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It is now ten years since Sutherland (1) and 
Ross (2) first proposed the use of graphical 
displays in computer-aided design. In the 
intervening period computer graphics has been 
the focus of a great deal of research and devel
opment effort by universities, manufacturers and 
research organizations. The results have been 
disappointing. There has been scarcely any 
further development beyond Sutherland's 
SKETCHPAD of a cohesive approach to computer 
graphics programming, and the cost of high 
quality display equipment has not dropped at the 
same rate as other computer equipment. As a 
result, computer graphics remains difficult and 
expensive to apply to design. 

Faced with such a discouraging situation, we may 
be tempted to dismiss graphics as one of the 
failures in the history of the computer, or at 
least to think in terms of several more years' 
research and development before computer graph
ics can be of use to the average architect, 
engineer or graphic designer. In the writer's 
opinion, however, these attitudes are needlessly 
pessimistic. There are exciting possibilities 
for the use of graphics in design in the near 
future, provided we depart somewhat from the 
traditional approach to graphics system design 
and make use of some recent developments in 
hardware and software. The purpose of this 
paper is to describe these new departures. 

I. Problems of the past 

Many of the difficulties that have been experi
enced with computer graphics have been the 
result of misplaced enthusiasm for the graph
ical display. It is very easy to devote so much 
effort to the development of graphics software 
that one loses sight of the application that 
was the original objective. There are indeed 
many fascinating problems to be faced in build
ing graphics software for the support of CAD -
how to refresh the display, how to define a 
struccured picture, how to interact graphically 
with it. However these problems should not 
dominate the fashion in which we approach CAD. 
The main task for the computer is to help solve 
the designer's problems. Some of these problems 
may be best solved with the aid of graphics, some 
without. The designer should be able to use 
graphics when it is appropriate, rather than 
being forced to use it all the time. 
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Thus one way in which we can begin to make better 
use of computer graphics is to stop making graph
ics the focus of our CAD systems. A second is to 
avoid being too ambitious in our concept of what 
a CAD 3ystem should be like. A very common 
example of over-ambitiousness is to set out to 
build a CAD system that can be used by designers 
with no knowledge of programming. Although one 
may succeed, one generally has to ask the design
er to learn a command language that is in many 
respects similar to a programming language. It 
may be better to teach the designer a simple 
general-purpose programming language and let him 
write his own application programs. 

This latter approach has much to recommend it. 
In particular it solves the problem of how to 
design a CAD system when we are not quite sure 
what it is to be used for. Many systems have 
been designed in such circumstances, in which 
the only logical approach seemed to be to include 
all the features that the user could possibly 
want. As a result these systems took many man
years to develop and in the end could be run only 
on the largest computers. Not surprisingly, 
these systems have generally proved too expensive 
for the average designer to use. 

II. New approaches 

We have suggested that one way to achieve wiuer 
use of graphics and CAD is to teach the designer 
to program. This may at first seem impossible. 
How, we may'ask, can we teach our designers to 
understand the XYZ Fortran Graphics System when 
the programmer's manual alone runs to 450 pages 
and we can hardly understand it ourselves? The 
answer is that we shouldn't be using the XYZ 
System if the manual is 450 pages long. What the 
designer needs for problem-solving is a simple 
interactive language in the category of BASIC and 
APL, that he can learn in a few days and that he 
can use without any of the traditional frustra
tions of job control cards and Fortran input-out
put. In the writer's opinion neither BASIC nor 
APL is an ideal designer's language, and a block
structured language such as Wirth's EULER (3) is 
much better. However, any such language is pre
ferable to languages like Fortran that were 
never intended for use in interactive environ
ments. 



Even if we can teach designers to program, how 
can we hope that they will understand computer 
graphics, well known to be one of the most ob
scure fields of computer programming? The ans
wer here is much as before: we should use sim
pler graphics languages. We should avoid systems 
that involve the use of complex graphic data 
structures, and instead encourage the user to 
think of the display as a simple output device 
on which he can create pictures much as he 
would on a digital plotter. Graphic data 
structures have for years been considered the 
only basis for creating complex displayed pic
tures. However they are very difficult for the 
novice programmer to understand. A much simpler 
approach that is equally powerful is the notion 
of representing pictures by procedures (4). 
This technique has been used in an extended 
version of EULER called EULER-G (5), in which 
it is possible to define symbols as procedures 
and then include them in the picture by means 
of statements such as the following: 

door at [120,15J scale 2.5 
resistor at[0.5,2.5Jrot pi/2 

The procedures like door and resistor that we 
call in this way may represent simple symbols, 
or may be more complex pictures made up of calls 
to other procedures; thus we can define pictures 
in this way that are just as highly~structured 
as any picture we create with the aid of a 
graphical data structure. 

It has for years been said that an essential in 
any CAD system was the ability to create large, 
highly inter-connected data structures. In this 
way one could model the design under considera
tion and could modify and analyze the model 
during the design process. However, it is not 
easy to write a program that maintains a large 
data structure of this kind and that permits 
various alterations and analyses to be made. 
A much easier way for the novice programmer to 
organize his data is by means of files which are 
stored on a disk or similar storage medium and 
which the program can read and create by means 
of very simple input and output functions. In 
an environment of this sort, an application 
program need not maintain a large or complex 
data structure: it can scan the appropriate 
files, set up a few lists of data representing a 
small subset of the filed data, and display or 
analyze this data. 

III. An example of an application 

The ease with which languages like EULER-G can 
be used is illustrated by the following example. 
The application concerns computer-aided design 
of a rather unconventional kind, namely the 
design of political districts. Political re
districting involves a great deal of laborious 
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computation. A large number of different ar
rangements of boudaries must be tested, not only 
for their political acceptability, but for such 
things as equality of population living within 
each district. Thus it is necessary to make an 
accurate estimate of the number of people living 
within each district, and if any large discrep
ancies are found the boundaries must be adjusted. 

To demonstrate the potentialities of computer 
graphics in this area, a small program was 
written in EULER-G, using an IMLAC PDS-I dis
play and a PDP-IO computer at the University of 
California, Irvine. An area of Los Angeles was 
digitized and a file of street names and coordi
nates was created. Then a second file of the 
coordinate positions of all the voting precincts 
was created. With the aid of this file and a 
file listing the population and voter registra
tion figures for each precinct, it was possible 
to produce a list of data from which the pro
gram could compute the population and voting 
characteristics of any given district. 

The organization of the program was then very 
simple. The program displayed a map of the 
region' on the screen; the user could alter the 
scale and the locality of the map, and could 
identify streets by pointing to them with a 
RAND Tablet stylus, whereupon the program would 
display the street name. 

This gave the user enough visual cues for him to 
draw a boundary, again by means of the stylus. 
When the boundary was complete he could ask for 
voting and population figures to be displayed. 
Figure 1 shows the map, a typical boundary and 
the displayed results. 

Figure I 

The program permitted existing boundaries to be 
modified and tested in a repetitive fashion in 
order to find an optimum arrangement. Bounda
ries could be saved on the disk and recalled 
later. It was possible at any point to generate 



a hard-copy version of the picture on the 
screen by means of a digital plotter. 

The entire program took one person less than a 
week to write. This was possible only because 
of the powerful features of EULER-G for file
handling, for creating scaled, structured pic
tures by means of display procedures, for han
dling stylus interaction, and for generally 
expressing complex algorithms in a straight
forward manner. From this it might be thought 
that EULER-G is a very complicated language; it 
is not, and has in fact been used without 
difficulty by students with no previous program
ming experience. 

Future developments in computer graphics 

Although languages like EULER-G can simplify 
considerably the task of writing graphics 
application programs, the problem remains of 
the high cost of computer graphics. Graphics 
is expensive for two reasons: firstly, display 
terminals are themselves expensive; and secondly 
it is very expensive to provide the sort of 
rapid interactive response that the graphics 
user needs. At present the cheapest way to 
provide interactive graphics is to use a storage
tube terminal and attach it to a time-shared 
computer system. This is not very satisfactory, 
nor is it particularly cheap. Storage-tube 
displays produce small and rather low-quality 
pictures that are barely adequate for design 
applications; moreover they are unsuited to 
highly interactive computer graphics. The use 
of time-shared systems reduces the speed of 
response of the program. Thus the general 
effect is to degrade the quality of service 
that the user receives. 

Even if the user should be satisfied with the 
cost and quality of such equipment, he will be 
dismayed by the amount of money that it will 
cost him to use. Time-shared systems are in
expensive only as long as interactions are kept 
relatively infrequent and involve only a small 
amount of computation. Unfortunately graphical 
interaction breaks both these rules: it happens 
at a fairly frequent rate, particularly if a 
stylus is in use, and it uses a lot of computer 
time because of the amount of scaling and 
clipping that must be done to each picture. So 
the user is forced to cut down on his inter
action with the system in order to keep his 
costs within reasonable bounds. This is defeat
ing the original purpose of interactive graphics. 

At this point we should ask ourselves if time
sharing is really the right basis on which to 
build an interactive graphics system. These 
problems of degraded picture quality and re
sponse were unheard-of in the early days of 
computer graphics, when all research was done 
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on stand-alone, single-user computers like 
Lincoln Laboratories' TX-O and TX-2. When 
graphical displays first came on the market 
they too were attached to stand-alone computers. 
However at that time powerful computers were 
expensive, and for economic reasons the comput
ers with which displays were used were small and 
relatively limited in their capability. It was 
for this reason that graphics system designers 
turned to time-sharing in search of a solution. 

Since then the cost of small computers has 
dropped dramatically and their performance has 
risen, so that we can now purchase for a few 
thousand dollars a computer that can in many 
respects match the performance of a time-shared 
computer. Moreover in the respects that affect 
graphics a small machine can do much better. 
It can guarantee a rapid response to any inter
active input; and it can offer the user a system 
that he can use as heavily as he wishes without 
having to worry about the cost of each trans
action. The disadvantage of the small machine 
is that it cannot accommodate large data bases; 
this is not a problem, however, if we adopt the 
approach suggested above of avoiding large data 
structures and instead using data files kept 
on disk. Thus the small machine offers a simple 
and inexpensive basis for an interactive graph
ics system. 

In the near future we may therefore hope to see 
the emergence of small, powerful interactive sys
tem, each capable of supporting a single graphics 
terminal, and costing little enough that any 
designer who can put such a machine to full use 
can afford it. If this can be combined with the 
development of simple but powerful graphics 
languages, we should shortly see the beginnings 
of a renewed interest in computer graphics as a 
designer's tool. 
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