. nesting 

20 . windowing . translation. rotati on. 
orthogonal pro1ec t1 on 

pan , zoom , scale 

via host computer 

plotter 

plotters 

printer/plotter 

plotter, printer plotter 

plotter, printer · plotter 

printer I plotter 

printer • plotter 

plotters 

numeric control tapes 

plotter 

printer plotter, plotter, phototypesetter 

plotter 

printer 1 plotter 

video hard copy, 
printer, camera 

flatbed and drum plotters 

plotters 

plotter. printer plotter. CRT hard copy 

printer plotter 

printer plotter 

plotter. CRT hard copy 

plotter 

plotter 
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CPU i Mass I Typical 
Characteristics Storage Interfaces Price 

BOB6 µp, 32K to 64K bytes of memory 

BK to 64K bytes of memory 

Varian 620 computer with 4K to 256K 16-bit 
words of memory 

DEC PDP-11 /70 

16-bit µc with 24K to 12BK words of memory 

B-b1t µp, BK to 32K bytes of memory 

32-bit word , 64K to 192K bytes of memory 

DEC PDP-11 /44 or PDP-11 /70 with 512K to 
2M bytes of memory 

DEC PDP-11 

Tektronix 4054 

ZBO µp, 4K to 16K bytes of memory 

64K bytes of memory 

DEC PDP-11 /34 with 32K 16-bit words of 
memory 

minicomputer with 32K to 256K bytes of 
memory 

DEC PDP-11 

diskette dnve 

diskette drive, tape drive 

magnetic-tape dnve, 1200M-byte disk 
drive 

floppy-disk drives 

diskette drive 

disk drive, tape drive 

disk drive, magnetic-tape drive 

magnetic-tape drive 

DEC PDP-11 or VAX, Data General disk or tape drives 
Eclipse, or HP 1000, 21 MX or 3000 host, 

model 70 image processor 

minicomputer with 64K to 96K bytes of 25M-byte disk drive, magnetic-tape drive , 
memory diskette drive 

DEC PDP-11 or VAX with 256K bytes of 
memory 

B-bit word. 4K to 64K bytes of memory 

DEC LSl-11 with 56K bytes of memory 

16-bit word, 32K to 256K bytes of memory 

DEC PDP-11 

32-bit minicomputer with 512K bytes of 
memory 

MINI-MICRO SYSTEMS/December 1980 

1200M-byte disk drive. magnetic-tape drive 

300K-byte cartridge 

diskette drive 

diskette drive 

disk drive . magnetic-tape dnve 

300M-byte disk drive. magnetic-tape drive 

asych . RS232 at rates as high as 9600 
baud ; parallel with Data General , DEC, 

H-P and Varian computers 

to IBM host computer 

asych. RS232 at rates as high as 9600 
baud 

senal at rates as high as 9600 baud 

parallel 

to host DEC PDP-11 or CDC Cyber-17 

RS232 at rates as high as 9600 baud 

RS232 at rates as high as 9600 baud. 
parallel 

SDLC, rates as high as 56K baud per 
line up to SOOK baud per system 

RS232 at rates as high as 9600 baud 

current loop 

RS232, parallel ; 10 others optional 

to DEC and Data General host 
computers 

asynch. RS232 

RS232 at rates as high as 9600 baud , 
GPIB 

RS232 at rates as high as 9600 baud. 
parallel 

RS232 

RS232 , parallel 

RS232 at rates as high as 9600 baud. 
parallel 

$9950 to $17,000 

$64,000 

$7000 

$70 ,000 

$56.000 

$B400 to $17,250 

$20,000 

$50,000 to $75,000 

$9950 

$3B.OOO 

$23 ,000 

$14.500 

$25,000 and up 

$16 ,500 

$12.000 

$24.500 

$40.000 to $150.000 

$55.000 
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Systems houses find nothing 
sells faster than 

a stack of Level 6 computers. 

L evel 6 computers are 
optimized for quick resale. 

Honeywell is synonymous 
with worldwide field service. 
Technical expertise. And hard
working dependability. 

The Honeywell name greatly 
enhances any system you put 
together. 

And putting systems 
together is easier when you 
start with a Level 6. 

These computers are config
urable. It's easy to add your 
own specialized application and 
software packages. 

Honeywell can help you. We 
specialize in solving the real, 
day-to-day problems of business. 

Our experience is vast. And 
it's yours to draw on. 

Once your system is built, 
Honeywell will be ready to help 
you price, package, and 
promote it. 

Honeywell is a full service 
vendor. From hardware and 
software to system design and 
sales promotion, we off er what 
you need most. 

A complete package. Com
puters that are state-of-the-art, 
dependable, and attractive to 
your customers. 

See us at COMDEX'80, Booth 811. 

Computers available with 
quantity discounts. 

Computers well worth 
investing in. 

For more information on 
the Level 6 computer and its 
many applications, write Ted 
Anderson at Honeywell, 2223 
Washington Street, 3 Newton 
Executive Park, Newton 
Lower Falls, MA 02162. 

Honeywell 
CIRCLE NO. 45 ON INQUIRY CARD 
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A minimum interactive graphics system 
includes one terminal connected to a 
processor, which may or may not be 
embedded in the terminal. 

Jose, Calif., supplies design and drafting software for 
the Tektronix 4050 Series desk-top computer, equipped 
with a plotter, disk drive and digitizer. Computer 
Aided Design Centre of London, England, provides 
Ginozone, a set of FORTRAN routines for creating and 
displaying maps. And Brigham Young University offers 
Movie.BYD, a set of general-purpose graphics manipu
lation routines. Hundreds of such packages are 
available, although users may have trouble finding 
some of them. Comprehensive directories of graphics 
applications software are not sold on every newsstand. 
Users should contact the National Technical Informa
tion Service of the u.s. Department of Commerce in 
Springfield, Va. NTIS publishes software abstracts 
regularly. 

Similarly, a user can shop around for components and 
build an IG system from scratch. Terminals are 
available from many sources, and popular minicomput
ers, such as Digital Equipment Corp. 's PDP-11 and v AX, 

CLUSTER 

are suitable for most graphics applications. PDP-11 and 
Prime computers are particularly appropriate, in that 
DEC and Prime Computers, Inc., supply the processors 
for a wide variety of turnkey systems. Alternatively, 
one can seek out a company such as Lexidata Corp., 
Burlington, Mass., or Ikonas Graphics Systems, Inc., 
Raleigh, N.C. These vendors sell processors designed 
specifically for graphics applications, which can be 
interfaced to terminals, plotters and other peripherals, 
directly or through a separate host computer. The 
Ikonas unit can also accept an analog television signal, 
sample it at rates as high as 16 MHz and store the 
digitized image for further processing. 

The same freedom extends to the selection of 
plotters, digitizers and other r/o units. A user with the 
necessary skills can easily configure a system to meet 
his requirements. 

Terminals 

As a user's window into a system, the graphics 
terminal deserves special attention. A typical terminal 
consists of a CRT, an alphanumeric keyboard for 
command entry and display annotation and an auxiliary 
graphics-entry device to enable a user to designate 
specific points or elements in a display for further 
processing (Fig. 5). 

INFORMATION PROCESSOR 
POP-11 /70 or POP-11 /44 

RSX-11 M Plus Operating Systems 

,,,,,r;J AL~g, 
terminal 

L----------------------
3/4 

15116 

GRAPHICS WORK STATIONS 

- ~ 
"'Q) 
c:= 
- 0 
E !: 
~ c: 
Q) 0 
f-- u 

0 
1§ 
c 
Q) 
u 
c: 
0 
u 

"' ;;; 
0 

IGDS 
Interactive 
graphics 
design 
system 

Graphic 
files 

AS 
Attribute 
service 
utilities 

Scanner 
Processor 

Linkage 

DMRS 
Data 

management/ 
retrieval 
system 

Non
graphic 

files 

Alphanumeric 
terminal 1 

Alphanumeric 
terminal 2 

Alphanumeric 
terminal 3 

Alphanumeric 
terminal 4 

Fig. 4. Two pairs of graphics terminals can be clustered in the /GOS system from M&S Computing, Inc. 
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More ways to get into bubble memory. 
And get more out of it. From Texas Instruments. 
Tl's eight years of experience in bubble 
memory design and production have 
provided keen insights into customer 
design requirements. 

So, it makes sense that only TI, the 
leader in bubble memory technology 
and products, can offer you more make
or-buy choices for more ways to get into 
the industry's fastest-growing 
technology. 

It all comes down to a special sen
sitivity to our customer's needs - no 
matter what your application, level of 
sophistication or volume - if you want 
to get more out of bubble memory tech
nology- talk to Tuxas Instruments. 

Add-in systems 
For direct plug-in to most popular mi
crocomputer buses, including Tl's 
TM990 bus. Fully tested, fully as
sembled systems with capacities rang
ing from llK to 1024K bytes. All with 
associated support circuitry on board. 

Prototyping boards 
TI supplies the assembled bubble mem
ory and support circuitry - you proto
type the interface to your own system 
- then, when you're ready for volume 
production, you can build your own 
boards or have TI build to your 
specifications. 

MAGNETIC BUBBLE MEMORY DEVICES, KITS AND PROTOTYPING BOARDS 

CAPACITY (KILOBITS) DEVICE KIT PROTOTYPING BOARD 

92 TIB0203 TIBK091 TBB5990 
256 TIB0250 TIBK021 TBB5902 
512 TIB0500 TIBK051 TBB5905 
1024 TIB1000 TIBK101 TBB5910 

ADD-IN SYSTEMS 

BUS STRUCTURE SYSTEM CAPACITY (KILOBYTES) 

TM990 TM990/210 23 to 69 
TM990 TM990/211 128 to 1024 

STD TBB7090/91 11to104 
OEM (9900 ,8080, Z80) TBB5005 64 
OEM (9900 , 8080, Z80) TBB5010 128 

LSl-11t MBC11" 46 to 736 
MULTIBUS! MBB80' 92 

S-100 MBB100" 46 to 736 

SOFTWARE 

TM990/431 Interactive monitor to test and demo TM990/210 
TM990i 453 Power Basic with file management for TM990/210 

"Available from Bubbl-tec Div. of PCM, Inc., 6800 Sierra Court , Dublin , CA 94566 (415) 829-8705 
tTrademark of Digital Equipment Corp. 
tTrademark of Intel Corp. 

Kits and components 
Design your own non-volatile memory 
system for your own production. Less 
than $100** buys you a 92K bubble mem
ory kit in unit lots of 1,000, complete 
with all the support circuitry, including 
the custom controller. Tl's 92K, 256K, 
512 K and 1-million bit bubble memory 
components help optimize cost
effectiveness. Because you buy only as 
much memory as you need. Only when 
you need it. 

Support, support, support 
No matter which route you take. 
Everything from fully documented 
user's manuals to development 
software to a learning-intensive Ad
vanced Tuchnology Seminar at either of 
our Regional Tuchnology Centers. And, 
for technical design help, there's our 
bubble memory applications lab. 

Continuing commitment 
Tu innovative, cost/performance effec
tive bubble memory technology. For a 
full line of standard or custom products. 
And, for more choices. 
For details, send for our newly updat
ed brochure, CL473A. 
Contact your nearest TI 
field sales office or 
authorized distributor. Or 
write Tuxas Instruments, 
Box 225012, MIS 308, 
Dallas, Tuxas 75265. 

Fifty Years 
of 

Innovation 

4tJ 
TEXAS INSTRUMENTS 

.. U.S. prices subject to change without notice 
© 1980 Texas Instruments Incorporated INCORPORATED 
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PRODUCT IO 

TE~T E 'GI EERI G 

I COX! G 
I. PECTIOft 

llSTs TIME MACHINE™ -
Totally Automated Systems to 
Initialize, Certify or Copy 
Floppy Disks. 

At last, you can be first. 
While your competition is using 
out-dated disk processing equip
ment for checking, formatting or 
copying-your floppy disk oper
ation productivity increases. 

Because if you take advan
tage of MST's Time Machines, 
you'll experience faster disk 
handling- with either 8 inch or 
SY.. inch, single dr double-sided 
floppies (even simultaneously) 
and in any format or density -
automatically. 

Sptea 800-haltlaUzatlon 
The Automatic Disk Initial

izer simultaneously processes 
•!Jl)t4m of different formats, 
dcildtles and media sizes under 

the direction of multi-tasking 
software. This system allows up 
to eight initialization stations 
to be operated concurrently 
and independently within the 
system while minimizing oper
ator intervention. 
System 810-lnitlallzatlon and 

Certification 
With controllers and addi

tional certification software, you 
can certify and initialize up 
to 50 disks in one fell swoop -
automatically. 

System 820-Copytne 
MST will provide copy cen

ters throughout the U.S. Give us 
your disk and tell us how many 
copies you need-we'll do the 
rest. Call for your nearest center. 
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Graphics systems do not always come 
with full-blown applications software. 

Fig. 5. An Interactive graphics terminal from Ramtek Corp. 

The three main display techniques are raster scan, 
stroke (or vector) and storage tube. Raster scan has the 
lowest price tag, but also the lowest information 
capacity. A typical unit has 512 x 512 picture-element 
(pixel) resolution (i.e., points are displayed only at the 
intersections of a 512 x 512 matrix on the screen). 
Resolutions as fine as 1024 x 1024 pixels are available 
in a few systems, at much higher prices. With such 
modest resolution, diagonal lines written across a 
screen appear to be jagged. For most people-and in 
many applications-the "jaggies" do not reduce a 
system's utility. But for slide-making, architectural 
design or publication, the quality of drawings copied 
from the screen must be consistently high, and jagged 
lines are unacceptable. 

In these situations a user may turn to a stroke-writer 
terminal, such as the Imlac Dynagraphic II, which 
draws vectors from point to point on a CRT. The 
starting and ending positions can be resolved on a 2K x 
2K point matrix, without jagged lines. This improve
ment costs a little more, but is easily justifiable in many 
circumstances. 

Both the raster and stroke-written displays must be 
refreshed 3o times per sec. or more to maintain a 
flicker-free picture. Storage tubes, however, require no 
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Hewlett-Packard Co., Palo Alto, Calif .. ..... . .. 433 Tektronix, Inc., Beaverton, Ore .. .. . ...... . . . . . 455 
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Industrial Data Terminals Corp., Vectron Graphic Systems, Inc., Santa 
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Hard sell. 
Just what you 've been waiting for - another hardware 

manufacturer with another line of products. 
We understand the problems facing users, OEMs, and 

hardware manufacturers. So we make sure our systems 
are modular and flexible . They're expandable and upgrade
able without reprogramming. And they can interface with 
other types of computers on the market. 

Choose from complete systems or from individual termi
nals, printers, and disk drives - 5}i " or 8" floppies and 8': 
Winchester disks that offer from 630K bytes to 30 megabytes. 

We also offer our ZCB single board computer with 
PROM, RAM , serial and parallel ports. Plus High Resolu
tion Graphic, Video Digitizer, and Precision Analog 
boards. You can get a memory-mapped video board 
for development of systems with fast, efficient 
screen handling. 

All our products are S-100 Bus compatible. 
So you can build products with virtually any capa
bilities by slipping in any board you want. 

We don't just make hardware, we make 
it simple. 

Contact Gary Bennett, Vector Support Center, 
31364 Via Colif!as, Westlake Village, CA 91362. Or 
call 213/991-2302. 

V-cero=I 
Economy Sized Computer™Hardware 
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Soft sell. 
We don't think software should be hard to use. 
To make things easier for you, we offer software expertise 

as wel I as software. 
Our Z80 assembly language comes with RAID (our memory

mapped rapid interactive debugger) which saves debugging 
time, and SCOPE (our screen-oriented program editor) which 
provides advanced word processing in a program editor. It 
cuts 35% of the ti me it takes to create new programs. What's more, 
ZSM is a Z80 assembler that generates files compatible with 
higher level languages- including CIS COBOL, PASCAL, 
APL, and FORTRAN. 

We offer CP/M, the industry standard operating 
system. So transportable software developed on 
one system can run on others. 

Vector offers a great system for developing 
BASIC programs with an interpreter for on-line 
development and an optional compiler for end
user programs. 

It's the least we could do. Because we make 
software development a soft job. 

Contact Gary Bennett, Vector Support 
Center, 31364 Via Colinas, Westlake 

Village, CA 91362. Or ca ll 213/991-2302. 

SCOPE and RAIO trademarked Vector Graphic Inc. Z80-trademarked. 
ZILOG. Inc. CP/M - Registered DIGITAL Research Inc. CIS COBOL
trademarked M 1cro Focus 

Y-m:CTO=I 
Economy Sized Computer™Software 
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As in all data-processing systems, 
the key to success interactive 
graphics is good software. 

refresh: images remain in place, unwavering, as long as 
power is applied to the CRT. The drawback is that when 
a picture is altered in any way, no matter how small, the 
entire screen must be erased and the image rewritten. 
This quirk makes it fairly useless for animation, for 
example. And storage tubes are all monochromatic, 
whereas raster and stroke-writer tubes are also 
available in color versions. Even so, this technique is 
fine for many applications, and it is solidly supported, 
becaus~ Tektronix uses storage tubes exclusively. 

Another technique, called plasma display, has been 
vying for user attention for several years, with little 
success, because it is relatively expensive. Interstate 
Electronics is the strongest advocate of plasma displays 
but until prices come down, it will remain an 
uphill battle. That is a shame, because plasma displays 
are bright, low-power, compact and require no refresh. 
Their day may come, but not soon. 

Graphics-entry devices include light pens, joysticks 
(similar in appearance to the controls found in light 
aircraft) and trackballs, all used with the image on the 
CRT screen. Trackballs and joysticks control the 
horizontal and vertical movement of a cursor on the 
screen. The user presses an enter button to transmit 
the cursor position to the graphics processor. A light 
pen is held in a user's hand like a pen and pointed at the 
area of interest on the screen. When the refresh system 
illuminates that point, a photocell in the pen is 
activated, and its position is automatically passed to the 
processor. These techniques have been around for 
many years and are of comparable effectiveness. 

In some systems, a separate digitizing tablet may be 
used as an entry device for creating a graphics data 
base. The CRT is then used for editing the data base. A 
digitizer is certainly called for when the data source is a 
picture or map that cannot be pasted on a CRT screen. 

Software 

As in all data-processing systems, the key to success 
in interactive graphics is good software: operating 
systems, software to handle graphics input and output 
devices (plotters, digitizers, CRTs), application soft
ware, development software (compilers, debuggers) 
and communications software (to transfer data among 
system components). Software requirements are eased 
in systems whose graphics terminals have some 
intelligence of their own, to perform such fundamental 
operations as translation and rotation of coordinates, 
scaling of coordinates, zooming (magnifying part of a 
picture), panning (moving the field of view right or left, 
up or down, without changing magnification), window
ing (displaying a portion of a picture, leaving the rest 
blank) and overlaying (displaying multiple images, like 
multiple exposures of a single film frame). 
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In many cases, the vendor supplies the bulk of the 
software in all the major categories, leaving the user 
little to do except turn the key and go. The 
software-development process doesn't disappear; it just 
moves from the user's shop to the vendor's. And the 
user may still be stuck for software maintenance, 
unless he makes a maintenance arrangement with the 
system vendor or a third party. 

Fortunately, the state of IG-system development 
tools has improved in recent years. In 1979, the 
Association for Computing Machinery's Special Inter
est Group on Graphics (AcMISiggraph) published an 
update to an earlier Core Standard for graphics
software development tools. It details the object
manipulation functions a programmer must have and 
the naming conventions he must use in developing 
graphics applications. For example, Aydin Controls' 
model 5216 display computer has an instruction set that 
is said. to be compatible with the Core Standard. By and 
large, system vendors have embraced the standard 
warmly, trying to work with it and discover its 
deficiencies in the process. 

The experience of 25 years in data processing has 
taught everyone how valuable standards can be. 
Intended to provide program portability among 
computers from different vendors, the popular lan
guages have had two far more important effects: a large 
body of programmers has been trained and become 
experienced in these languages, and the economy of 
expression in high-level languages has increased 
programmer productivity . . These same benefits will 
accrue to graphics system designers as the Core 
Standard proliferates and stabilizes. 

The future 

It may be an exaggeration to say that interactive 
graphics faces a glorious future, but a fair measure of 
optimism is warranted. As hardware costs continue to 
decline, and as more and more control functions are 
embedded in firmware to cut execution time, IG 
systems will find their way into applications such as 
remote sensing, which now are handled as batch rather 
than interactive problems. At the same time, applica
tions such as weather prediction, which today cannot be 
handled adequately in batch mode on even the largest 
computers, will become commonplace on IG systems: 
The romance between users and computer graphics is 
just starting, and they will live happily ever after. • 

Malcolm L. Stiefel, now a group leader 
at Mitre Corp., has worked as a systems 
analyst, systems engineer and program
mer on military command-and- control, 
hospital administration, investment 
securities and municipal information 
systems. 
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The first personal co 
for under $200. ·~ 

The Sinclair ZX80. 
A complete computer
only $199.95 plus$5.00shipping. 

Now, for just $199. 95, you can get a 
complete, powerful, full-function computer, 
matching or surpassing other personal 
computers costing several times more. 

It's the Sinclair ZX80. The computer that 
"Personal Computer World" gave 5 stars 
for 'excellent value.' 

The ZX80 cuts away computer jargon 
and mystique. It takes you straight into 
BASIC, the most common, easy-to-use 
computer language. 

You simply take it out of the box, con
nect it to your TV, and turn it on. And if 
you want, you can use an ordinary cassette 
recorder to store programs. With the man
ual in your hand, you'll be running programs 
in an hour. Within a week, you'll be writing 
complex programs with confidence. 

All for under $200. 

Sophisticated design makes the 
ZX80 easy to learn, easy to use. 

We've packed the conventional computer 
onto fewer, more powerful LSI chips
including the Z80A microprocessor, the 
faster version of the famous Z80. This 
makes the ZX80 the world's first truly port
able computer (6 V2" x 8 V2" x 1¥2" and a mere 
12 oz.). The ZX80 also features a touch 
sensitive, wipe-clean keyboard and a 
32-character by 24-line display. 

Yet, with all this power, the ZX80 is easy 
to use, even for beginners. 

Your course in computing. 
The ZX80 comes complete with its own 

128-page guide to computing. The manual 
is perfect for both novice and expert. For 
every chapter of theory, there's a chapter 
of practice. So you learn by tloing-notjust 
by reading. It makes learning easy, exciting 
and enjoyable. 

You'll also receive a catalog packed with 
items that can make your ZX80 even more 
useful. Including 27 program cassettes, 
from games and home budgeting for just 
$6. 95, to Sinclair's unique Computer Learning 
Lab. And books, hardware options and 
other accessories. 

ZXBO's advanced design features. 
Sinclair's 4K integer BASIC has perfor

mance features you'd expect only on much 
larger and more expensive computers. 
• Unique 'one touch' entry. Key words 

(RUN, PRINT, LIST, etc.) have their 
own single-key entry to reduce typing 
and save memory space. 
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• Automatic 
error detection. 
A cursor identifies errors 
immediately to prevent entering 
programs with faults. 

• Powerful text editing facilities. 
• Also programmable in machine code. 

Price includes TV and cassette connectors, 
AC adaptor, and 128-page manual. 

• Excellent string handling capability-up 
to 26 string variables of any length. 

• Graphics, with 22 standard symbols. 
• Built-in random number generator for 

games and simulations. 

All you need to use your ZX80 is a standard TV 
(color or black and white). The ZXSO comes complete 
with connectors that easily hook up to the antenna 
terminals of your TV. Also included is a connector for 
a portable cassette recorder, if you choose to store 
programs. (You use an ordinary blank cassette.) 

Sinclair's BASIC places no arbitrary re
strictions on you-with many other flexible 
features, such as variable names of any 
length. 

And the computer that can do so much 
for you now will do even more in the fu
ture. Options will include expansion of lK 
user memory to 16K, a plug-in SK floating
point BASIC chip, applications software, 
and other peripherals. 

Order your ZX80 now! 
The ZX80 is available only by mail from 

Sinclair, a leading manufacturer of con
sumer electronics worldwide. 

To order by mail, use the coupon below. 
But for fastest delivery, order by phone 
and charge to your Master Charge or VISA. 
The ZX80 is backed by a 30-day money
back guarantee, a 90-day limited warranty 
with a national service-by-mail facility, and 
extended service contracts are available for 
a minimal charge. 

The ZX80 is a family learning aid. Children 10 and 
above will quickly understand the principles of 
computing- and have fun learning. 

Master Charge or VISA orders call: 
(203) 265-9171 We'll refund the cost of your call. 
Information: General and technical-(617) 
367-1988, 367-1909, 367-1898, 367-2555. 
Phones open Monday-Friday from 8 AM to 
8PMEST. 

. I . ~inc: ~11 SinciairResearchLtd.,475MainSt., iiiiiiiiiiil liimiil P.O. Box 3027, Wallingford, CT 06492. 
r-----------------~ 

I 
To: Sinclair Research Ltd., 4 75 Main St., P.O. Box 3027, Wallingford, CT 06492. 
Please send me ZX80 personal computer(s) at $199. 95* each (US dollars), plus $5 

I shipping. (Your ZX80 may be tax deductible.) 
I enclose a check/money order payable to Sinclair Research Ltd. for $ _ _ _____ _ 

I 
I 
I 
I 

City _________ _ State __________ Zip _____ _ 

Occupation: _____________________ Age: __ _ 

Intended use ofZXSQ: ______________________ _ 

I 
I 
I 
I 
I 
I 

I Have you ever used a computer? D Yes D No. *For Conn. deliveries, add sales tax. I 
L

Do you own another personal computer? D Yes D No. :J 
MM-12-0 ----------------
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Tl's 9900 16-blt microprocessor family 
Is a low-risk choice that's compatlble 
from components through systems. 

Cost-effective CPUs: Four 9900 Family 
microprocessors use NMOS or 12L 

technologies plus expandable building 
blocks for customization . 

Economical peripherals: Full range of serial, 
parallel and special-purpose 1/0, RAMs, 
ROMs and EPROMs. 

Low-cost microcomputer modules: 
Pre-assembled and pre-tested, plus an 
educational module with tutorial text. 

OEM configuration: Complete micro or 
minicomputer has peripherals, operating 
systems and high-level languages. 

Hardware/software support: High-level 
languages and AMPL* round out the 
industry's best supported, compatible 
family. 



MEETING YOUR NEEDS 
IN MICROPROCESSORS 
Tl's 9900 16-bit 
Family offers you 
performance, 
economy and 
growth-ability 
through 
compatibility. 

The 9900 Family is designed 
around a highly advanced 
memory-to-memory architecture 
that cuts programming time. It 
uses a uniform instruction set, a 
common memory bus and 
peripheral interface ... and the 
same development system. This 
protects you against software 
obsolescence. 

Broad and flexible, the 9900 
Family spans the field of 
microprocessors, microcomputer 
modules and minicomputers. 

You can begin at any level: 
component, module or system, 

Tl9900 Development System at a 
Hall-Mark Demonstration Center 

and move as you wish within the 
Family. Your software stays valid. 
Your investment is not wasted. 

We have microprocessor 
specialists who are trained and 
dedicated to meet your needs with 
product and information. Ask for 
literature, application bulletins or a 
hands-on demonstration. 

Hardware and software support 
are excellent: Tl PASCAL, 
POWER BASIC and FORTRAN 
boost programmer efficiently while 
reducing maintenance. 

And if project turn-around is 
critical, Tl's no-wait Advanced 
Microprocessor Prototyping Lab -

TEXAS INSTRUMENTS 
INCORPORAlEO 

----------------. 
D Please send me Information on 

Tl's 9900 family 
D Please send me Information on Tl 

Printers and Terminals 

Name'-----------
Company _________ _ 

Address; _________ _ 

City'------~ip ___ _ 

Phone'-----------

.;""""', 
Jim Burnett .f Tl \ 
Hall-Mark Electronics ( System 
Box 222035 '\.,£enter 

~~~~~E~-------~~~ 
•Trademark Texas Instruments Incorporated 

U4LI: 
Hall-Mark Electronics Corp. - Dallas, Texas 
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AMPL * - can cut overall program 
development by as much as 30 to 
60 percent. 

Give us a call and find out how 
Hall-Mark and Tl can meet your 
needs. 

Tl and Hall-Mark: working 
together to meet your needs in this 
changing world. 

SOUTH & EAST 

Baltimore 301-796-9300 
Huntsville 205-837-8700 
Ft. Lauderdale 305-971-9280 
New England 800-257-7837 
Orlando 305-855-4020 
Philadelphia 215-355-7300 
Raleigh 919-832-4465 

MIDWEST 

Chicago 312-860-3800 
Kansas City 913-888-4747 
Milwaukee 414-761-3000 
St. Louis 314-291-5350 
Minneapolis 612-854-3223 
Columbus 614-846-1882 
Cleveland 216-473-2907 

SOUTHWEST 

Austin 512-258-8848 
Dallas 214-341-1147 
Houston 713-781-6100 
Tulsa 918-835-8458 
Western Sales 800-527-3272 





Raster vs. 
storage tube 

GARY L. SAWYER, Genisco Computers Corp. 

An exponent of raster-scan technology argues that 
the DVST has a challenge in both cost and performance 

The low-cost, high-resolution monochrome graphics 
terminal market has been dominated by the direct view 
storage tube (DVST) since the early 1970s. No other 
graphics technology could match DVST performance at 
a comparable price, but with such big market stakes 
(Fig. 1), it was inevitable that DVST dominance should 
be challenged. 

The challenger is bit-mapped raster scan. This 
graphics technique, which has established itself as the 
rapid-growth technology in high-end color systems, is 
moving down into low-cost, high-resolution mono
chrome applications. While the DVST is still alive and 
well, many observers believe the future belongs to 
raster (see "Comparing technologies," p. 96 ). 

The standard for this market was established about 
10 years ago by the Tektronix series of DVST terminals, 
of which the most familiar, the model 4014-1, offers a 
resolution of 1024 x 1024 addressable points and a 
19-in. screen and sells for slightly less than $15,000. A 
bit-mapped raster-scan terminal of the same address
able resolution requires a IM-bit (128K-byte) memory to 
contain the monochrome image. In addition, the logic to 
implement the raster version is more complex than that 
required by the DVST because in raster, an address has 
to be calculated for each picture element (pixel). These 
penalties have been severe enough to preclude any 
significant penetration of this market by raster-scan 
devices until now. 

Recent economic and performance gains in semicon
ductor technology have made raster-scan techniques 
competitive in the low-cost, high-resolution mono
chrome market. This year saw Genisco Computers 
Corp.'s bit-mapped G-1000, which offers 1024 x 1024 
addressable points and a 19-in. screen, offered for 
slightly less than $10,000. 

To compare the DVST and bit-mapped raster scan 
technologies, let's consider the Tektronix 4014-1 and 
the Genisco G-1000. Each unit is typical of its breed, 
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and the G-1000 is plug-compatible with the 4014-1. At 
the serial interface, the same software will drive both 
units (including the popular Tektronix PLOT-10). 

Cost, the factor that kept raster technology out of 
the market for several years, has become one of its 
strengths. The raster terminal is priced at less than 
$10,000, while the Tektronix 4014-1 sells for about 
$14,000. But that comparison is not equivalent, because 
the Genisco terminal incorporates as standard most of 
the capabilities of the optional Tektronix-enhanced 
graphics module-including point plot, incremental 
point plot and vectors in dotted, short-dashed, 
long-dashed and dot-dashed formats. This option costs 
the Tektronix user an additional $1000. But even if 

Units (thousands) 
:; Vector 

c ..,_ 
"' = Raster 

Source: International Data Corp 

8-
"' 
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1979 1980 1981 1982 1983 1914 

Fig. 1. Graphic display market forecast-worldwide shipments by 
U.S. manufacturers. 
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Cost-the factor that kept raster 
technology out of the market for 
several years-has now become 
one of its strengths. 

future raster terminals do not maintain their hefty 
price advantage up front, the devices are, as a function 
of their technology, always likely to excel in cost of 
ownership. The primary consideration is in tube
replacement cost. A DVST is a relatively short-lived 
device. It must be replaced under normal use every 
three to four years at a cost of more than $2000. The 
raster tube , on the other hand, requires virtually no 
replacement because of use. Because most companies 
will replace their graphic terminal with a new model 
before a raster tube would require replacement, in 10 

years a user may be comparing a $10,000 cost of 
ownership bill for DVSTs versus virtually nothing for 
raster tubes. 

Resolving resolution 

between fully formed- and dot-matrix-printer charac
ters. When lines drawn on the raster are horizontal, 
vertical or at a 45° angle, the eye perceives them as 
being virtually as even as a storage tube vector. At 
other angles, however, the raster vectors have a 
noticeable "stairstep" (Fig. 2). Raster manufacturers 
argue that this minimal stairstepping makes no 
difference in the product's usefulness . and it's a small 
price to pay to get raster's other benefits. 

Storage tube goes one more step in high resolution, 
however. When the Tektronix 4014-1 terminal is 
equipped with the optional enhanced graphics module, 
the address base of the terminal is changed from 1024 x 
1024 to 4096 x 4096 addressable points. The result is an 
even finer, more precise vector, limited only by the 
inherent resolution and spot size on the face of the tube. 
Raster, of course, cannot upgrade its number of 
addressable points as easily. Because each addressable 
point requires a corresponding bit of memory, compara
ble resolution in raster would require far more memory 
than a low-cost system could presently support. 
However, the G-1000 is compatible with Tektronix 
software with or without the enhanced graphics 

Before a user rushes to the economical raster, module. Data sent to the terminal in a 4096 address 
however, he should compare performance. Resolution, base is converted into a 1024 address base automatical
which to the user translates as the fineness and ly. The G-1000 still looks like a Tektronix 4014-1 to the 
evenness of lines drawn on the tube, is an area of clear host. 
DVST superiority. While the Tektronix and Genisco 
units have comparable addressable resolution within Raster shines in contrast 
the viewed area, (1024 x 780 for Tektronix versus 1024 What raster lacks in resolution it strives to make up 
x 792 for Genisco), what the viewer sees is different. in contrast and brightness (Fig. 3). The refreshed 
The storage tube literally draws vectors while the raster image-in black and white versus the DVST's 
raster device simulates those vectors by lighting a green on green-is sufficiently bright to be viewed 
series of dots called pixels, much like the difference easily in. normal room light. The storage tube requires 
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COMPARING TECHNOLOGIES 

Hoat Interface 

Keyboard 

Terminal 
controller 

Flood 

Digital X deflection 
to

1 
Y deflection 

anaog 
converters Z deflection 

Typlca DVST graphics terminal 

DVST 
display 

The direct view storage tube (DVST) is a type of CRT 
using a special bi-stable phosphor. The phosphor is 
uniformly "flooded" with accelerated electrons to excite 
the entire CRT face. The level of excitation is carefully 
controlled to produce only slight emission of light over the 
entire screen; this level provides the background 
unwritten state. To write, a selected point is further excited 
by a focused beam of accelerated electrons. While the 
beam is on, the phosphor being excited glows brightly. 
When the beam is removed, the special bi-stable 
phosphor continues to glow, although not as brightly. In 
this manner, an image can be written and stored on the 

Host lnterfac Processor 

Typical raster scan graphics terminal 

CRT face. ovsrs are used not only in graphic terminals, 
but also in laboratory storage oscilloscopes. 

A bit-mapped raster-scan system Is closely related to 
a standard television and is often referred to as a "digital 
television" system. The beam of a simple CRT is 
constantly scanned over the face of the tube, usually in 
horizontal lines. The data constituting the image modu
lates the intensity of the beam (z-axis) to excite points 
selectively in the phosphor and form a viewable image. 
The image data is stored in a large memory (the bit map). 
Each displayable point requires at least 1 corresponding 
bit in the memory. 
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WHEN IT COMES TO PURING IT ALLON DISPIAl 
THE ORION-60 srANDS ALONE. 

Adisplaytenninal tbatwm'tstandalone 
can't be as versatile or as adapt.able as 
the Orion-00, the rmdular plasma dis
play system that stands by itself or 
interfaces with existing hardware to 
let you create your own program;. 

To begin with, the Orion-00 is an 
easy touch: besides offering full alpha
nurreric, floppy disc and rear-projection 
capabilities, it lets you create displays 
and enter <lat.a simply by touching the 

screen with your finger. 
That rreans you can project a slide 

onto the screen crordinates and plot 
your own rourse over it. You can pro
gram your own character sets. You can 
generate vectors of any length to alr 
solute screen crordinates. In short, you'll 
have a flexible terminal that will keep 
up with your needs today-and grow 
with your operations tormrrow. 

Of rourse, since :Magnavox was a 

~ MagnaV'o:x. ~ 
Plf:!~MfMm~ 

leader in the developrrent of plasma 
terminals, you can be sure yourOrion-60 
will have a bright, high-a:mtrast display 
free from jitter and distortion. 

There's a lot rmre you should know 
about the ways this remarkable terminal 
can help you get rmre out of graphic 
displays. For a dermnstration, call or 
write Tyler Hunt at :Magnavox Display 
Systems, 2131 S. C.oliseum Blvd., Ft. 
Wayne, IN 46003, (219) 482-4411. 
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What raster lacks in resolution it strives 
to make up in contrast and brightness. 

hooding and reduced light for long-term use. 
The difference is a function of the technologies. 

Raster images are limited in brightness only by the 
efficiency of the phosphor and the amount of excitation 
at the tube face, which may be varied over wide limits. 
DVST image intensity is essentially fixed by the 
characteristics of the phosphor, and phosphors in 
current use yield lower levels of contrast and 
brightness. 

This difference in the two methods of image creation 
also influences the number of hard copies available from 
the raster versus storage tube. The storage tube 
creates a hard copy on a printer device by interrogating 
the phosphor on the screen with a low-intensity beam. 
This interrogation degrades the image, therefore 
limiting the number of copies that can be made before 
"smearing'' results. Raster, however, can produce 
unlimited hard copies because the process is simply one 
of reading the contents of a semiconductor memory bit 
map. 

The erasable tube 

A particularly significant requirement of most 
graphic terminal buyers is selective erasing that allows 
the user to remove part of the image without having to 
redraw the screen's entire contents. Raster can 
perform selective erase with ease because each pixel is 
manipulated individually. Because a storage tube 
vector is stored in the phosphor, erasing one vector on a 
DVST requires erasing the entire screen. To overcome 
this, the 4014-1 has a special mode called "write 
through" in which the vectors are continuously written 
on the phosphor with insufficient energy to be stored. 
Using this mode, the designer can experiment with a 
particular set of vectors before committing to them. 

(a)DVST 

,..-

II.._ II.._ .... 
(b) Raster 

Fig. 2. Both (a) and (b) represent vectors drawn between the same 
addresses on displays with equal addressable resolution. The DVST 
unit draws a straight line between end points, while the raster unit 
displays a set of dots (pixels) to approximate the vector. The 
discontinuous nature of the raster vector is known as "stair-stepping." 
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A limitation of the write-through mode in the 4014-1 

is flicker. In write-through mode, the storage tube is 
acting as a stroke writer, rewriting the same vector 
again and again. As the number of vectors increases, 
the time between refreshing each vector becomes 
longer and the image begins to flicker. In the extreme 
case, the vector becomes just a moving dot. 

Raster scan requires no write through because it has 
selective erase. But in order to remain fully compatible 
with the Tektronix 4014-1 terminal, the Genisco G-1000 

is equipped with a software construct that simulates 

Fig. 3. Unretouched photograph shows representative DVST unit 
(left) and raster-scan unit (right) under the same ambient light 
conditions. Note the differences in contrast and brightness. 

write through. In this mode, the system will automati
cally erase the portion of the image written in write 
through after a given period. 

Making up for speed 

If the optimum writing speeds of the raster and DVST 

devices are compared on a per-addressable-point basis, 
the 4014-1 comes up a 10 to one winner, with a speed of 
approximately 2V2 µsec. per pixel versus about 25 µsec. 
per pixel for the G-1000. The limitation on raster speed 
is a function of interface rate versus vector length. 
Most applications use RS232 interfaces that limit the 
rate of received data to within raster terminal speeds. 
But where the graphic data received by the raster 
terminal consists of a large number of very long 
vectors, data could be lost during the process of 
converting the vectors to pixels. To prevent this, 
Genisco has equipped the G-1000 with an input buffer of 
as much as 14K bytes. 

Z8001 and beyond 

A low-cost graphics terminal is generally required 
simply to display data and accommodate human 
interaction via a keyboard. However, greater intelli
gence would be desirable in some applications. The 
terminal could then accomplish key tasks locally, 
freeing the host system for other work. Such local 
functions might include curve and symbol generation 
and variable-sized alphanumerics. The 4014-1 supplies 
local intelligence by adding an optional processor at 
extra cost. The option allows images to be saved locally 
and displayed on command. Saved images can be edited 
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The DVST is a mature product. It has 
dominated the market for a decade. 

to approximate a selective-erase feature . The image 
must still be erased and redrawn, but the drawing 
speed will not be limited by the terminal interface. The 
G-1000 is inherently intelligent, based on a Z8001 16-bit 
µp. This processor makes it possible for the G-1000 to 
be competitive with the 4014-1 in price and in speed. In 
the critical vector drawing operation , Genisco bench
marks showed the zsoo1 to be 20 percent faster than 
the nearest 16-bit competitors, and six times faster 
than an 8-bit chip. In actual function , however, the 
power of the zsoo1 is barely scratched in the 
Tektronix-compatible mode. In its standard configura
tion, the G-1000 includes 16K words of RAM and as much 
as 16K words of PROM. The standard firmware requires 
about BK words; as much as BK words of special features 
may be defined by the user. 

a 

Draw to 
A 

c 

b 

Set draw 
mode 

The DVST is a mature product. It has dominated the 
market for a decade and has undergone no major 
changes in years. Significant developments in this 
technology seem unlikely in the future. • 

Gary L. Sawyer is project manager for 
Genisco Computers Corp., Costa Mesa, 
Calif. 

Fig. 4. Flowchart (a) shows sequence of steps to draw triangle ABC. 
Flowchart (b) shows sequence of steps to erase line BC. 
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Now you can add hard copy 
capability to your computer 
with plug-in simplicity that 
matches up to any micro 
system. And with the Eaton 
7000+ dot-matrix printer, 
you get complete printout 
versatility at an 
affordable price. 
Interfaces with 
any personal computer 

.. 

Apple, Commodore Pet, TR~:~· ~,. .. ~~-~~~lllll'!::j Northstar and others- no matter 
what type of computer you have or 
are thinking of buying, Eaton 7000+ mechanism is designed 
fits. Just plug it in and start printing. for a minimum of 10 million cycles. 
You'll get virtually maintenance-free High performance design 
operation with a minimum of moving The 7000+ features uni-directional 
parts. And minimum life of 100 printing at a speed of 1.25 lines 
million characters with Eaton's per second. It accepts any standard 
newest printhead, while the print single or 2-ply roll paper frorn %" to 
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PLUG IN AND 
PRINTOUT
IN SECONDS! 

%''wide and prints 3Ya" line 
ith 40 to 64 adjustable character 

apacity. 
For immediate information call: 

Eaton Printer Product Operations, 
307 /856-4821. 

For descriptive literature and the 
name of your nearest dealer write 
Eaton Corporation, Count Control/ 
Systems Division, 901 South 12th St., 
Watertown, WI 53094. 
Dealer inquiries invited. 

lr!T•N 
Electrical/Electronic Control 
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AMPEX 
NON-VOLATILE RAM 

FOR8080. 
16K BYTES $885. 

For many applications, 
a microprocessor is 
unexcelled in price / 
performance. But 
volatile memory can erase the 
advantage in a hurry. 

With the Ampex MCM-8080, 
your microcomputer will never 
forget the data. Even in the event 
of a power failure . It uses reliable , 
non-volatile cores. All in the same 
card size, with the same perform
ance, and the same plug-compati
ble connections as Intel RAM for 
SBC 80 / 05, 80 / 10 and 80/ 20, the 
MDS-800 and the 888 System 
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Development Center. 
Ampex MCM-8080 RAM pro

vides 16K bytes of non-volatile 
memory, is Multibus* compatible, 
and occupies only one card slot. 
And all at a price that will make you 
smile: $885. 

8080 RAM. It's just one of a 
complete line of Ampex computer 
memories. 

AMPEX 

batteries. 

Remember, you 
will not lose data when 
power is interrupted. 
And you don't need 

Andy Nizynski will provide 
more details on our infallible 
memory and the full Ampex 
product line. Call him now at 
213 / 640-0150. Or write him at 
Ampex Memory Products, 200 
North Nash Street, El Segundo, 
California 90245. 

*Trademark, Intel Corporation 

MAH.ES THE DIFFERENCE. 
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At s795; how tough can 
these new Tigers be? 

Introducing the new Paper Tiger™ 
445 with the most rugged printing 
mechanism ever put in a low-cost 
matrix printer. 

The 445 comes with a reliable ballis
tic-type print head and an advanced 
cartridge ribbon that lasts four times 
longer than many cassette or spool 
ribbons. Two separate heavy duty 
motors drive the print head and 
advance the paper. Plus you get true 
tractor paper feed. 

And the new 445 gives you the per
formance you expect from the Paper 
Tiger family of printers. You can soft
ware-select character sizes, print 
80- and 132-column formats, adjust 
paper width and length, even gen
erate six-part business forms. All at 
unidirectional print speeds to 198 
characters per second. 

Need more stripes? Specify DotPlof", 
a sophisticated raster graphics option. 

For any low-cost business system, 
CRT hard copy, industrial control 
or scientific application, this is your 
Tiger. The tough new Paper TigerT" 445 
from IDS. 

The people who invented low-cost 
matrix printing just growled. 

Call TOLL FREE 800-258-1386 (in 
New Hampshire, Alaska and Hawaii, 
call 603-673-9200.) l 
Or write: 
Integral Data ·-
Systems, Inc. 
Milford, New 
Hampshire 
03055. 

*Single unit U.S. price. Generous OEM discounts available. 
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Get the most out of your micro-computer. Use our 
advanced and productive data management system. 

HOBS is an extended hierarchical data base 
system offering 
•fixed length records 
•file-level read/write protection 
•one-to-many set relationships 

MOBS 1s a full network data base system offered 
as an upgrade from HOBS ... or it may be ideal as 
your initial system. Unique and versatile, it adds 
these features: 
•full network CODASYL-oriented data structures 
•variable length records 
•multiple levels of read/write protection 
•one-to-one, many-to-one, and many-to-many sets 
•non-redundancy of data, easy updating 
•occurrences of a record type may own other 

occurrences of the same type 
•a single set may have multiple owner and member 

record ty es 

MOBS-DRS. As an add-on to MOBS, the DRS 
system offers extraordinary flexibility in data base 
restructuring to meet new needs. 
•Item, record, and set types can be added, deleted, 

or renamed in an existing data base as well as 
other data base characteristics. You can redesign 
the data base after it is already on-line! 

MOBS-RTL. As an add-on to MOBS, the RTL 
(Recovery Transaction Logging) logs all data base 
transactions, so that in the event of a system 
failure, the data base can be recovered with 
minimal loss of information. 
•The recovery processor permits selective 

reloading of the data base from the transaction 
file. Users can log messages, indicate complex 
transaction sequences, and effect selective 
control over the recovery process. 

~.;,;~""'1ll!IRl"li!!SMl!iil!lll.!jjj 

MDBS-QRS. An interactive Report
Writer/Query-System for HOBS/MOBS data bases. 
Features ... 
•may be customized for non-technical users 
• complex retrieval conditions may be specified 
•detailed reports can be quickly generated 
• wi Id card and "match-one" string specifications 

included 

HOBS and MOBS Packages Include: 
• DDL data definition language analyzer/editor 
• 260-page users manual 
•OMS data management routines callable from 

host language 
•Sample application program and DDL files 
• Relocator to re-org all routines 
•System specific manual for bringing up our 

software 

•Run under .. . 
CP/M® with CBASIC; Microsoft BASICs, 

FORTRAN or COBOL; lnterSystem 
PASCAL/Z; Sorcim PASCAL/M; Micro 
Fopus CIS COBOL; Digital Research PL/I 

OASIS 
TRSDOS and NEWDOS (Models I and II) with 

Disk BASIC 
North Star DOS with North Star BASIC 
Apple DOS and Applesoft BASIC 
Machine Language Interface available on all 

above systems. 
•Up to 254 record-types definable in the data base; 

each record-type may contain up to 255 item- types; 
each item-type may be up to 9,999 bytes in length. 

•Names of data items, records, sets, and files are 
wholly user definable. 

•Commands to add, delete, update, search, and 
traverse the data base. 

•Straightforward use of ISAM-like structures. 
•Records can be maintained in several sorted 

orders . 
•Written in machine language for maximum 

execution efficiency and minimal memory usage. 
•Independent of types and sizes of disk drives. 

Support data base spread over several disk drives 
(max.8); disks may be mini- or full-sized floppies 
or hard disks. 

•Available versions: Z80 (requires approx. 18K), 
6502 (approx. 30K), 8080 (approx. 22K) 
Total memory requirement must allow for buffer 
areas. For Apple users, a language card is 
recommended. 

• 8086 version available. (Call or write for details 
and prices.) 

Ordering information (applicable to Z80, 8080 
and 6502 versions): 
HOBS (Version 1.04) 
MOBS (Version 1.04) 
DRS 
RTL 
ORS 
HOBS upgrade to MOBS 
MOBS with DRS, 

RTL. and ORS 
HOBS/ MOBS Manual 
DRS Manual 
RTL Manual 

System Spec1f1c 
Manuals (each) 

$ 300.00 
900.00 
30000 
300.00 
30000 
650 00 

1500.00 
35.00 

5 00 
5.00 
5.00 

5 00 

Within a given operating system. 
add $125 00 for each additional 
language selected. 

For prices outside the U.S and 
Canada. please ask for price hsts. 

Add $2 50 handltng fee for non-cash 
order ($5 .00 outside U.S.) 

When ordering. specify intended 
use with .. . 

1 North Star DOS and BASIC 
2 CP/M• - CBASIC 
3 . CPIM• - Microsoft BASIC 4.XX 
4 CP/ M • - Microsoft BASIC 5.XX 
5 CPIM • - Microsoft BASIC or 

FORTRAN Compiler 
6 CP/ M • - Microsoft COBOL-80 
7 CP/M • - lnterSystem PASCALI Z 
8 CP/ M • - Sorc1m PASCAL/M 
9 CPIM. - D191tal Research PL/I 

10. CPIM • - Micro Focus CIS 
COBOL 

11 . TRSDOSIN EWDOS and TRS 
Disk BASIC (Models I and II) 

12. Apple DOS and Applesoft BASIC 
13. OASIS 
14. Machine Language Programs 

(Specify operat 1ng system ) 

Indiana residents add 4% 

We accept Visa and Master Charge 

54-page "primer" on data base 
systems for micro-computers -
only $10.00 per copy_. _ 

Dealer Demo-Package ($60.00) 
includes Primer, HOBS/MOBS 
Manuals, Demo-Disk, etc. 

Setting standards of excellence for data base 
software . . . worldwide. 

Mtcrc 
Dutil Huse 
5ustems. Inc. 
Dept. M, Box 248, Lafayette, IN 47902 
317-448-1616 
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Architecture ---L~1 
for combined 

vector I raster graphics 
PETER J. SHAW, Megatek Corp. 

An alternative to selecting between vector refresh or 
color raster capabilities is to select a combination 

Because different graphics applications call for 
different graphics technologies, each with its own 
special advantages, engineering users with a mix of 
requirements have had to compromise on features or 
purchase more than one system. Megatek has ad
dressed this problem with a "best-of-both-worlds" 
system-the Whizzard 7290-that combines vector and 
raster technologies. 

Megatek believes that the areas of computer-aided 
design (CAD) and computer-aided manufacturing (CAM) 

best illustrate the dilemma resolved by the Whizzard 
system. Detailed designs require the high-resolution 
lines associated with vector systems; manufacturing 
analyses call for the dynamic color displays of raster 
systems. Most engineering users need both. 

................ . . . . 
Joystick iJata Tablet/ Keyboard 

01g1t1zer 

Light Pen 

Function Switches 
and Control Dials 

In the design of a car, for example, engineers prefer 
high resolution so they can design the structural 
elements right down to the door locks or suspension 
parts. In the computer analysis of these finished 
designs, however, color attributes assist in an engi
neer's evaluation of heat, stress and other parameters. 
The Whizzard 7290 dual-output graphics system 
operates with both vector refresh and color raster work 
stations. The benefits are numerous: 

• Engineers can use one multiple work-station 
system for both design and analysis applications. 

• The cost for each work station is reduced because 
each shares a common set of hardware with the others. 
The dual-work-station system sells for $35,000, vs. 
$50,000 for separate vector and raster systems. 

Output Devices 

Fig. 1. The "Graphics Engine" consists of a graphics processor, a host computer interface, vector memory and optional plug-in modules. 
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Engineers can use one multiple work 
station system for both design and 
analysis applications. 

• The FORTRAN programs developed on either type 
of work station can be used interchangeably, thus 
simplifying writing applications software. 

• Development costs are reduced because program
mers need not learn new protocols or programming 
techniques when moving from one system to another. 

A single engine for a dual vehicle 

The key to Megatek's dual-output graphics system is 
its proprietary Graphics Engine, which comprises the 
common hardware elements for both types of work 
station. It includes the host computer interface, vector 
memory, the graphics processor itself and optional two
and three-dimensional hardware transformation mod
ules (Fig. 1). 

The host computer interface permits parallel or serial 
connection either locally or remotely to a wide variety 
of minicomputers and medium-scale processors. Dis
play commands are transferred between the graphics 
system and the host either in programmed I/O or in DMA 
modes. The memory requirements and loading of the 
host computer are minimized because the system con
tains its own RAM vector memory and microcontroller. 

Dual multidirectional buses are integral to the 
graphic system's architecture. Vector calculation and 
refresh data are handled by a 32-bit-wide, tri-state 
·graphics bus. A 16-bit-wide bus performs peripheral 
I/O transfers and routine interrupt servicing. 

The memory modules use 16K RAMs for display 
refresh. Each module contains 16K words of 32-bit RAM 
and can accept 2K 32-bit words of PROM. Memory may 

Host 
Computer 

7200 Graphic 
System 

T 
Wand 
7200 

So'. tware 

l 

be expanded to 48K 32-bit words (192K bytes) for both 
vector and raster output. Vector form requires that 
only the end points of a line be stored, while raster data 
require storing all the points on a line. 

The graphics processor 

The graphics processor is built around a proprietary 
bipolar bit-slice architecture. This 32-bit-wide µp 
controls access to the graphics display list stored in the 
memory modules. It interprets the display data, 
controls the microcode-implemented graphics functions 
and prepares X-Y coordinate pairs for input to a FIFO 
memory located in either the analog or digital vector 
generator. 

The graphics processor instruction set includes two
and three-dimensional vector formats, selective erase, 
textured and blinking lines, 16 levels of intensity and 
beam-penetration color control for the vector refresh 
displays, 16 colors, a color-lookup table control for 
raster displays and hardware character-generation 
facilities with optional user-definable symbol sets. 

Two types of vector generator 

The output from the Graphics Engine makes up 
display lists that are used by two types of vector 
generators: an analog vector generator (AVG) for use 
with the vector refresh displays and a digital vector 
generator (DVG) for use with the raster monitors. 

The analog vector generator incorporates a FIFO 
buffer to permit the digital portion of the system to 
keep up with fast analog circuitry. High-speed 
normalization circuits ensure constant vector intensity 
regardless of the length of the vector and reduces the 
setup time required for short vectors. 

Each analog vector generator can control two 
monitors, with either identical or different images. The 
system can support a variety of monitors with several 

Host 
Computer 

T 
Wand 
7200 

Software 

1 
RS232C 

Line 

7200 Graphic 
System 

Monitor 

Fig. 2. Functional division of software between host and Megatek Fig. 3. Functional division of software between host and Megatek 
hardware (parallel interface) . hardware (serial interface) . 
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The Whizzard 7290 dual-output graphics system operates with both vector refresh and color raster work stations. 

phosphor speeds and colors as a beam-penetration color 
monitor. The most common monitor used has a 21-in. 
diagonal and P40 (white) phosphor. 

To use the digital vector generator, the system adds 
one or more double-buffered bit-planes of raster 
memory along with timing, control and video output 
circuitry. The digital vector generator rasterizes the 
vector information received from the Graphics Engine 
and writes the results into raster memory for the video 
output circuitry. 

This combination of raster memory architecture and 

Computer Independent Routines 

Template 
Compahblllty Leve 

User Level 

Memory 
Management 

Rout nes 

mterna 
Pfoc ng 
Rout nes 

ternal 
Status 
Blocks 

Fig. 4. WAND 7200 multilevel software structure. 
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the processing speed of the digital vector generator 
provides real-time dynamics for the raster work 
stations. Because each raster memory bit-plane is 
double-buffered and contains two full 512 x 512 
memory arrays, the video output circuitry can be 
reading from one buffer while the generator is writing 
into the other. The result is that the screen need not be 
blanked for updates. The writing speed of the digital 
vector generator averages 160 nsec. per picture 
element (pixel), enabling complex pictures to be 
updated more than 30 times per sec. 

Raster color display of sonic traces, indicating various reflectivities 
of geological formations in a prospective petroleum deposit. 

The user also may make use of virtual vector space. 
He can display the entire 4096 x 4096 area on the 
screen or zoom in on a smaller viewport, such as 2048 x 
2048, 1024 x 1024 or 512 x 512. 

An optional two- or three-dimensional hardware clip, 
rotate, scale and translate (HCRST) module can be 
added for use with either the raster or vector refresh 
monitors. The system software enables engineers to 
specify transform parameters with a single FORTRAN 

call, thus eliminating the need to write complex matrix 
formulas. Host loading is also reduced for these scaling, 
clipping and rotating operations. 

As the HCRST module receives processed vector 
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The WAND 7200 software package 
provides device independence. 

to support both vector refresh and color raster displays 
using both high-speed parallel communications and 
serial communications to 9600 baud. 

instructions from the graphics processor, it applies the 
specified matrix operation to scale, rotate and translate 
the vector with 16-bit precision. 

When a parallel host interface is used, the graphics 
management functions are retained in the host, while 
the display list storage, interpretation, hardware 
transformation and display-generation functions are 
reserved for the graphics processor (Fig. 2). When an 
RS232 interface is used for remote graphics-terminals 
configurations, a greater level of intelligence is 
provided in the remote terminal to reduce the 
communications traffic with the host computer (Fig. 3). 

One software system 

The WAND 7200 software package provides device 
independence, enabling one set of FORTRAN programs 
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HOW REFRESH GRAPHICS SYSTEM WORK 

Refresh graphics systems usually 
employ one of two basic technologies 
for information display: vector refresh 
or raster scan. Each offers dynamic 
line-drawing capabilities, but differ
ences in implementation and attri
butes make each more useful for 
certain applications. 

A vector refresh system, also 
referred to as a stroke or calligraphic 
system, produces higher resolution 
drawings because it draws the 
pictures directly from point to point on 
the screen. The electromagnetic 
deflection beam is driven by x and v 
signals that control its position for 
drawing. A vector list is processed 
continually and converted to analog x 
and v signals, providing the points to 
be connected . As the beam moves 
from one point to another, it excites 
the CRT tube phosphor and causes it 
to glow. Since the phosphor fades , the 
picture is continually refreshed to 
maintain the image. 

Changes in the vector list appear 
immeidately in the picture on the 
screen because the display is 

/ 

refreshed regularly. This provides 
dynamic displays . But complex 
pictures take longer to refresh : 
redrawing of the picture may slow, 
and the picture may fade before it is 
redrawn . However, the rate at which 
the picture is refreshed need not be 
synchronized to the AC line . 
Sophisticated graphics systems can 
provide a refresh rate that is sufficient 
to prevent fade and flicker except in 
unusual circumstances. 

In raster displays, an electron beam 
sweeps horizontally across the screen 
from left to right, drawing the picture 
as a series of scan lines. At the end of 
each line, the beam is turned off and 
repositioned down and to the left-the 
horizontal retrace-for the start of the 
next line. After the last line, the beam 
is repositioned at the upper left 
corner-the vertical retrace-and the 
scan is repeated . 

Interlaced displays require two 
such scans to complete a picture. The 
first scan draws the odd-numbered 
lines, and the second draws the 
even-numbered lines. Non-interlaced 

'. ,_, 

:) 

--~ 

displays draw the entire picture at 
every scan . The display scan rate of a 
raster display always matches the AC 

line frequency , resulting in a so-Hz 
refresh rate for non-interlaced 
displays and a 30-Hz rate for 
interlaced displays. 

The information on the raster 
screen is typically refreshed from a bit 
map in which each bit in the map, 
which may be several bits deep to 
provide color or gray scale, corre
sponds to a picture element (pixel) on 
one of the scan lines on the screen. 

Raster displays draw lines as a 
series of pixels, which makes 
diagonal lines appear as stairsteps 
and consequently limits resolution. 
There is no complexity related to 
flicker on raster displays, however, 
except that horizontal vectors, which 
fall on one scale line, may appear to 
flicker at 30 HZ. Raster monitors are 
less expensive than vector refresh 
monitors, and they easily provide 
full-color capabilities. On vector 
refresh displays, color is difficult to 
implement. 

In calligraphic systems, vectors are drawn with "strokes" of the 
beam on the display surface. At the end of one stroke (A-8), the 
beam is turned off until it is in position to begin stroke (8-C) . 

On raster systems, vectors are displayed by turning "pixels" on 
and off as the beam moves back and forth down the display 
surface; thus, diagonal vectors are "stair-stepped" pixels. 
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And , we do mean complete! 
Grinnell systems can include com
puters, disc drives, terminals and 
software operating systems. Plus a 
FORTRAN software and driver 
package; high resolution TV moni
tor, camera, and hard copy color 
printer. 

There are also other options to 
meet any special requirement you 
might have. 

Of course, you may already have 
some of the necessary hardware. 

That's why Grinnell systems work 
with standard TV monitors and 
cameras, and why plug-compatible 
interfaces are available for most 
minicomputers. 

We also give you a complete 
product line to choose from : 

GMR 270 Series: 512 x 512 reso
lution frame buffers and full color 
pipeline image processing systems. 

GMR 260 Series: 1024 x 1024 
resolution frame buffers for grey 

scale, black and white, pseudo 
color and full color. 

GMR 27 Series: High speed, 
modular graphic and image display 
systems. 

GMR 37 Series: Low cost graphic 
display systems. 

So, whether you want to analyze 
images from outer space or monitor 
a process in a plant, Grinnell has 
a complete system that can do it. 
For complete specifications and/or 
a quotation, call or write today. 

GRINNELL SYSTEMS 
2159 Bering Drive, San Jose, California 95131 (408) 263-9920 
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A µp-based hardware vector-to-raster 
converter may be added for hard-copy 
output with no software sorting. 

w AND 7200 is written entirely in ANSI FORTRAN and 
follows CORE guidelines established by ACM SIGGRAPH. 

It provides work-station-level routines as well as more 
convenient user routines. It also may be interfaced with 
compute and device-independent software packages 
such as Template (Fig. 4). Thus operators may move 
from small to large systems, from stroke to raster 
systems, and from high-speed parallel to remote 
terminal configurations without having to modify 
existing application programs or change programming 
techniques for new applications. 

At the system level, device drivers tailor the 
software for use with various manufacturers' computer 
systems. The work-station level supports all output 
functions, including segment- and memory
management control, display-processor control, dis
play- and segment-attribute control , hardware
transformation function control and error-generation 
control. 

Intelligent peripherals 

An intelligent peripheral-control unit (IPCU) within 
the chassis interfaces keyboards, joysticks, data 

tablets/digitizers and asynchronous consoles, reducing 
loading. A "pick module" processor interfaces a light 
pen or a digital comparator to the system, allowing 
users to pick items on the display either under direct 
host supervision or in an intelligent, host-independent 
mode. This module maintains a set of display list labels 
so that when an item is selected, the user is provided 
with the names of segments, sub-segments and 
subroutines involved. This permits interactive pro
gramming in applications that require frequent display 
list modification. 

Continuously rotatable dials or valuators and switch
es with lights can also be added for communications 
with the graphics processor through the IPCU. 

Finally, a µp-based hardware vector-to-raster con
verter may be added for hard-copy output with no 
software sorting or host conversions. Vectors are 
processed randomly, and unordered vector lists are 
converted into raster-bit data for most printer/plotters. 
The speed of the hard-copy output is limited only by the 
speed of the printer. • 

Peter J. Shaw is vice president of 
Megatek Corp., San Diego, Calif. 

HAVE IT YOUR WAY. 
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25 ips standard and 100 ips streaming for only $3815.* 
Get the only tape subsystem in the world that works with 

ANY Data General CPU or DG emulator, at a price you 
would expect to pay for only a tape drive. It's the most 
cost- effective tape backup available for Winchester 
disc drives, giving you maximum storage in the 
shortest possible time. 

Rianda has combined its unique Model 
22XX mag tape adapter with the versatile 
Cipher Microstreamer to form a price/perfor- -
mance package never before available. 

• Compatible with IBM and ANSI nine 
track standards. 

• Handles eight drives in any combina-
tion of NRZI, PE and GCR. 

• 40 Mbyte transfer in under 
five minutes. 

Find out for yourself why this is 
the most cost-effective tape subsystem you can 
buy. It's available for immediate delivery. Call today. 

RIAN DA 
• 1 00 Piece quantities. 

Microstreamer is a trademark of 
Cipher Data Products, Inc. 

Rianda Electronics, 2535 Via Palma, Anaheim, CA 92801 . Telephone (714) 995-6552. Telex 18-1623. 
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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 interactive 
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 II 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 II terminals contain only 
five major boards, for easy servicing. Proven 
DYNAGRAPHIC software cuts your develop
ment time to a minimum. And Series II 
terminals are manufactured by our parent 
company, Hazeltine, for easy availability. 

To show you how easy it is to integrate the 
Series II terminal into your system, develop
ment systems are available to selected OEMs 
at the low, 100-unit OEM price of $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) 

IMIAC 
A Hazeltine Company 
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The Minifloppy tradition. The standard is set for high
performance 96 TPI Minifloppys. And it's by Shugart. Double 
track and double density, the single and double-sided 

SA41 O and SA460 Minifloppys deliver .5 or 1 MBytes 
of unformatted capacity on a 51/4-inch diskette. 

Small wonder. Designed by the company that 
invented the Minifloppy, the SA410 and SA460 

represent the culmination of all previous 51/4-
inch disk drive technologies. What you get 
today is the most thoroughly engineered, most 
manufacturable, and most reliable Minifloppy 
drive available. The SA410/460 are the new 
standard in the eighties for price, performance, 

and capacity. 

hugartintroduces 
of .Minifloppys; 

Step into the future. Innovation, experience, and 
proven performance have always been the hallmark 
of the Minifloppy tradition . And the SA410/460 are the 
first of the next generation in that tradition. Utilizing 
technology proven in our 8-inch disk drive products, 
the SA410 and SA460 use a multi-step positioning 
technique, thus eliminating pole asymmetry, an 
inherent source of positioning errors and degraded 
performance. The simplicity of this multi-step 

positioning motor and the HeliCam lead screw 
follower insure its manufacturability, consistent 
high performance, reliability, and low cost. 

'"Trademark of Shugart Associates 
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Positioned for success. Shugart's new HeliCam™ 
positioner delivers far greater accuracy than that of 

competitive actuators. The result is super precise 
positioning tolerances that virtually eliminate the 

problems of media interchange previously associated 
with 96 TPI 51/4 -inch technology. The HeliCam 

solution means that you can reduce, by a significant 
margin, data handling errors-especially between 

systems in less than ideal environments. 

the next generation 
SA410/460. 

A new era starts today. Our commitment to the 51/4 -inch disk drive market is driven by 
your requirements for low cost, highly reliable disk drive solutions. With unmatched 

commitments in manufacturing and R & D resources, we're dedicated to delivering 
innovative, standard-setting products that meet your needs-both today and tomorrow. 
And we back all our products with superior technical support, design assistance, and 

in-depth documentation. Call today. We'll be delivering in production volumes by 
early 1981. D Shugart Associates: 475 Oakmead Parkway, Sunnyvale, CA 
(408) 733-0100. Sales & Service:· Sunnyvale, CA; Costa 

Mesa, CA; Minneapolis, MN; Richardson, TX; Framingham, 
MA; Mt. Freedom, NJ; Atlanta, GA; Toronto, Ontario; 

Paris, France; Munich, Germany. D 
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The IBM 3279 display in an office environment. 

A close look at IBM's 
color graphic offerings 

FRANK ROSSITER, IBM Corp. 

The 3279 color display station and 3287 printer 
are educating users to the colorful world of EDP 

Compared to monochrome displays, color displays 
significantly improve the presentation of complex data. 
Data is easier to recognize, exceptions and errors are 
easier to detect, and operator productivity and 
satisfaction increase. But to realize these advantages in 
a general-purpose alphanumeric display, an extremely 
high level of picture quality is required. A picture that 
is acceptable when viewed from a distance of 10 ft. is 
unacceptable when viewed from the normal display 
distance of 18 in. At the shorter distance the picture 
appears grainy and may seem to flicker and lack 
sufficient color convergence. 

IBM Corp. announced the 3279 color display station in 
November, 1979 (MMS, December, 1979, p. 45), 

together with the 3287 printer and enhancements to the 
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3274 control units. In the course of developing these 
new products, significant improvements were made in 
color-display technology. As well as providing high
quality alphanumerics and graphics in as many as seven 
colors, the new color display station enables users to 
meet varying business needs by creating charts and 
graphs interactively at a terminal. 

The 3279 display and the original idea for the 3287 

printer, as well as the graphics software that supports 
the new terminals, were developed at IBM's Hursley, 
England, laboratory. The development work on the 
3287 was done at Raleigh, N.C. , and Endicott, N.Y. The 
enhancements to the 3274 control units were developed 
in Kingston, N.Y. 

The complete package consists of new hardware 
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devices and programming features as well as enhance
ments to existing products. These developments add 
three new visual aspects to data display: 

• Color 
• Extended highlighting 
• Symbols and pictures 
Color is available in two forms: "base color," giving 

red, green, blue and white; and "extended color," 
which adds yellow, turquoise and pink. The extended 
highlighting now available adds underlining, blinking 
and reverse video (color interchange between the 
highlighted area and the background). 

The ability to create special symbols and pictures is 
provided by the graphics software package developed 
at Hursley. A user can design special symbols at the 
keyboard, such as special language characters, mathe
matical symbols and shading patterns. Pictures such as 
graphs, charts and diagrams can be created either by 
the new software package or by a user application 
program. Symbols and pictures can be displayed in as 
many as seven colors, and a permanent copy in four 
colors can be obtained from the enhanced printer. 

Design innovations 

The main requirements for a high-quality color 
display, suitable for both alphanumeric and graphics 
applications, include high resolution, small spot size, 
properly chosen colors, absence of flicker and easy and 
accurate convergence adjustment. 

The high-quality color display provided by the IBM 

3279 satisfies these requirements through design 
innovations in color-picture-tube technology. The use of 
more shadow mask holes and phosphor dots than found 
in color television allows superior character resolution, 
and greater color convergence is achieved by more 
accurate control of the magnetic convergence fields. 

The color cathode ray tube 

The IBM 3279 uses a shadow mask CRT with a delta 
electron gun (Fig. 1). The group of red, green and blue 
phosphor dots activated from one shadow mask hole is 
called a triad. To draw good character strokes on the 
screen, it is necessary to straddle at least seven triads 
with the electron beam. The minimum spot size that can 
be achieved is, therefore, directly related to the triad 
pitch. 

The IBM 3279 uses a high-resolution CRT with a triad 
pitch of 0.012 in. compared with the conventional TV 

CRT triad pitch of 0.023 in. (Fig. 2). The smaller spot 
and sharper character strokes produced on the 
high-resolution CRT greatly increase alphanumeric 
legibility and graphics clarity. 

Choice of phosphors 

The criteria dictating the choice of phosphor colors 
for data processing displays are different from those·for 
TV. The objective in alphanumeric displays is to have 
seven easily distinguishable colors that are pleasing to 
an operator. For TV, the goal is to reproduce colors as 
faithfully as possible. In addition, the more stringent 
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Fig. 1. The color cathode ray tube used in the IBM 3279. 

Phosphor dot pattern comparison 

High-resolution tube 

026" 

__ i 

Conventional TV tube 

Fig. 2. Comparison of the phosphor dot pattern in a 
high-resolution tube and in a conventional TV tube. 
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The advanced-function microcode for 
the 3279 is provided on a diskette as 
one of several support packages. 

requirement of flicker-free pictures at a short viewing 
distance in data-processing displays requires a nice 
balance in the phosphor persistence to match the 
refresh rate with the required range of brightness. 

IBM human-factors engineers put a great deal of 
effort into the right specification for the phosphors for 
the 3279. This involved work on the problems of using 
color as a formatting aid and as a visual code, choosing 
the categories of data fields to be color and choosing the 
colors in which to display those categories. 

Color CRTs use three "primary" colors, mixtures of 
which produce "secondary" colors. The primaries are 

Fig 4. Displays differing only in the addi
tion of color illustrate the benefits color 
images (below) have over monochrome 
(right). With monochrome, overlapping 
lines become difficult to trace ... 
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Electron 
gun 

D 
Deflection 

coils 

M isconvergence 

Fig. 3. Geometry of cathode ray tube deflection system showing 
misconvergence at the edges of the screen. 

red, green and blue; if all three are superimposed, the 
resulting color is white. When two primary colors are 
superimposed to produce a secondary color (for 
example, red and green to produce yellow), it is 

. . . while the plotting on this color 
display is easy to follow. In the IBM 3279 
display at the left, red and green are 
used to discriminate between headings 
and data , red to highlight special cases, 
and white to indicate the current trans
action. 
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BRAEGEN can help you find your way. We offer you: 

DEC COMPATIBILITY AND MORE ... 
Now you have a choice of six fully software/hard

ware compatible disk subsystems that provide 
higher storage capacities (up to 256 Megabytes per 
drive), higher throughput (1 .209 Megabytes/sec 
transfer rate), and several features not available on 
some other systems ie: automatic disk format; 
automatic bootstrap; data checksum, automatic self
test, and more. 

OUR OWN NATIONWIDE SERVICE ... 
Now you can count on fast, local service by more 

than 275 factory-trained technicians in more than 55 
service centers across the country (more locations 
are planned). Each center is staffed by Braegen 
personnel who are thoroughly familiar with your 
peripheral. 
A QUALITY PRODUCT AT A 
DEFINITE PRICE ADVANTAGE ... 

Compare our product line to that 
of DEC. You'll soon discover that 
feature-for-feature and value-for
value, BRAEGEN is your best 
cost/performance choice. And we 
come through for you with FAST 

DELIVERY and a unique 1 year warranty. 

A UNIQUE TRADE-IN POLICY ... 
We offer you an alternative to expensive growth. 

Our unique trade-in policy allows you to upgrade 
your system at a fraction of the usual cost. We'll 
give you fair market value for your DEC disk drive 
as a credit toward reducing the overall cost of your 
system expansion. 

LET BRAEGEN BE YOUR SINGLE SOURCE 
FOR ALL DEC-COMPATIBLE PERIPHERALS ... 

Only BRAEGEN can offer you a full line of Disk 
Subsystems, Magnetic Tape Subsystems, Add-in 
RAM Memory boards, VT-100 Emulating Display 
Terminals, and Line Printers to help you get the 
most out of your DEC system. And all of our 

products come complete with pre-installation 
site survey, installation, training, 

and documentation. 

Let us help you through the 
maze ... and show you true 

cost/performance in Disk Storage. 
Call your local BRAEGEN Sales 

Office listed below. 

.BR~EGEn 
CENTRAL REGIONAL OFFICE: (312) 892·2250 Overland Park, KS (913) 262·5053 I Southfield, Ml (313) 569·3269 I Bloomington, MN (612) 83 1·500 7 I 
Cleveland, OH (216) 362·1555 EASTERN REGIONAL OFFICE: (817) 890-4890 North Cross, GA (404) 449·0846 I Union, New Jersey (201 ) 68 7· 7 150 I 

New York, NY (212) 682-7451 I Bala Cyn·wyd, PA (215) 667- 1740 I McLean, VA (703) 442·8508 WESTERN REGIONAL OFFICE: (408) 496-6578 Anaheim, 
CA (714) 632-7232 1 Los Angeles, CA (213) 644·2292 1 San Francisco, CA (415) 495-89 73 1 Denver, CO (303) 340·1 062 1 Bellevue, WA (206) 747-93 2 1 
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DECwriter Iv. 
The terminal that's easier to use 

is now easy to buy. 
Where to buy DECwriter IV's, 

ALABAMA 
Birmingham 

Modems Plus 
(205) 978-8945 

Huntsville 
J.L. Highsmith & Co. 
(205) 536-6666 

ALASKA 
Anchorage 

Bagoy and Associates 
(907) 274-8531 

ARIZONA 
Phoenix 

American Teledata 
(602) 271-0500 
Terminal Rentals. Inc. 
(602) 258-4466 

Scottsdale 
BFACorporat10n 
(602) 994-5400 

CALIFORNIA 
Burlingame 

Data Access Systems 
(312) 967-0440 
Data Rental/ Sales, Inc. 
(213) 559-3822 

Culver City 
Data Rental/Sales. Inc. 
(213) 559-3822 

Irvine 
Computer DataCom 
(714) 540-6327 

Los Angeles 
The David Jamison Carlyle Corp. 
(213) 277-4562 

Redondo Beach 
Consolidated Data Terminals. Inc. 
(213) 970-1030 

Sacramento 
Consolidated Data Terminals, Inc. 
(916) 924-1644 

San Diego 
Data Systems Marketing 
(800) 854-2684 
(800) 532-3717 (Calif. only) 

San Jose 
Terminal Rentals, Inc. 
(408) 292-9915 

San Mateo 
U.S. Instrument & Rentals 
(415) 574-6006 

Santa Clara 
Continental Resources 
(408) 727-9870 

Tustin 
Terminal Rentals. Inc. 
(714) 832-2414 

Wt;s~r~~~o~~~~8mun1cat10ns Corp. 
(213) 879-1871 

COLORADO 
Denver 

American Teledata 
(303) 427-2121 
BFA Corporation 
(303) 371-2422 

CONNECTICUT 
Wallingford 

Computrend. Inc. 
(203) 265-2841 

FLORIDA 
Orlando 

J.L. Highsmith & Co. 
(305) 293-5202 

Pensacola 
Digital Systems. Inc. 
(904) 434-2685 

Tarpon Springs 
Data Rental/Sales, Inc. 
(213) 559-3822 

GEORGIA 
Atlanta 

Modems Plus 
(404)378-5276 

IOWA 
Davenport 

Lerch & Thorn 
(319) 324-4091 

ILLINOIS 
Bensenville 

120 

Alanthus Data Communications 
Corp. 

(312) 860-2233 

Ch~~!'b°av1d Jamison Carlyle Corp. 
(312) 975-1500 
Loonam Associates , Inc. 
(312) 833-5831 
U.S. Robctics 
(312) 346-5650 

Des Plaines 
National Computer 
Communications Corp. 
(312) 296-0830 

Downers Grove 
Parker Business Services . Inc. 
(312) 629-7806 

Elmhurst 
ICE, Inc. 
(312) 279-1960 

Morton Grove 
Data Access Systems 
(312) 967-0440 

Rock Island 
Lerch & Thorn 
(309) 788-4533 

Westmont 
Telcom Products, Inc. 
(312) 960-4090 
(800) 323-7385 

INDIANA 
Indianapolis 

Computer Systems Corp. 
(317)298-7200 

South Bend 
Credit Bureau of South Bend 
(219) 236-5600 

KANSAS 
Shawnee Mission 

Inland Associates. Inc. 
(913) 362-2366 

LOUISIANA 
New Orleans 

Tana Corp. 
(504) 568-1650 

MARYLAND 

Ga6~~f~~~~TResources , Inc. 
(301) 948-4310 

Rockville 
Alanthus Data Commumcat1ons 

Corp. 
(301) 770-1150 

MASSACHUSETTS 
Bedford 

Continental Resources . Inc. 
(617) 275-0850 

Boston 
American Computer Group 
(617) 261-2700 

Needham Heights 
National Computer 
Communications Corp. 
(617) 444-6822 

Wakefield 
Selecterm 
(617)246-1300 

Woburn 
Computrend, Inc. 
(617) 272-8372 
(800) 225-5378 

MICHIGAN 
Benton Harbor 

Heath 
(616) 982-3200 

Brighton 
Dacoterm 
(313)453-7250 

MINNESOTA 
Minneapolis/ St. Paul 

Computer Marketing Corp. 
(612) 894-7150 
Tele-Terminals 
(800) 328-3072 

Minneapolis 
Loonam Associates. Inc. 
(612)831-1616 

MISSOURI 
St.Louis 

Computer Marketing Corp. 
(314)434-1844 
Inland Associates . Inc. 
(314) 821-3742 

NEW JERSEY 
Allendale 

Leaseametric 
(415) 574-4441 

Blackwood 
Data Access Systems 
(609) 228-0700 

Fairfield 
Cartertone Communications Corp. 
(201) 575-6500 

Matawan 
The David Jamison Carlyle Corp. 
(201) 946-9669 

Mountain Lakes 
Walsh Associates. Inc. 
(717) 346-3856 

Somerville 
Unitronix, Inc. 
(201) 874-8500 

Spring fie Id 
Terminal Sales & Development. Inc. 
(201) 376-8980 

Union 
Transnet, Inc. 
(201) 688-7800 

Wharton 
AOL Enterprises, Inc. 
(201) 328-1360 

NEW MEXICO 
Albuquerque 

BFACorporat1on 
(505) 292-1212 

NEW YORK 
Albany 

J. Cameron Associates 
(518) 371-5947 

Binghamton 
Ossman Instruments 
(607) 785-9947 

Great Neck 
M.TI 
(516) 482-3500 

Hollis 
Synchro Sound 
(212) 468- 7067 

New York 
Alanthus Data Communications 

Corp. 
(212) 688-2615 
National Computer 
Communications Corp. 
(212) 354-9866 

Rochester 
Computrend. Inc. 
(716) 244-1075 
(800) 462-6436 
J. Cameron Associates 
(716) 385-1681 
WNYC 
(716) 381-4120 
Ossman Instruments 
(716) 473-5720 

Syracuse 
Ossman Instruments 
(315)437-6666 

NORTH CAROLINA 
Charlotte 

J.L. H1ghsm1th & Co 
(704) 333-7743 
(800) 438-4942 

NORTH DAKOTA 
Fargo 

Tele-Terminals 
(800) 328-3072 

OHIO 
Akron 

CBC Services 
(216) 867-0780 

Beachwood 
MTI 
(516) 482-3500 

Cleveland 
Data Tron 
(21 6) 585-8421 

Columbus 
CBC Services 
(614) 222·5496 

Dayton 
C.G. Distributors 
(513) 435-4340 

Dublin 
ScherersM1m-Computer Mart 
(614) 889·0810 

OKLAHOMA 
Oklahoma City 

Tel-Tex. Inc. 
(405) 947-3797 

OREGON 
Beaverton 

Dalee 
(503) 641-6644 

PENNSYLVANIA 
Pittsburgh 

C G Distributors 
(412) 366-5056 
(800) 245-4120 

Scranton 
\Naish Associates. Inc. 
(717) 346-3856 

TEXAS 
Addison 

Data Appl1cat1ons 
(214) 931-1100 
Tana Corp. 
(214) 661-1370 

Dallas 
Carterfone Commurncat1ons Corp. 
(214) 350-1294 

Houston 
Data Applications 
(713) 686-8413 
Tel-Tex. Inc 
(713) 868-6000 

Richardson 
Tel-Tex, Inc. 
(214) 231-8077 

San Antonio 
Data Apphcat1ons 
(512) 732-7176 

VIRGINIA 
Richmond 

J.L. H1ghsm1th & Co 
(804) 272-5888 

WASHINGTON 
Redmond 

Consohdated Data Terminals. Inc. 
(206) 883-0100 

Seattle 
Dalee 
(206) 575-1470 

WISCONSIN 
Miiwaukee 

Loonam Associates. Inc. 
(414) 548-9790 
Tele-Terminals 
(800) 328-3072 

CANADA-BRITISH COLUMBIA 
Burnaby 

Alga Commumcat10n Products. Ltd 
(604) 438-3333 

CANADA-ONTARIO 
Markham 

Canterm Commurncat1ons 
(416)495-5700 
CES Electronic Systems Group Ltd 
(416) 495-5555 
Lanparltd 
(416)495-9123 
Teleterm Ltd 
(416)495-5666 

Mississauga 
Data Terminal Mart 
(416) 677-0184 

Toronto 
Hamilton Rentals 
(416)251-1166 

CANADA-QUEBEC 
Montreal 

Spectra Colour. Ltd 
(514) 739-2153 
Telcor 
(514) 337-6020 

CANADA-MANITOBA 
Winnipeg 

Electro Systems Group. Ltd 
(204) 772-9411 



It's easy to understand why the DECwriter 
IV's are so popular. In addition to being 
productive, versatile, and reliable, the 
DECwriters are easy to install, easy to use, and 
easy to maintain. And now we've added 
another easy feature. Easy to buy. 

Just look through our list for the dealer 
nearest you. Chances are, there's one right in 
your area. Call and you'll get top quality 
Digital teleprinter terminals at a surprisingly 
low price. 

The DECwriter IV is a desk-top, micro
processor controlled terminal with the per
formance and solid state reliability that 
made Digital's 300 baud terminals consistent 
best sellers from one of the leading manufac
turers in the field. 

A DECwriter IV is so easy to install, you can 
do it yourself. Or have a Digital's terminal 
dealer or field service engineer do it for you. 

And it's easy to use, because our printer has 
the feel and operation of a typewriter. With 
snap-in ribbon cartridge, sculptured keys, and 
clear character printing. It's also small and 
lightweight enough to be easily moved. 

Yet while it's small, its performance isn't. 
Digital's terminal prints the full ASCII charac
ter set; gives you switch selectable 110 and 300 
baud rates; a 45 cps catch-up rate so you get 

true 30 cps throughput-
ideal for most business 

applications. The 
printer operates 
full duplex, or full 

duplex with local 
echo. 

Plus, it comes 
withEIA 

RS232C 
interface 
for use 
with all 

popular 
modems and 

acoustic couplers. 
What's more, the 

DECwriter IV is so 
versatile, it can be 

used for a wide variety of office functions. 
And with easily-accessible parts, main

taining the DECwriter is simple and fast. 
The DECwriter IV Model DA offers 

exceptional flexibility in paper handling. So 
you don't put up with8 1/z byll inch paper side
ways, or with the short shelf life of thermal 
paper. All of which makes the Model DA ideal 
for most terminal applications. In the standard 
friction feed configuration, you can use roll or 
sheet paper in.any width from 3 inches up to 
14% inches. 

Take a few seconds to snap in the tractor 
feed option, and the Model DA handles con
tinuous forms, in up to four parts. 

The DECwriter IV Model AA offers greater 
flexibility in forms handling. Because it gives 
you user-programmable "top of the form." 
Which means you get synchronized printing 
from one form to the next, continuous or cus
tom. Programming is possible from the key
board or computer. 

In addition, the Model AA Offers 212 
modem compatibility, international character 
set printing, plus super and subscript printing 
with roll or sheet fed paper. Keyboard select
able features include parity, local echo and last 
character visibility so the printhead moves 
aside as desired. 

With both the Model DA and AA, characters 
can be condensed to 161/2 per inch so you can 
get132 characters across an 81/2 inch sheet for 
paper and filing economy. Characters can be 
expanded to 5 per inch with the AA or 10 per 
inch with the DA. 

The DECwriter IVs-while they've always 
been easy to appreciate, they've never been 
easier to order. 

So call your local terminals dealer today. 
Or write Digital Equipment Corporation, 
Terminals Product Group, MR2-2/M67, 
One Iron Way, Marlboro, MA 01752. Tel. 
(617)467-7068. In Europe: 12 av. des Morgines, 
1213 Petit-Laney /Geneva. In Canada: Digital 
Equipment Corporation of Canada, Ltd. 

~o~oomo 
We change the way 
the world thinks. 
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New 96K word module. 
LSI-11/23 compatible. 

Tl's growing memory systems family. 
Quality. Reliability. Compatibility. And 
a new addition to our TMMlOOOO Series 
as the TI memory systems family keeps 
growing. 

TMMlOOOO Series 
• 64K words or new 96K words 
• Optional parity 
• Standard "dual" DEC board 
•Low power 

TMM20000 Series 
• 256K word/128K word high-density 

versions 
• Error detection/correction enhances 

system reliability 
•Error correction transparent to 

operating system 
•Fully compatible with PDP-11134 and 

the recently announced PDP-11144 
UNIBUS+ computers 

r------------------------------------, 
I Texas Instruments Incorporated Fifty Years I 
I Semiconductor Group lnnoovfati·on I I P.O. Box 1443, MIS 6958 I 
I Houston, Texas 77001 ~o I 
I Before I order, I'd like to know more about: UI I 
I D TMM10000 modules D TMM20000 modules D Custom memory modules I 
I I 
I Name I 
I I 
1 

Company I 

I Address I 
I I 
I City State Zip I 
L-----------------------------------~ 

•Addressing capability to two 
megawords 

•Low power 
• Programming options: Modified or ex

tended UNIBUS, 1/0 page size, con
trol status register address location 
and error status register. 

All TI-designed add-in memory sys
tems employ state-of-the-art 5-V MOS 
dynamic RAM technology. 

Custom capability 
If you need custom memory systems in 
production quantities, be sure and talk 
to TI. We'll custom-design modules for 
specific applications with the same me
ticulous attention to cost-effectiveness 
that our standard modules offer. 

For immediate delivery from stock, 
call Integrated Memory Systems at 
(713) 490-3746, your nearest semicon
ductor distributor or TI field sales 
office. Or, send us the coupon for more 
information. 

TEXAS INSTRUMENTS 
+ Trademark Digital Equipment Corp. 
<t> 1980 Texas Instruments Incorporated INCORPORATED 
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The base color models of the 3279 are 
supported by existing 3270 software; 
extended color models are supported 
by releases of several IBM systems. 

center of the screen will need convergence adjustment 
at the edges. The adjustment is applied by correction 
voltages to the deflection system and, in conventional 
CRTs, is controlled by a number-perhaps 40 or so-of 
potentiometers. An added complication is that conver
gence adjustment may need to be repeated at intervals 
during the life of the CRT. 

important to ensure that the two primary colors exactly 
overlap, otherwise an "edge effect" occurs. In our 
example, if the primaries did not overlap (or are 
"misconverged"), the yellow image would have a red 
edge on one side and a green edge on the opposite side. 

In a TV picture, the edge effects caused by a 
misconverged CRT are somewhat annoying, but the 
same degree of misconvergence on an alphanumeric 
display of a table of numeric data would make the 
picture completely illegible. 

From the geometry of the CRT deflection system 
(Fig. 3), it is apparent that a CRT converged at the 

The adjustment process, in which potentiometers are 
involved, is a time-consuming task that requires a 
skilled technician and can add a significant servicing 
cost. To overcome these problems, IBM developed a 
unique digital convergence system that allows an 
unskilled operator to adjust convergence in a few 
minutes from the keyboard. When adjustment is 
required, an operator is presented with a series of test 
patterns in 13 zones of the screen and, using the cursor 
move keys, the operator can light the red, green and 
blue images. The operator generates the convergence
correction during this process; microcode expands this 

The print operation for all models of 
3287 printers consists of printing dots 
from a moving print head. The print 
head contains eight vertically ar
ranged print wires, each of which is 
controlled by a print actuator. When 
the print actuator forces the print wire 

HOW THE 3287 PRINTS 
against the print ribbon, a dot of ink is 
deposited on printer f.orms (Fig. 5). 

The 3287 forms characters by 
printing a pattern of dots that 
correspond to a stored character cell 
(matrix) in the printer. Fig. s shows 
how a character is formed within an 

Copy Control Dial 

Pri nt 
Actuator 
(1of8) 

Fig. 5. The IBM 3287 p;;nt head mechanism. 
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Fig. 6. Forming characters in a character cell. 
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Print wires 
are numbered 

1 through 8 
top to bottom 

') 

• • • 
) 

0 

J 'J 

• • 
c. 

Solid dots denote portions 
of characters printed by 
print wire 3 as the 
print head moves 
from left to right. 

Printing of the 
Wire Wires character (A) 

3 4, 5. 6, 7 is complete . 

a-dot-high by 7-dot-wide character 
cell as the print head moves across 
the form. The character A is formed by 
actuating a series of print wires within 
a character cell. The sequence of 
wire/dot patterns within the character 
cell is shown from left to right across 
the illustration. Note that: 

• No single wire is used in 
successive horizontal positions. 

• No more than 25 wires can be 
used in a character cell. 

• Each wire can strike the ribbon 
no more than four times per character 
(e.g., print wire 5 when printing the 
character A). This restriction allows for 
mechanical settling of the print wire 
and its driving mechanism. 

• The space between characters is 
equal to three adjacent dot positions. 

To print in color, the 3287 uses a 
multicolor ribbon cartridge (Fig. 7) on 
which color tracks are selected 
mechanically under program control. 

Fig. 7. The IBM 3287 ribbon cartridge: If 
an a/I-black ribbon cartridge is installed, 
tr11ck selection is uniformly distributed (by 
microcode) to increase ribbon life. 
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The interactive vector symbol editor is 
useful for creating headings or logos or 
for complex characters used in 
languages such as Japanese. 

set of values to 480 screen zones and provides smoothing 
between the zones. 

The hardware 

Display. The 3279 antiglobe screen measures 14 in. 
diagonally. The unit is designed with many human 
factors improvements, and is half the weight of a 3278, 
with which it is still functionally compatible. 

Printer. The 3287 four-color printer can operate 
either as a color printer or as a standard "black" 3287. 
Bidirectional printing allows as many as 132 print 
positions at the normal rated speeds of 80 and 120 cps. 
It uses a four-track, easy-loading ribbon cartridge, and 
when operating as a color printer, it makes as many 
passes for each line as there are colors on that line. 

With the programmed symbol feature, users can 

The IBM 3279 color display station. 

The IBM 3287 printer showing a typical page of graphics output. 
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The 3274 model 51C desk-top control unit. 

create and print additional character sets. The 10 x 8 
matrix cell has all locations available, which allows 
printing continuous horizontal and vertical lines. 
Because customers have the ability to control color on a 
dot basis as well as by character, they can design 
unique multicolor symbols and graphics. 

Controller. The 3274 control units, models lA, lC and 
rn, each of which can attach 32 terminals, and the 
smaller desk-top control unit, the 3274 model 51C, 
which can attach a maximum of 12 terminals, handle the 
extended features of the 3279 display and the 3287 
printer by advanced function microcode. The 3274 
model 51C, which was developed to provide a lower-cost 
product for the 3274 family of controllers, is a 
small-cluster remote mono and color display station 
control unit, providing essentially the same function as 
the 3274-lC. 

The advanced-function microcode for the 3279 is 
provided on a diskette as one of several configuration 
support packages that may be used with the 3274 
controllers. Two categories of 3279-related code reside 
in the 3274. The first is the color convergence code, 
which permits an operator to converge color from the 
keyboard. This code may be customized into any level of 
327 4 code configurations. The second category is the 
functional code that allows the customer to use the full 
seven-color display capability of the 3279 as well as 
programmed symbols and highlighting features. This 
code is not available on configuration level A or B of the 
327 4 code; it is provided only on configuration levels c 
or higher. Configuration levels A and B, when 
customized with the convergence code, will allow 
attachment of the 3279 display operations in base (four) 
color mode. 

Programmed symbols 

Two programmed symbol (PS) modes are optional 
features of the 3279. PS-2 provides two additional 
character sets of 190 characters each, which can be used 
for user-defined characters and symbols. PS-4 is used 
with PS-2 and provides an additional four character sets 
of 190 characters each. Three of these four character 
sets can store multicolored characters or symbols, an 
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NEW ADD-IN 
MEMORIES FOR 
NOVA+ & ECLIPSE+ 
COMPU'I'ERS. 

Think of the added confi
dence that on-board ECC and 
diagnostics can give you. For 
NOVA 4/X & 4/S minicomputers, 
our fully compatible MK8018 
memory system features an 
on-board single-bit error cor
rection option complemented 
by an 8 LED error log display. 
With it, you can troubleshoot 
to the individual RAM level. 

The same is true with our 
MK8024 memory system. 
Only more so. This fully com
patible add-in memory for the 
ECLIPSE minicomputer has 
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Add-in confidence 
with optional 
on-board ECC 
and diagnostics. 

three ECC options. One of 
which includes single-bit er
ror correction that is indepen
dent of and transparent to 
the processor. 

Using industry-standard 
Mostek dynamic RAMs, 
memory configurations for 
the MK8018 range from 32K 
x 16/21 up to 128K x 16/21. 
For the MK8024, choose from 
16K x 16/21122 up to 128K x 
16/21/22. 

Call your Mostek regional 
sales office for more details. 
Northeast: 617/256-1500 
East and South: 2011842-5100 
North Central: 612/935-4020 
South Central: 2141386-9141 
Western: 7141549-0397 
N orthwestem: 408/287-5081 

Or contact Mostek Corpora
tion, 1215 West Crosby Road, 
Carrollton, Texas 75006, (214) 
323-1802. In Europe, contact 
Mostek Brussels 660.69.24. 



The Prime system 
builder's kit. 

Just add your software 
and sell. 

Our small, 32 bit, 50 Series com
puters come packed with everything 
you need, including the same in
depth support and system installation 
that we provide with our most power
ful systems. All you have to do is add 
your own application software. 

We offer the Prime 150 and 450 
in minimum quantities of five, with 
an unusually aggressive discount 
schedule. Our delivery time is one of 
the fastest in the industry. 

And as part of the package, you get 

our l~r~e-system performance: up to 
32 mdhon bytes of virtual memory for 
each of up to 32 simultaneous users; 
our PRIMOS operating system that 
supports extensive communications 
~nd networking; and a wide range of 
mdustry-s tandard languages like 
COBOL, Pascal, PL/ 1 and FORTRAN. 

. So when you need a powerful 32 
bit system, get in touch with the com
pany that gives you a lot more than 
just hardware. Write Prime Computer 
Prime Park MS 15-60, atick, MA 
01760. In Europe: Prime Europe, 6 
Lampton Road, Hounslow, Middlesex 
TW3 l]L, England. Tel. 01-570-8555. 

PRIME 
Computer 
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For a widely dispersed audience, 
color TV monitors attached to the 
3279 can be used to relay the display 
to nearby locations. With a booster, 
several monitors can be run at once. 

important consideration in graphics applications. 
Existing 3270 software supports the base color 

models of the 3279, and the new releases of several IBM 

interactive and transaction-processing systems support 
the extended color models. The support includes the 
control of color, highlighting and programmed symbols 
as well as existing alphanumeric functions of the 3270 

display. 
A new mainframe program product, the graphical 

data display manager (GDDM), also developed by IBM, 

provides graphics and alphanumeric programming 
support. GDDM uses the programmed symbols hard
ware feature: from numeric data it constructs and loads 
into PS the special characters needed to display a 
picture such as a graph or block diagram. The 
application programmer is provided with a subroutine 
call language to control the graphics appearing on the 
screen. 

Also in GDDM is the interactive symbol editor utility, 
which allows a terminal operator to create and edit new 
characters or symbols. User-defined symbols include 
language symbols, such as Greek and Cyrillic; mathe
matical symbols, such as integral signs, exponents, 
etc.; and chemical symbols. The user can create "sets" 

A pie chart created by way of the presentation graphics feature. 
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of as many as 190 such symbols, and the sets can be 
stored and retrieved for future use. 

An optional feature of GDDM, presentation graphics 
feature (PGF), allows common types of graphs and 
charts to be created with very little programming 
effort. PGF can be used either with the application 
program or interactively. In the latter case, the 
operator can generate the graphics by keying in data. 

Graphics available in PGF include line graphics, bar 
charts, histograms, pie charts and Venn diagrams. A 
"menu-selection" style of entry from the lists displayed 
on the screen lets a user define the format of the chart 
together with line type, color, shading and so on. A 
chart created in this way can be stored and retrieved. 

The interactive vector symbol editor is included 
within PGF and enables the user to create large symbols 
or characters. This can be useful for creating headings 
and logos, or complex characters used in such 
languages as Japanese. 

Applications of color 

Investigation, both by human-factors engineers and 
in user involvement tests, has shown that all alphanu
meric applications using monochrome displays benefit 
when color is introduced. The photographs in Fig. 4 

show the use of the 3279 in a graphics application. 
Although now exhaustive, the tests made by the 

engineers at Hursley have shown some of the ways in 
which color can be used. In the report describing this 
research, the use of color is recommended as a coding 
agent (to indicate to an operator the category into 
which the data being displayed falls) and as a 
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IBM has developed a unique digital 
convergence system that enables an 
unskilled operator to adjust convergence 
from the keyboard. 

formatting aid (whereby color aids the operator in 
understanding the logical structure of the data on the 
screen). The report also points out uses of color that do 
not aid the operator but simply confuse him. If the 
application programmer or screen layout designer 
chooses to use too much color or the wrong color, bene
fits are lost. 

In addition to choice of colors and quantity of colors, 
the designer can use the highlighting features of the 
3279, including brightness, blinking or reverse video. 
For example, it has been found that blue, with its 
relative dullness against the background color of the 
screen, tends to de-emphasize data fields, whereas 
white, with the opposite effect against the dullness of 

· the screen, can be used for emphasis. 
With the acceptance of color displays came the 

demand for ways of presenting the data displayed to 
larger audiences. In July, IBM announced a new feature 
called video output that allows the data displayed at the 
screen of the IBM 3279 to be presented as output in a 
variety of ways by compatible devices supplied by 
manufacturers other than IBM. 

The VIURAM family of video interfaces 
with advanced features makes your 
display 110 a natural extension of your 
computer software, not a choke point. 
Our direct-access alpha-graphic display 
hardware, by avoiding cumbersome serial 
methods, provides maximum efficiency, 
fast character and pixel thruput, and 
extreme ease of software implementation. 

• Projection. Using a suitable large-screen projec
tion device (one able to show a color image), the display 
shown on the screen of the 3279 can be projected for 
viewing by large audiences. 

• TV monitors. For a more widely dispersed 
audience, color TV monitors can be used to relay the 
display to nearby locations. The number of monitors 
that can be attached to a 3279 is limited by the ability of 
the devices themselves. With booster units, several can 
be operated at once. For example, color TV monitors in 
airport lounges can display passenger or flight 
information from a central 3279. 

• Hard copy. With a suitable permanent-copy image 
device attached, full-color photographs (typically as 
large as B x 10 in.) can be made of any given display 
within minutes. This provides a "hard copy" record for 
those who require it. Alternatively, foils and 35-mm. 
slides could be produced. All would be used as 
high-grade material for later presentation. 

Reference 
P.F. Robertson, "A Guide to Using Color On 

Alphanumeric Displays." Technical Report TR.12. 1ss. 

IBM United Kingdom Laboratories Ltd. , Bursley, 
England. December, 1979. 

Frank Rossiter is a researcher with IBM Corp.'s United 
Kingdom Laboratories, Ltd., Hursley, England. 

Model VRG-Q 
Add-In Graphics Memory 
for the Q-BUS 

D 512 x 512 x 1 Frame Buffer 
D Simultaneous Character Display 
D Dual-Height Card 
D Line-By-Line or Direct Addressing 
D TEK 4010 Emulation Software 
D Low Cost, Available Now 

Peritek 
corporation 

Contact Tom Birchell at: 

3014 Lakeshore Avenue 
Oakland, California 94610 
( 415) 465-9000 
TINX: 910-366-2029 

Computer Technology Division 
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Selecting 
hartj-copy 
devtces 
GERARD H LANGELER, Tektronix. Inc. 

Terminals and desk-top computers 
are important, but there's also 
a wide range of other products 
and technologies to consider 

T
here is a good argument that suggests that 
the selection of hard-copy devices for com
puter graphics systems is as important, or 
more important, than the selection of a 
graphics terminal or desk-top computer. 

The argument begins with the assumption that the 
hard copy, not the display on the screen, is the "action" 
document. 

Of course, terminals and desk-top computers are 
excellent for manipulating and displaying data. But, in 
a sense, they are only preview devices for the desired 
hard-copy output. After all, engineers design parts, 
managers make decisions, cartographers make projec
tions after they've examined hard copy in a report or 
set of reference documents. 

To help eliminate the confusion over hard copy, this 
article surveys hard-copy technologies and products, 
discusses the major performance variables and trade
offs, and then describes the ideal product types for 
given sets of needs. The article closes with a brief 
assessment of what the future holds for hard-copy 
technology. 

Diverse lm~tnaklng capabilities 
Hard-copy technology began with the electrome

chanical-vector-impact approach, more commonly 
known as putting pen to paper. Changing pens allows 
color or line width to be varied, but the image is limited 
to solid colors only, with no gray scale. 

Electrostatic technology does what electrophoto
graphics do, but instead of light, it uses wires and 
electrodes to put down a charge on dielectric paper, 
which is then passed through a toner. The toner is 
attracted to the charged areas, and when the paper and 
toner are fused, the hard copy is ready. 

Thermal technology closely resembles electrostatic 
technology, except that the wires heat a thermally 
sensitive paper. The heat breaks open microcapsules in 
the paper, releasing a liquid that creates the graphic 
information. 

The dot·matrix-impact technique strongly resembles 
the electrostatic and thermal approaches. But the wires 

In the electrophotographic technique, a beam of light 
is used to expose a light-sensitive medium, which is 
then developed. Most designs using this technique are 
based on a CRT with a fiber-optic faceplate. The 
intensity of the light can be varied to produce fine 
gray-scale as well as pure black-and-white images. 

All photos courtesy of Tektronix. Inc 
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are replaced by tiny hammers. A ribbon is placed 
between the hammer and the paper, and output is 
obtained much as it would be with a typewriter. If the 
ribbon color is changed, the color of the output can be 
changed as well. 

Ink jets put dots onto paper, but unlike the previous 
three approaches, place the dots onto the paper without 
the aid of wires or hammers. 

Finally, the electro-optical, or pure photographic, 
approach involves simply putting a camera in front of 
some image (normally a CRT) and snapping the shutter. 

There are five major classes of computer-graphics 
hard-copy devices on the market: electromechanical or 
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pen plotters, CRT copiers, printer/plotters, impact
graphics printers and camera systems. 

Plotters. Pen plotters draw vectors and characters 
directly from computer output or from a magnetic
storage device, often with a graphics display as a 
preview. Plotters vary greatly in size, and sometimes 
are difficult to use because the pens clog or dry out, but 
they are only moderately expensive to own and fairly 
inexpensive to operate. They produce high-quality 
output on paper or transparent film but are very slow. 
Yet they do offer the distinct advantages of low-cost 
color and different levels of line quality because they 
can use liquid-ink, fiber-tip or ballpoint pens. Plotters 
are normally used to prepare output for reports or 
presentations, for camera-ready drawings and for 
archival copy. 

The three leading suppliers of pen plotters are the 
Sanders/Calcomp/Gould combine, Tektronix and Hew
lett-Packard. Other products are available from Ben
son-Varian, Nicolet-Zeta and Houston Instruments. 

CRT copiers. CRT copiers reproduce the image from 
a graphic terminal, display, or desk-top computer 
system either directly from the screen or out of 
memory. They employ either electrophotographic, elec
trostatic or thermal technology. CRT copiers are com
pact, easy-to-use and relatively inexpensive to own and 
operate. They produce high-quality black-and-white 
and gray-scale paper copies at fairly high speeds. 
Primary uses are providing working reference copy and 
output for reports or presentations. 

Using fiber-optic CRT, and now, dry-toner electro
static, technology, Tektronix provides CRT copiers for 
raster-scan/video and storage-tube displays. Other 
offerings come from Hewlett-Packard (using the ther
mal approach) and Versatec (using electrostatics). 

Printer/plotters. Printer/plotters produce images 
electrostatically on dielectrically coated paper from 
computer output or from a graphics display. Printer/ 
plotters are relatively large, expensive and occasionally 
troublesome to use because of difficulties with the 
liquid toner. But they offer the advantage of producing 
high-quality black-and-white copies on paper or vellum 
at high speed and at a moderate cost per copy. Major 
printer/plotter uses are previewing large plots and 
obtaining direct computer output. 

Versatec holds the lion's share of the printer/plotter 
business, followed by Benson-Varian and Sanders/ 
Calcomp/Gould. 

Impact printers. Impact-graphics printers produce 
alphanumerics and graphics using the dot-matrix
impact approach. Graphics printers usually are moder
ate in price and relatively easy to use, although 
interfacing problems have limited their use somewhat. 
Low cost per copy is a major advantage, but poor image 
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The IBM 3287 impact-graphics printer prints both graphics and alphanumerics. 

A Tektronix 4663 plotter, tied to a 4016 terminal, 
plots a topographical map. 

resolution is a critical restriction. Impact printers are 
used primarily for computer output, where high
volume line printing makes low cost per copy a para
mount consideration. 

IBM, Printronix, Trilog, Ramtek and Okidata all 
compete in this category. (IBM, Trilog and Ramtek do 
so with color.) 

Camera systems. The advent of color in graphics 
displays has resurrected camera/film techniques for 
generating hard copy. While camera systems are often 
cumbersome and costly, they offer superior resolution 
and color if the high cost per copy and the long wait are 
not important considerations. 
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Matrix and Dunn Instruments are the two primary 
entrants here. 

Define the terms and avoid specsmanship games 

A user who is confused by the many choices available 
in technology and products can examine major perfor
mance variables and trade-offs to eliminate most of the 
confusion. 

A user evaluating a hard-copy device for a particular 
application should consider these four major variables: 
resolution, speed, device cost and cost per copy. 

Resolution. The terms "dots per inch" and "address
able points per inch" are indicators of potential resolu
tion, but neither term tells the whole story. Discernible 
line pairs per inch is a more revealing and accurate 
measure of resolution. 

The problem with using dots per in. or addressable 
points per in. as a measure of resolution is that they 
ignore major problems with many of the electrostatic 
products-dot blowup and artifacts. For example, in 
many applications it doesn't do much good to have a 
200-dpi device if each dot is greater than 1/200 in. wide. 

Dot overlap is one thing; dot blowup is another. Dot 
overlap decreases resolution as it is defined here, but 
increases the visual appeal of the image. Dot blowup 
decreases both resolution and visual appeal. Artifacts, 
or stray marks on the paper, also detract from the 
visual appeal. 

The important question here is, what is the real 
resolution in discernible line pairs per in.? If the 
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In Industrial environments, Tektronix color-graphics systems are used for such applications as printed circuit designs. 

Examples of Tektronix's color-graphics products: 4027 terminal 
(top left) , 4054 desk-top computer (top right) , and 4632 (front left) 
and 4631 hard-copy units. 

product uses electrostatic technology, push for good 
answers on dot blowup and artifacts. Ask for a sample 
copy of the desired configuration of equipment. If 
terminal copy is needed, it is important to match the 
cop~er's resolution to that of the terminal. For instance, 
a 1029-line, 15-in. tube system has only about 100 lines 
per in. If a 200-line-per-in. copier is chosen for it, the 
user is buying more performance than is needed. In 
fact, the imperfections of the screen will be copied. 

Speed. Here again, several terms can be misleading: 
"inches per second," "Gs" and "lines per minute." The 
truly important question is, from the time the button is 
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pushed, how long does it take before the output is 
ready? 

Inches per second is used by vendors of electrome
chanical plotters to indicate the speed of the pen, while 
Gs refer to pen acceleration. Both are elements of 
output speed, but neither tells the whole story. The 
same problem appears in printer/plotters and graphics 
printers, where ips generally refers to the line-printing 
mode. 

Another measure of speed to be considered is raster
ization, which printer/plotters require. Many buyers 
have purchased printer/plotters because they wanted 
fairly high-speed output only to find that while indeed 
the printing/plotting is rapid, they must wait an 
inordinately long time while their mainframe or mini
computer rasterizes all the vectors--and computer time 
is very expensive. If the product is a printer/plotter, 
the user should check on the time and cost of rasteriza
tion, which must be done either locally or on the host. 

For example, a typical eight-layer circuit-board lay
out may require only a few seconds to be produced on a 
printer/plotter, yet a minicomputer may have to run for 
20 min. rasterizing the vectors. At $100 per min., 
computer time can be a significant expense for a design 
group during a normal work year. 

To alleviate this problem, many manufacturers now 
offer black boxes to perform local rasterization, a 
welcome move. Nevertheless, the black boxes do add 
thousands of dollars to the purchase price of the 
system. 
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Dot overlap decreases resolution but 
increases the visual appeal of the 
image. Dot blowup decreases both 
resolution and visual appeal. 

For making comparisons, pages per minute is the 
most effective measure of output speed. Consider a 
page to be a fairly typical graphic output of approxi
mately 200 vectors on an 8% x 11-in. (or A4-size) sheet 
of paper. 

Device cost. This variable is often more straightfor
ward than resolution or speed, if all the necessary 
interfaces, rasterizers and software needed to make the 
device operational are included. The trade-off charts 
discussed below feature a fairly standard configuration 
of a Tektronix graphics terminal and a minicomputer, 
with rasterization (for those devices needing it) done 
locally by a vector-to-raster converter. The question 
here is, what is the total cost of making this product 
work in the intended environment? 

Cost per copy. This variable is easy to calculate also, 
as long as all attendant costs (paper, pens, toner, film 
or whatever) are included. Consider any regular wast
age (such as that caused by liquid toner seeping into the 
paper between copies) and then use an average order 
quantity to determine costs (for example, four rolls of 
paper to a box; the average user orders four boxes at a 
time). What is the total cost per copy including wast
age? 

With the four major variables defined, four major 

trade-offs among those variables should be examined. 
They are: resolution vs. speed, device cost vs. resolu
tion, cost per copy vs. speed and device cost vs. cost per 
copy. 

For purposes of this analysis, the most popular sizes 
and configurations of each class of device are compared 
because most potential users seem to buy from among 
those sets of products. Generally, that means A- or 
B-size devices by u. s. standards and A4- or A3-size 
devices by international standards. 

Several generalizations have been made here regard
ing resolution, speed, device cost and cost per copy. 
Although certainly quite arbitrary, these generaliza
tions reflect the prevailing attitudes in the market 
today. 

This Tektronix 4634 hard-copy unit takes its 
image off a video screen. 

Figs. 1-4. Compare the four major trade-offs among the variables when selecting computer graphics hard-copy devices. In these 
comparisons, the ideal product in any trade-off is in the upper right corner of each chart. 

134 MINI-MICRO SYSTEMS/December 1980 



A fiber-optic CRT, the driving engine for all 4630 series hard-copy units. 

The charts shown in Figs. 1-4 have been organized so 
that the farther the result is from the origin, the better 
it is for the user (i.e., higher resolution, higher speed, 
lower device cost, lower cost per copy). Therefore, in 
these comparisons, the ideal product in any trade-off 
will be located in the upper right portion of each chart. 

What is the ideal product? 

With these trade-offs in mind, let's look at the ideal 
product for a given set of user needs. What is usually a 
complex decision may be simplified here; nevertheless, 
these observations should serve as a fairly good guide. 

If quick, high-resolution black-and-white or gray
scale copies are needed for working reference, filing or 
presentations from a low-cost device at moderate cost 
per copy, a CRT copier is the cost-effective solution. 

If very-high-resolution line-graphics copies are de
sired for presentations, reports or final reference, 
particularly in color, with no concern over a few 
minutes of waiting time, choose a pen plotter. 

If high-resolution plot previews and line-printing 
computer output are needed and equipment cost is not 
much of a concern, consider a printer/plotter. 

If low-resolution copies at relatively high speed are 
called for in an environment where low copy cost is 
paramount, consider an impact-graphics printer. 

And, if what's wanted are superior resolution and 
color, particularly 35-mm. slides, without regard to 
speed or cost, a camera system can't be beat. 

Hard-copy futures will perform well 

The future of the hard-copy business looks bright 
. . . but confusing. More good technologies are avail
able than can be used. The competition among them 
should make ink-jet, laser/electrophotographic and 
electrostatic technologies more important. The cost of 
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most devices will stay relatively constant, but the 
performance of those devices will improve dramatical
ly. A possible exception to this cost trend is camera 
systems, where some significant price decreases may 
occur. 

The number of devices offering color will expand, but 
it will still be a few years before the availability of a 
truly good solution to the problem of obtaining high
quality color output at high speed from a reasonably 
priced device at a reasonable cost per copy. 

So while the future holds improvements in both price 
and performance, the user should also expect promises 
of a more challenging product-selction task. • 

Gerard H. Langeler is marketing manager for Tektronix, Inc., 
Beaverton, Ore. 

NEX!' MON!'H IN MMS 

January will bring the fifth annual printer 
issue of Mini-Micro Systems, including sup
plier directories intended to be clipped and 
saved. Included in the feature article package 
will be: 

•Line printers: a review of the latest hard
ware and trends in line printers designed for 
use with minicomputers. 

•Line printer selection guide: directions 
about what to look for when faced with the 
need to select from competitive products to fit 
your prices, performance and application 
needs . 

•Serial printers: a comprehensive survey of 
trends and hardware for matrix printer users . 
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Language aids 
in computer designing 

Engineering firm combines PDAIPATRAN language, 
30 color graphics and VAX-111780 to slash structural design time 

A new computer language, along with three
dimensional color-terminal data entry, has dramtically 
reduced the engineering effort required to prepare 
computer-aided models of a variety of complex 
structures and post-CAD processing. Developed by 
Prototype Development Associates, Inc., Santa Ana, 
Calif., the language not only improves engineering 
productivity but also lowers computational time and 
structural design time. Projects that once required 
months are accomplished in weeks; jobs that took 
weeks are done in hours. 

Prototype Development Associates is a 60-employee 
engineering firm that specializes in design and analysis 
of complex structures, especially those using advanced 
composite materials. The firm has conducted studies of 
rocket engines, ablative materials in missile nose cones, 
aircraft structures, automobile frames and other 
structures. The company also manufactures tow targets 
and the Thermoshield system for protecting down-hole 
instruments in oil wells. 

"In 1973, we started developing the new language, 
called PDAIPATRAN, to aid us in designing complex 
three-dimensional shapes," says Lou Crain, PDA 
director of software products. "Using a time-shared 
CDC Cyber 173 and a Univac 1108, we designed several 
batch programs to define structural geometries, 
analyze material properties and to post-process CAD 
results. 

"By mid-1977, our service-bureau charges were 
between $12,000 and $40,ooo monthly. We had been 
looking at minicomputers for some time, but the 16-bit 
address space was insufficient for our applications. 
When the VAX-11/780 was introduced, with its 32-bit 
architecture, we could see its value in the engineering 
disciplines. Our VAX-11/780 was installed in July, 1978, 
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Finite-element model of ship 's propeller hub required only three 
days to develop, as opposed to an estimated several man-months 
with conventional methods. 

and we converted PDA/PATRAN from batch to interac
tive and incorporated color graphics." 

The Digital Equipment Corp. VAX-11/780 used by 
PDA has 1. 5M bytes of main memory and three RP06 
disk drives providing 528M bytes of storage. A DEC 
vs-11 Colorgraphic terminal, a Ramtek 6200A, two 
Megatek 7000 terminals, a Tektronix 4014 and 19 other 
terminals enable a number of engineers to solve 
problems simultaneously on-line. Hard-copy graphics 
output is printed on a Trilog 100 x 100 dot-per-in. 
matrix plotter. 

Analyzing complex structures 

Structural analysis using computer-aided design 
usually involves many steps. Initially, a draftsman 
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A color display offering 15 shades 
further enhances visualization. The 
designer may assign any color to any 
element or use system-defined colors. 
prepares two-dimensional line drawings from which the 
computer model geometry is defined by measuring 
x-Y-Z coordinates manually, or with a digitizer. 

Next, the engineer must create a finite-element 
model, which consists of a series of small discrete 
sections representing the complete structure in aggre
gate. During this step, the materials must be 
incorporated into the computer model, along with the 
external environment, such as pressure, temperature, 
loads and constraints. Next, the model is processed 
using a general-purpose analysis program such as 
NASTRAN, ANSYS, SAP6, MARC or SAAS. Results must 
then be interpreted, and then the process is repeated to 
check new test results against design changes. 

"The time required to accomplish these functions 
varies greatly, depending on the structure's complexi
ty," Crain says. "A 11/2-month-long project would 
typically require three man-weeks to define the model 
and create the finite elements. Another man-week 
would be devoted to applying the loads and environ
ment, two days for CAD program operation and another 
week for interpreting the results. Each iteration would 
require the same amount of time at each step. 

"With PDAIPATRAN-G and the VAX-11/780, the 
engineering effort is greatly reduced. Defining the 
model and finite-element creation requires about two 
man-days. Application of materials and CAD computa
tion each requires about a half-day, and interpretation 
will require an additional day." Much of the increased 
productivity can be attributed to the 3D, color graphics 
capability of the VAX-11/780-PATRAN combination, 
Crain says. 

30 color, too 

Instead of poring over code sheets and listings, 
designers construct, on-line, a continuous representa
tion of the structure, as well as the finite-element 
model, including material properties and loads. Then 
the computer draws mathematically defined figures on 
the color video-terminal screen in much the same 
manner that it can be done on paper, except faster. The 
program employs the classical principles of parametric, 
cubic and descriptive geometry, but the designer needs 
no special skills in either mathematics or computer 
programming. The command language consists of 
nonmathematical directives in a free-flowing and 
order-independent format. The computer handles the 
tedious mathematics, automates the drafting proce
dures and guides the user through the process with an 
extensive menu that allows the designer to query the 
computer when he has questions. 

The designer typically will enter specific coordinates 
and dimensions, then supply translational and rotation
al directives that create the shape, in three dimensions, 
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on the screen. Additional sections may then be 
developed and added to the original shape. 

As finite model segments are constructed, the 
computer sequentially displays each segment on the 
video screen and stores the mathematical description in 
memory. Using the VAX-11/780, several engineers can 
work on one product, and each engineer can create a 
different portion of the structure. When the shapes are 
joined, the program checks adjacent surfaces and 
automatically assigns consistent coordinates for inter
secting boundaries. 

"We modeled a hydraulic-turbine impeller for conver
sion to a numerically controlled machine tape," says 
Crain. "The impeller hub required only six directives 
and was completely defined in less than a min. The 
blades were complex shapes, but the designer had only 
to plot significant points along the surfaces, and the 
program calculated the coordinates between the blades 
and hub surfaces. The total project required a man-day; 

Color aids visualization of complex structural geometries in 
automobile cross member. Normally, cyan represents grid points, 
green for surfaces, dark blue for solids. But designer may stipulate 
colors indicating types of elements or materials. 

with manual practices, the same design would have 
required three months." 

Irregular shapes are developed in a number of ways. 
The designer may plot discrete points defining the 
surface, then call upon an option to construct continu
ous lines between them; or he can call up a regular 
shape from memory and warp it, on-line, to the desired 
configurations. There are no limitations to what can be 
modeled using PATRAN-G. 

As model construction continues, hidden lines are 
omitted to clarify the illustrations. The depiction may 
be rotated at any time so that the designer can view the 
model from any angle. 

A color display offering as many as 15 shades further 
enhances visualization. The designer may assign any 
color to any element or use system-defined colors. For 
example, cyan represents grid points, green defines 
surfaces, dark blue signifies solids, and yellow shows 
construction lines. Other colors indicate different types 
of material within the structure or special program 
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Now, Ramtek offers the first integrated 
system for MIS graphics users. 

Ramtek 's new 6214 color graphic computer frees 
you from buying each of your display elements from a 
different supplier. Ramtek has put it all together in a 
true stand-alone color graphics system complete with 
processor, monitor, console, mass memory storage and 
UCSD Pascal '." And full Ramtek support with field service, 
training and documentation. 

You'll get a sharp, bright picture. 
The 6214 gives you high resolution-640 x 512 

refresh memory for smooth, curved plots. Choose 16 
colors from a palette of 64, with no annoying image flicker. 

Interactive UCSD Pascal makes 
programming easy. 

Complex programming is simplified with Pascal. 
Adding Ramtek 's GRAF PRO (graphic procedures) soft
ware package provides the basic drawing functions, 
programmable patterns and text fonts you need. To 

For MIS, computer-aided design or any application 
that requires high resolution, high-perfo~mance color 
graphics, look into Ramtek's 6214 colorgraphic computer. 
To get more information, write: Ramtek, 2211 Lawson 
Lane, Santa Clara, CA 95050. 

Why is Pascal better for business? 

dramatically speed applications software development. R . m te k 
Now, low-cost plain paper and 
photographic hardcopies. 

The new Ramtek 41 oo printer /plotter cuts the cost of Our Experience Shows. 
hard copy. Ramtek 's unique four-head design prints full 

REGIONAL OFFICES: Santa Clara, CA (408) 988-2211 , Newport Beach , 
color graphics on plain paper in a single pass. No toners CA (714) 979-5351 , Seattle, WA (206) 838-5196, Albuquerque, NM (505) 
or chemicals are required, and to change ribbons you 884-3557, Dallas, TX (214) 422-2200. Maitland , FL (305) 645-0780, 
simply drop in a new cartridge . Add a color camera for Huntsville, AL (205) 837-7000, Chicago, IL (3.12) 397-2279, Cleveland , OH 

(216) 464-4053, Washington, DC (301) 656-0350, Metropolitan NY (201) 
transparencies, 35mm slides, and 16mm film. 238-2090, Boston, MA (617) 273-4590, Netherlands 3129685056. 
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'Stress analysis usually requires 
the most minute modeling, while 
dynamic and thermal models are 
normally less detailed. ' 
items, such as previously written directives (yellow) or 
menu selections (green). 

"The v AX-11/780-based program allows as many as 16 
different views to be displayed on the screen simultane
ously," says Crain. "The designer normally uses a large 
working area with a three-dimensional view, and 
smaller areas for reference display, such as two
dimensional plans, elevation or side views. Construc
tion changes made by the designer can be limited to the 
working-area display or automatically incorporated into 
the reference displays. Hard-copy images can be 
generated for reference, documentation or archival 
purposes at any time. 

Once the model structure has been defined, the 
system establishes parameters for finite-element analy
sis, which consists of dividing c'omplex geometries into 
simpler objects. By entering clear language directives, 
the designer receives 3D color displays that depict the 
finite elements. 

The system can zoom to magnify or reduce any 
section of the model. Using a cursor control, the 
designer positions an aperture over an area, enters the 
desired size and initiates the action. The v AX-11/780 

A FEW IMPORTANT SPECIFICATIONS 

automatically displays the area surrounded by the 
aperture, with the proper magnification, permitting 
more detailed study within the designated portion. 

"This aspect is important," Crain says, "because 
analysis accuracy, as well as cost, is related to the 
density of the finite-element mesh. Stress analysis 
usually requires the most minute modeling, while 
dynamic and thermal models are normally less detailed. 
With PATRAN, mesh densities can easily be modified to 
match mesh size to the type of analysis. 

"The VAX-11/780 has given us a two-year return on 
investment in terms of avoided service-bureau charges 
alone," says Crain, "with vastly increased engineering 
productivity, as well. 

"For example, one of our clients wanted an analysis of 
an automobile-chassis cross member that supported a 
transverse-mounted engine. This was an extremely 
complex stamping that had virtually no regular shapes. 
In an earlier attempt, the manufacturer had r~tained a 
consulting firm that devoted 10 months to the project, 
without success. With the VAxlPATRAN combination, 
we were able to complete the structural geometry and 
finite-element model in five days." 

PDA has a cooperative marketing agreement with 
DEC under which both companies are selling PDAI 

PATRAN-G for use on VAX-ll/780s. The system is being 
used by major aerospace, heavy-industrial, nuclear, 
electronics and food-processing equipment companies 
and high-technology government laboratories. • 

The Codata CTS-200 I 6 is a self
contained 16-bit system which permits 

specific OEM configuration to match a 
variety of applications. Now, with the 
added flexibility of the MULTIBUS 

concept and a 6.38M Byte Micro
Winchester, it's ideally suited for dedi

cated process control environments, de
velopment systems, distributed networks, 
or business applications. 

• Ml LTIBU~ i~ a 
tradt:mari... oflntd 
Corporation 

D 8080,8085,8086,ZSOOO 
configurations 
D Dual-density, double
sided 5-1 / 4" disc drives with 
348K Bytes per drive 

D Nine-inch, SO-character x 
25-line display 
D Nine-slot MULTIBUS 
backplane-three left for 
expansion in standard con
figuration 

D Special IiO configurations 
and custom interfaces upon 
request 

Arc: trademark~ of 
Digiral Re:-.car ... ·h 

Is a trademark of 
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D 6.38M Byte 5-1 / 4" 
Micro-Winchester disc drive 
D 128K Bytes RAM standard, 
expandable to 512K Bytes 

D 82-key, ASR-33 compati· 
ble keyboard with 18 special 
function keys 

D Software: CP/ M * , CP
Net •• MPM * CP/ 86 • 
XENIX ... , BASIC, , 
Interpreter/ Compiler, 
C-Compiler, FORTRAN , 
COBOL, PASCAL 

CIRCLE NO. 69 ON INQUIRY CARD 

Mi<.:ro soft 

Rep inquirit:~ 
invitt'd CODATA 

For additional information , please call or write . 
Codata Systems Corporation , 285 N. Wolfe Road , 
Sunnyvale , CA 94086, ( 408) 735-1744 
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IDT 2000. Out front in cost-effective color graphics. 
No other supplier can match the performance of IDT 
terminals, monitors and video generators. The design 
objectives of every IDT unit, high quality, reliability and 
ease of maintenance, are earning IDT products a 
reputation for innovation and cost-effectiveness. 
Behind our new 2000 color terminal is the experience 
of IDT people in developing, marketing and servicing 
color graphic systems for a wide range of 
applications. 

In the 2000, the result is a highly reliable, 
state-of-the-art terminal with the versatility in 
capabilities, packaging, interfacing and system 
options demanded by the expanding color graphics 
marketplace. 

IDT 2000. In step with your needs. 
0 can be configured to suit your present needs and easily 

expanded later. 
0 Terminal's intelligence allows simplified programming using 

high level ASCI commands, requiring no special handlers or 
drivers, over a standard RS 232 serial interface. 

0 High speed, high resolution presentation. 512 X S12 
individually addressable pixels. Also displays 85 characters on 
each of 51 lines. 

0 MACROGRAPHICS"' and RAMPICS"', two of several ,/ 
proprietary packages that enhance speed, enable animation ,/" 
and simplify programming. , 

. . .-" For a copy of our Product Brochure, 
O Macr~progran:im1ng t~at r-;ctutes ~ost overh~ad and terminal,/ with details on capability performance 

han~hng, plaa~g the intelligence in the terminal. /" and specifications, return the coupon today. 
0 Flexible packaging-rack mount. desk top or OEM ," or, if your need is immediate, give us a call 

configurations. ,/ at (614) 451-3282 

,,.-""' ~N~a~m~e~~~~~~~~~~~~~~~~~ 

~ Industrial Data Terminals Corp. 
1.l!J.1 1550 West Henderson Road/Columbus, Ohio 43220 

- - ,.,,,.-"" Title 

••• Company 

,.,."" Address 
.-' 

CIRCLE NO. 70 ON INQUIRY CARD ,/ City State Zip 

CCopynght Industrial Data Terminals Corporation 1980. All nghts reserved ,/ Industrial Data Terminals Corporation 1550 VI/est Henderson Road/Columbus, Ohio 43220 
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Pascal's worst shortcoming is its lack of 
separate compilation modules. 

User interaction is also difficult. Many "standard" 
implementations require pre-read on devices, making 
interactive I/O difficult, at best. Once data is in, a user 
must avoid automatic conversion from text to numeric 
data, because no exception processing is available, and 
a conversion error on data entry, such as an operator 
key-in error, will abort a program. Text must be read 
in a character at a time and stored in an array. A user 
can then call a procedure that converts the data while 
checking for errors. 

In a production environment, certain tools and 
facilities are essential to the efficient development and 
management of software projects. In some ways, 
Pascal is itself such a tool, but it is an imperfect one. Its 
worst flaw is its lack of separate compilation modules. 
In a project involving development of a series of 
programs to perform related tasks, sharing common 
procedures, data types and data bases is necessary for 
efficiency, reliability and project control. But with 
standard Pascal, common code must be duplicated in 
every program that uses it, and each program must be 
individually updated when a change is made. This 
results in frequent errors in updating large, monolithic 
programs, especially when more than one programmer 
is involved. 

Different implementations overcome this deficiency 
in different ways. Some extensions provide not only 
separate compilation and INCLUDE, but more. By 
overriding the str ict declaration order, it is possible to 
group into a single INCLUDE file a mix of constants, 
types and procedures. By this means, Pascal can be 
made to handle, among other things, decimal arithme
tic, complex numbers or matrix operations. 

Another limitation of Pascal is that it does not allow 

dynamic arrays. This has its merits, but at its worst, a 
procedure cannot be written that accepts more than 
one size array as a parameter. 

In real-time applications, performance is the key. 
FORTRAN or assembly language may be better for some 
time-critical operations, but for many applicat ions, 
Pascal is adequate. The question then becomes whether 
to use an interpreted, compiled, P-machine or threaded
run-time implementation (see "Interpreters vs. Com
pilers," p.144). This can be determined by benchmark
ing or by checking with other users whose require
ments are similar to your own. 

In many real-time applications, it is useful or 
necessary to overlap multiple I/O operations (e.g. , start 
a read on disk, then start I/O on a channel, then wait for 
one or the other to complete). Pascal does not have any 
standard overlapped I/O procedures, but some versions 
support either unpended 1/0 or multit asking. Unpended 
Vo refers to system Vo procedures that enable program 
execution to continue without waiting for 1/0 to 
complete. A second procedure then tests the Vo 
operations to determine whether it is complete. 

Multitasking, on the other hand, has no clear 
definition. For some vendors, it is synonymous with 
multiprogramming, in which multiple programs run 
concurrently. Multiprogramming enables separate 
programs to control each I/O operation or asynchronous 
real-time event, but has high overhead in the context 
switch (and even worse overhead if program swapping 
occurs). 

Another approach to multitasking is to have one 
program perform multiple tasks, which can easily 
exchange information because they can share a set of 
common variables. Systems procedures are needed to 
create tasks or kill them, as well as to coordinate 
priorities and enable one task to wait for a message 
from another, and so forth. This form of multitasking is 
ideal where coordination between asynchronous events 
is required. Many real-time applications involve direct 

INTERPRETERS VS. COMPILERS 

Program performance, ease of 
debugging and code compactness 
are the main issues in selecting a 
language implementation. For Pascal, 
the basic categories of choice are 
interpreters, P-machines, compilers 
and threaded code. An ideal 
interpreter maintains both a copy of 
the source code at run time and the 
"compilation" facilities necessary for 
program modification at that time. 
This approach yields compact , 
easy-to-debug code, but with the 
space overhead of the "compiler" and 
the performance overhead of the 
FETCH/DISPATCH cycle involved in 
interpreting each statement. 

Many Pascal implementations rely 
on a P-machine (i.e., pseudo
machine) . In this arrangement, a 
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compiler generates intermediary 
P-code for the hypothetical P
machine. AP-machine emulator in the 
host processor interprets the P-code 
at run time. This method provides 
compact code, but requires space and 
performance overhead for the 
interpreter. 

Compilers translate source code 
directly to machine code . The 
computer executes some of the in-line 
statements directly and uses run-time 
libraries to provide the rest of the 
language facilities, thereby reducing 
the amount of memory required for 
program execution. If many functions 
are put in run-time libraries, the in-line 
code can be boiled down just to 
means for building parameter lists and 
calling subroutines. There is a 

trade-off, however. The performance 
overhead for a subroutine call may be 
greater than that for the dispatch code 
in an interpreter, and the compiler 
code starts to pay for its space 
advantage by losing its performance 
advantage. 

Threaded code combines the code 
compactness of a P-machine with the 
benefits of selectively loaded run-time 
libraries, but without the overhead of 
either dispatch or subroutine code. 
Here, a compiler generates code 
similar to P-code, but containing the 
addresses of run-time routines 
instead of pseudo instructions. Each 
routine is loaded only if needed, then 
"threads" to the next routine by 
branching to its address. 
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CAD/CAM GRAPHICS 
The IBM System 360/370 
user can get .. 

• agr1pon . 
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The Adage 4250 
is a plug-compatible 

improvement on the 
costlier IBM 3250 
Display. With superior 

graphics, local hard copy output 
- and a host of advanced, user
oriented features - the Adage 
4250 is, quite simply, the best 
interactive display system avail
able for use with large main
frames. 

Basic 4250 System advantages 
include: 

• More terminals per 1/0 chan
nel, giving you a better ROI. 

• Faster full duplex transfer 
rate, for lower channel load
ing. 

• Larger refresh buffers, so you 
can locally store and display 
larger portions of your data 
base. 

• Data tablet input, which is 
more convenient, less tiring 
than light pen. 
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For demanding CAD/CAM appli
cations, these special Adage 4250 
features give you an even better 
grip on the toughest graphic 
problems. 

Local hard copy - at the touch 
of a button. In seconds the 4250 
interface captures and processes 
full, or partial, CRT images for 
plotter output from 81/2 11 to 72 11 

wide. No CPU interaction re
quired. 
Local zoom - allows operator 
to "scale up" the image for better 
readability. Again - no burden 
on your CPU. 
Enhanced keyboard - which 
can include a numeric keypad 
for easier entry. 
Microwa"e adapter - enables 
high-speed (1.544 Mbps) trans-

CIRCLE NO. 71 ON INQUIRY CARD 

mission between remote termin
als and CPU via telephone, 
microwave or fiber optic links. 
Full 30 graphic8 - available 
with Adage 4370 System. Pro
vides an extra dimension in 
interactive graphics for special 
applications on large main
frames. 

To learn more about the Adage 
advantage, call or write the 
leader in interactive graphics. 

U.S. 
One Fortune Drive 
Billerica, MA 01821 
(617) 667-7070 
Europe 
Adage GmbH, Marktstrasse 9 
3308 Koenigslutter am Elm 
West Germany 
05353/1089, Telex 095528 
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"GET AHEAD START 
ON TOMORROW WITH THE 
SOFTWARE THAT'S GOING PLACES. 
THE UCSDp-SYSTEM~" 

JULIE ERWIN, Director of Marketing, Sofrech Microsystems 

0 
ur microcomputer software 
system's going places for 
good reasons: 
We're constantly expanding 

and developing it. We started with 
UCSD Pascal,™ added FORTRAN, 
and we'll be introducing more in 
the months ahead. 

We offer a total development 
and execution environment, from 
operating system and cross assemblers 
to screen editor. 

We run on most major micro
processors today: 280, 8080, 
8085,6502,6800,6809,9900and 
LSI-11;1'1 And because the UCSD 
p-System's portable, you can be sure 
that what you invest in software 
today is a good investment in tomorrow. 

We're going places and 
gaining in popularity with microcom
puter manufacturers, applications 
developers, and demanding end users. 
Get a head start on tomorrow by 
working with a company that knows 
how to develop professional 
quality software, and that's committed 
to delivering it. 

Our system's available for 
distribution licensing or for single -copy 
sales. With Pascal, it costs $350 ... 
with FORTRAN, $400 .. . and with both 
languages, $550. Documentation 
sets are $50. Phone orders are welcome, 
and Visa and Master Card orders 
are accepted. Write or call for 
more details. 

~(Q)~~CbD=O 
mlCROSYSTerns 
R SUBSIDIARY OF SOFTECH 

9494 Black Mountain Road, San Diego, 
CA 92126. (714) 578-6105 

UCSD P-System and UCSD Pascal are trademarks of the Regents of the University of California . 
LSl-11 ts a trademark of Digital Equipment Corp. 

TWIX: 910-335-1594 
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There are a number of places where 
the proposed Pascal standard does not 
specify how the implementation should 
be done. 

procedure. If this limitation includes issuing I/o 
commands, it is not possible to implement an ISAM 

procedure in this way, and modular, portable coding 
becomes much more difficult. 

control of devices, which may entail explicit access to 
real memory if I/o operations are controlled via memory 
locations. Or it may require access from Pascal to 
system or assembly-language driver routines. All such 
operations require extensions to the proposed standard 
Pascal. 

Other difficulties arise when there is a need for 
arithmetic operations with precision better than that 
provided by most versions of Pascal. Pascal's lack of 
exception-handling facilities makes it necessary to test 
for range conditions before making assignments to 
sub-range variables, because an out-of-range condition 
will terminate program execution. 

Commercial applications 

Pascal has several shortcomings that severely limit 
its usefulness in commercial applications. First, it lacks 
random or indexed-sequential file-access methods. In a 
version of Pascal with system procedures that support 
random access and update of files and separate 
compilation of modules, ISAM procedures can be 
implemented as modules, which can then be used by all 
programs. However, some versions of Pascal do not 
allow modification of global data from routines: data 
cannot be modified unless explicitly passed to a 

String data-type extensions can be useful for text 
fields , especially if they have a fixed maximum length 
(so that record lengths stay constant and location of 
fields in records on the disk is simplified) and also have 
a "current" length used by the processing routines. 
Also, routines processing strings should allow variable
length strings to be passed in as parameters. Related to 
this is the ability to set specific binary values into 
strings for forms and screen control. Unfortunately, 
Pascal's I/O standard does not provide for data-sensitive 
input (such as fields terminated with Newline or 
Enter), so it is necessary to read data in one character 
at a time. Again, improvement would require exten
sions beyond standard I/o facilities. 

A PASCAL-SELECTION CHECKLIST 
This checklist has three sections: a list of functional characteristics covered in the proposed standard, a list of 
features that may vary even within " standard " implementations and a list of extensions that may be necessary or 
useful for certain applications. Prospective users should weight these items according to their individual 
applications and management styles, for few will need (or find) a version that is " best " in all respects. 

I. STANDARDS COMPLIANCE (Circle areas that differ, cross out areas not implemented) 

TYPES: Integer, Boolean, Real , Character, Pointer, Array, Label , Record (tagged and untagged variant records), Packed, 
File, Text 

110: Read, Write, Reset , Rewrite, Read Line, Write Line, Page End of File, End of Line, Get , Put , (file-buffer pointer). 
Is 1/0 allowed from within a procedure (to global fi les)? 

STATEMENTS: Assignment (strong type checking by name?), If-Then-Else, Case (Otherwise), For-Do, Repeat-Until , While, 
With , Goto 

PROCEDURES: Nesting allowed, Forward, Assignment to 'value ' parameters , Procedure names as parameters, Side 
effects allowed . 

PRE-DEFINED FUNCTIONS: New (with variants), Dispose, Pack, Unpack, ABS, SOR, SIN , COS, ACRTAN , EXP, LN , 
SQRT, ODD, TRUNC, ROUND, ORD, CHAR, PRED, SUCC 

II. IMPLEMENTATION PARAMETERS 

Value Ranges: Integer: - ______ to + ______ ; Character: ______ to _____ _ 

Real : ________ ( = digits); Pointers: ________ (address limit) 

Number of significant characters in ident if ier _________ Maximum length: ________ _ 

Maximum program size: Maximum number of identifiers: 

Type of implementation (P-machine, threaded, in-line code):------------------

Range of hardware supported : 

Ill. VENDOR EXTENSIONS 

1/0: Interactive files? Data-sensitive 1/0 control? RAM files? ISAM? Abil ity to read and write the same file? Data 
conversion with exception processing? Facility to access a f i le whose name is provided during execution? 

PROGRAM MANAGEMENT: Separate compilation facilities? Assembler interface? Include facility? (Can you mix 
constant, type and procedure declarations?) How can you access system functions? Can you override strong 
type check? 

REAL-TIME EXTENSIONS: Multitasking? Unpended 1/0? Are octal , hex or binary constants allowed? Can programs be 
put in PROM? Run without disk or diskette? 

BUSINESS APPLICATIONS: Facilities for extended-precision arithmetic? String data type? (Can procedures accept 
variable-length strings?) 
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Unlike the ANSI COBOL standard, 
which is divided into modules and 
implementation levels, the proposed 
Pascal standard gives vendors no 
simple way to compare their 
implementations to it. 

All the features discussed so far require extensions to 
the proposed Pascal standard for implementation. 
Because few applications can exist without at least 
some of these , extensions are inevitable, and portabili
ty is limited. There are a number of places where the 
proposed standard does not specify how the implemen
tation should be done. For example, the standard does 
not specify values such as the size of sets (different 
implementations allow from 16 to 4000 elements) or the 
number of characters in a variable name that are 
significant. This means a program carefully written in 
one exact implementation of the standard may not be 
portable to another exact implementation. 

Limits on the number of files also vary; for example, 
many P-machine implementations support no more than 
four pre-defined text files . And in some versions, the 
maximum size of a program module can be a severe 
constraint. In addition to these gaps in the proposed 
standard, there are certain areas in which many 
existing implementations deviate from the standard. 

For example, for dynamic memory allocation, the 
procedures New and Dispose are standard. New is 
often implemented with a single parameter, rather 
than a full list of record variants, and Dispose is often 
replaced by Mark and Release, providing a different 
technique for management of the available memory 
space. 

Another anomaly is that some versions of Pascal have 
no GOTO, or limit it to local control transfer (within a 
block or procedure). Much has been said about 
"GOTO-less" programming-and for easy portability, 
this is probably wise. However, escape from a program 
or procedure may be a facility to look for, even if it is 
not done with a GOTO. 

Standard Pascal I/o involves a set of fairly common 
routines: Read, Write, ReadLN, WriteLN, Reset and 
Rewrite and the Boolean functions EOF and EOLN, 
which enable easy detection of end-of-file and end-of
line. The standard also calls for a file buffer that is used 
in a specific pre-read/buffered-write I/o technique 
ideally suited to sequential processing in batch 
programs. Other forms of I/O tend to conflict with these 
uses, and, therefore, standard facilities, with the result 
that GET, PUT and the pointer to the file buffer are 
sometimes not implemented. And many implementa
tions limit files to text data, which can impair 
file-management efficiency. 

In standard Pascal procedure calls, the name of other 
procedures can be passed as a parameter. This is 
difficult to manage in a compiler and is often omitted. In 
fact, ANSI has opposed this feature of the ISO proposal. 
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Pascal also calls for strong type checking, to assure 
that data is being used in a consistent fashion. For 
example, a program might define two types of data: 

Time = Record 
Hours, Mins, Sec: Integer 

End; 
Date = Record 

Year, Month, Day: Integer 
End; 

Many implementations would allow dates to be assigned 
to Time, because they have the same shape (i.e., a 
triple integer), but the standard calls for this to be 
detected as an error, because the types Time and Date 
differ in name. 

Finally, there is the question of what can be modified 
within a procedure, which raises two issues. The first 
involves the modification of parameters passed by value 
(i.e., variables that are not specifically marked as such 
cannot be modified for return ofresults from a routine). 
Some implementations do not allow these to be modified 
temporarily within a routine, although the standard 
does permit this. (Again, this can lead to difficulty in 
reading a program later, so it is probably not a very 
good programming practice.) Second is the modifica
tion of variables not explicitly passed to the procedure, 
which is known as a side effect. This practice can 
compromise program readability (as well as attempts to 
verify program correctness). But it is standard. The 
most serious consequences of limiting side effects are 
that I/O devices are treated as global variables, and 
procedures are not allowed· to do I/o. This hurts 
modular coding technique and any attempt to improve 
portability by isolating Vo-related code to procedures. 

Choosing a Pascal 

At present, there is no easy technique for comparing 
Pascal implementations to the proposed standard. 
Unlike the COBOL standard, which is divided into 
modules and levels of implementation, the Pascal 
standard gives vendors no simple way to compare their 
implementations to it. A user must depend on his own 
ability to evaluate the vendor's documentation in light 
of the user's needs (see "A Pascal-selection checklist," 
p.147). 

A user should look at extensions (and also standard 
adherence) with an eye to future portability. The 
ability to isolate problems into separately compiled 
modules might be the most useful extension toward this 
end, because it will simplify later migration. In some 
functions, such as multitasking, an application might 
limit a user to a specific implementation. If this is 
necessary, the user should make sure he has a range of 
equipment--µcs, minicomputers, mainframe comput
ers, etc.-that can satisfy his immediate and foresee
able needs. • 

Jim Isaak, manager of real-time systems marketing at 
Data General Corp., Westboro, Mass., plans and guides 
the development of new software products. 
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Members of this exclusive circle of PRIAM 
Winchester disc drives have several uncommon things 
in common. With database capacities from 10.8 to 158 
megabytes, they all have the same interface. And they all 
connect quickly and easily to the typical microprocessor 
l/O bus through PRIAM's SMART Interface. 

A simple adapter, added to the SMART Interface, is all you 
need to provide your system with the remarkable reliability of 
Winchester disc drives. And PRIAM's DISKOS drives have the 
broadest available capacity range, with the lowest cost-per-megabtye, 
for microprocessor-based systems. 

How Smart Is SMART? 
With its own sophisticated preprogrammed microprocessor, PRIAM's 
optional SMART Interface gives you these disc subsystem functions: 

Controls any combination of one to four PRIAM Winchester disc 
drives. 
Serializes and deserializes data and formats disc with selectable sector 
sizes of 128, 256, 512 or 1024 bytes. 
Full sector buffering permits data transfers at any rate up to 
2 megabytes per second, with programmed 1/0 or DMA. 

Automatic alternate sector assignment makes disc defects transparent 
to the host processor. 
Overlapped-command and implied-operations capability improves 
system throughput in multiple-drive systems. 

The single 8" x 14" SMART Interface printed circuit board mounts on 
the PRIAM disc drive and draws power from the drive; or it can be 
mounted separately to maintain the basic drive size envelope. 

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

PRIAM's high-technology 14-inch Winchester disc drives are available 
with capacities of 34 and 68 megabytes, with a 158-megabyte version on 
the way. And they all fit in the same 7" x 17" x 20" package, including 
optional power supply. Fully servoed linear-voice-coil head positioning 
provides fast, precise and reliable data retrieval. Average positioning 
time is only 45 milliseconds, and track-to-track is a fast 8 milliseconds for 
high throughput. 

Use of a brushless DC spindle motor assures mechanical simplicity, 
positive disc speed control, and operation of PRIAM drives with 
power sources anywhere in the world without change. No relays, no 
mechanical brakes, no brushes, belts, or pulleys. Pure, reliable 
electronic control. Elegantly simple! 

The Talk of the Town: · 
PRIAM Eight-Inch Disc Drives 

When you want to debut a Winchester disc drive where you now have an 
8-inch floppy disc, PRIAM's DISKOS 2050 and 3450 fit right in. And 
they give race-horse performance to your system by expanding your 
database to 21 or 35 megabytes, with head-positioning times of only 
45 milliseconds average and 8 milliseconds track-to-track. 

From the same technical family tree as their bigger brothers, PRIAM 
8-inch drives use linear-voice-coil positioning and brushless DC motors. 
In the next generation, they will permit database expansion to 
70 megabytes, in the same small, interface-compatible package. 

If a simpler, even lower-cost drive will serve your purpose, the 
DISK OS I 070 gives you 10. 8 megabytes of capacity, with stepper-motor 
positioning for seek times of73 milliseconds average and 23 milliseconds 
track-to-track. Not as fast as other PRIAM family members, but still 
just as SMART when used with PRIAM's SMART Interface. 

Other Interface Options! 
Is SMART too smart? PRIAM also offers a lower-cost serial-bit NRZ data 
interface for the OEM who wishes to design the complete controller or 
to purchase one. This interface, similar to the evolving ANSI standard, 
has an 8-bit bidirectional microprocessor interface for all spindle 
motor and head positioning controls. 

And if you have an existing storage module controller, PRIAM offers 
an SMD interface to extend the life of your controller and software and 
put Winchester disc drive benefits into your system quickly and easily. 

For complete information about the SMART Interface and the 
members of the SMART SET of PRIAM Winchester disc drives, RSVP 
by telephone or mail to: 

CARD 

IPRilAM 
3096 Orchard Drive San Jose, CA 95134 

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



About the $10 billion* minicomputer and microcomputer market 
The ninth annual 1980 Mini-Micro Computer Market Report gives you the facts . It is 
the industry's most comprehensive survey covering past purchases and projected 
purchases in 22 separate categories including minicomputers, microcomputers, tape 
and disk drives, CRT terminals, printers, modems, and related equipment. For OE Ms 
and end-users. 

State-of-the-industry 
If you are marketing to the minicomputer and microcomputer market, the 1980 Mini
Micro Computer Market Report is must reading. It gives you key market trends in each 
and every product category. With it, you can 
• determine competitive positions • identify the major criteria used by 
• evaluate current market shares purchasers to evaluate suppliers 
• determine projected changes in • identify applications trends 

market shares • analyze industry or product growth 
• identify emerging industry growth areas trends to better plan marketing directions 

Most Extensive Data Base 
The 1980 Mini-Micro Computer Report, compiled in 
conjunction with the computer industry's leading 
independent research firm , Dataquest, is based on 
responses received from more than 11 ,000 Mini-Micro 
Systems readers. Covered by the report are Third-party 
OEMs such as systems integrators, specialized 
system OE Ms and, software houses and services. 
Also covered are the sophisticated end-users, 
located at large corporations with volume 
requirements, at EDP sites where mini
computers interface with mainframes, and in 
scientific and engineering areas. The report lists 
OEM and end-user buying plans separately. 

To get the facts about the $10,000,000,000 minicomputer and 
microcomputer market, order your copy of the 1980 Mini-Micro Computer 
Market Report today. 
*Projections based on statistics compiled for the 1980 Mini·Micro Computer Market Report. 

ga !.!!!":,!~era Sgslems 
221 Columbus Avenue, Boston, MA 02116 
(617) 536-7780 

Regional Sales Offices: 
Boston (617) 536-7780 
New Jersey (201) 625-9225 
Chicago (312) 654-2390 

Denver 
Orange County 
Los Angeles 
San Francisco 

(303) 388-4511 
(714) 851-9422 
(213) 933-9525 
(408) 243-8838 

I want the facts about the $10 billion minicomputer and microcomputer market. 
D Send me my copy of the 1980 Mini-Micro Computer Report. 

___ Check is enclosed for $495.00 
___ Purchase order for $495 .00 is enclosed 

D Have your regional sales manager call me 

Name 

Title 

Company 

Address -----------------------------

City --~-------------- State ____ Zip Code ____ _ 

Telephone ________ _ 





MICROPROCESSORS 

EVAlUATING 
THE 16·81T 
ROB ERT GRAPPEL 
and JACK HEMENWAY, 
Hemenway Associates, Inc. 

CHIPS 

System designers who are considering graduating 
from 8- to 16-bit µps as the basic system building block 
need to compare the leading 16-bit candidates for their 
application. We've acquired considerable hands-on 
experience with the three leading processors-the 
Intel 8086, the Motorola 68000 and the Zilog Z8000-
and have come to know their strengths and shortcom
ings in relation to five key criteria. Those criteria are 
the processors' provision for system calls, byte 
manipulations, number crunching, architectural fea
tures and extended memory addressing. 

For example, the Z8000 requires some software to 
vector system calls, while the other two have automatic 
vectoring. But the Z8000's kinship to the Z80, the most 
powerful byte-manipulation 8-bit processor, enhances 
the Z8ooo's byte-manipulation ability. And while the 
8086 offers extensive byte features, it has no facilities 
for 32- bit or larger data. The 8086 is quite impressive 
in its provision for as many as 256 system calls, where 
the 68000 is limited to 16. But if number crunching is 
the most important criterion for an application, the 
68000 may be the best choice because it efficiently 
handles long-word data. The 68000 also shines in its 
provision for extended memory addressing. It's the 
only 16-bit µp available that provides uniform address
ing of its entire addressing space. Users can reach the 
entire 16M-byte space from any location without 
employing segment numbers or special registers. 

Hemenway Associates is a Boston-based system software house 
specializing in operating systems and languages for µps. This 
article, which compares the 8086, Z8000 and 68000 in relation to five 
key characteristics, is an edited version of one that appeared in the 
Sept. s, 1980, issue of EDN magazine 

Photo Illustration by Ralph Mercer 



The 68000 is the only 16-bit µp 
available that provides uniform 
addressing of its addressing space. 

Our comparisons all focus on fine points that are open 
to debate, and the performance improvement gained 
from switching from an 8-bit µp to any of these three 
16-bit units ia almost unbelievable at first. Programs 
that previously required seconds to execute can be done 
in milliseconds. In system applications, the r/o de
vices-not the processors-quickly become the limiting 
factors. The sheer power of the µp tends to encourage 
better programming because users no longer need to 
resort to trickery to get a job done. The system 
designer/integrator's task, then, is to make the most 
effective use of the near-embarrassment of riches that 
the processor manufacturers have provided. 

System-call instructions extend machines 

The operating systems that control the 16-bit µps are 
more sophisticated than those of earlier machines. 
Providing new facilities such as memory management, ... 
Automatic vectoring • • 
Number of vectors 251 256 16 

System/user modes • • 
Separate system stack • • 
Privil ed instructions • • 

Fig. 1. Comparison of system-call mechanisms in the 8086, Z8000 
and 68000, each of which implements such mechanisms differently. 

multi-user and multitasking abilities, they require 
special support from a processor. The system call is one 
instruction that provides this support. Some 8-bit µps 
also have this type of instruction-the 8080's RST 

(restart) or the 6800's swr (software interrupt), for 
example-but the 16-bit units have extended the 
system-call mechanism significantly. In them, the 
system call forms the basis of the "user-system" 
separation so vital to complex systems. It provides 
straightforward ways of coding system-user program 
interfacing. 

The 8086, Z8000 and 68000 each provides a system
call instruction, but the implementations are not 
equivalent (Fig. 1). In the 8086, the INT (interrupt) 
instruction functions as a system call. Its second byte 
causes an indirect call through a table of 256 vectors-a 
procedure similar to that used in the 8080 family's RST 

instructions. Intel reserves the first five of these 
vectors for special-purpose use. The Z8000, on the other 
hand, provides the sc instruction to implement a 
system trap-a 16-bit command that gets pushed onto 
the stack as part of the trap's execution. Because the 
instruction's low-order 8 bits are not defined, they can 
contain a number. The trap-processing routine must 
access this number on the stack and perform its own 
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... ~1 ~ 
...:.: . 

Block move • • 
Block 1/0 • • 
Translate • • 
String comparison • • 
Byte push/pop • 

Fig. 2. A comparison of the character-string capabilities of the 
three processors, indicating the 8086's and Z8000's emphasis on 
byte-handling abilities. 

vectoring. The sc instruction can also switch the Z8000 
into the system state, permitting execution of "privi
leged" instructions (all r/o commands, HALT, etc.). This 
segregation of certain instructions into the system 
state prevents user programs from producing undesir
able side effects on concurrent programs. 

The 68000's TRAP instruction implements that µp's 
system call. The instruction's low-order 4 bits form a 
vector to one of 16 indirect addresses; TRAP automati
cally switches the processor into the supervisor 
(system) state. A separate stack pointer for this state 
isolates the system from user programs. Certain 
privileged instructions (STOP, RESET, etc.) can only be 
executed from the supervisor state, providing a further 
degree of protection for the system programs. 

Comparing the three µps' system-call facilities yields 
some clear differences. The Z8000 requires some 
software to vector the sc calls, while the other two 
processors have automatic vectoring. The 8086 and 
Z8000 can implement as many as 256 system calls, while 
the 68000 is limited to 16 unless the user foregoes the 
automatic vectoring. Hence, extensive use of the 
system-call mechanism is easiest on the 8086. The 
Z8000's software overhead for this feature is balanced 
by the large number of system calls it can handle and 
the flexibility of software-controlled vectoring. And the 
68000's limited number of vectors is a drawback to 
widespread use of system calls in its programs. 

The data size must flt the problem 

The next two features to be considered-byte 
manipulations and number crunching--center on the 
µp's ability to handle different data sizes. Operating 
systems, assemblers, compilers and other program
ming tools all must deal with data of various lengths. 
For example, an operator types characters at a console, 
a disk outputs a stream of bytes, a printer accepts 
bytes-indeed, many peripheral devices in 16-bit µcs 
must deal with bytes. The ease of handling character 
(byte) data is thus one test of a µp instruction set's 
power. At the other end of the scale, 16-bit µps are sure 
to find application as number crunchers of 16- and 32-bit 
and even longer data words, which must be effectively 
manipulated. Their extended addressing ranges re
quire more arithmetic power, just as the 8-bit µps 
require extension by means of subroutines or system 
calls to handle 16-bit arithmetic operations. The ability 
to perform arithmetic with large data items is therefore 
another test of a 16-bit µp's instruction set. 
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WE INTERRUPT OUR REGULARLY 
SCHEDULED ADVERTISING TO BRING YOU 

A WORD FROM OUR CUSTOMERS. 
A vote of confidence, actually. Given 
when our customers participated in a • 
leading independent survey where 
users rate teleprinter terminals. 

Ease of operation, keyboard 
feel and usability, print quality, reli
ability and maintenance service were • 
all considered. And when the figures 
were tallied, the Teletype® Model 43 

• got the highest rating for Overall 
Perfonnance. 

Not surprising when you 
know how the 43's remarkable reli
ability pays off in higher uptime. Or 
that its patented matrix pnnt head 
has a lifecycle that averages over 
200 million characters. 

fu fact, the only surprising 
thing is how a teleprinter this good 
can be so economical to buy and own. 

So when you contact your 
terminal distributor, insist on the 
teleprinter rated number one by the 
people who ought to know-the 
Teletype model 43. 

Then, maybe next year 
we11 interrupt our advertising for 
a word from ou. 

• 
• 



Want high performance raster graphics? 
Sanders Associates' new Graphic 8 offers you up to 256 simulta

neous colors. High resolution. Dynamic operation with double
buffered refresh memory ... 

Plus upward-instruction compatibility with the Sanders stroke 
refresh Graphic 7 and its color and 3D options. 
But there's more. 

Both display systems- Graphic 7 and Graphic 8- bring you built
in test, FORTRAN support, remote or local operation, interfaces to 
most computers, and other important user-oriented features. 

Sanders' stroke refresh Graphic 7 and new raster Graphic 8 
display systems: they put the best of both worlds at your fingertips. 
For more information, write or phone Sanders Associates, Inc., 
Information Products Division, The Graphics People 
Daniel Webster Highway South, SAN DEAS 
Nashua, NH 03061. 603-885-5280. 
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In 16-bit units, the system call forms 
the basis of the "user-system" 
separation that is vital to complex 
systems, providing straight coding. 

The 8086, Z8000 and 68000 differ widely in their 
ability to work with byte-wide data. The differences 
arise because of a trade-off between maintaining 
compatibility with older 8-bit µps and obtaining 
orthogonal instruction sets. An 8-bit µp has no trouble 
handling byte data; that's what it's designed to handle. 
The problem arises with the extension to 16 bits: Can 
the user maintain the 8-bit machine's special abilities 
without compromising 16-bit features extensively? 

Consider, for example, one problem the 8-bit µps 
never have to deal with: word alignment. An 8-bit µp 
addresses instructions at byte boundaries, but most 
16-bit µps expect their instructions to occur on word 
boundaries. And there's no guarantee that the 
programmer might not spoil the alignment of words in 
memory. If the alignment is off, can a 16-bit data value 
be loaded from an odd boundary, as it can in an 8-bit 
µp? Not in many of the 16-bit devices. 

Fig. 2 compares the character-string abilities of the 
8086, Z8000 and 68000, while Fig. a compares their 
arithmetic abilities for 8-bit data. System designers 
seeking to expand or translate a system from 8- to 
16-bit will have to explore these trade-offs. 

For example, because Intel deliberately tried with 
the 8086 to maintain a reasonable compatibility with the 
8080, it has maintained the 8080's byte-register set and 
instruction power in the 8086. And to compete with the 
8-bit Z80, Intel added block Ilo, block move, string 
compare and other byte-oriented primitives. The 8086 
has only two pointer registers, which autoincrement or 
decrement, and the accumulator must be used to 
execute the byte- or word-primitive instructions. But 
the special registers used for this purpose make the 
instructions highly nonorthogonal with the rest of the 
instruction set. The byte registers map into the 16-bit 
registers, allowing byte manipulation of word data and 
the building of words from separate bytes. 

The 8086's instruction set includes single-byte 
instructions--a feature that allows the user to program 
many functions in fewer bytes of code in the 8086 than 
in its competitors. Frequently used instructions, such 
as return from subroutine, require only 1 byte in the 
8086, compared with an entire word in the Z8000 or 
68000. Additionally, users can express addressing 
modes more compactly in the 8086. 

A result of these features is elimination of boundary
alignment problems. The 8086 is the only processor of 
the three that allows word data to lie in odd-addressed 
locations. It provides the most extensive set of 
byte-data arithmetic features, is the only 16-bit µp that 
furnishes multiply and divide instructions for 8-bit 
data, and it also furnishes adjust instructions for use 
with BCD and unpacked ASCI.I data. 
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The Z8000 maintains family similarity with the Z80, 
which may be the most powerful byte-manipulation 
8-bit processor. It has all of the Z80's features (block I/o, 
string compare, etc.) and a set of 16-byte-wide 
registers that map into its first 8-word-wide registers. 
The Z8000 also provides a reasonably orthogonal set of 
byte instructions, without special registers or bits. 

All the Z8000's instructions require entire words, 
which means that it must have boundary alignment for 
word-mode data and all instructions. Unfortunately, it 
does not provide a trap or other mechanism to catch 
boundary-alignment errors, making it difficult to 
predict what the Z8000 will do in an odd-address 
situation, which complicates debugging. 

8086 Z8000 68000 

(8-bit data) 

Add , subtract • • • 
Multiply, divide • 
BCD adjust for add/sub • • • 
BCD adjust for mu It/div • 
Unpacked ASCII adjusts • 

Fig. 3. A comparison of the three processors' arithmetic abilities. 

8086 Z8000 68000 

(16-bit data) 

Add , subtract • • • 
Mul tiply , divide (unsigned) • • 
Mul tiply , divide (signed) • • • 
Add, subtract with carry • • • 
Remainder of division • • • 

Fig. 4. A comparison of the µ.ps ' arithmetic abilities for 16-bit data. 

The 68000 has the most orthogonal instruction set of 
the three. To achieve it, Motorola has sacrificed the 
special byte-manipulation features provided by its 
competitors; the 68000 provides no special byte 
registers or byte primitives. A byte-oriented Ilo 
instruction is the only added feature for manipulation of 
character data. 

The 68000 requires full words for every instruction 
and also calls for proper boundary alignment of data 
words. But unlike the Z8000, it provides an automatic 
trap for boundary-alignment errors. The µp's autoin
crement and autodecrement address modes, combined 
with a two-address MOVE instruction and other 
primitives, provide much the same capabilities as the 
other 16-bit µp's string instructions. 

It's clear then that the requirement of downward 
compatibility with an 8-bit µp forces nonorthogonality 
of a 16-bit unit's instruction set. It also tends to make 
the 16-bit device more powerful in applications 
stressing byte manipulations. Text editors, for exam
ple, which are heavily byte-oriented, can make use of 
all the 8086's and Z8000's special byte features. True, 
these µp's nonorthogonal instruction sets make optimal 
coding more difficult, but the results are faster and 
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The ease of handling character data is 
one test of a µp instruction set's power. 

cleaner. And it's easy to convert 8-bit programs for use 
with these 16-bit µps because of the presence of byte 
registers: users can map the 8-bit registers from the 
8-bit instructions to the byte registers in the 16-bit 
processor. 

Number-crunching comparisons 

The use of 16-bit µps as number crunchers requires 
properties different from those required by byte
oriented tasks. The extended address spaces of these 
chips call for extended math (more than 16 bits) to 
effectively address the range. The need is for larger 
registers (32 bits or wider). 

Heavily mathematical applications that aren't practi
cal with 8-bit devices become quite reasonable for these 
16-bit units. Their extensive integer-arithmetic facili
ties make writing efficient floating-point software 
virtually painless, and the floating-point software 
allows the units to compete in speed with larger 
minicomputers. 

8086 zaooo 88000 

(32-bit data) 

Add , subtract • • 
Multiply, divide (signed) • 
Compare • • 
Shift • 

Flg.5. A comparleon of processors ' ability to manipulate 32-bit data. 

The 8086, Z8000 and 68000 each provides features for 
extended-length arithmetic. As with byte
manipulation, there are trade-offs of compatibility 
versus orthogonality. Fig. 4 compares the µps' 
arithmetic capabilities for 16-bit data, while Fig. 5 

compares their ability to manipulate 32-bit data. 
Intel has compromised the 8086's ability to handle 

large data in favor of byte capabilities, leaving the 8086 
no arithmetic capability for data larger than 16 bits. 

The 8086, however, does provide both signed and 
unsigned multiplication and division for 16-bit data. 

Unlike the 8086, the Z8000 furnishes extensive 
support for 32-bit data. Load, store, arithmetic, 
comparison and other instructions all have 32-bit forms. 
A set of 32-bit register pairs maps into the 16-bit set, 
permitting effective combinations of byte, word and 
long--word manipulations. 

The processor achieves its 48M-byte addressing 
range by means of segmentation, using a byte-wide 
segment number. It lacks unsigned multiplication and 
di\'ision, but it's the only µp that provides 32-bit 
multiplication and division-a big plus in number
crunching applications. 

What about the 68000? Motorola designed it to 
address large memories easily and effectively. Because 
that task calls for at least 24 addressing bits, the 
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68000's registers are all 32 bits wide. And all 
instructions can manipulate 32-bit data as efficiently as 
16-bit data. Furthermore, the processor's highly 
orthogonal instruction set simplifies extension to large 
data sizes. Unfortunately, though, the 68000's instruc
tion set does not provide 32-bit multiplication or 
division. 

How then, do the three processors compare in 
number crunching? The trade-offs required to obtain 
byte-manipulation features interfere with the features 
needed to handle large data items. Thus, the 8086, with 
its extensive byte features, has no facilities for 32-bit or 
larger data. The Z8000 provides 32-bit ability in many 
instructions. And the 68000, because it is designed to 
handle a 32-bit data width, deals with large data items 
in a straightforward manner. The bottom line? Some 
applications are not efficient with the 8086 if they 
require extensive math. The Z8000 has enough power to 
function as a number cruncher, although not all of its 
instructions can manipulate long-word data. The 68000 
is the most efficient handler of such data. Its lack of 
32-bit multiplication and division is its only math 
drawback. 

Hardware design affects software 

The bus architecture and other hardware features of 
the three processors have an important impact on the 
software written for them. Each machine is clearly an 
outgrowth of its manufacturer's design philosophy; all 
three build on system builder's experience with 8-bit 
µps . 

Many support chips are available for 8-bit applica
tions. The ease with which these products can serve the 
16-bit µps is an important consideration for the system 
designer contemplating using one of the 16-bitters. The 
peripheral chips, however, approach the µps them
selves, in terms of complexity, requiring extensive 
software support and careful system integration. Those 
16-bit µps that can directly support 8-bit peripheral 
chips therefore have an advantage. 

The 16-bit µps also provide hardware features not 
present in the 8-bit devices. Such features supply 
support for multiprocessing, vectored interrupts, 
memory management and other advanced capabilities; 
evaluating them calls for an extensive knowledge of the 
application. 

Showing its 8080 heritage, the 8086 employs a 
distinct 1/0 space manipulated by special I/o instruc
tions. The 16-bit design extends the space's size from 
256 to 64K locations. Taking a lead from the Z80, the 
8086 has 1/0 instructions that can use a register as the 
address pointer in 1/0 space. 

Providing both byte and word I/o, the 8086 is fully 
compatible with the 8080 family of peripheral chips. Its 
LOCK-prefix instruction, together with its hardware 
features, allows multiprocessor systems built around it 
to work together effectively. And its ESC (escape) 
instruction provides an efficient way for external 
processors or other hardware to interact with it and to 
accept data from the processor memory. 

MINI-M ICRO SYSTEMS/December 1980 



Look for geological faults by calcu
lating the ratio between spectral bands 
using real-time image arithmetic. 

Determine how much vegetation pres
ently exists In a LANDSAT Image by 
using the real-time image arithmetic 
and histogram calculation functions. 

Use the flexible N x M convolution 
feature to enhance the edges on any 
particular rock formation or other spatial 
feature In less than one second. 

Identify timber, rock, lava flow, and 
volcanic dust by using the minimum 
distance classification function. 

Examine details as shown by using 
zoom, or compare the processed pic
ture with the original by using split 
screen and zoom . 

.;;.;;;::::;--,.\~ , 

Reduce noise In an image by envoking 
the 1\Jkey median filter. 



The requirement of downward 
compatibility with an 8-bit µp forces 
nonorthogonality of a 16-bit unit's 
instruction set. 

Just as the 8086 reflects the 8080, the Z8000 mirrors 
its Z80 roots. Its 1/0 structure is similar to that of the 
8086; it uses a distinct 1/0 space with 64K locations. A 
family of 1/0 instructions (all privileged) provides byte
and word-1/0 capabilities. And a parallel "special 1/0" 
instruction set works with the memory-management 
unit planned for the Z8000 family. 

The Z8000 can employ both Z80 and 8080 peripheral 
chips. One problem appears, though, if users attempt to 
build an interrupt-driven system using 8080 or Z80 
parts: The Z8000 does not have a Z80- or 8080-
compatible RETI (return-from-interrupt) instruction. 
However, an extra 1/0 port and some software can 
simulate this instruction to make the interrupt-return 
mechanism work with Z80 devices. 

The Z8000 provides several spec\al instructions and 
hardware features to support multiprocessing. For 
example, its multi micro pins form a daisy chain that 
can tie together several Z8000 processors. And the 
multi micro instructions provide a mechanism for 
software control of a Z8ooo-based multiprocessor 
system. If the application doesn't call for multipro
cessing, the processor's MREQ (multi micro request) 
instruction can function as a timer. 

The 68000 also reflects its 8-bit Motorola predeces
sors. But its design employs two different bus types 
adding to its basic 8-bit abilities. 

Recognizing that many users have incorporated 
6800-type peripherals in their designs, Motorola has 
provided the 68000 with a completely compatible 
6800-style 1/0 configuration: Memory-mapped synchro
nous-transfer 1/0 devices connect directly to 68000 
hardware lines dedicated to this function. Additionally, 
the 68000 provides hardware support for much more 

interrupts; the 8086 must use an 8259 interrupt 
controller, while the Z8000 is complicated by the need to 
simulate an RETI instruction. The 68000's asynchronous 
bus more closely resembles what a minicomputer or 
mainframe computer provides, although many applica
tions might not require its complexities. 

Big problems need big memories 

One of the most important features of a 16-bit µp is 
its ability to address large memory spaces. Each of the 
three performs this task differently, producing impor
tant trade-offs for designers of systems requiring large 
memories. Fig. 6 compares some of their addressing 
features. 

The 8086 has the smallest addressing range of the 
three, although it's difficult to think of lM byte as small. 
Four segment registers implement addressing beyond 
the 64K range provided in the instructions themselves. 
These registers furnish base addressing for the code, 
data, stack and extra (user-definable) segments. Users .. .. . ... 
Addressing range 1M byte SM to 48M 16M 

bytes bytes 

Direct addressing range 64K 64K 16M 
bytes bytes bytes 

Autoincrement/decrement (Special) (Special) • 
addressing 

Multiple stacks • • 
Memory segments 4 128 Unlimited 

Byte addressing in registers • • 
Two.address move • 

Fig. 6. A comparison of addressing features of the three processors. 

must ensure that the segment registers contain the 
desired contents and that the instructions use the 
appropriate segment registers to achieve the desired 
extended address. 

complex systems. It contains a seven-level vectored- The 8086 incorporates a stack-segment register and a 
interrupt structure, a hardware instruction trace and special stack-pointer register; it can maintain only one 
an extensive set of traps and interrupts to facilitate a stack at a time. Users can employ only autoincrement or 
variety of advanced functions. Two unusued-opcode autodecrement addressing on certain registers in 
families provide emulation traps that can also activate certain instructions. (A user can choose between 
parallel processing units. And the processor supports a increment and decrement results by setting a bit in the 
totally independent asynchronous bus for faster status register by means of a special instruction.) 
transfers of data using DMA and other techniques. The 8086's segment-addressing scheme yields some 

How do the three processors compare in terms of advantages over the addressing used in the other two 
architectural features? Evaluating such hardware processors. For example, the code-segment register 
features depends on the evaluator's interests and makes writing relocatable program modules easy. And 
experience; users of 8080/Z80 systems find the 8086 and separating the data segment from the code segment 
Z8000 familiar, while users of the 6800 favor the 68000. facilitates writing ROMable programs, with the ROM 
Unquestionably, converting programs written for address in the code-segment register and the RAM 
8080-type per'ipherals for use in a 16-bit system is address in the data-segment register. Furthermore, 
complicated by a switch to 6800/68000 peripherals. users can address shared memory regions using the 
Conversely, a 6800 program is more difficult to extra segment from several different program mod
translate to the 8086 or Z8000 than to the 68000, where ules. Finally, the stack-segment register can be used in 
1/0 programming stays constant. programming with stack-oriented high-level languag-

The 68000 does provide support for on-chip vectored es. 
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HOW OUR NUMBERS 
3,8,20AND 21 CAN MAKE ANY 

OPERATOR A 10. 

If you1ve seen our list 
of features, you know why 
there1s nothing quite like our 
Series 80 line of terminals. 

Four of these features 
in particular make life easier 
for the most important infor
mation processing component 
in your office: The operator. 

#3: 12" or 1511 Screens. 
For better readability 

and less eye strain, our DT80/1 
and DT80/5 terminals offer a 
1211 diagonal display area. 
Plenty of room for large, dear 
characters. 

Our DT80/1L and 
DT80/5Lgoevenfurther, with 
super-large 1511 diagonal dis
plays. The characters are even 
larger. The resolution even 
crisper. 
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After all, who wants a 
bleary-eyed operator? 

#8: Detachable Keyboards. 
Our keyboards move 

to any comfortable spot up to 
six feet away from the monitor. 
They1re attached by a long
lasting coil cord. 

Our #8makes 
Datamedia terminals more 
adaptable to the office envi
ronment. Especially where 
space is at a premium. 

#21: Typewriter Style 
Keyboards. 

Typing fingers feel right 
at home on Datamedia ter
minals. And that's important. 
Because the less thought the 
operator has to give to 

#20: Non-Glare Screens. • 
Screen~ 

reflections 
are dis- ··· · the keyboard, the more 
tracting. thought they can give to speed 
So Datamedia and accuracy. 
puts a soft, non-glare finish on Datamedia1s numerical 
all its screens. Result: The clusters are familiar, too. 
operator can pay more atten- They look just like a pocket 
tion to what's on the display. calculator. 
And less to what's going on 

behind their 
back. 

Get the full list. 
Other features on our 

list make Datamedia terminals 
even more versatile. More ~ 
valuable. And more i, 

_ reliable. /' 

// 
/ 

/, D Please send me a reprint 
_i of your list of product fea tures. 

, D Please send me information on 
I your Series 80 line of terminals. 

i, D Please send me information on 
'- your Elite Series of general purpose 

/ terminals. 

/ Name Title __ _ 

/ Company ________ _ 

/ Address __________ _ 

/ City _____ State ___ Zip __ _ 

/ Phone ____________ _ 

// 
~ 

CIRCLE NO. 79 ON INQUIRY CARD 

DATAMEDIA CORPORATION 
7401 Central Highway, Pennsauken, NJ 08109 

Tel: (609) 665-5400 TWX: 710-892-1693 
DAT1280 
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One of the most important features of a 
16-bit µp is its ability to address large 
memory spaces. 

The Z8001 (segmented) version of the Z8000 can 
address as many as 48M bytes of memory. Addressing 
results from combining a 16-bit address from the 
instruction with a 7-bit segment number. Each 
segment consists of 64K bytes, and users must exercise 
care at segment boundaries. 

This composite 23-bit address can handle as many as 
8M bytes, with further address expansion resulting 
from decoding the chip's status outputs, achieving as 
many as six 8M-byte address spaces. Users can maintain 
code, data and stack spaces in the user state, and a 
parallel set of code, data and stack spaces in the 
supervisor (system) state. 

Any of the Z8000's 16-bit registers can serve as a 
stack pointer, permitting multiple stacks. Autoincre
ment and autodecrement addressing characterizes 
certain instructions. 

To effectively manage the Z8001's huge memory 
space, Zilog has produced the Z8010 memory
management unit (MMU), which supports as many as 64 
randomly accessible segments ranging in size from 256 
to 64K bytes. The MMU maps these segments into the 
µp's total physical memory space, providing a logical 

memory structure largely independent of the data's 
physical location. 

The MMU also furnishes several levels of memory 
protection: An executing program may not invade the 
data space, and user programs may not access the 
system spaces. The MMU and the Z8ooo's special I/o 
instructions (which manipulate the MMU) thus form a 
versatile and effective mechanism to manage large and 
complex memory spaces. 

Memory-addressing capabilities 

The 68000 is the only 16-bit µp to date that provides 
uniform addressing of its entire 16M-byte space from 
any location without employing segment numbers or 
special registers. The µp's number of "segments" is 
therefore effectively unlimited. 

Furthermore, the 68000 permits use of any of the 
address registers as a stack pointer, enabling the 
maintenance of multiple stacks. Its MOVE instruction 
uses two general-address expressions to achieve 
versatility, but the 68000 lacks the 8086's and Z8000 
byte addressability within registers. 

Motorola plans to provide an MMU to handle features 
such as memory protection and dynamic address 
translation. • 

Robert Grappel is vice president, and Jack Hemenway is 
president of Hemenway Associates, Inc. 

{" - When no one has your 
~~ floppy disks in stock ••• 

LJ 
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here's anew 
four letter word 
to use: 

The word is KYBE. Because KYBE can ship any model 
floppy disk, data cassette or mag card in only two days. 

You'll get the same high performance products we've built 
for OEM's for years. Consistent quality media that meets 
the most demanding specifications. The full line is 
competitively priced, backed by an unconditional 90 day 
warranty and inventoried for fast delivery. 

Call toll free (800) 225-8715. 
Dealer inquiries invited 

!iX~~on 
132 Calvary Street. Waltham. Mass 02154 
Tel. (617) 899-0012; Telex 94-0179 
Outside Mass. call toll free (800) 225-8715 

Offices & representattves worldwide 

CIRCLE NO. 80 ON INQUIRY CARD 
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AnotherlSC 
breakthrough: 
Affordable dot 
addressable 
color graphics. 

Introducing the world's lowest priced 
high resolution color graphics. 
Now high prices don't have to keep you from high 
performance graphics. ISC's new 8000 Series "I" 
terminals and desktop computers display color 
vectors and arcs with full-screen , 480 x 384 indi
vidual dot precision -note the close-up photo 
above. Impressive? With terminals starting at a 
quantity 100 price of $3,355, try incredible. 

Intelligent Systems corp.® 

For any application requiring critical picture 
definition. 
ISC's new " I" series is suited for process control, 
energy management, MIS - virtually any appli
cation needing sophisticated color graphics. 
Available in contemporary or industrial cabinets , 
each model features an 80 cpl by 48-line char
acter format and RS-232C interface. Individual 
dots displayed in any of 8 colors can shade to a 
wide spectrum of color combinations. 

ISC's " I" series desktop computers include 
File Control System Disk BASIC, BK to 24K 
RAM, and BOK to 26-Megabyte disk. OEM prices 
start at $4,635, quantity 100. 

With ISC's new " I" series, you can now get 
dot addressable color graphics for a third less 
than anything else on the market. And we in
clude the keyboard ! See for yourself why ISC is 
the world 's largest manufacturer of color graphics 
systems -call 800-241-4310 for the name of your 
nearest ISC rep. 
Note to current 8001G users: You can easily add ISC's dot 
addressable option to your unit. This is the kind of upward 
compatible growth you can expect from ISC! Consult our 
customer service department for complete details. 
"' Per unit . Single evaluation units sold on cash-with-order terms. Limit one 
per customer. Orders must be received by February 1, 1981 . 30-day deliv
ery from factory. U.S. domestic prices . Unretouched photos of screens. 

Color Communicates Better sM 

lntecolor Drive • 225 Technology Park/Atlanta •Norcross , Georgia 30092 • Telephone 404/449-5961 • TWX810-766-1581 
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All six lead
ing CAD sys
tem builders sell 
and support Versatec 
plotters. Our plotters also 
are available to users of SCI
CARDS, REDAC, and Synercom 
systems. Over 90% of all Lockheed 
CADAM ® systems, now sold by IBM, use 
Versatec. 

Name any computer drawing application. Mechan
ical drawings. Circuit drawings. Seismic sections. 
Maps. Piping and network diagrams. Architectural draw
ings. You'll find our plotters. Why the move to Versatec? 

Speed. Versatec electrostatic plotters produce drawings and 
maps in minutes, not hours. They draw up to 34 square feet per 
minute. In paper widths to six feet. On opaque or translucent paper. 
Here is the fast turnaround and big throughput that CAD users need. 

Quiet reliability. Versatec plotters keep drawing. No pen plotter made is as reliable as a Versatec 
electrostatic. And quiet operation allows placement with the user for instant design feedback. Non-attended 
operation and remote data communications capabilities provide for continuous overnight operation for bulk 
plotting, anywhere. 

Practical cost. Versatec plotters give you better price/performance than pen plotters. And all it takes to drive 
one is a minicomputer. Paper is comparably priced. Vector processing hardware and pen plotter-compatible 
software keep computer costs down. But most important, Versatec performance cuts total design time and cost. 
It could be the best investment you ever made in computer aided design. 

It's your move. Join the leaders in CAD. Circle our number for literature and plot samples. 

2805 Bowers Avenue, Santa Clara, California 95051, (408) 988-2800, TWX: 910-338-0243 
27/35 London Road, Newbury, Berkshire, England, Telephone: (0635) 42421, Telex: 847259 

XEROX• is a trademark of XEROX CORPORATION. CADAM • is a registered trademark of the Lockheed Corporation. 

See us at SEG (Houston, Texas) and CAD/CAM (Anaheim, California) 
CIRCLE NO. 82 ON INQUIRY CARD 



THE SYSTEM BUILDERS' CHALLENGE 
Your customers demand quicker results , more throughput, 
higher precision, better resolution, or higher quality output. 
Your challenge: How to offer a significant increase in per
formance or capabilities without pricing yourself out of 
the market. 

THE FPS SOLUTION 
If your product uses a general purpose minicomputer for nu
merically intensive computations, you should investigate the 
FPS-100. When connected to a mini , the FPS-100 makes a 
low-cost system with supercomputer capabilities. 

~~ 
C5+~= 

l~~COM~IJR 
U~E~11c)RrJl~'ck. 

Performance improvements of more than 200 times are pos
sible, depending upon your application. 

EASY TO INCORPORATE 
An extremely high performance real-time arithmetic proces
sor designed to crunch reams of data and handle complex 
computational tasks with relative ease . . . and at minimal 
cost*. The FPS-100 is completely programmable and it's 
adaptable to a variety of host computers, using either integer 

FPS Sales and Service Worldwide: Boston, Calgary, Chicago, Dallas, Den
ver, Detroit, Houston, Huntsville, Los Angeles, New York, Orlando, Ottawa, 
Philadelphia, Phoenix, Portland, San Francisco, Toronto, Washington, D.C. 
International offices : Geneva, London, Munich, Paris, Tel Aviv (Eastronix, 
Ltd. ), Tokyo (Hakuto Co. Ltd.) 

MINI-MICRO SYSTEMS/December 1980 

or floating-point formats. It executes up to 8-million floating
point operations per second with 8-decimal digits of precision 
.. . satisfying most applications. 

EASYTOUSE 
We make the FPS-100 easy to use with two FPS-100 Resi
dent Real-Time Operating Systems, and comprehensive de
velopment software such as a special FORTRAN 
Cross Compiler, Assembler, Simulator, Debugger, General 
Math Library of 250 routines, an Image Processing Library 
and a Signal Processing library. With these effective tools, 
your investment in development time is minimized. 

THE TREND IS CLEAR 
Discover the FPS-100 solution, as have those OEMs and 
System builders who are leaping ahead of their competitors 
in applications such as CAD/CAM, Image Analysis, Recil
Ti me Signal Processing , Seismic Analysis , and Non
destructive Testing. 

Contact your nearest FPS Sales Engineer for more informa
tion or call, toll free, Jim Strelchun, FPS-100 Product Manager. 

•as low as $17,899 in OEM quantities. 

FLOATING POINT circle #85 for more 
SYSTEMS, INC. Information 

. Circle #86 for con-
... the world leader in array processors. tact by FPS 

CALL TOLL FREE (800) 547-1445 
Ex. 4999. P.O. Box 23489 (S 500), 
Portland, OR 97223 (503) 641-3151 , 
TLX: 360470 FLOATPOINT PTL 
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Chromatics solidifies position 
in color graphics with 7900 

A new offering from an 
increasingly aggressive contender 
in the .exploding market for color 
graphics promises to make waves 
with CAD/CAM and imaging users. 

The Chromatics CGC 7900 is a 
high-resolution (1024 x 768 screen 
with 1024 x 1024 graphics memory) 
stand-alone color graphics comput
er. It has a 19-in. display with two 
integral floppy-disk drives, and is 
driven by the 16-bit Motorola 
MC68000 CPU. 

Features include high-speed 
image generation, simultaneous 
display of as many as 256 colors and 
an optional lOM-byte Winchester-

Chromatics' CGC 7900 is driven by the 
16-bit Motorola MC68000 CPU. 
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disk drive. 
An eight-color overlay mode 

permits alphanumeric characters or 
graphics to be overlayed on a bit 
map unaffected by rolling, panning 
or zooming the underlying image. 
The overlay mode also permits 
dividing the screen into as many as 
eight graphic windows, with eight 
additional overlay windows. 

For even more graphic informa
tion content, an optional dual-screen 
buffer allows a second full-screen 
display to be held in memory for 
alternate display. 

The 7900 keyboard contains 151 
keys, of which 34 are dedicated to 
graphics functions, 21 are lighted 
for visual feedback, and 24 are 
program function keys. There are 
two repeat speeds for rapid cursor 
movement, and the cursor can also 
be addressed by an optional joystick 

that additionally controls zooming 
and panning. Other options include 
a light pen and real-time clock with 
battery-backed RAM. A three-tone 
sound generator is standard. 

The 7900 is base-priced at 
$19,995, and deliveries will begin 
next February. Chromatics, Inc., 
Tucker, Ga. Circle No 261 

Features on the Chromat ics 
CGC 7900 include high
speed image generation and 
simultaneous display of as 
many as 256 colors. An eight
color overlay mode permits 
alphanumeric characters or 
graphics to be overlayed on 
a bit map unaffected by 
rolling, panning or zooming 
the underlying image. 
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Actual 
Size 

Able offers a magnificent memory for the full PDP-11/34 series. 

The Incredible 
SK Cache 

This is the ultimate version, the 8K 
cache with everything. You have never 

seen one like it before, and you may 
never see another. Designed for the 

...._ 11/34, 11/35and11/40, it has 
byte and address parity, 

upper/lower limit switches, 
on-line/off-line manual switch 

control, activity indicator lights, 
8K bytes of memory (4K 

words) providing a capacity 
four times that of competitive 

units and an interconnect 
board design which 

consumes no extra space 
in the computer. 

That's why there is always 
room in your computer for this 

incredible cache. You should put 
one there, especially if you are the 

kind of guy who likes to optimize his 
system for top performance. Our 8K super

charger lets you tailor performance to match 
your application and to establish hit-ratio 

optimization. It indicates hit rate and parity error 
immediately and, if errors are detected, shuts off 

automatically without ever interfering with system 
operation. It is, in fact, the only intelligent buffer memory 

turned out by an independent manufacturer. 
There are two models available, Cache/434'" and Cache/440 '~ Both are 

priced competitively and are available within thirty days. Write for 
details. We'll also include information on our other buffer memories as well 

as add-in memories, quad interface boards, bus 
repeaters and LSI adaptors. When you see what we 

send you'll know why we consider ourselves the leader 
among manufacturers of DEC* enhancements. 

Able, the computer experts 
ABLE COMPUTER, 1751 Langley Avenue, Irvine, 

California 92714. (714) 979-7030. TWX 910-595-1729. 

ABLE COMPUTER-EUROPE, 74/76 Northbrook Street, 
Newbury, Berkshire, England RG13 lAE. (0635) 32125. 

TELEX 848507 HJULPHG. 
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"With this catalog, these analog 1/0 boards, and our guaranteed 
five-day delivery, we're something of a freak in this business!' 

Fred Molinari, President 
In this business, being good means being 
unusual. 

For instance , we guarantee to deliver 
analog I/O for your microcomputer within 
five days. That's unusual. 

But more to the point, we offer an unusu
ally broad and technically advanced selection of 
high accuracy, high resolution data acquisition 
system (DAS) modules and boards. 

Data Translation was the first to put DMA 
on a board, and the first with 16-bit DAS. We 
were the first to put isolated DAS modules on a 
board, and the first with a DAS software library. 

Whether your application is laboratory or 
industrial, you will benefit by our unusually 
thorough approach. 

Each of our boards and modules comes 
with free diagnostics and documentation. 
Each module is subjected to rigorous testing, 
including a three-day burn-in. 

Our modular concept allows us to provide 
the widest range of products. More important, 

it offers you 
the opportunity to upgrade your system quickly and easily. We can deliver 
more Multibus™ compatible DAS than Intel or National, and at lower prices. 

We offer dual height systems for LSI-11 and quad-size systems with 
features no one else offers. We have hex-height PDP-11 Unibus™ systems 
as well, and their performance is unmatched. 

In fact, we offer more LSI-11 and PDP-11 
D~S boards than DEC and, yes, at lower 
pnces. 

You will find more than 100 analog I/O systems 
in our new catalog. Send for yours today. With this 
useful publication in hand, you will be able to choose , 
order, and receive analog 1/0 in less than a week. 

And that will make you rather unusual in 
your business. 

Data Translation, 100 Locke Drive , Marlboro, MA 
01752. (617) 481-3700. Telex: 948474. In 

We stock the indus- E D T 1 · L d. R kw 11 
- try's widest selection urope: ata rans anon t . ' oc e 

of microcomputer House, 430 Bath Road, Slough, Berk-
tIBb0fJf~;~~~~~~~~l, shire/England SLl 6BB. Phone (06286) 
Intel Multibus, Mostek/ 3412. Telex: 849862. 
Prolog STD Bus, Zilog, 
and Computer Automation. 

This catalog enables you to get 
the microcomputer analog 1/0 
you need in 5 days or less. Send 
for your catalog today. 

SALES OFFICES AZ 602-994-5400: CA 213-681-5631. 415-965-9394, CO 303-371-2422; FL305-791·9292. 813-725-2201; GA 404-455-7222: IL 312-960-4654; IN 317-788-4296; 
MA 617-481-3700: MD 301·636·1151: Ml 313-437-0816; MN 612-441-6190: NC 919-723-8102; NJ 609·428-6060; NM 505-292-1212, 505·524-9693; NY 515·488-2100, 607·722-9265; 
OH 513-253-6175, 216-659·3138; OK 405-528-6071; OR 503-297-2581; PA 412-327-8979; TX 512-451-5174, 214-661-0300, 713-780-2511. 512·342-3031, 713-988-9421; UT 801-466-6522: 
WA 206·455-5846: CANADA 416-625-1907 
MULTIBUS 1s a trademark of Intel Corp. UNIBUS, PDP-11, LSl·ll and MINC-11 are trademarks of D1g1tal Equipment Corp. 
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- HOW TO COPY THE 
MICROPOLIS 8" RIGID DISK DRIVE. 

It's bound to happen sooner or later. Someone will decide to copy 
our 8" rigid disk drive. It happens to all industry-standard products. 

So we're going to save someone the trouble and tell exactly how we 
built our 8" drive. But we're not worried. Because, frankly, we don't think 
anyone else will want to go to the trouble we did to give you such a product. 

First of all, our family of 8" rigid disk drives (9 to 45 megabytes) 
comes with features you simply can't find in the competition's products. 
Such as our low-cost intelligent controller board, designed to allow swift 
integration into your existing system. 

In addition to low power dissipation and fastest access titne, we 
also included a Quartz-locked, direct-drive, brushless DC motor. We gave 
our rigid disk a braking mechanism, too. It extends the life of the disk by 
not allowing the head to act as the brake. That's a longer disk life for you, 
and a higher MTBF in the critical clean area. Next, we included our 
balanced rotary voice coil positioner, whicfi, together with the closed-loop 
servo, absolutely protects against unexpected jolts, bumps, and shocks 
during write operations which might otherwise result in off-track writing. 

We enclosed the heads, pl(iltters, and positioner assembly in a 
sealed clean area. No other drive has all active components outside the 
clean area, for easy access and maintenance. So we can offer the longest 
drive warranty in the business. 

All this adds up to unprecedented quality, reliability, and stability. 
And our 8" rigid disk fits into the exact same space as an 8" floppy drive -
they even use the same screw holes. 

So if you want the best 8" rigid disk drive, call us. We deliver. 
If you want to try and copy it, good luck. You'll need it. 

21329 Nordhoff Street 
Chatsworth, California 91311 
(213) 709-3300. Telex 651486 



ENTRY-LEVEL BUSINESS SYSTEM. The 
Synergist M1 ooo entry-level packaged 
business system is designed for applications 
such as order entry, warehouse manage
ment, business accounting and financial 
management. The models 1 o, 15 and 30 
support as many as four Dasher display 
terminals, as much as 5'2.4M bytes of on-line 
data storage and several printer and 

communications options. Based on a 
64K-byte MicroNova processor, all three 
models run interactive BASIC under the 
Extended Operating System (eos), which 
uses English-like operator instructions and 
prompts. A copy utility performs disk-to-disk 
data and software backup. Price ranges from 
$10,950 to $25,ooo. Data General Corp., 
Westboro, Mass. Circle No 262 

DESK-TOP BUSINESS COMPUTERS. 
These desk-top business computers-the 
System 1 ooo and 2000-support financial 
applications, including accounts payable, 
accounts receivable, payroll, general ledger 
and inventory control , order entry, word 
processing and data entry. The mid-range 
System 2000 has dual µps for high-speed 
concurrent processing and disk access, 32K 
to 64K bytes of user memory and 650K to 

---------------------------------, 1 3M bytes of diskette storage. It can 
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PURCHASE PER MONTH 
OESCRIPTION PRICE 12 MOS. 24 MOS. 36 MOS. 

LA36 DECwriler II . . .. . . . . . . . . $1 ,695 $162 $ 90 $ 61 
LA34 DECwriter IV ...... . .... 1,095 105 58 40 
LA34 DECwriter IV Forms Ctrl. .. 1,295 124 68 46 
LA120 DECwriler Ill KSR ....... 2,495 239 140 90 
LA120 DECwriter Ill RD ... ..... 2,295 220 122 83 
VT100 CRT DECscope ......... 1,895 182 102 69 
VT132 CRT DECscope ........ . 2,295 220 122 83 
Tl745 Portable Terminal .. ..... 1,595 153 85 58 
Tl765 Bubble Memory Terminal . 2,595 249 138 93 
Tl783 Portable KSR, 120 CPS ... 1,745 167 93 63 
Tl785 Portable KSR, 120 CPS ... 2,395 230 128 86 
Tl787 Portable KSR, 120 CPS . .. 2,845 273 152 102 
Tl810 RO Printer ............. 1,895 182 102 69 
Tl820 KSR Printer . ........... 2,195 211 117 80 
730 Desk Top Printer ......... 715 69 39 26 
737 W/P Desk Top Printer .. ... 895 86 48 32 
704 RS232-C Printer .......... 1,795 172 96 65 
6081 High Speed Band Printer .. 5,495 527 293 198 
DT80/1 CRT Terminal ..... .... 1,795 172 96 65 
DT80/1 L 15" Screen CRT .. .. . . 2,295 220 122 83 
DT80/5 APL CRT ........... .. 2,095 200 112 75 
DT80/5L APL 15" CRT ......... 2,595 249 138 94 
ADM3A CRT Terminal ......... 875 84 47 32 
ADM31 CRT Terminal . ..... . . . 1,450 139 78 53 
ADM42 CRT Terminal .... .. ... 2,195 211 117 79 
1420 CRTTerminal ... . ....... 945 91 51 34 
1500 CRT Terminal ........ .. . 1,095 105 58 40 
1552 CRTTerminal ........... 1,295 125 70 48 
Letter Quality KSR, 55 CPS ..... 3,395 326 181 123 
Letter Quality RO, 55 CPS ..... 2,895 278 154 104 
2621A CRT Terminal . . . .. .... . 1,495 144 80 54 
2621 P CRT Terminal .......... 2,650 255 142 96 

FULL OWNERSHIP AFTER 12 OR 24MONTHS•10% PURCHASE OPTION AFTER 36 MONTHS 

ACCESSORIES AND PERIPHERAL EQUIPMENT 
ACOUSTIC COUPLERS • MODEMS• THERMAL PAPER• RIBBONS• INTERFACE MODULES• FLOPPY DISK UNITS 

OTHER POPULAR TERMINALS, COMPUTER PERIPHERALS AND COMPUTERS AVAILABLE. 

8 TRANSNET CORPORATION 
1945 ROUTE 22 •UNION. N.J. 07083 • (201) 688-7800 
TWX 710-985-5485 
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communicate with one or more host 
computers in a distributed-processing 
network and can perform remote computing. 
The entry-level System 1 ooo uses one µp 
with a minimum of 32K bytes of user memory 
and 325K bytes of diskette storage. It has the 
same applications software as the System 
2000 and can perform the same operations, 
but with lower throughput potential and data 
flow. Prices are $3995 to $14,995, Dlgilog 
Systems, Inc., Horsham, Pa. Circle No 263 

UNIX-COMPATIBLE µC. The Decision 1, a 
multitasking s-1 oo µc, includes a UNIX
compatible operating system that runs CP/M 
as a sub-task. The operating system supports 
UNIX system calls in a source-compatible 
manner. UNIX programs compile directly, and 
UNIX documentation is almost totally 
applicable. The System's CPU comprises a 4-
to 6- MHZ zao microprocessor, a floating-point 
processor, memory management hardware, 
including a memory map that supports as 
many as 16 tasks without swapping. Software 
includes the c language, business applica
tions and word-processing packages. Disk 
support includes dual SOOK-byte 51~-in . 

floppy-disk drives mounted in the mainframe, 
dual 1 .2M-byte, a-in . floppy-disk drives and a 
26M-byte Winchester hard-disk drive. Price is 
less than $5000 . Morrow Designs, 
Richmond, Calif. Circle No 264 

MANUFACTURING-MANAGEMENT SYS
TEM. The OMRP manufacturing-management 
system enables different levels of control to 
be phased into different-profit-centers, thus 
avoiding long start-up times and bottlenecks. 
OMRP can also be plugged into one of the 
vendor's small-business computers, enabling 
it to interact with other aspects of a company's 
business. Other features include master 
scheduling to coordinate marketing and 
manufacturing, customer order processing, 
bill-of-materials processing and product 
costing . OMRP also performs material
requirements planning to automate order 
planning and recommends scheduling on a 
net-change basis. Qantel Corp., Hayward, 
Calif. Circle No 265 
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olor it Dunn. 
Communicate 
with Color 
Hard Copy 
from the 
630Series 

Exciting computer images, 
digitally processed 

or original graphics, should 
not be confined to your 
color terminal. Their 
communication value is 
wasted. That's why Dunn 

Instruments invented 
versatile, afford-
able photographic 
hard copy. Made by 
the 630 Color 
Camera Series. 

Since early 
1979, 630 Series 
cameras have 
been at work 
in appli

cations 
ranging from 

remote sensing 
to animation, from business 
presentation graphics 
to NAS~s Saturn mission. 

Media versatility 
Instant 8x10 prints 

on Polaroid® Type 808 film, 
overhead transparencies, 
35mm slides, animated 
6mm film - all these and 
ore are within the capa
ities of a single camera 
tern. Their incredible 
olution, chromatic 

vidness and accuracy will 
stonish you. So, too, 

will the speed, ease and 
assurance with which you 

produce them, thanks to 
microprocessor-automated 
camera operation and 
exposure control. 

Multi-imaging 
power 

Recording images side by 
side aids in comparative 
analysis and presentation 
planning. It also reduces 
film cost. Our software
based format selection 
means the freedom 

to tailor the configuration 
of images to your needs. 
It's a Dunn Instruments 
exclusive. 

THE630 
COLOR 
CAMERA 
SERIES 

I nterfacing 
ease 

The 630 
Series inter
face with 
ease to every 
kind of com
puter system 
and color ter
minal. They are 
sold complete, and 
installed world
wide by an ex
perienced sales 
and service force. 

Call 415/957-1600 
and we'll put you in touch 
with your nearest Dunn 
Instruments representative. 
Or write us at 544 Second 
Street, P. 0. Box 77172, 
San Francisco, CA 94107. 

Ill II II II Ill Ill Ill I Ill I Ill Ill II Ill Ill Ill II Ill Ill Ill Ill Ill Ill Ill I Ill Ill Ill Ill II II I II I II Ill 1111111111111111 111 11 111 111 111 I Ill Ill I Ill Ill 
"Polaroid" 1s a registered trademark of 
Polaroid Corporation 

Outside the U.S. . the 6 JO Series is distributed 
by CalComp International. 

LANDSAT image aiurtesy NASA-Ames 
Research. Cartographic studies aiurtcsy 
Harvard Laboratory for Computer Graphics 

DUNN 
INSTRUMENTS 
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SECURITY-MANAGEMENT SYSTEM. The 
Dimension 2000 desk-top security system 
performs all major security functions for an 
office or plant: television surveillance, alarm 
monitoring, access control and control of 
security-related building operations. One 
person can visually monitor and control all 
security activities. The system includes a 9-in. 
CRT/CCTV screen for 64-character data display 
and television surveillance; computerized 
alarm monitoring for fire , smoke and intrusion; 
access control for as many as 41 oo card 
holders at as many as 32 card-reader 
locations; and automatic message display. As 
many as 64 primary access levels-which 

determine the doors a card holder can 
use--can be combined in eight primary time 
zones. Cardkey Systems, Chatsworth , Calif. 

Circle No 266 

INFORMATION-PROCESSING SYSTEM. 
The Spectrum 80, a µ.p-based information 
system designed for both word and data 
processing, is geared to first-time computer 
users or users who want to distribute 
applications processing via host communica
tions to one or more Spectrum sos. It includes 
a central file-management computer and an 
expandable modular lnfoCenter work station, 
which comprises a CPU and one of four 
configurations of peripheral equipment. The 
file-management computer, which manages 
and schedules all the system's resources, 
includes a CPU, 64K bytes of main memory, a 
2M-byte fixed-disk drive and a 1 .2M-byte 
diskette drive and sells for $6790. The DP 
lnfoCenter sells for $9200, the WP lnfoCenter 
for $1 o,690, and the Information Processing 
lnfoCenter for $11, 150. Management 
Assistance, Inc., Basic Four Information 
Systems Division, Santa Ana , Calif. 

Circle No 267 

CAD SYSTEM. The Cadet, a dedicated 
computer-aided-design system for printed 
circuit board designers, is said to be the first 
system oriented toward the increasing board 
densities expected in this decade. The 
system includes a raster-scan CRT, a 16-bit 
microprocessor, a keyboard, a graphics tablet 
and a cassette-tape unit. Cadet can produce 
a data base for check plots, artwork, silk 
screen, solder resist, pads only, drilling 
drawings and N/c drill tapes. Price is less than 
$50,000. Redac Interactive Graphics, Inc., 
Littleton, Mass. Circle No 268 

µ.C SYSTEM. The model 6100 ZBOA-based 
µ.e system includes 64K bytes of main 
memory and two a-in . double-density 
floppy-disk drives, each with six status 
indicators to verify major functions. Disk 
capacity is 1 M byte. Each drive has a 
write-protect switch, and two extra disk drives 
can be added. The system is compatible with 
the CP/M operating system, the IEEE s-1 oo 
bus and peripherals using RS232C interfaces. 
Four slots in the backplane accept modems, 
graphics hardware, additional 1/0 and 
memory. Price is $4950. lnnotronlcs Corp., 
Lincoln, Mass. Circle No 269 

TO EVERYONE WHO'S SAID, "ONLY LARGE DATA NETWORKS 
CAN AFFORD ADVANCED FEATURES AND PERFORMANCE;' 

Ptrmission lo reprint granted by Ring6ng Bros. - Barnum (. Bailey G rcus 
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HORSE FEATHERS. 
DCA's new System 355 
statistical multiplexor/ 
network processor can 
be programmed to give 
any network a multitude 
of high-performance fea
tures. Extensive network 
control, high throughput, 
switching, alternate 
routing, host selection, 
port contention and X.25 
support are only a few. 
Our brochure explains 
everything, including 
DCA's very low-cost mod
ular growth capability
write or call today. 
Digital Communications 
Associates, Inc., 135 
Technology Park/ Atlanta, 
Norcross, GA 30092 
404/ 448-1400. 

~ 
ENGINEERED 
TO EXPAND 
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Now, high-performance graphics 
for minicomputer-based syStems don't 

have to be expensive. 

HP's 13505 Display System 
provides high speed 
interaction, brightness and 
high resolution ... 
at low cost. 
When your minicomputer-based graphics systems require 
high-quality, real-time displays - with no price premium -
you' ll want the HP 13505. 

With the 13505, you get a high-resolution display system that 
generates bright, sharp vectors and alphanumerics at fast 
writing speeds. Which means higher speed and 1000 x 1000 
addressable resolution at a lower cost than high-resolution raster 
graphic systems. 

That's because the 13505 offers a choice of high-perform-

ance random scan graphic displays in a variety of CRT sizes, 
plus digital storage and refresh. The bottom line to you is 
display flexibility, and an exceptional price/performance value. 

Other system features include rapid updating of information 
displayed and simultaneous display of different information 
on up to three additional CRTs. 

For compatibility with a variety of minicomputers, two easy
to-use interfacing alternatives are available: The serial RS-232C 
with baud rates to 57k; and the HP-IB parallel interface. 

The HP 13505, priced at $9,300 *, provides a cost
effective graphics solution for computer aided design, data 
acquisition, analytical instrumentation, simulation, medicine or 
radar - anywhere a high speed, bright and clear graphics 
display is required. For more information, write to Hewlett
Packard, 1507 Page Mill Road, Palo Alto, CA 94304. Or call the 
HP regional office nearest you: East (201) 265-5000, West 
(213) 970-7500, Midwest (312) 255-9800, South (404) 
955-1500, Canada (416) 678-9430. 
'Domestic U.S.A. price only. ...,., 

F//0- HEWLETT 
~~ PACKARD 

~!j:j'j°". HP-18: Not just IEEE-488. but the hardware, documentation and support that 
svsTEMs delivers the shortest path to a measurement system. 

CIRCLE NO. 93 ON INQUIRY CARD 
174 MINI-MICRO SYSTEMS/December 1980 



accessories 
and supplies 
MAGNETIC MEDIA DEGAUSSER. This 
disk-pack degausser declassifies disks , 
cartridges, drums and other magnetic media 
in accordance with u.s. Department of 
Defense regulation ooo 5200.28M. Packaged 

comes in a variety of colors and can be 
laminated to wood with contact adhesives. 
The amino resin laminate dissipates a 5ooov 
static charge in less than 0.05 sec. Surface 
resistivity is 109 ohms per sq. in., and volume 
resistivity is 108 ohms per cm. Prices for the 
CPF 201 Micastat start at $7 per sq. ft., 
depending on dimensions. Charleswater 
Products, Inc., Needham, Mass . 

Circle No 273 

lie• Praduals 

FLOPPY-DISK STORAGE. This rotary file 
holds floppy disks in 48 panels, arranged in 
carousel fashion. Each panel holds four disks, 
for a total of 192 disks. An index system lists 
the contents of each disk and keeps track of 
removed disks. The rotary file also accepts 
panels that can hold as many as four 
mini-disks or as many as 1 o magnetic cards. 
Wilson Jones Co., Chicago, Ill. 

Circle No 274 

in a protective shielded box, the system ~--------------------------------
consists of a wand that incorporates magnets 
positioned to form a uniform 2000-oersted 
field. The degausser, which is an accessory 
to the vendor's disk pack and cartridge 
inspector, is operated by inserting the wand 
into the magnetic media. The disk pack 
degausser sells for $900. Computer-Link 
Corp., Burlington, Mass. Circle No 270 

CARTRIDGE RIBBONS. These cartridge
type printer ribbons are direct replacements 
for Diablo's HyType 1 and 11 and similar 
cartridges. The ribbons are available in black 
multistrike film, which provides as many as 
2.5 million impressions, and nylon, which 
provides as many as 2 million. The ribbons 
are wound on automatic machines to assure 
proper tension. Compu-Rite Corp., Tarzana, 
Calif. Circle No 271 

REVERSIBLE MINIFLOPPY DISKS. This 
dual-sided reversible 51~-in . minifloppy disk, 
which is compatible with TRS-80, Apple, 
Commodore and other computers, enables 
users to record on both sides. The disk has 
two recording surfaces and two sets of 
write-enable and index holes. The disks are 
certified error-free and are rated for more than 
12 million passes without disk-related errors 
or significant wear. Suggested end-user list 
price is $5.95 each. Dennison KYBE Corp., 
Waltham, Mass. Circle No 272 

CONDUCTIVE LAMINATE. The CPF 201 
Micastat conductive tabletop laminate, 
intended for use in laboratories and clean 
rooms, dissipates static charges. The heat-, 
chemical- and solvent-resistant material 
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Division of GAW Control Corp. 
150 New York Avenue, Halesite, NV 11743 
(516) 423-3232 
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EXPANDING 
YOUR 

DEC PDP/11 SYSTEM? 
• 50% more data storage. 
• 50% increased data transfer rate, and 
• 20% faster seek times I 
• 1s software transparent to all DEC Operating 

Systems, 01agnost1Cs. and Drivers. 
• 1s fully media compatible 
• 1s I J/70 Cachebus. Urnbus. or 0 -bus compatible 

Our sub~ystems are industry proven. high quahty 
CDC, disc drrves and EmuleJC controllers Also offer~ are 
high pe:rfOfmance. r~ia~ magnetic tape: subsystems. 
DZ 11 's, DH 11 's, high speed MOS memories. pnnters. and 
other hardware Call or wnte us '°' your hardware 
requrre~nts. 

" DEC. POP/ I I are registered trademarks of 
Digital Equ1pmrnt Corporanon 

COMPARE OUR PRICES 
OUR MODEL 

DM06 (300MB) 520,500 
DM06/ 70 (300MB) 522,500 
DM02 (BOMB) 514,550 
DM02/ 70 (BOMB) 516,500 
DM- 300 (300MB) 514,500 
DM-BO (BOMB) 5 B,550 
DM- 77 (1251PS) 5 9,995 
DM-45 (751PS) 5 B,995 

DEC 

RJP06 l200MB) 544,000 
RWP06 f200MB) 544,000 
RJM02 {BOMB) 524,000 
RWM03 {BOMB) 525,000 
RP06 f200MB) 534,000 
RM02 {BOMB) 51B,000 
TJU77 fl251PS) 52B,000 
TJU45 f751PS) 523,000 

o.x systems are expanded 0< ~ia compatlbir' ~s of 
standard DEC RP06/ RM02 disc subsystems and 
TU7 7/TU45 magnetic tape- subsystmtS ~subsystems 
are l{)()q(, compatibte with an DEC software. diagnostu. 
and drrvt'rs. 

ADVANCED---

DIGITAL 
---PRODUCTS 

7 584 Trade Sereet • San Diego. CA 921 2 1 

[714) 578-9595 
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accessories 
and supplies 
FIRE EXTINGUISHER. The Data Rescue fire 
extinguisher · fights computer-room fires 
without damaging hardware or data. The 
extinguisher uses Halon 1211 , a chemical 
agent that is two to three times more effective 
than C02 in fighting fires. Halon 1211 is not 
cold like co2-type extinguishing agents, 
whose - 11 0°F discharge can shock or 
destroy PROMS and other sensitive chips. The 
chemical does not leave a residue; weighs 
five times as much as air, enabling it to 
minimize harmful flashback; and does not 
generate static or corrode electronic 
components. Data Rescue is effective over a 
range of 9 to 15 ft. It comes in 21h -, 5- and 
17-lb. capacities, priced at $62, $87 and 
$230, respectively, with discounts available 
on quantities of four or more. lnmac, Santa 
Clara, Calif. Circle No 275 

DOCUMENT SHREDDER. The EBA Agent 
004 document shredder processes as much 
as 2600 lbs. per hr. of continuous computer 
forms or other waste paper , with a 
1200-ft.-per-min. draw-in speed. The unit can 
shred 33 to 40 sheets in a single pass, with 
4-mm. shred width. The unit compresses 
waste in a plastic bag, or a baling press can 
be used. The EBA Agent 004, which is 
unaffected by paper clips or staples, stops if 
overloaded and can be reversed to clear 
jams. It operates on 11 o VAC, measures 27 x 
22 x 50 in . and incorporates adjustable 
loading tables for feeding multiple stacks of 
continuous computer forms. The unit sells for 
$3900 . Standard Duplicating Machine 
Corp., Andover, Mass. Circle No 276 

PAD & TRACK REPAIR. The CIR-KIT selector 
pack , intended for field repair and 
replacement of lifted, damaged or missing 
pads and tracks on printed circuit boards, 
eliminates the need for discarding boards and 
reduces downtimes caused when boards 
must be removed for repair. CIR-KIT includes 
pre-t inned and scored eyelets ; several 
Trak-Pads, which are pre-tinned sheets of 
various-sized replacement pads and tracks ; 
an abrasive stick for cleaning the work area 
and the Trak-Pads; and the necessary tools 
and accessories for cold-setting the eyelets. 
The user must provide a soldering iron and 
solder. The CIR-KIT selector pack sells for $79. 
Pace, Inc., Laurel, Md. Circle No 277 

data entry 

GENERAL-PURPOSE OCR SYSTEM. The 
LASER OCR-TWO is a general-purpose OCR 

data-entry system consisting of a micropro
cessor-contro 1 led OCR reader with an 
automatic document transport, a high
resolution laser scanner, a microprocessor
based data editor and formatter and a control 
console and keyboard with numeric pad and 
function keys . The system can scan 
single-line turnaround documents at a rate of 
4400 per hr. and 81,'2- x 11-in., 30-line pages 
at a rate of 550 per hr. Character-recognition 
rate is 400 cps for machine print and 1 95 cps 
for hand print. A complete system, including 
printer, floppy-disk input and nine-track 800-
or 1600-bpi tape-drive output sells for 
$94,900. Optical Business Machines, Inc., 
Melbourne, Fla. Circle No 278 

SELF-CONTAINED OMR SYSTEM.The 
Sentry 80 , an integrated optical mark reading 
scanner , minicomputer and document
processing system designed for interactive 
control and processing of input data, 
comprises a Sentry scanner integrated with a 
Texas Instruments 990/ 1 o or 990/ 1 2 

minicomputer. The scanner operates either 
off-line or on-line to the Tl processor, and 
scanner output can . be directed either to 
magnetic tape or directly to disk storage. 
Software includes scanner software, an 
operating system, a selection of high-level 
languages and utilit ies and document
processing systems. Two models of the 
Sentry 80 are available : the Sentry 8008, 
which scans 3000 81h- x 11-in. sheets per 
hr., and the Sentry 801 8, which scans 6000 
sheets per hr. Purchase price ranges from 
$90,000 to $200,000. National Computer 
Systems, Minneapolis, Minn. Circle No 279 
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data comm 
MODEM EXPANDER. The ME4 expander is 
said to reduce data communications 
hardware costs by allowing one modem to be 
shared among four polled remote terminals. 
Network management features include 
automatic or manual disabling of a streaming 
terminal, tri-state status monitors for modem 
and terminal interfaces and terminal priority 
allocation. The ME4 supports synchronous or 
asynchronous data rates as high as 19.2K 
bps . The unit costs $876 . Kapusi 
Laboratories, San Mateo, Calif . 

Circle No 280 

X.25 PROCESSOR. The model M3216 
packet processor switches packet transmis
sions between x.25-compatible computers, 
terminals and other digital devices. An 
auxiliary packet assembly/disassembly unit 
enables both asynchronous devices and 
IBM-compatible bisynch devices to be served. 
Specifications include aggregate data rates 
as high as 300K bps, as many as 36,000 call 
connections per hr., 800 packet-per-sec. 
packet rates, 1500 virtual circuits (on 64 
channels) , 9600-bps asynchronous terminal 
rates and 64K-bps synchronous terminal 
rates. Three M3216s can attach to a Tran 
M3201 network processor. The resulting 
hybrid multiprocessor supports time division 
switched and packet switched data simultane
ously at aggregate data rates as high as 
1 .25M bps. Prices begin at $50,000. Tran 
Telecommunications Corp., Marina del Rey, 
Calif. Clrcle No 281 

SHORT-HAUL MODEM. The model 9338 
modem transmits asynchronous simplex and 
duplex data at speeds as high as 56K bps 
over metallic-conductor links as long as 
1 5,ooo ft. The model 9338 includes a 25-pin 
type D RS232C connector and a terminal block 
for attaching a balanced two-pair shielded 
cable. A three-unit LED array on the front 
panel indicates system status and aids 
diagnosis. Price is $195. Belden Corp., 
Geneva, Ill . Circle No 282 
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FIBER-OPTIC LINK. This fiber-optic evalua
tion kit enables a system designer to install a 
simplex link 1 ooom. in length. The LINK 11 kit 
contains a transmitter module, a receiver 
module and a 1 om. length of fiber-optics 
cable, pre-terminated with matching AMP 
connectors. This kit also includes component 
specifications and applications literature 
explaining LINK 11's theory of operation and the 
basic concepts of fiber-optics communica
tions. Price is $125. Motorola Semiconduc
tor Products Inc., Phoenix, Ariz. 

Circle No 283 

DUAL ACOUSTIC COUPLER. This dual 
acoustic coupler operates at both 1 200 bps 
and o to 300 bps in full-duplex asynchronous 
mode. Compatible with VA3400- and 
1031113-type modems, the model VA3413 
coupler employs an automatic detection 
scheme to select the VA3400 or 103 mode. 
The unit automatically recognizes 9- or 1 o-bit 
character lengths in the VA3400 mode to allow 
operation with 9-bit (primarily IBM) or 1 o-bit 
systems. Single-unit price is $895, with OEM 
discounts available. Racal-Vadlc, Sunnyvale, 
Calif. Clrcle No 284 

COMMUNICATIONS PROCESSOR. The 
1cor 257 communications processor series 
employs a µ.p-per-line architecture and 
special busing (1coeus) to enable users to 
overcome incompatibilities in network codes, 
speeds and protocols. The 257 performs 
routine network management functions 
including polling, message editing and 
processing, queueing, priority scheduling, 
diagnostics and error recovery, statistics 
gathering and security. The 257 also adds 
line-concentration and message-switching 
functions to a network. The 257 series 
hardware includes a 48K-byte system 
memory, timing boards and as many as 13 
communications processor boards. Each 
processor board contains SK to 12K bytes of 
PROM/ROM, 2K bytes of RAM, an interrupt 
processor and a serial line interface. Prices 
range from $13,000 to $30,000. Mlcroform 
Data Systems, Inc., Mountain View, Calif. 
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MULTIPLEXER SUBSYSTEM FOR HP 1000. 
This eight-channel asynchronous multiplexer 
subsystem enables as many as eight 
terminals or electrically compatible µ.p-based 
devices to be connected to a Hewlett-Packard 
HP-1 ooo series computer . An optional 
multiplexer panel may be located as much as 
300 ft. away from the main HP 1 ooo computer, 
breaking the typical 50-ft. barrier for standard 
RS232C specifications. The HP 1 2792A 
multiplexer subsystem buffers each full
d u plex channel separately and uses 
direct-memory access control to reduce 1/0 
processing time. The HP 12792A multiplexer 
subsystem, including software, costs $2000; 
the HP 12828A multiplexer panel, $600. 
Hewlett-Packard Co., Palo Alto, Calif. 
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14,400-BPS MODEM. This µ.p-based modem 
operates at 14,400 bits per sec., which is 50 
percent faster than other data modems 
available for use on telephone lines, 
according to its maker. The µ.p-14400 
modem, which uses separate microproces
sors to handle transmit and receive functions, 
is said to provide significantly lower 
communications costs over slower modems. 
For example, the company claims that a pair 
of 14,400-bps modems operating on a single, 
transcontinental line costs about 35 percent 
less than two lines operating at 9600 bps and 
4800 bps. A µ.p-14400 modem with a 
two-channel multiplexer option costs 
s14 ,400. Paradyne Corp., Largo, Fla. 

Circle No 287 

COAXIAL-CABLE MODEM. The model 
30-0080 modem transmits and receives 
synchronous data on coaxial cable at rates 
ranging from DC to 1.544M baud. The modem, 
which can transmit over 27,000-ft. distances 
without amplifiers or repeaters, employs 
multilevel FSK modulation at high carrier 
frequencies to reject EMI and RFI noise 
frequently encountered in industrial and 
commercial environments. Bit-error rates are 
typically lower than 10· 12 for a signal-to· 
noise ratio of 20 de. Packaged on a 3- x 4-in. 
PC card , the model 30-0080 sells for $250 in 
1 oo-unit quantities . Computrol Corp., 
Ridgefield, Conn. Circle No 288 
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Middle Managers. 
Tis DS990 
Models 4 , 6 and 8 
Commercial Computer 
Systems. Our shirt
sleeve executives. 
By themselves or as part of a dis
tributed processing system, these 
hard-working mid-range business 
managers have the power, speed 
and versatility you need to get the 
job done. 

DS990 Models 4, 6 and 8 com
puters are fluent in the languages 
of commerce. COBOL, FORTRAN, 
BASIC, RPG II and Pascal all run 
under our powerful DXlO Operating 
System. To speed your program 
development, there's TIFORM, 

our unique forms generation pack
age. Further, the Models 6 and 8 
are also equipped with our highly 
efficient Data Base Management 
System and easy-to-use Query 
language. 

This solid software base is 
backed by our proven 990/10 cen
tral processor with up to 2048K 
bytes of memory. Compatibility 
and planned progressive upgrades 
underlie the design of every DS990 
Business Computer, from the 
Model 1 to the Model 30. 

For more information, call: 
1-800-257-7850. 

(In N.J. call 1-800-322-8650) 

CODE: #101-D 

Since they're from Texas 
Instruments, you know you're get
ting a lot of performance for the 
price. Multi-user, disk-based sys
tems in this series start at under 
$30,000*. 

Built into every DS990 com
puter system is 50 years of experi
ence in the electronics industry, 
and the technical expertise and 
support of our worldwide organiza
tion of factory-trained sales and 
service representatives. 

Versatility, reliability and 
growth potential - everything 
you'd want in an Fifty Years 

outstanding middle 1nno"Sauon 

manager. With Tl's ~ 
DS 990 Models 4, 6 '-iY 
and 8, you get it. 

TEXAS INSTRUMi~NTS 
We put computing within everyones reach. 
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XENIX OS. 
It would have made 

Edison proud. 
"Genius," said Thomas Edison, 

"is 1 % inspiration and 99% 
perspiration." How right he was. 
Microsoft is taking the authentic 
UNIX™ Version 7 OS- an inspir
ation to us all-and is working to 
make it even better. 

How? By applying every bit of 
our system software expertise 
towards the creation of a stan
dard operating system to unite all 
16-bit microprocessor software 
development. Now, and through 
the80's. 

We call it the XENIX™ OS. You'll 
call it genius. 

First, the 
XENIX-11 OS for 

PDP-ll's. 
The first adaptation of our XENIX 

operating system is the XENIX-11 
system for DEC PDP-11 ™ 
computers. 

lfyou'reaPDP-11 user, you'reno 
doubt familiar with the remarkable 
UNIX system from Bell Laboratories. 
It is a highly sophisticated, interac
tive, multi-user, multi-tasking OS 
featuring a vast array of utilities. 
Features include device-indepen
dent 1/ 0 , tree structured file directory 
and task hierarchies, a user-space 
command language, pipes and 
signals, and security protection. 

Do you get all this with the 
XENIX-11 system? Of course. Plus 
a lot more, all at a very reasonable 
price. 

Positively inspiring. 

UNIX 1s a trademark of Bell Laboratories. 

PDP-11 1s a trademark of Digital Equipment 
Corporation . 

XENIX 1s a trademark of Microsoft . 

Genuine UNIX 
OS.Not a 

look-alike. 
Understand first of all that Micro

soft's XENIX-11 system is the very 
same UNIX OS you know and love. 
Under license from Bell Laboratories, 
we offer the same proven code 
that's been subjected to intense field 
testing throughout the world for over 
five years. In fact , thousands of 
successful installations attest to the 
quality of the UNIX OS. 

Finally, 
a standard you 
can depend on. 
In addition to the XENIX-11 OS, 

Microsoft is also transporting the 
XENIX system to run on all new 
16-bit micros. That means the 
XENIX system will define the stan
dard operating system environment 
in the 1980's. 

Which will in turn make it as popu
lar as the lightbulb. Because now, 
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you and your software can stay with 
the XENIX OS, even after moving to 
new 16-bit hardware. 

Very ingenious. 

Solid support from 
the experts. 

Best of all , the XENIX OS is 
brought to you by Microsoft, the 
leading innovator in quality system 
software. We believe in full support 
for our customers, no matter how 
much perspiration we expend in the 
process. 

That explains our long-term 
commitment to keep the XENIX OS 
state-of-the-art. And our obligation 
to pass each advancement on to 
our customers through periodic 
improvements and updates. 

Because as Thomas Edison 
might have said , "No one stays on 
the forefront of technology by taking 
a back seat to progress ." 

An object license for the XENIX-11 
OS is available to single-copy buyers 
or OE Ms for a very reasonable 
price. For more information , contact 
Microsoft or your local Microsoft 
dealer. 

Microsoft 
10800 NE Eighth , Suite 819 
Bellevue, WA 98004 
206-455-8080 
Telex 328945 

Vector Microsoft 
Research Park 
B3030 Leuven 
Belgium 
016-20-24-96 
Telex26202 

ASCII Microsoft 
102 Plasada 
3-16-14 M1nam1Aoyama 
M1nato-ku 
Tokyo 107, Japan 
03-403-2120 Telex 2426875 

We set the standard. 

MllCIOSOFf 
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power supplies 

OPEN-FRAME SUPPLY. The SOLV45 power 
supply provides voltage and current outputs 
ranging from sv at 9.0A to 48V at 1 .SA, with 
optional overvoltage protection. Line and load 
regulation are 0.1 percent over a temperature 
range of 0° to 55°C. The unit measures 4.88 x 
7 x 2.88 in . and sells for $52 in quantities of 
250. Elpac Power Systems, Santa Ana, 
Calif. Circle No 289 

PLUG-IN AC POWER CONDITIONER. The 
model 300 AC power conditioner, designed for 
electronic devices that use µp and other 
semiconductor circu itry , incorporates a 

wal l-socket-type fixtu re, so that equipment 
can simply be plugged in. The device enables 
any 11 7-VAC wall outlet to be converted into a 
dedicated line. The model 300 clamps 
high-energy transients and fi lters RFI from the 
AC line. Status is continuously monitored by 
an LED. Price is $135 . MCG, Deer Park, N.Y. 

Circle No 290 

WIDE-RANGE DC SUPPLY. The Series 9N 
Rev c Superswitcher provides an output 
selection range of 2 to 1 2 voe at so to 200A 
and strap-selectable AC inputs of 90 to 132 
VAC or 180 to 264 VAC, or 165 to 230 VAC, 47 
to 440 HZ. Other features include brownout 
settings of 85 or 160 VAC, 30-msec. holdup, a 
power-fail module option , a logic high/low 
option, UL-CSA-IEC and VOE safety design, 
improved overvoltage protection stability and 
failsafe temote sense. Line regulation is 0.1 
percent or 5 mv (whichever is greater) for a 
+ 10- to - 20-percent line change; load 
regulation is 0.2 percent or 1 o mv (whichever 
is greater) for a o- to 1 oo-percent load 
change. Prices in quantities of 1 oo start at 
$495 . Powertec, Inc., Chatsworth , Calif. 

Circle No 291 
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QUAD-OUTPUT OPEN-FRAME SUPPLY. 
The MPS140W-CP532 open-frame power 
supply, designed for use with µps, has four 
outputs, providing ± 5 voe at o.5A or 1 SA or 
± 1 2 voe at 3.4A or 25A. Input is 11 5 or 230 
VAC, ± 1 o percent, 4 7 to 440 HZ. Line 
regulation is 0.02 percent for a 1 a-percent 
input change ; load regulation is 0.02 percent 
for a so-percent load change. Maximum 
output ripple is 3.o mv peak to peak. Price is 
$149 in quantities of one to nine. Condor, 
Inc., Camarillo, Calif. Circle No 292 

SWITCHING DC SUPPLIES. The sws 751 
line of industrial and commercial switching 
power supplies is available in five models, 
providing 5, 12, 15, 24 and 28 voe from 20 to 
1 50 A. The 750W units, which run on a 
230-VAC, single-phase input, have built-in 
fans and efficiencies as high as 80 percent. 
The sws 751 power supplies sell for $695. 
Standard Power, Inc., Santa Ana, Calif. 
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Line Printers for End Users 
and System Integrators 
Improves Profit* 

* Volume discounts 
* Dataproducts Technology 
* 30-503 savings r------------------------------* 125-1800 LPM 
* 30-day delivery 
* Nationwide service 
* Over 50 Interfaces and Controllers 

to choose from 
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To: BDS Computer Corporation 
1120 Crane Street 
Menlo Park, CA 94025 
(415) 326-2115 
TWX 9103732005 (BOS MNPK) 

MMSl2 

The Computer System I Use _______ _ 

Name---------------

Title _______________ _ 

Company _____________ _ 

StreeL----------------

City _______ State ___ Zip. __ _ 

Telephone ( ______ Ext. ___ _ 
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design aids 
MICROCOMPUTER DEVELOPMENT SYS
TEM. Designed to support the 1002, 1804, 
z00 , 0000, 8085, 8048,6800,6809and6502 
microprocessors, the H800 development 
system includes intelligent peripheral control
lers , memory-management hardware , a 
real-time clock, real-time emulators and a 

logic analyzer. Other features include an 
integral CRT display, a power supply and card 
cage with an s-1 oo bus , a universal PROM 
programmer and a detached keyboard with 
system function keys. The H800's dual 
double-density floppy-disk drives store as 
much as 1 M byte of data. Software includes a 
disk operating system with a file utility 
package, a screen editor, a relocatable 
macro-assembler, high-level languages and 

Just connect two wires 
and print what you see 

182 

The Axiom EX-850 Video Printer is 
uniquely different because it requires 
absolutely no hardware or software 
interface. Instead, it connects to the 
standard video input of your CRT 
terminal , video monitor or TV set . 
You can even select normal or high 
resolution , and positive or negative 
image. 

Because the EX-850 operates from 

the video signal, it prints exactly 
what you see on the screen. It 
handles a news headline in Greek or 
a street map of Tokyo just as easily 
as it prints English alphanumerics 
and graphics. 

No doubt about it, the EX-850 is 
the ultimate in simplicity. The price 
is amazingly low, too. Just $1250. 
Even less in OEM quantities. 

AXIOM CORPORATION 

5932 San Fernando Road, Glendale, CA 91202 
{213) 245-9244 • TWX: 910-497-2283 
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up- and down-loading capability. An in-circuit 
symbolic debugger provides real-time 
execution and includes a disassembler and 
patch assembler. Price is $16,995. Hughes 
Solid State Products Division, Newport 
Beach, Calif. Circle No 294 

EMULATOR BOARD. The User 
System Emulator (USE) board enables a user 
to extend EXORmacs development-system 
resources into his target system, providing a 
connection between the user's non-debugged 
hardware/software system and the diagnostic 
facilities within the EXORmacs. These include 
the MACSbug debugger, the SYMbug symbolic 
debugger, file management and memory 
storage. The MC68000 User System Emulator 
consists of a USE control module, a USE buffer 
box and an interface cable. Price is $1500 in 
single-unit quantities. Motorola Semicon
ductor Products, Inc., Phoenix, Ariz. 
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portable EPROM programmer, designed to 
program Intel 2704, 2708, 2758, 2716 and 
2732 as well as Tl 2708, 2516 and 2532 
PROMS or their equivalents, includes 16K 
bytes of RAM, a Z80 microprocessor, a 
16-digit, seven-segment LED display and a 
keyboard with command and 20 data keys. 
The PROM type to be programmed is selected 
by setting two slide switches. A zero
insertion-force socket enables easy chip 
insertion and removal. The unit can load the 
contents of a master ROM into a RAM buffer, 
program the contents of the RAM into EPROM, 
display content of the EPROM or RAM, 
block-update the RAM and block-transfer data 
between RAM sections. Users can execute or 
debug programs in Z80 or 8080 machine 
code, display the contents of registers, update 
register contents and designate as many as 
two breakpoints. Price is $1595. Energy 
Electronic Products Corp., Los Angeles , 
Calif. Circle No 296 
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STBONG WORDS. 

Make it to the top on the 
strength of your words. All 
you need is the right word 

processing system. 

That system 
is WORD-11. It's 
powerful. Sophisticated. 
Responsive. And surprisingly . . 
mexpens1ve. 

It's designed for DEC's 
family of mini- computers. 
It's flexible, available on 
several operating systems, 
including RSTS/ E and 
RSX-llM. It's talented, 
sharable, and supports a 
system of up to 50 terminals. 
And it runs concurrently 
with data processing. 

Overseas Disiributors: 

Managemenl lnforma1ion Services PTY. LTD. Jenson LTD. 
Melbourne, Auslralia Bris!ol, England 

WOBD WORD 
II II 

10 

hero 9 

stud 8 

junior 6 

sissy 5 

clown .. 

But most important, 
it's proven. In hundreds of 
banks, universities and 
Fortune 500 companies, 
WORD-11 has been working 
hard for years. 

So write for our brochure. 
Or ring our bell, at (714) 
993-41 ()(), 

Data Processing Design, 
Inc., Corporate Office; 181 
W. Orangethorpe Ave., Suite 
F, Placentia, CA 92670. 
(714)993-41()(). Telex 182-278. 
New York Office: 420 Lex
ington, Suite 647, New York, 
NY 10170. (212) 687-0104. 

Take our WORD f or it 

Data Processing Design, Inc. 

AUTHORIZE D~nmno~o~OMPU TE R DISTRIBUTOR 

Ne/work Computer Services PTY. LTD. Sys1ime LTD. 
Sydney, Aus1ralia Leeds, England 
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design aids ers. The 23,4- x 51,4-in. board plugs directly into 
8751 /8051 /8031 sockets and has on-board 
sockets for 2716 or 2732 EPROMs, which 
substitute for 8051 /8751 on-chip memory 
during prototype development. A bond-out 
version of the 8051 chip, identical to the 8051 
except that on-chip memory bus lines are 
accessed through additional package leads, 
lets the EM-51 EPROM replace the 8751 
on-chip EPROM while freeing the 1/0 ports for 

8051 EMULATION BOARD. The EM-51 
emulation board is a functional and electrical 
equivalent of the 8751 EPROM microcomput
er, a member of the vendor's HMOS 8051 
family of 12-MHZ microcomputers. The EM-51 
also can be used to develop prototypes 
calling for the 8051 and 8031 microcomput-

184 

The Disk Controller With More Punch 
For Users of Perkin-Elmer 32-Bit Minis. 

Includes the Perkin-Elmer 7/ 32, 8/ 32, 3220 or 3240's. DIVA can give you storage 
capabilities that will satisfy you on two big counts: price and performance. 

COMPARISON: DIVA Computroller V Perkin-Elmer Controller 
Intelligence: Yes No 

7 Byte Error Correction: Both header and data None 

Formatting Speed: 8 Minutes 8 Hours 
(e.g. 300 Mbyte Disc Pack) 

675 Mbyte Disc Yes No 

Drives: 8/Per 4/ Per 

Buffering : Full FIFO No 

Mix/Match Disc Drives: Yes No 

Data-L.ates: No Must Start Over 

CPU Space: One B or E Selch Two I/O's 

Construction: Multiwire PC 

For more information. write or call us. 
607 Industrial Way West, Eatontown, New Jersey 07724 Tel: (201 ) 544-9000 

Perkin-Elmer or Interdata, 
we can help you store data 

better and faster. 
With one easy piece. 
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operation with peripheral circuitry. The EM-51 
can be powered from the prototype 8051 
socket, an external 5V supply or both. Price is 
$950. Intel Corp., Hillsboro, Ore . 

Circle No 297 
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UNIVERSAL DEVELOPMENT SYSTEM. 
EZ·PRO, a modular universal development 
system for bit-slice or fixed-word-length 
processors, incorporates a multiprocessor 
architecture, which is said to achieve high 
performance at a price significantly lower than 
that of systems having similar performance. 
The system can accommodate microprogram 
word lengths of 1 28 bits and depths of 2K 
words. With a shorter microprogram word , as 
many as SK words can be accommodated. 
Memory cycle times are better than 60 nsec. 
Both ECL and TIL PROM-programmer modules 
are available for programming or reading as 
many as eight PROMS at a time . In-circuit 
emulators are available for the 2650, 6502, 
6800, 6802, 6808, 6809, soao, 8085A/A-2 and 
zao and for four members of the 3870 family. 
Price for a typical fixed-word-length system is 
$8485; prices for bit-slice systems range from 
$11 ,335 for a 16-bit system to $26,aoo for a 
12a-bit system. American Automation, 
Tustin, Calif. Circle No 298 

UNIVERSAL DEVELOPMENT STATION. 
The Phoenix 1 universal microprocessor 
development station supports software 
development for more than 30 µps, including 
the AMI s2000, s2200 and s2300 families ; the 
6800 family ; the 9900 family ; the aoaoA family; 
and the zao , 6502 and 2650 µps. Included in 
the system are a CPU with 48K bytes of RAM, a 
12-in. CRT, a full ASCII keyboard and keypad, 
three 51-4-in. floppy-disk drives with a total 
capacity of 306K bytes , two RS232C 
interfaces, the Pascal-based AMIX executive 
operating system and assemblers for the 
52000, 52200, 6800 and 9900 µps. AMIX 
includes a screen-oriented editor called 
EDWARD, which is used for every supported 
µp, and utilities. The Phoenix sells for $5495. 
American Microsystems, Inc., Santa Clara, 
Calif. Circle No 299 
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University Basic ROM kit. 
Now available for TM990/189 module. 

On-board. Or off. 
We've added another option to our 
TM990/189 University Module. Now, in 
addition to the I/O and RAM expansion 
kits previously offered, you can buy the 
TM990/189-1 module with a University 
Basic ROM kit on-board, and get new 
hardware features , too. Features like: 
• lK byte of extra RAM 
• Asynchronous communication port 
• Off-board CRU expansion 
All for the attractive price of $399*. 

With the TM990/469 Basic ROM kit, 
standard 189 modules provide "hands
on" training for students and engineers 
who want to learn a high-level language 
like Power Basic. The kit also supports 
a subset of the Power Basic commands 
and statements including SAVE and 
LOAD. Unique color commands such as 
TONE, COLOR, PATTERN and 
SPRITE work with Tl's TMS9918 
Video Display Processor. Another fea
ture is the ability to access assembly 

language routines from the University 
Basic programs. 

When purchased separately, the 
ROM kit costs only $110*. 

Of course, the standard TM990/189 is 
still available. And, it's still your best 
ticket into the microprocessor world. 
For maximum hands-on experience. 
For ease and simplicity of learning and 
teaching about microprocessors , hard
ware, and assembly language. 

Outstanding features for the stan
dard fully assembled TM990/189 stand
alone learning tool include: 
• Powerful 16-bit microprocessor with 

minicomputer instruction set. 
• 45-key alphanumeric keyboard and 

10-digit, 7-segment display for easy 
assembly language programming. 

• ROM-resident software 
• Audio cassette interface 
• Easy-to-add EIA and TTY interface 
• lK byte RAM expandable to 2K 

• 4K byte ROM and 2K byte expansion 
EPROM socket. 

• 16-bit programmable I/O controller. 
• User addressable LEDs and sound 

indicator. 

A 570-page tutorial text accompa
nies the TM990/189. It's a detailed 
guide for self-paced learning. Or, the 
basis for a three-hour university 
course. Also with the module: a 300-
page user's guide. 

The TM990/189 complete with tuto
rial text and user's guide is only $299*. 

Order your University Module from 
an authorized TI distributor. For more 
information, send for a 
free copy of our newly re
vised brochure, CL-423B. 
Write to Texas Instru
ments Incorporated, P. 0. 
Box 1443, MIS 6404, 
Houston, Texas 77001. 

Fifty Years 
of 

Innovation 

~ 
TEXAS INSTRUMENTS 

·u.s. price , subject to change without notice 
© 1980 Texas Instruments Incorporated IN C ORPORAT ED 
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Real-time? 

Don't let an operating system 
get in the way. 

Some real-time programmers rely on 
a standard operating system to run their 
application . And they pay the price of an 
inflexible system that performs protocols 
someone else might need , but they don't. 

Other real-time programmers write 
their own executive. And they pay the price 
of writing it (and rewriting it, and rewriting it) . 

There is a speedier alternative: 
polyFORTH!"' polyFORTH is ideal for 
process control or data acquisition appli
cations because it eliminates the need for a 

FORTH.Inc. + 

separate operating system or executive. Yet 
polyFORTH is a high-level , interactive, 
multiprogrammed, multi-user language, 
with full editor and assembler capabilities. 

So, you ask: "How can it run 
without an operating system?" 

For the full story, you 'll have to call 
us. But in a word : Fast. 

For information, call: 

213/372 -8493 

2309 Pacific Coast Highway 
Hermosa Beach , California 90254 

(213) 372-8493 

TWX 910-344-6408 (FORTH INC HMBH) 
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New 1111ware 

PASCAL COMPILER. HA-PASCAL./1, aimed at 
the OEM industrial market, supports the 
functions of PL./M-like compilers, but with 
Pascal Syntax. Intended for coding programs 
for typical process-control and controller 
applications, the compiler includes port 1/0 

support, 32-bit arithmetic , access to memory 
by byte or word , calls to assembler routines , 
Pascal control structures and provision for 
interrupts or real-time operations . The 
compiler runs under HA-SP/6aooo or 
HA-SP/zaooo operating systems, and pro
duces code that can run stand-alone. Single 
end-user price is $400. Hemenway 
Associates, Inc., Boston, Mass. 

Circle No 300 

µ.P ASSEMBLERS. These assemblers for 
the Zilog zaooo and Motorola M6BOOO µ.ps 
provide multi-user support, relocation 
capability, cross-reference , macro definitions, 
conditional assembly and subroutine librarian. 
The assemblers run on the vendor's LIMOS 
line of universal µ.p development systems, 
and they can be purchased separately for use 
on any DEC PDP-11- or VAX-compatible 
computers. The assemblers support RT-11, 
RSX-11 ' RSTS, IAS and VMS operating 
systems. Prices start at $1200 in quantities of 
three or more. Boston Systems Office, 
Waltham, Mass. Circle No 301 

FINANCIAL ACCOUNTING. The Software 
Fitness Program, written in COBOL, runs on 
zao-based µ.ps under the OASIS operating 
system. Designed for small-business users, 
the package includes sales order processing, 
accounts receivable with billing and sales 
analysis, accounts payable, general ledger, 
inventory, payroll and job cost. The 
applications run on single- or multi-user 
systems supporting disk and diskette 
storage. Other features include open item and 
balance forward accounting; LIFO, FIFO and 
average-cost methods of inventory valuation; 
single or multiple company processing; 
revenue and expense accounting by job or 
phase; and a report generator for financial 
statements. The user can set interface 
switches to control the complexity of 
accounting interactions. Open Systems, Inc., 
Minneapolis, Minn. Circle No 302 

RELOCATABLE ASSEMBLERS. M68 for 
Motorola's 6800, and M1 a for RCA's 1 ao2, are 
relocatable assemblers that run on CP/M
based systems. Each assembler has a macro 
and conditional assembly syntax and 
generates a Microsoft-compatible relocatable 
object file. The format allows relocation of 
a-bit expressions. Each package includes a 

MINI-MICRO SYSTEMS/December 1980 

relocatable linking loader and a library 
manager. M68 and M1 a are available on 
diskettes for $425. Systems Consultants, 
Inc., San Diego, Calif. Circle No 303 

DEVELOPMENT SOFTWARE. The System-
3870 cross-assembler enables any CP/M 
system to serve as a development station for 
the Fairchild FB/3870 single-chip processors. 
The package includes a macro-assembler, an 
interactive editor/assembler and a text editor. 
The assemblers support instruction mnemon
ics and syntax defined by Fairchild , the chip 
manufacturer. The macro assembler includes 
macro and conditional assembly features and 
the ability to chain a series of source files 
together during a single assembly. Programs 
developed under this system must be 
off-loaded to the target processor for test. 
Facilities are provided to implement the 
off-loading mechanism as a direct transfer 
from memory. System-3870 is available on 
diskette for $150. Allen Ashley, Pasadena, 
Calif. Circle No 304 

COMMAND PROCESSOR. The Plato 
command processor facility for the Plato data 
analysis and forecasting system allows 
non-programmers to develop interactive 
forecasting, modeling, planning or reporting 
systems. The command processor features 
include terminal 1/0, command tracing, 
argument substitution, full arithmetic abilities, 
table lookup, character manipulation, nested 
calls and error handling. The data analysis 
and forecasting system also includes a data 
base facility , terminal graphics and a report 
generator. Plato, written in a machine
independent subset of FORTRAN, runs on DEC 
1 o, DEC 20, Prime 350 (and up) and IBM 
mainframe computers. OR/MS Dialogue, 
Inc., New York, N.Y. Circle No 305 

REMOTE BATCH EMULATOR. With the 
remote batch terminal emulator (RBTE), zao 
µ.cs can emulate IBM 3780, 2780, 2770, 3741 
or 2968 remote batch terminals, to transfer 
data files to and from mainframe computers or 
other remote batch terminals using the binary 
synchronous protocol at data rates as high as 
19.2K baud. Features include hardware 
diagnostics, on-line communication trace, 
attended and unattended operation and user 
customization. RBTE runs under the OASIS 
operating system ana CP/M as well as several 
custom vendor operating systems using the 
Zilog zao µ.p. Price is $500 for a single-user 
license, with OEM and dealer discounts 
available. Winterhalter & Associates, 
Dexter, Mich. Circle No 306 

MTI stocb 'em all 
for faster delivery. 
No hidden charges. Prices include delivery. 
VISA and MasterCard orders accepted . 

VIDEO TERMINALS 
MTI Lease Price 
price 12 ma. 24 ma. 36 ma. 

VT100 .... ...•.... $ 1695 S 92 $90 $85 
VT1 32 ............. 2295 110 1 05 100 
ADM-3A ...•....... • 55 45 40 
ADM-3A+ .......... * 65 60 55 
ADM-31 .........••. * 75 70 65 
ADM-42 ........ .•.. * 100 90 85 
1410 (Hazeltine) 825 50 45 40 
1420 ··············••·· 895 60 55 50 
1421 •·•·•···········•· 895 60 55 50 
1500 •...•. ............ 1 045 70 65 60 
1510 .......... - ..... 1145 75 70 65 
1520 ········•···•··•· 1395 90 85 80 
1552 •···••·••·····•·· 1350 85 80 75 

300 BAUD TELEPRINTERS 
LA34-DA .......•... 1045 55 50 45 
LA34-AA ........... 1295 66 61 55 
LA36 ................ N.A. 95 90 85 
Teletype4310 .•.. 1085 60 55 50 
Teletype 4320 ..•. 1225 65 60 52 
Diablo 1640RO 3085 145 135 125 
Diablo 1640KSR3285 160 150 135 
Diablo 1650RO 3185 150 140 130 
Diablo 1650KSR3385 185 175 165 
Diablo 630R0 .... 2295 125 120 115 
Tl 743 ............... . 1190 65 60 55 
Tl 745 ..............•. 1585 78 73 68 
Tl 763 ......•..••..... 2690 115 110 105 
Tl 765 ................ 2895 130 125 120 
(600 baud) 
Tl 825R0 ... ........ 1565 75 70 65 
Tl 825KSR ....•.... 1645 85 80 75 
Tl 825RO Pkg-.. 1750 85 80 75 
Tl 825KSR Pkg. 1895 98 95 85 

1200 BAUD TELEPRINTERS 
LA120.AA ....... 2410 135 125 110 
LA180 ............... 2195 115 110 99 
Tl 783 .........•..... 1745 95 90 85 
Tl 785 ............... 2395 130 125 120 
Tl 787 ........ .. .•... 2845 155 145 135 
Tl 8 10RO ...•..... 1800 105 90 85 
Tl 810RO Pkg .... 2047 115 110 105 
Tl 820KSR ........ 1895 95 90 85 
Tl 820RO ......... 1895 90 85 80 
Tl 820KSR Pkg. 1995 105 100 95 
Tl 820RO Pkg. 2047 95 90 85 
(2400 baud) I 
Dataprod. M200 2595 150 135 125 

DATAPRODUCTS LINE PRINTERS 
8300 (300LPM) 5535 322 317 312 
8600 (600LPM) 6861 393 388 383 
2230 (300LPM) 7723 * • * 
2260 (600LPM) 9614 • 
2290 (900LPM) 12655 * 

ACOUSTIC COUPLERS 
A/J A242-A •...... 242 15 13 12 
A/J247 ............ .. 315 15 14 13 
A/J AD342 .... ..... 395 20 18 16 
A/J 1234 (Vadic) 895 50 45 40 
A/J 1245 .........•.. 695 45 40 35 

MODEMS 
GDC 103A3 ..... ... 3951 25 24 23 
GDC 2025/T ........ 565 42 41 40 
GDC 212-A ......... 850 50 45 40 
A/J 1256 (Vadic) 825 50 45 40 

CASSETTE STORAGE SYSTEMS 
Techtran 816 ..... 1050 70 65 60 
Techtran 817 ..... 1295 80 75 70 
Techtran 818 ..... 1795 105 95 85 
Techtran 822 ..... 2295 140 130 120 
MFE 5000 ......... 1495 100 95 90 

FLOPPY DISK SYSTEMS 
Techtran950 .... 13951100 90 85 
Techtran951 .... 1995 125 115 105 
•Please call for quote. 

Applications Specialists & Distributors 
Great Neck New York/Cleveland Ohio. 
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the fastest 
Disc Controller 

you can get is also 
• Designed for exceptional reliability 
• Priced to fit lean budgets 
• The first with a Lifetime Guarantee 
•And more ... 
Capable of controlling up to four Storage Module Interface Disc 
Drives in any combination, the Model N6010 Disc controller fits 
all Data General NOVA, Eclipse, and DG-emulating computers. 
You get a transfer rate of 1209K Bytes per second, overlap 
seek, ADOS*, BLISS**, and IRIS*** compatibility, 32-bit ECC 
error code, a self-contained format routine ... all on a single 
embedded controller. It's new from Quentin Research, Inc., 
19355 Business Center Drive, Northridge, California 91324. 
Our telephone number is (213} 701-1006. 

SEND FOR COMPLETE INFORMATION 
Trade Names of: 
•oata General Corporation 

.. IPI Corporation 
•••Educational Data Systems, Inc. 
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Cahners Publishing Company 
Cahners Magazine Division 
publishes the following 
business magazines and 
directories: 
• Appliance Manufacturer 
• Brick & Clay Record 
• Building Design & 

Construction 
• Building Supply News 
• Ceramic Industry 
• Ceramic Data Book 
• Construction Equipment 
• Construction Equipment 

Maintenance 

• Design News 
• Design News Directories 

• EON 
• Electro-Optical Systems 

Design 

• Electronic Business 
• Electronic Packaging & 

Production 
• Foodservice Distribution 

Sales 

• Foodservice Equipment 
Specialist 

• Institutions 
• Mini-Micro Systems 
• Modern Materials 

Handling 
• Modern Railroads 
• Package Engineering 
• Plastics World 
• Professional Builder/ 

Apartment Business 
• Purchasing 
• Security Distributing & 

Marketing 

• Security World 
• Semi -Conductor International 

• Service World International 
• Specifying Engineer 
• Traffic Management 
• U.S. Industrial Directory 
The Cahners Exposition Group 
is the largest producer, 
operator and manager of trade 
and consumer shows in the 
world . . . with 67 shows, 
3,300,000 square feet of 
exhibition space and total annual 
attendance of over three million . 

CAHNERS PUBLISHING COMPANY 
221 Columbus Avenue Boston, MA 02116 617/536-7780 

Ila• lallwara 

PASCAL COMPILER. The AMI-Pascal 
compiler runs on the Intel MOS, Motorola 
Exorciser, Tl 990/4, Tektronix 8002A and the 
AMI Phoenix 1 development station, under the 
AMIX operating system. It includes extensions 
for business programming and system-level 
work. Separate modules written in assembly 
language or FORTRAN-77 can be linked with 
AMI-Pascal programs. The compiler produces 
threaded code for use with the resident 
run-time library of the AMIX system. It can be 
used as a system implementation language 
for algorithm design and debugging. 
AMI-Pascal requires a 48K-byte memory, dual 
floppy disks and a CRT terminal on the host 
system. The price for the AMI-Pascal floppy 
diskette is $275, including a reference manual 
and six months of software maintenance. 
American Microsystems, Inc., Santa Clara, 
Calif. Circle No 307 

TERMINAL EMULATOR. An emulation 
package enables Naked Mini computers to 
function as remote job-entry terminals to any 
host computer that supports IBM 2770, 2780 
or 3780 protocols. Operating under binary 
synchronous communications protocol, the 
software makes NM4-based systems appear 
to a host computer as either an IBM 2770, 
2780 or 3780 remote batch terminal. By 
emulating the data-transmission protocols of 
IBM terminals, the Naked Mini provides 
network compatibility and local processing; 
the IBM terminals do not perform computing 
functions. The emulators execute under the 
NM4 real-time executive on NM4/1 o, 4/30, 
4/90 and 4/95 processors equipped with an 
1/0 distributor card, bisynchronous intelligent 
cable interface and an optional synchronous 
modem. The three emulators are available on 
diskette as a package with a user's manual 
for $1 ooo. Computer Automation, Irvine, 
Calif. Circle No 308 

AUTOMATED SPELLING. The WordSearch 
automated spelling system , running on 
CP/M-compatible word-processing systems, 
searches text for the occurrence of words that 
have not previously been validated and 
placed in the main word library. The system 
displays these words as a list of words or in 
context of the original text. Words not found in 
the library, but identified by a user as valid , 
are added to the library at the user's 
command. Default parameter assignments 
can be overriden at any time to achieve the 
desired result. Word libraries can be tailored 
to handle special vocabulary requirements. 
WordSearch is distributed on an 8-in . 
single-density diskette with a complete user 
manual , an initial spelling word dictionary and 
a demonstration package for $195. Key Bits, 
Inc., Miami , Fla. Circle No 309 
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• 
POWER SUPPLIES 

TOUCH SCREENS. Specifications and 
applications of 12- and 15-in. touch-screen 
digitizers are detailed in a brochure. The 
six-page, illustrated booklet also describes 
kits for installing the systems on existing 
terminals . TSO Display Products, Inc., 
Bohemia, N.Y. Circle No 311 

POWER SUPPLIES. The EMHP series of 
high-power, three-phase SCR oc power 
supplies is detailed in a brochure. The 
six-page catalog illustrates three basic sizes, 
provides specifications for 27 models and 
outlines overall features. The brochure also 
covers applications and provides outline 
dimension diagrams. Electronic Measure
ments, Inc., Neptune, N.J . Circle No 310 

EDUCATIONAL SYSTEMS & INSTRU
MENTS. Educational programs and test 
instruments for schools , industry, government 
and self-instruction are described in a catalog . 
The 40-page publication details 1 7 courses in 
electronics, microprocessors, automotive and 
computer programming. The catalog also 
includes specifications of more than 40 test 
instruments, including oscilloscopes, power 
supplies, signal generators and TV service 
instruments. Heath Co., Benton Harbor, 
Mich. Circle No 312 

ANALOG 1/0 SYSTEMS. A line of 
microcomputer analog 1/0 systems is detailed 
in an engineering manual. The 192-page 
publication describes more than 1 oo 
modules, interface boards, systems and 

The ties 
that bind. 
Nytyes by Heyco. 
Choose from the widest line of 
Self-Locking Nylon Cable Ties. 
Heyco NYTYES provid e a secure method for 
bundling cables, w ires, and hoses from 1/16" 
to 8-1 / 8" in diam eter. They ' re easily assembled by 
hand or tool and available for regular, heavy duty 
and mountable applications. Most NYTYES come 
with bent tips fo r easy insertion . U.L. recognized. 

Tie one on. Write for free samples. 
HEYMAN MANUFACTURING COMPANY 
KENILWORTH, NEW JERSEY 07033 WAUKESHA, WISCONSIN 53187 
(201) 245-2345 •TWX: 710-996-5986 (414) 542-7155 •TWX: 910-265-3668 

Call Toll-Free (800) 558-0917 except from Wisconsin 
If calling from Wisconsin use (800) 242-0985 

~· , 608 

software subroutine libraries. The guide also 
contains tutorial articles , prices, dimensions 
and applications. Data Translation, Natick, 
Mass. Circle No 313 

ELECTROLYTIC CAPACITORS. A line of 
tantalum electrolytic capacitors , intended for 
use in avionics, aerospace and other 
high-reliability applications, is described in a 
catalog . The 20-page catalog provides charts, 
diagrams and ordering information. Plessey 
Capacitors, Inc., Westlake Village, Calif. 

Circle No 314 

IBM-COMPATIBLE TERMINALS. IBM 3270-
compatible terminals, ASCII terminals , printers 
and control units are described in a brochure. 
The six-page catalog details plug-compatible 
peripherals , including magnetic-tape subsys
tems , IBM 3350-compatible disk-storage 
subsystems and IBM 1403-compatible train 
printer systems. The brochure also details a 
finance terminal and a data-entry communi
cation system. Telex Computer Products, 
Inc., Tulsa, Okla. Circle No 315 
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Use it ••• it's in y_our plant! 

1980 
U.S. 
INDUSTRIAL 
TELEPHONE/ 
ADDRESS 
DIRECTORY 
Provides addresses and 
telephone numbers for over 
40,000 listed industrial sup
pliers. Major manufacturers 
list local sales offices, 
distributors, trade names 
and toll-free numbers. 

New and improved
product announcements 

and brochures are 
encased in this easy 

reference file for your 
review. 

1980 
U.S. 
INDUSTRIAL 
PRODUCT 
DIRECTORY 
Find new, alternate or addi
tional sources. Major sup
pliers provide detailed prod
uct information, models, 
specifications. In conve
nient easy-to-use
alphabetical order by prod
uct category. 

1980 
U.S. 
INDUSTRIAL 
LITERATURE 
DIRECTORY 
Obtain valuable catalogs. 
Over 5,000 descriptive 
listings of available 
literature, available free of 
charge. Keyed to Reader 
Service card . 

1980 
U.S. 
INDUSTRIAL 
DIRECTORY 
INFO 
CARDS 
Six times a year , U.S. In
dustrial Directory provides 
these handy postage-paid 
reply card mailings to 
buyers and specifiers for 
their use in obtaining addi
tional product information. 

D.S. INDUSTRIAL DIRECTORY 
1200 Summer Street I Stamford, Connecticut 06905 I Telephone : 203-327-2450 

(fl a Cahners Publication 
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MOS MEMORY CIRCUITS. A line of 
high-reliability MOS memory circuits is 
detailed in a selection guide. The six-page 
publication covers EPROMS, RAMS, the Tl SMM 
military processed, the Tl SMC MIL-STD 833B 
vendor equivalent and the Tl SMJ MIL-STD 883 
Class e programs. The brochure also outlines 
the device screening, lot conformance 
production, test and control conditions and 
procedures of these programs. Texas 
Instruments, Inc., Dallas, Texas. 

Circle No 316 

FORMS DETACHER. The model 385 
continuous forms detacher is described in a 
brochure. The four-page bulletin explains the 
system's set-up and operation . The brochure 
also outlines standard features , options and 
specifications . Moore Business Forms, Inc., 
Glenview, Ill. Circle No 317 

TRANSACTION-DRIVEN SYSTEM. The 
TDS/64 transaction-driven system is de
scribed in a brochure . The 24-page 
publication details writing transaction pro
cessing routines, debugging, file access and 
recovery and systFJm-security features . 
Honeywell, Waltham, Mass. Circle No 318 

INTERFACE OPTOCOUPLERS. The HCPL-
3700 optocoupler, which allows AC or DC input 
signals, is described in an application note. 
The 15-page booklet introduces the basics of 
interfacing AC and DC voltages to a 
microprocessor and explains threshold 
switching systems, such as DC motor control , 
limit switch sensing, AC line monitoring and 
temperature monitoring. Hewlett-Packard 
Co., Palo Alto, Calif . Circle No 319 

I Mary 
C&TE has a secret to its service . It's Mary Caughman 

Mary and her crew literally wait for you to call lor 
microcomputer parts between 8·5 Central Time. lt"s her 

1ob to take your order for DEC°'system parts and get 
them out as fast as physically possible. And she has 

many flights a day out of Pensacola. Florida to 
accomplish her mission. You can depend on Mary 

to get your order on the first flight available. 
Give her a try . 

• Mary has parts not even the manufacturer can 
deliver. That's because C&TE carries an inventory 

you"d envy. 

• C& TE buys in big quantiles and shares the discounts 
with you . Many items are priced under manufacturer's 

list. So don"t call them, 

Call Mary (904) 434-1022 

COMPUTER '~iiiijiiiijiiiijiiiiji~iiiiiiii~~~iiiijiiiij~ ~ A TERMINAL ii 
EXCHANGE 1 14 E GregOfy Street Pensacota Fl 32501 

II•• Llll!rillUrl! 

POWER SOURCES. More than 1 20 AC-DC 
and DC-DC power sources is described in a 
catalog . The 12-page booklet includes 
information on input voltage range, output 
voltage, line and load regulation, output ripple 
and noise , temperature coefficient, operating 
and storage temperature ranges and input 
idle current. The pamphlet provides 
engineering , production and application 
information, a selection guide, a price list and 
a glossary . Reliability, Inc., Houston, Texas. 

Circle No 320 
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PLUG-IN PROXIMITY SENSORS. A line of 
plug-in proximity limit switches for program
mable controllers and general industrial 
controls is described in a bulletin . The 
six-page catalog discusses indexing head 
switches, a long range sensor and shielded 
and non-shielded tubular models. The bulletin 
also provides technical information and 
operational and wiring diagrams. Gould Inc., 
Bedford, Ohio. Circle No 321 

PRINTED-CIRCUIT CONNECTORS. A line 
of PC connectors and accessories is 
described in a catalog . The 48-page booklet 
details dip-solder, wire-wrap, round-tail and 
selectively plated PC edgeboard connectors. 
The catalog also describes two-piece 
connectors , connector blocks and a 
proprietary selective gold-plating process. 
The brochure provides charts, diagrams and 
ordering information. Viking Connectors, 
Inc., Chatsworth , Calif. Circle No 322 

TEST AND MEASUREMENT. A line of test 
and measurement instruments is described in 
a catalog. The six-page, illustrated booklet 
covers digital multimeters, thermometers, 

Inside every 

computer ... 

... there is a 

cal ibrators , dataloggers , printers , panel 
mount instrumentation , counter timers , 
comparators and load controllers. The catalog 
also details an automatic test system. United 
Systems Corp., Dayton, Ohio. 

Circle No 323 

RECORDER/REPRODUCER. The Sabre BO 
portable magnetic recorder/reproducer is 
described in a brochure. The 16-page, 
illustrated booklet details operator controls, 
standard features, servicing procedures, tape 
transport, direct and FM recording techniques 
and optional equipment. The brochure also 
includes block and dimensional diagrams and 
information on a two-year product warranty. 
Sangamo Data Recorders, Sarasota, Fla. 

Circle No 324 

DATA COMMUNICATIONS. A line of data 
communications products is detailed in a 
catalog . The 16-page brochure covers the 
Series 11 Microplexer, the Alpha Star network 
management system, the Timeplexer, the 
Lineplexer 11 and the Lineplexer Transmission 
System (LTS-1) . The catalog also describes 
applications and accessories. Timeplex, Inc., 
Rochelle Park, N.J . Circle No 3 25 

II•• Ll1ar•l•r• 

TAPES AND DISKS. A line of tape and disk 
units is described in a catalog . The eight-page 
booklet details tape transports, disk drives, 
cartridge transports, asynchronous incre
mental recorders and control units. The 
catalog also covers the model 6809 1h-in. 
Data Streamer transport , model 6450 
cartridge data system and the Series 5300 
14M- to ?OM-byte, 14-in. Winchester-disk 
drives . Kennedy Co., Monrovia, Calif . 

Circle No 326 

WHEN you NEED 

DEC.·· 
TERMINALS 

• VT-100 • VT-103 
• LA34 • LA120 

• LA180 

professional word processor 

PDP 11/03 
PDP 11/23 
SYSTEMS 

TIPS software is a practical and cost effective 
alternative to stand alone word processors. 

• easy and automatic 

• state of the art word 
processing features 

• available for ALL DG Systems 

IPTC 
1070 E. Meadow Circle, Palo Alto, Calif. 94303 

(415) 494-3211 
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LSl/11 MODULES 
Demand ... Delivery 

Demand ... Disco~~~X 
Demand ... UNITR 

o 111111111 
CORPORATION 

(201) 874-8500 
198 Route 206 • Somerville , NJ 08876 

TELEX : 833184 
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'The useable 
terminal reference:' 

Our subscribers tell us that our GML COMPUTER 
TERMINALS REVIEW is more useable than any 
other reference they have. Ours is the one they use 
daily while the others collect dust on the shelf. The 
GML difference is that our REVIEW is more current, 
complete, and above all concise .. . . Its design makes 
it easier to find facts quickly and handier to carry 
around. 

Maybe, that's why all our REVIEWS have been 
so popular for nearly 10 years with thousands of 
subscribers, such as IBM, Honeywell and Digital. 
Make use of the GML REVIEW yourself by ordering 
your subscription now. 

INFORMATION 
ON NEARLY 
900 TERMINALS 
MADE BY 
MORE THAN 
200 COMPANIES 
WORLDWIDE 

•FEATURES 
• APPLICATIONS 
•PRICES 
• SPECIFICATIONS 

r----------------------, 
Please enter my one-year subscription to COMPUTER TERMINALS 
REVIEW, including two updating revisions a year, plus free, unlimited 
telephone consultations for $175 in North America and $200 overseas. 

D Bill me D Bill my company D Check enclosed 
Purchase Order# ____ (must be included if billed later) 

Name ______ Title _____ _ 

Company ___________ _ 

Address ___________ _ 

City ________ $tate __ Zip __ 

Tel.( __ ) _____ Date _____ _ 

Signature ___________ _ 

CIRCLE NO. 113 ON INQUIRY CARD 
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HEWLETT• PACKARD 
SURPLUS 

LARGE SUPPLY OF 
TAPE DRIVES 
SYSTEMS 
MEMORY 
PARTS 

DISC DRIVES 
CPU'S 

1/0 CARDS 
COMPONENTS 

BUYI NG****SELLI NG 

(~llISIS 
(~())ll,(J'J11~1l 
-(~f)lll,_ 

2356 Walsh Ave . Santa Clara. CA 95051 1408 1 727 -0431 
For domestic and 1nternat1onal sales TWX 910-338-7330 
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,_aJRl~t Data Terminals from DASI 
TH[ 0 .... TA l[RY1NAL 

A.NO <;VSHMS PfQPL[ 

PURCHASE ANNUAL 12-MO LEASE PURCHASE ANNUAL 12-MO. LEASE 
MODEL# PRICE SERVICE W/SERVICE MODEL# PRICE SERVICE WI SERVICE 

Tl 745 $1595 $216 s 90 TTY 43 AAK $1350 $220 s 70 
Tl 765 2695 312 135 HAZELTINE 1420 950 180 62 
Tl 810 PKG 1955 312 110 GE 2030 1450 230 80 
Tl 820 PKG 2295 324 100 DIA8LO 630 2430 330 120 
DEC LA 34 1095 198 65 DIA8LO 164-0 3195 363 160 
DEC LA 120 2495 330 135 DIA8LO 1650 3295 363 165 
DEC VT 100 1795 187 95 HP 2621 A 192 80 
VISUAL 100 1595 187 80 HP 2621 P 324 150 
LSI ADM 3 850 180 50 RI XON 212A 895 82 50 
LSI 31 1370 286 75 AJ 1234/ 1256 895 82 50 
LSI 42 2095 330 105 

• Quantity discounts available • 5% Discount C 0 0 • DASI 1s nat1onw1de with nahonw1de service 
• Local stocking warehouses • Complete hne of supplies 

Corporate Offices: Cole Rd. & Camden Ave .. Blackwood. N.J. 08012 
(609) 228-0700; Toll Free (800) 257-7748. In New Jersey, (800) 232-6510. 

District Offices: Atlanta-(404) 449-5435 • Boston-(617) 769-6420 • Chlcago-(312) 967-0440 • Cteveland-(216) 
473-2131 •Dallas-(214)256-5536 • Denver-(303) 741-2922 • Detrolt-(313) 589-1409 • Houston-(713) 682-5965 
• L.A.-(213) 538-4100 • Mllwaukee-(414) 963-9008 • Mlnneapolls-(612) 854-4466 • N.J.-(201) 227-8880 
• N.Y.C.-(212) 564-9301 • Phlladelphla -(215) 667-8315 • Phoenix-(602) 263-5034 • Por1tand-(503) 644-8600 
• Rochester-(716) 377-2080 •San Antonlo-(512) 655-3274 • S.F.-(415) 872-181 1 • Seattte-(206) 251-5070 
• Wash .. D.C.-(301) 459-3377 

TWX# 510-686-2932 GSA Contract #G5-00C-02234 3-31-80 

CONTROL COMPUTER 
DMLOPMENT SYSTEM 
6800 MPU, serial 1/ 0 , 48K RAM, dual 8" 
dr ives , WIZRD multitasking DOS , ed itor. 
a ssembler, 12K BASIC, all for $3995. 

OPTIONS 
C , PL / W, PASCAL, FORTRAN , EROM pro· 
grommer. onolog 1/ 0 , poro llet 1/ 0 , 488 
GPIB interface, CMOS RAM/ battery, power 
fo il detect/ power on reset 

--.-------, Winlek Corp 

\\'I N'I' El( 1801 South Street 
lcfoyette, IN 47904 ________ _J 317-742-6428 

CIRCLE NO. 121 ON INQUIRY CARD 

DOUBLE YOUR LA36 
DECWRITER'S SPEED TO 60 CPS 

LARKS ELECTRONICS & DATA 
P 0. Box 22. Skoki e. IL 60077 

(312) 677-6080 

CIRCLE NO. 122 ON INQUIRY CARD 

Copy Deadline: Space 
reservations and adver
tising copy must be re
ceived by the 10th of the 
month preceding the 
issue date . Camera
ready mechanicals for 
display ads must be re
ceived by the 15th of the 
month preceding the is
sue date. For example, to 
appear in the February is
sue, copy must be re
ceived by January 10; me
chanicals by January 15. 
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DESKTOP RSX-11 M SYSTEMS 
t Max . # t 

Processor/Memory Disk users Backup Price 

t LSl-11 / 2 64 KB 10 megabytes 4 disk $ 12 ,000 f 
LSl-11 / 23 128 KB 10 megabytes 4 disk $ 15,000 

t LSl-11 / 2 64 KB 20 megabytes 4 tape $ 17 ,000 f 
LSl -11 / 23 128 KB 20 megabytes 4 tape $ 19 ,000 

t LSl-11 / 23 256 KB 20 megabytes 4 tape $ 21 ,500 f 
LSl-11 / 23 256 KB 20 megabytes 8 tape $ 22,000 

t Configurations include: Fast delivery , most systems in stock ; VT100 console terminal , complete t 
cabling , complete RSX-11 M manual set, media with RSX-11 M generated and ready to run on it. 30 f day warranty . f 

& Options: Additional VT100 's $ 1900 Consumes 1 user serial line . t 
' LA-120 Printer Terminal $ 2600 Consumes 1 user serial line. 
& Printronix 300 PLM Printer $ 6500 Consumes 1 user seria l line. t 
' TU58 Dual Drive Cassette $ 900 Consumes 1 user serial line. 

Fortran IV Compiler $ 400 t Fortran IV Plus Compiler $ 2700 (For 11/23 systems only .) t 
f ADVANCED COMPUTER SYSTEMS, INC. f 
, 250 Prospect Street , 
' WaJtham, Massachusetts 02154 ' t Phone: 617 ·894-3278 & 
~~~.-..~~~~~~~~~~..-..~~~~...J 

CIRCLE NO. 123 ON INQUIRY CARD 

SOFTWARE 

• 

................................ 
PCS 

Phase one was obtaining your minicom
puter . Now let PCS introduce you to 
Phase 11 . Phase 11 - Computer Systems 
specializes in NTSC-SYCOR minicomputer 
systems . PCS will Design , Program , and 
Document the system that meets your 
needs, as well as Train your personnel. All 
systems are designed utilizing ANSI 
COBOL which provides cross-machining 
compatibility , or NTSC 's TAL2000 . For 
your system proposal , contact : 

Phase II - Computer Systems, Inc., 
P.O. Box 8, Woodbridge, VA 22194 

Tel: (703) 643-1616 

CP/M COMMUNICATIONS 
Comprehensive menu driven p;ogram sup
ports links with timeshare & other CP/M 
systems. Disk buffer allocates to available 
RAM . Terminal mode feature: Session log 
to disk. File transfer modes perform auto 
disk page w/ o data loss: XON/XOFF or 
CRC 16 protocol. Supports acoustic and 
auto dialing modems. Local mode disk dir , 
rename , delete , login , console echo , con
trol display, session log. 
$250 Source $75 Object 
Free brochure on other 8080/Z80 products 
(Utilities , Subroutines , Language Systems) 
Hawkeye Grafix Phone: 213/348· 7909 
23914 Mobile• Canoga Park• 

~ .....•••.•......•...•.•..... ,_ _____ c.e_~~~----..J 

--------------------------------CLASSIFIED ADVERTISING ORDER FORM 
Mini-Micro Sys tems ' classifieds reach more mini -micro people. 

Rates; $60.00 per column inch : 
Our rates apply to both display classified and regular classified listings. 
There is no charge for typesetting regular classified listings. Plan approx
imately 50 average words to a column inch, approximately 38 characters per 
line. Please send clean, typewritten (double-spaced) copy. 
Category: The following categories are available; be sure to specify the 
category you wish to be listed under; Business Opportunities; New Literature; 
Selling, Buying, Trading; Seminars: Services: Software; Supplies & Ac
cessories. (Other categories may be employed at our discretion.) 

Run this ad in ____ (number issues) 

Ad size: col. wide by ____ inches deep. Under (category) 
Check enclosed for$ (Pre-paid orders only) 

Signature ________________________ ___ _ 

Name _____________ Title -------------

Company ___________ Telephone No.-----------

Address ________________________ ___ _ 

City _________ State _________ Zip ________ _ 

MAIL TO: Linda L. Lovett , Classified Advertising, Mini-Micro Systems, 
221 Columbus Ave., Boston, MA 02116 

-------------------------------
MINI-MICRO SYSTEMS/December 1980 

RSX-11M 
speaks DCL* 

*DIGITAL 
~ COM MANO 

~Q LANGUAGE 

•CREATE COMMANDS! 
•SAVE POOL SPACE TOO! 

MAKES RSX-11 M SIMPLE TO USE 
SAVES YOU TIME AND MONEY 

•English commands 
•l ike VAX/VMS and RSX-11 M-PLUS 
• on line help, hints, and examples 
• easy to install NO SYSGEN required 
• fully supported 
• complete documentation 
• $795, available immediately 

~x,~'V<.:o<?- ~1:i·'V"'~<?-x,\.<?-'"'" 
i~(~E~ ANDREW RUBEL & ASSOCIATES, INC. 
~ ~ 0 One Soldiers Field Park 605 
"'3~VMUOS Boston, MA 02163 (6171876·7993 

CIRCLE NO. 124 ON INQUIRY CARD 

IBM SERIES/1 
SOFTWARE PEOPLE 

Specialized design , programming , and consulting : 
contract or customized application & systems pro
gramming (EDX , PL/ I, COBOL, MTM ). Series/ 1 
system interface (between MVS and EDX system). 
MVS conversion consulting and programming , 
HASP or JES2 modilicallon . 

inforsclence " manaeement, inc. 
3770 E. Fisherville Q Q 
Downingtown , PA 19335 ~ 
Telephone: UUU 
(215) 269-9324 after 5:00 p.m. 269·8595 

............................. 
• • MICROPROCESSOR SOFTWARE 

8048 , Tl9900 . 8080/ 8085 . 6800 . 6502 . Z80. etc . 
Fo rtran IV M icroprocessor Cross Asse mblers and • 

Simul ators for atl compu ters Over 250 1nstall a11 ons • 

• on 16 b•I mint s to 60 btl maxi s {ove r 25 different • 

• manufactu rers) Fea tures include mac ros cond1 · • • • 11ona1 asse m bly c ross refe rence tables et c Most • 

• assem ble rs are reloc ala ble and inc lude li nkmg • 

• load ers Fo r more 1n fo rmat1on con tact Microtec. • 

• P.O. Bo• 60337. Sunnyvale. CA 94088, (408) 733-2919. . •..•........•..•.....•.•.•... 
PROJECT MANAGERS 

AND ENGINEERS 
If you need a fast . fl ex ible . eff1 c1ent. low·cost tool 
for managing proi ec ts. 1f you need results 1n 
minutes " nstead o f hours or days. you need 
MicroPERT (tm) 

M1croPERT (Im) Proiec t Management System 
offers feature s unparall el 1n its price range. 
including : 

Over 200 graphic output option s 1nc lud1ng Net · 
work Diagrams. Gantt . Manpower. Resource & 
Cost charts on a vari ety of graphi c output 
devices. 

Over 45 report output opt ions incl uding Event . 
Activ1tly . Manpower & Resource sc hedules . Cost 
detail & summary reports & exception reports for 
most categories on a variet y of output devices. 

M1croPERT (Im) 1s available for purchase or ren· 
tal . in disk & tape-based versions for Tektronix 
4050 series (desktop) Graphics Computers from : 

SHEPPARD SOFTWARE COMPANY 
1523 Coronach Ave. 

Sunnyvale, CA 94087 
(408) 733-8651 
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If you want to improve your 
company's effectiveness in 
RECRUITING ENGINEERS AND 
COMPUTER PROFESSIONALS ... 

RECRUITING 
ENGINEERS and COMPUTER PROFESSIONALS 

c~~Cort'(JMVIPOEb 716/Blld.BayAme•IBolltoi. M~tl.8021171617 536 7780 

Thf' '"'•cf' monthly 'Vews/efl1tr For Recru11mg Proteu1ona1s 

SYNFUELS Will CREATE TURMOIL, BOOM IN RECRUITING WORLD 
The S21 bUllon crHll U.S. srntllellc luels program wlll crHI• drama lie uphH~•I on the 
technical recru11mo scene Prel!m1n11y manpowe1 est1ma1es d1!ter from :source to source but 
they ag1ee on one point - supplying the 25 10 40 percenl ol ou1 01esenl laoor l::>rce tnat 1ne 
pro1ect requires w1 nec@ss1tate mass1Ye red1slf1buhons ol manpower 

Some 870,000 p•olJI• wlll be nHded to '''ch CongrHs ' pro/acted goefol 15 m lhon oarre1s per 
day by 1990. accor:lmg to Enon Company president Ra.ndall Meyer Of these 480.000 will wo1k 
m mining 1e1ate<:I act1v1t1es and 390.000 m lhe synlueis p1ocess1ng plants During pe1k 
development years. add 250.000 more 1n conslluchon and 8400 1n design eng+neer1ng That 
translates over the next 30 yea1s 1nl:i a 36 percenl 1nc1ease 1n design eng1neer·ng spec1al11es 
32 pe1cent 1n 1he processing 1ndus1ry. 60 pe1cen1 111 m1n1ng 1obs and 15 percen: m cons1ruct1on 

Delays to date may push back completion time 10 1992. says Dana lee ol lhe Fluor 
Co1001at1on but the manpower l+gures remain the same - 40 pe1cent o! companies 
personne1 and plant now devoted to process engmeering 

Or Jerry Sinor ot tne Pace Company Consultants and Engineers estimated that the S7 b1ll1on 
annual p1og11m w1111eou11e 12.000 professional employees More than one 1n every tour 
protess1onals now m related mdus111es will be diverted to the program over the next 15 years 
Accora1ng to Sinor only aDOut 21 firms nallonw1de possess lhe capacity to un:lerlake a 
program ol that magnitude. bu! smaller !11ms may vie tor jo!nl·venlure cont1acts to supplement 
ava•lab1e capab1h1y and tore1gn engineering l11ms may also get into tne act In S•nofs v•ew lhe 
numbers seem manageable. cons1oermg the time available to train or retrain people. bu1 
001a•n1ng 1ne des+red management capab1hly may not be as easy 

Ale1 Log..,1nuk d11ector ol llcenseo tecnnology 101 Pullman Kellogg. estimates 10111 manhou1s 
to11ne pr~ram at sox to l8m1lllonpe1 year. but said that only 1010 12contractors in the 
couMry could manage 11'1at volume ot work He did 1uggest that subleHmg some ot the 
eng1nee11ng Nork to sm111er contractors could ease lhe pinch some..,h1t However. he w11ned 

Should our government tor re1sons of nat1on1I security or balance ol lrade cons1derahons 
decide 1n double or 111ple lh1s capacity by tne end of this century I hen we would indeed be 
t1ced w1!h a serious engmecrmg manpowe1 pmch 

CE Lumm•s Associates needs 800 technical professionals almost 1mmed•a1e1y. according to 
spo~esman !rw1n Lummis He es11mates the pr~ram s impact on his contracting firm to be a 
30 10 •O pe1cent increase in stalltrg m tne next two years The company now employs 30CIC> m 

TABLE OF CONTENTS 
B"''sr.1n111n1efS*'lM+Omo"9r.ere 
Sa•a••es 101 r~cru.1er'S tampered 
f p~ ror 'Sutr;e'S:Slul ld•••l•Song 
N1nQrl!r.•u<1sonB051anl-4arbO• 
E"'l'""t]r 0ngaeg•""S'eapr.1onoa1 
,.._ .. ,,..fJu'S •e<".r,,,1meM~tneau1es1•grl 

I'<.,'"' D• StWT\1,.dl<On 
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You need the twice monthly newsletter from Cahners 
Publishing - the first advisory to report and interpret 
strategies, techniques and opportunities for recruiting 
professionals . 

Only from the pages of this newsletter will you find out 
which advertising campaigns are working and which 
agencies have the best track records . And you will get 
the results of current surveys of cities where engineers 
are concentrated to keep you posted on availability, 
salaries by job title , cost-of-living factors. 

NO·RISK CHARTER SUBSCRIPTION OFFER 
Examine the next four issues of RECRUITING 
ENGINEERS AND COMPUTER PROFESSIONALS. 
Then, if you wish to cancel , simply let us know and you 
will owe nothing . The Charter Rate of $145 a year will 
not be available much longer (regular price $195), so we 
urge you to act now. If you include payment with your 
order, you will receive, at no extra charge, a copy of 
each back issue published to date. The same no-risk of
fer will still hold and we will refund your money if you 
are not completely satisfied. 

RECRUITING ENGINEERS AND 
COMPUTER PROFESSIONALS 
P.O. Box 716, Back Bay Annex, 
Boston, Massachusetts 02117 

Please enter my Charter Subscription for 24 issues of 

RECRUITING ENGINEERS AND COMPUTER PROFESSIONALS 
at $145 (regular rate $195). I may cancel after receiving 4 issues and will owe nothing. 

D Payment enclosed .. 
money-back if cancel after 4 
issues. All back issues will be sent 
if payment accompanies order. 

D Bill me at the address below. 

Mail this coupon to: 
RECRUITING ENGINEERS AND 
COMPUTER PROFESSIONALS 
P.O. Box 716, Back Bay Annex , 
Boston, MA 02117 

NAME _________ TITLE---------

COMPANY ------------------

ADDRESS 

CITY _______ STATE _____ ZIP ___ _ 

SIGNED ------------------
MMS12 
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Rates 
$60 per column inch. 
Column width 1 3!4" x 10" (4-column/page). 
Full page: $2,400 (1 x B & W) 

Circulation 
Over 90,000 technically sophisticated 
professionals-third party OEMs, 
Consultants and End Users-in the 
burgeoning minicomputer and 
microcomputer markets. 

7-Day Closing 
(Prior to Issue Mai Ii ng Date) 

Issue Date Mailing Date Closing Date 

JAN. 
FEB. 
MAR. 
APR. 
MAY 

1/6 
2/3 
3/4 
4/6 
5/4 

Mail Film to: 

12/18 
1/22 
2/20 
3/25 
4/22 

Recruitment Hot Line Telecopier Number 

(203) 327-
6772/6746 
Call your ad in
we 'll set the type 

at no charge. 

(203) 
324-5825 
Send the copy 
by Fax-we' ll 
do the rest. 

PROGRAMMERS AND ANALYSTS 
Free Employment Service 

Northeast, Southeast & Midwest U.S. 
Scientific and commercial applications • Software development and 
systems programming • Telecommunications • Control Systems 
• Computer engineering • Computer marketing and support 
Call or send resume or rough notes of objectives, salary, location 
restrictions, education and experience (including computers, models, 
operating systems and languages) to either one of our locations. Our 
client companies pay all of our fees . 

DESIGN ENGINEERS 
Salaries 17-40K 

Software/Hardware Analog/Digital 
We have numerous job ortiers for design 
engineers. These jobs are located in the South
east and offer excellent starting salaries. Fees 
Paid. 

BEALL ASSOCIATES OF MACON 
Bernard Bearry Macon. GA 31208 
P.O. Box 6113 912-743-3484 

Check the career 
opportunities 

advertised 
on these pages

every issue! 

(203) 327-6772 I 6746 

MINI-MICRO SYSTEMS/December 1980 

CAHNERS PUBLISHING CO. 
1200 Summer St. , Stamford, Ct. 06905 

West Coast contact 
Diane Smith Daou, Western Regional Manager 
CAHNERS PUBLISHING CO., 5670 Wilshire Blvd. 
Los Angeles, Ca . 90036 Phone: (213) 933-9525 

Programmers and Systems Analysts: 

THE QUEST FOR 
THE TOP JOB. 

- and why we can find it 
for you better than you can! 

Do-it-yourself, you 've built an enviable track record of 
growth positions. And you feel you may be ready for 
the big leap to a Number One, or to somewhere in that 
rarefied area near the top of the pyramid. 
Is that any reason to consider Quest as your "business 
manager?" 
It is the best reason. Because: 
•Quest is up to the minute on top level openings at top 

computer companies, local and national. 
•Quest will advise you of the salary you can command 

with demonstrated authority and objectivity. 
• Quest introduces you as a VIP, paving the way and 

arranging only the appointments that .YQ!! approve in 
advance. 

•You sign no contract with Quest; you pay no fees to 
Quest. Our corporate clients take care of that. 

If you feel you're ready for a top job, or one within 
striking distance of the top, call toll free or wnte us 
without obligation. 

ml (800) 821-7700, Ext.114 

~ ~~~!~.~!~~.!!~.,!!~. 
6400 Goldsboro Road, Dept. 43, Washington, D.C. 20034 • (301) 229-4200 -·. j 

Baltimore : (301) 788-3500 •Philadelphia· (215) 265·8100 •Atlanta : (404) 522·7~ 
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COMMUNICATIONS 
SOFTWARE 

OPPORTUNITIES 
TTI, a wholly owned subsidiary of Citicorp is the 
leader and innovator of the new generation of 
computing systems for financial serv ices today. 
Continued growth, advancement and development 
have produced the following key opportunities: 

SOFTWARE 
COMMUNICATIONS 

MANAGER 
A seasoned professional is desired to manage a 
staff of top fl ight professionals involved in the 
design of communications front end processors 
and sophisticated communications networks. You 
will work in an on-l ine, real time environment 
developing systems for CITICORP, one of the worlds 
largest and most progressive financial institutions. 

Qualified individuals must: 

• have applied modern networking concepts 
including protocols. 

• be familiar with minicomputers in the network 
environment. 

• have had previous software communications 
programmer management experience . 

• possess highly developed verbal and written 
communication skills. 

• desire a challenge and a position that could 
lead to future promotional opportunities. 

SOFTWARE 
COMMUNICATIONS 

STAFF 
Opportunities also exist for communications soft
ware developers with 5 to 6 years of experience in 
the design and development of communications 
networks and front end processors. Degree in 
computer science or related field preferred. 

If you have the above qualificat ions and feel you 
can contribute practical solutions to complex 
problems, please submit your resume including 
salary history in confidence to: 

NANCY STOCKINGER 
PROFESSIONAL STAFFING 

TRANSACTION TECHNOLOGY INC. 
3100 OCEAN PARK BLVD. 
SANTA MONICA, CALIFORNIA 90405 
An Equal Opportunity Employer M/F/H 

Hardware/Software 
Engineers 

Our growing Digital /Data 
Group has a need for experi
enced engineers knowledge
able in the applications of Mi
croprocessors. Skills in digital 
signal processing (FFT, CVSD, 
BIT Slice) are needed. Also, the 
application of Microprocessors 
to the adaptive control of radios 
and systems is a requirement. 
Qualified electrical engineers 
with 2 or more years experi
ence, interested in joining a 
dynamic, growing team should 
contact T. Joseph Daley, Chief 
Engineer, Harris Corporation, 
RF Communications Divi
sion, 1680 University Avenue, 
Rochester, New York 14610, 
(716) 244-5830 EXT 3328. 

An Equal Opportunity Employer M/F 

Looking for 
quality resumes? 
Run your ad on 
these pages and 

you'll get Just that! 

(203) 327-6772 I 6746 

Q">tb>~~<.</>~ 
'Y SOUTHEAST " --• 'Y 
§. Our 12 Offices in NC. SC, GA and i 

FL specia lize in Control Systems, I n-
§ st ru mcn tation, Jo:.Icctronic Design, and 

§ 
Engineering positions from 18 to 40K. 
A1u::rcssirc , confidential. Fee-Paid § 
serdce. Sen.d r esumo .to \Valt Loescher, § 

f... HJo;AJ,], )'Jo; !lSONNF:L, P.O. llox 
'j 4006 F:D, Anderson, 8C 29622 ~ 
~~~~~~~~ ... 

MECHANICAL ENGINEERS 

Director, Mech Eng. (computers) to 
$60,000 

Project Eng., High Speed Equip. to 
$35,000 

Design Engineer, Pree. Mech. to 
$32,000 

Mech. Design Engineers, all levels 

ELECTRONIC ENGINEERS 

VP Telecommunications to 
$65,000 

Software Engineer, Telecom to 
$45,000 

Modem Design Engineers to 
$40,000 

Digital Logic Engineers to 
$42,000 

Analog Design Expert to 
$45,000 

Circuit Design all levels 

As recruiting specialists for 
the electronic, computer, and 
industrial automation indus
tries we can offer you hun
dreds of nationwide positions 
to choose from. 

Doug Knight (Mechanical) 
Dick Ray (Electronic) 

Career Consultants 
540 Meadow Street Ext., 
Agawam, Mass. 01001 

413-789-0907 

• 
ELECTRONICS 
ENGINEERS 

Excellent career opportunities currently exist for entry 
level and senior Electronics Engineers at the Corporate 
Research Center of Carrier Corporation in Syracuse, 
New York, located in close proximity to the Finger Lake 
and Adirondack Mountain Regions. The Research Divi
sion pioneers in environmental control and energy sys
tems and provides a unique environment for profes
sional growth. 

Candidates should have a BSEE/MSEE with a strong 
background in microprocessor - or minicomputer -
based instrumentation and circuit design. Project re
sponsibilities may include prototype controls, spe
cialized test equipment, high speed data acquisition 
systems and new electronics technology. 

We offer a salary commensurate with your qualifica
tions, excellent benefits and room to grow with the 
leader in our industry. 

Please submit resume in complete confidence to : 

• 
Carrier 
Corporation, 

Research 
Division 
Subsidiary of 
United Technologies 
Corporation 

Mr. A. Bruce Buchholz 
Employment Representative 
Carrier Corf>C?ration 
Research Division 
Carrier Parkway 
P.O. Box 4808 
Syracuse, New York 13221 
An Equal O pporlunity Employer 



AVCO SYSIEMS 
AVCO PEOPLE 

A PRODUCTIVE RE• •TIONSHIP 
The rapidly growing AVCO ELECTRONICS DIVISION is a successful division of the billion 
dollar AVCO CORPORATION. AVCO's people have worked on a variety of projects, 
including the design and installation of the world's largest and fastest real-time computer 
data acquistion network systems and the largest hierarchal industrial test system. 
AVCO ELECTRONICS DIVISION is seeking engineers for various assignments. The varying 
nature of projects that we design, develop, and manufacture requires that we find that 
effective combination of technical know-how and "hands-on" experience that will get the 
job done. AVCO wants to give you stimulating work while producing 
quality systems. 

SYSTEMS HARDWARE ENGINEERS 
State-of-the-art techniques give us an edge in the highly competitive field of 
Computerized Control and Data Acquistition. AVCO has immediate openings for 
systems engineers with three years experience in digital logic design and 
mini-computer interface. 
A BSEE is required as well as experience in writing proposals to technical 
specifications and estimating engineering cost. 
SYSTEMS SOFTWARE ENGINEERS 
State-of-the-art techniques are required by our customers who need 
custom systems for their application. We need people with two or more 
years of experience in scientific applications. 
Requires a degree in electronics, mechanical engineering, physics, 
or math and a background in FORTRAN and assembly languages. 
Programmer/Analysts need experience in real-time process control 
systems. Distributed processing experience on DEC and MOD
COMP equipment is desirable. 

ADDITIONALLY, THERE WILL BE SOME OVERSEAS OPENINGS WHICH 
WILL REQUIRE SOME OF THIS SAME KNOW-HOW ON A 1-3 YEAR 
ASSIGNMENT IN THE MIDDLE EAST. IF YOU WOULD BE INTERESTED 
IN MAINTAINING "HANDS-ON" EXPERIENCE, WE CAN COMBINE IT 
WITH SOME NEW LIVING EXPERIENCES, EXCEPTIONAL FRINGE 
BENEFITS AND BONUSES PROVIDING YOU WITH EXCELLENT 
SHORT TERM GAINS. 

L::JllAVCD 
ELECTRONICS DIVISION 
4807 Bradford Drive 
Huntsville, Al 35805 
Telephone: (205) 837-6500 

Or (800) 633-7202 
Equal Employment Opportunity and Affirmative Action Employer 
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A whole world. Because our parent company, 
C. Itoh Co., Ltd. (pronounced "C. Eetoe") is a multi
national organization with resources and subsid
iaries located in every corner of the globe. 

As C. ltoh Electronics, Inc., we're fortunate to 
be part of this international network. It lets us seek 
out quality materials and technologies wherever 
they can be found. And for a company that special
izes in computer peripherals for the OEM, that's just 
as important as price or the capability to deliver. 

Today, we're offering the latest designs in dot 
matrix and daisy wheel printers, card readers, CRT 
monitors, floppy disk drives, and a lot more. 

We're also seeing to it that our 
OEM customers get all the support 
they need. The engineering support 
to solve their system integration 
problems. Plus complete documenta
tion and a service network that oper-

ates repair and refurbishment stations nationwide. 
So when you deal with us, you can be sure you're 

d0ing business with people who are dedicated to 
the OEM. And a company whose parent organization 
has been around since 1858. 

Our goal? To become the best OEM peripheral 
source in the country. Because with all our inter
national connections, we haven't forgotten what our 
motto promises: One world of quality. 

For information on our product lines for the OEM 
computer systems manufacturer, contact C. ltoh 
Electronics, Inc., 5301 Beethoven St., Los Angeles, 
CA 90066, Tel. (213) 390-7778; Midwestern Regional 

Office: 240 East Lake St., Suite 
301-A, Addison, Illinois 60101, 
Tel. (312) 941-1310; Eastern 
Regional Office: 666 Third Ave
nue, New York, NY 10017; 
Tel. (212) 682-0420. 
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