Computers:

The single-user workstation -
A new concept that promises
to benefit the design profession

By Jobw O, Dill and Jom H. Piktwon

The single-user workatation

is & micro- or minicomputer,
including CAD, devoted to

use by one person, that has the
capahility of heing hooked

into a much more sophisticated
network of computational
resourees, the expenses of which
are shared with other users.
Thus it has the advantages of
offering high performance

at low cost.

Systems of most interest to
architectural firms are the so-
called turnkey systems that
include hardware, system
goftware, and ready-to-uze
application software. Jince
wrnkey suppliers are now
starting to make use of the
single-user workstation in their
produets, an understanding of
the workstation concept will aid
the architect in evaluating
gyatems now becoming available.

The new concept

combines the hest

of previous developments
From slow early systems that
could handle only one task at a
time, two parallel evolutionary
paths developed. On one path,
computers became larger amd
more powerful, capable of
running several programs at the
same time. To justify their high
expense, Lhese systems had to be
used by many people, with a
resulting slowdown of efficiency.

The second path was the
development of the
minicomputer, small and
economical enough to be owned
and used by one person. The
minicomputer has good
interaction and response, but no
meane of sharing expensive
resources such as disks and

rinters. It also has relatively
ow computing power and
memory capacity, so large,
complicated tasks cannot be
done.

The single-uger workstation
combines these two approaches
by providing the responsiveness
and eontrol of the minicomputer
with the sharing of data,
programs, and resources of the
large time-zharing systems. The
key lies in the use of another
technological development—very
high-speed communications
networks. Now single-user
systems, called workstations,
could be linked to form a
network, with only a few special
stations having large, expensive
resources such as disks, printers,
and plotters. In this way, each
user has at immediate dispoaal
sufficient computing power to
tackle significant problems, but
can still share with other nsers

the cost of expensive components.

earlier, becanse the necessary
technological advances have
beeome available only recently.

The single-user workstation
network consists of a
collection of stations or nodes
Here's how it works:

« Bach user bas an individual
workstation.

« All stations are connected by a
very high-speed data-
communication path, usually a
direct wire link with a maximum
separation hetween stations of a
mile or two. Any station may
transmit information to any
other on the net. The
combination of stations and
communieations path ia called a
loeal-area network (LANL

« The network includes special
stations, called “servera,” to kelp
support resources shared by all
workstations: File servers have
larze disk drives for data and
program storage, and may have
tape drives for backup, etc. Prist
serpers congist of printeri=i and
plotteris). Gufeway 15
communications aecess Lo other
resources, such as large central
syatems for very high-speed
computation, very large
databases, other networks, ete.

Understanding basic CAD uses
helps in understanding what
single-user stations can do

As outlined in “"Computers: How
do you jump in?" ARCHITECTURAL
RECORD, August 1982, page 35,
there are three categories of
CAD applications: text
development and production,
data storage and retrieval
{including analysis), and graphics
development and production.

Text development and
production includes specifications
writing, architectural-

amming documents, and

easibility reports. Data storage
and retrieval includes facilities
and equipment inventories,
structural and environmental
analysis, and cost analysis.
Finally, graphics development
and production ineludes
applications such as drafting,
architectural design, perspective
generation, and structural and
mechanical layouts.

Since the key to succesaful
CAD systems is a central pool of
data, accessible to all of these
applications, it is vital to have a
aystem that allows for sharing
data, programs, and resources,

Certain computing capabilities
are necessary to perform all
application tasks

These capabilities include:

« A high-resolution graphic
digplay to allow the interactive

This approach was not possible  display and manipulation of
T ] 2
i ol goma

design information. A Tairly high
resolution (the capability to
display a large amount of
information in & given physical
space) is required to display
visual images with a line quality
that is aceeplable to most
architects. The capability to
dizplay color images may be
quite nseful to eolor-code graphie
information and to generals
realistic-looking images of
designs.

« Grraphic input devices allowing
the architect to point to pieces of
information or portions of
drawings displaved on a screen.
Aucn deviees can be used to seiect
a piece of information that iz
already being displayved or can be
uzed (o zpecify the location
where a new piece of information
is to be placed.

« Alphanumerie input capability
to allow the architect to add
textual information and
eommands to the application
program and to deal with text
development and production
applications.

= Ahility to share data with other
users to allow several designers,
engineers, and consultants who
are working on the same project
to have aceess 1o information on
the current state of the project.

= A large amount of data storage
sinee even a amail architectural
design project can involve large
quantities of information.

The single-user workstation
system offers a way

to satisly these needs

It does so with the following
components

A porvertul local processor,
Currently, many are of somewhat
limited speed and capacity,
dealing less easily with the J2-bit
word-length needed for
architectural applications.
Processors now under
development will be significantly
maore erful. The processor
should support virtual memory
so0 that the programmer can work
as if there were a very large
memory without worrying about
the size of the programs,

Large local kigh-speed memory.
This has at least & megahyte,
with the poasibility of adding up
to four megabytes, and virtual-
memory support.

Lol disk storage. This
provides virtual-memory support
and local-file support, with a
capacity of five to 50 hytes,
although some designa do not
require every station to have a
lecal disk. i

High-resolution raster grophics
display. This has 512 x 512 pixels
to 1,024 x 1,024 pixela or more. It
will possibly have a specialized
Continued on page 29
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Computers continued

Prototype workstation network
tor an architectural practice

The diggroom shows

individual workstations for the
various disciplines found in on
architect s qfice tied by @
eonnecting network fo the
required information eed
production resmirees (the serpersi
to complete an automated CAD
ayutem. The nefwork in turn con
he tied to other nefworks and
mare sophisticated information
resources via the goteloel,

display processor for very fast
hidden-surface removal and/or
dynamic display. It may be
hlack-and-white or color.

Interactive input devices,
These include a keyboard and a
graphics input device such as a
digitizing tablet and stylus,
mause, or light pen. The tablet ia
especially useful in architecture,
due to its digitizing capability.
There may be a separate
alphanumeric display for textual
information.

The aoftware includes:

An operating system., This
software controls the allocation
of respurces and the execution of
programs. Many current
wiorkstations use an operating
gyatem called UNIX. The
operating svatem should be eagy
to use and should allow the
workstation to operate
efficiently.

High-level soffware
development fools. Thess may
include programming languages
{PLS1, Paseal, or C), editors, and
debuggers.

A wndone manoger, This
allows more than one drawing to
be displayed and manipulated on
the screen at any given time.

A graphic WIre [MICKTGe.
Examples are those proposed by
SIGGRAPH CORE or GKS.

A good dotebase monagement
syatem. This stores, retrieves,
and manipulates data. This
database will most likely be of
the relational type. Database
management systems with
integral graphics capability will
become common.

High-level components. These
might inclede menu builders and
spreadsheet-analysis packages
with integral graphics.

The human factors should be
well thought out. Thizs means
that the workstation will be quiet
enough to be acceptable in a
normal office environment, with
no apecial hvae needs. It shoald
be designed for adjustable
heights, tilt-swivel display
surfaces and so forth. Printers
and the larger noigy (and
expensive) disks may need a
special environment. Hardware
and software maintenance should
be readily available. And the
design should provide that the
failure of a single station will not
cause failure of the other
stations.

A primary advantage

is the capability

for incremental expansion
From the above deseription, you
can see that the system allows
for low initial cost and low
ineremental expansion cost, when
compared with Lypical larger
supeér-mini or mainframe

systems. A diagram of how this
might work is shown on page 31

Thus the amaller firm can
start with a single station, some
extra disk storage, and a printer/
plotter. This may be easily
expanded at very low
incremental cost by adding
stations, The larger firms,
perhaps with an existing aystem,
can also benefit by eonnecting a
loeal ares network into that
SYRLEmm.

The single-user workstation, a
relative neweomer in the
computer-aided design
marketplace, seems well suited
for most architects” needs.
Indeed, the specifications for a
workstation could easily be
developed from the requirements
of an architectural application.

In choosing a system,

consider whether it contains
the latest technology

Different systems incorporate
the latest technoloirical advances
to varying degrees. Among the
advances that have made single-
user workstation systems
possible are:

= Very-large-scale integration
{VL3I) that provides hundreds of
thousands of components, such as
transiators, on a single chip.
Thus substantial computational
power and memory i poasible at
low cost and with small space
and power requirements.

= Disk technology that can now
provide low-cost, high-capacity
bulk memory for storing data
and programs.

= High-speed data transfer.
Recent developments in
communication technology allow
effective sharing of resources at
10 million bits per second,
whereas a normal computer
terminal on a time-sharing
system transfers data at 1,200
bits per second.

= Reduced memory costs and new
raster graphics technology to
provide sufficient quality without
expensive vector refresh devices,
High resolution raster displays
have been vital to the
development of the single-user
workstation.

+ The capability to store data
permanently and later retrieve it.
This iz necessary because of the
large amounts of data involved in
a design project and the need to
oceasionally refer to or revise
that data. The ability to store
data also allows the architect to
form a permanent record of the
design process that may be
referred to for subsequent design
work or in the event of litigation.
« Capability for hard copy output
to produce documents for client
presentations, contract
documents, and design studies.
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Computers continued

Evalution of the workstation natwork concept
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The diggram above shows fiow
the lower ireremental erponsion
cost of o workstebion approach
meais o cloger ool etieeen
computing capecity and demond
without fhe ertro cost of ereeds
cerpaed i o e lost opportiidy
cost af iasufficient caprcify,

Also consider

how these capabilities

are packaged

The package must be:

« Easy to use and to learn to

allow architects to utilize the

computer-aided design system in

a natural way.

« Compatible with an office

environment to minimize

investment in physical facilities

for the system as well as to allow

the system to be in the same

work space as architectural

designers.

+ Low in cost/performance ratio

-m that the 1'.9r1g\e architectural
firm can aford the necessary

L'ﬂmputlm; pevwET,

= Capable of incremental

expansion and sharing of

EXPENSIVE COMPULINE resources o

that it beeomes possible for a

system to be introduced and later

expanded for minimal cost.

It is clear that single-user
workstations will have an effect
on the system available to the
architectural profession from the
turnkey suppliers, And we
believe that they will have a
significant impact on the
architectural profession in the
next few years.

Glossary
Digitize, The process of
converting positional information
to numeric coerdinate data.
Digitizing tablet. A fat surface
with a stylus that can be used to
enter coordinate data into the
computer,
Light pen. Graphic input device
that responds to light emitted
from the displayed image.
Produces X-Y coordinates of a
location on the display screen.
Local arer netwoerk, Two or more
workstations eonnected by o
high-speed communications link.
A network usually includes other
resources such as printers,
plotters, and large-capacity disk
drives. Distance between
workstations varies from a few
feet to one or two miles.
Megabits per second. A measure
of data transfer rate. One

abit is approximately one
million bits (125,000 bytes). 10 to
12 megabits per second (mba) is
the current upper limit on data
transfer across a local area
network. At 10 mba, the text of a
typical issue of ARCHITECTURAL
recoRD would take about .2
seconds to tranamit.
Megabyte. A measure of
computer memory or storage,

- Approximately one million bytes.

(One character can be stored in a
byte. A number may be stored in
four bytes, Thus, 250,000
numbers or one million
characters may be stored in one
megabyte. The text (not

ineluding advertising) of a
typical issue of ARCHITECTURAL
BECORD would require
approximately ¥ megabyte of
storage.

Mowse, Small hand-held graphic
input device that can be moved
over any flat surface to specify a
loeatien or change in lecation.
Nade., A workstation or
peripheral devies (i.e. printer,
plotter, or disk drive) in the
network,

Pizel. Picture element, The
smallest unit of a raster display
gean line which may be varied in
color or brightness.

Rasgter yruphics display. l;rapmﬁ
display I’|L"Vlt'l.' an which images
are produced like television
image, 1.e. a st of horizontal
lines covering the entire display
surface. Varying the color or
brightness along each line results
in the visible image.

Veetor refresh despley, Graphics
display device on which images
are produeed by regenerating
{refreshing) the image 2040
times a second. [mages consist of
straight line segments {vectors)
and look like line drowings,
Virtun! memory, Scheme
whereby the amount of memaory
available to a program may
exceed actual phygical memory
size. In some computers, the
aetual physical memory might be
one megabyie, but the program
would have 24 megabytes of
virtual memory svailable,

Mr. Il recently joimed the Cornell
Universily stafl os manager of the
Computer-Aided Desipm frstrwctional
Fuoeility, He kos been inpodpen 52
frferactive computer graphics since

1awg, nnd has on ertenatve (ndistriol
compider-graphics research ord
developoment af General Molors Ressarch
Laboratories since 1968, Al General
Motors he was astive in the dosign of
oenphic apalema for compuler-mided
design applicntions, Awmong his
contimwing research inferests are desoe-
indepradent graphic, man-macking
commiications, color graphics i
computer-aideod design, and busineas
(rripldcs syatemne,

Mr. Pittmon recently joined ha
comprter group af Hellmuth, Obata, and
Kuosssbairm. Prior to thad he was an
smiatant profetser i the Department of
Architecture @t Cornell DUniversity,
warking with the Program of Computer
Graphics vn the development of

ided degi dcations for
architects fn the past, he has worked om
thar develogmend of computer-added
degign and architectural compoter
applications for Skidmore, (rings, and
Merrill, Structurnl Diymamics Research
Corporation, and Harvard Medical
Sehood.
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