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Computer-aided graphics is i l lustrated by the use of ARK 2 system in 
two and three dimensional graphics manipulation. The ease of using 
this system is emphasized. ARK 2 is a user-oriented computer-aided 
design system for architects and planners who have l i t t l e  knowledge 
of computers. 
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As archi tects and planners we a l l  know how short we are on time. 
We lack the capacity to absorb the complexit ies of the vast amount of 
information being developed, and we are short on resources, especial ly  
the money required to do things in a time-honored, t rad i t i ona l  manner. 
At the same time we are heavi ly weighted with respons ib i l i t y  +~ +ho 
society which we seek to serve, overwhelmed by the demand f o r  
product, and extremely aware of the overr iding c r i t e r i a  of so~ 
pose which must invade each of our projects. Stated in the bl 
terms, we are asked to produce more work, of a higher qua l i t y  
more sophist icat ion and to do so in a shorter period of t i m e  
every before. 

We know that ava i lab le  information, or accumulated knowl, 
doubled between 1840 and 1940. I t  doubled again between 1940 
and w i l l  do the same between 1965 and 1975. Because of this 
explosion there is very l i t t l e  chance that the prac t i t ioner  i~ 
design/bui ld f i e l d  w i l l  be able to keep complete control of a 
actual information he needs to know without some technologica 
We are dealing with the c o n f l i c t  between information and the 
capacity for  knowledge of the arch i tect  and planner. The proi 
population are s imi lar .  We can understand the projections wh 
been made concerning the 40 b i l l i o n  people who are l i k e l y  to 
this earth by 1980, but who among us can respond to these numl 
they are translated into the concept of society, rather than! 
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With regard to the matter of time, many socio logists and psychologists 
have spoken about the apparent accelerat ion of time, when re la t  ̂ A +^ 
society and knowledge. While i t  is possible for  us to envy the 
moteness and agree with the i r  in te rp re ta t ion ,  th is  in i t s e l f  pr 
no answers. Af ter  awhile accelerat ion merely becomes a sensati 
speed, and when we are going as fast  as we can there appears to 
increase in speed, merely an increase in pressure. 

Thus, information, populat ion, and time become for  us know 
society and speed. There is far  too muc}~-En-owledge to be as~-s-o-r 
by t rad i t i ona l  means. Society is growing and demanding at too 
rate for  us to provide for  i t  by t rad i t i ona l  means, and the com 
of time makes i t  impossible for  us to adequately respond e i ther  
problems of society,  or to the problems of knowledge. We bel ie 
the extent ion of our human a b i l i t y  to comprehend, react, and reo~ . . . . .  
can be found in the development of new techniques in design and in the 
appl icat ion of computer graphics. A better understanding of the way 
in which we work, the way in which we solve problems, aided by the 
appl icat ion of technological means and especia l ly  by computers, w i l l  ~ ; ~  
better al low the arch i tec t  and bui lder  to accumulate and apply the i information which is avai lab le to him. I t  w i l l  al low him to under- 
stand and react to the needs of society,  and to do so with a speed 
and accuracy which is unavai lable through any other approach. 

The fo l lowing discussion concerns a modestly sized and financed ii 
in te rac t i ve  graphic system whose goal is s imp l i c i t y ,  pragmatism, and ~' 
economy, without the sacr i f i ce  of f l e x i b i l i t y ,  expandabi l i ty  and power." 
By v i r t ue  of i t s  non-experimental dai ly-use character, we feel i t  w i l l  
point  the way for  greater acceptance and appl icat ion of computer 
technology to the f i e l d  of arch i tecture and planning. " 

The decision to invest igate the appl icat ion of computer technology 
to the arch i tectura l  f i e l d  was r e l a t i v e l y  easy compared to the assess- ~ .... 
ment of the manner in which we wanted to conduct the appl icat ion.  
We reviewed the e f fo r ts  of others in th is  f i e l d ,  and attempted to 
learn by the problems which others were facing. In an unrestr ic ted 
way, we t r ied  to look at the tota l  problem and only then set p r i o r i -  
t ies for  the spec i f ic  programs to be wr i t ten .  We attempted to analyze 
a l l  of the avai lab le information which the arch i tec t  might use, not 
jus t  what he is cur ren t ly  using. We very ca re fu l l y  specif ied the 
method of in terac t ion  between the pract ic ing a rch i tec t  and the computer 
F ina l l y ,  we specif ied the format of the f i na l  product. 

Having established these as general goals of the system, we 
were able to select equipment which met these goals. The PDP-15 
is an extremely fast  and easy to use computer. The Computek Storage 
CRT terminals and the i r  Electronic Tablet and Keyboard al low the 
designer to work in a very natural and uncomplicated manner; the l e f t  
terminal is for  ins t ruc t ions and select ions,  the r i gh t  for  graphics. 
The Gould hard copy device presents very quick and useful hardcopy of 
both the alpha-numerics of speci f icat ions and other data ready for  
reproduction as well as the graphic record of what has been produced 
on the cathode ray tubes. The Autotrol  d i g i t i z e r  is used only for  
recording graphical information of big drawings. The programs are 
l inked so that a s ingle data base is avai lab le throughout the system. 
This Data Base is constant ly enriched and enlarged by the normal use 
of the system and does not require elaborate prel iminary investments 
in terms of time or money. The programs themselves are open-ended, 
and we are almost da i l y  increasing the scope of the system to include 
new responses to emerging problems. 

We can look at the programs as a system of three series. The 
f i r s t  series carr ies the project from the development of the Data 
Base through the manipulation of adjacency diagrams into the develop- 
ment of block diagrams. The second series, which uses the same Data 
Base as the f i r s t ,  makes use of visual and dynamic modeling through 
the use of perspective techniques, and dynamic dra f t ing  systems using 
Standard Graphic Elements (SGE), stored drawings, and the unique dra 
ings prepared by the designer with the tab le t .  The th i rd  series in-  
cludes a l l  of the l i b ra r i an  funct ions of spec i f ica t ion preparation, 
o f f i ce  management, c r i t i c a l  path analysis,  manpower leve l ing and so on. 

A l l  the programs are based on a menu system which provides a ser- 
ies of options to the designer. Once having picked an option by us- 
ing the tab le t ,  the designer can e i ther  continue to select options 
from the sub-menus which are brought up for  his review or can immedia- 
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act on the second cathode ray tube by drawing in a very natural manner 
on the tab le t  in f ront  of him. The system, therefore, can be considered 
as tu to r ia l  in nature. 

The descript ion of the system in this paper puts emphasis on i t s  
dynamic and graphic capab i l i t i es .  COMPROGRAPH deals with both a r i t h -  
metic and words while at the same time providing the major data base 
for  several other log ic-or iented programs. 

We include the fo l lowing data about each programmed space: the 
name of the general funct ional zone (surgery, administrat ion,  e tc . ) ,  
the name of the subgroup (s ta f f  area, social services, e tc . ) ,  the name 
of the space i t s e l f  ( rad io isot ipe storage, conference room, e tc . ) ,  the 
quant i ty of such s imi lar  rooms in the group, the desirable dimensions, 
the required ce i l i ng  height and the desired re la t ionship  to the out- 
side wall (para l le l  or perpendicular). Professional cost estimators 
give us the probably cost per square foot  in today's prices, and we 
also l i s t  pert inent qua l i t i es  about the space such as high t u i l i t y  re- 
quirements and the major required character is t ics such as quiet or 
socia l ,  or connection to outdoor area, or to day l ight  and such. 
we can assign the space to any one of three d i f f e ren t  development 
phases. We can ed i t  any data of any item of any COMPROGRAPH inte 
ac t i ve ly  at any time. 

The output is presented in alpha-numeric tabular form, each 
complete with i ts  c i rcu la t ion  factor  mul t ip l ied  through and added 
divided into various phases and in to ta l .  I t  is also displayed g 
ph ica l ly  with every space drawn to a specif ied scale and hatched 
indicate the phasing. A " t o ta l "  block is drawn to scale to i l l u s  
the sum of each subprogram and also divided by hatching into the 
various phases. 

These clusters of spaces in the COMPROGRAPH data bank become 
basic data for  COMPROPLAN. COMPROPLAN is a re la t ionsh ip  program 
produces bubble diagrams based on data entered into a matrix whic 
automatical ly displayed, one pair of items at a time, from the COl 
GRAPH l i s t .  In this way, the designer considers the re la t ionship ~ 
tween only two rooms at each time, not a l l  500 or more possible re la-  
t ionships, represented by numbers from 1 to I0 on any l inear  scale 
can be based on several c r i t e r i a .  I t  is very in terest ing to run a 
COMPROPLAN program for  a space l i s t  with re la t ionsh ip  indices based on 
adjacency, and then the same l i s t  based on visual connection indices, 
and again on distance or frequency of in teract ion or hierarchy of p r i -  
vacy and so on. The s im i l a r i t i e s  and dif ferences between the several 
bubble diagrams produced for  various matrix c r i t e r i a  can be very 
t e l l i n g  in the reinforcement or destruct ion of the designer's bias 
which is based on preconception and previous experience. The archi tect  
and owner have the opportunity to ed i t  each matrix input, to remove 
errors and preconceptions which may have produced absurd diagrams. New 
diagrams are produced in seconds to re f l ec t  these changes. By sett ing 
certain key items in a speci f ic geographic screen posi t ion and then 
al lowing the computer to set the remaining items, a sense of d i rec t ion 
or of geographic planning layout can be achieved. 

The designer can ask the computer to replace the bubbles by the 
areas and dimensions stored in the COMPROGRAPH data base. He can then 
begin to manipulate the indiv idual  spaces to abut, to form corr idors,  
to a r t i cu la te  i n t e r i o r  spaces or to f i t  various attempts at structural 
or systems modules. While we are not creating the f ina l  plan at this 
time, a care fu l l y  manipulated block plan is reproduced on hard copy 
for  fur ther  work at the designer's desk. Bu i l t  into i t  are the appro- 
pr ia te  room or space dimensions arranged in a funct ion manner and re- 
sul t ing in a known and acceptable gross square footage. Many of the 
basic requirements for  a successful design resu l t  have been assured. 
The process has taken remarkably l i t t l e  time, often less than one- 
th i rd  of the time required to achieve the same results by hand, and the 
designer has been able to work with several of the perhaps 2,000 a l -  
ternat ives that the computer has reviewed in te rna l l y .  

COMPROSPACE, the basic graphic program, i l l u s t r a tes  the in te r -  
act ive aspects of the graphic system. The f i r s t  select ion l i s t  which 
appears on screen one is the Master Operational Menu. Af fec t ionate ly  
cal led MOM, i t  is the l i s t i n g  through which we select a l l  the subsets 
of drawings, ca lcu la t ing,  zooming and so for th .  Each subset is re- 
presented by a new l i s t ,  and some have fur ther  subsets each with a 
more detai led menu. Every subset has an escape back to MOM i f  we get 
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into trouble. The f i r s t  task is e i ther  to ca l l  for  a drawing which we 
want to work over from our previous tape, or to select the box label 
"Create a new drawing." 

Once the drawing is on the screen, the designer can do a number 
things with i t .  He can overlay i t  with a var ie ty  of gr ids,  move an) 
part of the drawing, add new l ines ,  add a standard graphic element, 
add notes and dimensions. 

The drawings can be on tape under the or ig ina l  t i t l e  or, i f  we 
to keep both an or ig ina l  and an edited drawing, we can change the na 
of the new drawing. I f  not, the new drawing w i l l  automat ical ly repl 
the drawing of s imi la r  name in the tape to keep i t  up to date. At t 
same time, we can request hard copy of the drawing to be produced b) 
the Gould p r in te r .  

The "Zoom" subprogram allows us to enlarge or reduce the drawir 
l e f t ,  r i gh t ,  up or down at the same or any scale. While the face of 
the cathode ray screen that we are ac tua l l y  looking at measures 8" 
I0 " ,  "Zoom" encourages us to think of our projects at immense, overal l  
scale, even f u l l  s ize. By zooming out l i ke  a r i s ing  hel icopter ,  we can 
see and draw the en t i re  project in s imp l i f ied  terms. By zooming back 
into the drawing we can work on i t  at middle scale, section by sect ion, 
and by zooming into the drawing fu r ther  we can design even the smallest 
pieces at reasonable size. A l l  the data entered on one scale is ava i l -  
able at any other scale, calculated and displayed with speed and 
accuracy at any other scale. 

COMPROSPACE then is a s ingle ve rsa t i l e  in te rac t i ve  graphic program 
which, among other th ings,  allows us to draw any subject at any 
var ie ty  of scales; use standard graphic elements s ing ly  or in groups; 
manipulate and repeat parts of the drawing independently; calculate 
areas and dimensions; make progress p r in ts ;  create f i na l  drawings. 
And then there are tasks to which i t  is also being put, each one of 
which could have been conceived of as a separate program: lay out sign 
graphics wi th automatic spacing and proport ion; lay out s ta i rs  that 
meet code and convenience and draw them in f u l l  de ta i l ;  lay out audi 
tor ia  seating with good s ight  l ines and every seat drawn; compare 
actual areas with program areas to p inpoint  discrepancies; compare t ra -  
vel distance with desirable norms; mapping with "zipatone" patterns 
for  demographic studies. This l i s t  is by no means complete nor do we 
have any idea yet  of how many d i f f e ren t  appl icat ions ex is t  for  the 
program. 

The other program which we can c lass i f y  as graphic is COMPROVIEW 
for  perspective drawing. Three-dimensional data about a bu i ld ing ,  a 
space or a s i te  are d ig i t i zed  and entered into the computer storage. 
Once th is  data is accurately entered, i t  can be used over and over 
to create new views from any vantage point .  By entering the name of 
the object and answering spec i f i ca l l y  requested data about distance 
and angle of view, we create a new and accurate one, two or three 
point perspective. These are ou t l ine  perspectives only and do not 
have tone or texture,  which can be added la te r  by the designer. We 
can enter in to the perspective such standard graphic elements as 
cars, trees or people. We can create spec i f ic  repe t i t i ve  elements 
such as window deta i ls  and wall  panels which can be repeated as often 
as required. 

In addi t ion,  we can pre-specify mul t ip le  s tat ion points which 
traverse a given route and display the bu i ld ing from spec i f ic  angles. 
This series of ins t ruc t ions creates an automatic sequence of views, 
as close as one inch in distance and one degree of angulat ion, which 
allows us to dr ive by, walk up to and through, or f l y  over an object. 
While the basic in ten t ion  of th is  program is to l e t  us examine the 
bu i ld ing from any view and select  the most t e l l i n g  one for  fu r ther  
elaboration in hard copy, we have found that by photographic the 
screen with motion p icture equipment we can simulate excel lent  motion 
effects of bui ld ings and s i tes of great complexity. 

The uses to which the ARK 2 system is put to date span the 
ent i re  gamut of the design process-demographic analysis and modeling; 
space programming, master planning and block diagramming; schematic 
design; three dimensional s imulat ion; networking and cont ro l ,  decision 
making, d ra f t ing ,  spec i f icat ions and management. 

There are some archi tects  and planners who w i l l  remain forever 
skeptical of mechanical & technological innovat ion. But as profes~ 
s ionals,  we must be a l e r t  to those who w i l l  res i s t  change merely to 
re ta in  the accepted ways of l i f e  and who w i l l  narrowly refuse even to 
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become acquainted with th is new potent ia l .  Computers are no longer a 
blue-sky vis ionary dream or a new draf t ing machine toy, because the 
hardware and programs are here, and we have used them. They w i l l  not 
create stereotyped design and k i l l  i n t u i t i v e  thought unless we abdicate 
our posit ion as designers of the environment to untrained and unin- 
terested tradesmen. 

COMPROVIEW 
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