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and archival storage capability. It's an
on-line tape library. And it beats every
other system on price and performance.

The Lago DataWheel system is a
revolutionary microprocessor-controlled
carousel that lets you get to any of 54
standard 8mm tape cartridges in less than
asecond. And network users can access any
file on a cartridge in just over a minute,
right from their workstation.

Believe it or not, there’s a monster
called data lurking inside your UNIX®

trial system. Once you've seen how easily it
tames your data monster, you'll want to use
the DataWheel to keep it under control —
no matter how large your system grows.
Call us today for all the details and the
name of your nearest authorized Lago
reseller. It’s time to manage your data
monster with the Lago DataWheel.

workstations and breeding in the dark
corners of your servers and mini-based
computer systems. You may not have
discovered it yet, but it’s growing daily.
Will you be the monster’s next
victim? Not if you have the new Lago
DataWheel." It’s the fully automated
unattended “lights out” backup
solution that gives you a huge 270
gigabytes of network-wide backup

We monster-proofed the DataWheel
system with redundant independent tape
drives and cassette loading mechanisms,
s0 it can fearlessly handle your hairiest
“lights out” backup requirements. What's
more, it supports most popular UNIX
backup and data management software.

Now for a limited time you can give the
Lago DataWheel a free two-week spin
We'll even include backup software with your

LAGO

SYSTEMS

A StorageTek-Company

141 Albright Way, Los Gatos, CA 95030
Tel: (408) 376-2750, Fax: (408) 374-2330

*Offer good through 3/31/93. DataWheel is a trademark of

LAGO Systems, Inc. StorageTek is a registered trademark of
Storage Technology, Corp. UNIX is a registered trademark of
UNIX Systems Labs, Inc. ©1992 LAGO Systems, Inc.

"PLEASE SEE US AT UNIFORUM, BOOTH #1341."
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The DK516C-16 Winchester is another
legend in a distinguished tradition of
Hitachi mass storage products. Hitachi
believes that product development starts
with the pursuit of maximum reliability.
Thats why all of the DK5165 key compo-
nents are designed, built, and tested in-
house by Hitachi.

Legendary Performance

Hitachi backs up this reliability with
equally-impressive performance. The
DK516C-165 SCSI interface provides a
maximum data transfer rate of 5.0 Mbyte/
sec (synchronous), with a 256-Kbyte data
buffer and read look-ahead cache. Average
seek time is a quick 13.5 ms.

Authorized Distributors
CONSAN STORAGE SOLUTIONS
1.800-229-DISK IA. IL. N, KS, KY, MI.
MN, MO, ND, NE, OH, !’-\H])y SD, W1

EM] AMERICA INC.
1-800-548- 2319 DC, DE, MD, NC, NJ
SC, TN, VA, MD, MS, NC, SC,

PEAK TECHNOLOGIES GROLP INC.
1-800-688-2223 AL, DL\TI\X\A Ay

For ESDI applications, choose the
DK516-15. This 1.54-Gbyte drive pro-
vides a 14 ms average seek time and a
2.75 Mbyte/sec data transfer rate.

From a Legendary

$62 Billion Company

Both DK516 drives are brought to you
by Hitachi, a company renowned for
mass storage reliability and innovation.
According to a recent independent end-
user site survey by Reliability Ratings,
Hitachi drives had the highest Field
MTBF and the lowest percent failure
rate for any OEM drive rated. Fully
100% of the users surveyed would pur-
chase Hitachi drives again.

LAW-CYPRESS DISTRIBUTING CO. R SQUARED DISTRIBUTING
1-800-310-6220 AK, CA, HI, OR, WA 1-800-777-3478 AZ, CA, CO, ID, MT

NM, NV, OR, UT, WA, WY

508-263-6125 CT, MA, ME, NH, NJ,
NY, PA,RL, VT

SIGNAL COMPUTER PRODUCTS

And to back our reliability, we offer
one of the longest warranties in the
industry. The legend continues. For
more information on the DK516, or
our new 3.7-Gbyte 5.25" or 1.4-Gbyte
3.5" drives, call 1-800-HITACHL.

Hitachi America, Ltd.

Computer Division

Peripheral Sales & Marketing, MS:500
2000 Sierra Point Parkway

Brisbane, CA 94005-1835

HITACHI’

QOur Standards Set Standards

SPECIALIZED SYSTEMS TFCH\JOLOG\
1-800-688-8993 AR, LA, NM, OK,

HITACHI CANADIAN
416-826-4100 CANADA

Survey was conducted independently by Reliability Ratings, Needham, MA 02191. The data is from a publicly available report. Reliability Ratings is not affiliated with Hitachi, Ltd., or its subsidiaries,

and does not endorse its products.

Call Hitachi for a free copy of the survey.
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TurboSwap Brealzs Tl’le Bottlenecl:zs

Accelerate the performance of Sun SPARCstations: or SPARCservers: > Solid-state
storage eliminates slow swap & disk I/0O Bypass memory expansion obstacles
Z’*13»(‘,&.%’117dl up to 900 MBytes on any Sun/SBus system [even IPC,IPX,
LC and more] Don't (lela_v CPU upgrades > TurboSwaps
moves with you to ncwer/fastcr Sun CPUs [unlike memory]

. . .« e . RP
Exceed the limits of productlvlty > Faster response times, 'WEDRPIRATED

/rigller transaction rates ana’ more capa[vi/il‘y per 3 inz‘esz‘eal ANDATA(O

Ca// l HI]I] 334 [”[” to fll’l(l out ll Tllrl’)OSVVilp can put you in tlle £ast lane. OUR REPUTATION IS ON LINE

9550 Waples Street, San Diego, CA 92121 Tel: 619.453.9191 Fax: 619.453.9294 E-mail E m All products are trademas of ther rspective companies
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Editorial

Why HP Belongs in SunExpert

Hewlett-Packard has ported a substantial number of its key systems

and application software to the SPARC platform. Among them is
HP’s SoftBench programming environment/application-development
framework.

SoftBench competes head-to-head with two
of Sun’s most strategic products: its
SPARCworks programming environment
(with associated compilers) and its Tool Talk
message-broadcast mechanism. It competes to
a lesser extent with DEC’s FUSE, Atherton
Technology’s Software Backplane and a new
class of open APIs (such as CenterLine
Software’s CodeCenter API). Currently, many
CASE software vendors, as well as a number of other ISVs, are
reworking applications to take advantage of ToolTalk, SoftBench’s
Broadcast Message Server (BMS) or both. It’s interesting to note that,

until quite recently, when asked whether they were integrating their
tools with ToolTalk, SoftBench or both, a large number of Sun’s
CASE vendors responded, “What is Tool Talk?”

More and more industry watchers believe that the CASE/software
development market will standardize around both ToolTalk and
SoftBench’s BMS as the integration mechanisms of choice. (This is
why SunExpert is running this month’s debate-format features on
ToolTalk and BMS, authored by SunSoft and HE, in our special report
on software development.)

Even though ToolTalk and BMS achieve the same function—namely,
tool and, to some degree, application integration—they go about it
using different message-passing techniques. Another key difference
between the products is that Sun is bundling ToolTalk for free as part
of its Distributed Objects Everywhere (DOE) framework. DOE soon
will be integrated into Sun’s Solaris operating environment. HP is
selling BMS as part of SoftBench but has not yet announced plans to
bundle SoftBench with HP-UX or any other operating system.

Clearly, this debate addresses broader issues of UNIX software
development: interoperability, portability and, in the near future, total
application integration.
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Finding and managing data storage is one
of the key challenges of systems administrators
today. With storage needs increasing daily, and
networks supporting more and more end-users,
the challenges can be daunting.

Fortunately, here’s a sophisticated solution
that hits just the right note. Infinity IFS, from
R Squared. The Infinity Series provides access

to both the smaller 6.5 Gbyte jukeboxes and
the large 8.7 Tbyte jukeboxes.
With the integration of Infinity software

and your host computer, your applications can

access files transparently, whether they’re on

magnetic disk or the removable media of the
jukebox system.

Infinity is flexible too, giving you transparent
file access across multiple operating systems
(VMS, MVS, and Unix, for example). And, with
its menu-oriented system administration, you'll
enjoy a faster and easier-to-use interface for

_maintaining a file system that could have tens
L Lof millions of files/directories.
) i Best of all, Infinity is backed by R Squared's
7 full staff of software and hardware engineers, just

a phone call away. So if mass storage needs have

you singing the blues, call our toll-free number
and we’'ll put you in touch with the nearest of
our six sales offices.
S l N G ,
Englewood, CO 80112
303+799+9292 x130

ii V- Sq u a red fiasigin?qi?re()isz2.com

800-777-3478 x130

11211 East Arapahoe Road

Resourceful Minds. Relevant Stovage Solutions.
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A Real
Robotics
Cliffhanger

It was a hell of a way to start the
year. Literally. On January 2, the
SPARC-based robot Dante was hang-

ing by a cable over a volcano in

Antarctica. However, robotics
researchers have already termed
Dante’s cliffhanger a success. Critics,
on the other hand, are saying that
Dante may have been doomed by its
own complexity.

Dante is a six-legged robot that was
meant to be a prototype for the kind
of robots that might eventually go
into many different hostile environ-

ments, including those of other
worlds. Designed by the Field
Robotics Center at Carnegie Mellon
University in Pittsburgh, the device
was funded by NASA, which wants to
be able to field similar mobile robots
on the surface of Mars.

Dante, though, was meant to go into
a live volcano, Mount Erebus in
Antarctica, just after Christmas of
1992. In a blaze of publicity that
included articles in 7he Wall Street
Journal and The New York Times, the
machine was sent rappelling into the
volcano. Unfortunately, shortly after it
began its descent, a cable connecting
the robot to its controlling computer
was damaged. The mission came to a
halt.

Still, researchers are calling Dante a
success. “Dante...is a proof of con-
cept,” says David Pahnos, assistant
director of Field Robotics Research at
Carnegie Mellon. “We were demon-
strating new laser vision, new comput-
er architectures, new stereo vision...
and all of that worked.” It was only
the most mundane aspect of the
device, its cable, that failed.

However, some researchers are saying

that Dante was doomed because of its
design philosophy. “As I understand
it,” says Joseph L. Jones, a software
developer for IS Robotics Inc.,
Cambridge, MA, “much of the pro-
cessing was done at the rim of the
crater...and the mobile platform was
connected to the computer from
there. That made them extremely vul-
nerable to the kind of malfunction
that eventually befell them.”

Indeed, if Dante is stuck in a vol-
cano, so, too, is it at the center of a
debate in modern robotics research. It
represents what might be called the
traditional path of robotics, one
linked to the artificial intelligence
community, in which the robot’s brain
attempts to understand as much of its
world as possible. There are, however,
schools of self-declared robotics
heretics who say that robots should be
more like insects, with very limited
brains performing only a few behav-
iors.

Jones and IS Robotics, for example,
reflect work going on at MIT’s Mobile
Robotics Laboratory. This group,
which is headed up by Rodney Brooks

(who is also a co-founder of IS

aborted its mission into an

nonetheless.

Dante, the SPARC-based robot,

Antarctic volcano but may have
been a dramatic proof of concept
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INTRODUCING
A NEW
BURST-THROUGH IN
SBUS EXPANSION BOX
TECHNOLOGY.

Only Artecon's
SmartBox™
offers you all of
these features:

® 6 Slots Per Box

® Master Compatibility in
Each Slot

® Burst Transfer Mode

® Optional On-board SCSI
and Ethernet Controller

® Supports all SBus
compliant cards
® Automatic Configuration

® LED Slot Configuration
Status

® Up to 24 Expansion Slots*

® Support for all SBus-based
Workstations/Servers

® OpenWindows ™ GUI

® One Year On Site
Warranty**

® $1,995**

1-800-USA-ARTE

Call NOW for

e Artecon|| ,

SBus cards! : ey IR
Peripheral Visionaries

2460 Impala Drive
Carlsbad, CA 92008-7236
(619) 931-5500 . (800) 872-2783

, v Fax (619)931-5527
*SPARCstation 10™  ** Limited geographical avallabilit?;. Call for details. ~ ***$2,395 with optional SCSI and Ethernet. email sales@artecon.sceard.com
Trademarks and registered trademarks are proprietary to their respective manufacturers.

Artecon operates under a policy of Equal Employment Opportunity and is in compliance with Executive Order #11246, as amended. A Member of the Nordic Group of Companies
Circle No. 4 on Inquiry Card
Please see us at Booth #324 at SunWorld ‘93




Robotics), is developing very small,
“insect-like” robots that use very sim-
ple mechanisms but still manage to
perform very complex tasks. The
Mobile Robotics Lab has fielded
machines that can navigate crowded
rooms and cross rugged terrains.

“In mobile robots,” says Jones, “you
can make a case for a new paradigm
[of development]...and that’s local
information.” Under this approach,
the robot does not attempt to make
sense of or model its world; rather, it
pragmatically deals with only those
situations that directly affect it. For
example, if the robot encounters an
obstacle on its way across a room, it
doesn’t attempt to discover whether
that obstacle is a person or a table leg
but simply seeks a way around it.

“It’s effective in cases where you
don’t know exactly what's going on,”
says Jones. “The sensors on the robot
are noisy; they may give you conflict-
ing data and you don’t have the infor-
mation you need to proceed...but
that’s what real life is like.”

Moreover, the robot is given a num-
ber of different behaviors, all of which
attempt to execute at any one time
but which are then subject to the con-
trol of a higher processor. To avoid
obstacles, for example, the robot
might automatically attempt to avoid
anything in its path. On the other
hand, it would also need to dock with
a electrical socket to recharge its bat-
teries. Most of the time, the avoidance
response would be appropriate, but,
says Jones, “obviously avoidance can't
win out over recharging.”

So, in cases of conflict, “you build an
arbitration system...to decide who
gets control.” To promote these sorts
of ideas, IS Robotics is selling two
models of robots into the research
community.

However, traditional robots like
Dante still have defenders. Even Jones
calls it “a superb technical achieve-
ment” and suspects that in industrial
settings such devices may be the way
to go. Pahnos, meanwhile, suggests
that in the long run the two tech-
niques won't be competitors.

But no matter who's right in the
robotics philosophy business, the story
has a happy ending for Dante. After

8
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spending a hair-raising few hours over
certain doom, the robot was hauled
back to safety. As of press time, it was
packed up and flying back to the
United States.—mjt

A Race to the Start

Solaris 2.1 may be well out of the
starting blocks, but many of the com-
pilers and programming-environment
tools that developers need to do their
2.1 work have yet to leave the gate.
And by most accounts—with the excep-
tions of SunPro and Cygnus Support
(the GNU C/C++ people)—vendors
won't be ready to ship their wares
before the second or third quarter.

Although Solaris 2.0 has been avail-
able to early-release customers for
more than a year now, few of the lead-
ing developer tools were successfully
ported to 2.0, let alone marketed by
their vendors. “Version 2.0 never made
it as a release,” says Bob Cramer, vice
president of marketing for CenterLine
Software Inc., the Cambridge, MA-
based programming-environment
company. “We brought [CodeCenter
and ObjectCenter environments] to
alpha states for 2.0, but we couldn’t
stabilize the products. We decided to
wait for 2.1.” CenterLine expects to
hit its second-quarter target for Solaris
2.1 versions of CodeCenter and
ObjectCenter, as well as for its stand-
alone CenterLine-C compiler, Cramer
says.

Oasys Inc., the Lexington, MA, ven-
dor of the Green Hills C, C++, FOR-
TRAN and Pascal compilers, ported its
products to Solaris 2.0. “But there
weren't a lot of 2.0 users,” points out
Ann Bischoff, director of marketing
for the company. Oasys was in the beta
test phase for the Solaris 2.1 version of
all of its compilers in late January/early
February. Bischoff says she expects
Oasys will have its 2.1 version of its
cross-compilers for embedded develop-
ment ready by this month or next.
And Oasys expected to finish its 2.1
port of its MULTIT X Window System
debugging environment by late Jan-
uary or early February, according to
Bischoff.

Framingham, MA-based compiler
vendor Liant Software is putting the
finishing touches on the Solaris 2.1

SUNEXPERT Magazine/March 1993

versions of its C, PL/1, COBOL,
FORTRAN and C++ products, says
Charles McComas, director of research
and development for the LPI business
unit. First customer ship for all of the
products should happen sometime in
the second quarter, he says. By then,
Liant should also be finished with its
Solaris 2.1 version of its Codewatch
debugging environment, McComas
says. The only potential stumbling
block for Codewatch, says McComas,
is the lack of versions of Motif that
fully support 2.1. Codewatch is based
on Motif.

“People are only now getting ready to
make the move to Solaris,” claims
Teddy Rosenberg, vice president of
marketing for Menlo Park, CA-based
programming-environment vendor
Lucid Inc. “They want to know when
we'll be there, not necessarily that we
are already there.” Rosenberg says
Lucid decided against porting its
Energize environment to Solaris 2.0
because there was no customer
demand. She expects Lucid to have
completed its 2.1 ports of its C and
C++ compilers by the second quarter,
and its 2.1 version of Energize by some
time in the third quarter.

Micro Focus Inc., Palo Alto, CA,
only recently completed its Solaris 1.0
port of its various development tools,
including COBOL compilers, Dialog
System client/server screen environ-
ment and Operating System Extension
(OSX) run-time environment. The
company has had older versions of its
Sun-based development products on
the market for five years, says Kevin
Moultrup, OEM sales manager. Micro
Focus obtained its copy of Solaris 2.1
for SPARC in late January and is
expected to release products based on
2.1 sometime in the third quarter,
according to Moultrup.

For developers for whom Q2 or Q3
might as well be the year 2000, there
are at least two 2.1 developer tool solu-
tions on the market today. SunPro, to
no one’s surprise, has a full suite of
compilers and development tools avail-
able for 2.1. These include the com-
plete SPARCworks tool set, the
SPARCworks Professional C and C++
environments and the various SPARC-

compilers (C, C++, FORTRAN,



Takeit fora spin.

Over 10,000 UNIX programmers do, daily.
Now you can get an evaluation copy of two
of the hottest programming environments
around - CodeCenter and ObjectCenter, for-
merly called Saber-C and Saber-C++.
Andit’s free.
Just call 1-800-922-3229 to get the soft-

ware that top software and hardware develop-

ers use to create, test, debug and enhance
their applications, every day.

More hours in your day.

Inarecent IDC report, greater than 50% of
those who have purchased UNIX C++ pro-
gramming environments, chose ObjectCenter.
One reason is that both ObjectCenter and
CodeCenter users report an immediate

increase in productivity of about 30%. Some
as high as 400%.
Plus, only ObjectCenter and CodeCenter
let programmers work the way they think.
Intuitively. Interactively. Natura]ly.

Better code, guaranteed.

Here’s another only: we have the only pro-
grammmg environments that promise to sig-
nificantly improve the quality of your code.
Guaranteed. Thanks, in part, to our exclusive
run-time error detection feature.

In all, ObjectCenter and CodeCenter are
the most Lomplete programming environ-
ments you can use.

Both feature an interactive workspace,
superior debugging capabilities, dynamic

graphical browsers, a lightning-fast

incremental linker, and much more.

Call 1-800-922-3229 to get an
evaluation kit. Free.

It's that simple. We'll send a free evaluation
copy of ObjectCenter and CodeCenter
either on CD-ROM or tape.

So call now. It's not just a test-spin you'll
be taking part in. It's more like a revolution.

LINE]

Formerly Saber Software.

10 Fawcett Street, Cambridge, MA 02138 o (617) 498-3000

"SEE us at Uniforum, Booth #3327."
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COBOL, Ada).

For customers looking to do things
on the cheap—meaning, in this case,
“buying” free software, plus a $3,000
annual support contract—2.1 versions
of the GNU C and C++ development

environments are available through

Cygnus Support, Mountain View, CA.

Customers can order the products
directly from Cygnus, obtain them via

ACCELERATORS &

PR

Graphic Accelerators

What's next? In April, we expect an addition to our graphics family.
It will be the SGX220 that’s double buffered for flicker-free

2D /3D animation.

$5+ keyboard * First SPARC and PC compatible

Also, in April, the new Type 5 SPARCe keyboard, the S5+100, will
have an added PC interface that allows easy migration between your

PC and SPARC platforms.

See us at the Sun Technology Business Show, Orlando, March 3-5.

Integrix...engineering solutions for today’s challenges.

SBus Expansion Solutions

/
inl'e_grix

Engineered by fanatics

All trademarks mentioned are property of their respective companies.

First, the SEC150MP joined our award-winning six
slot expansion chassis, the SEC150. The SEC150MP
for 600 series users has six slots on a metal frame that
slides right into the back of your multi-processor.

What's next? An expansion chassis for the IPX - the
SEC140 - with four Sbus slots and the SEC160 with
six slots for the SPARCstation10. ®

Yes, we are an industry leader in single-slot graphic accelerators. Since
the SGX120 (1280x1024), an ideal upgrade for your standard Sun®
monitor, we've grown. For ultra high resolution, the SGX160 delivers
the fastest 2D/3D graphics at 1600x1280 resolution on a 21" monitor.

Single Slot GX Boards

™  For details and to order:

TEL: (805) 375-1055

FAX: (805) 375-2799
Integrix, Inc.

1200 Lawrence Drive, Suite 150
Newbury Park, California 91320 U.S.A.
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anonymous ftp or access them through
their latest CDware disks, says Cygnus
President Michael Tiemann. Cygnus
offers a full source code version of its
compilers and debuggers and binaries
for its compilers on the existing
CDware disk.

Even more interesting than when the
various compilers and programming
environments for Solaris for SPARC

EXPANSION CHASSIS @ FRAME BUFFERS & SPARC CHASSIS &

"One of the Best Products of the Year?
Can’t we do better than that?

Yes, we cuan...and we have!"

SBus Expunswn — Best gets better
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will be ready is the question of when
the ones for Solaris on Intel will make
their debut. Of course, SunPro has its
ProWorks development environment
on the market already for Solaris on
X86 customers. But Cygnus won't be
joining SunPro as an early-to-market
leader on the Intel front. “Our strategy
is to become the dominant SPARC
tool supplier and then port to X86.”
Tiemann says.

At press time, most of the other tool
vendors claimed to have no concrete

plans to port to Solaris on X86.—mjf

X Terminals and Motif...
from Sun?

Motif and X terminals are two tech-
nologies that Sun Microsystems Inc.
was expected to ignore—for at least as
long as its beloved CEO is around.
(Scott McNealy is often quoted as hav-
ing said Sun will support Motif over
his dead body.) But a couple of recent
Sun announcements have hinted, if
not outright stated, that Sun’s belated
support of these two industry stan-
dards may not be too long in coming.

SunSelect, the Chelmsford, MA, PC
products subsidiary of Sun, unveiled
Version 3.1 of its SunPC software,
which includes a number of enhance-
ments, not the least of which is sup-
port for Motif. Granted, a SunSelect
press release announcing the new ver-
sion allowed “the M-word” a single,
well-buried mention, but it was there
nonetheless. Other new SunPC-related
announcements include NetWare serv-
er access, inclusion of a simplified
licensing mechanism and price cuts of
up to 50% for SunPC software and up
to 20% for SunPC hardware accelera-
tion products.

Sun Microsystems Computer Corp.
couldn’t quite bring itself to pen the
but it did

announce an agreement with Xylogics

words “X terminal,”

Inc., Burlington, MA, under which
SMCC will OEM the Annex Three
communications server from the com-
pany. SMCC is positioning the
Network Terminal Server, which
allows up to 64 terminals or other seri-
al devices to be connected anywhere
on a network that includes at least one
SPARCstation/SPARCserver, between
its SPARCstation LX and
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SPARCstation 10 products. The
Network Terminal Server began ship-
ping last month and is available from

SMCC or SunExpress for $6,990.—mjf"

100-MB/s SBus

A 100-MB/s SBus interface has been
introduced by LSI Logic Corp. The
L64864 SBus DMA controller, priced
at $79 per 100, is a single-chip 64- or
32-bit interface for peripheral subsys-
tems. With controllers like this, the
SBus could be made competitive with
such buses as VME.

The low speed of peripheral inter-
faces has been one of the most fre-
quently cited weaknesses of the SBus.
“SBus has a lot of bandwidth,” says Lit
Lam, SBus product marketing manag-
er at LSI. “But the bottleneck is in the
connection to the peripherals...you
don’t have the bandwidth on the
peripheral side.” For that reason, many
systems integrators have turned to
VME, but Sun itself has largely aban-
doned VME. In late 1992, for exam-
ple, the company introduced a line of
servers that lacked a VME bus entirely.
“They think of it as dinosaur technol-
ogy,” says Walter Snell, director of sales
and marketing at Themis Computer,
Pleasanton, CA. “They want to get
away from it.” Themis sells, among
other things, SPARC-based VME
boards and says that it can happily
profit in the VME market, which is
too small for Sun to enter comfortably.

There is therefore a demand for
much higher speed SBus interfaces.
LSI’s 64864 is one of the first of these.
The company expects the product to
be used in high-performance SPARC-
based workstations. It also expects it to
be used as an add-on performance
booster on existing Sun workstations.
The company says that the controller
might be used as a low-cost, high-per-
formance solution for SCSI-2 periph-
erals, including servers, FDDI LANS
and so on.

The 164864 chip can be configured
for either a single 32-bit DMA chan-
nel, or two 16-bit DMA channels and
one standard 8-bit channel, by setting
an external mode pin. When function-
ing as a 64-bit or 32-bit master bus for
SBus peripheral subsystems, it can ini-
tiate burst sizes up to 64 bits.—myjt

12

NEWS

Latest Flash:
Terminals Play Cards

The latest trend in terminals seems to
be PCMCIA cards. Suppliers of both
X Window System and alphanumeric
terminals are poised to introduce ter-
minals that support the credit-card-size
Flash EEPROM cards that were origi-
nally developed in the laptop and
palmtop computer markets.

On the X terminal side, Network
Computing Devices Inc., Mountain
View, CA, has introduced a new
Ethernet-Serial- PCMCIA (ESP) net-
work interface board that fits into
existing NCD terminals. The ESP
board supports one Ethernet port, two
serial ports and a socket for a
PCMCIA card. The company envi-
sions users loading and updating their
X Window software via PCMCIA
cards. This is considerably easier than
physically removing chips from the
machine each time there is an upgrade.

An Ethernet-Serial-PCMCIA network
board fits into existing Network
Computing Devices Inc. X terminals.

However, the company says that, in
the longer run, NCD customers will
be able to exploit the large variety of
PCMCIA cards expected to come
from the PC market. NCD is antici-
pating PCMCIA modems, LAN
adapters, ISDN devices and so on. In
the interim, the ESP board is priced at
$250, and the first PCMCIA card to
go into it is $500.

Meanwhile, Link Technologies Inc.,
Fremont, CA, is already shipping a
line of alphanumeric terminals called
MAXirt, each of which has two
PCMCIA slots in its rear. Link, a sub-
sidiary of Wyse Technology Inc., mar-
kets terminals to OEMs, and the
MAXits are designed to be rapidly

modified for customers’ special
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requirements. The company says that
the PCMCIA bus lends itself to such
specialization in that the vendor or end
user can quickly add or subtract differ-
ent functions.

Currently, the company is showing
only character terminal MAXits.
However, it says that Alphawindow
terminals are available should anyone
want them. An X Window MAXit is
also reportedly in the works.—mzjr

Cypress to Lay Off 400;
Settles AMD Suit

Not all of the SPARC processor ven-
dors have happy news to relay. Chip
maker Cypress Semiconductor Corp.
will lay off “about 400” people and
shift 75% of its assembly and test
operation to Bangkok, Thailand.
Moreover, the company’s San Jose,
CA, facility will be scaled down to an
R&D process development facility,
while wafer fabrication will be shifted
to a Minnesota site.

The company says that these actions
will “return Cypress to the perfor-
mance levels our investors expect.”

In addition, Cypress said that it had
settled for $4.25 million an outstand-
ing suit with Advanced Micro Devices,
in which AMD alleged Cypress had
infringed on an AMD patent for the
“macrocell” technique used in Cypress’
programmable logic devices. But
Cypress still faces other potential legal
expenses: Texas Instruments Inc. is
charging that Cypress has infringed on
one of its packaging methods. Cypress
is also in discussions with AT& T
regarding a “potential agreement” on
several of that company’s patents.

Cypress said it is establishing reserve
funds for the settlement of those
potential costs and that the total costs
of restructuring and litigation would
amount to $37.2 million in the fourth
quarter of 1992.—mjt

New and Networthy

Hub, bridge and router companies,
not to mention networking software
vendors and the telecommunications
granddaddy itself, AT&T, have made a
slew of product introductions of late.

* AT&T, New York, and Novell Inc.,
Provo, UT, have announced that they
will jointly develop and market prod-
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ucts that link computer networks with
business telephones. The first such
product will be the Telephony Server
NetWare Loadable Module (NLM),
software that will link Novell’s
NetWare with AT&T’s Definity
Communications Systems. It will
allow customers to use such common
telephone features as auto-dialing and
conference calling in combination
with information stored on networked
computers. That will be followed by a
suite of application programming
interfaces for third parties to integrate
the products into network applica-
tions. Both NLM and the APIs are
supposed to be available in the second
half of 1993.

* FTP Software Inc., North Andover,
MA, has shipped Version 2.0 of its
flagship product, PC/TCP for DOS
and Windows. FTP says it has
enhanced the speed and flexibility of
the basic transport, added an automat-
ic installation program and created
PCTCPNET, a Windows front end
for Interdrive, which is FTP Software’s
implementation of NES.

e InterCon Systems Corp., Herndon,

NEWS

VA, has signed an agreement with ICE
Engineering of Witmore Lake, MI,
allowing InterCon to add a UUCP-
based network communications soft-
ware product to its current line of con-
nectivity software for the Mac. The
new product, called UUCP/Connect,
allows users to convert a Mac into a
UUCP host or client that can connect
with other UUCP hosts using a dial-
up connection or a direct link. UUCP
Connect is available immediately in
bundles for 10, 25, 50 and 100 users.

* Cayman Systems Inc., Cambridge,
MA, has introduced the Gatorbox EX,
a dual Ethernet port router that links
AppleTalk work groups with Ethernet
backbone networks. Cayman is posi-
tioning the EX as a solution for large
Mac sites that are migrating from
LocalTalk to Ethernet and need a fast
way to let Ethernet-based Mac users
communicate with Mac- and UNIX-
based users on different Ethernet net-
works.

* Cabletron Systems Inc., Rochester,
NH, has begun shipping what it is
calling the industry’s first interface to
support FDDI routing for AppleTalk

networks. The F6069 Desktop
Network Interface (DNI) card pro-
vides routing capabilities through
Cabletron’s support for the AppleTalk
Update-based Routing Protocol
(AURP), a recent enhancement to
AppleTalk that allows data to be rout-
ed between different networking tech-
nologies. The F6069 connects Mac 11
and Quadra systems on LocalTalk,
Ethernet, Token Ring or FDDI net-
works to other FDDI networks. The
card is manageable through any
SNMP-compliant platform.

» Wellfleet Communications, the
Bedford, MA, bridge/router vendor,
introduced a high-speed serial interface
module that provides links to T3, E3
and SONET OC-1, and supports
high-speed services such as frame relay,
SMDS and ATM. The High-Speed
Serial Interface (HSSI) link is user-
configurable at line speeds of up to 52
Mb/s. Wellfleet simultaneously
announced that it has extended its
protocol support to include OSI. Now,
the company’s routers support both
Intermediate System-to-Intermediate

System (IS-1S) for OSI-based commu-
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nications and Open Shortest Path First
(OSPF) for TCP/IP-based ones.
—mjf and mjt

This Just In...

* All you thirty-somethings (and
non-thirty-somethings): You've got 19
days left (i.e., until March 19) to cash
in on the latest Sun Microsystems
Computer Corp. promotion. Depend-
ing on how many SPARCstation 10
Model 30 full systems you order,
SMCC is throwing in for free all kinds
of peripherals, memory and even full
systems. If you buy one Model 30, you
get a free CD-ROM drive; buy three
and you get a free SPARCprinter and
three 424-MB internal disk expansion
units. If you buy five Model 30s,
SMCC is offering a free Model 30
with a 19-inch color monitor, 32 MB
of memory and a 424-MB internal
drive. And if you buy 10, you get two
free Model 30s and a SPARCprinter.
Maximum order size is 100 SS10
Model 30s.

¢ The newest kid on the SPARCalike
block is Apogee Systems Inc.,
Tallahassee, FL. Apogee has

NEWS

announced a 50-MHz workstation
called the Orbiter II+. The system
comes with a 19-inch color monitor,
32 MB of memory, a GX graphics
accelerator and a 424-MB hard disk
and lists for $11,295. The company is
claiming a 20% improvement in both
integer and floating-point performance
over a SPARCstation 2, and a 26%
improvement in FP and 3% improve-
ment in integer performance when
compared with the SPARCclassic and
LX products.

* Novell Inc. announced it has select-
ed HyperDesk Corp.’s Distributed
Object Management System (HD-
DOMS) to “provide an object-based
interface to services and resources
within the NetWare environment.”
Novell is licensing HD-DOMS from
HyperDesk and bundling it as
NetWare Loadable Modules (NLMs)
with NetWare 3.X and future releases.
How the move will affect UNIX, via
Novell’s recent bid to buy UNIX
System Laboratories, is uncertain.
Novell has said HD-DOMS will sup-
port DOS, Windows, NetWare and
UNIX clients.
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* National Information Systems Inc.,
San Jose, CA, has introduced a Motif
and Open Look GUI tool kit, called
the Accent ToolKit. The company says
the product is the first Motif API that
supports both Open Look and Motif
without requiring users to rewrite
applications. The tool kit features both
Motif 1.1 and OpenWindows 3.0 sup-
port in the same package.

* Plant-floor-manufacturing software
vendor Promis Systems Corp. is port-
ing its PROMIS software to the
SPARC platform. PROMIS is one of
the most popular plant-floor packages
and previously was only available on
Digital Equipment Corp. VAX sys-
tems.

* DBMS-vendor Oracle Corp.,
Redwood Shores, CA, and Sun
Microsystems Inc. have announced a
strategic alliance. The two will cooper-
ate in development and marketing of
products and services for the pharma-
ceutical industry. The companies claim
to expect as much as $200 million in
revenues from the partnership by
1997.

* Asterxx, the integrated office
automation software package from
Applix, Westboro, MA, seems to have
survived an attempt to oust it from a
lucrative eight-year contract with the
Pentagon. Astersx is part of GTE
Government Service’s bid on the lucra-
tive Joint Staff Automation for the
Nineties (JSAN). GTE won the con-
tract, but losing bidders protested the
award. However, according to Applix,
the Government Board of Contract
Appeals confirmed GTE’s (and
Applix’s) possession of the contract.

-0

Correction

In the chart entitled “New
SPARCserver 600 MP Upgrade
Prices,” (SunExpert, January,
Page 8) the sixth item in
the chart should have read:
SPARCsystem 470, SPARCserver
490, Sun-3/470 board upgrade to
64-MB SPARCserver 600MP (with
SuperSPARC and SuperCache)
with a list price of $26,495.
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sk Mr. Protocol

by MICHAEL O’BRIEN

“The sky above the port was the color of
television, tuned to a dead channel.”
—~William Gibson, Neuromancer

“It doesn’t matter.”
—What you say when confronted with too
much information you can’t use.

“It doesn’t matter.”
~What the British Royal Navy said to
Charles Babbage when he pleaded for
just a little more money to finish
a much more capable engine than
the one he'd proposed.
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TOM BARRETT

Cyber and Steam:
The Compleat Victorian

Questions? I'm
not going to ask
® any questions. |
know better than
@
that. I see Mr.
Protocol sitting
there surrounded by wheels, cogs,
drive belts and any number of chatter-
ing gears, and not a computer in sight.
I know better than to ask any ques-
tions.

A: How many times do I have to
explain to you that your job isn't to
like it. Your job is to ask questions
about it, so that people will get sucked
into reading this column and we all
get to eat around here, not to mention
laying in all those Ding-Dongs for
Old Squirrelbrain over...ah. Yes, well,
excuse me.

The environment in which you see
our gallant Mr. Protocol this month is,
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for a change, on the same level of real-
ity as he is himself, which is to say,
virtual. This, however, is definitely a
retrograde version of reality. In several
recent columns, we have examined a
few of the possibilities that the growth
of the Internet sets before us, in terms
of possible futures. This month, we are
going to examine some visions of the
future held by those whose points of
view are complementary to our own.
We'll be looking at the work of several
writers who have great visionary abil-
ity, but no technical background.

At this point, most technical types
note that alarms have begun to sound,
as their bogometers suddenly go off
the scale. We all remember such
wonderful TV series as “20,000
Leagues Under the Sea,” where techni-
cal content was thin enough to qualify
for a sauce in a California cuisine
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restaurant, and where the level of tech-
nical sophistication of any device was
related directly to its explosive power
when mishandled.

So get over it. The writers with
which Mr. Protocol is here concerned
are among those whose abilities lie not
in the technical, but in the literary and
social. Their modus operandi is to
track technology only loosely, but to
pay particular attention to the pres-
sures that society applies to technol-
ogy.

The usual approach in technical
prognostication is to concentrate on
the changes that technology forces
upon society. Small-town provincial-
ism and isolation crumble before mass
media and telecommunications; busi-
nesses expand into worldwide entities
thanks to rapid long-distance travel;
privacy is eroded by computerized
databases, etc. However, predictions
based solely upon this effect have an
awful habit of turning out spectacu-
larly wrong. Popular Mechanics, for
example, has consistently and insis-
tently provided cover illustrations of
the happy breadwinner heading off to
work in his own personal flyer. The
ornithopter has given way to the auto-
gyro and then to the fan-levitation
family of expensive failures, but we see
no such tendency in real life. The
dream of universal flight has given way
to the reality of the unfortunate conse-
quences of systems failure. When
daddy’s car goes blooey, it coasts to a
stop, but when daddy’s autogyro goes

blooey, the neighbors are as like as not
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converted to fajitas in a “Death From
the Skies” scenario that is truly terrify-
ing when multiplied by 200 million or
so personal flyers. On top of that, we
have the natural consequence of the
hot rod fan-lev with the outboard
turbo that can do 0 to 200 mph in 2.3
seconds flat. I think not.

This serves as an example of the
usually unexamined impact of society
upon technology. What Mr. Protocol
is here to take a look at are several
stories by people who typically work
both sides of the street. Their science
comes straight out of Science News, but
they are keen observers of the human
condition.

So who are they? Mr. Protocol is glad
you asked.

The first writer we'll be looking at is
William Gibson. This will come as no
surprise to some; his 1984 novel
Neuromancer started an entire literary
movement which, thank heavens, is
finally showing signs of slowing down.

Mr. Protocol does not mean to
devalue Mr. Gibson’s work. Certainly
his writing has generated enough inter-
est in certain quarters to qualify as a
religion. To such people, the dystopic
vision served up by Mr. Gibson in his
work acts as a high-technology vision
of romance and adventure that carries
all the appeal (and the same sort of
appeal) as the works of Raymond
Chandler or the film noir of the *30s.

Mr. Gibson has based his work on a
single observation, which, if he never
writes another word, is still sufficient
to earn him a permanent place in
science fiction history. Until
the publication of
Neuromancer, visions of the
future, even those that give a
prominent place to computer
science, all seem to derive
from Hugo Gernsback’s origi-
nal vision of the future as a
shining temple of scientific
progress, in which bread mold
and cracked concrete not only
have no place, but are literally
inconceivable. Most of the
people in Neuromancer

consider themselves lucky to
find even moldy bread to eat.
Mr. Gibson’s primary contri-
bution is the realization that
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advanced technology and computer
networking will not substantially
change the world view of those who
have become alienated. To the
contrary, a tightly linked worldwide
information web cannot help but
create a class of “have-nots” whose
alienation will be so severe that the
skinheads of today offer only a glimpse
of what is to come.

To this, Mr. Gibson adds a concept
that is brilliant in its simplicity, one
made paradoxically easier by Mr.
Gibson’s own ignorance of the nuances
of computer technology. His is the
notion of “jacking in,” of connecting
one’s brain directly to the world
computer network via a dimly envi-
sioned device called a “deck,” which
seems to look something like a cross
between a PC keyboard and a musical
synthesizer. (Mr. Protocol was assisted
in attaining this vision by taking a
close look at today’s synthesizers.
Almost all of them are computerized,
and almost all of those provide such
unmusical options as “FORMAT
DISK” in their menus.)

The experience of the characters in
Neuromancer in navigating the world
network is one that has literally
inspired thousands of computer scien-
tists, hackers, observers and enthusi-
asts. Mr. Gibson refers to it only as a
“consensual hallucination,” but those
who inhabit this alternate world of
data space seem to have given their
consensus to a reality that can kill its
inhabitants. Running afoul of
computer security software (“black
ice,” from Intrusion Countermeasures
Electronics) does not result in detec-
tion, arrest and conviction; it results in
detection, assault and sudden death.
The simple notion of filtering the
connection between deck and brain
such that one’s own personal deck
cannot fry one’s own personal brain is
never even referred to. It is part of the
assumption that to inhabit data space
at all is to expose oneself to all of the
dangers therein. This lends the entire
world of “cyberspace” a rather piratical
air, where data thieves suddenly
become highly mobile raiders risking
their lives in the finest Errol Flynn
tradition.

The notion of a complete sensory



nnant

By Rich Te

The 5th Wave

'l be back in a minute, Dave.
They just need a little support
running MultiNet through their
hypermatter warp drive.

Mlilthet Su port

Is Out Of Thls World

No matter where you travel in the far-
flung galaxy of cosmic connectivity, only
MultiNet® gives you the support you need
to reach your TCP/IP destination.

With MultiNet, you can count on the
most intrepid crew in the universe. Fearless
explorers who were the first to chart new
worlds with TCP/IP for VMS'; the first VMS
NFS Server, and the first NFS Client for VMS.
They’re now at your command, ready to

“A must for sites...
running VMS and
UNIX®”

—Digital Review

It's a well-known fact around
the galaxy that MultiNet's stellar support is
matched only by its guaranteed high quality
and performance. And both are light years
ahead of anything offered in the universe.
Which should come as no surprise, when
you consider that MultiNet was designed
specifically for VMS right from the start.
Packed with enough networking power to
send anyone into orbit. And keep your
TCP/IP shuttle operating at warp speed.

meet your networl\mg needs.
N\ZZ
:%4 InE

“Feels as if it were

[t all adds up to the galaxy’s

designed for YMS easiest way to connect with all
from the ground up.” _ANTE,, . the other worlds. Only from TGV.

—DEC Professional ¢ —va ’O A = And it’s yours FREE for a
MultiNet provides you ‘ 6\‘:‘)‘/&- month with our NO-RISK
with the very best VMS Ay 30-day trial offer.

connectivity solution on
the planet. Plus you get it at a price that is
practically weightless. Thanks to our low,
factory-direct pricing strategy.
MultiNet’s designed-in quality also
lets you discover awhole
reaq) V' newworld of more
efficient network management
and lower maintenance fees.
Factis, you will be spending up to 50% less
than you are now. On top of that, MultiNet's
software maintenance agreement gives
you up to six months of support free*
“The manual was excellent...the
software remarkably easy to
install and set up.”
—Digital Review
MultiNet's stratospherically superior
documentation and ease of installation
make getting up to speed a total blast.

Please see us at Interop Booth #1138

Ty QOQ

Plus you can apply up to 100% of the
total value of your current board or host-
based TCP/IP implementation toward your
next MultiNet Purchase:*

Sobeam up MultiNet for 30 days FREE.
You'll discover quality that’s worlds apart.
And support that’s out of this world.

1-800-TGV-3440

AR,
GV

Destined To Be The New Standard

*If your TGV annual support agreement is signed within 30 days after the purchase
of MultiNet, an additional 90 days will be added to the standard 90 days which are
included with every new license — a total of six months of free support. **Not to exceed
50% of your MultiNet license fee. VMS is a tradernark of Digital Equipment Corp. UNIX
is a registered trademark of UNIX Systems Labs, Inc. MultiNet is a registered
trademark and TGV is a trademark of TGV, Inc., 603 Mission St., Santa Cruz, CA
95060, Tel (408) 427-4366, FAX (408) 427-4365. ©1992 TGV, Inc

Circle No. 44 on Inquiry Card



reality, as “real” and more dangerous
than everyday reality, is so romantic as
to be nearly irresistible, at least among
those who are tired of whacking on
keyboards to get their computers to
behave. Certainly Mr. Gibson’s vision
of the network as a cityscape where
even the most complex software
systems are visualized as simple
geometric shapes, and where security
penetration is visualized as something
as simple as breaking through a wall,
are much more palatable than our own
current symbolic conceptions of such
things as tortured exercises in machine
grammar.

The problem with such visions, of
course, is that they are oversimplified
to the point of unbelievability by we
who know what we are doing. The
problem with the “problem,” Mr.
Protocol feels, is that this is not a
problem at all. The deletion of extra-
neous information is one of the most
powerful tools of abstraction that we
possess. If it were necessary to repre-
sent each book we discuss by its entire
contents instead of its title, for
instance, we would never be able to
discuss books at all. If we were actually
able to visualize the Internet as a
cityscape, for example, and to give it a

- i : B
spatial geography, and to give the orga-
nizations on it an architectural repre-
sentation as opposed to a simple
domain name, we would all probably
live easier lives. In fact, for those like
Mr. Protocol, who had actually seen a
good percentage of the machine rooms
on the original Arpanet, the Arpanet
did have a visual representation,
because Telnet and FTP were being
pointed at real places, not indistin-
guishable abstractions. Given the
impossibility of actually visualizing the
millions of machines on the net,
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generating a consensual hallucination
actually sounds like a pretty good
second option.

William Gibson, however, is not the
first person to have an interesting and
original idea about what the Worldnet
would be like. In Mr. Protocol’s
humble opinion, that honor belongs to
John Brunner, whose novel 7he
Shockwave Rider, now several decades
old, still stands up as excellent reading
and a good vision. In Mr. Brunner’s
vision, the world computer network is
taken as a given and used in much the
same way as the electric power grid. Its
use is closely tied with the existence of
many hundreds of channels of televi-
sion, some commercial, some paid and
some guerrilla. Governmental decisions
are commonly made by Delphi confer-
encing, whose results are binding.

Mr. Brunner’s vision of the future
qualifies as neither utopian nor
dystopian. Power is seen to reside in
the hands of those who are able to
move information about; the most
common form of governmental

malfeasance is seen as the concealment
of information. Although the philoso-
phies expounded in this book seem to
hold a whiff of the *60s about them, it
is still a refreshing breath of fresh air

among the miserably misinformed and

underinformed literature generally
available. In fact, it acts as a valuable
counterbalance to the nightmare world
proffered in Neuromancer, recognizing
as it does the existence of checks and
balances even in an out-of-kilter soci-
ety.

Perhaps the strangest vision is at the
same time the most revealing. Rather
than taking contemporary American
society and extrapolating the ubiqui-
tous presence of the net to the most
dominant feature of society, it instead
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postulates the existence of advanced
computer technology in a rather differ-
ent society—that of Victorian England,
in the heyday of the Industrial
Revolution.

This book is The Difference Engine by
(surprise!) William Gibson and Bruce
Sterling. Mr. Gibson’s first book
spawned an entire (and largely unfor-
tunate) wave in literature (and lifestyle,
at least among wannabes) known as
“cyberpunk.” The Difference Engine
postulates what the authors rather
coyly refer to in interviews as “steam-
punk.”

In the world of 7he Difference
Engine, Charles Babbage’s was far from
the mostly vain effort we think of
today. The book’s title is artistic rather
than accurate, as it has nothing to do
with the “difference engine”
constructed by Babbage. The premise
of the book is that Babbage’s work on
the Analytical Engine led to an entire
industry of nonelectronic computers,
of general power and capability
comparable with those of the (our)
1960s, at least. The world thus painted
is peculiar, to say the least. The
authors have done considerable
research into the period, and in some
sense this is unfortunate for modern
readers, as those unfamiliar with the
period are confronted with many
events that are obviously of
Significance, but which are incompre-
hensible in the absence of knowledge
about how those same events or
personages figured in the history of
our world.

This archness aside, the carefully
thought-out view of the computerized
Victorian age is fascinating indeed.
The all-mechanical governmental
computers are the size of large build-
ings, installed perforce in even larger
buildings built to contain them. Dust,
oil and grease are the main enemies of
the government’s efforts at tracking
information, and an entire cadre of
dedicated government clerks work, not
in tweed suits and anonymous office
buildings, but in Victorian versions of
clean room garb, feeding punched
cards to the steam-driven behemoths
that incarnate government policy.

In everyday life, perhaps the most
obvious use of the Babbage engines is
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in entertainment. In our world, the
cinema grew out of the magic lantern
shows that served not only as enter-
tainment in their own right, but often
formed part of the program in
vaudeville shows. The earliest moving
pictures were booked as vaudeville
acts.

r. Gibson'’s first book

spawned an entire wave

in literature known as

‘cyberpunk.’

In the world of The Difference
Engine, the entertainment takes the
part of a gigantic pin-screen driven by
a Babbage engine in the basement.
Would-be impresarios bring decks of
cards for the engine which drive the
pin-screen to produce a form of
animated picture, similar to a silent
movie. This wildly improbable assem-
blage is described in loving detail,
becoming almost believable.

Against this backdrop, Messrs.
Gibson and Sterling describe a world
with all of the problems of early indus-
trial England multiplied to the break-
ing point. Luddites and anarchists
attempt to smash the State, and the
infamous “yellow fog” comes close to
killing the entire city out of hand.
Both of these phenomena were all too
real in our own world, but in this
world, the Engines have so greased the
gears of government that it has created
conditions far worse than historical
England ever managed to produce on
its own.

It is this recurring vision of comput-
ers providing both great power and
nightmare consequences that seems to
invade all of the literature which is
based on premises which we would
regard as anywhere near correct. Mr.
Protocol thinks that “alienation” is at
best overused to describe the
phenomenon. In his darker moments,
he prefers the term coined by Gilberto
Hernandez, “human diastrophism.”

Mr. Protocol does not believe that

this is in reality an inevitable conse-
quence of the deployment of a gener-
ally accessible worldwide computer
network, but he does believe that it is a ‘
likely one. He is not of the same
sanguine opinion as those who created
the notable Community Memory
Project in Berkeley, nor does he now
share the dream that put
the People’s Computer
Company on the map.
Simply throwing an infor-
mation resource at a
community does not mean
that that community will
use, or benefit from, that
resource. The efforts
mentioned were brilliant
failures even in communi-
ties noted for the high
percentage of their population that is
educated and willing to try new
things. Too many barriers of educa-
tion, culture and human communica-
tion remain. The real power in infor-
mation does not, today, lie with the ‘
availability of the information itself. It
lies with those who at least purport to
interpret that information, to make it
digestible, trivially available, and enter-
taining, and who stand to make more
than a few bucks doing so.

“Human diastrophism,” indeed. Mr.
Protocol thinks you should consider
what the Worldnet means to your
Peruvian nanny. =e

Mike O’Brien has been noodling
around the UNIX world for far too
long a time. He knows he started out
with UNIX Research Version 5 (not
System V, he hastens to point out), but
forgets the year. He thinks it was
around 1975 or so.

He founded and ran the first nation-
wide UNIX Users Group Software
Distribution Center. He worked at |
Rand during the glory days of the
Rand editor and the MH mail system,
helped build CSNET (first at Rand
and later at BBN Labs Inc.) and is now
at an aerospace research corporation.

Mr. Protocol refuses to divulge his
qualifications and may, in fact, have
none whatsoever. His email address is
amp@expert .com.
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NIX Basics

Making
Programs

by PETER COLLINSON,
Hillside Systems

t the start of computing, early programmers

instructed their computers using numbers,

sometimes called machine code. Machine code

is placed in the memory of the machine. Each
instruction is passed one by one into the instruction-decod-
ing logic controlling how the hardware works. Actually, deal-
ing in raw numbers may seem to be in the dim and distant
past, but it isn’t really. I can remember toggling octal values
into the PDP-11 to start the bootstrap and burst UNIX into
life.

Writing programs by hand-crafting numbers proved to be
difficult, and along came some salvation in the form of
assemblers. An assembler is a program that takes text as its
input and generates machine code as its output. It allows the
programmer to give a mnemonic name to each instruction.
It is better to write than machine code and easier to read.
The early assemblers directly translated from a textual repre-
sentation of the instructions into the machine code that ran
on the machine.

These early machines had a small number of registers.
Registers are complicated bits of hardware and were expen-
sive to make. Each machine code instruction contained an
op-code saying what the instruction was to do; a few bits
perhaps selecting a machine register; and a memory location.

KEITH GRAVES

The assemblers allowed you to say things like “load the
content of location 679 into register 1.” It was quickly real-
ized that plumbing absolute numbers into the program was
not a good idea because it made things hard to change and
hard to read. After all, just what did the number in location
679 represent?

Assemblers developed the ability for users to define their
own names for locations in memory. These names could be
related to the job in hand. Also, you could insert new loca-
tions easily. You didn’t have to worry about their address.
The assembler would do that for you. You could name vari-
ables and you could name parts of the program by supplying
labels for jump instructions. Better, you could name subrou-
tines so you could begin to split your programs into separate
modules.

Hold on a minute. All this stuff sounds easy and logical.
But there is a large technical leap between the simple trans-
lating assembler and the more complex assembler that deals
with named locations. Remember that there were no disk
operating systems. Even simple translation was a compli-
cated process. First, you loaded the assembler into the
machine. The assembler read in your program that you had
placed on punched tape (or cards). The assembler output
punched a tape (or cards) that could be loaded into the
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machine in turn and run as your program. When we spoke
of “one-pass” assemblers, it had real physical meaning.

The addition of names meant that you might need a two-
pass assembler. The first pass would check the names, verify
instruction formats, assign locations to variable data and
output some intermediate code. The second pass would use
that intermediate form to generate the machine code. The
second pass knows that all the names used in the source
program are valid and it knows the addresses they have been
assigned in memory. As a result, it can generate the correct
instruction values.

The next step is the invention of “high-level languages,” so-
called because they were more complex syntactically than
assembler. Rather than writing something that mapped
directly onto the hardware of the machine, you could write
in statements that were closer to the algebra that you learned
in school. It was easier to write

a=b+c
than
1lda b
add c
sta

It was seen to be possible to get the machine to generate the
full instruction sequence. The program that did this was
called a “compiler” because it generated several machine
code statements for each line that you supplied.

There was another payoff. If I gave you my program, you
could get your machine to generate something that would
run on your computer:

mov b, rl
add (19 oyl
mov rl,a

Program portability was born.

We now hit a period of huge growth in computing.
Machines acquired viable storage media. Operating systems
began to emerge, managing the data storage and the
machine. It became easier to run a compiler to create the
object file. It became easier to automate the various passes
that you needed to take the source and make the binary. It
became harder to write portable programs because they
interfaced to operating systems, and these interfaces were
different.

There was an immense explosion in language design. It
seemed to be the focus of computer science in the late "60s
and early '70s. A credible computer scientist had to have
written a compiler for something. Of course, I was no
different from anyone else. I was there.

On the whole, languages were formally defined so that
they were unambiguous. They could be parsed into
elements and their syntax recognized by the compiler. Many
errors could be eliminated by ensuring that the program was
specified using a known set of unambiguous rules.

Languages dealt with very similar ideas; on the whole, if
you learned one then you could transfer to another.
Languages tended to try to hide the machine from the
programmer. If you consider BASIC, FORTRAN, ALGOL
and COBOL, none provided access to the real address of a
variable.

C

The C language and the UNIX operating system sprang
out of all this. C was derived from B, which was in turn
derived from BCPL. BCPL was a language invented by
Martin Richards from Cambridge in the United Kingdom.
It was notable because it was designed to be portable. The
language compiled into pseudocode for an “imaginary”
stack machine. To get BCPL working on your system, all
you needed to do was to write some code that translated a
set of relatively simple operations into machine code that
would run on your machine. This was not too difficult, and
BCPL became widespread in academic circles in the United
Kingdom, at least.

BCPL admitted that computers used addresses and
allowed you to use them directly. It allowed you to deal with
pointers to objects, so for the first time in my experience as
a user of high-level languages, you could create complex
data structures that used real pointers. Previously, you had
to use array indexes as “pointers.”

BCPL was typeless. It assumed that the machine consisted
of boxes, and those boxes could contain an integer, a
pointer, the address of a routine, etc., etc. It assumed that if
you added one to a pointer, then it would point at the next
box. This worked fine on word-oriented machines but
created severe problems on byte machines like the PDP-11.

For me, however, BCPL had shown the way. Writing in
assembler was all well and good, but it was tedious. By now,
assemblers had become complicated. In some attempt to
take the drudgery out of program creation, they had picked
up the idea of macro replacement. You could write your
program in a self-specified set of higher level statements,
and the assembler would replace the text you wrote by with
the text from a macro definition. Many complex systems
were written like this. However, macros were generally
personal, could not be checked syntactically and were
limited. A high-level language was better.

C is (or was) the best high-level assembler that has been
designed. The compiler for the PDP-11 was tuned so that
you could generate excellent machine code from your high-
level language statements. The language had some
constructs that mapped directly onto the addressing modes

of the PDP-11, and
C = *ptri+;

could be done in an instruction.

The language had picked up the idea of structures from
PL/1 and Pascal. A structure is a pattern of data; it tells the
compiler that a certain chunk of memory is to be laid out in
a particular way. The language separates the definition of the
structure from the act of making an instance of the structure.

26 SUNEXPERT Magazine/March 1993



IT’S FAST, IT’S POWERFUL, IT’S...

ANNOUNCING THE

With this as a base we

SUPER COMPSTATION™ added a 64 bit M-bus,
7 SERIES FROM TATUNG S-bus slots and a whole lot
his affordable Sun® more to give you maximum

SPARCstation® 10 horsepower.

compatible is here and it’s
ready to demonstrate Super Powers.

With Solaris® as your operating
environment you can run thousands
of existing software applications
and when you wish to upgrade to
future processors, pop out your
CPU module and pop in a new one.

Challenge the Super COMPstation
to any task and watch it work at
supersonic speed. It's more than
twice as fast as SPARCstation II, has
a smaller footprint, is quieter than
the §510, and has a price tag of
thousands less.

Tatung brings you a full line of
SPARC® and SuperSPARC work-
stations that are backed up by a $2.5
billion organization dedicated to
superior quality, service
and support.

It is all based on a new
multiprocessing
SuperSPARC™ chip
that handles three
instructions at === Call Tatung for a Super price on
one time. your next SPARC workstation.

The Intelligent Choice in SPARC Workstations

TATU NG “‘- l Eg‘“":;i““f‘
ZasdN - . 4 ]
SuperCOMPstation 7/30 COMPstation 40 micro COMPstation 25 Mariner 4i
SCIENGE S TECHNOLOGY, ING. $510/30 Compatible $52 Compatible $S1+ Compatible ~ ATbus, 25 MHz

Fax: (408) 435-0138 ® Phone: 1-800-659-5902

COMPstation is a trademark of Tatung Science & Technology, Inc. All other trademarks are property of their respective owners. FCC Class A device - not intended for home use.
1992GD&A

Circle No. 42 on Inquiry Card



UNIX BASICS

You can create pointers to structures, and arithmetic on
these pointers works sensibly. Adding one to a pointer moves
the pointer to the next instance of the structure in memory
(not just the next box). You can load a structure pointer with
a physical machine address and control hardware by setting
values into registers whose type is defined by the structure. C
changed the idea that the machine should be hidden and

opened up the machine for the programmer.

Compiling C

C was also interesting because it was designed to run on
UNIX. UNIX at that time only supported small programs.
Of course, some would say these were reasonably sized and
everything else that has followed is too big. The program
that took your source and made an executable program, cc,
was not actually the compiler. Instead it was a program that
coordinated the activities of a number of other phases of the
compilation process. UNIX made it easy to write such a
program.

Also, UNIX made file handling very easy. You didn’t worry
about creating temporary files. You steamed on and just did
it. This was certainly not true of other operating systems,
where disk space seemed to be a jealously guarded resource.
In UNIX, you behaved as if disk space were limitless and
simply created files. It was fast and effortless to do so. Files
grew without you having to worry about saying first how big
they were going to be. They just grew and were infinite in
size. Well, nothing is infinite. It’s just that infinity is relative.
Infinity here means “big enough.”

If it’s easy to create and use files, you can afford to use
them to communicate between the programs that are the
phases of the compiler. It’s easier to break the compilation
process down into manageable sections.

The compiler has several sections. First, your program is
passed through the C preprocessor. This is mandatory now
but didnt used to be. On the compiler for UNIX Version 6,
the first character of the file had to be “#” to force the source
to be passed through the C preprocessor. This was dropped
in later systems because the pre-processor was so heavily
used.

The preprocessor added macro processing to make the
source code more readable; you can insert readable text
strings in place of numeric constants. Complex expressions
can be reduced to readable function calls that are expanded
in-line for efficiency. An important feature is the ability to
insert the contents of files; these “include” files mean that
programs can share definitions. This code sharing has
become an important feature of modern-day programming:
It gives us the ability to share data definitions, but we don’t
need the source code that implements them. We link that in
ready-compiled from a library at the end of the compilation
process.

The output from the preprocessor is passed into the first
phase of the compiler. Its job is to check syntax and defini-
tions. It creates an internal representation of the code, gener-
ally a tree structure. This is passed in the second phase to
generate the instructions needed to run the program on the
machine. Traditionally, this code is output as assembler
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source for input into a simple assembler, usually called as.

The assembler source can be passed through a code opti-
mizer. The code optimizer is a text recognition program. It
scans the assembler source looking for patterns and replacing
them with new code that is hopefully more efficient than the
compiler was able to generate. The reason for this is that the
compiler will generate code for each simple expression that it
finds; it is hard for it to see paths through the code. For
example, a compiler may generate a jump to a jump to a
jump. The optimizer can spot this and make the first jump
go to the final destination. Incidentally, many modern
compilers do their own internal optimization in the code-
generation phase; take a peek at Sun’s manual page for cc.

The as program takes whatever it is given and translates it
into an “object file.” This might be the end of the story if
the program is completely self-contained in a single module.
This is a rare case. C was designed with the idea that
programs could easily be split into separate modules. The
complete program is created by linking all the object files
together using a link editor, usually called 1d.

Linking and Loading

The compiler, the assembler and the link loader will
conspire to make the program consist of three parts: the text,
darta and bss segments. The text segment contains the
machine code instructions that the compiler creates from the
code of the program. The instructions will never modify
themselves—the code segment is capable of being shared by
several processes and so must remain constant.

The data segment contains any preinitialized variables and
any constant strings that the programmer may have defined.
The bss segment contains any uninitialized variables. This
segment is not present on the file containing the load image
of the program; instead it exists as a size in the file header. A
corresponding area of memory is allocated to the process and
set to zero when the exec system call starts the program
executing. The name bss stands for “block started by
symbol” and is a hangover from early IBM machines.

When these segments are linked together and run as a
UNIX process, they will be loaded as if the process was a
program running on the raw machine. So, for example, the
same compiler, assembler and link loader are used to gener-
ate the running kernel-which 7sa program running on the
raw machine.

Each module of the program will contribute something to
cach of the three segments. The linker’s job is to build up the
three segments from the object modules. It assigns addresses
so that the machine code in the text segment refers to the
correct addresses in the data and bss segments.

Each module will undoubtedly refer to a routine or some
global darta in another module. It’s a feature of C that the
names the programmer assigns to global objects are passed
down through the compiler and assembler to end in the
object module in a symbol table. Originally, this was very
unusual.

When one module calls a routine in another, the name will
be flagged as undefined in the first module. The assembler is
happy with this; it knows that the loader will fail if any
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symbols are undefined when the loader runs out of modules.

The notion of having undefined symbols allows us to have
libraries of precompiled object files that can be loaded with
our program. When the linker has finished with the modules
from our program, it will find that there are several unde-
fined symbols, like print £ perhaps. The cc program
instructs the linker to look through an archive file, 1ibc.a.
This is several separate object files joined together using
some recognizable glue, so each file can be seen as distinct
within the archive.

The loader scans the archive looking for a file containing
one of the symbols that are undefined. It finds printf is
defined in a file (probably printf.o) and loads that file
into the object file that it is building. This file will add some
more undefined symbols into the link loading process, say
_doprint. The loader continues to scan for the undefined
symbols and will pull in any files that define symbols in the
undefined list. It stops when the undefined list no longer
exists, or the library is exhausted. In the first case, we have a
runnable program. In the second, we have an error. The
serial nature of the search for undefined names means that
the ordering of files in the archive is crucial. It also means
that you have to be careful about what routines you place in
what library modules.

Actually, I have just described the original process. A
number of things have changed since that mechanism was
defined. First, the number of files in the standard library has
grown, and serial searching of the library is too slow. The
ranlib program helps with this. This generates an index

that is placed as the first file in the archive. The loader
knows about the index and uses it to speed up the searching
process.

Second, libraries have multiplied and the amount of code
that we want to load into programs has grown. It’s grown to
a point where people began to worry about the size of the
programs being generated. The basic problem is that every
program contains its own copy of the library routines. We
didn’t worry about this when the routines were small, but as
the libraries grew there were increasing calls for some mecha-
nism where all the running programs on machine could
point to one instance of the library code. This is what we
now mean by shared libraries.

Shared Libraries

UNIX has always shared code segments. If two instances of
the same program are running, then the processes share the
code segment. These days that code segment is actually a file
mapped into memory using the memory management hard-
ware. The hardware splits the code up into pages pointed to
by registers. The registers can contain page addresses in
memory or can hold disk addresses. A page fault happens
when the executing program hits a page that is not physically
present in memory. The operating system arranges to bring
the relevant page into memory, and the program continues
to run.

In order to make shared libraries work in a clean way, we
want to dynamically link a routine into our address space at
run time. We want to do it like this so that the linkage mech-
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anism is position-independent; it would be inconvenient to
have some mechanism that said the print f code must reside
at some fixed point in every program.

The Sun implementation starts with the 1d program, which
permits the object module to have references to routines that
are stored in a sharable dynamic library, say, 1ibc.so.1.7.
These references are indirect calls via linkage tables.

The program start-up code invokes the dynamic link editor
1d. so. This code is mapped into the processes’ address space
and given the address of a structure that refers to the
modules that are needed by the process. The modules are
mapped into memory, and the primary entry points are
entered into the linkage tables. This done, the program starts
executing. The linkage tables are not filled until they are

procedure is made a little more speedy by the storage of data
in a cache built when the system reboots by the 1dconfig
program.

The shared library routine might need to reference some
data areas that are potentially writable. This is handled by
placing the necessary data definitions in a matching library
say, libc.sa.1.7. Parts from this archive are linked stati-
cally into the program by 1d.

We have many programs with parts of shared library files
mapped into their address space. How do we update the
library? We can simply replace the file and restart the
processes. This is safe if none of the external interfaces to the
routines have altered. This is hard to guarantee. The Sun
system uses version numbering on the libraries, and 1d
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records the version number in the executable image. When
1d.so runs, it checks the available libraries against the
stored version number looking for a matching major number
(1 in the examples above) and the highest compatible minor
number (7 in the examples above). Incompatibilities can
result in a warning error message being printed.

We have certainly gained memory from the use of shared
libraries. What have we lost? Programs no longer stand
alone. It is now much harder to move programs from
machine to machine as binaries. You run the risk that some
hidden library routine has altered the way it works. When
you link all the routines into the program statically, you
freeze the code so it should always work. On the positive
side, it means that binary programs can benefit from
improvements and bug fixes in library routines.

Thanks

Thanks to Ningping Fan from the University of Pittsburgh
for the email that sparked this article. Thanks also to the
AnswerBook for providing reading on shared libraries; see
Chapter 1 of the book Programming Utilities and Libraries.

-0

Peter Collinson runs his own UNIX consultancy, dedi-
cated to earning enough money to allow him to pursue his
own interests; doing whatever, whenever, where ever... He
writes, teaches, consults and programs using SunOS running
on a SPARCstation 1+. Email: pc@expert . com.
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by RICHARD MORIN,
Technical Editor

ast month’s column looked at
L the Windowing Korn Shell

(WKSH), USLs approach to
generating script-based window appli-
cations. This month, we look at a free-
ware approach to the same problem.

John Ousterhout has developed a

Windowing Shell (wish) with many of
the same capabilities as WKSH and a
few nifty additional features. Just as
ksh is the basis for WKSH, John’s
Tool Command Language (Tcl) and
Toolkit (Tk) libraries form the basis
for wish. Bear with me on a short
explanation of the libraries; I promise
to get back to wish before long.

Tcl Basics
John describes Tcl as an “embeddable

command language.” Using the Tcl
library, you can build a command lan-
guage into a C application. The base
language includes control flow con-
structs, subroutines, variable handling

and so forth. The library handles the

32

overhead, letting your application code
respond to its specialized commands.
The resulting program thus contains a
specialized language interpreter.

Because most applications are not
designed around a command language
parser, I prefer to think of Tcl as an
“extensible shell” or perhaps an “appli-
cation backplane.” This emphasizes
the fact that Tcl is not very suitable for
hacking into an existing application.
Instead of having an all-powerful main
program, Tcl applications define ser-
vice routines, then start up a demand-
driven executive. Window program-
mers will find this very familiar.

Tel service routines are quite a bit
like the C functions that WKSH
allows to be linked in at run time.
That is, they look like main programs
that have been munged into functions.
Some of the fine points differ, howev-
er. Most obviously, T¢l service routines
cannot be loaded at run time. I would
like to see John copy this feature from
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The Tool Command Language

WKSH, as it might encourage the
development of useful libraries.

In any event, a service routine parses
its command, then performs its task.
For uniformity, service routines always
return text strings. If no results need to
be returned, the string will be empty.
Service routines can invoke other ser-
vice routines by sending command
strings to the Tcl executive.

This may seem a bit baroque and
more than a little inefficient. It has
some very strong advantages, however.
It gives the service routines a consis-
tent interface; they can be called equal-
ly well by the user or by another ser-
vice routine. It also allows them to
take full advantage of the interpreter.

Let’s say an application needs a lot of
run-time flexibility. When it starts up, it
can preload a few default bits of Tcl
code. At run time, these definitions can
be modified, changing the way the ap-
plication does its job. We'll get to an-
other significant advantage below.
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Tk Basics

Tk is a Tcl-based X11 toolkit. The
user interface is modeled after Motif,
but the programming interface and
internal structure are totally different.
The Tk library is mostly a collection of
Tl service routines. They get linked
into Tcl as commands and may be
invoked in the usual manner. The
application programmer sees them as
an extension to the Tl language.

Tk commands set up, adjust and
otherwise interact with X11 widgets.
When a widget is activated (for
instance, by a mouse click), it sends
the interpreter a string containing one
or more Tl commands. These get
passed off to Tcl, Tk or application
service routines for handling.

Although Tk is not particularly
object-oriented, it has many of the
characteristics that make object-orient-
ed libraries pleasant to use. The Tk
commands are very abstract, relying on
defaults whenever possible. These
defaults may be overridden in a variety
of ways, allowing great flexibility. In
the simple case, however, Tk does rea-
sonable things on its own.

TK’s pack command is a good exam-
ple of this approach. Used without
options, pack puts each widget into the
top of the remaining unallocated space.
This produces a descending vertical
stack. Using the top, bottom, left
and right options, a programmer can
modify this placement. Filling options
can be used to put stretch widgets or
place empty space around them.

Using pack, it is quite simple to cre-
ate a nested set of windows. Each win-
dow’s options control its internal
arrangement, and pack tries to ensure
that all of the constraints are met. This
is not too dissimilar from the technique
used in WKSH, or for that matter,
grap. The use of constraint-based tech-
niques simplifies all of these languages.

wish Basics

If you don’t need any application-
specific service routines, you don’t
need to bother with building an appli-
cation. Just hand the commands to the
Tcl and Tk code and be done with it.
wish lets you do this. Like any other
shell, wish can be run interactively or
in batch mode (running a script). In
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Tk terms, wish is a completely generic
application.

Consequently, the wish code is really
simple. It parses the command line,
initializes Tk and Tcl, adds a few sam-
ple commands, and drops into the
main loop of Tk. The whole thing
takes less than 500 lines of C.

In many ways, wish is a window
hacker’s dream. The C code is small
enough that it is trivial to understand,
so additions and modifications should
be very easy to install. New commands
can be added in either C or Tdl,
depending on what is needed. If the
extension needs to run really fast or
use low-level OS features, a bit of C
code is appropriate. Otherwise, Tcl
code will be shorter, simpler and
quicker to debug.

send-ing Commands

The Tk send command allows Tk-
based applications to interchange arbi-
trary T'cl commands. This allows sets
of applications to interoperate in some
really powerful ways. It can also get
programmers into a lot of trouble, if
they’re not careful.

Let’s say my spreadsheet needs a plot-
ting window. It invokes a plotting
application, telling it which variables
to plot, etc. Whenever the spreadsheet
modifies the plotted data, it sends a
command to the plotter, telling it to
wake up.

The plotter could get the new data as
part of the command. More deviously,
it might send commands back to the
spreadsheet, asking for the updated
values. There is no reason for the plot-
ter to be passive, either. It could allow
the user to fudge plotted data points,
then send the new values back to the
spreadsheet.

Getting more radical, a program (or
programmer) can send new defini-
tions to a running program. Let’s say
the plotter needs the spreadsheet to
perform a particular function during
each recalculation. Using send, it
could insert the needed code into the
spreadsheet. Similarly, a debugger
could use this technique to add tracing
code.

I'm only hand-waving, you under-
stand, but the capabilities are all
implicit in the Tk system. Moreover,
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John Ousterhout is quite serious about
getting them used. He feels that the
move to larger and larger monolithic
applications is misguided. If simple
programs and shell scripts can cooper-
ate in sophisticated ways, perhaps we
can use suites of small programs to do
big jobs in flexible ways.

This shouldn’t sound too unfamiliar
to UNIX types. The UNIX philoso-
phy is built on such notions.
Unfortunately, traditional UNIX val-
ues haven’t fared very well in the
Wonderful World of Windowing and
Widgets. 'm hoping that ideas like
send will help us to regain a bit of the
simplicity we have abandoned.

I also hope some de facto standards
will arise soon on how such scripts
should be written. Like most general
techniques, send is a very sharp
knife. By sending the wrong com-
mands to another program, a pro-
gram can cause some very peculiar
results.

More generally, software engineering
could be a real issue. If two programs
get modified independently, their abil-
ity to interact smoothly could go away.
If there aren’t clear ways for programs
to structure their interaction, the suite
of programs could have some bitter
disputes.

Some Tcl Code

Last month, we looked at a five-line
WKSH script that put up a “hello,
world” widget. This month, we'll do it
in three lines, using wish:

#!/usr/local/wish -f
label .1 text "hello, world"
pack append . .1 {}

The first line forces the script to be
interpreted by wish. The second line
starts up a label widget with the
desired text string. Finally, we ask
wish to pack up a window including
the label.

Tcl's widget naming system should
feel quite familiar to UNIX types. The
top level of the window has the name
“.”. The label’s name (.1) indicates
that it is just within the window. If the
label lived inside a frame “.£”, its
name would be “.£.1”. T like this
kind of regularity and suspect it greatly
eases widget referencing tasks.
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Resources

If you have Internet access, it’s very
easy to get copies of Tcl and related
packages. The current Tecl and Tk dis-
tributions reside in directory /tcl on
allspice.berkeley.edu. The
Barkley Tcl Archive (/tcl on
barkley.berkeley.edu) contains a
wealth of contributed packages.

Alternatively, you can pick up one of
the commercial freeware distributions
that includes Tcl. The Sun User
Group, (617) 232-0514, 1992.2 disk
contains a copy of Tk, as does Prime
Time Freeware, (408) 738-4832, Issue
2-1. While we're on the subject, there
are some other new disks that might
contain T¢l, and certainly contain
other interesting freeware.

InfoMagic, (609) 683-5501, has a
disk that includes 386BSD and
NET/2. O’Reilly and Associates, (707)
829-0515, has some X-related CD-
ROMs coming out soon. Sterling
Software, (402) 291-8300, is redoing
its NetGems disk. Walnut Creek
CDROM, (800) 786-9907, has a
range of freeware disks. Finally,
Yggdrasil, (510) 526-7531, has a
Linux distribution on CD-ROM.

More generally, if you are interested
in freeware that can be found on the
Internet, take a look at (shameless
hype alert) my other column, “The
Internet Notebook,” in UNIX Review.
The April column (“Tcl, Tk and
Friends”) fills in a few areas left alone
in this column.

John Ousterhout’s upcoming book
(An Introduction to Tcl and Tk, John
K. Ousterhout, Addison-Wesley,
1993) should be both easy to read and
definitive. (An early draft of part of the
book is available on allspice.
berkeley.edu.) Finally, if you have
Usenet access, consider subscribing to
comp.lang.tcl. =o

Richard Morin produces Prime Time
Freeware, a semi-annual CD-ROM
collection of redistributable, UNIX-
related source code. Between releases,
he consults, writes and teaches on
UNIX topics. He may be reached at
Canta Forda Computer Laboratory,
P.O. Box 1488, Pacifica, CA 94044 or
by email at ran@cfcl.com.
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our Standard Column

by PETER H. SALUS

hough I began this series of
columns nearly three years
ago by discussing the various

standards organizations, I still get a
large number of requests for informa-
tion about them. At the same time, |
am reluctant to merely reprint a col-
umn. And though John Hill of Unisys
posted a long description of JTCI on
the net some months ago, just what
JTC1 is and how it relates to other
things is far from understood.

Joint Technical Committee 1 is
“joint” between the IEC and ISO. IEC
is the International Electrotechnical
Commission, and up until 1988,
equipment standards were developed by
IEC. Standards for media and program-
ming languages were developed by
ISO-the International Standardization
Organization.

In the middle 1980s, thanks largely
to the efforts of Ed Lohse, late of

Burroughs Corp., activities to rational-
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JTC1 and ANSI

ize the situation were started in earnest.
JTC1 was the result. JTC1 is the first
and only joint ISO-IEC committee.

ISO committee procedures are
Byzantine; IEC is similarly involved.
The situation was sufficiently complex
that separate procedures were developed
and approved for JTC1. This document
is known as the JTC1 Directives. (The
JTCI1 Directives can be obtained from
the JTC1 secretariat, ANSI.)

The current organization and pro-
gram of work of JTC1 is as follows.
JTCI has two kinds of member bod-
ies: national bodies, of which there are
42-24 primary and 18 observer; and
internal, 14 internal to ISO and IEC
and 19 external (like ECMA—the
European Computer Manufacturers
Association). ANSI is the U.S. nation-
al member body; AFNOR is the
French; DIN is the German; JIS is the
Japanese; etc.

There is no such thing as “organiza-
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tional” or corporate membership.
Similarly, there are no individual mem-
bers. ANSI, however, accredits organi-
zations and committees to develop stan-
dards for it. Membership in some of
these is organizational, such as X3. In
some it is individual, such as the
Institute of Electrical and Electronics
Engineers (IEEE).

For the most part, the work of JTC1
itself is managerial in nature. JTC1
focuses on matters like project initia-
tion, subgroup establishment and docu-
ment approval.

The technical work of JTC1 is really
accomplished by its subgroups. Broadly
speaking, there are three types of JTC1
subgroup. These are special working
groups (SWG), study groups (SG) and
subcommittees (SC).

SWGs are typically established to per-
form some specific task and are often
nontechnical in nature. Examples

include the SWG-P, which deals with
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ISO/IEC JTC1 Subcommittees

SC1 (Vocabulary): Collects and coordinates terminology
usage by all groups within JTC1.

SC2 (Character Sets and Information Coding): Standards
for the bit- and byte-coded representation of elements
of various identified types of information, for inter-
change mainly at the application level.

SC6 (Telecommunications and Information Exchange):
Standards for telecommunications and OSlI, (systems
functions, procedures and parameters, as well as the
conditions for their use) for the four OSI layers that
support the transport service—in cooperation with CCITT.

SC7 (Software Engineering): Defines standardized tools
for development software.

SC11 (Flexible Magnetic Media for Digital Data Interchange):
Development of standards for diskettes and cartridges.

SC14 (Representation of Data Elements): Codifies data
elements so that their common definitions can be
used to exchange data.

SC15 (Labeling and File Structure): Standardization of
file allocation and directory information used for all
types of recorded media.

SC17 (ldentification Cards and Related Devices):
Standards for cards such as credit and debit cards in-
cluding the physical, electrical and magnetic properties.

SC18 (Text and Office Systems): Standardization of func-
tionality that simplifies text editing and other office-
related subjects.

SC21 (0SI Information Retrieval, Transfer and Manage-
ment): Development of standards for the upper layers
of the Open Systems Interconnection (OSI) model.
Also included are database management systems,
information resource management systems (IRDS),
and open distributed processing standards (ODP).

SC22 (Languages and Application Environments):
Programming language and operating environment
standards.

SC23 (Optical Digital Data Disks): Development of opti-
cal media standards including unrecorded (raw) media
as well as recording onto and reading from those
media. Both write once read many (WORM) and
rewritable media are included.

SC26 (Microprocessor Systems): Development of stan-
dards used in microprocessor systems including basic
hardware, bus and allied interfaces.

SC27 (Security Techniques): Development of standards
for security, such as encryption and verification.

SC28 (Office Equipment): Standardization of equipment
commonly used in office settings. This includes print-
ers and the quality of their output.

SC29 (Coded Representation of Picture, Audio and
Multimedia/Hypermedia Information): Standardization of
complex (i.e., more difficult than characters) data rep-
resentation. Data compression without the loss of
information is also handled here.

JTC1 procedures, and SWG-ES, which
deals with functional standards (often
called international standardized pro-
files, or ISPs). Technical Report (TR)
10000 describes procedures for the
development of Open Systems Inter-
connection (OSI) ISPs. SWG-ES is
currently revising TR10000 to incor-
porate procedures for managing the
development of ISPs for open systems
environments.

There have been two special study
groups established by JTC1. Each was
given a specific charter and assigned
specific deliverables. Neither exists to-
day since they completed their assign-

ments. The two study groups were
MSG-1 (management study group) and
TSG-1 (technical study group). TSG-1
focused on interfaces for application
portability.

The most enduring subgroup type is
the subcommittee (SC). SCs tend to
be organized around functional topics.
An SC typically focuses on a single
technical subject area. The detailed
standards development work of an SC
takes place within the working groups
(WG) within an SC.

One way to better grasp the activities
of JTC1 is to group the SCs (see
“ISO/IEC JTC1 Subcommittees”).
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There are four convenient groupings:
application elements, systems, equip-
ment and media, and systems support.
The scope of JTCI is extensive.
Virtually all standards used in modern
information technology systems
receive their worldwide endorsement

through JTCI1. =e

Peter H. Salus is currently working
on books on internationalization and
computer communication. He has
attended P1003, P1224 and ISO
meetings. He can be reached at
peter@uunet.uu.net.
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Tuning Disk and File Systems

by S. LEE HENRY

ou’re on the set of “Honey, I Shrunk the

Sysadmin.” Suddenly, the reducer beam catches

you, and, without having a chance to properly

shut down the system, you are thrust inside the
disk of your SPARCserver 690. Dazed, but curious, you
glance down at the rapidly spinning magnetic platters. You
estimate their movement to be about 3,600 revolutions per
minute and almost slip off the arm on which you are
perched. It moved! Caught you by surprise. You realize that
it just slid over to the left and is now hovering over a differ-
ent track than it was just a moment ago. Someone is reading
your files? Maybe the system is simply writing out its
buffers? You're not sure.

The disk head appears to be almost touching the surface,
but the ride is smooth, as if the head were floating on the
thinnest cushion of air. Another swerve, this time to the
right. You find yourself wishing youd been inserted into a
less active disk. You're beginning to feel a little nauseated.

To keep your mind off your stomach, you begin to ponder

disk geometry. The thought of concentric tracks on multiple
platters is almost mesmerizing. You recall your class in solid
geometry and imagine a hollow cylinder intersecting the disk
platters and joining corresponding tracks on all platters. Yes!
You imagine the sectors lying end-to-end on the track below
you. Sectors, you think, the smallest addressable unit on a
disk. Suddenly, you're swerving several tracks to the left. Seek
time. It didn’t take very long, but you notice that it took
longer to reach the new track than it did before. Little
wonder seek time is reported as three statistics—minimum,
average and maximum. Slowly, you begin to see the magneti-
zation on the surface below you. Yikes. Looks like an endless
stream of bar code whizzing by at about 35 mph. You can
sense some requested data lying up ahead and wonder if
you'll get it all this time or have to wait for it to come
around again. You hope that rotational delay will be mini-
mal; you can sense the system’s hunger for this data.
Processes are waiting. Someone just hit a carriage return
and is waiting for a file to display. You try to estimate the
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transfer rate of this disk. Must be close to 6 MB/s of raw
data. That’s not bad. Your VCR, analog beast that it is, can’t
move information that fast. But with all the file system over-
head, you think, your processes won't be getting useful data
at this rate. Processes are still waiting. You wonder if you
should have bought that 10-MB/s fast SCSI-2 disk that
Corey from Andataco called you about last month. Swoosh!
Off again to another track. Seems you're picking up pieces of
the same file from many different locations. Wonder if you'll
survive the 4 million miles or so of this frenzy predicted by
your mean time between failure (MTBF). Swoosh. Swoosh.
How much fragmentation is there on this disk, anyway?
Maybe those log files you've been keeping in /var and
analyzing through cron every afternoon are filling up the
spaces left between other files. On the other hand, there are
probably a number of data requests all going on at the same
time, and this poor head is bouncing around like a host at a
cocktail party trying to satisfy everyone.

You look again at the spinning surface, a little nervously
this time. Your file systems are down there. Judging from the
number of cylinders and sectors, this might be your system
disk. Hold yourself steady. If you bounce, you might cause a
head crash right in the middle of your root file system! What
else did you put on this disk? Swap space and /usr. Any
applications? How long would it take you to rebuild them?
Don’t bounce. Please don’t bounce.

You wonder about all the space used up by the disk format-
ting and all the overhead of your file systems. These platters
look so large to you now. You're a little surprised there is so
little free space left. It’s been a long time since you did any
cleanup, you think guiltily. Old log files and core dumps
might be eating up some of the space and causing you to be
tossed around like this.

Swoosh! Suddenly, a rush of cool air. Someone is shoving
papers in your face and you realize you've dozed off in a
team meeting. Everyone is looking at you, waiting for your
report about the new disks you're supposed to be adding to
one of the file servers. Ah, you sigh, there is still time to tune
your file systems. You haven'’t even formatted the disks yet.

Disk Hardware

Wow. You've seen this picture before and heard all this
terminology, but never before thought so deeply about how
well your file systems performed given the decisions that you
made about partitioning disks and running the newfs
command. You've always known that disks were divided into
things called tracks and cylinders but never really cared

Figure 1. Disk geometry

much about them. Now, still feeling a little lightheaded, you
just can’t seem to get basic disk geometry, illustrated in
Figure 1, out of your mind.

You want to set your new disks up as well as possible. After
all, you rationalize, you've spent a lot of your budget over the
last couple of years upgrading your storage, and disks are
expensive. Besides that, they house all the data and applica-
tions that your users need. Without that data, the system is
of no use to anyone. And, recalling your mind trip into the
internals of a hard disk, disks are usually the slowest part of a
system and, thus, play a major role in determining overall
performance.

You glance through your /etc/format.dat file for an
entry corresponding to your new disk. If you don’t find one,
you'll have to get back on the phone and get this informa-
tion from Corey, who sold it to you. You'll need accurate
information about the disk to utilize its capacity as well as
possible. Still, you realize that you have several goals. Good
use of the disk space is only one consideration. You also want
good performance, even if you have to trade some disk space

for it. And you want reliability.

Figure 2. Using iostat to report terminal and disk activity, as well as CPU utilization

$ iostat 10
e i sd0
tin tout bps tps . msps bps
1 8 8 1 0.0 4
0 3 0 0 050 13
1 7 27 4 0.0 0
2 13 6 1 0.0 3
42

sdl cpu
tps msps us ni sy id
e 0.0 2 0 2 97
2 0.0 6 0 5 89
0 0.0 0 0 1 99
0 0.0 1 0 2 97
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# df

Filesystem kbytes used avail capacity Mounted on
/dev/sdla 19095 7314 9872 43% /
/dev/sdlg 145999 125884 5516 96% /usr
/dev/sdlh 192151 135663 31273 78% /home
/dev/sd0f 4831 3966 382 91% /opt
/dev/sd0a 16303 10778 3895 73% /root5
/dev/sd0g 168528 150868 808 99% /usrb
# df -1

Filesystem iused ifree %iused Mounted on

/dev/sdla 999 9753 9% /

/dev/sdlg 9942 62634 14% /usr

/dev/sdlh 4564 92204 5% /home

/dev/sd0f 33 2399 1% /opt

/dev/sd0a 1767 6745 21% /xrooth

/dev/sd0g 11807 73313 14% /usr5

Figure 3. Using df to find usage

Balancing the Load Across Disks load as much as possible to get the best overall performance
Now that you find yourself with a fresh opportunity to set across the disks. One way to start planning for balancing
up some file systems, you want to do it right. Partitioning your load is to use the iostat command (see Figure 2) with

the disks will be a piece of cake, but you'd like to balance the a sampling interval to produce a report on disk I/O activity.
Figure 4. Calculating KB per inode

The Shell Script

#! /bin/sh

df | grep -v File | sort > /tmp/df.S$$

df -i | grep -v File | sort > /tmp/dfi.s$

jein —9101-492 1 -0 1.1 '1.2'1.3 2.2 2.3 2.5 /tmp/df.8S /tmp/dfi.$8 > /tmp/join.Ss
cat /tmp/join.$$ | awk -f avginodes

The avik Script

# avginodes - calculate average space per inode in each file system
#
{ AVG = 53 / 54
print $1, AVG " Kbytes/inode in " $6
print "\t " 82 / ($4 + 85) " expected"
}

The Results

# avg

/dev/sdla 6.0996 Kbytes/inode in /root5
1.9153 expected

/dev/sd0f 120.182 Kbytes/inode in /opt
1.98643 expected

/dev/sd0g 12.7778 Kbytes/inode in /usr5
1.97989 expected

/dev/sdla 7.32565 Kbytes/inode in /
1.77595 expected

/dev/sdlg 12.6618 Kbytes/inode in /usr
2.01167 expected

/dev/sdlh 29.7246 Kbytes/inode in /home
1.98569 expected

44 SUNEXPERT Magazine/March 1993



SYSTEMS ADMINISTRATION

The Shell Script

#!/bin/sh

# compare - line up space used and inodes used from df

#

df | grep -v File | sort > /tmp/tmp0.$$
df -i | grep -v File | sort > /tmp/tmpl.S$$
echo "FileSys %Space %Inodes"

join -1 1 -j2 1 -o 1.1 1.5 2.4 /tmp/tmp0.$$ /top/tmpl.ss

The Results

# compare

FileSys %Space  %Inodes
/dev/sd0a 74% 21%
/dev/sd0f 91% 1%
/dev/sd0g 99% 14%
/dev/sdla 42% 9%
/dev/sdlg 96% 14%
/dev/sdlh 78% 5%

Figure 5. Calculating space/inode ratio

The bps column shows how many KB are being transferred
per second over these intervals. This, at least, should tell you
how well your current disks are balanced. You can also use
this information to restructure your file systems later if the
balance changes. You decide to take a look at the disks on
your SPARCstation?2.

You also need to think about how many file systems you
want per disk. Youd probably make the best use of disk
space by having one or two large partitions per disk. On the
other hand, smaller file systems will perform better. You also
need to decide if you want to keep all your system parti-
tions—root, swap, and /usr—on the same disk, and home
directories and applications on another. Having a system
disk would, after all, enable you to replace or reload file
systems on the second disk more easily.

File System Parameters

Once you've partitioned your new disks, you are ready to
set up your file systems. Browsing through the man page for
newfs, you are astounded at the number of parameters that
you can set. Many of them look familiar. You can set the
block size, # cylinders/group, rotational delay and fragment
size along with a number of other parameters. You decide to
get as much information as you can from the manufacturer,
examine the defaults, and maybe experiment with maximum
contiguous blocks like the example in the man page of
tunefs. You also note that the tunefs command will allow
you to change some of the file system parameters on the fly.
If you unmount a file system, for example, you can change
the ratio between space and inodes. This might help correct
for an imbalance and allow you to better use the disk. You're
concerned that if you have more than enough inodes for a
given amount of space (this is usually the case), you will run
out of disk space sooner than you should. If you have too
few inodes, you will not be able to create new files even

when plenty of space is available.

The default value for disk space per
inode is 2,048 bytes. In other words,
your average file is expected to be about
2 KB long. You think for most file
systems, this value is inappropriately
small. You decide to evaluate your
system by using the commands and
scripts shown in Figures 3 and 4.

First, you run a simple df command to
show how much space is used and avail-
able. The avail column omits free space
withheld from users. You remember
when you first noticed that this number
seemed too low and began to understand
the discrepancy.

With a -1 option, the df command
reports on inodes, the structures that
contain information about files.

Combining the output of these two
commands, you reason, can produce a
report that calculates the ratio of space to
inodes for existing files and for the file
system as a whole. So, you write a shell script and an awk
script to help compute the ratios.

You can see by the output of this procedure that the file
systems are set up with the default ratio of 2 KB per inode.
The actual ratio shows that your files are much larger and,
therefore, too much space is reserved for inodes. A simple
comparison of the capacity column from the df command
and the %iused column from the df -i command shows
the same thing with slightly less precision (see Figure 5). You

Figure 6. Calculating capacity

The awk Script

# sumparts

{

DISK = substr(sl,6,3)

DK = substr(sil,8,1)

if ('K — PRICR DK)
SPACE = SPACE + S$2

else if (NR > 1) {
print PRIOR_DISK, SPACE, "Kbytes"
print, ™ *, SPACE * 1.024, "Kbyteg
SPACE = §2 )

}

PRIOR DK = DK

PRIOR _DISK = DISK

}

The Results

# df | sort | awk -f sumparts
sd0 173359 Kbytes

177520 Kbytes
sdl 357245 Kbytes

365819 Kbytes
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write another script so that you can line these values up
conveniently.

Another parameter you think about altering is minimum
free space. You've always gone with the default of 10% and
known that this cushion of unusable disk space improved file
system performance. You're inclined to think that 10% of
disks as large as 1 or 2 GB is simply too much space to put
aside; hundreds of MB may be more disk than you want to
sacrifice.

You think about all the space already unusable and how
large those platters looked when you were perched over
them. Even on the SPARCstation2 on your desk, the space
lost to formatting and building file systems is considerable.
And wait! You wonder if the size of your new disk was

hankfully, there is tunefs to

allow you to change some of

the parameters later on.

reported to you in GB as you think of them (2 to the 30th
power or 1,073,741,824) or as a simple power of ten (1
billion). The difference is almost 74 MB per GB! Corey was
careful to specify the disk size after formatting. You decide to
build an awk script that adds up the space on local disks and
calculates the difference between the two ways of reporting
MB. Even on your small disks, you see a difference (see
Figure 06).

You collapse into your chair. It’s been a hard afternoon.
There’s a lot more to setting up disks and file systems than
you thought. Thankfully, there is tunefs to allow you to
change some of the parameters later on. And, you can always
back up a file system, rebuild and reload it. Gee. You should
call Corey back and talk in more detail about disks. Wait.
What's that now? The boss is talking about shooting a video
in the office? Quickly, you make a dash for the door. ==

S. Lee Henry is on the Board of Directors of The Sun User
Group and is a system administrator for a large network of
Suns in the federal government. Her email address is

sleelexpert .com.

it's In the Mail

Excited, confused, inspired or irritated by some-
thing you read in SUNEXPERT Magazine? We would
be happy to hear from you. Our email is always
available to answer questions directed at our
columnists: Michael O'Brien, Peter Collinson,
Richard Morin, Peter Salus and S. Lee Henry.
For the sake of brevity and type fit, we may
edit letters, but we will try to respect the ideas.
So, let us hear from you at dpryor@expert.com.
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Built-In Display Reveals The Most Intricate Details Of Backup.

|

7 After delivering the keynote address at a recent trade show, the TTi 8501
granted The Sun Enquirer an exclusive backstage interview.

Sun Enquirer: We hear your
builtin display is the greatest thing
since transistors replaced tubes!

8501: Well, I wouldn't go that
far. But DP managers sure love it. It
tells you if there’s enough unused
tape in a cartridge to complete your
backup. It lets you know if the tape
is in good condition. And it even
reminds you when it’s time to install
a cleaning cartridge.

Sun Enquirer: That's terrific!
But fill us in on some basics. What's
your speed and capacity?

8501: I can hold five gigs on a
standard 8mm cartridge and my
sustained data transfer is up to 500
kilobytes per second.

Sun Enquirer: How about your
average seek time?

8501: In high-speed search
mode I can find any file on a tape

that contains 5,000 megabytes in
about 60 seconds.

Sun Enquirer: Thats fast! But I
think our readers would really like
to know if you're still doing work
with some of the top CPUs in the
business?

8501: You better believe it! I'm
compatible with all kinds of SCSI-
based systems. Not to drop names,
but some of my best friends are
VAXes, Sun SPARCstations and
servers, IBM PCs and RS/6000s,
HP/Apollos, and Macs.

Sun Enquirer: Boy, you really
do get around! Is it hard to get
along with so many different hosts?

8501: Not really. You see, the
engineers at TTi designed me with
12 little switches on my back panel.

Sun Enquirer: That must really
come in handy in a multi-host
environment. Do those switches do
anything else?

8501: Of course! Besides
setting the emulation, they change
my SCSI address and let the user
choose options like fast file search,
short file mark enable and more!

Sun Enquirer: I suppose those
switches also help you get along
with 2.3 gigabyte 8mm drives?

8501: You gotit. I can read
tapes that were written by 2.3
gigabyte drives and write tapes in
EXB-8200 mode, so they can be
read by any 2.3 gigabyte drive.

Sun Enquirer: Mr. 8501, thank
you for talking with us today. If folks
want to learn more about you, what
should they do?

8501: Either call (714)693-1133
or drop me a line at TT'i. I take all
my calls and I always answer my
mail. Well, gotta’ go, but I hope I'll
be talkin’ to you soon!

Backup so easy, you can do it
with your eyes closed.
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here are a lot of similarities between SunSoft’s
ToolTalk and Hewlett-Packard Co.’s Broadcast

Message Server (BMS) message-passing technologies.

Both are a collection of specs, services and application program-
ming interfaces (APIs) that enable software developers (and
users) to interchange tools, applications and other data seam-
lessly. Once these technologies take hold, according to SunSoft
and HP, gone will be the days when developers are required to
write customized links between individual tools and applica-
tions so that they can share information. Instead, ToolTalk- and
BMS-aware applications will automatically notify one another
of changes, updates and other pertinent information.

Both ToolTalk and BMS run on multiple platforms, including
Sun Microsystems Inc. hardware. Both accommodate standard
network protocols and transport mechanisms, such as TCP/IP,
Sockets, ONC, NES and RPC. And because SunSoft and HP
were among the winners of the bid to provide the Object
Management Group’s Common Object Request Broker
Architecture (CORBA) standard—technology upon which both
ToolTalk and BMS are grounded—the two message-passing sys-
tems are evolving, to a large extent, in parallel.

At the same time, there are plenty of ToolTalk-BMS differ-
ences. What stands out first and foremost is the difference in

packaging and positioning of the two technologies.
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ToolTalk and BMS offer two

distinct approaches for inter-

application communication

across networks.

While SunSoft is bundling

ToolTalk with its Solaris operating environ-
ment and offering the various ToolTalk mes-
sage sets as public-domain software, HP is tak-
ing the tack of making BMS a part of its
SoftBench application-integration framework
and selling a “code-construction” license of the
C-language version of SoftBench for Sun for
$2,300. (The BMS binary is available as a stan-
dalone product for $495 per seat.)

To be fair, and in order to make an
apples-to-apples pricing and functionality
comparison, you would need to pit SoftBench
against ToolTalk plus the SPARCworks (or
ProWorks for X86) development environment
plus products that eventually emerge from
Project Distributed Objects Everywhere
(DOE), Sun’s object-oriented system strategy.
Here, however, the focus is on the communica-
tions mechanisms. In the features that follow,
SunSoft and HP explain their respective tech-
nologies, offer some hints for developers and

present some of their future directions for

ToolTalk and BMS.—Mary Jo Foley
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eleased by SunSoft in 1991, the ToolTalk service is architected to be
completely distributed and network-aware. Applications can use

ToolTalk in two ways: They can employ it directly, calling functions

from the ToolTalk API library to create, send and receive messages; or
they can use a “service” built on top of the ToolTalk service, thereby making the
ToolTalk service a communication backbone. In both cases, the ToolTalk service
runs on top of the ONC+/RPC product.

With ToolTalk, location is entirely transparent to the developer as well as the user.
The ToolTalk service determines which applications receive the information sent by
another by looking for those applications that have asked for the type of information
sent, regardless of whether the receiving application resides on the local system or
across the network. As the number of users increases, the number of ToolTalk soft-
ware servers increases to support scalable distributed performance. ToolTalk also
integrates applications for single users on single systems.

Any ToolTalk-enabled application can be replaced by any other tool or application
that supports the same ToolTalk message protocol. ToolTalk message-compliant
applications describe the functions they need another application to perform and do
not need explicit links to a specific application. Applications perform the tasks they
do best and ask other applications to perform tasks for which they lack functionality.
When ToolTalk protocols are observed, cooperating applications can be modified or
rewritten without affecting one another. ToolTalk messages are easily added to exist-

ing applications to send, receive and use shared information.

by Astrid Julienne and Larry Russell, SunSoft
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ToolTalk also offers complete sup-
port for both procedural and object-
oriented messaging, allowing ToolTalk
messages to leverage the functionality
of the procedural applications that
dominate current usage, while
enabling a smooth migration path to
tomorrow’s object-oriented environ-
ments.

SunSoft’s vision of an object-oriented
environment is outlined within its
Project DOE (Distributed Objects
Everywhere), SunSoft’s distributed
object paradigm. Project DOE
includes an evolutionary growth path
for current applications, with continu-
ing support for the ToolTalk messag-
ing service. All current ToolTalk func-
tionality will continue to be support-
ed, with the migration occurring in a
completely transparent manner to
users and developers. This will pre-
serve current application integration
functionality, while providing access to
the additional capabilities of distribut-
ed object solutions in the future.

ToolTalk Availability

SunSoft’s position is that application
integration technologies such as
ToolTalk should be standard system
software. It therefore ships Tool Talk
bundled with Solaris 2.X for SPARC
and X86, encouraging its widespread
availability and adoption. As a stan-
dard feature of the Solaris operating
environment, all Solaris users have
ToolTalk installed and available on
their systems at no extra charge.

In addition to integrating applica-
tions across Solaris-based systems,
ToolTalk can also integrate applica-
tions running across multivendor dis-
tributed networks. The ToolTalk ser-
vice is currently available for more
than 75% of the world’s UNIX work-
stations, including systems from Cray
Research Inc., Digital Equipment
Corp., Hewlett-Packard Co., IBM

Over time, the underlying ToolTalk
implementation that users and devel-
opers do not see will be swapped out
and replaced by the DOMF and other
services.
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Corp., Intergraph and Silicon
Graphics Inc., as well as Sun
Microsystems Computer Corp. and
SPARC-compatible vendors.

ToolTalk binaries for HP 9000/7xx
HP-UX, DECstation Ultrix 4.2, and
IBM RS/6000 AIX RISC systems are
available through SunSoft authorized
distributors worldwide, including
Pencom Software of Austin, TX. End-
user companies can obtain an unlimit-
ed usage site license for ToolTalk bina-
ries on DEC, HP or IBM RISC work-
stations for $1,500 per architecture. In
other words, a site with 1,000 HP
workstations can obtain ToolTalk for
$1.50 per seat. Tool Talk for Silicon
Graphics’ Iris 4D systems is available
from SGI, and ToolTalk for Cray and
Intergraph systems is distributed
through these vendors’ respective dis-
tribution channels.

Standard Message Sets
Developers in different organizations
need standard messages to ensure that
the applications they develop will
automatically integrate with the appli-
cations developed by others. Users
access a vast array of purchased and
internally developed applications to do
their work, making an integrated set of
tools in one horizontal or vertical mar-
ket segment insufficient to accomplish
the tasks necessary. Users want and
need freedom of choice and do not
want to be restricted to any narrow set
of tools. Standard ToolTalk message
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sets enable this freedom of choice
across all applications.

SunSoft has done extensive work
with leading software suppliers and
end users to define standard message
sets. These message sets are open speci-
fications in the public domain and are
free for anyone to use without royalty
or license fees. Copies of these stan-
dard message set specifications and
information on developing Tool Talk-
message-compliant applications can be
obtained from SunSoft.

Separating messages into related sets
helps developers to adopt the most
appropriate messages for their applica-
tions. Software vendors can choose to
adopt some or all message sets,
depending upon the functional inte-
gration their customers require (or
they can forego the message sets alto-
gether and add ToolTalk to apps on a
case-by-case basis). Their applications
will be able to interoperate with any
other application that has also adopted
a particular message set. Existing
ToolTalk message sets include:

¢ The Desktop Services Message Set.
To achieve basic desktop integration,
applications need to support interap-
plication control messages. With the
Desktop Services Message Set, an
application can manage the state of
files, windowing and processing for
itself or for any other application. This
kind of functionality enables the devel-
opment of smart desktops and inte-
grated smart tool sets. Groups of appli-
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cations can call upon one another to
perform tasks and to interact as one
solution environment for the end user.

* Document and Media Exchange
Message Set. The ToolTalk Document
and Media Exchange Message Set
allows any application to incorporate
text, graphics, audio and video gener-
ated by another application. Using this
message set, applications can commu-
nicate with one another in a transpar-
ent manner, both locally and over net-
works, regardless of data formats or
compression technology.

* Data Access and Manipulation
Message Set. Users who access databas-
es and manipulate information in
spreadsheets and decision support appli-
cations require integration. This mes-
sage set makes data integration seamless
and completely transparent to users.

* CASE Interoperability Message
Sets. In certain vertical market seg-
ments such as computer-aided soft-
ware engineering (CASE) and elec-
tronic design automation (EDA),
groups of applications need to
exchange control information to oper-
ate in concert. Through the CASE
Interoperability Alliance, SunSoft has
worked with leading software vendors
to define messages for this specialized
CASE functionality.

SunSoft, DEC and SGI have pro-
posed a vendor-neutral CASE-tool-
integration messaging standard that
enables software developers to inte-
grate their CASE tools across hetero-

A request, another class of ToolTalk
messages, is a call for an action.
With the results of the action record-
ed in the message, the message is
returned to the sender as a reply.
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geneous CASE environments. This
180-page document has been submit-
ted for consideration as a base stan-
dard to the ANSI X3H6 CASE tool
standards committee and specifies sets
of messages for debugging, browsing,
analysis and design, editing, builds
and version management. These stan-
dard definitions allow developers to
have a wider choice of fully integrated
tools running on their preferred plat-
form. More than a dozen leading
CASE tool vendors, including Cadre
Technologies Inc., CaseWare Inc.,
CenterLine Software Inc., Frame
Technology Corp., Interactive
Development Environments Inc.,
Interleaf Inc., SoftTool Corp. and
SunPro, have endorsed this vendor-
neutral approach.
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A notice, one class of ToolTalk mes-
sages, is a way for a process to
announce an event. Processes that
receive a notice need not return any
results.

ToolTalk: A View from Above

The ToolTalk service enables any
independent application to communi-
cate with any other without either
application having direct knowledge of
the other through delivery of an
agreed-upon set of messages between
interoperating applications. Several
messaging styles are supported, includ-
ing messaging to a particular process,
to any interested process, to an object
or to an object type.

Any tool that follows a given
ToolTalk message has universal plug-
and-play capability; that is, that tool
can be placed (plugged) into a com-
puting environment and perform
(play) those functions supported by a
particular message. ToolTalk supports
several styles of message passing
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between applications, and it provides
network-transparent multicast of both
ToolTalk procedural and object-orient-
ed messaging.

The ToolTalk service supports two
basic kinds of scoping: file scoping and
session scoping. File scoping limits the
recipients of a message to those pro-
cesses interested in a particular piece of
information that is represented as a
file. It also integrates multiple applica-

SOFTWARE DEVELOPMENT

tools, you can determine the specific
messages needed to accomplish the
required tasks. The ToolTalk service
uses message patterns—information
stating explicitly how messages should
appear—to determine message recipi-
ents. The attributes in your message
pattern specify the type of messages
you want to receive and, to some
extent, the number of messages you
receive. After receiving a message, the

ome vendors talk about encapsulation as if it

magically supports sophisticated application

integration without extra effort.

tions that can run on behalf of differ-
ent users across the network whose
applications are working on the same
information. Session scoping limits the
recipients of a message to those pro-
cesses that run on behalf of a single
user. In addition, the ToolTalk service
supports file-in-session scoping, a
combination of the two basic kinds of
scoping. An additional feature of the
ToolTalk service allows you to specify
that you want the message to be deliv-
ered to either or both the specified file
scope and specified session scope.

The ToolTalk service delivers event
messages, called notices, and requests
to any interested process anywhere on
the network. An event is an announce-
ment that something has happened, a
news bulletin. When a tool informs
interested processes that an event has
occurred, it sends a Tool Talk notice.
The sending tool does not require that
any tool pay attention to the notice,
and no reply is expected.

An operation, on the other hand, is
an inquiry or a request for an action.
When a tool makes an inquiry or
requests that an operation be per-
formed, it sends a ToolTalk request.
The requesting tool expects a result to
be returned and expects to be
informed about the status of the
request.

Once you have determined how your
application will interact with other

ToolTalk service compares this message
pattern to all current message patterns
in the application within the scope of
the file or session. Once a match is
made, the message is delivered to the
application associated with the mes-
sage pattern.

Networking and

‘Encapsulation’

With ToolTalk, networking distribu-
tion is transparent. The ToolTalk ser-
vice hides the networking details, such
as location issues, while providing easy
global access.

Additionally, the ToolTalk service is
entirely transparent to end users.
ToolTalk messages described in your
application can automatically invoke
an application from any location on
the network. This autostart function
ensures that a message is delivered even
if an application is not currently run-
ning. If there is less urgency, another
option is to have notices queue up,
until the application is started directly.
The ToolTalk service maintains an
instance of the ToolTalk server for
each user. It automatically starts
ToolTalk servers for new users, allow-
ing the system to scale for distributed
performance.

The ToolTalk capabilities are provid-
ed to an application through a C API
library. This API is the same for any
ToolTalk application anywhere on the
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network on any platform. Because the
ToolTalk binaries run on platforms
from multiple vendors, a ToolTalk
application running on one platform is
able to communicate with ToolTalk
applications running on another plat-
form.

The ToolTalk service requires an
RPC. ONC+/RPC is preferred if
application vendors wish their applica-
tion to operate across multiple ven-
dors’ platforms.

One technology that ToolTalk does
not insist upon is encapsulation. Some
vendors talk about encapsulation as if
it magically supports sophisticated
application integration without extra
effort. Unfortunately, encapsulation
simply externalizes the message logic
and requires extra coding to monitor
the I/O stream of an application.
Encapsulation degrades integration
performance and increases the com-
plexity of the coding effort. It is always
preferable to install messages directly
into the applications source code, and
encapsulation should only be consid-
ered for unsupported, non-GUI-based
utilities.

In the limited number of circum-
stances where encapsulation cannot be
avoided, the Solaris environment pro-
vides a solution. Solaris encapsulation
uses ToolTalk messaging, ANSI C for
coding and OpenWindows DevGuide
for building a GUI ($495 per seat).
HP’s Encapsulator product uses BMS
messaging and the nonstandard
Encapsulator Description Language
for coding and building the GUI (at
$5,460 per seat). To achieve the same
objective, the Solaris encapsulation
approach does not require a developer
to learn a new, nonstandard language
or to work with a nonstandard GUI-

builder.

Designing Developers

Before integrating Tool Talk capabili-
ties into an application, you need to be
clear about how the tools will work
together and what operations are to be
performed. Automated encapsulation
schemes that take the developer out of
the decision process tend to provide
very limited benefits to end users.
Instead, by following a few standard
design guidelines, developers will be
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able to create ToolTalk-aware applica-
tions that will successfully interact
with any other application that sup-
ports the ToolTalk message protocol.

Developers must always make
requests anonymous. They need to let
tools be started as needed, thus provid-
ing the user with more flexibility and
more efficient use of resources.
Developers must ensure that apps
reply to a request only when the
requested operation has been complet-
ed. This way, because ToolTalk
messaging is entirely asynchronous,
neither a tool (nor its session) will be
blocked because it has one or more
outstanding requests.

Developers should make protocols
stateless, whenever possible. When a
protocol is stateless, the messages in it
avoid dependency on any previous
messages or on some state in the
assumed recipient. It is good to declare
one process type (called a ptype) for
each role (that is, the kinds of tasks) a
tool can play. When you declare only
one ptype per role in your protocol,
you provide users with the flexibility to
interchange tools as their needs
require.

In short, there are five simple steps
developers need take to add ToolTalk
code to two existing applications so
they can interoperate. First, you modi-
fy the Makefiles for each of the appli-
cations. Next, modify the source file
for Application A. Then, modify the
header file for Application A. Next,
modify the source file for Application
B. And finally, create a new file to
declare the ToolTalk ptype for
Application B.

The Five-Fold Path

Here are the steps in more depth:

Step 1: The first modification you
need to make in order for the two
applications to interoperate is to
change both of their Makefiles to use
the ToolTalk libraries. To do this, add
the -1tt option as follows:

Step 2: Next add code to Application
A’s source file to set the Tool Talk ses-
sion, to specify what operations it
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wants performed, and to receive and
process ToolTalk messages. Then add
code to Application A’s header file that
tells it about the ToolTalk header file
and also about the new ToolTalk com-
mands in its source file.

Step 3: Application A must be able
to receive Tool Talk messages and
respond in a specified manner when
certain types of messages are received.
Application A will send a message to
tell Application B what operation it
wants performed. It also wants
Application B to send a reply when the
request has been completed or to noti-
fy it if the operation should fail. Add
this code to the actual code within
Application A that performs these
specified tasks.

Step 4: Add code to Application B’s
source file that tells it where to find
the ToolTalk header file; how to han-
dle a ToolTalk message when it
receives one; how to process an error
caused by a ToolTalk message; and
how to join the ToolTalk session.

Step 5: The ToolTalk types mecha-
nism is designed to help the ToolTalk
service route messages. However, you
must first define a process type
(ptype), and then compile the ptype
with the ToolTalk type compiler,
tt_type_comp.

The ptype file contains information
on what requests an application is
interested in handling, what events an
application is interested in being noti-
fied about, and what requests and/or
events can cause the application to be
started. When a tool declares a ptype,
the message patterns listed in it are
automatically registered; the ToolTalk
service then matches messages it
receives to these registered patterns.
These static message patterns remain
in effect until the tool closes commu-
nication with the ToolTalk service.

Ptype files are text files that contain
the specific syntax of the messages
your application is interested in. After
you have created the ptype file, you

need to install the ptype using the
ToolTalk type compiler. The type

compiler verifies the ptype syntax,
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checks for conflicts with existing defi-
nitions, and merges the ptypes into the
ToolTalk user database.

Before you can participate in
ToolTalk sessions, you must initialize
and register your process with the
ToolTalk service. To initialize and reg-
ister your process with the initial
ToolTalk session, your application
needs to obtain a process identifier
(procid) and a matching file descriptor
(fd).

You can either register in the
ToolTalk session in which the applica-
tion was started (the initial session), or
locate another session and register
there. To register in a session other
than the initial session, your program
must find the name of the other ses-
sion, set the new session as the default,
and register with the ToolTalk service.

After you have initialized the
ToolTalk service and joined a session,
you can join files and additional user
sessions. When your process is ready to
quit, you must unregister your message
patterns and leave your ToolTalk ses-
sion before your application exits.

ToolTalk Futures

ToolTalk is an integral part of
SunSoft’s Project DOE. Today,
ToolTalk enables the integration of
procedural and object (i.e., “large-
grained”) applications through multi-
cast messaging. Over time, Sun’s vision
is that DOE technology will allow
developers to create new kinds of
finer-grained apps constructed via the
“plug-and-play” model using distribut-
ed-object components.

SunSoft plans to move the ToolTalk
messaging APl into the DOE applica-
tion framework. In the longer term,
Sun expects to swap out underlying
ToolTalk technology that is invisible to
developers and end users and replace it
with the Distributed Object Manage-
ment Facility (a CORBA implementa-
tion) and common services. The
ToolTalk API will remain intact as part
of future versions of Solaris. =o

Astrid Julienne is a technical writer
in the ToolTalk documentation group
at SunSoft. Larry Russell is the
ToolTalk product manager.
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he Broadcast Message Server (BMS) is the central point of com-

munication among multiple client programs within the

SoftBench Framework. It is responsible for routing messages

between client programs, filtering messages, invoking client pro-
grams when needed, and recording the custom environment for each individual
using the Framework.

The SoftBench Framework is a set of software services that allows tools and
tasks to be tied together into an open, integrated, heterogeneous distributed
environment. The Framework allows tools that were created as standalone appli-
cations to be encapsulated, or plugged in, without source code modification.
These encapsulated tools can then communicate with each other to become a
part of a user’s task, or overall process. The SoftBench Framework allows tasks to
be created by the user, quickly and easily. As each user’s needs change, the tasks
can evolve to meet these needs.

The SoftBench Framework services can be separated into three distinct yet related
categories: messaging, subprocess control and remote data access. Each of these ser-
vices can be used independently of the others, yet they work best in concert. The
BMS facilitates tool communication in a client/server architecture. The subprocess
control (SPC) service allows previously standalone applications to be executed
under the control of a Framework client, or the Framework itself, again in a
client/server model. The application can be executed locally or remotely via the
Subprocess Control Daemon (SPCD). SPC is also used by the BMS to activate
tools. The remote data access feature allows client programs to reference remote
data via NFS. This feature provides a consistent mechanism to handle references to

remote file system data within a message.

by BRIAN FROMME, Hewlett-Packard Co.
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The SoftBench Connection

Developed in 1988, Hewlett-Packard
Co.’s SoftBench Framework addresses
application integration issues by pro-
viding a control integration mecha-
nism based on smart messaging—a k a
BMS. The SoftBench Framework pro-
vides services that are essential to creat-
ing an open, integrated, distributed
environment, such as graphical user
interface and communication services
that are accessed and shared by all
applications in the Framework-based
environment.

Today, more than 60 commercially
available software tools have been inte-
grated with the SoftBench Framework.
In addition, CASE Communique, a
cooperative forum of more than 100
independent software vendors, envi-
ronment builders and end users, is
chartered with creating industrywide
standards for control integration based
on the SoftBench Framework.

The SoftBench Framework is avail-
able on multiple hardware platforms,
including the HP Apollo 9000 work-
stations, IBM Corp. RISC System/
6000 workstations, Digital Equipment
Corp. Ultrix systems, MIPS Computer
Systems Inc. systems, Sun Microsys-
tems Inc. SPARCstations and Sequent
Computer Systems Inc. systems. Much
of this broad platform availability has
been accomplished by licensing the
SoftBench Framework to hardware
vendors, such as IBM and Control
Data Corp., and to software vendors
such as Siemens Nixdorf Information
Systems Inc., Informix Software Inc.
and Objectivity Inc. The European
Computer Manufacturers Association
(ECMA) adopted a reference model
originally developed by HP and influ-
enced, to a great extent, by SoftBench,
to describe those services that a frame-
work must provide to be beneficial.

In order to run on so many plat-
forms, the Framework must be highly
portable. The BMS and SPCD are

Within the ECMA model, the SPC
and BMS are implemented on net-
work services such as Ethernet and
TCP/IP.
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what make it so. The BMS is imple-
mented on standard networking ser-
vices, such as Ethernet and TCP/IP. It
was easily ported to the many UNIX
platforms mentioned earlier. This
means that applications running on
these systems can be encapsulated and
communicate transparently across the
network with other client programs
running on different operating sys-
tems. The SPCD also allows applica-
tions to be executed on non-UNIX
systems—such as HP’s MPE/ix systems,
IBM’s MVS systems and DEC’s VMS
systems—without the need for porting
the entire SoftBench Framework. This
feature allows the SoftBench
Framework to encapsulate tools
regardless of whether the tool is on the

same host computer as the Framework.

The Ins and Outs of BMS

A message is the unit of communica-
tion between client programs in the
Framework. Messages are used to con-
vey control information. The term
“control integration” is used to
describe this form of tool communica-
tion. The control information passed
in a message typically takes one of two
forms, notifications of some activity
and requests for some other client pro-
gram to take some action.

A notification is used to convey a

client program’s most recent activity.
Notifications can be delivered via the
BMS to any number of client pro-
grams. A request message is used to ask
some other client program to take a
certain action. The sender of a request
need not know which client program
will actually handle the request. This
characteristic is the heart of the BMS
open system model. The actual tool
that handles a request can be replaced
with another tool without the need to
inform the requesting client program
of that change in the environment. In
fact, the requesting client program
need not even be restarted when such a
tool replacement is made. Responses to
requests are actually a special form of a
notification and are used to notify
client programs that a requested event
has been completed. Responses con-
tain status information that denotes if
the event was successful.

The BMS performs smart message
routing to any number of client pro-
grams. It is responsible for forwarding
any message sent from a client pro-
gram, whether a notification or
request, to any other client programs
that have registered an interest in this
message. This is done via ARPA/
Sockets, a standard, portable and dis-
tributed network transport mecha-
nism. Therefore, the BMS and any of

How BMS Fits
Into SoftBench

. 1 ‘ °
i | e
Data transport

Source: Hewlett-Packard Co.
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Broadcast Message
Server Architecture

Requests 3

Notifications

and lallmesi

invoke the client
program, but the
activator also
contains macro
expansion capa-
bilities that allow
the Execution
Manager to start
the client pro-
gram with data
supplied from the
corresponding
request message.
For example, a
user may be in
the editor about

Source: Hewlett-Packard Co.

The BMS forwards any message
from a client program to other clients
with registered interest in the mes-
sage.

its client programs can be distributed
across a heterogeneous network. The
BMS also performs message filtering.
Only those client programs that regis-
ter an interest in a message will receive
that message. All other programs are
simply left alone. A key feature of mes-
sage passing is guaranteed response.
When a request message is sent, the
requesting client program often needs
to receive a reply that indicates the
action was attempted. The BMS will
ensure that such a reply is generated if
the client program cannot execute or is
prematurely terminated.

The BMS maintains the tool envi-
ronment automatically via the
Execution Management facility. The
Execution Manager is responsible for
invoking client programs when a
request message is sent and there is not
an appropriate client program already
running to handle that request. This
means that the user need not be con-
cerned with whether or not a client
program has been started in the correct
place in the network to handle a
desired task.

The Execution Manager uses an acti-
vator to describe how to start the
appropriate client program somewhere
in the network. The activator is a
string that looks much like the com-
mand line that the user would enter to
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to make an
enhancement to a piece of software,
but the file must first be checked out
of a source code management system.
The user doesn’t know whether or not
the source code management client
program has been invoked yet and
may not know exactly where in the
network it should be invoked. With
the Execution Manager, the user need
not ever know this information. The
check-out request is made from the
editor, and the Execution Manager
determines that the source code man-

interface services for client programs.
Encapsulator enables developers to
unobtrusively add or encapsulate cus-
tom, third-party or UNIX program
applications without source code mod-
ification. All client programs then have
access to the SoftBench Framework
services.

Without capabilities like those pro-
vided by the Encapsulator, every pro-
gram that is integrated into the envi-
ronment must be rewritten to make
use of Framework services. Not only is
this impractical, but, in most cases, for
end users to access the source code of a
third-party tool is simply impossible.

Another advantage to the Encapsu-
lator is flexibility. The Encapsulator
provides multiple access methods for
writing integration software. These
methods are called direct library
access, unobtrusive access and shell
access. Direct library access is used
when calls to an archived or shared
library are added to an application.
Unobtrusive access is used when an
application has some form of program-
matic interface, either textual, through
Sockets, remote procedure calls or
through some other text-passing mech-

ultiple access methods assure that integrators

can choose the method that best suits an

application.

agement client program has not yet
been invoked. So, the request message
is queued while the source code man-
agement client program is invoked via
SPC on the appropriate node in the
network. When that client program
announces to the BMS that it is ready
to accept messages, the Execution
Manager will resend the queued
request message, which is then for-
warded to that client program.

Encapsulating with
Encapsulator

Encapsulation is performed by using
the SoftBench Encapsulator product.
The Encapsulator is the AP to the
SoftBench Framework services, as well
as the device that provides remote data
access, subprocess control and user
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anism. In this case, no source code
modifications to the application are
necessary; only access to the binary
program is required. Shell access is
provided so that shell scripts can be
written to access the BMS. Shell access
is also used by programs, such as
emacs, that have the ability to execute
a process. Multiple access methods
assure that integrators can choose the
method that best suits an application.

Encapsulations can be written in
many programming languages: C,
C++, EDL (Encapsulator Description
Language) and UNIX shell scripts.
With the C library access, other pro-
gramming languages that have the
ability to call C library procedures can
be used, too.

The Encapsulator is second-genera-
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tion integration technology.
Developed in 1988, the Encapsulator
continues to be enhanced to allow easy
integration for a growing set of appli-
cations. The Encapsulator provides the
interface to the SoftBench Framework
services based on an object-oriented
methodology, called the Simple User
Model.

The Simple User Model (SUM) is an
object-oriented approach to providing
the services in the SoftBench
Framework to a software integrator.
Client programs can interact with a
BMS component, controlled applica-
tion component, remote data compo-
nent, and Motif user interface compo-
nent. In this model, client programs
become event-driven programs, wait-
ing to service interesting events that
occur on the various interfaces: BMS,
SPC, Motif and others defined by the
programmer.

SUM defines three Framework
objects: the Message Object, the
Subprocess Object and the Display
Object. The Message Object is the
interface to the BMS. By instantiation,
a connection can be made with a BMS
on a particular machine, by host name.
By passing information to a Message
Object, data can be delivered to the
BMS and therefore to other client pro-
grams. The integrator need not deal
with the low-level network transport
mechanism, i.e., Sockets. This is all
handled by the Message Object.

The Subprocess Object is used to
create a new process and execute an
application within that process, on any
named host accessible via an SPCD. A
connection with that subprocess is
made so that data can be passed, col-
lected and parsed via pattern match-
ing. Pattern matching in the Subpro-
cess Object allows an client program to
define textual events on an application.

A developer can integrate encapsulat-
ed tools to automate a task by using
the Encapsulator to compose programs
in C, C++, or, as is the case here, EDL.
The steps in the program are color
keyed to the task diagram.
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This means that the client program
can determine what the application
has done in response to a command.
Thus, errors can be caught, and
response data from a command can be
collected and used in other interfaces,
such as being placed in the user inter-
face or written as part of a BMS mes-
sage.

The Display Object provides consis-
tent access to Motif user interface
objects as well as several special
SoftBench Framework objects so that a
client program can easily manipulate
information on an X display. One spe-
cial SoftBench Framework Display
Object, the Terminal Object, allows
interaction with a curses-based, or ter-
minal-oriented subprocess.

A Real-World Example

So you know how to access the
SoftBench Framework functionality.
Now you want to build a real
application environment that allows
your customer to easily automate
tasks. Here’s an example of one that
works today.

We will take three encapsulated soft-
ware development tools: Interactive
Development Environment Inc.’s
Software through Pictures (StP),
Interleaf Inc.’s Interleaf, and CaseWare

Inc.’s CaseWare/CM (see “How BMS

Does Its Thing...” and “...Using
Encapsulation Description
Language”). StP provides structured
analysis and design capabilities.
Interleaf is a WYSIWYG documenta-
tion publishing system. CaseWare/CM
is a configuration management system
for managing large software systems.
Each of these applications has already
been encapsulated by its respective
independent software vendors (ISV),
so we don’t have to worry about build-
ing the interfaces to each application’s
functionality. What we do want to do
is automate a task that our company
does every day and we will leverage the
integration via the BMS to do that.

Our task consists of keeping a soft-
ware design and its corresponding user
documentation up to date with each
other. When a design change is made,
we want to automatically modify the
user documentation and keep both the
design and the document under con-
trol of the configuration management
system. To do this, we will write a task
encapsulation that will listen for a
DESIGN notification message from Stl
send a CHECK-OUT request to Case-
Ware/CM, then send an INSERT
request message to Interleaf, and final-
ly send a CHECK-IN request message
back to CaseWare/CM.

The BMS will take care of automati-

How BMS
Does lts Thing...

—' Catch design notification

——’ Send check-out request (for linked document)
s S Catch check-out response notification
—' Send insert response notification
—> Catch insert response notification
—-—’ Send check-in request (for linked document)

Source: Hewlett-Packard Co.
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...Using Encapsulation Description Language

/************************************‘k************************‘k*****************

*

* File: task.edl
* Description: A practical example of how to create a real software

* development task using real ISV encapsulations.
*

******************************************************************************/

/* These lines create the event that catches the StP message we care about.
* This handles step (1) which is initiated by the user in StP. */
event catchme; string id;
event stp = make_event (Message, make_message pattern (Notify, "STP", "DESIGN"),
catch_design_message()) ;
add_event (stp) ;

function catch_design _message() {
/* This function requests to CHECK-OUT the document and catch the reply.
* This handles step (2) and (3), the first portion of our automation. */
id = make_message_id();
set_context_file(message_file());

catchme = make_event (Message,
make_message_pattern (Notify, "CM", "CHECK-OUT",
NULL, NULL, NULL, id),
catch_checkout_message() ) ;
add_event (catchme) ;
send_message (Request, "CM", "CHECK-OUT", id);

function catch_checkout message ()
f
/* This function requests to add the design to the document.
* This handles step (4) and (5), the second portion of our automation. */
id = make_message_id();
remove_event (catchme) ;
catchme = make_event (Message,
make_message pattern (Notify, "DOC", "INSERT",
NULL, NULL, NULL, id),
catch_insertion_message());
add_event (catchme) ;
send_message (Request, "DOC", "INSERT", id);

function catch_insertion_message()
{
/* This function request that the document be returned to the CM package.
* This handles step (5) and completes our automated task. */
remove_event (catchme) ;
set_context_file(message_file());
send_message (Request, "CM", "CHECK-IN"):;

start () ;

Source: Hewlett-Packard Co.
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cally invoking each tool that is request-
ed to take an action via the Execution
Manager and queue each request until
the application is ready to accept mes-
sages. The BMS will also handle for-
warding each message to the appropri-
ate application, without the need for
each application to be aware of the
others. The task encapsulation facility
will handle the linking of the message
events to fully automate this task.
The code that implements this task
can be written using the Encapsulator
product in C, C++ or EDL. We wrote
this EDL program in about 20 min-
utes, and there is no need to modify
the BMS environment to use this pro-
gram to automate the task. We simply
add the program to the BMS configu-
ration file to inform it of the new task
encapsulation and then we run it.

The World, According to HP

HP plans to extend the Framework
to include repository and object man-
agement services. These extensions
coincide with another emerging stan-

dards effort—that of the Object
Management Group (OMG). The
Distributed Object Management
Facility (DOMF) portion of OMG’s
CORBA was initially intended to pro-
vide point-to-point integration of dis-
tributed objects. The SoftBench
Framework provides broadcast message
integration of distributed applications.
Consequently, the SoftBench
Framework can be utilized to support
encapsulation of existing applications
for interoperation through the DOME
This would allow applications that are
not object-based to present an object
interface to the DOME Thus, encap-
sulated applications would need not be
rewritten to coexist in the DOMF
world.

Ultimately, HP is working toward
using BMS as the basis for the com-
munication facility within the DOME

-

Brian Fromme is a program manager
in Hewlett-Packard Co.’s Software
Engineering Systems Division in Fort
Collins, CO. He is the original design-
er and patent holder for the SoftBench
Encapsulator.
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Checking Out

ine developers out of 10 would prob-
ably tell you that software configura-
tion management (SCM) is no fun.

Most would skip the process entirely,

if not for pesky managers forcing
them to keep better track of source files and versions
of applications under development.

Gradually, however, programmers are beginning to
accept the method behind the SCM madness. SCCS
(Source Code Control System) and RCS (Revision
Control System), the UNIX SCM utilities, just aren’t
powerful enough anymore for serious software devel-
opers. Programming is no longer a solitary function.
In more and more companies, programming teams of
tens and hundreds juggle code in ways SCCS and
RCS can’t handle. Accordingly, in-house-developed
SCM systems are giving way to third-party-developed
ones—currently from more than 50 vendors, according
to Glenn Johnson, president of market researcher

SCM Consulting in San Francisco.

by MARY JO FOLEY, Senior Editor
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Software configuration
management’s days
of getting no respect
are over.

JOHN W. KELLEY, JR.
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“In the past, SCM products were
aimed at developers or managers. But
it never worked when developers were
forced to use SCM and the managers
were forced to use change manage-
ment software,” a subset of SCM,
Johnson explains. “Today, all of the
top products try to appeal to both the
developer and manager camps.”

SCM today encompasses four key
operations, according to an IEEE stan-
dard definition IEEE-CM-87):

¢ Identification, for identifying com-
ponents and their types;

* Control, for controlling releases of
a product and changes to it through-
out its life;

* Status accounting, for recording
and reporting the status of compo-
nents and change requests;

* Audit and review, for validating the
completeness and consistency of a
product.

Think Before You Buy

SOFTWARE DEVELOPMENT

Some SCM systems also include
other capabilities such as manufacture,
for managing the building of a prod-
uct; process management, for carrying
out an organization’s policies and life-
cycle model; and team work (also
known as check-in/check-out), for
controlling the work and interaction
among multiple users. In short, SCM
is the foundation for a software devel-
opment environment.

Beating a Bad Rap

For a class of software at the crux of
the development process, SCM has
suffered from a bad rap in almost every
market segment other than military/
defense-where the requirements for
reusable code make SCM an absolute
must. Sun Microsystems Inc.’s original
SCM product, Network Software
Environment (NSE), didn’t help mat-
ters. The product was too large and

Software configuration management systems don’t come cheap. And
few, if any, customers can afford to put a lot of time and effort into buying
and trying an SCM system, only to end up having it sit unused in a closet
somewhere. Potential customers could avoid a lot of headaches if they
asked a few questions before they put down any money, says SCM
Consulting President Glenn Johnson. Here are some points to ponder:

» What kind of communications capabilities are accommodated by the

product (TCP/IP, NFS, etc.)?

* How can you customize the product? Do you use existing shell

commands or proprietary macros?

* How is the product structured? Who is the target audience—developers,

managers or both?

» Which GUIs are supported by the product? (And do you really need a

version with a full-blown GUI?)

» What kind of reporting capabilities are supported by the product?
» What is the product’s storage structure, in terms of size, distributed or

not, etc.?

* |s there a make tool included as part of the product and/or can the
product work with industry-standard make tools?

» What kinds of databases/repositories are supported by the product?
Are there facilities for exchanging information that is stored in different

DBMS/repositories?

» What kind of automation of processes/policies does the product

provide?

» Who is the vendor and what kind of service/support is it set up to

provide?—mjf
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too complex for many users, Sun
acknowledges. “NSE wasn’t a very suc-
cessful product, even though, by some
estimates, we had the biggest installed
base, with hundreds of seats,” admits
Paul Henderson, director of marketing
for SunPro. Late last year, SunPro
introduced NSE’s successor, Team-
Ware, which Sun is marketing as more
of a version-control system than a full-
blown SCM one.

Sun is just one of many vendors, sev-
eral of them rather unlikely, to special-
ize in SPARC-based SCM. Last sum-
mer, IBM Corp. began shipping for
Sun (and Hewlett-Packard Co.) plat-
forms a version of its SCM client soft-
ware, called IBM Configuration Man-
agement Version Control (CMVC)
Client. To use the client software, Sun
users install it on a SPARC-based
workstation connected to an IBM
RISC System/6000 POWERserver
running IBM AIX CMVC Server/
6000 software.

The Marconi Systems Technology
division of GEC Plessey Naval Systems
Inc., for another, offers a Sun-based
SCM system, called Expertware/ CME
which Marconi is OEMing from
Expertware Inc. Expertware’s Config-
uration Management Facility runs on
both UNIX and Digital Equipment
Corp. VAX/VMS systems.

Other top SCM vendors include
Atria Software Inc., CaseWare Inc.,
Intersolv Inc., Softool Corp., Software
Maintenance and Development
Systems Inc. (SMDS) and TeamOne
Systems Inc. Also, some CASE tool
vendors include rudimentary SCM
tools/modules in their products.

In the SCM market, not too surpris-
ingly, multiplatform support seems to
be a key selling point. For example,
Honeywell Corp.’s Commercial Flight
Systems/Minneapolis Operation select-
ed TeamOne’s TeamNet as the SCM
system of choice because it ran on Sun
and HP workstations, says Willy
Velarde, senior productivity engineer.
Until two years ago, “we didn’t have
any way to manage our files’ version-
ing,” Velarde says. “We had islands of
automation, using RCS and SCCS.
But we were looking for a tool that
would leverage our Sun and HP work-
stations. We wanted something that



was easy to use and that was distribut-
ed.”

After evaluating a number of tools,
the group installed 40 concurrent Sun
TeamNet licenses for a six-month pilot
study. The Honeywell hardware and
software engineers design air-data iner-
tial-reference units, the on-board sys-
tems that help an aircraft determine
and maintain its location. “We discov-
ered the [TeamNet] GUI was very
rich—too much so for the hardware
engineers,” Velarde says. As a result,
Honeywell opted to run two different
TeamNet versions on its Suns: one
using a VT-100 interface for the hard-
ware engineers, and another, full Open
Look-based one for the software engi-
neers. The group is currently installing
TeamNet on another 40 of its 120
Suns and 10 of its 300 PCs (running
PC-NFS). At press time, Commercial
Flight Systems was beginning to
implement TeamNet on some of its
120 HP workstations, as well.

TeamNet supports configuration
management, change management and
version control for any file types,
according to the company. An audit
trail is automatically maintained, and
real-time status reports may be gener-
ated. The system incorporates a
POSIX-compliant file management
system, a SQL subset for the query
interface, an X Window System/Open
Look-based user interface and NFES for
distributed file management. This
month, TeamOne plans to beef up two
areas in which TeamNet has been
weak, by opening up its proprietary
object database and adding work flow
(i.e., policy) automation to the prod-
uct. “Customers will be able to access
our object-oriented database API
through a C-callable-level language,”
explains Patrick McGill, TeamOne
vice president of marketing.

“TeamNet is a layer between the
tools within UNIX,” McGill says.
“That’s why we don’t need to go
through the encapsulation and integra-
tion processes that other companies
do. We're coupled closely with the
operating system.” Another differentia-
tor between TeamNet and other SCM
systems, he says, is that “TeamNet sup-
ports an underlying peer-to-peer, not
just client/server, architecture. That’s
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SunPro’s TeamWare consists of four tools: CodeManager, for graphical proj-
ect integration and release management; VersionTool, for inspecting and

managing multiple versions of source files; CheckPoint, for capturing project
source file configurations for later retrieval; and SunPro’s own ParallelMake,
for accelerating project builds.

why we're a more truly distributed
SCM system. We really work in high-
performance, networked environ-
ments, where there are large amounts
of data in very concurrent usage.
Developers don’t need to change their
tools, data or the way they work.”

Bells and Whistles

The extent to which these features
distinguish TeamNet from TeamWare
or from any of the other SCM systems
is debatable, since nearly all SCM ven-
dors claim similar capabilities.

For example, Softool lists component
management, complete change and
version management, access manage-
ment, auditing, application manage-
ment, stage management, production
management, release and baseline
management and multiplatform avail-
ability among the capabilities offered
by its flagship product, CCC/
Manager. Like TeamOne, Softool
stresses its product’s distributed-com-
puting support and independence
from platform, methodology and oper-
ating system.

Cincinnati Bell Information Systems’
Maitland, FL-based technical planning
and development department ratifies
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Softool’s claims. “CCC/Manager is
very flexible. It gives you a lot of lee-
way. It doesn't tie you to a single set of
processes and procedures,” says sys-
tems analyst Don Dam. Technical
planning and development is using the
Softool product for several projects,
including Project 2000, which is its
mobile wireless and cellular phone
billing system, and within its platform
development center, where code
reusability is a priority, Dam says.
Both projects employ multiple Sun
workstations.

CCC/Manager is truly multiplat-
form, supporting everything from
mainframes to PCs running Windows
and OS/2, he adds. While Cincinnati
Bell would like to see more integration
between CCC/Manager and other
CASE tools, such as Cadre Technol-
ogies’ TeamWork and Intellicorp Inc.’s
ProKappa, the company is content
with Softool’s initiatives in this area,
Dam says. “The lack of integration of
some sort of a problem-tracking sys-
tem [with CCC/ Manager] was a
problem initially,” Dam says, noting
that Softool in December remedied
this shortcoming by introducing

CCC/Pro.
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Another market veteran, SMDS,
supports the major SCM bells and
whistles required by customers.
SMDS’ SCM product, Aide-de-Camp,
handles the full range of change and
configuration management chores
across platforms—and is an object-ori-
ented system, to boot, the company
claims. “We don’t just provide binary
or image control,” points out director
of marketing Mary Cole. “We also do
information management, acting like
an on-line dictionary or encyclopedia.

SOFTWARE DEVELOPMENT

nical end users at CogniSeis didn't
need anyway, Judson says); SMDS
added X-ADC, with its Mortif look
and feel, last year.

CaseWare, likewise, claims all the lat-
est and greatest SCM features.
CaseWare says its CaseWare/CM (for-
merly Amplify Control) “gives a soft-
ware engineering team complete con-
trol over source code development and
maintenance activities.” According to
company literature, “The system is
designed to support medium to large-

oday, with data going across platforms and

configurations, change must be handled in

terms of objects.’

“File-by-file delta technology,” for
reconciling differences among software
versions, “because it’s linear, is obso-
lete,” Cole says. “Today, with data
going across platforms and configura-
tions, change must be handled in
terms of objects.”

CogniSeis Development Corp., a
Houston geophysical software develop-
er, has used Aide-de-Camp for nearly
two years. It uses 30 or so Sun sys-
tems—SPARCstation IPXs, 1s, 2s, 10s
and pair of 690MP servers—for devel-
opment work. CogniSeis also employs
a few RS/6000s, HP-UX systems,
DEC VAX/VMS machines, Silicon
Graphics Inc. workstations and a Cray
Research and Convex Computer sys-
tem, says David Judson, vice president
of system development.

“We used to have a home-brewed
[SCM] system running on our VAX,”
Judson says. “When we decided to
move to UNIX and a multiplatform
environment, we needed something
else.” CogniSeis opted for Aide-de-
Camp, but ended up “reimplement-
ing” the system so that it would look
almost like the VAX-based SCM sys-
tem the company had grown up with.
“We worked it so we could check code
in and out and do builds just like we
did on the VAX,” Judson says. At the
time that CogniSeis was doing its
implementation, Aide-de-Camp didn’t
have a GUI front end (which the tech-
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scale UNIX development teams run-
ning in a heterogeneous, distributed
computing environment.” CaseWare
says that CaseWare/CM is a multiplat-
form, OS-, methodology- and file-sys-
tem-independent product. The latest
version, 3.0, synchronizes source code,
object code, design specifications,
technical and user documentation and
other project-related data, the compa-
ny says. It allows users to choose
among a Motif GUI, command-line
interface and a UNIX shell interface.
CaseWare also offers a problem-track-
ing module to users who want this fea-
ture.

Carving a Niche

This is not to imply that all SCM
packages are created equal. Vendors do
distinguish themselves in positioning
and/or in the SCM file-management
model they support. Standalone CM
tools operate on one of four
paradigms, according to an article enti-
tled “The State of Automated
Configuration Management,” which
appeared in the 1992 Software
Engineering Institute’s SE7 Technical
Review. Just about all SCM systems are
founded on the check-in/check-out
model. Other models that vendors use
to complement this are change set,
transaction and composition.

On the positioning front, Intersolv

touts its PVCS Series of SCM prod-
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ucts as the best choice for users devel-
oping across heterogeneous LANs.
PVCS runs on DOS, OS/2,
Solaris/SunOS, AIX, SCO UNIX and
Interactive UNIX platforms. The com-
pany claims more than 10,000 compa-
nies and 100,000 developers as cus-
tomers. Version 5.0 of the product
offers “member” (code, data files, doc-
umentation, object modules and other
binary files) storage; access control;
parallel development; and a reporting
facility. Users can opt for the PVCS
Developer’s Toolkit, an API that lets
customers invoke PVCS functions
from their in-house systems; and/or
PVCS Production Gateway, a
DOS/OS-2-based link between the
mainframe-based library management
tools and PVCS on the LAN.

Atria Software—a company formed by
a number of the developers of the
Apollo Domain Software Engineering
Environment (DSEE), the No. 1 SCM
platform to date-is positioning its
product, ClearCase, as the rightful suc-
cessor to DSEE. “We do version con-
trol with a key distinction,” says direc-
tor of marketing Adam Zais. “We ver-
sion everything, not just the ASCII
source and directories. We're also dif-
ferent from SCCS and RCS and the
companies whose products are based
on them, like TeamOne and Softool.”
Atria is slowly distancing itself from
the SCM label and is moving toward
calling ClearCase a development envi-
ronment, Zais says, because it comple-
ments the compiler/editor/debugger
programming environments on the
market today.

Zais says that ClearCase offers the
primary benefits that made DSEE so
popular, namely, rule-based configura-
tions (configuration threads), transpar-
ent access to any version of versioned
files, binary sharing and build audits.
He says that the product also provides
a number of long-standing DSEE-user
wish-list items, such as portability, het-
erogeneous platform support, makefile
compatibility, no need to declare
dependencies and configuration man-
agement for all activities, not just
building.

After two quarters of sales (ending
December 1992), Atria claims to have
80 customers and more than 2,000



users. One customer, Motorola Inc.’s
Land Mobile Products Sector, Shared
Systems Division, based in
Schaumburg, IL, is developing software
for wireless communications systems. It
has been using ClearCase since it was a
pre-alpha version, a mere gleam in
Atria’s eye, says software engineer Mark
Zanella. Prior to the fall of 1991, “we
were using SCCS, which comes with
the kernel on our 100 or so
SPARCstation 2s,” he says. “We built
our own [SCM] tools on top of SCCS.”

The Shared Systems Division was
ecstatic over ClearCase’s functionality
and “how it could be implemented
across our network,” Zanella says.
Among the features that impressed the
division is ClearMake, the Atria build
tool that supports standard and Sun
make. ClearMake users share derived
objects; and pre- and post-operation
event triggers for process management.

The SCM vendor most anxious to
differentiate itself by creating a new
SCM niche is none other than SunPro.
With its TeamWare system, SunPro is
attacking what it claims is a problem
for a huge pool of users. They need
more than SCCS and RCS, SunPro
says, but less than full-fledged SCM
systems. According to SunPro, 80% of
Solaris developers currently use SCCS,
RCS or nothing to handle basic code
management, while the remaining
20% use SCM systems. These systems
are “costly and difficult to implement,”
in SunPro’s words.

The SPARC-based version of
TeamWare began shipping in volume in
January; the Intel X86 TeamWare ver-
sion is slated for mid-1993 availability.
SunPro is pitching TeamWiare first and
foremost as a natural extension to its
SPARCworks and ProWorks (for Solaris
on X86) development environments.
The product can run without
SPARCworks or ProWorks, but SunPro
anticipates that most customers will use
the system in concert with the total Sun
development environment, says director
of marketing Henderson.

TeamWiare consists of four new tools:
CodeManager, for graphical project
integration and release management;
VersionTool, for visually inspecting
and managing multiple versions of
source files; CheckPoint, for capturing
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project source file configurations for
later retrieval; and SunPro’s own
ParallelMake, for accelerating project
builds. TeamWare also uses the
SPARCworks and ProWorks Manager
and FileMerge tools, whenever
TeamWare runs with the complete
SunPro development environment.
TeamWare is based on the same “copy-
modify-merge” paradigm upon which
its predecessor, NSE, operated.

At press time, SunPro claimed more
than 550 developers were beta-testing
TeamWiare, most of them affiliated with
Sun Microsystems Computer Corp. and
SunSoft. SunSoft used TeamWare as the
code-management system for Solaris
2.1. One large beta customer outside of
Sun is the Chicago-based systems inte-
grator Andersen Consulting. Andersen
is using TeamWiare to develop a number
of large-scale engineering applications
for a petrochemical firm outside of
Chicago. The development effort
involves more than 22 Andersen team
members, is expected to take three years
and should result in about 300,000 lines
of shared C++ source code.

Before Andersen introduced
TeamWare into the petrochemical
firm’s development environment, “they
were using bare-bones SCCS or noth-
ing at all,” says Larry Podmolik, an
Andersen technical manager. Andersen
is creating quite a development envi-
ronment for its client, combining
TeamWare with Rational’s Rational
Rose, CenterLine Software Inc.’s
ObjectCenter, Parc Place Systems
Inc.’s OI Library, SunPro’s
SPARCworks and Andersen’s own
Foundation CASE framework. “All of
these tools will be integrated into
TeamWare, except for Foundation and
Rose, which both have their own
repositories,” Podmolik explains.
TeamWare will be responsible for
managing the software coding, testing
and documentation.

Andersen isn't thrilled with the copy-
modify-merge paradigm upon which
TeamWare is grounded, Podmolik
says. “Because we work on a contract-
ing basis, we wanted single-threaded
access to individual pieces of code,” he
explains. He also points out that
SunPro’s product lacks dependency-
checking capabilities at the file level, so

SUNEXPERT Magazine/March 1993

Andersen ended up writing a depen-
dency analysis itself.

“TeamWare’s not right for every envi-
ronment,” Podmolik acknowledges,
“but its training curve isn’t very high
and it’s fairly scalable.” As more man-
agers and engineers draw similar con-
clusions about their own choices,
SCM is likely to be seen as less of a

pain and more of a necessity. o
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PRODUCTS

Turbo Boost for Optical

Could your optical storage devices
stand a 200% to 500% increase in per-
formance? U.S. Design has announced
the first member of its Turbo Mass
family of products. The primary func-
tion of this product is to boost perfor-
mance of both standalone and jukebox
versions of optical storage. Strategies
for read caching, write caching, platter
caching and drive caching as well as
striping and other methods are used to
accelerate optical devices. These meth-
ods allow Turbo Mass to boost either
data-transfer rates, individual com-
mand-response times or net 1/O trans-
action rates in an application-sensitive
manner.

Turbo Mass operates as a SCSI-to-
SCSI unit, supporting three 10-MB/s
SCSI ports: one for initiator service,
one for optical storage and one for
cache devices. The product interfaces
to any SCSI optical device, so all exist-
ing SCSI drives can benefit. It operates
transparently to the host operating sys-
tem so all existing software continues
to run without change, including sys-
tem-level software. Other features
included are hot-swap options, a built-
in UPS, local and remote console
operation and more.

U.S. Design Corp.

9075 Guilford Road

Columbia, MD 21046

Circle 101

Contemporary Tape
Contemporary Cybernetics has
added two half-height 8mm tape
drives to its line of tape-backup
devices. The CY-8205 stores between
2.5 and 12.5 GB at speeds of up to 1.3
MB/s; the CY-8505 stores between 5
and 25 GB at speeds of up to 2.5
MB/s. The high capacity and speeds
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E-Size Pen Plotter

CalComp has introduced an E-size pen plotter that produces mul-
ticolor drawings on both cut-sheet and roll-feed media. Called the
Classic, the product can output cut-sheet media in widths ranging
from A- to E-size. In roll-feed mode, it can deal with E-size media
and, with an adapter, D-size media in 120-foot rolls. It has an
eight-pen turret, and the user can mix and match liquid ink, liquid
ball and fiber-tip pens for printing on bond, polyester film, translu-
cent or vellum.

CalComp says the new product can plot at speeds of up to 42 inch-
es per second. Addressable resolution is .0005 inches, single-pen
repeatability is .004 inches, and accuracy is 0.1% of the move. Classic
is compatible with Sun workstations. Pricing begins at $6,995.

CalComp

Computer Graphics Group
2411 West La Palma Ave.
Anaheim, CA 92801
Circle 100

are explained by use of built-in data
compression. For compatibility with
other sites, the data compression is
switch-selectable so users can read and
write tapes without data compression.
Multiple levels of error correction code
and the constant monitoring of data
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compression ensure data integrity.
These models are plug-compatible
with such systems as Digital Equip-
ment Corp., Data General Corp.,
Hewlett-Packard Co., IBM Corp.,
Apple Computer Inc., NCR Corp.,
NeXT Inc., Silicon Graphics Inc., Sun,



Unisys Corp. and more. Drives can be
internally mounted or purchased as
desktop models. Contemporary’s
Advanced SCSI Processor allows two
drives to work together to maximize
backup speed and capacity with a vari-
ety of recording models.

Contact the vendor for pricing,
which is dependent on configuration.

Contemporary Cybernetics Group

11846 Rock Landing

Newport News, VA 23606

Circle 102

Hot Set o’ Wheels

A wheeled platform that supports
your arm while you use a mouse is

being sold as the latest response to
carpal tunnel syndrome and other

NCE isYour
Sun Solution

NCE Computer Group has the knowledge and expertise you
demand to keep your Sun workstations, servers and third-party

peripherals up and running.

NCE specializes in Sun hardware maintenance including
authorized warranty service for SPARC® compatible products.
NCE also offers licensed network design and cabling installa-
tion. NCE is your single source for multi-vendor computer

maintenance and network services.

Call NCE Today
We’re Your Sun Solution!

1-800-446-6456

NCE

computer group

Sun is a trademark of Sun Microsystems, Inc.
SPARC is a registered trademark of SPARC International, Inc.

NEW PRODUCTS

nasty cumulative trauma disorders.
The Mouse Shadow is an “ergonomi-
cally correct” product that allows you
to move a mouse, and your hand,
while giving your arm a place to
rest. This is said to reduce the “repeti-
tive wrist motion...that can cause the
median nerve to rub against a narrow
space in the underside of the wrist...”
With a suggested retail price of
$19.95, Mouse Shadow is considerably

cheaper than surgery and/or physical

therapy. The wheels are described as
geoplast rubberized balls. It also has a
cushion across the arm rest which is
made of Volara, a material that the
company says is nontoxic and resistant
to hot water and detergents.

ShadowTech International Inc.

2207 NW 37th St.

Lawton, OK 73505

Circle 103

Focus on Workstations

In Focus Systems has entered the
workstation market with the 7500WS,
the first portable LCD color projection
panel for workstation users. Weighing
in at 7.5 pounds, the 7600WS has a

resolution of 1,024 by 768 and a
24,000-color palette.

In Focus claims the projection panel
will be ideal for applications such as
CAD, GIS and scientific imaging.
Primary applications are software train-
ing, software and hardware sales demon-
strations and interactive workgroups.
The 7500WS is priced at $8,995.

In Focus Systems Inc.
7770 S.W. Mohawk St.
Tualatin, OR 97062
Circle 104

Security on the Network
Security Dynamics has announced
Version 1.1 of its ACE/Server network
security products. ACE/Server is a
software-based security server that cen-
trally authenticates a user’s identity
and allows only authorized users to
gain access to a protected network.
The new version offers security admin-
istrators the option of running a back-
up ACE/Server that would process
authentication requests and maintain
an audit trail of all security-related
activities if the master server were to
malfunction or cease operation.
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PINNACLE WILL REPAIRIT

WHEN

YOUR SUN DOESN’T RISE !!
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ACE/Server is used with SDI’s
SecurID Card, a credit card-size token
that displays a randomly generated,
unpredictable access code that auto-
matically changes every 60 seconds. It
effectively protects and controls inter-
nal and external access to network
resources regardless of whether a gate-
way, remote dial-up or direct connec-
tion is used.

Supporting TCP/IP, the ACE/Server
operates in SunOS, DEC Ultrix, IBM
RS/6000 and HP/UX environments.
The starter kit, which supports up to
16 users, is priced at $4,950.

Security Dynamics Inc.

One Alewife Center

Cambridge, MA 02140

Circle 105

RAID Enclosure

A new enclosure for RAID and other
SCSI applications has been brought to
market by Sigma Information Systems.
The SA-H288 incorporates all of the
advanced features necessary for sup-
porting up to six 3/-inch disk drives
and an array controller in a package
suitable for use in rack-mount, desk-
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top or floor-mounted configurations.
The chassis features dual-redundant

hot-pluggable power supplies, hot-

pluggable disk drive canisters and

-l-:‘
-

automatic drive power sequencing.
Individual SCSI/IN and SCSI/OUT
connections for each drive canister are
available for applications requiring
array rank expansion or an external
array controller. A front door is pro-
vided for access to the drives and the
on/off switch. A display area that con-
tains drive activity and power supply
status indicators is visible above drives.
List price is $2,769.

Sigma Information Systems

5775 Polaris Ave.

Las Vegas, NV 89118

Circle 106

Homemade CD-ROMs

Philips’ new CD-ROM recorder and
CD-Gen software from CD-ROM
Strategies allows you to make a single
CD-ROM in 35 minutes. 650 MB of
data, or 300,000 pages of text, can be
stored on a single disk, making this a
great option for daily network backup,
converting microfiche to electronic
media and distributing large databases
and other needs.

The Philips recorder works on a wide
range of platforms, including PC, Mac
and UNIX. Price is $14,995.

dataDisc International

Route 3, Box 1108

Gainesville, VA 22065
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Triplilbq Tape Trick
from Dynamic

Dynamic Computer Products has a
user-installable data compression and
LCD display upgrade kit on the mar-
ket for use with any existing 8mm
Exabyte drive.

The Model STXXDC/DP triples
both capacity and transfer rate of the
drive. It operates through a SCSI inter-

Discover
A
SPARCstation
That Stretches
Your
Productivity ...
Not

Your Budget.

Start the New Year off right with the best value in workstations.
Yes we're economical ... but our expertise doesn't cost you anymore.

SPARCstation-2 upgrade

SPARC-2/GX

... 81,900

¢ 40 MHz/ 28.5 MIPs

¢ 16 MB RAM

i 426 MBHDD |

20" Color

Specifications

¢ 426 MB Hard Disk

¢ 1.44 MB Floppy Drive
+ Two Serial Ports

+ One Ethernet Port

¢ GX Accelerator Card

¢ 20" Color Monitor

+ Keyboard & Mouse

¢ Solaris / OpenWindows
¢ | Year Warranty

Truly Affordable

Workstations
X-Terminals
Memory SIMMs
SBus Cards
Hard Disks
Optical Drives
Scanners
Plotters / Printers
Software

CALL TOLL FREE ..... 1-800-552-4UNI

Single-slot GX Accelerator Card ..... $1,200

Memory SIMMs, Lifetime warranty ..... CALL
PMO 650MB Optical Drive, 19 ms (fast) ..... $3,500
PMO 10GB-93GB Optical Jukeboxes ..... CALL
External SCSI Hard Disks (1.2GB-3.4GB)..... CALL
SONY GDM-1936 20" Multisync Color Monitor ..... $2,300
Wingz, SPARC, I-user license ..... $545
Lotus 123, SPARC, 1-user license ..... $595

PC-NFS4.0.....$375

= Toll Free Support
= 30 Day Money Back Guarantee
Call for current pricing.

5005 Riverway
Houston, Texas 77056
713/552-0505 FAX: 713/552-0550

Uni Solution, Inc.

SPARC is a trademark of SPARC International.
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face. A front-panel selection of com-
pression and tape status is provided.
This upgrade option sells for $960
including a one-year warranty.
Dynamic Computer Products
63 Commercial Ave.
Garden City, NY 11530
Circle 108

Creative Improvement

For anyone who needs to study, ana-
lyze, present or publish documents, or
archive hard copy of a generated

image, Datagraf introduces a product
for you. The Image Recorder 300
Series is a family of film recorders
designed to consistently produce the
highest quality images directly from
computer and workstation displays.
The imaging source is a high-resolu-
tion, 7-inch, flat-faced CRT. The out-
put resolution is host-dependent and
designed to accommodate pixel reso-
lutions up to 1,600 by 1,280.

The CIR is completely software
independent. A passive hardware
interface is used to display the com-
puter’s video image on the internal
CRT, resulting in exposure times less
than 20 seconds for a complete 35mm
image. Four film formats, ranging
from 35mm to 8 by 10 inches, are
supported. Pricing ranges from $6,000
to $12,000.

Datagraf Inc.

PO. Box 1446

Wheeling, IL 60090
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Portable Workstation
from RDI

RDI has added a new member to its
family of portable workstation prod-
ucts. The new BriteLite LX offers
greater memory and disk capacity. A
new Colorplus Active Matrix LCD
display provides a palette of 256K col-

ors (64 levels of gray scale) for more

NEW PRODUCTS

accurate color illustrations and image
rendering.

The power behind this model is the
new 50-MHz SPARCengine from
Sun. Improved memory architecture
allows the BriteLite LX to be config-
ured with 16 to 96 MB of memory.
The internal hard disk supplies 450
MB of storage. For disk-intensive
applications, the 3%-inch form factor

offers an improvement in the
BriteLite’s I/O performance.

RDI’s use of actual Sun mother-
boards and an unmodified Solaris 2.1
operating environment ensure 100%
Sun compatibility. Pricing is $15,995.

RDI Computer Corp.

6696 Mesa Ridge Road, Building A

San Diego, CA 92121
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Why have over 10,000
Sun users chosen
Aurora products?

Intelligent SBus 1/O

10S 1 Parallel Port
20S+ 2 Parallel Ports
210S 1 Parallel, 2 Serial
420S 2 Parallel, 4 Serial
400SX 4 Serial, up to 115Kb
800SX 8 Serial, upto 115Kb
800S 8 Serial Ports
1600S 16 Serial Ports

Peripheral Servers

Add SBus Functionality

SBox SBus expansion
chassis, 4 slots
Dual SBox 8 slots

PC Media Compatibility

FD525 5.25d0r3.5 inSCESi
stand-alone

FDG50 FLOPPY drive w/
PC compatibility
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LAN & WAN Connectivity

400S+ 4 SYNC Serial Ports
800S+ 8 SYNC Serial Ports
Token Ring Token Ring Card
SNA3270 3270 Emulation
SNA3770 3770 Emulation
HDLC/SDLC Link Layer APIs
X.25 1984 CCITT X.25
PPP RFC 1171/72 Std.
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Image Capture/OCR

FirstScan Il 24-bit color scanning
with ScandJet llc,
grayscale with llp

FirstScan HP ScanJet Plus
support

New Media

Socrates Quickf, accurate text
entry from text image

OCR for files, point-and-click

SPARC using OPEN LOOK

Because we deliver what SPARC
system users want most:

v Widest Selection

v Superior Performance

v Broadest Compatibility

v Unsurpassed Tech Support

v Highest Quality

v Advanced Engineering

v Extensive SPARC Experience
v 15T Year Maintenance

GET MORE FROM YOUR SPARC SYSTEM — CALL AURORA TODAY!

@  AURORA

TECHNOLOGIES

176 Second Avenue Waltham, MA 02154
(617) 290-4800 Fax (617) 290-4844

Sun Microsystems
Computer Corporation

Catalyst Developer

SPARC is a registered trademark of SPARC International.
All other trademarks and registered trademarks are proprietary to their respective owners.
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CD-ROM Improves Again
Toshiba has introduced the XM-
3401 Series CD-ROM disk drives.

These double-speed drives feature 2.2
times the rotational speed to provide a
330-KB/s data transfer rate and a 200-
msec random access time. Standard
features include a SCSI-2 interface and
fully integrated audio with continuous
volume control. Mean time between
failure rate is 50,000 hours.

These drives are available in four
models. The XM-3401B internal
drive, the TXM-3401E external drive,
the TXM-3401P for laptop and note-
book computers, and the TXM-
3401A4 for applications with fast
access to multiple CDs.

NEW PRODUCTS

XM3401B lists at $695; TXM-
3401E at $895; TXM-3401P at $925;
TSM-3401A4 at $3,575.

Toshiba America

Information Systems Inc.

Disk Product Division

9740 Irvine Blvd.

Irvine, CA 92718

Circle 111

Optima Strikes Again
Optima Technology has come out
with its latest development in high-per-
formance external SCSI hard disk sub-
systems, the MiniPak 1600. The
MiniPak is designed to provide high-

end workstation users with an easy way

to expand their storage capacity and is

supported on workstations from Sun,
Hewlett-Packard Co., IBM Corp.,
Digital Equipment Corp., Data Gen-
eral Corp. and other UNIX vendors.
The drive features 1.6 GB of format-
ted capacity, 3/-inch half-height form
factor in a Fast SCSI-2 hard disk drive,
a burst transfer rate of 10 MB/s and a
seek time of 9.5 msec. Features include
an auxiliary power supply outlet and a

| modular design that allows for vertical

CELecTRONICS

™ Huntington Beach, Ca.
AUTHORIZED

eje

TAPE DRIVE
REPAIR & SALES |

OVER 750 MODELS

or horizontal setup. Retail price is
$4,295.

Optima Technology Corp.

17526 Von Karman

Irvine, CA 92714
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Canon Bubble Jet
Engine Ready to Go

Canon USA’s Computer Peripheral
Products Division has introduced a
high-quality Bubble Jet printer
engine, the BJP-C80, designed specifi-
cally for OEMs targeting desktop
publishing, graphic arts, CAD/CAM,
etc. OEMs integrate a controller with
the BJP-C80 through a proprietary
interface to provide value-added fea-
tures to targeted market segments, or
it can be incorporated into a host-
based system.

The BJP-C80 prints at 360 dpi and
uses disposable, snap-in ink cartridges.
List price will vary according to
OEM.

Canon USA Inc.

One Canon Plaza

Lake Success, NY 11042-1113
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250 MB ARCHIVE / WANGTEK
3 DAY REPAIR $115

EXABYTE 8MM
8200 REPAIR $325 - SALE $850
8500 REPAIR - $495

60 MB - 5.0 GB REPAIRS

SALES « SERVICE « SUPPORT

Custom Configurations
HARD DISK TAPE 60 MB - 5.0 GB

Please call for more detailed informaton.

(714) 375-3791 - (800) 882-DISK (3475)

80 Circle No. 36 on Inquiry Card
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@l HARD DISK
Q,\" DISASTER RECOVERY
|\ 1 AND PREVENTION UTILITIES

| - Disk diagnostics and repair
- Data recovery from defective disks
- Recovery of deleted files and directories
- User friendly filesystem check
| \ - Filesystem reorganization
- Directory file optimization

For Sun, DEC and compatible Workstations

| \ RACE GmbH D), Tel.: 011-49-7195-2036
Postbox 65 =" Fax.: 011-49-7195-3937
D-7057 Leutenbach > = (from North America) [
Germany \ @
BUSINESS CONDUCTED IN cIsm4n, 224 ——
ENGLISH AND GERMAN 71141.224@compuserve.com I
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Low-Cost X Terminal

The FX17CT, a new member of the
color X terminal family from HDS, has
hit the market at a price of $2,299.
This model features a 17-inch Trinitron
display, and 1,152-by-900 and 1,280-
by-1,024 resolution. Like other mem-
bers of the ViewStation FX Series, the
new model is designed around an Intel

Corp. 1I960CA RISC CPU. Included in

the base configuration are 4 MB of ‘

NEW PRODUCTS
Solaris Supercomputer

A supercomputer-class machine
based on the SPARC and running
Solaris has been introduced by Meiko.
The product, called the CS-2, is an
array of SuperSPARC-based nodes that
can, depending on the configurations,
provide multiple teraflops of perfor-
mance. The CS-2’s operating system,
meanwhile, is Solaris. The machine

RAM; configurations up to 68 MB are

possible. The FX17CT comes with
twisted-pair Ethernet, serial and parallel
ports, a mouse and keyboard.

This terminal includes HDSware |

V2.0, a new software environment that
includes HDS’ X server, local Open
Look and Motif window managers,

local VT320 emulation, PPP, SNMP, a |

local host chooser, and a new graphical
setup mode made for ease of use. The
unit is available two weeks after receipt
of order.

Human Designed Systems Inc.

421 Feheley Drive

King of Prussia, PA 19406
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SBus Communications
Subsystem

An SBus communications subsystem
that allows a SPARCstation to support
up to 32 asynchronous serial devices
has been announced.

The S-Bus Connect, from Meta-
comp, supports the additional serial
devices with full modem control, oper-
ating at 38.4 Kb/s, full-duplex with

continuous operation. The company

says the product can be used to fit |

SPARCstations into a variety of con-
nectivity applications, including multi-
user server, data collection and pro-
cessing and so on.

The product consists of an SBus host
adapter board and a 16- by 16-inch
chassis. The enclosure then provides
32 asynchronous parts, two parallel
printer ports and space for two 5/-
inch SCSI peripherals. The adapter
board resides in the SPARCstation and
provides the link to the subsystem
chassis. Pricing begins at $3,295.

Metacomp Inc.

108908 Via Frontera

San Diego, CA 92127

Circle 115

also comes with assorted software tools
for software development in a parallel
and multiprocessing environment.
There are two kinds of processing
elements available, both based on the
SuperSPARC. One is a computing ele-
ment; the other is a vector processor
that offers peak speeds of 200 64-bit
MFLOPS. These elements can be
mixed or matched, depending on the

RAVE IS

AUTHORIZED

BY SUN

Rave Computer Association is an authorized reseller of
remanufactured Sun” products at incredible savings.

» Complete Sun® inventory (Sparc 1 to MP 690)
* 90 Day Warranty direct from Sun®
* All systems include 2 user right-to-use license
* Rave is an authorized service agent for Sun®
» Used equipment available, with license
* [n-house financing  Immediate delivery
* [n stock refurbished Sun® equipment
* All at incredible savings!

Sun is a registered trademark of Sun Microsystems, Inc.

36960 Metro Court

Sterling Heights, MI 48312 @
(313) 939-8230 Fax: (313)939-7431 | &
1-800-966-7283 N

SELL » BUY  LEASE * RENT

Rave Computer Association, Inc.
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1/0 BOTTLENECKS?

SYSTEM PERFORMANCE
PROBLEMS?

IS THE SOLUTION.
Did you know?

Your CPU can
execute over 100,000
instructions in the
time it takes for one
disk 1/0. Find out
how a DES SSD
will dramatically /
increase your
system's ‘

performance.

Call _
408/727-5497 4 §
or fax
408/727:5496
today for

more

information.

W Less Than 1ms Total Access Time
W Reduce User's Response Time
W Shorten Batch Job Processing

B Add More Users Without
CPU Upgrade

=DES

Disk Emulation Systems, Inc.
3010 Scott Blvd.

Santa Clara, CA 95054
408/727-5497

82 Circle No. 11 on Inquiry Card
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end user’s needs. An entry-level system
starts at $500,000.

Meiko World Inc.

Reservoir Place

1601 Trapelo Road

Waltham, MA 02154
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Low-Cost RAID Device

A device that combines solid-state
disk, cache and RAID technology into
a single unit has been introduced by

Vermont Research. Called RAIDstar,
the product supports SCSI or SCSI 2
Fast and Wide to provide RAID per-
formance at levels 0, 3 and 5. An
entry-level system consists of 1.8 GB
of disk, 8 MB of cache memory and a
power supply. A RAIDstar can be
expanded up to 45 GB of disk and 20
MB of cache or 320 MB of solid-state
disk. Pricing begins at $24,080.
VRC also offers a RAIDstar retrofit kit
that allows users to configure their
own disks to fit the RAIDstar. With it,
the RAIDstar will support as many as
35 5V- or 3%-inch SCSI or SCSI II/Fast
drives. The user can either send the
disk drives to VRC for retrofit, or VRC
will do the conversion at the customer’s
site. Pricing begins at $200 for factory
conversion and $300 for on-site.

Vermont Research Corp.

Precision Park

North Springfield, VT 05150

Circle 117

Optical Deserves a Look

Alphatronix has improved on its opti-
cal storage offerings with the Inspire II.
This new drive claims access speeds
faster than any other currently available
and will be priced 40% lower than the
original. The drive’s average seek time is
23 msec; access time is 14 msec.

High speeds are made possible
through a new, ultralight, asymmetric
split head. Data transfer and through-

SUNEXPERT Magazine/March 1993

put are speeded through full read and
write caching. A new DSP-based
minimum trajectory seek method
minimizes the number of seeks
required.

The new drives are targeted toward
users requiring large amounts of storage
or portability, extended durability or
security and are expected to rival
removable and portable hard drives.
List price starts at $4,495.

Alphatronix Inc.

2300 Englert Drive, Suite C

P.O. Box 13687

Research Triangle Park, NC 27709
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Slate Upgrade

BBN Systems is shipping an upgrade
of its famed BBN/Slate integrated soft-
ware package.

Slate is an office-productivity tool that
provides document creation and trans-
fer between multiple users. In Release

2.0 of the product, Slate will include an
Open Look and Motif GUI, the ability

. to create forms with read-only fields in

the text, new page-layout facilities, and
several other features.

Slate sells for $995 per license,
though users of the previous release
will receive free upgrades to 2.0.

BBN Systems and Technologies

10 Moulton St.

Cambridge, MA 02138.
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Correction

Regrettably, SunExpert omitted
ANDATACO from the January list-
ing of tape vendors. ANDATACO
sells a varity of tape products
including 4mm and 8mm drives. Its
desktop, 3%-inch 4mm DAT sub-
systems range in capacity from 2 to
8 GB and its 8mm subsystems and
stackloaders, including a library sys-
tem, provide 2.5 to 200 GB (with
compression) of storage. Media,
cables, tape-management software,
warranty service, maintenance and
on-site installation are available. For
more information, contact:

ANDATACO

9550 Waples ST.

San Diego, CA 92121

Circle 120
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(617) 738-3402

to advertise call Carol Flanagan at

The SunExpert Market offers a selection | _
of low-cost advertising vehicles with T
results-oriented appeal. |

COMMON-LINK

for

SUN SPARC

Software breakthrough lets
SPARCstations read, write, and
and format Macintosh and PC
high-density diskettes.

Also available for HP, IBM, and SCO UNIX

Pacific Micro

201 San Antonio Circle, C250
Mountain View, CA 94040

(415)948-6200
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alal EATENDER

sun SO0LUTIODNS

Applied Concepts designs and manufac-
tures a full family of high-quality, affordable
SCSI extenders, monitors and differential

converters. From the economical SCSI PLUS Bus Repeater that extends

your computer's bus in increments of

nearly 20 feet, to the fechnically advanced

Fiber Optic SCSI Extender that increases

SCSl bus distance up to 3,000 feet, all products are engineered fo help
eliminate system crashes, enhance periph-
eral performance and increase the working

distance between SCSI devices.

Call or fax us today for complete product and pricing information.

LALS
i _EAPPLIED CONCEPTS
5350 Eastgate Mall, San Diego, CA 92121, 619 4530090, Fax 619 4536715

800 624-6808
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HE SUNEXpert MARKET

MARKETPLACE
CLASSIFIED

BUY, SELL and TRADE

EVERYTHING UNDER THE

Ssun

microsystems

* SPARC workstations

% SPARC servers

% SUN-3 series equipment

% SUN disk, tape & add-in memories

Needed to buy:
Large quantities of IPX's
and ELC's.

Trade in your DEC,
DG or other hardware.

We also offer the best deals on
DEC and Data General systems.

SECURITY COMPUTER SALES, INC.
622 Rossmor Building

500 No. Robert Street

St. Paul, MN 55101

CUR,
SR
COMPUTER

s
Main #: FAX:
(612) 227-5683 (612) 223-5524
Circle No. 302 on Inquiry Card

The DEI-2 WorkServer"
96 users and a SPARCstation 2.

The world's first expandable SPARCstation,
ethernet, terminal, modem and printer server.
28.5 MIPS Sun SPARCstation 2 motherboard, 2 free SBus slots
Ethernet, SCSI, 16 serial, 2 parallel and 2 synchronous ports
Expandable to 96 serial and 12 parallel ports
Full TERMIO baud rates (75 to 38.4KB)

Full modem support on all serial ports

STREAMS device driver and Multiport Menus™ to easily install
and maintain multiple terminals, modems and printers
Communications: X.25, T1, FDDI and Token Ring

Supports SunOS™ or Solaris™

Call Today! (818) 577-4252
o GMPComputers

Sun Reeller

1254 E. Colorado Blvd. ® Pasadena, CA 91106 * Fax: 818-5

© 1992 GNP Computers. All product name are registered trademarks of their respectri
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PRODUCT SHOWCASE

670/690 memory ex-

ansion at an afford-

able price. 64mb to

1024mb per board, for

a total system maxi-
¥ mum of 2.5GB

SPARCserver 670/690

For the space conscious.
Everything you've
come to expect from
HP. Five year warranty
300,000MTBF

HP 1.2gb, 3.5", 10.5ms

Expand beyond the
64mb max. capacity to
128mb, utilizing two,
stackable, 32mb Sbus

memory cards,

IPX 128mb max. memory

Megabyte offers. memory expansions andperii)heral devices for all
leading workstation platforms. Memory, disk, tape, optical, network
equip., modems, accessories, and more. With Megabyte you'll receive
freindly, efficient service, quality products, prompt delivery, and the
lowest prices possible. INTERNATIONAL INQUIRES WELCOME

Megabyte Memory Products: phone 619 793 1104
& fax 619 793 1124
\h toll free 1 800 748 5798
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Artelriv Load Monitor Viow ;

Plotting tools vs toys

* Legend/insets
» Subscripts
* Superscripts
*» Greek symbols
» Math symbols
« Error bars
« Event markers

1 * V/H bars
‘ « X &Y splines

« Text data

* Reversed no.s
* Log/linear axes
« Function plots
* Unlimited pts.
* Moveable axes
« Tic/grid styles

Normal Distribution

Fit Curve

@ Data Curve

it ¥l Histas

e
[ORZ 10 B94150 0] 54)

NetMetrix
lets your
Sun burrﬁ
off the

fog

t's hard to manage Monitor, Protocol
your network with n raffic

ibilit

of the entire network. ~ of

NetMetrix power
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TempleGo offers much more than competing software. It’s
point and click interface lets you control 150 graph attributes.
You can upgrade to TempleGraph to add visual data analysis
or Partners Plan which lets you call and program TempleGo
from your programs. Plus Live-Links to FrameMaker®, user
defined functions ... Go $495, Graph $1290 / floating license.

See CDware v.3 or call us or SGI Express:
Sun Users (215) 646-3814 SGI Users 1-800-800-7441

Mihalisin Associates, Inc. / 600 Honey Run Road /
Ambler, PA 19002 / (215)646-3814 / Fax (215)643-4896
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SoftBench for Sun

“HP SoftBench provides significant improvements
in a workstation-based application development
environment.” — Open Systems Today, Jan. 4, 1993

* Development environment to edit,
compile, debug and analyze.

* Integrate CASE tools like Cadre, IDE,
Softool or your own.

* Available on Sun/SPARC and HP.

BLUESTONE 5 o sy spsi

1200 Church Street, Mt. Laurel, NJ 08054
(609) 727-4600 * Fax: (609) 778-8125
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FUﬁTSU If you find a lower price we will beat it!

Capacity Speed Buffer Warr. Spindle Internal  External
520Meg 12ms 240K 5yr 4400rpm $949  $1049
1079Meg 10ms 256K 5yr 5400rpm $1699  $1799
1750Meg 11ms 256K 5yr 5400rpm n/a $2279
2060Meg 11ms 256K 5yr 5400rpm nfa $2479

Mapgor

213Meg 15ms 64K 2yr 3600rpm $379  $479
540Me& 8.5ms 256K 2yr 6300rpm $1069  $1169
MICROPQILIS

560Meg 10ms 256K 5yr 5400rpm $1129  $1229
1050Meg 10ms 256K 5yr 5400rpm $1699  $1799
1740Meg 14ms 256K 5yr 3600rpm nfa $2159
2050Meg 11ms 256K 5yr 5400rpm nfa $2849

TOSHIBA (Made in the usa)

Te],,;;nm;; ; i arliones 880Meg 12ms 512K 5yr 3600rpm $1159  $1259
1200Meg 12ms 512K 5yr 3600rpm $1379  $1479

CS Electronics is prgud to be [t:he leader in PR[;/I(/;I/UM SCSI cables for 200ms CDROM  $629 6 CD Changer $999
workstations from: SUN — DEC — IBM - H/P - SGI - APOLLO - etc. _8Gi

All connector interface styles available. s L] L D Sy
Molded SCSI cables can be “private-labled” with your company’s Call for current price on: Optical, Jukebox, CD ROM, CD Changers,
logo. SCSI TERMINATORS - all styles including: Passive, Active, All'hard drive brands, Archive Tape Drives, RDI Laptop, Memory.
Differential and the latest in SCSI terminators — “FPT” Forced Perfect v Toll Free Support v 30 Day Money Back Guarantee
Termination. Internal “Shoebox” cables — for any subsystem v= Established 1987 v Super Warranty Support
enclosure, including Centronics, DB50, or SCSI Il (Micro-D) interface. '
We now offer DSSI cables and terminators. A Call for your free catalog!

CALL FOR A BROCHURE AND PRICING!!! MEGH H(.l 800-637-4743
CS Electronics — e\l
1342 Bell Ave., Tustin, CA 92680 HARD DRIVES v

9-6 M-F & FAX 713-333-3024 ¢ 1110 NASA Rd 1 #306 Houston, TX 77058
—LUIE  (714) 259-9100
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To advertise in the SunExpert Market call Carol Flanagan at (617) 738-3402

WORLDWIDE e
TECHNOLOGY M « [%4” | .. NEEDMORE

sl oy xoX " MEMORY?

Member of the TWH Group ) FRAN,

" Mag,
* Sun Microsystems Keg
* Silicon Graphics * HP/Apollo WE OFFER:

e A complete line of Sun Microsystems @ Lg»grudcs for the H/P Apollo DN and

* SPARC Workstations/Servers/Peripherals upgrades, including the new IPX 16 MB 900

: ; . module.
* Extended warranties * Over night service i
o Wi e Upgrades for DEC, Data General and e Lifetime guarantee, 24 hour replacement
Will purchase all CXC?SS Sun_ hgrdware Silicon Graphics, as well as a complete line  policy, and same day shipping on most
* Experienced Unix specialists of personal computer memory. products.

series, and IBM RISC 6000.

TWH Building === ==
151 East Clayton Street EsEES SSS==5 =5 E.YOUR BEST BET YET!
Athens, Georgia 30603
Tel. 404-365-7796 Fax: 706-549-3333 24835 E. La Palma ‘“B” * Yorba Linda, CA 92687  800-466-7488 FAX (714) 692-0902

Circle No. 309 on Inquiry Card Circle No. 310 on Inquiry Card




VMARKETPLACE

lnstrument Control

for Sun Workstations

FREE brochure describes hardware and software
solutions for controlling instrumentation systems
from a Sun workstation. Information is included
on plug-in SBus boards for controlling GPIB, VXI,
and VME instruments with a SPARCstation. Also

detailed is LabVIEW* for Sun, a graphical program-

ming environment for instrument conirol and data
analysis. Call (512) 794-0100,

(800) 433-3488 (U.S. and Canada),

or 95 (800) 010 0793 (Mexico).

NATIONAL
INSTRUMENTS"
The Software is the Instrument ®
' 6504 Bridge Point Parkway

Austin, TX 78730-5039
Fax: (512) 794-8411

© Copyright 1993 National Instruments Corporation. Al rights reserved. Product and company names listed are trademarks or trade names of their respective companies
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DTK SPARC 2

$6,995.00

16 M RAM, 420 M Disk
GX Graphics Accelerator
16" Sony Monitor
Solaris 1.1, Openwin 3.1
1-year warranty

Inquiry Card

SPARC-2/GX ............ $8,500 ,_

40 MHz / 28.5 MIPS

32 MB RAM

426 MB Hard Disk
1.44 MB Floppy
Single-slot Sun GX Card
20" Color, 1280x1
Keyboard & Mouse

= SunOS/OpenWindows

NEED QUALITY
CABLES, FAST?

» SPARCSTATION  » [BM RS-6000
SCSI CABLES SCSI CABLES

» VAX STATION3100 & 5000 CABLES
» HP/APOLLO > SGI

CUSTOM MOLDED CONNECTORS
WITH YOUR LOGO AVAILABLE

IPI CABLES & TERMINATORS

SCSI TERMINATORS
DB50, CENTRONICS OR MICRO “D”

SCSI CABLES
SHOEBOX, INTERNAL, LOOP, DBSO,
CENTRONICS OR MICRO D"

UL & CSA APPROVED

(800) 2359394

(714)779-9909 FAX (714) 970-6117

SPARC 2 Upgrade $1,995.00 I-year warranty
553 M Table Top CD ROM $625.00
520 M, 12ms Disk, § yr warranty  $1,125.00
250 M Table Top Tape Backup $1,095.00

Postscript Printer (NEC 95) $1,495.00

SPARC-1+, 8mb ram, 20" color ...
1.6GB Hard Disk, Plug & play
5.0 GB External Tape Drive
Memory, Optical Disks, Scanners

$5,200
$2,995
$2,195
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Call

Lotus 123, dBase, WordPerfect, PixelFX

System Computing Corp.
430 Tenth Street, S-109
Atlanta, Georgia 30318

(404) 872-6475

Fax (404) 872-5675

Circle No. 314 on Inquiry Card

For a new light on your workst
Xpert Image, Inc.

10631 Harwin, #606
Houston, TX 77036

rcle No. 311 on Inquiry Card

Circle No. 315 on Inquiry Card

(713) 2727038 |

4992 E. Hunter Ave., Anaheim, CA 92807

MADE IN USA
Circle No. 312 on Inquiry Card

InterContinental
Computers, Inc.

SUN, DEC, H.P., UNIX Specialists
* SPARC Stations

* SPARC Servers

* SUN3 Equipment

* 3rd Party Disk Tape & Memory

Call for current inventory & pricing.
Trades welcome!

Phone 612-835-4555
FAX 612-835-3936
3300 Edinborough Way # 309
Edina, MN USA 55435

Circle No. 316 on Inquiry Card



MARKETPLACE

MOTIF 1.2 FOR SOLARIS
Get a jump on the competition with
the first Motif for Solaris. Get your
applications to market before you
competition even starts porting.
Created for leading edge developers
by S.I. Systems Ltd., and brought to you exclu- Ak
sively by UniDirect. This pre-release for develop-
ers delivers the Motif 1.2 binaries, X11R5 and GCC compil-
er. For $499 per cpu you get a full year of technical support
and free CD-ROM updates for the entire year, including the
one that ships when the Validation suite is Developer

fully completed. Order now before your $ 49 9

competitors do!

BAR CODES & FORMS
}l ”" I l ”l Create barcodes and pre-printed forms
! with ReFORM. Merge with data from
Sybase, Oracle, or any application, and send it to your
laser printer. Try a complete 30 day evaluation for just *29.

MORE VALUES - FREE CATALOG

Lotus 1-2-3 1st usr .....529
SimCity game

SoftPC 3.0....cccceveunen. 549
Sun PC-NFS no doc....299
WordPerfect 51.......... 299

Chameleon NFS
CorelDRAW

dBase IV developer
eXodus X for Mac
Island W/D/P. WP Office 5 user

Island Presents XVision

Aviator: 3D combat flight simulator for SPARC GX....49%
Filix: easy to use, easy to set up flat file database eval..49
FreeWare: 3 Gigabytes of shareware on two CD's
Hummingbird: PC X server (site licenses avail.).......... 469
MasterPlan/X: Project planner 3 users (eval $49).......895
MultiMenu: Custom char. menus for users :Demo
SlickEdit: UnixWorld's favorite editor

Specialix: TCP/IP terminal servers

SPT: Performance monitor for Solaris
TransferPro: High speed DOS & Mac file transfer.......
UNI-ZIP: PK-ZIP compatible file archiver wkstn

UUCP for MS-DOS, also tar and vi :MKS Toolkit 4.1 .....279
Xtree: Ask for free 30 day test drive

Also: Aster*x, BLAST, BRU, Clockwise, C-scape, DESQview/X,
eXclaim, FacetTERM, FrameMaker, FTP, ICE.TEN, ICE.TCP,
MacEmulate, PC Interface, TERM, 3COM, VSIsFAX, XVISION, Z-Mail.

UniDire
800-755-8649 .

International: 714-453-2999 or FAX 714-707-3095
UniDirect Corp. One Venture, Irvine, CA 92718 USA

First Time Ever, Save Big $$

DIRT CHEAP
ASSEMBLE your own
SPARC/UNIX workstation
or READY MADE

New cpu bds, External Peripherals for Sparc, Memory,
.Chassis/Power Supply, Solaris 0/S PC-NFS,

.S-Bus Add-on, Island Graphics, Motif Developer Kit,
Transceivers, 10BaseT hubs, Cables and much more.

1800 22 SUNAR or 408 982-0288

E-mail: sunar@netcom.com
(Complete Source for SPARC/Unix Networks)

SUNAR Systems
3350 Scott Blvd, Ste 1901
Santa Clara, CA 95054

SPARC is a registered trade of SPARC international
Solaris is a registered trademak of SunSoft

PC-NFS is a registered trademark of SunSelect
Sunar is a registered trademark of Sunar Systems

Sunar
Systems
Logo

Circle No. 318 on Inquiry Card
Circle No. 321 on Inquiry Card

M.C.1.1.

THE MEMORY PEOPLE
SPARC 10 MEMORY IN STOCK!
16MB Module

$5
SPARCsystem 630, 670, SPARCserver 690
64MB Upgrade Kit - X168A
256MB Upgrade Kit — X146A
ELC, IPX - 16MB Module - X116Q,U
SPARC SLC - 4MB Module - X105Z
BEST PRICING ON 1x9, 4x9 70ns SIMMS.

Call for free memory upgrade catalog

CALL 1-800-247-MCH e
M.C.LL

Memory Card International
2101 W. Crescent Ave. #G, Anaheim, CA 92801 TEL: (714) 502-9085 FAX: (714) 772-2006

Circle No. 320 on Inquiry Card

L
1Won-line Unix Help

FTP a demo: ftp.uu.net in vendor/Bristol/HyperHelp

HyperHelp is a trademark of Bristol Technology Inc.
All other products mentioned herein are trademarks of their respective owners.

CONTEXT SENSITIVE

SINGLE FUNCTION AP!

POSTSCRIPT PRINTER SUPPORT
ACCEPTS WINDOWS 3.1 HELP FILES
ACCEPTS FRAMEMAKER MIF FILES

MOTIF & OPENLOOK

NO ROYALTY!

Bristol Technology Inc.

898 Ethan Allen Highway
Ridgefield, CT. 06877 U.S.A.
Phone (203) 438-6969

Fax (203) 438-5013
info@bristol.com

Circle No. 322 on Inquiry Card

# HAVE SUN #*
WILL TRAVEL

...but before we get on the plane,
let our Engineering staff
complement your efforts with our
ability to develop or enhance your
software in our offices.

Specializing in Drivers, GUISs,
and Communications

< <K< TAPIN TO THE TALENT » > >

The Tate Consulting Group

The Outsourcing Experts

CALL (407) 852-2385

Circle No. 319 on Inquiry Card

CLASSIFIED

LET THE GOVERNMENT FINANCE
your new or existing small business.
Grants/loans to $500,000.00, from
over 300 sources. Free recorded
message: (707) 449-8600. (TN4)

Circle No. 317 on Inquiry Card

RECRUITVMIENT

CAD, CAM

RECRUITERS INC™

Our clients seek career oriented CAD/CAM hardware and
software engineers (UNIGRAPHICS, PRO/E, Intergraph,
CATIA, CV, etc.) for great opportunities. All positions are
direct (not contract). Relocation and fees paid. Please send
resume, including salary history and geographic preferences
to Bill Wright. CAD/CAM Recruiters, Inc. 3400 High
Hamptons Rd., Ste. 738, Charlotte, NC 28210. 704-541-1100.
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MARKETPLACE

al For IBM Workstation Uses

777 RS/ Magazine Ma,qamne o

REACH OVER

RS/Magazine provides: * Technical know-how from RS/6000 and AIX experts 60 ) 000

* Independent third-party product reviews * Product surveys  Essential buying-deci-
sion information * Industry and market news * On-site user profiles B&Lﬁ'}%ﬂggﬁ IsduA'gIKl::'x
‘ SunExpert magazine is the monthly
' independent, authoritative source for
TO SUBSCRIBE FREE buyers in the UNIX workstation market.
RS/M ine, Circulation Dept., 1330 B Street, Brookline, MA 02146 | rnegie
agazine, Circulation Dept., eacon Street, Brookline, i
Telephone (617) 738-3420 * Fax (617) 739-7003 (61 7) 738 3402

Circle No. 324 on Inquiry Card Call the above listed telephone number

' ! THE AD INDEX IS PUBLISHED AS A SERVICE TO OUR READERS. THE PUBLISHER
Ve Iser S n ex DOES NOT ASSUME ANY LIABILITY FOR ERRORS OR OMISSIONS.

READER INQUIRY NUMBER | ..o PAGE READER INQUIRY NUMBER | ...\ iiiiiiiiiie i e e eeeeeeevssisiesnnns PAGE
1isnenAIONG TECANOIOGIES s 63 25......MiNicOMPUTETr EXCAANGE ..v.vvvvovvivvvnssssssssssssssssnenns 46
2......ANDATACO 26..... MU-TECH SYSIEMS 1vvvvvvvivvicen e, inside back cover
v DI, v s oo 4344 A TSR A 27.....National Customer ENgINEENNG .....cccc..vviieviiissssiisissis 77
B 552055 PITBEOIN sisvavsvwmssnvsssvss s oni oo s A AT AR LT @L< 1o 016 D)o (o [P TOO 31
5.......Aurora Technologies 29.....Performance TeChNOIOGIES ..........ccvervivvrveiriiiisssiiisssiina, 29
6......Box Hill Systems............... 30......PerPEra DEVICES ..........covveiericesisiis s 25
fam— Centerning: SOfWAIS s s mmisonm. BT PINNGCIE DOt oo, 77
o B— Comtec. Automated SOIUNONS: i wssssssmssssismesmes 65 32

QuCOMtemporcry GYBEINENCS s ummwmmimmsssmmsmmmio 17 33

T o 1= e 59 34

15550 Dl8k EPRGIGHON SYSTEMS.cummssmmnmmmmim s wamig 82 35

12.....Engineering Design Team ... 36 36

L 111 (6] ] T 34 37

.......... Expoconsul INternationli.ise sy 08 38

V45 FEIC O SYSTEMS sevisimsmissmmsmumismremmsnsmspimssarii 33 39

15+ Gréen Hills SORWOIS wisorinwmmmmnsmsissmrssssia 53 40

16:.++:HtGCHI AMBHCH wvsssaissimimmmmmmmmimmiss s e

L [ 14 4

[ = ) T 10 42

L [ (=1 T —— 37 43

| g (T (] —— 19 44

2 sl Rlrssisiissaserisnsmninisvameissivess o i R RS TR 55 45......Transitional Technology ... A7
22, LOGO SYSTEMS svscuinivasniimsiivinmiurmivissimmisssiss inside front cover A NI OIUTONS e, 78
28 Larabie DIstibUtNG v i 28 L 1] 1<) R 13
24.....Peripheral SOUTIONS ... 31 48..... XeroX IMAGING SYSTEMS ......vvvvviveerniessssesssisssnsssssssssssios 41

SALES OFFICES

LINDA LIEBICH, National Sales Manager - New England: JOAN DONAHUE, 31 Shipway Place, Charlestown, MA 02129, Phone: (617) 242-3042 Fax: (617) 241-2815. New
York/Mid-Atlantic/Southeast: D. DOUGLAS JOHNSON, 1625 Oak Hill Rd., Chester Springs, PA 19425, Phone: (215) 935-8522 Fax: (215) 983-0655. Mid-West/Canada: ROBERT
WENTZ, 1355 North Sandburg Terrace, Chicago, IL 60610, Phone: (312) 649-6717 Fax: (312) 649-6735. Mountain States/Southwest: LINDA LIEBICH, 11782 Jollyville Rd., Ste.
102A, Austin, TX 78759-3966, Phone: (512) 331-7076 Fax: (512) 331-7788. Southern California/Nevada: DIANE HARGRAVE, 3900 West Alameda Avenue, Suite 1700, Burbank, CA
91505, Phone: (818) 972-1766 Fax: (818) 972-1636. Northern California/Oregon/Washington: ROBERT S. PACK, 1030 East, Duane Avenue, Suite E, Sunnyvale, CA 94086, Phone:
(408) 732-0818 Fax: (408) 730-0702. Product Showcase/Classifieds/ Postcards: CAROL A. FLANAGAN, Manager, Telemarketing Sales, 1330 Beacon St., Suite 220, Brookline, MA
02146-3202, Phone: (617) 738-3402 Fax: (617) 739-7003.
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Multi-Tech’s New Data & Fax Modem for Laptop PCs

When you're in your office, you want power and All This, and Free Software Too!
performance from your modem. So why settle for less

SE We include everything you need to hit the road running,
C dd . i

including our MultiExpress™ data and fax

’ ’ : communications software. And if you're an Apple”
With the MUItIMOdem/a’ smaller is better. PowerBook " user, we've got a versiyon for you, Fopo
Until now, “pocket modem” usually meant small size, with
small features, less LEDs and poor flexibility. But with the
new MultiModem#, you get a state-of-the-art modem,
with data speeds up to 14,400 bps (up to 56,000 bps
compressed), and send & receive fax capability at 9600 or
4800 bps. You also get twelve LEDs and a speaker, so
you'll know what's going on.

The MultiModem# runs on either AC or battery
power, so you can transfer files and send or receive faxes
at the office, from home, or on the road. You also get

remote configuration, UNIX" support and “flash PROM” -
updating from our BBS. u tl

For more information, please call us at 1-800-328-9717.

Systems

The right answer every time.

MultiTech Systems, Inc., 2205 Woodale Drive

Mounds View, Minnesota 55112 U.S.A.

(612) 785-3500, (800) 328-9717, U.S. FAX (612) 785-9874
Copyright © 1992 by Multi-Tech Systems, Inc. International Telex 4998372, International FAX (612) 331-3180

Trademarks: MultiModem, MultiExpress, MultiTech: MultiTech Systems, Inc.; UNIX:
UNIX System Laboratories, Inc.; Apple, PowerBook: Apple Computer Corp.
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CAN YOU AFFORD
TO HAVE YOUR SYSTEMS GO DOWN?

Box HiLL SYSTEMS CORPORATION PRESENTS

THE RAID BOX

¢ 12,10, 8, 6, 0R 4 GB HIGH-SPEED FAULT-TOLERANT DISK ARRAY.
* NO DOWNTIME REQUIRED TO REPLACE A DISK DRIVE.

* CONTINUOUS AVAILABILITY OF DATA WHILE REPLACEMENT IS IN PROGRESS.
* AUTOMATICALLY REBUILDS “LOST” DATA ON THE REPLACEMENT DRIVE.
& “HoT SWAPPABLE" REMOVABLE DISK DRIVE MODULES.

& MULTIPLE INDEPENDENT POWER SUPPLIES.

* CoMPLETE R.A.LD. LEVEL 5 IMPLEMENTATION,

* DATA REDUNDANTLY STRIPED ACROSS ALL DISK DRIVES,
¢ Furl RA.LD. SUPPORT UTILITIES.

* “FAST” SCSI 2 INTERFACE.

& CompaTIBLE WiTH SN, HP™ IBM RS/6000;" NEXT.™
# LEGENDARY TECHNICAL SUPPORT.

BoxHill

SYSTEMS CORPORATION

161 Avenue of the Americas, New York, New York 10013 Tel: 212/989-4455 or 800/727-3863  Fax: 212/989-6817 Emuail: sales@boxhill.com

Circle No. 6 on Inquiry Card
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