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INTRODUCING ABLE.....

It Just Could Be
The Best Networking Decision
You'll Ever Make.

= Distributed networking
with centralized control. e
- M?or wiring reductions
port security.

So make the cost-effective network-
ing decision of a lifetime—today.

Plus, request our guide
to "Navigating the Seas %

of Network Wiring

If this sounds like the best of a first of a series. Call or u,Af"sam%,
LAN combined with the best of write now. Nety2So

ABLE Computer,
3080 Airway Ave.,

Costa Mesa, CA 4
92626 (714)

a data PBX, then you've got
the message. And the mes- I.—.
sage is the ABLE MINX.

ABLE MINX is the central
component of a hi%hly advancekd
asynchronous switching network. It 8 Port
not only gives you the best of both @
worlds, it also has benefits that no
LAN or DABX can match, like:

o A price per user which is half that
of most LANs and at least one-
third less than most switches.

o Baud rate support to 38.4K—
twice that of other systems.

MINX lets you start with as few

as 16 ports and expand to a virtually compatibility and the ability to expand ' ;
unlimited number through ABLE's into other environments when you

S e ©10-595-1729,
TLX 668307.

e EUROPE, 287 london
BPortTerminal Senver|  Road, Newbury, Berkshire RG13 2Q),
England, (0635)32125, TLX848715.
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. In Networking, W re ABLE.
Integrated Network Exchange (INX). wish. You can free an Ethernet from PG el
Equally important, MINX doesn't terminal networking overload, or DEC, VAX, VAXmate, MictoVAX are trademarks of Digial
lock you in. You get full asynchronous integrate with other networks. mork of Xerox Corp. :

ENTER 693 ON READER CARD



The most popular integrated
text and graphics terminals

one year warranty that protects your investment. You can
MOI' € reasons Why IIDS SellS add a mouse or digitizer for easy graphics input, and you
more graphics temlinals: can print to a number of popular printers, including laser
printers.
Human Designed Systems leads the graphics terminal If you buy VT220 or 4014 compatible terminals you owe
industry. In 1985, and again in 1986 we shipped more it to yourself to see why we sell more of them than any
graphics terminals than any company except DEC, Tek- other independent manufacturer. See the quality, flexibil-
tronix, Hewlett Packard and IBM. In 1987 we reported ity and value that our display products offer.
higher sales and greater revenue than any other year in
the company’s history. Thanks to you. . .
For a free trial of an HDS termi-

We think that all of this success comes from offering more

performance, better compatibility, and greater value to nal Call 1-800-1{[)8-1551 X 144

users of DEC and Tektronix compatible terminals. Our

full range of terminals is priced from $795 to $1595.
Human Designed Systems’ integrated text and graphics HDS
terminals are the only products available that offer full,

guaranteed emulation of the DEC VT220 and Tektronix human deSigned systems

4014 with an extra-large 15" screen, multiple computer
connections, up to 1056 X 800 pixel resolution and a the leading independent graphics terminal vendor

HDS is a trademark of Human Designed Systems, Inc. DEC, VT are trademarks of Digital Equipment Corporation. Tektronix is a trademark of Tektronix, Inc. According to Dataquest, only DEC, Tektronix,
Hewlett Packard and IBM shipped more graphics terminals than Human Designed Systems in 1985 and 1986. © Human Designed Systems, Inc. 3440 Market Street, Philadelphia, PA 19104. In PA call
1.218.2R2.500) In Canada call 1.800)-263-8000 e o e e R o e



DEC UNIBUS USER:

CONVERT YOUR OBSOLETE
PDP-11
TO A POWERFUL '87 MODEL

N1100 PLUS N1100

= 4 Mbytes DRAM = 2 Mbytes DRAM

= 8 KBytes Cache = Memory Management
= Hardware Floating Point = Serial Line Unit

= Memory Management = Universal Boot ROM

J-117POWER FOR OPTIMUM
PERFORMANCE
FITS ALL EXISTING CPUs —

NO BACKPLANE CHANGE

Call ED GRIFFIN for FREE PRODUCT INSTALLATION GUIDE
(800) 233-1837 Ext. 420 In Calif. (714) 261-8811 Ext. 420

*UNIBUS *PDP *J-11 are registered trademarks of DIGITAL EQUIPMENT CORPORATION

NISSHO

E L EEC T R @ N | € 8§

17310 Red Hill Avenue, Suite 200, Irvine, California 92714 « FAX (714) 261-8819, TLX 181-308
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He could probl retrieve

information froma
database more easily than
most spreadsheet users.

Whichisn't surprising considering
what the average spreadsheet user has
had to go through to access a database.

But what if there were a way to
retrieve that information without knowing
adatabase language, without a database
administrator and without leaving the
spreadsheet?

Well now there %s a way. Introducing
the 20/20 ™ Database Connection.

Designed to work with 20/20, the
leading integrated spreadsheet for multi-
user computers, 20/20 Database Connec-

Introducing 20/20 Database W&
Connection, by Access Technology:

DATATRIEVE is a trademark of Digital Equipment Corporation.

tionmakes the promise of easy access to
databases a reality.

Because the 20/20 Database Connec-
tion talks directly to your DATATRIEVE,™
DBMS or RDB databases, they actually
seem like a part of 20/20.

The menus and prompts guide you
every step of the way.Soit’s easy to build a
query.Just point to the information you

want. Pick the fields. Sort data. Or just select |

summary totals.
The data goes right into your spread-
sheet, which automatically formats itself.

ENTER 709 ON READER CARD
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What's more, you can save your query with
your model to execute later. Your spread-
sheet and database can work together by
having your query use results from the
spreadsheet.

There’s even built-in protection that
lets systems managers control access to the
database.

[fyou've ever been through the hassle
of accessing databases, you won't believe
how easy it is to use 20/20 with the new
Database Connection until you actually try
it. To order a special Evaluation Kit, send us
the coupon.

Granted, you could look for some other
way toaccess your DEC databases this eas-
ily. But you'd be barking up the wrong tree.

Menus tell you what information is
available and help construct your query.

Your 20/20 spreadsheet is automatically
Sformatted for the database information.

Access Technology
6 Pleasant Street, South Natick, MA 01760 617-655-9191

|
I 66-68 Chapel Street, Marlow, Bucks SL7 IDE, England
| (06284) 75517 Telex: 848138

Attached is my business card or letterhead.

Please send:

| [ Information on a 20/20 Database Connection
Evaluation Kit

[J Information on 20/20 Database Connection

(] Information on our reseller program

| Computer Model i
HCA107




Data Shuttle Family for use with

Integral power supply all computer systems
for all disk
configurations
Effective forced-air
cooling design for
MDB canister design each canister
protects disk drives
from 100-G shocks Low insertion force
connectors — no
cables to disconnect
Compact 54" rack
height Mounts any 54"
device —Winchester
or optical
. Unique shock
Proprietary DC power-down isolgtion of drives

feature assures head retraction for safe removal

and park when removing transport and ’

drives, without elaborate storage

relays or solenoids
Canisters with or without drives i
(Up to 760 MBytes per canister) Removability for
: : portability, security,
Z;lxth (l); without archiving, maintenance.
high-performance = i
MDB controllers ESDI, ST506, RD5X & SCSI gliglln vtVei:ct?lggrc?gﬁa:lb%ty

interfaces — jumper selectable

The only commercial removable-drive subsystem
with shock isolation, superior design.

DATA SHUTTLE 2000™ is the latest in MDB's removable-disk subsystems. Drawing upon

With failure-proof real experience in airborne and shipboard ruggedized, militarized installations, MDB
ower-down feature is able to offer proprietary shock protection in this affordable and functional package.
p .f You'll get the new freedom of removability: large-capacity data portability, the

ultimate in data security, easy software updating, file duplication, and maximum system
up-time during disk replacement. It has a failure-proof power-down scheme that is
automatically implemented when removing the canister.

Plus you get something else: ease of mind, knowing that MDB’s unique drive
mounts will protect your drives during transport.

That's why MDB will warranty the disk drives for shock-related failures for
one year - even if the manufacturer doesn’t!

Call us about the configuration that’s right for you.

DATA SHUTTLE 2000

The only shock-isolated, low-cost design for commercial, lab and
industrial applications.

™
DATA SHUTTLE 3000

Rock-solid ruggedized for harsh environments, when you need
durability, but not the added cost of Mil-spec.

DATA SHUTTLE 4000

The peripheral subsystem of our Rugged Computer System (RCS-P).
The most ruggedized, Mil-spec, Tempest-certifiable unit today.

Corporate Headquarters 1995 N. Batavia Street, Box 5508, Orange, CA 92613-5508
TEL: (800) 556-0222 * N CA: (800) 637-2028 * TWX: 910-593-1339 - FAX: 714-637-4060
ror unrep kivepon MDB Systems U.K., Ltd. Unit 13, Intec 2, Wade Road, Basingstoke,

| ] D B Hants. RG24 ONE - TEL: 0256 464767 - TELEX: 858389 MDBSYS G * FAX: 0256 59748

SYSTEMS INC. rorweszery surops MDB Systems IRL., Ltd. Portumna Co. Galway, Republic of Ireland
— We put the State of the Art o work — * TEL: (0509) 41163 /41413 - TELEX: 50918 MDBEI - FAX: (0509) 41447
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Introducing the Ditto 221XL

Except for superior resolution, incredible
graphics, larger screen, over 11 major
improvements, and the industry’s
longest warranty . . . It's just another
DEC VT220* Compatible

~
vhy thousands of users are choosing the Ditto 221XL

rx.Data Pro © r V1220 cgmpatlble For more information and
fites of the DEC VT220 plus over 11 major spec sheets, write or call Networx today at 1-800-531-0019
improvements, including superior resolution, dual host port or (516) 754-2798 Wﬂhm New York State.
ability and a larger screen. And with the 221GXL upgrade i

‘monochrome graphics . . . without disturbing Netwo

1XL’s alpha-numeric features.
,,es with a price tag that's hard to *DEC VT220 is a trademark of the Digital Equipment

create incredible graphs, charts, plots, drawings and
221XL is available with a four-year DATATHODC i S
Corporation.
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GraphOn. For Serious Graphics Users.

For flexible graphics and alphanu-
merics in a single composite terminal,
no one delivers more than GraphOn.
More features. More quality. More
value. The GO-200 Series lets you

choose the powerful graphics capabili-

ties you need at prices you can afford.

PERFECT EMULATIONS.

Emulations of Tektronix 4010-4015
graphics and VT220/100 alpha mean
no workarounds or modifications. Just
plug in the terminal and go to work.

) SHARP DISPLAY.

Resolutions of up to 1024 x 780 plus
high-bandwidth video assure a sharp,
easily viewed display.

REGIS SUPPORT.
GraphOn offers twice the typical
vertical resolution for ReGIS graphics
software—480 vs. 240. Jaggies are
dramatically reduced.

FLICKER FREE IMAGE.

A 60 Hz non-interlaced display and
short-persistence phosphors mean
no video flicker or smearing.

GraphOn and GO are registered trademarks of GraphOn
VT and ReGIS are trademarks of Digital Equipment Corporation

Tektronix is a trademark of Tektronix, Inc

HIGH-SPEED DRAWING.

Optimized instructions running on the
16-bit 68000 microprocessor provide
host communications at up to 57.6 Kb
per second. Higher throughput,
improved productivity.

TRUE ZOOM AND PAN.

GraphOn'’s zoom provides clear,
detailed images, not just pixel enlarge-
ment. You can pan and edit the image
while in zoom mode.

RASTER OPERATORS.

With opportunities for pop-up menus,
icons and window management, raster
operators provide flexibility today, and
prepare you for tomorrow’s most
advanced software.

LOCAL INTERACTIVITY.

Provides fast, smooth cursor move-
ment without bogging down the host
in communications.

\

FLEXIBLE MEMORY.

Tailor the terminal memory to your
specific needs. It can support a printer
buffer and provide local storage of dis-
play lists, rasters, and multiple pages
of text and graphics. Reconfigure as
needs change.

GRAPHON GIVES YOU MORE.
The GraphOn 200 Series provides
simple upgradeability, free firmware
updates and the most usable docu-
mentation in the industry. And every
terminal is backed by the GraphOn
warranty, responsive service and
hotline support.

~ 1-800 GRAPHON.

[f you are ready to get down to the
important details, call for your free on-
site demonstration or write GraphOn
Corporation, 1901 South Bascom Ave-
nue, Campbell, CA 95008. You'll see
why so many users and leading soft-
ware developers won't settle for less.
GraphOn sets the standard for
perfect emulation in monochromatic
terminals.

GraphOn

DRAWING OUT THE BEST

41
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NEED TO KNOW = SOLUTIONS FOR DEC COMPUTING

FEATURES

30 A Mini But Super Invasion
Heavily armed minisupercomputer vendors
are aiming an invasion at Digital’s scientific
and engineering market/by Blake Eriksen

36 Parallel Processing Systems: Now An Option
For VMS Installations
According to Elxsi, the answer to your
throughput problems may not be another
VAX/by Claud Teeter

4 4 SuperVAX: Supercomputing In The Digital
Environment

How to add more MIPS to your VAX

by George O'Leary Minisupercomputing in the Digital environment—

page 30

5“ Computer Integrated Manufacturing: Will It 5 Manufacturing: An Industry In Transition
Ever Realize Its Potential? by Thomas Womeldorff
One aspect of CIM integration is selecting
system components using a long-term 59 CIM Software Vendors Directory
strategy/by Jim Meade

DEPARTMENT FEATURES

Direct From DEG

sg New MicroVAX 3500/3600 Triples MicroVAX II
Performance Digital provides an exclusive
description of its newest machine and the
engineering process required to bring it to market
by Charles J. DeVane and Gary P Lidington

SYSTEMS AND SOFTWARE
Digital’s
new 78 VMS For Realtime? Many claim that VMS isn’t

MicroVAX suitable for realtime applications, but Century
18 the long- Computing disagrees/by Phil Miller

awaited

CVAX— - ]
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PERIPHERAL SUBSYSTEMS

83 VAX Storage Forecast: A Growing Third Party
Market Vendors are packing more storage in and
on VAX systems with everything from 3'%-in
Winchester disks to multi-Gbyte 14-in.
subsystems/by Carl Warren

PERFORMANCE ENHANCEMENTS

88 Cache Memory: The Secret Of Increased
Performance When upgrading older systems,
performance/cost trade-offs are particularly
important/by Andy Anderson

VMS for realtime as well as business applications—

page 76
SUPPORT SERVICES
DiGITAL ALTERNATIVES
93 Depot Repair: The Trend Toward Self-
Maintenance Of Computer Installations Depot I 03 PDP-11 Compatibility For VMEbus Mounting
service can provide the extended capability to keep Digital’s J-11 CPU on a VME board provides an
computer operations running as smoothly and ideal solution for designers of realtime control
efficiently as possible/by Warren K. Haeberle systems/by Keith Cribbin
CIM BI A Sy
ccessibility To VM Ebus/by Steve Kadner
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gs Hardcopy Product Review: Network
Innovations’ Multiplex Multiplex distinguishes
itself from other PC-to-VAX connectivity solutions
by implementing a unique database access method
by Dawvid J. Molta

This month’s cover, the work of
Boston-based photographer
Mark Thayer, illustrates
Digital’s targeting of the new
MicroVAX at the office
marketplace. Thanks to Digital
Jor providing this photo,
created exclusively for
Hardcopy.

INDUSTRIAL AUTOMATION

l un AI On The Factory Floor The automation of
process planning utilizes a number of different
computer technologies/by Peter C. Marks
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Digital’s VAXstation™ 2000 is the smallest,
lowest-priced VAXstation yet.

Digital’s VAXstation 2000 is a high-performance,
entry-level workstation with all the benefits of
Digital’s VAX/VMS family of computers. And it
can be configured from under $4600.00.

The VAXstation 2000 features a single-board
computer with VLSI MicrovAX I1'™ Supermicro-
processor, a floating-point unit, system memory,
Winchester disk controller, tape controller, diskette
controller, video controller and monitor, mouse,
keyboard, printer and communication serial lines.
You get the power of a VAX in a box about the
size of a large dictionary.

VAX"™ power at PC prices.

The VAXstation 2000 is available with either a 15
or 19 inch color or monochrome monitor and it
can be configured as a disk or diskless version. It
comes with either the ULTRIX™™ or MicrovMS™
operating system and is fully compatible with the
other members of the VAXstation family —the
VAXstation IT and the VAXstation II/GPX.

It is ready to attach to a ThinWire Ethernet network
by incorporating an Ethernet controller.

MTT is an authorized distributor of Digital and we
can provide you with all the back-up service and
support you need. Call today.

dlilglit]al

Authorized Distributor

MTI SYSTEMS CORP.

A SUBSIDIARY OF DUCOM

'vf g

i

MUN INCORPORATED

7 7) p
Ag ii»eﬁ»z“m. 7 5% 4
¢

é;;v s
, CAper ?;

Now offices in Connecticut, Georgia, Alabama, Wisconsin
Colorado and Arizona! And additional offices in Florida and California!

Call: 800/645-6530
New York: 718/767-0677, 516/621-6200, 518/449-5959, 212/226-2337 New Jersey: 201/227-5552
Massachusetts: 617/270-9890 Connecticut: 203/284-8109 Pennsylvania: 412/931-9351 Ohio: 216/464-6688, 513/531-0688
Illinois: 312/773-2300 Kentucky: 502/499-6656 Georgia: 404/447-5252 Florida: 305/682-6923
Alabama: 205/830-9526 Wisconsin: 414/785-5500 Colorado: 303/799-8525 Arizona: 602/431-0016
Utah: 801/544-0444 California: 818/718-0073, 714/220-6487, 619/268-4730, 408/947-3588

VAX, VAXstation, VMS, MicroVAX II, ULTRIX, MicroVMS, are trademarks of Digital Equipment Corp.
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EDT/KED

Increase value of system

Decrease training time

Decrease error rates

Increase productivity

Fully utilize your system
Give your keyboard EDT/KED
legends.

DEC, IBM, WYSE, & others.
Custom & Word Processing
keys also available. Call Lee or
Daryl today for details.

(619) 581-6303

4901 Morena Boulevard, Suite 302
San Diego, CA 92117
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The Network Is Ours

igital’s attempt to introduce interactive computing to the world at
DECworld '87 not only showed the strategy and direction of Digital,
but it put both competitors and customers on notice that, in the
words of Ken Olsen, “The network is ours.” He was not referring to
the network in a commercial or competitive context but in a
strategic capacity in which Digital intends to lead the way in helping
customers of all computer manufacturers to effectively distribute and
manage information. “The ability to share information anywhere in the world
is what matters now ... and 5 yrs. from now,” was a statement of corporate
policy and direction from Ken Olsen.

The new products and software introduced at DECworld 87 clearly
enforce Digital’s networking links. The strategy also includes a major
emphasis on outside software partners. Not to be overlooked when analyzing
this media extravaganza and the myriad of announcements, Cooperative
Marketing Partners (CMPs) will provide an important strategic link in
Digital’s scheme to dominate interactive computing throughout the world.
The software applications “lock-in"" is destined to allow the company to keep
and maintain its enormous lead in networking. A CMP will bring applications
expertise to the network in conjunction with Digital’s hardware solution.
Every phase of industry and finance was represented at the show, along with -
several CMPs focusing on the applications involved in the various corporate
disciplines. While the new product announcements overshadowed the CMP
strategy, it is one that provides a firm footing for the engineering marvels
introduced here and presents an enormous opportunity to the millions of
individuals whose expertise can be transferred to Digital interactive
networks.

Although the announcements and comments at DECworld '87 are more
abundant than this column can address, I would like to share with you those
that made the greatest impression on this writer.

Ken Olsen on:

PCs—*"There is nothing personal about business.”

Twisted-pair Ethernet cables—*“It is not the best way to handle the job,
but if that’s what our customers want. ...”

Apple—“We talk to them, they talk to us—they’re very friendly folks.”

Digital’s financial statement, which was distributed at the show, was
simply awesome. Aside from a 24% gain in revenue and an 84 % increase in
profits, the company has attained a level of profits and performance
unmatched in today’s high tech industry. Digital’s cash position is over $2
billion and its long-term debt is an insignificant $269 million. (That’s more
cash than Apple has sales.)

Digital’s future is brighter than it has ever been and the people and
companies aligned in this industry should prosper. The securities analysts
who are tasked with analyzing the significance of DECworld '87 must have
given some glowing financial prediction just as I have because Digital’s stock
jumped more than 7 points a few days after the opening of the show.

Publisher



ADVERTISEMENT

GLENDALE, CALIFORNIA. (818) 247-2216

CPU-Bound VAX Systems Rescued by Avalon

Attached processors are oriented towards number-crunching programs written in DEC

Fortran.

Hardware and Software systems run C, Fortran, and Pascal programs with full access to

VAX files, terminals, and system services.

Avalon Computer Systems recently released its
second generation of attached processor systems.
Founded in 1982, the company has been quietly
delivering attached processor systems for UNIBUS
and Q-bus VAX systems for 4 years.

Avalon’s customer base has been drawn largely
from the aerospace, government, and university
ranks. These users were attracted by Avalon’s
transparent system software which executes
programs (under VMS or UNIX) directly off of
the VAX disk, with full access to all files,
terminals, and system services. The announcement
last summer of an updated Fortran compiler with
VMS extensions and two new, faster attached
processors has widened the user spectrum sub-
stantially. Recently, chemical, genetics, and Al
companies have joined Avalon’s growing customer
base.

Named the AP/20 (Q-Bus) and the AP/24
(Unibus), the new coprocessors are based on the
Intel 80386 microprocessor operating in the 32-bit
protected mode. Both systems contain a 64K byte
cache memory and an optional high-speed floating
point accelerator which can multiply two single
precision numbers in 437 nanoseconds. The AP/20
has 4 million bytes of real memory while the
AP/24 has 4, 8, or 12 million bytes of real memory.

Either AP with an FPA is 2 times faster than
a completely unloaded VAX 11/780 on floating
point programs and is 3 times faster on integer
programs. More important than the increased
speed, however, is that the AP provides additional,
parallel computing power.

By adding one or more AP Systems to the
VAX, CPU cycles can be incrementally expanded
for “power users” with compute-bound programs.
The end result is the transformation of VAX
Systems into parallel computers which still run
the VAX/VMS operating system.

The AP software optionally includes C,
Fortran, and Pascal compilers, with support for
VMS, Ultrix, Berkeley UNIX and AT&T System
V UNIX. Under VMS, the Avalon software
automatically executes system services and I/0
operations by passing messages between the
coprocessor and an interface program that runs
under VMS. An Avalon official explained: “The
Avalon compilers put a VMS executable image in
front of the Avalon program. This starts the
coprocessor interface under VMS, and the Avalon
image on the AP. This way, operation under the
coprocessor is transparent to the program and the
user after it has been recompiled.” The recompiled
program can then access all VMS files, terminals,
and most system services, just as it did in its
original form. However, the program runs entirely
on the AP when not performing I/O and neither
affects, nor is affected by, the computational load
on the VAX.

It is believed that Avalon is the only company
supplying “Blue Fortran” compatibility in its
Fortran compiler. The Avalon Fortran implements
virtually all of the DEC Fortran extensions and
provides complete access to VMS system facilities.

Avalon provides VAX compatible, high per-
formance systems to end users who need more
power, without requiring any modifications to the
original source code.

Both the AP/20 and the AP/24 are single
circuit boards that range in price between $10,000
and $18,000, depending on selected options.

For more information call or write:

Sales

Avalon Computer Systems
425 E. Colorado Blvd. #710
Glendale, CA 91205

(818) 247-2216

DEC. MieroVax, Q-bus. VMS, VAX, Ultrix and UNIBUS are trademarks of Digital Equipment Corporation. UNIX is a trademark of Bell Laboratories.
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The DECworld '87 Extravaganza:
Networks At Work

ith DECworld ’87, Digital Equipment Corp.
continued to set the pace for the computer
industry. Unlike IBM, whose success has
largely been founded on proprietary
technology, Digital is embracing and
creating industry standards, thereby ensuring not only its
own growth, but the industry’s in general. Nowhere has
this been demonstrated more strongly than at

DECworld '87.

The theme of the show, held September 8-18, was
“Networks at Work.” The MicroVAX 3500/3600 was
introduced the second day, and a variety of other product
introductions followed throughout the show. Other
introductions of note were Ethernet on twisted pair and
(announced in conjunction with engineers at the
Massachusetts Institute of Technology) X Windows
V.11 (X.11).

Using DECnet, Digital networked all of Boston’s major
hotels to the show floor (located at Boston’s World Trade
Center) and to two full-sized cruise ships, the Queen
Elizabeth IT and the Star/Ship Oceanic. All attendees
were issued passwords and could access the network from
any location for mail input by other attendees.

The two cruise ships were used for both seminars and
lodging. More than48,500 people attended this event, at a
cost to Digital of somewhere between $20-$30 million. The
show generated approximately $50 million revenue for the
City of Boston.

On the show floor, all major Digital products were
demonstrated, and the company brought in its network
management control center from headquarters so that
attendees could witness how Digital keeps a close tab on
its own worldwide company network.
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The majority of the displays, however, were of
products available for a wide variety of vertical
industries—health care, banking, discrete manufacturing,
ete. Cooperative Marketing Program (CMP) and Systems
Cooperative Marketing Program (SCMP) participants
demonstrated their offerings on DEC equipment to
customers working within the various vertical industries.
Digital also allowed the participation of some third party
vendors not involved in any formal agreement with the
company; these companies were invited based on the
uniqueness of their offerings, and they contributed
significantly to the show.

To demonstrate Digital’s commitment to connectivity
and standards, Digital also demonstrated competitors’
equipment such as IBM and Apple. A Cray was linked to
the show equipment via satellite, and DECworld, in fact,
began to take on the feel of Comdex, although all
equipment was interconnected by Ethernet. With
DECworld, Digital made it clear that it isn’t threatened
by the fact that opening its systems to connectivity with
equipment from all manufacturers could result in the
potential loss of sales—on the contrary, Digital believes
that standards and interconnectivity will result in a
healthier computer industry, and Digital will become the
unchallenged leader.

ek et
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Emulex® mtroduces the 36-hour day.

Not enough hours in the day? Emulex’s Performance
1000 14.4Kbps leased line modem can give you more.

Replacing your 9600bps modem with a V.33-compatible
model that runs 14,400bps is like installing a bigger pipe
to carry 50% more data per hour...which is like having
50% more hours per day.

Adding that much throughput to your existing lines
means you can cancel your telco order for more. It also
means faster response for your users. So why hasn’t
everyone upgraded? Because until now, 144K modems
have been very expensive—typically over $3,000 each.

More Performance for the money.

An advanced design constructed around a few key
proprietary VLSI chips, the Performance 1000 is changing
the rules of the game for modems, as new technologies
always do. At $1795, it delivers 14.4 at about the old cost
of 9600, in a package half the size of its competitors.

Automatic speed adjustment both ways.

The CCITT V.33 spec calls out trellis coding for
14.4Kbps transmission and for its primary fallback rate
of 12Kbps. The Performance 1000 extends that to
9600bps—to deliver an error rate 100X better than a
V.29 modem would at the same speed.

_Performance™ 1000 14.4Kb)

The modem can automatlcally faIIback to either speed,
and later automatically speed up.

Don’t leave home with it!

Operating parameters are set by selecting from English-
language options displayed in LCDs. What’s more unusual,
the remote unit also can be configured and tested through
the local one, without an operator at the far end.

9.6 is enough?

There may be applications which can’t take advantage

of more speed, but could use more functions. For these,

there’s the Performance 1000/9.6, for $500 less. L

Call toll-free (800) EMULEX-3,

(714) 662-5600 in California. by —x =
EMULEX

[ and mors knicrmiation oo tho Paics can o oas A%

end more information on the Performance 1000.

Name:

Company:

I I
I I
| Address: |
I I
I I

City: State:

Zip: Phone:

Emulex Corporation, 3545 Harbor Blvd., Costa Mesa, CA. 92626
L il s e e s Gl and ol st s Ui il

© 1987 Emulex Corporation

ENTER 683 ON READER CARD



The CI-PMI-EDC is an ULTRA HIGH DENSITY, HIGH SPEED, State-of-the-Art dynamic random access memory with
built in Error Detection and Correction circuitry. The module has access and cycle times in the range of most memories
without EDC capability. The CI-PMI-EDC supports the PMI interface on the PDP 11/83 and PDP 11/84.

Cl-QBUS-EDC -

"" LSI-11, J-11, MICROVAX | ,‘\\m
® Single bit error correction, double
NN bit error detection IEEAR ““‘\\
I1] PN B 10 y TITTLLL L
TTTYTL ® Runs complete DEC diagnostics W }—— 1 H T
® Dual width card
® 2 or 4 megabytes on one board
! * Block Mode DMA '
CI-MIV8-EDC CI-MIV16

4, 8 and 16 megabytes on one board
On-board parity

Plug compatible to any MicroVAX Il
Completely hardware and software compatible
with the MicroVAX 11

¢ Single bit error correction,
double bit error detection

* 8 megabytes on one board

® MicroVAX Il hardware &
software compatible

® Control Status Register (CSR)

® MicroVAX error logger support

® IBM-RT PC compatible
memory board

e Standard configuration of
8 megabytes

e Supports cycle interleaving

® Fast Cycle Times of 170
nanoseconds

® Error Detection and Correction
for added reliability

® 100NS access times

CHRISLIN ALSO CARRIES STATE-OF-THE-ART MEMORIES FOR
VMEbus, MULTIBUS, IBM PC or AT

can toi rree: 800=-468-0736 (et

1 , Chrislin Industries Caribe, Inc.

ENTER 732 ON READER CARD

P.O. BOX 1657, SAN JUAN, PR 00629 31352 VIA COLINAS, WESTLAKE VILLAGE, CA 91362
TEL. 809-876-5205 TELEX 3454170 (CHRISLN PD) TEL. 818-991-2254 TWX 910 494-1253

REPRESENTATIVES: CANADA-TECH-TREK, ONTARIO (416)238-0366, MONTREAL (514)337-7540
W. GERMANY-DEMA Computertechnik (089) 272 3240, SWITZERLAND-DAP (01) 948 0580

PDP, QBUS, LSI-11, J-11 MicroVAX, VAX are Trademarks of Digital Equipment Corporation. IBM is a Trademark of International Business Machines.
MULTIBUS is a trademark of Intel Corporation.




“Its easy looking at you,ki

This is the screen that dreams are made of—the DEC-
compatible ADDS 3220. Its unique 70Hz refresh display
gives you a stunning flicker-free performance. Along with
a presentation so brilliant your operators will be happy
to work with it all day.

And you’ll appreciate our supporting cast of bigger-
than-life characters. Presented on a 14" flat green, amber
or white screen, our easy-to-read double wide and double
high/wide characters can be viewed in your choice of
80 or 132 column format. With operator selectable
settings for brightness and contrast.

Brains and beauty.

But more than just a terminal that’s great to look at,
the ADDS 3220 gives you brains behind the beauty. Our
DEC-style keyboard enhances the performance of your
software. With value-added features like 22 fully program-
The person pictured above is a celebrity look-alike.

The estate has not authorized or approved the use of look-alikes.
See us at COMDEX /Fall—Booth #2746

~

N T AN

mable function keys and 256 bytes of non-volatile memory
that help distinguish your product from the competition.
Naturally the ADDS 3220 is fully compatible with the
DEC VT220, VT100, VT52, and ANSI X3.64. What’s
more, it won Digital Review’s 1987 “Best Alphanumeric
Terminal of the Year” award.
Screen test an ADDS 3220
today. It could be the start of a
beautiful relationship. For more
information, call 1-800-231-5445.
In N.Y. 516-231-5400.
Ask for Displays Marketing.

==

Appled Digttal Data Systems Inc
A Subsidiary of NCR Corporation S

100 Marcus Blvd., Hauppauge, N.Y. 11788
ENTER 684 ON READER CARD

»




20/20 CONNECTS To
DIGITAL DATABASES

new extension to 20/

20, the widely used
VAX spreadsheet from Ac-
cess Technology Inc. (South
Natick, Mass.), allows 20/,

from Datatrieve, DBMS, or
Rdb/VMS and place it in
the spreadsheet where it

ulated. RMS files can be
accessed through the con-
nection to Datatrieve.

The 20/20 Database
Connection was designed
for 20/20 users in a
multiuser environment
where databases are stored
on a central computer. Un-,
like current spreadsheet/
database solutions, it can
aceommodate spreadsheet
professionals who have lit-
tle knowledge of databases.

“It's not a front end or
an interface,” stresses Carl
Nelson, Aceess’ vice presi-
dent. “20/20 is integrated
with the database.”

In faet, the product sets
a precedent by tying to-

data utilization that often
need to be interchangeable,
but historically haven’t
been. Although technically
skilled users can interface
the two using a database’s
query language, most data
is still transferred through
manual rekeying.

With the new software,
users don’t need to know a
query language, nor is

diate files. The connection
appears as an option on the
main tool’s menu as
/TOOLS CONNECTION.
From there, DATABASE
QUERY allows the user to
construct three types of
queries: Detail and Sum-
mary, which retrieve either

records through menu se-
lections, and Expert, which
is for users already famil-

20 users to pull information

can be analyzed and manip-

gether two popular types of

there any need for interme- :

detailed data or a list of the
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i lar with the database

: language. The queries are

: driven by current values in
i the worksheet.

Once a-query path has

* been developed, it can be

: saved with the spreadsheet
: ‘model. The queries can also
i be built into a 20/20 macro.

Users never exit 20/20,

: but they can browse

. through database files and
: fields and then select, sort,
;. summarize, or retrieve

i data, however, security of

. the database is maintained.

: The connection doesn’t per-
' 'mit users to alter or

i otherwise corrupt data, and :
: the database administrator
i is capable of restricting ac-
: cess to certain information
i or can set a limit on the
: number of records to be se-
i lected in a single query.

REVIEW provides a

. full-screen look at the cur-

. ‘rent status of the query and
: allows it to be modified;

: PREVIEW is an option to

: double-check retrieved data
i before accepting the query.

. 20/20’s new extension

! allows users to pull

! information from

! Datatrieve, DBMS, or Rdb/

: VMS and insertitina

. spreadsheet to be analyzed
: and manipulated.

The spreadsheet formats

i “cells for the incoming data,
i automatically determining
i column widths and headers.

Once inside the

worksheet, the standard
i720/20 comparison criteria
; can be applied to the data. .

Access estimated 90%

of the data 20/20 users
i need already resides in da-
‘. tabases-on their VAXes.

Representatives from the

company report they are
i currently working.on simi-

lar packages for third

by party databases:

Incremental prices for .

. the 20/20 Database Con-

: nection range from $600 on
i the MicroVAX 2000 to

: +$5,000 on the VAX 8800. The
;. spreadsheet costs. $1,500 on

i -the MicroVA X 2000, $12,500
¢ on the 8300,

—Kvan Birkhead

VAXBI
ETHERNET CONTROLLER
Witk TCP/IP

ICOM-Interlan

(Boxborough, Mass.)
has announced plans to de-
velop a new Ethernet

col/internet protocol (TCP/
IP) processor for Digital
Equipment Corp.’s VAX
8000 family of minicomput-
ers. The company has been
licensed by Digital to de-
velop and sell an IEEE
802.3 Ethernet controller
that is plug compatible
with the VAXBI backplane
interconnect bus protocol
architecture.

The controller, desig-
nated the NP800, will work
directly with any VAX 8000
computer without the need

: for a Unibus adapter. The
¢ design optimizes VAX per-
: formance by offloading the
: processing of TCP/IP soft-
¢ ware from the host CPU.

According to MICOM-

: Interlan president, Mike

: Barker, “The granting of

. this license shows that Dig-
¢ ital views TCP/IP as a
controller with an on-board :
transmission control proto- :

complementary protocol
that can coexist with DEC-

. net to simplify inter-

: operability between VAX

: and nonDEC hosts. Also,

: since both MICOM-Interlan
: and Digital are each com-

: mitted to supporting a

. migration to the Interna-

: tional Standards Organ-

. ization (ISO) Open Systems
: Interconnect (OSI) proto-

i cols, there is no risk that

¢ the user’s investment in

: TCP/IP networking prod-

: ucts will become obsolete in
. the future.”

The NP800 will incorpo-

: rate Digital’s BIIC chip for
: backplane interconnect in-
. terface, and an Intel 80286
: for handling the on-board
¢ processing of TCP/IP soft-
: ware. On-board protocol

¢ processing eliminates the

: host computer processing

¢ overhead that is required

: by VAX-resident TCP/IP

: software products.

The new controller will

. be offered as part of

: MICOM-Interlan’s NP se-

¢ ries of front-end TCP/IP

: processors. The NP family

¢ of high performance Ether-
: net products includes

¢ Unibus and Q-bus connec-

: tions for VAX and

: MicroVAX systems, as well

: as connections for IBM PC/
¢ AT, Multibus, and VMEbus

: systems. Initial customer

: shipments are expected to

: begin first quarter 1988.

—Renee P Brown

——




RAF. THE MAINLINE

TO YOUR MAINFRAME.

RN
RS0

THE EASIEST
FASTEST, MOST
COMPLETE WAY TO
TAP DEC MAINFRAME
POWER AT YOUR PC.

RAF is a PC-to-host com-
munications system designed to
integrate your PC with all the data
and power of a VAX or DECSYSTEM-20.
RAF does the job transparently, seam-
lessly and faster than any other
PC-to-DEC host software. But
read on, because RAF offers a lot more!

EASY ACCESS TO REMOTE DATA

RAF fools the PC into “thinking” that remote
files are local. So you can utilize your regular
PC software to access data stored on a remote
system. It's as if the data were stored locally
on your PC! Use WordPerfect, MASS-11 and
other PC editors to create or edit files stored
on a remote VAX. And use PC spreadsheet pro-
grams like Lotus 1-2-3 to manipulate remotely
stored spreadsheets.

SHARE REMOTE SYSTEM PRINTERS

Why dedicate a printer to a PC when RAF
allows PC's to share remote system printers
transparently? With RAF, PC software thinks
your PC is equipped with its own local printer!
And RAF lets you define all remote printer
options. With RAF, you decide which remote
printer to use or which forms to utilize.

COMPLETE ACCESS
OF REMOTE COMPUTERS
RAF delivers automatic access to remote
computers through a scripting mechanism that
allows you to define each step of an automatic
login. Or complete VT100 and VT220 terminal
emulators unlike any other software system.
RAF's VT 100 and VT220 support allows for
instant switching between PC and VAX
applications.
ASYNCHRONOUS AND
ETHERNET SUPPORT
You can use RAF
to communicate
asynchronously or
over Ethernet. A
single copy supports
both, so you can install
RAF asynchronously now and

switch to Ethernet if it's available in the future.
Also. RAF allows some users to operate asyn-
chronously while others utilize Ethernet. RAF
supports asyne communications over
modems, networksaﬁsﬁa direct connections—at
speeds from 300bps to 38kbps. Over Ethernet,
RAF transfers data up to 100,000 characters
per second (800 kbps)—that's about ten times
faster than any other comparable communica-
tions product! And RAF allows Ethernet users
to maintain multiple connections with remote
systems—as if they're connected through a DEC
terminal server.

TRAINING, SUPPORT AND UPDATES

In order to make sure you put every out-
standing RAF capability to your fullest advan-
tage, we have prepared a comprehensive RAF
videocassette trainer. This two hour cassette
—$29.95 if purchased separately —is yours free
with the purchase of a RAF host master license.

For on-going and immediate technical
support, eligible RAF users can call our special
hotline, 1-800-DIAL-DSS. And as new RAF ver-
sions are made available, eligible users can
update their PC software automatically through
the RAF electronic distribution system. In so
many ways, RAF is your main line to the DEC
mainframe. Call for more information now.

'DATABILIT'.-'

. 1-800-DIAL-DSS

In New York: (212) 807-7800
In Canada: 1-800-267-9393

Datability Software Systems, Inc.
322 Eighth Avenue New York, NY 10001

DEC, VAX, DECSYSTEM 20, VT 100 and VT220 are
registered trademarks of Digital Equipment Corp.;
Lotus 1-2-3 is a registered trademark of Lotus
Development Corp.; WordPerfect is a registered trade-
mark of WordPerfect Corp.; Mass-11'is a registered
trademark of Microsystems Engineering Corp.; Ethernet
1s a registered trademark of Xerox Corp.




We're giving our fans somethingto  processing solution that covers all processing environment, bring the

cheer about. the bases. great new expansion team into play.

A new communication software By itself, RAF is a sophisticated PC RAF and WordPerfect.
team with superstar capabilities. And ~ to VAX communications system. It For complete information,
real depth. Datability's RAF Remote  automatically integrates PC s with the ~_call or write:

Access Facility links WordPerfect PC full data, power and resources of a 1ATA'IL|T
with WordPerfect VAX/VMS. VAX. Performing the job transpar-

This is a dream team: fast, versa-  ently, seamlessly and with greater 322 Eighth Ave., NY, NY 10001
tile, perfectly coordinated...withthe  speed than any other comparable 1-800-DIAL-DSS
power to expand WordPerfect capa-  software. In NY:212-807-7800
bility throughout an entire office. But when all this is combined with ‘ ‘ ]

Now, WordPerfect PC users can the flexible power and comprehensive Ord PerfeCt
easily edit and share files with word processing that WordPerfect CORPORA T |
WordPerfect VAX/VMS users with delivers, the results are a sure win. 288 West Center St., Orem, Utah &10&/
no need for conversion. A word If you want the ultimate word 1-801 -227-5500

RAF is a registered trademark of Datability Software Systems Inc.; WordPerfect is a registered trademark of WordPerfect Corporation: VAX is a registered trademark of Digital Equipment Corporation



EMC Joins
OPTICAL FRAY

fter flexing its techno-

logical muscle with
the development of a
VAXBI compatible inter-

face chip, memory producer

EMC Corp. (Hopkinton,
Mass.) has taken on a new
challenge. This month, the
company will begin ship-
ping the Archeion, an
optical disk subsystem for
VAXes—EMC’s first stor-
age product for the Digi-
tal Equipment Corp.
environment.

The company is eur-
rently best known as a
producer of system en-
hancements: memory,
cache, direct access storage
devices (DASDs), and com-

munieations controllers. Its :

hardware support extends
beyond Digital, covering
the HP 3000, IBM minis
and mainframes, Prime,
and Wang VS systems. Suf-
ficiently backed by a third
consecutive year of doubled
earnings, EMC decided it
can afford to risk an en-
trance into a burgeoning,
unfamiliar market with
different competitors.

“Our greatest fear is
stagnation,” justifies Kevin
Fitzgerald, EMC’s VAX
product manager. “We're
always looking for new
markets.”

Backing the decision to
start with a VAX product
rather than an IBM or
Wang venture, Fitzgerald
cites research showing “in
the DEC world, it [archiv-
ing]is all on magnetic tape
right now.” Fitzgerald pre-

dicts that the cost of optical

archiving will tumble to
$.5/Mbyte once the market
is saturated with media
and subsystem producers.
EMC’s stated intention
in designing the subsystem
was to make it as indepen-
dent of the host as possible.
The host computer sees the

subsystem as a TU tape
drive using a Pertec stan-
dard drive interface. This
way, the user doesn’t have
to learn new commands or
procedures.

EMC also reports the

i subsystem will be indepen-
. dent of modifications made
: . by Digital, such as new ver- :
: 'sions of VMS.

The Archeion supports

The Archeion,
EMC’s optical
disk storage
subsystem,
provides up
to 56 Gbytes
of online
storage for
VAX users.

¢ up tothree types of data
: transfers that can operate
: concurrently without the

use of a switeh: to and from

i the optical drive by the

: user; to and from tape

: drives by the user; and be-
: tween optical and tape

Y drives.

The shbsystem imple-

. ments 12-in. platters with

i 1.024 Gbytes/side and can

i support up to 56 drives. It

:* has a burst transfer rate of
: 770 Kbytes/sec., and the er-
: ror rate is 10-2 using ECC.

The subsystem has its

¢ own power supply, so a

¢ drive can be replaced or up-
i graded without shutting

: down the entire system.

EMC plans to service

the subsystem from its eur-
. rent worldwide service
. facilities.

—FEvan Birkhead

OPTICAL STORAGE
SUBSYSTEM
For MicroVAX II

urrent write once read

many (WORM) based
disk subsystems utilize dif-
ferent methods in an effort
to solve the performance
problems associated with
optical technology, such as
nonerasability and slow
seek times. Each of these
approaches has enjoyed
varying degrees of success.

They range from the practi- : :
: Liccardo, the vice president :
: of storage systems at SMS,
i the kit was designed to

: speed the learning curve

i for developers evaluating

;' software or hardware

: applications for optical

: storage. ;

cal (storing optical
directories, bit maps, and
index files on removable
disks) to the bizarre (using
noncompatible device
drivers).

Scientific Miero Sys-
tems Inc.—SMS (Mountain

¢ View, Calif.), which claims
i to have produced the first

: eommercially available

: controller for optical disk
¢ drives, is trying an alter-

: nafe approach that

! Integrates controller firm-

: ware design with file

¢ structure and application

¢ design, thereby taking ad-
¢ vantage of the char-

i acteristics of WORM,

¢ rather than trying to cover
: them up. The SMS Optical
* Development Kit, designed
i for the MicroVAX II, is

¢ ‘based on 5% -in. optical

¢ media.

The kit enters the low

: end VAX market as a kind
¢ of testing ground for opti-
i eal archiving on VMS—a

. first step toward full-seale
. optical storage for VAXes.

Aceording to Mike

SMS plans to sell the

: subsystem primarily

¢ through its established

;" base of technical and com-
: mereial OEMs and VARs,

: but also to.some sophisti-
: cated end users. The kit

i costs $10,000, while an SMS
i 0109 controller alone is

: ‘priced at $1,150 in OEM

: .quantities. An SMS techni-
i cal staff member provides

¢ installation of the equip-

. ment as well as on-site

: training.

The foundation of the

: toolkit is an SMS 0109

. multifunction controller

: with a small computer sys-
i ‘tems interface (SCSI) port.
: The Mass Storage Control

: Protocol (MSCP) compati-
: ble controller also supports
: two Winchesters, using a

¢ DU driver for the optical

and Winchester drives. It

: can also support two

i floppies, addressing the

: Winchesters as DUAO and
i DUA1 and the floppies as

: DUA2 and DUAS3. (The op-
: tical disk is DUBO.)

Also included are a

: Maxtor RXT-8008 5 Y-in.

¢ drive with 800 Mbytes of

! storage, and SMS’ propri-

¢ etary Optical System

: Software (OSS) that man--
¢ ages the optical disk’s file

i structure. The optical drive
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has automatic error detec-
tion and correction, and a
SCSI eontroller to talk to
the 0109.

The software, written in :

FORTRAN-77, is the key to
the subsystem’s different
approach. The file struc-
ture is a subset and a
superset of Digital Equip-
ment Corp.’s OSD-2, so
VMS applications can ac-
cess the optical disk. (The
disk home-block, file
characteristies, extensions,
dates, etc. are the same as
any OSD-2 device.) The

: utility that implements the
: file structure is a set of

: subroutines that are call-

¢ able from VMS.

A SCSI pass-through

: ‘mode is provided for users
: who have additional re-

¢ ‘quirements for accessing

: SCSI compatible disks.

Not coincidentally, SMS

. is also active in the storage
i markets for the Macintosh
: and IBM PC. The roots of

: the company, however, are
i in controllers, storage sys-
: tems, Q-bus microcom-

: puters, systems software,

: tape backup, and very large
: scale integration (VLSI)

: application-specific inte-

. grated circuits (ASICs).

—FEvan Birkhead

! The SMS 0109 is a single~

: board controller designed to
: interface optical disks fo a

i MicroVAX II.

SHARED DATABASES FOR
FINANCIAL INSTITUTIONS

n an effort to redefine

the performance stan-
dards of relational
database management,

Calif.) made several potent
product introductions at
the National Financial
Computer & Automation
Conference (FinCom) in
New York.

Most newsworthy was
the BL8000 Shared Data-
base System, a 32-bit

allel processing and
reduced instruction set
computer (RISC) concepts.
The system reportedly has
transaction rates that rival
those of mainframes run-
ning relational database
applications. This trans-
lates to 10 times the

performance capabilities of

Britton Lee’s current high
end database.

The BL8000 is called a
shared database because
it’s designed to allow mi-
crocomputers, minis, and
mainframes to share in-
formation. While appli-
cations run on the host
processor, the database

management software runs

on the database machine.
Besides VMS, the sys-

: tem supports VM/CMS,

* Apollo, and Sun worksta-

: tions, and UNIX. Upward

: compatible with Britton

: Lee’s current high end sys-
 tems, the three models of

: the BL8000 will contain

¢ 1-120 Gbytes of disk stor-
Britton Lee Inc. (Los Gatos, :
: data memory. Prices start
S at $320,000.

age, and 16-256 Mbytes of

V. 2 of the company’s

: proprietary Integrated Da-
tabase Manager (IDM) was
¢ also introduced to accom-

. The Britton Lee BL800O

: : Shared Database System
machine based on both par-  ullows microcomputers,
. minis, and mainframes to

¢ modatethe BL8000’s 32-bit
: architecture. Conforming
: to ANSI SQL and DB2

¢ (both industry standards),
V.2 eonsists of the IDM

! host-resident software and
i IDM/RDBMS that resides
: in the Britton Lee

hardware.
Both the BL8000 series

and IDM V. 2 will begin

beta testing at the begin-

! ning of 1988.

The BL300 Shared Da-

: tabase System was also :
. introduced at FinCom. This :
: reel tape. :

low end database package

: allows IBM PC workgroups
¢ toshare SQL files with

¢ VAX users. Like the

: BL8000, the smaller ma-

i capacities and backup tech-
¢ niques. Sixty-three to 878

: Mbytes of disk storage are

: offered for basic configura-

: $85,000.

: chine attaches to host

: gystems over Ethernet or

i RS-232 ports and can hook-
: up to multiple hosts. It also
i supports the same operat-_
¢ ing systems.

The four models of the

BL300 range in price from
;- $17,950 to $90,950, depend-

ing on disk storage

tions, and backup is either
cartridge or 9-track reel-to-

Software licenses for V.,
1 of IDM on the BL300
range from $10,000 to

Britton Lee also an-

nounced that its shared
1 databases ean now inter-
: face with Focus, the 4GL

DBMS from Information

i *Builders Inc. (New York,

= N.Y.). Focus users will be

: able to access data on

: - Britton Lee systems and

;- share data with the various
¢ shared database system

i hardware environments. To
¢ the Foeus user, the Britton

i ‘Lee systems look just

: like VM/CMS running on

: an IBM.

The cost of the inter-

face, which is already
i available for the BL700 se-
i ries, was not announced.

— Evan Birkhead.
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UNIX Anp OTHERS ON
ETHERNET USING TGP/IP

t was only natural that

the competitive new
UNIX workstations from
Sun, Apollo, and Prime
would become popular in
the DECnet/Ethernet en-
vironment. Meanwhile,
transmission control proto-

col/internet protocol (TCP/ :

IP), the de facto standard
network communications
protocol most used for
UNIX, has become the pri-
mary utility for com-
munications along dis-
similar operating systems.
Many UNIX-based comput-
ers already support
Ethernet TCP/IP.

TCP/IP on both VAXes
and PDPs has thus become
an important topic for
multivendor, multiop-
erating system Ethernet

: networks. Process Software
¢ Corp. (Amherst, Mass.) of-

: fers TCP/IP for virtually

¢ all of Digital Equipment

: Corp.’s operating systems.

: The company offers both

: File Transfer Protocol

: (FTP) and Telnet. FTP is a

¢ file transfer networking

¢ package for VMS, RSX, RT-
: 11, TSX, and IAS; Telnet is

¢ avirtual terminal package

for VMS and RT-11.
With FTP, bidirectional

: transfer between any two

i computers on the network

: can take place. Both user

¢ and server file transfer

: protocols are supported.

: Computers running Telnet-
: VMS and Telnet-RT can

: access Ultrix, UNIX, and

: other TCP/IP systems.

: Most operating system ver-
: sions of each program
support account and pass-

: word protection.

Prices for the FTP se-

ries range from $995 for
FTP-TSX to $1,995 for

: FTP-VMS. Telnet-RT is

priced at $795, while

: Telnet-VMS is $1,495. Us-

ing F'TP or Telnet on more
than one system requires
an additional licensing fee.

—Evan Birkhead

. DRACLE AND INGRES
AVAILABLE FROM ELXSI

wo of the industry’s
leading database man-

: agement system (DBMS)

¢ packages are now available
¢ from Elxsi (San Jose,

: (Calif.). Recently signed

: marketing agreements with :
! Oracle Corp. and Relational
i Technology Inc—made in

: an effort to reach the large
¢ database-user market—

: provide availability of OR-

. ACLE and Ingres DBMS

software on the System
6400.

These new marketing
agreements follow the on-

going trend in the

minisupercomputer market
for the system manufactur-
ers to offer as broad a
variety of software as pos-
sible for their products.
“These DBMS packages

. will combine with the Sys-

tem 6400 for high per-

: formance relational

¢ database capabilities and

: provide the DBMS users a

: cost-efficient multiprocess-
: ing alternative to expensive
. mainframes,” says Christo-
: pher Drahos, vice president
: of marketing for Elxsi.

: “ORACLE and Ingres soft-
¢ ware complement a grow-

: ing list of software

: applications available on

: the System 6400.”

—Renee P Brouwn

BREAK THE BOTTLENECK

igh capacity, high per-

formance disk storage ':

iS now more economical

with the introduction of the :
Strategy 1 File Access Con- :

troller developed by
Maximum Strategy Inc.
(San Jose, Calif.). Strategy
1 is capable of significantly
increasing sustained data
transfer rates using stan-

dard enhanced small device :
: sustained data transfer -
¢ rates from 3% to 10 Mbyte/ :
: sec.—the kind of speeds .
¢ and capacities needed for

: compute-intensive applica-
: tions such as supercom-

i puting, image processing,

: array processing, geophysi- :
: cal imaging, medical

: imaging, graphic arts, ani-
: mation, and CAD/CAM.

interface (ESDI) and stor-
age module drive (SMD)
Winchester disk drives.
The system is designed
for the high performance
sector of the marketplace,
where a common problem
is a bottleneck in system
performance due to data
transfer speed. Using a
newly designed architec-
ture, Strategy 1 incorpo-
rates an array of four
standard/serial disk drives
to provide subsystem stor-
age capacities from 300

Mbytes to 16 Gbytes and

Strategy 1 maintains a

: core of logical file access
. facilities residing in firm-
: ware. Because it is com-
: mand driven, the system

i enables the user to commu-
: nicate with the controller

: in terms of logical blocks

: within a file, rather than

physical disk parameters

: such as cylinders, tracks,

. and sectors. This alleviates
i the need for the user to

: handle the routine low level :
: access details associated

with logical-to-physical

i block mapping, bad block
: management, and data er-
i TOr recovery.

The system provides us-

: ers with the flexibility to
¢ choose from a variety of
i drive manufacturers in-
¢ cluding Toshiba, Hitachi,

Strategy 1
increases
data transfer
rates using
standard
Winchester
disk drives.

: Fujitsu, NEC, Maxtor,

¢ Miecropolis, Control Data,

: and Century Data. The use
. of standard disk drives and
: interfaces creates a reli-

: able, cost-effective system

: ata price of $19,000.

“We designed the Strat-

egy 1 to provide a cost-
: effective solution to the

higher transfer rate de-

. mands of the rigid drive

: marketplace,” comments

. Del Masters, president of

: Maximum Strategy. “It

¢ fills the need for reliable

: ultra-high performance ro-
: tating memory at a much

: lower cost than comparable
i alternatives.”

—Renee P Brown
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Todesi
throu

It has been said that
the video quality on most alpha-
numerics terminals doesnt even
deserve a second look. Much
less a fixed gaze. Unfortunately,
... We have to agree.

B "2220 ‘ ' We know what
T/wugllil'spn'ted/tbana/pllanumermtnmma/,-m poor VidCO quallW can
can display both bit-mapped graphics and full-featured text. do to an Operatofs
productivity. And we also know that lost productivity can cost
you more than any investment you make in terminals.

But until now, it was almost impossible to find good video
at a good price. You had to choose between high-performance,

Our NEw
eeves ot

high-priced graphics terminals, and lower-priced, lackluster
alphanumerics terminals.

Introducing the Visual 600 Series Integrated Image
Display Station.” A new kind of terminal that combines text with
graphics for an image so superior that your users will forget all
about things like poor resolution, flicker and
edge distortion.

For about the same price as a regular
alphanumerics terminal, it will emulate ASCII,

ANSI or VT220™ terminals, while displaying
\ powerful bit-mapped graphics you would

One of the best things about the 600 Serves is that it is
designed for plug-and-play operation.



termmalwe looked
the termimal operator;

e

only expect from a dedicated graphics terminal. And we think its But dont settle for mere words. Look at our new 600 Series
integration of text and graphics will soon become the standard Integrated Image Display Station. Because nobody should look at
for business computing.  a terminal through eyes like these.
Besides relieving For more information or to arrange a demonstration, call

terminal operators of 1-800-433-0880 or write Visual Technology, P.O. Box 5505,
eyestrain, our new 600 Peoria, IL 61601.
Series was designed to

 pyTaR 00 Sorres * relieve distributors of
1o emulate a DEC, Wyse, Televideo or you-name-it. inVCntOTV S[rain.

The trick is something we call a plug-in personality module
that can change our basic terminal into a V1220, a Wyse 50+

or almost anything. And VARs get an open architecture so they
can customize to their hearts’ delight. DlSPFLAYS OF INTELLIGENECE

Corporate Headquarters: Visual Technology, Inc., 1703 Middlesex Street, Lowell, MA 01851
*Patent pending. VT220™ is a registered trademark of Digital Equipment Corp.

ENTER 697 ON READER CARD



Low CosT MicroVAX
A/D GONVERTER
AND MoNITOR

he Model 190 System
Channel Monitor, from
Codar Technology Inc.

MicroVAX/Q-bus users
with 16 high speed, 8-bit,
A/D channels along with
on-board temperature and
system voltage sensors for
a price of $595. Designed
for use where a full 10-bit
resolution converter is not
required, the Model 190
can be tailored to many
applications,

The dual-wide converter :
: with auto scanning or man-
¢ ual channel selection. The

: realtime clock is pro-

' grammable to either drive

offers customer software-
programmable, upper and
lower thresholds stored in
EPROM memory for each

: A/D channel. Each of the

: software-selected A/D

¢ channels is scanned se-

: quentially using an on-

. board realtime clock. In

: auto scan mode, interrupts
i and/or an external alarm

: are generated only if an
(Longmont, Colo.), provides :

out-of-range condition is

i detected.

“You get the advantage

: of a high speed A/D con-

. verter running at a fast

i conversion rate,” com-

: 'ments Mike Evans, Codar’s
: president, “but without

¢ the associated interrupt

: overhead.”

The Model 190 can also

. be used as a standard inter- :

rupt-driven A/D converter

: The MV2RAM/16 uses one
: slotin the MicroVAX
. backplane, runs cooler, and

MicroVAX Il MEmoRY

learpoint Inc.

(Hopkinton, Mass.) has
developed a 16-Mbyte mem- :
ory board for the MicroVAX :
IT and compatible systems. :
The board, which uses 1-
Mbit DIP DRAM chips,
requires one slot in the Mi-
croVAX backplane. The

. uses less power than two 8-
Mbyte cards.

company says that the one-
: board approach runs cooler

and uses less power than
two 8-Mbyte cards.
The MV2RAM/16 re-

: quires no jumpers for

: memory sizing or address-
i ing. It is now available at a
¢ list price of $3,500.

: off-board instrumentation
: or generate processor in-

. ‘terrupts at a program-

: mable rate from 1 Hz to 25
;. KHz. Each of the analog
:_inputs can also be config- :
ured to monitor TTL digital :
: inputs. ]

“The Model 190’s auto

i scan mode is ideal for low
: "cost environmental and

i system monitoring,” ex-

: plains Wayne Farlow,

: executive vice president at

The Model 190 from Codar
Technology Inc. is a high
speed 8-bit A/D converter
with on-board temperature
and system voltage sensors.

Codar. “Interrupt overhead
and timing problems asso-
ciated with standard A/D
converters are greatly re-
duced. Additionally, the
requirement for a separate
KWV11 realtime clock and
associated backplane slot
and cabling is eliminated.”
—Renee P Brown

- DigiTAL I8

FIRST To DEvELOP 64-

. MBYTE BoagD

igital Equipment
Corp. recently made

i another priece/performance
: adjustment across the en-

¢ tire VAX product line,

: significantly enhancing the
¢ VAX 8000 series and Local

: Area VAXclusters (LAVCs).
: The most surprising ele-

: ment of the announcement
¢ ‘was the availability of two
: ‘new high density memory

¢ boards for the 8000s, which
i will allow Digital to com-

i pete head-to-head with

: third party VAXBI memory
: manufacturers.

The two boards, a 16-

. Mbyte module for the 8250
: and 8350 and a 64-Mbyte

: module for the rest of the

i 8000 series, utilize 1-Mbit
¢ chip technology. The 16-

: Mbyte board will expand

¢ the system capacity to 128

i Mbytes; the 64-Mbyte array
i raises the ceiling to 256
: Mbytes.

In addition, Digital low-

. ered prices of the VAX 8250,
1 8350, and 8530 systems,

: ‘while adding enhancements
: and adjusting prices across
¢ the rest of the 8000 line “to

: more accurately reflect sys-
: tem performance and

: customer value,” according
: to a company statement.

: For example, 8000s can now
i be attached directly to

* LAVCs, eliminating the

i need for a Unibus ¢hannel.

The 8000s were also up-

: graded to have a maximum
:.of four Ethernet connec-

i tions for LAVCs or DECnet
i LANSs.

Other price reductions

: affected the MicroVAX

i 2000, which was slashed

i from 17-20%, depending on
: the configuration. A final

i enhancement reduced the

: footprint size of 8530 and

: 8550 VAXclusters by 50% to
1 68q. ft.
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 High ResoLution, Low
COST GRAPHICS
DISPLAY SYSTEM

he 4322 is the newest
. member of Ramtek

4300 family of high resolu-
tion graphics display
systems. Comprised of a
high performance color
graphies processor and
video display monitor fea-
turing 1280 x 1024 screen
“resolution; the 4322 dis-
plays up to 256 screen
colors from a padlette of
4096 colors.

Based on several propri-  :

etary very large scale
integration (VLSI) devices,
the compaet 4322 provides

© easy tabletop placement for :

- small work areas. All'con-
troller hardware resides

.. within the base of the tilt-
and-swivel 15- or 19-in.

color monitor and, since the :

. 4322 uses less components,

system reliability is greatly

_increased.

Compatible with Digital :

- Eguipment Corp.’s VAX

and MicroVAX computers, ',

Hewlett-Packard’s
HP21MX, Data General
computers, and IBM PC/
AT/XT systems, the 4322

i offersintelligent graphiecs

. ‘terminal capabilities for

i $8995. The 4322 is one

: graphics display system in
¢ this price range that can be
. directly connected to

: Ethernet networks for com- :
) .o/ i munications with VAX
Corp.’s (Santa Clara, Calif.) i Hosts using the RAMnet de-
i vice driver.

“The Ramtek 4322 pro-

vides a very low cost, high

resolution graphics display

: system for users requiring
:high levels of graphic de-

tail,” explains Rick

McEwan, Ramtek’s man-
: ager of graphics produets.

“The 4322’s network ca-

: pability will appeal to

network-oriented users

i wishing to add high per-
: formance graphic nodes

: ‘without the expense of add- :

ing a host server device.”
Geared to the high per-

: formance graphics market,
: the 4322 is suitable for

: many 2D graphies display

: applications such as those

: associated with CAD/CAM,
: process control, finite ele-

i ment analysis, mapping,

: C3I, and complex business

: graphics.

—Renee P Brown

Ramtek’s 4322
graphics display
system supplies
high
performance
graphics
capabilities at a
low cost.

DIGITAL SUPPORTS
THIRD PARTY SOFTWARE

s ervice and software
support from Digital
Equipment Corp.’s Cus-
tomer Support Centers has
been extended to several
third party software prod-
ucts. The program, called
Vendor Application Ser-
vices (VAS), will support
customers with multi-
vendor applications:,
. Digital’s support special-

- ists'will receive training

“directly from the software
_vendors.

The basic DECsupport

¢ ineludes installation, up-

¢ dates, telephone advisory

‘' support, software perfor-
:'mance reports, and

. Digital’s Basic Service and
;. Self-Maintenance Service
© programs. The specifics of
i ‘each service will be deter-
i mined on a product-by-

;' product basis, however.

According to Tim

i Tormey at Digital, VAS

! support i8'as close as possi-
: ble to the support Digital

;. provides for its own prod-

: ucts. VAS is currently

: ‘available only in the United
i States, but there are plans

+ for European and other in-

i ternational programs.

- DIGITAL AUTOMATES
.~ PANAM GAMES
. For USA Tovay

he USA Today news bu-
reau for this summer’s

: PanAm Games was fully

: automated by an Ethernet
¢ environment designed by

: Digital Equipment Corp.

¢ The bureau included eight

: VAXmates running Xy-

¢ write word processing and
i typesetting software from

¢ Xyquest Inc. (Bedford,

i Mass.), and VAX/VMS ser-
¢ vices for MS-DOS.

Reporters at the games

. in Indianapolis filed their

: stories on the central direc-
: tory of a MicroVAX server,
i which sent the documents

: via integral modem to an

: Atex publishing system at

¢ USA Today’s headquarters
: in Virginia.

Digital claims that us-

i ing the MicroVAX as a

¢ server was more cost-effec-
i tive and efficient than

¢ traditional PC/mode links
. that require a modem at-

: tached to each PC.

For security purposes,

: every reporter at the re-

. mote site was issued a key

. diskette that was necessary
: toaccess the VAXmate and
¢ the disk on the MicroVAX.
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SIMPLIFY
GONTACT TRACKING

o rganizing'and track-
ing customer contact
information can be a time-
consuming and cumber-
some job for even the most
orderly sales office. This
task is now simplified with
the introduction of the
Computer Integrated Sales
system (CIS) from
Owen+ Davis Systems
(Costa Mesa, Calif.).

CIS allows users to

track thousands of business :

contacts on an individual,

personal level. Designed ex-

clusively for Digital
Equipment Corp.’s VAX/
VMS environment, CIS in-
stalls by means of the
standard VMSINSTAL pro-
gram. Prices start at $900/
user.

' Unique features are the

strong suit of CIS—such as
: the keyword search ca- ;
i pability that allows contact:

: lists to be indexed accord-
: ing to a variety of criteria
¢ -developed by the user. For
example, a group of con-

CIS allows users to track Mundl of business contacts on
: anindividual, personal level. ;

RIVAL WORKSTATIONS
INCREASE CAPABILITIES

he IRIS 4D/60, a 7 mil-

lions of instructions per :

sec. (MIPS) graphics work-
station from Silicon
Graphics Inc. (Mountain
View, Calif.), has been
benchmarked at greater
than 10 MIPS running on a
$7,500 upgrade called the
Turbo Option. The 4D/60T
is a 32-bit CPU board with

The IRIS 4D/60 Turbo Option :

(IRIS 4D/60T) provides IRIS
4D/60 users with a growth

path to significantly higher
computing and floating
point performance.

a 12.5 MHz floating point
coprocessor that performs
1 million floating point
operations per sec.
(MFLOPS)—a 300% im-
provement over the
original CPU.

16 Mbytes of on-board
memory, and a dual cache
that designates 64 Kbytes
for instructions and 32
Kbytes for data.

Rosalie Buonauro at Sil-
icon Graphics says the
company anticipates the
hardware will open up new
applications for 4D/60 us-
ers in areas such as ray

. tracing for animation, fi-

: nite element modeling and
: analysis, fluid flow dynam-
: ies, molecular models, and
¢ medical illustrations.

Apollo Computer Inc.

. (Chelmsford, Mass.), an-
The board features up to :
: Corp. rival on the graphics
: workstation battlefield,

: also improved the capabili-
: ties of its flagship product.
: Apollo’s Network Comput-
: ing System (NCS) is now

: being marketed as a net-

: work distributor for the

: Trace supercomputer. The

: NCS can be a group of Se-

: ries 3000, Series 4000, or

: Turbo workstations that

: distributes modules or

: parts of single application

: programs to the Trace

: where they are executed.

other Digital Equipment

The joint venture be-

: tween Apollo and Mul-

¢ tiflow Computer Inc.

: (Branford, Conn.), producer
: of the Trace series, is tar-

: geting mechanical design

¢ engineers running such

: applications as Geomod,

: Supertab, Patran, and

: ANSYS.

—FEvan Birkhead

i tacts are targeted for a

: direct mail campaign—by
: including the name of a

i cover letter from CIS’ let-
: ter module as a keyword,

: the logistics of the search
¢ are greatly simplified.

“Keywords can be any-

: thing the user chooses,”
"¢ says Matthew Owen, part-
: ner with the firm,

: “including words reflecting
i product interest, follow-up
: dates, stage in sell eycle, -

i source of the contact name,

: or literature you've sent.”

: CIS allows more than 100
i keywords/contact.

Other useful features

: include a free-form

i notepad with the capability
: of maintaining and report-
_ i ingon an unlimited

¢ number of notes for each

: contact and a letter writing
: facility that allows stand-

* ard form letters to be

catalogued and maintained.
The letters can be personal-
ized to the contacts by
using standard criteria or
by any user-created
keywords in the system.

— Renee P Brown

MepicaL WoRD LisT
Now O Ati-In-1

he English Spelling

Corrector from :
Houghton Mifflin (Boston,
Mass.), currently ‘available
on All-In-1, can now be en-
hanced with Houghton
Mifflin’s Medical Word
List. The optional list in-
cludes biological and
chemical names; com-
pounds, generie, and trade
pharmaceuticals; acro-
nyms; surgical terms; and
emerging terms associated
with recent research and
procedures.

Digital Equipment
Corp. signed a licensing
agreement for the soft-
ware, which:is one of
Houghton Mifflin’s Profes-
sional Word Series ‘
Language Aid programs.
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A HIGH QUALITY, ENTRY LEVEL ANSI TERMINAL OFFERING
OUTSTANDING PRICE/PERFORMANCE.

Introducing the newest addition to the Freedom ONE family of terminals
from Liberty Electronics.The Freedom ONE ANSI. The ONE terminal for
your DEC and Data General requirements. This low-cost, ANSI-only terminal
includes many of the same advanced features you'd expect to find in
higher priced terminals.

For starters, it provides emulation of DEC VI220;" VT100™ and VT52;"
as well as Data General DASHER™ D210 and D211. It has the same sleek,
award-winning ergonomic styling of the original Freedom ONE. It comes
with a high contrast amber 14-inch flat screen, with full tilt and swivel
capability. It includes a choice of two detached, low-profile keyboard
styles: DECVT220 and Data General D210/211.

It’sall backed by Liberty’s comprehensive warranty programs
and nationwide network of authorized service centers.

The new Freedom ONE ANSI. You won’t
find a higher quality ANSI terminal
for the price. Anywhere.

Another Choice of Freedom.

 [SlLiberty
We build better terminals.

Western Region (714) 476-3113
Central Region (312) 690-3433
: Eastern Region (617) 660-1938
ENTER 738 ON READER CARD Canada (416) 238-0366




Now! Optical Disk Mass Storage
for VAX/VMIS " Users!

A Completely
Integrated System
Including Software.

The new Perceptics LaserSystem™ finally solves the mass
storage problem for VAX/VMS users. Fully integrated, tested,
and ready-to-use, LaserSystem features an OSI optical disk
drive, SCSI host adapter, Perceptics LaserWare™ software,
media, complete installation and on-site maintenance.
LaserSystem includes several advanced features, such as
Direct Read During Write (DRDW) data verification, auto-
matic bad block reallocation, and extensive self-diagnostics.
A removable 12-inch cartridge is used to permanently store
up to 2 GBytes of data.

Our revolutionary LaserWare software, which has become
the industry standard, is completely transparent to your
VMS utilities and applications. LaserWare requires no
changes to your existing software.

Perreptics

Perceptics Corporation

Pellissippi Corporate Center

Knoxville, Tennessee 37922 o - T
(615) 966-9200 LaserSystem scvt{ aseriiane re tesdameni Of Perospycs Corporation

ENTER 734 ON READER CARD




A Classic Approach to Mass Storage!

Optical Disk Jukebox
for VAX/IVMS™

Introducing LaserStar”, a complete optical disk jukebox subsystem.

Perceptics’ LaserStar brings the
massive storage capacity of
optical disk jukeboxes to the
fingertips of VAX/VMS users.
Combining the latest in optical
storage technology with the
classic “jukebox” concept of
disk handling, LaserStar
provides convenient, on-line
storage and retrieval of vast
amounts of data using write-
once optical disks.

The LaserStar jukebox consists
of a robotic disk handling
mechanism, a media storage
unit, and one or more optical
disk drives. The system also
includes a host adapter,
Perceptics LaserStar software,
and installation. Optional items

include 12-inch double-sided
media and on-site maintenance.
A variety of drive/media
configurations are available to
meet your specific budget and
performance requirements, with
total on-line storage capacities
ranging from tens to hundreds
of gigabytes. Media are fully
compatible with Perceptics’
LaserSystem optical disk
subsystem.

LaserStar software provides
automatic, VMS-transparent
access to the jukebox optical

disk library. Based upon
Perceptics’ industry standard
LaserWare software,
LaserStar is completely
compatible with VMS utilities
and applications. Thus, each
optical disk volume in the
jukebox may be accessed with
no changes to your existing
software.

percestics

VAX and VMS are trademarks of Digital Equipment Corporation.
LaserStar, LaserSystem, and LaserWare are trademarks of Perceptics Corporation.

ENTER 735 ON READER CARD

Perceptics Corporation
Pellissippi Corporate Center
Knoxville, TN 37933-0991, USA
(615) 966-9200

FAX (615) 966-9330
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MINI
BUT

UPER

INVASIOIN

HEAVILY ARMED MINISUPERCOMPUTER VENDORS
ARE AIMING AN INVASION AT DIGITAL'S
SCIENTIFIC AND ENGINEERING MARKET

new era of affordable, high per-

formance computing is quietly

being ushered in by almost two

dozen young companies touting

what is loosely called a minisu-
percomputer. While a convergence of
hardware designs and integrated cir-
cuit devices makes this possible, well-
conceived marketing strategies are
driving these new machines to broad
market acceptance.

Early supercomputers pioneered by
Control Data Corp. and Cray Research
offered an abundance of computing
power, but ultimately didn’t fulfill the
needs of most scientific and engineer-
ing users. Their high price tags, batch
mode operating systems, and lack of
software presented too great an obsta-
cle for the average undermanned, un-
derfinanced research and development
department.

In contrast, the latest wave of mini-
supercomputer vendors, Multiflow
Computing Inc., Floating Point Sys-
tems (FPS), Convex Computer Corp.,
Elxsi, and Alliant Computer Systems
Corp., is enjoying considerable success
by following a strategy that marries
the VAX with speed-enhancing hard-
ware to harvest the fertile price/per-
formance gap between a Cray super-
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computer and a VAX, territory left
fallow by Digital Equipment Corp. and
other major computer vendors. It’s not
likely to stay that way, however, as
Digital is reported to be nearing com-
pletion of Pegasus, its own minisuper-
computer project.

The choice of hardware architec-
ture—whether vector, parallel, matrix,
or very long instruction word
(VLIW)—isn’t always the most critical
factor in the overall scheme. The pri-
mary concern is that existing VAX soft-
ware applications can be easily ported
to the 64-bit hardware and made to exe-
cute much faster. Next in order of im-
portance is an operating and software
development environment closely re-
sembling Digital’s VMS operating sys-
tem, which has become a veritable
standard in scientific and engineering
circles. Hardware design becomes an
important consideration when one ven-
dor’s architecture can provide faster
execution or increased versatility for a
particular application.

“DEC has served scientific and en-
gineering customers well. We want to

do that too, and that means fitting into
that world,” says Leigh Cagan, director
of marketing communications for Mul-
tiflow, a start-up that began initial
minisupercomputer shipments this
past summer. Multiflow, like many oth-
ers, plans to spend considerable effort
providing VMS compatibility in the
form of a VMS shell for its UNIX oper-
ating system (an EDT-style editor) and
DECnet capability.

Speed Excites,
Solutions Sell

In a market where there is no such
thing as too much computing power—
complex computations often take hours
or days to run on even the fastest super-
computers—the VAX with its general-
purpose hardware can have significant
disadvantages. For most scientific and
engineering applications, minisuper-
computers can exponentially increase
the number-crunching performance of
a VAX 8700 for 80% of the cost. Put
another way, minisupercomputers of-
fer 25-50% of a Cray’s performance at
10% of the cost. Typical prices range
from $300,000 to $1 million, although
some high end minisupercomputers ap-
proach the $2 million mark. A VAX
8700 sells for more than $600,000, while
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the dual processor VAX 8800 lists at
more than $900,000.

What’s more, minisupercomputer
vendors, following Digital’s lead, are
focusing on a solutions-oriented sell.
“Cray got into the supercomputer busi-
ness in the days when there was no
software and users were willing to take
raw machines. Now it’s critical to have
solutions software,” says Jeffery
Canin, an analyst who follows super-
computers for San Francisco-based
Hambrecht & Quist Inc.

Alliant and Convex both offer more
than 100 software packages, many of
them from already-existing software
ported to their systems directly from
minicomputers, primarily VAXes, Ca-
nin notes. One hundred software pack-
ages is only a small percentage of the
vast number of applications available
for the VAX, but the point is minisu-
percomputer vendors have grasped the
importance of providing solutions, not
just systems.

“What we have always done is sell
to industries that rely on applications
software to get the job done,” says Rob-
ert Paluck, president of Convex. “It’s
the software that sells the machine.”

For minisupercomputer vendors
like Convex, the strategy boils down to
producing what are essentially cheap-
er, faster VAXes. The vendors that can
combine VAX compatibility and appli-
cations software with the most speed
and lowest price will find themselves
well-positioned against other minisu-
percomputer suppliers and Digital.
Convex’s ascent to an estimated $75
million in 1987 sales in just 2 yrs. bears
out the validity of that approach.

For Some, Super Sales

Although Convex is generally con-
sidered to be the hottest property in the
vector minisupercomputer business to-
day, the entire market is growing rap-
idly. Depending upon how a minisuper-
computer is defined (and other fac-
tors), the market for minisupercompu-
ters is currently estimated at between
$250 million and $350 million, accord-
ing to analysts. Hambrecht & Quist
says the market has doubled in the past
year and expects it to double next year,
topping the $500 million mark.

Dataquest, the San Jose, Calif. mar-
ket research firm, estimates the mini-
supercomputer market will total $1.2
billion by 1991, almost quadruple its
current value. Although the minisuper-
computer market is on a fast track for
the next few years, nobody knows how
far it will go. Cautions Canin, “It won’t
go on doubling forever.”

According to Dataquest researcher
Gregory Kosinski, a shakeout in the
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minisupercomputer arena is inevitable.
The reason boils down to numbers. De-
signing, programming, marketing, and
manufacturing a minisupercomputer is
a highly complex, expensive process—
typically requiring about $30 million
for start-up. With 20+ companies each
investing that kind of money and all
needing comparable sales, a $300 mil-
lion to $600 million market isn’t large
enough to support them all.

FPS, one of the first vendors to en-
ter this market, has started to feel the
effects of a changing, more competitive
market. The company posted a $14.7
million loss in 1986 and was forced to
trim its workforce by one-third, from
1200 to 800 employees during 1987, in-
curring a one-time $10 million restruc-
turing cost in the process. Nonetheless,
analysts remain optimistic about a
leaner FPS’ chances for long-term suc-
cess. It boasts the minisupercomputer
industry’s largest installed base (350
systems) and recently inked a joint
marketing agreement with Digital that
gives it both credibility and sales. It
also has a large base of applications
software to run on its minisupercom-
puter systems and a sophisticated vec-
torizing FORTRAN compiler.

The emergence of the minisuper-
computer is also cutting into other
market segments. Array processors, in
particular, are faced with a shrinking
market share as minisupercomputers
with increased performance, more ap-
plications, and an improved environ-
ment for applications development in-
vade their territory.

Unlike minisupercomputers, which
have their own operating systems, ar-
ray processors are incapable of stand-
alone operation. They increase per-
formance by executing subroutines
from a program residing on a front-end
VAX or other host. Where array pro-
cessors were once the only bridge over
the performance gap between a VAX
and a Cray, their markets are now be-
ing limited to such areas as signal, im-
age, and seismic processing; medical di-
agnostics; and realtime simulation.

Minisupercomputers address a
greater range of applications, including
design automation, seismic analysis, oil
reservoir simulation, computational
chemistry, general scientific analysis,
realtime data acquisition, graphics,
and software development.

A number of systems that are clas-
sified as minisupercomputers, such as
the FPS M64 series, rely on the VAX for
their interface to users. The FPS M64
adds a combination of scalar and vector
processing capabilities to the VAX;
compiled programs can run entirely on
these added processors, freeing the
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Systems offered by Convex
Computer Corp. (top),
FElxsi (top middle), Float-
ing Point Systems (bottom
middle), and Saxpy Com-
puter Corp. (bottom).

VAX processor for other tasks.

Who’s On First?

The large number of viable competi-
tors also creates another problem: con-
fusion among potential minisupercom-
puter buyers, says Canin. “We're seeing
Convex and Alliant having trouble
closing sales,” he says. “The demand is
out there, but customers are confused
as there are so many conflicting vendor
claims. Customers are doing their own
benchmarks and know that the longer
they hold out (in closing a sale), the bet-
ter prices they can get.”

Selecting a minisupercomputer
isn’t a simple process. Selection of a
system is very application dependent.
Often the specialized, high speed pro-
cessors in minisupercomputers are suc-
cessful in lowering execution times
only if the application matches the pro-
cessors’ architecture. For example, if
only small portions of a program can be
adapted to vector execution, then a ma-
chine that uses vector processing to get
its speed provides only limited im-
provement; in this instance, a scalar
machine such as a VAX might be fast-
er. No single hardware architecture is
always suitable for a specific applica-
tions environment—a fact that can
make selecting a minisupercomputer a
difficult, confusing process.

The best way for users to sort
through performance claims is to run
benchmarks on all the minisupercom-
puter systems under consideration. Un-
fortunately, this can be a very expen-
sive, time-consuming process, typically
costing $30,000-$100,000, according to
Martin Middlewood, a spokesman for
FPS. A big issue at the First World Su-
percomputer Conference held earlier
this year in Santa Clara, Calif. was
whether vendors should absorb a por-
tion of the benchmarking cost.

In measuring minisupercomputer
performance, there are four levels of
benchmark categories, arranged in
pyramid fashion, with actual applica-
tion testing being the most revealing
and the most expensive. One level down
are benchmarks of third party applica-
tions, such as ANSYS, followed by na-
tionally recognized benchmarks, such
as Argonne Linpack and Livermore
Loops. The most basic and least reveal-
ing benchmark is theoretical peek
speed or millions of floating point oper-
ations per sec. (MFLOPS) rating as de-
termined by running code perfectly op-
timized for a particular architecture.

Since minisupercomputers are used
as general-purpose computers, manu-
facturers attempt to find ways to make
their systems perform in the widest
range of applications possible. This can
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mean sacrificing some speed to gain
versatility. For example, FPS’ M64 se-
ries aims for the “balance point be-
tween vector and scalar that makes the
most sense,” says Middlewood. It’s im-
portant, therefore, to judge a minisu-
percomputer’s overall performance,
not just how it handles a single
benchmark.

New Wave Speed

A number of vendors new to the su-
percomputer scene, including Multi-
flow, Saxpy Computer Corp., and Celer-
ity Computing, are focusing their

efforts on new architectures to reduce
applications dependency.

Multiflow’s Trace series, for exam-
ple, is designed to speed up an entire
program by using a VLIW architecture
that overlaps the execution of a large
number of operations in a single in-
struction word. Multiflow’s real break-
through is a trace scheduling compiler
that's able to schedule operations from
above and below a conditional branch,
increasing the number of simultaneous
operations.

The advantage of the VLIW ap-
proach to improving system perfor-
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mance is that speed isn’t limited to the
“mathematical heart code” of technical
programs. It also improves execution
speed of the support code required to
check boundary conditions and per-
form I/0 and memory operations. The
VLIW provides performance compara-
ble to multiprocessor parallel designs,
without suffering synchronization,
load balancing, and program develop-
ment complexities typical of parallel
systems, according to a report pub-
lished by the Gartner Group, a Stam-
ford, Conn. research house.

Saxpy is another company gaining
attention, with a potentially revolu-
tionary new design using a MicroVAX
II CPU as the front end to its matrix-
processing supercomputing architec-
ture. Instead of computing sequential-
ly, Saxpy’s Matrix 1 supercomputers
use a linear systolic array of processing
zones with local memory to operate on
many blocks of data simultaneously.

The new Celerity 6000 family of
minisupercomputers uses a reduced in-
struction set computer (RISC) archi-
tecture that can handle scalar and vec-
tor code equally well, providing the
versatility to fit into a wide range of
applications.

Mainstream Vectors

The mainstream of minisupercom-
puting, however, revolves around vec-
tor processing themes. The Convex C-1
uses an architecture based on Cray su-
percomputer design principles. This ar-
chitecture features integrated 64-bit
scalar and vector processors that,
through extensive pipelining and the
use of independent functional units,
provide simultaneous execution.

The Alliant FX/8 series uses a vari-
ation on that theme, running up to 12
vector processors in parallel. Elxsi,
which recently signed an agreement
with Sky Computer to integrate that
company’s board-level vector proces-
sors into the Elxsi System 6400 p= rallel
scalar-architecture computer, is also
moving toward more vector processing.
But, depending upon the application, a
multiprocessor scalar-architecture
Elxsi 6400 can outperform vector
machines.

Vector architecture minisupercom-
puters offer proven performance, broad
applications in scientific and engineer-
ing applications, and plenty of software
support. Says Paluck, “The Cray archi-
tecture is the standard for supercom-
puting. It was a fundamentally bril-
liant idea to build an affordable,
miniature Cray.”

It also appears that Digital is plan-
ning vector extensions to the VAX ar-
chitecture, under a project code-named



Pegasus. The new system will debut in
18-24 mths., according to industry
sources.

Paluck, for one, welcomes the com-
petition. “Digital’s entry into minisu-
percomputing legitimizes the market,
making it grow even faster,” he says.
“Competition is healthy.”

Another reason for Paluck’s confi-
dence is that he believes Digital is at an
inherent design disadvantage. “DEC’s
strength is the VAX architecture and
the VMS operating system. Adding vec-
tor and parallel capability to the VAX
is possible, but not as elegant and effi-
cient as a system designed for parallel-
vector processing.”

Paluck also contends that it may
take Digital 4 yrs. to reach the point
where Convex is now, because once the
hardware architecture is complete,
there still remains the formidable task
of writing a compiler to take advantage
of the system.

“One of Convex’s most valuable as-
sets is our optimizing, vectorizing FOR-
TRAN and C compilers,” says Paluck.
“There is a tremendous amount of work
involved in writing a compiler that
DEC has yet to complete.”

In the meantime, minisupercom-
puter vendors have encroached might-
ily on Digital’s territory. Convex, Al-
liant, and Elxsi all provide high levels
of VMS and DECnet compatibility.
Convex’s Convue and Alliant’s VCL
provide VMS-like operating environ-

The following vendors were mentioned
in this article
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ments on top of the UNIX operating
system.

Elxsi, which allows up to four oper-
ating systems to run concurrently, pro-
vides a complete VMS compatible oper-
ating system called EMS. “We sell to
people who have VAXes or are evaluat-
ing them,” says Christopher Drahos,
vice president of marketing for Elxsi.
“We say ‘take the code you use on the

Blake Eriksen is a Newport Beach,
Calif freelance writer specializing
in the computer and electromics
industries.
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PARALLEL

PROCESS-

ING

ACCORDING TO ELXS!,
THE ANSWER TO YOUR

THROUGHPUT PROBLEMS
MAY NOT BE ANOTHER VAX

AVOTEMO:

NOW AN OPTION FOR VMS INSTALLATIONS

ntil quite recently, machines
with parallel and vector pro-
cessing architectures haven’t
been an option for VMS instal-
lations. These machines, some-
times called minisupercomputers, are
usually geared to running applications
under UNIX or proprietary operating
systems.

This is changing, however, as some
minisupercomputer manufacturers are
providing VMS emulation in addition
to their standard operating system of-
ferings. It’s now possible to link these
machines to existing VAX computers
using DECnet, thereby adding an enor-
mous amount of processing power in
comparatively little floorspace.

Is parallel processing in your fu-
ture? Some of the best candidates are
installations where throughput is an is-
sue—the speed at which a job runs is
directly related to productivity and,

BY CLAUD TEETER
ELXSI

hence, to profits.

Consider, for example, an aerospace
firm with 30 VAXes connected via DEC-
net throughout the state. When the
company expands the network, it habit-
ually thinks in terms of adding VAX-
clusters. It might first purchase a VAX
8700 for documentation control on a
new project, then cluster additional
machines for bill of materials tracking,
circuit simulations, and other related
applications.

Although this cluster enables the
network to accommodate more users
and applications, it doesn’t solve the
fundamental problem of throughput
for the engineering team, whose pro-

ductivity is directly related to the num-
ber of simulations it runs in one day.
This group needs more MIPS (millions
of instructions per sec.) than a VAX can
provide without losing VMS compati-
bility. Here, a minisupercomputer may
prove a better choice than a cluster.

It’s essential, though, that this ma-
chine be able to emulate VMS. Most
Digital Equipment Corp. shops have
made an enormous investment in their
VMS applications, enlisting genera-
tions of programmers to improve the
code’s performance. Not only are these
applications written under VMS, but
they may use VMS command files and
directory structures, as well as assume
Digital’s filename conventions.

The challenge here is to bring in a
nonDigital minisupercomputer to in-
crease throughput with minimal dis-
ruption and not break the budget. And
the best way to do that is to stay as
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compatible as possible with VMS and
DECnet.

Some History

Minisupercomputers make use of
parallel processing, a technique used
for adding MIPS by allocating portions
of the application code to multiple pro-
cessors that work simultaneously but
independently (Figure 1).

Hardware manufacturers use this
technique to increase the performance
of a given chip technology—be it com-
plementary metal oxide semiconductor
(CMOS), emitter coupled logic (ECL),
or gallium arsenide—when that tech-
nology is already performing cost-ef-
fectively. Parallel processing is espe-
cially appealing because it permits a
vendor to further capitalize on the re-
search and development costs of a pro-
prietary architecture.

Multiprocessor machines designed
for parallel processing are not new, but
have grown more popular in recent
years. One of the first designs was the
Illiac IV, a one-of-a-kind system devel-
oped in the early 1970s. One of the first
commercial parallel processing com-
puters was unveiled by Elxsi (San Jose,
Calif.) in 1983.

Since then, a number of vendors
have entered the market—including
Concurrent Computer Corp. (Ocean-
port, N.J.) with a 12-processor machine
and Sequent Computer Systems Inc.
(Beaverton, Ore.) with a 32-processor
system using off-the-shelf CPUs. The
Cray Research (Minneapolis, Minn.)
XMP is a four-processor unit and the
forthcoming Cray YMP is rumored to
contain 16 CPUs.

Digital gingerly entered the paral-
lel processing market with the 8800 and
VAX-11/782—both shared-memory
dual-processor machines—and the
VAX-11/784—a four-processor sys-
tem—but none of these really took off
as a parallel processing computer.

Minisupers And VAXes

The most obvious difference be-
tween a minisupercomputer and a uni-
processor VAX is processing speed. Ab-
solute benchmarks are hard to come by,
but in one test Elxsi’s model 6420,
equipped with three CPUs, tested 60%
faster than a VAX 8700—the fastest
Digital uniprocessor. Generally, the
speed difference between the two archi-
tectures depends on the machines and
how much code is running in parallel.

This is not to say that a VAXcluster
is incapable of handling parallel pro-
cessing applications—only that it is an
imperfect environment to do so. The
best architecture for parallel process-
ing is a “dense” one—where the CPUs
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Figure 1—A parallel processing architecture includes a set of CPUs that access
common memory and subsystems over a high speed system bus. A service
processor is sometimes added to provide diagnostics.

share the same memory, talk on the
same bus, and address the same storage
media and terminals.

The VAXcluster resembles a paral-
lel approach in the sense that there are
multiple CPUs handling various tasks,
but communication delays can cause
problems when partitioning a single
task across multiple processors.

CPUs on parallel processing ma-
chines communicate at speeds ranging
from 100 to 320 Mbyte/sec. In contrast,
the cluster bus speed is less than 9
Mbyte/sec.—insufficient to keep up
with the numerical results produced by
the processors, hence the cluster bus
is a bottleneck. The processors them-
selves are relatively powerful, but are
handicapped in a parallel application
because of the low data interchange
rate between them.

Also, although main memory may
be made accessible to all processors,
this requires programmer interven-
tion. The process is slow because data
must be deliberately copied from one
computer to another.

The lack of load balancing on the
VAX is also a disadvantage. On a clus-
ter, once a task starts on a CPU, it must
stay there until it’s completed. Al-
though the operating system can allo-
cate which CPU will start the task, this
approach isn’t as flexible as one in
which a job can be shifted during
the run.

Downtime

Another distinction between a
VAXcluster and a parallel system is
how users are affected by downtime.
Here, the cluster has the upper hand in
that if a VAX halts, the rest of the clus-
ter continues to run. If the minisuper-
computer halts, everyone on the node
halts with it.

Minisupercomputer vendors have
compensated by building redundancy
into their machines. Dual power sup-
plies are often used. On some machines,

a malfunctioning processor can be de-
configured, enabling the machine to
run without it. This is possible because
no one user is specifically assigned to
any given processor. Of course, the ma-
chine won’t run at full performance;
but, unlike the cluster, all users will
still have use of the system.

Multiple
Operating Systems

Another advantage of some minisu-
percomputers versus a VAXcluster is
the ability to run multiple operating
systems in parallel. The choice between
VMS and Ultrix has become a dilemma
in the VAX environment. Ordinarily, a
VMS user attempting to implement
UNIX would have to run interactive
programs under UNIX during the day,
and large production programs under
VMS at night. The alternative is to pur-
chase a second computer dedicated to
UNIX.

A minisupercomputer may allow an
installation to “vote with its feet”
by running both operating systems
concurrently on the same machine—
watching to see which operating sys-
tem eventually dominates. Moreover, a
parallel environment can make the
transition smooth. Users can alternate
between operating systems with a few
key strokes, and with only one set of
disk drives and other subsystems re-
quired. Moreover, the coexistence of
two operating systems allows pro-
grams to be converted at leisure, rather
than as a rush project.

Evaluating
Minisupercomputers

In evaluating minisupercomputers,
several factors must be taken into ac-
count, including the type of architec-
ture, the number of processors needed,
and how VMS is emulated.

It’s important to recognize the two
different architectures in which paral-
lelism is achieved—each of them ap-
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propriate for different applications.
The first is vector processing, which
uses a set of chips to run a single type of
operation in lock-step. For example,
multiple adders might be used to exe-

cute add instructions four-at-a-time in-
stead of one-at-a-time. Vector process-
ing is usually applied to arithmetic
operations. It’s always used to attack a
single type of operation within the
code, rather than large chunks of code.

As a result, vector processing is es-
pecially effective for solving orderly
problems in which number crunching is
extensive and predictable: the simula-
tion of air flow in a room, for example.
It isn’t as effective for solving scalar-
type problems, in which an intermedi-
ate result is needed to determine which
operation to perform next.

The alternative to vector processing
is parallel processing. This architec-
ture uses a paired set of CPUs capable
of executing any portion of the code.
This approach is more expensive than
vector processing, but has the advan-
tage of running independent streams of
instructions. You may also allocate
each CPU to a separate application or,
on some machines, to an entirely differ-
ent operating system.

You should note that both vector
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Figure 2—(a) Additional processors bring diminishing returns for a given
1,0-min. task. (b) The fall-off point varies, depending on what percentage of the
code is running i parallel.
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and parallel processing require modifi-
cation of the application code. This
is necessary to direct which instruec-
tions are to be performed by which
processor.

It’s several orders of magnitude
more difficult to vectorize an applica-
tion than to parallelize it. Vectorization
takes place at a very low level within
the code. To be successful, the tech-
nique must be used everywhere it can—
and this may ultimately require the
modification of thousands of lines of
code. Not surprisingly, vendors have
developed vectorization software tools
to help automate the process.

With parallel processing, the modi-
fication takes place at a much higher
iterative level within the application—
you work at the subroutine level, not
the instruction level. Consequently, you
can achieve substantial parallel pro-
cessing with comparatively little work.
Unlike vectorization, however, the
most effective parallelization is per-
formed manually.

To decide the type of architecture to
adopt, you should consider whether
your applications will be primarily vec-
tor or scalar. If the answer is not obvi-
ous at the outset, you might consider a
computer equipped to handle both.

Number Of Processors

Virtually all parallel computers en-
able you to start with a small number
of CPUs and expand as necessary. But
more CPUs are not necessarily better.

First of all, in order to use all the
computing resources of your machine,
you must be able to allocate your code
so that each CPU gets a share. This in-
evitably means additional program-
ming to devise ever-more-inspired
algorithms.

But beyond that, the greatest gains
in execution speed take place when the
first two or three CPUs are brought on-
line (Figure 2). Consider, for example, a
program that takes 140 min. to run on a
single processor. If 120 min. worth of
the code were to run on two processors,
the runtime would be reduced to about
80 min. (assuming no additional over-
head). If the same portion of code is run
over three processors, the runtime
would be 60 min. A fourth processor
would reduce the time to 50 min., and
SO on.

VMS Language Extensions

Besides converting your existing
applications, you will have to adapt
them for a third party compiler. The
effort required varies extensively from
one installation to the next.

Digital is reasonable about observ-
ing standards in its VMS compilers, but

like most vendors, it offers numerous
extensions as well. Many developers
who believe they will be using VMS for-
ever will take full advantage of these
extensions, thereby locking themselves
into the Digital environment.

FORTRAN applications are the
least troublesome to convert, usually.
Because FORTRAN is the most domi-
nant language for engineering/scien-
tific applications, most minisupercom-
puter vendors have implemented as
many VMS FORTRAN extensions as
possible.

Other languages may pose more of a

problem. For example, although there
is an ANSI C standard, C implementa-
tions vary more widely than FOR-
TRAN implementations. Furthermore,
C programmers seem more likely to
write machine-specific code—develop-
ers who know, for example, the width of
VAX registers are likely to use that
knowledge in writing efficient, ma-
chine-specific code.

Of course, machine-specific code
can be written in any language. For ex-
ample, many developers write excep-
tion handlers in FORTRAN—code that
deals with floating point and address-
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ing violations. These routines, in effect,
disassemble an instruction to see what
went wrong. Obviously, if a different
instruction set is resident on the com-
puter, that module will be useless.

The worst conversion problems are
those applications written in one of
Digital’s proprietary languages—such
as BLISS, an operating system lan-
guage, or Macro, Digital’s assembly
language. Here, third party compilers
are scarce or nonexistent. The same
holds true for applications based on
Digital’s layered products, including its
proprietary database package. Appli-
cations using these development prod-
ucts should remain on VMS.

When bringing any third party sys-
tem into a Digital environment, you
should consider how extensively you
are locked into the VAX; you must de-
cide how important your nonFOR-
TRAN applications are to your normal
operation, and whether you can port
enough of your bread-and-butter appli-
cations to the new machine to justify
its cost.

Emulating VMS

You should also consider how a giv-
en minisupercomputer emulates VMS.
There are two general approaches: run
an emulation module over UNIX or add
VMS extensions to a proprietary oper-
ating system—preferably one that al-
ready resembles VMS.

Placing a VMS emulator over UNIX
is expensive in terms of compute cycles.
The problem is that VMS and UNIX are
very different operating systems. For
example, the UNIX file system is very
spare, whereas the VMS file system is
baroque in its syntax—making use of
dots, semicolons, and version IDs.

UNIX has relatively poor recovery
features compared to VMS, hence a
VMS recovery facility must be added on
top. Another big difference: VMS is
built to handle streams of records while
UNIX handles streams of bytes, allow-
ing the application to determine what
constitutes a record.

You should also look at the depth of
a VMS emulation. For example, a third
party system should provide an emula-
tion of the Digital Command Language
(DCL). DCL is a programming lan-
guage that uses other programs as
macros to create a large functioning
application. It controls such things as
the names of the data files an applica-
tion handles and the way information
is passed from one program to another.
A good DCL emulation should support
symbols and expressions, logical
names, command syntax, filenames,
and version IDs.

A robust implementation of VMS

system services and the runtime li-
brary is one of the most important fac-
tors for integrating a third party mini-
supercomputer into the Digital envi-
ronment. These systems should be es-

pecially welcome where VAX-based ap-
plications are large, compute-inten-
sive, and heavily used. For such instal-
lations, the cost advantages of parallel
processing are too great to ignore. =

Was the information in this article
helpful to you in the performance
of your assigned responsibilities?

Very helpful Enter No. 472
Somewhat helpful Enter No. 474
Not very helpful  Enter No. 476

Claud Teeter, manager of software
development for Elxsi (San Jose,
Calif), holds a B.S. in computer sci-
ence and an M.S. in computer engi-
neering from North Carolina State
University. He was the engineering
manager on the development of EMS,
the company’s VMS implementation.
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DIGITAL ART/WEST LIGHT

HOW TO ADD MORE MIPS TO YOUR VAX

SUPERVAX:

SUPERCOMPUTING IN
THE DIGITAL ENVIRONMENT

t’s a decision that more companies
are now facing—which is better
for scientific and engineering pro-
cessing, a superminicomputer or
one of the minisupercomputers
that exist on the market today? A com-
mon response has been to replace the
superminicomputer environment with
the more powerful standalone minisu-
percomputer. However, there is anoth-
er response that many users are consid-
ering—don’t replace that VAX super-
minicomputer; instead, upgrade it to
minisupercomputer performance.
Which of the three—superminicom-
puter, minisupercomputer, or a combi-
nation of both—is the best choice? The
answer to that question is becoming
more apparent: It depends on what the
system will be used for. With highly in-
teractive applications, as well as small
scientific jobs, the general-purpose su-
perminicomputer continues to provide
an adequate and cost-effective solution.
For high performance processing of
large problems, such as computational
physies and finite element analysis, sci-
entific minisupercomputers provide a
better and faster solution—solving in
hours problems that can take days or
weeks on superminicomputers. If both
high performance scientific computing
and maintaining an interactive Digital
Equipment Corp. applications environ-
ment are important, then the combina-
tion of an interactive VAX supermini-
computer front-ending a minisuper-
computer is the most viable option.

by George O’Leary, Ph.D.

Floating Point Systems Inc.

The selection process for a super-
minicomputer is relatively straightfor-
ward. For more than 10 yrs., Digital has
set the pace in terms of performance,
functionality, and, more recently, com-
patibility throughout the industry. To-
day, as a result of its successful efforts,
the Digital environment permeates the
scientific workplace and is the de facto
standard for a significant portion of all
scientific processing. For the supermin-
icomputer route, then, the choice is
clear—Digital.

Scientific minisupercomputing, on
the other hand, grew out of a different
tradition, one requiring the processing
of computationally intense, large-scale
programs. It wasn’t until the mid-70s,
when the first commercial array pro-
cessor was introduced, that many of
these computationally intense scientif-
ic applications could be economically
addressed. By the end of that decade,
Seymour Cray had applied the “at-
tached” processor concept to produce
the world’s most powerful computer,
the Cray I supercomputer. In many
cases, users selected a general-purpose
computer, the VAX, as the interactive
front end to their systems.

It is this need for scientists to access
huge amounts of processing power and
memory to economically run large-
scale programs that continues to drive

scientific minisupercomputing. The
move toward the supercomputing con-
cept focused on programs whose de-
mand for processing power outstripped
the most powerful mainframes of the
day (i.e., IBM 308x and CDC Cyber), and
whose processing and memory de-
mands continue to outstrip the most
powerful computers used today, such as
the IBM 3090.

Minisupercomputers now offer af-
fordable performance and memory ca-
pacity on a scale that’s sufficient
for many scientific applications—typi-
cally minisupercomputers represent
one-fourth of the performance of a
Cray at one-tenth the price. But the
user needs to consider the pros and cons
of a standalone processor such as those
provided by Convex Computer Corp.
(Richardson, Texas), Elxsi (San Jose,
Calif.), and Alliant Computer Systems
Corp. (Littleton, Mass.), or an attached
minisupercomputer such as those of-
fered by Floating Point Systems—FPS
(Portland, Ore.) or Scientific Computer
Systems Corp.—SCS (Wilsonville,
Ore.). Attached minisupercomputers
are high performance, optimized num-
ber crunchers driven by an interactive
front end. At the minisupercomputer
level, vendors like FPS and SCS employ
this architectural approach. At the su-
percomputer level, Cray does.

In most cases, the typical scientific
or technical minisupercomputer pur-
chaser isn’t a computer specialist, but a
physicist, chemist, or engineer looking
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for the best tool(s) to solve large-scale
mathematical problems. Increasingly,
the problems that this demanding set
of users is asking to be solved are mov-
ing from static to dynamic modeling,
from 2D to 3D, from linear to nonlin-
ear, and combinations of these, in many
instances. The degree of accuracy re-
quired is increasing to the point where
64-bit precision is mandatory, and the
amount of compute effort increases ex-
ponentially as the complexity of these
scientific problems expands. The pur-
pose, then, for buying these machines is
performance, accuracy, and the ability
to solve large, complex problems.

The environment where supermini-
computers are sufficient for small-
scale scientific processing has already
been defined—by Digital. What we
have, then, is a basic user decision
whether to extend and increase the per-
formance of his existing Digital invest-
ment or to replace it.

The standalone minisupercomput-
ing approach offered by Convex and Al-
liant provides certain “DEC-like” fea-
tures, but, in general, represents a
departure from a true Digital environ-
ment. Users wishing to have a more in-
dependent approach to their scientific
processing will find the Alliant and
Convex machines offer certain advan-
tages. Other users who have substan-
tial investments, both tangible and in-
tangible, in their Digital shops find
that expanding their existing VAX by
attaching a minisupercomputer pro-
vides all the benefits of the familiar
Digital environment, while offering the
significant performance increases re-
quired of an optimized scientific pro-
cessor. In assessing these two ap-
proaches to supercomputing, there are
three specific areas that a user needs
to thoroughly understand: economics,
technical issues, and compatibility.

Economic Considerations

The VAX has significantly affected
the scientific, technical, and engineer-
ing computing environments. There are
more than 100,000 VAXes currently in-
stalled. And there are hundreds of ap-
plications written for them, covering

Bringing supercomputer power into
the VAX environment—"7There are
two paths to supercomputer perfor-
mance beyond that available for a VAX.
One approach is to replace the VAX
with a general-purpose, standalone
minisupercomputer that attempts to
handle both the interactive and large-
scale production jobs. The second is to
let the VAX continue to handle the
interactive part of the workload while
front-ending a minisupercomputer for
large-scale production jobs.
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everything from finite element analy-
sis and computational fluid dynamics
to arbitrage modeling. Billions of pro-
gram lines have been written for these
applications. Training, documentation,
and service for VAXes are well-estab-
lished, competent, and thorough. More
than half of all VAXes are dedicated to
engineering and scientific usage. In
short, Digital has set the computing
standard for science and engineering.

With the range of investment in a
VAX running up to $400,000, one of the
economic issues purchasers must con-
sider is retaining that investment—not
just in the hardware, but in the code
they’ve developed, their training in-
vestment, and the security of a large
service base.

Where users need more computing
power than their existing system can
supply, they are faced with a dilemma:
Can they give up their existing comput-
er and the job it’s doing? Because com-
puters aren’t typically taken out of ser-
vice until their maintenance costs ex-
ceed their replacement costs, this
means that they add another computer.
When users realize this, they have two
choices: either add another standalone
computer or add a compute-intensive
processor to their existing VAX.

VAX users looking at the two higher
performance alternatives—standalone
or attached—must carefully determine
the specific area requiring increased
performance. While many commercial
applications require the capacity to
support more users, most scientific and
engineering applications need faster
single-job performance and turn-
around. In the latter case, interactive
user support is often adequate on the

STANDALONE
MINISUPERCOMPUTER

VAX, so there’s technically no need to
expand or replace it with another high
performance standalone system. What
is typieally required, however, is a
boost in the performance of large com-
pute-bound production jobs and the
elimination of any degraded interac-
tive performance on the VAX caused by
a large production job. In this instance,
it’s desirable to supplement the per-
formance of only the number-crunch-
ing side of the VAX.

Standalone minisupercomputers
must spend resources to complete both
the interactive and large-scale func-
tions, while a VAX that’s front-ending
a minisupercomputer separates the in-
teractive and compute-intensive tasks.
The latter approach allows the full re-
sources of the attached minisupercom-
puter to be applied to maximize its ma-
chines for large-scale production jobs,
including I/0 optimization, improving
CPU utilization, and developing appli-
cation expertise. A performance im-
provement factor of 10 or better can be
fully realized in this mode since the at-
tached processor is dedicated to, and
optimized for, number crunching. If the
entire VAX system, by contrast, is re-
placed with a single standalone proces-
sor of 10 times the compute perfor-
mance, such a system could not achieve
the same throughput—its performance
will be impeded by the need to support
the interactive users and the overhead
of switching between large-scale pro-
duction and interactive processing.

Technical Issues

Scalar processes are frequently
used by general-purpose systems that
process computations one at a time.



While this is the simplest approach to
program execution, it's the least effi-
cient. Scalar processes are evident in
virtually all scientific and engineering
applications and, in fact, are dominant.
Scalar computations are usually ran-
dom and unpredictable, and, therefore,
performed sequentially. The most no-
table scalar machines include the VAX
and IBM’s 43xx and 3080 Series.

Vector processing utilizes a repeti-
tive process, or “formula,” on an entire
sequence of numbers (a vector), making
programs execute quickly and effi-
ciently. Many scientific calculations
consist of mathematical operations on
ordered sets of data, often vectors and
matrices. Typically, vector processing
is important for applications found in
mechanical engineering, computation-
al chemistry, and physics. Unlike the
scalar processes, vector computations
are repetitive and their performance
can be improved by the use of special-
ized hardware.

Minisupercomputers are primarily
vector processors. Unfortunately, to
use a vector architecture efficiently,
the programmer must create vector
structure in the code so that the compil-
er can find it. This task, called vectori-
zation, is tedious, error-prone, and re-
quires advanced programming skills.

The programmer needs to know effi-
cient vector algorithms for the prob-
lems at hand and must understand the
target vector architecture in detail. De-
bugging on a vector processor presents
further challenges for the program-
mer. Vectorizing compilers are cur-
rently becoming available, but suffer
from limitations in their ability to rec-
ognize vector constructs and introduce
significant compilation overhead.

Scalar machines like the VAX can
best handle vector processing by front-
ending minisupercomputers. Vector-
oriented machines handle scalar pro-
cessing within their vector architec-
ture, but at a reduced level of
performance.

Unfortunately, real world computa-
tions aren’t purely vector or scalar, and
the requirement for vector/scalar bal-
ance has been recognized since 1967,
when G.M. Amdahl postulated a math-
ematical relation commonly known as
Amdahl’s Law that limits the payoff
from vectorizations (see sidebar, “Sca-
lar/Vector Processing And Amdahl’s
Law”). Amdahl’s Law computes the ef-
fective speed of a vector processor as
defined by three parameters: the com-
puter’s scalar speed, its vector speed,
and the percentage of the program that
is vectorized.

Multiuser And
Multitasking Needs

When considering the replacement
of a compute-bound machine, many us-
ers assume that they simply need the
next higher level of performance to run
more of the same types of programs, to
run the same number of programs fast-
er, or to run the same programs with
larger data sets. They also assume that
a more powerful machine will accom-
modate more users doing the same jobs
and still provide room for extremely
large programs. These users must con-
tend with the trade-offs between inter-
active user response time and the
throughput of large production jobs.
The dilemma here is that one always
impacts the other. If the system is
tuned for interactive response time,
production jobs suffer. Conversely, if
the system is tuned for the throughput
of large production jobs, response time
for interactive users is impacted.

This isn’t a dilemma for those users
who have configured a system in which
a separate, interactive front-end pro-
cessor such as the VAX is coupled with
a dedicated processor, such as a minisu-
percomputer, optimized for large-scale
production jobs. In this environment,
the user gets the best of both worlds,

Discover the World of
SCHERERS!!

Christopher Columbus isn’t the only one who can discover a new and exciting world. You
can discover Digital Equipment Corporation products through SCHERERS. With our expert
sales representatives, service technicians, and trainers, SCHERERS customers have sailed
through 14 years of purchasing DIGITAL equipment.

We will put you on the path to discovering the exciting world of DIGITAL’s products.

Call TODAY:

SCHERERS

6145 Scherers Place ® Dublin, Ohio 43017

(614) 889-0810
dlifgltlali |

Authorized Distributor
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calar processing has domi-
nated engineering and scien-
tific computing. A scalar
machine has few parallel
features, and scalar pro-
grams have little or no structure. Ad-
dressing is random across the real or
virtual address space, and the run-
time mix of floating point, integer,
Boolean, I/0, and branching opera-
tions cannot be predicted at compile
time. Scalar processing is dominant
for a variety of reasons:
® Most applications are written in
FORTRAN, a scalar language with
no capability to express vector
constructs.
® Scalar machines are the least
expensive to design, manufacture, and
maintain.
® Compilers for scalar machines
are the easiest to write and run the
fastest.
® Scalar application codes are the
most efficient on scalar machines.
® Scalar application codes are the
easiest to write and debug.

g
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&
o

0.256 0.5 ;
VECTOR FRACTION

The optimal vector-to-scalar ratio—Be-
cause the payoff of vectorized archi-
tectures is limited by Amdahl’s Law,
it's appropriate to consider a mixed
vector/scalar architecture for optimal
manisupercomputer performance.
Amdahl implied that vector/scalar
performance should be 3:1.

Scalar/Vector Processing And Amdahl’s Law

® The bulk of computer science
theory applies to designing efficient
algorithms for scalar machines.

Although scalar processing domi-
nates, scientific or engineering codes
often contain operations on arrays of
data, such as vectors and matrices. In
contrast to scalar processing, a num-
ber of approaches, broadly referred to
as parallel processing, can be built
into a machine for efficient vector
processing. Vector processing fea-
tures highly structured program
codes. Addressing is regular, not ran-
dom, and a compiler can usually pre-
dict the runtime behavior of the pro-
gram well enough to create optimum
code for a parallel architecture.

The principal parallel approaches
to vector processing used in minisu-
percomputers are:

® parallel pipelined microcoded
scalar architecture (FPS M64 )

® vector processors (the Convex
C-1), and

® parallel vector processors (the
Alliant FX/8). —G.0.

“What we need is a family of
software that’s integrated and
easy to use...’

LLiiL TP,

3 L PP
LELLE L T

There’s only one choice. And
you can grow with it from word
processing and spreadsheets to data
base and business graphics.

“Something we can grow with
from PRO to PDP or VAX..”

It’s software you only need to
learn once whether you run on
a PRO, PDP or VAX.

“It’s got to have support we
can count on...’

With it comes complete software
support including telephone hot-lines,
year-round training courses and
quarterly publications.
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optimum interactive response time out
of a machine designed specifically for
that function, and maximum perfor-
mance on large-scale production jobs
from another machine specifically de-
signed for large-scale production jobs.

Under multiuser and multitasking
conditions, standalone machine config-
urations may outperform sequential
batch processing for some applications:
for this to be true, all multiple jobs
must be small enough to stay within
the machine’s physical memory. Once a
virtual memory machine must page to
memory in order to accommodate a
large program, the batch processing
approach offers faster results. In scien-
tific and engineering applications very
large programs are generally the rule,
not the exception.

Compatibility

As previously noted, the majority of
small-scale scientific/engineering
computing is performed on VAXes.
Consequently, prospective buyers of
a minisupercomputer consider VAX
compatibility to be a major concern. In-
compatibility can have significant im-
plications in terms of installation/sup-
port costs and user productivity. In the
standalone environment, existing VAX

FORTRAN programs, in most cases
created originally in VMS environ-
ments, must be ported to a different
FORTRAN compiler running a differ-
ent operating system, usually UNIX.

The process of program conversion
is expensive (typically $1/10 lines of
code), not to mention the learning-
curve costs incurred by users as they
adapt to a new system. User productivi-
ty is reduced and project schedules may
slip as users learn to work with a differ-
ent computer system and familiarize
themselves with different documenta-
tion, procedures, compiler, and com-
mand language. Some vendors have at-
tempted to minimize the impact of
their computer’s incompatibility with
the VAX by developing some VMS-like
commands and compiler extensions.
Alternatively, the existing VAX owner
can select a processor to attach to his
VAX in a manner that is transparent to
the users and, thereby, access a large
body of applications software already
ported to the Digital environment.
Thus, users can continue to operate in
their familiar VMS environment, but
experience the benefits of dramatically
higher performance on the attached
minisupercomputer. This is the ulti-
mate in compatibility, short of execut-

ing on the VAX itself.

When considering the next level of
computing performance beyond super-
minicomputing, the answer at first
may seem obvious—replace the VAX
with a more powerful, standalone mini-
supercomputer. That’s at least until
onc considers the economic, technical,
and compatibility dimensions of the de-
cision. When these issues are consid-
ered, the decision process becomes
more complicated. But a thorough un-
derstanding of the applications is the
critical issue for making the right
choice. And in many instances, that
choice can preserve the Digital envi-
ronment and provide minisupercom-
puting power. i

Was the information in this article
helpful to you in the performance
of your assigned responsibilities?
Very helpful Enter No. 595
Somewhat helpful Enter No. 596
Not very helpful Enter No. 597

George O'Leary, Ph.D., president
and chief operating officer for Float-
ing Point Systems Inec. (Portland,
Ore.), holds a Ph.D. from Yale Univer-
sity. O'Leary designed the company’s
array processor

Before anyone promises
you the moon, take a
good look at Saturn.

Instead of a demo, give

CALC+ ™ spreadsheet and

Put Saturn on your system and explore any one of 5 programs
individually or all together as a fully integrated office
automation system.

everybody a 45 day hands-
on tryout of the real thing
with Saturn Live.

Work with SATURN-CALC®
electronic spreadsheet,
SATURN-WP® word and list
processor, SATURN-BASE®
data base management sys-
tem, SATURN-GRAPH® bus-
iness graphics and SATURN-

business graphics—one at
a time or all at once— with
all the support services
you’ll need.

Call 1-800-328-6145 for

more information on
how to see Saturn Live.

International and Minnesota
residents call 612-944-2452.
Dealer inquiries welcome.

Show me Saturn Live.

Name

Company

Address

City State

Zip

Phone

Telex

Operating system:

[J P/0S [J TSX Plus [J MICRO-RSX [J RSX [J RSTS [ MICRO-VMS [J VMS

SATURN,®”

Saturn Systems, Inc., 6875 Washington Ave. So.
Minneapolis, MN 55435  TELEX: 290 322
ENTER 686 ON READER CARD
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COMPUTER INTEGRATED MANUFACTURING:

WILL IT EVER REALIZE
ITS POTENTIAL?

ONE ASPECT OF CIM INTEGRATION 1S
SELECTING SYSTEM COMPONENTS USING
A LONG-TERM STRATEGY

" don’t know of anybody ty-
ing CAD systems into
manufacturing really
well,” says a blunt Mark
Wise, president of Alpha II
Systems. Tying computer aided design
(CAD) to computer aided manufactur-
ing (CAM) is the latest trend in com-
puter integrated manufacturing (CIM).
And CIM alone is a big trend in the
computer marketplace. Though experts
debate the meaning of CIM, it is, in sim-
plest terms, a single network and uni-
form information system connecting
the engineering workstation with the
manufacturing floor and, ultimately,
with the numerically controlled ma-
chines themselves (Figure 1).
In fact, depending on who is defin-
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BY JIM MEADE

JOE CRABTREE ILLUSTRATIONS

ing it, CIM may integrate almost every-
thing in manufacturing, production,
design, operations, and—as Digital
Equipment Corp. and others see it—
sales and marketing on one end and dis-
tribution on the other.

Potential rewards from CIM are al-
most unlimited. Experts say that CIM
can change the way the world does busi-
ness. A Digital white paper theorizes
that Digital may have risen from its
1984 slump to become the darling of
Wall Street, in large part, thanks to
CIM—not the CIM it has marketed, but
the CIM it has implemented internally.

There are even grander possibilities
for CIM. Japanese manufacturers are
not utilizing CIM; at least not using the
computer, points out Jay Hay, vice

ADMINISTRATIVE

president of Structural Dynamics Re-
search Corp. (SDRC), computer aided
engineering (CAE) specialists. True
computer integrated manufacturing
could be the basis for an American re-
surgence against the Japanese and the
Europeans. It could even be, in what
seems a highly unlikely dream at the
moment, the basis for General Motors
once again taking the lead against
Toyota.

Another measure of the nationwide
effects of CIM, Wise of Alpha II be-
lieves, is that the computer slump of
1985 may have been the result of de-
partment heads insisting that CIM pur-
chases be cost-justified. The slump end-
ed as equipment buyers could, in fact,
cost-justify CIM acquisitions.
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The promise and potential of CIM,
then, are almost unlimited. Analysts
believe it could change the economy of a
company, a nation, or the world. It
could. But, for the most part, it hasn’t.
Not yet.

The Problem With CIM

What is the problem? Overall, the
difficulty with CIM is the sheer magni-
tude of the undertaking. “If CIM hasn’t
realized its promise yet, to a large de-
gree it’s probably because CIM is a
daunting task,” explains Dennis Free-
man of MCBA Inc., producers of modu-
lar software for manufacturing.

“The task is too big for any one com-
pany,” concurs Ron Hank of Cincom
Systems, a Digital marketing partner.
“It’s too big even for IBM or Digital.”
Nor does Digital dispute the conclu-
sion. Says Jack Conaway, manager of
CIM planning and architecture at Digi-
tal, “We don’t believe that any one com-
pany can deliver CIM in the sense that
we mean it; namely, total enterprise in-
tegration. It has to be very much a part-
nership integration. Digital can take a
major role, but we have to subcontract
out pieces to our partners.”

Implementers are not altogether
certain they have the entire picture
with CIM. Says longtime manufactur-
ing consultant Daniel Murray of R. Mi-
chael Donovan Inc. (Natick, Mass.),
“Each year as we have become smarter,
we have found that we always left
something out the year before. There-
fore, MRP [material requirements
planning] became MRP II, which be-
came JIT [just in time], which evolved
into CIM, which is becoming TQC [total
quality control]. And we may not be at
the end yet.”

SDRC’s Hay points out that CIM is
not only a massive undertaking, it re-

DESIGN

i

CLASSFICATION

DATA MANAGEMENT
AND CONTROL

GEOMETRY
(SOLIDS MODELING)

Figure 1—Depending on who is defining it, CIM may integrate almost everything
in manufacturing, production, design, and operations.

quires massive business reorganization
to carry it out. “It’s hard to reorganize
something if you don’t understand
what you’ve got,” he adds. “And it’s not
very well understood how all this fits
together.”

Consider, for instance, the need for
design engineering and manufacturing
engineering to integrate their two
functions. “Engineering and manufac-
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turing have, in the past, remained fair-
ly separated,” Hay notes. “The stand-
ing joke has been that engineering will
take 2-3 yrs. to develop a design, then
throw it over the wall to manufactur-
ing, who will then redesign it so they
can make it.”

It’s one thing, then, to talk about ty-
ing CAD systems to manufacturing,
quite another actually to do it. Alpha
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OPUS220 IS HERE!

THE FIRST DEC/ANSI TERMINAL WITH WINDOWING AND
FREE 24-HOUR REPLACEMENT SERVICE AT A PRICE OF $559.

Got your eye on a DEC® VT220™
terminal? Esprit's new OPUS220 will
knock it right out of the picture.

OPUS220 is the first VTI220 com-
patible that does windows. User-
friendly, PC-like “Express Windows”
that allow you to suspend ongoing
applications, display important infor-
mation like help screens, then re-
trieve original screen data when you
resume. Only Esprit puts such ver-
satility at your fingertips.

For virtual terminal environments
like UNIX™ and VMS™, Esprit’s
OPUS220 performs like no other. It
provides up to four pages, each
independent and supporting a dif-

ferent application. OPUS220 also
features a 14" dark-background,
high-contrast video screen that's
brighter and sharper than DEC’s. With
“touch-tilt” and a “lazy susan” swivel
that make viewing easy from every
angle. Enhancements that helped the
OPUS design win a 1986 Industrial
Design Excellence Award for func-
tionality as well as good looks.

Now the clincher. OPUS220 is
backed by an industry first: Esprit
Express 24-hour replacement ser-
vice, free for a full year. No one goes
as far to guarantee quality and per-

The more you compare, the easier
it is to see why smart terminal buyers
are clearing their desks for the new
OPUS220 from Esprit. For the
dealer nearest you, call toll free:
(800) 645-4508. New York State:
(516) 293-5600.

DEC®, DEC VT220™ and VMS™ are trademarks of Digital
Equipment Corporation. UNIX™ is a trademark of AT&T.

formance. Yet OPUS220 lists for hun- [

dreds less than DEC’s VT220.




II’'s Wise, who has yet to see anyone
achieve the blend successfully, explains
why the appearance of successful CIM
is rarely the reality.

“I was at the AMF show in Chicago
in June. On display at one booth was an
impressive example of CIM—circuit
boards being designed on a CAD work-
station, then manufactured directly
from those designs without human in-
tervention.” If you were not, like Wise,
a player in the CIM game yourself, you
might have thought that the future had
arrived.

“The fact was, they had a limited
product line that they were building—
one circuit board, with one option. If
you take a job shop that has to
completely engineer something from
scrateh, it’s not likely to be able to tie
into production directly.”

A robot arm can move only in cer-
tain ways, for instance. The robot arm
may not be able to do what the design
engineers specify. In the words of Wise,
“Programming a flexible work center
to create any product is not here yet.”

Integrating CAD/CAM into overall
CIM is technically difficult—one of
those problems on the order of the talk-
ing typewriter, erasable optical disk, or
space-based missile defense program.
Drawing a neat configuration on paper
is, if not easy, at least possible; imple-
menting the plan down to the final de-
tail, some maintain, is close to
impossible.

Companies With Solutions

Is the magnitude of the problem dis-
couraging people from getting started?
In many cases, yes. Companies opt for
small “islands of automation.” They
automate manufacturing, engineering,
the office, or distribution, but do not
integrate them with each other.

However, when the potential re-
wards are as impressive as they are for
CIM, there are bound to be companies
ready to rise to the challenge. And
there are.

A.S. Thomas Inec., for instance,
builds complex antennas used by the
Air Force. Thomas initially began to in-
tegrate CAD/CAM in 1955, says its
president, A.S. Thomas, “as protec-
tion—to be sure that the antennas we
designed would be properly produced.”

Conventional manufacturing tech-
niques limited the geometric configu-
rations designers could use. To over-
come limitations, and be sure designs
would not be degraded in manufactur-
ing, Thomas linked design with the
numerically controlled machines on
the shop floor. The results were its Nu-
form system for numerical control and
graphics, which it now markets to a list
of major companies that includes Gen-
eral Electric (GE), Lockheed, Polaroid,
and Raytheon. Nuform runs on any of
the Digital computers, from the PDP-
11 through the VAX 8800 family.

Nuform, Thomas concedes, is “still
not off-the-shelf CIM.” For each instal-
lation, A.S. Thomas has to adapt the
product to fit the company’s own re-
quirements, methods, and various spe-
cial considerations.

Thomas has been able to meet those
special requirements repeatedly—well
enough to have installed CIM for elabo-
rate flexible manufacturing systems in
two major companies. “We are heading
into virtually automatic manufactur-
ing,” says Thomas. “You limit the
amount of people required. You have to
have a manager of the facility and a
number of engineers. But you can cut
the number of people required to one-
fourth or one-fifth of the previous
number.” At one Nuform installation,

TOOLNG
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he says, the number of people required
to operate a plant decreased from 120
to 26.

SDRC, like A.S. Thomas, extends
sophisticated CAE technology into that
“traditionally separate” function—
manufacturing. By not involving itself
directly in MRP, SDRC is rather “stay-
ing upstream from that,” according
to Hay.

The intent of CIM, says Hay, is to do
a better job of designing the manufac-
turing process. Using “concurrent” or
“simultaneous’ engineering, SDRC
aims to combine the design of the prod-
uct and the manufacturing process ear-
ly in product development, so that both
continue simultaneously.

SDRC, which performs all internal
development in VMS and then ports it
to UNIX or MVS, initially worked with
individual beta customers. The compa-
ny is now beginning to offer its I-deas
(mechanical CAE system) off the shelf.

Customers like NCR, GE, and Beck-
ton-Dickinson are realizing dramatic
benefits. Hay explains why. The Air
Force concluded in a study that 7% of
the cost of manufacturing products
purchased could be attributed to “di-
rect touch labor” (the assembly line).
But, 63% was materials cost! In that
63% were hidden costs attributed to
purchasing parts that had to be re-ma-
chined, and, in general, redesigned in
manufacturing. While most of the at-
tempts to enhance productivity are
aimed at the assembly line, SDRC pur-
sues the design engineering process
that directly accounts for 63% of the
materials cost.

Manufacturing Data Exchange
Corp. (MDX) also looks beyond tradi-
tional CAD/CAM to the link between
them. “Productivity through orches-
tration” is the theme for its Maestro
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MANUFACTURING:
AN INDUSTRY IN TRANSITION

BY THOMAS WOMELDORFF
CINCOM SYSTEMS INC.

t’s a well-known fact that to be
successful in today’s manufac-
turing world, you have to gain
and keep a competitive advan-
tage. If everything remained

constant, and it doesn’t, that goal

would be easily achieved.

In the past decade, manufacturers
have had to deal with, and adapt to,
new demands and changes that are oc-
curring within individual industry
segments (their own peers) that are
being dictated by the specific indus-
try. What has happened is a self-im-
posed competition that has resulted in
new products, rate wars, new chan-
nels of distribution, ete. This places
the players of the industry in one of
two roles—proactive or reactive. The
manufacturer that can capture and
maintain leadership in this tactical
area will clearly have a competitive
edge.

Not only does a manufacturer
have to contend with what historical-
ly has been competitive, but also with
an influx of new competition. A big
influence in this particular area is in
the international segment. With the
regulatory changes in the past decade,
the way American manufacturers
look at their businesses is changing
dramatically.

Also, with the new trends toward
diversification and acquisition of cor-
porations, smaller companies have
had to shuffle to maintain their posi-
tions. The direct effect of economic
factors and inflation have become
highlighted and must be dealt with on
both the long and short term. All
these types of outside influences are
variables manufacturers have little
control over. The manufacturers must
be able to adapt to these changes
without a major interruption to
business.

With the onslaught of relational
data management and the evolution
of computer integrated manufactur-
ing (CIM), just in time (JIT), material
requirements planning (MRP), ete.,
it’s no wonder that what once was a

simple gathering of data has emerged
into complete information centers,
with the manufacturer trying to stay
one step ahead of the competition.
Technological forces of change are the
most difficult to comprehend and al-
most impossible to predict.

The best way a company can ex-
pect to compete is by understanding
where it is heading, and developing
this concept to the fullest. Trying to
“keep up” could be detrimental—look
to functions, not bells and whistles. If
integration of a purchased software
package and an in-house system is
what you’re looking for, look for the
vendor who does just that—most like-
ly anything more will not be fully uti-
lized or appreciated until the initial
conquest of integration has occurred.
It will probably save much time and
money to do things one step at a time.

Since these segments are not au-
tonomous, the difficulty of putting a
“harness” on these internal/external
effects is a constant struggle. It be-
comes a delicate balance for the man-
ufacturer; to be competitive, he must
be in tune with every aspect of the op-
eration—from improving productivi-
ty and quality to reducing inventory
and operating costs. The best way to
meet competition head-on and ulti-
mately “win” is to get a handle on the
one factor a manufacturer should be
able to control: company data.

Accomplishing this requires an in-
novative strategy that delivers imme-
diate results while supporting long-
term goals. Fortunately, as the man-
ufacturing industry has matured,
computer hardware and software
have emerged to fulfill the needs not
only of the programmers, but the peo-
ple who use and need the information
the most, the end users. As changes
occur within industries and the end
user becomes “computer literate,” the
need to retrieve data and format it ef-
fectively and efficiently becomes in-
creasingly important.

The tools to achieve these results
are available now. By improving in-

formation management and by facili-
tating the use of manufacturing man-
agement techniques, the manufactur-
er can gain control over not only the
company’s valuable resources, but an
edge in the marketplace.

The difference between a mediocre
company and a company with direc-
tion is in the utilization of the data
from the tools available.

Implementation of any or all of
these tools extends from basic to so-
phisticated. As the company grows
and the demand for information in-
creases, the ability to choose the tools
that will be able to handle the influx
becomes essential. Choosing the cor-
rect combination of the software that
is available in the beginning allows
for a better understanding of future
growth.

Separately, each of the above tools
gives a powerful insight into the data
within the corporation. Together, in-
tegrating the various technologies
would comprise a total solution that is
greater than the sum of its parts.
With that, control of the data becomes
simpler.

Conversely, all the wonderful
functionality becomes limited (or use-
less) if the hardware is unable to sup-
port the demands being placed upon
it. By detailing all the needs of the or-
ganization—the concrete as well as
the abstract—to the hardware and
software vendors, the manufacturer
will benefit from the state-of-the-art
products that will address his individ-
ual situation and the combined expe-
rience and knowledge of the hardware
and software professional. Also, by
knowing what is available, the manu-
facturer will be able to maximize his
investment to the fullest.

Thomas Womeldorff, senior
product manager for application
software for Cincom Systems Inc.
(Cincinnatr, Ohio), holds a B.S. de-
gree in systems analysis from the

University of Miami (Ohio).
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Figure 2—The Maestro system by Manufacturing Data
Exchange Corp. integrates two of the more basic CIM

elements, CAD and the shop floor:

factory integration system, which its
Sales and Marketing Manager Charles
Buckley describes as “the next step af-
ter CAD” (Figure 2).

Factory managers recognize the
need to eliminate the paper tape on
numerically controlled machines, but
there are risks associated with change.
“The challenge is getting 500 compa-
nies to take that next step into factory
automation,” says Buckley.

“We continually stress that, as they
make a decision to buy this product,
we're really providing them with a fac-
tory communication system, and not
just a point solution for numerical
control or for picking up bar code
information.”

MRP And Workstation
Companies

Recognizing the value of integrat-
ing CAD/CAM, then, companies have
moved to solve the problem of linking
two functions that have been tradition-

Figure 3—Digital tobk the industry by surprise when it
announced the Color VAXstation 2000, the first 32-bit color

workstation for less than $8,000.

ally separate. While some companies
are addressing the link directly, others
that have developed products for the
separate “CAM” and “CAD” are now
looking for ways to forge this link.

MCBA, developers of MRP II soft-
ware, is increasingly encouraging com-
panies to work with the big picture in
mind. “We're trying to tell people,
‘Start with your MRP II system. Don’t
buy little islands of automation. Get
your MRP II and build outwards,””
says Freeman.

By implementing modules such as
accounting, order entry, inventory con-
trol, and shop floor control, companies
achieve immediate boosts in productiv-
ity. When they have the management
information and control they need,
Freeman says, they should incorporate
additional links with CAD/CAM.

Cincom, according to Ron Hank,
“has established strategic alliances
with companies providing a well-
rounded, complete solution.” One of the

companies Cincom works with is Digi-
tal; another is workstation manufac-
turer Intergraph Corp.—which, ac-
cording to a company spokesman, is the
world’s largest turnkey CAD/CAM
vendor.

If workstations are becoming more
important to MRP vendors, MRP is
likewise becoming important for work-
station manufacturers. “More and
more, especially in a CIM environment,
people are coming to appreciate that
capturing data from conceptual design
to manufacturing is really an asset,”
says Senior Intergraph Technical Man-
ager Jerry Adams.

It is well known that competition
among workstation manufacturers is
fierce, matching the growing demand
for CAD workstations. Digital startled
the marketplace in June by announcing
“the industry’s first color 32-bit work-
station for less than $8,000”—the Color
VAXstation 2000 (Figure 3). Another
announcement was the price decrease
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of the monochrome VAXstation 2000
from $10,500 to $5,400.

Competitors Sun Microsystems Inc.
and Apollo Computer Inc. are not sur-
rendering market share passively, as
they, too, have announced price cuts
and performance enhancements. Other
players offer further alternatives for
workstation buyers. Opus Systems, for
example, offers a high performance, 32-
bit processor that converts an IBM PC
into a high performance UNIX work-
station (Figure 4).

Single-Vendor Solution

Less obvious during all the din and
clatter of this features race is that im-

Figure 4—Opus Systems offers a 32-bit
processor that converts an IBM PC into
a UNIX workstation.

QUALITY ASSURANCE
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plementers are beginning to evaluate
the more important considerations of
the workstation.

For an implementation as large and
complex as CIM, companies tend to ask,
is it best to go with a single vendor
whose products all work together? Dig-
ital itself would, of course, tend to rec-
ommend a single vendor, and it does.
Digital’s Conaway concedes that most
of its CIM customers say they prefer a
two-vendor solution: Digital and IBM.
Digital isn’t the only vendor advocating
a single-vendor solution; almost every-
one in the CIM marketplace acknowl-
edges that, for problems so complex,
users have to find stability somewhere,
and one source of stability is a single
vendor.

System integrator Wise says, “I
tend to try to stay with a single vendor
as much as I can, because I feel there
will be long-term advantages for us.”
The installation is more likely to run
smoothly, with a minimum of finger
pointing. (Sometimes, though, he just
cannot go with the single vendor. When
Digital bar code readers were selling
for $2,400 and third party offerings for
$600, for example, he felt he had to go
with the alternative.)

Conaway, too, explains why the sin-
gle-vendor solution may be more im-
portant for CIM than for more localized
problems. “When you look at the inte-
gration problem in detail, it’s very
technical,” says Conaway. “It’s just not
sufficient to have a technical network.
For a departmental system, you want
to be able to make query connections at
the database level, have the programs
understand the formats output from
one application to the next, as well as
have the physical networking in place.”

Going with a single vendor like Dig-
ital, in fact, can help resolve one of the

biggest obstacles to CIM— the multi-
vendor environment on the shop floor.
“Those that short-listed their vendors
and went with just a few have an ad-
vantage later when it comes to CIM,”
says Conaway.

If the single vendor is Digital, say
many in the CIM environment, the ad-
vantages may be numerous. With its
VAXELN operating system optimized
for realtime conditions in manufactur-
ing, and the ruggedized IVAX suited to
the shop floor, Digital has become a
leader in software and hardware for
manufacturing.

But Digital’s advantages on the
technical front are not only VAX and
VMS, adds Conaway, but “our whole of-
fering—our storage systems architec-
ture, our single networking architec-
ture. It’s not just a matter of having the
hardware and operating systems, but
of offering a set of integrated products
at the database level. We offer an infor-
mation technology that’s uniform from
the hardware up to database level.”

Human And
Organizational Issues

Digital’s biggest advantage in im-
plementing CIM may not be technical
at all, but cultural. Concludes Conaway,
“One trend we've seen emerge very
strongly in the past year is that people
list human and organizational issues at
the top of their lists—over and above
information technologies as the most
important issues to resolve in CIM.”

Digital itself has what Conaway
terms a “networked organization and
culture, beyond matrix management,”
that have adapted well to CIM. Recog-
nizing that the biggest problems in
CIM are probably not technical, but or-
ganizational, Digital is drawing upon
its own culture to pass along the right
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The following vendors were mentioned
in this article

courage people to do more and more is
sit down and put together a good imple-
mentation plan, a strategy. CIM is no
longer a technical question; it’s a stra-
tegic question. Companies must recog-

Cautions MCBA’s Freeman, “CIM
just takes time, and people don’t want
to talk about something for 2 yrs. be-
fore starting it. With CIM, though, they
may have to do that.”

Alpha ll Systems Manufacturing Data nize they may have to sacrifice to get all For those who chose to begin,

g%?O%MagHSE:;m %ﬁwg;e?;'sp{ the benefits.” though, the incentives are there. As
umous, . . 1 1 . . ; . “ E

§14.868.5011 Minneapois, MN 55435 System integrator Wise concurs as Digital's Conaway puts it, “Yes, there

well. “It’s an absolute requirement that

are problems with CIM. But the compa-
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AS. Thomas | people evaluate business objectives be-  pies that stayed with it are getting phe-
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Westwood, MA 02090 425 W. Broadway mation systems. They don’t have to
§17-329-9200 Glendale, CA91204-1269 | Spend the money and integrate every- Jim Meade is a Hardcopy contrib-
818-242-9600 ;hmg all at once, but they do have to uting author
Apollo Computer Inc. ave a strategy.
330 Billerica Rd. Opus Systems
Chelmsford, MA 01824 20863 Stevens
617-256-6600 Creek, Bldg. B4
Cupertino, CA 95014
s 408-446-2110
Cincom Systems H
Cincinnati, OH 45211 Structural Dynamics .
5;3-662-|2300 Research Cer. The next generatlon SMD CONTROLLER
2000 Eastman Dr. /
Mifford, OH 45150
Intergraph Corp. £7R.
O bhadbon 513-576-2400
Industrial Pk.
M/S IW1510 Sun Microsystems Inc.
Huntsville, AL 35807 2550 Garcia Ave.
205-772-2000 Mountain View,
CA 94043
415-960-1300

human resources programs to other
companies.

Now the marketplace is outgrowing
the old disputes over which MRP II pro-
gram to select or which workstation
vendor to go with. CIM is forcing busi-
nesses to transcend technical discus-
sion altogether, to face larger issues.

“The issue today is not the technolo-
gy, it’s the cultural changes we have to
go through,” assents SDRC’s Hay.
Adds Intergraph’s Adams, “What I en-

B FIELD LOADABLE MICROCODE - Firmware is stored in EEPROM and can be load-
ed from diskette or User Access Port. The EEPROM stored firmware allows for easy
field upgrading for new, more efficient revisions and eliminates bothersome PROM
set replacements and on-shelf obsolesence.

B USER SERVICE PORT - Allows access to controller functions such as caching
statistics and parameters, as well as drive formatting and configuration. Allows new
microcode to be loaded by modem from anywhere in the world!

If you would like to have the SMDC increase the performance of your system contact:

22 ANDROMEDA
e SYSTEMS

9000 Eton Avenue, Canoga Park, California 91304 U.S.A. (818) 709-7600  TWX-910-494-1248

See us in booth #916

ENTER 736 ON READER CARD



THE DECS

OPUS220 IS HERE!

THE FIRST DEC ANSI TERMINAL WITH WINDOWING AND FREE
24 HOUR REPLACEMENT SERVICE AT A PRICE YOU WON'T BELIEVE.

OPUS 220 by Esprit offers a flat black 14
screen with crisp, clear video in either
Amber or Green. Screen cClarity is
unsurpassed. Winner of the Design Excel-
lence Award presented by the Industrial
Design Society of America, the OPUS
series combines a glare free screen with
sleek, attractive styling and a unique
touch tilt and Lazy Susan swivel enclo-
sure.

OPUS 220 is the first VT220 compatible
that does windows. User friendly, PC like
“Express Windows” that allow you to sus-
pend ongoing applications, display impor-
tant information like help screens, then
retrieve original screen data when you
resume. Only the OPUS series puts such
versatility at your fingertips.

And the bestis yet to come! OPUS 220 is
backed by the industry's first Esprit
Express 24 hour replacement service,
free for a year. Simply dial an 800 number
and a new OPUS 220 is shipped via Fed-
eral Express that day! Return the failed
unit in the same box, and it's business as
usual. With all this service and quality, the

) sells for hundreds less than the

The more you compare, the easier it is
to discover why informed terminal buyers
are clearing their desks for the OPUS 220.
Call for prices and additional information.

Datalease has been serving the DE
community for 16 years with products ran-
ging from individual terminals to large,
complex systems. Whether it's one VDT,

complete subsystems or a total turnkey
installation —it's Datalease! All equipment
is available for rent, lease or sale.

DEC®, DEC VT220™ are trademarks
of Digital Equipment Corporation

DATALEASE

DATALEASE SYSTEMS
AND FINANCIAL CORPORATION
1061 SOUTH MELROSE

ALIFORNIA 92670
) 632-6986
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Company Operating System(s) | Capabilities (CAD) 2| 3|8 sl2l3 |3 Levels Of Integration
ALDEN COMPUTER SYSTEMS CORP.  VMS, RT-11, RSX . Data from coordinate measuring machine
One Salem Green, Ste. 420 o digitizer generates minimum number
Salem, MA 01970 of linked CNCs that match specified
617-744-1314 Enter No. 153 accuracy; linked CNCs then post-
processed to obtain CNC program
ANATEC, ANACONDA ADVANCED VMS, RSX . . Allows complete access to all plant floor
TECHNOLOGY information utilizing standard DEC
5160 Blazer Memorial Pkwy. layered application software tools
Dublin, OH 43017
614-764-4277 Enter No. 154
APPLIED DECISION SYSTEMS-DIV.OF  VMS, MS-DOS N . Sales forecasting inte%lrated with sales
TBS INC. reporting system and MRP/distribution
33 Hayden Ave. requirements planning system
Lexington, MA 02173
617-861-7580 Enter No. 155
A.S. THOMAS INC. VMS NuformCADfor . . » « + Modular design completely integrated by
355 Providence Hwy. mechanical engineering flexible database; sales orders entered,
Westwood, MA and design; wire frame and designed, and verified; all manufacturing
617-329-9200 Enter No. 156 surface modeling of datais ?enerated and shop floor
sculptured surface automated manufacturing s?'stem (AMS)
controlled with full data capfure;
integration with third party packages
ASK COMPUTER SYSTEMS INC. VMS o+« AnyCAD, CAE, or other engineerin(ﬁ
730 Distel Dr. system capable of creating an ASCII file
Los Altos, CA 94022 can pass attribute data to the
415-969-4442 Enter No. 157 engineering database to be reviewed,
modified, and merged
AUTO-TROL TECHNOLOGY CORP. VMS Wire frame, suface,and ~ « o Geometric modeling system for 2D or 3D
12500 N. Washington St. solids modeling, view product models; can be used for design
Denver, CO 8023 manipulation, attribute studies, documentation, or NC
303-452-4919 Enter No. 158 management functions; Frograms; complete CAD/CAM product
graphic representations of abrication; wire frame, surface, and
individual coergponents from solids modeling
a user-defined library of
symbols
AUTODESK INC. VMS, MS-DOS 3D wire frame; open . Completely solution-oriented; allows
2320 Mannshlg Wag architecture allows third product concept/design through finished
Sausalito, CA 9496 party developers to design product manufacturing; over 400 add-on
4153322344 Enter No. 159 add-ons for specific software products available
environments
CADMATICS RSX Symbolic drawing; circuit Designs are fully testable; tested designs
21941 Ybarra Rd. design using wirewrap; can be directly interfaced to hardboar
Woodland Hills, CA 91364-4237 physical modeling artwork
818-884-8957 Enter No. 160
CALCULUS QUEBEC VMS, RT-11, TSX .« . « Al production information integrated with
2954 Boul. Laurier, Ste. 360 other software involved—inventory,
Ste-Foy, Quebec industrial accountin?, production
Canada G1V 2M4 management, calculation of standard
418-659-3530 Enter No. 161 costs, pay, order entry, invoicing

purchasing, general ledger

CASTELLO COMPUTER SYSTEMS
103 W. Lancaster Ave.
Reading, PA 19603

VMS, RT-11, TSX

Integrated from a business information
viewpoint

215-373-4110 Enter No. 162

CIMTELLIGENGE CORP. VMS Fully inte%rated software productivity

One Forbes Rd. tools to standardize and optimize the

Lexington, MA 02173 design and manufacturing database for

617-861-1996 Enter No. 163 electronic and mechanical components
~and assemblies

CINCOM SYSTEMS VMS e« Provides the interfaces to bridge design

2300 Montana Ave. and engineering systems (Intergraph,

Cincinnati, OH 456211 Litton) with other manufacturing

513-662-2300 Enter No. 164 functions

The vendors listed in this buyers guide responded to a survey conducted by Hardcopy. To be included in the Hardcopy CIM software database, please contact

Cindy Grant-Thurman at: ?14-632-692.
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THE-NEW: GP-220:

The most versatile text and

graphics terminal available today.

» Accurate Tektronix 4014, 4010
emulation.

» Full DEC VT220, VT100, VT52
emulation.

» Fully programmable VT220
style keyboard.

*» 1024 x780 high resolution display.

* Four level gray scale.

»Extended graphics capability such
as pan, zoom, area erase, area
move, seed fill, 4 to 16 frame
animation and conic section draw.

» Two 200K byte display memories.

*75 pages of off-screen, scrolling
memory.

* 80 or 132 columns.

» 24 or 50 or 66 lines.

» Four complete set-up
configurations.

* Printer support with built-in
print buffer.

* Transparent mode with History
Buffer.

» Optional Mouse and digitizin



Company

Operating System(s)

Modeling/Design
Capabilities (CAD)

Model Simulation/Test Capability

CAM/Numerical Control (NC)

Process Control/Monitoring

Forecasting

Materials Requirements Planning (M

Just In Time (JIT)

Full Accounting Functions

Levels Of Integration

CIS MEDUSA INC.

201 Burlington Rd.
Bedford, MA 01730
617-276-1288
COMPUTER COGNITION
6696 Mesa Ridge Rd.
San Diego, CA 92121
619-453-6660 Enter No. 166

COMPUTER CONVENANT CORP.

309 Farmington Ave. #A211

Farmington, CT 06032

203-677-6563 Enter No. 167
COMPUTER STRATEGIES INC -
SUBSIDIARY OF CULLINET SOFTWARE
3940 Pennisular Dr. S.E.

Grand Rapids, MI 49506

616-957-4444 Enter No. 168

%%WTE@ST%S DEVELOPMENT
Wayside Professional Bldg.
910 Boston Post Rd.

Marlborough, MA 01752
617-460-0330 Enter No. 169

COMPUTING TECHNICIANS CORP.
13896 Harbor Blvd. #5-C
Garden Grove, CA 92643
714-554-1551

CONSILIUM INC.

1945 Charleston Rd.
Mountain View, CA 94043
415-940-1400

Enter No. 165

EnterNo. 170

Enter No. 171

CREARE INC.
Etna Rd.

P.0. Box 71
Hanover, NH 03755
603-643-3800 Enter No. 172

CREATIVE VISUAL SOFTWARE
P.0. Box 20638
San Jose, CA 95160

408-997-1621 Enter No. 173

DBJACCESS INC.
20111 Stevens Creek Blvd.

Ste.
Cupertino, CA 95014
408-255-2920 Enter No. 174

DECUS INTERNATIONAL SOFTWARE
LIBRARY

219 Boston Post Rd. BPO2

Marlboro, MA 01752

617-480-3521 Enter No. 175

DIGITAL EQUIPMENT CORP,
146 Main St.
Maynard, MA 01754-2571

617-897-5111 Enter No. 176

EnlLLWG RESOURCES DEVELOPMENT

ORP.
611 E. Skelly Dr. #415
Tulsa, OK 74135

918-664-9010 EnterNo. 177

VMS

VMS, UNIX/Uttrix, MS-
DOS

VMS, UNIX/Uttrix, RSX,
MS-DOS

VMS, Pick
VMS
VMS
VMS
VMS, UNIX/Uttrix
VMS, UNIX/Ultrix
VMS
VMS

VMS, RT-11, UNIX/UIrix,
VAXELN, TSX, RSX,
RSTS, CP/M, MS-DOS

VMS

Solids, wire frame,
assembly, and surface
modeling

Models diverse 2D and 3D
laminar and turbulent flows
with inert or reacting
particles or droplets

Surface modeling and wire
frame for conceptual
design, simulation, motion
scripting, 3D mapping, and
flow analysis

General-purpose circuit
simulation program for
nonlinear dc, nonlinear
transient, and linear AC
analysis

The combination of
software developed by
Digital itself plus that
available under CMP and
SCMP agreements

Wire frame, surface, solids,
and finite element
modeling; stress, heat
transfer, and vibration
analysis

Single database—design to detailing to
roduction; open system easily passed
o finite element analysis, and MRP
* Materials cost/control; material
requirements based on a master plan;
can export data to other systems

« Integrated manufacturing and finaﬁl
system; manufacturing can be directly
from raw material to finished product

« Doesnot int@ate d?eétly with CAD;
however, serves as repository for
engineering data

Integrfated/fﬁciai MRP I sTﬁém(sTcan
be integrated with CAD system(s)

- Totalintegration of all moddles fo'mr{sr a
complete forecasting, MRP, distribution
management solution

CAM-oriented for shop floor control,
engineering and quality management,
equipment and facilities mana?ement:
integrates with equipment for full
automation

Handles a wide variety of design
applications—from analyzing complex
flows in chemical processes and
combustion equipment to solving
computer chassis cooling problems

Software can be used for conceptual
design, motion simulation, and robotic
simulation

Process monitoring and statistical
process control; process optimization
using Taguchi methods is supported;
process and product engineering
applications available

»  Using a simplify, organize, automate,
theniintegrate strategy, Digital's
customers have a comprehensive
hardware/software product line to
choose from when implementing CIM
solutions

Translates data from 15 CAD and solids
modeling products; reads IGES and
autoCAD DXF format; outputs IGES files
and writes neutral files (written in ASCII)
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GET MORE OUT
OF YOUR VAX

Control your space

VDM catches the “disk demons” who are gobbling
up your blocks. You get daily reports showing the
blocks allocated to each user. Rapidly growing
accounts are highlighted. If you're using quotas,
VDM also shows you what percentage of quota
each user has used up.

$495

Never run out

MINUTEMAN guards your free space. Oncea
minute, it checks how many blocks are free on each
disk drive. If any drive has less than the minimum
you've set, it recovers space by purging multiple file
versions and deleting temporary files according to
rules you've specified. If space continues to
decrease, it warns you and asks for help. With
MINUTEMAN, you'll never run out of free space
again.

$395

Twice as fast

GO moves you up, down and around VMS directories
twice as fast as SET DEFAULT. It's simple, powerful
and FAST. This is what the SET DEFAULT command
should have been.

$195

v FREETRIAL
Try any of our products on your system
for 30 fulldays without cost or obligation

v/ GUARANTEE
If, within the first 90 days, you're not
completely satisfied, simply return the
distribution and we will refund all your
money.

ENTER 715 ON READER CARD

Pinpoint bottlenecks

WATCH helps youmanageyour VAX. Minute by minute,
it shows how your system is handling its load and
where the performance bottlenecks are. WATCH
screens are packed with key performance indicators.
A potent VMS performance monitor.

$495

Eliminate waste

HITMAN frees up resources and plugs security leaks
by killing idle processes. If a process remainsidle
longer than the time you selected, HITMAN
eliminates it with or without warning. All “hits” are
logged to the system console.

$395

What's going on?

SNITCH tells you when a particular user logs on,
when a specific terminal is used, when a DIALUP
login occurs, when a particularimage runs and lots
more. You can define your own “events” as well. A
good SNITCH is invaluable. You'll wonder how you
ever got along without one.

$395

VAXto VAX

VitV moves executables and data files from one VAX
to another over normal telephone lines. You can
transfer your data interactively during the day or by
batch at night when the rates are low.

$495

Call Alan Clifford at:
Jager Computer Systems

(403) 259-0700

e trademarks of Digital Equipment Corp



Company

Operating System(s)

Modeling/Design
Capabilities (CAD)

Model Simulation/Test Capability

CAM/Numerical Control (NC)
Process Control/Monitoring

Forecasting

Materials Requirements Planning (MRP)

Just In Time (JIT)

Levels Of Integration

Full Accounting Functions

DSD CORP.

10632 N.E. 37th Cir.
Kirkland, WA 98083-2669
206-822-2252

DTRO SOFTWARE

1229 Tth Ave.

San Francisco, CA 94122
415-861-5454

ECAD INC.

2455 Augustine Dr.

Santa Clara, CA 95054-3082
408-727-0264

ENGINEERING/ANALYSIS CORP.
24050 Madison St. #211
Torrance, CA 90505
213-373-1234

~ Enter No. 179

Enter No. 181

EXTENDED TECHNOLOGIES CORP.
1023 Bivd. E
Weehawken, NJ 07087

201-348-6688  Enter No. 182
GE CALMA

501 Sycamore Dr.

Milpitas, CA 95035

408-434-4056  Enter No. 183

HOUTZEEL MANUFACTURING SYSTEMS
318 Bear Hill Rd.
Waltham, MA 02154
617-890-2811

INDUSTRIAL SYSTEMS

18720 142nd Ave. N.E.

Woodinville, WA 98072

206-481-6325 Enter No. 185

INFORMATION AUTOMATION INC.

Enter No. 184

925 Westchester Ave.

White Plains, NY 10604

914-948-4300  Enter No. 186
INTEGRATED COMPUTER INC.

P.0. Box 212

4417 Old William Penn Hwy.
Pittsburg, PA 15146
412-856-5770 Enter No. 187

:NEERACTIVE INFORMATION SYSTEMS

4541 S. Butterfield, Ste. 405
Tucson, AZ 85714

Enter No. 178

_Enter No. 180

602-790-4214 ~ EnterNo. 188
JENNEY SYSTEMS ASSOC. LTD.

2618 Union Rd.

Buffalo, NY 14227

716-668-1606 Enter No. 189
JOHN A. KEANE & ASSOC.

575 Ewing St.

Princeton, NJ 08540

609-924-7904 Enter No. 190
KASTLE SOFTWAREASSOC.
1501 Wilson Blvd.

Arlington, VA 22209

703-528-8800 Enter No. 191

VMS, UNIX/Ultrix

VMS, RT-11, UNIX/Ultrix,
VAXELN, TSX, RSX. Pick,
RSTS. MS-DOS

VMS, UNIX/Ultrix

VMS, UNIX/Ultrix

VMS, RSX
VMS

VMS, UNIX/Ultrix, MS-
DOS

VMS

VMS, RT-11, VAXELN,

MS-DOS

VAXELN, MS-DOS
VMS, UNIX/Ultrix

VMS, UNIX/Ultrix, RSX,
RSTS

VMS, RSX

VMS

Allaspectsof ayout
including verification and
fracturing are supported

Linear elastic static and
dynamic finite element
analysis; eigenvalue
extraction and dynamic
response analysis including
random, harmonic, and
time history

Wire frame, surface,and o
solids modeling; robot-

simulation, sheet metal,

and plastics applications

Realtime or interactive . ®
?raphlcs display package

or control room or

modeling applications

Links to other software to aid in analysis
and reporting of design and
manufacturing information

Simulation of alternative forecasting
methods; advanced forecasting
methods; standard and advanced
statistical quality control methods

One famil¥ of layout tools allows user to
implement physically realizable version of
the logic/circuit design; a second family
verifies design

General interfaces available to popular
finite element modelers

Factory automation system monitors

Production requirements, job flow within
he factory, and data to host system for
job status and completion

One common database throughcﬁ al
applications

NC system utilizes feature information
from graphics package to generate NC
instructions automatically

Turnkey production monitoring systems
include technical studies, design,
implementation, and all software and
system installation

VAGL apxlication shell runs on board-evel
MicroVAX; connects directly to process
control sensors

«  LAT)batch traceability; job costing;
actual/standard costing; interface for
labor/data collection; can handle multiple
warehouses, companies, divisions, and
budgets
System(s) integration usinﬁ DEC
Baseway, PC Link, and Ethernet

Bridges quality control information
between industrial/laboratory collection,
manufacturing, CAD/CAM design,
purchasing, inventory control, and
accounting

4GL allows monitorin? of PLCs from
various vendors via standard LANs
simultaneously using a MicroVAX Il
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Modeling/Design

Model Simulation/Test Capability
CAM/Numerical Control (NC)

Process Control/Monitoring

Forecasting

Materials Requirements Planning (M

Just In Time (JIT)

Full Accounting Functions

Company Operating System(s) | Capabilities (CAD) Levels Of Integration
KINETIC SYSTEMS CORP. VMS, RSX o = . Includes scanning of I/O points, alarm
11 Maryknoll Dr. limit checklng, data storage and display,
Lockport, IL 60441 control of PID loops, and capability of
815-838-0005 Enter No. 192 devising complex control strategies using
reqular and sequential control
MANAGEMENT SCIENCES INC. VMS, MS-DOS Automatic stress analysis, < . . Accepts data input from CAD, DBMS, or
6022 Constitution N.E. circuit simulation, reliability, other commercial software recorded in
Albuguergue, NM 87110 maintainability, availability, an ASClII file
505-255-8611 Enter No. 193 logistics, safety, and
hazard analyses
MANUFACTURING AND CONSULTING ~ VMS Mechanical design and . Drawin?, modeling (wire frame, surface,
SERVICES INC. drafting; wire frame, solids), finite-element mesh generation,
9500 Toledo Wa surface, and solids and NC machining programs all done
Irvine, CA 9271 modeling; finite-element from one database

714-951-8858 Enter No. 194

MANUFACTURING DATA EXCHANGE
7644 W. 78th St.
Minneapolis, MN 55435

612-829-702 Enter No. 195

MCBA INC.

425 W. Broadwa
Glendale, CA 91204-1269

818-242-9600 Enter No. 196

MCCORMACK & DODGE
gOO La% Colinas Blvd.

te. 55
Irving, TX 75039
214-869-2060

MCDONNELL DOUGLAS
MANUFACTURING & ENGINEERING
SYSTEMS CO.

325 McDonald Blvd.

Hazelwood, MO 63042

314-232-3890 Enter No. 198

MICROPROD. TECH. SOFTWARE INC.
16 Blackhorse Dr.
Acton, MA 01720

617-263-3408 ~ EnterNo. 199

MODULAR DATA SYSTEMS INC.
2525 Bay Area Blvd., Third Fl.
Houston, TX 77058

713-486-1712 Enter No. 200

~ EnterNo. 197

NNORTHEAST DATA SYSTEMS INC.
20ASt.
Burlington, MA 01803

617-273-2920 Enter No. 201

NUMERICAL CONTROL COMPUTER
SCIENCES

17321 Mur&h}' Rd.
Irvine, CA 92714
714-474-7444

OCTALINC.
28280 Franklin Rd.
Southfield, Ml 48034-1659
313-356-8080

OPTIMATION INC.

2801 E. Missouri, Ste. 17
Las Cruces, NM 88001
505-522-3303

Enter No. 202
Enter No. 203

Enter No. 204

VMS, RSX

VMS, RT-11, TSX, RSTS
VMS

VMS

VMS, RSX

VMS, RSX

Pick
VMS

VMS, UNIX/Ultrix, MS-
DOS

VMS, UNIX/Ultrix, MS-
DOS

‘mesh

Solids modeling, printed . .
circuit board design, finite

element modeling,

mechanism linkage design,

machine element design,

and graphics machining

Wire frame, surface i
(complex 3-5 axis)

Full factory data communications
allowing transfer of NC files, set-up
instructions, monitored statistics, and
mail, from NC production machine to
host computer

« Complete MRP Il system;aToépts data
from shop floor control systems (bar
code readers, magnetic Stripe terminals)

« Interfaces with designs of CAD system;
parts can be passed onto Bill of Materials
module, Master Planning, and
Accounting functions

Design database is focal point in CAE,
CAM (including robotics software),
factory production with distributed
numerical control (DNC) capabilities, and
information management

Coﬁlibinesf&oducﬁéqntrol with
engineering data collection and analyses

Monitors and controls industrial
processes in realtime to: read and
convert signals to engineering units;
display engineering units for
management personnel; and compute
and implement control actions

o e Supports CAD interfaces, lot control, and
opti

ons bill of materials; single or
multilocation environments; inventories
multiple warehouses; ﬁ)rovides
multicompany financial modules

Fully integrated CAD/CAM systemi j

 Company develops and markets host-
independent direct CAD database
conversion software and services

Packages are integrated with various
CAD systems via geometry, APT, or NC
interfaces for generatin? C instructions
of nested parts; total integration with
?AP and MRP packages, and machine
ools



How Much Faster Will Your
Computer Be With

N

As Fast As It Can Get.

Add one of MasterDisk’s disk storage systems to your DEC computer and discover
what you can do with significantly increased speed and storage:

[IMake a MicroVAX Il outperform a VAX 8600*

[1Double the number of users on the system and
get a better performance for each user*

CJimprove disk system throughput by as much as 450%*

MasterDisk is the most convenient and cost effective means available to attain the
maximum throughput from your existing DEC system.

Storage Capacities - 152 megabytes to 2.93 gigabytes

Compatibility - All @-Bus and Unibus systems including MicroVAX I, & 3000s;
PDP-11s, and VAXs

Warranty - Exclusive TWO YEAR WARRANTY with Nationwide service and support
Mounting/Packaging - Rack mount, floor stand, table top or internal mounting
Delivery - Within 30 days, complete and ready for simple customer installation

* Actual field application data reported by some of our enthusiastic customers

/VI asteri<l

Call Department H1 for information.

(617) 443-7711

A\ American Digital Systems Inc

75 Union Avenue, Sudbury, MA 01776-9990

ENTER 749 ON READER CARD
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PDA ENGINEERING VMS, UNIX/Ultrix Solids modeling, multiple- Provides interface to graphics devices,
2975 Red Hil Ave. light-source shaded peripherals, and user-written programs;
Costa Mesa, CA 92626 imaging, finite element optionally interfaces wide range of
b Doy v i s orng v
results evaluati
BBl . | codes into a single MCAE environment
PIXAR UNIX/Uttrix 3D surface rendering . Accepts geometric models as input in a
P.0. Box 13719 display system variety ofimage description formats
San Rafael, CA 94913
415-499-3600 EnterNo.206 )
PRECISION VISUALS VMS, UNIX/Uttrix Hierarchical modeling N -5 Building, ma_niPuIatinP, and editing 2D
6260 Lookout Rd. capabilities for 2D and 3D and 3D spatial models; product desn};n
Boulder, CO 80301 structures; name set and testing; developing charts of tes
el 555 el gk ine emovs ant aFAcun SO, Tappng
idden line removal; and an g :
i __extendedprimitiveset = 000 ~ CGM compatible metafile system
PROMIS SYSTEMS CORP. VMS Modeling and simulation of . . o M Al ﬁroduction functions are integrated
4699 Old Ironsides Dr. #300 Productlon facility (ie., with a common database; the
Santa Clara, CA 95054 actory floor) as a planning manufacturing model is the core that
4087489822 EnterNo.208 ool N . e drives all other modules
?gé_zE\B/AﬁT BDLJSIQtEsgzgYSTEMS INC.  VMS, MS-DOS, AMOS S o BEEE o é\lltmgdules atc.cesst c'?mmon, cenr:ggl ]
ishop Dr., Ste. atabase; actions taken in one modu
San Ramon? (CA 94583 (eg., En(l;ineering Change Order) are
415-867-3830 Enter No. 209 immedia el rieglecﬁtedt g%m%rcné(;duies
e AR e.g., open WIP affected by
RWT CORP. VMS, RT-11, MS-DOS . Distributed numerical control (DNC) to a
1601 Feehanville Dr., Ste. 500 network of machine tools with NC or
Mt. Prospect, IL 60056 CNC controls; existing CAD/CAM or
312-390-0200 Enter No. 210 rogramming system provides NC tape
iles, setup data, part drawings, etc.
e i distributed throughout the network
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Let Your CPU
Reach Its Full Potential

With Data Access and Retrieval
At Electronic Speeds

For disk intensive applications you need a
peripheral storage device that performs as
quick as your CPU. That's why we designed the
MegaRam solid-state disk. It can access stored
data thousands of times faster than a rotating
disk. With this dramatic speed, your computer
is kept working...not waiting. In fact, it can
provide a typical increase of 50% in CPU
throughput! And, the MegaRam is completely
transparent to your software and hardware;
your CPU will treat it as another disk drive.

When to Buy a MegaRam Solid-
State Disk

1. When you need to have more users
simultaneously accessing a data base
without degrading response time.

2. When you need to monitor more status
inputs with process control computers
while working in real time.

3. When your telecommunications
computers need to handle more lines
and more traffic.

4. When you need your sort routines to
run faster and compile programs to take
less time.

5. When you need a peripheral storage
device for hostile environments.

Or, for any other disk intensive application,
including Data Base Management, Graphics,
Process Control, or for real time processing
situations such as Image Processing and Data
Acquisition.

With Reliability and Reduced
Maintenance

The solid-state MegaRam, with no moving
parts, provides the performance and reliability
of main memory while maintaining the

storage capacity and convenience of a
peripheral. It requires no adjustments and
virtually no maintenance. So, your CPU not
only runs faster but uninterrupted as well.

Your CPU Can Deliver Its Full
Promise of Performance

If your CPU requires faster data access and
retrieval, operates in hostile environments, or
demands maximum disk reliability, you'll find
the MegaRam a smart, cost-effective invest-
ment. Call or write today for full details.

The MegaRam Solid-State

The MegaRam
Solid-State Disk comes packaged ina <=

7-inch high, 19-inch rack mounted chassis with its own controller,
power supply and blower assemblies

Available from 2 to 512 Megabyte capacities for
the following computers:

DEC * Hewlett Packard * Gould * Prime * Data
General * CD.C. » Westinghouse * Sperry Univac
* Many Others.

Features

Full Software and hardware compatibility * Error
detection and correction * Field expandable

* Zero latency time * No moving parts.

Options

Battery Back-Up * Megastream tape back-up

* Custom designed interfaces « Dual port
capability.

Imperial Technology, Inc.

831 S. Douglas Street
| El Segundo, California 90245

' Telephone: (213) 536-0018

W Telex: 664469 « FAX: (213) 536-0124
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New MicrolVAX 3500/3600
Iriples MicroVAX Il Performance

Digital provides an exclusive description of its newest machine and
the engineering process required to bring it to market/by Charles J.
DeVane and Gary P. Lidington [Digital Equipment Corp.]

here is usually both opportu-

nity and challenge for engi-

neers when designing a more

powerful member of a com-

puter family. The opportuni-
ty is to make the most of a faster mi-
croprocessor chip in maximizing sys-
tem performance; the challenge is to
provide full compatibility with the
new system’s predecessors, without
limiting the engineers’ options in
achieving their goals.

The principal goal in designing
Digital Equipment Corp.’s recently
announced MicroVAX 3500/3600 32-
bit microsystem, now the fastest
member of the MicroVAX family, was
to triple the performance of the Mi-
croVAX II. At the same time, the Mi-
croVAX 3500/3600 had to be compati-
ble with the MicroVAX II in module
and system packaging, I/0 bus, and
peripheral devices. (See “DEC Ex-
plains The Design Of The MicroVAX II
32-bit Single-Module CPU,” Hard-
copy, p. 76, June 1986).

Two-thirds of the MicroVAX 3500/

Charles J. DeVane, senior hard-
ware engineer i microsystems de-
velopment for Digital Equipment
Corp., holds a B.S.E.E. from North
Carolina State University. Gary P
Lidington, principal engineer, also
i maicrosystems development, holds
a BSEE. from Tufts University
and an M.S.E.E. from the University
of Massachusetts.

Fastest member
of MicroVAX

family—The
principal goal
m designing
the MicroVAX
3500/3600 was
to triple Micro-
VAX II per-
formance, yet
remain com-
patible with the
MicroVAX IT
m module and
system packag-
ing, 1/0 bus,
and peripheral
devices.

Figure 1—The MicroVAX 3500/ 3600
CPU 1s fully contained on one quad-
size (8% x 10% in.) module. About 80%
of the CPU’s functionality has been
implemented in six custom 2-u double
metal CMOS surface-mounted cer-
quad chips.
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Figure 2—The CPU is

N soor anp JSunctionally parti-
s tioned into four major
~ ? | subsystems: micropro-
SYSTEM SUPPORT & .
ﬁ SUBSYSTEM : ﬁ >co~m cessor/ floating point
PR iy | accelerator, memory

ADDRESS LATCH

CVAX AND FPA

SECOND-LEVEL CACHE

(SSC CHIP)

controller, Q-bus inter-
face, and system sup-

CDAL TO BCDAL BUFFER|

port. The second-level
cache supports the
Jirst-level cache in the
microprocessor

Q-BUS
INTERFACE

SUBSYSTEM
WITH
FIRST-LEVEL CACHE

l

SUBSYSTEM

o

DAL

(CVAX AND
CFPA CHIPS|

it

MEMORY CONTROLLER
SUBSYSTEM
(CMCTL CHIP)

CD FINGERS

+
AN
N

(CQBIC
CHIP)

(CVAX) chip.

(~ows

CLOCK
SUBSYSTEM

3600’s increased performance is built
into the microprocessor itself. The mi-
crocycle of the complementary metal
oxide semiconductor (CMOS) VAX
(CVAX) microprocessor chip is about
half that of the MicroVAX I1—90 nsec
compared to 200 nsec. The remainder
of the increase was attained primarily
through implementation of a two-lev-
el cache architecture and multiword
transfers over the internal bus.

The need to implement the Micro-
VAX 3500/3600 on the same size CPU
module as the MicroVAX II led to ex-
tensive use of 2-u CMOS very large
scale integration (VLSI) technology.
The microprocessor chip, floating
point accelerator chip, and four other
custom CMOS VLSI chips represent
80% of the CPU’s functionality.

CPU Architecture

Initial requirements for upward
compatibility meant first that, like
the MicroVAX II, the MicroVAX
3500/3600’s CPU had to provide full
VAX processing capability on one
quad-size (8% x 10% in.) module (Fig-
ure 1). It would run the VMS and Ul-
trix-32 operating systems. Similarly,
the MicroVAX 3500/3600 system
would be based on the 22-bit Q-bus
(Q22) I/0 bus in order to accept all
Q22 compatible peripheral devices.

In addition to increasing CPU
speed, system performance would be
upgraded by quadrupling the archi-
tectural limit on main memory, from

16 Mbytes for the MicroVAX II to 64
Mbytes for the MicroVAX 3500/3600.
The system would be packaged in the
new BA213 (17% x 24% x 12 in.), the
first system chassis to implement
Digital’s DECconnect interconnect
architecture for factory and office.

Figure 2 shows the top-level parti-
tioning of the MicroVAX 3500/3600.
The four major subsystems are func-
tionally similar to those in the Micro-
VAX II: microprocessor/floating
point accelerator, memory controller,
Q-bus interface, and system support.

The system support subsystem in-
cludes a variety of I/0-related func-
tions: console serial line, 1-Kbyte bat-
tery-backed up RAM for firmware
scratch pad and local storage, bat-
tery-backed up time-of-year (TOY)
clock, interval timer, two program-
mable timers, and a register for diag-
nostic light emitting diode (LED) con-
trol. HALT arbitration logic protects
the CPU from a second HALT request
when it’s executing code out of ROM
to emulate a console processor.

The boot and diagnostic ROMs
provide 128 Kbytes of firmware for
self-test diagnostics, console emula-
tion, and support booting from stan-
dard Q-bus peripherals. Since CPU
performance isn’t critical while per-
forming these functions, two 8-bit-
wide ROMs are used, saving both cost
and module space over using four
8-bit-wide ROMs. The system sup-
port subsystem unpacks and reassem-

bles output from the two 8-bit-wide
ROMs into longwords (4 bytes) and
places them on the 32-bit-wide con-
trol/data/address lines (CDAL) in-
ternal bus.

VLSI-oriented hardware parti-
tioning of the MicroVAX 3500/3600
parallels its functional partitioning
by implementing virtually all funec-
tions of the four major subsystems in
custom 2-u double metal CMOS sur-
face-mounted cerquad chips. These
chips are the microprocessor (CVAX)
and floating point accelerator
(CFPA), memory controller
(CMCTL), Q-bus interface (CQBIC),
and system support (SSC).

The Table lists the principal char-
acteristics of these chips, which range
in transistor count from 40,870 for the
CQBIC to 180,000 for the CVAX CPU.
(The MicroVAX 78032 microprocessor
chip in the MicroVAX II contains
125,000 transistors.) The MicroVAX
3500/3600 clock, which in the Micro-
VAX II is implemented in the micro-
processor chip, is provided in a sepa-
rate, relatively simple custom CMOS
chip in order to conserve pin alloca-
tions on the microprocessor chip and
retain flexibility in modifying the
processor’s microcycle.

The reasons for implementing so
much of the CPU’s functionality in
VLSI were not unusual: more func-
tions could be designed in less space
on the module and, in sufficiently
high volume production, hardware
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Custom Die Size

Table—Double Metal CMOS Surface-Mount Cerquads
(Feature Size 2 v)

Number of Number Spacing Power Clock

Chip  (mmxmm) Transistors of Pins (mils)  (mW) (MHz)
CVAX 9.7x94 180,000 84 50 25, ' 20-22
CPRA - 2.3 %%4 60,000 68 50 1.1 20-22
CMCIL « 2.9%/7:6 25,000 132 25 18  20-25
$6C 85x7.5 83,000 84 50 .0 20 MHzZ-
25.6 KHz
CeBIC 92%94 40,870 132 25 45" 20

cost could be reduced with a design
based more on discrete chips. On the
other hand, there was an unusual de-
gree of risk in depending so complete-
ly on brand-new custom chips. In con-
trast, with the exception of its
microprocessor and FPA chips and
two gate arrays, the MicroVAX II was
implemented predominantly with off-
the-shelf hardware.

Digital’s semiconductor develop-
ment group designed the custom VLSI
chips with distinet VAX-oriented par-
titioning so the chips could also be ap-
plied to equivalent functions in other
MicroVAX CPU products. For exam-
ple, the SSC chip could be used on new
designs using the MicroVAX micro-
processor, replacing what are now
several system support chips. Second-
level cache control logic isn’t integrat-
ed into a custom chip because suffi-
cient module space was available to
use discrete components.

To reduce time-to-market for the
new CPU module, the custom chips,
second-level cache, and module-level
circuitry were all designed concur-
rently. To allow testing before hard-
ware was built, there was extensive
module-level simulation throughout
most of the design process.

Whereas the MicroVAX II CPU
design only required individual simu-
lation of the microprocessor, FPA and
gate array chips, all MicroVAX 3500/
3600 custom chips, and the second-
level cache were first simulated indi-
vidually and then together as parts of
a complete CPU. The designers of
each chip had to assume the charac-
teristics of its interfacing chips until
the first chip prototypes became
available. Extensive use of simulation
shortened time-to-market because a
number of design bugs were identified

early in the development cycle.

The MicroVAX 3500/3600 was one
of the first two Digital development
projects to use DECsim simulation
software at the module level. This
highly compute-intensive software
was run on a VAX 8650 computer, as
well as on numerous networked Mi-
croVAX IIs.

Memory Controller Subsystem

In both the MicroVAX II and 3500/
3600, the primary function of the
memory controller subsystem, which
serves both the CVAX/FPA and Q-
bus interface subsystems, is to per-
form read/write operations and to
keep the memory RAMs refreshed.
The MicroVAX II's memory control-
ler subsystem is dual-ported to mini-
mize the impact of DMA memory ac-
cesses on CPU performance by pro-
viding DMA devices and the micro-
processor with different data paths
into memory. Microprocessor, DMA,
and refresh cycles are all interleaved.

It was possible, on the other hand,
to use a less complex, single-ported
design in the MicroVAX 3500/3600’s
memory controller subsystem be-
cause of significantly reduced traffic
between the CVAX/FPA and memo-
ry. Traffic is reduced because most
microprocessor memory accesses hit
in first-level cache (and so never leave
the microprocessor chip) and also be-
cause the remaining accesses are
multiword transfers. The reduced mi-
croprocessor traffic allows micropro-
cessor and I/0 accesses to main mem-
ory to share a single data path on the
internal bus. Multiword transfers
from both directions use the shared
bus more efficiently.

A new 8-Mbyte quad-size memory
module permits as much as 32 Mbytes

of main memory in the BA213 enclo-
sure (occupying four of its 12 slots).
These slots are linked to the CPU
module by means of an independent
local interconnect, which consists of
special control signals on the CD rows
of the backplane and a 50-pin ribbon
cable for data. With the memory mod-
ules thus linked directly to each other,
control signals, addresses, and data
flow between CPU and memory mod-
ules without using the Q-bus.

The new memory module provides
two features not available in the Mi-
croVAX IT—page mode and error cor- |
rection code (ECC). Page mode, which
supports multiword transfers from
both the microprocessor and Q-bus,
allows memory access through multi-
ple column addresses following each
row address, rather than one for one.
Because the MicroVAX 3500/3600’s
main memory can be four times the
size of the MicroVAX II's, the Micro-
VAX 3500/3600 needs the higher data
integrity that ECC offers over the
byte parity method. ECC detects and
corrects single-bit errors and detects
double-bit errors, in contrast to sin-
gle-bit detection only for byte parity.

The larger main memory of the
MicroVAX 3500/3600 also indicated a
need for a faster mechanism for
power-up memory testing. The Micro-
VAX II user may have to wait as long
as 30 sec. while each bank of up to 16
Mbytes of main memory is tested in
sequence. The MicroVAX 3500/3600
tests all banks of up to 64 Mbytes of
RAM simultaneously in about 15
sec.—less time than for testing 8
Mbytes in the MicroVAX II.

Decoupling 1/0, Memory Design

The I/0 and memory subsystems
were designed to accommodate pro-
cessor microcycle times anywhere be-
tween the expected maximum of 100
nsec and 80 nsec, rather than a single
known microcycle as with the Micro-
VAX II. This approach was necessary
because, to shorten development time,
all subsystems were designed in par-
allel with the microprocessor; early
simulations of the CVAX chip showed
that its microcycle could be at least
100 nsec and possibly shorter. The op-
portunity to anticipate later upgrades
of the CPU module’s performance
with faster microprocessor chips was
also there.

In the interest of higher CPU
speed, common practice in single-
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module CPU development is to design
(as much as possible) the CPU to oper-
ate synchronously with the known
processor microcycle, at the same
time recognizing that memory refer-
ences by peripheral devices on the I/0
bus are inherently asynchronous. In
the MicroVAX II, the Q-bus interface
subsystem is, therefore, asynchro-
nous on its Q-bus side but synchro-
nous for memory accesses on its
CDAL internal bus side.

In the MicroVAX 3500/3600, de-
sign of the Q-bus interface and memo-
ry controller subsystems was decou-
pled from design of the CVAX/FPA
subsystem. Decoupling the Q-bus in-
terface subsystem permitted optimiz-
ing Q-bus performance independently
of the processor cycle time. Similarly,
it was possible to optimize memory
performance at both 100 and 80 nsec.

Design of the MicroVAX 3500/
3600 Q-bus interface subsystem was
decoupled, in part, by making its
memory accesses asynchronous on its
CDAL bus side as well as on its Q-bus
side. Asynchronous DMA accesses to
memory require additional CDAL bus
bandwidth, but any effect on CPU
performance is offset by the first-lev-
el cache keeping most of the micro-
processor’s memory accesses entirely
off the CDAL lines.

Design of the synchronous memo-
ry controller subsystem was decou-
pled by allowing the choice of adding a
wait state for correlating the CVAX
microcycle (100 nsec or lower) and the
fixed main memory cycle time (400
nsec or longer for one address long-
word and one data longword). By set-
ting or not setting a bit position in the
memory controller, a wait state is dis-
abled or enabled in order to establish
the number of CVAX microcycles the
memory controller uses to access the
memory RAMs.

With the wait state in the memory
controller disabled, each longword
transfer requires four CVAX micro-
cycles. At the expected maximum
CVAX microcycle of 100 nsec, reading
a longword from main memory takes
400 nsec (4 x 100). With the wait state
enabled, each longword transfer re-
quires five microcycles. At the expect-
ed minimum CVAX microcycle of 80
nsec, a longword read from main
memory also takes 400 nsec (5 x 80).
Therefore, at both 100 nsec and 80
nsec microcycles, the bus transfer
time for reading one longword equals

the minimum main memory cycle
time of 400 nsec.

Design Focus: Effective

Memory Cycle Time

A CVAX microcycle of 100 nsec,
compared with the 200-nsec microcy-
cle of the MicroVAX II, would itself
only double the speed of the CPU (and
the minimum projected microcycle of
80 nsec wouldn’t do much better).
Both memory systems have a mini-
mum main memory cycle time of 400
nsec, their speed being limited by the
standard dynamic RAMs used in main
memory. How, then, could CPU per-
formance be further improved?

CPU performance is usually limit-
ed by effective memory cycle time,
which can be reduced even though
the processor and main memory cycle
times are unchanged. Effective mem-
ory cycle time is the average time re-
quired to move one longword between
the processor and memory.

Two CPU design techniques, cach-
ing and multiword transfers, reduced
the effective memory cycle time of the
MicroVAX 3500/3600 from 400 nsec to
115 nsec, only 27% longer than the
CVAX microcycle of 90 nsec. In con-
trast, because it has no cache and uses
single-word transfers, the MicroVAX
IT’s effective memory cycle time is 400
nsec, the same as the minimum main
memory cycle time. The MicroVAX
3500/3600’s CPU performance is,
therefore, more than three times that
of the MicroVAX II.

Two-Level Cache

Most of the decrease in effective
memory cycle time is provided by the
two-level cache architecture. Without
multiple-word transfer, the two-level
cache reduces effective memory cycle
time to 131 nsec.

The first-level cache is built into
the CVAX chip itself; its 1-Kbyte size
occupies the largest chip area that the
semiconductor designers were able to
allocate for cache. The 64-Kbyte sec-
ond-level cache is implemented on the
CPU module and also occupies the
largest module area that the CPU de-
signers were able to allocate (the next
step up in second-level cache size
would require considerably more
space). The size of the data block is
one quadword, or 8 bytes, in each.

Whenever the microprocessor re-
quires data or instructions, it checks
the first-level cache to determine

whether the content of the specified
memory location is stored there. If
there is a hit in first-level cache—
which happens approximately 70% of
the time—the microprocessor re-
trieves the data block associated with
the referenced address. If a miss,
first-level cache control logic passes
the address to the second-level cache
and main memory simultaneously.

If there is a hit in second-level
cache—which happens approximately
25% of the time—the referenced data
block is transferred to both the first-
level cache and microprocessor.
Meanwhile, the memory controller,
sensing that the second-level cache
has responded, aborts its own re-
sponse (the second-level cache has
long since completed the transfer
back to the CVAX chip). If there’s a
miss in second-level cache, the memo-
ry controller retrieves the requested
data block from memory and trans-
fers it to both the second-level cache
and CVAX chip for the microproces-
sor and first-level cache.

The first and second levels, togeth-
er, handle 95% of cacheable bus
transactions (noncache transactions
result from interlocked instructions
and I/0 page references). The first-
level cache helps increase CPU per-
formance by storing high frequency
accesses, the second-level cache by
storing medium frequency accesses.
Low frequency accesses are momen-
tarily stored in each, but are quickly
replaced.

Multiword CVAX-Memory Transfers

Transactions between the CVAX
chip and main memory consist of mul-
tiplexed transfers of addresses and
data through the chip’s 32 I/0 pins
and the CDAL bus. In single-word
transfers, as in the MicroVAX II, each
transfer is a two-part bus transaction
involving an address and one data or
instruction word. (In 32-bit systems,
the word is actually a longword.)

In multiword transfers, each ad-
dress is followed by two or more data-
words, and the effective transfer time
per word is reduced. The reduction
can be substantial in applications
where most bus transfers consist of
many data words in sequential memo-
ry locations following the address of
the first word.

Simulations indicated that maxi-
mum reduction in effective memory
cycle time could be achieved with min-
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imal complexity by making the size of
multiword transfers equal to a quad-
word—the size of data blocks in the
two-level cache. On bus transactions
to cache that miss in first-level cache,
the MicroVAX 3500/3600 takes ad-
vantage of the memory RAM array’s
page mode capability. It transfers two
longwords (one quadword) of data or
instruction for each longword of ad-
dress the microprocessor issues onto
the CDAL bus. The transfers are exe-
cuted via quadword bus protocols in
second-level cache and in the memory
controller subsystems.

At the actual CVAX microcycle of
90 nsec, the wait state in the memory
controller subsystem is enabled, so
that the memory cycle times are 450
nsec for the first longword and 270
nsec for the second longword. Note
that the memory controller is cycling
the memory RAMs more slowly than
the minimum 400 nsec. The perfor-
mance loss is negligible, however, be-
cause the microprocessor is only ac-
cessing main memory 5% of the time.

Multiword transfers between the
CVAX chip and second-level cache or
main memory complete the reduction
in effective memory cycle time to 115
nsec.

Bus Interface Subsystem

Multiword transfers from DMA
devices on the Q-bus side of the mem-
ory controller subsystem, while hav-
ing no effect on CPU performance,
help improve system performance.
The Q-bus interface subsystem trans-
fers asynchronously as many as four
longwords of data (one octaword) for
each address, the largest multiword
transfer supported by the memory
controller (page mode itself supports
multiword transfers of up to 16 long-
words). For a 90-nsec processor mi-
crocycle, asynchronous transfer time
for an address and octaword of 1/0
data is 1170 nsec, in contrast to 1440
nsec if four longword transfers were
used.

On block mode DMA writes, a
buffer array in the CQBIC chip (Fig-
ure 3) packages individual words of Q-
bus data into octawords for transfer
over the longword-wide CDAL bus.
Eight 16-bit-wide locations in buffer
A fill up first and form four long-
words, which are then transferred in
sequence over the CDAL bus as an
octaword following the first long-
word’s physical address. In the mean-
time, buffer B is being filled. Before
buffer B is full, buffer A completes its

transfer and is ready to be filled again
so the cycle can be repeated.

Data blocks smaller than an
octaword are transferred as one to
three longwords; data blocks smaller
than a longword are transferred as a
masked longword. On block mode
DMA reads, quadword transfers back
from memory to the CQBIC chip’s I/0
buffer are handled by a two-longword
output buffer.

The MicroVAX 3500/3600’s CPU,
like the MicroVAX II’s, includes a
scatter-gather map to translate be-
tween 22-bit Q-bus virtual addresses
and CDAL physical addresses—it’s 26
bits wide for the MicroVAX 3500/3600
compared to 24 bits wide for the Mi-
croVAX II. The Q-bus interface con-
trol logic of the MicroVAX II is linked
to a separate scatter-gather RAM ar-
ray via a dedicated bus.

But there wasn’t enough space on
the CQBIC chip for either the re-
quired 32 Kbytes of scatter-gather
map or the more than 30 additional
pins that a dedicated scatter-gather
bus would have required. Therefore, a
Q-bus map cache that required little
space and no additional pins was im-
plemented on the CQBIC chip. The 32-
Kbyte scatter-gather map is located
in main memory so that map accesses
require neither a dedicated bus nor
space on the CPU module for a map-
ping RAM array.

When the Q-bus interface subsys-
tem receives a 22-bit Q-bus address, a
hit in the Q-bus map cache means that
the 26-bit CDAL address is immedi-
ately available on the CQBIC chip. If
there’s a cache miss, the base register
in the CQBIC chip’s map points to the
scatter-gather map in main memory.
The appropriate scatter-gather map
entry is transferred over the CDAL
bus to the CQBIC chip, where the de-
sired CDAL address is assembled. At
the same time, the scatter-gather en-
try is stored in the Q-bus map cache
for that Q-bus address.

The Q-bus map can contain up to
16 scatter-gather map entries, each of
which translates the addresses asso-
ciated with one page (512 bytes) of
memory. If four pages of memory are
assigned to each of four DMA de-
vices—one disk controller, one tape
controller, and two communications
controllers, for example—then all ad-
dress translations for those devices
are handled at maximum speed in
cache on the CQBIC chip. -
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VMS For Reallime?

Many claim that VMS isn’t suitable for realtime applications, but
Century Computing disagrees/by Phil Miller [Century Computing Inc.]

s VMS a suitable operating sys-

tem for realtime applications?

This article concludes that, for a

large class of applications, VMS

is an excellent realtime operat-
ing system. Users are generally pleased
with VMS for realtime, and techniques
exist for bypassing some VMS
- weaknesses.

For the purposes of this article,
realtime is defined as an application
where the software is expected to re-
spond to external events within a short,
predefined time from the occurrence of
each event. If the response doesn’t oc-
cur within the time limit, then an error
condition exists, and data may be lost
or system output may be too late to be
effective.

A sample configuration demon-
strating the viability of VMS as a real-
time operating system might consist of
a disk-based computer with multiple,
interactive users or operators monitor-
ing realtime operations. For lack of a
better term, applications running un-
der this configuration are referred to
as realtime data systems. An example
might be a satellite ground system
based on a VAX-11/780-class machine:
satellite telemetry (and possibly pay-
load data) is received and processed in
realtime, with various online displays
of the satellite’s status.

Realtime data systems can be dis-
tinguished from diskless processors
that are integrated within a larger sys-
tem. Flight control applications, front-
end communications processors, and
intelligent device controllers are exam-
ples of this embedded application class.

VMS For Realtime?

Many claim that VMS isn’t suitable
for realtime applications. Such claims
are often traceable to one or more of
the following:

® Definition of realtime—VMS
isn’t designed to handle all realtime ap-
plications. For example, there’s no
diskless version of VMS, and, conse-
quently, most embedded applications
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are not suitable for VMS.

® The mainframe operating system
myth—Because VMS has the features
normally associated with a mainframe
operating system—batch processing,
time-sharing, sophisticated file sys-
tems, demand paging, print spoolers,
etc.—people assume that realtime ap-
plications are out of the question. This
conditioning exists as a result of IBM
mainframe operating systems where
online is a struggle and realtime isn’t
practical. What makes VMS a major
technical achievement is that the main-
frame features are present in conjunc-
tion with realtime responsiveness.

® VAXELN marketing—VAXELN
is often thought of as Digital’s pro-
posed solution for a VAX realtime op-
erating system; the consumer is now
being led to believe that VAXELN is
therealtime operating system and that
VMS is the “other” operating system.

® The cluster conflict—Digital cau-
tions against using clusters for real-
time applications. One reason is an ex-
tended loop in VMS that runs at a high
interrupt priority level (synchronizing
members of the cluster). Another rea-
son is that Digital wants the flexibility
to make changes in the cluster software
that might conflict with realtime.

P
JL) | e
7 |

A ||
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“...low priority
processes generate
realtime terminal displays,
usurping the processor
from higher priority
processes. ... "

VMS is a general-purpose operating
system, but with the capability for sup-
porting realtime applications. Running
realtime under a full-function operat-
ing system has many advantages:

® Development and execution un-
der the same operating system—Be-
cause VMS supports a powerful soft-
ware-development capability, develop-
ment and execution are under the same
operating system.

® [Jse of nonrealtime features—A
realtime system often contains non-
realtime components that need the
functionality associated with online—

Phil Miller, co-founder of Century
Computing Inc. (Laurel, Md.), a data
systems development company, holds
a B.S. in math from Georgia Tech and
an M.S. in computer science from
Purdue.




as opposed to realtime—systems. An
online system is defined as one re-
sponding to external events, but the
events are usually human-generated
and occasional sluggish respense is
acceptable.

Multiple Levels Of Functionality

VMS provides multiple levels of
functionality. The programmer may
use high level features—and accept
associated performance penalties—or
use low level features for high
performance.

If the file I/0 supported by a high
level language doesn’t provide suffi-
cient throughput, then a program may
call RMS directly; if RMS is too slow,
then the program may issue I/0 re-
quests directly to the disk driver. Fig-
ure 1 illustrates the levels of file I/0.

If a program cannot withstand the
overhead associated with paging and
swapping, the program may be locked
into memory.

If DECnet/Ethernet is inappropri-
ate, special-purpose protocols may be
implemented by issuing I/0 requests to
the Ethernet driver. If the VMS stan-
dard Ethernet driver isn’t suitable, an
installation may implement a home-
grown Ethernet driver.

If issuing VMS I/0 requests to a
special-purpose device is too slow, a
program may map directly to the de-
vice’s registers and issue hardware
commands from process level.

Interrupt Response

One critical measure of a realtime
operating system is the interrupt re-
sponse time, which can be defined as
the time between the external device’s
request for an interrupt and the execu-
tion of the first “useful” instruction in
the corresponding device driver.

For VMS, the number and nature of
the instructions involved in interrupt
response varies according to the pro-
cessor type, but the code for a number
of processors suggests an efficient in-
terrupt response architecture. On the
MicroVAX II, 11/750, 8200, and 8800,
there are two VMS instructions from
the point of the interrupt until en-
trance into the device driver; on the 11/
780 and 8600, there are seven such in-
structions. For all processors, the driv-
er itself must execute about three addi-
tional instructions to establish the
proper context for performing useful
work.

At the Fall, 1986 DECUS sympo-
sium, Richard Somes presented inter-
rupt response times for the MicroVAX

I1. His data is quite valuable, indicating
an average response time in the 40-usec
range.

Occasionally, there are wild devi-
ations from this average response due
to higher priority interrupts and ele-
vated interrupt-level processing by
various VMS modules. The potential
for extended response times is a major
design constraint for realtime systems;
the standard approach is to place buff-
ering and intelligence/in the device con-
trollers, minimizing the response bur-
den on the central processor.

Context Switching Overhead

Context switching overhead is the
time required to save the context of one
process, decide on the next process, re-
store the context of the new process,
and begin execution in the context of
the new process. In realtime applica-
tions, a number of concurrent, commu-
nicating processes are used, and the
time for the operating system to switch
control between processes is critical.
The speed of context switching is also
an issue with respect to process-level
response to a device interrupt.

VMS context switching is very effi-
cient; most of the work is performed by
the microcode associated with the save
context, load context, and return from
interrupt instructions. The logic to se-
lect and activate the highest priority
process from the ready to run queue
consists of 20 instructions and no loops.

Efficiency Of System Services
For realtime applications, the VMS
system services of greatest interest are:
® timer,

® event flag manipulation,

® create process, and

® [/0 request.

Approximately 1.5 msec of VMS
overhead is required to handle a queue
I/0 request (QIO) on a VAX-11/780.
This time is required to initiate I/0,
field the interrupt, and return to the
process level. The measurement in-
cludes the device driver processing for
a reasonably straightforward DMA de-
vice. Though QIOs are time consuming,
systems typically have controllers that
support large DMA transfers, thereby
minimizing the QIO overhead. It’s the
QIO rate—not the data rate—that
drives operating system overhead.

The other realtime services are con-
siderably faster than the QIO; most of
the services run less than 200 usec on a
VAX-11/780. There are virtually no sit-
uations where one of these realtime
services can enter an extended loop
or unexpectedly block the requesting
process.

Realtime VMS: Some Problem Areas

Some weaknesses exist in using
VMS for realtime, but workarounds ad-
dress these problems.

Process creation is slow. It’'s com-
mon to see about 1 sec. of elapsed time
for the creation of a process on a VAX-
11/780. In addition to process creation,
the loading of a disk-resident program
into an existing process is slow.

If programs must be efficiently ac-
tivated in realtime, several techniques
are available to work around the slug-
gishness of process creation and pro-
gram loading. If sufficient memory is
available, the programs can be run dur-

Figure 1—For file 1/0,

APPLICATION APPLICATION

APPLICATION
G

VMS includes multiple
levels of functionality:
application A uses lan-

guage features for 1/0,
B makes calls to RMS,
and C issues QIOs direct-
ly to the disk device
driver
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ing initialization, locked into memory,
and stored there until needed. If memo-
ry is tight, then the programs can skip
memory locking and migrate to disk via
paging and swapping. Resuming such
programs in realtime is reasonably
efficient.

If running programs during initial-
ization isn’t practical, there’s a scheme

called process pooling, where a pool of
processes is created during initializa-
tion. When a program must be executed
in realtime, the program is run in the
context of an available process selected
from the pool. This technique avoids
the realtime overhead of process cre-
ation (but still incurs the program acti-
vation overhead).

Figure 2—Operating system intrusion,
as demonstrated in this example, is a
main concern for realtime applications.

Operating System Intrusion

The VMS priority scheme reserves
process priorities 16-31 as realtime,
with enforcement of the traditional
scheme where the highest priority pro-
cess wanting the processor has the pro-
cessor. For processes with priorities in
the 1-15 range, VMS performs auto-
matic priority adjustment in order
to optimize time-sharing and batch
performance.

A critical characteristic of an oper-
ating system is the level of intrusion on
the realtime priority scheme (i.e., pro-
cessing performed by the operating
system that is higher priority than any
realtime process priority). The classic
example of intrusion is illustrated by
the following scenario (Figure 2):

® Process L at priority 20 issues a
magnetic tape read request and waits
on I/0 completion.

® Process H at priority 30 begins to
execute.

For detailed
information

a complete Life-Cycle Development Tool reaching
from High-Level Design through Detailed Design and Code
2 Generation, to Code Completion and Maintenance Activities.

about VAX/VMS
oriented superCASE™

please contact:

Advanced Technology
International, Inc.

350 Fifth Ave., Suite 2420
New York, N.Y. 10118

Tel: (212) 947-4755
Telex: 263057

An elegant Ada" Design Environment supporting the
full Ada" syntax.

Full DoD-Std-2167 compliance.
Powerful facilities for C, Fortran, Pascal & PL/M.
Code Generation in all above Languages.

Automatic Retrofitting of Design and Design
Documentation based on changes in Code.

Automatic Extraction of Design from Existing

ATI UR

Source Code.

Ada' is a registered trademark of the U.S. Government
VAXand UMS are trademarks of Digital Equipment Corp.
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® While H is active, the interrupt
from L's read request is received, and
the device driver takes control. The
driver converts a 32-Kbyte data record
from EBCDIC to ASCII, usurping H’s
demand for the processor.

In this example, H is intruded upon
by the operating system. This particu-
lar scenario is an example of priority
inversion, where the lower priority L,
in effect, usurps the processor from the
higher priority H.

Fortunately, this particular exam-
ple does not apply to VMS; the magnet-
ic tape device driver is efficient, and
data formatting is performed at pro-
cess priority level 8, where the magnet-
ic tape ancillary control process exe-
cutes. However, VMS does have intru-
sion, and some of the intrusion is se-
vere. The following are known sources
of nontrivial VMS intrusion:

® (luster synchronization—This is
achieved using an extended VMS loop
running at high interrupt priority that
examines the failure of another cluster
member.

® DSA drivers—The device drivers
associated with Digital Storage Archi-
tecture (DSA) disk controllers have
substantial error recovery logic that
runs at high interrupt levels. Though
unrelated to processor intrusion, this
recovery also blocks the disk’s I/0 re-
quest queue until the recovery is
complete.

® Terminal handling—The inter-
rupt processing for terminal I/0 can
generate substantial intrusion. The
DMA terminal multiplexers minimize
this problem, but designers should still
measure the amount of overhead in-
volved in handling terminals. Terminal
handling presents a classic case of pri-
ority inversion: low priority processes
generate realtime terminal displays,
usurping the processor from higher
priority processes.

® Application-specific drivers—
User-written drivers should minimize
the processing performed at high inter-
rupt levels. For example, any routine
data processing is best deferred to pro-
cess level.

In addition to processor intrusion,
there’s also intrusion presented by disk
I/0: disk operations from a low priority
process often cause a high priority pro-
cess to wait longer for disk access.
Though certainly not unique to VMS,
this form of intrusion is made some-
what worse by the DSA controllers,
where there is no prioritization of 1/0.

VMS is suitable for the class of real-
time applications that are characteriz-
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A full-featured, high-performance
Data Entry System is available
under VAX/VMS for

the entire VAX family.

Powerful. KDSS has an extremely wide range of screen format-
ting, editing/validation, and output data reformatting capabili-
ties which permit great flexibility.

Efficient. All performance-critical portions of KDSS are written
in VAX assembly language. The data entry code is shareable.
Terminal output is buffered to minimize QIO’s.

Extensible. KDSS provides for access to user-written programs
to perform special edits, reformat data, etc.; you may either link
such programs with the KDSS data entry program or run them
as separate processes that communicate with KDSS via VAX
mailboxes.

Proven. Previous versions of KDSS have been widely used for
over ten years: first on the PDP-11 and, subsequently, on the
VAX in PDP-11 compatibility mode. The new version of KDSS
runs in native mode on the VAX to provide support for the entire
VAX family.

EG&H. Our specialty is DEC. For over fifteen years, we have
designed and developed minicomputer software to improve pro-
ductivity and get more out of DEC systems. We not only license
our software products, we also develop custom applications.
Count on us for quality products and expert support.

Other software products for VAX/VMS and RSTS/E.

* ROSS/V a RSTS/E operating system simulator under
VAX/VMS.

* DIALUP a data communications package that
links RSTS/E and VAX/VMS systems to remote
computers.

» TAM an efficient screen formatter for
transaction processing applications.

» VSELECT & SELECT fast file
scanning packages.

* VSORT & FSORT3 high-speed
sort packages.

* BSC/DV a device driver for
DEC’s DV11.

For more information, call
(617) 861-0670 or write:
Evans Griffiths & Hart, Inc.
55 Waltham Street
Lexington, MA 02173
TWX: 710-326-0103

RSTS, VAX. DEC, and VMS are trademarks of
DIGITAL EQUIPMENT CORPORATION
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able as data systems. There are some
problems with VMS for realtime, but
reasonable workarounds exist.

Digital is drifting away from VMS
support for realtime. Signs of this drift
are the VAXcluster conflict with real-
time and the lack of prioritized I/0 in
the DSA disk controllers. Digital is, of
course, most concerned with making
modifications to VMS that will make it
more acceptable to corporate comput-
ing environments, so it remains to be
seen how well future versions of VMS
will support realtime applications. &

Readings In VMS

For Realttme

® “Real Time Throughput of Mi-
croVAX II and MicroVMS,” Richard
K. Somes, Proceedings of the Digital
Equipment Corp. Computer Users So-
ciety, Fall 1986, page 51. Though the
proceedings carry only (sketchy)
notes from the speaker’s presenta-
tion, the interrupt response timeta-
bles are invaluable. The author shows
that, though the average response is
about 40 msec and the 99 percentile
response is less than 100 msee, occa-
sional responses might drift consider-
ably higher. Some of the wild points
were due to inefficiencies in the QVSS
software supporting the author’s
graphics device.

® “Disk System Latency in VAX/
VMS,” Richard F. Wrenn, Mark Free-
man, Proceedings of the Digital
Equipment Corp. Computer Users So-
ciety, Spring 1984, page 499. Although
this paper does not directly address
realtime issues, the authors do pre-
sent insights on VMS performance,
especially concerning the optimiza-
tions present in DSA and HSC50
controllers.

® “Disk System Performance in
VAX/VMS,” Richard F. Wrenn, Pro-
ceedings of the Digital Equipment
Corp. Computer Users Society, Spring
1983, page 339. This is an earlier ver-
sion of the 1984 paper mentioned pre-
viously. This paper makes some im-
portant observations on prioritized I/
O requests and the realtime conse-
quences of QIO re-ordering by DSA
controllers.

® “Digital, RT-11 Users Continue
Dispute Over Realtime Operating
System for the VAX,” Milton Camp-
bell, Hardeopy magazine, March 1987,
page 77. Hi
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Dilog Redefines MicroVAX™ Disk Storage.

Wide-Open Performance. DILOG s
controllers remove hottlenecks! Exclusive
DYNAMIC TRANSFER SEGMENTATION ™
increases system throughput by executing
multiple transfers in an order that
minimizes disk latencies. And Only Dilog
Has It!

No bus hogs here! QBIC, DILOG's
proprietary Q-Bus® Interface Chip, handles
all transactions in hardware which
speeds execution. And Only Dilog Has

DQ236 — interfaces up to four SMD/ESMD
drives; quad board

DQG606 — interfaces up to four SA450 or
DEC RX50 disk drives. RX50 media com-
patible; dual board

"y

MSCP Compatible Disk Controllers
for MicroVAX: MicroPDP-113 LSI-11*

ss = 772150

NO DRIVE SELECTED DECIMAL

Main Formatter Menu

- SELECT ESDI K\RIVE NULL
- SELECT ESDI i
= DISPLAY DRIVE CUNHCURAHDM
- FORMAT DRIVE
= READ DRIVE DATA
& = WRITE DATA TO DRIVE
IORY - DMA TEST

9 - MEM
= PRINT ERROR LDG
= RD/WR RANDOM SECTORS TEST N - WR/RD/COMPARE DRIVE DATA

R - REPLACE BAD BLOCKS

Enter a selection :}

Device independence too! DILOG's
unique UNIVERSAL FORMATTING ™ stores
parameters on the drive, not the controller.
No changing PROMs, no reprogram-
ming. Mix and match drives of different

DQ616 — interfaces up to four ST506/

ST412 and DEC RD52, RD53 Winchester disk

drives; dual board

DQ696 — interfaces up to two ESDI Win-

chester drives; dual board

MQ606 — Dual function, interfaces up to

two ST506/8T412 Winchesters and SA450

floppies; RX50 drive and media compat-
ible. DEC RD52, RD53 interface

compatible; dual board

~2 [
£

performance and physical characteris-
tics. And (
Expanded Flexibility. With On-board
formatting, all the intelligence is in the
controller. No need to use distribution
media, computers or backplanes to verify
controller and drive functionality. And

you get the same media flaw replacement
techniques used by DEC.

Even more flexibility! Update param-
eters from the keyboard with DILOG's
on-board non-volatile RAM (NOVRAM).
No more tearing out boards and setting
switches!

Take advantage of todays new faster
peripherals. Oversized buffers smooth
the flow of data between host and disk,
reducing software latencies.

Lower Cost of Ownership. Field
proven on more than 70,000 controllers!
High performance in
alesspower hun- 8
gry package.
C omplete
compatibility / '
with DEC ”
operating
systems. Runs
DEC diagnostics. ——
Quickly isolate problems

dramatically cut maintenance costs

and reduce MTTR for the entire system.

Saving across the board is what
has made DILOG the first choice with DEC

\ Yilao Hac T+
nly Dilog Has It!

&= users. Find out more, Call for your

copy of the latest DILOG product guide.
Outside California, toll-free:
1-800-DILOG32, Ext. 98

U.S. Offices: Anaheim, CA (714)
937-5700; Red Bank, NJ (201) 530-0044;
Atlanta, GA(404) 256-0682. International
Offices: United Kingdom, Woking, Surrey
(4862) 70262, Switzerland, Cortaillod

- (4138) 424454

DISTRIBUTED LOGIC CORPORATION

.+ DEC, QBUS, UNIBUS, MicroVAX, MicroPDP. LSI-1, YAX and PDP are trademarks of
Digital Equipment Corporation. Dynamic Transfer Segmentation and Universal For-
matting are trademarks of DILOG




, upgraable

It's easy to find Q-Bus disk con-

trollers that meet your needs now.

But dual-wide Q-Bus disk
controllers that also meet your
future performance needs?

Those you'll only find from MTI.

Via unique upgrade paths,
you can expand our controllers
capabilities anytime you need
greater drive performance.

Here's how it works. Say
you purchase any of our Dual-
Wide controllers that support

ST506 drives now. Then later, you

decide to add faster ESDISs.

It's simple. Just send us your
ST506 controller, and for a
nominal fee, we'll upgrade it
for ESDI compatibility.

Controllers you can talk to.

Not only do our controllers
save you money, but lots of time

aswell.

All thanks to MENTOR™an
onboard, menu-driven utility
that takes the hassle out of
setting all drive and controller
parameters. Including format-
ting and diagnostics.

With MENTOR, you simply

Dual-Wide Q-Bus Controllers

Muttifunction Disk and Floppy

MQDX2—Two ST506 Winchesters and two
RX50/RX33 compatible floppys.

MQDX3—Two ESDI Winchesters and two
RX50/RX33 compatible floppys.

MQDX4—Mix two ST506 and ESDI -
Winchesters and two RX50/RX33
compatible floppys.

Winchester Only

s MQD12—Four ST506 Winchester disk drives.
MQD13— Four ESDI Winchester disk drives.
[ Up to 15 Mbit/sec.
MQD14— Four ST506/ESDI Winchester disk
drives, in any combination.
MQD50—Two SMD/ESMD Winchester disk

drives. Up to 20 Mbit/sec

ered trademarks of Digital Equipment Corporation

run through the pre-
configured screens to
select all parameters.
Virtually any disk can
be accommodated,

as MENTOR knows the
characteristics of over
100 drives.

Multi-level defect
management. Also,
to ensure error-free
media, MTI controllers
provide three levels of
dynamic defect man-
agement: sector format
skewing, on-track
replacement sectors,
and additional sector
replacement tables. If
that's not enough, each
features Reed-Solomon
ECC error correction
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in single or dual-burst mode.
You'd want them on per-
formance alone. Whichever
MTI controller you choose, you
benefit from dual 16-bit busses,

Sample MENTOR screen.

and an internal transfer rate
of over three megabytes per
second. Adding up to the per-
formance you've always wanted
in a Q-Bus disk controller.
Upgrade to MTI. Our dual-
wide upgradable disk controllers
are available now at the most
competitive prices. To get all the
information—and there's plenty
more—call (714) 632-7580 today:
Or write Micro Technology,
Inc., 1620 Miraloma Avenue,
Placentia, CA 92670.

y v




VAN Storage Forecast: A Growing
Third Party Market

Vendors are packing more storage in and on VAX systems with
everything from 3%2-in. Winchester disks to multi-Gbyte 14-in.
subsystems/by Carl Warren

t may seem that with all the PC

fever going around, no one would

be interested in adding anything

to something as impersonal as

Digital Equipment Corp.’s VAX
or MicroVAX systems. But just the op-
posite is true (Figure 1).

Indeed, storage system market ana-
lyst, Dataquest Inc.’s (San Jose, Calif.)
Phil Devin, is predicting that by 1990
end-user sales of rigid disk drives in the
Digital (VAX and MicroVAX) market
will exceed $130 million. And vendors
of optical disks can expect to have “ . ..
$25 million to spend in 1990...."

Devin says that although current
Winchester add-ins and add-ons range
from 5% to 14 in., the trend will most
likely be to smaller form factors during
the next few years. “What we are seeing
is 5% -in. Winchesters providing capac-
ities that make sense on VAX-type
systems.”

For example, running fast in the
storage subsystem attachment race is
U.S. Design Corp. (USDC). The compa-
ny, a captive subsidiary of Maxtor
Corp., is planning to offer Q-bus users
a subsystem incorporating Maxtor’s
Model XT-8760E, 765-Mbyte, 5% -in.
enhanced small device interface
(ESDI) Winchester. The subsystem,
dubbed the VIP, costs about $37,000 and
is configured as 3 Gbytes of unformat-
ted storage using multiple drives.

As enticing as the advanced storage
technology may sound, it’s still at the
ship-and-return stage. The Maxtor
drive, introduced last year, is shipping
in evaluation quantities. Companies
such as Emulex Corp. and System In-
dustries (SI) are among the Digital
add-on vendors who are evaluating the
hefty storage device for possible future
products. An SI spokesman claims that
SIis “ ... taking as many of the 765-
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Figure 1—Projections for total Digital
third party peripheral drive units
shipped show a stabilizing in flexible
disk sales and a consistent increase in
rigid disk sales.

Mbyte drives as we can get.”

Currently, Emulex is providing sub-
systems using 170- and 380-Mbyte 5% -
in. Winchester drives from Control
Data Corp. and Maxtor. Larger form
factors use Fujitsu drives with the ex-
tended storage module drive (ESMD) to
obtain the 3 Mbyte/sec. transfer rate
needed on fast machines like Digital’s
8000 series.

For the most part, manufacturers of
VAX add-ons such as Emulex and SI
tend to lean toward the larger form-
factor drives. SI has, in fact, begun
shipping a new version of its C-series

subsystems that contains an NEC In-
formation Systems Inc. 1.1-Gbyte 9-in.
drive. This represents a marked change
for SI since it has primarily relied on
Fujitsu for high performance drives.

Consider The Smaller Package

Not all the storage performance is
in 5%-in., or larger, form factors.
Among the newest contenders for add-
on business, such as the MicroVAX, is
newcomer, Conner Peripherals.

Conner currently isn’t well-known
as a supplier to Digital system add-on
vendors. The company supplies Com-
paq with 3%-in., high performance
Winchester drives for the Portable III
and Deskpro 386, and is looking at the
PC market as a prime source of reve-
nue. Its newest models, the CP342, 40-
Mbyte formatted and CP-3100 100-
Mbyte formatted drives, offer Mi-
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—Third Party Market

SOURCE: FREEMAN ASSOCIATES

Figure 2—Projec-
tions for world-
wide shipments
of tape drives
show Y-in. ex-
panding rapidly.

THOUSANDS OF UNITS

croVAX subsystem vendors an inter-
esting alternative.

Conner uses common command set
(CCS) small computer systems inter-
face (SCSI) for its general-purpose
drives, but isn’t limited in interconnect
possibilities. In fact, Conner developed
a tightly coupled bus to function in con-
cert with Compaq. Rather than use
SCSI host adapters, the backplane bus
signals are extended to the drive. A se-
ries of gate arrays and application-spe-
cific integrated circuits (ASICs) are
used to convert the bus signals to the
drive’s needs, and vice versa. The result

is faster data transfer and better utili-
zation of the bus and drive.

Debating The Interface

Most Q-bus and BI add-on vendors
are relying on either the standard Digi-
tal-supplied controller or a translator
system to match an SMD interface to
the backplane. The enhanced small de-
vice interface (ESDI) seems tailor-
made to match the performance of the
drives to the bus characteristics. Simi-
larly, it’s expected that '%-in. tape car-
tridges using ESDI will find their way
onto both buses as well.

Interest in ESDI doesn’t mean drive
and subsystem manufacturers aren’t
interested in SCSI. Until recently, de-
velopers were reticent about employing
SCSI due to a lack of an adequate proto-
col chip. Emulex has developed the
Emulex SCSI Protocol (ESP) chip that
allows full arbitration of the bus while
maintaining 4 Mbyte/sec. transfer
rates. This chip, combined with the
company’s merged architecture con-
troller (MAC), buffer, and tape format
chips, allows board designers to have
full control over the SCSI environment.

No Format Problems

An enticing aspect of using SCSI in
subsystem attachments is that the
storage device can he made transparent
to the rest of the system. Consequently,
subsystem suppliers can be more inven-
tive in the combination of drives, and
efficient in the use of the storage
media.

Transparency of the storage system
to the host isn’t necessarily counter to
the performance criteria established
by Digital either. The Mass Storage
Control Protocol (MSCP) is part of the
Digital Storage Architecture (DSA) de-
fined by Digital. Both DSA and MSCP
subscribe to the notion of disassociat-
ing the peripheral parameters from the
host processor—a factor that makes

Confusion Over
3Y.-In. Cartridge
Tape Standards

espite the long history

(about 10 yrs.) of cartridge

magnetic tape storage,

there are almost no stan-

dards available that define
the performance you can expect from
a drive, or regulate the interchange-
ability of information recorded on
data cartridges.

There are interface standards. But
these regulate plug compatibility or
the ability of a component to plug and
play. Such standards don’t prescribe
the performance of the drive, other
than to set the maximum perfor-
mance possible within that standard.
Nor is performance guaranteed by ei-
ther the interface or drive technology,
largely because the software that con-
trols reading, writing, and formatting

also controls performance. A particu-
lar software driver might not take full
advantage of the capabilities offered
by either the drive or controller. Al-
though drive vendors try to work
closely with OEMs and system inte-
grators, the drive or controller vendor
cannot be certain that the program-
mer truly understands the hardware.
As a result, the performance of prod-
ucts from two vendors might be radi-
cally different, although they both
rely on exactly the same hardware.
It’s all in how the complete package is
implemented. Thus, a SCSI-inter-
faced data cartridge drive might de-
fine the system requirements, but it
won’t tell you much about what you
can actually expect.

There are two recording format
standards used with the DC-2000 car-
tridge drives: QIC-40 and QIC-100.
These formats attempt to standardize
the three elements of interchange-
ability: physical size, physical format,
and logical format.

In practice, the actual usefulness

of such standards is hampered by the
interpretation of the standards by the
vendors. Another problem is that
many vendors turn to proprietary for-
mats in an attempt to reach data
transfer rates, error rates, or storage
capacities that can’t be achieved with
standard recording formats. As a re-
sult, the interchangeability of record-
ed data cartridges based on standards
is not a reality. It exists only in those
cases where the vendors have taken

pains to ensure such compatibility.
Currently, only one company, Sy-
tron Corp. has been able to achieve
across-the-board interchangeabil-
ity—at least in the PC world. Its SY-
TOS tape operating system for DC-
2000 QIC-40 drives has been adopted
by more than a dozen third party PC
add-on vendors, and is being eyed by
envious Digital supporters as well.
But company President Anthony An-
tonuccio is noncommittal on the
future for SY-TOS on Digital
equipment. H
—C.W.
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SCSI a compelling approach to subsys-
tem designers.

MSCP allows the mechanism to im-
prove performance of the storage sub-
system, verify proper controller opera-
tion, add sophisticated defect manage-
ment facilities, and minimize host in-
teractions during peak I/0 loading.

Since MSCP is an interface between
the host and peripheral controller, it
can—and does—introduce excess over-
head in the storage hierarchy. Thus,
there is a worry about redundant laten-
cies being incurred due to MSCP and
SCSI. For example, a SCSI command
can take as long as 1 msec to execute in
a pure SCSI environment. “You can
double that when MSCP is encoun-
tered,” says Richard Steincross, presi-
dent of RMS Laboratories (Long Beach,
Calif.).

Unfortunately, MSCP doesn’t make
provision for developers to punch holes
easily through the interface layer.
Steve Bostwich, president of Query
Computing (Torrance, Calif.), com-
plains that MSCP limits how much
functionality can be squeezed out of a
storage device. “You can design a stor-
age system with lots of capability. But,
in the MSCP environment, you lose
some of the functionality since you
are bounded by their [Digital’s]
constraints.”

Tape Up The Cracks

Winchester storage may be the
backbone of the VAX data storage sys-
tem, but tape in all forms—reel-to-reel
and %2-in. and Y%-in cartridges—holds
real dollar promise for manufacturers
and system integrators alike (Figure

2). Raymond C. Freeman, president of
Freeman Associates Inc. (Santa Barba-
ra, Calif.), says that the sales of '2-in.
reel-to-reel are declining, but will still
ship in the order of 119,000 units in
1990, worldwide. Half-inch ecartridge
tape (based on the IBM 3480 form fac-
tor) is expected to grow from 119,000
units this year to 276,000 in 1990. Quar-
ter-inch is expected to be slightly less
than 2 million (1,985,000 units) in 1990.
Dataquest’s Devin notes that the num-
ber of third party tape drives attached
to VAX systems will be between 1200
and 2100. “That’s not all that bad when
you consider that equates to around $26
million in end-user-revenue,” he says.

Qualstar Corp. is one of the compa-
nies that offers reel-to-reel add-ons for
the MicroVAX that run with VMS,
RSX, or UNIX. What makes this prod-
uct attractive is that it offers a stan-
dard for data interchange across a
broad range of system architectures.

Freeman suspects that the !Y-in.
cartridge will be slow in finding its way
onto Digital equipment, and the 3'2-in.
DC-2000 may not be used at all. Others
disagree; a spokesman for Scientific
Micro Systems (SMS) says that the DC-
2000 may prove to be a low cost alterna-
tive to generating transportable data
from a MicroVAX to a PC environment.
To be viable, the DC-2000, 3'2-in.-style
cartridge drive will have to settle down.
Currently, no standards other than
electrical exist for the small drive (see
sidebar, “Confusion Over 3%-In. Car-
tridge Tape Standards”).

Optical lllusions

Optical storage is one of the more

Figure 83— A comparison of semiconduc-
tor vs. Winchester in cost/ Mbyte shows
an increase i the cost of high speed
DRAMs and a decrease in the cost of
Winchester storage. Today, 1 Mbyte of
storage on a 5Y-in. Winchester costs
about $10.90.

promising, but disappointing, add-on
opportunities. The technology, which
has been touted for the past 3 yrs., still
isn’t ready for widespread commercial
application.

Laser Magnetic Storage Interna-
tional Co. (LMSI) is one of the few
American manufacturers that has the
ability to deliver usable product in the
12-in. form factor. And it typically
finds use on VAX systems with a SCSI
host connection.

Optical storage, especially the write
once read many (WORM) versions like
that sold by LMSI, are ideal for large-
scale archive storage and large (in the
Gbyte range) backup. The difficulties
all appear to be in smaller form-factor,
5V -in. designs.

One Digital add-on vendor that’s
expecting to throw a ray of hope onto
the small form-factor optical business
is SMS with the $10,000 Optical Devel-
opment Kit.

The kit consists of an SMS 0109 Q-
bus multifunction controller with a
SCSI port on the optical disk and a
Maxtor RXT-800S 5% -in. WORM drive;
the subsystem is MSCP compatible,
and can attach two ESDI or ST506/412-
type Winchesters.

The Maxtor drive is from Ricoh and
uses a dye polymer read/write technol-
ogy, as opposed to drives using ablative
methods. SMS provides the necessary
drive utilities for use under the VMS
operating system, and, according to a
company spokesman, has developed a
SCSI pass-through mode, thus reduc-
ing the overhead latencies of MSCP and
SCSI.

Very Bright Futures

Despite the slowness of technology
maturity for optical drives, both Data-
quest’s Devin and Freeman Associates’
Freeman project a bright future for op-
tical. “Optical is a natural attachment
for VAX-type systems,” says Devin. “It
provides the basis of a low cost, easily
retrievable information source—an en-
vironment that is well-suited to VAX
architectures.”

Freeman agrees. He suggests that
the steady growth, at least for the in-
terim, will be in the 12-in. WORM
drives, with 5%-in. erasable optical
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having a bigger influence in MicroVAX
by 1990.

The Bottom-Line Cost

Clearly, everyone gets to win in the
VAX and MicroVAX business: vendors,
VARs, and end users. Capability is go-
ing up and prices are coming down. A
recent study comparing the prices of 1
Mbyte of fast (less than 100 nsec) semi-
conductor dynamic RAM (DRAM) to 1
Mbyte of Winchester storage revealed a

—Third Party Market

dramatic price differential from just 1
yr. ago (Figure 3).

Fast semiconductor storage using
sub-100 nsec DRAMs offers the oppor-
tunity for developers to create large
storage array attachments. But the
fast speed is costly. One Mbyte of
DRAM is priced at a little less than
$100 in OEM quantities today: about
three times the cost of a year ago. But
Winchester storage has been on a
steady decline. One year ago, 1 Mbyte of

SYSTEM

CAPACITY

MEMORY
SOLUTIONS
ON
BOARD

MODEL #

MicroVAX II

8MB, ECC
8MB, Parity
4MB, Parity

MSC 4936
MSC 4938
MSC 4930

VAX 730 & 750 IMB

MSC 3812-10

VAX 780, 782 & 785| 1MB

4MB

MSC 3810-10
MSC 3940-01

IMB, Dual
2MB, Dual
2MB, Quad
4MB, Quad

MSC 4916-03
MSC 4916-04
MSC 4973-02

MSC 4973-04

*VAX, DEC and MicroVAX
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storage was around $22-$25; today, it’s
less than $11. It’s about a buck a Mbyte
for a 60-Mbyte % -in. tape (add another
$.85 for the first year, if you count the
drive). Double the capacity with the
new 120-Mbyte cartridge, and the price
is just about half.

For real dollar value, though, %-in.
3480-style cartridges are the best deal
in town. Priced as little as $10 for a 200-
Mbyte cartridge, the bytes are stored
for less than it costs to print the words
in this magazine. H

Carl Warren 1is a Hardcopy

colummast.

The following vendors were mentioned

in this article

Compagq NEC Information
Computer Systemsinc.
20555 FM 149 1414 Mass. Ave.
Houston, TX 77070 Boxborough, MA 01719
800-231-0900 617-263-2627
Conner Peripherals Qualstar Corp.
22210ld OaklandRd. 9621 Irondale Ave.
San Jose, CA 95131 Chatsworth, CA 91311
408-433-3340 818-882-5822
Control Data Corp. Ricoh Corp.
1101 E. 78th St. S. Dedrick PI.
Bloomington, W. Caldwell, NJ 07006
MN 55420-1478 201-882-2114
612-851-4051

Scientific Micro
Emulex Corp. Systems Inc.
3545 Harbor Bvd. 339 N. Bernardo Ave.
P.0. Box 6725 Mountain View,
Costa Mesa, CA 92626 CA 94043
714-662-5600 415-964-5700
Fujitsu America System Industries
3055 Orchard Dr. 560 Cottonwood Dr.
San Jose, CA 95134 P.0.Box 789
408-432-1300 Milpitas, CA 95035

408-432-1212
Laser Magnetic Storage
International Co. Sytron Corp.
4425 ArrowsWest Dr. 135 Maple St.
Colorado Springs, Marlboro, MA 01752
CO 80907 617-460-0106
303-593-4412

U.S. Design Corp.
Maxtor Corp. 5100 Philadelphia Way
150 River Oaks Pkwy. Lanham, PA 20706
San Jose, CA 95134 301-577-2880
408-942-1700

Was the information in this article
helpful to you in the performance
of your assigned responsibilities?

Very helpful Enter No. 406
Somewhat helpful Enter No. 408
Not very helpful Enter No. 410
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Advanced manufacturing solutions for small-to-

medium-sized companies

ou’re the owner of a manufac-

turing plant that generates $4

million in annual revenue.

You've heard about computer

integrated manufacturing
(CIM) activities at the Fortune 500 lev-
el, and wonder how your company could
benefit from advanced techniques. You
call Digital Equipment Corp. and ask:
“What do you have that could bring me
into the 20th century?”

While Digital could end up supply-
ing the hardware, chances are that
problem assessment, design solution,
systems integration, and custom pro-
gramming would be passed on to ven-

dors who normally work with smaller :
companies. “Usually,” explains Jack :
Conaway, Digital’s manager of CIM :
planning, “when we get our own people :
involved in systems integration, it’s for :
large companies. We are interested in :
doing high volume projects that we can :
transport around to different indus- :
tries and companies within industries. :
Our capabilities are generally too ex- :

pensive for smaller companies.”

Assuming that the customer lacks :
in-house expertise to engineer an ad- :
vanced system (and, with most small- :
to-medium-sized companies, this is a :
: smaller firms are blessed with simpler
: operations, a manageable range of :
: products, fewer computing architec-
: tures and applications software, and :
: quite often, a single manufacturing
complex networking :
: schemes are not needed and the intro- :
: duction of information technology and :
: automated machinery “can almost be :
: considered a green field operation,” :
: Conaway says. His across-the-board :
: advice to small companies in search of
: advanced manufacturing solutions is to
: “avoid exotic hot boxes, deal with :
: standard platforms and proven soft- :

reasonable assumption), a Digital sales
account manager would probably no-
tify sales support people. They, in turn,
would call in a systems integrator or
turnkey systems house to perform the
job. Digital’s responsibility in such
cases, says Conaway, is to “understand
what the manufacturing problem is,
and then determine who supplies what
in a given geographical area.”

While some small-to-medium-sized
companies decide to automate on their
own, others are being pushed by their
mega-customers into adopting ad-
vanced techniques. “Small companies

: site.

: that supply components for cars or air- :
: craft,” Conaway points out, “need to be :
: integrated into the larger enterprise.” :
: General Motors, for instance, specifies :
: integration protocols such as Manufac- :
: turing Automation Protocol (MAP) :
: and IGES for its suppliers. (IGES is an :
: applications protocol for exchanging :
: data that describes geometry and text :
: on mechanical and electronic design :
: drawings.) Ford Motor Co. is trying to :
: persuade its vendors to adopt a particu- :
: lar CAD/CAM system. And when Digi- :
: tal arranges for third party manufac- :
: turing of disks, tape drives, and other :
: mechanical parts, a company division :
: another source of information are Digi-
¢ tal’s Manufacturing Research Centers
: in Santa Clara, Calif.; Detroit; and En-
¢ field, Conn., which deal with manage-
: ment consulting, planning, design, and
¢ implementation issues.

‘. .. the small
company should
stick with stable

products. . . "

der with an IGES file appended to it.
Compared with the industry giants,

Hence,

ware, and try to reduce the number of
vendors you have to deal with.” While
large firms can use their clout to get
software vendors to change codes or
jointly develop CAD/CAM and materi-
als requirement planning (MRP) sys-
tems, the small company should “stick
with stable products,” Conaway says.
A good way for small firms to gar-
ner information is to talk to users in the
same or a similar industry. Another ap-
proach is to visit one of Digital’s Appli-
cation Centers for Technology (ACTs),
where demonstrations of applications
software are on tap. (Digital maintains
19 ACT facilities around the world.) Yet

Undoubtedly, the efforts of Digital,

¢ General Motors, et al will successfully
: foster some top-down integration and
: automated machine installation in ven-
: dor and would-be vendor firms. But lest
: these leviathans forget, information
is apt to send an electronic purchase or- :
: small companies. Smaller firms are no-
: toriously creative, and Digital cannot
: afford to take these users for granted.

does not flow exclusively from large-to-

The last time Digital did this, it missed

: the microcomputer market, took a nose

dive, and had to play catch-up for a cou-

: ple of years. Now Digital is in the driv-

er’s seat again—with, we hope, a good
memory and concern for the smaller
customer.

Dr: Robert J. Schlesinger; a registered
professional engineer; teaches courses in

i operations research, manufacturing,
1 and automated production at San Diego

State University. Sylvia Tiersten is a
business writer ;
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Gache Memory: The Secret Of

Increased Performance

When upgrading older systems, performance/cost trade-offs are
particularly important/by Andy Anderson

he performance of a computer

system depends on a number

of interrelated factors. The ap-

parent speed of a computer

isn’t only a product of the raw
speed of its processor, but also the at-
tached memory, I/0 devices, and the
nature of the application. Cache memo-
ries are an important architectural fea-
ture for increasing system perfor-
mance by increasing the effective speed
of the memory.

A cache is a turbo-charger for a
computer system. it is a small amount
of high speed memory closely coupled
to the processor. The memory used for
the cache might have an access time of
15-75 nsec, while main memory might
have a typical access time of 100-500
nsec. These speeds refer to the speed of
the memory chips and don’t take into
account the speed of the addressing
hardware or bus timing. The close cou-
pling also decreases access time by
eliminating the overhead of bus proto-
col that inhibits main memory access
speed.

Why A Cache Works

Cache memory relies on the locality
of memory references to increase sys-
tem performance. There are two types
of reference locality: temporal and spa-
tial. Temporal locality refers to pro-
gram loops where instruction and data
are used several times in a short space
of time. In this case, the cache stores
the instructions of the loop, reducing
access to main memory. One look at a
portion of any program illustrates that
loops are an important programming
construct. Spatial locality refers to re-
lated data items such as variables and
arrays where the next variable to be ac-
cessed is likely to be adjacent to the one
just accessed. The sequential nature of
instructions is another form of spatial
locality. The costly accesses to main
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Figure 1—For a direct-mapped, singleline cache running a single process, hit
ratio vs. cache size shows that the point of diminishing returns is reached at
about 4 Kbytes. The data was developed from studies on PDP-11 caches running

single processes.

memory are reduced when the cache al-
ready contains the needed data.

A simple loop that increments a
variable can be used to illustrate how
the number of main memory accesses
can be reduced.

for i:= 1 to 1000 do

X:= x+1,;

The compiled version of this pro-
gram might contain four assembly lan-
guage instructions. During the first
pass of the loop, each of the four in-
structions and the two variables must
be read from main memory. The vari-
able x might already be in the cache.
For the remaining 999 iterations
through the loop, all of the processor
reads/writes are to the cache.

The effectiveness of a cache is mea-
sured by the hit ratio, which is the
number of accesses for which the re-
quired data resides in the cache com-
pared to the overall number of memory
accesses. A good hit ratio is between
85-95%. This means that most of the
data accessed is already in the cache.
Thus, 85-95% of the time, the main

memory isn’t accessed and the data
comes from the cache.

The effective memory speed of a
cache system can easily be calculated.
Assume that the hit ratio is 92% and
the cache memory is 10 times faster
than main memory.

92%*.1 (cache speed) + 8% * 1 (main

memory speed)

=0.172

or 5.8 times faster than main memory

alone.

The higher the hit ratio, the faster
the computer runs. The cache architect
tries to maximize the hit ratio across a
variety of potential programs, while re-
straining costs, board space, and power
consumption. There are three impor-
tant cache design parameters:

® cache size,

® cache organization, and

® line size.

Cache Size

Cache size is one of the most impor-
tant design parameters. A small cache
will result in a low hit ratio, while a
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large cache may be too expensive to jus-
tify the increase in performance. Fig-
ure 1 illustrates the diminishing re-
turns of a large cache. It should be
apparent that a cache must be larger
than 512 bytes. A cache larger than 8
Kbytes may give a slight increase in hit
ratio, but probably is not cost-effective.

Cache Organization

Ideally, a cache memory is orga-
nized so that any memory location can
be mapped to any cache location. This is

called a fully associative cache. A fully
associative cache contains the most re-
cently accessed data. A comparator is
required for each cache entry to deter-
mine if there’s a hit. The fully associa-
tive cache is a costly solution due to
the hardware required to make the
comparison.

At the other extreme is a direct-
mapped cache, where each memory lo-
cation is mapped to only one cache loca-
tion. A direct-mapped cache requires
only one comparator. A direct-mapped

cache has a lower hit ratio because not
all the most recently accessed informa-
tion may be available from the cache.
This is caused by the several memory
locations competing for the same cache
entry.

A set-associative cache is a compro-
mise between the fully associative and
direct-mapped structures. A set-asso-
ciative cache is a multilevel design con-
sisting of two or more direct-mapped
caches. Each direct-mapped cache is re-
ferred to as a set. The sets are connect-
ed in an associative manner. Data for a
particular memory address can poten-
tially reside in any one of the sets. Un-
like the direct-mapped cache, a memo-
ry location can be mapped to any of the
sets. The three different cache organi-
zations are illustrated in Figure 2.

Line Size

The number of words stored per
cache entry is referred to as the line
size. It’s important to note that com-
paring line size in bytes across systems
of different data width can result in
false conclusions. A 16-bit system
might have a line size of 4 bytes, but a
32-bit system must have a line size of 8
bytes to obtain a similar hit ratio. To
avoid confusion, consider line size in
terms of words (the data path size).
Since the PDP-11 computer family has
a 16-bit data path, a word is 16 bits or 2
bytes.

Figure 3 illustrates the difference
between a one-line and a four-line di-
rect-mapped cache. A larger line size
may not be better than a smaller one.

A large line size takes advantage of
spatial locality. The sequential fetch of
instructions is a good example of where
a large line size is beneficial. A cache
with several lines automatically per-
forms a type of instruction prefetch, re-
sulting in a higher hit ratio. The disad-
vantage of a large line size, however, is
that during a miss, several memory cy-
cles are necessary to update the cache.

In a PDP-11 system, a larger line
size is effective in reducing the total ac-
cess time for several memory locations
because several words can be accessed
in one bus arbitration cycle. This is par-
ticularly attractive if the main memory
provides a nibble mode where sequen-
tial data can be accessed quickly. This
requires a tight coupling between the
cache and main memory. In most PDP-
11 systems, the cache and main memo-
ry are not tightly coupled. The cache is
forced to communicate to main memo-
ry through the bus.

The effectiveness of a line size larg-
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er than one word depends on the spatial
locality of the data to be accessed. A
very large line size is counter-produc-
tive, since it implies that most accesses
are sequential. A very large line size is
equivalent to a prefetch mechanism.

Each line in the cache consists of
two fields: data and tag bits. The tag
bits contain the address where the data
resides in main memory. Each entry
also contains one or more valid bits
that indicate if the entry is valid. When
the computer is first powered up, the
address-data pairs are invalid, so all of
the valid bits must be reset. There may
also be one or more parity bits to ensure
the integrity of the data.

Example

To illustrate the possible choices of
the three organizational parameters
outlined, examine the cache on the
Quickware Engineering & Design Inc.
(Boston, Mass.) QED 11/85 upgrade
processor board (Figure 4). The cache is
on the right-hand side of the board and
can be easily identified as 16 24-pin
static RAMs.

A block diagram of the cache, con-
taining 16 Kbytes, is shown in Figure 5.
The larger cache allows for operating
system calls and task switches to occur
without degradation of the hit ratio.

The cache is organized as two 4-
Kword sets. Each line contains one
word. The set-associative organization
using two sets provides a higher hit ra-
tio than a direct-mapped cache, at a
slight increase in cost.

Cache Management

There are two cache management
decisions that must be made. The first
is the memory update algorithm for
maintaining consistency of main mem-
ory. The second is the replacement al-
gorithm to determine which set will re-
ceive a new piece of data.

During memory reads, the cache is
first checked to determine if it contains
the requested data. If not, the data is
read from main memory and the cache
is updated. During a write cycle, sever-
al possible sequences can happen. If
there’s a hit, either the cache and the
main memory can both be updated or
just the cache can be updated. A write-
through strategy updates both the
cache and main memory. Main memory
is written through the cache.

Another possibility is storing the
data in cache and not updating main
memory. This strategy is faster, since
the system doesn’t have to wait on the
main memory cycle to complete. When
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Figure 4—The Quickware QED 11/85 is a Unibus PDP upgrade board that

implements a two set-associative cache.

Figure §—1In the QED
11/85 two set-associa-
tive cache, each set

contains 4 Kwords or-
ganized as one-word

limes for a total size of
16 Kbytes. The cache
implements a random
replacement policy.
During a miss, one
side is chosen at ran-

dom to accept the new

data. Parity and valid
bits are stored for each
byte. A third party bit
18 generated for the
tag bits. A parity error
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forces a miss.

a line is replaced, the store-in algo-
rithm requires that the line must first
be written out to main memory before
the new data can be read. This method
has the advantage if a variable is writ-
ten several times, such as the index in a
loop. The disadvantage of store-in is
that the cache and main memory are
inconsistent. If there is another device
accessing the main memory, it can po-
tentially read old data. DMA cycles in a
PDP-11 require that main memory con-
tain the correct data. Thus, store-in
isn’t a good alternative in a PDP-11
system. All PDP-11 caches use the
write-through technique.

If there’s a miss during a write
cycle, the cache may not be updated.
Only two PDP-11 instructions, MOV
and CLR, perform writes without first
reading the word. It’s unlikely that the

data used by either of these instruc-
tions will be needed again soon. Data
used by other instructions may be in
the cache during a write, since the data
is first read before it’s written.

The final design choice is the re-
placement algorithm. In a set-associa-
tive or fully associative cache, the as-
signment of a line to a new piece of data
must be made. If all of the sets contain
a valid address-data pair, one of them
must be replaced by the new address-
data pair. The key is to choose the one
that has the least liklihood of being ac-
cessed soon.

There are three popular replace-
ment algorithms. The first is the first-
in first-out (FIFO) algorithm. The new
address-data pair replaces the line first
stored in the cache. The FIFO algo-
rithm is based on the notion that data



that has been in the cache the longest is
least likely to be accessed in the future.
The second replacement algorithm is
the least recently used (LRU). LRU
replaces the address-data pair that
hasn’t been accessed for the longest pe-
riod of time. The third alternative is
random replacement. One of the sets is
randomly selected to store the new line.
It would seem that either LRU or FIFO
would result in a higher hit ratio than a
random replacement strategy. In real
applications, it turns out that none of
the replacement algorithms is signifi-
cantly better than the others.

The QED 11/85 uses a random re-
placement policy. This can be a good
choice because the LRU or FIFO algo-
rithms require storing additional in-
formation along with each line in the
cache. They also require that the infor-
mation be read before a replacement
decision is made. A random replace-
ment policy is easy to implement and
is quick to make the replacement
decision.

Cost/Performance Trade-0ffs

A cache enables a memory system
to appear to be fast, while remaining
inexpensive. All of the memory hierar-
chy could be constructed from high
speed memory, but this would include
mass storage, and most people aren’t
willing to pay the cost for 10-100
Mbytes of high speed memory for their
PDP-11 systems. Even replacing all of
the main memory is cost-prohibitive. A
cache is an alternative that requires
only a small amount of high speed
memory.

One of the more expensive compo-
nents of a cache is the high speed mem-
ory. The designer must carefully select
the right amount. This is a difficult de-
cision because the cache must work
well under real loads.

Other potentially expensive compo-
nents are the comparators. If the cache
is fully associative or contains a large
number of sets, the cost of the compar-
ators can be significant; however, the
best hit ratio is obtained from a fully
associative cache.

Cache Performance

The success of a cache is based on
several assumptions. The first is that
memory accesses are closely spaced in
time; the second is that memory access
speed is the bottleneck in the system. A
particular system may be running slow
because the application is requesting a
large number of I/0 operations.

A cache is a small amount of fast

memory placed between the processor
and the slower main memory. Adding a
cache can greatly improve the perfor-
mance of a PDP-11, in particular. The
performance of a cache is measured by
its hit ratio, which is usually between
85-98%. There are several important
cache design decisions to be made, in-
cluding size, number of sets, line size,
replacement policy, and main memory
update policy. The QED 11/85 contains
a J-11 processor enhanced by a 16-

Kbyte, two set-associative cache. The
successful blend of these choices allows
it to run two to three times faster
than a PDP-11/24 or 11/34 for most
applications. H

Andy Anderson, a practicing pro-
Sfessional engineer, holds M.S. degrees
from MIT in electrical engineering
and computer science. He specializes
in speech recognition, ASIC design,
and Al tendon manipulation systems.
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New Easy-to-Use BLAST Il

* VT-100 emulation for PCs
* Corporate licenses available

=

PCs and Compatibles

is the most automated,
intelligent file transfer and terminal emulation software
available, and offers a panorama of options and facilities
for creating quick, customized communications routines.

BLAST Il makes it easy to share and move data between PCs and
VAXs...or other computers such as Macintosh, Mainframes, UNIX/
Xenix, Prime, Data General, Wang, HP, and others. Your VAX becomes
a server for users to share modems, phones and peripheral equipment.

Powerful NEW scripting capability makes it a Snap to set up intelligent,
automated VAX-PC routines and peer-to-peer data transfer for projects
like polling branch offices, distributing data, order entry, backing up PCs
to VAXs, or other programmable tasks (like re-dialing busy numbers!).

BLAST's famous "Industrial Strength" protocol for speed and reliability

on noisy lines makes it the low-cost solution for linking VAX/VMS with
PCs or other micros and mini computer systems anywhere.

FREE INTRODUCTORY OFFER!

=

for VAX,
microVAX, and

* VAXs can act as terminals too!
* OSI/X.25/DECNET compatible

One PC BLAST II FREE with each VAX BLAST II

CALL US : 800-24-BLAST
or contact your local dealer
For technical questions or support, call (504) 923-0888
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When it’s time to renew
the service contract on
your DEC’ systems,
will you be getting
the best quality
at the right price?

You could save up to 34% on
what you may now be paying
for comparable DEC service.

You're ready to sign on the dotted line, and
then it hits you: Are you about to pay too much
for too little on service for your DEC systems?

Unfortunately, the plain and simple truth is
that all too often, this is the case.

However, there is a company that can provide
you with responsive, dependable service that’s
truly second to none. A company with proven
capabilities and quality of service at the right price.

That’s what you get with CUSTOMCARE®
Service from Unisys. Here’s why.

For starters, we offer some of the most dedicated and
experienced people in the service industry. Customer
Service Engineers who know your DEC systems and
peripherals—even if they are of varied makes and
models—because we place the highest priority on both
pure technical and “hands on” training.

We support every Customer Service Engineer with a
seasoned management team, effective diagnostic tools and
the technical expertise of our Customer Support Center.
And because of our computerized, on-line dispatching

CUSTOMCARE Service
from Unisys

system, RESPOND, we get all our
expertise to your site fast.
All this results in more productivity
for your organization. And more profit
" to your bottom line.

But what else should you expect
from a $9 billion company with a
100-year commitment to excellence—
the kind of commitment that
guarantees cost-effective solutions to
fit your requirements.

Now when you consider that we can
do all this for you and also save you up
to 34%, you'll want to give us a call
before you sign that DEC service
contract.

In fact, you may even qualify for Two FREE Months of
CUSTOMCARE Service from Unisys. You can find out how
when you send for your FREE
CUSTOMCARE Information Kit
today. Just complete and mail the
coupon below or call us toll-free

at 1-800-547-8362, Ext. 03, now.
After all, there is no substitute

for the right quality at the right
price.

FREE CUSTOMCARE
Information Kit

'-Speclal Offer: Two FREE Months of CUSTOMCARE Service for Qualified DEC Users.

Mail this form to : Unisys Corporation, CUSTOMCARE Service,

P.O. Box 1804, West Chester, PA 19382.

O Yes, I would like more information on how to qualify
for your special limited time offer of Two FREE Months
of CUSTOMCARE Service from Unisys—and how to
save up to 34% for service on DEC systems. Please
send me my FREE CUSTOMCARE Information Kit.

O TI'm very interested. Please have a Unisys
Representative contact me with the details on how
to qualify for Two FREE Months of CUSTOMCARE
Service from Unisys. And don’t forget my FREE
CUSTOMCARE Information Kit.
To see if you are eligible for our special offer of Two FREE Months
of CUSTOMCARE Service—and to receive your FREE CUSTOMCARE
Information Kit—please complete the information below before
mailing.
Host System/Equipment on Site
O DEC PDP®@-11 Family, model #
O DEC VAX® 11/700 Series, model #
O DEC VAX 8000 Series, model #

O DEC MicroVAX® II |
O DECSYSTEM® 10/20
O STC Tape, Disk and Printer Subsystems I

O DEC, IBM® or Compaq PCs, 50 units or more O less than 50 units
O DEC or IBM Terminals, 50 units or more O less than 50 units

O Other
Call Toll-Free 1-800-547-8362, Ext. 03.
Name
Title
Company
Address
City State Zip
Telephone ( )

Best Time to Call O AM O PM

UNISYS

CUSTOMCARE is a service mark of Unisys Corporation

DEC, PDP, DECSYSTEM, VAX and MicroVAX are trademarks of Digital Equipment Corporation.
IBM is a trademark of International Business Machines Corporation
© August 1987, Unisys Corporation BHAJ87
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Depot Repair: The Trend Toward
Self-Maintenance Of Computer
Installations

Depot service can provide the extended capability to keep computer
operations running as smoothly and efficiently as possible/by Warren
K. Haeberle [Electronic Service Specialists Ltd.]

epending on size, structure,

and equipment type, many

corporations have chosen to

perform maintenance func-

tions on their own computer
systems and peripherals. Cost-effec-
tiveness and the security of having in-
house repair capability are primary
reasons why organizations choose this
route.

But, self-maintainers don’t have the
expertise, equipment, or time to repair
defective circuit boards or replaced
power supplies when maintaining their
equipment. These parts are repairable,
and represent investments running
well into the tens of thousands of dol-
lars each year. In many cases, the DP or
MIS manager returns the damaged
part to the OEM for repair. Another op-
tion, however, is for the company to
have the part serviced by a depot repair
facility.

Depot Repair
Depot repair is certainly not a new
concept and can provide many of the

“The self-
maintainer
can expect
repaired or
swapped
boards back
in his

hands in a
matter of
days. ... "

Warren K. Haeberle, president of
Electronic Service Specialists Ltd.
(Menomonee Falls, Wis.), holds a
BSEFE from Marquette University
and an MBA from the University of
Wisconsin. He has worked as both an
engineer and manager in the elec-
tronics industry.

ROGER XAVIER
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same services obtained from an OEM,
such as bringing circuit cards up to cur-
rent revision levels. Third party main-
tenance companies have been using
their services for years, and now self-
maintainers have discovered depot re-
pair can fulfill many of their needs as
well. The computer systems manager
should consider whether depot repair
service may be an option for his compa-
ny; and, if it is, how to select the one
best-suited to his company’s needs.
First, the systems manager may
want to examine price. Typically, depot
repair services are 20-25% lower than

"4 visit to the depot’s
facility can provide the
systems manager with the
most accurate overview of
the company's
capabilities.”

those of the OEM. If the self-maintain-
er is a large organization with several
mainframes and minis, the savings can
be substantial.

Turnaround time is another reason
for investigating this option. The self-
maintainer can expect repaired or
swapped boards back in his hands in
a matter of days—versus weeks or
months for the OEM.

Some depot repair companies are
beginning to expand their capabilities
beyond parts repair to include addi-
tional services needed by the self-main-
tainer, such as parts sales and training.
In offering these services, depot repair
companies can effectively become an
extension of the self-maintainer’s
capabilities.

Competitive pricing, fast turn-
around, convenience, and additional
options are all possible benefits of de-
pot repair. The DP or MIS manager
must know exactly what he needs and
what he can expect from a depot repair
service.

Finding Depot Repair

An obvious place to start looking for
a depot repair service is with publica-
tions covering the computer industry.
Advertisements for depot repair will
often provide lists of equipment ser-
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viced along with other capabilities. Ar-
ticles and features offer information
about aspects of depot repair service
not covered in the advertisements.

Independent computer consultants
are another resource for recommenda-
tions. While primarily concerned with
matching equipment and systems with
particular applications, they are com-
mitted to advising their clients on all
aspects of computer systems, including
maintenance.

After this preliminary survey, the
systems manager has a list of potential
depot repair services. The next step is
to talk directly to these companies to
find answers to both technical and non-
technical questions about how they
could meet his operational needs.

A visit to the depot’s facility can
provide the systems manager with the
most accurate overview of the depot’s
capabilities. During a tour, many as-
pects about the business, its credibility,
and the quality of its organization and
services come to light.

Questions About The Business

Analyzing the prospective list of de-
pot repair services can most easily be
undertaken by first looking at the busi-
ness profile of the company. The
strength of a company’s finances, the
quality of its customer list, and the effi-
ciency of its business procedures quick-
ly separates the wheat from the chaff.

The systems manager should also
learn what other corporations or orga-
nizations use a particular depot repair
service, and should ask for references.
In doing so, the systems manager can
discover if the services offered parallel
his own needs.

In looking at the customer list, or
talking to the references, find out
where the companies are located. If
they are all in one geographical area, it
could mean the depot repair service is
limited in the amount of territory it can
adequately service. This may not be an
important consideration if the self-
maintainer is located in the areas ser-
viced. However, if the systems manager
is planning to use the same service for
his company’s other facilities at vari-
ous sites throughout the country, a de-
pot service limited by geographic cov-
erage may not be the best choice.

The DP or MIS manager needs to
scrutinize the depot’s capabilities list,
not only for equipment he already has
on hand, but for systems his company
may be purchasing in the near future.
It would, therefore, be prudent to find
out what plans the depot repair compa-

ny has to keep pace with new equip-
ment introductions.

In order to repair equipment, a de-
pot repair company needs parts. Al-
though it’s easy to assume a depot re-
pair company will have an adequate
parts supply, it’s no small point. Parts
for certain makes and models of equip-
ment may be in short supply or difficult
to obtain. From what sources does the
repair facility obtain its parts? How re-
liable is the supply? Both are questions
that need to be addressed.

In reviewing the list of equipment
the depot service repairs, the systems
manager should find out whether re-
pairs are done in-house, or subcon-
tracted to other companies. Sending
certain equipment out to specialty
houses is not uncommon, even for the
OEM. But it’s important to know what
equipment is sent to other facilities
since it may have an impact on turn-
around time or on the quality of
workmanship.

Turnaround time is one of the pri-
mary benefits of using a depot repair
service. Understandably, all will claim
to have the repaired part back in opera-
tion in the fastest possible time. But
what methods and procedures does the
repair facility use to support its
claims? To what lengths will the com-
pany go to deliver repaired parts as
promised? If problems delay the return
of a repaired part, most depot repair
services will swap the board with a
good one to get the system up and run-
ning. Is this program available in emer-
gency situations?

In terms of quality performance, a
depot repair service must be willing to
stand behind its repairs. Check the
warranty; make sure there are no hid-
den conditions or exceptions.

Quality Control

The best way to determine quality
control capabilities is to visit the facili-
ty. A systems manager who knows ex-
actly what he is looking for will be able
to ascertain within minutes whether or
not the service is following prescribed
quality control standards. The infor-
mation can be obtained over the phone
if a visit is not feasible.

The main culprit in quality control
is static electricity. If uncontrolled, it
can ruin delicate, complex repairs. In
combating static electricity, the depot
repair service must implement anti-
static measures. The most recognized
standards are those established by the
3M Corp.

There are a variety of methods to



control static discharge in the work en-
vironment. Employees who are han-
dling circuit boards and components,
for example, should be grounded at
their workstations. This includes not
only technicians, but anyone coming in
direct contact with the boards, such as
those working in shipping and receiv-
ing. The most common and effective
method is to have the person wear a
grounding wristband while working
with the boards.

In addition to using the wristbands,
the depot should also be storing its
components and boards in specially de-
signed bins. These bins are made of ma-
terials that conduct the static charge
away from the contents. Worktables,
too, should have a special laminated
surface fulfilling the same function.

Another precaution the systems
manager should look for in the control
of static electricity is anti-static bags.
Here again, the bags serve to conduct
the charge away from the contents. A
depot repair service concerned with
quality control will place circuit boards
in an anti-static bag as soon as they ar-
rive from the customer. A board re-
mains in the bag—except, of course,
when removed for repairs—the entire
time it’s at the facility, as well as dur-
ing return shipment to the customer.

A depot repair facility following
quality control measures will imple-
ment environmental safeguards, such
as controlling temperature and humid-
ity, to guard against static.

In order to ensure quality, extensive
and complete testing is also necessary.
Circuit boards, for example, should be
tested by running them on the same
systems for which they were designed.
Measuring the board’s performance re-
quires operating it for an extended pe-
riod of time. The length of testing de-
pends on the system and function of the
card, but a service that runs a test for
only 5-10 min. is not enough time for a
thorough check.

The MIS and DP manager should
also be familiar with other services de-
pot repair companies provide in addi-
tion to board repairs. Depending on the
needs of the systems manager, these
options may be the deciding factor
when choosing one firm over another.

The sale of parts is a common option
that many depot repair facilities offer.
There are those that will provide spe-
cial services such as 24-hr./7 days
a week emergency equipment sales.
Some provide subassemblies for sale—
an option usually not available from
the manufacturer. Spare parts kit leas-

ing or sales may also be available.

Depending on available resources,
and the needs of the customer, the de-
pot repair facility may be able to pro-
vide hands-on instruction to a compa-
ny’s own maintenance staff for either
refresher training or to bring them up
to date on the latest engineering
changes.

If the self-maintainer has a need for
detailed information on its systems,
such as logic diagrams, there are depot

repair companies that will provide this
information.

In reviewing the various services
and capabilities available through de-
pot repair, it becomes obvious that this
segment of the computer maintenance
industry is becoming multidimension-
al. For the self-maintainer, the right
depot service can provide that extended
capability necessary to keep computer
operations running as smoothly and ef-
ficiently as possible. H
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AND INTERCONNECTS

Hardcopy Product Review:
Network Innovations” Multiplex

Multiplex distinguishes itself from other PC-to-VAX connectivity
. solutions by implementing a unique database access method/by

: David J. Molta

PRODUCT
REVIEW

s organizations become in-
creasingly dependent upon
database management sys-
tems (DBMSes), data pro-
cessing managers common-
ly experience frustration in
. attempting to meet increasing de-
- mands by end users for integration of
. personal computer (PC) workstations
. into host-based systems. These user
: demands often call for some form of
. dataextraction to allow incorporation
. of specific portions of up-to-date, or-
: ganization-wide statistics into de-
. partmental reports.

: To address these demands, most
: mainframe database software ven-
. dors have developed proprietary que-
: ry and extraction tools. While gener-
. ally useful, these techniques usually
. require departmental users to learn a
- new application, and engage in a se-
. ries of query and conversion processes
- before the information can be placed
+ inaformat recognizable to microcom-
. puter applications software—typical-
. ly spreadsheets, word processors, or
. database management packages.

: Multiplex, from Network Innova-
- tions (Cupertino, Calif.), provides us-
. ers with an alternative to this often
. awkward process by establishing a di-
rect link to popular VAX databases
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such as Ingres, from Relational Tech-
nology Inc. (Alameda, Calif.), Oracle,
from Oracle Corp. (Belmont, Calif.),
VAX Rdb, RMS data files, and others.
For this review, Oracle and Data-
trieve (for access to RMS files) were
used. Host data can easily be queried,
extracted, and directly input to popu-
lar PC applications using an interface
that is remarkably similar to Lotus 1-
2-3. Since the software interface will
be familiar to most PC users, training
costs are minimal. In addition, be-
cause it’s exclusively an extraction
tool, data processing administrators
can embrace it without fear of adven-
turous users corrupting the organiza-
tion’s database.

Multiplex also provides users with
the capability of easily moving files
between host and PC environments.
The contents of host and PC directo-
ries can be displayed in separate win-

Simple DBMS access
from the PC—

Multiplex specializes in -
database extraction and
translation, and also .
provides file transfer
and terminal emulation
capabilities.

dows, and files can be easily copied or
transferred between the two using
DOS-like commands or menu-orient-
ed “point and pick” procedures. For
those users who need to interact di-
rectly with the host operating system,
a terminal emulator is available via a
function key. Multiplex can be used
over ordinary asynchronous commu-
nications lines or in a DECnet Ether-
net network using Digital’s VAX/
VMS Services for MS-DOS. Multiplex
is not copy-protected and requires
a minimum 256-Kbyte memory on
the PC.

Installation

Installing Multiplex is both easy
and well-documented. Once you have
collected the necessary site-specific
information (communication network
configuration, host DBMS, log in
prompts, ete.), installing both the PC



and host components should take less
than 30 min. On the PC side, an install
utility automatically copies the neces-
sary files to a floppy or hard disk.
Once these files are copied, Multiplex
is initiated by entering MPX from the
Multiplex directory (or from any-
where on the disk if a path to the Mul-
tiplex directory has been defined).

A menu appears with CONFIGU-
RATION as one of the options. By
moving the cursor to highlight this
option and pressing <ENTER > net-
work communication parameters and
host prompts can be defined. In our
test using a Sytek asynchronous LAN,
the default parameters were correct
and no modifications were necessary.
On the host end, installation is great-
ly facilitated by the use of the stand-
ard VMSINSTAL installation proce-
dure. Once the installation procedure
has been executed, the only remaining
step involves the addition of one line
to the systemwide SYLOGIN.COM
file. Multiplex occupies a maximum of
2250 blocks of disk space and requires
VMS V. 44 or later.

The Multiplex Access System

In its attempts to make Multiplex
as easy to learn as possible, Network
Innovations chose to incorporate
most aspects of the familiar Lotus 1-
2-3 interface into its product. The
spreadsheet interface itself is repli-
cated, including colors and cursor
movement keys (see Figure). The
highlighted point and pick menu
structure and one-line command de-
scriptions are also quite similar, as
are the cell editing commands. Multi-
plex even borrows the access system
concept as an “umbrella” around the
program’s three major components:
the database link system, the file
manager, and the terminal emulator.
More experienced users also have the
option of bypassing the access system
and directly entering the individual
program modules.

Most users will probably enter
Multiplex through the access system,
which provides the user with five op-
tions: DBLink, File Manager, Termi-
nal Emulator, Configuration, and
Exit. By moving the cursor to high-
light the CONFIGURATION option,
users can select default configuration
parameters or create alternate con-
figuration files (useful, for example, if
you are interacting with both local
and remote hosts over a variety of

FUNCTIONALITY
7[50.CillrJl\liE‘NTATI70‘N
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ERROR HANDLING

SUPPORT

communications media). The configu-
ration system is very easy to use and
provides a high level of control over
the program’s operation. Creating
configuration files for specific users
allows inexperienced VAX users to
easily enter the host system, query
databases, and extract information
without any knowledge of the VMS
operating system.

DBLink

The heart of the system is DBLink,
the Multiplex Database Link. DBLink
allows the user to browse the contents
of host databases in a familiar
spreadsheet format, perform simple
or complex relational queries of the
database, and automatically down
load the selected information into a
format fully compatible with PC ap-
plications software. Multiplex even
provides facilities for automatically
starting the application for which the
queried data has been formatted.
Data type characteristics are fully
supported and automatically convert-
ed to a format recognizable to PC ap-
plications software. Thus, fields that
are in currency format on the host da-
tabase will appear in currency format
on the PC application.

DBLink can be run as a standalone
application or executed from the ac-
cess system. A menu appears that al-
lows a user to browse a database, se-
lect columns for viewing, create
multiple windows, perform a data-
base inquiry, select a new database or
table, and output results to the PC.

The first step in extracting host
data is to select a database and a spe-
cific database table. Selection will
usually take place by choosing from a
menu, but this process can be auto-
mated to accommodate inexperienced
users. Once the database and table
have been selected, the browse func-
tion allows the user to scan data ele-

ments in a row/column format. The
window option allows for the brows-
ing of two tables simultaneously on
the upper and lower half of the screen.
In most cases, a user will only be in-
terested in viewing a subset of a ta-
ble’s data elements. By choosing the
column selection option, specific
fields can be included or excluded
from the browsing session. Once the
desired fields have been selected from
the main table, queries can be per-
formed to select relational fields from
other database tables by using the
LOOKUP option from the INQUIRY
menu. Records can be excluded by
specifying any of eight different row-
selection criteria on any number of
fields. Finally, Multiplex allows the
user to specify multilevel sort criteria
in ascending or descending order.
One of the major benefits of Multi-
plex is that it allows users to perform
complex database queries without the
need to learn a query language, thus

0860 , 60
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Figure—Multiplex displays host data-
base contents in row/column format.
The menu at the top of the screen
allows the user to extract data into a
PC file, properly formatted as a 1-2-3
worksheet, dBase database, text file,
symbolic link file, or data interchange

format file.

making data extraction accessible to
relatively inexperienced users. How-
ever, since queries of large databases
can be time-consuming (both in terms
of host processing and host-to-PC
data transfer), users should be en-
couraged to plan their queries ahead
of time to minimize processing over-
head. Recommended Multiplex query
guidelines are:

® Select columns (fields) from the
main table early in the query since
each additional column imposes addi-
tional host and data transfer
overhead.

® Specify row (record) selection

..........................................................................................................................
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DATA COMMUNICATIONS AND INTERCONNECTS

REVIEW

criteria early since this will also re-
duce overhead.

® Specify sorting after columns
and rows are selected to reduce the
volume of data to be sorted.

® Use table lookups judiciously
since each lookup increases the
amount of time needed to perform an
inquiry.

DBLink generates output in a va-
riety of industry standard file for-
mats, including WKS (1-2-3, Sympho-
ny), DBF (dBase), text (for use in
word processing programs or as raw
input data to other programs), SYLK
(Microsoft), and DIF (many graphics
and other applications software).

While the query and conversion
facilities found in Multiplex greatly
simplify the host data extraction and
conversion process, the program’s de-
velopers have taken this process one
step further by including a query tem-
plate facility. Most organizational ex-
traction needs call for periodic que-
ries of the same fields of a database
for use in the preparation of routine
reports or analyses. Using the query
template facility, a user can set up a
database inquiry once and save it on
disk for use at a later date. The pro-
cess of setting up these templates is as
simple as performing an inquiry, se-
lecting the inquiry template SAVE
command, and assigning a filename.
At a later date, the user would simply
enter the inquiry template RE-
TRIEVE option, select the desired
template from a list provided, and
press F9/Query. The query would
then be automatically executed with-
out further user intervention.

File Manager

The Multiplex File Manager al-
lows users to transfer files easily be-
tween host and PC systems. The pro-
prietary file transfer protocol, which
is also used in the DBLink system, is
based on a 16-bit cyclic redundancy
check (CRC) error-detection scheme.
It supports text and binary transfers
as well as wildcard batch transfers. In
addition to data transfer, the File
Manager includes facilities that allow
files on either the PC or host system
to be browsed or output to either sys-
tem’s printer.

The File Manager user interface is
similar to the DBLink interface. The
contents of directories on the PC and
host systems can be displayed in sepa-
rate windows using either a standard

or detailed file list format. Individual
files can be transmitted by highlight-
ing the source file or by directly enter-
ing commands. Likewise, multiple
files can be transferred by highlight-
ing filenames or by entering wildcard
commands. While not as flexible as
virtual-disk facilities found in other
PC-to-VAX communications prod-
ucts, the File Manager is extremely
easy to use.

Terminal Emulator

While Multiplex’s designers have
attempted, in most cases, to shield the
user from the complexities of the host
database application and operating
system, the integrated terminal emu-
lator provides the user with the capa-
bility to directly interact with the
VAX host. While not as powerful as
many standalone PC communications
programs, the emulator is adequate
for its intended purposes. It supports
VT100 emulation, printer logging, file
capture, and keyboard remapping. In
addition, it is accessible through a
single function key from either the
DBLink or File Manager programs.
The user interface is also quite simi-
lar to the other modules.

Documentation

The documentation included with
Multiplex is both extensive and well-
written. Separate sections are includ-
ed covering the Access System,
DBLink, the File Manager, and the
Terminal Emulator; each is broken
down according to its major subsys-
tems. A command reference is also in-
cluded at the end of each section, sum-
marizing each command and includ-
ing a summary of the command’s pur-
pose, step-by-step operational in-
structions, and relevant notes.

Throughout the manual, examples
are used referencing a sample data-
base that is included with the product.
Thus, users can follow the examples
using the same database on their own
system. Appendices summarize the
sample database, provide information
on default configuration parameters,
explain error messages, and discuss
the peculiarities of the DBMSes sup-
ported by Multiplex. A thorough in-
dex and command tree are also in-
cluded, as is a PC keyboard template.

The user documentation deserves
high marks. The only criticism in-
volves the order in which some mate-
rial is presented. For example, while

—Multiplex

the manual appropriately recom-
mends selecting rows prior to sorting
a database inquiry, the chapter on
sorting precedes the chapter on row
selection. I only wish I could be so
picky when evaluating other prod-
ucts’ documentation.

While it’s quite fashionable for
software vendors to refer to their
products as “productivity enhance-
ment tools,” very few live up to this
claim to the extent that Multiplex
does. This product is not only a plea-
sure to use, but it will almost certainly
save your organization vast amounts
of time and effort in meeting the
needs of end users for the extraction
of information from host databases.
Users who have been forced to resort
to manual re-entry of host data and
conversion of data types to PC appli-
cation formats will find this product a
godsend. The only people who might
not appreciate this product are the
DP programmers who find job securi-
ty in a 6-mth. backlog of user-request-
ed reports.

While Multiplex is a superior
product in almost all respects, it
should not be thought of as a replace-
ment for other popular virtual-disk
products such as Digital’'s VMS Ser-
vices for MS-DOS, Mobius (FEL Com-
puting, Williamsville, Vt.), and RAF
(Datability Software Inc., New York,
N.Y.). These products provide funec-
tions not supported by Multiplex.
Rather, Multiplex performs one
task—database extraction and trans-
lation—very well and supplements
this capability with file transfer and
terminal emulation capabilities.
Granted, this terminal emulator
could be improved by incorporating a
few useful features such as a capture
buffer review facility, and it would
also be helpful if the File Manager in-
cluded a simple text editor to supple-
ment its browse capability. However,
in the larger context, this wish list
does not detract from the overall
quality of this product. H

David J. Molta, a data communi-
cations analyst at North Texas State
University (Denton, Texas), holds an
M.A. from the wuniversity, and is
completing work on his Ph.D. He's
responsible for integration of all PCs
mto a campuswide broadband com-
munications network with Digital
computers at the hub.
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Al On The Factory Floor

The automation of process planning utilizes a number of different
computer technologies/by Peter Marks [CimTelligence Corp.]

key component of computer
integrated manufacturing
(CIM) is computer aided pro-
cess planning (CAPP). Pro-
cess planning is the step in
manufacturing that specifies how a
company’s product is to be produced. In
the case of a machined part, for exam-
ple, a process plan details the opera-
tions necessary for selecting the stock
and choosing the correct tools and ma-
chines for manufacturing that part.
Various techniques have been devel-
oped to aid in the development and
management of process plans—meth-
odologies that make this aspect of man-
ufacturing more efficient and produc-
tive. Many of these methodologies have
been automated during the past 15-20
yrs. The automation of process plan-
ning is an interesting example of an ap-
plication that has evolved to take ad-
vantage of the most up-to-date soft-
ware/hardware techniques available.

CAPP Systems

Why automate the process planning
function of a business? Most companies
produce a variety of products and mod-
els. Over a period of time, product vari-
ations result in a part design prolifera-
tion and duplication. Proliferation is
the slight variation of an existing part
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design, while duplication is the exact
replication. Proliferation and duplica-
tion result from inadequate design re-
trieval methods. Some studies have
demonstrated that proliferation can
account for up to 40% of a company’s
parts, and duplication can account for
up to 8% . Using the technique of group

“Much of this data can be
captured directly from CAD
information. . . . "

technology (GT), it’s possible to signifi-
cantly reduce these unnecessary manu-
facturing costs and decrease the time
necessary to produce a process plan for
a new part.

GT is a philosophy that recognizes
all parts have similar characteristics
that can be used to group them into
families. Parts can be characterized by
their function, form, or method of man-
ufacture. Thus, when confronted with a
new part, it’s possible for a planner to
look at previous plans and find similar
parts. Taking an existing part’s plan

and modifying it is called variant
planning.

Utilizing GT requires some method
of classifying parts; there are many
classification schemes. Some schemes
involve assigning codes to a part’s char-
acteristics, and these codes are grouped
together to serve as keys for accessing
groups of similar parts.

Computer Implementations

Initially, automation of process
planning involved the development of
software to aid in management of man-
ufacturing data: the plans and other re-
lated information such as tooling and
machine specifications. In computer
terms, this is primarily a data manage-
ment application; however, there are
various methods of data management.
Some methods can make the CAPP sys-
tem useful and easy to use; some meth-
ods are little more than computeriza-
tion of manual systems, taking little
advantage of more useful data manage-

Peter Marks, manager of AI Develop-
ment , CimTelligence Corp. (Lexing-
ton, Mass.), has more than 20 yrs. ex-
perience in the development of soft-
ware for computer languages, data
management, office automation, and
expert systems.




ment methods.

More recently, CAPP systems have
succeeded in capturing one aspect of
process planning that heretofore
hadn’t been addressed: the manage-
ment of knowledge. Knowledge, in this
case, is the expertise of process plan-
ners—the rules of thumb and decisions
utilized by planners when confronted
with a new part in the development of a
process plan. Now, as a result of devel-
opment in artificial intelligence (AI),
it’s possible to capture this knowledge
in a form closely resembling the
thought processes of a process planner.

Data Management

The earliest computer applications
were as electronic “filing cabinets.”
The computer could store more infor-
mation than manual systems, and it
could retrieve that information much
more quickly. However, as with so
many applications in the early days of
computing (and a number of present
systems), it was necessary for the user
to format the business’ information for
presentation to the computer. This for-
matting often entailed the encoding of
information—assigning codes to data,
for example. Such was the case with
CAPP systems. The coding techniques
developed for manual GT systems were
carried over, unchanged, to the com-
puter. The burden of encoding informa-
tion still remained with the user. The
computer was able to retrieve the infor-
mation—in this case, a process plan—
more quickly, but it was still necessary
to be trained in the use of a coding
system.

In retrospect, coding very often be-
came an unnecessary demand upon the
user. Clearly, today’s computers and
their software are quite capable of per-
forming this function or, better yet,
eliminating it entirely. The latter has
occurred. In certain CAPP systems,
such as CimTelligence’s (Lexington,
Mass.) IntelliCapp, it’s no longer neces-
sary to use code numbers. This system,
which runs on Digital Equipment
Corp.’s full range of VAX hardware,
has been successfully installed at a
number of different manufacturing
sites. Here, users describe the charac-
teristics or attributes of a part’s shape,
use, or manufacture with terms they've
been using for years—English.

Previously, the use of codes was ne-
cessitated, in part, by the immaturity

Figure 2— Data from a CAD system can
serve as the part-data input to the ex-
pert system.
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INDUSTRIAL AUTOMATION

of database technology—both hard-
ware and software. Today’s relational
approach to data storage and retrieval,
coupled with the increasing density and
access speed of disks, has obviated the
need for coding. In short, the storage
and—more importantly—the retrieval
of part information is closer to the real-
world perception and description of
that data. It’s no longer necessary to
encode a part’s attributes. Planners can
now directly ask for a list of “all parts
made with aluminum.”

Knowledge Management

Variant process planning is depen-
dent on existing plans; producing a plan
from scratch is called generative pro-
cess planning. Generative systems
choose operations based on informa-
tion about the part(s) and human
knowledge encoded in some form. This
knowledge is derived from a human ex-
pert—the process planner.

Early systems were decision trees.
Inflexible, they often consisted of hun-
dreds of interlinked program units. The

—Floor

ability to modify such a system was se-
verely limited; moreover, it’s unlikely
that the expert (the process planner)
would have the programming back-
ground to make it smarter.

Newer systems are based on new
software technology: expert systems.
Expert systems were developed by the
Al community as a means to capture
the knowledge of experts in a form that
would allow the system to come close to
emulating the decision-making pro-
cesses of those experts.

For example, an expert system has
been developed for the VAX that has
been used successfully to generate pro-
cess plans. The expert system accepts
manufacturing logic, and part and
manufacturing data as input. The sys-
tem proceeds to produce a process plan
or part of one, depending on the knowl-
edge available relevant to that particu-
lar part’s attributes. The architecture
of this system is shown in Figure 1.

Manufacturing logic or process
knowledge is captured in the form of
rules or productions. They are essen-
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tially IF-THEN statements that speci-
fy what to do when certain conditions
are all true. These rules are stored in
what is called the knowledge base. Fa-
cilities are provided for managing the
software (e.g., adding, changing, and
deleting rules).

Part data is the description of the
part’s attributes: material, number of
features (e.g., holes and grooves), lot
size, and so on. Much of this data can be
captured directly from CAD informa-
tion—the drawing of the part. An ex-
ample listing of CAD information is
shown in Figure 2. Manufacturing data
consists of information relevant to the
availability of material and the capa-
bilities of tools and machines.

Other capabilities of this expert
system include the ability to use GT
techniques with rules—that is, rules
relating to the manufacture of pris-
matic parts should be grouped sepa-
rately from those rules applying to the
manufacture of round parts.

Another notable characteristic is
the ability to control the order in which
sets of rules will be executed. Experi-
ence proves that for process planning,
at least, giving the user some form of
control is necessary (Figure 3).

The expert system is totally inte-
grated into the existing CAPP system
and has access to all facilities available
in the CAPP system: data access, word
processing, classification, and note re-
trieval. It should thus be viewed as an
adjunct or assistant to the process
planner. It’s another tool that can be
used in the efficient and productive de-
velopment of process plans.

Because of the availability of the
generative system, as a result of inte-
gration, users can begin automation of
process planning using the variant ap-
proach. As they become adept at this
style of process planning, they can look
at areas of planning to be done auto-
matically by the expert system. This
evolutionary approach reduces the
shock often felt when a company auto-
mates some aspect of its business.

The automation of process planning
has taken advantage of new software
techniques. Developments in informa-
tion management have led to CAPP
systems that are significantly easier to
use and that more closely model real-
world information. Developments in Al
have resulted in CAPP systems captur-
ing and utilizing the expertise of pro-
cess planners. These expert systems
needn’t replace process planners, but,
rather, should be thought of as assis-
tants in the development of plans. &



POP-11 Gompatibility For VMEbus

Mounting Digital’s J-11 CPU on a VME board provides an ideal
solution for designers of realtime control systems/by Keith Cribbin

[ISKRA VME Technologies]

he attractiveness of the VME-

bus has surpassed even the

most optimistic expectations

of the original VMEbus pio-

neers. Users are finding
there’s plenty of product available to
encompass all their needs, be it 16- or
32-bit CPU designs. For system design-
ers and others looking for a base of soft-
ware for realtime control systems,
mounting Digital Equipment Corp.’s J-
11 CPU on a VME standard board pro-
vides an ideal solution. The software
base available for the PDP-11 family,
coupled with the performance and
worldwide acceptance of the VMEbus
architecture, provide developers with
a powerful and true “open system”
combination.

The VMEbus has become the
world’s standard for realtime, high
performance 16/32-bit bus architec-
ture. It has been standardized by the
International Electronics Commission,;
it’s currently a proposed standard of
the IEEE, and has earned the support
of more than 200 board and system
manufacturers around the world.

Realtime ﬂﬂﬂ”l.'ﬂ”ﬂlls

Coupling a standard bus architec-
ture, like the VME with the Digital J-11
microprocessor, with full RSX-11M op-
erating system development support
makes for a potent combination for any
application requiring realtime data ac-
quisition and control. With full PDP-11
compatibility on a VMEbus, a user’s
costly software investments are pre-
served.

Such a board would offer several ad-
vantages to a systems designer. For ex-
ample, the data transfer rate across the
VMEDbus outpaces those in the compa-

rable Digital bus structure. While the
theoretical bandwidth across the Q-bus
is 3.3 Mbyte/sec., the bandwidth of the
VMEDbus has a theoretical top end of 40
Mbyte/sec.

An important factor affecting the
speed of the VMEbus is its asynchro-
nous clocking scheme. Address and
data lines on the bus are hard-wired
and nonmultiplexed, making it possible

“The VMElus has become
the world’s standard for
realtime, high performance
16/32-hit bus
architecture.”

to adjust the speed across the bus to the
speed of the bus master.

The interrupt structure in an asyn-
chronous system makes a big differ-
ence in system efficiency. This is be-
cause the speed with which one board
responds to an interrupt signal and re-
linquishes control of the bus governs
how quickly another board can access
information and continue processing. A
VME board responds when its inter-
rupt-request line is driven low. This
causes its interrupt handler to drive
the current master off the bus. Simul-
taneously, the handler issues a priority
request to the bus arbiter. The arbiter
decides which master can access the
bus next.

The essence of realtime control,
however, is the speed at which a board
acquires and passes data. For example,

in a realtime VME acquisition and con-
trol system, several boards may have
their own CPU and memory, and can
act as a bus master by taking control of
the bus.

But transfer rates alone wouldn’t
make such a board a winner; its biggest
plusis that it can run on the VMEbus in
a true multiprocessor system. J-11
VME processor boards are designed for
integration into a multiprocessor sys-
tem with distributed handlers and bus
lock support that enables two or more
processors to receive and service bus in-
terrupts and requests and share the
same peripherals and controllers of the
system. Each co-processor in the sys-
tem executes its own part of the system
executive and services only those inter-
rupts directed to it by the other proces-
sors or peripherals in the system.

Board Architecture

VME processor boards follow the
standard 9.2 x 6.3-in. double height
VME form factor. All VME boards use
the popular pin and socket DIN connec-
tor to the backplane to increase overall
reliability.

The Digital J-11 CPU on a VME pro-
cessor board communicates with local
memory, clocks, and devices connected
to the serial and parallel interfaces
across the board’s bus. The four levels
of pipelining and prefetch within the
CPU permit overlapping of bus trans-
fer and internal microprocessor opera-
tions. The CPU also contains a 64-bit

Keith Cribbin, North American sales
manager for ISKRA VME Technolo-
gies (Farmingdale, NY), holds a B.S.
in biology / chemistry from St. Johns
University.
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floating point and 32-bit internal data
path optimized to handle the floating
point arithmetic. The memory manage-
ment section of the CPU provides three
levels of memory protection for mul-
tiuser, multitasking applications and
extends the 128-Kbyte directly ad-
dressable memory to about 4 Mbytes of
physical address space.

Memory available on a J-11 VME
processor board can include 512 Kbytes
of dynamic RAM and 4 Kbytes of
EPROM. Local memory can be accessed
across the local bus by either the CPU
or an external DMA device. The memo-
ry module is also fitted with program-
mable array logic (PAL) for flexible ad-
dress decoding. Byte parity can be
checked in local memory access
operations.

The dedicated on-board memory
yields “cache-like” performance and
increases overall CPU efficiency. For
example, local memory stores a version
of the RSX-11 executive, which sub-
stantially decreases bus overhead. Effi-
ciency is also augmented by using glob-
al memory for shared data and device
drivers and local memory serves as a
site for specific application software.

The serial asynchronous interface is
DL-11 compatible. Serial-to-parallel
conversion is handled by a universal
asynchronous transmitter/receiver
(UART). The serial line serves as a con-
sole terminal port and has a standard
PDP-11 address.

The parallel interface can be used as
I/0 ports or as a printer interface that
is Centronics compatible and is fully
software supported. The programma-
ble timers can be used for general pur-
pose realtime applications.

The realtime clock provides the
heartbeat for a J-11 VME processor
board in realtime applications. An
MC146818 CMOS device features a
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complete time-of-day clock with alarm
and 100-yr. calendar, a programmable
interrupt, and 50 bytes of static RAM
connected to external battery backup.
The battery maintains data integrity in
the RAM while the board is powered
down.

Functionality

The toughest part of the board de-
sign is to map between the interrupt
structure and the bus maps of the PDP-
11 and the VME. The PDP environment
calls for reserved interrupts and an 18-
bit address, whereas the VMEbus sup-
ports the full 7-level interrupt struc-
ture and up to 32-bit addressing.

The PDP environment calls for re-
served interrupts, but in the VME they
can be assigned by the user to support
multiprocessing. Making the J-11 VME
processor play as the brains of a multi-
processing system means engineers

have to configure the card with a single
or distributed interrupt handler.

In a single-handler system, a J-11
VME processor board has seven levels
of interrupts. Three of the interrupts
are reserved for on-board control of the
local bus, while four are reserved for
the VMEbus interrupts and controlling
system hardware. When a single-pro-
cessor system is implemented, the
VME assigns priority to the local board
because it assumes it is acting as the
VMEDbus system controller.

In a multiprocessor system (Figure
1), a distributed interrupt handler is
implemented. This means that, for ex-
ample, the first CPU in the system is
assigned a 4-level interrupt, while the
second CPU uses a 3-level interrupt
mode. If the multiprocessor system has
a third CPU, it would be assigned only
two levels of interrupts, and so forth.
When an interrupt is issued, each CPU
responds only to its specific level of in-
terrupt, which greatly speeds the han-
dling procedure.

In a multiprocessor configuration, a
4-level arbitration scheme services the
four levels of bus request. This gives
priority to the board acting as system
controller and assigns priority to all
other boards based upon their level of
interrupts.

For example, two J-11 VME proces-
sor boards could become the heart of a
multiprocessing system. One board as-
signed a 4-level interrupt could be tak-
ing care of system control chores, while
the other board with the 3-level inter-
rupt takes care of all data acquisition.
If an additional processor is added, the
system will drop down to two levels of

VAX
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BI Accessibility To

uring the past decade, Digi-

tal Equipment Corp. has

provided an increasingly so-

phisticated general-purpose

computing environment
based on the VAX family of proces-
sors. Users with scientific and indus-
trial applications need and appreciate
these capabilities, but also have addi-
tional specific requirements (e.g., pro-
cess control, high speed data manipu-
lation, ete.).

Additionally, it’s frequently nec-
essary to offload time-critical or pro-
cessor-intensive tasks from the VAX,
allowing it to provide services that
are, in some aspects, more complex
(e.g., file systems, development tools,
etc.). With the introduction of the BI
as the basic interface presented by
VAX computers and the increasing
availability of VME products, a meth-
od of connecting these two buses is re-
quired. As the performance of single-
board computers increases, it’s rea-
sonable to place one or more in a VME
crate; a BI/VME connection should
supply both high data rates and an in-
terprocessor communication protocol.

BI/VME Interconnect

The design goal then would be to
build an intelligent communications
device (ICD) for connecting a BI-
based VAX with a VME system. To
meet this goal, an ICD was designed
by Aeon Systems Inc. (Albuquerque,
N.M.), after receiving a BI license
from Digital. The ICD consists of
three boards; one resident in the BI
and two in the VME crate. Each con-
troller executes cycles on the local bus
(BI or VME); they pass data and com-
mands over a full-duplex RS-422 par-

VMEDbus/by Steve Kadner [Aeon Systems Inc.]

allel highway of up to 70 ft. in length.

Both the BI and VME portions of
the ICD have large (8 Kbyte) first-in
first-out (FIFO) buffers to allow ac-
cesses on each bus to be independent.
Further, the minimum transfer is an
octaword (16 bytes) for efficient utili-
zation of bus bandwidth. Maximum
data transfer is 6 Mbytes/sec. The
controllers also exchange command
words that pass over the same paral-
lel highway, but upon receipt are buff-
ered into separate command FIFO
buffers, allowing control information
(e.g., next transfer setup) to be inter-
mixed with data. While data is usual-
ly only moved in one direction at a
time, having dual transmission paths
eliminates the need to arbitrate for
a single highway, thus increasing
bandwidth.

The BI protocol is implemented
with the Digital BCII/BCIA chip set,
ensuring conformance with all other
devices in a backplane. Data transfer
is orchestrated by a J-11 microproces-
sor that executes code down-loaded
from the host VAX during the ICD
initialization. There are two direct
memory access (DMA) engines; one is
used to transfer from VAX memory to
the J-11 and update the current VAX
physical address over page bound-
aries for scatter/gather operations;
the second controls access between
the BI and the link to the VME con-
troller. The VAX need only construct
a communication request block de-
seribing the direction of transfer
(read/write) and list the physical ad-
dresses of the pages that comprise the
data buffer. The address of this re-
quest block is passed to the ICD,
which moves it (with the DMA en-

gine) to the local (J-11) memory.

The ICD implements a protocol
that transmits datagrams on up to
1024 independent channels or sockets.
When one host issues a write on a
channel for which the other host has
requested a matching read, the ICD
initiates data transfer and informs
both hosts when the transfer is com-
plete. The ICD can act as a rendezvous
agent to provide synchronization be-
tween the hosts. The ability to specify
a logical destination (via channel ad-
dress) allows the ICD to provide mul-
tiprocess communications.

The VME portion of the ICD is a
two-board set: one has two DMA en-
gines that perform 32-bit transfers
from the RS-422 link to the VME bus,
the other is a 68020-based controller.
Both boards use Signetics BUSCON
VME controllers to interact with the
bus; the controller is a slave and inter-
rupter and the DMA board is a VME
master. They communicate over a pri-
vate bus built on the uncommitted
portion of the P2 connector on the
VME backplane. The controller has a
dual-ported memory into which a
VME host places transfer requests.
Each ICD channel has a unique 8-byte
control/status area; a write to the
control portion causes an interrupt on
the 68020 that will then process the
transfer request. Completion of the
request is indicated in the status area.

Steve Kadner, Aeon Systems Inc.
(Albuquerque, N.M.), has been with
the company since its inception.
Kadner is also executive vice presi-
dent of Aquila Technologies Group
Inc., Aeon’s parent company.

interrupts, simplifying bus master des-
ignation and priority handling.

In mixed multiprocessor configura-
tions, the J-11 VME processor board
runs RSX-11 and serves as the system
controller. Other VMEbus masters and
peripherals can then communicate
with the board by either DMA trans-
fers directly to the on-board RAM or by
the addition of shared global memory
on the bus. Communications between
tasks and processors and the sharing of
data can then be regulated by the use of
flags or semaphores. Thus, with the
VMEbus multiprocessor and bus lock
support, the designer can mix and
match the processors, application soft-

ware, peripherals, and operating sys-
tems as required.

Software is the key. With the
growth of distributed control systems
and factory automation, it’s to the de-
signer’s interest to select the appropri-
ate components and software for sys-
tem integration. However, these intel-
ligent controllers don’t exist alone.
Communications between the control-
ler and the supervisory computers are
becoming much more critical for fac-
tory automation and control.

Networks are now developing where
these controllers must talk to a VAX,
IBM mainframe, and/or a LAN (Figure
2). Software compatibility and the

availability of “off-the-shelf” software
packages often determine the success
and the timely completion of the
project.

The Digital J-11 CPU on the VME-
bus can satisfy most of these require-
ments. With full PDP-11 compatibility,
the designer has available a wide range
of application packages and develop-
ment tools such as supervisory control
and data acquisition (SCADA) and
DECnet. With the versatility and mul-
tiprocessor support of the VMEbus,
front-end processors and cell control-
lers can be designed to mix and match
the processors, peripherals, and soft-

|-

ware the engineer requires. H
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Optionally, the controller can execute
a VME interrupt cycle to notify the
requesting host. All data movement
between the VME and the link to the
BI is performed by the DMA engines.
One engine is responsible for reads to
VME addresses while the other han-
dles writes; transfers are 32 bits wide
within a 24-bit address space.

Software Support

While the ICD provides a high
speed, logically multiplexed conduit
for the exchange of datagrams, host-
specific software is necessary for use
by application programs. The ICD is
supported under VMS, with a device
driver and a library of interface rou-
tines. The driver will create a unit on
request, and associate it with a user-
specified ICD channel (providing no
other unit has already allocated that
channel). After successful creation,
the application can transmit and re-
ceive datagrams from 4 bytes to 32
Kbytes in length. The driver also sup-
ports a special function to allow VME

hosts to move data into buffers that
can be kept allocated for multiple
transfers, lowering VMS overhead.
Support for this, as well as routines to
implement remote procedure calls,
are in a library that applications can
link to, as appropriate.

The enormous diversity of systems
possible in VME complicates the task
of defining an access method. There-
fore, two approaches have been cho-
sen. A generic library of routines
(written in C) is available that can be
customized for a specific processor
and operating system. To provide a
more complete environment, an ICD
ROM-based support package has been
developed for the Motorola MVE133
single-board computer (based on the
68020 microprocessor with local ROM,
RAM, and RS-232 terminal interface).
This processor will execute either a
diagnostic/checkout program or user
code, depending on the state of on-
board jumpers. The diagnostic/check-
out program provides a simple-to-use,
menu-style interface and communi-
cates with a program presenting the

same interface that executes on the
VAX. All the functions of the ICD can
be initiated from the terminal to en-
sure proper functioning of the hard-
ware. The ability to control the ICD
from a terminal also aids in the inde-
pendent development of application
programs on the VME and BI sides.

If the board is set to start execut-
ing user code, support routines pro-
vided in ROM can be used to access the
ICD. These routines implement ICD
channel arbitration, end of transfer
notification, and a protocol for remote
procedure calls (both as client and
server).

The ICD is a flexible, high speed
solution in applications that require
both the high level services offered on
a VAX and the specialized functions
that can be implemented in a front-
end VME system. Providing both a
high bandwidth physical link and a
communication protocol for delivery
of addressed datagrams eases initial
development of a multiple bus system
and simplifies the implementation of
any later modifications. -

ELIMINATE

COSTLY WIRING
AND MODEMS'

THE MODEL 570
QUICK MUX
@ 38 full duplex ports

19,200 baud all ports
simultaneously

5000’ link distance
No configuration switches

Back up
your PC with
a VAX.
Automatically.

This is an actual script
you can use to instruct

WAIT UNTIL 01:00:00
TRANSMIT “AM AM”
WAIT FOR “Username:”
TRANSMIT “JOESMITH AM”
WAIT FOR “Password:”
TRANSMIT “SAILBOAT ~M”
BACKUP C\*.*/S
TRANSMIT “LOGOFF”

Reflection 2 PLUS to auto-
matically back up your PC’s
hard disk to the VAX—and start
the procedure at 1:00 a.m. while you're home sleeping,
And this only touches the surface of how
Reflection 2 PLUS can improve your productivity,
simplify your life...and lower your risk of losing data.
Your backups can runin background, soyou canuse
your PC for other things while your files are being trans-
ferred. You can even initiate the backup from the VAX.
Take a look at the VT220 emulation software that
makes your PC connection count. Reflection 2 PLUS.

[Taanaa] 800-8PC-2VAX (800-872-2829)

Built-in surge protection
Bi-directional control signal
for each port

Includes 8 25’ cables
Complete diagnostics
Channel activity indicators
Male or female connectors
$548 with cables

Contact us today at
Telebyte Technology Inc.,
270 E. Pulaski Road,
Greenlawn, New York
11740, (516) 423-3232.
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PAIRS
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TH:“NI“AI. cﬂNS“lTANT by Robert Gezelter

What should you do before disaster strikes?

ne morning, as you're driving

to work, you're stopped by a :
¢ computerized data. :
: Disaster planning need not be a for- :
: mal, expensive, bureaucratic process. :
: Disaster planning merely means ensur- :
ing that the data and programs needed :
: tooperate your business are adequately :
: protected against accidents occurring :
: account.

National Guardsman. He asks

you where you’re going. He :

then informs you that the
warehouse located a half mile from

your firm’s complex has caught fire. :

There is a severe danger of explosion
and toxic fumes. The entire area has

been cordoned off. You ask how long the :
area will be restricted. The guardsman :

says, “Maybe a day, maybe a month.”
All too often, the first time disaster
planning enters our consciousness is

after a problem has occurred. The re- :
sults can be, and often are, catastroph- :
ic. If you're lucky, the impact of the :
incident is minor. However, a comput- :
er-related disaster can have a severe :
impact on a business’ ability to operate, :
and can, in some extreme situations, :

destroy the business.

Ever since computing became an in- :
tegral part of business, disaster plan- :
ning has been a consistent part of a sys- :
tem mwanager’s responsibilities. In :
large computer facilities, the system :
manager is able to draw upon the ex- :
tensive resources of the organization to :
assist in the preparation of plans that :
deal with various disasters. In these :
large facilities, the typical manager has : :
. and indispensable part of planning for :
: all types of incidents. Other precau- :
tions are effective only against certain :
: in no event should the backups be up-

many years of experience and extensive
exposure to such concerns.

However, in smaller facilities, ex- :
pertise in disaster planning is not al- :
ways available and the system manag- :
er generally has a less extensive back- :
ground in coping with problems in the :

event of a disaster.

The trend toward local computing :
capacity has increased the vulnerabili- :
ty of the systems to disasters. With the :
advent of distributed and departmen- :

tal computing, responsibilities that

were previously the exclusive domain of :
the computer center have now become :
the responsibility of local and depart- :
¢ formation cannot be used.

mental staff. Local and departmental

¢ staff have inherited much of the re- :
sponsibility for ensuring the safety of :
: an evacuation for several hours or days.

within your firm and in your area.

Obviously, each type of disaster re- :
i quires a different type of precaution. :
: While some precautions are effective :
: only against particular types of inci- :
dents, backups (machine-readable cop- :
ies of stored data) are a fundamental :
¢ duplicate set of these backups should be
: maintained at a location physically re-
: moved from your offices. Never allow
¢ all backup copies to be on the main
. premises at the same time. If neces-
: sary, make additional copies so there is
: always at least one copy off the prem-
¢ ises at all times. Always store these off-
: premises backups in a location that will
: not be affected by incidents involving
. your office (for example, if you live in
* an area with a flooding problem, don’t
: store the off-site backups at a location
: that probably will be flooded if your of-
¢ fices are flooded).

“Disaster planning
need not he a
formal, expensive,
bureaucratic
process.”

classes of problems.

Effective disaster planning must al- :
low for a wide range of potential situa- :
tions, including fire, flood, power out- :
: age, and evacuation. While fires are :
generally perceived as the major threat :
to a system, they are only one part of :
the overall threat. For example, many :
facilities rely on on-premises storage to :
. guard against fire and equipment fail- :
ure. Unfortunately, if a flood or other :
event destroys the facility (or makes :

the facility inaccessible), the backup in- : .
i Flushing, NY 11358-1130.

Evacuations are also commonplace.
A fire in a nearby warehouse can cause

Tank car derailments can result in
evacuations lasting days. A fire in an-
other part of the same building can re-
sult in an evacuation lasting years. Any
disaster plan, even for the smallest
business, must take these issues into

Here are some basic guidelines that
can be used to protect your data and
programs.

Always maintain a complete ma-
chine-readable backup copy of all data
and programs used in your facility. A

Make sure that the off-site (and on-
site) backups are current. The exact
frequency of the backups depends upon
the activity of your facility. However,

dated less than monthly.

Effective disaster planning is a cru-
cial concern of everyone who runs any
kind of computer facility, from a per-
sonal computer to multiple supercom-
puters, and should be done before di-
saster strikes!

Robert Gezelter is a software consul-
tant with more than 12 yrs. of systems
programming experience. Address cor-
respondence to: 27-42 168th St. #312,
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PRODUCT NEWS

New UPS For VAX

FERRUPS Uninterrupti-
ble Power Systems (UPS);
features Pulse Width Modu-
lation (PWM), internal by-
pass switches, and the UL
Listing Mark; available as
standard equipment on all
FERRUPS in the 7.5-15 KVA
range; is a new proprietary
design inverter using hybrid
Pulse Width Modulated Fer-
roresonant technology cir-
cuitry that provides in-
creased efficiency, better
voltage regulation, lower dis-
tortion, faster response time,
reduced heat, and extended
battery runtime.

The standard internal by-
pass switch eliminates the
need for a separate and costly
breaker box in a facility’s
electrical system to cut the
FERRUPS out of the system
for test or service; Under-
writers Laboratories Inc.
(UL) has granted use of its
Listing Mark on the top-of-
the-line FERRUPS in the
7.5-15 KVA range; all Best
FERRUPS from the 250 VA
MICRO-FERRUPS to the 15
KVA models now are UL
approved.

Best Power Technology
Inc., PO. Box 280, Necedah,
WI 54646, 800-356-5794;

In Wise. 608-565-7200.
Enter No. 508
e e e

Winchester Controller

For MicroVAX Systems

DQ616; disk controller in-
tended for interfacing up to
four ST506/412 Winchester
disk drives to MicroVAX, Mi-
croPDP-11, and LSI-11 com-
puters; it is contained on a
single, dual-height board,
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and is fully compatible with
Digital’s Mass Storage Con-
trol Protocol (MSCP) driver
contained in the MicroVMS,
RT-11, RSX-11M+, RSTS/E,
and Ultrix operating sys-
tems; greatly enhances stor-
age subsystem operation;
contains an 8-Kbyte buffer to
support 1:1 sector interleave,
thus reducing software-gen-
erated latencies between the
Q-bus and the disk drive; has
a command queue buffer that
can store up to 16 commands
for up to four drives; this
buffer stores the commands
received by the DQ616 and
queues them for the proper
order of execution on each
drive.

The controller employs an
elevator seek ordering algo-
rithm to determine the execu-
tion priority of commands for
each drive in the command
buffer, to optimize seek re-
quests and reduce drive seek
latencies; the controller sup-
ports 16-, 18-, and 22-bit Q-
bus addressing, and supports
both block and nonblock
mode memory; $1,150.

DILOG, 1555 S. Sinclair
St., PO. Box 6270, Anaheim,
CA 92806, 714-937-5700.

Enter No. 509
T N N TSNS

Multiuser Printstation

Talaris 1590 Printstation;
a 15-page per min. laser
printer architecture designed
especially for the multiuser
environment; provides flexi-
bility, speed, power, and con-
nectivity and allows for ex-
tensibility in the future;
includes a new controller,
designated the Talaris 1590
Printstation Control System
(PCS), which has two proces-
sors: A Texas Instruments
Graphics System Processor

(TT 34010) performs highly
efficient raster image pro-
cessing, and a National Semi-
conductor 32016 manages 1/0
and interprets commands;
the PCS architecture pro-
vides for expanding memory
from 3 to 5.5 Mbytes; the
printstation uses Talaris’ Ex-
tended Command Language
(EXCL), based on the ANSI
X3.64 standard, with exten-
sions to support emulations,
page description languages
(PDLs), and graphics.

The PCS architecture em-
ploys the ANSI standard
small computer systems in-
terface (SCSI), which permits

the printstation to accept
data from the host network at
speeds of up to 1.5 Mbyte/sec.;
besides the SCSI, each print-
station features an RS-232
and an RS-422 interface, as
well as a Dataproducts paral-
lel; an optional Centronics
parallel interface is also
available; the printstation of-
fers compatibility with a
wide range of word process-
ing and graphics software;
features built-in LN03 Plus,
Tektronix 4014, and Diablo
630 ECS emulations; comes
standard with 40 fonts stored
in ROM, including a polygon
fill font with 59 patterns; all
fonts can be printed in por-
trait and landscape orienta-
tion; $8,490.

Talaris Systems Inc., 6059
Cornerstone Ct. W., PO. Box
261580, San Diego, CA 92126,
619-587-0787. Enter No. 510

Parallel Transfer Disk Drive

Centaurus C-825-10 Par-
allel Transfer Disk (PTD); of-
fers 825 Mbytes of storage
with a peak data transfer
rate of 18.6 Mbyte/sec.; is
best suited for applications in
the areas of realtime image
processing, color digital vid-
eo, wideband supercomputer
data processing, and other
special applications requir-
ing very high bandwidths in
the range of 10-300 Mbyte/
sec.

The Centaurus PTD is a
14-in. drive that mounts in a
19-in. Retma rack; it can be
connected to a variety of
VMS, UNIX, and PC-DOS
computers, and provides for
ESMD, VME, or 16-bit paral-
lel data interfaces; $27,000,
quantity 100.

Ampex Corp., 401 Broad-
way, Redwood City,

CA 94063-3199, 415-367-4151.
Enter No. 512

Dot-Matrix Printers

9500D and 9515D; 250 cps
dot-matrix printers for OEM
markets that provide full
compatibility with Digital’s
LA50 printer in both wide
(10-in.—9500D) and narrow
(15-in.—9515D) carriage
models; they offer a choice of
print speeds with a 60 cps
near letter quality (NLQ)
memo mode, a 28 cps letter
quality (LQ) mode, and a 250
cps draft print speed; they



use a 9-wire print head that
forms characters in a 9 x 9
matrix in draft mode and a 10
x 9 matrix in NLQ mode; for
letter quality output, they
produce a character matrix of
18 x 27 in LQ mode; for busi-
ness graphics and bar coding
application, they have a reso-
lution of 240 x 144 dots per in.
Designed for reliability,
the 9500D and 9515D have a
rated MTBF of 7000 hrs. and a
head life of 100 million char-
acters; for multipart form ap-
plications, the printers can
handle the original, plus
three copies; an expandable 2-
Kbyte buffer is standard;
standard interface for the
Digital environment is RS-
232C; plug-in cassettes pro-
vide a large selection of char-
acter and graphics fonts;
9500D $749, 9515D $949.
C.Itoh Electronics Inc.,
19300 S. Hamilton Ave., Tor-
rance, CA 90248,
213-327-9100. Enter No. 513

Disk Defragmentation
Product For VAX

Diskeeper V. 2.0; elimi-
nates fragmentation of files
to allow data to be read from
the disk at maximum speed,
while also grouping free
space at the front of the disk
for efficient and contiguous
creation of files; has the abili-
ty to run online as a detached
process (in the background)
while users are accessing the
system; keeps disks running
at peak performance without
interrupting users; processes
common system disks, quo-
rum disks, data disks, volume
sets, shadow sets, and any

other FILES-11B ODS-2 disk
supported by Digital; can pro-
cess multiheader and multi-
volume files; file relocation
algorithm maximizes consoli-
dation of free space, while
maintaining maximum VAX
performance by freeing space
near the beginning of the
disk.

Diskeeper V. 2.0 can han-
dle up to 16 disks per process,
maintaining separate moni-
toring and run-frequency cal-
culations for each individual
disk; it also includes a propri-
etary file-locking mecha-
nism, making the possibility
of a user access conflict virtu-
ally impossible; product can
be paused and resumed on
any disk at any time, giving
the VAX manager complete
control over his system; an I/
O throttling feature optional-
ly limits Diskeeper’s own 1/0
to the equivalent of disk I/0
“idle time.”

Executive Software Inc.,
3131 Foothill Blvd., Ste. F, La
Crescenta, CA 91214-2699,

818-249-4707.
Enter No. 514

SASI Bus To Q-bus Host Adapter

SDC-HA11; interfaces
SASI bus devices to the Q-
bus; plugs directly into any
contiguous dual Q-bus slot
and presents one load to the
bus; up to eight SASI bus de-
vices can be easily daisy-
chained to the SDC-HA11,;
one device is selected at a
time for processing on the Q-
bus; can request up to 10 com-
mand bytes before executing
the command from the host;
upon completion of the com-
mand, the SASI device (e.g.,
disk drive or laser printer)
stores the completion status
in a register in the SDC-
HA11.

The SDC-HA11 provides
switch-selectable base ad-
dress selection from 160000 to
177760 (octal) and interrupt
vector selection from 000 to
374 (octal); parity enable/dis-
able and interrupt priority
selection (4, 5, 6, or 7) are
jumper-selectable; $417.

T

Sigma Information Sys-
tems, 3401 E. La Palma Ave.,
Anaheim, CA 92806,
714-630-6553. Enter No. 515

High Resolution

Color Image Printer

4693D; a high perfor-
mance, 300 dots per in. ther-
mal wax color printer fea-
turing a built-in image pro-
cessor; developed to produce
color hardcopy from high end
color graphics workstations,
terminals, hosts, and person-
al computers; prints full-
sized images from a palette of
more than 16 million colors;
with an 8-bit parallel inter-
face, images can be offloaded
to the 4693D in 6 sec., with
production totalling 90 sec.
for the first copy and 60 sec.
for subsequent copies; pro-
vides hardcopy colors that
represent true display screen
colors for both paper copies
and transparencies; a built-in
frame buffer with 4 to 12
Mbytes of memory can store
as many as three images,
freeing the graphics system
for computing; the high speed
multitasking Motorola 68020
microprocessor accepts up to
2048 pixels by 1536 pixels by

24 bit/pixel of image data
from the graphics system at a
high speed 800 Kbyte/sec., or
up to 3198 x 2440 at lower col-
or depth.

With a 4-channel multi-
plexer, up to four terminals,
workstations, hosts, or per-
sonal computers can be con-
nected to the printer simulta-
neously; an easy-to-see dis-
play on the 4693D’s front pan-
el indicates which user’s im-
age is being printed, how
many prints have been re-
quested, and which images
are printing next; $7,995;
available now.

Tektronix IDG Market-
ing, PO. Box 1000, M/S 63-
447, Wilsonville, OR 97070,
800-225-5434;

In Ore. 503-235-7202.
Enter No. 516

Tektronix 4107/4109 Emulation

EMU-TEK Seven Plus V.
1.21; software emulating Tek-
tronix 4107/4109 graphics
terminals; features include a
new user interface, a stream-
lined setup mode, and support
for more graphics adapters;
newly supported graphics
adapters are the PS/2 VGA
(640 x 480), the PG 90 Model
10 from Adage Inc. (1280 x
1024), the AGC 1076-4N from
Imagraph Inec. (1024 x 768),
and the PEPE board from
Vectrix Inc. (1024 x 1024);
currently supports eight
boards and the VGA, PCG,
and EGA standards.

Other EMU-TEK Seven
PlusV. 1.21 graphics adapters
are available.

FTG Data Systems, 10801
Dale St., Ste. J-2, Stanton,
CA 90680, 714-995-3900.

Enter No. 517
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DEC Compatible

Systems

Computer System For

High Continuity Applications

MIRA (Microprocessor
Implementation of a Reliable
Architecture); based on the
popular MicroVAX II com-
puter; designed for use in de-
veloping applications where
continuity of operation is es-
sential; was developed to en-
able designers to implement
systems for high continuity
applications; ideal for OEMs
and system developers; fea-
tures dual computers that
can be powered from separate
external electrical supplies to
guard against power failures;
a single cabinet contains the
two separate computers and
integrated hardware control-
lers that, with associated
software, can detect failure of
one system and switch opera-
tions and attached devices to
the other system

MIRA is easily adaptable
to applications such as mes-
sage switching, manufactur-
ing operations, and access
control operations; a basic
system is designed as a mas-
ter/standby system: In the
event the master computer
malfunctions, software and
hardware will automatically
switch devices to the standby
system and signal the sys-
tem’s operator to restart the
operation; $66,820+

Digital Equipment Corp.,
Maynard, MA 01754-2571.

Enter No. 412

New DEC Compatible

Desktop Computer

QUBE QS-720; a DEC
compatible desktop computer
system that includes a 100-
Mbyte half-height Winches-
ter disk drive that interfaces
with the CPU using the en-
hanced small disk interface
(ESDI), and a 125-Mbyte %-
in. tape drive for disk backup;

the new peripherals may be
integrated with all Digital Q-
bus CPUs, including the
PDP-11/73, LSI-11/73, and
MicroVAX.

The QUBE QS-720 pro-
vides OEMs and system inte-
grators with the ultimate
Digital multiuser office sys-
tem for vertical markets such
as accounting, medical, den-
tal, and legal; a typical con-
figuration, such as a PDP-11/
73 CPU with the half-height
disk and tape drives, 1 Mbyte
of main memory, and four
user communication ports, is
less than $9,500.

Unbound Inc., 15239
Springdale St., Huntington

Beach, CA 92649,
800-862-6863;
In Calif. 714-895-6205.
Enter No. 413
A . S

PC-To-VAX Connection

AST 220-Premium/286;
offers the processing power
of AST’s IBM PC/AT com-
patible Premium/286 person-

al computer, combined with
true VT220 terminal emula-
tion features that enable
communication with all Digi-
tal Equipment Corp. VAX
and MicroVAX II systems;
the pre-configured system is
a 10 MHz IBM PC/AT com-
patible PC with an Intel 80286
processor and has a 40-Mbyte
Winchester disk drive, a 1.2-
Mbyte diskette drive, the
AST 3G-Plus graphics board,
1-Mbyte Fast RAM, the 101-
key keyboard, and MS-DOS
V. 3.1 and GW BASIC soft-
ware; installed into the sys-
tem is an AST-220 board that
has an on-board 80186 micro-
processor and 128 Kbytes
of RAM.

The AST 220-Premium/
286 provides connection with
any Digital host and emu-
lates the VT52/100/220 and
ASCII terminals; also sup-
ported are all of the down-
loadable Digital character
sets (Multinational, Stan-
dard Supplementary, and
Special Graphics), as are both

s=1==
1SS
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O Low Cost

drives

warranty

systems.

Fujitsu 8" Drive
Enclosure...Plus
Q Pedestal—Rackmoum——D&sk pr

_ O Off The Shelf Delivery

' The PEI03 peripheral enclosure provides:

- —Easy installation—you furnish the drive and
signal cables and we provide the rest

—Efficient 400 watt power sup,ply handles two

—Thermal detection on each drive and in the
power supply provides shut down protecnon

for drives and system
—24.5" depth allows installation in all industry
standard racks

- —Rugged all metal construction.. One year

Dyna Five manufactur&s a wide variety of enclo-
sures and products for DEC Q-Bus and VME

ForyourDFCandVMEcomputermeds,callDymFive.

) it

ENTER 667 ON READER CARD

DYNA FIVE CORPORATION 3421 W, Segerstrom Avenue ® Santa Ana, CA 92704 = (714) 751—0133 = Telex 559508
DYNA FIVE LIMITED 39 Manasty Road = Orton Southgate ® Peterborough * Cambridgeshire PE2 OUP = England = 0733- 236-515 » Telex 32879
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80- and 132-column display
and double-width and double-
width/double-height charac-
ters; connection to the Digital
host is through two RS-232C
ports; $4,190.

AST Camintonn Digital
Division, 2121 Alton Ave., Ir-
vine, CA 92714, 714-553-0247.

Enter No. 414

Performance

Enhancement Board
For PDP-11 And VAX

68SUM; a 68020-based su-
percomputer designed to
serve as a slave processor in
high volume data processing
applications on Unibus-based
PDP-11 and VAX computers;
uses a Motorola 68020 32/32
bit central processor and a
69991 floating point coproces-
sor to provide high speed
computational capabilities at
up to twice the performance
of any PDP-11 or VAX 700 se-
ries computer; packaged with
2 Mbytes of dynamic RAM
memory and a 68881 floating
point coprocessor on a single
hex-sized board; up to 256
Kbytes of host memory can
be shared via windows; this
allows direct access by the
Unibus PDP-11 or VAX to the
68SUM’s 2-Mbyte dynamic
memory, as well as direct ac-
cess by the 68SUM to the
host’s memory.

Users simply download
their high level language pro-
grams via shared memory to
the 68SUM and receive pro-
gram results up to two times
faster than if the programs
had been run on the host
alone; $5,850.

Ranyan Corp., 15239
Springdale St., Huntington
Beach, CA 92649,
714-895-5504. Enter No. 415

Memory Expansion
Board For VAXmate

DM373A; memory card is
a fully populated, multifunc-
tion I/0 enhancement prod-
uct with EMS capabilities;
supports up to 2 Mbytes of ex-
panded memory and includes
the most commonly used fea-
tures, such as parallel printer

port, RS-232 serial interface,
realtime clock/calendar, and
battery backup; allows the
end user to maximize expan-
sion slot usage by providing
all these functions on one
board; also included with the
board is a utility diskette that
contains EMM (expanded
memory manager), RAM
disk, print buffer, realtime
clock/calendar program and
example CONFIG.SYS and
AUTOEXEC.BAT files.

The board slides into a 16-
bit slot at the rear of the
DM300 High Speed Expan-
sion System and provides the
end user with 2 additional
Mbytes of expanded memory
to allow increased usage of
software application pro-
grams; $995.

dmi, 27635 Forbes Rd.,
Ste. H, Laguna Niguel, CA
92677, 714-955-2422 or
714-582-3118. Enter No. 416

Storage Devices

New High Capacity Disk Drives

14000 series and the T472;
the 14000 series are half-
high, 5%-in. Winchesters;
formatted capacities of 114,
140, and 170 Mbytes; designed
for use with high speed con-
trollers, based on either the
high speed ESDI or SCSI
standards; operates at aver-
age access times of 25 msec,
and transfers data at 10
Mbps; uses thin-film head
and media technology that
improves data margins at the
high bit densities needed to
support storage capacities in
excess of 25 Mbytes/disk sur-
face; each 14000 series drive
incorporates four disks and
operates at a track density of
1440 tracks/in.; 19,405 bpi, us-
ing 2,7 RLL encoding; the
drives use embedded sector
servo information that guar-
antees positioning reliability.

The T472 is a 472-Mbyte
removable pack disk drive;
extends the company’s 300-
Mbyte T306 line; uses ESMD
interfaces for ease of integra-
tion; operates at a transfer
rate of 1.8 Mbytes/sec. and an
average access time of 26

For additional product information, please write the appro-
! K ¥ : Py
priate reader service number on the Reader Inquiry Card.

msec; the 14000 series pricing
is as follows: 114-Mbyte 14404
($1,500); 140-Mbyte 14405
($1,700); 170-Mbyte 14406
($2,000); 90 days ARO; the
T472 is priced at $12,400; 90
days ARO.

Century Data Systems
Inc., 1270 N. Kraemer Blvd.,
Anaheim, CA 92806,
714-632-7500. Enter No. 417

external subsystem to oper-
ate since it gets its power and
control from the host system.

Plug it into the back of
your PC, and after use, a sim-
ple disconnect allows the user
to remove the disk unit for
portability or data storage
protection; $1,995.

dmi, 27635 Forbes Rd.,
Ste. H, Laguna Niguel, CA
92677, 714-955-2422 or
714-582-3118. Enter No. 418

40-Mbyte Portable Hard R
Disk For The VAXmate )

DM370; microportable 0Il|lﬂ|e Il Supports
hard disk unit for the VAX- | Maxtor WORM Drive

mate and IBM/AT compati-
ble PCs; provides 40 Mbytes
of storage; is small enough to
hold in the palm of your hand
and weighs less than 3 Ibs.;
data access time of 28 msec;
doesn’t require special pack-
aging or handling when being
transported, since the heads
of the disk are automatically
parked when the unit is dis-
connected; disk requires no

Optifile II; supports Max-
tor Corp.’s 5%-in. optical
drive; with Optifile II, vari-
ous types of WORM optical
drives can be simply plugged
into a Digital system and be
immediately put to use; all
software utilities (COPY,
BACKUP, DIFF, etc.), appli-
cations, and layered products
can be used without changes

to any software.

The Solution

Save time, money and computer
resources with the AlSwitch
Series 180. It connects all the
pieces of the Data PBX puzzle by
utilizing user-friendly features
with a low cost per connection.
Hardware Only Solution

No special software is necessary.
The AlSwitch Series 180 is menu
driven for ease of use and offers

reliability.

buffer cards and an X.25
synchronous interface to pacl
switching networks.

The AlSwitch Series 180...all the
pieces to the Data PBX puzzle you ¢
need at a price well below the co:
of an LAN.

to the Data PBX Puzzle!

The AlSwiteh Seres 160

- ——a
optional full redundancy for greate 9 f

Compatible Pieces for Gro i
Optional features include el

Call toll free or write today for
more information.
Applied Innovation, Inc.
651-C Lakeview Plaza Blvd.
Columbus, OH 43085
614-846-9000
Qutside Ohio, call
1-800-247-9482

ENTER 668 ON READER CARD
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Optifile IT is literally a
“plug and play” situation; it
fits into a MicroVAX II to
create an optical subsystem
or can operate standalone
with single or dual drives; a
complete internal mounting
kit for the MicroVAX II is
available.

KOM Inc., 145 Spruce St.,
Ottawa, Ontario, Canada
KIR 6P1, 800-267-0443.

Enter No. 419

RD54-Identical Disk Drive

Model 100; shipped with
all switch panels and other
hardware necessary for in-
stallation in a BA-123 Micro-
VAX enclosure; features in-
clude: 155 Mbytes of for-
matted storage, 30 msec
access times, and no add-on
chassis or controller re-
quired; fully compatible with
Digital’s RQDX3 controller;

For additional product information, please write the appro-

priate reader s

$3,200.
Westford Systems, Car-
lisle, MA, 617-371-7015.
Enter No. 411
AT

Optical Disk
Jukehox For VAX/VYMS

LaserStar; an optical disk
jukebox subsystem for Digi-
tal VAX and MicroVAX com-
puters running the VMS op-
erating system; provides au-

NTERFACE PROBLEMS?

® More than a Decade of
Interfaces for Commercial
and Military Equipment

® Technical Support Available
for Hardware and Software

Products Available for

® UNIBUS

o\

where science gets down to business

Aerospace/Electronics/Automotive
General Industries/A-B Industrial Automation
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® PC/XT/AT

Rockwell
International

Rockwell International has the Solution

¢ VME

® MULIBUS

Autonetics Marine Systems Division
Autonetics Electronic Systems

P.O. Box 4921, GG36

3370 Miraloma Avenue

ENTER 669 ON READER CARD

Anaheim, CA 92803-4921
Telephone (714) 762-1476

ervice number ¢

n the Reader Inquiry Card

tomatic, VMS-transparent
access to the massive storage
capacity of optical disk
jukeboxes; it is a complete,
integrated, ready-to-use opti-
cal disk jukebox subsystem:; it
may be configured with ei-
ther the OSI ODSR jukebox
or the Cygnet Series 1800 Ex-
pandable Jukebox.

LaserStar can provide to-
tal online storage capacities
of 15-141 double-sided 12-in.
optical disks; each write-once
disk can store up to 1 Gbyte
(1000 Mbytes) of data per
side; LaserStar can also be
configured with up to five op-
tical disk drives to accommo-
date a wide range of perfor-
mance requirements.

Perceptics Corp., Pellis-
sippi Center, Knoxville,

TN 37922, 615-966-9200.
Enter No. 421

Controllers And
Host Adapters

SMD/SMDE Disk Controllers

DQ246 and DQ256; DQ246
is designed to interface up to
four SMD-type drives with 20
MHz data transfer rates to
any Q-bus system; DQ256 has
true differential drivers to in-
terface up to four high per-
formance SMDE-class drives,
with 24 MHz data transfer
rates; both units employ a
newly streamlined internal
data path to increase data
transfer speeds between the
disk and the CPU, plus they
make use of the newest en-
hancements to DILOG’s ex-
clusive Dynamic Transfer
Segmentation (DTS) to opti-
mize disk interaction; provide
more usable disk capacity,
achieving formatted capaci-
ties greater than 85% of stat-
ed drive unformatted specs,
which compares with the in-
dustry standard of only 80%
of raw capacity; offer dual
port capabilities for disk ac-
cess by multiple host CPUs.

Both controllers are com-
patible with the mass storage
control protocol (MSCP) driv-
er contained in RT-11, RSX-
11M+, RSTS/E, MicroVMS,
Ultrix, UNIX, and DSM oper-
ating systems; support both
block and nonblock mode



memory with 16-, 18-, and 22-
bit Q-bus addressing; DQ246
is $2,250, DQ256 is $2,850;
30-45 day delivery.

DILOG, 1555 S. Sinclair
St., PO. Box 6270, Anaheim,
CA 92806, 714-937-5700.

Enter No. 422

Optical Disk
Controller For MicroVAX I

SMS 0109; a multifunction
controller that provides a
SCSI port that allows an opti-
cal disk drive to be attached
to any MicroVAX II system
running standard VMS soft-
ware; also supports two fixed
Winchester drives and two
floppy drives; has a logical
port that converts the Digital
MSCP protocol to the SCSI
commands that are required
for WORM devices; this con-
version is transparent to the
VMS operating system and
requires no modification to
the MSCP/DU device driver.

SMS 0109 provides inde-
pendent access to the optical
drive while simultaneously
accessing the Winchester
drive; to maximize disk data
throughput, the SMS 0109
uses a noninterleaved disk
format that allows access to
data at the full disk data rate;
multisector transfers occur
without latency or rotational
delay; $1,150.

Scientific Micro Systems
Inc., 339 N. Bernardo Ave.,
Mountain View, CA 94043,
415-964-5700. Enter No. 423

Data Input And

Display Devices

DEC Compatible
Video Display Terminal

MC10; offers a new pack-
aging design for improved er-
gonomics and a cartridge-
based hardware and software
configurability; designed to
be used as a general-purpose
display terminal in the ASCII
and ANSI environments, as
well as a platform for special-
ized vertical market applica-
tions; the unit is well-suited
for simultaneous connection
to multiple hosts, and can be
used in environments where
the multiple hosts are differ-

PROBLEM: High Inrush Current
SOLUTION: Multiple Time Delay™

PC 300

3 phase Power Distribution & Control System

MTD™: sequence power up your computer
system with a controlled delay between each
phase.

REMOTE: on/off & emergency shutdown,
power-up additional equipment downline.

LINE PROTECTION: evi/RFI, Spike & Surge.

PULIZZI ENGINEERING INC.

3260 S. Susan Street Santa Ana, CA 92704-6865 (714) 540-4229
FAX #714-641-9062
ENTER 670 ON READER CARD

PowerStation220

A Complete VT220 Work Station
Upgrade for the IBM PC/XT/AT 'PS220" now

supports the
and PS/2  advanced
features of the
PS/2 and
provides true:
132 columns
Double high/wide
Smooth scrolling

PowerStation 220 $289  ZSTEMpc™-4014 Emulator $99
VT220 style keyboard and ZSTEM VT220 Emulation Software. Use with ZSTEMpc-VT100, VT220, or stand-
ZSTEMpc™-VT220 Emulator Emulation Software only. $150  alone. Interactive zoom and pan. Save/recall
All the features of ZSTEMpc-VT100 plus 8-bit mode, down-  images from disk. Keypad, mouse, digitizer,
loadable fonts, user defined keys, full national/multi-national  Printer, plotter, and TIFF support. 4100 color
modes. Extended macros/script language. True 132 columns  and line style color mapping. 640 x 400 and
on enhanced EGAs, standard VGAs, and s(t;z}\ndaErd EGAs using 640 x 480 on many adaptor/monitors.
the EGAmate option. 43 line support on EGAs. Enhanced key- ZSTEMnc™

pc™-VT100 Emulator $99
board sug&)on. Ungermann Bass Net/One support. High performance. COLOR VT100. True double
EGAmate™ daughterboard option for 132 columns on most  high/wide, smooth scrolling. 1SO and attribute
standard EGA adaptors. $39  mapped color. XMODEM and KERMIT, soft-

PS220/2  Keyboard adaptor cable for PS/2 systems $29  key/MACROS, DOS access

KEA Systems Ltd.

#412 - 2150 West Broadway, Vancouver, B.C. Canada V6K 4L9
SUPPORT (604) 732-7411 TELEX 04-352848 VCR FAX (604) 732-0715
Order Desk (800) 663-8702 Toll Free

30 day money back guarantee AMEX/MC/VISA

ENTER 671 ON READER CARD
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ent types using different
protocols.

The unit is available with
an optional graphics package,
with all-points-addressable
display resolution of 720 x 348
pixels; can be configured with
a variety of operating proto-
cols and keyboards that allow
it to be used in a broad spec-
trum of environments; $595.

Link Technologies Inc.,
47339 Warm Springs Blvd,,
Fremont, CA 94539,
415-651-8000. Enter No. 424

Manufacturing/

Industrial Control

Enhanced Data Manager

The Factory Data Manag-
er V. 3.0; provides a factory
network to collect and vali-
date both worker-entered
data and sensors and pro-
grammable controller data; is
a labor and machine data col-
lection system that can track,
to the second, who worked on
what job and what compo-

nent was worked on and the
machines involved; V. 3.0 sup-
ports a factory network of
micro-terminals with at-
tached bar code or magnetic
card readers.

V. 3.0 features include
automatic holidays tracking,
full resource tracking, sup-
port for SPC data collection,
support for product liability
tracking, and mainframe-
style re-start/re-covery ca-
pability; supports AIAG-ap-
proved bar code label genera-

2.5 Gigabytes

7%

Pz,

With 9-Track Industry Standard 1/0

Utilizing true read-after-write coupled with very
powerful error correction, GIGASTORE™ gives you an
unsurpassed error rate of 1 in 102 bits. In addition, you
get a high speed search capability not available in most
9 track drives and the convenience of a T-120 VHS
cartridge. IBM PC and DEC interfaces available.

Call Digi-Data, an organization with a 25 year history
of manufacturing quality tape drives at (301) 498-0200.

TMGIGASTORE is a trademark of Digi-Data Corporation

DIGI-DATA CORPORATION

8580 Dorsey Run Road
Jessup, MD 20794-9990
(301) 498-0200

Telex 87-580

. ... First In Value

In Europe contact: Digi-Data Ltd. * Unit 4 « Kings Grove * Maidenhead, Berkshire
England SL6 4DP « Telephone No. 0628 29555/6 * Telex 847720
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tion, UPC, and 2 of 5; MAP

compatibility is assured;
available for VAX and Micro-
VAX; $8,995+.

D.L. Hiller and Assoc.,
14536 Island Dr., Sterling
Heights, MI 48078,
313-247-0394. Enter No. 425

46L MRP Module

Syman V. 2.3; the Ad-
vanced Manufacturing-MRP
module allows management
to plan material require-
ments based on production
orders, customer orders, and
forecasts, which can lead to
improved scheduling and
purchasing patterns and re-
duced inventory levels; key
function is MRP generation,
which anticipates when ma-
terial shortages will occur
and recommends orders to re-
plenish these shortages; iden-
tifies “overstocked” situa-
tions and specifies when a
planned order is unnecessary;
from $2,995 to $13,995, de-
pending on CPU.

MMS International, 2400
Corporate Exchange Dr., Ste.
200, Columbus, OH 43229,
614-895-0738. Enter No. 426

Data Output Devi
dla butput bevices

HP LaserJet
Emulation Laser Printer
Talaris 810; has 256
Kbytes of graphics memory;
includes all the HP LaserJet
Plus commands in the emula-
tion, the extra memory per-
mits the use of device drivers
that support the LaserJet
Plus high density output for
most applications; 12 fonts
available, including: Letter
Gothic 12 Pitch, Letter Goth-
ic 15, Prestige Elite 12, Couri-
er in 10 and 12 pitch, Orator
10 pitch, the DEC Technical
scientific/math fonts in 10
and 12 pitch, the VT-100 Line
Drawing fonts in 10 and 12
pitch, and a sans serif line
printer font in landscape ori-
entation; $3,450; is available
with a Centronics interface
for IBM PC users or an RS-
232 for VAX/VMS users.
Talaris Systems Inc., 6059
Cornerstone Ct. W., PO. Box



261580, San Diego, CA 92126.
619-587-0787. Enter No. 427

Raster Photoplotter
With 8-Mil-Line Output

RPG-1620 raster photo-
plotter; uses an LED array as
a light source; originally out-
put film with 10 mil line
width, now outputs with 8; ac-
commodates an 18 x 22-in.
film size as well as plots on
glass or paper at a resolution
of .001-in.; designed for CAD
system users and service bu-
reaus who want the advan-
tages of in-house photoplot-
ting; features include:
automatic plot placement,
automatic ground plane gen-
eration, with the ability to
generate negatives with
swells for solder masks, mil-
lions of built-in apertures,
and nonvolatile RAM car-
tridges used to store custom
aperture shapes, system pa-
rameters, etc.; $19,500; 60-90
days ARO.

Lavenir Technology Inc.,

1041 Shary Cir., Concord,
CA 94518-2407, 415-680-7400.
Enter No. 428

Dual Bin Capability

Available On LNO3

JetFeed II Dual Bin
Sheetfeeder; compatible with
DEC’s LN03 and LN03 Plus
Laser Printers; intelligent in
its paper monitoring system;
a paper out sensor is provided
in each bin; a paper path sta-
tus sensor is also included to
allow complete control of pa-
per condition and location;
there are two bins on the Jet-
Feed II, each holding up to
200 sheets of paper,

This provides a total ca-
pacity without refilling of up
to 400 sheets; the user may re-
fill an empty bin during this
endless feed mode without
halting operation; compatible
with VAX/VMS, DECMate,
and other DEC systems; pop-
ular software such as All-In-1
and WPS is compatible with
the sheetfeeder; $999.

Genesis Technology Inc.,
30963 San Benito Ct., Hay-
ward, CA 94544, 415-489-3700.

Enter No. 429

Data Communications

And Interconnects

9600 BPS Full-Duplex Modem

FASTCOMM FDX 9600; a
full-duplex asymmetrical
9600 bps dial-up modem,
based on the advanced modu-
lation and forward error cor-
rection techniques of CCITT
Recommendation V. 32; using

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

a Frequency-Division-Multi-
plexed (FDM) full-duplex
modulation technique, data is
automatically directed, based
on flow demand, to the high
speed 9600 bps channel; the
modem is available either as
an external unit or in an FDC
rack-mount; $1,195.
Fastcomm Data Corp.,
12347-E Sunrise Valley Dr.,
Reston, VA 22091.
703-620-3900. Enter No. 430

Graphics

Graphics Software
Supports Talaris Printers

SPSS Graphies; an inter-
active system for the creation
of presentation and business
graphics; supports Talaris
full-page, bit-map laser
printing systems; runs under

TSX-Plus™ = Value and Quality you can count on. *

““TSX-Plus is still the best performing and least
We run a 20 terminal system at less than the cost of a VMS license. Would you like me to compare the perfor-
mance of VMS vs. TSX-Plus? Sorry, | shall not make derogatory remarks.’

multi-user op

that your money can buy.

—Dan Kingsbury

any of the following products:

Utility Package A collection of over 70
programs for TSX-Plus and RT-11. (See
below )

TSX-Nel Allows transparent communication
between any combination of TSX-Plus and
RT-11 systems using serial, asynchronous
interconnections, such as the CL handler
under TSX-Plus. Using TSX-NET, utilities
such as PIP, DUP. DIR and user-written
programs may be used to access and
manipulate RT-11 structured files on remote
systems that are connected via dial-up or
dedicated RS-232 communication lines

DE Driver “Eagle” driver for using high speed
high capacity SMD, ESDI, RM-02 or RM-05
disk drives on RT-11 or TSX-Plus. Simple
table driven configuration makes it the easiest
to use driver of its type

® Full documentation

entire package'

For use with TSX-Plus only:

® Hardware configuration/testing programs
® One or two of these utilities is worth the price of the

When you buy a supported TSX-Plus license from us, receive $500 off of any of the following software
products. Or purchase an annual TSX-Plus support renewal and update from us, and receive $200 off of

DU-Plus Driver for concurrent, online access
to Gigabytes of MSCP disk

ARCHIVE Tape utility for saving and restoring
disk files and subdirectories in convenient
“save-sets" Include or exclude files by
wildcards or by date ranges. Far more
efficient tape utilization than COPY with PIP
or BACKUP with BUP. Back up your entire
system with a single command

MAIL For TSX-Plus Version 6.0 and later Full
screen, quickly learned, intuitive interface,
uses YOUR editor. Access the IN basket to
see received mail, or reference the OUT
basket to delete or modify a message which
was hastily sent. Contains commands to
send, modify, read, delete, undelete, answer.
forward, and print messages. Extensive on-line
help. Many other features. You'll like it

Why are we offering this $500 credit? Because we are certain that when you try our software, you will
like our unique solutions, and then you'll buy some of our other products, and you'll tell your friends!

* Utility Package for TSX-Plus

(You'll wonder how you ever got along without it!)

® Over 70 programs

® System management tools

® Security aids

® Program test & development tools

Here's a sample of what's included—

For use with either TSX+ and/or RT-11:

CTRLC* Control-C another user's program
when it hangs (instead of KILLing the job)

HANDMP* Write a snapshot copy of handler
memory to a disk file for later analysis

HANLOD* Load a fresh copy of handler (“fixes"
some hung device situations)

LDSHOW* Show another user's logical disk
subset (or subdirectory) mounts.

PDUMP* Dumps out memory of TSX+ or of
another user's running program

SETOP* Sets operator console (terminal that
OPERATOR messages go o)

SHOFIL* Lists all open files: filename, size.
date, for each running program with job
number and program name

SQSY* Squeeze system disk from non-operator
console terminal under TSX+

TSBOOT* Reliably boot RT-11™ from TSX+ (for
unsupported TSX+ devices)

TTPEEK** Most wanted utility! Displays what is
being output to another user's terminal
Invaluable for locating problems with dialup
users

XSEND* Extended SEND command, sends to
terminal whether or not logged on, time/date
stamps message.

USAS* Show another user's assignments

* A user must have sufficient privileges to use
this program.

CMPRES Data compression program mini-
mizes data transmission time or storage
space

COPBLK Generalized copy utility. Copies
blocks, or byte strings, optionally
concatenates at high speed

CRSEG* Adds a segment to a directory (use
with ?PIP-F-Device full)

CS Compute CRCs of files on a disk, or display
names of those files that have changed since
last run

DIRBAK* Create a backup copy of a disk
directory in case the directory becomes
corrupted. A "must” program

DIRDMP* Display directory in dump format
(Octal, ASCII)

DIRRST* Restore a disk directory from the
backup copy made by DIRBAK

DMPMAC Convert binary file (e.g
TRANSF SAV) to MACRO for down-loading to
a remote system

DSKCOM High speed disk compare

FIXDIR* Patches an invalid directory to ignore
bad segments

MTCOPY Copy between magnetic tape and
disk files. Duplicate arbitrarily formatted tape.

MTDUMP Dump a tape. Necessary tool for
tape analysis.

NCRYPT Encrypt or decrypt a file with user
specifiable encryption key.

SDIR Search through (possibly nested)
subdirectories without having to mount them

CT*0S Full featured word processing. Easy to

RTSORT Ultra-fast sort program for RT-11

COBOL-PLUS Cobol compiler for RT-11 and

DBL Dibol compiler for RT-11 and TSX-Plus

TTPORT Allows a printer connected to a
terminal’s printer port to be used by all users
as a printer (may even be spooled) without
interfering with concurrent use of the
terminal as a timesharing line. Thus allows a
single modem for both terminal and printer

DI Letter quality printer handler Has a built-in
single page printing option

use. Versatile
and TSX-Plus

TSX-Plus

SEARCH High speed search and optional
replace through wildcarded file(s) or devices

SET* Allows SET command of RT handlers
under TSX+ and vice-versa, also invaluable
for debugging SET routines in handlers.

SETSHO* Display device handler set option
values, and handler statistics, and SYSGEN
configurations

TRUNC Program to truncate a file to a smaller
size

UNDEL* Undeletes files selected by wildcards
Preserves original date. Works when CREATE
command fails

YT Type a file backwards (for looking at the end
of a file—where error messages are found)

ZFILE* Zeros a file/device/tape at high speed
(for security reasons)

For use with RT-11 only:

BD Use BD to recover files on a disk when
directory becomes un-readable (if DIRBAK
has been run)

DLTEST Show CSR/Vector/Speed of DL-11's
on system. Emit test pattern to a selected port

SR For debugging a program which traps to 4
or 10. Dumps registers, stack, and
instructions

TC Display trace of EMTs when a program is
run (decodes each EMT with directive name
and argument values)

TERMSW Switch console to DL-11 port (no
Multi Terminal Support required)

ZT Switch console to DZ-11 port (no Multi
Terminal Support required)

1=\
h D
c/

N-.. Networking Dynamics Corporation
1234 N. Edgemont St., Suite 214, Hollywood, CA 90029
(213) 668-0077 Telex: 311017 (NETWRK)

Dealer inquiries weicome.

RT-11, VMS and DIBOL are reg of Digital

Corporation TSX-Plus and COBOL-Plus are trademarks of S&8H Computers
DBL is a trademark of Digital Information Systems Corp
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oot P‘ﬁcx VAX/VMS

W

e 3T SITE MANAGEMENT

QI I%@ Regain control of your single VAX, VAX cluster or network.
Let our fully integrated, distributed management system streamline,

automate and simplify your operations.

ACT - Usage Accounting and Chargeback
SCHEDULE - Automated Job Initiator
PROJECT - Control and Accounting

ARCHIVE-2000 - File Manager
MEDIA - Tape/Disk Librarian ;4

Prices from $900, available for MicroVAX
through VAX 8800.

INTERNATIO
STRUCTURAL
ENGINEERS, INC.

P.O. Box 241740

Los Angeles, CA 90024-1740, USA
Telephone (213)837-8339

TXW 910-340-6449 (ISE LA)

TLX 322616 (ISE LA UW)

P i
MicroVAX, VAX/VMS trademarks of Digital Equipment Corp."
CARD

Network DEC to UNIX?
Ut Ufou Didl Kivow-- (Uil Kelp Ufou!
TCP/IP Nelwosking Safluote...

Did you know that most UNIX computers already support industry-standard TCP/IP
networking protocols? And that Process Software Corporation gives you TCP/IP net-
working solutions for more DEC operating systems than anybody?

For WU, ROX, RT-1 TAL, Aud TX-Pha...

Network to UNIX using just our TCP/IP software and your standard DEC Ethernet
hardware on the UNIBUS, Q-bus, VAXBI, or the new MicroVAX 2000. And run concur-
rently with DECnet, LAT, or LAVC.

Designed To Bongfit ..

Say goodbye to special hardware, messy installation, and unneeded layers of soft-
ware. Our TCP/IP products are modular, efficient, and designed for the operating
system they run on. You benefit from ease of use, simple installation and virtually
no maintenance.

For Sy Applicalio..

And we support the full range of popular TCP/IP applications, including FTP (File
Transfer), TELNET (Virtual Terminal), TCP, IP. and UDP programming interfaces,
and others.

You won't find a better lower-cost way to connect DEC to UNIX anywhere!

[WW? Call Process Software Corporation today.

N\ 413-549-6994

35 Montague Road * PO Box 746 » Amherst, Massachusetts 01004

DEC, IAS, RSX, RT-11, UNIBUS, VAX, and VMS are Digital Equipment Corporation tradgemarks. Unix is an AT&T
trademark. Ethernet is a Xerox Corporation trademark. TSX-Plus is a S&H Computers trademark

ENTER 696 ON READER CARD
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VAX/VMS, IBM CMS, IBM
MVS/TSO; Prime PRIMOS,
Honeywell GCOS, and Data
General AOS/VS; provides
more than 40 different chart
types for presentation graph-
ics; menus and forms quickly
guide the user through the
creative process and allow for
quick editing of graphic out-
put; offers software pro-
grams that are compatible
with SPSS Graphics and can
help users achieve the full
benefits of laser printer
technology.

SPSS Inc., 444 N. Michi-
gan Ave., Chicago, IL 60611.
312-329-2400. Enter No. 431

PCB Worksystem
VAXstation II/GPX

PCB WorkSystem; color
graphics capabilities of the
VAXstation II/GPX are well
suited to the demands of SMT
designs, and permit the print-
ed circuit board designer, us-
ing PCB WorkSystem soft-
ware, to design boards with
devices on top and bottom
surfaces; combining the pow-
erful new capabilities of the
PCB WorkSystem with Digi-
tal’s high end color worksta-
tion provides a complete CAD
solution to handle the com-
plexities of today’s surface
mount technology designs.

The PCB WorkSystem
software bundled with the
VAXstation II/GPX work-
station is priced below
$100,000 and is available now.

Tektronix, CAE Systems
Inc., 5302 Betsy Ross Dr.,
Santa Clara, CA 95054.
408-727-1234. Enter No. 432

Systems Software

New Version Of DBMS For VAX

InFoCen V. 7.1; a relation-
al DBMS and 4GL application
development system compat-
ible with DEC, DG, Honey-
well and other computer sys-
tems; introduces the new
capabilities of Report Writer,
resulting in painting func-
tionality and flexibility for
producing customized output;
now permits users to design



For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card

the report layout on their ter-
minal screen as they would
see it on the printed page;
also provides extensive com-
putational capabilities for
Macro functions and user-de-
fined calculations, such as
subtotals and grand totals;
introduces the new SEARCH
command that provides a way
to find a text string or a num-
ber of lines within variable-
length SCAN items; also al-
lows the user to locate a text
string based on its proximity
to specified words, lines, sen-
tences, or paragraphs.

For DG MV users who
have the WordPerfect Li-
brary installed on their sys-
tem, InFoCen is now Library
compatible through the new
SHELL command; users can
employ the new command to
move back and forth between
InFoCen and any compatible
WordPerfect programs; users
may also transfer data be-
tween the two systems; VAX
WordPerfect users will also
have this capability.

3CI Inc., 155 W. Harvard,
Fort Collins, CO 80525,
303-223-2722. Enter No. 433

Data Analysis Program

V. 1.1 of the PLOT data
analysis program for VAX
and MicroVAX running VMS
operating system and V. 1.03
of PLOT data analysis pro-
gram for PDP-11 computers
running the TSX+ operating
system; PLOT is an integrat-
ed data analysis program fea-
turing publication-quality
graphics output for scientific
and engineering applications;
a simple English/DCL-like
command language provides
an easy-to-use interface
while allowing the greatest
flexibility; commands can be
entered at any terminal; may
come from command files, or
the entire program can be run
as a batch job; variables and
functions can be defined by
the user and referred to in
standard algebraic form; up
to 100,000 pairs of datapoints
for VMS systems and 32,000
pairs for TSX+ systems may
be in memory at the same
time.

All commands are inter-

active and graphics output
commands result in immedi-
ate display of the data or text
without having to pass
through device filters; from
$2,500 on a MicroVAX to
$12,500 on an 8800; PDP-11
($1,000).

New Unit Inc., PO. Box
428, Ithaca, NY 14851-0428,
607-273-6181. Enter No. 434

Optical System
Software Utility For UMS

Optical System Software
(OSS); a software utility and
set of callable software rou-
tines that allow the VMS op-
erating system to communi-
cate with the Write Once
Read Many (WORM) optical
disk; is-a VMS utility and a
set of callable routines that
manage the optical disk file
structure; the write once disk
structure is similar to the
standard, VMS ODS-2 file
structure; the home block,
file-header, file names, file
name extensions, versions,
dates, and characteristics are
the same as those of any
ODS-2 device.

Additional features in-
clude virtual volume support,
triple redundant file headers,
optical disk initialization
command, copy command,
and file structure verifica-
tion; $2,000.

Scientific Micro Systems
Inc., 339 N. Bernardo Ave.,
Mountain View, CA 94043,
415-964-5700. Enter No. 435

Micro-Mainframe
Communications For Mac

Mac Connection for Mac-
intosh XL, Macintosh 512 and
512E, Macintosh Plus and
Macintosh SE users; with
Mac Connection, communica-
tions can occur between a
Macintosh and a host com-
puter; between two Macin-
toshes, and between a Macin-
tosh and an IBM PC or other
personal computer; informa-
tion can be transferred in
Macintosh format, in binary
format, or in text format; us-
ers can now connect to DEC,
IBM, Hewlett-Packard, and
UNIX host computers.

Users can migrate from

Now you can reboot remotely located DEC LSI-11
and MicroVAX systems automatically with the low-cost
QBMon-11™ from Sector. The QBMon-11 also monitors Q-Bus
activity, power, and temperature. All this for about half the
price of other monitors.

We're Sector, developers and manufacturers of boards
and software diagnostic tools—and specialists for the proc-
ess control industry. Call us at (206) 842-5612.

—SECTwR ——

7861 NE Day Rd. W, Ste. G, Bainbridge Island, WA 98110
(QB TECHNOLOGY PRODUCTS)

ENTER 698 ON READER CARD

DON'T BUY

A VAX SPREADSHEET

Without trying GRAPHIC QUTLOOK from
Stone Mountain Computing.

If you are looking for LOTUS-like capability on the

VAX, try GRAPHIC OUTLOOK. It's powerful. It's

useable. And it's affordable.

GRAPHIC OUTLOOK provides

+ A LOTUS command mode that makes it as easy
to operate as 1-2-3.

- Automatic transfer of worksheets to and from
1-2-3 (versions 1A and 2) and Symphony.

- High-quality business graphics on most popular
graphics terminals, plotters, and laser printers.

+ 2-user, 6-user licenses, a lease plan and right-to-
copy discounts for clustered VAXes.

- Probably more capability than you've ever seen in
a spreadsheet program.

Call about our demonstration package. GRAPHIC

OUTLOOK. Tomorrow's VAX spreadsheet program

that's available now.

Stone Mountain Computing
/\ P.O. Box 1369
Goleta, CA 93116

(805) 964-9101
VAX is a registered trademark of Digital Equipment Corporation
LOTUS and 1-2:3 are registeied trademarks of Lotus Develupment Corpuiatan
o
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—  MicroVAX II*
VAX*
PDP*

SYSTEM UPGRADES
AND INTEGRATION

@95 Control Data
D€ Emulex

Z National Semi  Trimm Industries

PRINTRONIX

@ MICAO-TEAM.INC.

DEC MicroVAX Il Q1-Q4
EMULEX/CDC/Fujitsu Available Call
DEC 11-84 11-83 11-73
Software Application Packages
SYSTEM UPGRADES VAX-PDP-MicroVAX

e Disk and Tape Subsystems

e Terminals e Memory

e Printers e Communications
CALL FOR LITERATURE

8229 E. WASHINGTON ST.
CHAGRIN FALLS, OHIO 44022
(216) 543-1411

1-800-HOT COMP
SALES REPRESENTATIVES WANTED
*DEC registered trademark of Digital Equipment Corp

ENTER 699 ON READER CARD

The Ups & Downs
of Maintenance #3

Every OEM and VAR knows that great
support service is great for the bottom
line. But the costs of a national service
network are, for many, too high.

At National Support Group we bring
costs in line. We are specialists in
integrated DEC and DEC compatible
system maintenance. We’ve been
saving VAR’s and OEM’s bottom line
dollars since 1980. It’s done with well
trained, experienced field and staff
service engineers, custom diagnostic
software, technical phone support,
logistic support , and a commitment to
keeping your users UP and costs
DOWN. We’d like to show you how. Call
us today at 713-496-4004.

NATIONAL SUPPORT GROUP
14925-A Memorial Drive « Houston, Texas 77079
Telephone: (713) 496-4004 for more information.

DEC is a trademark of Digital Equipment Corp

ENTER 675 ON READER CARD
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Macintosh to PC without hav-
ing to learn a new interface,
and corporate trainers only
need educate users on one in-
terface, regardless of the per-
sonal computer they use;
priced at $300.
* Linkware Corp., 128 Tech-
nology Ctr., Waltham,
MA 02154, 617-894-9330.
Enter No. 436

Data Analysis

Software For VAX

RS/1 V. 3.0; specifically
designed for the engineering,
scientific, and manufacturing
marketplace, includes new
features and efficiency im-
provements and provides
greater user-friendliness and
performance benefits; a com-
prehensive data manage-
ment, data analysis, and
graphies tool for scientific,
engineering, and -manufac-
turing professionals; the fully
integrated system includes
statistical, graphics, curve
fitting, modeling, and report
gathering capabilities; com-
plemented by a powerful,
built-in programming lan-
guage, RPL, for customized
applications; software fea-
tures the addition of two new
data types, vectors and ma-
trices, that speed execution of
certain RS/1 computations.

An improved dictionary
structure in V. 3.0 features
the same command forms for
all RS/1 object types; the
ability to archive all related
data objects in a single file,
and faster and easier access
to data objects; priced
$3,900-$79,000,

BBN Software Products
Corp., 10 Fawcett St., Cam-
bridge, MA 02238,
617-864-1780. Enter No. 437

Applications Software

Patient Management
System For MicroPDP-11

DENT-11 V. 4.1; account-
ing and patient management
system designed specifically
for the medium-to-large den-
tal practice or clinic; features
include: support for four in-
surance plans per patient,

full terminal support for
VT200, 100, and PCs; corre-
spondence with over 3000
form letters, speed mailers,
or post cards; automatic daily
backup of all data; flexible
and powerful report writer;
insurance forms printed im-
mediately for the patient; in-
terface for popular word pro-
cessors; virtual terminal and
file transfer packages for
communications with PC or
other computers; and reports
displayed on the users dis-
play, spooled to one of four
printers or held in a file for
later printing.

Developed for MicroPDP-
11 family and uses the fea-
tures of S&H Computer Sys-
tems Inc.’s TSX-Plus V.6
multiuser operating system
with process windowing and
Digital Information Systems
Corp.’s DBL V.4 language;
$26,000-$100,000+.

J.L. Computer Systems,
3401 Lancaster Ave., Wil-
mington, DE 19805,
302-998-8030. Enter No. 438

New Versions 0f
Four Libra Systems

V. 25 of the Libra Ac-
counting Systems: Order En-
try, Accounts Receivable, In-
ventory Control, and Billing;
can be run on VAX; Novell
networks with IBM’s Person-
al System/2, PC-AT, XT, and
compatibles; full File Conten-
tion Logic has been added;
multiple maintenance and
posting sessions can be in
process at the same time us-
ing the same database; this
File Sharing feature gives
large companies with large
data processing needs the
ability to run,the LIBRA Sys-
tems on a local area network
with maximum throughput
and integration/sharing of
data; another new feature is
the Spool File Utility; lets you
view the data stored in a
Spool File.

Other features include an
escape from reports option
that provides an easy means
of exiting from the process-
ing of a report, and transac-
tion data entry changes di-
rected at adding speed to the
program; $1,950-$3,900 de-
pending on configuration.



Libra, 1954 FEast 7000
South, Salt Lake City,
UT 84121-3094, 800-453-3827,
801-943-2084. Enter No. 439

Cost Estimation
Tool For VAX

Costar V. 1.21; an interac-
tive software cost estimation
tool; intended for software
managers who need reliable
estimates of a software proj-
ect’s duration, staffing, and
cost; runs on any VAX/VMS
system or IBM PC computer;
allows managers to make
preliminary estimates during
a project’s initial definition,
and then produce more accu-
rate forecasts as the project’s
definition is refined; it
performs trade-offs, sensi-
tivity analyses, and what-if
experiments.

The product also can com-
pare alternative project plans
side-by-side; these features
allow a manager to experi-
ment with different strate-
gies until the optimum proj-
ect plan is developed; VMS
($1,500); PC ($800).

Softstar Systems, 28 Pon-
emah Rd., Amherst,

NH 03031, 603-672-0987.
Enter No. 440

Online, Interactive
MRP I Software For VAX

PowerPlan Plus; a system
of 12 online, interactive man-
ufacturing/financial/plan-
ning modules for VAX mini-
computers; is designed to
enable companies with job
shop and repetitive produc-
tion operations to integrate
manufacturing and financial
computing functions; when
these combined computing
functions are integrated in a
realtime operational mode,
where the entire system is
updated constantly, the func-
tions become a valuable in-
formation source for capacity
and material requirements
planning; the 12 “PowerPlan
Plus” software modules are
material requirements plan-
ning, capacity planning, bill
of materials, inventory con-
trol, standard cost, shop floor
control, order entry, general

ledger, accounts payable, bill-
ing and accounts receivable,
purchase order, and payroll.
Designed to allow pur-
chasers to implement the en-
tire system at once or choose
modules to integrate key
functions first; complete in-
stallation, training, and
phone support are available.
CD Real-Time Systems
Inc., PO. Box 513, St. Charles,
11 60174, 312-377-2625.
Enter No. 441
e

Accounting Software
For VAX Minicomputers

RealWorld accounting
software; operates on Digital
minicomputers, including the
VAX and PDP models; offers
a comprehensive business so-
lution for clients large and
small; a large business user
can now take advantage of a
truly distributed software
environment by utilizing the
same accounting software on
both micros and minis; the

For additional product information, please write the appro-
priate reader service number on the Reader Inquiry Card.

small business user can start
off on a microcomputer and
ease into a larger computer
without the typical conver-

sion headaches; $300-$2,200.
Computer Systems Ser-
vices Inc., 5 E. 16th St., New
York, NY 10003, 212-242-5255.
Enter No. 442

Cables, Furniture,

And Miscellaneous

Connector With

Built-In Fault Detector
TRANSECTOR; a modu-
lar connector designed to pro-
vide all CRT terminals and
PCs with an inexpensive,
built-in transmission fault
detector; has light emitting
diodes (LEDs) on transmit
and receive lines, providing
instant visual detection of
communication problems.
The TRANSECTOR pro-
vides conversion from an RS-
232 connector to standard
RJ11 cable for quick connect/

disconnect and complete com-
patibility with IBM standard
network wiring require-
ments; $12.95.
Teltronix, PO. Box 6331,
Scottsdale, AZ 85258.
Enter No. 443

Transparency Film
For Laser Printers

Pro-Tech Laser Transpar-
ency Film; produces sharp,
smudge-resistant black im-
ages on a haze-free, clear film
for all types of business
graphiecs, including charts
and text; works equally well
in high speed or desktop laser
printers; it has been specially
treated to minimize static
build-up.

Heat stable polyester film
reduces the distortion associ-
ated with some of the high
temperature laser printers

James River Corp., Grove-
ton Division, Groveton,

NH 03582, 603-636-1154.
Enter No. 444

23685 Birtcher Drive, Lake Forest, CA 92630

Outside California:

1-800-255-2689 * 1-800-255-4310

ProMod Is...

The Complete
CASE Tool Set.

e Structured Analysis ® PDL Editor
¢ Real Time Structured Design Aid ¢ Ada Code Frame Generator
e Full Design Documentation ® Module Design Language

roMod. From requirements analysis to program code, ProMod gives you
the complete tool set for your software project.

Transformation logic ensures that consistency is carried forward from each
project phase to the next. Traceability options enable you to easily demon-
strate the connection of code modules to requirements, while automatically
generated documentation records current design information in each phase.

That’s why ProMod’s complete software lifecycle CASE modules are the best
choice for your software design.

For more information on why ProMod is the complete, automatic integrated
CASE system for your PC and VAX systems, call our toll-free numbers now.

In California:

ENTER 676 ON READER CARD
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BUY ¢ SELL ¢« TRADE

MINI MART

O/GRAPHZZO"‘

generates business and

additional hardware!

$795.  $1495.

presentation graphics on your
VT220 and compatibles without

+ Pie charts * Clustered + Also outputs to
+ Line graphs bar charts* file or printer
* Bar charts*  + Stacked % Hoytsontally
+ Histograms* bar charts* and Vertically
Micro-VAX VAX 8000
and VAX-1

CALL (408) 734-9511

WILLIAM A. PEDERSEN AND ASSOCIATES
1037 N. FAIR OAKS AVE. + SUNNYVALE, CA 94089

ENTER 640 ON READER CARD

MEADOWLARK

G ENTERPRISES
& 37 High Street
Danvers, MA 01923

We need to buy your excess
DEC equipment
now!

VAX & PDP-11

Turn your unwanted
computer equipment
into cash!

» Large inventory

v Immediate availability

+~ Super Prices
617-777-4666 co0=-

800-DEC-DLER
FAX# 617-777-8433
ENTER 643 ON READER CARD

120 HARDCOPY/October 1987

Your One-Stop Integrator
for
4.3 BSD UNIX, SUN NFS &
complete MicroVAX systems
*Network File System for
powerful intra - CPU
communications;
*4.3 for VAX - supporting
DEC / non - DEC peripherals;
* Aggressive pricing to meet
your budget.
To learn more about the Software
and Hardware Alternative to
DEC call:

EAKINS

67 EAST EVELYN AVE.
MT. VIEW, CA 34041
A'S|S/OIC| 1A TIE! Slinc

(415) 969-5109
ENTER 641 ON READER CARD
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ENTER 748 ON READER CARD
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ENTER 642 ON READER CARD

! BROOKVALE ASSOCIATES’
Quality Used
Systems Integration
You Can Depend On

unding Member (3OO Digit i
RENT « BUY » TRADE * SELL

Our 13th Year Serving the DEC* Comr

W. COAST: 800-252-6200 E. COAST: 800-645-1167
206-392-9878 516-273-71717

FAX: 206-391-2384 » TELEX: 49/3833 « FAX: 516-273-7648

ENTER 644 ON READER CARD



M R L COMPUTERS

POP 11/44 +
/HSR +

vs1

AL

(UFUMx4)=2

() World's fasfest 4mb. 11/44
(b) 3% peripheral capacﬂii
(©) up To 6émb transfer rate

(d) Optimized system 4

@ ALL OF THE ABOVE

THE PDP-11 SYSTEM ENHANCEMENT PACKAGE

This performance package consists
of Digital Data System’s amazing new
5ns UFUM (ULTRA FAST UNIBUS
MEMORY) and SETASI's USI/HSR
(UNIBUS SEGMENT ISOLATOR /HIGH
SPEED REPEATER). Your PDP-11/24,
11/34 and 11/44 systems now have
growth potential beyond all expectations.

The upgrade is simply “plug and
play”, while the associated costs are
only a fraction of replacing your current
system with a new one. No need to
retrainyour people, renovate your com-
puter room or rebuild your files. Now
you can add that second UDA50 you've
always needed, and still have room to
grow.

ENTER 645 ON READER CARD

NEW LOCATION
Call or Write

MRI_COMPUTERS

1520 N.W. 65th Ave. Ste. 2
F't. Lauderdale, FL 33313
(800) 9.9,?-‘6.%’

. . D ~ lod o d
in Florida (305) 587-7
USI HSR Is a trademark of SETAS

DEC, PDP, UNIBUS are trademarks of

UFUM is a trademark of Digital Data Systems



NEW EQUIPMENT

Imagine Buying New Equipment
at Used Prices!

CDC Drives

&
Subsystems DEQNA-M MS630-CA
SCall $1,995 $2,195

-_— -
- o
-
RA81-AA/AD s e w= = DELUA-M
$10,995 o— -
e ) e
Bl e

KIMBERLY ELECTRONICS

800-843-4009
In NJ 201-387-0872

140 Route 17 North
Suite 210
Paramus, NJ 07652

S nia

Subsystems

SCall

EMULEX QD 32
$1,650

RA60-AA
$12,395

LA75-CA
$625

MVII
COMPATIBLE

8MB Memory

$1,295

VT 220's

with Keyboard and DOC Kit

$599

# Warranty (#” Customer Service (#” Compatibility (#” Immediate Delivery
Call us for our latest prices on Digital, Fujitsu, Emulex, National Semi and ask for our new catalog.

Call Kimberly where what you imagine can become a reality!

*Prices subject to change. ENTER 646 ON READER CARD




NEW/USED EQUIPMENT

BUY - SELL « LEASE
DEC/COMPATIBLES
COMPLETE SYSTEMS /PERIPHERALS we nen‘
KAB30-AA NEW  § 9,800 FUJIM2444-AC TAPE
RAB1-AA NEW  $11,700 USED  $ 4.500
TU77-FB USED § 1.600 FUJI2333 NEW  § 5,100
H9652-HA USED  § 2,200 FUJI2351 NEW  § 7,800
H9642-CAUSED § 800 FUJI2351 USED § 5,400
RX02BA USED § 400 CIPHER920 USED § 1,200
RH750 USED § 500 SI9900 USED § 1,200
MS780-FD USED § 175 S19400-6048 USED § 500 .
MS630-BA UNUSED § 500 SC31 USED § 1.950 lShqrtterm rentals on systems and peripherals
DMF32 USED S 695 %%OSA%NACORP USTEng4 $ 800 m Purchase accruals
DD11-PK ;
i ngg Y o (TSHEQUAL)USED § 600 m Sales of new and used equipment
B1000 PRINTER $ 4,200 m DEC maintenance guaranteed

Call Those Who Offer More Than Just Price And Availabilty = Fixed price freight/installation packages

x‘ DIGITAL available

*CONSULTANTS Selli B i 1 ters for 18 Ye

ng an, asing Computers for ears
VAX n PDP i LSI (mi";;&“fj,,m A\ Equipment Corporation
2363 Teller Rd. #114 2377 Crenshaw Bivd., # 165 26319 |-45 North
Newbury Park, CA 91320 Torrance, CA 90501 The Woodlands, TX 77380
(805) 498-4577 (213) 212-7106 713-363-9126
ENTER 647 ON READER CARD ENTER 649 ON READER CARD

dildliltlali I o dlilaliltlall

"BOSTON BOARDS & SYSTEMS, INC.
‘ . New Location Larger Facility
t 55 Rear Main Street, Kingston, MA 02364 I
l il | L‘ | Make One More Call: Ask For Sales!! l lL‘
‘ l/:’)oston Boards (617) 747- 6222 Rux\ton Bo: 1rds
| & Our Guarantee Is Our Reputation &
‘ Systems PRICE Systems
‘ DRIVES!! DEC SYSTEMS!!
| RA60 TU77 REDUCTION!!! 11/03 11/70
T " 11/23 11/730
222? ngg READY TO SHIP!! 11/73 11/;50
RD53 TK50 COMMUNICATIONS!! 11/24 11/780
11/44 11/785
| CLUSTER!! DHUTT  DMF32 11/84 MicroVAX I
HSC50-AA HSC5XCA MEMORY!!
SCO(;SB-AC Cl1750 DMC11 bz PDP/VAX
HSC5XBA  CI780 KENNEDY T MicroVAX
WE ALSO BUY NEW & USED x T %
EXCESS *DEC INVENTORY EMC b" gg%t =N

TELEX #928067 Antn pmducl. Inc.
Gﬂnan FAX# (()17) 747- (,255 Dlgltal isa reglstered trademark of Digital Equipment Corporation DATA M 'ngnua

ENTER 648 ON READER CARD




_\EW/USED EQUIPMENT

DEC* DEPOT REPAIRS

ey

ELECTRONIC
SERVICE
SPECIALISTS

ENTER 650 ON READER CARD

PDP PRINTERS

8A,E,F, M LA12
FALCON LA34

LSI 11 LA36

11/02 LA38

11/03 LAS50

11/04 LA100

11/05 LA120

11/23, 23+ LA180

11/24 LA210

e LQPO3

10 LS120

11/73

11/84 TERMINALS
PC100 VTS50

PRO350 VTS2

Y—A—x vT100
vT101
vT102
vT103

11/725
11/730
11/750
11/780 VvT125
11/785 VvT131
8600 vVT220
8650 vVT240
MICROVAX 1, 11 vT241
vS160 VR201

COMM. VR241

C1750, C1780 VR260

DECSA MEMORIES &
DELNI

DELUA INTERFACES
DEQNA e ABLE

DEUNA e DEC*
DH11 e DATARAM
DHU11 e MDB

DHV11 ® MONOLITHIC
DMC11 ® MOSTEK
DMF32 e NATIONAL
DMR11 ® PLESSEY
DMV11 e SIGMA
DMZ32 ® STANDARD
DSRVA e ETC.

DSRVB

DZz32 1BM
DZQ11 PC

DZVi1 PC-XT

HSC50, 70 PC-AT

DRIVES & CONTROLLERS

RABS0 UDAS50-A
RAB1 KDASO0

RC25 RQC25, RUC25
RDS51 RQDX1

RD52 RQDX2

RDS53, RD54 RQDX3

RKOS, RKO7 RK11-D, RK611, RH11
RLO1 RLV11

RLO2, RPO7 RLV12, RL11
RXO1 RX11, RXV1i1
RX02 RX211, RXV21
RX50 RQDXX

TE16, TU16 TMO02, TMO3

- TK25 TQK25, TUK25

TK50 TQK50, TUKS0
TS05, TS11

TUS8 TU58XB, TUS58XC
TU77, TU78 TA78, TM78
TUB80, TUuSB1

CALL FOR A COMPLETE LISTING
* 120 DAY WARRANTY
* 5 DAY TURN-AROUND
* 24 HOUR EMERGENCY REPAIR
* SWAP/EXCHANGE PROGRAM

PHONE: 414-255-4634

FAX: 414-255-5418

TELEX: 260183
ESS LTD MEFS

BUYING/SELLING/
LEASING EQUIPMENT

ESS, N92W14612 ANTHONY AVE.
MENOMONEE FALLS, WI 53051

‘Registered Trademark of Digital Equipment Corporation
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ENTER 652 ON READER CARD
Runs on IBM PC, XT, AT, PS/2 and Compatibles

t; IBM PC, XT — IBM Corp; Hercules — Hercules €

0 — Digital Equipmen

omputer Technology, Tektronis — Tektronics Inc

COMPUTERS & PERIPHERALS
IN STOCK PROMPT DELIVERY

NEW & USED

puy 020080 gy

SYSTEMS « MODULES
PERIPHERALS
VAX » Q-BUS
UNIBUS

COMPETITVE PRICING — CALL TODAY

617-547-4005 - 800-892-9230

FAx (617) 354-1417 teLex 374-8460

LET US QUOTE YOU
ON ALL OF YOUR DEC NEEDS OO

ELI HEFFRON
& Sons inc.

139 HAMPSHIRE ST., CAMBRIDGE,
MASSACHUSETTS 02139 U.S.A.

ENTER 653 ON READER CARD

DIGITAL
DEALERS
ASSOCIATION

California Boards—A Reliable Source
For Buying Anad Selling DEC Equijpment.

DEC-

California Boards is one of
the largest distributors of new and
refurbished secondary and after-
market equipment—our customers
rely on our huge inventory of
options, upgrades, terminals,
modems, modules, spare kits and
oiner hardware. ~ ¢

California Boards is one of
the nation’s largest buyers of used
systems and peripherals—our
customers rely on us to buy the
hardware they've outgrown.

 California Boards has one of

the nation’s largest and most
comprehensive test facilities—our
customers rely on the fact that |
our entire inventory of unused
and used/refurbished hardware is
tested and certified operational on
our own test beds.

California Boards customers
rely on our educated staff for
all their computer needs including
depot printer repair, leasing,
financing and maintenance.

California Boards is prompt—
our customers rely on our quick
response. Whatever the need.

SYSTEMS

AND PERIPHERALS

For more information, call ore PURCHASE
write: California Boards e SALES
4030 Spencer Street o INSTALLATION
(Brprce, Saoa®® o DE-INSTALLATION
Fax (213) 542-4294 ¢ MAINTENANCE
Telex 6502240619 e PRINTER DEPOT REPAIR
WE DO IT ALL

California
Boards

oA
DEALERS
ASSOCIATION

ENTER 651 ON READER CARD
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NEW/USED EQUIPMENT

MRI covees |y o0k 0
NEW e USED j
DEC COMPUTER HARDWARE OICNERS o
SYSTEMS e CPU'S . ‘ ns50¢!
DISK @ TAPE @ TERMINALS
PRINTERS @ MEMORY @ PARTS
DEC COMPATIBLE EQUIPMENT / 9
GREAT PRICES SUPER VALUE! % oroe indt o
WARRANTED ELIGIBLE s your \nS%Us\nGS,S \»@\2
FOR DEC MAINTENANCE ot deal® i ice.
epd ar
NEED BETTER UNIBUS v DEC lers
PERFORMANCE? The DI9 S0 (3dd) ¥ ade
CALL US ABOUT USI/HSR ASOC i 1982 O ote
As featured in the Sept. '86 and Feb. ‘87 issues of Hardcopy. io“;(ch\o“ n \\ o i 1ne
USIHSR ACCEPTED FOR DEC MAINTENANCE em\co\d% >, horowd"
7310 W. McNab Rd. Ste. 209 i e SOCIATION
Ft. Lauderdale, FL. 33319 e cor MOre marke R LERS.ASS‘
305-972-5500 ENTER 655 ON READER CARD i ﬂfO"mOt\on333 DIGITAL 107 S main >+
@3A 3) Al 58 guite 203 M 484 A
ENTER 656 ON READER CARD CNE%%
DISK DRIVES MEMORY CONTROLLERS
Digital Equipment Corporation Digital Equipment Corporation Digital Equipment Corporation
RA81AA new and used MS630BB  used UDA50 used
RA81EA new and used MS780DA  used Emulex
RPO7AA used MS820AA  unused SC21 used
Fujitsu CALL FOR DEC-COMPATIBLES SC41 used
M2312 new National Semiconductor and SC70 used
M2322 new and used Clearpoint SC7000 new and unused
M2333 new and used uUD33 new
M2351 new and used
M2361 new and used VIDEO TERMINALS
Digital Equipment Corporation
TAPE DRIVES VT100 used COMMUNICATIONS
Digital Equipment Corporation VT220 used Prentice Modems
TU77 used CALL FOR DEC-COMPATIBLES P-2424-SA  new
TU80 used Esprit and Wyse
WE LEASE WHAT WE SELL. WE PAY CA$H FOR YOUR NEW AND USED SURPLUS DEC EQUIPMENT — CALL FOR AN ESTIMATE.
ALL USED EQUIPMENT IS GUARANTEED TO BE ELIGIBLE FOR A STANDARD MANUFACTURERS MAINTENANCE CONTRACT.
DATALEASE'" 1061 So. Melrose, Placentia, CA 92670 OOOG
(71 4) 632'6986 riggc)cgurinon
ENTER 654 ON READER CARD
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DEC x BEST
DEALS
VAX e UNIBUS « Q-BUS

BUYING e LEASING * SELLING
CALL 305-771-7600

To DEC Users
Subscription to “DEC-BEST DEALS"”

Wlshmg for a One-Plece Spreadsheet" our quarterly catalog packed with
| hundreds of great values on DEC
ZTEC _PSIDE prints spreadsheets s;deways. i iet T sal) oo o fuil
e Prints rows up to 2,000 characters wide. systems, Q-BUS through VAX.
* Prints sideways to virtually any dot matrix Call today for your copy--or mark
printer. _ ; ) " your business card "BEST DEALS"
e Provides a multitude of fonts in varied heights and mail today.
and widths. )

Sl ENTER 658 ON READER CARD

dataware|:. ;e o s

And you don’t have to wish about the price!
PSIDE PRICES: RT-11, TSX, POS, $200; RSX AND RSTS, $250; VMS (on floppy) $300
distributed by:

*DEC, PDP-11, VAX, RT-11
POS, RSX, RSTS, VMS are (800) 328'0254 e L 1 C
o (612) 566-8814 IHCOTDOVQTGU Telephone 305/771-7600
:2:: Tgcssﬂ Computer Sys- 7040 Lakeland Ave. No., #116

NODE | AT Maneagslis MN 35423 Dealers in computer equipment since 1974.
ENTER 657 ON READER CARD

KIMBERLY'’S SUMMER DISK AND
DIGITAL l:()lllPMl:NT l)ISI\ ( ()NTR()I TA CORP. (C C)
RAB0-AA 205 MB REMOVABLE DISK DRIVE $ 12,395 XMD
RARI-AA.AD 456 MB DISK DRIVE 120/ 240 VOLT 10,995 9772-850 MB 14 INCH DISK DRIVE $ 9.395
: 9772-1.3 GB 14 INCH DISK DRIVE 11,595
FUJITSU DISK DRIVES
. o il Sl FSD
M2333K 8 INCH 327 MB WINCHESTER $ 3,900 9715-300 MB 9 INCH FIXED STORAGE DISK 5.395
M2344K R INCH 690 MB WINCHESTER W/FAN 7.695 9715-340 MB 9 INCH FIXED STORAGE DISK 6,395
M2351A 10.5 INCH 474 MB WINCHESTER 7.595 Y715-515 MB 9 INCH FIXED STORAGE DISK 6.995
M2361A REV E 10.5 INCH 689 MB WINCHESTER 8.495
EMD
9720-36% MB 8 INCH MODULE DRIVE 3,995
T R 9720-500 MB 8 INCH MODULE DRIVE 4,595
F880 MICROSTREAMER 1/2 INCH TAPE DRIVE 1600 BPI  $ 2,795 9720-736 MB &8 INCH MODULE DRIVE 5,495
M&8Y0 CACHE TAPE 1/2 INCH TAPE DRIVE 1600 BPI 3 !
M#Y1 CACHE TAPE 1/2 INCH TAPE DRIVE 1600 BPI 3,695 RSD
MY90  GCR 172 INCH TAPE DRIVE 1600/3200/6250 BPI 6.195 9710-80 9 INCH 80 MB REMOVABLE STORAGE DISK 4,895
DUAL DENSITY OPTION FOR F880, M8Y0, AND M891 450 WREN Il and 111 5-1/4 INCH FULL HEIGHT DISK DRIVES
94155-48 MB $ 795  94166-101 MB $ 1,295
SUBSYSTEMS FOR THE ABOVE DISK AND TAPE PRODUCTS 94155-67 MB 895  94166-141 MB 1,395
ARE ALSO AVAILABLE AT SUPER LOW PRICES. 94155-85 MB 950 94166-182 MB 1,495
140 Route 17 North \um‘ ’]() ® Pdrdmus NJ ()m’i’ e 8()()- 84% 1()()9 ° In l 201-387-0872

ENTER
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NEW/USED EQUIPMENT
DEC FALL FESTIVALS

-Cash Paid Now

—WANTED—

RA 81 Disk Drives
8000 Series Systems
Microvax Il Systems

— New or Used —

DATALEASE

(714) 632-6986

ENTER 660 ON READER CARD

DEC EQUIPMENT
* Immediate Delivery

* Fully Guaranteed % Lowest Prices

ESS COMPUTER
123 E. MAIN
WEST FARGO, ND /58078

701-282-8380 (O

NEW for PRO 300

* NEW AFFORDABLE MEMORY
BOARDS for PRO 350 7 380

= DISK DRIVES - BIG & FAST
for P/0S Y2 and V3

* RAM-DISK SOFTWARE for

Micro/RSX, 11M(+) & P/0S
Call (415) 420-9579
Proto Systems
EXCHANGE INC 1238 Josephine St
CALL-415) 8873100 Berkeley, CA 94703

FAX (415) 887-5500 TLX 709536 RSX, P/0S & PRO are trademarks
of Digital Equipment Corporation

COMPUTER

To tap the lucrative DEC mar- vices/repairs,  selling/trading
ket effectively and economi- equipment, help wanted or pos-
cally, start with a Hardcopy itions wanted. Place your class-
classified. Hardcopy Class- ified ad today.

ifieds are an economical way

to advertise equipment ser- Call 714-680-0811
128 HARDCOPY/October 1987

BATEAR « 2vvime 35 viv bathisise
H7140-AA Power Supply
H740D Power Supply .
H744 Power Supply. . .
H745 Power Supply. . .
Infotron 480-4 MUX . ... ...
BABBCE «.0.voor s vt sinimiin o

Tektronix 4631 Copier
VT52-AA

DISKS
RB730 Controller M8388
RKOSK-DC . s .. coeimion
RKOGK-DC. . .. 1 oonwsnn
RL11 Controller Module
RLV11 Controller
RX01-BA ......

RXV21 Controller . ...

CPU BOARDS
VNS KUDYYF .o ioine ol un i

11/24 KDF11-UA .. .......
11/34A CPU Set KD11-EA . .
F1007 .
F1008 ..
F1009 . ...

11/23+ CPU Board KDF11-B . ...

MEMORIES
MF20-M ............0ovenen . Y0205 e omsrstsvs o2 daias o6 53,900
MS11-KE .. . . VAX 11/785 Modules ... .... call
MS11-LD. .. VAX 730 CPUKit. . ... $4,400
MS11-MB . . VAX 8600 Modules . ........... CALL
MS86-BA .. VAX 8800 Modules ............ CALL
MS630-AA
MS630-BA OPTION
MS630-BB ... .......$59,000
MS780-FD ... ...$1,500
MS780-DA . .. ADVIV-A, o i ini s
MSV11-DC . .. 4A-FP785-AA
MSV11-DD 4A-KABE5-AA ...
MSV11-PK .. 4AK86-AA ... ..
MSV11-PL ...
MXV11-AC
PDP 11/05 Mem . $185

cPU'S

POPAALZAAC occ 1o vio ravinnis s $5,500
PDP 11/34A-¥YX ........... .$2,900
POTASABOSCE . .15 ¥ vl mdtiosss $975

KU 780WCS....
L0002 11/750 CPU Board. .
L0003 11/750 CPU Board. .
L0004 Unibus Interface. . . .
L0005 11/750 CPU Board. .
L0006 Diagnostic Module . .

L0007 Massbus Adaptor, RH750 . . . . .. $1,200
L0011 750 Controller . .. ... %475
... 8230 EOTO0 o-cooiv it oo $3,600

..$26,000 LO107YA ..
..$14,200 L0109 ..
$16.250 L0224 ..

KA820 AA $15,000 L0230 .. $28,000
KDTIMA oo i s s s $190 LORBY < oxans ...$26,000
KMETER oo o s sesasnibassis $2.200 ;PM‘-; ::‘;;:::::QAGQ}' . A ::g(s)
B+ T U S b
RABE R 2 vk bl b i ek 68 SN $2,100
G E 119 The Great Road m o
Bedford, MA 01730 oeaiers
INCORPORATED rasae
(617) 275-6800 Immediate Delivery
L A. Branch 800-331-6140

InL A. (504) 641-6140 ENTER 661 ON READER CARD

)
«
Q

« b o
s ULTITRONICS JNC.

VAX COMPUT

ON 90% OF ALL
DEC ITEMS!

340 Manley Street
W. Bridgewater, MA 021
TELEX 517030

“THE FIRST NAME IN SECOND SOURCE "~

BUYS — SELLS — LEASES
NEW & USED DEC® EQUIPMENT

ER SYSTEMS, PERIPHERALS

DISK & TAPE DRIVES, MEMORY

MICRO VAX I

IMMEDIATE DELIVERY ™ SAVE UP TO
dliigli}al| ISt
MFG'S LIST PRICE

MULTITRONICS INC. Call Today For a Quote

WITHIN MA (617)584-2800
79 OUTSIDE MA £(800) BUY-A-VAX

FAX MACHINE #617-584-8172

Registered tracemarks of Digital Equipment Corporation




NEW/USED EQUIPMENT

This publication
is available

in microform
from University
Microfilms
International.

Call toll-free 800-521-3044. In Michigan,

300 North Zeeb Road, Ann Arbor, MI 48106.

Alaska and Hawaii call collect 313-761-4700.
mail inquiry to: University Microfilms International,

Or

__RECRUTHNT

I
L. . e

(SYSTEMS
ANALYSTS

Challenge Your Every Skill
With Simmonds Precision
In Vermont!

Vax environment.

ship is required.

Simmonds
Precusmn@

Where Technology Takes Flight

Simmonds Precision Instrument Systems Division, a technical
leader in the design, development and manufacture of highly
sophisticated electronic avionic performance and instrumentation
systems, has immediate needs for Systems Analysts.

Responsibilities will include the support of Engineering in the
maintenance and trouble-shooting of DEC equipment; including
supporting sysgens of RSX-11M + operating system, applications
installations, system backups and user support. Requirements in-
clude an in-depth knowledge of RSX-11M+ operating system and
its application as well as 3-5 years of engineering experience in a

Our location near the beautiful Green Mountains of Vermont will
offer you some of the best recreational and cultural activities found
in the Northeast and easy access to Burlington International Air-
port, Boston and Montreal. Compensation is highly competitive and
the benefits are excellent including 401K savings plan and liberal
relocation allowance. For prompt and confidential consideration,
please send resume and salary history to: Gary Van Arsdale,
Human Resources Department, Simmonds Precision Instru-
ment Systems Division, Panton Road, Vergennes, Vermont
05491. Affirmative action/Equal opportunity employer. U.S. citizen-

)~

—-DEC-

NEW & USED
BUY—SELL—EXCHANGE

PDP11 & VAX
& COMPATIBLES

SYSTEMS ¢ PROCESSORS
MEMORY e PERIPHERALS
OPTIONS e MODULES

LAKEWOOD
COMPUTER CORP.
436 LINK LANE
FORT COLLINS, CO. 80524
(303) 493-64086
FAX # (303) 493-6409

BUY e SELL
RENT @ LEASE
We Still Support
DECMATES &

RAINBOWS
Systems & Upgrades

L Ll
item, Inc.
5510 Cherokee Ave. #320
Alexandria, VA 22312
800-367-4836 or 703-941-1860

M

ENTER 694 ON READER CARD

Whether you have products
to buy, sell or trade... You're
looking for a job, or someone
to add to your staff...

You're establishing a new
company or product...

Hardcopy magazine offers
three effective, economical
ways to help you reach
the heart of the DEC
market, and get the results
you want.
1. Buy e Sell

® Trade Mini-Mart
2. Display Classified
3. Straight Classified

Call today 714-680-0811.

30-DAY WARRANTY

OVERNIGHT DELIVERY

LA-34 (DECWRITER IV) SPARES
LOGIC BOARD............oo..comives: (54-13374)
SERVO MOTOR... ...(70-15737)
PYWRSHPRLY oot coisonsoni g (H7834)
PRINT HEAD......... ...(70-15734)
STEPPER MOTOR .. (12-15558)
KEYBOARD ASSY ............... (70-15514)

LA-35/36(DECWRITER 11)SPARES

LOGICBOARD ..ivinvivsi rssiansisins M7722)

SERVO MOTOR... (70-09691)
PWR BOARD. .. ...(54-10805)
PRINT HEAD ....... ...(70-09883)
STEPPER MOTOR .... .. (12-11563)
KEYBOARD ASSY ..oocoovviviviiiiiacn, (LK02)
LA-120 (DECWRITER 111) SPARES
LOGIC &PWR .......c.vaiiniseisasivens (M7081)
SERVO MOTOR... ...(70-15388)
PWR SUPPLY ...... ) (H7110/H7150)
PRINT HEAD........ ...(70-15085)
STEPPER MOTOR ... ...(70-15389)
KEYBOARD ASSY ..o (70-15763)
LA-180 (DECWRITER 1) SPARES
LOGIC BOARD......cc00.00m0n (54-11023)
SERVO MOTOR... ...(70-10092)
PWR BOARD....... ...(54-11021)
STEPPER MOTOR ..........rsunvinces (12-11563)
LQPO1 PRINTER SPARE
TRANSDUCER. ... (29-22466)
LOGIC 1..... ....(29-22487)
LOGIC 2.... ....(29-22488)
SERVO PCB..... ....(29-22489)

CARRAGE PCB.... ....(29-22490)
PNT-WHEEL PCB. ....(29-22491)
PWR SUPPLY..c il v ovsshs ors s (30-13094)

INTERFACE .
HIGH SP I/F
KEYBOARD ..... (30-10166)
PWRSUPPLY .r. oo iviisssimseriunssmsscitos (H733)
VT50 (DECSCOPE 1) SPARES
ROM UART

DATA PATHS.. (54-10906)

PWR SUPPLY (54-10886)

KEYBOARD ... ... (54-10906)
PARES

.............................. (54-11743)

DATA PATHS.. ....(54-11745)
PWR SUPPLY... ....(54-10886)
KEYBOARD ... oiivuss cizmisoons svasns (54-11170)
VT78 TERMINAL SPARES
MONITOR BD.......ccooccuvun (54-11444)
CMOS-8 LOGIC.. ... (54-12660)
MEMORY ........ .. (54-12691)
DIST.PANEL ....(54-12861)
PWR SUPPL (H7832)
VT100 TERMINAL SPARES
BASIC VIDEO (54-13009)
MONITOR BD (70-17362)
PWR SUPPLY.. ... (H7831)

KEYBOARD (70-15765)
No payments due for 10-DAYS to
give you time to install and test
our ‘spares. Telephone orders
accepted. (We also DROP-SHIP
directly to your customers under
your name’if needed.) Same day
shipping on most items. No extra
charge to expedite orders. Many
more spares and options are listed
in our new 1986 OD-paﬁe catalog.

CALL TODAY!

1-(800)443-6400

(In Texas Call: (214)278-4031)
FEDERATED CONSULTANTS
2306 COUNTRY VALLEY
GARLAND, TX 75041
T TR e B O S A ST

ENTER 662 ON READER CARD
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The Smart
Buyer's
Guide

to Quality
Disk
Drives

FUJITSU disk drives are
known for their high quality &
performance. DEX offers a
complete family of disk drives
and sub-systems, from 5 1/4 inch
to 14 inch, with capacities
ranging from 84 megabytes to
2.5 gigabytes. DEX sub-systems
provide systems throughput
speeds among the fastest
available today.

DEX has been an author-
ized FUJITSU distributor and
repair depot for many years. We

are now expanding nationwide.
We offer the best drives and il
systems know-how to ensure a Moyen | e | 680 | a7a |60 | 337 [ 1e8 | 30 | 171 [ e
smooth and trouble free instal- AT
lation backed by our Fast & Easy SEEK 18 18 18 16 20 | 20 18 25 25
Warranty Service™. it

CALLNOW! Find out how you el
can super-charge your existing (Foyeess) fia2288 2458 | 1860 | 2458 | 2458 | 12290 | 1250 | 1250 625
Z;Z?r :;dlzz(i-:illivgﬁ;io;fygs;l INTERFACE PTD MSMD || HSMD | HSMD HSMD SMD ESDI ESDI ST506
sub-system before December RECORDING | "IV ] me [ e | re | e [mem | e | me [ wem
31, 1987 you will be entitled to a
free disc player...with our “Harhigh
compliments!

For the DEX nearest you call

714 632-1841 ﬁ_EX

Ask for Leanne. P.O. Box 6086 C » Anaheim, CA. 92806 ¢ (714) 632-1841

ENTER 711 ON READER CARD



Excelan Networking Series

DEC Users

Connect Your VAX,
MicroVAX, or PDP/11
to Ethernet with TCP/IP

i A
i:H!}UIIHINIIIIIIIHINIHHHIII AR

‘1m||u||mmlmmuuunwm ;&M

m|uml|||||mmmmmmum

= Complete solution for VMS,
MicroVMS, RSX 11M and RSX 11M +

= Applications: Mail (SMTP), FTR TELNET for VMS
and MicroVMS—-FTP TELNET for RSX 11M
and RSX 11M +

= Hardware: On board TCP/IP and TELNET Server
with 512K RAM

= Development library: A QIO programming interface
= 1 year warranty on hardware

= Field proven, hundreds of DEC customers

= Unbeatable price performance

For all the details to suit your individual needs,
Call 800-EXCELAN or 800-521-3526 in Calif.

EXCELAN ENTER 729 ON READER CARD

2180 Fortune Drive, San Jose, California 95131 Fax 408-434-2310 Telex 176610
Weir Bank, Bray on Thames, Berkshire, SL62ED England, U.K. (0628)34281



HOW TO HAVE UP TO 2.76 GIGABYTES OF
STORAGE IN YOUR MICROVAX 11 WITH
ROOM TO SPARE!!!!

A DATALEASE SYSTEM
IS THE ANSWER

Now you can have a MicroaVAX Il system in your office in a file
cabinet size configuration with more capability and capacity
than offered by DEC and at a much, much lower price.

Rent, lease or purchase — the Datalease MicroVAX Il
system will fit your need as well as your budget!

BASIC SYSTEM EXPANSION CAPABILITIES

e MicroVAX Il CPU, 8 MB RAM e up to 17 MB RAM

o FLOATING POINT e 2. /6 GIGABYTEDISK SUBSYSTEM
e TK50 95 MB CARTRIDGE TAPE e STREAMING TAPE UNIT

e RD53 71 MB SYSTEM DISK ® up to 64 USERS

e 1.38 GIGABYTE DISK SUBSYSTEM e REMOTE COMMUNICATIONS

e INTERFACE FOR 8 USERS e ETHERNET COMMUNICATIONS

- °

MicroVMS 1-8 USERS DECNET COMMUNICATIONS

///\ ™
(DATALEASE
v

Datalease Systems & Financial

714-632-6986
1061 S. Melrose
Placentia, CA 92670

VAX and PDP-11 are trademarks of Digital Equipment Corp.
ENTER 730 ON READER CARD



Excelan Networking Series

PC, XT, AT and RT Users

Connect Your PCs
to Ethernet

with TCP/IP

AIX
TCRIP

B ———

= Complete LAN solution
for DOS, XENIX and AIX

= NETBIOS for PC networking:
IBM PC LAN and Novell compatible

= DOS network applications: FTP, Telnet, VI-100
and VT-52 emulations

= XENIX and AIX network applications: FTP
Telnet, R-Utilities and Mail

= A programming library for developers

= Intelligent hardware: On-board TCP/IP

= Connect to UNIX machines, VAXes and PDP-11s
= Unbeatable price performance

For all the details to suit your individual needs,
Call 800-EXCELAN or 800-521-3526 in Callf.

EXCELAN ENTER 731 ON READER CARD

2180 Fortune Drive, San Jose, California 95131 Fax 408-434-2310 Telex 176610
Weir Bank, Bray on Thames, Berkshire, SL62ED England, U.K. (0628)34281

UNIX is a trademark of AT&T Bell Labs
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CMD -4 SCSI HOST ADAPTER

Formatted
capacity:
20 MB
40 MB

100 MB

ol

m 18-Bit or 22-Bit Q-Bus, MSCP
Compatible

Formatted Capacity

20 to 140 MB

1 to 1 Sector Interleave

Block Mode DMA

ECC

16 KB Sector Buffer

On-board Utility

The CMD Technology CQD-100is acost-effective disk
subsystem that consists of an on-board 32 inch
Winchesterdrive and an MSCP compatible controller.

The CMD’s CQD-200 SCSI host
adapter is the best solution to
bridging DEC MSCP protocol
and SCSI optical, magnetic
disk and tape products.

Features include:

® Single dual-wide board

® 18- or 22-bit Q-Bus MSCP compatible
Block mode DMA

® 16 KB sector buffer

Command queueing and seek optimization
Support up to 7 SCSI devices

SCSI bus transfer rate up to 2 MB/sec
Support disconnect/reconnect capability
On-board utility to format, qualify drives
Drive configuration is stored in on-board
non-volatile RAM (NOVRAM)

Dynamic defect management

Offer an upgrade path to SCSI optical disk
and magnetic tape products

Very cost effective

Available now

For more information or to order call:

1-800-4-CMD-TEC
(1-800-426-3832)

- \ - In California call: (714) 549-4422

——

ot 7 L ey SREAN e

= == ETECHNOLOG —F"i——=
INC.

3851 South Main Street
Santa Ana, California 92707
(714) 549-4422 « FAX: (714) 549-4468

® Easy to Install
any 10 g4 ENTER 685 ON READER CARD

m Plugs Directly into the Q-Bus
Backplane of LSI-11 or
MicroVAX I

® Requires 1 Quad-wide Slot and
3 Dual-wide Slots

m Connector for External Drives

m Competitive Prices

* Dealers Inquiries Welcome

* MSCP, Q-Bus, Micro/PDP-11, LSI-11, MicroVAX Il are trademarks of
Digital Equipment Corporation




COMPLETE*

Removable
Disk Subsystems

€< BOX

FOR ALL COMPUTERS
QUALITY, RELIABILITY, SECURITY.
LIST $2,495, QUANTITY $1,250.
COVMPLETE SUBSYSTEMS '
Control Interface Capacity Complete Second
Drive Board Type Formatted Price Drive Price
MIC. 1323 SRODITB  (ST506) 34MB _ $3,995 S 995
MIC. 1335 SRODIIB  (ST506) 71MB _ $4,500  $1.400
MIC. 1355 DO696 (ESDI) 155MB__ $5,645  $2.050
WREN Il DOB96 (ESDI) 155MB __ $5,645  $2,050
RD54AE RODX3 (ST506)  155MB __ $7,395 _ $3,495
MAXTOR 4380 D696 (ESDI) 320MB _ $8,495  $4.795

*Includes controller, drives, E.Z. Box, cables, and is tested, formatted, ready to run.

Trimarchi, Inc.

PO. Box 560

State College, PA 19684 ; AS ALWAYS,

(814) 234-5659 Telex: 271462 FAX# 814-237-8031 DELIVERY GAURANTEED

AL MADEANRCD FAADNY




