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I n t e r n a t i o n a l  B u s i n e s s  M a c h i n e s  C o r p o r a t i o n  
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S u m m a r y  

W h i l e  m u c h  h a s  b e e n  w r i t t e n  a b o u t  t he  t e c h -  
n i c a l  d e t a i l  of D e s i g n  A u t o m a t i o n ,  l i t t l e  h a s  b e e n  
w r i t t e n  a b o u t  h o w  a " u s e r "  v i e w s  DA.  

T h i s  p a p e r  w i l l  n o t  a d d r e s s  t he  t e c h n i c a l  d e -  
t a i l s  of D e s i g n  A u t o m a t i o n ,  n o r  w i l l  it  c o n s i d e r  
the  e n t i r e  r a n g e  of DA f a c i l i t i e s  and  u s e r s  in  e x -  
i s t e n c e  t o d a y .  I n s t e a d ,  t he  p a p e r  w i l l  c o n t r a s t  a 
s p e c i f i c  u s e r ' s  n e e d s  to  t he  f a c i l i t i e s  a v a i l a b l e  to  
t h a t  u s e r  y e s t e r d a y  and  t o d a y .  T h i s  c o n t r a s t  w i l l  
f o l l o w  a g e n e r a l  d e f i n i t i o n  of t h e  t e r m  DA,  and  a 
d e t a i l e d  d e s c r i p t i o n  of t he  v a r i o u s  t a s k s  c o n f r o n t -  
ing  the  p a r t i c u l a r  u s e r .  F o r  t h e  p u r p o s e  of t h i s  
p a p e r ,  t h e  u s e r ' s  j ob  is  to  d e v e l o p  a c o m p u t i n g  
s y s t e m .  

T h e  q u e s t i o n  of a u t o m a t i o n  v e r s u s  a s s i s t a n c e  
is  d i s c u s s e d ,  e s p e c i a l l y  in  l i g h t  of t h i s  p a p e r ' s  
p r o j e c t i o n s  f o r  w h a t  DA m u s t  s u p p l y  to  t he  u s e r  
of t o m o r r o w .  F o r  p u r p o s e s  of t h i s  p a p e r ,  y e s t e r -  
d a y  is  t h e  t i m e  of d i s c r e t e  w i r i n g ,  t o d a y  i n v o l v e s  
p r i n t e d  w i r i n g ,  and  t o m o r r o w  is  t h e  e r a  of i n t e -  
g r a t e d  c i r c u i t s .  

T h e  i m p o r t a n c e  of t he  t o o l s ,  w h i c h  t o m o r -  
r o w ' s  DA m u s t  s u p p l y ,  is  pu t  in  p e r s p e c t i v e  b y  a 
d i s c u s s i o n  of a f a c t o r  c a l l e d  " t h e  p r e s s u r e  p o i n t . "  
A g e n e r a l  c h a r a c t e r i z a t i o n  of t h e  DA a u t h o r s ,  DA 
u s e r s ,  a n d  p r o c e d u r e s  u s e d  in t h e  t h r e e  t i m e  
f r a m e s  of t h i s  p a p e r  is  m a d e .  

T h e  e m e r g e n c e  of  a m i x e d  b r e e d  of p r o -  
g r a m m e r s  and  e n g i n e e r s  is  n o t e d .  The  i m p o r t -  
a n c e  of t h i s  m i x e d  b r e e d  to  t o m o r r o w ' s  DA is  
d i s c u s s e d .  

A l t h o u g h  t h i s  p a p e r  d e a l s  w i t h  a v e r y  s p e c i f i c  
k ind  of DA,  t h e  o b s e r v a t i o n s  and  p r o j e c t i o n s  u n -  
d o u b t e d l y  h a v e  f a i r l y  u n i v e r s a l  a p p l i c a t i o n .  

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

T h o s e  of u s  w h o  h a v e  g r o w n  up  w i t h  DA h a v e  
c o m e  to  c o n s i d e r  it  a f a c t  of l i f e .  R e g a r d l e s s  of 
w h e t h e r  DA m e a n s  D e s i g n  A u t o m a t i o n ,  o r  D e s i g n  
A s s i s t a n c e ,  we  u n d e r s t a n d  t h e  w h y  and  w h a t  of 
DA.  T h e  f a c t  t h a t  t h i s  f a m i l i a r i t y  d o e s  no t  e x i s t  
u n i v e r s a l l y  w a s  b r o u g h t  h o m e  to  m e  r e c e n t l y .  

A f t e r  I had  c o m p l e t e d  a p r e s e n t a t i o n  d e a l i n g  
w i t h  DA to  a g r o u p  of e n g i n e e r s ,  a y o u n g ,  n e w l y -  

h i r e d  e n g i n e e r  c a m e  up  to  m e  and  s a i d ,  "Bu t  
t h e r e ' s  one  p o i n t  I m i s s e d .  W h a t  i s  D A ? "  In 
o r d e r  to  e s t a b l i s h  a c o m m o n  u n d e r s t a n d i n g  of 
w h a t  DA m e a n s  in  t h i s  p a p e r ,  I d e f i n e  DA p i c -  
t o r i a l l y  a s  s h o w n  in F i g u r e  1. DA is  a t o o l  u s e d  
b y  t h e  e n g i n e e r :  

1. to r e c o r d  the  d e s i g n .  
2. to  c h e c k  s o m e  of t he  d e s i g n .  
3. to  p e r f o r m  c e r t a i n  of t h e  w e l l - d e f i n e d  

d e s i g n  c h o r e s .  
4. to  p r o v i d e  m a n a g e m e n t  w i t h  i n f o r m a t i o n .  
5. to  p r o v i d e  m a n u f a c t u r i n g  o r g a n i z a t i o n s  

w i t h  t h e  i n f o r m a t i o n  r e q u i r e d  to  p r o d u c e  
the  p r o d u c t .  

A l t h o u g h  t h i s  d e f i n i t i o n  of DA i m p l i e s  a f a i r l y  
s o p h i s t i c a t e d  s y s t e m ,  I b e l i e v e  t h a t  m o s t ,  if no t  
a l l  DA a c t i v i t i e s  t e n d  to f i t  s o m e w h e r e  in  t h i s  
g e n e r a l  d e f i n i t i o n ,  r e g a r d l e s s  of w h e t h e r  t h e  o b -  
j e c t  f o r  a c t i o n  b y  a g i v e n  s y s t e m  i s  a c o m p u t e r  o r  
a c i r c u i t ,  a b r i d g e  o r  a b i k i n i .  

I w i l l  n o t  d e a l  w i t h  t he  t e c h n i c a l  d e t a i l  of DA.  
N o r  w i l l  I d e s c r i b e  o r  e v e n  h i n t  a t  a n y  t e c h n o l o g i -  
c a l  b r e a k t h r o u g h .  I n s t e a d  of m a k i n g  s u c h  r e v e l a -  
t i o n s ,  I w o u l d  l ike  to  s p e n d  a f e w  m i n u t e s  l o o k i n g  
a t  w h e r e  we w e r e ,  w h e r e  we  a r e ,  and  w h e r e  we  
s h o u l d  be  h e a d e d .  B e c a u s e  DA is u s e l e s s  u n l e s s  
a " u s e r "  e x i s t s ,  I w i l l  f i r s t  e s t a b l i s h  a u s e r .  F o r  
p u r p o s e s  of t h i s  p r e s e n t a t i o n ,  t he  " u s e r "  i s  a c -  
t u a l l y  a c o m p o s i t e  of m a n y  i n d i v i d u a l  u s e r s  w h o s e  
c o l l e c t i v e  j ob  i s  to  d e v e l o p  and  p r o d u c e  a c o m p u t -  
ing  s y s t e m .  T h e  t a s k s  t h a t  t h i s  u s e r  g e n e r a l l y  
p e r f o r m s  w i l l  be  c o n t r a s t e d  w i t h  t he  g e n e r a l  
c a p a b i l i t i e s  of DA of y e s t e r d a y  and  t o d a y .  

I w i l l  c o n s i d e r  w h i c h  of t h e s e  u s e r  t a s k s  n e e d s  
a t t e n t i o n  in  t o m o r r o w ' s  DA.  W h i l e  I r e a l i z e  t h a t  
t h e  g e n e r a l  t e r m  DA e n c o m p a s s e s  a u n i v e r s e  
m u c h  w i d e r  t h a n  t h a t  w h i c h  I w i l l  a d d r e s s ,  I s u s -  
p e c t  t h a t  s o m e  of t h e  o b s e r v a t i o n s ,  p h i l o s o p h i e s ,  
and  p r o j e c t i o n s  I w i l l  m a k e  c a n  f ind  a p p l i c a t i o n  in 
t h e  a r e a s  of DA n o t  d i r e c t l y  a d d r e s s e d  h e r e .  

H o w  t h e  U s e r  V i e w s  DA 

B e f o r e  we  e x a m i n e  t h e  u s e r ' s  j ob  in d e t a i l ,  I 
t h i n k  i t  w o u l d  be  i n t e r e s t i n g  to  s e e  w h a t  m e n t a l  
i m a g e  f o u r  d i f f e r e n t  g r o u p s  of  p e o p l e  m i g h t  h a v e  
of DA.  The  m e n t a l  i m a g e  t h a t  c o m e s  to  t he  m i n d  
of t he  n e w  e n g i n e e r  is  m o s t  l i k e l y  t h a t  w h i c h  is  
s h o w n  in  F i g u r e  Z. T h i s  p o t e n t i a l  u s e r  d o e s  no t  
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k n o w  w h i c h  end  of t he  m o n s t e r  to g r a b  f i r s t  a n d  
is  a f r a i d  of b e i n g  o v e r w h e l m e d  by  the  w h o l e  
t h i n g .  I a m  s u r e  t h i s  is  the  i m a g e  t h a t  c a m e  to  
t he  m i n d  of t he  y o u n g  e n g i n e e r  I p r e v i o u s l y  d e -  
s c r i b e d .  The  p r o j e c t  m a n a g e r  who  h a s  to  fund  
e i t h e r  t he  c r e a t i o n  of o r  o p e r a t i o n  of a DA s y s -  
t e m  m i g h t  h a v e  a v i e w  a s  s h o w n  in F i g u r e  3. 
W h i l e  DA is of g r e a t  i m p o r t a n c e ,  it  i s n ' t  n e c e s -  
s a r i l y  c h e a p  to c r e a t e  o r  i n e x p e n s i v e  to u s e ,  i t  
c o s t s  m o n e y  to  m a k e  t o o l s ,  and  the  l a c k  of p r o p e r  
t o o l s  c a n  c o s t  t i m e ,  w h i c h  is  a l s o  e x p e n s i v e .  

The  p r o g r a m m e r  who  c r e a t e d  the  DA t o o l  
p r o b a b l y  s e e s  t h e  t o o l  a s  s h o w n  in F i g u r e  4. It 
i s  p e r f e c t i o n  p e r s o n i f i e d  and  c a n  do no  w r o n g .  
T h e  e x p e r i e n c e d  p r o g r a m m e r ,  h o w e v e r ,  k n o w s  
t h a t  j e w e l s  c a n  h a v e  f l a w s .  T h e  e x p e r i e n c e d  
u s e r  w i l l  v i e w  DA a s  a l l  of  t h e  a b o v e  a t  one  t i m e  
o r  a n o t h e r  bu t  u p o n  s o b e r  r e f l e c t i o n  w i l l  p r o b -  
a b l y  v i e w D A  a s  s h o w n  in  F i g u r e  5. T h e r e  i s  no 
q u e s t i o n  bu t  t h a t  t h e  u s e r ,  g i v e n  a d e q u a t e  r e -  
s o u r c e s ,  c a n  do e v e r y t h i n g  t h a t  DA t o o l s  c a n  do 
- -  m a y b e  b e t t e r  - -  bu t  t h a t  he  r e c o g n i z e s  t h e  
v a l u e  of t h e  t o o l  and  the  i m p r a c t i c a l i t y  of d o i n g  
w i t h o u t  i t .  He m a y  e v e n  c o m e  to  a p p r e c i a t e  t h e  
v a l u e  of a f e w  of t h e  w a y s  in w h i c h  t h e  t o o l s  f o r c e  
h i m  in to  w h a t  s e e m s  to  be  r e g i m e n t e d  t h i n k i n g ,  
a l t h o u g h  he  p r o b a b l y  w o u l d  n e v e r  a d m i t  t h i s  - -  
e s p e c i a l l y  to  t he  p e r s o n  who  c r e a t e d  the  t o o l s .  

F a c i l i t i e s  A v a i l a b l e  to U s e r  

Y e s t e r d a y  

F o r  t he  p u r p o s e s  of t h i s  p r e s e n t a t i o n ,  I c o n -  
s i d e r  y e s t e r d a y  a s  1 9 5 8 - 1 9 6 2 .  T h e  p r e d o m i n a n t  
t e c h n o l o g i e s  i n v o l v e d  m o s t l y  u n i t  l o g i c  e l e m e n t s  
( g e n e r a l l y  c a r d s }  on  w h i c h  d i s c r e t e  c o m p o n e n t s  
w e r e  m o u n t e d .  T h e s e  c a r d s  w e r e  i n s e r t e d  in 
p a n e l  s o c k e t s ,  w i t h  i n t r a s o c k e t  and  i n t e r s o c k e t  
c o n n e c t i o n s  m a d e  w i t h  d i s c r e t e  w i r i n g .  In t h i s  
t i m e  f r a m e ,  f e w  f u n c t i o n a l  l o g i c  c a r d s  e x i s t e d  
and  the  p r i n t e d  c i r c u i t  p a t t e r n s  r e q u i r e d  f o r  u s e  
on c a r d s  w e r e  d e r i v e d  f r o m  m a n u a l l y  g e n e r a t e d  
a r t w o r k .  I n s t a l l a t i o n  of y e s t e r d a y ' s  e n g i n e e r i n g  
c h a n g e s  ( E C ' s )  m e a n t  a s l i g h t l y  d i f f e r e n t  u s e  of  
t h e  n o r m a l  m a n u f a c t u r i n g  t o o l s ,  and  p r e s e n t e d  
no  i n s u r m o u n t a b l e  t e c h n i c a l  p r o b l e m s .  S p e e d  
w a s  g e n e r a l l y  m e a s u r e d  in m i c r o s e c o n d s  and  
t e c h n o l o g y  o r i e n t e d  r u l e s  w e r e  f e w  in n u m b e r .  
S i g n a l  d e l a y s  due  to  w i r i n g  w e r e  n o t  a m a j o r  
c o n c e r n .  

T o d a y  

In t he  c o n t e x t  of t h i s  p r e s e n t a t i o n ,  t o d a y  i s  
d e f i n e d  a s  1962 to  t he  p r e s e n t  and  is  c h a r a c t e r -  
i z e d  by  a c o n t i n u a t i o n  of t he  u s e  of u n i t  l o g i c  
c a r d s  a n d  the  i n t r o d u c t i o n  of a l a r g e r  n u m b e r  of 
f u n c t i o n a l  c a r d s .  B o t h  of t h e s e  c a r d  c a t e g o r i e s  

e m p l o y  h y b r i d  c o m p o n e n t s  in p l a c e  of r r lany of t h e  
d i s c r e t e  c o m p o n e n t s  of y e s t e r d a y .  T h e  s o c k e t s  
and  p a n e l s  of y e s t e r d a y  h a v e  g e n e r a l l y  b e e n  r e -  
p l a c e d  b y  m u l t i l a y e r  p r i n t e d  c i r c u i t  b o a r d s .  The  
d i s c r e t e  w i r e s  h a v e  f o r  t h e  m o s t  p a r t  b e e n  r e -  
p l a c e d  b y  p r i n t e d  c i r c u i t  w i r i n g .  E n g i n e e r i n g  
c h a n g e s  t o d a y  a r e  p o s s i b l e  bu t  i n c o n v e n i e n t  b e -  
c a u s e  t h e y  r e q u i r e  s p e c i a l  t o o l s  and  p r o c e d u r e s  
o w i n g  to  t he  n a t u r e  of t he  p e r s o n a l i t y  to  be 
c h a n g e d .  S p e e d  t o d a y  is  s o m e t i m e s  s t i l l  m e a -  
s u r e d  in  m i c r o s e c o n d s  bu t  m o r e  g e n e r a l l y  it i s  
m e a s u r e d  in t e n s  o r  h u n d r e d s  of n a n o s e c o n d s .  
The  n u m b e r  of t e c h n o l o g y - o r i e n t e d  r u l e s  to  be  
a d h e r e d  to  h a s  i n c r e a s e d  m a r k e d l y .  W i r e  l e n g t h s  
m e a s u r e d  in f e e t  c a n  be  c a u s e  f o r  c o n c e r n .  

T o m o r r o w  

T o m o r r o w  i s  p r o b a b l y  u p o n  u s .  It is  c h a r a c -  
t e r i z e d  b y  the  h i g h e r  c o m p o n e n t  d e n s i t i e s  we  w i l l  
e x p e r i e n c e  in  SSI ( S m a l l - S c a l e  I n t e g r a t i o n } ,  MSI  
( M e d i u m - S c a l e  I n t e g r a t i o n ) ,  LSI  ( L a r g e  - S c a l e  
I n t e g r a t i o n } ,  and  t h e  a m b i g u o u s  U t o p i a  a l l  e n -  
g i n e e r s  s e e k ,  RSI  - -  j u s t  t he  r i g h t  s c a l e  of i n t e -  
g r a t i o n .  T o m o r r o w ' s  e n g i n e e r i n g  c h a n g e s ,  w i l l  
r e q u i r e  t o o l i n g  of e x t r e m e  c o m p l e x i t y  a n d  i n d e e d  
m a y  m e a n  r e m a n u f a c t u r i n g  r a t h e r  t h a n  r e w o r k i n g .  
T o m o r r o w ' s  s p e e d  w i l l  be  m e a s u r e d  in n a n o s e c -  
o n d s  a n d  p i c o s e c o n d s .  I n c h e s  of w i r e  w i l l  c a u s e  
c o n c e r n ,  a n d  t h e  v o l u m e  of t e c h n o l o g y - o r i e n t e d  
r u l e s  is  l i a b l e  t o  b e c o m e  u n m a n a g e a b l e .  

T a s k s  C o n f r o n t i n g  the  U s e r  

In  p e r f o r m i n g  h i s  t o t a l  j o b ,  t h e  u s e r  m u s t  
p e r f o r m  m a n y  t a s k s ,  s o m e  of w h i c h  a r e  n o t  n o w  
a d d r e s s e d  by  DA and  m a y b e  n e v e r  s h o u l d  b e .  Bu t  
to  f u l l y  d e s c r i b e  o u r  c o m p o s i t e  f r i e n d ,  I w i l l  
b r i e f l y  d i s c u s s  a l l  e l e m e n t s  of h i s  j o b .  T h e  d e -  
g r e e  to  w h i c h  a g i v e n  u s e r  w i l l  a d d r e s s  e a c h  e l e -  
m e n t  i s  a f u n c t i o n  of m a n y  t h i n g s  i n c l u d i n g  t h e  
t o o l s  a v a i l a b l e  to  h e l p  h i m ,  t he  c o m p l e x i t y  of t he  
p r o d u c t ,  a n d  s c h e d u l i n g  c o n s i d e r a t i o n s .  H i s  a c -  
t i v i t i e s  a r e  l i s t e d  in F i g u r e  6 and  a r e  d e s c r i b e d  
a s  f o l l o w s  : 

1. P l a n  and  s p e c i f y  t he  p r o d u c t  - -  In t h i s  
p h a s e  t h e  m a j o r  i n p u t  c o n s i d e r a t i o n s  w i l l  be  t h e  
j ob  to  be  d o n e  b y  t h e  p r o d u c t ,  and  a t a r g e t  f o r  t he  
p r o d u c t ' s  f i n a l  c o s t .  T h i s  s t e p  w i l l  d e t e r m i n e  
t h e  c h o i c e  of t he  t e c h n o l o g y  to  be  u s e d  a n d  a p l a n  
f o r  i m p l e m e n t a t i o n .  

2. D e v e l o p  a n d  R e c o r d  s e c o n d - l e v e l  p r o d u c t  
d e s c r i p t i o n s  - -  T h i s  s t e p  w i l l  l e a d  to  t h e  s e l e c -  
t i o n  of a l g o r i t h m s ,  t h e  d e f i n i t i o n s  of f u n c t i o n a l  
e l e m e n t s  ( e . g , ,  I - B o x ,  E - B o x ,  e t c . ) ,  a n d  i n t e r -  
n a l  m a c h i n e  s t r a t e g i e s  r e q u i r e d  to  m e e t  c o s t  and  
p e r f o r m a n c e  o b j e c t i v e s .  T h e  d e g r e e  of d e s c r i p -  
t i o n s  p r o d u c e d  in t h i s  s t e p  m a y  v a r y  f r o m  a f e w  
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s e c o n d - l e v e l  d r a w i n g s  t o  a n  a l g o r i t h m i c  d e s c r i p -  
t i o n  of t h e  e n t i r e  p r o d u c t .  

3. V e r i f y  t h e  s e c o n d - l e v e l  o r  a l g o r i t h m i c  
o p e r a t i o n  - -  E x e c u t i o n  of t h i s  s t e p  m a y  be  a s  
s i m p l e  a s  a r e v i e w  of  s e c o n d - l e v e l  d i a g r a m s ,  o r  
a s  c o m p l e x  a s  a t o t a l  a l g o r i t h m i c  s i m u l a t i o n  of 
t h e  p r o d u c t .  T h i s  i s  t h e  f i r s t  of m a n y  p l a c e s  
w h e r e  t h e  q u e s t i o n  " I s  i t  r i g h t ? "  is  a s k e d .  

T h e  p r e c e d i n g  s t e p s  a r e  g e n e r a l l y  r e f e r r e d  
to  a s  " a r c h i t e c t u r e . "  T h e  f o l l o w i n g  s t e p s  a r e  
g e n e r a l l y  r e f e r r e d  to  a s  " i m p l e m e n t a t i o n .  " T h e s e  
s t e p s  c a n  b e  c o m p a r e d  t o  t h e  r e d u c t i o n  of a n  
a r t i s t ' s  r e n d e r i n g  of a b u i l d i n g ,  to  t h e  d e t a i l e d  
p l a n s  n e c e s s a r y  f o r  i t s  c o n s t r u c t i o n ,  to  t h e  d i m e n -  
s i o n a l  c h e c k i n g  of s u c h  p l a n s ,  a n d  to  t h e  t e s t i n g  of 
t h e  p l a n s  f o r  s t r u c t u r a l  s t r e n g t h .  A l t h o u g h  t h e s e  
s t e p s  a r e  s h o w n  a s  d i s t i n c t  o p e r a t i o n s ,  i t  s h o u l d  
b e  u n d e r s t o o d  t h a t  t h e r e  a r e  v a r y i n g  d e g r e e s  of  
i n t e  f a c t i o n  b e t w e e n  t h e m .  

4.  D e v e l o p  a n d  r e c o r d  t h e  d e t a i l e d  p r o d u c t  
l o g i c  - -  T h i s  d e s i g n  s t e p  s e e s  t h e  e n g i n e e r  r e -  
d u c i n g  t h e  s e c o n d - l e v e l  o r  a l g o r i t h m i c  d e s c r i p -  
t i o n  of t h e  p r o d u c t  to  d e t a i l e d  l o g i c  d r a w i n g s  o r  
l o g i c  l i s t s ,  c o n s i d e r i n g  s u c h  f a c t o r s  a s  t e c h n o l -  
o g y  r u l e s ,  p e r m i s s i b l e  l o g i c  c h a i n  l e n g t h ,  a n d  
i n t e r a c t i o n  w i t h  o t h e r  a r e a s  of d e s i g n .  

5. C h e c k  t h e  d e t a i l e d  p r o d u c t  l o g i c  - -  In  t h i s  
s t e p ,  t h e  e n g i n e e r  t e s t s  t h e  d e t a i l e d  l o g i c  a g a i n s t  
s p e c i f i c  e x a m p l e s  to  p r o v e  t h a t  t h e  a l g o r i t h m  h a s  
b e e n  r e d u c e d  p r o p e r l y  to  d e t a i l e d  l o g i c .  ( M i s -  
t a k e s ,  of c o u r s e ,  a r e  a l w a y s  i n  t h e  r e c o r d i n g  of 
h i s  w o r k ,  n o t  i n  t h e  w o r k  i t s e l f . )  T h i s  t e s t  i s  
g e n e r a l l y  a D C  f u n c t i o n a l  c h e c k ,  a n d  i s  s o m e -  
t i m e s  r e f e r r e d  to  a s  d e s k  d e b u g g i n g .  A g a i n  we 
a s k :  " I s  i t  r i g h t ? "  

6. P a c k a g e  t h e  d e t a i l e d  p r o d u c t  l o g i c  - -  A t  
t h i s  p o i n t ,  t h e  e n g i n e e r  m a p s  t h e  l o g i c  i n t o  s p e c i -  
f i c  p h y s i c a l  e n t i t i e s .  T h i s  s t e p  m a y  i n v o l v e  
c h o o s i n g  p r e p a c k a g e d  l o g i c  e l e m e n t s  ( e . g . ,  c a r d s )  
a n d  " p l a c i n g "  t h e s e  on  a p a n e l  (e .  g.  , b o a r d ) ,  o r  
i t  m a y  i n v o l v e  t h e  s e g m e n t a t i o n  of  t h e  d e t a i l e d  
l o g i c  i n t o  s p e c i f i c  f u n c t i o n a l  p a c k a g e s  (e.  g. , 
c a r d s )  t h a t  w i l l  b e  u n i q u e  to  t h i s  p r o d u c t .  T h e  
p a c k a g i n g  i n f o r m a t i o n  i s  r e c o r d e d  on  t h e  d e -  
t a i l e d  p r o d u c t  l o g i c  d o c u m e n t s  a t  t h i s  t i m e .  T h e  
c o n s i d e r a t i o n s  in  t h i s  s t e p  m a y  r a n g e  f r o m  m a x i -  
m u m  p e r f o r m a n c e  to  m i n i m u m  c o s t  a n d  a r e  
h i g h l y  p r o d u c t -  a n d  t e c h n o l o g y - o r i e n t e d .  

7. C h e c k  r e c o r d e d  p a c k a g e  d e t a i l  - -  T h e  
p r o b a b i l i t y  f o r  e r r o r  in  t h e  p a c k a g i n g  a c t i v i t y  i s  
r e l a t i v e l y  h i g h ;  n o t  o n  t h e  p a r t  of t h e  e n g i n e e r ,  
of c o u r s e ,  b u t  in  t h e  r e c o r d i n g  of  h i s  d e c i s i o n s .  
O w i n g  to  t h a t  f a c t ,  a n d  t h e  f a c t  t h a t  we h a v e  n o t  
y e t  f o u n d  t h e  w a y  to  m a k e  t w o  p h y s i c a l  e l e m e n t s  

o c c u p y  t h e  s a m e  s p a c e  a t  t h e  s a m e  t i m e ,  t h i s  s t e p  
i s  e x e c u t e d .  I t  a l s o  h e l p s  to  a v o i d  e m b a r r a s m e n t  
a n d  s o m e  e n g i n e e r i n g  c h a n g e s  a t  a l a t e r  t i m e .  

8.  C h e c k  t h e  d y n a m i c  c h a r a c t e r i s t i c s  of t h e  
p a c k a g e d  l o g i c  - -  One  of t h e  m a j o r  c o n s i d e r a t i o n s  
u s e d  in  d e v e l o p i n g  t h e  d e t a i l e d  l o g i c  w a s  t h e  m i n i -  
m u m  a n d  m a x i m u m  l e n g t h  of l o g i c  c h a i n  t h a t  c o u l d  
b e  t o l e r a t e d .  T h i s  r e q u i r e m e n t  a l s o  s e r v e d  a s  a 
c o n s i d e r a t i o n  in  p a c k a g i n g  t h e  l o g i c .  A t  t h i s  p o i n t  
in  h i s  a c t i v i t i e s ,  t h e  u s e r  t r i e s  to  p r o v e  t h a t  t h e  
a b s o l u t e  d e l a y s  t h r o u g h  h i s  l o g i c  c h a i n s  a r e  w i t h i n  
t h e  e s t a b l i s h e d  b o u n d s .  T h e  d e g r e e  of c h e c k i n g  
m a y  r a n g e  f r o m  a n a l y s i s  of a f e w  n e t w o r k s  he  s u s -  
p e c t s  a r e  c r i t i c a l  to  a c o m p l e t e  a n a l y s i s  of a l l  t h e  
l o g i c .  O n c e  m o r e  we a s k :  " I s  i t  r i g h t ? "  

9.  P r o v i d e  t h e  i n f o r m a t i o n  r e q u i r e d  to m a n u -  
f a c t u r e  t h e  p r o d u c t  - -  Now t h e  r e c o r d e d  d e s i g n  i n -  
f o r m a t i o n  c o n t a i n s  t h e  f u l l  p r o d u c t  d e s c r i p t i o n ;  
b i l l s  of m a t e r i a l  a n d  d e t a i l e d  m a n u f a c t u r i n g  i n -  
s t r u c t i o n s  c a n  b e  g e n e r a t e d .  T h e  p r o d u c t  c a n  b e  
b u i l t .  A t  t h i s  p o i n t  in  t i m e ,  o u r  f r i e n d  d e s e r v e s  
a v a c a t i o n .  He h a s  b e e n  v e r y  b u s y ,  r e g a r d l e s s  
of D A .  

10. R e p e a t  a l l  o r  p a r t  of t h e  a b o v e  f o r  E C ' s  
- -  O u r  f r i e n d ' s  v a c a t i o n  i s  s o o n  o v e r .  T h e  e r r o r s  
h e  d i d n ' t  f i n d  p r e v i o u s l y  a r e  o b v i o u s  n o w  t h a t  h a r d -  
w a r e  i s  s t a n d i n g .  H o w  c o u l d  he  h a v e  l e t  t h a t  o b -  
v i o u s  e r r o r  g e t  b y  h i s  e a g l e - e y e ?  T h i s  p h a s e  i n -  
v o l v e s  c o r r e c t i n g  t h e  d e s i g n ,  g e n e r a t i n g  r e w o r k  
i n s t r u c t i o n s  to  m o d i f y  t h e  e x i s t i n g  h a r d w a r e ,  a n d  
t h i n k i n g  e a c h  c h a n g e  i s  t h e  l a s t .  On  t h e  s a m e  d a y  
h e  c o r r e c t s  t h e  l a s t  e r r o r  a n d  i s  w o r r i e d  a b o u t  
w h a t  to  do  n e x t ,  s o m e o n e  i s  s u r e  to  r e q u e s t  t h a t  
a n  a d d i t i o n a l  f e a t u r e  b e  d e s i g n e d  - -  so  o u r  f r i e n d  
i s  b a c k  in  b u s i n e s s  a g a i n .  

DA A p p l i c a t i o n s  

Y e s t e r d a y  

G i v e n  t h e  t o t a l  j o b  t h e  u s e r  m u s t  do ,  l e t  u s  
n o w  e x a m i n e  t h e  a r e a s  in  w h i c h  DA h a s  b e e n ,  i s ,  
a n d  m u s t  b e  u s e d .  F i g u r e  7 c o n t r a s t s  t h e  u s e r ' s  
t o t a l  j o b  w i t h  t h e  DA c a p a b i l i t i e s  h e  h a d  a v a i l a b l e  
y e s t e r d a y .  G e n e r a l l y  s p e a k i n g ,  DA p r o v i d e d  t h e  
a b i l i t y  to  r e c o r d  t h e  d e s i g n ,  i n c l u d i n g  p a c k a g i n g  
d a t a ,  c h e c k  t h e  p a c k a g i n g  d a t a ,  a n d  p r o d u c e  i n -  
f o r m a t i o n  f o r  m a n u f a c t u r i n g  t h e  p r o d u c t .  In  e f -  
f e c t ,  y e s t e r d a y ' s  DA r e p l a c e d  t h e  m a n y  c l e r k s  
a n d  d r a f t s m e n  w h o  w o u l d  b e  r e q u i r e d  to  m a n u a l l y  
d o c u m e n t  t h e  d e s i g n ,  a n d  DA p r o v i d e d  a b o n u s  of 
w a v i n g  a r e d  f l a g  w h e n  t h e  r e c o r d e d  d e s i g n  v i o -  
l a t e d  b a s i c  g r o u n d  r u l e s .  W h i l e  s i m u l a t i o n  w a s  
b e i n g  d i s c u s s e d  y e s t e r d a y ,  DA u s e r s  a n d  c r e a t o r s  
w e r e  t o o  b u s y  c u t t i n g  t h e i r  t e e t h  to  h a v e  t i m e  to  
p u r s u e  i t .  T h e  r e l a t i v e l y  l o w  s p e e d  of t h e  c i r -  
c u i t s  used, plus the fact that EC's seemed to be a 
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practical way of life, put AC performance testing 
far from the minds of most people. The DA of 

yesterday gave the user some degree of support 

in 50% of his activities and represented a major 

step forward despite this hindsight view of its 
capabilities. 

T o d a y  

In F i g u r e  8, we  s e e  the  c a p a b i l i t i e s  of t o -  
d a y ' s  DA a d d e d  to t he  c h a r t .  S i g n i f i c a n t  i m -  
p r o v e m e n t s  h a v e  o c c u r r e d  in  c a p a b i l i t i e s  t h a t  
e x i s t e d  y e s t e r d a y .  T h e  a b i l i t y  to  do s o m e  d e -  
s i g n  c h e c k i n g  h a s  b e e n  i n t r o d u c e d .  Not  o n l y  h a s  
the  a b i l i t y  to r e c o r d  d e t a i l e d  p a c k a g i n g  i n f o r m a -  
t i o n  b e e n  i m p r o v e d ,  bu t  f i r s t  g e n e r a t i o n  p r o -  
g r a m s  n o w  e x i s t  t h a t  t r y  to  r e l i e v e  t h e  u s e r  of 
s o m e  of t h e  p a c k a g i n g  j o b .  B e c a u s e  t h e s e  p r o -  
g r a m s  a r e  f i r s t  g e n e r a t i o n ,  t h e  t h i n k i n g  h a s  no t  
b e e n  d e e p  e n o u g h  to  c o v e r  t he  e n t i r e  r a n g e  of  
u s e r s .  But  p r o g r e s s  h a s  b e e n  m a d e .  M o r e  c o m -  
p l i c a t e d  p a c k a g e s  r e q u i r e  m o r e  c o m p r e h e n s i v e  
p h y s i c a l  c h e c k i n g  p r o g r a m s ,  so  DA c a p a b i l i t y  in  
t h i s  a r e a  h a s  a l s o  i m p r o v e d .  F o r  t he  f i r s t  t i m e ,  
a c a p a b i l i t y  e x i s t s  to  e x a m i n e  the  p r o d u c t  in  a 
d y n a m i c  s e n s e .  M a n u f a c t u r i n g  d a t a  is  m o r e  
c o m p l e x  t o d a y ,  and  DA h a s  p r o v i d e d  i m p r o v e d  
t o o l s  to  c r e a t e  and  h a n d l e  t h i s  m o r e  c o m p l e x  
d a t a .  DA h a s  l e a r n e d ,  and  c o n t i n u e s  to  l e a r n ,  
h o w  b ig  a p r o b l e m  the  p r o c e s s i n g  of E C ' s  c a n  
b e .  T o d a y ' s  r e w o r k  i n s t r u c t i o n s  a r e  m o r e  i m -  
p o r t a n t  t h a n  e v e r  b e c a u s e  the  n u m b e r  of i n f l u -  
e n c i n g  f a c t o r s  is  g r e a t e r  t o d a y  t h a n  y e s t e r d a y .  
T o d a y ' s  DA s u p p o r t s  the  u s e r  to  s o m e  e x t e n t  in 
70% of h i s  a c t i v i t i e s  i n c l u d i n g  a l l  of t h o s e  a s s o -  
c i a t e d  w i t h  d e t a i l e d  d e s i g n .  

Tomorrow 

In Figure 9, we see the initial capabilities 
that will be required of tomorrow's DA added to 
the chart. 

In considering what tomorrow's DA must do, 

it is urgent that we consider the two meanings of 
DA. Undoubtedly there are those who view 
tomorrow's DA as being the ultimate in automat- 

ing all the activities with which the user is faced. 

To these people, DA means Design Automation. 
I propose that the "A" in DA be capitalized for 

Assistance and lower cased for automation. 
There are tasks such as packaging that may be 

distastful to the user, but that he can do with 

reasonable effort. There are tasks such as 
dynamic performance analysis that are nearly 

impossible for the user to do without having the 
proper tools. 

As I look toward tomorrow, my fundamental 
belief is that the designer should be left to do the 

c r e a t i v e  t h i n k i n g  t h a t  a j ob  l i ke  p a r t i t i o n i n g  r e -  
q u i r e s ,  and  t h a t  t h e  e n e r g i e s  of DA o r g a n i z a t i o n s  
s h o u l d  be  a i m e d  a t  p r o v i d i n g  m a x i m u m  a s s i s t a n c e  
in  h i s  h a n d l i n g  of j o b  d e t a i l s .  

The areas of planning, algorithmic design, 

and algorithmic checking deserve attention but 

with a small letter a. These activities tend to be 
highly tailored to the particular product. While 
some projects may find it efficient to use general- 

purpose programs, larger projects will actually 

save money by creating their own tools. Tools to 
assist in logic design and packaging must im- 

prove, but the tools available to check the design 
(DC, packaging, and AC) must improve to the 
g r e a t e s t  e x t e n t .  T h e s e  t o o l s  m u s t  r e c e i v e  a t t e n -  
t i o n  w i t h  a c a p i t a l  A .  

It may seem surprising that I have not pro- 

jected the need for fully automatic packaging 
capabilities or the absolute elimination of a user 

manipulating anything but a higher-level design 

language. The fact is, however, that design 
verification is today, and will continue to be 

tomorrow, the single most important interactive 

aspect of DA. Perhaps in the future, manufac- 

turing instructions will automatically be created 

on the basis of an algorithmic description of the 

product, but it seems hard to believe that such a 

Utopia can be justified economically in light of 
rapidly changing technologies and requirements. 

Tomorrow's technologies provide an interest- 

ing study in contrasts regarding DA support for 

EC's. An integrated circuit element itself re- 

quires little DA support to generate rework in- 
structions since it is doubtful that it will be re- 

workable. However, levels of packages that can 
be reworked will require comprehensive support 

with the input to such tools taking many forms 

ranging from a change to the documented logic, to 
specific instructions regarding the characteris- 
tics of changes to a given physical network. 

The Pressure Point 

To demonstrate the importance of checking 
tools, I would like to describe what I will call the 

"pressure point." I am sure a pressure point 
exists in all projects, whether the output is soft- 

ware or hardware. In engineering projects, the 

pressure point is that point in the design sequence 

where project management exerts enough pres- 
sure on the user to force the release of a design 
for manufacturing, or for integration into a 
larger design area. Figure i0 shows a simple 

representation of the pressure point and lists 

factors that influence its position. Factors that 

can move the pressure point earlier are project 
schedules, a technology in which EC's can be 
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made with ease, the ease with which an engineer 

gives in to management pressure, and -- sig- 

nificantly -- the lack of tools available to the 
engineer to prove his design. The pressure 

point moves later in time as a function of diffi- 
culty in installing ECSs on the hardware, the 

ability of the engineer to resist the pressure, 
and the availability of and quality of tools with 
which he can prove his design. 

Figure ii shows where the pressure point 

was yesterday, where it is today, and where it 
must be tomorrow. In yesterdayIs time frame, 

EC's were assumed to be a way of life because 
the lack of tools to prove the design left hardware 

test as the only proof of design correctness. To- 

day, EC's are possible but inconvenient and they 
are becoming more expensive. Today we have 

some basic tools with which to prove the design; 
we are starting to place more emphasis on the 

ship date and less on the power-on date. Today 
the pressure point is moving out in time. The 

fact that basic tools exist is but one factor. To 

bring about this reorientation, we must establish 

the user's confidence in these tools. They must 

be usable. The finest screwdriver bit is useless 

if it is mounted in a handle that is full of burrs, 

just as the finest program is useless if the user 
must turn cartwheels to use it. 

Product designs using tomorrow's technolo- 

gies must have an accuracy greater than anything 
known before. A mistake cast in hardware will 
certainly require more than a soldering iron and 
a razor blade for correction. If adequate tools 

are not available, or if such tools are not prop- 
erly interfaced to the user, it may be necessary 
to build tomorrow's product in four steps: 

I. Build a discrete component model of the 

product, using today's technology to de- 
tect and eliminate basic design errors 

(e.g., Boolean errors). 

2. Build the product in the final technology 

to detect and eliminate dynamic errors 

masked by the technology used in step I. 
3. Build the final product. 

4. Pray very hard when designing special 
features after the product is built. 

If we have to do business this way, DA will 

have failed in its assistance role and will be re- 
duced to a record keeping system. To prevent 
this kind of regression, tomorrow's DA must go 

so far as necessary to allow execution of pro- 

grams (which eventually will be run on the con- 

structed hardware) on a complete model of the 
logic. This model should take into account the 
AC characteristics of the packaged design and 
the technology where necessary. This sounds 

like a tall order, and indeed it is. I am not ob- 

livious to the peripheral problems of this kind of 

undertaking, but in my estimation it represents 
the major step forward that must be taken and 
should be the key goal for the future. 

Mere lines of code assembled into programs 
are not enough to provide this tool. This must be 
an engineered tool, polished to perfection. The 

execution time for using this tool must not be such 
that it is prohibitively expensive to use. Regard- 

less of what the object for action is in the DA ac- 
tivity with which each of you are associated, 

tools for checking the design must come first, 
tools for automating the design last. If you do 

your job well enough, tomorrow's tomorrow may 

be the day that hardware changes can be 
eliminated. 

A New Breed 

Perhaps you haven't recognized it, but people 
and procedures have changed within the time 

frames described in this presentation. 

Yesterday saw DA tools that were created by 

a few programmers and used by a few engineers 
through a group of operating specialists. These 

specialists buffered the engineer from the com- 
plications of DA. The path was relatively long, 

and the engineer knew only the most fundamental 
facts of the why and what of DA. Generally 
speaking, yesterday's engineers only engineered. 
They depended on DA programmers to supply 
tools in the form of programs. 

Today the long path is only a little shorter, 
but new paths have been introduced. The en- 

gineer today, in using checking tools, is much 
closer to DA than he ever had been previously. 

A new breed of user is developing. This breed 

is complemented by a new breed of DA program- 

mer. Although there are still many engineers 
and programmers around, today we see the em- 

ergence of this new breed that I will call 

"engigrammers" and "progineers." No longer 

are some engineers at best novices at program- 

ming, nor are all programmers novices at en- 
gineering problems. Today this mixed breed is 
involved in understanding and solving common 
problems. 

Today the engineer is no longer totally de- 
pendent on programmers to supply the tools he 

needs. The universal acceptance of higher-level 

languages, coupled with the general recognition 

on the part of the engineers that it does not take 
black magic to create specialized tools for 

limited applications, has enabled the engigram- 
mer to create his own tools in cases where DA 
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couldn't, wouldn't, or shouldn't deliver the 

tool. 

T o m o r r o w ' s  u s e r  m u s t  h a v e  DA a t  h i s  f i n g e r -  
t i p s .  T h e  l o n g  c o m m u n i c a t i o n  p a t h s  m u s t  b e  n o n -  
e x i s t e n t .  

T o m o r r o w  t h e  r a n k s  of t h o s e  w h o  c r e a t e  t h e  
t o o l s  a n d  t h o s e  w h o  u s e  t h e  t o o l s  m u s t  be  m a d e  
u p  of a f e w  p u r e  p r o g r a m m e r s ,  a f e w  p u r e  e n -  
g i n e e r s  a n d  a p r e d o m i n a n c e  of t he  m i x e d  b r e e d  - -  
e n g i g r a m m e r s  a n d  p r o g i n e e r s  - -  w i t h  t h e  e n g i g -  
r a m m e r s  p r o v i d i n g  u n i q u e  o n e - s h o t  t o o l s  a n d  t h e  
p r o g i n e e r s  p r o v i d i n g  t h e  c o m p r e h e n s i v e ,  g e n e r a l -  
p u r p o s e  t o o l s .  B o t h  w i l l  be  w o r k i n g  f r o m  t h e  
c o m m o n  p r o d u c t  f i l e  in  a m a j o r i t y  of  c a s e s .  

Conclus ions 

In summary, yesterday's DA opened the door. 

It provided a set of basic tools to the user that put 

major emphasis on assistance, and minor empha- 

sis on automation. Yesterday it was "da" in 

lower case letters. 

Today's DA is yesterday's child in adoles- 

cence. In many cases, attempts to automate have 

received more emphasis than those to assist. 

Today it is "Da" with a capital D. Tomorrow 

must see this adolescent grow and mature. 

Tomorrow it must be "DA," all upper case. The 

lines of communication must be kept short and the 

user involvement in definition -- deep. Tomor- 

row's DA must balance assistance and automation. 

It must provide --Assistance in the areas of extreme 

need, -Automate the well-defined processes on a 
user need basis, not on the basis of arbitrary 

choice. 

As we look to tomorrow, I would propose that 

two factors be well balanced. These factors are 

Evolution and Revolution. The creation of Revo- 

lution where Evolution was needed or the settling 

for Evolution where Revolution was needed, has 

to be avoided. As we move toward tomorrow, a 

reasonable balance between the blue-sky activi- 
ties and the bread-and-butter jobs must exist, 

because a man who doesn't have the proper basic 

foods of bread and butter can hardly appreciate 

the blue sky. 

In a well-kno~n work, the idea is presented 

that just to keep up, one must run very fast, and 

to get ahead means to run even faster. This 

thought is certainly appropriate for tomorrow's 

DA. 

A s  we  l o o k  to  t o m o r r o w ,  we m u s t  t h i n k  " b i g "  
- -  we  m u s t  t h i n k  of t e n s  of  t h o u s a n d s  of c i r c u i t s  
i n s t e a d  of h u n d r e d s  of c i r c u i t s .  

We must think "small" -- think of these cir- 

cuits being packed into a tiny area, and what ef- 

fect this will have on the DA user. We must 

think of the cost of a mistake. 

W e  m u s t  t h i n k  " f a s t "  - -  p r o v i d e  t o o l s  t h a t  a l -  
l o w  the user ready access, provide tools that op- 

erate as fast as possible. Unless we think fast, 

thinking big may be a waste of time. 

We m u s t  t h i n k  " s l o w "  - -  be  s l o w  to  j u m p  to  
t h e  c o n c l u s i o n  t h a t  o u r  w o n d e r f u l  i d e a  i s  t h e  a n -  

s w e r  to  t h e  u s e r ' s  p r a y e r  e s p e c i a l l y  if  we  d o n ' t  
k n o w  w h a t  he  i s  p r a y i n g  f o r .  W e  m u s t  t h i n k  of t h e  
s l o w n e s s  w i t h  w h i c h  t h e  t o o l s  a r e  c r e a t e d  a n d  be  
s u r e  t h a t  t h e  f a c t  t h a t  t h i n g s  do c h a n g e  w i t h  t i m e  
w o n ' t  e l i m i n a t e  t h e  n e e d  f o r  t h e  t o o l  b e f o r e  it i s  

o p e r a t i o n a l .  

Tomorrow's DA must provide tools that are 

complete and comprehensive but not complicated. 

These tools for tomorrow must be created by a 

few programmers and many progineers to enable 

the few engineers and many engigrammers to 

move the pressure point to the proper point. 
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Figure i. 

Figure Z. 

Figure 3. 

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8. 

Figure 9. 

Figure i0. 

Figure 1 I. 

DA pictorially. 

The new engineer's view of DA. 

A manager's view of DA. 

DA's view of DA: A real jewel. 

The experienced user's view of DA. 

The user's job. 

The userts support yesterday. 

The user's support yesterday and 
today. 

Where to head. 

The pressure point. 

The pressure point in three time 
frame s. 
A 

Figure i. 
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Figure Z. 

Figure 3. 
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Figure 4. 

Figure 5. 
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Figure 6. 

Activities 

1 - P l a n  M a x .  

2-2nd Level 
3 -Check (2 t 
4 -  Detail Logic 
5 -Check (4/ 
6 - Package 

Degree 
7-Check (6) of 
8-Dynamic DA Support 

Analysis 
9-Mfg. Info. 

10-EC's 

None D D D  D D  
2 3 4 5 6 7 8 9 10 

User Task 

Figure 7. 
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Figure  8. 

F igure  9. 
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Design Build Test 

t 
Pressure 

Point 

Moves 

Due to 

l-Lack of Tools to Check 
2-Schedules 
3-Ease of EC 
4-Engineer's Personality 

(Soft) 

Moves 
m D , ~  

Due to 

1-Ability to Debug on Paper 
2-Difficulty of EC 
3- Engineer's Personality 

(Hard) 

Start ~ Pwr on Ship 

YESTERDAY ~ Hardware Changes ~t 

Start ~ Pwr on Ship 

TODAY ~ _  Paper Changes ~ Hardware Changes " ~ 1  

Pwr on Ship 
Start Hardware 

TOMORROW J ~ -  Paper • . ~ . . ~ ~  Hard'ware Changes Changes ~ ~  


