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S a t e l l i t e - H o s t  T r a d e o f f s  i n  Computer-Aided Des ign Sys tems"  

J. Hatvany * *  

I n t r o d u c t i o n  

Computer -a ided d e s i g n  i s  t h e  g e n e r i c  t e r m  f o r  a  r a p i d l y  
p r o l i f e r a t i n g  set o f  t e c h n i q u e s  which have  become mandatory  
f o r  a l l  who w ish  t o  m a i n t a i n  t h e i r  c o m p e t i t i v e  p o s i t i o n s  i n  
an  i n c r e a s i n g  number o f  i n d u s t r i e s .  CAD p r a c t i t i o n e r s  i n  ad -  
vanced  t e c h n o l o g y  i n d u s t r i e s  s u c h  a s  a e r o s p a c e  and  e l e c t r o n i c s  
a r e  u s u a l l y  h i g h l y  s o p h i s t i c a t e d  i n  computer  usage  and  t h e r e -  
f o r e  a b l e  t o  c o n f i g u r e  t h e i r  own CAD e n v i r o n m e n t s  t o  s u i t  t h e i r  
r e q u i r e m e n t s .  Those ,  however,  who a r e  r e l a t i v e l y  new t o  com- 
p u t e r s ,  a r e  f a c e d  w i t h  a  b e w i l d e r i n g  set o f  c h o i c e s  o v e r  wh ich 
t h e y  have t o  make d e c i s i o n s .  Shou ld  t h e y  have  a  cheap  t e r m i -  
n a l  l i n k e d  t o  a  remote  t i m e - s h a r i n g  b u r e a u ?  Shou ld  t h e y  a t -  
t empt  t o  do  t h e i r  who le  d e s i g n  job  on a  d e d i c a t e d ,  medium- 
s i z e d  in -house  computer?  O r  s h o u l d  t h e y  i n v e s t  i n  a  h i g h  ca -  
p a b i l i t y ,  i n t e l l i g e n t  t e r m i n a l  backed up by a c c e s s  t o  a  cen- 
t r a l  ( o r  n e t w o r k - d i s t r i b u t e d )  number-crunch ing and  da ta -bank  
f a c i l i t y ?  What g r a p h i c  f a c i l i t i e s  s h o u l d  t h e y  u s e ?  A drum 
p l o t t e r ,  a  s t o r a g e - t u b e  d i s p l a y ,  i n t e r a c t i v e  r e f r e s h  g r a p h i c s  
u n i t ,  hardware r o t a t i o n ,  c o n i c  g e n e r a t i o n ,  zooming,  a r e  a l l  
c h o i c e s  t h a t  a r e  p resen t .ed  t o  them and  t h e  m a n u f a c t u r e r s '  
p r a i s e  o f  t h e i r  own l i n e  i s  o f t e n  more c o n f u s i n g  t h a n  h e l p f u l .  

The I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Systems A n a l y s i s ,  
IIASA, h a s  r e c e n t l y  embarked on a  World Survey  o f  CAD, one  o f  
whose a ims  h a s  been t o  p r o v i d e  g u i d a n c e  t o  would-be u s e r s  on 
t h e  e s t a b l i s h m e n t  o f  CAD f a c i l i t i e s  s u i t e d  t o  t h e i r  n e e d s .  
I n  t h i s  work IIASA h a s  r e l i e d  h e a v i l y  on t h e  a n a l y s i s  o f  t h e  
a c t i v i t y  p h a s e s  i n  CAD, c u r r e n t l y  b e i n g  c o n d u c t e d  by W .  G .  
5 . 2  (Computer-Aided Des ign )  o f  I F I P  (The I n t e r n a t i o n a l  F e d e r a -  
t i c n  f o r  I n f o r m a t i o n  P r o c e s s i n g ) .  

* 
T h i s  i s  a  summarv o f  a  p a p e r  p r e s e n t e d  a t  t h e  

Symposium o f  t h e  S o c i e t y  f o r  I n f o r m a t i o n  D i s p l a y ,  San Diego,  
C a l i f o r n i a ,  May 21-23, 1974.  

* * 
On l e a v e  f rom t h e  Computer and Automat ion I n s t i t u t e ,  

Hungar ian  Academy o f  S c i e n c e s ,  B u d a p e s t ,  Hungary;  r e s e a r c h  
s c h o l a r  a t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  A p p l i e d  Systems 
A n a l y s i s ,  Laxenburg ,  A u s t r i a .  



CAD Activity Phases 

The main phases of Computer-aided Design may be grouped 
as follows: 

Conceptual Design 

In this phase the designer will wish to have quick access 
to such items as 

- information on competitive products, 
- market analyses, 
- patent files, 
- technical papers ar.d reports, 
- translations, and 
- documentation of existing product lines 

Design Analysis 

This stage of the designer's work is concerned with the 
use of explicit technical and cost analysis programe and the 
computer simulation of the object to be designed. 

Detail Design 

The most voluminous of the four phases, this is the phase 
where the checked and approved overall design goal is reduced 
to drawings and manufacturing information of makable parts 
and sub-assemblies, quality-checking, and assemhly instruc- 
tions. This phase will build up a set of database files on 
the product, which can be stored and updated with subsequent 
improvements. 

Design Con~nlunication 

Finally the CAD facility must output manufacturinq, cost- 
ing and accour.ting information in the appropriate form for 
the particular plant concerned. These may include: 

- drawings, 
- NC control tapes, 
- parts lists, 
- tooling lists, 
- scheduling information, 
- stock requirement breakdowns, 
- etc. 



Techn iaue  Reau i rements  

The v a r i o u s  p h a s e s  o f  CAD a c t i v i t y  w i l l  r e q u i r e  t h e  u s e  o f  
d i f f e r i n g  t e c h n i q u e s .  

R e t r i e v a l  

I n  thc: c o n c e p t u a l  s t a g e  t h e  emphas is  i s  on t h e  s t o r a g e  and 
r e t r i e v a l  o f  i n f o r m a t i o n .  The l o c a l  a c t i v i t y  a t  t h e  p o i n t  o f  
d e s i g n  w i l l  b e  ma in l y  t h e  q u i c k  p r e s e n t a t i o n  o f  a  mix o f  e x t a n t  
a l p h a n u m e r i c  and g r a p h i c  i n f o r m a t i o n  i n  a  p a s s i v e  form.  The 
d e s i g n e r  i n t e r a c t s  w i t h  t h e  s y s t e m  t h r o u g h  p i c k i n g  l a r g e  amounts 
o f  i n f o r m a t i o n  o u t  o f  background s t o r a g e  and o c c a s i o n a l l y  he  
may w i s h  t o  have a  h a r d  copy o f  someth ing  t h a t  he  would l i k e  
t c ,  u t i l i z e  a t  a  l a t e r  s t a g e .  :$Jhile t e c h n i q u e s  have been  sug-  
g e s t e d  f o r  him t o  p roduce  h i s  rough s k e t c h e s  a t  t h i s  s t a g e  on 
some computer  i n p u t  medium ( s k e t c h p a d ,  l i g h t - p e n  t r a c k i n g ) ,  
t h e s e  h a v e  n o t  been a d o p t e d  i n  p r a c t i c e .  

These  r e q u i r e r n e n t . ~  c a n  b e  v e r y  w e l l  m e t  by m i c r o f i l m  mass 
s t o r a g e ,  r e t r i e v a l ,  d i s p l a y  and  copy d e v i c e s .  The l i n k  t o  da-  
t a  s t o r e d  i n  computer  f i l e s  c a n  b e  p r o v i d e d  by COM equ ipment .  
A l t e r n a t i v e l y  a  v e r y  low c o s t ,  e n t i r e l y  p a s s i v e  s t o r a g e - t u b e  
d i s p l a y  and  hard-copy u n i t  a c t i n g  a s  t e r m i n a l  t o  a  l a r g e  com- 
p u t e r  d a t a - b a s e  s y s t e m  c o u l d  a l s o  b e  used .  

M a n i p u l a t i o n  

The d e t a i l  d e s i g n  p h a s e ,  w h i l e  a l s o  r e q u i r i n g  r a p i d  a c c e s s  
t o  c o n c e p t u a l  d e s i g n  d r a w i n g s ,  o t h e r  d e t a i l  d r a w i n g s ,  s t a n d a r d s  
and p a s t  p r o d u c t  f i l e s ,  a t  t h e  same t i m e  n e e d s  a  number o f  
m a n i p u l a t i v e  f a c i l i t i e s .  The d e s i g n e r  must  have t h e  a b i l i t y  
t o  u s e  any r e t r i e v e d  d raw ing  a s  t h e  b a s i s  f o r  a  new o n e ,  t o  
zoom i n  on any p i c t u r e ,  s e l e c t  and  move a  window, t o  r o t a t e ,  
t r a n s l a t e  and super impose  any r e t r i e v e d  d raw ing  o r  p a r t  o f  i t .  
These a r e  r e q u i r e m e n t s  t h a t  can  o n l y  be e f f i c i e n t l y  met by 
h i g h l y  i n t e r a c t i v e  d i s p l a y s ,  wh ich g e n e r a l l y  c a n  b e  e q u a t e d  
t o  r e f r e s h - t y p e  CRT d e v i c e s .  

The r e q c i r e m e n t s  i n  t h e  a n a l y s i s  p h a s e  a r e  r a t h e r  s i m i l a r ,  
i n  d e s j q n  communicat ion e f f i c i e n t  o u t p u t  d e v i c e s  ( d r a f t i n g  rna- 
c h i n e s ,  p l o t t e r s ,  COM, l i n e - p r i n t e r s ,  t a p e  punches)  w i l l  a l s o  
b e  needed .  

A p p l i c a t i o n  A r e a s  

Case s t u d i e s  i n  s u c h  w i d e l y  d i f f e r i n g  a r e a s  a s  



- NC meta lwork ing ,  machine t o o l  programming, 
- b l a n k i n g - d i e  d e s i g n ,  
- p r i n t e d  c i r c u i t  a r twork  d e s i g n ,  
- e l e c t r o n i c  c i r c u i t  d e s i g n ,  
- b u i l d i n g  d e s i g n ,  and 
- s h i p  d e s i g n ,  

have shown t h a t  w h i l e  i n  t h e  r e t r i e v a l  p h a s e s  t h e r e  i s  a l m o s t  
c o n s t a n t  r e c o u r s e  t o  t h e  d a t a b a s e ;  i n  t h e  m a n i p u l a t i v e  p h a s e s  
t h e r e  a r e  r e l a t i v e l y  l o n g  p e r i o d s  o f  h i g h l y  i n t e n s i v e  manipu- 
l a t i o n  w i t h  low m a t h e m a t i c a l  c o n t e n t ,  o n l y  o c c a s i o n a l y  i n t e r -  
s p e r s e d  w i t h  s h o r t  p e r i o d s  o f  i n t e n s e  computa t ion .  

I n  e l e c t r o n i c  c i r c u i t  d e s i g n ,  f o r  i n s t a n c e ,  t h e  d e s i g n e r  
w i l l  t y p i c a l l y  c o n s t r u c t  a  c i r c u i t  d iag ram on t h e  s c r e e n  by 
l i g h t - p e n  p o i n t i n g ,  u s i n g  a  menu. He w i l l  a l l o c a t e  v a l u e s ,  
d e f l n e  c o n n e c t i v i t y ,  d e l e t e ,  r e p l a c e ,  u n t i l  h e  i s  s a t i s f i e d  
t h a t  h i s  c i r c u i t  i s  r e a d y  f o r  a n a l y s i s .  A t  t h i s  p o i n t  he w i l l  
t r a n s m i t  the i n f o r m a t i o n  h e  h a s  g e n e r a t e d  ( p r e f e r a b l y  i n  t h e  
s t a n d a r d  i n p u t  f o r m a t  o f  t h e  a n a l y s i s  programme h e  w i s h e s  t o  
u s e ,  e . g .  an a d m i t t a n c e  m a t r i x ) ,  t o  t h t  a n a l y s i s  progranme, which 
w i l l  t h e n  r e t u r n  a  s e t  o f  r e s u l t s .  He t h e n  v lews t h e s e  I n  p i c -  
t u r e  form,  changes  t h e  o r i g i n a l  d iag ram and  r e r u n s .  Very s i m -  
i l a r  e x p e r i e n c e s  have  been g a t h e r e d  i n  t h e  o t h e r  a r e a s  l i s t e d .  

C o n c l u s i o n s  

I t  h a s  been found t h a t  low-cost  t e r m i n a l s  can  be  a p p l i e d  
e c c n o m i c a l l y  where t h e  s i z e  o f  t h e  CAD f a c i l i t y  i s  sg l a r q e  
t h a t  a  d i v i s i o n  o f  l a b o u r  can  j u s t i f i a b l y  be  e s t a b l i s h e d  b e t -  
ween d i f f e r i n g  CAD t a s k s  i n  e a c h  p h a s e  o f  d e s i g n .  For  r e a l -  
i s t i c  i n d u s t r i a l  CAD work t h e y  have t o  be backed by v e r y  l a r g e  
t i m e - s h a r i n g  computer  r e s o u r c e s .  

Sophisticated r e f r e s h - t y p e  g r a p h i c  t e r m i n a l s  w i t h  i n t e l -  
l i g e n t  c a p a b i l i t i e s  embodied i n  high-power l o c a l  m in icompute rs  
z r e ,  p e r h a p s  s u r p r i s i n g l y ,  more s u i t a b l e  f o r  t h e  medium-sized 
e s t a b l i s h m e n t ,  where many p h a s e s  o f  t h e  CAD p r o c e s s  c a n  advan- 
t a g e o u s l y  be  c a r r i e d  o u t  on one set o f  equ ipment  and o n l y  oc-  
c a s s i o n a l  remote b a t c h  e n t r y  need  be used  t o  a h o s t  computer .  


