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BEAT OUR BENCHMARK.

GET THIS WATCH.

Take the Plexus Challenge.

5 to 40 users— without changing a single byte of =
object code.
Are you thinking “Fine, but | really don't need
all that performance”? Well, some of
our customers tried other hardware
first. They used to think the same thing.
Challenge details: This offer is extend-

ed to bona fide OEM’s, value-added
é W resellers, and volume end-users in the

i

!

Everybody in the UNIX-based supermicro
business talks performance.

Only Plexus dsres to prove it... with the Plexus
Challenge:

Show us a UNIX-based supermicro that can
beat Plexus —running any recognized bench-
mark (or even your own application code*)
—and we’ll present you with this elegant
Heuer chronograph valued at $485.00.
How do we dare make this offer?

multiuser commercial UNIX systems
Simple: our multiprocessor architecture market. Limit one award per company.
and highly-tuned version of UNIX leave Offer expires Jan. 31, 1985 unless with-
the single-CPU competition in the dust. drawn earlier. For complete rules and parti-
Multibus architecture and intelligent I/O IplLlEXlLI\ cipation information, call (800) 556-1234
processors let you expand modularly from S Ext. 560 (in Calif. (800) 441-2345 Ext. 560)
Supermicros built for speed.
Plexus Computers Inc., 3833 North First Street, San Jose, CA 95134

*Subject to prior approval © 1984. UNIX is a trademark of AT&T Bell Laboratories. Multibus is a trademark of Intel Corp.



Networking Your System?

Change a

onth lll:)esign Cycle
S :
12 Days.

(W

start, but the protocol softwar
and system integration efforts
can take as much as a year —
even longer.
But now you can shorten that
design cycle. With EXOS™, from
Excelan. EXOS technology gives
you a complete LAN capability,
hardware and software, that sim-
ply plugs into your computer 2180 Fortune Drive ;
system’s backplane. Integration San Jose, California 95131 product to
takes next to no time. (408) 945-9526  TELEX 176610 - competition.
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Published by Yates Ventures, The Yates Ferspective is a monthly newsletter on the soft-
ware market. With this SPECIAL OFFER you can subscribe to The Yates Perspective for
a reduced rate of $349.00 per year. That's $1041.00 off our regular subscription price.

*UNIX is a trademark of AT&T Bell Laboratories

0 Yes! | want o subscribe to The Yates Perspective for a reduced rate of $349.00.

Name [0 My check or money order is enclosed.
Title ; 0 Please bill my company. My purchase
order number is
Compan
Py [ Please charge my (circle one) VISA/
Street M/S Mastercard/American Express
i Stat 7 Number
Y e L Signature
Phone Exp. Date

Address all correspondence to: Yates Ventures, 3350 West Bayshore Road, Palo Alto, CA 94303
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MAINFRAME GRAPHICS HEADS THIS WAY by Jim Warner
Two noted purveyors of graphics software forecast a and Geoffrey Scott
brave, and colorful, new world of capabilities for the
Unix system user.

38

ICONIC DESIGN AND CORPORATE IDENTITY
What are icons, and how do they do what they do
anyway? A graphic designer tells you about the theories
and practices behind the boom.

by William Elmore

50

UNIX AND GKS IN A NEW AGE

A partisan look at the Graphical Kernel System and its
chances for setting the graphics standard for Unix
systems.

by Aaron Marcus

59

THE UNIX SYSTEM AND INTERACTIVE GRAPHICS

Low-cost hardware and software are prodding
experienced Unix system programmers to push the
graphics frontiers. Here’s a technical look at the issues.
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by Mark S. Callow

66

DEC’S ULTRIX 32

DEC looks to the Berkeley doctors for its first officially
blessed and supported Unix system port for the mighty
VAX.

by Gene Dronek

78
THE REALWORLD ACCOUNTING SYSTEM by Nicholas Feakins
Our integrated accounting software series continues this
month with the RealWorld suite, one of the most
popular for the Unix system.

84
THE SUN-2 WORKSTATION by Bruce Mackinley
Seer Bill Joy and company have created the Xerox Star
of scientific workstations, the powerful network-based,
single-user Sun 2.
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Gould...Innovation and Quality in UNIX-Based Systems

Now Gould offers the widest range
of UNIX-based systems in the world.

Gould’s PowerSeries™ computers
span the performance range.
From professional desk-top com-
puters and high-resolution
graphics workstations to shared
resource and back-end pro-
cessors with up to twice the
performance of a VAX 11/780.™
And, all with the UNIX* operating
system to assure interconnec-
tability and software compatibility.

In addition, there’s utility. Gould
PowerSeries computers are de-
signed for the way you work.
Users have all the advantages
of a dedicated system plus the
lower-cost-per-user option of
sharing resources with Gould’s
offering of standard networking
strategies including Ethernet.™
Computer users also need com-

patibility. Gould's years of
expertise with UNIX software

have produced the “Compatibility
Suite” of application software
packages that is compatible and
consistent across the entire
PowerSeries product line under
our Universal Timesharing Execu-
tive, UTX,™ a unique combination
of Berkeley 4.2 BSD with selected
features from AT&T’s System V.

And, for your service and support
needs, you can rely on Gould's
worldwide customer support
network.

Put Gould PowerSeries Compuit-
ers to work for you now.

Gould Inc.,Computer Systems
Division

Distributed Systems Operation
6901 West Sunrise Boulevard
Fort Lauderdale, FL 33313
1-800-327-9716

‘UNIX is a trademark of AT&T Bell Labs
"PowerSeries and UTX are trademarks of Gould Inc.
“Ethernet is a trademark of Xerox Corp.

'MVAX is a trademark of Digital Equipment Corporation
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DISK I/O OPTIMIZATION by David Robboy
ON UNIX MICROS

One constant complaint about the Unix system is the
disk 170 bottleneck. Our author gives detailed kernel
modifications for Xenix 286 and Berkeley VAXs.
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lease take a moment to look out the nearest window. Do you
see any chunks of falling sky?

Recently several market analysts have raised the time-
= honored cry, “The sky is falling! The bottom is falling out of the
Unix system market!”

The truth is that Unix systems are selling quite well indeed. The
problem is analysts’ preconceptions. Most doomsayers recently hail from
the PC market and expect shipped units to match those of the retail-
commodity world. (Not to mention that these analysts have reason to
insure their position in an arcane science against being negated by an
emerging standard.)

Unix system users are joining the ranks at respectable five-figure
numbers every month. For comparison, the best-selling business mini-
computer of the 1970s, the HP 3000, took 12 years to sell 12,000 sys-
tems.

It’s time analysts realized that professional computing equipment
sells differently than amateur. Unix system purchases do not fit comfor-
tably into that neat budget line marked “Other.” Rather than a PC system
price of $5,000, a prospective user is looking at least at $30,000—but at
a cost of only $2,000 or $3,000 per user. (And when your DP manage-
ment gets wind that you have 10 unconnected PCs sitting around, they’re
likely to point out heatedly that $50,000 is serious money, and you can
get one hell of a twenty-user Unix system supermicro for that price.) The
point is that the purchase of a five- or six-figure capital acquisition takes
some time—perhaps more than a year. But once made, it will stick—if
for no other reason than old-fashioned depreciation and amortization
schedules. By definition, supermicros and minicomputers can’t be a fad.
On the other hand, the purchase of multiple PCs is often made in haste
and repented at leisure.

And IBM is about to prove my point. With their new, single-user
PC AT, they have once again with great fanfare announced a product
without a market. How many users out there are grumbling that they're
running out of room on their XT’s 10 Mbyte disk? How many are com-
plaining that processing on their PC is so slow that they’re ready to give
up on spreadsheets? No one is about to rush out and replace their
perfectly fine PC system for a more expensive system that does exactly
the same things somewhat faster. When it’s time to replace a damaged
PC perhaps, but replacement is not about to engender million-unit sales.

On the other hand, how many users are seriously investigating
multi-user, multitasking systems to multiply their production while
reducing their budgets? No matter how it's buttered, “Popcorn” will
remain a bust until IBM releases Xenix 286 in January.

Single-user PCs are great little machines with great big problems:
incompatibility, data security, limited memory, single-tasking for a single
user at a single time. Their only advantage is that they are cheap—if you
only need one.

Forget AT&T and NCR ads on TV. The Unix system has the ideal
marketing position: an honest need that no one else can fill.

John M. Knapp
Publisher
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WE DRESSED QUR
UNIX* SOFTWARE FOR
YOUR IBM PC/XT

Try it Risk FREE — the first AT& T-licensed UNIX
implementation for the IBM PC/XT. Shipping since

August 1983, Venix/86 is the popular choice among
knowledgeable UNIX users and developers. Here’s why!

Multi-User Capability...

Share the same PC, disk, and printer with up to
three users! Simply plug in a CRT and run.

Multi-Tasking...

Edit a file, print a report, run a spelling check,
format a diskette...all at the same time.

Berkeley Enhancements...
Including vi, termcap, more and the c shell.
Real-Time Extensions...

With semaphores, raw and asynchronous I/0,
priority, shared data, 1/0 page addressing.
Quad-Screen Windowing...

Featuring four unique and powerful windows.
MS-DOS Partitioning...

Keep your DOS files and programs!

Lean and Clean...

192K RAM, 3.5 Mbytes on disk. Proven reliability.
Applications...

Networking, word processors, database managers,
spreadsheets, menu interfaces.

One Source with Unisource...

Unisource is the leading publisher and devel-
oper of UNIX software for the IBM PC/XT
and compatibles, DEC Professional 350,
Rainbow, Micro-11, PDP-11, VAX series,
and NCR computers. All our packages are

fully documented and supported by our
800 user hotline. Call for a complete
information kit or to arrange your 30-day
Risk FREE Trial of Venix/86. Unisource
Software Corp. Department 4106

71 Bent St., Cambridge, MA 02141.

Telex 92-1401/COMPUMART CAM

CALL 617-491-1264

UNIi== 8 ==

Getting UNIX Software
Down to Business

* UNIX is a trademark of AT&T Technologies, Inc.
Venix/86 implementation by VenturCom, Inc.
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have a confession to make. I

used to think that computer

graphics was a boring subject.
e But I don’t really think I was
alone in that feeling, either. With
the exception of magazines devoted
entirely to computer graphics, the
computer trade press has generally
relegated computer graphics
coverage to the background. And
who can really blame them? With
such excitement and turmoil in the
personal computer and software
markets, to name a few, graphics
certainly doesn’t seem to have gar-
nered its fair share of the computer
media’s attention.

However, I don't really think
that we in the press were very much
different from our readers and the
industry.

The mention of computer
graphics brings two immediate
images to mind. The first is of some
lab where engineers dream up the
latest in technology by using enor-
mous and expensive CAD/CAM sys-
tems. The second image, and the
more sketchy of the two, is that of
some lowly office worker sitting at a
terminal conjuring up some bar and
pie charts for the boss’ presentation
tomorrow.

The point I'm making here is
that, until very recently, graphics,

VOLUME 1, NUMBER 5 1984

whether for business or engineering
applications, has been off on the
sidelines, largely separated from the
two computing mainstreams, data
processing and office systems.

That’s changed dramatically in
the last year or two, as graphics has
become a standard item in most
office systems and personal com-
puter applications. Most impor-
tantly, however, has been the work
done by firms such as Xerox and Ap-
ple in pioneering and promoting the
graphical or icon interface in the
Star, Lisa, and Macintosh. The bot-
tom line is that, from now on, we
computer users will be interfacing
more and more often with our ma-
chines through graphics.

It is in this regard, the graphic
or icon interface, that much work
needs to be done for the Unix sys-
tem. Many people assure me that it
is only a matter of time until a Star-
or Lisa-like interface becomes
readily available for Unix system-
based machines, but I must implore
AT&T and other Unix system ven-
dors to hurry.

Prominent graphics purveyors
Jim Warner and Geoff Scott,both of
Precision Visuals, Inc., a graphics
software house, lead off this issue
with the article “Mainframe Graph-
ics Heads This Way,” a glowing re-
port on the future of graphics for
Unix system users. ;

Two issues back, we devoted
this magazine to Unix system stand-

ards. In my Editor's Console that
month, I briefly mentioned that one
particular area of the Unix system
standards debate crying out for im-
mediate attention was that of graph-
ics.

In this issue, we delve a little
further into the particulars of that
debate, with an impassioned (and
biased) discussion of one of the
emerging graphic standards, GKS,
from Bill Elmore, president of Visual
Engineering.

We've also brought you three
exciting reviews this issue. The first
explores the Sun, a leading worksta-
tion for lab environments, while the
second examines the Intereaf in-
house graphics publishing software.
These two products will show that
bit-mapped workstations may well
be worth the money.

The third is an exclusive review
of Digital Equipment Corp.’s Ultrix
32 Unix-based operating system.
It's the first officially blessed and
supported Unix system for the
mighty VAX from the mavens of
Merrimac themselves. m

Philip Gill
Executive Editor

UNIX/WORLD 9



An open-and-shut case
for making MiniFrame’
our first choice in
ow-cost OE b

Megabytes of integral mass storage:
5'%" Winchester fixed disks of 13,

Systems.

IMPRESSIVE CPU SPEED. Running
the AIM™ Benchmark, MiniFrame is
as fast as a VAX-11/750. The Mini-
Frame’s MC68010 microprocessor
operates at 10MHz, with no wait
states.

VIRTUAL MEMORY MANAGEMENT.
MiniFrame’s custom MMU provides
unique demand-paged implementa-
tion of UNIX™ System V....with 3.5
Mbytes of address space per process.

COMMUNICATIONS EXPANSION.
LAN capability via optional high-
speed Ethernet interface module,
and/or 8 additional RS-232 ports.

RUNS AS MANY AS 8 TERMINALS.
Convergent PT and/or GT, or stan-
dard ASCII. Multidrop RS-422
communications line operates at
307 Kbit/sec.

ECONOMICAL mEsMORY EXPANSfION.
MiniFrame provides 'z Megabyte of
RAM standard; up to three boards can

added ion to 2 Mb.
FOR HIGH-SPEED PRINTERS, a i e mamon

Centronics-compatible parallel
Copyright, 1984, printer port is standard in the
Convergent Technologies, Inc. MiniFrame processor.



MiniFrame: another first from Convergent
Technologies. Super-minicomputer power at
PC prices.

OEMs can now meet the needs of small to
medium-sized organizations for low-cost,
high-performance systems capable of handling
large UNIX-based applications.

The MiniFrame system—which effectively
opens a whole new market for you—is unique
not just for its price/performance advantages.
It also provides complete flexibility in meeting
requirements ranging from single-user
“personal UNIX systems” to eight-terminal
cﬁta—processing installations.

BACKUP STORAGE with
integral 5'4”, 640 Kb

floppy disk. Optional high-
capacity backup available.

WFE'VE CLOSED OUR CASE...now send
for a complete information

package.
Write to Con Technologies, Data
Systems Division, 3055 Patrick Henry
Drive, Santa Clara, CA 95050. Phone:
408/980-0850. Telex: 176-825.

Convergent
Technologies

Where great ideas come together

Convergent Technologies achieved this
breakthrough by adapting the innovative hard-
ware and software developed for its MegaFrame
multiprocessor.

he result is a powerful, compact and ex-
pandable unit priced to give you the maximum
opportunity of capitalizing on a rapidly growing
NIX market.

There are, of course, many other unique
benefits of the MiniFrame system.

Convergent provides foundation software
for office applications—including a powerful,
Wang keystroke-compatible word processor,
an advanced financial spreadsheet and com-
plete electronic mail facility.

The Window Manager permits viewing and
manif)ulating of up to four applications running
simultaneously on Convergent's PT or GT
terminal screens.

Major performance increases result from
utilizing these terminals with the MiniFrame. At
only slightly higher cost than standard “dumb
tubes”, our PT or GT terminals offer high-speed
communications plus built-in processor with
enough memory to execute key portions of the
system code.

Programming languages include industry-
standard High Level C%)Bg)L and BASIC, full
FORTRAN-77 Pascal and C.

$5,000; an eight-user MiniFrame can be configured
for under $10,000. Prices like these make it an
open-and-shut case for choosing the MiniFrame.

OEM prices for the MiniFrame start at less than

Graceful upgrade path to
the MegaFrame”

The MegaFrame, Convergent Technologies’
revolutionary super-minicomputer system, utilizes
multiple processors; has expansion potential to
128 users, 8 MIPS and gigabytes of disk storage. It
enables OEMs to hancﬁe today’s growing demand
for computin§ services without dis- . :
carding a single piece of hardware
... or being forced into expensive
CPU upgrades.

Applications software can be
transported —unchanged —from
the MiniFrame to the MegaFrame
whenever the workload requires it.
The two systems are object-code
compatible, allowing OEMs to pro-
vide a complete family of systems.

MegaFrame: proof that if any-
one can build a UNIX system the
way it should be built—it’s Conver-
gent Technologies.

MiniFrame and MegaFrame are trademarks of Convergent Technologies, Inc. UNIX is a
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THE CODATA
DIFFERENCE

A Major Improvement in OEM
Microcomputers.

ith so many microcom-
puters on the market,and
with each manufacturer

claiming to have the solutions to
everyone’s problems, why are more
and more OEM users choosing
CODATA?

Very simply because the CODATA
3300 works!

That’s an important part of what
we call THE CODATA DIFFERENCE
- arefreshing, new concept in OEM
marketing.

More performance...Lower
price...Extended warranty.

We've increased the performance
of the CODATA 3300 and, at the
same time, we've lowered the price.
That means our CODATA multi-
user, multi-tasking 16-bit computer
systems have price/performance
ratios nobody else can match. We're
so confident in our system’s integ-
rity that we've extended the war-
ranty on every CODATA 3300 to
180 days. That’s the longest war-
ranty in the business and, let’s face
it, you've got to be pretty sure of
your product to guarantee it for six
full months. We're sure.

285 North Wolfe Road, Sunnyvale, CA 94086
1-800-521-6543. In California: 1-800-221-2265
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These are more elements of THE
CODATA DIFFERENCE.

An uncomplicated pricing
policy.

We have only two price sheets:
one for suggested retail, the other
for OEM prices. Simple, straight-
forward, easy-to-understand. Be-
yond that, there are no quantity
commitments, no bill-backs, no
hassles.

Full support and technical
assistance if needed.

Our customers select the
CODATA 3300 because it fulfills
their needs, because it does what
we say it will do,and because we
have taken great pains to assure that
it is functionally simple and capable
of performing its assigned tasks
with no problems. But, if technical
support is required it’s only as far
away as your phone and available
at a moments notice via our TOLL
FREE number during normal busi-
ness hours in every
U.S. time zone.

A multi-user,
33-megabyte
system for only
$9,600.

The CODATA 3300 is a powerful
16-bit, 68000-based, MULTIBUS
system that can effectively accom-
modate up to ten users. It’s a com-
plete UNIX system that runs full
ANSI standard FORTRAN-77, RM/
COBOL, BASIC+, SMC BASIC, APL,
and PASCAL.The 3300 provides up
to 33 megabytes of unformatted
on-line storage via an integrated,
high speed Winchester drive,and
aremovable, quad-density 5-1/4"
floppy disc system. The 3300 fea-
tures 320 K bytes of parity pro-
tected RAM.

An expanded CODATA 3300,
with 84 megabytes of disc storage
is priced at $13,500.The 3300 is
also available as a 12-megabyte
system for as low as $7,800.

LET US SHOW YOU THE
CODATA DIFFERENCE.
Write or call us for more
information.

KEYBOARD AND MONITOR OPTIONAL



ON-LINE

ON NCC,
POPCORN, AND
CONFUSION

BY PHILIP J. GILL

espite a general consensus

that this year’s National

Computer Conference

(NCC) in Las Vegas was a
relatively boring performance,
three rather significant trends were
obvious from booth traffic and prod-
uct displays. First, although increas-
ingly vociferous attacks on the Unix
system reached a near frenzied pitch
just prior to NCC’s opening, it was
quite clear to all but the most biased
that the show was in many ways the
Unix system’s official coming out
party.

The two most exciting new
product introductions at the show
were in fact Unix system-based soft-
ware: the Applix, Inc., office
automation suite and NCR Corp.’s
NCR Officeware. Add to this AT&T’s
lavish booth display that prominently
featured the Unix system and IBM’s
introduction just days before of
vM/IX for the 370-type processors,
and you've got the sure makings of
an industry standard.

Secondly and tangentially, NCC
marked the first appearance of
system-level, office automation soft-
ware for the Unix system
environment—again, Applix and
NCR Officeware being prime exam-
ples.

The show’s third major theme
was the attention being paid by ven-
dors and users to the man/machine
interface. Apple Computer’s booth,
which featured the Macintosh and
which noticeably didn't feature the
Ilc or Ile, was mobbed with atten-
dees throughout the run of the
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show. Other booths where the prod-
ucts paid attention to the
man/machine design were also
similarly busy.

IBM’S POPCORN DUE

As we were closing this issue,
numerous reports from our
friends in the industry were quoting
an August 14th debut for IBM’s long-
awaited and much-rumored
“Popcorn” multi-user supermicro
system. This means that if all goes
according to plan, you'll have the
official word from IBM before this
issue reaches your desk.

For the most part, our sources
tell us the machine is exactly what
we've all been expecting: a multi-
user addition to the ubiquitous IBM
PC family based on the Intel Corp.
80286 microprocessor, supporting a
20- Mbyte hard disk and running
PC-DOS and Xenix.

Now, here’s the rub. Before
we all cheer this event as a
“legitimizing” of the Unix system for
commercial environments, our
sources tell us that the Xenix oper-
ating system won't be available until
several months after the machine
starts shipping. In its stead, the
Popcorn wil run under a new version
of PC-DOS—the long-awaited PC-DOS
3.0.

Why, you might ask, is IBM
holding back on supporting a Unix
system-based operating system for
its supermicro-class multi-user sys-
tem when Unix systems are the de
facto standard in this niche?

One observer astute in the
ways of IBM harkened back to the
days when the original IBM PC was
introduced. At that time, the PC was
introduced with PC/DOS as its
flagship operating system, with both
CP/M-86 and the UC San Diego p-

System available at some later time
as options.

This deliberate holding back on
IBM’s part of the 16-bit version of
the 8-bit de facto standard cp/M-80
created the window necessary for
IBM and Microsoft to elevate
PC-DOS—MS-DOS to industry
standard status. The same game,
some say, is being played out with
Xenix (read: the Unix system) and
PC-DOS 3.0 and its descendants. IBM
is afraid of the Unix system band-
wagon, especially now that AT&T is
leading the horses to water.

This move to circumvent the
drive toward standardization on the
Unix system and its derivatives
could spell trouble for many multi-
user system vendors.

CONFUSION IN DAYTON

W e’re hearing troubling reports
of rivalry between two sepa-
rate divisions at NCR following the
introduction by the firm’s OEM Mar-
keting Group of the Unix system-
based NCR Officeware office
automation suite for the Tower 3216
at NCC. It seems that one of NCR’s
other direct sales arms, the Office
Systems Division, is out on the
streets selling Convergent Technol-
ogies’ Unix system-based Mini-
Frame and MegaFrame computers
for office automation applications.
Officially, no conflict exists, but
most analysts, as well as myself, will
bet that some users don’'t see it
quite the same way.

SEQUENT NS32000
SYSTEM DUE

mid much publicity, a group of
Intel managers in Portland,
Ore., split from the semiconductor
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Office Automation Software. ..
Selected for Distribution by ATzl.

HANDLE is the number one office auto-
mation or “integrated” software system
available for the UNIX™ operating system.
Selected by AT&T Information Services for
distribution on the 382/300™ and 3B5™ UNIX
systems, HANDLE is the most powerful full-
featured office automation system in the
market today.

Some of HANDLE's unique features include:

e Dynamically integrated word processing,
graphics, list management, virtual spreadsheet,
and spelling correction with a powerful “*document
metaphor’ that provides a common method for
creating, printing, merging, archiving off-line, filing
under multiple topics and retfrieving documents.

® Full multi-user capabilities with extensive security
— documents, or portions of docuents, can be
marked “author only”, “read only” or “general
access”. HANDLE provides its own record locking.

® User preferences — HANDLE conforms to each
individual’s preferences for such things as preferred
printers and individual document catalogs. User
restrictions can control such things as the ability to

5 The AT&T 3B2/300 computer with HANDLE on screen
delete documents, access archive catalogs, etc. and infegrated graphics prinfouts.

The first Office Automation System for UNIX.

HANDLE CORP, 140 MACKINAW ROAD, PO BOX 70184 TAHOE CITY, CA 95730 @ 916-583-7283 Please circle Ad No. 12 on |nqu|ry card.

TM—HANDLE IS A TRADEMARK OF HANDLE CORP, 1983. UNIX IS A TRADEMARK OF BELL LABS. 382/300 AND 3B5 ARE TRADEMARKS OF AT&T
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giant a year or two back to found a
system house. That firm, now
known as Sequent Computer Sys-
tems, is readying an NS32032-based
multiprocessor computer running an
enhanced version Unix 4.2BSD.

The firm claims that its new
system, called the Sequent Balance
computer, permits OEMs and end-
users to expand from 2 to 12 Na-
tional Semiconductor Corp. 32032
microprocessors without the neces-
sity of rewriting applications soft-
ware. Sequent is aiming its Balance
computer at the OEM market for
CAD/CAE, ATE, and image processing
applications.

UNIX SYSTEM
PORTABILITY

fficials at Otrona Advanced

Systems, a Boulder, Colo., por-
table personal computer maker, say
the firm will support the Unix sys-
tem on their recently introduced
2001 portable IBM clone during the
third quarter of this year. However,
Otrona’s vice-president of market-
ing, Joe Calabria, has expressed
some concern over which version
and what add-on microprocessor
board Otrona should implement for
the Unix system option.

He said the firm is currently
leaning toward AT&T’'s System V
running on the M68000 chip, but he
added that Otrona would alter that
plan and follow IBM’s lead if the com-
puter giant comes out, as all indica-
tions are that it will, with an Intel
286-based system running
Microsoft’s Xenix.

HEARD WANDERING
ABOUT THE HALLS

I's not as well as Apple proj-
ects, with its much-vaunted
Macintosh personal computer. Sales
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have reportedly flattened out due to
lack of software, and some members
of the Macintosh team are said to be
ready to walk.... Convergent’s
recent spate of trouble with the
WorkSlate portable and N'GEN desk-
top computers have apparently ex-
tended to the MegaFrame as well.
Some unspecified hardware bug has
already been remedied, however.
Meanwhile, WorkSlate inventory is
at least 3,000 to 5,000, with some
unconfirmed estimates much higher.

A DIGEST OF
NOTEWORTHY
EVENTS

ystech Corp. (San Diego,

Calif.) signed a marketing

agreement with Quest Inter-

national Computer Equip-
ment, Ltd., (England) to distribute
Systech’s multibus products in the
United Kingdom...Fortune Sys-
tems Corp. (Redwood City, Calif.)
announced that LeRoy Cochran has
been appointed senior vice-
president and CFO...Callan Data
Systems (Westlake Village, Calif.)
agreed with Telesoft to market
Telesoft’s Ada compiler with Cal-
lan’s Unistar supermicrocom-
puter....

fficesmiths, Inc., (Ottawa,

Canada) signed an agreement
with JTS Computer Systems, Ltd.,
to put Officesmiths’ document man-
agement system on Gould’s PS 3000
and on Integrated Solutions, Inc.,’s
Optimum series of computer sys-
tems...Durango Systems, Inc.,

(San Jose, Calif.) announced a 40-
Mbyte hard disk and a 20-Mbyte
cassette for the firm’s Poppy and
Poppy II Unix system-based busi-
ness systems...Cado Computer
Systems (Torrance, Calif.) ap-
pointed Eystein Thordarson as vice-
president of operations. He will have
responsibility for the Codata sub-
sidiary....

oftport Systems, Inc., (New

York, N.Y.) announced a price
reduction in its Muse
scientific/technical word-processing
package on the Masscomp com-
puters... Human Computing Re-
sources Corp. (Ontario, Calif.) and
NCR Canada, Ltd., announced an
agreement under which HCR’s
Chronicle business software will be
distributed on NCR’s Tower com-
puters...Software Manufactur-
ers, Inc., (Carson, Calif.) appointed
Exxnet Distributing Co., Creative
Business Solutions, Inc., and Oasys,
Inc., as domestic distributors of its
S-Tran BASIC-to-C translator....

pplix, Inc., (Southboro,

Mass.) recently received $4.5
million in its second round of venture
financing...Oracle Corp. (Menlo
Park, Calif.) announced an agree-
ment with Hewlett-Packard to have
its DBMS supported on the HP900(
series 500 computer. Oracle’s DBMS
will be marketed by Auragen Sys-
tems Corp. under the name Aur-
elate and will run on the Auragen
System 4000...Relational Data-
base Systems, Inc., (Palo Alto,
Calif. ) signed a co-labeling and distri-
bution agreement with
AT&TInformation Systems to supply
File-it, Informix, and C-ISAM on all of
AT&T’s computers.... |
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CHOOSE A COMPUTER
FORITS MIND
NOTITS

Big. Lots of muscle.
Sexy. All ways we
describe the computer
of our dreams. By
those standards, the
humble Reduced
Instruction Set Com-
puter (RISC) seems
like nothing to write
home about.

Unless someone in your
family designs computers.

Because in high-level
language benchmark tests
on the Berkeley campus,

£

) BODY.

Just fine, we thought.
So when we considered
2 architectures for our
N high-performance

Y UNIX supermini, the
S Pyramid 90x, we felt

S quite comfortable
taking a RISC.

We combined its
large register stack (528
in our case), register window,
and reduced instruction
set (about half the number
in a typical supermini) with
8 some common computer

RISC outperformed heavy-
weight superminis and micros by as much

as four to one. (Incidentally, most benchmarks
were written in C, the same language used

to implement UNIX.)

Don't be fooled. What RISC lacks in sex
appeal it makes up for in shrewdness.

Instead of using raw muscle to speed up
memory references, RISC uses logic to elimi-
nate them. Two hundred fifty-six registers,
not memory, hold data for processing.

Parameter passing schemes worthy of
a doctoral thesis are replaced by simple hard-
ware. A sliding “register window" easily
redefines one procedures temporary data
as another's parameters.

And while hundreds of complex instructions
on most computers are never used by high-
level languages, every super-optimized RISC
instruction is. All 31.

But how would RISC perform when it left
college and tackled its first real job?

techniques. Like virtual
memory, cacheing and floating point.

The results were uncommon.

Two to four times the performance of
popular UNIX hosts on standard benchmarks
like Ackermann’s Function. In less than half
the floor space and at about half the price.

The first commercial implementation of
RISC worked as well in the computer room
as it did in the classroom.

And proved that you don't have to have brawn
to make a good UNIX computer. Just brains.

WEl be glad to send you more information
on how RISC works, including a reading list
of recent research, if you send your name and
address to RISC, Pyramid Technology, 1295
Charleston Road, Mountain View, CA 94043.

Your comments and questions are always
welcome. Just call @15) 965-7200.

—=— PYRAMID
= TECHNOLOGY

*Write us for test details. UNIX is a trademark of AT&T Bell Laboratonies. © 1984 Pyramid Technology Corp.




Fast.. Versatile
...Powerful Tools
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Integrated Productivity Tools from SouthWind
Software provide today’s professional with fast,
versatile tools to organize, manipulate and
display information with clarity and
effectiveness.

TACTICIAN is an enhanced 1024 x 1024
spreadsheet which interacts with popular
UNIX DBMS ie. UNIFY, INFORMIX and
MICROINGRES.

GRAFSMAN?’s panel driven graphic
editor helps create brilliant color graphics

for reports and presentations using data from
TACTICIAN, DBMS, or application files.
Integrated Productivity Tools were designed with
the OEM in mind to allow for quick, easy
incorporation into problem solving applications. IPT
is available today for NCR TOWER 1632 and
PLEXUS P/35 installations. Additional IPT ports
ill be available soon.
. Call for further information about the fast,
versatile and powerful Integrated Productivity
Tools family.

'SOUTHWIND SOFTWARE, INC.
4520 E. 47th St. So.

Integrated Productivity Tools, IPT, TACTICIAN, and GRAFSMAN are trademarks of

SouthWind Software, Inc. UNIX is a trademark of AT&T Bell Laboratories. UNIFY is a j ichi

trademark of the Unify Corporation. INFORMIX is a trademark of Relational Database i WIChlta’ Kansas 67210
Sy;u-ms, Inc. MICR%INGRE§ i; ngé‘lﬁn@rk of Rclatic;’rﬂi’)l;«.ij}slnr?logies. I"Ca NCl}( ’ 316-788-5537
TOWER 1632 is a trademark of the orporation. /35 is a trademark o

Plexus Computers, Inc. R 1-800-346-3025 EXT 234

Please circle Ad No. 39 on inquiry card.



. Pyramid 90x

Compatibility — today’s by-word for
the computer industry. Compatibility
between computer types, peripherals,
protocols and operating systems.
Compatibility that shows up in the
bottom line with increased through-put,
productivity and efficiency.

First Computer Corporation is your
rompatibility connection. Over seven
years of technical experience in systems
integration lets us answer your
questions about compatibility. Our
superior product portfolio allows us to
select the right peripherals, components,
terminals, disk or tape drives and
software compatible to your needs. And
our availability and service on all your
product needs is second to none.

UNIX
Number 1 for compatibility

Today’s state-of-the-art UNIX*
operating system offers you the ultimate
in compatibility: 1) networking ease —
including Ethernet**, DECnet? and
fiber optic links 2) system selection
independence 3) greater portability
4) upward expandability and flexibility for
future needs 5) heightened productivity.

Tower 1632 . CADMUS 9000 - Spirit/23

For your
compatibility connection

NCR’s Tower 1632 — a UNIX based
machine that delivers the power and
performance of a mini at the size and
price of a micro.

The CADMUS 9000 offers high
resolution graphics, windowing
capabilities and a high performance
UNIX based operating system.

Call us First toll-free 1-800-292-9000 (In Illinois 1-312-920-1050)
TWX 910-651-1916 Sales Hours: 7:30 am — 6:30 pm CST
Sales Representatives in: Chicago, Dallas, Detroit, Houston, and St. Louis

Spirit/73

PDP-11/23 +

PDP-11/73

MicroVAX

First Computer Corporation knows UNIX.
We offer a wide variety of UNIX-based
systems: NCR’s Tower 1632, CADMUS 9000,
Pyramid 90x, PDP-11 and VAX-11.

So, when you’re looking for your
compatibility connection, the increased
efficiencies of UNIX and you want it all
from one source, call us First. You’ll
receive expert knowledge, superior
product selection, reliable service and
prompt delivery.

* UNIX is a trademark of Bell Laboratories.

**Ethernet is a registered trademark of Xerox Corporation.
tDECnet and MicroVAX are trademarks of Digital Equipment Corporation.

computer corpostion
645 blackhawk drive westmont, illinois 60559

Send me more information about First’s
compatibility connection.

Name

Position

Company

Address

City State Zip

Phone

Please circle Ad No. 32 on inquiry card.



TRENDS
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This space 1s yours. Tell us what we’re doing right—or wrong. Raise
issues and ideas that other readers may respond to. Propose projects.
Reject market trends. Take a stand.

SOFTWARE PIRACY?

Gentlemen:

The feature article “Software Security and the
Pin-Striped Pirate,” in the March/April 1984 issue
of UNIX/WORLD was well thought out and useful.
Unfortunately, when Mr. Auditore came to eco-
nomic analysis, he merely parroted vendors’
claims, which have all the sophistication and eco-
nomic insight of a sales representative calculating
the commission. A more thorough analysis is
needed.

One may easily observe: (a) Unsupported
(pilfered) copies of commercial software repre-
sent a competitive force (arguably an unfair one)
to keep prices down. If Context, Lotus,
Microsoft, and Sorcim all announced the
withdrawal of their spreadsheet products from
the market and a recall of all copies previously
sold, would VisiCorp respond by selling VisiCalc
at $50? (b) The widespread use of unsupported
(including pilfered) software is indicative of how
highly the marketplace values the support cur-
rently offered by vendors. One can compare this
to the proliferation of “no-frills” stock brokers,
“you-bag-it” grocery stores, and “self-serve” gas
stations. (This should not be taken as equating
the legal status of any of these to pilfered soft-
ware.) Only as it becomes uneconomic to pilfer
software will it cease. Do moral preachments and
draconian threats have a good track record?

From a sociological perspective, most people
whom I have observed as having any appreciable
quantity of unsupported (including pilfered) soft-
ware generally have vast heaps of it and never
use more than even a small portion. Others use
pilfered software as a result (they say) of bad ex-
periences with the deplorable quality of software
which they legitimately purchased. Paying
several hundred dollars for a highly touted prod-
uct to discover that a far less expensive compet-
ing one has far greater functionality can reduce
one’s good will toward all manufacturers. One
could also easily claim that no company with more
than 10 employees should even pretend that it
supports the microcomputer user (MicroAm and
GerundiveStar).
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I should also note a most penetrating and pro-
vocative analysis of copyright at the end of “Sony
Versus Universal Studies: So What?” in PC Tech
Journal, 1:8 (May 1984), pp. 197-201.

Thank you,

Ross Parlette, Bldg. 0010

computer systems specialist

United Technologies Chemical Systems
P.0O. Box 50015

San Jose, CA 95150-0015

(408) 779-9121

Author’s response: The perception that software
theft is a positive competitive market force is similar
to thinking that shoplifting from a department store
is helping to keep prices down. Major retail outlets
allocate 2-3 percent of their sales total to “lost” mer-
chandise. Clearly they don’t accept 2-3 percent less
profit. To insure that this percentage does not hit
their bottom line, it is added into the price of all
products being sold. The software business is much
the same. Instead of Mr. Parlette’s utopia, where
software pivates are keeping software prices down,
what we have is the vest of us supporting these
Brooks Brothers buccaneers by having the losses
attributed to piracy added to the price of our
legitimate purchases.

Regarding the value of vendor-offered support, it is
important to remember that the software vendor
decides what the product is and how much he thinks
i’s worth. If you don’t agree with the vendor's
valuation, you don’t have to buy it. But one of the
options upon disagreement of valuation is not the
right to steal it. Certainly a case can be made for
“no-frills” software, similar to a self-serve gas sta-
tion, but vemember, you still pay for the gas.

Software piracy is just as much a crime as is
shoplifting a pair of Calvin Klein jeans from
Macy’s. However, because of our inability to fully
comprehend the concept of intellectual property,
there is no social stigma attached to the rape and
pillage of a software program. Instead, the hackers
that rip us all off are condescended to: “My, how
bright! Isn’t that clever?” Indeed. Just as clever as
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HAYDEN

HELPS YOU

THINGS

MORE

CLEARLY

Like the UNIX operating sys-
tem. Now see how easy it is
to learn how to use the UNIX
System and write programs
in C with these authoritative
videotapes and books.

Hayden Book Company
provides you with the oniy
tools you'll ever need to tap
the full potential of the UNIX
operating system:

e Two 30-minute videotapes pro-
duced by two AT&T Bell
Laboratories consultants

e The C programming book
UNIX Review calls the “best
introduction to C published
to date”

e A hands-on guide to the UNIX
operating system, co-authored
by one of AT&T Bell Lab-
oratories’ C programming
instructors
Start with the videotapes

and then see how easy it is to

master the techniques in the
books. Let Hayden help you

C things more clearly today.

Videotapes
available only from
Hayden Book Co.

Tape 1: The UNIX™ System
Making Computers Easier to Use

Provides a quick, non-intimidating
overview that shows how the UNIX
System makes it easy to perform
complex system functions using
pipelining and other system features.
Discussions with UNIX pioneers
Ken Thompson, Dennis Ritchie, and
Brian Kernighan focus on what you
need to get started learning the
UNIX System. Narrated by AT&T
Bell Laboratories Executive Director
Victor A. Vyssotsky

Tape 2: The UNIX™ System
Making Computers More Productive

Provides an overview of the UNIX
System’s key features for those who
already have experience with other
operating systems. Discussions of
such features as stream processing
or pipelining, 1/0 re-direction,
formatless files, and device-
independent 1/0 show how the
UNIX System promotes programmer
productivity through the use of
“software tools”

Eric Belove and Jerry Laiserin,
the producers of these videotapes,
have been consultants to AT&T Bell
Laboratories for the past four years.
They have expertise both in video
production and computer
technology.

[ HAYDEN |

Programming in C

Stephen G. Kochan

“Simply the best introduction to C
published to date”  _Nix Review

Written by one of AT&T’s in-house
programming instructors, this au-
thoritative guide makes structured
C programming under UNIX easy to
understand and easy to do. Includes
more than 90 complete programs to
help you quickly understand struc-
ture assignment, enumerated data
types, void data types, and other
important C features.

Exploring the UNIX™
System

Stephen G. Kochan and
Patrick H. Wood

This book takes you one step at a
time through the most powerful and
versatile features of UNIX Version 7,
System [II, and System V. Includes
hands-on exercises and plenty of
sample programs to help you pro-
gress more quickly.

UNIX is a trademark of AT&T Bell Laboratories, which is not
affiliated with Hayden Book Company.

To Order Call Toll-Free
1-800-631-0856, 1n NJ 201-393-6300

MAIL TO: Hayden Book Company, Department UW114

10 Mulholland Dr., Hasbrouck Hts., NJ 07604

O Tape 1 (BETA), #6725-9, $150.00

O Tape 1 (VHS), #6700-3, $150.00

[J Tape 1 (U-Matic), #6716-X, $150.00

[ Tape 2 (BETA), #6726-7, $150.00

O] Tape 2 (VHS), #6701-1, $150.00

O Tape 2 (U-Matic), #6717-8, $150.00

O Programming in C, #6261-1, $20.95

[J Exploring the UNIX System,
#6268-0, $20.95

Please send me the following items | have checked below. I am enclosing the specified amount plus
$2.00 to cover postage and handling. | understand that if [ am not completely satisfied I may return
these items undamaged within 10 days. Residents of NJ and CA must add sales tax.

[ Enclosed is my check or money order. OR Bill my (] Visa [] MasterCard.

Name

Address

City/State/Zip

Visa/MasterCard # Exp.

Signature Prices subject to change.

© 1984 Hayden Book Company

Please circle Ad No. 13 on inquiry card.
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the people who engineered the Brinks robbery or the
thugs who robbed the local 7-11 store.—Steve
Auditore

A C— AND A C+

Gentlepeople:

I thrill to see and read the slick QUALITY of the
first two editions of your wonderful magazine.
(But please include your city name in copyright
notice area of the journal, fifth paragraph from
bottom of page 5, in the March/April issue. You
also omitted it in the first issue.)

The trigger causing this letter was the coin-
cidence of Lauren Weinstein’s explanation of
HACKER-distortions given to, the “copycat” na-
ture of many news stories and your response to
Peter Olsen’s letter. Peter’s concern for speed
differences between Unix and VMS can be traced
to the inefficiencies of C language versus Assem-
bler and rolling wagons.

In my 8-bit programming, I've concluded that the
speed ratio between the two languages is three to
one in favor of Assembler. This same ratio applies
to program object code size. So I've given up
using C in 8-bit micro work. But if you carry this
same performance into the 16/32-bit world, the
ratios stay the same. My conclusion is that the
price paid to use C is just too much compared to
using a structured macro assembly library. Pro-
gramming efficiency can be just about the same
using either approach, but the resultant code load
and run-time efficiency is greatly in favor of As-
sembler.

What this all boils down to, it seems to me, is a
“copycat” bandwagon. IBM creates a PC and the
wagon rolls; AT&T creates Unix and C and the
same thing happens. Few question the wisdom of
what is happening. Nonetheless, commerce is
served since we all see ways to make money out
of wagons rolling. But some of us sorrow at the
“monkey-see, monkey-do” nature of our human
race.

As a fellow human and neighbor, I wish you every
success in your publishing venture.

Cordially,

Frank Gaude, president
Echelon, Inc.

10925 Stonebrook Drive
Los Altos Hills, CA 94022
(415) 941-2219

VOLUME 1, NUMBER 5 1984

Dear Dr. Thomas:

I've just finished reading my first issue (vol. 1, no.
2) and want to add my compliments to those
you've already received. I think you've put to-
gether a magazine which is ideally directed to the
largest new readership—persons quite
knowledgeable in other systems and languages,
but not yet specifically familiar with Unix and C.
There is an excellent variety, from beginner’s
material to the somewhat advanced, which will
make re-reading back issues very rewarding as
we newcomers gain experience with the system’s
nuances.

I specifically disagree with the reader who alleged
that “nobody learns C from magazines.” One cer-
tainly needs Kernighan & Ritchie, and the Unix
Programmer’s Manuals, but they contain so much
cryptic, obscure, and/or internally inconsistent
material that a “plain English” tutorial is very use-
ful. Please keep it up.

There appears to be a small but significantly
misleading error in the box “Representing ASCII
Characters by Escape Sequences,” on page 51.

There, you refer to ASCII control-J as the ASCII
“newline” character. Strictly speaking, this is cor-
rect only in Unix. Under “real ASCII,” a newline is
denoted by a combination of two characters,
linefeed + carriage return (control —J, OAhex +
control —M, 0Dhex).

Finally, a suggestion. I note that your editorial
convention is to denote ASCII characters in their
Octal notation; e.g., in the article cited, you show
control —I = Ascll TAB (strictly speaking, hori-
zontal TAB) = Octal 009. This is fine for most of
your current readership, which comes from a
minicomputer background where Octal is still in
use. But the vast majority of your potential future
circulation is in the world of supermicros, where
Octal is more often than not regarded as a
medieval vestige and most of the knowledgeable
speak Hexadecimal. I urge you to consider modi-
fying your policy to use both notations in parallel,
which will significantly broaden your base of com-
prehensibility.

Again, from this reader’s viewpoint, you're doing
a great job. Keep it up.

Very truly yours,

Del Palmieri
3 Maple Ridge
Ballston Lake, NY 12019

Thanks for the suggestion, Del. W
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A CLOSER LOOK
AT PLEXUS AND
COMPUTER
CONSOLES

BY OMRI SERLIN

y lukewarm attitude

toward the Unix system

is not new and should
sowen COME as NO surprise to
my longtlme readers. What may be
startling is that, despite my doubts
about the value and long-term
viability of the Unix system, I do not
at all dispute its current significance.
This issue’s column clearly demon-
strates the point. Both major stories
this month deal with companies
whose commitment to the Unix sys-
tem is a key element of their strate-
gies. Plexus has been an early
all-Unix shop and is beginning to
reap the benefits of the current Unix
system tide. And Computer
Consoles has long based its vertical
market offerings on a Unix-derived
operating system; last month it un-
veiled an especially powerful Unix
system engine.

Without much fanfare, Plexus
Computers, of Santa Clara, Calif.,
has conveyed its early lead in the
multi-user Unix system marketplace
to a profitable operation running at a
$24-million annual rate. While the
planned departure of CEO Bill Jobe is
a cause for concern, Plexus believes
that, given its significant venture in-
vestment, a product line that boasts
some of the best performing 68000-
based Unix engines, and a network-
ing version of the Unix system, it is
well positioned to capitalize on the
growing interest in the Unix system.
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Privately held Plexus has had
considerable success in raising
venture capital. Total investment is
now over $18.5 million, obtained in
four rounds. Among the 17 well-
known investors are Kleiner,
Perkins; Hambrecht & Quist; Alex.
Brown; and L.F. Rothschild, to
name a few.

Since shipments began in 1981,
the company’s revenues have grown
impressively—to $3.2 million in
1982, $12.5 million in 1983, and to a
projected $24 million in 1984. [This
rate has already been reached in the
second quarter of 1984.] The com-
pany has been profitable since the
third quarter of 1983 and expected
to close its fourth consecutive
profitable quarter in June. Plexus’
eventual goal is 20 percent pretax,
but at this stage, growth takes
precedence on the company’s
agenda.

THE ORIGINAL AIM

lexus set out to be a

“minicomputer company using
supermicro technology,” says chair-
man Bob Marsh. This meant design-
ing a product that would compete
with minis in performance and build-
ing a company that would compete
for the original equipment manufac-
turers (OEMs) and value-added
resellers (VARs) that previously had
based their products on minicom-
puters.

While OEMs and VARs are also
Convergent Technologies’ targets,
Plexus differs from CT in that it has
no low-margin, “blockbuster” deals;
instead, it contents itself with
smaller accounts that take 100 to
200 units a year. Plexus did sign (in

1983) a $40-million agreement with
Philips/Micom, which could amount
to several thousand systems, and
the company is now negotiating a
large, unidentified government
procurement.

The product strategy has been
basically consistent, even though
Plexus has all but abandoned its ini-
tial Z8000-based designs (P/40 and
P/25) for the current 68000-
powered models (P/35 and P/60).
The key elements of the product
philosophy: First, use reliable, off-
the-shelf components, rather than
trying to get performance from un-
proven devices. Second, gear the
design to OEMs by providing a multi-
bus backbone to allow configuration
flexibility and access to off-the-shelf
multibus controllers. Third, provide
multi-user performance to match the
superminis by clever CPU design and
especially by off-loading operating
systems functions to a set of intelli-
gent controllers (mainly Z8000-
based). Finally, use the Unix
operating system. This was initially
V.7 (also used by Onyx), but Plexus
adopted System III as soon as it was
introduced and has stuck with it ever
since.

The key architectural concept
in the Plexus system is the off-
loading of terminal 1/O to a separate,
intelligent communications proces-
sor (ICP). The Onyx experience con-
vinced Marsh that single-board
machines, no matter how powerful
the MPU, would bog down when
serving two or three users. This is
due to the way the Unix system han-
dles terminal 1/0: Essentially, the
kernel is forced to deal with each
character separately. To break this
bottleneck, the Plexus system
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Now OEMs and systems integrators
can sleep better at night. Because one
company has taken the worry out of buying
the right software.

RDS.

The company that produces a family
of database software designed to take on
the future.

Incompatibility is a thing of the past.
INFORMIX®and File-it!™ are compatible
with UNIX" MS™DOS, PC-DOS;" and PC/IX
systems (over 60 micros and minis* at last
count).
INFORMIX is a true relational database

system designed to take full advantage of the

power of UNIX. It includes the most widely
used report writer on the market.

Then there’s File-it! The first easy-to-use
UNIX file manager. Together, they have
the flexibility to accommodate novices and
experts alike.

INFORMIX and File-it! are fully integrated.

Users can upgrade from File-it! to INFORMIX

or access data from one program or the other
without re-entering data, retraining employees

or reprogramming.

Applications can also be moved from
MS-DOS to UNIX and vice versa without
having to rewrite the application.

Simplify program development.

RDS offers C-ISAM" the de facto standard

ISAM for UNIX. It's a library of C subroutines

with a BT-Tree based access method that stores,

retrieves and modifies data from indexed
files. It's embedded in INFORMIX and File-it!
Or is available as a standalone product.

Software good enough for AT&T.
AT& T inventor of UNIX, has co-labeled

INFORMIX, File-itl and C-ISAM to run on their

full AT&T 3B Computer line (from micros
to minis).

Hewlett-Packard, Altos, Zilog, Siemens,
Cromemco, Perkin-Elmer, Sydis and General
Automation have selected RDS as well.

In fact, INFORMIX has an installed base
of over 6,000 copies. And RDS has sold over
35,000 licenses for all their products to date.

But before you make up your mind,
check the facts one more time.

There's only one database software
family that's UNIX-, PC-DOS-, MS-DOS- and
PC/IX-based. It runs on more than 60 systems.
And it’s ideal for both novice and expert.

Now it doesn’t matter where the future’s
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*RDS products are available for the following systems:

Altos 586, 986, 8600, 68000 Hewlett-Packard 9000
Apollo DN300 Series 200, 9000 Series 500

AT&T 3B2, 3B5, 3B20, IBM PC, PC-XT

AT&T Personal Computer  Intel System 86/330
BBN C machine (allmodels)] ~ Masscomp NC 500
Bunker Ramo Aladdin 20 Momentum Hawk 32
Charles River Data Systems NCR Tower

Universe 68 Onyx C8002, C8002A

Convergent Technologies Perkin-Elmer 3210, 3220,
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Corvus Systems Uniplex Pixel 100/AP. 80 Supermicro

Cromemco System | Plexus P/25, F/35, F/40, F/60

DEC 11/23,11/34,11/44,11/60,  Pyramid Technologies 90x
11/70,VAX 11/730, 11/750, Radio Shack Model 16
11/780 SCI Systems IN/ix
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ERG Mini System (all models) 200

Fortune 32:16 Zentec 2020
Forward Technology 320 Zilog System 8000
General Automation Zebra (all models).

(all models)

Demos of INFORMIX and File-it! are available.
Demonstration software and complete
manuals included.

?) j RELATIONAL
DATABASE
SYSTEMS, INC.

2471 East Bayshore Road, Suite 600, Palo Alto, California 94303
(415) 424-1300 TELEX 467687

INFORMIX is a registered trademark of Relational Database Systems, Inc. RDS, File-itl and C-ISAM are trademarks of Relational Database Systems, Inc. UNIX is a trademark of AT& T Bell Laboratories,

MS is a trademark of Microsoft and PC-DOS is a trademark of Intemational Business Machines.
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removes the character handling
from the kernel and places it in the
ICP. The ICP (as with all other
Plexus VO controllers) has a direct
memory access (DMA) and commun-
icates with the kernel efficiently,
using large blocks.

WHAT THE FUTURE
MAY HOLD

ith AT&T pouring enormous

funds into promoting and de-
veloping System V, the obvious
question is whether System III sup-
porters like Plexus can survive the
onslaught. Bob Marsh, however, is
not overly concerned. “You can’t
buy any software now that needs
System V facilities,” he says, adding
that “everybody—and Plexus—is in
the process of porting System V,
but there are no orders that hang on
its availability.”

In hardware, Plexus is evi-
dently feeling the pressure from the
low end (mainly Altos and Fortune,
and possibly the AT&T 3B2). Al-
though the company does not intend
to compete at the PC level, it would
like to be able to service the Unix
system market below its current
eight-user low end. Don’t be
surprised to see a low-end Unix sys-
tem appearing from Plexus, prob-
ably before the year’s end. The firm
is also thinking about a high-end
product as well, although plans in
that area are apparently less well
defined.

Marsh is unimpressed by the
charge that the Unix system lacks
“software ergonomics,” limiting its
appeal. He says, “There are still
numerous applications for plain ASCII
terminals [where users work from
fixed menus and are unlikely to need
mice, icons, or multiple windows].”
Furthermore, he predicts that Unix
system engines could become popu-
lar as file servers for multiple desk-
top PCs, where the latter provide
the “soft” interface.
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The Unix system’s value,
Marsh argues, is not so much its ac-
tual implementation; rather, it is the
idea of a standard “system call” in-
terface that allows independent soft-
ware vendors (ISVs) and end-users
to develop applications that are port-
able across a wide range of machines
so long as all such machines support
the Unix standard.

COMPUTER CONSOLES: A
PROGRESS REPORT

B uoyed by strong performances
in 1983 and in the first quarter of
1984, Computer Consoles, Inc., is
aggressively expanding its focus
beyond its bread-and-butter tele-
phone systems business and is
pursuing new opportunities in office
automation and in multi-user Unix
applications. The company’s
FT/OLTP system, the Power 5/55, is
nearing beta installations, albeit a
year behind schedule. The new 6/32
and 5/30 offerings, unveiled at the
annual meeting, were scheduled to
begin delivery in June and Septem-
ber, respectively. And the company
is very optimistic about its 1984
prospects.

Under the leadership of CEO
Vaemond Crane (ex-Intel Systems
Group), who joined on in January
1983, CClis emphasizing its ability to
deliver “solutions,” meaning sys-
tems with vertical market appeal and
the ability to accommodate applica-
tion growth.

Computer Consoles (ASE: CCS),
founded in 1968 and headquartered
in Rochester, N.Y., is now or-
ganized in four groups. The Teleph-
ony Systems Group, under Martin J.
Cournan, continues to pursue the
company’s original, and still key,
markets in the domestic telephone
industry. The company claims a
dominant position (70 percent of all
installations) in the directory assis-
tance system segment.

The DAS system lets
“Information” operators retrieve
telephone numbers in response to
queries based on customer name or
other inputs. The market for DAS
systems is rather limited, however.
Some growth can come from
upgrade or replacement opportuni-
ties, as demonstrated last April,
when a $17 million CCI DAS system
displaced an IBM installation at
Mountain Bell.

Also, cCr's Audio Response
System (ARS—a voice synthesizer
that automatically vocalizes the
retrieved telephone number to the
caller, freeing the operator to handle
the next call) is an attractive add-on.
However, CCI recognizes that major
growth must come primarily from in-
ternational penetration and from
expanding the range of applications
sold to the telephone companies.

In the international arena, CCI
scored a major success in May 1983,
when it concluded a $34-million
agreement to supply British
Telecom with the world’s largest
directory assistance system. The
company expects $20 million of that
to occur in 1984.

The company’s leasing sub-
sidiary (CCLC) was initially estab-
lished to finance the high proportion
of systems leased to the telephony
industry. The subsidiary, now under
CCI vice-president William N. Stir-
len, contributed $14.6 million out of
a total of $103.5 million revenues in
1983.

OFFICE SYSTEMS

’IWhe Office Systems Group, un-
der John E. McNulty (ex-Intel),
was officially established in Septem-
ber 1983. It grew out of the acquisi-
tion in early 1981 of Reston,
Va.,-based RLG Corp. RLG orig-
inated a C-coded, Unix system-
running office automation package
based on YARD (a relational DBMS).
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The software was originally devel-
oped as a custom project for the
U.S. Transportation Department to
run primarily on DEC equipment.
Later, CCIURLG used the Z8000-
based System 8000 from Zilog, with
Zentec terminals emulating DEC
VT100, to deliver the software,
renamed Officepower.

In September 1982 the Zilog
hardware was replaced by the
Power 5/20, a 68000-based, CCI-
-made product that used the same
CPU board as the much larger Power
5/55 transaction system. The Per-
sonal Terminal (PT) from Conver-
gent Technologies is now used.
Over 400 of the 5/20s had been
shipped by May 1984, according to
CCL.

Significant recent orders for
Officepower on the 5/20 system in-
clude Merrill Lynch Asset Manage-
ment, which will also include a
Power 5/55 system; a distribution
agreement with STC of the U.K.,
valued at $6 million over 18 months;
Mousaw, Vigdor [et al.], a Rochester
law firm that ordered six 5/20s and
65 terminals; a $1.5 million order
from the Transportation Depart-
ment; and a $2 million order from
Hale & Dorr, Boston’s largest law
firm.

Last year, the Office Systems
Group got a $1.4 million order for
Officepower from the U.S. 9th and
10th Circuit Courts of Appeals. Ear-
lier, CCI got a $3.8 million order
from the Naval Surface Weapons
Center for the Officepower software
(to run on VAX systems), along with
terminals.

COMMERCIAL PRODUCTS
GROUP

his Irvine, Calif.,-based group,
now under vice-president and
general manager William Deller, was
established in 1982 to complete the
development of what is now the
6/32, announced in May. CCI
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originally attempted to develop this
32-bit, C-oriented supermini off-
shore, but the project came to an
ignominious end, amid acrimony that
still persists: CCI felt it had been
hoodwinked by the developers, who
grossly mismanaged the project; on
the other hand, several investors
who backed the original venture are
now suing CCI, alleging that the com-
pany transferred the work to Irvine
to avoid sharing the profits with
them. The suit, filed in October
1983, is pending before the New
York State Supreme Court.

Other than the development of
the 6/32, the Commercial Products
Group’s charter isn’t all that clear. It
will apparently try to sell the 6/32 as
a powerful Unix system engine
through its own small sales force. In
addition, the 6/32 will be used even-
tually by the Telephony Systems
and Office Products groups in their
markets as well. Introduced in May,
this is an upgrade of the 5/20.
However, the main difference is that
the 68000-based “CPU 2” board is
replaced with the 68012-based “CPU
3” board for added performance and
a larger linear address space. Also, a
45-Mbyte streaming tape drive
replaces the 20-Mbyte cartridge.

CCI rates the 5/20 at about 1/2
to 1 million instructions per second
(M1pS), while the 5/30 is rated at
about 1 to 2 MIPS.

Also unveiled in May was the
Power 6/32, the first product from
the Commercial Products Group.
Although the machine boasts im-
pressive price-performance relative
to the 11/780, it isn't entirely clear
how it stacks up against the 11/785
on the one hand, and such entries as
the Ridge and Pyramid machines on
the other. CCI plans to market the
6/32 initially as a general-purpose
Unix engine; eventually, it may be
used as a vehicle for high-end
officepower applications and may
also power the next version of the
5/55, dubbed the 6/55.

SHORT NOTES

T&T Information Systems is
slowly beginning to respond to
queries from prospective resellers
of the 3B2 and 3B5 lines. The fol-
lowing OEM schedules are in effect:

QUANTITY 3B2/300 3B5
1-4 12%  20%
5-9 15%  23%
10-19 18% = 27%
20- 49 18%  30%
50- 99 22% = 33%
100-199 30%  36%
200-300 33%  38%
301-499 33%  38%
500-800 35% -

Force Computer, Santa Clara,
Calif., the U.S. portion of a Munich,
West Germany,-based firm of the
same name, offers an assortment of
VME bus boards, including two
68000/010-based CPU boards, a host
of memory and peripheral in-
terfaces, and software. Plessey
Microsystems, Pearl River, N.Y.,
has recently obtained a manufactur-
ing and marketing license for the
Force line. Force was co-founded by
Sven A. Behrendt (ex-MMI) and
Max E. Loesel (ex-Motorola).

The VME bus is an 8/16/32-bit
bus standard that is a subset of
Motorola’s Versabus, specialized to
meet the European DIN connector
and Eurocard pcb standards. VME
bus was placed in the public domain
and is supported by Signetics, Mos-
tek, and Motorola in the U.S., and
by Philips in Europe.

Gould/sEL, Fort Lauderdale,
Fla., introduced in early May its
PowerStation 2000, which is the
Convergent Tech MiniFrame. With
512 Kbytes of RAM and a 20-Mbyte
Winchester disk, the PS2000 lists for
$8,995, including the Unix system.
Deliveries were slated to begin
during the third quarter of 1984. SEL
is already marketing the CT
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MegaFrame, under its PS3000 label,
and the CT N-GEN as the PS1000.

IBM, which has recently estab-
lished an 1BU called Academic Infor-
mation Systems (ACIS) to address
colleges, universities, and schools,
will use the Genix32 operating sys-
tem from National Semiconductor.
Genix32, still under development, is
based on 4.2BSD (Berkeley’s
demand-paged Unix system) and
runs on the NS32032 32-bit MPU. A
previous Genix version was based
on 4.1BSD and ran on the NS16032.
IBM is likely to use the system on
the 1AWS (Interim Advanced
Workstation, a PC equipped with an
NS32032 board, probably also from
Sritek.

e training and methods we use to
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National Semiconductor Corp.,
Santa Clara, Calif., signed up TI as a
second source for the
NS16000/32000 MPU, which Na-
tional now calls the 32000 Series.
National is far behind leaders Intel
and Motorola in the 16/32-bit MPU
race; the second-sourcing arrange-
ment with TI is an important plus.
For TI, which gave up on its own
entry (the 9900/99000) some time
ago, cooperation with National of-
fers a way back into the MPU race.

Sequent Computer, Portland,
Ore., raised $7.5 million in its
second financing round, closed in
late April. The company, founded by
a group of 16 ex-Intel staffers, is de-
veloping a Unix-system running,

\
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multiprocessor system based on the
NS16032 MPU. ®

Omri Serlin, P.O. Box 1415, Los Altos,
CA 94022, 415/948-4516. Mr. Serlin has
served on the ANSI X.3 and on the IEEE
802 Local-Area Networks committees
and has published numerous reviews in
the ACM Computing Reviews. He holds
B.S. and M.S. degrees in electrical
engineering.

Mr. Serlin is the editor/publisher of
Supermicro and the FT Systems Newslet-
ter, a monthly covering developments in
fault-tolerant systems. He is quoted fre-
quently in such publications as Forbes,
Business Week, Electronic Business,
and Computerworld.
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base of qualified customers systems, peripherals, com- I;JAn extensive promotional
while simultaneously keeping munication equipment, UNIX effort including trade journal
abreast of the competition. and other software devel- ads, direct mailings and show
opment tools. publicity insures industry

awareness and participation.
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There are a lot of UNIX based systems on the market today
claiming to be “SUPERMICROS". But do they really have
what it takes to run multi-user UNIX well? The IBC ENSIGN™
does and here’s why:

FAST MEMORY: No computer running at any clock speed
can run faster than it's overall memory design. The ENSIGN
has up to 8MB of 120nsec memory with dual bit error
correction. With IBC's proprietary memory management,
all of this memory runs with no wait states as fast as the
68000 CPU will go. Compare this to other systems running
only small cache memories at full speed. Other multiple
Jser systems cannot load all their programs into a smalll
cache memory. Their systems slow down considerably
under a heavy multi-user load.

INTELLIGENT SERIAL I/O CONTROLLER: Even the fastest CPU
will slow down when it's frying to handle interruptions from
multiple on-line users. The ENSIGN provides slave serial I/O
CPU’s and FIFO buffering for both input and output. The
result is the ENSIGN’s ability to support up to 32 users, with
heavy serial I/O demand, while leaving the main 68000
CPU free to run with little serial I/O overhead.

INTELLIGENT DISK CONTROLLER AND HIGH PERFORMANCE
DISK DRIVES: The ENSIGN has a slave CPU to handle all disk
operations, plus 16K of disk buffering. IBC's proprietary disk
DMA allows high speed data transfer to main memory
without slowing down the main CPU. Further, the ENSIGN
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NIX  HORSEPOWER!

supports SMD type 8” hard disks with much faster seek
times and transfer rates than 5% hard disks usually found
in personal desk top computers.

THE RESULTS: The IBC ENSIGN runs multi-user UNIX at
performance levels not attainable by other supermicros.

Call IBC and get a copy of
IBC’s multi-user bench-
marks—benchmarks that
test 8 users running large CPU
programs, with heavy disk
/O and heavy serial 1/O
simultaneously. You'll find
that nothing can compare to the ENSIGN.

If you want to run multi-user UNIX on a high performance
system with up to 32 users, 8BMB memory, and over 1,000MB
disk storage, see the IBC ENSIGN.

Outside The USA Within The USA
IBC/ DISTRIBUTION
21621 Nordhoff Street 1140 36th Street Suite 212

Chatsworth, CA 91311
(818) 882-9007
Telex No. 2156349

UNIX is a trademark of Bell Laboratories

Ogden, Utah 84403
(801) 621-2294









CONNECTION

Making creative connections for UNIX developers
and UNIX users has been the essence of our busi-
ness since 1977.

We start with the UNIX system itself, adding func-
tionality, performance, robustness and ease of
use to produce our UNITY operating system. We
then add programming tools and our CHRONICLE
business applications family to provide a power-
ful environment for UNIX-based applications.

To our superior products, we add a superior com-
mitment to customer satisfaction. We treat our
customers as our UNIX technology partners. For
all our clients - manufacturers, OEMs, VARs and
direct accounts - we provide product plus custom
development, UNIX components plus enhance-
ments, training plus the industry’s finest support.
At HCR, our ultimate product is...

PARTNERSHIPS IN UNIXCELLENCE.

Human . i
Computing .i "
Resources . .i W
Corporation LT

10 St. Mary St., Toronto, Ontario, Canada, M4Y 1P9  Tel. (416) 922-1937 Telex 06-218072
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UNIX is a trademark of AT&T Bell Laboratories. UNITY and CHRONICLE are trademarks of Human Computing Resources Corporation.
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levels. The significant migration is
downward.

The problem, at least as far as
it affects the Unix system environ-
ment, is that personal computer
graphics software has been designed
with the limitations of the hardware
in mind. Hard-copy output is gener-
ally draft quality, not presentation
quality. The screen display
—typically on a low-cost monitor
—1is marked by low resolution. A
limited number of colors are avail-
able and displayable at one time.

By contrast, the mainframe/
supermini realm has already met the
demand for high-quality business
graphics, fully interactive design
graphics, and, in particular, develop-
ment tools that can accommodate
the idiosyncrasies of a number of ad-
vanced display devices, including
CRTs, pen-plotters, and laser print-
ers.

Just as in the mainframe arena,
graphics development tools will play
a major role in the Unix system envi-
ronment. We will look at these
tools, their place in the graphics
spectrum, the role and reality of
standards, and the advantages of de-
veloping graphics applications for
Unix system-based workstations.

WHY GRAPHICS?

he demand for graphics is com-

ing directly from the end-user.
Consider, for example, the use of
computerized graphics in business.
A bar chart is not a substitute for a
detailed tabulated report—be it
sales projections, monthly income
statements, or marketing quotas.
But it is an excellent tool for
showing trends, summarizing
results, and illustrating points in a
presentation.

The quality and format of such
computer-produced charts can be a
benefit in itself. A recent study from
the Wharton School of Business, for
example, demonstrated that presen-
tations utilizing graphics on over-
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head projectors can markedly affect
the course and outcome of both ex-
ecutive and training meetings.

According to the Wharton
findings, computer-generated
presentation graphics enable partici-
pants to arrive at decisions far more
quickly than do conventional
presentation techniques such as
blackboards or flip charts. As a
result, the length of meetings can be
reduced by 25 percent or more. The
study also indicates that presenters
employing transparencies are per-
ceived as more professional and éf-
fective: These speakers win their
point more than two-thirds of the
time.

THE SPECTRUM OF
COMPUTER GRAPHICS

Graphjcs software now emerging
in the Unix system marketplace
falls into three broad categories,
each offering the user a particular
approach to creating graphics while
embodying a particular set of
price/performance considerations.

There is a tradeoff at work
here. More dedication to a particular
operating environment and to a
specific application generally pro-
vides more ease of use; less dedica-
tion provides more flexibility.

Turnkey packages are designed
to meet the requirements of a
precisely defined problem and are
locked into a prescribed hardware
environment. Because numerous
applications can benefit from graph-
ics output, turnkey packages ad-
dress a great variety of needs, from
artist/design systems to presenta-
tion graphics, and from medical diag-
nostics to electronic component
testing.

As the name implies, a turnkey
product is analogous to a new car
purchased off the dealer’s floor—a
fully functional system that works
from day one while requiring little
support from the data processing
department. On the other hand,

inflexibility can be a problem. A
turnkey system lacking certain
features also lacks the means to add
them. Users must therefore com-
promise on their “wish list” or add a
second package to fill the gap.

Application packages are
turnkey systems without the hard-
ware: They provide a specific solu-
tion to a specific problem with
similar ease of use and limited
flexibility. Unlike turnkey packages,
however, most application systems
are device independent; they are not
locked into a particular output
device. Moreover, they are gener-
ally machine independent as well,
able to run on a variety of computers
and operating environments.

ONE EXAMPLE

n example is Handle Office

Automation Software (Handle
Corp., Tahoe City, Calif.), which
can run on a variety of Unix-based
systems and which provides a range
of integrated office tools including a
business graphics module. The sys-
tem enables an executive to access
financial information from a database
and display it as a pie chart, bar
graph, area chart, or line chart. The
graphics can be created on a multi-
pen-plotter or on a dot-matrix or
letter-quality printer.

Graphics tools packages are sub-
routine libraries that help program-
mers build custom graphics
applications. Analogous to a carpen-
ter’'s hammer and saw, these
packages require a programmer’s
skill to use and involve a time com-
mitment for program development.
The payoff for this investment is a
great deal of flexibility—tools
packages can be used to develop vir-
tually any graphics application while
supporting most major - output
devices.

With some packages, such as
Precision Visuals’ DI-3000 and GK-
2000, the set of subroutines is de-
signed independent of any applica-
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tion and can be used by the
programmer to display dollars,
ohms, meters, or ergs. In other
cases, the subroutines are devel-
oped with a particular type of appli-
cation in mind—business graphics,
for example, or contour mapping. As
a result, these more tailored
packages require less programming
effort than their more generalized
counterparts.

The principal advantage of
graphics software tools is that they
enable graphics programs to be de-
veloped independent of any particu-
lar output device. The result is
faster programming turnaround
time, much less program mainte-
nance, and eliminating the risk of ap-
plication obsolescence when new
hardware technologies are intro-
duced.

DEVICE INDEPENDENCE

ne way to view device indepen-

dence is to think of it as taking
the Unix system termcap facility
several steps further. The
termcap utility permits the Unix
system, and applications running un-
der it, to “know” what kind of alpha-
numeric terminal is being
addressed. As a result, applications
requiring full screen addressing
—word-processing programs and
spreadsheet packages, for example
—can rely on the operating system
to write to any part of the CRT dis-
play. Moreover, this full-screen
addressing is accomplished no mat-
ter which hardware manufacturer’s
terminal or terminal model is used
—s0 long as termcap recognizes
1t.

The termcap facility is neces-
sary because there is no fully
adapted standard for how an alpha-
numeric terminal is addressed
(although the DEC VvT-100 has been
widely emulated). Therefore, the
escape sequence necessary to posi-
tion the cursor at line 10, column 15,
may bear little resemblance from
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one terminal to another. Likewise,
clearing the screen, supporting spe-
cial function keys, and enabling
screen attributes (underline, half-
brightness) are all accomplished dif-
ferently on different devices.

In the graphics arena, the
incompatibility problem approaches
nightmarish proportions. Graphics
programmers can specify line thick-
ness, line style, text style, and text
size. They can fill polygon interiors
with solid colors or patterns. They
can often select from a massive
palette of colors (16.7 million is not
uncommon), displaying thousands of
them at a time. On more advanced
displays, a part of the full image can
be treated as a separate “segment”
that can be individually manipulated
on the screen—erased, re-drawn,
and re-scaled—apart from the rest
of the image.

Moreover, screens are not the
only output devices. Graphics
programmers must also contend
with pen-plotters that have far fewer
colors available than a display
screen, and with input devices
—such as graphics tablets, mice,
and joy sticks.

No single graphics
standard will dominate
the graphics industry
—each standard will
have its own
constituency.

So long as an application is de-
veloped with only a single hardware
configuration in mind, this bewilder-
ing array of variables can be mas-
tered (although not easily). The
programmer studies the equipment
manuals, learns the necessary
escape sequences, and simulates in
software those functions not
provided in hardware. In other
words, the low-level interface that

manages every device must be cre-
ated from scratch.

Graphics tools packages
provide an alternative, permitting
the programmer to address a single
“virtual device” that simulates the
combined features found on CRT dis-
plays, plotters, film recorders, and
other devices. A software module
called a ‘“device driver” then
translates these generic commands
directed at the virtual device into
code meaningful to the targeted
physical device. An installation
acquiring new devices simply adds
the appropriate device driver. Ex-
cept for minimal fine-tuning, applica-
tions require no modification.

STANDARDIZING THE
PROGRAMMER’S
INTERFACE

ver the past several years, ef-

forts have been made to stand-
ardize the programmer interface—
that is, the programmer’s “view” of
the virtual device. Two of these
standards, Core and GKS, are now
vying for prominence. (See the ar-
ticle elsewhere in this issue on the
merits of GKS.) The differences be-
tween these two standards are
hardly major—indeed, there is
usually no way to tell which standard
was used to produce a given picture.
(An exception is a three-dimensional
image—GKS is only a two-
dimensional standard.)

For example, let’s consider
how a plot on an X-Y graph might be
generated using DI-3000, Precision
Visual's Core-based package, and
using GK-2000, based on the GKS
standard. In both cases, the plot is
specified in terms of a world coor-
dinate system—that is, a coordinate
system whose units reflect-the ac-
tual database to be graphed. If an
X-Y plot is to show company growth
in millions over the past year, the
database might, for example, extend
from 0 to 100 on the Y axis (for a
scale of $0 to $100 million); and from
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In the graphics field, the
incompatibility problem

approaches nightmarish

proportions.

1 to 12 on the X axis (for the 12
months of the year). Using DI-3000,
a line is specified from a “current
position” to a new position on the
world coordinate system.

call jmove (1,5) would
move the “current position” to the
1,5 coordinate point. call jdraw
(X, Y) would extend a line from
the current position to the new posi-
tion on the world coordinate system.
Successive extensions are accom-
plished by changing the X and Y
values and re-calling jdraw again.

Under GK-2000, the line is
drawn with a single call: call gpl
(2, ptx,pty), where 2 is the
number of points to be connected,
and ptx and pty are simple arrays
containing the coordinate pairs for
each point. Successive extensions
are accomplished by specifying a
greater number of points in the first
parameter and adding more coor-
dinate points to the variables making
up the other two parameters.

Both tools packages then take
the application-specific world coor-
dinates and transform them first into
device - independent coordinates,
and finally into device-specific coor-
dinates using the appropriate device
driver. This mapping from one coor-
dinate system to another can be al-
tered by the programmer who may,
for example, want to change the
aspect ratio of the final hard-copy
image. Essentially, however, the
process is automatic and transparent
to the programmer.

It is Precision Visuals’ view that
no single standard will dominate the
graphics industry. Instead, like dif-
ferent programming languages, each
standard will have its own con-
stituency: GKS for simpler two-
dimensional applications and those
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that must show different views of
the same image on multiple devices;
Core for higher-performance appli-
cations, particularly those using
three-dimensional models; and,
eventually, PHIGS to support very
high-performance displays requiring
intensive use of segmentation
—highly interactive computer-aided
engineering would be a potential
user here.

The problem with standards is
that they inherently lag several
years behind the technology they
are trying to address. In an age
where new graphics equipment is in-
troduced monthly—the result of
heated competition among vendors
—the specification of standards
remains painstakingly slow—a prod-
uct of committees, diplomacy, and
compromise. Thus, standards must
be considered as only a part of the
strategy for success in graphics pro-
gramming.

UNIX SYSTEM-BASED
WORKSTATIONS

S o where does all this leave Unix
system installations and
programmers? In excellent shape.
The Unix system environment is
inheriting a graphics technology that
is far more mature than it was only a
few years ago. Some vendors have
not only refined their products based
on suggestions from the market-
place, but they have recognized that
many of the programmers using
these packages have little graphics
experience. As a result, documenta-
tion and vendor support have im-
proved significantly; they are no
longer geared strictly for the
“graphics guru.”

But by the same token, Unix-
based systems, particularly at the
microcomputer level, represent a
land of opportunity for graphics ven-
dors. Configured as local-area net-
works (LANs), these systems can
provide faster response time by
taking advantage of the dedicated

power of a single microprocessor
chip.

A graphics metafile system is of
particular benfit to users linked in a
LAN. The system, which is device-
and machine-independent, permits a
“snapshot” of the graphic image to
be stored on the workstation or on a
shared disk. Users of other
workstations equipped with a
“metafile translator” can readily
view the image (although they can’t
interact with it).

A metafile system is particu-
larly valuable in business and design
environments, where graphics are
created on one or two workstations
to be viewed by others. Without a
metafile, the complete application
would have to reside at each
workstation, consuming disk space
and reducing response time.

Unix system-based worksta-
tions also represent a way to put
graphics in the hands of more people
by removing the technology from
the confines of the computer room.
From their desktops, users will be
able to access a variety of devices
using a device-independent graphics
system to generate everything from
high-resolution transparencies on a
film recorder to large-format maps
on a flatbed plotter to voluminous
runs on an electronic laser printer.

The graphics software technol-
ogy discussed here may have
originated on larger machines—but
its promise may well be fulfilled at
the Unix system level. From all
projections, it looks like it’s going to
be a happy marriage. ®

Jim Warner is president and CEO of Pre-
cision Visuals (Boulder, Colo.). Preci-
sion Visuals’ licensees include such Unix
system-based hardware manufacturers
as Perkin-Elmer, NCR, and Zilog. Geoff
Scott is corporate product manager for
Precision Visuals and oversees GK-
2000, the firm’s implementation of GKS.
He is a frequent speaker at seminars and
trade shows throughout the country and
holds a B.A. in mathematics from UC
Irvine.
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Corporate identity programs are
well known to graphics designers,
but this approach can also be ap-
plied to screen designing.

s computer systems

become more sophisti-

cated, a crucial factor in
s designing them to be
friendly, comprehensible, and ef-
fective is the quality of communica-
tion between user and machine. I
propose that this communication can
be understood to take place through
three faces: outerfaces (presen-
tational and analytic displays), -
nerfaces (user-machine com-
mand/control and documentation

ICONIC

INTERFACES

and

CORPORATE

JENTITY

BY AARON MARCUS
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dialogue), and interfaces (pro-
gramming and maintenance envi-
ronments) [Marcus, 1983].
Effective systems imply low
cost, sophisticated functionality,
friendly interfaces, and good service
[Foley and Van Dam, 1982]. Includ-
ed in all of these features is the

Human computer screen
interfaces are often an
unorganized series of
frames that are never
seen as an entity in
themselves.

quality of communication. This af-
fects the long-term cost of the sys-
tem by reducing the nonproductive
time during training and use of a
computer system by providing the
means for the user to take advan-
tage of the system’s functional
power, as well as by enhancing ser-
vice quality when users easily un-
derstand how to achieve their goals.
Quality communication generally can
be achieved in a task when the fol-
lowing conditions are present
[Marcus, 1982]:

Simplicity: Major parts of the
system are few in number or are
placed in a hierarchy.

Clarity: Parts of the system are
evident.

Familiarity: Parts of the sys-
tem remind the user of things known
already.

Integrity: The system is an or-
dered sum of its parts.

Consistency: What the user
knows of one part helps in other
parts of the system.

Reliability: The system
responds to the user in a
trustworthy manner.

Responsiveness: The interactive
replies of the system are quick,
polite, and helpful.
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SEEN AS A WHOLE

" Tuman computer screen in-

_terfaces are often an unor-
ganized series of frames that are
never seen as an entity in them-
selves. Once they are viewed as a
whole, it becomes apparent that one
can speak of the “corporate identity”
of an interface; that is, the consis-
tent, articulatable algorithm of
typography, symbolism, color, spa-
tial layout, and approach to sequenc-
ing/animation that characterize a
particular system.

The term corporate identity pro-
gram is well known to the graphic
design field, which has applied it to
other forms of complex communica-
tion. This approach can now be ex-
tended to the design of screens,
especially for high-resolution, iconic,
multi-window interfaces.

The systematic appearance of
typography, symbolism, color,
layout, and sequencing constitutes a
visible language. Corporate identity
programs establish the system and
record it within graphic design stan-
dards manuals, the source code for
the graphic design algorithm. Design
manuals are well understood in the
graphic design field; in fact, a design
manual for design manuals has even
been written [Chaparos, 1979].
Without reproducing one, the main
points of a typical manual’s conven-
tions can be delineated. Those that
are relevant to high-resolution,
iconic, multi-window screen design
appear in the subsections below.

TYPOGRAPHY

ypical recommendations limit

the variations of typefaces to
one or two type families. Many of
the leading corporate graphics
manuals in the business community
have traditionally emphasized a few
well-documented type fonts. These
have proven their legibility, their
flexibility of display in small text
sizes and large display sizes, and

their availability in many styles.

The following typefaces are
among the more popular: Basker-
ville, Caslon, Garamond, Helvetica,
Times Roman, and Univers. Two
type families are sometimes
combined. A typical combination of
two faces might be Helvetica and
Times Roman or Univers and Times
Roman; that is, a contrast between
sans-serif and serif typefaces. Type
size is also limited; three (or a maxi-
mum of five) suffice for all distinc-
tions such as footnotes, titles,
headers, and figure captions. Wher-
ever possible, simple direct changes
in size of 2:1 of 3:1 are used to dis-
tinguish levels of titling sizes.

Typography appears in col-
umns, usually one to three columns
per screen, with 40-60 characters
per column. Upper- and lower-case
letters should be used wherever
possible because they are more
legible. Their legibility is due to
greater differentiation of letter
shapes that contribute to the overall
shape of the word.

Reading is accomplished by
recognition of word shape as much
as the identification of individual let-
ters. All capital letter settings of
text may be used for brief titles or
for emphasis, but their extensive
use can slow reading speed by as
much as 13 percent [Chaparos,
1979]. The space between words
should be approximately 1/4 the
width of the capital “M” for variable-
width fonts, while the space be-
tween lines may vary according to
the design of the type font.

Generally, sans-serif letter
forms, like those of Helvetica, re-
quire a small amount of extra space
between base lines of text. For max-
imum legibility, the line spacing
should produce spaces between
lines that are greater than the small
amount of space between words.
The lines themselves may be non-
justified (ragged right); there is no
noticeable difference in their
legibility [Rehe, 1974].
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The differences in line length of
nonjustified text can contribute to
the visual interest of the screen, but
care must be taken to avoid strong,
recognizable shapes to the pattern
of ends of lines. The columns of text
themselves should be separated by a
width at least equal to two word
spaces for variable-width charac-
ters. For many screens, a layout of
three columns per screen for text
settings or one wide column on the
right with a narrow column on the
left for marginalia are useful conven-
tions.

SYMBOLISM AND COLOR

According to the language of
semiotics [Eco, 1976], signs may
be iconic (representational) and
symbolic (abstract). The term sym-
bolism is used here to refer loosely
to all nonverbal signs: illustrations,
photographs, diagrams, pictograms,
etc. The concept of corporate
graphics implies that all images are
given attention to their unique com-
munication needs, but at the same
time images are adjusted to produce
a visual consistency throughout the
system.

This can by achieved by the use
of constant scale, limited size varia-
tions, the orientation of figures with
respect to text, the palette of
colors, limited variation of line
weights, and the treatment of the
borders to figures or pictograms.
These visual themes help to es-
tablish recognizability, clarity, and
consistency, just as verbal or lin-
guistic techniques are applied to the
text to promote simplicity, clarity,
familiarity, integrity, and consis-
tency.

The use of color in computer
graphics has often emphasized too
many colors, even when only a few
are available. The corporate graph-
ics approach to color emphasizes the
selection of a limited set of well-
chosen colors that meet the criteria
of production, the needs of the con-
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tent, and the preferences or limita-
tions of the viewers. These colors
are used repetitively to maintain
consistency across content areas
and across different display media.

The corporate colors are a pri-
mary feature in achieving corporate
recognizability. If the set of colors is
sufficiently large, the designer can
use it in many forms of informational
as well as marketing graphics. Some
companies choose color schemes
that are very simple, while others
choose nonstandard, more subtle,
muted (low chroma) colors as their
unique color identity.

LAYOUT

The approach to spatial organiza-
tion characterizing corporate
graphic design derives from the
European constructivist artistic
movement of the early twentieth
century. As it found its way into the
formative years of the international
style of corporate graphic design
during the 1950s, the approach
stressed an articulate, systematic
method in assigning areas for text
and illustration as well as the back-
ground field or format.

Whenever possible, visual ref-
erences were made to a series of
strong, easily recognizable propor-
tions that have been used since clas-
sical time, e.g., the square and the
golden rectangle.

When multiple columns of text
or images are used, the designer can
create more interesting and lively
compositions of text and illustra-
tions. A typical layout might propose
three equal-width columns or one
narrow and one wide column. There
is typically a large space at the top
for important titles or illustrations.

The basis for regulating the
varied groupings of text and images
is the layout grid. This is a series of
horizontal and vertical lines that
define certain areas of the screen for
the positioning of titles, text, or il-
lustrations. The grid also

determines the extent or size of
these three elements. In this way it
builds in a visual consistency to
every possible layout [Mueller-
Brockman, 1981].

Traditionally, animation or
kinetic movement has not played a
major role in corporate design pro-
grams because the access to control
has been lacking in display media.
Where temporal design is possible,
the corporate graphics approach
again stresses simple, clear,
modular temporal constructs. This
might apply, for example, to the reg-
ular appearance or disappearance of
items or the overall dramatic nar-
rative.

Several office automation sys-
tems have appeared that display
characteristics of the corporate
identity approach to the design of
the human/machine interface with

Color use in computer
graphics has often
emphasized too many
colors, even when only a
few are available.

varying degress of completion.
These 16-bit microprocessor sys-
tems are supported by high-
resolution bit-mapped screens. This
article examines three black-and-
white systems—the Xerox Star, the
Apple Lisa, and the Intran Metaform
systems.

THE XEROX STAR

The Xerox Star system appeared
in 1981. Based on published
documents, a number of the funda-
mental design principles for the Star
interface are known [Smith, 1982]. In
creating a system that promoted
familiarity and friendliness through
the simplicity, coherency, and con-
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sistency of its interface, the design-
ers sought to develop a conceptual
model of the system in the users’
minds that was communicated
through the visual features of the in-
terface.

The corporate approach to
communication strives for exactly
this method—to embody functions
and features into an easily grasped
and easily learned system. The
Xerox team developed the metaphor
of the desktop and carried it through
in the visualization of all functions
and activities. This was accom-
plished through visual objects called
icons, which have properties that
are summarized for the user in prop-
erty sheets, which may be easily dis-
played and edited.

By establishing global
commands with consistent meanings
throughout the interface, the de-
signers were able to develop an-
other systematic aspect of the
display. Several other methods are
used to establish consistency.
Editing is accomplished through a
single paradigm of operation,
whether one is editing text, graph-
ics, files, the desktop itself, prop-
erty sheets, or even programs.
Retrieving information always takes
place through the paradigm of
databases, and creating new objects
is always achieved through the
paradigm of copying.

By reducing the number of
parts in the system and minimizing
redundancy, the designers were
able to achieve large-scale simplic-
ity. One important aspect of this
simplicity is mode-less interaction.
For example, the keys of the main
keyboard are used only for typing,
and special keys are used solely for
functions. Clearly separating these
keys reduces the short-term
memory requirements of the user.

The Star organizes the desktop
screen into a space for 154 icons
centered on fixed locations, each
one-inch square on 72 x 72 pixels.
The squarish icons tend to fill up
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their allotted space and use small
changes in their edges to communi-
cate the different meanings.

For example, a small corner
tipped down on a page represents a
file, while a small extension of the
top edge of the folder represents a
collection of files. Screen buttons

The Apple Lisa followed
in many of the directions
begun by Xerox’s Star.

differ in the drawing of their cor-
ners: Sharp, square corners repre-
sent items of data of characteristics
on property sheets, while rounded
corners represent screen buttons
and titling within the top band of win-
dows.

The Star is a black-and-white
system. Color issues concern how
white, black, and gray are used. The
desktop itself is approximately a 50
percent gray. The dark outlines of
the icons and the dark outline of win-
dows show up clearly against it. The
area of the icons and windows is
white to contrast with the back-
ground.

The top border of sub-windows
appears as higher-resolution gray to
distinguish itself from the two other
screen elements—window contents
and desktop. Black is used for
reversing screen buttons or icons
that have been selected; the se-
lected item reverses within the old
area, and a thin white rule surrounds
it. All of these details represent a
particular system-wide approach to
the treatment of color.

The Star’s icons appear in a
fixed grid layout 14 units wide by 11
units high. Another fixed grid aspect
of the interface is the top border of a
window: It must accommodate two
rows of window titles and local
screen buttons. The remaining grid
features are the right side and but-

ton borders of windows—they must
accommodate screen buttons for
scrolling within the window.

A particularly characteristic
feature of the systematic approach
in the Star is the standard object-

‘command or noun-verb sequence of

selection. Entities appearing on the
screen are acted upon or selected.
Selecting entities is a primary goal in
the user’s conceptual model; the
user then selects the action or
change of state to be effected.

The Xerox Star was a pioneer-
ing achievement in the corporate
identity of interface design. It
represented state-of-the-art, object-
oriented screen manipulation in a
high-resolution system. Of consider-
able importance to this discussion is
the effort that was undertaken to
design not only the algorithms that
support the system but also the
manner of its representation in a
systematic form. The conventions
established by the Star have already
begun to influence later systems.

THE APPLE LISA

Following upon the Star’s ap-
proach, the Apple Lisa contin-
ued many of the same directions
when it appeared in January 1983
[Williams, 1983]. Like the Star, the
Lisa offers a selection of typefaces,
including serif, sans-serif, fixed-
width, and variable-width letters,
and a half-dozen variations in type
style, including shadowed letters.

To utilize many of these in the
interface itself would not represent
the corporate identity approach, and
the Lisa wisely chooses to use
primarily a single size of modern
sans-serif letters in upper and lower
case, with selected screen buttons
appearing in reversed type.

Some of the Xerox Star’s de-
velopment staff came to work on the
Lisa. This has influenced the Lisa to
adopt the Star’s desktop concept as
a unifying metaphor. The icons are,
in some cases, more highly
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representational and detailed than in
the Star—for instance, in the
garbage can that (a little confusingly)
represents a wastebasket for
unneeded files, indentations appear
along the sides of the can as well as a
handle on the top to raise the lid.

These details suggest the
beginning of more illustrative or
anecdotal icons for more per-
sonalized workstations. In the Lisa,
the icons appear with verbal equiv-
alents below them. The windows
themselves and the sub-menus that
descend from the menu bar across
the top of the screen show slight
drop shadows that begin to indicate
an implied three-dimensional
structure to the flat workspace of
the desktop.

A typical difference between
the two systems’ interface styles
can be seen in the Lisa’s stronger
window scrolling arrows. In the Star
they are drawn with three thin lines,
while Lisa’s are thicker, with an
outline and a drop shadow. As men-
tioned before, the symbolism in the
Lisa is richer and more representa-
tional from a visual communication
point of view. The symbol set also
begins to show some weakness as a
completely designed system. For
example, the reversed titles of win-
dows have unique ornamental addi-
tional lines to their sides.

Color considerations in the Lisa
are similar to those in the Star. The
Lisa also uses several gray value
textures to distinguish the primary
desktop, the windows, and window
borders, but the exact grays are
somewhat differently disposed in
comparison with the Star. Of special
note in the Lisa are the gray right
side, gray bottom, and the white top
border of windows.

The Apple Lisa permits a
relatively unorganized location of
icons on the desktop. One strong
gridded feature of its screen design,
however, is the menu bar that ap-
pears on the top of the screen. Sub-
menus “pop down” (rather than up)
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from it temporarily and may obscure
material below. As formulated by
both the Star and Lisa, the metaphor
of the desktop does not include any
corporate standard for desk organi-
zation or of windows.

The noun-verb selection
paradigm of the Star has been incor-
porated into the Lisa: The user
selects objects, then the transfor-
mations intended for those objects.
As for the Star, the windows, icons,
and sub-menus are intended to ap-
pear and disappear instantaneously;
if not, this is treated as a deficiency
to be hidden with whatever means
available.

In the Lisa, the window that ap-
pears when an icon is pressed
zooms up from the icon position in a
noticeable transition. Many com-
puter graphics display systems
assume that faster is always better.
However, a communication-oriented
approach might suggest for novice
or occasional users, especially
during training periods, that dis-
solves, fades, wipes, and zooms
might be of value in communicating
the meaning of change.

The Apple Lisa system
represents a substantial refinement
of the ideas introduced in the Star
system. Earlier this year, Apple in-
troduced the Macintosh. This low-
cost version of the Lisa continues
many of its graphic features and
makes evident the value of cor-
porate graphic standards for inter-
face design.

THE INTRAN METAFORM
SYSTEM

he Metaform system from In-

tran represents a modest devel-
opment scale in comparison to the
30 work-years of development on
the Star’s interface and the 200
work-years claimed for the develop-
ment of the Apple Lisa. Interface
design for the Metaform system
consumed only a few work-years by

the time the system was announced
in December 1982.

Metaform provides special-
purpose software to accomplish
forms design and editing for the
Xerox 9700 laser printer. The soft-
ware resides on a Perq high-
resolution display system. Because
the author’s firm of system-oriented
graphic designers was responsible
for the graphic design features of the
interface, the final product pos-
sessed a corporate design approach
from the very beginning, when they
proposed prototype sketches for
typography and screen layout.

The design scheme calls for
most screen displays to accom-
modate Univers typography in a
single size for all system messages.
Reversed type is used for selected
buttons. Multiple lines of type are
always stacked flush left, ragged
right, making the scanning of lists of
buttons and other information
easier.

Iconic light button symbolism
for Metaform took a special direc-
tion: The corporate graphics con-
vention for primary module icons is
to use narrative images that tell a
brief story about what occurs within
a module of the system. These large
icons are somewhat like illuminated
letters in medieval manuscripts.

They indicate appropriate cur-
sors and explain to the uninitiated
what will happen in the modules.
Similar to the Star and the Lisa,
Metaform uses different cursors to
signal processes and states within
the system to the user. Pen points,
brushes, pencil points, paper clips,
and pointing hands all contribute to
explaining and differentiating activi-
ties.

Color distinctions in Metaform
are similar to those of the Star and
the Lisa. Gray values are used to
distinguish different areas such as
light button fields from the work
area. Gray allows both white and
black to be used for highlighting and
lowlighting.
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In the original metaform design
(actual implementation differs
slightly in some features), the
screen is a tiled surface of regular
areas. The menu appears at the
right, while the work area appears at
the left. (This could be easily
reversed for left-handed users.) By
locating screen components in a reg-
ular place, users can learn the layout
of the system and its features more
quickly. The forms designed within
the work area can be of any organi-
zation depending upon the particular
function of the form.

CONCLUSIONS

Ithough iconic interface design

is just beginning to be intro-
duced into the commercial market,
the field is rapidly expanding as new
systems based on 16-bit processor
technology and high-resolution dis-
plays are developed. The computer
graphics industry already has some
strong, clear prototypes upon which
to base new designs. In doing so,
several important issues arise that
will be explored in the next stages of
graphically designed interfaces.

What is an appropriate screen
format: square, vertical rectangle,

or horizontal rectangle? What pro-
portions should a rectangular screen
possess?

Where should menus ideally be
located: free floating, at the top,
right edge, or at the bottom?

Should window organization be

Iconic interface design

is rapidly expanding,
thanks to 16-bit
processor technology and
high-resolution displays.

free and unorganized, or should
some default layouts be imposed to
aid comprehension, memory, and
user efficiency? What size, shape,
and borders should windows have?

Should function buttons, ob-
jects, and other illustrative imagery
be very representational or
abstract?

What is the ideal typeface for an
interface: positive, reversed; serif,
sans-serif; one size, several sizes?

How should screen elements
appear and disappear: quickly or
slowly? How can dissolves, wipes,

cuts, zooms, and other cinematic
techniques be effectively incor-
porated?

How can color be used ef-
fectively to enable users to learn
more quickly and to be more
efficient in performing their tasks?

The answers to many of these
questions will emerge in the iconic
interfaces that will be designed in
the next few years. Some of these
systems will help establish the con-
ventions for the corporate design of
systems in areas other than office
automation—such as CAD/CAM and
computer-aided learning.

Aaron Marcus is the principal of Aaron
Marcus and Associates, Berkeley,
Calif., an information-oriented graphic
design firm specializing in effective com-
puter graphics display. He was recently
a staff scientist in the Computer Science
and Mathematics Department at the
Lawrence Berkeley Laboratory. Mr.
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from Princeton and his B.F.A. and
M.F.A. in graphic design from the Yale
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UNIX AND GKS IN
A NEW AGE OF

COMPUTER
GRAPHICS

industry, if a company pauses to

BY WILLIAM B. ELMORE In today’s fast-paced computer

re-invent the wheel, com-
mmmm petitors will whiz past on a set
of ready-made wheels. To stay in
the lead, it’s necessary to use the
wheels already available. In the
world of computer graphics, those
“wheels” consist of solid and sub-
stantial standards such as the Unix
operating system and the Graphical
Kernel System (GKS), a set of soft-

In the graphics standards fracas between GKS and
the Core System, an advocate for GKS tells why his
favorite should be the winner.

ware standards for creating com-
puter graphics.

GKS, which was developed in
West Germany and which is the
official standard in Europe, has been
adopted by the International Stan-
dards Organization (1S0). Here at
home, the American National Stan-
dards Institute (ANSI) has endorsed
a proposal for adopting GKS as the
American standard, making it the
principal emerging standard in the
U.S.
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When linked together, the Unix
system and GKS form a powerful
combination for graphics. American
computer companies now use GKS
for two reasons: It is a workable

GKS provides more
attributes than the Core
System and offers many
ways to manage them.

standard, and it provides portability
of applications software that use
graphics.

The chief problem confronting
the computer graphics market is the
need to deal with devices having dis-
similar capabilities. Before people
began addressing that difficulty,
computer graphics had an esoteric
aura. It was a realm open only to
companies with mainframes and
dedicated graphics devices, and
programmers targeted their efforts
toward specific systems and output
devices. If a firm wanted to expand
with different hardware, its software
had to be modified or discarded—a
luxury smaller companies couldn’t
afford.

A NECESSARY FEATURE

Today, computer users consider
the graphics capability of their
hardware a necessary feature, not
merely an application. No longer
does graphics software play second
fiddle to spreadsheet, database, and
word-processing packages. Busi-
ness people, scientists, engineers,
analysts—and all computer users
—realize that computer graphics is a
necessity for decision-making and
for presentations.

Thanks to skyrocketing sales,
microcomputers occupy desks in
homes and offices throughout the
world. Lower prices for printers and
the affordability of graphics software
have triggered the demand for new
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programs—but programs that run
on a single type of computer are no
longer satisfactory for most users.
Now that we're in an era of network-
ing, users want transportable graph-
ics progrdms that can produce
output on many types of computers,
as well as terminals, printers, and
plotters.

Mainframes, minis, and micro-
computers must be able to commu-
nicate and share data with each
other. Standards for interactive
computer graphics help achieve this
goal by facilitating software port-
ability and compatibility, flexibility,
program longevity, and ease of ap-
plication program design. In a com-
pany’s day-to-day activities,
standards enhance productivity by
eliminating the need for training
newly hired programmers—and
retraining them as they move from
project to project.

THE GRAPHICAL KERNEL
SYSTEM

KS defines the interface be-

tween applications programs
and software routines concerned
with graphics. It is a “programmer-
level” interface consisting of a func-
tional description for a set of
sub-routines that programmers can
use to perform a wide range of input
and output actions for two-
dimensional graphics. GKS gives
programmers a standard syntax,
supports operator input and interac-
tion, and allows storage and dynamic
modification of pictures.

The system has been designed
to provide graphical management
that is (1) complete—it provides all
the functions needed for most appli-
cations; (2) compact—the set of
functions and parameters is small;
(3) rich—the range of higher-order
facilities is extensive; and (4)
portable—graphical application pro-
grams can be easily transported be-
tween installations.

It also facilitates the portability

of graphics applications programs
between different computer installa-
tions by providing a consistent inter-
face in high-level languages such as
C. It also improves a programmer’s
ability to work on different systems
by providing a graphics model and
syntax that are common to several
systems. This standardization
defines the way in which graphics
functions are accessed.

GKS makes it easier for users
on all levels, from systems program-
mers to novices, to create graphics.
Its portable applications programs
provide host and device
independence—allowing users
greater freedom of choice. As a
result, it permits workstation
flexibility. Programming on all levels
is simplified by the library of graph-
ics primitives, and productivity and
creativity are both increased.

The chief problem facing
the computer graphics
market is the need to
deal with devices having
dissimilar capabilities.

The system has a straightfor-
ward hierarchy of functional levels
that makes it possible to develop
portable programs with the freedom
to configure systems from a wide
range of available graphics hard-
ware; it facilitates productive use of
a programmer’s time.

The standard also supports a
full set of drawing primitive com-
mands (with variable attributes) for
data input and drawing, support for
multiple workstations simulta-
neously, and device-independent
picture segments. While GKS pro-
vides device independence for stan-
dard functions, it doesn’t eliminate
nonstandard operations. Thus,
programmers are free to access the
unique capabilities of a particular
device.
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FIVE BASIC COMMANDS

KS uses five basic commands to

draw complex pictures, place
markers, specify text strings and lo-
cations, fill in areas, and transfer
pixel arrays. In addition to its
drawing commands, GKS can pan,
rotate, and zoom images.

When an application program
creates a picture with GKS com-
mands, the image is stored as a dis-
play list in memory. If this picture,
known as the world view, is too large
to fit on a graphics unit, the user can
utilize panning and zooming capabili-
ties which specify that a particular
portion of the image be displayed on
the CRT screen.

Software based on GKS helps
users to work with, or interface to,
graphics software utilities and tools.
These utilities and tools assist in
providing descriptions of the graph-
ics objects that will be displayed and
used by the application software.
Normally, these objects are defined
in terms of two-dimensional coor-
dinates in a coordinate system
accessed by graphics primitives
(graphics-oriented software com-
mands).

In a CAD application, they might
describe the multiple layers of a VLSI
chip; in a business application, the
coordinates might describe the
points on a sales chart. Once the
description of an object 1s incor-
porated into the application pro-
gram, the GKS layer provides a
standard software interface that
converts the descriptions into a
“viewing package.”

GKS supports a full set of
drawing primitives and the setting of
primitive attributes. The basic
drawing primitives are the polyline,
polymarker, and text primitives.
Raster devices are supported with
fill and cell array primitives. An ap-
plication program can access capa-
bilities, such as drawing arcs, bars,
and circles, through a special escape
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mechanism known as the
Generalized Drawing Primitive.

Graphics objects such as arcs,
points, and text are the primitives
that can be combined into segments,
which become building blocks to
create complex pictures. They can
be rotated, scaled, re-named, in-
serted into other segments, made
visible or invisible, and manipulated
in many other ways. The use of seg-
ments allows programmers to ac-
cess a variety of powerful graphics
functions.

The powerful
international backing for
GKS is complemented
by strong support from
large U.S.

manufacturers.
GKS has several desirable
workstation features. It allows

multiple-window/viewport transfor-
mations (normalization transforma-
tions) and allows a special transform
(workstation transform) to perform
two chores that were previously
difficult in device-independent
graphics. These chores involve the
production of scaled drawings in
inches or millimeters, and the
utilization of a rectangular screen
without restricting graphics to a
square area. GKS also supports a full
set of input operations, allowing ap-
plications programs to receive input
from a broad range of interactive in-
put devices.

The device-independent
qualities of GKS offer great
flexibility. Device drivers are iso-
lated into separate modules at a low
level invisible to the user. The port-
ability of applications software be-
tween various devices enables users
to prepare preliminary work with
low-cost devices and to prepare final

presentations with high-resolution
terminals and high-quality plotters.

OTHER STANDARDS

I n addition to standards for
writing graphics software, it is
necessary to have standards relating
to hardware compatibility and graph-
ics information. Two emerging stan-
dards are addressing the
hardware/driver interface level. The
North American Presentation-Level
Protocol Syntax (NAPLPS), devel-
oped at Bell Laboratories, is now an
AT&T standard for transmitting text
and graphics over telecommunica-
tions lines. NAPLPS provides a com-
pact coding scheme that facilitates
the exchange of graphics among
people using different computer sys-
tems, and its data-compaction abili-
ties enable complex graphics to be
transmitted quickly over low-cost
telephone lines.

The Virtual Device Interface
(VDI) is being developed as a stan-
dard interface between device-
independent software and graphics
devices. VDI is a high-level, bidirec-
tional set of commands used for
creating picture elements and for
reading from peripherals. By
defining a standard input-output
protocol, VDI makes all devices ap-
pear as identical virtual graphics
devices.

Virtual Device Metafile (VDM)
is a standard for storing and
transmitting pictures, using
normalized device coordinates and
primitives. VDM, which supplies a
means for transferring images from
one system to another, is intended
to be a standard file format for
graphics.

Programmer’s Hierarchical In-
teractive Graphics Standard (PHIGS),
now in the early stage of develop-
ment, will contain the complete set
of GKS commands in addition to a set
of hierarchical and three-dimensional
commands.
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GKS VERSUS CORE

he Core System, a graphics

standard developed before GKS,
has not gained international approval
by the 1S0. By contrast, the power-
ful international backing for GKS is
complemented by strong support by
large U.S. manufacturers such as
IBM and Tektronix. In fact, ANSI re-
cently abandoned its work on Core
in favor of GKS.

How do GKS and Core com-
pare? Both share a number of con-
cepts, including the following:

(1) World coordinate space—which
may be envisioned as a large
drawing sheet.

(2) Windowing—which serves to
select portions of world coordinate
space to display to users.

(3) Normalized Device Coordinates
(NDC)—which relegate device de-
pendency to a low level.

(4) Viewports—which determine
where the picture will be positioned
in NDC space.

(5) Picture segmentation—group-
ing of output primitives as a single
reference. This allows for manipula-
tion and control of an object.

(6) Several levels of implementation
ranging from applications with mini-
mum graphic system demands to so-
phisticated applications.

Despite the similarities be-
tween GKS and Core, significant
differences in their design, usage,
and function have served to shift
industry-wide support to GKS.

Core lacks provisions for incor-
porating new ideas that have
evolved during the last 15 years in
portability, device independence,
performance, and structuring. Core
also lacks the language bindings es-
sential for true standardization. At
the present time, each Core imple-
mentation has its own set of routine
names and ordering parameters, so
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that a program written for one im-
plementation cannot run on another.

AN IMPORTANT CONCEPT

he important concept of a

workstation, present in GKS, is
missing in Core. GKS has six graphi-
cal input classes, which can be
defined as logical interfaces through
which the application program con-
trols physical devices. Thus, GKS is
more in tune with the current
popularity of the mouse and
touchscreen as a user interface.

In GKS, all output primitives are
totally independent of each other.
They completely specify the action
to be taken—eliminating a program-
mer’s concern about the effect of ex-
ternal procedures.

While the Core System defines
only a single window/viewport pair,
GKS provides two viewing opera-
tions. After transforming output
primitives from world coordinates to
an enlarged normalized coordinate
space of arbitrary size, a worksta-
tion window is applied to the image
for further clipping and transforma-
tion to device coordinates. The con-
cepts supported by GKS's viewing
operation allow for the combination
of two-dimensional viewing trans-
formation with two-dimensional
model transformations. This
reduces calculations and provides
more efficient throughput.

The capability of GKS in han-
dling attributes is considered a
strong plus. Attributes are mainly
used to control the geometric
aspects of output primitives such as
size and shape of text, and the ap-
pearance of output primitives such
as color. These attributes may be
bundled (grouped under a single
identifier) or individually specified.
GKS provides more attributes than
Core and offers many ways to
manage them. Since the portability
of an application program is affected
by attribute management, the Core

System is consequently less device
independent than GKS.

GKS-defined language bindings
provide a consistent interface be-
tween GKS and the application.
Thus, a GKS-based program from
one manufacturer can be re-
compiled and linked with software
from a variety of companies
—offering another advantage over
Core.

Future demand for graphics
software based on the Unix system
and GKS will be strong in several
areas: Scientific research and devel-
opment laboratories associated with
large companies and government
agencies need to create graphical
output from data; universities that
use computer graphics for research
and teaching; businesses where
graphics software is becoming the
preferred medium for information
exchange; and Unix system-based
computer manufacturers and ven-
dors.

Powerful graphics sub-routines
that adhere to established standards
and that are both computer indepen-
dent and hardware independent will
be required to satisfy these needs.
Certain applications programs may
be extremely graphics intensive.
These include statistical plotting,
finite element analysis, and contour
mapping. Several GKS standards
committees are working to add
three-dimensional sub-routines to
GKS. ®

William B. Elmore is the president of
Visual Engineering, a San Jose, Calif.,-
based firm that supplies presentation
and engineering graphics software for
Unix systems based on GKS. He has an
M.B.A. from Stanford as well as a B.S.
and an M.S. in electrical engineering
from Purdue.
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Graphics system designers had neglected the Unix
system—until they discovered the system’s portability

and ease of programming.

THE
UNIX SYSTEM
A INTERACTIVE
GRAPHICS

espite the clear ad-
" vantages of the Unix sys-
| ' tem as a programming
smmmesm €NVironment, only re-
cently have graphics system de-
signers begun to take advantage of
the system’s many features. Now,
however, this trend is being quick-
ened because of three independent,
but converging, changes in the
computing industry.

First is the Unix system’s low
cost—a result of a conscious effort
by AT&T to lower the cost of the
software to end-users. Second is the
availability of low-cost 16- and 32-bit
processors capable of taking the ful-
lest advantage of the Unix system,
which was developed originally for
use on minicomputers. Third is the
availability of programmers experi-
enced with the Unix system—an ef-
fect of the software’s extensive
proliferation in universities and col-
leges.

As a result, graphics designers
are taking advantage of the Unix
system’s portability and the ease of
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programming in that environment to
develop a variety of graphics
packages. One of the areas just now
getting attention is interactive
graphics—an area in which the Unix
system has not traditionally been
strong, but one where rapid ad-
vances are being made.

The advantages of the Unix
system to the graphics system de-
signer do not lie in any particular fea-
ture; rather, they lie in the system’s
extreme portability—the ease with
which it can be adapted to virtually
any hardware or software environ-
ment. Anywhere from 70 to 75 per-
cent of the operating system
remains identical from system to
system. And adapting the Unix sys-
tem to a particular hardware or soft-
ware environment means altering at
most 25 to 30 percent of the code
related to machine-specific hard-
ware and device drivers (written in
assembly language and C,
respectively).

The hardware interface
routines provide such services as

enabling, disabling, and vectoring of
interrupts, changing the memory
map to switch execution from one
process to another, and transmitting
information between a user’s ad-
dress space and that of the system .
The device drivers are programs
that provide interrupt handling, /0
command processing, and error
recovery for the various peripheral
devices connected to the machine.

APPLICATION PROGRAM
INTERFACES

s advanced design, low-cost
/% graphics peripherals have been
developed for those systems to
which the Unix system has been
ported, a wide variety of application
program interfaces have become
available. Several databases of
routines have been developed, in-
cluding plot, graph, spline,
ged, stat, termcap, curses,
and graphcap.
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plot: One of the first sets of
graphics routines developed for the
Unix system, this family of pro-
grams generates, in a relatively
device-independent way, graphic
output that is then interpreted by a
set of filters for specific terminal
types, including the Tektronix 4014;
DASI Hyterm 450, 300, or 300S ter-
minals; and the Versatec D1200A
printer/plotter.

graph: This set of routines
takes pairs of numbers from stand-
ard input as the coordinates of a
graph that is then encoded on the
standard output for display by the
plot filters.

spline: This routine takes
pairs of numbers from the standard
input as coordinates for a smooth
curve, which is then also encoded
for display by the plot filters.

ged: This interactive graphics
editor is used to display, edit, and
construct drawings on the Tektronix
4010 series display terminals.
Drawings are represented as a se-
quence of objects in the GPS lan-
guage.

stat: This collection of
routines can be interconnected using
the Unix shell to manipulate and plot
numerical data.

termcap: Short for ferminal
capabilities, termcap is a database
of information and some simple pro-
grams to access it that were devel-
oped at UC Berkeley. At UC San
Diego, this idea was expanded into
graphcap, which provides addi-
tional information for using the
graphics capabilities of intelligent
terminals.

In the termcap database,
each terminal is described in terms
of three basic types of features or
capabilities: (1) Boolean capabilities,
which indicate whether or not a ter-
minal has a particular feature (such
as direct cursor motion, clear
screen, clear to end line, and so on);
(2) numeric capabilities, which indi-
cate the display dimensions or the
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length of a particular delay; and (3)
string capabilities, which define a
character sequence to be used in
performing particular terminal oper-
ations. About a hundred capabilities
are necessary to describe a termi-
nal, although any one terminal type
seldom requires all of them. In addi-
tion to the database, the package
also incorporates routines to access
the database and to handle simple
operations such as generation of
delays and cursor motion.

NEW DESCRIPTIONS AND
PROGRAMS

o date, about 180 terminals

have been described in the data-
base, which is constantly being en-
hanced with new descriptions and
programs. With this database, a
programmer need only specify the
name of the terminal. If it is in the
database, a program will find it auto-
matically. If the terminal is new, the
programmer need only enter a
description in terms of the above
standard capabilities with any text
editor.

graphcap is a quick and easy
way of displaying data when a high-
resolution device is not available.
Enhanced graphics capabilities have
made their way into low-priced ter-
minals, allowing programmers to
take advantage of the line drawing
and special character features for
low-resolution plots on terminals. A
device-independent plot filter has
been written that produces graphs
on any terminal described in
graphcap. Unfortunately,
graphcap has not been widely dis-
tributed.

As useful as these databases
are, producing screen-oriented pro-
grams is a tedious chore. curses,
a library package from UC Berkeley
that was originally developed for the
infamous game Rogue, allows
programmers to do many of the
most common type of terminal-
dependent functions, such as those

involving movement optimization
and optimal screen updating, with a
minimum of effort. This library
would be used, for example, in gen-
erating a menu on the screen with-
out knowing the specific type of
terminal to be used. It allows devel-
opment of the particular speci-
fications in a terminal-independent
manner, using the data in termcap
to customize it to a particular termi-
nal at run-time.

In addition to these databases,
routines, and filters, new system
calls proposed for more recent ver-
sions of the Unix system are proving
useful in developing graphics in-
terfaces, especially those that em-
ploy bit-mapped graphics hardware.

One such system call is mmap
(originally proposed for Unix
4.2BSD but delayed until 4.3BSD).
Partially implemented on some Unix
4.2 systems, mmap allows mapping
of any piece of virtual memory into a
real piece of memory.

In most Unix systems employ-
ing bit-mapped displays, the bit map
must be inserted at specific known
addresses for every process. The
limitation of this approach is that
even processes that don’'t want or
need it have some of their own ad-
dress space used up by the video
board, and this is especially critical
in those systems with limited ad-
dress space. mmap, on the other
hand, allows the designer to map the
video board into any address in the
program. Other related system calls
include getpagesize, mremap,
and munmap .

INTERACTIVE GRAPHICS
AND MULTIPLE WINDOWS

s the graphics capabilities of

hardware employing the Unix
operating system have become
more sophisticated, much effort has
been directed to interactive graphics
management. Most of these
packages employ multiple windows
making use of the Unix system’s
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pipe-based interprocess communica-
tions capabilities.

Multiple windows allow output
from many different tasks to be dis-
played and processed at the same
time. Users are able to view the out-
put of one program while working
with a different program. User inter-
face packages generally allow users
to perform such graphics manage-
ment functions as selecting a win-
dow for interaction; scrolling up,
down, left, and right within win-
dows; moving a window; changing a
window size; pulling down a menu
associated with a selected window;
burying a window behind other win-
dows; and expanding a window to fill
the screen.

Each task in this approach has a
visual representation on the screen.
To switch from one job to another,
simply point to the new job with
some sort of pointing device. In the
meantime, the other tasks are pre-
served, each in its own window en-
vironment.

While interacting with the user
on the second task in the second
window, the system can be process-
ing the first task in the background.
For all practical purposes, this al-
lows the user to perform simulta-
neously such diverse functions as
defining and testing programs, gen-
erating and editing graphics, writing
and editing, accessing the operating
system, and sending and receiving
electronic mail.

THE MULTIPLE-VIEW
APPROACH

his approach to interactive

graphics management builds on
the multiple-window approach and
allows the user to not only divide the
screen into numerous sub-displays,
but to move interactively among
various views of an object “seen” in
each window. In other words, each
window is merely a flexible con-
tainer for the view within it. This is
the first step to building a tool that
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uses multiple windows for a single
application.

Each view actually interprets
its underlying content (the object)
and controls the process used to ma-
nipulate it; thus, each view provides
its own techniques to see and work
on those objects. In this approach,
the user can look and operate on the
same object from a number of differ-
ent “points of view,” through a dif-
ferent set of filters. Each view will
present the user with a different
“flavor,” aspect, or set of attributes
of the object in a way that supports a
specific understanding of its underly-
ing content.

Thus, views, rather than win-
dows, provide the central syntactic
features common across all ele-
ments in the user’s screen environ-
ment. Windows are just the medium
for arbitrating screen space among
multiple tasks, allowing the user to
move quickly and easily among
them. A window’s physical
representation, beyond delimiting
the screen space, identifies its con-
tained object and view, correlates
interdependent views as appropri-
ate, and provides access to common
window operations.

SIMPLIFYING THE USER
INTERFACE

s interactive graphics packages

with multiple-window/multiple-
view capabilities have become more
sophisticated, their developers have
found it necessary to simplify the
user interface in order to remain
commercially viable. Ideally, what
one would want in such an approach
to interactive graphics management
is a command language that is con-
sistent, mode-less, and as context-
free as possible. In other words, the
command structure that allows the
user to manipulate various windows
and images within windows should
be as close as possible to the way
human beings work with and think
about everyday objects.

Complete acceptance of
graphical interfaces will
likely be a lengthy
process.

Many of the window-oriented
interactive packages developed for
use under the Unix system employ
an object-oriented approach similar
in concept to that used on many pop-
ular personal computers, such as
Xerox’s Star, Apple’s Lisa and
Macintosh, and others. In this ap-
proach, contextual information is
kept along with data, making the
major command language compo-
nent (an object) have not just a
value, but also a range of inherited
characteristics.

Through such a command lan-
guage, the contents of a window are
stored independently of the program
providing the output. This permits
functions such as scrolling back and
forth through previous output into
the window. Information on display
in a window can be extracted and
re-entered, or extracted and moved
to a different window.

In this approach, windows are
managed by objects that maintain
the window data. These objects con-
tain information and descriptions of
the valid operations that can be per-
formed on or by each. Messages
define the specifications of one of an
object’s operations, which is then
performed on or by that object.

This approach to data manipula-
tion is radically different from the
traditional method of separating op-
erations from the data they operate
on. In other words, operations are
not done to objects under supervi-
sion of an intelligent programmer;
rather, messages are passed to the
object, which performs the opera-
tions on itself because it “knows”
what must be done.

Traditional implementations
employ a message-object structure.
But the problem with this grammati-
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cal structure, especially concerning
manipulating within and moving be-
tween multiple windows or views, is
that it predetermines the mode
within which the user is operating.
By selecting a particular function (a
message) to be performed before
the object, the operator of the
graphics interface is directing the
system to operate in a particular
way, in a particular mode.

In the newer systems, modeled
after Smalltalk, the user interface is
manipulated with a command lan-
guage in which this traditional
message-object grammatical
structure is reversed. By first se-
lecting the object and then the action
to be performed, many problems are
eliminated or at least minimized. All
editing functions, for example, are
activated by the user in the same
manner, regardless of the
environment—first selecting the ob-
ject (a word, sentence, illustration,
entire document, or page layout)
and then the action to be performed.

The actions to be performed on
any particular view—the messages

—are selected by choosing from a
set of functions that is essentially
identical from view to view and win-
dow to window. No matter what op-
eration is to be performed, the same
basic set of commands is used be-
cause of the object/verb structure of
the command language. While the
method by which the computer per-
forms the various functions may
vary internally, the way the user in-
itiates the action is consistent
throughout. Only in specialized
cases are additional commands
added to the basic repertoire, these
being used to perform functions
unique to a particular environment.

A TYPICAL MULTIPLE-
VIEW SYSTEM

e show in Figure 1 the typical

display of a system employing
a multiple-view approach to inter-
active graphics management. In this
case it is an integrated text/graphics
workstation designed for technical
document production, where 90 per-
cent of the work involves graphics
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manipulation and about 10 percent is
text manipulation. As shown, each
window has the same general
structure:

The window border surrounds
the window’s extent, with the wider
tab across its top containing such in-
formation as document name, figure
name, and so on.

The command pane is a vertical
region to the right of the window
containing the various menu selec-
tions relating to the multiple views.

The presentation pane is the
central area within the window, in
which the view’s representation of
the underlying objects is displayed.
Within the presentation pane, one of
the objects is always identified as
the “current selection,” the object
that will be acted upon next by user-
specified commands.

Depending on the operation to
be performed, any one of a number
of different views can be displayed,
either sequentially in the same win-
dow, or simultaneously, with differ-
ent views in each of several
windows. Because all views are con-
nected to the same object (in this
case, a document), alterations made
to a document in one view are
reflected in all other views as appro-
priate.

From the outline view, the
writer/editor can revise the order of
selected chapters and selections
within the document being written
by manipulating the appropriate
heading entries. After this has oc-
curred, the pages directly accessed
in page-level views reflect the
reordering.

The manuscript view is a dis-
play of the text plus the generic
mockup commands split into pages.
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This is similar to files in a word-
processing system. The composed
view is the laid-out text with the ap-
propriate artwork and is the view
that provides access to all the other
ways of viewing and working on a
document. In both the manuscript
and composed views, the user can
directly access and edit the text, all
of which feeds back to the finished
page’s composed appearance.
Within the views, writers use
the same basic set of commands
or verbs: delete, cut, copy,
paste, insert, find/replace,
label, mark, and select to
mark. While you are in the manu-
script view, these commands refer
only to text editing; in the composed
view, you can use the same basic
commands to perform icon and

figure editing as well.

For the majority of graphics op-
erations, the operator works mainly
with the figure view, a display of only
the figure(s) on a specific page. It is
in this view that the artist or illustra-
tor creates new figures either by
drawing directly on the screen with
the pen-like sonic stylus or by se-
lecting a previously stored symbol
or part from a parts library.

CONNECTED VIEWS AND
UNIX 4.2BSD

espite the sophistication of the
multiple-window and multiple-
view approaches to interactive
graphics, both are limited in their in-
tercommunications capabilities. In
the multiple-window approach, it is a

case of one window, one function.
While it is possible to be doing many
functions at the same time, each oc-
cupies its own window with its own
underlying “object,” be it an illustra-
tion, text document, or database.
To modify the content of a particular
window and its underlying object
based on new information available
in another window, the operator
must execute a series of commands
that move the appropriate informa-
tion from one location to another,
from one object/window to another.

In the multiple-view approach,
the relationship between what is
being performed in a particular view
and what is going on in another view
is much closer, even if they are in
different windows. Certain views
are related to one another in that
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they are associated with the same
underlying object. Updating one
view with information from another
is simpler than in the multiple-
window approach. This is usually
just a matter of the operator sending
a message, via some sort of overall
screen manager function, to the
underlying object with which both
views are associated.

In most interactive graphics ap-
plications, it is useful, even essen-
tial, that the relationship between
various windows and views be even
closer and that they communicate
automatically without the inter-
mediation of a screen manager; in
other words, they should be con-
nected. In such a “connected view”
interface, a different representation
of a single object can be displayed
within each view. Changes to the
object would be reflected automati-
cally in all views.

Rapid advances are
heing made in
interactive graphics
—not a Unix systems
stronghold heretofore.

However, this is difficult under
most Unix systems because pipes
are the only standard mechanism
that allow two processes to commu-
nicate. Pipes are restrictive in that
(1) two communicating processes
must be related through a common
ancestor, and (2) the pipelines are
unidirectional; that is, communica-
tion is in one direction—from the
output of one program directly to
the input of another program.

Some Unix versions provide
additional interprocess communica-
tion mechanisms that are useful in
programming connected views. For
example, Unix 4.2BSD provides
facilities enabling processors to
communicate through a Unix file
system-like name space (where all
the names are path names) and
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through a network name space.
Once communication is established,
the processes may communicate
through datagrams in addition to the
simple byte stream provided by the
traditional pipe.

THE BASIC BUILDING
BLOCK

I n this approach, the basic com-
munication building block is the
“socket” rather than the pipe. A
socket is an endpoint of communica-
tion to which a name may be bound.
Each socket has a type and one or
more associated protocols. Sockets
are typed according to the kind of
communications service they allow,
and processes are assumed to com-
municate only between sockets of
the same type. However, there is
nothing preventing communication
between sockets of different types
as long as the underlying communi-
cation protocol allows it.

Under Unix 4.2BSD, the user
has access to three types of sock-
ets: stream, datagram, and raw. A
stream socket provides for bidirec-
tional, sequenced, and unduplicated
flow of data without record bound-
aries. Aside from bidirectionality,
communications between a pair of
connected stream sockets is nearly
identical to that of pipes. A datagram
socket supports bidirectional flow of
data in which the records are
bounded, but they may or may not
be sequenced or unduplicated. In
other words, a process that receives
messages on a datagram socket may
find messages duplicated, possibly in
a different order from that in which
they were sent. A raw socket pro-
vides developers with access to the
underlying communications
protocols that support socket
abstractions.

With such a rich interprocess
communications structure, it is now
possible to split a particular “job”
among multiple unrelated pro-
cesses. With this feature it should

be possible for system designers to
develop interactive graphics in-
terfaces based on multiple and con-
nected representations, or views, of
an object.

Implemented in the example
discussed earlier, this connected
view structure would allow these
“views” and windows to be grouped
so that updates in the figure view,
for example, are reflected automati-
cally in the composed view.
Similarly, changes in the manuscript
and layout views would be reflected
automatically in the composed view
because all are connected to the
same underlying object.

In terms of the underlying
inter-process communications (IPC)
facilities, the underlying object—the
document—uses sockets rather
than pipelines to tell the various
views to examine the database again
and to re-create themselves based
on the new information supplied by
one particular view.

We are now starting to see the
development of graphical interfaces
for many computer-related tasks, in-
terfaces that could greatly raise the
level of abstraction at which users
work. But complete acceptance of
such interfaces is likely to be a
lengthy process. As video display
units have become commonly avail-
able over the last 10 years,
developers have struggled to come
to terms with screen-oriented in-
terfaces. Witness how many sys-
tems, including Unix, are still
essentially line-at-a-time systems.
Indeed, much can be gained from
graphical interfaces, but much work
also remains to be done. ®

Mark Callow, who hails from England,
has worked for such firms as Northern
Telecom System Corp., Logica Ltd.,
and Qume Corp., where he worked on
the specification of an advanced word-
processing and typesetting system.
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REVIEW

THE LATEST
FROM DEC

BY GENE DRONEK

ULIRIX 32

DEC has done a 180-
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degree turn and is
now the first major
player to fully
support Berkeley

4.2BSD.

NIX/WORLD recently visited

Digital Equipment Corpora-

tion’s headquarters in Mer-
mssmmen 11Mack, N.H., to follow
up on DEC’s latest system software
announcement, Ultrix 32. Ultrix is
DEC’s name for Berkeley 4.2 Unix,
released only months ago from the
UC Berkeley Computer Research
Group. UNIX/WORLD wanted to find
out how much of Berkeley 4.2 would
be in Ultrix and if DEC would really
support it. If Ultrix really is ready,
then DEC would become the first
major player to back 4.2 Unix.

We talked to Bernie Toth, Unix
product manager, and Armando
Stettner, senior member of the Unix
engineering group, to preview DEC’s
technical plans for the Ultrix
release. Bernie told us, “Ultrix is
real. It is a complete Berkeley 4.2
distribution, and it will run on any of
the VAX series 780, 750, 730, as
well as the [announced, but yet un-
released]| Micro-VAX.” DEC kept as
much as was practical from the
original Berkeley release, including

a plethora of device drivers.

“Nothing useful has been left
out,” explained Armando. “We have
checked that all drivers work on all
supported CPUs. Some 50 sites have
been testing prerelease Ultrix on an
amazing variety of configurations.
When you get the distribution tape,
you can rest assured that it will
BOOT.” You will even find some
non-DEC drivers in Ultrix, but, of
course, DEC will be supporting only
DEC equipment drivers. Ultrix,
technically speaking, will become
the most stable, yet flexible, Unix
system running on VAX hardware.

There are additional debugging
facilities from 4.2 and an interesting
tool, gprof, handy for fine-tuning
complex C programs. gprof auto-
matically produces sophisticated
execution-profile reports to help you
with program bottlenecks. You will
find a network-wise Mail program,
Sendmail, and a Network statistics
package among the 4.2 goodies sup-
plied in Ultrix.

When UNIX/WORLD arrived at
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the DEC development lab, it looked
as though a major production effort

had just been finished. Further-
more, we noticed that part of the
technical staff was about to leave on
a well-deserved vacation. Proof
copies of the new Ultrix manuals had
just come back and were being
passed around. The entire Unix
manual had been re-typeset into a
series of sharp-looking 7-by-9-inch
Ultrix binders. Ultrix is indeed real,
and so is DEC’s support.

Although Ultrix is now based on
Berkeley 4.2, it will not remain pure
forever. DEC admitted that Ultrix
will pick up some System V
functionality over time, but DEC was
not going to tell us exactly how they
were approaching the problem.
Future releases and bug fixes from
Berkeley will be folded into Ultrix.
The specter of “System V com-
patibility” is not as significant for
Ultrix users as are higher perfor-
mance and using the leading edge in
Unix software development.

VAX HARDWARE

Itrix 32 will run on any of the

VAX series processors except
the Micro-VAX, which will run Ultrix
32m, a smaller, leaner version,
trimmed for DEC’s smaller-capacity
disk drives. VAX processors include
the 730, 750, 780, and the recently
announced, faster 785 processor.
Although UNIX/WORLD saw several
Micro-vAXs in the DEC laboratory
(and on their development Ethernet,
no less!), we were not allowed to
benchmark them because they
weren't ready for public announce-
ment yet. UNIX/WORLD will feature
the Micro-VAX separately in a future
issue.

What software is actually in
Ultrix, and what was left out? We
used an Aim Technology bench-
mark, and it reported a total of 280
user commands in the various direc-
tories. This is the largest command
set we have seen to date. The Aim

VOLUME 1, NUMBER 5 1984

test shows that Ultrix dropped a few
Version 7 commands, skipped a lot
of System III commands, but in-
cluded a whopping 129 additional
commands (see Figure 1). Generally
speaking, DEC will support the stan-

in

Japriim
/usr/bin, and /usr/uchb, but it
will not support any commands lo-

dard commands

cated in /usr/new and
/usr/local.

Naturally we asked what
“supported” and ‘“‘unsupported”
meant. DEC intends to maintain sup-
ported software from release to
release and to fix bugs therein. For
unsupported products, bug lists will
be kept, and a best effort made to-fix
them. As Armando Stettner ex-
plained, the 4.2 community tends to
share code and bug-fixes for orphan
software when the problem is im-
portant enough. DEC intends even-
tually to support all the products as
its support capacity evolves.

Most of Berkeley 4.2 made it

A
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into Ultrix, but some of the contrib-
uted category software fell off. This
was due mostly to licensing snarls
among the many parties involved,
not because of technical or support-
related issues. Regrettably, Ingres
did not make it into Ultrix.

FUNCTIONALITY

hat functionality does 4.2-
based Ultrix offer above Sys-
tems III and V? That depends on
when you ask. Both AT&T and DEC
claim they already have each other’s

shortcomings under study and will
provide identical functionality in the
“next release.” For now, local-area
networking, the McKusick “fast file
system,” and paged virtual memory
are presently available only in 4.2
systems. However, System V cur-

FIGURE 1: UTILITY COMMAND
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AIM BENCHMARK MEASUREMENTS

VAX 730 - erehwon, RA81 disk

Arithmetic Instruction Times (microseconds per op)

short long foat double
+ add 10 5 20 15
* multiply 22 15 35 30
/ divide 73 19 35 29

Memory Loop Access Times (microseconds per byte)

read write copy
CHAR type 10 8 8
SHORT type 5 4 4
LONG type 2 2 2
Input/Output Rates (bytes/sec)

read write copy
DISK 217k 162k 76k
PIPE 59k
i 0
IRV k2 0
RAM 1-byte 124k
RAM 4-byte 476k
Array Subscript References (microseconds)

shogrt[] l(m;;[]

Function References (microseconds/ref)
O-parameters 1-parameter
funct() funct(i)
51 93

2-parameters
funct(i,i)
99

Process Forks
9 per second

System Kernel Calls (calls-per-second and microseconds per call)
getpid() calls: 1 kealls/sec or 709 microseconds/call
sbrk(0) calls: 483 calls/sec or 2070 microseconds/call
create/close calls: 19 pairs/sec or 52632 microseconds/pair
umask(0) calls: 1 kealls/sec or 889 microseconds/call

VAX 750—Limbo, 6 Mbyte RAM, RMO05 disk, Ultrix

Arithmetic Instruction Times (microseconds per op)

short long Sloat double
+ add 4 1 14 11
* multiply 13 10 45 47
/ divide 37 10 78 81
Memory Loop Access Times (microseconds per byte)

read write copy
CHAR type 3 3 3
SHORT type 2 1 1
LONG type 489ns 656ns 793ns
Input/Output Rates (bytes/sec)

read write copy
DISK 408k 321k 139k

PIPE 155k
TTY:1 0
DTYiRl 2 0
RAM 1-byte 346k
RAM 4-byte 1,261k
Array Subscript References (microseconds)

short[] long[ ]

3 3

Function References (microseconds/ref)
0-parameters 1-parameter
funct() funct(i)
28 39

Process Forks
11 per second

funct

System Kernel Calls (calls-per-second and microseconds per call)
310 microseconds/call
887 microseconds/call
35714 microseconds/pair
364 microseconds/call

3 kcalls/sec or
1 kcalls/sec or
28 pairs/sec or
3 kealls/sec or

getpid() calls:
sbrk(0) calls:
create/close calls:
umask(0) calls:

VAX 780--Vacuum, 8 Mbyte RAM, RA81 disk, Ultrix

Arithmetic Instruction Times (microseconds per op)

short long Sloat
+ add 2 601ns 5
* multiply 3 2 7
/ divide 21 10 11

Memory Loop Access Times (nanoseconds per byte)

read write copy
CHAR type 2 2 2
SHORT type 786ns 793ns 783ns
LONG type 297ns 402ns 402ns
Input/Output Rates (bytes/sec)

read write copy
DISK 202k 142k 74k
PIPE 243k
LYo 0
DR 2 0
RAM 1-byte 647k
RAM 4-byte 2,486k
Array Subscript References (microseconds)

shqzrt[] lor}zg[]

Function References (microseconds/ref)
(-parameters 1-parameter
funct() funct(i)
17 22

Process Forks
28 per second

System Kernel Calls (calls-per-second and microseconds per call)
183 microseconds/call
505 microseconds/call

5 kcalls/sec or
2 kcalls/sec or
30 pairs/sec or
5 kcalls/sec or

getpid() calls:
sbrk(0) calls:
create/close calls:
umask(0) calls:

2-parameters

50

204 microseconds/call

(1,1)

double
3

)
10

2-parameters
funct(i,i)
26
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rently offers shared memory, which
4.2 does not.

Not surprisingly, all three of
these additions serve to boost 4.2
performance over standard Unix.
Higher performance was the main
motivation for the Berkeley
modifications, although there are
rumors that 4.2 is fickle to tune for
heavy multi-user loads.

System V and 4.2-based Ultrix
implement a few similar functions
differently. System V offers sema-
phores, messages, and named
pipes, while 4.2 offers file locking
and interprocess communications
sockets. You can achieve the same
effect on both systems, but not in a
transportable fashion.

NETWORKING
CAPABILITIES

bonanza of commands is associ-

ated with the local-area
networking capability. The basic net
services arise from implementing
process-to-process communication
across the network, but there is no
real sharing of file systems per se.
You can use rcp to copy remote

files, rlogin for remote log-in,
along with rsh for remote shell
command execution. Additionally,
rwho and ruptime report who is
logged on and system times
netwide. All of these programs pass
messages over the net to ac-
complish “virtually” their apparent
tasks. Networking undoubtedly is
the most exciting area of software
research and development in 1984.

In the future, we can hope to
see transparent file system sharing.
Some non-Unix systems offer it
presently, and many companies are
at work on their own implementa-
tions. Transparent sharing in the ful-
lest sense means that all devices,
not just disk files, can be shared
across the network without special
treatment. There is still plenty of
opportunity for network-based appli-
cation programmers.

DEC’s Ultrix stands a
reasonable chance of becoming the
de facto “standard” supported Unix
for VAX systems. We think this is
because much effort on DEC’s part
went into making sure all peripheral
drivers work uniformly with all
CPUs. All the unusual hardware

3012 VAX
Performance
Summary
2107
1688
838
0
730 750

benchmark test measurements.

FIGURE 2: THREE-WAY PERFORMANCE SUMMARY

780

This chart shows the overall performance of the three VAXs we
benchmarked, along with a reference PDP 11/70. Overall performance
points for each machine were computed by averaging the 36 Aim

* <=> all 36 tests
weighted equally

11/70

configurations have already been ex-
plored. Secondly, source code will
be available to customers with Sys-
tem V and 4.2 source licenses.
Thus, as Unix evolves, Ultrix will
probably be the purest commercial
source of stable, maintained 4.2
code. m

Gene Dronek, Aim Technology, 3333
Bowers Avenue, Santa Clara, CA
95051. Gene is author of the Aim Ben-
chmark Series; currently, he is the Di-
rector of Software for Aim Technology.
Mr. Dronek graduated with a Com-
puter Science BS from UC Berkeley. At
Berkeley Computer Center, he began
as a systems programmer, developed a
popular user-friendly debugging com-
piler, and later crossed over to user
services, where he ultimately headed
staff and academic consulting services.
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better about the VISUAL 2000...

its power or its versatility?

Personally,
| like its price!

Never has a UNIX-based
multi-user system given so much

to so many for so little.

Introducing the

VISUAL 2000

The VISUAL 2000 is the full-featured
system with the power and flexibility to
support multiple users in real busi-
ness applications at a surprisingly low
cost per station. It can be used with
inexpensive video terminals. Or as

a database manager or file server for
a cluster of intelligent workstations

or PCs, including both the IBM® PC
and VISUAL's own lightweight,
portable, totally IBM PC compatible
COMMUTER. In all applications it
offers greater performance, more flex-
ibility, and lower cost than any other
system in its class.

UNIX trademark Bell Labs/XENIX trademark Microsoft/IBM* trademark International
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Powerful Intel 286

processor
The Intel 286 is today’s chip of choice
for UNIX™-based systems. Only the
Intel 286 has on-chip memory man-
agement, an instruction set optimized
for multi-tasking, and the optional 287
numeric co-processor to speed up
floating point by a factor of 10.

What do these features mean to
the VISUAL 2000 end user? Faster

response time, more users supported,

and lower system cost!

Cost-effective
one-board design

A basic advantage of the VISUAL
2000 is its one-board base-level
design. A single high-density board
includes the 286 CPU, 512KB-2MB
of RAM, controllers for Winchester,
floppy, and streaming tape, an intelli-
gent communications processor, six
RS-232 ports, and a parallel printer
port. Even a real-time clock with bat-
tery backup. One-board design
means higher performance, lower
cost, and greater reliability than com-
parable multi-board implementations.
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Configurability and
Expandability: VISUAL

gives you more
The VISUAL 2000 spans a much
wider range of configurability and
expandability than other systems in its
price class. Up to 16 independent
users. 6 megabytes of RAM. 4 Win-
chesters. Floppy. And streaming tape
for simple, reliable disk backup. All
in a small stand-up enclosure which
looks right at home next to a desk.
And if a fully expanded VISUAL
2000 isn't enough, you can connect
up to 254 VISUAL 2000s, PCs, and
workstations in a local area network.

Extensive system
software simplifies

system integration

The VISUAL 2000 runs XENIX,
Microsoft's popular, enhanced ver-
sion of UNIX, derived from UNIX
under license from AT&T, and
designed to be faster, more secure,
and easier to use in business
applications.

And VISUAL has worked hard to
simplify the system integrator’s job,
by providing all the tools needed
to deliver end-user applications
with a minimum of effort.

Languages such as C, SMC
BASIC, RM/COBOL, TOM BASIC,
SOFTBOL, and MicroFocus Level
[l COBOL, to provide instant com-
patibility with hundreds of proven
business application programs.

Other system-building tools, like
the INFORMIX database manage-
ment system and RealWorld
modular accounting system.

And productivity software, such
as the 20/20 integrated spread-
sheet and XED office-grade word
Processor.

The Bottom Line

High performance. Superior flex-
ibility. Extensive software. And low
cost...VISUAL 2000 systems start
at under $10,000, suggested list.
No one gives you more in a UNIX-
based multi-user system.

Whether you're an OEM, system
house, distributor, or end-user, call
today for further information on the
VISUAL 2000 and see for yourself!

m‘ See for yourself*

Northwest:
Southwest:

Northeast:
Southeast:

North Central:
South Central:

Visual Technology Incorporated
540 Main Street, Tewksbury, MA 01876
Telephone (617) 851-5000. Telex 951-539

REGIONAL OFFICES:

(415) 490-1482
(213) 534-0200
(513) 435-7044
5214; 255-8538
201) 528-8633
(301) 924-5330
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A REVIEW OF THE REALWORLD
ACCOUNTING SYSTEM

BY NICHOLAS L. FEAKINS

he RealWorld Accounting

System (Release 3.0) is a

menu-accessed integrated
memmmess ACCOUNting system con-
sisting of seven packages: General
Ledger (G/L), Order Entry (O/E),
Sales Analysis (S/A), Accounts
Receivable (A/R), Inventory Control
(1/C), Accounts Payable (A/P), and
Payroll (P/R). Each is sold sepa-
rately, and each (with the exception
of Order Entry and Sales Analysis)
can function independently. Sales
Analysis and Order Entry must be
run with Inventory Control and Ac-
counts Receivable. Accounts
Receivable, Accounts Payable,
Payroll, and Inventory Control can
all be run in conjunction with the
General Ledger package.

The system currently lacks
Purchase Order and Fixed Assets
packages. Chip Payson, RealWorld's
development director, told me that
the company is currently working on
a Job Costing package (which it ex-
pects to make available before the
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end of this year), after which it plans
to develop a Purchase Order pack-
age. The firm is also currently
working on a point-of-sale system,
for which there is currently no esti-
mated availability date.

DOCUMENTATION AND
INSTALLATION

~1*he documentation for the sys-

I tem is relatively well written
and should prove readily under-
standable to most users. RealWorld
takes a rather cavalier approach,
however, toward the ease of install-
ing the system:

“You . .. DO NOT have to be
an accountant to use RealWorld, but
you DO have to have a basic knowl-
edge of bookkeeping. Make liberal
use of the RealWorld Glossary and a
good dictionary. It may also pay to
have at hand a simple bookkeeping
workbook which defines terms as it
goes along and has plenty of illustra-
tions and examples. If you truly can’t
tell the difference between a debit
and a credit, then you should con-
sider taking a basic bookkeeping
course before you start working
with the RealWorld software.”

To me the foregoing reads like
an excerpt from Do It Yourself
Brain Surgery. Any company
seriously considering the purchase
of this or any other integrated ac-
counting software would be well
advised to have it both evaluated and
installed by an accountant with a
degree.

Noting that the best way to
learn the system is to actually use it,
RealWorld provides sample data in
the documentation for each of the
packages. Users can then enter this
data into the system and receive in-
stant feedback as to whether they
are handling the procedures prop-
erly. The one exception to this ap-
proach is the General Ledger
package, which comes with sample
data files containing “a volume of
data that would be the result of two
months’ worth of General Ledger
activity in a fully operational General
Ledger system.” The data entered
in doing the practice exercises for
the other packages is a subset of the
data contained in the sample data
files.

This approach is satisfactory
where the system is being installed
in a new operation (that is, where
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there is no pre-existing accounting
activity). Usually, however, the
user is making a transition from a
hand-kept or semi-automated sys-
tem to a computerized one and
needs some guidance on how to
make the conversion with maximum
efficiency (for example, in which or-
der should the packages be installed)
and a minimum amount of downtime.

OPERATION

7 “entral to the system’s opera-
.. tion is the Company File, which
includes basic company information
(name, address, and phone num-
ber), system parameters (profit
centers, passwords, protected
changes, etc.), and print specifi-
cations (compressed print option
and type of printer). Printers
specifically supported by the system
include Datasouth, Man-Tally 1805
and 180L/160, General Electric, Ap-
ple Dot Matrix, Anadex 9501A and
96204, Epson, Okidata, IDS, NEC,
Digital, and the IBM PC.

The General Ledger, Order
Entry, Accounts Receivable, Inven-
tory Control, Accounts Payable, and
Payroll packages contain programs
for interactive maintenance of the
account, customer, item, vendor,
and employee files, respectively, in-
cluding add, change, inquire, and
delete functions. Access to records
within the file can be alphabetical (by
customer name) or numeric (by cus-
tomer number), at the user’s option.

One nice feature of the system
is that within all the packages
(except Sales Analysis) a data in-
tegrity check program allows the
user (by running it at the beginning
and end of each day) to detect
several possible types of data file
corruption (sometimes due to hard-
ware or operating system errors). A
data integrity report is automatically
printed when each of these pro-
grams 1is run, printing warning
messages about errors it detects.

Another useful feature is that
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all of the packages (again, except
Sales Analysis) are capable of
producing edit lists of various journal
inputs, a great help in editing and
reconciling entries when a large
amount of data has been entered
into the system. Although the ul-
timate goal of any computerized sys-
tem is to reduce hand calculations
and entries to a minimum, they can
never be totally eliminated. This fea-
ture allows them to be made more
efficiently.

All of the packages allow the
user to specify that passwords be
required to use the system, and
each major function on the menus
may be assigned its own password.

GENERAL LEDGER

“he General Ledger, which is

. capable of handling up to 13 ac-
counting periods, may be used inde-
pendently, or it can be tied in with
the Accounts Receivable, Accounts
Payable, Payroll, or Inventory Con-
trol packages.

The package allows only one
level of consolidation. This may be
satisfactory for smaller retail and
wholesale distributors with multiple
sales departments or branches, but
it is likely to prove inadequate for
manufacturers (especially job shops)
and others requiring multiple levels
of cost breakdown. (The Job Costing
package currently under develop-
ment should satisfy most of these
requirements once it is available).

For users with profit centers,
the format for the G/L account num-
bers is a 4-digit main account num-
ber followed by a hyphen and then
the 3-digit profit center. Users who
do not use profit centers only use
the 4-digit main account number.
Personally, I like to use at least a
6-digit account number, of which
two digits constitute subaccount
numbers, and I have found a 4-digit
number to be unduly restrictive.

In addition to direct posting
from the A/R, A/, P/R, and IC

packages, the system allows direct
interactive entry, editing, and post-
ing of general journal transactions.
After the general journal transac-
tions are posted to the year-to-date
file, a general journal transaction
register is automatically printed as a
part of the audit trail.

A standard journal transaction
file may be maintained for recurring
journal entries, each transaction
being set up with either a fixed
amount that is automatically posted
each period (that is, auto-recurring
entries like rent and depreciation) or
with a variable amount that may be
entered each period and then
posted. This feature makes it easier
to adjust entries at the end of each
period. Similarly, general journal
transactions may be entered in such
a way that they will be automatically
reversed the following period. While
use of these so-called “reversing
entries” is heavily frowned on by ac-
counting purists, they are ex-
tensively used by many accounting
managers and controllers.

Once all the initial journal
entries have been made, the system
can produce the following: a general
ledger working trial balance (to
serve as a worksheet for making ad-
justments to the regular trial bal-
ance) for any specified range of
dates and for all or selected ac-
counts; a source cross reference re-
port; and the regular general ledger
trial balance, which provides up to
nine levels of subtotals and which
may also be printed for any specified
range of dates and for all or selected
accounts.

ORDER ENTRY/BILLING

rder Entry/Billing uses the cus-
“_/tomer file from Accounts
Receivable and the item file from In-
ventory Control, thus requiring
users to purchase those two
packages as well. In this regard, it is
similar to other integrated account-
ing packages.
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Allowing entry of orders for ei-
ther immediate billing or for partial
or whole billing later, the package
offers the user the capability of
defining extensive defaults to speed
accurate data input during order
entry. Its inquiry capability, critical
in order processing applications, is
well designed, allowing the user to
retrieve customer information from
the A/R customer file by either cus-
tomer number or name.

Through the interface to the In-
ventory Control package, on-line
inventory control is a system option
whereby inventory is automatically
committed when orders are entered
and relieved when invoices are
printed. Available inventory is
verified for each line item as en-
tered, allowing any back order or
out-of-stock condition to be handled
interactively.

The attractiveness of an order
processing package to an individual
user often depends on whether or
not it offers a number of (seemingly
unrelated) features. This package is
exceptionally strong in terms of both
the number and variety of features
offered, including the following:

(1) Line items may be entered by
item number or description;

(2) It provides for drop shipments;

(3) It provides on-line credit check-
ing;

(4) Cash received with one-step or-
ders (for example, in mail order
companies) is entered directly into
the system without having to go
through the separate cash receipts
program in the A/R package;

(5) Although item pricing is con-
trolled primarily through the item
file in the Inventory Control pack-
age, a user-maintainable “special
sales price” file allows such sales
prices to override normal pricing
methods for specified periods. And
manual price overrides may always
be specified;
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SALES ANALYSIS

n terms of the bottom line, this

package is likely to mean the
most to the user because it is a great
help in sales and marketing decision-
making. Although Sales Analysis is
usually included in the Order Entry
module in other systems, RealWorld
has broken it out as a separate pack-
age.

The package offers sales analy-
sis reports by customer, customer
type, customer sales volume, re-
sponsible salesman, state, item,
item category, and item sales
volume. The reports are well
thought out, flexible, and should
prove very useful to virtually all
users of the system.

ACCOUNTS RECEIVABLE

he customer file lies at the core

of the A/R package. In addition to
the usual name and address, this file
contains last payment and account
balance information, sales volume,
and gross profit history, as well as
several codes that allow the user to
tailor the handling of each customer
individually. The package provides
for interactive maintenance of the
customer file (including add,
change/inquire, and delete func-
tions), and either a numeric or alpha-
betic customer list may be printed
upon demand. Miscellaneous cus-
tomers may be set up in the cus-
tomer file so that sales or cash
receipts for one-time customers can
be entered without first having to
put the full name and address of such
customers on file.

Sales transactions entered
through the O/E package are auto-
matically transferred to the A/R
package. For users who do not pur-
chase the 0/E package and for other
transactions, the system allows in-
teractive entry, editing, and posting
of sales and credit/debit memos. As
sales are entered, the sale amounts,
freight, and miscellaneous charges

may optionally be distributed to one
or more G/L accounts.

INVENTORY CONTROL

77 he primary purpose of an inven-

L tory package is to help a busi-
ness control one of its greatest
costs—that of keeping stock on
hand for processing or sale to cus-
tomers. Ideally, using information
generated by the system, the user
will arrange for the delivery of in-
ventory items just before they are
actually needed (sometimes re-
ferred to as “just-in-time” inven-
tories). This package, which relies
on a manually input reorder point, is
relatively unsophisticated in this
regard and is likely to prove less
than satisfactory for companies with
seasonal or rapidly shifting sales.
This defect is mitigated somewhat
by the ready availability of printed
inventory reports, especially an ABC
Analysis.

As in other inventory packages,
the central file for this package,
which may be used by itself or in
conjunction with the O/E package, is
the item file. In addition to the item
number and description, each item
record within the file contains three
prices, discount and commission cal-
culation codes, two costs, and vari-
ous stock control and sales history
figures.

Each inventory item may be
priced according to any one of
several flexible methods that are
contained in user-maintainable
tables. Item prices may be changed
automatically by either a percentage
or a straight dollar amount incre-
ment of the cost or an old price, or
by applying a new price. A price list
(including item number, description,
category, and any fixed prices) may
be printed upon request.

ACCOUNTS PAYABLE

“he vendor file lies at the core of
L the AP package. In addition to
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the usual name and address, this file
contains information about the nor-
mal terms offered by the vendor, to-
gether with year-to-date and
last-year purchases and discounts.
The package provides for interactive
maintenance of the vendor file
(including add, change/inquire, and
delete functions), and either a
numeric or alphabetic vendor list
may be printed upon demand.

Miscellaneous vendors may be
set up in the vendor file so that
transactions for one-time vendors
can be entered without first having
to put the full name and address of
such vendors on file.

The system allows interactive
entry, editing, and posting of ac-
counts payable, transactions
(including invoices, credit vouchers,
adjustments, and prepaids). As each
new transaction is entered, the sys-
tem automatically assigns it a
voucher number, calculates the due
date, discount amount, and discount
date (based upon the terms stored in
the vendor record), and presents
them as default values during data
entry.

Each transaction may be dis-
tributed to a virtually unlimited num-
ber of G/L accounts. On request,
new payables are posted to the AP
open item file, and the accounts
payable transaction register is
printed.

An accounts payable open item
report may be printed on request for
all or selected vendors. Four user-
defined aging periods are provided,
and aging may be done by analysis
report—showing the total pur-
chases and discounts (year-to-date
and last-year) with percent of grand
total figures for each vendor—may
be printed.

In the generalized payment
preparation selection mode, all cur-
rent or past due items may be se-
lected for payment. Additionally,
any items for which the valid dis-
count would be lost may be se-
lected. Individual invoices or all
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invoices for a specified vendor may
be selected for or deferred from
payment, and partial payments may
be made on any open invoices. After
these decisions have been made, a
pre-check-writing report showing all
selected vouchers is printed, so that
any needed adjustments can be
made prior to actually printing
checks.

As I have said before in this
magazine, payroll preparation is a
highly complex, ever-changing ac-
tivity in which economies of scale
generally pay off. A lot of software
companies prepare payroll packages
to keep up with their competitors, a
lot of small companies buy those
packages because they are included
in the overall system, and a lot of
those same companies end up
having unhappy experiences be-
cause preparing payroll in-house is a
difficult and time-consuming task.

Additionally, this is one area
where the IRS and state payroll tax
authorities tend not to be terribly
tolerant of errors. Before you buy
this or any other payroll package,
seriously consider whether the size
of your operation really justifies the
resulting hassle and whether the
whole thing couldn’t be better han-
dled by a bank or service bureau.
With that in mind, let us proceed!

Central to any payroll system is
the employee file, which in this case
includes name, address, social se-
curity number, hire/review informa-
tion, pay frequency and rate(s),
taxable status and control informa-
tion, vacation and sick pay control
values, and the appropriate monthly,
quarterly, and year-to-date figures.

Each employee may be as-
signed any of three fixed voluntary
deductions (union dues, loan repay-
ment, and wage garnishment) plus
up to six user-defined deductions or
earnings. A frequency code is as-
signed to each deduction or earning
in an employee record. The system
computes federal, state, and local
withholding, payroll taxes, and

workers’ compensation premiums
on the basis of tax tables, which are
maintained by the user and may be
printed on request.

CONCLUSION

n balance, I like this system a

lot. The major drawbacks are
(1) its inability to consolidate at
more than one level; (2) the lack of a
Purchase Order package; and (3)
the lack of a Fixed Assets package.
The first two objections should be
met by the issuance of the Job Cost-
ing package at the end of the year
and the subsequent issuance of a
Purchase Order package.

The third objection will prob-
ably be sufficiently serious to turn
off potential users whose require-
ments include extensive tracking of
fixed assets, simply because the
only alternatives are a lot of hand
bookkeeping (which negates the
purpose behind an investment in a
computerized system) or the pur-
chase of someone else’s Fixed As-
sets package (in which case you
might as well buy that entire sys-
tem).

On the positive side, the
packages in the sales cycle (Order
Entry, Sales Analysis, and Accounts
Receivable) are well designed and
include numerous features that
should result in greater sales
efficiency and overall profitability for
the system’s users.

Similarly, the worksheets, edit
lists, registers, and reports should
all make the accounting function run
more smoothly. The audit trail is
clear and difficult to bypass. Finally,
the data integrity check programs
are a nice feature that should save a
lot of controllers and accounting
managers a lot of grief.

This system should prove at-
tractive to service businesses as
well as wholesale and retail dis-
tributors. And it should be able to
serve their needs through several
stages of growth, probably until they
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Complete Word Processing for the UNIX System

“...one of the best kept secrets
in the world of UNIX System
application software...”

“...atruly superior package...’

David D. Coleman
UNIX/WORLD Vol. | No. 3

AVAILABLE NOW, CrystalWriter
from SYNTACTICS is the complete
word processing system designed
to support the first time user—
without ignoring the

experienced word processor.

For more information on
CrystalWriter, call today

800-626-6400

(In California (408) 727 6400)

SYNTACTICS
3333 Bowers Avenue, Suite 145
Santa Clara, CA 95054

™
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have an in-house DP manager.
Manufacturing companies, on the
other hand, are likely to be turned
off by the single level of consolida-
tion, the lack of a Fixed Assets pack-
age, and the weaknesses in the
Inventory Control package.

If I were buying the system and
wanted to be in the business of
payroll preparation, 1 would buy all
of the packages. Otherwise, I would
skip the Payroll package and buy the
rest.

Nicholas L. Feakins is a partner in the
Sunnyvale, Calif., certified public ac-
counting firm of Feakins & Feakins. He
holds an A.B. from Dartmouth College,
a J.D. from Stanford University Law
School, and an M.B.A. in accounting
from UC Berkeley. Mr. Feakins has
served as chief financial officer for
several companies in “Silicon Valley.”
He has provided litigation support and
has served as an expert witness in a
number of lawsuits involving computer-
related issues.

RealWorld Responds:

RealWorld has written and
delivered to one OEM a revised in-
stallation program that permits a
user to install our software in 15
minutes.

COMPANY INFORMATION

The RealWorld Accounting
System was developed by the
RealWorld Corp. Further infor-
mation about the system may
be obtained by contacting:

RealWorld Corp.
Dover Road
Chichester, NH 03263

Tel: 603/798-5700
800/255-1115

The system is priced at $695
per package, except for the
Sales Analysis package, which
is priced at $350. Buyers may
be able to negotiate price
breaks from dealers, espe-
cially if they purchase the
entire system.

VOLUME 1, NUMBER 5 1984

&

ONE SIZE

FITS ALL

Heurikon presents Minibox — a multiuser
UNIX workstation based on its powerful
HEK68™ single board microcomputer and
Uniplus+ ™ UNIX System III or System V
operating system with Berkeley enhance-
ments.

Designed with the OEM in mind, one size fits
all. Both compact and flexible, the Minibox
includes within its 10.5'w x 13.9'h x 20.5']
frame a 200 or 400 watt power supply, six
slot Multibus™card cage, (4-5 available for
user use!), single double density floppy disk
drive, streamer tape drive, and 31 or 65
Mbyte Winchester drive (expandable to 280
Mbytes). All this within the same cabinet!
System status LEDS on the front panel in-
form the user of CPU and disk drive activity.

With  Uniplus+™, Minibox
becomes a flexible and affordable
tool for program development, text
preparation, and general office
tasks. Included is a full "C" com-

HELRIKON

3201 Latham Drive
Madison, WI 53713

Telex 469532

piler, associated assembler and linker/loader.
Optional languages are:

Macro assembler, ISO Pascal compiler,
FORTRAN-77 compiler, RM-COBOL™,
SVS BASIC (DEC BASIC compatible inter-
preter), SMC BASIC (Basic-Four BB3 com-
patible interpreter), and Ada™. Other
utilities include UltraCalc™ multiuser
spread sheet, Unify™ DBM, Ethernet™
and floating point processor. Alternate
operating systems available are
PolyForth™, Regulus™, CP/M 68K™, and
others.

*UNIX is a trademark of Bell Laboratories. Unify is a trademark
of Unify Corp. UltraCale is a trademark of Olympus Software.
Ethernet is a trademark of Xerox Corp. Uniplus + is a trademark
of UniSoft Corp. PolyForth is a trademark of Forth, Inc. Regulus
i a trademark of Alcyon Corp. CP/M-68K is a
trademark of Digital Research. Ada is a registered
trademark of the U.S. government, Ada Joint Pro-
gram Office. RM-COBOL is a trademark of Ryan-
McFarland Corp. HK68 is a trademark of Heuri-

kon Corp. Multibus is a trademark of Intel Corp.
Unix System Expo Booth 506

800/356.9602
In Wisconsin
608/271.8700

Please circle Ad No. 14 on inquiry card.

UNIX/WORLD 83



REVIEW

Has the future of intelligent workstations arrived?
UNIX/WORLD veviews this bright spot from Sun.

The SUN-

BY BRUCE MACKINLAY

hen Bill Joy, one of the

founders of Sun Micro-

systems, recently spoke
s ON the future of the
Unix system, he talked of bit-
mapped graphics, networking, ad-
vanced word processing, and, most
important, computer systems de-
signed for people. What he said
went over the heads of half the audi-
ence, and the other half shook their
heads and said, “What a starry-eyed
idealist!” or “Right, but what does
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that have to do with today?”

Interleaf asked UNIX/WORLD to
review its software on the Sun
Workstation, and [ jumped at the
chance to see how the Sun Worksta-
tion lives up to Bill Joy's dreams.
After working with Interleaf, I chose
to do separate reviews of the Sun
hardware and Interleaf software.

The Sun-2 is primarily a single-
user workstation, providing a so-
phisticated user with a powerful
general-purpose environment. Sun
is marketing this workstation to
what it likes to call the knowledge
worker. As I understand it, a knowl-
edge worker is anyone who works
with difficult intellectual tasks, in-
cluding engineering, science, techni-
cal publishing, artificial intelligence,
and all forms of research.

In the past, workers in these
areas have either purchased mini-
computers or used mainframes,
spending $50,000 or more per re-
searcher. Mainframes provided the
researcher with tools and number-
crunching, but the price of
restrictive centralized control and
batch processing was too much to
pay. In desperation, many research-
ers turned to minicomputers, which
were not much more than bare com-
puters and which provided research-
ers with little more than a Teletype
and an assembler.

It was from these early mini-
computers that the Unix system
arose. The high price and the
“unfriendliness” of these older sys-
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tems severely limited the number of
researchers able to use them. With
the new 16- and 32-bit microcom-
puters, a number of companies, in-
cluding Sun Microsystems, Apollo,
and Valid Systems, have entered
this market with a vengeance,
producing “low-cost” research
tools.

MULTIPLE WINDOWS
AND MICE

he first thing you notice when

you see a Sun Workstation is
the 19-inch monochrome display,
containing multiple windows and a
mouse. Underneath the windows is
Berkeley 4.2BSD Unix, extending
the machine into a local-area net-
work of cooperating Sun Worksta-
tions, super-minis, and mainframes.
Within the windows runs a wide se-
lection of software, including some
of the latest examples of leading-
edge research and development.

The Sun workstation is an im-
pressive machine from an
impressive group of people. Sun
Microsystems was founded in early
1982 by Vinod Khosla, Andreas Be-
chtolsheim, Bill Joy, and Scott
McNealy. The company immedi-
ately raised $4 million from a group
of venture-capital firms and created
the first Sun Workstation, which
made waves in both the business
and academic worlds.

Two of the four co-founders are
experienced in electrical CAD/CAM

VOLUME 1, NUMBER 5 1984

and microcomputers and have
M.B.A.’s from Stanford. The other
two are Ph.D. candidates from UC
Berkeley and Stanford. Stories
about Bill Joy abound. The one I like
best is how he personally did the
first Berkeley software distribution
long before DARPA realized that the
Unix system could be a valuable re-
search tool.

The Sun Workstation uses the
Multibus (IEEE-796) for external pe-
ripherals and a high-speed 32-bit

proprietary bus for memory and the
bit-mapped graphic display (see Fig-
ure 1). The central processor is an
M68010 running at 10 MHz with a
proprietary virtual memory manage-
ment unit. Each workstation can
support from 1 to 4 Mbytes of real
memory and 16 Mbytes of virtual
Mmemory per process.

The real memory is high-speed
(150-nanosecond) 64K dynamic
memory chips. This allows the cen-
tral processor to run at a full 10 MHz
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with no wait states and without the
complexity or expense of memory
caching. The HP 200 has a 16-Kbyte
cache to allow the processor to
achieve the same performance (see
UNIX/WORLD Vol. 1, No. 1).

The processor also supports
direct virtual memory access so that a
peripheral can access a byte
anywhere in virtual memory, using
the same mapping and protection as
any process in the system. The vir-
tual memory management unit uses
both segment and page translation.

The Sun is faster than
the Apollo in most ways,
but the Apollo eats
floating-point operations
for breakfast.

Segment translation allows the oper-
ating system and compilers to or-
ganize memory into useful struc-
tures and shapes. Page translation
improves hardware efficiency,
allowing the operating system to
easily page in and out virtual
memory.

Berkeley 4.2BSD Unix sup-
ports these features, allowing users
to write and run a program that
could use a full 16-Mbyte memory
on the M68010.

PERIPHERALS

he Multibus handles all in-

put/output. Among the periph-
erals supported are Ethernet, an
SMD hard disk, an SCSI bus adapter
handling both a hard disk and 1/4-
inch cartridge tape, a 9-track 1/2-
inch tape drive, and a floating-point
accelerator. The central processor
supports two RS-423 serial lines, and
the SCSI adapter supports four
RS-423 serial lines. RS-423 is a new
standard serial interface that is
compatible with the older, slower
RS-232, but it will allow the upward
movement to RS-449 (which will al-
low serial communications at speeds
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BENCHMARK MEASUREMENTS

Arithmetic Instruction Times Without Floating
Point Accelerator (microseconds per op)

Short Long Float
+Add 2 957ns 228
*Multiply 23 28 294
/ Divide 14 32 417
Arithmetic Instruction Times With Floating
Point Accelerator (microseconds per op)

Short Long Float
*Add 2 960ns 66
*Multiply 23 28 72
/ Divide 14 32 103
Memory Loop Access Times
(nanoseconds per byte)

Read Write Copy
Char type 1 2 2
Short type 575ns 924ns 815ns
Long type 414ns 671ns 645ns
Input/Output Rates (bytes/sec)

Read Write Copy
Disk 233K 188K 69K
Disk-less 117K 109K 40K
Pipe 171K
e L 702
RYE1S-2 725
RAM 1-byte 621K
RAM 4-byte 1552K
Array Subscript References (microseconds)

short[]
4

Function References (microseconds/ref)
0-parameters 1-parameter
funct() funct(i)
13 19

C Compiler Performance

1301 symbols, maximum

CPU estim: 8.5 sec + 25 lines/sec
Real estim: 1 X cpU

Double

127
182
311

Double

41
50
79

long[]
4

2-parameters
funct(i,i)
24

UNIX/WORLD 87



REVIEW

up to 1 million bits per second).

The RS-449 standard maximum
rate is 50 times faster than that of
the RS-232. There are a lot of ad-
vantages to the RS-449 interface,
but the major disadvantage is the
large pool of existing RS-232 termi-
nals and computers. These serial
lines can be used as terminals, with
the workstation acting as a tradi-
tional supermicro. The benchmarks
show that a Sun could support termi-
nals on all six of these lines without
producing unacceptable slowness;
none of the benchmarks showed any
evidence of thrashing.

The Sun workstation is
more than just a pretty
toy (like the Macintosh).

The SMD hard-disk controller
can support disks in three sizes: 65
Mbyte, 130 Mbyte, and 380 Mbyte.
The ScsI adapter supports only a 42-
Mbyte disk. The SCSI is slow, with
an average access time of 41.3 mil-
liseconds (ms) and a maximum data
transfer rate of 5 Mbit/sec. The SMD
disk is much faster, having an access
time of 28.3ms and a maximum data
transfer rate of 15 Mbit/sec. SMD
disk controllers support very
efficient direct memory access, fur-
ther reducing the demands on the
processor and operating system.

The Sun Workstation also sup-
ports a “disk-less mode” in which all
disk /0 goes through Ethernet. We
were able to benchmark a disk-less
workstation, and the disk-less sys-
tem showed only 10 to 20 percent
reduction of performance. In fact, a
disk-less system going to an SMD file
server is faster than a direct SCSI
hard disk.

Comparing the Sun Worksta-
tion to the Apollo, we see that the
Sun is faster in most respects, but
the Apollo eats floating-point opera-
tions for breakfast (see UNIX/WORLD
Vol. 1, No. 4). Even when the Sun is
augmented with a floating-point ac-
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COMPANY OVERVIEW

Company name:
Public/Private:
In Business for:

Headquarters:

CEO:
vp Marketing:

General Sales Contact:

Gross Revenue:

Net Income:

Employees:

% of total expense spent on R&D:
Units Shipped:

Major support centers:
Palo Alto, Calif.
Lexington, Mass.
Frankfurt, West Germany
Plus 14 other field
sales/support offices

Major funding:
1st round — $4.5 million
Kleiner Perkins, TDI,
U.S. Venture Partners,

2nd round — $11 million

Joe Roebuck, vice-president sales

This Year Last Year
$39 Million $9 Million
$2.5 Million $700,000
400 plus 100
12% 12%
1500 400

West Coast Venture Capital.

Numerous institutional investors

Sun Microsystems
Privately held
2 years

2475 Garcia Avenue
Mountain View, Calif. 94043
415/906-1300

Scott McNealy
Carol Bartz

415/906-1300

celerator, it does not touch the
Apollo’s raw floating-point speed.
Sun Microsystems used the SKY
floating-point accelerator. I
benchmarked the Sun Workstation
with and without the floating-point
accelerator.

The floating-point accelerator
improved floating-point operations
on the Sun by as much as 400 per-
cent, but even with these improve-
ments, the floating-point operations
on the Apollo are from 3 to 11 times
faster than on the Sun. Even the

short and long operations are faster
on the Apollo. Sun is faster in both
memory /0 (about 2 times faster)
and disk 1O (about 2 to 3 times
faster), and in most other aspects
the Sun outperformed the Apollo.

NETWORKING

he Sun Workstation supports
TC/ICP networking over Ether-
net at 10 million bits per second be-
cause it supports Unix 4.2, Unix 4.2
provides the best networking envi-
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ronment in the Unix world, with
remote log-in, remote shells, and a
whole set of remote utilities. Sun is
workmg on the next step, the
e file system. This will allow a
n to rmount a remote file
m onto the local file system.

This capability was planned for
the Berkeley 4.2 release, but Bill
Joy did not have the time to write
the code. I was told that Sun has
finished the code and that all that
needs to be done is to integrate the
code into the kernel. A number of
other leading-edge computer manu-
facturers are rushing to produce this
remote file system. AT&T plans this
capability for a future Unix VI or VIL
The only question now is who will
produce a good, deeply integrated
network file system.

I was very pleased to see the
depth of integration of the network
on the Sun Workstation. The laser
printer I was using was on its own
workstation shared by over 100 dif-
ferent Sun Workstations. The list of
machines on the different networks
at Sun world headquarters contained
over 300 machines.

~ The other advantage of 4.2
networking is compatibility with
other 4.2 machines including VAXs,
the interesting new Pyramid RISC
machine, and soon the IBM 3081
mamﬁ‘ﬁne. When Sun finishes the
remote file system, they plan to give
th  software to these other noncom-
ve machines. Soon we will see
the realization of the dream of a net-
work of workstations and back-
ground number-crunchers.

WINDOWS AND GRAPHICS

here is more to good graphics

than just a large bit-mapped dis-
play and laser printers; these are
just the raw materials that good
graphics are built upon. To have
good graphics requires software,
lots of software, much more than a
low-level subroutine library. The
Sun Workstation provides a lot of
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software, and the independent -soft-
ware provides tools. The Interleaf
Office Publishing System software
provides very pretty word-
processing and very advanced
graphic presentation tools. Q-CALC is
a spreadsheet with graphics, similar
to Lotus 1-2-3.

Donald Knuth’'s TeX and

MetaFont typesetting allows very
advanced typesetting of technical
and foreign language composition.
There are also a number of different
CAD/CAM/CAE software systems with
extensive graphics and windows.
Sun provides these third-party soft-
ware developers extensive tools to
develop graphic and window soft-
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ware. The content of these tools
raises bloody debates between en-
thusiasts of different approaches. I
have always believed that graphics
tools should insulate the program-
mer from the messy hardware
details. ‘

The tools are fairly high level,
with very few hardware details
showing through. What most im-
pressed me was the ease with which
graphics designed for the large
resolution display could be displayed

Sun is marketing this
workstation to what

it likes to call the
knowledge worker.

on the medium-resolution color dis-
play. The window tools are also
fairly high level. The drive-less
workstation [ reviewed had both
monochrome and color displays.
John Gage of Sun Microsystems
demonstrated the ability to move
from one display to the other as if
they were one screen. He could
open a window on the left screen
and then move the mouse to the
right and open a window in the right
screen.

UTILITIES AND OTHER
SOFTWARE

s you can see from the list of

third-party software, the Sun
workstation is more than just a
pretty toy (like the Macintosh).
There is a full set of 4.2 Unix
utilities, including rcp,rdate,
rdump, rlogin, rsh, rnews,
rrestore, rtar, ruptime, and
rwho. rtar was used to download
the Aim benchmarks from a tape
drive on a remote machine, creating
files and directories on the local ma-
chine. Most of the System III com-
mands were missing.

The only useful System III
command included is cpio. Missing
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Version 7 commands are unimpor-
tant, except for dumpdir (which
has been replaced by the —t option
of restor) and learn. I was
surprised that some Berkeley 4.1
commands were missing, but the
missing commands were of very
little importance. I like the see and
num commands, but these are very
easy to duplicate.

The list of additions includes a
large number of useful commands.
The Sun includes C, FORTRAN
(£77), and Pascal. Third-party lan-
guages include APL, LISP (FRANZ
LISP), MAINSAIL, Q'Nial, RM/COBOL,

There is more to good
graphics than just a large
bit-mapped display and
laser printers.

and Telesoft-Ada. Sun also has an
aggressive third-party software pro-
gram and will extend its software
base even further.

In the Sun Workstation I can
see the future Bill Joy described, but
much work will have to be done
before we can reach this future. The
system is much more integrated
than its predecessors, but it is still
very fragmented. Major work needs
to be done connecting the Sun to
other systems. The cost is still very
high—1I won’t have a Sun Worksta-
tion on my desk for a number of
years. If the price of a drive-less
workstation dropped to $5,000 or
less, then we would see a real begin-
ning of the intelligent workstation.

I don’t believe that Sun
Microsystems has the resources to
fund the level of research and devel-
opment necessary to reach this
future. AT&T has the resources, but
does it have the needed guts and
insight. I get the feeling that AT&T is
just flitting around, and IBM has too
many irons in too many fires. In this
class of machines, IBM has always
been a follower, not a leader. Sun
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ERGONOMIC EVALUATIONS

Console
System Box
Printer

Fan noise

Packaging:

Graphics
Characters
Brightness
Grays

Monochrome:

Graphics
Characters
Brightness
Colors

Color:

Action
Special Keys
Weight
Mouse

Keyboard:

Mass Storage: Hard Disk Noise

Languages
Kernel

Software:

System III

Additions
Applications
Games
Debuggers

Backup Tape Access

Version 7 Commands

Berkeley Commands

Good, but large for desk
Good, desk side

Separate (Imagen laser printer)
Ok, noticeable

Excellent
Excellent
Excellent
Excellent

Good, medium resolution
Good

Good

Excellent

Good

Excellent

Good

Excellent, optical

Ok, noticeable
Excellent

Excellent

Good, 4.2BSD

Ok, some missing

Poor, many missing

Excellent

Many for network and windows
Excellent, aggresive third party
none

adb

hopes that cooperation among a
number of noncompeting companies
and government researchers will
forge this future.

This is why Sun is willing to
license out its jewel—its remote file
system—because in exchange the
company would receive important
research that it cannot afford to do.
DARPA could change this, however,
by getting back into the funding of
Unix system research on a large
scale. m

Bruce Mackinlay studied computer sci-
ence, electrical engineering, and math at
UC Berkeley. He is now a senior partner
in NOVATECH Systems, Inc., a software
development and consulting firm. He is
currently working with UNIX/WORLD
Magazine in developing its computer
facilities. His last article for the maga-
zine, a review of Honeywell's Scorpion,
appeared in Vol. 1, No. 3.
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ted by more computer
ufacturers than all other UNIX
bases combined.
NIFY speeds (]lou through devel-
- opment and expedites program
execution with some of the most
powerful utilities of all, including:

Fully menu-driven design.

A powerful screen handling pack-
age that helps you format screens
quickly, with no coding required.

Raw /O, that lets you bypass the
- UNIX file system for up to 40% faster
performance in large data bases.

Built-in optimizers that select the
fastest of four data access methods.

Industry standard IBM SQL query
language, plus our powerful report

writer, for easy access by end-users.

Ninety subroutines for advanced
program development. . . the most
complete package of its kind.

UNIFY’ integrated design links
rogram modules like screens, query
anguage and report writer to help
you quickly create complete, friendly,
easily expandable applications.

Horsepower for the long run.
Unlike other data bases, UNIFY
won'’t slow down under the weight of
additional data or multiple users. It's
built with the power to support new
features later.
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REVIEW

BY BRUCE MACKINLAY

Our fearless reviewer
exanunes the Interleaf

Office Publishing System.

He finds it a winner

—uwith a few loose ends.
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he Interleaf Office Publish-
ing System is a document
manipulation package that is
w= much more than a word

processor You can divide the In-
terleaf software into three in-
tegrated parts: (1) text manipulation
with automatic proportional format-
ting; (2) a diagramming and drawing
tool that allows users to create
diagrams within the document; and
(3) a charting tool that lets users
create and manipulate business
graphics. But it’s the level of inte-
gration of these different parts that
helps make Interleaf unique.

With older tools like Lotus 1-2-
3, you can create the graphics, but
you must resort to scissors and
paste to include them in a document.
The Macintosh has MacWrite and
MacPaint, but again you have to
resort to scissors and paste. Neither
Lotus 1-2-3 (and its ilk) nor the
Macintosh provides the high-quality
visual resolution that Interleaf does,
and Interleaf combines these tools
into one coherent package. The
package’s other special trait is its
speed. While other “see-is-what-
you-get” systems slow to the in-
tolerable level with even small
documents, Interleaf takes only a
second to drastically re-format most
documents.

Historically, Interleaf is derived
from the Xerox Star and the Apple
Lisa. But sales of both the Star and
the Lisa have failed to reach even

o System

the most pessimistic manufacturer
projections. Xerox removed the
Star from the market after dismal
sales, while the sales failure of the
Lisa has been supplanted by the
Macintosh’s phenomenal success.
The Star was not a complete failure,
however, as Xerox did manage to
sell some units to Fortune 500
firms, specifically to departments
needing high-quality mixed text and
graphics.

Currently, these departments
use outside graphics and typesetting
or a combination of word process-
ing, graphics software (like Lotus 1-
2-3), and a lot of paste. Any
software replacing these time-
honored methods must produce the
same results without resorting to
paste or going out of house. The
people who run these departments
are cynical and will ask hard ques-
tions, and successful marketing of
the Interleaf Office Publishing Sys-
tem will require that it be complete,
easy to use, and reasonably priced.
And, most important, Interleaf must
convince the same people who have
seen and rejected the Xerox Star
and Apple Lisa.

INTERFACE AND
DOCUMENTATION

The user interface is very remi-
niscent of the Xerox Star,
having icons for documents, folders,
drawers, and cabinets. Even though
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I was distressed to find that Interleaf
runs independently of the Sun win-
dows, I can understand why Inter-
leaf did this. Sun windows are
unique to the Sun Workstation, and,
in order to remain independent, In-
terleaf had to provide its own win-
dows. Also, Sun windows in their
raw form do not provide the differ-
ent levels with folders, drawers, and
cabinets that Interleaf needed to
provide a good user interface.

I reviewed a draft of the new
documentation, and it is a good ex-
ample of what you can produce using
the Interleaf package. The mixture
of text and graphics is impressive in
this 153-page document, with no
need to resort to the familiar cut-
and-paste method. While playing
with the program, I had to resort to
the manual only a few times. But
when I did, it was hard to find what I
was looking for. That I seldom
needed to use the manual is a big
plus for the software. However, that
I had to search around in the manual
to find what I wanted to know is a
strike against the documentation.

The training portion of the
manual looked good, but one thing I
have learned is that users do not
read manuals, even training
manuals. Good software goes a long
way to mitigate poor documentation.
I suppose I'm very hard on
documentation because I have writ-
ten so much of it. For example, I
expect that documents both explain
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and give step-by-step examples of
how to do things. The reference
section must be complete and the
index robust—a training manual
does not replace a reference
manual.

While the Interleaf document
was strong on examples, it was
short on explanations. Another
problem was the index, which was
too small and which tended to use
Interleaf’s own terminology instead
of terms found in common usage. In
sum, the manual does not match the
high quality of the software and
needs work.

TEXT EDITING AND
FORMATTING

t first I thought that comparing

the Interleaf product to a stan-
dard word processor would be a
little like comparing apples and
oranges. After a little thought, I
realized that to reach its goal, the
Interleaf software must supply at
least the same tools and capabilities
as a standard word processor. I
used the Arthur Naiman 100-point
checklist described in his Word Pro-
cessor’'s Buyer's Guide (New York:
McGraw-Hill, 1983) to compare the
product to other systems on the
market.

The product received a very
high score of 86.25 points, placing
well above most dedicated word-
processing systems, second only to

If anything will open the
doors to the Fortune

500, it will be

Interleaf’s charting

tools.
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This is a diagram

P._
®

This text is 14 point

FIGURE 1: A PINGO DIAGRAM

CPT. To surpass CPT and become ac-
ceptable to the Fortune 500, Inter-
leaf must remove some of the more
glaring failures of its product, includ-
ing no underlining, no automatic hy-
phenation, no double or
multicolumn, no automatic table of
contents, and no automatic appendix
or index.

The table handling is also very
weak. | suggest that Interleaf con-
sider integrating table handling and
charting (see below). A table really
is a‘special form of text/graphics and
should be handled differently. Of all
my complaints about this software, I
think the lack of common word-
processing features will be the
greatest stumbling block to
widespread sales to the Fortune 500
companies.

Also, a problem with the combi-
nation of graphics and text will cause
serious difficulties. A rectangular
graphic area can’t have text (in the
normal sense) running next to it on
the page. To be fair, I must point out
that Interleaf does true and con-
tinous on-screen formatting of the
same quality produced by some of
the best batch-mode formatters
using laser printers.

It's hard to describe the ad-
vantages of using a mouse as a
pointing device—you really have to
use one to understand. Using a
mouse is much more akin to using a
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FIGURE 2: A SAMPLE MATH FORMULA

pencil on paper in that you can point
at the text you want and directly
modify it. You don't have to inch
along with the arrow keys or con-
stantly scroll the text up and down.

The drawback of the mouse is
that you must move your hand from
the mouse to the keyboard, a move-
ment requiring both time and en-
ergy. Good software requires this
only when you are actually entering
new text. Using this criterion, Inter-
leaf is definitely good software. I
have been told that a tracker ball is
even better than a mouse, but I have
yet to use one and am skeptical. (Of
course, I also used to be skeptical
about the mouse.) Arguments over
pointing devices will rage until ter-
minals are banned as tools of
torture, along with the rack and
thumbscrews.

DIAGRAMMING

W ith the Interleaf product, you
can open a rectangular area
that can contain either a diagram or a
chart. A diagram can be anything
from the company’s logo (for the let-
terhead) to math formulas (see Fig-
ures 1 and 2). With the diagramming
tools, you can create arbitrary
boxes, lines, or ovals (including
circles). I found it easiest to open a
very large diagram area and create a
collection of template figures (box,
line, and oval) off to the side of the
area. Then, when I needed a partic-
ular figure, I could duplicate the
template, move it to the desired lo-
cation, and adjust its size—a tech-
nique [ used to set math formulas.
From four different fonts I
collected a set of template math
symbols that [ could duplicate and

move as necessary. This picking up
and moving of template objects was
much easier than creating new items
when [ wanted them. (Thanks to
John Gage of Sun Microsystems for
suggesting this technique.) I sug-
gest that Interleaf adopt a palette of
objects from which to select in order
to replace the current method.

The big problem with most
computer drawing is placing objects
precisely, and Interleaf uses two
methods to improve placement. The
first, grid alignment, is useful when
placing letters or math symbols into
a diagram. Without grid alignment, it
takes a delicate touch to place items
on a line. Grid alignment “draws” a
symbol onto the line. The second
method is gravity, which is used
when two objects need to touch. As
in grid alignment, objects are
“drawn” together so they simply
touch. Again, it does not require a
fine hand to make two objects touch.
What I missed most was the ability
to paint arbitrary shapes with a
brush and a palette and to zoom in to
manipulate a drawing at the bit level.

EdIt Chart Sheet:

Do you want to arase all data?

Do you want to erase all unused data? [yes]
Do you want lines to have samae hor. valuas? [yes)
Do you want lines to have sama hor. Increment? [yes |
Do you want to scala axls yourselr?  [yes] [o]

hor ver hor ver hor ver

[ 203 0 86.7 0 172.6
o e

20 58,8 20 [ 164.2 20 | 267.4

e

3| 189.3 40 93.8 40 0
(s 83.2 60 | 146.8 60 193.5
[ s 138.4 80 144 80 | 217.7

132.4 100 246.7 100 180

FIGURE 3: EDIT CHART DATA
SHEET FOR A LINE CHART
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CHARTS

had the most fun with the chart-

ing tools. Figures 3, 4, and 5 are
examples of the Data Sheet, the
Style Sheet, and a Line Chart. Enter
the data you want to chart into the
Data Sheet, choose the chart type
and style with the Style Sheet and,
voila, you get a chart like Figure 5.
Even more impressive is the large
selection of predefined charts in the
Chart Wishbook. It contains over 40
different sample charts, including
horizontal and vertical bar charts,
line charts, pie charts, scatter
diagrams, and more.

Also, you can add to the Wish-
book any time you want. With other
systems, taking the same data and
plotting it 40 different ways would
require weeks or months of effort.
With Interleaf, you can play with a
chart until it is perfect, and you can
do this in an afternoon. If anything
will open the doors to the Fortune
500, it will be Interleaf's charting
tools.

I have very few complaints,
but, since I want this product to
succeed, I must complain. First,
there is no easy way to bring an ex-
ternal table of numbers into a chart.
This was a real problem when [ went

FIGURE 4: EDIT CHART STYLE
SHEET FOR A LINE CHART

Edit Chart Sheet: [STI (dota] ]
cnort type: | el (2] (2] ] Lad [C1 (I [F] 1
data border: D@@@@@
vackarouna: |1 EIEIEIEIE]

originine:  |[JEIEIEEE=]

line size: COEIFEIAE
line options: | stacking[~7] points =
major hash: | [Z1[=] ==
minor hash: E D
label margins: | left ] bottom [® ][+ ]
label display: | data hash
data margins: | left E]

data margins: | right B[] B3
itom 1: E:JE!D-E
item 2: ] T T e e S
oma: | 0 0 W ST
lin 1: CEIEEEEE

VOLUME 1, NUMBER 5 1984

to chart the Aim benchmarks (see
Figure 6). The benchmarks created
a nice table of numbers, but I had to
type them into the Data Sheet to
chart them. Another gripe has to do
with placing random labels in and
around a chart. I would like to use
the diagramming tools on charts so [
could place comments.

The next suggestion follows
from comments made by John Gage
of Sun Microsystems. It would be
nice to place equations into the data
chart so I could do summations or
linear regression analysis. It would
also be nice to be able to place the
numbers from the Data Sheet into
the text, making a table. Even with
these complaints, [ have only the

highest praise for the charting tools.
If Interleaf can meet two condi-
tions, then they will succeed where
Xerox and Apple have failed. First,
the firm must fix the technical prob-
lems with its software and, second,
Interleaf must create a sophisticated
national sales and support organiza-
tion that can talk to Fortune 500
companies in their own language.
The current package is very, very
good. Yes, there are loose ends, but
Interleaf will clean them up. The
only remaining questions are
whether Interleaf can make the
changes fast enough and whether
the firm can set up the sales and
support organization. Time will tell,
but I wish them the best of luck!

! | | 1
0 10 20 30 40

S0 60 70 80 80O 100

FIGURE 5:

LINE CHART FROM THE WISHBOOK

FIGURE 6: AN EXAMPLE OF INTERLEAF'S CHARTING CAPABILITIES
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UNIX BLOCK I/O OPTIMIZATION
ON MICROCOMPUTERS

BY DAVID ROBBOY

S microprocessors become
more powerful, file systems
become more of a bot-
tleneck, particularly in
microcomputer systems with low-
cost hard disks. This article analyzes
the sources of file system bot-
tlenecks that arise in one Unix envi-
ronment and presents some
strategies for optimization. The ob-
jective is to determine what
modifications to the Unix kernel or
file system will produce the best im-
provement for the least cost.

We don’t have room here for a
complete description of the Unix file
system, but a few key concepts will
be useful. The Unix operating sys-
tem maintains data on the disk in
files. The operating system does not
enforce any format or structure on
the contents of a file; it is just a
stream of bytes that a program can
interpret however it wishes. In fact,
the user does not have to distinguish
between disk files and other devices
such as terminals, printers, or
pipes. However, in its internal im-
plementation, the Unix kernel logi-
cally divides each disk file into
blocks, each block corresponding to
one or more disk sectors. The Unix
system keeps track of the files with
two kinds of data structures: direc-
tories and inodes.

Directories are files with a spe-
cial type of content—the file names
and the address of an inode for each
file. Directories can also contain the
names of other directories which
are, after all, just files. The inodes
are structures maintained on the
disk by the operating system. Each
inode maintains data about a file such
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as its size and the addresses of the
blocks containing the data. When a
file is large, there is not enough
room in the inode for all the block
addresses. In these cases, the inode
contains the addresses of indirect
blocks, which contain more ad-
dresses of blocks allocated to the
particular file. Thus, to find data in a
large file, the operating system will
sometimes have to look up the ad-
dress of an indirect block, read that
block, and then look up the address
of a block of the file.

To access a file, the user gives
a path name, which may consist of
directory names and which end with
the file name. The operating system
reads the directories to find the file
name and then finds the associated
inode, giving the system the infor-
mation it needs to access the file.

When a program writes data to
a file, the operating system auto-
matically allocates more blocks so
that the user need not be concerned
with a file’s location or size. The op-
erating system maintains a list of
free blocks for this purpose called a
free list. As files are erased, their
blocks are put back onto this list. As
many users create and erase files,
the free list will become more ran-
dom so that as time passes, new
files will tend to be more scattered
over the disk. We will use the term
fragmentation to describe this
scattering.

While we have emphasized a
couple of the Unix file system’s
problems, it is essentially a simple
and efficient file system. In looking
for optimizations, our approach will
generally be not to change the basic

file system design, but to look for
implementations that avoid some
inefficiencies.

TYPES OF BOTTLENECKS

he performance bottlenecks as-

sociated with disks fall into
three general categories. If perfor-
mance is limited by speed of data
transfer, we are said to be “l/0
bound.” For example, when backing
up a disk to a tape or another disk,
the speed of the devices, control-
lers, and memory interfaces usually
determines how fast the system will
perform.

If system performance is lim-
ited by the CPU, we are said to be
“CPU bound.” This would arise in the
case of a slow CPU combined with
fast devices and complex software,
so that system performance is lim-
ited by the processing of operating
system requests and the dispatching
of different processes. A program
doing intensive calculations is, of
course, CPU bound, but this article is
more concerned with a situation
where the operating system is CPU
bound while doing /0.

The third bottleneck is subtler.
The overhead of each /0 access is a
combination of both of the above,
the time it takes the disk heads to
seek to a track, and the time it takes
for a sector to come around to the
heads (called rotational latency). In
the case of a multi-user system with
a great deal of random access I/0 ac-
tivity, different users are concur-
rently requesting small amounts of
data from different files, and the sys-
tem must access data scattered all
over the disk. Thus, system
throughput can be dominated by
seeks and rotational latency, even
though, in principle, other processes
could be using the CPU during this
time. In this case we are said to be
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access bound. In such a system, data
is not being transferred at the maxi-
mum rate of the V0 devices; yet, the
CPU is often idle, waiting for 1/O.

STRATEGIES

S everal optimization strategies
are described here, and each
might be appropriate for a particular
kind of 1/0 bottleneck. Faster disks
or controllers are the obvious brute-
force solution if the system is IO
bound, but we will also look at soft-
ware strategies for the other types
of bottlenecks.

“Read-ahead” means reading
more data than a program actually
requests on the assumption that it
may be needed later. In case the
system is access bound, it is better
to do fewer, but larger, accesses to
the disk. Read-ahead is useful in
case of sequential file 1O, but the
worst case involves random access
of small records by many users, in
which case reading ahead will be
useless. In practice, however, some
accesses are likely to be sequential,
such as loading programs and print-
ing spooled files.

One way of reading ahead is to
increase the logical block size in the
file system. A larger logical block
size means that more data is read or
written on each access, thus poten-
tially reducing the number of ac-
cesses. However, this solution also
increases the wasted space on the
disk. On the average, at least half of
a block will be wasted in a file be-
cause the end of each file will occupy
only part of a block. This problem is
particularly acute in inexpensive
systems with limited disk space.

Another way to accomplish
read-ahead is to cache entire tracks.
Reading a track at a time can save
many accesses if more blocks on the
same track will be needed, or it can
lead to thrashing if many users
demand data scattered all over the
disk. This strategy is likely to be of
little use in the current Unix file sys-
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tem, where files are fragmented,
but it may help in conjunction with a
strategy that reduces the frag-
mentation.

BLOCK CACHING

lock caching, buffering blocks

that have already been read,
assumes that the same data or other
data in the block will be needed
again. It is both a form of read-ahead
and a method of keeping frequently
needed data available. The Unix sys-
tem already caches blocks, but there
is much room for more sophisticated
caching algorithms to increase the
probability that a needed block will
be present in memory. There is also
the brute-force method of simply
storing more blocks.

Organizing the disk to reduce
the number of seeks is a very impor-
tant strategy. Currently, Unix sys-
tem files tend to be fragmented all
over the disk, with the result that
we are access bound because of
seeking. The fragmentation also
frustrates attempts at read-ahead
because, for example, each block of
a file may be on a different track.
Thus, it would seem worthwhile to
look at strategies that keep files
clumped together in contiguous
blocks.

Even if files were not frag-
mented, concurrent random access
by several users would still cause
the system to make IO requests all
over the disk. Thus, reducing the
fragmentation might not, by itself,
significantly improve performance.
However, if we know that the files
are not fragmented all over the disk,
then we can take advantage of other
read-ahead strategies, as we shall
see.

Organizing the file system can
include other strategies than just
reducing the fragmentation. For ex-
ample, increasing the block size is a
form of read-ahead, but it also
means that a file will contain fewer
blocks. Therefore, the file blocks

can be found from the inode with
less indirection, resulting in fewer
accesses to the device.

Seeks may also be reduced by
sorting the list of free blocks when
files are deleted, so that newly cre-
ated files will tend to occupy con-
secutive blocks. Another strategy is
to rearrange the order of the parti-
tions on the hard disk and to rear-
range the locations of the inodes
within the partitions to minimize the
average distance of seeks between
files and inodes.

Large sequential reads, such as
loading of programs, will be faster if
they go directly to the target area of
memory, bypassing the buffer sys-
tem altogether. This is known as
direct memory access, or DMA; it has
several benefits: (1) it loads a pro-
gram by reading it all at once instead
of a block at a time; (2) it saves the
time it would take to move the data
to a buffer and then to memory; and
(3) it avoids filling up all the system
buffers with a program, thereby
saving data in the buffers that may
be needed again.

CURRENT SYSTEM
CHARACTERISTICS

ayne Smith, of Intel Corp.,

has studied the behavior of
Xenix-286 using several software
tools he developed. One of these
was a CPU histogram tool that inter-
rupted the CPU at regular intervals
and stored the location of the in-
struction pointer. Another program
analyzed this data and printed a list
of the most heavily used kernel func-
tions and how much time was spent
in them. Smith also_added code in
key places in the kernel to record
how many 1/0 requests resulted in
buffer hits, how many actual disk re-
quests required seeks to new
tracks, and similar data. To simulate
the system’s behavior in a more or
less typical commercial environ-
ment, the tests were done with four
to eight processes doing 1/0-
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-intensive, random-access disk pro-
cessing.

In the case of large raw data
transfers by a single process (such
as a disk backup), almost any sys-
tem will be /0 bound. On the other
hand, we observed that for small
records (32 bytes), both the system
throughput and the amount of physi-
cal /0 drop off greatly, and the sys-
tem is CPU bound by the sheer
overhead of system calls and buffer-
ing. However, for the multitasking,
random-access situation described
above, the system was shown to be
access bound. We will briefly and
qualitatively summarize the test
results that led to this conclusion.

Using a faster disk controller
increased the raw disk throughput
greatly, but Xenix system through-
put for a disk-intensive, multi-user
application increased much less.
This shows that we are not
predominantly /0 bound; that is, we
are not moving data as fast as the
hardware can move it. Using a faster
CPU (the 286 versus the 8086) did
not increase system throughput in
proportion to the speed of the CPU,
showing that we are not
predominantly CPU bound. This
leads to a conclusion that we are ac-
cess bound.

This belief is supported by two
other facts. One is that the kernel
histogram shows that the operating
system is idle much of the time; that
is, all processes are waiting for
something, and the CPU has nothing
to do. The other is that the typical
disk activity is to read one block and
then seek to another track for the
next block. Frequently these seeks
cover a great distance and jump over
many tracks.

We can make a couple of obser-
vations here. One is that the Unix
operating system is designed for
multi-users, and it attempts to
smooth out the random seeking all
over the disk by sorting the 10 re-
quests by cylinder. In this way, it
attempts to cause the disk heads to
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move more or less smoothly up and
down the disk, and to do as many
reads or writes as possible on one
cylinder before moving on to the
next cylinder. On a small system
with just a few users, this may not
work as well as it would on a larger
system because there are not
enough /0 requests to be statisti-
cally smoothable.

For example, if there is an
average of only two requests in the
/0 queue at any given time, then the
disk is working all the time and pro-
cesses are waiting for 1/0. But the
disk still is likely to have to seek to a
new track for each request. Another
observation is that if there were a
process doing CPU-intensive activity
such as number crunching, then
these 1/0 bottlenecks would not mat-
ter very much; the system as a
whole would be CPU bound. We have
intentionally avoided this situation to
discover what the 1/0 bottlenecks
are, and it seems likely that in many
commercial environments the 10
bottlenecks will be significant to sys-
tem throughput.

BERKELEY FILE SYSTEM
RESULTS

ur other empirical results come

from the Berkeley Unix “Fast
File System.” Berkeley claims to
have gotten about a tenfold through-
put improvement by using essen-
tially two types of strategies. One
was a larger block size, and the
other was a set of algorithms de-
signed to keep directories and all
their associated files and inodes
clumped together in local areas of
the disk called cylinder groups, which
are discussed below. Berkeley did
not fundamentally change the Unix
file system; their changes can be
thought of as optimizations of the
implementation, and the perfor-
mance improvements (if true) are
Impressive.

The larger block size is useful
because, as we have mentioned, it is

both a form of read-ahead and a way
of reducing the amount of indirection
needed to access a file. Also, it
seems intuitively that it may help to
reduce file fragmentation by break-
ing each file into fewer, larger
pieces. Its disadvantage is that it
wastes disk space, which is a worse
problem for microcomputer systems
than it was for a VAX system at
Berkeley. This problem was dealt
with by allowing a block to contain
addressable fragments so that
several small files can occupy parts
of a block. This in turn necessitates
some dynamic reorganization in case
a file outgrows its block fragment.
Keeping the files clumped to-
gether in cylinder groups was a way
of dealing with file fragmentation.
Cylinder groups can be thought of as
partitioning the file system into
several smaller quasi-file systems,
making the files in each one closer
together and more compact. But the
operating system controls the al-
location of files in the various cylin-
der groups so the user doesn’t have
to actually mount many little file sys-
tems or refer to them by separate
path names. Because blocks are al-
located according to their location,
this method necessitates maintain-
ing a bit map of available blocks and
some more complexity in maintain-
ing the free list itself. Another com-
plexity is that large files would fill up
a cylinder group and leave no room
for other files, which would defeat
the attempt to clump them together.
Therefore, as files grow large, addi-
tional blocks must be allocated for
them outside of their cylinder group.

OPTIMIZATION
STRATEGIES
CONSIDERED

S ince we are not CPU bound,
there is limited value in improv-
ing the CPU performance. However,
there may be cases where this is
justified because it is easy, espe-
cially for such things as using ma-
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chine DMA instructions to move data
around in memory or clear buffers.

The brute-force solution to
block caching is to have more buf-
fers. As processors and memory
become faster and cheaper, the
block 1/0 becomes relatively more of
a bottleneck on microprocessor sys-
tems. At the same time, however,
brute-force solutions, such as larger
buffer caches, become relatively
more feasible.

REDUCING ACCESS
LATENCY

The latency of each access
depends on the time needed to
seek to the track and for the sector
to rotate around to the heads. An
important method of reducing the
number of seeks is to reduce the
fragmentation of files, discussed
below. A method of reducing the
average seek distance is to rear-
range the order of partitions (that is,
file systems) on the hard disk and
the locations of inodes within the
partitions, thus reducing the
average distance of seeks. This is
possible independently of the actual
implementation of the Unix system.
Finally, the rotational latency can be
reduced by having the appropriate
sector interleave for the particular
combination of disk, CPU, and oper-
ating system. Most disk controllers
automatically interleave the sectors
when the disk is formatted so the
operating system software does not
have to be concerned with this.

A way to reduce file fragmenta-
tion, and thus minimize seeking, is
to sort the list of free blocks when
deleting files so that new files will
tend to be allocated in contiguous
blocks. While sorting the free list
does not guarantee that files will be
contiguous (because different tasks
may be requesting blocks concur-
rently), it should help reduce file
fragmentation.
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CYLINDER GROUPS

By “cylinder groups” we mean
the method of organization used
by the Berkeley fast file system. As
mentioned above, this system is
rather complex to implement, and
we face the question of whether this
is as useful for a microcomputer in a
commercial environment as it is for a
VAX at a large university. We hope
to answer this question by ex-
perimentation.

One possible argument against
cylinder groups is that, by increasing
the complexity on the disk, they
may make the file system less
robust in case of system crashes or
power failures. Another weakness is
that although they keep the blocks of
files close together, they do not
keep them consecutive. Thus, a
DMA program loader would still have
to load programs block by block in-
stead of all at once. On the plus side,
this method would keep inodes and
directories relatively close to the
corresponding files, reducing the
distance of many seeks.

PERIODIC
REORGANIZATION OF
THE FILE SYSTEM

Another way to reduce or elimi-
nate fragmentation is to have a
utility that periodically consolidates
all files into contiguous blocks (that
is, logically contiguous, with an in-
terleave built into the disk format).
This solution is not aesthetically
appealing, but it may have some ad-
vantages for small systems. It re-
quires no changes to the kernel,
being a utility, and introduces no in-
compatibilities in the file system. It
guarantees that the blocks of files
are contiguous rather than just close
together. Thus, a DMA program
loader could load programs very
rapidly, and various read-ahead
methods would be more likely to ac-
tually read ahead.

Reorganizing the files would

mesh very well with sorting the
above-mentioned free list since it
would be easier to find sequences of
consecutive blocks if the free list
was already sorted. A single utility
could do both.

On the minus side, this utility
would have to be run periodically by
a system administrator in single-
user mode. This chore might be ne-
glected unless it were run
automatically at bootstrap time,
which would make booting the sys-
tem time-consuming. Also, if the
disk was very full, it might be
impossible for the utility to do any
reorganizing for lack of space. The
first objection might be overcome by
making the utility a perpetual back-
ground task, but this would be tricky
with multi-users running. It would
require mutual exclusion while the
file system was being manipulated,
and it would tend to violate our bias
toward keeping things simple. The
second objection might be overcome
by using the swap space as a work
area.

The worst case for this solution
is probably a situation where a few
large, permanent files grow slowly.
In this case, reorganizing would be
both frequently necessary and slow
—it might even be impossible on a
nearly full disk. A way around this
might be to reorganize very large
files into smaller clumps of con-
tiguous blocks. Another undesirable
situation is one where many files are
often created and erased, such as a
software development environment.
In this case, the file system would
fragment itself rapidly, and
reorganizing would be frequently
necessary.

A variation of this strategy is to
reorganize each new file when it is
closed, thereby maintaining files in
consecutive sequences of blocks.
The “close” operating system call
could invoke a background process
that checks to see if the file is con-
tiguous. If not, it then checks to see
if enough contiguous blocks are
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available. If so, the background
process could allocate the free
blocks, copy the file over, free its
old blocks, and re-sort the free list.
A possible disadvantage of this strat-
egy would be a perceived degrada-
tion in performance by other users
because mutual exclusion would be
required while manipulating the list
of free blocks. However, this would
probably be more than offset by the
resulting overall improvement in
performance.

LARGER BLOCK SIZE

I ncreasing the block size is an im-
portant optimization in the
Berkeley file system, and it
deserves attention. As mentioned
above, it offers an inherent reduc-
tion in fragmentation, is a form of
read-ahead, and saves on indirec-
tion. However, it wastes space.
Since increasing the block size is
only practical if it does not waste
space, some space-saving strategies
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are considered here.

The Berkeley system of allow-
ing files to occupy fragments of a
block is complex, as befits an aca-
demic institution. However, this fact
may not be very important since
they have tested the design and it
can be imitated. It apparently solves
the problem of increasing the block
size without wasting space.

Another way of achieving a
large effective block size is to al-
locate several blocks at a time and
have the kernel do all of its 10 in
chunks of several blocks. So far, we
have not saved any space, but it
should be relatively simple to devise
a way to free the unused odd blocks
and use them for small files or the
ends of large files. Some dynamic
reorganization would be necessary
to copy small files into odd blocks
and to copy files out of odd blocks if
they outgrow them.

On the face of it, this method
seems simpler than the Berkeley
fragmenting strategy. The next step
would be to do a more detailed
design and see if it is still simpler.

MORE INTELLIGENT
BUFFERING

The objective of the buffer sys-
tem is to save data that might be
needed again, and it may be
worthwhile to try to predict which
data is most likely to be needed. The
current kernel uses a “least recently
used” (LRU) algorithm that is imple-
mented very simply by maintaining a
free list of buffers in that order. We
could consider more sophisticated
general algorithms, such as “least
frequently used,” but this is prob-
ably the road toward greatest possi-
ble complexity.

Aside from general algorithmic
approaches, we can try to distin-
guish between types of data that
may be needed more frequently. We
can distinguish between the con-
tents of files and the file system
structures such as inodes, direc-
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tories, and indirect blocks. Direc-
tories are needed only for opening,
creating, or deleting files, which is
to say not very often. On the other
hand, traversing path names might
involve searching the same few
directories over and over. This sug-
gests that it might be useful to cache
the parent directories of the current
directory.

Inodes are stored in memory
independently of the buffer system,
but they must be updated if a file is
being written to. They must also be
time stamped, and thus buffering
them might be worthwhile.

Indirect blocks might also be
buffered. For a file large enough to
need indirect blocks, the kernel
must refer to them to find the data
blocks of the file. When writing to a
large file, the kernel must update
the indirect blocks. The rationale for
indirect blocks was that the user
must pay a price for large files.

RELATED STRATEGIES

Il of the strategies are closely

interrelated. For example, if we
do program loading by DMA to the
user memory, we avoid the over-
head of buffering these requests
block by block. We also save our
buffer cache from getting flushed out
by programs. However, there are
also some other implications. First
of all, this would reduce the amount
of sequential 1/0 (as opposed to ran-
dom 1/0) passing through the buffer
system, reducing the need for read-
ahead algorithms.

It would also put a premium on
maintaining files in contiguous blocks
on the disk, and large /0O requests
could proceed at the data transfer
rate of the 1/0 devices. If files are
maintained contiguously, then it
might make sense to use a track-
caching disk controller, where
otherwise it would not. Lastly, by
reducing the amount of sequential
10 passing through the buffers, it
might make buffer caching more ef-
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fective by preserving more fre-
quently used blocks in the buffers.
Thus, certain optimization Strate-
gies go together and compound each
other’s effects, reducing or eliminat-
ing the need for other strategies.
These strategies in turn influence
the most desirable hardware ar-
chitectures.

As we mentioned at the begin-
ning, these optimizations are
necessary because advances in
silicon technology are outstripping
the performance of disks and file
systems. Conversely, some of the
strategies we are considering are
made feasible only because of hard-
ware advances such as cheaper
memories and fast, track-caching
disk controllers at competitive
prices.

Our plan for future investiga-
tion at Intel is to try as many of the

optimizations mentioned in this ar-
ticle as possible to find out which
ones and which combinations are
most effective for various types of
applications and system loads. ®
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THE C TUTORIAL:

SOME LOGICAL OPERATORS
AND MORE SOFTWARE TOOLS

BY DR. REBECCA THOMAS
©Copyright 1984 by Rebecca Thomas

s you learned in the first
installment of this tutorial
series, the C language has

mesesmes ANl €Xtensive list of
operators. This issue we'll discuss
the three most commonly used logi-
cal operators: && (logical AND, or
intersection), 11 (logical OR, or
union), and ! (logical NOT, or nega-
tion). The first two are binary
operators because they operate on
two operands. The negation oper-
ator is a unary operator since it
takes only one operand.

These operators are usually
employed to join C language sub-
expressions to yield combined fest
expressions, which are used mainly in
flow control constructions. The
operands associated with each oper-
ator in each subexpression are first
evaluated to give a logical value,
TRUE or FALSE. Then the logical
operators combine these operand
values according to the rules shown
in Figure 1. This figure depicts the
combining rules for the AND, OR, and
NOT operators with truth tables,
which conveniently show the logical
(or Boolean) value that results when
different Boolean value operands are
joined by the logical operators.

PRECEDENCE OF C
LANGUAGE OPERATORS

The C language operators have a
property known as precedence
that may be used to determine the
order in which expressions with
more than one operator are
evaluated. The expressions using
operators with a higher precedence
are evaluated first. If an expression
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contains several operators with the
same precedence, the expression is
evaluated from left to right. A table
of the operators introduced so far,
as well as their precedence (or
priority), is shown in Figure 2.
Examples of how precedence
influences the order of expression
evaluation are given in Figure 3. Fig-
ure 3A illustrates precedence of
arithmetic operators and how it may
be changed by use of parentheses.

Since the assignment operator (=)
is evaluated right to left, the expres-
sion on the right side of the equal
sign is evaluated first, with the re-
sulting valued stored in x on the
left-hand side of the “equation.” On
the left-hand side of Figure 3A the
arithmetic expression evaluates to
give “2” since the higher-order op-
eration, division, is performed
before the addition. However, in the
right-hand side of the figure, the ex-

TABLES

Al BIHPA ss UBISAY R
G T T
P F i
e F T
2 F F

FIGURE 1: LOGICAL OPERATIONS ILLUSTRATED BY TRUTH

Given: The logical operands A and B that take on
logical values TRUE (denoted by T) or FALSE (denoted by F).

1A 1B

SOME OPERATORS

column.

Operator

FIGURE 2: THE PRECEDENCE AND EVALUATION ORDER FOR

The operators with the highest precedence are listed first.
Operators with the same precedence are listed together on a
given row. The order in which the expressions containing
these operators are evaluated is listed in the right-hand

Order of Evaluation

() left to
1 4+ ==

* /%
> >=
I

left to
Leftiito
left to
left to
left to
left to

A
I A
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right to left

right to left

right

right
right
right
right
right
right

PRECEDENCE

X =12 +13/5 x

FIGURE 3A: EXAMPLES OF CHANGING ARITHMETIC OPERATOR

= (2 + 3)/5
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pression evaluates to yield “1”
because the highest-order paren-
theses operators force the addition
to be performed first, and then the
sum is divided.

In Figure 3B we show an exam-
ple of using the AND logical operator
and the equality operator (--). The
test expression for the if state-
ment on the left-hand side says “if x
AND y is zero (or FALSE).” Without
the inner set of parentheses, an
entirely different interpretation is
obtained—namely “if x AND if y is
zero (FALSE)” because the equality
operator (==) binds its operands
more tightly than does the AND
operator.

As a final example, consider the
expressions shown in Figure 3C.
The expression labeled WRONG
doesn’t correctly collect the charac-
ter and detect the end-of-file (EOF)
condition. The inequality operator
has a higher precedence than the as-
signment operator (=), so the value
returned by getchar() wil be
compared directly to EOF instead of
first being stored in c. Thus, ¢
would only take on two different
values: one (for TRUE), or zero (for
FALSE). If getchar () doesn’t re-
turn EOF, then getchar() ! =
EOF is true and ¢ becomes 1; other-
wise it becomes zero. Simply add an

extra pair of parentheses as shown
in RIGHT to force the storage of the
value returned by getchar () into
¢ followed by the comparison of that
value to EOF.

The C language allows a con-
venient shorthand for testing the
equality or inequality against zero
(FALSE). For instance, in Figures 4A
and 4B we compare two common
approaches. The expression on the
left side of Figure 4A could be read
“if on screen is zero (or FALSE)” and
the right-hand side expression “if
not on screen.” The left side of Fig-
ure 4B reads “if on screen is not
zero (or TRUE)” and the right side “if
on screen.” Thus, in these cases at
least, the shorter form reads quite
naturally. However, you should ex-
ercise caution when using more
complicated combined expressions
because an abbreviated form can be
difficult to understand.

SOME GUIDELINES FOR
WRITING READABLE C
EXPRESSIONS

good rule of thumb for
readability is the “telephone
test.” Your code should make sense
when read aloud as if over the tele-
phone. If it fails that simple test,
then you should rewrite your code.

PRECEDENCE
if ((x && y) == @)

FIGURE 3B: EXAMPLES OF CHANGING LOGICAL OPERATOR

if (x && y == 0)

FIGURE 3C: A COMMON EXAMPLE OF A PRECEDENCE ERROR

"WRONG: while (¢ = getchar() != EOF)
RIGHT: while ((c = getchar()) != EOF)

if (onscreen == 0)

FIGURE 4A: EQUIVALENT TESTS FOR FALSEHOOD

if (lonscreen)

if (onscreen l= @)

FIGURE 4B: EQUIVALENT TESTS FOR TRUTHFULNESS

if (onscreen)
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Remember that even though you
may understand your clever,
esoteric algorithm, you or another
programmer may later find it difficult
to comprehend. The ability to un-
derstand code quickly is essential for
maintaining it or improving it
economically at a later date.

Some other guidelines to im-
prove the readability of expressions:
(1) High-precedence operators,
suchas ( ), !, ++, and —, should
not have white space (space charac-
ters or tabs) around them. (2)
Low-precedence operators, such as
= and the comma (used in function
argument lists), should always have
white space associated with them.
Generally you use white space on
both sides of the equal sign and one
space after a comma. (3) Medium-
precedence operators, such as the
arithmetic, relational, and logical
operators, generally are surrounded
by white space.

EVALUATION OF
COMPOSITE LOGICAL
EXPRESSIONS

xpressions connected by the
&& and 1§ 1 operators are
evaluated from left to right. As soon
as the program can determine if the
overall expression would be TRUE or
FALSE, the evaluation stops. When
subexpressions are joined with the
OR operator, evaluation terminates
as soon as any subexpression is
TRUE since then the entire expres-
sion will evaluate TRUE. If subex-
pressions are joined with AND,
evaluation stops as soon as any sub-
expression is FALSE since the entire
expression will evaluate as FALSE.
Frequently you can change the
placement of the subexpressions
within the larger composite expres-
sion to give more efficient
execution. Place the subexpressions
most likely to end evaluation of the
combined expression near its begin-
ning. Then the evaluation should end
sooner (on the average) since not all
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the subexpressions have to| be
evaluated.
As an example, compare |the
code fragments in Figures 5A |and
5B. Assume for this example that a
SPACE is input more frequently than
a NEWLINE, which occurs more often
than the end-of-file code (EOF). Test
for SPACE, NEWLINE, and finally [EOF
in that order to end execution of the
loop most quickly. The while loop
continues execution as long as c is
not one of these characters. As soon
as one of these characters in input,
the composite while loop test| ex-
pression becomes FALSE, ’and
execution continues with the next
statement in the program. |

A SOFTWARE TOOL
USING MULTIPLE
FUNCTION CALLS

wo issues back we introduced

the notion of software tool pro-
gram design. You learned how to
design a simple software tool so|that
it worked most efficiently with| the
Unix shell and other utilities supplied
with the Unix system. In this issue
you will learn about designing a|tool
program using a top-down approach.
This program example illustrl tes
the use of several modular func-
tions.

The locate program is used
to find all lines in a text file that con-
tain a given pattern and display
them. This example is a simp\l{lﬁed

version of the Unix grep software
tool. The first step in designing a
program, even a modest one | like
locate, is to outline the general
steps. One possible outline:

(1) While there are input lines, read
the next one.
(2) See if the line contains | the

destred pattern.

110, (A e e

The next step could be to
translate the outline into an English-
like programming language called
pseudo-code. This “language” is ac-

tually a mixture of C and English.
Writing in pseudo-code lets you
work out the flow of logic without
getting bogged down in syntactic
details. Figure 6 shows one of many
different possible pseudo-code ver-
sions.

Now that the hard part of the
design has been done, all that is left
is to translate pseudo-code into C.
The final result is shown in Figure 7.

This program examines each
character position in the input line to
see if the substring that starts at
that character position and continues
toward the end of the line matches
the desired pattern. If so, the line
will be sent to the standard output;
otherwise it will be ignored.

The match () function tells the
function that called it (Locate())

if the substring matches the pattern.
The locate( ) function scans the
input line character by character po-
sition and tells its calling function,
main (), if a match has been found.
We could have combined the code in
match() with that in locate()
for this simple example. However,
we decided to leave them separate
because we shall illustrate another
useful tool in the next installment by
simply changing locate() and
leaving match () asitis. We'll keep
both of these functions independent,
which helps make the overall pro-
gram more modular.

The major disadvantage of this
particular program is that the search
pattern has been “hard-wired” into
the program code. In a future article
we'll show you how to specify the

FIGURE 5A: A LESS EFFICIENT ORDERING OF SUBEXPRESSIONS

while ((c = getchar()) != EOF && c != NEWLINE && c != SPACE)

’

FIGURE 5B: A MORE EFFICIENT ORDERING OF SUBEXPRESSIONS

while ((c = getchar()) != SPACE && c != NEWLINE && ¢ != EOF)

’

FIGURE 6: ONE PSEUDO-CODE VERSION FOR THE locate

PROGRAM

Define a constant for the maximum number of characters

in input line.

Declare the pattern string to be found.

main()
{

Declare the string to hold the input line;
Declare and initialize any other required variables;
while(can gets() another line from the standard input)
if (can locate() the pattern)
puts() it to the standard output;

locate()

Declare and initialize any variables;
while(there are characters, examine each in turn)

Find any match();
If there's a match

return the position where it was found;

else if not a match

examine the next character in the input line;
return(-1) if no match after examining all characters;

}

match()

Declare and initialize any variables;

while(characters left to scan in the pattern)
If a character of the string doesn't match the pattern

return(-1);

return(last position in input string);
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search pattern on the command [ine
used to invoke locate. This addi-
tional feature would help give [this
program the flexibility necessary to
be an effective general-purpose soft-
ware tool.

Now let’s see how this program
operates. Figure 8A shows the com-
mand line for compiling the source
code. Figure 8B shows a sample in-
put file and Figure 8C the result of
running locate on the text from
that file.

ATTENTION READERS:

e are looking for readers| in-

terested in contributing useful
software tool programs for inclusion
in this series of articles. Authors of
published entries will be acknowl-
edged and will receive $50. Please
follow these simple guidelines | for
your contributions:

(1) Submit your C programs to Dr.
Rebecca Thomas, UNIX/'WORLD, 444
Castro St., Suite 1220, Mountain
View, CA 94041.

(2) Employ concepts and features
that have been discussed already in
this tutorial series. Avoid using code
that contains, say, pointers |and
structures, until we've had a chance
to introduce them.

(3) Write C programs so they are
portable across different versions of

FIGURE 7: THE locate SOFTWARE TOOL PROGRAM

$ cat -n locate.c
1 #define MAXLINE 128 /* increase to avoid core dumps */
2 char pattern[] = "the"; /* pattern to locate */

3 main ()

4

5 char line[MAXLINE]; /* storage for input line */
6 while (gets(line)) {

7 if (locate(line, pattern) >= 0)

g , puts(line);

10 }
11 locate(line, pattern) /*if pattern is not in line return -1 */
12 char line[], pattern[];

3

14 int m, i = 0;

15 while (line[i]) { /* not end of line */

16 m = match(line, i, pattern);

A B 1 P if (m >= @) /* there's a match */

18 return(m);

19 else

gg : i++; /* point to next character */
2o return(-1);

23}

24 match(string,i,;pattern) /*if patternis notin string return-1*/
25 c{:har string[], pattern[];

26

27 int j = 0;

28 while (pattern[j]) /* more to scan */

29 if (string[i++] l= pattern[j++]) /* mismatch */
30 return(-1);

gé ) return(i); /* must be a match */

$ (1]

FIGURE 8A: A COMMAND LINE FOR COMPILING locate

$ cc locate.c —o locate

FIGURE 8B: FILE CONTAINING SAMPLE INPUT

§ cat appeal

Now is the time

for all good citizens
to come to the aid
gf[fheir country.

the Unix system. If possible,
Version 7, System III, V, Berk

should use the standard 10 lib

dhey
should run without change on éell
|

ey
ou
ary

FIGURE 8C: RUNNING locate ON CONTENTS OF appeal

$ locate <appeal
Now is the time

to come to the aid
of their country.
$ 1

4.2, and most Unix work-alikes. i

for input/output. Also use the 1int
syntax checker to eliminate non-
portable constructions, and compile
the code with a portable C compiler
such as pcc to help ensure por-
tability. Hardware dependencies,
such as terminal control codes,
should be eliminated or at least l‘ﬁﬂn-
imized and isolated to one dode
region or to a separate module.

(4) Keep your example short
—under 100 lines of source cod‘e.
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Dr. Rebecca Thomas, 1839 Tenth Ave-
nue, San Francisco, Calif. 94122. Dr.
Thomas is an author of the best-selling A
User Guide to the Unix System. This se-
ries of articles is excerpted from her
forthcoming book on the C programming
language. Dr. Thomas also works as a
consultant specializing in the Unix oper-
ating system and the C language. She
lives with three cats; one is retired, but
the other two still keep warm on top of
her terminals. These very independent

“termcats” defy description in anyone’s
database.
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ADVANCED SCCs:
HOW MAKE AND
SCCS WORK
TOGETHER

BY DR. REBECCA THOMAS

utomatic program adminis-
tration is made possible by
the Make system. As you
learned in the first article
of this series on SCCS, the compiling
and linking steps for producing an
executable program can be
automated by using the make pro-
gram. First the programmer creates
a file that describes how one or
more target files (or simply ftargets)
depend on other files known as de-
pendency files (or simply dependents).
If one or more of the files that the
target depends on has been modified
since the target was last updated,
then it must be updated.

The Make system may be
employed for maintaining a wide va-
riety of targets, not just programs
—including text documents;
however, we shall only consider tar-
get files that are either object files or
executable load modules (programs)
in this article. In general, the depen-
dents will be source files, object
files, and header (also called include)
files. Header files are so named be-
cause they usually have an “.h”
suffix added to their file name. The
preprocessor include directive is
generally used to “include” (add in)
the header file to the source file.

The make program determines
which targets are out of date with
respect to their dependents by
examining the modification times in
their disk inode entries. If the target
has not been updated and its depen-
dency files have been, make will
then create another instance of the
target.

112 UNIX/WORLD
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A MAKE FILE

he programmer must supply a

description file, more commonly
known as a makefile, which de-
scribes the relationships between
the targets and their dependent
files. The makefile contains descrip-
tions of the dependency files and
commands that generate the
updated target files.

If the makefile is named either
as Makefile or makefile, the
make command will automatically
recognize it. If the capitalized name
is used, it will be listed before the
other lower-case filenames by the
Unix directory listing command, 1s.

A separate directory should be
devoted to contain the makefile, the
various dependency files, and their
associated target files. Figure 1
shows the contents of the makefile
that we'll use as our example for this
article. The pack program is used
to compress a text file, while the
unpack program can expand a file
compressed by pack.

The makefile contains depen-
dency lines, which specify the target
on the left-hand side (such as
pack: on the first line of Figure 1),
followed by the dependents to the

right | (such as pack.o,
getargs.o, and compress.o).
In our example, the command lines
specify the cc invocation line used
to generate the corresponding tar-
get (such as the second line in our
example makefile, cc pack.o
getargs.o compress.o —-o
pack, to generate pack).

This particular makefile may be
used to generate any of the targets,
pack, pack.o, compress.o,
unpack, unpack.o, un-
compress.o, and getargs.o
by specifying that particular target
file as an argument to the make
command. The first target in the
makefile, pack in this example, is
“made” by default if no target file is
indicated on the make command
line. The general syntax for invoking
make to update a target file is

$ make [target file... |

AVOIDING SYNTAX
ERRORS

Caution. The makefile must be
constructed carefully to avoid
syntax errors. The target name
must be followed by a colon (:), and
its dependents separated from the
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target and themselves by a variable
amount of white space (blanks and
tabs). Note that you may continue
long dependency lines on the next
line by typing a backslash (\\) 1
diately before the NEWLINE.

mand lines must begin with one or
more tab characters, and the tab
must be present and cannot be
replaced by spaces. Omitting this

tab character is a common mistake
when constructing makefiles.

VOLUME 1, NUMBER 5 1984

You may visualize the relation-
ships between the target files and
their dependents as a tree. Figure 2
shows a tree for our pack example
program.

The dependent of each target is
a branch of the tree. The depen-
dents pack.o, getargs.o, and
compress. o are listed just above
the pack target. These dependents
are targets also, where pack.o
depends on pack.c, getargs.o

depends on getargs.c, and
compress.o depends on both
compress.c and compress. h.

Note that even though the
source file compress.c contains
the directive to include
compress.h (include
“compress.h”), the source file is
not dependent on the contents of
compress.h and would »not need
updating if this header file were
changed. However, the targets
compress.o or pack would need
updating if compress.h were
changed.

The commands listed above
each target (in parentheses) repre-
sent the “rule” for moving toward
the root of the tree. Thus, the first
rule for moving from the upper
branch, pack . c, toward the root is
“cc -c pack.c.”

MODIFICATIONS AND
UPDATES '

As an example, if the make pro-
gram is invoked to update the
target pack, it would search such a
tree beginning with the uppermost
branches, pack.c, getargs.c,
compress.c, and compress. h.
If any of these dependents have
been modified more recently than
the corresponding target, the rule
(command) that connects the depen-
dent to its target is invoked.

This process is continued until
each intermediate target (pack. o,
getargs.o, and compress.o)
is as up to date as its dependents.
The final target, pack, would be
updated according to the rule “cc
pack.o getargs.o compress.o -0
pack” if any of its dependents, which
are the intermediate targets noted
above, have been modified more re-
cently than pack itself.

The make program contains an
internal table that describes the rela-
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tionship between some files. For in-
stance, such a table describes how
to transform a C language source file
(named with a “. ¢” suffix) into its
corresponding object file (with the
“.0” suffix). Figure 3 shows how
we may shorten our description file
because the rule for transforming
“.c” files into “. o” files is inherent
in the make program.

Note that all dependencies such
as ‘“‘pack.o: pack.c’” are
described internal to make and do
not appear in this makefile. It is
easier to visualize the dependencies
in this form of the makefile because
it is less “busy” than the form shown
in Figure 1.

HOW make MAY BE USED
TO HANDLE SCCS FILES

y now you may be wondering

how the Make system can be
used to process SCCS files. Well,
early versions of make could »ot, in
fact, handle the SCCS filename for-
mat because they couldn’t reference
prefixes (such as ‘“‘s.”) to
filenames. Augmented make, intro-
duced in Bell System III, contains a
rule to recognize SCCS filenames.

Place the program modules in
the custody of the SCCS system file
by using the admin command as
you learned in the last article on
sccs. The general command-line
syntax would be:

$ admin -i basename.c
s.basename.c

where basename would be replaced
by the basename of the program
module (such as pack). As with the
document text example used in the
last issue, use the SCCS admin
command as shown in Figure 4.
The basic usage of augmented
make is identical to the older ver-
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sion. The Sccs files are named as
before, and the makefile construc-
tion remains the same. With aug-
mented make, when a request is
made to “make” a target, whose
dependents are in the custody of an
sces file, the following operations
ensue:

(1) A “get -p” operation is done,
which writes the source text to the
standard output. This output is then
redirected by the shell to a disk file.
In this way, a writable g-file is cre-
ated, no p-file is updated, and all ID
keywords are replaced by their tex-
tual equivalents.

(2) The target is “made” by compil-
ing and linking the appropriate
source modules.

(3) The retrieved source file is
erased.

The make command may be
employed now to create the ex-

ecutable programs for testing. Fig-
ure 5 shows a typical “make”
session to create the target pack.

USING AUGMENTED make
AND SCCS

F igure 6 shows the text com-
pression (pack) and expansion
(unpack) utilities being tested by
compressing and expanding our text
file, poem. The Unix system wc —c
command displays the character
count for the specified file argument.
The compression may be computed
independently as: (62-45 = 17)/62 *
100% = 27.4%, the same result dis-
played by the pack program.

The unpack program issued
an error message that says, in ef-
fect, that it did not decompress
poem. z successfully; however, the
directory listing and character
counting operations show that it did!

To correct the “bug,” the next
step would be to perform a “get-for-
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editing” operation to retrieve an

in-

stance of unpack.c for updating.

Then execute the think—edi
make—test cycle until you

t—
are

satisfied that the offending module

has been debugged. Finally,
changes necessary to debug
source module are incorporated i
the sccs file by the delta co
mand, yielding version SID 1
These steps are shown in Figure

In this case make employs
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unpack.c file instead of
s.unpack. ¢ to construct the tar-
get unpack since the dependent
unpack.c was changed more re-
cently than the equivalent SCCS-
format-dependent s.unpack.c.
Also, since a writable g-file ( un—
pack. c) existed in the same direc-
tory, it must be removed before
get will create another copy of this
module for updating purposes.

In this series of articles you

have seen how both the SCCS and
the Make system can automate,
thus saving time and reducing errors
when programs or text documents
are being developed in the Unix en-
vironment. Actually, we have only
scratched the surface to give you an
idea of the capabilities of these sys-
tems. By using these facilities in
your daily work to maintain your
own document or source code, you
will discover new and powerful uses
for these administrative tools.

A GLOSSARY OF TERMS

Augmented make—the version of
make that can process SCCS files.
First introduced in Unix System III.

Command line—the line in a
makefile that specifies the shell com-
mand that must be executed to
update the target.

Dependency file—a file upon which a
target file depends. ;

Dependency line—the line in a
makefile that specifies a target file
and the file(s) the target depends
on.

Description file—also known as the
makefile. This file contains a se-
quence of entries that specify target
files, their dependencies, and the
commands to be executed to create
an updated target.

Header file—a file containing
definitions and declarations that are
used by a C program source module.
The filename usually has the “.h”
suffix.

Include directive—the file inclusion
directive for the C language
preprocessor. The file specified in
this directive replaces that directive.
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Include file—see header file.

Linking—the process of combining
one or more relocatable object files
to create another (larger) object file.

Load module—the program image
on disk that is ready for loading into
memory for execution.

Makefile—see description file.

Object file—the file produced by
compilation of source code.

Preprocessor—the first program
invoked in the C language compila-
tion sequence. This program can do
file inclusion, token replacement,
and control conditional compilation.

Rule—the command for updating a
target file.

SCCS file—the file that is the custo-
dian of the source text module in the
SCCS system.

Source code—the text file that con-
sists of C programming language
statements.

Source text—the file of human-
readable text that is incorporated
into the SCCS system.

Target file—the file to be “made” (or
updated) by the Make system.

Text file—a file of human-readable
characters. The Unix system
employs the ASCI character set in
text files.
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Get all the power you need and all the performance you
want from a computer system unmatched in its class — at
a realistically affordable price!

The M-5 combines the processing speed, large instruction
space and sophisticated instruction set of the Motorola
68010 processor with the wide variety of peripherals avail-
able and fully supported under UNIX* 4.2BSD. The M-5
system features 1.22 MIPS performance, 32 bit infernal
addressing, and allows you to expand the high-speed
memory to 4 megabytes of dual-port no wait state memory.

Basic configuration of the M-5 system is: 68010
CPU, 2% MB memory, 10 user, 80 MB removable
disk drive, 75 ips, 1600 bpi tape drive, and UNIX
4.2BSD.

VPN
‘me’ve saved the best for last. Price for the @
* M-5 computer system is $29,885. When 4[5
@ you compare power and price, you can't 2@
afford not to have an M-5 system. ;

. * UNIX is o registered trademark of Bell Laboratories
Medical Informatics, Inc.

12023 Lakeshore Blvd. ¢ Cleveland, OH 44108
216-249-8353

The company that makes computers work
the way you always thought they should.SM
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Here’s the Formula for Success: 1
UNIX™ + 4.2bsd + mr Xinu = /MORE/bsd

mT XiNnu takes AT&T's UNIX with U.C. Berkeley's 4.2bsd enhance-
ments and custom-configures a system for your VAX ™ The result:
MORE/ bsd, the best of the UNIX family at a surprising price.

e Proven Reliability
e Custom
Configuration

e Demand-Paged
Virtual Memory

e Ethernet ™ Support

e Electronic Mail e Full User Support

e C Shell e OEM Pricing Available

“"We Know UNIX Backwards and Forwards”

MT XINU

739 Allston Way
Berkeley CA 94710
(415) 6440146

UNIX is a trademark of Bell Laboratories. Ethernet is a trademark of Xerox VAX is a trademark of Digital Equipment Cerp

UNIX™ SUPPORT FROM BERKELEY

Please circle Ad No. 26 on inquiry card.




TRAINING

CFSTETR. 'S P OV L TGRS

THE SEATTLE
UNIX GROUP

BY IRENE PASTERNACK

he Seattle/Unix Group is a

new organization of Unix

system users in the Seattle
mummsess  area. The organization
was born from the efforts of David
Herington and Fred Weir, both of
Sun Microsystems, who organized
the first meeting in May 1984. For
that meeting, they invited Bill Joy to
present a talk on “Networking with
Unix” and mailed invitations to the
30 or so organizations they knew
that were involved with the Unix
system.

From there, news of our group
spread by word of mouth, and inter-
est in our group grew quickly. The
first meeting drew 160 people, while
a list of those interested in the group
approached nearly 400 people. By
the second meeting, which was
hosted by AT&T Information Sys-
tems, we had over 100 paid mem-
bers. AT&T Information Systems
used the event to present informa-
tion on the availability of their 3B2
supermicrocomputer, 6300 Personal
Computer, printers, and related
software.

At that stage, the Seattle/Unix
Group was still operating on an ad
hoc basis. The Seattle community of
Unix system users had been
growing steadily, and people needed
a way to share information and re-
sources. We were rapidly outgrow-
ing our old informal ways, the
phone, and the Usenet network. Of
the 100 members, fewer than 20
sites are connected. I had heard
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many discussions on the need for
organizing a user group, but no one
wanted to tackle the logistics of
starting a new organization until Sun
took the initiative.

The initial mailing called for
people willing to be on the board of
directors of the new organization,
and a board was elected from the
people who responded. The first
board was elected for a one-year
term and will serve until May 1985.

The board’s first tasks were to
survey participants to find out what
they wanted from a users’ group in
order to create a simple organiza-
tional structure that would allow the
group to focus on sharing Unix sys-
tem information. We found a regular
meeting space that could grow with
us and found vendors to continue the
tradition of sponsored meetings.
Bylaws were written, and the
Seattle/Unix Group is in the process
of incorporating as a nonprofit cor-
poration.

Monthly meetings are held on
the fourth Tuesday of the month at
Seattle University. The quarterly
meetings are a bigger occasion, with
a vendor-sponsored dinner and
speaker. We plan to publish a
monthly newsletter and already
have organized a local news network
on Usenet. Our goal is to stay local,
serving the needs of the Seattle-
area community rather than compet-
ing with Usenix or /usr/group.

Special-interest groups (SIGS)
have formed for people interested in
graphics, real-time, Xenix, foreign
languages, networking, databases,
and business applications software.
Plans for additional member
services include a public domain
software library and a job resource
file.

It is still too early to know
where the Seattle/Unix Group is
going. The survey results show that
most of us are relatively new to the
Unix system, with an average of one
to two years experience. Surpris-
ingly, the two most popular types of
machine are the TRS-80 Model 16
and VAXs. This illustrates the diver-
sity of the group: cottage industry
software developers, researchers in
artificial intelligence, sales and tech-
nical staff from major vendors,
programmers at all levels, business
end-users, hackers.... We're using a
wide variety of versions, including
the first Berkeley releases, the
newest System V, and several look-
alikes (so much for standards).

The momentum of the
Seattle/Unix Group belies the
friendly acronym (slug) the group
goes by. If you're in the area and
interested in the Unix system,
please join us.

For membership and services
information, please write the
Seattle/Unix Group, P.0O. Box
58852, Seattle, WA 98188; call
(206) FOR-UNIX or send mail to
...uw-beaver\ !teltone\ !ssc\\
Islug. m

Irene Pasternack, who heads the board
of directors of the Seattle/Unix Group, is
arelative newcomer to the Unix system.
Her association with the system began
two years ago as a trainer and technical
writer. She is the director of Specialized
Systems Consultants and has authored
several of the firm's pocket references
for the Unix system and C. Irene holds a
B.A. from Princeton University and an
M.A. from Whitworth College. She lives
in Seattle with her bicycle, a kayak, and
a computer.
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Readers who have computer merchan-
dise or services to sell, buy, or trade and
who want to be included as a classified
advertiser in UNIX/WORLD Magazine
should write to: Tech Valley Publishing,
289 S. San Antonio Rd., Los Altos, CA
94022, or call (415) 949-3737. The rate
for the classified section is $12 per line.
The deadline for ads is the first of the
month prior to publication. Please include
complete name and address in every ad.

Cucumber Books—UNIX and C
Language books. Whether you need one
of fifty, we stock all titles. Cucumber
Bookshop is located at 5611 Kraft Drive,
Rockville, MD 20852, (301) 881-2722.
Mail and phone orders.

%
UNIX
REGISTRY

National registry of candi-
dates and jobs in the Unix
field. Please give us a call;
send a resume; or request a
free Resume Workbook &
Career Planner, We are a
_ professional employment
_firm managed by graduate
__engineers.

- 800-231-5920

P.O. Box 19949, Dept. UW

Houston, TX 77224
713-496-6100

GSCIentlﬁc Placement, Inc.

Dyalog APL—Today’s most productive
application development tool for com-
mercial and educational users. Imple-
mented in C, it gives you the power of
UNIX directly from within APL itself. It
is a new generation APL plus UNIX, NC.
Available for VAX, HP-9000, Gould,
Zilog, Fortune, Xenix, and Unisoft. Call
or write to: Notation, 10 Jackson St., Los
Gatos, CA 95030. (408) 354-3274.

WMZ Consulting Group—System
Consultants for total implementation of
information systems. WMZ provides
design, implementation, training, and on-
going support. We have experts in UNIX
on staff and we are not committed to any
software or hardware. We sell solutions
not iron. Call (415) 945-2070, or write
WMZ Consulting Group, 1483 Ashwood
Drive, Martinez, CA 94553.

A User Guide to the UNIX System—Dby
Rebecca Thomas, PhD, and Jean Yates.
This easy to learn, self-teaching UNIX
book is an essential part of the UNIX
users library. Was $17.95, now $14.95.
Write or call Tech Valley Publishing at
289 S. San Antonio Rd., Ste. 205, Los
Altos, CA 94022, (415) 949-3737.

* *Unixis atrademark of Beli Labs ‘

Please circle Ad No. 35 on inquiry card.
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WE'RE
MOVING

You can find us
at our new
location:
UNIX/\AWORLD
Magazine

Tech Valley Publishing
444 Castro Street
12th Floor
Mountain View, CA
94041

Telephone us at
415/964-0900.
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ELXSI VIRTUAL SYSTEM V

ELXSI has announced its versio{n of
the Unix System V operating sys-
tem to run on the System 6400, a
64-bit computer that can| be
modularly expanded from supermini
to supermainframe size. ELXSI'S
Enix implementation is available
separately or running in parallel with
the ELXSI message-based operllting
system EMBOS. EMBOS provides en-
hancements, including demand-
paged virtual memory. ‘
ELXSI's Enix operating system
provides a fast file system, vi‘Ftual
process forking for running parallel
jobs, and generalized interprocess
communication for increased speed.
Fourteen separate CPU or| /O
processors can be attached to the
System 6400 running Enix. |The
Enix system also offers the TCP/P
software protocol. i
Enix runs in parallel with
EMBOS on the 6400 and provides
users with ELXSI's data management
system, derived from UC Berkeley’s
Ingres, and keyed file acc¢ess
method KAM for fast record access
using relational data. It also allows
files to be mapped directly |into
memory for speed, performs hatch
processing, and provides mirrored
(carbon) files. The EMBOS operating
system supports many programming
languages, including Pascal, COBOL,
FORTRAN, C, and Mainsail.
The ENIX operating system
was to become available in July and
is priced at $24,000 for one tp 32
users, $30,000 for 33 to 64 users,
and $36,000 for more than 64 users.
For more information, contact
ELXSI, 2334 Lundy Place, San Jose,
CA 95131, (408) 942-1111.

Please circle Reader Service Number 100.

UNIQ RESOURCE
PLANNING SYSTEM

Uniq Digital Technologies has intro-
duced the Spider II Manufacturing
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Resource Planning System, a
modular software system composed
of integrated manufacturing and ac-
counting packages developed by
MCBA, Inc. Spider II was devel-
oped specifically for use with AT&T’s
Unix System 5.2 operating system
and the DEC VAX series of super-
minicomputers.

Spider II capabilities include
tracking the basic elements of
planing control—inventory, material
requirements planning, custom or-
der processing, standard product
costing, job costing, and shop floor
control—as well as providing in-
tegrated accounting modules. The
package also offers word process-
ing, financial modeling, with Unicalq
electronics spreadsheet, computer-
to-computer communications, and
electronic mail capabilities.

Get the bugs
before they

eat a/l of your

productivity.

Cdb

Unix System 5.2 is the latest
update from AT&T and is designed to
prevent “lock-in” to the products of
any single computer manufacturer.
This means that some existing hard-
ware can be integrated into the
Spider II System.

For more information, contact
Grant F. Thomas, Uniq Digital
Technologies, 28 South Water
Street, Batavia, IL, (312) 879-1008.

Please circle Reader Service Number 101.

PHILON AND PIXEL
COMPILER MARKETING
AGREEMENT

Philon, Inc., and Pixel Computer
have announced an agreement
through which Pixel Computer will
market Philon’s series of fast-

C Language Source Level Debugger
For VAX™/UNIX"Systems

VAX is a trademark of Digital Equipment Corp.
UNIX is a trademark of AT&T.

VLS

44000 Old Warm Springs Blvd. Fremont, CA 94538 (415) 490-3555

Please circle Ad No. 67 on inquiry card.
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executing, portable language com-
pilers for the MC68000/Unix
operating environment.

Although details of the terms
and conditions were not disclosed,
Pixel retains the rights to market
the four currently announced Philon
Fast/Compilers—Philon Fast/BASIC-
-C, Philon Fast/BASIC-M, Philon
Fast/COBOL, and Philon Fast/C—in
addition to all future Philon
Fast/Compilers developed for the
MC68000 systems.

For more information, contact
Philon, Inc., 50 Cooper Square,
N.Y., NY 10003, (212) 420-0317.

Please circle Reader Service Number 102.

INTERNATIONAL
MEDICAL CORPORATION’S
MULTI-MED

International Medical Corp.’s new
entry into the medical computer
field, Multi-Med, manipulates pa-
tient medical and administrative data
in one central office computer sys-
tem.

Multi-Med can generate com-
prehensive reports for 12-lead
resting ECGs, Holter ECG tests, or
exercise ECG procedures. Once
Multi-Med has acquired a patient’s

physiological data, a comprehensive
risk factor profile can be automati-
cally generated using a patient data-
base for comparison. The risk factor
analysis program provides valuable
information to the physician about
the likelihood of latent cardiovas-
cular disease for each patient.

Because Multi-Med has a menu
interface, it is easy to learn and
operate. This system can accom-
modate up to 20 terminals simulta-
neously. with simultaneous access
to all parts of the program. Hard-
disk storage capacity ranges from 10
to 336 Mb.

Multi-Med has data security
with automatic backup to protect pa-
tient records, direct communication
with other physicians or hospitals,
and hook-up to various medical
databases and research centers.

Standard Multi-Med sells for
$17,000, including practice manage-
ment software, terminal, printer,
and 10-Mb mass storage. The stan-
dard system will accommodate pa-
tient files, accounting information,
and the Unix operating system.

Free four-day training work-
shops for physicians and office staff
are offered in Denver. Continuous
Medical Education accredited Multi-
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Med seminars will be presented at
several locations nationwide through
International Medical Education
Corp., a nonprofit educational orga-
nization accredited by the American
Medical Association.

For more information, contact
International Medical Corp., a divi-
sion of Medtronic, Inc., 3055 Old
Highway Eight, P.O. Box 1453,
Minneapolis, MN 55418, (612) 574-
4000.

Please circle Reader Service Number 103.

ORCATECH
WORKSTATION

Orcatech, Inc., a Canadian supplier
of graphic computer CAD/CAG sys-
tems, has introduced its new
workstation, the Orca3050. Or-
catech’s workstation is portable,
runs the Unix operating system, and
is priced at $20,000-$50,000. This
system includes a refresh rate of
30Hz interlaced or 60Hz non-
interlaced, 5 1/4 Winchester disk,
multiprocessor architecture, and Et-
hernet networking capability.

The Orca3050 has a wide range
of applications, including CAD/CAE,
presentation graphics, command and
control simulation graphics, and
mapping.

For more information, contact
Malcolm Cocks, national sales direc-
tor, Orcatech, Inc., 1000 Morrison
Drive, Ottawa, Ontario K2h 8K7.

Please circle Reader Service Number 104.

WICAT’S NEW BASIC
PROGRAMMING
LANGUAGE

Wicat Systems, Inc., has released a
new enhanced BASIC programming
language known as W-BASIC, de-
signed primarily for technical and
scientific applications. W-BASIC is
fully Microsoft-BASIC compatible and
compiles with the ANSI standard
ANSI X3.60-1978 for BASIC. Any pro-
gram written in Microsoft BASIC
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should run unmodified under| W-
BASIC (except for operating-system-
dependent programs or those [that
use special graphics or sound func-
tions).

Some W-BASIC features: pro-
grams are stored in their original
text format; user-defined functions
can be created with any name; |any
BASIC command can be executed
from a program including EDIT,
AUTO, LOAD, DELETE, RENUM, KILL
and DIR; program continuation
(CONT) can be performed even after
the text of the program has heen
changed; and error messages
specify the line number and state-
ment causing the error.

W-BASIC is supported on Wicat
systems 140, 150, 160, 200, |and
220, and is available under Wicat’s
proprietary MCS (multi-user) control
system.

For more information, contact
Wicat Systems, Inc., P.O. Box 530,
Orem, UT 84057, (801) 224-6400.

Please circle Reader Service Number 105.

FORTRAN 77 FOR UNIX
ENVIRONMENT |

Absoft Corp. has introduced several
new versions of its FORTRAN 77
compiler for the Unix environment.
These compilers are designed for
the different Unix-based operating
systems running on any computer
using the MC68000 family of proces-
sors as a CPU.

The Absoft FORTRAN 77 ¢om-
piler is written in 68000 assembler
and is a superset of the ANSIIEEE
Standard X3.9-1978. Major exten-
sions of the compiler include a|full-
screen source-level symbolic
debugger, virtual array manage-
ment, profiler, and Sky FFP hard-
ware support.

This series of compilers is
currently available from several
OEMs whose Unix implementations
include Unix System III, Unix Ver-
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sion 7, Berkeley 4.1 BSD, Unix Sys-
tem V, Unix V/68, Idris, Xenix,
Regulus, and Unos.

The compiler comes with a
300-page reference manual, sym-
bolic debugger, profiler, and linker.
Compile speeds are in excess of
4,000 lines per minute. Execution
speed is in excess of 160K
Whetstones.

For more information, contact
Absoft Corp., 4268 No. Woodward,
Royal Oak, MI 48072, (313) 549-
7111.

Please circle Reader Service Number 106.

TANDY/RADIO SHACK
SOFTWARE RELEASES
The Precedent Legal Accounting
System, just introduced by

Save your time
for productivity; -
We’ll solve your -
system puzzles.

Tandy/Radio Shack, is based on
American Bar Association account-
ing standards. This system inte-
grates time and billing, general
ledger, and cash disbursement capa-
bilities, thereby speeding accounting
procedures. Transaction information
is entered only once, and the system
automatically updates all appropriate
accounts and client files. For exam-
ple, if a check is written on behalf of
a client in cash disbursements, the
time and billing (unbilled inventory)
for that client/matter and the general
ledger modules are automatically
updated for that client.

The Precedent, offered at
$795, operates on TRS-80 Model II
and Model 12 microcomputers, with
a hard disk recommended. Meant
for use by law firms or the sole prac-
titioner, the system can track the

AT
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~~. COMMUNI-

CATIONS VAX™
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MISC UNIX'™

VAX based systems, s /
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Sales, Integration, Installation, Maintenance.

Call and ask about our selection of peripherals.
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billing hours of up to 50 people; the
number of transactions is limited
only by available disk space.
Numerous management reports can
be prepared, including an unbilled in-
ventory report, trust deposit client
advance report, and client/matter
report. A standard chart of ac-
counts, included in the program,

A tutorial for first-time users is
included in the program manual,
along with sample data on the pro-
gram disk. The Precedent Legal Ac-
counting System (26-4620) is
available at Radio Shack Computer
Centers.

The second Tandy/Radio Shack
software release is a RM/FORTRAN
77 program for the TRS-80 Model
168 microcomputer. With
RM/FORTRAN 77, software
developers, scientists, engineers,
or other programmers now can use
the TRS-80 Model 16B microcom-
puter to write and execute
mainframe-level FORTRAN applica-
tions. Used with the Model 16B’s
TRS-XENIX operating system, the
program is a complete implementa-
tion of the most recent ANSI
FORTRAN standard, known as
FORTRAN 77.

RM/FORTRAN 77 (26-6451) for
the Model 16B is available for $699
at Radio Shack Computer Centers.

The third Tandy/Radio Shack
software release is dBASE II, which
runs on the Tandy TRS-80 Model
2000 personal microcomputer. This
program from Ashton-Tate is used
to create, store, edit, retrieve, and
manipulate information. With
dBASE II, large volumes of data can
be organized and structured for
rapid access to specific information.

dBASE II contains an applica-
tion development language that al-
lows users to develop specialized
applications. It offers many of the
programming capabilities of high-
level languages such as BASIC, Pas-
cal, and C and also enables the user
to write programs with fewer lines

124 UNIX/WORLD

of code and in less time than other
high-level languages.

dBASE II may be used on
Tandy 2000 computers with two
720K floppy disks or with a 10-
megabyte hard disk and one floppy
disk. A 256K memory is required,
and an optional printer is recom-
mended.

dBASE II (26-5352) is available
for $595 at Radio Shack Computer
Centers.

For more information, contact
Tandy Corp., 1800 One Tandy Cen-
ter, Fort Worth, TX 76102, (817)
390-3300.

Please circle Reader Service Number 107.

PRODUCTIVITY TOOLS
FOR UNIX SYSTEMS
SouthWind Software, Inc., has in-
troduced its new Integrated Produc-
tivity Tools (IPT) software packages
for Unix-based computer systems.
IPT offers work environment tools
for the small business and corporate
markets. The products feature a
spreadsheet, analytical and
presentation-level graphics, and a
direct interface to popular existing
DBMS under a common user inter-
face. Data can be moved directly
from the spreadsheet to the DBMS
and back, and graphics can be
composed from either spreadsheet
files or DBMS files.

Tactician, the spreadsheet sec-
tion of the IPT package, has on-line
help and command prompts and an
electronic worksheet. Tactician in-
cludes an interface to Unify, Infor-
mix, or Micro Ingres DBMS.
Formatting and output options in-
clude floating $, imbedded commas,
and parentheses or CR for negative
numbers.

The graphics application of IPT
—Grafsman—can supply both ana-
lytical and presentation-quality busi-
ness graphics from data stored in
the spreadsheet, DBMS, or standard

files. Grafsman is built on top of the
DI-3000 tool set by Precision Visu-
als. It is an independent device,
allowing for a variety of output
devices. Many graphics formats are
available: horizontal, vertical, side-
by-side, stacked and floating bar
graphs, absolute and additive line
graphs, pie charts with or without
exploded segments, scattergrams,
and text-only graphs. Grafsman
features multiple charts per picture,
multiple text fonts, color graphs,
and basic templates for graph design
or individualized templates created
by the user.

OEMs and VARs will find IPT
easy to integrate into their own sys-
tems, and IPT can be added to many
machine configurable on the NCR
Tower 1632 and the Plexus P/35.
Future ports include Altos, Sun,
Apollo, Wicat, Zilog 8000, and
Pyramid Systems. IPT applications
may be purchased individually or as
a set.

The Integrated Productivity
Tools set is the first commercially
packaged software system from
SouthWind Software. Demo
packages became available July 1.

For more information, contact
Bill Podlena, SouthWind Software,
4520 E. 47th Street South, Wichita,
KS 67210, (800) 346-3025.

Please circle Reader Service Number 108.

UNIX-BASED CROSS-
DEVELOPMENT TOOLS

Unix system-based cross-develop-
ment tools from Uniware are
hardware independent, fully porta-
ble, and run on almost any 16- and
32-bit Unix-based system. The
modular design uses a base module
consisting of a macro preprocessor,
link editor, and utilities, plus a target
MICrOpProcessor.

This new release (3.0) features
a link editor and object file format,
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allowing an unlimited size symbol
table that is saved for symbolic
debugging. The link editor can
resolve an unlimited number of ob-
ject modules and library references
into one object module. It supports
multiple overlays and uses a C-like
specification language that allows
users to define load maps, define
and use symbols in arithmetic ex-
pressions, and create linkages be-
tween overlays.
Host processors supported
include: DEC PDP-11, VAX; Plexus
78000, 6800; Onyx; Zilog; | Altos
586; and IBM/Amdahl under UTS (by
special arrangement). Target sup-
ported microprocessors inc¢lude:
Intel 8041/8042, 8035/8048/8049,
8051, 8080/8085, 8086/8088; Zilog
78, 780, Z800; Motorola 6800,
6801/6802/6803, 6805, 6809,
68000; Hitachi 6301, 6305; TI TMS
7000 series; General Instruments
1650, 1670; National NS16032,
NSC800; Rockwell 6502, 65C02;
Mostek 3870/F8; and RCA 1802.
Utilities provided with the base
module include link map, size, sym-
bol “name” list, and CRC generator
with user-supplied algorithm, The
broad selection of object reformat-
ters also offered support Inte| Hex,
Motorola S-Record, MOS Technol-
ogy Hex, Tektronix Hex| and
Human Readable. Downloaders in-
clude: Data /0 PROM programmer;
EH4 PROM programmer; Tektronix
8002, 85xx development stations;
and user-configurable “generic”
downloader.
Uniware cross-development
tools Release 3.0 comes with a six-
month warranty that includes any
program updates occurring (within
that period. List prices for the base
module range from $1,200 to
$2,000, depending on the number of
users for the host processor. Target
module cross-assemblers list at
$800 for 8-bit, and $1,200 for|16-bit
target microprocessors. Two|levels
of support are available: full service
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with telephone consultation, and
update-only support.

For more information, contact
David Weaver, general manager,
Uniware, division of Nuvatec/Inc.,
261 Eisenhower Lane South, Lom-
bard, IL 60148, (312) 620-4830.

Please circle Reader Sevvice Number 110.

VAX UNIX PROJECT
MANAGEMENT SYSTEM

National Information Systems an-
nounced that VUE, a menu-driven
computerized project management
system, will now run under VAX
Unix.

VUE is an interactive project
management system designed to
help managers establish and monitor

4.1 + 4.2

+ System V;

Productivity you—
can count on — —

all the time.

project management plans. VUE
uses the critical path method,
spotlighting those activities whose
timely completion is critical to
finishing the project on schedule. Up
to 300 activities can be tracked per
project, with unlimited activities
available through the multiproject
option.

VUE runs on DEC 10/20, VAX,
VMS, PDP-11, HP 300, Honeywell,
and Perkin Elmer computers.

For more information, contact
National Information Systems, Inc.,
20370 Town Center Lane, Suite
130, Cupertino, CA 95014, (408)
257-7700.

Please circle Reader Service Number 109.
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Ask about our automatic installation feature.

*UNIX is a trademark of AT&T; VAX is a trademark of Digital Equipment Corporation.

VLS

44000 Old Warm Springs Blvd. Fremont, CA 94538 (415) 490-3555
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The Association of
didnt spin its wheels with




American Railroads
the wrong microsystem.

We're Dual Systems.

d when the railroad people needed a super microsystem to run real-time
testing of train wheel axle assembly units with measurements taken at the rate of
times per second, they turned to us.

ter all, our super microsystems have enjoyed a rather enviable track record
with Boeing and Sony and Ford and United Press International, just to name a few.

d for three years we've been delivering 68000-based systems, full UNIX*
Version 7 with Berkeley enhancements, and IEEE-696/S-100 bus conformance.
t's longer than anyone else.

ich brings us to our newest high-performance micro, the 83/80. Featuring
the full UNIX capabilities of Version 7 or System III, the 83/80 can handle up to
twelve users and provides a standard 512 KB of dynamic RAM with parity that’s
expandable to 3.25 MB.
d we've backed it with a full one-year warranty.
r 83/80 incorporates a high-throughput SMD controller and an 80 mega-
byte Winchester disk drive with 20-25 milliseconds average seek time. And our
backup memory is well worth remembering — it consists of an 8” floppy disk
with 1 MB of storage.
S‘in addition, you'll find our 83/80 delivers increased performance through its

Dual ported full-track disk buffer and proprietary controller circuiting. More
users can access with better response time.

[t's also very well-educated. Our 83/80 can read or write up to an entire track
of data in a single disk rotation, regardless of where the disk-head settles on a
given track.

That's smart.
The C programming language comes standard with UNIX, of course. Other

optional languages include FORTRAN-77, PASCAL, RM/COBOL®, LISP and
BASIC. And that's just for starters. Optional software includes data base and
administrative packages like INGRES
and UNIFY.

And the sticker price? Quantity 10 at
$14,693.

As you can see, we had our own
wheels turning when we designed the
83/80.

For further information, please write
or telephone our Marketing Department
at 415/549-3854.

WEe'll be glad to give you more than
just a whistle-stop tour of one powerful
super microsystem.

L0 TAN

Dual Systems Corporation
2530 San Pablo Avenue
Berkeley, CA 94702

*UNIX is a trademark of Bell Laboratories.
® RM/COBOL is a registered trademark of the Ryan McFarland Corporation.

Please circle Ad No. 7 on inguiry card.
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NEW PRODUCTS

CSSIFINANCIAL

ACCOUNTING SYSTEM

CsSI Corp. has introduced Bizpak, a
financial accounting system available
on Pixel, Altos, and Convergent
Technologies computer systems.
Bizpak runs on the Unix operating
system and is implemented in
RM/COBOL. The system is fully in-
tegrated, menu-driven, and sup-
ports multiple companies, multiple
warehouses, and multiple users.
Bizpak consists of accounts payable,
accounts receivable, general ledger,
inventory management, sales order
processing, sales analysis, and
payroll modules.

Bizpak source code licenses are
$500 per module, and a complete
system license is $3,000, a savings
of $500.

For more information, contact
csst Corp., 10700 Lyndale Ave.
So., Bloomington, MN 55420, (612)
881-4501.

Please circle Reader Service Number 111.

AUTOMATED FORMS
MANAGEMENT SYSTEM
This new computer-based system is
designed to automate the manual
systems and procedures that Forms
Management Systems (FMS) has de-
veloped. The AFMS will automati-
cally provide middle- and upper-level
management with information
needed to reduce costs on printing,
forms, and supplies. The system
also promotes efficient use of exist-
ing paperwork, supplies, time, and
space. The system will enable users
to obtain and control data pertaining
to the use and flow of all forms,
paperwork, and supply items used
by their companies.

Five integrated modules com-
prise the system. The base module
incorporates a DBMS, report genera-
tor, and various utility programs.
Once the base module is installed,
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other modules may later be added to
the system at the user’s option.

The forms management module
is the key component in the AFMS,
serving as the basic information
resource for each installation. This
module is a master relational data-
base for all forms and supply item
specifications. It provides the basis
for the system’s ability to track and
monitor forms activity. The system
contains and organizes all forms and
supplies specifications, characteris-
tics, and functions for sorting on any
desired attribute. It provides func-
tional codes for all forms and sup-
plies, letting the user identify
materials on the basis of their use,
thereby preventing duplication and
promoting consolidation.

For more information, contact
Forms Management Systems, 350
Half Day Road, P.O. Box 212,
Prairie View, IL 60069, (312) 634-
1120.

Please circle Reader Service Number 112.

NEW C DEVELOPMENT
TOOLS

cLINE, Inc., has introduced a fam-
ily of integrated software develop-
ment tools for the business
applications programmer. The prod-
uct line consists of cEnglish,
cEnglish compiler, Applications
Workbench, and Language trans-
lators.

cEnglish, an application devel-
opment language that uses
high-level commands, combines the
best features of two languages: the
power of C and the ease of English.
Intended for use by programmers of
all levels, the language is primarily
procedural in nature and supports a
complete set of standard control
flow and data manipulation facilities.
It provides RDBMS and screen man-
agement capabilities, as well as a
unified interface to a variety of data-
base management systems; yet the
language retains its independence
from any specific DBMS.

The cEnglish compiler is a
stand-alone program that provides
for file and macro expansion, seman-
tic and syntactic error checking, and
strong data typing with implicit con-
version. It translates cEnglish pro-
grams into functionally equivalent C
programs, and most cEnglish con-
structs map directly into equivalent
object level constructs to yield ob-
ject code.

The cLine includes language
translators that convert source pro-
grams written in other languages
(such as dBASE II or COBOL) to
cEnglish. The cEnglish programs
can then be compiled into C pro-
grams.

For more information, contact
cLINE, Inc., Portsmouth Parade,
Portsmouth, NH 03801, (603) 431-
2111.

The Applications Workbench is
a command-oriented system with
tools for designing, implementing,
debugging, testing, and document-
ing application programs.

Please circle Reader Service Number 113.

ORACLE & APOLLO SIGN
THIRD-PARTY
AGREEMENT

Oracle Corp. and Apollo Computer,
Inc., have signed a third-party
agreement under which the firms
will cooperate in marketing the
Oracle relational database manage-
ment system (DBMS) on Apollo
Domain models DN300, DN320,
DN460, and DN660 supermini com-
puters and workstations.

The Apollo version of Oracle
will be shipped in the third quarter of
1984, with after-sale support for the
DBMS provided by Oracle.

For more information, contact
Oracle Corp., 2710 Sand Hill Road,
Menlo Park, CA 94025, or Apollo
Computer, 15 Elizabeth Drive,
Chelmsford, MA 01824. m

Please circle Reader Sevvice Number 114.
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YOUR UNIX OPERATING SYSTEM

FROM THE

APL-PLUS’ UNX SYSTEM

A s an application developer,
you need to put systems to-
gether quickly. As a numbey
cruncher, you need the world’s best
analytical tools. Now you can add
the power, the speed, and the ver
satility of STSC’s enhanced APL
to your UNIX operating system—
APL*PLUS/UNX System—APL f
the UNIX environment.

Lo ]

The Power of APL

PL is more than a program

ming language. Designed with

you in mind, not your comy
puter, APL lets you express a wide
variety of problems quickly—with
fewer and shorter statements. Imag-
ine application development in one-
fourth the time, with subsequent
debugging, testing, and modifica
tion taking as little as one-tenth
the time of other programming
languages.

-

What Makes APLxPLUS
So Special?

he APLXPLUS/UNX System
incorporates fifteen years of

APL technology and expertise.

The multi-user APLXPLUS/UNX
System is compatible with other
systems in the APL*PLUS fam-

ily, including the mainframe
APL*PLUS/1000 System and the
IBM PC version that won a Million-
in-One Award from [CP—our
APL*PLUS/PC System.

The APL*PLUS/UNX System
brings the power of these favorite
APL systems to the UNIX world
of super-microcomputers and
minicomputers.

Added to such extended APL
language features as report format-
ting, easy file sharing for multi-
users, and screen management
popularized by STSC’s earlier sys-
tems, are such endearing features
as use of a full-screen editor, inter-

STSC

A Contel Company

facing to non-APL programs, and
nested arrays, plus STSC’s well-
known high-quality documentation.
Faster than other APL systems
available for small computers, the
APL*PLUS/UNX System partially
compiles APL functions, allowing
you to do more in less time.

Support

TSC has branch offices in

major U.S. cities and distrib-

utors worldwide. With STSC’s
HELP line, support is as close as
your telephone.

Get the best of both worlds—
UNIX and APL*PLUS.

To super-charge your UNIX oper-
ating system, call (800) 592-0050
today, or write to STSC, Inc., 2115
East Jefferson Street, Rockville,
Maryland, 20852 to arrange for
your demonstration or additional
product information.

Please circle Ad No. 40 on inquiry card.

UNIX is a trademark of AT&T Bell Laborataries.

APLXPLUS is a service mark and trademark of STSC, Inc., registered in the United States Patent and Trademark Office and in certain other countries.
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AT&T OPENS
UNIX SYSTEMS
OFFICE IN JAPAN

T&T has opened a Unix sys-

tems office in Tokyo that

will be responsible for the

marketing, licensing, and
support of software products in the
Far East, including Japan, Australia,
Hong Kong, Korea, Malaysia, New
Zealand, Singapore, and Taiwan.
AT&T also said it will produce a
standard Japanese version of the
Unix system.

Both announcements were
made in Tokyo by John A. Hinds,
vice-president of market develop-
ment for AT&T International, the
overseas marketing unit of AT&T,
and Thomas H. Crowley, software
systems vice-president in AT&T’s
Computer Systems Division.

Larry L. Crume, head of Unix
Systems Engineering at AT&T Bell
Laboratories, was named director of
the Unix systems office, with an ini-
tial team of five people. The opera-
tion will be located at the
headquarters of AT&T International
(Japan) Ltd. in Tokyo.

As a first step, Crowley said
the office’s beginning operations will
include the creation of a Unix sys-
tems standards committee, com-
prised of representatives from
leading Japanese companies. The
committee will be charged with in-
vestigating many areas of the Unix
system.

PRIMARY AIM

I ts principal objective,

however, will be to advise AT&T
on the key elements of a standard
Japanese version of the Unix system
that will be compatible with the U.S.
standard System V. The Unix sys-
tems office will handle the adminis-
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tration of current Unix systems
licenses as well as all future licensing
activities. It will also be responsible
for the distribution of software and
documentation, service, and mainte-
nance.

to enter the Far East market,
AT&T's Crowley noted that the cur-
rent worldwide Unix system market
breaks down as follows: 73 percent
in North America, 17 percent in
Europe, 9 percent in the Far East,

In explaining the firm’s decision and 1 percent other. However,
FIGURE 1: AT&T 3B SOFTWARE
Product Name Configuration Price Availability
Microsoft Word 3B5 w/1 Mb memory 3B5 $ 1,300 10/84
3B2 w/512 Kb memory 3B2% 650
Multiplan 3B5 w/1 Mb memory 3B5 $ 1,000 9/84
3B2 w/512 Kb memory 3B2% 500
RM COBOL 3B5 § 3,000 8/84
run-time
version
$ 600
dBase 11 3B5 3B5 and 3B2 7/84
3B2 (both)
$§ 1,200
$ 600
AT&T Ingres/C5- 3B5 2/160 Mb disk,
Ingres 4 Mb memory 3B5 $17,000 8/84
3B2 32 Mb disk,
2 Mb memory 3B2 $ 2,000 9/84
Informix 3B5 w/l Mb memory 3B5 $ 3,000 8/84
3B2 w/1/2 Mb memory 3B2 $ 1,600 8/84
File-it! 3B5 w/1 Mb memory 3B5% 815 9/84
3B2 w/1/2 Mb memory 3B2% 495 9/84
pC-Interface 3B2 w/1/2 Mb memory 3B2% 500 10/84
Software:
$ 1,000
AT&T Business
Auditing System 3B5 (5 modules) All 5 Modules:
2 Mb memory, $10,000 7/84
160 Mb disk
3B2 (5 modules), All 5 Modules:
1 Mb memory 3B2 $ 5,000 7/84
10 Mb disk
Gift Registry 3B5 2 Mb memory &
160 Mb disk 3B5 $ 3,000 7/84
3B2 2 Mb memory &
32 Mb disk 3B2 § 3,000 7/84
Communications
Management 3B5 w/1 Mb memory min. 3B5 (Total
Control System Package)
$ 4,500 10/84
3B2 10 Mb disk 3B2 (Total
Package)
$ 2,500
C-I5AM 3B5 w/l Mb main
memory 3B5% 900 9/84
3B2 w/1/2 Mb main
memory 3B2 % 450

marketing at 800/828-UNIX.

For more information on these 3B and PC software offerings, contact AT&T software sales and
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since early 1983, growth rates have
been strongest in the Far East and
Europe, at 69 percent and 53 per-
cent, respectively. North America,
on the other hand, has grown 30
percent.

Earlier, AT&T and Ing. C.
Olivetti & Co., S.A., in which AT&T
holds a 25 percent stake, disclosed
the formation of Unix Europe, a
joint-venture company to promote
Unix System V and to serve the
needs of customers in Europe.

SOFTWARE FOR THE 3BS

T&T has introduced the first
software packages for sale to

| Immortal.

If you could look into "‘VA
the eyes of generations yet to
come, you would be there.
You can make a difference.

; By including the
American Cancer Society

~in your will you can have a

_ powerful effect on those

~_And leaving a legacy of ™%
forothers is a beautiful
of living forever yourself. W

T
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end-users on its 3B2 and 3B5 com-
puters. The 12 packages range from
the first Unix system ports of such
popular office productivity tool
packages as Microsoft’s Word and
Multiplan (an electronic spread-

sheet) and Ashton-Tate’s dBase II
database manager, to more tradi-
tional Unix system favorites such as
the Informix and Ingres relational
database management systems (see
Figure 1). m

UNIX is a registered trademark
of BELL LABORATORIES

/USR/TROFF™

ROUND TRIP

From the Big Apple to UNIX"™ Paradise and back. 5 minutes out,
48-hour return. TYPESETTING at 15": feet-per-minute — wider than
this entire UNIX"™ World page (about 114" wider).

Telecommunication of documents, including mathematical formulae,
gets TYPE SET and RETURNED on first class ACCUCOM-ODATIONS.
No waiting at the TYPESET TING counter, and no reservations required.
We also “book” passage for magnetic tape and raw text.

Call for details —1-800-ACCUCOM (222-8266)

ACCUCONN
9730 SW Cascade Blvd. / Suite 200 / Tigard, Oregon 97223

(503) 684-2850

Please circle Ad No. 1 on inquiry card.
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WHO WILL
DEVELOP
BERKELEY UNIX?

BY ALAN TOBEY

he emergence of the Unix

system as a potential

“standard” operating sys-
memmes  tem for the 1980s—on a
wide range of machines from micros
to mainframes—has raised impor-
tant questions about how its devel-
opment will be encouraged and
controlled in the future. Now that
Unix has caught the attention of
marketeers as well as technical
gurus, the forces pulling the Unix
system in different directions will be
coming from the marketplace as well
as the labs. The resultant tug-of-war
between market needs and technical
needs will profoundly influence the
nature of future Unix systems.

Nowhere is the incipient
struggle between market and tech-
nology more noticeable than in the
split between AT&T’s “official” Unix
System V and the 4BSD “research”
Unix from UC Berkeley. Looking at
their current states and predictable
development paths means untan-
gling differences that cut to the
heart of Unix system philosophy and
implementation.

AT&T's System V (now supplied
as “System V Release 2”) is being
widely promoted by AT&T as the
Unix standard. It is intended to be a
stable base for a complete range of
application programs that will run
with minimal changes over a wide
collection of hardware. System V is
being promoted as “business Unix,”
the system software that will be the
backbone of multi-user office
automation systems, even if the
Unix system itself is completely in-
visible to the end-user.
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Its attraction as Unix will be
primarily to the developer, for
whom it will provide a consistent
working environment independent
of the target hardware, and to the
hardware manufacturer, for whom it
will provide a nonproprietary
industry-standard operating system.
Most end-users of System V will
never see a naked Unix prompt.
Their view will be just the applica-
tion they're using at the time, or a
“user-friendly” menu shell control-
ling access to a restricted set of
Unix commands.

With this business market goal
in mind, AT&T is promoting System
V as a stable, fully supported appli-
cations base that will maximize com-
patiblilty through succeeding
versions. This is appropriate for
“business Unix,” for which rapid
change is not desirable; it's also
good business strategy for establish-

ing a new standard quickly. And the
fact that the development of System
V will now be controlled by a large
company with deep resources is
reassuring to those segments of the
industry uncomfortable with smaller
startup companies.

A SIGNIFICANT
DEPARTURE

rom a historical perspective,

though, AT&T’s attempt to
restrict System V’s development is
a significant departure from the
traditional guiding principles of the
Unix system, which was developed
as an open-ended experimental sys-
tem. It was explicitly designed to al-
low for change and improvement,
and it was meant to remain at the
cutting edge of what is technically
and conceptually possible at a given
time. Designed as a tool for sophisti-
cated users, the Unix system was
never intended to be static over
time, or to hold upward compatibility
as the pre-eminent virtue. In that
sense, the attempt to make System
V into a controlled vendor-
proprietary operating system is a
radical break with the Unix tradition.

It can be argued that this
“formalizing” of the Unix system is
an inevitable step in its growing
maturity. This argument would be
true—if it were not for Berkeley
Unix. UC Berkeley’s work over the
past five years has significantly ex-
tended the frontiers of Unix—into
virtual memory management,
networking and distributed Unix
systems, screen editors, improved
electronic mail, improved inter-
process communication, and a num-
ber of other areas. Few of
Berkeley’s improvements are
identifiably in the current System V
release. AT&T’s market caution
—together with a healthy dose of a
“not-invented-here” syndrome
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—have made System V a very tight
filter for new Unix system capabili-
ties.

Its improved capabilities and its
open-ended nature have made
Berkeley Unix the system of choice
for technically demanding users who
need to push at the state of the art.
Since these users are generally
focusing on specific applications, the
question of a universal standard is
less important. Virtually all Unix
engineering applications run on
Berkeley-based systems, from
CAD/CAM to cross-development mi-
croprocessor tools to circuit simula-
tors; very few can run on System V,
nor are they likely to in the near
future.

The Unix camp, then, is divid-
ing along technical lines. Business-
application developers with modest
capabilities will do well working un-
der AT&T’s System V umbrella.
Others with more demanding techni-
cal applications will need to pull
features from any available Unix
source, “standard” or not. For the
foreseeable future, “technical” Unix
will still be identified with Berkeley’s
4BSD.

But for technical Unix to
survive and thrive, it will have to
overcome its negative image of
being a riderless horse. It’s apparent
that System V will develop in a
tightly controlled and conservative
way under AT&T’s direction. Who
will develop Berkeley Unix?

BERKELEY UNIX
SYSTEMS

t now appears that Berkeley

Unix will have a future more in
line with the Unix system’s tradi-
tions, as development occurs in
many places and with different goals
in mind. UC Berkeley's Computer
Systems Research Group is continu-
ing work on performance enhance-
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ments to 4.2BSD and is busily
conducting research on distributed
Unix and networking issues. Profes-
sors Domenico Ferrari and Sue
Graham and a technical team that in-
cludes Unix system wizards Mike
Karels and Kirk McKusick are ac-
tive and visible figures at Berkeley
these days. Other universities, such
as Purdue and the University of
Utah, have active Unix research
groups working on different techni-
cal issues. And a number of less for-
mal groups and individuals
throughout academia continue to
contribute to the ongoing demands
of technically advanced Unix.

In addition, Berkeley Unix is
being actively developed in the
private sector. Many of the com-
panies who have incorporated 4BSD
into their hardware products—Sun,
Pyramid, and Masscomp are
significant examples—are working
hard to extend the basic 4BSD sys-
tem in directions helpful to their own
long-range plans. Other companies
that have recently adopted 4BSD as
an alternative to their proprietary
operating systems—Digital Equip-
ment Corp. is the most prominent
—are looking at diagnostic and
support questions as well as en-
hancements. And the engineering-
oriented user base of 4BSD has also
managed to improve the tools 4BSD
provides for their work.

The open question is how all
these scattered efforts will be coor-
dinated. No one in the 4BSD com-
munity wants to see Berkeley Unix
diverge into dozens of incompatible
semi-proprietary systems, but there
IS no AT&T equivalent capable of
imposing a single direction. What is
emerging are coordinating efforts in
three different areas: (1) UC Berke-
ley may continue to act as a clearing-
house for 4BSD, even indepen-
dently of work toward another
formal release; (2) more representa-

tion on the /usr/group Unix stan-
dards committee by 4BSD
advocates will tend to ensure at
least base-level compatibility among
different 4BSD implementations as
well as between 4BSD and System
V; (3) a now-embryonic consortium
or ongoing working group of inde-
pendent 4BSD developers, including
private companies as well as funded
research groups, may produce im-
portant agreements on 4BSD direc-
tions. Some companies, for
example, have expressed a willing-
ness to share the protocols they
have developed to support their
private implementations. This would
be another aid to widespread com-
patibility and would also lessen the
need for duplicated effort.

In any case, the open develop-
ment path of “technical” Berkeley
Unix will prove an interesting con-
trast to the more monolithic AT&T
approach. We can expect continuing
technical advances, efforts toward
consensus and nonduplication, and
an ongoing struggle to keep the
4BSD universe within reasonable
common bounds. This may prove
frustrating for applications
developers until further standards
decisions are reached, but open de-
velopment is much more in line with
the traditional Unix system philoso-
phy, which has proven its major
strength up to now. m

Alan Tobey is the marketing director of
Mt. Xinu, a Berkeley-based company
that specializes in Unix systems soft-
ware.
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A C SHELL SCRIPT

FIGURE 1: MANUAL PAGE FOR memo SYSTEM

NAME
memo - send memos to oneself or to others
at a specified time
SYNOPSIS
memo
memo LOGIN_NAME
memo TIME [#]MESSAGE
DESCRIPTION

DEAR SYSTEM DOCTOR:

e have a C-shell script,
memo, that works great
for us. The major func-
s (10N Of memo is to send
a message or a message file with
file name filename.ext to
someone’s terminal at a specified
time. If the person is not logged in,
the message will become a mail
message automatically.
After we read your introduc-
tory issue of UNIX/WORLD, we felt

MEMO is a csh script used to send messages to individuals. Without arg-
uments, MEMO asks for the delivery time and message one wishes to send to
oneself. "Time" in this case is as described in the AT(1l) command. If

SEE

the message is a singlular name preceeded by a "#" sign, then MEMO treats
the message as a message file containing text to be sent. The message file
must already exist in the users Message file directory before using MEMO.
If not preceeded by a "#" sign, the body of the message, up to a line
containing a single period, ".", is assumed to follow the message prompt.

With the argument LOGIN_NAME, MEMO sends a message in the same interactive

format given above, but to the person with the login name, LOGIN_NAME,

instead of to oneself. LOGIN_NAME may also be in the ARPA address format:
"name@site" -- where "site" is the VAX/SUN system site (such as
"orville", "wilbur" or "wiley" at NASA-Ames) and "name" is the users
login account name on that system.

Again, a message file may be substituted for a message, as indicated

above.

With more than one argument, MEMO silently sends the given MESSAGE (any
number of lines, up to a line containing a single ".") or message file
(again indicated by using a "#" before the filename, MESSAGE) to oneself
at the specified TIME. TIME in this case is as given by AT(1l) without the
optional day, as described there.

A directory, SHOME/Messages, should be created to hold the routines

which comprise the MEMO command (memo, memo_act and memo_sub) as well as
the files "msg*" for storing memos to be sent. These routines (which are
all executable, mode 755 files) are used to create and destroy these msg*
files, and the file "msgcnt" keeps track of the (ordinal) number of them.
All "#" message files must also be located in the same $HOME/Messages
directory as for the MEMO files listed above.

MEMO sends its messages by first attempting to write to the tty at which
the user is located. Failing this, the message is sent via MAIL(1l) to
the users mailbox. If "BIFF(l) y" is set, then the user is informed
immediately that a message has arrived.

FILES

memo_act - used in .login files to do housekeeping for MEMO

memo - csh script file which executes MEMO commands

memo_sub - csh script file which runs memo inputs in bg

msgcnt - numeric ASCII file containing current msg count
previousdate - date last logged-in, used for bookkeepping purposes
msg* - actual messages files ("*" indicates msg number)

ALSO
at(l), cron(8)

BUGS

Because of the granularity of the running of the "atrun" file by cron(8),
times are accurate to within only 5 minutes (15 minutes on the SUN) of the
given time.

-
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WIZARD’S GRABBAG

that Wizard’s Grabbag was the ideal
place for us to share this C-shell
script as a response to your solicita-
tion. Enclosed is the source code
listing and the “Doc” files.

Sincerely yours,
George N. Pornaras
Yen-whei Chow

George N. Pornaras and Yen-
whei Chow work at NASA’s Ames

FIGURE 2: THE memo MAIN DRIVER c¢csh SCRIPT LISTING
$ cat -n -v memo
1 # memo.csh
2 pushd $HOME/Messages > /dev/null
3 set noglob
4 set CR = ""M"
5 set person = ‘who am i|sed -e "s/.*\\!//"®
#get addressee default name
6 if (S#argv > 1) then #memo being run non-interactively?
7 set tmsg = ($1) #yes : get time msg is to be sent
8 set apptmt = (Sargv[2-$#argv]) #and body of msg
9 else #memo being run interactively:
10 if (S$#argv == 1) set person = ($1) #get name of
addressee<>default
11 echo 'Delivery time/date of message?'
12 set tmsg = ($<) #and the time/date of the msg
I echo 'Enter message now, please.'
14 set apptmt = ($<) #get msg body/msg filename
15 set apptmt = ‘echo $apptmt:q’
16 endif

17 echo '' >! $HOME/tmpmsg
18 if (S#apptmt !=1 || $apptmt[1] q 1™ "#"*) then

19 while ($Sapptmt[l]:q != '.")

20 echo Sapptmt $CR >> $HOME/tmpmsg
21 set apptmt = ($<)

22 end

23 else

24 echo $apptmt $CR >! $HOME/tmpmsg

25 endif

26 (memo_sub S$person[l] $tmsg > /dev/null)& #run memo pgm in bg
27 popd > /dev/null

FIGURE 3: THE memo_sub SUBROUTINE csh SCRIPT LISTING

$ cat -n -v memo_sub
# memo_sub (subroutine to memo.csh)

unset msgname
set aptmtent = ‘cat $HOME/tmpmsg | wc -w'

if ($aptmtcnt == 1) then #is it a msg-file?

e
NHRWVENAUTE WN -

22 echo \# >! at_pad #¢initialize at-file
23 echo set logged_in = \'w -h Sperson\' >> at_pad
24 echo set nomsgs = \‘finger \| grep $person \| grep \"\*\"\"'

30 echo else >> at_pad #user not logged-in :
31 echo " mail $person < $msgname" >> at_pad #mail msg to user
32 echo endif >> at_pad

33 echo /bin/rm $msgname >> at_pad
34 chmod 755 at_pad

35 at $tmsg at_pad

36 /bin/rm at_pad $HOME/tmpmsg

#discard msg afterwards

#clean-up files

set noglob
set person = ($1) #get name of addressee and
set tmsg = (Sargv[2-$#argv]) #time/date of msg

#establish msg/msg-file flag

set apptmt = “cat $HOME/tmpmsg’
if ($apptmt[l] =~ "#"*) set msgname=(\\S$apptmt[l]) #yes, flag it
endif
unset noglob
if (! $?msgname) then #is msg-file flag set?
13 set msgent = ‘cat msgent® #no, get next available
14 while (-e msg{$msgcnt}) #msg count number
15 @ msgcnt++
16 end
17 set msgname = (msg{$msgcnt}) #label the msg with a msg number
18 cat $HOME/tmpmsg >! $msgname #dump msg into this numbered file
19 @ msgcent++
20 echo $msgent >! msgent #set msg no. to next available
21 endif

>> at_pad

25 echo '1f (S#logged_in && \! $#nomsgs) then' >> at_pad #logged-in/mesg n
26 echo 'set ntty= =\ ‘who\ |grep $person\ >> at_pad #okay

27494 ‘echol ! echo "M"G Reminder Message... G"M > /dev/$ntty[2]' >> at_pad
28 echo ' ‘cat $msgname \> '/dev/$ntty[2]' >> at_pad #write on screen

29 echo ' echo "M"G > /dev/$ntty[2]' >> at_pad

#send msg at appropriate time/day
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Research Center as engineers in the
NAS project office. George is inter-
ested in the development of a
workstation network on the Net-
work Systems Corp. Hyperchannel

data link. He graduated from the
EECS Department at UC Berkeley.
Yen-whei Chow is interested in the
computer automatic database for
NAS system workload and computer

FIGURE 4: THE memo_act ACCOUNTING csh SCRIPT LISTING

$ cat -n -v memo_act

1 #memo_act : memo accounting pgm
(used for any once-daily routines) !
2 set maxmsgcnt = 15 #user-defineable
msg count limit
3 if (! -e previousdate) then
4 echo '' > previousdate #initialize previousdate
5 endif
6 date|colrm 11 23 >! todaysdate #get todays date (only)
7 cmp -s todaysdate previousdate $is it same as before?
8 if ($status) then #if not, then:
9 if (! -e msgcnt) then
10 echo # > msgcnt #initialize msgent
11 endif
12 set msgcnt = ‘cat msgent’ #get msgcnt of
present msgs
1.3 if ($msgcnt >= $maxmsgent) then #does it exceed max?
14 echo # >! msgcnt #restart the
present msg count
15 endif
16 /bin/cp todaysdate previousdate #indicate new date
17 endif

18 /bin/rm todaysdate

FIGURE 5: AN EXAMPLE OF AN at FILE READY FOR EXECUTION
$ cat -n -v /usr/spool/at/84.287.69008.25

1 cd /gc/rathomas/Messages
2 umask 77
3 HOME='/gc/rathomas'
4 export HOME
5 SHELL='/bin/csh'
6 export SHELL
7 PATH='/usr/ucb:/bin:/usr/bin:.:/gc/rathomas/
Scripts:/gc/rathomas/Bin'
8 export PATH
9 TERM='ku'
10 export TERM
11 USER='rathomas'
12 export USER
13 EXINIT='set wm=10'
14 export EXINIT
15 /bin/csh << "xxFUNNYxx'
16 #
17 set logged_in = ‘w -h rathomas’ £
18 set nomsgs = ‘finger | grep rathomas | grep "*"
19 if ($#logged_in && ! S$#nomsgs) then
20 set ntt¥=‘who|grep rathomas’
21 echo "M"G Reminder Message..."G"M > /dev/$ntty[2]
22 cat msg > /dev/Sntty[2]
23 echo "M"G > /dev/$ntty[2]
24 else
25 mail rathomas < msg
26 endif
27 /bin/rm msg
28 xxFUNNYxx
$ [

VOLUME 1, NUMBER 5 1984

system simulation modeling. She
graduated in 1983 from the EECS
Department at the University of
Santa Clara.

[Doctor’s note: The script as
written works without change on a
Berkeley 4.x BSD system that has
the Berkeley-developed utilities w,
colrm, and finger. Also, the C
shell needs to recognize the pushd
and popd commands and be able to
read keyboard input using set
variable =% ( <). Figures 1 through
4 were submitted by the authors.
Figure 5 shows the contents of my
“at-file” that was readied for execu-
tion by at.] m

Wizard's Grabbag is a regular feature of
UNIX/WORLD. Submit your questions,
answers, shell scripts, C programs, or
tips and techniques that ease the
programmer’s burden to the Wizard's
Grabbag, Unix/World, 444 Castro
Street, Suite 1220, Mountain View, CA
94041. Authors of published entries
receive $25 for questions, $50 for shell
scripts, C programs, or tips. By the
way, system administrators at UC
Berkeley were known as system
“doctors” because of their ability to keep
the Unix system running smoothly, their
cpu-side manner, and those three magic
letters that tended to follow their
names, Ph.D.

Guidelines for Reader Contribu-
tions: (1) Write your shell scripts and C
programs so they are portable across
different versions of the Unix system. If
possible they should run without change
on Bell Version 7, System III, V, and
Berkeley 4.x. Thus you should employ
“universal” Unix utilities when coding
shell scripts and the standard 1/0 library
when writing C code. Also use the 1int
syntax checker to locate non-portable
constructions and compile with a porta-
ble compiler, such as pcc, to help
ensure portability. (2) Hardware depen-
dencies, such as terminal control codes,
should be eliminated or at least min-
imized and isolated to one code region or
to a separate module. (3) Keep your ex-
ample as short as possible, say under
100 lines of code.
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sync

So bye, bye, Ma Bell, why did you
die?

We get static from Sprint and echo
from MCI,

“Our local calls have us in hock!” we
all cry.

Oh Ma Bell why did you have to die?
Ma Bell why did you have to die?

[ drove on out to Murray Hill,

To see Bell Labs, some time to kill,
But the sign there said the Labs
were gone.

[ went back to my old CO,

Where I'd had my phone lines, years
ago,

But it was empty, dark, and ever so
forlorn...

No relays pulsed,
No data crooned,
No MF tones did play their tunes,

There wasn’t a word spoken,
All carrier paths were broken...

And so that’s how it all occurred,
Microwave horns just nests for
birds,

Everything became so absurd,

The day... Bell System... died.

So bye, bye, Ma Bell, why did you
die?

We get static from Sprint and echo
from MCI,

“Our local calls have us in hock!” we
all cry.

Oh Ma Bell why did you have to die?
Ma Bell why did you have to die?

We were singing:

Bye, bye, Ma Bell, why did you die?
We get static from Sprint and echo
from MCI,
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“Our local calls have us in hock!” we
all cry.
Oh Ma Bell why did you have to die?

(The End)

Lauren Weinstein is a com-
puter/telecommunications consultant
based in Los Angeles. He has particular
expertise in the fields of computer
networking (over a decade working with
ARPANET and other networks), the Unix
system (around ten years), microcom-
puter technology, and telecommunica-
tions systems ranging from dials and
ringers to modern satellite systems.
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THE DAY BELL
SYSTEM DIED

BY LAUREN WEINSTEIN

reetings. With the

massive changes now

taking place in the telecom-
mmemess Munications industry,
we're all being inundated with
seemingly endless news items and
other information concerning the
various short- and long-term effects.
The breakup (some prefer to call it
divestiture) of AT&T and a multitude
of related topics (including long-
distance service “competition” to

name but one) are indeed very
serious matters about which I have
very strong opinions. I'll be
commenting at some length on these
subjects (which are beginning to af-
fect us all) in a future column. This
month, however, I thought I might
take a break from the “conventional”
column and try something a bit dif-
ferent.

Instead, I'd like to address a
largely neglected aspect of the new
“era” of telecommunications—the
need for a song! Since the great
satiric songwriter Tom Lehrer has
retired from the composing world, I
have attempted to help fill this void
with my own light-hearted, non-

serious look at a “possible” future of
telecommunications. This work is
entirely satirical. None of its lyrics
are meant to be interpreted other-
wise. A warning: There’s a fair
amount of telco lingo included, but
even if some of the terms might be
unfamiliar to some of you, I hope
you will find the song amusing.
These lyrics should be sung to
the tune of Don McLean’s classic
American Pie. | call my version The

Day Bell System Died. . .
—Lauren—

UUCP: {decvax, ihnp4,
seismo, harpo, al-

legra}!vortex!lauren

Notice: This is a satirical work
THE DAY BELL SYSTEM DIED

Lyrics Copyright © 1983 by Lauren
Weinstein

(To the tune of American Pie)
(With apologies to Don McLean)

Long, long time ago,

I can still remember,

When the local calls were “free.”
And I knew if I paid my bill,

And never wished them any ill,
That the phone company would let
me be...

But Uncle Sam said he knew better,
Split 'em up, for all and ever!

We'll foster competition:

It’s good capital-ism!

I can’t remember if I cried,

When my phone bill first tripled in
size.

But something touched me deep
inside,

The day... Bell System... died.
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And we were singing...

Bye, bye, Ma Bell, why did you die?
We get static from Sprint and echo
from MCI,

“Our local calls have us in hock!” we
all cry.

Oh Ma Bell why did you have to die?
Ma Bell why did you have to die?

Is your office Step by Step,

Or have you gotten some Crossbar
yet?

Everybody used to ask...

Oh, is TSPS coming soon?

IDDD will be a boon!

And, I hope to get a Touch-Tone
phone, real soon...

The color phones are really neat,
And direct dialing can’t be beat!
My area code is “low”:

The prestige way to go!

Oh, they just raised phone booths to
a dime!

Well, I suppose it’s about time.

I remember how the pay phones
chimed,

The day... Bell System... died.

And we were singing...

Bye, bye, Ma Bell, why did you die?
We get static from Sprint and echo
from MCI,

“Our local calls have us in hock!” we
all cry.

Oh Ma Bell why did you have to die?
Ma Bell why did you have to die?

Back then we were all at one rate,
Phone installs didn’t cause debate,
About who'd put which wire
where...

Installers came right out to you,
No “phone stores” with their bal-
lyhoo,

And 411 was free, seemed very fair!

But FCC wanted it seems,

To let others skim long-distance
creams,

No matter ’bout the locals,

They're mostly all just yokels!

And so one day it came to pass,
That the great Bell System did col-
lapse,

In rubble now, we all do mass,

The day... Bell System... died.
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